PM-7541

CMOS 12-BIT MONOLITHIC MULTIPLYING
D/A CONVERTER

Precision Monolithies fnc.

‘EATURES

' Full Four-Quadrant Multiplication
12-Bit Endpoint Linearity (+1/2 LSB)
Pretrimmed Gain
TTL/CMOS Compatible
Low Power Consumption
Low Feedthrough Error
Direct Replacement for AD7521 and AD7541
Superior Power Supply Rejection from +SV to +15V
Low Gain and Linearity Tempcos (TYP 2ppm of FSR/°C)
Latch-Up Resistant
Available in Die Form

PPLICATIONS

Digital/Synchro Conversion
Programmable Amplifiers
Ratiometric A/D Conversion
Function Generator

CRT Graphics Generator
Digitally-Controlled Attenuator
Digitally-Controlled Power Supplies
Digital Filters

RDERING INFORMATION '
PACKAGE: 18-PIN

EXTENDED
MILITARY" INDUSTRIAL COMMERCIAL
TEMPERATURE TEMPERATURE TEMPERATURE
ONLINEARITY -55°Cto +125°C -40°Cto +85°C 0°C to +70°C
1LSB PM7541BX PM7542FX -
112LSB PM7541AX PM7541EX PM7541GP
1LSB - PM7541FP -

For devices processed in totai compliance to MiL-STD-883, add /883 after part
number. Consult factory for 883 data sheet.

Burn-in is available on commercial and industrial temperature range parts in
CerDIP, plastic DIP, and TO-can packages. For ordering information, see
PMI's Data Book, Section 2.

NCTIONAL DIAGRAM

CROSS REFERENCE
TEMPERATURE
PMI ADI RANGE
PM7541AX AD75417D
PM7541BX AD75415D MILITARY
PM7541EX AD7541BD
PM7541FX AD7541AD INDUSTRIAL
PM7541GP AD7541KN
PM7541FP AD7541IN COMMERCIAL
GENERAL DESCRIPTION

The PMI PM-7541 is a 12-bit, 4-quadrant multiplying digital-to-
analog converter. It is manufactured using an advanced oxide-
isolated, silicon-gate, monolithic CMOS technology.

Laser-trimmed thin-film resistors on CMOS circuitry provide
true 12-bit linearity and excellent absolute accuracy. The low
power dissipation, together with NMOS temperature-compen-
sating switches, assures the performance over the full temper-
ature range. It is a pin-compatible replacement for Analog
Devices AD7521 and AD7541 with equal or better performance.

PIN CONNECTIONS
outi [1] @ 18] RreepBACK
loutz (7] [:7] Vier
ano (3] 6] Vot
B1mse) (3] 15| B12(L5B) 18-PIN EPOXY DIP

02 (5] o (P-Suffix)
83 [5] 3] B10 18-PIN HERMETIC DIP
B4 [7] [2] 89 (X-Suffix)
85 [ | 1i] B8
86 (5] [10] 87

VReF 10k$2 10ks2 10ki2

SPDT
NMOS
SWITCHES

10ks2

20k

O louT 2

O lout 3
1060
RegepBACK

{SWITCHES SHOWN FOR DIGITAL INPUTS “HIGH"}

[}
I
I
]
|
é

BIT 12 {LSB)
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PM-7541 CMOS 12-BIT MONOLITHIC MULTIPLYING D/A CONVERTEF

ABSOLUTE MAXIMUM RATINGS
(T, = +25°C, unless otherwise noted)

Vpp (10 GND) et
VREF (to GND) ...
Vorg (0 GND) ..
Digital input Voltage Range ....
Output Voltage (Pin 1, Pin 2) ..
Operating Temperaiure Range
AX/BX Versions ......
EX/FX/FP Versions.
GP Version
Junction Temperature ..
Storage Temperature ...
Lead Temperature (Soldering, 60 sec)

-55°C to +125°C
...—25°C 10 +85°C

ELECTRICAL CHARACTERISTICS at V, = +15V, V

PACKAGE TYPE OM {Note 1) 9 UNITS
18-Pin Hermetic DIP (X) 79 11 °C/W
18-Pin Plastic DIP (P) 70 30 °Cw

NOTES:

1. ©., is specified for worst case mounting conditions, i.e., 9 is specified fo
device in sacket for CerDIP and P-DIP packages.

2. Do notapply voltages higher than Vy p Orless than GND patential on any tet
minal except V. - (Pin 17) and R (Pin 18).

3. The digital control inputs are zener protected; however, permanent damag
may occur on unprotected units from high energy electrostatic fields. Kee
units in conductive foam at all times until ready to use.

4. Use proper anti-static handling procedures.

5. Absolute Maximum Ratings apply to both packaged devices and DICE

g =+10V,GND =0V, V|

Stresses above those listed under Absolute Maximum Ratings may caus
permanent damage lo the device.

=Vouro=0Viand T, =-55°C to +125°

apply for PM-7541AX/BX; T, =~40°Cto +85°C apply for PM 7541 EX/FX/FP,and T, = O°C to +70°C apply for PM- 7541 GP, unless ott

erwise noted.

—
PM-7541A/E/G PM-7541B/F
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
STATIC ACCURACY
Resoalution N 12 - — 12 — — Bits
Nonlinearity INL __ . 12 _ _ “ LSB
(Notes 1, 2}
Gain Error T, = +25°C — — +12.5 — — 1125
Grse L.SB
{Notes 3, 4) T, = Full Temp. Range — — +16.7 — — *16.7
Power Supply Vpp = 114.5V to +15.5V
Rejection PSRR Tp = +25°C - - *0.01 - — +0.01 %/%
AGain/AVpg Ta = Full Temp. Range - — +0.02 — - +0.02
O‘gp”'e';f?:‘age ) | Ta = +25°C - - +50 - - 50 A
ure OUuT 1, LKG .. n
Ta = Full Temp. Range — — +200 — — +2
(Notes 5. 6) A p-Rang 00
DYNAMIC PERFORMANCE
Qutput Current
Settling Time tg To 11/2LSB of FSR — — 1.0 - — 1.0 HS
(Note 7)
Feedthrough Error Vage = 20Vp.p @ T = 10kHz
F - — 2.0 — — :
(Note 7) T All digital inputs iow 20 mVe-p
REFERENCE INPUT
Input Resistance
R 5 — 20 5 — 2 k
(Note 8) REF 0 0
DIGITAL INPUTS
Digital Input High Viy 2.4 - — 2.4 - — v
Digutal input Low Vi - — 08 — — 08 v
input Leakage
| Vin=0to 15V — — 11 — — +
Current L N 1 HA
input Capacitance
_— — 8 — —
(Note 7) Cm 8 pF
Input Coding (Tables 1, 2) Binary or Offset Binary or Offset
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PM-7541 CMOS 12-BIT MONOLITHIC MULTIPLYING D/A CONVERTER

ELECTRICAL CHARACTERISTICS at Vj,, = +15V, V. . =+10V,GND = OV, V¢ ;1 , =V ;7 , = 0V; and T, = -55°C to +125°C for
apply PM-7541AX/BX; T, = —40°C to +85°C apply for PM- 7541 EX/FX/FP,and T, 0°C to +70°C apply for PM 7541GP, unless oth-
erwise noted. Contmued

—
PM-7541A/E/G PM-7541B/F

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX  UNITS
ANALOG OUTPUTS
Output Capacitance Cout . - 85 200 - a5 200

Digital | ts = V|

(Note 7) Couta ‘gital inputs =¥y - 30 60 - 30 60 PF

Output Capacitance Couts - — 30 60 — 30 60

Digital | ts = V,

(Note 7) Couta gital inputs = Vi - 85 200 - 85 200 PF

POWER SUPPLY

Accuracy is not guaranteed

. +5 — +1€ + - +
Voo Range Voo over this range. & 16 v
Supply Current lop Digital Inputs = V), or V, — — 2 - — 2 mA
NOTES:
1. A/E/G versions are monotonic to 12-bits. 5. Digital Inputs = V.
2. B/F/H versions are monotonic to 11-bits. 6. Specification also applies for 17 2 With all digital inputs = V).
3. Using internal feedback resistor. 7. Guaranteed and not tested.
4. Maximum gain change from +25°C to Tyyax OF Ty is £4.2 LSB 8. Absolute temperature coeff cient is approximately +300 ppm/°C.
maximum.
BURN-IN CIRCUIT
+10v +15V

1 Nt 1
—‘out 1 REDBK
2 1
F—1'our 2 VREF
3
GND Voo
y s '
< B1(MSB} (LSB}B12
100k
> 5 14
$—1 B2 B1t —4
13
L1 P B10 |—4
A P o}
8 1
—185 o8 [~ NOTES:
9 10 1. ALL RESISTORS ARE 1/4 WATT 5% TOLERANCE.
—186 87 2. €115 A 4.74F ELECTROLYTIC CAPACITOR.
3. C2 AND C3 ARE 0.01uF CERAMIC CAPACITORS.
4. C1AND C2 ONCE EVERY 10 DEVICES.

DIGITAL-TO-ANALOG CONVERTERS

11-359 9/89, Rev. C1



PM-7541 CMOS 12-BIT MONOLITHIC MULTIPLYING D/A CONVERTER

DICE CHARACTERISTICS

CURRENT OUTPUT 1

CURRENT OUTPUT 2

GROUND

DIGITAL INPUT (BIT 1) (MOST SIGNIFICANT BIT)
DIGITAL INPUT (BIT 2)

DIGITAL INPUT (BIT 3)

DIGITAL INPUT (BIT 4)

DIGITAL INPUT (BIT 5)

DIGITAL INPUT (BIT 6)

. DIGITAL INPUT (BIT 7)

11. DIGITAL INPUT (BIT 8)

12. DIGITAL INPUT (BIT 9)

13. DIGITAL INPUT (BIT 10)

14. DIGITAL INPUT (BIT 11)

15. DIGITAL INPUT (BIT 12) (LEAST SIGNIFICANT BIT)
16. POSITIVE POWER SUPPLY

17. REFERENCE INPUT VOLTAGE

For additional DICE ordering information, 18. INTERNAIL. FEEDBACK RESISTOR
refer to PMI's Data Book, Section 2.

PR ND G s PN

-
- O

DIE SIZE 0.102 X 0.100 inch, 10,200 sq. mils
(2,590 X 2.540 mm, 6.58 sq. mm}

WAFER TEST LIMITS at Vpp = +15V, Vgge = +10V, GND = 0V, Vot 1 = Vout 2= 0V, T = +25°C.

PM-7541G
PARAMETER SYMBOL CONDITIONS LMt UNITS
STATIC ACCURACY
Resolution N 12 Bits MIN
Nonlinearity INL +1 L8B MAX
Gain Error
G 125 LSB MA

(Note 1) FSE x

Power Supply
. PSRR Vpp = +14.5V to 1 15.5V +0.01 %/% MAX

Rejection
Output Leakage

Current (lgyr 1} lika Digital Inputs = Vi +50 nA MAX

{Note 2)
REFERENCE INPUT
Input Resistance Rger 5/20 kil MIN/MAX
DIGITAL INPUTS
Digital Input High Vig 24 V MIN
Digital tnput Low Vi 08 V MAX
Input Leakage

| Viy=0to 15V +1 A MA

Current L N ° s X
POWER SUPPLY
Supply Current lop Digital Inputs = V;,y or V. 2 mA MAX

NOTES:

1. Using internal feedback resistor.

2. Specification also appl es for | gyt 2 but all Digital Inputs = V|

Eiectrical tests are performed at wafer probe to the limits shown. Due to variaticns in assembly methods and normal yield loss, yield after packaging is not guarante:
for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing.
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PM-7541 CMOS 12-BIT MONOLITHIC MULTIPLYING D/A CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS

LOGIC INPUT THRESHOLD
NONLINEARITY ERROR NONLINEARITY ERROR VOLTAGE vs
vs DIGITAL CODE vs DIGITAL CODE SUPPLY VOLTAGE (Vpp)

T T 16 T
Ty = +25°C T = +25°C Ty = +25°C
075 |- Vpg * -5V 075 |- vpp -~ +15V - VR - +10v

VReF = 10V Vaee © 10V

-0.256

VOLTAGE {VOLTS}
@

VINH = 24v
al- :

Vinp - 08V \_

-
-0.75 075 /—A-r
-1.00 -1.00 0

—0.50

NONLINEARITY ERROR {LSB}
=]
NONLINEARITY ERROR (LSB)
o
LOGIC INPUT THRESHOLD

0 1024 2048 3072 4096 0 1024 2048 3072 4096 0 5 10 15 20
DIGITAL INPUT CODE {DECIMAL) DIGITAL INPUT CODE (DECIMAL) Vpp IVOLTS)
NONLINEARITY vs GAIN ERROR vs SUPPLY CURRENT vs
SUPPLY VOLTAGE SUPPLY VOLTAGE SUPPLY VOLTAGE
125 T 125 1000
Tp = +25°C ' Ta +257C o L TA T *25°C ‘
VREF = 10V VREF © +10V I
100 | 10.0 800
& F < o} I
) @ )
4 2 z /
S 075 z 15 2 600 |-
[ < € /
z z 500 |—
g i 3 /
2 4 >
2 50 2 50 400 [—
H 3 g Vin= +z.4v/
] 2 300 |
P———
0.25 25 200 |-
100 [—
/ Vin * Voo
0 0 o
0 5 10 15 0 5 10 15 ] 5 10 15
Vpp [VOLTS! Vpp (VOLTS) Vpp (VOLTS}
NONLINEARITY ERROR NONLINEARITY ERROR ]
vs REFERENCE VOLTAGE vs REFERENCE VOLTAGE
100 T 1.00 T T
Ta=v25°C Ty = +25°C
075 | Vpp 5V 4 — - L —1 — 0.75 |- Vpp - *15V [4>]
s ~ | =4
2 o0s0 — % 050 E‘E
5 g [
g o0z = 2 o2 - 23]
S S >
z 0 —— > 0 Z
g g O
z 025 4 025 @)
2 z
Z z Y
S -050 -+ S -050 8
075 B -0.75 é
-1.00 -1.00 Z
10 -8 6 -4 -2 0 2 4 6 8 10 W 8 6 4 -2 D 2 4 6 8 10 <
]
VReF (VOLTS) VRer (VOLTS) O
N
2
=
—
%
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PM-7541 CMOS 12-BIT MONOLITHIC MULTIPLYING D/A CONVERTER

TYPICAL PERFORMANCE CHARACTERISTICS

Vaer PHASE LAG AND

FREQUENCY RESPONSE
3 |

I

= 0 o

e g

o PHASE LAG 171 N\ ~

w QUENCY RESPQNSE 1 8

] -30 B

2 =1
9

\ 2

Z -6 -0 &

3 I

2 Ty = +25°C

2 Vpp = H18V

o Vags = 1Vrms -90

DIGITAL INPUT = 111111111111
R’ = 1000
7Y BN ST R Ly
1 10k 100k m 10M

FREQUENCY (Hz)

SPECIFICATION DEFINITIONS

RESOLUTION

The resolution of a DAC is the number of states (2" that the
full-scale range (FSR) is divided (or resolved) into, where "n" is
equal to the number of bits.

SETTLING TIME

Time required for the output function of the DAC to settle to
within 1/2 |.SB for a given digital input stimulus; i.e., zero to full
scale.

GAIN

Ratio of the DAC’s external-operational-amplifier output voit-
age to the Vrgr input voltage.

FEEDTHROUGH ERROR

Error caused by capacitive coupling from Vpge to output with all
switches OFF.

OUTPUT CAPACITANCE
Capacitance from lgyt 1 or oyt 2 terminals to ground.
OUTPUT LEAKAGE CURRENT

Current which appears on gyt 1 terminal with all digital inputs
LOW, or on gyt 2 terminal when all inputs are HIGH.

CIRCUIT DESCRIPTION

GENERAL CIRCUIT INFORMATION
The PM-7541 is a 12-bit multiplying D/A converter consisting of
a highly-stable, silicon-chrome thin film R-2R ladder network

FEEDTHROUGH ERROR
vs FREQUENCY

Tp = +25°C 1
F vpp = +15v

I VReF =20V,
" DIGITAL INPUT = DODO 0000 0000 y

b

0.1 b—

/
Y

FEEDTHROUGH ERROR (%}

0.001"
10

FREQUENCY (Hz)

and twelve pairs of NMOS current steering switches on a
monolithic chip. Most applications require the addition of a
voitage or current reference and an output operational ampilifier.

A simplified circuit of the PM-7541 is shown in Figure 1. The
R-2R inverted ladder binarily divides the input currents that are
switched between |g1 1 and gyt 2 BUS lines. This switching
allows a constant current to be maintained in each ladder leg
independent of the input code.

The design includes a matching switch in series with the
feedback (Rpg) and terminating resistors. These switches
(Figure 1) provide improved gain and linearity performance
over the operating temperature range.

FIGURE 1: Simplified DAC Circuit

Vier 10Ks2 10k 10k <2

20k2

LA

»

Qlour2

]

Lo

"
1
t

I
l
{
I
1
I
i
[}

é

— 2
)
! " 143 [ T2 lout
| it cal REEEDBACK
BIT1(MSB) BT2 BIT3 BIT 12 (L$B)

DIGITAL INPUTS (DTL/TTL/CMOS COMPATIBLE}

(SWITCHES SHOWN FOR DIGITAL INPUTS “HIGH")
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PM-7541 CMOS 12-BIT MONCLITHIC MULTIPLYING D/A CONVERTER

FIGURE 2: CMOS Switch
I

’ TO R-2R RESISTOR LADDER

o

POLY
RESISTOR
DTL/TTL/CMOS 2
INPUT

L

P
5 5

lout 2

lout 1

Jne of the twelve CMOS switches is shown in Figure 2. The
igital input stage, devices 1, 2, and 3, drives the two inverters,
evices 4,5, 6, and 7; these inverters in turn drive the two output
urrent steering switches, devices 8 and 9. Devices 1, 2, and 3
re designed such that the digital control inputs are DTL, TTL,
nd CMOS compatible over the full military temperature range.

FIGURE 4: PM-7541 Equivalent Circuit
(All Digital Inputs HIGH)

RrgeDBACK

(- R =10k

= R~ 10kQ

he twelve output current-steering switches are in series with
e R-2R resistor ladder, and therefore, can introduce bit errors.
is essential then, that the switch “"ON” resistance be binarily
saled so that the voltage drop across each switch remains
ynstant. If, for example, switch 1 of Figure 1 was designed with
1“ON” resistance of 10 ohms, switch 2 for 20 ohms, etc., then

O lout 1
VREF
¢ 2200F

© lout 2

ith a 10 volt reference input, the current through switch 1is
5mA, switch 2is 0.25mA, etc., a constant SmV drop will then
3 maintained across each switch.

AUIVALENT CIRCUIT ANALYSIS

gures 3 and 4 show the equivalent circuits for all digital inputs
W and HIGH respectively. The reference current is switched
IouT 2 when all inputs are LOW and louT 1 when inputs are
GH. The | gakage current source is the combination of
rface and junction leakages to the substrate; the 1/4096
rrent source represents the constant 1-bit current drain
‘ough the ladder terminating resistor. The output capacitance
dependent upon the digital input code, and is therefore
>dulated between the low and high vaiues.

3URE 3: PM-7541 Equivalent Circuit
{All Inputs LOW)

AreeDBACK

R = 10kQ2

0 lout 1

ILEAKAGE 120pF

t

'rerF

—= R~ 10k
O—AAA
REF ‘

0 lour 2

1/4096
? ILEAKAGE 165pF

by <

:
:

ILEAKAGE

1/4096
t 2? ILEAKAGE

< <

DYNAMIC PERFORMANCE

OUTPUT IMPEDANCE

The output resistance, as in the case of the output capacitance,
is also moduiated by the digital input code. The resistance
looking back into the | T 1 terminal, may be anywhere between
10k} (the feedback resistor alone when all digital inputs are
low) and 7.5k} (the feedback resistor in parallel with approx-
imately 30k} of the R-2R ladder network resistance when any
single bit logic is high). The static accuracy and dynamic
performance will be affected by this modulation. The gain and
phase stability of the output amplifier, board layout, and power
supply decoupling wili all affect the dynamic performance of
the PM-7541. The use of a compensation capacitor may be
required when high-speed operational amplifiers are used. It
may be connected across the amplifiers feedback resistor to
provide the necessary phase compensation to critically damp
the output.

The considerations when using high-speed amplifiers are:

1. Phase Compensation {See Figures 5 and 6).
2. Power supply decoupling at the device socket and use of
proper grounding techniques.

11-363
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PM-7541 CMOS 12-BIT MONOLITHIC MULTIPLYING D/A CONVERTER

APPLICATIONS INFORMATION

APPLICATION TIPS

Linearity depends upon the potential of gyt 1and loutz{pins 1
and 2) being exactly equal to GND (pin 3). In most applications,
the DAC is connected to an external op amp with its noninvert-
ing input tied to ground, see Figures 5 and 6. The amplifier
selected should have a low input bias current and low drift over
temperature. The amplifier's input offset voltage should be
nulled to less than +200uV (less than 10% of 1 LSB).

The operational amplifiers usual bias current compensation
resistor in the noninverting input should not be used; the input
should be connected directly to ground with a low-resistance
wire. This resistor can cause a variable offset voltage contribut-
ing an error. All pins going to ground should be taken to a
common point to avoid ground loops. The Vpp power supply
should have a low noise level and not have transients greater
than +17V.

FIGURE 5: Unipolar Binary Operation (2-Quadrant)

Unused digital inputs must always be grounded or taken to
Vpp; this will prevent noise from triggering the high impedance
digital input resulting in output errors. It is also recommended
that the used digital inputs be taken to ground or Vppvia a high
value (1MQ) resistor; this will prevent the accumulation of static
charge whenever the PC card is disconnected from the system.

OUTPUT AMPLIFIER CONSIDERATIONS

For low speed or static applications, AC specifications of the
amplifier are not very critical. In high-speed applications. slew
rate, settling time, open-loop gain, and gain/phase margin
specifications of the amplifier should be selected for the desired
performance. It has already been pointed out that an offset can
be caused by including the usual bias current compensation
resistor in the amplifier's noninverting input-terminal. This
resistor should not be used. Instead, the amplifier should have a
bias current which is low over the temperature range of interest.

VREF +15Y
-10v

17 16 |RreebBack
BTl o w]s 18

{MSB)

t
|
|
DIGITAL i PM-7541 1
INPUT |
I
I
]
BIT 12 !
wse) 5 5 2

Vour

FIGURE 6: Unipolar Binary Operation (2-Quadrant)

R1

VReR +15V
-1V b0

FEI
BIT 1 718 EpBaCK

mse) ST 8
DIGITAL

§

|

(

/ I
INPUT |
|

|

]

BIT1 o ]
(LsB)

Vout
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PM-7541 CMOS 12-BIT MONOLITHIC MULTIPLYING D/A CONVERTER

The static accuracy is affected by the variation in the DAC's
output resistance. This variation is best illustrated by using the
circuit of Figure 8 and the equation:

R
Error Voltage = Vog (1 + ﬂ)
Ro

where Rp = function of digital code.
Rp = 10kQ2 for more than 4-bits of logic 1.
Rp = 30kQ2 for any single bit logic 1.

Therefore, the offset gain varies as follows:

At code 001111111111: VEHROFH = Vos (1 + :g:g) =2Vos

100y _ 4y,
- = —2°) = Vos
At code 010000000000: Vepror 2 = Vos (1 + SOKQ) 3

The error difference is 2/3 Vpg.

Since one LSB has a weight (for Vgegg = +10V) of 2.5mV for the
PM-7541 DAC, it is clearly important that Vog be nulled, either
using the ampilifier's nulling pins or an external network.

APPLICATIONS

Figures 5, 6, and 7 show simple unipolar and bipolar circuits
with their associated waveforms using the PM-7541 and two
PM! types of output amplifiers. A small feedback capacitor
should be used across the amplifier to help prevent overshoot
and ringing when using high-speed op amps. Resistor R1 is
used to trim for full scale, low tempco (approximately 50ppm/°C)
resistors or trimpots should be selected when gain adjustments
are required.

FIGURE 7: Bipoiar Operation {(4-Quadrant)

R1

VREF O—AAA/ 1
%0

+15V

8IT1 17 16
mse) © 4 e

y
+ >
<
6 S RB
S

A3
10k
R4

PM-7541

10k

BiT129 — 15 3 2

(LSB)
RS
D op-01 5002
N
S ; H7

10k

UNIPOLAR BINARY OPERATION (2-QUADRANT)

The circuits of Figures 5 and 6 can either be used as a fixed
reference D/A converter, or as an attenuator with an AC input
voltage. In the fixed reference mode, the DAC provides an
analog output voltage in the range of zero to plus or minus Vggg,
depending on Vgee polarity. The reference input voltage can
range between -20V to +20V; this is due to the ability of Vrer
being able to exceed Vpyp, the limiting factor being the op amp
voltage range. Table 1 shows the code relationship for the
circuit of Figure 6. R1 can be omitted with a resulting maximum
gain error of 0.3% of full scale.

TABLE 1: Code Table for Circuit of Figure 6

DIGITAL INPUT NOMINAL ANALOG OUTPUT
111111111111 -0.99975 Vier
100000000000 -0.50000 Vier

O11111111111 -0.49975 Vper
00000000600CDQ 0

BIPOLAR BINARY OPERATION (FOUR-QUADRANT)

The recommended circuit and code relationship is shown in
Figure 7 and Table 2. The digital input is offset binary coded and
multiplies Vger per Table 2. Resistors R3 and R4 should be equal
within 0.1% at all temperatures, but need not track the resistors
within the PM-7541. The network comprised of R5, R6, and R7
sums 1/2 LSB of current into | gyt 2 to ensure correct coding at
zero. R1 can be adjusted to produce the outputs shown in Table
2. However, when the application permits it, R1 and R2 should
be omitted. The maximum gain error in this condition is 0.3% of
full scale. R5 may be replaced by a 1004} fixed resistor; the
maximum zero error is then 0.015% of full scale. The input offset
voltage of both amplifiers should be adjusted to less than 0.1mV
and be better than 0.5mV over the temperature range of interest.
With Vpee set to 10V, R5 is adjusted so that with code
100000000000, Vout = 0V £0.2mV. R1 is adjusted so that code
000000000000 causes VgoyT to equal Vger.

TABLE 2: Code Tabie for Circuit of Figure 7

DIGITAL INPUT NOMINAL ANALOG OUTPUT

111111111171 -0.99951 Vger
100000000001 ~0.00049 Vigr

100000000000 4]

010000000000 +0.50000 Viger

000000000000 +1.00000 Vper

11-365
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PM-7541 CMOS 12-BIT MONOLITHIC MULTIPLYING D/A CONVERTER

OFFSET ADJUSTMENT
Adjust Vggr to approximately +10V.
Set R5 to zero.
Connect all digital inputs to “Logic 1”.
Adjustigyt2amplifier offset trimpot for OV £0.1mVatloyto
amplifier output.
Connect a short circuit across R4.
6. Connect all digital inputs to “Logic 0".
7. Adjustlgyt2amplifier offset trimpotfor 0V £0.1mV atlgyt4
amplifier output.
Remove short circuit across R4.
9. Connect MSB (Bit-1) to “Logic 1" and all other bits to
“Logic 0".
10. Adjust RS for OV £0.2mV at VoyT.

Eal e

o

©

GAIN ADJUSTMENT
1. Connect all digital inputs to Vpp.

1
2. Monitor Vgyrt for ~Vger (1 - 27) volts reading while
adjusting R1.

FIGURE 8: Simpiified Circuit

ANALOG/DIITAL DIVISION
The transfer function for the PM-7541 connected in the multi-
plying mode as shown in Figure 6 is:
_ Ay A Aq A
Vomow(GHe5Ee e 2¢)
where A, assume a value of 1 for an “ON” bit and 0 for an
“OFF” bit.

The transfer function is modified when the DAC is connectedin
the feedback of an operational amplifier as shown in Figure 9,
it now is:

-VIn
Ar Ay A
A, A2 Ag A

21 22 23 212

Vo =

The above transfer function is the division of an analog
voltage (Vger) by a digital word. The amplifier goes to the rails
with all bits “"OFF” since division by zero is infinity. With all bits
“ON", the gain is 1 (=1 LSB). The gain becomes 4096 with the
LSB, bit 12, “ON".

FIGURE 9: Analog/Digital Divider
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