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Announcements

1) LTspice Project 2 is posted. The due date for it is Wed.
Feb. 27th by 5:00PM electronically. You should find

your assigned your beta value in your grade book.

2) HWG6 will be posted today

3) Exam 2 in on Tuesday, March 5, 6:30-7:30 PM PHYS
112
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Outline

1) Voltage transfer characteristic (VTC)
2) Small signal model for BJT
3) Small signal analysis
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Voltage Transfer Characteristic
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Lundstrom: 2019



VTC

430 k€Q

RBB

Vin

Your A cutoff , active

VC C

03V

~
~

Lundstrom: 2019



Biasing in the active region
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Bias Circuit

V=10V

I, =7mA
I. R =5kQ
v

R, =430kQ . —omA

y
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v,=5V [+

- B V., =2V

B=100 — -
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I

R,, =430kQ

B =100 —
V,.(ON)=0.7V

Bias Circuit

V=10V

R.=5kQ
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Biasing
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Add ac small signal

V.=10V
“Common emitter amplifier”

iC:IC_l_ic RCZSkQ

vsinwt R =430kQ

_|_
v, =V +0,sinwt

Vg =35V —

=100 — —
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Qualitative

—_—_——_———_—_— e —_—_—_e—_e—e——_— ——— —

(for this circuit)

v, 4
VCC
V,+6V,
26V, A
1 Vv, -6V,
V,=Vy—0



Qualitative

A Vo =Vee 1R,
Vee
A =

~03V
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Voltage gain of CE amplifier

V=10V
U

Av =— __ngC

be Ube

iC:IC_l_ic RCZSkQ

A :&:‘7

Ul. Ul,

Vg =5V
B =100 g— —
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Analysis by superposition

V=10V

1) DC first
2) Then AC
iC:IC_l_ic RCZSkQ
R, =430kQ
_|_
Vour = VO +,
V=5V [ T
=100 — e
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1) DC analysis

V=10V
IczlmA RCZSI(Q
v
R,, =430kQ
_|_
V =5V
V,=5V T
B =100 — —
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2) AC analysis

R.=5kQ

*  We need an ac small
v, signal model for the
BJT
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Recall: DC currents

> What is the a.c. small signal model?
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I,+1,

ac collector current

I +1,

_ VeV, . (Vae+ug.)/V;
[.=1e"™" = [.+i, =1e"™ """
IC+ic :[SeVBE/VTeUbe/VT

I.+i =1e"" (1+v,,/V,)

I, = IS€VBE/VT (vbe/VT ) =1 (Ube/VT)

I

. _1¢ . ,
lc — V_vbe — gmvbe Ohm S LaW
T
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Summary: s.s. collector current

v
lb N ic = gmvbe
>
P “transconductance”
N I

+ _1c

Em =3,
vbe N VT

Note that the ac model
parameter, g, depends on the
dc bias current, /.
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\ 4
I, N
>
|\ P
+
vbe N
ic — gmvbe
IC

S.S. base current

iC gm v e
=T T B
(V)
ib — rbe
g, =D
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S.S. eqv. circuit model: g, form

“hybrid pi model”

gm :IC/VT

g, =P

OC
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S.S. eqv. circuit model: beta form

B > < < C
@, O
_I_
v, < T B, g.V.  VCCS
— CCCS
®
lC = gmUTL'
_1Ie
gm B VT O Em = ﬁ/rrc
E
gmrn :ﬁ lc:rﬁvn:ﬂlb
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S.S. eqgv. circuit model: v, dependence

B
O

This model says that the
collector current does

O not depend on the

E collector-emitter voltage.
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Output resistance

dIC
1.1 v,
— qVBE/kBT Uﬁ
[.=1e (1+ v ) dI .
dVCE
VBEI ’ IBI
‘ >
VCE

V, = "Early Voltage”
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Hybrid pi model

B > <€
O | O C
+
‘Un_ rn' gmvﬂ I’O vce
y @
8 = fe
VT
8ulz =P O
E
r=V,/I,
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Small signal circuit

io=1.+i R.=5kQ

R, =430kQ

*  We now have an ac
v, small signal model
for the BJT
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Simple s.s. model

B > €
@,
D r. g V.
1  (
g v,
g, =P O
E
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ac analysis
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Same circuit
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ac analysis

=100
I[.=1mA

e

R, =430kQ

R.=5kQ

1 mA

En="r=

g1, =P

= =38.5mS
V. 0026V

r.=B/g, =100/0.039 =2.6 kQ

r
: R
; +RBB]g’" c A =-12

Uy



Hybrid pi model with output resistance

B > £
O | OC
_I_
Un. rﬂ gmv” 7"0 vce
. ®
8n = I_C
Vi
Eulw =P O
E
r=V,/I,
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Circuit with output resistance
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Transistor parameters

B =100
v
I, N V,.(ON)=0.7V
>
N |\ P V, =100V
1
vbe N r:VAZ OOV:IOOkQ

° I, 1mA
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2) AC analysis with output resistance

0 — A= _£ : ]ngC (without r,)

_U =—A=— Rl ith r
s WI

5kQIIMT00 kR2=4.76 kQ

A=-125A =-1.1
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Hybrid pi model of BJT

B > €
O | OC
_I_
vn’ rﬂ gmvﬂ 7"0 vce
. ®
1
g, =—= Question: What does the
Vi small signal model for a PNP
gr.=p O transistor like?
E
=V./I
' A/ ¢ Lundstrom: 2019 35




Summary

The DC bias circuit places the operating point in the portion
of the Voltage Transfer Characteristics where the output

voltage changes rapidly with input voltage.

The small signal model of a BJT consists of two
resistors and one voltage-controlled current course.
The values of the ac model parameters are
determined by the dc bias current.

Circuit analysis consists of two steps: 1) dc analysis to
determine the OP, and 2) ac small signal analysis using
the ac circuit model.
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Transistor Amplifiers

1) Voltage transfer characteristic (VTC)
2) Small signal model for BJT
3) Small signal analysis
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