ANALOG
DEVICES

256-Position and 33-Position
Digital Potentiometers

AD5200/AD3201

FEATURES

AD5200—256-Position

ADS5201—33-Position

10 kil, 50 kil

3-Wire SPI-Compatible Serial Data Input

Single Supply 2.7V to 5.5V or

Dual Supply £2.7 V for AC or Bipolar Operations
Internal Power-On Midscale Preset

APPLICATIONS

Mechanical Potentiometer Replacement
Instrumentation: Gain, Offset Adjustment
Programmable Voltage-to-Current Conversion
Programmable Filters, Delays, Time Constants
Line Impedance Matching

GENERAL DESCRIPTION

The AD5200 and AD5201 are programmable resistor devices,
with 256 positions and 33 positions respectively, that can be digi-
tally conrrolled through a 3-wire SPI serial interface. The terms
programmable resistor, variable resistor (VR), and RDAC are
commonly used interchangeably to refer to digital potentiometers.
These devices perform the same electronic adjustment function
as a potentiometer or variable resistor. Both ADS200/AD5201
contain a single variable resistor in the compact MSOP
package. Each device contains a fixed wiper resistance ar the
wiper contact that taps the programmable resistance at a point
derermined by a digital code. The code is loaded in the serial
input register. The resistance between the wiper and either end
point of the programmable resistor varies linearly with respect to
the digital code transferred into the VR latch. Each variable
resistor offers a completely programmable value of resistance,
berween the A terminal and the wiper, or the B terminal and the
wiper. The fixed A-to-B terminal resistance of 10 k{2 or 50 k)
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has a nominal temperature coefficient of 300 ppm/®C. The VR
has a VR latch that holds its programmed resistance value. The
VR latch is updated from an SPI-compatible serial-to-parallel
shift register thar is loaded from a standard 3-wire serial-input
digital interface. Eight data bits for the AD3200 and six data
bits for the AD5201 make up the data word that is clocked into
the serial input register. The internal preset forces the wiper to
the midscale position by loading 80y and 10 into ADS200 and
ADS201 VR latches respectively. The SHDN pin forces the
resistor to an end-to-end open-circuit condition on the A terminal
and shorts the wiper to the B terminal, achieving a microwatt
power shutdown state. When SHDN is returned to logic high,
the previous latch setting puts the wiper in the same resistance
setting prior to shutdown. The digital interface is still active dur-
ing shutdown so that code changes can be made that will produce
a new wiper position when the device is rerumned from shurdown.

All parts are guaranteed to operate over the extended industrial
temperature range of =40°C to +85°C.




AD5200/AD5201-SPECIFICATIONS

AD5200 ELECTRICAL CHARACTERISTICS

Ve =5V =10%, 0r 3V = 10%, Vs =0V, Vy=+Vpp, V=0V,
—40°C < Ty < +85°C unless otherwise noted.)

Parameter | Symbol Conditions Min Typ' Max | Unit

DCCHARACTERISTICS RHEOSTAT MODE
Resistor Differential Nonlinearity 2 R-DNL Ry, Vs = No Connect =1 0,25 41 LsSB
Resistor Intepral Nonlinearity 2 E-INL Bgg, Vi = No Connect =2 05 +2 LSE
Nominal Resistor Tolerance * ARp Ti=25C =30 +30 Yo
Resistance Temperature Coefficient BapAT Vg = Vg, Wiper = No Connect =111 ppmyd *C
Wiper Reststance Ry Vop =5V 50 104} 0

DC CHARACTERISTICS POTENTIOMETER DIVIDER MODE (Specifications apply to all VRs.)
Resolution M ] Bits
Differential Nonlinearity * DML -1 174 +1 LSE
Integral Nonlinearity 4 INL =2 212 2 LSB
Voltage Divider Temperature Coefficient AVl AT Code=80y 5 ppmyd *C
Full-Scale Emmor Vwese Code=FFy =1.5 =05 0O LSE
Zero-Scale Error Vpzse Code=00yg 0 +0.5 +1.5 |(LSB

RESISTORTERMINALS
Vaoltage Range * Vi ow Ve Voo v
Capacitance *A, B Cam =1 MHz, Measured to GND, Code =80 y 45 pF
Capacitance "W Cy =1 MHz, Measured to GND, Code =80 g 1] pF
Shutdown Supply Current * Inp sn Vpp =55V 001 5 [TEY
Common-Mode L eakape | P Vi=Vg=Vpp'2 1 A

DIGITALINPUTSANDOUTPUTS
Input Logic High Vig 2.4 W
Input Logic Low Vi 0.8 W
Input Logic High Vi Vpp =3V, V=0V 21 v
Input Logic Low Vi Vpp =3V, V=0V .6 v
Input Current Ig Vie=0VoarsV +1 UA
Input Capacitance *® Cp 5 pF

POWERSUPPLIES
Logic Supply Voo 2.7 5.5 W
Power Single-Supply Range Voo gasce Ve =0V =0.3 5.5 v
Power Dual-Supply Range Vboss pance +23 27 |V
Positive Supply Current Ipn Vig=+5SVerVgp=0V 15 40 UA
Negative Supply Current | P Ve ==5YV 15 40 UA
Power Dissipation * Ppss Vig=+5 VoV =0V, Vop =45 V, Ve =0V 0.2 mW
Power Supply Sensitivity PSS AVpp = +5 V 10%, Code = Midscale =001 0001 +0.01 | %%

DYNAMIC CHARACTERISTICS %%
Bandwidth=3dB BW_10 k2 | Rayp=10 k0, Code =80y 600 kHz
BW_50 kf2 | Bap =50 ki, Code = 80y 1000 kHz

Total Harmonic Distortion THDwg Va=1Voms, Vg=0V¥,f=1kHz, Ry =10 ki2 0003 Yo

Vo Settling Time {10 kO/S0 kIX) tg Vy=5V,Vy=0V,z 1 LSB Error Band 2/9 us

Resistor Noise Voltage Densiry £ W Rgg=5kiL ES =0 0 aVHz

MNOTES

"Typicals represent average readings at 25°C and Vop =5V, Vs =0 V.
*Resigtor position noalinearity error R-INL & the deviation from an ideal value measured berween the maximuom resisrance and the minimum resistance wiper posi-
tions. R-DWL measures the relarive step change from ideal berween successive tap positions. Parrs are guaranteed monotonic. I w = Vpo/R for both Ve = +2.7 W,

Veg =-2.TV.
Wae = Voo, Wiper (Vi) = No connect.

INL and DML are measured at Vo with the RDAC configured as a porentiometer divider similar 1o a voltage ourpur DVA converter. ¥V = Vpp and Ve = 0V, DNL
specification limirs of £ 1 LSB maximum are Guaranteed Monotonic operating conditions.
“Resisror Terminals A, B, W have no limitarions on polarity with respect 1o each other.

“Guaranteed by design and not subject to production test.

"Measured ar the A rerminal. A rerminal is open-circuited in shurdown mode.
*Prass is caleulated from (Ipp » Vop). CMOS logic level inpurs result in minimum power dissipaticn.

Al dynamic characrerisrics use Vpp = 5V, Vas = 0 V.
Specifications subject to change without notice.



AD5201 ELECTRICAL CHARACTERISTICS

—40°C < T, < +85°C unless otherwise noted.)

(Voo =5V = 10%, or 3V = 10%, Vss =0V, Vy = +Vp, Vg = 0V,

Parameter | Symbaol Conditions Min Typ' Max | Unit
DCCHARACTERISTICS RHEOSTAT MODE
Resistor Differential Monlinearity = R-DMNL Bagp, Va = No Connect =05 005 405 | LSB
Resistor Integral Nonlinearity 2 R-INL Bap, Va = No Connect =1 0.1+l LSE
Nominal Resistor Tolerance * ARy Ta=25°C =30 +30 e
Besistance Temperature Coefficient Bap/AT W ap = Yoo, Wiper = No Connect 500 ppmy*C
Wiper Resistance Ry Vop=5V 50 100 Y]
DC CHARACTERISTICS POTENTIOMETER DIVIDER MODE (Specifications apply to all VRs.)
Resolution ! N & Bt
Differential Monlinearity DML =05 =001 +05 | LSE
Integral Nonlinearity 3 INL =1 +0.02 +1 LSB
Woltage Divider Temperature Coefficient AW/ AT Code=10y 5 ppmy*C
Full-Seale Error Virpse Code=20y =12 =1/4 0 LSB
Zero-Scale Error Virzse Code=00y i} +1M4 +152 | LSB
RESISTOR TERMINALS
Voltage Range * Voo w Vg Voo |V
Capacitance " A, B Cap =1 MHz, Measured to GND, Code =10 4 45 pF
Capacitance "W C =1 MHz, Measured o GND, Code = 10 4 60 pF
Shurdown Supply Current ® Ipp sp Vop =55V >0o1 5 nA
Common-Mode Leakage Teag Va=Vp=Vppl2 1 nA
DIGITALINPUTS ANDOUTPUTS
Input Logic High Vig 24 W
Input Logic Low Vi 0.8 bl
Input Logic High Vig Voo =3V, V=0V 21 v
Input Logic Low Vi Vop =3V, V=0V 0.6 v
Input Current In Vin=0Vors5V +1 LA
Input Capacitance Cp 5 pF
POWERSUPPLIES
Logic Supply YioGic 2.7 5.5 bl
Power Single-Supply Range Voo pance Vg =0V =03 5.5 v
Power Dual-Supply Range Vimwss pance 23 127 |V
Positive Supply Current Inp Vg =+ VorVgp=0V 15 40 LA
Megative Supply Current Ige Ve ==53V 15 40 pA
Power Dissipation * P Vg =43 VoV =0V, Vip=+3 V, Vg ==5V 0.2 mW
Power Supply Sensitivity PSS AVpp=+3 V< 10% =0.01 0,001 +0.01| %%
DYNAMIC CHARACTERISTICS =@
Bandwidth-3dB BW_10 kL) Rap =10 k0, Code = 10 600 kHz=
BYW_50 kL) Rap =50 k), Code = 104 100 kHz
Total Harmonic Distortion THD Vo= 1Vrms, Ve=0V,f=1kHz, R 5= 10 ki} 0.003 o
Wi Settling Time (10 kLS50 ki) 15 Vyi=5V,Vg=0V,£ | L5B Error Band 209 s
Resistor Noise Voltage Densiry CN_WE Bgp=5kKLERS=0 g nVVHz

MOTES

“Typicals represent average readings ar 25°C and Vop = 5V, Vas = 0V,
? Resistor position nonlinearity error B-IWL is the deviarion from an ideal value measured berween the maximum resistance and the minimum resistance wiper posi-
tions. R-DNL measures the relative step change from ideal beoween successive tap positions. Parts are guaranteed monotonic. Iw = Vpo/R for both Vop = +2.7V,

Veg=-2TV.
Wan = Voo, Wiper (V) = No connect.

4 Six bits are needed for 33 positions even though it is not a 64-position device.

SINL and DML are measured at Ve with the RDAC configured as a potentiomener divider similar ro & volrage ourpur IVA convertes. Vi = Viop and Vi = 0V, DML
specification limits of £1 LSE maximum are Guaranteed Monotonic operating conditions.

% Risistor Terminals A, B, W have no limitations on polarity with respect 1o each other.

? Guaranteed by design and not subject to production et

# Measured ar the A erminal. A rerminal is open-circuited in shurdown mode.

? Prss is calculated from (Ipg % Vpp). CMOS legic level inputs result in minimum power dissipation.

" a)| dynamic characreristics use Voo = 5V, Vag = 0 V.

Specifications subject to change without notice.



ELECTRICAL CHARACTERISTICS uesstarwisetedy o

Parameter | Symbol | Conditions Min  Typ' Max Unit

INTERFACE TIMING CHARACTERISTICS {Applies to All Partz [Notes 2, 3])
Input Clock Pulsewidth Topn Ton Clock Level High or Low 20 ns
Data Setup Time tps 5 ns
Dhata Hold Time tng 3 ns
Ccs Setup Time Tess 15 ns
Ccs High Pulsewidth tosw 40 ns
CLK Fall to CS Fall Hold Time Trsa 0 ns
CLEK Fall to TS Rize Hold Time o 0 ns
CS Rise to Clock Rise Setup o 10 ns

MNOTES

"Typicals represent average resdings ar 25°C and Vpp = 5V, Ve =0 V.

*Guaranteed by design and not subject o production test.

18ee riming diagram for locarion of measused values. All inpur control voltages are specified with 1z = 1 = 2 ns (10% 1o 90% of 3 V) and rimed from a voltage level of
1.5 V. Switching characteristics are measured wsing Vypge = 5 V.

Specifications subject 1o change withour notice.
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Figure 1a. AD5200 Timing Diagram
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ABSOLUTE MAXIMUM RATINGS!
[Ta = 25°C, unless otherwise noted)

\'r[g.n. o vgg ..................................... TV
1I\'II[\M:'- wGND e =0.3, +7 A4
Ve GND Lo ov,-TV
‘\'r_ju vn, ‘l‘rw wGND . \-’55, \'rl}l:f
) +20 mA?
Digital Inputs and Output Voltage to GND ....... ov, 7TV
Operating Temperature Range ........... =40°C to +85°C
Maximum Junction Temperature (Ty Max) ......... 150°C

Storage Temperature ... ... .. ... .o ... —65°C o +150°C
Lead Temperature (Soldering, 10 sec) 300°C
Thermal Resistance 6y, MSOP
Package Power Dissipation = (T; Max - T )/,

MNOTES

'Stresses above these listed under Absolure Maximuom Ratings may cause perma-
nent damage oo the device. This is a stress rating; funcrional operation of the device
at these or any other conditions above those listed in the operational sections of this
specification is not implied. Exposure o absolure madimum rating conditions for
extended persods may affect device reliability.

*Max current is bounded by the maximum current handling of the switches,
maximum power dissiparion of the package, and maximum applied voliage across
any two of the A, B, and W rerminals ar a given resistance. Please refer o TPC 31
and TPC 32 for derail.

PIN FUNCTION DESCRIPTIONS

Pin Name Description
1 B B Terminal.
2 Vss Negative Power Supply, specified for opera-
tion from OV 1o 2.7 V.
GND Ground.
Cs Chip Select Input, Active Low. When C5
rerurns high, dara will be loaded into the
DAC register.
5 5DI Serial Data Inpur.
6 CLK Serial Clock Input, positive edge triggered.
7 SHDN | Active Low Input. Terminal A open circuit.
Shutdown controls Variable Resistors of
EDAC o temporary infinite.
g Voo Positive Power Supply (Sum of Vg + Vg
£55V).
9 W Wiper Terminal.
10 A A Terminal.
PIN CONFIGURATION

AD5200/AD5201-Typical Performance Characteristics
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Table I. AD3200 Serial-Data Word Format

BT

Bo

Bs

B4

B3

B2

B1

D7

D

D5

D4

D3

D2

D

D

M5B

Bl s 10k

2'!

2‘

Fag s SOk

Table II. AD5201 Serial-Data Word Format
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OPERATION

The ADS200/AD5201 provide 255 and 33 positions digitally-
controlled variable resistor (VE) devices. Changing the
programmed VR settings is accomplished by clocking in an 8-bit
serial data word for ADS200, and a 6=bit serial data word for
AD5201, into the SDI (Serial Data Input) pins. Table I provides
the serial register dara word format. The AD5200/AD3201 are
preset to a midscale internally during power-on condition. In
addition, the ADS200/AD5201 contain power shutdown
SHDN pins that place the RDAC in a zero power consump-
tion state where the immediate switches next to Terminals A and
B are open-circuited. Meanwhile, the wiper W is connected o B
terminal, resulting in only leakage current consumption in the VR
structure. During shutdown, the VR latch contents are maintained
when the BDAC is inactive. When the part is remurned from
shutdown, the stored VR setting will be applied to the RDAC.

*Six dara bis are needed for 33 positions.

PROGEAMMING THE VARIABLE RESISTOR

Rheostat Operation

The nominal resistance of the RDAC between Terminals A and
B are available with values of 10 kL2 and 50 k{1. The final two
digits of the part number determine the nominal resistance
value, e.g., 10 k{2 = 10 and 50 k{ = 50. The nominal resistance
(B,p) of ADY3200 has 256 contact points accessed by the wiper
terminal. The 8-bit data word in the BDAC latch of ADS200 is
decoded to select one of the 256 possible sertings. In both parts,
the wiper's first connection starts at the B terminal for data 00y,
This B-terminal connection has a wiper contact resistance of
500 az long as valid Vpp/Vss is applied, regardless of the nominal
resistance. For a 10 k£ part, the second connection of AD5200 is
the first tap point with 89 0 [Ryp = Rapf255 + By = 39 0+ 50 0
for dara 01y. The third connection is the next tap point representing
T8 + 50 = 128 ) for data 02y, Due to its unique internal structure
AD5201 has 5-bit + 1 resolution, but needs a 6-hit data word to
achieve the full 33 steps resolution. The 6-bit data word in the
BDAC latch is decoded to select one of the 33 possible settings.
Data 34 to 63 will automatically be equal to Position 33. The
wiper 00y connection of AD5201 gives 50 £2. Similarly, for a
10 k£ part, the first tap point of ADS201 yields 363 £ for
dara 01y, 675 L) for data 02y, For both AD5200 and ADS201,
each LSB data value increase moves the wiper up the resistor
ladder until the last tap point is reached. Figures 2a and 2b show
the simplified diagrams of the equivalent RDAC circuits.
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Figure 2a. AD5200 Equivalent RDAC Circuit. 255 positions
can be achieved up to Switch SW,"_,.
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Figure 2b. AD5201 Equivalent RDAC Circuit. Unlike AD5200,
33 positions can be achieved all the way to Switch SW ",

The general equation determining the digitally programmed
output resistance between W and B is:

RW{D]= '?_. Ryp+500 for ADS200 (1)
255
D =

Rw[:D] =5 Rup +500Q for AD5201 (2)
3

where:
D is the decimal equivalent of the data contained in
EDAC latch.

R4g is the nominal end-to=-end resistance.

Ry is the wiper resistance contributed by the on-resistance
of the internal switch.

Nate I in AD3200 is berween 0 to 255 for 256 positions. On
the other hand, D) in AD5201 iz between (0 to 32 so that 33
positions can be achieved due to the slight internal structure
difference, Figure 2b.

Again if Ryp = 10 K2 and A terminal can be opened or ted to
W, the following cutput resistance between W to B will be set
for the following RDAC latch codes:

AD5200 Wiper-to-B Resistance

D Ryp
(DEC) ({13} Qutput Stare

255 10050 Full-Scale (Ryp + Ry

128 3070 Midscale

1 #9 1LSB

0 50 Zero=Scale (Wiper Contact Resistance)

A2 Wiper-to-B Resistance

D Rwp

{(DEC) (1)} Output State

32 10050 Full-Scale (Rag + By

16 5050 Midscale

1 363 1 LSB

] 30 Zero-Scale (Wiper Contact Resistance)

Note that in the zero=scale condition a finite wiper resistance of
50 02 is present. Care should be taken to limit the current flow

berween W and B in this state to no more than 20 mA to avoid
degradanion or possible destrucrion of the internal switch contace

Like the mechanical potentiometer the RDAC replaces, it is
totally symmetrical. The resistance between the wiper W and
Terminal A also produces a digitally controlled resistance Rygs.
When these terminals are used, the B terminal should be tied to
the wiper. Serting the resistance value for By, starts at a maxi-
mum value of resistance and decreases as the data loaded in
the latch is increased in value. The general equation for this
operation is:

(255-D)

Ry4(D)= S Re 500 for AD5200  (3)
(32-D)

Ruu(D) = 5 Ras +500 for AD5201  (4)

Similarly, D in AD5200 i1s between 0 to 255, whereas I in
AD5201 is between 0 to 32,

For Bap = 10 k() and B rerminal is opened or ted to the wiper
W, the following outpur resistance berween W and A will be set
for the following RDAC latch codes:



ADS200 Wiper-to-A Resistance

D Ry

(DEC) (1) Output State

255 50 Full-Scale (By)

128 5030 Midscale

1 10011 1LSE

0 10030 Zero=-Scale (Rap + By

ADS5201 Wiper-to-A Resistance

D Rya

(DEC) () Output State

32 50 Full-Scale (Buy)

16 5050 Midscale

1 9738 1LSB

0o 10050 Zero-Scale (Ryp + By

The tolerance of the nominal resistance can be £30% due to
process lor dependance. If users apply the RDAC in rheostar
(variable resistance) mode, they should be aware of such specifi-
carion of tolerance. The change in Rap with temperarure has a
500 ppm/™C temperature coefficient.

PROGEAMMING THE FOTENTIOMETER DIVIDER
Yoltage Output Operation

The digital potentiometer easily generates output voltages at
wiper-to-B and wiper-to-A to be proportional to the input volt-
age at A 1o B.

Unlike the polarity of Vpp — Vs, which must be positve, volt-
age across A-B, W-A, and W-B can be at either polarity.

If ignoring the effects of the wiper resistance for an approxima-
tion, connecting A terminal to 3V and B terminal to ground
produces an outpur voltage at the wiper which can be any value
starting at almost zero to almost full scale with the minor devia-
tion contributed by the wiper resistance. Each LSB of voltage is
equal to the voltage applied across Terminal AB divided by the
2%.1 and 2™ position resolution of the potentiometer divider for
ADS5200 and AD5201 respectively. The general equation defin-
ing the ourput voltage with respect to ground for any valid input
voltage applied to Terminals 4 and B is:

Ve (D) =% Vg + Vg for AD5200 (5)
D
Vie(D)=— Vi + Vg  for AD5201 (6)

T 32

where I} in AD5200 15 between 00 to 2535 and D in ADS201 1s
between 0 to 32.

For more accurate calculation, including the effects of wiper
resistance, Yy can be found as:

Vi (D)= Rus (D) V, + Re (D) Ve (7)
AR A8

where Rypgp(D) and Ryy(D) can be obtained from Equations
1to4.

Operation of the digital potentiometer in the divider mode results
in more accurate operation over temperature. Here the output
voltage is dependent on the ratio of the internal resistors and not
the absolute values; therefore, the drift reduces to 15 ppm/*C.

DIGITAL INTERFACING

The AD5200/AD5201 contain a standard three-wire serial inpurt
control interface. The three inpurs are clock (CLK), CS, and
serial data input (SDI). The positive-edge-sensitive CLK input
requires clean transitions to avoid clocking incorrect data into
the serial input register. Standard logic families work well. If
mechanical switches are used for product evaluation, they
should be debounced by a flip-flop or other suitable means.
Figure 3 shows more detail of the internal digital circuitry. When
CS iz low, the clock loads data into the serial register on each
positive clock edge (see Table IIT).

Voo ADS200/AD5201 Vg
A
. BER B

REG | g | RDAC
S0l D j—it REG ? F
PWR-ON
PRESET

Figure 3. Block Diagram

Table III. Input Logic Control Truth Table
SHDN

Register Activity

No SR effect.

Shift one bit in from the SDI pin.
Load SR data into RDAC latch.

No operation.

Open circuit on A terminal and short
circuit berween W to B terminals,

bl b b T E
mme | ol
O

NOTE
P = posivive edge, X = don't care, SR = shift register.

All digital inputs are protected with a series input resistor and
parallel Zener ESD structure shown in Figure 4. Applies to
digital input pins CS, SDI, SHDN, CLK.

34001
LOGIC

Vg

Figure 4. ESD Protection of Digital Pins
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Figure 5. ESD Protection of Resistor Terminals



TEST CIRCUITS
Figures & to 14 define the test conditions used in the product

specification table.
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Figure 6. Potentiometer Divider Nonlinearity Error Test
Circuit (INL, DNL)
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Figure 7. Resistor Position Nonlinearity Error
{Rheostat Operation; R-INL, R-DNL)
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Figure 8. Wiper Resistance Test Circuit
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Figure 9. Power Supply Sensitivity Test Circuit
(PS5, PSRR)

Figure 10. Inverting Gain Test Circuit
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Figure 11. Neninverting Gain Test Circuit

Figure 12. Gain vs. Frequency Test Circuit
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Figure 13. Incremental ON Resistance Test Circuit
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Figure 14. Common-Mode Leakage Current Test Circuit



