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| ANALYSTS OF JUT\ICTIOT\T TRANSISTOR ! ommm Ak
. zfo1lowin£ i; o translation of an article by Ch”emg Churg-,hlh
n

the Chninese-languote periodical YWu-1i Fsueh-pao {Acta Physica
Sinica), Peiping, Vol. XV, No. 10, Cctober-1959, pages 525-533. /

"This paper descrives o detailed anaiysis of "Ohversion_pfoperﬁies
of Juncticn transistors. A new parameter "the effec tive con-
version transconductance" is introduced for characterizing .
transistor converters. The effective conversion trrnsconductance
of trensistors converters using o PNP transistor operated at
different oscillatory conditions and at various s_gnul fre-

" gquencies are studied. Main differences between tronsistor -
wonvertc“s ana vocwon tubs converters ar° ‘conpared.”

1. Introduvtion

Transistors have already been wiae¢y used: in supernemerodJBe type
receivers, and have heen effectively used as converters. Ecowever, one
£3438 1in the information available that a good theory for transistor
converters 1s lacking. This paper analyzes the application of the
jmection transistor cunverter, and intrcduces a new paroneter "tlie effective

sonversion trandconductence” to dets rriine the characteristics of a con-
verter. We calculatsd this paremeter and its difference with the conver-
sion transconducitance uged in vacuunm-tube converters. We also found
the :elabionshib between this parameter and the cscillatory conditions,
as well as the weiatLonship between this parameter and the characteristic

f the transistor. A sanple calculotion is given for the case of a PNP

.unction type trannistor manufactured by the alloy process. This nethod
of cnalysis can also De applied to other higher-freguency type Lransisto"
converters,

There exists a 11_37 considerable amount of theoretical, anciysis
of vacumn~tiube and dicde converters. The method of analysis used there
can also be appiied to analyze transistor converters. '

However, due to the difference of the besic characteristics of the
vacaun tube and transistor, the conditions of application of the vacuun
titbe converter and the transistor conVertev are also different., This
article points ocut the inportant difference bebweep these “Wo. K;ndq of
converters. v

Te basic circuits of a transistor are coanon-bas , cormon-enitter
and. cormon-coliector; the cormon-enitter clrcuit is best for high
efficiency. This paper shall use the common-enitter circuit fou discussion.
The practical example uses o PNP Junction transistor ronufactured by the
alloy process. S -
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Figure /_ee Figure Apnend;§7 shows the block’ diagram.of a
cormon-emitier converter. The input signal v 5(t) and oscillatory signal
vo(t) dre fed in between the base B and the returnlﬁg path of the
emitter E; the intermediate freguency signal i; » (t). 18 cbtained between
the collector C and the returning path of the emitter E. We have

. ' vo\y) “u £V cos(wbt) . . ”~.Z (1)

S(t) : Vscos(wst ‘?s . ‘-- R (2)

W ih eﬁuatlor (1) represents the bias betveen base and. emitter under
oscillatory condition. . Vo is the amplitude of ‘the oscillatory signal,
wo is the angulay. frequency of the oscillatory signal. Vg in equation
(2) is the amplitude: of the input signal,tv is the phase angle and wg
ig: nae input angvlar frequency, with Ce

¥o - Wg % Wi P,
WP, 4n the above. equation is the intermedwa te. anoular frequencd. In
the following ana*ys.s -we shall neglect the effect of sigral frcquencv
wy (wg =wo fwyp, =vgf2wp ) and the harmonics (mwg; n = 2,3 ...)
of thé oscillatoyy ‘signal on conversion. If duwring the appiication of
conversion, the amplitude of the input signal is smaller than the oscilla -

- tory emplitude (Vg Vo), the DC application condition of the transistor
" convertor changes- peviodically according to the oscillatory signal.

The transistor circuit can be representsd by various srnll-signal
scu*valsr qircalts. This article. uses one of tnem.and it 1is shown on

ZT:J The: parame ters - (rbb':éb’e Cb'e,&b'c,Cb'c,8ce, 8m) of the
eguivalent circuit are determined under BC tedts of the . transisuor

The IC. condi ion. of the transistor conve“ter changes according

" to %he oscillatory selgnal, herice these paranmeisrs also change in. tine
“according to the oscillatvory signal. They become functiong of time and

are yopresented by ryps(t),ep1e(t),0p1e(t),ep16(8),0516{t),80e(t) ,am{t) -
Figurs'E with these time-dependent parameters shows the use of the con-
verter. Point B represents the base, E the -emitter, G the collector and
B' is some point of the base. B',C,B three points foymé the, basic cir-

~ cuitiof the trensistor and B,C,E, three points forn the actual transistor.

Typt revmesents the base resisuance he slgnal at the, ounput point of.
the current generator. gﬁVba 18 proportional to - that between B! and B

Tais Imporsant poin* distinguishes the actions of the transistor con- -
verter and the vacuum-tube: converter. - The input point of Figure 2 has

‘connected - in series an internal impedance-Z, with a signal generator

of aripiitude. Vg and an internal impédance %o with an oscillator of
amnlitude VO. The output end 1is.connected: with the load 2.
. 2. 'Conversiocn Transconductance. "o

. The transconductance of a transistor can be obtained from the slgpe
of the static curve “(the re;ation between VBE and Io when V 18 fixed):

s e | (3)
g.m' ";VBE v ‘Vc' P . :




Figure 3 shows a static curve of a typical mediun-frequency PN2
gerreniun transistor. The figure also shows a group of small-signal
paramsters when Vo = -6 v., I, = -1 amp.. From Figuwre 3 cone uses graphic
rnethod to find tfapscondactance at each point and also the relation
Leotween transconductance and bias voltage. It is ghown in Flgure h.
During applicetion as a converter, the transconductance changes accowd-
ing to the oscillatory action, :

ey

g, (t) = -ZS ap,cos mwet ' ‘ %)
‘ n=o
Suppose the output current is,
1(6) = gy (t)vs(t) )
Substitute (2), (4) into (3), and we obtain o
i(t) = z:: a, cosmv,tvgcos (wgt -%,) =
n=0 :
a ' .
"3l veeos [ (wg - vg) t £ Pt (6)

From the first term of (6), we obtain the intermsdiate-frequency
current '

i -a g ‘ ; = , 5 = . -
“i,F. L V008 (Ji.f.t / ‘?o) gclvscos(wi.f.t/ Yo © Ii.f.cos(wi'f.t/ Yo !

2
(7)
In (7) gcl ie called the "conversion transconductance” with,
€1 - _9%if. a1 (8)

DV, 2
One can use different methcds to ob?z;?;yhe value of'gcl. The

usual nmethod is the T-voint graphic method Fron Figure 5, we
obtain

g1 31z Lley-e) £ (5 - e3) £1.73 (o6 ~ @) T (9)

j~1_7 The meaning of &8, ...87 can bs seen from Figurce 5 and reference
’ The above method (eq. (5) to (9) ) for obtaining the "conversion
transcondvctance” is the sare as for the vacuun-tube converter. “Con-
version transconductance" is used in representing the conversion ablliity
of vacuunm-tuvbe converters. One usually bases on this parametesr in
selecting vacuum-tube converters. However one cannot use g, alone in
determining the conversion ability of a transistor con«erter, because
for twansistor converters the asmumptions of equation (5) are not satis-
Pied: The output current is related to Vyig(t):

1(8) = g (8)Vp o (8). | o)

..3_




“Hence we mmst look for a new parameter to characterize the conver-
sion ability of a tranSistor converter. - As a result of research, we
obtain a' new paramet°r called "effective conversion tfansconducqarce
lep“esented by & : :

e, "Effecélve Conversion Transconductance”. gy

Change {10) to

1(t) = & (t)vns t)"e(t)  ve(t) = The(t) | {;b (tf
WrEOmtm Rw =Y R R
| -

Substitute (2), (h) into (11) and obtain the 1ntermediate f*equencJ
current as, ‘

- ay - Vb!e . “\ ) )
g T [5* , (wg) V:D':' (wsL Vscos(mi PR ?O)_

Fron {12), we obtain the relation between the output inter nediate
freque cy current and the input signal,

- B‘I‘i F. v__.[il_._ __YP_’_@_ (w) 'be (Ws)] [gc]Vbr (w be (Vs)}

.Let the input impedance of the converter be Zin(” ) and the
oscillatory generator impedance %.(wg)—>»o0 ther,

' Vbe \WS ) - ' 1 ‘ ) l)-l)
Velw) T 1/ - Zg (wg) ¢
Zin

Equation (lh) shows Vbe(Ws) 18 reloted to the input signal

- Vslwg)

impedance and the input impedance. In finding a parameter characterizing
the ability of the converter, this parareter must be related to the
property of the converter, but not the property of the signal generator
Hence let '

' (w )

| Zinz"’g < i W=
. Simplify (13) ) o

an_f .. ’ Vble —tiris. : ro o
9V‘ 3 g1 o (vg) == &gy, B ¢5)

. TOr (15}, ve - obtain g 1 called "effective conversion transconductanceA
Wo use it to represent the conversisn ubility of a transistor and the
relationship between the 1ntermediate-frequency signal énd the input -

signal.



b . The Culeulztion of_Yble  (vg)

Vbe
.+ "Effective conversion tr&nsconductagt" g., is the product of
"cenversion transconductance” g;; and Vb'q (wg)~ &g con be obtained

Trom eq. (9), and the calculation of Vyig (v5) is described in detell as
= \Vg _ ‘

- : . Vbe .

follows: When the intermediate-frequency lcad Zr(w, . ) and the output

i N . 1. . *
irpedance 2o(w; p ) of the converter matches [Zi Wy £ ) = 2% (Wi.f,lf’
e conditicn For ‘meximun efficlency output is met. When opsrated
under conditions of narrow frequency band, the loal impedance can be ad~
Justed to very small values for the osciilatory and“input signal frequen-
cies 2. {w ) —>0, & (v )—>0. Under this operating condition, the input
inpsdance Zin(WéX_Pf *he converiter can be represented by the shorit-circuit
input impedance /Figure 6(&)7,mwherein'rbb,(t),gbuc(t)geb,e(t);cb,c(p),cb:e(t;
are tims-dependent functions changing acccrding to the oscillatory cond i-
tions. The effect of these parameters on the input signal can be approx-
ima%ely represented by their average values in an oscillatory period

(Fyp,E5ve,8b7¢,% e, % c) ' A7
Fron the characteristics of a transistor, one obtains,~ - )
Tppr (8) 7 Tubt = Ty, | (16)
e D B, (7
Spie > Cpic, (18)
 mpgm gt T - e I a9
+ B cbo ?
»u-‘ q we ~ 2 ~
CpreE Ip == I ) cho

= e () @
where g is the charge of electron; K i1s the Boltzmann constant; T is the
ebsolute terperature; W is the base width; D is the Cispersion constant;
end Asy, 1s the amplification factor of ths common-emitter-shcrt-circuit-
low-freguency circuit Fron (19) and (20) one kmows that g, end Cy s
are proportional to I.. . o o ° c
Let the values of gpig and Cyi1 b6 gy and Cy respectively when
Ic - -1 na, then | . : v : : o
' e - -galc, R . (21)

K T 20

o T =ple, - o (22)




But the average values of gy, and cy g dur‘-ing one oscillatory pericd aze
g‘ble = -gAIC, ‘ : (23)
Tl | (2k)

C

‘ ble L
where I . 1s the average collector current under oscillatory conditions,
and its value can be obtained by the 7- point graphic method as,

- - l - N
I, "% [ /I F2(f I3 i f 15 f Tg) /. (25; .
vhore the meanings of I; to Iy are defined in Filgure 5 and reference 7.
From equations (23), (Zh-)v, (25) and the known values of g, and Cp;
we obtain the values for g , and Cpig. : o

" b,
Then from Figure 6(b), we ob%ain:

o - .
be(ws):\__ﬁ l;,.' L (26)
ve 1 f ropiBhie £ MsTob This |

The absclute value of Vpte (Ws) 18

V'be

g:_’e.(ws)’g R INE ¥

o VL rpeBte)” £ (rpptvstpie)

If ryys8pip <{ i, then

v
b'e ~ . : . ,
l V’be . (ws) \: : 1 — = — 1 \28)
=4 ’
"Zl / (r'bbthCb‘e) \/ 1yf ( %s\f
where Qg = __ 1 represents the Q-value of the R-C circuit formed by
— _ Trpi¥sThe
Tvnt and chte GWing input. . )
bo Y b'e | .
Substitute eq. (28) into (15), we cbtain
[el =2 Go1 ~ el . {29)

VIHEYE T VU e
Fron equation {29), w6 see the relation betwesn the transistors
"effective conversion transconductance" and the static curve, the oscilla-
tory condition and other parameters of the apparatus. It also changes
with the input frequency. This property is different from the usuval
vacuun-~-tube converter property encountered in broadcast systems.




5. Practical Exerple

We shall use a typical PNP med;umrfvequercy junc+1on germanlun
transisuor a8 o p“acvicalAexaﬂv;e. Furthernore we shail find the relation
between conversion ability and the application conditions. cf the transistor
and between oscillatory. property. and the. input freqvency

Fron the trans;stcr stotic curve of Figure 3, we can obtain the
rrnlation betwesn twmnsconc setanse and bias voltoge (Figure ). Fron the
wwo curves of Figmwe 4 wne sees that when the b*as voltages are equal, the

transconductance at Vg = -6 volts 1s higher than that at Vo = -3 volis.
Thsrefore we ‘Belect V, 6 volts as the 0fllect voltags., TFilgure 3
ghows8 o small. group of lOW—f%eq uency peraueters meusu¢ed ah Vo = -6 volis

and I, - 1l m. With toe above information, ¢ne can begin tie aanyuis
of ths conversion ability of ths transisitor converter.
The bias of the transistcr cranges with the u801llauory‘s;gnal

Vgg  ° u f V008 vgt. (1)
The blas chan;es be tween two extrens values (Vl and v~)
Vy = M AV OV, = M-V

e ngnsconductanpe of t“e traasistor also changes oetwgen two valuss,
the largest vqlue g and the smallest vaiue 81 {see Figure 5). If we
control the oscillatory condition of the converter anld &t the sane time
changs the amplitude V, of osu11¢ato%v signal and the bias.1 such tgat the
*"";Jum bias Vo i3 fixzed: M r o 18 a ﬂonstunt\ then the lorgest valve of

{rarngconiucitance gﬁ of this canverue: 4s a consiont. Ve shall study this
klna of & converter; pick. V7 = -0.19 V. and change M, Vo such that M AV =T
~0.19 V. "

With the above nsthod we O“u&-n°a the reiation between 8c1 Cb”e and
+he oscillatory properiy. ‘;igurv 7} We also found the relation betwsen
TerPestive conversion tronsconductance” and oscillatory property at input
froguences of 1, 1.5 and 2 megacyles. (Figure 8) TFron Figure 7 one soes
thot when bias () increaess (arplitude (Vo) derreases), gc; increases also.
Tron Figuare 8 one sees that the "effective convsrsion transconductance”
and the ability of conversion are at maximum when u lies between -0.11 and
<0 13 volt. Hence Figurs 8 can be used to determine the condltions for the
oscillator.

One also see3 the relation between conversion ability &nd input
frequency. TFor the use of a radio recelver, the converter cannot be
dependent on the input frequency. The ability of coaversion cannot
chcnze as the freguency changss. Figure 9 shows the relation beiween the
convergion ability and the input fregquence /7Ne uge the ratio

8- fs

( >1( ) ), where g3 1 {fs) and Gy 1 (1) are the effective conversion
ggall

transconduttance ot input frequences fs8 and 1 me. respectively 7




Fron Figure 9 ons can see that when the bias (m) is small, the effect
of change of input frequency cn the conversion ability is smail

The best conditions for the oscilllator of the converser should be
deternined by the. largest conversion ability (largest €3 ) and the srnllest
dependence on the input frequency [: €x1 (fg) - 8*'1 % , £; and

j IR

fo represents 2 different input frequencies / . Th% above two conditions
are determined by the property of the oscillator. However one cannot
change the propsrty of the oscillator to sirmltaneously reet these two
conditions. HFence in practical cases, one rmst pick the propertv of the
oscillator to meet the actual requireaen#s.

6. Conclusions

This article introduces "effective conversion transconductance
to represent the conversion ability of transistor convertvers, and uses it
for selecting transistor converters. A nmethod to analyze "effective con-
version trrnsconductance" is established, and the yelation between conversim
and oscillatory properties is calculated. A practical example is used to
show the rethods of calculations of various iroperties. In the practical
cxanple, we use a nediun-frequency PNP transistor. Because of the linita-
tior of the frequency response of the selected transistor, during opsration
the conversion ability changes as the frequency of the input signal changes.
If one uSes transistors with more superior frequency response in the con-
verter, this defect can be Inproved. :
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