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Equivalent to a combination of five separate elements

4-LAYER BISTABLE
TRANSISTOR DIODE
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DATA FOR CIRCUIT DESIGNERS

Teanaistor déicdes of B Four-layer biitibla bype, svenlsd
a1 Bell Tele g Laboratoriad, are semiconducior swiiches
wwith functisnd Baded on the princples of transissor sction
Because iha switdhing propeefies 15 cloisly approach many
ol those -demanded from an ideal swisch, the fourdayer
dicde findi many applications in the otherwite diverse
fialds of high-power swisdhing, pulee gararaticn, and pulie

counting

Baically, the unit i & twosherminal device which
opsvates elecirically in alther of two stiten

1) an ‘open’ or low-conduciance state of 10 1o 1,000 meg-
ehang, in paraliel with sbout 30 gef, snd

7} 4 "doaad’ ar high-<onductance state of 1 fo 10 ohems. The
reditEnes @ i e depends on ourrent and decraases in
soamie units Ba values low B8 0.2 ahen &1 coreents of 2403
amperas.

The dicde it swisched from one ita%e o the other
tharcasgh conknel of the walisge snd cuvrent. Whan tha wals.
age axceeds |».= b “I._@,-..-\. bevel, tha disds changes fram

1 currend is availsble o
wiry rapadly
&3] When the

& dioda will twirch

Ai sheven in Fig, | (balow) Bour-layer disds padass back
and forth bereesn " and “closed” sisde through a
negalive-resisienoe tran: egien Il located between ro-
ghon i " or ‘aff) and region il (closed” or “conductive’)

w the voltage scross the devics being incrossed
Fig. 75 Junstioes | and 3
ata lorward bissed, and junction 2 reveris biased. There
fore juncrion 2 hes & much high mpadaroe than [unctions
1 and 3. Hear ga will be dawal
opad scroas juncrian af flows will be
largaly rhat chasac ¢ of & reverse-bissad silicon junction
w device will have a low-fregquency imped.
range of eperation of possibly several hundned
ons also possess capacitence, the

high-frequancy impedance will ba cansiderably lewer
A3 the volrage contirues 10 be incressed, the eleciric
Fatdd p'cdue-: within the silicen a1 junction 2 incroases

rand tugether with the

The fourlspar srded a4 two in
consected Llionjunchion tramsitiors. Current pasaing jums

O

e st (150
e qorotesl
o, The four
raed bry oo

ayers b the

relled diffinien of 1

barsey the Pes
o, ond

emnched  wlicon

trossiton, ou shown here. T

slan 2 [whidh B slis the wial devies curresi) srives from
three coemponents: (a] that which b tharmally gerarated in
and near anction 2 and multiplied thare, {B] that
by the @ wenitser ared collecsed and mliiplied &1 juncrion 2,
and (£} that injected by the n emither snd collecred amd
maltiplied #1 junction 2

Megalive resistance ariked &n the fransiton region
as follows: For small current through the device,

ixtors of Fig. 2b are kow, and
Wi neveiiary BS sessur
 CUFPEN] INCResLe Dayome
phas of the franssstors ':H'.q-n

ion. Sirce M is dependent
Hage drop scross junctian 2, 8 decressing valus of M
& decresting walue of V. Hance beyand |, devica

neresdad and devics vwollage decrassss

easutis in & condition of zero voltegs de op

acrass the oenter junction, ot which peint it acts a2 an &
par a3 wall 83 & collecior, The davice is then ‘dossd’, the

base bayers are flooded with chargs, and the davics hes
Impedance, (In region I, proper design will parmis the
eentral of cartain Festures of the regetive-redidtarse char-
acreristic, such as a widened flaf porton or & modifed
slope and whith of the fransition meglan ap the current sk}
At thin psint on tha curve, the wahage i sbaut | velt
plus the voltege deop associsned wil i ohaie aon s
The ‘closed” reshfancs Is defined as the slops B, of the

charscha & In regien 111

R, i approximately oo for pulse curmanti in the
neighlborbood of 2 3 amps snd equal to the ohmic coniec
meistence of cne ohm ar less. This charscteristic permin

&, witdhing & wans or, with
12 watts, at & power efficioncy of

b caleisdate and preden

ned ureder & varsety of boundary
SR bt 1 alighaly
higher than the swi f 1avin

Acredia
rasched an axposential by
thep ordar of 0.1 pues sosurs @
Im arother case, the volisge sorces the devioe
conatant as the wwitching procesds, s in Fig- 4. The capac
¢ charged up 18 V. The devies mow switches ‘closad’ with
esseniially coraiant voltage soross i b & ouvent | 'n-ledh
noe and with initial lima consterts of the
i, By uiirg only & poresn of the
rewifs cen be made o genersie repidly
rising pulses
of the breskdown wvallage point a1 &
rigid |I--p:l old value dhe ke modified somewhat with
respeci b0 the rabe of the wolisge The capacitance of
uncticn ¥ parmite patesge o
part 55 M rate of change of the voltige sceoss the
device. Appesing af the two emitier ju i, thit current,
when largs enough, achs fo reduce the Breakdees
lovel, Thiz effect, with ¢ g drive Irequencty, approsches
& limit a3 the devios becomes a pure balsdersl capacisor.

ted parikulgry io ke dhon
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CHARACTERISTICS & TESTS

For application convenience, the following parameters of the
four-layer diode are available within the ranges listed below:

v, Iy \ ; R

b i
Volts pa Volts

ohms
4N20D
4N30D
4N40D
4N50D
4N20-50DL

20£5
305
40+5
50+5

<500 <2 <50 <10
<500 <2 <50 <10
<500 <2 <50 <10
<500 <2 <50 <10
As above, and < 4v drop for 3-amp pulse

For applications requiring more specific limits, please request
information.

Since the values |, and |, are, to some extent, dependent

Orange 300V S_Oaﬂ

8
INS3 INS!

i
TV

TOV
QOrange 300V

To
Horizontal
?co pe

3 nput

270 270 To

§ _ Vertical
Rj =IK 1OW non-inductive Scope

Rg *IOK 10W * " nput
“ Rz =I00K IOW » 8, @
! 2-50Kin series )
ISV | g4 —!’qa =i deck, 2pole,4 pos.short;
15 ~SpBr " Sp{:s.non-shi;@
-l 53A-53B=DPDT =

Fig. 5. Circuit of the V-l plotter used
to measure four-layer-diode parameters.
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Fig. 7a. The V-l plot of the four-layer diode in the test circuit of Fig. 5 with a limiting resistor of 100 k chms;

on the fest circuit used, two suggested circuits are shown.
See Figs. 5 and 6 (below).

Referring to Fig. 5, the 100 k limiting resistor (R} is used
to measure the value of |, which is arbitrarily defined as the
point where the trace disappears on the scope display (see Fig.
7a). The values of V, V|, |,, and R, are measured with the 1 k
resistor (R;) as the limiting resistor, in which case the V-l plot
appears as in Fig. 7b.

In this circuit, the diode switch S, in the ‘In’ position pre-
vents the reverse avalanche current from heating the device and
thus changing the values of the parameters being measured.

Holding current I, and holding voltage V, are read at the
point on the plot where the trace disappears. This is marked B
on Fig. 7b. For low current values, the ‘closed’ resistance is the
slope of the line R;.

This V-I plotter does not display the shape of the negative-
resistance part of the four-layer diode characteristic, but the
circuit shown in Fig. & will display the entire curve, as shown
in Fig. 7ec.
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Fig. 6. Circwit of high-impedance curve tracer wsed to display
entire characteristic curve of the four-layer dicde.
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7b, same as (a) but with 1 k ohm limiting resistor; 7c, V-I plot of the four-layer diode in the test circuit of Fig. 6.

Separate engineering sheets are produced
and regularly kept up to date on numerical
values and limits of four-layer-diode
parameters including information on
temperature effects.

Similarly, information sheets on circuit
application and design are made available.

For additional copies of any of this
material, write to the address shown.
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