BURR-BROWN®

DAC700/702
DAC701/703

MILITARY
VERSION
AVAILABLE

Monolithic 16-Bit
DIGITAL-TO-ANALOG CONVERTERS

FEATURES

© MONOLITHIC CONSTRUCTION
® Vour AND lour MODELS

o HIGH ACCURACY:
Lingarity Error +0.0015% of FSR max
Differential Linearity Error +0.003% of FSR max

DESCRIPTION

This is another industry first from Burr-Brown—a
complete 16-bit digital-to-analog converter that
includes a precison buried-zener voltage reference
and a low-noise, fast-settling output operational
amplifier (voltage output models), all on one small
monolithic chip. A combination of current-switch
design techniques accomplishes not only 15-bit mon-
otonicity over the entire specified temperature range
but also a maximum end-point linearity error of
+0.0015% of full-scale range. Total full-scale gain
drift is limited to +10ppm/°C maximum (LH and
CH grades).

o MONOTONIC (at 15 bits) OVER FULL
SPECIFICATION TEMPERATURE RANGE

o PIN-COMPATIBLE WITH DAC70, DACT1, DAC72

o LOW COST

o DUAL-IN-LINE PLASTIC AND HERMETIC CERAMIC
o /QM ENVIRONMENTAL SCREENING AVAICABLE

© BURN-IN PROGRAM AVAILABLE (-BI)

Digital inputs are complementary binary coded and
are TTL-, LSTTL-, 54/74C- and 54/74HC-compa-
tible over the entire temperature range. Outputs of 0
to +10V, £10V, 0 to —2mA, and +1mA are available.

These D/A converters are packaged in hermetic 24-
pin ceramic side-brazed or molded plastic. The DIP-
packaged parts are pin-compatible with the voltage
and current output DAC71 and DAC72 model
families. The DAC700 and DAC702 are also pin-
compatible with the DAC70 model family. In
addition, the DAC703 is offered in a 24-pin SOIC
package for surface mount applications.
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SPECIFICATIONS

ELECTRICAL
At Ta = +25°C and rated power supplies unless otherwise noted.
MODEL DAC702/703J DAC700/701/702/703K DAC700/701/702/703B, S DAC700/701/702/703L, C
PARAMETER MiN | Tvp | max | min | Tve | max | MiN | Tve | max [ min | TYP | max | umis
INPUT
DIGITAL INPUT
Resolution 16 hd . - Bits
Digital Inputs™
Vin +2.4 +Vee * . * . * » v
Vu -1.0 +0.8 * . * * * . v
i, VI =427V +40 . . . A
he, Vi = +0.4V —0.35 —05 » - . . B . mA
TRANSFER CHARACTERISTICS
ACCURACY? *
Linearity Error'” +0.0015 [ +0.006 . 10.003 . * 10.00075 | £0.0015 | % of FSR™
Differential Linearity
Error'® +0.003 { +0.012 . +0.006 . * +0.0015 | £0.003 | % of FSR
Differential Linearity
Error at Bipolar Zero
(DAC702/703)" +0.003 | +0.006 10,0015 | +0.003 . . % of FSR
Gain Error® +0.07 | +0.30 ol +0.15 +0.05 | +0.10 * * %
Zero Error®® +0.05 | +0.10 * * . * . * % of FSR
Monotonicity Over Spec.
Temp. Range 13 14 hd 15 Bits
DRIFT (over specification
temperature range)
Totat Error Over
Temperature Range
(all models)” +0.08 . +0.15 +0.05 +0.10 * . % of FSR
Total Full Scale Drift:
DAC700/70% +10 * 130 185 118 16 +13 ppm of FSR/°C
DAC702/703 *+10 * +25 +7 +15 * . ppm of FSR/°C
Gain Drift (all models) 10 +30 * +25 +7 +15 +5 +10 ppm/°C
Zero Drift.
DAC700/701 +25 +5 1.5 +3 * * ppm of FSR/°C
DAC702/703 +5 +15 4 +12 4 +10 125 15 ppm of FSR/°C
Differential Linearity
Over Temp." 10.012 +0.009, * +0.006, | % of FSR
—0.006 —0.003
Linearity Error
Over Temp."* +0.012 +0.008 . +0.003 | % of FSR
SETTLING TIME (to
+0.003% of FSR)™® i
DACT701/703 (Vour models)
Full Scale Step, 2kQ load 4 . 8 * . hd . usec
1LSB Step at
Worst-Case Code™ 25 * » . usec
Slew Rate 10 hd * * V/usec
DAC700/702 (lour models)
Full Scale Step (2mA),
10 to 10002 load 350 . 1000 * . . . nsec
1kQ2 load 1 i 3 . . . . usec
OUTPUT
VOLTAGE OUTPUT
MODELS
DAC701 (CSB Cods) Oto +10 * v
DAC703 (COB Code) +10 * hd . v
OQutput Current +5 * * - mA
Output Impedance 0.158 . hd . Q
Short Circuit to
Common Duration Indefinite » * *
CURRENT OUTPUT
MODELS
DAC700 (CSB Code)™ Oto—2 . * mA
Output Impedance™ 4 . » Py
DAC702 (COB Code)"™ +1 . . » mA
Output Impedance"” 245 * . . kQ
Compliance Voltage 125 . . . v
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ELECTRICAL (CONT)

MODEL DAC702/7034 DAC700/701/702/703K DAC700/701/702/7038, $ DAC700/701/702/703L, C
PARAMETER MIN hald MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
REFERENCE VOLTAGE
Voltage +6.3 +6.0 +8.3 +6.6 +6.24 +6.3 +6.36 . . * v
Source Current Available
for External Loads +25 +15 . o b . * mA
Temperature Coefficient +10 4 +25 hd 115 . . ppm/°C
Short Circuit to Common
Duration Indefinite * . *
POWER SUPPLY REQUIREMENTS
Voltage: +Vec 135 15 185 b . . . * . * hd * v
~Vee 135 15 165 . d . o * . * . . v
Voo +45 +5 +16.5 . . . * * . hd . * v
Current (no load):
DAC700/702
(lour models)
+Vec +10 . +25 * . . * mA
_vw -13 . -—25 - - L - mA
Voo +4 . +8 . . - . mA
DACT701/703
(Vour models)
+Vec +16 . +30 hd . . * mA
_vm -1 s - -30 s . - * m A
VDD +4 . +8 * L - - mA
Power Dissipation:
(Voo = +5.0V)™
DAC700/702 365 . 790 . 630 . - mw
DAC701/703 530 . 940 * 780 . . mw
Power Supply Rejection:
+Vec 10.0015 | 10.008 . . hd 10.003 . . % of FSRMVcc
~Vec +0.0015 | 10.006 . . * +0.003 . . % of FSR/%Vcc
Voo 40.0001 | +0.001 . . hd * * . % of FSR™Voo
TEMPERATURE RANGE
Specification:
8, C grades -25 +85 . . °C
S grades -55 +125 °C
J. K, L grades ] +70 . * [+] +70 °C
Storage: Ceramic —80 +150 . . . . °C
Plastic, SOIC —60 +100 . . °C
*Specification same as model 10 the left.
NOTES: (1) Digital inputs are TTL, LSTTL, 54/74C, 54/7CHC and 54/74HTC pati over the op ing ge range of Vpo = +5V to +15V and over the
specified temperature range. The input switching insatthe TTL of 1.4V over the supply range of Voo = +5V to +15V. As logic “0" and logic “1”

inputs vary over OV to +0.8V and +2.4V to +10V respectively, the change in the D/A converter output voltage will not exceed +0.0015% of FSR for the LH and CH
grades, 10.003% of FSR for the BH grade and +0.006% of FSR for the KG grade. (2) DAC700 and DAC702 (current-output models) are specified and tested with an
external output op i amplifier using the i in all p except settling time. (3) FSR means fuli-scale range and is 20V
for the 10V range (DAC703), 10V for the 0 to +10V range (DAC701). FSR is 2mA for the 1 1mA range (DAC700) and the 0 to +2mA range (DAC702). (4) +0.0015% of
full-scale range is equivalent to 1LSB in 15-bit resolution. +0.003% of full-scale range is oquﬁvalent to 1LSB in 14-bit resolution. +0.006% of futl-scale range is
equivalent to 1LSB in 13-bit resolution. (5) Adjustable to zero with trimp g the gain i rotates the fi around
the zero point. (6) Error at input code FFFF, for DAC700 and DAC701, 7FFFu for DAC702 and DAC?OS (7) With gain and zero errors adjusted to zero at
+25°C. (8) Maximum represents the 3o limit. Not 100% tested for this parameter. (9) At the major carry, 7FFFy to 8000w and 8000w to 7FFFn.  (10) Tolerance on
output impedance and output current is £30%. (11) Power dissipation is an additional 40mW when Voo is operated at +15V.

MECHANICAL
H Package
-3 INCHES MILLIMETERS
OIM [ MIN_ | MAX | MIN | MAX
8 A | 1.185 | 1215 | 30.10 | 30.86
| 8 | 600 620 ] 1524 | 1575
C | 25| an 18 | 434
o ¥ D 05 | 021 ] 03] 053
F | 05| 080 8 | 152
|_ F_—I L_ G_| _100BASIC | 254BASIC
A W | 00] 00| 078] 178 |
J | o8| o12| 020] 030
N— K | 20| 240 05 | 6.10
I C 600 BASIC 524 BASIC
M| —] w| —T
.1- J N N | o5] 060 oee] 150]
I | : NOTE: Leads in true position
o ~ Seatin, R within 010" (.25mm) R at MMC
H Gre— Plane S b L —=M at seating plane.
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MECHANICAL

U Package (DAC703 Only)

A

Ay

DIM | MIN MIN MAX
om | x|
A .802 15.29 | 15.70
Ay 595 15.11 ..
B -208
B 270
C 083
D 015
G .050 BASIC
H 026 | .
.008
L 390 K
M [ 10°
N .000 012

NOTE: Leads in true position
within 0.01” (0.25mm) R at MMC at
seating piane.

Y —
T

MECHANICAL
P Package INGHES MILLIMETERS
oM | MIN | MAX
A | 1233 | 1283 | 31
A B | 538 | 575| 1367 | 14
P Y. Y. LT C | | 24| 42| 570
T D | 05| 03] 03| 058
| F | o043 062] 100] 157
O O B G_| 100 BASIC 2.54 BASIC
' H | 030 000 076] 229
J J | o8| 05| 020] 038
K | 00| 132| 254| 335
WA W v L 600BASIC | 1524 BASIC
Pin 1 [ | 15 [ 15
H E N 08| 022 046)| 056
- 1 NOTE: Leads in true position
c T - 1 within .010” (.25mm) R at MMC
} 4 at seating plane.
e E—
Seating D
6 Plane M
PIN ASSIGNMENTS CONNECTION DIAGRAMS
H and P Packages
Pins DAC700/702 DACT01/703
1 | Bit1(mse) Bit 1 (MSB)
2 | Btz it 2
3 | eita Bit 3
4 | Bits Bit 4
5 | 8its Bit §
6 | sits Bit 6 O,
7 | Bit7 B8it 7 ()
8 | Bits Bit 8
9 | Bit9 Bit 9 1.0
w0 |eitwo Bit 12 g (s)
n Bit 11 8it 1
12 | Bit12 Bit 12 ]
13 | Bit3 Bit 13 i
14 | Bit14 Bit 14 .
15 | Bit1s Bit 15 (s)
16 | Bit18(LSB) Bit 16 (LSB) 2
17 | Rrecomacx Vour (s H ; _ Can be tied 10 +Voc instead of
18 Voo Voo 2 having separate Voo supply.
9 Ve Ve 0 = & 2 Decoupling capacitors are 0.4 to
@ 10F
20 | Gommon Common ) (2 B 3 Potentiometers are 10k(2 to 100kQ.
21 lour Summing Junction (Zero Adjust) 4. 5k02 (DACT00, DACT701), 10kQ2
22 | Gain Adjust Gain Adjust (DAC702, DAC703).
23 +Vec +Vee
24 +6.3V Reference Output +6.3V Reference Output
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ORDERING INFORMATION

Ll;::umy Gain
r, max Orit
Output Temperature at25°C max,
Model C Range % of FSR)| (ppm/°C)
DAC702JP, DAC703JP Plastic DIP +1mA, 10V 0°C to +70°C +0.006 +30
DACT702KP, DAC703KP Plastic DiP +1mA, +10V 0°C to +70°C +0.003 25
DAC700KH, DAC701KH Ceramic DIP 0to —1mA, 0 to +10V 0°C to +70°C +0.003 +25
DACT702KH, DAC703KH Ceramic DIP T1ImA, £10V 0°C to +70°C +0.003 +25
DAC700BH, DAC7018H Ceramic DIP 0to—1mA, 0 to +10V —25°C to +85°C | +0.003 *+15
DAC702BH, DAC703BH Ceramic DIP +1mA, 10V —25°C to +85°C | +0.003 *15
DAC700BH/QM, DAC701BH/QM Ceramic DIP 0to —1mA, 0 to +10V —25°C to +85°C | +0.003 *15
DAC702BH/QM, DAC703BH/QM Ceramic DIP $+1mA, 210V /QM screening +0.003 +15
DAC700LH, DAC701LH Ceramic DIP 0to —2mA, 0 to +10V 0°C to +70°C +0.0015 +10
DAC700CH, DAC701CH Ceramic DIP 0to —2mA, 0 to +10V —25°C to +85°C | +0.0015 +10
DAC700SH, DAC701SH Ceramic DIP Oto —1mA, O to +10V | —55°C to +126°C | +0.003 +15
DAC702LH, DAC703LH Ceramic DIP +1mA, 10V 0°C to +70°C +0.0015 +10
DAC702CH, DAC703CH Ceramic DIP T1mA, 210V —25°C to +85°C { +0.0015 +10
DAC702SH, DAC703SH Ceramic DIP +imA, 210V —55°C to +125°C { +0.003 +15
DAC700SH/QM, DAC701SH/QM Ceramic DIP 0to—1mA, Oto +10V | —55°C to +125°C | +0.003 +15
DAC7025H/QM, DAC703SH/QM Ceramic DIP T1mA, £10V /QM screening +0.003 +15
BURN-IN SCREENING OPTION
See text for details.
Ll.imrity
rror, max| Bumn-in
Output Temperature at25°C Temp.
Model g Config Range % of FSR)| (160h)"
DAC702JP-BI Plastic DIP +1mA 0°Cto+70°C | +0.006 | 85°C
DAC703JP-BI Plastic DIP +10V 0°C to +70°C +0.006 85°C
DAC702KP-BI Plastic DIP +imA 0°C to +70°C +0.003 85°C
DAC703KP-B1 Plastic DIP +10V 0°C to +70°C 10.003 85°C
DAC703JU Plastic SOIC £10V 0°Cto+70°C | +0006 | 85°C
DAC703KU Plastic SOIC +1ov 0°C to +70°C +0.003 85°C
DAC703JU-BI Plastic SOIC +10V 0°C to +70°C +0.006 85°C
DAC703KU-BI Plastic SOIC 10V 0°C to +70°C +0.003 85°C
DAC700KH-BI Ceramic DIP Oto-1mA 0°C to +70°C +0.003 85°C
DAC700LH-BI Ceramic DIP 0to 2mA 0°C to +70°C +0.0015 85°C
DAC7008H-BI Ceramic DIP Oto-1mA -25°C to +85°C +0.003 85°C
DAC700CH-BI Ceramic DIP 0to2mA -25°C to +85°C | £0.0015 85°C
DAC700SH-BI Ceramic DIP Oto-1mA -55°C to +125°C | +0.003 125°C
DACT701KH-BI Ceramic DIP Oto +10V 0°Cto+70°C | +0.003 85°C
DAC701LH-81 Ceramic DIP Oto +10V 0°C to +70°C +0.0015 85°C
DAC7018H-BI Ceramic DIP 0to +10V -25°C to +85°C +0.003 85°C
DACT701CH-B! Ceramic DIP Oto +10V -25°C to +85°C | +0.0015 85°C
DAC701SH-BI Ceramic DIP 0 to +10V —55°C to +125°C | +0.003 125°C
DACT702KH-BI Ceramic DIP +1mA 0°C to +70°C +0.003 85°C
DAC702LH-BI Ceramic DIP +1mA 0°C to +70°C +0.0015 85°C
DAC7028H-BI Ceramic DIP +1mA -25°C to +85°C +0.003 85°C
DAC702CH-BI Ceramic DIP +1mA -25°C to +85°C | 10.0015 85°C
DAC702SH-BI Ceramic DIP +1mA —55°C to +125°C | +0.003 125°C
DAC703KH-BI Ceramic DiP +10V 0°C to +70°C +0.003 85°C
DAC703LH-Bt Ceramic DIP +10V 0°C to +70°C +0.0015 85°C
DAC703BH-BI Ceramic DIP +10v -25°C to +85°C 1+0.003 85°C
DAC703CH-BI Ceramic DIP 10V -25°C to +85°C | +0.0015 85°C
DAC703SH-81 Ceramic DIP +10V —55°C to +125°C | +0.003 125°C
NOTE: (1) Or equivalent cc ion of time and p ire.
ABSOLUTE MAXIMUM RATINGS
4Vee to Common ... oV, +18v Vour (DAC701/703) .. indefinite Short to Common
—Vee to Common ... ov, —8v Power Dissipation. .. 1000mW
Voo to Common ... 0OV, +18V Storage Temperature —60°C to +150°C
Digital Data Inputs to Common. A A a 11" Lead Temperature (soldering, 10s) ... 300°C
F Qut to Common.......... finite Short to Ci

External Voitage Applied to Re {DAC700/702) .... 18V *Stresses above those listed under “Absolute Maximum Ratings”
External Volitage Applied to D/A Output may cal ds to the device. E absolute imum
(DACTON/T03) ..o eieieeiein ittt aaaaneaans —5V to +5V conditions for extended periods may affect device reliability.
Burr-Brown IC Data Book 6.1-47 Vol. 33
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DISCUSSION OF
SPECIFICATIONS

DIGITAL INPUT CODES

The DAC700/701/702/703 accept complementary digi-
tal input codes in either binary format (CSB, Unipolar
or COB, Bipolar). The COB models DAC702/703 may
be connected by the user for either complementary offset
binary (COB) or complementary two’s complement
(CTC) codes (see Table I).

TABLE 1. Digital Input Codes.

Analog Output

DAC700/701 DAC702/703 DAC702/703
Digital Comp tary C Y C Y
Input Straight Binary Offset Binary Two's Complement
Codes {CSB) (COB) (CTC)*
00001 + Full Scale + Fuli Scale —1LSB
7FFFu +1/2 Full Scale Bipolar Zero — Full Scale
8000, +1/2 Full Scale —1LSB + Full Scale

—1LSB

FFFFu Zero — Full Scale Bipolar Zero

*invert the MSB of the COB code with an external inverter to obtain CTC
code.

ACCURACY

Linearity

This specification describes one of the most important
measures of performance of a D/A converter. Linearity
error is the deviation of the analog output from a
straight line drawn through the end points (all bits ON
point and all bits OFF point).

Ditferential Linearity Error

Differential Linearity Error (DLE) of a D/A converter is
the deviation from an ideal 1LSB change in the output
from one adjacent output state to the next. A differential
linearity error specification of +1/2LSB means that the
output step sizes can be between 1/2LSB and 3/2LSB
when the input changes from one adjacent input state to
the next. A negative DLE specification of no more than
—I1LSB (—0.006% for 14-bit resolution) insures monoto-
nicity.

Monotonicity

Monotonicity assures that the analog output will increase
or remain the same for increasing input digital codes.
The DAC700/701/702/703 are specified to be mono-
tonic to 14 bits over the entire specification temperature
range.

DRIFT

Gain Drift .

Gain drift is a measure of the change in the full-scale
range output over temperature expressed in parts per
million per degree centigrade (ppm/°C). Gain drift is
established by: (1) testing the end point differences for
each D/A at tmin, +25°C and tm; (2) calculating the gain
error with respect to the +25°C value; and (3) dividing
by the temperature change.

Burr-Brown IC Data Book
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Zero Drift

Zero drift is a measure of the change in the output with
FFFFyu (DAC700 and DAC701) applied to the digital
inputs over the specified temperature range. For the bipo-
lar models, zero is measured at 7FFFu (bipolar zero)
applied to the digital inputs. This code corresponds to
zero volts (DAC703) or zero milliamps (DAC702) at the
analog output. The maximum change in offset at tmin Or
toax is referenced to the zero error at +25°C and is
divided by the temperature change. This drift is expressed
in parts per million of full scale range per degree centi-
grade (ppm of FSR/°C).

SETTLING TIME

Settling time of the D/A is the total time required for the
analog output to settle within an error band around its
final value after a change in digital input. Refer to Figure
1 for typical values for this family of products.

1.0
DAC701 DAC703
T DAC700 ~\)
2 DAC702
k3
2f o
T
Do
= O
4
4
s 2 AL = 1000
3
2z =; Ry = 1kQ
£4d 00
Ly \
€
o
4
; \
0.001
0.0 01 10 10.0
Settling Time (usec)

FIGURE 1. Final-Value Error Band Versus Fuil-Scale
Range Settling Time.

Volitage Output

Settling times are specified to £0.003% of FSR (+1/2
LSB for 14 bits) for two input conditions: a full-scale
range change of 20V (DAC703) or 10V (DAC701) and a
ILSB change at the “major carry,” the point at which the
worst-case settling time occurs. (This is the worst-case
point since all of the input bits change when going from
one code to the next).

Current Output

Settling times are specified to10.003% of FSR for a full-
scale range change for two output load conditions: one
for 100 to 100€) and one for 10000. It is specified this
way because the output RC time constant becomes the
dominant factor in determining settling time for large
resistive loads.

Vol. 33
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COMPLIANCE VOLTAGE

Compliance voltage applies only to current output mod-
els. It is the maximum voltage swing allowed on the
output current pin while still being able to maintain spec-
ified accuracy.

POWER SUPPLY SENSITIVITY

Power supply sensitivity is a measure of the effect of a
change in a power supply voltage on the D/A converter
output. It is defined as a percent of FSR change in the
output per percent of change in either the positive supply
(+Vcc), negative supply (—Vcc) or logic supply (Vin)
about the nominal power supply voltages (see Figure 2).

It is specified for DC or low frequency changes. The
typical performance curve in Figure 2 shows the effect of
high frequency changes in power supply voltages.

0.030
>
£ 0025
2
z —15V Supply i
£ N
®
-4 0.020 H
o
£
o
k1
£ 0015
&
g
& 0.010
&
w +15V
B Supply
°
£ 0.005
A1 F5v
s ‘J. uppl
o
1 10 100 1k 10k 100k
Power Supply Ripple Frequency (Hz)

FIGURE 2. Power Supply Rejection Versus Power
Supply Ripple Frequency.

REFERENCE SUPPLY

All models have an internal low-noise +6.3V reference
voltage derived from an on-chip buried zener diode. This
reference voltage, available to the user, has a tolerance of

+5% (KH models) and 1% (BH models). A minimum of

1.5mA is available for external loads. Since the output
impedance of the reference output is typically 1Q), the
external load should remain constant.

If a varying load is to be driven by the reference supply,
an external buffer amplifier is recommended to drive the
load in order to isolate the Bipolar Offset (connected
internally to the reference) from load variations.

BURN-IN SCREENING

Burn-in screening is an option available for the entire
DAC700 through DAC703 family of products. Burn-in

Burr-Brown IC Data Book
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duration is 160 hours at the temperature shown below
(or equivalent combination of time and temperature).

Model Temp. Range
DAC703KU-BI 0°Cto +70°C
DAC700BH-BI -25°C to +85°C 160 hours at 85°C
DAC702SH-BI -55°C to +125°C 160 hours at 125°C

All units are tested after burn-in to ensure that grade
specifications are met. To order burn-in, add “-BI” to the
base model number.

Burn-In Screening
160 hours at 85°C

ENVIRONMENTAL SCREENING
/QM Screening

Screening Flow For /QM Models

MIL-STD-883
Screen Method  [Condition Comments

Internal Visuat 2010 B
High Temperature
Storage
{Stabilization Bake) 1008 C +150°C, 24hrs
Temperature —65 to +150°C,
Cycling 1010 C 10 cycles
Burn-in 1015 B +125°C, 160hrs
Constant
Acceleration 2001 E 30,000 Gs
Hermeticity

Fine Leak 1014 AlorA2 | 5107 atm cc/sec

Gross Leak 1014 [+ 60psig, 2hrs
External Visual 2009

Burr-Brown /QM models are environmentally-screened
versions of our standard industrial products, designed to
provide enhanced reliability. The screening, tabuiated
below, is performed to selected methods of MIL-STD-
883. Reference to these methods provides a convenient
method of communicating the screening levels and basic
procedures employed; it does not imply conformance to
any other military standards or to any methods of MIL-
STD-883 other than those specified below. Burr-Brown's
detailed procedures may vary slightly, model-to-modei,
from those in MIL-STD-883.

OPERATING INSTRUCTIONS

POWER SUPPLY CONNECTIONS

For optimum performance and noise rejection, power
supply decoupling capacitors should be added as shown
in the Connection Diagram. IuF tantalum capacitors
should be located close to the D/A converter.

EXTERNAL ZERO AND GAIN ADJUSTMENT

Zero and gain may be trimmed by installing external
zero and gain potentiometers. Connect these potenti-
ometers as shown in the Connection Diagram and adjust
as described below. TCR of the potentiometers should

Vol. 33
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be 100ppm/°C or less. The 3.9MQ and 270k{} resistors
(£209% carbon or better) should be located close to the
D/A converter to prevent noise pickup. If it is not con-
venient to use these high-value resistors, an equivalent
«T* network, as shown in Figure 3, may be substituted in
place of the 3.9MQ part. A 0.001uF to 0.01uF ceramic
capacitor should be connected from Gain Adjust to
Common to prevent noise pickup. Refer to Figures 4
and S for the relationship of zero and gain adjustments
to unipolar and bipolar D/A converters.
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FIGURE 3. Equivalent Resistances.
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FIGURE 4. Relationship of Zero and Gain Adjust-
ments for Unipolar D/A Converters,
DAC?700 and DAC70L.
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FIGURE 5. Relationship of Zero and Gain
Adjustments for Bipolar D/A converters,
DAC702 and DAC703.
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Zero Adjustment

For unipolar (CSB) configurations, apply the digital
input code that produces zero voltage or zero current
output and adjust the zero potentiometer for zero output.
For bipolar (COB, CTC) configurations, apply the digi-
tal input code that produces zero output voltage or cur-
rent. See Table II for corresponding codes and the Con-
nection Diagram for zero adjustment circuit connections.
Zero calibration should be made before gain calibration.

Gain Adjustment

Apply the digital input that gives the maximum positive
output voltage. Adjust the gain potentiometer for this
positive full scale voltage. See Table II for positive full
scale voltages and the Connection Diagram for gain
adjustment circuit connections.

INSTALLATION
CONSIDERATIONS

This D/A converter family is laser-trimmed to 14-bit lin-
earity. The design of the device makes the 16-bit resolu-
tion available. If 16-bit resolution is not required, bit 15
and bit 16 should be connected to Vpp through a single
1k(Q resistor.

Due to the extremely-high resolution and linearity of the
D/A converter, system design problems such as ground-
ing and contact resistance become very important. Fora
16-bit converter with a +10V full-scale range, ILSB is

153uV. With a load current of 5SmA, series wiring and

connector resistance of only 30mQ will cause the output

to be in error by ILSB. To understand what this means in

terms of a system layout, the resistance of #23 wire is

about 0.0210/ft. Neglecting contact resistance, less than
18 inches of wire will produce a ILSB error in the analog
output voltage!

In Figures 6, 7, and 8, lead and contact resistances are
represented by R, through Rs. As long as the load resist-
ance Ry is constant, R, simply introduces a gain error
and can be removed during initial calibration. R is part
of Ry, if the output voltage is sensed at Common, and
therefore introduces no error. If Ry is variable, then R:
should be less than Rimin/2'® to reduce voltage drops due
to wiring to less than ILSB. For example, if Rymin is 5k€2,
then R; should be less than 0.080. Ry should be located
as close as possible to the D/A converter for optimum
performance. The effect of R« is negligible.

In many applications it is impractical to sense the output
voltage at the output pin. Sensing the output voltage at
the system ground point is permissible with the DAC700
family because the D/A converter is designed to have a
constant return current of approximately 2mA flowing
from Common. The variation in this current is under
20uA (with changing input codes), therefore R4 can be as
large as 3Q) without adversely affecting the linearity of
the D/A converter. The voltage drop across R4 (R4 X
2mA) appears as a zero error and can be removed with
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TABLE I1I. Digital Input and Analog Output Relationships.

VOLTAGE OUTPUT MODELS
Analog Output
DAC701 Unipolar DAC703 Bipolar
Digitat Input Code 16-bit 15-bit 14-bit 16-bit 15-bit 14-bit
OnelSB (V) 153 305 610 305 610 1224
0000k ) +9.99985 +9.90969 +9.99939 +9.99960 +9.99939 +9.99878
FFFFu v) 0 [} 0. —10.0000 —10.0000 —10.0000
CURRENT OUTPUT MODELS
Analog Output
DAC700 Unipolar DACT702 Bipolar
Digital Input Code 16-bit 15-bit 14-bit 16-bit 15-bit 14-bit
OnelSB  (uA) 0.031 0.061 0.122 0.031 0.061 0.122
0000w (mA) ~1.98997 —1.99994 —1.99988 —0.99997 -0.99994 ~0.99988
FFFFu (mA) 0 0 0 +1.00000 +1.00000 +1.00000
the output voltage is sensed at the load common and not
at the D/ A converter common as in the previous circuits.
DAC701 The value of R and R7 must be adjusted for maximum
common-mode rejection at Ry.. Note that if R; is negligi-
N\ ble, the circuit of Figure 8 can be reduced to the one
Re 3 SKO v shown in Figure 7. Again the effect of Rq is negligible.
out
N foac, &0 i;' The D/A converter and the wiring to its connectors
should be located to provide optimum isolation from
&3 sources of RFI and EMI. The key concept in elimination
of RF radiation or pickup is loop area; therefore, signal
COMMON B leads and their return conductors should be kept close
ALTERNATE GROUND = ™\ 4
SENSE CONNECTION -3 ™ SENSE OUTPUT
S~ / +¥
T0 +Vec T pi
T WF COM[ +ISVDC DAC700/DAC702
+L supPLY
W 4 R ]
T0-Voe =T v : e
SYSTEW GROUND POINT L \lw
il
Voo = hal T . .
* W com| +5VOC 1) Roac* 3 A ~
SUPPLY COMMON
— bt a3
*Re = 2x02 (DACTO! AND DACT03) & ]
ALTERNATE GROUND < SENSE OUTPUT ————
sense counecrion %7 /
FIGURE 6. Output Circuit for Voltage Models. 10 +Vec il
rT com| +15voc
the zero calibration adjustment. This alternate sensing 0 —v '% LF N surrLY
point (the system ground point) is-shown in Figures 6, 7, = \
and 8. SYSTEM GROUND POINT
Figures 7 and 8 show two methods of connecting the ) -
current output models (DAC700 or DAC702) with 10 Voo =—r2~ o com| surmY
external precision output op amps. By sensing the out- T
put voltage at the load resistor (i.e., by connecting Rf to
the output of A, at Ry), the effect of R, and R; is greatly * Re Re Roac
reduced. R, will cause a gain error but is independent of DAC702 | 2.45kQ 10k 2.45k0
the value of Ry and can be eliminated by initial calibra- DAC700 | 4.0k0 5k 4k0
tion a.djustments. The effect of R is negligible because it £ Ro sheuld be equal s the - ot the current ® com-
is inside the feedback loop of the output op amp and is penssis for the bias current drift of A,. Uss standard 10%, 1/4W carben
therefore greatly reduced by the loop gain. compesition or equivaient resisiers.

If the output cannot be sensed at Common or the system
ground point as mentioned above, the differential output
circuit shown in Figure 8 is recommended. In this circuit
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FIGURE 7. Preferred External Op Amp
Configuration.
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together. This reduces the external magnetic field along
with any radiation. Also, if a single lead and its return
conductor are wired close together, they present a small
flux-capture cross section for any external field. This
reduces radiation pickup in the circuit.
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DACT700 or DAC702 can be scaled for any desired volt-
age range with an external feedback resistor, but at the
expense of increased drifts of up to +50ppm/°C. The
resistors in the DAC700 and DAC702 ratio track to
+1ppm/°C but their absolute TCR may be as high as
+50ppm/°C.

An alternative method of scaling the output voltage of
the D/A converter and preserving the low gain drift is
shown in Figure 10.

e *R., Rz TCR < +10ppm/°C

FIGURE 8. Differential Sensing Output Op Amp
Confjguration.

APPLICATIONS

DRIVING AN EXTERNAL OP AMP WITH
CURRENT OUTPUT D/As

DAC700 and DAC702 are current output devices and
will drive the summing junction of an op amp to produce
an output voltage as shown in Figure 9. Use of the inter-
nal feedback resistor is required to obtain specified gain
accuracy and low gain drift.
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FIGURE 9. External Op Amp Using Internal
Feedback Resistors.
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FIGURE 10. External Op Amp Using Internal and
External Feedback Resistors to Maintain
Low Gain Drift.

OUTPUTS LARGER THAN 20-VOLT RANGE

For output voltage ranges larger than £10V, a high volt-
age op amp may be employed with an external feedback
resistor. Use lour values of +1mA for bipolar voltage
ranges and —2mA for unipolar voltage ranges (see Fig-
ure 11). Use protection diodes as shown when a high
voltage op amp is used.
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FIGURE 11. External Op Amp Using Externai
Feedback Resistors.

Vol. 33

Copyrighted By Its Respective Manufacturer



