ANALOG
DEVICES

Increment/Decrement
Digital Potentiometer

AD5220

FEATURES

128 Position

Potentiometer Replacement

10 k&, 50 k&, 100 k&2

Very Low Power: 40 pA Max
Increment/Decrement Count Control

APPLICATIONS

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

Power Supply Adjustment

GENERAL DESCRIPTION

The AD5220 provides a single channel, 128-position digitally
controlled variable resistor (VR) device. "T'his device performs
the same electronic adjustment function as a potentiometer or
variable resistor. I'hese products were optimized for instrument
and test equipment push-button applications. A choice between
bandwidth or power dissipation are available as a result of the
wide selection of end-to-end terminal resistance values.

The A1Y5220 contains a fixed resistor with a wiper contact that
taps the fixed resistor value at a point determined by a digitally
controlled UP/DOWN counter. “The resistance berween the
wiper and either end point of the fixed resistor provides a con-
stant resistance step size that is equal to the end-to-end resis-
tance divided by the number of positions (e.g., Rgrgpe = 10 kLY
128 = T8 ). The variable resistor oflers a true adjustable value
ol resistance, between the A terminal and the wiper, or the B
terminal and the wiper. The fixed A-to-B terminal resistance of
10 k€, 50 kL2, or 100 kL has a nominal temperature coellicient
ol 800 ppm/°C.

The chip select CS, count CLK and U/D direction control
inputs set the variable resistor position. These inputs that con-
trol the internal UP/DOWN counter can be easily generated
with mechanical or push button switches (or other contact closure
devices). lixternal debounce circuitry is required for the nega-
tive-edge sensitive CLK pin. "This simple digital interface elimi-
nates the need for microcontrollers in front panel interface designs.

The A1Y5220 is available in both surface mount (80-8) and the
8-lead plastic DIP package. lor ultracompact solutions selected
maodels are available in the thin pSOIC package. All parts are
guaranteed to operate over the extended industrial temperature
range of —0°C o +85°C. lior 3-wire, SPI compatible inter-
face applications, see the AIY7376/ADSA00/ADIRA02/A1I8403
products.
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AD5220-SPECIFICATIONS

(Vop=+3 ¥ = 10% or +5¥ £ 10%, ¥y = +Vpp, ¥g = 0V, 40°C < T, < +85°C unless

ELECTRICAL CHARACTERISTICS otherwise noted)

Parameter ‘ Symbol ‘ Conditions Min Ty]:il Max TUnits
DC CHARACTERISTICS RHEOSTA LT MODE Specilications Apply to All VRs
Resistor Dillerential NL? R-DNL Ry V= NG, Ry = 10 k) -1 +0.4 +1 LSB
Rugps V= NG, Ry = 50 k2 or 100 kQ -0.5 +0.1 +0.5 | ISB
Resistor Nonlincarity? R-TNI. Ry Va = NC, Ryg = 10 kQ -1 +i().5 +1 IS
Ry Vi = NG, Rap = 50 kO or 100 kQ —1.5 0.1 +0.5 | I.SB
Nominal Resistor olerance AR Ty = +25°C =30 +30 %
Besistance emperature Coellicient ARsp/AL | Vag = Vi, Wiper = No Connect 800 PO
Wiper Resistance Ry Ly = V'R,V =+3Vor+5 Vv 40 100 £
DC CHARACTERISTICS POTENTIOMETTR DIVIDER MODT Specifications Apply to All VRs
Resolution N 7 Bits
Integral Nonlinearity® INL Ryp = 10 kil -1 +0.5 +1 LSB
Ry = 50 ki), 100 k) -0.5 +0.2 +0.5 LSB
Dillerential Nonlinearity Hrror’ DXNL Ryp = 10 kil -1 +0.4 +1 LSB
Rag = 50 k2, 100 kQ —1.5 0.1 +0.5 | I.SB
Voltage Divider Temperature Coefficient | AV/AT Code = 40y 20 ppmi*C.
TFull-Scale Grror Varsn Code = 7Ty -2 —1.5 0 I.8B
Zero-Scale Error Virse Code = 00y 0 +0.5 +1 LSBE
RESISTOR TTIRMINALS
Voltage Rangc* Vi, Vi, Vg ) Voo v
Capacitanec’ A, B Ca. Cr f = 1 MHz, Mcasurcd to GNID, Code = 40 10 pl?
Capacitanec” W Cww f = 1 MHz, Mcasurcd to GNID, Code = 40 48 pl?
Common-Mode Leakage Lemg Vo=V =Vy 7.5 nA
DIGITAL TNPUTS AND QUTPLUTS
Input Logic High Vm Voo = +5V/+3V 2.4/2.1 v
Input Logic Low Vi Voo = +5V/+3V 0806 V
Input Current Iy, Vin=0Vor+5V R | uA
Input Capacitance’ Crn 5 pF
POWTIR SUPPLITS
Power Supply Range Voo 2.7 5.5 v
Supply Current Inp Vp=+5VorVp =0V, V=45V 15 40 IR
Power Dissipation® Prass Vg =+5VorVp =0V, Vpp =45V 75 200 UW
Power Supply Sensitivity PSS 0,004 0.015 | /%
DYNAMIC CHARACTERISTICS™ - #
Bandwidth -3 AB BW _10K | Rap = 10 kQ, Code = 40y 650 kHz
BW_ 50K | Rap =50 ki), Code = 40 142 kHz
BW_100K | Ryy = 100 ki), Code = 40y 69 kHz
I'otal Harmonic Distortion THDy Vo=l Vm:+25Vde, Vg=25Vde,[=1 kHz 0.002 %
Vy Scttling Time ty Vy = Vo Vg = 0V, 50% of Tinal Value,
10KS0K00IC 0.6/3/6 us
Resistor Noise Volrage o Ryn =5k, =1EkH=z 14 nV/Hz
INTERFACE TIMING CHARACTERISTICS Applies to All Parts> ®
Input Clock Pulsewidth Teys ten Clock Level High or Low 25 ns
CStw CLK Scrup Time tess 20 ns
C8 Rise to Clock Hold Time LestT 20 ns
U/D to Clock Fall Setup 'ime tups 10 ns
~NOTLES

"Typicals represent average readings at +25°C and Vpp = +5 V.

*Resistor position nonlinearity error R-INL. iz the deviation from an ideal value measured between the maximm resistance and the minimum resistance wiper
positions, B-DXNL measures the reladve step change fom ideal between successive lap posilions, Parls are guaranieed monolonic, See Figure 29 test vireuil,

*INL and DNL are measured al Vi with the RDAC configured as a polentometer divider similar 1 a voltage output DiA converter. V4, = Vpp and ¥V, = 0V,
NI apecification limits of £1 LSB maximum are guaranteed monotonic operating conditions. See Figure 28 test circuit.

Mesistor terminals A, B, W have no limitations on polarity with respect to each other.

*Cuaranteed by design and not subject to production test.

Py 5 caleulated from (Ipp % V). CMOS logic level inpuls resull in minimum power dissipation.

"Bandwidih, noise and seLling time are dependent un the Lerminal resistance value chosen. The lowest R value resulls in the [astest selling time #nd highest band-
width. "The highest R value results in the minimum overall power consumption.

EAN dynamic characteristics use ¥pp = +5 V.

“See liming diagrams for location of measured values. All input contrel vollages are specilied with Ly = 4, = 1 1s (10% 10 90% of Vjp) and dmed [rom a vollage level
of 1.6 V. Switching characteristics are measured using both Yo = +3 Vor 45 V.,

Specifications subject to chanpe without naotice.
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AD5220

ABSOLUTE MAXTMUM RATINGS*

(T4 = +25°C, unless otherwise noted) PIN CONFIGURATION
Vop o GNIY Lo 03V, +7V
Va Ve Vg to GND Lo OV, Vi ck[T] e 5] voo
Ax—nx, AX“—WXJ Bx—WX ...................... +20 mA UfﬁE AD5220 EE
Digital Input Voltage to GND ........... OV, Vpp+ 03V w1 TOP VIEW alt
Operating Temperature Range ........... —40°C to +85°C oo 7] fNot fo Scale) art
Maximum Junction Temperature (T;MAX) ........ +150°C
Storage Temperature ..., -65°C to +150°C
Lead Temperature (Soldering, 10sec) ... ... ... +300°C
Package Power Dissipation .............. (Tymax-"T )0
Thermal Resistance 04

P-DIP (N-8) .. e e 103°CW

SOIC(SO-8) .. e 158°CW

PSOIC (RM-8) ... 206°CIW

*Siresses above Lhose listed under Absolule Maximum Raungs may cause
permanent damage to the device. "T'hig iz a stress rating only; functional operation
of the devive aL these or any other condidens above those mdicated o Lhe

PIN FUNCTION DESCRIPTIONS

operalional sections of this specificadon is not implied. Bxposure Lo absolute Pin
maximum rating conditions for extended periods may affect device reliability. No. | Name Descripﬁon
Table 1. Truth Table 1 I _I( Serial Clock Input, Negative 1idge I'riggered
— _ 2 u/D UP/1XWN Direction Increment Control
CS CLK| U/D Operation 3 Al "l'erminal Al
L ! H Wiper Increment Toward Terminal A 4 GND Ground
L i L Wiper Decrement Toward Terminal B 5 Wi Wiper "T'erminal
H X X Wiper Position Fixed 6 Bl Terminal B1
7 (o3 Chip Select Input, Active Low
1 8 Voo Positive Power Supply
[
o
—} |::tcss -
1 o, >ty
o L f A/
1 -ﬂ tups
uD
o
Figure 3. Detail Timing Diagram
ORDERING GUIDE
Model k{2 Temperature Range Package Descriptions Package Options
AD5220BN10 10 —40°C to +85°C 8-Lead Plastic DIP N-8
ADS5220BR10 10 —40°C to +85°C 8-Lead (SOIC) SO-8
ADS5220BRMI10 10 —40°C to +85°C 8-Lead pSOIC RM-8
ADS5S220BN50 50 —40°C to +85°C 8-Lead Plastic DIP N-8
ADS5S220BR50 50 —40°C to +85°C 8-Lead (SOIC) SO-8
AA220B8RMA0 a0 —-40°C to +85°C 8-l.ead pSOIC RM-8
AA220B8N100 100 —-40°C to +85°C 8-1.ead Plastic IDIP N-8
AA220BR100 100 —-40°C to +85°C 8-lead (SOIH 50-8
ADAZ220BRMI100 100 —-40°C to +85°C 8-l.ead pSOIC RM-8
NOTE

The ADS5220 die size §s 37 mil x 54 mil, 199% sq mil; 0938 mm x 1.372 mum, 1.289 sg mm. Conlans 734 ransistors. Patenl Number 5493245 applies,

CAUTION
ESD {electrostatic discharge) sensitive device. Blectrostatic charges ag high as 4000 V readily
sccumulate on the human body and test equipment and can discharge without detection.
Although the ATDI5220 features proprietary ESI) protection circuitry, permanent damage may
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD
precautions are recommended to avoid performance degradation or loss of functionality.

WARNING!

i ESD SENSITIVE DEVICE
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AD5220-Typical Performance Characteristics
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AD5220
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Parametric Test Circuits—AD5220
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AD5220

OPERATION

The AX5220 provides a 128-position digitally controlled vari-
able resistor (VR) device. Changing the VR settings is accom-
plished by pulsing the CLK pin while CS is active low, The
direction of the increment is controlled by the U/D (UPDOWN)
control input pin. When the wiper hits the end of the resistor
(Terminals A or B) additional CLK pulses no longer change
the wiper setting. The wiper position is immediately decoded
by the wiper decode logic changing the wiper resistance. Ap-
propriate debounce circuitry is required when push button
switches are used to control the count sequence and direction

of count. The exact timing requirements are shown in ldgure 3.

The AlY5220 powers ON in a centered wiper position exhibit-
ing nearly equal resistances of Rya and Ryp.

Voo
CLK 2
S A
s up |
DOWN w
CNTR
_ B
1)
i GND

POR
40, |

ADS5220

Figure 35. Block Diagram

DIGITAL INTERFACING OPERATION

The AD5220 contains a three-wire serial input interface, The
three inputs are clock {CLK), CS and UP/DOWN (U/D). The
negative-edge sensitive CLLK input requires clean transitions to
avoid clocking multiple pulses into the internal UP/IYOWN
counter register, see liigure 35. 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, When CS is taken active low the clock begins to incre-
ment or decrement the internal UP/DOWN counter dependent
upon the state of the U/D control pin, The UPDOWN counter
value (D) starts at 404 at system power ON. Each new CLK
pulse will increment the value of the internal counter by one
1.SD until the full scale value of 317 is reached as long as the
U/D pin is logic high. If the U/D pin is taken to logic low the
counter will count down stopping at code 00, (Zero-scale).
Additonal clock pulses on the CILK pin are ignored when the
wiper is at either the 00}, position or the 314; position.

All digital inputs (CS, U/D, CLK) are protected with a series
input resistor and parallel Zener 13151) structure shown in
liigure 36.

1k

D—M{ LOGIC

Figure 36. Equivalent ESD Protection Digital Pins

2042

Figure 37. Equivalent ESD Protection Analog Pins
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PROGRAMMING THE VARIABLE RESISTOR

Rheostat Operation

‘I'he nominal resistance of the RIDAC hetween terminals A and
I} is available with values of 10 k€1, 50 kL2, and 100 k€1, "I'he
final three characters of the part number determine the nominal
resistance value, e.g., 10 k€ =10; 50 kL2 = 50; 100 k€2 = 100.
I'he nominal resistance (Rap) of the VR has 128 contact points
accessed by the wiper terminal, plus the B terminal contact. At
power ON the resistance [rom the wiper to either end Terminal
A or B is approximately equal. Clocking the CLK pin will in-
crease the resistance [rom the Wiper W to Terminal B by one
unit of Rg resistance (see Figure 38). The resistance Ry is
determined by the number of pulses applied to the clock pin.
liach segment of the internal resistor string has a nominal resis-
tance value of Rg= Ry;/128, which becomes 78 L2 in the case of
the 10 k€l AIXS2201N10 product. Care should be taken to limit
the current flow between W and I} in the direct contact state to
4 maximum value of 5 mA to avoid degradation or possible de-
struction of the internal switch contact.

Like the mechanical potentiometer the RIDAC replaces, it is
totally symmetrical {see Vigure 38). T'he resistance berween the
Wiper W and Terminal A also produces a digitally controlled
resistance Rys. When these terminals are used the B—terminal
should be tied to the wiper.

I’he typical part-to-part distribution of R, is process lot depen-
dent having a +30% variation. I'he change in R, with tempera-
ture has a 800 ppm/°C temperature coellicient.

The Ry temperature coefficient increases as the wiper is pro-
grammed near the B-terminal due to the larger percentage con-
tribution of the wiper contact switch resistance, which has a
0.5%/°C temperature coefficient. lYigure 14 shows the effect of
the wiper contact resistance 48 4 function of code setting. An-
other performance [actor inflluenced by the switch contact resis-
tance is the relative linearity error performance between the
10 kG, and the 50 k£ or 100 k€ versions. The same switch
contact resistance is used in all three versions, Thus the perfor-
mance of the 50 k2 and 100 kQ devices which have the least
impact on wiper switch resistance exhibits the best linearity
error, see lligures 7 and 8.
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AD5220

PROGRAMMING THE POTENTIOMETER DIVIDER
Voltage Output Operation

I'he digital potentiometer easily generates an output volrage
proportional to the input voltage applied to a given terminal.
For example connecting A Terminal to 45 V and B Terminal to
ground produces an output voltage at the wiper which can be
any value starting at zero volts up to 1 LSB less than +5 V. Bach
LSB of voltage is equal to the voltage applied across terminals
AB divided by the 128-position resolution of the potentiometer
divider. "The general equation defining the output voltage with
respect to ground for any given input voltage applied to termi-
nals Al is:

VD) = D28 x Vg + Vg (1)

D represents the current contents of the internal UP/DOWN
counter.

Operation of the digital potentiometer in the divider mode re-
sults in more accurate operation over temperature, Here the
output voltage is dependent on the ratio of the internal resistors,
not the absolute value, therefore, the drift improves to 20 ppm°C.
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APPLICATIONS INFORMATION

T'he negative-edge sensitive CI.K pin does not contain any
internal debounce circuitry. This standard CMOS logic input
responds to [ast negative edges and needs to be debounced
externally with an appropriate circuit designed flor the type of
switch closure device being used. Good performance results at
the CLK input pin when the negative logic transition has a
minimum slew rate of 1 Vips. A wide variety ol standard circuits
can be used such as a one-shot multivibrator, Schmitt Triggered
gates, cross coupled Qip-fops, or RC hlters to drive the CLK
pin with uniform negative edges. "T'his will prevent the digital
potentiometer from skipping output codes while counting due to
switch contact hounce.
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OUTLINE DIMENSIONS

Dimensions shown in mmches and (mm).

8-Lead Plastic DIP

(N-8)
0.430 {10.92)
-~ 0338 @84
P - - -
] 5]
0.280 (7.11)
0.230 (.10}
-1 ud | I} 0.325(8.25)
o o
= 0050 {1.52) 0.300 (7.62)
0.015 {0.35) |
0.210(5.33 O
MAX 0130 115 (2.93)

0.160 {4.06) {330}

0115 (293} 5 ";':A“NG 0.015 (0.381)
0.022 05%) &1503 omo (.77) " SAN 0,008 0.204)
0.014 (0.356) 0.035(1.15)

BSC
8-Lead SOIC
(SO-8)
0.1968 (5.00)
S pubelhtintedlh, hnbiuied
07890 (480}
i i T
¥ s 5
0.1574 (4.00) 0.2440 (6.20)
07297 (5:80) 1 4|| 62284 (5.80)
TTIL 4
PIN1 0.0688 {1.75) 0.0196(050)
2.0098 {0.25) 0.0532 (1.35) "‘ [*oo0mm 025 < *
0.0040 (0.10)
p I
f-ﬂ Pt -] b 'F g
SEATING ‘:1"33;’ %:g;z: 0.0008 (0.25) ¥ 0.0500 (1.27)
PLANE ‘ggc 0.0075 (0.19) 0.0160 (0.41)

8-Lead pSOIC
(RM-8)

0.122 (3.10)
o114 zam[*

AAAA T

0.122 {3.10) 0.199 (5.05)
0.113 (2.90) 0.187 (4.75)

¥ o1 4
AT

)

PIN1
0.0256 (0.65) BSC

0.120(3.03) 0.120 {3.05)

i 5 *!ma
0043 1.09
0.006 (0.15) § § 003?:0.94; J—{
33°

0002 @IS EF
0.018 {0.46
SEATING m; 0.011 mzs} !1028 (0 1)
PLANE 0.003 (0.08) 0.016 (0.41)
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