o

BURR-BROWN CORP

LLE D !L'?:H.'-H-.E nnnuRn?

BURR-BROWN

T=-7%-29
MPY634

Wide Bandwidth
PRECISION A‘NALOG MULTIPLIER

FEATURES

o WIDE BANDWIDTH: 10MHz typ

o +0.5% MAX FOUR-QUADRANT ERROR

o INTERNAL WIDE-BANDWIDTH OP AMP

o EASY TO USE

e LOW COST

o ENHANGED RELIABILITY SCREENING AVAILABLE

APPLICATIONS

o PRECISION ANALOG SIGNAL PROCESSING

o MODULATION AND DEMODULATION

@ VOLTAGE-CONTROLLED AMPLIFIERS

o VIDEO SIGNAL PROCESSING

o VOLTAGE-CONTROLLED FILTERS AND OSCILLATORS

DESCRIPTION

The MPY634 is a wide bandwidth, high accuracy,
four-quadrant analog multiplier. Its accurately laser-
trimmed multiplier characteristics make it easy to
use in a wide variety of applications with a minimum
of external parts, often eliminating all external
trimming. Its differential X, Y, and Z inputs allow
configurationasa multiplier, squarer, divider, square-
rooter, and other functions while maintaining high
accuracy.

The wide bandwidth of this new design allows signal
processing at LF., R.F., and video frequencies. The
internal output amplifier of the MPY634 reduces
design complexity compared to other high frequency
multiptiers and balanced modulator circuits. It is
capable of performing frequency mixing, balanced
modulation, and demodulation with excellent carrier
rejection.

An accurate internal voltage reference provides pre-
cise setting of the scale factor. The differential Z
input allows user-selected scale factors from 0.1 to 10
using external feedback resistors.
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SPECIFICATIONS ’ )

ELECTRICAL
Al Ta = +25°C and Vs = +15VDC unless otherwise specified.

MODEL MPY834KP/KU MPYG34AM MPYE834BM MPY634SM
MiN TYP | MAX ] MIN TYP | MAX | MIN TYP | MAX | MIN TYP | MAX | UNITS
MULTIPLIER
PERFORMANCE _ —
Transfer Function * %@ +Z . *
Total Error™
(—1oV =X, Y=<+10V} +2.0 +1.0 +0.5 hd %
Ta=min to max 125 1.5 +1.0 +20 %
Total Error vs Temperature +0.03 +0.022 +0.015 _ | %002 %/°C
Scale Factor Error v : F -
(SF = 10.000V Nominai)* 10.26 +0.1 hd . %
Temperature Coefficient of
Scaling Voltage +0.02 +0.01 - +0.01 * %/°C
Supply Rejection (£15V £1V) * 10.01 . . . %
Nonlinearity
X (X =20Vp-p, Y =10V) A 104 0.2 103 . %
Y (Y =20Vp-p, X =10V) . +0.01 4 10.1 . %
Feedthrough™ .
X (Y Nulled, Y =20V
p-p. 50Hz) 03 403 £0.15 | *0.3 hd %
Y (X Nulled, Y = 20V
p-p, 50Hz) * 0.01 » +0.1 . %
Both Inputs (500kHz, 1V rms)
Unnulted 40 50 45 55 . 60 . * d8
Nulted §5' 60 55 65 60 70 . * . a8
Output Offset Voltage +50 | +100 - 15 +30 d +15 * * myV
Output Offset Voltage Drift d 1200 +100 * +500 | wV/°C
DYNAMICS
Small Signal BW,
{Vour = 0.1V rms) g . 8 10 * * 8 * MHz
1% Amplitude Error
{Croxo0 = 1000pF) . 100 . * kHz
Slew Rate (Vour =20Vp-p) . 20 . B Vius
Setiling Time
(to 1%, AVour = 20V) . 2 * . us
NOISE
Noise Spectral Density:
SF =10V * 0.8 * * uv//Hz
Wideband Noise: -
f=10Hz to 5MHz . 1 . . mVrms
f = 10Hz to 10kHz . 90 . * aVrms
OUTPUT
Output Voltage Swing . +11 . . v
Quiput Impedance (f < 1kHz) * 0.1 . * Q
Qutput Short Circuit Current
(R =0, Ta = min to max) . 30 . * mA
Amplifier Open Loop Gain
(f = §0Hz) . 85 » . dB
INPUT AMPLIFIERS
(X, Y and 2)
input Voitage Range
Differential Vix {Veu = 0) * +12 . * v
Commorn-Mode Vi (Vore = 0) b +10 . . 'R
(see Typical Performance Curves)
Offset Voltage X. Y +25 +100 +5 +20 +2 +10 * * mv
Offset Voltage Drift X, Y 200 100 50 * WV/°C
Offset Voltage Z +25 +100 £5 +30 12 *15 i . mv
Offset Voltage Drift Z . 200 100 500 WI°C
CMRR * . 60 80 70 90 . . dB
Bias Current - * 08 20 . . . . uA
Offsat Current . 0.1 . . 20 HA
Differential Resistance * 10 . * MQ
DIVIDER PERFORMANCE Za =2 :
Transfer Function (X: > Xz) . oot Y . .
Total Error'" untrimmed % - Xa)
(X=10V,-0V=Z < +10V) 1.5 +0.75 +0.35 +0.76 %
(X=1V,lV=Z=<+1V) 4.0 +2.0 +1.0 . %
.IV=X=10V,—10V<=
Z=10v) 5.0 +25 +1.0 b
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ELECTRICAL (CONT) : } . S ) .
At Ta = +25°C and Vs = £15VDC unless otherwise specified.

MODEL MPYE34KP/KU MPY634AM MPYE34BM MPY634SM
MIN| TP | MAX | MIN | TYP | MAX | MIN | TYP | MAX | MIN | TYP | MAX | UNITS
SQUARE PERFORMANCE o~ Xal? ! 1 N
Transfer Function * v +2Z2 . .
Total Error {(—10V < X =10V) *1.2 +0.6 +0.3 - L % %
SQUARE-ROOTER
PERFORMANCE .
Transfer Function (Z: < Z3) . . VIOV(Z: — Z4) + X2 * hd
Total Error™” (1IV < Z 10V) +20 +1.0 105 . %
POWER SUPPLY
Supply Voltage: .
Rated Performance d +15 * * vDC
Operating . hd +8 +18 . * - |- - +20 vbe
Supply Current, Quiescent * . 4 6 * * * . mA
TEMPERATURE RANGE <
Specification b Lo —25 +85 LI » —55 +125 °c o
Storage —40 +85 —65 +150 . . * * °C [{=]
*Specification same as for MPY634AM. . E:
NOTES: (1) Figuresgivenare percentof full scale, 10V (i.e., 001%=1mV). (2) May be reduced to 3V using external resistor between —VsandSF. (3} Irreducible
LI, t due to i ity; excludes effect of offsets. (4) KP grade only. (5) KP grade oniy. 0°C to +70°C for KU grade. E
MECHANICAL
PLASTIC DUAL-IN-LINE METAL TO-100
f—— A _T rL
ANAMANOHM e A
3 — B —-_J
[\ 1 J ) .,
TOVUY M (l‘ NpTE: Leads in true position m
Denotes Pin 1 i L within 9.01plg(')‘.i5mm) R at MMC =z
INCHES MILUMETERS s .
—{ p—~F DM [ WMiIN [ MAX | MIN T MAX LE £ I 9
A | 660 | 785 | 1676 | 1984 -
| 'c B | 220 | 260 | 559 | 7.1 3 Q
— C — | 200 — | 508
L‘T « 0 | ois i a3 0381 08 Saat INCHES MILLIMETERS %
" F | o] 6o o7e] 178 eating HES |
Hal IS D gPlane & T fooBASic | 254BASIC Plane —D———-‘- DM [ MIN_ | MAX | MIN | MAX | T
i o] o8 R AN ]
NOTE: Leads in true 41 008} 0151 020} 038 o TN TR AT :
position within 0.010” K] a00f —} 28] — e T sz T oa1 ] 05 =)
{0.25mm) R at MMG at L] 00BASIC | T62BASIC ST o T o i
seating plane. M =1 15 —1 15 o s T oz 02 (&]
N | 020 050 ] o051 ] 127 : E |_1.02 }
G |__2308ASIC 84 BASIC 0@
- H| 028] 04| 0 0.68 —
M J | o] os| o 114 Q
SMALL QUTLINE SURFACE MOUNT \/ K| 500 - | 12 —
< L | 120 ] 160 | 305 | 408 0
- — A f_—___j_—g H M 36° BASIC 36° BASIC o
[ A Ly N 0] 1201 2991 365 A
1 .
N
_f ' G E LD g
/Pin 1 Identifier <

B B
i J%I%% ABSOLUTE MAXIMUM RATINGS
L—— L M MPYG34AM/BM | MPYGI4KP/KU | MPYE34SM

Parameter
- H Pin1 INCHES TILLIMETERS ] Powaer Supply Voitage +18 d +20
oM RN | MAX | MIN | MAX 1 Power Dissipation 500mW . .
A | 400 | 416 | 10.18 | 1057 | OQutput Short-Circuit
NOTE: Leads in true position g | 388 | A12 | 986 | 1048 to Ground Indefinite * *
within 0.010” (0.25mm) R at MMC 286 | 302 | 1261 767 ] Input Voltage (ali X,
at seating plane. 8. 264 1 286 811 7.26 Yand 2) +Vs M .
C | 093 | 09 | 2361 277 tura Range:
T e TTen Operating ~25/485°C . —~55/4125°C
T 0221 061 051 087 | Storage ~-65/+150°C | —40/+85°C *
008 | 012 20 | 030 Lead Temperature
L 391 | 421 | 983 1069 (10s soldering) +300°C . »
M 5 TYP 5° TYP S0IC 'KU' Package +260°C
N | 000 ] 012 | 000] 030

*+ Specification same as for MPY634AM/BM,
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PRICES PIN CONFIGURATIONS (TOP VIEW)
MPY-
Qty. | MPYS3KP | MPYSIAM | MPYGI4BM | MPY6I4SM | 634SM/QM | MPYS3AKU Ve NC Out 2, 2Z; NC -Vs
1-24 $14.39 $18.65 $27.72 $66.81 - $16.50
25-99| 1150 | 1496 | 2219 | 5384 | 7810 | 1325 “ 18,12 1 109 8
100+ 8.35 10.45 16.01 39.74 57.60 9.60
ORDERING INFORMATION
Xr X2 NC SF NC Yy Y.
MPYS34 (am) v v
Basic Model Numb I
Performance Grade , .
K: —25°C to +85°C (U’ package 0°C to +70°C)™ TO-100: MPYG34AM/BM/SM DIP: MPYG34KP
A: —25°C to +85°C :
B: —25°C to +85°C Xslnput | 1 p» 6] Vs ¥
S: —55°C to +125°C Xalnput {2 15| NC
Dant NC {3 14 | Output
Package Code Scale Factor |4 . 13| Z:Input
M: TO-100 metal NC |5 12 | ZzInput
P: Plastic 14-pin DIP Yslnput | 6 1t | NC
U: 16-pin SOIC Yzinput |7 10 Vs
Enhanced rellability ing (/QM option) NC |8 9| NC
available on MPY634SM. Contact your . ’ .
Burr-Brown representative for information. SOIC: MPY634KU
NOTE: (1) Performance grade identifier may not be marked.
Blank denotes “K" grade.
Ta=+25°C, Vs = £15VDC unless otherwise noted.
FEEDTHROUGH VS FREQUENCY FREQUENCY RESPONSE AS A MULTIPLIER
—20 10 |
Normat Connection Gy = 1000pF
f-'; -40 — § [}
5 N 3
2] N &
2 X Feedthrough g 10
< -—60 r. 3
g - 3 3 With X10 Feadback =
F] b 5 Attenuator
£ © -
§ 80 Y Feedthrough / \
i
=30 TTTTTH T T T
1k 10k 100k ™ 10 100M
—100 Frequency (Hz)
100 1k 10k 100k ™M oM 100M
Frequency (Hz)
COMMON-MODE REJECTION RATIO FEEDTHROUGH VS TEMPERATURE
VS FREQUENCY ~50
90
N
80 g A
h=
70 <
Typical for all inputs A 2 _g
P E fy = 500kHz
T 50 2 Vx = nulled
«c <
[ =
40 =) ~
3 ‘N g ™~ //
30 £ =70
20 E nulled at 25°C
10
[+] -80
100 10k 100M ™ 0M -40 -20 0 20 40 60 80 100 120 140
Frequency (Hz) Temperature (°C)
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TYP'CAL PERFORMANCE 6 FREQUENCY RESP/ ISE AS A DIVIDER

CURVES (CONT) e
Ta = $25°C, Vs = £15VDC unless otherwise noted. 0 Vz = 10mVrms
g
NOISE SPECTRAL DENSITY < Vx=1VDC
VS FREQUENCY 2 Vz = 100mVrms
15 s ®
' i
5 Vx=10VDC
T ° Vz = 100mVrms
L 125 0
3 \
z .
2 1 —20 R 1 St L)L S N N
3 1k 10k 100k ™ 10M 100M
B Frequency (Hz)
8
oz g
2 INPUT DIFFERENTIAL-MODE/ o
s COMMON-MODE VOLTAGE S
0.51 YT TTTTIY . 104 Vos Q.
10 100 1k 10k 100k ™ E
Frequency (Hz) <4
1
INPUT/OUTPUT SIGNAL RANGE I  Specltied
VS SUPPLY VOLTAGES : 1 Accuracy
—12§5-10 -5 + 5
" HHHHHHH
g T Ve=xtsv
g 2 4 (7))
2 | ouput A= Zk%/ 5T =
L] E 3
2 10 " 1 9
) /Au inputs, SF = 10V " [
T y, » Functional -10 (&)
; 8 7 Derated Accuracy =z
i |/ >
a 6
2 THEORY OF OPERATION -
o
o ' The transfer function for the MPY634 is: 5
8 10 12 14 16 18 20
eosit ; : Ki—X)(Vi—Ys) Q
ositive or Negalive Supply (V) Vour = A _ (Zl — Zz) . m
SF —
where: Q
BIAS CURRENTS VS TEMPERATURE A = open-loop gain of the output amplifier (typi- (O]
(XY or Z inputs) cally 85dB at DC), (o)
800 SF = Scale Factor. Laser-trimmed to 10V but adjus- -l
table over a 3V to 10V range using external <
700 . =
resistors, <
600 - X, Y, Z are input voltages. Full-scale input voltage is
- \ equal to the selected SF. (Max input voltage =
€ s - +1.25 SF.)
€ P _Scaling voltage = 10V - . )
2 400 An intuitive understanding of transfer function can be
£ e~ . .
3 —] gained by analogy to the op amp. By assuming that the
8 300 open-loop gain, A, of the output operational amplifier is
@ -~ . P . pe
P ge =3V infinite, inspection of the transfer function reveals that
200 any Vour can be created with an infinitesimally small
100 quantity within the brackets. Then, an application cir-
cuit can be analyzed by assigning circuit voltages for all
0 X, Y and Z inputs and setting the bracketed quantity

—40 -20 0 20 40 60 80 100 120 140

Tomperature (°C) equal to zero. For example, the basic multiplier connec-

tion in Figure 1, Z; = Vour and Z = 0. The quantity
within the brackets then reduces to:

Burr-Brown IC Data Book 5-45 Vol. 33
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= X2) (i —Y2)
SF

This approach leads to a simple relationship which can
be solved for Vour to provide the closed-loop transfer
function. . :

The scale factor is accurately factory adjusted to 0V
and is typically accurate to within 0.1% or less. The scale
factor may be adjusted by connecting a resistor or poten-
tiometer between pin SF and the —Vs power supply. The
value of the external resistor can be approximated by:

Rsr = 5.4k} [-L]
10 — SF

Internal device tolerances make this relationship accu-
rate to within approximately 25%. Some applications
can benefit from reduction of the SF by this technique.
The reduced input bias current, noise, and drift achieved
by this technique can be likened to operating the input
circuitry in a higher gain, thus reducing output contribu-
tions to these effects, Adjustment of the scale factor does
not affect bandwidth.

The MPY634 is fully characterized at Vs = £15V but
operation is possible down to 8V with an attendant
reduction of input and output range capability. Opera-
tion at voltages greater than 15V allows greater output
swing to be achieved by using an output feedback atten-
uator (Figure I).

= (Vour—0)=0"

v ok {SCALE = 1V)
HNPK,_ 1y ot
MPY534
§F L i:som
¥ INPUT % Z 7 OPTIONAL
i i T
H12V PKg—1, Vs b—e -15¢ Gr = 200gF

FIGURE 1. Connections for Scale-Factor of Unity.

As with any wide bandwidth circuit, the power supplies
should be bypassed with high frequency ceramic capaci-
tors. These capacitors should be located as near as prac-
tical to the power supply connections of the MPY634,
Improper bypassing can lead to instability, overshoot,
and ringing in the output.

BASIC MULTIPLIER CONNECTION

Figure 2 shows the basic connection as a multiplier.
Accuracy is fully specified without any additional user-
trimming circuitry. Some applications can benefit from
trimming of one or more of the inputs. The fully differ-
. ential inputs facilitate referencing the input quantities to
* the source voltage common terminal for maximum accu-
racy. They also allow use of simple offset voltage trim-
ming circuitry as shown on the X input.

Burr-Brown IC Data Book
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X INPUT o=—r— X, +Vy ——e 15V

+10V FS
+i2v PK —{*% o Vour. £12V PK
+15¢ %+ | wersan I =KX - %)
50k SF 2

0PTIONAL OFFSeT | *——% L !
TRIM CIRCUIT == ]
" Y INPUT o—¢—% Ve l——e 15V
HIOVFS i QPTIONAL SUMMING
HWPK INPUT, Z, 10V P

FIGURE 2. Basic Multiplier Connection.

The differential Z input allows an offset to be summed in
Vour. In basic multiplier operation the Z; input serves as
the output voltage ground reference and should be con-
nected to the ground of the driven system for maximum
accuracy.

A method of changing (lowering )} SF by connecting to
the SF pin was discussed previously, Figure | shows an
alternative method of changing the effective SF of the
overall circuit by using an attenuator in the feedback
connection to Z;. This method puts the output amplifier
in a higher gain and is thus accompanied by a reduction
in bandwidth and an increase in output offset voltage.
The larger output offset may be reduced by applying a
trimming voltage to the high impedance input, Z,.

The flexibility of the differential Z inputs allows direct
conversion of the output quantity to a current, Figure 3
shows the output voltage differentially-sensed across a
series resistor forcing an output-controlled current. Addi-
tion of a capacitor load then creates a time integration
function useful in a variety of applications such as power
computation.

Kwpur 1% He——e+i5V
+I0V 3 lour =
HN K oy aut
g g Be=Xalfh=¥) 1
« , » ’ oV fs
s -\ "——!
abm
—y, A CURRENT-SENSING =35
Ll::l;; ! RESISTOR, Bs. 240 /2
MiN
VPR v, gy l— o5y INTEGRATOR
CAPACITOR
- (SEE TEXT)

FIGURE-' 3. Conversion of Output to Current.

SQUARER CIRCUIT (FREQUENCY DOUBLER)

Squarer, or frequency doubler, operation is achieved by
paralleling the X and Y inputs of the standard multiplier
circuit. Inverted output can be achieved by reversing the
differential input terminals of either the X or Y input.
Accuracy in the squaring mode is typically a factor of

Vol. 33



two better than the specified multiplier mode with maxi- ;
mum error occurring with small (less than 1V) inputs.

Better accuracy can be achieved for small input voltage .
levels by reducing the scale factor, SF. .

DIVIDER OPERATION

The MPY634 can be configured asa divider as shown in .
Figure 4. High impedance differential inputs for the °
numerator and denominator are achieved at the Zand X
inputs respectively. Feedback is applied to the Yz input,
and Y is normally referenced to output ground. Alterna-
tively, as the transfer function implies, an input applied
to Yi can be summed directly into Vour. Since the feed-
back connection is made to a multiplying input, the
effective gain of the output op amp varies as a function
of the denominator input voltage. Therefore, the band-
width of the divider function is proportional to the
denominator voltage (see Typical Performance Curves).

Accuracy of the divider mode typically ranges from
1.09% to 2.5% for a 10 to 1 denominator range depending
on device grade. Accuracy is primarily limited by input
offset voltages and can be significantly improved by

trimming the offset of the X input. A trim voltage of '

g sy QUTPUT, 12V PK )

XRRT e[ e - _
 [DENGMINATOR) ' Vour =V Ty
+HOVES 7 A
NP T Xa out
- MPYS3A
T Z INPUT
SUMMING INPUT {URERATOR)
+10V K +10V FS. £12V PK
Y Z: p—-_
{
i .
v |—— Yo e -5V

FIGURE 4. Basic Divider Connection.
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+3.5mV applied to the “low side” X input (X2 for posi-

"tive input voltages on X)) can produce similar accuracies

over a 100 to | denominator range. To trim, apply a
signal which varies from 100mV to 10V at a low fre-
quency (less than 500Hz). An offset sine wave or ramp is
suitable. Since the ratio of the quantities should be con-
stant, the ideal output would be a constant 10V. Using
AC coupling on an oscilloscope, adjust the offset control
for minimum output voltage variation.

SQUARE-ROOTER s

A square-rooter connection is shown in Figure 5. Input
voltage is limited to one polarity (positive for the con-
nection shown). The diode prevents circuit latch-up
should the input go negative. The circuit can be config-
ured for negative input and positive output by reversing
the polarity of both the X and Y inputs. The output
polarity can be reversed by reversing the diode and X
input polarity. A load resistance of approximately 10kQ
must be provided. Trimming for improved accuracy
would be accomplished at the Z input.

GUTPUT, £12V PK
Vour = IOz = i} + Xa

t
+ISV | REVERSE R
7 X " 1 THis ARD x% {MUST BE
OPTIONAL INPUTS FOR)  PROVIDED)
ls;:;:jr:n;s X ouT NEGATIVE ob
bk ;’K. MPYS34 QUTPUTS
—t— SF LE—* 7 NFUT
v 10V FS
Y, Ll——e 12V PK
Y, V% —15v

FIGURE 5. Square-Rooter Connection.

APPLICATIONS

Asin (2w 1OMHZ

Xs +V = +15V

Vo= [AB/20) coz 8
oot g
-_1_:_ MPYE34 W Zof
¥ r=- .
| Bx

1
-

B sin {2 w I0MH2t + 6)
—Y, 2. —

_E— 12 ~Vs -15v

Multiplier connection followed by a low-pass filter forms phase detector useful in
phase-focked-foop circuilry. Rx is often used in PLL circuitsy to provide desired
loop-damping characteristics.

t +15¢
% +¥

+
Ec
- X3 Yo
%o A MPYB34
SF 13
15y
+o——]Ys 2 —1
Es -
- — \A -V
~15¢ l

Minor gain adjustments are accomplished with the 1kQ) variable resistor con-
nected to the scale tactor adjustment pin, SF. Bandwidth of this circuit Is limited
by Ay, which is operated at relatively high gain,

FIGURE 6. Phase Detector.
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FIGURE 7. Voltage-Controlled Amplifier.
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¥
{ MODULATION o oW
o e +HEY INPUT, £Eu
[__ Xa aur
! L ot * = | M ' & w10V e in o
o | Mgy | amns | Vour=(0V)eng R I 3 . it
e sF 2 WHERE CARRIER INPUT (S
3= ' 6 = (w2 iy, E 3in wt i
: o ks | i N '
Y z N o
INPUT, E, *0 R - Y2 —Vaj—o :
0 70 +10v Y. Vs _1.,r,v 1 » : _ = . —15v - . -
By Injecting the Input camer signal lnto the oulput lhrough connection to the Z,
With a linearly changing 0—10V Input, this circuit's output follows 0° to 90° of a input, is Amplification can be
sine function with a 10V peak output amplitude. achieved by use ot the SF pln, or Z attenuator (at the expenss of bandwidth).
FIGURE 8. Sine-Function Generator. FIGURE 9. Linear AM Modulator,
Xi +¥a
(Yo 1]
X2 Yo ']
Atlnwt—yg —: | MPYE34 5
8F 2, ]

Y, L__IT_ =
gy L

Squaring a sinusoidal input creates an output lrequency of twice that of the Input. FREQUENCY DOUBLER
d by A

Tha B0 cutput companant AG-coupling the output. INPUT SIGNAL: 20Vp-p, 200Ktz
QUTPUT SIGNAL: 10Vp-p, 400KHz

FIGURE 10. Frequency Doubler.

?:‘g%[{u;?"" — X Vsl—e+18V .
4 —1 X2 ouT, Your
aamas oo | MeYeM
CARRIER [ 3
HULL
+15v  —15V =
>-—— Y| zz
CARRIER INPUT _._L
Ec2in wt Ya Vs
I -5V
The basic multiplier ion performs bal d ion. Carier rej
can ba improved by trimming the offset voltage of the modulation input. Better °
carrier rejection above 2MHz is typically achieved by Interchanging the X and Y CARRIER: f; = 2MHz, AMPLITUDE = 1Vrms
fnputs {carrier applied o the X input). SIGNAL: I = 120kHz, AMPLITUDE = 10V peak

FIGURE 11. Balanced Modulator.
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