ANALOG
DEVICES

12C Compatible
Digital Potentiometers

Preliminary Technical Data

ADS5241/AD5242

FEATURES

256 Position

Potentiometer Replacement

10K, 100K, 1M, Ohm

Internal Power ON Mid-Scale Preset

+2.7 to +5.5V Single-Supply; +2.7V Dual-Supply Operation
IC Compatible Interface

APPLICATIONS

Multi-Media, Video & Audio

Communications

Mechanical Potentiometer Replacement
Instrumentation: Gain, Offset Adjustment
Programmable Voltage to Current Conversion
Line Impedance Matching

GENERAL DESCRIPTION

The AD5241/AD5242 provides a single/dual channel, 256 position
digitally-controlled variable resistor (VR) device. These devices
perform the same electronic adjustment function as a
potentiometer, trimmer or variable resistor. Each VR offersa
completely programmable value of resistance, between the A
terminal and the wiper, or the B terminal and the wiper. The
fixed A-to-B terminal resistance of 10, 100 or 1M ohms has a 1%
channel-to-channel matching tolerance with a nominal temperature
coefficient of 30 ppm/°C.

Wiper Position programming defaults to midscale at system power
ON. Once powered the VR wiper position is programmed by a|%C
compatible 2-wire serial datainterface. An asynchronous reset
(PR) pin forces the VR wiper to the midscale position. Both parts
have two programmeable logic outputs available to drive digital
loads, gates, LED drivers, analog switches, etc.
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The AD5241/AD5242 are available in the surface mount (SO-14/-
16) packages. For ultra compact solutions selected models are
available in the thin TSSOP-14/-16 packages. All parts are
guaranteed to operate over the extended industrial temperature
range of -40°C to +85°C. For 3-wire, SPI compatible interface
applications, see the
AD5203/AD5204/AD5206/AD7376/AD8400/AD8402/AD8403
products.

ORDERING GUIDE

Kilo Package Package

Model Ohms | Temp Description | Option
AD5241BR10 10 -40/+85°C SO-14 R-14
AD5241BRU10 10 -40/+85°C TSSOP-14 RU-14
AD5241BR100 100 -40/+85°C SO-14 R-14
AD5241BRU100 | 100 -40/+85°C TSSOP-14 RU-14
AD5241BR1M 1M -40/+85°C SO-14 R-14
AD5241BRUIM | 1M -40/+85°C TSSOP-14 RU-14
AD5242BR10 10 -40/+85°C SO-16 R-16
AD5242BRU10 10 -40/+85°C TSSOP-16 RU-16
AD5242BR100 100 -40/+85°C SO-16 R-16
AD5242BRU100 | 100 -40/+85°C TSSOP-16 RU-16
AD5242BR1M 1M -40/+85°C SO-16 R-16
AD5242BRUIM | 1M -40/+85°C TSSOP-16 RU-16

The AD5241/AD5242 die sizeis 69 mil X 78 mil, 5,382 sg. mil. Contains
Xxx transistors.  Patent Number 5495245 applies.

One Technology Way, P.0. Box 9106, Norwood, MA 02062-9106 U.S.A.
Tel: 617/329-4700 Fax:617/326-8703



12C Compatible Digital Potentiometers

AD5241/AD5242

ELECTRICAL CHARACTERISTICS 10K, 100K, 1M OHM VERSION (vyp = +3v£10% or +5v10%,
Va = +Vpp, Vg = 0V, -40°C < T, < +85°C unless otherwise noted.)
Parameter Symbol  Conditions Min Typ* Max Units
DC CHARACTERISTICS RHEOSTAT MODE Specifications apply to all VRs
Resistor Differential NL2 R-DNL Rwg, Va=NC Rag=10KW -1 0.4 +1 LSB
Resistor Nonlinearity? R-INL Rwg, Va=NC Rag=10KW -1 +0.5 +1 LSB
Nominal resistor tolerance DR Ta=25°C -30 30 %
Resistance Temperature Coefficient Rag/DT Vg = Vpp, Wiper = No Connect 30 ppm/°C
Wiper Resistance Rw lw = Voo /R, Vpp = +3V or +5V 40 100 W
DC CHARACTERISTICS POTENTIOMETER DIVIDER MODE  Specifications apply to all VRs
Resolution N 8 Bits
Integral Nonlinearity* INL Rag=10KW 1 +0.5 +1 LSB
Integral Nonlinearity* INL Rag=1MW 1 +0.5 +1 LSB
Differential Nonlinearity* DNL Rag=10KW 1 +0.4 +1 LSB
Voltage Divider Temperature Coefficient | DV\y/DT Code = 404 5 ppm/°C
Full-Scale Error Vwese Code = 7Fn 1 05 +0 LSB
Zero-Scale Error Vwzse Code = 004 0 +0.5 +1 LSB
RESISTOR TERMINALS
Voltage Range® Vagw Vss Vop Vv
Capacitance® A, B Cag f=1 MHz, measured to GND, Code = 404 45 pF
Capacitance® W Cw f=1 MHz, measured to GND, Code = 404 60 pF
Common Mode Leakage lom Va=Ves=Vw 1 nA
DIGITAL INPUTS
Input Logic High ViH SDA & SCL 0.7Vop Voot0.5 v
Input Logic Low Vi SDA & SCL 0.5 0.3Vop v
Input Logic High Viy ADO & AD1 3.0 Voo v
Input Logic Low Vi ADO & AD1 0 1.0 v
Input Current I Viy =0V or +5V +1 MA
Input Capacitance® Ci 3 pF
DIGITAL Output
Output Logic Low VoL loL = 6mA SDA 04 \Y
Three-State Leakage Current loz Viy =0V or +5V +1 MA
Output Capacitance® Coz 3 8 pF
POWER SUPPLIES
Power Single-Supply Range Vop rance | Vss=0V +2.7 +5.5 \
Power Dual-Supply Range Vbo/ss RANGE 2.3 +2.7 v
Positive Supply Current Iop Vig=+5VorV =0V 0.1 5 MA
Negative Supply Current Iss Vss =-2.5V, Vop = +2.7V 0.1 5 MA
Power Dissipation Poiss Vi = +5V or Vy =0V, Vpp = +5V 05 25 mv
Power Supply Sensitivity PSS 0.05 0.015 %/ %
DYNAMIC CHARACTERISTICSS.211
Bandwidth 3dB BW_10K Rag = 10KW, Code = 40H 650 kHz
BW_50K | Rag = 50KW, Code = 404 142 kHz
BW_100K | Rag = 100KW, Code = 40w 69 kHz
Total Harmonic Distortion THDw Va =1Vrms + 2V dc, Vg = 2V DC, f=1KHz 0.005 %
Vi Settling Time ts Va= Vop, Vg=0V, +1 LSB error band 2 Us
Resistor Noise Voltage eN_WB Ryg = 5KW, f = 1KHz 14 nVCHz
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12C Compatible Digital Potentiometers AD5241/AD5242

ELECTRICAL CHARACTERISTICS 10K, 50K, 100K OHM VERSION (v = +3v£10% or +5v+10%,

Va = +Vpp, Vg = 0V, -40°C < T, < +85°C unless otherwise noted.)
1

Parameter Symbol  Conditions Min Typ Max Units
INTERFACE TIMING CHARACTERISTICS applies to all parts(Notes 6,12)
SCL Clock Frequency fseL 0 100 KHz
tgyF Bus free time between STOP & START t1 47 Js
thp.sTa Hold Time (repeated START) to After this period the first clock pulse is generated 4 Js
tLow Low Period of SCL Clock t3 47 Us
thign High Period of SCL Clock t 4.0 50 'H]
tsu:sta Setup Time For START Condition  ts 47 Us
thp.pat Data Hold Time ts 300 ns
tsu.pat Data Setup Time t7 250 ns
tr Fall Time of both SDA & SCL signals | ts 300 ns
tr Rise Time of both SDA & SCL signals| ts 1000 ns
tsu:sto Setup time for STOP Condition | t1o 4.0 Us
NOTES:
1. Typicals represent average readings at +25°C, Vop = +5V.
2. Resistor position nonlinearity error R-INL is the deviation from an ideal value measured between the maximum resistance and the minimum resistance wiper positions. R-DNL measures the
relative step change from ideal between successive tap positions. Parts are guaranteed monotonic. See figure 20 test circuit.
4. INL and DNL are measured at Vw with the RDAC configured as a potentiometer divider similar to a voltage output D/A converter. Va = Vpp and Ve = 0V.
DNL specification limits of £1LSB maximum are Guaranteed Monotonic operating conditions. See Figure 19 test circuit.
5. Resistor terminals A,B,W have no limitations on polarity with respect to each other.
6. Guaranteed by design and not subject to production test.
9. Bandwidth, noise and settling time are dependent on the terminal resistance value chosen. The lowest R value results in the fastest settling time and highest bandwidth. The highest R value

result in the minimum overall power consumption.
10.  Ppjgg is calculated from (Ipp x Vpp). CMOS logic level inputs result in minimum power dissipation.
11. All dynamic characteristics use Vpp = +5V.
12. See timing diagram for location of measured values.

ABSOLUTE MAXIMUM RATINGS (Tp = +25°C, unless

otherwise noted) AD5241 PIN CONFIGURATION

“ 0a AL [1] 14] o1
VDD to GND .. =V ,+7V
A X 1] TS wa [2 13 ne
VDD 10 V/ES cvereeeeeeeeeeeeeeeseeeeeeeeeeeeeeeee s eeee e s B1 [3] 12] o2
VAv VB! VW L\ 5 R Voo IZ E Ves
Ax—Bx,Ax—Wx, BX_WX ...................................... +20mA
.. HDN
Digital Input Voltageto GND......... S E E DGND
Operating Temperature Range SCL E E AD1
Package Power Dissipation............c.cceue.... SDA E E ADO
Thermal Resistance Qa
SO|C (SO'14) ............................................... 1580C/W AD5242 PI N CONFI GURATI ON
SOIC (SO-16) .evvevreerererienieniesinsiesiesessessesseneens 73°CIW
TSSOP-14...coooeeeereeeeeeseseeseseesseseseessssennns 206°C/W o1 [1] 16] A2
TSSOP-16.....cviiieieeeieetie ettt 180°C/W
15
Maximum Junction Temperature (TjMAX) ...ccoveeereenne +150°C Al IZ :| w2
Storage TEMPErALUNE.........ccveveeereeerererennens -65°C to +150°C w1 E E B2
Lead Temperature B1 E E o2
R-14, R-16, RU-14, RU-16 (Vapor Phase, 60 sec) .. +215°C
R-14, R-16, RU-14, RU-16 (Infrared, 15 sec) ......... +220°C Voo E E Vss
SHDN E E DGND
SCL E E AD1
SDA E E ADO
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12C Compatible Digital Potentiometers AD5241/AD5242

TABLE 1: AD5241 PIN Function Descriptions TABLE 2: AD5242 PIN Function Descriptions
Pin  Name Description Pin  Name Description
1 Aq Resistor terminal A; 1 o1 Logic Output terminal O1
2 Wy Wiper terminal W, 2 Ax Resistor terminal A;
3 B Resistor terminal B 3 Wy Wiper termina W,
4 Vbp Positive power supply, specified for 4 B, Resistor termina B,
operation from +2.2 to +5.5V. 5 Vbp Positive power supply, specified for
5 SHDN Active Low, Asynchronous connection of operation from +2.2to +5.5V.
the wiper W to terminal B, and open 6 SHDN Active Low, Asynchronous connection of
circuit of terminal A. RDAC register the wiper W to terminal B, and open
contents unchanged. circuit of terminal A. RDAC register
6 SCL Serial Clock Input contents unchanged.
7 SDA Serial Data | nput/Output 7 SCL Serial Clock Input
8 ADO Programmabl e address bit for multiple 8 SDA Serial Data | nput/Output
package decoding. Bits ADO & AD1 9 ADO Programmabl e address bit for multiple
provide 4 possible addresses. package decoding. Bits ADO & AD1
9 AD1 Programmabl e address bit for multiple provide 4 possible addresses.
package decoding. Bits ADO & AD1 10 AD1 Programmabl e address bit for multiple
provide 4 possible addresses. package decoding. Bits ADO & AD1
10 DGND Common Ground provide 4 possible addresses.
11 Vgg Negative power supply, specified for 11 DGND Common Ground
operation from 0 to -2.7V 12 Vss Negative power supply, specified for
12 o2 Logic Output terminal O2 operation from 0 to -2.7V
13 NC No Connect 13 02 Logic Output terminal 02
14 o1 Logic Output terminal O1 14 B, Resistor termina B>
15 W, Wiper termina W,
16 Az Resistor terminal A,
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Figure 2. Detail Timing Diagram

The AD5241/AD5242 |°C-bus interface is a receive only slave. Data is accepted from the 1°C busin the following serial format:

s (o (1|0 |1 |1 |A]|]A]|]O |A]|JA]|]R]|]S]|]O]JO|X |X|X|A|D|D|D|D|D|D|D|D]A
S 1

D |D B D |2 1 7 6 5 | 4 3 2 0
1 0
Slave Address Byte Instruction Byte Data Byte

Where:

S = Start Condition A/B = RDAC sub address select

P = Stop Condition RS = Midscale reset

A = Acknowledge SD = Shutdown, same as SHDN pin operation

X =Don't Care 02, 01 = Output logic pin latched values

AD1, ADO = Package pin programmable address bits D7,D6,D5,D4,D3,02,D1,D0 = Data Bits
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12C Compatible Digital Potentiometers

AD5241/AD5242

OUTLINE DIMENSIONS
Dimensions shown in inches and (mm)
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