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L11: Transconductor

Intro

BJT vs MOS

¢ small-signal

e large signal:
- MOS: linear/exponential, strong/weak inversion, quadratic
- BJT: exponential

Boures Gats Drain

V= Vi

B —

Linear operating region (ohmic mode)

Vo = Vas- Vs Vps @ Vas- Vou
Soures Gat= Dirain Zovres Gats Drain
‘IrGS ; "rTH
—_—

Saturation mode at point of pinch-off Saturation mode
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Drain to source voltage [V] 0 0o 04 0B
kp =1 VTH = 1V Vg (V)
VDs
ldlin(VGs,VDs) = kp - (VGS—VTH - Tj -VDs for Vgs>Vry and Vpg < Vgs-Vry
ldsat(Vas) ==+ (Vas — VTH) for Vgs>Vry and Vps > Vgs-Vry
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VaGs
Vi
laweak(VGs) = e for Vgs<Vry and Vps > Vgs-Vy
60
Beware: inequalities (above) not met for entire traces!
40 —
ldsat(VGs)
ldiin(Vas»1V) og |- _
ldiin(VGs,5V)
0 =
_ | | | |
20 0 2 4 6 8 10
VaGs
Transconductor
|0 = Gm . V|
. w VDs
MOS Linear: Ig = H'COX'T‘(VGS_VTH—TJ'VDS
. d W VDs N w
Transconductance: ——p-Cox.- — | Ves = VTH - —— |- VDs simplify — p- Cox.- — - VDs
dVgs L 2 L
dlg w
=———=p-Cox-— -V depends on V
m dVGs M- Lox. L DS DS
w VDps I VDs - VGs + volt
BTW: d—p -Cox. - — - (VGS -VTH - —j -Vps simplify - —p - Cox, - W- ( )
dVps L 2 L

Eliminating V5 dependence

Small Ri --> CG or CB. Which is preferable?

e BJT: lower Ri = 1/gm

e rpi in parallel with Rlin --> offset resistance
e Needs BiCMOS process
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Example: high gain amplifier with current source load




