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Agenda

e Graphical Representation

e Early Voltage

e DC Circuits with Transistors
e A Transistor Amplifier

e Small Signal Models
— Analysis

— AC Pi and Tee Models
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Graphical Analysis Concepts

e [ hree Connections

e [wo Independent Parameters
“Parametric’ in PSPICE

e Multiple Choices for Configuration
Some more useful than others
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Emitter Current as Parameter

OV_;.

Q2N2222

A OV 2V 4V 6V 8V 10V 12V
IDC v v elc(Ql)
V_VCB
402362.5ch ¥ _ i,=[0:1:4] mA
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Collector I-V Curves

*Ideal Equation * I-V Curves

— 15=[0:2:10] microamperes
—_ VBE/VT —_—

A

N U .
+| VCE Pof A P :

IDC e

¢ ..-..E.....i-....:..... ssssensensshasnafosnns]anunafuanan
IB( i 2.0mA—

oV 4\ 8v 12V
402351sch * V_VCE
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Another Set of I-V Curves

200mA
?J/b . e
M Qanze22 +| VCE
'S 100mA
+| VBE
0V ==
!
402363.sch 0A _:_'
ov 4V 8V 12V
V5:=[0.6,0.7,0.8] 107 4]c(Q1)
Not Easy to Use because of exponential V_VCE
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The Early Voltage

*V.: (Reverse) Increases the * [-V Curves I

— 15,=[0:2:10] microamperes
Depletion Width in the CBJ, |c( Ql)
*Base Width Decreases, 2. OmA| MRS S

*Minority Carrer Gradient
in Base Increases

—V oEarly VOltage — V ..... fone ;:. ....... .,.j, .......... ,,.;. .....
: *Typically 50 to 100 V ,
V -2.0mA—— .
VA V_VCE
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The "Early Resistor,” Rg

Oct 2024 Chuck DiMarzio, Northeastern University 12521..slides8—7



DC Circuits with Transistors

* Transistor * External Circuit
. . — Usual Rules
—_— lC - ﬁ l B — Thevenin or Norton
v ] —_— ] ]
lE _lC + lB

Then Verify Active Region (Fwd EBJ, Rev CBJ)
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Example: Ex. 4.1 in Text (1)

RC
Q1

402363 .sch

2

Q2N2222

2 RE

15V

- +
i

£

4

15V ==

VC

VE

Oct 2024

* Gilven
— vg,=0.7 V at i =1mA
— =100

* Want

— 2mA through Collector
— 5 V at Collector
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An Example (2)

RC = VC
3 15V —L-
Q1 -
I L Q2N2222 —
VE
RE 15V ==
402363 sch
Oct 2024

RC

_15V-5V

2mA

Ve =0.7+V. In

V, =-0.717V

Chuck DiMarzio, Northeastern University
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1

=5k

=0.717V
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An Example

Q1

K

402363 .sch

RC 2

Q2N2222

RE

19V

£

15V

-+

VC

VE

Oct 2024

Chuck DiMarzio,

V, =-0.717V
I, =2.02mA

-V, -(15v)
IE
_-0.717- (- 15V)

2.02mA
=7.07k

RE
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Example: Spice Comparison

- 5K

402364 sch

2.016mA |
qey AL V6
Q2N2222 o
662.54mv IR M| VE
+
RE 15V ==
707k T

Oct 2024

Not the Same Transistor
so values are not exact.

* Given Originally
~ v,,=0.7 V at i =ImA
~ =100

* Wanted

— 2mA through
Collector

— 5V at Collector
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Another Example: 4.2 (1)

' +
i

4.7k
RC
10V
Qf
_ Q2N2222
L
T 2RE
3.3k
402365.sch

VC

Oct 2024

* Glven
— p=100

* Find Voltages and
Currents

Chuck DiMarzio, Northeastern University

12521..slides8—13



Another Example: 4.2 (2)

-

Assume V,. =0.7V
4.7k
RC
10V v, =3.3V
Q1
. Q2N2222 -
AVj;—W ip =ImA
T 2RE
3.3k
+ - =ai; =0.99mA
402365.sch lc =alg =U.
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Another Example: 4.2 (3)

B

4.7 V across RC

4.7k
RC

V. =5.3V

Q1
B R Q2N2222 iy =i/ =0.0ImA
w0
T 2RE
3.3k
T Check for Active Mode
© 402365.sch Fwd EBJ (0.7V)

Rev CBJ (1.3V)
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Another Example: 4.2 (4)

Different Transistor,
But “Not Bad.”

v. =5.3V

i, =i. /B =0.0lmA

402365.sch
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Graphical Methods

20MAT T T 1§ 1§
.._... , ...... fennees , .............. 10 MA

o
LOmAT Q71— "™
.................................................................................. s

.................. 2 UA

OA i =0 uA
oV 4\ 3V 12V
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Transistors in Amplifiers

‘ RC

> W

1k | VCC
%3 Q2N2222 15V :£

402361.sch L
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DC Model for Operating Point

| vee

402361.sch

V(DC)

=1(DC’ /B

=I£DC) /o

VA =V, - 1POR,

V(DC _-_VBB ) I(DC

Oct 2024 Chuck DiMarzio, Northeastern University 12521..slides8—19



A Look Ahead: AC Model (1)

RC

N’

12222 +| VCC

402361.sch
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A Look Ahead: AC Model (1)

Anril 2001

Oct 2024

402361.sch

VCC
=

- (AC)
I

Chuck DiMarzio, Northeastern University

Chuck DiMarzio, Northeastern University

rJ’L’

—_ :(AC)
T lc RC

4023-5-43
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Small-Signal (AC) Model

* Calculate Parameters by Taylor Series
* Draw AC Equivalent Circuit

* Parameters Depend on DC Operating Point
— Transconductance, g
— Base Parameters, S, r_

— Emitter Parameters, o, r,

— Voltage Gain
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Transconductance (1)

__x7(DO) (DC)
VBE _VBE +Vbe
. 1 Ve /Vp (V(Dc)w(jc))/v
lC _Ise BE'VT _Ise BE b T
: VP pv v v
I :I e BE Te be T
C S
(AC)
y — (DC) Ve /VT

2
(AC) (AC)
\V4 1| v
i %IC(TDC) 1 + —be + ( be ] 4. ..
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Transconductance (2)

(AC) (AC)
. % 1| v
i ~ILP 1+ + be
\Z 2 \Z
V(AC)
i %IC(?DC) +IéDC) be
VT
(AC) (DC)
iac) oy Voe L7 ey _
c C V V be
T T
(DC)
g —1c
m
VT
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Transconductance Graphically

{49 =1 sin (o)

«(AC) __ (AC)
lc _gmvbe

(PK) __ (PK)
Ic _gmvbe

L\

WA

SRS VASRS sin(wt)
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Oct 2024

Base Parameters

I}gDC] :IéDC]/ﬁ iiAC) :i(AC) /ﬁ
49 =g

) =g,/ I

.(AC) __. (AC) _
llg _Vbe /rjr rﬂ' _ﬁ/gm

Chuck DiMarzio, Northeastern University

12521..slides8—26



Emitter

Ip =1/«
=100 0 =09
(DC),,(AC) (DC)
i(AC) v, g JAC)
e _ V T V be
42 T
Note That
o) 1 ey Wa
e be e~ 7(DO) r. :(/3 +1)re
re E
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Voltage Gain

(8}

(DC) , . ,(AC) _
VC +v =V -

(DC) _y; _ 7(DC)
V7 =V - I 7R,

V(AC) — l-éAC)RC

c

(AC) —_ (AC)
VC _ ngvae

(AC) __ (AC)
v _gvvbe gv

C
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v =V..-1 R.

B ngC

+| VBB
3V :

402361.sch
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Small-=Signal

9m :IéDC)
VT
e VT
r, =B/g, or =700
E
gv - ngC
Oct 2024

Chuck DiMarzio, Northeastern University

Model Summary

o
|

402361.sch

12521..slides8—29



An AC Pi Model

RE
'ﬁ(’ —— V(AC) b I a—
I be I
b C
VCC
Q2N2222 15\/_—+=—_
T r
i Ja
v (AC)
3V gmvbe
T
402361.sch ‘
T (DC)

Oct 2024 Chuck DiMarzio, Northeastern University 12521..slides8—30



Another AC Pi Model

RE
W m—— s —
i Vbe i
b C
Q2N2222 5v1=__VCC
i B r
¥ g
v -(AC)
V== [J) lb
T
402361.sch ™ ‘
r =p L
& I(DC)
C
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AC Pi Model with Early VVoltage
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A Tee Model

RE

W
(AC)
v 9 mVbe
Q2N2222 g, ] VCC
3V — | v
1 L, ‘
402361.sch -
rf‘
DC |
B e . 2
Im =7, e T (D0 .
T E L,
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Another Tee Model

RE
W
v - (AC)
VCC (04|
Q2N2222 15\/::__ e
3V =k ——
T A A
-] b
402361.sch
rf.'
PO V.
— P =
Im =7, e T (D0 .
T E le
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