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Transistor Parameters

« Total instantaneous value

= Lowercase letter and uppercase
subscript

* Superposition
= Total value = dc value + ac value

i 5 iD = ID + id
" ip, Vv
+ dc vaFL’JeGS  Vos = Vas + Vs
= Total value = dc value + phasor value
= Uppercase letter and uppercase )
subscript s ip=Ip+ 1y
= Ip, Vgs ves = Vgs + Vgs

* Instantaneous ac value

= Lowercase letter and lowercase
subscript

. ild,vg_g
* Phasor value
= Uppercase letter and lowercase

subscript
" Idi Vgs‘
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dc ac (=¥x1E) (E—mZ) (BE{RHIR)

dc + ac dc + fH=

/j\x 76* /j\//\ jt/j‘ HE

iD ID id Id iD :ID+id iD =ID+Id
Vgs Ves Vgs Vys Ves = Vs + Vgs | Vgs = Vs + Vys
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Transconductance

* The instantaneous gate-to-source voltage is
Vgs = Vgso + i = Vgsg + Vs

* The instantaneous drain current is
ip = Kn(vcs - VTN)Z
. 2 2
ip = Kn(Vosg + vgs — Ven)™ = Kn[(Vasg — Vi) + vgs]
. 2
ip = Kn(Vosg = Vrn) ™ + 2Kn(Vaso — Vin)vgs + Knys®

« Small signal condition: vy < 2K, (Vgse — Vin)

« dc component: Ipg = K, (Vgso — VTN)2
= ac component: ig = 2K, (Veso — Ve )Vgs

EXRIMES, tMER AR ESEERENMEZSHNERT, BETFRAGESHE
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g = 2Kn(VGSQ - VTN)vgs

A, 7\<7\)|tb EEJ\ﬁ ig *Dﬁ?iﬁ%& Ugs B{J%/%EE ZKn(V(;SQ - VTN) };&Z'_E, a:IEEﬁ'ﬂ]ZFEX

LutJ%E’rgm =-4 = ZKn(VGSQ - VTN)

Vgs

2 - A=
%R 1Ipg = Kn(vese — Vrn) ZF AR gm = 2/Knlpg

RS B

AC Equivalent Circuit

* The output voltage is
Vps = Vo = Vpp — ipRp
vps = Vpp — (IDQ + id)RD = (VDD - IDQRD) —igRp ‘
* The ac component of the output voltage is vl

Vo = Vgs = —igRp =
* Small-signal relationships
= dc sources are set to zero
" Vgs = Vi
* lg = mVys
" Vgs = —lgRp

ac equivalent circuit
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Small-Signal Equivalent Circuit

*ig = ImVygs
* gm = 2Kn(Veso — Viw)

* Dependent source
= voltage-controlled current source
= scaling factor: g,
= ac component: iy, Vgs, Vas
= phasor component: Iy, Vs, Vs

Small signal equivalent circuit
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ERA MOS ERifl EE—H T,
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Finite Output Resistance

ip = Knl[(vgs — Vpn)? (1 + Avps)]
*1 +A'UDS = 0, when iD =0
1

—vps=Vy = 1

* The output resistance due to the channel
length modulation is defined as:

(2"
o= a'l)Ds

XANEBREFD mos B, ERMAMIXE: (RBEE? B P2E3! )
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Vgs = constant
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Bing Han [EEE] S |v
BI= 2020/12/16, 16:02

Dear Haochen,

Bath two equations are correct.-Because lambda*v_{ds} is very small. These two equations could be treated equally.
Usually, we could use second equation for convenience.

Please let me know if you still have any questions. Thanks.

Best regards,
Bing Han

Haochen.Luo19 O LmES | v
B=2020/12/16, 13:34
Bing Han [EEE] ¥

Dear Professor. Han:

If the value of A is given by the question, Should we consider it in calculating Ioa?0r ignore it and use the ideal equation?

ip = Ku[(vgs — Vrn)?(1 + Avpg)]

ip = Kn(vGS - VTN)2

Which one should | choose?
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Configuration Voltage gain c:::nt Input resistance Output resistance
Ry Moderate to high
Common source SO (biased resistor) (Rp)
Common drain | 4, = 1 (slightly _ Ry Low (a few hundred
(source follower) | less than 1) (biased resistor) ohms)
e Low (a few Moderate to high
Common gate A,>1 A =1 hundred ohms) (R,)
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MOS BLABEZFIBR ip = f(vgs)
BJT MILARRIEHEIRM ic = f(ip)

MOS %E@il) = f(vgs)ﬁ?ﬁg%—% {E_$&§Eﬁlc = f(lB)E'jEIE v ic = PBig
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npn pnp
YBE YEB
ic = Ise Vr ic = Ise Vr
_ ic I YBE _ ic Ig ZEB
lp=—=—¢ T 1E=—=—ev‘r
(14 a a a
ic I BE . ic I EB
[B:—:—QVT {B:—:—QVT
B B B B
For both transistors
ig =ic+ip ic = Pip
iE = (1 + ﬁ)lg iC = aig
B 8 a
“1+p 1-a
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Output Collector-Emitter Port

VBE alc 1 VBE ICQ
= V — =—].e Vr — —<

* gm istransconductance
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I-V Characteristics of the Common-Emitter Circuit
V,

VBE
(1+57)

iC = IseW
A

* Early effect (bandwidth modulation)
= V4, > 0Ois called early voltage

= i in active region slightly depends on Vg (Nonzero slop curve)

* 1, is output resistance, it may significantly affect the amplifier

¢
Forward-active

mode

characteristics
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M MOS E—#, BJT MARBEBBE=ZMEREE,

HES(E)/HEE(C)/HEB) K= PPT EAREEA:

H R 5% common emitter —H&ERE XM R 1%

-“-’ml 4 Ty

Signal
source

HEB common collector X 5K ERFEES emitter follower

Vee=5V

R, =50k
Rs=05kQ2 Ce
A

|1
WA s
v, Ry =50 k2

HEM common base

Rg=0.5 Kk

AWV

+

Amplifier

Ce2 ™ Ry ® @
“ o, -— oV
Re i”l > T . !“l
B G = Vee ] " Tf
- b
[ T -
T ® +
’Iﬁi)ﬁi/@\éﬁ:

Configuration Voltage gain | Current gain | Input resistance Output resistance
Common emitter A,>1 A >1 Moderate Moderate to high
Common collector A, =1 A >1 High Low

Common base A,>1 A =1 Low Moderate to high
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