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Emitter Current Bias Quick Review
What is the circuit in the green box?

. What is the relation between R and 7 ?
'}Hc ref REF
L e 1 Qo What is the approximate relation between
SR I and[?
g EV“ REF E
< 1y -
Ko 'vméi/j . Does V. =V 7
BEI BE2
. - =
. BEZL Q; Does the Early Voltage effect the relation
= . between 7 and /? How?

What is the output resistance of Q27
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BJT Biasing Cont. & Small
Signal Model
 Bias Design Example using “1/3, 1/3, 1/3 Rule”

« Small Signal BJT Models
« Small Signal Analysis
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Emitter Feedback Bias Design

Voltage bias circuit Single power supply version
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Thevinen Equivalent

Use Thevinen's theorem:

V.=V =2 14
Th B R1‘|—R2 cC
. _Rl
Let: p—sz
V= 1 —V

p+1

R = R\ R, _ R,
B R+R, p+1

Let's specify V', and R, and
solve for p then R and R ;

1V
l+p Vo
|4
_rcc_y
VB
R =(1+p)R,
Rl
R,=—
p
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1]

%VCC
5.0r ChooseV .
R, =R +R,=——=—1
I, (1./10)

1/3, 1/3, 1/3 Rule” Bias Procedure:

1. Bias so that V. .is split equally across
R, V(orV_),and R (orV ).

2. Select desired collector current.
3. Assume I.=1, to determine R,

&R,

4. Add 0.7 V' to V., = V./3tofind V.
Assume base current through R is
negligible; hence V=V .+ V,,

5. Choose R, approximately equal to

BR./1Q (Use lowest value of B)
6. Finally, compute p then R, and R,.
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Example

50<B<100
V. =12V

v
VRE=VRC=%=4 V
I.=1mA

Then:

4
R.=R,=

10°°
_VCC — —
V.= 3 +07V=4V+0.7V =47V

(B,.,t1)R; 50-4000
10 10
For a single power supply:
p= Voo 1212 1oy 55
V, 4.7
R,=(1+p)R,=2.55-20=51k Q

R R, 51
> p 155

=4-10°=4k Q

=20k (2

Ry=

=329k
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Completed Bias Design

Electronics Workbench
simulation results

R

1 Rc
§51 k Ohm 4k Ohm
A<+10%

4430

4.7V

84470 A

v

—_— CcC

— 124

R,=R,+R,=83.9kQ

=[/,=

IImA
T

VB ]B
B —0.056mAd<-2
R m2=T0

L

Our design differs from the simulation
because we neglected the base cur-
rent.

There is no point in including the
base current, since we will build the
circuit using resistors that come only
In standard sizes and with 5% toler-
ances attached to their values. The
closest available resistors in the RCA

Lab are 47 kQ, 33 kQ, and 3.3 kQJ.
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BJT Small Signal Models
Conceptually, the signal we wish to
R amplify is connected in series with the
R, ) bias source and is of small amplitude.
Vs gvcc
Ve = R, We will linearize the signal analysis

+ to simplify our mathematics — to
= avoid having to deal with the
nonlinear exponential collector

VgE

Characteristic ( e ).

T
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BJT Small Signal Models

V.4 ﬁtﬂr
¢ active :
cutoff ~—saturation —
V. F ! fﬁfﬂpﬂ =4
V |
or o
o
i
Cy
§RC VEE
e
- Yo Ve 0
'll_.:l == |
I e e

ic=1p0+i, 5

Var =V ge V4, T
T , Time
Ver=Vert v, =
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Linearization Process

Split the total base-emitter voltage and total collector cur-
rent into bias and signal components:

Vae VgeTVie V e Ve
. . V V 14 V
ic=1.+i.=l¢e "=lge " =lse "e’
[C

|ldentify and substitute the bias current into the model:

Vbe

. V
i-=1.e

T

Expand the exponential in a Taylor series:

n

Fx)=3 702
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Analysis Using Collector Current Model

7 Useful constants:
i-=1.e
ic i log,,(2)=0.301
—=¢
I log,,(e)=0.4343
l iC Vbe 1
0g | —|= 0g €
10 ]C VT 10
Leti.be 2x 1, i.e. iol1,.=2:
Vbe
0.301 = 0.4343
T
V,,= 004330413 0.025~0.017V
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Linearization Using Taylor Series

X
n!

Expand in a Taylor series: f(x)=i £"(0)

For the exponential func- =)
tion: n=0

v, o
2 1
€ _Z /
n=0 1

vbe
VT

or.

vbe

i \ % 1 \ %
V b b
e '~14 2 c

Ve

V., 2
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Linearization Continued

Recall: v, of about /7 mV causes a 2x change in collector current.

Let's expand in Taylor series for this value of v, .
Vie _0.017
V. 0.025

eV_T=1+O.68+%(0.68)2+%(0.68)3+...

=0.68

Vbe

e ~1+0.6840.2312+0.0524=1.9444
Compare with:  ¢”*°=1.973

Four term expansion is accurate to about 1.5%, two term expansion is
only accurate to about /5%, i.e.

v,,~0.017V is not sucha small signal
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Quick Small Signal Model Review

Ve

iC=ISeVT=ICeVT
Whatisi ,I,v ,v ?
C' C BE be

. 2
Vv, Ve 1
e '~l+—+—

V. 2

vbe
VT

6

Under what condition(s) can one justifiably ap-
proximate the above infinite series as

Vbe

i A\ %

4 be
e '~]+
VT

Why is this important?
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Small Signal Model

Using the grouping into bias and signal voltages/currents:

io=1.+i=I.e"
And using the first two terms of the Taylor series expansion:

1
l+—v,
VT

: _ I _ :
i-~1, _1C+V_Vbe_1C+lc
T

e

We define transconductance and incremental (or ac) current as:

di )i .
gm=(d < ) =Q lc=gmvbe
VBE i.=1, Vi,

bias current
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Incremental (small-signal) BJT Model

. 1 1 .
ZB=]B+lb=EZC=E(]C+Zc>

1 1 1|1
Ip=—ic=—1l+t— — be
B B B\ V7

h :

j —(l)i _l i v _Lv
b ﬁ c B VT be 7/'7-( be
ro=pt=t here .=V
bias current 1. g, Where L= " r8m
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Equivalent Models
Equations (1): Equations (2): Equations (3):

ic=gmvbe ic=3ib ic=gmvbe

. vbe j = ie . _ic

Cars "Bt g

i =i, +i i =(B+1)i,=(B+1) Do Yoo q,=i, i,

rTf re

. - [C VT s D = R .B VT
lc_gmrﬂ'lb_ VTﬁ IC lb_ﬁlb re_ 3_|_1 - 3_|_1 ]C

Choose the model that simplifies the circuit analysis.
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Equivalent Circuits

;. Eauations (1): Equations (2): l, Equations (3):
" @ AL oo deg
\
r . .
j% | mVbe $FO W Blb@% Z—C% @g Vi $r0
vi j g S
: : Vi
. ° Vce ¢§ re ©
lc=gmvbe+ 7 e \%
0 . ce
1% 1.=2,VpT
o=t _Va [ =B TR
vy ’ lc I, " —
v 1,= l,——
j=—2 " B+1 oy
r‘IT Vbe
p=rr_glr B T =i+,
S 5 Ie g, r=VT=O(= Ve
[,=1i,+1I, © I, g, B+1
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Quick Review

What are each of the “?” parameters?
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Quick Review

gm_VT
]
B C gm
V. « r
y = = =
I, g, B+1
V.,
I"O=I—
C
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DC & AC Circuit Decomposition

Let's make note that Rb ;éRB = Rl\\R2 R ASSUMPTION: ?

Rc
Rb Rb
_—__\VCC W
v, = SR, R,
1
T T
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UNIVERSITY 0 f PENNSYLVANIA

DC & AC Circuit Decomposition

Let's make note that R, # R, = R |\R, R ASSUMPTION: signal
v_is pure AC!
RC
Rb Rb
———_\VCC s
vV, = R, R,
[
+ T
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Small Signal Circuit Analysis

The small signal model will replace the large signal model
and be used for (approximate) signal analysis once the
transistor is biased. Let's make note that R #R =R |IR,

b — C
oF TG
g mvbe

e

Transistor

Bias circuit
(Set to “zero” by superposition)
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Biased Clrcwt Small Signal Analysis

R
10kOhmb c 4mm Ve =1, (Ry+7 ) +i, Ry
1.194> rw 471.0 . .
2.5 k Ohm @9 e Vsig=lb(Rb+rn)+lb<B+1>R
G{,vsig e
v V.,
i, R ¢ i,= g
i 4k%hmi R,+r "‘(3"‘1)
r'lT
— vbe=ibrn= vsig
Let: B=100and] =1mA R,+r +(B+1)R;
0.025
= ——100——25k.Q
=bT 0.001
I 0.0014
Note: £+=7 =0 0251 =0.04S=40mS* S = siemen
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Small Signal Analysis - Continued

b C
10 k Ohm 4 k Ohm
STATAY STATAY
.4} . | A <4
l LAy * l
’ %25I{Ohm @gm vhe  Te
G{,vsig v,
] R
ei E
4 k Ohm
v
B I, VT_
Eml'n— % B Ji _ﬁ
T C
B~100

A
—_— V.
" R,4+r +(B+1)R, ¢
. gnln
lc_gmvbe_R +l/' (,B‘I‘l) Vsig
—BR
vc=_RCic= ﬁ : Vsi
R,+r +(B+1)R, ¢
—BR
(B+1)R.>R,+r_=v ~ PR
(B+1)R
— vc RC
’ Vsig RE

vsig
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Multisim Model of “Bias Design”

10 k Ohm

*— AN
v @
sig \ /1 V1 kHz/0 Deg

.
B

— 4.7V

R
C
4 k Ohm A~
—Il
N
C
.
— ccC
— 12V
R
E
4 k Ohm

1. R _needs to be large to achieve good op. pt. Stability!
2. Consequence: |4 | is low.
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Multisim Input-output Plot

% pscilloscope

AYAFAVAVAS!

[

T1 &418. 2675 ms T2 418 . 7675 ms= TZ-T1 EEE . BEEE p=s

Sl 1.4672 W A -1.4827 AN -2.81858 W

WB1 -1.31958 WHI 1.53182 W WhI-WB1 Z2.4388 M
—Time base — Trigger — Channel A — Channel B
[0.50ms/ div = | Edge  EE | [1 wiDiv =1 wiDiw ] | Reducs |
i position | 4.00 ﬂ Lewel 0.00 = ' position | 1.40 ﬂ ' position [-1.40 ﬂ F‘-“E"-"il
MEE b2 20| | EEEN A[6|et] | EH 0| oc] EH 0| o] save |
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Combining AC and DC Sources

+

—_  CC cc

2 E in
<=>

T

AC Source with low output Thevenin equivalent at base.
Impedance upsets bias.
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Combining AC and DC Sources Cont.

%

1"

ISSUES:
1. Signal source v shorts out V.

2. DC bias on v interferes with op point design.
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“Blocking Capacitor” Remedy

What is the purpose of “blocking capacitor” Cm’?
How does one determine the value of Cm?
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Conclusions

Conservative voltage bias for best operating point stability and
signal swing works, but returns unity voltage gain.

How does one obtain operating point stability, and
simultaneously achieve a respectable voltage gain?
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Conclusion Cont.

How does one obtain operating point stability, and
simultaneously achieve a respectable voltage gain?

“Blocking
Capacitor” %
“a
R C. ng Rf’ )
k) In
L S

= “Bypass
Cyy|  Capacitor”

2009 Kenneth R. Laker, updated 20Sep11 KRL 32



	Slide 1
	Title
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32

