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MOSFET as a current source
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Ideal current source
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Simple NMOS current source

—iL .|
O

1 ° Ol V=Vpg

—_— Vmin =Vpg(sat)

slope=1/r4¢

Tout = Tds = Swln Vimin = Vps (sat) = Vg — Vry

A. Thanachayanont Analog IC Design



Simple PMOS current source
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Increasing r_ , with source

degeneration technique
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Tout = Tds2 + Rs [1 + (gm2 + gmb2) Tds2] ~ (gm2RS) Tds2
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Feedback model of source
degeneration technique
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Cascode current source

lout Yg1° g2 lout
——0 — | < ]
\ - +
Vaa2 H | M2 - Im2'gs2 9mb2bs2 "ds2
Vout Vout
vV M
GG1 H 1
E "ds1

e °

Tout = Tds2 + Tds1 [1 + (9m2 + me'z) Tds'z] ~ (szrdsz) Tds1

Vinin = Vps1 (sat) + Vpgs (sat)
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Current mirror
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Accuracy improvement
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Cascode current mirror
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Ve < Vour + Vrun Vpse = Vps1 = Vgs1

Vinin = Vas1 + Vpsa (sat) = Vps1 (sat) + Vpsa (sat) + Vran

Tout = Tds2 + Tdsa + [(Gma + Gmba) Tdsa| Tds2 & GgmaTdsaTds2
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Low voltage cascode current source
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Vess — Vras < Vg W99 Vpgs (sat) < Ve
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