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ABSTRACT

The purpose of th:s thesis is to investigate the vaiidity of

present noise theory of drift transistors at the frequency of ì00 MHz.,

using the hybrid-n model in a cor¡mon emitter configuration.

The thesis contains the derivation of the noise figure for

the hyu,''d-n modei, taking into account the cross-correlation betleen

the noise generators. The derivation is based on VAN DER ZIEL's defin-

ition of the noise generators for the T model representation. (Ref.íl 3).
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CHAPTER I

INTRODUCTiON

Electricai noise is due to the discrete nature of electron flor¡¡

and to the randomness of part,icle motion. This eìectrical noise can be

divided into two groups: (l) noise caused by man (which can be con-

troìied); and, (2) noise due to spontaneous fiuctuations (which is beyond

control). Spontaneous fluctuations of stationary nature can be des-

cribed by two basic theorems, nameìy Nyquist's and Schottkyrs theorems.

Nyquist's Theorem:6 In a conductor, the random vibraÈion of

ions about a normaì or average position is a function of temperature.

There is a continuous energy transfer due to collisions betleen the vib-

rating ions and the free electrons. Even though the average current is

zero, random fjuctations still exist" At temperature T, the thermaj

noise of a pureìy resistive circuit can be represented by noise gener-

ators. In a frequency range ¡f, the generators de'liver a maximum power

(P) (calìed the availabìe power) of,

P = kT¡f

where k is Boltzmann's constant, T is the temperature of the

degrees Kelvin, and P is the por{er in watts. It was shown by

that the mean-square thermal noise voìtage f generated by

ance Z is given by:

f = 4krR¡f

where R is the resistive part of the

erator may be represented by a Norton

impedance

Nyqui st

an imped-

(l )

in

(2)

impedance Z in ohms. This noise gen-

or a Thevenin-equivalent circuit:
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Lu=
4kTG^f

Figure ì

REPRESENTATION OF RESISTOR THERMAL NOISE

Schottkv's Theorem:o

sion of current carriers in temperature-iirnited vacuum diodes. The

indÍviduai current carriers are composed of a series of independent ¡"an-

dom events. Small variations in current may be represented by a noise-

current generator in paraììel with the noiseless incremental adnlittance

of the diode. In a frequency intervaì tf, the mean-square value of this

generator is

ìz = ZqI¡f ... (3)

where I is the average p'late current in amperes, and q is the electronic

charge (1.6 x 1o-.|9 coulombs).

In a transistor, shot noise is experienced in both junctions.

Since the majority of the charge carriers pass through both the emitter-

base junction and the coìlector-base junction, the two noise sources are

correl ated.

NOISE SOURCES IN TRANSISTORS

According to VAN DER ZIELs, all charge carriers which contribute

noise to a npn transistor may be subdivided into eight groups:

(l) tlectrons injected by the emitter and collected by the collector.

(2) Electrons injected by the emitter and recombining in the base region.

(3) Electrons injected into the base and returning to the emitter.

This theorem dea'ls with the random emis-
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(4) Electrons trapped in the emÍtter space-charge region and recombining with

holes coming from the base.

(5) Electrons trapped in the emitter space-charge region and returning

to the emitter after being detrapped thermalìy.

(6) Electrons generated in the base and cojlected by the emitter.
(7) Electrons generated in the base and coliected by the collector.
(B) Thermal fluctuation due to the ext,rinsic base resistance, trbb, .

Each of the eight processes contribute noise in accordance with

schottky's or Nyquist's theorems. The noise contributions are:

From groups (l) and (2) the shot noise due to the emitter current

I, and due to the current Ir, :

Zq (iE + Irr)af
where IEE is the current due to the electrons injected by the emitter and

recombÍning in the base region.

From group (6) the shot noise due to the current Ir, :

2q I* af

and from groups (3) and (5) the themal noise due to the real vajue of the

emitter conductan.. ge and due to the ìorrr frequency value of the emitter
conductance o---'-- teo

4kT(9. - 9.0)at

Thus the totai noÍse current caused by the emitter current can

be expressed as

îf = 4kr(s. - s.o)af + Zq(iE + zrE')^f (4)

Fluctuations in the d.c. current carried by the,electrons of
groups (j) and (7) can be represented by a noise current generator i2 con-

nected in parailel with the emitter-coliector terminals with a mean square
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value of

where c.a

el ectrons

Si nce

then

W = 2q odc (IE * Irr)af + Zqlrraf

is the dc emitter efficiency and ICC is

generated in the base and collected by

IC = od. (IE * Irr) + t*

î7 = 2qI, af.

9ce êb'c

the current due the

the colìector.

DERIVATION OF THE HYBRID-N NOISE MODEL

The electrical behaviour of the transistor, especìaììy when it
is used in a con¡non-emitter configuration over a wide range of frequencies,

can be represented by the widely used hybrid-n model of Giacolje'cto-

Johnsonl6. Thuso the noise performance of a conïnon emìtter npn transistor

ampìifier is best, represented by a hybrid-n modei"

For smal'l a.c. signals, the T-equivalent mode'l of a con¡-.non-

emitter transistor configuration is as folJows:

Iece-fr]f-Ð-

Figure 2

COMMON"EMiTTER

odc ie

RTPRESTNTATION OF A TRANSiSTOR MODEL
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uJhere b, b', c and e are the base, intrinsic base, coliector and emitter

terminals of a transistor, respectiveìy; Fbb, is the extrinsic base

resistance, r.. is the reverse junction resistance, gce is the feedback

conductance which is a function of the emitter current i, and ihe volt-

age VO. , while r is a constant which ranges from 2 to 5 for most tran-

sistors.li

The current generator ai. in^Figure 2 wiìì yie'ld several cun-

rent generators when ie = -gce Êb,. * += is substituted. Now the cur-,e

rent generator may be spiit into two parts. A few simplifications such

u, gm , rb,. = $'unO êcb, 3 e.. wilì result in the foìiorrling
ilr ,e P

modei

Fbb' Fb'c

Figure 3

HYBRiD-n MODEL OF A TRANSISTOR

wnere Fce and

Fcc

_1
9.u

Fb'c



The mociel

frequencies. As the

should be considered.

of Figure 3 may be appìicable over^ a wide range of

frequency increases, the effect of the capacitances

Therefore the model is modified to that of Figure

6.

4.

Figure 4

HIGH FREQUENCY HYBRID ¡i MODEL

At high frequencies, Fbb, must be repiaced bV zOO, and as welj 16," bV

zgr. oF Zn ; rb,a by tbra ârìd t.a bV tau . The resistances rO,. and r..

are large enough to be ignored at high frequencies. Ignoring Fce'!mpìles

a'load impedance that is sma'll compared to r.u, whereas ignoring rb,. is

a recognition of the fact that rO,. is iarge compared to the reactance

of C5,. The capacitance Cb,e is large enough at low frequencies to

swamp the effects of the emitter-base transition capacitance Ct and,

hence, CT is ignored at low frequencies" But at high frequencies, the cap-

acitance Cg,. is not large enough to swamp the effect of Ct Therefore"

both capacitances Cg,. and C, should norma'lly be kept separate.

since the capacitance cb,e is directly proportional to the

emitter cument IU, a tow I, will result in small values of Cb,u, which

9r vb'e

cb' .
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wjll enable the emitter-base transition capacitance Ct to be of major

importance. But for ìarge values of emitter current, C1. is normaily ignored'

various re'lationships that should be kept in mind are:

(a) gm rb,e = ß (g is the d.c. current gain and normally assumed

independent of the Q Point).
0.t 

^(b) g* = # (Hence g* increases as I, increases).
l¡l ,g

r^
(c) Fb,e = T+ (Hence ro,. decreases as I, increases).

odc I

(d) Cb,u .b,. = Constant (Hence C5,. increases as I, increases).

In the fl-modelrforward transfer is indicated by the current gen-

erator g,n vb,e. The transconductana. gm, which at h'igh frequencies act-

uaìly becomes y* , is considered independent of frequency and equal to the

intrinsic low .frequency transconductan.u gm = t of the transistor. The

generator g* vb,. is not constant with increas'¡nõ trequency because of the

low-pass filter effect of rOO, and CO,u at the input círcuit. if a compar-

ison is made betlveen the h-parameters type circuit modej and the hybrid-il'

it can be concluded that gm vb,. is not frequency dependent. But this

an-alogyl6 breaks down as the frequency increases and g, becomes compìex, and

takes the fonn of:
q lclkTsm=#zT% Q)

where or^ iS the upper radian frequency" The transconductance 9* is no

longer ìn the form shown for higher frequencies than alpha cut-off fre-

quency fo ; but it is considered in t,he very complex form ot rr tU.



CHAPTTR II

EQUIVALENT NOIST RISISTANCE OF A TRANSISTOR iN A

COMMON-EMITTER CON FI GURATiON

The noise current generators i', and i, are superimposed on

T-model representation of i,he common-emitter configuration:

¡-lgure 5

REPRESENTATiON OF A T.MODEL IdITH NOISE CURRENT. GENERATORS SUPTRIMPOSED

These noise cu¡"rent generators i., and i, are superimposed on the

hybrid-n model of Figure 4. Now splitting the iZ curre.nt generator into

two parts, the model becomes

Zbb'

i2
I

!

àz
.-\ cao

Figure 6

REPRESENTATION OF A HYBRID-[ MODEL Ì^IITH NOISE CURRENT GENERATORS SUPERiMPOSED

-II

Zb'c

iz Ir Vb'.



The mean square values of the noise

T-model are defined by VAN DER ZIELs thus:

ï-r = 4kT(g. - 9.0)lf + Zq(I, +

current i1 and i, in the

2Irr)rf

W=2qIrnf
ÏTÏã = 2kTaY"af

a.c. intrinsic current gain and V. is the emitter

(4)

to/

(8)

where c is the

tance.

I¡Jhen

is substituted

Now, for

erators become:

q(I, + irr)
= -Tr-
equation (4), it yields

= (4kT 9. - 2q lr)af.

the hybrid-n model of Figure 6, the

(e)

noise curnent gen-

(10)

,rr\( t¡l

(12)

to the d.c.

9eo

i nto

i;¿

\==

T=

(ir - iù(ìr - jz)*

2C I* lf

Ë= 2q I, af.

The noi se currentt Çt , fl and î7 are due

current fiuctuations.

A convenient way of rating the relative noisiness of circuits

is by reiating signal to noise power ratios of input and output. Therefore,

a noise figure can be defined:

(13)

The noise figure F may be evaluat,ed severaj ways. One rvay to caì-

culate F is by t,ransferring all the noise sources to the input. The

source-avaiiable siqnal poweÌ

-' output-avaìlable sÌqnal povJer----.--
output-aval I aÞ | e nol se Power
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equivalent input noise generator

the ou'uput.

will
;-ra -

produce exactìy

I

the same noise at

oT Ëne source

Figure 7

REPRESENTATION OF A HYBRID.N MODEL I,.JITH NOISE GENERATORS SUPERiMPOSED

The thermal noise generators due to the real part

impedance Z, and the base impedance zOO, are

Ç= = 4kr Re {2, } rf

.bbr= = 4kT Re {zo', } ¡f ,

and f
Since 1z and .bb,= are a'lready at the input, onìy

need to be t¡"ansferred to the 'input.

The feedback tenn zb¡c can be negiected because it
affect the noise figuÌe.

iO'is replaced by an equivalent generator e, at the ìnput,

!{nere

does not

( i o¡e
v = io (2, + zog,).

-lr-lat¿ 9mvb'e
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e

Figure B

TRANSFORMATION OF NOISE-CURRENT GENERATOR ib TO THE INPUT

I
¡

rei

I

l

7ti

i. is repìaced by an equivalent generator e

b'

otbb'3
I

'nÉ
.ç

9* uo'V
+

Figure 9

TRA¡\SFORJVIATION OF NOISE-CURRENT GENERATOR ic TO THT INPUT

Vbre = Zr*.bb,*Z,., 'fi,

i npui:

, ì -\\v)

i- in the modei, an equivalent
d

êz

Si nce

and

then

iz = 9m

u, = ic

Vbte

Zs + zbb, +

9* tn\
zn

II\

L

For

e is
w

the noise current generator

pìaced at the inPut:generator
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t\ |
U

't_
ct

-4*--j_

Zr*tbb'

+

I
i(

I

-11-I
t
1

t*

Si nce

Figure ì0

TRANSFORMATION OF NOISE-CURRENT GENTRATOR i. TO THE INPUT

then

Noti ng that

it foilows that

Vb' 
e

7-;-'s ' 'bb'

Vrr^ug

(-_'Ç-

e =i-l^J A

A1ì the equiv

-+=iu=-(s*v0,.*ä)

= j^ l---l.--l
d lr ¿--l-l

Lh ¿. * tbb'J

Nowrif ia is consiclered open circuit in Figure 10" then

Vb'. = ãt*t-% 
zn '

9* ub'u

pear

llt
Él

I

I

J

apent

l-(

I

t_

al

z
5̂

n rbb,)(l + gm zr) +

gm zfi

noise Eenet^ators now at the input.

( i8)
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FÍgure ì 1

FICTITIOUS NOISE GENERATORS OF A TRANSISTOR

From Figure ìi,
ên=êsoub-ayourou"

Norrr, if Çt = 4kT Rn Âf , where Rn is the equivalent no'ise

the noise figure F may be found by the ratio of f to T
_ .;= Rn
, t¡¡-=-=-

Ç' 
R,

A sìgnificant cross-correlaÈion fF; results

(Ref . tÍ17) .

ìTf =riJ -Ðoiz

m = ZkTavu nf - 2q I, af .

9mo =F and 9m=ove

F; = 2kT (9,o - s*o) af .

Onìy the fictitious noise generators eU and ez are correlated. The

multiplication of these genenators results the cross-correlation ff.
term. From the quadrat'ic addition of independent generators results

quencl es.

where

UI

If

then

(1e)

resi stance;

(20)

at high fre,:,

(2i )

Ç= = Çr + ebilz + f + Ç - W - Tf + ef. (22)
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For sì l'icon

f io the

iransistors, ICC is verY lol and

equÍvaìent noise generaton maY oe

ff=f +#+ff|t,.
z

thenefore the

neg I ected:

=bb'

contri bution of

(23 )

Z, o rbb,o an,.,

---s* z;rt

lxn, I IpF=1.-Ë,.mE lt' =ou, I 

t

, q i, lZ, o .bb, o .nl
'zkrR; l--gmzÏ--l

- f i(g* - smo)(zs + zoo,)*(

The noise-figure equat,ion is a function of R, and X, Min'imized

values of F may be found by diffe¡"entiating the noise-figure equation to

+

2

Zrotbb,*a,.,,,.,

i4 tt

lZ^ + z*¡, + z,l:--r ls uu ,,i _2Re{5%;}'.' l- %Ç |

If the q= lZ, 
o .bb,l2 term is considered,

then ltruzoo,lz{ffi
= lt, u .bb,lt{zal-Isl¡f + 2kT(Zge - ooveo - ove)}

where the tenî (Zge - ,roye* - aYe) is negjigible.

Considering the -2 Re {ei%} tenm:

- 2 Re iiu*i. (2, + 255,)*
Z, u rbb, * zr
( %zï )Ì

= - 4kT¿f ne {(g* - 9*o)(2, o zo5,)*(

ã-T
Using F = 

"fl

ç
i t fol 'lows that

^n=E '



obtait tr and *+- . After a few simplifications, it
d^

s
can be shoi^tn that:

and

If the

and

R-2 ]
.opt

+

X-g-opt

¡ eactance

V-

^^"opt

is used,

(25)

(26)

(27)

(rbb,+ h)z + (Xr'. xn)2

2g*[.¡b,(h2 u *nt¡ + rn(tbb,t + Xr2)J

-xlI

X[rtFIT, and the optimum source reactance

-xr.l

T_+Z gm tr

R- --X.-opt rr
2 s*(nbb, + i-Uffi )
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NOISE JIG

cies i gned:

5722

!

Kegu I aEor

,
l

I
-Ëi-

CHAPTER I i I

EXPERiMENTAL PROCEDURI

To perfonn the noise measurements, the foi i orvi ng noi se j i g was

2N91 7

lr

l¡

Fìnrrna I ?r rvgl u ts

NOISE JTG

At j00 MHz,the inductance of ihe ieads is very c¡itical and there-

fore careful ìay-out must be considered. The source i.mpedance Zs was sim-

ulated by a parallel-tuned LC circu'it damped with metal-film resistances.

Metal-fiim resÍstances wene not avai'lable beyond 500 ohms; therefore a

ca¡"bon-fÍjm rod resistance was used. At low frequencÍes, the base of the

transistor is shorted to ground by the coil of the tank circuit. The cofl

suppresses low frequency flicker-noise components v¡hich could interact r,vit,h high

frequency noise (cross-modulation). The 5722 noise diode vuas placed at the



input of the tlansistor. The d.c. path for the noise diode is pnovided

thnough the RF choke. To min'irn'ize variations in pìate cunneni, the

fi'lament of the noise diode" which has a rìon-linear resistance wíth res-

pect tO the temperaÈui^e, l{as fed from a constant current Source:

Sol a

l2v Dummy

Load

3.2a

Fi I arne
i-¡-lntl I

/'-7ì
l..i

17.

12n>¿{

í50
I+:

F'igure l3

REGULATOR

A Sola transfoi"mer tvas used to compensate for lin¡e voltage variations.

Corrective feedback was obtained by the emitter bias resisËance R, and'large

gain was obtained by the Dar^'linE'con connection of the tnansistors.

NOTSE MEASUREMENT METHOD

The source 'impedance was measured using a [,Jayne-Ket"r Mode] B-B0i

blidge. The noise jig was connected to a converter, foìlorved by a pre-

amplifier and a 30 MHz. receiver with a precision attenutator.
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NOI SE

Ameco Equìpment
Corp. I'iociel

CN- 144 l'{odi fÍ ed
io CN-100

CONVERTER
f rc:r

100 ltlHz.
to

30 MHz"

AÍ rborne I¡rstrumenis Lab.
Type 

.I32 
Rece'iven System

30 MHz. bandr,vi d'th 2 l4Hz.

Fi gure Ì rt

BLOCK DiAGRAI'I OF THE NOiSE-MEASURING APPARATUS

Drifi in the conventen gain coniributed some enr"on to the measure-

ments, but was minimized by'lhe use of a ìarge Sola tra¡'rsfotmer.

Noise measurements wene maCe by doubling the output noise pol/Ier.

Now if Po represents the outpuÈ no'ise povre!", vrhen the noise dÍode filament

current is turned offu and the d.c. diode current Id. is equaì to zerou

'chen Po = (4kT Rrnf )(AF) (28)

lvhere A is the power gain of the system and F is the noise figurre of the

system.

If P, is the output noise povrer for a given d.c. diode cument

id. u then by superposition

Pd = (4kT Rraf)(AF) + 2q lo.af lzs12 A

If the output noise power is doubled

ie. PO=2Po,

PRECÏ S I ON

RECE i VER



and
Pd 9 ld.'trrl'
Ë= 

I + m-TT-

ì9.

(JU)

Çz = 4'kr Rnaf = 2Q io.af lzrlt

^ lz.l'
, from v¿hi ch F = ZIT iA. n-,as

It can aìso be seen that

Rn o _ lz.lt
f = #: = ìõì."'i--\-2kT^dc R,

For the case of the soul^ce impedance 7, equaì to the source resistance

D,.S

F = t9.35 ldc Rs (3i)

at T = 293oK (room iempena'cure).

CORRTCTION FOR BACI(GROUND NOiSE

The output noise povJer contains a backgrouncl noise povJer, -Lhe're-

fore a compensation for t,he background noise must be considened when

the output noise povrer is doubied.

trf M is the output noise-powe'n neaciing and MO is the backgnound

noise-powen reading, then

M¡_r
Mî-T

where k is the ratÍo of the first outpui noise-power neading to the back-

ground noise-povler neacì'ing. If the first output noise-power reading Ml Ís

doubied then the ratio of the second output noise-power reading M2 to l'1',

becomes
M2 2Mi-l4o
q= -E-

or Yr=.r-L ß?)E=t-F
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CALCULAT;0N 0F INTRINSiC gm FROM EXTRIhISiC ym MEASUiìEi4triTS

Upon examinaiion of the hyb'rici-nmodel , it can be seen tha'c the

extrinsic transaôr¿Ít,tance yu as obtained from measurements ìs not the

intrinsic g* as defined in the model. ihis is due to the base impedance

zOO, which foms the iotv-pass fÍlter wÍth zn in paralle'l r'rith the feed-

back impedance Zb , c . The¡"efore, the foi I or,¡i ng caì cu j ati on has to be

made:

The output is short-circuiied 'in the ym measurements-

ìl¡
ulr=-

J6 rl 'rrr "ìn

But from the n'-modeì, it can be shou¡n that

Now

V;,^
Vh,o=# zr//z^-bb, -n / /zr' , -iI ' ' -b' c

Noulrsince g* ub,e = ic

then (33)

g* o'F equat,ion (33) l.¡as still comp'lex; Ëherefore, the magnitude of 9* is

considered. Since Ëhe inpu'L impedance =in = =irb,* zfr//zbb¡ when the ouË-

put i s shori-ci ¡"cui ted, then

9m= v,rfhr



CHAPTER iV

EXPERII'IENTAL RESULTS

The input impedance 2.u,., and'che t,ransacinittance y, of the tnan-

sisËor (2N917) rvere measured-using the high-fi"equency G.R. Tv ans-fer-

Funct'ion and In'imittan¡ce Bridge Type i607-4. The r¡easurements were done

v¡ith thnee different cojiector curren;s l00uA" 300u4 a:'¡d I rnA.

r'¡gure

MEASURED TRANSADMITTANCE

Nh

(v*) for I, = l00uA
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Figur e 16

MEASURED TRANSADMITTANCE (Y*) fol' i, = 300u4
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It can be shoi,rn that'ior a cons'cant noise fiEu,-e F, equatÌon

r.2a) vields a circle in x, - lìs plane. circled regiGi¡S conVerge upon

a point, where F is a n:inimum. l''ieasureci arid calcula'ùed noise-fiqu'r"e

values ar"e within 0.5 db of dif'f,erence.

|\_+Fr-'-
1,.{'

,;p,Ì-*"t-, ,",..¡ .-,-;+_:j.;*,*r -i:-ì ,.rr:..: ,i -.-'ì,;.r;i:.'...':-.:.:1;-; :',.r

-:.? -,--,::.::¡.- ..-.:-- ; ----- :.-'.- - - -f 
--- _j.._,_.^.-,-.__.__ ___: ; -___:.:: I -. ,;--,-,-[-,,t

_,_ l, ,,, . 50 ,, , lOQ _ _ _ì 50_ , ?0.0_.Jpq _goq_

Figure 2ì

CONTOURS OF CONSTAIIT NOISI FIüURT FOR 2N9]7

TRANSISTOR:(I, = 'imA)
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CONTCURS 0F CONSTANT'l't0ISE FIGURE FOR In = 300u4
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Figure 23

CûNT0URS 0F CONSTANT NOÏSI FIGURE FOR T" = l00uA
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COí',ICLUS I Ii\,I

The hiEh-frequency noÌse behavio¡,:n 01" ihe UHF s'iricon cirifi
transistor 2N917 used in the invesiiga'ü'lc;t obeys ì:he'ùheory w':rhifl Fe¿.-

sonabi e expenimental ernor. Si lrce the cal cui ated and the measured no'lse

figure vajues oi! this inansiston ¿'¡e rvÌthin 0.5 db., it can be conc'luded

thaË tile ei"feccs o'i xOO,, ICC, and 'reccrnbinat:on ci.,!ri"ei1i io a,"e negìigibìe

for thÌ s 'cransi stor. At 'thi s f nequency, 'ihe ccniri bu'ii on of the cl oss-

correlation to the ncise figure is quÌte sÍgnii*icanÈ" especìaì1y at high

col lector cunrents.

Ï¿ was expected tha'L -lhe intrì¡'¡si c Lransco:'¡ducia*." g* calculated

from ext'rinsic tnansadmittance yr¡ rneasui"e:¡len'is v;oulcj becc:-ne ccnriex at

I00 MHz. Cal cr"¡'lati ons based on ex cni nsi c transad:n'ittai'¡ce i"neasui emenis

shovred that g* had phase anEles be'Llveen 30 aud'i20 r,vhÍch could be v,rjthin-III

experirneir-lai ennons. Howeve'r, at high R. - va'it¡es (2ko) , a ccräp'1"- grn

in the noise fÍEune expnession prociuces e negatÍve noise-ffgure l,a'lue

whÍch '!s physica'lìy Ímpossibìe. Thus, only the magnitude of gn, is considered

for the ca'lcul ati ons.

The inpui ir'.ipedance of the iransistor i¡r ihe common-emitter con-

figuration is capacitive. in orden to have a poÌ¡re,r ma-Lch fon minimur¡^r iroise

figure, an inductive sounce impedance was ininoduced. i'c is jn'leresiing

to note that'in'c'rroducinE induc'üive soul"ce reactance at low currents reduces

the noise figure as Rr^^., is kept appnoxìmateìy the same
UP I,

-n the hybrid-n model , tn is a 'iunciion of emitten cur.rent Iu ;

thus, the noise fiEure is a funct'ion of i, A collector current value of
approxii'na'ieìy 450 i.lA gives the minimum noise fÌgu're i"or thjs tnansìstor.
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