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Analog mul*plier

Iout = kVxVy

Vout = Iout ∙ RL = kRLVxVy
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Single-ended output

Assume R3 = R4 = R ⇒

Vout = RIout + VREF

Vout = √2𝑘 RLVxVy + VREF
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2-quadrant mul*plier

For soure coupled pair




Assume
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4-quadrant mul*plier (Gilbert)

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



M3 and M4 as well as M5 and M6 form 
source coupled pairs ⇒
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Linear region can be extended by:
1.  Increasing ISS
2.  Decreasing k (big L, small W)
3.  Use small input signal Vi 

(aVenuate input signal)
⇒  (source coupled pair)
⇒ 10 V supply voltage needed!

With small signal amplitudes i.e.

Also M1 and M2 form a source coupled pair:
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Differen*al to single-ended conversion

•  Symmetrical load for Gilbert cell
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Linearized source coupled pair

Source coupled pair:






Assume:
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Which gives
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Linearized Gilbert cell
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Current equa*ons:

Assume:

Source coupled pair:
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It is adequate to linearize x-input only. 
Also y-input becomes linearized.

However,                            therefore

Calculate Iout:









                (exactly)

⇒ To maximize the linear region, maximize VD1,SAT.
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Realiza*on of current source ISS + I0

Input signal:



Differen*al:



Common-mode:
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Current equa*on:
•  Assume transistors in satura*on
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Folded Gilbert cell

Linearized Folded Gilbert cell
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Linearized folded Gilbert mul*plier
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Sum of squares mul*plier

Assume

⇒ M2 is a source follower

⇒  ID1 = k1(VG1 – VS1 – VT)2 = k1(VG1 – VG2 – VT)2 (stronger than M1)

I1 = k (V1 – V2 – VT)2
I2 = k (V1 + V2 – VT)2

I3 = k (–V1 + V2 – VT)2

I4 = k (–V1 – V2 – VT)2
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Gilbert mul*plier

Current equa*ons:



EmiVer coupled pair:
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Linearized Gilbert mul*plier
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Linearized Gilbert mul*plier

Voltage to current converter:
  I1 = I01 + k1V1
  I2 = I01 – k1V1
Output voltage:
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input tanh-1 compensates for tanh-
func*on
⇒ We obtain ideal mul*plier
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Linearized Gilbert mul*plier
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The small signal equivalent circuit of the Gilbert mul*plier:

The mul*plier has three poles:
•  The pole associated with the base node of the input transistors:

•  The pole associated with the load:

•  The pole associated with th econtrol transistors (cascodes):
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CMOS Bridge-type mul*plier

Assume transistors M1…4 in linear region.


Current equa*ons of transistors M1…4:









VRF and VLO have the same common-mode level VCM-.

Differen*al output voltage:




Ideal mul*plier!
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The current mul*plier (B. Gilbert)

Voltage equa*on:


Applying the collector current equa*on of BJT:





Assuming Iin = IC1 and Iout = IC2

we obtain in
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