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Agenda

e Amplifier In—Class EXxercise

e Cutoff and Sauturation
— Graphical Analysis

— Saturation Models
e 3 Regions of Operation

e LOgiC
— Inverter
— NOR (Not OR)
— NAND (Not AND)
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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,
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Common Collector Example (4)

A, Gain, dB

10° 10 10° 10° 10 10°
f, Frequency, Hz.
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The Transistor So Far. ..

Pi Model

—

+| VCC
Q2N2222 Lo

tp—
p—

‘ 402361.sch ¥

Pi Model Captures Active
Mode Only. What if the
external circuit can’t satisfy
this equation?
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Active Mode Fails

_
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e Solve Circuit assuming i < -=J-"'"
Active Mode | '

e Fail: vgp < 0 Means —_—)
Saturation

e Fail: 1o < 0 Means Cutoff

<
0
m

ve: (DO

e Good Logic Device:
e Narrow Active Region
e Two Clear Answers
Even If Input Varies a Bit
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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, Simply (1)

* Forward Biased BE ST T IR
Junction

* Forward Biased BC

- +| VCC
Q2N2222 15V L

402361.sch ™

Saturation Current
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Saturation Simply (2)

RE
- _VCC - VB
I R
C QN2222 g+ VOC
~ TI_ T
te =75 W
I
402361.sch -

If the external circuit supplies

iB = IB
Then

iL‘—:ﬁ

iB
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Saturation More Accurately

Vi =0.5 Volts
Vs =0.7 Volts

Q2N2222 15V+?VCC
f _VCC ~ Y CEsat 1
C
3V ==
VGC — 0.2 V 402361.sch -
Edge of Saturation
I —_ ICsat
Beos
V&3
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Pi Models in 3 Regions
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Resistor- Transistor Logic
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Logic Inverter
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_?aﬁir}PTT

Logic NOR Gate
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Logic NAND Gate

NAND ( Not HHJ)
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Issues to Consider

e Cascading
e Fanout
e Input Boundaries

e Output Boundaries
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