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Bipolar Junction Transistor
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BJT Large-Signal Model
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Ic-Vce Characteristics NPN
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Ic-VEc Characteristics PNP
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BJT DC Model Active
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BJT DC Biasing Resistive
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BJT DC Biasing Current Source
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BJT DC Biasing
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BJT DC Biasing Current Source

? Vee
——
O
“ o
——
_VEE (o]
Vce Vee

Ry )} In }\l* )
N

—VEE —VEE

ECEN 325 Electronics - Aydin I. Karsilayan - Bipolar Junction Transistors



BJT Small-Signal Operation Transconductance
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BJT Small-Signal Operation Resistance
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BJT Small Signal Model
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BJT Small Signal Model
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BJT Node Resistances AC, ro = oo
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Common Emitter Amplifier B—C ()
Vee
Re  1°
Re1 C
I ‘J oV,
A R/\ A | 00
%] '\1 R
| |
w® [ 1
£ R Rp2 C‘ I Re

ECEN 325 Electronics - Aydin I. Karsilayan - Bipolar Junction Transistors 15



Common Emitter Amplifier DC Equivalent

——— |
IE =Ih = IC
Vc = Vcce — IcRc
I >1Ig =
Ve =~ Vcc — RB1 (Vcc+VEE)
Re1+RB2

VE =V — 0.7

Vce 2 Vcesat = ACTIVE

ECEN 325 Electronics - Aydin I. Karsilayan - Bipolar Junction Transistors 16



Common Emitter Amplifier AC Equivalent
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Common Base Amplifier E—C (+)
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Common Base Amplifier DC Equivalent
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Common Base Amplifier AC Equivalent
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Common Collector Amplifier B—E (4)
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Common Collector Amplifier DC Equivalent
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Common Collector Amplifier AC Equivalent
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BJT Amplifiers - Summary AC, ro = 0o

Vo (IRC Vo RE
Vi Remitter Vi re + Rg
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Example 1
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Example 1 DC Equivalent

I >1Ig =
Rpe2

Vo & (Vcc + VEE)
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V2 = 0.7 -|— IEREl
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E — ~ 1C
Re1

Vce = Vcc + VEe — (Rc + Rg1)Ic

Vce 2 Vcesat = ACTIVE
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Example 1
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Example 2
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Example 2 DC Equivalent
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AC Equivalent

Example 2
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Amplifier Design Specifications

B— |
Vee ® Output voltage swing (Vg_p)
Rg1 Rc ® Input resistance (Rj)
Vo
Vo1 ® \Voltage gain (JAy|)

B i1

L L ® Insensitive to:

i Ras Re & Vpgg variations

£ 3 variations
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Amplifier Design DC Bias

Collector voltage

+ + 1
Rm% VB VE<RE

® For Vgg-insensitivity, choose Vg as large as possible.
Example: Assume Vg is set to 1.7V to have Vg = 1V. If
Vg varies 0.1V, the resulting variation in Ic is F10%.

$ For the Vg_p requirement, choose Vg and V¢ to satisfy:
Vc—(VeE+VcEsat) = Vo—p and Vcc—Vc = Vo—p
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Amplifier Design B-insensitivity

I—— ]
Vee
%(PK)RX Rc
V
K— B
1lx Vcc
(o, @ >
N e ‘ﬁ’ Re1 = (1 — k)Rx
R. J: Rp2 = KR
| %kRX Re
® For B-insensitivity, Ig < Ix.
Ic Vcc BV cc
By > — K = Ic K
/8 RX Rx
V V
=>Ic=ﬂ cc szﬁ cC N >10
NRy NIc

ECEN 325 Electronics - Aydin I. Karsilayan - Bipolar Junction Transistors 33



Amplifier Design Ri, Ic and Ay
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