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Abstract& Three usable amplifier configurations exist for the junction 
transistor" The grounded=base amplifier has the highest 
frequency response" The grounded=emitter has the largest power 
gain.. The groundedcoCalleetar or emitter follower serves as an 
impedance transformer much in the way of a vacuum tube cathode 
follower 0 These circuits have 'many important differences from 
their vacuum tube counterpartso .An important one is the more 
marked effect of source and load impedances on their perform ... 
ance 0 . Input and output circuits are nCl>t isolated by the tran ... 
sistare, 

1 00 Grounded=base, amplifier 

SUppose we consider the groundedcobase circuit shown in Fig" I .. 

+ t 
-ro;, = f? I t c e 

FIG. 1 - ·GROUNDED BA.5E: TRANS IS loR AMPLI FIEf(. 
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The circuit equations are g 

vo ~ I (1" ~ r b ) + I rbo 
~ e e ' C 

o ~ I (ar+ r b) + I (1" .• rb + EL)o e c c c -~ 

Tpe determinant is 

b ... 
(re ... r~ l"b 

~c· 1";), (re '.ji- rb + I\) 
or Il ... rb [re'" 1"c(1=«) + aJ. 1"e(rc .. ~)o (1) 

o 
vo 

Ie lIB r (rc .. rb + Rr,> (2) 

(3) 

The voltage gain is given by~ 

=IcRr; 8B ._ (err c', + rb )RL 
Gy SB vo ,,' A • 

~ 

There is ~ophase inversion in the grounded=base circuito The current 
~ is given byg 

'. Ie '~c.rb 
.l !III I;'" l"c .. rb" Rx., • 

Note that for a shorl=circuited output (R:t= 0) this is silRply: 4lto 

The input: resistance is RilB YilIeo 

• •• 
'A R - . ...• 

J. rb .. l", ., ... R-, c -:ra 
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·Note that the input resistance depends on the collector load Rr.o 
The ~ower gain of the circuit is Ie 2Ry,/te 2Ri 0 

. !'.G. - A2(~) . 
This expression shows quite clear~ how it is possible to have a power 
ga'in in the grounded=base circuit even though the current gain is less 
than um. ty 0 .. The input impedance is of the order of r·.r. ~ 300 ...r2. 
while the output load R.- may be several thousand ohma~ I~ is the higher 
impedance level of the ·&tput circuit which provides the power gaino 

To get the output resistance of the grounded=base stage we 
must apply a voltage to the output terminals and calculate leO 

t 
I Ie. 

fl.' 1Bl".(l'" ill- l" 4lI- R ),41- r.b·(R. r = ttrc'o c e c g' .g' e I 

Oil (Rg ..... re~'l"0 o 

0r~,+l"b) • 
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. C'ar =r =R) • .' c e g 
•• R Dr cor.b' R 0 

o c re4k- rb .. g' 

The output resistance depends on the generator resistance Rgo 

If we now make some assumptions about the relative sizes of 
the quantities m the above expressionsj we can obtam simplified 
versions I) Assume~ 

Then.ll 

rc(lcet) »~ »re .\) rb o 

A SIt r c [ r e4!-rb (l~)]o 

G .. 
v 

aRL' 0 

re .. rb{l=eJ 

A, == a 

R. = 
J. 

20 0 Grounded=endtterAmplifier, 

The grounded=emitter circuit is shown in Figo 20-

-Vee 

I?t.. 

/ 
\ 

i 

( 
'. 
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FIG. 2b - G~oUNJ)EO- J::((JJTT~~ /tMPLI F'IE!€ 

e lIB (R'~ r.b" + r ) I. .... rIo 
g g. e -0"' e' c 

o ,. Drc(=l1, "" Ic>" rell, .. (11;" zOc" re) Ic 0 

o ". (r "" ar ) I. "" '* {R... ... r .. r (l=a)} I ~ e c -0 -~ e· c c 

11 = rb [Te ... Rr. '1' TC (l~~ ... re (rc'+Rr,h 

The voltage gain for the grounded-emitter circuit is 

G ... =Ic!J. sa... tcr c "" r~ )R.t 
v"V - A ." 0 

i" -

Page 5 o£14 

There is a phase inversion in the output· signal 0 The current gain is 
given by~ ---_. 
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The input resistance of the grounded emitter circuit is 

{ 
r ... H-c --r. 

Ri = rb .. re r (1~) .. r 
c . e 

Inthis'case A >1 so the power gain is larger than for the grounded base 
circuit. 

If the output resistance is calculated as before the result is 
_. ~g .. rb .. ere} . 

Ro ., rc(l-a) .. r • eR +r.b+r g . e 

If we assume that 

we obtain the following approximations: 

R. = 
J. 

r e 
1 ... " 

o 

3 0 0 GroundedaoCollector.· As>lifier' 

The grounded-collector a.IJ¥>lifier is shown in Figure 30 This 
is the transistor equivalent of the cathode-follower and is frequently 
referred to as an emitter-follower. 
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()J. 
K'L "- !'\fo 

Ilb Il.£ 

t ~c ~ Tb KL f\Y. N clll I J..E 
(,. + c s. 

t 
0 

Fib. 3 - G~OvNDED - COLL ECTOR AMPL IF/£R. 

The loop equations are~ 

Vi· (rb + ro) lb+ l"o(l=a)Ie 

o "" r T~ + r fL + r + r (1=a)} I 0 c[) r-L e· c e 

The input or base current is& 

~ g t {rc(l-<tl .-.reO-I!.} 

The output current is~ 
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The voltage gain for the emitter =f ollower is ---
The current gain is normally greater than unity 0 - ........ --..-

. Ie rc 
A "'" I; ... ~r""'c"'( i"'-tJ.'"":""I)F-· ":"~-:r~e~~-· 'l'\'l1,-.. 0 

Note that this is approximately Rr./l~ which is an order of magnitude 
larger than the emitter resistanc~ 11." 

The' power gajn iSA.2(~) which is .greater than unity because 
21· of the A term.. . 

The ~p~ resistance is given by 

. {R .• r} R II!< r .. r (l=c) gQ .. 
·0 e c R .r ... r . g b' c 

If we JJia.ke the same assu mp't:i, 0 ne as before3 we obtain the following 
approximation~g 

G \ill 1 v 

R '" r. (rb +' R )(lcC)o 
,0 e .' ~. 

N6tethat the-circuit has a relatively high input resistance and low 
output resistanceo 

.. A comparison of approximate formulae for the three 
. configurations is given in Fig 0 40 



FIGURE h Grounded",base Grounded=emitter Grounded=eollector 

;l APPROAo FORMULAE ... 
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400 Effect2f.,Eoad' Resistance ~ Amplifier Performance 

.. In general we are not at liberty to change the internal 
transistor parameters given in the previous expressions 0 We can,\) 
however:l vary, the load' R.t~ 

Figo' $' Shows the effect of load resistance on current gain 
for the 5 amplifiers 0 

l' 
CuRRENT GNO. COL. 

G-AIN L 
-'- -~--~~~~---+------------------------------4---------------J-oL 

F'G.5 

GAIl). ro"SE:. 

R:o 
L. 

,As R:L,becomes greater than rc all three have a current gain of about 

rc/Rio 

, .the effect of load resistance on input resistance is shown 
in Figure 0 60 
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bpAO 
&tSISTAWCe "' .. R. .. ' ., ~ 

. ~ .~.''''-

The effect of the driving generator impedance on the output ~edance 
of a transistor stage is shown in Figure 10 It is important to note' 
the difference in current an<;l voltage drive on the output impedanceo 
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t 
OUTpuT 
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500 Frequency ~s:Ponse of Transistor Ampliiiers 

This is a subject which will be treated in more detail later 
one The frequency response of the grounded-base amplifier is due to the 
variation ~ current-gain (Ii with frequency 0 This can be expressed 
approximately. as:: 

where.eo is the low frequency c and fca is the frequency at which 

C is 0707(1.0° This expression is onljr an approximation and, in fact" 

one which is accurate only for fir ~lo cc 
The current gain of a grounded~emitter stage is 

a 
o 

l~'j (I-) 
f3=C=" ,CD: 

11 a , 0 

1 - 1 + j (flf ) ca 

If we now divide top and bottom by 1 - (to we get 

or 

1 .£ 
. .,. J £-...... ( ..... 1----)· 

130 
13 .. f 

1+ j f (1-«') 
ca 0 

Ca \ Co 

Therefore the grounded-emitter stage has a frequency response (l-e" ) 
times that o~ the grounded-base circuit o This may be 1/10 or less~ 

The next chapter will discuss temperature stability of 
transistors 0 

Donald J 0 Eekl 

DJE/md 

~, -
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