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Procedures of Testing the Existence of
"orst Arrancement" in Machine DJS--21

Computer-Mathematics Teaching and Research Center

Department of Mathematics and Mechanies
Sun Yat-sen University

I. Purpose

Hwe
"Worst Arrancement" is at present time a relatively accurate
method to test magnetic core memory. It can be used to test the
capability of resisting semi-selective interference of machine

DIs-21,
b : II, Considerations of Worst Code Arrangement

In the magnetic core memory of thrice-forbidding current
coincidence method, the cores can possibly Pall into the following
six different conditions:

(1) "I" = the condition of storing "I" in“ormation after
"I" has been written on the core,
(2) "IR" - the condition of stable remanence after "I

information core receiving n-time of reading

semi-selective interference.

(3) "IW" - the condition of stable remanence after "IM
information core receiving n-time dipolar
semi-selective interference,

(4) mo® - the condition of remanence after "0" ‘has beer

£
4
5
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written on the core.

(5) "OR" - the condition of stable remanence after "O"
information core receiving n-time reading
seni-selective interference.

(6) moum - the condition of stable remanence after "O"
information core receiving n-time dipolar

seni-selective interference,

It is obvious that the magnetic cores,under diffe;ent remanence
conditions;r:;e dimension of their semi-selective interférence sirmals
caused by semi-selective reading current are not the same, In order

to enable the signals of interference prodiced by the semi-selective
cores on the reading cord to cancel each other, the reading cord must
in opposite directions pass through two cores in:t;me line or same row
in the core matrix (see a and b in Firure 2). Thus the reading sirmals
on the reading cord are:

. fatls . ‘e
.‘.140 .

u"* oo e R "?C‘l'“'c.t:(l°l)c‘.). :

[e—"y 2

Among them: e is the reading signal of the selected core.
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e, is the semi-selective interference simals

of two cores which can not cancel each other,

e3 is the excess semi-selective interference
sirnal of two cancelled cores (the difference of
two semi-selective interference sirmals), Murther

discussion of e3 will be our focal point hereafter.

It seems that if all the cores are of same quality, e3 can be O.
But it is in fact not so. Tor instance, of “he two cancelled cores,
one is in the condition of "IW" and the other in "OR", and from Figure
1, it can be seen that the semi-selective interference signals pwoduced
by the two cores are not identieal, (this is the main reason why
e3 is introduced). As a matter of fact, however, it is hardly possible

to make all the cores completely same in quality.

If some informations are distributed in a core matrix, and when
the reading selected core is "I" girnal, the polarity of all inter-
ference sirmals of ey will be contrary to that of "I" sirnal, When
readinc selected core is "O", the polarity of 2ll interference sirnals
of e3 will be same as that of "™O" signal, Such signals are the
minimum "I" signal and maximum "O" signal, and they can be formulated
respectively as follows:

! & ) Catvnin™ Lleare "‘l'(‘")‘;’ g el R
. SRR WS ST T CR T B
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This kind of code arransement is called "Worst Arran~ement",
Obviously, when it is "worst arrangement®, the ratio of "I reading
sipmal and "O" reading signal is lowered, It is one of the factors

that are not pood to internal stal{iization.

To combine with the structure of the marmetic core plate of
machine DJS--21, in a pattern of 2 x £ cores, it can mark out the cores,

as 11lustrated in Firure 3,throush which a reading cord passes and

the worst code arrancement on a plate,

0110, "1001 s

eo89 1111 . . S ITERERETY
. '—-—f'.[:.u-'r;l
1111 0000 i,, ARTFT W
1001 0110 L - l":; OB
] 0110 : g e m-'f-'-,?'r-f;-
bl : yod A2 i .
1111 0000 B i A e e
6000 1111 : s “/érrq\\ '
0110 1001 : ; \“‘ :

III., Implementation

In order to obtain minimum "I" reading sismal and maxirum "Q"
reading sisnal, in addition to arranging informations in accordance
with the diagram of "Worst Arrangement", the cores must be put in
a specially designed condition of remanence. In other words, the
semi-selected cores which store "I" information are put in the condition
of "IW" and those store "OM" information are put in the condition of
"OR", Only if "0" is written on one core outside the two drive cords
which pass through the selected cores, all the cores on the drive cords

gt AVAILABLE COY
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will be in the condition of "OR" or "IEM, Then by writing "I" on

the unit din-onal to the core of "I" information, the cores which are

in the condition of M"IRM" will transfer to that of "IW", Tor the

meaning of diagonal unit, see Figure 4. Accordins to the diagram‘of
"Worst Arrancement”, the cores of "I" information on the two drive

cords which pass fhrough the checked units are equivalent and coppensatory
to each other, When the cores which return to condition of "IW" are =

identified as A and B, then outside those

x
two drive cords, there is a unit c¢. Let : J e :
, -
the two drive cords which pass through ¢ =
P ; i —;r',\‘:?"' :
again respectively pass through A and B, the' \

. W e
unit ¢ is a diagonal unit, ot

.

From mzmg-; Figure 3, it can be found out that the reading
simmal of the selected cords and the 1n§erference sirnaa'of e3 are of
same polarity, This means that the interference of e3 amplifies "IN
sisnal and depreciates "O" slignal, So the ﬂn?orm;ation st:)red in the
cores of the checked units should be reversed in advance,

3 ) ‘ .
In short, for achieving Morst hrrangement", the following A

steps must be taken: gl e “ 3

(1) Based on the adiress of the cliecked units and accc;rding to
the diagrm of "Worst Arrangement" to distr! bute‘oodoa in*line and
row, write down the address of the. unit where "I" is distribubed,
then return the codes of the checked wnits.

(2) Write "0" on a diagonal unft nearin? the checked unit,

” «

v s
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(3) wriPe "I" in order on the diaronal units to line and

row "IN,

*If the code arracement as illustrated in Pigure 3 is rerarded
as "lorst Arr~ngement", when the codes are taken back, it will, for
the same reason, result in a "Worst Arrancement", Therefore, there

are A and B two different diagrams of "Worst Arranc-ement",

b ",';'" .~,loxto 1001 7 1001 01160

e LT g 00 b et ; 1111 .0000

1111 0000 " 0000 1111

1001 0110 0110 1001

1001 0110 0110 1001

1111 0000 0000 1111

0000 1111 " 1111 o000

: o110 1001 1001 0110
i A - B

i

In making arrangement, only the cores on the selected drive cords
s catch our attention, When the diarram of "Worst Arrangement" is examined
¢ in detail, it can be seen that the patterns of the codes on the drive

cords of same direction are but one of the two forms or one of their

: reversed or'dera. In A, for exanple, the pattern of the codes on drive
cord following direction x is one of 0110 1001 and 0000 1111 or 1001
0110 and 1111 0000, Thus the address codes of the drive cords which
¢ differentiate direction x and y can determine what pattern of
arrangement should be in a checked unit, The codes arrangement in a
core matrix of 64 x 64 is but a cyecle of expansion of the codes in a
core matrix of 8 x 8 toward direction x and y.

We take the address codes D, Dy, and Dy as basis to determine
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what pattern should be made on drive cord x, and Dy, Dp, and Dy to
determine what pattern should be made on drive cord v, The "line" in
the following box diarram represents direction x and the "row" represents

direction y,

IV. Application

e
(1) In order once to test one sin-le unit, thergﬂset up several

switches: X, K?, and Kg. Thevy be~rin to work only after the paper

tane has been inserted and started the 1000 band,

Ky = K5 = K3 = 0 hour, test unit 1,
K1 = 1 hour, test unit 2.
Ko = 1 hour, test unit 3.
K3 = 1 hour, test unit 4.

Hereafter, if K5 = 1 hour, test again one of the present units
(based on the instantaneous value of K5). If Kg = O hour, then test
1-Z=3-4=~1 units followins their order in rotation, It takes about

6 minutes to test one unit,

(2) According to the content of the tested units, the total
number of tests in this program is 32, Before each test, the core is
brought back to the condition of remanence of the oririnal arrangement,
When an error is found in the test, it then stops at 10Dl richt (or
100F and cuu bright). At this time, the error can be found in the 1:1
ratio content of the register, The address of the error unit is at

1028 right.




(3) There are different wavs to applv this prosram, Start
1000 if there is an intra-broadening device; otherwise besin with

1031, With the latter K, K5y and K3 will not work,

(4) Pro-rem punched address: 1000-10E9,
Instruction: 200 words in total
Constant: 28

Working unit: 71

In the box diagram, the operation should be adjusted according
to different units, The address in the prorram refers to the situation

when it operates with unit 2,

V. Box Diagram

n&————mvo and turn to unit 1
ight ((test unit 2)

uk.~ : v A {

turn to unit 4
 (test unit 3)

g , move and turn to~
e 30 t (tnt unit 4) sl

5
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GaAs)_xP Luminous Materials of Open-
Pipe Zinc Diffusion and Plane-Tvpe

By

Lei Chien-chung Lo Chu-sheng

Sun Hsiao=hung Chia Ystieh-chtin

Students of Specialized Semiconductor

Class, Department of Physics

Sun Yat-sen University

Solid and luminous articles of various colors and shapes made

of wide forbidden band semiconductor and flygrescent materials are
now being widely used to meke indicating pieces in electronie industry,
The material has such characteristics as lons durability, high
reliability, low cost, smnll size, and above all, it is easy to be
processed into various indieating articles. Agrgresent time, the red

electroluminescent material GaAsy_,P, is one of the kind which is

used most widely,

CaAs)._xP, construction is a forward injection luminous material
of p=n connéotion. This material is usually produced by using closed-
pipe diffusion method with ZnAsy + P as diffusing media., In this wav,
however, the techniques required are complicated, reproducibility is
low, poisonous and costly. Especially, the vapour pressure of the
diffusion souree is high, so it often results in high degree of
concentration on the surface. As a consequence, its luminous efficiency
is low and its defects become more, In order to improve the quality
of the material and overcome the defects: of the closed-pipe method,
In recent vears, the open~pipe diffusion method using zinec as direct
diffusion source has de¥eloped.

16

e




For the purpose of lowerinz the drive current of luminous
material GaAs,_yP, and promotins its luminous efficiency, we in our
factory undertake an experiment of open-pipe zine diffusion, and have
also tried to make production of limited quantity. The results show
that in improving the characteristics of this luminous material, it
is not only better than the closed-pipe method, and also the technicues
required are simple, cost is low, and above all it is cood for

production,
I: Ihsign

(1) GaAs,_ P, material is of a structure of hybrid crvstal of
Galls and GaP. The width of forbidden band and the pattern of radiative
transition of Gads and GaP are not the same, therefore, the width of
forbidden band and the patern of ratiative transition of Gaﬁsl,xPx vary
following the hvbrid crrstal ratio X. ™rure 1 illustrates the
relationship between the crvstal constituents and the energy band

structure of GaAs) Py .

The chanre of the width of forbidden band suggests the difference

in enerzy of radiative quantium, Because of this, the luminous colors

as can be seen are different, The other reason is,of course, that |
the licht sensitivity of human eyes is d'fferent to various lensth of !
ligh* waves, As far as the pattern of radiative transition is concerned,
the quantium efficiency of direct transition is always much larcer

than that of indirect transition. So human reaction to the intensity

A e

of brightness of luminous articles is as a rule affected by the

S
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efficiency of radiative quantfum and human 1li~ht sensitivity when
various length of li~ht waves comes into eves. ®xperiment proves

that the external quantum. efficiency of GaAsl-xPy ma‘erial,followins
the eirenradiative wave of GaAs and GaP, will increase as the radintive
lensth increased, but the licht sensitivity of human eves will reduce
as that radiative wave lensth increased, So the reaction of human

eves to the brightness of luminous articles at a certain licht wave
len~th rmust have its best value, As indiented in TFipure 2 and Tirure 3,
the best value is at 6600A, which corresponds to forbidden band width
of GaAsy_yxP, Ez = 1,88ev, the hybrid ervstal ratio X= 0,4, Ve,

herafore ch i
therefore chose to use GaAsO.SPO.h material.

7 k’w :(b) l"‘:g
& P .pgwi .(5)“" é‘
X 2 el ' B‘
Fi1 /iN\|" 18
s .~... § 10° (-} -“.‘_\‘ ”'_. ) g
e w G L
4 , . wave length (R) "
Figuro X GaAal_xP mstal Figure 2 Relationship of (a)
constituenta and energy external quantium
_ band struoture 3 efficiency, (b) licht
iy e PR sensitivity, and ?c)
e i) ,._.,} sl antipodal light and
i , :ﬂ ,"'A “ wave leng@h of GaAs)_xPx
ol - 14— SRS 0 T
l.o l. - . L b
e : 2 vy § 08 1,0 : . R
g GoAs —_— GaP AR M
PSRRI . .= i i »-..o
|2y e nguro 3 Rehtionahip of forbiaden hand width g

hybrid erystal ratio X of Gl.hl..x&
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(2) As P=type region of Gals, 6Py, p=n connection is the main
luminescence rezion, we select n-type GaAsg, 6Py, , 28 base material
and the ®diation acceptor impurity (2Zn) forms a p-n connection, Such
a structure enables the lisht quantim of p-n connection to radiate
only throurh a thin P-type film, It thus reduces the absorption loss

and increase luminous exitance ef“iciency.

To such injeection luminous articles we rust pay attention to
the structure of p-n connection, Its injection e"ficiency is formulated

as follows:

THe. electronss injected into P region recombines with the cavities
there,and the high injection efficiency of luminous emission quantim :
can reduce the luminescence current and increase luminescence efficiency.
It 1s therefore hoped that the concentration of base material donor N,
can be larger. But the injected electrons often pass throuch P-type
region and recombine with the energy level of acceptaer and demands
the concentration of acceptor N, and N, to have considerable numerical
value, In p-n connection formed by radiation method, the concentration
of radiation acceptor impurity N, must be gt P-typé region greater
than the concentration of base material donor impurity Np. For having
a possible larve injection efficiency, it is hoped that N=N.

As for u,andu,, in GaAs material, it is usually u,>u,, but after
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N, > 101”Cm‘3, U,is rapidly reduced following the increase of Np.

When N; > lOlﬁGg‘3, p-n connection breakins down the current pressure
also rapidly becomes low, So the selection of n~type Galsq, 6P, s

Ny = 1017er=3 as base material is pood to minimize the defeet” brousht
in by impurities, to promote luminescence efficiency and to lower
luminescence current, It 8lso enables p-n connection to break down

the current pressure Vg > 15V.

(3) The licht emitted from the rerion of p-n connection must
pass throush the thin film at P-tvpe rezion in order to rgo out. But
because of the ground state absorption of the semiconductor at P-type
region, the luminous exitance is lowered. So the Junotion de'ptb'l* there
can not be too deep and it can not be too shallaw either.If it is too
shallow, the carriers injected in, before havinz completely recombined
with the cavities, will enter into the ohmic electrode, and the effect
of nonradiation recombination on the surface is strengthened. As a

result, the luminescence efficiency becomes low,

Notice the recombination of the samll number of carriers and the
light absorption phenomenon, for having the larrest luminous intensity,
there must be a very good ghdeh-shen(jupction depth).

B i et IR ¢ S

.

¥
The Chinese word ghieh-shen, which literally means "knot deep", is
tentatively translated as junctioh depth"'e And hereaftér a bilingual
combination of chieh-shen (Junctioh depth)’ 1s used in this work --
the translator.
20




Here Xjmax - chieh-shen (depression knot) when total luminous
intensity is the largest.
a - GaAs)_xPx lisht absorption coefficient,
L - the diffusion lensth of electrons at P-type recion,
Taking a model value of each aspect, a = 700Cm-1, L, = Iu,

then Ximax = 2.51. We therefore select Xjmax = 2.5u.

(4) When a p-n connection is formed by diffusion method, the
concentration of donor impurity makes a distribution of excess error
function, and then a distribution of decgeleration electric field of
the injected electrons takes shape, Thus the electons tend to be limited
to the electric charre recombination beside P=-type rerion of p-n
connection, and the effect of P-type film absorption on luminous exitence
becomes greater, So in order to lessen the ladder-type distribution
of P-type res‘on donor's concentration,and to reduce the self-made
electric fields, the surface concentration must be diminished, This
leads to make the most part of P-type region as luminous emission zone
and to minimize absorption loss., It is threefore hoped that the domor's

surface concentration is Nz‘==1018cm‘3.

In addition, the quality of p-n connection formation will have
great effect on the quality of luminescence. We believe that in the
structure and the making of the connection, the introduction of non-
radiation recombination must be limited to the least. For achieving
this, attention should be paid to the effact, of ‘therquality of .base
materials and techniques applied,

21
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There is a close relationship between luminous exitence of the

luminescence diode and the way of manufacturine it and its anpesrance,
II, BExperiment

There are two tgpes of luminous articles, the terr~ce-foced and
the plane, So far as the effective area of luminescence and the
electric capability of the articles are concerned, the plane type is
better than the terrace-faced one, Tn this experiment, we use zinc

diffusion and plane techniques,

(1) Selection and mamifacturine of £ilm materials used to cover
diffusion, Based on our exreriment conditons. we usc SiBNL ag film
material to cover di“fusion, and use high heatins reaction of NoH, +

SiY, + Hp group to prepare Si3NA.

(2) Selection and manufacturing of surface protection film
materials, Under hich temperature, the surface of GaAsP material has
serious corrosion by zine vapour. In order to lead zinec atomic di-“fusion
entering ‘into the ervstal and to have perfect surface, the surface
protection film must be used. At the same time, in the open-pipe
diffusion, because of the absence of P As vaporization protection crvstal
under hish temperature, P As atom will volat‘lize from GaAsP crystal

“a.nd change their proportion. This is why we use surfacr protection
film,

= To use 510y as surface protection film has two=fold advantares,
e

On one hand, it does not block zinc atom from enterine into the erystal

;
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to diffuse, 2nd on the other_ hand,it can prevent corrosion of the
surface and the chance of ratio between phosphorus and arsenie, We
use ethvl siliczte low temperature sedimentation method to prepare

SiC» proteetion film,

(3) Selection of formation mas. Tlement zinc is varr active,and
under hich temperature, it is easy to be oxidized. Ge’sP under high
temperature is also easy to be oxidized. So the selection of formation
gas for open-pipe dif™sion and the techniaues deserve careful ~nd

detailed consideration,

For the purpose of protecting zinec source and CaAsP ervstal plate
from oxidatibh . under high temperature, we use hishly pure N> and
Hy, as formation cas. To add Hp, because of its reducibility, will
achieve a better protection from . oxidation After puttins it inteo
model pieces, let the excess oxygen be thoroushly expelled, ~nd then

place the model piece under hirh temperature to diffuse.

(4) Procedures of Applvins Techniques. Firure 4 illustrates

the procedures:
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(a) base material (b) srowins of Siqly (cg” rst time let 1lisht in
()" mrowins of 510> (e) zinc diffusion (f)second time let 11r-h+f
(g) vapgnrization electrode (h)no 1li~ht in

Firure 4 1lMain tec'nical procedures of making the
open-pipe experiment.

(5) Conditions of SisN/ Growth, Si0O» Growth -and Zn Diffusion

Experiment

(1)sisNy, Film Growth
We use SiH, + Npl, + H> group hich heatinz reaction method.

Fipure 5 illustrates the principles of setting up SisN, rsrowth

experiment,
The chemical “equation is as follows:

: . . H Lk .
SSiH.'th.H.—Z: Si,N,§ +3NH, ¢ +9H,*  The reaction temperature

is about 750°C - 200°Q, If the temperature is too high, it will
result in film erack, Through controling of the quantity of
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flow, ‘he speed of ~rowth of Sily, No', and Hy is manased at
a rate of about 250?\/min. Experiment proves that there are about
25004 Sig7; £ilm in the form of sediment on GaAs) P, crvstal

plate, and their effect of covering Zn diffusion is very good.

, ""&'aphiteblock -

Firure 5 Diarram of Installation “for Hxperiment of
Sijll;, rrowth

@ 510> Protection Film Growth
e use ethyl silicate vacuum hot decomposition method to

deposit 310, £ilm as indicated in Pirure 6. The cherical

equation is as follows:

. $i(0C, Hy). -sto.z +Hy 1 +CO #CH 1 4o

To adjust the degree of vacuum appropridtely. at temperature
680°C and source temperature 23°C, the speed of deposition is

about I.DX/min. Select those protection films, of which the

thickness 1s 20004 ~ 3000A,

A o o

%, g 9P ¥

i

. Ll
AN
oty U

b B ol | pleatatt b Ll T '- d
Figure 6 TInstadation of hot decompo
deposite S10,
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(3) Diffusion

We adopt open-pipe diffusion method of double temperature
zone and control the source temperature Tz and flake temperatire
Tw respe@tively. Place zinc at the source terperature zone,
end GaAsP crvstal flake at the flake temperature zone, and use
hichly pure No + H, to bring the source vanour to the flake
temperature zone to start and earry on diffusion. the dia~ram

of instalation is shown in Firure 7.

The diffusion source is 99.999% pure zine, and its cnlor
becomes silver ~rey after being rinsed in WC1l:H»0. The : soutée.
qientity is determined by source temperature,quantity of
vapour and the lencth of time used for diffusion. (under our
typical condition of experiment, the source quantity is about
2,~3¢g.)

e ' I
H Te -

—-gee-

Fomem——ig

: . ;
L .
3 - 70C=~
L 2L b | A #
3 el

Floure 7 Diagram of the principle of Anstallatien
for open-pipe diffusion
After placing the source and flakes into quartz tube,
the important measure taken is to expel the excess oxygen, This
will guarantee that the source will not be oxidized and that
the diffusion will be normal, We first place the source and the

flakes according to the opposite position of temperature zone,
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and ther are all »t the low temperature outside the temperature
zone, Tirst let the hichly pure N5 flow in for 15 mimites, t'en
N> + H, mixture for 15 mimites, Pinally move the quortz tube and
let both source and flakes enter into diffusion temperature zone
to diffuse, 15 mimutes before the endins of dicfusion, close Ho

and . use N> to push the remnant H> out,

Typieal diffusion conditions:

Temperature: flne temperature Tw = 8050C; source temperature
Tz,= 7709¢C,

Time: 75' (includins aftep movins the’ quartz tube in 10! to
raise terperature to the degree of normal diffusion, and the
time used for expelling the remnant H,)

Gas flow quantity: Np2< 230ml/min, Ho o~ 150ml/min. When it is
used to expel remnant Hp, Ny 2« 550ml/min,

Diffusion result: Xi=2.5¢ Ra=80~608/a , If the diffusion result

is required to change,it must besin with changing temperature

and the lensth of time of diffusion and to conduct further

experiment,

III, Result and Discussion

(1) The effect of 8107 protection film on diffusion parameter.
S10, protection film of different thickness diffuse under conditions
that Tw = 805°C, T51= 770°C, and diffusion time = 120', the result
will be that as ind'cated in Table 1.
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Table I Relat ionshp of 8105 Thickness,chieh-shen (Jjunction depth')
and Film Electiic Resistance

time of SiO» thickness [chieh-sheh surface
| deposition |£11m colorl{A) 1) Re (9/2) | eondition
20! da>k blue 1250 3 72 pood
30! 1i~+ht blue 1500 3 54 zood
401 1, vellow 2000 3 65 . a00d
yellov
50! +n red 2500 3 60 _cood
0! no 0 5 14 corroded

From 2hove Table, it can be seen that Si0Os thickness has no effect
on chieh-shen (Jumctionh-depth ), But the tendency of R mumerieal value
sugrests that Si0, thickness has effect on reducins surface concen-
tration of diffusion. Obviously, R of open-pipe method is greater
than that of closed-pipe method. This means that the surface concentration

of open-pipe dif"usion is lower than that of closed-ripe di‘fusion,

Again from Table II, we can see that the increase of Si0, thickness
can improve luminescence quality, This is probably related to the
fact that because of the increase of S10, thickness, the concentration
of diffusion surface donor is decreased and this leads to lessen the
defect at P-tvpe region and the ladder-tvpe reduction of the concen-
tration of acceptor impurity, However, Si0O2 film can not be too thick,
if 8i0y film can not match the quality of thermal expansion of the
base material, crack s will occury, and consequently it will have no
function of surface protection. When the thickness of Si0s is smaller
than 7003, it ean not protect the surface either, So we select Si0,
£ilm with thickness of 2000A - 3000A as protection film,
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Table IT Relatinnship Between Thicknes: of Si0,
Film amd Bright

Si0»thickness ¢ ieh=ghen antipodal bri~shtness
1000 3.7 1
1550 3,7 19
2000 3.7 24
3000 3.7 33

(2) Relationship between luminescence charac‘eris‘ics and chieh-
shen (jnuction depth), Firure 8 illustrates the relationship hetween
luminescence characteristics of lvminescence diode and chieh=shen
(junction depth), ™rom the curve line in the Firure, it can be seen
that at a certain numerical value of chieh-shen (function depth), there
lies the ~reatest brichtness, If crieh-shen (junction depth) is too
shallow, the luminous effic’ency will become low because def“ects at

P-type re~ion increase and the elements of non-radiation recombination

become more, and also a part of

T p e unbalance ‘carriers enter into
3% » 1 ' T electrode before they have chance
-8 S:r‘w. . ; , to be recombined, However, if
T T T
i chieh~shen (junction depth) is too

' ""-. " i ;- \ %
. i.chieh-shem w» -

Ficure 8 Relationship between

Brightness and chieh- can radiate only after passing
shen (junction depth)

deep, the quantium of p-n connection

through P-type film, and the
increase of lirht absorption at P-type recion lowers the efficiency of the
external quantium, From what the curve ind'cates in the Firure, chieh-
shen (junction depth) X should be 2.5 = 3, 5a.

With same chieh-shen (jmnction depth), but the diffusion source
29
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temperature Tz and the flake temperature Tw chanred and the impurity
distr'bution of ‘he connection also chanred, this will affect

luminescence qualitv as well, So temmerature is nlso an important factor.

(3) Peak wove len~th and half width of wave len~th. F~ure 9
shows the curve of spectrum characteristics under t e tvpical condition

of experiment,

From a survey, it becomes known that " !r I N Jreerses
" 7 ‘uenama
the peak wave len~th of the radiation v kg
g8 T
spectrum of GaAsy 41Py, 39 luminous g \
§ 8. ]
diode is 6520A, From the relation g%, ]
: et \
; curve of the constituents ratio X of i " 7 ; )
g Galsy P, material and the width of SRR e
forbidden band, it is found out that Fisure 9 Distribution curve
of spectrum of
when X = 0,39, the width of forbidden luminescence diode
in a plane-tvpe open-
band is 1,9e¥ and the pesk wave lensth pipe dif~usion

of radiation is about 65204, This proves that the ratio of phosphorus-dnd

arsenic remain unchanged,

The half width of luminescence spectrum is about 2804, and 1t is
basically symmetrical to extend toward the long wave and the short. wave.
Extension toward the direction of short wave is the result of indirect
transition, and townrd the direction of lonz wave reflects ‘a fact that
various luminescence energy levels exist in the forbidden band, If the
homogeneity of materials can be improved and a striét. rule to prevent
the introduction of external impurities can be worked out in techniques,

FTD-ID (RS) T=0684=77 12




the h~1lf width of spectrum can be further reduced,

(4) The coverins effect of diffusion. Experiment sucgests
that if the temperature of SiBNA growth is too hich and the speed of
growth is too hish, cracks of Si3N, will occur (eaused by inability to
match the ’qualily of thermal expansion), Then there will be no aetion
of covering diffusion. However, when the thickness of Sijl; is less
than ISOOX,even ‘he quality of growth is rood, there will be no way to
avoid that zinc atoms by breaking down the covering film ‘enter into
the crystal and form a shaldow p-n connection on the flake as indicated
in Figure 10, This shallow junction can be exposed by exposins liquig,
but it ean not become luminescent even it is given a forward bias, So
far as the luminescence efficiency is concerned, it seems to have some
covering function because the driive current increased, When the thick-
ness of Si3N, increased to 20004 - 30004, this shallow junction disapears,
and the action of covering begins. We usually use Sisl, film of 25001,

and the covering effect is very good.

"_n,‘»"-:v t aeGehn-y i 4 - :

o .lf" o | et ) L o T

Figure 10 As SijN, film Figure 11 Transverse
is too thin and diffusion

can not have the

covering function,

at the lower part of
covering film P~-GalAs)xP,
film 1is formed.
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In experiment, we found trensverse diffusion phenomenon as
illustrated in Ficure 11, The transverse dif™usion was produced by
the stress between Si3N, filme and Cadsj_yP, crvstal. Due to the
existence of this stress, on the boundary face there is a position
error, Zinc atoms followins these defects rapidly diffuse and enlarge
the size of the junction, increase the drive current =nd lower the

luninescence efficiency.

The existence of transverse diffusion is the inherent defect of
using SisN; as covering material, It affects in a certain degree the
electroluminescence quality of articles, Recently A1203 and phosphor-

were wsed ;
silicaﬁnglass as covering materisl, The quality of thermal expansion

of these materials is very close to that of GaAsP material, they can

diminish transverse diffusion and improve the quality of articles,

32
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