O)AYNSL Monolithic,
b, ]mmL High Performance

12 Bit D/A Converter
Model DAC-681

FEATURES

12 Bit Resolution

300 nsec. Settling Time
+10ippm/°C Max. Tempco
5 Qutput Ranges

* % LSB Linearity

562 Pin Compatibility
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GENERAL DESCRIPTION

The DAC-681 is a new high performance
monolithic 12 bit D/A converter fabricat-
ed with advanced bipolar technology. The
circuit uses a precision, laser-trimmed
thin fiim R-2R ladder network driven by
equal-value switched current sources to
achieve % LSB typical linearity, 300 nsec
settling time and= 10 ppm/°C max. gain
tempco

The DAC-681 operates from TTL or
CMOS input togic and provides a 0 to 5

mA or 2.5 mA output current. The wss DIGITALINPUTS S8

converter contains tracking feedback SSUPPLY SEECT 1 2 3 4 5 8 7 8 5 10 11 w2 BITNG

and bipolar offsetting resistors to provide D @ @E@@O@@E 16 (593

five output voltage ranges when used I

with an external operationatamplifier: 0 to L |

+5V. 0 to +10V. 22 5 %5V and =10V 1) 20VRANGE
Since these resistors closely track the SWITCH DRIVERS 2«

R-2R ladder with temperature, gain sta- 10V RANGE
bility of better than10 ppm/°C is achieved oo (@ AN B %
Differential linearity erroris % LSB typical REF NANELMAR 3) ouTPUT

and % L.SB maximum. with output mono-
tonicity guaranteed over the operating L T T T T TTTT

temperature range. EQUAL VALUE
CURRENT SWITCHES

7975
1 BIPOLAR
OFFSET OUT

3.975K

AN
o O

BIPOLAR
OFFSET IN

Output settling time for a full scale REE (3
changeto ¥ LSBis 300 nsec. typical and ’
400 nsec. maximum

6

The DAC-681 features pin compatibility SUPPLY
with 562 type DAC's while offering supe-
rior performance to these earlier devices.

The package is a 24 pin hermetically | MECHANICAL DIMENSIONS INPUT/OUTPUT

sealed ceramic DIP: power requirement
is +5V to +15V and —15 VDC. There INCHES (MM) CONNECTIONS

are two basic models: DAC-681C oper-

ates over 0°C to 70°C while DAC-681M r2—1 Npcnanno S
operates over —55°C to +125°C. - i PIN | FUNCTION PIN [FUNCTION ]
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SPECIFICATIONS. DAC-681

Typicalat 25°C - 5V & 15V Suppl

MAXIMUM RATINGS

DAC-681C DAC-681M

Positive Supply,pin1................. +20V *
Negative Supply, pin6................ —-20V *
Reference Input,pin5................ *Supply *
Reference Ground,pin3. ............. ov *
Digital Inputs, pins 13-24. ........ eeve. —1Vio +12V *
Logic SelectInput,pin2............... -1Vto +12V *
Output,pin9........................ +Supply, —5V o
Resistors, pins 7, 8,10, 11. . . .......... *+Supply *
INPUTS
Resolution. .. ..............ccooaane. 12 Bits *
Coding, unipolaroutput. . ............. Straight Binary *
Coding, bipolaroutput. ... ............ Offset Binary *

Input Logic Level, bit ON (“1”)'.........
Input Logic Level, bit OFF (*1")'........

+2.0 min. @ 100nA max.
+0.8V max. @ —100uA max.

Reference Input Voltage . .............. +10V *
Reference Input Resistance. . . ........ 8K *
OUTPUTS

Output Current, unipolar............... Oto -5 mA *
Output Current, bipolar................ *2.5mA *
Output Voitage Ranges, unipolar........ Oto +5V *

Oto +10V *
Output Voltage Ranges, bipolar......... +2.5V *

*5V *

+10V *
Output Voltage Compliance............ *1y *
Output Resistance.................... 1K *
Output Capacitance................... 20 pF *

PERFORMANCE

Linearity Error,max.. . ................ *+% LSB +%'LSB
Linearity Error Over Temp.,;. ... ....... +=1LSB +% LSB
Differential Linearity Error, typ.......... *% LLSB +% LSB
Monotonicity. . . ..................... Over Oper. Temp. Range
Gain Error, max.2..................... +0.25% *
Unipolar Zero Error, max.2............. +0.05% *
Bipolar Oftset Error, max.2............. +0.25% *
Gain Tempeco, max.?. ... .............. +10 ppm/°C +5 ppm/°C
Zero Tempco, max.2. .. . ............. . X2 ppm/°C +2 ppm/°C
Bipolar Offset Tempco, max.>. ......... +5 ppm/°C +5 ppm/°C

Settling Timeto %, LSB*...............
Power Supply Sensitivity. .. ...........
Reference SlewRate. ................
Reference Bandwidth.................

300 nsec. typ., 400 nsec. max.
+7.5 ppm of FSR/% Supply
6 mA/usec. *
10 MHz *

POWER REQUIREMENT
Rated Power Supply Voltage...........
Positive Supply Range*. . . ............
Negative Supply Range. ..............
Power Supply Quiescent Current, max.. ..

+5VDC, —15VDC
+4.75VDCto +15VDC
—-15VDC £10%
+9mA, —28 mA

PHYSICAL-ENVIRONMENTAL
Operating Tomp. Range. . .............
Storage Temp.Range.................
Package, Hermeticaily Sealed..........

0°Cto +70°C —55°Cto +125°C
—65° Cto +150°C *
24 pin ceramic *

NOTES:

*Specifications same as first column

1. + Supply must be +5V £5% tor DAC-681C and +5V *10% for DAC-681M.
Foroperation with CMOS logic see Technica! Note 1.

2. Adjustable to zero using external potentiometers. Specified error is for 24.9
ohm trim resistors and external op amp using internal feedback resistor.

3. Using external op amp and internal feedback and offset resistor. Zero Tempco
and Bipolar Offset Tempco are in ppm/°C of FSR (Full Scale Range)

(S0

- See Technical Note 1.

- For tull scale change: all bits ON-to-OFF, or all bits OFF-to-ON.

oy

. For TTL input logic, pin 2 should be connected

to pin 12 and the + supply must be +5 VDC
(5% for DAC-681C and = 10% for DAC-681M).
For CMOS input logic, connect pin 2 to pin 1
and use any + supply voltage from +4.75V to
+12 VDC. CMOS threshold levels are then +
Vs X 0.7 for bit ON and +Vs X 0.3 for bit OFF.
Logic inputcurrentis the same as that specified
for TTL.

. Gain and bipolar offset errors are adjustable to

zero by means of two 50 ohm trimming pots.
The adjustment range is £0.3% of FSR for gain
and =0.6% of FSR for bipolar oftset. The uni-
polar zero error is adjustable to zero by means
of the offset adjustment of the external output
amplifier.

. The output voltage compliarice range of =1V

should not be exceeded or else accuracy will
be affected. If a resistor load is driven instead
of an op amp summing junction then the maxi-
mum resistor value is 200 ohms for unipolar
operation and 400 ohms for bipolar operation.

. Output settling time is specified for current

output and is measured with a small current
sampling resistor to ground (100 ohms). Volt-
age output settling time depends on the output
operational amplifer used. Datel's AM-500 is
recommended for about 500 nsec. settling
and AM-452-2 is recommended for about 1.5
usec. settling. Both should be used with a 3-20
pF variable compensating capacitor across the
feedback resistor which should be adjusted
for optimum settling time.

. For best high speed performance. both power

supplies should be bypassed with 1 uF electro-
lytics in parallel with 0.01 uF ceramic capaci-
tors as close as possible to the £ supply pins.

. The gain and bipolar offset temperature coeffi-

cients are specified with the internal feedback
and offset resistors used in conjunction with an
external operational amplifier. This is because
these resistors track the R-2R ladder with tem-
perature and therefore the tempco’s do notde-
pend on absolute resistor tempco. The tempco
of the external + 10V reference must also be in-
cluded in the total converter tempco, however.

Because of the DAC-681 circuit which incor-
porates equally weighted current sources driv-
ing an R-2R ladder network, the turn ON and
turn OFF times are virtually symmetrical, re-
sulting in low output glitches compared with
other DAC's. The major carry glitch typically
has an amplitude of 14% of FSR. The time
duration to 90% complete is typically 35 nsec.

The DAC-681 wideband output noise with all
bits ON is typically 100 uV P-P over 0.1 Hz to
5 MHz.

ORDERING INFORMATION

Model Temp. Range
-~ DAC-681C 0to 70°C
~DAC-681M —55to +125°C

Trimming Potentiometer: TP50

THESE CONVERTERS ARE COVERED BY
GSA CONTRACT.
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10V

50Q

TTL

CONNECTION ¥

STANDARD CONMNECTIONS

+5vDC
0.01uF

1

-15VDC
0.014F

-t

1uF

1uF

UNIPOLAR OPERATION —See Output Range Selection Table

DAC-681 EQUIVALENT CIRCUIT

-— 0TO5MA

® G

1

3.975K

s

2K
. S 7.975K
1K
——AAA———
( i ) fu) 7

Rg*

»

®

OUTPUT
{0 TO 10V

o

FOR VALUE SEE QUTPUT
RANGE SELECTION TABLE

BIPOLAR OPERATION —See Output Range Selection Table

-

10V

50Q

TTL

+5vDC
0.01uF

-15VDC
0.01,F

-

Wwe |

1uF

DAC-681 EQUIVAL

7.975K

ENT CIRCUIT

-— DTO5MA x

12
T
CONNECTION -~

@

ouTPUT

=Y

*FOR VALUE SEE OUTPUT

RANGE SELECTION TABLE

OUTPUT VOLTAGE RANGE SELECTION (See Connection Diagrams Above)

OUTPUT Rg, BIAS
VOLTAGE CONNECT THESE COMP.
RANGE PINS TOGETHER RESISTOR*
Oto +5V A&10| 9&11 510
Oto+10V | A& 10 680
*2.5V A&10 | 9&11 18&9 | 7&B 430
5V A&10} 8&9 7&B 560
*10V A&11 | 8&9 7&8B 680

*Carbon composition resistor value used
from amplifier + input terminalto ground
to compensate for offset due to bias

current.
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CALIBRATION AND APPLICATION

+10V REFERENCE CIRCUIT

RJ
3.57KM.F.

+15V

R, 910 3

+6.4v
CODING TABLE —See Calibration Procedure b0 +0v
14573 A 2
(10ppm/°C) Re

OUTPUT VOLTAGE RANGE

= VA
INPUT CODE 0TO +5V| OTO +10V| =2.5V +5V +10V o R 1.43K MF.

11111111 1111 {+4.9988V | +9.9976V | +2.4988V | +4.9976V | +99951V 201K
1100 0000 0000 |+3.7500 +7.5000 +1.2500 +2.5000 +5.0000 M.F.
1000 0000 0000 |+2.5000 +5.0000 0.0000 0.0000 0.0000 =
0100 0000 0000 [+1.2500 +2.5000 —1.2500 —2.5000 —5.0000 .

Adjust Re for +10.000V out-
0000 0000 0001 {+0.0012 +0.0024 —2.4988 —-4.9976 -9.9951 put. For best stability R, & Rz
0000 0000 0000 0.0000 0.0000 —2.5000 —-5.0000 |—10.0000 should track each other

closely with temperature. Rq
should be a low tempco trim-
ming pot or else a selected
metal film trim resistor.

CALIBRATION PROCEDURE

UNIPOLAR OPERATION BIPOLAR OPERATION
1. Setalldigitalinputs LO. Adjust the output amplifier offset 1. Set all digital inputs LO. Adjust Bipolar Offset trimming

for O volts output.

2. Set all digital inputs Hi. Adjust Gain trimming pot for an
output of +FS-1LSB.

pot for one of the following output voltages:
—2.5Vfor 2.5V range
~5.0V for =5V range
—-10.0V for £10V range

FS-1LSB = +9.9976V for 0 to +10V range.
= +4.9988V for 0 to +5V range. 2. Set bit 1 (MSB) input HI and all other digital inputs LO.
Adjust Gain trimming pot for O volts output.

CIRCUIT FOR FAST VOLTAGE OUTPUT
(=20.5 4SEC. SETTLING)

CIRCUIT FOR FAST VOLTAGE OUTPUT
(x21.5 4SEC. SETTLING)

3-20pF 3-20pF
Cye S
AT Al
———\10 | \J°
DAC-681 9 DAC-681 9
b———O OUTPUT | 0 QUTPUT
07O +10V) ) 07O +10V
680
ZERO ADJ. 0K 910K
—AAA——b
«ADJUST FOR OPTIMUM
SETTLING = ZERO i
15V ADJ. 680 ADJUST FOR OPTIMUM
SETTLING
-15v =
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