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ABSTRACT

In logic' circuitz_'y, the use of relays, switches, or contact's'
for control can give 'incorrect information due to contact bounce.
This analysis is ‘of -e buffer used to isolate a dfgital circ'uit' from
externe:l. no:lse while allowing remote control. ' The mmlysis :I.s made
by brea.king the circuit operation :I.nto three pa.rts - Delay, Switch-
ing, and Recovery - w:lth a fourth part to describe the effect of
‘noise on the input linea. .- These. four parts describe the limits on
" the input pulse width and pulse' rete' for various conditions and give
the output pulse which could be expected. Experimental data are
used to verify the analysis and give an :l.ndication of t.he possible
variations in the _circuits due to component chenges.. The analysis is
not & fmrsc-'caee calcuiation and does not describe the change of
| circuif cperation due to ccmponenfkveriations , but 18 a method of
analysis of an wnusual and somewhat unconventional silicon controlled
rectiﬁer c:l.rcuit..
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CHAPTER I
INTRODUCTION

Statement of the Problem. In logic circuitry, the use of re-

lays, switches ,y or coptacts for control can give incorrect informa-
.tion due to the conte.ct bounce. A circuit‘n‘my generate two or more
outputs for & given ioput, triggering the extra times on the contact
bounce. Loéic circuitry may also be '_triggered with pick-up noise
when long lines a.re used for remote controi.' Because of this, special
circuits are ﬁé‘é&"‘ﬁa”éérﬁe; as buffers between the circuitry being
controlled and the costact closure. Cme 'buffer circuit to'be des-
'cribed is insensitive to contact ’bounce or noise pickup on long

E '11nes and therefore does not require speciel shielding.

" General Description of the Circuit. This buffer, shown in

Figure 1, page 2, operates from contact closures to glive e, pulse out-
put.. The‘siliabn,Costrollea Rectifier (SCR) is connected comﬁon-gate
| with the :tnput ep;ol;ed to the ca.thoo.e and a transformer anode load.

| The transformer acts as & differentiater and gijres ‘a pulse on the

.' output winding. The operation of the circﬁit begiqs as an input is

. ‘supplied by the closure of the contacts 7 sl This closure completes

: ;-‘.»s circu:i.t composed of the cspacitor, cl, the timing resistor, R‘l‘ and

a.ny line resistance, RI The closure of S Starts the capacitor to

. 1
:discharge., When the capacitor discha.rges toa given voltage level,

theSCR switches to its conductive state. This discha.rges the capaci-

tor, C

29 through the transformer, Tl, producing an output to ‘the load,




T

FIGURE 1 Schematic Of An Input Buffer




Rx' The circuit ranains in this state with Cl and C continuing to

_discharge through the contacts, l’ until they are opened. 'When this

occurs, the circuit begins to recover to its original state. The

" SCR will change from its conducting to its blocking state when the

current in its anode drops below the hold current and the gate' voltage
is not positive with respect to the cathode.

The circuit is protected against contact bounce and line noise

p By the Rc network on the :h;put. This insures a single output pulse

.for each input closure.

.Method. of Aﬁaly'sis. From the description of the circult, it

18 easily seen that the circuit operation can be divided into three

" periods. The first period 1s the Delay and is defined as the time

" from the’ccntact closure of S, until the SCR begins to switch. The

~ second ‘period, or Switching period, covei's the time between the switch-
. ding of the SCR and the‘openin'g of the contacts. The third and last
reriod is the Recovery period and starts as the contacts open. This

. period ends elither when the circuit is at 1ts original state or the
" contacts close again. For the circuit to operate properly, the SCR

" must be allowed to switch to its blocking state.

The a.nalysis is divided into these three states and each is

- calculated sepa.rately Experimental data were teken end compared to
the calculated d.ata., A fourth section is used for the Noise calcula-

tions 0 .

o et s



CHAPTER II
THE DELAY

The delay_isv défined a8 the time from the closure of -Sl to when
" the SCR starte to conduct.’ The SCR will begin conducting when the
'dathodg becomes more negativg than the gate. The closure of Si is a
reference point for the calculation and 1s t = ¢ .

For calculations of the delay, the portion of the complete cir-
" cuit shown in Figu;'e'a, page 5, ca.ﬁ be used. |

For conduction to begin, ‘th_e gate to cathode voltage must be
some value, Vg, set by'the parl;.icular vSCR' ghosen. The voltage on the
gate when the SCR begins to conduct is set by RB’ CRi, RG’ and the

input gate current. If the gate current a.nd the current through RG

© . are small compared to the current through the bias resistors, RB,‘ and

’r.hé 'volt'age » Vi, across the diode, CRL’ is a constant vbitage vhen it

D
is conducting, then voltage on the gate, Vb, is Vb o Y_lf_ - VD.
. T2

The deley, then,' is from the closure of Sl(to) to tl(V +V = 'b)

" At t, the voltage on the capacitor is V; = E;. R

The circuit can now be redrawn as 8 simple RC network to deter-
mine the delay as shown in Figure 3a, page 5. . o
| Using the 'ﬂnevenin"s Equiva.lent , the cir;:uit, ‘a‘b the closure of
vsl, becomes as shown in Figure 3b, page 5.

"The equation defining the volta.ge Vl is




I' f
FIGURE 2 Active Portion of the Oircuit During the Delay Period

(v)

_ FIGURE 3 (a) Simple RC Circuit

(v) Thevenin's Equivelent Used in Celculations of
Delay



s VR ) VR
SR .°"PC:[RT R H
| RI+RR:I
_ With C initially charged to Vy, the equation becomes |
- R, :
V, =V, |exp t(RT : RIRR RI+RR) (1 - ‘ \t(RT : RIRR )| 1I-2
! RI+RR . ! RI+RR

-Figure 4, page 7, shows three sets of curves j)lotted on the

éa;ne time base. The first is a plot of equation II-2 with RI chang-
ing and V; hozfnaliz'ed to VP‘ These are calculated with R, = 4700
‘ ohms, and C = 1& T uf. The(second liB a comparison betﬁeen the ex-
perimental and gctual_ delay times versus RI for a 2_N886A SCR. - The

third set of curves are identical to the second except a TSW61S SCR

is used.’
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CHAPTER III
SWITCHING

' TheAswitching po:tion begins ‘as the gate to cathode voltage;
VGC’ becomes positive and gafe current begina to flow. A'IEhe gate
current is amplified 1n the SCR causing it to conduct heavily, appear-
ing like a very 8mall impedance from gate to cathode and from anode to

cathode.. ‘I.'he capacitor, 02 » 13 discharged through the transformer

- primary, generating a puise in the load. me switching portion con-

, and C, discharging until' Sy is opened.

The active portion of the circuit during . this period is shown

in Figure 5a, page 9. In Figure 5, the SCR is replaced by & battery-
_resistor combination from anode to cathode and from gate to cathode.

- The diode is also replaced with a zjeaistor-battery combination. Dur-

ing the time the transformer is active the voltage acfoss Cl will
not change appreciably if the value of Cl >>Ce. Under these condi-~

tiona » the DC voltages acrcsa 33/2, RD’ RGC’ and RG will not change.

The load presented to the transformer, if Ry is much greater than
the other three .resistances, will be approxicnately RD+RGC+RB/2< = RZ_‘

" These approximations-were made to simplify the equations necessary

to describe the circuit. Further simplifying the circuit by replac-

1ng the transformer with a six—teminal black box, vhose equations

- are developed in Appendix C, and the input resistancea RR’ RI’ and

RT with their Thevenin's Equivalent as in Chapter II, gives the cir-

cuit shown in Figure 5b, page 9. This figure also shows the currents




Transfomer
Equivalent

Appendix A ‘ . . >
L ( ppend .).___-——\/\Av\/———1 ' Vg
N P v Ry |

(v)
FIGURE. 5 .. (a) Active Portion of the Circuit During Switching

(b). Simplified Circuit Used in Calculations
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‘with their directions which are used in the following calculations..

' The actual analysis concerns the voltage pulse amplitude and
wave shape across the load, Rx This is obtained by calculating the
current in the primary of the transformer, l ; from it ’ calculating
the current :Ln the transformer secondary, 0’ and finelly nmltiplying
| the secondary current times the load to get the output voltage.

Initially, the voltage across Ci is Vl 2= VP/E- -VGC and the voltage

8Cross 02 is V2 = VP. The primary current cen be found by writing

the loop equations for 11, ih’ and i_. Writing these directly in

5°
Laplace form yielda

iﬁﬂ—-( }+M-iq1 III-1

hies * PacREM "5t Is'e

vV, I, o

P2 . Th 1, - . | _
7 =cs* L (Rge) II1-2
oGS TR TG ,

v,V | o ' -

1l 'E . S ol

= D% * I5(Es * R I1I-3

where A 1s the Laplace transform of the transformer input impedance.
Substituting as follows. ‘

By =V, = Vg = Vg

Bg=Vy -
B noting that Vﬁ - V2 = 0, and solving for I gives:

R R R AR




al

E
A I
3 c.8 Rg
0 R+ 1 0
c.8
Eg 1
| ; %5
I, = ' , III-h
1 1
E-a—s- + RAC+RE+A - Eé-g RE
1 - | 1 '
- + ———
C5 R, ] )
1
% ; %5

which is reduced to

. E.) ,
. [IS?‘B RE , C]_Sa}l:RL +‘C_Z-§:|

I = ‘ R (RE+ ‘Ry(R, R ) YRR, —
ac*L Y 1 TRRER
R ReRpct 2[ c, M ]*sa[ 6., ]
S RS o | |
+ A 5% i 1 III-5
o2 [RLRE "Gy et 0102 |

To find the wavefom of 11 » substitutions are made using the circuit
values. These are listed 'below with the value for A from Appendix C
end the values of the Thevenin Equivalent. A line resistance, Rl , of

200 ohms 15 used.

RL = 105 obms VP‘ = 28 volts
RT = T50 ohms VAC = 0,67 volts

= 0.29 volts

Ryo




at

" by multiplying Ii by the transfer.ﬁmction of the transformer

. I, -107.078 [S+2°23.75_(19)6] o

H.

12

' RE=9bOohms V2=28 volts
RZ = 1710 ohms Vl = 13.01 volts
Rx = 1000_ ohms VE = 1.15 volts

- Ry = 3320 ohms . E, = 26.18 volts
¢, = 4.7(10)° farads By = 11.86 volts

02 = l+7(lo)"9 fa.rad's‘ ' -EB - ;h.32 volts

. EA
s3 + 5.3233(10)° 52 + 0.46857(10)*2 s + 0.89896(10)1°

A=
1401.3 [s2 + 1.4834(10)° 5 + 8.0191(10)9]

When the above values are put into equation III-5 and the terms col-
lected, the equation becomes: ‘ .
20.066(10) s+413.81 | [ s+212.77 ] [s+5. 3865(10)3 | [ 5+1.4887(20)% |
)Ps*527.63(10)5+45. 938 (10) 2524252, 06(10) %
#Sher510)2] 1116

17 g [5%+5.3420(10

or written with the roots of the denominator .

20. 066(10)3[s+l+13.~81] [s+212.77] [5+5. 3865(10)7] [5+1. h887(1o).6]

I

| lf o 5+5.2430(10)€ ] [5+5. 6170(10)3 ] [s+226.21 | [ $Pe93.102(20)3s

+8.2072(10)° | III-7

Although the value of 11 can be founci,~ it .{s not necessary, for 12

can be found using I,. The Laplace trensform of 1, is I, and is found

I, .
I

|3

III-8

L [ses.2756003] (7721801006




. 13
Multiplying, 12 becomes

“(-207.07)[ 20.066(10)3 | [s+2. 2375(10)® | [s+113.61 | [s+212...77]

[s+5.1756(1o)3] [g+771. @(10)63 [5+5.6170(20)3 ] Es+aa6..21] |

[s+5 3865(10)3 | [ s+1. 1;887(10)6]
[:S+5 2430(10)® | [ 2+93.12(10)35+8. 2072(10)9]

Expanding by partial fractions 12 becomes

III-9

" 1]26(10)'3 0. 61&29(10)'3 o.1osl+1(1o)'6 0.51015(10) "3
2" S+5 2430(10)® 5+5. 6170(10)3 s+226.21 §+5. 1756(10)

2 7909(10)'3 2 7%6@0)'3[&»&6 561(10)3]
s+771 1‘8(1°) [s+h6 561(10)3] [77 713(10)3]

21.203(10)'3[77.713(10)3]
[si6.561.10%] 4 [r7.1230003] °

Teking the inverse Laplace transform, 12 is

III-10

i 6&1.'29(10;6ex§ l—j 6170(10)31;] + 10'5.'1+1(1o;9exp E226.21t] '
+ 510.15(10) 6exp E5.1756(10)3t] +a, 7909(10)'3exp [771 48(20)% ]
- [2.7406(20)3c0s 77.723(20)3%
+ 22.203(io)°3sm:77T.713(1o)3"t:] exp | b6 561(10)3{]

<1.1726 (10)"3#5[-5;2#30(10)61:] | o III-ll

' The output voltage is @ 5= =1 Ry " The calculated waveform for e, is
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shown in Figure 6, page 15, with the actual circuit waveform. It can '
easily be seen that :Lnitia;Lly the two wafveforgns are npt ‘alike. Taking :
the ‘difference to be an error in thé transfdmgr equations due to the
eimplifyingf assumptions made ’ the differenée between the experimental -
" and calculated waveforms for a step-function into the transformer can |

be added to the calculated waveshape of €, for the circuit. The

2 )
difference to be added is shown in Figure 13, page 40, in Appendix C.

A new comparison is shown in Figure T, page 16, with this difference
added to the calculated values of €.
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CHAPTER IV
THE RECOVERY PERIOD

" The recoveryperiod is defined as the period of time fromvthe
opening of Sl ‘o when it is closed again. For operation of the cir-
cuit, enough time must be ad.lowed for the SCR to revert to its block-
ing state and C to charge to 90% of VP Maximum recovery period,
then, is the time' from the opening of Sl until' the SCR recovers to
its blocking state and Cé recovers to 'apPrOxiJuately 99% of VP. .The
SCR recovers when the anode curyent drops below a hinimmn value called
the hold current and the gate is not positive with respect to the
cathode. ' '

The active part of the circuit is shown in Figure 8, page 19.
Here again, the SCR is represented with & bettery and resiste.nce for
the drop from anode to cathode. }'.Ehe gate current is ase\med to have
a neél_iéible effect on the circuit operation, except that it sets a
ninimum voitage to which Cl can discherge, The resistance in the
anode, RL, is chosen to limit the anode current after 02 is discharged
to less than the hold. current required by the SCR. Because of this,
the recovery of the’ SCR~ is obtained by the charging of Ci until the
gate-cathode \folta.ge is zero.' During this time the voltage across C,
will follow the volta.ge A8CTO8S8 Cl '. This charging of 'él is through RR

a.nd RT with a min:l.mum current being supplied through the SCR. If the

voltage across C; 1s initiauy V (VP/2 = Vog = Vp ) Ry . 1o line

Rp + Ry/2
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resistance - the maximum recovery period will be the time required for .

C, to charge through Rp and Ry from V  to VP/2 plus the time for C, to

1 2
charge from VP/ 2 to approximately 9V The .9VP voltage is enough to

give an adequate output signal on reclosure of Sl The time required
V V '

for cl to charge to vp/z from its v, is:'t, = (RR+RT) C, 1n VP v 5 .
The time required for C, to charge to 0.9V, from vP/a is:

= (R + vP/a
R 1 P_OWP

The maximum recovery time 18: tmax = tA+tB

Ry = 700 ohms - ' V= 28 volts

Ry = 750 ohms Avcs = .39 volts

R = (10)° obms _‘ VD\:= .60 volts

Ri = 80 ohms -V = 4,05 volts

Ry = 3320 ohms . | c, = b7 (10)'6 farads

S ' C, = k7 (10)'9 farads
'1; becomes , ' ’
-6 , 28-4,0
Toax = (lqoo +,750) (%.7)(20)™ 1n5z= 0 -
+(.100,000+80)()+T)(10) lnm .

= 25.65(10)"3 1n 1.715+4.7(10)™3 1n 5.0 = 21.86 m sec.
This is the ma.ximm time wh:l.ch must be allowed between closures of Sl
to generate proper output pulses, Experimental data taken using six
sample each of two different Scii's glve average Tma.x of 20,18 usec.
and 20.26 usec.

The maximum recovery time required can be shortened by aiways

having some line resistance which will give a divide voltage with Rgr.
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FIGURE 8 Active Portion ¢f the Circuit During Recovery




CHAPTER V

NOISE

- Noise on the‘input lines can be divided into two éreas, con-
tact bounce and pick-up. The contact bounce hgs the éffect of length~
ening the initial delay time. 'I.‘ﬁis requires a slightly longer closure
time to cover this gdditiohal time. Contact bouncing for three milli-
seconds or iess can be toleré.ted by the circuit.

Pick-up noise could fire the circuit, but the capacitor, Cys

and the resistor,RT, ‘form & low frequemcy filter section. This R-C
network requires a voltage of vP/a across the capacitor for the SCR

-to trigger. The vbltage ’ Vl’ 'acrosa the capacitor for an input to

the buffer of V_sin vt 1is

V=V, -V, X sin (wt-f) (§ = tan™t %c)

1P Fc.’ WRR

This assumes that the input lines have an Iimpedence ngeatér than QORR.

Normalizing with respect to V, and setting Vl/VP = 1/2, the capacitor

~ voltage becomes: »
VX Xc B

O =5 a—psin (wt-¢) :

: P e +RR _ | _

A plot of the ratio Yg{_ versus frequency is shown in Figure 9, page 21.
. Vp : . A

uired to f:_rigger the SCR varies from approximately

- The noise input re:

o .5vP‘at 1 cps to 2.1V at 1000 cps.

P
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CHAPTER VI

CONCLUSIONS

Gene‘ral.' " The purpose of this thesis was to_ make en analysis
of an Input’ Buf;fer of unusual design. This was done to show a.'method
“of calcula.tion which would be usable for worse-case analysis or for
modifications of the circuit for new applications. For this reason,
the calcula.tions were kept simple to a.llow fairly swift recalculation
without requiring' the use of a computer. These simplifications ‘show
up principally in the awitching calculations and ﬁroduce a minimum
| circuit output. 'For exainple » the uncorrected, calculated- output wave-
form, -shown.i’n _Figure 6, page 15, does not have as great a peak ampli-
tude noi' as fast a rise time as _the actual output. Corrections could
} be made to the analysis, esjaec.ially in the transformer equivalent, that
would give a more accurate comparison' with _experimental data..A These
would complicate the equations and impair the practicel advantage of
the enalysia. AWith this in mind,_ the comparison betyreen calcule.ted
a.nd experimenta.l dhta will Qbe discussed for each of the principal
chapters.:_ | o

___gx. The calculated and experimental data averages agree
- very well, although the calculated delay is always gree.ter. This
could be due to & difference in the ga.te to cathode voltage or a
., va.riation in the actual value of Cys the L, 7uf capacitor.
o Recove_z:xw The experimental -data a.greed very well with the cal-

cu.lated' maximum The experimentalv date is listed in Table IV, page Lk,




23
.yg_:gg_e_. The curve shown in Figure 9, page 2., was checked at
only four places’ due to the ‘lack of low impedance', high voltage signal
generators. ‘The four checks indicated a very good agreement between
the calculated and experimental data.
' Switching. 'I!hese calculations are not in very good agreement
with the experimental data. Figure 6, page 15,, shows the output wave-
form the equAtions igiveal The total volt-millisec area of the curve is
very close to that of the exﬁerimental curve, but (the peak amplitude
is less and the rise-time is not as fast. The calculated output' wave
could be corrected using the exrror in the transformer equations from
Appendix C;. This is sho{m in Figure T, page 16, and gives the proper
rise-time and good agreement on amplitude, but the pulse width is
greater than the actua.l output.

. A subs,equent digital circuit deaigned to trigger on th_e calcu~
lated output shown 1n Figuré 6, page 15, would have no trouble in
triggering us ing the"' aétu'al" waveform, |

umary. From the tables and figurea ’ typical operation can
‘be descxribed. This: Input Buffer is capable of being triggered thirty
times pex second with'long lines having a maximum resistance of 1000
ohms. The minimum closure -time required under these conditions would
be 8' mSec,. The output which could be expected would have a peak
voltage of at least 10 volta and half-amplitude width of approx.ﬁnately

20 usec. The rise-time of the output would be approximately 0 T5

usec,
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APPENDIX A -
Description of Test Equipment

. Genere.l.‘ 'Ilhg Input Buffer ;‘equires a power aupplyv and a Driver
for operation. -To .mopitqr the circuit operation, a digital vql‘tzne‘ber,
Ha.n electronic ~coun£er, and an oscllloscope were used. The Driver was
built for this thesis to the’ schematic shown in Figure 10, page 28.°

The rest are commercia.l test equipment as listed below:

Power Supply o ) ' Pover Design Inc., Model 4005

Electronic Counter . Hewlett-Packard Model 5233L

Digital Voltmeter = Hewlett-Packerd Model 3WOA
: OBcilioscope RN Tektronix Type 513

. Tektronix Plug-In Type CA.
The input resistance was varied using a Genera.l Radilo '.L‘ype 11&32-1{
Decade Resistance Box. _ _ .
Nois‘e. During thé tests to determine the susceptibility of
the circuit to noise, the Driver was d.lsconnected and. a signal genera-
. tor was connected to the 1nput of the Buffer through a 30 microfarad

ca.pac'itor.ﬂ -'.Ihe signal genera’oor used was & Hewleti-Packard Test

. Oscillator Model 650A.




28 Volts

? ' P

19.

oNh9O

>10,2K

>— &

Unless otherwise noted, all resistors are in (10)3 ohms, capacitors in (lO)
FDQOO, and transistors are 2N1613.

FIGURE 10 Driver Schematic

farads, diodes are

O
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APPENDIX B

Calculation and Experimental Data for the Delay -

Calculations, The equation I-2 can be written in the form

v, =V [epr+ (1 -exp"'):l
vwhere Ry = R71: and A = (RT+RRRI )
+ 1 +
Ry RR*Rp
Normalizing, the equation becomes
Vl -t
e epr+RE(l -exp_')
P
Solving for the normali_zed voltage at the times t = 2 and t = A for -
va(rying values of RI»gives the data to plot the Delay. These values
' are shown in Table I, page 30.
The experiméntal date was ta;ken on two types of SCR's using
six samples- each '(')ilié'type'is a Transitron TSW61S; the other is a
Solid State Products Inc. 2N886A The measured delay for various R,
using the twelve SCR's is shown vith the:l.r avera.ges in Table II, page

31.-,




- TABLE I

CALCIEATEﬁ POINTS USED TO PLOT DELAY CURVES

: o A Vi /Vp, 8t t = %V V,/Vp 8t t = A
(ohms) - (mmiseconds )
0o  3.53 » 10,607 0.368
0 7 3.76 o6l ok
100 3.99 0.615 0.381
200 - oLz 0.623 0.39%
300 185 0630 | 0.406
koo 5.26 ' 0,637 | 0.k17
560 5065 - 0.64k4 : 0.429
- 600 6.03 ~ . 0651 0.439
800 ek 0.663 0,460

- 1000 - 7.40 : ' 0.676 0. 479




TABLE II
MEASURED DELAYS AND AVERAGES FOR VARIOUS RI

(otms) [T g g Average

0 ‘2.5 2.5 2.57 2.5% 2.58 .2.6% - 2.58

50 2.80 2.83 2.79 2.80 2.80 =2.87 ' - 2.82

100 3.00  3.05 3.0 3.02  3.02 3.09 ' 3.03

200 .3.46 3.52 3.h5 3.47 3.46 3.55 . 3.48

- 300 3.9 3.97 3.9 3.92 3.92 402 - .3.94
2N8B6A 100 h.37 - huLk Ch37 k39 k38 hso . bk
500 4.86 492 L85 -487 487 k499 k.89

600 5.35 5#“2 J 5,35 5,37 5.36 5.50 5.39

800 6.38 6.4k 6,37 6.2 6,40 6,58 1 6.43
1000 T.49 7.56 T.47 7.52 T7.50 T.7%  7.53

0 2,69 2,57 2,68 2,60 2,57 2.71 . 2.64

50 2,93 2,79 2.9 2.82 2.78 2,93 = 2.86

‘100 3.16 3.01 3.13 3.0k  3.00 3.16 - 3,08

200° 3.61. 3.45 3.60 3.49 3.4k 3.63 3.52

300 409 3.90 k407 3.95 3.90 k.10 . k4,00

TSWELS oo ho57 437 h56  B43 W37 MS9 - b
500  5.07 485 5.06 491 484 5,09 by 97

600  5.59 5.35 5.56 5.2 5.3% 5.60 5,45

800 6.68 6.37 6.64 6.8 6.38 670 6.5k

1000~ T.81 T T.78 T.60 T.48 7.85. 7.67

All-delay measurements are in milliseconds.




APPENDIX C

Development Of The Transformer Equa.tions

| The following eonations for a three winding transformer were
“developed using the “s.ame method used on two winding transforme_rs.l
The schematic diagtjam for a three winding transformer is shown in
Figure 11, 1?886'33-

The p;'ima.ry inductance is L.; the secondary L.; and the ter-

1 2}
naxry L3.‘ There are three mutual inducte.nces - M12 between primary and
secondary windings; M23 between secondary and ternary windings; and
M13 between primary and ternary windings. The resistances of the

winding are Rl, Ra, R for the primsary, secondary and ternary w'ind-

3
ings. To keep the ce.lculations simple, the capacitance between wind~-
ings will be_ ignored.‘ Also, the core loss and nonlinearity of the

magnetic c'ircui’t will be neglected. | The tra.ns'il’ormer has the relative
polarity of the windings marked with dots. Increasing current into a
dotted teminal in one winding will produce an induced voltage in the
other windings, with the dotted terminal positive with respect to the
undotted. Considering the voltages and currents as defined, the vol-

tage equations around the three loops are:

lWalter C. Johnson, Transmission Lines and Networks, (New York:
McGraw-Hill Book Company, Inc., .1950) pp. 262-35— Drs. Jacob Millman
and Herbert Taub, Pulse and Digital Circuits, (New York McGraw-Hill
Book Compa.ny, Inc., 1956) pp. 253-56. . .




" FIGURE 11' Schematic Circuit of the Transformer




| ai, ai, aiy

=t h e s &
e, = dil+R1 +Ld12' +M )
2= Mo 5% olo FLogE YV 3@
ai.. at a1

LiM. —24R1. +L -3

e3=M3gg *Maw tRI3tIs g
Multiplying and dividing the current term 12 in the equations by an
arbitrary constant, a, and the current term 13 by another arbitrary

constant, b, the following equations are obtained: .

ai 4 o4
— a2 a_ 3y
el’_ilR.L"'L]_.d\.t ram, g () s g (5

ai i i
1, e 2 2 2 d
ae2=m12—dt+a“R?(a—)+a 2 dt( =) + avi,, .?1"5(5'3')
bej = 1 dil-&-abM )+b2R (3)+b2L
| M3 dt 3 5% G

;.etting e, = -i‘2y R, -then ae, = -ang (;—

. i ' '
also e3 = «1_R then dbe, = -bsz (‘Ei) » then the above equations become;

3"z 3
oo di : i : i
1 a 3o a 3,
e = LR + Ly F= + &, g (57 ) + U5 55 ()
4y i i i3
O=BM12dt+a(R+R) +a21'2dt )+ab23dt( )

0= bM13<'ﬁ:}' + abM23. g—t-(ag).-r b2(R3 .+ Rz) 33- +-sz3 %5 (%—3- )
In Leplace £(e)) = I, (R + L8) + a, (2D)s + b, (G
0 = aM, SI, + (a2E + asz + &°1,8) (1—2) + abiY, (Ei)s

O=bM13SI + abM 2)S+(b2R + v°R_ +'b2LS) 3

3(



N

I = Lley) &l o8 oM, 38
0] a282+a21-‘&+aaLas a;bsrd23
Q- - &M, oS b2R3+b2Rz+b2L3S
- 7N :
= RS Lle) oy 58
aMlES 0 | . a'bM23S
Bl 55 0 bER3+bsz+b2L3s
I, '
= = R +L, S & S L (e)
a5 a®Ry+a°R +aL,8 0
I S
A
where A =
R1+:LlS aMlas ' le3S
a5 ‘aPR+a"R $a°L,S  abMpss
B S abie b253+§eﬂz+b213s
Removing ef (el) from the matrix, the currents cen be written as fol:l_.ows
I, =£(el') a2f§2+a2R’;+aaL.as abSM'23‘_
abM23S | b%k3+b2Rz+b2LBS
I2 . '
el | A ity
s Y (RgR L)




.
5-3- = ofle)) a8 | 32(R2+Rx+LQS)
le3S' : }abM23S
: A

Before solvir.ig the ﬁatrix equations , the following values will be sub-
stituted for the resistance, inductance » snd mutual inducmce of the

transformer as described in Appendix G, page’ 1&7

'Ll=26.9'mhA.' My, =T3.5uh R, = 80 ohms
L, = 218mh M;L3 = 26.5 mh '- R, = 225 ohus
Ly=27.3amh . Myg = 73.5 mh Ry = 80 ohms

The vaiueS'uséd. for a and b will be the turns ratios, & = %\% =1/3; .
b = g}_ = 1. A value of 1000 chms for Rx and 1710 ohms for R, wﬁ.l.be
used:. The input to the transformer will be carried as ‘f(el).' Making

these substitutions ;. the determinate for A becomes:

80+26.9(10) s . 2h.5(10)73s 26.5(10) "3
A = 21;..5(10);'.35 . 136.1+23.1(10) 735 2k.5(10)3s
26.5(10)73s " 2k.5(20) s 1790+27.3(10) 35

Expanding A becomes .
A = 80+26.9(10)” 35] (136.1+23.1(10) 35) (1790+27. 3(10)35)2k.5(10)3) %5 ]
-2k, 5(10) s[eh 5(10)33(179o+27 3(20)3s)- (24.5)(26. 5)(10)'632]
+26. 5(10)'3s[(ah 5)2(10) 05226, 5(10)"3s(136.1+23.1(1o)3s)]
" or | o , o _ .
| 116 3; 2 -9.3
A= 19_.1;90(;0)_.'@0.15.9‘(19) s+o.115l+1s +21.689(1o) s’

Using this. value: and repeating' the process Il'becomes:



= ",f(el) _ 13671+23-l(10)'3s 21;.5(10)'?3'

| 2k.5(10)73s  1790+27.3(10) s

I, =£(el)' 36~;1+(23.’;)(1o)'3s} {1790+24.3(1o).‘3s} -(2h. 5) (10)” s]
D ' N .
- f(é ) 2’+3.62(10')3+l¢5.065('5)+3o.38(3.o)'6s2
17 19.490(10)P+10.159(10)35+0. 11 5418%+21. 680(10) 783

Dividing to give unit values for 82 in the numerator and S3 in the -

denominator, I, becomes:

SR 4013(i6)3 f( ) s3+1 h83h(1o')gs;8 0191(10)32 -
5°+5.3233(10)°s“+46857(10) " “s+.89896(10)

The input' current can be written as I, = f(el)/A with A as the pri-

.ma.ry impedance or L | -

834s. 3233(10)652+O 16857(10)*2s+0. 89896(10)15

1&01.3[5 +1.4834(10) s+8.0191(1o)9]

A=

Factoring the numerator and denominatorof Il ‘
1401. 3¢ (e;) [s+5386 5 | [s+1. h887(1o)6]

[s+1962 3] [s+5 233&(10)6] Ls+87539]

The output.current into the load Rx is the waveform desired. This

~ can be found by multiplying the primary current (Il) by the trans-

fer function (_Ig)».' This ;functinonA is determined as follows:

I
| a8 ' 8,55
I . SR :
2 - (ey) |; : e
e of (e B S b (Ry+R +LS
I, ' A :
2 T
L) a .(R2+Rx+L2S) 8t 38
) L . »
atM...S , b (R3+RZ+L3S)

23
. A
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Multiplying by a, and dividing like terms

I, a1, o ablfyss
—— . -a N
T A - BP(RHR L55)
L3 2 -
a‘(R2+Rx+LQS). | 8t 5
b5 b2(33+nz+1,3s)

Expanding, collecting terms and dividing like terms

I, S (M12 3 M1§MQ3)+M12(R +R,)S

1 32(1.2L3 M23 )+s[(n +R )L +(Rg+R )LE:I*(R +R,) (B4R, )

Substituting the values for the constants , multiplying, end-c'ollect-

ing terms

[58 80(10) 65413157 | s
1 o.5h915(1o) s +1+23.66s+2.1928(1o)6

Im

I

The final form of the transfer function is found by factoring the de- -

‘nominator and dividipg_for-unity values of S.
-107. 08[S+2.2375(10)6}

(s+5175 6)[s+771 la8(10)6]
Using this 12 becomes -

HIH
v}

I
: 2
Iy==— 1
2.11 1

- -107. 08[s+2 2375(10)6}(1h01.3)£(e )(s+5386 5)[s+1 1+887(1o)6]

(s+5175 6)[s+771.h8(1o)6k+1962 3)[s+5 233&(1o)ﬂ(s+87539)
: ‘-O.rlSOOh(lO)sol‘:(el )[s+2. 237 5(10)6ls+5386. 5)[s+1. 4887 (10 )6]5

: ('s+5175‘;,6)[s+7"71.;h8(10)6}+196253)[s+5.233l+(1o.)6 +87539)
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Let e by & 10 volt step, thenci?(el) = ——-.' Making.the'partial

fraction expansion, I, becomes:

2

- :1;951290)'3 o 81683(10)'3 ,13.286(10)73 * 0.98252(10)3 -
S+771.1¢8(10)6~‘ s+5.2331+(1o) S+87539 S+5175.6

- 15.40p(10)73
S+1962.3

Taking the Inverse La.place,.,i2 is as follows:

1, = 1.9512(10)’35«:;@[-771.1;8(10)61; -0,81683(10) ex -5.233&(10)61-.]
+13.286(10) “Jexp(-87539t)+0. 98252(10) exp(-5175.6t)
\-'is.uoa(lo)‘3exp(-1962.3t) :

- The output voltage io 5 nliaﬁxa

- .Figure 12, page hO,'is & comparison of experimental and calculated‘

waveforms of e,. . The difference in the two waveforms is shown in

2°
Figure 13, page 41, and represents the error’in the Transformer cal-
culations. This error is primarily due to 1gnoring the winding

-capacitance_;n the calculations; The points used to plot these two

.figures are tabulated in Table III, page L2.
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- Data for Comparison of Calculated and Measured
Transformer Output Voltage and Error

e

TABLE III

e

2 2 Error
Calculate Measured

0 0.001 0.00 0.00
1 2.242 5.60 3.36
.2 3.40 9.60 6.37
3. L1 11.60 T7.46
4 4,981 12.40 - T.b2
5 5.723 13,00 7.28
6 6.384 - 13.20 6.82
7 T.0LL ©13.40 6.36
8 7.630 13,60 - - 5,97
-9 8.149 13.70 5.55
8.642 .13.70 . 5.06
9. 470 . 13.50 4,03
10,1397 7 . 13.45 3.31
10.740 . 13.43 2.69
11.390 13.k42 2,03

11.616 . - 13.40 1.78
12,308 . 13.35 1.04
12,696 13.30 0.61
12,935 - - .13.20 0.27

A1l valﬁeé“inrgplpalunless,otherwise noted.




- Ta.king the inverse Laplace transform to obtain 1

- primary should. be zero. Substituting t=0 in the equation for i

APPENDIX D

Calculations and Experimental Data for the Switching

The current waveform of il was found to make initisl and final

condition checks. Starting with équation III-T:

20066(s+h13 81)(s+212 77)(s+53865)E} .h887(1o)6]

415+5.2h3(10)62ks+5617)(s+226 21)[§ +931225+8, 2672(10)?]
Making ‘the pa,rtial fraction expansion, I, becomes

) £59.12(10)° z;he72(1o) 6 - 2.7891(10) 3

I - ¢

IS

_ 155.825102‘6 2.6778(10) 3(s+6561) |, 72.319(10) 3(77713)
SHoulT (s+h6561)%+(T7713)° " (E+h6561)2 (TTT13)°

1’ .
1l'=‘259.12(io)‘ +7.u272(1o)' exp(-226.21t)-2.7891(10)'3e .2&3(10)6§

-155.82(10)" e;p(-sél7t);é,6778(10)'3exp(-u5561t)cos77713t

+72,319(10) " exp(-h6561t)ain77713t.

At the time the SCR switches, the current flow in the transformer

1

" gives i, = 0. 584(10)" -6 ma. When the SCR has been switched for a

very long time (t ===) the current becomes
1 = (VpVg VAc)/(RL*RAc+RE+RTran )

Substituting the value t =wo for time in the equa';ion glves




i, = 259.12(10)-6. ma. - These checks both agree well within round off

erxroxr.

The calculated and experimental data used to plot the wave-

forms shown in Figures 6 on page 15; and ' 7 on page. 16 is shown in

table IV.

TABLE IV

Celculated and Experimental Values of .Output Voltage

Ly

.. Experimental = Calculated Points Transformer Corrected
Time - Data - - -~ From Eg III-II Error (App. C) Calculated
(us) (Volts) (Volts) (Volts)* Points (Volts)

0 . . 0.0 0.002 0 -0,002

1 11.0 3.139 L, 37 T.51 -

2 16.0 L, 664 8.27 12.93

3 . 16.0 5.662 9.70 15.36

L 15.5 6.697 9.64 16.27

5 15,0 - T.560 9. k7 17.03

6 14.0 8.304 8.86 ©17.16

7 13.2 8.898 8.27 17.17

8 12,5 9.371 - T.77 17.1%

9 12.0 9.700 7.22 16.92
10 11.0° 9.922 6.58 16.50
12 9.0 10.129 5.2l 15.37
1k 8.0 . 9.860 4,31 14,17
16 7.0 . 9.361 3.50 12.86
18 . 6.0 8.639 2.64 11.28
20 5.0 7.924 2.31 10.23°
25 3.5 L, ok2 1.35 6.29
30 2.5 . 2.538 0.79 3.33
35 1.5 0.395 0.35° £0.T5

#*Error vbltage was. ad justed for & 13 volt step.




APPENDIX E

Experimental ‘Recovery Data

The data shown in Table V is the maximum time required from

the opening of S, for C, to charge to 0.9-Vp. Data was teken by

2 .
decreasing the pulse to pulse time until the following pulse occurred

2

. measured as tﬁé\ﬁime. Sl was open.

when the voltage across C, reached 0.9 Vo. The Recovery time was

TABLE V

. : " Maximum Recovery Time

SAMPLE . - , -TSW61S . 2N886A

1 20.21 20.23
2 20.26 20.30
-3 : 20.15 , 20.25
L 19.98 20.24
5 . 20.23 20.30
6 20.24 20.21
Avg o 20.18 20.26

All times in milliseconds.




APPENDIX F -
Noise Daté - Experimental and'Calculated
A..Fiigj..zre 8; page 19, 1s plotﬁed from the data in Table VI. | This
Table also includes the four points: of experimgntai dsta shown in -
'this figure. Only four poipfs are shown due.to lack of test equip-
ment witpAcﬁpébiiity to drive low impedance loads aﬁ féirly high |

voltages. The data has been normalized to V, = 28 volts. -

. TABLE VI

' Noise Amplitude Required to Misfire

Frequency (cps) Calculated Peak Input Experiment Peak Input
1 0.505 '
2 - 0,508 , 0.5
3 0.512 :
4 0.516 ‘
.5 0.521 ' 0.50
. 6 0.52k :
T 0.529
8 . 0.533
9 0.536 o
10 0.540 ' E 0.536
20 0.575
30 0.612
40 0.6k45 ‘
50 0.676 ‘
60 0.706 , : . 0.768
10 © 0,735 : |
80 0.762
90 ‘ 0.789
100 . . 0.815
200 1.039 .
300 7 I T Ll.222
400 b 1.385
500 , 0 7 1.535
600 - 1.656
700 ' . 1.TTS
- 800 o 1.888
900 - 2.000.
1000 L o 2.095




APPENDIX G

i)ata Sheets

Gehgral’. - This Appéndix contains the commercial information on
the SCR, the Diode, and the transformer.: Some ‘calculations and éxpéri-
mental work are mcluded here where pa.i‘a.ﬁete:s ‘not. specified by i‘.bhe '
data sheet were needed for the analysis. Only three items a.revinclu{d,-
ed here as they are the only ones which are difficult to define, Each
will b.e_ listed separately. - ‘ |

Tra.nsformer..', 'I‘his transformer defined by a Data Sheet.

. Measurement where made using a General Radio Impedance Bridge Type
1650-A and tklxeA information on inductance and resistance is listed in
Table VII on page l&8. | 4 '

. Ihe mutual inductances were calculated from e;:perimental data-
with the winding connected aiding and opposing. - The Primary, éeéon-
dary, and ‘.'L‘rinar& winding are listed as shown in Figurg 11 on page

33, in Appendix C.

Silicon Controlled Rectifier. Two SCR's were used in the cal-
culations. The data sheets for the TSW61S are shown on pages 50, -

51, 52, end 53; for the 2NG8GA on pages 54, 55, 56, and 57. The

values for Ryo and VAC were calculated from Figure 3 of the TSW61lS

data sheets; for R, 80d V., from Figure 11.
Diode. The diode iised is a special version of the IN66L.
~This diode is screened to meet the following conditions over and

-above the data sheet requiranenté:



TABLE VII

Transformer Parameter

_ Pa;?ame'ter - Measurements Value Used
: B S 26,9 mh ' 26.9 mh |
Winding L, 218 mh - 218 mh
Inductance| . .
. . Lg 27.3 mwh 27.3 mh
R 80 ohms 80 chms
Winding | . R, 225 ohms 225 ohms
Resietance’n _ . o
o Ry . 80 ohms 80 ohms
L1+L+2M12 395 uh
L. +L2-a412 ' 99.9 mh
Ly+Lg+aM, 5 109 wh
Lptly Bl g 1.6m
wotway | LlgtAyg | 39k
Inductance| L, +L~2M, 5 99.0 mh
Mo [Thgun(+) 73, bah(-) 73.5 uh
My 26.3(+)  27.4(-) 26.5 mh
My [Thmn(+) 73.1uh(-) ~ 73.5mh

The (+) and ( ) indicate va‘l.ues calculated from the alding and
. opposing connections respectively.
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Forward Voltage Drop - 1.6 VDC Maximum at 20 ma
Reverse Current ' 5,0 w emp maximm at 240 VDC
Reverse Recovery o 3 u sec maximum

. The data sheet for this diode is onm page 58,
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Transitron's silicon controlled switch is o PNPN bistable switching
" These units feoture high gate sensitivity and low holding

device.

currents for low level switching from 1 ma to 200 ma.
units are particularly useful in controlled rectifier trigger circuits
as these switches offer precise and consistent control of the firing
angle, and in circuits requiring fast switching speed.

Further, these

1 ma to 200 ma

e et s v —paeaRTa Y sNee wmen

ABSOLUTE MAXIMUM RATINGS

* (at noted ambient temperatures)

200 ma g 75°C

Average Forward Current:

Typical Turn-on Time (tg +1) 0.2 Microseconds

Typical Turneoff Time (1)

Q) With negative g;:fe current of 20 o
@ Without gate bias
@ Voltage meosured with inverse current of 10 ma

THIS BULLETIN SUPERSEDES TE- 13565 DATED 8-60

1.0 Microseconds "

. - , q
: Moximr Moximum One Cycle Surge (60CPS g 75°C) 1A ||
TYPE Yohoge Voltage ' ‘
- . " Peak Gate Current g 125°C for 8 msec 100 ma
TSW31s 30 30 - . 'i
o e
TSW6IS 60 60 Peak Gate Power g 125°C for 8 msec 200 mW ;
TSW101S ‘ 100 . 100 ~ Average Gate Power g 125°C 20 mW
TSW201$ 200 200 .Operoting and Storage Temperature
Range: - =65°C to 150°C
SPECIFICATIONS AND TYPICAL CHARACTERISTICS
(at noted ambient temperatures) !
Maximum Forward Voltage @ 25°C (VF) 2V @ 200 ma
o 1.2V @ 10ma
Moximum DC Forward ond Reverse Currents @ 1 ua @ 25°C
Rated Voltage (Ig, Ig) O 20,0 g 125°C | V@
I Maximum Gafe Current to Fire @ 25°C (| 20 :
aximum Ga e‘ urrent to Tre @ 25° ‘(IGF) @ . ' #ﬂ » —IM Veolso
Maximum Gate Yoltage to Fire (VGF) @ 25°C 1 volt YR 1| —_I""‘_ .
F.
Maximum Holding Current @ 25°C (IH)'@ 1 ma ' mave 's i
i Minimum Gate Breakdown Voltage @ 25°C ©OF . =Svelts - | -
. ' R
Typical Output Capacitance @ 25°C 4 upt TYPICAL V-1 CHARACTERISTICS

G
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ANODE TO CATHODE VOLTAGE (VOLTS) AVERAGE FORWARD CURRENT {nA)

ANODE TO GATE CAPACITANCE {(ppF)
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ANODE CHARACTERISTICS

AVERAGE FORWARD CURRENT RATING VS.CASE TEMPERATURE *
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7’ 00 HOLDING CURRENT VS. TEMPERATURE S " TYPICAL HOLDING CURRENT VS, BIAS CONDITIONS:
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TURN-ON TIME (psec)

TYPICALTURN OFF TIME (psec)

TURN-ON TIME VS.GATE CURRENT

\
\
\
\
1.5 f—t— )
\\ . LOAD CURRENT »200mA
\ .
\
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S
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o A
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GATE FIRING CURRENT {mA)
. TURN-OFF TIME VS.CHARGE WITHORAWN
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-SWITCHING ~ CHARACTERISTICS
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Fig. 14

23‘!& PULSE WIDTH REQUIRED TOTURN OFF VS.CHARGE WITHORAWN

LOAD CURRENT +200mA

LL]

MINIMUM PULSE WIDTH REQUIRED TOTURN OFF (usec)
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Fig. 15 Fig. 16
MECHANICAL DATA '
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. . ko . ?
L e, SILICON . ] Types ' .
— T |
‘ = DIFFUSED JUNCTION PNPN 2N884 2nN887 ,
: . 2NE86 2N88s :
O CONTROLLED SWITCH 5 2N886 -~ 2N889
e e i e vt st i A T
: u cno-m I-M
"HIGH SENSITIVITY SERIES ‘ ' @
Avéilahlc for the first time in the miniature TO-18 ' @

cnsé, these units offer the same high sensitivity and
~ . closp characteristics control introduced by SSPI in
*  pionicering PNPN devices for control and logic
applications.

The Silicon Controlled Switch (CS) is a three junc- ' JEDEC TO-18 CASE

tion semiconductor device with thyratron-like charac- .
- teristics, It will block in both its forward and reverse

direction until turned on by a low level positive pulse

to its gate. When *on”, its forward direction has a
_ very low impedance,

Sh

Operating D.C. current range 1-200mA

The precise firing characteristics of these devices
make them ideal for timing and time delay circuits,
voltage limit detectors, high gain static switching,
logic circuits, and related applications.

Peak pulse current to 10 amps

_ , : , 20 uA maximum gate current jo ‘‘fire”
With the high surge capability of this series, squib .
firing systems requiring pulse currents up to 5 am-

LR . i‘
peres ¢an be greatly miniaturized without sacrificing Fl"ng voltage 52-£.08V

design margin. In addition, the low 1 mA holding cur- .
rent level is particularly useful in many program- * Voltage rcmngs to 200V

O ming, control and logic circuits.
Designed to meet the requirements of MIL-S-19500,

these units are subjected to extensive temperature YO
storage and cycling, as well as 100% acceptance test- * Low “on vo"‘:ge' 1.5V m.ax' at 200mA

ing,asa regular part of the manufacturing procedure.

* Rise time typically 0.1 usec.

ABESOLUTE MAXIMUM RATINGSE

. ~ Anade Voltage Continuous D.C. Forward Currents.“c Ambi 200 mA
Type ":::D\c/:o?:rs 'Zza:t:?; Zoo‘c Case "t 350 mA
: . Peak recurrent Forward Current (Note 2) up to 10 amps
. 2N884 15 Surge current, 0.05 seconds 5amps
-2N885 ) 30 Peak Gate current 250 mA
. 2N886 60 Average Gate current 25 mA
~ 2N887 100 Reverse Gate voltage S volts
2N888 150 " Reverse Gate current 3mA
2N889 . 200 : Operating and Storage temperature range . =65to +150°C

NOTE 1. With the gate biased off, the forward “breakover” voltage will occur at a value In excess of the rated anode voitage within the rated *
" operating temperature range. See Bulletin D420-01 for specific design dats on biasing.

NOTE .2, Limiting vaiue based on pulse width, repetition rate, and operating tsmperature. See Curve 6. . \'_‘

v @zz_;u"
STATE Jroducts, /nc.

““" R R ot "'"""""‘" R ety J ONE PINGREE STREET * SALEM, MASSACHUSETTS
PIONEER 3-2900

~ . - . PR I P YR ' SIPL AP OUPIR U ST JUP LY TR V) .. .- - « a-s . .




3 : : 55
: SPZCIFICATIONS

TéSTS AT 25°C AMBIENT UNLESS OTHERWISE SHOWN

H
_ TEST : SYMBOL [ MIN. TYPICAL MAX. UNITS CONDITIONS
“OFF" CHARACTERISTIC ‘
* Anode cut-off current, 25°C “laco -— 0.3 1 WA ¥:§ = ig'ast\-’ng
. ! N - .
. - . V.e = +Rating, 125°'C
125°C laco — A 5 20 A V.:: = ~0.5V
". Reverse anode cut-off current, 25°C | liar —_— 0.3 1 uA Vie = —Rating
125.0 le' | — 5 20 ) “A V‘o = —Rating. 125'0
Cathode cut-off current ' Icoo — 05 - 10 HA Veo = 2V
“TURN ON’" CHARACTERISTIC 4 ‘i.'
. Gate current to "fire" o loe - C— 5 20 uA
. . . V.c = +5V
" Gate voltage to "'fire!’ o Vaot A4 .52 .60 v
Anode “on” voltage ‘ V;o_... 0.7 11 1.5 v . = 200 mA
Anode *'firing’’ current (Note 1) . lat _ 100 —_ uA Vig = +5V
Anode "drop-out’ current " © o ad 0.1 - 0.6 ‘ 1.0 mA le = —504A
- ‘SWITCHING TIME
Délay time ) ] ta —_— 0.3 —_ psec lae = 20 mA
* Risetime ' ‘t, - 0.1 — usec laen = 500 MA
Gate time to hold (Note 2) ton d 0.2 C — ;;sec
p . PN . - ' — Io = -1mA
Gate time to recover (Ngte 3) ton - | 10 - usec { luen = 500 A

Note 1: For a maximum limit of 50 A on this parameter, add suffix *'/A" to type designation. For example, 2N885/A.
Note 2: Dhrnthn of gate trigger-on pulse must exceed ton for CS to remaln in the “on" state.
Note 3; Anode voltage must be held at zero or a negathe value for a time exceeding tar for CS to remain in the *‘off” state.

GATE BIAS CONSIDERATIONS

. The CS.is a very high gain device and should not be For maximum firing sensitivity as well as operation
- operated or tested with the gate open or floating. For up to 1560°C junction temperature, negative gate bias-
" operation up to 126°C junction temperature, a resistor ing is recommended. Figures 2 and 3 show two pos-
between gate and cathode, (See Fig. 1) will provide sible arrangementas.
- adequate bias. Suggested Values are 3.9K ohms up to
S 126° C, 12K ohms up to '100°C, and 27K ohms up to
: 75 C. .

+*V

NEGATIVE GATE BIAS . . - POSBITIVE CATHODE BIAS
Fie. 2 . F10.3
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CURVES

DESIGN DATA ( 56 g
: . Y
1. FORWARD "ON" 2. FORWARD CUTOFF )
"
10a -~ 1000 T Y } l f"’ 1
q TYPE 2N 889 ‘
p 3 Voc = -0.6V 8 -
R ' d - &
7 z ‘ &
V4 g 100 4
r 4V € {
Y 2 128°C Limit
1 4
~7 w
/ 5 4
; . / S 125°C
w 0
g ) w
-] # 29°C TEOT ey a R 25°C Limit J
[¥) (v} 1. T
100ma :‘ 4 5 28°C l___./
{ [ - . 9
8 ! 2 lesc
g ] * o
< . ,’ ° 80 100 180 200 280 200
l ] Vac ANODE TO CATHODE VOLTAGE (V)
10mA ',
i
o : 1 3. 0ATE FIRING CURRENT
el ,
'J [N ‘ 60 N
L I K
ma i < .
\ - ' S .0
K] 3. 1 3 10 w 7
" la Vac ANODE VOLTAGE (V) & //i ALL UNITS, FIRE ' ZI
la Vac E i
. 0 =0 “ / 75\.4-. '
.
- / ”
o z o LLLLALLALLAL /,/,,///ré//Z// ,
5.ANODa DROPOUT (Typical) - : T ‘#{Q/ ,
- / 10 S-ao X
‘ : NO UNITS FIRE g :
[U ISP .
e k~°e ~ 5 t f
Xy ol .
\'r\ —-60 N
@ boe ey ~08 ° b0 100 180
\ Ty
!\\_ Ty, JUNCTION TEMPERATURE (°C) . ;
g ! SPEC.: LIMIT - . .
~ . \ (= 160t A) .
P S~ . .ﬁ\ 4, SATE FIRING VOLTAGE :
4 ] Co = :
Ié:: . fr— \s'\'.\ . —~J50 S 5 1.0
3 T—— - ALL UNITS FIRE !
a . ~ 3 p H
] o 60,‘4 [o] / H
F4 \ - * )
< w / ) H
K B 0 0.8 ;
| % < KLy i ;
o]
. .08 > oa 727.727~k "
u 7,
: 7
oz Bo.a ‘é '
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.01 °
-e0 o 50 100 1.0 ‘-en o 8o . 100 100
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- m———— . .

DES!GN DATA CURVES Y =0

v omals e a i

8. PEAK RECURRENT CURRENT RATINGS (Note 1)

——— ~

7. AVERAGE CURRENT RATINGS (Note 1)

Pa POWER DISBIPATION (watts)

POWER DISSIPATION (watte)
o.e 0.2 0.2

0.4 0.3 o.s 0. (] A} [J
‘0 u T 14 200 r + + *
\ . - \
e ———) i
B — ™S \ 5 - )
u o 5, \ \ 3
) . T —————— \\\ g 10 or DC .
W ) 3 !
% -l == CV‘CL'E**O‘.\\\\\\ ¢ = b ‘
E ) \\ \\“ g - \ i:
: N\ : \ :
. ‘ :
i~ \ 3 N\ |
- 3 > )
on ’ \ = .
mo s 80 Te 100 1nme 180 ° +J a0 80 kd ) 100 198 10 ‘

Ta AMBIENT TEMPERATURE (°C)

Ta AMBIENT TEMPERATURE (°C)

9. POWER RATINGS

8. SURGE CURRENT RATINGS

BURGE DURATION (seconds)

TEMPERATURE (°C)

Note 1: Curves 6 & 7 apply for repstition rates above 60 cps. Below 60 cps use DC rating.
‘ MEGHANIGAL DATA

.1002.010 DIA

NOTE:
CASE:

Anode internaily connected to case.

Welded hermetic seal. Glass to matsl metched sesls between
case and leads.

!
‘w0 oe :
N Dash line applies when i
\\ device does not have to h
N block in either direction ;
\, Immediately after surge. > .
. 5N E o8
~ N\ ] f
s N ]
: § N o (; R
AN z i :
E . N g [ VY ,‘\“ O t
z - $ ‘
E : RN 5 N \® C o
° S k N\ ¥
w4 5\ < oe » » ] !
o \ N, o \ \g .
['4 N @ 2 ey
] \ 4] < !
@ (N a 2, >
. . g o 1,2’ % i
5'- [ § oe X o l
. \\'o‘”c casel % \@%o \% |
i < %, .
\ g (-8} .'7) i
- Y !
100"!:\ %
AMBIENT .
. ° !
,‘om ) K] 10 1 100 ° ) [ 78 100 180 10 ;
t
I

l .208
190 FINISH: High dislectric silicone paint,
T — "=,== LEADS: Gold plated. {
‘a0 Fioom ANODE WEIGHT: Approx. 1 gm. z
=
-L E 1 061=.005 '822 LEAD SOLDERING: Leads may be soldared to within %" of base. Heat ]
" \ 3 LEADS ) sinking not required if temperature-time exposure is less ]
"{ }" e 017 45002 g than 230°C for 10 seconds.
: t
MOUNTING POSITION: Any ;
we— YT T hatt d i 3 ™~ BN Aada L3 " NI et o=y
: g
OCLID b
.t “
' ]
A
5 ?/ﬁ?&. 7 E roducts, Inc. ;
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TYPES 1NG59, 1660 fID Uit -

MFFE’E.ESED $IH.E€@N Hﬁ@"‘ﬂ E@@WER Q@‘l@? Uil DIGTLS

i i Ml b B 22 it A i aerter e

0.3 Jsec. Maximum Recovery Time 50 to 200 VOLTS PIV

|

100 mA average rectified forward current | ;

. . [+
Ruggedized to meet stringent military requirements ' : @ o

H M . H ? L
Designed for e fast recovery e higher conductance . in
¢ low capacitance ; o

| _ N

ACTUAL Cc

SIZe o

&

mechanical data -
Hard glass hermetically sealed case with gold-to-gold contact. Unit weight is 0.195 gram. é
~N

DIFFUSION SILICON HARD GLASS

GOLD-T0-GOLD

ALLOYED
0.020 o 300 MAX. 1.000 MIN.
r‘-o 002)
CATHODE 0.125 MAX. wrmour SLEEVE ' TINNED LEADS
END 0.150 MAX. WITH SLEEVE MOLYBDENUM HEAT SINK
EQUAL COEFFICIENT
C ALL DIMENSIONS IN INCHES N OF EXPANSION

maximum ratings

1N659. 1N660 1N661

Peak Inverse Voltage at —65to4+150°C.................. PIV 50 100 200 v
Average Rectified Forward Currentat +25°C.............. lo 100 100 100 mA
Average Rectified Forward Current at 4-150°C............. o 30 30 30, mA
Recurrent Peak Forward Currentat+25°C................ g 320 320 320 - mA
Operating Temperature, Ambient......................... © Ta —_—— 5t 15— °C
Altitude. ... e . 100,000 it
specifications

Minimum Breakdown Voltage at 4+100°C ...............:. V2 60 120 240 v
Maximum Reverse Current at PIV at +25°C.............. Liy 5 5 10 uh
Maximum Reverse Current at PIVat +100°C............. Llp 25 50 100 uA
Maximum Voltage Drop at lg = 6mA at25°C............. Y 1 1 1 v
Maximum Reverse Recovery Time*....................... 0.3 0.3 03 usec
Typical Capacitance at —10V at Ime................... ¢ 21 2.1 2.7, upfd

* Recovery time to 400K when switched from 30 mA forward current to —35V. Measurement made with 8 Hauman ND-1 standard pulse recovery test set ap-
proved by JETEC-14 and described in JAN-256.

LICENSED UNDER BELL SYSTEM PATENTS

FT R

it

i

L99NL ANV 099NL ‘659

O

IN ORDER TO SUPPLY THE BEST PRODUCTS POSSIBLE, TEXAS INSTRU- Basliiadiusis o o TR T ek g YT

MENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME.
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