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314 Digit BCD Monolithic CMOS
Digitally Controlled Potentiometer

32 oS

AD7525

FEATURES

Resolution: 3 1/2 Digit BCD (1999 Counts}
Nonlinearity: +1/2LSB Tyin 10 Tmax
Gain Error: £0.05% FS

Excellent Repeatability Accuracy

Low Power Dissipation

APPLICATIONS

Thumbwheel Switch Voltage Dividers
Digitally Controlled Gain Circuits
Digitally Controlled Attenuators
BCD Multiplying DACs

Low Power Converters

GENERAL DESCRIPTION
The AD7525 is a monolithic CMOS 3% digit BCD digitally
controlled potentiometer designed for precision incremental
voltage-divider applications.

With the addition of an external op amp, the output can be
digitally controlled from 0 to 1.999Vpy with resolution of

0.001V)\.

AC or DC voltage up to £10V can be applied to the input
providing high application flexibility in fields such as audio

gain control, etc.

Digital control, excellent repeatability and 0.05% accuracy
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
CMOS fabrication process combined with wafer laser trimming.

ORDERING INFORMATION

AD7525 FUNCTIONAL BLOCK DIAGRAM ‘
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PACKAGE IDENTIFICATION!
Suffix “N”: Plastic DIP — (N18B)
Suffix “D”: Ceramic DIP — (D18B)

I See Section 19 for package outline information.
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SPEC|FICATIONS (VppD=+15V; VPIN1 = OV; VN =+10V unless otherwise stated)

Ta = Operating

PARAMETER T = +425°C Temperature Range CONDITION
e\ g . uro o
ACCURA@L\;5 AC 525 oy
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® VN = +5V, Royr (pin 1)
= 10082, Digital Inputs =
Vi to Vg or Vi,
Vpini measured from
. 10% to 90%
Feedthrough Eiror 10.05%Vy max® © $0.1%ViN® VIN = £10V, 20kHz sinewave
ANALOG INPUT
Input Resistance (pin 17)¢ 2k€2 min/10k§2 max 2k€2 min/10k§2 max
VN Range (recommended) +10V max +10V max
ANALOG OUTPUT
Output Capacitance
Cour (pin 1) 60pF max® 60pF max® Digital Inputs = BCD 0000
200pF max® 200pF max® Digital Inputs = BCD 1999
Rgp Resistance (pin 18 to pin 1)% 8k§2 min/40k$2 max 8k min/40k) max
DIGITIAL INPUTS
Input HIGH Voltage
ViH +14.5V min +14.5V min
Input LOW Voltage
ViL +0.5V max +0.5V max
Input Leakage Current +1uA max +10uA max Digital Input=0V or Vpp
Input Capacitance SpF max® 5pF max®
Input Coding 3% Digit BCD (1999 Counts) 3% Digit BCD (1999 Counts)
POWER SUPPLY
Vpp Range +5V o +17V +5V to +17V Functional with
Degraded Performance
Vbbb +15V 5% +15V 5% Rated Accuracy
Ipp 500uA max 1mA max Digital Inputs = Vy; or Viy
NOTES

! Commercial devices are sample tested over temperature.

2Monotonicity is guaranteed on the AD7525LN, CD and UD versions over Tynin t© Tmax:

3Gain Error is measured using the AD7525 internal feedback resistor. FS is ““Full Scale’ (BCD = 1.999).
4 AC parameter, sample tested at +25°C to ensure conf to specificati

5 Guaranteed, not tested.

© Thin-Film resistor temperature coefficient is approximately -300ppm/°C.

Specifications subject to change without notice.
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electro-static aischai

or AD544.

evice. 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 Vpp to any pin except Vy (pin 17) and Rpg (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 reccommended. 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

ABSOLUTE MAXIMUM RATINGS
(T A = 25°C unless otherwise noted)

Vpp (o GND). . ... ... -0.3V,+17V
VIN(OGND) .. e *25V
REB (GOGND) . . e e e 25V
Digital Input Voltage (to GND) . . . . .. ... .. -0.3Vto Vpp
VpiN1 (t0GND). . oo -0.3Vto Vpp

Power Dissipation (Package)
Plastic (Suffix N)

To+70°C ..o e 670mW
Derates above +70°C by. .. e 8.3mwW/°C
Ceramic (Suffix D)
To+75°C..... ... P 450mW
Derates above +75°Cby. . .. .. .. ... ... ... 6mW/°C
Operating Temperature
Commercial Plastic (KN, LN Versions) . .. ... 0 to +70°C
Industrial Ceramic (BD, CD Versions) . . . .~2 5°C to +85°C
Extended Ceramic (TD, UD Versions). . . =5 5°Cto +125°C
TERMINOLOGY

SWITCHING TIME: In a D/A converter, the switching time is
the time taken for an analog switch to change to a new state
from the previous one. It includes delay time, and rise time
from 10% to 90%, but does not include settling time, which
is a function of the output amplifier used.

OUTPUT CAPACITANCE: Capacitance from OUT terminal
(pin 1) to ground.

FEEDTHROUGH ERROR: Error caused by capacitive
coupling from V|y (pin 17) to OUT (pin 1) with all digital
inputs LOW.

PRINCIPLES OF OPERATION

CIRCUIT DESCRIPTION

The AD7525, a 3% digit BCD multiplying DAC, consists of
a thin-film R/2R ladder, interquad voltage dividers and

13 N-channel MOS SPDT current steering switches. Most
applications require the addition of only an external oper-
"ational amplifier.

Referring to Figure 1, the “1.0 Digit” is a 1-bit multiplying
DAC (composed of SW; and Ry) while the 0.1, 0.01, and
0.001 digits are 4-bit multiplying DAC’s (DAC1, DAC2,
and DAC3) connected by 10:1 dividers (composed of
RIN2, R2, R3 and RiN3, R4, R5.

DAC1 is expanded to show the R/2R ladder and switch
network. With input voltage V|, the currents in each shunt
arm are (starting at the left) VyN/2R, VIN/4R, VIN/8R and
Vin/16R. A logic ONE applied to a digital input steers that
shunt arm’s current to OUT, while a logic ZERO steers the
current to GND.
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Figure 1. AD7525 Circuit Diagram
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EQUIVALENT CIRCUIT

As shown in Figure 2, the AD7525 is a digitally controlled
m-network attenuator with signal input “VIN” (pin 17),
signal output “OUT” (pin 1), signal common “GND” (pin 2)

an-d digitalﬁflﬁol'aaﬁ-%g?sﬂl’-g'?ﬁjﬂim N
With OUT- nd and

Rpp (pin 18) connected to the op amp output, the nominal
transfer equation is:

VouT = —ViN BCD

where 0.000 < BCD < 1.999
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Figure 2. Functional Equivalent Circuit

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 R pR (Figure 3), the output error for a
fixed amplifier offset (VQg) is:

R REB
VERROR = {1+ RouT Vos
Case 1: (RoyTt = o)
, _ ReB )y
VERROR = \1 + — 0s

VERROR = Yos

Case 2: (RoyT = 0.35 R pR)

VERROR = <1 ¥ 35R pr

VERROR = (1 +4.6)Vgg = 5.6 V(g
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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)Rgpg.

Reg
<
SR

ouT > R

p—O Vo =Vops [ 1+ FB)

</ + (] os( RouT
Shall C

GND

Figure 3. Noise Gain Equivalent Circuit

High Frequency Amplifiers

REgp and Coyr create a phase lag in the output amplifier’s
feedback circuit. This phase lag, in conjunction with the
amplifier’s phase lag, may cause ringing or oscillation. When
using a high speed amplifier, shunting the amplifier input
to output with 5—20pF of feedback capacitance ensures
stability.

APPLICATION HINTS

1. If an output voltage range of £19.99 volts is required (i.c.,
AD7525 Viy = £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 100MS2. 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 10k£2 pull-down (pull-up if
switch coding is complementary (BCD) resistors must be
used.

Power ed by | Cnminer.com El ectronic-Library Service CopyRi ght 2003


http://www.dzsc.com/ic/sell_search.html?keyword=AD7525TQ/+

Operation Guidelines

BCD INPUT ANALOG OUTPUT
n n Equivalent
0oad AD7525TQ/+ HRERE Digital Input Decimal |[Vo/VIN Vo
+15V 1.0 0.1 0.01 0.001 Input
Vbo 1 1001 1001 1001 1.999 -1.999 |-1.999V N
R12x$2
" v " 1 0000 0000 0001| 1.001 |-1.001 |-1.001Vyy
{AC OR DC) 1 0000 0000 0000 1.000 -1.000 |-1.000V N
0 1001 1001 1001 0.999 -0.999 1-0.999V N
0 0101 0000 0000 0.500 -0.500 |-0.500V N
MSB - — — — - —— 0 0000 0000 0000 | 0.000 0 0
Note 1:
5 L 5 5 For proper BCD coding, the 0.1 digit, 0.01 digit or 0.001 digit
Figure 4. Digitally Controlled Attenuator Circuit must not exceed BCD *‘9" (1001).

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

CALIBRATION PROCEDURE

Offset Adjustment: Gain Adjustment:
1. Apply BCD code 0.000 (0 0000 0000 0000) to the 1. Apply BCD code 1.000 (1 0000 0000 0000) to the
AD7525 digital inputs. AD7525 digital input.
2. Connect a high resolution, high impedance voltmeter 2. Apply +10V to the V| input of Figure 1.
between Vg (amplifier output) and pin 2 of the 3. Connect the voltmeter between Vg (amplifier output)
AD7525. . and pin 2 of the AD7525.
3. Adjust amplifier’s trimpot for minimum reading on 4. Adjust Ry until Vg = ~10V.

the voltmeter (<100uV).
APPLICATION — THUMBWHEEL SWITCH ATTENUATOR

NOTE gy
THUMBWHEEL SWITCH “ONE" COMMON. R3 20
" fo—
(Ac OR DC} //ungx
Vo Voo
17 16
AD7526
won
NOT USED!
co‘t:::ou I E H g e | 1§ SIGNAL COMMON
1 ) 9 9
0 0" . i
“2ERO" | q0pIGIT 0.1 DIGIT 001 DIGIT 0.001 DIGIT NOTE 1 B3 15 MO SED aND
T 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 pulled either to +15V or GND (available from AMP, Harris-
similar to 10-turn pots and thumbwheel switch incremental- burg, PA; CHERRY, Waukegan, Illinois; or SAE, Santa Clara,
voltage-divider assemblies, Advantages of the circuit are: California). Resistor R3 limits current if make-before-break
switches are used. SPST switch assemblies can be used; how-
0O Economy ever, appropriate pull-up or pull-down resistors must be used
O Low Output Impedance on each digital input, depending upon whether the switch
I Resolution 0.1% VN coding is BCD or complementary BCD. This ensures each
O Excellent Repeatability Accuracy digital input has appropriate VIH or Vi levels applied.
O Overrange Capability Resistors Ry and R, provide gain adjustment capability. Rs
is used to adjust the amplifier input offset voltage to less than
The BCD coded thumbwheel assembly applies BCD data to 100uV. Diode D3 (HSCH 1001) provides AD7525 output
the AD7525 digital inputs. The switch assembly shown has protection (see Caution note 3).

single-pole-double-throw action, thus the BCD inputs are
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