Transistor Characteristies Influencing Off Condition Design

3.7 —Relationship of Voltage Breakdown and Switching

The conventionsl methods of specifying transistor voltage breakdown do
ot provide the designer very much data 1o actually determine that a switching
Toad line will remain free of the avalanche voltage breakdown region. Although
the BVino speifction doss provide a maximum collctor volage i, ther i
ed off to
o will not enter the avalanche region. Fieure 3-15 is L i
transistor characteristic. graph showing the avalanche region characteristics in
addition to the normal operating characteristics. The breakdown characteristics
it back from BV towards BV
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Figure 3-15 — Comprehensive Transistor Characteristics

the load fine of a switching circuit intereepts any of these curves in the
breskdon region, it is possible tha a stable operaing point will reslt in the
Ereakdown rogion. Exarmine the ol of d (ransistor switch with load line T

and an on point ai A, As drive i reduced, the operating point moves down the
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Transistor Characteristics Influencing Off Condition Design

Ioad line, cach intersecting point corresponding to an intersection of the load line
with @ collector current fine determined by the base current at that nstant
ten 1, == 0, operation is at Point B, in the avalanche region. Howeve
reverse hw: urent s nerase 1o the il waue Ly, opersion menes to Foint

the cuto region. Examine osd lins 11 with i on Lof A% As
current i reduced to 2e10, operation moves (o B i the avilancht region. Howr
over, i this case (he appcation of fevere biss which has he stme Ml vilog oF
Yy only motes operation (o B i the avalanche region instad o 10 the desired
o peint, €. The ransitor s then in o condion akich 1 i oo
£ 10itad a4 s e pe i n. The collector volta
ot Feschat she e S ot B mumm current is much greater o
I, Latehup not only auses ircuit malfuncion, b
transistor, i the product of voltage and cursent at the poin of latch-up
Vit o o poversaingsof the ransnon, To alow the tatsitor
{0 turn off, the reverse base eurrent is increased 10 1o, There 1 now only one
intesgeton of the oad ine with the base current curve and it s at point C”.
Since breakdown voltag pocifcations lone are not sufiien t0 foreast

tutcheup condiions. chars the one shown in Figure 3-16 have been
devised to provids 4 method of checking switching cirui load live, This chart
has three discrete areas indicated (1) a safe or latc ad line area, (2) a

e loa
condionally saf st of operation, and T3 & orbiden o oiche up area.
e of several epresenaiive load lines during rn of are shown on
Figuro 316 which applies o a 2NI64A transistor. Load line A" is a resistiv
load line and it lies enirely ihin the latchfree Joad Tie arcs. Lowd e
safe area, and could
cause trouble i the fall time of the outpul pulse exceeds 15 nanoscconds, Load
I
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Figure 3.16 — Area of Permissible Load Loci Chart with Representative
Load Lin
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Transistor Characteristics Influencing Off Condition Design

Capacitive load lines, generally, are lateh-free since they have a shape such that
they slip under the conditional arca. Increasing turn off current (Iy.) increases
the capaiive effct

Loa n inductive load line because voltage leads the current.
1 bl e mdm,mu ek Ta b ok ess
than 15 nanoseconds. How the fall
Ve S Io0s wotla dagend pon e ssitiog component of he load
fine. For example, i he resiiive component i Tod I *A",

temporary latch-up condition until the cnergy in the indu e s ipticn
“This temporary latc-up would rel in an ahnmm.<|l) long fall time and con-
siderable peak power dissipation, However, the transistor would eventuaily turn

e remaining loadline *E" i the o lneof an oltput vt which uses
e to establish the off level. Since this foad line lies within the con-
iioilly safe area. the fal e must be lss Uhan 15 nanoseconds
n Area of Permissible Load Loci Chart is not supplied, one can be con-
structed by conducting tests on some low volinge tarwfuor amples, Genoral,
it necessary for the circuit designer to check individual circuits, using low limit
BV, samples to determine if latch-up can oceur. To provide a more complete.
pleurs of e elatonshp of transisor vltage brcakdown ratings and latch-up,
the following section is a brief review of voltage breakdown in transistors.

3.8— Avalanche Breakdown Theory
valanche breakdown oceurs when the reverse bias appled (0 a semicon-
ductor junciion produces an slectri held in e of spproximly 10 ol
colerated suffciently to

tice. Since this occurs at w\ fieds and thersfore bigh carcer velocities, recom-
gt s o neglooar, B the effect is regenera
i be described by the mu\np\m\uon factor previously dis-
cussed. (M) ‘Which Ml has shown 10 b approsimately
S SEa
EZT (3-14)
Vu

the applied voliage

the avalanche breakdown voltage (SeeNote 1)
m= empirical determined constant

M=

Where:

A graphof this eionship i shown in Figre 3. where M s ploted asa
function of the voltage ratio V/ V. As V — Vi, M increases without |

il glcorituse preskdgwn soase s deied a5V und e colectormive brsk:
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