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Multipliers
What is a multiplier?

How do you obtain a multiplier?
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Fig. 1 Basic idea of multiplier



Transconductance-Mode Multiplier
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Fig. 2  Multiplication operation using programmable transconductor



How Does It Work?
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Basic Multiplier Architectures
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Where capital ( low case) letters represent DC (time domain) signals.



How the x and y Inputs can be Applied?

Consider a one transistor case first.
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Voltage signal injection methods

    TgsdsTgs
2
TTgs

2
gs

2
Tgsd

TgsdsTgs

2
ds

dsTdsgsds
ds

Tgsd

VVV  , VVfor                        VVV2V
2
KVV

2
KI

VVV  , VVfor    
2

V
VVVVKV

2
VVVKI

:asexpressedismodelr transistoMOSsimple The                            



















 

Results are summarized next.



Table 1.  Summary of multiplier operating modes
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Let us describe multipliers as functions of their mode of operations
Linear Mode
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Multiplier Implementations Using VgsVds (Type I)
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Fig. 7  Fully-differential four-quadrant multipliers using VgsVds term (Type I)
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Example of a Complete Implementation of Multiplier VgsVds Type I.
{From Fig. 7(e)}
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Low voltage multiplier working with transistors in linear region.  (Coban & Allen)
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Multiplier Using a Transistor in the Linear Range
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A possible implementation follows:
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Version 2:  Multiplier Using Cascode Current Source.
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Linear Operation using V2
ds  (Type II)
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Dual Gate in Linear Range (Type III)
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MOS Multipliers Operation in Saturation Region
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Alternative Signal Injection Implementations using V2
GS
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Fig. 12  Source signal injection methods for multiplier using V2
gs term (Type V)



Bulk-Driven Transistor Using V2
gs (Type VI)
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Fig. 13 Using substate signal injection (Type VI)



Voltage Adder (Type VII) using V2
gs
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Floating Voltage Source (Type VII) Using V2
gs
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MOS Gilbert Cell (Type VIII)
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Comparisons
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Table 2.  Summary of general qualitative comparison of 15 multiplier topologies.
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Linearity Comparison
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Input Range and Minimum Power Supply
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Table 3.  Summary of a comparative multiplier study for equal size transistors.

Table 4.  Summary of comparison between circuit Fig. 7(c), Fig. 7(d), and Fig. 12(c)
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