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DATA ACQUISITION

Integrating Analog-to-Digital Cenverters for Display

Maximum Electrical Specification at 25°C unless otherwise noted.

~ IGLT07/10L1117

Model ICL7136 ICLT137 L7135 ICL7129 ICL7106/1CL7116
Resolution = 3% Digit + 3%z Digit +4%; Digit +4V Digit +3%; Digit - +3% Digit
Accuracy '
Non-Linearity +1 Count +1 Count +1 Gount =1 Count =1 Count +1 Count
Zerp Input Reading  +0.000 =0.000 +0.000 +0.000 =0.000 =0.000
Ratiometric Reading  £1.000 =1.000 =1.000 +0.9997 1,000 =1.000
v = VRer %1 Count 1 Gount =1 Count %3 Counts =1 Count =1 Count
Rolover Ertor =] Gount =1 Gount. &1 Count =1 Count 21 Count =1 Count
Statility
Offset vs. . ‘ L :
TFmperature 14V/90 15V/°C tuv/oC 1uV/°C 1u¥/°C 12V/°C
Galn vs. : . )
- Temperature 5 ppm/°C 5 ppm/eG Efpprn/"'c 5 ppm/eC o ppm/°C 5 ppm/°C
Conversion [].'1 to 3 0.1t03 011015 D1toB 011615 0.1 t015
Time conv/ sec conv/sec conv/sec conv/sec conv/sec conv/sec
Analog Input ) '
Vultage Range +200m¥ 1o £2V +200mv to £2V =2y £200mV to =2V . £200mV to =2V +200mV fo =2V
Impedance 1020 100 1620 10720} 1020 10720
. Leakage Current 2pA - 2pA 3nA 1pA 2pA 3ph i
Noise {peak-to-peak) 15uV typ. 15V typ. 15sV typ. 7u¥ tvp. _ 15V typ. 15u¥ typ.
Digilal Input - — — Decimal Points: o .
. Cantinuity Display Hold (7115)  Display Hold {7117}
Hold, Range Select .
Digital Qutputs :
Format Direct 7 Segment Direct 7 Segment Multiples 4V Diglt Tripiexed  Direst Direct
: LCD Display L.CD Display BCD LCD Display Drive 7 Segment 7 Segment
w/Decimal Points, LED Dlsplay L.ED Display
Logic Level AC:4.5Y . AC:4.8Y TTL/CMOS Low Battery and AC:4 Comm Anode .
Down from V+ Down from V+ ' Continuity Indicators Down from V+ DTL/TTL/CMOS
Power Supply
Yoltage + 8y =5 =5V + 8V +8V *5Y
Qurrent 100p4 200uA 1.9mA 1.8mA 1.8mA 1.8mA
Package 40 pin DIP 40 pin DIF 28 pin DIP 40 pin DIP 40 pin DIP 40 pin DIP
*Also available Y1 70/111/114 (nat mcommendad for naw gasigns), and K2L7126 (recommenasd use ICL7.36):
Integrating Analog-to-Digital Converters for Data Acquisition
Typa Single Chip Two Chip System™=*
ICLBOS2A /8068 ICLBOS2A /8068
Mode! iCL7108 IGL]’!N-M ICLT104-16
Resolution *12-Bit Binary - +14-Bit 16Bit |
lnnurl;y 41 Count #+1 Count +1 Count
Microprocessor Yes Yes Yes
Compatible
Gutput Programmable;” Programmable:
1. Latched parailef 1. Latched paraliel
3 state Binary 3 state Binary
2, Contralled 2, Cantrolied 2.8 git Byte for ICL7104-127 14
2-8 bit bytes . ) 3-8 Bit Byte for ICL7104-16
Corirol Lines Run/Hald. Busy. Byte Enables. Mode. Load, Send.Enaosle. Out of Range
Conversion 10ms 80ms 330ms
" Time '
UART Eompatibie . Yes Yes Yes
Noise (Typical) 5V 2uV (80BB) . 2uV (8068
Ingut Gurrent t0pA J0pA (8052 30pA {BD52)
ingut Vollage +400mY 10 +100mY 1o =-200mV 1o
Range +4.1y oV =y

***ICLBOS2/8068 and ICLBOS3 can ba combinad as analog portion of dual- slope A/D converter under up control. See ICLBUS2/B06B and ICL 7104- 16
for performance characteristics.
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Digital-to-Analog Converters*

Maximum Electrical Specification at 25°C unless otherwise nated.

- Madel. - IGL7134U/B 7125 11485 AD7SZ3: AD7533 J\QTEED 7530} ARTSRY [1"531] AQTSN
Aesohildn 14 bit BBl 12 bit Bhit 10kt 16 it 12’ bit 1z
Becuraey JKIL Ly K kAL JIRIL I WRIL JKIL
Linearity 0.01/0.00640.003% 0.00B/0.008% - 0.01% 0.2%/0.1%/0.00% 0.2%/0.1%/0.05% 0.02%/0.01%/0.05% 0.2%/0.1%/0.6%  0.02%/0.01%/0.01%
Zero Offsel SUETE wmey 50 uh 200 nA 200nA (300 NA) 200 0A (300 NA)  BOTA
Full Scale Reading 0.003% 0.04/0.02% FSA 0,04/0.02% FSR 1.5% max 1.4% 0.3% yp 0.3% tvp 0.3%
Stability
Gain vs,

‘Tamperaturs 5 pam/ oG 1 ppm/eC typ 5 ppm/°C p 10 ppm/*C 10 pprseC 10 pamsed 10 ppm/eC 10 ppmiet
Linearity vs. i . . .

Temperature 1 pam/eC 1 ppm/eE typ 1 pEmseG T2 ppm/ oG 2 pRm/og 2 ppm/eC 2 opmy °C 2 pprreg
‘Sotting Time : _

To 1/2°'LSE 0.9 5 typ 3 us A8 150 ns 600 ns typ 500 ns typ 500 ns typ 18

" Input Gude DTL/TTL/CMOS DTLATTLACMOS CTL/TTL/CMES BTL/TTL/OMOS DTL/TTL/CMOS RTL/TTL/CMOS OTL/TTLACMOS - DTL/TTL/CMOS

Lagic Compatibllilly  Blmary'{U) R Binaryor Blnary Binary Binary Blnary ’ Rlnary

option ' 2'sComplement {B). 2's Oomplement, . 2's Complement Oi:fset‘BInan' Oitsat Blnary Ofiset Binary - 0Hset Blnary Olfset Blnary -
Pawar Supply .
Voliage +3.510 +6.0v 4,510 5.5V +4.5 10 5,5 +5 to +16Y +510 +15Y +5 o + 15 +510 +15V +5 10 +16¢
-Gurrant 2mA 1.2mA4 SmA S 100 A 2mA 2mA amA 2mA
Packagu 2 pln DIP 28 ol DIP 24 pin OIP 16 pln DIP 16 pln DIP 18 pln OIP 18 pin DIF 18 gin DIP

*R2A Ladder Multiplying Type

Successive Approximation Analog-to-Digital Converters

Model ADCDBOT-4 IGL7115
Resolution ot _ 14 bit binary
Accuracy ® /el Y21 LSB +% LSB
Microprocassor
Compatlble * - Yes Yes N
Dutput Programmable: Programmable:
1. Latghed parallel 3' 1. Two latched bytes
state Binary
. 2, One 8 bit byts 2. 15 hit parallel

Control Lines TS, RD.WR TS, D, WR, A0, BUS
Conversion -
Time 1005 40ps
UART Compatible Yes No
Input Voltage

3 5V span 0-5¥

Range

Quad Current Switches ICL8018/8019/8020

{IGLBO18). 0.1% (ICLBO19). or 1.0% (ICLBO20)

A be purchased individually or in matched sets with accuracies ¢ 0.01%

Sample and Hoid

Vanaiog lacg™* Vinect™™ Vos Drist
Typa (Yoo} {u8) ¥y (my Rate (mi/sec)
115110 +7.5 8 5 40 5
145111 =10 ] 5 40 5
145112 7.5 g 5 0 5
I1H5113 =10 6 5 10 5
143114 +1.5 R 3 ] 5
IH5115 =10 6 5 5 5

**Cs1o =001 uF

Monolithic Voltage Converter—The ICL7660

Converts pasitive voltage into négative over a range of + 1.5V through.+ 10V. May be cascaded for higher negative output voltages, paralleied for greater output current, used
as a positive voltage multiplier, or any cambination of thé above. Typicat Supply current is 170 A, and output spurce resistance is 551 at Ty = 25°Cand iy = 20 mA
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ADC0801-ADC0804
8-Bit Microprocessor
Compatible A/D Converters

FEATURES GENERAL DESCRIPTION

s MCS-48 and MCS-80/85 bus compatlble no inter  The ADCO801 family are CMOS 8-bit successive approxi-
facing logic required mation A/D converters which use a modified potentiometric

{adder, and are designed.to aperate with the 8080A control

* Conversion time < 100.8 bus via three-state outputs: Th onverters a rtoth
» Easy interface to all microprocessors . us via three-state outputs: These converters appear o the
" " ‘processor as memofy locations or 1iQ ports, hence no inter-
» Will operate “stand alone
: facing logic is required. ,
« Differential analog voltage inputs :
» Works with bandgap voltage réferences The differential -analog voltage input has good common-
. TTL.compatibIe inputs and outputs s ' mode-réjéétion, and pérmits offsetting the analog zero- input-
« On-chip clock generator : voltage value. In.addition, the voltage reference input can be
adjusted to allow encoding any smaller analog voltage span
a gxpg:y')sv analog voltage input range (smgle +5V to the full & bits of resolution. .
» No zero-adjust required ) The ADCOBC1T family is available in the |ndustry standard 20
4 : S pin CERDIP package.
TYPICAL APPLICATION : : : PIN CONFIGURATION
ts E 20| ¥+ OR Vaer
Fq—-—bll cs I BN : . R_ E 5] CLKR
%ol A ck RS W 3] - [16] pap (L58)
__.-—pgo WR P 150!:"__77_ _ ok N (4] pe
4 u :JNR A o iNTR [5] apcoapr~ [16] PB2
LM 12 ADCUOB0S
- : o [#l:]:3 & i~ -8-BIT RESOLUTION . v |8 | DB
Mpnolggssog ) D A} DB: Ving+) —O\ piFe | OVER ANY DESIRED _ N L] B
i: {: %% " vine—r LT[ INPUTS ] ANALOG INSUT Ving-y [T 14] 0B4
< DBs iNg-) —o0
< = ) |VoLTAGE RANGE ao-F 173] peg
4 e LU AGND 1> AGND |8 13] DBs
f 17 zgz VRepi2 B—OVREFIZ ) 1 ‘VRE‘FfE'[E m DEg
L: [ o baND 10 = panD fin| DBy (MSB)
. TOP VIEW
. (Qutline dwg. JP) " -
ORDERING INFORMATION
TEMPERATURE " QRDER
A : ERROR . A . A
PART ~ RANGE PACKAGE NUMBER
ADCCE01 % 1/4 bit adjusted full-scale . 0°Cto +70°C | .20pin CERDIP | ADCOSQILCN
~40°C t0 +86°C 20 pin CERDIP ADCO801LCD
~ -55°C 1o +125°C 20 pin CERDIP ADCOBOLD
ADC0802 +1/2 bit no adjust 0°Cte +70°C 20 pin CERDIP | ADCU802LCN
" =40°Cto +B5°C 20 pin CERDIP" | ADC0802LCD
-56°C to +1256°C 20 pin CERDIP ~ ADCOB02LD
ADG0803 =12 bit adjusted full-scaie . D°Cto +70°C 20 pin CERDIP |, -ADCOB03LCN
’ —40°C to +85°C 20 pin CERDIP ADCO0803L.CD
: —-55°C to +125°C 20 pin-CERDIP _ADCO0B03LD
ADC0804 + 1 bit no adjust 0°C to "+ 70°C- " 20 pin.CERDIP ADCOB04LCN
. | —40°Cto +85°G | 20 pin CERDIP__| ADCO8C4LCD
) 4-4
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'ADC0801-ADC0804
ABSOLUTE MAXIMUM RATINGS .
SupplyVoltage . ..o v .. BBV
Voltageat Any!lnput ................ —0.3vio (Wt + 0.3V
Storage Temperature Range,.........., —85°Cto +150°C
Package Dissipationat Tp= +25°C .............. 875 mw-
Lead Temperature (Soldering, 10seconds) . ......... 300°C

OPERATING RATINGS.
Temperature Range

"ADCO0801/02/03LD . . ... PR,

ADC0801/02/03/04LCD . . . .

ADCOBMM/02/03/04LCN . ... . ..

- BINTERSIL

—-B5°Cto +125°C

-..—40°Cta +85°C

0°C10 +70°C

Supp"l'yVO'Itégé'RaﬁQe Cer ey e .4.5_Vt06:$V

Stresses above those listed under “Absoiute Maximum Ratings” may cause permanenr damage to the device. These are stress ratings only
and functional operation of the device at these or any other conditions above those indicated in the operational sections of the spec;ffca-
tions is not Implied. Exposure to absoiute maximum rating conditions for extended periods may.affect device: re.-':abmry :

SYSTEM ELECTRICAL CHARACTERISTICS (Notes 1 and 7)

Convegter Spacifications: VT =5V, Vage!2 = 2.500V, Tyn = T = Tiax and fo k= 640kHz unless otherwise stated.

PARAMETER TEST CONDITIONS MIN TYP MAX ~UNIT |
ADGCO801: ' '
Total Adjusted Error With Full Scale Adjust =14 LSB
ADC0802: - .
Total Unadjusted Error Completely Unadjusted *=1/2 LSB" .
ADC0803: ' ' '
Total Adjusted Error With Full Scale Adjust +1/2 LsB
ADCOB04:
" Total Unadjusted Error Completely Unadjusted =1 -LSB
Vres/2 Input Resistance Input Resistance at Pin 9 1.0 ' S 13 o k@
Analog input Voltage Range {Note 2) GND—0.05 o vtrocs v
DG Common-Mode Rejestion Over Analcg input Veltage Range :1;‘15 =1/8 LSB
Power Supply Sensitivity v+ =5V £10% Over Allowed + /18§ £1/8 LSB
Input Valtage Range
AC ELECTRICAL CHARACTERISTICS
Timing Specifications: V+ =5V and Ty= +25°C unless otherwise stated,
. PARAMETER SYMBOL “TEST CONDITIONS TMIN. | CTYP MAX | UNIT
Clock Frequency foLk vt ogv(Notedy 100 640 ‘ 1280 kHz
: vt=s5vy ' o {-m00 [ 640 | 800 kHz
Clock Periods per Conversion (Note 4) toomy 66 ' 73
Conversion Rate In Free-Running Mode 1 CR INTR tied-to WE withi 8888 [convis
. . . CS=0v, fc|_|< - 540kHz ) R
Width of WR Input {Start Pulse Width) twmn CS=0v (Note 5) R BT B _ | ms
Access Time (Delay from Fallmg Edge of tage Cyp = 100pF (Use Bus Driver FC . 135 200. ns
RD to Output bata valid)” for Larger GL) a R
3:State Control (Delay from Rising Edge t1h. ton C_=10pF, Ru=10k = . s | 280 ns
of BRD to Hi-Z State). | (See 3-State Test Circuits) . R . :
Delay from Falling Edge of WR to tiwi R 200 - 450 1 ns
Reset of INTR : . o s
Input Capacitance of Légic CiN- g P pF -
Control Inputs . ’ o
3-State Output Capacitance (Data Buffers) Cour 5 75 pF
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ADC0801-ADC0804 A - BINTERSIL
DC ELECTRICAL CHARACTERISTICS o " : :

Digltal Levels and DC Specifications: V* =5Vq¢ and Tyin s”T_A < Tax, Unless othérwise noted.

_ PARAMETER | BYMBOL } TEST CONDITIONS MIN | TYP ~ MAX | UNIT
CONTROL INPUTS (Note 6) | ' - '
togical "1" Input Voltage, Ving VT =325V 20 v oV
" (Except Pin 4 GLK IN) b o . [ )

Logical "0" Input Voltage - ViNL : VT =4 TEY - 1 . - 0.8 v

(Except Pin 4 CLK IN)

CLK IN {Pin 4) Positive Going VELK . oar - B 35 v

Threshold Voltage ‘ .

€LK IN (Fin 4) Negative Gioing Vs ' 15 18 Coan v

Threshold Voltage .

CLK IN (Pin 4) Hysteresis | ww : | os 1.3 20 Y

1 (V3 - (V6L ,

Logical “1" Input Current Ikt Vi =5V 0.005 1 . RA

{All Inputs) _

Logical “0" Input Current linlo Vin=0V -1 -0.005 A

(All Inputs)

Supply Current {Includes I+ fouk = 640KHz, 1.3 2.5 ma

Ladder Current} ’ : Ta=+25°Cand CS=HI : '

DATA OUTPUTS AND INTR '

Logical *0" Quiput Voltage VoL 1 1g=18ma ' ] o4 Y

' I vt =475V ' '
Logical *1” Output Voliage | Vo lg= — 360uA ] 24 | [ v
: vt =475V

3-State Disabled Output Lo Vour =0V . -3 uh

Leakage {All Data Buffers) Vour =5V 3 o pA

Output Short Circuit Current 1 Taz+ 25°C o .
lsouRGE Vour Short to Gnd 45 8 - mA
Isink Vour Shert to V* 8.0 16 ' A

Note1: All vqlt_ages-are measured with respect to GND, unless otherwise specified. The separate AGND point shouid 2lways be wired to
the DEND, belng careful to avoid ground foops. ' S : o .
Note 2: For Vi~ & Viny the digital cutput code wili be 0000 0000. Two on-chip diodes are tied to each analog input {(see Block Diagramj)
which will forward conduct for analog input voltages one diode drop below ground or one dicde drop greater than the vt supply. Be
careful, during testing at low v+ levels (4.5V), as high level analog inputs {8Y) can cause this input didde 1o conduct-aspecially at elevated
temperatures,-and cause errors for analog inputs near iuikscale. As leng as the analog Vi does not exceed the:supply voltage by more
than 50mV, the output code wilt be correct. To achieve an absolute OV to'5V input voltage rangs will therefore require a minimum supply
voltage of 4,950V over temperature variations, initial tolerance and loading.

“Note 3 With V* =8V, the digita! logic interfaces are no jonger TTL compatible.

Note 4 With an asynchronous start pulse, up 108 clock petiods thay be required before the internal c1oo'k phases are proper to start the
gonversion process. : :

Nota 5: The GS input ig-assumed to hracket the WR strobe input so that timing is dependent on the WR pulse width. An arbitrarily wide

. pulse width wib hotd the converter in areset modeand the start of conversion is initiated by the low to high transition of the WR pulse (see
Timing Diagrams).

Nete 6: CLK IN (pin 4) is the input of a Schmiit trigger circuit and is therefore specified separately.

Note7: Noneofthése A/Ds requires a zero-adjust, However, if an all zero code is desired for an analog input otherthan 0.0V, orifanarrow
full-scale span exists (for example: .5V to 4.0V full-scale) the Viy, input can be adjustéd 1o achieve this. See Zero Eiror below.

¢
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ADC0801-ADC0804

TYPICAL PEBFORMANCE CHARACTERISTICS

Logic Input Threshold Voltage

o vs Supply Voltage
1B : -
X —55°C = Ta = +125°C |

. 4

= 1.7

5] A
N EE AT

4 1.6 rd
- Q . ;

&

N 2

E 1.5 &

=

E 1.4

-8

=

o 13

5 4.50 475 5.00 5.25 5.50
3 V* —SUPPLY VOLTAGE (V)

CLK IN Schmitt Trip Levels
vs Supply Voltage

= 35
m _
& 3 S o
5 e LT T
= forr=
o 27
= —55°C = Ta = +125°C
5
B 23
z v -
F 19 Ml
. - i
o 1.5 L. J

450 475 500 525 5.50°

W+ —~SUPPLY VOLTAGE (V)

F ull-Scale Error vs foLk

ST
g 6 ; a
s vt =459
o Fi
g 4 f
uog A7
2 Vi
2 VT =5V g .
5 | >
et
oo ‘ T+ =6V
0 400 800 1200 1600 2000
ferk (kH2)
) Ou'_lput Current vs
Temperature vs Viyepf2-Voltage
8 —
I 1 v+ =5v.]]
T 7 T e
E DPATA OUTPUT-T—
gl ™ BUFFERS -
=S D SO i A
i ARRANR
- ISOURCE "~ T
5 Bk VUt = 2.4V |
a L -t _\lio:'r 2.4v
S ™~ ]
= 4 -
LSS
e 3 —IgINK ]
Vour =0.4Y

2
-50-25 0 26 G0 75 100 125
Ta—AMBIENT TEMPERATURE (°C)
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POWER SUPPLY CURRENT (ma)

DELAY (ns)

foLk (kH2)

OFFSET ERROR (LSBS)

160 AN \\ﬂl

Delay From Falling Edge of
RD to Output Data Valid
vs Load Capacitance

500
400 +—— ~
300 ]
200 —
’f
>
L
100 - ——
0 200 400 600 800¢ 1000 .
LOAD CAPACITANCE (pF) A
foLk vs Clock Capacitor .
1000 - T .
R
_ . \ R = 10k
N \

N

h:myk\ \ |

0 7 00 - 1000

CLOCK CAPACITOR {pF)
Efféct of Unadjusted
Cliset Error
6 _l:“' e r—
Vin( ) = VN[ =} = OV.
14 :\— ASSUMES Vgs = 2mV.
42 [ THIS SHOWS THE NEED
.. \|FOR A ZERO ADJ. IF
10 | THE SPAN IS REDUCED.
]
5 X
& il
2 ~
* 0 . BEE i)
'0.01 0.1 1.0 5
VReri2 (V)
" Power Supply Current
L vs Temperature
1.6 LI L L L
- [=¢ =161401kfliz-
-1 T 1]
14 ~l V' =55V
: e
P | g
13 Syt =50V
3 = [ . ™ —
1.2 -
o
= v :_4.5\! u
1.0

+h0~=25 0 25 50 75 100 125
Ta—AMEBIENT TEMPERATURE (°C}


http://elcodis.com/parts/5800876/AD7533CD.html

ADCO801-~ADCO0804

3-STATE TEST CIRCUITS AND WAVEFORMS
th | e tip, G =10pF
v ' - B :
? ) : v —
: : [T} 3
RO O— . DATA 0.8y — |10%
cs +— QUTPUT
J- . Non
'DATA
QUTPUTS
GND
- = t,=20ns

{-; N
ey

INTERS L

fom ©L =10pF

 DATA -

OUTPUT DATA '
: OUTPUTS . 7
: ‘ Vot e 10%

3|

"—afl

Start Conversion

AT T, T

% . AL

hW—a=  [—

ACTUAL INTERNAL C | twERl

“BUSYT -

L ——

STATUS OF THE: " \_DATA IS VALIDIN
CONVERTER “NOT BUSY” R “NOUTPUT LATCHES
1708 % MeLk ‘  INTERNAL'TG e
{LAST DATA WAS READ) ‘
(LAST DATA WAS NOTREAD) _
' wi—|

et

Output Enable and Reset INTR

_ INTRRESET
INTR B
CS PR ™
s
- y
RD
DATA_ _ o o
QUTPUTS

Note: All timing is measured from the 50% voltage |5_o1nt's'. o
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ADC0801—ADC0804
UNDERSTANDING A/D ERROR SPECS

A perfect A/D transfer characteristic {staircase waveform)is

shown in Figure 1a. The horizontal-scale is-analeg input
voltage and the particular points Jabeled are in steps of 1 1.SB
(19.53mV with 2.5V tied.to the Vg2 pin). The-digital output
codes which correspond to these inputs are shown as D— 1,
D.and D + 1. For the perfect A/D, not anly wnll\center-value

{(A~1, A; A+, .. }analog inputs produce the correct ouiput'

digital codes, but also each riser (the transitions between ad-

. jacent output codes) will be located %1f2 LSE away from .

each center-value, As shown, the risers are idealand have ho
width: Correct dlgital-output codes will be provided for a
range of analog input voltages which extend +1/2 LSB from
theideal center-values. Each tread (therange of analog input
voltage which provides the same digital output cocte) is
therefore 1 LSB wide.

Figure 1b shows the worst case transfer function for the
ADGOB01. All center-vaiued inputs are guaranteed to produce
the correct output codes and the adjacent risers are guaran-
teed to be no closer to the center-value points than +1/4 LSB.

"Transfer Function )

D+1 - 5_'_.(;

34

. DIGITAL QUTPUT COLE
o

]
F
B 314 |
|
|
|
|
|

I
I
(N e B
1
|

A1 A Akl
ANALOG INPUT {Vin)

Transfer Funetion

DIGITAL QUTPUT CODE
o
¥

r
|
3
|

I
[
Ll
A-1 A A+1
ANALDG INBUT (Vin)

Transter Function

DIGITAL OUTFUT COBE
j=J
+
[-] -
T T
A E w )
o
- £}
- s1 4.
- :
. H )
i

Act A A+t
ANALOG INPUT (Vin)

a) Accuracy = = 0LSB; A Perlect A/D

b) Accuracy=

[+)] Acburacy £

BINTERSIL

in_other words, if we apply an analog input equal to the
center-value =1/4 LSB, the A/D will produce the correct
digital code.. The maximum range of the.position of the code
transition-is indicated by the horizontal afrow and lt is

-guaranteed to be.ne.morethan 1/2 LSE.

The érror curve of Flgure 1c shows the worst case transfer
function for the ADCO802. Here the specification guarantees
that if we apply an analog input equal {o the LSB analog
voltage center-value, the A/D will produce the correct digital
code. .

Next to each transfer function is shown the corrésponding er-
ror piot. Notice that the error includes the quantization uhcer-
tainty of'the A/D. For example, the'grror at point 1of Figure 1a
is +1/2'LSE betalise the digita) code appeared 12 LSB in ad-
vance of the center-value of the tread. The error plots always
have a constant negative slope and the abrupt upside steps

are always 1 LSB.in magnitude, unless the device has miss-

ing codes.

Error Plot

+1 LSB

+ 42 LSB

MM\ o
N

174
| 1

. I (

-1LsB L Lo '
A-1 A A+1
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Errar Plot

+1L8B
+HALSB |F e A
2 LSB

EAROR
(=]

-V2LSR.
‘—3laLsB

-1L3B
A-1 F- A+1
ANALOG INPUT (Vin)
+1/4 LSB
Error Plot
+1L8B —
_1 ____'__MX__
o .
I 6 ‘TQUANT
0 1]
ERROR
& ! . l
e e e -l— e el —-— —
| 4 T
. | o
-1L8B . 2
TA=1 A A+1
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Figure 1, Clarifying the Error Specs of an A/D Converter '
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ADCO0801-ADC0804
FUNCTIONAL DESCRIPTION

A functional diagram of the ADC0801 series of A/D.con-
verters is shown in Figure 2; All of the package pinouts are
shown and the major logic control paths are drawn in heavier-
weight lines. The device operates on the sucoessive approx-
imiation principle (see AO1E and AD20 for a more detailed
gescription of this principle). Analog switches are closed se-
quentially by successive-approximation legic until the
analog differential input veltage [V +,—V|N(_)1 matches a

. voltage derived from @ tapped resistor string across the
reference voltage: The most significant bit is tested first and
after 8 comparisons {64 clock cyclas), an 8-bit binary code
(1111 1111 = full- scale) is transferred to an output latch.

The norrnal operation proceeds as follows On the high-to-
_ low transition of the WR mput the internal SAR latches and

BINTERSIL

" the shift:register stages are reset, and the INTR output wilibe

set high. As 1ong-as the TS input-and WR iniput remain.low,
the A/D will remain.in a reset state. Canversion witi start from
1.0 8 clock periods after at least one of these inputs makes a
low-to-high transition. After the requisite number of clock
pulses to complete the-conversion, the INTR pin-will-make a
high-to-low transition. This cah be used to interrupt a proc-
essar, OfF otherwise signal the avallabthty of a hew conver-
sion. A RD operation (with TS low) will clear the TNTR line
high again. The device may be operated in the free: srunning
mode by-cannecting INTR to the WR input with $5=0.Toen-
-sure start:up underall possible conditions, an external WR
pulse is required during the first power-up cycle. A canver-
sionin-process can be interrupted by issuing-a second start
command.

HEGE -—37 READ
e 1 - «4" = RESET SHIFT REGISTER
S804 E £~ Q “0"=BUSY AND RESET STATE RESET
RO~ - _ ' :
INPUT PROTECTION
FOR ALL LOGIC INPUTS
CLKR .
! INPUT CLK
TO INTERNAL l !
CLK A—f _ CIRGUITS L
BvV=
"y RESET sov DFFA
GEN [~ ks START FiF Q
. LTk osc _
DGND . _ CLK B._1 \ . START
v .| CONVERSION
{VREF) P ) 8-BIT
< N SHIFT
<+ 4— REGISTER
0 LADDER | SUCCESSIVE | I RESET="0"
Vnerf2 O . ng[LLERD REGISTER |4 R
! DECODER [ «
< AND LATCH {4 RESET |
< < INTR FIF
[ pac . . LSB Q
AGND _8 Vout o 1t
= CLK A
D
- DFF2
1 ¢ ]
.V'IN(+) ( YYYVVYVYVYY ——_]
' _ XFER_ £ =
- 3-STATE < G2 |
ViNg-) OUTPUT LATCHES —
vl T30 L5 ) JF’B — :
7 —_— NTR
M121314 15161718, | [Towv. comt
DIGITAL OUTPUTS ‘
3.STATE CONTROL —= e—gx i
#47 = QUTPUT ENABLE i

Figure 2. Block Diagram of ADC0B01-ADC0804
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ADCO0801-ADCO0804
Digital Details - .
The converter is started by having T8 and WR simultaneous-

ly low. This sets the start fiip-flop (F/F) and the resulting “1"

level resets the 8-bit shift register, resets the Interrupt (lNTFl)
F/F and inputs a2 *1” to the D ilip-flop, DFF1, which is at the in-
put end of the B-bit shift register. Internal clock signals then
transfer this 1" tothe @ output of DFF1. The AND gate, G1,
combines this *1” output with a clock signal. to provide 2
reset signaf ta the start. FIF. I the set signalisno. longer pres-
ent {aither WE or CS is.a “17, the.start F/F is.reset and the
8-bit shift register then can have.the. 9" clocked in, which
starts the conversion process. If the setsignal were iosii_l lbe
present, this reset pulse would have no effect (both oltputs
of the start FIF would be at a “1” level) and the 8:-bit shift
register would continue to be held in the e roset mcde This
allows fcr asynchronous orwide CS and- WR signals.

Afterthe “1” is clocked through the 8-bit shift reglster(which
caompletes the SAR cperation) it appears as the input to
DFF2. As soan ag this “1" is output from the shift register, the
AND gate, G2, causes the new digital word to transfer to the
3-state output latches. When DFF2 Is subsequeéritly clocked,
the Q output makes a high-to-low transition which causes
the INTR F/F ta set. Aninverting buffer then supplies the INTR
output signal.

When-data is io be read the combmatlon of.both TS and AD
being low will cause the INTR FIF to’ be reset-and the 3-state
output .latches will be enabled to provide the 8-bit dig|tal
outputs.

Digital Control inpuis
The digital controt inputs (CS, RD, and WR) meet standard

T2L logic voltage levels. These signals are essentially

equivalent to the standard A/D Start and Output Enable con-
trol signals, and are active low'td allow an éasy.interface to
microprocessor contrel’busses. For non-microprocessor
based applications, the CS input (pin 1) can be grounded and
the standard A/D Start function obtained by an active low
putse at the WR input (pin 3). The Output Enable function is
achieved by an active low-pulse-atthe RD input (pin 2).

Analog Operation

The analog comparisons .are performed by a capacitive
charge summing circuit. Three capacifors {with precise
ratioed values) share a common node with the input to an
auto-zeroed comparator. The input capacitor Is switched be-
tween Vg and Vi while two ratioed reference capaci-
tors are switched between taps on the reference voltage
divider string. The net charge cotresponds to the weighted
difference between the input and the current total value set
by the successive approximation register. A correction is
made to offset the:comparison by 1/2 LSB (see Figure 1a).

Analog Differential Voltage Inputs and
Common-Mode Rejection

This A/D gains ccnSIderabIe applicatlcns flexibility from the
analog differential voltage input. The VN input (pin 7} can
be used to autaomatically subttact a fixed voltage value from
the Input reading (tare correction). This is also useful in
4mA-20mA current loop conversion. [n addition, common-
mode noise can be reduced by use of the differential input.

411

- Ll
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The time interval between sampling Vi) and Vine) is 412
clock periods. The maximum error voltage due 1o this sllght

Itlme difference between the: mput vcltage samples: us glven
by E :

AVJMAX):(VP) (2wfcmj( 45 )
foLk

where o L

' N AVa is the error voltage due to samplmg delay

Vp is the peak value of the commcn-mcde voliage .
fom is the common-mode frequency

For example, with a 60Hz common-mode freccency: fems and
a B40kHZ  AlD .clogk, g, i, keeping this error to 1/4 LSB
{= 5mV)would allow a common-mode voltage, Vg, given by
[AVelMAX) (Feusdl

- Rl 4.5)

V

or _
B5x 10— (640x 103)

VP: T 1628) (60) (45) =18V

The allowed range of analcg 1nput voltages usually places
mote .severe restrictlcns on lnput common.mode vcltage
{evels than this.

An-analoginplit vboltage: w|th arediced spanand a relatwely
large zero offset can be easily handled by making use of the
differential input (see Reference Voltage Span Adjust). »

Ahalog I nput Current

The internal switching actiol causes displacement cufrents
to flow at the analog inputs. The voltage on the on-chip
capacitance.to.ground is*switched through the analog dif-
ferential .input voltage, resuiting in. proportional currerits
entering the ¥y input and leaving the Vi input. These .
current transients occur at the leading edge of the internal

clocks. They rapidly decay and do not inherently cause errors

as the.on-chip.comparator is strobed. at the end of the clock
period. .

; : V-
‘

Input Bypass Capacitors

Bypass capacttors at the inputs will average these charges
and cause a DC current to flow through the output resist-
ances of the analog signal sources. This charge pumping ac-
tion is worse for continuous conversions with the V,N +yinput
voltage at full-scale. For a B40kHz clock frequency with the
Vini+) input at 8V, this DG:current is at a maximum of approx-

. imately 5zA. Therefore, ‘bypass capacitors should not be
_used at the analog inputs or the Vagz/2 pinfor high resistance

sources (> 1kR). If input bypass capacitors are necessary for

noise filtering and high source resistance is desirable to

minimize capacitor size, the effects. of the voltage drop

across this input resistance, due to the average value of the
inpui current, can be compensated by a full-scale adjustment

while the given source resistor-and input bypass capacitor

are Both in place. This is possibile because the average value

of the input current is a precise linear function of the differen-

tial input voltage at.a constant conversion rate.’
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Large values of source res:stance where an lnput hypass
capacitor is not used will not cause errors since the input

currents settle out prior to the comparison fime. If a low-pass -

filter is required in the system,usea Iow-valueseries resistor
(=1kD) for a passive RC section.or add an vpratihp RC-active
low-pass filter. For ldw-Source-resisiance applications,
{1k, a 0.14F bypass capacitor at the inputs will minimize
EMI due to the series Jead indugtance of a long wire. A 1000
series resmtor ¢an be usedto isolate this capamtor(both the
R and G aré pidced outside the feedback loop) from the out-
put of an op amp, if used.

. Stray Plckup

Theleads tothe analog mputs(plns 51 and ?) should be kept as
short.as possible to mipimize stray signal pickup (EM1): Both
EMI and undesired digital-clock ceupling to these inputs can
cause system errors. The scurce reégistance for these inputs
should, in general, be kept below SkQ. Largervalues of source
resistance can cause undesired signal pickup. input bypass
capacitors, piaced from the analpg inputs. to ground, will
. gliminate this pickup but can create analog; scalé errors as
these capacitors will average the transiert input switching
currents of the A/D (see Analog Input Current). This scale ar-
ror depénds drrbothra large souYce remstance arid the use of
an‘inpul bypass capacitor. This erroréan be cofnpensatéd by
a full-scale adjustment of the A/D (see Full-Scale Adjust-
. mentywith the source resistance andinput bypass capacltor
in place, and the. des:red conversionrate, . - - Cae

Reference Voltage Span Adjust

For maximum application flexibility, these A/Ds have been
deslgned to accommodate a.5V, 2:5¥ oran adjustedvoltage
reference. This has been acmeved in the, de3|gn of the IC as
shown in Figure3.

Nitice thatthe reference voltage for the 16G; I‘S-El‘ther 1l2 of.the
veltage-which is.applied to-the. ¥+ supply-pin;:or is.equal t6
. the voltage Wh!ch is externally forced at the: VHEFlz pin. This

V+(VREF)
|20
BIGITAL
'GIRCUITS
ﬁ | anaLog
CIRCUITS
AGND{E - ¢ - DEND[10

Figure 3. The Vaerenence Design on the IC
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allows for a pseudo-ratiometric voltage - referehce using, for
the V+ supply,2 5V reference voltage. Alternatively,avoltage
less than 2.5V can be applied to the Vgep/2 input. The internal
gainto the Vage2.input is 2 to aliow this factor of 2 reducllon
in the reference voltage.

Such an adjusted reférence voltage can accomimodate a
reduced span or dynamic voltage range of the analog 1nput

'voltage ifthe analog inputvoltage were to rangi from Q. 5vio

2.5V, iristead of 0V to 5V the span “would be 3V, With 0.5V-ap-

plied to the V) pin to absorb the offset, the reference
voltage san be'made equalto 1/2 of the-3V span or 1.5V. The

AID now will encode thie Vi .y sigrial from 0.5V 10 3.5V with
the 0.5V input correspondmg to zerg- and the 35V input cor-
responding to full-scale. The full '8 bits of resclution are

theretore” applied over this réduced analog input voltage

range. The requisite’ sonnections are shown'in “Figure 4. For
expanded scale inputs, the circuitsof Figures 5 and 6 can be

Aused. .

VﬂEF

Figuro 4. Dﬂsaﬂing the Zero of the ADCOBI:H and ..
: Periorming an Input Range.(Span) Adjuslment

e
e
=

-

O(VREF_)
A\
2107 ey VR
o | TN
‘Vm(—.-l' ‘

Figure 5. Handiing 10V Analog Inou'l-Raog_e

O(Sl-f‘LE'Fl
L
i+ W 0. L.
M P C A
E 10.F
g | T
. I—'IWN(F)- -

" Figure 6. Handling =5V Analog Inpat Range
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ADC0801-~ADC0804

Reference Accuracy Requirements

The converter can be operated in a pseudo-ratiometric mode
or an absolute mode. In ratiometric converter applications,
the magnitude of the réference voltage is a factor in both the
output of the source transducer and the output of the A/D

converter and therefore cancels out in the final digital output '

code. In absolute conversion applications, both the initial
value and the temperature stability of the reference voltage
are important accuracy factors in-the aperation of the A/D
converter. For Vo2 voltages of 2.5V nominalvalue, initial er-
rors of +10mV will cause conversion errors of +1LSBdueto
the gain of 2 of the Vree/2 input. In reduced span applica-
tions, the initial value and the stability of the Vgee2 Input
voltage become even more important. For example, if the
span is reduced to 2.5V, the analog Input-LSB voitage value is
correspondingly reduced from 20mv {5V span} to 10mV and
1LSB at the Vper/2 input becores 5mV. As can be seen, this
reduces the allowed initial tolerance of the reference voltage

and requires correspondingly less absolute change with.

temperature variations. Note that spans smaller than 2.5V
place even tighter requirements on the initial accuracy and
stability of the reference source.

In general, the reference voltage will require an initial adjust-
ment. Errors due to an improper value of reference voltage ap-

pear as full-scale errors in the A/D transfer function. IG .

voltage regulators may be used for references if the ambient
temperature changes are not.excessive.

Zero Error

The zero of the A/D does not require adjustment. If the
minimum analag input voitage value, Yinguiny is not-ground, a
zerooffset can be done. The converter can be made to output
0000 0000 digital code forthis mifimum input voliage by bias-
ing the A/D Viy._yinput at this Viygmn value (see Applications
section). This utilizes the differential mode operation
of the A/D.

The zero errer of the A/D converter relates to the locatior, of
the first riser of the transfer function and can be measured by
grounding the. V',N(_) input and applying a small magnitude
positive voitage to the Vingsy input. Zero error is the dif-
ference between the actual DC input voltage which is
necessary to just cause an output digital code. transition
from. 0000 0000 to 000D 0001 and the ideal 1/2 LSB value
(/2 LSB =9.8mV for Vipee/2 = 2.500V).

BINTERSIL

Full-Scale Adjust

The full-ecale adjustment can be made by applying a differen-
tial input veltage which is 1% LSB down from the desired
analeg full-scale voltage range and then adjusting the

- magnitude of the Vpes2 input (pin 9) for a digital output code
“which is just changing from 1111 1110 to 1111 1111. When off-

setting the zero and using a span-adjusied Vg2 voltage,
the full-scalé adjustment is made by inputting Vi to the
Vini-) input of the A/D and applying a voltage to the VN iD-
put which i i given by: ,

P {VYmax— Vi)
VingyTsadi= Vigax— 1.5 | =¥a2 M0
. N4} ] MAX [ 256

where:
" Viax= the high end of the anaiog input range
and '

Vimin=the low end (the offset zero) of the analog range.
(Both are ground referenced.)

Clocking Option

The clock for the A/D can be derived from an external source
such as the CPU clock or an external RC can be added to pro-
vide self-clocking. The CLK IN (pin 4} makes use of a Schmitt
trigger as shawn in Figure 7.

Heavy capacitive or DC loading of the CLocK R pin should be
avoided as this will disturb normal converter operation.
Loads less than 5DpF, such as driving up to 7 A/D converter
clock inputs from a single GLK R pin of 1 converter, are al-
lowed. For larger ¢lock line loading, a GMOS or low power T2L
buffer or PNP input logic shauld be used to minimize 1he
loading on the CLK R pin {do not usé a standard T2L buffer).

Restart During a Conversion

If the A/D is restarted (CS and WR go low and return high) dur-
ing a conversion, the converter is reset and a new conversion
is started. The output data latchis not updated if the conver-
slon in progress is not completed. The data from the previous
conversicn remain in this latch.

Continuous Conversions

Inthis apphcatlon the C8 |nput_grounded and the WR input
is tied to the INTR output. This WR and INTR node shouid be
momentarily forced to logic low following a power-up cyclé to
insure cireuit operation. See Figure 8 for details., g

CLKR

./

ADCO0801- )
ADBCOB04.
foks —1
CLK= 33RC
. | R=10kn
—» GLK -

. F‘igure 7. Seli-Clocking the A/D
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ADCO0801-ADC0804
_ ok o | .
| ] T — — AA—— §V (DSVREF]
150'pF'_J_ | Uss NS v ot
' ,_77|_ gﬁ—ﬂ. cmn%o—-- e
' OT‘W- . (LSB).DBg|s—0 ) -T"_'#F
g 17 .
N.O- O—_{CLKIN DBie O =
- \—o—-‘3 INTR  ADCOSO1- . DBz[—O
ANALOG O—O——1Vin(+) ADC0804 . - DBgl—O | DATA
START lNPUTSH_a ViNg=) 9341—_3—’0 OUTPUTS
- AGND 03512—‘-0
VREF/2 D.Bs'-:-l.1—-'0
IDGND (MSB) DB7 —0 |

Figure 8. Free-Running Connection

Driving the Data Bus

" This CMOS AID, like MOS mlcroprocessors ‘and memories,
will require a bus driver when the total capacitance of the
data bus gets'large. Other circuitry, which i5 tied to. the data

“bus, will add to the total capacitive loading, even in 3state

(hlgh-lmpedance mode} Backplang bussing alsc greatly
adds to the stray capacitance of thé data bus.

There are some alternatives avallable tothe designet to hag-
die this problem. Basically, the capacitive loading of the daia
bus slows down the response time, even though DC speci-
fications are still met. For systems operating with arelatively

“siow GPU clock frequency, more time is availdble.in which fo
establish proper logic level$ on the bus and therefore higher
capacitive loads can be driven (See Typical Parformance
Characteristics).

At higher CPU clock frequencies time can be extended for /O
.reads (andfor writes) by inserting wait states (8080) or using
‘clock-extending circuits (6800).

Finally, if titne.is short ahd capacitivé foading is high, exter-
nal bus drivers must be used. These can be 3-state buffers
(low power Schottky is recommended, such as the 74L5240
series) or special higher-drive-current products which are
designed as bus drivers, High-current bipolarbus drivers with
PNP inputs are recommended.

Power Supplies.

Noise spikes on the V+ supply Ime ¢an cause conversion er-

rors as the comparator will respond to this noise. A [ow-

industance tantalum filter capacitor should be used close to
the converter V* pin and values of 14F or greater are recom-
mended. | an unregulated voltage is available in the system,

a separate 5V voltage regulator for the converter {and other,

analog circuitry) will greatly reduce digital noisg on the V*

supply. An IGL7663 can be used to regulate such a suppiy

from an input as low as 5.2V,

erlng and Hook: Up Precautions

Standard digital wire-wrap sockets are not satlsfactory for
breadboarding this A/D converter. Sockets on PC boards can
be used. All logic signal wires and ieads should be grouped
and kept as far away as possible from the analog signal
leads. Exposed leads to the analog inputs can cause
undeswed digital rioise and hum pickup; therefore, shlelded
leads may be necessary in many applications. .

A single-point analog ground should be used which Is
separate from thé logic ground points. The power Supply
bypass capacitor and the self-clocking capacitor (if used)
should both be returned to digital ground: Any Vg2 bypass
capacitors, analog input filier capacitors, or input signal
shiélding should be returned to the analog ground point. A
test for proper grounding is to measure the zero error-of the
AJD converter. Zeroérrors in excess of 1/41.88 can usualiy be
traced to improperboard layout and wiring (see Zero-Errorfor
fheasurement). Further information ¢an be found in AQ18.

TESTING THE A/D CONVERTER

There ars many degrees of complexity associated with
testing an A/D converier. One of the simplest tests is toapply
aknown analog input voltage to the converter and use LEDs
to dlsplay the resulting digital output code as shown in
Figure 9.

Forease of testing, the Vage2 (pin 9) should be supplied with
2.560V.and.aV+ supply voltage of 6.12V shouid be used. This

“provides an LSB value of 20mV.

If a full-scale adjustment is to be made, an analog input
voltage of 5.090V (5.120 — 1V LSB) should be applied to the
Vings) pin with the Vi, pin grounded. The value of the Vpge/2
mput voltage should be adjusted until the digital cutput code
is just changing from 1111 1110 to 1111 1111, This value of
Vrer/2 should then be used for all the tests.

- 4-14
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10KD

| T 12 05120V
. L 1a0F
2 | 19 ;‘7\ TANTALUM

150pF

3
NGO
4
Of
START
5
—0
ADCOBDT-
ADC0804 .
VIN(+) OT-—
0.1xF — 5V
8
AG ND :
2.560V

VREF/2 0- | ‘
0.1uF 10 ) .
] 13k N3/ MSB

LEDS
&

Figure 9. Basic Tesfer for the AJD

-

VANALOG OUTPUT

_ M ' DIGITAL  — VANALDG DIGITAL
ANALOG ; INPUT . QUTPUT
INPUT C I : . . gy 10-BIT A/D UNDER 1
: _ o - DAC TEST
—AMW—
' ' 100X ANALOG .
p A ERROR VOLTAGE Figure 11. Basic “Digital” A/D Tester.

Figure 10. A!D Tester with Analog Error Qutput. This circuit can be used
to generate “‘error plots’’ of Figure 1.

The digital-output |.ED display can be decoded by dividing ,For example; for an output LED display of 10110110, the MS
the & bits Into 2 hex characters, one with the 4 most- character is hex B (decimal 11) and the LS character is hex
significant bits (MS} and one with the 4 least-signiflcant bits {and decimal) 6, so

(LS). The cutput is then interpreted as a sum of fractions

times the full-scale voltage: Vour= T4+ 2} (5.12)=364v.
\ 167" 256
Vour= (M8, 583 s1gv
°”T‘ 16 256/

Figures 10 and 11 show more sophisticated test circuits.
415 o

- -
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ADCO0801-ADCO804
APPLICATIONS _
interfacing MCS-48, and MCS-80/85 Processors

This converter has been designed to directly interface with

an MCS-80/85 microprocessor or system. The 3-state-output -

capability of the A/D eliminates the need fora peripheral in-
terface device, although address decoding is still required to
generate the appropriate GS for the converter. The A/D can be
mapped into memory space (using standard memory-
address decoding for C3 and the MEMR and MEMW strobes}

or it can be controlled as an 1/0 device by using the /O R and
O W strobes and decoding the address bits AQ — A7 {or ad-

- BINTERSIL

dress bits A8 — A15, since.they wil) contain the same 8-bitad- -
dress information) to obtain the €% input. Using the /O space
provides 256 additional addresses and may allow a simpler
8-bit address decoder, but the data can only ba inputto the ac-
cumulator. To make use of the additional memory reference
instructions, the A/D should be mapped into memory space.
See AD20 for more discussion of memory-mapped vs iO-
mapped interfaces. An example of an A/D in KO space is
shown in Figure 12,

_ Dc —b INT (1)
' ¢ VO WH (27"
10k 4 O RO (25)"
AN
—_ . +
Lol i v+ %’l—osv L oF
-9 RD i T ?
—,OWa (LSB) DBg :7 = DB (13)"
5 CLKIN DBy o » DB (16}*
_ —° INTR ADCO0801- DBz p DBz (1)
ANALOG O- ViNg+) ADC0804 DB3 p DBs (9)*
7 | 4
INPUTS o - VIN(-) DBaf— » DBs (5)"
_[150p 2 AGND DBs p DBs (18)"
= O] VReri2 DBo |2 »- DB; (20)"
= | DGND (MSB) DB? p DB7 (0"
gV
out v+
115 Bs < AD45 {36)
9 Ts . Bal|- < AD4 (39)
8131 -
Tz COMPARATOR By —4 ADyz (37)
T4 By <4 ADq1 (40)
To Bo ——'AD1g (1)

/7

7

*the: Pin numbers for 8228 systemn controller: others are 8080A

Figure 12. ADC0B01 to 8080A CPU Interface
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ADC0801~ADCO804

The standard control- bus signals of the 8080 (CS, RD and
WR) can be directly wired 1o the digital control inputs of the

AID, since the bus timing f&qirements, to ailow both starting ~

the converfer, and outputting the data onto the data bus, are
met. A bus driver should be used for larger migroprocessor
systems where the data bus leavesthe PC board andfor must-
drive capacitive loads larger than 1UOpF

Itis useful to note that in systems where: the A/D converter |s
1 ¢f 8 or fewer If0~mapped devices, rio addressdecodmg cir-
cuitry is necessary Each of the B address bits (A0 lo AT) can
be directly used as CS'InputS; oneforesch IJ'O dewce

Interiacmg the Z- 80 and 8085

The Z-80 and 8085 control busses are-stightly: dn‘ferent from.
that of the 8080. General RD and WR strobes are:provided and -
separate memory request, MREQ, and IO request, JORQ,
signals have to be comblned with the generalized strobes to
provide the approprlate signals. An advantage of operatlng
the A/D in 1O space 'with the Z-80 Js that thé C CPU will
automatically insert one wait’ staté(the AD and WR'strobas -
are extended one clock period) to allow more time forthe 110

devices to respond, Logic to map the A/D in VO space is

shown in Figure 13. By .using MREQ in. place of [ORQ, a
memory-mapped configuration results '

Additional liQ advantages exist as software DI‘WA routines
are available and usé ¢an be made of the oufput data transfer
which exists on the upper 8.address lines (A8 to A15) during
1O input instructions. For example, MUX channel selection
for the A/D can be-accomplished with-this operating mode.

The B085 also provides a genreralized RD and WR. strobe, with .
an 10/M line to distinguish {0 and memory- requests The cir-.
guit of Figure 13 can again be used with IQ/M in place of
I0RQ for a memory-mapped |nterface, and.an extra inverter-.
{or the logic equivalent) to provide IO/M for an /O-mapped
connection.

_____ L. Tac32

Interfacmg 6800 Microprocessor Derwatwes

(6502, etc.). .

The control bus for the 6800 mrcrcprocesser derivatives does

" not use the RD and WR:strobé signals. Instead it employs a
_single RW line and additional timing, if needed, can be de-
«-tived from the ¢ 2 clock: All VO devices are memory-mapped
. - inthe-6800-system, and-a special signal, VMA, indicates that
- the current address is valid. Figure 14 shows an interface
“schematic ‘where the A/D is is_memory-mapped in the 6800
“gystem. For simplicity, the cs decoding i$ shown using 1/2

DM8092. Note that.in many 6800 systems, an already decod-

ed a5 line Is: brought, out to the common bus at pin 21. This

¢an be tied directly to the @3 pinof the AID, provided that no
other devices are addressed at HEX ADDR: 4%XX or 5XXX.

"In Figure 15 the ADCOBO1 series is interfaced to the MCB800

mlcroprocessor through {the arb:traniy chosen) Port B of the
MCB820 or MCB8241 Peripherzal interface Adapter {PIA) Here
the T8 pir of the AD is- grounded since the PIA is already
memory- mapped i, the-MCE800 system and no CS decoding
is necessary. Alsonoticethat the A/D outputdatalines are con-
nected fo the microprocessor Bus under program controt
through the PIA and therefore the A/D BD pin can be

grounded. |

APPLICATION NOTES

Some appi:cataons bulletins that may be found useful are

'listed here:

A016 “Selecting A/D Converters,” by Dave Fullagar. «

A018 “Do's and Dont's of Applying A/D Converters,” by
Peter Bradshaw and Skip Osgood.

~ AD20 A Cookbook Approach to High Speed Data Acquisi-

'tlon and Mlcroprocessor Interfacing,” by Ed Sliger
" AD30 “The IGL7104=A Binafy Quiput A/D Converter for
_ . Microprocessors,” by Peter Bradshaw.
RDDE “ln‘terfacing Data Converters & Micropracessaors,”
by Peter Bradshaw et al, Elecironics, Dec. 9, 1976.

s

| apcosor-| .
ADCO804 | -

- Figure 3. Mappitig the A/D'as an IO device for use with fhe Z:80'CPU
- . e B
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ADCO801-~ADCO804 INTERSIL
. » 1RA @101
. S~ T G
— o< AW ) 6]
1. - — | T~10:F
125'§ A . .v+';°'§l ¢ I TABC
?oﬁﬁ S cum,iaa — o-svm)[dzs:
_—;—o*ﬁ‘ﬁ o (LSB) DBo [ » Dy (33) [31)
——JCLK N ) DBy [ —3 D1(32) [29]
. <O[INTR  Apcosor- - - DBgf— — D @) K] -
- ANALOG O- ——{Vinsy - ADCOBOM - DB P — D3 (30) [HI
INPUTS ¢ — YN ] e » D4 (20} [32]
J P — _9' AGND - ~  DBs ry P Ds (28) [30]°
550pF 7 | o g |Veer2 . DBy » Ds 27)[L]
: /J7 -{DGND . - (M$8) DBy [ ——=————— Dr (26} [J]
' . '
€ As2 (22) [34]
B—o—<rseal
B § 3 - e
O( P e . 4 Ays (24) [M]
‘12 8092 | —- o his 25133
S ) LG 1

.pjoté.i: Numbers. i parentheses refer to MCE500 GPU pindut.
 **Nopte 22 Numbers or.istters in brackets refer ::o standard"MC8800 system gommon pus_code_

' * Figure-14. ADC0801 to MC6800:CPU.Interface

18, [ e,
- 19 |op,
10k
—AN—
12 G N/ v+_13§osv_ 1 (#gsegszzuo)
L ~o|RD . CLKRp>—
,E L%o WR (58) DBo Lptpa, P2
o DBy [ | B
‘ ;o|NTR  Abcosot.. DBof-= > PE2
ANALOG ©- ——Viny  ADCOR0 DBg -~ mrrdliic
iINPUTS O . e Ving-) . . : D&4 FTERE 15-;_ PB4
150pF g |AGND DBs 112 16| B
T | Cqg|VReriz DBs ' 17| e
DGND {MSB) DB7 »| pE;
=

_ Figure 15, ADCD801 to MC6820 PIA Intérface
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ADC0801-~ADC0804

CHIP TOPOGRAPHY .
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FEATURES et L
* Guaranteed zero reading tor 0 volts mput on all- L

scales.

* True polarity at zero for preclse nul] detection. ' _f .

1 pA typical mput current. :
True differential Input arid reference.

required. — LCD ICL7106
— LED ICL7107 . ©
Low noise - less than 15,V pi 5.
On-chip clock and reference.
Low power dissipation -
No additional active circuits reqmred
Evaluation Kit available.

* 9 ¢ = 9

IOL7106!71 07
31/z-D|g|t Single Chip
AID Converter

ML ESCHIPTION
The InterS| jjs: 7106 and 7407 -are high performance, low
—power 3%- dlglt AID converters. containing all the necessary

~ active devices on.a single CMOS LC. Included are seven-

segment decoders’ display drivérs, reference, and a clock.
" The.7106 is. des:gned tointerface with a liguid crystal display

SO oDy and includes a backplane drive; the 7107 will directly
Direct display drive - no external components.-*

drwe an mstrument-mze Ilght emitting diode (LED) dispiay.

The 7106 and ?107 bnng together an unprecedented
“combinaticn of high accuracy. versatility, and true ecanomy.
High accuracy like'auto-zero to less than 10uV, zero drift of

- ' : less than 1/, input bias current of 10 pA max., and roll-
Iyplcally Iess than 10mw o

‘pyer errorof’less than. one count. The versatility of true differ-
- ential input and reference i useful in all systems, but gives
the demgner an,uncorimon advantage when measuring load

" calls, straip, gauges.and .other bridge-type transducers. And

-findlly the true economy of single power supply operation

o {7108); enablmg a high performance panel meter to be built
’ w:th the addltn:m ofs only ?'passwe components and adisplay.

ok o

. DISPLAY

d

a
mEET) 1 00PF |2

[osc 1
TEST
EFm

DT 1

INTERSIL 7106

BN

APLAY

kil THE

INTERSIL 7107

ICL7106 with Liquid Crystal Display

! I
- 5’9.::’

N\

ICL7107 with LED Display
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ORDERING INFORMATION PIN CONFIGURATION .
| | = aR o
. IS0 3
Part Package Temp. Range Ordor Part # E g; ;Ef;‘:"
7106 40 pin ceramic DIP | 0°Cto +70°C | IGL7108CDL 5 ap Rer Lo
7106 40 pin plastic DIP G°Cto +70°C | ICL7106CPL o0y oo BEIC e
7108 40 pin CERDIP 0°Cto +70°G | IGLY106GIL : S
7107 40 pin CERDIP 0°Cto +70°C IGL7107CJL ) B nLo
7107 40 pin ceramic DIP 0°Cto +70°C |ICL7107CDL £ | e
7107 40 pin plastic DIP 0°Cto +70°C ICL7107CPL :; :,N_T
7106 Kit Evaluation kits contain I, display, ¢ircuit | IGL7I0BEVIKit F 25f1 Gz (TENS)
7107 Kit board, passive compeonents and hardware. | ICL7107EV/Kit 2 :; i: '-82
I . (1000) AB4 Y18 2P e
PO 211 BP/GND
{MINUS) = {T108) {7107}
4-20
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ICL7106/ICL7107

ABSOLUTE MAXIMUM RATINGS

Supply Voltage
ICL?1OE, VHtoV . e

................

Analog Input Valtage (eltter input) (Note‘l)

Referance InputVoltage (enher mput)

Clock Input '
ICL71086 .
ICLT107

.........................

a4

.......

" TESTioV*
GNDtoVv+

BINTERSIL

Power Dissipation (Note 2) -
1000mw

CeramicPackage ............ et
PlasticPackage ...% . ...coovii e 800mwW
OperatingTemperature _................. 0°Cto +70°C
Storage Temperature ©............... - B65°Cto +160°C
.............. | 300°C

Lead Temperature (Soldering, 60 sec)

L3

Stresses dbove those listed under Absolute Maximum Ratings may cause permanentdamage 10 the device. These are siress ratmgs only, and functicnal operation of
the devics at thase or any other conditions above those Indicated in the uperationa! sections of the specitications Is not implied. Exposure to abselute maximurm
rating conditions for.extended periods may affect.device rellability. . .

Note 1: Input vgltages may ‘exceed the supply voltages provided the |npui current is llmlted to £100.A.
 Note 2: Dissipation fating assumes device is mounted with all ieads soldered to printed-cireuit board

ELECTRICAL 'C_HAFIACTERISTICS (Note 3)

CHARACTERISTICS CONDITIONS MIN TYP - MAX UNITS
Zero Input Readihg Vi = 0.0V -000.0 +000.0 +000.0. | Digital Reading
. Full. Scale = 200.0mV _ ' ]
Ratiometric Reading VIN = VREF 990 . | 989/1000 | 1000 | Digitdl Reading
VRer = 100mV ' - -
Rollover Error {Difference in [~VIN = VN = 200.0mV -1 - +.2 “+1 Counts
reading for equal positive and '
negative reading near Full Scale) s .
Linearity (Max. deviation from Fult-scale = 200mV . =1 +2 “+H Counts
best straight line fit} or full scale = 2.000V
Comimon Mode Rejection Ratio Ve = 1V, Vin=0V. . 50 Ay
(Note 4)  {Full Scale = 200.0mV
Noise (Pk<Pk value not exceeded ~ |Vin =0V 15 Y
95% of time} _ Full Scale = 200.0mV )
Leakage Current | Input 1Vin=10 N B 10 pA
Zero Reading Drift ViN=10 0.2 e " VPG
0° < Ta<T70°C ‘ ,
Scale Factor Temperature Vin = 199.0mV. 1 5 - ppmiC
Coefficient 0% <« Ta<70°C
{Ext. Ref. Oppm/=C) S
V+ Supply Current (Does not VinN=0 0.8, 18 mA
include LED current for 7107)
V= Supply Current (7107 'only) 06 1.8 mA
Analog Common Voltagé (With | 28k between Common & 2.4 2.8 3.2 Y
respect to Pos. Supply) | Pos. Supply - oo
Temp. Goeff. of Analog Common™  |25k(} between Common & 80 ppm/°C
{With respect to Pos., Supply) | Pos. Supply :
“}: 7108 ONLY . [ VTto VT =9v 4 5 - v
Pk-Pk Segment Drive Valtage, . - | - . . ' :
Pk-Pk Baekpiane Drive Voltage .
{Note 5 1. . . . .
~ 7107 ONLY Vi=5.0V 5 8.0 mA.
. Begment Sinking Current Segment voliage = 3V
{(Except Pin 19) ' .
{Pin 19-only) K 10 16 mA

Note 3: Unless othermse noted, spemflcatmns apply o both the 7106and 7107 at Ta=25°C, f.:]ogk-»48kHz 7106 |stested inthe circuit of Flgure
1. 7107 is.tested in the ¢ircuit of Figure 2. o

Note4: Refer to “Differential Input” discusslon. . -

Note 5: Back plane drive is in phagewith segrnerﬂdrwefor ‘off' segment, 180° outof phase for 'on’ segment, Frequency is 20 times conversion
rate. Average DC component is less than 50mV.

Downloaded from Elcodis.com electronic components distributor
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ICL7106/ICL7107
TEST CIRCUITS

- Sal Acl- -109.0-mW
.

P prgeLay

T

INTEREIL 7106

mspwr o

~ Figure 1: 7106,

BINTERSIL

- -5V

Sol Ral

g
100K
1D0pF |

;

LiEL)
-
=

[C RE¥]
o

ED

Gl = |%

)

w

Figure 2: 7107

DETAILED DESCRIPTION -
ANALOG SECTION S

Figure 3 shows the Block Diagram of the Analog Section for into thres phases. They are (1) auto-zero (A-Z), (2) signal inte-

the ICL7106 and 7107. Each measurement cycle 15 divided

LL I
Cher

REF 1O Cres=

aa

grate (INT) and (3} de-integrate (DE).

BUFFER

Ta DIGITAL SECTION

I HI ;3_
i
T G.2v COMPARATOR
. ! -
1
|
. COMMON .
! INPUT
LOW

|
INLD ({;3“

1. Auto-zero. phase '

- During auto—zero three things happen. First, input high

and low are discbnnected from the pins and internally
shorted to analog COMMON, Second, the reference
tapacitor is charged to the reference voltage. Third, a
feedback loop Is closet around the system to chargethe
auto-zero capacjtor Caz to compensate for offset
voltages in the buffer amplifier, integrator, and
-comparator. Since the comparatoris included inthe loop,
the A-Z accuracy Is limited oniy by the noise of the
system. In any case, the offset referred to the inputisless
than 10uV.

2. Signal Intégraté phase

During sighalintegrate, the auto-zero laop is opened, the
internal short is removed, and the internal input high and
low are connected to the external pins. The converter
then integrates the differentialveltage between INHland

Downloaded from Elcodis.com electronic cbmponents distributor

Flgure 3 Analag Section of 7106/7107

IN LO for a fixed time. This differential voitage ¢an be
within a wide- common mode range; within one volt of
either supply. If; on the other hand, the-input signal has
no retirn with respect to the converter power supply, IN

. LO can be tiéd to-analog COMMON to éstablish the

correct common-mode voltage. At the end ofthis phase,
the polarity of the integrated signal is determined.

.3. De-integrate phase

4-22

The final phase is de-integrate, or reference mtegrate
Input low is internally connected to analoy COMMON and
input high is connected across the previously charged

_ reference capacitor. Circuitry within the chip ensures

that the capacitor will be connected with the correct
polarity to'cause the integrator output to return to zero.
The time requited for the output to returi to zero is
proportional to the input sugnal Specifically the digital
reading d|splayed is 1600 (VJN-
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ICL7106/ICL7107
Differential Input

The input can accept differential voltages anywhere within
the common mode range of the. input amplifier; 'or
specifically from 0.5 volts below the- positive supply to 1.0
volt above the negative supply. In thisrange the system hasa
CMRR of 86.dB typical. However, since the- integrator also
swings with the common mode voltdge, care must be
exercised to assure the integrator output does not.saturate.
A worst case condition would be.a large:pesitive common-
mode voltage with a near full-scale negative differential input.
voltage. - The negative input.signai drives the integrator
positive -when most of its swing has been-used up by the
positive common mode voltage. For these critical applica-
tions the integrator swing can be reduced to less than the
recommended 2V full scale swing with little loss of accuracy.
The integrator output can swing within 0.3 volts of either
supply without loss of linearity..See A032 for a dlscussmn
of the effects of stray capacitance.

Differential Reference

The reference voltage can be generated anywhere within the
power supply voltage of the converter.' The méin source of
‘common mode- errofis a roll-over voltage caused by the
reference capacitor losing ar gaining charge to stray
capacity on its nodes. If there is a large common mode
voltage, the reference capagitor can gain charge lincrease
voltage) when called up to de-integrate a- posutwe signal but_
lose charge (decrease voltage) when called upto delntegrale
a negative input signal, This dlfferenc,e_ in reference 1or (+) oF
) input voltage will give a roll-over error. Howevér, by

selecting the reference capaciter large ‘enough in

comparison to the stray capacitance, this errorcan be held to
tess than 0.5 count for the worst case condition. (See
-Component Value, Selection.)

Analog COMMON

This pin is included primarily to set the common mode
voitage for battery operation (71086) or for any system where
the input signals are ffcatlng with respect to the power
supply. The COMMON pin sets a voltage that is approximately
2.8 volts more nagative than the positive supply. -This is
selected to give a minimum end-af-life battery voltage of

about 8Y. However, the analog COMMON has some of the’

attributes of a reference voltage. When the total supply
voltage is iarge enough to cause the zerer to regulate (>7V),
the COMMON voitage will have a.low voltage coefficient
(.001%/%), low output impedance =150), and a temperature
coefficient typically less than 80ppm/°C:

The limitations of the ‘on-chip reference should also be

recognized, however, With thé: 710'( the internal heating
which results from the LED drivers can cause some

degradation in performance. Due to their higher thermal
resistance, plastic parts are poorer in this respect than
ceramic. The combination of reference Temperature
Coefficient (TC), internal ¢hip dissipation, and package
thermal resistance can increase noise near fuli scate from 25
uV to 80uVp-p. Also the linearity in going from a high
dissipation count such as 1000 (20 segments on) to a low
dissipaticn countsuch as 1111 (8 segments on) can suffer by
a count or more. Devices with a positive TC reference may
require several counts to pull out of an overload condition,
This is because overload is a low dissipation mode, with the
three least significant digits blanked. Similarly, units with a
negative TC may cycle between overload and a non-
overload count as the die alternately heats and cools. All

4-23
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these problems are of course eltmlnaled if an external
reference is used.

The 7106, with its negligible dissipation, suffers frd'm nong
of these probléms. tn gither case, an external reference can
easily be added, as shown in Fig. 4.

vt . v

v’ ' v & BBkl
REF HI BEVOLT
| ZENER

AEF (O |

TIETIOT \
T106/7107

iz_ N 1CL-5063

12V
REFERENCE

AEF LQ

COMMON

. v_ . . .
@ - (L

Flgqure 4: Lising an External Reference

Analog COMMON is also used-as the input low return dur-
ing auto-zero and de-integrate. If IN LO is different from
analeg COMMON, a common mode voltage exists in. the
systam and is taken care of by the excellent CMAR of the
converter. However, in some applications IN LO will be set

..at a fixed known voliage (power supply common for in-
" -stance), In this application, analog COMMON should be tied

2. to the same point, thus removing the common mode voltage
"% from the corverter. The same holds true for the reference

voltage. If reference can be conveniently referenced to
analog COMMON, it should be since this removes the com-
‘mon made-voltage from the reference system.

Within the IC, analog' COMMON is tied to an N channel FET
that can sink 30mA or more of current to hold the voltage2.§ -
volts below the positive supply (whien a load is trying to pul}
the commaon line positivel. However, there is oniy 1044 of
source current, so COMMON may easily be tied to a more

" megative voltage thus bver-riding the internal reference.

“TEST |
‘The TEST pin serves two functions.' On the 7106 it is coupled

to the internally generated digital supply through a 5000
resistor. Thus it can be used as the negative supply for
externally génerated segment drivers such as decimal points

-or any other presentation the usermay wanttoinclude onthe

LCD display. Figures 5 and 6 show such an application. No
more than a 1mA |oad shouid be applied.

§1Mll

7106 TO L&D
INTERSIL ° DECIMAL PEINT
171750

BP l-.n—'—} Ri‘
TEST

ar TOLCD
© BACK PLANE

[v*

‘Figure 5 Simple inverter for Fixed Decimal Point
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ICL7106/ICL7107

— | DIGITAL SECTION

= :
Figures 7 and 8 show the digitat section for the 7106 and
7107, respectively. In the 7106, an internal digital ground is
e generated from a 6'valt Zener diodé and a'large P channel
ggfulbr";L source- follower. This supply is made stiff 10 -absorb the
relative large capacitive currents when the back plane (BP)
voltage is switched. The BP frequency is the clock frequenicy’
_ divided by 800. For three readings/second this is a 60 Hz
e ' square wave with a nominal amplitude ot 5 voits. The
aND segments are driven at the sama frequency and amplitude
and.are:in phase with BP when OFF, but out of phase when
ON. In all cases negligible DG voltage -exists ‘across the
segments.

Figure 8 is the Digital Section of the 7107 Itis identical to the
7106 except'that the regulated supply and back plane drive

The second function is a “lamp test”. When TEST is pulled have been eliminated and the segment drive hastbe‘en
high {to ¥* all segments will be turned on and the display increased from 2 to 8 mA, typical for instrument size

hould read - 1888. The TEST pin wili sink about 10mA under common anode LED displays. Since the 1000 output (pin 19)
fhese conditions. must sink current from two LED segmeants, it hads twice the

drive capability or 16mA.

+
¥ BP

L
7106 DECIMAL —_'—JD !
POINT { 4
SELECT ! )D_‘—

b
. ' . |
TEST L ©

Figure 6: Exclusive 'OR' Gate for Decimal Point Drive

" Caution: on the 7108, in the lamp test mode, the segments in both devices, the polarity indication is “on” for nggative
have a constant DC voltage (no square-wave) and may burn analog inputs. If IN LO and IN Hl are reversed, this indication

the LCD display if left in this mode for several minutes. - can be reversed also, if desired.

4 DISPLAY FONT

T BACK PLANE
_________________ - T :: i TRy
] b
1
LR PHASE DAIVER !
|
. I ! L
. _ [
TYPICAL SEGMENT OUTPUT . = =3 ; 1
7 ’ +200 I
Decode | Decode Decode |
" : . I
. i . |
M IOT T ] |
. , LATCH ) . |
Segmenl Lo ) -
e it 1l |
. A3 i |
2mA " |
[ Thousand |+—{ Hundreds |=— Tens ] Unils, 1
| Internal Dighal Ground |
|
]
_ To Swilich Drivers . : ; I
Fra.m Comp Dutpul 1 o
cLock — ] ‘ : 1 - :
1 +a LOGIC cCONTROL 6.2V 1
I 1 !
"VWGJTEST

Internal Digilal Ground ; ] 011
¥iH =1V

Figure 7: Digital Section 7106
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ICL7106/ IOL7 107
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Flgure 8: Digital Section 7107

System Timing

Figure @ shows the clocking -arrangemerit used in the 7106
and 7107. Three basic clocking arrangements ¢an be used:

+. An éxternal osclllator connected to pin 40
2. A crystal between pins 39 and 40.
3: An R-C oscillator Using all three pins.

T106/7107

TO

1

!

1

|
COUNTER|
-

1

1

|

1

| AVAV'
2amn
40 39 38
L LS % S = S J
CHAYSTAL

EXTERNAL O
oscilatonCd | o werwonk .
+ 1l

TEST (Ta06)
or GND (7107)

Figure 9: Clock Circuits

The osciflator frequency is divided:by four before it clocks
the decade counters. It is then further divided to form the
three convert-cycle phases. These are signal integrate (1000
counts), reference deé-integrate (040 2000 counts) and auto-
zero (1000 to 3000 counts). For sighals'less than full scale,
auto-zero gets the unused portion.of reference deintegrate.
This makes a complete measure cycie of 4,000 (16,000 clock
pulses) independent of input voltage. Fér three readings{
second, an osc:llator trequency of 48kHz would be used.

To achieve maximum rejection of 60 Hz plckup the signal
. integrate cycle should be a multiple of 60 Hz. Oscillator
" frequencies of 240kHz, 120kHz, 80kHz, 60kHz, 48kHz,
40kHz, 335 kHz, etc. should be selected. For 50Hz
rgjection, Oscillator frequencies. of 200kHz, 100kHz,
‘6624 kHz, 50kHz, 40kHz, ett. would be suitable. Note that

Downloaded from Elcodis.com electronic components distributor

40kHz 25 readlngs/seCOndJ wiil rgject both 50 and 60 Hz
{dlso 400 and 440 Hz).

COMPONENT VALUE SELECTION

Inlegralmg Resistor-
Both the butfer amplmer and theiniegrator havea class A

" output stage W|th 100,uA of quuescent current They can

The mtegratlng resustor should be Iarge enough tb rermain
in this very linear region over the mput voltage range, but’
smaH enough that undue leakageé requirements are not
placed on.the PC board. For 2 volt:full scale, 470K is

.near optimum and similarly a 47K for a 200.0 mV scale.

. Integrating Capacitor

The integrating capacitor should be selected to give the
maximum voltage swing that ensures tolerance build-up
will not saturate the integrator swing (approx. 0.3 volt
from either supply!. In the 7106 or the 7107, when the
analog COMMOMN js used a$ a reference, a nominal =2
volt full scale integratorswing is fine: Forthe 7107 with x5
volt suppliesand analog COMMON tied to supply ground,
a +3.5 to *4 volt swing is hominal. For three readings/
second-(4BkHz clock) neminal valuesfor CinT are 0.22uF
and 0.10uF, respectively. Of course, if different oscillator
frequencies are used, these values should be changad in
inverse proportion to maintain the same output swing.

An additional requirement of the integrating capacitoris.
it have low dielectric absorption 1o prevent roll-over
errors, While other types of capacitdrs are adequate for
this application, polypropylene capacitors give
undetectable errors at reasonable cost,

. Auto-Zero Capacilor : )

; The size of the auto-zero capacitor has some |nfluence on

4-25

the noise of the system. For 200 mV full scale where noise
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ICL7106/ICL7107
is very important, a 0.47,. F capacitar is recommended. Oh
the 2 volt scals, a 0.047uF capacitor increasés the spéed
of recovery from overload and is adequate for noise on
this scale. S RO

-

INTERSIL

. and weighing systems with a variable tare are examples.

This offset reading can be conveniently generated by
- gonnecting the voltage transducer between IN HI and
- BOMMON and the variable (or fixed) offset voltage
" between COMMON and IN LO. '

4. Reference Capacitor - o .
A 0.1,.F capdcitor gives good results in most applications, 1+ 1107 Power Supplies
However, where a large common modevoltage existsil.e. The 7107 is designed to work from 5V supplies.
the REF LO pin is not at analog COMMON anda 200mV However, if a negative supply. is not av_allable. it can be
scale is used, a larger value is required to prevent roli- generated from the clock output with 2 dicdes, 2
over error. Generally 1.0 gF'will hold the roll-over errorto” capacitors, and an inexpensive |.C. Figure 10 shows this
0.5 count in this instance. ' application. See ICL7660 data sheet for an alternative.
5. Oscillator Components L
For all ranges of frequency a 100KQ :resistor: is .
recommended and the capdcitor-is selected fram the - Y
equation f =42, For 48kHz clock (3 readings/second), C e |
= 100pF. B L o
. ) osc 2
6. Reference Voltage e
The analog input required to generate-full-scale output. - . Te7
(2000 counts) is: Vin = 2VRer. Thus, for the 200.0mV and :
2000 volt scale, Vref should équal 100.0 mVand 1.000volt,
respectively. However, in many applications where the snof-
AJ/D is connected to a transducer, there will exist a scale ‘i“
factor other than unity between the input voltage and the. .
"digital reading. For instance, in a weighing system, the |
designer might like to have a full scale reading when the " Figure 10; Generating Negative Supply from +&v
voltage from the transducer is 0.682V. Instead of dividing
the input down to 200.0 mV, the designer should use the o T
input voltage directly and select Vrer = .341V, Suitable - In fact, in selected -applications.no negative supply is
values for integrating resistor and -capacitor would be required: The conditions to use a-single +5V supply are:
120Kn and 0.22uF. This makes the. system slightly 1. The inputsignal.can be.referenced to the center of the
quieter and also avoids a divider network on the input. common mode range of the converter..
The 7107 with £5V supplies can accept input signals up . . :
to =4V ' Another advantage of this sytem occurs when a 2. The signal is less than 1.5 volts.
digital reading of zero i desired for Vin#0. Temperature 3. An external reference is used.
TYPICAL APPLICATIONS = .- .

The ‘7106 and 7107 may be used in a wide variety of
configurations. The: ¢ireuits which follow show some:of the

Sal Vagg="100.0mY |

1KLL 22K
COMMON [ s +
|l:Lrg FOUF NV oM
Az =
BUFF [} — Y
—
T

.TO DiSPLAY

_TOBACKPLANE .

Figuse 11: 7906 using the internal reference. Values shown are for
200.0 MV full scale, 3 readings per second, floating supply voltage
{9V battery). o - e '
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possibilities, and serﬁe-tb iliustraté the exceptional versa-
tility of these A/D converters.

.

To pln 1
40
05C1
osC 2
QsG 3
. TEST
REF HI
REF LO
€ AEF
C HEF
coMMON [
. AN HI
LTl
A2
.+ BUFF
INT
N
oGz [
=4
P
P
GNB

7107

TR
Set VpzF= 100.0mY

22KI)

—Z=0.4F
- T
A

- e
N 25 .01uF
[N
jvl\EJ
VA
— MoaE

TG DISPLAY

[P FERPE

=

Figure 12; 7107 using the internal refererice, Values shown dre far
200:0 mV till'scale, 3 readings per second. IN LO may be tied to
. sither COMMON for inputgfloating with respect to supplies, arGND
for single ended inputs. (See discussion under Analog COMMON.)
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TYPICAL APPLICATIONS (Contd.)

107

SetVRer = 100.0mY

10K1r  10KQ

v+

T3V (10LE063)
1ML

= iF

I
a

. }TO DISPLAY

| R NP

3
1
1
L
t
3
i
3
i
]
1
1
1
1

Figure™13:7107 with an éxternai band-gap reference (1.2V type. IN
LO is tied-to-COMMON, thus establishing the correct common mode
voltage. if COMMON is not shorted to GND, the input voltage may
float with respect to the power suppty and COMMON acts asa pre-
regiilatar for the reference. If COMMUON is shorted to GND, the input
is single ended (referred to supply ground) and the pre-regulator is

over-ridden.

. To pin 1
JHoe7I0T a0

' = 08C1

0sC.2

osc 3

TEST

REF HI

REF LD

C REF

C REF

CAOMMON

1N 1Y

INLO

J00KIL
Serviecr = 1.000V
100pF

LILIL]

|

—ayt

28K 24K1

e

Lt

>+

LJL.I

? O1:F L

IO

-0 Y

} TO DISPLAY

Gy
BR/GNR

]
-

Figure 15: 7106/7107: Recom mendedcomponent values for 2,000V
full seale.

TO DISPLAY

——

Figure 17: 7107 measuring ratiometric values of Quad Load Cell. The

resistor values within the bridge are determined by the desired

sensitivity.
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osCH

“ coumon

Tepin 1
7 p

- QA5G 2]
0883
- TEST
‘REF HI

-] 100pF

190K 11
SelVRsF | I00.0mV

i

AEF LO
.C REF

0.14F
. CREF "

i

R

+5V

—uvw—l-mﬁr—ﬂv

i

IN HI

LLY]

TG

o= D1uF

: 047

F
AT

BUFF
tNT
V-

LICILK

| 0.22uF

. : A Edﬂ(ll

Gz
=]
Ay
Ga
GNI

LU

L]
-
slljj

' ]'1-0 PISPLAY

Figure 14- 7107 Wwith Zener dlcn:le teference. Since low T.G. zenars
have breakdown voltages ~ 6.8V, diode must be placed across the
total supply (10V). As in'the case of Figure 12, 1N LO.may be tied o
either COMMON or GND. ‘

T107

Topin 1

b
a

05C1
6sc 2
QS5C3
TEST
REF HI
HEF LD
C REF

€ AEF
COMMON

Set VREF  700.0mV
g

1KLL

——0 +5¥

15K}

P 31.2v (ICL 2050

1ML

+E

N ML
INLO

N

Fi i

} 70 DISPLAY

% T VvV

Figure 16: 7107 operated ‘from smgle +5V supply. An external
reference must be used In this application, since the voltage between
vt and V™ is msuffnment for cofrect operation pf the internal

reference.
7106 T°:;h‘l o A
gig; ) 100K1 .
= ) Scole lactor adjust
0SC 3 —-—--—1E
TEST = - 100pF /’ b Siticon NPN
- : MPS 3703 or
- TooK(L,, ¥ i 22Kt similar
AEFLO|. |
CREFLI—mng el 1ookp 22001 ——
CREF[3— A
COMMON | Y 7 7
IN HI :—h-——-—] zera adiuat s amn
m Lo F—2E
A/Z ;Jﬂi 47K =
BUFF | — =
L =, Ihsar ¥
v [} -
Ge [
e [] 1 :
i i }T0 DISPLAY
Ga ] ! )
: BP [ }—— TO BACK PLANE
—tem 3

- Figure 18: 7106 used as a digital centigrade thermometer. A silican
 diode-connected transistor has a temperature coefficient of about

-2my/° C. Calibration is achieved by placing the sensing transistor

. in'ice water and adjusting the zeroing potentiometer far a 000.0

reading. The sensor should then be placed in boiling water and the
scafe-factor pntemmmeter adjusted for 100.0 reading.
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TYPICAL APPLICATIONS (Contd.)

Ve bl A 1 +5¥ 1 i °
[P — | | T
Tee 7 ose1d ' —vs..  ~ osc1d
o1 Lo osezd o e osc2 ]
o Cler- - oses ] . O O osca [
lile - Cker - .. . TEST : ] - 3 Test L]
s - A reFh 1 - Clat rerH ]
i L - I} o . : 5 C§F ReFLO [L]
- . oREF ] oo, oo et eaer [
v . . Eler " .orer 3 ' . _— logle L1ed cRerF ]
. o e, _ commoN [ . - Vee 2K o2 common [
[ - LT m =]e2 mH
] sz CINWD ) [Jaz mLe O
B az [ . Oee az ]
S LN 11 ] | - R |- BurF [
[ INT ] — . ] e2 iNT T
hanan C]ﬁ’_-c( gz - EHv em_o-q——c]:_‘LE > o =
- 2
i Fa . (=% ] °< B_<:]: . L ]
\ mﬁangﬂ J@—‘GCE ism S 233 m Diiange ) _I_E i:‘ ™ |
a4 ﬂ(: CjroL BP ¢ jroL GND
. B . P [ 20 . R ER-S BT R A S A B ! : 21'-'“‘-':‘ )
. cosois . C{‘. S e oo - .’ .- . |
or7acie codor? . U - __c?:n_z:!__ . §aﬁxn‘ .
. . . . . - gy TACID ' &
Figure 19: Circuit for developing Underrange and Overrange signals Figure 20 Cirpuit for developing Linderrange and Cverrange signals
9 g
. from 7106 outputs. P o from 7107 outputs. The LM339 is reguired to ensure logic
. ' compatibility-with heavy display teading.
' Nl ) : To pin 1 . Scale iactor adjust . T ! .
=i R " | (¥ree 2 100mV for AC to RMS) , '
) osc1f; T . == 10pF . - .
oscZ \ . 100K;Y
0sc 3 - ) Al A
TEST [} :?wa - — CAITA) © ACIN
REF HI [ =5 ] . b e
e L: ; h 1‘K£1 ~22K11 -
g::F = SFOF o 220
COMMON [t
INHIL[] -
mLoB_..“T e
a2 —— 1o B
) . . BUFF }_@ -meF =
PR I -":,t ;.l—" DEZE T . ? - 100pF-(loroptimum band widih)
. ‘ i .
] }TO DISPLAY
BP %—v TO BAGK PLANE

_'—uu-u—-z.‘ .
-'I?Ighré_;é'1: AG_td DC Convertér with 7406. TEST'is used as a comm-
mon 'mbda.refe,;rence level to ensure compatibility with most op-
- amps. BT .

B R
! LT DM7407 -,

o LED
gy SEUMENTS

YYY

. | . |
. R A R
] I I

_‘Flguré‘z'z:"D'lsblé.y'Bh_fféring for increased drive current. Requiras
. tourDM7407 Hex'Bufférs. Each buffer Is capable of sinking 40 mA.
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7106/7107 EVALUATION KITS

After purchasing a sample of the 7106 or the 7107, the .
majority of users will want to build & simpie voltmeter. The :
parts can then be evaluated against the data sheet
specifications, and tried out in the intended application.
However, locating and purchasing even the smali number of
additional components required, then wiring a breadboard,
can often cause delays of days or sometimes weeks. Toavoid
this problem and facilitate evaluation of these unique
circuits, Intersil is offering a kit which contains all the nec-
essary components to build a 3%-digit panel meter. With,

N the help of this kit, an engineer or technician can have the
system “up.and running” in-about half an hour: :
Two Kits are offered, the ICL7106EV/KIT - and  the
{CLT10TEV/KIT. Both contdln the appropriate 1C, a circuit
board, a display (LCD fer 7106EV/KIT, LEDs for
7107EV/KIT), passive components, -and miscellaneous
hardware. "

APPLICATION NOTES

A016 "Selecting A/D Converters”, by David Fullagar.

AD17 “The Integrating A/D Converter”, by Lee Evans. = .
AD18 “Do’s and Don'ts of. Applying A/D Converiers”, by Peter Bradshaw and Skip Osgood.

AO19 “4%-Digit Panel Meter Demonstratorfinstrumentation Boards”, by Michael Dufort.

A023 “Low Cost Digital Panel Meter Designs”; by David Fullagar and Michael Dufort.

A032 “Understanding the Auto-Zero and Comimor Mode Perfermance of the ICL7106/7/9 Family”, by Peter Bradshaw.
A046 “Building a Battery-Operated Auto Ranging DVM with the ICL7106”, by Larry Goff, '

_ADB2 “Tips for Using Single-Chip 372-Digit A/D Converters”, by Dan Watson.

429

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/5800876/AD7533CD.html

ICL7109 12 Bit Binary
A/D COnverter for
Mlcroprocessor lnterfaces

FEATURES GENERAL DESCFIIPTION
¢ 12 bit binary (plus polarity and overrange) dual
slope integrating analog-to-digital converter.
Byte-organized TTL-compatible three-state outputs
and UART handshake mode for simple parallel or
serial interfacing to microprocessor systems.
RUN/HOLD input and STATUS output can be used
to monitor and control conversioh timing.

True differential input and differential reference.
Low noise — typically 15.V p-p.

1pA typical input current. - .

Operates at up to 30 conversions per second.
On-chip oscillalor operates with inexpensive
3.58MHz TV crystial giving 7.5 conversions per
second for 60Hz rejection. May also be operated as
RC oscillator for other clock frequencies..
Fabricated using MAX-CMOS™ technology
combining analog and digital functions on a single
low power LS| CMOS chip.

All inputs fully protected against. slat:c dlscharge,

The-ICL71001s 2 high performance low power |ntegrat|ng
A/E) t‘:onvert’er deS|gned to easny |nterface w;th micro-:
pr0cessors '

The output data 112 bits, po!anty and overrange) may be:
directly accessed .under controf of two byte enable inputs -
and.achip select input forassimple.parallel bus interface: A

UART haridshake mode is provided 40 allow the 1CL7103 to

work with industry:standard UARTs:in providing serial data:
transmission, ideal for remote data logging applications. The.
RUN/HOLD input and STATUS outputallow monltorlng and

control of conversion timing.

The ICL7109 prowdes the user wnth the hlgh accurac_y, low-

_noise, low. dnft versatility and, economy of the dual-stope

) |ntegrat|ng "A/D cohverter: Featires like true drfferentna!
“input and reference, drift of'less than 1uV/°C, maximum -
input bias.current of 10pA; and typical-power consumption

. af. 20mW. make -the: ICL7109 :an aftractive -per-channel
aiternatwe to anatog multiplexing for many data acquisition

‘no special handling precautions necessary. appllcatlons
PIN CONFIGURATION AND TEST CIRCUIT:
{See Figure 1 for typical connection to a UART or Microcomputer)
TOP VIEW
GND —_E 1 GND ~ vt a0 +5v
2 STATUS AEF IN—39 : =
HIGH 3POL REF CAP—38 D_;"'“HF DIFFERENTIAL
ORDER 4 OR REF CAP + 37— REFERENCE
BYTE 5812 REF IN* 38—
OUTPUTS 68N IN H! 35 E “SToF INPUT HIGH
7 B10 IN LO 34[] INPUT LOW
{Js ey ~ coMmoN 33— o GND
qoss ams W2 _H—cTz—-lm'
Low | f]iies BUF a0 —=5
ORDER _| {J12 85 REF OUT 28[] N REF IN —
BYTE | {1384 v—za [J—o-5V :
OUTPUTS :E 1483 SEND 27[1- 1k} p+~——oREF IN+
15 B2 RUN/HDLE 261~
A] 16 81 BUF OSC OUT 25
45V o] 17 TEST 0SC SEL 24— GND 24kii
BYyTE [~{]18 LBER pscour2afl—_
CONTROL — { 19 HBEN osc In 220 0 2.5795 MHz
INPUTS [ {20 CEILGKD MODE 21 TV CRYSTAL

*ANT = 20k FOR 0.2V REF
= 200k} FOR 2.0V REF
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{OQUTLINE DW@S DL, JL, PL}
ORDERING INFORMATION
Part Temp. Range Package Order Number ‘
7109 | —-55°Gto +125°C | 40-Pin Ceramlc DIP ICL7108MDL
7108 | -20°C to +85°C | 40-PIn Ceramic DIP ICL7109/DL
7108 | —-20°C 1o +85°C | 40-Fin CERDIP ICL71091JL
7109 0*Cto 70°C 40-Pin Plastjc DIP ICL7I09CPL
430
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ICL7109 | | | | EINM=RSIIL
ABSOLUTE MAXIMUM RATINGS

Positive Supply Vonage (GND to V') - TR -1 A

Negativé Supply Voltage (GND to vV~ J ...... e et e -9V

Analog Input Voltage {Lo or Hi) (Note 1)-..... .. SO PR . Vit

Reference input Voltage (Lo or Hi} (Note 1) ......... e e Vito V™

Digitai Input Voltage- - _ o V0.3V

. (Pins 2-273 INGI® 2) 1, .. ueeitvieciien s st s vnemr v ewan enree GND =03V

Power Dissipation (Note 3) . - .

Ceramic Package ..... PR e e e DU S W@ +85°C

_ Plastic Package "........ e e e e e e e e e .. BOOMW @ +70°C.

. Operating Temperature- e S i :

Ceramic Package (MDL) ......ooovvvrnieinannnenss we. “BBPC S Ta = +125°0C

N _ AIDLY ey e aas 259 TA S #B5°C

_Plastic Package (CPL) ............. eebeeans v, 0°C=Ta=+70°C

Storags Temperature ................. s a e e st s Ta = +125°C

Lead Temperaturé (soldering, 60.sec.) ....... e e +300°G

*COMMENT: Stresses above those listed' under “Absolute Maximiim Ratings” may causé permanent damage 1o the devices. This is a stress
rating only and functional operation of the devices at these o ‘any.other conditions. akove those indicated in.the operational sections of the
specifications is not implied. Exposurs to absolute maximum rating conditions fer extended petiods may affect device I’Ellabllity

TABLE'I OPERATING CHARACTERISTICS

All parameters with V= +5V V- = =5V, GND'=0V, Ta = 25°C unless otherwase mdlcated
Test circuit as shown o6n page 1

ANALOG SECTION

PABAME’TE.I.# - lsymBoL| = conpiTiONS | wmin | TYP | MAX | uNiTs

Zero Input Reading ViN = 0.0V .. | -0000s. | £00008 +oooos -Octal
: o 1 Full Scalé = 409.6mw ' ; Reading |
Ratiometric Reading . © | VIN = VReF ' 3777s | 37778 40005 - Octal
. - R | VREF = 204.8mV . | 40008 { | Reading
Nor-Lingarity (Max déviation | - Full Scale = 409.6mV 10 2,098V _ _— N
from best straight line fitt ~ . | Qver full operating temperature -1 *2 1 Counts
R o range. ‘ '
Roll-over Errortdifference | | Full Scale = 409.6mV to 4.096V .
in readlng for equal pos. and. - Cwver full-operating temperature -1 -} £2 +1 Counts
neq..input$ near full scale)- . ) ran_gef B ] o e
Common-vMode RE]ECT_IOFI Ratlo_ CMRR Vem 1V Vin = 0V o 50 ] uVA
. I " Full Scale = 409.6mV - '
Input Common Mode Fiange | VCMR | InputHi, input Lo, Common v-+1.5 | V+=1.0 v
Noise {p-p value.tiot o gn o | VI =0V R . S- T IR | wV
exceeded 95% of time) _ o Full Scale ~ 400.6mV - S . ‘
Leakage current.at Input . ke | VIin = 0 All devices 25° ¢ : B BETS) pA
: ICLTI09CPL 0°C £ Ta = +70°C 20 100 pA
ICL7109I0C -25°C = Ta <= +85°C 100 250 pA
. . ICL7109MDL -55°C = Ta = +125°C 2 1 5 ] nA
Zero Reading Drift - o Vine=0V 0.2 1, uV/°C
Scale Factor Temperature 1 ViN = 408.9mV = > 77708
Coetficient . A reading ' . _
' N Ext. Ref. Oppm/"G 1 5 ppm/° C
Supply Gurrent V* to : I* l. ' 1 ol
GND . - S | Vin = 0, Crystal Osc. R 700 | 1500 | uA
] 3.58MHz test circuit ‘ ) i i .
Supply Current V* to V= . lsupp Pins 2-21, 25, 26, 27, 29, open S 700 1500 | - wA.
Ref Qut Voitage 1-- VFIEF ‘| Referred to V™, 25k{) '
T between V' and REF OUT ... . —2.4 -2.8 | -3.2 v
Ref Out Temp. Coefficient |~ | 25k between V* and REF OUT 80 .| . . }ppmreC
Input Common Mode Range | Vem | IN HI, IN LO, COMMON ) V= +1.5 Vitg_?g VT -10 v
4-31
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DIGITAL SECTION _
PARAMETER SYMBOL CONDITIONS MIN - . TYP MAX UNITS
Output High Voltage VoH louT = 100uA 35 4.3 Y]
" | Pins 2-16, 18, 19, 20 _

“Output Low Voltage - VoL loyt = 1.6mA 0.2 0.4 v
Output Leakage Current Pins 3-16 high impedance CE01 +1 LA
Control /O Pu]lup Pins 18, 19, 20 Vioyt = V' -3V
Current _ | MODE input at GND 5 wA
Contro! I/0 Loading ‘HBEN Pin 12 LBEN Pin 18 50 pF
Input High Voltage. .. Vi -, Pins 18-21, 26, 27 ,

L ' referred o GND .25 v
Input Low Voltage ViL | Pins 18-21, 26, 27
: | referred to GND 1 vV

Input Pull-up Currerit Pins 26, 27 Vout = V-3V "5 A
Input Pull-up Gurrent Pins 17, 24 Vout = V* -3V . 25 A
Input Pull-down Current- |~ |Pin'21 Vour =GND +3V A 2A
Oscillator Output Hngh “Qok. Vous =25V . 1 A
Current Low OoL Vout = 2.5V 15 mA
Buffered Oscitlator  |High BOoH Vout = 2.5V 2 mA
‘Output Current Low BOoL | |Vour =25V . -5 mA
‘MODE Input Pulse Width tw 50 ' ns

" Note 1:
Note 2:

Input voltages may exceed the supply voltages provided the |nput current is limited to =100pa
Due to the SCR structure inherent in the process used to fabricate these devices, connecting any digital inp uts oroutputs tovoltages

. .greaterthan V" or less than GND.may cause destructivedevica latchup. For thisreasonitis recommendedthat no inputs-from-sources
_ ether than the same power supply be-applied to the ICL7 109 before its power supply is estebhshed and thatii. multlple supply systems
" “the sUpply 1 the, ICL7109 be activated first,

Nute 3: Th:s limit refers ta that of the' package and will not be obtamed durmg normal operatlon

e+ 5V .

-0 — ~—~GND
[ XTERNAL
o= EEFERENCE .
g ML, +
D14F INPUT

-4 GND
] 45uF
—,mz—"'| ,
o -

AinT. .20ki2 0.2V.REF

L. sv

200k 2V REF'

L +5V OR OPEN
| GND

1. 1] 2.58 MHz.
| A=d CRYSTAL

o= =~ GND )
EXTERNAL
== wF REFERENGE
T AR et
= YV — T iNpgT
| A1.F GND
Cintgy-15=F
lCn “ y
EEM o
— - RNt 20KN 0.2V REF.
- 5V _200Kk£1 2V REF.
fom +5Y
| &no

. vt ap
+5V TVt TRC. aol- GND {1 GNp o REFIN - 3%
] -—C 2 DSC CONTROL OSC IN17L——— —123 BUF GSC OUT  REF CAP -38
GND 13 GND _EPE'ag 5V — 2. STATUS REF CAP 37/
+5¥—1 4 RRD CL51:38 CL ) REF IN + 36
512 s 37 <4 19 HREN IN H1 35
—|RER1-8 585 36 o INLQ 34
Pl 35— GND- . T st " COM 33
—313 PE CRL-34 |~ , gy B%-812,POL,0R INT 32
|14 FE 26.33 ' 918 AZ 3
=115 OF TORT-B & & 1 61-Ba BUF 30
+5V—1 15.5FD JRE 24— - " w—- 17 TEST REF DY 29
N ) . DRR1B|- : 18 L : v
—=—1 20 AR DR 19 21 MODE RUN/FADLD 26
SERIAL TBAL 23 20 CELGAD | OSCSEL 24
INPUT “TBRE.22 |~ = 2TSEND . . " Qsc OuT 23
«——125 TRO MR 21 |~ GND
~osemiall T . L . S . . e OSC IN 22
QUTPUT FOR'LOWEST POWER CONSUMPTION,
: - IMB403 - TBA1-THAB INPUTS SHOULD HAVE 100K0} ,IcL7109
CMOQS UART PULLUP RESISTORS TO 5V CMDS ND CONVERTER e
Figure 1A. Typical Connecuon Dlagram UART Interface Ta. transrnlt latest resuit, send any word to UAHT .
)z : E] gy —Tan vt REF IN - 35
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Figure 1B: Typlcal Conneastion Dlagram Parallel Interface With MCS-48 Misracomputer
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TABLE 2 - Pin Assighment and Function Description -

Nate: Al digital ievels are positivestrug:

DETAILED DESCRIPTION

Analog Section

Figure 2 shows the equwalent CII’CLIIT of the Analcg Sectmn
of the TCL7109. When the RUN/HOLD inpuf is left open or
connected to V¥, the circuit will perform conversions at rate
determined by the clock frequency 8192 clock peripds:per
cycle). Each measurement cycleis divided into three phases
as shown in. Figure 3. They are (1). Auto-Zero (AZ), (2) S!gna1
Integrate (INT) and {3) Demtegrate ({DE).,

1. Auto-Zero Phase

Durlng autc 2-1e] three thlngs happen. "First, |nput htgh
and low are dlsconnected from their plns and internally
" shorted to analog COMMON. Second, the réference ¢a-
pacitor is charged to the reference voltage. Third, a feed
" back Ioop Is closed around the system fo charge the auto-
“zero capacitor Caz to compensate for offset voltages | in
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PIN SYMBOL DESCRIPTION - i PIN | SYMBOL . DESCRIPTION
1 {GND Digital.Ground, OV -Grouhd return for aII {21 |MCOBE..- - | Input Low --Direct-output mode where
_ digital logic ' T T CE/LOAD (Pin 200, HBEN (Pin 18} and
2. STATUS Cutput High during mtegrete and déinte- . -] LBEN (Pin_.18) act as inputs directly
S 1 grate until gata is Jdtched, _ = | controlling byte dutputs. o
.| Output Low when analog section ié in o v pinput Pulsed High - Causes immediate
Auto:Zero configuration, ree e ... BTty into hangshake mode and sutput of|.
3 |POL . Polarity - HI for Positive Input, © . |gata asin anure 9. '
4 |OR Overrangé-- HI if overfanged' Input ngh Enables CE/LOAD Pin 200,
5 B2 Bt 12 [Mast Slgmhcant B0 HBEN (Rin"®, and LBEN (Pin 18! as cut-
& Bi1 Brii b . - - T T .| puts, handshake mdde will be entered and
- 810 BL10 . All data output as in F1gures 7 and 8 at con-
‘ three varsion.cornpletion.
8 159 Brd . state 22 JOSCIN " | Osciltator Input
& [B8 : BTt § N . cutput 23 jOSCOUT Oscillator-Quiput- -
10 |B7 Bit7_|HI=true .| ‘data 24 [OSC SEL Oscillator Select.- imput high configures
1|86 Bité : | bits : 0SC IN,:0SC OLIT, BUF OSC OUT as RC
12183 Bit 5 ' oscillator - clock will be.same phase and
13 1B4 Bit4 duty cycle as BUF OSC.OUT - :
14 | B3 Bit 3- - Input low configures OSC IN, OSC CUT
15 82 Bit 2: for crystal oscillator - clock frequency will
16 |81 Bit 1 ngs,—sgmgg,;rBTJ be 1/58 of frequency at BUF OSC OUT.
17 |TEST Input High - Normal.Operation. 25 | BUF OSC OUT | Buftered Oscillator Qutput.
Input Low - Forces all bit outputs-high. 28 RUMN/HOLD Input High - Conversions continuously
Note: This Input s used for test purppses: S performed every 8192 clock pulses.
only. Tig high if not used. Input Low - Canversion in progress com-
18 LBEN Low Byte Enable - With:Mode (Rim21) low, pleted, converter will stop in Autc-Zero 7
ang CEZLOAD (Pin 20 low, taking this pin], -+ {__- - counts before integrate. -
low activdtes-low:ofder byte outputs B1-B8. 127 |[SEND Input - Used-im handshake mode to indicate
Ao ] . : ability of an extérnal device 1o accept data.
_.-Wilh Mode (Pin 271 high, thispin serves as| AR .. | Connect to +5Y if not used. '
& low byte flag, cutput used in handshake %8 v .- | Analog Negative Supply - Nominally -5V
modei Sek Figures 7, 8.9 SRR R R with respect to GND (Pin 1,
19 [HEEN High Byte Enable - With Mode (Pin 211 low. 39 |REF OUT- Reference Voltage Output - Nominally 28V
and: GE/LOADR-Piry 20 oW fakingthis pind- - - 1 [ > I 4onn fram V* (Pin 401
.E&a;g,_a t%SRhfgh order byte outputs B\ - - 55 TRUEFER | Buffer Ampiifier Ouput
31 |AUTO- ZEHO Auto-Zero Node - Inside foil of Caz
| - With Mode 1Pin 211 high, thispin setvesas| - ['32 * | INTEGRATOR | Irtegrator Output - Outside foil of CiNT
a high byte flag output used in handshzke 33 CCMMON Analog Common - System is Auto-Zeroed
mode. See Figures 7, 8,9, Vo] o COMMON
20 CE/LOAD Chip Enable Load - With.Mode (Pin 21 low, | C JnPUT LO Differential Input Low Sice
CE/LOAD serves as a master cutput enable. INPUT HI Dilferential Inpul High Side
“‘.”"e” high. 81-812, POL. OR outpuls are -+ | 86 FREF IN + - - | Differential Refarence Input Positive
disabled. 37 |REFCAP + Reference Capacitor Positive
1 < With"MGde tPin 21 high 'this pin serves as 38 |REFCAP Reference Capacitor: Negative
. load ‘strobe used in handshake mode ] 39 - |REF IN ... | Differential Reference Input Negative
See: F=gures 7,890 7 40 Moo L . | Positive:Supply Voltage:- Nominally. +5V

with-respect to GND-(Pin 1)

the’ buffer amplifier, intégrator, and tomparator. :Since
* the comparatoris:included in the idop; the AZ accuracy
“is limmited only:by the:noise of the-system. lmany case, the

offset referred to the input.is less than 10zV. '

2. _Slgnal Integrate Phase

- Durmg 5|gnal lntegrate the auto Zero, Ioop is cpened the
internal short is removed and the internal input high and
. low are connected to the, external pins. The converter
ihen |.ntegrates,.the.dlfferent!al voltage between IN HI and

" IN.LO for.a fixed time: of 2048 clock periods. Note that

--thig differential, vopltage.can.be within the cormmon mode
. Fange of the inputs, At the end of this-phase, the polarlty
of the: |ntegrated s:gnal is determlned :
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Figure 3: Conversion Timing (RUN/HOED Pin High)

3. De-integrate Phase

The final phase is de-integrate, or reference integrate. In-
put low Is internally connected to analog GCOMMON angd
input high Is connected across the previously charged
{during autc-zero) reference capacitor. Circuitry within
the chip ensures that the capacitor wili be connected
with the correct polarity to causa the integrator output to
return to zero crossing (established in Auto Zero) with a
fixed siope. Thus the time for the-output to returr to zero

" (represented by the number of clock periods counted) is
proportional to the input signal.

Differential input

The input can-accept differential voltages anywhere within
the common mode range of the input amplifier; or
specifically trom 1.0 volts beiow the positive supply to 1.5
volts above the negative supply. In this range the system has
a4 CMRR of 86dB typical. However, since the integrator also
swings with the common mode voltage, care must be
exercised to assure the integrator output does not saturate.
A'worst cdse condition would be a large positive com_rnoh
mode voltage with a near full-scale negative differential input
voltage. The negative input signal drives the integrator

4-34
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positive when most of its swing has been used up by the
positive common mode voltage. For these critical applica-
tions the integrator swing can be-reduced to less than the
recommended 4V full scalé with some |oss of accuracy. The
integrator output can swing within 0.3 volts.of either supply
without loss of linearity.

The ICL7109 has, however, been optimized for pperation
with analog common near digital ground. With power
supplies of +5V and -5V, this allows a 4V full scale integrator -
swing positive or negative maximizing the performance of
the analog section.

Differential Reference

The reference voltage ¢an be generated anywhere within the
power supply voltage of the converter. The main source of
common mode error is a roll-over: voltage caused by ‘the
reference capacitor losing or gaining charge to stray
capacity on Its nodes. If there is a large common mode
voltage, the reference capacitor can gain charge (increase
voltage) when cailed up to deintegrate a positive signal but
lose charge (decrease voltage) when called up to deintégrate
8. negatwe input signal. This difference in reference for (+ or
= Input voltage will give a roi!-over error. However by
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selecting the reference capacitor large enough in
comparisor to the stray capacitance, this error can be heid to

less than 0.5 count for the worst case condition (see
Component Values Selection below)

The roll-over error from these sources is mlnlmized by
having the reference common, mode voltage near or at
analog COMMON.

Component Value Selection

For optimum performance of the analog section, care must

beé taken inthe seléction of values for the integrator capacitor

and resistor, auto-zero capacitor, reference voitage, and

conversion rate. These values must be chosen to suit the
_particular application.

The most important con5|derat|on is that the integrator
output swing (for full-scale input) be as large as possible. For
example, with £5V supplies and COMMON connected to
GND, the neminal integratoroutput swing atfull scafe is +4V.
Since the integrator output-can go to 0.3V from either supply
without. significantly affecting linearity, a 4V. integrator
output swing allows 0.7V for variations in output swing due
to component value and oscillator tolerances. With 5V
supplies and a common mode range of x1V¥ required, the
component values shouid he selected to provide +3V
integrator output swing. Noise and rollover errors wiil be

slightly worse than in the +4V case, Forlarger common mode -

voltage ranges, the integrator output swing must be reduced
“further. Triis will increase Both noise and rollovererrors. To
lI‘I"lpI'OVG the performance, supptles of +6V may be used.

1. Integrating Resnstar

Both the buffer amplmer and the mtegrator have a classA
output stage with 100uA of quiescent current. They sup-
ply 20uA of drive current with negligible non- linearity.
The integrating resistor should-be large enough to remain
- in this very linear region over the input voltage range, but
small enough that undue feakage requirements are not
' placed on the PC board. For 4.086 volt full scale, 200k{} is
near optimum and similarly a 20k} for a 409.6mV scale.
For other values. of full scale voltage, RinT should be

chosen, by the relation

full scale voltage
Rinr =

20uA
2. Integrating Capacitor

The integrating capacitor Cint should be selected to give
the maximum integrator output voltage swing without
saturating the integrator {approximately 0.3 valt from
either supply). For the ICL7109 with =5 volt supplies and
analog comimon connected to GND, a 3.5 10 4 voltinte-
grator output swing is nominal. For 7-1/2 conversions per
second (61.72KHz clock frequericy) as provided by the
crystal oscillator, rominal values for Cint and Caz are
Q.154F and 0.33uF, respectively. If different clock fre-
Quencies are used, these values should be changed to
maintain the integrator output voltage swing. In general;

the value of Cint is given by

(2048 X clock period) (20pA) -
integrator output voltage swing

Cint =

An additional requirement of the: integrating capacitor |s'

that it have low dielectric absorption to prevent roll-over
errorg, While other types of capacitors are adequate for
this application, polypropylene capacitors give undetec-
table errors at reasonable cost up to B5°C, For the military
temperature range, Teflon® capacitors are recommen-
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ded. While their dielectric absorption characteristics vary
somewhat from unit to unit, sélected devices should give
less than 0.5 count of error due to dlelectnc absorption.

. Auto-Zero Capacitor

‘The siza of the auto-zero capacitor has some influence on
_ the noise of the system; a big capacitor, giving less nolse.

However, it cannot be iricreased without limits since it, in
paralle] with the integrating capacitor forms an R-C time .
constant that determines the speed of recovery from over-

loads and more |mportant the error that exists at the end

of an auto-zera ¢ycle. For 409.6mv full scale where naise
is very importarit and the integrating resistor smali, a
value of Caz twice Cint is optimum. Similarly for 4.006V
full scale where recovery Is more important than noise, a -
value of Caz equal to half of CinT is recommended.

For optimal rejection of stray pickup, the outer foll of Gaz
should be connected to the R-C summing junction and
the Inner foil to pin 31. Similariy the outer foil of Gyt
should be connected to pin 32 and the inner foil to the R-C
summing junction. Teflon®, or equivalent, capacitors are
recommended above 85°C. for their low leakage
characteristics.

. Reference Capacutor

A 1uF capacitor gives good results in most applications.
However, where a large common modevoltage exists ti.e.
the reference low is not atanalog common) and a 409.6mV

scaleis used, a Iargervatue is required to prevent roll-over

error. Generally 10uF will hold the roll-over error to 0.5
count in this' instance. Again, Taflon®, or equivalent
capacitors should be used for temperatures above 85°C
for their low leakage characteristics.

. Reference Voltage

The analog input required to generate a full scale output
0f 4096 counts is Vin=2Vrer. Thus for anormalized scale,
& reference of 2048V should be used for a 4.096V full
scale, and 204.8mV should be "used for a 0.4096V full-
scale. However, in many applications where the A/D is
sensing the outp ut of a transducer, there will exist a scale
factor other than unity betwésn the absolute output
voltage to be measured and a desired digital output. For
ingtance, in a weighing system, the designer might like to
have a full scale reading when the voltage from the trans-
ducer i$ 0.682V. instead of dividing the input down to -
409.6mV, the input voltage should be measured directly
and a reference voitage of 0.341V shouid be used. Suit-
ahle values for integrating resistor and capacitor are 34k
and 0.15uF. This avoids a divider on the input, Another
advantage of this system occurs when a zero reading is
desired for nmor-zero input. Temperature and weight
theasurements with an ofiset or tare are examples. The
offset may be introduced by connectlng the voltage

‘output of the transducer between common and analog

high, and the offset voltage between common and analog
low, observing polarities carefully. However, in proces-
sor-based systems using the ICL7109, it may be more
efficient to perform this type of scaling or tare subtraction
digitally using software.

. Reéference Sources

The stability of the referénice voitage is a major factor in
the tveralf absolute accuracy of the converter. The reso-
lution of the ICL7109 at 12 bits is one part In 4096, or
244ppm. Thus if the reference has a temperature coef-
ficient of 80ppm/°C (onboard reference) a temperature

difference of 3°C will introduce a one-bit absolute error,
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AFor this reason it |e reeornmended that an external high-
_ quality referénce be used wheré the ambient temperature is
not centrolled or where hlgh accuracy absotute. meaeure—
ments are being rnade

The tCL?'IOQ prowdee a FtEFerence OUTput (pln 29) which
~may he. used with a reelstwe dwuder to generate a suntable
reference voltage. This output will sink up to, about 20mA
,wnthout S|gmftcant vartatton in output voltage and’ |s pro-
vided with a2 puljup blas device which sources about 10,;A
"The output voltage is nomlnatly 2.8V below V*, and has a
temperature coefﬂclent of +80ppmi‘C typ. When using the
_onboard reéfarence, HEF OU'I'(Prn 29 shoutd be connected
to REF — {pin 39), and F(EF-J- should be connected 1o the
wiper of a precision potentiometer between ‘REF OUT and
V+, Thé cirguit for 4 204.8mV referencé is shown |h the test
“circuit: Far'a 2:048mV' reference the fixed résistor should be
removed, and a 25k prectslon potentlometer between REF
OUT and'V * should be used.
Note that if pin's 29 and 39 are tied together and pirg39 and
40 aomdentany shorted (e.9., durtng testing), the reference
“supply will sink: enough curfent to destroy the de\nce This
can be aveided by placing a 1kQ res:etor in serlee Wlth p1n 39.

y DETAILED DESCRIPTION
| Digital Selectlon

“The digifal section iheludesthe clock ‘oseillaterand scaling
gireuit, a 12-bit binary counter with output latches -dnd-TTL-
compatible three-state dutput drivers, potar'ty, oOver-range
and control logic, afd UART handehake Iogm ae -shown in
the' Blotk Diagrarm, Figure'4. S

Throughout this dascription, Ioglc Ievels wult be referred to
as “Jow" or “high”. The actual logic" jevels are defined in
Table 1 -“Operafing Characteristics”. Fo¥’ minimum power
consurnptiod, afl inputs should'swng from‘GND {low) to6 V *
(highy. Inpute driven from TTL gates-should have 3-5k-pull-
‘up resistors added for maxrmum nolse |mrnun|ty

,MODE Input

The MODE lnput |s used to control the output .mode of the
. HIGH:ORDER

BYT_E OUTPUTS

E B|/B B B BE B
'8 7 6 5 4 3

12 11 0

POL ‘OR,

-
,4

BINTERSIL

_converter When the MODE pln is Jow or left open (this mput
is prowded with a pulldown resistor to ensure a low’ level
“‘when the pin is eft apen), the ‘converter is in its “Direct”
output mode, where the output data is directly accessible
-undar the ‘control of the chlp and byte enable inputs. When
the MODE irput is puised h|gh the converier enters the

. UART handshake mode and outputs the data inl two bytes,

fhen returns to "direct’ mode. When the MODE input is left
high, the converter will outputdata in the handshake mode at
"the end of ‘gvery convarsion cycle. (See section entltled
.'“Handshake Mode" for further detarlst '

STATUS -Output ' :
During & conversion ¢ycle, the STATUS output goes high at

. 1tk beginning ¢f Signal Integrate (Phase il), and goes low

‘one-half clock period after néw data from the conversion
hds beer ‘stored’ inrthe output latches. See Figure 3 for
details of this timing: This signal. may be used as a “data
valid" fiag(data hever changeswhile STATUS s low) to drive
intefrupts, or for momtorlng the- status of the converter .
RUN/HOLD Input’ t
‘When the RUN/HOLD mput i high, or left open, the sircuit
will contmuousty pen‘orm conversron cycles, updating the
output ratches after zero crossmg during the Deintegrate
“{Phase 1Y pOrtton of thé conversion cycle (See Figute 3.1n
'jth|s modé of operatton the conversibn cycle wiil be
) pfertormed in 3192 clock perlods regardlees of the resulting
“value.

If RUN/HOLD goee low at any time during Demtegrate
(Phase ILI} after the zero crossing has octurred, the circuit
-will immediately terminate Déintegraté and Jump to Auto-
‘Zara: This feature ¢ar'be used to eliminate the time spent in
‘Deintegrate after fhe zero-6rossing. T HUN/HOLD -stays or
goes |ow,. the converter will énsure minimum Auto Aute-Zero
" tifne;.and then waitin Auto-Zero until the RUN/HOLD input
goes high. THé converter will begin the Iritegrate (Phase 11)
'portlon of the fiext conversion (and the STaTuS output will
~go high}sevén élock periods afterthe high levet is detected at
RUN/HOLD. See Flgure &fordetails. - :

LOW O Fl DER
BYTE OUTF LITS

i

‘B
1

'f_fr ERELLACILULL

t‘ff“t ‘

+—o~(LEEN .
14 THREE.STATE OUTPUTS (O HBEN
| 202 CELGAD -

1

4 LATCHES

T

12-BIT obuNTEtit

| LATCH -
T CLOGK
- Lo tf. r B ) 1.
CDMPOU‘.‘[’A-"'—.@ T - e R I W
TO | AZ DSCILLATOR ) A
ANALOG { INT e § CONVERSION AND CLOCK HANDSHAKE | 1
. . SECTION DElNT[ Y. — CDNTROL LDG'C CIRCUITRY LOGIC _
' i DE]NT(—} ] g

S g C OO o S

-AUN/ OSC OSC QSC BUF MODE .

_HOLD

SEND

IN OUT SEL OSC

ouT -’

" Figure 4: Digita! Secticn
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Figure 5 FIun/Hc d Operatlon

Using the RUN/HOLD input in this' manner allows an easy
“convert on demand” interface té be used.The converter may
be held at idle in. auto-zero with RUN/HOLD {ow. When
RUN/HOLD- goes high the conversion is started, and when
the STATUS output-goes low the new data is valid (or trans-
ferred to the UART - see Handshake-Mode). RUN/ADLD may.
now go low terminating-Deintegrate.and.ensuring a minimum
Auto-Zero time before stopping to wait for the rext conversion..

Alternately, HUN/HOLD canbe used to.minimize conversioh

time by ensuring that it goes low during Deintegrate, after’
zero crossing, and, goes high afier the hold point i reached.

The required activity’ on the RUN/HOLD input can be
provided by connecting it'to the Buffered Oscillator Qutput.

In this mode the conversion time is dependent on the input

value measured. Also refer to Intersil Application Bulletin
A032 for a discussion of the effects this will have on Auto-
Zero performance.

If the RUN/FDLD input goes low and stays low during Auto-
Zero (Phase i), the converter will simply stop at the end of
Auto-Zero and wait for RUN/HOLD to go high. As above,
Integrate {Phase |1) begins seven clock periods after the high
level is detected.

Direct Mode

When the MODE pin is left al a low ievel, the data outputs
(bita 1 through 8.low ordér byte, bits 9 thicugh 12, polarity
and over-range high trderbytefare accessible unhder control
of the byte and chip enable terminals as inputs. These three
inputs are all active low, and are provided with pullup
resistors to ensure an inactive high level when left open.

When the'chip enable:input is low, taking & byte enableinput-
jow wili allow the outputs of that Eyte lo become active - -
{three-stated, on). This-allows a variety of parailel data

accessing techniques to be used;-as shown in the section

entitled “Intérfacing.” The timing reguirements for these: _

outputs are shown in Figure 5 and Table 3.

Table 3 - Direct Mede Timing Requirements

/ ;
AS INPUT o o

CE/LDAD
AS INPUT -

le—tpEa—=

Ao a - k_ — toHB

MIGHBYTE _ _ | QDATA o g fmmmmkf] DATA
. PATA VALID T VALID
toac—= to—  —ei

LOW BYTE : i : .- — —da ] DATA —_
CDATAT T T T T T i '(mm

————— = HIGH IMPEDANCE
Figure 6: Direct Mode Output Tlmmg
It should be noted that these control inputs are

asynchronous with respect to the converter ciock -the data -
may be accessed atany lime. Thus itis possible to access the
data while.it is being Updated, which could lead to scrambled
data. Synchronizing the access-of data with the conversion
cycle by monitoring the STATUS output will prevent this.
-Data is never updated while STATUS is low.

Handshake Mode -

The handshake output mode is provided as an alternative
means of interfacing the ICL7108 1o digital systems, where
the A/D converter becomes active in controliing the flow of
data instead of passively responding to chip and byte enable
inputs: This mode is specifically designed to allow a direct
interface between the ICL7108 and industry-standard
UARTS (such as the Intersil CMOS UARTS, IMB402/3) with no
external logic required. When triggered into the handshake
mods, the ICL7108 provides all the control and fiag signals
necessary to sequence the two bytes of data into the UART
and inltidte their-transmission in serial form. This greatly
“eases the task and reduces the cost of designing remote data

SYMBOL DESCHIPTIOP&- [MIN [ TYP- | MAX | UNITS acquisition stations using serial data transmission to
gEa | Byte Enable Width | 35C [ 220 - hs “minimize. the number of fines to the central controlling
Data Access Time 3 . '] ~. processor.
B . 10 :
1Ag g::; ng E,?;:le - 350 : = Entry intd the handshake mode is controlled by the MODE
_— from Byte Erable. | - 1501 300 ns pin. When the MODE terminal is held high, the ICL7109 will
- Eh Branie W a0 1556 - enter the handshake mode after new data has been storedin
CEA P b - — —— . ns the output.latehes at the end.of every conversion performed
t fDa*a gﬁ‘?esg T'b’?e : 20 | 400 _ ‘See Figures 7 and 8). The MODE terminal may also be used
DAS I:ZO? = :S Tr‘a ¢ N 1o trigger entry into the handshake mode on demand. At any
. _ fa 2 CE' E'm; 1 240 | 200 time during the cenversion cycle, the low to high transition of
DHC 1 170M =P Enave ns a short pulse at the MODE input will cauge immediate entry
4-37 -
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Figure 8: Haridshake - Typical UART Interface Timing R
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inte the handshake mode. If this pulse occtirs'while new data
is being storéd, the entry into handshake mode is delayed
until the data is stable. While the converter is in the hand-
shake mode, the MODE input is ignored, and although
conversions will ‘still be performed, data updating will be

inhibited (See- Figure 9} until the converter compietes the

output eycle and tlears-the handshake -made.

When the convertér enters the handshakemode, or whenthe
MODE input is high, the chip and byte enable terminals
become TTL-compatlbIe outputs which provide the control
S|gnals for the output-eycle (See Flgures T 8, and 9.

n. handshake mode, the SEND |nput|s used by the! converter
asan 1nd|cet10n of the ability of the receiving dewce.(such as
a UAF:T) to accept data ' : :

Figure 7 shows the sequence of the Dutput cycle wnhSEND
held high. The handshake 'mode tinteinal MODE high) is
entered after the data-latch pulse (since MODE remains high
the CE/LCAD, LBEN and HBEN termirials are active as
outputs). The high level at the SEND input is sensed on the
same high t6 low.iriternal clock edge. Onthe nextlowto high
Jinfernal clock edge, the TE/EOAD and the HBEN. outputs
assume a iow lével, and th¢ high-order byte (bits 9 through
12, POL, and OR) outputs aré enabled, The CE/LOAD Gttput
remains low for one fuli internal clock period only, the data
outputs rémain active for T-1 /2°intetnal tlock periods, and
the high byté-enable remains low for two clogk periods. Thus
‘the CE/LCOAD output low level or low to high edge may be

usedas a syrchronizing signal to ensure valid data and the

GINTERSIIL

byte enable as an 'out’put may be used as a byteé ldentifi-
cation flag.. with- SEND remalnmg high " the converter
complétes the cutput cycle using'CE/LOAD and LBEN while
'the: low order byté outputs <bits 1 through 8) are activated.
The handshake mode |s termmated when both bytes are
sent.

F|gure g shows an output sequence where the SEND |nput is
_used to delay portions of the sequence, of handshake 'to
énsUre correct data transfer. This timing diagram shiows ..
relationships. -that- o¢cur using an industry-standard
IMB402/3 CMOS UART to interface to serfal data channgls.
In‘thigiriterface, the SEND Input to the ICL7 109 is driven by
the TBRE (Transmitter Buffer Register Emptyr output of the
UART, and'the: CE/LOAD terminal of the ICL7108 drives the
“TBRL (TransmItter:Buffer-Register Load) input to the ART.
The:data outpufs:are paralléled |nto the: elght Transrmtter
Buffer Register inputs.

Assum:ng fhe UART Téansmittér Butfer Register is empty,.
the SEND mput will be high when the handshake motle is
entered after new data is stored. The GE/LOAD and HBEN
terminals will go low after SEND is sensed, and the high
arder byte oufputs bécome actwe Whenh GE/LOAD goes
'h|gh at the end of one clock pefiod, the high otder biyte data
¢ clocked into the UART Transmitter Buffer Régister. The .
‘UART TBRE outpu‘c will now go low, which halts the output’
cycle with the HBEN output low, and the kigh order byte -
Ioutputs active. When'the UART has transfefréd 4he data to-

- the Transmitter Register and cléared the Transmitter Buffer

‘Register, the TBRE returns high. On the next ICL7109

' ZERO CROSSING

f:/vc

/ZERO CROSSING DETECTED

INTERNAL
CLOCK |

CiNreemal I D I
LATCK T PRI R R

LATCH FLLSE I .

INHIBITED IN ===
. UART MoDE“‘F- e

L] L

'STATIJS:
QUTPUT 222

PO

ENTRY INTO -
inopE -
. Ry | UART MODE \

| STATUS QUTPUT .~
UNCHANGED. N -

DEINT
PHASE il .

 TERMINATES

N TERNAL, UART | — . e | . T
. -MODE NOAM / “SENGED i [ - seng | I _sEnp | *|UARTMODE
. e el -SENSED ~_ SENSED™_|
SEND Pl A
INPUT / /
CE/LDAD e S
AS QUTPUT ™ . ! R .
n i g : i
RN el A , T adoto
. . il ¥ 3 N
HIGHSE: "?——“——'—.——---r _J-——”—-—--( DATA VALID e e e e e e e i
LBEN —-L —l_—fJ L2
Lowg:;g S e e e e e e 'h——-———l( . DATA VALID. L e e

5BONT.CARE .

| === = THREE-STATE HIGH IMPEDANCE —~da = THREE-STATE WITH.PULLLP .

Figtire'9: Handshake Triggered By Mode
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internal elock high to low edge, the high orde'r byte outputs -

are disabled, and one-half internal clock later,. the HBEN

output retumns high, At the same time, the CE/LOAD and

[BEN outputs go low, and the low order byte outputs
become active. Similariy, when the CE/LOAD returns high at
the end of one clock period, the low order data is clocked into
the UART Transmitter Buffer Register, and TBRE again goes
. low. When TBRE returns to a high it will be sensed on.the
next 1CL7109 internal clock high to low edge, disabling the
data outputs. One-half internal ciock latér, the handshake
modée will be cleared, and the CE/LOAD, HBEN, and LBEN
terminals return high and stay active.(as long as MODE stays
high).

With the MODE input remalnmg high as in.these examples,
the converter will output the results of every conversion
except those completed during a handshake operation. By
triggering the converter into handshake mode with a low 10
high edge on the MODE input, handshake output sequences
may be performed on demand. Fiqure 8.shows & handshake
output sequence triggered by such an edge. In addition, the
SEND input is shown as being low when the converter entefs
_handshake mode. Ini this case, the whole output sequence is
controlled by the SEND input, and the sequence for the first
thigh order} byte is similar to the sequence for the second
byte. This diagram alsé shows the output sequence taking
¥ longer than a coniversion cycie. Note that the converter still
makes conversions, with the STATUS output  and
RUN/HOLD input functioning normally. The oniy ditference
is that new data will not be latched when in handshake mode,
and is therefore lost.

Oscillator

The ICL7109 is provided with a versatile three terminal
oscillator to generate the internal clock. The oscillator may
be overdriven, or may be operated as an RC or crystal
oscillator. The OSCILLATOR SELECT input changes the
internal configuration of the oscillator to optimize it for RC
or crystal operation.

When the QOSCILLATOR SELECT input is high or left cpen
(the input is provided with a pullup resistor}, the oscillator is
configured for RC.operation, and ‘the internal clock will be
of the same frequency and phase a3 the signdl at the
BUFFERED OSCILLATOR OUTPUT. The resistor and
capacitor should be connected as in Figure 10, The circult
will oscillate at a frequency given by f = 0.45/RC. A 100kQ

BINTERSIL

v , o
= 'LT CLOCK
<.—-D= - > +58

24 22 2z s

osc |osc osC BUFFERED
SEL *|IN ouT asc
GND - oL out
CRYSTAL.

Figure 11: Crystal Oscillator
oscillator will operate with most crystals in the 1 to SMHz
range with no-external cornponents. Taking the OSCILLATOR

SELECT input low also inserts a fixed +58 divider circuit

between the BUFFERED OSCILLATOR OUTPUT and the
internal clock, Using an inexpensive 3:58MHz TV crystal, this

division ratio provides an integration time given by:

T= - (2045 clock penods)x (mﬁ') 33.18ms

This time is very close to two 60Hz periods or 33.33ms. The
error is Jess than one percent, which will give better than
40dB 60Hz rejection. The converter will-operate reliably at
conversion rates of up te 30 per second, which corresponds

1o a clock frequency of 245.8kHz.

If at any time the oscillator is to be overdriven, the over-
driving signal should, be applied atthe OSCILLATCOR INPUT,
and the OSCILLATOR OUTPUT should be left open. The
internal clock will be of the same frequency, duty cycle, and
phase as the input signal when OSCILLATORSELECT is left
open. When OSCILLATOR SELECT is at GND, the clock will
be a factor of 58 below the input frequency.

When using the ICL7108 with the IME8403 UART, itis possible
to use one 3.58MHz crystal for both devices. The BUFFERED
OSCILLATOR QUTPUT of the ICL7109 may be used todrive
the OSCILLATOR INPUT of the UART, saving the need fora
second crystal. However, the BUFFERED GSCILLATOR
OUTPUT does not have a great deal of drive, and when driv-
ing more than one slave device, external buffering should be

used.
Test Input

When the TEST input is taken to a Jevel halfway between V*

_and GND, the counter output latches are enabled, allowing

resistor is recommended for useful rangés.of frequency. For-

oplimum 60Hz line rejection, the capacitor value should be
chosen such that 2048 clock periods is close to an integral
multiple of the 60Hz period (but not less than 50pF).

24 25

Bl e e — ——
BUFFERED
OSC

‘QuT

— 4
osc
SEL

vt OR OPEN

fosc = 45/AC
Figure 10; RG- OscHIatOr

When the OSCILLATOR SELECT inputis lowa feedback de-
vice and output and input capacitors are added o the
oscillator. In this configuration, as shown in Figure 11, the
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the counter contents to be examined.anytime.

When the TEST input is éonnected to GND, the counter
outputs are all forced into, ‘the high state, and the internal
clock isdisabled, When the1nputreturnstothe1/2 WV -GND!
voltage. (or to V_*) and one clock is applied, all the counter
outputs will be clocked to the low state. This allows easy
testing of the counter and its outputs.

INTERFACING

Direct Mode

Figure 12 shows some of the combmatlons of chip enable
and byte enabie control signals which may be used when
interfacing the ICL7109 to parailel data lines. The CE/LOAD
input may be tied low, allowing either byte to be controlled
by its own ehable as in Figure 12A. Figure 12B shows a
configuration where the. two byte enables are connected
together. In this configuration, the CE/LOAD serves as a
chip enable, and the HEEN and CBEN may be connected to
GND or serve as a second chip enable. The 14 data outputs
will all be enabled simultaneously. Figure 12C shows the
HBEN and LBEN as flag ihputs, and CE/LOAD as a master
enable, which could be the READ strobe available from most
MiGroprocessors. '
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F|gure 12: Pirect Mode Ch|p and Byte Enab!e Comblnahons

Figure 13\shows an appr roach to mterfac:ng several ICL7188s

to a bus, ganging the HBEN and LBEN sighals to several
converters together, and using the CE/LOAD inputs
{perhaps decoded from an address) to select the desired
converter.

Some practical circuits utilizing the paralle! three-state
output capabilities of the ICL7109 are shown in Figures 14
through 19. Figure 14 shows z straightforward apptication to
the Intel MCS-48, -80 and -85 systems via an 8255PF(, where
the iCL.7109 data outputs are active atall times. The I/Q ports
of an 8185 may be used in the same way. This interface can

be used in a réad-anytime mode, altHough a read perforriad ™

while the data latches are being updated will lead to
scrambled data, This will occur very rarely, in the preportion
of setup-skew times to conversion timg. One way to

overcome this is to read the STATUS output as well, and ifit

is high, read the data again after a delay of more than 1/2

converter clock period. If STATUS is now low, the second

reading is correct, and if it is still high, the first reading is
correct. Alternatively, this timing problem is completely
avoided by using a read-after-update sequence, as shown in
Figure 15. Here the high to low transition of the STATUS

output drives an interrupt to the microprocessor causmg it to

access the data: Thls application: also: shows theRUN/HOLD
input being used to |n|t|ate conversnons under software
control. ‘

A similar interface to Motoiola M’G‘BSDD or MOS Téchnology
MGCSEE0X systems is.shown.in. Figure 16. The high.to low _
transition ofthe: STATUS output generates an interrupt via |
the Control Register B CB1 line./Note that CB2 controls the :
RUN/HOLD pin through Contral “Register B, al[owmg

software-controiled |nrt1at|on of conversmns in this system -

also.

- Figure 17 shows.an interface to the Intersil IM6100 CMOS

microprocessor family using the IMB101 PIE to control the
data transfers. Here the data is read by the microprocessor in
an &-bit and a 6-bit word, directly from the ICL7109 to the

" . microprocessot data bus. Again, the high to low transition of

the STATUS output generates an interrupt leading to a
software routine controlling the two read operations. As
before, the RUN/HOLD input to the ICL7108 is shown as
being under software controd, \

" The three-state output capability of the ICL7108 allows
difect interfacing to most micropracessor busses. Examples

.. of this are shown in Figures 1, 18 and 19. Itis necessary to

CONVERTER

CONVERTER

CONVERTER

SELECT

< o B : 8-BIT BUS

SELECT SELECT

GND—]; : GND—] GND—|
MODE CELOAD| Moo, cemoap]- | | " MODE. - .CEILOAD
B9-B12 B9.B12 . - eeBi2
. POL, OR PoL, OR{ © POL, OR
. . leurioe 1CLT109  igLr0e
|:> : ‘B1-B8f B . i | ) I B1-Bg| 8 i p1-8| 8 -
ANALDG ANALOG ' - ANALOG |
IN . : m| . TN
RUN/HOLD |————+sv ) RUN/HOLD |——— +s5v RUN/HOLD f——— +5v
, HBEN LBEN ' HBEN LBEN HBEN. . - LB |

s}

BYTE SELECT FLAGS <
' Figure 13: Three-stating Several 710%s 10 a Small Bus .
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carefully consider the system timing in this type of inteiface, that 'simple- address decoding can be used. Interrupt -
to be sure that requirements for setup and hold times, and handling can also require many additional components, and
mintmum pulse widths are met. Note also the drive limita< ™ using an interface device will usually simplify the system in
tions on long busses, Generaliy this type of interface:is only this case.

favored if the memory peripheral address density is low so

3 : ADDRESS BUS ' a I
h) v CONTROL BUS . B _ 5
¢ _ . DATABUS . L q
GND S ’ o . - : '
T - L
MODE - CE/LOAD . %o -wWH. o7-Do sl | - B : T
as-812|. N o5, | . : ;
poLor] . °© A Phs-Fho
 RUN/AOLD fp———-4s5v |
ICLT109 vy ‘ 8008, 5049, .
.88 B PBr-PBo  (MODED) R . " BOBS, 8048.ETC : :
ANALOG . | '
TATUS o e — —— — :
[ STATUSI™ ~SEe Text Pes !
HBEN  LBEN.

Figure 14: Full-time Parailel. Interface to MCS—_4B_. 80, 85 M_ié[oconﬁp_uter. Systams

D) N ADDRESS BliS ‘ S
} . CONTROL BUS _ 5
2 T . . DATABUS e K
1 L. e 2
"mopE  CE/LOAD RD WA D00 . AB-AT | ' -
cs

B9-B12 )
!’OL, OR i ] q PAs-PAg.

RUN/HGLD FCa L ' ;
1oL : §255 ‘ 5008, 880,
B1-88 3 PBr-PB) _ , B0B5, 8048 ETC
ANALOG status | —f F—+=—— Pc.
PCs IHTRA INTR

HBEN . LBEN

.4
, GND—l——-J . o

Figure 15: Full-time Paralle! Interiace to MGS-48, -8, -85'Microcomputers With Interrupt
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Figure 16: Full-time Parallel Interface to MCB80X or MCSB50X Microprocessors
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. . PIE - : . ] P
B1.33| &
ANALOG STATUS SENSE 1 _ _ .
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Figure 171 ICL7109-IMB100 Interface Using IMB1H PIE
' é . ' ' ADDRESE BUS e j
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Q CONTROL BUS 4 ‘
RD®
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HBEN LBEN
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Figure 18: Direct Interface - ICL7109 to 8080/8085
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GND-——l |———'—-5V Y P r~"
MODE RUN/HOLD
8o-812[ ¢
POL, OR
MC680X
M X
ANALOG 5650
IN ¢ maman . .
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74C42 AD-A2
BTN N———
CE/LOAR - A
T_ : A15-A10-
- - : 7ac30 | Y
. . : <r R/W, VMA
ADDRESS DATA CONTROL
BUS BUS BUS

Figure 19: Direct ICL7109 - MCB80X Bus Interface

Handshake Mode

The handshake mode allows ready mterface with a wide
variety of external devices. For instance, external latches
may be clocked by the rising edge of CE/LOAD, and the byte
| enables may be used as byte identification flags or as load
enables.

Figure 20 shows a handshzke interface fo Intel microproces-
sors again using an 8255PP1. The handshake operation with
the B255 is controlled by inverting its input Buffer Full (IBF)
flag to drive the SEND inpui to the ICL7108, and using the
"CE/LOAD to drive the 8255 strobe. The internal control
register of the PP1 should be set in MODE 1 for the port used.

If the 7109 is in handshake mode and the 8255 IBF flag is low, |

the next word will be strobed into the port. The strobe will
cause 1BF to go high (SEND goss low), which will keep the
enabled byte outputs active. The PPl will generate an
interrupt which when executed will result in the data being
read. When the byte Is read, the |BF will be reset low, which

causes theé ICL7109 to sequence into the next byte. This

figure shows the MODE input to the ICL7108-connected to a
control line on the PPI. If this outputis left high, or tied high

separately, the data from every conversion (provided the
data access takes less time than a conversion) will be
sequenced in two bytes into the system.

If this output is made to go from low to high, the cutput
sequence can be obtained ondemand, and theinterrupt may
be uséd to reset the MODE bit. Note that the RUN/ADLD
input to the ICL7108 may also be driven by a bit of the 8255 so
that conversions may be cbidined on command under
software control. Note that one port of the 8255 is not used,
and can service another peripheral device’ The same
arrangement can also be used with the 8155,

Figure 21 shows a similar arrangément with the MCB800 ar
MCS850X_microprocessors, except that both MODE and
RUN/HOLD are tied high to save port outputs.

The handshake mode is particularly convenient for directly
interfacing to industry standard UARTS (such as the intersil
IMB402/6403 or - Western Digital TR1802) providing a
minimum component count means of serially transmitting
converted data. A typical UART connection is shown on
page 3. In this circuit, any word received by the UART causes

¢ ' - ADDRESS BUS

| [ 1T

CONTROL BUS

‘3 DATA BUS '
RG WA D7-DO AD-A1
BY9-B12 cs
POL, OR PA7-PAg
ICL7109
B1-B8
8255 8008, BEQ,
—_ P {MODE 1 -B08S, 8048 ETC
CEALOAD STE: tpee ! ' ’
ANALOG SEND |-—oc?] I—»—'BFA PCs
RUN/HOLD PCs
MORE {pcr PCs INTR

Figure 20; Handshake Interface - ICL7108 to MCS-48, -80, 85
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+.5v——r———| . N\
MODE RUN/AOLD <:r~ :
/]
1GLT109 MCE820 MCEBDO '
- OR
PAO-PAT /L__ _r\ /1_ :> MCSB50X
‘ANALOG —_
1N CE/LOAD f———— ~—-{ GA1
SEND -—ad—— cA2 |/
A .f)
LBEN HBEN ) 4
I ‘ -../'"'"-: -
ADDRESS DATA CONTROL
BUS BUS BUS
‘ Figure 21} Handshake Interface - ICL7109 to MCE800, MCSB50X .
the UART DR (Data Ready) output to go High. This grives the is used to select which converter will handshake with the

« MODE input to the ICL7109 high, triggering the ICL7109 into UART. With no external components, this scheme will allow
handshaka mode. The high order byte is output to the UART up to eight ICL7109s to interface with one UART.: Using a few
first, and when the UART has transferred the data to the . more components to decode the received word will allow up
Transmitter Register, TBRE (SEND) goes high and the to 256 converters to be accessed on one seria! line.
second byte is output. When TBRE(SEND).goes highagain,  yng applications of the ICL7109 are not limited to- those
LBEN will go high, driving the UART DRR {Data Ready Reset shown here. The purpose of these examples is to provide a
which wnl_ 'Slg_nal the end of the transfer of data from the starting point for users to develop useful systems, and to
ICLT109 1o _the UART. show some of the variety of interfaces and uses of the §
Figure 22 shows an exténsion of ithe one converter - one ICL.7109. Many of the ideas suggested here may be used in _
UART scheme of the Typical Connection 1o several. combination; in particular the -uses of the STATUS,
ICL7109s5 with one UART. in this circuit, the word received RUN/HOLD, and MODE signals may be mixed.
by the UART {available at the RBR outputs when DR is high! .

. SERIAL OUTPUT pb—r
L] : _
|| IMG403 CMOS UART
. SERIAL INPUT e
TBRL DRR TBRE  RBRI-RBRS TBR1-THAS i
: . e A . -
. 2 3
TR _ ] 1 _ 1
: ) T R - - L il . R ]
> B-BIT DATA BUS . . j
MODE CE/ SEND : MCODE ©E/ SEND MODE TE/ SEND
LOAD - LOAD [ [OAD
B9-B12[ ' B9-B12 . B9-B12°
POL, 0R| & ) PoL, QR |- 8§ poL, or| §
ICL7108 i ICL7109 1617109
) ves] :> Sy [:> 1o s
ANALOG ANALOG ANALDG i
IN ' IN IN
AUN/HOLDb—— -5V RUN/HOLD }——— +5v RUN/HOLD [————— +5V
HBEN LBEN HBEN LBEN HBEN LBEN

I R

Figure 22: Multiplexing Converters with Modea Input
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. . Microprocessors,” by Peter Bradshaw
AD16 “Selecting A/D Converters,” by David Fullagar “ o
AU17 “The Integrating A/D Converters,” by Lee Evans Ao32 Pg;i?:ﬁ;:r:imgfﬂ:ﬁem:g’é%% a;gm?lorﬂmgn I\g:g‘;
AD18 “Do's and Don’ts of Applying A/D Converters,” by ¥ 4

. X Bradshaw .
Peter Bradshaw and Skip Osgaod ROD5 “Interfacing Data Converters & Microprocessors,” by -

Peter Bradshaw et al, Electronics, Dec. 9, 1878.
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FEATURES

14-bit linearity and resolution (0.003%)

No missing codes

Microprocessor compalible byte-organized
bufiered outputs

Fast conversion (40us)

Auto-zeroed comparator for low offset voltage
Low linearity and gain tempco (1ppm/°C, 4ppm/°C)
Low power consumption (60mW) ‘

No gain or offset adjustment necessary (0.006% FS) . .
Provides 3% useable overrange

FORCE/SENSE and separate digital and analog
ground pins for increased system accuracy

GENERAL DESCRIPTION

The ICL7115 is the first monolithic 14-bit acourate, fast suec-
cessive approximation A/D converter. 1t uses thin film
resistors and CMOS circuitry with an on-chip PROM calibra-
tion table circult to achieve 14-bit linearity without laser trim-
ming. Special design techniques used in the DAC and com-
parator result in high speed, while the fully static silicon-gate
CMOS circuitry keeps the power dissipation very low.

Microprocessor bus interfacing Is made easy by thé use ¢
standard WRite and ReaD cycle timing and control signals,
combined with Chip Select and Address pins. The digital eut-
put pins are byte-organized and three-state gated for bus'in-
terface to 8, 12, and 16-bit systems.

The ICL7115 provides separate Analog and Digital grounds.
Analog ground, voltage reference and input voltage pins are
separated into force and sense lines for increased system ae-
curacy. Operating with = 8V supplies, theCL7115 accepts OV
to + 5V inputwitha —5V reference or0V to - 5V input witha
+ 5V reference, .

4

The lCL7115 is available in several versions with different ac-
curacies, temperature ranges and packages. A Lead!ess
Chip Carrier{LCC) package is also available; consult factory.

PIN CONFIGURATION (outline dwg JL) _
g [1] ~ mp ORDERING INFORMATION
AGNDy |2 39| AGNDe ~ PART
eo[3 = Ve ACCURACY| PACKAGE - | TEMPERATURE | \mgeR
D 7] 7] Vi 0.01% .| 40-Pin CERDIP | 0°Cto +70°C | ICL7TSJCIL
no ] ] cow 0.01% | 40-Pin CERDIP | - 25°C to +85°C ICLT115J]1JL
0.01% G — —
’ Bus [§] 35] v - 00067 | 40-pin CERDIP | 0°Cto +70°C | ICLT115KCIL
DGND [7] [3a] Caz T0.006% | 40-Pin CERDIP | —25°Cto +85°C | ICL7115KIIL
(S8} Dia [ 8] [3] wr 0.006% LGG — —_
ouls] s [E e O et ros | orvmti
o [19 31] 0sc2 0.003% LCC Z —
Dag [11] 30| oS
Ds [12] 23] TEST
oy [13] 28] PROG
" Dr M E\ﬁ
o [15 26| OVR
Ds [16] 25 EOC
Dall_l EB#
Dsl1__€ E‘Bw
DzlE 22 (B3,
D1 |20 % Iﬁo {LSB)
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ABSOLUTE MAXIMUM RATINGS (Note 1)

Supply Voltage V¥ toDGND............ . —03Vto + 6.5V Operating Temperature Range ‘

Supply VoltageV~ to DGND.......... ... +0.3Vto —8.5Y ICLTMIBXCXX. oo 0:0 o +70:C

VReFs: VREF! Ving: VIN(TODGND. ..o +25V to — 25V JOLTAIBXIXX. ..o -25°C to' +85°C

AGND,, AGND;to DGND . +1V 10—V Storage Temperature Range. . ......... - B5°C to +150°C
& AGNDODGND. ... .ov e : emper ;

Current in FORCE and SENSE Lines. .............. 25mA POSVQF_P'S;'P&T_'{%Q&- TSRS - - S00mW

Digital O Pin Voltages.. ............ —0.3VtoV* +0.3V erate above 70°C @ 100m : .

PROG to DGNDVoItage V= toV* 403V Lead Temperature(Scoldering, 10se¢). . ... .5 . ..o v as 300°C

Note1: Allvoltageswith respect to DGND, inless otherwise noted.

Stresses above those fisted under “Absofute Maximum Ratings’ may cause permanent damage to the device, These.are stress-ratings only.
and functional cperation of the device at these or any viher conditions above thdse inditated in the operational sections of the specifica-
tions is not implied. Exposure to absaiute maximum rating sonditions for extended periods may affect device reffability.

¢

DC ELECTRICAL CHARACTERISTICS vt = +5.0V,¥Y™ = —5.0V, Vgers = + 5.0V, Ty = +25°C unless.otherwise noted.

PARAMETER SYMBOL CONDITIONS ' MIN - TYP | MAX UNIT

Resolution - 5C=High . 14 )
[— Bits
- 5C=low 12
Totai Unadjusted Error . ’ : 1 .
- .LSB
Differential Non-Linearlty Full Operating Temperature Range . e
| Overali Accuracy (Mote 3) 1CL71154 .01
’ ICLT1M5K ' 0.008 % FSR
ICLTIISL ' . 0.003
Full-Scale Error Ta = +26°C . 112 1 ) LSB
' Qperating Temperature Range (Note 2} - 1 4 ppmi®C
Zero Error i Ts = +25°C . 18 LSB
: QDperating Temperature Range (Note 2) _ 4 ppmi*C
Power Supply Rejection PSRR Ta =-+25°C : 1/16 ! 18 LSB
-Full Operating Temperature Range’
Vins, VRers Resistance Zins ZREF {Note 4} ) 3 5 7 ke
Operating Temperature Range: - - 300 e ppmi°C
Low State Input Voitage Vi Operating Temperature Range : ] 0.8 ¥
High State Input Voltage Vi Operating Temperature Range 2.4 v
Logic Input Current ' lsin 0< Viy < vt 1 10 uh
Low State Quiput Voltage Var lour = 3.2mMA [ 0.4 v
Operating Temperature Range '
High State Output Voitage WVan lour = — 2002A 28 V
* Operating Temperature Range
Three-State Qutput Current o 0 < Vayr < V° _ 1 A
Logic Input Capacitance ' Cm | tNote2) 15
nF
Logic Cutput Capacitance Cout Three-State (Note 2) 15
Supply Voltage Range 'al Functional Operation . 4.5 8.0 y
v ' ! -45 -6.0
Supply Current 1" Excluding Ladder Current 5 A

¥ i Feuk=1kHz 5

Note 2: Assummes all leads soldered or welded to printed clrcult board.
Mote 3: Full-scale range (FER) is 10V {+ 5V to —5V).
Note 4: Guaranteed by design, not 100% tested in production.
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AC ELECTRICAL CHARACTERISTICS v* = +5.0v. V™ = - 5.0V, Ty = +25°C, unless otherwise noted

PARAMETER : SYMBOL. CONDITIONS |  MIN TYP MAX UNIT
Conversion Time Cteam BC = High 40 .
5C = Low 3 #
Address to Data Access tada . 280
. ReaD Low t0 Cata - j tg ) 200
ReaD High 1o Three-State oy _ _ ' 20 100
ReaD, Address Hold Time " teah ‘ -0
ReaD Pulse Width High trgh _ 200 | _
WRite Pulse Width Low 1 e _ o 200 _ _ - _ s
EQC High to Data to 200
S, WR Set-Up Time Lows ' ' 0
CS, WR Hold Time tewh 0
©8, ReaD Set-Up Time ters 0
CS, RezD Hald Time torn 0
4 EQC Pulss Width High too Free-Run Mode 0.5 .
— Mok
WRite Low 1o EOC Low twe Wait Mode 1 ! 2
- Read Cycle Timing -
cs
-a—tors— = dprh =
Ag, BUS )( i
tean ,

P -

A -t Ly e ot
Dn_ma_._.'_...—_——-—'- ———— — — — — p—
.
EQC
_l._ieu__,___,-_
Write Cycle Timing
cs | .

tows— +— +——tyr——+—lcwh—=

. WE : . S
—twe t tcony —»
- | ’ I
EOC — m— mm om —— = — — :
S P
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NAME

PIN

PIN FUNCTION : NAME_ FUNCTION
1 Vaert | FORCE tine for ieferenoe input 22 Bis
2 AGND; | FORGE iriput for analog gro?md" 23 Bis__| Used for programming only (leave open)
3 TS | Chip Select enables reading and writing 24 E?:?(.: = a7 _
active low 25 - En enversion flag (low = busy,
4 RD -L{eag (acti\ie low) . _ ¢ high= con\{ersion complete)
5 Ag Byte select (low = Dy - By, 26 OVR | OVerRange flag {valid at end of conversion
. high = Dg - D43, QVR) when output code exceeds fult-scale, three-
L et memss g | [E VT oestim powersepet
: = al| outputs ena ogether = : - .
7 DGND DiZital G.rouNpD Tetomn 2 ogethen 28 PROG | Used 1.Ior progtr_amming only. Tie to V™ for
- - ] _ normal operation B
g g: :;: ::: (most significant) 29 TEST | Used for pragramming only. Tie to-V* for
- - ) normal cperation
10 | Dy Bif 1 High Byte 30 OSC1 | Oscillator inverter input
1 Dyo B!tr10 . a1 05C2 | Dscillator'inverter output _
12 Dy | Bite Qutput 32 SC | Short cycle input (high = 14-Dit, low = 12:bit
13 . . Dg Bit8 D§ta ) cperation) . o
14 & Bit7 Hi :E?I' 33 WR W_R_ité pulse input (low starts new éonverslon)
15 Ds Bit§ {High = True) 34 Caz Autg-zero capacitor connection
16 Dy | Bit5 35 ¥~ | Negative power supply Input
17 D, | Bit4 Low Byte 36 | COMP | Used in test, tieto N~
. 18 Dy Bit3 37 Vine | SENSE line for input voitage
19 O Bit 2 38 Vrers | SENSE line for reference input
20 | O | Bit1 39 '] AGND, | SENSE iine far analog ground
21 Dy Bil 0 (least signiflcant) 40 Vine | FORCE line for Input voltage
/0 CONTROL TRUTH TABLE TRANSFER FUNCTION TABLE
CS|WR|RD [ A, | Bus _ FUNCTION - INPUT VOLTAGE _EXPECTED QUTPUT CODE
0] 0] x|xi x |initiates a Conversion Vaer = - 5.0V |OVR|MSB - LSB
1| x| x | x| x |Disablesall Chip Commands | 0 6] 010000000000COQ]| O
0] 1| 0]0]| 0 |LowByteis Enabied +0.0003 9 [ 01000000000000) 1
0 1 0 1 0 |High Byte.isEnabl'ed +0.150 D 0 [00DQ+1T11T0101 1
D 1 0 | x{ 1 [|LowandHigh Bytes Enabled Together +2.4997 ; o] G |T1111111111%1 3
x [ x [ 1|x]| x |Disables Cutputs (High-Impedance) +2.500 0| 1.0 0_0 600000000 O
+4.9994 o T 111111111111 o
+4.9997 NIRRT N
+5.000 1 0 |000O0ODORDOOODDCG]| "D
+5.06003 1 g j0ooQOQOOCODGC 1
+5.150 1| o fooooct1i110101] 1
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DETAILED DESCRIPTION

The ICL7115 is basically a successive approximation A/D
converter with an internal structure much more complex than
astandard SARtype converter. Figure 1 shows the funstiondl
block diagram of the IGL7115 14-bit A/D Sonveérter. The addi-
tional clroultry incorporatedinto the 1GL71151s used 1o per-

form efror correction and 10 maintain the operating speed In
the 40u5 range.

The internal 17-bit DAC of the ICL7115 is. designed around a
radix of 1.85 rather than the traditional 2.00, This radix gives
each bit of the DAG & weight of approximately 54% of the
previous bit. The resultisa useable range that extends to 3%
beyond the full-scale input of the A/D. The actual valug of
aach bit is measured and stored inthe on-chip PROM. The ab-
solute value of each bit weight then becomes relatively unim-
portant because of the error correction action of the ICL7115.

- The output of the high-épeed auto-zeroed camparator is fed
to the data inpul of a 17-bit successive approximation
register (SAR). This register is uniguely designed for the
ICL7115 in that it tests bit pairs instead of individual bits in
the manrerof a standard SAR. At the beginning of the conver-
sion cycle, the SAR turns on the MSB (Bjg):and.the MSB-4 bit
(By2). The seguence continues for each bit pair, By and By,
until only the four L8Bs remain. The sequence concludes by
testing the four LSBs mdlwdually

The SAR output is fed to the DAC. reglster and to the pre-
orogrammed 17-word by 17-bit PROM where it-acts as PROM
address. PROM data is ted to a17-bit full- adderiaccumu!ator

BINTERSIL

where the decoded results from each successive phase of
the conversion are summed with the previous results. After
20 clock cycles, the accumulater contains the final binary
data which is latched. and seni to the three-state output buf-
fers. The accuracy of the A/D converter depends primarily
upon the accuracy of the data that has been programmed in-
to the PROM during the fmal test portion of the manufactur

ing process.

The error correcting algorithm bulit into the ICL7115 reduces
the initiat accuracy requiraments.of the DAC. The overlap in
the testing of bit pairs reduces the accuraey requirements on
the comparator which has been optimized for speed. Since
the comparator is auto-zeroed, no external adjustment is re-
quired to get ZEROC code for ZERD input voltage,

Twenty clock cycles are required for the complste 14-bit con-
version. The auto-zero circuitry assccliated with the com-
parator s employed during the last three clock cycles of the
conversion to cancel the effect of offset voltage. Also during
this time, the SAR and accumulator are-reset preparation

‘.for’rhe startof the next-conversion. When the Short Cycle &G
input is low, 1B clock cycles arerequired te complete a 12- blt

canversion,

The overilow output of the 17-bit fuil-adder Is also the OVer-
Range (GVR] output of the ICLT115. Unlike standard SAR-type
A/D converters, the ICL7415 has the capabkility of providing
valid useable data for inputs that exceed the full-scale range
by as much as 3%.

- VREFs
o]
5C 0OsC1 0sc2
b—ANA—C VREFT ViNt
AGNDy O——
! 17-BIT DAC
_ R-1.85R L.
AGNDs O—— . A F
' A A -
v+ O——> -
17,/ v
BeND &= | 17-BIT SAR D
o h < OWR
CONTROL LOGIG -
V= O—b ——QEOC
. 17// ‘ l
v v - h 4 .
. © —C OVR
THREE: '
4 ’6}; J—p| LATCH J LATGH |2l sTatE 9”‘3 (MSB}
ROM. 1"y [ A5 | outpuTs
: ' -—'—éno (LSB)
! ADDER
AGCUM
. 7 . BD GCS A& BUS
Figure 1. ICL7115 Functional Block Diagram
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ICL7145
ViN Vingg -
SOURCE Ve
Vins
VREF VREF!
SOURCE
ICL7115
VREFs
AGNDs
AGNDy

i

Figure 2. Vi and Vger tnput Butfers

OPTIMIZING SYSTEM PERFORMANCE

In order to maintain full system. accurécy when 'us'ing AID

converters with more than 12 bits of resolution, special atten-
tion must be paid to grounding and the elimination of poten-
tiai ground loaps. A ground loop can be formed by allowing
the return current from the ICL7115's DAC to flow through
traces thatare commonr to otheranalog circuitry. [f careis not
taken, this current can generate small unwanted voltages
that add to or detract from the reference or input voltages of
the A/D converter.

Ground loops can be eliminated by the use of the analog
ground FORCE and SENSE lines provided on the ICL7115.
Figures 2 and 3 illustrate the proper grounding technique for

BINTERSIL

ViN
SOURCE _1 Vit
ViNs .
T+
VRer VREFT
SOURCE — .
ICL7115
VREFs
AGNDs
AGNDy

Figure 3. Using a Forced Ground

for Vyy and Vgeg, confections should be made directly to the

1 .SENSE lines. The external op-amps also serve to transform

thé-relatively low impedance at the V| and Vpgr pinsinto a
highimpedance. The input offset voltages of these amplifiers
should be kept low in order to maintain the overall A/D con-
verter system accuracy.

- INTERFACING TO DIGITAL SYSTEMS

eliminating ground loops. Note that the input voitage AND

the reference voltage are referred to the analog ground
SENSE input. InFigure 2 the FORCE line is the only point that
is connected to system analog ground. Figure 3 shows how
anexternal op-amp can be used to force grdund [ this exam-
ple, &nly the non-invérting input of the op- amp is connected
to system analog ground.

The FORGE and SENSE inputs for V|y and ¥ggs are also
shown driven by external op-amps. This technique eliminates
the effect of small voltage drops which can appear between

The ICL7115'provides three-state data outbut buffers, €S, RD,
WHR, and bus select inputs (Ag and BUS) for interfacing to a
wide variety of microcomputers and digital systems. The /O

* Gontrol Truth Table showsthe functions of the digital control

lines. The:BUS select and Ag lines are provided to enable the
output data onto either 8-bit or 16-bit data busses. A con-
version is initiatad by a WR pulse (pin 33) when Chip Select
{pin 3} is iow. Data is enabled on. the bus when the ch|p is
selécted and RD {pin 4) is low.

i Figure 4 iIIustrates a typical interface to an 8-bit micrecom-

the input pin of the IC package and the actual resistor onthe

chip. If the small gauge wire and thé bonds that connect the
chip to its package have more than 300mQ of total series
resistance, the result can be a voltage error eguivalent to
1 LSB. There is an Inconsequential 2008 resistor in series
with the Vjjy and Vggr FORCE inputs. If no op-amps are used
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puter. The “Start and Wait" operation requires.the fewest ex-
terrial components and is initiated by a low level on the WR

Jhput to the ICL7115 after the [/C or memory-mapped address

decoder has broughi the CS input low. After executing a
delay or-utility routing for a period of time greater than,the
conversion time of the ICL7115, the processor issues two con-
secutive bus addresses to read output data into two bytes of
memary. A low level an Ay enables the LSBs and a high level
enables the MSBs.
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S ADDRESS BUS
' Ao
! .
b
Ap ADDHESS Ao-AN
DECODE
& le——
RD |- ,
WR |+
1cLTE AP
OVR BUS —]_
D1-Dg Dp-Dha = Do-Dy
? DATA BUS . ¢

MM O P K

Ap SERRERBELL)
GRRHRRRRES
o e

D

START ___

WAIT

CONVERSION

Figure 4. “Start and Wait” Operation
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By adding a three-state buffer and twa contral gates, the End-
of-Conversion (EOC) output ¢an be used te control a “Start
and Pol!” interface (Figure &). In this mode, the Aq and G5
lines connect the ECC output to the data bus along with the
rmost significant byte of data. After pulsing the WR line to in-
itiate a conversion, the microprocessor continualiy reads the
most gignificant byte until it detects a high level on the EOC
bit. The “‘Start and Poll” interface increases data throughput
compared with the “Start and Wait” method by eliminating
delays between the conversion termination and the
microprocessor read operation.

BINTERSIL

Other interface configurations can be used to increase data

-throughput without menopolizing the microprocessor during

waiting or polling operations by using the EOGC iine as an in-
terrupt generator as shown In Figure 6. After the conversion
cycle is initiated, the microprocessor can continuz to ex-
ecute routines that are independent of the A/D converter until
the converter's output register actually holds valid data, For
fastest data throughput, the ICL7115 can be connected di-
rectly to the data bus but controlled by way of a Direct
Memory Access (DMA) controller as shown in Figure 7.

7 - _ ADDRESSEBUS !

Ap

Ag ADDRESS | Ag-An
DECODE o
WR |« WR
CS |«
RD |+ RD
L7115 WP
EOG |—
Yh 74125
BUS 1
B7-Du Di-Ds OVR} © = Do-O7
~ DATA BUS !
END OF .
- - CONVERSION

N NN TN

EOC -\

fE—

%A M K

A RSSO0
<

R SRR KRR

A

=

ST
pReteletolatste% %%y, .
Dodelelobitititetety
SERRLHIS
bettetelelelateted

|« START POLL——s—- READ

READ READ

f——

HIGH BYTE

HIGH BYTE

LOW BYTE

CONVERSION

Figure 5. “Start and Pell” Operation
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ADDRESS BUS {
Ap
v " -
Ag Annndhss Ap-AN
DECCDE
€8 4——'
RD |« \ RD
s WR | WR P
EDC | INT
OVR BUS 1
4 D1—1.'_.'s' D7-Dha - Do~D7
- DATA BUS 5
INTERRUPT —— .
WR
EQC _\
R I I A PP 4 A PR 0 20 .,‘5‘-‘0"‘".‘¢¢0‘¢‘¢‘0‘0‘0.0‘0.00000'#
A ., CXREAARE BN LIS OSSR OO I
° 0;:;:::;:;:",/,/ AL RRRIIRL sy
RD
. __START ., READ .. READ
CONVERSION " HIGH BYTE

LOW BYTE

Figura 6. Using EOC as an interrupt

4-54

Downloaded from Elcodis.com electronic cbmponents distributor


http://elcodis.com/parts/5800876/AD7533CD.html

ICL7115 - - BINmeRSIIL

s ~ ADDAESS BUS —
Ap -
h . v . .

Ap WR : Ap-An
£0C »| oraN
RDj« DACKN .
C5 |+ | .

: DMA
ICL7115 CONTROLLER

OVR '
[ L

D1-Dg  Dy-Dvg Do-D7

9 T DATABUS 2

- — N

DACKN
. . %
Ag o " /
READ
LOW BYTE
END OF READ . START

CONVERSION HIGH BYTE " CONVERSION

Figure 7. Data to Memory via DMA Controller
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APPLICATIONS

Figure 8 shows a typical application of the ICL7115 14-bit A/D
converter. A bipolar input voltage range of +5Vto —5Visthe
result of using the current through Ry to force a 1/2 scale. off-
set on the input amplifier (Ag). The output of A, swings from
OV to — 5V, The ICLBOT8-5D0 provides a very stable and ac-
curate + 5V for the reference buffer amplifier Ay, The overall
gain of the A/D is varied by adjusting the 100k trim resistor,
Rs. Since the reference voltage will have a tempco of
1ppmi°C, typicaliy, and the ICL7115 is automatically zeroed
every canversion, the system gain and offset stability will be
superb as long as stable external resistors are used.

In Figure 8, note that the 0.22pF auto-zero capacitor is con-
nected direclly between the Gaz pin and analog greund

+15V
F'Y
vt v+
VREF Ra
2M
ICLBO7E-SD0 Vg [—VVA—P
Al R1
. 100K
HI O—NWW—
—15V
INPUT VOLTAGE
+5VTO -5V
d LO O——
ANALOG
GROUND =

BINTERSIL

SENSE. A5 forces the analeg ground of 1he ICL7115 to be the
zero reference for the fnput signal. its offsetvoltage is notim-
‘portant in this example because the voltage to be digitized is
raferred to the analog ground SENSE line rather than system
analog ground. ‘

The clock for the IGL7115 is taken from whatever system
clock is avdilable and divideéd down to the 500k Hz level for a
conversion time of 40xs. Output data is controlled by the BUS
and Ag inputs. Herg they are set for 8-bit bus operation with
BEUS groundsd and Ay under the control of the address
decode section of the external system.

- + 5V

[z8. Y32 |29 |27 . B0kt

30 . SYSTEM
DIVIDER ‘4_CLOCK

25

v

26

HIGH 8-BIT
BYTE DATA BUS

ICL7415 13
14

LOW BYTE

4l
: 33
4

—
-
4
-

3
. ADDRESS
5 | ©pecobE

s |7 |6
DIGITAL
_zv /77 GROUND

Figure 8. Typical Application with Bipolar Input Range, Forced Ground, and Heated-Substrate Fleferenéa
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Because the ICL7115's internal accumulator generates ac-
curate output data for input signais as much as 3% greater
than full-scale, and because the converter's OVR output
flags overrange inputs, a simple microprocessor routine can
be employed to precisely measure and correct for system
gain and offset errors. Figure © shows a typical data acquisi-
tion system that uses a 5.0V reference, input signal
multiplexer, and input sigral Track/Hold amplifier. Two of the
multiplexer's input channels are dedicated to sampling the
system analog ground and reference voltage. Here, as in
Figure 8, bipolar operation is accommodated by an offset
resistor between the reference voitage and the summing
junction of A4, A flip-flop in IC; sets iCo’'s Track/Hold input
after the microprocessor has initiated a WR command, and
resets when EOC goes high at the end of the conversion.

- BINTERSIL

connected to the reference voltage is selected and
measured. These results, minus the system offset error,
represent the system full-scalg range. A gain error correction
factor can be derived from this data. Since the ICL7115 pro-
vides valid data for inputs that exceed full-scale by as much
as 3%, the OVR output can be thought of as a valid 15th data
bit. Whenever.the OVR bit is high, however, the total 14-bit
result should be checked toinsure that it falls within 100% of
full-scale and 103% of full-scale. Data bayond 103% of full-
scale should be discarded.

The ICL7115 provides an interhal.inverter, 0SC1and Q8C2, for )
crystal or ceramic resonator oscillator operation. The clock
frequency is calculated from:

foLk= for 14-bit operation
Thefirst step in the system calibration routine is to select the . cony
multiplexer channel that is connected to system analog and
ground and initiate a eonversion eycle for the ICL7115. The
results represent the system offset error which comes from folg= for 12.bit operation
the sum of the offsets from ICy, 1G,, and A4. Next the channel cony
J ADDRESS BUS Ny - {
| Apg
REFERENCE : .
5.000V OVee :
= : [ ADDRESS
DECOBE
. .
U] 1
ADDRESS 9.9 VagF Ao BUS ' As-AN
DECODE <
i 5k .
+—VWA—Vis cs |
—1 s AD RO
o—d WR 1 WR
o ICL115 P
ANALOG | O—] 11 #
INPUTS ] | M8 _ ECC —t:-—“ _
o our 74125 .
o— ViF OVR [—
h Ag-Aa D7-Dha  Dv-Ds ' Do-Dy
i ;
R
DATA LATCH < B0 o
o] N _OG:
- J\) _ S
[y DATA BUS . . 7

Figure 9. Multi-Channsl Data Acquisition System with Zero and Reference Lines'Brought-to Multiplexer for System Gain

and Gffset Error Correction
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ICL7115

PACKAGE QUTLINES Al dimensions are In inchas {millimeters)

+0.010

EINTERSIL

0480 o oo
{+0.:254)
o218, T
- 0460 o =006 |
s (=045
oo o 20008 )  0.06520.008
A R ¥ Sl P X |- = 651 20,209
0300 . =0.006 0.025
FEI0) + (=052 wEm B
oi
" i ] ‘ g % (ET i B
. : {0.508
*+| [ JUOUOOOOO0 g 1
- 0.015 — P EKYOCERAA41)
) {881 — 7
| e |oos 7
- G5} -
— YR [ ?
— 1L —_ _ A
— T =] .=y
/ —] -
PIN NO, 1 ] — —F==
INDEX : — o
1]
[T ﬂ: T
g 16 —= - =
i
[ 15
PLATING
TIE BARS
0.040 " __'0.38[1
(1018 (3.148)
0.040
(1.096) - (--—10'2:2] TYP REF
f 0.020 v
{0.508)
0.080
— _J~gam T
0.100
0100 p
=G
0012
2012 Ty
{6504 \ 0.008 D023 fge mer

(0.203)

0.635)

Mote 1: Finish: Gold plated 60 micro inches minimum thickness over nickel piated. .

Note 2: Pin number 1 connécted to die attach pad ground

Leadiess Chip Carrier
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ICL711617117
| 31.-Digit Single Chip
A/D Converter with Dispiay Hold

BINTERSIL

seven segment decoders; display drivers, reference, and a
clock. The 7116 is designed to interface with a liquid crystal
display (LCD} and includes & backplang.drive; the 7117 will
directly drive an instrument-size light emitting diode WEDY
display.

The #116and 7117 have ﬁlmost all of the features of the 7106
and 7107 with the addition of a HOLD Reading input. With
this input, it is possibie to make a2 measurement and then
retain the value onthe display-indefinitely. To make room for
this feature the reference input has been referenced 10
Common rather than being fully differential. These circuits |
retain the accuracy, versatility, and true economy of the 7106'
and 7107. High accuracy like auto-zero to less than 10uV,
zero drift of less than 1uV/°C, input bias current of 10pA
maximum, and roll over error of less than one count. The
versatility of true differential input is of particular advantage
when measuring foad cells, strain gauges and other bridge- |
type transducers. And finally the true economy of single
power supply operation (7118), enabling a high performance
panel meter to be built with the addition of orily seven passive

FEATURES
» MOLD Reading Input allows mdeflnlte display hold
» Guaranteed zero reading for 0 voits input on all
scales.
True polarity at zero for precise null deiection.
1 pA input current typical.
True differential input
Direct display drive - no external components
required. — LCD ICL7116
— LED ICL7117
Low noise - less than 15.V pk-pk typical.
On-chip clock and reference. -
Low power dissipation - typically less than 10mw.
No additional aclive circuits required.

GENERAL DESCRIPTION

The Intersil ICL7116 and 7117 are high performance, fow
power 3-1/2 digit A/D converters. All the necessary active

devices are contained on a single CMOS 1.C., includifg components and a display. -
TYPICAL CONNECTION DIAGRAMS '
+5Y- e 5Y
2 -
A1 Rs
4K MmN e
‘ 1 : . )
'Ca 1113} (=" Ay [+ A
. E W il
' T "EHIEMIEIHI!
INTERSIL 7116 I ' : . 3 ’ INTERSIL T'E1’r
- 2 i R oo , =
Ejau_iiaﬁmsu-f-wua".'.z:.§§
EEI. MEFTE: : :
i O g !
LIRS )
ICL7116 with Liquid Crystal Display ICL7117 with LED Display '
ORDERING INFORMATION PIN CONFIGURATION -
HL = :
' gfll : 2 ] m osg;
cij3 WP osca
‘ £ i:ll : :; = ;Efrm
Part Temp. Ranga Package Order Number :E_ P i spv
716 | 0°Cto +70°G | 40-Pin Geramic DIP | ICL7116CDL Sl meet SEce
7116 0°Cto +70°C 40-PIn Plastic DIF 1CL7T116GPL Ei b . 31&0}’3’4‘0"
7116 0°Cto +70°C [ 40 Pin CERDIP ©ICL7F116CIL g | gagnt 201N LD
) 0°C'to +70°C 40-Pin Cerdimle DIF | |CL7117CDL I :g:g :::EFF
717 0°Cto +70°C 40-Pin Plastlc DIP IGL7117CPL E2C 14 27 INT
o, [} H = - b1 mit
7117 | 0°Cto +70°C | 40-Pin CERDIP ICL7117GIL ol I PEY rans:
2| Faci1? “spc =
A a1 BSM}S
{1000} ABA319 220 Ga 1 &
rO 211 BP/GND
[MINUS) " (7F116) /{7147)
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ABSOLUTE MAXIMUM RATINGS e ICL7117 :
' ICL7116 ‘ Supply Voltage vt ............ e +6Y
Supply Yoltage (V¥ fo Vi ool ST 15V Ve v
Analog Input Volage teither fnput! (Nate 13 ..., .. Vo otoVv” Analog Input Voltage feither inputl (Note 1) ..., .. vtiov™
Reference Input Voltage teitherinput) ........0... V¥ toV™ . | Reference InputVoltage (eitherinput) ............ vitoy-
HLDR, Clock Input ................. e Testto V¥ HLDR, Clock Input ...t GndtovT
Power Dissipation (Note 2) ' Power Dissipation (Note 2)
CeramicPackage ..................oceeeee.. 1000 mW Ceramic Package ......................... 1000mwW
Flastic Package ..................... PP BOO mw Plastic Package ...........oovinvvninnnn,.. 800mwW
Operating Temperature! .......ovvn i ivnns. . 0°CLo +70°C Operating Temperature ..............cov... 0°Cto+70°C
StorageTemperature ......... iieaaaa « —B5°Cto+160°C -  Storage Temperature ...... e aas —B5°Cto+160°C
Lead Temperature(Soldering, 806! . ...\ is v, 300°C tead Temperature (Soldering, 80sech . .....ove . ..., 300 C

. Note 13 Input voltages may exceed the supply voltages provided the input current is limited 1o +100uA.
Note 2: Dissipation rating assumes device is mounted with:all (eads soldered to printed circuit board,

Stresses above those listed under "Absolute Maximum Ratings" may vause permanent damage 1o the device. These are stress ratings only
and functional operation.of the device at these or. any other conditions above those indicated in the operational sections of the spedifica-
tions is not implied. Expositre to absolute maximum rating conditions for extended periods may affect device reliability,

ELECTRICAL CHARACTERISTICS Note 3

. CHARACTERISTICS B CONDITIONS MIN TYP MAX UNITS
Zero Input Reading : : Vin=0.0V : B - . -
L L . | Full-Scale =200.0mY -000.0 +000.0. +000.0- | Digital Reading
Ratiometric Reading. | ViN=Vmer 998 . | 899/1000 1000 Cigital Reading
v . L : Veer=100mY ‘ . . ;
Rollover Error {Difference in I =vine 4 Vin=2000mv -1 +0.2 +1 Counts
reading for equal positive and 1 -
negative reading near Full Scale} : )
Linearity {Max: deviation from Full S¢ale = 200y -1 S 402 +1 Courits
best straight line fit) " of Full Scale = 2.000V
Common Mode Rejection Ratic Veom = =1V, Vin =0V, 50 . uVN
{Note 4f o Fuli Scale = 200.0mV ' . | A4 .
Noise (Pk - Pk value riot exceeded | Viy=0V 15 . my
95% of time) ] _ Full Scate = 200.0mV .
Leakage Current @ Input Vin =0V 1 : 10 . pA
Zero Reading Drift "ViN=0 ' 0.2 1 uVie e
. 0°C < Ta<70°C 3 .
Scale Factor Temperature - Vin = 189.0mV ‘ ‘ 1. 5 ppm/°C
Coefficient [ 0°C<Ta<70°C
_ : (Ext. Ref. 0 ppm/°C) _
V* Supply Curfent (Does not CVin=0 - 08 1.8 mA
include LED current for 7117 _ '
V™ Supply Cutrent (7117 only) _ 0.6 1.8 mA,
Analog Commen Voltage (\With 25kQ between COMMON 2.4 28 3.2 V.
respect to pos. supply? : & pos. Supply -
Temp. Coeff. of Analog Common | 25ka between COMMON | - 80 ' ppm/°C
{with respect to pos. Supply) & pos. Supply ' _ . . '
Input Resistance, Pin 1 (Note 6 30 .70 - _ kel
Vi, Pin 1 (7118 only) _ ‘ ' [ TEST+1.5 Y
Wi, Pin 17117 only} ) GND 1.5 v
ViH, Pin 1 (Both¥ ' - ve-15 | _ vV
7116 ONLY i vt V- =gy . ] 5 . ) v
Pk-Pk Segment Drive Voltage . .
Pk-Fk Backplahé Drive Voltage 4 5 6
{Note 5) B | . . ‘
7117 ONLY | vt =50v _ ' 5 8.0 mA
. Segment Sinking Current _ Segment Voltage =3V '
(Except Pin 19} . ‘ .
{Fin 18 oniy) , ] 10 ' 16

Note 3: Unless otherwise noted, specifications apply to boththe 7116and 7117 at TA=25°C, folock =48kHz. 7116 is tested in thegircuitof Figu re
1. 7117 is tested in the circuit of Figure 2, ) ' .
Note 4: Refer to “Differantial Input” discussion. . : o . : .
Note 5: Back plane drive is in phase with segment drive for 'of# segment, 180° out of phase for ‘on’ segment: Frequency is 20 times conversion
rate. Averagé DEC component is less than 50mV.
Note &: The' 7116 logic input'has an interrial pull-down resistor connected from HLDR, pin 1, to TEST, pin 37. The 7117 logic input has an in-
.ternai pull-down resistor connected from HLDR, pin 1 to GROUND, pin 21.
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ICL7116/ICL7117
TEST CIRCUITS

Eol Awt 1000 my

INTERSIL 7116

n

X

b

|«

|

Figure 1: 7116

DETAILED DESCRIPTION |
ANALOG SECTION

EINT=RSIL

INTERSIL 7117

2
5| o

|

I:‘

sa.::.,l...

W

TR«

L H H

i

Figure 2: 7117

Figure 3 shows the Block Diagramof the Analog Section-forthe ICL.7116 and 7117. Each measurement cycle Isdivided into thiee
phases. They are (1) auto-zero (A-2), (2) signal integrate (INT) and (3) de-integrate (DE).

QCREF BUFFER

31

IN HI —®

I
!
I
|

13
comMmon

y—= TO DIGITAL SECTION

COMPARATOR

INPUT
Low

émz & DE()
PR —
Nt

LM N ¢

Y-

1. Auto-zera phase

During auto-zero three things happen. First, input high
and low are disconnected from the pins and internally
shorted to analog COMMON. Second, the reference
capacitor is charged to the reference voltage. Third, a
feedback loop is closed around the system to charge the
auto-zero capacitor Caz to compensate for offset
voltages in the buffer amplifier, integrator, and
comparator. Since the comparatorisincluded inthe loop,
the A-Z accuracy is limited only by the noise of the
system. In any case, the offset referred to the Input s less
than 10uxV.

2. Signal Infegrate phase

During signal integrate, the auto-zero loop is cpened, the
internal short is removed, and the internal input high and
low are connécted to the external pins. Thé converter
then integrates the differential voltage between IN'HI
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Figure 3: Analog Section of 7116/7117

and IN LO for a fixed time. This differential voltage can be
within a wide common mode range; within one volt of
gither supply. lf, on the other hand, the inputsignal has no
return with respect to4he converter power supply, IN LO

“can be tied to analeg COMMON to establish the correct

common-mode voltage. At the end of this phase, the

polarity of the integrated signa! is determined.

. De-integrate phase

The final phase is de-integrate, or reference integrate.
Input lowis internally connected to analog COMMON and
input high is connected across the previously charged
reference capacitor. Circuitry within the chip ensures
that the capacitor will be connected with the correct
polarity to.cause the integrator output to return to zero.

The time reqoired for thé dutput to return to zero is

proportional to the input signal. Specifically the digital

reading displayed is 1000 (%),
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Differential input

The input can accept differentia! voltages anywhere within
the common mode range of the input amplifier; or
specifically from 0.5 voits below the positive supply to 1.0
‘valt above the negative supply. Inthis range the system hasa
CMRR of 86 dB typical. However, since the integrator also
swings with the common mode voltage, care must be
exercised to assure the intégrator output does not saturate.

A worse case condition would be a large positive common-

mode voltage with a nearfull-scale negative differential input
voitage. The negative input signal drives the integrator
positive when most of its swing has been used up by the
positive common made voltage., For these critical applica-
tions the integrator swing ¢an be reduced to less than the
recommerrded 2V fuli scale swing with little 16ss of accuracy.
The integrator output can swing within 0.3 volts of either
supply without loss of linearity. See A032 for a discussion of
the effects of stray ¢apacitance.

Reference

The reference input must be generated as a positive voltage
with respect ta COMMON. Note that current flowing in the
COMMON pins” internal resistance causes a slight shift in
the effective reference voltage, disturbing ratiometric
readings at low reference inputs. If possible, do not let this
current vary. '

i Analog COMMON

i - This pin is included primarily tc set the common mode
voltage for battery operation (7118) or for any system where
the input signals are floating with respect to the power
supply. The COMMON pin sets a voltage that is approxi-
mately 2.8 volts more negative than the positive supply. This
is sglected to give a minimum end-of-life battery voltage of
about 6Y. Mowever, the analog COMNMON has some of the
attributes of a-reference voltage. When the total supply
voltage is large enough to cause the zener to regulate (=7V),
the COMMON voltage will have a low voltage coefficient
(.001%/%l, iow output impedance (=150, ahd a temperature
coefficient typically less than 80ppm/°C,

The limitations of the on-chip reference should also be
recognized, however. With the 7117, the internal heating
which results from the LED drivers can cause some
degradation in performance. Due to their higher thermal
resistance, plastic parts are pogrer in this respect than
ceramic. The combination of reference Temperature
Coefficient (TC), internal chip dissipation, and package
thermal resistance can increase noise near full scale-from 25
uV 1o 80 uVpk-pk. Also the linearity in going from a high
dissipation count such as 1000 (20 segments ¢n) to a low
dissipation count such as 1111 (8 segments on} can suffer by
a count or more. Devices with a positive TG reference may
require several counts to pull out of an overlaad condition,
This is because overload is a low dissipation mode, with the
three least significant digits blanked. Similarly, units with a
negative TC may cycle between overload and a non-

overload count as the die alternately heats and cools, All
these probiems are of course eliminated if an external

reference is used.

The 71186, with its negligitle dissipation, suffers from none of
these problems. In either case, an external reference can
easily be added, as shown in Fig. 4.

Analog COMMON is also the voltage that.input low returns
to during auto-zero and de-integrate. If IN LO is different
from analog COMMON, a common mode voltage exists in
the system and is taken care of by the excellent CMRR of
the converter. However, i some applications IN LO wil} be
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set at a fixed known voltage (power supply commen forin-
stance). kn this application, analog COMMON shouid be tied

- to the same poirt, thus removing the common mode voltage

from the converter,

6.Bk!!

6.8 VOLT
ZENER- .
REF Hi 716/T117

ICL B0Eg
1.2¢ REFERENCE

COMMON l'z REF HI

T1168/T117
COMMON

V-
fa) ‘ !

Figure 4: Using an External Reference

Within the IC, analog COMMON is tied to an N channel FET
that can sink 30mA or more of current to heid the voltage 2.8
volts below the positive supply fwhen a load is trying to pull
the common line positive). However, there is only 10uA of
source current, so COMMON. may easily be tied to a more

- negative voltage thus over-riding the internal reference..
TEST

The TEST pin serves two functions, On the 7116 itis coupied
to the internally generated digital supply through a 5000
resistor. Thus it can be used as the negative supply for
externally generated segment drivers such as decimal points
or any other presentationthe user may wantto include on the
LCD display. Figures 5 anc 6 show such an appiication. No
more than a 1 mA load should be applied.

o

7116 TOLCD
INTERSIE T DECIMAL POINT
- ITIT50

_ |
BRI .1[F|

TEST
" TOLCD
‘BACK PLANE

[v+

Flgure 5: Simple Inverter for Fixed Decimal Point

T U

Vo R |
Bp
] :‘
- ‘::) '
7116 DECIMAL | | 1\
POINT ! ; POINTS
SELECT | _| !

¥+=DPPON, L__
| GROUND = DP OFF. T‘\ )
; GND

Figure 6: Exclusive ‘OR' Gate for Decimal Point Drive

The second function is a “lamp test”. When TEST is pulled to
high {to V™) all segments will be turned on and the display
should read - 1888. [Caution: on the 7116, in the lamp test
mode, the segmerits have a constant DC voltage {ho square-
wave) and will burn the LCD display if left in this mode for
several minutes.]

462
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DIGITAL SECTION

Figures 7 and 8 show the digital section for the 7116-and
7117, respectively. In the 7116, an internal digital ground is
generated from a 6 volt Zener diode and a large P channel
source follower. This supply is rmade stiff to absorb the
relative large capacitive currents when the back plane{BF}
voltage is switched. The BP frequency is the clock frequency
divided by BOO. For three readings/second this is a 60 Hz
square wave with a nominal amplitude of 5 volts. The
segments are driven at the same frequency and amplitude
and are in phase with BP when OFF, but out of phase when
ON. In all cases negligible DC voltage exists across the
segments. .

Figure 8 is the Digitat Section of the 7117. It is identical '

except the requlated supply and kack plane drive have been

eliminated and the segment drive has been increased from 2

DISPLAY FONT

; -
I

BINTERSIL

to ‘8 mA, typical for instrument size commen anode LED
displays. Since the 1000 output (pin 19) must sink current
from two LED segments, it has twice the drive capability or 16
mA. .

In both devices the polarity indicator is ON for negative
analog inputs. This can be reversed by simply reversing IN
LO and IN HI.

HOLD Reading Input

The HLDR input will prevent the latch from being updated
when this input is at a logic “HI". The ¢hip will continue to
make A/D conversions, however, the results will not be
updated to the internat latches until this input goes low. This -
input can be left open or connected to TEST (71168 or
GROUND (7117} to continuously update the display. This
input is CMOS compatible, and has a'70k typical resistance
to either TEST {7116} or GROUND (71171,

BACK PLANE

_____ ==

LCD PHASE DRIVER

TYPICAL SEGMERT OUTRUT

LI L T

Decode Decode Decode

NN -

Qutput

I 1T 1T

Thousand |=— Hundreds |-=— Tens -+ Unlis
nternal Digltal Ground
To Swlich Drivers -
From C Quiput E
v 43) ¥+
CLOCK |
] +4  LOBIC CONTROL ! 6.2v |
o ll .'!'Tlt . .
Infernal Digite! Ground L 5 50012 | TEST
Vo =1V
ok | o
!
26 di,
s -
a0 ‘ 39 PR ‘ A | .
—_————————————e e —_——_—— —————— e e e e ————
HLER
0sC 1] osca B 0SC 3

, Figure 7: Digital Section 7116
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DISPLAY FONT - .
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_______________________________________ S p—— - ————————y
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- Figure 8: Digital Section 7117

Systemn Timing:

Figure 9 shows the clocking arrangément I...Is'éd‘.:in the 7116

and 7117. Three basic clocking arfangements can be used:
1. An externai oscillator connected to pih 40.

2. A crystal between pins 39 and 4G.

3. An R-C oscillator using all three pins.

F116/1117

i |
| . o . |
. f TO |
|I | CQUNTEH‘
| |
| —AAy |
| 2-3M11 i
40 3 M. L A
I—— e s e e e e —— .e} _________ ol
1N, GRYSTAL ; ;
o EXTERNAL ' D
EQILLATCR RG NETWORK | it
1
TEST (T118)
ar GND (7117)

Figure 9: Clock Circuits

The oscitlator frequency is divided by four before it clocks
the decade counters. It is then further divided to. form the
three convert-cycle phases. These are signal integrate (1000
counts), reference de-integrate{0 to 2000-counts)-and auto-
zero (1000 to 3000 countsh. For signals less than full scale,
auto-zero gets the unused portion of reference deintegrate,
This makes a complete measure cycle of 4,000 (16,000 clock
" pulses) independent of input voltage. For three readings/
second, an oscillator frequency of 48kHz would be used.

To achieve maximum fejection of 60 Hz pickup, the signal
integrate cycle should be a multiple of B0 Hz. Oscillator
frequencies of. 240kHz, 120kHz, BOkHz, 80kHz, 4BkHz,

40kHz, 33'4 kHz, etc. shouid be selected. For S0Hz
rejection, Oscillator frequencies of 200kHz, 100kHz,
66 243 kHz, 50kHz, 40kHz, etc. would be suitable. Nota that

‘. 464
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40kHz (2.5 readings/second) will reject both 50 and 60 Hz

(also 400 and 44C Hz!.

COMPONENT YALUE SELECTION
1. Intégrating Resistor
"~ Both the buffer amplifier and ihe integratorhave a class A
output stage with. 100uA of quiescent current. They can
supply 20.A of drive current with negligible non-linearity.
The integrating resistor shouid be large enough toremain
in this very linear region over the input voltage range, but
small encugh that undue leakage requirements are not
placed on the PC board. For 2 volt full scale, 470k} is
near optimum and similarly a 47k{) for 4 200.0 mV scale.

. Integrating Capacitor

The integrating capacitor shouid be selected to give the
maximum voltage swing'that ensures tolerance build-up
will not saturate the integrator swing (approx. 0.3 volt
fram either supply). In the 7118 or the 7117, when the
-—analog COMMON is used as areference, anominal £2volt
“full scale integrator swing is fing. Forthe 7117 with £5 volt
supplies and analog commeon tied to supply ground, a
+3.5 to =4 volt swing is nominal. For three readings/
second (48kHz ¢lock), nominal vaiues for CiNT are 0.22
and 0.10.F respectively. Of course, if different oscillator
frequencies are used, these values should be changed in
inverse proportion to maintain the same output swing.

An additional requirement of the integrating capacitor is
it have low dielectric absorption to prevent roll-over
errors. While other types of capacitors are adequate for
this application, polypropylene capacitors give
undetectable errors at reasonable cost.

Auto-Zero Capacitor

The size of the auto-zero capacitor has some influence on
the noise of the system. For 200 mV full scale where noise
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is veryimportant, a 0.47uF capacitoris recommended, On for Vin=0. Temperatiire. and ‘weighing systems with a
the 2 voit scale, a 0.047uF capacitar increases thé speed variable tare are examples. This offset reading can be
of recovery from overload and is adequate for nolse on ~ convenlently generated by connecting the voltage trans-
this scale. o ducer between IN Hi and COMMON and the variable (or
’ : ) fixed) offset voltage between COMMON and IN LO.
4. Reference Capacitor . - 7. 7117 Power Supplies .
A 0.1uF capacitor gives good results in most applications. The 7117 is designed to work from =5 volt supplies.
if roliover efrors occir a larger value, up to 1.0uF may be However, if a negative supply is not available, it can be
required. ' generated from the clock output with 2 diodes, 2
' capacitors, and an inexpensive |.C. Figure 10 shows this
5. Oscillator Components application. See ICL7860 data sheet fot an alternative.

Far all ranges of frequency a 100kl resistor is

recommended and the capacitor is selected from the v

equation f = %2, For 48kHz clock (3 readings/second), C N ! ; 1 I 11
= 100pF. - - i T F
T r
D5 2 i E IM914

5. Reference Volitage 05 3 ! : R

The analog input required to generate full-scale output m7 i E o i
! (2000 counts) is: ViN = 2VRer. Thus, for the 200.0 mV and o |

2.000 voit scale, Vagk should equal 100.0 mV and 1.000 ; '

volt, respac:twely H0wever, in many applications whars 4. GND mi : I

the A/D is connected to a transducer, theré will exist a A — .

stale factor other thah unity beiwaen the Input vollage ' B V= -3.3v

and the digital reading. For instance, in a weighing sys- o : _ .

tem, the designer might like to have a full-scale reading Figure 10: Generating Negative Supply. from +5v

when the voltage from the transducer is 0.683V. Instead
of dividing the input down to 200.0mV, the designer
should use the input voltage directly and select Vrer=
0.341V. Suitable values for Integrating resistor and

In fact, in selected applications no negative éupply is
required, The conditions to use a-singte +5V supply are:

capacltor would be 120kQ and 0.22u4F. This makes the 1. The input signal can be referenced to the center of the
system slightiy quieter and also avoids a divider network comimen mode range of the converter.
on the input. The 7117 with +5 volts supplias-¢an accept 2. The signal is less than #1.5.volts.

input signals up to x4 volts. Another advantage of this

system occurs when a digital reading of zero is desired 8. An external reference is used.

TYPICAL APPLICATIONS : ' .

The 7116and 7117 may be used in awide varlety of configuratians. The circuits which follow show some of the poss:bumes and
serve 1o illustrate the exceptional versatility of these A/D converters.

716 » ‘ : S ™y - _
R i v
! ] _ oscafl | : ol VREF = v |
osc 3] ! Set VREF = 100.0mY osc 3} A .| 5l VAEF ="100.0mV
Tesr I 100pF . TEST ] " 10GpF /
REF HI j—‘""—' RAEF HI J—- CR - ¥
v+ 1— —AAA—ANA—— . vl — A - b 5V
CREFL g aur xa 22Kk0 CREF—a o KN 22K0
creF[1—T € REF [} " 4R
COMMON Q—-——-—- ™Ma o COMMON | 1————4 1M "
- - hVATAY ey " 2"\ AN———
|::I::: -j' - N l'.:':'c: et == 0WuF ! ALY
&.47:F, [ S . .l — -47uF R a
— A" = N
":I L —h ey 5 il ST - 5V
- - _|
Gz [ ] . Gz ] :
¢ ] N1
P % TG DISPLAY i % TO DiSPLAY :
G G 1
BP [ l—e—= Y0 BACK PLANE " GND | T l :
an 2 —

Figure 12: 7117 using the internal reference. Values shown are for

Figure 11: 7116 using the internal reference. Values shown are for - 200.0 mV full scale, 3 readings per second. IN LO may be tied to

200.0 mV full scale, 3 readings per second, floating supply voltage either COMMON for inputs floating with respect to supplies, or GND

(BV battery). ) for single ended inputs. (See discussion under Analog Common.}
465 '
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ICL7116/ICL7117

T116/7117
0s5C
[-11.¥]
[=}-lo

TEST

* ‘REF Hl
T

¢ REF

© REF
COMMON
IN HI

N LD
AL
BUFF
INT

'\J_

<]

=)

Ay

Ga
BP/GND

IS
o

CILIL I ]

i

wt IOULILA ]

il

LI

!

D.14F 25K11 RAKLE

pL.H]

0K} . o
] Sél VREF = 1.000V

A
= OIF

%“

|

0474F, )
473K

22uF

TO DISPLAY *

Figure 13: 7116/7117: Recommended component values for2.000V

full scaie.

7117 4
— Qsc
osc2
asca

TEST

REF H!

o

TO0K{t |

100pF

v
" CREF

1

. CREF
COMMON
IN HI
INLD
AfZ

BUFF
INT

V-

Gz

G

A

G

GNP

Figure 15; 7117 ineasuring ratlomeiric values of Guad Load Cell, The
resistor values within the bridge are determined by the desired

sensitivity.
»
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APPLICATION NOTES
AD16“Select|ng AID Converters,” by Dawd Fullagar. .

AO17"The Integrating A/D Converter,”

by Lee Evans.’

AD18“Do's and Dor'ls of Applying AfD Gonverters,”
hy Peter Bradshaw and Skip Osgood.

A015"'4V4-Digit Panel Meter Demonstrator/Instru-
meniation Boards,” By Michael Dufort. -

AD23“Low Cost Digital Panel Meter Designs,™

by

David Fullagar and Michael Dufort.
A032"Understanding the Auto-Zero and Common-Mode
Behavior of the ICL7106/7/9 Family," by Peter

Bradshaw.

" A046"Building a Battery-Operated Auto Rangmg DVM
with the ICL7108," by Larry Goff.
AD47 ' Games People Play with Intersil's A/ID Converters. '

edited by

Peter Bradshaw.

A052Tips for Uslng.Singie-Ch.ip 3v2.Digit A/D Con-
varters,” by Dan Watson.
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T
ase 1 }—1+ -
: 100K1L
O8C2 ;—m’ ‘5ét YREF = 100:0mY
05c 3] {—
TEST : 180pF /
REF HI | ] 3
v+ [ — — +5V
CREF ——a o TKE JeKi | 15Ki-
© REF [—T 1.2¥ (siCL 8059)
COMMON [ ———t ML '
INHI [ - \ -
T =, I
CINLO Y ‘U‘l?rpF == O o
A1z :':J A ,I:E 47Kl
AUFF -
L - s
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G [ |
=Y Y " -
e rro DISPLAY
Gy .
GND | F——————%

Figure 14: 7117 operated from single +5V supply. An external

-reference tnustbe used in this application, since the voitage between

v* and V™ is insufficient for correct operation of the internal
reference. :
16 . 4
osc [T -
. 100K L
ggg :? L Ii' - Scale factor adjust |.
TEST [ 400gF - - - 1 Silicon NPN
| - . MPS 2704 or
“Efmjj:_ T A o A - similar
5K
</
A

Figure 16: 7115 used as a digital centigrade thermometer. A silicon
dicde-connected transistor has a temperature coefficient of about
-2m¥/° C, Calibration Is achieved by placing the sensing transistor
in ice water and adjusting ihe zeroing potentivmeter for a 000.0
reading. The sensof shouid then be placed in boiling water and the
scale-factor potentiometer adjusted for 100.0 reading.
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~ ICL7126
Single-Chip 3'%-Digit
Low-Power AID Converter

BINTERSIL

FEATURES

« Guaranteed zera reading for 0 Volts input on all scales
True polarity at zero for precise null detection

ipA typical input current :

True differential input and reference

Direct LCD display drive — no external components
required '

Pin compatible with the ICL7106

Low nioise — less than 15uV p-p

On-chip clock and reference

Low power dissipation guaranteed less than 1mW
No additional active circuits required

Evalualion Kit available (ICL7126EV/KIT)

8,000 hoirs typical 9 Voit baltery life -

GENERAL DESCRIPTION

The Intersit ICL7126 is a high performance, very low power
31%-digit A/D converter. All the necessary active devices ars
contained on a single CMOS 1C, including seven segment
decoders, display drivers, reference, and clock. The 7126 is
designed to interface with a liguid erystal dispiay (LCD) and
includes a backplane drive. The supply current is 100pA,
idealily suited for 9V battery operation.

The 7126 brings together an unpraecedented combination of
high accuracy; versatility, and true economy. High accuracy,

* like auto-zero to less than 10uV, zero drift of less than

q1pVv/eC, mput bias-current of 10pA. max., and roliover error
of less than one count. The versatility of true differential
input and reference is useful in all systems, but gives the
designer an uncommon advantage when measuring load
cells, straln gauges and other bridge-type transducers. And
finally the true economy of single power supply operation
aliows a high performance panel meter to be built with the
addition of only 7 passive compopents and a display.
The ICL7126 can be used as a plug-in replacement for the
ICL7106 in a wide variety of applications, changmg only the
passnve components . .

o}
afHLO

INTERSILT126

13
[
C.
[
A

Fi
=]
E
)
r
By
Az
7]
£;
)
B
s

ICL7126 with Liquid Crystal Display

PIN CONFIGURATION

ot

{UNITS)

ICLT126

(TENS)

{100°s}

ORDERING INFORMATION

Part | Tomp. Range | Packago Order Number
7126 - |0°C 1o +70°C | 40-Pin Ceramic DIP|{CL7126CDL
7126 0°C to +70°C | 40-Pln Plastic DIP |ICL7126CPL -
7126 0°Cto +70°C | 40-PIn CERDIP ICL7126CJL
7126 Kit Evaluation Kits ICL7126EVIKIT
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ICL71 26
_ABSOLUTE MAXIMUM RATINGS

SupplchItage(V toV ) I 15V
-Analog Input Voltage (either input) (Note: 1) ..... V to V™
Reference |Rput Voltage (either input) .......... v to V‘
. Clock Input...... e i TEST to V™

Power Dissipation {Note 2)

Ceramic Package ............... O e 1000mw

Plastic PECKAGE «vvvvevvrreaeroreraeionraneiannses 800OmW
Qperating Temperature «......oieevvinens 0°C to +70°C
Storage Temperature................... —85°C to +160°C
Lead Temperature (Soldering, 60sec).............. 300°C

Note 1: Input voltages may exceed the supply voltages provided the input current is limitéd to £100uA.
Note 2: Dissipation rating assumes device is.mounted with all Isads soldered to printed circuit board.

*COMMENT Stresses above 1hese iisted under “Absolute Maximum Ratings" may cause permanent damage to the devices. This is a stress
rating.only and functional operation of the devices.at these or any other conditions above those indicated in'the opérational sections of the
specdicatlons is notimplied. Exposyre. to absolute.maximum rating cenditions for extended pericds may affect device rei:abihty

ELECTRICAL CHARACTERISTICS (Note 3)

CHARACTERISTICS

CONDITIONS

_ MIN TYP MAX UNITS
Zero Input Reading Vin=0.0V B -
, o 7 | Full Scale =200.0mV -000.0° #000.0 | 40000 | Digital Reading
- Ratiometric.Reading ] Vin=VREF ' 999 999/1000 1000 Digital Reading
s - - 1 VREF=100mV ) ] :
" Rollover Error tDiffefence in ~VIN = +V)N = 200.0mV -1 +0.2 +1 Counts
readlng for equal positive and o :
negative reading near Full Scale} )
Linearity (Max. deviation from Full scale = 200mV —1 +0.2 +1 Counts
. best straight line fit) or full scale = 2,000V o
Common Mode Rejection Ratioc | Vem==£1V, ViN=0V., 50 uVv
iNote 4) _ . - | Full Scale = 200.0mV
Noise (Pk - Pkvalue:riot exceeded | ViN=0V ' 15 Y,
95% of time) | Full Scale =200.0mV
Leakage Current@lnput Vin =0V 1 0| PA
Zero Reading Drift "Vin=0 0.2 1 aV/ie e
: T GC<Tp<70°C
Scale Factor Temperature ViN=199.0mV 1 5 ppm/°C
Coefficient - - 0°C < TA<70°C '
L - {Ext. Ref. 0 ppm/® C)
Supply Current (Does not | Vin= 0 50 100 iy
. include COMMON cUrrent) .| (Note &) n N
Analog COMMON Voltage (With | 250KQ between Gommon &| 24 28 3.2 TV
respect to pos. supply! . {-pos. Suppiy
Temp. Coeff. of Analog COMMON | 250K between Common & 80 ppm/°C
" (with respect to pos. Supplyl ' [ pos.Supply ..
Pk-Pk Segment Drive Voltags VitoV-=9V 4 5 .8 Y
{Note 5) . :
Pk-Pk Backplane Drive Voltage - Vo V-=9V 4. 5 6 Vv
{Note5) .. L :
| Power. DISSIpatIOI'I Capamtance  vs. Clock Freq. 40 pF

Neote 3: Unless otherwise noted, specifications apply at Ty = 25°C, fjqe = 16kHz and are tested in the cireuit of Figure 1.
Note 4: Refer to "Differential Input” discussion.
Note §: Back plane drive is in phase with segment drive for “off’ segment, 180° out of phase for ‘en’ segmem Fraquency is 20 timas conversion
rate. Average DC compenent is less then 50mV.
Note 6: During auto zero phase current is 10-20uA higher. 48kHz osclllator, Figure 2, increases current by B#A ityp)

.
s
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iCL7126
TEST CIRCUITS ¥
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Figure 1: 7126 Clock Frequency 16kHz. (1 réading/sec)

DETAILED DESCRIPTION
ANALQG SECTION

‘Figure 2: Clock Frequency 48kHZ. (3 readings/sec)

Figure 3 shows the Block Diagram of the Analog Section for phases. They are (1) auto-zero (A-2), {2) signal integrate (INT)
the ICL7126. Each measurement cycle is divided into three and (3} de-integrate {DE).

Caz CinT
vt 2Ens. INT
-—9-—-—-—--»_.... ______ ———

2

INTEGRATOR
—_

4———= TO DIGITAL SECTION
» h
FY-d
COMPARATOR
| mnpur
LOw

Erer {, Rt
" Crert REF HI REF LO Crer = BUFFER
o B e e b p-———G - —————F———
[
v
] .
1
1
! é.”’ﬂ
L
N Hl-égl-— -
[ CINT
.|i
|
.
].
g
. 32
ecammon
l! . %A;za.ns(:]
30 - : ]
o G——@—
S S S b

1. Auto-zéro phasé

During auto-zero three things happen. First, input high
and low are. disconnected ffom the pins. and internally
shorted te amalog COMMON. Second, the reference
capacitor is charged to the reference voltage. Third, a
feedback loop is closed around the system to charge the
auto-zero capacitor Caz to compensate for offset voltages
in the buffer amplifier-integrator, and comparator. Since
the comparator is included in the loop, the A-Z accuracy
is limited only by the noise of the system..In any case, the
offset referred to the input is less then 10gV.

2. Signal Integrate phase

During signal integrate, the auto-zerc'loop is opened, the
internal short is removed, and the internal input high and
low are connected to the external pins. The converter
then integrates the difierential voltage betweén IN Hl and
IN LO for a fixed time. This differential voltage can be -

4.69
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Figure 3: Analog Séction of 7126

within & wide common mode range; within oné Volt of
sither supply. if, on the other hand, the input signal has
no return with respect to the converter power supply,
IN LO can be tied to analog COMMON 1o establish the
corfect commaon-modé voltage. At the end of this phase,
the polarity of the integrated signal is determined.

3. De-integrate phase

The final phase is de-integrate, or reference integrate.
Input low is internally connected to analog COMMON

" and input high is connected across the previausly charged
reference capacitor. Circuitry within the chip ensures
that ‘the capacitor will be connected with the correct
polarity to cause the integtator output to return to zero.
The time reguired for the output to return to zero is
proportional to.the input signal. Specifically the digitai
reading displayed is 1000 (gl).
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ICL7126
Differential Input
The input can accept differentiai voltages anywhere within

the sommon mode rante of the input amplifier; or specifically

from 0.5 Volts below the positive supply to 1.0 Voltabove the
negative supply. In this range the system has a CMRR of
86 db typical. However, since the integrator also swings with
the common mode voltage, care must be exercised to assure
the Integrator output does not saturate. A worst case cendi-
tfion would be a large positive caommon-mede voltage with a
near full-scale negative differential input valtage. The
negative input signal drives the integrator positive when
most of its swing has.been used up by the positive comman
mode voltage. For these critical applications the integrator
swifg can be reduced to less than the recommended 2V full
scale swing with littie loss of accuracy. The integrator cutput
can -swing within 0.3 Volts of either supply without loss of
linearity. oo :

Differential Reference

The reference voltage can be generated anywhere within
the power supply voltage of the converter. The main source
of common mode error is a roli-over voltage caused by the
reference capacitor losing or gaining charge to stray capacity
 on its nodes. If there is a large common mode voltage, the
| reference capacitor can gain charge (increase voltage)
B when called up to de-integrate a positive signal but lose
charge {decrease voltage) when called up to deintegrate a
negative input signal. This difference in reference for (+) or
(=) input voltage will give a roll-over error. However, by
selecting the reference capacitor large enough'in comparison
to the stray capacitance, this error can be held to less than
0.5 count for the worst case condition. (See Component
Value Selection.)

Analog COMMON

This pin Is included primarily to set the cemmon mode
voltage for battery cperaticn or for any system where the
input signals are floating with respect to the power supply.
The COMMON pin sets a voltage that is approximately 2.8
Volts more negative than the positive supply. Thisis selected
to give a minimum end-of-life battery voltage of about BV,
However, the analog COMMON has some of the attributes of
a reference voltage. When the total supply voltage is large
enough to cause the zener to regulate {(<7V}, the COMMON
voltage will have a low voltage coefficient (0.001%/%)}, low

BINTERSIL

¥

VT o . v
REF HI 6.8 VOLT KN
ZENER 200 )
REF LO§~w
I
J z HEF HI 1GL 4089
. 1.2 REFERENCE
? REF LO
COMMODN =

Y-

(a) ]

Figure 4: Using an External Reference

output impedance .'(:15.0), and a temperature coefficient
typically less than 80ppm/°C. :

The limitations of e on-chip reference should alsc he
recognized, however. The reference temperature coefficient
(TC) can cause some degradation in performance. Temper-
ature changes of 2 to 8°C, typical for instruments, can
glve a scale factor error of a count or more. Also the common
voltage will have a poor voltage coefficient when the total
supply voltage is less than that which will cause the zener
to regulate (<7V). These problems are eliminated if an
external reference is used, as shown in Figure 4.

Analog COMMON s alsé used as the input low return dur-
ing auto-zero and de-integrate. i IN LO is different from
analog COMMON, a common mode voltage exists in the
system and is taken care of by the excellent CMRR of the
converter. However, in some applications IN LO wiil be set
aft a fixed known voltage (power supply common for in=
stance), n this application, analog COMMON should be tied
to the same point, thus removing the common mode voltage
from the converter. The same holds trué for the reterence
voltage. If reference can be conveniently referenced to
analog COMMON, it should be since this removes the com-
mon rhode voltage from the reference system.

Within the I1C, analog COMMON is tied to an N channel FET
that can sink 100uA or .more of current to hold the voliage
2.8 Volts below the positive supply (when a ldad is trying to
puli the common ling positive}. However, there is only 1A
of saurce current, so COMMON may easily be tied to a more

~ negative voltage thus over-riding the internal reference.

Test

The TEST pin serves two functions. It is coupled to the
internally generated digital supply through a 50001 resistor.
Thus it capn be used as the negative supply for externally

Jur

7i26 TO LCD

ANTERSIL DECIMAL POINT

1T1750

i
1 t

BR

TEST

7 TO LCD

® BACK PLANE

Eigure 5: Simple Inverter for Fixed Decimal Point
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generated segment drivers such as decimal points or any
cther presentation the user may want to include on the LCD
cisplay. Figures 5 and 6 show such an application. No more
than a 1mA load should be applied. ’

R . o _lv _+ -4
\""i - " T gy \
—-—l—JD i
Ban Do
]
] )
— § 1 TOLCD
7136 DECIMAL 1 1 DECIMAL
i lan Do e
: . — I

1

[ II |
ve=dpON~ | !
GROUND = dp DFF|_Cov0_ | :
| . TR

Figure 6: Exclusive 'OR’ Gate for Decimal Point Dtive
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ICL7126

The second functioh is a “lamp test.”” When TEST is pulled
high {to V") all segments will be turned on and the display
should read — 1888. The TEST pin will 'sink about 10mA
under these conditions.

Caution: In the lamp test mode, the segmernts have a
constant D-C voltage (no square-wave) and may burn the
LCD display if left in this mode for extended periods.

"DIGITAL SECTION

Figure 7 shows the digitat section for the 7126. An internal
digital ground is generated from a 6 Volt Zenér diode and a
large P channel soufce folléwer. This supply is made stiff
to absorb the relative large capacitive currents when the
back plane (BP) voltage is switched. The BP frequency is
the clock frequency divided by 800. For three readings/secend
this is a 60 Hz square wave with a nominal amplitude of
5 Volts. The segments are driven at the same frequency and
amplitude and are in phase with BP when OFF, but out of
phase when ON. In all cases negligible DG voltage exists
across the segmenis. The polarlty indication is “ON" for
negative analog inputs. If IN LO and IN HI are reversed, this
indication can be reversed also, if desired.

BINTERSIL

F——————

EXTEANAL
DSCILLATCR,

RAC NETWORK

TEST

Figure 8: Clock Circuits
System Timing

Figure B shows the clocking arrangement used in the 7126.
Three basic clocking arrangements can be used:

1. An external! oscillator ponnected to pin 40.
2. A crystal between pins 39 and _40.
3. An R-C-oscillator using all three pins.

The esdciliator frequency is divided by four before it clocks
the decade counters. If is then further divided to form. the
three convert-cycle phases. These are sianal integrate (1000

T w R I s i
21234557875 N
[ ] H b
X ]
b [ [
o
i . BACK PLANE
______________ "N ST R
— |
|
LCD PHASE DRIVER |
- |
i I
. . ) !, !
TYPICAL SEGMENT OUTPUT ] ‘
17 . ¥ Segh T Seg - +200 \
Decode Decode Pecode |
v+ T ' ‘
i N |
s (LTI T _‘r
Segmenl . LATCH . |
[ T[0T T i
|
2ma - - — |
Thousand [|=—] Hundreds |=— Tens ~+— Units: |l
Internal Diglal Ground 1
1
1
. ToSwilch Drivers I
From G tor Output —
: . i @ y+
cLocK '
+4 LOGIC CONTROL 6.2V ;
l !l
= TEST
Internal Digital Ground iy 5000 =
1
* Three inverters. 'I
.One inverter shawn-far claritly. o B(b
. : v
an 39 58,
L - N RPN - " I — B ————
0SC 1 Q5C 2 osc 3

Figure 7: Digital Section
4-71

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/5800876/AD7533CD.html

ICL7126

counts), reference de-integrate {0 to 2000 counts) and auto-
zero (1000 to 3000 counts), For signals less than full scale,
auto-zero gets the unused portion of reference deintegrate.
This makes a complete measure cycle of 4,000 (16,000 clock
pulses) independent of input voltage. For three readings!
second, an oscillator frequency of 48kHz would be used.

To achieve maximum rejection of 60 Hz pickup, the signal
integrate cycle should be a multiple of 60 Hz. Oscillator
frequencies of 60kHz, 48kHz, 40kHz, 33-1/3kHz, ete. should
be selected. For 60Hz rejection, oscillator frequencies of 66~
2/2kHz, 50kHz, 40kHz, etc. wolld be suitable, Note that
40kHz 12,5 readings/second} will- reject both 50 and 60Hz
{also 400 and 440Hz).

CDMPONENT VALUE SELECT!ON
. Integraling Resistor .
Both the buffer amplifier and the integrator have a glass A
output stage with 6zA of guiescent current. They can
supply ~1uA of drive current with negligible non-linearity.
The integrating resistor should be large enough to remain
in this very linear region over the input voitage range, but
small encugh that undue leakage requirements are not
placed on the PC board. For 2 Volt fuill scale, 1.8MQ I3
near optimym and similarly 180k for a 200.0mV scale.
. Integrating Capacitor
The integrating capacitor should be selected to give the

EINTERSIL

. Auto-Zerd Capacitor

The size of the aute-zero capacitor has some |nf|uence
on the noise of the system. For.200mV full scale where
noise is very important, a 0.22uF capacitor is recom-
menced. On the 2 Volt scale, a 0.033uF capacitor,
increases the speed of recovery from overload and is
adéquate for noise on this scale,

4. Reference Capacitor
A Q.1 xF capacitor gives good results in most applications
However, whete a large common mode voltage exisis
(l.e., the REF LO pin is not analog COMMON} and a
200mVY scale is used, a larger value is required to prevent
roll-over error. Gererally 1.0pF will hold the foll-over
error to 0.5 count in this instance.

5. Oscillator Components
Fof all ranges of frequency a 50pF capacitor is recom-
mended and the resistor is selected from the approximate
equatlon f~ﬁ-5, For 48kHz clock (3 ‘readings/second),

= 180k0.
6. Reference Volitage

maximum voltage swing that ensures telerance build-up -

will not saturate the integrator swing (approx. 0.3 Volt
from sither supply). When the analog COMMON.is used
as a reference, a nominal £2 VoIt full scale integrator
swing is fine. For three readings/second (48kHz clock)
nominal values for CinT are 0.047uF, for 1/8ec {16kHz)
0.15uF. Of course, if different oscillator frequencies are
used, these values should be changed in inverse pro-
portion. te maintain the same output swing.

The integrating capacitor should have low dielectric
absorption o prevent roll-over errors. While other types

may be adequate for this application, polypropyleng

‘capacitors give undetectable errors at reasonable cost.

At three readings/sec., a 7500 resistor should be placed in
series with the integrating capacitor, to compensate for
comparator delay. See App. NoteAOﬁfcradescrnptmn of
the need and effects of this resistor.

The analog input required to generate full-scale output
(2000 counts) is: VIN = 2VReF. Thus, for the 200.0mV and
2.000 Volt scale, VRer should equal 100.0mV and 1.0G0
Volt, respectively. However, in many applications where
the A/D is connected to a transducer, there will exist a
-spale factar other than unity between the input voltage
and the digita!l reading. For instance, in & weighing
system, the designer might like to have a full scale read-
ing when the valtage from the transducer is D.682V.
Instead of dividing the input down to 200.0mV, the
designer should use the input voltage directly and select
VREF = 0.341V. A suitable value for integrating resistor
would be 330k(. This makes the system slightly quister
‘and also avoids the necessity of a divider network on the
input. Another advantage of this system occurs when a
digital reading of zero is desired for Vin 0. Temperature
and weighting systems with a variable tare are examples.
This oifset reading can be conveniently generated by
connecfing the voltage transducer between IN HI and
COVMMON and the variable (or fixed) offset voltage
between COMMON and IN LQ.

TYPICAL APPLICATIONS

The 7126 may be used in a wide variety of configurations.
The circuits which follow show some of the possibilities,

A0 To pin 1 +——

T osc 1 o
0sC2 _
ose 3 J——o Set Vrel. = 100.0mV
TesT ] S0pF
REF HI [ b
REF LO [ ———
CREFL ——Dp . 10K 220K
CREF——
COMMON [ ————¢ - .
' InHIT— e AN by
INLO[] 'uaa = -5-.01;.«F L "IN
: o cind I ‘nal ol
v = JAB0KN =
BUFF [ ] =
Y T _
'"\'1 — 7500 LI C047uF -
& [0
ca ]
N TO DISPLAY
Gy [

BP

-
o
o
1
o]
=
b}
-
»
F4
m

F3

Figure 9; 7126 using the internal reference. Values shown are for
200.0mv ful! scale, 3 readings per second, floating supp!y yoltage
{av battery).
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and serve to illustrate the exceptional versatility of these,
A/D converters, '

-.at?‘—— 40 Topin1
2:2; SEORT
0sC 3 [ Set Vret = 100.0mY
TESTE ] 50PF g0k
REFHIY ] - ZooKn 2PNl
REF LO ] oyt
CREFI ——) =
caer [ 1-— ¢ 1.2V (ICLEOGS)
commonf1———4¢ -, .
INH AN/
N Lo [F = eF oM

0.93uF

A/Z

BUFF

INT

v

Gz

Cs

Az

Ga
BP

1

180KI1

%}

0.15uF

}TD DISPLAY

Figure 10: 7126 with an external band-gap reference (1.2V type).
IN LO is tied to COMMON, thus establishing the correct common
mcde voltage. COMMON acts as a pre-regulator for the reference.
Values shown are for 1 reading per second.
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ICL7126
TYPICAL APPLICATIONS (Contd.)

Topln1

= 0sC1

1131
O3C 3
TEST
REF HI
REF LG
C REF
C REF
COMMGCN
IN HI
N LO
A/Z
BUFF
INT

v-

G

[+

A3

Gz

BP

r
o

IBOK
Sal Vrt = 1,000V
SOpF

250K01 240K1

UIOICIC L]

204

|

1Mt

? D1xF

LIL]

n DME«FI

1.8M11

i

75050 TR0.047uF

“TO DISPLAY

LI ]

I .
[ ——+TO BACK PLANE
z1

Figure 11: Recemmended component vzlues for 2.000V full scale, 3
readings per second. For 1 reading per second, delete 7500 resistor,
change CinT, Rosc to values of Fig. 10.

Te pin 1

T asc ‘
_I*
: :i E ‘ } Set'Vret = 100.0mY
/ ‘

osc 3
TEST
REF HI
REF LO

€ REF

C AEF
COMMON
IN HI
INLO
Az

BUFF

INT

'

G2

3

Ag

Go

GND

asc 2
50pF

|

/ / ety HEV
100K 27Kn
1.2V (ICL 8a6a)

20K1E

TO DISPLAY

sLJULTER IS

bl

josmss—n- TO BACK PLANE

]

Figure 13: 7126 operated from single +5V supply. An exterpal
reference must be used 'n this application, since the voltage between
vtand V™ is insufficient for correct operation of the internal reference.

T
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[2:1p ]

asc 2
QsC 2
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REF HI
REF LD
C REF
< REF
COMMGN
. INHI
iNLD
¥
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Gz
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Gz

BP
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ni

Scale tactor adjusi

X A Jun émbm
00K A70KD ————

X
zero adiust

SO0pF Slilsen NPN
MPS 3704 or

slmitar

YK

7 S—

KLY

a
ILILILILIL I I & 5

='=- 0AuF

T
2
i

390K

w0
= .

Ljafep

TO DISPLAY

LILIDILIL]

q-
Q
[
>
[+]
=
B
z
m

]
.-
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Figure 15; 7126 used as a digital centigrade thermometer. A silicon
dicde-connected transistor has & témperature coefficient of about
~2mv/¢C, Calibration is achieved by placing the sensing transistor
in ice water and adjusting the zeroing potentiometer for a 000.0
reading. The sensor should then be plased in boiling water and the
scale-factor potentiometer adjusted for 100.0 reading.
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. Set Vel = 100.0mV

%{

SOpF

E——VVS DY S S
10K11 M E 6.6k

== 0

LTI I

IT“

M

T TES0.14F
B.TAnF g i

- '; ToakA]

O DISPLAY

ILILTE UL

Figure 12: 7126 with Zener diode reference. Since low T.C. zeriers
have breakdown voltages ~ 6.8V, diode must be placed across the
total supply (10V). As in the case of Figure 11, IN. LO may be tied to
COMMON. . .

.v+

Te pln 1

- 4
7 osc 1

OsSCT

asci

TEST:

REF HI

- REF LD

. CREF|

C REF

COMMON

IN HI

INLO

nZ

BUFF

INT

v

Gz

Ca

Ag

Ga
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—

[ﬂULIjsz

|

LI

FD.N .F -
AT .\;E : | )
... *. CL B .‘

TGO DISPLAY !

[ [ ||

BT
2
g
.

Flgure 14: 7126 mea'sﬁr'ing ratiometric values of Quad Load Cell.
The resistor values within the bridge are determined by the desired
sensitivity.
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et creF L1 gup.
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o= coOMMON ]
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4—4 E =G B3 Ga ] '
. M - o i
s =3 a0
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. ©Danza l.
or T4C10 CDagr?

Figure 16: Circuitfor developing Underrange and Overrange signals
from 7128 outputs.

*Values depend on ciock frequency. See Figure 8, 10Q, 11,
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ICL7126
TYPICAL APPLICATIONS (Contd.)
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Figure 17: AC to DC Converter with 7126. Test is used as a common mode reference leve! to ensure compatibility with most op-amps.

APPLICATION NOTES

AD16 “Selecting A/D Gonverters”, by David Fullagar.
A017 “The Integrating A/D Converter”, by Lee Evans.

= A018 “Do's and.Donts of Applying A/D Converters”, by Peter Bradshaw and Skip Osgood.

¥ A019 “4'v.-Digit Pane! Meter Demonstratoriinstrumentation Boards', by Michael Dufort.

B 5023 “l.ow Cost Digitai Panel Meter Designs”, by David Fullagar and Michael Dufort.

A032 “Understanding the Autc-Zero and Common Mode performance of the IGL7106/7/9 Family”, by Peter Bradshaw.

A046 “Building a Battery-Operated Auto Ranging DVM with the ICL7106", by Larry Goff,
AD52 “Tips for.Us:ng Single-Chip 3%-Digit A/D Converters”, by Dan Watson.

71 26 EVALUATION KITS

After purchasinga sample of the 7126, the majority of users
will want to build & simple voltmeter. The parts can then be
evaluated ggainst the data sheet spemﬁcatlons and tried

out in the intended application.
To facilitate evaluation. of this unique circult,

Intersil is

offering a kit which contains all the necessary components
to build a 3% -digit panel meter"With the ICL7126EV/KIT and

Downloaded from Elcodis.com electronic components distributor

ihe small number of additional components
required, an engineer or technician can have
the system “up and running” fn about half.an
hour. The kit contains a circuit board, a
display {LCD), passive components, and
miscellaneous hardware.
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FEATURES

ORDERING INFORMATION

+19,999 count A/D converter accurate to =1 count
10.V resolution on 200mV scale
110dB CMRR
Direct LCD display drive
True differential input and reference
Low power consumption
Decimal point drive ouitputs
Overrange and underrange cutputs
Low battery detection and indication
10:1 range change input

GENERAL DESCRIPT[ON

The Intersil ICL7128 is & very high-performance 4v:-digit
analog-to-digital converter that directly drives a muitiplexed
liquid crystal display. This single-chip CMOS integrated cir-
cuit requires only a few passive compenénts and a reference
to operate. And it is ideal for high-resoiution hand-helddigital
multimeter applications.

The performance of the-lCL?‘léS has not been equaled before
in a single-chip A/D converter, The successive integration

. technigue used in the ICL7129 results in accuracy better than

0.005% of full-scale and resolution down to 10xV/count.

The ICL7129, drawing only 1mA from a 9V battery, is well
suited for battery powered instrumants. Provision has been
made for the detection and indication of a “LOW BATTERY"

PART | PACKAGE | TEMPERATURE | ORDER NUMBER | condition. Autoranging instruments can be made with ihe
7129 [ 40-Pin CERDIP | 0°Gto +70°C ICL7129CJL ICL7128 which provides overrange and underrange outputs
7129 | 40-Pin Flastic | 0°Cto +70°C ICL7129CPL and 10:1 range changing input. The ICL7129.instantly checks
7123 | 40-Pin Plastic | 0°C to + 70°C ICL7128RCPL . for continuity, giving both avisuai indicatio_n'and.alogic leve! I8
p—p Dio 5 Cto +70°C ICLT1256/0 output which can .enabie an external audible signal. Tr_nese :

features-and the high performance of the ICL7129 make it an
7129 Flat Pack extremely versatile and accurate instrument-on-a-chip.
. | TYPICAL APPLICATION PIN CONFIGURATION (autiine dwg JL, PL) -
LUW BATTERY CUNT]NUITY : i
osc1 7| \_J 3] 05C2
g L‘ ‘ * osca [2] [30] o7y
. ‘ . ‘ . ‘ . - ANNUNCIRTOR DRIVE (7] .a__a[ DRz
By, €1, CONT [4] [37] RANGE
v AL G Dy E E DEND
1 : -?— S6F F1. E1,0P1 (6] [35] ReF Lo
| EEEREEEE &) [e] [<] =] [«1] [= F]m = B2, Cz, LOBATT 7] 23] REF M
B 23,6z, Dg ] fa3] I Hi
120kH=1:| F2.E2,07; [ [%2] m.Lo
IcLrizy C By, G2, MiNus [ig] icenzs (@) suRF
%ﬁ:’#ﬁ}‘r Ay, G3, 0y E E Chrer —
HINES F3: B3, DPg E E Crer +
TR N N EEEE ,, ou, o803 | i conmon
. T . [ . At.De, Gy 4] 27} conminuTy.
lo.0a7yF ‘ i J 0pF Fa, Ea, OPa f13] 75] T our
TIeF +—I l- ' o1, VT+ Brs i) 25 INTIN
167 Pi l“ M;»T 2k T - e
i o L o & v
f 41 ' T oLde vois= [ig) 22] TATCHHOLD
= 100K DF4/OR [23] [21) DPgtUR
o ' b b TOP VIEW
Yin
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ICL7129

ABSOLUTE MAXIMUM RATINGS

Supply VOItages(VF 1oV™) «evvivenrneanrniaeanesn 15V
Reference Voltage (REF HIor REFLO) ... v v vu ot vtiov-
Input Voltage (Note 1) '
“INHIONNLO) o e R'AS "\
Vmsp T it D e mia V* tc DGND —03V

Digital Input Pins
1,2,18, 20, 21, 22, 27,

37,38,39,40 ...,..........

................ DGNDtoV*

BINTERSIL

Power Dissipation‘ {Note 2)

CERDIPPackage. ...........o.--- e 1000mW
Plasticpackage ..........covuus e BOOMW
OperatingTemperature ............cc.ues .0°Cto +70°C
Storage Temperature . ........... cont —B65°Cto +160°C
Lead Soldering Temperature ........-... eren .. 300°C

Nete1: input voltages may exgeed the supply voltagés provided that input cu rrent is limited to + 400xA. Currents above this value may resultin

Invalid display readings but will'not destroy the device if limited {& = TmA.

Note 2 Dissipation ratings assume gdevice is mounted with-all leads soldered to printed circuit board.

Stresses dbove those fisted under "Abso;fure Maximum Ratings" may cause permanent damage to the device. These are stress ratings onfy
and functional cperation of the device at these or any cther conditions above those indicated in the operational sections of the specifica-
tions is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS V* to V™ =9V, Vagr =1.00V. Ta = +25°C, fouk = 120KkHz, unless otherwise noted.

_ GHARAGTERISTICS _ CONDITIONS MI!\J__ o TYP MAX UNIT
Zero.\npui Réading Vi =0V - 0000 0000 +000C Reading
o 200mV Scaie
Zero Reading Drift V=0V ) +0.5 wVI°G
. 0°C < Ty <. +70°C
Raticmetric Reading Vi = Ver = 1000mY 8998 9999 10000 Reading
RANGE =2V L
Range Change,Accuracy Vi = 0.10000¥ on Low 0.9999 1.0000 . 1.0001 Ratio
Range - :
Viy = 1.0000V on High Range N
Rallover Error — V=4 V) =189mV 05 i 1.0
- - - - Caunts
Lingarity Error 200mV Scale _ 0.5. _
tnput Common-Mode Ve = 1.0V, Vi =0V 110 ‘ dB
Rejection Ratio 200mV Scale _
Input Common-Mode Vo =0V (V7)+15 (v*)-05 v
Voltage Range 200mV Scale
MNoise {p-p Value not Vin=0V ! 7.0 Ay
Exceeding 95% of Time) 200mV'Scale )
Input Leakage Current Wiy =0V, Pin 32, 33 1 10 pA
Scale Factor Teripeo V= 199mV. 2 5 ppmi“C
0°C < Ta < +70°C
External Vggr =0ppm/°C _
COMMON Voltage . V* 1o Pin 28 2.8 32 1 35 v
GOMMON ‘Sink Currént AGommon = +0.1V 0.6 _ ' mA
COMMON Scurce Current AComymon = — 0.1V 12 uA
DGND Voltage V* to Pin 36 45 53 5.8 v
’ V¥ toV© =9V
DGND Sink Current ADGND = + 0.5V 1.2 mA
Supply Voltage Range VitoV~ 6 g 14 v
Supply Current Excluding vt oV =9V 1.0 1.4 mA
COMMON Gurrent
Clock Frequency 120 360 KHz
Display Multiplex Rate fork = 120kHz 100 Hz
VDISF‘ Resistance Vmsp tov* 50 k2

Downloaded from Elcodis.com electronic cbmponents distributor

4-76


http://elcodis.com/parts/5800876/AD7533CD.html

BINTERSIL

ICL7129
ELECTRICAL CHARACTERISTICS (Continusd) V.t to V™ =9V, Vage = 1.00V. To= + 25°C, &, « = 120kMz, unless otherwise noted.
CHARACTERISTICS CONDITIONS MIN TYP MAX UNIT
Low Battery Flag _\."' tov” 6.3 7.2 7.7 v
‘Activation Voltage :
CONTINUITY Comparator Moz Pin 27 = H1 100 200 v
Threshold Voltages Vaus Pin 27 =LO 200 400
Pull-Down Gurrent Flns 37. 38, 29 .2 10 ah
“Weak Cutpul” Current Pin 20, 21 33 A
Sink, Source Pln 27 Sink/Source _ 38 #
Pin 22 Source Current 40 A
Fin 22 Sink Current 3 “
LOW BATTERY CONTINUITY
S, N S W
‘I -..l -'l -’l -.
B BACKFPLANE
SEGMENT DRIVES DRIVES
o - - . — f_‘%
ANNUNCIATOR
DRIVE
r— - " - - - 1
osC1 i
LATCH, DECODE . v
DISPLAY MULTIFLEXER oisp
osC2 PEN |
0sc3 . UP/DOWN RESULTS COUNTER l )
| SEQUENCE COUNTER/DECODER | !
J\‘/_ v |
* CONTROL LOGIC : |
) A 2 Fy ' ry 'y |
1

AMALOG SECTION

vy v | _J | v
—r— —— —— — — —— —

RANGE LUH CONT v+ v~ DGND OR UR DPz DPy
DP; DP3

6
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ICL7129
Table 1. Pin Assignments and Functions
PIN NAME - FUNCTION PIN NAME - FUNGTION
1 |G8C1 Input to first clock inverter, - A Negative power supply terminal.
2. |osc2 | Qutput-of second ciock invarter. o4 | v+ Positive powsr supply terminal, and
3 | ANNUNCIATOR | Backplane sqguarewave output for drive positive rail for displiay drivers.
DRIVE ing annunciators. - . -
- g - - 25 | INTIN Input to integrator amplifier
2 |B, C, CONT | Output to display segments: P =e e
5 |A,, Gy, Dy Output to display segments, 26 | INTOUT Cutput of integrator amplifier.
& |Fy Eq DPy ‘Output to display segrménts. 27 | CONTINUITY INPUT: When LO, continuity flag on the
7 | B, Cp. LQ BATT [ Qutput ta display segments. display is off. When HI, continuity flag
- ts on, .
8 1A2Gs0p Qutput to d!splay segments. OUTPUT; HI when voltage between in-
8 |F; E; DPy Qutput to display segmenis. ' puts is Iess than + 200mV. LO when
10 | By, G, MINUS | Qutput to display segments, | voltage between inputs is more than
11 |Ag, Gs, Dy Qutput to display segments. . ! + 200mV. _ .
12 | %5 Es DPs | Gutput to display segments. ' 28 | COMMON Sets common-made voltage of 3.2V
13 [ B4, Ca, BCs Qutput to dispiay segments. below V™ for DE, 10X, etc. Can be used |.
14 | A, Dy, Gy Output to display segments. _ as pre-reguiator for external reference. |
15 jF, E; DPs Output to display segments. 29 | Cree + Positive side of external reference .
16 | BP3 Backplane #3 output to display. capacitor
17 |BP2 Backplane #2 output toudisplay. 30 | Cagr- Negative side of external reference
18 | BP1 Backplane #1 output to display. ) capacitor.
12 | VYmse Negative rall for display drivers. 31 | BUFFER Qutpul of buffer amplifier.
20 | DPOR INPUT; When HI, turng on most signiti: i — .
cant degimal point. 32 [INLO Negative input voltage terminal.
QUTPUT: Pulled HI when result count 33 | INHI ' ‘Positive input voltage terminal.
1
greeeds = 19,999, 34 | REF HI Positive reference voltage input
21 | DP4/UR INPUT: Second, most 5|gn|’r|cant terminal.
decimal point on when HI. -
OUTPUT: Pulled HI when result count 35 | REFLO Negative reference voitage input
is less than =1,000. terminal. !
22 |LATCH/HOLD INFUT: When floating, A/D converter 36 | DGND Ground reference for digital section.
' operates in the free-run mode. When ' '
pulled HI, the last displayec reading is 37 | RANGE mgﬁull-tdownl‘m; 20;)31\/ ST:"E‘ Pulled
| heid. when pulled LO, the result - externaily for 2V scale.
counter contents are shown increment- 3& | DRy Internal 3pA pull-down, When HI,
ing during the de-integrate phase of decimal point 2 will be on. )
cytle. §
CUTPUT: Negative going edge occurs 39| D7y ::Ir:::irrr;?l st?n?ﬂlmﬁ“ég‘ownhen Hl,
when the dala lalches are updated. P :
Gan be used for converter staius 40 | ©8C2 Output of first clock inverter. Input of
signal. 1 second clock inverter.  ~

DETAILED OPERATION DESCRIPTION

Intersil’s ICL7129 is a uniquely designed single-chip A/D con-
verter. It features a new “successive integration’” technique
to achieve 10xV resolution on a 200mV full-scale range. To
achieve this resolution a 10:1 improvement in noise perform-
ance over previous monolithic GMOS A/D converters was
" accomplished. Previous integrating converters used an ex-
ternal capacitor tc store an offset correction voitage. This
technique worked well but greatly increased the equivalent
noise bandwidth of the converter. The ICL7129 remaves this
source of error (nolse) by not using,an auto-zero capacitor.

Offsets are instead cancelled using dlgltal techniques. Sav-,

The sequence counter is constantly running and is a sepa-
rate counter from the upfdown resuits counter which is ac-
tivated only when the integrator is de-integrating. At the end
of a conversion the data remaining in the results counter is

" latched, decoded and multlplexed to the liquid crystal

display.
The analog section block diagram $hown in Figure 2 includes

- all of the analog switghes .used to configure the. voltage

ings in external parts cost-are realized as well as improved

noise performance and eliminatien of a source electromag
netic and electrostatic pick-up.

The overall block diagram of the ICL7129 is shown in Flgure1
The heart of this A/D converter is the sequence caunter/

decoder which drives the contral logic and keeps track of the

" many separate phases requirad for each conversion cycle.
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sources and amplifiers in the different phases of the cycle.

-The input and reference switching schemes are very similar

to those in other less accurate integrating A/D converters.
There are 5 basic configurations used in thé tull conversion
cycle. Figure 3 illustrates a typical waveform on the in-
tegrator output. INT, INT;, and INT; all refer to the signal
integrate phase whére the input voitage is applied to the
integrator amplifiervia the buffer amplifier. in this phase, ihe
integrator ramps over a fixed period of time in a direction op-
posite to the polarity of the input voitage. .
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COMPARATOR 1

TO DIGITAL
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Figure 2. ICL7129 Analog Block Diagram
ZERD-INTEGRATE INT 0E ’
AND TATGH INTEGRATE DEINTEGRATE MEST X10 DE; <REST XW , DEs , ZERCANTEGARATE

.
SN
NN

N\

i

{NTEGRATOR:

% ’
Note: Shaded area greatly expanded RESIDUE

VOLTAGE
in time-and amplltude. AR TP A

o

Figure 3. Integrator Waveform for Negative Input Voltage Showing Successive Integration Phases and Residue Voltage

DE,, DE;, and DE; are the de-integrate phases where the ref DE;; into the 4% digit level during DEp and the 5%z digit level

erence capacitor is switched in series with the buffer ampli- for DEs. The effects of offset in the buffer, integrator, and
figr and the integrator ramps back down to thelevelit started comparator can now be cancelled by repeating this éntire se-
from before integrating. However, since the de-integrate qtience with the inputs shorted and subtracting the results
phase can terminate only at a clock pulse transition, therg is from the original reading. For this phase INT, switch is closed
always a small overshoot of the integrator past the starting to give the same common-mode voltage as the measurement
point. The 1CGL7129 amplifies this overshoot by 10 and DE; cycle. This assures excellent CMRR. At the end of the cycle
begins. Similarly DEs's overshoot i5 amplified by 10 and DE3 the data in the Up/down résults counter is accurate 10 0.005%
begins. At the end of DEs the results counter holds a number -of full-scale and is sent to the display driver for decoding and
with 5% digits of resolution. This was cbtained by feeding multiplexing.

counts into the results counter at the 3% digit level during

4:79
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ICL7129

COMMON, DGND, AND “LOW BATTERY"

The COMMON and DGND (Digital GrouND) cutputs of the
IGL7129 are generatad from internal zener diodes (Figure 4).
COMMON is included primarily to set the common-mode
voltage for battery operation or for any system where the in-
put signals float with respect to the power supplies. It also
functions as a pre-regulator for an external precision refer-
ence voltage source. The voltage between DGND and V* is
the supply voitage for the logic section of the ICLT129 in-
sluding ihe display multiplexer and drivers. Both COMMON
and DGND are capable of sinking current from external
loads, but caution should be taken to insure that these out-
puts are not overloaded, Figure 5 shows the connection ot ex-
ternal logic circuitry to the ICL7129. This connection will work
providing that the supply current requirements of the logic do
not exceed the current sink capability of the DGND pin.

BINTERSIL

more supply current is required, the buffer in Figure 6 can be
used to keep the loading on DGND to a minimum. COMMON
can source approximately 12zA while DGND has no source
capability.

The “LOW BATTERY" annunciater of the display is turned on
when the voitage between V* and V~ drops below 7.2V
typically. The exact point at which this occurs is ¢etermined
by the 6.3V zener diode and the threshold voltage of the
n-channel transistor connected to the V™ rail in Figure 4. As
the supply voltage decreases, the n-channe! transistor con-
nected to the Vwrail eventually tufns off and the “LOW
BATTERY" input to the logic section is pulled HIGH, turning
on the “LOW BATTERY” annunciator *

‘ 2 —ovt
32y
COMMON
28 QGO
D Low e
BATTERY”| LOGIC
SEGTION
EODGND
p
_I_—_n
. . . zaov_
Figure 4. Biasing Structure for COMMON and DGND
vt - v
A A
——— 24 24
EXTERMAL > EXTERNAL >
LOGIC  |a— LoGic |«
a8 ICL7129 ICLTH289
DGND -
S ILoaic _< 3§
loaic . + DGND
L]
lzs 23
V- v
V-

Figure 5. DGND Sink Current
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ICL7129
O PORTS

Four of the pins of the ICL7129 can be used aseither inputs or
outputs. The specific pin numbers and functions are de-
scribed on the Pin Assignments and: Functions (Table 1). If
the output function of the pin is net desired in an application
it can easily be overriden by connecting the pinto V* (HI) ar
PDGND (LO). This connection will not damage the device
because the output impedance of these pins is guite high. A
simplified schematic of these input/output pias is shown in
Figure 7. Since thére is approximately S00k® in series with
the cutput driver, the pin (when used as an cutput) can only
drive very light loads such as 4000 series, 74CXXtype CMOS
logic, or ather high input impedance devices. The output
drive capability of these four pins is limited 4o 3uA, nominally.

BP4/CR PIN 20
DFaiUR PIN 21
LATCH/HOLD PIN 22
CONTINVITY PIN 27

Figure 7. “Weak Output”

BEINTERSIL

LATCH/HOLD, OVERRANGE, AND

UNDERRANGE TIMING

The LATCH/HOLD output {pin 22) will be pulled low during the
last 100 clock cycles of éach full conversion cycle. During this
time ihe final data from the.\CL¥129 counter is latched and
transferred to the display decoder and multiplexer. The con-
version cycle and LATCH/HOLD timing are directly related to
thé clock frequency. A full conversion cycle takes 30,000
¢lock cycles which is equivalent to 80,000 oscillator aycles.
OverRange (OR pin 20) and UnderRange (UR pin 21} outputs
arelatched on the failing édge of LATCH/HOLD and remain in
that state until the end of the next conversion cycle. In addi-
tion, digits 1 thfough 4 are bianked during cverrange. Afl three
of these pins are “weak outputs™ and can be overridden-with
external driversor pull-up resistors to enable their input func-
tions as described in the Pin Assignments and Functions
(Table 1). '

- INSTANT CONTINUITY

A comparator with a built-in 200mV offset is connected di-
rectly between INPUT Hl and INPUT LO of the ICL7129 (Figure
8). The CONTINUITY output (pin 27) will be pulied high when-
ever the voltage between the analog inputs is less than
200mV. This will also turnon the “CONTINUITY" annunciator
on the display. The CONTINUITY output may be used to
enable an external alarm or buzzer, thereby giving the 1CL7129
an audible continuity checking capability. Since the
CONTINUITY output is oné of the four “weak outputs” of the
ICL7129, the “continuity” annunciator o the display can be

“driven by an external source if desired. The continulty func-

tion can be overridden with a pull-down resistor connected
between CONTINUITY pin and DGND (pin 36).

_— —— —_— e O ——
—
| .
| o
| j>~
INHI + X - - b
| BUFFER
| < :
: —
COMMON‘IL:
A
INLO
|
! TO DISPLAY
commum? » DRIVER
(NOT LATCHED)
|

Figure 8. “Instant Continuity” Comparater and Qutput’ Structure
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DISPLAY CONFIGURATION

The ICL7129 is designed to drive a triplexed {iguid. crystal
display. This type of display has three backplanes and is
driven in a multiplexed format similar to the ICM7231 display
driver family. The specific display format.is shewn in Figute 9
Notice that the polarity sign, decimal points, "LOW BAT-
TERY”, and “CONTINUITY" annunciatprs are directly driven
by the ICL7129. The individual segments and annuncialors
are-addressedin a mannersimilar to row-column addressing.
Each backplane (row) is-connectet to one-third of the tofal
number of-segments. BP1 hasall F, A, and B segments.ofthe
four ieast significant digits, BP2 has all of the G, E, and G
segments. BP3 has all D.segments, decimal points, and.an-
nunciators. The segment lines (columns) are .connected.in
groups of three bringing. ail gsegments of the display out en
just 12 lines. . -

BINTERSIL
ANNUNCIATOR DRIVE ' -

A special display driver output is provided on the 1GL7129
which is intended to drive various kinds of annunciators on
custom multiplexed liquid crystal displays. The ANNUN-
CIATOR DRIVE oulput (pin 3) is-a $quarewave signal rurining
‘at the backplane frequency, approximately 100Kz This
signal swings from Vpigpto V* :andig in sync with the three
‘vackplane outputs BP1, BP2, and BP3. Figure 10 shows these
fouroutputs on the sametime and voltage scales.

Any apnunciator associated with any ofthe three backplanes
can be tufned oh sifply by connecting it to the ANNUN-,
CIATOR DRIVE pin, To turn an annunciator off connect it to its
backplarie. An example of-a-dispiay and annunciator drive
scheme is shown in. Figure 1.

BAGKPLANE
CONNECTIONS

Fa, E4,PPa
A4, Gs, Da
Bj, C4, BCs
F3, Ea, DP3
Ag, Ga, D3

B1, C1, CONTINUITY
A1, Gi,

F1, E1,.0P4

Bp, Gz, LOW BATTERY

Az, Gz, D2

Bz, Gz, MINUS

Fa, Bz, DP2

Figure 9. Triplexed Liquid Crystal Display Léyout for [CL7129

ON SEG.

o

" ‘Figure 10. Typical Backplane and Annunciator Drive

Waveforms
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ICL7129

LOW BATT:ERY cbujlﬁpwv
oo
0,00,0,0, 1

EINMERSIL

ANNUNCIATOR

-BACKPLANE

AMPS
VOLTS ANNUNCIATOR

OHM

— BACKPLANE

Figure 11. Multimeter Example Showing Use-of Annunciator Drive Output

v v+
A A
“1N4148 ) 38k ]
24 24 *
20k 4—6\1222‘2 '
18
Voise . + Voise
Sk L7129 ICL7129
DGND L *1oenn
75k [ §1Bk 1
23 23
V v
' V-
Figure 12. Two Methdds for Temperature Compénsating,the
Liquid Crystal Display
DISPLAY TEMPERA‘FURE COMPENSATION COMPONENT SELECTION-

For most applications an adequate display can be obtained
by connecting Ve (pin 18} to DGND (pin 36). In appl:cauons :
where a wide temperature range is encountered, the voltage .
drive levels for some- triplexed liquid crystal displays may
need to vary with temperature in order to maintain good
display contrast and viewing angle. The amount of tempera-
ture compensation wili depend upon the'type of liquid crystal
used. Display manufaéturers can supply the temperature
compensation requirements for their displays. Figure 12
shows two circuits that can be.adjusted to give atem perature
compensation of = +10mVi°C between V¥ and Vpigp. The
diode between DGND and Vpgp should have a low turm-on
voltage to assure that no forward current is injected on the ‘
chip if Vpigp Is more negative than DGND

4-83
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There are only three passive compoenents around the ICL7129
that need special consideration in selection. They are the
reference capacitor, integrator resistor, and integrator
capacitor. There is no auto-zero capacitor like: that found in
earller integrating A/D cornverter designs..

The integrating resistor is selected high enough to assure
good current lingarity from the butfer amplifier and integrator
and low enough that PC board jeakage is not a problem. A
valire of 150k should be optimum for most applications. The
mtegrator capamtor is selected to give an optimum inte-
gratorswing at full-scale. Alarge mtegrator swing will reduce
the effect of noise sources in the comparator but wiil affect
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rollover errar if the swing gets too close to the positive rail
(=0.7V). This gives an optimumn swing of =2.5V at full-scéle.
For 150k integrating resistor and 2 gonversions per second
‘the value is 0.104F. For different convérsion rates, the value
will change in inverse propartion. A second requirement for
good linearity is that the capacitor have low dielectric ab-
sorption. Polypropylene caps give good performance at a
reasonable price. Finally the foil side of the cap should be
connected to the integrator output to shisld against pick-up.

The-only requirement for theé reference cap is that it be low
leakage. In order to reduce the affects of stray capacltance‘ a
1.0u4F value is recommended.

CLOCK OSCILLATOR

The ICL7128 achieves its digital range changing by integrat-
ing the input signal for 1000 clock pulses (2,000 oscillator
cycles) on the 2V scale and 10,000 clock pulses on the 200mvV
scale. To achieve complete rejection of 80Mz onboth scales,
an oscillator frequency of 120kHz is required, giving two con-
versions per second.

In low resolution applications, where the converter uses only
3% digits and 100V resolution, an R-C type oscillatoris ade-
quate. In this application a C of 51pF is recommended and
the resistor value selected from foge =0.45/RC. However,
" when the converter is used to its full potential (4% digits and
10xV resolution) a ¢rystal oscillater is recommended 1o pre-
vent thé noise from incredsing as the input signal is incréased
due to frequency jitter of the R-C oscillator. Both R-C and
- erystal oscillator cirguits are shown in Figure 13.

|
cL7zg |
!
——

120kHz

Figure 13. RC and Crystal Oscillater Circuits

POWERING THE ICL7129

The ICL7129. may be operated as a battery powered hand-held
instrument or integrated into larger systems that have more
sophisticated power suppiies. Figures, 14, 15, and 16 show
various powering modes that may be used with the ICL7128.

The standard battery connection using & 9V battery is shown
on the front page of this data sheet.

The power connection for systems with + 5V and - BV sup-
plies available is shown in Figure 14. Notice that meas-
urements are with respect to ground. COMMON is not con-
‘nected to INPUT LO but is used only as a pre-regulator for the
external voltage reference.

Downloaded from Elcodis.com electronic components distributor
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It is important to notice that in Figure 14, digitai ground of the
IGL7128(DGND pin 36} is not directly connected to power sup-
ply ground. DGND is set internally to approximately 5V less
than the V* terminal and is not intended to be used as a
power input pin. It may be used as the ground reference for
external logic, as shown in Figure 5 and 6. In Figure 5, DGND
is used as the negative supply rail for external logic provided
that the supply current for the external iogic does not cause

. excessive loading on DGND. The DGND output can be buf-
. fered as shown in Figure 6. Here, the logic supply current ist

“shunted away from thé ICL7129. keepmg the load on DGND
tow. This treatment of the DGND output is necessary to in-
sure cornpatibility when the external logic is used to inter-
face directly with the logic inputs and outputs of the ICLY129.

+5Y
o
AR A
L b i
24
=2 ‘
_ Vaer i |2 ICLB0GS
p— 071 <
Rer Lo |32
0.4¢F (CL7128
35 28
J_—-—| I—— DGND COM
- INHI %——vw—o +
| "
DAxF ol 'f
v
23

-5V

Figure 14. Powering the ICL7129 from +5V and —5V Power
Supplies

When a battery voltage between 3.8V and 7V is desired for
operatlon avoltage doubllng circuit should be-used 1o bring
the voltage on the ICL7129 vp 1o a level within the power sup-
ply voltage range. This operating mode is shown in Figure 15.

24
v* Rer|24,
. L ) HI
- . : . RerLofE
~Ze 2BV TD Y |
<T , 3l hanp  com P
|8 IcLyi29 . )
2 IN H1 - g _L‘v‘v‘v_‘o +
o+ h Vin
| 1 10,F tg a2 I . o-
.3 lctfssu Q— y— b
_ 23
5
10uF
i1
+11
Figure 15. Powering the ICL7129 from a 3.8V to 6V Battery
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Again reasurements are made with respect to COMMON
since the entire system is floating. Voltage doubling is ac-
cofiplished by using -an ICL7660 CMOS voltage converter
and twa inexpénsive electrolytic capacitors. The same princi-
ple applies in Figure 16 where the ICL7129 is being used in a
systém with only a single +5V power supply. Here
measurements are made with respect to power supply
groeund.

A single polarity power supply can be used to power the
ICLT12¢ in applications where battery operation is not ap-
propriate or convenient only if thé nower siipply is isolated
from system ground. Measurements must be made with
respect to COMMON o some other voltage within its input
‘common-mode range.

VOLTAGE REFERENCES

The COMMON output of the ICL7129 has a temperature coef-
ficient of = 80ppm/°C typically. This voitage is only suitable

BINTERSIL

as a reference voltage for-applications where ambient-tem-
perature variations are expected to be minimal. When the
ICL7129 is used in most environments, other voltage refer-
ences should be considered. The diagram on the front page
of this data sheet shows the ICLB0G® 1.2V band-gap voltage
source used as the reference for the ICL7129 and the COM-
MON output as its pre-regulator. The reference voltage for the
ICL7129 is set to 1.000V for both 2V and 200mV full-scale
operation.

Figures 17 and 18 show two .other methods for generating
preeision references that are compatible with the IGL7129.
Both reference voltage and input voltage are connectéed to
power supply ground. The use of a 6.2V reference diode is
shown in Figure 18. The voltage drop across R¢=28V to

.minimize rollover error caused by stray capacitance.charging

ordischarging the reference capacitor. The reference voltage -
in this case is taken with respect to V* and is adjusted with
the trim potentiometer connected to REF LO (pin 35).

+5V 0 <
g 24
. - w0 T4 w+
: v 34 o ICLB06S
a5
0.44F
4 I__as icLrzs |28
8 1 N
P 2o
) + ” ViN
10uF _ —5-
3 ouzeso | - v J_
‘ z L :
5 -
104F
| '__
+
o )

Figure 16. Powering the ICL7129 from

V+
A
.5 s
124
REF HI REFERENCE
[CL7129 : ‘
35 4
'‘REF LG
com{Z——| ;
IN'HI 3 . IM_O +
— Vin
. iN LO 2 . i_ - O -
123 =
v
V- ) )
Figure 17, Using a Heated-Subistrate 1.000V Reference with the
ICL7T129 .
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a Single Polarity Power Supply

v+
A

24

" BEFHI s2v

REF LD
ICLT129

IN HI

AN O +

- e - ViN
INLO _L[ o -

k4
v-

Figure 18. Using a 6.2V Relerence Diode with the ICL7120
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FEATURES

» 14.bit linearity (0.003% FSR)
* No gain adjustment necessary

¢ Microprocessor-compatible with double buftefed

inputs

e Bipolar application requires no exira adiustments

or external resistors

Low power dissipation
Full four-quadrant multiplication
Full temperature range operation

Output current settling-time 3,5 max {0.9us typ)
Low linearity and gain temperature coefficients

ICL7134
- 14-Bit yP-Compatible
'Muitiplying D/A Converter

GENERAL DESCRIPTION

The ICL7134 combines-a four-quadrant multiplying DAC
using thin film resistors and CMOS circuitry with an on-chip
PROM-controlled correction circuit to achieve trug 14-bit
linearity without laser trimming.

Microprocessor bus interfacing is eased by standard
memory WRite cycle timing and ¢ontrol signal use. Two input -
buffer registers are separately loaded with the 8 least signifi-
cant bits {LS register) and the & most significant bits (MS
register), Their contents are then transferred to the 14-bit
DAC register, which controls the output switches. The DAC
register can also be loaded directly from the data inputs, in
which case the registers are transparent.

The ICL7134 is supplied in two versions. The ICL7134U is pro-
grammed-for unipolar operation while the ICL7134B is pro-
grammed for bipolar applications. The Vggg input to the most
significant bit of the DAC is separated from the reference in-
put to the remnainder of the ladder. For unipolar use, the two
reference.inputs are tied together, while for bipolar operation,
the polarity of the MSB reference is reversed, giving the DAGC
a true 2's: coriplement input transfer function. Two resistars
which facilitate the refererice inversion are included on the
chip, 50 only an external op-amp is needad. The PROM is
caded to correct for errors in these resistors as well as thein-
version of the M3B.

PIN CONFIGURATION

(LS bg [3] 26] v
be [F  Eon
D: [5] 2] AGNDs
Ds [8] 23] AGNDF
s {7 |22] banD
N % ICL7434 & oo
De E @ VeFM
D7 E E Rinv
Dg E ' _1‘_*1[‘ VRFL
Ds [12] [17] PrOG
D [13] 18] D1 sE)
Dyy E : E D1z

{outline dwg JI)

ORDERING INFORMATION
NON-LINEARITY TEMPERATUR.E. B.ANGE
0°C to +70°C =-25°C to +85°C -55°Cto +125°C
Bipolar Versions .

L. 0.01% {12:bit) ICL7134BJGCJt ICL7134BJII ICL7134BJMJI
0.006% (13-bit) IGL7134BKCJI ICL7134BKIJI ICL7134BKMJI
0.003% (14-bit} ICL7134BLCYI IGL7134BLIJI ICL7434BLMN

Unipolar Versions )
0.01% (12-_bit} ICL7134UJCHI ICL7134UJ11 ICL7134UJMJ|
0.006% (13-bit) ICLT134UKCJI IGL7134UKII ICL7134UKMJI
0.003% (14-bit) ICL7134ULCYI |CL7134L 141 ICL7134ULM.JI

_Package: 28-pin CERDIP only

Downloaded from Elcodis.com electronic components distributor
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ABSOLUTE MAXIMUM RATINGS (note 1)

Supply Voltage(V* 10DGND) ............. —-0.3V{0o7.5v Storage Temperature Range . . . . ... ..... —85°Cto +150°C
VnFL,Vﬂpm, Riny, RpgtaDGND ... ..o + 25V PowerDissipation(Note2} ..................... 500mw
lour AGNDE, AGNDg .. ..o oe e ve s aes -0vtovt Derate Linearly Above 70°C @ 10mw/°C .
Current In AGNDg, AGNDE. " ..o v eeeirenninns, 25mA Lead Temperature{Soldering, 10 seconds}....... ~ .. 300°C
An,Dn, WR,CS,PROG.............. —0avVtovT +0.3v '
Qperating Temperature Range : _

Lo BT 0o 0°Cto +70°C Note 1: All voltages with respect to DGND.

ICL7134XX] o . -20_°Cto +85°C Note 2; Assumes all leads scldered or welded to printed circuit

ICL7A34XXM ..o oo .. P =55*Cto +125°C board.

Stresses above (hose listed undar “Absolute Maximum Ratings™ may cause permanent damage to the dep{f‘ce. These are stress ratings only
and functional operation of the device at these or any other conditions above those indicated in the operdtional sections of the specifica-
tions is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device refiability.

OPERATING CHARACTERISTICS (V¥ =5V, Vpge =10V, Ty = + 25°C unless otherwise specified.)

LIMITS
PARAMETER SYMBOL TEST CONDITIONS -~ — — — UNIT
. MIN TYP MAX '
Resglution ) 14 Bits
Non-Linearity J | Test Figure 1 0010 | % FSR
K {Notes 1 and 2} 0.006 % FSR
L 0.003 % FSR
Non-kinearity Temperaturé_coef_ficieht Operating Temperature Range 1 2 . ppmi°C
1 Gain Error J - Test Figure 1 0.020 % FSR
K {Notes 1 and 2) ] | ooz % FSR
L _ | ©.008 % FSR
Gain Error Temperature Goefficient _ 3 ) 2 8 ppmi*C
Monotonicity 1 d 14 Bits
! | K - 14 Bits
L . 14 ' Bits
Ayt Leakage Current : larck Ta= +256°C ‘ 10 A
' QOperating Temperature Range 50
Power Supply Rejection { PSRR |[Ta= +25°C, avt = = 10% 1 50 v
. Operating Temperature Range 100 PRMIY
Qutput Current Settling Time : 0.9 3 u§
Feedthrough Error ICL7134U ’ VHE# = =10V, 2kHz Sinewave 250 : Vo-
ICL7134B B . KVPp )
Reference Inpl_Jt Resistance ZngF | VReL = Vrriv (Unipolar Mode) 4.0 10 ke
Qutput Capactiance . 1 Cour DAG Registar=All 0's ‘ 160 E
: DAG Register=All s Z35 P
Output Noise ’ ‘Equivalent-Johnson Res. . 7 kQ
Low State Input VinL Operating Temperature- Range . ' 0.8
High S;aie Input ViNH Operating Temperature Range 2.4 v
[ Logic Input Current _ hin DsViy<v? i 10 wh
Logic Input Gapagitance B {Note 3) _ : 15 - pF
Supply Voltage Range vt Functional Opegration T 35 8.0 i v
Supply Current * | (Excluding Ladder) | - 0.06 0.5 mA.
Long Term Stability 1000 Hours, +125°C {Note 3) <10 - ppmivmonth

Note 1: Full-Scale Range (FSR) is 10V for unipolar mode, 20V { % 10V} for bipalar mode.
Note 2: Using internal feedback and reference inverting resistors.
Note 3: Guaranteed by design, not 100% tested in production.
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AC GHARACTERlSTICS (V;" =5V, see Timing Diagram)

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNIT -
Address-WRite Set-Up Time (Min) s _ _. _ o |
Address-WRite Hold Time (Min) L tawn - | o
Chip Select-WRite Set-Up Time (Min) tows ) B 0
Chip Select-WRite Hold Time (Min) fown : 0 ns
WRite Pulse Width Low (Min) twr ' ' 200
Data-WHite Set-Up Time (Min) tows ' "." T 200
Data-WRite Hold Time (Min) town ' 6

" DEFINITION OF TERMS

NONLINEARITY: Error contributed by deviation of the DAC
transfer function from a straight line function between end-
points, Normally expressed as a percentage of fuli scale
tange. For a mulliplying DAC, this §hould hold true over the
taws — tawn _ entire Vper range.

RESCOLUTICN: Value of the LSB. For example, a unipolar
converter with n bits has a resdlution of (2" (Vpee). A
bipolar converter of n bits has a resolution of [2~ O~ U1V aee].
Resolution in no way implies linearity.

[rateminm O W i
Dy DATA : DATA VALID )E- ------ 5 SETTLING TIME: Time.required for the output function of the
- DAC to settle to within 1/2 LSB for-a given digital input
stimulus, i.e., 0 io full-scale.
Timing Diagram GAIN: Ratio of the DAC’s operational amplifier output voli-
: age to the nominal input-voltage value.

FEEDTHROUGH ERROR: Error caused by capacitive cou-
pling from Vper to output with all switches OFF.

Ag Ay ADDRESS VALID, STABLE

Tabla 1. Pin Assignment and Function Description

PIN SYMBOL DESCRIPTION PIN SYMBOL - DESCRIPTION

1 cs Chip Select {active low). ) 7 PROG Used for programming only. Tie to
] L Enables register write. + 5V for normal operation.
2 WR WRite, (active low). Writes'in S IET] VaeL Vrer for lower bits.
. register. Equivalent to CS. 19 Rinv Summing node for reference inverting
3 Dy Bit ¢ | Least significant. : | amplifier
4 D, TBit1 |~ 20 Verw Vrer For MSB only (bipolar),
5 D, Bit 2 21 " Bre | Feedback resistor for voltage output
) Dy Bit3 | 8 ) | applicaticns,
7 D4 Bit 2 22 DGND . Digital GrouND return.
3 B BiS Input 23 AGNDy Analag GrouND force line. Use to
g Ds . BitE Data ) ‘ carry current from intemat.Analog
Ds v Bits ' ) . | GrouND connections. Tied internally
19 L Bit (High=Trug) ' . __| o AGNDs. _
11 P . Bit 8 24 . AGNDg - Analog GroulND sense line, Reference
12 Dy Bit 9 : . : : point for external circuitry. Pin.should
13 Dy | Bit10 ' carry minimal current; tied internally
14 Dy Bit 11 td AGNDE. _
15 Dz Bit 12 : 25 lour Current output pin.
16 Dia Bit 13 | Most significant. | 26 vt |._Positive supply voltage.
. LA AddTess T 1 ontrol register lines
28 | Ag ~ Address 0
4-88
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ICL7134 | | .

TEST CIRCUITS (Unipolar operation stiown)

VREE +85Y

T

VRFL VRrm PROG w+
81T 1{MSE)
¥ 1012 HFB_
1487 | ’ lout
BINARY | = ICLTI34U
COUNTER A
loma |, acnos ;
3| Do AGNDE
TS WRDAND Ap, A
l JLIL i L LINEARITY
CLOCK = — EAROR
¥rer * 100
| BIT1
mse o 10k
BIT14, 16-BIT 0.001%
BITi5, REFERENCE MMy
BT 16, Dac
f7
- . Figuré 1. Non-Linearity -
T UNGROUNDED .
+5¢ ——0 | SINE WAVE
o | ceneraTor S00RD ‘ /
40Hz 2Vpp T WA—
. K
VREF + 10V 001% )
{ADJUST FGR 1 T —A\Wyr p -
VERAoA =0Vpe) | Veanom
- Vir, VAR v Haze0e x 100
BIT 13 (MSB
+ 5\ T » D13 Rra gﬁﬁ% *
‘ . lout
! o leurisay HA2800
| AGNDg
| »| o © AGND I
eronsE | o uF
G5 WR DOND A&y Ay
Figure 2. Power Supply Rejection
VREF =20Vp-p 2kH2 +5V ' . . +5¥ . NG
\SINE WAYE o . 11t 0.009% SETTLI
- |—+ VrEr 1-“—-—1—| —  EXTRAPOLATE 540 g2, SETTLING
YRrL VAFM BROG v+ : o . Vir., Vrem v+ PROG 4 100my OSCILLOSCOPE
BIT 13 {MSE) B . . +W - ML Brsmse ) el A
T | Dag Fa ov *| D1 Igur -
| DIGITAL INPUT I » ]
ICL7134 . laur Rre
. AGNDs | Vour | L7132
- p . AGNDp ‘ i AGNDs |—.
Broise| > : | oo AGNDY -
' €S WR DGND Ag A1 ' : : ' - mouse | ¢ : -
: [ } T ' : DGND_ SCHOTTKY
' - - o : i DIODES
7 ) r ) : = = . . . A7 =

Figure 3. Feedthrough Error o - Flgurs 4. Output Current Settlirig Time
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ICL7134
FUNCTIONAL DIAGRAM
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VRFM
Rirey

PROM

G-DAC

—O lour

— AGNDs
L0 AGNDF

C-DAC

DECODE; PROM

14-BIT DAC REGISTER

——0 A1

| REGISTER

—._o
ADDRESS Ao

8-BIT LS REGISTER

88688680

Op = « » » » o Dy

—————————0¢cs
Emm——“ ]

SELEGT

B-BIT M5 REGISTER

5564388

Dg ¢ « & oDy

Figure 5. ICL7434 Functional Diagram

DETAILED DESCRIPTION

The IGL7134 consists of a 14-bit primary DAC, two PROM con-
trolled correction DAGCs, input buffer registers, and
microprocessor interface logic (Figure 5). The 14-bit primary
DAC is an R-2R thin film resistor ladder with N-channet MOS
SPDT current steering switches. Precise balancing of the
switch resistances, and all other resistances in the ladder,
results in excallent temperature stability,

True 14-bit linearity Is achieved by programming a floating
polysilicon gate PROM array which controls two correction
DAG circuits. A 6-bit gain correction DAC, or G-DAC, diverts
up.to 2% of the feedback resistor's current to Analog
GrouND and reduces the galn error 1o less than 1 LSB, or
0.006%. The 5 maost significant outputs of the DAC reqgister
address a 31-word PROM array that controls a 12-bit linearity
correction DAC, or G-DAC. For every comhbination of ‘the
primary DAC's 5 most significant bits, a different C-DAC
code is selected. This allows correction of superposition
errors, caused. by bit interaction on the primary resistor lad-
der's current output bus-and by voltage non-linearity in the
feedback resistor. Superposition errors cannot be corrected
by any method which corrects individual bits only, such as
laser trimming. Since the PROM programming occurs in
packaged form, it corrects for résistor shifts caused by the
thermal stresses of packaging. These packaging shifts fimit
the accuracy that can be achieved using wafer level correc-
tion methods such as laser trimming, which has also been
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found to degrade the time stability of thin film resistors at the

. 14-hit level.
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Analog Section

The IGL7134 inherently provides both unipolar and bipolar
operation. The bipolar application circuit (Figure 6) requires
one additiohal op-amp but no external resistors. The two on-'
chip resistors, Ryt and Rynyz, together with the op-amp,
form a voltage inverter which drives the MSB reference ter-
minal, Vgps, o —Viaee, where Viger is the voltage applied at
the less significant bits’ reference terminal, VgL, This
reverses the weight of the MSB, and gives the DAC a2’s com-
plement transfer function. The op-amp and reference con-
nectionto Vrew and VreL can be reversed, without affecting
linearity, but a small gain error will be introduced. For
unipolar operation the Vrey and Vre, terminals are both tied
to Vaer, and the Ry pin is left unconnected. :

Since the PROM correction codes required are different for
bipolar and unipolar operation, the ICL7134 is available in
two different versions: the ICL7134U, which is corrected for
unipeiar operation, and the ICL7134B, which is programmed
for bipolar application. The feedback resistance is also dif-
ferent in the two versions, and is switched under PROM con-
trol from ‘R’ in the unipolar device to ‘2R’ in the bipolar part.
These feedback resistors have a dummy {always ON) switch
in series to compensate for the effect of the ladder switches.
This greatly improves the gain temperature coefficient and
the power supply rejection of the davice. '
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ICL7134

Digital Section
Two levels of input buffer registersaliow loading of data from

an 8-bit or 16-bit data bus. The Ap and Aq pins select one of

four operations: 1) load the LS-buffer register with the data at
inputs Dg to Dy; 2) load the MS-buffer registerwith the data at
inputs Da 10 D4s; 3) load the DAC register with the contents of
the:MS and Ls-buffer registers and 4) load the DAG reg|ster

directly from the data input ping (see Table 2} The C3and .

WR pins must be iow to allow data transfers to ocour. When
direct loading is selected (TS, WR, Ag and A4 low) the regis-
ters are transparent, and the data input pins control the DAG
output directly. The other modes of operation allow double
buffered loading of the DAC from an 8-bit bus.

These input data pins-are also used to program the PROM
under control of the PROG pin. This is done in manufacturing,
and for normal read-only usa the PROG pin should bé tied to
vt (+5v),

Table 2. Data Loading Controls

CONTROL I/P R
. 4L LA 1CL7134 OPERATION
A | A, | G5 | WR :

| Mo operation, device not selected.

Load all registers from data bus.
Load LS register from data bus.
Load MS register from data bus.

" Load DAC regls{er from MS and LS
ragister, -

—=|al o] x|
o =] QO XX

o |olo]lofalx
o |o|lo| o] xl=

—
—

Mote: Data is latched on LO-HI transition of either 'W'Ft.lor cs.-

Vier IN

-

™
REST OF
LADDER

& layt
1

Figure 6. Bipolar Operation, with inverted Yper to MSB
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APPLICATIONS

- General Recommendations

Ground Loops

Careful consideration must be gwen to ground loops in any:
14-bit accuracy system. The current into the analog ground
point inside the chip.varigs significantly with the Input code
value, and the inevitable resistances between this point and
any external connection point can iead to significant voitage
drop effors. For this reason, two separate leads are brought
out from this point on theIC, the AGNDg and AGNDs pins.
Thé varying-current should-be absorbed through the AGNDg
pin, and the AGNDg pin will then accuratety reflect the
voltage on the internal current surmnming point, as shownm in
Figure 7. Thus output signals should be referenced to the
sense pin AGNDg, as shown in the various appllcation'
clrcuits.

Opeorational Amplifier Selection

To'maintain static accuracy, the oyt potential must be exact- |
ly equal to the AGNDg potential. Thus output amplifier selec- |
tion is critical, in particular low input bias current (less than
2nA), low offset voltage drift (depending on the temperature
range)and low offset voltage(less than 25xV) are advisable if
the highest.accuracy is needed. Maintaining a.low input off-
set over 2 0V to 10V range also requires that the.output ampli-
fier has a high open loop gain {Ayg; > 400k for effectwe input
offset less than 25uV).

TRUE OIP NODE
A
lour

LEAD
RESISTANCE

GROUND TO
AGNPS REMAINDER
OF ANALOG

LEAD
RESISTANGE  SYSTEM
Iono

LEAD
TRUE ANALOG =
GROUND POINT RESISTANGE =

Figure 7. Eliniinating Ground Loops
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ICL7134.

The reference inverting amplifier used in the bipolarmode cir-
cuit must also be selected carefuily. If 14-bit accuracy is
desired without adjustment, low input bias current {less than
1nA), low offset voitage {less than 50xV), and high gain
{(greater than 400Kk) are recommended. If a fixed reference
voltage is used, the gain requirement can be.relaxed. For
highest accuracy (better than 13 bits), an additional op- amp
may be heeded to correct for IR drop on the Analog-GrouND
line {op-amp Az in Figure 9). This- op-amip should be selected
for low bias current {less than 2nA) -ahd: Tow: offset voltage
(Iess ﬂ'ran 50pV)

EIN=RSIL

necessary with certain high speed amplifiers. For applica-
tions where the output reference ground.peint is established
somewhere other than at the DAC, the circuit of Figure 9 can
be used. Here, op-amp Az removes the slight error due to IR
voltage drop between the.internal Analog GrouND node and
the external ground connection. For 13-bit or lower accuracy,
omit Ay and-connect AGNDg and AGNDS direclly to ground

. through as low a resistance as posmble

The op amp requnements can be readily met by use of an
ICL7850- chopper stabilized device. For faster settling time,

an. HA26X)Lcan beused with an ICL7650 provrdmg automatic
offset nuil (see A053 for. detalls) .

The output amplifier's non-inverting input should be tied
directly to AGNDs. A bias current compensation resistor is of
Iimited use-sincethe output impedance at the summing node
depends on the céde being converted in an unpredictable
way. If galn adjustment is required, low tempco (approxi:
mately S0ppmi°C) resistors or trim-pots'should be selected.

- Power Supplias

" Thig V+ {pin 25} power supply shpuld have a !ow noise-level,

and no transients exceeding 7 volts. Note that the absolute ’

maximumn' digital input voltage allowed is V¥, which

thereforemust be applied before digital inputs aré allowed to

go high. Unused digital inputs most be connected to:GND or
for proper operatlon

1

Umpolar Binary Operatron (ICL7134U)

The circuit configuration for unipolar mode cperation
{ICL71341) is shown In Figure 8. With positive and negative
VRer values the circuit is capable of two-quadrant multipiica-
tion. The “digital input codefanalog cutput value” table for
unipolar modé is given in Table 3. The Schottky diode
(HP5082-2811 or equivalent) protacts |yt from negative ex-
cursions which could damage the device,-and is only

+5¥

Veer IN
|1s |19 izu | 28

VarL Ainy Yarw vt

Dia (SR
D4z

- 18]
o—»

o— 1

fre

lout

pasa |

INFUTS ICLA3an

— — AGNDg
= = AGNDF
OGND

Dy ('-SB'}<'
PROG

WA _C8_ A

e e

Figure 8, Unipolar Binary, Two-Quadrant Multiplying Circuit
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Table 3. Code Table.-Unjpala Binary Operation

| ANALOG OUTPUT
1 = Vreplt = 1/2%
— Vrep(1/2 + 1721

DIGITAL INFUT
111111111491111
10000000000001

1‘00‘00\000'0'0 0000 _VREF;z
1011111441141 1] =Vpge(ti2—1/214
0D0CO00D0C00000T [ —Vage(1/2¥)
0000000000000 0
Zero Offset. Adjuslment
1. Connectalldatamputsand WR, CS yApand Ay to-DGND.

2, Ad]LISt offset zerc-adjust tnm -pot of the operatlonal
amplifier Az, |f used, for a mammum of OV :t50,uV at

AGNDsg,

. 'Adjust the otfset 'zéro-adjust trirh-pot of the oirtput op-
amp, A, for a maximum of OV £ 50,V at Vour.

Gain Adjustment (Optlunal)

1., Connect all data inputs to V¥, connect WR, CS, Agand A,
to DGND.

. Monitor Vour for a — Veer (1 ~ 172" reading.

3. Todecrease Voyr, connect a series resistor of 100Q or less
between the reference voltage and the Ve and Var ter-
minals (pins 20 and 18).

. Toincrease Voyr, connect a series resistor of 100R or less
between Ay output and the Rgg terminal (pin 21).

-
+5V

Vrer IN -
’ 8. |18 @ ]z

VRFL ANy VeFw

D13 {MSB)
D12

(=

o5

Fi

Rra

lout

|
|
CATA
INPUTS i iCLr3au
|
i
|

7 — AGNDg
o/
{
A
Do (LSE) “ — AGNDF
{pROG" DGND 122
WR C5 A A

e

Flgure 9. Unipolar Binary Operation with Foreed Ground

o= 3|

+u- 1L

402
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ICL7134
Bipolar (2's Complement) Operation (ICL7134B})

The clrcult configuration for bipclar mode operation
(ICL7134B) i5s shown in Figure 10. Using 2's complement
digital input codes and positive and negative reference
vollage values, four-quadrant multiplication is obtained. The
“digital input codefanalog output vaiue” table for bipolar
mode is given in Table 4. Amplifier A, together with Internal
resistors Ryyyy and Rinye; forms a simple voltage inverter ¢ir-
cuit. The MSB ladder leg sees a reference input of approx-
imately —Vpge, o the MSB’s weight is reversed from the
polarity of the other bits. In addition, the ICL7134B's feed-
back resistance is switthed to 2R under PROM control, so
that the bipolar cutput range is +Vpeg to = Vaer (1 —1!213).
Again, the grounding arrangement of Figure 9 can be used, if
necessary.

Table 4. Code Tahie ~Bipolar (2’s Complement) Operation

DIGITAL INPUT ANALOG OUTPUT
0111111111111 1 [ —Vpeel1-1/29)
0000000000000 | —Vgge(12®)
00000000000000]0
F1111119111 1111 | Vage(121
10000000000001 | Vage(l —1279
10000000000000 | Vggr

Offset Adjustrment
1. Connect all data inputs and WR, CS, Ag and A, to DGND.

2. Adjust the offset zero-adjust trim-pot of the operational
amplifier Ap, if used, for a maximum of OV x50V at
AGNDg.

BINTERSIL
\JEI .

3. Set data to 00000....00. Adjust the'offset zero-adjust trim-
pot of the.output op-amp Ay, fora maximum of OV .+ 5Up.V
at Vour-

4. Connect Dy3 (MSB) data input to V™.

5. Adjust the offset zero-adest'trirn-pot of op-arhp Agfora
maximum of 0¥ =50uV at the Ry terminal (pin 19).

Gain Adjustment (Optional)

1. Connect WR, CS, Agand A to DGND.

2. Connect D, Dy...Dyzto VY, Dy3(MSB) to DGND.
3. Monitor Vot fora — Vper (1 — 1/2"% reading.
4

. Toincrease Vgyr, connect a series resistor of 200Q or less
between the A, output and the Reg terminal {pin 21).

5. To decrease Vgyr, connéct a series resistor of 1002 or
less between the reference voltage and the Ve terminal
(pin 18).

Processor Interfacing

The ease of interfacing to a processor can be seen from
Figure 11, which shows the ICL7134 connected to an 8035 or
any other MCS-48 processor such as an 8049. The data bus
feeds into both register inputs; three port lines, in combina-
tion with the WR line, control the byte-wide loading into
these registers and then the DAC register. A complete DAC
set-up requires 4 write instructions to the.port, to set up the
address and €5 lines, and 3 external data transfers, cne 2
dummy for the final transfer to the DAC register.

VREF IN
. +5V
18 19 20 25
VREL RwF\‘i VRFM y
Rinvi INV2
-—JVVV—'L—'\M—
. 16, 2
oO———¥| D13 (MSB} Rre
.15
O | D12
| 25
| lout
DATA | !
IN?UTS I ICL7134E
|
|
| . ] !
a . AGNDs [
;O--'L"—I'W (Do {LSEB) AGNDF __L
+5V——PROG i
WR OGS A adoNPlm

' Tz T1

i

bt

Figure 10. Bipolar {2's Complement), Four-Quadrant Multiplying Circuit
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ICL7134

A similar arrangement can be used with the MCS-80 system,
using an 8080A, 8228, and 8224 CPU set. Figure 12 showsthe
ciréuit, which can be arranged as a memiory-mapped inter-
face (using MEMW) or as an I/1Q-mapped interface (using
170 WRITE). See AD20 and RO05 for discussions of the rela-

.

tive merits of memory-mapped versus 1/Q-mapped interfac-.

ing, as well as some other ideas on interfacing with 8080
processors. The MCS-85 family 8085 processor has a very
similar interface, except that the control lines available are
slightly different, as shown in Figure 13. The decoding of the
IO/M line, which controls memory-mapped or |/O-mapped
operation, is arbitrary, and can be-omitted if not necessary.

+5Y oV
. +5V OV
Pitei7 |\ OTHER it
Pagas |— J VO PROG V* DGND
Pzs ©5
Vo6 Ap
P27 A1
1MBOC3S
IMBOCAR .
80sg DBo Dy
B — s
848 . . fen
Evc. . | I D
* b lout
" s jeLrise
RE7 — 1Dy AGNDs
WR ~ _Ti{;
- AGNDE __L
D3 =
WR

Figure 11. ICL7134 Interface to MCS-48 System. .

FRIINTNEIRS
BEINTERSIL

Neither the MC-680X nor MCS850X processor families. offer
specific 110 operations. Figure 14 shows a suitable interface
to gither of these systems, using adirect connection. Several
other decoding options can be used, depending on the other
control signals generated In the system. Note that the
MCS-850X family does not require VMA to be decoded with
the address lines. '

Figure 15 shows an interface to the Intérsil IME100 CMOS
microprocessor family using the IM&101 PIE to control the
data transfers. Here the data is read directly from the micro-
processor data bus in an 8-bit and a 6-bit word. The flag lines
control the data destination. '

Bo-1s ADDRESS BUS —
Ap-1
[ ADDRESS =
= DECODE R
Bo-r DEp-7 Dp-7
f g2728 1CL7134
LT T 11
a4 o+ > 7| De-1a
Iui_‘l . MEM
WR
O WRITE

Figure 12. Interface to MCS-80 System

Ag-15 [T :
16-BIT ADDRESS BUS wr E

ALE , b ] ==l
. ‘ _ az12 ‘\:> Ap- .
8088 b ADDRESS

¥ : ) DECODRE
10/ - » - »lCS
L7134

ADg-7 ¥ 8:BIT DATA BUS Dy-7

WA

' F [C]) Dg-13

Figure 13. MCS-85 System Interfaca
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ICL7134
Digital Feedthrough

All of the direct interfaces shown above can suffer from a
capacitive coupling problem. The 14 data pins, and 4 coritrol
pins, ali fied to active lines on a ricioprocessor bus, and in
close proximity to the sensitive DAC circuitry, can couple
pseudo-random spikes Into the analog output. Careful board
layout afd shieldiig can minirnize the problems (see PC
layout), and clearly wire-wrap type sockets should never be
used. Nevertheless, the inherent capacitance of the package
alone can lead to unacceptable digital feedthrough.in many
cases. The only solution is to keep the digital input lines as in-
active as possible. One easy way to'do thig'is to use the peri-
pheral interface circuitry available with all the systems
previously discussed. These generally allow only 8 bits to be
updated at any one time, but a littie ingenuity will avoid diffi-

1

J (2 ‘ >An-1
Ag-ne
ADDRESS N
. DECDDE *CS
_ VMA - ———ieed]
MC-580X
MCS-650X _DQ—L, L7134
Do [ DATA BUS Dg.y
& )| Da-1a

Figure 14. MCS-650X and MC-680X Families’

culties with DAC steps that would result from partial up-
dates. The problem can be solved for the MCS-48 family by
tying the 14 port lines to the data input| lines, with CS, Agand
A4 heid low, and using ohly the WR line to enter the data into
the DAC (as shown In Figure 18). WR is well separated from
the analog lines on the ICL7134, and is usually not a very ac-
tive line In MCS-48 systems. Additional “protection” can be
achieved by gating the processor WR line with another port
line. The heavy use of port lines can be alieviated by use of
the IMB2C43 port expander. The same type of technigue can
be employed in the MCS-80/85 systems by usmg an 8255 PIA
(peripheral interface adapter) (Figure 17) and in the MC-880X
and MCS-850X systems by using anMGC-6820 (MGS-6520) PIA.

"~ 32.BIT DATABUS 1
Dg-13 &
Doz | & 146109 IME700
L7134 CMOS CMOS
. & PIE P
WR |+ WRITE -
} FLAG FLAG
Aq bl 2
T : § CONTROL BUS 3

Figure 15. 1CL7134 to IME100 Interface Using IM6101 PIE

Interface te ICL7134
cs
Ap
' ' rE )
" B
P17 | @) LTS
IMB0C35, T2
80rC)a8, (14) Dp-1a
ETC |
Pan-2s | (B)
Pz —!‘l""-. —_—
VRp—o TR
OPTIONAL
GATE
{SEE TEXT)

Figure 16. Avoiding Digital Feedthrough
in an MCS5-48 to ICL7134 Interface

P
: P12 <E > INTERSIL
IMBOCAS |
ANALOG 8255 INTEL
CIRGUIT ::) IeLr1a4 (MOTDE) 8080
Bra [{ @ |PBive E—?—%‘i
Ag A1 TS WR PCr PCs.
77 AANr

Figure 17. 1CL7134 to MCS-48, -80, -85 Interface with Low Feedthrough
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ICL7134

Successive Approximation A/D Converters

Figure 18 shows anICL7134B-baged clrcmt forabipolarinput

high speed A/D converter, using two AM25L03s to form a
14-bit successive approximation reg|ster The comparator is
a two-stage circuiit with an HA2805 front-end amplifier; Used

‘to reduce settling time problems at-the summing node (see’

AD20). Cafeful offset-nuliing of this ampln‘ler is needed, and if
‘Wwidé temperature range operation is desired, an auto-null ¢ir-
cuit using an ICL7650 is probably advisable’ {see AO53). The
clock, using two Schmitt triggér TTL gates, funs at'a slower
rate for the flrst 38 blts, where settlmg-tume is mogt cr|t|cal

BINTERSIL

than for the last 6 bits. The short-cycle line is shown tied fo
the 15th bit; if fewer bits are required, it can be moved up ac-
cordingly. The circuit will free-run if the HOLD/RUN input is

held iow, but wili stop after completmg aconversioniif the pin

is high at that time. A low-going pulse will restart it. The
STATUS output indicates when the device is operatlng, and
the falling edge indicates the avallablllty of new data. A
unipolar version may be constructed by tylng the' MSB (Dy3)

on an ICL7134U to pin 14 on the first AM25L03; deleting the

reference inversion amplifier A4, and tying Ve to Ve -

0 Vin & —— @ HEZ0,
itli .
y L
\ ST 4 ——"
>V HP2800
24 36 7] 21| 25§
5 DGND VR Riyy VRmAGNDs PROG V¥ AGNDE Reg ' louT
WR 1CL71348 :
| Ao : = 15v
M ss : LSB -
. LSB + 6V
16115/14]13]12]11]10| 9 576543.4.]
| o
o,
»)
o
‘— = o
= — o
1NB27A ©
0
0
]
o)
o
—Ose
ye B
~15v’ 15 113[42(11] 6] 5| 4] % 14 l13[12]11| 8] 5] 4 N+D
+5Y 1?1 mos-....ooﬁ- 1E Q7 e = « = = |16 LBV
al AM25L03 . 5 AM25L03 8 :
— cp [+]2) _ _ SHORT
|7 S ] b s cC | CYCLE
7 10 7] EE T LINE
. >
1N4148
HOLD/AON ©
O STATUS

Figure 18, Successive Approximation A/D Converter

'
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ICL7134
PC BOARD LAYOUT ‘

Great cdre should be taken in the board layout to minimize
ground Ioop and sImilar “hidden resistor” problems, as well
as to minimize digital signal feedthrough, A suitable layout
for the immediate vicinity of the ICL7134 is shown In
Figure 19, and may be used as a guide.

' APPLICATION NOTES . .
Some applications bulleting that may be: found useful are
listed here: .
AD16 “Selecting A/D Gonverters " by Dave Fullagar

A7 “The .lntegrat_ing AID Gonverter,” by Lee Evans. -

v 'Sl

“Vier

Vairy

AUND

(a) Pnntad Circuit SIdB of Card {Single Sided Board)

ANALDG
GQROUND
-

. BINTERSIL

“No's and Dont's of Applying A/D Converters,” by

Peter Bradshaw and Skip Osgood.

“A Cookbook Approach to-High Speed Data Acqulsi-

tion and Microprocessor Interfacing,” by Ed Sliger.

“Power A/D Converters- Using the ICH8510,” by Dick

Wilenken.

“The 1CL7104-—A Binary Output A/D Converter for

Microprocessors,” by Peter Bradshaw. '

ROD5 “Interfacing Data Gonverters & Mlcroprocessors ” by
Peter Bradshaw et al, Electronics Dec 9, 1976,

Most of these are available in the ‘Intersil Data Acqmsmon

Handbook, together with other materlal '

A018
A020
A021

A030

mﬂ_m_ljﬂm J BIGITAL
i | GL785D
\ 1";\.}

ANALOG
GROUND
IN

Ifsr'\

DGND
I\DDnEs:’

{b) Top Side w‘ith thpbnent Placement

Figure 19. Printed Clrcull Board Layoul {Bipolar Ciréuit, ses Figure 10)
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FEATURES
¢ Accuracy guaranteed to -1 count over
120,000 counts (2. 0000 volts full scale).

1 pA typical input current
True differential input

Single reference voltage required

auto- -ranging capability

o All outputs TTL compatible

» Blinking display gives visual indlcation
range

complex zircuitry
j * Multiplexed BCD output versatility

entlre

Guaranteed zero readlng for 0 volts Inpul

True polarity at zero count for precise null detection

Over-range and under-range-signals avallable for

of over-

_ * Six auxillary inputs/outputs are available for
interfacing to UARTS; mlcroprocessors or other

ICL7135
Precision 42 Digit Single Chip
A/D Converter

‘GENERAL DESCFIIPTION

The Intersil ICL7135 precision A/D’ converter, with “its
multiplexed BCD.output and digit drivers; combines dual-
slope conversion reliability with *1 in 20,000 countaccuracy
and is ideally suited for the visual display DVM/DPM market.
The 2.0000V full scale capability, auto-zero and auto-polarity
are combined with true ratiometric operation, almost ideal
differential linearity and true differential input. Al necessary
active devices are contained on a single CMOS 1.C., with the
exception of display drivers, reference, and a clock.

The Intersil ICL7135 brings together an unprecedented
combination of high accuracy, versatility, and true economy.
High accuracy like autg-zero to less than 10uV, zero drift of
less than 1uV/°C, input bias currént of 10 pA max., and
rollover error of less than one ‘count. The versatility of
multiplexed BCD- outputs is ‘increaset_':'l'--by the addition of
several pins which allow it to operate in more sophisticated
systems. These include STROBE, OVERRANGE UNDER-
RANGE, RUN/HOLD and BUSY lines, maklng it. posmble to
interface the cirguit to-a microprocessor or UART.

SET Ve = 1.000V_ cLoCK
Vrer INO iN
120Kz
AN .
“égg o - | DISPLAY
L0 4T,uF 27( ANODE \ ‘
ov - =
100K TR0 . DRIVER N OO O
L7128 77 | ransisTons| A1 4 1 1
1D|]kﬂ
SIGNAL 108K " WF oo e
INPUT
pAsF
SEVEN
SEG.
DECODE

1CL7135 with LED Display

ORDERING INFORMATION PIN CONFIGURATIDN (Outllne dwgs JI, Pl)
V- 58] UNDERRANGE
REFERENCE [27] OVERRANGE
. ANALOG COMMON [3] 28 STROBE
Part Package Temp. Range | Order Part # iNT QUT [4] 25 R/A
7135| 28-Pin CERDIP - |0°C to +70°G| ICL7135C! auprAch: g % g'oG:TA'— GND
7135 28-Pin Plastic DIP j0°C to -70°C| ICL7135CPI REF. CAR.= IcL7135 172 cLock IN
Evaluation Kit REF. CAR. T [B] 2] BUsY
Evi (PC Board, ICL135EV! NLo (8] 20] (LsDy D1
KIT active, passive KIT IN HI [10] [19] D2
_ components) - v+ [ii] i8] D3
(Msp) D5 [121 117] D4
{LSB) B1 [13] [18] (MSB) BB
82 [14] 15] B4

Downloaded from Elcodis.com electronic components distributor

4-98



http://elcodis.com/parts/5800876/AD7533CD.html

ICL7135
ABSOLUTE MAXIMUM RATINGS

‘éfé)

INTERSIL

Power Dissipation (Note 2) Supply Voltage V+ ................................... +BY
Ceramic Package .......coeiomenmeineananns 1000 mW VT i -ov
Plastic Package ......... v b aaaaeae 800 mW Analog Input Voltage (either input:-(Note: 1) ..... Vito V-

Operating Temperature .......ooveiiiians 0°C to +70°C Reference Input Voitage (either inputt «......... Vito V™

Storage Temperature .........o0vvuen —656°C to +160°C .Clock Input ....................... wriihanene.. Gndto vt

Lead Temperature (Scldering, 10sec) ............ 300°C ' :

Note 1; Input voltages may exceed the supply voltages provided the input current is ||m|ted 1o +100uA.

Note 2; Dissipation rating assumes device is mourited with all |eads soldered 1o printed circuit board.

*COMMENT: Stresses above those listed under "Absolute Maximum Ratings” may cause permanent damage to the dewces This is a stress
rating onty and functionai operation of the devices at these or any other conditiens above those indicated in the operational sections of the
specifications is not implied. Exposure to abselute maximum rating conditions for extended periods may affect dewce rellablllty

ICL7135 ELECTRICAL CHARACTERISTICS (Note 1)

V* = + BY, V™ = — BV, Ta=25°C, Clock Frequency Set for 3 Readinngéc
CHARACTERISTICS _ SYMBOL CONDITIONS - MiN TYP MAX | UNITS
A Zero Input Reading ViN = 0.0V | —0,0000 | +0.0000 | +0.0000 Digital
N _ Full Seale=2000v | = | . ' Reading
A Ratiometric Reading (2) VIN = VRer +0.9998 | +0.9999 | +1.0000 | Digital
L . Full Scale = 2,000V - : ‘ Reading
(0] Linearity over & Fuli Scale - Digital
G {error of reading from -2V < Viy = 2V 05 1 ‘Count
best straight line) Error
Differential Linearity )
| {difference between worse -2V S ViN<S +3V. .Q1 LSB
case step of adjacent counts
and ideal step) '
Rollover error (Difference in Digital
reading for equal positive & —VIN= VN = 2V 0.5 1 Cdunt
riegative voltage near full scalel : : B Error
(Note 1) | Noise (P-P value rot T en ViN=0V :
(Note 2} | exceeded 95% of time) Full scale=2.000V | 15 » wv
lLeakage Current at Input ik, Vin=0v | I 10 A
| Zero Reading Drift MiN= 0V S 0.5 2 ;;W“C
— . . 0P =Ta=70°C |
| Scale Factor Temperature TG Vin =+2V -
Coefficient (3) : 0=TaAST0°C. 2 5 ppm/°GC
L e (ext. ref. 0 ppm/°Q0)
VINH, 28 22 Y
: : e . VINL 1.6 . 0.8
INPUTS] Clock In, Run/Hold, See Fig. 2 IinL ViN=0 - 0.02 o1 ‘mA
' NNH Vin = +5V ' 0.4 10 A
0 All Outputs VoL Igi. = 1.6ma 0.25 0.40 v
D U B1, Bz, B4, Ba - _ Von lgH =—1mA 24 42 .V
T [, D2, Da, D4, Ds :
(‘5 P BUSY, STROBE, Vor loH = ~10uA 49 499 V.
1 u OVER-RANGE, UNDER-RANGE
T g POLARITY | |
Als | %5V Supply Range v +4 +5 +6 v
- u ~5V Supply Range i _ -3 -5 -6 v
P | 5V Supply Current I . fg=0 1.4 an mA
P =5V Supply Gucrrent el =0 0.8 3.0
Y  Power Dissipation Capacitance Cpp’ vs. Clock Freq 40 pF
Clock| Clock Freq. (Note 4) ‘ (o]0 2000 1200 kHz
Note 1: Tested in 4-1/2 digit (20,000 count) circuit shown In Fig. 1, clock frequency 120kHz.

Note 2:
Note 3:

absorb the higher leakage of the 1CLT135.
Note 4

Clock Frequency" below for limitations onsthe clock frequency range in a system.
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Tested with a low dielectric absorption integrating capacitor. See Compuonent Selection Section, .
The temperature range can be extended to +70° G and beyond as long as the-auto<zero and reference capacitors are increased to

This specification relates to the clack frequency range over which the ICL7135 will correctly perform ;ts various functions. See "Max
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ICL7135
TEST CIRCUIT .

SET Vrer = 1.000V

v -~/ UNDERRANGE[z8]
REFERENCE OVERRANGE| '
ANALOG GND
INT. OUT

AZIN DIGITAL GND [2a]—0v

BUF OUT POLARITY|23] ciock

‘REF. CAP 1° CLOCK IN[22}-<IN ~ ~
| REF. CAP 2 pusy [z1] 126kHx

IN LO- LSD D+ | 20}

IN HI+ ICL7135 p2l19]

vt pafisl -

MSD D5 D4

LSE B M5B 58 |16]

: Figural 1: 7135 Tast Circuit-

DETAILED DESCRIPTION
.Analpg Section _

Figure 3 shows the Block Diagram of the Analog Section for
the ICL7135. Each médsirement ¢ycle is divided into four
phases. They are (1) auto-zero: (A-2Z), (2) signal integrate
{INT), (3 deintegrate (DE) and (4) zero integrator (Z1].

1. Auto-zero phase

During auto-~zero three things happen. First, Input high -
and low are disconnected from the pins and internally
shorted to analog COMMON. Secoind, the reférénge
capacitor is charged to the reference voltage.. Third, a
feedback loop is closed around the system-to charge the
aute-zZero capacitor Caz to.compensatefor offset voltages
in the buffer amplifier, integrator, and comparator. Since
the comparator is included in the loop, the A-Z accuracy
is limited only by the noise of the system. In any.case, the
offset referréd to the input is less than 10uV. :

- 2. signial Integrate phase
During signal-intagrate; the auto-zero loop is opened, the
internal short is removed, and the internal input high and

PAD .

Y%

DIG GND

Figure 2: 7135 Digital Logic Input
t

low are connected to the externai pins. The converterthen
integrates the differential voltage between IN Hl and IN
LO for a fixed time. This differential voltage can be within
a wide common mode range; within one volt of either
supply. If, on the other hand, the input signal has no return
with respect to the converter power supply, IN LO can be
tied to analog ‘COMMON io establish the correct
common-mode voitage, At the end of this phase, the
poiarity ot the integrated signal is latched into the polarity
F/F.

. De-Integrate phase

Thé Third phase is de-integrate, or reference integrate. in-
put Low is internally connected to analog COMMON and

..input high is connected across the previousty charged

reference capacitor. Cirguitry within the-chip ensures that
the capacitor will be connected with the correct polarity to

. cause the integrator output to return to zerc. The. time

required for the outputto return to zero is'proportional o
the input signal. Specifically the digital reading displayed
is 10,000 ( % I

17
CReF RinT

. Crert ; REF HI

b L —_

CreF BUFFER
8 |2 : ;_7

1

CAZ'L ' l Ciny
v AUTO :
1[: ZERO INT
11 5 T8
INTEGRATCR
. ZERD-
] : CROSSING |~
DETECTOR

NI FALE ®—

INT Z-t

ANaLos A o
COMMON

COMPARATOR

 pOLARITY
FF

INPUT
Low

N LO <|>9 &

v

4100
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ICL7135
4, Zero Integrator phase

_The final phase is zero integrator. Fifst, input low " is
shorted to analog COMMON. Second, a feedback loop is
closed around the system to input Righ 16 cause thé in-
tegrator output to returnto zero. Under normal cendition,
this phase lasts from 100 to 200 clock pulses, buiafter an
overrange conversion, it is extended to 6200 clotk
pulses. .

Differential input

The input can accept differential voltages anywhere within
the common mode range of the input amplifier; or
specifically from 0:5 volts below the positive supply to 1.0
velt above the negative supply. In this rangethe system bhas a
CMRR of 86 dB typical. However, since the integratoer also
swings with the common mote voltage. care must be
‘exercised to:assure the integrator output does not saturate.
A worst case condition would be a large positive common-
mode voitage with a near full-scale negative differentialinput
voltage. The negative input signal drives the integrator
positive when most of its swing has been used up by thé
positive  common modé voltage. ‘For these critical
applications the integrator swirg can be reduced to less
than the recommended 4V full scale swing with some loss
of accuracy. The integrator output can swing within 0.3 volts
of either supply without loss of linearity.

Analog COMMON

Analog COMMON is used as the input fow return during auto-
zero and de-integrate. If IN LQ. is différent from aralog
COMMON, a comman.mede voltage exists in the systemand
is taken care of by the excellent CMRR of the converter.
However, in most applications IN L& will be set at a fixed
known voltage (power supply cormmon for instance). in this
application,. analog COMMON should be tied to the same
point, thus removing the common mode valtage from the
converter, The reference voltage. |s referenced to analog
COMMON.,

Reference

The reference input must be:generated as a posmve voltage
with respect to COMMON, as shown in Fig. 4.

6.8 YOLT
.ZENER

REF HI —é T

7135

T ICLBOGY

1.2v
REFERENCE

REF HI
1135

COMMON ' l"z

Ny COMMON

A,
=

{a) &)

Figure 4: Using 4n External Reference

e
EINTERS L

DETAILED DESCRIPTION

Digital Section

Figure 5is theé Digital Section of the 7135. Itis identical to the
71C03 except that the 4-1/2/3-172 digit pin has been
eliminated (mask-opfion; consult factory). The 7135 includes
several pins which allow it to operate conveniently in more
sophisticated. systems. These include:

1. RUN/AGLD (Pin 25). When high (or open) the A/D will free-
rus with equally spaced measurement cycles every 40,002
clock pulses, If taken low, the converter will continue the full
measurement cycle that itis doing and therhold this reading
as long as R/H is held low. A short positive pulse (greater
than 300ns) will now Initiate a-new measurement cycle,
beginning with between 1 and 10, 001 counts of auto

zero. If the.pulse occurs beforé the full measurement cycle

(49,002 counts) is completed, it will not be recognized and

"the converter will simply complete the measurement it is
doing. An.external indication thata full measurement cycle

has been completed is that the first strobe pulse (see below)
will oceur 101 counts after the end of this cycle Thus, if
Run/Foldis low and has beén iow for at [east 101 counts, the
converter is hotding and ready to start a new measurement
when pulsed high.

2 STROBE {Pin 26). This i a negative goihg output pulse that
alds in transferrmg the BCD data to external latches, UARTS
or mloroprocessors There are 5 negative going STROBE
pulses that oceur in the center of each of the digit drive
puises and ocour onee and only onge for each measurement
cyclestarting 101 pules after the end ofthe fullmeasurement
cycle. Digit 5 (MSD) goes high atthe end of the measurement
cycle and stays an férf 201 counts. [n the center of this digit
pulse {to avoid race conditions betweern changing BCDand
digit drives) the first STROBE pulse goes negative for 1/2 clock
puise width, Similarly, after digit 5, digit 4 goes high {for 200
clock pulses) and 100 pulses iater the STROBE goes
negative for the second time. This continues through digit 1

1L.SD) wher'the fifth and last STROBE pulse is sent. The digit

drive will ¢ontinue to scan (unless the previous signal was

ovérrange) but no additional STROBE pulses will be sent
until 8 new'measurement is available.

vt J}POLARITY D5 D4 | b3 D2 Dt
b5 23 T T 18 T19 t20

M8 - TS5 |21
ANALOG: . B
SECTION : MULTIPLEXER F5PRq
Y ' 16 $$-BB
| [PoLaRITY ‘
FF _
ZERQ 1 ftit ttft Tt . |
CROSS, COUNTERS H
DET.
' |
- . CONTROL LOGIC ‘ I
. L I
B oo v sy < B

D]GIT.RL CLOCK RUN/ OVER' UNDER STROBE BUSY

GND N HOLD RANGE RANGE

Figure 5: Digital Section 7135
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3. BUSY (Pin 21). BUSY goes high at the beginning of signal
integrate and stays high until the first clock pulse after zero-

crossing (or after end of measurement in the case of an over-
range). The internal latches arfe enabled (.e., loaded
during the first clack puls# after busy and are latched atthe
end of this clock pulse. The circuit automatically réverts to

auto-zero when not BUSY, so it may also be considered a
(ZI+AZ) signal. A very simple means for transmitting the
data down a single wire pair from a remote location would
be to AND BUSY with ciock and subtract 10,001 counts from
the number of pulses réceived - as mentioned praviously
there is one “NO-count” pulse in each reference integrate
cycle,

4. OVER-RANGE (Pin 27). This pin goes positive when the
input signal exceeds the range (20,000} of the converter. The
output F-F is set at the end of BUSY and is reset to zero dt the
beginning of Reference integrate in the next measurement
cycle.

5. UNDER-RANGE (Pin 28). This pin goes pusnwe when the
reading is 9% of range or less. The output F-Fissétatthe end
of BUSY (if the new reading is. 1800 or less) and is reset at e
beginning of sighal integrate of the next reading. L
6. POLARITY (Pin 23). This pin is positive for a positive input
signal. It is valid even for a zert reading. In other words,
b --0000 means tHe signal is positive but tess than the least

| significant bit. The converter can be used as a null detector
by forcing equal frequency of () and (- réadings. The null at

this point should be less than 0.1 LSB. This output becornes
~ valid at the beginning of reference integrate and remains
correct until it is re-validatéd for the next measurement.

.7. Digil Drives (Pins 12, 17, 18, 13 and 20). Each digitdriveis.
a positive going signal that lasts tor 200 clock pulses.
The scan sequence is Ds (IMSD), Dy, D, Dz and D1 (LSD). All
five digits are scanned and this scan is contintous unléss an
over-range occurs. Then all digit drives are blanked from the
end of the strobe sequence until the beginning of Reference
Intégrate when Ds will start the scan again. This can give a
blinking display as a visual indication of over-rangs.

8. BCD {Pins 13, 14,15 and 16). The Binary coded Decimal

bits Bg, Ba, Bz and By are positive logic signals that go on

simultaneously with the digit driver signal.

COMPONENT VALUE SELECTION

For optimum performance of the analog section, care must
be taken in the selection of values for the integrator capacitor
and resistor, auto-zero capacitor, reference voltage, and
conversion rate. These values must be chosen to suit the
particular application.

Integrating Resistor

. The integrating resistor is determined by the full s¢cale input
voltage and the output current of the buffer used to charge
the integrator capacitor. Both the buffer amplifier and the
integrator have a class A output stage with 100xA of
quiescent current. They can supply 20xA of drive current
with negligible non-linearity. Values of 5 to 40uA give good
results, with a nominal of 20zA, and the exact value of
integrating resistor may be chosen by

full scale voltage

Rint = 20uA

BINTERSIL
Integrating Capacitor

The product of integrating resistor and capacitor should be

" selected to give the maximum voitage swing which ensures

that the toterance build-up will not saturate the iftegrator
swing (approx. 0.3 volt from either supply). For £5 volt
supplies and analog COMMON tied to supply ground, a+3.5
to =4 volt full scale integrator swing is fine, and 0.47uF is
nominal. Ih general, the value of CiNT is given by
CINT= [10,000 x clock period] % hnT -
: integrator output voltage swing
{10,000} (clock period) (20uA)
integrator output voltage swing

A very important characteristic of the integrating capacitor is
that it ‘has low dielectric absorption to prevent roli-over or
ratiometricrerrors. A good-tést for dielectric absorption is to
usé the capacitor with the input tied to the reference.

This ratiometric condition should read half scale 0.9999, and
any déviation is probably due to dielectric absorption. Poly-
propylene capacitors give undetectable errors at reasohable
cost. Polystyrene and polycarbonate capacitors may also

+

be used in less critical applications.

INTEGRJ\‘TOR
QETRUT

REFERENCE

INTEGRATE
20,001

COLNTS MAX.

—FULL MEASUHEMENT CYCLE
40, 002 OUNTS

BUSY | ‘ I

ﬂ% o— SIGHAL
RO | INT.

oy | 1m0
COUNTS|COLINTS!

_ OVER-RANGE
WHEN APPLICABLE

_ UNBER-RANGE 3
WHEN &PPLICABLE

| EXPANDED SCALE |
BELOW
DIGIT SCAN 3]
FOR GVER-RANGE | - a Il 5
I | [ | | | [» 21
T TIto
3 g I T o
) I'1 D4
h@gﬂ’ﬁ AFIRST Dg OF AZ AND
REF INT ONE COUNT LONGER
STROBE T LTI 1 :
AUTO ZFRO ‘REFERENCE
. SIGNAL INTEGRATE -+ INTEGRATE
DIGIT SCAN "y, a
FOR OVER-RANGE ' R
.y ] e .
_IMo: N Il N
ez mn_rn
2 n_...TI

Figure 6: Timing Diagram for Qutputs
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Auto-Zero and Reference Capacitor

The size of the auto-zero capacitor has some influence on
the noise of the system, a large capacitor giving less-noise.
The refarence capacitor should be large enough such that
stray capacitance to.ground from its nodes is negligible.

The dielectric absorption of the reference ¢ap and auto-zero
cap are only important at power-on ar when the circuit is
recovering from an overload. Thus, smaller or cheaper caps
can be used here if accurate readings are not required for
the first few seconds of recovery.

Reference Voltage .

The analog input required to generate a full-scale output is
ViN =2 VREF.

The stability of the reference vollage Is a major factor in the
overall absolute accuracy of the converter. For this reagon, it
is recornmended that a high quality reférence bé used whére
high-accuracy absolute measurements are being made.

Rollover Resistor alnd' Diode

A small rollover error oceurs in the 7135, but this can be
easily corrected by adding a diode and resistor in series be-
tween the INTegrator OUTput and . analog COMMON or
ground. The value shown in the schematics is optimum for
the recommended conditions, but if integrator swing or
clock frequency is modified adjustment may be needed. The
diode can be any silicon dicde, such as a 1N914. These com-
ponents can be eliminated if rollover error is not important,
and may be altered in value to correct other (small) sources
of rollover as needed.

Max Clock Frequency

The maximum ¢onversion rate of most dual-slope A/D con-
verters is limited by the frequency response of the com-
parator. The comparator in this circuit foliows the integrator
ramp with a 3us delay, and at a clock frequency of 160kHz
{Gns period) half of the first réference integrate clock perlod
is lost in delay. This means that the meter reading will
change from 0 to 1 with a 50uV input, 1 t¢'2 with 150uV, 210 3
at 260uV, etc. This transition at mid-point is considered
‘desirable by most users; however, if the clock frequency ts
increased appreciably above 160kHz, the instrument will
flash *“1"" on noise peaks even when the input is shorted.

For many-dedicated applications where the input signal Is
always of one polarity, the delay of the comparator need not
be a limitation. Since the non-linearity and noise do not in-
crease substantially with frequency, clock rates of up to
~1MHz may be used. For a fixed clock frequency, the extra
count or counts caused by comparator delay will be a con-
stant and can be subtracted out digitally. :

The clock freguency may be extended above 160kHz without
this error, however, by using a low value resistor in series
with the integrating capacitor. The effect of the resistor is to
introduce a small pedestal voltage on to the integrator out-
put at the beginnihg of the reférence integrate phase. By
careful selection of the ratic between this resistor and the
integrating resistor (a few tens of ohms in the recommended
mrcun), the comparator delay can be'.compensated and the
maximum clock frequency extended by approximately a fac-
- tor of 3. At higher frequencies, ringing and second order
breaks will cause significant nonlinearities in the first few
counts of the instrument - see Application Note AQ17.

The minimum clock frequency is established by leakage on
the auto-zero and reference caps. With most devices, mea-
surement cycles as loeng as 10 seconds give no measurable
leakage error.

BINTERSIL

Ta achieve maximum rejection of 60Hz pickup, the signal in-
tegrate cycle should be a multiple of 80Hz.- Oscillator fre-
guencies of 300kHz, 200kHz, 150kHz, 120kHz, 100kHz,
40kHz, 33VskHz, etc. should be selected. For 50Hz rejection,
oscillator frequencies of 250kHz, 166%4kHz, 125kHz,
100kHz, etc. would be suitable. Note that 100kHz (2.5
readingsisecond} will reject both 50 and 60Hz,

The clock used should be free from significant phase or fre-
quency jitter. Several suitable low-cost oscillators are
shown In the Applications séction. The multiplexed output
means that if the display takes significant current from the
logic supply, the clock should have good PSRR.

Zero-Crossing Flip-Flop

The flip-flop interrogates the data once every clock pulse
after the transients of the previous clock pulse and half-ciock
pulse have died down. False zero-crossings caused by clock
pulses are not recognlzed of course.fche flip-flop delays the
true zero-crossing by up to one count in every instance, and
if a'carrection were not made, the display would always be
one count too high. Therefore, the counter is disabled for one
clock pulse at the beginning of phase 3. This ohe-count delay
compensates for the delay of the zero-crossing flip-flop, and
allows the correct number to be latched into the display.
Similarly, a one-count delay at the beginning of phase 1 gives
an overload display of 0000 instead of 0001, No delay occurs
during phase 2, so that true ratiometric.-readings result.

EVALUATING THE ERROR SOURCES
Errors from the “ideal” cycle aré caused by:

1. Capacitordroop due to leakage.

2. Capacitor voltage change due to charge."suck-out” (the
reverse of charge injection) when the switches turn off.

3. Non-linearity of buffer and integrator.

4. High-frequency limitations of buffer, integrator and
comparator.

5. Integrating capacitor non-linearity (dielectric absorption.)

6. Charge lost by Crer in charging Cstray.

7. Charge lost by Caz and CinT to charge Cstray.

Each of these errors is analyzed for its error contribution to
the converter in application notes listed on the back page,
specifically A017 and A032.

NOISE

The peak-te-peak noise around zerg is approximately 18pV

{pk-to-pk value not exceeded 95% ¢f the time). Near full

scale, this value increases to approximately 30xV. Much of
the noise originates in the auto-zero loop, andis proportional -
to the ratio of the input signal to the reference.

ANALOG AND DIGITAL GROUNDS

Extreme care must be taken to aveid ground loops in the
layout of ICL7135 circuits, especially in high-sensttivity cir-
cuits. It is most important that return currents from digital
loads are not fed into the analog ground line.

POWER SUPPLIES

The 7135 is designed 1o work from =5V supplies. However,
in selected applications no negative supply is required. The
conditions to use a sirigle + 5V supply are:

1. The input signal can be referenced to the center of the
common mode range of the converter.
2. The signai is less than = 1.5 volts.

See “differential input” for a discussion of the effects this
will have on the integrator swing without loss of linearity.
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TYPICAL APPLICATIONS _
The ¢ircuits which follow show some of the wide variety.of
possibilities, and serve to illustrate the exceptional versatility
of this A/D converter.

Figure 7 shows the complete circuit fora 4-1/2 digit (£2.000V)
fuH scale} A/D with LED readout using the ICLB063 as a 1.2V
temperature compensated voltage reference. It uses the
band-gap priricipal 10 achieve excellent stability and low
noise at reverse currents down to 50uA. The circuit also
shows a typical R-C input filter. Depending on the
application, the time-constant of this filter can be made
faster, slower, or the filter deleted completely. The 1/2 digit

5V
G.BK(Y \1%%.;; '5?

1CLBO6S 1 . T‘(Z v" . “~“unpernance|zd]

% $iokn 2| REFERENCE GVERRANGE [27]
S [3] ANALOG GND " 5TROBE [26) {
FANALOS S =) Ca]INT. OuT . RUN/ROIB[ 3] 34

100K _’%H—E A-Z IN DIGITAL GND 3_'&

= leads—{E}BUF OUT poLaRITY [23]

100k —.

1uF =5 L | REF. CAP1 cLock N[22l
T{B|REF.CAP 2 BUsY I21] |

—a]nLo- LsD D1 [20]

o] iINHE IGLT135 p2[3g]

sV o—11] v+ pal1sl

[12} Mso DS Da 17}

13]LsB B1 MSE B8 [16]

ﬂ:m B2 M

BEINTERSIL

LED is driven from the 7 segment decoder, with a zefo
reading blanked by connecting a D5 signal to RBI input of
the decoder. The 2-<gate clack circuit should use CMOS

gates to maintain good power supply rejection.

Figure 8 is similar except the output drives a multiplexed
comman cathgde LED Display with the 7-Commen Emitter
Transistor Array, for the digit driver transistors, making a
lower . component count possible. Both versions of the
complete circuit will give a blinking display as a visual
indication of overrange. A clock oscillator circuit using the
ICM7555 CMOS timer is shown.

O +5Y

Taar

o - 0 00w
22

%

47k

*For finer resolutlon on scale factor adjust, use a 10 lurm pol or a small pot in series witha

fixed resistor. -

SET VRer = 1.000V

c RT NETWORK

fosc = AS/RC

Figure 7: 4-1/2 Digit A-D Gonverter with a multiplexed common anode LED display

¥
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ICL7135

- A suitable circuit for driving a plasma-type digplay is shown
in Fig. 8. The high voitage anode. driver-buffer is made by
Dicnics. The 3 AND gates and caps driving ‘BI" are needed

“for interdigit blanking ofmulnple-dlgltdlsplayelements and
can be omitted if not needéd. The 2:5k & 3k resistors set the
current 1évels in the dlsplay A similar arrangement canbe
used with Nixie® tubes,

The popular LCD displays'canbe mten‘aced tothe O/Pofthe

[CL7135 with suitable dlspfay drivers, such as the ICM7211A
as shown in Figure 11. A standard CMOS 4000 series LED
driver cireuit is used for displaying the 172 dlglt the polarity,

® Nixie is a registered trademark of Burroughs Corporation.

a 5
. a V+
pon) o HITIE I 3K
P — e
N PROG
] " RBOD ov
HIERE RBIBI D A
[HI VOLTAGE BUFFER DI 505 | '
1
!
I o
OS
ICL7135
Bl '-
| — 45

;DV

Figure 9; ICL7135 Plasma Display Circuit

BINTERSIL

and an ‘overrange’ flag. A similar gircuit can be used with the
ICL7212A LED drivier arid the ICM7235A vacuum flucrescent
driver with appropriate-arrangements made for the 'extra’
outputs. Of course,. .another -full driver circuit could be
ganged to-the one shownif required. This would be useful if
additional annunciators were needed. The Figure shows the

‘complete. circuit for a 4-1/2 digit-(£2.000V) A/D.

Figure 10 shows a inore complicated circuit for driving LCD

displays. Here the data is latched inio the ICM7211 by the
“STROBE signal andi 'Overrange |s ‘indicatéd By blanking

the 4 full dlglts

[tV " 4422 DIGIT LGD DISPLAY
& T ’

ST ' oty lt‘u 1

1/2 D803
23 POL _ : e
. E £ EmE vecoaol [
19 2 |~— ""'\I_ I : : 32 D2
18 D3 ] 1. - —\I ; : 33D3
17 D4 y : : ""\I | - 34 D4
16 B8 |———5—~ Coat7il. _ a0 83
15 B4 [y _ 29 B2
- 1aB2 e~ i 28 B1
13 B ' +— 27 BO
12 D5 —
25 STROBE ICMT211A
27 OR |—
ICL7135 ey

1/4 CD4030

Figure 70: 1-GD Display with Digit Blanking on Overrange

T

4-1/2 DIGITLCD DISPLAY 28 SEGMENTS D1-D4
o R o g

1161514125 3 4

CDaosaA

7 81311108 2 6 LT ' ©|™ pAGKFLANE'
1. 120kC = 3 READINGS/SEC : .
< CLOCK IN
5 gp ICM72H1A
3t D1
100k
[> AP a2 D2
INPYT DAuF == 7
o—— 1 . 33 D3 2,34 |—
! ) fd 5-26
— _ 34 D4 a7-40
B3 - OPTIGNAL
w82 | CAPACITOR
28 B OSC36|-———{——+6v
27 BO 22-100pF’
/J;I_ 35 V© v T
ov +5Y

Figure 11: Driving LCD Displays
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1ICL7135
'TYPICAL APPL_ICATION_S (Conid.)

A problem sometimes éncountered with both LED & plasfma-
type display driving is that of clock source. supply line
variations. Since the supply is shared with the display, any
vatiation in voltage due to the display reading may cause
clock supply voltage modulation. When in .overrange the
display alternates between & blank display and the 0000
overrange indication. This shift.ocours during the reference
integrate-phase of conversion causing a:low.display reading
just after overrange recovery. Both of the above circuits have
considerable current flowing in the digital supply from
drivers, etc. A clock source using intersil’s LM311 voltage
comparator in positive feedback mode (Figure 12) could
minimize -any clock frequency shift-problem. '

The 7135 is designed to work frorn £5 volt suppiies. However,

9+5Y

i

0.22,:F 5

Figure 12: LM311 Clock Scurce

if a negative supply is notavailabie, it can be generated from .
2 capamtors and an mexpenswe 1C. (Figure 13).

INTERFACING WITH UARTS

AND MICROPROCESSORS

Flgure 14 'shows a very simpie interface -between a free-
running ICL7135 and a UART.The five STROBE pulses start
the transmission .of the five data words. The digit 5 word is
0000XXXX, digit 4is T000XXXX, digit 3is 0100XXXX, etc: Also
the polarity is transmitted indirectly by using it to drive the
Even Parity Enable Pin-(EPE). If EPE of the receiver is held
low, a parity flag at the receiver can be decoded as a positive
signal, no flag as negative. A complex arrangement |s shown
in Figure 15. Here the UART can instruct the A/D to begina
rieasurement sequence by a word on RRL The BUSY signal
resets the Data Ready Reset (DRR). Again STROBE starts the

_ +5V
‘ N S
_ o E R )
" IeLTEG0 N
—L—'——E 7]
. =
10,F 52 /;E 6]
LE . 5 - VouT = -5V
104F

5

Figure 13; Generating Negaﬂve Supply from +5V

- SERIAL OUTPUT t 1 ]
TO 'RECEIVING UART TRC RAI  DRR
f DR
IM6402/3 .
TRO —{ EPE THRL
- TBR
UART P o .
EPE IMB402/3 TERL |- 1 2 3 4. 5 ? TII' f
TBR RS ENaBLE[—
. ' 1 [} =
1 2 3 4 5 6 T 8 74C157 g
N A R T O 14 2A 3A 5 1B 2B 38
D; Ds D2 D1 B1 Bz Bs Bg }n | | |
J— L
NG —— Ds STROBE Di D Dz D1 B1 Bz 8a B P G U
B o v N
. L eD
1CL7135 Lo R B
. . 5 . ' R .
R . - 1CLT135 |
FOL : RUN/AOLD |— + 5V nun/&%%g. _ L5V
o BusY / 0081 4g
Figure 14: ICL7135 to UART Interface Flgure 15; Complex ICL7135 to UART Interface
L
M -
T\ P 1z
M . ‘
™ \ ;
Lol \ 7
e 12 1z |
1 1 \__ \\__
80C95 1 80C05 a )
15 15 : .
' e o READ 1
D1 PzD2D4Ds B1B2Ba Bs PO | IMB107 IME100
. L E GSTROBE SENSE 1 . f
R
ICLT135 R —_— /
RUN/HOLD WRITE 1 '

Figure 16: IMB100 to ICLT135 Interface .
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182838 T 143434 °F PA2 OR
] . PA3 i - MCSE650%
Mc6820
‘5 E ﬁ DsBg Ba 52361 . PA4
RE IOL7135 D2 PAS
R Da PAG
RUN?
ROLD 5TROBE  °° PAT
cAl caz

BINTERSIL

- Figure 17: ICL7135 to MGB800, MCS650X interface

transmit sequence. A quad 2 input multiplexer is used tg
Superimpose polarity, over-range, and under-range onto the
Ds word since in this instance itis known that Bz = By = Bg =
0.

For correct operation it is important that the UART clock be
fast enough that each word is transmitted before the next
STROBE pulse arrives. Parity Islocked into the UART at load
time but does not change inthis connection during an output
stream.

\'; EN s v PAD
74C157 L ev| Fa1 INTERSIL
¢ 3y PA2 v v
INTEL
>
1B2B3E T 1A2A34 NTE.
A3 8085,
8255 | “ETC,
(MODE 1)
§(€l§105935432561 PAd
BE ICL7135 D2 PAS
R 3 PAB
RUN, :
HOLD STROEE PA7
STROBE PAG

Figure 18: ICL7135 to MCS-48, -80, 85 Interface

Circuits to interface the ICL7135 directly with three popular
microprocessors are shown in Figures 16, 17 and 18. The
main differences in the circuits are that the IMG100 with its 12
bit word capability can accept polarity, over-range, under-
range, 4 bits of BCD and 5 digits simultaneously where the
8080/8048 and the MCBBO0 groups with 8 bit words nead to
have polarity, over-range and under-range multiplexed onto
the Digit 5 word - as in the UART circuit. In esach case the
microprocessor can instruct theé A/D when Yo begin a
measurement and when to hold this measurement.

APPLICATION NOTES

‘A028 "Building an Auto-Ranging DMM Using the

AD16 “Selecting A/D Coriverters,” by David Fullagar 8052A/7103A A/D Converter Pair,” by Larry Goff
AD17 “The Integrating A/D Converters,” by Lee Evans A030 “The ICL7104 - A Binary Qutput A/D Gonverter for
A018 “"Do's and Den'ts of Applying A/D Converters,” by Microprocessors”, by Peter Bradshaw

Peter Bradshaw and Skip Osgood A032 “Understanding the Auto-Zero and Common Mode
AD12 “4-1/2 Digit Panel Meter Demonstrator/Instrumenta- Performance of the ICL7106 Family", by Peter

tton Boards,” by Michael Dufort Bradshaw '
A023 “Low Cost Digital Panel Meter Designs,” by David R0O05 “Interfacing Data Converters & Microprocessors,” by

Fullagar and Michael Dufort Feter Bradshaw et al, Electronics, Dec. 9, 1976

? '
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FEATURES

. First-readinﬁ recovery from overrange gives
immediate “OHMS” measurement

required :
= Pin compatible with the ICL7106, ICL7126
s Low noise — 15,Vp-p without hysteresis or

overrange hangover

Guaranteed zero reading for 0V input
True polarity at zero for precise null detection
1pA typical input current

True differential input and reference
Direct LCD display drive — no external components

» On-chip clack and reference ‘
Low power dissipation, guaranteed less than
1mW — gives 8,000 hours typical 3V battery life

+ No additional active circuits required
= Evaluation Kit available {(ICL7138EVIKit)

ICL7136
3%-Digit
Low Power AID Converter

GENERAL DESCRIPTION

The Intersil 1ICL7136 is a high performance, very low power
3va-digit AID converter. All 1he necessary active devices are
contained on a single CMOS IC, including seven-segment
decoders, display drivers, reference, and clock. The 7136 is
designed to Interface with a liquid crystal display (LCD) and
includes a backplane drive. The supply current is under
10044, idéally suited for 9V battery operation.

The 7136 brings together an unprecedented combination of
high accuracy, versatility, and true economy. High accuracy,

. like auto-zero to less.than 10xV, zero drift of less.than 1aVI°G,

input bias current of 10pA max., and rollover error of less than
one count. The versatility of true differential input and
reference is useful in all systems, but gives the designer an
uncommon advantage when measuring load cells, strain
gauges and other bridge-type fransducers. And finally the
true economy of single power supply operation allows a high
performance panel meter to be built with the addition of only
7 passive components and a display.

The ICL7136 is an improved version of the ICL71286,
eliminating the overrange hangover and hysteresis effects,
and should be used in its.placein all applications. it can also
be used as a plug-in replacement for the ICL7106 in a wide
variety of applications, changing only the' passive
components. : '

ORDERING INFORMATION

. TEMPERATURE - ORDER PART
PART PAGKAGE RANGE NUMBER
7136 40-pin CERDIP 0°Cto +70°C |ICL7136CJL
7136 40-pin Ceramic DIP | 0°G to +70°C ICL7136C0L
7126 40-pin Plastic DIP 0°C to +70°C |IGL7136GPL
7126 Kit| Evaluation Kits ICL7136EVIKIT

[UNITS)

[FENS)

{100°s}

ICLT136

PIN CONFIGURATION (Outline dwgs. DL, JL PL)

v+ osc1[d6t
by 0se2[BlAAA—¢

¢ osca E——l o
&l

B TEST
A reE 1 [R]SET REF=100.0m¥
D ¥ 240kR
1 REF LD [35}—4-AAA——AAA
kil
B4 cReF f—0 -
. cReF{@l——T
MSPLAY - .
D2 COMM [32
INTERSIL Ea Mg
cz 7% INHI[EI] A o+
0.01F IN
Bx I Lo |35} & -
as az | 0.474F
180k —_
Fa BUFF |28 —_

D.O#TuF

mmmmmmmmmmmmmmmmmm%

E INT E—-—l
o3 v- (26
H3 Gz E
Fa s [24]
& Y £ S
ABy G |22
| [28|PoL Belai]

DISPLAY
ICL7136 with Liquid Crystal Display
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ABSOLUTE MAXIMUM RATINGS Power Dissipation (Note2)

. CeramicPackage .........c.ccovivviuneo, ... 1000mwW
Supply Voltage(V ™ toV T Preeees 15y . PlasticPackage .............o.cooii . 800mW
Analog Input Voltage (sitherinputy {(Note .0V v OperstingTemperature ................... 0°Cto +70°C
Reference Input Voltage (githerinput) .......... vtiov— Storage Temperature .. ............... -85°Cto +160°C
Clockinput ........... e JTESTtov ™+ Lead Temperature{soldering,60sec). . ............. 300°C

Note 1: Input voltages may sxceed the supply valtages, provided the input current is limited to +100zA.
Note 2: Dissipation rating assumes device s mounted with al| leads soldered to printed circuil board.

Stressesabove those fisted under “Absolute Maximum Ratings" may cause permanent damage to the device, These are stressra tings only
and functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifica-
tions fs not implied, Exposure to absolute maximum ra ting conditions for extended periods ma y affect device refiability,

ELECTRICAL CHARACTERISTICS {Note 3, 7)

PARAMETER CONDITIONS MIN TYP . MAX UNITS

Zera Input Reading Vin=0.0V -0co.0 +000.0 +dO0.0 Digital Reading
Full-Scale = 260.0mVv

Ratiometric Reading Vi =Vgrer, Yrgr = 100mV 999 999/100C 1000 Digital Reagding
Roll-Qver Error (Difference in =V = + V)= 200.0mV -1 +0.2 +1 Counts
reading for equal positive and _
negative readin_g‘ near fl_.lH-s_caIe)' _ o 1
Linearity (Max. deviation from Fuli:Scale =200mV -1 | =x002 +1 Counts
best strafght line fit) or Full:Scale = 2,000V
Commaoh-Mbde Rejection Ratio Vo= =1V, Viy =0V 50 . ] wVIV
(Note 4} _ Full-Scale = 200.0mv _
Noise (Pk-Pk value not exceeded Vin =0V, Full-Scale = 200.0mV . ' 15 ‘ Y
95% of time) o
Leakage Current @ Input V=0V i B 1 | 1 pA _
Zero Reading Drift Vin =0V, 0°C< To< +70°C _ 0.2 o ‘ gVI°C
Scale Factor Temperature Vin=199.0mV, 0°C< Ty < + 70°C _ 1 5 " ppmi°C
Coefficient (Ext. Ref. Oppm/°C) _ _ _
Supply Curtent {Doés not Vi =0V (Note 6) . 70 100 . #A
include COMMON current) . )
Analog COMMON Voltage (With 250kR between Common.and 2.6 3.0 3.2 v
Tespect to positive supplyy Positive Supply _ :
Temp. Coeff. of Analog COMMON | 250kQ batween Comman and 1 ' 150  ppmi*G
{With respect to positive supply) Positive Supply
Pk-Pk Segment Drive Voltage vt itov= =gV ' 4 5 6 v
(Not_e ) ' )
Pk-Pk Backpiane Drive Voltage V¥ oV oy 4 5 ‘ B v
(Note 5} _ | .
Power Dissipation C_apacit-ance vs Clock Fréqugncy__ . ' 40 pF

Note 3: Unless otherwise noted, specifications appiy at Ty, = 25°G, fp0k = 16kHz and are tested In the sircuit of Figure 1.
Note 4: Refer to “Rifferential Input” discussion.

Note 5: Backplane driveisin phase with segment drive for “off” segment, 180" out of phasefbr “on” segment. Frequency is 20limes conver-
sion rate. Average DC component is less than 50mV., :

Note 8: 48kHz oscillator, Figure 2, increases currant by 20uA (typ).
Note 7:  Exira capacitance of CERDIP package changes oscillator resistor value to 470k0. or 150k (1 reading/sec or 3 readings/sec).

4-109
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" ICL7136
TEST CIRCUITS n
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Figure 1. 7136 Clock Frequency 16kHz (1 reading/sec)

DETAILED DESCRIPTIION-—Anang' Section
CONVERSION CYCLE

Figure 3 shows the Block Diagram of the Analog Section for
the ICL7136. Each. measurement cycle is divided into four
phases. They are 1) auto-zero (A-2), 2) signal iniegrate (INT),
3) de-integrate {DE} and 4) zero integrator (Z1).

1. Auto-Zero Phase

During auto-zere three things happen. First, input high
“and low are disconnected from the pins and internally

shorted to analog COMMON. Second, the reference capac-

itor is charged to the reference voltage. Third, a feedback
loop is closed -around the system to charge the auto-zero
capacitor, Caz, to compensate for offset voltages in the
buffer amplifier, integrator, and comparator. Since the
" gomparator is includéed in the loop, the A-Z accuracy is
limited only by the nolse of the system. Inany case, the offset
referred to the input is Iess than 10sV.

. Signal Integrate Phase

During signal integrate, the auto-zero loop is opened, the in-
ternal short is removed, and the internal Imput high and low

—
I

CREF

T3S

BINTERSIL

INTERSIL ICLT138

2 £
PR R M L e e e
DISPLAY

Figure 2. Clock Fraquency 48kHz (3 readingsisec)

o
>

4

G| [A] | i

- !
* %]

are connected 1o the external pins. The converter then inte-
grates the differential voltage between IN Hland IN LO for a
fixed time. This differential voltage can be within a wide
common-mode range; within 1V of either supply. If, on the
other hand, the input signal has no return with respect to
the converier power supply, IN LO can be tied to analeg
COMMON to establish the correct common-mode voitage. At

‘the end of this phase, the polarity of the integrated signal is

determined.

3. De—l\niagra'te Phase

The next phase is de-integrate, or feférence integrate. Iriput
low is internally connected t¢ analog COMMON and input
high i connected acrois the previously charged reférence
capacitor. Circuitry withinthe chip ensures that the capacitor
will be connected with the correc polafity to cause the inte-
grator output to return o zero, Thetime requiired for the out-
put to return to zero is propertional to the input signal.
Specifically, the digital reading displayed is 1000 Min/VReek

Rinr

L Crz

aUTD
ZERD

INTEGRATOR

ZERD
CROSSING
DETECTOR[Y— 0

AZ COMPARATOR

, DE(=)

A2 &DE( =)
&2l

DIGITAL
. SECTION
POLARITY [4—
FLIP/FLGP .

— e — T — —— — il — b — — — o — ) — —

Figure 3. Analog Section of 7136
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4. Zero Integrator Phase

The final phase is zero integrator. First, input low is shorted
to analog COMMON. Second, the refererice capacitor is
tharged to the reference voltage. Finally, a feedback loopis
closed around the system to input high to cause the inte-
grator output to return to zero. Under normai conditiéns, this

phase lasts for between 11 to 140 clock pulses, but after a
" “heavy" overrange conversion, it is extended to 740 clock
pulses,’ '

1

DIFFERENTIAL INPUT

The input can accept differential voltages anywhere within
the commoan-mode range of the Input amplifier; or specifical-
iy from 0.5V below the positive supply to 1.0V above the nega-
tive supply. In thié range the system has.a CMRR of 88dB
typical. However, since the integrator also swings with the
common-mode voltage, care must be exercised to assure the
integrator output does not saturate. A worst case condition
would be a [arge positive common-iodé voltage with a near
full-scale negative differential jnput voltage. The negative
input signal drives the integrator positive whien most of its
swing has been used up by the positive common-mode volt-
age, For these ctitical applications the integrator swing can
be reduced to less than the recommended 2V full-scale swing
with little loss of accuracy. The integrator output can swing
within 0.3V of either supply without loss of linearity.

DIFFERENTIAL REFERENCE

The reference voltage can be generated anywhere within the
power supply voltage of the convérter. The main source of
common-mode error is a roll-over voltage caused by the refer-

ence capacitance losing or gaining charge to stray capacity -

an its nodes. If there is a large common-mode voltage, the

reference capacitor can gain charge (increase voltage) when =

called up to de-integrate a positive signal but lose chargé
{decrease voltage) when called up to de-integrate a negative
input signal. This difference in reference for (+}or{—) input
voltage will give a raoll-over error, However, by selecting the
reference capacitor large enough.in comparison to the stray
capacitance, this error can be held to less than 0.5 count for
the worst case ¢ondition (See Gompenent Values Selection).

ANALOG COMMON

This pin is included primarily to set the common-mode
voltage for battery operation or for any system where the in-

put signals are floating with respect to the power supply. The -

COMMON pin sets a voitage that is approximately 3.0V more
negative than the positive supply. This is selected to give a
minimum end-of-life battery voltage of about 6v. However,

analog COMMON has some of the attributes of a reference-

voltage. When the total supply voltage is large enough to
cause the zener to regulate (> 7V), the GOMMON voltage will

have a low voltage coefficient (0.001%/%), low output im-

pedance (= .359), and a temperature coefficient typically less
than 80ppm/°C.

The limitations of the on-chip reference should also be
recognized, however. The reference temperature coefficient
(TC) can cause some degradation in performance. Tempera-
ture changes of 2°Ct0 8°C, typical for instruments, can give a
scale factor error of a count or more. Also, the COMMON
voltage will have a poor voltage coefficlent when the total

Downloaded from Elcodis.com electronic components distributor
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supply voltage is less than that which will cause the zener to
regulate (< 7V}. These problems are eliminated if an external
reference is used, as shown in Figure 4.

¥+ v
V¥ Rer vt
Hi .
v ICL7136 1.2VOLT
REFLO| S-S A SEVOLT REFERENCE
_ {INTERSIL
ICLT136 [ REF HIl-» ICLE0ES)
| REF LO
COMMON
L V- .
(a) (]

Figure 4. Using an External Referénée

Analog COMMON is also used as the input low return during

auto-zero and de-integrate. If IN.LO is different. from analog

GOMMON, 2 common-mode voitage exists in the systemand

is taken care of by the excelient CMRR of the converter.

However, in some applications IN LO will be set at a fixed

known, voltage (power supply common for instance). In this’
application, analog COMMON should be tied to the same

point, thus removing the common-mode voltage from the

converter. The same helds true for the reference voltage.

If the reference can be conveniently .referred to analog -
COMMON, it should be since this removes the common-

mode voltage from the reference system,

Within the IC, analog COMMON is tied to an N channe! FET
which can sink 100zA or more of current to hoid the voltage
3.0V beiow the pasitive supply {when a load is trying to pulf
the common line positive). However, there is only 1A of

_ source current, 5o COMMON may easily be tied to a more
:negative voltage, thus overriding the internal reference.

TEST

The TEST pin serves two functions. it is coupled to the inter-
nally generated digital supply through a 500@ resistor, Thus, it
can be used as the negative supply for external segment
drivers such as for decimal points or any other presentation
the user may want to'include on the LCD display. Figures 5
and & show such an application. No more than a 1mA load
should be applied:

—
v 1man

L7136 O LCD
DECIMAL PCINT
Be =—a] INTERSIL
aTt 1T1750
TEST
| TOLCD
BACKPLANE

Figure 5. Simple Inverter for Fixed Decimal Point

The second function is a “lamp test? When TEST is pulled
high {to v *) all segments will be turned on and the display
should read ~1888. The TEST pinwiil sink about 10mA under
these conditions.

Caution: In fhe lamp test mode, the segments have a con-

- stant DC voltage (no square-wave). This may burn the LCD

4111

display if maintained for extended periods.
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ICL7136
. _ w
: i
. BP | } |
' I
. D‘I— T0 LCD
DECIMAL | {DECIMAL
ICL7138 POINT POINTS
SELECT ':>J|_

D+
- I
TEST 1 CO4070B _I
1 ~ Yaw
Figure 6. Exclusive “OR” Gate for Decimal Point Drive

' DETAILED DESCRIPTION—Digital Section

Figure 7 shows the digital section for the 7136. An internal
digital ground is generated from a 6V Zener diode and alarge

P ¢tiannel source follower. This supply is made stiff to dbsorb -

the relatively large capacitive currents when the backplane
(BP) voltage is-switched. The BP frequency is the clock fre-
quency divided by 800. For three readingsisecond this is a
. 60Hz square-wave with a rominal amplitude of 5V. The
segments are driven at-the same frequency and amplitude
and are in phase with BP-when OFF, but out of phase when
ON. In all cases negligible DG voltage exists across the
segments, The polasity indication is “ON” far negative
| analog inputs. 1f IN LO-and IN Hl are reversed, this indication
can be reversed also, if desired. -

DISPLAY FONT

BINTERSIL

EXTERNAL
DSCILLATOR

. RC NETWORK
TEST o

Figure 8. Clock Circuits

SYSTEM TIMING

Figure 8 shows the clock oscillator provided in the 7136.
Three basic clocking arrangements can be used:

1. An external oscillator connected to pin 40.
2. A crystal between pins 39 and 40.

*. 3. An RC oscillator using all three pins.

The oscillator frequency is divided by fourbefore it clocks the
decade counters. It is then further divided to form the four
converi-cycle phases. These are signal integrate (1000
counts), reference de-integrate (¢ counts to 2000 counts),
zero integrator (11 counts to 140 counts™) and auto-zero
{910 counts to 2900 counts). For signals less than full-scale,
aute-zero gets the unused portion of reference de-integrate

* After an overranged conversion of more than 2060 counts, the
" zero integrator phase will last 740 counts, and auto-zero will last
260 counts.
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ICL7136
and zero integrator. This makes a complete measure cycie of
4000 (16,000 clock pulses) independent of input voltage. For

three readings/second, an oscillator frequency of 48kHz
would be used. '

To achieve maximum rejection of 80Hz pickup, the signal in-
tegrate cycle should be a multiple of the 60Hz period,
Oscillator frequencies of 80kHz, 48kHz, 40kHz, 332 kHz, etc.
should be selected. For 50Hz rejection, oscillator frequen-
cies of 6624kHz, 50kHz, 40kHz, etc. woulld be suitable. Note
that 40kMHz (2.5 réadirgs/second) will reject both 50Hz and
60Hz (also 400Hz and 440Hz). See also A0S2.

COMPONENT VALUE SELECTION (see also A052)

Integrating Resistor

Both the buffer amplifier andthe integrator have.a class A
output stage with 6uA of quiescent currert. They can supply
~1uA of drive current with négligible non-linearity. The in-
tegrating resistor should be large énough to remain in this
very linear region over the input voltage range, but small
enough that undue leakage requirements are not placed on
the PC board. For 2V full-scale, 1.8MQ is near optirmum, and
similarly 180k for a 200.0mV scale.

Integrating Capacitor

The integrating capacitor should be selected to give the
maximum:voltage swing that ensures tolerance buitd-up will
not saturate the integrator swing {approx. 0.3V from either
supply). When the analog COMMON is used as areference, a
neminal =2V full-scale integrator swing is fine. For three
readingsisecond (48kHz clock} nominal values for Qi
are 0.047,F, for 1 reading/second (18kiHz) 0.154F. Of course, if
different oscillator frequencies are used, these values should
be changed in inverseé proportion to maintain the same
output swing.

The integrating capacitor should have low dielectric absorp-
tion fo prevent roli-over errors. While other types may be ade-
guate for this application, polypropylene capacitors give
undetéctable errors at reasonabie cost.

Auto-Zero Capacitor

The size of the auto-zero capacitor has some influence on the
noise of the system. For 200mV full-scale where noise is very
important, a 0.474F capacitor is recommeanded. Tha ZI phase
aliows alarge auto-zero capacitorto be used without causing
the hysteresis or overrange hangover probiems that can oc-
cur with the 1CL7126 or ICL7106 (see AQ32).

Reference Capacitor

A 0.1xF capacitor gives good results in most applications.
However, where 2 large common-mode voltage exists (i.e., the
REF LO pin is not at analag COMMON) and a 200mV scale is
used, a larger value is required to prevent roll-over error
Generally; 1.0aF will hold the roll-over error to 0.5 count in this
instance. .

Oscillator Components

For all ranges of frequency a S0pF capacitoris recommended
and the resistor is selected from the approximate equation
f~0.45/RC. For 48kHz clock (3 readmgs!second) R =180k,
for 16kHz, R =560k%:

-
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Reference Voltage

The analog input required to generate full-scale output (2000
counts) is: Viy=2Vgegr. Thus, for the 200.0rV and 2.000V
scale, Vrer should equal 100.0mV and 1.000V, respectively.
However, in many applications where the A/D'is connected to
a transducer, there will exist a scale factor other than unity
between the input voltage and the digital reading. For in-
stance, in a weighing system, the designer might like to have
a full-scale reading when the voitage from the transducer is
0.682V. Instead of dividing the input down to 200.0mV, the
designer should use the input voltage directly and select
Vrer=0.341V. A suitable value for the intégrating resistor
would be-330kQ. This makes the-system slightly quieter and
also avoids the necessity of a divider network on the input.
Another advantage of this system occurs when a digital
reading of zero is desired for Vy#0. Temperature
and weighing systems with a variable tare are examples. This
offset reading can be conveniently generated by con-
necting the voltage transducer between IN Hl and COMMON
and the variabie (or fixed) offset voltage between COMMON
and IN LO.

TYPICAL APPLICATIONS

The 7136 may be-.used in a wide variety of configurations. The
circuits which follow show some of the possibilities, and
serve to iflustrate the exceptional versatility ‘of these
AID converters,
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Figure 9. 7136 Usmg the Internal Reference. Values shown are
for 200.0mVv full-scale, 3 readmgs.‘sec, floating supply voltage
{9V battery).
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Figure 10. 7136 with an External Band-Gap Reference (1.2V Type).
IN LO is tied to COMMON, thus establishing the correct common-
mode voltage. COMMON acts as a pre- regula1or for the reference.
Values shown are for 1 reading/sec.
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ICL7136
TYPICAL APPLICATIONS (Continued)
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Figure 1i. Recommended Component Values for 2.000V Full
Scale, 3 Readings/Sec. For 1 reading/set, changa Gy, Rosg
-values of Figure 10. : :
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Figure 13. 7136 Operated from Single + 5V Supply. An external
reference must be used in this application, since the voltage
betweenV " and vV is insufficlent for correét operation of the in-
ternal reference.
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Figure 15. 7186 used as a Digitai Centigrade Thermometer. A
silicon diode-connected transistor has.a temperature coefficient
of about — 2mvi°C. Calibration is achieved by placing the sensing
transistor in'ice water and adjusting the zéfoing potentiometerfor
4 000.0 reading. The sénser should then be placed in boiling water
and the scale-factor potentiométer adjusted for a 100.0 reading.
See |CL8O73/4 and AD590 data shéets for alternative circuits.
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Figure 12. 7136 with Zener Diode Reference. Since low TC zeners
have breakdown voltages ~8.8V, diode must be placed across the
total supply (10V). Asin the case of Figure 11, IN LO may be tied to
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Figure 14. 7136 Measuring Ratiometric Values of duad Load Cell.
The resistor valugs within the bridge are detérmined by the desired
sensitlvity. :
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Figure 16. Circuit for Developing Underrange and Overrange
Signals from 7136 Qutputs.

*Vajues depend on ciock frequency. See Figures 9, 10, 1.
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TYPICAL APPLICATIONS (Continuec)
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Figure 17. AC to DC Converter with 7136. Test is used as a gommon-mode reference level to ensure compatibility with most op amps.

APPLICATION NOTES

A015“Selecting A/D Converters;' by David Fullagar.
A017“The Intagrating A/D Converter)’ by Lee Evans.

A018"Do’s and Dant's of Applying A/D Converlters! by Peter
Eradshaw and Sklp Osgoad.

A019“4v.-Digit Panel Meter Dernonstratorflnstrumentahon
Boards] by Michael Dufort.

AQ23“Low Cost Digital Panel Meter Designs” by David
Fullagar and Michael Dufort.

A032“Understanding the Auto-Zero and Common-Mode
Behavior of the ICL.7106/7/9 Family”’ by Peter Bradshaw.

A046“Building a Battery-Operated Autd Ranging DVM with
the ICL7106," by Larry Goff.

ADA7 *Games People Play with Intersil’s A/D Converters)
edited by Peter Bradshaw,

A052Tips for Usmg Single-Chip 3%2- Daglt AID Converters;’
by Dan Watson.
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7136 EVALUATION KITS

After purchasing a sample of the 7138, the majority of users
will want to.build a simple voltmeter. The parts ¢an then be
evaluated against the data sheet specifications, and tried
out in the intended application.

4

To facilitate evaluation of this unique circuit, Intersil is offer-

" ing & kit which contains all the necessary componénts to

build a 3Vz-digit panel meter. With the ICL7136EV/Kit. and '
the small number of additional compo-

nents required, an engineer ar technician

can have the systermn “up and running”

. in.about half.an hour. The kit contains

a circuit board, a display {LCD), pas-
sive components, and miscellaneous
hardware,
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FEATURES

* First-reading récovery from overrange gives

immediate “OHMS” measurement

Guaranteed zero reading for 0V input

True polarity at zero for precise nufl detection

1pA typical input current

' True differential input and referénce

Direct LED display drive — no external camponents

required

Pin compatible with the ICL?107

» Low noise — 15.Vp-p without hysteresis or
overrange hangover

« On-chiip clock and reference

s |mproved rejection of voltage on COMMON pln

= No additional active circuits required

» Evaluation Kit available (ICL7137EV/Kit)

ICL7137
| 31.-Digit
Low Power AID Converter

GENERAL DESCRIPTION

The Intersil IGL7137 is a high performance, very low powsr
31%-digit A/D converter. All the necessary active devices are
conlairied on a single CMOS IC, including seven-segment
decoders, display drivers, reference, and clock. The 7137 is
designed to interface with a light emitting diode (LED) dis-

play. The supply current (exclusive of display) is under 20044,

ideally suited for battery operation.

The 7137 brings together an unprecedented combination of
high accuracy, versatility, and trué econemy. High accuracy,
like auto-zefo to less than 104V, zero drift of less than 1uV/°C,
input blas current of 10pA max., and rollover errorof less than
one count. The versatility of true differential input and
reference is useful-in all systems, but gives the designer an
uncommon advantagé wheén measuring load cells, strain
gauges and other bridgs-typs iransducers. And finally the
true economy of the ICL7137 allows a high performance
panel meter to be built with the addition of only 7 passive
components and a display.

The ICL7137 is an improved versiori of the ICI_7107
eliminating the overrange hangover and hysteresis effects,
and should be used in its place in all applications, changing
only the passive component values.

ORDERING INFORMATION*

TEMPERATURE | ORDER PART
PART PACKAGE RANGE NUMBER
7137 40-pin CERDIP 0°C ta +70°C | ICL#37CIL
7137 40-pin Ceramic DIP | 0°Cto +70°C ICL7137CDL
7iar” 40-pin Plastic DIP Q°C to +70°C | ICL7137CPL
7137 Kit | Evaluation Kit IGL7137EVIKIT

*Plastic package device is available with reverse-bent leads.
Order IGL7137RCPL.
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ICL7137 with LED Display
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ICL7137

ABSOLUTE MAXIMUM RATINGS

Supply Voltagevt ... .........

VT
Analog input Voltage (eitherinput) (Note 1)
Reference Input Voltage (either input)
Clocklnput...................

V¥tov-

EINT=RSIL

Power Dissipation (Note 2)

CeramicPackage .............c.... e 1000mywv
Plastic Package ............ e iaeaenaan, 800mwW
Operating Temperature . . ... ... .. .. 0°Cto +T0°C
Storage Temperature ........ e —85°Cto +160°C
300°C

Lead Temperaiure(soldering,60sec)..............

Note 1: Input voltages may exceed the supply voltages, provided the input current fs limited to +100pA:
Note 2: Dissipation rating assumes device is mounied with all leads soldered to printed circuit board,

Stresses above those llsted under "Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings oniy
and functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifica-
tions is not implied. Exposure o absolute maximum gating conditions for extended periods may atfect device reliability,

ELECTRICAL .CHARACTERISTICS- (Note 3)

" PARAMETER CONDITIONS MIN TvP MAX UNITS
Zero Input Reading Vin =0.0V —000.0 =000.0 +000.0 Digital Reading
Full-Scale = 200.0mvy
Ratiometric Reading Vin = Vrge, VRer = 100mV 999" 9991000 1000 Digital Reading
Roll-Over Error (Difference in V= o Vg = 200.0mY -1 =0.2 +1 Counts
reading for equal positive and
_negative reading near full-scaie) _ _ B o
Linearity (Max. deviation from Full-Scalz = 200mv -1 +0.02 +1 Counts
" best straight line fit) “or Full-Scale = 2.000V ‘ -

Common‘Mode Rejection Ratio Vom = 21V, Viy =0V 30 : A
(Note_4)_ _ ,Fpll-Sca\e:ZD0.0mV N
Noise (Pk-Pk valug not excéeded "Vin =0V, Full-Scale =200.0mv 15 1 - aVv
95% of time) .
Leakage Currert @ Input Vin=0V _ 1 16 pA "
Zaro Reading, Drift Vin=0V,0°C<Ta< +70°C 0.2 1 uVi*G
Scale Factor Temperature Viy =198.0mV, 0°C< Ty < + 70°C 1 5 ppmi°C
.Ceefticient {Ext. Ref. Oppm/°C} -
V™ Supply Current {Does not Vi =0V (Note 5)- 70 200
include LED currentj : , kA
V™ Supply Gurrent 40 S
Analog COMMON'VOItage {With 250kQ between Gommon and 2.8 3.0 32 v
respect 10 positive supply) Positive Supply
Temp. Goeff. of Analog COMMON 250k2 between Common ang 80 Fpm{°C
{With respect to positive supply) 'Positive_Suppiy
‘Segment Sinking Gurrent v =50V 5 . 8.0

{Except Fin'18) Segment Voltage = 3V mA

{Pin 19 only) 10 16 .
Power Dissipation Gapacitance vs Clock Frequency 40 o pF

Note 3: Unless otherwise noted, specifications apply at Ty = 25°C, faioek
Note 4: Refer to “Ditferential Input” discussion.
Note 5: 48kHz oscillator, Figure 2, increases curren

Y 3644 (typ).

=18kHz and are tested in the circuit of Figure 1.

Note 6: Extra capacitance of CERDIP package changes oscillator resistor value to 470kS or 150k (1 reading/sec or 3 readings/sec).

- '
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ICL7137
TEST CIRCUITS

INTERSIL ICLT137

SRR S

DISPLAY

ELrEl

Figure 1. 7137 Clock Frequency-16kHz (1 reading/sec)

DETAILED DESCRIPTION—Analog Section
 CONVERSION CYCLE

- Figure 3 shows the Block Diagram of the Analog Section for
the ICL7137. Each measurement cycle is divided into four
phases. They are 1) auto-zero (A-Z), 2) signal integrate (INT),
3) de-integrate (DE} and 4} zero integrator (ZI).

1. Auto-Zero Phase

During auto-zero three things happen. First, input high
and low are disconnected from the pins and internally
shorted to analog COMMON. Second, the reference capac-
itor is charged to the reference voltage. Third, a feedback
loop is closed around the system to charge the auto-zero
capacilor, Caz, to compensate for offset voltages in the
buffer amplifier, integrator, and comparator. Since the
comparator is in¢luded in the loop, the A-Z accuracy is
limited only by the noise of the system. In.any case, the offset
referred to the input |5 less than 10V,

2. Signail Inlegrate Phase

During signal integrate, the auto-zero loop-is opened, the in-
ternal short islremoved, and the internal input high and low

BINTERSIL

-5V o

INTERSIL IGL7137

oo el |

DISPLAY

-39

Figure 2. Clock Frequency 48kHz (3 readingsisec)

are connected to the exiernal pins. Thé converter then inte-
grates the differential voltage between IN Hl and IN LO for a
fixed time. This differential voltage can be within a wide
common-mode range; within 1V of either supply. If, on the
other hang, the input signal has no return with respect 1o
the converter power supply, IN LO can be tied to analeg
COMMONto establish the correct common-mode voltage. At
the end of this phase, the polarity of the integrated signal is
determined.

3. De-Integrate Phase

The next phase is de-integrate, or reference |ntegrate Input
low is internally connected to analog COMMON and input
high is connected across the previously charged reference
capacitor Circuitry within the chip ensurés that the capacitor
witl be connected with the correct polarity to cause the inte-
grator output to.return to zero. The time required for the out-
put to return to zero is proportional 1¢ the input signal.

Specifically; the digital reading displayed is 1000 {V\n/VREF)

| .
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Figure 3. Analeg Section of 7137
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ICL7137

4. Zero Integrator Phase

The final phase is zero integrator. First, input low is shorted
to analog COMMON. Second, the reference capacitor is
charged to the reference voltage. Finally, a feedback logp is
closed around the system to input high {o cause the inte-

phase lasts for between 11 to 140 <lock pulses, bhut after a
“heavy” overrange conversion, it is extended to 740 clock
pulses.

DIFFERENTIAL INFUT

The input can accept differential voltages anywhere within

the common-mode range of the input amplifier; or specifical-
ly from 0.5V below the positive supply to 1.0V above the nega-
tive supply. In this range the system has a CMRR of S0dB
typical. However, since the integrator alse swings with the
common-mode voltage, care must be exercised {o assure the
integrater output does not saturate. A worst case condition
would be a large positive common-mode voltage with a near
full-scale negative differential input voltage. The negative
input signal drives the integrator positive when most of its
swing has been used up by the positive common-mode volt-
age. For these critical applications theintegrator swing can
bereducedto less than the recommended 2V full-scale swing

with litt’e loss of accuracy. The integrator output can swing

within 0.3V of either supply without loss of linearity.

DIFFERENTIAL REFERENCE

The reference voltage can be generated anywhere within the
power supply voltage of the converter. The main source of
commaon-mode error is a roli-over voltage caused by the refer-
ence capacitance losing or gaining charge to stray capacity
- on its nodes. If there is a large common-mode voitage, the
reference capacitor.can gain charge (increase voltage) when
called up to de-integrate a positive signal but lose charge
{decrease voltage) when called up to de-integrate a-negative
input signal. This difference in réference for {+) or (-} input
veltage will give a roll-over efror. However, by selecting the
reference capacitor large encugh in comparison to the stray
capacitance, this error can be held to less than 0.5 count for
the worst case condition (see Component Value Seiection).

ANALOG COMMON:

This pin is included primarily to set the commen-mode
voltage for battery operation or for any system where the in-
put signals are floating with respect to the power supply. The
COMMON pin sets a voltage that Is approximately 3.0V more
negative than the positive supply. This Is selected to give a
minimum end-of-life battery voltage of about 6V. However,
analog COMMON has some of the attributes of a reference
voltage. When the total supply voltage is large enough to
cause the zener to.regulate {>7V), the COMMON voltagewill
have a low voltage coefficient (0.001%/%), low output im-
pedance (= 350), and a temperature coefficient typlcally less
than 80ppm/{°C.

The limitations of the on-chip reference should also be
recognized, however. The reference temperature coefficient
(TC) can cause some degradation in performance. Tempera-
ture changes of 2°C ta 8°C, typical for instruments, can give a
soale factor error of a count or more. Also, the GOMMON
voltage. wiil have a poor voltage coefficient when the total
supply voltage is less than that which will cause the zener to
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regulate (< 7V}, These problems are eliminated if an external
reference is used, as showrin Figure 4.

L'l v+
—
V¥agr Ve
HI
G6VYOLT - ICL7137 1.2 VOLT
REFLO—» ZENER REFERENCE
1 | {INTERSIL
ICLT137 ! z REF Hi[-# ICL20&S)
l REF LO
COMMON
v
(a} b}

Figure 4. Using an External Reference .

Anaiog COMMON is also used as the input low return during
auto-zero and de-integrate. If IN LO is gifferent from analog
COMMON, a common-mode voltage exists.in the system and
is taken care of by the excellent CMRR of the converter.
However, in some appiications IN LO will be set at a fixed
known voltage (power supply common for instance). In this
application, analog COMMON shcuid be tied t¢ the same
point, thus removing the common-mode voltage from the
converter. The same holds true for the reference voltage.
If the reference can be conveniently referred to analog
COMMON, it should be since this removes the common-
mode voltage from the reference system.

Within the IC, analog COMMON s tied 10 an N channel FET
which can sink 100pA or more of current to hold the voltage
3.0V below the positive supply (when a load is trying to puil
the common ling positive). However, there is only 1uA of
source current, so COMMON may easily be lied to a more
negative voltage, thus overriding the internal reference.

TEST

The TEST pin is coupled to the internal digital supply through
a 500¢ resistor, and functions as a "lamp test! When TEST is
pulled high (to V*) all segments wiil be turred on and the
display should read —1888. The TEST pin will sink about
10mA under these conditions.

DETAILED DESCRI PTION—Digital Section

Figure 5 shows the digital section for the 7137. The segments
are driven at 8mA, suitable for instrument sizé common
anode LED displays. Since the 1000 cutput (pin 19) must'sink
current from twe LED segments, it has twice the drive
capability or 16 mA. The polarily indication 'is “ON™ for
negative'analog inputs. If IN LO and IN H] are reversed, this
indication can be reversed also, if desired.

Figure 6 shows a methed of increasing the output drive cur-
rent, using four DM7407 Hex Buffers. Each buffer is capable
of sinking 40mA.

 SYSTEM TIMING

4119

Figure 7 shows. the clock oscillator provided in the 7137,
Thres basic ¢clocKing arrangements can be used:

1. An-external oscillator connected t¢ pin 40. -
2. A crystal between ping 39 and 40, -
3. An RC escillator using all three pins.
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QOne inverter shown for clarity.
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Figure 5. Digital Seetion
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Figure 6. Display Buffering for Increased Drive Current,

The oscillator frequency is divided by four before it clocks the
decade counters. It is then further divided to form the four
convert-cycle phases. These¢ are signal intédrate (1000
counts), reference de-integrate {0 counts 1o 200C counts),
zero integrator (11 counts 1o 140 counts*) and autc-zero
{910 counts to 2200 counis). For signals less than full-scale,
auto-zero gets the unused portion of reference de-integrate
and zero integrator. This makes a complete measure cycle of
4000 {16,000 clock. pulses) independent of input voltage. For
three readingsisecond, an oscillator frequency of 48kHz
would be used.

To achieve maximum rejection of 60Hz pickup, the signal in-
tegrate cycle should be a multiple of the 80HZ pericd.
Oscillator frequencies of 60kHz; 48kHz, 40kHz, 331 kHz, eto.

*after an overranged conversion of more than 2060 counts, the
zero integrator phase wiil last 740 counts, and auto-zero will last
260 sounts, ’

I

_ TOD CDUNTERQ—l
- -l
L _ I

40 - ) B o4
CRYSTAL X

AC NETWORK | L

|

EXTERNAL
OSCILLATOR

TEST

Figure 7. Clock Circuits

.

should be selected. For 50Hz rejection, oscillator frequen-
cies of B624kHz, 50kHz, 40kHz, etc. would be suitable. Nole
that 40kHz (2.5 readings/second) will réject both 50Hz and
B0Hz (alsc 400Hz and 440Hz). See also AD52,

COMPONENT VALUE SELECTION (see alsc A052)

integrating Resistor

Both the buffer amplifier and the integrator have a class A
sutput stage with 8zA of guieacent current, Thay can supply
~1uA of drive current with negligiblé non-linearity. The in-
tegrating resistor should be large enough to rémain in this
very linear region over the input voltage range, ‘but small
enough that undue teakage requirements are not placed on
the PC board. Fof 2V fuli-scale, 1.8M is near optimum, and
similarly 180ksfor a 200.0MmV scale.

4-120
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Integrating Capacitor

The integrating capacitor should be selected to give the
maximum voltage swing that ensures tolerance build-up will
not saiurate the integrator swing (approx. 0.3V from either
supply). When the analog COMMON is used as areferance, a

neminal =2V full-scaie integrator swing is fine. For three

readingsisecond (48kHz clock) nominal .values for Ciyt
are 0.0474F, for 1 reading/second {16kHz) 0.15uF. Of course, if
different oscillator frequencies are used, these values should
be changed in inversé proportion to maintain the same
output swing. , '

The integrating capacitor should have low dielectric absorp-
tion to prevent roll-over errors. While other types may be ade-
quate for this. application, pelypropylene capacitors give
undetectable errors at reasanable cost.

Auto-Zeto Caﬁacilor

The size of the auto-zero capacitor hag some influence on the
noise of the system. For 200mV full-scale where noise is very

important, a 0.47xF capacitor is recommended. The Zl phase .

allows a large auto-zero capagsitorio be used without causing
the hysteresis or overrange hangover proklems that can oc-

- cur with the ICL7107 or ICL7117 (see AD32).

Reference Capacitor

A 0.1xF capacitor gives good results in most applicé’tions.
However, where a large common-mode voltage exists {i.e., the
REF LO pin i3 not at analog COMMON) and a 200mY scaie is

used, a larger value is required to prevent roll-over error.,

Generally, 1.0xF will hold the roll-over errcrto 0.5 count in this
instance.

Oscillator Components

For all ranges of frequency a 50pF capacitor is recommended

and the resistor is selected from the-approximate equation
f~D.45/RC. For 48kHz clock (3 readings/secand), ‘R =180k,
while for 16kHz (1 reading/sec), R =560k, '

Reference Voltage

The analog input required to generate full-scale output (2000
counts) is: Vyy=2Vgegr Thus, for the 200.0mV and 2.000V
scale, Vper should equal 100.0mV and 1.000V, respectively.
However, in many applications where the A/D is connected to
a transducer, there will exist a scale factor other than unity
between the input voltage and the digital reading. For in-
stance, in a weighing system, the designer might like to have
a fuli-s¢ale reading when the voltage from the transducer is
0.682V. Instead of dividing the input down to 200.0mV, the
designer should use the input voltage directly and select
Veer=0.341V. A suitable value for the integrating resistor
would be 330kD. This makes the system slightly quieter and
also avoids.the necessity of a divider network on the input.
Another advantage of this system occurs when a digital
reading of zero is desired for Vy=0. Temperature
and weighing systems with a variable tare are examples. This
offset reading.can be conveniently generated by con-
necting the voltage transcucer between IN:Hl and COMMON
and the variable.{or fixed) offset voltage between COMMON
and IN LO.
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TYPICAL APPLICATIONS

The 7137 may be used in a wide variety of configurations. The
circuits which follow show some of the possibilities, and
serve 10 illustrate the exceptlonal versatility of these
A/D converters.

To pin 1 +————

g 40 )
ost : . 180ke1
S psaz Sat Vref = 100.0my
08¢ 3 [ —r] - o
TEST [ S0pF P
REF HI [T
REF-LC [ 4 :;;'\,J'\,—/\A Sy ———a + Y
¢ REF :_-'-uuF 10kt 220kn '
& REF [ e N
COMMON [ 1M} -
‘::"L'g = + =001, F IN
b= 0.4T4F T =
Az [ e i
BUFF \ 1
}_. - I 1
INT =" 0.047,F 1,
vo | h ' o - 5Y
G2 ] I
1
Ga = TO BISPLAY r
Ax | ’ 1
a1l !
GND [} - oV
2 .

Figure 8. 7137 Using the Internal Reference. Values shown are for
200.0mV full-scale, 3 readings/sec. IN LO may be tied to either

COMMON for inputs floating with respect to supplies, or GND for
single ended inputs. (See discussion under Analog COMMON.)

a0

To pin1
~ 0sc
osc 2

Rac 3

TEST
REF-HI

AEF LD

€ REF

G- AEF
‘COMMON

' INHI
IN LD

AZ

BUFF

INT

v

@

Ci

Ag

Gs

GND

SERRY
J  SelVred - 100.0mV

50pF

L]

20k A

200k ATk

e

0.7.F4 T2V [TCLADED}

M1
= 0.01,F

|V

LILJ

0,47uF
180k1

I%T

0.15uF -

}TO DISPLAY
Fal

Figure 9. 7137 withan External Band-Gap Reference (1.2V Type). IN
LO is tied to COMMON, thus establishing the correct common-
mode voltage. COMMON acts as a pre-regulator for the reference.
Values shown are for 1 reading/sec. ’

|8 )N

o

. To pin 1
e 80
v QSCt

05¢ 2
osc 1
TEST

REF Hi
REF LO
C REF
¢ REF

COMMON

INH)
N ""_g TATRE
BUFF

A A E'I.SM."I
INT

e v

Gz
TO DISPLAY

Ca

A3
Ga

.Recommended Component Values for 2.000V Full-

Scale, 3 ReadingsiSec. For 1 readmgfsec, ¢hange C.NT, Rosc ta

vaiues of Figure 9.

TBOKR
Set Vret = 1.000V
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TYPICAL APPLICATIONS (Continued)

To pin 1 s ! Tolpin 1
a0 . 40
"~ oscs %@ . ~ osc1 %
08¢ 2, 3 - Qsc2 .
— - St Vrel = 100.0mV [ Sel ¥rel = 100.0mY
osc 3 fF—-— osc 3 :I—‘—sl ;
TEST [ S0pF ) ey | L8
REF HI[] REF HI | |
REF LO :I—_——T’V\m—%——"‘“ REF LO y WA o 8V
& AEF [ = 10K 1M BBV TCREF [ Jem—m 2002 100k 2Tk
& AR [l—m T B . & Rep [ 0w T2v (CL808)
COMMON [ ———¢ M . common [ ML '
l::':g L Lo VvV N . I':L"g - TisE vV “In
G = = DATuF :
az F— AZ _—lE
BUFF [] JEk2 :: BUFF [ ] Jaoka
wrE——-H E f v 5——
v F : —o-5Y v [ ———
G2 =1
[ cal]
Y TO DISRLAY M = TO DISPLAY
G [ R a [
GND [T o 0V GND [} o oV
7 ———
Figure 11. 7137 with Zener Diode Reference. Since low TG zeners Figure 12. 7137 Operated from Single +5V Supply. An external
have breakdown voltages ~6.8V, diode must be placed across the reference must be used in this application, since the voltage
total supply (10V). As in the case of F\gure 9, IN.LO may be tied to betweenV ¥ and ¥V ™ is insufficient for correct operation of the in-
COMMON, ternal reference.
. To pin 1 1
- AD
4 7 osca [
. osc2 :@ .
oscol ——]
. TEST[]
reF HIE
REF LO
cREF D —2 ¢
¢ REF [ °
COMMON [
INHIT -
INLO [TF——eee—
az R - i 0.47uF
BUEF T -
INT [ —1
v
Ga[]
:2 % TO DISPLAY
G|l
GND [ 1
Fat =
Figure 13. Measuring Ratiometric Values of Quad Load Cell. The
“resistar values within the bridge are determined by the desired
sensitivity.
v ¥5Y
1. — M
vF " ose1f]
qom escz]
. et oscs [
. 3 i 3 TEST [
‘ : ! Y REFHI [
IcLra? o . : [ Ed REFLO ]
) : Teo st cREFI]
" . -':ﬂic et .CREFI]
cc jo2 common [
_ VpTAT] VIN HI ’ ’....’ i_ l—-, AR H s nH
ICLBOT3I4  VRer VAEF HI — P - 92 Lo 1
[ e l ’ { a2 ME]
VeERD ViNLD -t i Im L surF [
- : ) Chee INT [T
. Cifiaige = == , D3 ¥ [F—ev
S ,miaCE——Cl:—LE o wE
s " i ] >-1 ]
TR ) _]——-E E3 ] |
I/Runge = A Flabs K] W
3 @ND , ) :'CE- i ¢ Oror _ GND
ov J, CDanZA . b #
er PAC10 <

y- ——"Q—-r—w/—_l_
y LM338 J3KIL

Figure 14. Basic Digital Thermometer. Both the IGL8073 (°C} and

lli—‘

ICL8074 {°F) contain all necessary offset and reference (scale- anure 15. Circuit for developing Underrange ahd Overrange

facton voltages to allow a direct-reading thermometer 10 be con- signals from outputs. The LM339 is required.to ensure logic com-

structed without the need for external adjustments. Compenent patibility with heavy’ dlsplay loading:

values for 200mV full-scale should be used with the ICL8073, and

(ideally) 170mV full-scale for the ICL80T4, *values depend on clock frequency. See Figures 8, 8 and 10,
4-122
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Ta pin 1
e 40
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Qsc2

osc3

TEST

REF HI

REF LO

180k = 10uF
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Figure-16. AC to DC Converter with 7137

APPLICATION NOTES

AD16 “Selecting A/D Gonverters,’ by David Fullagar.

AD17 “The Integrating A/D-Converter;’ by Lee Evans.

A018 “Do’s and Dont’s of Applying A/D Convérters)' by Peter
Bradshaw and Skip Osgood.

AQ19+4v2-Digit Panel Meter Demonstrator/instrumentation
Boards;” by Michael Dufort.

AD23"Low Cost Digital Panel Meter Designs,” by David
Fullagar and Michael Dufort.

AD32"Understanding the Auto-Zero and Common-Made
Behavior of the ICL7106/7/9 Family)” by Peter Bradshaw,

A046Building a Battery-Operated Auto 'Ranging DVM. with
the ICL7106;" by Larry Goff.

ADB47 “Games Peopie Play with Intersi's A/D GConverters;
edited by Peter Bradshaw.

A052°Tips for Using Single- Chlp 3%- Dlglt AfD Gonverters"
by Dan Watson.

. The Kit contains a cirouit

7137 EVALUATION KITS

After purchasing a sample of the 7137, the majorily of users
will want 1o build a simpie voltmeter. The parts can then be
evaluated against the data sheet specmcatlons, and tried
cut in the intended application.

To facilitate evaluation of this
unigue circuit, Intersil is- of-
fering a kit which contains all
the necessary components to
buiid a 3%-Gigit panel meter.
With. the ICLZ137EV/Kil, an
engineer or technician can-
have the system “up and run-
ning" in about half an hour

board, LED display, passive
components, and mlscella-
neous hardware. :

4128
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FEATURES

16-bit resolution

High linearity-—0.003% FSR' :
Microprocessor compatible with buffered: mputs
Bipolar application requires no external resistors
Output current settling time 3us max (1.0us typ)
Low linearity and gain temperature coefficients
(Ippmi°C typ)

Low power dissipation

« Full four-quadrant multiplication

Full temperature range operation

ICL7145

- 16-Bit xP-Compatible
‘Multiplying D/A Converter

t:\u\:‘"

- GENERAL DESCRIPTION

~ The ICL7145 dombines a four-quadrant multiplying DAC us-

ing thin film resistors and CMOS circuitry with an on-chip
PROM-controlled correstion circuit to achieve 0.003%
tinearity without laser trirfiming.

Microprocessor bus ‘interfacing - is eased by standard
memary WRite cycle timing and eontrol signal use. The input
buffer registér is loaded with the 16-bit-input, and directly
controls the output switches. The registdr is transparent if

WR and.CS are held low.

The ICL7145 is designed and programmed for bipolar opera-
tion. There is an offset resistor to.the output with a reference
input which should be connectedto — Vger, givingthe DAC a
true 2's complement input transfer function. Two extra
resistors to facilitate the reference’inversion are includedon
the chip,. so that only an external op amp is needed.

ORDERING INFORMATION

NON LINEARITY TEMPEHATURE RANGE

0°C TO +70°C

—25°C TO +85°C

Q. UDE%

ICL7145JCJ1

ICL7145J1)1

“0.003%

ICL7145KCJI

ICL7185KIT

Package: 28-pin CERDIP anly

CHIP TOPOGRAPHY

Dp Dr Ds Ds Dy

De Dy

. 0.145 In
D1z (3.663)y mm
D13
D1a
P1s wR

PROG [mF

=1
¢/ Riny RFB\ lout
Vaer Rors DGND AGNDg
. 0187 In -
i {5.004) mm o

PIN CONFIGURATION (outiine dwg a1}
{LSB) Do [ % ~ 28] Wr
o 2] [27] 5
o] Tlg
D3 E E loyTt
ne [5] 23] AGNDs
ps 6] 23} AGNDE
Ds [7] IcL7445 22] DGND
D7 E E Ara
Dg E . E Rors
Dy [10] [19] Ainv
Die E E VREF
D [12] 77] prOG
D12 [13 [16] D15 (MSE})
D3 E E D1a '
|
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ABSOLUTE MAXIMUM RATINGS (Note 1) -

Supply Voliage V¥ 1oDGND . .. ......vunt - 0.3V 7.5V Storage Temperature. .. oovvveovvee.s - B5°Ctlo +150°C

Vrer Rors: Rinvs RegtoDGND v +25V Power Dissipation{Note2) ... ..............onvnn 500mw

Current in AGNDg, AGNDg. vt ivaeen i cnrnnns 25mA derate above 70°C@ 10mW/°C

Dy, WH, TS, PROG, lguts * Lead Temperature(soidering, 10seconds} .......... 300°C
AGNDg, AGNDg . ......-.. e —0.3VioV* +03V '

Qﬁgf;;’;%gemperat”’e G o 470°C Note 1; Al voltages with respect to DGND.

) Note 2: Assumes all leads soldered or welded to prinied cirouit
ICL7145] o ivinnvrerenenneei. . —256°Cto +85°C board.

Stresses above those listed under “absolute Maximum Ratings' may cause permanent damage to the device. These are stress ratings only
and functional operation of the device al these or any other conditions above these indicated in the operational sections of the specifica:
tions is not implied. Exposure to absolute maximum rating conditicns for extended periods may affect device réfiability.

DC ELECTRICAL CHARACTERISTICS v* = +5V, Vage = +5Y, Ta = + 25°C unless otherwise soecified.

PARAMEI‘ER SYMBOL ' CONDITIONS LIMITS UNIT
MIN TYP MAX
Resalution . 16 - Bits
Non-Linearity . i - (Nlotes 3and 4 o S . ] gggi v FSR
Ditferential Non-Lingarity o {Notes 3 and 4) | o003 | % FSR
Mon-Linearily Temperature Coefficient | _ | Operating Temperature Range - | 1 B _ ' ppmi*C
Gain Error i : | (Notes 3 and 4) - 1 gﬁﬁ: WFSR |
Gain Error Temperature Coefficient ! Operating Temperature Range 1 ' . ppmi*C
Zero Output Offse_i Vios Taz + ?5°c - 10 my
) - | Operating Temperature Range ) 10 :
PowerSm_JppI:y Reje¢iion _Hafu‘o i PSRR Ta = +23°C, vT =8V £10% o 1 20 ppmiV
Output Current Settling Time- 1o ' ) 1 3 us
Reference Input Resistance Col Zrer Ve 3 & K
Output Gapacitance ‘ o Dy = All 05 110 - oF
- [ ByzAlts 20 _
Cutput Noise ) - Eguivalent Johnson Resistance . 7 ' kQ
Low St__ate Inpu't_ . Vi ‘Operating Temperature Range ' 0.8 V.
High Statednput ) YinNg Operating Temperature Range 24
Loglc Input Current ILiN D=VpsVv' -1.0 . 10 [ opa
Logic Input Capaditance _ Cun | ' 15 _ ~PF
Supply Voltage Range vt Functioral Operation N a5 |© .1 85 | ¥
Supply Current - i+ Excluding Ladder ‘ 0.5 1.2 mA
Note 3: Fuil-Scale Range (FSR) is 10V (=5V).
Noted: Using internal feedback and reference inverting resistors.
AC ELECTRICAL CHARACTERISTICS v* = +5V, Ty = +25°C, see Timing Diagram.
PARAMETER ' o SYMBOL CONDITIONS MIN TYP ~ MAX UNIT
Thip SelectWhite Set-Up Time . tows - . . 0 '
Ehip SelectWHite Hold Time T town . I 0
~ Wirite Puise Width Low : WE | _ 200 ' ns
Data-WRite Set-Up Tims . tows . ' - 200
Data-VWHite Hold Time _ T town 0
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Timing Diagram °

FEI Ty
Tttt e et el
eelelelsialateteletelalelete
RN
SR A

| ~ twh

—{pws

- DN
DATA

DATA VALID, STABLE

Table 1. Pin Assignment and Function Description

4 PIN [ NAME | DESCRIPTION
1 | Dy Bit 0 LeastSigniticantBit |
2 | Dy Bit 1 )
3| Dy Bit2
4 | Dy Bit 3
5 Db Bit 4
6 | D Bit 5
7 | Dg Bit § Input
8 | O Bit 7 Data
9 | Dg . Bit 8 - Bits
10 | Dy Bit9 {High ="True}

11 | Dy Bit 10

12 | Dyy | Bit 11

13 | Dz Bit 12

14 | Dya - Bit 13

15 | Dug Bit14 | ]

16 | Dyg Bit 15 Mast Significant Bit

17 | PROG Used for programming only. Tie to +5V
for normal operation.

18 | VRrer Vrer Input to ladder.

19 | Rny Summing node for inverting amplifier.

20 ‘| Fors Bipolar offset resistor, to — Vgge. ~

21 | Reg - Feedback resistor for voltage output |
applications.

22 | DGND | Digital GrouND return.

22 | AGNDg | Analeg GrouND force line. Use to carry
current from internal Analog GrouND
cannections. Tiedlinternally tc AGNDsg.

\ 24 | AGNDs | Analog GrouND sense line. Reference
point for external circuitry. Pin should
carry'minimal current. Tied internally to

. AGNDE.

25 | lout Current output pin.

5 | vt Positive supply voltage. .

27 | CS Chip Belect (active low). Enables writing

- 10 register

28 | WR WhRite (active low). Writes into registef.

Equivalent to CS. _
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- DEFINITION OF TERMS

NON-LINEARITY: Errer contributed by deviation of the DAC

transfer function from a best straight line function. Normally

expressed as a percentage of full-scale range. Foramultiply-
" |hg DAG, this shouid hold true over the entire Vpeprange.

" RESOLUTION: Value of the LSB. For example, a unipolarcon-
verter with n bits has a resolution of (2~ ™ (Vger) A bipolar
converter of n bits has a rasolution of [2 7= "] [Vge£].Resolu-
tion in Ad way implies linearity. _
SETTLING TIME: Time required for thé output function of the
DAG to settie to within 1/2 LSB for a given digital input
stimulus, i.e., 0.tc full-scale.

GAIN: Ratio of the DAC's cpe}ationai amplifier ouiput voli-
age to the nominal input vollage value.

. DETAILED DESCRIPTION

The ICL7145 consists of a '18-bit primary DAC, PROM
controlled correction DACs, the input buifer registers, and
“the microprocessor interface logic. The 16-bit primary DAC is
“an R-2R thin film resistor Jadder with N-channel MOS SPDT
current sleering switches. Precise balancing of the switch
resistances, and all other resistors in the ladder, results in ex-
cetlent temperature stability.

The high linearity is achieved by programming a floating
polysilicon gate PROM array which controls the correction
DAC. The most significant bits of the DAGC register address
the PROM array, whose outputs control a 12-bit linearity cor-
féction DAC. Thus for every combination of the primary
DAC's most significant bits & different C-DAC code i8
_selected, allowing correction of superposition errors caused
by bit interaction on the primary ladder's current bus and by
voltage non-iinearity in the feedback resistor, Superposition
errors cannot be corrected by any methed that corrects in-
dividual bits anly, such as laser trimming. Since the PROM
proegramming occurs in packaged form, it corrects. for
resistor shifts caused by the thermal stresses of packaging,
unlike waferlevel trimming methods. Since the thin film
resistors do not suffer laser trimming stresses, no degrada-
tion of time-stability results,

Also coniroiled by the onboard PROM,. the 6-bit G-DAG
‘feduces gaifi erfor to less than 0.02% FSR by diverting to
analeg ground up to 2% of the current flowing in Reg.
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Figure 1. IGL7145 Functional Diagram

APPLICATIONS

Bipolar Operation

The circuit configuration for the nermal bipalar mode opera-
tion of the ICL7145 is shown in Figure 2. The 2's complement
input and positive and negative reference voltage valves
allow full four-quadrant multiplication. Amplifier Ag, together
with the internal resistors Ry and Rypyyz, forms a simple

voltage inverter circuit to generate — Vpeg for the Roeg offset |

input pin. This will give the nominal "‘digital input code/ana-
log output value” relationship of Table 2. '

Table 2. Code Table—Bipoiar Operation

DIGITALINPUT , ANALOG OUTPUT
0111111111 11111 1] —Vaepi1—12"9
Q0000000000 0000 1| —Vage (1729
000Q0D00DO0O00C0O00O0| D
1111111111111 11 1| Veee (12%)
1T00000000000000 1| Vagei1—12")
100000GC00000000O0| Vegr

Amplifier A, is the output amplifier. An additional amplifier Az
may be used to force AGNDE if the ground reference point is
established elsewhere-than at the DAC, as in Figure 3.

A feedback compensation capacitar, Cg, improves the set-
tling time by reducing ringing. This capacitor is normally in
the 10pF-40pF range, depending an layout and the output
amplifier selected. If C¢ is too small, ringing or oscillation
can oceur when using an op amp with a high gain-bandwidth.
If Cg is too large, the response of the cutput amplifier will be
overdamped and will settle slowly. Figure 6 shows the effect
of CF-

The input circuits of some high speed op amps wili sink large
currents to their negative supply during power up and power
down. The Schottky diode at Iyt limits any negative going
transients to less than - 0.4V, avoiding the SCR latch-up
which could result if significant current was injected into the
parasitic diode between lgyr and V= of the ICL7145. This
diede is not needed when using the ICLY850 ultra low Vg op
amp.

Offset Adjustment

1. Connect all data inputs and WR and- T8 10 DGND.

2. Adjust the offset zero-adiust of the operational.amplifier
Ay, if used, for < £50uV at AGNDg,

3. Set data to 0000....000 (ail low). Adjust the offset zero-
adjust of output operational amplifier A4 for < + 50,V at

lout- Vout will be ofiset from OV by the bipolar zero error of
= 10mV.

The bipolar zero error'may be trimmed out by adjusting the

" offset of Ag. The bipotar zero error can be as large as 10mV,

but has a typical tempéo of only 10gVI°C.

Gain Adjusiment .

In many systems, gain adjustment will not be needead since
the gain of the ICL7145 is accurate to within 0.02% FSR.
When system gain must be adjusted, the iow gain errof limits
the required adjustment range to only slightty more than the
initial accuracy error of the reference. This is desirable since
external gain trims degrade the gain temperature coefficient
of a monelithic DAC. This degradation in the gain tempco
comes about because, although the internal resistors track
each other closely, they have a temperature coefficient of
resistance of approximately —250ppm/°C.
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Figure 2. Bipolar Operation, Four-Quadrant
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. Figure 3. Operation with Forced Ground
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To increase Vgur, connect a series resistor of 200Q or less
between the A 'output and the Rgg terminal (pin 21). To
decrease Veyr, connect a resistorof 10000k less betweenthe
reference voltage and the Vpes lerminal (pin 18). These
resistor valués result in a minimum of 1% FSR gain trim and
add about 3ppm/{°C gain termpco. If-enly a small gain trim
range is needed, the resistor values should be réduced in
orderto preserve the excellent 1ppm/°C gain tempco.

Digital Interface

The ICL7145 has a 16-bit latch-enboard and can interface
directly to a 18-bit data bus. Use external latches or periph-
eral ICs to interface to an 8-bit data bus, as-shown in Figure 4.
To ensure that the data is written into the onboard latch, the
data must be valid 200ns before the rising edge of WR. The
onboard latch is transparent, meaning that if WR and TS are
tied low, the input data is directly applied to the internal R-2R

. . N . o . PR
' 2 LINE TOQ 4 LINE DECODER

BINTERSIL

ladder switches. While this simplifies interfacing in non-

microprocessor systems it may cause additional glitches in
some microprocessor systems. These small glitches will
oceur it WR goes low before dgata isvalid. Data must be valid
at the time WH goes low tb avoid these additional glitches

All dlgltal interfaces ¢an suffer from capagitive couplmg be-
tween the digital lines and the analog section. There are two
general precautions that WI|| reduce the capacitive coup! ing
problem: 1) reduce stray capacilance between digital lines
and analeg {ines; and 2) reduce the number of iransitions on

“the digital inputs. Careful board layout and shielding can

minimize the capacitive coupling {sée Figure's, PCEB:layout).
The activity on.thie digital input lines canbe reduced by using
external latches or péripheral interface ICs between the mi--
creprocessor bus and the IGL7145, This will reduce the
number of transitions on the digital data and control lines of
the ICL7145, and thereby reduce the amount of digital noise
coupled into the sensitive analog sections.

Eﬁ S . - _ .
A . .
- - L - WR
— -B'EN - L
al Ao | . i §
.wn L culr—" o . Lsaza :.'n )
"ADDRESS BUS . )| SELECT' . &BIT +  iTLTiE
- Logic | 1. /] uarcH .
TR oy
8BIT S L o - L
”P . .. ) - . i .
R R 1 o8
. o LN e .
8.BIT DATABUS :>-'.wrcu . ) H
. . . Dz
Figure 4. Interface to 8-Bit Microprocessor
by
v A A

- .,...,‘ANALGG

a@d 7
- MsSE
-
-
=
-
L DIGITAL
L » INPUT
L DATA
=
«
-]
=

GROUND

“BUT
DGNDTE WR
Frinted Circuit Side of Card (Single Sided Soard)
Figure 5a. Printed Circuit Board Layout .
4-129

Downloaded from Elcodis.com electronic components distributor

TS DGND

Wi

GROUND .
N

Figure 5. Top Side with Component Placement



http://elcodis.com/parts/5800876/AD7533CD.html

ICL7145

Operational Amplitier Selection

i

- The input'bffsei voltage, input current, gain, and bandwidth
of the op amps used affect the circuit performanceé. Since the
output impedance.of Igyr varies with the digital input cade,

Ay’s input current will cause a code- -dependent error at Vour, -

degrading the Imeanty The inplit bias cufrent shouid be
significantly less than 1 LGB current, which is about 10nA. In
a similar manner, any offset voltage in Aq wiil also cause
linearity errdrs. The offsét voltage of the output ampllfler
should bé sagmflcanily less than 1 LSB, which is 153uV.

The- voltage,output settling time is highly dependent onrthe
stew rate and gain-bandwidth of A4, so for high speed opera-
tion ahigh speed op amp such as the HA2600 is recoemmend-
ed. For applications where high speed is not required, ihe

o EINTERSIL

ICL7650-or ICL7652 can be used for A. Since the IGL7650/52
offset voltage is |ess than 5uV, no-offset trimming is needed.
Ta getafull 5V swing, = 7.5V supplies shouid be used for the
1CL7850/52. Figures 6 and 7 show typical performance.

Amplifier Az, Wwhich is used to generate the inverted
reference, needs on)yto have a stable offset and to be ablato
drive a 3k load. Since this is strictly a DC amplifier, the low
noise ICL7652 is an ideal choice. Any variation in the offset
voltage of As will result in a drift in the bipolar zero, but will .

not affect the linearity.of the IGL7145:

Amplifier -A,, used to generate a high quallty ground, also
needs a Iow offset and the ability to sink about 2mA.

2ViDIV
VOLTAGE
© QUTPUT |

5usiDIV

" "EVIDIV ! WRPULSE

Figure 6. Voltage Output Settling with HA2525-5 Output Amplifier

Upper 50mV of a 10V Step

Figure 7. Voltage Gutput Settling with LF356 Quiput Ampl.ifier
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. Ground Loops

Careful consideration must be given to.ground loops in any VRer Rrg
high accuracy system. The current into'the analog ground - .

point inside the chip varies significantly with the input code
value, and the ineviiable resistances between this point and
any external connecticn point can lead to significant voltage
drop errors. For this reason, two separate leads are brought
out from this point on the IC, AGNDgand AGNDz. Tha varying
current should be absorbed through the AGNDg pin, and the
AGNDs pin will then accurately reflect the.voltage on the in-
terna! current summing point, as shown in Figure 8. Output
signals should ideally be referenced to the sense pin AGN Ds,
as shown in the application circuits. -

TRUE O/F NODE
Al - S
Ieuy

LEAD
RESISTANCE

Multiplying Mode Performance ‘ '

pe GROUNDTO
REMAINDER

LEA OF ANALOG

. D .
RESISTANGE:  SYSTEM

Ino

. . AGN
While the ICL7145 can perform full four-quadrant multiplica-

tion, full 0.003% linearity is guarantesd only at Vegg = +5V.
This is becausé the voltage coefficient of resistance of the
R-2R ladder and the feedback resistor are significant at the
14- or 16-bit level. This effect is most significant at higher G-DAC
voliages, and adds errors on the order of 0.01% for a =10V -
full-scale. While the ICL7145 is tested and specified for

F 9

) p LEAD
TRAUE ANALOG RESISTANCE

e It ’ GROUND POINT | =
Vaee = + 5V, the R-2R ladder has thé-same voitage across:it i
when Vg = — 8V. Therefore, voltage coefficients donotadd )
any error with.a —5V Vper. . Figure 8. Efiminating Ground Loops
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| HMEH@[IL S0 Bit Processor

FEATURES , GENERAL DESCRIPTION
B Low Impedance Voltage Outpui - e -
L _ The ICL7146 is the first of a series of complete 12-Bit

B Double-Buffered Processor Interface. CMOS DAC's. These DAC’s feature all of the needed

B Easy-To-Use Bipolar Offset support circuitry to interface fo processors and give a
. .. e ’ voltage output. Contained on the chip are two levels

._ Multlplymg Capability of latcheas for double buffers, a trimmed reference, a

B On-Chip Trimmed Reference ' latch controller, arid an output buffer amplifier. All

B 7.Sec Settling Tirrie devices Iértja_ accurately trimmed for both gain and off-

o ' L set so that no external trimming is required.
H No External Gain or Offset Adjustment

'‘Required o

_ L T ‘CMOS circuitry is used to kee the power dissipation
B Low Power Dissipation 50mW 4 P P P

low; and with all devices contained on a single chip,

B No Critical External Compenents .significant board size reductions are possible. As an
_ . ‘ . ‘ alternative to this, many more-analog channels could
ORDERING INFORMATION be added to a board and still decrease power con-
] Temperature ' sumption. Intersil’s patented autostabilized op amp

Part Number | Linearity Range Package construction eliminates drifts in the zero offset and
ICL7146LCH " Dto +70°C provides a fast (7 gsec) settling time. '

0.01% .

ICL7146L1JI ° |F40°Cto +85°C ‘

ICL7146KCYI 0,024 0to +70°C CERDI# Processor interface is double-buffered with all 12-bits
ICL7146KI1J1 T TT40°C to +85°C being brought out. The first level of latches is divided
CL71260C0] 0to +70°C into 4 and 8 bit bytes with a 12 bit wide second buffer.

0.05% . . Data can be directly entered into any of the three buf-
ICL714641J1 —40°Cto +85°C | fers or the buffers can be operated separately.
BLOCK DIAGRAM PIN CONFIGURATION
REF REF ’
O‘?’T IN Vi V- AGND ROS ' R:‘;sE 1 2BjRFB
I I' I ' RER ' AEFour ] 2 27| Irery,
= J | | Ren Coxra ] 2 26| ] WH
. ‘ \ Cr - Soma[] ¢ 25| | ALE
Vage  12BITMDAC  lout 1 )4 vour vaurl1s 24t| A
Tour ZLI— + v+l: [ zajAD
1 = ) CEXTA v-r 22 65
ZENER 12.8IT DAG REG. Ao ] & 2130,
HEF. CEXTS oanol] 8 = Jo,
T o T ‘ oul_]a0 18 Jb,
) g OGN D
—»|DECODER —»lMS“éBR';G_ 8-BIT LSB REG. o le_: n L o,
_ -I 1T ' paL|12 17Jp,
1411 I oDe s
| (MSB) © {LSB) - .
ALE TS a1 D11 D8 D7 D5 D3 Di ) o:[]4e 1s[Jo,
WR AQ D10 D28 Dé D4 D2 DO .
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Absolute Maximum Ratings {Note 1) Streses above those listed under “Absolute Max-

imum Ratings” may cause permanent damage to the
REFINGREB BOS « v cvvevmvreeineennnennn, +25Y device. These are siress ratings. only and functional
Vo 8.2V operation of the device at these or any other condi-

tions above those indicated in the operational sec-

V7o TRt e s -9.0v tions-of the specifications is not implied. Exposure to
REFouT, Vout: CexT, . absolute maximum rating conditions for extended
AGND +vrrererenreern. YT =03VioVY + 03V periods may affect device reliability.
Digital Inputs . ......... vt +0.3VtoDgyp — 0.3V _ »
Storage Temperature Range.. . . . . —65°Cto +150°c ~ NOTE 1 All Voltages with Respect to Danp -
Operating Characteristics
V+ =5V, V- = -8V, Vier = 4.00V, Ty = 25°C, Ry = 20K, C_ = 50pF

! Limits _

. Parameter Symbol Test Conditions Min. Typ. Max. Unit
Resolution 12 Bits
Non. Linearity J _ .05 | % FSR

K ‘ ' .02 % FSR
_ L : .01 % FSR
Differential Linearity LSB
J =34 | x2
K ' ‘ +1f2 =1
L Guaranteed Monatonic +1/2 +1
Gain Error ) 0.1 0.2 % FSR
Unipolar Zero Error _ _ B 680 120 Vv
Bipolar Zero Code Error Rrp Connected to Voyr 0.025 Q.05 | % FSR
Ros Connected to
- VREF
Positive Power Supply V+ = 45 to 5.5V +0001 | 0.005 | % FSR/
Rejection Ratio _ | External Reference ; % V-+
Neg'ative Power Supply V—~ = —451to0 — 55V 0 +0.001 | % FSR/
Rejection Ratio External Reference ' | % V+
Voltage Setting Time. (Note 1) _ To 1/2 LSB ' 7 10 uS
Feedthrough Error VREr = 8V P-P, _ 1 mV P-P
) ' 10 KHz Sine Wave
Reference Input Resistance - 85°C to 126°C 5 {1 10 20 KQ
Internal Reference Voltage ' 404 1 — 4.(_)0 —3.96 v
Intérnal Reference Tempco ' . 25 50 PPM of
FSR per
°C
Positive Supply Voltage Range || V+ Functional Qperation, 4.5 5.0 55 v
Internal or External ‘
. Reference
Negative Supply Voltage - ¥— | Functional Operation, —45 ~-50 | —-75 v
Range : External Reference .
Functional Operation, —475 | ~50 -7.5 Vv
o " Internal Reference -
Output Voltage Range Rrg connected to Vour . x4 v
Output Drive Current 7 RN mA
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Operating Characteristics (continued)
V4 = 5Y,V— = —BV, Vet = 400V, Ta = 25°C, R = 20K, G = 50pF
L Limits
Parameier Symbaol Test Conditions Min. Typ. Max. Unit
Output Amp Bandwidth - 2 MHz
Slew Rate 2.5 Vius
Qutput Impedance @D.C. .02 Q
Reference Input Range For design use. +20 +10 v
(Note 2) Linearity Guar. @4.0V
Logic Low VINL 0.8 v
Logic High ViNH 24 v
Logic Input Current pA
Logic Input Capacitance 8 pF
(Note 1) I
Positive Supply Current Inputs = OV or 5V 40 | 50 mA
Negative Suppty Current 4.0 5.0 mA
Power Dissipation Input Code = 5.0V 50 mw
_ V+ =50V,V—-=-50V
Gain Error Tempco internal Ref + 30 PPM of
External Ref -12 | FSR
. ‘ °C
_ ~ DIGITAL SWITCHING CHARACTERISTICS
Address WR Set-up Time TAWS 100 ns
Address WR Hold Time TAWH nS
CS WK Set-up Time TCWS' nS
TS WR Hold Time TCWH nS
“Write Pulse Width TWR 200 nS
Data Set-up Time ~| Tos 200 ' nS
Data Hold Time ' TDH 0 nS
ALE Pulse Width TLL 200 | nS
Address-ALE Set-up Time TAL 60 ns
Address-ALE Hold Time TLA 40 . nS
‘CS-ALE Set-up Time TCL 30 , nS
CS-ALE Hold Time S| Te 50 | ' ns
WR Trailing Edge to ALE TWL 0 . nS

NOTE 1: Guaranteed by design, not 100% tested in praduction.

NOTE 2: External Op Amp Required for Vg > 4.0V

DETAILED DESCRIPTION

The ICL7146 is a monolithic 12-bit processor compati-
ble CMOS DAC. It is a complete DAC containing a
DAC, a group of latches, a reference, digital control
circuitry and an op-amp.

A wide range of applications can be'implemented
with the ICL7146 laser trimmed 12-bit multiplying

DAGC. CMOQS switches and low tempco thin film
resistors provide a stable cutput current proportional
o the input digital code. Two matched and trimmed
resistors are provided at the output for current to
voltage conversion and for offset generation in
bipolar operation. :

An on-chip precision auto-stabilized operational
amplifier is provided for current to voltage conver-
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TIMING DIAGRAMS AND TRUTH TABLES

BINTERSIL

Non-Multiplexed Bus

TIMING DIAGRAM

DORESS VAL D

o

! | peTasne|

o T

T xng=r—mr
o5 I.\q
Tows—| | |——*.m Tonk |

13 U

f=Tos—r{t—}—Ton

TIMING FOR NON-MULTIPLEXED ADDRESS BUS

TRUTH TABLE {ALE tied to V+)
CONTROL INPUTS

— P Tl

A1 | AD |CS |WR . OPERATION

X1 X | X |1 No Operation Device Not

X1 X 1 | X Selected

0|0 |0 |0 Load All Registers From

- Data Bus _

011 |60 |0 [LoadLSB Register From
Data Bus*

1 0|l0 |0 Load MS3B Register From
Data Bus*

1 1 0 [0 Load DAC Register From
LSB & MSB Register

*Data is latched on fow to high transition of WR or TS.

Multiplexed Bus

TIMING DIAGRAM

TN
L L=t

|-¢-TAL --—Tu—lv-'

—

-]

‘:?:: yf/'ﬁ—w%#mm UALID—--W ///
Tew | )

: | i Tie i |“TDS“I"—TDH—>|

TIMING FOR MULTIPLEXED ADDRESS BUS

sion. The auto zereing technique utilized guarantees
extremely low offset and low gain drift over
temperature, Two inexpensive capacitors are re-
quired for the internal auto zero circuitry. Th op amp
has been left open loop for flexibility. The loop can be
ctosed by connecting Rog and Ry 1o Voyt for full
scale voltages less than =4 volis. An external
amplifier can be closed in the loop for applications re-
quiring larger output swing or current. An inexpen-
sive buffer amplifier with no special input
characteristics can be used without any system
degradation. No external offset trimming is required
due to the auto zeroing circuitry.

A zener refergnce that can be trimmed for both out-
put voltage and temperature drift is provided. This
reference is capable of driving an extra load of 200uA
above the current required for the DAC ladder. This
allows the reference to be used for other devices in
the system when required.

Latches on the ¢hip are set up in two levels, the first
level connects to the data bus and is internally ar-

TRUTH TABLE (ALE is latch control input: TS, AO &
A1 are latched outputs)

CONTROL INPUTS

— T ' OPERATION
A1 | AD | CE |WR
X X | X 1 No Operaiion Device Not
X1 X1 Selected
G 0| 0 0 | Load All Registers From
Data Bus
0] 11010 Load LSB Register From
' Data Bus
1 o0 O Load MSB Register From
Data Bus
1 1 0 | 0 | Load DAC Register From
LSB & MSB Register

ranged as three groups of four latches each. The
decoding circuitry is designed so that the user may
address either the lower eight bits or the upper four
bits. This allows the user to hard wire the 4 MSB’s
directly to the 4LSB’s for easy interface 1o eight bit
processors. Or the DAC can be wired directly to a 12
bit or larger daia bus, Following'the two input latches
is another latch that is 12 bits wide. This makes the
ICL7146 double-buffered. By double buffering the in-
put of the DAC it is possible to interface the DAC to
an eight bit data bus and prevent the DAC from hav-
tng a major output glitch as the digital code changes.
With a single level of latches, say a 4 bit latch and an
8 bit latch connected to an 8 bit data bus the follow-
ing would occur if an attempt was made to gengrate a
ramp. As the input code was incremented from
000HEX to OFFHEY an even stair case output would
occur. But to change the code to 100gx the pro-
cessor would either have to change to code to 000
and then to 100, or first to 1FF and then to 100. In the
first ¢case the output would go to zero for a full pro-
cessor cycle. And in the secorid case it would-double
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its output value. Neither of these conditions are ac-
ceptable in a wide variety of applications. Hence the

need for double buffering.

BINTERSIL

Buffer control is handled by a decoder to ease pro-
~ cessor interface requirements. Operation of the
decoder is shown in the truth table.

TYPICAL APPLICATIONS
Bipolar Output |
Cfiset Binary Code Table

TYPICAL APPLICATIONS
Unipolar Output

Code Table

Binary Number In

DAC Register Analog Cutput, VoyT

Binary Number In

DAC Register Analog Output, Voyr

o111 1111 1114

~ VREF (20148)

-ver (22)

'CO0C 0000 0000

MSB - LsB MSB LSB
1111 1111 1111 +VHEF(2047 .
. 2048 ,
1111 1141 1111 —VHEF 4095)
1000 0060 0001 + VRep (_1§) 2008
204
1000 0000 0000 oV 2006 )= — V2 VRerF

0000 0000 0001 |_Vper
4095

0000 0000 0001 ov

+ 4V BIPOLAR OUTPUT:

R

B
- REFy Ros Aano  Bono "
i g
i ICL7146 v
+ A= W _AREFgyr ouT,
YRer NT) | ¥+ Gpae . ¥~ Cera

= -av

VOLTAGE
QUTPUT

NOTE 1: A1 should be selected or trimmed for iow
offset voltage; R1 & R2 are 10KQ resistors
trimmed to a matthing of 0.1% or better.

+10V BIPCLAR OUTPUT:

5% J__
-

Al

—asv| . =
(EXT) R P2
—{reFyy Fas Agwp  Dgno,
ICLT146
+ = Nperour
VAEF {INT} LN GE:TB = CEITA

VOLTAGE
OuTPUT

- : l DR [ u-\,.F

+ 5V

NOTE 1: A1 should be selected cr trimmed for low
offset voltage; R1 & R2 are 10KQ résistors
trimmed to a matching of 0.1% or better.

NOTE 2: A2 needs not to have alow offset voltage but it
must be fast (> B8MHz) to insure stability.

+ 4V UNIPOLAR OUTPUT:

€M Ros Agnp Dane
HEFy

1 ICL7146

-
- 4V
Veer REFqur

- UNT ¥+ Cexra ¥ Cryra
=
Lo

+ 5V -5v

Apglp=

VOLTAGE
GUTPUT

4+ 10V UNIPCLAR OUTPUT:

Ros ‘Aanp
REFIN

YOLTAGE
QUTPUT

NOTE 1; A2 needs not to have a low offset voltage but it
must be fast {>8MHz) to insure stability.
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CHIP TOPOGRAPHY.

ICL7146

TYPICAL APPLICATIONS (Continued)

D4 Ds Dg D7 Dg Dy Do D1q

e - ] L JR L
D3
| D2 B g
j: D4 i ; : E )
1 | L
Ry TEMPCO = Ry TeMPCO DO - L ' :
VREFIN = VRerauril +H$" -C-'—g -LI _' -
USING INTERNAL REF FOR Yggs >4V AO ! - S 'l ‘ IOUT
AR == J o
ALE W[l , '. = Danp
WEB - AGND
i pr LT [ BV —
REF)n H = : u
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| NMNEIRS  AD7520/7530
10 & 12 Bit Monolithic
Multiplying D;/A'Converl:ers

FEATURES | o GENERAL DESCRIPTION

» AD7520/ AD7530: 10.Bil Flesolutlon, B, @ and 10:Bit The AD7520/AD7530 and AD7521/AD7531 are monolithic,
Linearity high accuracy, low cost 10-bit and 12-bit resolution,

y multiplying digital-to-analog converters (DAC).

¢ ﬁg::i:;AD?Sﬁ 12 Blt Resomhon 8 9 and 10Bit INTERSIL thih-film on CMOS processing gives up to 10-

bit accuracy with DTL/TTL/CMOS compatible operation.

* Low Power D'SS'P’-‘"‘O“ 20 mW (Max) Digital inputs are fully protected against static discharge
* Low Nonlinearity Tempco: 2 _PPM of FSR/°C (Max) by diodes to ground and positive supply.

S Current Settling Time: 500 ns to 0.05% of FSR Typical applications include digital/analog interfacing,
* Supply Voltage Range: +8V to +15V | opoes. o cmaractar goneration: dgially controlled
* DTUTTL{CMO.S Compatible_ ' ‘gain circluits, integrators gnd attenuéto?s, etz.

* Full input Static Protection. The AD7530 and AD7531 are identical to the AD7520 and
L

8838 Processed Ve_rsions.Ava'ilable _ B AD7521, respectively, with the exception of output
- T ' - o teakage current and feedthrough specifications.

FUNCTIONAL DIAGRAM - - _ ' CHIP TOPOGRAPHY
Veer  ToKQ KD 10KG 1060 : loutz  laut RFB Vaer ¥
GNDH ‘ __’ _. BIT12
2080 M.SB s __'_1j|
= GND
o taur2 2248 mom
» ?Icun
10K{Y
! A AP o RFEEDBACK
. — BT
) ' | 2y miTIq
iSwitches shown for Digital Inputs "High") | e mlgE ; 4
(Resistor values are nominal) — el - R BTy
es a ’ BITa BITS  HITS 8(T7 BITH |
] 0.098 In
| 2483 mm l
PACKAGE IDENTIFICATION _ PIN CONFIGURATION (Outline dwgs DE, PE)
m I N ‘ TOF VIEW
Suffix D: Cerdip package ) AD7520 [AD7530)
Suffix N: Plastic DIP package Paciage ' louri [T] 78] RrecpBAcK
Nanlinaarity
G | Type lourz [} [35) Yrer
GNRD [T] [ vt
BIT 1 (w58) [T] BIT 10 {L$B)
ORDERING INFORMATION BIT 2 E] By o
Temperature Range BIT 3 L] BT 8
Monlinearity | 0°G e +10° G | ~25°C 1o +85°C| -B5°Clo1125°C BIT 4L (2] BIT 7
BIT 5 (1} [F1aiTe
ADT520JM | ADT5200D AD7520SD
0.2% (B-Bit) ADTII0IN ADT530JT
ADT521JN AD7521)D ADTS215D -
AD7531JN AD7E1JD e
lgure [F]
AD7520KN ADY520KD AD7520TD eno iG]
0.1% {8-Bit ADTS30KN AD7530KD BIT 1 Sk}
: AD7TS21KN AD7521KD ADTS21TD arr 23]
ADTSITKN AD7531KD - 3'
AD7520LN AD7520LD AD7TE20UD g
0.05% {10-Bit! AD7S30LN "ADTSEALD I BIT 5 [E]
ADTS21LN AD7S21LD ADT521UD BIT & [5]
ADTE31LN AD7E3ILD . .

: 41 38
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AD7520/7530/7521 /7531 > EINTERSIL

ABSOLUTE MAXIMUM RATINGS (Ts = 25° C unless otherwise noted)

Vi e rra i e, FITV Opetating Temperatures :
WREF v vvnmmrreiaaernnaaannnnrsnsinnss e, 25V JNC KN, LN VErsions . vveiviinnnnrraass 0°Cto+70°C
Digital Input Voltage Range .............. V' to GND JD,KD, LD Versions .......... e erraeaaas -25°C1085°C .
Qutput Voltage Compliance ........... -100mV to v* SD,TD,UDVersions vvv.veevnviininns ~55°Cto+125°C
Power Dissipation (package} Storage Temperaiure .........ooviuvins ~65°Cto+150°C
Up to+78°C . e 450 mWw
derate shove +75°C @ ...... s 6 mW/C

CAUTION: 1) The digital controi inputs are zener protected; however, permanent damage may occur on unconnected units under high energy
electrostatie figlds. Keep unused units n conductive foam at ail times.
2) Do not-apply voltages higher than Vpp'or less than GND potential on any terminal excépt VREF and Rip. )
Stresses above those listed under Absolute:Maximum Ratings may cause permanent damage to the cevice. These are Stress ratings only, and functional
operation of the devicé at these or.any other conditions above these indicated In the operational sections of the spacifications is nat implled. Expesiure to ab-
solute maximurn rating conditions for extended periods may affect device reliability.

SPECIFICATIONS (v+ = +15V, VRer = +10V, TA = 25°C unless otherwise specified)

_ : ADT520 AD7521 ) _ o .
PARAMETER (AD7530) {AD7531} UNITS LIMIT TEST CONDITIONS FIG.
DC ACCURALCY (Note 1!
Resolution . 10 12 Bits ) ]
‘Nonlinearity J 0.2 (8-Bit} % of FBR Max 3, T. U: over -55¢C to =125°C 1
s . |
K 0.1 {9-Bit) % of .FSH Max 1
T .
L 0.05 (10-Bit) % of FSR Max — 10V < Vper= =10V 1
U
Nonlinearity Tempco ] 2 PPM of FSR/°C Max :
Gain Error (Note 2) 0.3 % of FSR ' | Typ - 10V =VRer = + 10V
Gain Error Tempoo (Note 2) i0 PPM of FER/°C Max ) )
Qutput Leakage Current 200 na, Max Qver the specified temperature
leither output) (300 ] o S range :
Power Supply Rejection *0.005 % of FSR/% Typ .2
AC ACCURACY 0
Qutput Current Settiing 500 ns Typ To 0.05% of FSR (All digital 6
Time inputs low to high and high to
) low)
Feedthrough Error . 10 mV pp Max Vrer =20V pp, 100kHz 5
) ) (50kH2) All digital inputs low
REFERENCE INPUT . 5k Min
. Input Resistance (Note 3 J 10k i e’ Typ All digital inputs high.
) 20k Max lguT1 @t ground.
ANALOG OUTPUT o '
Voltage -Compliance See absolute max. ratings
(both cutputs) ]
Cutput Capacitance loutt1 120 ' pF Tvp All digital inputs high 4
' lours 37 pF . Typ
louTr - 37 pF Typ All digital inputs low 4
louTe 120 pF* Typ B )
Qutput Noise Equivalent to 10k Typ K]
(both outputs) Johnson noise :
DIGITAL INPUTS .
Low State Threshold 0.8 v ] Max Over the specified temp range
High State Threshold 24 v Min
input Current 1 ul Typ
{low 1o high state) ] ] )
Input Coding Binary/Gffset Binary See Tables 1 & 2 on pages 4
. and 5
POWER REQUIREMENTS . .
Power Supply Voltage Range | 5t +15 . v )
I+ ' B nA . Typ All digital inputs.at GND-
. 2 ] mA Max All dightal inputs high or low
Total Power Dissipation . 20 : mw Typ
(Ihciuding the tadder
NOTES: 1. Full scale range (FSR) is 10V for unipolar and £10V for bipolar modes.

2. Using iriternal feedback resistor, RFEEpEACK.
3.. Ladder and feedback resistor Tempco is-approximately =150ppm/° C.

4139
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AD7520/ 7530/ 7521/7531
TEST CIRCUITS

BINTERSIL

NOTE: The foliowing test circuits apply-for the AD7520. Similar circuits can be. used for the AD7530, AD7521 and AD7531.

VHEF —j_ﬂlv
BIT 1 (M38)

o 15 Y RrFEEDBACH
10817 5
BINARY
COUNTER Ap7s20 ]
BIT 10 . ” § .
{LSB} 1 1 MEG
ND L
_nn Jf I s
CLOCK =
VREF LINEARITY
ERAOR
BIT 1 . X100
heE)
BIT 10
By
BIT 12
Figure 1. Nonlinearity
[
+T1V (ADJUST FOR YouT = 0V}
f = 1kHz
BW = 1Hz
QUAN,
154F TEGH
MODEL
240
WAVE
ANALYZER

Figure 3. Noize

. ~15¥
Vrer = 20 ¥ pop 180 kHz SINE WAVE .

BIT 1 {MSB) 1

1
EIT 10 (LSR

Figure 5, Feadthrgugh Errar

1

H5V
LNGROUNDED
. SINE WAVE
——s | GENERATDR S00K
40HZ 2V p-p
HOV
T 5K 0.01%
. . VERRDR
BIT 1 (MSB) = 1‘5 Rreeosack 5K 0.01% X 100
1
. 1
BT
-{LSB)
Figure 2. Fower Supply Rejection
:
15V NC +15
BIT 1 (wsey] 78 1
4 16 NG
AD752D
./‘ 4 1}
L5 .
; BIT 0 {LSB) J_
Figure 4. Output Capacitance
o +EY
oy VRER 5k 1% SETTLING (1 m\f)
EXTRAPOLATE 8L 0,03% SETTLING
. t=rise time
BT 1 (MSB) :5 14 ’
IS\-' n_ﬂ_l_l. 5 OSCILLDSGOPE

. N aprszo | +wamv J_U'L
DiGITAL INPUT | 1, |
QuT2
2 13 2
BIT 10 (LsE)l 3 100 2
GND . .

- Figure 6. Cutput Current Settling Time

DEFINITION OF TERMS

NONLINEARITY: Error contributed by deviation of the
DAC transfer function from a best straight line function.
"Normally expressed as.a percentage of full scale range.
For a muitiplying DAC, this should hold true over the
entire VReF range.

RESOLUTION: Vaiue ofthe LSB. Forexample, a unipelar
converter with n bits has & resolution of (27" (Vrer). A
bipolar converter of n bits hbs a resolution of[2'(”-”1
[VREF] Resolution in no way implies I|near|ty
SETTLING TIME: Time required for the output function of
the DAC 10 settle towithin 1/2LSB fara gwen digitalinput
stimulus, i.e., 0 to Fuli Scale.

Downloaded from Elcodis.com electronic c_(')mponents distributor

GAIN: Ratio of the DAC's operational amplifier output
voltage to the nominal input voitage value.

FEEDTHROWUGH ERROR: Error caused by capacitive
coupling from VREF to cutput with all switches OFF.

OUTPUT CAPACITANCE: Capacity from louTt and loutz
terminals to ground.

OUTPUT LEAKAGE CURRENT: Current which.appears
" on louts terminal with all digital inputs LOW or on louTz
terminal when all inputs are HIGH.
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AD7520/7530/7521/7531
GEN.EHAL CIRCUIT INFORMATION

The AD7520 (AD7530) and AD7521 <AD7531) are
monolithic, muliiplying D/A converters.Highlystable thin
film R-2R resistor ladder network and NMOS SPDT
switches form the basis of the converter circuit, CMOS
level shifters permit low power BTL/TTL/CMOS
compatible cperation. An external voltage or current
reference and an operational amplifier are all that is
required for most voltage output applications.

A simplified equivalent circuit of the DAC is shown in
Figure 7. The NMOS SPDT switches steer the ladder leg
currents between ipyts and fouTe busses which must be
held either at ground or virtual ground potential. This
configuration maintains a constant current ineach ladder
leg independent of the input code.

10K 10K 10Ks 40K

VREF

(15/17)

20K > 20K

I | i ’ . ‘ B
spoT | J ol "
HMOs | + 4 . - @loute (2)
sWITCHES | | 1 |- .
+ -+ + . o lour (1)
| | 1 .
! I | 10KN
J’ & 4 L REEEDEACK
mMss BIT2 BIT3 (16/18)
AL 3] 5

(Switches shown for Digital Inputs “High"

Figure 7. 7520/7521 Functional Diagram

BEINTERSIL

Converter errors ‘areé further reduced by using separate
metal interconnections between the major bits and the
outputs. Use of highthreshold switches reduces the-offse
(leakagel) errors to a.negligible level. . i

The leve! shifter circuits are comprised of three inverters
with & positive feedback from the output of the second to
the first, (Figure 8). This configuration resuits in DTL/
TTL/CMOS compatible operation over the full military
temperature range. With the ladder SPDT switches driven
by the level shifter, each switch is binarily weighted foran
ON resistance proportional 1o the respective ladder leg
current. This assures a constant voltage drop across each
switch, creating eq.uipoten“t}al terminations for the 2R
ladder resistors and highly accurate leg currents.

Y-

: '—|Ed ’__‘Es TO LADDER

_ﬁ; |%7
_L .IuLfrs

Figure 8. CMOS Switch

DT TTL/CMES , .

INPUT K .

loutt

APPLICATIONS

UNIPOLAR BINARY OPERATION

The circuit configuration for operating the AD7520
{AD7530) and AD7521 (AD7531) in unipotar mode is
shown in Figure 9. With positive and negative Vrer vaiues
the circuit. is capable of 2-Quadrant multiptication. The
“Digitat Input CodesAnalog Output Value” table for
unipolar mode is given in Table 1,

+15V

VREF

BIT 1 (MSB)
o4

b |

DIGITAL |
NPUT
i

iy
‘BIT 10 {L5E))

~ Figure 8. Unipolar Binary Operation
{2-Quadrant Muitiplication)

Zero Offset Adjustment

1. Connect all digital inputs to GND,

Downloaded from Elcodis.com electronic components distributor

4141

2. Adjust the offset rero adjust trimpot of the cutpuf
operational ampiifier for OV 1 mV at Vour.

Gain Adjustment

1. Connect all AD7520 (AD7530) or ADT521 (AD7531)
digital inpuis to ¥V *.

2. Monitor Vout fora —Vaer (1-2~"reading. (n=10 for
AD7520 (AD7530)y and n=12 for AD7521 (AD7531)).

3. To decrease Vour, connect a series resistor {0 to 500
ohms) between the reference voltage and the VRer ter-
minal. ‘ .

. 4. To increase Vpyr, connect a series resistor (0 to 500)

chms) in the lour, amplifier feedback loop.
TABLE 1
CCDE TABLE — UNIPCLAR BINARY OPERATION

DIGITAL INPUT ANALOG OUTPUT
1111111111 —VReF (1 - 2-M)
1000000001 ~VRgF (1/24 2-1)
1000000000 . -VRer /2
0111111111 —VREF (1/2 = 2-N)
0000000001 -VReF {271
000000000C 1 0

2. n = 10 for 7520, 7530
n = 12 for 7521, 7531

NOTE: 1.L8B.=2""Vper
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AD7520/ 7530/ 7521/ 7531

(APPLICATIONS, Cont'd.}

BIPOLAR (OFFSET BINARY) OPERATION

The circult configuration for operating the AD7320
(ADT7530) or AD7521.(AD7531) inthe bipolar mode is given
in Figure 10. Using offset binary digital input codes and
positive and negative reference voltage values 4-
Quadrant multiplication cam be realized. The “Digital
input Code/Analog Output Value” table for bipolar mede
is gwen in Table 2.

15 '
- . R3

Yrer - 4 - o AAA——=
] _‘L ] .15 MEGOHMK
BIT-1 {MSB) :5 1143' | RFEENBACK
—rr—
—n]5 #

lours

v
DiGITAL | 1
INPUT :

a‘—-
BIT 10 (LSB}

Figure 10. Bipolar Operation
(4-Quadant Multiplication)
A ‘“Legic .1" input at any digital input forces the
corresponding ladder switch to steer-the bit current to
+ louTt bus. A “Logic 0" input forces the bitcurrentto loutz
| bus. For any code the loit and icure bus currents are
complements of one another. The current amplifier at
lout2 changes the palarity of loyrtz current and the
transconductance amplifier at lourt output sums the two
currents. This configuration doubles the output range but
halves the resolution of the DAC, The difference current
resulting at zere offset binary code, (IMSB = "“Logic 17, All
other bits = “Logic 0, is corrected by using an external
resistor, (10 Megohm), from VREF to louT2.

. EINTERSIL

Oftfset Adjustment

1. Adjust VRer to approximately +10V.-

2. Connect all digital inputs to Logie 1".

3. Adjust louT2 ampiifier offset.zercadjusttrimpot for OV
t1mV at lgutz amplifier output. -

4. Connect MSB (Bit 1) to “Legic 1” and all other blts to
“Logic 0", -

5. Adjust loutt1 amplifier offset zero adjusttrlmpot for OV

-1 mV at Vour.

Gain Adjustment
1. Connéct all digital inputsto V*.
2. Monitor VouT fora=veer (1-2-(1=9)) volts reading. in=

. 10 for AD7520 and AD7530, and n =12 for AD7521 and

AD7531). : ' .

8 To incréase Vour, connect a series re5|stor of up to
50011 between Vour and Rib.

4, To decrease Vour, connect a series resistor of up to
5000 between the -reference voltage and the VRer.
terminal.

TABLE 2

CODE TABLE — BIPOLAR (OFFSET BINARY) OPERATION
DIGITALINPUT ANALOG OUTPUT
1111111111 -VRer {1 — 2-(n-1))

© 1000000001 ~Vrer (2-(0=1)
1000000000 0
013111111 | Ve 2°0=Th
Q00000000% VReF 1 - 24n=1])
000000000 VREF

MOTE: 1. LSB =2I"-" ypep 2. n =10 for 7520 and 7521

n =12 for 7530 and 7531

POWER DAC DESIGN USING AD7520

10—
5

: . 1 18
. : 12 15 | vaee 10w
1IN
= e A
—s IR
e BIT
SWITCHES 6 L SWITCHES
7
a

100p1
I1

10K f

— VouT -

L INTERSIL
ICHES10

11
+15¥

1

= =15¥

TERO

Figure 11. The Basic Power DAC

Atypical power DAC designed for 8 bit accuracy and 10
bit resolution is showir In Figure 11. An INTERSIL IH8510
power amplifier {1 Amp continuous cutput at up to®25 V)
is driven by the AD7520.

A summing-amplifier between the AD7520 and the iH8510
is used to separate the gain block containing the AD7520
on-chip resistors from the power amplifier gain stage
whose gain is set only by the external rgsistors. This
approach minimizes drift since the resistor pairs wilttrack
properly. Otherwise the AD7520 can be direetly
cannected to the IH8510 by using a 25 V reference forthe
DAC.

" 4-142
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An important note on the AD7T520/101A interface
concerns the connection of pin 1.of the DAC and pin 2 of
the 101A; Singe this peint is the summing junction of an
amplifier with an AC gain of 50,000 or better, stray
capacitance should be minimized; otherwise instabilities
and poor noise performance will result. Note that the
output of thé T01Ais fed into an ifverting amplifier with a
gain of -3, which can be easily changed to anon-inverting
canfiguration. (For more information see: INTERSIL
Application Bulletin A021-Power D/A Converters Using
The IH8510 by Dick Wilenken.),
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AD7520/7530/7521/7531 o BINmERSIL

(APPLICATIONS, Cont'd.) . - .
ANALOG/DIGITAL DIVISICN ‘ This is division of an analog variable {Vin) by a digital word.

AL L p el - With all bits off, the amplifier saturates to its bound, since

With the AD7520 connected in its nérmal multiplying I i ; . TP

configuration as shown in figure 15, the transfer function division by zero isn't defined. With the LSB (Bit-10) ON,
the gain is 1028, With all bits ON, the gain is 1 (=1 LSB).

is
‘ Av A, Ag An

Yo =W (E+E'2' mTm) : T

where the coefficients Ay assurie a value &t 1 foran ONbit 1'; -

and D for an OFF bit, : LML 16

By connecting the DAC in the feadback of an operational - T Y

amplifier, as shown in Figure 12, the transfer funcétion INPLT B Your
becomes | s Ll

v, o ' -]:
2 22 2n . Figure 12. Analég/Digital Divider

For further inforrnation on the use of thié devi'ce, é_e'e the following Application Bulletins:

A016 “Selecting A/D Converters,” by David Fullagar

AD18 “Da's and Don'ts of Applying A/D Converters,” by Peter Bradshaw and Skip Osgood

A020 “A Cookbook Approach to High-Speed Data Acquisition and Microprocessor Interfacing” by Ed Sliger
A021 “Power VA Converters Using the IHE510,” by Dick Wilenken

R005 “Interfacing Data Converters & Microprocessers,” by Peter Bradshaw et al, Electronics, Dec 9, 1976

. : . 4-143
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.. AD7523
8 Bit Monolithic

Muitiplying D/ A Converters

FEATURES

8, 9 and 10 bit linearity

Low gain and linearity Tempcos
Fuli femperature range operation
Full input static protection
DTL/TTL/CMOS compatible

+5 to +15 volts supply range

Fast settling time: 100 nS

Four quadrant niultiplication ‘
8838 Processed versions available

GENERAL DESCRIPTION

The Intersil AD7523 is -a monalithic, low cost, high
performance, 10 bit accurate, multiplying. digital-to-analog

‘converter (DAC!, in a 168-pin DIP.. ,

Intersil’s thin-film resistors on CMOS circuitry provide 8-bit
resolution &, @ and 10-bit accuracy, with DTL/TTL/CMOS
compatible operation.

Intersil AD7523's accurate four quadrant multiplication, full
military temperature range operation, full input protection
from damage due to static discharge by clamps to V+ and
GND and very low power dissipation make it a very versatile
converter,

Low noise audio gain control, molor speed control, digitally
controiled gain and attenuators are afew of the wide number
of applications of the 75283.

FUNCTIONAL DIAGRAM

VacrFIN 10K 10K 10KN 10K1
{15)
20K
| | | =@
T 1 ) " }
51! 4 B 1 ~elouT? (2}
swiTCHES L} ' ] ; —o louTt [1)
1 | |
1
1
& i ‘L . L\B\S‘\I,_QHFEEDEACK
mée  BIT2  BITS {18)
4) {5 {8)

{Switches shown for Digital Inputs "High"}

PIN CONFIGURATION

QUT1 I_T_‘_u_—ﬁ RFERDBACK
ouTz [2] 18] VrerIN
GND [3] [14] v+
BIT1 (MsB) [3] AD7523 3| ne
B 2 (51 i3] N
BIT3 [E] 1] BIT § {LSE)
8T [7] 10 BIT 7
BIT5 [ 8] 9] BITE
TOP VIEW

QUTLINE DRAWINGS
DE,PE

ORDERING INFORMATION

. ) Temperature Range
Nonlinearity | 0°C to +70°C|—20°C to+ 85°C =55°C to +125°C
0.2%
{8 Bitt AD7523JN AD7523AD AD75235D
0.1%
(9 Bit AD7523KN AD7523BD AD7523TD
0.05%
110 Bi) AD7523LN AD7523CD AD7523U0

apTEZ T D

L Package

D — 18-Pin CERDIP DIP
N — '1&.Fin Plastlc DIP

Ity and Temperature Ranga
1, K, L — Commerclol
0*Cto +70°C
A,B.C — Industrial
-20*C to +ES°C
ST,U — Milllary
-55°C to +125°C

Basic Part Number

4-144
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AD7523 o . EINTERSIL

ABSOLUTE MAXIMUM RATINGS

(Ta-=25°C unless otherwise noted) - Ceramic : :
Vb e e TV UPTOT7E%C it e iarnsnans e 450mW
M RER: oot ettt i e et r s +25V derates above 78°C by ....................... BmW/°C
Digital inputVoltageRange .. ............... . 0.3to VDD Operating Temperatures
QutputVoltage Compliance ....vvveiiianin —0:310 VDD JN, KN, LN Versions......ooeeviiianiaanns G°Cto+70°C
Power Dissipation (package) _ AD,BD, CD Versions .......oovvune. .. -25°Cto+85°C
Plastic SD, TD, UD Versions ........ Creenas -55°Cto+125°C
P IO 70 e e s 870mW Storage Temperature ................ -85°Cto+150°C
deratesabove+70°Chby .. ... i, 8.3mw/eC Lead Temperatiure (soldering, 10seconds) ... ... +300°C

CAUTION 1. Thedigital conirol inputs are zener protected; however, permanentdamage may ocouron unconnected unitsknder highenergy
electrostatic fields. Keep unused unité in-conductive foam at ali times,

2. Do not apply voltages higher than VDD-and lower than GND to any terminal except Vrer + Rra.

Stresses above those listed under Absoiute Maximum Ratings may cause permanent damage to the device. These are stress ratings only,
. and functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifica-
tions-is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

SPECIFICATIONS {V"' = +15V, VREF‘ +10V unless otherwusespecnﬂed)

TA TA
PARAMETER +25°C | MIN-MAX UNITS LIMIT TEST CONDITIONS
DC ACCURAGY (Note ) - ‘ ' ' '
Resolution . i) ) 8 Bits _ ‘Min
Nonlinearity (Note 2) (£1/2 LSB) 0.2 +0.2 %of FSR . | Max
' (=1/4 1.SB) 0.1 +0.1 % of FSR . Max =10V =Veer= +10V
_ {£1/8 LSBI =005 =0.05 %of FSR | Max | Vour:=Vourz=0V
Monotonicity Guaranteed . ' ) :
Gain Error (Note.2] 15 [ +1.8 % of FSR Max | Digital inputs high.
Nemlinearity Tempco (Note 2 and 3} 2 PPM of FSR/~C Max | —10V Veer +10V
Gain Error Tempco (Nete 2 and 3! 10 PFM of FSR/°C | Max _
Outpul Leakage Current (either output). +50 +200. nA ) Max | Youri = Voytz=10
AC ACCURACY (Note 3} , : :
Powar Supply Rejection (Note.2] . .02 008 | %cf FSR/M% Max | V7T = 14010150V )
Qutput Current Settling Time 180 200 ) ns T Weax 1To 0.2% of FSR, AL = 1000
Feedthrough Error , /2 =1 LSB ‘Max | Vggp = 20V pp, 200KHz sine wave: All
’ . : digitat inputs low.
REFERENGE INPUT 5K ' 0 ) Min
Input Resistance (Fin 15} ’ 20K . ) Max All digital inputs high, lguT at ground.
Temperature Coefficient (Note 3) - 500 ppm/~ G Max ' '
ANALOG OUTPUT (Nete 3! . Both outputs,
Voltage Compliance (Note 4 —-100mV to v+ See maximum ratings.
Output Capacitance Coutt 100 pF Max All digital inputs high (VINH)
' Courz 30 . oF Max _
CouT 30 pF. ~Max | All digital inputs low (/INL
Courz 100 ’ pF Max
DIGITAL INFUTS
Low State Threshold (V) 0.8 . M Max | Guarantees DTL/TTL and CMOS (0.5
High State Threshold (Viyy) ‘ 24 v oo Min | max, 14.5 min levels
Input Current (per input) *1 7 : Max Vin =0V or +15Y
Input Coding Binary/Offset Bingry ) | See Tables 1 & 2
Input Capacitance (Note 3] 4 ] pF Max )
POWER REQUIREMENTS. . | . : Accuracy Is tested and guaranteed at
Power Supply Voltage Range ] +5 to +16 v | vt = 15V, only. )
I‘_*_ _ ] o 100 . HA Max | Al digital inputs low or high.
NOTES: 1. Full scale range (FSR! is 10V for unipolar and +£10V for bipclar modes. Specifications subject to

2, Using internal feedback resistor, Rrezpeack. change without notice.
3. Quaranteed by design; not subject to test. ' ,
4. Accuracy not guaranteed unless outputs at ground potenlial.
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AD7523

10

IHB510

- APPLICATIONS DIGITAL INPUT ANALOG OUTPUT
UNIPOLAR OPERATION MSB LSB : .
L0V ~tBY NOTES: 11111111 ~VRER ( E)
Veer 1. RT AND R2 USED ONLY IF GAIN 258
B 1 ADJUSTMENT IS REQUIRED. ] _ 129
2. CR1 PROTECTS AD7523 AGAINST 10000001 =VREF (—)
R1 NEGATIVE TRANSIENTS, . 256
= 128 VREF
10000000 ~“Vrer (2—55) = BEF
15 14 [ m by 2
— 16
DATA |MSB 4joun 01111111 -VReF (ES)
INPUTS | | g AB7SEs e ]
- 4, 2 cR1 | Vour 00000001 ~VREF (Ea)
GND . 8\
+ - | r— =
T 00000000 Vagr (255) 0
) . _ o-B = {1
Figure 1. Unipolar Binary Cperation {2-Quadrant Multiplication} Note: 1 LSB = (27 {VREF)= (255-) (VRrer)
Tahle 1. Unipolar Binary Code Table
" BIPOLAR OPERATION ' )
=40V ~15V
VREF
DIGITAL INPUT ANALCG CUTPUT
MSB LSB
_ _ . _ 127\
13 |ary E\K— T1111111 VREF (128)
QUT1 1
ouTz R4Sk R3Sk o 1090000_1 —VREF (f’gﬁ)
' ' 10000000 0
. 1
7 1o = 01111111 waer (53)
R6 10k .
che 00000001 +VRer ( E)
128
= . = . 00000000 +VRER (12-8-) ‘
NOTES: 3,.R5-R7 USER TO ARJUST Vour = OV AT, . . 128
1. R3/R4 MATCH 0.1% OR BETTER. INPUT GODE 10000000. . e —=
2. R1, R2 USED ONLY IF GAIN 4. CA1 & CR2 PROTECT AD7523 AGAINST ) N
ADJUSTMENT IS REQUIRED. NEGATIVE TRANSIENTS. . Notg: 1L8B = (277) (Vrer) = (11%) Vier)
Figure 2. Bipolar 14-Quadrant! Operation Table 2 Bipelar (Offset__Biﬁary} Cods Taple
POWER DAC DESIGN USING A'D7523
T : AAA
2 ) 15— VREF (£10V) | +asv 30KL)
a 14— +15v
L A4 INTERSIL .| L. 10K 2
= =g ADT523 15b~ne AN - q —0Vour
. sw:TCHBé; 7 s " BIT INTERSIL
—15 .

!

SWITCHES

A typical power DAC designed for 10 bit accuracy and 8§ bit
resolution is shown in Figure 3. INTERSIL IH851C power
amplifier {1 Amp continuous output withupto +25V_) is driven

by the AD7523.

30pF
-15v

Figure 3. The Basic Powér DAGC

A summing amplifier between the AD7523 and the IH8510 is
used to separate the gain block containing the AD7520 on-
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chip tesistors from the power amplifier gain stage whose
gain is sét only by the external resistors. This approach

minimizes drift since the resistor pairs will track properly.

Otherwise AD752§. can be directly connected to the iHB510,

by using a 25 volts reference for the DAC,
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AD7523
APPLICATIONS (continued)
' DIVIDER {DIGITALLY CONTRCOLLED GAIN)

Vin f +18Y
]HFE T

ourz | 16 1 BIT1
2 la——o
MSB: DIGITAL
AD7523 INPUT
©OUT LSB| "p"
1 11--—«; w Your == Yin/o
] 15 BIT & WHERE:
| Vrgr _ BIT1_ B2 ETR
=S " T T
255"
(osns ﬁ)

"Vour.= vﬂé{( Az ) ( 1D )] WHERE; p=20 1,802, BTE

EINmMERSIL

 MODIFIED SCALE FACTOR AND OFFSET

VREF §
- R1
1T5 v ] Vour

BIT1 15 14 16 Rz >
DiGITAL Smsal 1
INPUT | " ADT7523
wpgr | LSB L -VREFD

BIT & i 2

lli-—- (4]

RA1-+Rz R1 + Reg 21 22 24
(a <D §255)

256

DEFINITION OF TERMS

NONLINEARITY: Error contributed by deviation of.the DAC
transfer function from a best straight line function. Normally
expressed as a percentage of fuli scale range. For a

multiplying DAC, this should hold true over the entire VREF

range.

RESOLUTION: Value of the LSB. For example; a unipolar
converter with n bits has a resciutionof (277 (Vrep). A bipelar
converter of n bits has a resolution of [2~("1) [Vrer]
Resoclution in no way implies lingarity.

SETTLING TIME: Time required fér the output function of
‘the DAG to settle to within 1/2 .82 for a given digital mput
stimulus, i.e., 0 to Full-Scale.

GAIN: Ratio of the DAC’s operational amiplifier output
voltage to the nominal input voltage value.

FEED_THHOUGH ERROR: Error .caused by capacitive
coupling from VRer to output with all switches OFF,

OUTPUT CAPACITANCE: Capacity from lout1 and loutz
terminals to ground.

OUTPUT LEAKAGE CURRENT: Current which appears on
louTt terminal with ali digital. inputs LOW or on louTz
terminal when all inputs are HIGH.,

Faor further information on fhe use of this device, see the following Application Bulletins:

A016 “'Selecting A/D Converters,” by David Fullagar

AD1B “Do’s and Don'ts of Applying A/D Converters,” by Peter Bradshaw and Sk|p Osgood

AD20 “A Cookbook Approach to High-Speed Data Acquisition and -Microprocessor Interfacing” by Ed' Shger
A021 “Power DA Converters Using the [H8510,” by Dick Wilenken

RODS “Interfacing Data Converters & Microprocessors,” by Peter Bradshaw et al., Electromcs, Dec. 9, 1976
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~ AD7533
10 Bit Monolithic
Muitiplying D/ A Converters

EBINTERSIL

FEATURES

_ GENERAL DESCRIPTION
o Lowest cost 10-bit DAC The Intersil AD7533 is a low cost,-monolithic 10-bit, four-
» 8,9 and 10 bit linearity quadrant multiplying digital-to-analog converter (DAC).
¢ Low gain and linearity Tempcos Intersil's thin-film resistors on CMOS circuitry prévide 10, 8
e Full temperature range operation and-8 bit accuracy, full temperature range operation, +bV o
¢ Full input static protection’ +15V power range, full input protection from damage due to
e DTL/TTL/CMOS direct interface’ static discharge by clamps to V+ and ground and very low
* -5 to +15 volts supply range power dissipation.
s Low power dissipalion Pin and function equivalent to Ind ustry Standard AD7520
* Fast settling time the AD7533 |s,.rgcommend§d as a lower cost alternative for
¢ Four quadrant multiplication old o.r m?w 10-bit DAC des'?“'. : i
* Direct AD7520 equivalent Application of AD7533 includes programmable gain
¢ 883B Processed versions available ampiifiers, digitally controlléd attenuators fu'nctlon

generators and ¢ontrol systems

-

{Switches shown for Digital Inputs "High”)

'FUNCTIONAL DIAGRAM PIN CONFIGURATION
VReriN juKSI 10K 10K KL ourt [T] L 5] Reczpadex
. ouT2 2] fi5] VagrIN
i oo 5 =
| | Y =& BIT1 (Ms8) [4] AD7533 |73 BIT 10 (LSE)
! ) 4 oloure(®) BiT 2 3] BAR]
SWITCHES || ! ! .

w‘ N ' o laurt ) BT 3 [6] 1] BT 8
‘ ) I 10K :
4 i i FIFEERBEATK - BT 4 E [1e] BIT 7

MsB  BIT2 EIT2 - (18) .

) is} {6) . eirsfe] _ B

TOP VIEW

(Outline dwg DE, PE}

ORDERING INFORMATION

PACKAGE IDENTIFICATION

AD7533 T L
Temperature Range
Nonlinearity | 0°C to +70°C |--20°C to+85°C [ 55°C to +125°C
P . PACKAGE

+0.2% AD7533IN ADT7533AD AD75338D by CF e PIN CERDIP DIP

18-bit) . ] N — 1B-PIN PLASTIC DIP

+0.1% ADTS533KN AD75338D ADT533TD .

{9-bif) NONLINEARITY mr?as
TEMPERATURE RA

10.05_% AD7533LN AD7533CD AD7533UD JK,L — COMMERCIAL 0°C TO +70°C

(10-bit) A8 — INDUSTRIAL —20°C TO +85°C
' 8T — MILITARY —55°C TO +125°C
BASIC PART NUMBER
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AD7533 | - BEINTERSIL

ABSOLUTE MAXIMUM RATINGS

(Ta =25°C unless: otherwise noted) Plastic . .
Ve e e 0.3V, 17V UPTOTO™C .t rrreriii i S e, BTOMW
VREF « @ vent e e e e ... 2BV deratesabove70°Cby ..., ... e 8.3mw/C
Digital Input VoltageRange ................... -0.3VtaV*, Operating Temperatures ' _
OutputVcltage Compliance ......cvvvvivvaennss -03to v’ JN, KN, LN Versions ..o vvevsriinnanenns 0*Ctc-+70°C
Fower Dissipation (package) _ ‘ AD, BD, CD Versions ....... Seiraaan L —25°Cto+85°C
Ceramic ' o SD, TD, UD Versions ...... e -55°C1t0+125°C
upto+75°C ...... P S 450mwW Storage Temperature ................ —-85°Cto-+150°C
derates above+75°Chby ......v..... [ emw/eC Lead Temperature (soldering, 10seconds! ...... +300°C

CAUTION: 1. The digital control inputsare zener protected; however, permanent damage may occuron uncannected units un_der highengrgy
electrostatic fields. Keep unuséd uhits in conductive feam &t all times.
2. Do not apply voltages lower than ground or higher than V* to any pin except Vaer and Reg.

Stresses above those Iisted under Absolute Maximum Ratings may cause permanent damage to the device, These are stress ratings only, and
functional operation ot the device at these or any other senditions above those indieated in the operatiohal sections of the specifications is not
implied. Exposure to.absolute maximum rating conditions for extended periods may affect device reliability.

SPECIFICATIONS (vt = +15V, Vaar = +10V, VouT1 = VouTz =0 unless otherwise spscified.)

' Ta Ta
PARAMETER +25°C MIN-MAX UNITS LIMIT TEST CONDITIONS
DC ACCURACY (Nota 1) ] .
Resojution 10 10 ' Bits Min
Nonlinearity (Note 2 +0.2 +0.2 % of FSR Max
' ' ' K 01 | %ofFSR | Max |-10V=VYRer= +10V
S | #=obs | 'z0.05 % of FSR Max | Vour: =Vouts = 0V
Gain Error (Note 2 and 5) X140 £15 % of FS Max | Digital Inputs = Ve
Output Leakage Current (either outputy [ 250 +200 n& Max { Vrer = =10V
AC ACCURACY .
Power Supply Rejection (Note 2 and 3) 0.005 0.008 % of FSR/% Max [ V' =14.0t017.0V
Output Current Settling Time 600 800 n3 Max | To 0.05% of FSR, RL = 10002
. (Note 6 | (Note 3} | - :
Feadthrough Error {Note 3) 005 +0.1 % FSR Max | VRep =10V, 100kHz sine wave.
B ) ' . I S Digifal inputs low.
+ REFERENCE INPUT 5K . Min .
Input Resistance (Fin 15! 201 .0 Max | All digital inputs high.
Temperature Coetficient [ -30C ppm/°C - Typ
ANALOG QOUTPUT Both outputs.
Voltage Compliance (Note 4} ) —100mV to V* See maximum ratings.
Output Capacitance (Note 3) CouTt 100 - pF____ | Max | Allcigital inputs high (VinH)
: ' " Couta | . 35 pF Max_ - -
Court | . 85 - pF Max | All digital inputs low (ViNL)
Cout2 . 100 pF: Max
DIGITAL INPUTS: . : 1
Low State Threshold (VINLI I 0.8 ) v Max
" High Siate Threshold (VINH) 2.4 A Min
Input Current {in) =1 pA Max | Vin =0V and V™
Input Goding Binary/Offset Binary , ) See Tables 1 & 2
Input Capacitance (Note 3 5 pF Max :
POWER REQUIREMENTS _ :
Voo +15 £10% v Rated Accuracy
Power Supply Voltage Range " +5to +16 ) ¥ i
I* o 2 mA Max | Digital Inputs = VinL 1o ViNH
100 | 150 : Ty ‘Max | Digital Inpute = 0V or V~
NOTES: 1. Full scale range (FSR) is 10V for unipalar and £10V for bipolar modes. ' ' " Specitications subject to

1

2. Using internal feedback resistor, Rrespeack. changs without notice.
3. Guaranteed by design; not subject to test.

4. Accuracy net guararmeed unless outputs at-ground potential.

5, Full scale (FS) = =~ (VRerF! » (1023/1024}

fi. Sample tested to ensure specification compliance,

7. 100% screened to MIL-STD-883, method 5004, para. 3.1.1. through-3.1.12 for class B device. Final electrical tests are: Nonlinearity,
Gain Error, Output Leakagé Current, Vinn, Ving, v and |7 @ +25°C and +125°C (8D, TD, UD) or +25°C and +85°C (AD, ED, CD).
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AD7533 | BINTERSIL

GENERAL CIRCUIT INFORMATION

The Intersil AD7533 Is a 10 bit, monolithic, muitiplying D/A The level shifter circuits are comprised-ofthree inverters with
converter, Highly stable thin film R-2R resistor ladder a positive feedback from the output of the secand to the flrst,
network and NMOS DPDT switches form the basis of the (Figure 2. This configuration results in DTL/TTL/CMOS
canverter citGuit. CMOS level shiifters provide low power compatible operafion over 'the full military temperature
DTL/TTL/CMOS compatible operation. An external voltage rangé. With the ladder DPDT switches driven by the level
or current reference and an operational amplifier are all that shifter, each switch is binarily weighted for an "ON”
is required for most voltage output applications. resistance proportional to the respective ladder leg current.
A simplified equivaient circuit of the DAG is shown in.Figure This assures a constant voltage drop across each switch,
1, The NMOS DPDT switches steer the ladder ieg currents creating equipotential terminations for the 2R ladder
between IQOUT1 and IQUT2 busses which must be held at resistors resulting in accurate leg currents,

ground potential. This configuration maintains a constant .

current in each ladder leg independent of the input code. v +

VeerlN 10K 10KOQ 10KO 0K

_{ '4 ‘_~Es TO LADDER

{15)
20K0 S 20K(1 N
(3
h | h = ® _| 8 9 |_|
4 I b W 1 |
NMOS | ¢ < IpuTz (2) : :
Y i | 1 ] g RTL/TTL/CMOS, :
SWITCHES : : | ooyt (1) ) 2 _{ 5 o7
! I i 10K
4 3 3  RFEEDBAGK
MSB~ BITZ  8ITS ' s _ J_ loutz. loum
[CH IR ] {6} — '
(Swi__tches shown for Digital Inpuis "High™) .
Figure 1 ‘ B Figure 2
APPLICATIONS _ BIPCLAR OPERATION
UNIPOLAR OPERATION {4-QUADRANT MULTIPLICATION)
(2-QUADRANT MLULTIPLICATION) ANALOG . +
iNeUT TV ¥
BIPOLAR . b
ANALOG  +10v vt
NPUT
A1 < .
2K
VREF | [ pgpa— 14 fAre m
75 9 Jaee R2 1k e “aD7533 JouTs
P 7Y 16 2@ | R4Ek  R3 bk -
UNIPOLAR | MSB ] & =2 |Lsa ouT2
DIGITAL ! ‘AD7533 - 1fRE o ) R‘:fm,(“ 13 2 CRig | Vour
INPUT | LSE 13 2jouT2 vour %
.3 —C —
GND
NOTES: _ - ) S o 1L 1
. 1. A1 AND A2 USED ONLY IF GAIN ADJUSTMENT 15 REGUIRED. = NOTES: =
2. SCHOTTKY DIODE CR1 (HP5082-2811 OR EQUIV}. PROTECTS . 4. A3/R4 MATCH 0.05% OR BETTER.
OUT1 TERMINAL AGAINST NEGATIVE TRANSIENTS. 2. A1, R2 USED ONLY IF GAIN ADJUSTMENT IS REGUIRED.
] . - o 3. SCHOTTKY DICDES CR1 AND CR2 {HP5082-2811 OR EQUIV)
Figure 3. Unipoiar Binary Operation (2-Quadrant Multiplicatior) . PROTECT OUT1 AND OUT2 TERMIMNALS FROM NEGATIVE
TRANSIENTS
Figure 4. Bipolar Operation (4-Quadrant Multiplication)
DIGITAL INPUT NOMINAL ANALOG OUTPUT
MSB L5B WouT as shown in Figure 3) DIGITAL INPUT NOMINAL ANALOG OUTPUT
méa - . MSB LSE " VguT as shown In Figure 41
1111171111 ~Vaer (—1024) i £ 511
5 1111111114 -Vnee (Fa')
1060000001 “Vrer (W) .
o Py vone | 100000001 v {57)
1000000000 -VREF (,‘W) =- 1000000060 o
0111111111 ~VAer (—15;—211) . SCARRRELE +VRer (511—2)
) 000DODEO0T . ~Vrgr (TLJ) £ODOUDRODT <Rer (-g—}%-)
0000000000 “agr (ﬁ) -0 5OC0080000 +VRER (%) '
NOTES: o ' , NOTES: -
1. Nominal Full Scale jor the circuit of Figure 3 is given by " 1. Nomina! Full Scale Range for the circuit of Figure 4 is given by
1023 1023
S = -vner (92 ) FSR = Veer ( )
1024 512
2. Nominal LSB maghitude for the circuit of Figure 3 Is given by 2. Nominal LSB-magnitude for the circuit of Figure 4 is given by
) 1 T
=V (—) LSB=V
LSE REF | 1552 _ REF (512)

_Table 1. Unipolar Binary Code Table 2. Bipolar (Offset Binary) Code Table
4-150
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AD7533

POWER DAC DESIGN USING AD7533

BINTERSIL

=-15¥

Figuré 5. The Basic Power DAC

A typlcal power BAC designed for 8 bit accurdey and 10 bit
resolution is shown in Figuré 5. INTERSIL 158510 power
amplifier ¥l Amp continuous output with up to+25V}is driven
by the AD7533. C '

A summing amplifier between the AD7533 and the IH8510 i’

used to separate the gain block containing the AD7533 on-
chip resistors from the power amplifier gain stage whose

gain is set only .by. the external resistors. This approach.

10-BIT AND SIGN MULTIPLYING DAC

=10V
BIFOLAR
ANALOG INPUT
.oyt
__VREF ) )
15 141e. Frg 10k 10k

IMSB Jour WY
] .
'L$B AD7533 . 5k
o—{13 afeypTe ]

3 " .

1>
1

] 1/2

GNDi_] T% IH3140

-

MAGNITUDE

BIFS

Vour

DIGITAL INPUT

=

SIGN BiT

“

3

INPUT SIGNAL WARNING

PRI A . AAA
2 15 veer (x10W) w5y SOKD
3 NTERSIL [TV
= —1* “apzszs NG Y 2 $—svour
o | 5 1n-nNe VWV o
swiTcHesY —[® " lew N Soi0
] : 1: [~ [ SWITCHES 18510

LA 0,680

minimizes drift since the resistor pairs will track praperly.
Otherwise AD7533 can be directly tonnected to:the IHB510,
by using a 25 volts reference for the DAC. Notice that the
output of the 101A is fed into an Inverting amplifier with a
gain of =3, which can be easily changed to a non-inverting
configuration. {For more information write for: INTERSIL
Application Bulletin A021-Power D/A Converters Using The
IH8510 by Dick Wilenken,}

. PROGRAMMABLE FUNCTION GENERATOR

CALIBRATE
10k .
_L—’V\/“w —0
= 6y i
+i5Y 42) SQUARE
Voo NC WAVE
5= . T T
Q0 .
£ ~ 14 16
82 foumml*
2= |Tmss ot _
EF4r AD7538 TRIANGULAR
L& |[iLsB _ 1 WAVE
& 12- o=—=e113 3 2 1= N m
88 T Re = 10k
=] : - - T a<N={1-2-10

Because of the input protéction diodes on the logic inputs, it is important that no voltage greater than 4V outside the logic
supply rails be applied to these inputs at any time, including power-up and cther transients. To do so could cause destructive
SCR latch-up.

4-151
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AD7541
12 Bit Monolithic

Multlplymg D/ A Converters

FEATURES

* 12 bit linearity (0.01%)

o Pratrimmed gain

¢ Low gain and linearity Tempcos

¢ Full temperature range operation
* Fuli input siatic proteciion

¢ DTL/TTL/CMOS compatible

* 15 {o +15 volts supply range.

= Low power dissipation (20mW)

s Current settling time: 1us to 0.01% of FSR
* Four quadrant multiplication

‘e §83B Processed versions available

GENERAL DESCRIPTION :
The Iniersil AD7541 is a monolithic, low cost, high
performance, 12-bit accurate, multiplying d;gltal to-analoeg
converter {DAC).

Intersil's wafer level laser-trimmed thin-film res:stors oh
CMOS circuitry provide true 12-bit linearity with DTL/TTL/
CMOS compatible operation.

Special tabbed-resistor geometries (improving time
stability), full input protection from damage due fo static
discharge by diode clamps to V+ and ground, large oyt
and louTz bus lines (improving superposition errors) are

" some of the features offered by Intersil AD7541,

Pin .compatible with AD7521, this new DAC provides
accurate four quadrant multiplication over the full military
temperature range.

FUNCTIONAL DIAGRAM

VReF IN KR 10K 1060 A0KG |

1 |

| i

! : 1‘ 0 louTe (2}

— t » T, (1)
! 1 1
) 1 J 1oKn

||: i 4 . L’VV\I—“ RFEEDBACK
msB BITz BITS (18]

4} 5} ®)

(Switches shown for Digital Inputs “High™)

4

PIN CONFIGURATION

TOP VIEW
el [ 18] RrEEDBACK
lourz [Z] 7] Vaer IN
GrD 3] 75} v+t

BIT 1 (Ms8) [T R (15] BIT 12 (L58)
BIT 2 3] (14} BIT 91
Bira = [77) BT 10
BIva [7] [12] 517 8
NI [11} BITS
eiTe [E 0} BIT?

{Cuiline dwg DN, PN)

‘ORDERING INFORMATION

Temperature Range

—20°C to +85°C|-55°C to +125°C

Nonlinearity | 0°C to +70°C

0.02% :
{11=bit) AD7547JN ADTS41AD AD754130

0.01% ‘
(12-hit) AD7541KN AD7541BD AD7541TD

0.01%
(12-bit)
Guaranteed
Meonotonic

AD7541LN - -

ADTEST T o

-1 -
PACKAGE !
D — 18-PIN CERDIP DIP

N ~ 18-PIN PLASTIC DIP

NONLIHEARITY AND

TEMPERATURE RANGE
KL — COMMERCIAL 0°C TO +70°C
AB — INDUSYRIAL -20"C TO +85°C
5,T == MILITARY -55°C TC +125°C

BASIC PART NUMBER

4152
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AD7541
ABSQLUTE MAXIMUM RATINGS
{Ta = 25°C uniess otherwise noted)

BINTERSIL

Operating Temperatures

JN, KN, LN Versions
AD, BD Versions
8D, TD Versions
Storage Temperaturs

T e e e e +17V
VREF vttt icanr s iiniatonastorinnneasssstiiasenns . 25V
Digital Input Voltage Range................. . V*toGND
Output Voltage Compliance . veeoevvnen. =100mVto v*
Power Dissipation (package) _
UPIO+75°C Lo b veree. 450mMW
deratesabove+75°Cby .............. P BmW/C

ek

...... A ¢ 1 03 (- S Tl o
werrriieaeneaen. . —20°Cio +85°C

. —BE°Cto+125°C
-65°Cto+180°C

................

CAUTION 1. Thedigital controlinputs are zenerprotected however, permanentdamage may occuron unconnected unns underhigh energy

electrostatic fields. Keep unused units in conductive foam at all fimes.

2. Do not apply voltages higher than Vpo or igss than GND potential on any teriinal except Vaer and Rrp.

Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ralings only, and
functional operaticn of the device at these or any other conditions above those indicated in the operational sections of the specificationsis not
implied. Exposure to absolute maximum rating conditions for extended period may affect device reliability.”

SPECIFICATIONS {V* = +15V, VRer = + 10V, T4 =25°C unless otherwise specified)

TA TA
PARAMETER +25°C | MIN-MAX UNITS LIMIT TEST CONDITIONS FIG.
CC ACCURACY (Note 1)
Resolution 12 - 12 Bits ~ Min
Nonlinearity (Note 2) S|J| #0020 [ 20.024 % of FSR Max _ o
T|Kj +0.010 +0.012 % of FSR Max | -10V < Vper < +10V 1
\ L| 0010 +0.012 % of FSR Max | Vour: =Vputz =0V
Guaranteed Monotonic ’
Gain Error (Note 2) *0.3 0.4 % of FSR tMax =10V £ VREF = +10V ]
Output Leakage Current (either oumut)"_' =50 2200 nA Max NVouTti = VOUTZ =0
AT ACCURACY (Note 3l '
Power Supply Rejescticn (Note 2) +0.01 - +0.02 % of FSR/% Max |V =14510 158V _ 12
QOutput Current Settling Time 1 = Max | To 0.01% of FSR 8
Feedthrough 'Error 1 mVpp Max | VRErF = 20V pp, 10 kHz. Al 5
) o ) } digital inputs low.
REFERENCE INPUT 8K Min )
Input Resistance 10K n Typ | All digital inputs high.
20K Max iouTt at ground.
ANALOG CUTPUT : Both outputs.
Voltage Complianca (Note 4} —100mV to V* See maximum ratings.
Output Capacitance (Note 3) CouTi 200 pF Max All digital inputs high (Vi 4
CouTz 60 nF Max )
CouT - 80 pF Max | All digitai Tnputs low (ViNL) 4
) Coure 200 pF Max
Output Noise {both outputs) Equivalent to 10K0Q Typ 3
. Johnson noise ’ . ‘
BIGITAL INPUTS
Low State Threshold (VINL o ) 0.8 v ‘Max.
High State Threshold {VINHF - 24 .V Mine
Input Current : ) +1 .. Max |vin=00FV*
Input Coding. Binary/Cffset Binary - | See Tables1&2 on pages4 ang 5.
Input Capacitance {Note 3) 8 pF Max
POWER REQUIREMENTS ' ' ' | Aceuracy is not guaranieed
Power Supply Vaitage Range +5 to +186 v over this range B .
[* ) ' : - -mA Max | All digital inputs. high or low -
Total Power Dissipation (inciuding the 20 mw Typ o
ladder)

NOTES: 1. Full 5cale range (FSR) is .10V for unipolar and 10V for bipolar modes.

2. Using internal feedback resistor, RFEEDBACK.
3. Guaranteed by design; not subject to test.

4. Accuracy not guaranteed unless outputs at ground potentlal
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AD7541
TEST CIRCUITS

+15V

VREF

BIT1(MSB}m7 15 RFEECBACH

12'BIT
_BINARY T
GOUNTER| | 1
| BIT 12
(LSE) 1 MEG
Jnn
CLOGK .
’ 1)
VREF LINEARITY
‘ : ) ERACR
BIT 1 : * 100
TMSB)
BIT 12 L
BIT 13
BIT 14
—t— ’ L]

Figure 1. Nonlinearity -

1V (ADJUST FOR Vour = DV)

F = 1kHz
HW = 1Hzx

QuAN
TECH
MODEL
1340
WAVE
ANALYZER

Figure 3. Noise

! +15¥
VREF-= 20V p-p 10kHz SINE WAVE .

BIT 1 (M$B
(S]‘

w11

|
-Err 12 (LSB)

Figure 5. Feedthrough Error

BINTERSIL

5¥
: UNGROUNPED
L]+ [siNEwWavE
-l.e | GENERATOR 500K
40Hz 2V p-p
0¥
VRerF -
(FJ::BJUST I 5K 0.01%

R - : VERRGR
Verpon |BIT 1(MS8) 17 ,ﬁ Regepeack 5K 0.01% X 100
= 0V.DC) 8

|
;
BITi2
Ls8)
_Figure 2. Power Supply Rejection
15V
BT 1 us)|
|
/.—0 \'
. T

. 1

BIT 12 (LSB)
Figure 4. Qutput Capacitance

L
*
. HsY
io v LREE . at: 5% SETTLING
_ EXTRAPOLATE o o iy, SETTLING
a1 mse) | V7 16
+5¥ OSCILLOSCOPE
v LL

i i e rﬂ“’J_U_\_
DIGITAL INPUT | | . |
| ] : 15 P ouT:
BIT 12 (LSB) 2 e
| GND

Figure 6. Qutput Current Setthng Time

DEFINITION OF TERMS

NONLINEARITY: Error contributed by deviation of the DAC
transfer function from a best straight line function. Normally
gxpressed as a percentage of full scale range. "For a
muitiplying DAG, thns should hold true ovér the entlreVnEF
range.

RESOLUTION: Value of the LSB. For gxampié, a unipolar
converter with n bits has a resolution of 27" {VreF). A bipolar
converter of n bits has a resoiution of [2-("-V][VRer]
Resolution in no way implies linearity.

SETTLING TIME: Time required for the output function of
the DAC to settle to within 1/2 LS8 for a given dlgltal input
stimulus, i.e., 0 to Full Scale.
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GAIN: Ratio of the DAC!s operational amplmer output
voltage fo the nominal input voltage value.

FEEDTHROUGH ERROR: Error caused by capacitive
coupling from Vrer 16 output with ail switches OFF.

OUTPUT CAPACITANCE Capacity frorn louT1 and lowuTz

terminals o ground.

OUTPUT LEAKAGE CURRENT: Current which appears on
louT1 terminal with all digital inputs LOW: er on lourtz

terminal when all inputs are HIGH.
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AD7541

GENERAL CIRCUIT iINFORMATION

The Intersil AD7541 is a 12 bit, monolithic, muttiplying D/A
converter. Highly stable thin film R-2R resisior ladder
network and NMOS DPDT switches form the basis of the

converter circuit. CMOS3 level shifters provide low power
DTL/TTL/CMOS compatible operation. An external voltage

or current reference and an operational amplifier are ail that

is required for most voltage output applications.

A simplified equivalent circuit of the DAC is shown in Figure
7. The NMOS DPDT switches steer the ladder leg currents
between IOUT1 and IQUT2 busses which must be-held at
ground potential. This configuration maintains & constant
current in-each (adder leg independent of the input code.
Converter errars are further eliminated by using widermetal
interconnections between the major bits and the cutputs..
Use of high threshold switches reduces the offset (Ieakage)
erfors to a negligible level.

X ) . .
Veer IN 10K 10KR 0K J0K0

20K

= (3}

=

Al ] |
skt | 1 I
NMOS | | '1 - ‘1' 1 foutz (2)
swiTcHes | | 1 1 . .
T i i — ’ Sloum 1)
! I 1 . 10K .
IO 4 4 L RFEEDBACK
MSB BIT2 BIT3 - R L]
(4} {5 (&)

{Switches shown for Digital Inputs "High"}

Figure 7. AD7541 Functional Diagram

Each cifcuit is laser-trimmed, atthe wafer level, to better than
12 bits linearity. For the first four bits of the ladder, special
trim-tabbed. geometries are used to keep the body of the
resistors, carrylng the majority of the output current,
undisturbed.. The resultant time stability of the trimmed
circuits is comparable to that of unirimmed units.

Thelevel shifter circuits are comprised of three inveriers with
a positive feadback from the output of the second to the first
{Figure 8. This configuration resuits in DTL/TTL/CMOS
compatible operation over the full military temperature
range. With the ladder DPDT switches driven by the level
shifter, each switch is binarily weighted for an “ON”
resistance proportional to the respective ladder leg current.
This assures a constant voltage drop across each switch,
creating equipotential terminations for the 2R ladder
resistors, resulting in accurata leg currents.

P

DTLATL/ CMOS;
INPUT

fovtz  loum

1

Figure 8, CMOQS Switch

APPLICATIONS
General Recommendations

Static performance of the AD7541 depends on louT1 and
louTz (pin 1 z2nd pin 2) potenhals bemg exactly equal to GND
{pin 3k

The output amplifier shouid be selected to have a low input
bias current itypically less than 75nA), and a low drift
(dependlng on the temperature range!. The voltage offset of

the amplmer should be nulled {typically less than +200uV)..

The bias current ‘compe.nsation res'istor'in'ihé amplifier's
non-inverting ‘input cdn Gause a variable offset. Non-
inverting input should- be connected to GND with a low
resistance wire. :

4185
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Ground-loops must be avoided by taking all pins going to
GND to a common point, using separate connections.

The V* (pin 18) pawer supply should have a Ibw neise level
and should not have any transients exceeding + 17 volts.

Unused digital inputs must be connected to GND or Vpp for
proper opeération..

A high value resistor (-—1MQ) can be used to prevent static
charge accumulation, when the inputs afe open-circuited for
any reason. .

When gain adjustment is required, low tempco (approxi-
mately 50ppm/° C} resistors or trifm-pots should.be selected.



http://elcodis.com/parts/5800876/AD7533CD.html

APPLICATIONS, Continued

UNIPOLAR.BINARY OPERATION .

The cifcuit *c0nf|gurat|on ‘for operating the AD7541 in
unipolar mode 'is shiown in Figure 9. With “positive and
negative VREF valties the circuit is capable of 2-Quacrant
multiplication. The- “Digitai: Input - Code/Analeg Output
Value” table for unipolarmode is given-in Table 3. Sehottky
didde (HP-5082-2811 or equivalent! prevents-lolit  from
negative éxcursions which could damage the device. This

precaution is- only necessaryl W|th certaln high. speed‘

ampllflers

gV

air 1 (mse) |17 18 |eecnanax

—_—]s
piGiTaL | AD?5HM
i
'

foury
4

.-t 1 lourz
BIT 12 (L58)

Figure 9. Unipolar Binary Operafion (2-Quadrant Muitiplication)

EINmaRSIL

Zero Offset-Adjustment
1. Gonnect all digital inputs to GND.
2 Adlust the offset zero-adjust trimpotof the output cpera~
tional drmplifier for OV =0.5mV tmax) at VOUT.

Gain" Adjustment _
1. Connect ali digitalinpufs to VDD.

. 2. Mohitor VOUT fora ~VREF (- 1/212} rgading.

3. To'increase VOUT, connect a series resistor, (010500
ohims), in'the 1OUT1 amplifier feadback 10op.
4. To detéréase VOUT, connec? a series rasistor, (¢ to 500
ohrs), between the reference voltage and the. VREF
termlnal
TABLE1
Code Table-— UnipolarBinary Operation

DIGITAL INPUT ANALOG DUTPUT
111111111115 -VRer {1 - 1/212)
100000000001 —VREF [1/2 + 1/212)
100000000000 ~\/REF/2
011111111111 —VREF (1/2 — 1/212)
000000000007 ~VRer (1/4212)
000000060000 - - | 0

B

BIPOLAR (OFFSET BINARY) OPERATION

The circuit configuration for operating the AD7541 in the
bipolar mode is givén in Figure 10. Using offset binary digital
input codes and positive and negative referenceg voltage
values Four-Quadrant multiplication can be realized. The
“Digital Input Code/Analog Qutput Value"” table for bipolar
maode is given in Table 2. .

o .
Vaer +15¥
prrimsey |77 . 18
L 18 -
louTt
! :
1 Al Vour
1 -+
DIGIT.AL‘ AD75#
INPUT ; = A1 ek
: R2 0k
o B3 10k >80k ..
1]
1
0+ 15 2 R4
BIT 12 (LSB) lourz 5000
i AZ
i:mn ;

— i

=
Note: R1 and R2 should be 0. 01%, Iow-TCH resistors.
Figure 10, Sipolar Operailon 4—Quadrant Multlpllcatlon)

"LOQIG 1" input at any d:gltal mput forces the corres-
ponding ladder switch to-steer the bit current 6 1QLUT1 bus.

A “Logié 0" inputforces thebitcurrentto I0UTZ bus. Forany
code the IOUT1and IOUT2 bus currents are complements of
oné another. The current amplifier at ouT2 changes the
polarity of 1OUTZ current and the trafsconductance
amplifier at.lOUT1 output sums the two currents. This.con-
figuration doubies. the output range. buthalvesthe resolutlon
of the DAC. The difference current resulting at zero offset
binary code, (MSE = “Logic 17, All ather bits = “Logic 0", is
corrected by usmg an external resrstme dlwder. frorn
VREF to IOUTZ. : .

Offset Adjustment _ '

1. Adjust Vagg to approximatsly +10V

2. Set R4 to'zero.

3. Connect all digital inputs to “Logic 17,

4. Adjust leurz amplifier offset zero adjust trimpot for OV
=0.1mV at loutz amplifier gutput.

. Connect a short circuit across R2.

. Connect all digital'inputs to “Logic D".

. Adjust Ioum amplifier offset zero, adjust trimpot for OV
+0.1mV at lgut1 amplifier output.

8. Remove short ¢ircuit across R2.

9. Connect MSB (Bit 1) to “"Logic 1" and all other hits to

“Loglc 0",

=~ &y

10. Adjust R4 for OV £0.2mV at Vour.

Gain Adjustment

.1, Connect all digital inputs ic VDD,

2. Monitor VOUT for a -VREF (1 — 1/211J volts readlng
3. To increase VOUT, connect & series resistér, (0 to.500
ohms), in the IOUT1 amplifier feedback loop.

-4, To decrease VOUT, connect a.series resistor, (0°10. 500

ohms), between the reference voltage and the VREF
terminal. .
"TABLE 2
Code Table — Bipolar (Cffset Binary! Operation

j DIGITAL. INPUT ANALOG OUTPUT .
1171111111144 - ~VReF (1~ 1/211)
1600000000071~ - | =VREF (1/217)
100000000000 - 0

01T T o NReR (17211)

000000000001 | - VRer{1=1/211)

000000000000 VREF

4456
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AD7541 - - I]N'I'EEI]LL

. - - +HEV } eIy

Vaee 10V ) [
. 17 16]n i
BIT 1 (MS_E} . 4 18 FEEOBACK ]
BIT 2 r————ae{ig
AD7S541 7 - 7
1 BV/DIV \
BIT 12 (LSB) o 5 2 J’ \

= |

Figure 11. General DAC Clrcun: Wlth Compensatlon - |
Capacitor, Cg. - Figure 14. AD7541 Response with: A = intersjl 2520

DYNAMIC PERFORMANCE
. _ N The dynamic performance of the DAC, alsodepends or the
20,:5/C1Y S output amplifier selection. For low speed or static applica-
‘ tions, AC specificaticns of the amplifier are not very critical.
For high-speed applications.sisw-rate, sattling-tire, open-
i -loop gain and gain/phase-margin specifications of the
|_{ ' amplifier should be selected for the desired performange.

swipy

—_—
T

The output impedance of the AD7541 looking into louT1,
varies between 10k{} (Rreedoack alone) and Sk (RFeedback in
parallel with the ladder resistance).

Similarty the output capacitance varies between the
minimum and the maximum values depending on the input,
code. These variations necessitate the use of compensation
capacitors, when high speed amplifiers are used.

Figure 12. AD7541 Response with: A = Intersil 741HS

A capacitorin parallel with the feedback resistor provides the. B
s/, necessary phase compensation to critically damp the
output.

[ ’ A small capacitor connected to the compensation pin of the

K amplifier may be required for unstable situations causing

EAl v S P w . oscillations. Careful PC. board layout, m-lnlmlzmg parasitie
' capagcitances, is alse vital.

. . Three typical circuits and the resultant waveforms are shown

] in Figures 11 to 14. A low-cost general purpose (intersil
Figure 13. AD7541 Response, with: A = Intersil 2515 _ - 741HS), a Iow-coet high-speed (Intersil 2515 and a. high-
.Cg = 15pF speed fast-settling (intersil 25201 amplifier cover the

principal application areas.

INPUT SIGNAL WARNING

'Because of the input protection diodes on the Ioglc inputs, it is.impertant that no voltage greater than 4V outside
the logic supply rails be. applied to these inputs at any time, inciuding power-up and other transients. To do 50
could cause destructive SCR latch-up.
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ICL8018A/8019A/8020A
| ‘Quad Current Switch for
"D/A Conversion

FEATURES

* TTL Compatibie: LOW—0.8Y
HIGH—2.0v

¢ 12 Bit Accuracy

¢ 40 nsec, Switching Speed

© Wide Power Suppiy Range

¢ Low Temperature Coefficient

APPLICATIONS:

¢ D/A-A/D Converters

Digital Threshold Control
Programmable Voitage Source
Meter Drive

X-Y Plotters

GENERAL DESCRIPTION

‘The Intersil ICLBO18A family are high speed precision

current switches for use in current summing digital-to-
analog converters. They consist of four logically controlled
current switches and a reference device on a single
manolithic silicon ¢hip. The referenéeé trdansistor, combined
with precision resistors and' an external source, deiermines
the magnitude of the currents to be summed. By weighting
the currents in proportion’ to the binary Bit which controls
them, the total output current will be proportional to the
binary number represented by the input logic levels.

The performance and economy of this family make them
ideal for use in digital-to-analog converters for industrial
process control and instrumentation systems.

SCHEMATIC DIAGRAM PIN DIAGRAM .
EQUIVALENT CIRGUIT ' -
. cul v e o 7 v-
_ o "MsB (2] 3] BIT 1)
LdGlclNhu_T’s_ o LoGic JBIT2 3] 2 er: IgECISION
BT Br3 era mme INPUTS | g7 3 [4] 11 BIT 3 RESISTORS
5 - 04 ?3 : 02 EIT4..E j BIT 4
COMPENSATION [E [6] [9] BASE LINE
TRANSISTOR c.[7 E QUTPUT
1 OUTLINE BWGS
. JOLRB
A A ORDERING
o A A |4 DERING INFORMATION _
2k 2% 2k MILITARY COMMERCIAL
REFERENCE w1 Lites - TEMP RANGE TEMP RANGE
TRANSISTOR ACCURACY CERDIP PLASTIC DIP
7 Individual Devices | -
D5 7
coLLECToR AP AP 01% ICL8018AMJD | ICLBO1BACPD
) - - —o 0.1% ICLBO19AMID IGLBO19ACPD
Jos Jor | Pas pas | Paio lour 1.0% ICLBO20AMID ICLBO20ACFD
BASE Matched Sets* :
.01% ICLB018AMXJD IGL801BACXPD
0.1% IGLBO19AMXJD - | ICLBO19AGXPD
{a1z 1.0% ICLOB020AMXID | |C)LB0ZDACXPD
d . "NOTE: Units ordered in equal quantities will be matched sugh
§ 4w dn b1zl 14 that the Voe's of the 8019 will be within £19mV of the 8013 com-
EMITTER BIT4 ;n‘ 3W BIT2 BITY v pensating transistor, and the Vee's of the 8020 will be within
TO PRECISION RES|STORS *+E0mV. The ICL80?8 - X matched sets consist of one 8018, one
BOK a0k 20K 10k 8019, and one 8020. The 3019 - X contains one 8019 and one 8020,
while the 8020 - X contains two 8020's, Units shipped as matched
- sefs will be marked with a unigue set number.
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ICL8018A/8019A/8020A : BINTERSIL
ABSOLUTE MAXIMUM HATINGS

Supply Voltage. .......co0nve e [ raes e + 20\{
. Logic Input Voltage ...... Ceeeas e PR 2Vio V"
OUIPUL VOIEGE. . v et e re et VaaseuNg 10 + 20V
VBASEL'NE TN T Ve t°+5v
Storage Temperature ... .. ..ooiiiiiniiion, e e —65°C to +150°C
Operating Temperature 1ICL8018AM ) : -
ICLBOT9AM . iiaenes -55°C to +125°C
1CLB020AM
ICLBO18AC - o
ICLBO19AC ........oveit e erereeeneias 0°C 1o +70°C

: ICL8010AC ‘ }

Lead Temperature (soldering 108C) ......c.cvviniiiimmmienrnens s . 300°C

Stresses above those listed under Absolute Maximum Ratings may cause permanant damage to the device. These ara stress ratings onty; and
functional operation of the device at these or any cther conditions above those indicated in the operational sections of the specifications is not
implied. Exposure 10.absolute maximum rating conditions for extended periods may affect device reliability.

¢

ELECTRICAL CHARACTERISTICS (4.5v = V' <20V, V" =15V, Ta = 25°C,V @ pin 6 = 5V} ‘

PAHAMETER | conpiTiONS MIN TYP MAX UNITS

Absolute Error <
ICL80O18A U VinHr =50V +.01
ICL8O19A ' ViNLO = 0.0V . 201 %
ICLBOZCA k | - ' +1
Error Temperatiire Coefﬂment : : ‘
ICLBO18A +2 +5 ppm/°C
ICLBO19A _ Cox2 +25
IWCLBG20A . o i =2 + 50
Settling Time To = 1/2 LSB, H|_ = 1Ko . ' '
selT 100
12 BIT ‘ . 200 o ns
Switching Time To Turn On LSB ... 40 . | ns
Output Current (Nominal) - ‘ '
BIT 1 (MSB} . 1.0° ' mA
BIT 2 ! ‘ 0.5 ‘
BIT3 1 0.25
_ BIT 41{LSB) L Ll . . D125 _ .
Zero Qutput Current | VIN=5.0V L : 10 - - 50 " hA-
Cutput Voltage Range ' ' VaaseELINE +1V +10 Vv

Input Coding-Complimentary Bmary
(See Truth Tablei

Logic Input Voltage © | Alout <400nA K -
Q" (Switch ON) ' : ' [ 08 v
“1” (Switch OFF) 2.0 ' ' '

Logic input Current , _ . . _ ) '
gt : L ViN=0V : -1.0 _ -2 mA |
“1" {into device! - ViN = 5V | ) 001 NI A _opA

Power Supply Rejection ' ' I

v 005 ] . %/
'S ‘ - ' .0d05 '

Supply Voltage Range _ i , . o
v : 45 . 5 . 20 Y
v ) _ : ) _ -10 =15 = | ~20 '

Supply Gurrent (Vsypp = 20V} '

" . y . : 7 10 mA
i ' . . - L 1 ' 3 ¥

4-159 . ' '
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iCL8O18A /801 QA/ 8020A

BASIC D/A THEORY

The majority of d:gltal to analog converters contain the
elements shown in Figure 1. The heart of the D/A converteris
the logic controlled switching network, whose output.is an
analog current or voltage proportional to the digital number
on the logic inputs. The magnitude of the analog output is
determined by the reference supply and the: array of
premsmn resistors, seé fig. 2. )f the switching network has a
current output, often atransconductance amplifier is used o
provide a voltage output. -

LOGIC INPUTS

L [ ] |

‘REFERENCE SWITCHING NETWORK

RESISTOR ARRAY

Figure 1: Elements of.a D/A Converter

Nominat
Quiput
Logic Input Current {mA)
0000 1.875
0001 1.750
0010 1.625
0011 1.500
0100 1.375
0101 1.250
o110 1.125
0111 1.000
1000 0.825
1001 0.750
1010 ' 0.625
1011 0.500
1100 ‘0.375
1101 - 0.250
1110 0.125
1111 - © 0.000

Figure'2: Trith Table -

DEFINITION OF TERMS

The resolution of a D/A converter refers to the number of
logic inputs used to-control the analog output. Far example,
a D/A converter using two quad current sources would be an
# bit converter. If three quads were used, a 12 bit converter
would be formed. Resolution is often stated in terms of one
panrt in, £.g9., 256 since the number of controlling bits is
retated to total number of identifiable levels by the power of
2. The four bit quad has sixteen different levels (see Truth
Table) each output corresponding to 8 partlcular logic input
word..

Note that maximum output of the quad swnch is1+1/2+1/4
+1/8=1-7/8 =1.875 mA. If this series of bits were continued
ds1/16+1/32+1/64 ..... 1/2{™ the maximum outputlimit
would approach 2.0 mA. This limiting value is called full scale

output. The maximum output is atways less than the full:

scale output by one least significant bit, LSB. For atwelve bit
system (resolution 1 part in 4086) with a full scale output of

Downloaded from Elcodis.com electronic components distributor

10.0 volts the maximum output would be 3822 X 10V. Since

the numbers are extremely close for high resolutlon systems,
the terms are often used interchangeably..

. The acecuracy of a D/A converteris generally taken to mean.

the largest error of any cutput level-from its nominal value.
The accuracy or absolute error is often expressed as a
percentage of the full scale output. .
Linearity relates the maximum error in terms of the deviation
from the best straight ling drawn through all the possible
output lévels. Linearity is refated to accuracy by the scale
factor and output offset. If the scale factor is exactly the
nominai value and offset is adjusted to zero, then accuracy
and linearity are identical. Linearity is usually specified as
being within £1/2 LSB of the best straight line.
Another desirable property of D/A converter is that it be
monotonic. This simply implies that each successive output
level'is greater than the preceding oné. A possible worsicédse
tondition would be when' the output changes from most
significant bit IMSB] OFF, all other bits ON to the next level
which has the MSB ON and all other bits OFF, e.g., 10000. ..
to 01111,
In applications where a quad current swnch drives a
transconductanee -amplifier {current to voltage converter),
transient responise is almost exclusively determined by the
output amplifieritself. Where the quad output current drives
a resistor to ground, switching time and settllng time are
useful parameters.
Switching time is the familiar 10% to 30% rise time type of
measurement. Low ‘capacitance scope probes must be used
to avoid masking the high speeds that current source
switching affords. The settling timeé is the elapsed time
between the application of a fast input pulse and the time at
which the output voltage has settled to or approached its
final value within a specified limit of.accuracy. This limit of
accuracy sfiould be commensurate with the resolution ofthe
DAC to be used.
Typically, the settling time specification describes Fowsoon
after an input pulse the output can berelied upon as accurate
to within £1/2 LSB of an N bit converter. Since the 80184
family has been desiged with all the collectors of the current
switching transistors tied together, the output capacitance is
constant. The transient response is, therefore, a simple

. expenential relationship, and from this the settlingtime can
. be.calculated and related tothe measured risetirmeas shown

in Figure 3.
Bits of |f1/2LSB Error; Number of | Number of .
Resolufion| % Full Scale | Time Constantis { Rise Times
8 2 % 6.2 2.8
10 :05% 7.6 34
12 01% _ g2 42
Rise Time (10%-90%) = 2.2 RL Ceft

Figure 3: Settling, Time vs. Rise Time Resistor Load

CIRCUIT OPERATION _

An example of a practical circuit for the 1CLBO18A quad
current switch is shown in. Figure 4. The circuit can be
analyzed in two sections; the first generates very accurate
currents anc the second éauses these currents fo be
switched according to input logic signals. A- reference

_current of 125uA is generated by a stable reference supply-

and a precision resistor. An op-amp with low offset voltage
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ICL8018A/8019A/8020A BINTERSIL

LOGIC INPUTS
O

£ hl
BIT 4 BIT 3 BIY2 BITH
1) o4 3 2

7
|
I

yt

D1

as lJa'r

e

AN

ATTENUATED OUTPUT
'—=— CURRENT FROM
OTHER QUADS

Rs

_r__;_

Figure 4: Typical Gircuit

and low input bias current, such as the ICLB00S, is-used in
conjunction with the intarnal reference transistor, Qg, to
force the voltage on the common base ling, so that the
colleciar current-of Qg is equal to the'reference current. The
emitter current of Qg will be the sum of the'reference ¢urrent
and a small base current causing a drop of slightly greater
than 10 volts across the 80k resistor in the emitier of Q.
Since this resistor is connected to —15V, this puts the emitter
of Qg at nearly -8V and the common base line at one Vee
more positive at —4. 35V typically.

Also connected to the commaon base line aré the switched
current source transistors -Qy through*Qqp. The emitters of
these transisters are also connected through weighted
precision resistors to —15V and their collector currénts
summed at pin 8. Since allthesé trarsistors, Qs through Qip,
are designed to 'have equal emitter-base veltages, it follows

that all the emiitter reésistors will have équal voltage drops .

acrass them. It is this constarit voltage -and the precision
resistors at the emitter fhat-determing the exact valus of
switched output current. The emitterrésistor of Qr isequalto
that of Qs, therefore, Q7's collector cufrent will be 1REF or
125uA. Qg has 40k in the emitter so that its colléctarcurrent
will be twice IrerF or 250uA. Ih the Same.way, the 20k and 10k
in the.emitters 6f Qe and Qqp contribute .3 mA and 1 mA to the
total collector current.

The reference transistor and four current switching -

transistors are designed for equal emiitter current density by
making the number of emitters proportlonal to the-current
switched.

The remaining circuitry provides switching signals from the
logic inputs. In the switch ON mode, zener diodes Ds
through Ds, connected to the emitter of each current switch
transistor Q7 thru Qio, are reverse hiased allowing the
transistors 1o operate, producing precision currents
summed in the collectors. The transistors are turned off by

raising the voltage en the zeners high.énough to turn on the.
zeners and raise the emitters of the switching transistor. This
reverse biases the emitter base diode thereby shuiting. off
that transistor's collector current.

The analog output current can be used to drive one load
directly, (1k¢t to ground for FS = 1.875V for example) or can
be used to drive a transconductance amplifier to give larget
output voltages.

EXPANDING THE QUAD SWITCH

While there are few requirements for only 4 bit D to A
converters, the 80184 is readily expanded to 8 and 12 bits
with the addition of .other quads and resistor dividers as
shown in Figure &,
To maintain the pregression of binary weighted bitcurrents,
the current output of the first quad drives the input of the
transconductance amplifier directly, while a resistor divider
network divides the output current.of the second quad by 16
andthe output current of the third by 236.
Q. [Total= 1 x 11 + 1/2+ 1/4 4 1/8141/16 (1 +1/2+ 1/4+1/8)
+1/256 (1 +1/241/4+1/8=1+1/2+1/4+1/8+
/16 + 1/32 + 1/84 + 1/128 + 1/256 + 1/512 -+
171024 + 1/2048,
Note that each current switch is operating at the same high
speed current levels so that standard 10k, 20k, 40k and 80k
resistor networks can be used. Another advantage of this
technique is that since the current outputs of the second and
third quad are attenuated, so are the errors they contribute.
This allows the use of less accurate switches and resistor -
networks in these positions; hence, the three accuracy
grades of .01%, 0.1%, and 1% for the 8018A, 8019A and -
8020A, respectively. It should be noted that only the
reference transistor on the. most significant gquad is
required 1o set up the valtage on the commen base line
jeining the three sets of switching transistors (Pin 9.
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Figure 5: Expanding the Quad Switch

GENERATING REFERENCE CURRENTS —
ZENER REFERENCE

As mentioned above, the 8018A switches currents
determined by a constant voltage across the external
precision resistors in the emitter of each switch. There are
several ways of generating this constant voltage. One of the
simptlest is shown in Figure 6. Here an external zenerdiode is
driven by the same current source line used to bias internal
Zener Dy1.

BIT 4 BIT 3 BiT 2 BIT1
5 LT 03 ol

8
|,J - < lout
Q19 S Y

OTHER
QUADS

Figure 6: Simple Zener Reference

The zener current will be typically 1 'mA per quad. The
compensation transistor Q¢ is connectéd as adiode in series

with the external zener. The Vee of this trarisistor will

approximately match the Vpe's of the. durrent switching
transistors, thereby forcing the external zener voltage across
each of the external resistors, The temperature coefficient of

¢

the external zener will dominate the temperature

dependence of this scheme, however using a temperature

compensated zener minimizes this problem. Since Qg is
operating at a higher current density than the other
switching transistors, the temperature matching of Vee's is
not optimum, but should be adequate for a simple 8 or 10 bit
converter. ]

The 8018A series is tested for accuracy with 10V reference
voltage across the precision resistors, implying use ofa 10
volt zener. Using a different external zener voltage will only
slightly degrade accuracy if thé zenervoltage is above 5 or 6
volts.

When using other than 10 volt reference, the-effects on logic
thresholds should also be noted see legié lavels below). Full
scale adjustrment can be-made at the output amplifier.

PNP REFERENCE

Another simple reference scheme is shown in. Figure 7. Here
an external PNP transistor is used to buffer a resistor divider.
In this case, the —15 volt supply is used as a reference.
Holding the V™ supply constant is not too difficult since the
8018A is essentially a constant current load. In this scheme,
the internal compensation transistor is notnecessary, since
the VBe matching:is provided by the-emitter-base junction of
the external transistor. A small pot in serigs with the divider
facilitates full scale output adjustment. A capacitor from
base fo callector of the external PNP will lower output
impedance and minimize transient effects,

FULL COMPENSATION REFERENCE

For high accuracy, low drift applications, the. reference
scheme of Figure 4, offers excellent performance, In this cir-
cuit, ahigh gain op-amp compares two currents, The firstis a
reference currerit génerated in Rs by the temperature com-
pensated zener and the virtual ground at the non-inverting op-

amp input. The second is the collecter current of the

reference transistor Qs, provided on the quad switch. The
outplit of the op-amp’ drives the base of Qg keeping its
collector current exactly equal to the réference current.
Since the switching transistor's emitter current densities are
egual and since the précision resistors are proporticnal, all
of the switched collector currents will have the propervalue.
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Figure 7: FNP Reference

15V T) FFSET
2 ety o
b AAY
+15v > 10m
-5V
REFERENCE
o C Rz Rig
A -
14.0825k 14,0625k
A1
1k
FULL SCALE — . —
ADJUST . g+ - y ] - vt
T T T R [
BO1BA BO19A B020A

T

IN914

51k 1000pF = Rs 2 R7

80k 40k Eﬂk

H

v R SR SR SR ¥
BOk aﬂk 40'( 20R 10k Dk B0k Y40k 920k JT0K

—15v
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A 80Dk 0.0488% Ao 10k 0.5% ABS Rie 140625k RATIO TO Ris 1%
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The op-amp feedbatck loop using the internal reference
tramsistor will maintain proper currants in spite of Vgg drift,
beta drift, resistor drift and changes in V™.Using this circuit,
temperature drifts of 2 ppm/° C are typical. A discrete diode
connected as shown will keep Qs from saturating and
prevent latch up if V™ is disconnected. _ )

in any reference scheme, it is advisable to capacitively
decouple the common base line to minimize transtent
effécts. A capacitor, .001uF to 1xF from Pin 9 to analog
ground Is usually sufficient.

IMPROVED ACCURACY : _

As a'final note on the subject of setting up reference [evels, it
should be pointed cut that the largest coniributor of erroris
the mismatch of Vee’s of the current switching transistors.

That is, if all the Vee's were identical, then all precision-

resisiors would have exactly the same reference voltage
across them. A one millivolt mismatch compared with ten
volt reference across the precision resistors will cause a .01%
error. While decreasing the reference voltage will decrease
the accuracy, the voliage can be increased to d@chieve better

than .01% accuracies. The voltage across the -emitter

resistors can be doubled or tripled with a proportional
| increase in resistor values resulting in improved absclute
accuracy as well as improved temperature drift performance.
This technique has been used successfully to implement up
to 16 bit D/A converters.

PRACTICAL D/A CONVERTERS

The compiete circuit for a high performance 12 bit D/A
converter is shown in Figure 8. This circuit uses the “full
compensation reference” described above to set the base
line drive at the proper level, thé temperature compensated
zener is stabilized using an op-amp as a regulated supply,
and the circuit provides a very stable, precise voltage
reference for the D/A converter. The 16:1 and 256:1 resistor
divider values are shown for a straight binary system; for a
binary codéd decimal system the dividers would be 10:1and
100:1 (BCD is frequently encountered in building program-
mable voltage sources).

The analog output current of the 8018A current switches is
sonverted 1o an qutput yoltage using the 8017 asshown. The
output amplifier must have low input bias current (small
compared with the LSE current), low offset voltage and oifset
voltage drift, high slew rate and fast settling time. The input
compensation shown helps improve pulse response by
providing a finite impedance at high frequencies for a poinit
that is virtual ground at DC. :

An alternative bias scheme is shown'in Figuré 9. In this cass, .,

the bias at the commeon base ling is fixed by inverting op-amp
Aq, the gain of which is adjusted to. give 5.0 volis at the
. emitter of the reference transistor, With the bias at the com-
mon base line fixed, the regular circuit of A1 uses the internal
reference transistor and drives the bus connecting all the
precision resistors. This isolates the precision resistors from
V™ fluctuations. Zener Ds and constant current source Qi
keep the regulating 8008 op-amp in mid-range. There are
several alternative bias schemes depending on power
supplies available. If 20 volts is used for V™, the boitom of
the precision resistor will be at—15 and operation wiltbe the

same as the standard circuit. If only —158V is available for V~

the gain of the output transconductance amplifier can be
increased by 30% to allow Lse of a smaller switching currents
with 7 volts across the precision resistors.
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MULTIPLYING DAC

The circuit of Figure 9 is also convenient to use as a one
guadrant multiplying D/A converter. In & multiplying DAG,
the analog output is proportional to the product of a digital
number and an analog signal. The digital number drives the
logic inputs, while the analog signal replaces the censtant
reference voltage, and produces a current to set up the
reguiating 8008 op-amp. To vary the magnitude of currents
being switched, the voltage across all the 10k, 20k, 40k and
80k resistors must be meodulated according to the analog
input. An analog input of 0 to +10 volts and an 80k resistor at
the input to the 8008 will fulfill this requirement. .

CALIBRATING THE 12 BIT D/A CONVERTER

1.- With all logic inputs high (ones) adjust the output amplifier
offset for zero voits out.

2. Put in the worg 0000 1111 1111 (Quad 1 maximum output
Quad 2 and 3 off] and adjust full scale pot for Vo of 15/16
{10V) where full scale output is to be 10 volts.  ~ '

3. Putinthe word 111100001111 and trim the Quad 2 divider
for Vo-of 15/256 (10V). This adjustment compensates for
VgE mismatches between quads although matched sets
are available (see data sheet).

4. Putin the word 1111 11110000 and trim the Quad 3 divider '
for Vo of 15/4096 (10V). '

5. Finally, with all bits ON (ali 0's) readjust the full scale

_ factor pot for
Vo = 4095/4096 (10V)

SYSTEM INTERFACE REQUIREMENTS i

Using the B018A 'series in practical circuits reguires
consideration of the following interface requirements.
Lagic Levels: The 8018A is designed to be compatible with
TTL, DTL and RTL logic drive systems. The ene constraint
imposed on the external voltage levels is that the emitters of
the conducting current switch transistors bein the vicinity of
-5V this will be the same as the voltagé on Pin & if the
reference transistor i$ used. When using other than -5V at
Pin 8, the direct bearing on’ logic threshold shiould be
considered.

Power Supplies: One advantage of the ICL8018A is its
tolerance of a wide range of supply voltage. The positive
supply voltage need only be iarge enough {greater than
+4.5V) to Keep Q11 out of saturation, and the negative supply
nesds to be more negative than —10V to ensure canstant
curtent operatipn of Q12. The maximum supply voltage of
£20V is dictated by transistor breakdown voltages. Itis often
convenient to use 15V supplies in systems with op-amps
and other 1.C.’s. These suppliestend to be better regulated
and free-from high cutrent transients found onsupplies used
to power TTL Logic. As with any high speed circuit, attention
to layout and adequate power supply decoupling will
minimize switching effects. '
Ground: High resolution D/A, e.g., 12 bits require fairly large
logic drive currents. The change from all bits ON to all bits
OFF is a considerable change in supply current being
returned to ground. Because of this, it is usually advisable to
fraintain separate ground points for the analog and digital
sections. ’

Hesistors: Each quad curfent switch requires a set of
matched resistors scaled proportional to their binary

" currents as R; 2R, 4R and 8R. For a 10V resistor voltage drop

and “2 mA” full scale output-current, resistor values of 10k, -
20k, 40k and B0k are convenient. Other resistor values can be
used, for example, to increase total output current. The
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individual switched cUrrehts.can be increased up to 100% of
their nominal values. The overall accuracy of the complete
D/A converter depends on the gccuracy of thereference, the
gccuracy of the quad current switch and tolerance of resistor
matching: Because of the hinary progréssion of switched-
currents, the tolerance of 80k/10k match can be twice that of
the 40k/10k which, in turn, can be twice the tolerance of the
20k/10k ratio and still have equal output current errors. The
current dividers between guads dllows use of less well
matched sets of resistors further along in the D/A just as it
allows use of .07%, 0.1%, and. 1% accurate quad current
switchés. There are several manufacturers producing the
compfete prec:|5|on resmtor networks reqmred to i plement

|nformation

 BINTERSIL

*Resistor Ladder Networks ‘are manufactured by the
following companies:

Micro Networks Corporation

5 Barbara Lane

Worcester, Massachusetts 01604

Tel. (617} 756-4635-

Allen-Bradley Cornpany

1201 S. Secend Street
Milwaukee, Wisconsin 53204
Tel. (414) 6712000

Hycomp, Inc.

146 Main Street

Maynard, Massachusetts 01754
Tel. (617} 897-4578 -
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Figure 2

Fgr further information see the following Applications Bulletins.

A016 “Selecting A/D Converters” by Dave Fullagar

AQ1B “Do’s and Don’ts of Applying A/D Converters” by. F'eter Bradstiaw and Skip Osgoed.
AC20 “A Cookbook Approach to High Speed Data Acquisition and Mucroprocessor Interfacing” by Ed Sliger..
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FEATURES :

o 16 bit binary three-state latched outputs plus
polarity and overrange. Also 14 and 12 bit versions.

¢ |deally suited for interface to UARTS,
microprocessors, or other complex circuitry.

o Conversion on demand or continuously.

« Handshake byte-serial transmission synchronously
or oh demand.

e Guaranteed zero reading for zero volts input.

True polarity at zero count for precise null detection.

Single reference voltage for frue ratiometric

operation, '

Onboard cleck and reference,

Auto-Zero; Auto-Polarity K

Accuracy guaranieed to 1 count.

All outputs TTL compatible.

110V apalog input range

Status sighal available for external sync, A/Z in

preamp, etc.

9 @& & & B8 P

2 PIN CONFIGURATIONS

-ICL8052/ICL7104

and ICL8068/ICL7104
16/14/12 BitBinary A/D

Converter Pairs for .Processors

T

GENERAL DESCRIPTION

The 1CL7104, combined with the ICL8052 or ICL80BS, forms
a member of Intersil's high performance A/D converter
family.. The 16-bit version, the ICL7104-16, performs the
analog switching and-digital function fora 16-bit binary A/D
converter, with full three-state output, UART handshake
capability, and other outputs for a wide range of output
interfacing. The IGL7014-14 and ICL7104-12 are 14 and 12-
hit versions. The analog section, as with all Intersil's
integrating converters, provides fufly precise Auto-Zero,
Aiute-Potarity (including +0 nul! indication), single reference
operation, very high input impedance, true input integration
over a constant period for maximum EMI rejection, fully
ratiometric operation, over-range indication, and a medium
quality built-in reference. The chip pair aiso offers optional
input buffer gain for high sensitivity applications, a built-in
clock oscillator, and output signals for providing an external
Auto-Zero capability in preconditioning circuitry, synchro-

nizing external multiplexers, etc.

w7 }:5) INTEGRATOR Wt E 1 wl] v-
h = our DIG GND 3 2 2] COMP IN
: ©8ITS 3 s 3 [1 REFCAP[1
COMP 2 ﬂ BUFFER POL. L] 4 ] VREF
ouT (-~IN} O.R. 5 5 wll] AZ
. . BIT 16 5 L] 3 [J ANALOG GND
REF E INTEGRATOR BIT 15 H 7 ] REFCAP|2
CAP- {(+IN) BIT 14 e B = [0 BUF I8
' ) BIT 13 ICE7104 v ICL7104 220 ANALOG P
REF 7 EI INTEGRATOR BIT 12 =16 w =12 v+
PASS: (-IN) BIT 1M 1 » [ CE/LD
BIT 10 12 . [1 SEN
I BUFFER BIT 9 1 n R/
GND [g] 30| -INy BITS " o ] MODE
| BITT G =[] CLOCK:2
REF 1] BUFFER gl;g o 25 [1 CLOCK 1
ouT | ’ 'QUT IT 5 T 24 ] ERELE
| 8052-8068 BIT 4 1 = ]] NOTE [ s
REF 3] v+ BIT 3 w 2P IBEN [z [WEEn|_ABEw |
SUPPLY BIT 2 20 a BT
(QUTLINE DWGS DD,JD,PD) (QUTLINE DWGS DL,JL,PL)
ORDERING INFORMATION
Part Temp. Range Package Order Number  Pat |, Temp. Hangs} Package Order Number
| 8052 0°C to 70°C | 14-Pin Plastic DIF | ICLB052CPD 7104 1281t 0°C1o 70°C | 40-Pin GEADIP IGL7104-12CJ1.
B0G2 0°Cto 70°C | 14-Pin Ceramic DI | 1GLE0S2CDD 7104 12-Bit | 0°C1070°C | 40-Pin Plastic DIP | IGL7104-12CFL
B052A 0°C t6 70°C | 14-Pin Piastic DIP IGLBOS2AGPD 7104 12Bit | 0°Gte 76°C | 40-Pin Ceramlc DIP | 1CL7104-12CDL
| B052A 0°G 1o 70°C | 14-Pin Geramic DIP | IGLEQS2ACDD 7104 14-Bit | ©°C1o 70°C | 40-Pin CERDIP IGL7104-14CJL
8068 0°C 1o 70°C | 14-Pin CERDIP IGLBOBBCJD 7104 14-8It 0°C to 70°CG | 40-PIn Plastic DIP IGL7104-14CPL
BOBBA 0°C1o70°C | 14-Pin CERDIP ICLBOBBACID 7104 14-Bit | 0°Cto70°C | 40-Bin Ceramic DIP | ICLY104-14CDL
7104 16-Bit 0°C to 70°C | 40-Pin GERDIP | ICLT1046CJL
7104 16-Bit +| 0°C 10 70°C | 40-Pin Plastic DIP IGLT104.-16CPL
7104 16-Bit 0°C to T0°C | 40-Pin Ceramiz DIP | ICL7104-16COL
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SYSTEM ELECTRICAL CHARACTERISTICS: 8068/7104
= -15Y Clock _Frequency = 200KHz

BINTERSIL

Was = 15V, Vi =5V, V_

BOBBA/7104-12 . BOGBA/7104-14 8068A/7104-16
CHARACTERISTICS CONDITIONS MIN TYP | MAX MIN TYP MAX MiN TYP MAX UNITS
Zero Input Reading C|Vin=0ov . -000 | 000 [ +.000 | ~0.0000 | £0.0000] +0.0000 | —0.0000. . +£0.0000 | +0.0000 | Hexadécimal
) . i Full Seale = 4.000V| =1 _ | Reading
Ratigmetric Reading {11 IVin =VRet, ‘ TFF 800, [ 801 1FFF 2060 2001 TREF 8000 BOO1 | Hexadecimal
. Full Scale = 4.000v ‘ - || Reading
Linearity over + Full Scale ' :
lerrer of reading from [—4V = Vin £ 14V 0.2 1 6.5 1 0.5 1 LsB
. best straight line! B
Differential Linzarity
(difference between worse |4V S Vip 5 +4V 1§ .01 1 o1 LSE.-
case step of adjacent counts :
and ideal step i
Rollover error (Difference in |
reading for equal positive & [-Vin = +Vip- = 4V 0.2 1 0.5 1 0.5 1 LSB
' negative voltage near full
seale) I
MNeise (P-P vaiue not Win =0V
exceeded 85% of time) Full scale = 4:000¥ 3 2 - : 2° Y
Leakage Current at Input 121 |Vin = OV 200 285 100 165 100 165 {pA
Zero Reading Drift Vin = 0V 1 5 0.5 2 S 1 2 YA
0° G, TA £ T70°C .
Scale Factor Temperature (3} | Vin = +4V
Coefficiant 0= Ty £ 50°C 2 5 2 5 2 5 ppmiC
(ext. ref. 0 ppm/°C)
SYSTEM ELECTRICAL CHARACTERISTICS: 8052/7104
Voo = +15V, Vi = +8V, V. = 15V Clock Frequency = 200KHz
: . 8052/7104-12 8052A/7104-14 8052A/7104-16 )
CHARACTERISTICS CONDITIONS MIN TYP | MAX | MIN | TYP MAX MIN | TYP 1 MAX | UNITS
Zero Input Reading ~ Vin = 0.0V -000 | %000 | <000 | -0.0000 | +0.0000| +0.0000 | -0.0000°| +6.0000 [+0.0000* | Hexadecimal':
Full. Scale = 4,000V N T ) Reading )
Ratiometric Reading (3 Vin = Vpef, 7FF 800 801 1FFF 2000 | 2001 TFFF 8000 8001 | Hexadecimal
i Full Scale = 4.000v ’ : T Reading
" Linearity aver £ Fuli Scale _ D R = |
{error of reading from -4V S Vin S +4V- 0.2 10 s | 1 065 | 1 LSB
best straight line) 1T
Difterentlal Linearlty . ) ‘ !
Adifference between worse. |4V = Vip € 44V 01 0t a1 JLe8
case step of adjacent counts. '
and ideal- ‘step? v B
! Bollover errar {Difference In : . .o
reading for equal positive & |-Vin = +Vin = 44 0.2 1 ps f T C 0.5 1 LSB
‘negative-voltage near full | '
scale
Noise (P-P value not Vin = 0¥ ..
excesded 95% of time} . - - 2 . N
_ _ |Full scale = 4.000Y 50 30 ) 30
Leakage Current'at Input (2 [Vin = OV 30 80 20 30 20 20 |pa,
Zero Reading Drift - Vin = 0V 1 g s | T2 s 1T - N FPAY/Ld s
) 0° < 'Ta < 70°C ’
Scalle Factor Temperature Vin =4V . ’
Coefficiant 02 Tas70°C BN P - -2 5 ;2 5 opm# G
text. FEf. 0 ppm/®Ci N : :
Nate 1: Tested with low dielectric absorption integiating capacitor;

Note 2: The input bias currents are junction leakage currents which approximately double for every 10°Cii mcrease in the junction tempera-
ture, Ty, Due to limited production test time, the-input bias-currents are- measured withe -uRcticné-atambient temperature. In normal
operation the junction temperature rises abdve the ambient temperature as & resuilt of internal power dissipation, Pd. Ty=Ta +8iA Pd
where §jA is the thermal resistance from juhction 1o ambient. A-heat sink.can.bé used.to reduce temperature rise.

Note 3:
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The temperaturg range &an be extended 10.70° G and beyond if the Auts-Zero and F(eference capagitors are incréased to absorb the
high temperature Ieakage of the 8068 See note 2 above, .
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=
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CONTROL
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CONVERT
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- TABLE 1: Direct Mode Timing Requirements {Naie: Not tested in production)
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T SYMBOL DESCRIPTION MIN TYP MAX | UNITS

then XBEN Min. Pulse Width | 400 300

Data Access Time
tan | from XEEN 300 400

| Data Hold Time

tans | from XBEN .1 200 | 250 ns’
toon | CE/D Min. Pulse Width] - 450 350

Data Access Time
taae from CE/LD 350 450

Data Hold Time .
tane from CE/LD 280 350
tewn CLOCK 1 High Time 1250 1000

4170 ’
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TABLE 2: Handshake Timing Requirements

NAME - | DESCRIPTION - MIN | TYP - MAX UNITS
tmw " | MODE Pulse {minimum) S . 1. 20
tsm MODE pin set-up time , =150
tne MOQDE pin high to low Z CE/LD hlgh delay _ . 200
fmb _ MODE pin high to XBEN low Z thigh} delay ' _ 200
toel | _cLocK 1 high to CE/LD low delay . 700 _ ns
teeh GCLOGK 1 high to CE/LD high delay. B} g 500
tebl CLOCK 1 high to XBEN low delay. ' o 800
- fcbh | _ CLOCK 1 high to XBEN high delay - : 1 700
tcgh . . | CLOCK 1 high to data enabled delay 1100
tet CLOCK 1 low to data disabled delay 1100
tss Send ENable set-up time 1. -850
bz 1 CLOCK 1 high to XBEN disabled delay \ 2000
Ctoez CLOCK 1 high to TE/LD disabled delay 2000
tein [ CLLOCK 1 High Time _ 1250 1000

- "CWhae—| R
aocxronm " +\ N W /T \_
. L : .
EITHER: et S s o . A : — .

MODE PIN v . -5 o STABLE
X N X X X[ Tsnms -
INTERNAL. LATGH Fa
PULSE IF MODE “HI". i .y S SRR ‘————
IGNORED
- UART
INTERNAL MODE \
ORM .
toel —w{ |w— . tooh —-

) Hemaudas ‘
ol Jﬂ_f
, . L | _ .
e tme - { exr 1 exr _
SEN t , r -
(EXVERNAL SIGNAL) | DONT CARE/ N N\ }{ ) \ PONT CARE

- |—tms :
. Heposm = ’ - -
HBEN LA N — e s
. - ot - tobl tobz —] |
H I L .
O/R,POLUT-14 . - DATA VALID, STABLE D e ; )
" = |}—ican ": —~  [=todl
— ' ry T - o | pmeepm———taa
LBEN —— B Y Ny
. N " A
BITS 1-5 . ; { DATAVALID, STABLE Y
A ” A F \ ¥ riv S
HANDSHAKE MODE TRIGGERED BY wwww a0 mem = i THREE-STATE == THREE-STATE W PULLUP —b=
-14, -12 BIT VERSION SHOWN  -16 HAS EXTHA (MBEN) PHASE )

'J:iming- Helafionships In Handshake Mode

4171
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TABLE 3: Pin Assign_ment and Function Description

PIN | SYMBOL

DESCRIPTION

OPTION PIN | SYMBOL DESCRIPTION
1 Vib4) : quitjve Supply Voltage - 25 CLOCK1 " Clock input. External clock or oscillatér.
N?rplnally 18V 26 | CLOCK2 Clock output. Crystal or RC oscillator:
2 |- GND Digital Ground .0V, ground 27 | MODE Input LO;Direct output mode where -
_ return — CE/LB, FBEN. MBEN, and [BEN act as
3 . STTS STaTuS output .HI during 1 inputs directly controlling byte outputs,
Integrate and Deintegrate It pulsed HI causes immediate entry into
unt-|i| data is iatched .LO handshake mode {see Figure 9).
when analog section is In | 1 HI, enables TE/LD, MBEN, MEBEN, and
_ Auto-Zero configuration. LEEN as outputs. Handshake mode
4 POL POLarity, Three-state cut- - will be entered and data output as in
put. HI for positive input. Figures 7 & § at conversion completion.
5 OR | OverRange. Three-state 28 RB/H Run/Bold; Thput Hl-conversions-con--
output. . [ tinuousiy performed every 217 (=16)
) BIT 18 g 235 {~14}.or 213 -12) clock pulses.
- | BIT 14 -14 .| (Most signiticant bit) | Input LO-cenversion ifi progress
BIT 12 —12 completed, converter will stop in
7 BIT 15 6 T Auto-Zero 7 counts befora input integrate,
BIT 13 —14 29 SEN Send-ENabie: Input controls timiing
BIT 11 -12 of byte transmission in handshake
8 BT 12 216 , __ r_nqde._HI'indiEate_s 'se'nd". :
_BIT 12 -14 30 CE/LD Chip-Enable/LoaD. With MODE (pin 27)
BIT 10 12 : LO, CE/LD serves as a master outpus
3 = enable; when HI, the bit outputs and
g:‘Tr ]? _}3 POL., OR are disabled. With MODE HI,
BIT9 -1z pin serves as a LoaD strobe (-ve
going} used in handshake mode. See
10 BIT 12 -6 Figures 7 & 8.
BIT 10 =14 Data Bits, Three-state Iy .
ne =12 outputs. See Table 4 for 3 i :zsnljilr\:zl:_ogchSupply Voltage.
farmat of ENabtes and ' Y7oy .
11 BIT 11 ~16 bytes. .32 | ANLN ANalog INput. High stde.
BIT 9 -14 HIGH = true. 33 BUF IN BUFfer INput 10 arnalog chip
) ne B V4 ' . ) (ICLBG52 or ICLBOGE)
12 BIT 10 =16 34 AEFCAP2 | REFerence CAPacitor inegative side)
ne =4 35 AN.GND. ANalog GrouND. Input low side and
ne —12 ] o reference low side.
13 | BIT® -16 36 A-Z Auto-Zero node. )
’ ne “1‘2" 37 | VREF | Voltage REFsrence input ipositive side)
—~ ;‘I’T - a8 | REFCAP1 | REFerence GAPacitor (positive side)
- 15 BT 30 COMP-IN COMParator INput from 3052/8068
=) ive. , inally—15v.
6 5T 6 40 \f( J. Negative S_upply_.Voltage Nominally—15
17 B|TS
18 | BIT4
19 | BITS '
20 | BiT 2
21 BIT 1 Least significant bit
22 | [BEN Tow Byte ENable. If not in
handshake maode (see pin 27)
when LO (with TE/LD, pin
" 30} activates iow-order
byte outputs, BITS 1-8
When in handshake maode -
{see pin 277, serves._as. a Sl —— AT - B
. | low-byte flag output. See 710416 [POL]O/R| B16]615 | B14]|B13) B12 | B11]610] B8 | Bd | B7 | 66| B5 ] BA] B3 | B2 | BA
} Figures &,-2 and 10. -
p— — - ABER “IBEN
MBEN ~-16 Mid Byte ENable. Activates 710314 G/R|B14]B13] 912]B11]B10] BS | B3 [ BY | P6 | B5 | B4 | B3 [ B2 B4
.BITS 9-16, see LBEN {(pin 22} 710912 POL|O/R| TE12] 971|516 E5 | 62 | B7 | B6 | BS | B4 | B3 | B2| B1
23 HEEN -14 High Byte ENable. Activates ' —
-12 BITS 9-14, POL, OR, see TABLE 4: Three-State Byte Formats and ENable Pins.
[BEN (pin 22 :
HEEN -16 | High Byte ENable. -
Activates POL, OR, see '
_ LEEN {pin 22).
24 CLOCK3 -14 | RC oscillator pin. Can be
=12 used as ¢lock output.
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o fig. 2 below -

8052/7104 8068/7104

Fig. 1 shows the functional block diagram of the operating system. For a detailed explanation, refer t

+3Y 15V Awr O

—_—_‘_13“-5

INT QUT 0HPOL‘1E15141312 110918 7 54 321
R

. | - ' ?'T? 1oH1 [213pajiss7[is9fao 21 ] ens 16 oA

REF 8 7™
ouT s
P | INT COMP. ! comp | || verslon shown:
xS T la REF, | THREE STATE QUTPUTS ll versions iffer
300pF i ) ! . | In pincut here.
| - . B052/8068 I ” : _ 1 e :
Uy S IS L) S | ' [romE
. - LATCHES .
104F = % ) MBEN
ot ' : '
1 b miiiiiisiisiiiiing] | [T
COUNTER }
- .._9'2&) EB/D
VREF _ . |
X SEN
: [
ANALOG . _
nPuT © $ _ CROSSING CONTROL LOQIC 271y MODE
PETECTOR} - . |
. - . _ o o o8
ANALOG o . ) . . RH -
A SR T S — &% _ 2 _Jw_ g _dm_dy
- #15V +5Y —{5¥ CLOCK CLOCK STTS
{1 {2) -

Figure 1: 8032A LSOGSAW164 16/14/12 Bit A/D Converter Functional Block Diagram

DETAILED DESCRIPTION

Analog Secfion

Figure 2 shaws the equivalent Circuit of the Analog Section
of both the ICL7104/8052 and the 1CL7104/8068 in the 3
different phases of operation. If the Run/Hold pinis leftopen -
or tied to v+, the system will perform conversions at a rate

determined by the clock frequency: 131,072 for —16; 32, 368
. for —14; and 8092 for — 12 clock periods per cycle (see Figure

conviersion timing}.

AN I_CnN'r
e INTEGRATOR COoMP.
Az\- \ . ZERO SANY o ‘
—/ A3 | CROSS: D oF—
O L .
/ : DET: ZERO
| CROSSING
FF

;’_'LGAZ | : - cL
| |

! o POL ‘oL

Figure 2A: Phase | Auto-Zero

1. Auto-Zero Phase i Fig. 2A
During Auto-Zero, the input of the buffer is shorted 10
analog ground thru switch 2, and switch 1 closes a loop
around the |ntegrator and comparator, The purpose-of

4-173

the ioop is to charge the Auto-Zero capamtor until the
integrator output no longer changes with time. Also,
smtches 4and 9 recharge the reference capacitorto VReF.
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It CINT
INTEGRATOR

L.,
I

|

EINmERSIIL

D POL - Qf}—>pOL
FF
f . . CL

comP, ‘ i3 _ |—PHASE I

ZERQ L : '
CROSS, ' : o ar—
DET. ZERO

Figure 2B: Phase Il Integrate Input

2. Input Integrate Phase Il Fig. 2B

During input integrate the Auto-Zero loop is opened and .

the analog input is connected to the buffer input thru
switch 3. (The reference capacitoris still being charged to
VRer during this time.) If the input signal is zero, the butfer,
integrator and comparator will 5é¢ the sariie voltage that
‘existed in the previous state (Auto-Zero). Thus the

A3
.
. CHOSSING.
FF '
CL-
\
FOL - CL

integrator output will Aot change but will remain
stationary during the entire Input Integrate cycle. If Vin is
not equal to zeéro, an unbalanced condition exists
compared to the Auto-Zero phase, and the integrator will
generate a ramp whose slope is proportional to ViN. At the
end of this phase, the 5|gn ot the ramp is latched into the
polaritv F/F.

+ AN —AAA "C\NT
/P B
BUFFER RINT | INTEGRATOR COMP,
h \ ZERD ~
/ A3 CROSS. D a}—
V DET. ZERO
CROSSING
.1 FF .
ICA: CL
- »
CrEF 4 - FOL cL

Figure 2C: Phase Il + Deintegrate

Deintegrate Phase 11l Fig. 2C & D

During the Deintegrate phase, the switch drive logic uses the
“output of the polarity F/F in determining whether to close
switches 6 and @ or 7 and 8. i the input signal was positive,
switches 7 and 8 are closed and a voltage which is VrRer more
negative than during Auto-Zero Is impressed on the buffer
input. Negative inputs will cause +Vrer to be applied to the
buffer input via switches 6 and 9. Thus, the reference
capacitor generates the equivalent of a (+} réference or a (=)
reference from the single reference voltage with negligible

- AN ) e CINT
P —AAA i
BUFFER RINT | INTEGRATOR

Lo
1

L

4

5

efror, ‘The reference voltage returns the output of thé
integrator to the zero-crossing point established in Phase ).
The time, or number of counts, required to do this is propor-
tional to the input voltage, Since the Deintegrate phase can
be twice as long as the Input integrate phase, the input
voltage regquired to give a full scale reading = 2VReF.

Note: Once a zerd crossing is detected, the systém
automatically reverts to Auto-Zero phase for the leftover

Deintegrate time (unless Run/Fold is manipulated, see Run/

Hold Input in detailed description, digital section),

COMP.

ZERD .
CROSS. D al—
DET. 2eR0

CROSSING
FE

CL

1

POL - CL

Figure 2D: Phase Il - Deintegrate
4174
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Buffer Gain

At the end of the auto-zero interval, the instantangous noise

voltage on the auto-zero capacitor is stored, and subtracts ‘

from the input voltage while adding to theé reference voltage - . sy eisy | 150K .
during the next cycle. The result is that this noise voltage

effectively is somewhat greater than the.input noise voltage -

of the buffer itself during integration. By introducing some AEF [0 T
voltage gain into the buffer, the effect of the auté-Zero noise INT.
treferred 1o the Input) can be reduced to the level of the RER.
inherent buffer noise. This generally occurs with a bufier
gain of between 3 and 10, Further increase in buffer gain
merely increases the total offset 16 be handled by the auto-
zero loop, and reduces the avaliable buffer and integrator
swings, without improving the noise performance of the
system. The circuit recommended for doing this with the
IGLBO6B/ICLT104 is shown in Figure 4. With careful layout,
the circuit shown can achieve effective input noise voltages
on the order of 1-2uV, allowing full 16-bit use with full scale
inputs of as low as 150mV. Note that at this level, thermo-
electric EMFs between PG boards, IC pins, etc., due to local
temperature changes can be very troublesome. For further
diseussion, see App. Note AD30.

e e A i e et . e e e e

TO ICLTIM

Figure 4: Adding Buffer Gain to ICLS068

1

Table 5 Typical Component Values

V44 = H15V, V4 = BY, V- =—15Y, Clock Freq = 200 kHz

ICL8052/8068 with ICL7104-16 ICL7104-14 ICL7104-12 UNITS
Full scale Vin -1 200 go0 | 4080 100 | 4000 50 - 4000 mV
-Buffer Gain 10 i 1 10 1 10 1
. RINT ' 100 43 | 200 47 | 180 27 200 kQ

. CinT L .33 33 | .33 01 o1 | o2 | 622 | - -pF

Caz 1.0 10 1.0 1.0 1.0 A7 A7 - uF

Cret 10 10 |~ 1.0 10 1.0 4.7 4.7 nF
' VREF | o0 400 | 2000 50 2000 25 200 | - mv
- Resolution 3.1 12 61 6.1 244 12 980 | A

1ICL8052 vs ICL8068 '

The ICLBO52 offers significantly lower input jeakage
currents than the ICLB068, and may be found preferable in
systems with kigh input impedances. However, the IQLSDSB
has substantially lower hoise voltage, and for systemswhere
system noise is a limiting factor, particularly in low signal
level conditions, will give better performance.

4175
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POLARITY ZERQ CROSSING
-, DETECTED OCCURS .
INTEGRATOR | | )\, ZERO CROSSING |
QUTPUT L. . - . /DETECTED

|
|"-—AZ PHASE |--—=|+—INT PHASE Il }

: T 2 pET PHASE ul—-J«—Az—-—
'|NTERNALCLOCK|"||""||"||"| r] nnnn nhnnrf _

INTERNAL LATCH ! |

STATUS OUTPUT | | N
|

NUMBER OF COUNTS TO ZERO CROSSING
' PROPORTIONAL TO Vin

o

\AFTER- ZERQ CROSSING,
ANALOG SECTION WILL
BE IN AUTOZERO

CONFIGURATION
COUNTS
Phase | Phase !l | Phaselll
-16 327638 32768 85536
-14 8192 B192 | - 16384
-12 | 2048 2048 4096

Figure 3: Conversion Timingl;

COMPONENT VALUE SELECTION

For optimum perfarmance of the analog section, care must
be taken in the selection of values for the integrator capacitor
and resistor, auto-zero capacitor, reference voltage, and
conversion rate. These values must be chosen to suit the
particular application.

Iniegrating Resistor

The integrating resistor is determmed by the full scale inptit

voltage and the output current of the buffer used to charge
the integrator capacitor. This current should bé small
compared to the output short circuit current such that
thermal effects are kept to a minimum and linearity is not
affected. Values of 5 to 40 pA give good results with a
nominal of 20 xA, The exact value may be chosen by

~ full scale voltage*
Z0uh
*Note: lf gain is used in the buffer amplifier then -

BINT =

- (Buffer gain) (full scale voltage)
20uA

Rint =

Integrating Capacitor

The product of integrating resistor and capacitor is selected
to give 9 volt swing for full scale inputs. Thisis a compromise
. between possibly saturating the integrator (at +14 volts) due
te tolerance build-up between the resistor, capacitor and
clock and the errors a lower voltage swing could induce due
to offsets referred to the output. of the comparator. In
general, the value of CinT is give by

(32768 for -16
" 8192 for ~14 X clock periad) | X (20uA)
(2048 {or -12

Integrator output voltage swmg

CinT =

A very impartant characteristic of the lntegratlng capacitoris
that it have low dielectric absorption to pfevent roll-over or
ratiometric errors. A good test for dielectric absorption is to
use the capacitor with the input tied to the reference.

Downloaded from Elcodis.com electronic cbmponents distributor

This ratiometric condition should read half scale{100. . . 000)

cand any deviation is probably due te dielectric absarption.
Polypropylene capacitors give undetectable errors at
reasonable cost. Polystyrene and palycarbonate capacitors
may also be used in less critical applications.

Auto-Zero and Reference Capacitor

The size of the auto-zero capacitor has some influence on
the noise of the system, a large capacitor giving less ricise.
The reference capacitor should be large enough such that
stray capacitance to ground from its nodes is negligible.

Note: When gain is used in'the butfer amplifier the reference
capacitor should be substantially larger than the aute-zero
tapacitdr. As a rule of thumb, the reférence capacitor should
bé approximately the gain times the valug of the auto-zero
capacitor. The dielectric absorption of the reference cap and
auto-zero cap are only important at power-on or when the
circuit is recovering frem an overload. Thus, smaller or
cheaper caps ¢an be used here if accurate readings are not
required for the first few seconds of recovery.

Reference Valtage

The analog input required to generate a full scale output.is
VIN = 2 VREF.

The stability of the reference voltage is a major factor in
the owverall abseiute accuracy of the converter, The
resolution of the ICL7104 at 16 bits is one part in 655386, or
15.26ppm. Thus, if the reference has z temperature
coefficient of 50ppm/® C lon board reference) a temperature
change of 1/3*C will introduce a one-bit absolute error. For
this reason, it is recommended that an external high quality
reference be used where the ambient temperature is not
controlled or where high-accuracy absolute measurements
are being made. '
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DETAILED DESCRIPTION

Digital Section .

The digital section includes the clock oscillator circuit, a 18,
14 or 12 bit binary counter with output latches and TTL-
compatible three-state output drivers, polarity, over-range
and control logic and UART handshake fogic, as shown in
the Block Diagram Figure 5 (16 bit version shown).
Throughout this description, logic levels will be referred to
as “iow” or “high”. The actual legic lévels are defined under
“|CL7104 Electrical Characteristics”. For minimum power
consumption, all inputs should swing from GND {low) to V+
{high). Inputs driven from TTL gates should have 3-5ki}
pullup resistors added for maximum noise immunity.

MODE Input _

The MODE input is used to ¢ontrol the output mode of the
converter, When the MODE pin is connected to GND or left
open- (this input is provided with a pulidown resistor to
ensure a low tevel when the pin is left open), the converter is
in its "Direct” output mode, where the output data is directly
accessible under the control ¢f the chip and byte enable
inputs. When the MODE input is pulsed high, the converter
enters the UART handshake mode and outputs the data in
three bytes for the 7104-16 or two bytes for the 7104-14.and
7104-12, then returns to “direct” made. When the MODE
input is left high, the converter will output data in the
handshake mode &t the end of every conversion cycie. (Seg
section entitled “Handshake Mode” for further-details),

STaTu$S Qutput _

During a conversion cycle, the STaTuS output goss high at

the beginning of Input Integrate (Phase 11}, and goes low
- pne-half clock period-after new data from the conversion has

been stored, in.the output latches. See Figure 3for details of .

-this timing. This signal may be used as & "data valid"” flag
{data never changes while STaTuS is low} to driveinterrupts,
or for monitoring the status of the converier. :

INTERSIL

‘Run/Hold Input

- When the Run/Hold input is connected to V* or lefi open ithis

input has a pullup resistor to ensure a high level when the pin
is left open), the circuit will continuously perform conversion .
. cycles, updating the output latches at the end of every
Deintegrate (Phase |11} portion of the conversion cycle (See
Figure 3. (See under "Handshake Mode" for exception.} In
this mode of operation, the conversion cycle will be
performed in 131,072 for 7104-16, 32768 for 7104-14 and
8192 for 7104-2 clock periods, regardless of the resulting
value, ' :
If Run/Fold goes low at any time during Deintegrate (Phase
I} after the zero crossing has occurred, the circuit will
immediately terminate Deintegrate and jump to Auto-Zero.
This feature can be used to eliminate the time spent in
Deintegrate after the zero-crossing. If Run/Hold stays or
goes low, the converter will ensure a minimum Auto-Zero
time, and then wait in Auto-Zero until- the Run/Hold input
goes high. The converter will begin the Integrate (Phase I
portion of the next canversion (and the'STaTu§S output will
go high) seven clock periods after the highlevel is detected at
Run/Hold’ See Figure 6 for details.
Using the Run/Hold input in this manner allows an easy
“convert 'on demand” interface to be used. The converter
may be held at idle in Auto-Zero with Fun/Hold low. When
Ruri/Aadld goes high the conversion is started, and when the |
STaTusS output goes low the new data is valid or transterred
to the UART - see Handshake Mode}, Run/Hold may nowgo
low términating Deintegrate and ensuring & minimum Auto-
Zero time before stopping to wait for the next conversion.
Alternately, Run/Hoeld can be used to minimize conversion
tirie by ensuring that it goes low during Deintegrate, after
zero crossing, and goes high after the hold point is reached.
The required-activity on the Run/Hoid input can be provided
by connecting It to the CLOCK3 {-12, -14), CLOCK2 (-16}
Output, In this mode the conversion time is dependent on the
input value measured. Also refer to Intersil Application.
Bulletin A030 for a discussion of the effects this will have on
Auto-Zero performance.

CE/LD ..
HEEN . MBEN ~ LBEN .
7104-16 [POL[O/R [B16]B15[B1a[B13]B12|B11]B10] 89 [BE [ B7 | 56| BS'| Bi[B3]B2]B1 |
7104-14 POL|O/R|B14]B13|B12 | B11]B10] B9 | B4 [ B7 | BE | B5 [ B4 | B3 [ B2 | B
THoa-12 | roL|o/R] [B1z[B11[B10/ B9 | B8 | B7 | BS | BS| B4 [B2 | B2] 81| .
PR A A 00 00 A A 0 0 A0 £ S
: ' \
. |
18/16/14 THREE-STATE OUTPUTS &) AEEN
. . f— |
T rrrrrrr7r i Ll i '
- 16/16/14 LATCHES | | o e
N N Y I Y Y I | C16ont)
— .
INITIAL —11 16/14/12-BIT GOUNTER |
CLEAR g - |
LATCH . o [HEN
i
CLOCK |
1 ! |
COMP OUT @ EED
ANAL;g; Az - =] _conversion 3%‘3%3&?: HANDSHAKE I
) ONT c :
Sihon | DEINT(y - =] CONTROLLOG ARCLITRY LoGIC 1
DEINT()  ~—] : o
S — R CEN R — JONE IR N — n__du_ |

STaTuS

CLOCK
1

MODE . | $END

3

Figure 5: Digital Section
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EINm=RS L

OPTION | -12 | -14 | -16
MIN | 1785 | 7151 | 28865
MAX | 2041 | 8185 | 32761

DEINT TERMINATED | ] ' INT
AT 2ERC. CROSSING | : | STATICIN N [ pHase |
INTEGRATOR N‘T tON\l ) | HOLD STATE I /
OUTRUT | _ .
"'—" —r l 7 COUNTS

INTERNAL CLOCK, '|_|"‘ "Lan_n_ ,_rLrLrLan_n_, ,_I'LJ'LIFLI'LI'L. ,..I'LI_’ ’—'lJ'Ll"Ll'LI'Ll'I.I'UE"U'IJ"

INTERNAL LATCH . o

J' L )
STaTu$ OUTPUT | 1 .
RUN/HOLD INPUT I PO I S NI

| . Flgure 6: Run/Hold Operation

1# the Run/Hold input goes low and stays low duririg Auto-
Zero {Phase 1), the converter will simply stop at the end of
Auto-Zero and wait for Run/Hold to go high. As above,
Integrate (Phase |) begins seven clock periods after the high
level is detected.

. Direct Mode -
When the MODE pinis left at a low level, the data outputs(bits
1 through 8 low order byte, see Table 4 for format.of middie
-16) and high order byteslare accessible under control of the
byte and ¢hip ENable terminals as inputs. These ENable
inputs are all active low, and are provided with puliup
resistors: 10 ensure an inactive high level when left cpen.
When the chip ENable input is low, taking a byte ENable

ZERD-CROSSING

\J/ OCCURS
N ™\ ZERG-CROSSING

DETECTED

INTEGRATOR
OUTRUT

input iow will allow the outputs of that byte to'become active
(three-stated on). This allows a variety of parallel data acces-
sing techniques to be used. The timing requirements for these
outputs are shown under AC Characteristics and Table 1.

1t should be noted that these control inputs are
asynchronous with respect to the converter clock ~the data
may be accessed atany time. Thus it is possible to access the
data-while it is being Updated, which could lead ta scrambled
data. Synchronizing the access of data with the conversion
cycle by monitoring the 5TaTuS output will prevent this.
Data is néver updated while STaTuS is low. Also note the
potential bus conflict described under "Initial Clear Cireuitry”.

/ For <16 MBEN sequence inseried here.
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Figure 7: Handshake With SEN Held Positive
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Handshake Mode

The handshake cutput mode is provuded as an alternatwe
means of interfacing the ICL7104 to digital systems, where
the A/D converter becomes active in controlling the flow of
data instead of passively responding to chip-and byte ENable.
inputs: This mode is specifically designed 1o allow a direct
interface betweer the |CL7104 and industry-standard
UARTS (such as the Intersil CMOSUARTS, IM6402/3) with no
“external logic required. When triggered into the handshake
mode, the LCL7104 provides all the.control and flag signals
necessary 10 sequence the three (ICL7106-18) or two
(ICL7104-14, -12) bytes of data into the UART and initiate
their transmission in serial form. This greatly eases the task
and reduces the cost of designing remote data acquisition
stations using serial data transmission to minimize the
number of lines to the central controlling processor.

Entry into the handshake mode will oceur if either of two.
- conditions are fuifilled; first, if new data is latchéd lie. a
conversion is completed) while MODE pin (pin 27).is high, in
which case entry oceurs at the end of the Jatch cycle; or
secondly, if the MODE pin goes from law 1o high, when entry
will ocour immediately (if new data'is being latched, entry is
delayed to the end of the latch cyclel. While inthe handshake
mode, data latching is inhibited, and the MODE pin is
ignared. {Note that conversion cycles will continue in the
normal manner). This allows versatile initiation of handshake
operation without danger of false data generation; if the
MODE pin is held high, every conversion (other than those
completed during handshake operations) will start a new
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" handshake operation, whilé if the MODE pin is pulsed high,

handshakeé opegrations ¢can be obtained “on demand.”
Whan the converter enters the handshake mode, orwhen the
MODE input is high, the chip and byte ENable terminals
become TTL-compatible outpuis which provide the contro!
signals for the cutput cycle. The Send ENable pin (SEN} {pin
29) is used as an indication. of the ability of the external
device to receive data. The condition of the line is sensed
once gvery ¢lock puise, and if itis high, the next (or first) byte
is enabled on the next rising CLOCK 1 (pin 25) clock edge,
the corresponding byte ENable line goes (ow, and the Chip
ENable/LoaD line (pin 30} (CE/LD) goes low for one full clock
pulse only, returning high. :

On the next falling CLOCK 1 clock pulse edge, if SEN remains
high, of after it goes high again, the byte cutput lines will be
putin the high impedance state (or three-stated offl. One half
pulse later, the byte E ENable pin will be cleared high, and
(unless finighed) the TE/LD and the next byte ENable pin will
go tow. This will continue until alt three (2 in the case of 12
and 14 bit devices) bytes have been sent. The bytes are
individually .put into the low impedance state i.e.. three-
stated on during most of the time that their byte ENable pinis
(active) low. When_ receipt of the last byte has been
acknowledged by & high SEN, the handshake mode will be
cleared, re-enabling data latching from conversions, and
recognizing the condition of the MODE pin again. The byte
and ¢hip ENable will. be three-stated off, if MODE is low, but
held high by their iweak} pullups. These timing relationships
are itlustrated in Figure 7, 8, and 8, and Table 2:
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Figure 7 shows the sequence of the output cycle with SEN

held high. The handshake mode {Internal MODE high) is

entered after the data latch pulse (since MODE remains high
the CE/LD, [BEN, MBEN and HBEN terminals are active as
outputs). The high fevel at the SEN input is sensed on the
same high 1o low internal clock edge. On the nextlowichigh
internal clock edge, the CE/LD and the HBEN outputs
assume a low level and'the high-order byte (POL and OR, and
except for -16, Bis 9-14) outputs are enabled. The CE/LD
output remains low for one full internal clock periodenly; the
data outputs remain active for 1-172 internal clock periods,

and the high byte ENable reméins low for two.clock periods. .

Thus the CE/LD output low level or low to high edge may be

used as a synchronizing signal to ensure valid data, and the

byte ENable as an oulput may be used as a byte identifica-
tion flag, With SEN remaining high the.converter cémpietes
the cutput cycle using CE/LD, MEBEN and LBEN while the

remaining byie cutputs (see Table 4) are activated. The

handshake mode.is terminated when all bytes are sent (3 for-
16, 2 for -14, -12.

Figure 8 shows an output sequence whare the SENinput is
used {o delay portions .of the sequence, or handshake, to
ensure correct data transfer. This timing-diagram shows the
relationships that occur ~using an
IM6402/3 CMOS UART to interface to serial data channels.
In this interface, the SEN input to the |CL7104 is driven by
the TBRE (Transritter-Buffer Register Empty) output af the
UART, and the TE/LD terminal of the ICL7104 drives the
TBRL (Transmitter Buffer Register Load) input to the UART:

industry=standard:

. - BINTERSIL

The data outputs are paralleled mto the eight Transmitier
Buffer Register inputs.

Assuming the WART Transmitter Buffer Register is: empty,
the SEN input will be high when the handshake mode is
entered after new. data. is stored. The CE/LD and HBEN
terminals will go low after SEM is sensed, and the high order
byte outputs become active. When CE/LD goes high at the
end of one clock period, the high order byte data is clocked
into the UART Transmitter Buffer Register, The UART TBRE
output will now go low, which halts the output cycle with the
FIBEN output 10w, and the high order byte outputs active.
When-the UART has transferred the data to the Transmitter
Register and cleared the Transmitter Buffer Register, the
TBRE returns high. On the next ICL7104 internal clock high
to low edge, the high order byte outputs are disabled, and
one~halt-internal ctock later, the HEBEN output returns high.
At the same time, the CE/LD :and MBEN (-18) or LBEN
outputs go low, and the corresponding byte outputs become
active. Similarly, when the CE/LD returns. high at the end of
one clock period, the.enabled data is clocked into the UART
Transmitter Buffer Register, and TBRE 'again goes low.
When TBRE returns to a high it will be sensed on the next
IGL7104 internal clock high: to low edge, disabling the data
outputs, For the 16 bit device, the sequence is repeated for
LBEN. One-half irternal clock later, the handshake mode
will be cleared, and the chip -and byte ENable terminals
return high and stay active (as long as MODE stays high.
With. the MODE input.remaining high as in these exampiés,
the converter will output the results of every conversion
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except those completed during a handshake operation. By

triggering the converter into handshake mode with a low to
high edge on the MODE input, handshake output sequences

" may be performed on demand. Figure 11 shows a handshake .

output sequence triggered by such an edge. In addition, the

SEN input is shown as being low when the converter enters -

handshake mode. In this case, the whole output seguence is
controlled by the SEN input, and the sequence for the first
thigh orden byte is similar fo the sequence for the other
bytes. This diagram also shows the output sequence taking
langer than a conversion cycle. Note-that the converter stil
makes conversions, with the STaTuS output and Run/Hold
input functioning normally. The only difference is that new
data will not be latched when in handshake mode, and is
therefore lost.

Initial Clear Circuitry

The internal logic of the 7104 is supplied by an internal
© regulator between V-++ and Digital Ground. The regulator
includes & low-voltage detector that will clear various
registers. This is intended to ensure that on initial power-up,
the control logic comes up in Auto-Zero, with the 2nd, 3rd, and

4th MSB bits cleared, and the “mode” FF cleared {ie. in -

“direct” mode). This, hawever, will also clear these registers
if the supply voitage “glitches” to a low enough value.
Additionally, if the supply voltage comes up too fast, this
clear pulse may be too narrow for reliable clearing. In
general, this is not a problem, but if the UART internal
“MODE” FF should come up set, the byte and chip ENable
lines will become active outputs. In many systems this could
lead to buss conilicts, especially in non-handshake systems.
In any case, SEN shouid be high theld high for non-
handshake systems) to ensure that the MODE FF will be
cleared as fast as passible (see Fig. 7 for timing). For these
and other reasons, adequate supply bypass is
recommended. :

Oscillator

The ICL.7104-14 and -12 are provided with a versatile three
terminal oscillator to generate the internal clock. The
oscitlater may be overdriven, or may be operated asanRC or
crystal oscillator,

Figure '10 shows the ascillator configured for RC operation.
The internal clock will be of the same frequency and phase as
the voltage on the CLOCK 3 pin. The resistor and ¢apacitor
should be connected as shown., The circuit will oscillate at a
frequency given by f = 45/RC. A 50-100k(: resistor is
. recommended for useful ranges of frequency. For optimum
BOMz line rejection, the capacitor value should be chosen
such that 32768 {~16), 8192 (-14), 2048 {-12! clock periods is
close to an integral muliiple of the 60Hz period.

CcLO CES! CLOCK - cLo Cla( -

fosc = 45/RC

Figure 10: RC Osciliator
Note that CLOCK 3 has the same output drive as the bit cutputs.
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As a result of pin count limitations, the ICL7104-18 has only
CLOCK 1 and CLOCK 2 available, and cannot be used as an

- RC cscillator. The internal clock will correspond to the

inverse of the signal on CLOCK 2. Figure 11 shows a crystal
oscillator circuit, which can be used with all 7104 versions, If
an external clock is to be used, it should ba applied to
CLOCK 1. The internal clock will correspond to the signai
applied to this pin.

25 26
— ookt~ Fewokz ~ ..

*GAPACITOR VALUE
DEPENDS ON CRYSTAL.
TYP 0-300F.

nl;'ll 10—+
CRYSTAL °.

" Figure 11: Crystal Oscillator

POWER SUPPLY SEQUENCING

_ Because of the nature of the CMOS process used to fabricate

the ICL7104, and the multiple power supplies used, thereare
certain conditions of these supplies under which a disabling
and potentially damaging SCR action can occur. All of these
conditions invoive the V+ supply (nom. +5\) being more
positive than the V4+ supply. If there is any possibility of this
occuring during start—up, shut down, under transient
conditions during operation, or when inserting & PC board
into a “hot" socket, etc., adiode should be placed between V*
and V++ to prevent it. A germanium or Schottky rectifier
diode would be best, but in most cases a silicon rectifier
diode is adequate.

f

ANALOG AND DIGITAL GROUNDS

Extreme care must be taken to avoid ground loops in the
layout of 8088 or 8052/7104 circuits, especially in 16-bit and
high sensitivity circuits. It is most important that return
currents from digital loads are not fed into the analog ground
line. A recommended connection sequence for the ground
lines is shown in Figure 12. '

APPLICATIONS INFORMATION

'Some applications builetins that may be found useful are

listed here:

AD16 “Selecting A/D Converters”, by Dave Fullagar

AD17 “The Integrating A/D Converter”, by Lee Evans

A018 “Do’s.and Dont’s of Applying A/D Converters”, by
Peter Bradshaw and Skip Osgood

A025 “Building a Remote Data Logging Station”, by Peter
Bradshaw ‘

AD30 “The ICL7104 - A Binary Output A/D Converter for
Microprocessors”, by Peter Bradshaw

ROD5 “Interfacing Data Converters & Microprocessors”, by
Peter Bradshaw et al, Electronics, Dec. 9, 1976.
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Flgure 12: Grounding Sequence
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