
Anolo Electrontc Circuits 15EE34 

Mocule- I 

Tansistor Biasio and stabi ltza tion 

Sylabus 
Opevo tin point. Analysis and destho of fed bfas circuits 

actor of 
Emiter 3iabiltzed bia3 cht Yol tage devider bias cht stabil:ty 

diffient btastn cht problems 

Transts tos swttching Ctrcuits Transisto7 3witchiné circuits. 

PNP transistors Therma compensatng tecbniques. 

Tvonsistor Biasing:Tansistoa can be opera ted 1 i 3 Tgtons 

Ctut-off. active Saturo tion by applying proptr biastng 
Conditions 

Re6ton of Emitter base colleetor base 

Operatioo juD Ju 

Cut of Re Verse bias Re vesse biastd 

Active fovword bias 
Revesse biased 

Saturation Forword bias forword bias. 

to opescete tranSistor ts the dested vegion 
We have to apply e1ttrnal da volt ages of Curett polaaity and 

mantude to the teod two junctions of the transistos this ts 

nothine but btasin 0f the transistoY. Since de voHagcs ar tsedto 

ovder 

btas thde tsansiSto3 biasing 13 hnown as DG biasinq of the 

Lransist0 



Tn tranststo ampliher clrtuit out pot pocoe 
Sinal poweT fs alevays reater than input poweT stnena Thes 

larqt powe poue is provided by the doc s0uTte used fos biasin. 

Biasin is favourin tronsistwv to operate in a perticulay purticula 
and Supplymg power 

Oprratind point lben we bias a transistor estabish a 

certain CuTrent and voltaqe conditi0) 0T the tsosiStors 
These Condttions avt bnowo as Qperating conditions erre o/ dc 
opera tin potnt oy qutscent poin' Cg-point) 

operatio Point must be stable tor pro per operatior 
The 

of transistor. tow ever the operatmq pint shit with chanqts in ransistor parameteT Such as , Tco & YeE ds transistor ara mettrs are temperdture depenclent the operatmq point ad cha with vari&s i ttmperaturt 

Analusts oited Btas Circutt 

+VCc 
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output 
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Vce AG tnput 

sféna'l 

tted bias ckt is Shoon o ft it 1s the imple D bras Confiqesation. Pothe d0 analysis 0e con Toplace the Capaci tos with an ope chThe dc equivalent tof f 



bias cht 15 shown 19 tH(b 

4VCC 

TC 
RC 

VIE 

vee 

Do eq uivalent of ftzed bias c3t 

Circuit Aoa lysis 

Base Cicuit 

Wsrtmq vokagt q 
Vc= TeRe+ VeE 

VGE 

TBVcc -VeE 
Re 

Gollector circufE 4VCC 

RC vo ltage eq 

Ncc 1c Rc+ Vce 
VcE 

Tc Vc -VLe 
Rc 

W.6 IcB.18 

Vcc Ie Rc+YCE 

| Vte = Vte -TcRc 



CuTMen is tmp to node that Sincethe base cTen 

Controlled by Re and Collector curent Tc 1s elated to Te 

Rc 
P.The madoitude of Te 1s g0t a function of Re by Con8tat 

ChantnRe to any level urll ot atfrct Tc baB Vee wil 

chong 
Also thot, VcE= Ve-Ve AWhere Vc= Collecto1 Vo Eade 

Ve Emtttr voltade 

VBE Ve- Ve Whert Ye Base Voltabe 

Bu to tHe cht Ve 0 
VtE= Yc 

VBE Ve 

For the ctreat &hown to the iour caleulute 

VeE 0.4 y p: S0. 

VCC 
18, Tc. Vce. Tp. Vc Vee assua 

P2OV 

So!D Re = 2 K-2. 
VBE 0.4V 

CE N 

VeE 
Vce oV 

e P.Te. W.6. Tpr tho bed bias cht 
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RB 

3X10 
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=3 42.8.0A 



T .IB 

50X 42-24 *i 

mA 

Yge Vec- TcRc 
0 x ox l2x 

O & 53 

468 V 

VB YB-Vc Vee: Ve 
0.7 04.4 VcE VC 

-6+63 8 Y. 

DGlaad ine For the ftued btas ckt 

Ic Vcc- VCE= VcCVN VecVte VCE 
Rc RC RC RC Rc 

Ic- L VE + YCC mx+C 

RC RC 

By compauind this equation wth theStratçhd line 

ne 
.eY m1+G Where is tht Slope o-f the ne and C is 0nd d 1s 

iottrept o eiS then e Can drad a straigh ne 
the 

on the era ph of Ic Vs Ve Wbich ts bavng Slope -p wBd 
ittrcept Vc 

Re w 

ine 

acttvVe 
to deteTmine tw 0 poist- 

RC 
cLoad 

regnd 

nthe iqe we assu me VcEVce 
Fa 2 mna 

Sotsuahi09 
Tghod 

Te 4mA 
Je mA 

TB:0 

VCc 

Vce V (c Pomt A IC0 

VCED Poiot b Ic: VR¢ 



Gommon Emtter output chaecttrs witb point 
A v6 A B 

+iocus the ltne drawn between A 6 i 

the da woTd nditatt that ooly 

plot

art showo in 

Called dc load tne 
aG condttions av constdered The dc loadEne is a plot 

va ue level 
of I Vs Vce ora gtven valut oh Re and give va lue Jevel 

Of Vec. (Thus 1t prsents all collectes cuwent and Coend nd CovT 

Yee (The iottrsecton o carves of dftent yalues o 

Te with dd (oad line gives d:fterent 0pera tm poni5 . 

fos diffrrnt of Io de have lilhtmnt 
iotrsection ints 

NeE 

valu Points 

P. .R. 

Selection of an operatio pofnf 

Case-: 

Tcma 
ID24m A 

To 8mA 

T a mA 

T2m A 

I0-0 

Vcc VCE 

VCE 

wt 



operatfopotnt of the tran3i9tor Con be tzed 

The biasing cht 1s desidnecd So as to make transis tor woperate 
at different points on the do load ltne P..R. 

3aturatio) vegton. actye rqfon o1/ cut off Teqion. When dnsistor 

S to be operat«d dS an amplifier the potnt $hould be fixed 

ar ac tive niton depencio apon the location of this9 potnt 

t output of the tranststoY may bea dested 8i oalt oy the 

may contain distortion This con be undesstood by followmq 3 Case may 

Cdse- Here the biasing cht ts desired to fix the s ptrdtmg poimt 

ai pofnt P poit p near the atuation edton. due to 

ther is dtpring off of posittve balf yele of the 

19 istorid 
collector cuTnt Te Thusthe outpurt Sidnal 1s distorted 
Albtch 

Sinusotdal st60a. 

Case- Fiin the optratin poin at potot R' 1 the dc load

I0 4m 4 
wt 

am A 
t 

10 :0mA 

VCE 

wt 



R pontRS Vay Qe a to the (ut off bion s 
Batsin cht is desined to x a potn at foiot 

Veay neqa-ive 
Shown 1 D o fidu A. the collector CUTent 15 chpped ot 

balf le. o pont R 1s ot a Sut able qptsariná poi ot 

Case-3ixiné operatiq pomt at point - do load ine 

Tuma 

LC I84M 

o I amA 

18 1mA 

I9 0 

VCC 

VCE 

Baisio c6t s destontd to l-the 9-Point at 

shoun i Gthe output snal ts pofnt a5 

Stousctdal wave fum with out my tstortion thus pott 

the bst operatmq point 

from he above disussiop We co cbncluole tha t 

fpr betkr opera tion o tran31stor the poit 8beuld be u 

ct 4he Centtr of the dg loaol dtne ort 



slabthty: 

From the study of btasino of the cht it is clar 

that the btasto ckt should be desté to tt the opero ting point 

Pcit is 
dt the tentr of active wftoo. But only uto the o pera tmg peiot i3 

t Sutfictent while destening -the btasing cht Ca hould be 

ake So that operatmg potol w ot ehif4 10to an undestrable 

yTqton. estening the biasinq cht to Siabilize 9 point 19 

kinown as bias stabiltty. 

Two mp factors au considued while desienmthe ba8mq cht 

Wbtch a spansibl tpr shrfthg the opera tinq potnt 

- 1Temperatune 

Transistor turd ado. 
TcEO Tbe lowf CUTent in he cht prdutes heot 

at the unttions. This heat încras«s tmperatuTe af tbe funchon. 
he 

We hqw that He minority cuTnies au tmpaahuu dipendogt 

thuy intrme with thetmpeatw uttch h tem tnereases thu 

loakae cusent TcEO. because 

TcEO- (+8) Iceo 
Speikitally Iceo doubles for Cvery10g Tise 

tempaatu ocrease0 Teo 0 ttrm inlreasts colleetor turent 

Ic becawe 

The aue 1 Tc furtber raieds *he tmpaatu The 

a the collector unctioo and be Same gele mpeats. this 

actessive in creose in To Sht the opacetrinq Poit 10to Sataatj 

Set by on Teton, chan oto the opaahng Conditions Set by 
-0) 



biasin ckt power dsstipated 1o the transisto 1 8) b. 

the incTHase n collector cument 
ockasese 

poweT desstpatton at the collector iunc #ion. th15 u 

foturr hras Colleclo CUTot Tc -thts protess 15 cumuka kiye 

the aCees8 excess heat produced at the collector a8e Unction 

may even burn and destroy the tanststor. this Situatio) 

#** 

13 Called Thermal Tunaway 0the transis-tor 

for any transisto mazmum power dissipation 

fited value that 1 mouon as Matimum power dissipation 8 

transistor fthis limtt is CTOSSed the de vice willfa 

Tem 

Poma 

NCE VCE 

VeE Base to emitter Voltaqe VeF Chanqes wH Ne chanqes th 

temperatue dt the Tat of 5mv/, Base tument T 

de pends eupon VoE Tc chonqes t¬mpudtu 

VeE The chanqe i9 Tc changes 

i+h 4fmpeu ctuas 

du to changs in 

9potort 



dc Pae of the t1on5istor also ttmpeatu depeoclet As 

Pac Vavies Ic also varles as I PIB, the chanqe 10 I 

Changesthe peatmq point thew tore to avo 

Ther or to avoid this 8ttua tion the biasing clst shoul- 

be deston to provide degee of ttm stab;lbty i.e ven 

though tbt ttmpaatuu chanqes the changes to tht an313tor 

paxameter shoutd be VEq. cg, tbma 8hould be Vesy (* 

$o thai opeadinq polat should be 

eve 

minimUm io the middle of 

active noon 

Transistor CuTnt gaio (p be) 

3 183 

NCE YCc 

Tt is absorved that thesr au chanqes io the 

transistoT pasamter amon difftreot tnits of Samt ty pe. 8omt 

transistorS units 

number. ths means f we take two sansistors units o 

chonat to B Value 
two 

Sonm 4ype and ethem în ch thee 1s chang t B Vale 

cht 
octual prpctice. th biasin cht designedaccording 

to the quird p Value. But due to chanqes 1o B frm 

ahft The ircue 

is desicned d Ccorolinq 

the 

dito unit the opevo-ioo Ppofot nay 8hift The fiquu 

Shows tollecto» emttfer Output chayecterjshics o two tronsistor af 

Sameypethe dashed charctes fh cs jor ransitoy 

hose p Valu 15 much loTger hen that 0f tbe transistobr 

by asob c Penttd 



Tnce tps siabrltxm the opera tmq point,he 

dbove m Ckt factor musi be considesed wbile destoehg bidmg ck 
We Can SUmmeTise the Tequtm ent o-f a biasm c6t d 

llow. 

equtvement or Biatmg cbt 

The CE unction must be forwovd bias and CB ju mus 

vevese bias. 

8The opera ting peiot &hould be Azed at ents df the detive 

Tgton 

3The crutt design should pnovfde the degse oh tmpl stabilty 

The operadng Poit mut be made the todependent of 

ranststor parametey such ds B 

Advantacs of fid bias ckt 

This is a Sample CTruit which WSeSs Vey w tomponents 

The opevating poid Can be ftatd any 1here in the ahve 

ebfon 0f the Charncteristh s by Simply changnq the valu of RB, 

OVidts maximum) flexibil:ty to dsion. 

Very-Few (omponenis. 

te 

Provides 

Disadvantage chech on the Collectors 

Tbis ctruit 
does no rovide any checb on the collectoxs 

JTbrs 

CurTent Wbich tocreass with the Tise Hmplatu thut 15 

therma) Stability is not provdtd by tbis (ruito the 

Hmpaatuu that 5 

Curent 

operatrmg 
pofnts 

not maotaged dt o fhz Positior). 
TcPI + TeEo 



Since 
dyit to unit and 8bfts the opevalt inq point thu3 the Stob lation 

Ie 3 fed Tc depends o p' which chanqes 

of operatmq poin is Veny poo in -the fixed bias cht 

Analysis of fmitler siabilizrd bia3 cht 

To improve 
the S ia bilitq of the 

biastnd cht ovtr the hztd bias cht 

the emi Hev e3i8tante Ke 1s connecttd in 

bias cht uch bia3mq Cht is hnown 0 

NE 

emiter bids cht or &elf bias cht 

Bause cttult anallysis 

YCC Yoltaqe eq 

Ve ReT8 +RETE+ VeE 

RB YE TeRB+ Vef + Ig T) RE 

Vce RTe + VeE + (1B+pL)RE 

VE VE-VeE Te (ro+1+p)RE) 

I0 Vce Ve& 

Re +(+p)PE 

VCE- Vee 
Ro+ C+p)PE 

IO 

VCe- VeE 

RB RE 

ve VeE TERE 

Ve Vee+YE 



(ollector ckt antlysis 

VCe Yrig vtg eg):0 o tolector ch 

V2 ToR(+ VcE +TeRE 

Vce 
Vot VcE-IeRe- T RE 

vE VCE Vcc - T¢R¢ - teRE 

YcE Vcc- TcRt- (1p+TC)PE 

VcE Vcc - T¢R¢- (20+TC) RE 

E-Ve-VeE| 
Yc Vcc-TRe| 

1ample 

For the ck hown talrala te To Te Vce V¢. Ye +Vec. p *J00 

Druw #he DC load lne 

VCCS V 18 VcC- Ye E 

RB+PPEE 3305 

Vo 
15-04 

330 X103 X1xto3 

143 
430 X10S3 

Ic B. EB 
6 

100 X 33 23 l0 15 (332xio) 2 l 

Y836 v 3.32 3.32 mA 
. 

Ne VeE +TERE Vec Vb-Yc 
4.0S- 3 

Voc 4 31V 

Ye O.+ 3.35*|ox1xto 

Ve : 4-6SV 



VeE Vc - VcE 

-6 = 332 X10 33 2 i 
8 36-3 35 xio nxid 

/E5.01Y 
I 3 35 XI03 

J 335mA 

15mA 

Ve 
0 Vcc a 16 Y 

Advantuge & Disadrontaqe of amitr sobi zrd biaS Ct 

Tht addi tion otemttt ns18tone Re the emiter bias cirtult 

ioclude tability. i.e-the da bias cuYTent and votage i9 remain 

cirtuit 

closer to the point wbere they cwere St by the c6t addinst 
the chooqs in tmperatun and p 

Dis advantaqe 
Incrase io Re oceases geóotive -fted batß which zeduces 

he 0in of the Cht 

Aoalysis of Yoltade devider bias c6t 

Vee 0.4V. 

(1T9 
Vo 

VIE 

Ve 

2 RE 



ae actm potential devidea qvng-+ht voHog 

devicer bias ckt s as Shaon in Aq. lo this biasmq i 

ReS1sta nce Rire PrOYicled bs 3sis tonte s Res Re The RSista nc e Ri trz 

tpoint 
due to 

Change 10 empercttuu and B. The mytter cuTrent CE also 

dnd Yoltage drop a055 Re Incaeas es, Reducmy th 

Wbich is base tt rminal. f colector (Uvtot IhCT 

tncrases 

roHage difftrxe between Ve+ Ve. .t VeE Vg-VE 
Dur to deomase to Vee the buse eureot Te and 

heoce olleetor cuTrnd Tc aso tnwLses his eductia) Te 

Componsedts for the oriq1na fncocas e Tc 

Danalys 
Base ckt 

det us consid tr the bas C6t as 8hown 0 fi Tht Volta 

CTo8s R s base Voltag VBE applyk99 -Voltae devide Tule. we qtt 

Ve RaI 

RiT Te)+R3T 
xVe 

Ve RaVa 
I>>IB 

RtR2 



Colledor ckt 

ed us consider collectos ckt as shown 19 f. Yo Hage acooss 

Re an bt obtaiord as. 

VE TeRE 
aod aiso, Ye-Vee Ve 

Te Va VeE 
RE 

Waitmq Voltage eq for he collectov ckt, we et 

Vcc TcRe + V¢¬ + Ve 

VeEVcr -TeRe- Ve 

Th aboy analyis S caled ( tuat aha lqsis 6v 

aciurat gnalysis. 



Approxima te analysis 

R To 

R2 

Twe CUe assuae that current T, H fa7 itr than Ze. w 

Can neqlet 1e aod i =2a*Vp Vck 

VE VB-Vst 

TEVE 
RE 

TBTE 

YCE = Vc-TcR¢ - TERE 

le Can uSse apPrOAima te dnalysis when C1+p) RE >10 R2 

Cond'tion 19 8sed 

Exact aonalysis (oy analysis of Simplikied voltaqe devtder bias Cht 

YCC 

Theviys tquvctlent ckb 

RmRg R]Rz 

w- 

RTH RRz 

R+R2 

TeB 

TE VT VB 



Wben +p) Re is kes10R theo 0 oT ezat anolysi3 
cst 

kto shows the an pls fred Ckt of Voltage devider bia cst

whre the kp 1s I combinatíon of Ri R9. Yois The vanio 

VolHagt Kg Can be oblained as 

R RR 
Ra4+R 2 

VT R Vcc Ra 
(RI+R») 

Al6oom cht 

Te Re+ Vee t TERE 

T VeE 

Rg+C+)RE 
4ro colleetor cht 

Vce Vt - TcRc -tE Rt 

for the ckt showo tn-té determine Ic Re. Re #Vee unqtht 

4o lotomg Specakitatos 

Ycc 1aV, 
VeF5V. B280. Te: 40uA. 

80Y 40X10 

30200Xto 

VC:6Y 
3. mA 

Vet Vcc-TcRe-V«e Vae 0 . 

Vcc-Vc= i2-6 1-815 
RC 

3 Re Vcc VeE 12-0.+ 113 x10* 

To 
4oXt 40 

8 X1O 

282.5 h 



A emanium 
fn aiud bics Omplt4ier ckt. wher Vcc: l6V, R¢:9sh 
Ro 390 ha Dermining the opnatn 

unsistor havmq 100 and Vee : 0 9V iS Used 

Point 
VC 16 

qiven that 
100 

Vo VeE D9v 

VCC 16V 
RC 556 Ve 
R29pk 
Ic BTe 

Vce-VeE 
RB 

16 0.2 
490Xto 

58 O.03x10 

>20A 

Ic PX IB 

L00X0 x1o 

2000 X 10 

Vcco V¢- TcRc 

16 J0 

sy 
nce the operatng Point dt co mA Vey: 6v 

See 
TB 20uA 

VCE VCc 

C 



Ctven the devíce chavwctristis

cettimioe Vcc, Ro R for the ftued has confiqcto trnoy 

Shotwn tn ftou 

YCC 

20 

Vee 

Te 40 HA 
Vc a0V 

20. 

Kp Vc-Vce 20-0. O. 4825X 105 = 482-5 6L. Re 
40x ( 

H 4 
483 5X163 4t5*|03 

20 R 

Rc 25 hn. 

The tmttter bta3 confiquatio of chtefven, has theollong 

&ped ttations. Tcp Tcsat, Tcsat8 mA. Vc= 8 V 

0Detumine Re, Re 4 RB. 28 V 

e 
VcEsat 0 to o 3V E 

T 1(sat 3mh) 4mA Vetee 



Re Vtc-Yt 

98-18 25h- 

K6hot 
Ic sat Yec 3 

Rc+RE Rc+-RE 

Rt+RE28 
Tcsat 8xiD 

RE3.5-8.5 

T Vt - Vee 

Re+(+p)E 
VcC- VeE (1+B)RE = K 

Tey

KB =28-0.4-(4+11o) x 
Te CY4m A 

36 8x1 86 3 uA 

0.759XI0- 1) XLAl03 

G39.8 h 

YCC 

5for the cht Shouw 

Vt 15Y VEE : -lov 

RE 5h Rc 25. 
VLE 

R 400 K B: 60 

Ctnd te Vee 

-VEE 



Te Y- VBt -Vse 

Re+(18) PE 

I5- 0.4 D 

40x 14(4 60) SXID 

24:9 

o 4004(61 
43xi3 
05 

34.4 L A 

IC 
G 

60M 34.4 10 

204 mA 

rom the collector tht 

CF Nc-IcRe 
C14B)1Re -YEE 

15- 3.07Xfx aXIp + 6o 344Xo s xt + Lax 

15- 4.14 

10.86 Y 

05t Y. 

Icm 

RL 

J0 34 46 u .0mad9 

s 



Foa the cht Shoun below, B: J00. Caltu lat Ve + TG 

Rl52 CHRe10 R 
(oo) 44010 (sha) 
CtHOO) 410= 47.41 ka l 50h.0. 

Thenore we Should use e1act anolysis -v S5 R 

CE RG 410 VVc Ra o5X10 B.33 33 V 
R+R 

Ci0+5XI0 

Re Ries 
RI+Ra 

Ib YT-VeE 
.63 z3-33- 0.7 
S.143x1o6 Ret(+pRe 333xI0+ Ci+10)410 

Tc BIB = LooX S1.44X10 

5.23 mA 

TE Te +TC =(o. 052.+5.23)4 = 528 mA. 

VcE Vcc-TeRc -IERe 
10 S 744»1 -5.28 K0.44 

Vce 365 V. 

Tc: 533mA YE 2 365 

Dro the OLoad lige pr the following tsansystor tsans stor Conaauton 
obtain the uecent Point 



Sol 

(1+RE 10R 

- 412V. 

R34 

I+00) a00, 10X 184X10 

5.26 

CI) 20 = 30.96 1R.45 
o 

Vio 
B-100 

Thufon wr Sheudd A pprourmat 
1462 

R2 

analy sis 00 

CE 

Ve VecRa 

12x 194 x0 4 88 -3. VV 

S Xio3 + |.24X10 6.44 

NE Ve Ve e 

z 2.3l - 0-1 = 1.6LV 

IE NE 6 8.05mA 
RE &00 

Io IE - 8.0S X10 T94x1 

L+100 

VC Vcc- I¢RC- 1¢RE T BIB 

= 1&- T:94X 390- 05X 200 
.9mA 

1&- 3.108L.6L 

1& rY4.+18 
22 6 

128 
VCEO 7.16V 

2v RV 



Jan ao 14- 91) 
The 

aVo Hage devidey cht wth suppl4 o-t ioV Yce: NC 

load RSistane 1 ha B:1 00 VCC10 V 

Keis Reis the load t8sdance.

R 
FoY voltaqe devider c64 

the vol4ade af e Ve Can be 

obtatned as VcE :9 

Vag )Yee 

RE 
JO 

Vcc 10v, Vcez5V, Ve IV 

Vee tR TGRs 

Vce Vc-IcRc-V 
-VCE 

VICk Vcc -VE TC 

Rc 

= 5-1 0-A, 10-5-1 

0-6 4:8 m4 2 

I 3 TB 

Tp T 8X0= O.09mA. Tp 
00 

1E IC+TB &+0.2: 02 mA. 

Ne TeRe 

Re 0.495 X10 495 Somehm 
0ax 

RE-495 



To nd Ri R 
for the cht to optrat etficien tly . t1s as Umed that the 

CUrent throuoh RiRa Should be appsozimate ly equal aod much 

Larger than base cument (ad leasi (o: 

Ti JoTle 

O, mA 

ThenT = Ij - Tp 

0.9- 0.09 

0.18 mA 

Vee Vo-Ve 

VeVee +VE 
20.4 4 L.7V. 

L = 9.44%a (std volue is io6a) 
T2 018 x 

R Ve 85 h 
0.aX163 

eermint the levels of Re. Re. Rs v Ra -for the nt twoY 6 

hoo belou 
VCc 1oV. 

Vc 1OV 
20 1oom4 

1C9: 100en4

VEQ= 8V 

C VceQ8vV

0P R 
T00 uP 



Detemiqe the levals of Tcg VeEg tor 4he Yolla6e 

devider Con-figesation usmq tiact and appoo dimatioo.ttthoique8. 

Re 1:2 b p:50. R:3 2ha 
devider 

Vcc 18 V. Ri: 82h Rc2 S.6 KO 

ph4e min : 50 bft mo1 100. 

(p)RE 10Rs 

6.2x103 20X10 

VC 

61-ak <220 kn. 

1n 1act analy 

Rp RRa 

RItR2 

e2 

83 XL029 x 10 

804 = |43466. 

04 

3.8V 

04 
J8 x29 x10 396 3.8 V VT cc Ra 

CR+ Ra) (82+22) 10 

3 39.47 UA 38-0.4 
.34 X1054+ (145)12X10 4384x10 

Vi-Vee 
Te 

Re+(1+PeE 

co B Ie SOX 39.4 +A0 
.9+35 mA 

TE C + I6 19735x i0°+ 39.47XtD 

.013 mA 

Vce = Vcc-T¢R¢- IERe 
18- (g 785 x 1*x S.6X) - (2.o13x i 1ax 



Yce 4.532V 

c 193mA 

i)ApprotimaBe analysis. 

18 X22XI0 
38V 

RI+R 8+22) 1 

VE Ve- YBe 

3.8 0.4 3.1 y 

Te VE -. 58XI0 
RE 

858 m A 

3.58x 50.6 A 
+50 

IcIB +IC 
Jc e - Te 

So 6 XT-258xt 

5amA 

VCE VcC-JcRc- IeRe 
8-(8.5ax x5-6 x3)- (a.58x x 19x 

VcE 0,192 v 

Tc9 58 ma 

A observm the Value of Yce v Tc9 of both the t«h By 
we Can 'concludethttheir is lasoe ditmote betwren the 0uar 

observin both +he teh 



}** 

oalysis of collector base biaS ckt Junt July 2ol7 

Volladetrd bac6 bias ckl) 

The fhou the de bias 

with voltade feed but i is 

Calrd Collecterto base bias ckt

Tet1C 
2 

w- 

Vi Yo 

tis an tmprovement oveo xed VCE 

bias cht method. 1n thi3 biasin 

t Sis tor 1s Connected be tween collectov 

and base of the tsansistoa to provide d 

ked bach path. 
RC 

Te flows hroug Re Tc +I Plous hrough Rc 

CLnalysiS CAT) 

ase CBt 

Re 

Vcc=(Te+Ia)Re +EßRe +VeE 

VCC- VeBE -0 
Re(4)Rc

collecto CHt 
t4 1)PC To Po 

(IHfs) p B 1) Ipl n 

CE 



Tthe is chon 1 B lur to tonsistps o0y 

tmperatu tht Coller-to ccuent Ttencls to dertr in(rute ecvenruse 

Sinte T:8Tp + TeEo 

Re 
Tnthis cht 

Tesistance Ke PrOVides a feed bacb patb 
Tn 

Wheo B chonees ocreases 
Which beps a chech on Tc Value Eeps 
The base Current Te deceases. (rHeed as eqo 0) due to 

This dertast io T 
the base 

lbrch collecto curnt Tc also decreaseg 

in the T 

Componsatts both ori ginc incoase in the Te value. As the 

sult he cht tends to maintaio stable Value ohTc. 

value. As the 

Vaue o Tc 

bertog the pofntta betwun 

tHere Re is Connected to he output (colkcte1 y 

to put (bate) ard 

C hnce the chl is also callecd VoHage feed back bias CkE 

A i0 Tc Ie- 
lacm) 

11gative feed bach ist in the 

Ciotr) 

Modifiedg_bias_with votage eed bath 
Vec 

collector -base bias Cs1 

To turther impove the level 
R oPB 

C f stability the ermittr esistance 

YCE 
RE is Cooneee d as chouon io fq ure 

VeE RE 
T DG onalgsis of the cht 

ase ckt 

Ve (I+Ta) (R¢t RE) 41efe f Vat 



Je Vc-Vee 

ReBCRe+fe) 

le hnow that, Te for hxed bas cht is give by 

Te Vec- VeE 

R 

Gomparing the wo equotion we can say thdt tted bath 

bach to he t/p 0t 

path Ttsults in nfleett 00 of the nslstaote Rc bach to the P 0b 

In qneral we can 3ay that 

lber V' Vc-VeE 

Re+pR R' 0: for kzed bias ct 

R': RE foT emitter bias Ckt 

R'E Rc for Collector to base bias cht 

RctRE for (ollector tu base bias cst 
with Re 

Collector cht 

V cE Vcc- CTc+Te) Re + TERE 

z Vcc - IeRc+ IERe 

YcE Vc -ReRE) TE 

Common collector emi Her follower Cootigeratioo. 
-

Common eaiector Corniqeration 
Ci 

s as shouD in 49 a3 the ofp 
he Yoltage a tmittr followsthe 

in put VoHage it called em iteo 

Follower C6t 
YEE 



level of Tco and vg VcEg. tr the 

Cht shown in i below Repeat this problem usia p oj 135 
Determint the Quescent 

Comment on the changes in the o Point 
LO V 

Given Re4.4 ha 

Re Rez 50 6. LOUP 

Vo RCz 4.4 h LOP H .. 

Rp RE 2 1a h 

90 B:90 

Vcc VeE 
RE 

Rg +(RcHRe)B 

10-0.1 Colleetor to base bias 

250 +(4-3t12)90 

s3-841 xa7* 

g.3 
50X1o+ (47K1413K1o) go 

91 A 



90 x JJ-9Jx o 

co .011 m 

Vce Vc-Tc (Rct RE) 

0- .041xio° (4-1 11216°) 

J0-631 

Ve9 3.69V 

Now B is change d to 135 (501. fotrase in p) 

Te 10-0.1 

5Oxtod+ (41 X1+12X1135 

1046500 
95 8-886 xi A 
93 

Te 889 uA 

TCP1e 
2 135X&-89 x10 

Iu 199 mA 

Tco L 2mA 

Ve Vcc- 1c (Rct Re 
0-1210°(41%1+ (2x 1 

Vetg 92V 
s0 the 

wt Can 
observehaf Wben P is incoeased by 501. the 

level of Iceq onJy intreastd by 121 7 

-7 xI00= 1&.L 

Wbere as levels ob YcE9 decreased about 80.9% 
04 

VCE 3-8-2q2 I00 do.9 



fthe qetworb ould 
The twoab cohere hited bias daste 50 iocrased 10 p woulu, 

tsultecd i 50. tncmose (o îco ond thert would have bee9 would have been 

9romatie chanqe locd ton o poi Point 

ettrmine the DG levels o T and V are 

The equivalent cbt 13,
L8V 

p 18 V 28 3 h-a 

33 6V 

ww- ouP 

10UC 
Bz 15 

Vi 

S10 

In DG C6t he Ca pacitors at in open cistuit. 

Con otmove the capacitor rom the cbt 

8 

331 

Re- Rp+R2 

B45 

5l017 Vcc- VeE Te
Ro +pRc+RE) 

8-04 



143 3 55 x10 
48615 0 

35.5 A 

dB35.5 u A 

V c- TcRc 75 X35.5 

= 18-(.66xo 33 x10) .6625K10 A 

Ve 9.22 V 

Detmtne VcEg 4 lgg. or the network Show) 

IB Vt - YeE p:90 

RB+CA+p)Re VcE 
C2 

-o Vo 

R 240 ha 

à40KIO4 C+90)2Xio° 2 Rea6hn 

0 ( 0-0.4 

422000 

9. 4.54 X10 
422000 45 43 UA 

Te: 45.7 A 

YcEq C+p) IB 
91 x45xI 

IeLetIc 
457 4-16 A 

4.2mA 
e 4-16 mA 

VCE Vee- SeRe
20 (4 2x1® (2x13)) 
80 -84 2 l6V 



Stabity foctor for ifttnd Giasin_Chts 

stob lity 
We have Sen Vaious biasinq Chtto provide stobility 

Cd t 

PTO Vid 

C Clqainst he vaviations in Tto. p VeE in CTdr to 

Compa the Stabi lity provided by thtse cbi on ttrm is Tois*ci i9 

(alled sta bility Jactox which tnditots deqsee o chonqe in oprrotmq 

Poin Due to Vaíationio temperaturm 3ince the a3 Vaable 

(Ohich an empeyda tum dept ndent e con deinf 3stabilHy jartor 

as below 

Sgo) A1C SCTto) T0p-Vee Constant 
0Tco.Vee Constant 

Sver) oTc S (veE) 4IC 
AVee 

s (veE) B. 1c0 Constant OVee s Tco co nstant 

lco. Ver ConsBant 0 Scp) 4TC 
pYeE Tco consta nrt 

Stabstty fattor SCTto) 

tor a Gommon êmitter Contigeration colectov canvent For 

Ic ts Nen a3, 

Ic: PTg 4+ (Hp) Tceo 
lhep Tceo chamgesby dIce0 Ie changes by die and Tc 

changes by O1c .tfente he above eq betome5 



p OTe + (1+p) dIcso 
Ic 

(p) 

Cp) 

OIc 

SCIco 

slabiltfattor Rd bias cht 

Fov sred bias cht, 

Vcc- V6E Ycc 
Re Re 

0 a3 Tc 1s not present in the eq o) Te 

Substitutmnq I 0 in eq oh SCio) e g 

Stico) 
(4) - p(0 -0 

Stac)C+p)2 



Stabtlty actor Swet) 

W.6.T S(vee) 0I 
VeE 

We have, T: pI8 4 CHp) TC B0 

No, 7 pIRS tnt mq "Send omg Te tn tt1ms o V We gtt, Te: Vce-VBe 

RB 

Re 

Tc PVCBVeE(1+p) Iceo. 
Rp RB 

= 0 -P+0 
Re 

SCveE)c 
Rp 

Re latHonsbip betwee) 3tveE) 4 Strco) 

StveE) Sto) 
Rg 

PC+p) 
Re (+P) 

-p (3To 

StveE) -8CIco) 
R 



Stabiltty facdor S 

W.6T 5(p) 0TC 

We have Tc Te + (4R)Tce0 

To+Ice0 

IC I IeIcBo. 

Stp) IC 
P 

Relattonsbip betwen Sp 3ICo 

We have Stp) 

Stp)Tc C1+p) 

pC14p) 
Stp) Ic S(T0) 

PCE+) 

Stp) 
Tco 



stabiliy farto tor (olketor to base blas cht 0 Vo Hog eed 

bacs ckt 

stabt lHy 4actor SCTco) 

OT Voltag eed backb cht. 

We havt, 

VcCTeRe tTe(Rc+Re)+ VeE 

TCB0, lhen TcBo changs by dzce0, 

Te changes by dle, 
changes by oTc. 

there is mp ct on Vcc VeE hence the eq 

be comes 
0 oIc Rc 4dIe (Rc+ Re) +0 

Ole Rc 
Rc+RB 

le inow that 

-BO 

St Cto) Pa 
RCHRB 

than that o 

As the yalue o this im is lesser thon that o 
As beter gtability 

ed bias ckt. hentt4this cht povides better slability 



Slabiltty 4actoy S(Vee) 

le hnow -that 

SCvBF)OIc 
ONBE 

vom base cbt ob the tollector to bast, bias cht, 

IB Vc- VgE 

Re+CItp)Rc 
Pc-Vez 

RB+(+p) R 

Ic P[Y«c- Ven| 

RB+C+R 

VBE Rat (1+p)Rc 

Svat) 
Re(4pR 

Relattonship between SVeE S (Tco) 

We have Scvec)= 2 
ReC14p)Rc 

(Re Pe) (1Hp) SCao)_I4p 
Rc+Ra +PRe pRC 

Rc RB 

Spro)- (Pe+ Po) (1+p) 
Rg ReC +p)) 



SCT) 
Re4(14p)e 

Stco) -(R i Ra) SveE 

sco) 
ca Re) 

Svee is 4l| maller ue Pro vide Socn ts smal 

s4ability aeains lao) Vanta hon, we qet s4abtlity agains VeE 
J 

Vasiakion also. 

stabtityactor S 

For VolHage ted bach chl, 

Te Vcc- Vee 

RB+CI+p)Rc 
We havt, 

Ic Pl Vec- Vst 

Re +C+)R 

9t= [Vct- VeEJSRe» (u+p)ad- p {vc-Yer) Re 
OP 

RB CHp)Re 

Re4 C+p)Rc-PRe 

CRBRe) Hest 

(Vc Vee) (Pea Re) Rt Rc 

OP Re-tE p)ec) [Ra*C»p)e«) 



Ip RetR 
Rg+(48)Rc 

S)= Tc (Ra+Re) 

PCRgtCIPp)R¢) 

Relaticnshtp between tp) Scro) 

Scp)= RetRc 
P[Re4C+p)e¢J 

T Scro) 
P 

Sep) ScErd ¥_TC Sgco) 0+P) (Rc+Re 
RB +(4B)RC 

E1 D Tn the cbt Shown calculat stability facto Spo) Spco) 
The Given cht is fhxed bios Coof 

eratio 

le have co)+B 
00 h 3 R 

.6.T 
TcBIp VeE4Y 

Ic 

Vcc- TeRg - Vpe =0 

EB Re: Vcc -VpE 

Vc-YeEz 0-. 0,p6x1 9:3 9-3X10 

Re 
93 A 

6175 



Vcc-TRc VtE =0. 

ICR Vtc-V«¬ 

YCc-VE 10 
RC 1o3 

XI3 303m 4 

Ic 3mA 

B I00.5x 1d 

3 
32.2558 

98 X16 

P B32-a58 

+32 2S8 

OTco 33.as8 

the cbt 8houwo below Ycca4Y, Re:10b. Rgz 40 Tt the 

Silicon transistoT 18 used uwitd g245 ad ff undes qudttnt 

Condition Vee 5Y dettrmtge R the 3iability Hactr S co) 

VC 

(TBtc) Fsom collector cht 

Vcc = 1etIc) R¢ + VE +Te +Ie )RE 

VcC C14p)1g Rti1¢ke VcE +Cup) RE 
R 

ouC 

Vcc- VcE 

(1+) Ret ReE) 

84-5 19 

(1+45) (10b+010 412 420 

4.02 1 40-3 UA 



Prom Base cht, 

Vcc (Ie + Tc)Rc + TaR + VGE (Te+Tc)RE 

Vcc 1+p) rgRt 4 TaR+ NoE+ (i tp)rgRE 

VccC1+B) ( Re+RE )Igt Vee -TeR . 

TeR Vcc VaE -C+p)(Rc+RE B 
R VcC - VeE - (1+p) (Rc+ RE) TB 

4 0.1- (+45) (1oxlo+R10o) 40-a xto 
40.2x16 

_84-0.7-18.994384 

40.2 X1GC 
4-308716 041x1 

40-2X1 104.16- 

e Know hot basit Epoe 8Si0)o Spco) is iven by. 

Sca (1+ P) 

-P(g 

from the base cht we have, 

VC 18t Tc) Re + IBR+ VeE+ (18t Ic) Re . 
Vcc- VeE (Rc+Rt RE) Te+ (7e Re+ Re)Ic 

When T chances OT T also chongs by 0Te and Vc 

Vee Tema in unt Hectd hence they aTe taktn &s x ero 
Vee 

ie o (Rc+R+RE) OIe +CRc+RE) 0Ic 



Te (R+RE ) 
(Rc+R+ RE) 

= - (10X10+a10) 

10X 1034 101.1 X1054 10) 

1010 0.08 15 

11 7310 

Sgco) +B 14 45 4.6 0 

4.6 
PL1) 1-45 (-0-081) 

Sgco)=0 

Stability actor tor Volagt devide btas Cht 

To detrmint stability acto7 Sto) 

RC to Yoltae devidev 
bias Cht 

equivalent 

Chtb Voltabe devider bias. 

Her Thevenins equiralent 

We will Consider 
Thevenins equivalent 

O 

Re 
YolHage V=Vcc 

RI+2 TERe 
and R and Re a oplaced by 

Rg. whicb is equal to R e to R2. 

tron base ckl 

Vr= Te Re+ Vee+ (Te+Tc) Re-O 



O;fetotioti eq with respett to Te. 

0 dIo.n 40 + 1 Rt RE 

-RE 

(RBPe) 

5.T +he nualind capres5ioo for Stro) i5 givtn by 

Sco)=+ 
1-P 

Sco) 1+p 
- RE 

RB+RE 

SCaco) (Ip)(RB+Re) 

(RgtRe) +p Re 

by RE 

(+P ) 

)P RE 

(H)4(e) . 

The atío Ke/R Controls he Nalue oh stabi lkty actor 
Rslee atio 

fe 
RE Ro 1 1 tn 9 (4) mduces -to, 



3 4 

Pracdically Rolp. is (an not be Kro hene e hove to 

htep the satio as Small as possible 

JU 4 

1 3 fo the ckt shown below ind Tc. Ve. Ve. Ri v Sgco) Sgco) 

Vcc-Vce 
Re R 41 6 

18-12 
=I'QF 6 mA 

4. X1O 
LOO 

TC= 1216 mA 5.6h 

1 Ve- Vee+Ve 

VE Ie Re 

)C R 
B 

O0 

VE 1946 V 

'. Ve : 0.14 546 

.946 v 



Vcc 

v)Te mdR 
R 

Ve -Vct x Re 
Ve 

RI+R 

RH Ra= Y¢cyR R2 
Ve 

18 XS:6Y1O 
&846 

R 44.18-56Y 1o3 

R 89.27 6- 

S0 
1-p RE 

Re4RE 
or Yo Hagt ctvice 

the base ysisto 

ReRR2 + J00 
P1+22 +100 x�xo) 

(4-9 x020) = 39 34X 5-67 
(89 21 +5-6) 1 

4.9 . 
O12 

4900.00 

0 

.44x 16 

4885 -6-44A 
Dec.8015 

a aAvoltage devide bias c6t Ri2 39 64. Ra 8 a ba Rg3 

RE Vec: . V¢c 18V. The i transistor ed ha8 p 120 B 30 

Pmd 0-poind sjab:lity tactor. 



Approximate (Hp) RE> 30R9 

a0 b 89 h.a. 
3 3% 

oo aPpwimatt analysis con be ued. e120 
V 

Ve Vcc Ra 
.121 V 

RI+Pe 

Re R, R 6.6115 k. 
RI+R2 

VE Ve- VeE 8 8.4V 

Te E= 2-4mA 
RE 

Te+P) Te 

8 mA 8.4 4 

Tq - pIB. 

Vce Vc-T¢R¢- VE 324 V. 

point point cg 342 mA Vetg 8 296 K 

4P stabrltyactor o 
4pRE 

RtPE 

3 312 



Tanststor Bfasin6 ckl5 

TransisioxStc
chts 

lo opade tansistor 
a 

Switch it 3 to be 

botb juncHo 

30 maioly. cut off and Satunation. culobh Ttgio Dotn jünrh 

of tonsistoa ae verse 
blased and only 

verse curnt ftlow Th Cutobh 
g ion 

o mainly. 

Conent iS Very 8ma Ctnd pooctically 9glectrc. 
Alo uTen t 

Very 

thwugh 
ransi stor to ut o 5 Tegion. 

tence io+his mqio 

*ronsisto act as open swttth.| 1o saturatio 9 Tgon 
botb the 

dc drops to Very &ma sansfstor 

Junctiornsare owovd bias the voltaqe dc drops to Vey tma 

Value 0-ay to O-8y. This is denotd os Ve (sat). To satuation 

ond collector cumot lange dnd s only 
cootolled by 

Entemalaststante to Colector ciycuit Rc practtally Vee(ta t) practcally Ve C3a t) 

Can be 6neglected as tt tveny nall hene Ve (te oudput voltag 
closed 

is o o Saturation qion.bus the tansistoi acf as closed 

reg ion Cuto 
Swtch. Thus by driving

toansistov fo #aturation rgion Cuto 

below 
Rgion Can be V'ewed as 

a 8wth. it is shown io to. below 

Vc+5Yy 

closed 
8wilch Vaut-0ov 

Re 
ww-

Vt5V 

Salurato eio9 Tronsisto actme 
a clased urlch Ahen Te Ie Cout) 

Pdc. 



Vc 45 

OA VC= 5Y 

RO 
0V 

Vout 5 
Ro 

V Ve 5Y w- 

OY 

oV 
Tbe ransts tor ts 

lbeo To=0 
acts as open 

Swicth. 

Sortchin chaeceistig 

Base ckt 

a Jo 

0.91c 

ts 

Alben the base umnt s appkecd tonsisto clots not 

uncion Ca pacitonce 

urtch on 
imipiatly.This is 

berause of he uncdion Capac 

tons inision ttme 
0fthe earosS uncHooThe timebetwem 

apphtd hon othe îo put pulse and h Commenstment of (o llectoy 

CureniKow in ermal delay tm (ld) and the tint 

Teq ured toT Te tv geach go 1. its azi mum level is Call 

Tise level 44 Thus the u ON tm she &um o td *r1.e 

o= +d 4t1. 



Simtlasly wlhey tnpu cumnt Te s Swftched of 

Zero level 

turn OF# the tme which is tht &um of &orag ti' ts tal 
Te does not e dos nod go to Zero level. imediately it goes ero levela 

T The all Hime 13 the thme quid toT Tcto 

level 
J wm 90 104 oh 1ts maim um 

Problems 
The ckt shouo in Wes a silicon ui transiston having pde lo, 

Re ha. & Vec= 5v find the valut oh Rg.lhich (ust barelu 
aturats the transistr ulhen the înput voltaqe 1s +5 v. 

+Vcc 
Vec- 5v 5V 

Pdc L00 L R 

Rc hn 

V Re 
To drve the transskor to saturako www- 

eton 
LoLeCsa4) 

Pdc 

VolEage eq° at the collector Sicle 

Vce= IcRe + Yetse6) 

Assunin VcEcsat) = 0.2y 

Tc Vcc-Vcetsat) 
Rc 

5-0.2 4-8X10 

X10 

Icgaly 43 mA 



Te 48x IT 
00 

Tp 48uA 
base cht 

Now to nd Ra will Wale a Voltage eq to base tht 

V= TpRe + VoE 
Rp: Yi-VBE 5-0.7 = 89.5 6 

48 X1 

Rp 89. ha 

ttene to dhive tronsstor into 8at qton. Re must be less thath 

89.5 6. 

0tsigna 
trans1stoT overter Vec= 10¥, Tgat) = 40mA v p:a50- 

Assume Aoput to be palse oh Lov. 

RC 

Vi-Vg 
R 

250 

Yo=Yce 

VCC10Y 

Tecsat)= LOmA 

Pe a50. 

Tckgt) 

Tp LC(at) 
10X183 40J8A. 

50 

Re Yi-VeE = a32.5 6a 
BE Re <239. Sha ? Te> 40 u 


