ANALOG 31, Digit BCD Monolithic CMOS
DEVICES Digitally Controlled Potentiometer

i S

FEATURES
Resolution: 3 1/2 Digit BCD (1999 Counts)
Nonlinearity: 1/2LSB T to Tiax

Gain Error: £0.05% FS

Excellent Repeatability Accuracy

Low Power Dissipation

APPLICATIONS
wheel Switch Voltage Dividers

GENERAL DESCRIPTION
The AD7525 is a monolithic CMOS 3% di CD d\g!
controlled potentiometer designed for precision incremes
voltage-divider applications.
With the addition of an external op amp, the output can be
digitally controlled from 0 to 1.999Vy with resolution of e S T
0.001Vpy.

0.1 DIGIT{

AC or DC voltage up to £10V can be applied to the input
Digital control, excellent repeatability and 0.05% accuracy {
0.01 DIGIT

providing high application flexibility in fields such as audio
gain control, etc,

make the AD7525 an ideal replacement for 10-turn poten-
tiometers or thumbwheel switch voltage dividers using

discrete resistor networks,

Packaged in an 18-pin DIP, the AD7525 uses an advanced 0001 mm‘r{
CMOS fabrication process combined with wafer laser trimming.

)

ORDERING INFORMATION

Noiliensity |  ‘Noaliessity PIN CONFIGURATION

Package and Ti
Temperature ‘l +1/2LSB +1LSB

18-Pin Plastic | out[1]e 18] Rea

0 to +70°C | AD7525LN | AD7525KN Gno[Z] (7] vin
bl Mok & aak M ——— oo
18-Pin Ceramic oS Wi | ovd ERES e[| vorwiew  [E)"
-25°Cto +85°C | AD7525CD CQ | AD7525BD @& o[5] MoTToscAe) [y,
___________ — . i - —d — i 0.1 DIGIT 0.001 DIGIT
18-Pin Ceramic | oA Wew | e e wd 2[(E] [13]4
-55°Cto +125°C | AD7525UD U@ |AD7525TD T Q  E1 e
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SPEC|FICAT|0NS (Vpp=+15V; Vpin1 = 0V; V|N-.=+1[]V unless otherwise stated)

Ta = Operatin
PARAMETER Ty = 425°C et Bk CONDITION
ACCURACY
Resolution! 1 part in 2000 1 part in 2000
Nonlinearity?
AD7525KN, BD, TD *+1LSB max +1LSB max BCD 0.000 to 1.999
AD7525LN, CD, UD +1/2LSB max +1/2LSB max BCD 0.000 to 1.999
Gain Error® £0.05% FS typ - BCD = 1.999
Gain TC +25ppm/°C max - BCD = 1.999
Output Leakage Current (pin 1) 100nA max 400nA max BCD = 0.0000
DYNAMIC PERFORMANCE
Switching Time 1us max* 1us max® Vin = +5V, Rgyr (pin 1)
= 10082, Digital Inputs =
VIL to V]H or Vi,
Vpin1 measured from
10% to 90%
dedthrough Egy to.?ff!hln\s $0.1%Vin® VN = 10V, 20kHz sinewave
N :
Input Resistafice (pj 2k g € ma: 2K in/10 max
Vv Range (recom ‘.+_1‘0V ma +10W n\ax /7
¥ ol

ANALOG OUTPUT
Output Capacitance

o

Cour (pin 1) 60pF max 600F/ma
200pF max® 208PF
Rpp Resistance (pin 18 to pin 1)¢ 8k{2 min/40k{) max 8k{2 mirf/4 max

DIGITIAL INPUTS
Input HIGH Voltage

sl

Viu +14.5V min +14.5V min
Input LOW Voltage
ViL +0.5V max +0.5V max
Input Leakage Current *1uA max +10pA max Digital Input=0V or Vpp
Input Capacitance 5pF max® 5pF max®
Input Coding 3% Digit BCD (1999 Counts) 3% Digit BCD (1999 Counts)
POWER SUPPLY B N
Vpp Range +5V o +17V +5V to +17V Functional with
Degraded Performance
Vobp +15V£5% +15V £5% Rated Accuracy
Ipp 500UA max 1mA max Digital Inputs= Vy_or Viy
NOTES

' . .
Commercial devices are sample tested over temperature.

:Mc‘motonici.ty is guaranteed on the AD7525LN, CD and UD versions over Tmin t© Tmax-
% Gain Error is measured using the AD7525 internal feedback resistor. FS is ““Full Scale’ (BCD = 1.999).
sAC parameter, sample tested at +25°C to ensure conformance to specification.
Guaranteed, not tested.
¢ Thin-Film resistor temperature coefficient is approximately -300ppm/°C.

Specifications subject to change without notice.



CAUTION

1. ESD (electro-static discharge) sensitive device. The digital control inputs are zener protected; however, permanent
damage may occur on unconnected devices subjected to high energy electrostatic fields. Unused devices must be stored in
conductive foam or shunts. The protective foam should be discharged to the destination socket before devices are removed.

2. Do not apply voltages more negative than GND or more positive than V[ to any pin except Vi (pin 17) and Rgp (pin 18).

3. The inputs of some IC amplifiers (especially high speed types) present a low impedance to V— during power sequencing.
To prevent the AD7525 OUT terminal (pin 1) from exceeding —300mV (which causes catastrophic substrate current),
a Schottky diode, HSCH 1001 or equivalent, is recommended. While not required for most amplifier types, provision
for the diode should be made during layout. The diode should be connected between OUT (pin 1) and GND (pin 2)
as shown in Figure 4. Protection Schottkys not required when using TRI-FET output amplifiers such as the AD542
or AD544,

Referring to Figure 1, the “1.0 Digit” is a 1-bit multiplying
DAC (composed of SWy and Ry) while the 0.1, 0.01, and
. =0.3V, +17V 0.001 digits are 4-bit multiplying DAC’s (DAC1, DAC2,
----- 25V and DAC3) connected by 10:1 dividers (composed of

. RiN2, R2, R3 and RIN3, R4, Rs.
s cxpanded to show the R/2R ladder and switch
oltage V[p;, the currents in each shunt

Power D15§1pat10n (Package

Plastic (Suffix N)

3 6R. A logic
T0+70C......0 ................... ) AP e
Derates above +70 Cby. . . . .. .. ........ 8.3mY lrdnt to GND.
Ceramic (Suffix D)
To T8 € o i 05260 10 HOREE T DINER 3 450mW
Detatesabone #7585 C Ve, i v o5 84 smans o 6mwW/°C Vin
Operating Temperature j Rw~0438R
Commercial Plastic (KN, LN Versions) . ..... 0to +70°C S T = o
Industrial Ceramic (BD, CD Versions) . . . .-25°Cto +85°C = y
Extended Ceramic (TD, UD Versions) . . . -55°C to +125°C | L
Vl‘ R V2 R Vi R Vs DAC #1
TERMINOLOGY 5
SWITCHING TIME: In a D/A converter, the switching time 1s Rre
the time taken for an analog switch to change to a new state | -
from the previous one. It includes delay time, and rise time DN ) &+ il wi ouT
from 10% to 90%, but does not include settling time, which $ B

is a function of the output amplifier used.

OUTPUT CAPACITANCE: Capacitance from OUT terminal

(pin 1) to ground. >l
,_.‘
FEEDTHROUGH ERROR: Error caused by capacitive 0.01 DIGIT gt il i i
coupling from Vyy (pin 17) to OUT (pin 1) with all digital P QU
inputs LOW. R4=1.5R Vin
00 R5=0.2R GND
Tt Rina=R
PRINCIPLES OF OPERATION -
CIRCUIT DESCRIPTION 0001 DIGITd O~ DAC #3 =
The AD7525, a 3% digit BCD multiplying DAC, consists of . SR ouTj—
a thin-film R/2R ladder, interquad voltage dividers and \vi
13 N-channel MOS SPDT current steering switches. Most
applications require the addition of only an external oper-
ational amplifier. Figure 1. AD7525 Circuit Diagram

=R



EQUIVALENT CIRCUIT

As shown in Figure 2, the AD7525 is a digitally controlled
m-network attenuator with signal input “VN” (pin 17),
signal output “OUT” (pin 1), signal common “GND” (pin 2)
and digital control “BCD input” (pins 3—15).

With OUT (pin 1) terminated at op amp virtual ground and
Rppg (pin 18) connected to the op amp output, the nominal
transfer equation is:

Vout = —VIn BCD

where 0.000 < BCD < 1.999

15
O Rep

Vin —0 OUT
——
Rout

—O GND

irctyt

Figure 2. Functional EqQu#

OUTPUT AMPLIFIER CONSIDERATIONS

Amplifier Offset

The output resistance at OUT (pin 1) is code dependent,
varying between @ to 0.35 R pR. For a fixed feedback
resistor of value 1.6 Ry pRr (Figure 3), the output error for a
fixed amplifier offset (Vog) is:

REB
VERROR ~ (1 *R
Case 1: (RoyT =)
, - REB
VERROR = \1*+ —/— ) Vos

VERROR = V05

Case 2: (ROUT =0.35 R[‘DR)
VE = i e
ERROR (1 * 0-35RLDR) Vos

VERROR = (1 +4.6)Vqg = 5.6 V(g

Cases 1 and 2 show that amplifier offset in conjunction with
a changing output resistance at OUT (pin 1) create nonlin-
earity error, in addition to a simple offset term.

It is therefore recommended that amplifier initial offset be
adjusted to less than 100uV (as measured between the
amplifier input terminals). The offset voltage over the temp-
erature range of interest should not exceed 250uV. See
application hint #2, below.

Do not include the usual bias current compensation resistor in
the amplifier noninverting terminal. Instead, the amplifier
should have a bias current which is low over the temperature
range of interest. Bias current causes “output offset” of
magnitude (Ig)Rgg.

Ree

amplifier’s phase Tap;
using a high speed ampl

ifier, shuntinfg y
stability.

APPLICATION HINTS

1. If an output voltage range of £19.99 volts is required (i.e.,
AD7525 Vi = £10V, BCD = 1.999), a high voltage output
amplifier with appropriate supply voltages must be used.

2. To maintain circuit linearity, the op amp offset voltage
should not exceed 2% of the circuit resolution. (Resolution =
VIN=1000)

3. CMOS logic inputs exhibit an input impedance on the
order of 100M{2, Unused CMOS inputs must always be
tied to a known logic state. If single-pole single-throw
thumbwheel switches are used to drive the digital inputs
of the AD7525, external 10kS2 pull-down (pull-up if
switch coding is complementary (BCD) resistors must be
used.



Voo
R1 202 6
Vi
Vin LBET
(AC OR DC)
AD7525 b—0 Vo
3 10k
Msal ———————
BCD INPUT

between Vg (amplifier output) andpi#
AD7525.
Adjust amplifier’s trimpot for minimum reading on
the voltmeter (<<100uV).

APPLICATION — THUMBWHEEL SWITCH ATTENUATOR

BCD INPUT ANALOG OUTPUT
Equivalent
Digital Input Decimal |Vo/VIN Vo
1.0 0.1 0.01 0.001 Input

1 1001 1001 1001{ 1.999 | -1.999 |-1.999V|y
1 0000 0000 0001 1.001 -1.001 | -1.001V N
1 0000 0000 0000 1.000 -1.000 | -1.000V N
0 1001 1001 1001 0.999 -0.999 [ -0.999V N
0 0101 0000 0000 0.500 -0.500 | -0.500V N

0 0000 0000 0000 0.000 0 0
Note 1: o

For proper BCD coding, the 0.1 digit, 0.01 digit or 0.001 digit
must not exceed BCD 9" (1001).

Table I. Analog Input/Output Relationship vs. Digital Input

\ain Adjustment:
Apply BCD code 1.000 (1 0000 0000 0000) to the

+15W

NOTE 1
THUMBWHEEL SWITCH “ONE” COMMON R3 28
1 VW =
Vin I_
(AC OR DC) g M
O A =
<
Vin Voo
17 16
AD7525
3 4 101 121314 15
NOT USED
{
ONE*
common | &4 ? 4 wqee s 42 SIGNAL COMMON
1 9 9 ]
- o
“ZERO™ NOTE 1: R3 IS NOT USED IF
1.0 DIGIT . I A i 001 DIGIT
COMMON S:10a s0ria £.001.045 SPST SWITCHES AND
THUMBWHEEL SWITCH “ZERO" COMMON PULL-UP RESISTORS
ARE USED.
SIGNAL COMMON

Figure 5. Thumbwheel Switch Attenuator

The circuit shown in Figure 5 is a precision voltage divider
similar to 10-turn pots and thumbwheel switch incremental-
voltage-divider assemblies. Advantages of the circuit are:

0 Economy

O Low Output Impedance

[ Resolution 0.1% Vy

[J Excellent Repeatability Accuracy
[J Overrange Capability

The BCD coded thumbwheel assembly applies BCD data to
the AD7525 digital inputs. The switch assembly shown has
single-pole-double-throw action, thus the BCD inputs are

pulled either to +15V or GND (available from AMP, Harris-
burg, PA; CHERRY, Waukegan, Illinois; or SAE, Santa Clara,
California). Resistor R3 limits current if make-before-break
switches are used. SPST switch assemblies can be used; how-
ever, appropriate pull-up or pull-down resistors must be used
on each digital input, depending upon whether the switch
coding is BCD or complementary BCD. This ensures each
digital input has appropriate Vi or V[, levels applied.

Resistors Ry and Ry provide gain adjustment capability. Rs
is used to adjust the amplifier input offset voltage to less than
100uV. Diode Dy (HSCH 1001) provides AD7525 output
protection (see Caution note 3).



MECHANICAL INFORMATION

Dimensions shown in inches and (mm).

18-PIN CERAMIC DIP 18-PIN PLASTIC DIP
e ) AVAYAVAVAVAVAWAT.Y g
0.3 (7.82) . 0.26 (6.61)

| 0t 23 | b R AYAVAVAVAVAVAVAVAY,
g 089 (22,61 | 0.06 (163) 0.91 (23.12) 0.306 (7.78]
i 1 t 0.89 (22.61) L } 0254 747
0.14 (3,56
0.1 14.32) 0.18 (4.58) 0az (3.06]
MAX MAX I :
S =1 7 7 i =
; il el 0.012 [0.305] I 0175 [4.45)
0125 (3.18] B |ty g T AT 165
_r 10.203) 0121305 - -
= "‘I |""' "“] ""- ..I ._t i.. ; 0.012 [0.305)
0.06 (153} 0.02 (0.508] 0105 (2.67) 0.306 [1.78) o09€ (0,203}
ol AL SO 0008 LEmzen b L 0.008 (0.203)
0.045 (118 0.015 (0381  0.095 (242) 0284 7.47) o B & e e s

0.045 1.5} 0.MS (0.381)  0.095 (2.42)

LEAD NO, 1 IDENTIFIED BY DOT OR NOTCH
LEADSWILL BE EITHER GOLD OR TIN PLATED IN LEAD NO. 1 IDENTIFIED BY DOT OR NOTCH
CCORDANCE WITH MIL-M-38510 REQUIREMENTS LEADS ARE SOLDER OR TIN-PLATED KOVAR OR ALLOY 42

0.0
DIGIT

1.0DIGIT 8 4 2z 1

0.1 DIGIT

NOTES:

1. PAD NUMBERS CORRESPOND TO PIN NUMBERS SHOWN IN
PIN CONFIGURATION.

2 PAD 2 (GND| SHOULD BE BONDED FIRST TO MINIMIZE
ESD HAZARDS.

3. PADS ARE 0.004in X 0.004in (0.102mm X 0.102mm |

SEE ANALOG DEVICES CHIP CATALOG
FOR ADDITIONAL CHIF INFORMATION

o -



SEE

NOTE{(

oad Ll
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P e O o O o I o O e O e O o 8w

Q-18

18-Lead Cerdip

~ fos

18 10 |
1 9
| O I O

D

INCHES MILLIMETERS

SYMBOL | MIN MAX MIN MAX NOTES

A 0.200 5.08

b 0.014 0.023 0.36 0.58 7

b, 0.030 0.070 0.76 1.78 2,7

c 0.008 0.015 0.20 0.38 7

D 0.960 24.38 4

E 0.220 0.310 5.59 7.87 4

E, 0.290 0.320 7.37 8.13 6

e 0.090 0.110 2.29 2.79 8

L 0.125 0.200 3.18 5.08

L, 0.150 3.81

a 0.015 0.060 0.38 1.52 3

S 0.098 2.49 5

S, 0.005 0.13 5

o 0° 15° 0° 15°

10-46 PACKAGE INFORMATION

. Index area; a notch or a lead one

I ptification mark
is located adjacent to lead one.

. The minimum limit for dimension b; may be 0.023"

{0.58mm) for all four corner leads only.

. Dimension Q shall be measured from the seating plane

to the base plane.

. This dimension allows for off-center lid, meniscus

and glass overrun.

. Applies to all four corners.
. Lead center when « is 0°. E; shall be measured at the

centerline of the leads.

. All leads - increase maximum limit by 0.003"(0.08mm)

measured at the center of the flat, when hot solder
dip lead finish is applied.

. Sixteen spaces.



