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Bias Stabilization

The stability of system is a measure of sensitivity of a circuit to variations in its
parameters. In any amplifier employing a transistor the collector current Icis
sensitive

to each of the following parameter.

o Jco (reverse saturation current): doubles in value for every
10.C increase in
femperature

o | Vee| (base-to-emitter voltage): decrease about 7.5 mV per
1.C increase in
lfemperature.

o B (forward current gain): increase with increase in
lfemperature.

Any or all of these factors can cause the bias point to drift from the design point of
operation.

A stability factor, S, is defined for each of the parameters affecting bias stability as
listed below:

a ANT. — 01,
Sﬂ'Iw@HAICOHaICOaVBE,ﬂﬂconst. [10.1a]
SﬁV @E ‘d Olc aV S Hiconst
BE AVBE aVBE BE » . [lo.lb]
Sﬁﬁ@ﬂ“‘cﬁ‘é‘; V i oM const [10.1c]

Generally, networks that are quite stable and relatively insensitive to temperature
variations have low stability factors. In some ways it would seem more appropriate to
consider the quantities defined by Eqs. [10.1a - 10.1¢] to be sensitivity factors because:

1




University of Thi-Qar

Electrical and Electronic Engineering Department lecture Ten
Second year, Electronic 1, 2016-2017 by: Abdulgaffar S.
M

the higher the stability factor, the more sensitive the network to variations in that
parameter.

The total effect on the collector current can be determined using the following
equation:

[10.2]
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Derivation of Stahility Factors for Standard Bias Circuits:

For the voltage-divider bias circuit, the exact analysis (using Thevenin theorem)

for the
‘input (base-emitter) loop will result in
E~IyR;=Vp—1,R,HO
o1, @11,
I R,=11,8R,ZIR,, ) EV , HE,,
I dpI,EEpEI01

co’

o Ele-LE1

=
ﬂ ﬁ co

S|

n n
ICQWE 1®ﬁREERn,@_Iw@wEwﬂREERn,@E v @

The partial derivation of the Eq. [10.3] with respect to Icowill result:

§8E110 R TR, BBEDR,EIR

. ™ &0
aICO ﬂ ﬂ

R

S-ﬂlco@ﬁo

[10.3]

[10.4a]

Also, the partial derivation of the Eq. [10.3] with respect to Vae will result:

oI, §PEI)R, IR

. T = 10
aVBE IB
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S8V, a —b
U VST R, [EIRy,
[10.4b]

The mathematical development of the last stability factor S(f) is more complex than
encountered for S(/co) and S(VaEe). Thus, S(f) is suggested by the following equation:

R
BOOEFIR,O

B, BB -
“‘*F‘A‘ﬁﬁgntERm

sEplE®

[10.4c]
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For the emitter=-stabilised bias circunit, the stability factors are the same as these

obtained above for the voltage-divider bias circuit except that Rm will replaced by Ra.
These are:

R

85=11) BODEEIR;Q

Sﬁlw@ac>

[10.5a]

n -p
SHVM®Hﬁﬁ[M©RJ]RB

[10.5b]

[10.5¢]

For the fixed-bias circuit, if we plug in Re= 0 the following equation will
result:

SEIc)HpE [10.6a]
2 -p

S§VulE [10.6b]
[+ 0\ [

sgplE— [10.6¢]

Finally, for the case of the voltage-feedback bias circuit, the following equation
will result:
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R.ZIR
R.ZIR
BN BODEQEIR,
- BODEER
gpm) B —00
SE1c)d®

R.[=IR
B BODEQEIR,

2 =p
SBV )

R.[=1R
BOOE=IR
W @/))1(;h n &®n 22
B8, BRETR,QEIR,
sEA)HED

[10.7¢]

[10.7a]

[10.7b]
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1. Design a voltage-divider bias circuit using a Vccsupply of +18 V, and an npn silicon
transistor with S of 80. Choose Rc= SRk, and set Icat 1 mA and the stability factor
S(Ico) at 3.8.

2. For the circuit designed in part (1), determine the change in /cif a change in
operating conditions results in /co increasing from 0.2 to 10 pA, Vaedrops from
0.7 to 0.5V, and S increases 25%.

3. Calculate the change in /c from 250to 750C for the same circuit designed in part (1),
if Ico=0.2 pA and Ve= 0.7 V.

Solution:

Part 1:
VBV <o 2d18<= 2 9V .

VeV oo=I ERIZIR,), RES5R =

od18-§1m)B5R, =R, ()= R, H1.5kQ

R.E581.5k)E7.5kQ.

I,=1.81mdA, vV, @I, RE§1m)§15k)=1.5V.

RV e R, B Vg = 2.2

RIElR2:> K]EKZ VCC 1 [10'8a]

89" |

R
”gﬁD@MDREDRn
SEI,)d®

B OR1.5k=IR,,®
BSIOR I 5kQ=R,,

3.8 =R, d44kQ

R\ R, — R, BRThE4.4k
RI=R, R=R, R "R, [10.8b]

R,

From Egs. [10.8a] and [10.8b]:
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44k 2.2
H—= R H36kQ.
R, 18 ‘

From Eq. [10.8a]:

R,

2.2
————H-——=RHSLO.
36k[=1R, 18 ?

Fig. 10-1 shows the final circuit.

Part 2:
S81.,)HE3.3,

AT 10 1—0.2 1ed9.8 ud

- -80

S8y, ds 5
87l Ep=10R, =R, W8IOF15k)=144K

=H-0.635mS

AV, ®@0.5-0.7d-02V.
p.Ep §1=125<=1000d1.25 5,H1.25F80] =100,

R
1m

BOODBOQ®1.5k(=14.4kD
Z101081.5k) =144k
BODEEIR
B, <5 )0
AN RERy,
sEplEe

H0.473 ud,

A BE 100- 80 20.
ARSI A1 EISEY ) AV 5 EIsRAIAS
@E3.80898u)E®-0.635m@§-0.20=150.473 (8200 &0.174 mA

Part 3:
Since Ico, doubles in value for every 10.C increase in temperature.

Thus NE%B 751_025 5,7 ,875°Cc)d2" . 1,,825°C)HB2°D§0.2 1)) H6.4 u4
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A1, 6.41-02 6.2 yd.

Since VaE, decreases about 7.5 mV per 1oC increase in temperature.

Thus ATE75-25E50°C, V,,§25°CJ=0.7V.
V,:875°C)H0.7-5087.5 m)d0.325 V.
A1 ESBI )41 ZISBYV s )AV 4

@g3.8086.2u0=18-0.635m()§-0.375)60.262mA.

Techniques of stabilizations:

1. Stabilization technique , these use sensitive biasing circuits which allows L o

Ie

vary so as to keep relating constant with variation in Lo, .0V .

2. Compensation techniques: These use temperature sensitive devices like diodes,
transistor, thermistor for providing compensating voltage and current to maintain
Q-point constant.

Bias stabilization techniques:

1-Fixed-Bias circuit.

ac
input & i
signal 0

fixed-bias circuit DC-equivalent of fixed-
9 bias circuit
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~
Q
a
|
~
&
5]

VCEB VCC_ICRC

- VCE a VCC

In addition since VBV =V =V dV,

Note:
[, @I =1, 1. p1,

1, BI=EROI,

18I,

Determine the following for the fixed-bias configuration of Fig. below.

a) [BQDICQ b) VCEQ C) VBanaVc d) VBC

10
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<y

T:pul:n_"_ =
10 pF

Solution:

Vee=Viae 412-0.7
a) ]BQE % |

H47.08mA.
R, 240y DA708m

I.,@p1,d50847.08 ud)di2.35mA.

by Vero®VecmIcRe
D12-§235mA)B22kQQ
©6.83V

o) VBV ,~V . d0.7-683H-6.13V

The negative sign revealing the junction is reversed biased as it should be for
linear amplification.
VCEE Vee=IcRe

=

butV .0 _ e i g
1% I— " ¥}
IC"ﬂ‘sat(Dai ,at VCEEO Lf_
R { N 60maA
f
/ . R punat .'.U__“:Im
e =0v -/
VeV oe=1cRe Ef_ 20mA
Losald e
- 1 at 1,60 e
CE CCQ’ C |~ ‘\- o
0 W I'IH ‘I:J‘
.'l = 0mh

11
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2-Emitter-Stabilized Bias circuit.

VCC_[BRB_VBE_IEREHO

[, EBBE1OI,

V=V .
[ H cc BE ¥ o
BT R,ETIBBIEIIOR,

VBE VCC_IBRB

12




University of Thi-Qar

Electrical and Electronic Engineering Department
Second year, Electronic 1, 2016-2017

M

lecture Ten
by: Abdulgaffar S.

13




University of Thi-Qar
Electrical and Electronic Engineering Department lecture Ten

Second year, Electronic 1, 2016-2017

M

by: Abdulgaffar S.

Determine the following for the emitter-bias configuration of Fig. below.

a) O o Vo g Ve ot p Y g) Vac
+M Y
é:’mﬂ
-Iillb;ﬂg I uF
1 pF
) [ s
V.-V
] E cC BE
al RS8R,
20-0.7
d40.1 1A
430k =I5101k #

b)

1. |p1, 508401 u4)E2.01mA.

R
@
CIEDR,
VCEﬂ VCC—IC@

©20-82.01 mA) B2k =1 kD

©13.97V

V. @V ~1.R.d@20-§2.01m)§2k)61598V

vV IR, =1.R.d§2.01m()§1k)d2.01V

14
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or VBV -V, @1598-1397@2.017

p VS E2 0 =0 Td2T1 Y

g VBV, E2TI-1598 1327V

15

reverse-bias a required
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Saturation Level

The collector saturation level or maximum collector current can be determined by :
Apply a short circuit between the collector—emitter terminals .

R
CEOR, |

VBV oo=1.D

VCC
R.=IR, I

Load-line analysis|

R
CESR, |
VCEH VCC—IC

V™ |

sat

Choosing ‘e & 0mA [

VBV o @ at 160 i

Choosing Ve W0 |

VCC
Icﬂ ma,at VCEEO I

3-Voltage-Divider Biasl

Re

Ca

Ry

16

Ie

QOpoint 1,

//

=
.{"

[ CE

1
i
I
1
1
|
|
:

¥

CEQ
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R, @R OSR,

BE

C=ZOR,

VBV oo=1,.D

17

4
-

Thévenin
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Example :

v I,

Determine the dc bias voltage * ¢ and the current

for the voltage divider
configuration

+22'V

1940 ﬁ

18
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Solution:

Exact :

R, EROIDR,EE39k)1E3.9k)H3.5550Q

R,Vee B39k)B220

o |
" R/ZIR,  39k[=13.9k

b2V

E;~V . - 2-0.7
R,EIBLEIQR, 355k 141)B1.5kQ

1,6 d6.05 u4

I, p1,d§140()86.05 ) 0.85mA4

R
@
C=I@R,

D
Vero @V eo=1.@

Approximate Analysis:
14 H&iﬂe HEBSE1OR, U AR
B R]EIRz i E E
then fR.>10 R,
VEHVB_VBE
R
CI=I@ R,
@D

Ve
L L ey i

E

Load-Line Analysis:

Icah atVCEEO
R.=IR,. @

19
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VBV o @ at 160

Example:

Repeat the analysis of last example .using the approximate technique, and compare

solutions leo for and Vero
Solution:
Testing: BR:z10R,

(140)(1.5k) >10B3.9k@
210k Q @39k Q

R, Vee _ B39k)B220
R/[=IR,  39k[=13.9k

v, d2
v, av,-v, @2-07d13V

”
ICQHIEHJH£30.867 mA
R

. 1.5k
R
@

CEIOR,

VgV o1&
®22-80.85m) 810k =11.5k()

=12.23V

Home work:

SET0 1.0V

co“" cEo

Repeat the exact analysis of example if and compare solution for

Example:

1

Determine the levels of ‘ce and "o for the voltage-divider configuration using the

exact and approximate techniques and compare solutions.
20
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Solution:

Exact analysis

BR,>10R,
(50)(1.2k) >10@22kD
60k Q@ 220k Q@ not satisfied D

R, @R OCR,EES2k)E224)H17.35kQ

R,V ¢ ﬁZZk@ﬁlSV@

H3.81V
R/[=EIR, 82k[=122k

lz‘Tha

Ep=V g 381V-0.7V

1,4
PUR,EIRBENOR, 1735k =EF51)B1.2k0

H39.6 14

1,9 p1,d@8500)839.6 u4)di1.98mA4

R
@
C=I®R,

D
Vero @V o=@

Approximate Analysis:

V,BE, @381V

21
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v, ay,-v, @3.81-0.7@3.11V

%
ICQHIEHR—EH—?;}{ & 2.59 mA
E .

R
BOOCER,OHE18-82.59m)§5.6k[=11.2k()E3.88V
VCEQE VCC_]C@

Tabulating the results, we have:

I co VCEQ
Exact 1.98
Approximate 2.59 54
88

DC Bias with Voltage Feedback:

T —
V=
L&
R
D
ﬁIB!E@CElR@E®_VBE_IBRBEO
D
Vo ®

22
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VCC_VBE
R,=IEB=IOR,

I,

R
R
BOOCEIR,Q

BOOBEIPR' QR ED
V!
1,d
VBV o=V g

VV
I, d—F I " pI
B RBElﬁR’ CQ ﬁ B

1,8 Ly =14 if BR >R,

R,ZIBR'~ BR' R’
1R, =V, [Z1 R~V HO

&
I EI.=],

CEOR,

VBV oo=1 .5

Example:

Determine the quiescent levels of Leo

and

VCEQ
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VeV 10-0.7 93V
1, T | ' o H11.91 4
PR R,EBAEIIOR, 250k R0 B4 Tk 1.2k@ 2501531 a

1., B1,@90811.94)HE1.07mA4

R
&
C=EIOR,
B47k=12k)H3.69V
&5

VBV oo=1.5

Home work:

Repeat last example if /H#135

24
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Example:l

!

Determine the DC level of ‘¢ and Vero

ok 110 kG lopk

e T
> I:F Ili?l.ll' r")
vio—| . |

304k

Solution:

R
CEIOR,

$91=111004k = 750R3.3(=10.51 @ I

R,EB®

VeV
IBH CC@ BE

Ieo®p1,@75§35.5)@2.66md |
VCHVCC_['CRCE VCC_ICRC

@18-82.66m)g3.34)H18-8.789.22V ]

VCC
]CﬁsatQDHICTmax@H RCE] RE I

Collector and base current :

25
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1- Combination current:
1,81,-1,

I . dal,

1',@I-1 |

' -"Hal',

then | d@B1-001, [',HB1-0QI',

1, @-1.,=1",0 [,d-1,+®1-a®'I,

T 1,[=11 .,
Then * ~Fgi-00

I .da,l'[=1,,

1,511

Then IBaa—’B’I—aCDE”CO

e g B
pE—2— aH then !EIAEZ

l-a 1=1p4

1—e@%n L glami=s0
S l-a «

[ @A, ERIEBDI,,

26
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Ie

It 1s ratio of rate of change of with respect to the reverse saturation current, keeping

B and Ve constant

s§1 @H 4 fant = e
ﬁ co 8] s, Peonstant = AT,

Other stability factors may be defined as

_ AL
aﬁ AB

S HS'ﬁ'ﬁ@H

SE VBE@ﬂ aVBEa,BICO,constantN AV,

1. p1,=81= B0 1 differentiating with

IB

mﬁlEﬂQ =7

CO
=
a1, 7

1514

dlig
1+
'Bdlc

21=150
i = d
S /))dlc =5

VCC

od 1,
For the fixed bias — IBERZ,—IBO
C

sa—1=L gl =B ovec
I, 10 mit
ﬂdlc Hng SR e

For SEHSOSH1[=I50H51

Ie

It means that for this circuit increase 51 times as fast as Ieo

Networks that are quite stable and relatively insensitive to temperature

variations have tow stability factor. ?

How to reduce (S) ko

27 "3
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In the figure. If Ll (due to 1070S , then Verl

And hence Igl and so also Icl and is not allowed to
Exceed as in fixed bias case.

Ve R R, R,(ZTV O

CC_ICRC_VBE
RCERb

.
I,

01y ~Re
Then 37.™ R.[=IR,

Sd

1E5E smp=i
1Ep—C— which is obtained for fixed bias
R.=R,

Minimum value of S>0

Stabilization with change in B

Ve EBIE )R, R, Z1V O

[ M .
[ ERIEBIILE BT, from these two equation.

o POV (o— VBEEﬁRCERb(DICO%
¢ BRA=IR,

1- Toreduce ’c insensitive to 7 , wWe must BR> Ry then
1
[o= 2@V = Ve EIBREIR, ()1 o8

C

1
2- 1f RoEBRc then sensitivity to variationin # is 3 to what it would be, if

fixed bias is used ,

R,

So feedback resistance increases stability but the voltage gain of the amplifier is

reduced.

28
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Example:

Given SHEIS0, OB at the middle of load line find R~ S
N0 gy
iR T
RERESSOEREEN ok aus SESESSRDEE EERDES
SEREEE ‘SRR EERSORS PESSEDRESH RS
s | S P
...... | puae e SRS FRRRS

Solution:

4 10
I d—<d——®40m4 b
R, Taso
aoma | —

1,60.4mA

[ E20mA | for Q at middle of load line

V. sV

Vo=V o 5— V-V
REA—rrgd 0G0 p @t
1, 0.4 7,

1[=18 12150

0.25
1508 ———
50 0.25[=711

Sd d =22

R
|Ep—C—

C
R.[=IR,

But AR shouldbe ~ R toavoid sensitivity of e, B

BR E50002512.5k Q

R,E11kQ

29
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So this condition is not satisfied.

Self Bias or Emitter Bias

By thevenin's equivalent i MEG

R,ER IR, B o SRR

S m:::::::g:::::::

if Be=0 then Vv is independent of “co andhence:::::g::::::::: Re....

calle g

1 e

0lco | ee— E:::::::::

SN Y-+ AN IR

For best stability R Ry should be as smallaspossible.::::::é::::::::: re. | €1

RV RR :fffffffffffffff?ff:
V., l = RE—— T |
" R,[Z1R, and R/[=IR, Il = SRREEEEEENS

V,BI,R,=V, SR, E1.OR,

oI, . -R

ﬂ e
ol. R,ZIR,
R
1@#
s E@ﬂ] H@8105) —
A - —t ==
1ﬁﬁalc g1=50 3

R, a
S varies between / for small R, and #1175 J for

ST,50p1

For small S , it is independent of p

R,HR,,

it is independent of 7  stability decreases.

30

b
——00

Thévenin

e
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CH10uF R

Also a capacitance is used to by pass

10 . — ¢

10 r {

¢ to avoid the loss of AC signal.

Example:

Given p=50 Vs:BO6V Ve ERSV o join oy
R

Solution:

ICRCERe'E']CE IB@E V8V

31

Vo 12V 1 d1.5m4S <3

Lfind
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it fe”ls

IQRER GV (—V

22.5-12

H7k0
1.5

R.ER &

R, E7-R &7-5.6614kQ

Rb
1EF
SHf1=18) 0 3EB1E50Q

(B

e

Rb
From this EEZ%Q’S will be <3

Ie _1.5mA_, 1.5mA
= B LS RS R
BB 50 a
. . . /
Use equivalent circuit R,ER, 7R,
4 4
V.V 2 R ER —<C RER Ve
! CRER, or Y, Y eV,

V305 107°%2—-90=10.6 (=1§3+107=11.5() §1.4)&2.83 ¥

225
R E296 22 @23.6k Q

! 2.83
RE23.6—25 @338k0

22.5-2.83
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Solution:

22.5010

VB9OE10

H225VEV,

10090

7|
10[=790 ok

R,H

Let Vs:H0.67
VecBIREIRBIEL)EV o

For collector circuit

20 5256 LcENGIEL)EV o

For base circuit

2.25=0.6+1k( L= PE91,

Eliminate ‘¢ from these tow equation
Vo m651,=111.6it s called biasingline

Q-point 1s Ve 12V

I .H1.4mA

1,626u4

Alternatively , if dc in not available , one can to calculation from . At active region
IB>>IC0 SO ICHﬂIB
2

1. d§p=1101, =181,

33
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IC

]C
1, 5 H-.  and from base equation

25=0.6+1k( fc = 1sHE191,

IC ]C
25=0.6+1k( LcH55% 955

I H1.4mA

1.4mA

1.6
B 55

=25.5 144

These values are very close to these found from dc. From collector equation , can find
VCE

22 5+6.6 D1A4E1255%107 =1V,

Vo R132V

b)

R, .9k
Realkﬁg

n
SHEE56) '516%99®58.61

Compare with fixed bias circuit

SHELE1)ES55 =156

Bias Compensation:

There is loss in gain in earlier discussed techniques. The bias compensation techniques
are used to reduce drift of Q.

Diode Compensation for Vs .
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If diode (D) and BE junction is with same material then
the junction across diode has same temperature coefficient

(-2.5mV/ c ) and the BE junction voltage Ve

[ TTEI= 1,1
V1,18,

I, —const.
d
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1. Derive a mathematical expression to determine the stability factor

SE VCC®HA LeTHAY for the emitter-stabilized bias circuit.

2. Discuss and compare (by equations) between the relative levels of stability for the
following biasing circuits:

1. the fixed-bias circuit,
11. the emitter-stabilized bias circuit,
1i1. the voltage-divider bias circuit, and

iv. the voltage-feedback circuit
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