BIT AMPLIFIERS

H-Panameten fépnesentatim of Ao Tnansiston

A trnowvisiston Con  be treated as o 't‘ﬁso-Pont Netpaonh ke

— I \ Lo

. F—
- Tansigtoqn

.- Ampl?jq‘en_

—

H— IhP\)t ICUﬂnin— to the F\mpl‘i#e.h.

W = TInpst Veitage +o the Amplifien
Ip = ovtput conment af the Acmpli fien
Vo = output. Veltage of *the Amplifien

Tronsisten is a  Cuonnewnt eperated device -

Hene inpot Uall:oae_ Vi and  ootpot correwnt To one Hae
dePandenL— Vaniables -

.T.'hPul- curhent T and Qnabput Uo\toﬁg Yo ane

IndQPlanden\': VQ"\‘\Qb\QS ;

'VI L *F. (Il; VG)

Thi g Cany b& wWnittew n the Cqpakion Lonn as
follows

V{ = I’\n IE + hl'}_ VO
To = hyy Ty + hyy Vo

Th i
& above .*?_T}xqi:\c'w e aldo be wWnittew usiv}s

alphabetic nNokats N3
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Vi = hy T; =% ha Vo
To = hp iy + hove

Pefinikions of Wh- Panomeken

The Pornametrens in the above Couaticn ane defived

035 Lollows , ‘
h“:l,.‘t_-_-ii_. = Tnput Nesi [
= P Sistownce with tutpot
Vozo | Shont  cincuited .
hig = hy = _;/;.,__ - Eewms_e \rottdge .-Jc-':m-ns-r{io_-n Nakio
6 ITi-4 - Wity ‘thub 6pen  Cincuited.

: fForwomd
Shont  eincuit

- x CUANeWN k& ail'n
I Y a
0=0 Wik outpot shent cineg\ted.
- Io owvk dm) . Ll \
heo = ho = o OB pot Admittawnce B inpot
V
o) I - 0 opev  dincuited.

BIT H-ponomeren todel

Based on the definitien of hybnid Ponometen

the ®mathemoabtical medel €on  fwe Pont netwonks Knoww

be deU-e_LoPed .

The +we Cpations of a  trawmsisten 18 givaw by

V?_ = hy Ty o+ hn Yo

Io = hg T + heve
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Based o  above +wo Qqpatiovs +the e?}uvu\emf cincul bk

on Hybnid  Moedel f£on  tronsiston  cam be dnawn,

'.T:oé__
- +
h,{'_IL‘ 1'\0 \/
" '_- o
Ac\\!pm\:cu.ae,s: (cm) Baeni i ke 0 - *1:6.71%'@_%@_913
) Real nombens of dudie  frequewcia g
2) Easy to measone
3) Con be obtained froen  the transisten stals e

Chanoctenigtic cZunves ,

4) cenvinient +o vse  in

S)Ecxsﬂd Conventable f£rom swne (’.m{l“aum{-im\ to

6) Mest of +the

cincuit av\q\dsfs and c!ﬁls¥6n-

otheas

bransiston Manufoctunen S

- Ponome tens .

HEo_hcx.mQ.t-P_n Model fon CE

Cen g; unat
—atigenation
Let ©s coensiden the commem emittaer_

cmf‘—iaona\:im showw  in %iaune belown: the Vaniableg

Ib + Tc , Vb and V¢ neprnesent total

nstantaneasusg
commewts and VME&aQS ;
Te o
c T Re Fid g Simp\e Common
Ty
S Ve emi tren_
B 3
Vv
Vb € J/ -—T e Cm\'ﬁaum'ﬁc‘v]
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Hene Tp - Inpot COMenk Vg — TInpot Veltoge

Te - ookput cumnent Ve - Oukpokt VO\":&@Q

h - ’Pano_me_l:&n model fon  Cdommmon  emitten C_ﬂh'eiduha.h-':uv\

(s shown  in figore below .

R + h'i.e - Ib Te & _ ol
—_— AN ————
I :
Vy hne Ve Q hee Ty hee v,
JL ; } N g
E -

Vb = 'h‘;_e_ Iy .'+ \’\ng Ve

IC. = ]"F& Iy, -+ hge Ve

AN vV
whene hie = B l - __.i_
V. = comstant Ve = Comshant
AN
l’\'ne_ = = Vb
A Ve _ Y :
Tz = Constrant c T = Comsiont
h HTe N
fe = = =
A Ig g Co - - R
Ve = Censtant b 1V, = (omsie
AT,
hoe = -t \
AVe )y = B
B = Constant Ve
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three diffenent Cuﬂf—{awﬁl_clr:\_s

Hybnid ™Medel Lo the trnownsiston in

le
. ‘e ¢

—— € B he i

V= hie b +hne Ve

CE b ,: . +
[ ! ~ T heVe hee Lb hoe .
P v b i = J Le= hee L '\'\'\Oe_ te

<

= E
e
e hib. e
cB T Ve = hip le * hap Vi
- v,
hnbVe Heple hek, Ve
Ve - AL Le= Web ie + hob e

@Ie__.

Vp = hic i + hne Ve

i.e = "lgc_ib X \’\DQVE
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Y tnansiston

amplifien

imdicated n {'—\amke belocw. ownd

Propanly .

Typical h- paviameten Values fon a tronsisten
Ponomekre cE cc cR
n
hy lioo L oo N 235
» -4
hn 9.5 x5t 1 3 %%
h%( Vi 50 "‘5‘ - O‘qS
he 25 MA[V 25 MA[V 049 MA|V
&v_x_o.\dsi_f_;_ of & transgiston amplifien _aimc_u‘it VS nq
h- pomometen Mmodel .

by Cﬁ“\"te_c,iz%ﬁlg Can  extennal (oad  and sta}qqk' Scunece Q8

cawn be CWS'ET\_LLC,'E&d

t;\asins the . tromsisten

Twe Pent

¢ tronsiston

active wnetworx

‘\I,_é'-"‘

L
‘ T L1
Va Z

The hybnid PpPonametren

model

Showwn in F;ﬂ"""- below.

fon abeave wetwony

15
Tq.
P
.
| s
T
"\,FI\ hb 'u",_ Zy

|

Bg* Tronsigten. hybnid

e

parametesn. Model.
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#:au.a_e.

hi Tt 4+ hn Vo

Cuonneént  Gain  (on) Cunnent Amplification A; !
Fon o thawnsiston amplifien the Cunnent gin Az
13 depined a8 the qnakie of ookpot Curent +o inpot
connenk.
i
HI = = - k3 Iﬂ'
I, T
Fremyn  the ci B
Sob (@D in ®
Tp = her - I, 2 hg
Ly, + T, Zthe = he Ty
T h
I,_([+ ZL"‘\O) = hg Ty = X - f
) 1+ 2, he
Ap - __I'_q_-_ = - h{:
Le cB cc
P'I “I"-FE ‘h{:b |
(N ~hee
L+ Z heoe L+ z h
L heb L+ ZL "toc_
Input ImEo_clance z
In  the cincoit Rg is the stancﬂ. Souvkce Kesistance
The impedance seen whewn leaking in to the amplifien
sr A (‘ \) . '
tenminals (1,1 8 the amplifien npot imPedqh(‘_e Zy i
i
v !
Zy = i J|
T, B
]
From V, = 1
J
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hy Ty + hnV
SQ ZL: L l n = _ hl_ + hﬂ, VL @
T, |
Vo= -X,2, = Ag I Z| [ Ag = - Ty
L)

T
Z; = "\;_-I' l”thI Zy
LI . k
Zv = Wi - hn zZ_ 1'1_13. [‘ iz = "
. 1+ hpZy
l-‘"he Z
Zi = h; - hg hn
L 4 he
Zp
_ o Vs —
YL +ho 4L
CEg | c® ce
Z hie - hee hne hip - Ih{ib.h‘nb hie - hee hne
Yo + hoe Yot heb Yo+ hoc

Vo\taae gain (ﬁvj .
The Tatic of csuL—Pui:- Voltoge V?_ to 'tnFo'c Vo\{:nae_

gives the Vm{'oﬁe gainn 6f the kEnansiston

Vyp
Ay = ——
A') V.
wasb‘\-l-\-‘r\"\v\.a Vo = =T, ZL = Axr I, Z_
Ar T, ZL Aﬁ: ) z
-__-';.'.'> ﬁ'\l‘ = = —— = HI L
v Vl/Il Zi
cE CH cc
P'V ArZo AT Zo At Zo
Zi Zi -
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)| ootpst Admittonce (Vo)

T
Yo = T wikh Vg=o and TRpL=®
Vo

from the CGQncuik I, = 1"{3 )+ ho Yo

A V]d'\‘nS by Vo Iy
Vq, Vo

hith Vszo by KvVL in inpot  cdincuit

R&I‘ +|’]iI‘ “'l'h.'l'\v')_ =6

I (Rg# ht) + haVa =0

He\dc‘e I = - _hn
Va Rs + hi
s
NOW g D) = _;E = —h-Fhﬂ 4+ hg
z Rs'!-\ni
he hn
= Yy = he - ¥
’R_s'l'\’l‘l.
ce B cc
Yo hise - hee hne he hnp hee hne
hoo = = hoe -
Rs + hie Re + \ip Rst+hie
5)% Voltoge -aaiw (ﬂ\,s) (Tmc.\u'dinﬁ Sounr_e) :
E
[
Ya Y v v
Ayg = — = — — D Ayg=z Av L
V_s Vl V.5 V.S
Rs ,
Vs Zi vw - =
) vV, = = V. R4 2
N LS Rg + Zt A o '
N O W A\!s = __HL..Z-—‘
Rs + Z;
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Ax R Zi _ Ax R

A\rs = — x i
21 Rs + ZL Rg + 2
Sf Rg=0O +hew Ays = Ax R A
. — v
Z\

Cormvent Amplificakl ey CPr:cs>

‘QIS = _-.—I;L-—- = -_——_rl . .1_:1 - P.-II T
Lo £ Ty T

The modified ‘.nPu{— cGincult usinﬂ Nontemn' s e?}ﬁvqlent

cncwit  fon the Sounce fen the calcolation of Arng

- T
Arsy = Ar K3 ‘
Rg+ 2} Tq Rs Zy V
Ave = Ars Zo AL
Ks
= ITvw CE configuration
h— - - A
-'“\-FF. [’ _
Ccurrent Gaiwn Atr = ZL = Ru
Il +hee ZL
hee hne fYL': A4
Input ImP&do.nr_e z; = bhie - ZL Ry
YL + hoe '
Voltage Qqain Ay = Az 2L
ZL
hee hne
ovtpot -Admittance Yo = hoe - £
hie +Rs
= Iwn B configurakion '
—"f'\-Fb
cuarnenlt gain Axr =
h heb hnb
Tnputk Impedance Zi = Mib —
P P y]__"\‘\’\bb
' . Ar 2.
Voltogqe aau\q Ay, = )
h _ h-fb hnp
cotput Admittance Yo = b b+ Rs
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= Tn <CC c@n{liaommtim

—hee
connent @Q{V\ Ar = ——
I + hoe Zu
hee hne
ITnpot ImPQ_dQV\c’_e zi = hle - ——
VL“‘_'ﬂbc_
AT Z.o
Voltoge aiy Ay = —
ge gom av = 2Z
hege h
Output Admitance VYo = hpe - * ne
l"l{c_ + Rg

Cenvension Hfonmulae fon hybnid Panametens

B A o <2
hi
hlb = -——e_—- hic — ‘me
P+ hee
h _ hie hpe \"lhc:_ = |\
nb - - hne
1+ h.Fe
h‘Fb - —-hge hee = — (ux hf-@_-)
i+ hee
'hob - ._._.lw—e_- HOL = F‘\oe
I+ ["LF&

chosockenistics of Commom emitten Hmph{‘—\e-;L
NONADCTEAGTARS

) Cornent acﬂn Ax s kfdh {or R < oK
2) The Volt&ae 6‘1‘“ S [’Ga\r\ £fon Nonmal Values of

load Aesistavice RuU

3) The input 7esistance Ri is medium

4) The ootput T7esistance Re s ™Mederately high
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1) as o Wnon inventking amplifien with Voni:r:x@e gain

A

Applicatioms of commMoM emitten emp\ifien !

I+ of the thnee CMFFaU*-Q"C"UHS ce amplifien. aleve s
Capable of PHOVidinﬂlbot\q VDI{'O@Q gain and Cunrent gaiw
2. The ootput 7lesistonce Rp and inpot 7Nesistance Ri oxe
"‘cdegu’ce\&j hiah

3 CE omplifien 45 widely vsed fon am?\i{l;cmz;m"t-"%?ﬂf'e

Chonactenistics of Common Base Amplifien :

I* Conmnent (qu 15 less .l'Hr\OJ"\‘ aniky  ewnd Hz‘s rf\o.ani{:ud&
decreases wikh, +he inerease of load nesistance R

Q. \rm{-a.(qje gain Ay is hl(cj\q Lo WNonmal Values OQL Re

3. The inpok mesistance Ry 18 the lowest of all the

Hanee Ccm{‘:;auhati NS -

L, The .ou-&:Put nesistante Re 1s  the lqa@hee,b of all
Hie thaee Cmﬁduh.qjcit‘rn‘s.

Applicationns of Tommon base Amphifien

The cB Amplifien. i85 hot Cbmmcmla vsed fok Amp\iﬁc&-\-{w

penpose - 9t s vsed £fon

) Makching o Vemy tew impedance Soumnce.

alceedivx_g Unity
3) Fon dniving o hiah impedance \ead

4) As o Constant curnent Seunce .

chonockeniskics of cemmon collectoan Amplifien

I Fon low Value of RL (< n:nc.m) The cument -Gaw Ax i3’

hiagh and almost equal to Baat of o CE  amplifen

Scanned with CamScanner



s The Vc\{ude gain Ay is  less thon  Unity .

3. the inpot 7esistance 16 the hi@h&est of aw the three
Ccrnﬁ{auxq-ticns .

4 The output Nesistance s the lowest of o\l -the

thaee comn {l{apmatimﬂs .

applications of _common Colleckoa ﬁm?“f‘;u‘-

I The ce Amplifien is widely used as o buffen
S{:Q__ge betuwacery a high imPQd&nae Source. ond low

impedance leod. (ce amplifien is called emitken

£ollo meh)

_C_Dmpo::\iscrn of Tn&_ns?s@n ﬂmg\?ﬁe}x Cm%’ﬁumbtws.

The Ch&mﬂ‘t&ht&{-ias of three ﬂm{-:au»-m\—m'ns

: : HHiey
ane Svmmanized in:table below. Hene the gpom

. ane caltvloted
Az ; Av, Ri, Ro and Ap C Powaen a-ckxv\')

fon Ry = Rg = 3 RN
Quanitity B cc cCE

Ax 6:98 438 =hbr D
-13\

Ay 13\ ¢-989
Eoqir 5

A |g)_8~38 46‘:’8

" 1065 L

-t A .
R - - AR 6 N
: 5 K
| Bo: 50 455
Ro FF2MAN
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| Simplified  cE Hybmid  Modet (o%) Approtimate CE€

H_L;bs—x;d :m::;c:lel. Cﬂppnmeote Hno.bsr'fs)i

As +the h poriametens +themselves Vahy

w\dela fon the Same +ype of transiston, gt 18 joskg

to moke oeppnonimakiong ond simplify the expnessi ows

fon. Ar, Av, Ap, .R’"‘ ond Ro-

The behavioon of the taansisten cincuit Cawy
be obtainegd by \36in3 the Slmp\i{—;ed hybnid Model.
The Wh- panomeken eqpivalent cincuit of the trawnsistol

in the CE Configuration (s Showew ba figote below,

T,  hie 'I;c
R -+ i
s - \
hne VC ‘F‘-FEIb /hbe RL VC

+

Fiq: Ewock CE Hybnid Mmodel.

Hene - is v fvanaueL with R
hee

The Panallel Cembination of two t::\no_cvucd \mpedances 1g
appnoimately eqpal  to tvwe lowen value ‘e Ry fewnce

e
] 4+ >>Re, then the tenm hee ™oy be weglect d
hee

provided that hee Ry <<

af hee 15 omitted the collecton corxent Tc 15 givem

by Te = hge Ty .
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ondexn  this Condition the Magnituar Of umta_ae_

generated in  the emitten dncuit 18

hne Vel = hne Te R = hne -"’\{:e_ Ib_RL
Since  hne hge = o.p), this Veltage may be hedhac_t—ed
N Companison with the VD\'EO-@-E’_ drop across Wie .

g
ie hije Ty Pprnovided +that Ry is wnobt too L&'née-- ie 8¢
it is Possible o

Ewhe

the load desistance Ry S8 Smail

neglect +he Pponameten hre oend: hee anc\

R se 3 b‘h&‘ﬂ&.d as Showwy
appnorimate ch.Lwo.\ech cinmecvwit 15 6

in’ -Fia UAC belpLa.

p 0 N S T O |

—

Fig ! Apprnexdmate cE Huybnid m™meodel.

D Current goin (ptn:) '

The  Ccuient gun  fen.  CE c_cm{‘-;aum’cim (s

-h
Ar = ___ﬂ'_ af hoe_ RL < &
| + hoe Ry '

[QI = —l’\{lg‘

2) NPt Tmpedawce {21) Y

By @vact onalysi sy Z;

H
!
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Y. = h"e I\ T Nme V2
A= = - = hie 4+ hne V2
1 e 2
Noa = =T9Z = —-I,RL = Ar T, R_ ( Ap = Ty
Ty
- Z: = s hne Ay T Ry
> e + I - f ' Vo = RAx IlﬁL.-]
T
R. = [h‘\e + hne Az RLJ
L=
L 81 Ry
¥ = hie \ 4+ _.n—e———-——"_
hie
Ri = hie | 1 4 hne Az Ry . hee hee
hie hee hee
vsing the typical values fon +the h- Ponlametens
hne hpe . . ’
= O:5 : i
hie oo .
s ol Ar R |
- R, = Wi : 5 Az Ro hee
I"\_Fp_
we Krnew that Agp = _—_i"\«F_E_ SJ~ l“ﬁ& Ry <« G
-+ hbe. RL
= Ri = hie [ v - ©5 hfe R hee
hee
= Ry = "\‘1@, Il — o-r5 hog_ RL}
84’ hce Ry < O.)
Han LR'L = ‘r'\ie,‘] ( e ZE_B
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velkoge gaml Ay = Ap "L _ -hee RL
- — R{ _
hie

Output Tmpedaw ce.

Tt ls the %atio of V. +to T, with Vs =0 and
Ru excluded . vhe simplified cincoit has infinite outpat
impedance becanse with Vgz=o and extennal Va\-l—cxa@_

soumce  applied at evkpot, it 18 found that Ty=p

and hewce Te - D

Re = \'C_ = (‘,' IQ_ZG]
Te

Apprnowimate c:m‘xkds{:s' a_l, CE Ampli fHer

connewnt

a&f\ﬂ 'HI = —h_{:e_

Ihput resistawnce | R: = hie

Vol E&a e 8‘1}“ AV = - h—FQ RL

e

ouvtpot resis i:c_wn e Rg

-

- 00

F'l\'\a'ldsfs of cCc Ampli fHen LVSing the approwimatre Model'
_"-_——___

T —————

shows  the equivalent cinmcoib of ce Amplifien

Frqure

using thwe apphuﬂimate medel with Hhe collecton _
3no\5\nd9dr ‘1an’c 5‘\31‘\0.1 cx?‘s\i@_d b@_‘:uh@.g_n bese o.n& amUnd

and  lead Cevinected between emitten and novnd.

T, Te T = (v+
b ; — C hee) 1y,
hie
R Fig: Simph ecl
3w hpe Ty Ve Ry Lol SmPE
+ b Hybnid mede! fon

the cc cincort
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) cunnewnt au s -

Ty (1-1- h T
A = +— = ‘Fe b
T Ib T, ) = (l + l'\.pe)

?-) IV'\:EU"E Nesistanc e

R: = LY = hwe + (14 hﬁ&) RL
Ty ‘
3) Veltage jcu‘v;
o Ve (1+hge) Ty RL
v — =
Vo (‘nie Iy + Cl+h.[le) Ty RL]
ap= (M) B e v (1ahge) mu-hie
“'!'{e + C!-!-h_Fe) RL 'l'\"i.E. + Cl-l-\'\.Fe) RL
hie
Ay = | -
hie + (1+hee) Ry
Pl\l - \ - l:;--e. {r" R‘:i - ht?_ 1 C\-\"ﬂ.FQ_)EJ
- t

4.) oskpet Tmpedance -

ootpot impedavce (Yo

admibronce ) Shont cincuit cument in 6]P termun

open cincuit \rolboae_ bln olp tewwival,

shent Cincuvibr Cosment

= Cl—}-\r\.(:e)j:'b = (u+ h,{:e_) Vs

in ook—_—Pot tenminals

Rs +hie
opevry cinewilk Yolk e
v 0 = \j
bin ook pak tenminalsg
: : hi R
YB 1+ "\_Fe = Re = '-FL_+ 5
Rs + hie L+ hee
I _
cokput ;mPG'.CICLnC,& i'f_li‘.llldi“j " Ru ie Rp = RD” RL
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AV\.G.'LHSFS D-F CR
\J

Bmplifien. USing the apprnoximate medel

Flaune. Shows +he Cguivalent cincoit of ¢
amplifier. Using the appnomimare model with +he base
anounded, inpok stﬁno.L s opplied betweewny emitten and

base and load Conmectred betweewn Colleckton and base

E 7 () _Tee ¢
hee Ty
Rg
Ve hie A Ry
¥
Ty
] ; l

F‘aﬂ:-f)implif-.'o_:l Hybnid mMedel fom the CB  Cincoib

J

D curre@nt ao,i\q !

- T .
Faom Hae _Fial_\,&_e QbO\Je HI = < = _:_',.\-Fi]_:l:'
Te = = (14 + hee Ib) = —(:+kge) Th
-h T
AL = fe Ip % \'\ge, - —h-F'b
"CH"'\{:e) Ty t+hre
1.) Inpot Resistance
P Jefistam: %
Enpot TResistawnce Ry = Yo
Te
Fro! ) - - <
tom  figore  Ne = -y e Te = -—Cﬁ-’rh{le)rb
hio
Ry = _ "¢ = hip
I + \'\_@e_
3) Vo';-k-aﬁe aqiﬂ’.
A'U = _'Up__
Ye
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Ve = -Te R = -—h_(:e'-":b Ro

Ve_ =; "‘Ib \'Ti,e.
h
Ay = _¥& R
hie

E}_\J—lia\l’c Impedance.

Appnonimate Bwnalysis oJ, CB  AMPl flea
‘) corrnent aqi\q Ax = .__h'F_&_ -

= —hgp
1+ hee

) Inpot Resistawnce Ry ::—-—h-t—e-—— = hiy
[+ hee

3) Voli‘o.ae_ acﬁy\ Ay = "\{:e RL

hie

Qﬁ:?ot Resistance Re =

Appromimate anunsrs of ¢c  Amplifien.

i) Curnent 6&'\\!1 Ar = (v+ \'\-Pé-)

2) Infb\l\t‘ nesigtonce Ri = hie + C‘ + "\F&) Ry

3) Vc.'L’c&Ge, acﬁn Ay = 1t — ‘r;&

hie + Rg
1+ hee

.q.) ook pet Resistonce Rg =

—
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