F‘ATUHES
roved Direct Replacement for MC1508/MC1408

' :,ﬂ:-/. Nonlinearity Maximum Over Temperature Range
! |mproved Settling Time ................... 250ns, Typ
4 |mprovcd Power Consumption ........... 157mW, Typ

- =

compatible with TTL, CMOS Logic

standard Supply Voitages +5.0V and -5.0V to -15V
output Voltage Swing +0.5V to -5.0V
High-Speed Multiplying Input 4.0mA/us

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

-

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

oRDERING INFORMATION{
_NE-PIN DUAL-IN-LINE PACKAGE

PLASTIC
ILITARY ““ERN“MERCI.‘L
c1JogaBe—" DAC1408A-FQ 1408A-8P .~
AC1408A- D
C1408 DAC1
t

“For devices processed We t
part number. Consult factory 10 ata sh
+purn-in is available on commercial and industr]

cerdip, plastic dip, and TO-can packages. For ordefT
Data Book, Section 2.

D

GENERAL DESCRIPTION

The DAC-1508A/1408A are 8-bit monolithic multiplying
digital-to-analog converters consisting of a reference cur-
rent amplifier, R-2R ladder, and eight high-speed current
switches. For many applications, only a reference resistor
and reference voltage need be added. Improvements in
design and processing techniques provide faster settling
times combined with lower power consumption while retain-
ing direct interchangeability with MC1508/1408 devices.

DAC-1508A/1408A

8-BIT MULTIPLYING
D/A CONVERTERS

The R-2R ladder divides the reference current into eight
binarily-related components which are fed to the switches. A
remainder current equal to the least significant bit is always
shunted to ground, therefore the maximum output current is
255/256 of the reference amplifierinput current. Forexample,
a full-scale output current of 1.992mA would result from a
reference input current of 2.0mA.

The DAC-1508A/1408A is useful in a wide variety of applica-
tions, including waveform synthesizers, digitally program-
mable gain and attenuation blocks, CRT character genera-
tion, audio digitizing and decoding, stepping motor drives,
programmable power supplies and in building tracking and
successive approximation analog-to-digital converters.

For significantly improved speed and applications flexibility
your attention is directed to the DAC-08 8-bit high-speed
multiplying D/A converter data sheet. For D/A converters,
hich include precision voltage references on the chip,
ase fefer to the DAC-210 or the DAC-100 data sheet.

N NNECTIQR [~

16-PIN/DUAL-
ACKA
HERMETI

EPOXY (P)

DIGITAL-TO ~ALI(JALOG CONVERTERS

11

SIMPLIFIED SCHEMATIC
MsB LsB
Al ] A3 A4 AS AB A7 A8
Ts Ts ?7 Tu Ts ?ID (Fn T'IZ
§ -—
CURRENT SWITCHES —0O 1
2
R-2R LADDER BIAS CIRCUIT —O GND
14 -
VREFI*IO- - —O Vec
REFERENCE
| CURRENT
AMP
J J NPN
CURRENT
15 SOURCE
VREF(I=) o—] j ' j PAIR
1_80 COMPEN
3
O vge
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{PMI)—

ABSOLUTE MAXIMUM RATINGS
Power Supply Voltage

o o A SRR OO WS cieea... +5.5Vde

VEE ........................................ -16.5Vdc
Digital Input Voltage, Vs through Vi .......... +5.5, Ovdc
Applied Output Voltage ................... +0.5, -5.2vdc
Reference Current, 44 .......cvvvvvnnnnn. ceie e DI

Power Dissipation (Package Limitation), Py
Ceramic Package (or Epoxy B Package) ....... 100mW
Derate above To=+25°C ........... veree.. BTIMW/PC

ELECTRICAL CHARACTERISTICS at Ve = +5Vdc, Vgg =

"'Operating Temperature Range, T

Derate above Ty =+100°C for
Epoxy BPackage ............cc00vuvvunn... 5.3mW/°C

DAGC-150BA ..........ic0vvvenesea.. —85°Cto +125°C
DAC-140BA ........ccvvivvinnnnnn. veses 0°CHO+75°C
DICE Junction Temperature (T)) ......... =65°C to 150°C
Storage Temperature Range, Tgyg ...... *=65°C to +150°C
Plastic Package Only ......... «ena.. —B85°Cto +125°C
NOTE: Ratings apply to both DICE and packaged parts, unless otherwise

noted.

-15Vdc, VRge/R14 = 2mA, -55°C < Ta < +125°C for

DAC-1508A-8, 0°C < Ta < +75°C for DAC-1408A, unless otherwise noted. All digital inputs at logic high level.

DAC-1508A/1408A

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
curacy (error relative to
, DAL-140 - - +0.19
—_ — +0.39 %IFS
— *+0.78
. %tw %\ A ‘ - _ o _ i

Propagation Delwi'mg\_// — tP}W\ / /(,n+25°c \Ic\e 1) /7 — 30 100 ns

Output Full-Scale Current Drift \WIO ( l

Digital Input Logic Levels (MSB) I,
High Level, Logic “1" Vin 2 - = i
Low Level, Logic 1" 'R [ — 0.8 I~
Digital Input Current (MSB i Haniem, V"""s - £ e \mIA
IR ! e Low Level, V,_ = 0.8V - -04 -08
Reference Input Bias Current (Pin 15) Iy T el / -3 / /V pA
~
== D .1
Output Current Range lor :EE . ?:V 0 : g fak mA
EE= :
B
Qutput Current lo Vger = 2.000V, R14 = 100002 1.9 1.99 21 mA
Output Current Lo i All bits low — 0 4 uh
Output Voltage Compliance v L“EF:j;A i _ ik
IE = 019% at T, = +25°C) © vEE =-10V Is +0.5 "
EEET z e -
Reference Current Slew Rate SRiggr - 4 — mA/ps
Output C tP Suppl
utput Current Power Supply PSSl _ 05 - WAV
Sensitivity
Power Supply Current lec All bits low - +9 +14 ik
Vecr +4.5 +5 +5.5
Power Supply Voltage Ta=+25°C vde
REY e Veen 4 -4.5 -15 -16.5
All bits low
Vee = -5Vdc = 82 135
Power Dissipation Pg :IEIEb.T_t-:'nE"::C - 157 265 mwW
1ns
VEE= -5Vdc —_ 70 =
Vge = - 15Vdc - 132 —

NOTE:
1. Guaranteed by design.
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1PMI)
pICE CHARACTERISTICS
y —
1. N.C. 9. A5
2. GROUND 10. A6
i 3. VEg 11. A7
. 4. lp 12. A8 (LSB)
| 5. A1 (MSB) 13. Vee
; 6. A2 14. Vrep(+)
t 7. A3 15. VRer(-)
8. A4 16. COMP

For additional DICE ordering information, refer
to 1988 Data Book, Section 2.

DIE SIZE 0.087 < 0.063 inch, 5481 sq. mils
(2.21 X 1.60 mm, 3.54 sq. mm)

L /\
v{ER TEST}MI)Z\SV. V-=15V, lggr = 2mA, Ta = 25°C, unless otherwise noted.

TER / ] /&J% SYMmNDIW\ DAcq“m:I;ﬁ' UNITS
o ——— ) D DD\ NG S\

Monotonicity ’\\J/ {W \\ / / \ /
Nonlinearity \—/ (| /] ]/

\\7

DIGITAL-TO-ANALOG CONVERTERS

Full-gcaNg Curren gef Igkr = TMA
putput Voltage Compliance Vo <1/2L ==
V-=-10V
Full-Scale Current les VRer = 2.000V, R4y, Rys = 1.000k
Zero-Scale Current Izs (All Bits Low)
Current Ran | Ve=-sv

Qutput Current Hange OR V—=—15V

Logic “0" Input Level Vi

Logic “1"” Input Level Vi

Logic Input Current

ch'!c o 5 I L(_)w Level, V| =-0.8V +10 A MAX
| Logic 1" i High Level, Vi =5V
| Reference Bias Current lys -3 A MAX l

outpu‘t _C_urrent Power Supply PSSlo 57 LAV MAX

Sensitivity

+14

j PowarISupply Current 1+ i
i (All Bits Low) - -13
|
i Veer +5, 0.5 VM
. AX/MIN
? Power Supply Voltage Range Ve 165, -45 X/
|
i Power Dissipation V-=5V 135
| P MA
[ (AN Bits Low) d V-=-15V 265 MRS
[ NOTE:

| Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not
| guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing.

TYPICAL ELECTRICAL CHARACTERISTICS at V+=+5V, V-=-15V, Ty =25°C, V ¢ and | gyt connected to ground, and
{ Irer = 2mA, unless otherwise noted. Output characteristics refer to Igyt only.

DAC-1408G
PARAMETER SYMBOL CONDITIONS TYPICAL UNITS
Reference Input Slew Rate di/dt 4 mA/us
Propagation Delay tpLH: teHL Any Bit 30 ns
To £1/2 LSB, All Bits Switched

Settl k
ing Time ts ON or OFF 250 ns
1117 8/87, Rev. A1l
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APPLICATIONS

)

RELATIVE ACCURACY TEST CIRCUIT

msB
A1
O—
o2
AT
12-8IT
S v AR D- TO A-
A5 CONVERTER
22 #0.01%
a6 | ERROR MAX)
ARty ¥ B
A7
g ]
A8

LSB | A9 |AM0|ATH AT2Z

0 TO +10V OUTPUT

BOKL
VREF = 2V 0.1uF AN
100 |j_- - ERROR
= (v = 1%)
vee oP-01 — 0
+-
R14
T 95002
(,—\il =
NS /\
V) SR
o8
7
8BIT [0
COUNTER ~—
—o- =02
—o o
1
E_—.t O]
12
15|16[3| 2
c
1«
e
USE WITH NEGATIVE Vggr USE WITH POSITIVE Vggr
% Vee Vee
13 R14=R15 13 R4 = RIS
e a1 o2
6 “ R14
6 14
A2 o—?. A2 0— —O—*\;;?—J——Omssrﬂ JIL
7 1
2 O onc veoan o Bl am—
A4 o—7yDAC: o2
P as DAC-1508A/
AR o? a5 o—2] DAC-1408A _2_0_.1“
A6 0— a6 o2
A7 0— a7 04
A8 O— AB O—2]
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—PMI)
TRANSIENT RESPONSE AND SETTLING Pin 14 regardliess of the setup method or reference voltage
TIME TEST CIRCUIT polarity. Connections for a positive voltage are shown on the

preceding page. The reference voltage source supplies the
full current ly4. For bipolar reference signals, as in the
multiplying mode, R15 can be tied to a negative voltage
corresponding to the minimum input level. It is possible to
eliminate R15 with only a small sacrifice in accuracy and
temperature drift.

+2.0Vde

The compensation capacitor value must be increased with
increases in R14 to maintain proper phase margin; for R14
values of 1.0, 2.5 and 5.0k}, minimum capacitor values are 15,
37, and 75pF. The capacitor may be tied to either Vgg or
ground, but using Vgg increases negative supply rejection.

DAC-1508A/
DAC-1408A

A negative reference voltage may be used if R14 is grounded
and the reference voltage is applied to R15 as shown. A high
= 0.14F input impedance is the main advantage of this method.
Compensation involves a capacitor to Vgg on Pin 16, using
the values of the previous paragraph. The negative reference
L voltage must be at least 4.0V above the Vgg supply. Bipolar

input signals may be handled by connecting R14 to a positive
f‘ eference voltage equal to the peak positive input level at

| USEWITH CURRENT-TO-VOLTAGE CONVERTING P

DIGITAL-TO-ANALOG CONVERTERS

%Vcc VREE = 2.0Vde
AR14 = R15 = 1.0k ~
12 Rp = 5.0k0
Ms8 Hii greater than 5.0V, 3
A1 : L b VRer Pin 14 and ground.
| z 0_," - RIS If Pin 14 is driven by a high impedance such as 3 tra
{ 3 E " b current source, none of the above compensation meth
, .o DACtean apply and the amplifier must be heavily compensated,
| ‘}“1;" decreasing the overall bandwidth.
A6 O—
1
" o] OUTPUT VOLTAGE RANGE
158 The voltage on Pin 4 is restricted to arange of -0.6V to +0.5V
6 |3 when Vgg = -5V due to the current switching methods
employed in the DAC-1508A-8.

WoE Y - L The negative output voltage compliance of the DAC-1508A-8
msonsncm_ Vo - is extended to -5.0V where the negative supply voltage is
vo = “EEF (gq) [%1+¥+11+1g+53+§+ ] more negative than -10V. Using a full-scale current of
I Vi T O 0TI 5 T AL OROTIAL 1.992rf|A and load resistor of 2.5k (1 between Pin 4 and ground
INPUTS AT HIGH LEVEL IS EQUAL TO 9.961 VOLTS. will yield a voltage output of 256 levels between 0 and
vo- & ﬁ'[%‘*‘%"'%“'%*‘é"’é"‘%ﬁé] -4.980V. The value of the load resistor determines the

Yy [ggiJ 0961V switching time due to increased voltage swing. Values of R
254 up to 5000 do not significantly affect performance but a
L 2.5k} load increases “worst case” settling time to 1.2us

(when all bits are switched on). Refer to the subsequent text
section of Settling Time for more details on output loading.

GENERAL INFORMATION AND APPLICATION NOTES

REFERENCE AMPLIFIER DRIVE AND COMPENSATION

The reference amplifier provides a voltage at Pin 14 for
converting the reference voltage to a current, and a turn-
around circuit or current mirror for feeding the ladder. The
reference amplifier input current, 114, must always flow into

OUTPUT CURRENT RANGE

The output current maximum rating of 4.2mA may be used
only for negative supply voltages more negative than —7.0V,
due to the increased voltage drop across the resistors in the
reference current amplifier.

11-119 . 8/87, Rev. A1 ~
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\PMI)

ACCURACY

Absolute accuracy is the measure of each output current
level with respect to its intended value, and is dependent
upon relative accuracy and full-scale current drift. Relative
accuracy is the measure of each output current level as a
fraction of the full-scale current. The relative accuracy of the
DAC-1508A-8 is essentially constant with temperature due to
the excellent temperature tracking of the monolithic resistor
ladder. The reference current may drift with temperature,
causing achangein the absolute accuracy of output current.
However, the DAC-1508A-8 has a very low full-scale current
drift with temperature.

The DAC-1508A-8/DAC-1408A series is guaranteed accurate
to within +1/2 LSB at a full-scale output current of 1.992mA.
This corresponds to a reference amplifier output current
drive to the ladder network of 2.0mA, with the loss of one LSB
(8.0uA), which is the ladder remainder shunted to ground.
enpyt current to Pin 14 has a guaranteed value of between

est Circuit”. The 12-bit
2yt utput current of

error amplifier output. The counterisd ;
band may be displayed on an oscilloscope
comparators, or stored in a peak detector.

Two 8-bit D/A converters may not be used to construct a
16-bit accuracy D/A converter. 16-bit accuracy implies a
total error of £ 1/2 of one part in 65, 536, or +0.00076% which
is much more accurate than the +0.19% specification pro-
vided by the DAC-1508A-8.

MULTIPLYING ACCURACY

The DAC-1508A-8 may be used in the multiplying mode with
eight-bit accuracy when the reference current is varied overa
range of 256:1. If the reference current in the multiplying
mode ranges from 16uA to 4.0mA, the additional error
contributions are less than 1.6uA. This is well within eight-bit
accuracy when referred to full scale.

A monotonic converter is one which supplies an increase in
current for each increment in the binary word. Typically, the
DAC-1508A-8 is monotonic for all values of reference current
above 0.5mA. The recommended range for operation with a
DC reference current is 0.5 to 4.0mA.

SETTLING TIME

The “worst case” switching condition occurs when all bits are
switched “ON", which corresponds to a low-to-high transi-
tion for all bits. This time is typically 250ns for settling to
within +1/2 LSB, for 8-bit accuracy, and 200ns to 1/2 LSB for
7 and 6-bit accuracy. The turn off is typically under 100ns.
These times apply when R < 500() and Cg < 25pF.

The slowest single switch is the least significant bit. In
applications where the D/A converter functions in a positive-
oing ramp mode, the “worst case" switching condition does
occur, and a settling time of less than 250ns may be

1-120
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