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CMOS 10 and 12 Bit

Multiplying D/A Converters

General Description

The AD7520 and AD7521 are fow cost CMOS multi-
plying digital-to-analog converters (DACs). with 10
and 12 bit resolution respectively. Both DACs operate
from a +5V to +15V supply and dissipate only 20mWw.

Thin-film resistors provide typically 0.3% untrimmed
galn error and 10ppm/°C gain temperature coeffi-
cient. All digital inputs are compatible with both
CMOS and TTL logic levels.

Features
T-5/-09~/0

¢ 10 or 12 Bit Resolution

4. 8,9, and 10 Bit End Point Linearity 7’?5 /-0%-12

4 Low Power Consumption — 20mW
4 TTL and CMOS Compatible
4 Pin-For-Pin Second Source

Ordering Information

Maxim’s AD75r210 and AD7521 are electrically and pin-
compatible with Analog Devices' AD7520 and AD7521. - : "
The AD7520 Is packaged in a 16-lead DIP while the PART TEMP RANGE PA?“GE ERROR
AD7521 is packaged in an 18-lead DIP. Both devices AD7520UN 0°Cto +70°C  PlasticPIP  02%
are also available in small outline (SO) packages. | AD7520KN 0°Cto +70°C  Plastic DIP 0.1%
. Applications AD7520LN 0°Cto +70°C  Plastic DIP 0.05%
, . AD7520JCWE ~ 0°Cto +70°C  Small Outline,  0.2%
Machine and Motion Control Systems —— - - - -
Automatic. Test Equi ¢ AD7520KCWE ~ 0°Cto+70°C  SmallOutline  01%
wiomatic. lest =quipment AD7520LCWE__ 0°Cto +70°C__ Small Outline __ 0.05%
uP Controlled Calibration Circuitry ) AD7520JC/D 0°C16 +70°C. - Dice . 0.2%
Programmable Gain Amplifiers AD75200Q -25°C to +85°C - CERDIP*~ - 0.2%
Digitally Controlled Filters ADT7520KQ -25°C to +85°C  CERDIP** 0.1%
Programmable Power Supplies AD7520LQ -25°C to +85°C . CERDIP** 0.05%
- AD7520JD -25°Cto +85°C  Ceramic 0.2%:
Pin Configuration AD7520KD -25°C to +85°G _Ceramic 0%
AD7520LD -25°C to +85°C ~ Ceramic 0.05%
] AD75208Q -55°C to +125°C  CERDIP** 0.2%
Top View AD7520TQ -56°Cto +125°C  CERDIP** 0.1%
—\_J [ AD7520UQ -55°C to +125°C  CERDIP** 0.05%
ouT1 0] 6] Rep " ” 550 }
uT2 = AD75208D -55°C to +1256°G - Ceramic 0.2%
2 5 - -
our2 (2] fef AD7520TD -55°C t0-+125°C  Ceramic 01%
GND [3] 13} Vg -
AMaAxiM AD7520UD -55°C to +125°C  Ceramic 0.05%
BIT 1 (MSB): (3] AD7520  [13] BIT 16 (LSB) -
* AD7520 — 16 Iead package, AD7521 — 18 lead package.
BiT 2 [5] [7Z] BIT9 ** Maxim reserves the right to ship Ceramic packages in lleu of
BiT 3 [&] 1] BIT8 CERDIP packages.
BIT4 [T] 3 BiT 7 Ordering Information continued on last page.
BITS [E] ‘o1 BiT e Typical Operating Circuit
+10V
wng] ~ @ ANKLDG PUT
ouT2 [2] [17] Vyer 5 Ju
GND [=] (] Vi d TR G
BIT 1 (MSB) (5] nonscine [B1BIT12(LSH) veat |, Arascn VIN—IS s
BIT2 (5] ApP7521 A BIT 1Y T | . AD7520 qutzf-ed+, o b o ” Vo
BIT 3 [5] [13] BIT 10 3 N MAX400
BIT 4 [T} 2] BIT 9 MAXILMN
BITS [3] [11] BIT 8 = 1, DG303A
BIT 6 [2] [19] BIT 7 SianaIr o—
10 Bit Plus:Sign Muitiplying DAC
VI /17X /v Maxim Integrated Products 2-31
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CMOS 10 and 12 Bit T-51-09-12
Multiplying D/A Converters
ABSOLUTE MAXIMUM RATINGS

Vooto GND (vvveensss Cerbasateararaanes vavessses =03V, HI7V Operating Temperature

VRerto GND .. iiiiiiirrienicnses PR - Commercial (IN/KN/LN/JC/KC/LC) +o.vunnns .. 0°Cto +70°C
REgtOGND ,.ivvvenrareasnnans veeverenie 26V Industrial (JO/KD/LD/JQ/KQ/LQ) vvvenannas -25°C to +85°C
Digital Input Voltageto GND .,........ «ves =03V, Vpp - Military {S/T/U) vvvvviiieiiieenn . -55°C to +125°C
Output Voltage (OUT1, OUT2) (Note 1) vvvviviirenas . 0.3V, Vpp Storage Temperature ...... evesans RPN . -85°C to +150°C
Power Dissipation (Derate 8mW/°C above ¥75°C) ..,... 450mW. Lead Temperature {Soldering 10 86C8) +...ovveeeesssva, +300°C

Stresses above those listed undar *Absolute Maximium Ratings may cause permanent damage to the device. These are sirass ratings only and functional
operalion of the device at thesa or any other conditions above those Indicated in.the operational sections of the specilications Is not implied. Exposure to
absolute maximum rating conditions for éxtendad periods may alfect device reliability. -

ELECTRICAL CHARACTERISTICS

{TA=+25°C, Vpp.=+ 15V, Vaer = +10V, Vour1 = Vout2 = GND, unless otherwise specified) -

AD7520/AD7521

PARAMETER I'symaoL | ~__ CONDITIONS [ MIN.  TYR  MAX | UNITS
DC ACCURACY (Note 2) 7
Resolution ﬁgzgg? 12 - Bits
Relative Accuracy (Note 3) :‘!:\__l ?MY:?;?;:V' 312:2 EgFF: = 98 gl‘ttss I‘Z'?' igf % FSR
: 0.05% FSR = 10 Bits- LU +0.05
Nonlinearity Tempco <10V < Vpee < +10V (Note 4) ) ' -2 ppm/°C
Galn Error , 10V < Viger < +10V (Note 5) ' ' 03 % FSR
Gain.Error Tempco -10V < Ve < +10V (Nble 4,5) ) ] ) 10 ppm/*C
Output Leakage Current OUT1orOUTZ, Ta= TmN 10 Tywax 200 nA
Power Supply Relection PSRR | (Note 3) 7 50 ;;Q,";g
Vper Input Resistance Rrer | Rrer tempeo = -150ppm/° G typ. ] 5 10 20 kQ
AC ACCURACY -
Output Current Settling Time T6 0.05% of FSR, all digital inputs 500 ne
(Note 3) high to low and-low to high. ) .
Feedthrough Error All digital Inpufs low, Vaer = 20Vp.p, 0 . Ve
(Note 3,4,6) 100kHz sinewave. ) .
ANALOG QUTPUTS - B
All digitat inputs high, o 120
Output Capacitance (Note 3) Cout ouT1 37 pF
: All-digital inputs low, ouT2 120
Output Noise (Note 3) oN Both outpufs, equivalerit Johnson nolse-resistance ' 10 kQ
DIGITAL INPUTS (Ta = Tmin t0 Tmax ) )
Low State Threshold VINL ) - 08 v
High State Threshold - Vine | 7 o 24 B ] v
Input Current Low to high state SR uA
{nput Coding ) ) Unipolar (Table 1), Bipolar (Table 2) Binary, Offset Binary
POWER REQUIREMENTS , i ' o
Power Supply Range Vob ] 7 5 +15 v
rovrsipyoven | oo | SR A ) * o
‘Total Power Dissipation Including Vger ) 20 mw 7

Note 1: Vour1,2 ay exceed the Absolute Maximum voltage if the.current is limited to 30mA or less.
Note 2: Full Scale Range is 10V for unipolar mode and £10V for bipolar mode. --
Note 3: Ses Test Circulits. .
Note 4: Guaranteed by design but not 100% tested.
Note 5: Using internal feadback resistor, Rrg. o
Note 6: To minimize feedthrough with the ceramic package, the metal lid must be groanded. If the 1id is not grounded, then the feed-

through-is 10mV typical and 30mV maximum,

232 , , , VIAXIV




e el

x

PR

1%

- 58?!:[:51 0002248 & -

i MAXIM INTEGRATED PRODUCTS

T T R 09 12

Mulirplymg D/A Converters -

138D

’

S T-B1-09-10

i

CMOS 10 and 12 Bit

Typrcal Operating Charactenstrcs

Jmomt

" SUPPLY CURRENT °

OUTPUT CURRENT SETTLINGTIME _ .~ SUPPLY CURRENT R
va. DIGITAL INPUT VOLTAGE : - va. TEMPERATURE % SUPPLY VOLTAGE %77

S m

10

) % 10

CURRENT SETTLING TIME TDQ.05% Ipgr (ns)

20 25 30 .35 40 45 & - =85 -40 <0 0
DIGITAL INPUT VOLTAGE STEP (V) =

Detarled Descrrptron

The basic AD7520/21 DAC circuit consists of a laser-
trimmed, thin-film R-2R resistor array with CMOS
current swrtches as shown in Figure 1. Binarily
weighted currents dre switched to either OUT1 or
ouT2 depending on the status of each input bit.”
The Vger input accepts a wide range of reference

signals including frxed and tlmehvarylng voltage or 7'

current inputs.

Vaer

o

BIT§(MSE} 8IT2 BIT3 .

- TEMPERATUBE ("Cl N

s - o |7

] BDIMIN?E.

A compensatron capacrtor, C1 may be needed when
e DAC is used with a hrgh speed amplifier. The..
purpose of the capacitor is to cance! the pole formed

e

by the DAC's: output capacitance and Iinternal feed- . -~

back resistance. The correct compensation value °
depends on the type of op-amp used but typlcally
ranges from 10 to 50pF . g 5

RN . - 2

- Ut

AD7520
[1.0]

- Digltal Inputs (DTL/TTlJCMOS Compatlble)
- AD7520: N=10
AD7521: N=12 - o
" (Switches shown for Inputs HIGH) : R

Flgure1 AD7520/AD7621 Functionai Dragram .. ; :

Application lnforma tion
Unipolar Opera tion

The most common configuration for'the AD7520/21
is shown In Figure 2. The circuit is used for unipolar
binary operation and/or 2-quadrant multiplication. R1
Is used for gain adjustment. If no adjustment is
desired, R1 and R2 can be omitted. The code table
for unipolar operation is given in Table 1. Note that
the output polarity is the |nverse of the reference
input.

- Table 1: Code Table (AD7520) —
- Unipolar Binary Operatlon .

ANALOG OUTPUT :

- DIGITALINPUT
T4 410 11 18 | Vg (=20
100000000 17, 7 Ve (%+29)
F1000000°0-0:0 " Va2 " so
O Lf 11 11107 Ve (=210
0000.000.0:0 1. - -Vage (279)
o;b'oooo;dooo e.

Note 1LSB 210 vHEF (AD7520)
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Multiplying D/A Converters

The output op-amp’s offset voltage can degrade DAC -

linearity by causing OUT1 to be terminated at a non-
zero voltage. The resulting linearity error is typically
2/3Vos. For best performance; a low-offset amplifier
such as the MAX400 should be used, or the amplifier
offset must be trimmed to typically no more than 1/10-
of an LSB's value. The op-amp's input bias current
(Ig) can also limit performance since Ig x Rrg gene-
rates an offset error as well. Ig should therefore be
much less than the DAC's output current for 1 LSB,
which is typically 1uA for the AD7520 and 250nA for
the AD7521,

£10V +16V
B2
Ri Y 5600 M <
%0 2 Wwmnd
15 |14 _{ig g;ﬁ BS
Vaek Voo fre . &0
1
Mmaxim W % _l%a "
AD7520 qum2 vy ur
2 ZNAKIIVE
N0 MAX400 MMAXIN
3 MAX400
L s
= ]

Voltage Made (Single Supply)

The AD7520 is connected as a voltage output DAC in
Figure 4. OUT1 is connected to the external reference

and QUT2 is grounded. VRer, now the DAC output, is -

a voitage source with a constant output resistance of
Rjadder (nominally 10k(). In most circuits. this output
is buffered with an op-amp.

. +16V
Is T4
v+ Vo
y Veer=JSVMAX
+10¥ outi
Aaxim
AD584 |2 |
: &0 3 Maxim
5 3 < AD7520
GND Vaer
4 AMAXIMN
= ICL7612
6N OUT2
3 2

Figure 3. Bipolar Operation (4-Quadrant Multiplication)

Table 2: Code Table (AD7520) — .
Bipolar (Offset Binary) Operation

DIGITAL INPUT ANALOG QUTPUT
1111111111 ~Vaer (1-2°9)
1000000001 ~Vaer (2°9)
1000000000 0
0111111111 Vaer (2°9)
0000000001 Vaer (1 - 29)
0000000000  Vegr

Note: 1 LSB = 29 Vxer (AD7520)
Bipolar Operation

Bipolar, or four-quadrant, operation is shown in
Figure 3. A second amplifier and three matched resis-
tors are required. The output vs. code table is listed
in Table 2. In multiplying &applications, the MSB
determines polarity while the remaining bits control
amplitude.

To adjust the circuit, load the DAC with a code of
1000 0000 0000 and trim R1 for a OV output. With R1

and R2 omitted, an alternative zero trim is to adjust

the ratio of R3 and R4 for OV out: Full scale can be
trimmed by loading the DAC with all "zeros” or all
“ones” and adjusting the amplitude of Vger or varying
R5 until the desired positive or negative output is
obtained. The op-amp recommendations made in the
Unipolllar Operation section apply for bipolar operation
as well.

2-34

Figure 4. Single Supply Voltage Mode Operation

An advantage of voltage mode operation is single
supply operation for the complete cirouit, i.e. a nega-
tive reference is not required for a positive output. It
is important to riote that the range of the reference is
restricted. The reference input (voltage at OUT1)
must always be positive and is limited to no more
than 3.5V when Vpp is 15V. If the reference voltage is
greater than 3.5V, or Vpp Is reduced, linearity is
degraded.

Dynamic Consliderations

In static.or DC applications, the AC characteristics of
the output amiplifier are not critical. In higher speed
applications, where either the reference input is an
AC signal or the DAC output must quickly settie to a
new programmed. value, the AC parameters of the
output op-amp must be considered.

Another error source in dynamic applications is para-
sitic coupling of signal from the Vger terminal to

OUTT or QUT2. This.is normally a function of board -

layout and package lead-to-lead capacitance. Signals
can also be injected into the DAC outputs when the
digital inputs are switched. This digital feedthrough is

mostly dependent on circuit board layout and on-chip-

capacitive coupling. Layout induced feedthrough can
be minimized with guard traces between digital inputs,
VRer. and the DAC outputs. -

VXLV
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Test Circuits
+15¥ _
UNGROUNDED
o SeHERATOR
© 402, 2Wp.p S0k
+0V 5kQ001%
Vagr WA -
lis Ju e - Veaath x 100
4 +
001% &
BIY 1 [M3B) 4 i =
J - [ 1 ! MAX400
~anp
MAXEMN
AD7520 L
i 2 " MAX400
BIT 10 L58) oD oz ]
3 -
Figure 5. Power Supply Rejection
+1IV (ADJUST FOR Yyyp ~0V)
Ne. +15Y
s s
1 BIT T [MSB) ) -
F = Ikliz i 16
=1z 1 4 ne
Q. Ejmaxim it Vi
TECH i AD7520
MOgEL = 13 2 score () 100mie-p
s BIT 10 {L58] . . :
ANALYZER T3 - = =
Figure 6. Noise Flgure 7. Output Capacitance
Vatr = 2Vpp (00KHz__ TSV R o
SINE WAVE™ 15 {14 '
N ""v:llﬁ__IL
X 16 ot 1msy 4] Ve
5 MAKLN +100my
AD7520 VL 5
| . - W AD752%lm T YAY AN
13 2 .
ouT2 s 03CILLOSCOPE
13 - 1000
BIT 104LSB) | [ w22 % i
= ,ﬁlg _‘-l_: = oriomse ] e | 1
— 3 - - -

Figure 8. Féedthrough Error

VAKXV

Figure 9. Output Current Settling Time
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AD7520/AD7521

+16V

Veer
. [ LL]
BIT 1 (MSB) 4 .

!

>

MAXIMN
MAX400

10 001%
LINEARITY.
% ERROR X 100

= MAXIM
MAX400

3 10k 00t

F
108 - ot
% [T T | s’
D
arp bl A 752&"2 2
sa BND L
_t —t— =
CLOCK |
BT
s8)
1281
om0 Lot percuevce
BT DAG
BIT 12

Figure 10. Relative Accuracy

___Ordering Information (continued)

PART "TEMP RANGE = PACKAGE* ERROR |
AD7521UN 0°Cto +70°C  Plastic DIP 0.2%
AD7521KN 0°Cto+70°G Plastic DIP 0.1%
AD7521LN 0°Cto +70°C  Plastic DIP 0.05%
AD7521JCWN  (°Cto+70°C  Small Outline  0.2%
AD7621KCWN  0°Cto+70°C  Small Outline  0.1%
AD7621LCWN  0°Gto +70°C_ Small Outline . 0.05%
AD7521JC/D  0°Cto+70°C  Dice 0.2%
AD7521JQ -25°C t0 +85°C.  CERDIP** 0.2%
ADT7521KQ 25°Cto +85°C  CERDIP** 01%
AD7521LQ -25°C to +85°C  CERDIP** 0.05%.
AD7521JD -25°C to +85°C  Geramic 0.2%
AD7521KD -25°C to +85°C Ceramic 01%
AD7521LD -25°C to +85°G  Ceramic 0.05%
AD75215Q -§5°C to +125°C  CERDIP** 02%
AD7521TQ -55°C to +125°C  CERDIP** 0.1%
AD7521UQ -55°C1o +125°G. CERDIP**  0.05%
AD7521SD -56°C to +125°C  Ceramic 0.2%
AD7621TD -55°C to +125°C  Ceramic 01%
AD7521UD -55°C to +125°C  Ceramic 0.05%

* AD7520 — 16 lead package, AD7521 — 18 lead pabkago.

** Maxim reserves the right to ship Geramic packages in.lleu of

CERDIP packages.

Maxim cannot assume rasponsibliity for use of any clrcultry other than circultry entirely embodied in a Maxim product. No circuit patent licenses are Implied.

Chip Topography
0.097°
- [2.484mm)
9u|rz uu'n 7 ,nf' ansr Voo
60—
BIT 1— o2
BIT2— L—air 13
BITa—] L—aiT 10
wira—F g 517 9

Maxim reserves tha right to-change the circuitry and specifications without notice at any time,
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