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TRANSISTOR 

The designer of a chopper amplifier should consider the 
advantages of transistors over mechanical switches. In 
addition to being small, transistors have low driving 

power requirements, a drive frequency that can be 

varied widely, and long life expectancy . 

Most limitations of transistor choppers aflse because 

the transistor is not a perfect switch; during the ON 

CHOPPERS 

period the resistance between the switch terminals is 

not zero, and during the OFF period it is not infinite. 

These resistances vary with temperature and with the 

current flow through the device. Also, the back bias 

that turns the transistor OFF creates temperature

dependent leakage currents, while the ON base current 

produces stray voltages at the switch terminals . 

EQUIVALENT CIRCUITS 

For the OFF condition, the equivalent circuit of a low
level PNP transistor chopper is *: 

COLLECTOR 

EMITTER 

Figure 1 

* R. B. Hurley, "Transistorized Low-Level Chopper Circuits," 
Electronic Industries and Tele-Tech, Dec. 1956 
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RL = ohmic leakage resistance (usually a function of the 
surface condition of the semiconductor crysta I) 

IS = true reverse·biased collector-bose diode saturation 
current at T OK when IE = 0 (does not include ohmic 
leakage currents) 

an = common·base emitter-to·collector current transfer 
function, or normal alpha 

a i = common-bose collector·to·emitter current transfer 
function, or inverted alpha 

VB = switching drive voltage between bose and emitter, 
(assuming a positive voltage for the forward-biased 
direction) 

T = temperature in degrees Kelvin 

0 = 8.616 X 10'5 joule/coulomb oK 
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Figures 5 and 6 present test results for the par ti cu lar 
germanium and silicon transistor types that were se
lected. Of the twenty 2N338 transistors tes ted, seven 

had IOFF values too low to be accurately measured, 
and were omitted from F ig.6 . 
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Tab l e r gives the optimum impedance range into which 
each type will work and th e noise l eve l that may be 
expected, based on the test co nditions. Four con clu
sions may be drawn fronl these tests: 

L For the si l icon transistors tested, 

IOFFRoFF = VB 

2. For t he german ium trans i stors tested, 

IOFFROFF :: constant ;S VB 

3. The grown-junction silicon (2N338) and th e a ll oy 
germanium transistors have about 16-db lower 
noise power output than the 2N497 transistors at 
the specified operating conditions. 

4. Although the noise leve l s of the 2N 185 and of 
the 2N338 are comparabl e, the ON vo l tages and 
OFF currents differ by 1.5 to 2 orders of magn itude. 
Thus for high -impedan ce sources, the s i licon type 
2N338 may provide a better signal-to-noise ratio, 
while for low-impedance sources th e germanium 
type 2N185 may give better performance . 
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Figure 6 

TABLE I 

2N 185(Ge} 2Nl093(Ge} 2N338(Si} 2N 497(SJ} 

7,4xl0' 6,3 x 10' 2 J X 10 8 1.3 x 10 8 

1.1xl0· 1,3 x 10' 3.4 x 10' 5,1 x 10' 

4.8 x 10' ,0 6.8 x 10. ,0 4.7 x 10. ,0 8.2 x 10'· 

100. 
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Figure 3 

Note that th e ge nn anium trans istors were opera ted 
in the inverted positi on. 

The 2N338 and 2N497 silicon types were tested in the 
following circuits: 
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TINOTES 

F or th e ON condition , th e e quiva l ent circuit o f a low

le vel P NP tran s is tor chop pe r i s *: 

COLLECTOR 

rai (1 - a ian) 
Ry = 

I8 = base current drive 

RE = em itter bu lk resistance (ohmic) 

RC '" collector bu lk resistance (ohmic) 

Figure 2 

For NP N tran s i s tors, th e direc ti on of current fl ow I 

a nd th e po la rity o f vo ltage s ources V a nd IBR E a re 
reversed. 

REDUCING NOISE 

T he leakage current I an d offse t voltage (V + I B R E) 

a re th e sources o f th e no i se s igna l introdu ced by th e 

switch . No ti ce, however, th a t bo th V a nd I a re propor

tiona l to (l - a i ). If th e two tra n s is to r di o de jun c ti on s 
a re used as mark e d by th e ma nufac ture r, th a t is, if th e 
te rmin a l ma rk e d " co ll ec tor" is used in th e circuit as 

co ll ec tor, e t c., th en an will ge n e ra lly be la rge r th an 

ai . But if th e t eml in a l ma rked "coll ecto r" is use d as 
th e emitter, and vi ce ve rsa, th en th e n ew a i will be 

la rge r th a n th e new an . T his in ve rte d ope rati on sub
stantially re du ces th e magn i tudes o f V and T. However, 

it has some di sadvantages; it causes a n in c rease in R y 
a nd a possi bl e in crease in IS. It s hould a lso be note d 
th a t th e form er BV EBO becomes BV CBO in in ve rte d 
operation . Grown- and diffu se d-jun c ti on tra n s i s to rs may 

no t respond we ll to thi s techniqu e du e to a la rge in

crease i n R E . 

* R. B. Hurl ey , " T ransis torized Low-Level Choppe r Ci rcu it s, " 
E l ec tro ni c Industri es a nd Tel e-Tech, Dec. 1956 

Many chopp e r c ircuits us e pa irs o f transistors In s uch 
a way that th e l eakage currents and/ or offse t voltages 

e ith e r oppose on e a no th e r or combin e to produ ce a 

co nstant d- c s i gna l into th e amplifi e r. Th e s uccess of 

this appro ac h dep end s on how accura t e ly th ese qu anti
ti e s can b e ma t ch e d ove r th e op e ra tin g temp e ra ture 

ran ge . A ma tch for (V + I B RE) may be a chi e ve d by 
pla cin g sel ec t e d re si s tors in e ach emitter l ea d to pro

duce an addition a l vo l tage drop. Ry and VB may be 

furth e r s ta bili zed by res is to rs in the bas e l eads whi ch 
mainta in co ns tant base drive currents . Good temp era ture 

c omp ensa ti on can be provide d by ma kin g one o f th e 
base res is to rs temp era ture-sensitiv e . Th e e ffe ct of th e 

O F F currents may be minimi zed by se lec te d re s istors 
s huntin g th e emitte r- co ll ec tor te rmi na ls. Germ a nium 

di o des shuntin g th e emitte r a nd base can re du ce th e 

re ve rs e bi as, VB . Howev e r, pe rfe ct temp era ture com

p ensa tion re quires th a t th e tran s istors be ma tch ed for 

Is . Althou gh th e ON a nd O FF res is tan ce s of the s wit ch 
a re d egra de d by the se a dditi ons, thi s los s is o ft en out

w ei gh ed by th e dec rease in no i se leve l. 

Durin g th e ac tu a l in s ta nt of sw it chin g, th e trans i s tors 

a re no t ma tch ed and a no i se s pik e may be produced . 
T h e re fo re it is important th a t th e s wit chin g tim e of 

th e tra ns is tors be v ery s hort. Fo r th e s ame reason , 
th e s qu a re-wave s wit chin g drive must ha ve a fa st ris e

tim e. If tran s form ers a re use d in the circuit, care must 

b e ta k en to re du ce th e e ffec t o f leakage inductanc e. 

Swit chin g transi ent no ise can often be re du ce d by care

ful attention to stray indu c ta nces and capacitan ce s . 

Alth ou gh a b lank e t recomm enda ti on of transi s tor type s 
cann o t be ma de , an idea of th e noi se power which a 
transi s tor may introdu c e a nd th e optimum imp edanc e 

into which th e de vic e s hould op e ra t e may be obta ined 

from I( V + I BRE) and from (V + IBR E)/ I , respec tive ly. 

TRANSISTORS FOR CHOPPERS 

Four trans is to r types h a ve rece nt ly bee n e va luate d fo r 

chopp e r se rvi ce: 2N 185, 2N 1093, 2N338, a nd 2N497. 

T h e 2N 185 and 2N 1093 ge rmanium typ e s we re t es t e d 

in the fo ll owin g c ir cuits: 


