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DATE: 

FAIRCHILD SEMICONDUCTOR 

Memo from Central Region 

November 8, 1962 CC: W. Richmond 
R. Graham 

RECEIVED 

.Nov 127962 

TO: T. H. Bay Or-Sher:tdmr a !l "'h<-tt 1:14. ~ 

FROM: Bernard T. Marren 

SUBJECT: Avco - Cincinnati Power Transistor 
Requirement 

ANSWER REQUIRED BY: 

Dear Tom, 

Per our conversation of this week, I am enclosing a copy of Avco's tentative 
specification requirements for a power transistor. 

r 

Avco is interested in giving us a development contract for this type of unit. 

The dollar figure they talked about is $25K to $50K. For this they would expect 
about 12 units for evaluation in six to eight months. 

They would also consider something in the area of $1,000 each for the first 50 
units and $100 each for subsequent orders. 

P.S.I. has looked at their spec but as yet they have made no definite proposal. 

I promised Avco an answer by November 16, 1962. 

Regards, 
Bernie 

RECEIVED 

NOV 121962 

GORDON £. MOORE 

:Efiy /Ji ll: ~ _/ot-1 
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D. F. 
S. Mask 

P. L. 
G 1 s out 2 runs 

I 
· S out~ 2 runs 

I 

Prod.! 
Fa~ilities 

10 rup.s ea. G-S 
@R&D 

I 
I 

l 

D. F. - 60 
R. S. - 70 

Layo t Start 

+ 

Start 1 0 runs 

All m:asks mad 1 0 runs out 

' I 
~-

Send toM. V. 

Test Spec 

11/19 
1. Define Objective 
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12/1 
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5. Masks complete -
12-21 for G~ 
Masks complete­
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August 21, 1962 

DRIFT STUDIES OF SURF ACE POTENTIAL CONTROLLED F. B. T. 

Otto Leistiko 

I. OBJ CT 

A. To make a stable surface potential controlled field effect transistor. 

B. To understand the mechanism that causes the change in channel current, 

under set conditions, with time. 

II. Por the experiments, the viewpoint will be adopted that the cause of drift is 

intimately connected with the dielectric between the surface gate and channel, 

and that the dielectric is Si02• The regions of the dielectric to be investigated 

in detail are: 

c. Surface of the dielectric 

B. Bulk of the dielectric 

A. The interface of the dielectric and channel region. 

III. Since there are a great many factors which affect the structure of the dielectric 

and its immediate surroundings, we will consider each region separately. The 

following is a list of processes and effects which can be associated with each 1. 

region, more or less. 

A. The interface of the dielectric and channel. 

B. 

1. The dopants used in the starting material 

a. Al-P, Al•Sb, Al-As, Ga-P, Ga-Sb, Ga•As or others, epitaxial 

2. Surface preparation before first oxidation 

a. Special cleaning, Formic - u2o2 
b. Short oxidation - strip off then oxidize again 

3. Agglomeration of faat diffusing in purities 

a. Gold 

b. Nickel 

4. Oxide growth 

a. Dry 02 
b. Steam o2 

s. Regrown oxide 

Bulk of the dielectric 

1. Oxide growth 

a. Dry 02 
b. Steam o2 
c. Temperature 

2. Regrown oxide 

-1-



3. Impurities in the oxide resulting from starting material and process 

a. Al 

b. Ga 

c. B 

d. p 

e. OH 

C. Surface of the dielectric 

1. Cleanliness 

a. Special cleanliness throughout process 

b. Special cleaning before last very high temperature step 

c. Special cleaning before last high temperature step 

2. Impurities re ulting from process 

a. A1 (metalizing) 

b. B 

c. p 

IV. The experimental procedure for making the device will be that of having a standard 

process then making variations to either lessen or accentuate the drift characteristics. 

A. Standard Process 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

u. 
12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

Resistivity 

Cleaning wafers, (TCB, acetone, u2o igepal) 

Chemical polish (CP-6) 

Special cleaning prior to oxidation (Formic acid - u2o2) 

Outdiffusion (T-1250, dry o2) 

1st mask 

Clean wafers 

Isolation predep (T-1200, Boron) 

2:1 HF dip 

Isolation diffusion (dry o2) 

2nd mask 

Clean wafers 

Contact predep (T-805 Phosphorous) 

Clean wafers 

Ni plate and Getter (T-1100, dry Ar, 02) ) 

3rd mask or contact oxide remove (~~~~ ~?~~ 
Clean wafers, 2:1 HF just prior to 

Metal evaporation (Aluminum, double 60 mg, on glass slides, outgas) 

4th mask 

Clean wafers 

-2-



21. Metal alloy (T-580°, dry N2) 

22. Back lap 

23. Dice 

24. Mount, bond, lead weld (Au-Si, 1 mil Al-Si wire, thermo compression) 

25. Bak out (dry N2) 

26. Can (dry N2) 

B. Run 1. Purpose - Effect of ultra clean techniques, introduction of as little 

OH ions aa possible. 

1. Use standard process 

Run 2. Purpose - &ffect of oxide grown with steam 

1. Standard process • substitute steam 02 for dry 02 
J.un 3. Purpose - Effect of Phosphorous 

1. Omit contact predept, steps 12, 13, 14 

Run 4. Purpose: Aaalomeratlon of Ni at interface? 

1. Step 15. Ni plate, getter and quench from 11oo•c 

2. Step 15. No nick 1, slow pull in dry As, o2 
Run 5. Purpose: ffect of gold 

1. Diffuse in Au prtor to beginning standard process 

2. Diffuse in Au instead of Ni getter step 15 

at steps 5, 10 

Run 6. Purpose: Effect of regrown, supposedly uncontaminated, oxide and 

variation of oxide thickness 

1. Remove oxide and regrow prior to step 15. Ni plate and getter. 

V. EVALUATION 

A. Select 20 good dice with scope 

1. Measure BVGS' ~· oxide gate unshorted 
B. Mount th 20 aelecte dice 

1. Measure BVGS' Ioo• VPJ' VPO' IGS at 10 volts 
C. Bake out and can aa in IV, A, 25·26 

1. Measure BV08 , IDO' VPJ' VPO, IGS at 10 volta, C (of oxide gate) at 0 volts 

2. Select four typical units and plot on x•y recorder ISD vs VSD 

the parameter 

D. Preliminary age the f our s lec~ed units for approximately 16 hours (overnight) 

1. Conditions: v8D • const, VG • const, T • const 

2. Plot ISD vs tt 
3. Store with all leads shorted 

Select one device from the four. After having accumulated four devices (r pre• 

a nting four different runs), plot the following: 

-3-

• 



, 
1. ISD VB time at T • •50°C, + 50°C, + l00°C 

VSD • const, VG • conat 
2. ISD VB time at different fields 

VSD • const, T • const 

VI. Schedule of time for devic fabrication and evaluation 

RUN 1 · 2 3 4A 4B 
A. Fabrication Start 8-21 8-21 8-22 8-22 8-22 

IV - A. B Pinish 9-S 9-5 9-6 9-S 9-5 

B. Selection of Start 9-6 9-7 9-10 9-11 9·12 
devices V - Finish 9-10 9-11 9-12 9-13 9-17 
~ B~ C, D 

c. Ase Start 9-17 9-17 9-17 9-17 10-S 
v-! Finish 10-4 10-4 10-4 10-4 10-24 

* Assumes only one Varian record r for data taking 

-4-

SA ~~ 6A 6B 
8-23 ~-23 ~-27 8-27 
19-12 9-12 9· .. 1J 9-13 

9-13 ~-14 ~-17 9-18 
9-18 9-19 ~-20 g .. u 

10-5 10-5 ~o-s 10-25 
10·24 10-24 l0-24 11-1 
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R. GRAHAM 

M. H. Phelps 

1~1 Card Reader Phototransistor {XFT-3) 

November 14, 1962 

T. Bay 
C. Sporck 
J. Smith 
E. Biegel 

This is to advise the status of the above subject as of 11/14/62. 

Jack Smith, Elmer Biegel, and I had a meeting on this day with the 
intent to finalize our position, formulate a sales plan which we 
could follow and propose to IBM and--generally--get so e decisions 
ma by both compani before the end of thi month. The intent 
wa to get Harold udder in Poughkeepsie on the phone with all of 
us, after checking several points internally, to get a commitment 
from IBliwhich could enable u to make some plans. 

Previous to the call we decided prices, answers to their que tiona 
regarding specs, the position we would take regarding delivery rate, 
and wh t test r sults we could show the in a f J weeks. Unfortunately, 
Harolc Rudder went home ill that day and we were unable to get the 
decision. Hence the reason for this memo to you r questing follow-up 
in . •Y ab ence. 

Charlie Sporck verified that w could build up to a production rate 
of 1,000 per week with 90 day 1 ad time and that 250 on the first 
order hould be no problem, because R & D has many wafers going throu h 
right now. Charlie got this from Phil Fergur n. 

Elmer Biegel has the specifications we can agre to over and above 
those which w re initially provided IBM ( aximum temperature per­
missible, maximum dissipation, etc.). Approximately 50 device are 
pr scntly being placed back on life test (were observed after two 
or three days) to observe the long term tability with temperature 
and power. The test results will be promised to IBM by Jact Smith 
a a wedge to get them to c it a purchase order. 

Jack Smith will take it upon hi self to get the order to us as oon 
a he goes back to Poughkeepsie. 

As of today it has not been determined where this device will b 
produced, but Ch rlie Sporck will make that decision when necessary. 
Some equipment is necessary in whatever plant is chosen to produce 
the e devices in vol e and thi 't~ill have to be decided. 

It is our intention to get an order for at least 100 pi ces (hopefully 
200 to 250 pice s) out of the for the initial purchase. It is Jack 
Smith's opinion that this is probably the largest volume semiconductor 
we can hope to sell IBM in the next year or two and repre ent the 
larg st dollar potential. J clt bases his opinion on the fact thaj_ ~ 
lived through the Texas Instru ents' ff."\sco on the 1N2175 dth 'tiJh c 1 

\ 
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EPITAXIAL PR8:BUCTION IMPR@VEMENT MEETING -

Held: 11-6-62 

Summary of Proposals: 

1. Begin use of distilled trichlorosilane as soon as system can be fabricated 

and installed under direction of R&D. 

2. Insure use of standard CCT graphite mandril. 

3. Determine if present etch used by Materials gives pitting as compared to 

CP-8 etch. 

4.. Evaluate results of R&D 1341 runs using their distilled silane and wafers 
~_:_~~ 

grouped in a resistivity range of . 0062 - . 0075 ohm em. 

,r-- 5. Materials present results of 1341 yield from standard production. 

6, Investigate correlation of IR versus metallurgical methods of evaluation 

epitaxial film. 

7. Materials present vapor etching data. 

8. Materials report on results of using tighter resistivity grouping of antimony 

substrates. 

9. Miscellaneous improvements for production area: 

(a) insure flowmeter control values after flowmeters . 

(b) install coil stabilizers. 

(c) place extra envelopes over mandrils when etching. 

(d) use quartz flasks for distilled silane , 

t 
+ 
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Int. r-

Tc·: D. Yost Decen.bl'r 3, 1962 

Fror 

R. Fouqul t 
N. h7alker 
R. Rubinson 
S. Fuk (R0 D) _/ 

raul Hill ..._/' 

Sub tct: Minutl'S - Chrorw 1-'lasks 4200 , November 23 Meetin~:, on Rc·sur ing Chror..e 
r!a Sk lJ I t'. 

-----------------------------------------------------------------------------------------

Sub_]ect of Meeting: Rc- instdt ing 4200 use of chronc DloSking in r·rOduct ion. 

1) }1ajor objection to curn·rt usate: 

a) Oxide cutout resolc•tiun is poorer t11an those obtained from emulsion 
masks (sec exhibit I). 

h) The effects of latttrn resol .tion as in exhibit I may have si~nificant 
parameter shifts as yet unknown. 

c) A 1roduction classificatinr yield loss is possible due to irr<'~:,ular 
oxide cut - out patterns . 

d) Beliof that irrcgul.1r edges tended to increase KPR l ifting during 
alur inun etchir · . . 

2) /\]'! roCJch the chrume ma::>k in f-Jlemcntat ion: 

a) Rur, r.o r·lrc chrome n,asks until classific.1t i.o11 yields of chrorr.c n.ask 
V!c . t•r,uls i on mask ur1t--. h.rVL' beer evalt..~dtcJ . 

b) Or, the basis ot l rocess Dcv,•lopr'er•t work showing de, ree of irregular oxid · 
cut-c)ut ]att.rns is a 1 atllr of dc 6 rce to \.•hich rwsk i1.1oge and wafer 
cu1 tact is t.ade , run no n,orl' chrullc r..ask.s until LhL' contact lroblen1 is 
solvL'd (mcchanicdl n'askir, ) . SeL' exh Lbit ll . 

3) Requin·d: 

a) lressure [•ad for \vafer on rrvchar.ica l a li t:Sm.ent (1\. Walkt·r ). 

I) Clossificntion l<•sults ot, 3000 wall'l'S l rcH:cssed 01 tf200 lite with chr0111e 
mask., (R. Fuuquet). 

c) TL'sl 01 de):,rl'e l-f scallup Ld·~es vs. l,arar;,, tl'r chat11.;e ur de 6 radation 
(E. Robir:-.or). 

d) Dc•-huf 1 ressurc l·ad t:'l'l'hnnicnl n . .Jskit, . d,., Lc·v c•f iL<'I:l ( ) dtd <'quip 
4200 r.askinb st<J.til ns with thl dev icL . 

4) C'n 4.500 devices the same requirvLvt t~ art· assLI•t'd tu <.ll su iip[l' . 



KE"\ TO EX ' tiJHTS 

EX HIRIT I - Oxide Cut-Out Resolution at SOOX 

Fi(. No. Subiect 

Ll L,200 Base f att•·t·n u:::.ir16 en.u l ::,ion f'lask 
62 4200 Base f ,1Ltc rn usinb chrPmiun. n.ask 
63 4200 Emittt r pattern usin~ enulsiL>ll 11ask 
64 4200 Emitter jJattcrr: usint:, chrou. iUJ n,ask 

EXHIBIT II - 1340, 4th HJsk Pattern at 200X 

Fi . No. 

33 
34 
35 
36 

Subject 

1340 Chr l lllUn o }1;,sk 
Ox1de Ptchcd wafer showin b pro~ressively 
Pucrcr ed1- e defirition trum the lL:ft (Fig. 34) 
To the ri ht (Fi ~ . 30) edg e of a warped wafer 
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PROJECT 177 - METAL BASE TRANSISTOR - A. N. Saxena & C. A. Bittmann 

I. METAL-SEMICONDUCTOR BARRIER STUDIES 

A single crystal of Si was cleaved in the vacuum system while Au was 

being evaporated. Thus an atomically clean Au-Si contact was achived, The 
0 

thickness of the Au film evaporated was ~ 330 A as monitored by the resistance 

monitor. Using a concentrated solution of black wax in T. C. E. in a syringe, 

small dots of black wax were put on the Au film without touching or scratching 

it. Au film outside the dots was etched away, thus obtaining islands of Au 

on Si. Capacitance as a function of bias was measured and diffusion voltage 

was determined. This is plotted in Fig. 1 (which is similar to Atalla's 

plot) if we use the ordinate (~M-~Si) on the right, and if we use the ordinate 

on the left, we get a plot of diffusion voltage versus the Fermi level in Si 

as suggested by Sah. The 45° straight line corresponds to zero charge in 

surface states, i.e., Qss = 0. For n-type Si without the oxide, we will have 

Au-on surface and Q < 0. Thus, the diffusion voltage V given by 
ss 0 . 

41.5Q 

K 
s 

ss 

will be larger for Au-Si (cleaved-not oxidized) case than for Au-Si (oxidized) 

case. To verify this, the other half of the cleaved Si crystal was oxidized 
0 

in room air for~ 72 hours (left over the week-end), A Au film, again~ 330 A 

thick, was evaporated on the cleaved-oxidized Si surface and the above proce-

dure repeated. The diffusion voltage obtained for this case is plotted in 

Fig. 1 which is found to be less than that obtained for the cleaved-not oxidized 

Si surface. 

+ On p-type Si without oxide, we should have Au on surface and Q > 0. 
ss 

Thus the diffusion voltage V for Au-p Si (cleaved-not oxidized) case should 
0 

be less than for Au-p Si (oxidized) case. A p-type Si crystal is being 

obtained in the proper shape to do this part of the experiment. 



B 

177 

The above measurements were also done on photoresisted Si surface, 

which was previously oxidized. The diffusion voltage obtained is plotted 

in Fig. 1. Also plotted in Fig. 1 is the diffusion voltage for samples obtained 

by displacement plating . of gold on "N" type silicon by the technique previously 

reported by Bittmann. Gold ions are added to the oxide etch in this process. 

The gold displaces Si atoms as the oxide is etched off the Si surface. 

The Spectral photoresponse of the various units was determined with 

Rudy Dyck's help using his experimental setup. The general behavior of the 

Response per incident photon versus A (in ~) curve is similar to that pub-

lished by Crowell et. aL (Phys. Rev. 127, 2006 (1962)). Response measurements 

done by Crowell et. al. and by us are in arbitrary units and not absolute. A 

plot of square root of response per incident photon versus photon energy ~n ev) 

would yield the threshold energy for the Au-Si barrier. Crowell et. al. find 

a value of 0.795 for the Au-Si (cleaved) case from a set of curves for 

different Au thicknesses whereas our value comes out to be about 1 ev as 
0 

determined from data on one Au film thickness, i.e., 330 A. Data for other 

Au film thicknesses will be obtained soon from which the mean free path for 

"hot" electrons in the Au film can be estimated. 

The cleaving jig developed some trouble recently crushing rather than 

cleaving the Si crystals. It has been re-designed. 

II. METAL BASE TRANSISTOR 

A. Schottky Emitter 

Schottky emission from Si-Au junction or In-CdS junction will be used 

for emitter. CdS has been obtained which will be evaporated on the metallized 

glass slides at first and diode characteristics will be studied. Tungsten 

boats are being coated with Al203 from which CdS will be evaporated (resistance 

heating). Electron beam evaporation will be done when the gun is installed 

in the system. 
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B. Collector 

CdS will be used as a collector when Si-Au is used as an emitter 

and vice-versa for these initial studies. 

C. Contact Problems 

Since Au lifts off the Si02 surface, an annular ring of Al over 

Si02 will be used as a support for Au film and to prevent the lifting of the 

latter. This method gave an unexpected bump in the I-V plot of Au-Si surface 

barrier diode as observed sometime ago by us. This bump has not been investi­

gated in detail yet. However, a modified etching procedure is being tried to 

see whether we still observe ·. the bump or not. This involves oxidation of 

Si, evaporation of Al on Si02 layer: and then etching holes through Al and 

Si02 layers simultaneously in one etching step. A run is in process. 

III. SCHOTTKY EMITTER DIFFUSED BASE SILICON TRANSISTOR 

This idea, first proposed by C. T. Sah, consists of diffusing a very 

shallow base on which a Schottky emitter is used. A run has been started 

with the help of Gary Parker in which Au-Si will be used as a Schottky emitter. 

IV. ELLIPSOMETER 

The table for the ellipsometer arrived minus a few parts. It is 

understood that, at the time of writing this report, the missing parts plus 

the right parts in place of wrong ones have arrived · and the assembly of the 

table is under way. Messrs. Rudolph & Sons are supposed to call us any day 

now when they put the ellipsometer on the plane because we are supposed to 

go to the airport and pick it up. 
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PROJECT REVIEW - PROJECT 178 

PROBLEMS, POSSIBLE SOLUTIONS, AND REQUIREMENTS 

I I I I rrn 

I. MAGNETIC FILMS 

H 
c 
~ - 1 is presently not available at He, ~ of 5 - 10. 

A. 

Solutions: (1) adjustment of evaporation parameters 

(2) adjustment of impurities in the alloys 

(3) substrate surface control. 

B. Array uniformity requires improvement. 

Solutions: (1) above (1) 

(2) above (3) 

Requirements: 1 vacuum system (18" bell) 

II. PROTOTYPE DEVELOPMENT 

1 experienced engineer or MTS 

1 experienced technician. 

A. Adherence at Ag-Si02 and SiO-Cu: interfaces are poor and maybe 

the permalloy - SiO interfaces also. 

Solutions: (1) Improvement of technique 

(2) Variation of insulators and conductor materials 

(3) Variation of etching solutions 

B. Pinholes are due to atmospheric dirt, substrate imperfections 

and SiO splatter. 

Solutions: (1) Dust free hood and a good method 

(2) Substrate coatings (SiO) 

(3) Splatter preventing source for SiO 

) C. Masking and Etching procedures have to combine mechanical and 

photoresist masking. Need a KPR remover compatable with copper 

or use another metal for conductors. Need etching solutions that 

will not lift the films. 

Solutions: (1) Need better etching solutions 

(2) Will have to use thicker aluminum films for conductors. 

Requirements: 1 Vacuum system (18" bell) 

1 Experienced engineer or MTS 

2 Experienced technicians. -1-
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PROJECT REVIEW - PROJECT 178 

III. FUNDAMENTALS 

A. Magnetic films and switching behavior are not understood. 

Solutions: (1) Bitter pattern observation of domains 

(2) Correlation of magnetic and metallurgical properties 

(3) Correlation of stress and magnetic properties 

(4) SensitiYe : torquemeter measurements 

Requirements: Sensitive torquementer 

1 experienced MTS 

IV. PRACTICAL SYSTEM AND JIGGING FOR "PILOT LINE" MEMEORIES 

Requirements: 1 large vacuum system 

1 experienced engineer 

1 experienced technician 

-2-
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The present rate of progres in lvins the formidable pl'Oblems of depo ition 

of ff.lln ad. conductor arrays makes timely eomplt!tion of a thin film mer.JOrY a 

previou&ly proposed UDlikely (per memo "Development Plan for .a Magnetic 'thin 

Film Memoey'* to v. a. Gr1n1ch dated fJ/31/62 by a. A. Perktna). Aside from the 

daley in t.tc~u1ring the requisite tbin :f:U.m tedmolo3Y • the effec:tivene:u~ of 

cire:uit And aystP desip is sreatly laampered by laek of a m.eDI0%1 film an:ay 

model. 'l'he locelly av ... ilable film tecbnoloQ ia being reviewed in a attempt 

t.o pmvid.e a usef 1 interim tl10de1 of lower stc:n:age densitY wh1ch does oot 

require hi&b coer-civity ~tic material or a deposited conductor matrix . 

(the most fcmddable probleuw at p't'e&ent). '11\e lutention is to provide a 

test vehkle bope.fully t)d'mitting effective d.rcuit .ut.d tr.yste:n work to con­

tinue while deposition probl~ either are solved or the probable eventual 

liadts of our thin film eapability are tllO're cle.rly defined. 

Since 3u x 60 apots exhibit some svttcltina on the dy&lal'llic: tester, and pre-­

sumably ahould have He ecmpatible with ~~ the followins program sbould be 

pursued fOr the nat few weeka (also mask exiets): 
/' 

1. 

2. 

J. 

Lay down CU•S10-Gu to f1nish present expel'imcmt. uutil elec:trot~:~agnet is 

l'Ud)". 

Lay dow Aa•SiO•NiFe (30 x 60) (spots tbru maek) 
a. To evaluate upots over poUI.ld plane d,namically 

b.. 'to pemlt raald.ng an overlay breadboard co tiNt some sppJ:oaimation of 

the storage matrix problem is .available for circuit and. ayst de op-

ment. 

Lay doml Ag•Siv•NiFe in .eon.tiuuons filw;. 

a. Evaluate unetche4 witb looper and cynnmic tester 

b. Etcb 30 x 60• ad lQ a 20 spots and re-evaluate 

4. Determine means to set !lc as high as we ae able ·with other u sab l e film 

properties (hopefully> S oe). 
s. Determine t.echrd.ques to get rtd of piaholu tl:lru oxide that conductors 

rJJ.tAy be evaporat.~ on .assumption that (1) above will aiscloae such a problem. 
li (t 

6. After (4) and (5) are solved, try to make c leto lxl spot md conductor 

array per proposed deslan. 

1214/62 



THIN FILM DEPOSITION 

The present rate of progress in solving the formidable problems of deposition 

of film and conductor arrays makes timely completion of thU1 film memory as 

previously proposed unlikely (per memo "Development Plan for a Magnetic Thin 

Film Memory" to V. H. Grinich dated 8/31/62 by n. A. Perkins). Aside from the 

delay in acquiring the requisite thin film technology, the effectiveness of 

circuit and system design is greatly hampered by lack of a memory film array 

model. The locally available film technology is being reviewed in an attempt 

to provide a useful interim model of lower storage density which doe not 

require high coercivity magnetic material or a deposited conductor matrix. 

(the most formidable problems at present). The intention is to provide 

test vehicle hopefully permitting effective circuit and system work to con• 

tinue while deposition problems either are solv d or the probable eventual 

limits of our thin film capability ar more clearly defined. 

Since 30 x 60 spots exhibit some switching on the dynamic tester, and pr • 

sumably should have He compatible with ~· the following program ebould be 

pursued for the next few weeks (also mask exiots): 

1. Lay down Cu•SiO•Cu to finish present experiment until electromagnet is 

ready. 

2. Lay down Aa•SiO•NiFe {30 x 60) (spots thru mask) 

a. To evaluate spots over ground plane dynamically 

b. TO permit making an overlay breadboard so that me approximation of 

the storage matYix problem is available for circuit and system develop• 

ment. 

3. Lay down As•SiO•NiFe in continuous films. 

a. Evaluate unetched with looper and dynamic tester 
b. Etch 30 x 60, and 10 x 20 spots and re-evaluate 

4. Determine means to get He as high as we are able with other usable film 

properties (hopefully > 5 oe). 

5. Determine techniques to get rid of pinholes tbru oxide so that conductors 

may be evaporated on assumption that (1} above will disclose such a problem. 

6. After (4) and (5) are solved. try to make complete lxl spot and conductor 

array per proposed design. 

12/4/62 
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THIN Fll.Jil DEPOSITION 

the Pfesent rate of prograsu in solving tbe formid4ble problems of deposition 

of film and conductor arrays makea timely completion of a thin film memory as 

previouuly proposed unlikely (per memo "Development Plan for a Magnetic thin 

Film Memoey" to V. H. Grinicb dated 8/31/62 bJ n .. A .. Perkins). Aside from the 

del y in acquiring the -requisite thin film technology. the effectiveness of 

circuit and system design is greatly hampered ~ laek of a memory film array 

model. The locally available film technology is being reviewed in an attempt 

to provi<le: a useful :lnterim model of lower storage density whieb do s not 

require hiSb coercivit)' ~etic material or a deposited conductor matrix .. 

(the most formidable problernG at present). Tile int ntion is to providG a 

test vehicle hopefully p<armitt1ng effective circuit and system work to con• 

t1nue wbil deposition problema either are solved or the probable eventual 

limits of our thin film capability are more elearly defined. 

Since 30 x 60 spots exhibit come awitchina on the dynamic tester. and pre• 

sumably should have He compatible with Hn• the following progrem should be 

pursued for the next ftN weeks (also mask exis-ts): 

1. La7 down Cu•S10•Cu to finish present exp<'rriment until electromagnet is 

ready. 
2. Lay down Aa-SiO•NiFe (30 x 60) (spots thru mask) 

a. To evaluate spots over ground plane dynamically 

b. To permtt mald.na an overlay breadboard oo that some approximation of 

tbe storage matrix problem is vailable for circuit and system develor 

nt. 
J. ~ down Ag•S10•N1Fe in continuous films. 

a. Evaluate unetched witb looper and dynamic teeter 

b. Etch 30 x oo. and 10 x 20 spots and r$•evalu;Qte 

4. Detend.ne means to aet He as high aa we are able with other usab le film 

properties (hopefully > .5 oe.}. 

S. Dete'l'm:l.ne techniques to get r1.d of pinholes thru oxide so that conductor& 

may be evaporated on assumption that (1) above will disclose such a problem. 

6. After (4) and (5) are solved 11 try to make complete lxl spot and conductor 

array per proposed design. 

12/4/62 
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COMPO!)ENTS 

Transistors (Si) 

Diodes (Si) 

Microcircuits 

Memory (separate) 
Film & Active 

Transducers 

Inst: (Big 
Test Machines) 

Lab Eqpt. (Pulse Gen. 
(D.V.M. 
(D. C. Amp. 

Circuit Modules 

Systems: 
Military 

Commercial 

GEM/VHG 
12/13/62 

1961 

106 
24 

114 
4 

0 
0 

0 
0 

101 
0 

10 
0 

45 
0 

5 
0 

3000 

964 

1962 1963 

120 160 
33 45 

100 12.0 
8 10 

3 20 
1 5 

1 5 
0 0 

123 135 
0 1 

13 15 
0 2 

53 65 
0 1 

6 7 
0 0 

3500 3500 

1140 1140 

1964 1965 1966 1967 

210 250 250 250 
55 60 61 62 

. 
135 150 150 150 

13 15 15 15 

50 100 150 224 
12 25 40 55 

25 50 75 100 
1 5 10 20 

140 150 150 150 
2 5 8 10 

18 22 26 30 
3 3 4 5 

80 95 105 120 
2 3 4 5 

8 10 11 12 
1 1 1 2 

3500 3600 3600 3600 

1140 1200 1200 1200 ' 
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f) 
Below Distribution December 10, 1962 

Visit of Applicant -Eugene Meieran Donald Palmer 

Eugene Heleran- Ph.D. Metallurgy, February 1963 - plans to visit with us on Wednesday, 
December 19, to discuss employment possibilities with various members of our Technical 
Staff. A copy of his personnel file Is attached for your information. 

In order to make his visit as enlightening as possible for all concerned, the following 
schedule of activities should, If possible, be followed on the day of hls visit: 

10:00 • 10:30 Don Palmer 

10:30 - 12:00 Meet with Gordon Moore, Worden Waring and Tom Sah in Executive 
Conference Room. 

12:00- 1:30 Lunch with available members of above group. 

1:30 - 3:00 Worden Waring and members of his group. 

3:00 - 4:00 Tom Sah and members of his group. 

4:00 - 4:30 Gordon Moore 

4:30 Don Palmer 

In order to complete Heleran's personnel file, the attached evaluation form should be 
completed and returned to me within two days after your meeting with him. 

Your help in making his vlslt a pleasant one will be appreciated. 

0 i str ibut I on: 
Gordon Moore 
TomSah 
Worden WarIng 

Donald Palmer 

RECEIVED 

nt.c 1 o 1962. 

c. T. sAH 



APPLICANT EVALUATION FORM 

Applicant's name MEIERAN, Eugene 
----~~~La~s~t~----------~F~i~r~s~t----------~M~i~d~d~1~e----------

Ph.D. Metallurgy 
Degree ~E~x~p~e~c~t~e~d~F~e~b~r~u~a~r~y~1~9~6~3 ______ Date of Interview December 19. 1962 

Please give us a brief statement regarding your evaluation of applicant's 
experience and technical competence 

In your optnton, do you feel that applicant should be considered for employ-
ment with Fairchild: Definitely Perhaps No __________ __ 

If you do recommend him for employment, in what area(s) do you feel he could 
contribute the most: --------------------------------------------------

Any other comments you might wish to make concerning applicant: __________ _ 

Date Signature of Interviewer 

(Please complete form and return to Don Palmer, Personnel, R&D Department, 
within two days after interview) 
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IFAI~CH 

SEMICONDUCTOR 

NAME Last First 

lt 
Address No. Street City 

Position Desired 

' . 

PROFESSIO AL APPL CATIO BLA 
Answer All Applicable Questions 

Middle 

( /1 .'-1 B « ( or-: E: 
Zone State 

Maiden 

~I! ';51Jr rt~' -; f: rr:s 
I 

Home Phone No. 

/'\ I 7/!1-74 I How Long 
At This 
Address? 

I Bus. Phone 
v.v4 c,· ? t ·D 

i'-->t-;;- ].4( J 

( 

I X I Fem~ le 

I May We 
Phone Yes Q­
You There? No 0 

{( E )€ 11 ~ ~>-;~ .,.) f1 e +~ t1 v vl t..d· 
I 

Any Re lative Working at Fairchild Semiconductor? If Yes, Please Give Name 

0 Yes ')sl No 

By Whom Were You Referred to Fairchild? 

M r< ltv o r_ or. t \i VJ A t. · . ' 6--
Have You Ever Been Employe d by Fairchild Semiconductor 

or Other Division of Fairchild Camera and Instrument? 

Yes 0 / If Yes, Where and When? 

No IS: 

EDUCATIO N BACKGROUN D 

I 
I Letter 

Name and Address Grade 
of School Ma jor and Minor Average 

HIGH SCHOOL 
(.-_ t vc.,_A;vo HCt t--tt·r> r/1(-r~ 

:;-(, !£ (\./~_ .z.. I~ (r-ev::-·. t-:"15 . l's OriiO 

UNIVERSITY ru .\, () {J ,C 0:--~tvr fc·, It I 
\ 1,,_,_1\fA~C, - c - t·J0iP.iliA /1 £I It <-.£.. 1.} i'Jr !( ~-r 

'UI\IMRsii:t ~ 
M ,,-
(!U ~ e R.. c D{:r!: hA"r 

,., R+ 
GRADUATE SCHOOL/ 

/ 

G RADUATE SCHOOL 

~ SPECIAL TRAINING 

PROFESSIONAL ACTIVITIES 

' 
A Ec 

List Patents Applied for and/ or Granted 

List Pub! ications Authore~ or Co-Authored 

0 :, ~:.: a c: · :.?)..Q_ 1"j~> ~f\-:r.. -J l~ VJ <..9. 

I 
Diploma 

Dates of or 
Attendance Degrees 

1'7> l. -!/';-') Dr/' lt..··~'/J 

/7 ))-65J £ . .5 
(/f'l - 5.11 

In What Special Projects or Research Assignments Have You Participated? (Describe Specific Assignments) 

CS 127A (11 / 61) 

Why Did 
You Leave? 

&/'? /ifV ./7"t-!5 

/! 

5fiLL Nfj.£ 

PAGE 1 



EMPLOYMENT BACKGROUND 
Complete information on all employment and periods of unemployment during last 10 years must be given . List present or 
most recent employer. Work back. Include periods of unemployment. 

I Telephone 

YOUR JOB TITLE($) 

P--.e_ <,.-QC'0, ( J/\, £/It (") ( 1:1_9 OJ, 

From Mo./Yr. To Mo./Yr. 

7/(() 
I 

d- RATE OF PAY PE~ 
f61rY'~--~ 
__ W __ ~onth Week --lfrr:::-1 Hour c;/r;o 

I 

___ _lV\Onth ____ Week ____ Hour 

DESCRIBE PRIMARY DUTIES:~~~~~~~· Qa~~~~Qwda~~{~J~~~~~~~~~2~~~~-~~s+[r~-~~~~S~·~r~~~~2~~-~~~- ~~~C~C~~~~~QL~~~·~~~­
(._ lc-<..S 

\ 

What Did You Like Most? I What Did You Dislike? 

How Many Employees I What Were Their J_ob Titles.? • 
Did You Supervise? T Q.GWA_ ( (_~_.u,'\b, 
Your Supervisor's Name and Title "" I May We Contact Him or others 

Yt f' tA · /. · (' ! · -;--.. :...J. {-;) ).- in This Company for Reference? 
1 tr\ ldOq pd-r:::ll'\) jU [..9-.{V ()O{, .fJB.Jr'i {{J-)J 

7 ' .. 

EMPLOYMENT BACKGROUND 

7 I I 

YOUR JOB TITLE(S) 

DESCRIBE PRIMARY DUTIES: 

What Did You like Most? 

How Many Employees 
Did You Supervise? 

From Mo./Yr. 

ro/5! 
To Mto / Yr. -1;: RATE OF PAY PER 

f. 5"7" 'J-'/cJ 
---~Month Week Hour 

____ Month ____ Week 

I What Did You Dislike? 

j What Were Their Job T~~_? 

~ I <2. c? l1 ! ( I f<._l[,, 

r-<,dc?N,,l I May We Contact Him or others 
j )u J.2...{ U 1; (f'v (<.;;;:(/(in This Company for Reference? 

____ Hour 

\XI NO 

I)ZI NO 

PAGE 2 



. . 

EMPLOYMENT BACKGROUND 

Company ! l\ U'\\... (o :, (""- _ _P t:X.s. Address 

T A Pea D iv. 

YOUR JOB TITLE(S) 

---" L I C'_c:_ 1 l l "'-'tC\"' 

From Mo./Yr. To Mo,/Yr. I RATE OF PAY PER 

q.fr- ......, )7 -;:-
1 ( J I --' .) Month Week 

I 

____ ,Month ____ Week 

DESCRIBE PRIMARY DUTIES: )4_Q :{-e.2_t l,Af ~ / .,J)_.).J?,_f.J__p(j _ _ 

a{ -1--d-A J '. " { I\, ()_ /lo-rp 

What Did You like Most? 

How Many Employees 
Did You Supervise? (Vtrr".J,_ 

Your Supervisor's Name and Title 

Dr. AI tvet-.A.j 

Branch of Service 

Primary Duties 

Are You Receiving A Pension? 

I What Did You Dislike? 

I What Were Their Job Titles? 

J May We Contact Him or others / .J /)/) -. . / in This Company for Reference? 
· \Q_,.rt\~.v t 

MILITARY SERVICE WITH U. S. ARMED FORCES 
Rank at Discharge I Date Entered I Date Discharged 

I Schools Att~nded or Special Experience 

YES 0 NO 0 

I Selective Service Class ification I Reserve Status 

CJTIZE SHIP 
(IF HIRED APPLICANTS MAY BE REQUIRED TO SUBMIT PROOF OF CITIZENSHIP) 

Are You A Citizen of the U.S.? 'J3l Yes 0 No (If No, Please Answer The Following Questions) 

A. HAVE YOU A LEGAL RIGHT TO REMAIN PERMANENTLY IN THE UNITED STATES? 

B. DO YOU INTEND TO REMAIN PERMANENTLY IN THE UNITED STATES? 

C. HAVE YOU APPLIED FOR NATURALIZATION PAPERS? 

D. HAVE YOU EVER BEEN ARRESTED OR INTERNED AS AN ENEMY ALIEN? 

0 YES 

0 YES 

0 YES 

0 YES 

SECURITY CLEARANCE 

0 NO 

0 NO 

0 NO 

0 NO 

I Telephone 

____ Hour 

____ ,Hour 

i)<1 NO 

I Type of Discharge 

If Yes, w~~t ofi.~ation? Agency/) EC I Current? lV (J 

If, Yes, Explain -;:-F~ul:;-ly-----------'--------=:__ ___ _,__ _________ _ 

Have You Ever Applied for Security Clearance? 

'1Sj YES . 0 NO 

Have You Ever Been Denied Security Clearance? 

YES 0 NOJ11. 

Do You Know of Any Reason Why You Might Be If, Yes, Explain Fully 

Den ied Secur ity Clearance? 0 YES -r&'No 

PERSONAL DATA 
Date of Birth I Height I Weight Have You Any 

( -/ ,; J<:"<r) 
!-;:'~ , -:'_. "'?) ; ~ 7 ") i 1 0 Physical Limitations? 

Have You Ever Been Convicted for 0 Yes I If Yes, Explain Fully 

Other Than Minor Traffic Violat ions? ";S No 

Color of Eyes Color of Hair 

B!u,: ~U:..UN 

0 Yes I If Yes, Please Describe Fully 

>::fNo 

PAGE 3 



Single 

Is Your Spouse 
Employed? 

0 

MARITAL STATUS 
Separated 0 Divorced 0 Widowed 0 Married )dJ Remarried O 

How Long ;J'u-;t f.A.Gl}IA~How Long __ How tong __ How Long __ How Long --

If Yes, Name of Company 
I 1 - . I 
I v./\U r)Jr'- 0 Y) 1 i..PJ(> ,"\~ 

I Kind of Work I Job Title 

'S.:.(}l~e...~\.o-2 JtC:.Iti'':.(·--:"'.) v 

Df:PENDENTS 

NAME Relationship Age 

f( (":. ?..1J :>I! c 1 ,-v l:> )-~ c us· k. A rv rv, ·r c. '2-4-

REFERI:NCE 
PLEASE LIST AT LEAST TWO (2) PROFESSIONAL REFERENCES 

NAME Position Employer Address 

J)· Mo ,. ,.:,j G>~.-: !!."' Fvof-:s.:so: /.IJ. 1-1 - Cc:-1-~. .. &N{:x lr c; u r. l { I I _, 

tr. Pr.v-({.{ -rt,,_ (.'!ft-. •u {I ,, ,, 

hi~. .Jo '.;.JL ~ {, ~;~, ,, t.u+ 6v.. ) 1 r,_tJ..J.J.., .- ({'" -:.. -; 6'? .5o. 7_1.~ r' ''-' i; ,f(,/. .,.r::_. (.. UtYt cY-:-,, ~ n•z a:.--". I,<- o~; :a 
I 

U ~· v-2t1s ~~7 ;~2'"':1./ r 1(;. 1 ·/ . c,, r·r--r..c j) $r ~vi. F AO~ ~s.} a--.. {'r.J .r GI.JA.Q. 
, 4 \. ~ ...... 1:.-1 C,L'\. '\ 1./ ,· ,. !' , !J~,. '' ~'·' <>-/, 

•'/ ... _ •. • O _,~-.:·() -- ,/{/'.'. -. 

AFFIDAVIT 

I expressly waive all prov1s1ons of law prohibiting any physician, person, hospital, or other institution that has or may here­
after attend or furnish me with treatment from disclosing to Fairchild any knowledge or information thereby acquired. Further, 
I agree to the performance of a medical examination by a company designated physician a[1d understand that medical approval 
must be obtained before employment can be effected. 

I authorize all schools which I attended and all previous employers to furnish to Fairchild my record, reason for leaving, and 
all information they may have concerning me, whether or not_ it is contained in their records . I hereby release them and Fairchild 
from all liability for any damage whatsoever arising therefrom . 

I certify that I have never been a member of any organization that advocates or has advocated the overthrow of the con­
stitutiona I government of the United States. 

I agree to sign a contract of employment upon employment or at any time requested thereafter on the company's usual 
form and abide by the provisions thereof. 

I understand that, in the event of my employment by Fairchild, I shall be subject to discharge if any of the information I 
have given inAR.is application is false or if I have failed to give any material information herein reques d. 

t ;/;9/ ., 4 . 
I 

INTERVIEWER'S COMMENTS 
DATE 

\ ', 

Job Title I Rate I Shift Starting Date Dept. I Section I For Dept. I For Personnel 
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Ffil R C-HI L D 

SEMICONDUCTOR CORPORATION 

) TWX X J wux OUTGOING MESSAGE DATE _l!OVFt1~;:'R .1.2.., 19_62. 

ADDRESSEE: 

REGISTRAR 
MASSACHUSETTS I~STITUTE OF TECHNOLOGY 
CAHBRIDGE 39, MASSACHUSETTS 

MESSAGE INFORMATION: 

ORIGINATOR: 

DONALD PALMER 

DEPT: PERSONNEL EXT: 301 

MR. EUGENE S. MEIERAN BORN DECEMBER 23, 1937 INDICATES ON HIS EMPLOYMENT APPLICATION 

THAT HE EXPECTS TO RECEIVE HIS Ph.D. DEGREE IN METALLURGY APPROXIMATELY LATE 1962 OR 

EARLY 1963 STOP \-/OULD YOU PLEASE VERIFY THIS INFORMATION BY RETURN COLLECT HIRE STOP 

\1/0ULD ALSO APPRECIATE BEING ADVISED HIS CLASS STANDING IF YOU RANK STUDENTS THIS 

MANNER STOP THIS INFORMATION \>II LL BE HELD STRICTEST CONFIDENCE STOP 

DONALD PALMER 

Eugene Stuart Meieran currently registered at MIT. 

He expects to complete requirements for degree of 

Doctor of Science in field of metallurgy in February 163. 

Rank in class not available. 

W. D. Wells 
Associate Registrar 

MESSAGE SENT: MESSAGE NOT SENT BEC.f!USE: 

MESSAGE No. 

DATE -~-···------------
TIME ·-----·---------·-----

OPERATOR ------- .... ·----



MORRIS COHEN 
D 1!: P A R T M E N T OF M t: T A. L l U R G Y 

MASSACHUSETIS I NSTITUTE OF TECHNOLOGY 

CAMBRIDGE 39. MASS. 

27 November 1962 

Mro Donald Palmer, Personnel Manager 
Fairchild Semiconductor Corporation 
4001 Junipero Serra Boulevard 
Palo Alto, California 

Subject: Mro Eugene S. Meieran 
Dear Mr. Palmer: 

In reply to your letter of November 12, I can recommend Eugene 
Meieran very highly for employment on your Technical Staff. 
Meieran is now completing his thesis for the Doctorate in 
Metallurgy at MIT, and he is giving a good account of himself. 
His work on electron microscopy and preferred orientations is 
first-class, requiring both experimental skill and fairly 
sophisticated interpretation. 

Meieran knows how to keep his eye on the ba.ll, and as a result he 
has made excellent progress in his graduate program. At first, 
he seemed to be disconcerted by the rapid pace here, but after a 
while he demonstrated that he could hold his own with the best of 
the graduate students here. 

You will find that Meieran has drive, perseverance, and a sincere 
desire to find meaning in what he is doing. He knows how to design 
research projects and follow through. However, he is still a young 
man, and benefits from senior advice and encouragement from time­
to-time. 

MC:m 



Mr. Donald Palmer 
Personnel Manager 

DAVID A. THOMAS 
D!PARTM!:NT OF METALLURGY 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

CAMBRIDGE 39. MASS. 

December 4, 1962 

Fairchild Semiconductor Corp. 
4001 Junipero Serra Blvd. 
Palo Alto, California 

Dear Mr. Palmer: 

I am writing concerning the application of Mr. Eugene S. 
Meieran for employment with your organization. He has given 
my name as a reference. 

Meieran has been carrying out his graduate work at MIT 

' ' 

under my supervision since he arrived from Purdue in 1958. Meieran 
has a strong interest in x-ray diffraction, electron diffraction, 
experimental crystallography, and related fields. He has a 
particular knack for devising equipment to do experiments in these 
fields. His most recent experience has been with transmission 
electron microscopy of tungsten, which is closely associated with 
the diffraction problems that are of such interest to him. He 
has made significant contributions to our work in this area. 

Meieran is also competent theoretically, but he is more 
reluctant to apply himself there than in experimental studies. 
However, he shows increasing interest in crossing the lines between 
experimental and theoretical work. 

Meieran is an intense individual, occasionally to the irritation 
of others. However, he has worked in the electron microscopy laboratory 
quite successfully in the past year or two, and I think he appreciates 
the results of cooperation better than ever before. 

Sincerely, 

David A. Thomas, 
Associate Professor of Metallurgy 

DAT:mpp 



FAIRC ILD SE~'ICONDUCTOR 
RECEIVED 

I1 t l r - Ot£ i Ct' Cones pOI.del ce r=· t. d 6 1963 

GOfl tAJN E. MOORE 

Tc>: Paul Hill ct D. Yost Februarv 5, 1963 

Fron: Dick Robinson 
G. Noore / 
c. Pl<.lU h 
TLChl i.cdl File (?>lt.View) 

Subjc•ct; Stand<~rd N.1ski1 , ['1icrlllcJ~ic 

rrojl'ct: 

Objc·ct: 

Data: 

Liue Masks: 

N<. . 48 - Standard Hasking Procl dure, Nicrologic 

Evalu;1t" St 1rclard Hasking (30 cs. KPR) fl,r ~licrologic <lnd ltPplen(•nt 
i [ feas i bh. 

This report contains th• results of comparison of ~-r(duction micrologic 
mas kin, wilh st 1nu< rd rr . .1skin~ b) l rocess dt.•velopn1u t for the :--.arr.e 
f"icrologic l .1tt rns. Tlw present production t.. thcJd was found to give 
superiur pattLrn fidelity on the etch• d wafL•rs. 

All patt~rn meast•rcments were made with a calibrat d filar eye piece 
at SOOX . Resistor bar width::; were meast rt>d ..tt th · button, of tht.> 
L)Xide cutout and .• t tne Clllt"r of th1 b .. r. Th' mask measuren.ePts werl' 
madec Lor a 1 n viouo. report (Pruject Ni. . .JY - Rf:'vivw of Hask H<1I'ufdcturing 
Nethods, Dcc(·rrbl•r 14, 19L2). Th thn•, 1 r"est waft>rS fru1 v3ch run 
\.JCrL selt>cted for con1parisun 21.d all s amples were frc,r;· t w Ct'r tl r 10 
pattern::. 01 row 13, ,,L ~!ask H- b0-1 - 3 (t'H ro\v wit 1 thH·e missirg pattetus). 
The runs for currparison were selected Jt rJI don', th< line n.rs trom 
what,·ver was av<.~ildble LII thv date the nJ<."asur<'LLPl::. were n.adt d!ld tlH 

standard mask runs £ron four runs masked by J:>rocess Dcvelovn-cr t. 

-
X mean of 10 measurerJL'nts , mil . 
s = !:>:lli•Ple star,diird devi.1t im, mil. 

Resistor 

l. 
2 . 
3. 

-
X 

2.029 
2.03b 
2. •)31 

s 

O.OOb 
0.008 
0.010 

X 

2.032 
2.031 
2 . 02/ 

s 

0.016 
0. LH2 
O.OL.J 

Procpss Dev. Nask: 

Rt•sistor X s 

l. 2.044 0 . 017 
2 . 044 0. 23 

3. L..031 O. !Jlb 



, 

-2 - F··bru n :>, 1963 

----- --------------------------------- --------- ----------- ----- -- ------ ----- -----

Line Has ked Wafers: 

-Run No . Rcsistur X s X s X s 

HY 237 l 2.003 0.034 l.ob8 0 . 036 1.9/4 0 . 043 
(12-7-{.2) 2 2 . 022 0.027 1. 917 0.044 2.006 0.027 

3 2.020 0.029 1. 920 0 . 032 2.006 0 . 022 

HY 272 1 1.947 0.028 1.923 0 . 036 1. 929 0.032 
(12-17-62) 2 1. 965 0.018 1 . 940 0.03b l. 946 0.037 

3 1 . 964 0 . 017 1. 931 0.029 1 . 940 0.047 

Standard H.::~sked W.::~fer:o (Process Developrre t ) : 

HY 24'5 l 1.668 0 . 085 1 . 808 0.035 1. f-26 0 . 044 
(12-10-o2) 2 1. 708 O.Oo6 1.815 0. l41 l.b33 0. 14 } 

3 1.691 0.077 1. 831 0.037 1.834 0.033 

HY 245 1 1 . 892 0.026 1. 852 0 . 031 1 . 854 0 . 043 
(12-17-b2) 2 1. 923 0 . 025 1~ 887 0 . 037 1. 884 0.044 

3 1. 923 0 . 028 1.890 0.031 l . b89 0.047 

Analysis of Results: 

The da t a show that standard masked wafer patterns <:Jre su.allcr than the specified 
2. 00 mil . by a t>reatLr antount than 1 ine maske d wafers . This can be also seen by 
comparing mean ma s k size with mean etcltc d i n,age s i ze : 

Line Mask 
SL<:Jndard Mask 

Mask 

2.030 
2.040 

Image 

1. 958 
l.b34 = 

Difference 

0 . 072 mil . 
0.206 mil. 

Conclusions and Rccon:mc•ndat ions: 

DR: ch 

1. The present micrologic process shm l d be ret .l~·ne . where etchvd patll•rn 
dinensiun::, are critical (base, er ~ and ox· e removal mask·) . .,. 

2. Standard nasking cc uld be used for isolation r..asks if pirh l<· redJct ion 
is required since ~Jage size is not as critical fLr these masks. 

Dick Robinsun 
l'ruces:o Devc ll'P~ ent 
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c 0 M p A LI y 

f/3· INTERNAL CORRESPONDENCE 

FAIRCHILD SEMICONDUCTOR 
A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 

• '-' L. G. Rcis OA.TE February 8, 1963 

FROM: H. B. Crutchfield CC: B. C. Knudson 

SUBJECT: Results of Tests to Evaluate the Model Proposed 
to Explain "Secondary Breakdown" in Transistors 

Purpose 

To document the results of tests conducted to evaluate the model pro­

posed to explain secondary breakdown in transistors. 

Conclusions 

The test results agree with the results predicted by considering a one­

dimensional transistor model in which the VBE' at any operating condition with 

a forward biased base-emitter diode, is assumed to vary in a random manner as 

a function of lateral displacement from a reference point on the junction. 

Summary of Tests and Results 

Six TC4016's were selected at random from a bucket of unclassified 

units. The units were checked for opens and shorts. However, the only criteria 

used to select the devices to be used was that each unit have an LVCEO ~ 80 volts. 

No attempt was made to match hFE's or VBE's. 

The units were then soldered into a 2" x 1" x 1/2" copper heat sink and 

wired for parallel operation. Each emitter was brought out separately so that 

a resistor could be connected in series with the individual emitters. 

The thermal resistance of each individual transistor was measured in a 

heat dissipating bath biased at VCB = 10 V and IE= 0.1 A. Values were: 

Unit No. g (oC/\.J) 

1 39 
2 37.4 
3 37.4 
4 39.8 
5 40.5 
6 35.4 



C 0 M P A N Y P R t V A T E 

I. . G. Reis February 8, 1963 

Page two 

The thermal resistance was then measured at a constant IE= 0.5 A at 

several collector voltages on the paralleled devices; first with no resistor 

in the emitters, next with a one ohm resistor in each emitter, and finally with 

a 10 ohm resistor in each emitter. The results are plotted in Figure 1. 

Next, the emitter current of each individual unit was measured, first 

with no resistor in the emitters and then with a 10 ohm resistor in each emitter. 

Again, the total IE= 0.5 A. The results are plotted in Figure 2. 

It can be seen, by comparing Figures 1 and 2, that the increase in 

thermal resistance with no resistor in the emitters is a result of current 

"hogging11 by device ifS. The cause of the high thermal resistance at low col­

lector voltages with a 10 ohm resistor in each emitter can also be seen -- device 

113 is "hogging". 

Figure 3 shows the thermal resistance as a function of collector voltage 

at IE= 0.5 A for a different group of six TC4016's mounted in an identical 

manner. The current would appear to be more evenly distributed in this group. 

(This group was destroyed before the current distribution could be measured.) 

Nevertheless, the effect of the stabilizing resistors can be clearly seen. 

The secondary breakdown voltage of the unit depicted in Figures 1 and 2 

was measured with and without the stabilizing resistors. The total emitter 

current was again 0.5 A. Secondary breakdown occurred nt V CB : 20 V with no 

emitter resistors; at VCB : 50 V with a 10 ohm resistor in each emitter. The 

secondary breakdown voltage was also measured on each individual device at 

IE = 0.25 A. With the exception of device #5, secondary breakdown occurred at a 

collector voltage of 26 V to slightly in excess of 30 V. Secondary breakdown 

occurred on device #5 at VCB = 18 V. 

The secondary breakdown characteristics of the unit shown in Figures 1 

and 2, without stabilizing resistors, is similar to some of the poorer 7000's 

~nd 6206's measured by the author. The characteristic of the unit shown in 

Figure 3 is similar to the better 6206's. 

;p/.. l / c~ 
H. B. Crut ch fiel d 

HBG:s 
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To: 

SUBJECT: 

FO R M S t 20 

INTER-DEPARTMENTAL CORRESPONDENCE 

--11-1./RJRCH/lD 
SEMICONDUCTOR CORPORATION ,. 

Don Farina CC: DATE: 1/18/63 

FROM: Gordon E. Moore 

Please fill in your shcedule for the following and give it to me 
(leave with Helen) by 12:00 today: 

1. Mask layouts for Micrologic elements to Sam 

My original date to be beaten Your date as of now 

G - This week 
- Today H 

c 
B 
F 

- Next Wednesday 
- Next Friday 
- One week after the H (also 4 input G & 

(2) 2 input G alt.) 

Yesterday 
Today 
Next Tuesday (1/22/63) 
Next Friday (1/25/63) 
1/29/63 

2. When will S 1s be thru --please give best guess. 

1st run 
2nd run 
3rd-5th 

Thanks. 

Die sort-1st units 

Wed.-Thurs 
1/31/63 
2/4 
(3rd run) 

(1/23 - 24) 

2/8 
(5th run) 

rest of run 

1/25 
2/1 

2/5 .. 2/8 

evaluation 

1/31 no test spec 
2/8 
2/12 .. 2/15 



To: 

FROM : 

SUBJECT: 

5-184 

INTERNAL CORRESPONDENCE 

FAIRCHILD SEMICONDUCTOR 
A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 

G. E. Moore) DATE: January 17, 1963 

J.P. Ferguson CC: v. Grinich 
c. Sporck 

Material Requirements for Epitaxial ~ D. Farina 
c. Plough 
D. Cole 

The following schedule comprises the R&D contribution to the supply of 
material for the epitaxial micrologic evaluation: 

Wafers/week 

Sb & Epitaxy at R&D 

Sb at R&D, Epitaxy 
at Stierlin Rd. 

Week Beginning 
1/28 2/4 2/11 

75 75 75 

75 150 150 

75} 
150 

Continue until no 
longer needed 

At present, the only pre-dep mask available is that of the S element. 
Hence, all of the material until about 2/4 will be for this element. 
After that, the material will be split as pre-dep masks for the other 
elements become available so that units of each element type will be 
available for characterization as soon as possible. 

C. Plough plans on having his Sb furnace in operation by 2/1/63. At that 
time he will begin supplying wafers to Stierlin Road. 

The material specification is as follows: 

Wafer Size 
Wafer Thickness 
Substrate 

Resistivity 
Layer Thickness 
Layer Resistivity 
Sb pre-dep V/I 

l..!l/4u max. 
180-220 fl 
3-6D - em npn type 

It is most important that all the material used meets these specifications 
since undue variations in Sb pre•dep V/I, layer thickness and layer 
resistivity will significantly affect the electrical specifications which 
may be guaranteed. 
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- Feasibility Samples 
Design Samples 
Reproducibility Samples 
Transfer HIGH FREQUENCY PROJECT PLANS 

PROJECT 

SATURATING SWITCHES: 

1. l200°C gold with diffused emitter-NPN 

2: Heavily doped substrate, epitaxially grown base 

a. NPN 

b. PNP 

3. Inverted structure NPN 

4. CDC, 2 stripe, three input gate, nichrome resistors 
optional 

5. Minimum ~ PNP, reverse biased junctions 

6. One amper! ~ driver 

7, &A~~~.~ 
.R.F. TRANSISTORS AND DIODES: 

l. Straight size reduction, majority base, one device 

2. High fT device (Sandia contract) 

a. All diffused 

b. Surface Barrier emitter 

3. FT-0006 aggregate 

4. FT-0007 aggregate 
5. Harmonic generation diodes 

a. FD-7 w-w/o gold, different 

b. FD-6 w-w/o gold, different 

.LOW CURRENT DEVICES (LOW NOISE): 

l. Inverted NPN/PNP 

2. Guard ring structure 

layer 

layer 

thicknesses 

t hickness es 

GOAL 

"t ~ 2 nsec. s 

't's ~ 2 nsec. 

'~'s ~ 20 nsec. 

t" < 2 nsec. s 
Sat. and non-sat. 

t < 20 nsec .. s-
4011 performance 

.l mil stripes and spacing 

z .. 3 kmc. 

2.5 watt at 500 me 

5.0 watt at 500 me 

Misc. geometries 
and structures 

hFE > 10 at 1 na 

hFE ~ 10 at 1 na 

F 

f · b f 

1963 
M A M J J A s 

F 

F 

F 

F 

F 

(b-1 (0)--4 (jr-t 

F 

F 

F 

D 

F 

F 

F 

R 

D 

F 

T 

R 

"' 

0 N D 

D 

T' 



PROJECT GOAL 
1963 

F M A M J J A S 0 N D 

CHARACTERIZATION: 

1. Stripline 

2. Aggregate interconnection inductance 

3. Co-axial 

4. Aggregates in BeO power package 
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GB GATE YIELD REPORT -5- January 28, 1963 

Continuing, (2~6)(1000)(RSAT) < 190, or RC must be~ 14 or 15 RSAT for good 

yield. 

RC/RSAT was greater than 15 in most of the units to date, excluding an 

RSAT tail; it appears that initially material should stay on the low side and 

RC in the 540 - 620 n area for optimum yield to FO = 5. 

7. Tabulated distributions ·are given: 

RUN if{ 100 102 

Rc 10% 600 640 

Rc 50% 700 710 

· R 
c 

90% 800 800 

~ 5 mA 10%(1 Pin) 48 45 

50% (1 Pin) 80 70 

90% (1 Pin) 120 125 

103 104 105 106 

610 610 570 570 

690 690 670 660 

780 760 770 740 

35 30 45 30 

60 50 75 62 

90 70 130 120 

116 117 130 134 137 

610 620 560 550 550 

680 660 610 610 610 

760 710 730 690 690 

25 26 24 30 35 

50 38 43 50 65 

80 59 62 100 130 

n 

n 

n 

RSAT 10% (1 Pin) 29 

RSAT 50% (1 Pin) 34 

RSAT 90% (1 Pin) 40 

28 28 31 27 25 26 25 30 26 27 n 

35 36 36 34 35 28 28 40 33 34 n 

42 50 43 39 44 34 35 48 40 38 n 

VSAT 10% (1 Pin) .149 .140 .160 .160 .150 .147 .142 .145 .172 .140 .170 V 

VSAT 50% (l.SV) 

VSAT 90% (VBE) 

.173 .180 .180 .210 .180 .187 .165 .158 .223 .190 .190 v 

.217 .210 .250 .230 .210 .244 .189 .182 .269 .230 . . 230 v 



.~ r;;v RUN 100 102 1Ll3 104 105 106 116 117 130 134 1 7 t~ 
101AL TOfAL 

TOTAL TESTED 50 49 50 40 50 50 50 50 48 41 50 528 100% 

Good FO = 5 Mk II )i;J;_, 7 2 5 0 4 6 2 0 1 6 22 55 10.4% 

Good J.1EE but ba~~}1 ~lJk.-~5 2 1 0 1 3 1 0 0 0 2 0 10 
u 

NET GOOD 25°C F05 9 3 5 1 7 7 2 0 1 8 22 65 12.3% 
+125°C 

Good _55 oc Not Good 25°C F05 1 1 1 1 1 3 1 0 2 2 3 16 

+125°C Not Not Not N<rl' rl.-r rJ•<" 
0 

pl..,- rJ,.,- ,., . .,. 
Not Good 

-55°C 
Good 25°C F05 0 

USU)> ~sro 
--tEsted tastEd tES:erl 'f!H'J.) -f'l!s-ft!> -(ts'f'.lJ. -<is1"4.J> 

NET GOOD +l25 oC 
-55°C F05 10 4 6 2 8 10 3 0 3 10 25 81 15.2% 

Good FO = 4 Mk II 28 25 16 3 32 20 19 4 3 12 27 189 36% 

Good JlEE but bad Mk II 25°C F04 2 1 1 1 0 1 0 -1 0 3 0 +9 -1 

NET GOOD 25°C F04 30 26 17 4 32 21 19 3 3 15 27 197 37.4% 

+125°C 
Good -ssoc Not Good 25°C F04 1 1 6 3 2 2 0 0 2 2 4 23 

Not Good +125°C Good 25°C F04 
,J...r N•-f' 

-1 ,.J • .,- -2 -1 !lo-r F-i!tJ /'1..-r /'Jot"' ~o.f -4 -55°C 1'cs.f<) ..fE).(t']> 
1'.lS1'1J> 1'£•1'E.!> 1'lS~ -f'ES1'0 1Z51l'.P 1'£*!> 

NET GOOD +125oc 
-55°C 

F04 31 27 22 7 32 22 19 3 5 17 31 216 41% 

TOTAL REJECT UNITS Mkii F05 43 47 45 40 46 44 48 50 49 35 28 485 100% 

Verified Marginal Reject Units 32 25 26 24 20 17 26 11 21 11 15 228 47% 
F04 & F05 

Not Verified, Not Marginal 11 22 19 16 26 27 22 50 28 24 13 257 53% 
Reject Units 

Changes by Verification at 25°C +2 +1 +1 +1 +3 +2 0 +2 0 +3 0 +15 
-1 -1 ( 
+3 +4 

NOTE 1 
Changes by Verification at +3 +2 +6 +3 +5 +5 +1 +2 +2 +36 

-55°C & +125°C -1 -2 -1 -2 -6 
(+ means change bad to good) ./ 

Mk II Rejects lAS (RC MAX) 32 41 34 32 30 25 31 21 11 11 10 278 53% 

Mk II Rejects, Pass 1AS' 1 0 2 0 1 0 1 0 0 0 0 5 1% 

Fail 1A5/VOFF 

Mk II Rejects 1A4 1 4 1 4 0 0 0 0 1 0 0 11 2% 

~ II Rejects, Pass 1A4' 1 3 0 0 0 0 0 0 0 0 0 4 1% 

Fail 1A4/VOFF ,A }_d ' 
( 

VBE Rej cts , Mk lJ. ~J4 ,U.J 18 '),..l&''-.'0 ~1/33 J(V'33 17/19 29 30 ,J 44 29 22 .)11~.;3~1. 

Ver fied VBE Re jects 2S°C l f:¥17 q(ll lf/17 !7/ 17 1~/14 1/t) 13/lj '/' !.Iff, If- 1/to ,oj,o If '1/131 ( 
NOTE 1 

Verified VBE Rejects -S5°C 1'+/17 ttjll '~/17 t3/t7 11/ll.f- '-/Jo tJjtJ b/f I .2/tlf $"/to '/to c:;~ ~,.,I .' p r '-. :z,::, 
Mk II Changed Decision 0 2 2 3 2 0 0 3 0 0 0 12 .I 

VSAT Rejects, Passing VBE Mk II 3 0 3 u 1 1 0 0 2 0 0 10 2% 

Probable VSAT Rejects (Both Pass 3 1 7 0 1 8 0 0 15 3 6 44 8% 
and Fail VBE) . 

JlEE Data (1 Pin) 

ALL OTHER REJECTS 0 0 0 1 0 1 0 0 0 1 0 3 <1% I· .. · 

Good lAS Mk II 18 7 14 8 19 25 19 29 11 30 40 220 42% 
·' 

Good lAS' Bad VBE Mk II 9 5 10 6 15 19 17 25 9 24 18 132 25% I·· ' 

Good IA4 Mk II 48 42 49 36 50 50 so 50 47 41 so 517 98% .: 

.• 

Good 1A4' Bad VBE Mk II 18 18 30 31 16 21 31 46 44 29 22 316 60% 

I' :.:. 
NOTE 1: For example, in Run 103, on FO = 5 pass, Mark II rejected 33 units for VBE (V0N), ''-'-: 

on FO = 4 pass,31 units. 17 units of the 33 were verified in JlEE; 16 were not ·>:~~ 
since prior data indicated very low beta. 15 of 17 were reject in J.1EE at 25°C ; '•' 

12 of 17 were verified reject at -55°C. This would be reported as +2 Change by :' 

Verification at 25°C and +5 Change by Verification at -55°C, +125°C. 
I ~.-

-
·.;:.: '·x ·:~..: ,.?~~::' 

' ··. ,' ··. . ; ·· . 



TO: D. Yo t 

FPIRCPILD SEMICONDUCTOR 
Inte---Off i.ce co~ ·e.:;pondence 

Rt<..~:' " .. J 

0 b '1)63 cc: R. Craig 
D. F;:-ri.nc.. 

l/25/63 

G. Muo·e / 
c. Plo wh 

\D:J~E \1 t. r . Feq,,tn on R. Sc'1 ltz t ... ,\ 
FROM: D. Talbert R. Gr<..h,m R. See~.. 

SUBJECT: SUHMJ RY, MEETING Jan. 24. 
v. Gdnich c. Spo ·cl, 

---------------------------------------------------------------------------
1. Miccolog~c proces~ is frozen &s is. 

~ 

L • 
C. Plollgh 1 ', people 1:.ill test the ll GB runs to nc\ ~5°C . 
includes FO = 5 rnd FO = 4 

pees. Thi 

3. R. Seed 1 s people Hill test rejects fro;n "2 11 .?t -55°C t 125° to andlyz.e 
cause . This vJill also deterr.1ine adciit · onal yield audeci by tenpernture 

testing . 

4. C. Plough 1 s people '>vill gather process data fror, these run'. 

5. Epitaxial micrologic will transfer ~ith present R & D process including 

b~,- .:-esistors. 

1 _, . ·r 

D. ~albert 

DT:af 
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FET TESTS IN ~ROGRESS 

A. Variations of oxide characteristics 

+ -~ ~-P (~cJ) l. No N1~ gettering A; . ) 

2. N+ and gettering in single step (~~)pi) 
3. Strip oxide and re•oxidize pyrolytically (JrJ.:,n-1 J 

4. Strip oxide and re-oxidize anodically ( ) 
5. Strip oxide, etch slightly, and re-oxidize anodically (~7 

6. Getter and N+ pre-dep, pyrolytically oxidize before oxide removal mask [.._,_;fl ~) 

7. Strip and evaporate SiO (~~) 
8. CP-6 etching of failed units to see if failure point has thin oxide 

B. To check effect of metal-over-oxide 

l. More Otto Leistiko circular units to Mt. View 

2. Extra oxide via pyrolytic to minimize possibility of pinhole penetration by 

metal 

3. Chromium metallization ( ~ ~"f:M ) 
4. No metal over junction 

5 , ~L U---1 
c. Miscellaneous tests 

l. .. :,;.P channel ( ~ ~ 
2. Base doping level isolation 

3. r8 surface stabilization 

4. No top gate 

l/31/63 



SHORT SUMMARY OF FET LIFE TEST - January, 1963 (B. Barranger) 

The Fet life tests are divided into three groups; Outdiffused, Epitaxial 

and Special Runs for L. Ragle. 

Outdiffused: 

The first life test consisting of twenty units from three runs were 100% 

failures after 12 hours under 30 v reverse bias at 100°C. 10 v leakages ranged 

from 1 u A to 2 rnA, the majority between 100 and 500 u A. Subsequent test of 5 

runs under the same conditions were recorded hourly. Wthin one hour, most unit 

showed a 100% increase in le~kage and within four hours, 80% had leakages over 

1 uA. At twelve hours, all but two (of 25 units total) had leakages over 10 uA. 

The failure mode appeared to be a classical channel which did not 

pinch-off completely. With time ( and increased leak~ge) the pinch off became 

less prominent until it was hardly notciable. 

Eoitaxial 

The first three runs (actually three test wafers) showed a marked improve­

ment over the outdiffused runs. Run # 2 completed a 1000 hour 30 v, 150°C stress 

without any problems. The other two runs produced failures at various times, 

anywhere from 50 to 700 hours. All other runs (13 in all) showed 80% failures 

at various times. Because of space limitation, a run was removed upon reaching 

80% failure rate. 

The failure mode was similar to the outdiffused except for a more promi­

nent pinch-off. But it too tended to become ' less prominent with time. 

Special Runs from L; Ragle 

The only run worth mentioning is # 9 which is gettered with phosphorous 

rather than nickle. Three groups were received as follows: 

(10 units) Group 1. Completed 1000 hours at 30 v, 150°C with no problems. 

(10 units) Group 2. Two failures at 100 hours. The eight others completed 1000 · 

hours without other problems. 

(10 units) Group 3. 5 of 10 failures up to 130 hours (still in progress) 



Short Summary of FET Life Test - January, 1963 (B. Barranger) - continued 

Others 

Phosphorous vs nickle gettered epitaxial - no difference. 

Double-gatted (circular geometry). 
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To: Distribution 

FROM: V. H. Grinich 

INTERNAL CORRESPONDENCE 

FAIRCHILD SEMICONDUCTOR 

Yeo 
FEd I 8 1963 

GOtWON £. MOORE 

A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 

DATE: February 18, 1963 

CC: G. E. Moore 

susJECT: Microcircuitry 
Minutes of Meeting held February 18, 1963 

In order to minimize the amount of repetition we will review action items 
that were discussed at the January 29th meeting on ~L Review and then 
proceed on to new business. 

Items from ~L review held January 29, 1963 

Policy Decisions 1 and 2: The two policy decisions that were stated in 
the minutes of the January 29 meeting were re-emphasized and all parties 
agreed to it. In addition it was stated that we would closely evaluate 
the epitaxial versions of ~L elements by means of bringing out a lead from 
the base of at least one transistor in order to monitor resistance, and 
also to get a closer handle on transistor characteristics. 
This will a:low us to establish a base for any further modifications that 
may be deemed desirable. 

Action Items from January 29 minutes 

Item 1) 10 units of the GBY elements (double dog bone resistors) were 
evaluated with good results in regard to resistance ratios and turn on 
voltage . GBZ, SBZ and HBZ masks exist (these are hybrid resistors with 
some dog bone and some slip contact resistors). 40% classifications yield 
has been obtained with the SBZ, however. SBYs, HBYs and other of the family 
will be stepped as soon as the GBY units are completely evaluated. This 
is all being done through Mountain View in Production and Applications 
Engineering . 

Item 2) Epitaxial material was supplied to Mountain View from R & D. 
However, due to Mountain View's other commitments they did not feed back 
information or take the data as to die sort yield for the epitaxial 11 811 

element. Yields on present HSG-3 epitaxial units are 50-80% hard breakdown 
at vee= 5V. 

Item 3) Completed by Applications Engineering . 

Item 4) Work under way by Applications Engineering. 

Item 5) The present minimum geometry layout will be evaluated before any 
modifications are considered. 

Item 6) 

Item 7) 

Item 8) 
Item 2. 

Work order in process. 

SBY units need to be evaluated before this can be recorded. 

Epitaxial material was sent to Mountain View as discussed under 
~~ew runs are near die sort in R & D. 

-1-



Microcircuitry February 18, 1963 
Minutes of Meeting held February 18, 1963 

The following new business was discussed: 

1) Current Mode Logic Gate is at metallizing. 

2) Discussion of new design for higher speed current mode gate was 
concluded with a decision that we will bring out extender tabs on both 
sides of the present current mode gate in order to evaluate ways of getting 
temperature compensation within each device, and at the same time allow us 
to operate with a SOOQ in place of a SOOOQ resistor. We expect to be able 
to get with this new circuit at 1200 ~V dissipation 3.5 nsec delay for a 
fan out of 1 and 7.5 nsec for a fan out of 5. 

3) Discussion of yield on DPD circuits showed the following results have 
been obtained in Mountain View. For the R element with 40 wafers into the 
line, 12 wafers made it to metallizing, giving 96 devices at pre-sort from 
which 14 finished units were accepted by DPD. For the adder circuit 440 
wafers provided 39 finished units; for the four input gate 220 wafers 
provided 147 finished units. Before we make any epitaxial masks for the 
DPD circuits we ~'lill get more yield information on the epitaxial S element . 

4) Discussion of the binary circuit using storage diode steering indicates 
that we have some problems in getting a tight control with both a minimum 
and maximum on the diode storage time. It appears that we will need 10 
microns collector region thickness (distance from diode junction to isolation 
junction) in order to obtain 100 nsec effective life time. Some minimum 
beta on the pnp transistor is a sufficient condition to imply we have the 
life time but because of emitter efficiency effects it may not be a necessary 
condition. 

There '"ill not be a Microcircuitry meeting on Monday, February 25. Notice 
will be sent out prior to the next meeting so there will be no mixup. 

VHG:ef 
Distribution: 
D. Farina 
P. Ferguson 
R. Seeds 
R. Shultz 
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TO: D. Yost 

FROM: P. Lamond 

FAIRCHILD SEMICONDUCTOR 
Inter-Office Corre spondence 

2/11/63 

cc: C. Sporck 
J. Sentous 
J.P. Ferguson (R&D) 

SUBJECT: NEW PRODUCTS SCHEDULE - SMALL GEOMETRY SECTION 

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

The following is an updated schedule for the introduction of new products 
in the Small Geometry area: 

PL:af 

Product 

0000/1 AG C & RF 

1340/41 Replacement 

3 x 1312 T05 -5 leads 

0008 

I.B.M. 

T.F.D. 

:::, 
S.C.R. 

Dates 
Engineer At R&D Product in M.V. 

2-11-63 2-11-63 

s .. l-63 5-1-63 

5-1-63 5-1-63 

6-1-63 6-30-63 

8-1-63 8-30-63 

~~.~ 
P. Lamond 
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TO: 

FROM: 

SUBJECT: 

INTERNAL CORRESPONDENCE 

FAIRCHILD SEMICONDUCTOR 
A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 

List DATE: February 22, 1963 

Gordon E. Moore CC: 

Agenda for Project Review Meeting 
Tuesday-2/ 26, 9:00 a.m. 
Special Epitaxial Device Structures 

The purpose of the meeting is to discuss and plan efforts to make 
advanced device structures not presently needed specifically by 
device development projects, but of interest when capability is 
established. 

Agenda: 9:00 

9:30 

10:30 

11:00 

Wigton & Yim on special structures that have 
been made with photos and data. 

Group discussion of other structures of interest. 

Preparation of plan to make certain structures and 
assignment of device development responsibility 
to evaluate or use after structures have been shown: 
feasible. 

Adjournment 

Please have all data summarized for efficient presentation. 

GEM:hb 
List: {Participants) 
A. Davis 
P. Ferguson {3) 
V. Grinich 
T. E'-ili 
H. Wigton 
E. Yim 



Ex~ 'mt l\io. 

l. 

2. 

3. 

4. 
(Item 9 of 
Moore 1 ist) 

5. 

6. 

SP!LlAR' OF PI"'E RED'1CT ·oN A 'D R('l E EXPERU!E 'TS 

De t'rmine pipe density and o .. idc 
t hi 'kr f ss as pipe inc rr'mer.t s duri.n6 

pro <'ssin~. 

D tcrFine effects of oxide ~ut out 
slopes as dopaPt barrier at junction 
areas. 

Del.Prmiue if boron doped oxide is 
~Cr4itting faster diffusion of 
phosphorous than believed, such 
that doped oxide is not ar efficient 
phosrhorous mask. 

Deter i e if a ~hick oxide before 
b0ron doping of oxide is effective 
as oxide nask a5ainst phosphorous 
dopit,0 (compliment to Exp'mt 3). 

Determine if pipes near junction 
rot dete cted in early ~~ocessing 
expand by lateral diffusion into 
junction area. 

Determine amount of pipe-type 
cant ar .. ination is associated with 
Ni plating operations. 

Use 3, J, and I fr ir e ch~( kncsses, 
ar d obsc•rv< p L1.e dc,1s ty as pt oc­
es;;i pro~e<'ds. 

Use sloped 1nd st·a:p oxide ::::ut.­
outs, observing ditferences in 
pipe density as processing pro~eeds 

Compare original boron doped ox1de 
pipe density with stripped ard 
re_rowr oxide after base and e~itter 
diffusio . 

Co~pare thi~·k and thin oxides for 
pipe density after phosphorous 
diffusion. 

A range oxide-steam time cycle to 
yield equal 02 tl,ickness, but 
different X, mrl longer diffusion 
times of ~wo ~r oups, forcLnu 
laterial expansion of "close-Ln" 
pipes into function area. 

Compare groups with Ni plated vs. 
no nickel, and Ni plated vs. Ni 
evaporatio1.. 

DectslOl tc Hake 

Relat; c 1 of 02 tl, k • .:~t,f' to 1- 1 f'P 

de''S 1 ty or plpe Oi..C'uran~e at va r 1 o Is 
l r O(. e s s i 11 s t a e s . 
(4200) 

Rcloti ::n of oxide , utour s~,arp .. es~ 
as dopar,t barr ic·r in futli.t ion areas. 

(4200) 

Effectiveness of doped oxide as a 
Lask a_ainst p~osphorous. 

(4200) 

Effectiveness of oxide :hickness as 
compensation a ainst phosphorous 
pe etrat.on of borm do~ed oxide. 

(4200) 

Mazrd tude of "close-in" pipes not 
detected at base diffuslon o~ comp­
leted device, 

(4200) 

Ma.•nitude of pipe eneration associat­
ed wit! Ni plate solutions and possib­
le alternate nickeling procedures. 

Atalysis ard Re arks 

Cv di ~'ons T-'0 
r. .th1:es l-3/4 % 
frin~e~ 3-1/4 80% 

6 lo 

, 1 f e c 't ot. t 7 2% 
s a l CUL out /b% 
standard 

. .. :; 
Cl.) Cl.) 
t/) C) Q) 
ell ~ "0 0 
GJ.o-~0,-.. 
,_. <lJ •.4 I 
c A E-< 

11/o 
22/o 
18, 5/o 

8, 5/o 

D. S Tests .hL wed sig~i­
f · ~ a:1 d f L c c. .ce l n 
bo .1 T-,0 y cld 
1 i, e der.~it v increase 

Test;, shows 
ca. ce iu ,-;Fe 
ircrease. 

Due to c;ompli ation of channel 

Heavier Base 
iff Oxide 

s d. 

if£. T J..Uie 

,Longer Diff 
<+.5 hrs) 

Sed. (3 'lrs) 

forr a t1on test was aba.1doned. No furthe 
tests rlanned . 

T-70 Pipe Increase. 

78% 4. )% 
76% 8 • 5/o 

T- 70 Pipe Increase 

78% 4. 5% 

76% 8.5% 

Heavier base oxide 
inditated a bet er 
mask against phos­
phorous diffus1on. 

Longer: diffusion 
showed no 
effect ir 
increase. 
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TO: 

FROM: 

SUBJECt: 

INTERNAL CORRESPONDENCE 

FAIRCHILD SEMICONDUCTOR 
A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 

List DATE: February 22, 1963 

Gordon E. Moore CC: 

Agenda for Project Review Meeting 
Tuesday-2/ 26, 3:30 p.m. 
PNP Channel Problems 

The purpose of the meeting is to review the effects of structural changes 
which have been made and evaluated in planar PNP devices in an attempt 
to eliminate the channel problem and planning of program to evaluate other 
structural changes in the light of various models of channel causes. 

Agenda: 3:30 

3:40 

4:00 

4:30 

4:"40 

5:00 

Statement of problem and review of prehistoric data -
{Moore). 

Review of more recent data on oxide cut and gallium 
treatment - {Carlson). 

Summary of life testing results with respect to channels 
on 1740 and 4511 - (Reis or Grutchfield). 

Discussion of other hard data from group. 

Discu :>sion to generate structural changes worth 
considering from group. 

Preparation of plan to make and evaluate recommended 
structural changes. 

Please have all data summarized for efficient presentation. 

GEM:hb 
List: {Participants) 
L. Carlson 
P. Ferguson (3} 
v. Grinich 
H. Grutchfield 
L. Reis 
T. Sah (3) 
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TO : 

FROM: 

SUBJECT: 

INTERNAL CORRESPONDENCE 

FAIRCHILD SEMICONDUCTOR 
A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 

List DATE: February 22, 1963 

Gordon E. Moore CC: 

Agenda for Project Review Meeting 
Thursday-2/ 28, ~ ~30 P• m. 
Surface Controllea. Field Effect Devices 

The purpose of the meeting is to review progress which has been made 
in making stable surface controlled field effect devices and to plan 
program both with respect to individual devices and integrated circuits. 

Agenda: 

2:00 

2:30 

3:45 

4:15 

Review of recent data on reliability - (Tremere and 
Leistiko). 

Review of recent data on reliability and old 
Rabinovitch data - (Lewis). 

Group discussion of reliability data including what 
additional tests need to be made. 

Review of data on SCFET integrated digital circuitry -
{Wanlass). 

Discussion of potential of integrated SCFET circuitry. 

Plan for additional work on SCFET integrated circuitry. 

Please have all data summarized for efficient presentation. 

GEM:hb 
List: (Participants) 
P. Ferguson 
V. Grinich 
0. Leistiko 
A. Lewis 
T. Sah 
D. Tremere 
F. Wanlass 
w. Waring 
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PROJECT Breadboard 

l. Autonetics dual ~AND gate -

2. Litton VAX NPN driver 3/29 

v3. Litton VAX preamplifier 4/5 

4. MIT sense amplifier 4/12 

5. Lit ton VAX .NPN/ PNP driver 4/26 
I 

6. Litton flip-flop - Chip A 5/17 

7. Litton flip - flop - Chip B 5/17 

8. Rem-Rand 3-input buffer 6/7 

9. Autonetics general purpose 
amplifiers 

10. Autonetics power switch 

3/19/63 

CUSTOM CIRCUIT SCrlliDULE 

Masks In Runs Started Units Out 
Unit 

REMARKS Requirements 

- - 3/22 

4/5 4/19 5/17 80 !O/Ir (# 
4/12 4/26 5/24 80 

4/19 5/3 5/31 100 

5/3 5/17 6/14 80 

5/24 _ 6/7 7/5 80 

5/24 6/7 7/5 80 

6/14 6/28 7/26 100 

0 R&D test vehicle 

0 Finish chips 

J 



INTERN A L CORRES P ONDENCE 

F AIRCHILD S EMICONDUCTOR 
A OJVJSJ0N ()f f-AIR( r-~II_D CAMC.RI\ AND lNSIRl!MENf l:ORPURAfiON 

List March21, 1963 

FRUM 
J 

Gordon E. Moore c c 

s e;E.<-T Custom Integrated Circuitry Group 

This is to announce the formation of a Custom Integrated Circuitry Group 
in the Device Development Section. 

The purposes of establishing this group are as follows: 

1. To train a nucleus of people for the de sign and production 
of custom integrated circuits. 

2. To supply sample quantities of custom integrated circuits 
on an interim basis. 

This group will report to Phil Ferguson, John Sentous, on assign.rnent 
from },,fountain View, will be Group Leader , He will have responsibility 
for: 

l. Scheduling and producing custom circuits using R&D fabrication 
and Mountain View asse m bly insofar as possible. 

2. Arranging for capability in Mountain View to take over this 
custom circuitry in late 1963. 

The technology employed in making these 
to that which we are reasonably confident 
production when the facility is installed. 
of this technology. 

custom circuits will be restricted 
will be ready for transfer to 
R&D will define the boundaries 

It is possible that other custom circuits will be m ade as test vehicles to 
allow R&D to experiment with the inclusion of new technology. In such 
cases, these circuits will be the responsibility of regular R&D personnel. 

The pilot line capacity to be committed to the custom circuitry group is 
that necessary to start ~ 150 wafers per week. New m asks at a rate of 
"'"'one every two weeks can be accepted by R&D mask making for custom 
circuitry needs. 

Since only circuits upon which one can expect production-worthy yields 
will be accepted, this should result in adequate samples, both for internal 
evaluation and for delivery of quantities up to ~ 100 to customers. 

GEM:hb 

List 
1f&i): 
J. Blank 
P. Ferguson 
V. Grinich 
J. Kabell 
H. Leifer 

H. Perkins 
T. Sah 
I. Solt 
w. Waring 

M. V; 
T. Bay 
R. Graham 
R. Noyce 
M. Phelps 

J. Sentous 
C. Sporck 
D. Yost 



To: 

FROM: 

S U BJECT : 

INTERNAL CORRESPONDENCE 

FAIRCHILD SEMICONDUCTOR 
A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 

Jack Kabell 
Phil Ferguson 

DATE: March 4, 1963 

V. H. Grinich 

Project Review Schedule on Photo Transistors 
Tuesday, March 5 at 3:00 p.m. 

CC: 

Please prepare a written summary on the following material with the 
schedule given below: 

1) Chip fabrication with yield information and process permutations. 

2) Packaging status and proposed variations. 

3) Hard reliability data. 

We would like to have 10 copies of all hard data available for 
distribution at the meeting. The schedule calls for: 

3:00-3:15 p.m. Discussion on Fabrication by Warren Wheeler 

3:15-3:45 p.m. Packaging Discussion by Jack Kabell 

3:45-4:30 p.m. Reliability Data by Jack Kabell 

VJl tl; -
J_)/--rv //' ,, 
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YP-3 PROJECT REVIEW 

Chip Fabrication 

Fifteen runs of YP-Series completed through Die Sort. 

Yield data tabulated on separate sheet. 

Runs after #29 have not been completely sorted and are being used for 

experimental purposes. 

Chip Problems 

- Softs after metal. Changed alloy to 550°C- 4 min. Was 580°. 

- Shorts on packaging. Thin oxide - return to two hour oxide of XP-3. 

Al reaction with N+ and Ni region. 

Experiments now in progress to determine causes of chip instability 

with temperature. 

1. No metal over E.B. junction and oxide cut. 

2. Metal vs No Metal . 

. 3. Hot stage work and sectioning by w. Wandry. 
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DIE SORT YIELD AND P.K.G. 

YP-/f: % Die Sort % P.K.G.- Classification 

1 Lost at E.D~f. 

2 70% 56% Soft epoxy 

3 Lost at Experimental Silicone varnish 

4 Experimental complete ring - lost at E.D. and package experiments. 

5 

6 

7 

Lost at E.D. 

52% 

38% 

8 Lost at E.D. 

9 

10 

11 

Data not available 

58% 

52% 

12 Lost at E.D. 

13 Lost at E.D. 

14 62% 

15 Did not bond properly 

16 Base overdif. 

17 

18 

19 

20 

21 

22 

23 

24 

29 

. 25 

Channeled 

21% 

33% 

Lost? 

29% 

19% 

15% 

9% 

51% 

47% 

76% 

64% 

61% 

53% 

70% 

Did not bond 

Did not bond 

50% 

39% 

No bondable 

Not bonded 

Not bonded 

28% 

33.3% 

57% 

80% 
(Start life tests and 
IBM sampling) 

87% 

73% 

89% 

(Changed to Bct-3) 

0% High Id 

77% 
Alloy trouble 

Alloy trouble 

Alloy trouble 

96% 

Experimental 550 Alloy 

P.K.G. - LTV + Glass 



-3-

PACKAGING - HERMETIC 

1. Silver leads. Mold pyroceram with Face Plate-lead bond okay - 560°C -

Can't mold pyroceram. 

2. Silver leads - Glass sandwich - Preform Block - Okay except (A) too 

expensive and (B) devices failed in devitrification cycle. ~< ~ JtJMcLXJ!LA~ 
____0;>~4. 

3. Copper leads - Glass Sandwich- Poor bonding propert~es and bond 

strength. 

4. ~ogic Package - 48 dice from several runs packaged in flat package 

~with standard aluminum lead attach, glazing and devitrification. 

Result - 2 dice electrically good. Failures randomly distributed 

between opens, softs, channels, shorts. 

5. 48 Bare dice through devitrification cycle. 

Result - 27 no change - 6 soft. 

15 substantial decrease in V ( Cr e ~ .f'e tj} 
ceo 

. ( > 10% ) 

6. Now investigating cause of Heat Treat induced changes. (R. Dyck) 

and possibility of short time high temperature bonding to Face Plate for 

composite Package. 

PLASTIC PACKAGE 

1. Channel Investigation indicates trouble starts at collector contact 

and spreads across base- (R. Dyck). 

2. Teflon Jacket package being investigated. 
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LIFE TEST DATA 

PLASTIC PACKAGES -

Run # 6 - 9 - 10 - 11 100% failed by CB leakage. 

# 7 6 out of 20 failed by C.B. leakage. 
"l-1-

Total cr 90 unitsAfailed by C.B. leakage. 

To - 18 Package 23 units on test approximately 2000 hours. 

To - 5 and Epoxy 

Data attached. 2 went open. One showed large 

increase in !d. 

Data attached. 2000 hours. All increased 

in !d. 



-5-

LIFE TEST HEADER MOUNT YP-3 

3 Dec. r1 l March r1 3 Dec. Id 1 March !d 

~ 1.35 Ma 1.35 Ma 7.0 na 7.3 na 

( 2.40 2.30 .56 68 na 
( 1.65 1. 75 2.2 1.8 na 

YP-3 -19 ~ 1.20 1..20 2.0 1.8 
( 1.20 open 8.1 open ( 
( .82 .80 .70 1.2 

( 1.10 open .45 open 
( 
( 1.35 1.30 1.6 2.5 

21 ( 1. 70 1.40 1.9 3.2 
( 
( 1.60 1.55 2.8 4.6 

( 2.10 1.80 1.6 4.0 
( 
( 1.45 1.35 0.9 0.8 

( .55 .55 6.0 6.0 
( 
( 1.40 1.40 24.5 28.0 

-14 ( .54 .45 16.5 16.5 
( 
( 1.82 1. 75 1.3 1.1 
( .37 .35 2.0 .43 
( 
( 1.25 1.25 6.0 5.8 

( 1.35 1.45 1.0 1.1 
( 
( 1.20 1.38 18.0 17.0 

•18 ( 1.35 1.48 1.9 2 .4 
( 

2.10 ( 2.15 2.3 3.0 

~ 2.65 3.60 .52 .8 
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EPOXY ON HEADER XP-3 

!1 12/5 !1 3/1 Id 12/5 'I 
d 3/1 

.30 ma .30 ma 100 na 110 na 

.28 .30 32 43 

.72 .65 85 140 

.23 .22 16 22 

.35 .35 460 610 

Room Temp. Set. Epoxy 
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PROJECT REVIEW 

PROJECT, 4140 

I. DIAPHRAGM FABRICATION 

A. Wafer Preparation 

1. Yields 

2. Loss 

Reason: Breakage, wedging, and size _control. 

3. Straight service yield--------

4. Supervising process and actual work 

__ 4~5_1... 
__ 7_2 __ 1... 

B. Mechanical Poll shing 

1. Problems -

Undersize and wedging. Physics polishing overloaded. May help 
in future. 

C. Wafer Area - Crystal Uniformity - ~ // 0 

1. R&D - poor. 

2. S. Rd. - small, but more uniform. 

3. Knapic - large and uniform. 

D. Processing 

Major Process Permutations -

1. 

2. 

3. 

4. 

Phos. Gettering ~Yield to new spec. 

No Phos. Gettering -Yield to new spec. 

Crystal orientation - <111>, <110> - no 

Mapping - Time required 

10 min. full wafer; 20 min., chips. 

5. Mounting, Marking - 5 min/wafer. 

25% (1457 device total)= 1.77 
Dia. /wafer 

2 5% • (745 devices total) 
final data. 

6. Alignment and cutting - c.-Jl..'""'" ~ ~ 
------.q>~m. in/Dia. for 100 psi (1 mil. /min) • 

. Loss cause - breakage, cutting and cleaning. 
Learning curve - operator dependent. 
Forecast - 80%- (Bob Brand). 

Yield electrical - Problem -
Soft a f ter cutting - no. Al. 

8. Lead Bond - 4 in 1 t' ou 

With Al. 
Note: %.(Run 26, 0%; Run 24, 100%) 
100 %. 



II. PACKAGE FABRICATION 

1. Housings - Design frozen. 

50 complete - except plating. 

Estimated cost 

2. Spacers - 50 due 3-19-63 

3. Plugs - Electrical 

50 in house 

4. Sintered Plugs 

-2-

$ __ 1_.4_1 __ 

$ • 99 ----
$ 6.00 ----

100 in house . . . . . . . $ __ ._1_o __ 

5. Silicon Rings - 35 in house 

20 oxidized - pyrolytic . . . . . . . .f __ s_. o_o __ 

6. "C" Rings - Buna N. 

50 in house . . . . 

7. Solder seal - Induction- Built and 
tested 5 packages - 4 to burst. 

Burst pressure - 5000 psi 

. . . $ __ . !l_o __ 

All sustained for 1 min. at 5000 psi. 

8. Assembly Techniques 

(500) 

II 

II 

" 

" 

II 

a. R.D. seal. H.T. epoxy - 400°F. cure (215°C) Checked on PTB 
and PTA + 1 PTC. PTB gave 100% bond yield. 

b. Lead welds - Problem solved by new spacer design. No yield data yet. 

c. Final seal - Induction soldered inG •secs with 15 mil preform. 

III. P.T.B. DATA+ P.T.C. 

N.P. Data Sheets. 

IV. P.T.C. SCHEDULE 
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INTERPRETATION OF HAMMOCK-SLUNG DATA 

PTB-1 

Excluding the two extremes (150 and 74 rnv), the total spread of 

zero outputs is 20 mv. This would indicate that by proper mask redesign, 

one could produce diaphragms with a zero balance of less than 10 rnv 

with 75% yield. But consider -

PTB-28 

Once again, eliminating the two extremes, we see a tight distribution 

(11 mv total spread). However, the average imbalance here differs from 

the average imbalance of run PTB-1 by 65 mv. _An explanation exists: 

Devices on· a single working plate match each other quite well, whereas 

a comparison of devices between working plates shows lack of reproducibility. 

Exclude the worst case. Average i~balance is improved over PTB 

by at least 50 mv. Spread is worse (40 mv). Explanations exist for the 

worse spread, but will be deferred at present . on the grounds of 

insufficient data. 

Note on PTC Header Yield: 

Wafers with 25 good devices on them were backside mechanically scribed. 

9 devices met electrical specifications on subsequent die sort. 

5 devices survived hammock slinging. 
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To: Meeting Attendees 

From: N. Zinke:r 

Subject: NOTES FOR PRESSURE TRANSDUCER PROJECT 
REVIEW MEETING MARCH 19, 1963 

1. Due to new specification for devices ( > 30 volts breakdown hard; 
leakage < 20 nano amps at 30 volts) time was lost trying to find 
devices which meet the specification. This problem appears to 
be resolved by using phosphorous gettering. Up to six usable 
diaphragms per wafer have been obtained from the most recent 
wafers. This phase of the schedule is dependent on our ability 

· to get devices with the desired electrical characteristics. 

2. Diaphragm cutting and ball bonding schedules. are dependent on 
scraping the deposited metal leads as a temporary fix. This fix 
may not be adequate for the following reasons: 

a. Empirical evidence shows that devices which have good 
electrical characteristics on the wafer do not meet diode 
specification after diaphragm cutting. In addition, creepers 
have been generated; and since there is insufficient knowledge 
about this phenomenon acceptance or rejection of these 
devices is uncertain. 

b. Empirical evidence also shows that dice which were scraped 
and had good electrical characteristics before ball bonding 
had degraded after ball bonding. 

Suggested corrections: 

a. Cutting diaphragms to the originally required diameter (. 210 in) 
instead of the new diameter (. 203 in). This will eliminate the 
need for lead scraping since the old diameter did not cut through 
the metalized area, which is the initial cause of the problem. 
The diaphragm would then be mounted on the annular :ring using a 
locating rig, eliminating the need for a counter-bored annular 
ring (which increased the cost of the fabrication of the annular 
ring). 

b. Redesigning the metalizing mask so that the leads are shorter. 
Hence the leads will not be cut during the diaphragm cutting 
process. A new set of masks must then be stepped. 

-1-
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Pressure Transducer 
Project Review Meeting 

-2- March 19, 1963 

3. Spacer and case fabrication schedule is dependent on the ability of 
outside sources to meet the required tolerances. A reason for 
not meeting the completion date on the original schedule was due 
to the inability of the lowest bidder (Jet Fittings) to satisfactorily 
machine the parts. The substitute machine shop (Swiss Precision) 
was able to fabricate and deliver satisfactory cases. They are 
now working on the spacers, and it is expected that they will meet 
the required tolerances. Therefore, they appear to be a suitable 
source for the fabrication of cases and spacers. 

4. Final transducer assembly schedule is dependent on R. Brown's 
induction soldering unit being available when it is required. All 
final assembly fixtures have been designed to fit his unit. 
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TABLE I 

Resistance change during alloying (2 min N21580°C) 

for different substrate temperatures 

Date Evap- Date Substrate 10-90 Percentile Spread % TRC 
orated Alloyed Temp. (°C) Before All. After All 10 Perc. 90 Perc 

Ppm/oc 
Mean 

42 1/25 2/7/63 400° 7.9 7.6 · -3.1 -2.3 -3.9 60-140 
43 1/29 2/7 600° 24.0 27.0 +38.5 + 31.0 +59.8 20-180 
45 1/30 2/7 500° 18.3 19.5 +42.0 + 35.8 +49.2 30-290 
46 1/31 2/8 410° 4.82 4.1 + 0.57 - 0. 75 + 2.0 80-120 
47 2/1 2/8 310° 6.15 4.47 - 4.1 3.5 5.2 100-150 
48 2/5 2/15 300° 5. 77 8.86 + 2. 7 + 2.0 + 5.2 40-100 
50 2/7 2/15 350° 2.95 3.52 - 0. 7 0. 25 + 0.5 90-130 
51 2/ll 2/15 350° 2.90 3.20 + 6.1 + 5.7 + 6.5 50-90 
52 2/12 2/15 300° 4.33 9.38 + 6.1 + 3.2 +ll. 2 60-200 
53-A 2/13 2/15 400° 4.54 3.98 + 7.6 + 7.1 + 8.0 50-90 
53-B 2/13 2/15 400° 3.94 3.07 + 2.4 + 1.8 + 3.4 10-100 
54 2/13 2/18 340° 5.32 5.03 +21.7 + 20.2 +22.8 90-:190 
56 2/14 2/18 340° 3.34 3.19 + 4.7 + 4.3 + 5.1 90-150 
57 2/14 2/19 360° 4.31 4.04 + 4.2 + 3.8 + 4.6 80-160 
58 2/15 2/19 320° 6.35 5.50 + 6.8 + 6.2 + 7.6 40-80 
59 2/15 2/19 380° 4.47 4.02 + 6.-9 + 6.1 + 7.5 50-310 
60 2/18 2/20 340° 4.89 5.07 +12.5 + ll. 7 +13.3 80-120 
61 2/18 2/26 380° 6.58 5.67 +ll.2 + 10.3 +12.4 40-140 
62 2/18 2/26 340° 3.24 3.23 +17.5 + 16.7 +18.3 30-llO 

~? ---~ ........... -t w 



N~.·c.-~ro\~ 

E~d..p~: Cc.'n\.cL. .. +\.~) -IS. cllt~~~.,~ JvY\~ A-\(t\i 
\JUW\ 

Evo.f\.\ e SvbLJ,.t. s 

T(C.) 4R (lJo) -d 

I c AR (Z) 
c 

-l-3 +Js- 33di> '1 'f. 6 -2. o" zs- v 
z...s-~ -t-S ... / -I-I 0 31J-JZoV +l'fw8 + 2,_0.7 :' 

l 0 0 ~ + 18 +3o 
JSo~ +- 2- cJ +- z. 7 3~o -3'-1--o +t .. 7 -a. e 

3go- 32a -t-81.( +17 
• 

'2.0 D - 2..7 -2o 3fo-3(:,o -7 .. 1 + 7_ I 
ZOD 0 (3oo .. ) -7.f:i -2:) 
tfO'a .. -lf.s -I~ 

(,O(Jo N lOX 

I 

_9)(.~")e'1- _CtJ.r h"" Mo:, o ~: J -e., 

Po (-art) T (o~) ,_ A1l (?o) Pee CTo~r-J T(uc) .6. R(%) 

"2. ·l 0-) Soo -2lf. -+ 7~0 2.•10-s- 7o -28 - tfC, . .. 
2~1t~-r eo 0 0 'i-/2. ~0 

& 
1·10-'f- S"o -/6. -]8. , 

5"". (c-> 
u 

- t.ft. 2. l 0-s-c s-o . -S1. ·t3Q -3 s-. -Sa. 
/·/0-'t ~ 0 0 -7(j .. -7 'S. t.u,--r S"o . •20 ... 2.1 
6. to-r 210 -7f. -7 >: 

( 2 .,.-> J () 0 w 'l,.t () -I~ -2.3 
.s 2-l c-5"'" zoo -46 -=52-

I,.. I o -t.f- J6c1-1.1) -33 -lt-4 



1 /~J11 

t~/ ~ L_~_t!_/j M ~-v-J ,~~ 
~~~hi .4-~--;:;;;~~ ~-~_e,;"'-?'~A-'1 

J: 1'~ ~ ~ cl:,l fi:;., ~) @ 

41<~(1;) 4lrv:/~J\ 
- t.f" L'? - 2. D 

trq .. <;~ -r2.o, 7 

~c: · 



) 
~ I') 
j I 



INTERNAL CORRESPONDENCE 

F A IRCHI L D SE M ICONDUCTOR 
A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 

FROM 

SUBJECT : 

Dis tribution 

V. H. Grin1ch 

Instrumentation Circuit Modules 
Minutes of Meeting held April 8, 1963 

DATE · April 8, 1963 

C C : 

The following is a list of the items discussed with a description of the package in 
which they will be available, and a date indicating a time by which sales personnel 
will receive samples for distribution to customers: 

Date Sales Samples 
t!2.:.. Prod9et Available 

1* Gener•l Purpose Amplifier (replace PP65), Epoxy Pack. 5/27 

i* Solid State Chopper Operational Amplifier (redesign to 6/10 
eliminate lET), Card & Can 

3 Pboto•ehop. STAB Operational Amplifier 7/18 

4* High Gain Differential Amplifier (need greater output) 
Epoxy Pack. 

5* AC Differential Amplifier, Epoxy Paek 

6 

7* 

8* 

9* 

10* 

11* 

12 

13* 

14 

15 

16 

17 

18 

Current Source 

Voltage Ref. 

Voltage Comp. 

Standard Cell Repl. 

Log Amplifier 

lET Operational Amplifier 

V to I Conv. 

Wide Band DC Amplifier 

Low Frequency Sweep Generator 

Lab Decade Amplifier 

Functional Generator 

Digital Voltmeter 

Power Supply ISO 

6/3 

7/22 

7/8 

6/17 

7/7 

The following action items were discussed. The name in parentheses after the item 
indicates the person responsible for providing information. The date after the person's 
name indicates the tima at which a memo giving the results of the action item should be 
sent to the same distribution as these minutes are sent: 

1) Instrumentation Marketing to provide input regarding desirable package 
arrangements, including colors, marking, etc. (G . Ness & R. Randolph) 4/15/63 

2) R&D will present Instrumentation Marketing with a preliminary objective 

-1-



Instrumentation Circuit Modules 
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page 2 

April 8, 1963 

-----·-----------------------------------------------------------------------------------

spec on Items 4, 10, 11, 12 and 18. The specs on Items 4, 12 and 18 will be 
issued by April 15 and those on 10 and 11 will be issued on April 22. Item 
9 will be issued August 15 (this awaits our precision potentiometer arrival 
and use). (J. Kabell) 4/15, 4/22 and 8/15. 

3) Instrumentation Marketing will send copies of all objective specs and data 
sheets to R&D prior to final printing so that R&D will have an opportunity 
to modify if necessary . (G . Ness and a. Randolph) 

4) E. Russell and J. Iabell are to resolve the capacitor temperature coefficient 
problem by finding a person who will look over all the existing data and do 
the necessary experiments to resolve the questions on the present ramp 
capacitor. (E . Russell and J. Kabell) ~eport due 4/22 

5) E. Russell will assign Doug Johnson to work on the debugging of the two other 
DVM chassis under R&D supervision. This assignment to take place as soon as 
possible. (E. Russell) 

6) R&D will issue objective specs on 14, 15 and 16 . (J . Kabell) 4/29 

7) Weekly status reports will be issued by Instrumentation and R&D concerning 
modules that are in pilot production. These status reports should be 
written and issued on Friday and should be one 8·1/2" x lP' sheet of paper. 
Items for reporting are assigned as follows, with the exception of Item 5. 
This item was left in "no man's landn since no schedule or objective spec 
has been proposed. At the next meeting it will be a point of business to 
resolve this question of Item 5. 

(M. Norby, Instrumentation)···----------·-···Items 1, 2, 3, 6, 7, 8 and 13 

(H. Borden, R&D)·----------·-----------·-----Itema 4, 9, 10, 11 and 12. 

The next meeting will be held at 8:00a.m., Monday, April 29, in my office . 

VHG:ef · 

J!istribution: 

T. Bay 
v. Grinich 
J. Edell / 
G. Moore V 
G. Nesa 
llo &andolph 
B. auuell 
c. Sporck 
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All aolid state (no mech. chopper, no tubes) 

All silicon 

No chopper drive required 

GAIN: 

INPUT: 

NOISE: 

OUTPUT: 

POWER 
REQUIREMENT: 

SOLID STATE OPERATIONAL AMPLIFIER 

Open Loop 

D. C. 

Gain-Bandwidth-Product 

2 x 106 (Min.) 

2MC (Min.) 

Closed Loop (Unity Gain) 

R. • R • lOK 
~n F -3DB at 1. SMC 

Temperature Drift 

-2o•c to +so•c, less than l~v;•c 

Voltage Offsetj Leas than 2001-!V 

Can be adjusted to zero with external pot. 

Current Offset Less than 200pA 

Can be adjusted to zero with external pot . 

Input Impedance 

Above 1 CPS 

1 Megohm 

600K 

Less than lO~V RMS, (referred to summing junction, 
bandwidth 0 to lKC. R • R. • lOOK) 

F ~n 

Output Current 

Output Impedance 

2mA at ±24V 

7roA at ±lOV 

lOrnA at OV 

Less than J011 

(Open Loop) 

+30V 30mA 
-30V JOmA 

1% regulation 
1'7. regulation 
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April 10, 1963 . . j 
-::t\ CSI,, 1'1 ..-::T Or.l.J ~ ~ WADC REPORT ~~n• ~~ / ~ 

Description of Approach and Progress During the ~ Period: 

During the reporting period two runs of UIV geometry FET's 

were finished successfully! The first UIV devices obtained had the 

following typical d-e characteristics: ISDO ~ .5 - 1.5 rna, 

Vp ~ 1.5 - 2.5 volts, gm ~ 1,000 - 2,0b0 ~mhos, and BV ~ 8.5 volts. 

Currently the Y-parameters are being measured, and some 

initial results will be given in the third quarterly engineering 

report. 

tJ <=> ':\V The d-e characteristics meet every expectation for the UIV 

geometry devices save break-down voltage and are in line with 

theoretical predictions. The 8.5 volt break-down of the first UIV's 

is due to a higher-than-desired top gate impurity concentration. This 

concentration has been reduced considerably, and recent UIV FET'S have 

break-down voltages ranging from 25 to 50 volts, other characteristics 

remaining about the same. 

Using the identical starting material and diffusion schedule, 

but substituting the UIII mask set, one can expect about a two fold 

increase in gm and ISDO; whereas Vp and BV will remain unchanged. 

Three UIII geometry FET device runs have been started which are being 

diffused the same way as the successful UIV's. 

Mr. Bill Edwards, contracting officer, made a visit to the R & D 

laboratory of Fairchild Semiconductor on March 15, 1963. The integrated 

cascode was discussed with him as a very promising solution to the 

contract objectives. The cascode approach to a high input impedance FET 

device is quite independent from the approach now being pursued. Several 

low noise UI geometry FET's were sent to Mr. Edwards for his possible 

evaluation of the cascode idea. 



Page 2 

WADC Report 

Anticipated Work for April 1963: 

In the next reporting period UIII runs now being processed 

should be completed, and at the same time additional runs will be started. 

In the a-c evaluation area Y-parameter and voltage gain measurements will 

be made on UIV devices. 

Cumulative Percent Completion Toward Contract Objectives 

(65%- Don't forget accumulated hours). 
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April 10, 1963 

FET Status 

P, 117 

cf (!o /.63 

~ 
An outdiffused run with structures as shown in figs. 1, 2 and 3 

has recently failed. It was desired to have no metal touching oxide 

but, due to the dimensions of the FET, the bonds not only touched the 

oxide but, in most cases, also crossed the junction. More units are 

presently being bonded with 0.4 mil wire in an attempt to isolate the 

metal contacts. One other outdiffused run and one epitaxial run are 

in the latter stages of processing and will be out by 15 April 1963. 

15 ~ lt£~, 
geometry~have been tested A, One Two runs of outdiffused circular 

had no failures at 1000 hours and the other had two failures at 170 

hours, but the alignment was poor on this run. We will start immed­

iately five more runs of this geometry to obtain more extensive data. 

Opaque prints of our 1-12 mil circle masks will be available this 

afternoon. These will be used to check out the structures shown in 

figs. 1 thru 5 and will be of sufficient size to allow containment of 

bond areas by the metallization . 

In addition,new sets of masks are being designed, really a 

modification of other circular designs, to incorporate separate gate 

contacts, cut oxide over N-channel, N+ ~:der than metallization. The 

option will also be provided for oxide removal over all gate area, a 

la Amelco. Of necessity, this device will be much larger than the U-I. 

The P channel units are surviving on life test, but the initial 

run had 0 hour nanoamp leakages and equivalent noise resistances of 5-6 

M_n;. The leakages have decreased by a factor of 5-10 by 81 hours. 
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TO~ List 

FAIRCHILD SEMICONDUCTOR 

RESEARCH & DEVELOPMENT LABORATORY 

DATE: April 18, 1963 

FROM: C~ T~ Sah CC:~Go E~ Moore 
V~ H. Grinich 

SUBJECT: Agenda for Project Review Meeting 
Wednesday, April 24, 1963 - lOzOO A.M. 
Imperfections in Epitaxial Films 
Project 120 and 128 

The purpose of the meeting is to review the experiments and results that have 
been obtained recently on the origins and elimination of imperfections in 
silicon epitaxial films, the effect of substrate surface preparation on the 
film perfection and the characteristics, properties, and origin of stacking 
faults in these films. 

AGENDA: 10:00 

10~30 

11:00 

11:30 

A general and brief outline of the results obtained. 
(Tucker) 

Stacking faults. 
(Tucker) 

Effect of substrate surface preparation. 
(Barry) 

Experiments and results of elimination of defects. 
(Davis, Barry & Yim) 

Please have all data summarized and important data and photographs reproduced 
each for 10 copies for efficient presentation. 

c. t. safi 
Solid State Physics Section 

CTS~jt 

Listg (Participants) 

R. Tucker; H. Wigton G./ 
Do Barry~ E. Yim v 
A. Davis (....--

~ c. • £, 
B~ttmann 

Po 
• L. IJ~ Fl~nt ..... 

Jo Gordon r./ 

Jo Lawrence 
Ao Grove v 

Ao Roder v 
t/ w. Shepherd 
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COMPANY PRIVATE 

FAIRCHILD SEMICONDUCTOR 

RESEARCH & DEVELOPMENT LABORATORY 

PROJECT 128 - STATUS REPORT 

D. BARRY 
4-23-63 

SUBJECT: PREPARATION OF PERFECT SUBSTRATE 

The preparation of a perfect substrate in this project is interpreted as 

the preparation of flat silicon wafers free of scratches and pits. 

Several methods are available to prepare substrate material; chemical 

etching • mechanical polishing, mechanical-chemical polishing, and anodic 

polishing. The only method to obtain flat surfaces, however. is the me-

chanica! polish procedure. Therefore, this report will be limited to ex-
' 

periments in mechanically polishing silicon. 

The procedure for mechanically polishing silicon consists of 1 1/2 hour 

polish or Buehler silk with cerium oxide on the Lapmaster followed by a 

1/2 hour polish on Buehler microcloth with zirconium oxide on the AO bowl 

polisher. Before polishing, the wafers are mounted on a steel block. 

lapped flat at least 90 ~ of material removed to get below saw damage. 

Several experiments were performed to improve the mechanically polished 

surface. 

1. Use of 1/4 micron diamond on Buehler microcloth with kerosene 

lubricant on AO polisher. 

2. Cerium oxide on silk on the Lapmaster for 1 1/2 hour. 

3. Cermium oxide on silk for 1 1/2 hour followed by l/4 hour on 

microcloth with lustrox (a zirconium oxide precipitated solution). 



COMPANY PRIVATE 

PROJECT 128 - STATUS REPORT 
b .. Barry 

-2-

4~ Cerium oxide on pellon cloth on Highland Park for two hours. 

s. Cerium oxide on pellon cloth on Highland Park for 1 1/2 hour 

followed by l/2 hour on microcloth with cerium oxide on High-

land Park~ 

6. Shamvra (MgO) on microcloth on AO polisher followed by 1 1/2 

hour on silk with cerium oxide on Lapmaster. 

7. Zirox (zirconium oxide) on microcloth on AO polisher 1/2 hour 

followed by 1 1/2 hour on silk with cermium oxide on Lapmaster. 

The results obtained in all cases is strongly dependent on the lapped 

surface obtained before mechanical polish is initiated, chipped edges and 

non-flat lapped surfaces lead to scratches or uneven polishingo The pro-

cedure using zirconium oxide on microcloth on the bowl polisher tends to 

round out the edges of the lapped wafer. Then, a final polish on silk 

on the Lapmaster with cerium oxide produces a polished surface practi-

cally free of scratches and other surface blemishes. This procedure seems 

to give the best results to date. 

DB:jt 
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·' PROJECT 128 - SILICON EPITAXIAL FILM 

E .. Yim 

--~----~~~-------~---~-------------------~---------~-----------~---~----
I~ To eliminate defects which are associated with dirts and other foreign 

particles on substrate surface, drying and loading are carried out in 

the positive pressure hood with clean air .. 

II.. To eliminate pyramids, the following HCl vapor etching steps are used~ 

Step 1: 20 minute zero point HCl vapor etch @ 1175-1180°C opticar) 

Step Zs 5 minute slow growth with HCl vapo~ 

Step 3: fast growth to obtain desired film thickness. 

In the following table, partial pressures and meter settings for the growth 

cycle are presented: 

TABLE 

PH2 PHCl PSiHC13 z SCFM 0 .. 15 SCFM ml SiHC13 l.l Si 
Hz meter Hz meter per min .. deposited 
reading reading 

Step 1 0.924 0.0116 0 .. 00195 100 55 0.5 0 
0 

Step 2 0.991 0 .. 008 0 .. 00196 100 45 0 .. 5 + 0 .. 16 

Step 3 Oo995 0 0 .. 0047 100 0 LZ L.O 

Photographs, substrates, epitaxial films and electrical results are pre-

sented .. 
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From: 

FAIRCHILD SEMICO~DUCTOR 

Inter-of fi\~ Ect;e·'\i~~~~~ce 

See Dit.tribution List 0 -, lj '\\jb3 
~?r, ,. 

c ~ooRt. P. Lamond (10\{\)Gt-\ '-· 1 

April 18, 1963 

Subject: NPN Product Planning Meeting Agenda 

----------------------------------------------------------------------------
The NPN Planar Sectiol' Product Plar r iPg Meeting ~'ill take place on April 24 
at 4:00 pm in the Large Conference Roor. The following items will be dis­
cussed for all devices listed: 

1. Status of production - Product Manager 

2. Discussion of Characteristics - Applicntions 

3. Production Sch~'dule, Present and Future Sales - ~larketing 

PRODUCT SPECIFIC PROBLE~ffi 

1. 0000/0001 Packaging of 0001 - P. Fergu~on 

2. 0002 Reli.:~hilit - Applications 

3. 1312 New 2N Number - Applicatiors/Marketing 

4. 0014 New 2N Number - Ap?lications/Marketing 
r 

5. 3011 Con~etitive Devices - Applications/Marketing 

6. 1221 Objective Specifications - Applications/Marketing 

7. FET Status - P. Ferguson 

8. 4011 Status - P. Lamond 

9. 4111 Objective Specifications - Applications/Marketing 

10. 4206 Objective Sp,,cificat ions - App l icn tio1.s/Marke ting 

11. 4207 Objective Specifications - Applications/Marketing 

12. New Devices - P. Ferguson 

l-'()t7 

Distribution 

T. Ba' 
P. Ferguson 
R. Graham 
v. Grinicr 
B. Knudson 
G. ~loore 

1 ,. e. ,,;;., - ,_t • .., { ~ .... 

List: 

w. Richmond 
R. Shultz 
c. Sporck 
D. Valentine 
D. Yost 

~/(.~ 
Pierre R. La~o J, Head 
NPN Planar Section 



INTERNAL CORRESPONDENCE 

COMPANY PRIVATE 
FAIRCHILD ·sEMI CONDUCTOR CORPORATION 

See Distribution DATi. . March 4, 1963 

FROM . C. ~· Sporck CC : 

S UBJI:CT: Results of NPN Large Geometry 
Product Planning Meeting 
February 26, 1963 

No significant changes will be made in these instructions without the knowledge 
and agreement of the writers. 

4011 - 16 
4201 

4111 

4207 

kE CEIVED 

r; ~~;< 6 -1963 

V. H. GRINICH 

Three split runs to be made by factory to compare these 
products. Data by 3/29/63. 

,_ 

Ferguson to look at present 4011 devices to explain 
poor low current beta perfonnance. 

Moore, Ferguson, Shultz, Graham and Grinich to decide 
upon definition of optimum family of devices by 3/29/63. 

Units out by 3/8/63, thc.re evaluation will determine any 
application. 

150 V LVcEo(4205) 1 run/wk. Units to Applications by 
mid April. Volume requirements in last five months. 
Use TC package. 

1!} 
I, 

T. Bay 

!;11 
G. Moore 

eg>J __ 
c. Sporck 



To: 

FROMe 

SUI!IJECTc 

INTERNAL CORRESPONDENCE 

FAIRCHILD SEMICONDUCTOR CORPORATION COMPANY PRIVATE 

See Distribution DATil : March 4~ 1963 

C. E. Sporck cc. 

Results of Sn.all Geometry 
Product Planning Meeting 
February 26, 1963 

No significant changes shall be made in ~hese instructions without the knowledge 
and agreement of the writers. 

1312 

1311 
1211 

3111 

0002 

0000 
0001 

FET 

1221 

1450 

CDC 

Now a production product. Will not have 2N's written 
around this product at this time. When product is well 
established and in good inventory position, optimum 2N'e 
will be written. 

Production products. Have hot leBO problem. R & D will 
look at this problem· in addition to the product group. 

The 1210 will be rescheduled for special requirements. 

Now rUnning in production. This product will be announced 
at the IRE. 

35 mil die, gold bonds and TC package. Running 20 wafers 
out/week. Product should have sufficient life test data 
for announcement around end of March. 

Working directly on 0000. Will have dice at die sort by 
3/4/63. Will send die sorted dice to Hong Kong by 3/8/63. 

Some units will be assembled at Mountain View in TM pack­
ages. 

Volume will be 20 wafers out/week by 3/11/63. 

Product will be waiting for characterization ~Y Applications .• 

The 0001 will wait until 0000 is established. 

Under development at R & D. 

Marketing and Applications to decide by 3/11/63 what should 
be done .with this product. 

Dropped - stop all work. 

Core Driver - R & D to make recommendation on possible device to fill 
this requirement. · 

RE C EI V ED 

r.; ~. ~ 6 - 1963 
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.. Small Geometry 
Product Planning Meeting 

Distribution 

R. Cole 
P. Ferguson 
R. Fouquet 
R. Graham 
v. Grinich / 
B. Knudson 
p~ Lamond 
J. Magarian 
B. O'Keefe 
M. Oudewaal 
w. Richmond 
J. Sentous . 
R. Shultz 
R. Smullen 
D • Valentine 

. D. Yost 

·2- By: CES 3/4/3 

T/3 
T. Bay 

GPJ 
G. Moore 

~k 



R&D DEVICE DESIGNATION 

PEVICE NPN/ NO. NO. 
MIN. 

FUNCTION Ac AE GEOM. OXIDE LV REMARKS 
NO. PNP BASES EMIT. ceo CUT 

0000 RF AGC NPN 10.8 1.50 3 2 0 .35 50 

0001 RF NPN 10.8 1.50 3 2 0 . 35 25 

0002 Power RF NPN 88.00 12 12 8 J] .50 25 l. 0 W at 500 me aggregate 

0003 Sat.Switch NPN 2.45 . 245 3 2 n . 35 6 < 2 nsec ~ s 
switch 

0004 Sat.Switch NPN 1.54 .28 l l D .10 6 .l mil test vehicle 

0005 Sat.Switch PNP 1 l Gil .50 70 Outside emitter Trident II 

0006 Power RF NPN 196 24 16 8 I] .50 25 2.5 W at 500 me aggregate 

0007 Power RF NPN 350 47.5 10 5 I] .50 25 5.0 W at 500 me aggregate 
- . 

0008 Chopper NPN 3.0 l 2 iJ 20 Dual transistor chopper 

0009 Sat. Switch PNP l 2 il 25 Formerly FT-1701 

0010 RF NPN 10.8 1.50 3 2 0 .35 25 > 2 kmc fT device 

0011 RF NPN 15 3 devices/chip 

0012 Sat.Switch 7.88 2.25 l 1 . IJ .35 6 3 units per chip 

0013 RF 6.1 .96 5 4 a . 2 20 Low noise RF device 

0014 Sat.Switch 22.5 9.0 2 3 a .35 12 CDC core driver 

0015 25 4.5 4 2 0 . 25 20 FT-1221 re-design 

0016 21.3 4.5 3 2 IJ . 25 20 FT-1221 re-design 

0017A Sat.Switch 52.4 24 ' 5 4 a .5 12 Film driver 

0017B Sat.Switch 105 24 10 8 11 .35 12 Film driver 
-
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COMPANY PRIVATE 

HCl ETCHING STUDIES 

H. Wigton 

PROJECT 128 - SILICON EPITAXIAL FILM 

----------------------------------------------------------------------------
For deposition with no HCl added, the best equation is 

in which 

. (1 -0.347i..n( yo~­
L. oo27J 

r = deposition rate in microns/minute 
D 

y 0 = partial pressure of SiHC13 in t 'he entering H2 in atmospheres 

Etching with HCl and H2 only is best expressed by the re l ,ationship 

(1) 

. 3 ( xA
2 

) · 
rE = 0.438 x 10 ~0 • 36 + 2xA . (2) 

in which 

r = etching rate in mic'rons/minute 
E 

xA = partial pressure· of HCl in the entering H2 gas in atmospheres 

The reaction when both HCl and SiHC13 are added appears to be kinet i cally 

limited by the conversion of SiHC13 to .SiC12 and equilibirurn 

limited by the reaction $iC12 + H2 ~ Si + 2HC1 

(3) 

(4) 

' The forward reaction is stopped by the addition of HCl suff icient to balance 

the activities in equationl4}if approx i mately 15% of the initial SiHC13 is 

assumed converted .to SiC12 • This is s e veral orders of magnitude less . HCl 

than would be required to stop the overall reaction. 
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FAIRCHILD SEMICONDUCTOR 

RESEARCH & DEVELOPMENT LABORATORY 

TO ~ List DATE: April 18, 1963 

FROM~ C ~ T ~ Sah CC ~_.-.) G. E • Moore 
Vo Ho Grinich 

SUBJECT~ Agenda for Project Review Meeting 
Thursday, April 25, 1963 ~ 8~30 A.Mo to 10:55 A.M. 
Impurity Diffusion & Growth Kinetics of Silicon Epitaxial Film Growth 
Project 128 · 

The purpose of the meeting is to review the data of impurity profile in epi­
taxial films and to review the data and model of etching and growth rate of 
films. 

AGENDA~ 8:30 

9:30 

10:55 

Presentation of experimental data of impurity profile for 
various growth and etching conditions with the various 
profiling techniques. 
(Roder) 

Summary of etching and growth rate data and outline of an 
analysis of the data and the model employedo 
(Wigton) 

Meeting adjourned 

Please have all data summarized and important data and photographs reproduced 
each for 10 copies for efficient presentationo 

Co To Sah 
Solid State Physics Section 

CTS:jt 

List: (Participants) 

A. Roder 
H. Wigton 
R. Tucker 
D. Barry 
c. Bittmann 1\ 
A. Davis 
J. Gordon 
A. Grove 
w .. Shepherd 
E .. Yim 

1~ 
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1962 EXEMPT TERMINATIONS 

Rating 
Terminated Outstand'g Good Average Marg. 

Department 11- 5 2 2 1 
15- 4 1 2 
20- 17 4 8 3 
36- 3 1 1 
30- 12 5 4 3 
40- 30 4 11 8 4 
50- 3 1 1 1 
70- 7 4 2 1 
80- 18 1 4 5 8 

TOTAL 99 5 32 31 24 

Note * --Department was unable or unwilling to complete last column. 

Prepared April 15, 1963 
by C.D. Campbell 

COMPANY PRIVATE 

Reason 
Poor Resig. Forced Discharged 

1 3 1 
1 3 1 
2 11 4 2 
1 2 1 

10 2 
3 23 5 2 

2 1 

* * * 
10 8 

7 
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/ COMPANY PRIVATE 

PIPE PROJECT REVIEW OUTLINE 

PROJECT NO. 105 

J. E. Lawrence 

~---------------------~---~---------------~---------------------------------
I. OUTLINE FOR STUDY: 

A. Define problem 

B. E~tablish methods of analysis 

c. Determine priority for investigation 

D. Is this particular type of pipe associated with 
' 

1. Dislocations (bulk or surface) 

2. Contamination 

3. Poor oxide mask? 

E. Can this parituclar type of pipe be produced at will? 

F. What is this pipe as defined by 

1. Electrical theory 

2. Crystallographic theory 

3. Chemical theory? 

II. DEFINE PROBLEM: 

(Find causes for all localized centers of undesirable electrical activity) 

A. Categrories: 

1. Base periphery point pipe 

2. Irregular oxide pipe 

3. Regular oxide pipe 

4. Diffused pipe 

III. METHODS OF ANALYSIS: 

A. Characteristic electrical trace 

B. Emission under reverse bias (2000x) 

C. Location and natural surface appearance 



COMPANY PRIVATE 

PIPE PROJECT REVIEW OUTLINE 

J~ E. Lawrence 

-2-

D~ P-N stain (CP-20 and intense light) 

E. Light preferential etch (CP-10) 

r~ Diffusion profile or pipe and near environment (SIRTL) 

IV. BASE PERIPHERY POINT PIPE (193 or 205 DEVICES TESTED) 

A. Soft junctions, not low breakdown voltages, ICBO = 50 ma 

B~ Emission from points 

C~ No surface appearance 

D. Stains as n-type 

E. No dislocation etching 

r. No diffusion profile 

*G~ Can be eliminated by removing 1.2~s of device by 1 minute SIRTL etch 

V. IRREGULAR OXIDE PIPE (%VARIES, NORMALLY BO% or ALL PIPES) 

A. Low breakdown voltage, saturated leakage current 

B. Emission from line or ring (individual microplasmas and internal 

field emission) 

C., "Crystalline" oxide of different thickness from normal 

D. Stains n~type 

E. No dislocation etching 

r. Very unique diffusion profile (mesa and trough) 

*G~ Can create crystalline oxide at will from contaminant 



COMPANY PRIVATE 

PIPE PROJECT REVIEW OUTLINE 

J. E. Lawrence 

VI4 REGULAR OXIDE PIPE (% VARIES, NORMALLY 20% OF ALL PIPES) 

A. & B. As above in V 

c. Regular oxide no discoloring 

D. Stains n-type 

E. Bar dislocation pattern usually 

r4 Diffusion profile (mesa no trough) 

*G~ Both this and the previous pipe are not positioned relative to 

any device. (Found in base and collector) 

VII. DIFFUSED PIPE (Not widely studied yet) 
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:E.I"P~ PB.OJECT REVIE1A! OTYrLINE 

J. E. LAl..JRENC"S 

{1) SI11.TL etched one min11te 
( 2) He sa extends 1. 2 rni.crons above the base 
(3) Mesa surface dimensio~s 9 X 13 microns 
(4) Emission ring 
{5) Lealcage current 12 rna 
( 6) LoH breakdor~m 20 v 
(7) Normal brea.::<:down 115 v 
(8) Cross se~tion 

_ ) 
t9) Electrical characte~istics 

(10) Photogranh 

\....___ 
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~ / 1/f 
Surface Contamination and Dislocation Effects ,on Silicon Wafers i/3~63 

4200 Wafers (Krueger's - Mtn. View) 
Gave Dash Etch after each of the following steps: 

(l) ·Chemical Etch 

! ~ l' ~~;~~ t~~~k 4 Base Predep 
5 Base Diffusion 

P. S. Flint 
.4/30/63 

Results: Not definitive. Obtained chiefly small or pits randomly 
· distributed in (l). After (2) they were denser in an annulus 

next to the crystal skin. A few dumbbell pits were observed. very 
near the skin. After (4) observed greater density of small pits · 
in base. 

Need to repeat on more wafers, particularly on rejects. 

Studies of Bulk Material 
Attempts at deliberate contamination of wafer surfaces. Using 0.5 

ohm-em. material, although 0.005 material showed no real difference. 

Copper Contamination from Aqueous CuCl2 

f
llStraight Aqueous - no plating of copper 
2 In HF Medium - copper plates out readily 
3 In HF • HN03 Medium - copper does not plate out 

After exposure of the wafer to copper in one of the above ways, 
the wafer was oxidized, the oxide removed in HF, and defects were 
delineated with Dash Etch. 
Results: All types of exposure to copper gave characteristic etch 
pits after oxidation (see photos), but the large amount · of copper 

· obtained from HF alone gave most definitive results. The copper 
plating appears to be a displacement reaction. 

Overall, we must conclude t hat we can readily contaminate our 
wafers from pure HF solutions. 

Iron Contamination from Aqueous Feso4 

Iron did not plate out from HF medium, but did give characteristic 
etch pits (see photos). 

Present studies are covering Phosphorus Contamination. There may be 
some preliminary results to report. 

Quenching Effects 
Dislocationsloops are commonly formed in metals by quenching in , 

a high concentration of vacancies. 
' 

Methods of Cyclic Quencging: . · 
. (l) Cycle from 1200 c. in steam to 25 °c. (ordinary cooling) 
· ( 2) 11 " 11 " " 11 '' (water quench) 

The above can be done with or without previous longer oxidatio~ • 

Results: In each case, obtain lines of r ounded triangular etch 
pits, probably indicative of slip traces. Also obtained vestiges 
of loops. Should combine with metal contamination. 
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SUBJECT: Agenda for Project Review 
Meeting - Tuesday, April 30 1 1963 
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PIPES AND RELATED PHENOMENA 
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AGENDA: 8:30 - Categorize the Observed Pipes and Diffusion and Oxidation 

Defects 
(Lawrence) 
E~imental Results on 4200 CB Diode Rejects 
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9:30 - Induced Pipes and Dislocation by Surface Contaminants 
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10:30 -Pipes from Weak Oxide 
(Ornik) 
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SUBJECT: Project Review on Oxide Defect Studies 
.in Conjunction with SCR Development 

DATE: April 30, 1963 

1. The four layer SCR structure requires p-isolation diffusion. A single pipe 

within the 60x60 mil area will diffuse through the future active area and 

either produce a short or decrease the available width for depletion layer 

(Fig . l, 2) . -

2. Pipes originating through photoresist pinholes are due to mask imperfections 

or due to local photoresist .breakdown (Fig. 3, 4). They extend to the same 

depth as the isolation diffusion. The pinholes can be observed under lOOX 

magnification . 

3. Some pipes can originate prior to first oxidation as evidenced by leaving a 

wafer in oxidation furnace until they diffuse to sufficient size to be 

suitable for staining (24 hr. at l200°C). With good housekeeping rules 

this pipe count has been kept between zero to five pipes per wafer. 

4. However, eliminating the photoresist process and predepositing and diffusing 

the unphotoresisted wafers, a substantial density of pipes was still present. 

Only few of these pipes could be related to visible oxide imperfections 

(Fig. 5). 

5. Chlorine etch showed two defects on a wafer from a run with pipe counts in 

the order of 100 per wafer. 

6. Boron particle deposition was shown to .occur during predeposition by dif­

fusing wafers which have partially stripped and not stripped at all (Fig. 

6). Non-dipped parts of wafer showed higher pipe densities with many small 

and many very large irregularly shaped pipes. However, any amount of strip­

ping (including total strip) beyond 30 seconds 2 DI:l HF has not improved 

the ~ipe count significantly (Fig. 6). 
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'Project Review on Oxide Defect Studies 
in Conjunction with SCR Development' 

Apr. 30, 1963 
Page 2 

7. Method for lapping and staining the wafers for pipe detection was time con­

suming even without the long diffusions needed to attain pipes sufficiently 

large for visual observation. It was noticed that a wafer predeposited 

with boron and then CP-6 etched for 2 minutes: 

a. shows no pipes upon diffusion 

b. develops a density of etchpits similar to the observed pipe densities 

(Fig. 7). 

8. A_, fu'.!.':ther: ~xper:i,ment-: :w~s performed which indicated that CP-6 induced etch­

pits on original oxide do correspond closely to the pipe condition when a 

2-minute CP-6 etch time was used. (Fig. 8) A three-minute etch results in 

number of etchpits which is about twice the number of pipes introduced with 

190°C predeposition to V/I ~ 1.0 and diffusion at 1280°C. Thus, ~lthough 

CP-6 is a convenient means of oxide imperfection detection, the etch time 

has to be tailored to suit each diffusion condition. 

9. Using CP-6 etch the effect of various materials was evaluated,. as shown in 

Table I. Even in the case of not purposely contaminated wafers t .he etchpits 

could be correlated to surface contamination or surface damage (Fig. llB). 

Thus, the effect of material appears to be insignificant. A ~qre case of 

an etchpit on top of a pyramid (Fig. 9) was possibly induced by oxide abra­

sion after oxidation. Examples of water drop contamination are shown in 

Fig. 10, 11. 

10. Further two-minute CP-6 checks of treatment prior to oxidation show: 

a. Nickel tweezer scratch 

b, Steel tweezer scratch 

c. Silicon scratch 

no etchpits (Fig. 12) 

6 etchpits at the end of the 
scratch (Fig. i3) 

no etchpits (Fig. 14) 

I 



'Project Review on Oxide Defect Studies 
in Conjunction with SCR Development' 

d. 

e. 

f. 

g. 

h. 

i. 

KPR residue (polymerized but not 
developed) 

Fingerprint 

Mechanically polished wafer 

Mech. polish and Chem. polish 
(24 1..1. removed) 

2 hr. dry o2 oxidation+ 2 hr. steam 
oxidation 

2 hr. steam oxidation (1200°C)(control) 

Apr. 30, 1963 
Page 3 

no etchpits (Fig. 15) 

many etchpits (Fig. 16) 

56/wafer 

14/wafer 

4 /wafer 

1 /wafer 

11. It was found, however, that the damage to oxidized wafer cari be induced quite 

readily with: 

a. Silicon scratch (Fig. 17, 17A) 

b. Abrasion between a silicon wafer and an oxidized wafer (Fig. 18) 

c. Nickel tweezer prick (Fig. 19) 

d. Carboloid scriber prick (Fig. 20) 

e. Diamond scribe prick (Fig. ) 

No etchpits could be discovered after stainless steel tweezer prick. Evalua-· 

tion of abrasion between wafers in a typical ultrasonic agitation, including 

dust from broken chips, has not been completed. 

12. In most of the CP-6 etching a fine array of small slightly deepe~ .. etched 

oxide spots h.a S: been observed. The size of the spots is about 21..1. .and the 

density varies from about 1 to 10 per 251J.x251J. area. (Fig. 22) The origin of 

the dots will not be investigated at present. 
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COMPANY PRIVATE 

PROGRESS REPORT 

DEVICE DEVELOPMENT SECTION 

SOURCE TYPE necm - WAFER 
Dia. 
mm 

1 XT(Sterling Rd.) N 28 27 

2 KEP< N(Sb) 52 24 

3 DOW Corning .N 41 32 

4 KOLLSTAN N(As) 28 24 

5 KOLLSTAN N(P) 33 24 

6 TI N 80 19 

7 DUP (St. Rd) N(4200) .6-2.0 24 

7A 

8 DUP (St. Rd) N(4200) .6-2.0 24 

9 DUP (St. Rd) N(4200) .6-2.0 

6'a..~ 17 

April 1, 1963 

----------------------------~-------------
WAFERS .-.1 to 7 etched 601-J. !NO. OF ETCH-
each side, rinsed in DI, PITS PER WAFER 
blown dry & immediate6y ~ Min. 3 Min. 
oxidized 2 hr at 1200 C; · ~ 
others as noted. Gt~6 c;-t, 

Float-zoned, disloc.dens. 
20,000 cm- 2 min. 

9 

8 

3 

1 

3 

Pedestal grown disloc.dens 6 
2.,000 cm-2 max. 

Front side (normal lap) 8 

Rear side (rough,saw marks) 8 

Blotted dry w/filter paper ~51 
and left exposed on lab 
bench for 2 hours. Handled 
with tweezers which have not 
been CP-6 cleaned. f 

A drop of DI rinsing water 117 
left to evaporate. Elchpits 
along the edge & within 4mm 
diameter of the water mark 
area. 

48 

23 

6 

22 

12 

62 

25 

19 

Th following data is from various test wafers which were not part of the above 

ex~eriment: 

-· ... -· -~- -- -· - ~ 

SCR 71 + 
N 19 24 74 

SCR 77A(KOLLSTAN) N 31 24 61 
SCR 79 (St. Rd) N 8 2~ 32 
SCR 79 (St. Rd) N 8 24 14 
SCR 80 (St. Rd) N 8 24 32 . 
SCR 81 (St. Rd) N 8 24 44 
REP IV (~-tL) p 2 · O)(ide 1.5 hr at 1200°C 58 
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INTERNAL CORRESPONDENCE 

FAIRCHILD SEMICONDUCTOR 

RECEIVED 

r.~ AY 7 1963 

GORUON E. MOOk£ 
A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 

To : 
G. E . . Moore 
V. H. Grinich 

FRoM: J. P. Ferguson 

su~EcT:Agenda for Digital Integrated Circuits 
Project Review 

Status of Epitaxial Micrologic (15 min.) 

a. Mt. View status 

1. Characterization 

2. Process differences 

b. Life tests 

c. Kit parts 

Future Process Work (15 min.) 

a. Oxide/metal improvement 

b. Epitaxy 

c. Size reduction 

d. Resistors 

Circuit Forms 

a. Competitive evaluation 

b. High speed 

1. CML - straight and differential 

2. Improved DCTL 

3. Binary implementation possibilities 

c. Low Power 

1. Non-saturating NAND 

2. DCTL 

3. Binary implementation possibilities 

Miscellaneous Circuits (30 min.) 

a. PNPN registers 

b. Diode converter and diode matrices 

JPF: jh 

DATE:May 6, 1963 

CC: Section Heads 
D. E. Farina 
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