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A POINT-CONTACT TRANSISTER PULSE SHAPER

l[This 1s a translation of an article wrltten
by Yu., I. Senatorov published in Moscow,
' 1958, pages 3-22,7

Description of the sghaper's set-up

The pulse shaper's set-up is given in Fig. 1. The
positlve feed=back needed for its operatlon is bullt up on
- the internal resistance of the triode ry .. This resis-

tance 1s the resistance of the germanium transistor plate,
vhich ig the basis of the triode, 1In order to develop the
regeneratlon, the resistance rg must not fall below a

certaln prescribed value,
Should the resistance rg be too smell, an exters

nal resistance R, much larger than rg (Rg ¥ 1+4 Xkllow
ohn) while (g % 200 & 600 ou has to be added. The

presence of N and S shaped characteristics of the triode,
which produces the regeneration, depeunds not only on the
resigtance Rg = rgtRe, but also on the magnitudes

ar' Tgr Fyr Bys By and on the external elements of the
get-up, For thls reason the Ry value of the set-up may
vary within wide limits, o A
In one bateh of point contaet trlodes €2G, CI1E
(released in October 1956) the magnitude rg, was found

to be sufficlently high to a2llow for the development of the
pulse~former's set-up without the need of an external Rg.

Absence of thet externsl resistance PRg' affected Tavors

ably the absclute figure of the spread 1h the polint of the
upper bend of the N shaped characteristic of the tricdes,
for which point the voltasge given in o0ld set-ups amounied
“to gg w Ry » Iyo s where [, was the dark current;

for that bateh of triodes this I varied within
1 == 4 ma., ko

The dlmimution of the sgpread in the coordinates
of the points of the bend in the N shaped characterlistic
allows to leave the external elements of the set-up
unchanged for many triodes of the batch., The percentage
of triodes that were filt to work amounted to 70,




Fig. 1

At the same time, 2 correct selectlon of the elew=
ments of the set=up ralses the rellabllity of its work
tn cases of certain deviation in the characteristics of
the tricde itself,

With the external reslistance Rg absent, the start
gignal is sent into the emitter's circuilt., It 1s known*
that this way of starting lncreases the time of the
coordination period of the set-up DY causing a delay
(t ) of the exit pulse of the former ir »elation to the

79D

shapting rulse., (For the set-up of Fige 1 1,5,,=0,15%0,2

microsec, which is most undesirable. This delay can Dbe
avolded by sending the starting signal into the circult of
the base., For this purpose & transformer is switched into
the base of the triode, and one of its coils receives the
si~nal in the proper phase, This pesults in a strong
fesd=back which in many casss generates certain pulseg,
and the latter are eliminated by the shunting of tne
transformer's windings with a small reslstance, This, in
its turn, leads to a weak entrance registance of the setwup;
and this complicates the coordination of the pulse=zharper
with other elements. From this viewpolnt the entrance
reslstance of the sat-up Ryyy, should exceed 0.8 kilo=ohms,.
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¥Eie The Tnesis by Ye, V. Kostyukevich: "Investlgatlon of
the pelaxation menerators on point-contact crystalline
tyiodes", 10553 Printing shop VVIA imenl Prof. Ne X
Zhukovskliy,.



. Yhe shunt's resigtance amounts to 300-400 ohms for a e
transformer with a factor 1:1, '

For this resson a sget-up with a transforpger in
the base of the tricde should be used in the cases In
whick the entrance reslstance Ry, need nol exceed
L00 ohme, '

Another speocific feature of the seteup deseribed
conalasbs in the raised brusgh voltage E = «30 velt, which
amounts Lo only 20 volt in the previous seb-up, beged
apon triodes of the types C28, C1E., This naturally leads
to inoreased smplitude of the exit pulse, The direct ’
feeding from the source of the current of the E4 voltage

of the brugh eircuit lesds frequently te the heating up
of the itriode due to the excesslve brush current and ruing
the triode, Therefore the voltage E4 is admltied through
the subweireult E-dlode=0, which uses & supplementary YOLa
tage source E(lggl > 181 o The gub=cirenit E=diode~(

puts a Limit to the maximum eurrent’ Imax which pass

through the tricde's collector even if the reslstance of
that collector were zero. - A longetime operailion of
munerous tricdes et the maximum current Iy, of 10 ma and

maxinum voltage of =30v did not cause & single triode to
be ruined, The period of voliage recovery upon the
capacity € of that elreult has to be coordlinated with the
maxinun Trequency of the pulge-sghaper's actlon.

The seteup of the pulse-shaper with polnt contaci
tricds is shown in Flges 1. The taske of ite elements are
aa fellovat

, 1} The start of the setwup 18 sccomplisghed by
positive pulses passing through the transformer ijb

"he asmplitude of the sterting pulses U,,, is greatsr than
. . Zap

four volts. The ninimum is sbove 1 woll, bub at this
minimum the set-up will not operabe with each gtarting
pulse, WLth Upgy less then 1 volt, the set-up wlll not

react at 8ll. ' .

2) The diode Dy lowers the back effect of the sete
up upon the charmel ol the start,

3) The capascity O, is necessary for producing the

currsnt's throw into the emitter's cirecuit.
k) Resistance Ry serves for the discharge of the

capacity Cye The time constant is v = 403 = 0,4 mieresec,
5) The 40,5 volt of the voltsge source E, protects
-

the set=up from the parasitie signels ag long as their
+ voltage does not exceed 1 voltl,
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6) Both traﬁaformers Tr1 and Try of the exit are

Tuilt of identleal naterial “"oxy-fer 600", The colls are
wound on two toroidal rings slze 4 w T ram,
: 7) Diode D, cuts off the negative reject in the exlt

'pulae. Depending on the pagnitude of the lo2ding resise
tanee, &n extra reglgtence can be thrown in in series with
the dlode Dy. Its value is adjusted to the case of &

,eritieal run of the transfer process in the transformer
Tr':?a . . .
3

«

8) The sub-cireult Rp=Dy=Cp and the voltage source
E3 play the part of & 1imiter of the current psssing

thmaﬁgh the triode. -
9) Voltage source Eq playe the pert of the nominal

voltege source in the cireult of the collector.
The power used duringigugtatﬁgnary run. in the
resistance Bp aquals PE ',','“ff - 8:)% and exceeds 2 - 4

times the amount consumedgin“iﬁgﬁéétual‘set-up when
giﬁ“#‘30§'volt-wmﬂw".Ww,mw,wm“mmﬂh I
Py =By " Iyo  (Pox ® 12 om),
where Iy, s the dark current of the triode.
“Enould the amplitude of the existing pulse, &3
teken from the loading characteristic of the pulse shaper

{Fig. 2) be sufficient, the same sel-up of feeding the col=-
jeetor cireult might be recommended provided Eq = =20

volt. Maximum frequency freye under which the schens

works, is 50C¢ kilo~hertz; should the frequency Z£oO higher,
s break up of the sterting pulses oCCUTE. The delaying
period between the exlting and the atarting pulses can
smount to 0.15 = 0.2 mlicrosece. The entering rogistance

is Byyn = { kilo=ohm, The quration of the pulse = 063

mievosee (on the level of 0.1 from amplitude of U)
nardly chenges when the load Rn;ehanges‘between 20 ohm

end 3 kilo~ochit. ' » .
“ The amplitude of the starting pulses does not
depend on the regintance of the loade ‘ -
The remeining work characteristics of the pulse
sheper are given in Fig. 3o

Tolerances in the feed voltages amount to
+ 15 percent.
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. Flge 2
Diapgrdm of the dependence of the startlng
gipnel from the load under which the pulse=
shaper works at E1= =20 vwolt.

o, Oneration of the Gubecireult ReDiode«l

Fire 7 shovs the set-up of the clreulld Re
which ilnsures the feeding of the collector clreull
triode. he dlode keeps open 1T the constant cowponsl
of the current passing through collectaor's circult doss
rot exceed a certain maximum value of Iko mAx? while tog
voltape at the point A runs lower than Ey by the smount of

the voltage drop Up at the dilade D. By neglecting the

magnitude Up << Iy, we can assume that the voltape &t A
s equal Bqs Should the collector current Iy, exceed
the value I 1, pons ohe dlode closes and the voltage in A
becomes |Uyl=|El~I R « This voltage iz lower than Ky .
The eXcess the actor cu rer L, may
The excess of the collector current xke over L. oy BB
sceur in two esges. First: 1T the yileld of the shaper's
£
L

3
gel=un IP * I; > I%o e Secondly: if the trlcde happens
(S 3 ¥ o

to yun hot. In this case an auto=heatlng of ths tricde
may develop with & decrease in the collector's regighance
and an increase in 1ts contact current, Under these con-
ditions the sub=clreuit R-diode=C hag to 1limlt the
pernlssible current in the collector, or to sharply reduce
the resistance in the source feeding this curcuit of the
sriode's collector, which 1s equivalent, Thus the

(8]

v
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Figo 3
Diagram of the dependence of the startling
gsignal on the load under which the pulse=
ghaper works at Eq = =30 volt.
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) Figq 4 )

Diagram of the power of the exlting pulse of the
pulse shaper depending on the load for

By = =30 volt.

sub=oireult R=Diode=C ceases to be the source of voltage
Eq with Iy < Ivo mex and becomes the source of current

for Iy > Igoy maxe I thls case the magnitude of the
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Dependence of the exit slgnal on the pulsew
shapers capaelty's load,
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Dependence of the exit signal on the change
in the EMF Ey.
constant ecllector current is determined as follows:
I 5
K" .
B+ Ry trioge
where R, of the triode represents the triode’s resistence
o constant curvent under 2 ralsed femperature run.

#



'Resistance R plays the part of a stabilizer of the
eollector current for Ik_> Ixo maxe An excess may take

place when the temperature of the surrounding medium goes
upe Thus the circult B=Diode=C acts as a gtabilizer of
tempervesture also, In the first case mentlioned, when

Iy 7”7 Ikg na g’ the time, during which the temperature

I

is expessive, equalg the duratlion ¢f the shaper's exite
pulses In thls case the capaclty C forms apn auxiliary
(source of energy and, with the C properly selected, tue
voltage at A does not change by more than a definite vajiue
: *

&
éﬂgl. After the pulse fed from the capsclity C ls come

pleted, the voltage at A comes to ite previous vALLS, :
before ancther pulsge srrives {(for & freguency of the order
of 500 khz}. -

Iy,

: I
Ko max] o kG

e . i
y gﬁ. A

Fige 1

’ I, 16 the derk current of the trivde Ing pax
the maximur conebant current of the triode at
o freauency of 500 khey I... bhe AAKInum GO

g X * meR

stant current vermiseible through the trlode:
T4 the current of the exit=pulse of the triode.

Let us determine the values of ihe prepistance R,
capaclty €, and volizge of the source Ene The pagic

+ 5 wgzy ® e £ 1YY . s - - .
data are: values of currents Iy: Tpal Ixo maxs Ip max’

nd the velues of Eq and &g, o The relatlonsnlp
between these currents are Iy, < I,
-

T pax < L1e

The time-diagrem of the voltage at the capacity C

¢ls given in Fig. 3. '
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The bagic relationshle betwsen the initial values
are (seq Figs 7, 8):

Iwﬂ,faﬁg(l}fs”gx’Jﬂuaxcﬁ*”g Z)Mp<ag(1~335) 3)
M. Lte the change of voltage on the capacity ¢ for the
verlod ‘
AE = By ¢ Mg - By - TeouskeR - 05
!GU is the voltage on the dlods during the passing
through it of the current Ip ...

yﬂ“:( ‘Ez"‘E’-ll-

‘n

w?@ﬁnﬁﬂl is the voltage change on the capacity during the
actlon of the pulse<¥ 4.

rj pabtlnb NI, = DU, the inequality (3) can be presented
¢,

»!

in the form:
T
Mc(wi(eﬁé "1), (6)

' ‘,

}‘ﬁlﬁ rals) O KO may R - liﬂ .

Inequality (1) limlts the maxinum collector cur-
rent; the reslization of the inequallty (2) insures that
the curvent through the dlode Ip pax will not be less than
ko maxs

Inequality (3) connecte the law of the voltage
changs on the capacity C after the completion of the
pulse, with the interval of time g durlng which the
voltage changes which cannot be less than some definite
magﬂnuude AUC .

Equality (4) determines the voltage change on the
capacity ¢ through the duration of the Dulse’rl .
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Fig, 8 °
A“”iia the voltage change on the capacity
0 during the time T { (time of the passage of

current I;); AF is the maximum change of
the voltage on C after the eompletion of Iss

1t determines the run of the exponsnt in
the intervalt 4 .

Equallty (5) represents the demand for the change
of voltage on C during the pulse'rv

Let us assume that the current Ii during the pulsge
is conatant, while the actual duration ti of the pulse 1s
replaced by the eguivalent duratlion¥j; of the pulse, then
the equality (4) will take the formz

Iﬁ ‘t' . | 1 . o
M“x’a RN ‘ .'?(7)‘

This equality 1s correct if the conditlon I, ¢ #(0)

is reslized and in the further sccount such Pealization
will be taken for granted,

. Bolution of the basle relationshipe (1) to (5).
Iet us examine the possibility of simultaneous solution of
these relationships and determine the reglon of this
solution, Let us consider conditions (3 and (4)e We
begin by bullding the ratio
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‘The limiﬁa.of o as it depends on C are:

Joezt- . (9)
«, 08
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Fig. 9 presents the likely positlion of the curves
corresponding to the inequalities (3) and (4),
S Tt is obvious that the conditions are reallzable
if © Te '
Now we shall examine the inequalities (1) and (2)

Their graphic solution is given in Fig. 10.
Let us bring the lnequality (3} to a shape

explielt in reference to Ep for the case of the equallity
O, = a@%‘~and we will obtaint o ' -

2

E, » k. + Iyouaxch *—% —~ . | (11)
2 1 , .
8U,; AT e’l?b’_ 1
orBle,

o> 1

(3)

o<1 , (4)

3. 2

’ Fig., 9
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Fig, 10
Boundsry values of Rm,g and Rﬁ Por R
within which the gimiliarncousz’Biatlon
. of the inequalities ig pozsible
(1), (2), (3), (&),

We shall neglect the values UI.}Q( E.‘ and
Up<<lyy maxRe Let us change the current I, mex 10T &
iarger one Ip ... . With the inegquality (11) forming the
condition for the selection of Eny we Iintensify that
inequallty bringing it to the shape:

, S
By 3 By + Ipyayc®* ) (12}

-aw-ik

We put xy »24" into the inequality (12) and
obtains ¢ ¢

Tyx
L:ﬁfimw. {(13)
By By + Ipypydf *

Lo




Thus inequality (13) includes the conditions of
(3) and (4), It is evident that a simultaneous solution
of inequalities (1), (2) and (13) becomes feasible if we
sztlsfy the insquallty# _

I%ﬁi
lR(Iuaxc” {Hu&nc) - & ) *;ﬁé;
1

(14)

’ The simultaneous solution of (4) and (5) yields

the value of C, For this value of C, depending on the
resistance R, the right side of (14) 1s evaluated. Should
the inequality be realized, the problem can be considered
solved.

Thus the feagiblility of a simultaneous solution of
relationships (1) to (5) is demonstrated.

Examination of expression (14). Further consglde-
ration of the simultaneous solutlion of basic relationships
leads to the examination of the right side of (14),

We shall denote

Iyt
e o - ¥
_ “““”“’% . (15)
e -1

Examining the magnitude ¥ as a function of G, we
find that it represents the relatlion of & hyperbolic
funiction to one approaching an exponent, It c¢an be

~shown that ¥ will change much slower with the changs in
c thaa with the change in R.
We uransform the expression for Y 1nto the shape

Iysy Ionn
Yy # ¢ o
. Y 1in
ew~1 Rc,“'z')‘?’c”) } ‘
PO 1
< {18)
-ﬁ%r,ﬁ-&&l g
- o< - B, *p .
L i e TTEARTL

#Presented graphically, the inequality (14) expresses the
fact that 1ts right part added to the inequality (2) must
not 1ie above the inequality for (1) in Fig. 10, In-
equality (14} was formed from those of (1) and (12).




- The magnitude %{éﬁ) %1 was computed for the range

of %"’ 0,025 * 3'-5;’ 1s‘shown by & graph in Fig, 11, In Fig,

i1 we find the ourve of error (1lts ordinste multiplied by
100 ylelds t}tw error in percent) in the computation of the

megnitude N ey‘br ; bthat results from limiting the eerlalisze-
tion of{e'p%‘l?‘ in powers of .&1' by the firast two terms,

. The graph shows that the greater the value of RC,
the emaller becomes the magnitude of

2y Bt
* wrt |
. , S TP ] ’w‘f}n-nl_iw
For inatanece, iffnc ?m“ 'fi‘.th.e vmueé%ﬁ. Tnly
sguals 0.1, ' , :
Negleeting 0.1 1n comparison to one unit, we find
that prestically the magnitude Y does not depend on the

et el

value of €, provided that the inequality F0 » Bw is reslized,
‘ , =
If we neglect the megnitude %(y&-) T in eomparison

with one unit in the expresslon (16}, we can obtaln the
first epprozimetion tn the value of R from the expressiont

.. R? 2 . '., - ‘ _, ; .

o N-Ia : a7
where ' o
AT = Iyage ~ Zjuasc- e

The resulting error in the value of Y cannot be
computed without using the conecrete valuesg for ¢ end R,
even 1f 11t were only because the numerator in the erprege
glon for g’ containg the value of ¢, For thils reaszon we
ghall eondust our ressoning on general lines, and we shall
ghow that the value of R computed from (17) shall always
excesd the true valve of (a8 computed by taking into
eonsgidepation | o

P Wt

Let us supposé ﬁmt the neglected terus of the series
nenticoned equal I, i.@., e Ty ‘n_b e« In such a casge the

J -

s

P e

denouinator ecan be written ast 3 "'te-, 1s Or if we use

14
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The smaller the value of CR, the greater the eifect
of ¢, The permiseible limite of the oscillation of Vole
taze on the capacity € during the passage of pulses
[see (5)7 should not be enlarged when a simultaneous 801 U
Tion of the five initial expresslons cannct be obtained.
This would not bring a solution under reascnably permlg-
sible voltage csclllations on the capacity C.

On the contrary, a certain variation in the value
of the maximum permissible current I,y in the positive

direction, can rapidly widen the reglon of feasible SO LU
tion, The reglon of simultaneous golution can also be
enlarged by lowering the value of Ip ove ;

For the stationary run the percentage of ene?gy
coming from the sources and lost as heat in the reglge
tance R 1s (B - k) . In order tc reduce these

- R, .. '
logees it is advi&ﬁble to useminimum values of E2 and

and maximum values of Re ‘
3, Numerieal computstion of the eireult R-Digde-C

1., For currents Iy, 8nd Iko - Starting from the

sctual measurementsg of these currents for a group of
triodes (C23) in a pulse shaper set-up durlng a statlonary
run on the frequency of 500 kilohz, we can assume that for

,the majority of the triodes these values do not exceed:
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2 a hdximun current

stationary run IL max iss

for ui'r w 20 volt
I

. D max ¥ O¢° BB
Fe Maximum eurpent I

\rl!\‘d“‘

value one should proceed from the exﬁ@rﬁmeaﬁﬁ in
triodes were working uadcr

noinb=contact

for E1 =

L“ﬁn those guaranteed by the vendor.

mihu i} Imgx

4o Current during the pulse Iz, 1%

the leoad charscteris
of current 11 varistion
shaper's load.

e The value of E1¢

Thie is dete

D m=
In determining

4 ma

= =30 Yol

= 30 wvolth

» 7

X

eavi

nust not be gre dter than 20 ns

M8,

Y B
BN A

which
gr currents

t

fcllaws Trom

tle of the pulse shaper Lhwt the

T
15 60 = £ na aonenﬂ ng on the

he

onoe

hend by the required smplitude of the sxlit pulse and on

other; hy the befwiasﬁb’e voltage
ﬂﬁ””'t 1de shell hﬂvr two velues:?

B o --26 ang B

o The magnitude Aﬁn.- Aﬂg{

Ch

the vselful voltapge In the xit pulse of the shaper. We
shall assune ﬁgcrzgi .

7. The valueg 3, For this computatlon, we ghall
deuwvmilo the “0u1Valqu duratlon T 4 glven by the rela-
Lionghip L j 1,8t »Fle"athat ig, assuming that the
pulse current lj e constant for the duratlon T 4, which

amounte to 0.2 microsec,
Computatlions 1) This
for the following wvariants

I, fopr Iy = 60 xa

e the

= ~ 30 @,

repyasents the

FUOB =
ite =
.{H:gla
Lsfgi"
LBy -

B B -

riode,

This

loss

compubtation 18 carr‘ﬂi out

S
').L

rrained on the one

the
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| Variant IT reflects the conditlons of the maxlmumn
‘efflcacy of energy in the shaper's load for Ry = 400 ohm,

2} From the simultaneous solution ol the expressions
{4) and (5) we ghall firnd the velues of the capacity C
{in mierofarads)

I. I, =60 & €, 212 000 np
I, I, =30 ua Cyp > 6000 ng
B, I, = 6 ue 0y > 1200 ng

%} We compute the valuve ofY @

L.y = 60 xa €y =12 000 g

'ﬁ/qu)f i 2 3 4 . B 6 7 8 ] '1‘0
¥ _;7,7 15,6 23 31 40 48 58

e In = 30 u0 C, = B000 nif
ﬁ{mu;‘§ 1 2 3 4 5 8 7 8 9 10
v e 12 16 20 23 27 32 3 40
L I, =6 Cy = 1200 ng |

B{xox )! 1 2 3 4 5 6 7 8 9 10

¥ 59,4 1,15 1,¢ 2,8 23,86 4,3 5 7,8

P
&Y Using ildentical nets of coordinates, we shall
puild simultaneously the relationships cof the expresslons
(1) and {13} {(in Pig. 12). .
The construction amounte to two variants: one for
E, = = 20 volt, another for Ey = =30 volt, while the

current I, amounts to 60, 30 &and 6 mé,
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Graphic prosentation of the solution of
bagic relationships (1) to (5) in thelr
application to the work conditions of a
pulse shaper on a2 polnt econtact tricde
for various runs of that work.

Fige 12 shows that the minims value of E, and R

. fork = -30e

N .‘{322&1168
I, I, = 60 a . ‘
. ‘R>/5,81co.u
r »
: ks> 68 6
0. I,=8% s \ |
: - iR 2 3,3 x0u .
-
_ E2'>486
"Iu"eﬂa . g .
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