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Eissivity of Diffused p-n Transition

by

Yu. 0. Tkhoryk

The distribution of current carrier concentrations in a diffused layem of semi-

conductor p-n transition, obtained by the method of thermodiffusion , has been discussede

An ezpression for the emissivity of p.-n transition has been introduced,

Problems concerning the distribution of concentrations and currents in a flat

semiconductor diode have been thoroughly investigated by K*B J. who showed$

that the injection coefficient g depends upon the structure of p-n transition

and is a function of the current, whereby with a rise in current gaena is directly

proportional to the boundary value g m5 bwnd Z- 1, which Is designated by values

(ratios) b of mobility of the nonbasic and basic current carriers in the basic zone

of the diodee Approximations of ganma to •Imabound are possible fram top and botton

depending upon the emissivity value A. The authorJI having developed the criterion

of Creat emisaivity applied same in the zone of not too hW Sh currents g ' 1

for cases of linear and exponential distributiuns of alloying admixtures,

h1&4 values are especially important for pulsed diodesmin which considerable

base conductance odulation should be attained in order to obtain low direct resistance*

But real flat pulsed diodes are ordinarily obtained by the diffusion methodt-519

it Is therefore very Important to have proper criteria also for the distribution at

Sadmixtures, inherent to diffusion diodes.

This investigation is devoted to the study of emissivity of diffusion p-n transi-

tiOme It is asmmd, that the p-ni transition is formed by the diffusion of donors

in a hole semiconductor. The concentration of donors decreases with removal from the
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boundary in acoroodance with the law erfco ý where x - distance fromn bounderrg

- D -coefficient of diffusion of donors and t - time of diffusion annealing.

We will introduce such dimensionless desismtionau

N-u- * -. V-! NO'~ -~
pp .P,

of kT% 4sc
Rare6 nop and concentrations ofelectrons, holes and donor respectively# Pp1  squiL-

librium concentration of holes in the base,'1 p - equilibrium concentrations of electr-

ona in p-zonp and holes in n-zonee j~2 j1 and ip,- densities of electron ,hole and

total currents respectively, B-ý9eletric field intensity* "-lectron, charge$ k,.Bolt~zinn

constant. T-absolute temperature; -dielectric permeability. It- life spen of -current

carriers, ro;-speoific resistance of base at low level of injection, z' t7

length of screening*

In conformity with the selected, desinxaationB of diffusion-drift equation for e:L-

ectron and hole currents, the, law of preservation of the number of holes and Masson

equation for the n-zono of the diode is written as followas
MV

a.--NY-(I

dZ
BP.ZY(2)

A A(NZ - NOZO=-ANZ;. (3)

!LY.,0 2*C.l (4)

lii. diestrbution of donor concentrations in the n-layer Is expressed by

v"PgffCed where
a a ~21 ~h

We will break up the n-layer into three zones (see drawing);I O4xie~ 41O 1,zi1 XiI..

X12 and x12 e~zlI /_xo, where min corresponds to the center of p-n transition., and
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3d u 0-metal contact. whereby points zi1 and x12 will be selected so that at 3IL Mil

it will be possible to appI riumte the distribution of donor concentratieon by the

linear function, and restrict ourselves to the first member of the schedule

- 3.1! 5.2 ! 731

and at xit-31 utilize the aslmptotic formaula

ylt-- 2V V 8V

in which it is also possible to confine ourselves to the first menbear It can be shown

easily that the adopted approximations offer an error, which does not exceed 5% at xi1u'q1b'

and xL2 a 3g.

In the first zone (04,xi/ xI ) we will obtain a linear distribution of donor

concentrations - case investigated by K*B.Tolpigo[13. the solution of which we have

utilized. It has the forn at

B = [9- + At.N' (I-FN). (8)

where Qj transparency of the contact for holes and NO-N (3d')9 whereby xil - a ear-

tain point in quasineutral p-zone.

We will now eamnde the zone x42 / xi3 Xi01 Disreg.ding the volumetrie char"

we will write equations (4) in form of

N- Z =•- I. (9)

Differentiating (9) by xi and substituting the result in the expression for 'I-%

obtained by subtracting (1) frcm (2). we will desiSuate the flelds
y _ __ __ __ __ __ (10)

2N+1-- Vi '•
where q zi. Since we are interested in t•hahgh emissivity criteriona it is sufficient

only to consider the ease of weak currentse For this we will write»I> !B,--B.I

> B- . (/0ev
Then e-44 (q+"e

2N + 1- 0-44
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aibstituting thin expressein in (2) and airegarding Bp we cmMGa same with other

term and obtain _Z Z2

d( 2Z -I+ (12)

Solulion, which is easily obtained by subetituting

Z--Yu(M), y=V-I

which acquires the form of

Z (Z- I +v) =NZ=const. (13)

7Us result in also in aspeement with that obtained in1i for the case of linear

distribution of don" concentrations. In this way, in two boundary zones of transient

layer we obtained solutions, which are in agrerestte We will assum, that solution (13)

can be applied also for the zone where zi 1 - Xi Lux! 2 . that is valid for all xi values

(validity criteria of such an approximation will be obtained later on). Owen

N, 0) (14)

hence the emissivJry of p-n transition N_(o
p== Q+

.l+AEN(O) (1s)

which is in conformity with formula (26) of report [J

We shall evaluate the accuracy of the made approximationoFor which it was possible

to write MZ const for which it is necessary that

LNZ > (N2)dj (16)

The valum dxi (IN:) can be desisuated so. We will multiply (1) by Z, and (2) by N

and iompile the obtained equations. Then we will substitute in the found expression

the Value from (3), where will be written

NZ-N'(I+N') (17

and
B, -B.8.. =~ ..L.- 1

b
Applying (9) and (17)Mve will obtain
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dt4b 2db
2 b

AB-(O) IV(v- 1)+4N'(I +N')+-vl4-

B I (0 N( +I t

S1,. v-l+4N.11+ M,_.

AN'(1 +NJ) IV(v - t)P+4N'(1 +N-')+-VI E. (18)

We vwil evaluate the Lutepalswhich are included in (18)o We vill notice that

nonotonously increasin& and

j(v - 1)3+ 4N'(1+N') -v - ('~

monotonously decreasing function 9, and for this are valid inequalities

I(,v- -p + 4N'11+ N)-- :Id <(2 VYN'( +N1)-1I, (19)

_/ v _ ,I -p .4N ,, ..I -N ,-__ ,_.d .-s 12 S 1N . (20 )J

' VT, )T.•_+4N, (, + N')+vId d <- 2,,% (21)

~~I r +V (- ),4N,1 +, .N,) + ,I Fdt -- 2vg:: (22)

I It is assumed that vo \ 1. 1P (i+N'); v(xoi)-1)O; Using the inequalities (19)-(22)

we will only magnify the inequality (16). It oan therefore be written that

NZ >> velA-- (I + N') E.'+ B,,(O) ". (23)

Sabstituting in (23) B,(O) fran (8) and writing that ••",-N(O)#we will finally obtaia

»> Q+ + A+ + N(0). (24)

With an aceuracy to constant multiples of the order of a unit of criterion (24) aspe.1

with the analogou criterion (28) in report P l3

In addition to above statement, in the investigation ws also utilized anotbui
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approx tion and it was assumed, that in the zoneewhich confines itself to p-n trans-

itiona (x2 4i 4. xi). the hole current can be disregarded* At gama mi I this is

equivalent to the red-ulrecnt of low thickness of this zbne as compared with x29 iLe.

Since erfe alpha at alpha ý 3 decreases rapidly with a rise in xi this restriction is not

actual. r'ue, steady at XiO-. * = 0.6 a kxI2 we will obtain -40 - 2.106. then as usually

.40 does not exceed 10J47159

The criterioa, that at weak currents the injection coefficient is close t one* is

Q+, g,; AN(O) t: < . (25)

It can be seen easily, that criterions (24) and (25) are in practical conformity.Siw

we are interested only in the case of large 3 we will not consider an opposite

cases when these criteria are diawupted.

We have to explain at what currents is realized the condition em c h 1. Te proper

criterion for strong currents will be

B << P'A. (26)

During the realization (25)

Formula (26) will then be written as

B < (27)
Otherwise at

B , (28)

go-- tends directly to the boundar7

In conclusion we will mention, that, as is evident.frcr1 h msavtyo

P-n transition in case of linear distribution of admixtures shcu3d be the higlbor

the greater dxi S For the difftaion p•n transition dzI - variable value, which reaches

• value 'When xi = O. Consequently also in thi3 ease rmain Valid the conditions

for a rise in 4ith a rise in ( ) x = O. 0'e will also point outthat because a

Fn-TT6'62-181,3/l2 6



ln~wsibility of accuaetel.y evaluating the vralue dxl (NiZ) in the zone xi1 A XQ

the requiremcuta of criterion (24) are, ap,-Arentlyv. higU2y dependent, lee; at other

uniform conditions the emdsaivity of diffusion p-n transition should be much higheW.

than during Linear distribution of admixtures;

The author expresses thank. to Candoof Purs-4&ith.se.X.P.'Tolpigo for a number ot

valuable advises.ý
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