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The Signal Interaction Challenge

Telecommunications £ Instrumentation Signal Processing
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Need: Frequency shifting - Need: Instantaneous Power Need: Phase difference
for transmission. Calc (P=F x/). detection.
¥ ; .1 | The Core Insight: Linear circuits cannot allow one voltage to dynamically AL
B Eed [ control the gain of another. be need a multiplier. -4} ogTi T
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Defining the Ideal Multiplier

N Vout — K

\V Design Specs
X * Lincanty:Output w Product of Inputs
Vout e Operation: 4-Quadrant (Positive 6
Vy Negative Polarity)

* Scale Factor (K): Typically 10V
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Exploring the Solution Space

www.snsgroups.com

N

] | ———
ANTILOG

| AMP
SUMMER —>
I~

|

Too Slow /
Bandvidth Limited

Vot (A+B) = (A-B)

Complex 6 Bulky

THE INNER: Variable

Transconductance

Ultilizes transistor emitter current
dependence. High speed. Integratable.

A\
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e P ASE PROTOTYPE
The Gilbert Multiplier Cell

The Heart of the IC

Inventor: :
V, Q Emltt.er Coupled.
T Transistor Pairs

exploiting the linear
relationship between

Banr:be Gllbert

collector curnentand
§5 differential input voltage.
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Performance Characterization

CINS; /7'7«'1/01 5]
WWww.snsgroups.com

DC Characteristics Vyd <0 Test Results
03 L Vy1l > Vy3
y 020 ”;/ ViV * Accuracy: 0.5% to
2 o1k S0 2 T L Vy3=0 1%0(Full Scale)
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§ _______ Linearity
S ‘0.1 . °« o
S o e Bandwidth: Critical for
> = . L ° °
o T T . RF Applications
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40 30 20 -0 0 ID 20 3D 40
Vx (Input Voltage) * Feedthrough: Minimal
Frequency Response leakage when one 1put
40 - :
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Frequency (Hz)
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Carrier Signal
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Multiplier IC
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Application: Communications & PLLs

AM Signal

[

« Key Usage: Essentia{ component in

Functlon: Modutatlon 6
Heterodyning.

Pha5e Locked Loops (PLL) for
All Detection.

J
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Application: Analog Computation

Squaring Circuit Frequency Doubler
X Input: sin(at) Output: 1 - cos(2wt)
Cnmnn[jm: :Dmmmnmj n n ”
: 3 7% 5 :
w® X | v S ]
O [] O 5
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R

Squaring Frequency f (Blue) Squaring Frequency 21 (Red
quency

measurenent.

Use Case: RS Calculation, Power _1 r Hath: sin?(wt) -+1 —cos(2wr) J
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Activity: Design a Power Meter

Voltage (v)

Shunt
Resistor

Current (:)

I—Challenge: Connect the components to measure
Instantaneous Power (#).

Recall: P— xt J
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Summary-MIND MAP

rCore Tech

— /== GilbertCen J

Variable Transconductance J

4-Quadrant AN
Operation ? , Analog - » |
= Specs Multiplier 4 Bath Hout=XY/K _1

IC

rLinearity

AT detection (PLL)
-

Frequency Doubling _i

r Applications

Power lJeter J

UIClS
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Assessment

Ql: Which transistor configuration forms the core of most
analog multiplien 1Cs?

—a (Q2: If both 1nputs to a multiplier are negative, nhat 1s the
polarity of the output?

Q3: Whatis the primary application of multipliers in Phase
Locked Loops as per the syllabus?
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L.!l 1. "Linear Integrated Circuits" - D. Roy Choudhry, Swl
3aln. New Age International Pvt. Ltd., Sth Edition
(2618).

L.!l 2. "Design with Operational Amplifiers and Analog

Integrated Circuits" - Sergio Franco. Tata MoGraw-
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THANK YOU
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