ANALOG
DEVICES

CMOS 10&12-Bit Monolithic
Multiplying D/A Converters

FEATURES

AD7520: 10 Bit Resolution

AD752: 12 Bit Resolution

Linearity: 8, 9 and 10 Bit

Nonlinearity Tempco: 2ppm of FSR/°C
Low Power Dissipation: 20mW

Current Settling Time: 500ns
Feedthrough Error: 1/2L.SB @ 100kH2
TTL/DTL/CMOS Compatible

GENERAL DESCRIPTION

The AD7520 (AD7521) is a low cost, monolithic 10-bit
(12-bit) multiplying digital-to-analog converter packaged in
a 16-pin (18-pin) DIP. The devices use advanced CMOS and
thin film technologies providing up to 10-bit accuracy with
TTL/DTL/CMOS compatibility.

The AD7520 (AD7521) operates from +5V to +15V supply
and dissipates only 20mW, including the ladder network.
Typical AD7520 (AD7521) applications include: digital/
analog multiplication, CRT character generation, program-
mable power supplies, digitally controlled gain circuits, etc.

ORDERING INFORMATION

Nonlinearity Temperature Range
0 to +70°C -25°C to +35°C | -55°C to +125°C
0.2% (8-Bit) AD7520JN AD7520]D AD7520SD
AD7521]N AD7521)JD AD7521SD
AD7520KN | AD7520
0.1% (9-Bit) 7520K 7520KD AD7520TD
AD7521KN | AD7521KD AD7521TD
0.05% (10-Bit) AD7520LN AD7520LD AD7520UD
AD7521LN AD7521LD AD7521UD

PACKAGE IDENTIFICATION

Suffix D:
Suffix N:

Ceramic DIP package
Plastic DIP package

FUNCTIONAL DIAGRAM
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DIGITAL INPUTS (DTL/TTL/CMOS COMPATIBLE)

AD7520: N=10
AD7521: N=12
Logic: A switch is closed to Iy for its

digital input in a “HIGH” state.
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SPECIFICATION S (Vpp = +15, VRgF = +10V, T = +25°C unless otherwise noted)

TEST CONDITIONS

PARAMETER AD7520 AD7521
DC ACCURACY'
Resolution 10 Bits 12 Bits
Nonlinearity (See Figure 5)
J, 0.2% of FSR max (8 Bit)  * S,T,U: over ~55°C to +125°C
S, 0.2% of FSR max (8 Bit)  * ~10V<Vgpp<+10V
K, 0.1% of FSR max (9 Bit) *
T, 0.1% of FSR max (9 Bit) *
L, 0.05% of FSR max (10 Bit) *
U, 0.05% of FSR max (10 Bit) *
Nonlinealr'itzy Tempco 2ppm of FSR/°C max * ~10VSVRpp<+10V
Gain Error 0.3% of FSR ty * 10V VR pp<+10V
Gain Error Tempco® 10ppm of FSR/"C max * ~10VSVRgpS+10V
Output Leakage Current
(either output) 200nA max * Over specified temperature range
Power Supply Rejection 50ppm of FSR%/°C typ *
(See Figure 6)
AC ACCURACY To 0.05% of FSR
Output Current Settling Time 500ns typ * All digital inputs low to high
(See Figure 10) and high to low
Feedthrough Error (See Figure 9) 10mV p-p max Vgger = 20V p-p, 100kHz
* All digital inputs low
REFERENCE INPUT
Input Resistance® 5k min *
10kS2 typ *
20k§2 max *
ANALOG OUTPUT
Output Capacitance Iyt 120pF typ * All digital inputs high
(See Figure 8) Iout? 37pF typ * All digital inputs high
louTtt 37pF typ * All digital inputs low
louTt2 120pF typ * All digital inputs low
Output Noise (both outputs) Equivalent to 10k typ *
(See Figure 7) Johnson noise
DIGITAL INPUTS®
Low State Threshold 0.8V max * Over specified temperature range
High State Threshold 2.4V min * Over specified temperature range
Input Current (low to high state) 1uA typ * Over specified temperature range
Input Coding Binary * See Tables 1 & 2 under Applications
POWER REQUIREMENTS
Power Supply Voltage Range +5V to +15V *
Ipp 5nA typ * All digital inputs at GND
2mA max * All digital inputs high or low
Total Dissipation (Including ladder) 20mW typ *

NOTES:

! Full scale range (FSR) is 10V for unipolar mode and +10V for bipolar mode.

2 Using the internal REEEDBACK

3Digital input levels should not go below ground or exceed the positive supply voltage, otherwise damage may occur.
4L adder and feedback resistor tempco is approximately -150ppm/°C.

Specifications subject to change without notice.
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ABSOLUTE MAXIMUM RATINGS 1000 2= i i i i
o) . ’ - - 1
(TA = +25 C unless otherwise noted) DIGITAL INPUT VOLTAGE = +5V
Vpp (0 GND) ..o +17V 100
Veep(toGND). .. ..o oo 125V
Digital Input Voltage Range . .. ... ........ Vpp to GND 10
Output Y'o!tag? Pin1,Pin2) .......... -100mV to VDD
Power D15;51p;it1()n (package) <1 —
UPtO+75 Coi 450mw 7 )P e
derates above +75°Cby . .. .. ... ... ... ... 6mw/°C 8 Pc;/x
. <>
Operating Temperature 0.1 ‘\ﬁ}/
JN, KN, LN Versions. . . ... ... v 0to +70°C P»\}Q\)"
JD, KD, LD Versions. . . ... ......... -25°Cto +85°C S
SD, TD, UD Versions. . ... ......... -55°Cto +125°C ~
Storage Temperature . ... ... ... ... ... -65°C to +150°C
0.001
55 -50 -40  -20 0 20 40 60 80 100 120 125
CAUTION: TEMPERATURE - °C
- . M 4 .
1. Do not apply voltages hlghe_r than Vpp or less than Figure 2. Supply Current vs. Temperature
GND potential on any terminal except VRpgp.
2. The digital control inputs are zener protected; however,
permanent damage may occur on unconnected units
under high energy electrostatic fields. Keep unused units 1000 —
in conductive foam at all times. O
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TEST CIRCUITS

Note: The following test circuits apply for the AD7520.
Similar circuits can be used for the AD7521.
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TERMINOLOGY

: R IOUL:D_I NONLIMEARITY: Error contributed by deviation of the
! oors ‘(] AD741K DAC iransfer function from a best straight line function.
2 Normally expressed as a percentage of full scale range.
7 For a multiplying DAC, this should hold true over the
entire VR range.

|
BIT 10 (LSB}

Figure 6. Power Supply Rejection RESOLUTION: Value of the LSB. For example, a unipolar

converter with n bits has a resolution of (2—n) (VRER)- A
bipolar converter of n bits has a resolution of [2~(1—1)]
[VREF]- Resolution in no way implies linearity.

AC PARAMETERS

+11V {ADIUST FOR Vgt = OV}

*e SETTLING TIME: Time required for the output function of
— e 1002 10k the DAC to settle to within 1/2 LSB for a given digital
1oF 1 input stimulus, i.e., O to Full Scale.
6 . v F = TkHz
: . 2o AD118A e I GAIN: Ratio of the DAC’s operational amplifier output
X AD7520 % > Vour | moomL voltage to the input voltage.
| loun 134-D
{13 1 + WAVE
T 50k ANALYZER FEEDTHROUGH ERROR: Error caused by capacitive
coupling from Vg g to output with all switches OFF.
0.1uF 1k
6 -50v OUTPUT CAPACITANCE: Capacity from lg;1; and
. terminals to ground.
Figure 7. Noise fourz
OUTPUT LEAKAGE CURRENT: Current which appears on
I IOUT.I terminal wiFh all digital inputs LOW or on Igyrs
. | terminal when all inputs are HIGH.
(L BIT1(mMsB)| 15 14
4 16—NC
T 5 ao7s20 ' W
] 100mV p-p
Lt 13 2 SCOPE 1MHz
BIT 10 (LSB) 3 %

Figure 8. Output Capacitance

302 D/A CONVERTERS



CIRCUIT DESCRIPTION

GENERAL CIRCUIT INFORMATION

The AD7520 (AD7521), a 10-bit (12-bit) multiplying D/A con-
verter, consists of a highly stable thin filra R-2R ladder and
ten (twelve) CMOS current switches on a monolithic chip.
Most applications require the addition of only an output
operational amplifier and a voltage or current reference.

The simplified D/A circuit is shown in Figure 11. An inverted
R-2R ladder structure is used — that is, the binarily weighted
currents are switched between the lg;1q and Iy, bus lines,
thus maintaining a constant current in each ladder leg inde-
pendent of the switch state.
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(Switches shown for Inputs ““‘High™)

Figure 11. AD7520 (AD7521) Functional Diagram

One of the CMOS current switches is shown in Figure 12. The
geometries of devices 1, 2 and 3 are optimized to make the
digital control inputs DTL/TTL/CMOS compatible over the
full military temperature range. The input stage drives two
inverters (devices 4, 5, 6 and 7) which in turn drive the two
output N-channels. The “ON” resistances of the first six
switches are binarily scaled so the voltage drop across each
switch is the same. For example, switch-1 of Figure 12 was
designed for an “ON” resistance of 20 ohms, switch-2 of 40
ohms and so on. For a 10V reference input, the current
through switch 1 is 0.5mA, the current through switch 2 is
0.25mA, and so on, thus maintaining a constant 10mV drop
across each switch. It is essential that each switch voltage drop
be equal if the binarily weighted current division property of
the ladder is to be maintained.
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Figure 12. CMQOS Switch
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Figure 13. AD7520 (AD7521) Equivalent Circuit—
All Digital Inputs Low

EQUIVALENT CIRCUIT ANALYSIS

The equivalent circuits for all digital inputs high and all digital in-
puts low are shown in Figures 13 and 14. In Figure 13 with all
digital inputs low, the reference current is switched to lgyrs-
The current source I g A K AGE is composed of surface and

junction leakages to the substrate while the 10%# (1619.6 )

current source represents a constant 1-bit current drain
through the termination resistor on the R-2R ladder. The
“ON" capacitance of the output N channel switch is 120pF,
as shown on the Iy, terminal. The “OFF” switch capaci-
tance is 37pF, as shown on the Iy terminal. Analysis of
the circuit for all digital inputs high, as shown in Figure 14 is
similar to Figure 13; however, the “ON”’ switches are now on
terminal Iy, hence the 120pF at that terminal.

Reeepsack
| R =~ 10k$2 A
REF R
VREFCr- — louT?
* (1/4096) * ILeAKAGE $120pF
s
j —O lout2
f lLeAkAGE  —— 37pF
‘&

Figure 14. AD7520 (AD7521) Equivalent Circuit—
All Digital Inputs High
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APPLICATIONS
UNIPOLAR BINARY OPERATION

Figure 15 shows the circuit connections required for uni-
polar operation using the AD7520. Since VRJ:F can as-
sume either positive or negative values, the circuit is also
capable of 2-quadrant multiplication. The input code/out-
put range table for unipolar binary operation is shown in
Table 1.

V| +15V
%EF—I l
15 14
BIT 1 (MSB) Reeepeack
o———-( 4 16
oO—— =15 } louT
DIGITAL -
| AD7520 —O Vour
INPUT | +
! 13 ) louT2 j
BIT 10 (LSB) 3

!GN[)

Figure 15. Unipolar Binary Operation
(2-Quadrant Multiplication)

Zero Offset Adjustment

1. Tie all digital inputs to the AD7520 (ADD7521) to GND
potential.

2. Adjust the offset trimpot on the output operational
amplifier for OV #1mV at Vit

Gain Adjustment

1. Tie all digital inputs to the AD7520 (AID7521) to the
+15V supply.

2. To increase VOUT, place a resistor R in series with the
amplifier output terminal and RFEEDEACK ©f the
AD7520 (AD7521) (R = 0 to 500£2)

3. To decrease Vp, place a resistor R in series with Vgpg.
(R = 0 to 5008)

DIGITAL INPUT ANALOG OUTPUT

1111111111
1000000001

~Vggr (1 - 2710)
~Vygp (172 + 2710)

-V
1000000000 o

p : -10
0111111111 -Vggr (1.2 - 2719)
0000000001 ~Vger (2719)
0000000000 0

). _ 910
NOTE: 1 LSB = 2 VREF

Table 1. Code Table — Unipolar Binary Operation

BIPOLAR (OFFSET BINARY) OPERATION

Figure 16 illustrates the AD7520 connected for bipolar
operation. Since the digital input can accept bipolar numbers
and Vg can accept a bipolar analog input, the circuit can
perform a 4-quadrant multiplying function. (nput coding is
offset binary (modified 2’s complement) as shown in Table 2.

304 D/A CONVERTERS

DIGITAL INPUT

ANALOG OUTPUT

1111111111

-Vger (1 -27)

1000000001

~Vrgr (27)

1000000000

0

¢111111111

Vgrer (27)

000000001

Vigr (1 -27)

¢000000000

VREF

MOTE: 1 LSB = 27 Vpgpp
Table 2. Code Table — Bipolar (Offset Binary) Operation

When a switch’s control input is a Logical ‘1”7, that switch’s
current is steered to Iy, forcing the output of amplifier
#1 1o

Vour = ~ Uour1) (10k)

where 10k is the value of the feedback resistor.

A Logical “0” on the control input steers the switch’s current
to lyyr2 . Which is terminated into the summing junction of
amplifier #2. Resistors R1 and R2 need not track the internal
R-2R circuitry; however, they should closely match each other
to insure that the voltage at amplifer #2’s output will force a
current into R2 which is equal in magnitude but opposite in
polarity to the current at Iy, - This creates a push-pull
effect which halves the resolution but doubles the output
range for changes in the digital input.

With the MSB a Logic “1”” and all other bits a Logic “0”,a 1/2
LSB difference current exists between Igyp; and lgyra,
creating an offset of 1/2 LSB. To shift the transfer curve to
zero, resistor R-9 is used to sum 1/2 LSB of current into the

louT2 terminal.

Offset Adjustment

1. Make Vggg approximately +10V.
2. Tie all digital inputs to +15V (Logic *17).

3. Adjust amplifier #2 offset trimpot for OV £1mV at
arnplifier #2 output.

4. Tie MSB (Bit 1) to +15V, all other bits to ground.

Adjust amplifier #1 offset trimpot for 0V *1mV at
Vour-

Gain Adjustment

Gain adjustment is the same as for unipolar operation.

+15
VREF
R32 10 MEGOHM
15 14 9
BIT 1 (MS R
wmsey |, 16 FEEDBACK
louT1
O——-——=15 1 L Vout
DIGITAL | AD7520 R2 $10k +
INPUT I 10K
| 1 R1
_ 13 2 outz L I~
BIT 10 (LSB) 3

Kg +
Figure 16. Bipolar Operation
(4-Quadrant Multiplication)



DYNAMIC PERFORMANCE CHARACTERISTICS AD505)
Small Signal Bandwidth: 1.0MHz

The following circuits and associated waveforms illustrate the . .
Settling Time: 2.5us

dynamic performance which can be expected using some
commonly available IC amplifiers. All settling times are to VREF +15V
0.05% of 10V.

BIT 1 (MSB) 15 14 ReEEDBACK
AD741] O—-{4 16 4- -
. . . BIT 2 1 a0 oo2F
Small Signal Bandwidth:  180kHz o= {5 20pF
Settling Time 20us DIGITAL ! AD7520 louTt
INPUT ) 1 v,
Your
Veer +15V ! . ) lout2 <
BIT 10 (LSB) 3
BIT 1 (MSB) 15 14 REEEDBACK
O—i4 16 GND
BIT 2C0——15 fout 2
| - - . 4700pF
DIGITAL I AD7520 NG —OVOUT o
INPUT | 3
BIT 10 (LSB) louT2
C I PP 2 X
3 Figure 21. DAC Circuit Using AD505J

6:\10 %
1us/DIV
Figure 17. DAC Circuit Using AD741J .-....-_-
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, Figure 22. Output Waveform
Figure 18. Qutput Waveform AD509K
AD518K Small Signal Bandwidth: 1.6MHz
Settling Time: 2.0us
Small Signal Bandwidth: 1.0MHz
Settling Time: 6.0us VRer +15v
Ver +15V ] [
REE BIT1(msB)| 15 14 RreEDBACK
O——»q4 16 \ 4
BIT 1 (MSE) B4 Rceosack . T 100F "!
Ol a Py DIGITAL O] louTs
™ 16 -L"o . INPUT : AD7520 1;—L
20p
. BIT 2()———!—’- 5 o520 IM 2 |
DIGITAL AD752 - - v, I
INPUT : 4|AD518 fe—0° O—vl-—w 2122
BIT 10 (LsB) | oure + BIT 10 (LSB) 3
O——={13 2 &ND
3

Figure 19. DAC Circuit Usirg AD518K
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Figure 20. Output Waveform

Figure 23. DAC Circuit Using AD509K

1us/DIV

Fl!ﬂ!!ﬂ;lﬂ

5V/DIV

Figure 24. Output Waveform
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ANALOG/DIGITAL DIVISION

With the AD7520 connected in its normal multiplying configu-

ration as shown in Figure 15, the transfer function is

A A A A
__VIN< 1+_2 +_3 4 oe e n>

21 22 23 2n

where the coefficients A, assume a value of 1 for an ON bit

and O for an OFF bit.

By connecting the DAC in the feedback of an operational
amplifier, as shown in Figure 25, the transfer function becomes

Vo = —VIN °
A A A A
22 L D
21 22 23 2n

This is division of an analog variable (V) by a digital word.
With all bits off, the amplifier saturates to its bound, since
division by zero isn’t defined. With the LSB (Bit 10) ON, the

gain is 1024. With all bits ON, the gainis 1 (1 LSB).

DIGITAL INPUT

BIT 1 BIT 10
{MSB) {LSB}

4 5 13
Vin—16 14— +15V
— 12 AD7520
‘5_ 1 15
3

<7:>—4>——o Vour

Figure 25. Analog/Digital Divider

BONDING DIAGRAMS

Dimensions shown in inches and (mm).
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OUTLINE DIMENSIONS

Dimensions shown in inches and (inm).

AD7520
16 PIN CERAMIC DIP

L]
0.30 (7.62)
028 712)
e e
0.81(20.58) 0.2 (3.05)
0.77 (19.56) 0.06 (1.53)
— I 1
0714 32)
MAN ‘
T 0.175 (4.45) ol 0012 10.305)
°"25“3 18) 0,008 (0.203)
0.06 (1.53) 002 {0.508) 0105 (2.67) I 0.306 7.78)
0.045 (115) 015 (038 0095 (242) 0.294 (7.47)

LEAD NO. 1 IDENTIFIED BY DOT OR NOTCH

16 PIN PLASTIC DIP

\WAVAVAVAVAWAYA|
L]

0.26 (6.61)
0.24 {6.10)

IAYAYAYAYAYAVAY

0.755 {1918} 0 306 {7.78)

ot
i 0.745 (18.93} 0 284 7. ‘7) j

0.1 (3.56)
0.17 (4.32) 0.2 (3.05)
NAX [ - -

0175 {4.45)
012 l305| —a- -
‘—”'4 ,‘ 012 0. 3(!5)

0 065 (1.1 66) 0.02 {0.508) 0. ‘05 {2.67) 0003 {0. 203)
0045 (115} 0.015 {0.381} 0.095 (242}
LEAD NO. 1 IDENTIFIED BY DOT OR NOTCH

o|5 -

AD7521
18 PIN CERAMIC DIP

1
0.3 {7.62)
0.28 (712}

e —

0.91(23.12) _J 012 (3.08)
0.89 (22.61) 1 0.06 (1.53)
017 4.32) [
MAX t ‘
I o178 @.a8) | o 0012 (0.305)
%ﬂs' ™ 5008 0203)
7.06 (1.53) 0.02 (0.508)  0.105 (2.67) 0.30€ (7.78)
1).045 (1.15) 0.075 (0.381) 0.095 (2.42) 0.294 (747}

LEAD NO. 1 IDENTIFIED BY DOT OR NOTCH

18 PIN PLASTIC DIP

.
0.26 (6.61)
024 (6.10)
0.9 (22.86) 0.306 [7.78)
t 0.89 (22.61) ! | Szagan | !
T 092 (3.56)
0.18 (4.58) TN
MAX i A\ _‘_
‘ l 0.175 (4.45) X
012 (3.05) . xx
)
- ._I l_. .,‘ I__ I 0.12 (0.305)
0.065 {1.66) 0.02 {0.508} 0.105 (2.67) 0.008 (0.203)
0.5 (1.15) 0.015 (0.381  0.095 (2.42)

LEAD NO. 1 IDENTIFIED BY DOT OR NOTCH



