8. NDI AND THE EET:

Null Double Injection and the Extra Element Theorem

How to find the contribution of a particular element to the
transfer function
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Null Double Injection (ndi)

Usually, a transfer function (TF) is calculated as a response to a single

independent excitation.

However, large analysis benefits accrue when certain constraints are

imposed on several excitations present simultaneously.
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signal
output

U, = Aqu;

The input is an independent signal, the output is a dependent signal.

The gain is A;.
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Consider a second dependent signal, a voltage v at some internal port :

signal
output

Uy, = Aqu;

The gain from u; to v is Bj.
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Apply a second independent signal, a current i at the same internal port:

The "gain" from i to v is a driving point impedance B,.
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Apply both independent signals simultaneously:

For a linear system model, the two dependent signals are the superposition

of the values they would have for each independent signal separately.
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Apply both independent signals simultaneously:

For a linear system model, the two dependent signals are the superposition

of the values they would have for each independent signal separately.

By adjustment of #; and i, u, can be made to have any value we like.

In particular:
u, can be made zero by adjustment of the relative values of u; and i,
namely
_ Ay
u,=0 - Aq %ttp :/lmww.RDMiddlebrook.com 7
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There is now a null double injection (ndi) condition:

U, =
(nulled)

The voltage at the internal port is

U=(B2 _Bl %Jl
1

so the driving point impedance is

A
- (Bz — By AZJ
1
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Recap:

The driving point impedance (dpi) Z;,, at the internal port can have two

different values, one when the input is zero, and another when the

input is not zero, but is adjusted to null the output:

Z =B
dp ;=0 I2
from i
-
Z =B, -B; -~
dp 1, =0 2 1I Ay
from u;
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Recap:

The driving point impedance (dpi) Z;,, at the internal port can have two

different values, one when the input is zero, and another when the

input is not zero, but is adjusted to null the output:

V4 =B =/
dp ;=0 I2 d
from i
-
Z =By-B{—= =7
dp 1, =0 2 1IA1 n
from u;
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The dpi Z; is calculated under single injection (si) conditions:

signal signal
input output
Oo— O
uj = Uy, = Aqu;
(zero)

Ug =

(nulled)
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The Extra Element Theorem (EET)

Replace the current source by an impedance Z :

The same linear superposition equations still apply to the rest of the circuit.

However, a relation between v and i is now enforced by Z, namely
v=-Z2i
Substitute for v to find i in terms of u; :
v =Bqu;+Byi=—-Zi
SO
By
Bz +7Z
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The Extra Element Theorem (EET)

. B,
1=—- u;
Bz + 7
Now substitute for i in the equation for u, to find u, in terms of u; :
By
U, = Aqu; + Ari=Aqu; — A U;
o 1%1 2 11 2 Bz +(Z 1 \
Ap
Ay By—B1 4
A B2 — Bl Ail + 7 A 1+ 7 Aq
=4 Ui =Aq Uj
\ J
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The Extra Element Theorem (EET)

signal
output

The two combinations of the linear circuit parameters are precisely what

have just been defined as Z; and Z,,, so

Z
1+7
Ug = Al Zd u;
1+z
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The Extra Element Theorem (EET)

signal
output

The two combinations of the linear circuit parameters are precisely what

have just been defined as Z; and Z,,, so

Z
1+7
Ug = Al Z, u;
1+7
However,
uo _ L] L]
u; = 8ain in presence of Z
‘é(ll:BIgﬁln when Z = o http://www.RDMiddlebrook.com 15
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The Extra Element Theorem (EET)

signal
output

The two combinations of the linear circuit parameters are precisely what

have just been defined as Z; and Z,,, so

Z
1+7
Ug = Al Z, u;
1+7
However,
Yo _ aini =H
u; — 8ain in presence of Z
‘é(ll:BIgﬁln when Z = o http:/M@DMiddlebrook.com 16
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The Extra Element Theorem (EET)

signal
output
U
u, = Hu;
Hence, the Extra Element Theorem (EET) is:
1+ ZZ”
H=H, <
1+°4
V4
H = gain in presence of Z H,, =gain when Z =
Z;=27 Z,=7
4= Sdply.— n = Sdpl, o
u; = Zero u; # zero, u, nulled
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or T
l+ %

eﬂt-n.,rt = ga;“ltﬂ‘;ﬁ-—_‘%—l_

F

This s the Extrn Element Thestem: haw +o
Caleulate the gain, atter am optmm ellwewt

[T &MQJJ by a correction Fachor iyohe
!H'a.rﬁ'nj -f-rln. fcrateh | e
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o

This s the Extrma Element Theoiem: haw o
Caleculate ~the qain, after am exdra eluwewt

s added, by a coprection Facto nattead
Shurtiag fron Comatl 0

The Theorew alio pmu-ts.‘ﬂm.-f“ any '{'an.if-tr' ]erlcﬁi:'m

('e'?l' tjﬂin) d-F - “n-ﬂw .‘Ilfrl'-fn o bi“ﬂlm‘"
-r'un;{-iah o f ﬂ-nj J‘H']IE -Ef-'lhu:n‘f' (-1‘3 E’)
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v.0.1

14 NETWORK ANALYS:S Caur, 1

forming Ay the terms by which & i muleiplied must be the misor
obesined by omitting beth the firnt and 5t rows and columns. 1 I:::ﬂ

A* mnd A}, represent, mapectively, A and 4y when x m 0, therefore, we

hava

-ﬁ“l"‘ﬂ'

A . g

m {1-11]
E-II:H:E&;,, and f,u_u are evidently independent of & they can equally well
be written us Ag and Ajyy;.  This will occasionally be done in liter analysis
in order to facilitate farther transformations.
Thch:]'rthum between Zr and x can be found in similar fashion. Tt i
jiren

A% 4 say
Zr 4 + “I.’lﬂ‘

Il':ueru_ltunni}nnﬂdmmlinl term, imstead of & bilateral element,
the expansion is essentially thesame. Thos, if we suppose that 1 35 a part of

(I=12)

Zytin the origmal determinast, we veadily find
o
kT3 a-13
and
o
Zy= ::'::: (1-14)

8. NDI & the EET

20



The “brute-foree® method: loop amalysis

(Re+ Ra] by —Rgig =M RLé ﬁ
—Rg & + [Rgﬁ—[_Hﬂ.)rE:l g =0 ;1:1..
R&""RB ) R5 F‘“ﬂ' # f-”l..-&
b Nt B - Y
T T a— " () B Feg
~Rs  Rg+(4h)te Og O
Pory S
™ (Rs+Rs) [Re+(1+f) e} — Re*

Rg Ty

R Rg +(14pYPe Rs + Rg +(4p)re Rg — Rg"™

an.u.lhj, My = RLF"EB
whidi, [eads +o:

RReRy

A, =z == =
m =TT (p)r Ry +(R)re R +R.Ra
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IMP le mentation :

Fl‘“ ‘Hin,f" L n.ucizal s ‘,-o mfufm"’{ "'kﬂ
oLnLn}mj Poi.d— wnpedance across the 0 i aads
o whida Hl‘m P -l-{{m.bmiL ts fo b= ﬂd@ai
under Fwo comdliHons :

Z,[_ = E,{P (origr.'nn.l' ﬁLPm‘L S.Era)

Wi =0

2y

i

EGLFI (utijim.[ sut put nuﬂtd)
Ug =0
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Example : Tha previeusly oesiqued CE (ifier

fippnsa"&.cpaaim LA.? been jc,at'mfa.h:#fﬂtmﬁ The
2w thes bypass accfomce ; v the correctiou
Loactor resu g addition of tha Arfio.
2lement Z —1[sC, s dascred.

2t .I tn :
" Ortglnnﬂsﬂ I
; - Ryt Rk Rire 2 (GlR)HA)

<0k " ;
» TN 0
3=120 ——p = 0.4
ﬁ e b 1.2 +0.036+ 0.039
Rs 10k ig fie 6d
Al : = 2.0 = bdE
5 Fe 360
+ E.&
Os  Zeue n
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Onglaal qain :
£ ® o B
,E" A, = ﬂ,i-:i; R+re +[Hs A

2 -\ 10
=|1D —0 = 0.
ﬁ r ,‘lt 046 1.2 +0.036 + 0.039
- a .
.__Rn;;nk o A = 2.0 => &dB
f T"E 3650
Re

Dw=0 %
D_ whklik% *_24..%

Step 1. CGalewlnte 2y by shorting ug =y and
agplywmg & Second imjectad (Gual acress R
ZA=R4 = R"["‘E +(RsllRa)/tu) ]
= 2.2 ||[o-03¢ + (10l &) /i20]
X oo
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Oll,-'-jmml jﬂin i :
R n _ R‘ ol ta_
lrm'.; o” Rl Rare + [Alke)jinf)
-y 1".-0 |o

=|2D | — | = 0.
palr W +0.03C + 0.039
= 7.0 = GdE '

i

I_c',+
-
=
=

.S‘I‘!P 2. Caltalate 2,;_ bj &ppﬁjiu] A JLeond
injected Sqnal across R, and ad juitwe - wilf
respact fo v, o mall w,, =v; =0. Then, fmce
V_L;D; ‘:E :DJ ll.l?.n{.l:

Z =R, =R =22k

v.0.1 3/07 http://www.RDMiddlebrook.com
8. NDI & the EET

25



v.0.1 3/07

Rs ; Jg' ‘g \
AW =
5
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Reference gaim.t

N
A= B
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b
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-, =0
, ig] ¥
%:j\; :__s ﬁ . _'Z“ = 'R
*_
| t
& 2%,
4
_'._M;;a'\mi*!'m;}.ﬂ..i oL
g 2qua |
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Example : Tha previeusly oesiqued CE (ifier

fippnsa"&.cpaaim LA.? been jc,at'mfa.h:#fﬂtmﬁ The
2w thes bypass accfomce ; v the correctiou
Loactor resu g addition of tha Arfio.
2lement Z —1[sC, s dascred.

2t .I tn :
" Ortglnnﬂsﬂ I
; - Ryt Rk Rire 2 (GlR)HA)

<0k " ;
» TN 0
3=120 ——p = 0.4
ﬁ e b 1.2 +0.036+ 0.039
Rs 10k ig fie 6d
Al : = 2.0 = bdE
5 Fe 360
+ E.&
Os  Zeue n
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Okgpaal Gaatn
R A N R
TI0k ﬂn*‘a Rerg + ){l

peno L = 0.4t 10
Hpe 1.2 v 0.03¢ + 0.039
¥ -
R s = 7.0 = GdE
£ Fe 3600

R -
?g:k p\% Ca Hllll,, Corrected ﬂqiﬂ ta

1,#" presence o C, = !ﬂ‘F
blj Pﬂ.ﬂ- Cﬂ.pnu'f‘nnu [

Kn.
A- p, LY 7 =A"_."_5{‘ﬁ"= 143, _A + 5
L+ Ra L+ sCRY '“,?_ LT
Z y =
tohore I ;
. . 1 , T = -
GWEE R qfl-ﬁ—}fm L EERL S T =1.1kHa
A = [ %‘ A‘n :-
Rg o Ry RIR+re + (AsliRa)/(ef)]
"Rl Rere+ (Bl YR~ R [re + (ReliRe)/CeeA]]
Ra oL R\
T Rs+Ra e+ (RsllRe)/Ciep) ~ =62 > 36dB
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Nere: Nullyfﬂ' & voltage ts nat the same as
nhuﬁﬁ' it!

Nore: the nall daubf.g ™ jutc;l-ﬁun calewlation 1S
2osier Hiom bhe Si-ﬂl-ﬂ_ lu]t:.f:'m\ calea latomn !
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Dual forms of the EET

The Exta Element Theorew as derived apples +o

thee Correction ‘(ﬁmd—ar resu[”['ﬁuﬂ -!er.rm am 2xtra Shuwt olement

T‘hﬂ.l—e Ls o~ cnmppuilﬂq {-am {-g -(-Im.ﬁ{ 'tﬁ.q Cortechon 'Fadf‘f"“‘
resulting from am extra serees olement:

heffu&htaﬂﬂ.bn
Voo Z D = 4|
L = G.L“l — ﬂ;‘“ ':'LL __iln-
‘3%12— s e B o 2l =
- £ 3 -Z =
=
= Zn

v.0.1 3/07
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The Extra Element Theorews as derved a.ppffe.s +o

the correction —{»ac;\‘nr lfSu{‘l'L:uﬂ ]‘-rﬂ'h'l am 0¥tea Shuwt element.

There ts o~ coresponding form fo fimd the cortechion factor
resulting from am extra serees element:

veference qava
¥ s =

i

Ta.mlz_ = aaw.lt: = % =3m]

v
3 ﬁu..\.“l

This wmust be
the gatu haw Z2=0
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Example: An alfernative fo the meted ef He
previcus Lrample Us fo fLind the correction
factor fo thy midbaud gain A, resalfing

from addction o1 the Sartes “txfra eloment”
Z-=>R[ fsc.
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RL Dhﬂ‘inol f-}ﬂ-l-n.:
%rﬂk s

) o _ of Ky
(3=120 *_.,‘ Ao = Rolis v (£slte ) 108)
Rs [0 : fs =
; Sre 30
+ 2he
C Vi é-E'.LL
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R O‘ lndl-[ ﬂ.En:
ey

= 120 e = s
# = 7 " Refe Te + (GiliRaYlw8)
Rs rok : fis .
5 ‘ *E} 62 => 36dB

Pho Fri oz (%

Step 1. Caleculate 2, b'j .!‘lmer] W, = U awd
ap‘;'lj[nli o Second &jﬂr_'{'ﬂ-l Iiﬁhnt Um S pets
M‘l& rE:

24 = R = re v (RN YCHp)
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R Orqinel gain :
ik i

Ra o B

. ~u3= 0 .
=120 *? L Ve + (Lsliks)w8)
R : - :
% '_ LE‘# — 61 __,J;? 355‘-3
rg 360

KB Lg=0
(.'—r)j-‘f'l érﬂ'-ka -—7, é)

Skep 1. Caleulate £, b‘j appfijimj o Cacond ‘
Ln] 2efed .Iu‘iml o Seres wilk Iz and adjusting
t wilt respect o vy, to mull u, = v, =0.
Tlﬁ.ﬂ-n‘ fma U, =0 (=0, hruce

)
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%RL Oﬁﬂiﬂﬁl gain :
mlﬂ. _ EE HEL

. v, -
(§ =10 —-n L H'in. Rs+ia Fe + (fi"&MH'B)
‘e =61 =>36dB

Hene, corrected gain wm

== prajence & R l/;f_,_ u:

A-14 R’ " ! _ 1+1fsC. R
¥ E, o 1+ &, __1 _ﬂ“‘u-f:ct{aun 3
Ra Ry 1+sGR N

HW—I.ULI'; Rﬂﬂi ‘-ﬂl, Jo

: I+ 1[sCLR
A=k L+1[sCRL

> Same resull as befole
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The Parallel and Series forms of the EET

Gemeralization: Extro Eloment Thaorem — |
Thae are Hwo -Farw, of  Exta Eloiment Theorem :

.

_ |+ &
ci].u.m ‘E‘ a3 3*’-"*"[%:” | + =4
*
Providis o~ correckion —f-a.c:{*w’ Jov an 2xfm 2{omment

m_cu.aol. o~ Sku.m.‘[_ acrpss oo nade Pd.t:r,

Previdas oo correction fackor fov am oxfra 2(omut
odded tn sores with a b ruwdh,

Tha “L‘tf{-m -Q,[m.w‘{“l{ % Cdne 542_ twuj "*wﬁh‘flmt;a.m(
Lamhﬂnn}‘l‘{w D‘f ‘leP&a‘mtﬂ,s
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Note that in all cases the nall double ¢ njectan

Caleculation 5 .E_n.;;-.er- tHam f‘ﬁ; .E'bu.ﬂl'ﬂ i-u‘l-tuhéu
Co lewmla Feon. -

This resu th -(—rnun ure n.'t He null conditmn
(ULELL walces several other -:fumi—ﬂ-hs 34m);

and

becawte Hia l':ﬂ.[ﬂ..‘{'gﬂ'h be foveon Wy amd Ug, to

Em;l_uc.r_ He null s never notd od ——— ﬂl[cj
e wall itbself s wsed.
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Exercise 8.1
Insert C; by the EET

Eur;&z
L, e CE A.tp“{-h.f J-Fnjt, -]C:M He correction
i A ruuth'n? f—rbh

fadtor {o the midband
inclusion ﬂ-f te taul)ff.nﬂ c,a,Par.H-nn:L C,=t:}.ai',m='.-

Re
=120 S ok
—Fy
F—0
A, =36d
F\S 1ok Il ﬂg 4 ﬁfﬁ . :
Llila_ﬂffF : ;rrE Ln

o ﬂ.g
o bk

a7
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Exercise 8.1 - Solution

Exercia Solution
ERL
310k

g:lm —:;r"
: v fpd
R’ I'ﬂk ﬂ::g. ﬁ B Hn=36d3
gre 364
(P
[ F bk

48
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Exercise 8.1 - Solution

Exercigs Selution

Z4
l #:illﬂ [—'-ﬂ“-"
Fallh | T.] & YIfie Am=26dB
4:.'I“E 364
q v = s
< Tok
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Exercise 8.1 - Solution

EM l‘t.!:{.l. 5ﬂ|u‘|'_'l (1.1

24 E 1Dk
f=u0 -
Rs 1ok i _L; v pig
f=rE 364
Q% =0 fta |
= 1¥bk
Step 1.

ZL = RA = Rt RellCop)ie
= (0 +¥bl(120 » 0-034)
= 10 + &6(43
= 13k

v.0.1 3/07 http://www.RDMiddlebrook.com
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Exercise 8.1 - Solution

Ex..e ru_}..l. Sa{ IJL‘H on.
@M_ ! RL
> 1's

|
Zn
J/ g=no | —="*=
) Vi
R-!I "lk ﬁg ﬁ 8 nn_:?'adg
1’T‘E 364
e e
& fbk

51
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Exercise 8.1 - Solution

Exercica Solution

TOR ! @
Fa 1Bl

i ﬂ:]m o
Rs Ik tg=0 |V]|fig=0
—ANN— S T
4L, =Q jre b
¥ Vge
(t)\r' ﬂﬂ = ) L‘E =
2 Yok
'S'*'LEP 1.
Z =R, - o0
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Exercise 8.1 - Solution

Ex..erc,c:{.l. Salu-“& (2]

ﬂ:llﬂ bk
) VA 4
C, 0.0%uf gre 36n
¥ [ a5 He
v fe
i Yok
|
He nce corractad ﬁa}.n (n He presence ol Z2-> :/s(, (s
= .
B0 1t | [
"l = r_}‘l,_“ ' _A"‘H_H:
ZA SCiRd 3
mhlr{
W, o= — - I5Y .
3= C.RY 1{'3 DosxlZ 4% Ha
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G)W}«.){-tm ¢ Belra Eloment Theerem — 42

Tt the refermce . coreuit is purely tesistve,
TAd=RL amd Ty = Ra are pure pesisTam s .

T, also, the axtra 2lewment (s oo pure ractuma,
Hoy Exdre Eloment Theorewm correctam
{acter qives the cormar frequencies
ArecHy.
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Gemaral (3 akion ¢ Eschra. Elwmtnt Thoorew, —#H3

The CExhe Eltmint Theorte Cam profubadly be wied 4o
divide Hi'wau'su o-‘f- o cm.plicaho{ corwnt Lndo

Successive Stmpler sfeps

Desiquake  one. element as ‘vefra and Ha curouik
without Ha elowmnt as g “peferemee Ciremit
Caladade the qoim ol th (Jﬁnpfu: refuremct.
{.J..}c.u’tl‘] 150 restone the omithed bj
H{( Extra Eloment Tloomu correcking fid"nr*,

T[\.;_s' rL5. o Pa.l"“lt’_u[mr{c] u.u-_{-q,l ﬁ.PmeaLL W i h{]
o 25 gnodfed ‘et ¢ 2lemctnt o al rRackaue
onmd Hi  reference copaab s purely

I\E.SL-S\L{V-E..
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Exercise 8.2

Lag-lead network: Find A by designating C; as an extra element.

Exercse LA_%- lead nefworle

AN
R} C-lJ_

o R}; Zr,

"t

F:L:-J. 'H\l. ‘I‘Mﬂjiﬁm" %MU"(:N\ ft = 'l.-"':_’l?'| I.,:Mj

C| GS “axdra he,(-!.um"l'

e
=]
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Exercise 8.2 - Solution

A o u
K, & i
@v Re
az%
o
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Exercise 8.2 - Solution

v.0.1 3/07

? i v _Re
'ET‘* vi R tR
>R
®u=0 R Ry=R,+RIR
R d~ 1+ IR
F
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Exercise 8.2 - Solution

'l-l'—ﬂ v RI_
RI & R ' -';‘: - R'I 'l'RL
> Ra,
| @ Re Ra=Ry+RIIR.
R,
—a Rn = Ra
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Exercise 8.2 - Solution

v.0.1 3/07

— v v __&
i -ﬂ-';-R-I"'RL

Rl Gt
O “_g i RyeR+RIIRL
1

—a Rn..:Rz

Ty " R]-_ ]+5C|R1
W RFR 1+ 5C (R4 R, IR
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Special case: The EET for a self-impedance

The Extm Element Theotem may be uted do fuad ax
2ot elomest cormction factor for any Ftums fer fumerton
ot o~ | bntan corenct . T is ALcessaty mml’ﬂ Lo{en“f‘t‘-fj
ey & Ln. wt " amd ﬂhl..ﬁ:?mf thﬂmf& ‘:E'_sl amd . M Thin
Ld.f[m[a)[-h{ as tha alWIM.aJ Pﬂl-wf‘ MPA&(M{L L20.m ﬁ:j
the 2.)_::{1\« eloment witk the “oaput  3ers and wikh
b “output " mulled, mip.ec-I-:vaLj

Examples o+ tromsfar fumobons :

”u“J'PL“_’l'; current drwn o pauer supply
LRP“'{'-".--:? IHPD\.‘-' "IIDIH"D-%

(a_ +ramsad e Hm:g.)

toutput”
> output voltage npple component (‘“ Volfage qoum ; anda

Power supply rigple voldtugqe  suwscaphibility of o ptvas

mpu:i- . Su.{.l!ﬂ'.-j)
1{]%.[1_,“1- ,,?c.,ahi.spnn.d.r.hﬂ Aﬁﬁt:nﬁ *Jal'.‘f-mio_ (A SL-[-FMMMLE_
* r.i‘..n.j irlﬂinﬂ ﬂuH“EH.“l‘” gﬁ L“P“"!_H -oul‘]wa'
b ot * U pedounce)
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Exmhr\pf{: -?L_npd" th.u{aqm Z: of a CE amplifier stage
La.uH; Lot Her btjpd.if, (.a.,ﬂau:r}m-uj, s  avden ! elimat,

“"Retereme coreuct”
g “referene Framsfer fumction

i E: = :?_’;li_:: Rg + FZBH“'F;@)("E*‘@

Ly
t':l Rs 'E v f-’"s

I ¥ i

o o
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E xample Tupt meala.uu_. 2. of « CE amplcfier stage
{A.'-IH; JEth'izr btjpa.sg C@iﬂmcu‘fum, a5 ,aHlnL -'E-(-Em-d-nif"

Y RL—{'tm C.chul.'lt;' ':

‘ Z tefersme framsfer fumchim

¥

| — L_-%l = Re + Rq[|(148)+)
tL=0 Rs g [

o—>———ANW— =

¥ = = S _

v R«ag | K

" = ")

Za=2a| . .
d. dpl“;'ﬂ:“ %"«PIL .~ {{( F_,_E_F
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Example : Tapdt L;rxpltlﬂnm Z.of a CE panplifier stage
ik e Her bgp&sg CA.’ﬂmcﬁhm.L as  yfra " 2lomant

“Refereme. corewct™
_ R 2 "”-F&MM:L 1('-&-15-&1‘ funckton *:
meliy NEL SRS Rt
L| R& ‘.'B : ‘giﬂ & B
3 AV =
+ Fe
=i i

V=0 Rn? I
RE <2y =2 =1

& n SCy
0— i3

£y = :z?alpl = R
“owbputt = E4 =R =R (h s|1Rg
awitkd " \“‘F 2 g ” ER
v.0.1 3/07 http://www.RDMiddlebrook.com 64

8. NDI & the EET



Ekmpit : Impd‘ L‘M.P.t.t[aqu_. Z. ol a CE awmplifier r-\‘m'.e_
Lty emctter bgp«.sg (mlﬂm&mu. as extee " 2lemadt.

“"Refereme. cirenrt”;

. z “telesvae. Lowcler Japotion v

- vy
el a;l%:: Rs + Rof|(148)re+R)
¢ Rs iy v ]fe i o
o————ANNM =
+ 2. L
w > R I 7 t
- ﬂ% {_.E‘HE" : T %:Ez,
o - o s
f = E-h ﬁn

I."I'%ELJ %i = [&5 mﬂl‘[!ﬁit'&ﬂpé“a*&jw b4 5Cx RY
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E xample Trpt meulm.u,. Z. of « CE amplcfier stage
LLHH; ,Eth’iu* htjpd.sg. C@.lﬂmcu‘fum, as, ,aHlnL -'E-(-Em-l-nif"

“Refereme. cireuct”;

" 2 “tefertmie framsfer fumchim "

v
| T2, = Rer el
L :0 R'ﬁ L .l’ ﬂ":B o= oy
!
—F———MN— >
. = =5 _
v Res . B (—J_ ]
o— ne J
Z4= 21l . "
Fll!mfl %J"PIL D {{(E_*'I_‘E_‘F
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“Reterence. cerewrt”

“deference Framsfer fumction "

i-";

) 2 =3, l = Rs + Ref| (1+8)(re+R)

NoTE: La-the specal Cate of o solf - v pacence
ﬂu"lb&aﬁ the “oulgak ” vallbage s the Same as
Sl\ow‘{iwﬁ 'ﬂ‘kg“umﬁw“ cumtnt  because the © MPM‘“
and " gt are at Ho Same wods P
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Exercise 8.3
Lag-lead network: Find Z; by designating C; as an extra element.

EX%IDLL . L&&F lead M-[-wml(

(8 ﬁ.\
;I ANV
" .

T C
5 = l Re
Ry

o
Find tha Ewpd'w:pﬂ-&ww.z ’Z‘;,‘-T“Lh]i, bj ﬁ{tiiﬂﬂ-ﬂn{‘;‘“q

Ci as an “extn" glement

v.0.1 3/07 http://www.RDMiddlebrook.com
8. NDI & the EET

68



Exercise 8.3 - Solution

by R, Rotferemes :;_pd" vm e uce
?—-nmv I Zilp= = %l%__ R, +Ry,
u g T ~
L4
L
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Exercise 8.3 - Solution

=0 Rk, Ireb[QH-MLL ! u‘;\pud— meluima:
L NWA wy
s -E-{,. = N =
open 11‘. RL
¥
o
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Exercise 8.3 - Solution

Roderemes ™ onput tmpedauce

= Vi
?-_i. ?‘-:' £ [%="-= IQ."I"RL
-

Z,.= R, = R+ RIR,

H%ul L+ 5{-—1‘2.“
Z: =(R+R) 750 a
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Exercise 8.4

Lag-lead network: Find Z, by designating C; as an extra element.

E‘.xe.rcfs.e,: Lo"l- IM n.ﬂ.‘!"wul"l

Ry
WA ]

==
T &3
R

Flnd Hw owtpwt meulamte Ea.—_u;/ B, bﬂ d.Efle‘Hﬂtj
Ci as an “‘extra” glement.

b '
&

9
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Exercise 8.4 - Solution

R,
AAAN- b 4= =
ﬁ’:% =g % o
— o
v.0.1 3/07 http://www.RDMiddlebrook.com

8. NDI & the EET

(-]

Pz

Ua
"-ﬂ = -y

- R."RL
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Exercise 8.4 - Solution

v.0.1 3/07

R, )
RN NP AT
R4 L .
EL 1{ (9{ ) 2= lg |&=
R’-% _ aﬁ_g =R|HRL
Riz RI.‘}' R|IIRL
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Exercise 8.4 - Solution

‘" '*Rm o
R.3
K. ‘o

b b

o9

Il
<
&

Ry = Ra+ RURL
Rn, = R:_
With C, replaced

2,< Wil - i

| +5 I:| (R;fﬂ. “R:_]
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C,Mgﬂi*h Exdra Elomamt Theorem — #4

The Exha Elowsnt theorm Cam be used Ho fiud om

icfra. 2lament corection feckr fov amy +Frons fer
fumction s 2| amd 7, ar T the drwuieg powmt

Cmi‘,\mcl.uqus SO0 b'j e oxdo. 2ltaant with the
“[npu‘l‘" (S amd  wilk the "bw'fpw‘f{' nm.ﬂ-nc{,

w;puﬁud.j.

wlubn Ha -t‘m-u.lﬂ.a— -(—tmc.'“nn s - S‘.ﬂ.{-ﬁ—-lr.mnﬁ-uin«m.
Such as e mpu:!- medmcz.. %f or the hwl-,:q)"
(mpedane 7, nullivg the “swhpat’ is the
Coramg. 0.5 Ekuh"‘inﬁﬂl the t{i‘lml:n,vrhh hamce

20" Tl = h"l";*g:f"

2" = P Lag o = & \"L;\ »
. J‘leﬁrm : sh::tifk
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1CE: The basic Common-Emitter amplifier stage

Higl. - -Fr-uluuf.rj properties of CE amplifier ‘

°E bV |
£ g, % {{t;-k | Measuremeat [ndicetes that
- -—_-otr" there (s & high - -Ff.eqmznnj

pole wy:

Rs lok C,
: ]—q——Kﬁﬂm Am 3648 |
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v.0.1 3/07

HiﬂL- #‘Q‘[“‘ﬂ"‘fﬂ properties of CE amplfier

oE &V
¢, é Ft;'k Measvremeat tndicates that
;_ﬁlk Cf.—___—;’l there (s hdlh-{-r.equ.auuj
}\C pole wy:

R ok C !
: h—l—tﬂnm Am 36dE |

Ly

v Ttﬁ ¢, 2p o
i %1.;&_ The xpactaton Ls Hab “Hos
o (s Cansed bnj'Hu collechn - base
*"n-\si'l-inn-la.;]ftr Ca..‘oncif-mu Ca
h 'hjplu.l Jdaue s (e =SpF. The I“HuH‘u‘-’ Corner -{—uqu:naj
with R <0k u IS9YS% 107 x 10 = 3.2MHz. Jince the achual
cormer frequemsy (s much lowor, there must be o
wultiplytng effact on Ce nesultimg from ths conmectin
}o e trausutor bate wstead o fo grovad.
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Higl- -Fl'-&alLLt.ur.ﬂ properties of CE amplifier

cE L&V

3 2 Lok Measvremeat tndicates that
%ilk Ce U there (s o kti]h—{r.equ.auuj

\<’—— PO[-& |-d4:
Rs lok € E |;
R=110 Am 3608 |
(3 Wy
o v, T"’k __C'l % R.

2.2k

=

Since the midbomd qain A, = 2648 hay alitadg
beor Aetermined, wie Hae Extnn Elewtwt
Theolam o ‘fbu.d the Corraction -Fm.'hr l“ﬂth:uj
'FTER wieluston a-(: 2> I/Sf.&.

v.0.1 3/07 http://www.RDMiddlebrook.com
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Midbod wodel after Thevenin teduction of Ry R, K,:

Ry
[ Ok
— A
Rgi E_fiﬁinﬁ,_ V]pis
N\ vy

O_Y v
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Huw H..QJ.L[ 0.;-{‘{1( mu-ﬂ.lilﬁ- i‘!duc:f*u;n H‘F E’JEEI il:

LR i ‘+“|
lu::. Z4 * Var =0

Rq= RslIR, IR,
= d bl
NN

C)F )i =0

v.0.1 3/07 http://www.RDMiddlebrook.com
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Hidw mbdld 0-‘{'{1( _rl‘\-!lf-ﬂlilﬂ f‘-ﬂdﬂﬂ.{'tﬂrh H-F E’JE‘J tl:

5 Ru T he coreend ﬁ»bnuné"rw & B
4 lek be dadded dnmto 4wo eq ual
c—o ~ "Vt cuvent ﬂﬂth on Cories .
Rg= @slIR, MR, V]pq
= &bl i

OF )u =0

v.0.1 3/07 http://www.RDMiddlebrook.com 82
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Midbasd wodel a.{-{:u Theverin tedaction I-f- R;‘ fh R,

Ryz 1R MR,
=4 bk

Ry T he current ﬂmﬁmﬂw b
ST be didded iwh oo equat

Cument tjEnMH om  Serids.

Q)F Jvi=0

Sz the voltage ot the
gle 36 jw-\r:\(-t'-:n, of the fwo carmnt

qrmeradert (15 [um-’-,en&.ff

v.0.1 3/07
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Hld[}m‘ mgal.e_,[ a_.{-[:u‘ T]n.!tf-#.uin b!tfuc:f-m:h l-{— Rs,Rg flt

E:; A gapam:{& 3mm.u]. cam be
[ ] _ar, dent ified Jov each cument
Rq= RsIIR, IIR, V] R P UIEE &
=4 &k L ¥
N >

‘e 3¢ 36a

®
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Hid[‘mm‘ mall!,[ !!L-{-{:L{ _”-!U-Euill- redaction B-F Es)fg ﬂlt

R mﬁm_cjul al(aﬂ Vo

” v . ; ?ﬁt:ﬂg{-:}{:?—-&g—-&-ﬂ
Rg-:li:‘lik':‘llt,‘ [Hpis=vie { { £
M - Vae = [Ro ll(p)re] L
* F r.f. . . (df +£):R Et-”luF' +é
Q) ( )u?=ﬂ cicas WA Vae Vo i z L4 =L
- VLE=T -
€ RoL=-%E-I-RL(-EE?__§+|)

R = (1 3R] Thlepyec) + &, = Re[Ryttehe] 4 2 - opgre |

\ |
- RuThgtpe] [ g+ o)

Rq [l e 1 | T S Y
= TRylvelR, - T Felootio ~ 420k
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G,mm;it.}aifm:_ F’[M:f’&v.j Cuvent Ganciator
A Hoaking cument gineiwtor Cam be replasd by

dwo separale, squal, grtunded cwrrent gouerafon.

This is o wefad trdnque tn “doing tre algtbm
ow Hoe ciramil dagram.”
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Midband wodel affesr Thevenin teduction of Ry Ry R,:
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Midband wodel affesr Thevenin teduction of Ry Ry R,:

Note that the Z,, calculation is much shorter and easier

than the Z; calculation!

v.0.1 3/07 http://www.RDMiddlebrook.com
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H'lalﬁw wodel a..{-{:u Thevenin peduction a-F R’JE&E .
—_— I'Lt-nc{ r_arr.tcf-td aajh AHL“-

R tmclusion of (@ s
2 10k L+ Ba .
Ce | o+ A-A. = el | +5C &k
Rq= @slIR, IR \(’1 ; e [+5CeRd
Y %’;F fes 3
NN - . -
‘e 2he 360 = Ay, T whare
[ + -
i iy
O ()w ! sy
g WaSCira T4C Emtigm =5lkH

g il 4
k. 15 Gav. o S0Mk
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Midband wodel aftesr Thevenin teducton of Ry Ry R,:

Hence corracted qain after

! Ry tnclusion of (¢ s
2 low -

A-A ® = g 1+sCeka

e g "
Rq= ZslIR, 1R e |+ i‘t L+sCeld
+ v 5 8 ey
‘6 2l 36 = A (2 = whare
gy
? Jw | L %
. 43 Tora T mpmg =Sk

: acaliiieec
iy sl Gk o7 S vyl

N A : :
”ﬂ'h ﬂull" the e Wy 'E:‘l*ﬁ L3 Hﬁ-.flﬂ (”ﬂ”‘
hel - plane), amd is at o vary high {requency
unlegs there w substamtial ebermal emidter resufance
n-d!ut Here s SubStamtial 2rfermal Collocke -base

Ca.'u:;f‘ud (-.t offon ln'd-s).
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A 1Y ! Ralleg [l @ -
Nﬂ"'! ﬂ-.n" tt.'. Pﬂ[{ w4 :.ctm = ml _E:M_Jsi_:; L3 at a
much lower -Fr-ﬂiu-tuuj thow Wy = L ok can be

Ce Ry
aseribtd to awn & ffoohive wmaltiplicaten of (o by o
1€
factor i ﬁ»ll“‘"ﬁ'}fﬁ . Ry liCi+B)e (H-%) le_»—m&’ |+
Rﬁll'!!l‘l. R’ﬂrg o
RJ‘HJ'E |
v.0.1 3/07 http://www.RDMiddlebrook.com | 91
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Midband wodel aftesr Thevesin feducton of R R, fy:

E;:; - i+

z (loy scale)

e (v

Re= slIR, 1R, V]pc | Ry
s 4ok é [ —r
NN = Ei r (t'ﬂﬂ m.l!)

B 4T 36 -

o This example: m=62

v.0.1 3/07 http://www.RDMiddIebrook.com
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Albermabue metiod o caladohon 4 7,
Thare are 'E‘wh ‘{-OP‘H«-.S b-F 'H:_g B FEleanm oot Thtorem :

Fa
I+ = =
A= A ) = =
£
W haae

_
AL"FD . —El 'q(?.‘--—m

Huu. :.M l?lmlﬁnl
F'!i—m:- : E

My 2

Tt wnay be tasier To fond ‘q[f:c,} H(z_—:na, amd E,
Han +o fd ZE) dfm—.Hlj.

Example ;1  Addcten of collechv - base Ca.,orxcifwnu. £
te the CE amplifisn thage. Iﬂil%:m.J ank Z, were easily

‘(-WJ.ML: AN » RE ; AR o o Me
Alecn=Pu® ot G+ 2 R "3

o

http://www.RDMiddlebrook.com
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The Extra Element Theorews as derved a.ppffe.s +o

the correction —{»ac;\‘nr lfSu{‘l'L:uﬂ ]‘-rﬂ'h'l am 0¥tea Shuwt element.

There ts o~ coresponding form fo fimd the cortechion factor
resulting from am extra serees element:

veference qava
¥ s =

i

Ta.mlz_ = aaw.lt: = % =3m]

v
3 ﬁu..\.“l

This wmust be
the gatu haw Z2=0

v.0.1 3/07 http://www.RDMiddlebrook.com
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At ermabwe metiod -Fuv calenlationn oL Z,
Thare are 'E‘ulh ‘{-OI“'&S b-f- ’H{g Ex o Eleamaach Thto tem

Ea
I+ = =
A = A ) = . It+=
£
W hare

= T
Al%ﬂ: . —El 'q(?.‘--—m

H'Luu'. .;.M t}ﬂmml
'P'!%=n = E

Ao 2

T wmay be 2asier To find ‘q[f:,:,} H(hwj amd E,
tan +o fid ZE) dLer.'Hlj.

Example ;1  Addcten of collechv - base Ca.,orxcifwnu. Ce
te the CE amplifien thage. Iﬂfl%:m ank Z, were 2asily

‘{-MJJ A = RE . AR o o nad Fe
Aleen=Pu e G+ 2 R "

o
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Midbod wodel after Thevenin teduction of Ry R, K,:

Ry
[ Ok
— A
Rgi E_fiﬁinﬁ,_ V]pis
N\ vy

O_Y v
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Model Lo cadcalotion of Alseg

RL ; K
(ok, mt_

;0 o Vr L 5T
A :
Ry 4Lk Vipee —_> R 4.6k
WV = Wy
L8 '4 e 2b3L ; Me 363
RE RE [
+ +
(— R‘i"'E-Bv. ( R ‘l""R.E Vi
Mo e Re tell_ Re Ryllrele
T=0 Rg-‘]'.e.a Rﬁ + e |l - Eg"rf.g Ra

Hmt £]=R) =R Aa- = P BR. Rq Re 1CHE) R

M Blii, % Rer(H@)r Relnelll T T Rglleehr -
This. s wack 2asier thaun was He diecdd calawlabon of 24|
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v.0.1 3/07

emeralizodion . Extro Elswendt Theorewm — H#S
Generaliz

The. Jwe ﬁ@éﬂ.&ﬁ{_f_ taa..m_s aad "HM o d‘.hklfl.«kj' Pnt-;n.f-
L-mp.ul.d.mu.; are_ n‘-@.lﬁ-v‘-tsl. ’;uj:

H!i'f-c: Zn

Frlpesm Zd4

One referene Qain 18 mfwaq; [emswom ov (s xa.a.jt‘(.,] Fotud .
. i n_,bum,s 2aster to fumd thau 2.
Therelore:
AH e D"H‘ﬂ-h. Eﬂl..llzﬁ'.r- ‘\{-o +I:vu{ 'H%_.l ﬂ‘['ttr- rt#a-e-um
' gatin  amd 1o wie the absue rakic relaion

For Za, BRam do find 2y dorechy.
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Common-emitter (1CE) amplifier stage
Use the EET to find the outer and inner input impedances Z; and Z

-A, vUs Prev1ou§ re§ults s/
A’U — Avm ﬂ: 36613 880/MHZ
1+s/w, 1+ 527
10k R R 51kHz
<+ A, =—23B 2L _62= 364B
Rg+R Rs|Rp
Js Zo ST+
R, =rg/a=36Q 'IH{d=mRL=620k
o _ 1 1 _ Rs|Rp|@+ Py,
. . z = 5. = =
Outer input impedance Z; : CiRy, 7 CiRy Rs|Rp [ |Rr

Use the parallel EET with reference value Z =1/5sC; infinite:

U_S_ R. 1+SCtRni

y4 =
"js " 1+sCeRy;

R, = Rg + Rg |1+ B)ry,, =13k = 82dB ref 1Q

Ry; = Ry, with output vg nulled
= Ry, with input jg shorted

v.0.1 370‘7de for the VOltagﬁttEMDMiddlebrook.com
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Use the EET to find the outer and inner input impedances Z; and Z

-A vUs Previous results: s/
_a 1-slo; . 5"~ 880MHz
Ao =Aom 1w = 0B sl
10k P 51kHz
<« 5 =_RB “IEL - =62=>36dB
]_ Z, Rs+Rp, sIRs
s
R, =rg/a=36Q 'IB{d=mRL=620k
¢ _ 1 _ 1 _Rs|Rp|A+pP)r,
. . z = - - -
Outer input impedance Z; : CiRy, 7 CiRy Rs|Rp [ |RL
v 1+sCsR,,;
Zz = _S: R t™m

js " 1+8CiRy;
R;;, = Rg + Rg |1+ B)ry,, =13k = 82dB ref 1Q

Rg |Rg|@+ Ay,
Rs |Rp [t |RL

Rni = mRL = RL = 620k

v.0.1 3/07 http://www.RDMiddlebrook.com 100
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Use the EET to find the outer and inner input impedances Z; and Z

-A vUs Previous results: s/
_a 1-slo; . 5"~ 880MHz
Ao =Aom 1w = 0B sl
10k P 51kHz
- 5 =_RB “IEL - =62=>36dB
]_ Z, Rs+Rp, sIRs
s
R, =rg/a=36Q 'IB{d=mRL=620k
¢ _ 1 _ 1 _Rs|Rp|A+pP)r,
. . z = - - -
Outer input impedance Z; : CiRy, 7 CiRy Rs|Rp [ |RL
v 1+sCsR,,;
Zz = _S: R t™m

js " 1+sCiRy;
R;;, = Rg + Rg |1+ B)ry,, =13k = 82dB ref 1Q
Rg |Rg|@+ Ay,

Rni = mRL = RL = 620k
Rs |Rp |t R
Rg; = Ry, with input jg open
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Use the EET to find the outer and inner input impedances Z; and Z

-A vUs Previous results: /2
Ay = Ay —L . ; Zz =36dB— +8850/]‘24fz12
10k P 51kHz
- 5 =_RB *RL__ _ 62 36dB
_ Z Rg+Rp . . RsRe
Js 0 m 1+§ ~ ~
R, =1 /a=36Q 4 =mRy =620k
o oo 1 _ 1 R |Rg [+ By, _
Outer input impedance Z; : TCGR, PO CR; T Rg|Rp|n|Ry
Zi _ U_S _R. 1+SCtRni

js " 1+sCiRy;
R;;, = Rg + Rg |1+ B)ry,, =13k = 82dB ref 1Q
Rg |Rg|@+ Ay,

R,; =mRj = Ry =620k
N Rs |Rp Ry
Rg; = Ry, with input jg open
RB H(l + ﬁ)?‘m

=R, ; = 2
v.0.13/07 ™ ‘RS —>© RB H@quﬂg\m RéMlddIebgolgk com 102
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Use the EET to find the outer and inner input impedances Z; and Z

-A vUs Prev1ou§ reﬁults s/
S/ @
A —A 4 =36dB SSOMHZ
10k b sl 1+ 55
<= _ RB aRL _
| i A”’""RS+RB — &R, 62 = 36dB
Js 0 m 1+£
R, =rg/a=36Q i =mRy =620k
& 1 1 Rs |Rg |+ p)ryy,
. ] W= —— Op=_—— m= =
Outer input impedance Z; : Ct1;n CtRg Rs|Rp [ |RL
s/2x
_95s _p. 1+5CtRni_ 1+51kHz
Z;=->=Ry, = 82dB 75
1s 1+sC¢Ry; 1+ 359kf71[z
39kHz
82dB \{SIkHz
Rim Z, R;,  80dB
Check:
R, 2
By GB trade-off: Ry, = Ry, 3% =13k 22%% _ 10k = 80dB
R, 820k
Byiimspection:  Rjo, =RgimBmDidiRiurook ol 0k = 80dB 103
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Use the EET to find the outer and inner input impedances Z; and Z

~A vUs Prev1ou§ re§ults s/
Ap=Ag % = 364B ——S8OMH:
1+s/ @y 1+ Si=%
10k R R 51kHz
<+ A, =—23B 2L _62= 364B
Rg+R Rg|Rp
Js Zo ST
R, =rg/a=36Q 'IB{d=mRL=620k
- 6 _ 1 _ 1 ERSHRBH(1+,B)rm=
Inner input impedance Z; : “TCR, PRy Rg HRB |7 |RL
*
1+SCtRm' _ R* 1+SCtRni

Z —7. : .
‘RS_’O " 1+5CiRy; " 1+sCiRy;
tdi Rg—0 tdi

Riy = Ripy| R0 = Rs + Rp [+ Py p o = Rp[(1+ pIry, = 2.9k = 69dB

N Rs|Rp|@+ B)ry,

R,: =R
ni m‘Rs—)O Rg HRB Hrm HRL

= Ry =10k = 80dB
RS—)O

v.0.1 3/07 http://www.RDMiddlebrook.com 104
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Use the EET to find the outer and inner input impedances Z; and Z>-F

—A 7)5
ER 10k s/2x
L
-« Z; =69dB 3-2MH:
S /4
Z, 1+ 39kH:z
39kHz

82dB 51kHz
\ Z; 80dB

69dB *
Check: Zi
* + Ry
By GB trade-off: Rioo = Rim R—
di
39kHz |
= 2.9k 3.9 MH~ = 35Q = 31dB 3.9 MHz 31dB

¥

By inspestion:  Rj,, = Rpitpiy odRQesndldB

8. NDI & the EET
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Exercise 8.5
Use the EET to find Z, and Z, for the 1CE amplifier stage

—Av%s Previouﬁ re§ultsz sl
Ay = Apm 1 - S/ _— 36dB 8850/]\2/[;12
10k TSI @p 1+ s1kmz
<« 5 =_RB *RL__ _ 62 36dB
_ 7 Rg+Rp , _ Rs|Rg
Js 0 m 1+£
R, =rg/a=36Q i =mRy =620k
¢ _ 1 _ 1 _ Rs|Rg|@+ Py,
. z = =~ 5. = =
Outer output impedance Z,, : CiRy, 7 CiRy Rs|Rp [ |RL
Use the parallel EET with reference value Z =1/sC; infinite:
o =2 =

j—S "M 1+sCiRy,

R,;; = Rr =10k = 80dB ref 1Q

Ry = Rgp with output v, nulled = Ry, with input jg shorted
= Rg |Rg [+ B)r,, =2.2k

Rjo = Rgp withinput jg open = Ry for the voltage gain A
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Exercise 8.5: - Solution

Use the EET to find Z, and Z:; for the 1CE amplifier stage

s/2rx

1+
_ 14MHz
Z, = 80dB . s/

51kHz

82dB 51kHz
80dB Z, Z;
69dB *
Check: Zi
Rno
By GB trade-off: R, = R,,, R
do
51kHz
=29k . =36Q = 31dB 3.2MHz

14 MHz
By inspestion: Ry, = Re|BpltmiBuadssdcn31dB

8. NDI & the EET
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Exercise 8.5: - Solution
Use the EET to find Z, and Z, for the 1CE amplifier stage

R,,, = Ry =10k = 80dB ref 1Q

R,, = Rg |Rg |+ )y, = 2.2k

_ Rs|Rg|1+ By,

do = Ry =620k
. Rs |Rp [y |Rp
Inner output impedance Z,, :
* 1+ SCtR + 1+ SCtR

ZO = ZO ‘RL—)OO = om 1+ C Rno = Rom ZZO
R,,, =R =R =

om Om‘RL—mo L R[ o0 0

. Rg |Rg |+ By,
Fio = Rl = g g e

S B |"m L RL—)OO
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Exercise 8.5: - Solution
Use the EET to find Z, and Z, for the 1CE amplifier stage

R,,, = Ry =10k = 80dB ref 1Q

R, = Rg |Rg |+ )y, = 2.2k

_ Rs|Rg|(1+ Py,
do =
Rs |Rp |1, | Ry

Ry =620k

Inner output impedance Z; :

Because R;m and R:lo both are infinite, change the Z, reference value

from R,,,, to R,,,. Then:

Z; 7, ‘R R, 1+sCiR,,, R, 1+1/sC¢R,,,
L% 1+SCth0 R; - 1+1/SCth0 Ry —>o0
= Ry, (1+1/5C4Ryp)
% R
Ryar131d%0m Rno = Rﬁﬂwmd\plﬁ@\gr%kdgoﬁ Rg |Rp |1, = 36Q = 314B
do IR; - 8. NDI & the EET




Exercise 8.5: - Solution
Use the EET to find Z, and Z, for the 1CE amplifier stage

Z, = 31dB(1 + 1‘;%1;2)

Z; 80dB
1
3.2MHz 314B
14 MHz
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