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topics

e Large-signal operation
e BJT circuits at DC
 BJT biasing schemes
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in A Load line

1
Slope = _R_B'

DC load line : Vg = I3 xRy +V¢
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Instantaneous load lines
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hgad:room (small)
d-line A

Leg room (small) ; .
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BJT operate as a switch

Switch off:

vV, <0.5V —I1;=0-1.=0->v .=V,

Switch on:

v. =0.2V = 0V

Switch on = saturation mode
Switch off = cut-off mode
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Example 5.3 BJT work in saturation mode

+10 V VC :VCE(sat) :OZV
A
10-0.2
g P e (sany :—1k =9.8mA
IC(sat) 98m
Ry f/ IB(max) = B = 50 =0.196mA
+5 Vo—an— 50 < <150 min
& . IC(sat) . 98m

| iy = == ~0.0653mA
ﬂmax 150

Iz = lgmag x0Overdrive  factor

5-07 43
I, 1.96

=2.2K

RB
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Example 5.4 (DC analysis) +10

10V @ (.99 = | (.99 mA ¢
] Reverse bias B
! A +4V\ 10 ().99 } A% @
+4 V ( - +:
@ .00 (.99 0.01 mA |
p=100 forward bia/ 07=34V (D
3.3 k() 33
Assume BJT in active mode : Lys-1m @
V. =4-0.7V =3.3V
(a)
V 3.3
c=—=—= =1mA
Re = 4.7 kQ RE 33k
- 100
=0V | =al, = x1MA = 0.99mA
100+1
4V == Ryi=
I, =1_—1.=0.01mA
L V. =10-1_ x4.7k =5.3V Active mode check
(b)
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Example 5.5 (DC analysis)
i Assume BJT in active mode :

i-u k€ VE —6-0.7V =5.3V
‘[@ /=100 I _Ve _ 93 =1.6mA
§3.3kﬂ RE 33k
— IC :aIE — 100 X16mA21584mA
i 100+1

I, =1_—1.=0.016mA
V. =101, x4.7k = 2.48V

JC : forward bias
JE : forward bias

Not in active mode
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Assume BJT in saturation mode :

Ve =6-0.7V =5.3V
Ve =Ve +Veg(gay =9-3+0.2=5.9V

+5.5v B
o e Ve _ 53 =1.6mA
| |- 3.3m

I = 19755 _ 5 96ma

I, =1.—I.=0.64mA
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Example 5.6 (DC analysis)

+10V
Vo =0V
Re = 4.7 kO BE

I, =0mA ov @

£ =100 _ o FF
I £ = OmA (.[L}l[‘-.,.'”@

Ry = 33 kQ IC =0mA 3.3 kO ¢ —0

= V. =V_ =10V

(a) (b)
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Example 5.7 (DC analysis) .,
¢ al : 23 4.65 mA @

V' = +10V
; 2%1L)
forward bias -
Ryi= 2K @ (.05 h‘ Gk @
Active mode check

|—| £ =100 ": _ oo
= reverse blas/ —o -10 +46 x 1 =-54V (4

1 k()
Rc = 1 k() ® 0.99 X 465 = 4.6 mA |
T —10V
V =-10V VE —0.7V ®
{a)
| = 10=0.7 _ 4 65ma

Assume BJT in active mode :

lc =al; = %x4 65m = 4.6mA

V. =l xR, —10V =4.6mx1k —10 = 5.4V
I, =1_.—1. =0.05mA
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Example 5.8 (DC analysis)

+ 10V

YWy

—
.Ill_ll.;

£ =100

@ I

ial
Assume BJT in active mode :

—

I

Ve

= 0.043 mA @

+10V

I-= 100 x 0.043
2 k) § — 4.3 mA @

. —0
Reverse bias "

100 kQ

3V

= 10 ¢

« forward bias

I = 43 + 0.043
‘L = 4.343 mA @

—

Ak

5 — 0.7

00 +0.7V

5V =100k x I ; +Vg =100k x I ; +0.7

|, =0.043mA
Bl =4.3mA
=10-1.R. =10-4.3mx 2k =1.4V
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Example 5.9 (DC analysis)

+5V

10 k€

=3 ¥

(a)

Assume BJT in active mode : (b)
Ve =V +V;
R, large— I;=0
5-0.7

VE ~0.7V —> IE =T=43mA
l. = 1. =4.3V >V, =10k x4.3m -5V =38V (impossible)
lcmay =0-5MA >V, =0V
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Example 5.10 (DC analysis)

+15 ¥

+15V TSV
R = 1.28 mA 0.103 m;
Rp1 = 5k J’ é 5 kO 100 k0) lr )
100 kil . Reverse bias ¢ yo— -
A 333k0 —>
50 kQ Ry ceii +3.87 V 50 kQ
3 k0 forward blas % I | 09 mi
0 mA
Thevenin’s equivalent circuit “”_ N
evenin’s equivalent circul VBB .y RBB +VBE +1.R
50k
V,, =15V =5V V. = 1R +V.. + (6l +1-.)R
BB 100k + 50k BB B \BB BE (,8 B B) E
R, =100k //50k = 33.3k = 15 =0.0128mA
Assume BJT in active mode : = I =101x1; =1.29mA
= 1. =1.28mA
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Example 5.11 (DC analysis)
. 5V

Y 2 k2

HHLH . O +0.44 v

50 k{}

t ~100 z |
§Rf-3 = 2.7 k{} }

TRB = 50 k() R, = 3 kO

1V = (I, + IBz)Rdlﬂﬂ'Vm ~ IClRC1 +Vey (b) |
=V, =8.6V : |
star =0,
Ve, =Vey +0.7V ~ 9.3V t with 15, =0.028mA
=93 5 g5mA Find correct current
by iteration

l., =al,, ~ 2.82mA

Ve, =1, x2.7K ~ 7.62V

I, =2 + 0.028mA
101
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Exercise 5.30 (DC analysis)

A
Res = 2 k()
= 5k}
§Rm — 100 k) o=k lf,- :
O " 5 _100

0 ,)wf" T N V.
t ~100 e &
. §R,~3 = 2.7 k)

jRB? = 50 k() RE —3kO

(a)
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Example 5.12 (D(i analysis)

(a)
Q1 and Q2 cannot be conducting at same time.

If Q1 ON than Q2 OFF, and vice versa.
Assume Q1 on and Q2 off :

10 kQ
+5 V 0—AAWN
—
(D 5 - 07
10 + .

101
0.039 mA
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BJT’s biasing schemes

1. self-bias

2. Base fixed bias

3. Collector-feedback bias

4. Two power supply version bias
5. Constant current bias
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Why we need good biasing scheme?

1.Temperature change —>Collector biasing current change
2.Device change - biasing current change

TT,T,

VBE
I = Ise%
v KT _ 1.38x107*(°K)
T oq 1.6x107"
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1. Self-Bias \ s aw | | Vgs — Vi
| ' E — R
- g R, l R + 1+?8
‘ Insensitiveto T and 3
k3 Constrains:
_. R,
1 Vigg >> Vi
- . — R
4 (b)
1+ f
Voltage-divider : The rule of thumb :
R, Suggestion: CE2RE 1))
1+ f
R +R Ax 1. =V 1
e RR, (R, +R,)x0.1x I cc VBB = 3VCC
- ® R +R, l.R. =3V
- R, R,small — 1, T Ve (0rVeg) =1V,
Trade-off
Microelectronic Circuit by 22
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1. Self-Bias (emitter feedback bias)

- VCC
- % Re |E _ Vcc _VBE
B Re + 15
—® VE
Re = The rule of thumb :
- _ 1
VBB - §Vcc

IC RC — %VCC
VCE (OrVCB) — %VCC
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Example 5.13 design the following self bias circuit

e Vs = Vee (=B K | —\Ves Vee
f e - "
5 § R l R : + 1
| AN The rule of thumb :
i § R; / ’_ R * VB :%12 =4V
L 1 g 1 VE = 4_VBE =3.3V
(a) (b) RE Z\I/E =i3=33k
given (R +R,)x0.1x I =V, 122 m .
= (R, +R,)x0.1x1=12---(a) R.=3"== ~ 4k
I =1mA b - ° Tl 0.99x1Im
V.. =12V V, =4V = —2_V_ ---(b)
5 =100 R, +R,
R, =80k

(@).0)= R, = 40k

Microelectronic Circuit by
meiling CHEN

24



2. Base fixed bias
VCC
RC
RB
W

Typel

Microelectronic Circuit by
meiling CHEN

| = IB(VBB _VBE)

C R,
Ry, =Ry, IIRg,
R
Vg = Ve
> Re1 + Rg;

25



3. Collector-feedback bias (32,

i
Vee

r

s Constrains:
Re R
O Ve = Ve + LRz RC >> B
1+ 4
HH
- (b)
(a)
TT= 1. T=I1.R.T
Vee = 1R +1gRg +Vie C clic
lc =1, +1 :VCC_VBE = Vee ¢:>|B ¢:>|c¢
-0 Re +1Fi—5ﬂ Good biasing scheme
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3. Collector-feedback bias (b)

=(lg+1.)R. +1Rg +Vge + (1 + 1 )R
_|_| VCC _VBE
Rg
R +Re +4.5

TT= 1. T= 1,
=V, ¢:>IB¢:>IC¢

Good biasing scheme
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4. Two-power supply version

+ Ve

IBRB +VBE + IERE :VEE

| = VEE _VBE
== o R
et g
Constrains:
Vigg >> Vi
Re >> R
1+ f
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5. Constant current bias by Current mirror

VC'C

"';{ C

|
v
Re v
\' IREF:|C1+IBl+IBZ
Q) L] Q’r

‘\7 +Q =Q,

R”i ; ; ) F Slg =g, =1
= % Y IREF=IC1+2I =(f+2)l,
~ Vi

(a) (b) I C2 T ICl (IB+2)I
| B .5
Voo — (Ve ) Ve leer (£ +2)
IRef R
| = | _ Vcc +VEE _VBE
— "Ref R
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