ECE 205 “Electrical and
Electronics Circuits”

Spring 2024 — LECTURE 27
MWEF —12:00pm

Prof. Umberto Ravaioli
2062 ECE Building



Lecture 27 — Summary

Learning Objectives

1. Graphical use of I-V curves

2. Transistor as diode

3. Single Battery Bias of BJT

4. Discussion on BJT amplifier circuits



Quiz 3 next week - Reminder

* Four problems:
— Two on circuit analysis using phasors
— Two on diode circuits

HINT: read problems very carefully. Do not
answer a “different” question.

No Class on 4/1/2024



Practice material on BJT (not on Quiz 3)

* BJT REVIEW PROBLEMS video Part 1

— Basic practice problems on n-p-n BJTs, including a
circuit with resistor on the emitter

* BJT REVIEW PROBLEMS video Part 2

— Discussion on the BJT Darlington pair explaining the
behavior of the circuit found in HW 10.6-PL. Also,
includes some advanced material for the students
who have an interest (not required).

* BJT REVIEW PROBLEMS video Part 3

— Includes solutions for Worksheet 9 and a problem on
p-n-p transistor.

Posted on Canvas in Module Week 11, Lecture 28



BJT I-V curves are measured on actual devices

Measurements are made by ramping the V¢

at specific values of base current I'g

T

— MY

Vce



BJT I-V curves
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Example of graphical use of BJT I-V curves

Vgg(on) = 0.7V WLl Vegp =Vee — IcR(
p =100

VCC —_ 15V

Let’s write I- as a
function of V¢

R; = 3kQ llc
Rp = 1.43 MQ
+
15vo— /\ /\/ Ver KVL )
+ |\n —

——
Ip Vi
a lIE
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Example of graphical use of BJT I-V curves

Vgg(on) = 0.7V WLl Vegp =Vee — IcR(
p =100 Vee — Ve
IC —
R¢ = 3kQ l I 3kQ

Rp = 1.43 MQ N
15vo— /\ /\/ Ver KVL )
+ |\‘ —

——
Ip Vi
a lIE

- 8



Example of graphical use of BJT I-V curves

Vpeg(on) = 0.7V WL Vieg = Vee — IcRc
B =100 Vee — Ve
f 15 — Vg
C —
R = 3kQ l I, 3kQ
V
Rp = 1.43 MQ Ic=5mA—
15VO_\/\/\/ + |\‘VCE KVL Equation of a straight line
e _
IB VBE VCE IC
l Ig OV [ 5mA
15V OmA
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Example of graphical use of BJT I-V curves

VBE(On) =0.7V

Vce

I. = 5mA —
c =SmA-0

This equation just describes
the collector biasing network
as a Thevenin source. Here,
Vce and I depend on the
behavior of the BJT, which is a
non-linear load

B =100
VCC - 15V
R; = 3kQ l I
Rp = 1.43 MQ
+
15vo— /\ /\/ Vep KVL
W 7LD
Ip Vi

lIE

R
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Example of graphical use of BJT I-V curves

Graphical representation of the
5 — Thevenin source equation

11




Example of graphical use of BJT I-V curves

If the load attached to the
bias source was a Resistor
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Example of graphical use of BJT I-V curves

Ic[mA]

6 — Ip [HA] 60
5 — 50
4_ 40
O T T T T T T T T T T T T T 11
0 5 10 15
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Example of graphical use of BJT I-V curves

VBE(On) =0.7V
B =100

Let’s examine the Base circuit: Vee = 15V

R; = 3kQ 116
R = 1.43 MQ
+
VYR
Ig

VBE
- |
D i




Example of graphical use of BJT I-V curves
VBE(On) =0.7V

g =100
Let’s examine the Base circuit: Vee = 15V
—15 + IBRB + VBE — O
15+ 1.43M x I+ 0.7 = 0 R, = 3k0 1IC
R = 1.43 MQ n
15V 74
O_\/\{\/ n |_\‘ 'CE
B

VBE
- |
R




Example of graphical use of BJT I-V curves

VBE(On) =0.7V

B =100

Let’s examine the Base circuit: Vee = 15V
—15 +IBRB + VBE — O

15+ 1.43M x I+ 0.7 = 0 R, = 3k0 1IC

R = 1.43 MQ +
15V
| O_\/\/\/ + |_\‘V_CE

o 14.3 — 10uA Ip Vg

B~ 1.43x106 1 ""D N lIE




Example of graphical use of BJT I-V curves
VBE(On) =0.7V

g =100

Let’s examine the Base circuit: Vee = 15V
—15 +IBRB + VBE — O

15+ 1.43M x I+ 0.7 = 0 R, = 3k0 1IC

R = 1.43 MQ n
15V
| O_\/\/\/ + |_\‘V_CE

o 14.3 — 10uA Ip Vg

B~ 1.43x106 1 ""D - lIE
From the curves

I. =1mA || V¢g = 12V =,




Example of graphical use of BJT I-V curves

Ic[mA]

Ip |HA
6 — p |HA] 60

5 — 50

40

10
Veg = 12V

°|||||||||||||||
0 5 10 15

Vee [V ]
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BJT wired as a diode

_Vl +R111 + VBE — O

Vi—VpE
R4

11=

As long as V{ > Vgg(on), the BIT is V, C—i-)

in Forward-Active mode.

BJT’s wired as in the diagram, are

VBE

often adopted in integrated circuits,
to obtain ultra-low leakage diodes
and for design of circuits which are
temperature compensating.
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1k

B =100
VBE(On) =0.7V
VCE(Sat) = 0.2V
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B =100
VBE(On) =0.7V
VCE(Sat) = 0.2V

Vy Assume: BJT ON

\
VBE — VCE — O 7V
V,=Vep +4V = 4.7V .



B =100
VBE(On) =0.7V

| _
v L l o Vegp(sat) = 0.2V
* , Vy Assume: BJT ON
0.7v | Q1 @ 8.7V
#‘ —|2>/ Il — IC + 12
W IE‘ 1kQ =Ic+1Ip
l X 11 — IE
- 11 — 1kﬂ X 4‘V
\ = 4mA
Ve =Vep = 0.7V I; = 1kQ x 4V

V.=V +4V =47V = 4mA




BJT Single battery bias

Vee
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+ R,

Vi = Vee R,

Rerr = R1//R;

Resy

Vee
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- VCCR1 +R,
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BJT Single Battery Bias Example

Vgg(on) = 0.7V Vee = 10V
VCE(Sat) = 0.2V

=5 % 3kQ
10kQ

1.

Vout

10k()

_:L .
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R..r =R.//R, =5kQ | | V.. =10 10Kt — 5V
eff — "1liT2 T = Y10kQ + 10kQ

VCC =10V + ].OV
T Ve(

3kQ
% U 3k

- o o o . . . . oy

Vout /, \\

7 10k N

+ : _\/\N :

+ F&~ o+ -+ Fxh
: !
10kQ ' 10V 10kQS | Vg

I |

| :

| ,'
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Assume Forward-Active Mode

Vi=Rplg +Vpg

Iz = 0.86 mA

=>

B=5

3kQ
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Assume Forward-Active Mode

Vi=Rplg +Vpg

Iz = 0.86 mA

B=5

=>

IC:ﬁIB = 4.3mA

VCE — VCC — 3kIC

2.9V <V g(sat)

3kQ
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Assume Forward-Active Mode ﬁ =5

Vi — RBIB +VBE |:>

5=5kIg+0.7 | => Ig=——

Iz = 0.86 mA

IC:ﬁIB = 4.3mA

VCE = VCC — 3k IC = —-2.9V < VCE(Sat)

BJT is in saturation:

10-0.2

3k
= 3.26mA

I (sat) =

VCE — VCE(Sat) = 0.2V

3kQ

5k
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BJT Single Battery Bias — Resistor on Emitter

Vgg(on) = 0.7V Vee = 10V
VCE(Sat) = 0.2V
p=5 3kQ
10kQ
Vout
Add Emitter Resist ¢
Mmitier nesistor +
10kQ
1KkQ

|
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Assume Forward-Active Mode ﬁ =5

Vi — RBIB +VBE+REIE

5=5klIg+0.7+ 1k (B + 1)I;

Iz = 0.391 mA

Assumption is valid

10V

3kQ

1kQ

32



Assume Forward-Active Mode ﬁ =5

Vi — RBIB +VBE+REIE

5=5klIg+0.7+ 1k (B + 1)I;

10V
I; = 0.391 mA
I = +1)Ip= 2.346mA
e= (B 1), o
—W

+
(— V. Vi 1kQ

T



Assume Forward-Active Mode ﬁ =5

Vi — RBIB +VBE+REIE

5=5klIg+0.7+ 1k (B + 1)I;

10V
Iy = 0.391 mA
C_ >V Ve 1kQ

Assumption is valid

T



BJT

* How does a common emitter amplifier work?



PRACTICAL DESIGN - Single battery bias

Emitter resistor added to improve stabilization if a decrease of supply voltage occurs
O VCC — 12V
lICzHL6InA

1.2kQ
20kQ

Vour =VE+ Vg

VE ~ 1
3.6kQ lIE ~ 4.65 mA

ov
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PRACTICAL DESIGN - Coupling capacitors for A.C. signal

O VCC — 12V

llc ~ 4.6 mA

20kQ

vin(t) O— |

3.6k
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PRACTICAL DESIGN - Coupling capacitors for A.C. signal

llc ~ 4.6 mA
1.2kQ
20kQ
DC | |_O Vout
S< >
Vin (1) O—l : -
AC -
~
N
3.6kQ DC ‘ AC
/
/7
_ -
O oV

For AC signal, capacitor bypasses resistor
- and emitter is connected to ground ::




ic(t)

V;n(t) and ig (1) have
opposite polarity of
vep(t) and ic(t)

<
R
lB (t) : ' Ig = 100uA
7 \ \Q\ Iz = SOuA
A\ )/ I: = 70uA
| < & ¢
1 , —
< v Iz = 60uA
| 7 N H
| Q> L
} Q Is = SOUA
3 . 20uA
| Q-point LN proms
T Ig = 46pA ' 15 = 30ua
' N
] p
| | W Is = 20uA
== - e
] | N, I, = 10uA
| |
|
] ; | B
| N "
1 2 3 4 5 6 7 8 9,10 11 45 13 Vee
|
| L |
: | |
|
Ve (min) ! | vCE(t)
2.0v |
|
|
I Ve {max)
| Q.34v
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Transistor stages can be cascaded to obtain more amplification

Y J-stage transistor ampiifier

-
Input
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