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Previous Lesson

® Examined common source amplifier

__4



Lesson Objectives

@ Introduce bipolar junction transistor

__4



NPN BJT Structure

Collector
T Anode

Base )
Diode Structure

l

Cathode
Emitter



Symbol and Packages




Regions of Operation

Region Collector-Base Base-Emitter
Junction Junction

Cutoff Reverse Reverse
Saturation Forward Forward
Active Reverse Forward

Reverse Active Forward Reverse




Summary

@ Introduced bipolar junction transistor (BJT)
® Examined BJT symbol, structure, and uses

__4



Next Lesson

® BJT terminal characteristics

__—
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Previous Lesson

® Introduced the Bipolar Junction Transistor (BJT)

__4



Lesson Objectives

® Examine BJT terminal characteristics

__4



Characteristic Curves

NPN BJT Transfer Characteristic
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Ve2
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Characteristic Curves

NPN BJT Output Characteristics
10m

8m Vel

5m Q1

Vb1 — 12V
Ib T
1A

IC (A)

3m

-3m
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Regions of Operation

Cutoff Region Active Region Saturation Region
Vee < 0.5V Ve ~ 0.7V Ve =~ 0.7V
Ig=Ic=1Ig=0 Vee 2,02V Ver =~ 0.2V
Ig >0 Ig >0
Ic = BIg = alg Ic < BIp

B = Base to collector current gain. Typical value = 100.

o = Emitter to collector current gain. Typical value = 0.99.




Active Region

IC_IsevBE/VT 10:6[;3:0:[,9
5-3 (1 N Vmg) |, = Zero bias saturation current. Typical value = 1E-15 A.
— Mo
Va B, = Zero bias base to collector current gain.
T (1 N Vc:,e;) Typical value = 100.
s = 150 —
Va a = Emitter to collector current gain = B/(B+1).

Typical value = 0.99.

Vi = "L 00259V (T = 300K)
q V, = Early Voltage. Typical value = 150.




Summary

® Examined BJT terminal characteristics

__—



Next Lesson

® BJT parameters

__——
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Previous Lesson

® Introduced bipolar junction transistor

__4



Lesson Objective

@ Relate BJT parameters to characteristic curves

__4



Active Region - o
o = ISGVBE/VT Ic = Bl = alg Eh
Ver .
— 1 WCE V)
(1412
Vor
Jo = Jeo [ 1 4+ =2
S b{)( + Vi )
Vi = % = 0.0259V

(T = 300K)




Changing Early Voltage

BJT Qutput Characteristics VA=10
20m am

BJT Qutput Characteristics VA=200

?mr

13m

IS (A)
IC (A)

3m

. r
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50 75
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100
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Changing Beta

BJT Qutput Characteristics Beta = 150 BJT Qutput Characteristics Beta = 50
9m sm
’ 4m
7m
m
5m
Z <
Q r ° m
3m (_
im
1
rn| 0
Am -im
0.0 25 50 75 100 125 0.0 25 50 15 100 125

VCE (V) VCE (V)




Changing Saturation Current Iq

NPN BJT Transfer Characteristic
100.00m
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68.57m
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Summary

® Determined how BJT parameters affect characteristics

__4



Next Lesson

® BJT Curve Tracer Measurements

__‘
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Previous Lesson

® Introduced bipolar junction transistor parameters

__4



Lesson Objectives

® Introduce the curve tracer
® Solve for parameters from measured data

__4



Curve Tracer




Measured Output Characteristics

Tektronix 3788

cOAg A2-22 B3: 06

he]
_ﬁ—ﬁﬂﬂmﬂﬂ

VERT-DIY
ImA

CURSOR
(f:lrgrad.)
16.1326kR

HORIZ-DIV
2 W

CURSOR
(f: intercept)
-14G.84 ¥

PER STEP
SuA

OFFSET
@.88uA

B OF gm-DIV
288

% of COLLECTOR

PEAK VOLTS
166.8

RERE

AUX SUPPLY
.08 ¥

Va

I(} o I(_I/IB
=——Vou Bo = 1+ G




Measured Transfer Characteristics

Tektronix Z70B

2ees- 82,22 B3:87

VERT-/DIV
ImA

CURSOR
(f:1l-grad.)

HORIZ-DIV
188mY

CURSOR
[f:intercept)

PER STEP
Suf
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6. e8uA

B OR gm-DIV
280

% of COLLECTOR

FEAK WOLTS
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B.00 ¥
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se

Vee/Vr
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Summary

® Determined BJT parameters from measured data

__4



Next Lesson

® BJT Switch

__——
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Previous Lesson

® Examined BJT parameters

__—



Lesson Objectives

® Introduce BJT switch

__—



Schematic

§1 KQ

VCE

RN

Q2
2N4401

IC (A)

VCC
— 12V

100.00m

84.29m
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| versus V;,

IC versus Vin
15.0000m
12.8571m
10.7143m
RC
8.5714m 1kQ
z vCccC
o VCE =12V
6.4286m RB
v e Q2
1kQ 2N4401
4.2857m Vin —
2.1429m




Vg Versus V,,

VCE versus Vin

15.0
12,5 RC
1kQ
100 VCC
. VCE =12V
RB T
|../
75 bo Q2
s 1kQ 2N4401
g Vin _
= p—
50
25
0.0
25
0.0 SDD‘.Dm 1?2 1:3 2:4 3.6

Vin (V)



Example LED Load

k)
RC
vce
VCE =12V
RB
L Q2
2N4401




Summary

® Introduced BJT switch
® Examined BJT switch characteristics

__4



Next Lesson

® BJT Common Emitter Amplifier

__‘
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Previous Lesson

® Examined BJT switch

__—



Lesson Objectives

® Introduce BJT common emitter (CE) amplifier
® Examine biasing of the CE amplifier

__4



Common Emitter Circuit Schematic

vCccC

15V

RC
RE2 2.2kQ

18.6kQ
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VC 11
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Regions of Operation

NPN BJT Qutput Characteristics

Region Collector- Base-Emitter
Base Junction "
Junction < .
Cutoff Reverse Reverse
Saturation Forward Forward o
) eEm 5 100 125
Active Reverse Forward
Reverse Forward Reverse

Active




DC Bias Circuit

vCccC

15V

RC
RB2 2.2kQ
18.6kQ

vC

_LK Q2
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Bias Values

bjt ce
DC Operating Point

DC Operating Point | |

0 o e = e |

@qq2[ic]
@qq2(ib]
Eqq2[ig]
Vivc)
Viivb)
Wive)

243276 m
40.458994u
-2.47325m
9.66069
5.58764
4,93473

NPN BJT Output Characteristics

VCE (V)

125




Summary

® Introduced BJT CE Amplifier
® Solved CE biasing example

__4



Next Lesson

® BJT Common Emitter Amplifier AC Analysis

__4
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Previous Lesson

® Introduced CE amplifier
® Examined dc biasing of the amplifier

__4



Lesson Objectives

® Examine ac behavior of the CE amplifier

__4



Common Emitter Circuit Schematic

vCccC

15V

NPN BJT Transfer Characteristic

100.00m
84.29m
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RB2 2.2kQ 68.57m
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Vout - 5286m
Ve I} ou S
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Amplifier Model

¥ ' +
vin i = gm*vin vout§ RL
gm = transconductance

__4




-V Characteristic

i =gm*vin

w1 Voltage (V)




CE Amplifier

¥ ¥ ’ +
vin = gm-vin voutg RL vin i = gm*vin vout§ RL

+9




-V Characteristics

DC Transfer Characteristic

x'd
NPN BJT Transfer Characteristic 30
100.00m
20
84.29m
68.57m 10
<
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< g0
(_) 3
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= 0.0259V




Gain Equation

1(‘:*015»' Vout RC‘| |RL Vout L
. = - g By
RC Uin Te + RE’l | |RE'2 Uin
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c2 4
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AC Analysis

HE VivouthV{vin}

AC Analysis
- i b4
10
4 L et 2
‘I_
400m-+ Cursor @
g Vivout) /V(vin)
£
é’ 7Um: ®1 38.3073
V= s v1 3.7658
m x2 652.7132
v2 5.3364
d= 14,4053
1 dy 1.5706
7mA dy/dx 2.5562m
4mA 1/dx 1.6276m
m
1 4 7 10 40 70 100 400 00 1k

Frequency (Hz)




Summary

® Examined ac behavior of the CE amplifier

__J
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