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FEATURES

¢ 14-Bit linearity (0.003% FSR)

* Microprocessor-compatible with doubled-buffered
inputs

¢ 3Microsecond maximum output current settling time (0.9:S
typical)

¢ Low power dissipation

¢ Full four-quadrant muitiplication

¢ Gain Tempco of +/-8ppm/degree C maximum
* PROM-controlled correction circuits
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DAC-7134B, DAC-7134U

14-Bit Microprocessor-compatible

Multiplying D/A Converters

T-5/-09-%0

GENERAL DESCRIPTION

The DAC-7134 achieves true 14-bit linearity by combining a four-
quadrant, multiplying DAC with on-chip, PROM-controlled carrec-
tion circuits. The DAC uses thin-film resistors and CMOS circuitry
for stability while the PROM-controlled correction circuit eliminates
errors introduced by the thermal stresses of packaging.

There are two versions of the DAC-7134, both represented by the
block diagram, Figure 1. The DAC-7134U is programmed for uni-
polar operation while the DAC-7134B is programmed for bipolar
applications. Micropracessor bus interfacing is easy using stan-
dard memory write cycle timing and control signals. Two input
buffer registers are separately loaded with the 8 least significant
bits (LS register) and the 6 most significant bits (MS register). Their

contents are then transferred to the 14-bit DAC register, which con- -

trols the output switches. The DAC register can also be loaded
directly from the data inputs.

There are two reference voltage inputs feeding the resistor ladder
network. The VRgr input ta the most significant bit of the DAC is
separated from the reference input to the remainder of the ladder.

For unipolar use, the two reference inputs are tied together. For
bipolar applications, the polarity of the MSB reference is reversed
through an external operational amplifier. This flexibility gives the
DAG a true 2's complement input transfer function. The DAC-7134
contains two resistors used along with the external op-amp to in-
vertthe reference, The PROM is coded to correct for errors in these
resistors as well as the inversion of the MSB.
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Figure 1. DAC-7134 Simplified Block Diagram
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ABSOLUTE MAXIMUM RATINGS DESCRIPTION MiNiMuM | TveicaL | maximum | units
POWER
Supply Voltage:
V+ to DGND -03V doto +75V do Aoy Vottage 38 ) w60 | v
. Supply Current - 1.0 25 mA

Analog Signals: (El:(%?uyc'iiq;';ggder) :

VRFL VRFM: RiNy: Rrg o DGND - +/18Vdo Power Dissipation . - 500 mW

louT: AGNDE, AGNDg -0.1VdctoV PRYSICAL/ENVIRONMENTA

Current in AGNDg, AGNDg . . . 25mA Oporating Temparature

Digital Signals: ~ ___ ___ . :‘"‘9" . o | - +70 °c

o 1l t
Ag, Ay, Dgto D43, WR, CS, PROG gg_\é\;od\é R:nf;ge emperature -5 A +180 g
- J Package 28-pin CERDIP only

FUNCTIONAL SPECIFICATIONS

Valld at +25 degrees C, +5V dc power supply, and VRgg =
+ 10V de, unless otherwise specified.

DESCRIPTION MINIMUM | TYPICAL | MAXIMUM | UNITS
INPUT
Resolution 14 - - bits
Logic Lovels
Logical 0 - - 0.8 \
Logical 1 2.4 . v
Logic Input Currents - - 1.0 pA
Relerance Input
Resistance 40 7.0 10 K chms
Relerence Input
Voltage Range . - £12 v
Coding
Unipolar straight binary
Bipolar 2's complement
ACCURACY
Non-tinearity 2
- - 0.012 % FSR
K - - 0.006 % FSR
L - - 0.003 % FSR
Non-linearity
Temp. Casf. . 1 2 ppm/°C
0 1.2
Gain Emror J - . 0024 |%FsR
K - - 0.012 % FSR
L - 0.006 % FSR
Gain Ertor
Temp. Cast. - 2 8 ppmieC
Monolonicity R "
J 12 - - bits
K 13 - - bits
L 14 - B bits
Settling Time - 0.9 3 uSec.
Pawer Supply
Rejaction - 10 100 ppmiV
QUTPUT
Qutput Current
Range - 214 +3.75 mA
Qutput Capacitance
DAG all 0's - 160 - pf
DAC all t's - 235 - pt
Qutput Noise (Equiv. - 1 - K ohm
Johnsan Noise)
Feedthtqugh Ewtor
DAC-7134V - 250 - Wp-p
DAG-71348 - 500 - wp-p
FOOTNOTES:
1. Fullscale range (FSR) is 10 voits for unipolar mode, 20 volts (£ 10 voits,
for bipolar mode.
2. Using | feedback and ref; il ing

The timing diagram represented in Figure 2 shows the relation-
ships between the various bus interface signals. These AC charac-
teristics are listed in Table 1.

DETAILED DESCRIPTION

The DAC-7134 consists of a 14-bit primary DAC, two PROM-
controlled correction DAC's, input buffer registers, and
microprocessor interface logic (refer back to Figure 1), The 14-bit
primary DAC is an R-2R thin film resistor ladder with N-channel
MOS SPDT current steering switches. Precise balancing of the
switch resistances, and all other resistances in the ladder, results
in excellent temperature stability.

True 14-bit linearity is achieved by programming a floating poly-
silicon gate PROM array which controls two correction DAC cir-
cuits. A 6-bit gain correction DAC (G-DAC) diverts up to 2% of the
feedback resistor’s currentto analog ground and reduces the gain
error to less than 1 LSB, or 0.006%.

The 5 most significant outputs of the DAC register address a
31-word PROM array that controls a 12-bit linearity correction DAC
(C-DAC). For every combination of the primary DAC’s most signifi-
cant bits, a different C-DAC code is selected. This corrects sum-
mation errors (caused when more than one bit is turned on
simultaneously) and voltage non-linearity in the feedback resistor.

Aonky ADDRESS VALID, STABLE
taws . Taw

On DATA DATA VALID

Figure 2. DAC-7134 Timing Diagram
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Table 1. AC Characteristics

Table 2. Pin Assignment and Function Description

T-9\-013-90

PARAMETER (V+ = +5V dc) SYMBOL  MINIMUM (nS)
Address write set-up lime TAWs 100
Address-write hold ime TAWN 0

Ch’p select-write set-up time Tows 0

Chip select-write hold time Towh 1}
WAITE pulse width, low TWR 200
Dala write set-up time Tows 200
Datawiite hold time Towh 0

PIN DESCRIPTIONS

The input and output pins for both the analog and digital signals
used by the DAC-7134 are listed in Table 2 and shown in Figure 3.

s 1 2] a0
W 2 A
wseog 3] 28] v+
o 4] 28] rour
o, 5] 4] aanDs
0, (6] 23] AGNDs
o [T 2] oaND
o (1 DACTIZ4 ] fee
s |8 E VAFw
or [ig 18] Ray
0s [1i] 18] var
os [12] 17} proG
0w 13 16] Drase)
oy [1] 15] iz

Figure 3. DAC-7134 Pin Configuration

ANALOG SECTION

The DAC-7134 provides both unipolar and bipolar operation. The
hipolar application circuit (Figure 4) requires one additional oper-
ational amplifier, but no external resistors. Two on-chip resistors
(RiNV1. RINV2). together with the op-amp, form a voltage invert-
er which drives the MSB reference terminal (VRFM) to -VREF.

VREE is the voltage applied at the less significant bits' reference
terminal, VREL. This reverses the weight of the MSB, and gives
the DAC a 2's complement transfer function. The op-amp and
reference connection to VRFM and VREL ¢an be reversed, without
alfecting linearity, but a small gain error wilt be introduced. For
unipolar operation the VREM and VREL terminals are both tied
to VREF. and the Ryny pin is left unconnected.

PIN DESCRIPTION
1 CHIP SELECT (active low).
Enables writing to the register. .
2 WRITE. (active low). Enables writing to the register along with
CHIP SELECT.
3 8ito Least Significant Bit
4 Bit1
5 Bit2
6 Bit3
7 Bit4
8 Bits INPUT DATA
9 Bit6 BITS
10 Bit7 High = True
1 Bit8
12 Bit9
13 Bit 10
14 Bit 11
15 Bit 12
16 Bit13 Most Significant Bit
7 | Used for programming only. Tie to +5V dc for normal opsration,|
18 VREeF for lower bits )
19 Summing node for reference inverting amplifier "
20 VREF for MSB only (bipotar). -
21 Feedback resister for voitage output applications
22 Digital ground return -
23 Analdg ground force line, Carries current from Internal analog
ground connections. Tted internally to AGNDg.
24 Analog ground sense line. Reference point for external circuitry.
Pin should carry minimal current; tied internally to AGNDg.
25 Current output pin
26 Positive supply voltage
d Address 1 Control register
28 Address 0 lines

Vaer IN

RESTOF
LADDEA

Figure 4. Bipolar Operation, with Inverted V.. to MSB
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Since the PROM correction codes required are different for bipo-
lar and unipolar operation, the DAC-7134 is available in two differ-
ent versions; the DAC-7134U, which is corrected for unipolar
operation, and the DAC-7134B, which s programmed for bipolar
application. The teedback resistance is also different in the two
versions, and is switched under PROM control from “R* in the
unipolar device to “2R" in the bipolar part. These feedback resis-
tors have a dummy (always ON) switch in serles to compensate
for the effect of the ladder switches. This greatly improves the gain
temperature coefficient and the power supply rejection of the
device.

DIGITAL SECTION

Two levels of input buffer registers allow loading of data from an
8-bitor 16-bit data bus. The Ag and A1 pins select one of four oper-
ations:

1. Load the LS buffer register with the data at inputs Dg to D7,
2, Load the MS buffer register with the data at inputs Dg to

3 Load the DAC register with the contents of the MS and LS buffer
registers, and,

4. Load the DAG register directly from the data input pins. (See
Table 3).

The CS and WR pins must be low to allow data transfer to occur.
When direct loading is selected (CS, WR, Ag and A1 low), the
registers are transparent and the data input pins control the DAC
output directly. The other modes of operation allow double buffered
loading of the DAC from an 8-hit bus.

Theseinputdata pins are alsousedto program the PROM under
control of the PROG pin. This is done in manufacturing, and for
normal read-only use the PROG pin should be tiedto V+ (+5V
de).

Table 3. Data Loading Controls

CONTROL ”NES_ DAC-7134 OPERATION

Ag Ay CS WR

X X X 1 No operation, device

X X 1 X not selected

0 0 0 0 . Lead registers from data bus

0 1 Q 0 Leoad LS register from data bus
1 ) 0 0 Load MS register from data bus
1 1 o o Load DAC register from MS and

LS register
Note: Data is latched on low-to-high transitions of either WR
or CS.

UNIPOLAR BINARY OPERATION

Figure 5 shows a typical circuit configuration for unipolar mode
operation using a DAC-7134U. With positive and negative VREfF
values, the circuit is capable of two-quadrant multiplication. Table
4 presents a digital input code/analog output value' reference for
unipolar mode operation. The Schottky diode (HP5082-2811 or
equivalent) pratects oy T from negative excursions which could
damage the device, and is only necessary with certain high speed
amplifiers.

Vm“m T"E\' m ‘qo

[Vare Ry Varm V¥
( 0——2plonwise) Res
O—p—»|Dn
l lout
|
DATA
weorsy | DAC-T134
l (- —AaNDy M
L o——2»{oy(rem’~ - aauos (2
+sv—1enoa DGND
WA CS A A
Bl ot 2

Figure 5. Unipolar Binary, Two-Quadrant Multiplying
Circuit

Table 4. Code Table—Unipolar Binary Operation

DIGITAL INPUT ANALOG OUTPUT

- (VRer + 1188)
= 075 X (VReF)
- 05X (VReF)
- 025X (VReF)
0

Zero Offset Adjustment
(See Figure 5)

1. Connect all datainputs and WR, TS, Ag and A1 to DGND. (Con-
nect pins 1 through 16, 27, and 28 to pin 22).

2. Adjustthe offset zero-adjust trim-pot of op-amp A2, if used, for
a maximum of OV +504V dc at AGNDs.

3. Adjust the offset zera-adjust trim-pot of output op-amp A1 for
a maximum of 0V +50uV dc at VouT-

Gain Adjustment (Optionat)

1. Connect all data inputs (pins 1 through 16) to VT (pin 26}.
Connect CS, WR, A1 and Ag (pins 1, 2, 27, and 28 respectlve-
ly) to DGND (pin 22).

2. Monitor Voyr for a-(VREF + 1LSB)reading.

3. To decrease VQUT, connect a series resistor of 100 chms or
less between the reference voitage and the VRgM and VREL
terminals (pins 20 and 18).

4. Toincrease VoUT, connecta series resistor of 100 ohms or less
between OP-AMP. Al's output and the Rpg terminal (pin 21).

For applications where the output reference ground point is estab-
lished somewhere other than at the DAC, a circuit similar to that
shown in Figure 6 could be used. Here, op-amp A2 removes the
slight error due to IR voltage drop between the internal analog
ground node and the external ground connection. For 13-bit or
lower accuracy, omit A2 and connect AGNDF and AGNDg directly
to ground through as low a resistance as possible.
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Figure 6. Unipolar Binary Operation with Forced Ground

BIPOLAR (2's COMPLEMENT) OPERATION

Figure 7 shows a circuit configuration for bipolar mode operation
using a DAC-7134B. Using 2's complement digital input codes and
positive and negative reference voltage values, four-quadrant mul-
tiptication is obtained. Table 5 lists the digital input codes and their
raspective analog output values for bipolar mode operation.

Amplifier A2, together with internal resistors Rjny4 and Riny2,
forms a simple valtage inverter circuit. The MSB ladder feg sees
a reference input of approximately VREF, so the MSB's weight
is reversed from the polarity of the other bits. In addition, the
DAC-7‘|IS48's feedback resistance switches to 2R under PROM
control.

The resultant bipolar outputrange is +VRefFto{VREF + 1LSB).
Again, the grounding arrangement of Figure 6 can be used.

Vaer W

QATA
HBUTS

Figure 7. Bipolar (2's Complement), Four-Quadrant
Multiplying Circuit

| EESLSEL DDDEIEI:‘? 3 -7

T-51\- @_qdmc-n 34B, DAC-7T34U

Table 5. Code Table—Bipolar (2’s complement) Operation

DIGITAL INPUT ANALOG OUTPUT
+VREF VReF
+VREr—iLSB | VReg + 1LSB
05(+VRer) 05(VREF)
[ [
O05(VRer) 05(+VREF)
VREF +VREF
Offset Adjustment
{See Figure 7)

1. Connectall datainputs andWR, CS, Agand A to DGND; (Con-
nect pins 1 through- 16, 27, and 28 to pin 22),

2. Setdatato00000....00. Adjustthe offset zero adjust trim-pot
of output op-amp A1 for a maximum of OV +50uV dc VOyT-

3. Connect D13 (MSB, pin 16) data input to V+ (pin 26).

4. Adjust the offset zero-adjust trim-pot of op-amp A2 for a maxi-
mum of OV +50uV de at the RjNy terminal (pin 19).

Gain Adjustment (Optional)

-k

. ConnectCS, WR, Aq and Ag (pins 1, 2, 27, and 28 respective-
ly) to DGND (pin 22).

. Connect Dg through D12 (pins 3 through 15) to V+ (pin 26).

Connect D13 (MSB, pin 16) to DGND (pin 22).

Monitor VoyT for a VReF + 1LSB reading.

. Toincrease VOUT, connect a series resistor of 200 ohms or less

between op-amp At’s output and the Rgg terminal (pin 21).

. To decrease VoUT, connect a series resistor of 100 ohms or
less between the reference voltage and the VRg( terminal
(pin 18).

n @ N

APPLICATIONS
General Recommendations

Ground Loops

Careful consideration must be given to ground loops in any sys-
tem with 14-bit accuracy. The currentinto the analog ground point
inside the chip varies significantly with the input code value, and
the inevitable resistances between this point and any external con-
nection point can lead to significant voitage drop errors. For this
reason, two separate leads are brought out from this point on the
IC, and AGNDg and AGNDg pins. The varying current should be
absorbed through the AGNDg pin, and the AGNDg pin will then
accurately reflect the voltage on the internal current summing
point. Thus, autput signals should be referenced to the sense pin
AGNDg, as shown in the various application circuits.

Power Supplies

The V + (pin 25) power supply should have a low nolse level, and
notransients exceeding 7 volts. Note that the absolute maximum
digital input voltage aflowed is V +, which therefore must be ap-
plied before digital inputs are allowed to go high. Unused digital
inputs must be connected to GND or V+ for proper operation.

DATEL, Inc. 11 Cabot Boulevard, Mansfield, MA 02048-1194/TEL (508) 339-3000/TLX 174388/FAX (508) 339-6356  2.20



.
07E D' B 2L515LY} 0000870 T WA

s rw Ty

¢ a s

DATEL INC -
'DAC-71348B, DAC-7134U

_T=5\-(1-90_ P OATEL

Operationat Amplifier Selection

To maintain static accuracy, the lgyt potential must be exactly
equatto the AGNDg potential. Thus, output amplifier selection is
critical, in particular low input bias current (less than 2nA), low off-
set voltage drift (depending on the temperature range) and low off-
setvoltage (less than 25,V) are advisable if the highest accuracy
is needed. Maintaining a low input offset over a OV to 10Vdc range
also requires that the output amplifier has a high open loop gain
(Avgr > 400k for effective input offset less than 25uV).

The reference inverting amplifier used in the biopolar mode cir-
cuit must also be selected carefully. if 14-bit accuracy is desired
without adjustment, low input bias current (less than 1nA), low off-
set voltage (less than 504V), and high gain (greater than 400k) are
recommended. If a fixed reference valtage is used, the gain
requirement can be relaxed. For highest accuracy (better than 13
bits), an additional op-amp may be needed to correct for IR drop
on the analog ground line (op-amp Ay in Figure 6). This op-amp
should be selected for low bias current (less than 2nA) and low off-
set voltage (less than 50uV).

PACKAGE DIMENSIONS All dimensions in inches {millimeters)

The op-amp requirements can be readily met using an AM-7650
chopper stabilized device. For faster settling time, DATELs AM-460
or AM-462 can be used with an AM-7650 providing automatic off-
set null.

The output amplifier's non-inverting input should be tied directly
to AGNDg. A bias current compensation resistor is of limited use
since the outputimpedance at the summing node depends onthe
code being converted in an unpredictable way. if gain adjustment
is required, low tempco (approximately 50ppm/°C) resistors or trim-
pots should be selected.

PACKAGE DIMENSIONS

The DAC-7134B and DAC-1734U differ only in the programming
instructions, Therefare, the same package dimensions, as shown
in Figure 8, apply to both model numbers. The device is available
only in a standard 28-pin CERDIP package.
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Figure 8. 28-Pin CERDIP Package Dimensions
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ORDERING INFORMATION
DAC-7134
C_J = 12-Bit Linearity (0.01% FSR)
= 13-Bit Linearity (0.006% FSR)
= 14-Bit Linearity (0.003% FSR)

K

L

B = Bipolar Version
U = Unipolar Version
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