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JPES: 3U8O 

.■■•■•■'  CSO: 393O-D 

ANALYSIS' OF JXJ1CTTON TEAIüSISTOB CONVERTERS 

following is a translation of an article "by Chceng Chur.g-chih 
' in the Chinese-languate periodical ¥u-li Esueh-pno (Acta Physica 
Sinica), Peiping, Vol. XV, Wo. 10, October 1959,- pages 525-533^./ 

"This paper describes' a .detailed analysis of conversion properties 
of 'junction transistors. A new parameter "the effective con- 
version transconductance" is Introduced for characterizing 
transistor converters. The effective conversion trrnsconductanco 
of transistors converters using a PUP transistor operated at 
different oscillatory conditions and at various signal fre- 
quencies are studied. Main differences "between transistor 
sonvertors and vacuum tube converters are compared." 

1. Introduction 
Transistors have already "been widely used in superheterodyne type 

receivers, and have been effectively used as converters. However, one 
finds in the information available that a good theory for transistor 
converters Is lacking. This paper analyzes the application of the 
junction transistor converter, and introduces a new parameter "the effective 
conversion transconductance" to determine the characteristics of a con- 
verter. We calculated this parameter and its difference with the conver- 
sion transconductance used in vacuum-tube converters. ¥e also found 
the relationship between this parameter and the oscillatory conditions, 
as well as the relationship between this parameter and the characteristic 
of the transistor. A sample calculation is given for the case of a PHP 
junction type transistor manufactured by the alloy process. This method 
of analysis can also be applied to other higher-frequency type "bransistor 
converters.        . ' _ ', 

There exists a /l-3_7 considerable amount of theoretical, analysis 
of vacuum-tube and diode converters. The method of analysis used there 
can also be applied to analyse transistor converters. 

However, due to the difference of the basic characteristics of the 
vacuum tube and:transistor, the conditions of application of the vacuum 
tube converter and the transistor converter are also different. This 
article points out the important difference between these two.kinds of 
converters. 

The basic circuits of a transistor are common-base, common-emitter 
and common-collector; the common-emitter circuit is best for high 
efficiency. This paper shall use the common-emitter circuit for discussion. 
The practical example uses a PUP junction transistor manufactured by the 
alloy process. 
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Figure 1 /see Figure Appendix/ shows the block diagram of a 
common-emitter converter. The input signal vs(t) and oscillatory signal 
v0(t) are fed in'"between the "base B and the returning path of the 
emitter E; the intermediate frequency signal i^^Ct) is obtained/between 
the collector C and the returning path of the emitter E;. We have 

v0(i) = u / Y0cos(v0t) (1) 

.  vs(t) '- Vscos(vst -c|)s)„    :  ■ (2) 

u in equation (l) represents the bias "between base and. emitter under 
oscillatory condition., Vo is the amplitude of the oscillatory signal, 
•wo is the angular frequency of the oscillatory signal. VB in equation 
(2) is the amplitude of the input signal; ?j?s is the phase angle and v8 
is the input angular frequency, with    ' 

\r0  - wa = wi#f. , 
•Wj j in the above equation is the intermediate, angular frequency. In 
the following analyses,-.-we shall neglect the effect of signal frequency 

^Ti ('ri = wo / V±.f. * ws /:2 wi.f.) an(i -fctie harmonics (nw0j n = 2.,3 ...) 
of the oscillatory"signal on conversion. If during the application of 
conversion, the amplitude of the input signal is smaller than the oscilla- 
tory amplitude'(Vs<^ V0), the DC application oondition of the transistor 
cbnvertor changes periodically according to the oscillatory .signal. 

The transistor circuit can be represented by various snail-signal 
equivalent ^irpuits.This article uses one of them and it is shown on 
Figure 2l?-J . The parameters (rbb'jeb'e/Cb'e^'CjCb'cgce^m) of the 
equivalent circuit: are determined under DC tests of the\ transistor.. 

The DC condition, of the transistor converter changes according 
to the oscillatory signal, hence these parameters also change in., time 
according to the oscillatory signal. They become functions" of time and 
are represented by r^, (t),gb,e(t),ct,e(t) ,gb'.c(t) ,cVc(t) ,gce(t) ,gn(t) • 
Figure'2 with these time-dependent parameters shows the use of the con- 
verter. "Point 3 represents „the base, E the emitter, Cthe collector and 
E' is some point of the base. B* ,Cß  three points foyms the. basic' cir- 
cuit of the transistor and B,C,E, three points form the actual transistor. 
2>D-0i represents the base resistance. The signal at. the, output point of 
the current generator. gj^«Q. is proportional tothat between B* and E. 
This- impor'iant point 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~Zg with a signal generator 
of amplitude.T/g and an;internal impedance 20 with an oscillator of 
amplitude VQ. The output end is.connected with the load 2e. 

2.Conversion Transconductance "gc1" 

The transconductance of a transistor can be obtained from the slope 
of the static curve (the relation between VBE and IQ when Vc is fixed): 

X =  dIc (3) 
^VBE ' *  vc 
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Figure'3 shows a static curve of a typical medium-frequency PH? 
germanium transistor. The figure also shows a group of small-signal 
parameters when 7C - -6 v., Ic = -1 amp. From Figure 3 one uses graphic 
method to find transconductance at each point and also the relation 
'between transconductance and bias voltage. It is shown in Figure k.■ 
During application as a converter, the transconductance changea accord- 
ing to the oscillatory action, 

«X! 

ßnfa) : ZJ ajjcos nw0t (h) 
n = 0 

Suppose the output current is, 

i(t) = fib(t)vB(t) (5) 

Substitute (2), (h)  into (5), and we obtain 
CO 

i(t) ■= Li      an cosnw0tvscos  (wst -<f0)   = 
n = 0 

ll vBeos />o - ws) t /   f o7 / ... (6) J2 
2 

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

I.I 
Z  fl  VsCOS    (Witf<t  /    fo)    =   6clVBOOS(vlif>t/ f0   =   Ii.f.OOBCVi-f .t/  %) 

2 (7) 
111 (7) g  ie called the "conversion transconductance" with, 

ex 

6cl "  9li-f-   Z £i (8) 
^Vs      2 

One can use different methods to obtain ±he value of gcl. The Une can use aiiierem; me Tineas x.o OD^ -wie vaj.ua ui ec]_. ->• 
usual method is the 7-point graphic method L -L/ From Figure 5, we 
obtain 

«el = li~ /~<g7 - «l> / <g5 " ß3> / x-73 (86 ■ g2)_7 (9) 

The meaning of g-,gP . „ .g7 can be seen from Figure 5 and reference 
flj. ' 

The above method (eq. (5) to (9) ) for obtaining the "conversion 
transconductance" is the same as for the vacuum-tube converter. "Con- 
version transconductance" is used in representing the conversion ability 
of vacuum-tiibe converters. One usually bases on this parameter in 
selecting vacuum-tube converters. However one cannot use gcl alone in 
determining the conversion ability of a transistor converter, because 
for transistor converters the assumptions of equation (5) are not satis- 
fied: The output current is related to V^e^t) 

i(t) = ^(t)^, (ty: (10) : 
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Hence ve mist look for a new parameter to characterize the conver 
sion ability of a transistor converter. As a result of research, ve 
obtain a new parameter called "effective conversion transconductance" 
represented by g*,. 

e. "Effective Conversion Transconductance"; g£]_ ■ . . ■ 
Change (10) to 

i(t) = gn(t)vb,e(t)^fW  IgW =%(t) " 
"be^ s 

Tb'frW ▼De(*) 
LvB(t), 

r«(*) 

[±1> 
Substitute (2), (k)  into (11) and obtain the .intermediate-frequency 

current as, 

V i.f [? V be (*s)| VQCOS^ f t - cp ) 
' -2) (12) 

From (12), we obtain the relation between the output intermediate- 
frequency current and the input signal, 

dl, i.f. 
a? 

tl   -J^e    (V ) \e  (w8)1   =      [gcaVe    (vs) !be  (vB)l    .(13) 
2       V te V e        J *-       Vbe ■  vs J 

...Let the input impedance of the converter be'Zin(v ) and the 
oscillatory generator impedance Z0(ws)—>-o then, 

■vDe(vB) 1  

^sT^T 1/ 
(HO 

"z7  W 
^in 

; Equation (1*0..shows vhe(ws^   *s related to the input signal 

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

(w ■) 

8   *"8'     <^ Zin(wsT 

'Simplify (13)'! 

then Vse 

Scl" 
'b'e 
V, be 

M 

(va) a5i (15) 

From iX5)r}  we .obtain g^ called "effective conversion transconductance 
We use it to represent the conversion ability of a transistor and the 
relationship between the intermediate-frequency signal and the input 
signal. 
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k      The Calculation of Vb'e  (vq) 

•'■ "Effective conversion transconductant" gy. is the product of 
"conversion transconductance" gcl and Ve ' (wsr~ gcl can be obtained 

from eg. (9),. and the calculation of ye ^ . is described in detail as 

\T   3 

follows: When the intermediate-frequency load Z/fa^ f ) and the output 

impedance Z0(
vi +  ) of the converter Hatches fijXvl'.£ J  = ZS ^i.f.i-'* 

the condition for'naxinun efficiency output is net, When operated 
under conditions of narrow frequency band, the load impedance can be ad- 
justed to very small values for the oscillatory and input signal frequen- 
cies 2 (w ) —»o, ^ (w )—>0. Under this operating condition, the input 
impedanceSZin(v8) of ?he converter can be represented by the short-circuit 
input impedance -^Figure 6(a)J,~uh&rein rVo, (t) ,gt,«c(*)■■>gj,te(t) ;cbtc(t) ,c-Dse(t, 
are time-dependent functions changing according to the oscillatory condi- 
tions. The effect of these parameters on the input signal can be approx- 

Sb»e'^>   Sb'c, 

«b^fV^2*  •" wk^r~ ^ (19) 
cbo 

T.T2 

beT^r lE —     ET "äö~   l"~ir^) c>   (20) 

where q is the charge of electron; E is the Boltzmann constant; T is the 
absolute temperature; W is the base width; D  is the dispersion constant; 
and °\ct,0 is the amplification factor of the common-emitter-shcrt-circuit- 
low»frequency circuit  From (19) and (20) one knows that gt,Q and c^ 
are proportional, to Ic. 

Let the values of g^ig and Cb,e be gA and CA respectively when 

Ic - -1 ma, then 

fb'c z -SA
1
^ (21) 

cb'e  = -o&Zc'-  .'■' '   (22) 



But the average values of g-D,e and c^tg during one oscillatory period ece 

" (23) 

(2k) 
Sfai 

b'e 

"gA*c, 

vhere I c is the average collector current under oscillatory conditions, 
and its value can be obtained by the 7- point graphic method as, 

%> ;'3l   Ä. / I7 / 2(^2/ *3 / Hi /   x5 /   %)J- (25> ^ 
vhere the meanings of Ij  to In are defined in Figure 5 and- reference /l_7 

Fron equations "(232,   (2l+)> X25) and t3ae taown values of gA and CA; 
we obtain the values for g^,    and O-^JQ. 
Then from Figure 6(b), ve obtain: 

Ve 
V-. 

(»a) 

"be 1 / ^bb'IbT^ V ^srbb!tV~e" 

The absolute value of ^bfe    (wa)    is 

(26) 

7- be 

CfiLla. (vj 
fä be 

(27) 

V   0- / ^tSfete)    / (^hb'wscb'e) 

**" rbb«£b»3 <& ^ t3aen 

V- b'e 
ho 

M (28) 

^1 / 0?b-b«W8CVe) ~y 1 / ( I   J 

represents the Q-value of the E-C circuit formed by vhere Qs -      1  
_ _ rbb^s^Ve 
aHfti and ct,«e äuving input. 

Substitute eq. (28) into (1$), we obtain 

I £*L ßcl Sei 

^TTIT 
(29) 

«'      . i\ 

VI / (^bb'wscb'e) 
From equation (29), ve'see the relation between 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 usual 
vacuum-tube converter property encountered in broadcast systems. 
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5- Practical Exanple 
We shälTÜBe a typical PHP nediun-frequency junction germniun 

trar.s5stcr as a practical exanole. Furthernore we shall find the relation 
between conversion ability and the application conditions, of the'transistor, 
and tetveen oscillatory property, and the.input frequency. 

Fron the transistor static curve of Figure 3, we c^n obtain the 
relation between' transconductance and bias voltage (Figure U) . Fron the 
two curves of Figure it one sees that when the bias voltages are equal/ the 
transconductance'at Vc =.' -6 volts is higher than that at Vc = -3 -volts. 
Therefore we'Belect Vc = -6 volts as the collector voltage. Figure 3 
show a smll, group of low-frequency paraBeters neasured at Vc = -6 volts 
and Ic - 1 na. With the above inf oruat'ion, one can begin the analysis 
of the conversion ability of the transistor converter. 

The bias of the transistor changes with the oscillatory signal 

, VBE  = u / Vocos V-       .       ,   (1) 

The bias changes between two extrene values (>7i and y^) 

V7 '.,.= M/ V0 VX -   M- V0 
The transconductance of the transistor also changes between two values, 
tlie largest value gv and the scaliest value g-j_ (see Figure 5) . If we 
control^the oscillatory condition of the converter and at the sane tine 
change the anplitude T0 of oscillatory signal and'the. bias u such that the 
.caxinun bias V7 is fixed (M / v"0 is a constant), then the largest value of 
trarsconductance &y  of this converter is a constant. Ve shall study this 
kind of a converter; pick Y-j -  -0.19 V, and change M, Vo such that M / V0 = 
-0.19 V-. - 

With the above nethod we obtained the relation between gcl C^Cg and 
the oscillatory property. (Figure ?} We also found the relation betwesn 
"effective conversion transconductance" and oscillatory property at input 
frequences of 1, 1.5 and 2 negacyles.  (Figure 8) Fron Figure 7 one sees 
that when bias (n) increases (anplitude (Yo) decreases), g0-x  increases also. 
Fron Figure 8 one'sees that the "effective conversion transconductance" 
and the ability of conversion are at naxinun when u lies between -0.11 and 
-0 13 volt. Hence Figure 8 can be used to deternine the conditions for the 
oscillator. 

One also sees the relation between conversion ability and input 
frequency. For the use of a radio receiver, the converter cannot be 
de-pendent on the inp-.it frequency. The ability of conversion cannot 
change as the frequency changes. Figure 9 shows the relation between the 
conversion ability and the input frequence £~We  use the ratio 
(S^i(fs) ^ where ejl ,fs) andG^ (X) are the effsctive conversion 

£xi(l) , +4 n -* 
transconductance at input frequences fs and 1 nc. respectively /. 
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Fron Figure 9 one can see that when the bias (n) is snail, the effect 
of change of input frequency on the conversion ability is snail. 

The best conditions for the oscillator of the converter should be 
deternined by the. largest conversion ability (largest gj T) and the smilest 
dependence on the input frequency £_   ßisl (f2^ ~'S$1 '(*l)   , f, and 

f2 represents 2 different input frequencies_/~ . The above two conditions 
are deternined by the property of the oscillator. However one cannot 
change the property of the' oscillator to simultaneously neet these two 
conditions. Hence in practical cases, one oust pick the property of the 
oscillator to neet the actual requirements. 

6. Conclusions 
This article introduces "effective conversion transconductance" 

to represent the conversion ability of transistor converters, and uses it 
for selecting transistor converters. A nethod to analyze "effective con- 
version trroeeonductance" is established, and the relation between conversicn 
and oscillatory properties is calculated. A practical example is used to 
show the methods of calculations of various ?roperties. In the practical 
exanple, we use a medium-frequency PHP transistor. Because of the limita- 
tion of the frequency response of the selected transistor, during operation 
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 improved. 
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