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The first transistor was a point-contact transistor

The first point-contact transistor |
John Bardeen, Walter Brattain, and William Shockley
Bell Laboratories, Murray Hill, New Jersey (1947)

Bardeen Brattain

" Collector

Shockley
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How did first point-contact transistor work?

Schematic of the first
point-contact transistor
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First Bipolar Junction Transistors

The First Junction Transistor
First transistor with diffused pn junctions by William Shockley
Bell Laboratories, Murray Hill, New Jersey (1949)

W. Shockley invented the p-
n junction transistor

The physically relevant
region is moved to the bulk
of the material

Emitter

Collector
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BJTs - Practical Aspects

5 ECB EBC CBE
TO18 TO92A TO92B TO92C

TO39 Views are from below with
the leads towards you.

BCE C is the metal case itself
TO218
TO220 TO3
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Switch Amplifier
(Digital Electronics) (Analog Electronics)
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2R npn

[.=the collector current
[.= the base current
[.= the emitter current
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Cutoff Reverse Reverse

Switching application
in digital circuits

Forward Forward

Forward Reverse Amplifier

Reverse Performance
. Reverse Forward .
active degradation




Jub 4l > PNP g 515 )57 ol
gl o0 S 55 3151 (S yg SN (s )3 & il 51 (55 (gLvo i )
ety o0 SIS @3 & el I (55 geyhs T

o) — ] Mg Culud Sl 43 g Jome 40 yuel 4y (e 31 Aoy 3 0151 gl g oSIT LY

Sigud 0 (ol phaol Laawgi (535 (S0 yis by oS 5 e et awgi o5 3131 (glayg ST ¥

B3 o0 SIS ) (= y SIS Mg (weSae Ll by o Culll gl dols 0




Jixd 4l > NPN g 31,5

Forward-biased Reverse-biased

lnm_ml LUSHIE
glectrons PIECITONS




P N F
Iog I
iﬁ' ' JI-"E-'I:'-'L IPC? F
» .
e veo
IF
WA uTs - WM
R - P He
!
o FE e
I I
E PE
arc_Trc Top _
IE I.F’E' IE'
))J/‘;/dﬁ)}ju.dolfw)b

(B g0




(L {
=3 fﬂ=ﬁfﬂ+m1’mﬂ — Io =PIy + (V+ ) g 2 B 1,

ol gl 6> g 8 olKil sy



Ig = Ig + I¢ Jlxd 4ol

Ic =1g-1p




NPN PNP

I =I5[ e VBE/VT] le =g [ e VEB/VT]

lc=PFlg

lc= al:
le =1g(S+ 1)
a=[BIB+1] B=lall-a]

Based on KCL. I = -+ Ig

iyl sl 48> g 08 oKD Ay



AS T o5 Colin EB Wan g 0)l J18 wsSae il S cdls > CB Lo zlad asb o
23,5 W0l55 yeee joram 3l 5 Sl @ 4l ol

VE-VB=VEB <.5v, VC-VB =VCB <0

fp=1=7.=0.0 fora BJT in Cutoff



X3S (0 )l bt (])S Ojgar jgin 15 Ko 93 o 4l cpl

told 4l opl 3 g 03,5 Jld asl o o Hlde 5l 2ieSIC bys U dgdine el ol o)

i< pi, forBJTinSAT

Dy ) At ol e g 1y p5 Jolee Jlie ke salgs 8L 0.2V 3405 45 VCE 54

1[3 R(ﬁE.s'ul I(‘szu
O—— MN o C
B ¥

v(‘lfll 1] Fes
()7 V — - ()l{ \/ ! CEsat
o . o

E

sl s 48y 5 (8 0l Ay



AL AR LS B =] ) J|U||u|

base Ch e ‘ o
Current signi J 55 i @ S BIT )Mij
TRANSISTOR
collector
F 2\ =
'\Y/'
Understanding of BJ T NPN gt i,

— |/\
521_,/ .

COLLECTOR
—" l
+
B
+ -
force - voltage/current
water flow - current l
- amplification B
/.E




Ol padl & Cund (83959 by Slypuss Jove @
ol (gy Wy clil 4 (639,9 5U9

Ol psd 4y Cod (2 9y by Olpusd Joxo ©
cull 69959 by il 4 (95 54

Ol ol 4 S 6399 Hby> & o (S @
b ey Wy lil 4 (305 L

sl s 48y 5 (8 0l (B



1 sl

il

i Iy
—_— — T .
+ l daksd +

il 3y gl ir
i ——

s 33155 ol y) €1t

S i ygSIS o

(B g0



(5299 dale J 9> dadls

Ie=8\0pg Veg) | io=AUgVep)

ip=8lvop V) | o=l Vop)

ig=8e (Ve Voo) | Tp= e lig Ve

S ydn peu

JP’*‘»"’I Syl ypal

ol ol s g, 25 ol

(B g0



S pwid (gt S )3

IE IC
o >
V + -V +
Ry i
V V. V. V.
EB o . . EB 8 -
Vew = Iﬂt e v I} Ve
- - .
NPN ) givng 33133 (o PNP  yumg 301 53 (At

sl s 48y 5 (8 0l (B



pd

I =Y+mA

=

Yo

)

£l anl

"]

\e

&

"'E" J,‘rc'm_

V.o (Volt

>ie _ b 4l

S e ] Ll e Y Ll T L L T T T

Sydia puat g PPNP o Soabuas 1550 57 Ky 2955 dande 111-F JKu

sl s 48y 5 (8 0l Ay

Juwi 4l : o
Imi) > 93> Ml

O S S
Jw.‘.



1 { i £39,5 daSin
A '&'-‘.N 1 I8 o u.an
‘5 - &
4 -l S .
(|
o
'.
ol o P 1 g(Volt)

PNP Sk ygiuans 33155 S5 (6353 dadelin 1V Y-F IS

sl s 48y 5 (8 0l (B



S pudio (punt S 3 35U o gt

g 'c
W, — iwRq =V,
N : Vo =1 -
W(* Ry Hf% + ' B S cC
- ~ Yo : .
Ve T Yoo lc=alg
= = = ° . v VEE - F.Eﬂ (ON)

Siids s 03l 8002500 085 S 1Y

‘ "'{}'_"Vr.‘{‘.‘"‘

. IE= +
FoF JSS R Ry

aR aR
. O
E e E
- — —2E
Vo HR[‘

Y




stﬂ 0,VV«a- OI\A stio uo,.l L.t iwo=\e~¥F J—S—‘-,L&-«-ﬁ A T g | L
S o2 3) Al sl |y Rp 5 Ip idp p3lia Vg = VoV 3 Vpp= Ve VR =YKQ
(XS g HS Jb 4l 53 5 iy 515




L) Vo= 1+ V‘Lﬂ="‘.’qi"ﬂ % E='“.f‘l'm ttll=Y o =F J..SL':_—,U._.- J.'r_,_ﬂ ‘¥-¥ JL'.'_l

Oy S1ELS 0 )18 b U 53 5 g2 515 U Veg=* NV 3 Rpo=\\KQ 25\ (
S et ) g 1 S U e i

S i b e Pl AU Al Ve = o VI R =YKQ & )40 0 (&

sl s 48y 5 (8 0l (B



S g poool S 3

= - ,
= v o
RB% ) e
+|+ =]
v - s 'CC
BB / +
NPN ) yiumg 33155 (o PNE ) yiomg 3il 3 (<t

sl s 48y 5 (8 0l (B



I (mA)
$ s st
-(:p- Qe M
Y
[ Il Youd
v+ |
| i
Y7
P s .
p'/" "* Y M
~
e Vo 4
'é',‘::’:,:;::::.:.:::::::::-- : _L IBS o
————" — } } n‘m'{,,,: b Vopp (Volt)
K \ Yo \8 Yo

Vg (sal)

Jw,m',]b,)mﬂ.ﬂ,’—u)ol}o gSo u.),‘pw \O—'J‘M

ol ol 4By g i olKiils

(B g0



The Early Effect (Early Voltage)
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