FET DC Models and Biasing Circuits
Dr. José Ernesto Rayas Sanchez
March 21, 2007

FET DC Models and Biasing Circuits

Dr. José Ernesto Rayas Sanchez

Some figures of this presentation were taken from the instructional resources of the following textbooks:
A. S. Sedra and K. C. Smith, Microelectronic Circuits. New York, NY: Oxford University Press, 2003.
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Regions of Operation of FETSs

Triode Region Cutoff Region Saturation Region
(nonlinear resistor) (switch off) (good amplifier)

Ohmic Sub-Region
(linear resistor)
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Regions of Operation of MOSFETSs
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DC Models for MOSFETSs — Saturation

Neglecting the channel length modulation effect:

= NMOSFET
Goio D Vas 2VTH
N Voo 2 V.. —V.
Vis K(Ves— Vir)’ DS 6s — VTH
* Lo W
S Zﬂn ox |
= PMOSFET
G
07? D Vgo 2 |VTH |
VEG K(Vse— |VTH|)2 Vop = Vg — |VTH |
1 W
g K= Elupcox L
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DC Models for MOSFETSs — Saturation
Including the channel length modulation effect:
= NMOSFET
Goio D Vas ZVTH
N Voo >V.. —V.
Ves K (Vs —Vri) (1+AVps) e e T
. K=tuc., W
o zll'ln ox |
« PMOSFET
G
o—0° D Vs 2 |VTH |
VEG K(vsg = |Vrul) (1+Avsp) Vsp = Vso Vi |
1 W
s K=o
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DC Models for MOSFETSs — Triode

= NMOSFET
G
o—o0 D
n 1 2 VGS ZVTH
Ve 2K[(Ves =V )Vos _EVDS] Vs < Ves — Vi
1 W
S K= Eﬂncox f
« PMOSFET
L N D
V§G 2K[(vsg—[Vrh DVsp _%Vgo Vse =V |
VSD < VSG_|VTH |
S 1 W
K= E/upCOX f
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DC Models for MOSFETs — Ohmic
= NMOSFET
Go—o D Vs 2= Vi
VES [2K (Vas =V )™ Yos <1< Yes _\\//T\;'
K==uC. —
S ZILln ox |
= PMOSFET
A D
Vs 2| Vo |
VsG [2K (Vsg— | Vin DI * ™
" ¢ ™ VSD << VSG_ |VTH |
1 W
S K= Elupcox f
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Regions of Operation of JFETs
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DC Models for JFETs — Saturation

Neglecting the channel length modulation effect:

= N-JFET
G D 02V, 2 VF{/
+ Vs 2 Vgs =V
Ves K(ves— Vp)? K=l /sz
S V, <0, 1, >0
= P-JFET
@ . D 0<Vg <V,
VES K(Vp —vas)’ Vsp 2 Vp —Vgq
K =1 |/Vp2
S V, >0, 1., <0
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DC Models for JFETs — Saturation

Including the channel length modulation effect:

« N-JFET
GO—o D 02vg 2V,
- Voo 2V —V
Vas K(V ~V )2(1+ZV ) DS GS P
b Gs—Vp DS K=1_, /sz
S V., <0, 1,5 >0
« P-JFET
GO—o D 0< Vgs SVP
Vi&s K( VP_ VGS)2(1+1VSD) VSD ZVP - VGS ,
K :| IDss |/VP
S V, > 0, I oss < 0
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DC Models for JFETs — Triode
= N-JFET
Goio D 0> VGS ZVP
V;;s 2K[(ves —Vp)Vps _lvés] Vos <Ves _\QP
2 K= IDSS /VP
S V, <0, 1, >0
« P-JFET
S D 0<v, <V,
vos 2K[(Vp —Ves )Vp _%VgD] Vo <Vp —Veg 2
K :l IDSS |/VP
S V, >0, I, <0
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DC Models for JFETs — Ohmic

= N-JFET
G, D 0>vg >V,
vGs [2K (vgs —Vp) ™ Vos <<Vos Ve
. K=1ps /VP2
S V, <0, 1,4 >0
= P-JFET
Go—o D O = VGS SVP
Vos = [2K(Vp—Ves)l ™ Ve <<V —Vgs
. K:|IDSS|/VP2
S V., >0, 1, <0
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MOSFET Biasing Circuits — Example 1
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MOSFET Biasing Circuits — Example 2

V.D‘D: +3V
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MOSFET Biasing Circuits — Example 3

Vop = T10V +10V
R(_:l = 10 M) % anﬁkﬂ- R|
1'.
Rg> = 10 M) Re = 6 KO
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MOSFET Biasing Circuits — Example 4

Vf).f.)
V.rm
Rp I To source of
| By R | transistor ¢
Y l i Fig. 433 (a)
hir | 0 |
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L 0 j]—< 0,
Vs
— Vi
— Vs
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MOSFET Biasing Circuits — Example 5

1f!1!:
R D
L “G 1
' I
>
<
Re, 1:
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JFET Biasing Circuits — Example 1

+20V
Ro
Re1 '
Ra2 Rs
06M 2.7 KQ
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JFET Biasing Circuits — Example 2

+12V
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