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Transistor small-signal high frequency models: Hybrid-pi model (simplified)

C ' gzl g/an\ R fT :gm/(Zﬂ(C95+ng))
Expressions for g,, C, etc depend on
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C,. =base-emitter depletion capacitance

O
‘K % - @ % G 7, =forward (base+collector) transit time
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Exact iff RgsCss =C /g, 0r ReeCee =C,./g,,; approximate if Cgg, Coe =0

Common-source and common-emitter

Ii Cg\' Ri ng/ gm Vg.\' RL.cq CL 1+ blS
MB1+a,s+a,s’

Vs Vg = Voo Vo)

out

V= |( o

B === B L,

Vuor V
T T b, = _ng/cb/gm

I C,R C, gV, R, C

c n be L.eq

al = Cgs/beRl +ng/cb (RI (l+ ngLeq) + I:\)Leq ) +CLRLeq
a2 - Ri RLeq (Cgs/becgd/cb +Cgs/beCL + ng/chL)

V. R _C 1
Bk Leg “L vV /V (\/0ut /Vgen) +b1$

out

Source follower
MB 2
y l+a;s+a,s

117 + V
@ _V (? f it “"|giventhat A, , =R (R, +1/9,):
T T bl = Cgs / gm

0

A_Q ey

8, =CyyR +C(RIL—A ) +Ri 1 955 )+CL (Riee 1 93
a _R(RLeq "g )(ngc +ngCL+CgsCL)

Emitter- foIIower

1
l/ll‘ ()Iltl Vout /V (\/Out /Vgen )MB +—b182
[i C R \‘ /n hJ l eq L 1+ als + azs
giventhat A, ,, =R, /(R +1/9,,):

m + J_ V , Leq Leq
T ? f 1\ . bl = Cbe/gm

8, =Cy (R | R i)+ CoelR 0= Ay 1) + Rieg 1952l Roe f+Co (Rigg | Rowee)
a, = (Ri | Rin,t)(RLeq | grgl)(cbeccb +CbeCL +chCL)
where Rin,t = ﬂ(RLeq + gr;l) and Rout,t = gr;l + Ri /ﬂ




ECE 137B: High Frequency Amplifier Crib Sheet Page 3

General Solutions of Problems: Nodal analysis (Know how to do this!)

1)Write the nodal equations (sum of the currents=0)

2) Use Cramer's rule to solve

at each circuit node, and put the resulting equations Y. Y. Y. I
in matrix form (the Y's being various combinations ooz s
of gm's, 1/R's, 1/sL's, and sC's): Yoo Y Y3 O
Yll Y12 Y13 Yl4 Vin = Vl I in Y3l Y32 Y33 0
Y21 Y22 Y23 Y24 V2 — 0 V — Y41 Y42 Y43 0
Y3l Y32 Y33 Y34 V3 0 o Yll Y12 Y13 Y14
Yoo Yoo Yas Yo Vou =V, 0 Yor Yoo Y3 Yo
Y3l Y32 Y33 Y34
Y41 Y42 Y43 Y44
3) This comes out as: 4)
\Y/ Cy +C,S+C,8° +... 1+b,s
out — ks™ 0 L z Vout /Vgen = (Vout /Vgen) -

I d, +d,;s+d,s*+...
,which is divided through to get:

(if present, m is the number of zeros
minus the number of poles, in the transfer
function)

MB 1+a,s+a,s’
...and the poles and zeroes are found by
factoring the numerator and denominator.

The separated-pole approximation, if
applicable, makes this factoring easy

5) To find the impulse response, do a
partial-fraction expansion and then take the
inverse LaPlace transform

6) To find the sinusiodal frequency
response, set S = j@

General Solutions of Problems: Method of Time Constants

2 —
port 2 0 rponz
1;“11
Circuit without w11 | Circuit without pots 1
_L *"" | Capacitors or L .—"‘ F%pafitors or
== p—y nductors
C, Inductors C, |
port 4
port 4
c | |
4
I\
2
o Vour | Vour 1+bs+b,s” +...
S - 2
Vien  Vgen s 1+as+a,s” +..
Circuit without porta | 0 0 0 0 0
2 o1 | Capacitors or a, =R C, +R,,C, +R;;C, + R;,C, +R,,C,
11—

Inductors

‘ port 4

a, = R101C102 R%z + R101Cle Rs%s + R1010104 Ri4
+R2,C,C4Rs + Ry.C,C, Ry + RiC,Cy Ry,
note that R}, R} = R)R{,
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Leq

R)?x = Ri (1_ A/mb) + RLeq ” R
where

A/mb = RLeq /( RLeq + grgl)
Rout,T = gr;l

out,t

RS, =R (L— Am) + Rig | 9,2} Ry,
where
A/mb = RLeq /( RLeq + gr;l)

R)?x = Ri (1_ A\/mb) + RLeq
where
A\/mb = _gm RLeq

R)?x = (R| ” Rin,t)(l_ A\/mb) + RLeq
where
A\/mb = _ngLeq

I:\’in,t = ﬂ/ gm




