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Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER
D

3112, JULY 1988

Advanced LinCMOS™ Silicon-Gate
Technology

Easily Interfaced to Microprocessors
On-Chip Data Latches

Monotonic Over the Entire A/D Conversion
Range

Designed to be Interchangeable with Analog
Devices AD7528 and PMI PM-7528

Fast Control. Signaling for Digital Signal
Processor Applications Including Interface
with TMS320

KEY PERFORMANCE SPECIFICATIONS
Resolution 8 bits
Linearity Error 1/2 LSB
Power Dissipation at Vpp 5 mwW
Settling Time at Vpp = 5 100 ns
Propagation Delay at Vpp B0 ns

5V

o< i

5V

description

The AD7528 is a dual 8-bit digital-to-analog
converter designed with separate on-chip data
latches and featuring excellent DAC-to-DAC
matching. Data is transferred to either of the two
DAC data latches via a common 8-bit input port.
Control input DACA/DACB determines which
DAC is to be loaded. The “’load’’ cycle of the
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AD7528 is similar to the *‘write”’ cycle of a random-access memory, allowing easy interface to most popular
microprocessor busses and output ports. Segmenting the high-order bits minimizes glitches during changes
in the most significant bits, where glitch impulse is typically the strongest.

The AD7528 operates from a 5-V to 15-V power supply and dissipates less than 15 mW (typical). Excellent
2- or 4-quadrant multiplying makes the AD7528 a sound choice for many mic roprocessor-controlled gain-

setting and signal-control applications.

The AD7528B is characterized for operation from —25°C to 85°C. The AD7528K is characterized for

operation from 0°C to 70°C.

AVAILABLE OPTIONS

SYMBOLIZATION OPERATING
DEVICE PACKAGE| TEMPERATURE
SUFFIX RANGE
AD75288 FN, N —25°C to 85°C
AD7528K FN, N 0°C to 70°C

_ Advanced LiInCMOS is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA 4 contain inf i
current as of publication date. Products conform to
spocifications per the terms of Toxas Iastruments
standard warranty. Preduction processing dees not
necessarily include testing of all parameters.
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AD7528 , ]
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING 7-5/ -07-03
DIGITAL-TO-ANALOG CONVERTER |

functional block diagram -
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7-57-07-08 o628

Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

‘absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Vpp (to AGND or DGND) .. .. ... o L. -0.3Vto17V
Voltage between AGND and DGND . .. ... .. e e e e e +VDD
Input voltage, VI (tc DGND) .. .......... ..., P -03VtoVpp+03V
Reference voltage, ViefA or Vegfg {to AGND) . . .. . ... . .. . .. . . . +25 V
Feedback voltage, VRFBA of VRFBB (to AGND) . . .. ... . ... . .. ... .. i +25 V
Output voltage, Voa or VOB (to AGND) . . .. .. ... ... . . e +25V
Peak input eurrent . . . ... .. e e e 10 pA
Operating free-air temperature range: AD75288 . ............. e ~25°C to 85°C

AD7528K . . ... 0°C to 70°C
Storage temperature range . . . ... ... vttt e e e e e -65°C to 150°C
Case temperature for 10 seconds: FN package. . ... ..... ... ... ...... ... e 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ............ 260°C

recommended operating conditions

Vpp = 475V 10 6.26 V| Vpp = 14.5 V10 16.5 V UNIT

MIN NOM MAX MIN NOM MAX
Reference voltage, VigfA of VyefB . +10 +10 v
High-level input voltage, V|4 2.4 13.5 \
_Low-level input voltage, V| . 0.8 1.5 \4
TS setup time, tgu(cs) 50 : 50 ns
€S hold time, th(CS) 0 0 ns
DAC select setup time, tsu{DAC) j 50 50 ns
DAC select hold time, th(DAC) 10 10 ns
Data bus input setup time tg,(D) 25 25 ns
Data bus input hold time th(D) 0 [¢] ns
Pulse duration, WR low, ty(WR) . 50 50 . ns

. . AD75288 -25 85 —-25 85
Operating free-air perature, Ta AD7598K - o 70 2 70 °C
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AD7528 2 57/-09-
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING , 75 o8
DIGITAL-TO-ANALOG CONVERTER

electrical characteristics over recommended operating temperature range, VyefA = ViefB = 10V,
VOA and VOB at 0 V {unless otherwise noted) .

Vpp =5V |Vpp = 168V
TER TES N UNIT
PARAMETE ) T CONDITIONS MIN_ MAX | MIN _ MAX
Full Range: 10 ) 10 .
High-level i t V=V A
H igh-level input curren | DD 2590 1 o B
Full Bange -10 -10
Low-level i Vi = A
he ow-level input current i | =0 2850 Y - »
Retference input impedance 8. 151 a 15 : K
{Pin 15 to GND)
OUTA DAC data latch loaded with Full Range +400 +200
0 Output leak c nt 00000000, Viefa = 10V 25°C +50 +50 nA
UTT
kg Output feakage curre ouTE DAC data fatch loaded with | Full Range +400 200
00000000, Viefg = +10 V 25°C +50 +50
Input resistance match 1% 1%
{REFA to REFB) =17 *
DC supply sensitivity ) Full Range 0.04 0.02
A = +£10% %
Again/AVpp DD 25°C 0.02 0.01 1%
) Quiescent DBO-DB7 at Vjymin or Vi max ) 1 1
Ipp Supply current Full Range 0.5 0.5 mA
Standb -DB7 at O V or V
andoy | DBO-DB7 at OV or VDD 255C 01| o
DBO-DB7 10 1o
Ci Input capacitance WR, T3, V| = O or Vpp 15 15 pF
DACA/DACB
¢ Output capacitance DAC Data latches loaded with 00000000 : 50 50 F
% (OUTA, OUTBI " | DAC Data latches loaded with 11111111 120 120 P
.
i
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- AD7528
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

operating characteristics over recommended operating free-air temperature range,
VyafA = VriefB = 10 V, VOA and VOB at 0 V {unless otherwise noted) 7:57 "0 9'08-

: Vop=5V | Vpp=15V
PARAMETER TEST CONDITIONS M. TYP MAX T MIN _ TYP  MAX UNIT
Linearity error ) +1/2 . +1/2 | LSB
Setting time (to 1/2 LSB) See Note 1 ' 100 100 ns
. Full Range +4 +3
Gain error See Note 2 25°C ) ") Lse
AC feedthrough REFA to OUTA See Note 3 Fuli Range ~65 -65 4B
REFB to OUTB 25°C -70 -70
Temperature cosefficient of gain 0.007 0.0035 | %FSR/°C
Propagatuf:n delay {from digital input to See Note 4 80 80 ns
90% of final analog output current)
Channel-to-channe! | REFA to QUTB See Note 5 25°C 77 ' 77
isolation REFB to OUTA See Note 6 25°C 77 77 a8
Measured for code transition from
Digital-to-analog glitch impulse area 00000000 t0 11111111, 160 440 nVs
Ta = 26°C
Measured for code transition from
Digital crosstalk glitch impulse area 00000000 to 11111111, 30 60 nVs
Ta = 25°C :
Harmonic distortion Vi=6V,f=1kHz Ty = 256°C -85 -85 dB

NOTES: 1. OUTA, OUTB load = 100 €, Cexy = 13 pF; WR and CS at 0 V; DBO-DB7 at 0 V to Vyp or Vpp to O V.

2. Gain error is measured using an internal feedback resistor. Nominal Full Scale Range (FSR) = Vgt — 1 LSB.

3. Vyef = 20 V peak-to-peak, 100-kHz sine wave; DAC data latches loaded with 0000000.

4. Vigia = Vrefs = 10 V; OUTA/OUTBload = 100 @, Cext = 13 pF; WRand C5 at O V; DBC-DB7 8t 0 Vto Vpp or Vpp to O V.
5. Both DAC latches loaded with 11111111; Vygfa = 20 V peak-to-peak, 100-kHz sine wave; VrefB =o0.

6. Both DAC latches loaded with 11111111; Vigig 0.

20 V peak-to-peak, 100-kHz sine wave; Viefa

principles of operation

The AD7528 contains two identical 8-bit multiplying D/A converters, DACA and DACB. Each DAC consists
of an inverted R-2R ladder, analog switches, and input data latches. Binary-weighted currents are switched
between DAC output and AGND, thus maintaining a constant current in each ladder leg independent of
the switch state. Most applications require only the addition of an external operational amplifier and voltage
reference. A simplified D/A circuit for DACA with all digital inputs low is shown in Figure 1. ’

Figure 2 shows the DACA equivalent circuit. A similar equivalent circuit can be drawn for DACB. Both
DACs share the analog ground pin 1 (AGND). With all digital inputs high, the entire reference current flows
to OUTA. A small leakage current (ljkg) flows across internal junctions, and as with most semiconductor
devices, doubles every 10°C. Cg is due to the parallel combination of the NMS switches and has a value
that depends on the number of switches connected to the output. The range of Cq is 50 pF to 120 pF
maximum. The equivalent output resistance rq varies with the input code from 0.8R to 3R where R is
the nominal value of the ladder resistor in the R-2R network.

Interfacing the AD7528 to a microprocessor is accomplished via the data bus, CS, WR, and DACA/DACB
control signals. When TS and WR are both low, the AD7528 analog output, specified by the DACA/DACB
control line, responds to the activity on the DBO-DB7 data bus inputs. In this mode, the input latches are
transparent and input data directly affects the analog output. When either the CS signal or WR signal
goes high, the data on the DBO-DB7 inputs is latched until the CS andE signals go low again. When
CS is high, the data inputs are disabled regardless of the state of the WR signal.

The digital inputs of the AD7528 provide TTL compatibility when operated from a supply voltage of 5 V.,
The AD7528 may be operated with any supply voltage in the range from & V to 15 V, however, input
logic levels are not TTL compatible above 5 V.
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AD7528
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING 7-57-09 -O%
DIGITAL TO-ANALOG CONVERTER

VREF A

RFBA

OuTA
AGND

DACA DATA LATCHES
AND DRIVERS

FIGURE 1. SIMPLIFIED FUNCTIONAL CIRCUIT FOR DACA

RFBA
R
A .
VREFA > OuUTA

FIGURE 2. AD7528 EQUIVALENT CIRCUIT, DACA LATCH LOADED WITH 11111111.

MODE SELECTION TABLE

DACA/ S
DACB €S | WR | DACA | DACB
L L | t | WRITE | HOLD
H L | L | HOLD | WRITE
X H | X | HOLD | HOLD
X X | H | HOLD | HOLD

L = low level, H = high level, X = don‘t care

s BB

-
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AD7528

Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

TYPICAL APPLICATION DATA 7=$7-0 G-08

The AD7528 is capable of performing 2-quadrant or full 4-quadrant multiplication. Circuit configurations
for 2-quadrant and 4-quadrant multiplication are shown in Figures 3 and 4. Input coding for unipolar and
bipolar operation are summarized in Tables 1 and 2, respectively.

Viia)
+10V

R1 (See Note 1) R2 (Seo Note 1)

RFBA N2
(17) e e o o ' M 4 ‘
V U GRS N TEE T AR S — | e -
o0 o ¥ oso REFA M 2 C1 (See Note 2)
8 outa | N
s e INPUT 8 - =
dl BURFER <> LaTcH |4»{ Daca ] LVOA
Aano) |
(7} | DB7 b
— |
DACA/ RFBB
{6) lm\cns |
(15} I CS CONTROL * l |
(16) |m LOGIC 8 8 ouTB _‘_S
— Ley] LaTcH <] oace | v
oB
DGND () REFB AGND
. e e e e ——— [ —
RECOMMENDED TRIM 2R3 (See Note 1)
RESISTOR VALUES . #
i(B)
R1,R3 5000 £10V
R2, R4 150 0

NOTES: 1. R1, R2, R3, and R4 are used only if gain adjustment is required. See table for recommerded values. Make gain adjustment

with digital input of 255.
2. C1 and C2 phase compensation capacitors {10 pF to 15 pF) are required when using high-speed amplifiers to preveént ringing

or oscillation.

FIGURE 3. UNIPOLAR OPERATION (2-QUADRANT MULTIPLICATION)

{i’
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AD7528 :
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING - 7-57-09-08
DIGITAL-TO-ANALOG CONVERTER -

TYPICAL APPLICATION DATA

Vita}
10V R6 (See Note 2)
L4 20 k2

<
R1 {See Note 1}
2 ® " A2 (See Note 1)

a7 AAA
v, e T S, PN [ —— ] .
00 e oeo REFA I L C1 (Ses Note 3) | (See - RS
s 8 outal N Note 2) Y
ol INPUT 8 I R7
: #»] LATCH |4»] DAca A1 N
HE - BUFFER | AGND A
7 | oB? ’ *—o / Az Voa
. j I X1 R11 N
I - AN
ITc‘D A [ aree| | R4 iSee Note 1) 5k
1t lpace Y
s Ics CONTROL ¥ I o | C2 (See Note 3)
el VR LogiC 8 8 CLL
—— LATCH DACB l
(5) :
DGNE_E'—' : REFB Vos

P e it (S ——

& = AGND
/2R3 (See Note 1}

10V
Viig)

NOTES: 1. R1, R2, R3, and R4 are used only if gain adjustment is required. See table in Figure 3 for recommended values. Adjust R1
for Voa = 0 V with code 10000000 in DACA latch, Adjust R3 for Vog = 0V with 10000000 in DACB latch.
2. Matching and tracking are essential for resistor pairs R6, R7, R9, and R10.
3. C1 and C2 phase compensation capacitors (10 pF to 15 pF) may be required if A1 and A3 are high-speed amplifiers.

FIGURE 4. BIPOLAR OPERATION (4-QUADRANT OPERATION)

TABI.E 1. UNIPOLAR BINARY CODE TABLE 2. BIPOLAR (OFFSET BINARY) CODE
DAC LATCH CONTENTS DAC LATCH CONTENTS

Mse  Lss! ANALOG OUTPUT MsB  Lspt ANALOG OUTPUT
[EEEEERE] -V (255/256) REREEEE Vi {127/128)
10000001 — Vi (129/256) 10000001 V; (1/128)
10000000 -V {128/256) = -Vvy2 10000000 ov
o111 1111 -Vj (127/256) o1111111 - V; (1/128)
00000001 -V (1/256) 00000001 ‘ -Vj (127/128)
00000000 ~V; (0/256) = O 00000000 -V (128/128)

T1LSB = (2-8y; ti1usB = 2=y

TEXAs ‘t’f
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| AD7528
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

TYPICAL APPLICATION DATA 7: 5 / - 09'08

microprocessor interface information .

N

N\
AB-A15 ADDRESS BUS D> ]
WA i
A > DACA/DACB
ADDRESS
o | DECODE iD—D&—L?}
wec 73 AD7528
> wWR
7 N\ Joso .
WA .
7“{os7
ALE}  LATCH
N\ , \
ADO-AD? DATA BUS D> 1
. 4

NOTE: A = decoded address for AD7528 DACA.
A+1 = decoded address for AD7628 DACB.

FIGURE 5. AD7528 — INTEL 8051 INTERFACE

N\
AB-A15 ADDRESS BUS D ]
A i
A > BACA/DACE
ADDRESS
VMAe»{ DECODE cs ‘
cpu woec B 4 __AD7528
8800 > WhR
»_JoBo
D— ot
[ ]
02 | pB7
N
DO-D7 DATA BUS ]
rd

NOTE: A = decoded address for AD7528 DACA.
A+1 = decoded address for AD7528 DACB.

FIGURE 6. AD7528 — 6800 INTERFACE

—
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AD7528
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING —_— 1.0 6-0
DIGITALTO-ANALOG CONVERTER - | 7-5/ 090§

TYPICAL APPLICATION DATA

AN
A8-A15 ADDRESS BUS ) ]

) Vi

7
> DACA/DACB
ADDREsS |2 .
JORG DECODE ) cs
LOGIC AD7528

Py A+ . wR
280-a N ] oeo
S
‘ - 7087
- N,
D0-D7 DATA BUS > ]

NOTE: A = decoded address for AD7528 DACA.
A+1 = decoded address for AD7528 DACB.

FIGURE 7. AD7528 TO Z-80A INTERFACE
programmable window detector

The programmable window comparator shown in Figure 8 will determine if voltage applied to the DAC
feedback resistors are within the limits programmed into the AD7528 data latches. Input signal range
depends on the reference and polarity, that is, the test input range is O to - Vigf. The DACA and DACB
data latches are programmed with the upper and lower test limits. A signal within the programmed limits
will drive the output high.

\'/ Vee
TEST oo
—+—_—
INPUT
(3) |¢17)
070 ~Vret RFBA , 1k
OUTA](Z)
(4) -
(14) REFA e
N\ _Joso 1,
DATA . -
INPUTS 187
(7 .
) (W} L_ FAIL
.| (18} wh AD7528 )
> 8} DACA/DACB oUTE
[r— (20)
(18)| REFB N
+Vref DACB Z
54 henp >
! RFBB
) {19)

FIGURE 8. DIGITALLY PROGRAMMABLE WINDOW COMPARATOR (UPPER- AND LOWER-LIMIT TESTER)
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AD7528
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

TYPICAL APPLICATION DATA F 5,/' 09_ 0? .

digitally controlled signal attenuator

Figure 9 shows the AD7528 configured as a two-channel programmable attenuator. Applications include
stereo audio and telephone signal level control. Table 3 shows input codes vs attenuation for a0 to 15.5 dB
range.

Attenuation db = —20 log10 D/256, D = digital ilnput code

a7 ()
Voo RFBA

2 .
41| ReFa oural |
VinA DACA TA OuUTPUT

% [

. DATA BUS
AD7528 " pB7 ) z
(15}

cs
wa e
201]outs BACA/DACE L

(18)
ACB
Vos DAC REFB

AGND

V RFBB DGND
19)

{11
(5)

FIGURE 9. DIGITALLY CONTROLLED DUAL TELEPHONE ATTENUATOR

TABLE 3. ATTENUATION vs DACA, DACB CODE

CODE IN CODE IN

ATTN(dB) DAC INPUT CODE DECIMAL ATTN(dB)  DAC INPUT CODE DECIMAL
0 11111111 255 8.0 01100110 102
0.5 11110010 242 8.5 01100000 96
1.0 11100100 228 9.0 01011011 91
1.5 11010111 : 215 9.5 01010110 86
2.0 11001011 203 10.0 01010001 81
2.5 11000000 192 10.6 01001100 76
3.0 10110101 181 11.0 01001000 72
3.5 10101011 171 11.5 01000100 68
4.0 10100010 162 12.0 01000000 . 64
4.5 10011000 1562 12.5 00111101 61
5.0 10010000 144 13.0 00111001 57
5.5 10001000 136 13.5 00110110 54
6.0 10000000 128 14.0 00110011 51
6.5 01111001 121 14.5 00110000 48
7.0 01110010 114 15.0 00101110 46
7.5 01101100 108 15.6 00101011 43

*p
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AD7528 : .
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING 7-57-07- o¥”
DIGITAL-TO-ANALOG CONVERTER =

TYPICAL APPLICATION DATA

programmable state-variable filter

This programmable state-variable or universal filter configuration brovides low-pass, high-pass, and band-
pass outputs, and is suitable for applications in which microprocessor control of filter parameters is required.

As shown in Figure 10, DACA1 and DACB1 control the gain and Q of the filter white DACA2 and DACB2
control the cutoff frequency. Both halves of the DACA2 and DACB2 must track accurately in order for
the cutoff-frequency equation to be true. With the AD7528, this is easily achieved.

R S
€T 2rR1CY

The programmable range for the cutoff or center frequency is O to 15 kHz with a Q ranging from 0.3 to
4.5. This defines the limits of the component values.

{4)|REFA OUTA](2)
R E2) T
——l VDD (Rg) .
DATA f13oso FreA
[ ]
W 2 7] o AD7528 AGNDI() | HIGH PASS
DB?
{15) out
(13 - OUTBJ(20)
(16} DACB
WR (Re) (19}
(5) DGND F F RFBB
-L' (18)
= ol REFB :
>
out
DACA1 AND DACB1
NG
| obor |
(4] REFA e OUTAL(2) L
g DACA
_(l VbD (Rq) REBA (3)
DAT (1)) pBo
L ]
p ol o AD7528 * AGNDJj(1) c2
15| 87 . AL
Cs \ ouTB}(20)
— "N pACE 19 LOW PASS
(5} (R2) - RFBB (19)
ouT
-E—" DGND !
= REFB(18)
[{:]] — = CIRCUIT EQUATIONS:
-———{DACA/DACE Cq = C2. Ry = Ra. Ry = Rs
DACA2 AND DACB2 . 0. B3 Re
Rq Rin(DACB1)
Re
NOTES: A. Op-amps A1, A2, A3, and A4 are TL287. Ag = - R_S

- B. C3 compensates for the op-amp gain-bandwidth limitations.
256 x (DAC ladder resistance)
DAC digitat code

C. DAC equivalent resistance equals

FIGURE 10. DIGITALLY CONTROLLED STATE-VARIABLE FILTER
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