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C12 - BJT operation

Previously on ED (C11):

Transistors

= active semiconductor devices, with three terminals
- used to amplify or switch signals
- essential components of electronic circuits

- discrete or integrated
Operating principle:

The voltage applied between two terminals (command)
controls the current through the third terminal
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Simplified structure of a BJT
npn

B — base, C — collector, E — emitter

The arrow on the emitter terminal indicates the direction of the positive current.
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Simplified physical 5 .
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Simplified structure of a BJT
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The transistor effect consists in a current flowing through a reverse biased
Junction (B-C) due to its interaction with a forward biased junction
(B-E), placed in its very close vicinity.

For the transistor effect

e base region - very thin; considerably thinner than the diffusion length of the minority
carriers in the base region;

e emitter region - more doped than the base region

e emitter and collector regions - wider than the diffusion length of the minority carriers
in these regions.
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C12 - BJT operation

> input characteristic - iz (vgg)

» transfer characteristic - i (Vg)

npn BJT characteristics
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» family of output characteristics - i- (Vee), With vge and/or ig as

parameters
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C12 — BJT operation npn BJT characteristics

» Input characteristic

ismA] 4 off . a
Re r] 0.25 1
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| ‘(/ﬂ I; - saturation current (~ nA - pA)
ip=—e" KT
Vi Vi = q thermal voltage V, =25mV @ 20°C

current gain (~ tens, hundreds, dimensionless)
forward current gain factor (also denoted h in dc or h, in ac)
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C12 — BJT operation

» Transfer characteristic
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C12 — BJT operation npn BJT characteristics

» Transfer and input characteristics
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C12 — BJT operation npn BJT characteristics

» Family of output characteristics

i [WA] Active forward (linear) region (ag)
exc R > 3
"H'_;{ - > ic = P*ig
ls + (-— Bes, 186
les 1]
1 Vaes; los Extreme conduction (saturation) (exc)
ca 4| . .
L’k Ic = lcex < B*ig
s Vg, Ipa Vgt = 0.2V
e ( Vaes, Ig3
; Voes: loa _Cuto_ff region (off):
1 |C = |B = |E = 0
| Ve, Is1
: ¥ ' 1 1 >
ol 1 2 3 E\ 5 veelV]
off
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Currents. Limiting the

command current.

> Currents

lAlways valid, regardless

lE=lctlg of operating region!

In the active region (ag):

'c = Pig e =i 4 =i (12

p p

e = (B+1) iy = PBig I R

In the saturation region (exc): i- < Big
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C12 - BJT operation

Currents. Limiting the

command current.

» Limiting the command current

Command voltage is applied between B and E, so command current is Ig.
Limit I5 by using a series resistor in B or E.

to ij
f.g l JC
e —
Re
id) VBE\A i."g

Ver-Vge-1gRg=0

_ Ver- Ve
Ig = R
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C12 — BJT operation BJT saturation
ic
Rc r] lcex

L b
_?—K lVCE ()l"a"'ﬂg o= leor< B in

v{() E ”BE\A PE 0T\l off lgsat o

| /
Boundary : 'ci

: Vo —V Vv SN -
I — PS CEsat ~ PS (aF) _ (eXC) Bsat IB

Cex
VCEsat 0.2V

exc

= resistors and applied voltages are chosen based on the desired region (off, ag or
exc) of the BJT

= BJT can also be seen as a current-controlled current source (i- = Big), when
operating in the active region (a;)
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Quiescent point of the BIT

Quiescent point Q = a point on the output characteristic i-(vqe) of the BIT

= Qs defined by V and I

" Q(Vcg Ip) is at the intersection between the
load line and the output characteristic
corresponding to vge

Vi
Load line: K

Vee = Vps- Rele
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Quiescent point of the BIT

Quiescent point Q = a point on the output characteristic i-(vqe) of the BIT

iolmA | & . ]
IE‘[ ] (EXC) -: rﬂ;_.ll FEFEE

l""Illi!lic:l..- FE-::I

VEE..- FEB

l|l"IIBE.- ‘I.E:-_'

UEEL' FJi'I

l———a—"" Load line

-
0 Vies Vie (b) Ve Vee[V]

QZ(VCEZI ICZ)
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Operating regions, npn BIT

e cutoff (off), BJT - open switch:
VBE < VBE,on ~ 0.6V
Ig=Ilc=1f=0mA
Ve = Vps "'l

e extreme conduction or saturation (exc), BJT - closed switch:

VBE > VBEsat

Icex .
IBsat = _,3 ;1B > IBsat
~ _ Vps — VcEsat
le= /Cex - R

Vee = VCEsat= 0.2V

e active forward or linear (a;), BIT - amplifier:

VBE on <VBE < VBEsqt L .
o VgEe ig=igtic=(f+1)-ig
0 mA<ic<lcex

ic=lg -e VT
0.2V <Vcge< Vpg

ic=p"ig
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C12 - BJT operation

» Example - 1

B = 100,Vge o0 = 0.6 V, Veg g = 0.2V

Find the operating region and compute Q(Vg, ) for:

) Ver= 0.4 V;
i) Ver= 1.7 V;
i) Ve = 5V
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C12 — BJT operation Examples

» Example - 2 i |
Rz Re=3kQ
20kQ [] 7 Vem15V
B = 100,Vgeon = 0.7 V, Veg gy = 0.2V L= Ve (I
VRBZ RBZ [:|.1iﬁiﬁ"ﬁmL Iﬁ
a) Find Q(Ve, Io). 710K He =2k

b) What is the operating region of T ? L 1
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C12 — BJT operation Examples

> Example - 2 o
Rp1 [] Rc=3kQ
Solution: N Vec—15V
a) Sincely<<I.andIz=1I + L j ir:@ C)l
IC = IE Ve Re» |:] “‘E:
10kQ Rz=2kQ)

Vs — Obtained from the voltage divider between Rg; and Rg, out of V.

B R, -VrB2 + VvBE on + VRE = 0
Vre2 = -VCC V
Ry + Ry, Ic = —£E
10k VrRe = VRB2 - VBE on R,
Vie =5-0.7=43V le= g~ 21omd

Vre = IE- RE
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C12 — BJT operation

» Example - 2
Solution:
a) -Vee + IcRe + Veg + IccRE = 0

VRB 2

Vce = Vee - Ic «(Rc + Rg)

Vg =15-2.15%10° *5*10°

Vee = 4.25V

Q(4.25 V; 2.15 mA)
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C12 — BJT operation Examples

» Example - 2 i
RBI [] RC :3](Q
Solution: el g chwlsv
’ _> VCE
b) Veo = Vipa >Veeon =T is 0N, in (ag) or in (exc) _ i <>
Vesr | Rg, &
10kQ|:] Re=2kQ

Assume T in (ag).

Compare ic with ¢, :
If ic > icey, the assumption was false, and T is in (exc)
If ic < iy, the assumption was true, and T is in (ag)

_ Vee —Veesa
" R.+R. 215mA< 296mA | = Tisin(ap)

~15-0.2 148
“* 3k+2k 5-10°

=2.96mA
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C12 — BJT operation

Summary

The BJT (almost) holds no secrets from us, after
investigating:

Simplified structure of a BJT

npn BJT characteristics

Currents. Limiting the command current.
BJT saturation

Quiescent point of the BJT

Operating regions

Examples

YVVVVYYVYY

Next week: MOSFET operation
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