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FEATURES

© 16-BIT RESOLUTION

e +0.003% MAXIMUM NONLINEARITY

o LOW DRIFT +7ppm/°C, (TYPICAL)

o MONOLITHIC CONSTRUCTION

o EXACT DAC70/72 HYBRID REPLACEMENT

o MONOTONIC (AT 14 BITS) OVER FULL
SPECIFICATION TEMPERATURE RANGE

o CURRENT AND VOLTAGE MODELS

DAC70BH
DAC72BH

Monolithic 16-Bit
DIGITAL-TO-ANALOG CONVERTERS

DESCRIPTION

The DAC70BH/72BH are complete 16-bit digital-
to- analog converters that include a precision buried-
zener voltage reference and a low-noise, fast-setting
output operational amplifier (voltage output mod-
els), all on one small monolithic chip. A combina-
tion of current-switch design techniques accomp-
lishes not only 14-bit monotonicity over the entire
specified temperature range but also a maximum
end-point linearity error of +£0.003% of full-scale
range. Digital inputs are complementary binary
coded and are TTL-, LSTTL-, 54/74C-, 54/ 74HC-
compatible over the entire temperature range. Out-
puts of 0 to +10V, +10V, 0 to —2mA, and £ImA are
available.

These D/A converters are packaged in hermetic 24-
pin ceramic side-brazed packages.
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SPECIFICATIONS

ELECTRICAL

Typical at Ta = +25°C and rated power supplies unless otherwise noted.

MODEL DAC70BH DAC72BH
MIN TYP MAX MIN | TYP | MAX UNITS
INPUT
DIGITAL INPUT
Resolution, CSB, COB 16 * Bits
Digital Inputs™: Vi +2.4 +5.5 . . v
A\ 0 +0.4 * * v
lmVi=+27V +40 * A
e Vi = +0.4V ~1.6 * mA
TRANSFER CHARACTERISTICS
ACCURACY?
Linearity Error At +25°C +0.003 * % of FSR®
Gain Error'?: Voltage +0.05 +0.15 %
Current +0.05 +0.05 +0.25 %
Offset Error'®: Voltage, Unipolar +0.10 +2 mv
Bipolar +10 mV
Current, Unipolar +1 v uA
Bipolar +1 +5 uA
Monotonicity Temperature Range (14 bits) —25 +85 * * °C

DRIFT (OVER SPECIFIED
TEMPERATURE RANGE)
Total Bipolar Drift (Includes

Gain, Offset, and Linearity Drift):® Voltage 15 +11 ppm-of FSR/°C
Current +10 * 140 ppm of FSR/°C
Total Error Over Temperature Range:
Voltage, Unipolar +0.072 % of FSR
Bipolar +0.072 % of FSR
Current, Unipolar +0.12 +0.24 % of FSR
Bipolar +0.12 +0.24 % of FSR
Gain: Voltage +5 +20 ppm/°C
Current +7 +47 ppm/°C
Offset: Voltage, Unipolar +1 +2 ppm of FSR/°C
Bipolar 18 ppm of FSR/°C
Current, Unipolar +1 +1 ppm of FSR/°C
Bipolar +5 +35 ppm of FSR/°C
Differential Linearity over Temperature +1 +1 ppm of FSR/°C
Linearity over Temperature +2 +1 ppm of FSR/°C
SETTLING TIME®
Voltage Models (to +0.003% of FSR)
Qutput: 20V Step 5 10 us
1LSB Step™ 3 5 us
Slew Rate 10 V/uA
Switching Transient® 500 mvV
Current Models (to +0.003% of FSR)
Output, 2mA step: 10Q to 100Q load 15 1 us
1kQ load 50 3 Mus
OUTPUT

ANALOG OUTPUT
Voltage Models

Ranges: CSB Oto +10 '
coB +10 v
Output Current +5 mA
Output Impedance (DC) 0.05 Q
Short Circuit Duration Indefinite to Common
Current Models
Ranges: CSB Oto—2 * mA
COB +1 * mA
Output Impedance: Unipolar 4.0 * kQ
Bipolar 2.45 " kQ
Compliance +2.5 * v
INTERNAL VOLTAGE REFERENCE 6.0 6.3 6.6 * * * v
Maximum External Current +200 +200 HA
Temperature Coefficient of Drift X7 +10 ppm/°C

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-
BROWN assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and
specifications are subject to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third
party. BURR-BROWN does not authorize or warrant any BURR-BROWN product for use in life support devices and/or systems.
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ELECTRICAL (CONT)

Typical at Ta = +25°C and rated power supplies uniess otherwise noted.

MODEL DAC70BH DAC72BH
MIN TYP MAX MIN TYP MAX UNITS
POWER SUPPLY SENSITIVITY
Unipolar Offset: £15VDC +.0001 * % of FSR/% Vcc
+5VDC +.0001 * % of FSR/% Voo
Bipolar Offset: +15VDC +.0004 * % of FSR/% Vcc
+5VDC +.0001 * % of FSR/% Voo
Gain: £15VDC +0.001 * % of FSR/% Vcc
+5VDC +.0005 * % of FSR/% Voo
POWER SUPPLY REQUIREMENTS
Voltage +14.5, +4.75] +15.0,+5.0 | +15.5, +5.25 * * * vDC
Supply Drain: +15VDC (no load) +20 * 130 mA
+5VDC (logic supply) +5 * +10 mA
TEMPERATURE RANGE
Specification —25 +85 * * °C
Storage —60 +150 * * °C

*Specification same as DAC70.

NOTES: (1) Digital inputs are TTL, LSTTL, 54/74C, 54/74HC, and 54/74HTC compatible over the operating voitage range of Vop = +5V to +15V and over
the specified temperature range. The input switching threshold remains at the TTL threshold of 1.4V over the supply range of Vop = +5V to
+15V. (2) Current-output models are specified and tested with an external output operational amplifier connected using the internal feedback resistor in
all parameters except settling time. (3) FSR means full-scale range and is 20V for the 110V range (COB-V), 10V for the 0 to +10V range (CSB-V). FSR is
2mA for the £1mA range (COB-I) and the 0 to —2mA range (CSB-l). (4) Adjustable to zero with external trim potentiometer. (5) With gain and zero

errors adjusted to zero at +25°C. (6) Maximum represents the 3¢ limit. Not 100% tested for this parameter. (7) LSB is for 14-bit resolution. (8) At the
major carry, 7FFFy to 80004 and 8000y to 7FFFu.
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Bit4 4 Bit4 c 160 | 196 | 406 | 498
Bit5 5 BitS D 016 | 0201 o041 ] o051
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+15VDC 23 +15VDC Lead Temperature (10s) .........coviiiiiiiieiiinienienn
6.3V REF. OUT 24 6.3V REF. OUT




ORDERING INFORMATION

MODELS
Complementary Offset Binary Coding

DAC70BH-COB-i lour DAC
DAC70BH-COB-IBI Burn-in Option‘
DAC72BH-COB-I| lour DAC
DAC72BH-COB-IBI Burn-in Option™
DAC72BH-COB-V Vour DAC

DAC72BH-COB-VBI Burn-in Option™
Complementary Straight Binary Coding

DAC70BH-CSB-i lour DAC
DAC70BH-CSB-IBI Burn-in Option™
DAC72BH-CSB-| lour DAC
DACT72BH-CSB-IBI Burn-in Option™
DAC72BH-CSB-V Vour DAC

DAC72BH-CSB-VBI Burn-in Option"”
NOTE: 1) 160 hours at 85°C or equivalent. See text.

DISCUSSION OF
SPECIFICATIONS

DIGITAL INPUT CODES

The DAC70BH/72BH accept complementary digital
input codes in either binary format (CSB, Unipolar or
COB, Bipolar). The COB models 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
Digital Complementary | Complementary Complementary
Input Straight Binary Offset Binary Two's Complement
Codes (CSB) (COB) (CTC)*
00001 +Full Scale +Full Scale -1LSB
7FFFn +1/2 Full Scale Bipolar Zero —Full Scale
80001 +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).

Differential 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
—1LSB (—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 DAC70BH/72BH are specified to be monotonic 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 tmax; (2) calculating the gain
error with respect to the +25°C value; and (3) dividing
by the temperature change.

Offset Drift

Offset drift is a measure of the change in the output with
FFFFu applied to the digital inputs over the specified
temperature range. The maximum change in offset at tmin
or tmax is referenced to the offset 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.

Voltage Output

Settling times are specified to £0.003% of FSR (+1/2LSB
for 14 bits) for two input conditions: a full-scale range
change of 20V (COB) or 10V (CSB) and a 1LSB 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).
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FIGURE 1. Final-Value Error Band Versus Full-Scale
Range Settling Time.

Current Output

Settling times are specified to 30.003% of FSR for a
full-scale range change for two output load conditions:
one for 10Q2 to 100€) and one for 1000Q). It is specified
this way because the output RC time constant becomes
the dominant factor in determining settling time for
large resistive loads.

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
(+Vece), negative supply (—Vec) or logic supply (Vop)
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.

REFERENCE SUPPLY

All models have an internal low-noise +6.3V reference
voltage derived from an on-chip buried zener diode. This
reference voltage is available to the user. A minimum of
200uA 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.
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FIGURE 2. Power Supply Rejection Versus Power
Supply Ripple Frequency.

BURN-IN SCREENING

Burn-in screening is an option available for the entire
DAC70BH/72BH family of products. Burn-in duration
is 160 hours at the maximum specified grade operating
temperature (or equivalent combination of time and
temperature).

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.

OPERATING INSTRUCTIONS

POWER SUPPLY CONNECTIONS

For optimum performance and noise rejection, power
supply decoupling capacitors should be added as shown
in the Connection Diagram. These capacitors (1uF to
10u.F tantalum recommended) should be located close to
the DAC70BH/72BH. Electrolytic capacitors, if used,
should be paralleled with 0.01uF ceramic capacitors for
best high frequency performance.

EXTERNAL OFFSET AND GAIN

ADJUSTMENT

Offset and gain may be trimmed by installing external
offset and gain potentiometers. Connect these potentio-
meters as shown in the Connection Diagram and adjust
as described below. TCR of the potentiometers should
be 100ppm/°C or less. The 3.9M( and 510k{} resistors
(20% carbon or better) should be located close to the
DAC70BH/72BH to prevent noise pickup. If it is not
convenient to use these high-value resistors, an equival-
ent “T” network, as shown in Figure 3, may be substi-
tuted in place of the 3.9MQ. A 0.001xF to 0.01uF
ceramic capacitor should be connected from Gain Adjust
(pin 22) to common to prevent noise pickup. Refer to
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Figures 4 and 5 for relationship of offset and gain
adjustments to unipolar and bipolar D/A converters.

OFFSET ADJUSTMENT

For unipolar (CSB) configurations, apply the digital
input code that should produce zero potential output
and adjust the offset potentiometer for zero output.

For bipolar (COB) configurations, apply the digital
input code that should produce the maximum negative
output voltage. The COB model is internally connected
for a 20V FSR range where the maximum negative out-
put voltage is —I0V. See Table II for corresponding
codes and the Connection Diagram for offset adjustment
connections. Offset adjust should be made prior to gain
adjust.
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FIGURE 5. Relationship of Offset and Gain Adjust-
ments for a Bipolar D/ A Converter,

GAIN ADJUSTMENT

For either unipolar or bipolar configurations, apply the
digital input that should give the maximum positive out-
put voltage. Adjust the gain potentiomenter for this pos-
itive full scale voltage. See Table I for positive full scale
voltages and the Connection Diagram for gain adjust-
ment connections.

INSTALLATION
CONSIDERATIONS

This D/A converter family is laser-trimmed to 14-bit
linearity. The design of the device makes the 16-bit reso-
lution available. If 16-bit resolution is not required, bit 15
and 16 should be connected to Vpp through a single 1kQ)
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. For a
16-bit converter with a +10V full-scale range, ILSB is
153uV. With a load current of S5SmA, series wiring and

TABLE 11. Digital Input and Analog Output Relationships.

VOLTAGE OUTPUT MODELS
Analog Output
Unipolar Bipolar
Digital Input Code 16-bit 15-bit 14-bit 16-bit 15-bit 14-bit
One LSB wv) 153 305 610 305 610 1224
0000x v) +9.99985 +9.99969 +9.99939 +9.99969 +9.99939 +9.99878
FFFFn V) 0 0 0 —10.0000 —10.0000 —10.0000
CURRENT OUTPUT MODELS
Analog Output
Unipolar Bipolar
Digital Input Code 16-bit 15-bit 14-bit 16-bit 15-bit 14-bit
One LSB WA) 0.031 0.061 0.122 0.031 0.061 0.122
00004 (mA) —1.99997 —1.99994 —1.99988 —0.99997 —0.99994 —0.99988
FFFFu (mA) 0 0 0 +1.00000 +1.00000 +1.00000




connector resistance of only 30m{} will cause the output
to be in error by 1LSB. To understand what this means
in terms of a system layout, the resistance of #23 wire is
about 0.021Q/ft. Neglecting contact resistance, less than
18 inches of wire will produce a LSB 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 1LSB. For example, if Rimin is
5k, then R, should be less than 0.08¢). R. should be
located as close as possible to the D/A converter for
optimum performance. The effect of R4 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 DAC70
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 3(} without adversely affecting the linearity of
the D/ A converter. The voltage drop across Rs (R4 X
2mA) appears as a zero error and can be removed with
the zero calibration adjustment. This alternate sensing
point (the system ground point) is shown in Figures 6, 7,
and 8.

Figures 7 and 8 show two methods of connecting the
current output models with external precision output op
amps. By sensing the output voltage at the load resistor
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FIGURE 6. Output Circuit for Voltage Models.
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(i.e., by connecting R to the output of A; at Ry), the
effect of Ry and R; is greatly reduced. R, will cause a gain
error but is independent of the value of Ry and can be
eliminated by initial calibration adjustments. The effect
of R; is negligible because it is inside the feedback loop
of the output op amp and is therefore greatly reduced by
the loop gain.

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
the output voltage is sensed at the load common and not
at the D/A converter common as in the previous cir-
cuits. The value of Rs and R; must be adjusted for max-
imum common-mode rejection at Ry. Note that if Rs is
negligible, the circuit of Figure 8 can be reduced to the
one shown in Figure 7. Again the effect of R, is negligi-
ble.The D/A converter and the wiring to its connectors
should be located to provide optimum isolation from
sources of RFI and EMI. The key concept in elimination
of RF radiation or pickup is loop area; therefore, signal
leads and their return conductors should be kept close
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.

APPLICATIONS

DRIVING AN EXTERNAL OP AMP WITH
CURRENT OUTPUT DACs

The DAC70BH/72BH current output models will drive
the summing junction of an op amp to produce an out-
put voltage as shown in Figure 9. Use of the internal
feedback resistor is required to obtain specified gain
accuracy and low gain drift.

5kQ
i lour

N £

FIGURE 9. External Op Amp Using Internal
Feedback Resistors.

Current output models can be scaled for any desired
voltage range with an external feedback resistor, but at
the expense of increased drifts of up to £50ppm/°C. The
resistors in the D/A converter ratio track to Z1ppm/°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.

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 Iour values of ImA 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.

= *Ry, Rz TCR < £10ppm/°C

FIGURE 10. External Op Amp Using Internal and
External Feedback Resistors to Maintain
Low Gain Drift.
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FIGURE I1. External Op Amp Using External
Feedback Resistors.



IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
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