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Agenda

e Modes of Operation

e DC Models

e DC Circuits

e AC Parameters

e AC Models

e Example AC Circuit for Amplifier
e Linearity

e Amplifier Circuits

e Frequency Analysis

e Cutoff and Saturation Regions

e Not, Nor, Nand
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Slides 7

e Basics
e Modes of Operation

e DC Models
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Transistor as 3—Terminal Device

Base Collector
i i
——- C
_ vg/Vr
. . Emitter
igp =i/ P o
I =IptI
IE :lC +IB
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Circuit Symbols

Arrow is on Emitter

Direction is for Forward
Bias of Emitter-Base Junction

E

Chuck DiMarzio, Northeastern University
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I—V Curves

¢ Test Circuit
— Saturation

- Cutoff — 1,=[0:2:10] microamperes

A

L .
VCE P8 . 2§ 1

4\ . ... ..... ...

oV 4\ 8v 12V
402351sch * V VCE

3 Modes: Active, Saturation, Cutoff

Nov 2024 Chuck DiMarzio, Northeastern University 12521..slides11-5



Physical Model: Active Mode

Emitter Base (thin) Collector

EElectrons § %ombmatmn
1 type /
n-type (ND)I v(‘@ n-type

I.=1,+I ’ ;
e~ BT lc i i
| | |

Forward Biased Reverse Biased
EBJ] | CBJ
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Modes of Operation

e Active Mode
— EBJ Forward Biased

— CBJ Reverse Biased

e Other Modes (Discussed Later)

— Saturation Mode
Both Forward Biased

— Cutoff Mode
Both Reverse Biased
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DC Pi and T Models

B PN
 Base-Emitter Diode has [T~

Saturation Current v
reduced by 1/8 =

* Collector Current L
Depends on Base
Current.

* Emitter Current

IS

vpe /Vr

e

R

Calculated from Other
Two

* Note that i,>i,

B iB —
 Base-Emitter Diode has [T
Saturation Current
reduced by 1/p
* Collector Current
Depends on Base-
Emitter Voltage.

* Emitter Current

I
Ve IV,
Vae v S g¥eetT

Calculated from Other
Two

* Note that i.>i,

Nov 2024

E

Base-Emitter Diode has
Saturation Current
increased by 1/a

Collector Current
Depends on Emitter
Current.

Base Current
Calculated from Other
Two

Note that i,>i,

Collector Current
Depends on vy;.
Base-Emitter Diode

has Saturation Current
increased by 1/a

Base Current
Calculated from Other
Two

Note that i.>i.
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Slides 8

e DC Circuits
e AC Parameters

e AC Models
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Example: 4.2 (1)

4.7k * Given

RC — B=

e 10V+EVC =100

: * Find Voltages and
j_\/d" Q2N2222 Currents
AV;
T 2RE
3.3k
+

402365.sch

Nov 2024 Chuck DiMarzio, Northeastern University 12521..slides11-10



Example: 4.2 (2)

Assume V,. =0.7V
4.7k
RC &
10V == v, =3.3V
Q1 =
_ Q2N2222 -
4\/1];-\/4 ip =ImA
T 2RE
3.3k
+ i, =aip, =0.99mA
402365.sch B y *
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Example: 4.2 (3)

4.7k
RC

Q1

o 1 | Q2N2222
vl
T 2RE
3.3k
£
- 402365.sch '
Nov 2024 Chuck DiMarzio,

B

4.7 V across RC
V. =5.3V

i, =i. /B =0.01mA

Check for Active Mode
Fwd EBJ (0.7V)
Rev CBJ (1.3V)
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Small-Signal (AC) Model

e Parameters

(DC)
— Transconductance: gm = VT from Taylor Series

— Base Parameters: g given, rp = g%
for Pi Models.

. . C oy = B
Emlttevr Parameters: o = BT
Te = (DTC) — ""e/(ﬁ + 1)
for T I\/Iodels
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DC Pi and T Models

402361.sch *'
RE
1K
RB Q/o
1K
V3 Q2N2222 5v§VCC
+|vBB
AV
T
402361.sch 4
g I((:DC) .= VT
m e (DC)
Vv, Ig
Nov 2024

(AC) —
»%e i
c
-
=,
=" (AC)
- gmvbe
P
DC
I
9m —
‘Z%

Chuck DiMarzio,

RE
1K
RB Q’/@
1k VGG
V3 Q2N2222 45, 4L
+| VBB
V=
T
402361.sch -
RE
1K
RB Q/o
1K G
V3 Q2N2222 15V+EV C
+|vBB
V=
T
402361.sch -
PO V.
gn =—5 ==
m e (DC)
VT I E
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AC Pi Model with Early VVoltage
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Slides 9 (and 9b)

e Example AC Circuit for Amplifier
e Linearity

o Amplifier Circuits

e Frequency Analysis

e Cutoff and Saturation Regions

e Not, Nor, Nand
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Example 4.9: DC Analysis

\* . VC:V.?_iCRC
402368 sch . =3.1V
6 ) Active Mode OK
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Example 4.9: AC Parameters

RC L.
2.3mA !
R 9 1o\l b
AAN K — r, =— =1.09kQ
Vin 100k Q2N2222 - I
@ Base Current Depends
A v Mostly on V1 and R1,
V= so Collector Current is
' a Strong Function of
402368 sch p.
d b Thus, sois g ,andr,.
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Example 4.9: AC Pi Model

402367 sch

RC

r
(ac) __(ac) a =0.011V1(AC)

Vbe _Vin
R+,
(ac) _ (Ac) _
Voat =" gmvbe RC -

- 92mA/V x0.011v? x3kQ

ovi—}

ern s e nadnmnnnnnasiunneMansaionsnnsnnarposstPonsahonsnnnnradons s PPessGeosansnsasinsasPsnsassarassnns

-4.0V

Nov 2024
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Os 2.5ms 5.0ms

@ V(R2:1) < V(R1:1)
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Example 4.9: Conclusion

* Amplifier Voltage Gain
—g,=-3.04

(V(RMS ))2

50€2 X0.001W

‘V(RMS)‘
dBm =10log

=201log

° Power Gain 50€2 X0.001W

— 10 log(3.04°)=9.7 dB
* Example

— Input =7 mV RMS = 10 mV Peak = -30 dBm
— Qutput = -30 dBm + 9.7 dB = -20.3 dBm
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An Example: 4.10

* The AC Base Voltage Should Not Exceed
About 10 mV
— [ (DO) pVhe ' /Va
C

lC
2
S PR W V-
V. 21 Vo

: s TODED
. ~1. 1

25mN 21 25mvV

10mVv 1 [10mV ]2 }
+ + SO

i ~IP1+0.4+0.08+---]

distortion =0.08/0.4 =20%
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Common Amplifier Circuits

* Common Emitter
— Voltage Amplifier
* Common Emitter with Emitter Resistor
— Lower Gain, Higher Input Levels
 Common Base
— Current Buffer: Low input impedance

* Common Collector
— Voltage Buffer: High input impedance
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Common Emitter Amplifier

RC Voltage Amplifier
]f 10k
lvee| R, is part of source?
Rs Q1 V= R, is the Load (not shown
1K Q2N2222 | in original circuit).
Vin _ -.L— _
) |1 Pi Model Below
1mA Q) | VEE
IDC - - : ; 7

* 402366 5ch . -k ' m% i g Fﬁ

+ 402360
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CA Amp: AC Characteristics

Rpi

2500

! 100k 10k 1Meg

+ 4023Ef.sT

Input Resistance

Output Resistance

Voltage Gain

Nov 2024

/5 ﬁVT (
r. =r. = — = 1)
in T gm I}gDC) ﬁ I(DC)
rur :RC ”RO
(ac)
\% T
= b =" gy RNRIIR)
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CE Amp with Emitter Resistor

Circuit o — VT AC Tee Model with Load
e r(DC)
RC IE /9
B :
F=-0.99
1Vl || R F1i RL & 1E6
: 50
6kl RC
Q2N2222 ,[_ o k}’
TS @ ]
@ &1 R_e 25
10 el
u —_—
- 1mA k& § - RE <1k
40236h.5ch 40236].sch
;
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CE/R: Circuit Analysis (1)

Input Impedance e
F
(ac) __.(ac) F=-0.99
v, =l (re +RE) ?RS :B:‘H L J E6
;(ac) 50 ‘
i;AC) :(1_ a)i(AC) —Le o Sk% RC
e !
[J) +1 @ Re< T
V(AC) = 25
By = .?Ac) :(/J) +1xre T RE) - RE 21k
lb 40236j.sch
Gain V?AL)
(ac) _ .(ac) —  (ac) —
Vo ==1c O Re || R == ad R | R ) =-a———(R || R, )
E
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Common Base Amplifier

Circuit Diagram

AC Tee Model
RC é 6k | 10 ,+;IE CC RC é 6k
}_3 RL T g RL
' | | £ 1e6
Q1 € e B L
- Q2N2222 = +|VEE - '
| 1oVl
V3 1K G 10U | _--
1mA 1 3 1
@
40236k sch IDC 402361 sch
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CB Amp: Simplified AC Model

Voltage Gain
(ac) c) S Pt
voutc :-aie ¢ (RC “ RL) ()Vin 1k Re F
G, F=-0.99 1eB
V(AC) :E: RL
v((;:rC) —-al| - in - (-RC ”RL) F1 RC 2 gk
r + . |
‘ 40236m sch l
A, :a% Current Gain Output
fo T 5 A = P R Impedance
A =B RelR, B+1R, +R
V. —
ﬂ il Rs + I(DTCj Al — EL—;O__} 1 ROUI _RC
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CC Amp: Simplified AC Model

RS
WV
i = 1k [ _E1
o 100k F=099 B
F .
RS F In F
1k Re 225
- Re 225
in
T ﬂeﬁ - RO RL
402360 5ch RL ¥ e | 1 0‘1‘ 1e6
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BJT Amplifier Parameters

Voltage
Gain
{j(R IR,||R,)
(ﬁ+1)V
s I(DC)
CE
CEF O RrIR
B+l +—m—51V +R,
CB
£ R.R,
ﬁ+lR T E/DC]
CC I
R, ||IR,
V,

F—F+(R | R, M+ ——

Nov 2024

(,E:’ +1)

Chuck DiMarzio, Northeastern University

Current ~ Input Output
Gain Resistance Resistance
|| R, V,
(Rr||R) R, (ﬁ”)w R.|IR
RC
Prrr @ +]{7%+RE Re
; \ IE
cre o .
: DC C
p+1R, +R_ I

R
p+1 (ﬁ+1)|F"’j—L;+(RD||RL) Rgll[ ooy T 51]

[+
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Typical Applications

CE
High Gain

CER

Lower Gain, Higher Inputs

CB
Current Buffer: Input looks like a short, output like a current source

CC
Voltage Buffer: Input looks like R, S, Output like R/
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Common Collector Example (1)

e Goal: Ay =1 for AC

o SOIVe DC é.‘-—-RQS-.‘)TG{ Q,(;MJ w,TA &4.:@

D < Cyread \/«:1()\}
ok

e AC Parameters: r;

e Solve AC “Midband”

e Solve AC vs. Frequency Ra=R,IR,
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Common Collector Example (2)

. Veg= % -
e Finish DC - (B”)Ig Re =102V
T,
il
¥ Vo=
]02\/ Q%b ™
~nall S/
e AC Parameters: 7y ’ ‘*(f: Z‘ﬁ‘l"‘i Ve 106 « AEmV
I~ Taped TS0

e Start AC Solution
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Common Collector Example (3)

e Midband AC Analysis
e [ hen vs. Frequency

Zs = fis + jwlcl
Zr, = Rp + - :
JwCo
New A + v multiplied by ...
Ry,
Zy,

Nov 2024 Chuck DiMarzio,

Vi = i, 4 (@41) iy (J?E'](ﬁs

Vour = (@-L D ;u (R}: Hfi_)

Ay = ?: #‘”“ 646 O
in R EI_': - —ﬁ__
L+ e bB81. _.éi(ﬂ_
e = Q. 793
bg ) ]
\
inpal npejaa
N Vo V.'ﬁ \
Zin < N~ o= o ¥ (5”)(@5‘”@3

S5l N X = 633K
Qalp Vnefpedase

2= Re || rnifégj\\’&.!(ﬁﬂ . ,%%

E jod o

Northeastern University
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Common Collector Example (4)

A, Gain, dB

10° 10 10° 10° 10 10°
f, Frequency, Hz.
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Transistor Modes

* Active Mode
— Forward Biased BE Jct
— Reverse Biased BC

e Cutoff Mode

— Zero or Reverse BE

+| VCC
Q2N2222 Lo

tp—
p—

E T

402361.sch -

— Zero or Reverse BC

e Saturation

e
%

— Forward Biased B
— Forward Biased BC
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Cutoff

e Zero or Reverse BE
Junction

+| vee
15V ==

Q2N2222

* Zero or Reverse 3V
BC Jl.l].'lCtiOIl 402361.sch ™
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Saturation

Vi =0.5 Volts
Vs =0.7 Volts

Q2N2222 5V+=VCC
f _VCC ~ VYCEsat 1
C
3V =
VCC — 0.2 V 402361.sch -
Edge of Saturation
I - ICsat
Beos
>
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Resistor- Transistor Logic

T Fisauattd Lﬁ;‘: Nes}t:  Tnhverkey
Ri Babhﬂ UM‘
Ra s Qr Mo R_
\(:-h — AN —— -
' gﬁ-]‘um‘h}k
IQ
.. Vee
' R
T ;‘
o O IS L
Vin *0 \"r_@ﬂ U‘t
4 = Vac w Te§e
- Vee
" 4R ¥ 20
e, O

\V\f.\-l Rty
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Logic Inverter
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Logic NOR Gate

3~ ir}PTT
No¥ GaTe
NﬁT(ﬂ or B ar c'_'_) RQ

vV
Q%ga«&’&é A ~8 -

\[“T
= . § 3 I
' - 0*‘-"’-—-{—1 1 A2V

Trath Table

A ® C a4t
F & F '3 F‘-‘JE* = Q volfs
5?41:11'L2v\ g4 F

—
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Logic NAND Gate

NAND ( Not HHJ)

SR mrA B

Vee
AR oul
s TT P
ﬂ RB Vuw’}- T ~ T
FT T
R 3 FE T
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