ELEC-E3510 Basics of IC Design

Lecture 9:
Multipliers



Analog multiplier
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Single-ended output
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2-quadrant multiplier

For soure coupled pair
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4-quadrant multiplier (Gilbert)

Assume all transistors are equal.
Gilbert cell output current difference
IS

=1, =l =(l; +15) = (1, +15)
=(|3 _|4)_(|6 _|5)
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source coupled pairs =
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Also M; and M, form a source coupled pair:
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Linear region can be extended by:
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Increasing I

Decreasing k (big L, small W)

Use small input signal V.,V <<\/;
(attenuate input signal)

= (source coupled pair) Al=V,4/2klg
= 10 V supply voltage needed!



Differential to single-ended conversion

* Symmetrical load for Gilbert cell
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Source coupled pair:
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Linearized source coupled pair

Thus output current is
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Linearized Gilbert cell

L +1, =1 +1;

Current equations:
e+l =1, +1;
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Calculate I
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lour = \/EkVXVy (exactly) when V)V, = lsf

It is adequate to linearize x-input only.
Also y-input becomes linearized.

However, VX,Vys\/% therefore

= To maximize the linear region, maximize Vg, cr-



Realization of current source I + |,

Input signal:
Vi =V + Vg = Vo + Ve

; e Differential: Current equation:
Vi =V, -V, * Assume transistors in saturation
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Folded Gilbert cell
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Linearized Folded Gilbert cell  lour =+/2kk, V.V,



Linearized folded Gilbert multiplier
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Sum of squares multiplier
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= M, is a source follower

= |y, = ki (Vg = Vo = V)2 =k (Vg = Vg, — V)2 (stronger than M)
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i Ic3-5

Iout = I<:3-5 - |c4-6

Gilbert multiplier

i Ic4-6

Current equations:

lour = (lcs +les )_ (Ic4 + |C6)

= (|c3 —le )_ (|C4 - |C5)

Emitter coupled pair:
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Linearized Gilbert multiplier
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Linearized Gilbert multiplier

Voltage to current converter: When applied for Gilbert multiplier Vv
I, = 1oy + k,V, input tanh! compensates for tanh- bD
I, = 1o — Kk V4 function
Output voltage: => We obtain ideal multiplier
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Linearized Gilbert multiplier

Multiplier core

e e e e e e e e— —

Differential-to-single-ended
converter

Y |01+ K]_V]_

Y loa—KiVy

Differential voltage-
to-current converter

Differential voltage-
to-current converter




The small signal equivalent circuit of the Gilbert multiplier:

% 1V1 —E
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The multiplier has three poles:
* The pole associated with the base node of the input transistors:
R,s +R +Ry, 1

p1=_ z_—.meax
RS(RbS + REl )CS REng

* The pole associated with the load:
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RC,+CL+C +CL+C+C )  RC
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* The pole associated with th econtrol transistors (cascodes):
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C, +C,
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CMOS Bridge-type multiplier

Assume transistors M, , in linear region.
=
los =By (Vs = V5 = EVDS)VDS

Current equations of transistors M, ,:
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Vie and V 4 have the same common-mode level V..
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Differential output voltage:
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The current multiplier (B. Gilbert)

VDD

IinI ') ') IIOUt Voltage equation:
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Applying the collector current equation of BJT:
| | I |

Von(-L) + VoIn(-2) = VIn(-2) + V. In (<)
Q; |7 Al Q s E s s
= In(lc—l) = |n(|c—2)

B

Assuming .. =1, and I, =l
IA e |
we obtain |, = Iilin
B

A




