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MOSFET General Relationships

For all FETs:

Depletion-Type MOSFETs:

Ip =Ibss (11— Vs

Vr

)2

For Enhancement-Type MOSFETSs:
— 2
Iy =k(Vgs =Vr)
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©UTM MOSFET Parameters

—

* General relationship to do DC analysis for
MOSFET
IG DO and ID = IS

* Shockley's equation is applied to relate
the input and the output quantities of a D-
MOSFET: E

|pss Value obtain from data
sheet

1 I
1 DSS% VGS( off)

e For E- IVIOSFET thf relatlo

k(Vos ~




MOSFET Transconductance

Common-source forward transconductance, g (mS)

g =2kl ,forE-MOSFET

[ Vi L]
‘\/GS( off)% VGS( off)ﬁ

or g = 2lpss | I , for D-MOSFET
‘VGS(off) I s

2 IDSS

En ~
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FET Parameters

g, can also be determined from the graph.

l|p [MA]

A

— IDSS

L,

Ve [V]

Al
AV,

Vbso

|
Vs off) AV
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7  MOSFET Amplifier Biasing

* MOSFET can be used as linear amplifier

e The MOSFET must be biased so that majority
current carriers flow from source to drain

* Gate to source capacitance is biased such that
the transistor is operating mid way between
cut off and saturation region.




'''''''''''''''''''''''' MOSFET BIASING

 Method for D-MOSFET biasing:

(i) Gate bias (ii) zero bias

_____________
4 >

(iii) voltage divider bias (iv)self bias}

 Method for E-MOSFET biasing
(i) Drain feedback bias

(ii) voltage divider bias




/ MOSFETS ANALYSIS

—

The DC Analysis

Mathematical
Approach
Graphical

Plotting the transfer characteristics of the device
Plotting the at a point that V55 exceeds the OV or more positive values

Plotting point when V;s=0V and |,=0A

The intersection between Shockley characteristics and linear
characteristics defined the Q-point of the MOSFET

O
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Example1: D-MOSFET-Self Biased

+9

Draw the linear

characteristics § 1.5k
D
Draw the transfer I o,
characteristics G | =10mA
Ve )—— JE Ii/SI:=-3.5V

Obtain Vggq and lpq from
the graph intersection A

Calculate Vg
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Solution: Mathematical Approach

. 3 |solve for Ip using calculator we get
1 | D-MOSFET Transfer Characteristic:

Ip1 =9.124mA and Ipp, = 2.39mA

Ve 2
_ 15
Ip=Ipss (1 B vG‘S(OFF)) (1)

Insert value [ nd Iy in ation (2), we get
General FET rules: sert value Ipiand Ipp in equ (2), weg

VGSl = —6.843V and VGSQ =-1.79V

Ip = 1g and IG%OA

2 | Taking KVL at the input loop: 4
—Vas —IsRs =0 OR Vg 4+ IpRg = 0(2) .. The operating point selected is
From (2) and (1) at Ipo = 2.39mA and Vggo = —1.79V
Ip=10m (1- _jg%q)z because Vgsz > Viasorr)
Ip = 10m - 4.28571 + 45918000 | { | 1 = 2.30m4 and Vissy = 170V | |
.
0 = 459.18(Ip)2 — 5.28571p + 10m S «:
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@ UNIVERSITI TEKNOLOGI MALAYSIA

To find Vg, Taking KVL at the ouput loop:
we get

Vop —IpRp —Vps —Ipfs =0

remember Ip = Ig

O — ID(]..E)AT) — VDS — ID (750) =0
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Solution: Graphical Approach

From equation (1), draw the transfer charac-
teristic curve

calculate I using calculator:

Vas(V) [-35]-25[-15] 0 | 1.5
In(mA)| 0 |0.82]327]10]20.4

0.025

To plot the DCLL from equation (2)oe

ID(A)

Q-POINT /
Vas +IpRg =0 - /

. _VGS 0.005
PR ——
0

-0.005
-3.5 -3 -2.5 -2 -1.

5 -1 -0.5 0 0.5 1 1.5
VGS(V)
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MOSFET
SMALL SIGNAL ANALYSIS




AC Small Signal Model

G 0 i 9O D
G J Vgs gngs = Fas
4 -
S S 0; —O S

Symbol AC model




Resistance, r

* (Can be calculated from the drain-source characteristics

graph.
I, [MA]
4 Ve =0V
IDss """"
_ AVpg
1V s T AT
_______________ ! D VGS(constan t)
S~ \\ \\ A ID
AV
DS 2V
-3V
~Vps [V]
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MOSFET Configuration

* Input signal can be injected to Gate or Source
e Qutput can be taken from Drain or Source

* Input Output

e — Common-Source (C-S): Gate Drain

e — Common-Gate (C-G): Source Drain

¢ — Common-Drain (C-D): Gate Source
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D-MOSFET COMMON SOURCES

AC equivalent circuit
o I'_> G o T — 15
+
+ Vv
gs
s - ' T
RG o | g _i_ -
i 2 S 2
Z,
e [nputimpedance: Z= R; VO ~ 7 8m VgSRD ¢ VI = Vgs

* Outputimpedance: Z = R,
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..................... . INPUT-OUTPUT CHARACTERISTIC

Amplitude
(mV) :
: (1)
I]l
0 ] 2 3 4 5
f —=
{ms)

Vo(t) and vi,(t) versus time for the common-source amplifier.
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COMMON SOURCE D-MOSFET
WITHOUT BYPASS CAPACITOR

+V
%DD _ G ) D
+ + +
Rp Cor é oV
€1 \ /'4_ - R,
vo—i| < . ! + T i

7 = 7 AC equivalent circuit when
! ° RS is not bypassed
V. =-g V _R
Input impedance: Z=R 0 &m Vs Mo

Output impedance: Z =R

V=V + g, VR =V, (1+g, R

m ° gs
AV — Vo — _gm RD
Vi 1+ g, Rg
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@ UNIVERSITI TEKNOLOGI MALAYSIA

Exercise 1 e

_._LI')I)"\.' ) ‘G o D
+ + +
1.5 k2 . é
e V.
.._[H{{ Li._1 Vi RG Vgs S & RD Vo
0.05 uF J : | RS
] _" — : o ; -
FET dala Z
10 MQ2 Ipgs = 10mA Zi 0
: 7500 LS
b s From the AC equivalent circuit:
% g Vo = —gmVygRp and V; = Vi,

CalCUIate ZI’ Zo and Av. The transcoductance g, for D-MOSFET:

From the DC Analysis we get:
gm = 2Ipgs ( . Vaso )
" WVasorm Vas(oFF)
Ipg = 2.39mA and Vggg = —1.79V
_ 2(10 ~1.79
am = 2530 (1 - 5%
Input impedance: Z.= R;=10MQ gm = 2.79mS
Output impedance: Z_ = R,=1.8kQ Voltage gain, Ay =2 = —g,.Rp)
r-- ----------------------‘
1 Ay = =2.79mS x 1.5k = —4.19 :
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D-MOSFET COMMON DRAIN




