DIE PRODUCTS

BURR-BROWNS®

DAC7700 DIE

Current Output
16-BIT DIGITAL-TO-ANALOG CONVERTER DIE

DESCRIPTION

The DAC7700KD is complete 16-bit digital-to-
analog converter that includes a precision buried-
zener voltage reference on one small monolithic
chip. A combination of current-switch design tech-
niques accomplishes not only 14-bit monotonicity
over the entire specified temperature range but also
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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- and 54/74HC-com-
patible over the entire temperature range. Outputs
of 0 to —2mA and +1mA are available.
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Pad Function Pad Function '
1 Bit1(MSB)input 16  Bit 15 Input Die size: 153 X 120 mils
2 Bit 2 Input 17 Bit 18 Input Bonding pad size: 4 X 4 mils
3 Bit3input 18 Re—10kQ .
4 Bit 4 Input 19 No Connection Backside Contact: Gold (Must
5  BitSinput 20 Re—10kQ be connected to —Vcc)
6 Bit 6 input 2 +5V Supply
7 Bit 7 Input 22 Digital Ground
8 Bit 8 Input 23 Analog Ground
9 Bit 9 Input 24 Current Output
10 Bit 10 Input 25 Bipolar Offset
17 Bit 11 Input 26 Gain Adjust
12 Bit 12 Input 27 +15V Supply
13 —15V Supply 28 Reference Output
14 Bit 13 Input 29 —15V Supply
15. Bit 14 Input 30 Zener test point. Do not use.
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SPECIFICATIONS

ELECTRICAL PROBE LIMITS "'

At Ta = +25°C and Ve = 15V, Voo = +5V unless otherwise noted.

DIE PRODUCTS

PERFORMANCE CHARACTERISTICS (CONT)

PARAMETER MIN TYP MAX UNITS
Reference Temp-
erature Coefficient 25 ppm/°C

SETTLING TIME (to
+0.003% of FSR)*”
Fult Scale Step (2mA),

10 to 1000 load 350 1000 nsec

MODEL DAC7700KD
PARAMETER min | Ty | wax | uwits
INPUT
DIGITAL INPUT
Resolution 16 Bits
Digital Inputs
Vin +24 +Vee v
Vie -1.0 +0.8 v
I, Vi = +2.7V +40 uA
I, Vi = +0.4V -0.35 -05 mA
TRANSFER CHARACTERISTICS
ACCURACY?
Linearity Error'™ +0.0015 | +0.003 | % of FSR'
Difterential
Linearity Error'™ +0.003 | +0.006 | % of FSR
Gain Error'® +0.07 +0.15 %
2Zero Error'™ *® +1 +2 uA
Monotonicity 14 15 Bits
OUTPUT
Unipolar (CSB Code)"® oto -2 mA
Output impedance™ 4 k0
Bipolar (COB Code)"™ +1 mA,
Output Impedance'™ 245 kQ
Compliance Voltage 125 v
REFERENCE VOLTAGE
Voltage +6.0 +6.3 +6.6 v
Sotirce Current Available
for External Loads +2.5 mA
POWER SUPPLY REQUIREMENTS
Voltage:
+Vee 11.4 15 165 v
—Vee 114 15 16.5 v
Voo +4.5 +5 +16.5 v
Current (no toad)
+Vee R +10 +25 mA
—Vee -13 —25 mA
Voo +8 mA
Power Dissipation
(Voo = +5.0V)" 365 79 mw
TEMPERATURE RANGE
Specification: [ o ] [ 70 T =

PERFORMANCE CHARACTERISTICS

Parameters included are for design information and are not guaranteed or
subject to test.

PARAMETER MIN TYP MAX UNITS
DRIFT{over

specification

temperature

range)
Total Error

Over

Temperature

Range (all

models)"” +.08 +0.15 % of FSR
Total Full Scale Drift:

Unipolar models +10 +30 ppm of FSR/°C

Bipolar models +10 +25 ppm of FSR/°C
Gain Drift (all models) +10 +25 ppm/°C
Zero Drift:

Unipolar models +25 15 ppm of FSR/°C

Bipolar modeis +5 112 ppm of FSR/°C
Differential Linearity
Over Temp.” +0.009, % of FSR

~0.006
Linearity Error
@
Qver Temp. +0.006 % of FSR

1kQ) load 1 3 usec

NOTES: (1) All dice are 100% probe tested and guaranteed to meet the
above probe limits. Due to possible wafer saw and assembly shifts, probe
parameters are not guaranteed for assembled units. (2) DAC7700KD is
specified and tested with an externat output operational amplifier con-
nected using the internal feedback resistor in all parameters except set-
tting time.  (3) +£0.0015% of full-scale range is equivalent to 1LSB in 16-bit
resolution. £0.003% of full-scale range is equivalent to 1LSB in 15-bit reso-
lution. +0.006% of futl-scale range is equivalent to 1LSB in 14-bit resolu-
tion. (4) FSR means full-scale range and is 20V for the +10V range, 10V
for the 0 to +10V range. FSR is 2mA for the +1mA range and the 0 to +2mA
range. {5) Adjustable to zero with external trim potentiometer. Adjusting
the gain potentiometer rotates the transfer function around the zero point.
{6) Error at input code FFFFy for CSB operation, 7FFF, for COB oper-
ation. (7) Maximum represents the 3o limit. Not 100% tested for this
parameter. (8) Tolerance on output impedance and output current is
+30%. (9) Power dissipation is an additional 40mW when Voo is operated
at +15v. (10} With gain and zero errors adjusted to zero at +25°C.

ABSOLUTE MAXIMUM RATINGS

FVecto COMMON . ... oot ns oV, +18V

—Vec to Common. ... .. Qv, —18v
Voo to Common ... .. OV, +18v
Digital Data Inputs to Common ....................... -1V, +18V
Reference Out to Common .. .. Indefinite Short to Common
External Voltage Appliedto Re ................oiinnat, +18V

Power Dissipation .. ...............coiiiiiiiiiiian, 1000mwW
Storage Temperature ..................c....on -60°C to +150°C

NOTE: Stresses above those listed under “Absotute Maximum Ratings”
may cause permanent damage 1o the device. Exposure to absolute maxi-
mum conditions for extended periods may atfect device reliability.

PACKAGING

DAC7700 dice are visually inspected to MIL-STD-883,
Method 2010, Test Condition B, and are shipped in
sealed carriers.

ORDERING INFORMATION
DAC7700
Basic Model Number
Grade/ Temperature Range
K = 0°C to +70°C

Package Code
D = Die

OPERATING INSTRUCTIONS

POWER SUPPLY CONNECTIONS

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

— R
D
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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
be 100ppm/°C or less. The 3.9M and 270k{} resistors
(£20% 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 1, may be substituted in
place of the 3.9MQ part. A 0.001xF to 0.01uF ceramic
capacitor may be needed from Gain Adjust to Common
to reduce noise pickup. Refer to Figures 2 and 3 for the
relationship of zero and gain adjustments to unipolar
and bipolar D/A converters.

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 out-
put.

For bipolar (COB) configurations, apply the digital
input code that produces zero output voltage or current.
See Table 1 for corresponding codes and the Connection
Diagram, Figure 4, for zero adjustment circuit connec-
tions. Zero calibration should be made before gain cali-
bration.

wmn 180k2

10kQ

100k0

"

FIGURE 1. Equivalent Resistances.
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FIGURE 2. Relationship of Zero and Gain Adjust-

ments for Unipolar D/A Converters.
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FIGURE 3. Relationship of Zero and Gain Adjust-
ments for Bipolar D/A Converters.

TABLE 1. Digital Input and Analog Output Relationships.

CURRENT OUTPUT MODES
Anslog Output .
Unipolar, 0 to —2mA Bipolar, +1mA
Digitsi Input Code 18-bit 18-bit 14-bit 16-bit 15-bit 14-bit Units
One LSB 0.031 0.061 0.122 0.031 0.081 0.122 A
0000, —1.99997 —1.99994 —1.99988 —0.99997 —0.99994 —0.99968 mA
FFFFn 0 0 0 +1_.ooooo +1.00000 +1.00000 mA
TFFFn —1.00000 —1.00000 -1.00000 0 0 0 mA
VOLTAGE OUTPUT MODES (WITH EXTERNAL OP-AMP)
Anasiog Output
Unipolasr, 0 to +10V Sipolar, £10V Bipolar, £5V
Digitsl input Code 18-bit 15-bit 14-bit 16-bit 15-bit 14-bit 16-bit 15-dit 14-bit Units
One LSB 183 305 610 305 610 1224 153 305 610 u
00004 +9.90985 |'+9.99960 | +9.98839 | +9.99969 { +0.99938 | +9.98878 | +4.99985 | +4.99969 | +4.99939 v
FFFFn 0 0 0 —10.0000 | —10.0000 | —10.0000 | -5.0000 -5.0000 -5.0000 v
TFFFu +5.00000 | +5.00000 | +5.00000 0 0 0 0 ] 0 v
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NOTES: (1) Can be tisd to +Vcc instead of having separate Voo supply; this will
increass powar dissipation approximstely 100mW. (2) Deceupling capaciters are
0.14F to IuF.  (3) Potentiometers are 10k2 to 100kQ.  (4) Make this connection for
10V full-scale range. Leave spen for 20V full-scale rangs. (5) Make this connectien
for bipslar operation. Leave spen fer unipslar operatien.

FIGURE 4. Connection Diagram.

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 I for positive full
scale voltages and Figure 4 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 () 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 connected for a +10V full-scale range,
ILSB is 153uV. With a load current of 5mA, series wir-
ing and 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 ILSB error in
the analog output voltage!

In Figures 5 and 6, lead and contact resistances are
represented by R, through Rs. As long as the load resist-
ance R, 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 Rymin/ 2" to reduce voltage drops due
to wiring to less than ILSB. For example, if Rpmin is Sk},
then R; should be less than 0.08(2. Ry should be located

DACT700KD
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1 Re should be equal to the outpul impedance at the current output to cem-
pensate for the bias current drift of A,. Use standard 10%, 1/4W carben
compasition or squivalent resisters.

FIGURE 5. Preferred External Op Amp Configuration.
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FIGURE 6. Differential Sensing Output Op Amp
Configuration.

as close as possible to the D/A converter for optimum
performance. The effect of Ra is negligible.

In many applications it is impractical to sense the output
voltage at the common pad. Sensing the output voltage
at the system ground point is permissible with the
DAC7700 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 Ra (Rs 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 5
and 6.

Figures 5 and 6 show two methods of connecting the
current output model DAC7700 with external precision
output op amps. By sensing the output 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 reduced. R, will
cause a gain error but is independent of the value of R
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 6 is reccommended. In this circuit
the output voltage is sensed at the load common and not
at the D/A converter common as in the previous circuits.
The value of R¢ and R; must be adjusted for maximum
common-mode rejection at R.. Note that if R; is negligi-
bie, the circuit of Figure 6 can be reduced to the one
shown in Figure 5. Again the effect of Ra is negligible.

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.
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