LD110/111A R ;
32 Digit A/D Converter Set Siliconix

FEATURES BENEFITS - APPLICATIONS
e Buffered Reference Input ® High Gain Stability ® High Performance Digital
¢ MOSFET Input * Reduced Signal Loading Voltmeters
* Auto-Zero System * Reduced Offset and Drift ~ * Digital Panel Meters
* Auto-Polarity Over Temperature ... ® Digital instrumentation
e Over and Under Range * Reduced External Readouts
Signals Parts Count - ® uP A/D Interface
¢ Easily Interfaced Subsystem
® Auto-Zeroed Microvolt or
Strain Guage Systems
DESCRIPTION

The LD110 and LD111A form a precision 3 1/2 digit A/D directly interfaced. The high impedance input and refer-
converter system for use in display and microprocessor ence buffer amplifiers eliminate source loading errors and
based data acquisition applications. Based on Siliconix’s provide the outstanding temperature coefficient inherent
“Quantized Feedback” technigue, intrinsic features include in this system. Break-before-make switch action insures
auto-polarity, auto-zero, and ratiometric operation, Except that neither the analog input nor the reference voltage will
for a stable reference, no critical components are required be shorted to ground at any time.
to achieve rated performance. The technigue used offers
superior linearity, normal mode rejection, and stability due
to the simultaneous integration of the unknown input and
the reference voitages. Unlike other conversion tech-
niques, the integrator output voltage never represents

- more than 100 counts. Thus, critical, high resolution per-
formance is not required of either the ‘integrator or the
comparator.

The PMOS LD110 synchronous digital processor com-
bines the counting, storage and data multiplexing func-
tions with the random logic necessary to control the |
quantized charge- balancing function of the analog pro-
cessor.- Seventeen static latches store the 3% digits of
BCD data as well as overrange, underrange and polarity
information. Nine push-pull output buffers (capable of -
_ driving one standard TTL load each) provide the sign, ;
The monolithic LD111A high performance analog proces- digit strobe and muitiplexed BCD data outputs, all of :
sor contains a bipolar comparator, a bipolar integrating which are active high. The digit scan is an anteriaced for-
amplifier, a bipolar reference amplifier, two MOSFET mat of digits 1, 3, 2 and 4.

input unity gain amp!ifiers, several P-channel enhance- Both devices are supplied in the 16-pin plastic DIP, and are
ment mode analog switches and the necessary level shift-  spadified for operation over the 0 to 70°C temperature
ing drivers to allow the analog and digital processors to be range.
. o ‘!
FUNCTICNAL BLOCK DIAGRAM ' PIN CONFIGURATION :
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LD110/LD111A -
ABSOLUTE MAXIMUM RATINGS _
IiN-(Pin 15, 2).0.nneennnn. e cieeeeis T1MA Operating Temperature ..............c..... 010 70°C
V1= Vo (LDT11A) ci i e 30V Storage Temperature ......: ..........."~6510 125°C
VGG vvvvnnninnnnns i iaaaas e 6V Power Dissipation (Package)*................ 750 mW
Vgg — Vo (LD110) .......... e e raeeeieaas 20V ,
V On Any Pin Relative to Vgg (LD110)....... 0.3Vio-20V *Device mounted with all leads welded or soldered to PC
VREF + -t etrnnennmnatenseenneeeneaanenarenens Vq Board. Derate 6.3 mW/°C above 25°C.
ELECTRICAL CHARACTERISTICST : ‘ Tp =25°C
TEST CONDITIONS UNLESS OTHERWISE NOTED: —LMS
PARAMETER SYMBOL V4= +12 V. Vp =12V, Vgg = 5V : - UNIT
‘ VREF = 8.2 V. Ry = 100K {1 _ MINZ | TYPd | MAX
Vv, _
Analog input Renge ANALOG 2V 2V 1 %rag
Linearity ‘ 0.02 )
Noise Peak-to-Peak Nois-e Apparent When Going From 0.1 LSB
E i One Steady Reading to Another
i - - -
@1 GainT.C. - 5 ppm/°C
> .
Normal Mode Rejection NMR fhoise = 60 Hz . 40 | .. dB
Clock Frequency fIN 50% Duty Cycle _ _ 30.7 | 280 | kHz
ON Resistance, Auto Zero Switch | rpS{on) VAZ(in}=—4.0V, Ig=-30uA : ’ 6 20 K&
Clock Input Current, Low ~leL VoLocK in=04V _ ‘ 500 . | HA
- . ‘
2; Input Bias Current hN ' 41 pA
] ’ .
Comp, LD110 ' L. | vin=—12Vv —1500 { =700 | —50 uA
Reference Buffer Isource VinL (U/D) =08V, VoyT =0 ) g —800 | —400
AZ Buffer lsink = | Vaz==4V,Vour=0V 800 N
o T : H
. 5 Input Buffer . |sin_k VIN = -2V, VouT = ov . 400 800
Input Buffer : ’ 'sou-rce V|N =2 vV, VOUT =0V ‘ . | —100 —50
AZ Buffer Vottset | YouT=0V : | ~100 1 100 mv
Measure/Zgro Voltage, Low VoLt ~|0L =150 uA 0.8
Measure/Zera Voltage, High VoH1 | lgH =—=200pA : 2.4
Up/Down Logic Voltage, Low VoL? IOL‘;" 250 uA ' .\ : ) 7 . 06
,5 Up/Down Logic Voltage, High VoH2 IOH = ~200 pA 24
\ g Anatog Comparator Voltage VOoH3 toH = —100 uA ' ) 24 ‘ [V
° Digits, Bits, Voltage, Low VoL3 loL =1.6 mA E 0.6
Sign Voltage, Low ) VoLa foL = 1.6 mA - 0.65
Data Bits Voltage, High VoHa | lon=-200pA 2.4
Digits, Sign Voltage, High VOHS lgH = —800 LA ’ 2.4
V¢ Supply Current, LD111A I o 2.2 4
Vo Supply Current, LD111A - 124 ) -4 | ~18
' ) mA
Vg Supply Current, D110 I2p —23 -17
[ .
E‘ Vsg Supply Current, LD110 Iss ' - 17.4 24
5‘3 Power Supply Rejection Ratio, V¢ | PSRR4 80 | 85
: dB
Power Supply Rejection Ratio, V2 | PSRR2 o 80 | 65
. ) %Ardg/
Reference Voitage Rejection R =Ro=100K 2, V|N=2V 1
| RRer =R2 IN ’ AVREF
NOTES: . .
1. Refer to PROCESS OPTION FLOWGHART for additional.information.
2. The algebraic convention whereby the most negative value is a minimum, and the most positive value is a maximum, is used in this data shest.
3. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.
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DEVSCRIPTION. OF PIN FUNCTIONS—LD111A

LD110/LD111A. -
DESCRIPTION OF PIN FUNCTIONS — LD110

BUF OUT — The output of this unity gain input buffer am-
plifier is applied to the integrator summing node through a
scaling resistor Ro. The value of this resistor is typically
10K §2 for a 200.0 mV full scale and 100K 2 for a 2.000 V
full scale. The digital output is inversely proportional to the
value of this resistor. ‘

Vi Rq
X — X 8192
VRer Ra2

Count =

HI-QUALITY GND — This pin, typically connected to a
High Quality Ground pdint for single ended inputs can be
used as the inverting input for differential signals. The digital
output will be Vyy - V.o When using this differential
mode, it is important that resistor Rg be less than resistor
R4 for proper operation.

M/Z — Measure/Zero Logic Input. Internal level shifting
drivers operate the PMOS switches in response to this digital
signal.

UID — Up/Down Logic Input. The logic signal applied to
this pin operates a SPDT switch to provide Quantized pulses
of charge to the integrator.

COMP — This analog comparator output is an open collector
configuration which goes to Vo when ““low.”

V9 — Negative Supply Voltage. Recommended level is =12 V
+10%.

GND — Analog Processor Ground. Should be kept separate
from Digital Grounds.

REFgyy — This buffered voltage output of the SPDT U/D
switch, converted to a current by resistor R4, supplies the
reference current to the integrator.

INT. N — Integrator Summing Node,

VREF — A stable positive reference voltage (2 to 10 V)
applied to this pin is the standard to which the input voltage
VN is measured. Ratio measurements can be made by
applying a variable to this input (1.0 to 10 V).

INT. OUT — The output of the integrating amplifier is made
available for application to the Auto-Zero amplifier by means
of resistor Ry.

AZ OUT — The output of the unity gain Auto-Zero ampli-
fier provides a second negative reference current to the
integrator through resistor Ra.

| AZFILTER — The Auto-Zero Capacitor (Caz) connected to
1 this pin stores D.C. voltage components to balance amplifier
1 offset and drift components.

AZ IN — This input is switched into the AZ filter during the
zeroing interval.

ViN— Analog Voltage Input. The A/D System dtgltlzes the
voltage appearing at this input.

V41 — Positive Supply Voltage: The recommended level is
+12 volts £10%.

Vgg— Positive Supply Voltage. Recommended level is 4;5.V
+10%.

V5 — Negative Supply Voltage. Recommended level is =12 V
*+10%.

CLOCK IN — This input accepts a TTL or MOS leve! clock’
to drive the synchronous digital circuitry. Acceptable duty
cycles on the external clock ra‘hgé from 30% high, 70% low
to 70% high, 30% low for clock frequencies from 2 kHz to
250 kHz. Although any clock frequency between 2 kHz
anad 250 kHz may be used, clock frequencies that are inte-
ger divisions of 2048F | {F|\y = 2048F_/n,n=1,2,3,...,
51), (F = Line Frequency) provide measure and zero per-
iods that are integer multiples of the line frequency period
{Tzero = N/FL, Tmeasure = 2n/FL). Line frequency inter-

ference is minimized by the selection of one of these 51

frequencies.

This input has an active pull-up to VSS-

M/Z — Measure/Zero Logic Qutput. This O to 5 volt logic
output successively provides Autozero and Measurement
intervals of 2048 and 4096 clock periods respectively. This
output is compatible with CMOS-logic and directly interfaces
with the LD111A analog processor.

U/D — Up/Down Logic Qutput. This output has logic levels
of 0 and +5 volts to provide pulse-width modulation of the
reference current when used with the LD111A analog proc-
essor. This output is CMQS compatible.

COMP — Analog Comparatbr Inbut. This input has an active |
pull-up to Vgg for a comparator "high state. This pin must
be pulled down to V4 for a “low” comparator state.

An End of .Convers'ion Signal can be decoded from the three
interconnecting logic lines (M/Z U/D, Comp} using the fol-
lowing CMOS logic,

M/Z + U/D + Comp = E.O.C.

B1. Ba, B3, B4 — BCD Data Bit Qutput. B4 represents the
most significant bit and B4 the least significant bit of the
BCD output; Bit 4 of digit 4 goes high for an underrange
condition (less than 100 counts). These outputs are com-
patible with 1 standard TTL load.

MUX Underrange = B4 x Dy (5% of full scale)

D4, Dy, D3, D4 — Digit Strobe Qutputs. Dg4 is the most sig-
nificant and Dq the least significant digit of the 3 1/2 digit
output. The digit strobes are each selected in turn when the
BCD data bits for that digit appear at the bit outputs (see’
Figure 4).
MUX Overrange = D1 + Dy + D3+ Dy
(100% of full scale, count == 2000)

SIGN — Sign of Analog Input Polarity. This TTL level out-
put is a static signal which is either 0 or Vgg for a negative
or positive input polarity respectively.

GND — Digital Processor Ground. Should be kept separate
from Anafog Grounds. Common connection should be made
at the power supply.
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LD140/LD114A

FUNCTIONAL OPERATION
The Connection Diagram of Figure 1 should be referred to The Auto-Zero sequence is initiated when the M/Z (Measure/ |
along with the timing diagrams of Figures 2, 3, and 4 in this Zero) signal switches the input buffer amp to analog ground.
discussion of functional operation, After a brief count-correcting override period, the AZ switch
, - , is closed connecting the AZ amplifier and Integrator together
Time Base Counter: An external clock signal using either in a closed-loop second-order system. Duj"ing this time the
TTL or MOS logic levels drives-a 2-¢ clock generator on the control logic ignores the comparator output and pulses the |
synchronous digital chip. The clock frequency is divided by U/D switch at-a 50% duty cycle of 4 clock periods “Up" |
the time base counter into sampling intervals of 6144 pulses and 4 "Down’’ {see Figure 2). Equilibrium of this closed-
| of which 4096 constitute the measurement interval/and 2048 loop system is attained when the average currents through
the auto-zero interval. Intermediate frequency divisions are Ry and R4 are equal and opposite. This is achieved when-
utilized by both the control logic and the 1 of 4 decoder for V az. the Auto-Zero voltage, isequal to -% VR (R1 = R3).
the digit enables and bit scan. Establishing V o7 and storing it on Cp 7 gives the U/D logic |
- the capability of switching either a + or — reference current
AUTO-ZERO INTERVAL to the integrator during conversion. Thus when U/D is “Up,”
: 7 _ I7 + I3=-VREE/2R4 and when U/D is “Down,” I1 # I3 = |
The Auto-Zero interval provides a means.to null out the VREF/2R1. The Auto-Zero interval is of sufficient duration
| offset voltages of the amplifiers used in the LD110/LD111A 1o insure that V 4 7z will be well established,
system. In addition, it automatically establishes a second ' '
tracking reference voltage necessary for bipolar A/D con-
version. o :
.+ PARALLEL s
BCD OUTPUT DIGIT STROBES
VREF Vss  SIGN By 8, 83B4 09 Dz D3 Dy
? ? Q 00 0 0 . 000
10 6 5 16 {15 |14 |13 i 12 4
REFERENCE BUFFER t A I B O
| DATA DIGIT
INPUT BUFFER ‘BUFFERS.. |- BUFFERS -
Ui ottt Wi
ViN o --< < 2 . -
Aj. IMULTIPEEXER},
ooty LT | | = ;
GND = I = GRATOR I’\ 1 coue - §CONTROL
* o 5 8 Logic STATIC
| . comPAnATo@_l/ O-—0- : ™ Latches
. 4 )
| : AZ BUFFER‘ o
. - .| 3172 DECADE DEGODE
| BCD COUNTER| T T
’ l | TiME BASE
| J.‘E Icoumo»_F ‘ - : I_— COUNTER.
LOGIC - - )
l .1 . wz | - for - fo2 l—'T‘M o2
L e e e o — — ) 3 tol 1. z-¢cLock
: 04_‘ o0 GENERATOR
ge &s 7 J)" -612- [ RS
Vi Va i Vg GND CLOCK IN
ANA-LOG
GND
LD111A LD110
Connection Diagram
. Figure 1 S .
Byzsess Broress BrrsesesOrmase D Ouesasares saze OraaeserDars dserl
Mz M/Z —_I
OVRD } AUTO-ZERO — ——AZ I MEASURE"
Az ] AZ l
u/D u/D ’ .—m___ u e d "-
. fe- A ol B afe- Bfe- A B -wte—B
COMPARATOR i ] COMPARATOR _-—I r__l -
autPuT | | I | 1 F'I_I"|_I" ouTRUT i
wgen /™ /\ AL | esaTon
S AVARR VAVA'AY
Auto-Zero Timing Measure Interval Timing
Figure 2 Figure 3
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FUNCTIONAL OPERATION (Cont.)

LD110/LD114A"

MEASUREMENT INTERVAL

The “Quantized Feedback’ conversion system is character-
ized by a single phase Digitization interval in which a digital
control system feeds back quantized units of charge in
response to the sampled state of an aynalog comparator.
These quanta of charge balance' the charge being supplied
to the integrator by the analog voltage. The magnitude
| (VREF/2R1 x B/f¢ick) of the Quantized charge being fed
back and its sign (+ or =) arise from the fact that the control
logic has two U/D duty cycles available during the Measure
interval as shown in Figure 3, ’ ' ‘

The U/D logic is “up” one clock cycle and “down" 7 cycles
for a high comparator output in the clock cycle preceding a
set of 8 cycles. This will be designated duty cycle "A."” With
a low comparator output in clock cycle number 7 the U/D
logic will be ““up’ for 7 cycles and ‘‘down’ for 1 cycle in
the féllowing 8 clock cycles. This is duty cycle “B.” The
effect of these two reference current duty cycles on the
integrator output is shown in Figure 3. It can be seen that

voltage up. The up/down BCD counter increments by each
clock pulse when the U/D logic is ““up’’ and decrements by
each clock puise when the U/D togic is “down.” Conse-

and down 6 for an ""A" duty cycle.
Input polarity is determined by the first appearance of two

would determine the analog input to be negative if two A"
duty cycles occur in succession and positive if two B’ duty
cycles oceur in succession.

ments) of 6 during the measure interval, a short override
interval is required at the end of the Measurement to “fine
| tune” the count to the nearest LSB. This occurs within the
first 32 clock periods of the AZ interval.

the “up’ state of the U/D logic drives the integrator output

quently the net count goes up 6 gounts for a ““B” duty cycle .

consecutive duty cycles of the same type. The control logic’

Since the counting process is done by increments {or decre-

Following the count correcting override sequence; the con-
tents of the BCD counters and sign flip-flop are loaded into
the internal latches. Counter states of less than 100 of greater
than 1999 are decoded as underrange or overrange conditions
respectively. The underrange signal is forced on Bit 4 during
D4 time. The overrange signal will be used to blank the
dispiay during the zero interval giving a visual overrange cue
by means of a blinking display. :

The BCD data stored in the latches is continuously scanned
every 32 clock periods (8 clock times per digit). This data format
is shown in Figure 4. Sign information is available as a static
signal on a separate pin {high for +, low for —}.

The BCD data output is an interlaced scan of digits 1, 3, 2,
and 4 where digit 4 is the most significant digit. AII outputs
are active high and TTL compatibie.

APPLICATIONS INFORMATION
(Refer to Figure 5)

1. Power Supplies

.a} The recommended supply voltages are:

V1 =12V £10%
V2‘ =-12V £10%
VSS =86V £10%
VREF =200V to10 V“

Operation is pp.ssibie with.Vq and V5 supplies from $9Vio
+15 V. These minimurn voitages (9 V) require that the
LD110/LD111A system be operated.on the 200.0 mV scale
to maintain input buffer linearity. 1t should be realized that
operation below *10.8 volts is not guaranteed. V9 voltages
greater than —=13.2 V allows the LD110 to dissipate a con-
siderable amount of power (400 mW, warm to the touch).
A 1580 $ resistor in series with pin 11 of the LD110 will
limit the current resulting in cooler operatlon and longer
life with large va!ues of Vo, i

e 1 1| LI [ NS T
g2 [ 2 | 2 2 2 [ 2 1 2 2 2 [ 2
B3 & [T 4 4 J+] 4 4 4 DB:'IPA
BM____ 8 s [ ® | 8 _ e [ & | 8 8
o1 1 _ —
D2 1 1
s [ 1 1
o07] — —

- Data Output Format {Output = 1492)

Figure 4
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APPLICMD'ATIO‘NS. INFORMAT_ION.(_Cont.) I.D‘I‘lO/ LD111A7

2. Input Protection. Under normal operating conditions the 4. Resistor Selection, Resistor Ro.is the scal gt

inputs of the LD111A should not be exposed to a voltage is selected to provide 10 nA per LSB into the:
exceeding either V1 or V5 (see absolute maximum ratings). summing junction. Thus, . ‘
In many applications however, such as a DMM/DVM, the .

VN Of VREFR input may have a high voltage source con- VIN{Full Scale)

nected which is capable of supplying destructive currents BZ - (2000 Counts) (10 nA/Count)

into the LD111A., To prevent such an occurrence, a current . . .

limiting resistor should be placed in series with the appro- = 100K §2 (2.000 V Scalg)

priate input pin. The 1 mA maximum current rating should K

be observed. A 1M Q resistor in series. with pin 15 of the = 10K £ {200.0 mV Scale)

LD111A would offer input protection up to a 1000 V = 1K £ {20.00 mV Scale)

overvoltage.

3. Operation Over the Full Sampling' Range. Any sampl-ing The reference resistor Ry is chosen to satisfy the relationship

rate from 1/3 to 40 samples/second can be accommodated by
snmply changing the values for CyyT and CAZ (R3 and Ry )
R
will remain as shown in Figure 5}, ot - YREE. mg
' {Trimmed) 81.92V

To find the proper value for Gy and Caz, {shown as C1

and Co respectively on Figure 5) find the needed clock fre- 5. 20.00 mV Scale {10 zV Resolution). The improved noise
quency for a specific sampling rate from the following performance of the LD111A. allows it to be used-in a
relationship. _ 20.00 mV DPM when Rs is selected to be 1K 2. This high
resclution range, while useful, does not have the same degree
felock = Sampling Rate x 6144 ’of 2ero and LSD stability as the 200.0 mV and 2.000 V
s . ' ranges. Extreme care in‘layout is required to minimize noise

Once the clock frequency has been determined, the values and offsets at'V|N and Hi-Q GND.

for C|NyT and Cpz can be found.
6. Ratio Operation. The LD110/LD111A is a ratio measur-

CINT = 200 uF/sec ing system — the output being
felock .
Vi Rq
o1 Count =y e 8192
Caz =10CNT REF R2
Ry 1 13 38
1000 1 — EN ' : — L
\Add  m— | a— 10 - - 1l As 6 - Rip
R 8| 1004 2 s1a
—— | — 1_ — 9 o 0374 Ay
| =/ = Ry A=y A= Bl |
s o . e 14, f Bl a3kn oy
N4630 MAN 4610 MAN4610 ADl—g “AAA
.ET MA i—s-l ?l -é-| MAN4610 ?l A 1\jm_vsma
4< < 1< 3
Q4 04 Qg MPS A13 =
Rg
. L - mao
‘—I’VW—OWN
C3
1 16 Ry T ooz uF
0 2 15 10K @ -
pso g W i
\l 5 L‘go 12 1 16 Ry
‘f/l 6 11 2 15— 160K 0
AL b 10 3 14— VW Ry
- Ry ' |— 8 9 i gF 13 33K 6
3KQ 5 12 AAA—4
p s_! :: H : g LD1M1A
— 2 7 7 10
+5V 3 55 gl Rg ’—r— 8 9 wde G2
o K . 12K a

] 4 L o

e - . 0.1«F 0.0082 »F
-L - o ['VVL—W ‘I -J- T

Ca L 'I' 0.01 4F ’ Mdaa 4 _

_TT_ ' 507

- NC Q4

NATIONAL (v}
2N4274 = 12V

L
N
<
a
Sp
)
»E’]
&

3% Digit DVM (+200.0 mV) Common Anode Display
Figure 5 )
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APPLICATIONS INFORMATION (Cont.)

The 'high impedance input and réference buffer amplifiers
offer a $ystem with ratio operation and minimal source
ioading. The ratio curve shown with the typical character-
istics illustrates the ratio performance.

7. Zero Adjustment. The LD110/LD111A converter set is
an Auto-zeroing system. Many applications exist, however,
in which a means of nulling cut external offsets is needed.
The circuit of Figure 6 provides this offset nuiling feature.

47 pF 10

LD111A Caz
(PIN 13) .

Offset Nulling Circuit
Figure 6

8. Heplacmg the LD111 with the LD11TA. The LD1T1A
offers a smmﬂcant |mprovement ‘in I;neanty, ‘noisé” and
temperatuf‘e stability over the LO111) It also ‘eliminates
the” need for the m"tegrator clamp zener requu’ed on the
LD111. The LD11TA is'a plug-in replacement for the LD1%1.

9. Data Valid (End-of Conversion). The BCDdata frofh the
LD110 is changed only once’ pér ‘conversion, at the end: of
the override interval. The 3% digits 6f data are then repeat-
edly multiplexed out du’ring the rest of thé:zero"and for the
full- Measure Interval. Since the data cannot: change durmg
the Measure ‘interval and- sance the” Measure Interval occurs
once each sampllng lnterval this"high- state’ of the M/Z line
can be used as a Data Va%id or End-of Conversuon slgnal

10, “Hold" The last conversson of the LDT16/LD111A may
be held indefinitely by means 6f the added circuitry shown

“in Figure 7. Forcing the comparator input of the:LD110 to

the high state eliminates. any future data transfers.. The
resistor’ protects ‘the LD1TT1A’ comparator’ output “Opening
the connection 1o VSS a!!ows normal comparator action ‘aind
data transfer.The first converslon after a “hold™ will always
be in error since the AZ voltage has not-been ‘maintained
during “"hold”. - :

HOLD = — —g CONVERT

comp camp
_LD1tA LB116
(PINB}  10K2, . (PINB) ...
“Hold’’ Circuit

_ Eigura 7.
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