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. min tmize. the egeds of (ecxkaga current
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'in most rf, amplifler designs, vafortunately | very liHe Thought
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How do we  prvent Adempenatune problems —  emitfer stalo't 1 zedion

- V - v [}
IB = T BE NLaLes =) IC.
RB \Nnereases

;\7 » -ﬁm.Tmheo\h'%
- the tronuistor
@ As P increases; T incieages

@ As T, Increases ) L. ‘novases

T, s the current Thot frows Thra The cOllector with
The emiter open and & alld T CR \eakogr current,
Small, typeally 0001 — 0.1 pA  for low power silicn
transistors, Lksqul:s madeled as a. small curvent generajon,

How do we biasr for constant Iz ?

. Thevenize tha bias arwt

Vee Rt | |
Rb \ I—-’\AN——-Q ' RT"RE\“REZ
\ = L
. ' J" Rb\"’ RbL =

2. Add T generotor

Q)

MA ' ; do "+ee " model of cirewc t
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T the. Yee' mode] s o lo/w}e arcwt madel
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Ié’ Te+ Teo) + B (Tt Ico)

Two unknowns Ie)lg
aei' Second efbuaﬁ'{m from biao ‘)DOP

Vo — TERT "VBE ~I=zRe=0 KL

Vr —Vae — (g+) Re Lo

solve Linylienzanniy L=
Q -

I = (B Iy
= (@‘H )(VT—VBE) - (ﬁ'H)Z REICO

CﬁH) Re + RT

How to make clependent of {empenm+m
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L e (B+YRe > Rr
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Example =
2
Rb: <
D fom dafa sheeks ¢>— e
= SvoLrs
L = lomA

Py= Vel = S0omW

@ Pk T Rg = & voLTs (A Gach NUMBGR.!)
S0 input does not reverse bias 'OHBE

Re’ - KQuours _ QuoLtTy 200 N
Te [Oon A

@ 50}‘-{5‘\{-‘3 ::(’o.b;(;"':j C,TH'QH'Q,
G+ Re>> Rt
@+ Re = (so+)(.ar)= l0o, lK
pick Rt = 4k
@ From input loo p
Vo —Rr [%) — Vae - Ig?é(“‘é)zo
write W ferms of T ane we know- it
. A . : _'_
V= UK)(%)— 0.7 — (10mAI(-2K)(1+ go)
= 02 +07+ 2.0% = 94 volts
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) solee  for Ry Ry

; R,
V'r‘ = Rb \/% | PT‘ = Ry w2
Roj+ Rpa Ry + Rz

_:> PIC.K VC,C. = [D voLTs As AN &?XAmPLE

294 _ ([ Re | = (RoRes
I ( R+ R JRi, T sz..\‘}

M /M ('\\._‘ —
Same fuctors

s Rp,=  RerRez | Lo = 34K
Rb‘ .01

©Ry, = 2,94 (Rp, + Ruz )
Rp = 0.29¢ R, —+ .294(3,4x)

Rb\ = 0.29% Ry, + 9996

0. 0b o
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SO
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oV
T Eb' 2, 1 oolts
° Ry,  ~O02mhA.
o
ek I, = 2mA  then R+ R, S i%A = 5K Ohm's Law

Phage divider Koo, (wtis) = 3.7 aobis
Rbﬁ-le '

——

= Rp.= 9.7) Sk = [.35K

lo
Componison © \0 [ sm&[-ﬁﬁ criterta,
Rh\ 3. b5k S 4K
L 42K
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V‘ﬂOﬁ\.Q/YT)Q,ﬁClM&\ o Framzictor Yo comlbe medtddac back -To- bacl

pe»n_.\‘)unch&ﬂ diodes Ebers — Mol) e%oa’nem5
IE=—IES(€Y\%—}).+D< CvJC ‘)
L= e (QV‘% -1 ) = L (e Si ——!>
v kT

9

ICS, Teg @€ coliector amd emdler Sedunaton currents

e Ck,i&l(l.(..‘\} aAQ
turrent mged—(m G EM

(
/
I,

-
b @ Y; —o(,) resistanc o
book revensae
resichame - biaped cicd
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A notiwar commu—‘r\i_ﬁ vsede modell s Tha %-Paamﬂm, mod whida
‘ﬁo.s no pgudskcd basis Whotsoever bud is eo.sné‘b measunre ,

5o 5
\/‘ Ne\'r %;]ﬂ %'/_%o V;L

This looks  very similau to the Qé_bmdf'n‘ - but o casier To

ma/m"auflo&z., OMde Mmeasune.

i

‘Q\i_r-‘mpwh fmpedamg.& , prpr 5%01'{' g]mai+¢c? = I
R, = ouﬁ:ui‘q&m\ﬁamcz, , lnpu.T‘ open = ;\_/_’4’2
| “Rr =  Tevénse Uc»%‘ag,e, /Laj-io").nn put operslkmzd'\%

\fm = -Erwcmcb current rato | output @z = ?fa'

Since Y- panamating arg eas‘cl:) Meaauned '”\-v-g are often found
on themsister deda. sSheats, :

° Compare with basic tee mada whidh comes from phuysics

IR -

Me

o— _ 5

(, # ™ omclis the nesistance of Thae boce contaet Thu
bulk sLb3tndle To achuve Naqiom

BT, Qurrent injechon ' to baae
n(l-%)  resistonce of revese biastdl diode

e non - lAeare resistance (R-UV\\-L /3=-¥(IJ) amd-hp/mseng
feedback. Fhus emtter 40 beao



Exonmume m

udwv.;m’s dadee shaets

T=Ima \._= lovotss, f= 1kHz

%?c=

Are
Rie

J‘g’oe =

50 -200 ‘Q‘FE:
510 %10
= | —b kS
4—40 P_LJ_—

45 (mim’mum )

Cam T +romnsidle Huae To *%%b/w:ﬂ =T 7 | \I/?s

O A phagics

| = e — 0,04
RT Q.ng
@ N B min 45 T = Lof, Vem Lokt
N '?mre So-200 {o T = i"‘A v = dou-ts
o
4 : D
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e — -——-’—- ——
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(L)E'E fetio of . %JMHE
a_ de
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9 3Im *

o-F- .R‘FC UJCLS USed-/

‘E@m daje sheets \Q‘\C X 3s00 wm &éam oM authagh

'wcuusd/
'Lmﬁ =

rbf “9\(3— |

it output 15 shotad

test ﬂc\re%oen ¢y the capaatame corw
be /‘M.gl.a.d'tci.n
™ = 3500—-3125 = 375 SL
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Lor %-panqm.dab mocln.L

f,T Q@ short output
h V# %} £ @ %V, =0 sV, =0

o—'—‘

T"&,‘, o Them S?\m.f SV IIN (o-uj‘?bd") );\Pu_-{— IMPQC’OJYIC-L .

165 Ia.%bm'd -7 moddU

oA — M —° |
b . . ,
ir*rr gmV s D fnt crréuit outpul
o -
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Ve g% [€6) o >> .
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Eoorrectior, to P 123
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Q.Dbo = Commorv- \OM PQ(QJ\QX o\)ip\f{' C_Qypacr\_“gmc_Q_ withy
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P\oﬁ\ﬁﬂ e\ye(uf) we Oobservg o 3-dp POI.Y‘\’C ot 'ij FThe

ﬁ)‘Cud-o-q 'Fmgoucnc_tj y amnde ao %5% 'Cn.no%)-emc:s asé/mp{'o_&., ‘FT,

Theae one raleted i co mamnats sinddlanc To The .%@.\'ﬂbamdwléﬁh
PAOC,LLLC‘F' '

‘F‘r = F)o ‘F'C)
In -Cad-) one chgvm’nmﬂ of f-@. 'Cmgomw s that -%(-F(LF
So thaf one s aﬁmm%s oosmcmH}nj in the regicm' whona Hais relotiomshif
Dofds frve. T phove the above efxp/zasyé/m

ot a 3-db Pém-t u.)(c__n.-l—CP ) T = 1 oL
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e
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fm&ucc\'\'mj Huwo @xpmss:bﬁ -famm, Quen data
T = lomA, Ve = 20V, §= 400 mHz {=250mHz

( We must be AUn T, amd Ve ane nots the sama as
befre but we Wil maglect o fer The minude)
- 3m
T am (Gr+Cp)
-2
2D XI0C = 4 x10
QT(C’[\-T(OP‘F)
-2
C-rr-rGP‘Y' = 4110 = 2,55 0 X o8 = 2§.§P-ﬂ
21 (250%10°) '

Cr = 2556 = HS’FQ

@ Smm_ gt 'S \m'ﬂuz, ‘Ccedbac.\z Pcu“h wcmm calledm,‘to baee we
Moy ~e,7<\:>€c+ l“\' 4o nvolue ome rda,ﬁmseu.‘: wtth ”‘e~

T > o W —o
open T F Mo (g v
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2

Il= le)

By I = Va=Ve  ohena 1% assumad el Va>\/"

o
V\ C«OM lae, fo"w& *grom Tke. \/&U'agzc(rop a.c/loss r-,r Smc@ I =0
” - V = Ir‘n’ = [VZ V) A no current “thrw (“b
Y -V, v, |
"&re-— T/:: (\/2 .) rP _(l-— )-F- —t:_e\f‘ﬁ

Vel T
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ALl parameters must be SPGQ\Qéd Cor The Same test conclitions

ve. Te NVeg . The Voneatheon of the baire smell <

< adwoJl.
hetedd tn the oble below,

-
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v ‘{ixm.m veJrcY‘ Sormulor
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= - ~ linear decrea.c T o T
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. 04
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/ | Arawen for V, =0
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) i Ves =0 not wewerse biased sc
/ /{‘ ' tramsistor will not ux
. 7 Vs ) ,
. 7 j ' : gor' o canztant \/t.-:
. / j| \é—é‘.“ I as\\]ss\zz .
.often T L. J 0% Nag Reomes
Ao & Soura. : - gative rf_evev\wé
ote wien dargeatle N ket e tha FET.
a ‘ p .
ohmic ot achen . o 1
regxbn' yegiom l>Y‘ea.\cdoe_.gfn YﬁélOﬂ A
amphifen : |
regiom

ok cutolS (cn, p\nc,\\o@ Y £or o comgtant VDS (V?‘cmcvadﬁs w\/@s Qocrenars
\/DS(PU/\C.\AOQS;) ~ \/?O + \/63 = \/P

C

\nchofC dirchoff Uo—Ha%e_
“f %an.o \/ :

_— N . —— i . . ] -

The openahon of Tie waehion TET caws be maf r\Qm’L‘}"cL‘HS SUMmMArizeqd az

~ N

1. cdhmic resfon

T,= Toss >‘Q( |+ VG" } = - \%/EQ)L:]
PO

.(m__\jus:xmaiﬂ T ~ 2 Tss (\+V63>Vbs

Mpo Vo
\ooks hke a resxs'fvr w:’rh
~ aTD <| DS

Vpa



2. saduraha Cequam
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MOSFET
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diouds \O.Léen., Qledricdl_g insudates The %o&:e electrode From The
ezt of  the Framsistocr. En:\‘co.\\j Y. TMOSFET  behaves
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h-PARAMETER AMPLIFIER:
AMPLIFIER MATRIX REPRESENTATIONS
AMPLIFIER CHARACTERISTICS AND PARAMETER CONVERSIONS

MATRIX COMMON COMMON COMMON
BASE EMITTER COLLECTOR
h, h
h,, h h = —ib h = ib
1C
le 1+hﬂD :l_+hﬂO
h h _@lyhy oy
12 rb re 1+h re
fb
h 1
h h h = ——1i® hf =~
21 fb £ ¢ 1+h
e Zl.-l-hﬂO fb
h22 h b h — hob h — hob
o
oe 1+hfb oc :L+hfb

AMPLIFIER EXTERNAL CHARACTERISTICS?:

_ h11+RLA R _ Rs+h11
INPUT OUTPUT
1+h22RL Ah+h22RS
CURRENT VOLTAGE
1+h22RL h11+AhRL
2
A - h21RL
POWER
(h11+AhRL) (1+h22RL)

INOTE: These formulae are wvalid for ALL two-port matrix

parameters. For example, you can substitute yq1 for hq1, etc.
as long as you do it throughout the formula.
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EXTERNAL AMPLIFIER CHARACTERISTICS

Common emitter Common base Common collector

RinpPUT medium low high

200-200040Q 30—-800Q 103-105Q
RouTtpuT medium high low

103-105Q 105-106Q 102-104Q
AYVOLTAGE high high low

variable variable 1
ACURRENT high low high

20-200 1 20-200
APOWER high low medium

1000-10, 000 20-50 20-200
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