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Agenda

. Transistor Construction & Operation

Transistor Configurations

. Transistor Testing & Terminal Identification

. Transistor DC Bias Configurations ‘
. Design Operations ‘
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. Various BJT Circuits &Troubleshooting Techniques

Practical Applications




Transistor Construction

* Basic BJT Constructions

Metalized contacts Oxide

{a) Basic epitaxial planar structure by mpn

* Basic BJT symbols and Currents
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Transistor Operation

* Basic Operation using pnp transistor.
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+ Majority carriers * Minority carriers
* Biasing a transistor: [P @ c
(a) forward-bias - ~{ -
(b) reve rse_bias- Depletion region Depletion region
+ - +
I . e . e 1l
Vie Ve
(a) h)
° Majorlty a nd m I nOrIty * I'-Iujnrity;iqricﬁ , + h-f};urily CAITieTS
carrier flow of a pnp > E € Ip = Ic + Iy —_
. y
transistor. ;
Depletion regions . I = I{"“"i“ﬁt) + Irg J
A | L




Common Base

Common Emitter
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Common Collector

BJT CONFIGURATIONS
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Configurations: Common Base
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* Notation and symbols used | F c <
. a ’ ©
with the common-base i}
configuration: (a) pnp il S T s )
) . Ve ¥ Ve L O
transistor; (b) npn transistor. ! ‘ Ve T Ve N
,I'H jIl" s >
I (mA) ko == °C Fo qi -‘i o 2
Veg=20V | =
o Y b A
‘Jr_
6l Veg= 1V B f 8
- (a) Pq
5 (b} -
4 I (mA) OO
L <
2 «— Active region (unshaded arcnjj/ E
e 7 7 mA / ‘_l‘
1] J nJ.E I Ul.ct» 0.6 | 0?8 l lJ.U Vge (V) 6 e _// ° Output or 8
o s “‘L// collector R
* Input or driving . £ ma // characteristics for
point characteristics ; ] a common-base
] transistor
fora common-base _/ amplifier.
silicon transistor | fer e o
’ t o 20 30 0 Vep (V)

amplifier.

Cutoff region BVego




Configurations: Common Base..

* Formulas:

* Biasing of a CB pnp tr. in the active region:

7

I f-=2ig
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Configurations: Common Emitter

w| P -~
t n = Vec
- B +
= P
Vg =

* Notation and symbols used
with the common-emitter
configuration:

(a) pnp transistor
(b) npn transistor.

Characteristics of a silicon
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. . (@) (b)
transistor in the common- o faiA)
emitter configuration: ‘R |
A L 90 A B
(a) collector characteristics I 7 sona
- oLy Lo | s (HA) Vg =1V
(b) base characteristics. V. 60 A | ok Ve =10V
(Saturation region)_ 5 S0 pA ! ] 90 - Vg =200V
//;ff 40 pA 80
4 ' ] 1 ! f ' 70
/"’"’—_____________..- 0pA | ok —_
5 Ir___,_.-—'—'— 4=
10 A o 8
|_f__ [ 20
| 15 =0uA N INEEEY ANNE
0 ay 5 10 I \15 20 v (V) o] 02 04 06 08 10y (v

(Cutoff region)
fego= Blogo

(a) (b)



Configurations: Common Emitter.

* Formulas:
By = Ie 8 Icko = Blcpo
s T Bt
Ic = Bl
[0
5 _ M SN
ﬂfﬂ Voo =
CE= canstant IE {.B + ]']'rﬂ
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Configurations: Common Collector

h:l E "’ff E
* Notation and symbols used < L 1+ [ -
with the common-collector N 'l T e p 1 T+
configuration: (a) pnp Wfr TV T Ik
transistor; (b) npn transistor. - -

 Common-collector configuration
used for impedance-matching purposes.
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Configurations: Common Collect it
oniig . Lommon Collector. -
L]
0
M
£
* Formulas: <
Iepo = Ic = I, ©
P = Yeelc Vee,, = Ve = Ver,, )
Veele = P, 8
>
o
Z.
I-(mA) on
| 70pA Itc:t):
@ @ T 3
- \ 500A 06
N | ) //‘_)‘\T—/l/ ) $
* Defining the linear N | - B " S
region P man= Ve 1e=[300 mW
(undistorted) region - e \\é,‘_-‘_w__-a// ~
of operation for a [—— . ,OVL ©
transistor. )‘*ﬁ\\\ =
10 A v}y J
| Ig=0pA |
[ 03V 5 Cuﬁ;f 10 hYm 15 mi:;,, Ver (V)

Vee region




* Transistor Spec. Sheets
* Transistor Testing
* Transistor Casing and terminals identification
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* Transistor Development

PRACTICAL VIEW
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MAXIMUM RATINGS
Rating Symbol 2N4123 Unit

I
Collector-Emitter Voltage VeEn 30 Ve FAIRCHILD
Collecior-Buase Voltage Yeno 4 We m ™
Emitter-Base Voltage VERo 5.0 Yde
Collector Current - Continuous I 200 mAde 2N412‘3
Total Device Dissipation @ Ty = 25°C Fn 625 m
Derate above 25°C 5.0 mW'C
Operating and Storage Junction T; Ty =55 o +150 C
Temperature Range
THERMAL CHARACTERISTICS ¢ B
Characteristic Symbol Max Unit
. Thermal Resistance, Junction to Case Ran: 833 Tw Ger._l;r?.:;;:zﬁose
Tran S 1 StO r Thermal Resistance, Junction to Ambient Rapa 200 CW NEN Silicon
ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted)
| Characteristic Symbol | Min | Max [ Unit
" " " OFF CHARACTERISTICS
S p e lel Catl O n Collector-Emitter Breakdown Voltage (1) ViprwEn 30 Ydc
(Ie = 1.0 mAde, Ig =0)
Collector-Base Breakdown Voltage VigrwBo 40 Vde

(I = 10 pAde, Tg = )

Emitter-Base Breakdown Voltage VIERIERO i - ¥dc
(I = 10 pAde, I-=0)

Collector Cutoff Current Legn - 30 nAdc
(Vg = 20 Vde, g = 0)

Emitter Cutoff Current Tenn - 30 nAde
(Ve = 3.0Vde, Ip = 0)

OMN CHARACTERISTICS

DC Current Gain(1)
(Ig = 2.0 mAde, Veg = 1.0 Vde) hre 50 150 -
(Ie- = 50 mAde, Ve = 1.0 Vde) 25 -

Collector-Emitter Saturation Voltage(1) VcEman - 0.3 Yo
(Ie = 50 mAde, Iy = 5.0 mAde)

Base-Emitter Saturation Yoltage(1) Y BEan - 095 Yo

(I = 30 mAde. 1z = 3.0 mAde)
SMALL-SIGNAL CHARACTERISTICS
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Small-Signal Current Gain hee 50
(I = 2.0 mAde, Vep = 10 Vde, f= 1.0 kHz)

Current Gain — High Frequency

Current-Gain — Bandwidth Product fr 250 MHz

(I = 10 mAde, Vg = 20 Vdce, F= 100 MHz)
Output Capacitance Cite - 4.0 pF

(Ve = 3.0 Vde, [g=0, f= 100 MHz) —_
[nput Capacitance Cibe - 8.0 pF

(Ve =05 ¥de, lo =0, f= 100 kHz)
Collector-Base Capacitance Cen - 4.0 pF

(Ig =0 Vep=5.0V, f=100 kHz)

200 - 1 3 J

(I = 10 mAde, Vg = 20 Vde, F= 100 MHz) hi- 2.5 - -
(I = 20 mAde, ¥ep = 10V, = LOKHz) 50 200
Nuoise Figure MNF - 6.0 dB

(Ip- = 100 pAde, ¥ep = 5.0 Vde, Rg= 1.0 k ohm, f = L0 kHz)
(1) Pulse Test: Pulse Width = 300 ps, Duty Cycle = 2.0%




 PARAMETERS
Veg = 10V, f= 1 kHz, T, =25°C

Figure 1 — Current Gain Figure 3 — Capacitance

Transistor
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Figure 2 - DC Current Gain g0 yAlV4 = >
20 3 7 1/ g <t
’ T,=+125°C Veg=1V £ N 3 0
3 = ~ H N —
8 ,———/i'— \\\ ESN 74 % o= jou ERTS RN
2 10 == +25° C———; o AN p / g2 ~ O
E T N A N A7 ERT N e\
g o7 i - Z I P S Sy AR TN BN
£ 05=t— 55.C ~ C 2 o8 >
E AT TN N o ot : Z
E 03—= N 01 02 04 10 20 40 10 20 40 100 0 0z 0s L0 20
8 02 3 N \ Ry Source resistance (k€Y I, Collector curment {maA)
a._ N \ -
Py AN [ hy
g NN on
0.1 02 03 0507 10 20 30 5070 10 20 30 50 70 100 200 Figure § - Voltage Feedbaek Ratio . Figure 2 - Output Admiltance q:t
I¢, Collector current (mA) - 1 - i O
T ' —
© = 70— £ s O
% . 2
2 50 \\ s —
AUDIO SMALL SIGNAL CHARACTERISTICS Iy 3 g 0 >
NOISE FIGURE £ 5 ¥ g0 e o0
(Veg = § Vde, T, =25°C) :ﬁo Sy w S s <
Bandwidth = 1.0 Hz -3 [t N g
=3 - i
Figurc 5~ F Variations S i <20 1
" igure 5 — Frequency Variations S I 0
X o 0l 02 05 10 20 50 10 olo0z 05 10 20
Figure 4 - Switching Times \ ! ! ! ! ' ! 1. Collector current (mA} - Collector current {mA) l
200 \ 10 \ Source resistance = 200 Q M W —
N % N7 e =1mA| (@)
URL T T
100 NG a \ Source resistance = 200 Q QD
AN S 5 8 =l 0.5 mA
0 RN — = | A e =0am [ |
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20 mA

18 mA

16 mA

14 mA

12 mA

[FTEN

B mA

fmA

4 A

2 mA

0 mA

Transistor Testing using Curve Tracer

s = >
I B0 A
¥
1/-""" I 70 pA
T 60 A
-+ S0 pA
A
T 1A
= —
r ¥ 30w
I 20 wA
= o
= 10 uA
. 0 pA
o S
BV 1V 2V 3V 4V SV 6V TV BV 9V 1DV

e,
Wertical
per div

.‘ mA
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Hormzontal

per div

1%

|

Per Step

0 A

|

Borom
per div

e ——

Curve tracer response to 2N3904 npn transistor.

Check the beta value:

Alc
."Jlfg Ve

(e T ET )

By =

ac T

Al - Ie, —
ﬂ IH 'L"( E=conaiant fH! l,'HI
1.8 mA

=202 _ g0

l-= 8 maA | Ty, =40 PA
B T "~
I':-: = &2 mA =3
Al = 4 (3-point
1»",’ = =5 Y
le=T mA, Vep=3¥)
1 Iy, =30 pA
-I'(-I—Er.-lmﬂ -----------
‘-;:-\56 mai ‘H\"‘HI.-; g=3V

Determining 3, for the transistor characteristics of 2N3904 npn transistor

atle =7mA and Veg =35V,

B'ﬂl‘ =

9 m{(
10

200

iv

)=13|}

Ie,  82mA — 64mA

10 uA

40 A

30 pA
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Transistor Testing using Transistor Tester

* Transistor testers:
(a) digital meter
(b) dedicated testers.
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Transistor Testing using Ohmmeter

* Checking the forward-
biased base-to-emitter
junction of an npn

transistor.
Low R
1 o Open
ol
e §

Checking the reverse-
biased base-to-collector
junction of an npn

transistor.
High R
[ 1]
El__.-o-' —_ ---"":“
- i:/ C
|
B
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Transistor Casing

* Various types of general-purpose or switching transistors:
(a) low power
(b) medium power
(c) medium to high power.
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Terminal Identification

* Transistor terminal identification.

— 1 ] LIJ H
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E
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* Internal construction of a Fairchild transistor in a TO-92 package.

A\IIdg_
ompound injectior

) Epoxy package

Locking tabs

__
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* Type Q272905 Texas Instruments quad pnp silicon transistor:
(a) Appearance (Top View)
(b) pin connections.
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(a) (b)



Fixed-Bias Configuration
Voltage-Divider Bias Configuration
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Emitter-Follower Configuration

TRANSISTOR DC BIAS CONFIGURATIONS

Biasing means applying of dc voltages to establish a fixed level of
current and voltage. >>> Q-Point
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Fixed-Bias Configuration

* Fixed-bias circuit.

I Ve

&
ac
input o ———
signal £

+Vee — IgRp — Ve = 0

Vee — Vae

e =
B RB

ac
output
signal

 DC equivalent ct.

Collector—emitter loop.

+

Vee

Ic = Bl

Vep + IeRe — Ve =0

Vee = Vee — IeRe

Vee = Ve — Vi

Veg = Vi

Vee = Vg = Vi

Vee = Vg
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Fixed-Bias Configuration example

EXAMPLE 4.1 Determine the following for the fixed-bias configuration

g

"FEL; and 1’(_'[_}.

b. Ver,
C. VH‘ and ll"'r{".
d. Ve
(8
Solution: ac )
1ﬂput
Vee — Vi 12V - 07V 10 uF
a. Eq.(44): Iy, = “HR e oo~ 4708 pA "

Eq. (4.5 Ic, = Blgg = (S0)47.08 pA) = 2.35 mA

b. Eq.(4.6):  Veg, = Voo — IR
12V — (235 mAN2.2 ki)
= 683V

C. VH - VHE =07Y

V(_“ = VCE = 683V
d. Using double-subscript notation yields

V;g(_" = V;g - I(_" =07V — 683V
= —613V
with the negative sign revealing that the junction is reversed-biased, as it should be for
linear amplification.
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Fixed-Bias Configuration .

* Load Line Analysis

Saturation Current

I (mA)
= 30 pA
L. = Vee
7 40 pA Con R
Veg = Vee — IcR £
ce = Vee = IcRe ol ﬁ/
S ) pA
Ver = Vee — (0Re —
i
20 pA
Vee = Vecli=oma 3 F
N 10 pA
0= Vee = IcRe ~
1 # Ip=0pA
= 4 1 ! I .
In = E 0 5 F oo 15 Vg (V)
Re lv=o0v Teso
{a) (b
Load-line analysis: (a) the network: (b) the device characieristics.
I Al
.
Voo ,
R %
v c
£ o Vo = Vo
R | Ry >R, >R, Vee, = Vees = Ve
Veoy
i Vee .
Q-point .133 RL: &
\Q-pﬂinl IEZ Vee l.ﬂ@ Vees g
\ Ry Re
O-point Iy
1
- A . \ L~ . ‘\= ‘\=
Vee Ver Ye Ve o Vees Vee, Veey
FIG. 4.13 FIG. 4.14 FIG. 4.15

Movement of the Q-point with increasing level of Iy, Effect of an increasing level of Re on the load line

and the Q-paint.

Ve

Effect of lower values of Ve on the load line and the Q-point.
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Voltage-Divider Configuration

* \Voltage-divider

. . . e Exact Analysis
bias configuration. y AA——
+ ki
I-"’(I‘ :_ VCC' Rz Rr
'-_l
=
R -
ng ‘ Thevenin
—
o M ° AAA, o
G K ‘:_ = Vee R LJJ-': Em,
Rzg " = _ N
Rg 3 = N
i ||
R = RIR
DC components of the -— B = v, = RaVec
* R + R,

voltage-divider configuration.

__ Em— Ve
Rm + (B + DRg
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Iy

Vee = Vee = Ie(Re + R)

—
N
S
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Voltage-Divider Configuration m
5
e Approximate Analysis * Transistor Saturation E
=7 =_Yoo Q
"C\u[ _ ICI'I'I:JJ. HC _l_ RE ﬂ"
—
o
N
>
o
k| Ri® R e Load-Line Analysis Z
Uy =1,) -
3
e 8
Ie = Vee p—
RV Veo p fe ¥ R o 0(5
Vg = ——CC R+ Re <t
Ry + Ry Vee = Veclre=oma <t
Ve —
IE - R_E |
Ri = (B + 1)Rg = BRg 0-poin I ‘5‘
= [y H‘Q
— N i
BRg = 10R; ic = Iy — \ —_
w =1l - —
Ve = Vg — Vg 0 oC Vee J

Ver, = Voo — IcdRec + Rp)




Voltage-Divider Configuration Example

EXAMPLE 4.11

Determine the levels of Ic-ﬂ and V(-EQ for the voltage-divider configura-
tion of Fig. 4.37 using the exact and approximate techniques and compare solutions. In this

Approximate analysis:

case, the conditions of Eq. (4.33) will not be satisfied and the results will reveal the differ- VB = .E-[-h = 351V
ence in solution if the eriterion of Eq. (4.33) is ignored.

18V

FIG. 4.37
Voltage-divider configuration for Example 4.11.

Solution: Exact analysis:

Eq. (4.33):
BRE

(5001.2 k)
60 k0

Vee,

= 10R;
= 10(22 k)
# 220 kL) (not sarisfied)

W= R Ry = 82k0][22k0) = 17.35k0

_ RVee | 2k008V) o
R + R, 82kQ +22kQ
Epy — Ve 381V -07V

V= Vg— Vge =381V — 07V =311V
Ve 301V
',':-"U‘ = f;; = E— IZI\.{I = 259 mA

Vee, = Voo — Ie(Re + Rp)
= 18V — (259 mA)5.6 k) + 1.2k0Q)
388V

Comparing the exact and approximate approaches.

ICQ (mA) V(.'HQ vy
Exact 1.98 4.54
Approximate 2.59 3.88

The results reveal the difference between exact and approximate solutions, "('0 is about
30% greater with the approximate solution, whereas Vg, is about 10% less. The results
are notably different in magnitude, but even though SRy 1s only about three times larger
than R, the results are still relatively close to each other. For the future, however, our
analysis will be dictated by Eq. (4.33) to ensure a close similarity between exact and
approximate solutions.

BR; = 10R, (4.33)

Y

= Big = (50)(39.6 uA) = 1,98 mA

= Vec = IcdRe + Rg)

= 18V — (198 mAX5.6 Kk + 1.2k0)
= 4.54V

Rm + B+ DRy 1735k + 51)(1.2kQ)  78.55 k{2

— 30.6 uA
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40)
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40)

| ] |
Emitter-Follower Configuration o
)
[ J -

Com mon COl IeCter EXAMPLE 4.16 Determine Vee, and Ig, for the network of Fig. 4.48. g
(emitter-follower) configuration. -
. + <

+ ) S

: J v <f

C Vio 1l V., ﬁ= a0

v e o A =
¢ Ry @ 240 kQ It oV, |

Rp It oV, 10 uF g

= Red 2 k2

= Re ** Z

Vg 6 —20V °

Vs on

FIG. 4.48 H

Example 4.16. 8

* dcequivalent ct Solution: =
. o _ Ver— Vi 0

—IgRy — Vg — IgRp + Vg = 0 — 20V -07V — 193V T

240k + (90 + 12k 240k + 182k0 —

IgRg + (B + DIgRg = Vgg — Vi 193V @)

I “imka PBeA ©
L ke — Vee J s

B kg + (B + DR and Eq. 4.45: Ver, = Ver — IeRg
= Vgg — (B + DigRg
=20V — (90 + 1)45.73 pA)2 kL))
o/p ct =20V - 832V
~Veg — IgRg + Vgg =0 = 11.68V
Ig, = (B + DIy = (91)45.73 pA)

Vee = Vee — IgRg = 4.16 mA




Summary Table

BJT Bias Configurations

Type Configuration Pertinent Equations
Fixed-bias Ve
Voo — Ve
Re Ig = —RH
lg = Plg dp = (B + 1y
B Ver = Vee — loRe
Re L= Vee — Vie
" Rp+ (B + DRy
Ic = Blg, Ig = (B + 1)ig
P Ry = (B + DRg
Vee = Ve — Ip(Re + Rg)

©
=
o
a
—
—
@
£
<
©
<
—
&)
N
>
0
Z.
o
**
Q
Q
-
0
<
<
—
—
O
ul
-

Voltage-divider
bias
e R:Viee APPROXIMATE: Bk = 10R
EXACT: Rpy = R|||Ra Eqy = —— PRe 2
Ry + Ry v RV Ve = Ve — V
o E’[h o t_,r!ﬂ: B R[ i Rl, E B BE
B B Ry + (B + DRg , —VE.T I
Ie = Blg.Ig = (B + Dy E- Ry B+1
Re Ver = Vee — e (Re + Rg) Vee = Voo — IclRe + Rg) 28

Emitter-bias Vo
g Ry
o Ver
R




Summary Table..

Collector-feedback Voo
Ry Re
' I = Vee — Vie
P R+ BRe + Ry)
B le = Blg I = (B + 1y
Vee = Vo — Ic(Re + Rg)
RI..'
Emitter-follower =
__ Vee — Vi
fil'; _
Rg + (B + L)Rg
le = Blg. g = (B + 1y
RH r
R Veg = Ve — I Re
=
_1'-.?'1';'

Common-base

L= Vee — Ve
E=- 5
RI‘.‘
b= —% 1= pi
BT gyl Bly

Vep = Ve + Vee — Tg(Re + Rp)

Ver = Voo — IcRe
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DESIGN OPERATION



Design Operations

* The design process is one where a current and/or voltage may be
specified and the elements required to establish the designated levels
must be determined.

* The design sequence is obviously sensitive to the components that are
already specified and the elements to be determined. If the transistor
and supplies are specified, the design process will simply determine
the required resistors for a particular design.

* Once the theoretical values of the resistors are determined, the
nearest standard commercial values are normally chosen and any
variations due to not using the exact resistance values are accepted as
part of the design.

©
=
=
a
—
—
M
£
<
Q
<
—
&)
N
>
0
Z
on
¥
Q
Q
-
0
<
<
—
—
O
ul
-

—
(98]
=

—




Design Operations Example

EXAMPLE 4.21  Given the device characteristics of Fig. 4.539a, determine Ve, Ry, and R
for the fixed-bias configuration of Fig. 4.59b,

Al (mA)

B

(J-point J5Q=m uA

S

0 0V Ve

(a) (1]

Solution: From the load line
V(_'(_' = 2/“ v
Voo
I = e
Re lve=ov
Ver 20V
and Re = ——= = 2.5k
I EmA
o Vee — Ve
B 7_,?3

with Ry = ~cc— Yor
Iy
20V 0TV 193V
 40pA 40 pA
= 4825k}
Standard resistor values are
Re = 24k
Ry = 470k
Using standard resistor values gives
I = 411 pA

which is well within 5% of the value specified.
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* MULTIPLE BJT NETWORKS
* CURRENT MIRRORS

* CURRENT SOURCE CIRCUITS
* Bipolar Transistor Constant-Current Source
*  Transistor/Zener Constant-Current Source

* PNP TRANSISTORS
* TRANSISTOR SWITCHING NETWORKS

VARIOUS BJT CIRCUITS
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MULTIPLE BJT NETWORKS

* R-C coupling

Vee

R_‘ ¢ ', Q 1

* Darlington configuration

- gﬁ.

FIG. 4.64

R=C coupled BIT amplifiers.

-|—1

Rng

—_
_—

._+x
S — A

+Ver
v |
Qh_[:
(¢}
e
-

FIG. 4.66

Darlington amplifier.

R

FIG. 4.67
DC equivalent of Fig, 4.66.

[ I:

11 T

FIG. 4.65
DC equivalent of Fig. 4.64.

Bp = BiB:

_ Vee = Vi, — Va,
: Rg + (Bp + DRg

Iy

Vae, = Ve, + Ve,

Vee — Vie,

Iy = ——2
B Rg + (Bp + DR

le, = Ig, = Bplg,
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CURRENT MIRRORS
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FIG. 4.74 FIG. 4.75
Current mirror using back-to-back BJTs. Base characieristics
Jor transistor
fand ).
'ru'omml = ft’.'. + ’rb' = f('. + 3-"111‘.
I, = Bilg,
Jira:tmlml = ﬁll’.‘il + 2".‘5. = fJ'SI + 2”.‘:'[
ﬁl is t}*pically = 2, 'rmntm] = ﬁ]-’bﬁ
I = Ir.'unlm] ol
= ———
LB
I, = I¢, = Blg, 111, 11, T Vie, 1 Vc'E]T- b ag b ig Vie, Ll J
Y\ﬁqﬁ__'—__‘—-—f‘\.-'a!.c:—-—4__—'_14-/-"
Vee — Ve

I =
control
R




CURRENT SOURCE CIRCUITS

R
A NN o —0 o ——0
+
E = +_:_ I R I
+ )
Practical Ideal Practical Ideal
voltage source voltage source current source current source
e Bipolar Transistor * Transistor/Zener
Constant-Current Source Constant-Current Source
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R, ki
Vg = (—Vip) o= V2= Vi
i R| + Rg EE I = ‘!E = R
R E
Ve= Vg — 07V '
— (= Vg
I = EE) __ I
R
- v w [
~Vee ~Veg
FIG. 4.81 FIG. 4.83
Discrete consiant-current source. Constani-current circuit using Zever

dicde.
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pnp TRANSISTOR SWITCHING A
NETWORKS L
B
Vee=5V
=
U
V; Ve <
5V 5V @)
<
o - - oV =
; : o
N
>
. @)
(a) Z
[ = Vee -
C« ™ Re on
A - (mA) :Iq:t):
FIG. 4.85 60 nA Ic Q
[P transistor in an eniiner- -,'f Ig = B"“' —
stabilized configuration. fo,,=6.1mA \,ﬁ R 50 pA de o0
sk 40 pA I > !f'_m :p
_“IERE + VHE - !BRB + V('(' =10 | \ B _Ed,c —
P 30 pA I
1 —
Vee + Ve ir \ @)
fg=—"""———+ 20 pA
B Rp + (B + DR K \ Q?
10 pA -
1
—IgRg + Veg — IeRe + Ve =0 | . \’F““"
0 ! S 4 5 Ve
- Ve =5V
Vee = —Vee + Ic(Re + Rg) _*H;u.fn v fego =0 mA “
(h)
FIG. 4.87

Transistor inverier.
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Dg
RANSISTOR SWITCHING NETWORKS.. o
0
VeE, g
qul = l(‘ for = 17 + Ia _C
sal
and is depicted in Fig. 4.88. <
Transistor "on” Transistor "off™ @
c ‘ oso # * N
: + A Alc ! —
\ R=00 R=00Q O
> Vopr =—>> |
1 2 100% [~ — ! N
E = . '
i E T I il bbbl - >
: : o
FIG. 4.88 FIG. 4.89 i i Z
Saturation conditions and the resulting Cutoff conditions and the resulting terminal : I o
terminal resistance. resistance. : :
i I 3
1 I @)
. . - . I
Using a typical average value of Vg such as 0.15 V gives I [ Q
& - Esar 0% H-r————————— e ’4
= Vee, 015V 5460 Il s | - .
4 T e— = 240 0 1
U Ie,  6.mA i I 0
sat 'y | - ﬂ"
(NS |
Vee _ 5V b, I =
Roort = 7 = ——— = ={} | [ | —
Tern 0mA — I-._ = |
! —
Ve 5V FIG. 4.91 o
Ri.‘ulllrl-:_‘; = 1[] = Sﬂ{lkﬂ Defini ke 1 . wals Iee wave QD
CEO A efining the time intervals of a pulse waveform. |
_

Tm'f = I + .ff
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TROUBLESHOOTING TECHNIQUES

® For an “on” transistor, the voltage Vg should be in the neighborhood of 0.7 V.

* For the typical transistor amplifier in the active region, V is usually about 25% to
75% of V..
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= 0TV S
= 03V Ge Vee =20V Vee
Z L2V GaAs *
+
IC=0mA‘ Re Vg =0V Re
y - 7
Open s *\l\ L3 iy \ _—
connection \ ] (0))
/ 0) 3 =
FIG. 4.92 — o v
Checking the de level of Vg v il b
Re
RE //
e x
0.3 V = saturation FIG. 4.95
Co = . — 0 V = short-circuit state FIG. 4.94 Checking voltage levels with respect
@ or poor connection Effect of a poor connection or o ground.
+ = Normally a few volts damaged device.
Y or more

|

FIG. 4.93
Checking the dc level of V.




BJT Diode Usage and Protective Capabilities
Relay Driver

Alarm System with a CCS

Voltage Level Indicator

©
=
o
a
—
—
@
£
<
©
<
—
&)
N
>
0
Z.
o
**
Q
Q
-
0
<
<
—
—
O
ul
-

Logic Gates

PRACTICAL APPLICATION
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Practical Application

BJT Diode Usage and Protective Capabilities

Y

Vir, = Ve +2V =27V

V=8V _ V=73V ref =
*fﬁ lg=1g
Ry
(a) -
FIG. 4.102 FIG. 4.103
BIT applications as a diode: (a) simple series diode circuit; (b) sefting a reference level. Acting as a protective device.
At turn-off Ve
o NO
v *
i D@\ d NC
Vo &
Wil q‘/
v a
- When transistor
0 | Vo I turned off

(a) (b}

FIG. 4.104
Relay driver: (a) absence of protective device; (b) with a diode across the relay coil,
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Practical Application...

e Alarm System with a CCS

o +16V

2k0

Door
switch

Constant
current
source

Window % 2 =47 ki}
foil

4 To alarm
bell circuit

Magnetic
switch

e Voltage Level Indicator

FIG. 4.108
An alarm system with a constant-current source and an op-amp comparator,
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FIG. 4.112
Voltage level indicator.




Practical Application....

* Logic Gates

Voo SV

100 kA2

R| i R: R]
B O—W\,—I
10 kL2 10 k2 10 kL2

a, 2, 0

g

o C=A+8 ——o (=A-8

AND Gate

OR Gate Rﬁ.i 1.3 k0 R i 3.3k
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FIG. 4.111
BIT logic pates: {a) OR; (b) AND.




* For more details, refer to:

* Chapter 3 & 4, Electronic Devices and Circuits, Boylestad.
* The lecture is available online at:

* https://speakerdeck.com/ahmad elbanna

* For inquires, send to:
* ahmad.elbanna@feng.bu.edu.eg
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