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Erissivity of Diffused p-n Transition
by
Yu. 0. Tkhoryk

‘ The distribution of current carrier concentrations in a diffused layer of semi-
condustor pen transition, obtained by the method of thermodiffusicn , has bsen discussed,
Anlcxpression for the emissivity of pe-n transition has been introduced,

Problexna concerning the distribution of concentrations and currents :|.n a flas
semiconductor diode have been thoroughly investigated by K.B.FIL"'EI. s who showed,
that the injection coefficient gamma depends upon the structure of p-n transition
and is a function of the current, whereby with a rise in current gamma is directly
propartional to the boundary value gemma, 4 Z. 1, which 33 designated by values
(ratios) b of mobility of the nonbasic and basic curront carriers in the basic zone
of the diode, Approximations of garma to gammayoung @re possible fram top apd bottam
depending upon the emissivity value /5. The au’chor[]:] having developed the criterion
of great emissivity applied same in the zons of not too high currents gamma == )
for cases of linear and axponential distributions of alloying admixtures,

Bighﬁ values are especially important for pulsed diodes,in which considerable
base conductance modulation should be attained in order to obtain low direct resistance,
But real flat pulsed diodes are ordinarily obtained by the diffusion mthod R=5]s
it is therefore very important to have proper criteria also for the distribution of
_admixtures, inherent to diffusion diodes,

'I'his mvestigation is devoted to the study of em.tasivity of diffusion p-a transi-
tion. It s assumed, that the p-n transitionm is fomevl by the diffusion of donors

in & hole semiconductor., Tha concentration of donors decreases with removal from the
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boundery in accordance with the law erfcféﬁ_. where x = distance from boundary,

D - coefficient of diffusion of donors and t = time of diffusion annealing,

! .
We will introduce such dimsnsionless designations:

LRI S Y P R =t

i Nﬂ;" ;, . Pr P P»
f B. = In B. = Je . B-_&-—;
| ' " bed,-p, % R ¥ A d,pp
! y=_E__‘_. A“E_'b; E=xu

. kT" 4“

:Here nep and A,~ concentrations of electrons, holes and donor respectively, Pp = oqui-
hhuum congentration of holes in the base,”p = equilibrium concentrations of electr-
lcal.s in p-zong and holes in n~zone, jn. Jp and Jp‘- densities of electron ,hole and
‘total currents respectively, E-eleotric field intensity, ewelectron charge; ke-Boltzmann
'constant. T-absolute temperature;¢ - dielectric permeability, Y- life span of current

. L. lekT
carriers, Qo’sp""““ resistance of base at low level of injection, x ;'g'»;t' -

length of screening,
In conformity with the selected designations of diffusion-drift equation foar el-
ectron and hole currents, the law of preservation of the mumber of holes and Foisson

equation for the n-zone of the diode is written as followss

v
' B.-n—Nv—-:—:-’. ) N
B~zr—%, @
‘%!.-':JA(NZ —NZ)=ANZ,  (3)
g=y_’z_v+a. “)
’ ]

Z &€

The distribution of donor concentrations in the n=layer is axpressed by

V-V.effci., where
a

. a=2x Vm. {
We will break up the n-layer into three zones (see drawing); Ocxi/ xijexiy( xli.
Xi, and xip4xi/ xig, whers xi, corresponds to the center of pen transition, and
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ﬁ = O-metal contact, whereby points dl and xiz will be selected so that at xd/ 111
it will be possible to arproximate the distribution of donor eonéentratiou by the
linear function, and restrict ourselves to the first member of the schedule

| | ~ eﬁciul—i[i—(i)'i-— (—) ] L@

'y Vxla 311 520 73|
and at :d.>x:12 utilize the asymptotic formula
|

! t =a-e_:" 1:34 1. 3 5a*
| BT (x 2£'+ 48 e T )

in which it 1s also posaible to confine ourselves to the firat memberj It can be showm

)

easily that the adopted approximations offer an errar, which does not exceed 5% at ::l.l-q"?w
and xi, ® 3a,

In the first zoms (0Lxi/ xi,) ve will cbtain a linear distribution of donor
concentrations - case investigated by K.B.Tolpigo[l] s the solution of which we have
utiuzed. It has the farm of . .

B, )= 1\?(3) +AE.]N’(1-~}-'N’). ®
where Q, - transparency of the contact for holes and N¥=N (x:l.'). vhereby xi® « a ger-

tain point in quasineutral pezonas

We vill now examine the zone xi, { xi¢ x:lo. Disregrvding the volumetrie charge, ,
we will write equaetions (4) in form of
! : N-Z=v—1. : ©
Differentinting (9) by xi and substituting the result in the expression ror'nrnn.

obtained by subtracting (1) from (2), we will designate the fields
"’_e-"'(2q+,,l.-)+3,—'3- . - :
v V™ . . (10)
S W -
where q= zlz Sinco ve are interestod in the lngh endssiﬂty cr:lterica, it is sufficient

ml.v to cansider the case of weak currents, Far this we will vr:l.to

BN )
_>> qu_? (IOQ/)
Then Y= V"q (2q+ ) (")
2N+l—mc“"'
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' 'axbst:ltnting ‘this expressiom in (2) and a;regardtpg Bp we campars seame with other

‘terms and obtain 200t 1 .
b ] 447:’ Ve (20+?

! 2Z 14 - (12)

i '+V'L¢e L ‘ !

Solution, which 43 easily obtained by substituting

l : Z=yu(y), y=v-—-1, 020)

;wh.ich acquires the form of

“ Z.(Z—1+v)=NZ=consi. (13) '
s result 1s also in agreenent with that obtained in{1] for the case of linear |
distribution of donor cancentrations. In this way, in two boundary zones of transient
l.nu.' ve obtained solutions, which are in agreereat, We vill assums, that solution (13)
can be applied also for the zome where zilL xi (_xiz. that 13 valid for all xi values

(validit'y criteria of such an approximation will be obtained later on ), Then

BG=[fotalratmn L e
henge the emissivity of p-n transiticn N©) B L
7 " B= Q.
1 P mb') (15)
Qs .

which is in confarmity with formla (26) of report[f]
We shall evaluate the accuracy of the made approximation.For which it was possible

to write NZ = const for which it is necessary thas
NZ> S%(Nm&l. , (16)

The valua dxi (NZ°) can be designated so. We will miltiply (1) by 2, and (2) vy N

and ecnpile the obtained equations, Then we will substitute in the found expressiocn

the valus B, from (3), vhere will be written

NZ=N(14N) - an

b Q/
Applying (9) and (17).we will obtah
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d — DAV AN, | B+(B=DE,0O)
izuvzm - g ot

+e-£.’(ovyly(._.,-+wum—vm'—

_AN'(;b+N’). S'(V(,_ 1 F 4N (1 F V') — v) &d —

) . ) ’
..‘i'g@‘gw— PV A+ N)+vidt—

_ 4”’(124' N) f(y(, - 1):+41v' a +N’)+vl€d€. (18)

We will evaluate the integ:ala.uhich are included in (18), Ve will notico thas
: Vei—TFava+m+y —(184)

nonotonocusly increasing, and

Vi FaN i+ — — (]9 (L) |

monotonously decreasing function ) 4 and for this are valid inequalities
W=+ 1+ N)— <2V N'(1+N')—l.lEOv (19 |

S lV}(v— l)’+4N' GFN)— ,l Ede's 2V N(1 +N')— ‘]E:o (20) !

S'lV('—-l)"*“W’ A F N1 < 20, @n

IIW— a4V (1N +v) EdE < 2088 (22)

( It is assumed that v, ;) 1, M (1) v(xi )==1)¢ Using the inequalities (19)=(22)
we will only megnify the inequality (16). It can therefore be written that

NZ>v|AN' (1 4 N8 4 B,(0) &1 (23)
Substituting in (23) B (o) from (8) and writing that 9,S2N(0),we will finally obtain .
1> Qi+ A5 N(©). (24)

With an accuracy to constant miltiples of the order of & unit of criterion (23) agrees

with the amlogcns criterion (28) in repcrtfp.
In addition to above statement, in the investigation was also utilized another
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:j approximtion, and it was assumed, that in the 2one,which confines itself to p=n trans-
ition (xdp (o Lz:l.o).' the hole current can be disregarded, At gauma =4 1 this is
equivalent to the rejuirement of low thickness of this zbne as compared with xi,, 1.0,

| b —b K b (21/4/ ) o 480

Sinee orfo-inl'pha at alpha d 3 deueéées rapidli with a rise in xi this restriction is no$
.acmlo True, akeady at uo-ae 3 0,6 a éﬂg vwe will obtain 3, = 2-106. then as usually
Yo does not exceed mll-,-m5.

The criteriom, that at weak currents the injection coefficient is close to one, is
;
| : QEZANOE L. (25)

| e
‘It can be seen easily, that criterions (24) and (25) are in practical conformity.Since
| . ve are interested only in the case of largeﬁ. we will not consider an opposite
case, when these criteria are disrupted,

Ve have to explain at what currents is realized ths condition gezmac! l, The proper
‘cr:l.terion for strong currents will be

i BLpAL : , (26)
During the realization (25) - '
n p~—.
AEO(JJO Q/) ««page 480
Formla (26) will then be written as
i L ' . - (27)
i B«AE.‘
Otharwise at : .
; . (28)
: B |

. gam tenﬂ.s directly to the boundary
- o= l+b /"QXQ/)
In conclusion we will mention, that, as is evident frmf}j( the emissivity of
P=n transition in case of linear distribution of admixtures shocld be the higher,
the yeatez-.gi:d-.' For the diffusion p=n transition g:.;zi' - variadle value, vhich reaches
lmﬁg valre vhen xi = 0, Consequently also in this case rerain valid the conditions
for & rise in ehith a rise in dxi - x3 = 0, We will also point cut,that beoause of
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"
inpossibility of accurately evaluating the velue dxi (NZ) in the zone s dyxy,
the requiremmts of criterion (24) are, aprerently, highly dependent, i,0, at other

undform ccnditions the emisaivity of diffusion p-n tronsition should be much higher,
!

than during linear distribution of simixturess
The author exyresses thanks to Cand,of Fiys-MatheSc.K.P,Tolpigo for a number of

‘valuable advicess
!
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