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ANALOG
DEVICES

Low Cost
Analog Multiplier

AD633

FEATURES

4-Quadrant Multiplication

Low Cost 8-Lead Package

Complete—No External Components Required
Laser-Trimmed Accuracy and Stability

Total Error within 2% of FS

Differential High Impedance X and Y Inputs
High Impedance Unity-Gain Summing Input
Laser-Trimmed 10 V Scaling Reference

APPLICATIONS

Multiplication, Division, Squaring
Modulation/Demodulation, Phase Detection
Voltage Controlled Amplifiers/Attenuators/Filters

PRODUCT DESCRIPTION

The AD633 is a functionally complete, four-quadrant, analog
multiplier. It includes high impedance, differential X and Y
inputs and a high impedance summing input (Z). The low
impedance output voltage is a nominal 10 V full scale provided
by a buried Zener. The AD633 is the first product to offer these
features in modestly priced 8-lead plastic DIP and SOIC packages.

The AD633 is laser calibrated to a guaranteed total accuracy of
2% of full scale. Nonlinearity for the Y input is typically less
than 0.1% and noise referred to the output is typically less than
100 pV rms in a 10 Hz to 10 kHz bandwidth. A 1 MHz band-
width, 20 V/us slew rate, and the ability to drive capacitive loads
make the AD633 useful in a wide variety of applications where
simplicity and cost are key concerns.

The AD633’s versatility is not compromised by its simplicity.
The Z-input provides access to the output buffer amplifier,
enabling the user to sum the outputs of two or more multipliers,
increase the multiplier gain, convert the output voltage to a
current, and configure a variety of applications.

The AD633 is available in an 8-lead plastic DIP package (N)
and 8-lead SOIC (R). It is specified to operate over the 0°C to
70°C commercial temperature range (J Grade) or the -40°C to
+85°C industrial temperature range (A Grade).

REV. E

Information furnished by Analog Devices is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its
use, norforany infringements of patents or other rights of third parties that
may result fromits use. No license is granted by implication or otherwise
under any patent or patent rights of Analog Devices.

CONNECTION DIAGRAMS
8-Lead Plastic DIP (N) Package

x1[1] 8 ]+vs
P Bl
v[7] ak
v2[4] [ 5] -vs

AD633JN/AD633AN

8-Lead Plastic SOIC (RN-8) Package

A
vi[1] b 4 8 | X2
7
vzt o) 7 | x1
s [3] ® b o
AD633JR/AD633AR
W=(X1—Xz)(Y1—Y2) N
o0V
PRODUCT HIGHLIGHTS

1.

The AD633 is a complete four-quadrant multiplier offered in
low cost 8-lead plastic packages. The result is a product that
is cost effective and easy to apply.

. No external components or expensive user calibration are

required to apply the AD633.

. Monolithic construction and laser calibration make the

device stable and reliable.

. High (10 MQ) input resistances make signal source loading

negligible.

. Power supply voltages can range from +8 V to +18 V. The

internal scaling voltage is generated by a stable Zener diode;
multiplier accuracy is essentially supply insensitive.

One Technology Way, P.0. Box 9106, Norwood, MA 02062-9106, U.S.A.

Tel: 781/329-4700
Fax: 781/326-8703

www.analog.com
© Analog Devices, Inc., 2002



‘AD633—-SPECIFICATIONS o.- 25, v, 150,200

Nodel AD633], AD633A
(% - X:)(vi - ¥2)
TRANSFER FUNCTION W = gy 4
10V
Parameter Conditions Min Typ Max Unit
MULTIPLIER PERFORMANCE
Total Error -10V <X, YS+10V i | *2 % Full Scale
Twmm to Tamax +3 % Full Scale
Scale Voltage Error SF = 10.00 V Nominal +0.25% % Full Scale
Supply Rejection Vs=+14Viotl6V +0.01 % Full Scale
Nonlinearity, X X=+10V,Y=+10V +0.4 +1 % Full Scale
Nonlinearity, Y Y=£10V,X=+10V k] *+0.4 % Full Scale
X Feedthrough Y Nulled, X =+10V +0.3 *+1 % Full Scale
Y Feedthrough X Nulled, Y=%10V +0:1 +0.4 % Full Scale
Output Offset Voltage +5 +50 mV
DYNAMICS
Small Signal BW Vo=0.1 Vrms 1 MHz
Slew Rate Vo=20V p-p 20 Vips
Settling Time to 1% AVeg=20V 2 Ls
QUTPUT NOISE
Spectral Density 0.8 uv~Hz
Wideband Noise f=10 Hzto 5 MHz 1 mV rms
f=10 Hzto 10 kHz .90 WV rms
QUTPUT
Output Voltage Swing *11 A"
Short Circuit Current RL=0Q 30 40 mA
"INPUT AMPLIFIERS
Signal Voltage Range Differential *10 v
Common Mode +10 v
- Offset Voltage X, Y +5 +30 mV
CMRR X, Y Vem =110V, f=50 Hz 60 80 dB
Bias Current X, Y, Z 0.8 2.0 HA
| Differential Resistance 10 MQ
POWER SUPPLY
| Supply Voltage
Rated Performance 15 A%
Operating Range +8 *18 A%
Supply Current Quiescent 4 6 mA

Specifications shown in boldface are tested on all production units at electrical test. Results from those tests are used to calculate outgoing quality levels. All min and

max specifications are guaranteed, although only those shown in boldface are tested on all production units.

Sp‘eciﬁcations subject to change without notice.

ABSOLUTE MAXIMUM RATINGS! ORDERING GUIDE

SupplyiVoltagens (8 il s B D +18V

Internal Power Dissipation® ................... 500 mW Temperature |Package Package
InputiVoltapessi s €0 0 G o0 i +18V ~ Model Range Description Option
Output Short Circuit Duration ................ Indefinite AD633AN ~40°C to +85°C| Plastic DIP N-8
Storage Temperature Range ............ -65°C 10 +150°C  Apg33AR ~40°C to +85°C| Plastic SOIC RN-8

Operating Temperature Range

AD633AR-REEL. [-40°C to +85°C| 13" Tape and Reel | RN-8

Z AD633] .............................. :)OC to 70:C ADG633AR-REEL7 | -40°C to +85°C| 7" Tape and Reel |RN-8
AD633A ................. e _40 C to +85 C AD633]N OOC to 70°C PlaStIC DIP N_8

Lead Temperature Range (Soldering 60 sec) . ... ... .. 300°C  Ape33R 0°C to 70°C Plastic SOIC RN-8

; ESDiRatinpgz o i el il e e 1000 V ADG633JR-REEL | 0°C to 70°C 13" Tape and Reel | RN-8

NOTES AD633]JR-REEL7 | 0°C to 70°C 7" Tape and Reel |RN-8

!Stresses above those listed under Absolute Maximum Ratings may cause permanent
damage to the device. This is a stress rating only; functional operation of the device at
these or any other conditions above those indicated in the operational section of this
specification is not implied.

?8-Lead Plastic DIP Package: 0ja = 90°C/W; 8-Lead Small Outline Package: 6j, =
155°C/W.

3For supply voltages less than + 18 V, the absolute maximum input voltage is equal to
«the supply voltage.
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Typical Performance Characteristics—AD633
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- AD633

FUNCTIONAL DESCRIPTION

The AD633 is a low cost multiplier comprising a translinear
core, a buried Zener reference, and a unity gain connected
output amplifier with an accessible summing node. Figure 1
shows the functional block diagram. The differential X and Y
inputs are converted to differential currents by voltage-to-current
converters. The product of these currents is generated by the
multiplying core. A buried Zener reference provides an overall
scale factor of 10 V. The sum of (X x Y)/10 + Z is then applied
to the output amplifier. The amplifier summing node Z allows
the user to add two or more multiplier outputs, convert the
output voltage to a current, and configure various analog com-
putational functions.

xa[1]
x2[2

wEH™
2

Figure 1. Functional Block Diagram (AD633JN
Pinout Shown)

Inspection of the block diagram shows the overall transfer func-
_tion to be:

(¥ - Xfn E %)

W = +Z, 1)

ERROR SOURCES

Multiplier errors consist primarily of input and output offsets,
scale factor error, and nonlinearity in the multiplying core. The
input and output offsets can be eliminated by using the optional
trim of Figure 2. This scheme reduces the net error to scale factor
errors (gain error) and an irreducible nonlinearity component in
the multiplying core. The X and Y nonlinearities are typically
0.4% and 0.1% of full scale, respectively. Scale factor error is
typically 0.25% of full scale. The high impedance Z input should
always be referenced to the ground point of the driven system,
particularly if this is remote. Likewise, the differential X and Y
inputs should be referenced to their respective grounds to realize
the full accuracy of the AD633.

+Vg

+50mV

TO APPROPRIATE
O INPUT TERMINAL

(e.g., Xy, X5, Z)

300k
SOKQI< q,q,AQ ;

£1 kQ

Figure 2. Optional Offset Trim Configuration

_vs

APPLICATIONS

The AD633 is well suited for such applications as modulation
and demodulation, automatic gain control, power measurement,
voltage controlled amplifiers, and frequency doublers. Note that
these applications show the pin connections for the AD633]JN
pinout (8-lead DIP), which differs from the AD633]R pinout
(8-lead SOIC). i

Multiplier Connections

Figure 3 shows the basic connections for multiplication. The X
and Y inputs will normally have their negative nodes grounded,
but they are fully differential, and in many applications the
grounded inputs may be reversed (to facilitate interfacing with
signals of a particular polarity while achieving some desired
output polarity) or both may be driven.

0.1pF

|_%W= (X4 =X3) (Y1-Y3) i

iov
OPTIONAL SUMMING
INPUT, Z

Figure 3. Basic Multiplier Connections

Squaring and Frequency Doubling

As Figure 4 shows, squaring of an input signal, E, is achieved
simply by connecting the X and Y inputs in parallel to produce
an output of E%/10 V. The input may have either polarity, but
the outpur will be positive. However, the output polarity may be
reversed by interchanging the X or Y inputs. The Z input may
be used to add a further signal to the output.

Figure 4. Connections for Squaring

When the input is a sine wave E sin o, this squarer behaves as a
frequency doubler, since

(E sin mz)2 . B
107 =201

(l —cos2 (oz) 2

Equation 2 shows a dc term at the output that will vary strongly
with the amplitude of the input, E. This can be avoided using
the connections shown in Figure 5, where an RC network is
used to generate two signals whose product has no dc term. It
uses the identity:

cosfsinf = é (sin 2 6) 3)
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we B
el
L R2

2 3k

-15v

Figure 5. "Bounceless” Frequency Doubler

At 0, = 1/CR, the X input leads the input signal by 45° (and is
attenuated by \2), and the Y input lags the X input by 45° (and
is also attenuated by V2). Since the X and Y inputs are 90° out of
phase, the response of the circuit will be (satisfying Equation 3):

LV:zﬁ%ﬁj%@mwg+45ﬂj%@mwg—4T)
2
= (Zl%/j(sinZ wol) N

which has no dc component. Resistors R1 and R2 are included to
restore the output amplitude to 10 V for an input amplitude of 10 V.

The amplitude of the output is only a weak function of frequency:
the output amplitude will be 0.5% too low at @ = 0.9 ®,, and
0, = 1.1 0,

Generating Inverse Functions

Inverse functions of multiplication, such as division and square
rooting, can be implemented by placing a multiplier in the feed-
back loop of an op amp. Figure 6 shows how to implement a
square rooter with the transfer function

W= J(10E)V (5)

for the condition E < 0.

A 1N4148

Figure 6. Connections for Square Rooting

REV. E -5-

— o w= —1ov-E
Ex

Figure 7. Connections for Division

Likewise, Figure 7 shows how to implement a divider using a
multiplier in a feedback loop. The transfer function for the
divider is

WA AL0V) 2N ©

_ (X1=X3) (Y1 -Yp) ((R1+R2)
S 10V \' Rt
1kQ =R1, R2 = 100kQ

Figure 8. Connections for Variable Scale Factor

Yariable Scale Factor

In some instances, it may be desirable to use a scaling voltage
other than 10 V. The connections shown in Figure 8 increase
the gain of the system by the ratio (R1 + R2)/R1. This ratio is
limited to 100 in practical applications. The summing input, S,
may be used to add an additional signal to the output or it may
be grounded.

Current Output

The AD633’s voltage output can be converted to a current
output by the addition of a resistor R between the AD633’s W
and Z pins as shown in Figure 9. This arrangement forms

A [ K1 =X) (Y4-Yo)
R 1ov

1kQ < R =< 100k

Figure 9. Current Output Connections




- AD633

the basis of voltage controlled integrators and oscillators as will
be shown later in this Applications section. The transfer func-
tion of this circuit has the form

1 (% - %)Y - v5)

Ioz_
R 10V

(M

Linear Amplitude Modulator

The AD633 can be used as a linear amplitude modulator with
no external components. Figure 10 shows the circuit. The car-
rier and modulation inputs to the AD633 are multiplied to
produce a double-sideband signal. The carrier signal is fed
forward to the AD633’s Z input where it is summed with the
double-sideband signal to produce a double-sideband with car-
rier output.

Voltage Controlled Low-Pass and High-Pass Filters

Figure 11 shows a single multiplier used to build a voltage con-
trolled low-pass filter. The voltage at output A is a result of
filtering, Es. The break frequency is modulated by Eg, the con-
trol input. The break frequency, f,, equals

_EL__
(20 V)n RC

®

and the rolloff is 6 dB per octave. This output, which is at a
high impedance point, may need to be buffered.

The voltage at output B, the direct output of the AD633, has
same response up to frequency f, the natural breakpoint of RC
filter,

1

1 =
21 RC
then levels off to a constant attenuation of fi/f, = E¢/10.

)

MODULATION +0
INPUT
*Em —o

CARRIER
INPUT
Ecsin wt

Figure 10. Linear Amplitude Modulator

For example, if R = 8 kQ and C = 0.002 pF, then output A has
a pole at frequencies from 100 Hz to 10 kHz for E; ranging
from 100 mV to 10 V. Output B has an additional zero at 10 kHz
(and can be loaded because it is the multiplier’s low impedance
output). The circuit can be changed to a high-pass filter Z inter-
changing the resistor and capacitor as shown in Figure 12.

dB
2 1
+15V
-6dB/OCTAVE # X
0.1pF /'\
o aUTE( PUTRUTE
14T
o0 -0 0uTPUTB = 12 107
3 2
SIGNAL 3 g
INPUT Eq 9 OUTPUTA = —— 7
1
;5 T;=——=RC
1 W1
o0
27w, EcRe

Figure 11. Voltage Controlled Low-Pass Filter

dB
f1 12
+5V 0
2 OUTPUTB
z 0.1pF W " 46dB/OCTAVE
CONTROL I% OUTPUTA
'NPUT& o O OUTPUT B

SIGNAL

Cc
INPUT Eg OUTPUTA

R

Figure 12. Voltage Controlled High-Pass Filter

Voltage Controlled Quadrature Oscillator

Figure 13 shows two multipliers being used to form integrators
with controllable time constants in second order differential
equation feedback loop. R2 and R5 provide controlled current
output operation. The currents are integrated in capacitors Cl
and C2, and the resulting voltages at high impedance are applied to
the X inputs of the “next” AD633. The frequency control input,
Ec, connected to the Y inputs, varies the integrator gains with a
calibration of 100 Hz/V. The accuracy is limited by the Y input
offsets. The practical tuning range of this circuit is 100:1. C2
(proportional to C1 and C3), R3, and R4 provide regenerative
feedback to start and maintain oscillation. The diode bridge, D1
through D4 (1N914s), and Zener diode D5 provide economical
temperature stabilization and amplitude stabilization at +8.5 V
by degenerative damping. The out-put from the second
integrator (10 V sin wt) has the lowest distortion.

AGC AMPLIFIERS

Figure 14 shows an AGC circuit that uses an rms-to-dc con-
verter to measure the amplitude of the output waveform. The
AD633 and Al, 1/2 of an AD712 dual op amp, form a voltage
controlled amplifier. The rms-to-dc converter, an AD736, mea-
sures the rms value of the output signal. Its output drives A2,
an integrator/comparator whose output controls the gain of the
voltage controlled amplifier. The 1N4148 diode prevents the
output of A2 from going negative. R8, a 50 kQ variable resistor,
sets the circuit’s output level. Feedback around the loop forces
the voltages at the inverting and noninverting inputs of A2 to be
equal, thus the AGC.
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O(10V) cos wt
R R4
go.omp 16kQ
cR3
0'1’% 330k
° ‘
4:'1:*(_;5'(0 (10V) sin wt
3
a Bo L
1o0v

L_C3
}? 0AuF
0.1pF

O
-15V

Figure 13. Voltage Controlled Quadrature Oscillator

R2 R3 R4
KO 10k 10k0

%7 AGC THRESHOLD
ADJUSTMENT

EO—

oo n2_<_ L
10k0 | 1N4148 112
VW 7
% N AD7125 _Qrs  OUTPUT
0.1pF W+ »>2 5okq LEVEL
ADJUST
-15v

Figure 14. Connections for Use in Automatic Gain Control Circuit
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OUTLINE DIMENSIONS

8-Lead Plastic Dual-in-Line Package [PDIP]
(N-8)

Dimensions shown in inches and (millimeters)

1 0.375 (9.53)
‘_‘ 0.365 (9.27) |

0.355 (9.02)
Jakipa Y

‘ 5| 0.295 (7.49)
: 0.285 (7.24)

1 4 || 0275 (6.98)

0.325 (8.26

‘ SarE i
‘ .310 (7.87)
} 0.100 (2.54) ST
|

'__.‘ 0.135 (3.43)
0.015 0.120 (3.05)
0.180
(4.57) (° 38) j
MAX MIN
0.015(0.38)
0.150 (3.81) SEATING 0.010 (0.25)

0.130 (3.30) 30) PLANE 0.008 (0.20)
0.110 (2.79) 0.060 (1.52)

0.022 (0.56) 0.050 (1.27)

0.018 (0.46) 0.045 (1.14)

COMPLIANT TO JEDEC STANDARDS MO-095AA
CONTROLLING DIMENSIONS ARE IN INCHES; MILLIMETER DIMENSIONS
(IN PARENTHESES) ARE ROUNDED-OFF INCH EQUIVALENTS FOR
REFERENCE ONLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN

0.014 (0.36)
‘

8-Lead Standard Small Outline Package [SOIC]
Narrow Body
(RN-8)

Dimensions shown in millimeters and (inches)

5.00 (0.1968)

~la.80(0.1800)| "
AAAA T
4 8 5
4.00 (0.1574) 6.20 (0.2440)
3.80 (0.1497) [T 4| 5-80 (0.2284)
: s
HEHE
> |
1.27 (0.0500) 0.50 (0.01%)
BSC 1.75 (0.0688) *] [* .25 (0.0099) X 4"
0.25 (0.0098) 1.35 (0.0532)
0.10 (0.0040) ¥
0.51(0.0201) T 8 e
COPLANARITY ;ATINGLm 0.25 (0.0098) 0 1:27 (0.0500)
0.10 PLANE 019 (0.0075)  0-41(0.0160)

COMPLIANT TO JEDEC STANDARDS MS-012AA
CONTROLLING DIMENSIONS ARE IN MILLIMETERS; INCH DIMENSIONS
(IN PARENTHESES) ARE ROUNDED-OFF MILLIMETER EQUIVALENTS FOR
REFERENCE ONLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN

Revision History

0.300 (7.62) 0.150 (3.81)

Location Page
10/02—Data Sheet changed from REV. D to REV. E.

ldisso:titletof 8 Tead Plastic SOI@ Package (RN-8) 00 f il o s e et e e e o e 1
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‘ SGS-THOMSON LF151
Y/ NICROELECTRONICS LF251 - LF351

WIDE BANDWIDTH
SINGLE J-FET OPERATIONAL AMPLIFIER

s INTERNALLY ADJUSTABLE INPUT OFFSET
VOLTAGE

s LOW POWER CONSUMPTION

= WIDE COMMON-MODE (UP TO Vcc') AND
DIFFERENTIAL VOLTAGE RANGE

s LOW INPUT BIAS AND OFFSET CURRENT

s OUTPUT SHORT-CIRCUIT PROTECTION

= HIGH INPUT IMPEDANCE J-FET INPUT
STAGE N D

= INTERNAL FREQUENCY COMPENSATION DIP8 SO8

s LATCHUP FREE OPERATION (Plastic Package) (Plastic Micropackage)

= HIGH SLEW RATE : 16V/us (typ)

DESCRIPTION

These circuits are high speed J-FET inputsingle ORDER CODES
operationalamplifiers incorporating well matched, high
voltage J-FET and bipolar transistors in a monolithic Part Number Temperature
integrated circuit. - -
The devicesfeature high slew rates, low input biasand LR PCCH ' "

(o] 0,
offsetcurrents, and low offset voltage temperature LF251 —40°C, +105°C . .
coefficient. LF151 -55°C, +125°C . .

Package
N D

PIN CONNECTIONS (top view)

1 NNl

1 8 1 - Offset Null 1

o] o 2 - Inverting input

[ ~ B 3 - Non-inverting input
2 [ |55 7 4 o VCC-

| B 5 - Offset Null 2

+ 6 6 - Output

3 L . 7 -Vee©

= =] 8 -N.C.
4 5

October 1997 1/9




LF151 - LF251 - LF351

SCHEMATIC DIAGRAM

N 'J”NL‘D

Inve g D_f

{7 ouput

13 35k 1Bk 3sk | [ 1002

VCC_ D

Offset Nulll Offset Null

INPUT OFFSET VOLTAGE NULL CIRCUITS

LF351

N1 N2

100kQ

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vce Supply Voltage - (note 1) +18 \%
Vi Input Voltage - (note 3) 15 \%
Vid Differential Input Voltage - (note 2) +30 \Y
Ptot Power Dissipation 680 mW
Output Short-circuit Duration - (note 4) Infinite
Toper | Operating Free Air Temperature Range LF351 0to70 °C
LF251 —40 to 105
LF151 -55to 125
Tstg Storage Temperature Range —65 to 150 °c

Notes: 1. All voltage values, except differential voltage, are with respect to the zero reference level (ground) of the supply voltages where the
zero reference level is the midpoint between Vec™ and Vec™.

. Differential voltages are at the nor-inverting input terminal with respect to the inverting input terminal.

. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less.

. The output may be shorted to ground or to either supply. Temperature and /or supply voltages must be limitedto ensure that the
dissipation rating is not exceeded.

HWON

2/9
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LF151 - LF251 - LF351

ELECTRICAL CHARACTERISTICS
Vee = +15V, Tamb = 25°C (unless otherwise specified)

LF151 - LF251 - LF351 :
Symbol Parameter Unit
Min. Typ.- Max.
Vio Input Offset Voltage (Rs = 10kQ) mV
Tamb = 25 C 3 10
Tmin. £ Tamb < Tmax. 13
DVio Input Offset Voltage Drift 10 uv/°c
lio Input Offset Current *
Tamb = 25°C 5 100 pA
Tmin. £ Tamb < Tmax. 4 nA
lib Input Bias Current 5
Tamb = 25°C 20 200 pA
Tmln < Tamb < Tmax 20 nA
Avd Large Signal Voltage Gain (RL = 2kQ, Vo = +£10V) VimV
Tamb = 25°C 50 200
Tmm < Tamb < Tmax 25
SVR Supply Voltage Rejection Ratio (Rs = 10kQ2) dB
Tamb =25 C 80 86
Tmin. £ Tamb < Tmax. 80
lec Supply Current (no load) mA
Tamb = 25°C 1.4 3.4
Tmin. £ Tamb < Tmax. 34
Viem Input Common Mode Voltage Range +11 +15 \Y%
-12
CMR Common Mode Rejection Ratio (Rs = 10kQ2) dB
Tamb = 25°C 70 86
Tmin < Tamb < Tmax 70
los Output Short-cwcurt Current mA
Tamb = 25°C 10 40 60
Tmin. £ Tamb < Tmax. 10 60
+Vopp | Output Voltage Swing Vv
Tamb A25°C RL = 2kQ 10 12
RL = 10kQ 12 13.5
Tmin. < Tamb < Tmax. = 2kQ 10
RL = 10kQ 12
SR Slew Rate V/us
(Vi =10V, R = 2kQ, C. = 100pF, Tamp = 25°C, unity gain) 12 16
tr Rise Time us
(Vi = 20mV, RL = 2kQ, Ci. = 100pF, Tamb = 25°C, unity gain) 0.1
Kov Overshoot %
(Vi =20mV, RL = 2kQ, CL = 100pF, Tamb = 25°C, unity gain) 10
GBP Gain Bandwidth Product MHz
(f = 100kHz, Tamb = 25°C, Vin = 10mV, RL = 2kQ, CL = 100pF) 2:5 4
Ri Input Resistance 102 Q
THD Total Harmonic D|stort|on (f = 1kHz, Av = 20dB, RL = 2kQ, %
CL = 100pF, Tamb = 25°C, Vo = 2VPP) 0.01
: : nV
en Equivalent Input Noise Voltage (f = 1kHz, Rs = 100Q) 15 TS
m Phase Margin 45 Degrees

* The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature.

. 3/9
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MAXIMUM PEAK-TO-PEAK OUTPUT
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LF151 - LF251 - LF351

INPUT BIAS CURRENT VERSUS
FREE AIR TEMPERATURE
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LF151 - LF251 - LF351

COMMON MODE MODE REJECTION

OUTPUT VOLTAGE (mV)
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COMMON MODE REJECTION RATIO
VERSUS FREE AIR TEMPERATURE
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LF151 - LF251 - LF351

PARAMETER MEASUREMENT INFORMATION

Figure 1 : Voltage Follower Figure 2 : Gain-of-10 Inverting Amplifier
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LF151 - LF251 - LF351

PACKAGE MECHANICAL DATA

8 PINS - PLASTIC DIP
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< 3 Millimeters Inches
Dimensions :
Min. Typ. Max. Min. Typ. Max.
A 3.32 0.131
al 0.51 0.020
B 1.15 1.65 0.045 0.065
b 0.356 0.55 0.014 0.022
b1 0.204 0.304 0.008 0.012
D 10.92 0.430
E 7.95 9.75 0.313 0.384
e 2.54 0.100
e3 7.62 0.300
e4 7.62 0.300
F 6.6 0260
i 5.08 0.200
[is 3.18 3.81 0.125 0.150
A 1.52 0.060
g0 (97 SGS-THOMSON
Y/, MICROELZCTRONICS

PM-DIP8.EPS

DIP8.TBL



LF151 - LF251 - LF351

PACKAGE MECHANICAL DATA
8 PINS - PLASTIC MICROPACKAGE (SO)
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2 . Millimeters Inches
Dimensions 3
Min. Typ. Max. Min. Typ. Max.
A 1.785 0.069
al 0.1 0.25 0.004 0.010
a2 1.65 0.065
a3 0.65 0.85 0.026 0.033
b 0.35 0.48 0.014 0.019
b1 0.19 0.25 0.007 0.010
C 0.25 0.5 0.010 0.020
ct 45° (typ.)
D 4.8 5.0 0.189 0.197
E 5.8 6.2 0.228 0.244
e 1.27 0.050
e3 3.81 0.150
F 3.8 4.0 0.150 0.157
L 0.4 1.27 0.016 0.050
M 0.6 0.024
S 8° (max.)

PM-SO8.EPS

S08.TBL

Information furnished is believed to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no responsi-
bility for the consequences of use of such information nor for any infringement of patents or other rights of third parties which
may result from its use. No license is granted by implication or otherwise under any patent or patent rights of SGS-THOMSON
Microelectronics. Specifications mentioned in this publicationare subject to change without notice. This publication supersedes
and replaces all information previously supplied. SGS-THOMSON Microelectronics products are not authorized for use as critical
components in life support devices or systems without express written approval of SGS-THOMSON Microelectronics.
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Low-Cost, Bus-Powered Multifunction DAQ for USB —
12- or 14-Bit, up to 48 kS/s, 8 Analog Inputs

Ni USB-6008, NI USB-6009

e 8analog inputs at 12 or 14 bits, Recommended Software

up to 48 kS/s e LabVIEW

e 2 analog outputs at 12 bits, e LabVIEW SignalExpress
software-timed : _ e LabWindows"/CVI

e 12 TTL/CMOS digital I/0 lines e Measurement Studio

e 32-bit, 5 MHz counter
e Digital triggering

o Bus-powered

® 1-year warranty

Other Compatible Software
e C#, Visual Basic .NET
e ANSI C/C++

Measurement Services
Software (included)
e NI-DAQmx driver software

Operating Systems
e Windows Vista (32- and 64-bit)/XP/2000

e MacOSX! :
o Linux® e Measurement & Automation
? : Explorer configuration utility
1
: valgggxz I(\3/IEc])b|Ie e LabVIEW SignalExpress LE

You need to download NI-DAQmx
Base for these operating systems.

: ' Input
Analog Resolution
troduct. . T . Inputs! ;»_“s) -
USB-6009 USB 8 SE/4 DI 14
_USB600B  USB  BSE/ADI 1

ERHRIEGTLRNEFROED

e 32' :

. Counter  Trigger
1 Digital
1 e

1VSE = single ended, DI = differential ?Snftware-ﬁmed

Overview and Applications

With recent bandwidth improvements and new innovations from
National Instruments, USB has evolved into a core bus of choice for
measurement applications. The NI USB-6008 and USB-6009 are low-
cost entry points to NI flagship data acquisition (DAQ) devices. With
plug-and-play USB connectivity, these modules are simple enough for
quick measurements but versatile enough for more complex
measurement applications.

The USB-6008 and USB-6009 are ideal for a number of applications
where low cost, small form factor, and simplicity are essential.
Examples include:

e Data logging - quick and easy environmental or voltage data logging
e Academic lab use — student ownership of DAQ hardware for
completely interactive lab-based courses (Academic pricing available.

Visit ni.com/academic for details.)

e OEM applications as 1/0 for embedded systems

Recommended Software

National Instruments measurement services software, built around
NI-DAQmx driver software, includes intuitive application programming
interfaces, configuration tools, |/0 assistants, and other tools
designed to reduce system setup, configuration, and development time.
National Instruments recommends using the latest version of NI-DAQmx

driver software for application development in NI LabVIEW, LabVIEW
SignalExpress, LabWindows/CVI, and Measurement Studio software.
To obtain the latest version of NI-DAQmX, visit
ni.com/support/dag/versions.
NI measurement services software speeds up your development with
features including:
® A guide to create fast and accurate measurements with no
programming using the DAQ Assistant.
e Automatic code generation to create your application in LabVIEW.
e LabWindows/CVI; LabVIEW SignalExpress; and C#, Visual Studio .NET,
ANSI C/C++, or Visual Basic using Measurement Studio.
e Multithreaded streaming technology for 1,000 times
performance improvements.
e Automatic timing, triggering, and synchronization routing
to make advanced applications easy.
e More than 3,000 free software downloads available at
ni.com/fzens t0 jump-start your project.
o Software configuration of all digital I/0 features without
hardware switches/jumpers.
e Single programming interface for analog input, analog output,
digital /0, and counters on hundreds of multifunction DAQ hardware
devices. M Series devices are compatible with the following versions
(or later) of NI application software — LabVIEW, LabWindows/CVI, or
Measurement Studio versions 7.x; and LabVIEW SignalExpress 2.x.

"NATIONAL
INSTRUMENTS




Low-Cost, Bus-Powered Multifunction DAQ for USB - 12- or 14-Bit, up to 48 kS/s, 8 Analog Inputs

Every M Series data acquisition device also includes a copy of Information for Student Ownership
LabVIEW SignalExpress LE data-logging software, so you can quickly

acquire, analyze, and present data without programming. The NI-DAQmXx To supplement simulation, measurement, and automation theory courses

with practical experiments, NI has developed the USB-6008 and USB-6009
student kits, which include the LabVIEW Student Edition and a ready-to-run
data logger application. These kits are exclusively for students, giving them
Recommended Accessories a powerful, low-cost, hands-on leaming tool. Visit si.com/anadsmic for

Base driver software is provided for use with Linux, Mac OS X,
Windows Mobile, and Windows CE operating systems.

The USB-6008 and USB-6009 have removable screw terminals for easy more details.

signal connectivity. For extra flexibility when handling multiple wiring Information for OEM Customers
configurations, NI offers the USB-600x Connectivity Kit, which includes For information on special configurations and pricing, call (800) 813 3693

(U.S. only) or visit i eemisen. Go to the Ordering Information section
for part numbers.

two extra sets of screw terminals, extra labels, and a screwdriver.
In addition, the USB-600x Prototyping Kit provides space for adding
more circuitry to the inputs of the USB-6008 or USB-6009.

NI USB DAQ for OEMs

Shorten your time to market by integrating world-class National
Instruments OEM measurement products into your embedded system
design. Board-only versions of NI USB DAQ devices are available for
OEM applications, with competitive quantity pricing and available
software customization. The NI OEM Elite Program offers free 30-day
trial kits for qualified customers. Visit ni.cow/eers for more information.

Ordering Information
NEOSBB008! o e 779051-01

........................................................................ 779026-01
................................................................ 193132-02

e 193132-01

NI USB-6008 Student Kit'2 ..........oooooooieioieeieee 779320-22
NLUSB-6009 Student Kith2 ... 779321-22
NI USB-600x Connectivity Kit ............coooiivoomieonr 779371-01
NI USB-600x Prototyping Kit ........cooocviooeoioeieeeoioee 779511-01

! Includes NI-DAQmx software, LabVIEW SignalExpress LE, and a USB cable.
ZIncludes LabVIEW Student Edition.

BUY ONLINE at ni.com or CALL 800 813 3693 (U.S.)



Low-Cost, Bus-Powered Multifunction DAQ for USB — 12- or 14-Bit, up to 48 kS/s, 8 Analog Inputs

Specifications

Typical at 25 °C unless otherwise noted.

Analog Input
Absolute accuracy, single-ended

Range Typical at 25 °C {mV)
£10 g

- Maximum (0 to 55 'C) {mV)
138

Absolute accuracy at full scale, differential’

_Range Typical at 25 °C (mV)

+20 147

£10 173
5 428
+4 359
425 256
+2 2
+1.25 170
+] 153

Maximum {0 to 55 C) (mV)
138
848
564
531
451
425
389
5

Number of channels

8 single-ended/4 differential

TypelofkADGE: =iy vl n o Successive approximation

ADC resolution (bits)

Module _ Differential . SingleEnded =
USB-6008 12 1

eey " 1.

Maximum sampling rate (system dependent)

Module  Moximum Sampling Rate (kSfs)
USB-6008 10

Input range, single-ended.................. 10V

Input range, differential ..................... +20, +10, 45, +4, £2.5, +2,

+1.25, 1V

Maximum working voltage............... 10V

Overvoltage protection ....................... +35V

FIE@sbuffersizeisi i o 512B

Timing resolution ..........cccoccvvvveenee.ee.
TIMINGACCUrACY. covai oo
Input impedance .........c..ccccooovvvveennnee.
Trigger source
Systeminoise e e s

Analog Output

Absolute accuracy (no load) ..............

Number of channels..........ccc.ccooovo......
Typeof DACSE S o in i s
DAG resolution: i siiiat i
Maximum update rate ....................

4167 ns (24 MHz timebase)

100 ppm of actual sample rate
144 kQ

Software or external digital trigger
5m Vs (10 V range)

7 mV typical, 36.4 mV maximum
at full scale

Successive approximation
12 bits
150 Hz, software-timed

1Input voltages may not exceed the working voltage range.

OUPULTANGE i
Output impedance..........coeevreveienens
Output current drive...........ccoocooeeereene.
Power-on state.........cocoooreecveveann.
Slewiratemmeee s formiias s L
Short-circuit current..............cccooo......

Digital 1/0

Number of channels...........cccooeoeen...

Birectionicontrolsa s ia i naial

Output driver type
USB-6008.............. oy ...
USBEB0097 ... W

Compatibillitf ~ o8 o Do
Internal pull-up resistor .........ccc.c........
Poweron Sfattyn, J. . I .
Absolute maximum voltage range......

Digital logic levels

evel,
Input low voltage
Input high voltage
Input leakage current
Qutput low voltage (I = 85 mA)
Output high voltage (push-pull, | = -8.5 mA)

Output high voltage {open-drain, | = -0.6 mA, nominal) 20

Output high voltage (open-drain, | = -8.5 mA,
with external pull-up resistor)

12 total

8(P0.<0..7>)

4 (P1.<0..3>)

Each channel individually
programmable as input or output

Open-drain

Each channel individually
programmable as push-pull or
open-drain

CMOS, TTL, LVTTL
47kQto+bV

Input (high impedance)
05t0+5.8V

20 = v

Counter

Number of counters ...
Resoltaon.................. . 9.~

POJIUR fESistor ... o o ...
Maximum input frequency..................
Minimum high pulse width.................
Minimum low pulse width..................
Input high voltage .........cc.coooovvcevvin.o
Input low voltage ........cco.coovvevveea.ce.

Power available at I/0 connector
+5 V output (200 mA maximum).........

+2.5 V output (1 mA maximum)..........
+2.5 V output accuracy ......................
Voltage reference temperature drift...

32 bits

Edge counting (falling edge)
47kQtob5V

5 MHz

+5 V typical
+4.85 V minimum
+2.5V typical

0.25% max
50 ppm/°C max

BUY ONLINE at ni.com or CALL 800 813 3693 (U.S.)



Low-Cost, Bus-Powered Multifunction DAQ for USB — 12- or 14-Bit, up to 48 kS/s, 8 Analog Inputs

Physical Characteristics

If you need to clean the module, wipe it with a dry towel.

Dimensions (without connectors)....... 6.35 by 8.51 by 2.31 cm

(2.50 by 3.35by 0.91in.)

8.18 by 8.51 by 2.31 ¢cm

(3.22 by 3.35by 0.91in.)
599(2.1 0z)

84g(30z)

USB series B receptacle

(2) 16-position (screw-terminal)

Dimensions (with connectors) ............

Weight (without connectors)...............
Weight (with connectors) ...................
I/0:connectorss i e i

plug headers
Screw-terminal wiring ...................... 16 to 28 AWG
Screw-terminal torque...................... 0.22t00.25Nem

(20t02.2 Ibein.)

Power Requirement

USB (4.10t0 5.25 VDC)....................... 80 mA typical
500 mA maximum
USB SUSPENd it 300 pA typical
500 pA maximum
Environmental

The USB-6008 and USB-6009 are intended for indoor use only.
Operating environment

Ambient temperature range........... 0 to 55 °C (tested in accordance
with IEC-60068-2-1
and |EC-60068-2-2)
10 to 90%, noncondensing
(tested in accordance

with [EC-60068-2-56)

Relative humidity range .................

Storage environment

Ambient temperature range........... -40 to 85 °C (tested in
accordance with [EC-60068-2-1
and |IEC-60068-2-2)
5 to 90%, noncondensing
(tested in accordance

with |EC-60068-2-56)

Relative humidity range ...............

Maximum altitude...........ccocoovveroe 2,000 m
(at 25 °C ambient temperature)
Pollution degree.......c....cccooovreo....... 2

Safety and Compliance
Safety

This product is designed to meet the requirements of the following
standards of safety for electrical equipment for measurement, control,
and laboratory use:

° |IEC 61010-1, EN 61010-1
e UL61010-1, CSA 61010-1

Note: For UL and other safety certifications, refer to the product label
or visit ni.com/cartifiation, search by model number or product line,
and click the appropriate link in the Certification column.

Electromagnetic Compatibility

This product is designed to meet the requirements of the following
standards of EMC for electrical equipment for measurement, control,
and laboratory use:

° EN 61326 EMC requirements; Minimum Immunity
e EN 55011 Emissions; Group 1, Class A
e CE, C-Tick, ICES, and FCC Part 15 Emissions; Class A

Note: For EMC compliance, operate this device according to
product documentation.

CE Compliance

This product meets the essential requirements of applicable European
Directives, as amended for CE marking, as follows:

e 2006/95/EC; Low-Voltage Directive (safety)
° 2004/108/EC; Electromagnetic Compatibility Directive (EMC)

Note: Refer to the Declaration of Conformity (DoC) for this product for
any additional regulatory compliance information. To obtain the DoC for
this product, visit si.cem/eertification, search by model number or
product line, and click the appropriate link in the Certification column.

Waste Electrical and Electronic Equipment (WEEE)

EU Customers: At the end of their life cycle, all products must be
sent to a WEEE recycling center. For more information about WEEE
recycling centers and National Instruments WEEE initiatives, visit
ai.com/environment/wess itm,

BUY ONLINE at ni.com or CALL 800 813 3693 (U.S.)



NI Services and Support

S

NI has the services and support to meet
your needs around the globe and through
the application life cycle - from planning
and development through deployment
and ongoing maintenance. We offer
services and service levels to meet
customer requirements in research,
design, validation, and manufacturing.
Visit ai.com/ssrvices.

Training and Certification

NI training is the fastest, most certain route to productivity with our
products. NI training can shorten your learing curve, save development
time, and reduce maintenance costs over the application life cycle. We
schedule instructor-led courses in cities worldwide, or we can hold a
course at your facility. We also offer a professional certification program
that identifies individuals who have high levels of skill and knowledge on
using NI products. Visit ssi.comitraining.

Professional Services

Our Professional Services Team is comprised of NI applications engineers,
NI Consulting Services, and a worldwide National Instruments Alliance
Partner program of more than 600 independent consultants and
integrators. Services range from
start-up assistance to turnkey
system integration.

Visit nicom/aliiance.

OEM Support

We offer design-in consulting and product integration assistance if you

want to use our products for OEM applications. For information about
special pricing and services for OEM customers, visit #i. som/aem.

NATIONAL
INSTRUMENTS

ni.com e (800} 813 3693

National Instruments ¢ info@ni.com

Local Sales and Technical Support

In offices worldwide, our staff is local to the country, giving you access
to engineers who speak your language. NI delivers industry-leading
technical support through online knowledge bases, our applications
engineers, and access to 14,000 measurement and automation
professionals within NI Developer Exchange forums. Find immediate
answers to your questions at ni.com/support.

We also offer service programs that provide automatic upgrades to
your application development environment and higher levels of technical
support. Visit si.comy/ssy.

Hardware Services

NI Factory Installation Services

NI Factory Installation Services (FIS) is the fastest and easiest way to
use your PXI or PXI/SCXI combination systems right out of the box.
Trained NI technicians install the software and hardware and configure
the system to your specifications. Nl extends the standard warranty by
one year on hardware components (controllers, chassis, modules)
purchased with FIS. To use FIS, simply configure your system online with
nl.com/pxiadviser.

Calibration Services

NI recognizes the need to maintain properly calibrated devices for
high-accuracy measurements. We provide manual calibration
procedures, services to recalibrate your products, and automated
calibration software specifically designed for use by metrology
laboratories. Visit pi.con/calibration.

Repair and Extended Warranty

NI provides complete repair services for our products. Express repair
and advance replacement services are also available. We offer
extended warranties to help you meet project life-cycle requirements.
Visit ni.comy/services.

I
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©2008 National Instruments. All rights reserved. CVI, LabVIEW, Measurement Studio, National Instruments, National Instruments Alliance Partner, NI, ni.com, SCXI, and SignalExpress

are trademarks of National Instruments. The mark LabWindows is used under a license from Microsoft Corporation. Windows is a registered trademark of Microsoft Corporation in the
United States and other countries. Linux* is the registered trademark of Linus Torvalds in the U.S. and other countries. Other product and company names listed are trademarks or trade
names of their respective companies. A National Instruments Alliance Partner is a business entity independent from NI and has no agency, partnership, or joint-venture relationship with NI.
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