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Procedures of Testing the Pbcistence of
“Worst Arrani~ement” in ?~ chine DJS—21

Computer—Mathematics Teaching and Research Center
~~partaent of Methematica and Mechanics

&in Yat—sen University

I. Purpose

“Worst Arrangement ” is at~~resent time a relat ively accurate

method to test magnetic c~re memory. It can be used to teat the

capability of resisting semi—selective interference of ma&iine

DTS-21.

II. Considerations of Worst Code Arrangement

In the magnetic core memory of thrice—forbidding current

coincidence method, the cores can possibly tal]~. 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 receivi ng n—time of reading

semi—selective interference.

(3) “IV” — the condition of etable remenenoe after “I”

information core receiving n—t ime dipo].ar

ee!id—e.lectjye interference.

(4) ‘~~“ — the condition of remanence after “0” ~~~

1
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wrItten on the core.

(5) “OR” — the condition of stable reinanence after “0”

inf ormation core receivir~ n—t ime reading

semi—selective interference.

(6) “OW” — the condition of stable rernanence after “0”

information core receiving n—time dipola.r

semi—selective interference.

S

— 

.. 

I .
It is obvious that the magretic eores~under different remanence

conditione,~,, the dimension of their semi—selective interference sir’nala

caused by semi—selective reading current are not the same. In order

to enable the signals of interference pro& ~ced by the semi—selective

cores on the reading cord to cancel each other , the reading cord must

in opposito directions peas through two cores in~eame line or same row

in the core matrix (see a arid b In Figure 2). Thus the reading signals

on the reading cord are:

~~~

~~onc them: e1 is the reading signal of the selected core.

2
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e2 is the semi—selective interfere-’ce sI~nals

o~’ two cores w~~ch can not cancel e’~ch other.

e3 is the exce~o semi—selectIve inte’ferenee

signal of two cancelled cores (~~
‘ e d1ffere’~ce of

two semi—selectIve interference si~-na1s). ~~rther

discussion of 83 will be our focal point hereaff.er.

It seems that if all the cores are of sa~’e quality , e3 can be 0.

But it is in fact not so. ~br Instance, o~ ~~e two cancelled cores,

one is in the condition of “1W” and the other in “OR” , and from Figure

1, it can be seen that the semi—selective interference signals produced

by the two cores are not identical, (this is the main reason why

83 is introduced) . Aa a matter of fact , however, it is hardly possible

to malce all the cores completely same in quality.

If some informations are distributed in a core matrix, and when

the reading selected core is “I” s$. r~nal, the polarity of all inter-

ference signals of 83 will be contrary to that of “I” sirrnal. When

ree.dinri selected core is “0”, the po1arit’~ of all interference sicna ls

of e3 will be sane as that of “0” signal. Such signals are the

minimimi “I” signal and maximum “0” signal, and they can be formulated

respectively as follows:

• S. ... — ±Cs.~e — 2 . —  ~,— 2).,) 
. .

.. ..., ...‘±C....— 2...(~—2)..) 
• 

‘:
~~~.

3
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T~’is kind of code arranr~ement is called “Worst Arra.i~-’ement”.

Obviously , when it is “worst arr~inrrement fl , ~he ratio of “I” reading

r Ir’Tlal and “0” re~~ti~r signal is lowered. It is one o~ the fact’ ra
I-

t~~tt, -~re not good t’~ internal stablization.

To combine with the structure of the ma~netic core plate of

macvine DJS—21, in a pa ttern of ~‘ x ~ cores, it can mark out the cores,

-ts illustra~ed in Fi~’ure 3, thrr ’~ugh w!~ith a reading cord passes arid

the worst code arran-ement on a plate.

• 
1 0 0 1 . :

• 0 0 0 0, 1 1 1 1

~~ :~ : —

1 0 0 1  0 1 1 .0 ‘~

i l t i  0 0 0 0  •
0 0 0 0  ~~~~~~~ • . ~~~~~~~ •

0 1 1 0  •100 ~i • • :1’~ 
. 

-

.

- a s

In. In~ lementat1on

In order to obtain minimum “I” reading signal and maximum “0”

reading signal, in addition to arranging informationa in accordance

with the diagrem of “Worst &rrangement”, 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 “IV” and those store “0” information are put in the condition of

“OR” . Only if “0” is written on one oore outside the two drive cords

which pass through the selected cores, all ~~ e cores on the dr ive cords

-

~~~~~~ CO?N



will be in t~’e condition of “On” or “I!”. Then by writing “I” on

the unit di~~onal to the core o4’ RI” information , t~’e cores which are

in the candi~ion of “DI” will transfer to that of “B.?”. ~br the

ne~ning of diagonal unit, see Figure 4. According to the diagrem of

“Worst Arran r~ementfl , the cores of “I” inf’orrnation on t~’e two drive

cords which pass through the checked units are equivalent and compensatory

to each other. When the cores which return to condition of “1W” are ‘

identified as A ~tnd B, then outside those

two drive cords, there is a unit c. Let

t~e two drive cords which pass through o, :~ ;~:~ 
•

a~~in respectively pass through A “~n~ B, the e 
.

a ’unit C is a diagonal unit.

Froa analyzing Figure 3, it can be fowid out that the reading

signal of the selected cords and the interference si~rna1 of 83 are of
•

same polarity. This means that th~e interference of 83 amp~~fies “I”

signal and depreciates “0” s~.gnal , So the ‘information stored in theL: cores of the checked unita ahould be reversed in advance.
, • 

4

In short, for ac~.ievIng ~ Worst Arrangement”, the following

steps must be taken: •
(1) Based on the ad~ress of the c}ieckod irnita and aocordtng to

the diagram of “Worst Arrangement ” to distr~ bite codes in’line arid

row1 w!’ite doim the address of the unit where “I” is distr ibuted,

then ret ur n the oodes of the checked unite.

(2) Write “0” on a diagonal un±t nearmn~ the ch.oked unit.
S . 

f: 
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(3) Write “I” in order on t~ie dia-onal units to line rmr’

• row II”.

‘If the code arra’igexnent as illustrated in Figure 3 is rer”~rded

as “Worst Arr ’ngenent” , when the codes are taken back, it will, for

the sane reason, result in a “Worst A ranc’enent”. Therefore , th ere

are A and B two di “ferent d’~agrams of “Worst Arran-ement”.

- I
-4 -• ~ -

~~~ 
0 1 1 0  1 0 0 1  - 1 0 0 1  0 .110
0 0 0 0  1 1 1 1  • 1 1 1 1  . 0 0 0 0  • •.

: it t  • o oo  o o o o  t i l l

-
• 

• . 1 0 0 1  0 1 1 0  0 1 1 0  1 0 0 1

1 0 0 1  0 1 1 0  0 1 1 0  1 0 0 1

1 1 1 1  0000 0 0 0 0  1 1 1 1
0 0 0 0  1 1 1 1  

• - 1 1 1 1  0 0 0 0
- 

0 .1 10 1 0 0 1  1 0 0 1  0 1 1 0
A - B

In making arrangement , only the cores on the selected drtve cords

t catch our attention. When the diagram of “Worst Arrangement” is examined

in datail, it can be seen that the pa~terne of t~’e codes on the drive

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

reversed orders. In A, tar example, the pattern of the codes on drive
$

cord following direction x is one of 0110 1001 a~d 0100 1111 or 1001

0110 and U]J. 0000. Thus the address codes of the dr i ve 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 cycle of expansion of the codes in a

core matrix of 8 x 8 toward direction x end y.

We take the address codes D.~, 1~ , and D9 as basil to determine

6 1.±



•

w~- at pattern should be made on dr ive cord x, and D~, ~2, and 1)3 to

determine what pattern should be made on drive cord ‘r . The “line ” in

t~ ’-~ “ollowi n~ box dia~-ram represe’~ts direction x and the “row” represents

direction y,

IV. Application

Ci) In order or~ce to test one sin-1e unit, there,set up several

switches: K1, ~~~
,, and K.~. They be~in to work only after the paper

t~~e has been inserted and started the 1000 band.

K1 = K2 = K3 = 0 hour, teat unit 1.

K1 = 1 hour, test unit 2.

K2 = 1 hour, test unit 3.

K3 = 1 hour, test unit 4.

Hereafter, i~ K5 = 1 hour, test arain one o~’ the present unit s

(based on the instantaneous value of K5). I~ K5 = 0 hour, then test

l—~—3—4— 1 units following their ordar in rotation. It takes about

6 minutes to teat 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

brourht beck to the condition of remanence of the orirrinal arrangement.

When an error is found in the test, it then stops at 1ODI right (or

l0~~ said cuu bright). At th ie time, the error can be found in the 1:1

ratio content of the register. The address of the error wilt is at

1028 right.

7



(3) The -e are different ways to apply this pro.-~ram. Star t-

1000 ~~~
‘ there is an intra—broadening device; otherwi se be’ in with

1031. ~-1ith the latter K1, K,,, and K3 will not work .

(4) Pro —ram punched address: 1000—lOE9.

Instruetton: 200 words in total

Constant: 2~
Working unit: ‘71

In the box diagram, the operation should be adj usted according

to different units. The address in the pro~’ram ref~irs to the situation

when it operates with unit 2.

~~ V. Box Diapram

~~~~~~~~

. :W ~~ °~ 
right ftnd tur ~ ~c, u~~~ ~

~ ~~~~~~~~~~~ 1~~~~~~~~st~~~~~
t
;
4

- ~~~~~~~~~~~~ 
to unit 3

No 1,
ion (test unit 1)

I ~ ~
- 

. 
.. 

. 
~~

a



r

• 
. 

- ____________

• 
~ro~ram mad~ - kesto~~1

.I.IOOB r .* . • .I. 108D
. • 

_ _ _ _ _ _  J_ reato
~~~~~~~~

• J,1O31 - .t.10CE 1.
working Unlt( 1),00— L ,

- 1( 1 ‘~~ - - checking
[~~ ~~o3s r . • ~a ong ,~ j,right 

•
-

•

103 5~~ 
araaigingJ’1~, ~ cL ~

• I c-p. - stop ioDiX. ,~yes • 
- 

-

-
. k,iiec e~

’urii~i 
ioCF L

- •: ~ihat line?
- 

~~>,7 ~2.5 O.1J’\.I~~

10421 10(3: r~ 105$ X $ ~~1C~A
line i~~ iiii1 lineonolool • 1.1

L!! ii:iooooj pr. iooiouo
_____ • 

( t~~~~~~~’

r ~~~~~~~~~~~ ~~, 

~~.‘— ~~~
r ~~~

• arranging~ •

• 11o72i~.. 
ios&~checjcing?

• 

~ hé~ked uni 2oDa~~ tYe5

L Iwhat row? • p ogra~i
—
, 1.3 1. 0.3 4.2 

• 

- 
L~~v~

1
~g • ‘

102 *1 10?!,1~_ + h u m  %1002
I óV!iotooioi I [rowooliuco] • x. -
j o r  •rnioooj - I o ~ 11000011 

- .[ oooi

-

. 

. 

-

•

* r . represent s word fl~~jg~ t fl
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VI. Program

1 0 0 0  02 1O ~~ $ 1 0 0  0 0 0 0
• 0 4  1 0 2 *  - - 

• oo 0 0 0 3  • •

I 3 5 - 1 0 2 *  - 4 00 0000 - • 
• - - -

- 0 2  1 0 1 0  constant O O . 0 0 0 4  • - 
• -

2 3 7  l O lA  
~~~ve 5 00 0 0 0 0

- 
• 

- 
- 04 3 0 1 0  • 

0 0  ~~~~~~~~~~ • —

$ 35 1 02 *  
- 

• • 
0 0 0  0 0 0 0  • . -

20 1 0 0 1  00 0 0 0 0  -
•

-4 02 t O i B  - 
• 

7- 00 0 0 0 0  • • - •

• - 0 4  1 0 3 *  • 
-
• 0 0  0 0 0 7  • -

- 
•~~ -. 1 • 3 6 -  1 0 2 *  • 

• 
- $ — 3 ?  I F F Y  2 • 

-
•

• .- 0 1  1 0 3 0  • - - — 3 1  8 ? ? ?  • 
-

- 

- 
- S  - 1* l o s T .  s o o  •o o o o  • . -

• .

• •. - 
• 

ST  10 2 *  • • - 0 0  2 0 0 0

‘ :: ~~ ~~~~~~ •

~~~~

. :: ~ :::pro~~~~
11t 1

~~
ve

$ 20 1 0 0 5  ~~ve 8- 01 0 0 2~~
cont10 1F~

• 

• 

• 0 2  3 0 8 7  . • • o o
• 0 0 0 0 . . . .,  ~ : •..

• 1 2  i o o f  • 
- c 00  0 0 0 0  • -:-

- 0 4  3 0 2 7  •. . • •
• 

0 0  0 0 3 ? • •

• :. 
- 

~ 0 2  s o D 4  - 

- 
8 .00 0 0 0 0  - . 7-. -

-

- • 1$ l o o T  • 
• • -

• 0 0  O F C O  • . • .  
- •~ 

- 

-
• - .$ 0 4 4 0 0 4  

- • 2 -  0 1  0 0 1 0  
• -

• 
IS 0 0 0 1  K 1 - • 0 0  .0 0 0 0  - -

- - 
- C 3 1  l O S S  ? — O O  0 0 1 0  -

• . 
• • I i 0 0 0 $  K 1 • 

- 0 0 0 0 0 0 . ,  ~~.
- 8 2 0 3 0 3 1  - 

• 
• - 1 0 $ 0  0 1 0 0 0 0  - - 

• 
• -

• I S  0 0 0 4 K. 
- 

0 1  0 0 0 0  . - - •~~. 
-

2 3 1  3 0 5 3  . 
• • - .1 _ 00 1000 .;• :~~ 

• 
- -

II 1 0 5 1  - • . . 0 0 0 0 0 0~~~, . -

- 
, 0 0  0 0 0 0  • 

• 
• • .•s - 0 0 : 0 0 2 0  • •

- .4 * 0 0 0  ‘. 
- 

• 0 0  0 0 2 0  - - 
• • 

-
• 2 1 1 1  I I  0 0 0 0  ~~ - 

- 
~ 0 1 -  0 0 2 0

- 
- I I  0 0 0 0  - 

•
.~~

• 
- 0 0 -  0 0 0 0  

•

- 1 5 0  0 0 0 0  •
‘ • 

• 
~ ,.~~~

- . - 
~~~~~~~~~~ 

• • 
-

S O  0 0 0 1 0 0  0 0 0 0
•

• - * 5 5  $ 0 0 0  • • 1 0 0  V 5 O D ~~~~..

- 

— 

- 

: ~~~~ 

—

• -
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S -  0 1  0 0 4 0  0 4  i O * C
00 0000 0 02 1 0 2 $  ‘1

• - - 7 0 0  0 0  00 1 0 1 0 1 3 (to form x direction

- - - o o - 0 0 0 o .r~ foUOWiflg ~ ~ 0 1 3 code control word
- .  

• •
- 

- •te working 0 4  1 0 2 0  )
• 

•

•

~ • $ 00 0 0 0 0  unit 3 2 5  1 4 0 1
- - 

• 0 0  0 0 0 0  - • - 1 0  1 0 1 7
- - 0 0 0  . 0 0 0 0  C 2 8  1 0 5 3  -

- 
- - 0 0  0 0 0 0  11 1 0 1 ?
- A  0 0  0 0 0 0  - 

- S 2 5  1 0 5 5  • 
-

•

- 0 0  0 0 0 0 - 
.

• 
1$ 1 0 1 $  -

- . I • 0 0  0 0 0 0  
- 

• 2 2 4  i o s A
3 - - . -

~~~~

- - 
• 

s o  0 0 0 0  - 
• 

1$ 1 0 1 4  -

c 
• 0 0  0 0 0 0  • v 2 4  1 o 5 • A

4: - - ‘ . 
- - ‘ 0 0  0 0 0 0  1$  1 0 1 2  -

8 0 0  0 0 0 0  
• 1040 *5  1 0 4 3

- 
0 0  0 0 0 0  

• 1 3  1 0 1 52 0 0  0 0 0 0  • j  ~~5 1 0 4 8
• • 00 _ 0 0 0 0 •~ • - • 0 0 0 0 0 0  - 

-

0 0  10 0 0 - 2 0 2  i o 2 A
• • - 0 0  2 0 0 0  - 1 2 L O i S

- 
• 

1 0 0 0  0 0  0 0 0 0  • - I • 0 4  t O 2 A

— 0 0  0 0 0 0  • 0 2  10 2 *
• 

.
• 
‘ 

- 
I 1$ 1 01 5  • 

. - 4 13  l O l l  • - .

0 4 1 0 2 $  
• 

• 
- 2 4  1 0 4 3  

-

• ;  • . . - 2 • 0 2 :  1 0 1 0  5 0 2  1 0 1 0
- 

-
• 

• $ 7  l O I S  working S T  t o s S  
- 

•

••~~~~~• •~: 3  
• 04 1100  unit 1101’ • I 0 4 0 0 0 0

• . - - . - $ 5  1 0 2 0  - - - $7 t O l D
- ;  • -

- • 4 _ $ .1 1 05 $  • 7 0 4  0 0 0 0
• 

•. -
, -

- 0 2  1 0 2 4  - 3 ?  L O IS

3. 0 4  1 0 3 $  - S 0 4  0 0 0 0
• 0 2  1 0 1 2  8 7  1 0 * 0

• • • 
- - S $ 0  1~~~$ 0 . 5 0 4 0 0 0 0  -

-

. - - - 0 2  1 0 1 0  • $5 1 0 2 0  -

- 7 -  0 4  l O lA  A 2 0  1 0 41
- 

• - - -~~~~~ 
~~~. 0 4  15 * 1  

. s i  i o s ?
• beck to 1 0 2  t o l D  

-

- - -

~ 
I I  1 0 2 $  record “I~ s~ u s c

I 
infOX’fl~~t ion

‘ ~ ‘
~~ 

‘ addr.e con— -
• ‘ : - . - •  • troi word . 

-
- • -

- ~. f..- .~: - - - -:# - - - - - ‘ - . • - —-  • • ~ .

i i



r

I
’ 

C ii ~~~~ 
• 

0 4  0 0 0 0  
-

~ :: ~~ 
• 

- 10 00  0 2  1 02 0

0 4  - - 
5?  1 O z C  -

• - 
- - 

£ 02 1 0 2D  
- 

• 2 - 1 1  1 10 0
• 

3 1  1 02 C  
• 

- 
- 0 1  l o i s

F .3 1  1 1 0 0  2 17 1 0 23
0 4  00 0 00 2  l O i S

• 
$ 0 2  1 0 1 0

1 0 5 0  8? b ID - 
2 7  1 0 2 0

• 0 4 0 0 0 0  4 0 4  0 0 0 0
1 02 1 0 2 0  35 l o a D

- 3?  1 0 2 C . 5 2 0  10 0 1- 

* *1  1 1 0 0  
•~~~ 2 t  l o o P

02 1 0 1 $  - 

- S 0 2  b I D
• $ 3 7  l a I D  $7 I O 2 C  •

- 04  0 0 0 0  - V $ 1 1 1 0 0
- . 4 0 2  b I D  • O S  1 0 1 5  -

- 8 7  i O 2 C  • S S T  b i D  - •

.5 8 1  1 1 0 0  - 0 4  0 0 0 0  - .

- 0 2  10 1 8  
- - 0 ‘1 1 0 1 0  -

S 57 t 0 2 0  $? 1 0 2 0
• - - -  0 4  0 0 0 0  

- - 
- A 0 4  0 0 0 0  • 

- 
• 

-

7 i s  1 0 * 0  I i  t o l D  
-• 2 0  1,0 4 5  - . 0 4  0 0 0 0  
-

- . ~~~~ • 
- - O S  2 0 * 0  -

- - 0 2  1 0 2 *  • C 3 ?  t o i C
0 11 ‘1 0 1 5  $1 1 1 0 0

• • 0 4  1 0 3*  D 0 2  1 0 1 5- A 0 $  1 0 2 *  17  t O l D  -

- • 1 3  1 0 1 8  2 0 4  0 0 0 0
• - 

B -  2 4  l O l l  $ 5  1 0 20
- - • • 0 2  1 0 10  F ii 1 01 8

- 
• C iT 1 0 10  • 01 1 0 25__ -

- 
- • • 

• 0 4  0 0 00  
• 

- 

• • &IY O 0 4  1 O S C0 0 3  1 0 1 0  • -
-

- • - 

- ~~~~~ ‘S I C 
- 

••~~~~
- - • ~ ::- ~~~ 

t~ ~~~ y1 1 1 - 1 10 0  -
• • 0 ~~ ~~~~~~ 

direction
• 

- • S I  i l l s.  - 

04 . 1 0 2 0  oont~’o1 word
- 

3 !  1 0 3 0  
; I S  1 5 1 ?

• - • - • - ; • - • • •~~~~~
•-- • 

•,

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-I
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13 1 0 9 0  7 i i  1 1 20
• • - II 1 0 1 $  01 1 0 1 $• 4 25 1 0 0 0 ’ I $ 7  1 O S D

1~~ 10 14 04 0 0 0 0- 
5 2 4  1 0 0 1 -  5 0 2  1 0 1 0

18 1 0 1 7  5 7  l o s D
S 2 4  1 0 9 2  • A 04 0 0 0 0

• 
- : ~ * i o~~~i • - 02 t o l D

• 
- I 

• 
1-8 1 0 7 *  B 57 1 O I C

- • 15 10 12  • • 31 1 1 * 0
• S 24 1-0 7* - 

• 

- 
C 0 1  1 0 1 5-

- 
• 

- 
• O S  101 1 

• • 5 ?  1 0 2 0

~~~9 13  1 0 1 0  - 3 04 0 0 0 0
• • 0 4  2 0 1 8  0 2  1 0 1 0

• - 
- -  A • 0 1  1 0 2  8 2 * ~ 1 0 3  D

• 
- • - 11 10 1 8  • -

- 
- 

0 4  0 0 0 0  
•

• B 14  l O I S  P $ 6  1 0 2 0  
- - 

•
- - 

• 
- 0 *  1 0 1 0  2 1  1 0 7 8

• C 5 7  1 0 20  
1 5 00  *0  t o A r

- • • 

• 
0 4  0 0 04  • 

o •  i o s . a-
• 

-
• 3 

• 
0 1  t o l D  • 

1 • II 1 0 1 5
• 

-
• •

• 
3 7  1 0 3 C  • - 0 4  b I B

• 
$ 1 1110 

- 
* 0 1  1 0 2 8

• 
• • 0 2  1 0 1 5  

IS  l o l l
• • 
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Ga ksl_xP~ luminous Haterials of Open—
Pipe Zinc Di ~‘f’usion and Plane—Type

Lei Chien—chung lo Chu.-shenr’
Sun Hsiao-.hung Chia s~eh—ch~rt
Students of Specialized Semiconductor
Class, Department of Physics
Sun Yat—aen University

Solid and luminous articles of various colors and shapes made

of wide forbidden band semiconductor and f]a~~reacent materials are

now bein~ widely used to make indicating pieces in electronic Ir(lustr’r.

The material has such characteristIcs as lon - ft~rability , high

reliability, low cost , snail size, and ,above afl, it Is easy to be

processed into various indicating articles. A~~~ resent time, the red

electroluminescent material GaAsi_~P~ is one a” the kind which is

used most wide lv.

GaAsl...xP~ construction is a ~r,r%r5rd in i ection luminous material

of p—n connOotion . This material is usually produced b~ usinr ’ closed—

pipe diffusion method with ZnAsp + P as d1~fusinr ’ media, in this way ,

however, the techniques required are complicated, reprod~~ib~lity is

low, poisonous and costly. Zspeoiall~ the vapour pressure o” t~ie

di~’fua ion source is high , so it often results in high degree of

concentration on the surface. Aa a consequence , its luminous efficiency

is low and its defects become more. in order to improve the quality

of the material and overco me the ,~efec-ta: of the closed—pipe method,

In recent years, the open—pipe diffusion method using zinc as d~reot

diffuaion source has deteloped.
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F~r t~e purpose of lowering the drIve current of luminous

material 
~~-~~l—?x -and pronotinr ’ its luminous e ic~enc~’- , we in our

Nct-’rr undertake an ex eriinent of open—nipe zinc dirfusion , an~ ~‘- ‘-e

also tr ied to mahe production of limited qu~antit~ . Thc resu lts øhow

that in inprovi’mr~ the characterist~ cs of th~ a luminous mate:~ial, it

-
. s not only better th—t~ the closed—pipe method , a .d  also fhn technicues

required are simple , cost is low, and above all it is ~‘ood i’or

prociuction .

Ii, Design

~ (i) GZLAS1_xPx material is of a struc ’-ur e of hybrid crrstal of

GaAs -~ d GaP. The width o~’ Corbidden ba -id -‘ id the pattern of rndi-’t-~ve

transition of GaAs end GaP are not the same, +he~’e~~re , ~~e width o’

forbidden bend —r~c’ the patern of ratiat~ve transition of ~‘-aAsL.~ P~ ‘Vary

following the hybrid cr--stal ratio X. ~‘i’ure 1 illustrates the

t relat onship between the cr’-stal constituents and the energy band

structure of G5Asi.~ Px

The ohanr’e of t’ e width of forbidden band suggests t~e di? ~‘erenee

in energy o’~ radiative quantium. I3ecause of this, the lumino’is colors

-is c~~ be seen are difeerent. The other reason Is~of course) that

the light sensitivity of human eyes is d fferent to vax~ ous ler --th of

light waves. Aa far as the pattern of radiative transition is concerned,

the quantium efficiency of direct transition is always much lar r~er

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

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

efficiency of radiative quant~um rm~ human li~ht aencitivity when

‘- arIou~ length of ii- ht waves co~ies into e’ es. ~ cperirient preves

tha t t :e  ext m d  auantum , efficiency of GaAa1_xP~ na~ eria1,follow1n-’

the  ei-~enradiative w’v~e of GaAs and GaP , will increase as the radiative

len’~th i~cneas ed, but the li~ht sensitivity of human eyes will reduce

~o th at  radiative wave len~’th increased. So the reaction of human

eves to the brightness of luminou~ articles at a certain li~’ht w~ -e

1en-~’th must have its beat value. As indi cated In ~‘i~’ire 2 and ~‘irure 3,

t o  bes~t value is at 6600A , which corresponds to forbidden band width

o~ GaAsi_xP~, E~ = l,~ P,ev, the hybrid cr~rsta1 ratio X~~. 0.4. We,

t h :  o~’ore chose to U86 GaAs0 5
P0 ~ material .

~~~ ~~~~~~~~~~~~~~~~~~~~ 
- . °~ I 

• . 
1 ~~~ - 

wave length ( A )  ‘ •
— 

- 
Figure 1 GaAsi..~ P~ crystal Figure 2 Relationship of (a)

constituents and energy external quantium
band structure . efficiency, (b) light

senaiti~~~ty, ~M (c)
- - •

~~~
• 

~~~~~~~ 
-

~~ ~~~~~~~~~~ 
- . - antipodal light and

: ~~

‘ 

~~~
. 

____________ 

wave length of GaAS~i~~Px

- Figure 3 Relationship of’ forbidden band width
1 and ~~br1d ~~~sta1 ~~~~io X of ~~~~~~~~
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(2) As P—type region ~~ GaAs0 6~0 4 p—n connect~on ~s the main

luminescence reaion, we select n—type GaAso.6P0 4 as base material
and the ~.diation acceptor impurity (Zn ) forms a p—n connection. Such

a structure enabl°s the li~’ht unn~~~ of p—n connection to radiate

only throu-’h a thin P—type film. It t -’ua reduces the absorption loss

and Increase luminous exit-ince eP~’iciency.

To such iniection luminous articles we must pay attention t~
the structure of p—n connection . Its in ~ecti.on e”Iciency is 

4’ormulated

as follows:

— - ,,• t_____ . . 

•
-
• 

- 
• 

- (1)

- ~~. • . .

Thè - e1e~trons injected Into P region recombines with the oavit~es

there ,snd the high injection efficiency of luminous emission quanb~m -

can reduce the luminescence current and increase luminescence efficIency .

I,t is therefore hoped that th e concentration of base material donor ND
can be larger . But the injected electrons often pass through P—type

region and recombine with the energy level of’ acoept~~ and demands

the concentration of acceptor NA and ND to have considerable numerical

value. In p—n connection formed by radiat ion method , the concentration

of radiation acceptor impurity NA must be gt P—typb region greater

than the concentration of’ base material donor impurity N0. !br having

a possible lar~e injection efficiency, it is hoped that NA~~ ND .

As for AL, andAI~, in GaAs material, it is uauAuyA4., )A~,, but after
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> lO1’Qn~’3, t~ is rapidi.r reduced following t~e increase of N D .
When N~ > ior’Qr 3, p—n connection breakinn- down the current pressure

also rapidly becomes low, So the selection of n—type GaAso.6P0~~ ,

ND = lOr’cr_3 as base material is good to minimize the defeet~- brou~ht

in by impuritiea , to promote luminescence efficiency and to lower

luminescence current. It also ~nables p—n connection to break down

the current pressure V8 > 15V.

(3) The light emitted from t~ e re ’ion of p—n connection must

pass through the thin film at. P—type rec~Ion ~n order to ~o out . But

because of the ground state absorption of the semiconductor at P—type
*region, the luminous exitance is lowered. So the 

~UflCitiOi2 dèpth~ there

can not be too deep and it can not be too shallow either.If it is too

shallow, the carriers inj ected in, be ~‘ere having completely recombined

with the cavities, will enter into the ohmic electrode, and the effect

of nonradlation recombination on the surface is strengthened. As a

result, the luminescence e~’ficiency becomes low.

Notice the reobthbination of the earn].]. number of carrIers and the

li~rht absorption phenomenon, for having the ler--est luminous intensity,

there must be a very good ie~~.eh.g~(j~~ction depth) .

~~~~~~~~~~~~~ la(.4)

The Qiinese word chieb-shen, which ~.itera1~y means “knot deep”, is
tentativel~y translated as ~~~~~~~~ dd~t~~

’. Md hereattir a bilingual
- oombination of ohish-shen ( 3tmetjoii depth)) is used in this work —

the translator.
20



Here ~~~~~ — chieh—shen (depression knot) when total luminous

intensity is the largest.

a — GaAaj _XP~ li”~ht absorption coefficient.

L — the diffusion 1enr~th of electrons at P_t rpe re~ion,

Taking a model value of each asnect, a — ~OOCm— 1, L = lu,

then Xj~~~~~~2.5u . We therefore select Xj~~c = 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 dec~elerat ion electr 4 c field of

t’~e injected electrons takes shape . Thus the electons tend to be limited

to the electric char~e recombination beside P—type re—ion of p-n

connection, and the effect of P—type film absorption on luminous exit.znce

becomes -~rea-~-er . So in order to lessen the ladder—type distribution

of P—type re~~on donor’s coricentratIon,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 abeorpt~on loss. It is three rore hoped that the donor’s

surface concentration is ~~~~ lO]-~cnr 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 recomb’ nation must be limited to the least. For achieving

thi s, attention should be paid to the eff~.àt. o~~the~qualIty of .base

materials and technique. ~~plied,
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There is a close relat ionship between luminous exit.n~e of the

luminescence diode and the w~~ of m.anufocturinm it and its a’ino-~--’ -- oe.

II , ~~‘~e~ i— ’~nt

There are two types of luntho’ ~s artIcles , the terr ’ce— P-’ced and

the ninne, So far as the erfect~ “e area of l rilneneen- ’e and the

electric capability of th e art~ci es ‘re concerned , the niane type is

better than the terrace—raced one. T fl ~~~ ex~erineat , we use zinc

di~fusion and plane techniques.

(1) Selection and maxnifactiirin~ o~’ film materials used to co~er

di~’fusion, Based on our exrer r,ent conditons. we use Si~N1 as film

material t- cover di”fus~on, and use hlr ’h heatin~ reaction of +

SiH4 + H2 group to prenare Si3N4.

(2) Selection and manufacturi ng o~ surface protection film

materials. Under hir ’h temperature, the surface of GaAsP material has

serious corrosion by zinc vapour , in order to lead zinc atomic di’fusion

entering into the crystal 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 v~~or1.shtion- protection cry~tàl

under hi~h temperature, P As atom will volat1lize from GaAaP crystal

and change their proportion. This is why we use surfacr protection

film.

To use 3i02 as surface protection film ha~ two—fold advanta~ea, - 4the - 

40n~one hand , it does not block zinc atom from enterirt’ into the crystal

22



to d~ff use , -an d on the other hnrtd,it can prevent corrosion o4’ the

surface a-~ri he cha~ r-e  of ratio between phosphorus and arsenic. We
use ethyl silicate low temperature sedimentation method to prepare

SiC2 pro ectlon film.

t (3)  Selection of Lfo~~ation ~as. ~~omer-t zinc is v~~ r active,and
under hi —h temperature, it is easy to be oxidized. Ga~sP under high

temperature is also easy to be oxidized. So the selec~Yo n of’ ~or’aation

j g~s for open—pipe di”usion and the tech niciues deserve careful and

detailed consideration.

For the urpose of pr-~tec~inr zinc source and GaAs? crustal niate

from oxicIatibh . under hi~’h temp-’rature , we use hi~hl’r pure N9 and

H2 as formation as, To add ~~~, because of its reducibilIt~r , will

achieve a better protection from o~ .dation After outtinr- ~t ir~to

model pieces, let the excess ox~”~on be thoroughly expelled, and then

place the model piece under hi~ h temperature to diffuse .

(4) Procedures of ~onl~.? nr. Techniques. Fi- nire 4 illustrntee

the procedures:
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4 —

,
~•, -

- 
~~~~~‘____ I~~~~~ _— $ •3 U4

• 
- r ~~~~~~~~~

- ~__ ..S13w4 -

-

- - ~% . ~~~A$ 
• 

•

1’~::2”1’
At

. :  

~~~ ~~~
(a) base material (b) nrowin” o~ Si3N4 (c) r !rst t1 -e let li~ht In
(4) r~~O~ j~~ o~’ SiOn (e) zinc dl- ~‘usion (f) secon~ time let lF’ht~n
(g) vapo,~irization electrr~de (h)no li-ht in 

- 4-
Firure 4 I-lain technical procedures of raai~in~’ the

open—p iDe experiment .

(5) CondItions of Si3N4 Growth, Si02 Growth - and Zn Diffusion

~ cperiment

~~~~ (1)Si3Nb Film Growth

~-le use SiH~ + ~T2~~ + H’ group hir?h heatinr~ reaction method.

Fiaure 5 illustrates the principles of setting up S13N4 mrowth

exneriment.

The ch~~ical . equation is as follows:

3SLH,+ sK it — S1N.4 +I NH,t +IHsI The reaction temperature

in about 750°C — ~0O°~. If the temperature ie too high, it will

result in film crack Through controling of the quantity of



flow, ho speed of rowth of Si~1,, N~~!4 a d  ~~ is ~~na~ed at

a rai o of’ about 250 A/mm . 1~c erirent proves that the e are about

25~)0A Si3~ , ~‘i in In t1~e form of sediment on GaAs~~~P,, cr~ stal

plate, and their effect of coverin~ Zn diffusion is very ood.

V

sample .

~~~~~~~~~~~~~~~~ 
~~ : ~~~3te ~io~~

Fi--u:’o 5 Diar~ran of lnste1.]~ tion ‘for ~cpeth~eitt of
SI3N4 r’rowth

~~ ‘3102 Protection Film Growth

~-Te u6e ethyl silicate vacuum hot decomnosition method to

depos~tt ~IO~ ~‘ilri as indicated in Fimu.re 6. The cher.ical

equation is as follows:

S1(OC 1 H,).~~~~SlO.~ +H. t +CO t .CH .t .—“•

- A -
.

j To adju st the degree of vacuwn appropI~’iáte]S~ at temperature

680°C and source temperature 23°C, the speed of deposit~ion is

about hOA/tnin. Select those protection films , of which the

• thicknes8 
~~~~~~~ • .— i :~~-~ 

-
.~~~

I 
‘~~ shaz4ea1 ptatp ~~tfl-~

ft Figure 6 Instalat ion of hot decomposition to
____ 

deposite 9i02
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(3)  Diffusion

~-Je ar~ont open—pipe diCf’us 4 on method of double temperature

zone ~nd. control t e  source temperature Tz and flake te’Te~’at. ‘re

Tw res~eet ively. Place zinc at the source te’—reratire zone,

and Ga AsP cr~stal flake at the f’lake temr’errt ture zone, and use

hir’hl~- pure N2 + H2 to brinr ’ the source vanour to the 4’lahe

temperature zone to start and carry on di4 ’fusion. ~‘he dia~ram

of inat-tiation is shown in Fi~ure 7.

The diffusion source is 99.999% pure zinc , and its calor

becomes silver ‘rev after bein r~ rinsed in !TC1:HoO . The ~sou±’~e

q~ahtity Is determined by source temperature,qua~tity of

vapour and the len-’th of t ime used for di~”fusion. (under our

typical condition of’ exoeriment , the source quantity i~ about

• 2 ,-.3g.)

• 

• 
~~~~~~

. 
—±

~~~~~

-

-• - -
.

- .
~~~
. 

_
._ - -

~~~~~~~~
-

~~~~~~~~~~~~
.

• • 
•

• 
-~ • z

Figure 7 magra~n of the principle of
for open—pipe diffusion

After placing the source and flakes into quartz tube,

the important measure taken in to expel the excess o~ç~rgen. This

will guarantee that the source will not be oxidized and that

the diffusion will be n XL’mal. We first place the source and the

flakes accord i ng to the opposite posit ~on of temperature zone,
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and then are all “t the low tei’rnerature outsIde the te rnat’~”e

zone. ~‘irst let the ‘- I ’ ii’ pure h’ f low in ~‘or 15 minutes, t o n

~~ + !1-, mixture for 15 minutes, finally rave the quart z tube and

lot both source and flakes enter into diffusion temperature zone

to di”fuse. 15 minutes before the endinr’ of di~’fu~~on , close !h

and ~ne N2 to t,ush the r~~.nant Ha out.

rvp~ c-al di”fusion conditions:

Temnerature : ~1’~ e temperature N = ‘~O 5°C; saurce temperature

Tzh= “0°C.

Time: “5 ’ (inciudin-’ ái’teD mo~!nrr the’ quartz tube in 10’ to

raise temperature to the degree o~ normal di~’fnsion, and the

t ime used for expelliug the remnant H2)

Gas flow quantity: N2 ~ 230ml/min, H2 ~ 150m1/nin. ~4hen it is

used to exmel remnant ~‘2~ N2 ~~ 550ml/min.

Diffusion result : X 2 . 5. R,~~5O—’6O9/ u • If the di4’fusion result

in required to change, it must beGIn with changIng temperature

and the len~th of time of diffusion and to conduct further

exueriment.

III. Result end Discussion

(l) The effect of 3102 protection film on diffusion parameter.

3102 protection film of different thickness diffuse under oonditions

that Tv = 805°C, T~~~ ‘~‘7~~C, and diffusion time = 120 ’, the result

will hi that as m d 4  osted in Table 1.
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Table I Relat~onshp o” 3102 Thiekneas,chieh—s ;ien ( junction depth-)
and Film E1ectf~ic Resistance

time of Si0-~ thickness chieh—sheh surface
‘-3eposit~pn f l m  aolor (~) (a,) R. (9I’ ) c-~ndItion
__________ dark blue 1250 3 ‘72 rood

_ 30’ fi~ it blue 1500 3 ________ 
r~ood

i~0’ 1, ~e11ow 2000 
— 3 65- ~ood

yell.v
50’ to red 2500 - 3 60 Good
0’ no 0 5 14 corroded

4-

~rom -
~~ o~ie Table , it can be seen that Sb 7 thickness has no e~’°ect

on chieh—shen (~ unctiotrdopth ). But the tendenc’r of R nume-ic’il value

su~~’ests that 3i07 thickness has effect on reducinr surface concen-

tration of d14’fusion. ObvIously, R of open—p ipe metk od Is Greater

than that of closed—pipe method . This means that the surface concentrat ion

of open—pipe di4”tzsion is lower than that of closed—mipe di~’?usion.

Again from Table II, we can see that the increase of SiOa thickness

can improve luminescence quality. This is probably related to the

fact that because of the increase of 3102 thickness, the concer~tratIon

of diffusion surface donor is decreased and this leads to lessen the

~~ ecb at P—type regIon and the ladder-type reduction of the concen-

tration of acceptor impurity. However, 3i02 fibs can not be too Lhick,

if 3102 f1b~i can not match the quality of thermal expansion of the

• 

- base material, crack a will ocour~ and consequently it will have no

function of surface protection. When the thickness of 3102 18 ~aallar

than ‘700A, it can not protect the surface either . So we select 3102

film with thickness of 2000A - 3000A as protection film.
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Tahie II Re1ati’-~nship he tween Thicknes-’ of Si0~
~‘ilm and ~~~rthtn~ ~~

~ 
SiOa thickness (Jt~ c ~eh— ~hen j

~ 
an tipodal bri”htness J

L 1000 3.” 16[ 1250 3. ’ 19
L 2000 

- 3~7 24
L~ 3 )O-’) 3 ”  — _. 33 _

(2) Re1at~on ship between luminescence charac’eristics and chieh—

shen (jnuct ~on depth). FiGure 0 illustrates the relationship ~‘etween

luminescence characteristics o~ l’’nine scence diode and chi& — &~en

(lunction depth) . ~~om the curve line in the Fir~ure , it can be seen

V- at at a certain numerical value of chieh—shen ( hrnct~on depth) , there

1ie~ the ~reatest bri~htness. If &-ieh—shen (.~unct -Ion depth ) is too

shallow, the luminous eff Ic ’ ency will beco”e low because de” ~‘ects at

P—t”pe re--ion increase and the elements of’ non—radiation recorsbination

- become more, end also a part of _ _-r-_

~~ 

—

~~~~~~~~~~~~ - - wibalance ’earriera enter Into

~: : = : ~ - electrode before they have chance

- 
~~~ — — — to be recombined. However, if

~~~~~ ~~~~~~~~~~ - 
chieh-.shen (~unct~on depth) in too

• ohi.h- .eh.n *1(j) - -

deep , the qunntlum of p—n connection
Fir ure R Relationship between

Brightness end ohieh- can radiate only after passing
shen (j unction depth )

~~~~~ through P—type film , and the

increase of li’-h t  absorption at P—type reGion lowers the efficiency of the

external quantiun. Prom what the curve m d ’  estee in the !‘ir’ure, chieh—

shen (junction depth ) I should be 2.5 3. Sa..

_ _ _ _  
With same ohi.h—shen (~~~~ot~on depth), but the diffusion source
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ter.r~-’rttur e Tz ‘~n~ the ~‘l-’h~ temperature Tv chruv’ed ~~~ the ~npurit~.r

dia tr ’ bution o! ~hv~ connection also chanrred , this will a4’fect

luminescence quaii~~’ as well. So te~-’~erature is also an important factor .

(3) Peak wave len ’th and half width of wave len-’th. Fi—ure 9

shows t -e c’irve of spectrum characteristics under t~-e typical condition

of experiment.

P~oin a survey, it become known that

the peck wave len- th of the radiation 1- - —
~~ 

r_F~$-~ ~~ -

spectrum of Gft ASO 61~o 39 luminous ~~~~~~~~ ~j -

diode is 652O~. F~om the relation 

~~ ::~ : ~ ~~~~~~1I ~~ :curve of the constituents rat io I of 
“ -i -  - - -1

~~ 

- -
GaAai_xPx material and the width of 

- ~ ‘

~~~~ :
forbidden band , it is found out that FiGure 9 Distribution curve

of spectrum of
when X = 0.39, t~’e width of forbidd en luminescence diode

in a plane—type open—
band is 1.9eV and the peak wave length pipe di~~’usj on

of radiatIon is about 6520~. This proves that the ratio of phospho~ue~~ id

arsenic remain unchanged.

The half width of luminescence spectrum is about 2gOA , and it is

basica lly ey~ netrical to extend toward the long wave and the short . wave.

~ ctension toward th. direction of short wave is the result of ind1rect

transition, and toward the direction of long wave reflects k fact that

varioua luminescenee energy levels exist in the forbidden bend. If the

hocioganeity of materials can be Improved and a stridt rule to prevent 
S

the introduction of external impurities oan be worked out In technique.,

FID-ID (RS) ”7.068h,.7?
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the ~~lf width of spectrum can be further reduced.

(4) The covering effect of diffusion. ~bcperiment suggests

that if the temperature of 513N4 growth is too hi~h and the speed of
growth is too hi —h , cracks of Si3~~ will occur (caused by fn -’h4 1~ty to

match the ‘.quality of thermal expansion). Then there will be no aetion

of covering diffusion. However, when the thickness o~’ S13N4 is less

t than 1500~ ,even ‘he quality of growth Is Good, there will be no way to

avoid that zinc atoms by breaking down the ooverin film -enter into
‘ha crystal and fort a shaUow p—n connection on the flake as indicated

in Figure 10. This shallow junction can be exposed by exposIng liquid,
but it can not become luminescent even it is given a forward bias. So

fw as the luminescence efficiency Is concerned , it seems to have some

covering function because the dr4ive current increased. When the thick-

ness of 313N4 increased to 2000t — 3000,4, this shallow junction disapear s,

and the action of covering be ins. We usually use Si3N,~ fi lm of 25001,
and the covering effect is very good.

Figure 10 As Si3NL film Figure U Transverse
is too thin and diffus ion
can not have the
covering f~unctIon,
at the lover part . of
covering film
film is formed,
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‘n experiment , we 4’ound transverse di’Thsion phenomenon as

illustrated in Fi~ure U. The transverse dIf’~usion was produced by

the stress between Si3N~ filme and ~aAsj_x P;~ cr-stal. Die to the

existence of this stress, on the boundary pace t~ r’e Is a posItion

error. Zinc atoms followin’ these def ects r-’~~dl~ diff use a~d enlarge

t e size of th e junct ion, increase the 4ri re current and lower the

lur’.ineace ce e4’ficlen cy.

The existence of transverse dif°usion ~s t’~e inherent defect of

usin--- Si~~-~ as aoverinp material. It affects in a certain dec~ree the

electroluminescence quality of articles. Recenti ’r A1203 a’~’ phosphor—
‘.iei ~~ 

,4~5*IlI

si1icate,~~lass a~ cove:’inr~ material. The quality o~’ thermal expansion

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

diminish transverse diffusion and improve the quality of articles.

I
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