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SECTION I
PURPOSE

The overall obj ective of the I~rogra m is to implem ent e-heuni wri t ing technology for the
fabri cation of microcircuits. The techn ical and economic impact of electron beam direct slice
printing will he demonstrated on 256-hit bipolar RAMs. The elimination of mask masters , masks.
and the masking process will e l imin ate  the most significant source of yield loss. This will permit
greater circuit design complexit y and f lexibi l i ty  which will lead to lower device costs wi th  increased
reliab il i ty.  The compktc imp lementat ion program is divided into thr ee tasks. Task A , Yield
improvement rhrotigh I) ir cct E—B eam Writ ing ,  is directed toward developing the man u factur in g

technology re~iUi r ed for c-beam wr it ing wi th  ex i s t ing cquipim ’nt and existing resist processes and
demonstrating the yield benefi ts of ’ this t echnique. Task B. (‘ost Reduction for F-beam Writ ing
Through High Speed Resist I inpkm entat ion . is directed toward implementing identif ie d high speed
e—heam resists in order to s igni f i cant ly  decrease cycle time and th u s  reduce the IC bar cost. Task C.
(‘ost Reduction for F—B ea m Writing Through Automat ic  Beam l) iameter Control and Automat ic
Handling ,  is directed toward ut i l i i . in g E BM II  l ’s capability of computer—c ontro lkd beam s u e  (large

and small ) on high density circuit  ~~O. I mil )  geometries. This program also included

implementat ion of ’ an automat ed handling system for slices to reduce cycle t ime and thu s further

reduce bar cost.
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SECTION 11
NARRATiVE AND DATA

A. SCHOT1’KY BIPOLAR RAM PROCESSING

I . Introduction

There are many possible bipolar processes that  could be used in conjunction with c-beam
pattern definition to build memory devices. Among those are dielectric isolation , isoplanar . etc.
While all of these processes have merit , the process chosen for this program will be the junction
isolation double-level metal Schottky process which is used by Texas In struments in buildin g the
54S/74S series of RAMs.

2. Process Description

The process to be used is outlined in Table I and Figure 1. Some procedures such as clean-ups
and etches are omitted from the table but of course are used and are typical of good production
practice.

Table I . Schottky Bipolar RAM Process

1) Substrat a 14) Base drive
2) Initial Oxidation 15) Emitter oxide removal
3) 01W oxide removal 16) Emitter deposition and drive

4) DUF depo sition 17) Contact oxide removal
5) DtJ F drive 18) Platinum deposition

6) St ri p oxid e 19) Al loy platinum
7) Epit axi r ! layer 20) Ti.W , Aluminum deposition

8) Second oxidation 21) Metal removal (Leads I)

9) Isolat ion oxide removal 22) Dielectric deposition

10) Isolation deposition 23) Vias

11) Isolation drive 24) Aluminum deposition

12) Base Oxide removal 251 Metal removal (Leads II)
13) Base depo~fti on 26) Sinter metal
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3. Resist and Etch Selection

l : \ L ~L~I1t for nwt a l l l / a t ion . the p at t e rn ing  ~leps shown abot e inv ok e  etching between 2000 ..\

and 10 ,000 \ of SiO -~. Because p lasma etch I .It c s of SiO~ ar e low and resist l i fet imes are limit ed in

the plasma environment , we mt end to etch 5i0 2 using common buffer ed l i t  solutions. Our

requ iremen t s for e ’ectron resists are thu s  domina t ed 1w two factors : I high speed 2. ~ p C Clii ‘1
and 2) good adhesion to SiO~ for wet ch emica l ~‘teli ing . .\inong the resist s thai  Wi have int es t i gated

whose scn sit i~ it i cs  are greate r t h an  2 .~ p( ’ C111 , we hat e demonstrated good to.ide pa t t ern ing

ca p abiIit ~ wi th  po lybu t t ’ne sull one (PBS) resist. Fur ther , PBS . being ,I posi t I t  e resist , leads to

adt ant age s in m in in h i / i ng  area scanned and increa sing through ~iti t  for  most of th e  pal ter n levels .

M ct a lli ,~ t ion for the  2~ o-bit R A M  will  be two levels of melal separated 1w .i diele ctri c , the

f I r s t  level will  be l i - W  A l and the  second let ci w i l l  be pure Al.

PBS cannot be used a~ a plasma et ch m ask an d there are no other  high-speed positive resists

,ivai l.ihk ’ . Wi’ wil l  there fore use the  negalit e re sist I I  30t) . which has a sen si t ivi t ~ of 2 .~~ ~C- cut .

Some expe r im en ta l  result s have been complete d which show t h at  Al i,lfl be plasma etched using

I I  30~
) .IS .1 mask , however , we wil l  h o t  at t emp t  to etch the  f irs t let ci 0t m eta l l i i a t  ion USifig .1

plas m a. Plasma e tching  git c~ t er~ steep steps ill the  etched imi a t eria l  and would mak e second let-el

metal cot ~‘rage ilupossible . A n ~ at t empt s  at plasm a e tching  . i lum inu iu w I l l  be re str i cted to th e

second let el of m e t a l l i , at  ion. If  d i t t ’icul t v  ari ses in I r~ ing to ~lasn ia etch the second let ci of ’

ine ta l l i i a t  ian . t hi’ tt et chemical etcha n t s , which wi l l  be used on th e  first m e t a l l i i a t ion  level , can be

subst i tu ted .

Resist processifig w i l l  be done OIl cOIl )p le tc iy  a t l to lna t e d . cassette loaded spin coater s and

developers . f i i m s  wIll provIde niasimum 1l,roughplml an d r epro du c ibiI i t~ while  i u i n h m n h / i n g  slice

handl ing. t hese m ac l i m es are in sta l led Iii a hor i ioii t ~il la m in ar  flow clean room tO I l t i l t i i t t i / L ’ - :

p art iculat e co n ta mmna t i o l i .  Wet che iii ica l processing wil l  be performed in ‘. ert ical laminar  flow clean

hoods mfl Ntai I t ’(l iii th i s  same room.

the fe a s ib i l i t y  of 1K baking for electron res ist processing will b~’ demonstrated.  (‘assette loaded

ot i’ its wit  It bell dr ive t It rough t It lee tern pe rat tire iones a nil ii It rogi’ n a ir curt a mmis will  be used. The

wafe rs will load indiv idual ly  onto the belt and lace the (K emi t te rs  d i rec t l y .

S
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B. SCHOTI’KY BIPOLAR RAM DESICN

I. Inputs

The circuit schematic for all of the inputs  is shown in Figure 2. This circuitry was designed to

give t er~ low high— and low—le t el input  currents and ~ery high performan ce . I’Iw low in pu t curren t s

allow higher fan~~ut capab ility in an entire m emory s~ stem. The use of Sehott ky diodes and 
•

transistors in the input s  increases the performance ot er non — Schot tk y  devices . The inputs  also h ave

clamp diodes to protect t h e  c i r cu i t ry  if the ~n put  voltage should go negatIve.

2. Output

The circu it schematic for the ou tpu t  is shown im i Figure 3. the open-collector output  permi ts

connection of one , or for larger word capacit ie s . a numb er  of ’ outputs  to a common bus through a

single pul l—up terminat ion.

VCC

INPUT 0

_ _  -

Figure 2 . Input Circuitry

6
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OUTPUT

/ 1

Figure 3. Output  Circuitry

3. Memory Cell

The circuit  schemati c h ’or t h e  memory cell is shotvn im t Figure 4. The cell is basically two
cross-coupled inverter s amt d two sense diodes. I n t ’or rnzi t iom t is Wr i t ten  into the cell or read from the
cell along the sens e lines , The cell is enab led or disabled usin g the word line. When the word line is
low , int ’ormati omt can he read from or wr i t t en  in to  the cell . When the word lin e is iii a hig h state the
cell is disabled and no in torm u at i on  can be read or wr i t t en .

4. System Design

The IC is a single monoli thic integrated c ircuit containing a 25~ —w or d by I— h it  full y stati c
random access nomh-des tructive readout memory. The memory if ’ fully decoded requires only
8 address lines to select one of ’ 256 storage locations. An additional line , write enable , is provided to
enable the memory to modify the stored data Separate I)ata I m tp u t  and Data Output  lines are
Provided for nhi n i mum intera ction between input  and ot mt pu t  functions , Three chip enable lines are
provided to si m hh p l i t ’y the decoding required to achieve the desired system.

7
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P!1 I I

WORD

SENSE SENSE

Figure 4. Memory Cell

The basic logic diagr am it is shown in Figure c he memory m a t r i x  is orgmm n uii ’d in an array ot’

I 6 rows and I 6 coluluns , The address inpu t s  A. B. (‘ and II  go to a 4—to —I (i line decoder and

determine (he memory columun selected. ‘th e address inputs  U. F. F and ( go to a 4—to— i 6 h it1’
decoder and det ermine (he m e m ory row selected. l’he logical opt’ra l iona l mod e ( t r u t h  table) is

shown in Table II .

5. Terminal Con nections

The terminal connections for the 156—bit RAM are sliowit in Figure 6.

$

- ~- - ~~~~~~~~~~~~ - 
~~~~~~~~ 

‘.“‘ .‘ -

— -- -——.—-~‘~~~ -. ~~~~~~~~~~~~~~~~~~~~~ .—_— -



-- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ 
- -  

_ _ _  

_ _ _ _

_ _  ‘5
-N-f )

-N-

-N---

I 
A~~~~~~~~ 

~~ Tt~~T

~~~ 

._  
~~~

-N-- i

_ 
_ _ _ _

-N

-

I 1 I 1 l I I l I 1 1 l I I I 1
1 ’ l  I

1_ l i

I H 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

• f l(L~J

r~~~~~~~~~+ 

h
9

_ _ _ _ _ _ _ _  _ _ _ _ _  -A



—~~~~~~.---- - —-~~~~~~~~~- ---- - - - —

- — ~~~‘ —— - .---- ‘—-

I

l’uhle II. L oitii’aI Ohlt ’rml t iona s l~ttit It’

Funotiun Chip Inahi.t Reed/Wed. Ouipui

I I
IS Itil C CtIIII~IiBIIieIIl tlI I t 4 tj i

I I ~.IteI%Ni

I I

I i  - he ille I.,~ .t I I ~~~ Iv~ Ci S — irirt el isI

t I .u t’hi~ -elIdisIe t — .11 ci II4sIIIS l,sw Ii — sleW *SI 55th C 1- IlIptIts I litill

ADDIUSS AUDHI SS
INPUTS INPUTS

DAT A RFAD/ ____ A_____

C H INPUT W RUE F

~ —~4~ L
Li © ~~~~~~~~~~~~~~~~

i

J

~TJ1ThJ1.~lflJ .3,LlJ1 D 1~J
At)DHESS CHIP ENAULI

INPUTS INPUT

h ’l guix’ 6. l enn inmil ( onnet ’t itiil ~

I 0

___ —



-~ - C. ELEL 1’RICAL TESTING

t~lectr icai testing for the 256—hit RAM will be accomplished using ex isting automatic  test

systems at Texas In str um u ent s .  ‘I ’Ite basic equipment proposed for the test is the h igh Speed

Measurement (HSM) System and the Numerical  Fxercis er for Me m ories (N F M ) .

The 1-ISM will  he used to test the memories while they are in slice form. It  will perform all the

dc tests such as l(’(’. VOL. l oll, etc. and will also do l’um hc t i on al  testi lhg on (lie memory cells and

peripheral circuitry.

The NF M will be used to test the memories af ’t cr they have been packaged. Pr ogrammu ing of

the N~~M is accomplished wi th  a RAM memory supp lyim h g instructions for support as well as test

ins fruction s to imp lement exercise algorithm s. Sonic ot (lie algorithms presentl y in the sof ’tw ar e

library are as I’ollows:

I )  ( a )  Write a iero i ii each device location ( I , 2 , 3 . . . N )

(b ) Read and t e r i f y  a / Cfl) in each loca ti omi ( I ,  2 , 3 . . . N )

(c) Write a one in cacti dev~ce (oca t iom i ( I  2 , 3 . . . N )

(d) Read and ve r if ~ a one in each loc ation (1 . 2 , 3 - . . N )

2) (a) Read a one in firs t cell , wri te  back a iero , and read a tero. Repeat i~roecss for

all c e l l s ( l , 2 , 3 . . .  N )

( lh) Rea ’.l a iero in the fi rst cell , wr i te  back .i one: am t d read a one. Repeat process

for all c e l l s ( l . 2 . 3 . . .  N )

(c) Repeal (a) b ackwards last cell first .  (N.  N-h  • N — 2 . . .  I )

(d) Repeat (b )  backwards last cell f ’irst. (N ,  N- I , N- I . . .  I )

3) Access (~ 1-0: t his algori thm start s  wi th  a memory t ’t i l l  of ’ ieros and a I in location 0.
Begin by reading a background oh ’ ‘‘0” , a re f ’erence location of “ I ”  and again reading
a backgroun d ot “0” . Repeating th is  process, t i tus , verifies the access t ime (address
to data ou tpu t )  “both ways” he tw eemh location 0 and all other locations ,

I throug h N:  then writes a one into locat ion I and verifies i f s  access t ime wi th

— respect to all re ma imt ing  ho eat iomt s 2 through N: t l iem t reiter ate s this process unt i l  a F
(it li’ is wr i t t en  in to the f ’inal location N , whose accesss times wi th  respect to mill other
locations have already been verit ’ied. Notice ( limit  data out comp lements for both
direction s of ’ re ad access. 

~~~~~~~~~~~ 
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4) Access I —U— I :  This test init i ah i i es the device to all ones , then tests in divid u al access

times by using t imi ’ same genera l procedure s as iii test 3 above t’xccpl th a t all data
iero/one re fe rences are reversed . This t ime the data output  transit ions f ’or each read
cycle are h -U-I .

5) Random data pat te rn:  this test will generate a 10 bit MI- S pseudo random data
sequence tor wri t ing into and reading t r Jm the device um hd er test. ‘[lie sequence
repeats af ’ter 1023 muemory cycles. I’hiis pat tern will be disp layed by one hit prior to
each wri te  all , read all such tha t  af ter  ii loops , (lie r am i dont pat tern wil l  have been
rotated comup letely through memory.

6) Walking 1)isturb : This is the most thorou gh single test of all Ihri’sent algorithms. It Is
a combination of ’ the “walking ones and ieros”, access time verif y to and f’romu every

location and , address to wri te  enable set —up check to am id f rom every memory

address. With  the exception of ’ memory enable/exerci se , it will  do an e(Iual to or
better  than  ev a lua tio m i of any f~ii I t i re  mode exercised by all the preceding algorithms.

I lowever , it does have a l imi ta t ion ;  i’S ecu t iom~ t i mite.

The N FM syste mu is designed such that  generating new algorit l imi ts is almost l imited to one s

own imagination.

All of ’ the f ’inal funct iona l  dc and ai’ t esting wil l  (he pertormed on the N 1~M. The muework ’s wil l

he tested according to specit ’ication S(’S— S I 7 (2 / 1 2/7 6) and wil l  meet mill electrica l re t luiren ie mh t s of

t h at specifi cation.

I I
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SECTION Ill
RESU LTS

• A. SLICE PROCESSIN G

1. General Discussion

Table ill lists the process step, resist and etch process for each level in the fabrication process.
The actual specifics of each lithographic step, such as spin speeds, bake temperature s, etc., are listed

below.

Table I ll.  Process Step. Resist , and Etch Process for Fabricaliomi Level

Proc.ss Step Resist Etc h Process

Altgnm.n t Markers I and II PMMA Plasma
DUF PBS Buff.r ed HF

Isolation PBS Buffered HF

Base PBS Buffered HF
Emitter PBS Buffered HF
Contac t PBS Buffered HF
Leeds I TI resist No. 309 Metex Etch
Vias PBS Ethy lene GIycol /HF
Lesds II TI resist No. 309 Metex Etch

2. E-Beam Resists

11-309 is a high-speed negative c-beam resist developed in SREL at Texas Instruments and is
the material of choice for plasma etching of Si , Si 3N 4, poly Si , W , Ti , Mo , Ta and Al. It is also very
effective for masking alkaline aqueous etches for Al. T1-309 is a rubbery material and makes good
coatings from xylene solutions. Curves for thickness vs spin speed are shown in Figure 7 . The
unexpose d material is thermally sensitive to cross linking and must not be heated above 80° C.
Resolution and contrast of 11-309 are very good when compared with other negative c-beam resists.
Figure 8 shows a plot of line width vs dose for 11-309 where the exposure required for a nominally
200 pinch line is 2.6 pC/cm 2 .
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Figure 7. 11-309 Resist

3. E-Beam Lithogra phic Process

Ali gnment Markers I and II Steps

I . Bake — lR (~ 1 60°C

2. Coat W’ PMMA @~ 1.5K RPM

3. Bake lR ~ ’ 1 600 C

4. Expose

14
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Figure 8. Line Width vs Dose — 11-309 Resist

5. Develop — 65/35 4-methy l-2-pentanone/2-propanol

6. Bake - IR (~ 160° C

7. Plasma Dc-scum 0, (~‘ 1 00 watts

8. Plasma etch — CF4/02 (4%) @ 100 watts

9. Clean-up — Plasma , 10 mm 0, (° 300 watts

DUF and Isolation Steps

I . Coat 8% PMM A (~ 1.5K RPM

2. Bake IR (& 1 60°C

3. Coat W~ PMMA (” 1.5K RPM

4. Bake — IR C” 1 60°C

5. Etch Buffered HF unt i l  back side clea rs

15
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6. Rinse and Spin Rin se/ l ) ry

7. (‘ lean—up Asher , I S  nun 02 t” 300 w at t s

8. Steam slices 5 W in (~~ 700°(’

~~~, (‘oat 5’ PBS t ’  2K RPM

10. Bake I R t ’  1 20°(’

I I .  I~spose

I 2. t)evelop PBS Developer

13. Bake I R ( ”  1 20° C

14, Etch Buffered [IF

I 5. Rinse and Spin Rinse/Dry

16. Clean-up — 2-butanone Stri p, 2-propanol rinse , D.I. H20, Spin Rinse/Dry -

Base and Emit te r  Steps

I . Steam Slices S mm (“ 700° C

2. Coat 5’~ PBS ~ 2K RPM

3. Bake l R ”  1 20° C

4. Etch But ’t’ered [IF unt i l  back side clea rs

5. Rinse and Spin Rinse/ l)ry

6. Bake -- I R @ 120° C

7. Expose

8. Deve lop — PBS Developer

9. Bake - I R @ ~ 120° C

10. Etch --- Bufk red HF

1 1 .  Rinse and Spin Rinse/Dry

12. Clean-up — 2-butanone Stri p, 2-propanol Rinse, D.1. H~0, Spin Rinse/Dry

16
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Contact Steps

I. N2 hake slices - 15 miii (~‘ 900°C

2. (‘oat — phenyl trichloros ilane (‘~ 5K RPM

3. Bake IR~~’ 160°C

4. Coat 5~ PBS (a’ 2K RPM

5. Bake - (K @ 120°C

6. Expose P-Contacts and Schottky

7. Develop PBS Developer

8. Bake l R ( ’~ 120 °C

9. Etch But ’kred HF

t O. Rinse — D I .  H,0

I I ,  D r y — N 2 Box

12. Bake — lR~~ l20°C

13. Expose N-Contacts

14. Develop — PBS Developer

15. Bake IR& 120°C

16. Etch — Buft~ red HF

17. Rinse and Spin Rinse/Dry

18. Clean-up -- 2-Butanone Strip. 2-propanot rinse. D.1. H,0, Spin Rinse/Dry

Leads I Step

I. Bake IR~ 1t ~0”(’
— 

2. ( ‘oat 1130 ’) 3K RPM

3. Bake 50° (’ \ t i

4. l~X pOSC

5. Develop Xy le ne/2-propano(

6. Rake IR “ 1 60°C

‘7



7. Pl asm a t )e—sc um 2 19111 02 t ’ I Ut) watts

S. I ’ (cli Mete s I ’ tc l ~

9. Rin se and Spin Rin se/Dry

10. Bake IR I : I 20° ( ’

II. F Ic li I I~-dioge n Peroxide ~-‘

I 2. RInse and Sp iii Rin s e/Dr y

1 3. (‘ le an—up Pla sma , I t )  mm 02 t” 300 watts

Vias Step

I , N2 hake slices - 30 mm ~~ 450°C

2. Coat — pheny l trichlorosilane t~ 5K RPM

3. Bake — I R ~” 160°C

4. (‘oat 5’~- PBS “ 2K RPM

5. Bake — IR (a’ 120°C

6. Expose

7. Develop — PBS Developer

8. Bake IR ~ I 20°(’

9. Etch Ethy lene GlycotJHF

10. Rinse and Spin Rinse/Dry

I I .  Clean-up 2-but anone Stri p, 2-propanol Rinse, D.I . H-,0, Spin Rinse/Dry

Leads II Step

1. Bake lR (a 1 60°(’

2. Coat ‘I’1309 (a’ 3K RPM

3. Bake — 50°C’ Air

4. Expose

5. Develop Xy lene/2-pr opano l

18
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6. Bake — I K ~~
‘ 160° C

-, 
- PListua Lk—scuni — 2 miii 02 ~ I 00 wa tts

8. Etch Metex Etch

‘). Rinse and Spin Rinse : Pr~

t O . (‘lean-tip Plasnia. 10 mm 02 t.~’ 00 watts

4. Chips at Various Process Steps

}‘tgu re 7 shows a chip after the lead pattern has been etched in the fi rs t level metal (Le a ds I ) .
Figure 10 shows a chip after vias have been etched in the interlevt- l oxide to permit the second level
metal to m ake electrical contact with the firs t level metal. Figure I i  shows a chip after the lead
pattern has been etched in the second level metal ( le ads Il ’~. (‘ross sections of a typical device at
these process steps are depicted in Figure 1. (‘here Leads I . via s . and Leads -I l correspond to
Figures Q. 10 and I I  respectivel y.

The photographs shown in the .tbot e listed figures show the essential Iev~Is and t’ahr icattot i 
- 

-

steps of the two—level metal sy st etu this de~ ice employs.

There are basi cally t~vti problem areas associated with this process. They are in order ot’

importance :

I )  Step coverage of the second level metal over the oxide insulated tlrst level nieta l. see
F i g u r v l l .

2) Pinholes in the oxide insulator over the l’irs t level met al , sCt’ Figure 10.

The tirst problem ~‘ati he overcome by using an etching process on the fi rst level leads th a t
tapers or slopes their edges.

The second problem can be reduced through the usc’ of an R E plasma deposited oxide for the
insulating oxide between the two l~v~I~ of metal.

I . A M .  WiIann and P.H. lahate , “ A Two t evet Metal Syst em D~s~n~d I .‘i Lar~, Scale inte rated t’tr ,~uits ” . ttr s of the ThUd
(ntctnatlunal SympoMu m on Sitkon Matetialt Science intl Fet hnoiog ~. ‘~ - I ~ Ma~ I ‘a” . Phttsdeiph ia . Penntyivanta.
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Figure 11 .  Chip After Leads II

5 Adhesion Promoters

.‘ h.o.e experienced di ft ’icult ies at the contact and vi as steps due to inadeq u at i ’ resist adhesion
to the ‘~licc \u r ta ce .  At contact  O. K . the resist is spun on a phosphoru s “glass” oxide and at v i as the
rc’.t’~t i~ ~ptiti 011 .1 pListiia oxide . Both of these oxides etch i-er~ rapidl y and hav e a tenden cy to
undercut.

fwo ~ ila tie ad hesion pronioter~., phenv ltr iclilor osilane (PI’CS’i and h examet hy l—
disil a/ane ~l 1Ml)S), h ave been tri ed to incre ase the PBS adhesion to the previously mentioned
oxi des. The success ot’ these m et h x l s  has been mixed ; however . general ly PTCS has given b etter
adhesion th ; :ii HMDS. On all slices processed to date. PTCS has been used.

2 1
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The method in which these adhesion promoters are used is by spinning them on the slices prior

to applyi ng the c-beam resist. The actual process steps are :

I . N-, bake slices — 450°C-950°C in N,

2. Spin PTCS or HMDS @~ 5K RPM

3. Bake slices , IR 120 °C

4. Coat slices with PBS

This method produces the thinnest possible coating of the promoter which is still effective.

6. Status

The rem ai nder of Lot I and also Lot 3 is at Lead s 1 metal removal. Lot 5 is at second

oxidation. Lot 6 is at DUE diffusion.

B. ELECTRICAL TESTING

Part of Lot I has been through slice testing on the USM. The USM does continuit y, functional

and DC testing on the device in slice form. None of the devices appeared to be good because of an

apparent high VOL (low-level output voltage ). This was thought at the time of measurement to be

caused by the resistor in the base circuit of the output transistor limiting the base current and

perhaps that the output t ransistor had a low liFE , with a net effect of causing a low output current

and consequent high VOL.

However , the real problem was due to the contact resistance of the HSM test probe with the

output terminal of the device on the slice. This was subsequently proven when units which failed

this test at probe passed after they were packaged.

Parameter Limit Measured
Low-level output voltage (V OL ) 0,45 V max 0.65 V*
Input low current 

~
11L~ 

5 10 pA - 40 pA
Input high current (11111) 25 pA 0.4 pA
Input high current (111-12 ) I mA 3 pA
Output leakage current 

~
1CEX~ 

100 pA 0.8 pA
Input clamp diode voltage (V IC) — 1 .5 V 0.88 V
Power supp ly current 

~
1CC~ 

145 mA 57 mA

Note: o ver half the unit s tested didn ’t change output rt at es during th is test.

22
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SFI.’l’ION IV
MA NPOW F R

‘th e t’oltow ing prot ’essionals worked on th i s program I .1 one Q ~7 I Septt ’mhe r 1 977. l’he’
percentage of time worked is also shown -

Mr. P. 1 . Whelan
Mr. K. A. Wil l iamson I Oi~’;-
l)r. G . 1. Varn el l
Dr. .1 . L. Bar te lt Consultant
L) r. T. I.. Br ewer (‘onsu ltani
Dr. R. .1. Dexter Consultant
Dr . K . A. Robbins Consult ant
Mr. C. I). Winb orn ( ‘onsu lt ant

In addition , three techn icians worked on the program.
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Electronic Command
Technical Requirements SCS-517

27 A P R I L  1978

Microcircuit Dig ital
256 BIT POLAR RANDOM ACCESS MEMORY (RAM)

Monolithic Silicon

1.0 SCOPE

1~i Scope

This specification covers the requirements for a Schottky clamped monolithic
silicon 256 words/ i bit per word random access memory (RAM) with
tn -state output and thr ee chip select inp uts.

1.1.1 DEVICE CLASS.

Device sh all be Class B as defined in MIL-M-38510.

1.1.2 ABSO LUTE MAXIMUM RATINGS.

Suppl y volta ge range —0.5 V dc to 7.0 V dc
Input voltag e range —1.5 V dc at —lO pAto

5.5 V dc
Storag e temperature range —65°C to 150°C
Lead tem perature (soldering 10 seconds ) . . 300° C
Thermal resistance , jun ction -to-case • • . = 26° CIW

Thermal resistance , junction-to-ambie nt . Jp, = 85° cm
Output sup ply voltage 0.5 V dc to 7.0 V dc
Output sink current +10 mA
Maximum power dissipatio n , PD 853 mW dc
Maximum junction temperatu re, Tj . . . 175°C

1.1.3 RECOMMENDED OPERATING CONDITIONS.

Suppl y voltag e 5.00 Vdc mm to 5.5 V dc max
Minimum high level input voltag e . . . . 2.0 V dc
Maximum low level input voltag e . . . - 0.8 V dc

• Normalized fanout (each output) . . . . 40 maximum (10 mA)
Ambient operating temperature range . . - 0°C to 70°C

Adiress to write enable setup time . . . 10 ns (minimum)

Address to write enable hold time . . . . 10 ns (minimum)
Chip enable to write enable setup time . . 10 ns (minimum)
Chip enable to write enable hold time . . . 10 ns (minimum)

- - -5- —-- -  TI.ITII - -‘5 - 
j
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2.0 APPLICABLE DOCUMENTS

2.1 The following documents, of the issue in effect on date of invitation for bids
or request for proposal , form a part of this specification to the extent
specified herein.

SPECI FICATION
M I L I T A R Y

MIL-M-38510 — Microcircu its , General Speci fication for

STANDARD
MILITARY

Ml L-STD-883 — Test Methods and Procedures for Microelectronics

(Copies of specifications, standards, drawings, and publications required by suppliers in
connection with specific procurement functions should be obtained from the procuring
activity or as directed by the contracting officer.)

3.0 REQUIREMENTS

3.1 General Requirements

The RAM shall be a Schottky clamped monolithic s ilicon device which shall be
in accordance with Class B requirements of MIL-M-38510 and as specified
herein. In the event of conflict between MIL-M-38510 and this specification,
this specification shall govern.

3.2 Design, Construction and Physical Dimensions

The design, construction and physical dimensions shall be as specified in
MIL-M-38510, outline 0-2, and herein.

3.2.1 LOGIC DIAG RAM

The logic diagram shall be as specified on Figure 1.

3.2.2 TERMINAL CONNECTIONS

Terminal connections shall be as specified on Figure 2.

3.2.3 TRUTH TABLES

The truth tables shall be as specified on Figure 3.

3.2.4 SCHEMATIC CIRCUIT

Thr schematic c ircuit shall be as specified on F igure 4,

3.3 Lead Material and Finish

Lead material and finish shall be in accordance with MIL-M-38510.2
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3.4 Electrical Performance Characteristics

The electrical performance characteristics are specified in Table I and apply
over the full recommended ambient operating temperature range, unless
otherwise specified.

3.5 Rebonding

Rebot shall be in accordance with MlL~M~38510.

• 3.6 Electrical Test Requirements

Electrical test requirements shall be as specified in ~Table I I  for the applicable
device type and device class. The subgroups of Table Ill which constitute the
minimum electrical test requirements for screening, qualification , and quality
conformance by device class are specified in Table II (subgroup 7 and 8 testing
requires only a summary of attributes data).

4.0 QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for Inspection

Unless otherwise specified in the contract, the contractor is responsible for the
performance of all inspection requirements as specified herein. Except as
otherwise specified in the contract , the contractor may use his own or any other
facilities suitable for the performance of the inspection requirements specified
herein, unless disapproved by the Government. The Government reserves the
right to perform any of the inspections set forth in the specification where such
inspections are deemed necessary to assure supp lies and services conform to
prescribed requirements.

4.2 Classification of Inspection

Inspection shall be classified as follows:

(1) First article inspection (does not include preparation for
delivery). (See 4.5).

(2) Quality conformance inspection. ( See 4.6).

4.3 Test Plan

‘.he contractor prepared Government-approved test plan, as cited in the contract, - -

shall contain:

(1) Time schedule and sequence of examinations and tests.

(2) A description of the method of test and procedures.

(3) Identification and brief description of each inspection
instrument and date of most recent calibration.3
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4.4 Screening

Screening shal l be conducted on all devices prio r to first article and quality
conformance inspection and shall be in acco rdance with Class B of Method
5004 of MI L-STD-883. The fol lowing additional criteria shall apply:

(1) Test samples for the group B bond strength test specified
in Method 5005 of MIL-STD-883 may. at the manufacturer’s
option, be randomly selected immediately following the
internal visual (precap) inspection and prior to sealing
(See 4.6.2).

(2) Temperature cycling (Method 1010 of MIL.STD-883).

(a) Omit seal test as post.test measurement.

(3) Burn-in test (Method 1015 of MIL-ST D-883).

(a) Test co ndition D or E , using the circuit shown on
Figure 5, equivalent.

(b) TA = 70°C, minimum.

(4) Reverse bias burn-in and interim electrical test in accordance
with 3.1.11 of Method 5004 of MIL-STD-883 may be omitted.

(5) Interim and final electrical test parameters shall be as specified
in Table II, except interim electrical parameters test prior to
burn-in is optional at the discretion of the manufacturer.

(6) External visual inspection shall not include measurement of
case and lead dimensions.

(7) Percent defective allowable (PDA) . The PDA is specified as 10
percent for Class B devices based on failures from group A,
subgroup 1 test after cooldown as final electrical test in
accordance with Method 5004 of Ml L-STD-883, and with no
intervening electrical measurements. If interim electrical
parameter tests are performed prior to burn-in, failures
resulting from pre burn-in screening may be excluded from
the PDA. If interim electrical parameter tests prior to burn-in
are omitted, then all screening failures shall be included in the
PDA. The verified failures of group A , su bgroup 1 after burn-in
divided by the total number of devices submitted for burn-in in
that lot shall be used to determine the percent defective for that
lot, and the lot shall be accepted or rejected based on the PDA
for the applicable device class.

4

~ 

~~~~~. __



-.5.
T -. - —--- -- 5 ~~~~~ ~~~~~~~~~~~~~~~~~ 

-~~~~It -•--—5----- .- - -  -_-.5---_5- ---55—~.~~~- - 
- - - ----—-.5---——— ~

!‘11

4.5 First Article

First article inspection shall be performed by the contractor.

4.5.1 FIRST ARTICLE UNITS

The contractor shall furnish 50 devices for first article inspection.

4.5.2 FIRST ARTICLE INSPECTION

First article inspections shall be those specified herein for groups A, B,
and C (See 4.6.1, 4.6.2 and 4.6.3) except that the LTPD values shall
not apply for first article inspection. All 50 devices shall be subjected
to Group A inspections , no failures allowed . All 50 devices shall be
subjected to group B, subgroup 1 and samples of 7, 5, and 5 shall be
subjected to subgroups 2, 3, and 4 respectively with no failures allowed.
The remaining 33 shall be equally divided and subjected to the group C
tests, no failures allowed.

4.6 Quality Conformance Inspection

Quality conformance inspection shall be in accordance with MlL~M-38510.

4.6.1 GROUP A INSPECTION

Group A inspection shall consist of the test subgroups and LTPD values
shown in Table I of Method 5005 of MIL-ST D-883 and as follows:

(1) Tests shall be as specified in Table 1.

(2) Subgroups 4, 5 and 6 of Table I of Method 5005 of
MIL-STD-883 shall be omitted .

4.6.2 GROUP B INSPECTION

Group B inspection shall consist of the test subgroups and LTPD values
shown in Table II of Method 5005 of MIL-STD-883 and as follows:
Bond strength test may be conducted on samples collected prior to
sealing (See 4.4(1)).

4.6.3 GROUP C INSPECTION

Group C inspection shall consist of the test subgroups and LTPD values
shown in Table I l l of Method 5005 of MIL-STD-883 and as follows:

(1) End-point electrical parameters shall be as specified
in Table II.

(2) Subgroups 7 and 8 shall be added to the Group C
inspection requ irements for Class B devices and shall
consist of the tests, conditions, and limits specified
for subgroups 10 and 11 of Group A.

1
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(3) Lead bend in only one direction is required for
initial conditioning prior to moisture resistance
and salt atmosphere tests.

(4) High-temperature storage test (Method 1006 of
MIL-STD-883) conditions:

(a) Temperature : 150u i 100C.

(b) Duration: 1,000 hours , except as otherwise
permitted by Appendix B to MIL-M -38510.

(5) Operating life-test (Method 1005 of MIL-STD-883)
conditions, or equivalent:

(a) Test condition D or E, using the circuit shown
on Figure 5, or equivalent.

(b) TA 70°C, m inimum

(c) Test duration: 1,000 hours, except as permitted
by Appendix B of MIL-M-38510.

(6) Omit steady-state reverse bias test.

4.7 Methods of Examination and Test

Methods of examination and test shall be as. specified in the appropriate tables and
as follows:

4.7.1 VOLTAGE ANDCURR ENT

All voltages given are referenced in the microcircuit ground terminal.
Currents given are conventional current and positive when flowing
into the referenced terminal.

4.7.2 LIFE-TEST COOLDOWN PROCEDURE

When devices are measured at 25°C following application of the
operating life or burn-in test condition, they shall be cooled to
room temperature prior to removal of the bias. Alternately, the
bias may be removed during cooling if the case temperature is
reduced to room temperature within 30 minutes after removal of
the test condition.

6.0 NOTES

6.1 Notes

The notes specified in MIL-M-38510 are applicable to this specification.

6 
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8.2 Abbreviations, Symbols , and Definitions

The abbreviations, symbols, and definitions used herein are defined in
MIL.STD 1313, and as follows:

GND Electrical ground (common terminal )
V UB Voltage level at an input terminal.
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Table I. Electrical Performance Characteristics
LIMITS

TE5T SYMSOL CONDITIONS MIN. MAX. UNIT

Low Lsvsi
Output Voltage v(,~ V~~~ 5 V . 

~OL 20 mA , °rn 4.6 V .6 vo lt

High Level
Output Volt.g. V OH Vcc 5 V . ~~~ 

- - 10.3 mA 2.5 ~~It •

Short Ckt
Outpu t Current ~~~ Vcc - 5.26 V —32 —95 mA

Input Low
Current ‘ IL V CC 6.5 V . ~~ - 0.5 V —610 MA

Input High
curr.nt V CC 6.5 V . V 1~ 

- 2,4 V 25 MA

Input High
DiOdS Voltage 1 lH2 V CC - 5.5 V , V m - 5.5 V I mA

Input clamp T A 25’C
Diode Voltage V IC I~~ - —18 mA —1.5 volt

P~wsr Supply Vcc — 5.25 V . all inputs at 4.5 V

‘cc cEl , CE2, Ce3 - GNo output s open 145 mA

Output L..kag. OiL VCC - 5.26 V . V0 - 0.4 V . Din 4.5 V *30 MA
H.gh l mpsdsnce Stat. 1OZH V cc - 5.26 V . V0 - 2.4 V , DIn 4.5 V ±30 uA

Mdrsss Access Tims tAA See Note 1 and Figure 6(b) 100 ns

Enable Access Tim. t EA See Note 2 and Figu re 6(c) 45 ns

Enable Recovery Tim. t E A F igure 6(d) 35 ns

f Minimum Write Pulse
Width tyjp S.. Note 3 and Figure 6).) 120

Prop.gstlon Delay
Low to High (From AM) tPLH S.e Note 3 and Figure 8(t ) 110

PrOpSgStlon Delay
High to Low (From AM ) tpHL See Note 3 and Figure 6(g) 55

8
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Table II. Electr ical Test Asquireinints

MI L8’TD 3 $ubgrou~s (S.. TaM. I l l )

Tess ~~~~~~~~~ ClaN S
devices

Int er im electrical p.ram.tert
(Pr, burn -In) (Method 5004 ) I

Final .Iectrlcal test perimeters
(Method SOOS) 1 ,2,3.7.9

Group A test requirements
(Method 5005) 1.3.3.1.8.9

Group C .nd’point electr ical
parameters (Meth od 5006) 1.2.3

Adtlitlorial electrical subgroups for
group C per iod ic inspections 10 .11

PDA applias to subgroup l (Ssc. 4.4(l)l.
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Table I l l  Notes SCS-517

NOTE 1:

ACCESS TIME ALGORITHM (galloping ones and zeros )

This program will test alt bits in the array, the addressing, the interaction between bits, and pattern
and sequence dependenc y for transient perfo rmance.

Description:

1. All cells are loaded with zeros (0 through 255).

2. A single one is written in cell number 0.

3. Cell number 1 is read (0).

4. Cell number 0 is read (1).

5. Cell number 2 is read (0).

6. Cell number 0 is read (1).

‘. Cell number 3 is read (0).

8. The reading procedure continues back and forth between cel l 0 and nex t higher
numbered cell until cell number 255 is reached.

9. Now 1 is written in cell number 1 while rest of the cells are filled with zeros. Same
reading procedure as shown in step 8 is followed. Finally, cell number 255 is filled
with 1 and the same readout procedure is followed.

Pass execution time: 2 (N+3N2/2) X cycle time

N 256 (cells )

NOTE 2:

ADDRESS SELECT ALGORITHM

This test verifies that every cell can actually be addressed.

1. All cells are loaded with zeros

2. Cell zero is read (0)

3. A one is written in cell zero

4. Cell zero is read (1)

5. Cell one is read (0)

6. A one is written in cell one

20
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7. Cell one is read(1)

8. This procedure is continued until cell 255 is written with a one and read.

9. Steps 2 through 8 are repeated except that the Data is reversed.

PASS EXECUTION TIME: (13N) X CYCLE TIME

N = 256

NOTE 3:

Checkerboard (alternate ones and zeros).

This program writes and tests alternate ones and zeros in all the cells.

Description:

1. A zero is written in cell number 0 and read.

2. A one is written in cell number 1 and read.

3. A zero is written in cell number 2 and read.

4. Same procedure (steps 1~3) is continued until cell number 15 is read which has a
one (1).

5. A one (1) is written and read in cell number 16. Same procedure of alternate writing
and reading of ones and zeros is followed until cell number 31 is reached which has
a 0.

6. Now a 0 is written and read in cell number 31 and the same procedure is followed as
explained in steps 1 through 5 and the same contents of the previous cell in every
16th cell is repeated, until alt the cells are written and read.

7. Same test is reversed now end writing and reading is done from cell number 255 down
to cell number 0, with writing a one (1) initially.

Pass execution Time: (4N) X cycle time

N= 256
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1BWORD X I6BIT

A BUFFER 
DECODER — 

MEMORY

7Q~~ 
A R R A Y

9G~~
l00~~

12~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

13 

BUFFER OUTPUT 
_____

Figure 1. Logic Diagram t
N

I

ADDRESS A1 1 18 — Vcc SUPPLY VOLTAGE

ADDRESS A~ 
— 2 15 — A2 ADDRESS

ENABLE ~i 
3 14 — A3 ADDRESS

ENABLE E2 — 4 13 — DI DATA IN

ENABLE E3 — 5 12 — ~i WRITE ENABLE

DATA OUT ~~ —( 6 11 — A7 ADDRESS

ADDRESS *4 — 7 10 — A ADDRESS

GROUND ONO — 8 9 — A6 ADDRESS

Figure 2. Terminal Connections
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_ _ _  _ _ _  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_ _ _ _ _ _

INPUTS OUTPUT MODE

OPE N

C15 cs~ C13 WE DIN cOLLECT0~
H X * K K H NOT SELECTED

NOT SELECTED

K K H K ~ H NOT SELECTED
4. L L L L H W~~ITE O

I. L L L H H WM IT E 1

L L L H K 0OUT REA O DATAFN OM
ADDNESS LOCATION

H-HIGH VOLTAG E
L.LOW VOLTAGE

* - DON T CAR E IHI GH OR LO*~

FIgure 3. Truth Table
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~i1II I 

—0 WORD LINE

CELL
—0 SENSE LINE

—0 SENSE LINE

v CcEQUIVALENT OF EACH INPUT

output
V CC

IkINOM

INPUT ~~ t OUTPU T

FIgure 4. Schematic Circuits
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DUT
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330 1~ *5%
6 11 —OA 7

1 k4l *4 0—— 7 10 —0 *6
±5% -

I ! 
~~~~~~~~~~~ 8 9 —0*5
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3.0 V
INPUT TO •

AO.A2.A4 A6.A
ej

f — 100 kIlt

f — 5 O kHi

T*-+70°C

FIgure 5. Bum-In and Life Test Circuits
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*9 THROUGH *7
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GENERATOR

~~~~~ 2~L J TROBE
OUT 

________.__
~•/~ 

& COMPARE

L J
DATA GENERATOR

SIG T TOR

(a) Switching Test Setup
Figure 6. Switching Test Setup and Waveforms

*1*9 THROUGH A 7) ~~~~~~~~~~~~ V

_F
0 IDIN~~~~~)( 

______________________________  ______

S STROBE 
~ OUT~ 

1.~~~
7

f 

:~:~

‘

tAA

(b) Timing Waveforms for tAA 
-

Figure 6. Switching Test Setup and Waveforms
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t EA 

~~~~~~~ ::~‘
(c) Timing Waveforms for tEA

Figure 6. SwItchIng Test Setup and Waveforms

(*9 THROUGHA 1)

-~ — 

1.5 V)~~~~~~~~~~~~~~~~~~~~~~

\_x ::
DID IN)I

~~
(

~ 

~
—)

~~E:
S ISTROIF Douy) 1.b)4

/’
~ 

0 V

(d) Timing Waveforms for tER
FIgure 6. SwItching Test Setup and Waveforms
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DID IN )
D(~~~~ xl :.:v

S (STROBE 0OUT) 
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I4~- twP-4
~

(a) Timing Waveforms for t~ p
Figure 6. Switching Test Setup and Waveforms

A (A 0 THROUGH A~ ) 
_______ ::

B (1,.12 i3~~~~~~~

— 2.S V

C (WE) 1.5 
0 V

D(D
IND(

_ __ _ _ _

_ :v

S (STROB E DOUT) 

4PLH 

1.6 ~,
‘ :.:v

(f) Timing Waveforms for tPLH
Figure 6. SwItching Test Setup and Waveforms
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