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CMOS 8-Bit Buffered Multiplying DACs

General Description Features »
The AD7524 and MAX70624 are CMOS 8-bit digital-to- & Microprocessor Compatible b
analog converters (DAC) which will interface directly ~
with most microprocessors. On-chip input latches 4 On-Chip Data Latches ~
make the DAC interface similar to a RAM write cycle ¢ Guaranteed Monotonic Over Temp. m
where CS and WR are the only control inputs required. ¢ Low Power Consumption “
Linearity up to =% LSB is available (AD7524L/C/U
grades) and power consumption is less than 10mW. 4 8, 9, and 10-Bit Linearity A
Monotonicity is guaranteed over the full temperature ¢ AD7524 TTL/CMOS Compatible at +5V \
range. ¢ MAX7624 TTL/CMOS Compatible at +12V to +15V !
For the AD7524, +5V TTL and CMOS logic compati- b
bility is guaranteed when using +5V power. Over the orde"'ng Information
supply range of +5V to +15V, all logic inputs are high x
voltage CMOS compatible. PART TEMP. RANGE PACKAGE* ERROR
The MAX7624 has +5V TTL/CMOS compatible inputs D N ~ - ~ - - \l
for a +12V to +15V supply range. 75244 0°C to +70°C  Plastic DIP  +% LSB [«
AD7524KN 0°C to +70°C  Plastic DIP  +% LSB »
Applications AD7524LN 0°C to +70°C  Plastic DIP % LSB N
. AD7524JCSE 0°C to +70°C  Small Outline +% LSB
uP Controlled Gain AD7524KCSE 0°C to +70°C__ Small Outline +% LSB
Function Generators AD7524LCSE 0°C to +70°C _ Small Outline +'% LSB
Bus Structured Instruments AD7524JC/D 0°C to +70°C  Dice +% LSB
Automatic Test Equipment AD7524AD -25°C to +85°C  Ceramic +% LSB
Digital Control Systems AD7524BD -25°C to +85°C  Ceramic +% LSB
AD7524CD -25°C to +85°C  Ceramic +% LSB
** Maxim reserves the right to ship Ceramic packages in lieu of ——
CERDIP packages

Typical Operating Circuit

(Ordering Information continued on last page)

Pin Configuration

£10V
e Top View
DATA “ 0uTI [3] ~ [76] Rreepaack
mru;_: E :; Aorss e :A> o Vour ouT2 (2] [15) Vper
WA o113 MA§(7624 GND (3] maxim [ Voo
DB7 (MSB) (2] AD7524 [13]WR
ks DB6 [=] MAX7624 2] TS
GND A1 AND R2 USED ONLY IF GAIN
ADJUSTMENT IS REQUIRED. z:ig 1:]—_1-| g:o (LSB]
7 10] DB1
Unipolar Binary Operation DB3 (] 9] 0B2
(2-Quadrant Multiplication) g
Vi1 XVl Maxim Integrated Products 2-41

mMAXIv s a registered trademark of Maxim Integrated Products

This Material Copyrighted By Its Respective Manufacturer



CMOS 8-Bit Buffered Multiplying DACs

ABSOLUTE MAXIMUM RATINGS-—AD7524, MAX7624

Vopto GND ..o -0.3V, +17V Operating Temperature Ranges (continued)
Vaegr O GND Lo +25v AD7524AD, AQ, BD, BQ, CD, CQ .... -25°C to +85°C
Vapg tO GND .o +25Vv MAX7624EPE ..........ccovveiiinnnns -40°C to +85°C
Digital Input Voltage to GND ........ -0.3Vto Vpp + 0.3V AD7524SD, SQ, TD, TQ, UD, UQ
OUTT, OUT2t0 GND ... .oiiiiiiiienannnnns -0.3V, Vpp MAX7624MJE ................ooll. -55°C to +125°C
Operating Temperature Ranges Storage Temperature Range ........... -65°C to +160°C
AD7524JN, KN, LN, JCSE, KCSE, LCSE Power Dissipation (any Package) to +75°C ...... 450mW
MAX7624CPE, CSE ...............c0vnnn 0°C to +70°C Derate Above +75°C by .........cccvvivnnnnn 6 mwW/°C
Lead Temperature (Soldering 10 seconds) ....... +300°C
Stresses above those listed under "Absolute Maximum Ratings” may cause per d: ge to the devices. These are stress ratings only, and

functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not
implied. Exposure to absolute maximum ratings conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS—AD7524, +5V Operation

(Vop = *5Vi Vger = +10V: Vo, = Voyrz = OV; T4 = Tyiy t0 Tax unless otherwise noted)

AD7524/MAX7624

PARAMETER [symBoL | CONDITIONS [ N TYP  MAX [UNITS
DC ACCURACY
Resolution 8 Bits
JAS +1/2
Relative Accuracy INL K.B,T +1/2 LsSB
L.CU +1/2
. ) . . All Grades Guaranteed
Differential Non-Linearity DNL Monotonic Over Temp. +1 LSB
. Ta =25°C +2%
E Note 1 A LSB
Gain Error (Note 1) Th = T 10 Tuax F3n
Gain Temp. Coefficient °
(Note 2, 3) +2 +40 |ppm/°C
_— _ T, =25°C 0.002 0.08
Supply Rejection (Note 2) PSR AVpp = £10% Th = T 10 Traax 0.01 016 %FSR/%
Output Leakage Current Vger = 10V Ta =25°C +50 nA
(lout1) DAC is 00000000 Ta = Tawin 10 Tuax +400
Output Leakage Current Vgee = 10V Ta =25°C +50 nA
(louTta) DAC is 11111111 Ta = Tauin t0 Tuax +400
REFERENCE INPUT
Ry (pin 15 to GND) | | 5 10 20 kQ
DYNAMIC PERFORMANCE
DB0-DB7 = QV to Vpg to OV
Output Current Settling-Time WR = CS = 0V Ta = 25°C 400 ns
to 1/2 LSB (Note 2) OUT1 Load = 100Q, Ta = Twin 10 Thax 500
Cexr = 13pF;
Vger = £10V
AC Feedthrough 100kHz Sinewave T =25°C 0.25 %FSR
(OUT1 or OUT2) (Note 2) DBO-DB7 = WR = Ta = Tain 10 Tax 05
CS =0V
ANALOG OUTPUTS
. Coury | DBO-DB7 = Vpp, WR = CS = OV 120
OUT1 Capacitance (Note 2) DBO-DB7 = OV-WR = GS = 0V 30 pF
i Courz | DBO-DB7 = Voo WR = CS = OV 30
OUT2 Capacitance (Note 2) DB0-DB7 = OV- WR = S = 0V 120 pF
Note 1: Gain error is measured using internal feedback resistor. Full Scale Range (FSR) = Vgge.
Note 2: Guaranteed, but not tested.
Note 3: Gain error measured from 25°C to Tyay or from 25°C to Ty.
Note 4: Sample tested at 25°C to ensure compliance.
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CMOS 8-Bit Buffered Multiplying DACs

ELECTRICAL CHARACTERISTICS—AD7524, +5V Operation (Continued)

(Vpp = +5V, Ve = +10V; Vourq = Voure = OVi Ty = Ty t0 Tyax unless otherwise noted)

PARAMETER |[symsoL | CONDITIONS [ MmN TYP  MAx [UNITS
DIGITAL INPUTS
Input High Voitage Viu 24 \
Input Low Voltage Vi 0.8 \
Ta = 25°C; Vy = OV or Vpy +1
Input Current lin Ta = Tiin 10 Tiax 10 A
. DBO-DB7 8
Input Capacitance {Note 2) Cin WR, CS 20 pF
POWER REQUIREMENTS
Digital inputs V, or V|, Ta - 25°C ] mA
M Ta = T 10 Tuax 2
Supply Current Ibp T - 25°C 700
L A=
Digital inputs OV or Vpp Th = Ty 10 Tuax 500 HA
SWITCHING CHARACTERISTICS (Note 4) (See Timing Diagram)
. ) T, = 25°C 170
Ship Select to Write tes | Ta = T 10 Tuax  JKLABC 220 ns
P Ta = Trn 10 Taax STU 240
Chip Select to Write
Hold Time fon 0 ns
Ta = 25°C 170
Write Pulse Width twr Ta = Tain 10 Tuax JKLABC 220 ns
Ta = Tain 10 Tuax S, TU 240
T, = 25°C 135
Data Setup Time tos Ta = Tuin 10 Tyax JKLAB,C 170 ns
Ta = Twin 10 Tuax ST 170
Data Hold Time ton 10 ns
ELECTRICAL CHARACTERISTICS—AD7524, +15V Operation
(Vpp = +15V; Vggr = +10V: Voury = Voure = OVi Ta = T 10 Tuax unless otherwise noted)
PARAMETER [symeoL | CONDITIONS [ MmN TYP  MAx [unITS
DC ACCURACY
Resolution 8 Bits
JAS +1/2
Relative Accuracy INL K,B,T +1/4 LsB
LCU +1/8
) : : " All Grades Guaranteed
Differential Non-Linearity DNL Monotonic Over Temp. +1 LSB
, T, =25°C +1%
Gain Error (Note 1) Ta = Tain 10 Tiax 1 LSB
Gain Temp. Coefficient °
(Note 2, 3) +1 +10  |ppm/°C
- _ Ta=25°C 0.001 002
Supply Rejection (Note 2) PSR AV = £10% Th = Ton 10 Tosax 0.005 0.04 %FSR/%
Output Leakage Current Vgee = £10V T, =25°C +50 nA
(louts) DAC is 00000000 Ta = T 10 Taaax +200
Output Leakage Current Vger = 210V T, =25°C +50 nA
(louT2) DAC is 11111111 Ta = Tuin 10 Tyax +200
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CMOS 8-Bit Buffered Multiplying DACs

ELECTRICAL CHARACTERISTICS—AD7524, +15V Operation (Continued)

(Vpp = +15V; Vgge = +10V; Vg1, = Voura = OV; T = Tin 10 Tyax unless otherwise noted)

© PARAMETER [symeoL | CONDITIONS [ MmN TYP  MAX [UNITS
N REFERENCE INPUT
> Ry (pin 15 to GND) ] [ [ s 10 20 |
< DYNAMIC PERFORMANCE
: DBO-DBY = OV o Vpp to OV
Output Current Settling-Time WR = CS = 0V Ta = 25°C 250 ns
\ to 1/2 LSB (Note 2) QUT1 Load = 1000, Ta = Tain 10 Tiax 350
‘ Cexr = 13pF;
N Vaer = £10V
m AC Feedthrough 100kHz Sinewave T, =25°C 0.25 %FSR
(OUT1 or OUT2) (Note 2) DBO-DB7 = WR = Ta = Tan 10 Tax 05 °
h Cs =0v
n ANALOG OUTPUTS
R | 0urt Capacitance (Note 2) | Coyr, | SB3D87 = Voo WR - CS - ov 20 o
. DBO-DB7 = Vg, WR = CS = OV 30
OUT2 Capacitance (Note 2) Courz DBO-DB7 = OV: WR = CS = 0V 120 pF
DIGITAL INPUTS
Input High Voltage Vin 135 v
Input Low Voltage Vi 1.5 \
Ta= 25°C; V) = OV or Vppp +1
Input Current N Th = T 10 Toax 110 HA
Input Capacitance (Note 2) Cin %%0-8—57 2% pF
POWER REQUIREMENTS
Digital inputs V, or V,, 2 mA
Supply Current Iop . T, = 25°C 100
Digital inputs OV or V, A A
9 P P0 Ty = Tuin 10 Tuax 500 H
SWITCHING CHARACTERISTICS (Note 4) (See Timing Diagram)
) i T, = 25°C 100
Ship Select to Write tes | Ta = Trm 10 Tuax JKLABC 130 ns
P Ta = Tiun 10 Thax S,TU 150
Chip Select to Write
Hold Time ten 0 ns
Ta = 25°C 100
Write Pulse Width twr Ta = T 10 Tax JK.LAB,C 130 ns
Ta = Tain 10 Taax S, TU 150
Ta = 25°C 60
Data Setup Time tos Ta = Tain 10 Tax J,KLAB,C 80 ns
Ta = Tuin 10 Tiax S,TU 100
Data Hold Time ton 10 ns
Note 1: Gain error is measured using internal feedback resistor. Full Scale Range (FSR) = Vg,
Note 2: Guaranteed, but not tested.
Note 3: Gain error measured from 25°C 10 Tyax Or from 25°C to Ty
Note 4: Sample tested at 25°C to ensure compliance.
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CMOS 8-Bit Buffered Multiplying DACs

ELECTRICAL CHARACTERISTICS—MAX7624, +12V to +15V Operation

(Vpp = +10.8V t0 +15.75V; Vgge = +10V; V11 = Vourz = OV; Ty = Twin 10 Tyax unless otherwise noted)

PARAMETER [symBoL | CONDITIONS [ MiN_ TYP  mAX [uUNITS

DC ACCURACY
Resolution 8 Bits
Relative Accuracy INL +1/2 LS8
Differential Non-Linearity DNL lh)llcl)r?c:tic:wei(s: g;’::a.::‘etri? +1 LSB
Gain Error (Note 1) +2 LsSB
ﬁ‘acu)?eTze'n;;)). Coefficient +1 +10 |ppmreC
Supply Rejection (Note 2) PSR | Vpp = +10.8V to +15.75V % : i‘:’;fto Tom o o0 PwFSR/%
Output Leakage Current Vger = £10V T, =25°C +50 nA
(louTy) DAC is 00000000 Ta = T 10 Tuax +200
Output Leakage Current Vagr = 10V Ta=25°C +50 nA
{lour2) DAC is 11111111 Ta = Trun 10 Trax +200
REFERENCE INPUT
R,y (pin 15 to GND) I ] 5 10 20 kQ
DYNAMIC PERFORMANCE

DBO0-DB7 = 0V to +5V to 0V
Output Current Settling-Time WR = CS = 0V Ta =25°C 250 ns
to 1/2 LS8 (Note 2) OUT1 Load = 100Q, Ta = Tain 10 Tax 350

Cexr = 13pF.

Vage = £10V
AC Feedthrough 100kHz Sinewave T, =25°C 0.25 %FSR
(OUT1 or OUT2) (Note 2) DBO0-DB7 = WR = Ta = Tain 10 Tuax 0.5

CS = 0V
ANALOG OUTPUTS
OUT1 Capacitance (Note 2) Couti ng:gg; : aal%njé%s:ogv 60 pF
OUT2 Capacitance (Note 2) Cour2 ggg:gg; : 5\5/\!%'?:0—033:03\/ 60 pF
DIGITAL INPUTS
Input High Voltage Viy 24 \
Input Low Voltage Vi 0.8 \
Input Current In -.[I:: z %F:S;:#Mixov or Voo ii110 HA
Input Capacitance {Note 2) Cin DB0-DB7, WR, CS 8 pF
POWER REQUIREMENTS

Digital inputs V,_or V, 25 mA
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CMOS 8-Bit Buffered Multiplying DACs

ELECTRICAL CHARACTERISTICS—MAX7624, +12V to +15V Operation (Continued)

(Vpp = +10.8V to +15.75V, Vgge = +10V; Vo1, = Voyura = OV Ty = Ty to0 Tuax Unless otherwise noted)

The AD7524/MAX7624 is an 8-bit multiplying digital-
to-analog converter (DAC) that consists of a thin-film
R-2R resistor array with CMOS current steering
switches. In applications requiring a voltage output,
an output operational amplifier and reference will be
needed. Figure 1 shows a simplified schematic of the
DAC. The inverted R-2R ladder divides the voltage or
current reference in a binary manner among the eight
steering switches. The magnitude of the current ap-
pearing at either OUT terminal depends on the number
of switches selected, and therefore the output is an
analog representation of the digital input. The two
OUT terminals must be held at the same potential so
a constant current is maintained in each ladder leg.
This makes the Vggp input current independent of
switch state and also ensures that the AD7524/
MAX7624 maintains its excellent linearity performance.

10kQ

10kQ

DB7 (MSB]  DB6 085 DBO (LSB)

Figure 1. AD7524/MAX7624 Functional Diagram
2-46

PARAMETER [symBoL | CONDITIONS [ MmN TYP  maX [uniTs
SWITCHING CHARACTERISTICS (Note 4) (See Timing Diagram)
. . T, = 25°C 160
g:t‘gps%':fe‘ to Write tcs | Ta = Tww 10 Tuax  CE 160 ns
Ta = Tom 10 Tyax M 210
Chip Select to Write
Hold Time tow 10 ns
T, = 25°C 150
Write Pulse Width twr Ta = Tun 10 Tmax CE 170 ns
Ta = Tun 10 Tyax M 210
T, = 25°C 160
Data Setup Time tos Ta = Tuin 10 Tpax CE 160 ns
Ta = Tun 10 Tyax M 210
Data Hold Time ton 10 ns
Detailed Description Equivalent-Circuit Analysis

The equivalent circuit for all digital inputs LOW is
shown in figure 2. In this state the reference current is
switched to OUT2. The current source, | gakage: IS
composed of small surface and junction leakages to
the substrate which double every 10°C. The R-2R
ladder termination resistor generates a constant 1/256
current which represents 1 LSB of the reference cur-
rent, lgee. The value of output capacitance at the
OUT1 and OUT2 terminals is input code dependent
and lies in the range 20pF to 30pF.

Res
R =~ 10kY
o 0 0UT1
+@|LEAKAEE :'[EZODF
|
e R~ 0k = =
VREF O—AA—¢- 1 —O 0UT2
*‘élhllﬁﬁ *éhﬂug[ IWDF
I

Figure 2. AD7524/MAX7624 DAC Equivalent Circuit—
All Digital Inputs LOW

The AD7524's digital inputs are TTL compatible when
operated with a Vpp of +5V (V) = 2.4V, V| = 0.8V).
Internal level shifters convert from TTL to CMOS
logic levels. When Vy is in the region 1.5 to 3.5 volts,
the input buffers operate in their linear region and the
quiescent current increases as indicated by the graph
in figure 3. Therefore to minimize supply current it is
recommended that the digital inputs be as close to
the supply rails as possible (Vpp and DGND).
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CMOS 8-Bit Buffered Multiplying DACs

The AD7524 may be operated with any supply voltage
in the range 5V < Vpp < 15V. With Vpp = +15V the
input logic levels are %DMOS compatibie only, i.e. 1.5V
and 13.5V.

The MAX7624'’s digital inputs are TTL/CMOS compa-
tible for a +12V to +15V supply range. However, when
V|y is in the range of 1.5V to Vpp - 1.5V the input
buffers operate in their linear region and the quiescent
current increases (see figure 3).

800
Z 700 | AD7524 ooz i
Tu _VDD = +5V e 0D
600 Ta=25C ]
500 b

ALL DIGITAL INPUTS 7
TIED TOGETHER

MAX7624
Vpp = +15V

—_—N W) N
107 @ (yw) 00

AGH+

Ioo wA) @ Vpp
8
(=]
T

I

) o
1234567 891011213 14
VIN - VOLTS

Figure 3. Typical Supply Current, I, vs. Logic
Input Voltage V,, for Vp, = +6V and +15V

Interface Logic Information
Mode Selection

The inputs CS and WR control the operating mode of
the AD7524/MAX7624. See Mode Selection Table.

Mode Selection Table

Hold Mode

The AD7524/MAX7624 retains the data that was pre-
sent on DBO-DB?7 just prior to CS or WR assuming a
high state. The analog output remains at the value
corresponding to the digital code locked in the data
latch.

Write Cycle Timing Diagram

s tos o Voo
CHIP SELECT

0

I twg —] Voo
WRITE SE WA ]Z
0

j—1{ps —3
—

DH |-—

v
Vin DATA IN o

DATA (N (DBO-DB7) v STABLE

0

NOTES:

1. FOR THE AD7524 ALL INPUT SIGNAL RISE AND FALL TIMES ARE
MEASURED FROM 10% TO 90% OF V. Vyy = +5V 1, = 1, = 20ns; Vg =
+15V. t =t = 40ns.

2. FOR THE MAX7624 ALL INPUT SIGNAL RISE AND FALL TIMES ARE
MEASURED FROM 10% TO 90% OF +5V.

3. TIMING MEASUREMENT REFERENCE LEVEL IS (V,, + V,)/2.

CS | WR | MODE DAC RESPONSE
L L WRITE DAC responds to data bus
(DB0-DB7) inputs
H X HOLD Data bus (DB0-DB7) is
X H HOLD locked out; DAC holds last data
present when CS or WR
assumed HIGH state

L = Low State, H = High State, X = Don’t Care

Write Mode

When CS and WR are both LOW, the AD7524/MAX7624
is in the write mode, and the AD7524/MAX7624 analog
output responds to data activity at the DB0-DB7 data
bus inputs. In this mode, the data latches are trans-
parent.

VAKX /v]

- mssf 15 14 16
iwpuTs 658}
€5 o—
WR o—

a

H smaXisvi
12 AD7524
1 MAX7624

NOTES:

1. ADJUST Rl FOR Voyr = OV AT CODE 10000000.

2. C1 PHASE COMPENSATION (10-15pF) MAY BE
REQUIRED IF Al IS A HIGH SPEED AMPLIFIER

Figure 4. Bipolar (4-Quadrant) Operation
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CMOS 8-Bit Buffered Multiplying DACs

__ Ordering Information (continued) Chip Topography

‘ —_
g PART TEMP. RANGE  PACKAGE* ERROR 008
AD7524AQ 25°C to +85°C CERDIP** +% LSB <~ [2.08 mm) >
N AD7524BQ 725°C to +85°C CERDIP** % LSB GND  GND OUT2 OUTI Res Ver
x AD7524CQ T25°C to +85°C CERDIP** +% LSB
< AD75245D 155°C to +125°C  Ceramic 1% LSB
E AD7524TD -55°C to +125°C Ceramic +% LSB
N AD7524UD 55°C to +125°C Ceramic 1% LSB
< AD75245Q _55°C to +125°C CERDIP** 1% LSB
N AD7524TQ 55°C to +125°C CERDIP"* +% LSB
0 AD7524UQ 55°C to +125°C CERDIP** +% LSB
N MAX7624CPE 0°C to +70°C _ Plastic DIP  +% LSB
n MAX7624CSE 0°C to +70°C _ Small Outline +% LSB
MAX7624C/D 0°C to +70°C  Dice +% LSB
< MAX7624EPE  -40°C to +85°C  Plastic DIP  +% LSB . .
MAX7624MJE  -55°C to +125°C CERDIP +% LSB us‘ss 085 m[u 083 082 nln

*  All devices— 16 lead packages
** Maxim reserves the right to ship Ceramic packages in lieu of
CERDIP packages.

Table 2. Bipolar (Offset Binary) Code Table
DIGITAL INPUT

Table 1. Unipolar Binary Code Table

DIGITAL INPUT

MSB LsSB ANALOG OUTPUT MSB LS8 ANALOG OUTPUT
255 127
11111111 —VREF(256 11111111 +VREF(%)
129 1
10000001 Veer | 256 10000001 +VREF(a)
10000000

-VREF

1

256
e [ 2)-

|

|

)
)
)
|
)-°

00000001 “Veer | 525
128
0 00000000 -V,
00000000 -VREF(256 REF | 728

1 =
Note: 1LSB = (2°8) (Vgge) = 256 (Veer) Note: 1LSB = (277) (Vage) = 128 (Veer)

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied.
Maxim reserves the right to change the circuitry and specifications without notice at any time.
N’
VA
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