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"THE RIGHT BOOKS TO WRITE IN" 

NATIONAL 
FIGURING BOOK 

56-800 SERIES 

150 Page 
Number Ruling 

SINGLE PAGE FORM 

56-800 Ouadnrle1 U Inch 
[ 56-801 Famt 
[ ' 56-802 2 Col..~-,ns 

l 56-803 3 Col.~ n~ 

[ 56-804 4 Colu1lnS 
56-805 5 Colu'llns 
56-806 6 Columns 
56-807 7 Co,umns 

56-808 8 Corumns 

DOUBLE PAGE FORM 

56-810 10 Co:umns 
56-812 19 Columns 
56-814 14 Co1umns 
56-816 16 Co'umn~ 
56-818 18 Columns 

0 56-820 20 Columns 

ALL COLUMNAR RULINGS WITH UNITS 

WHEN YOU NEED ANOTHER BOOK ORDER FROM 
YOUR STATIONER BY SPECIFYING NUMBER ABOVE. 

Mude in U. S. A. 

National Bl•nk Book Co., Holyoke, M.ss. 



INTER-DEPARTMENTAL CORRESPONDENCE 

_.....,(iJRC-HilD 
SEMICONDUCTOR CORPORATION ,. 

To: G. E. Moore CC: Tom Bay DATE: 1 August 1962 
Bob Graham (2) 

SuBJECT: MEETING AT AUTONETICS 
JULY 31, 1962 

FRoM: v. H. Grinich 

FORM 5120 

Autonetics personnel present: 
Jim Carlyle 
Allen Beek 
Art Fifer 
R. Ramond 

Fairchild personnel present: 
J. Farley 
Vic Grinich 

Texas Instruments personnel present: 
W. Adcock 
J. Lacey 
C. Shawn 

The purpose of this meeting was to act as a pre-briefing on contract negotiations 
for parts procurement for Minuteman II. Autonetics has a total of 18 FEB (Functional 
Electronic Block) which they desire to have in micrologic form. Fourteen of these 
are from the Computer and Data Systems Department and four are from the Inertial 
Navigation Department. The last four are linear circuits and, in general, have 
a much longer time scale than the Computer and Data Systems' circuits. 

The first part of the meeting was a discussion on how to test the FEB's which 
considered the following five points: 

1. The use of test points 
2. Individual transistors, resistors, and capacitors made by the same process 
3. Overstressing 
4. Matrix life tests 
5. Extrapolation from FSC data. 

A discussion was held on what were the new facets to be considered from re­
liability points of view and were itemized with respect to the present Minute~ 
man planar devices. The difference consists of the following: 

1. Geometry (di-attach area) 
2. Lead attach 

(a) Lead over oxide 
(b) TCB over oxide 

3. UFO's (one-thousandth inch lead spacing) 
4. Un~proved packages (new interface problems with assembly) 
5. Resistors 
6. Capacitors 
7. Close coupling through isolation areas 
8. Epitaxial. 



/ 
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Processes and things that remain the same are the following: 

1. 
2. 
3. 
4. 
5. 
6. 

Material 
Proces~ steps 
Therm~sensitivity 
Planar technology 
Mechanical operations of assembly 
Surfaces 

A discussion of what the objectives are of the RIP program is summarized by the 
following six items: 

1. Discover significant failure modes 
2. Discover stresses which may induce modes 
3. Set up tests involving these stresses to determine failure rates and 

parameter drift characteristics 
4. Produce screening criterion and reliability predictions 
5. Set up tests involving these stresses that evaluate process changes and 

undertake failure analysis 
6. Conduct mass tests to prove failure rate. 

A discussion of the approximate program schedule was as follows: 

The first year consists of the design and reliability improvement program, while 
the second half year is primarily a reliability evaluation phase. For a device 
which will be given the full treatment, the following quantities will probably 
be used per test: 1. Design sample evaluation ~ 2000 units, to be followed by 
phase #2 which consists of two or three matrix tests consisting of the follow-
ing: (a) static operating life tests that would consume approximately 2000 units 
and then (b) a dynamic life test (daisy chain ring possibly) - total of 6000 units. 
3. Step stress to evaluate design and process changes (task 7) consisting of 
approximately 5000 units, or approximately 100 units per week. Units that were 
used in 2(a) or (b) would also have a step stress program. 4. Final proof tests 
would consist of 20,000 units for 4000 hours. 

It was assumed by Autonetics that they could evaluate completely one basic 
circuit as outlined above and then extrapolate results so that only one large 
scale final proof test would be necessary for about every four circuits. Auto 
netics originally intended to be able to sign contracts with parts vendors by 
October, 1962, and receive first design samples by February, 1963. However, it 
is possible that they will be forced to go into a long and completely open multi• 
bid proposal negotiation in which case they would not be able to sign a final 
contract by December, 1962. They will still assume, however, that they will be 
able to get their parts in the middle of February. 

Carlyle wants to get a rough estimate from Fairchild regarding what we think 
such a development and RIP program would cost for their use in submitting cost 
estimates to the Air Force. He desires to have this telephoned to him August 
2nd. This program cost does not include the cost of the devices to be used in 
the program. 

VHG/ea 
V. H. Grinich 
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Nichrome Thin Film Resistor 

Sheet resistance range - 25 rt /:.: - 300 rt/i- J 
Geometry - 2 mil x 12 mil strip on oxidized Si die. Aluminum contacts 

Effects of Various Parameters 

1. Substrate temperature 
Noting conclusive - most evaporations onto hot substrates resulted in 
stable units. Similarly for cold substrates. 

2. Heat stabilizing of film in N2 at 575 °C after evaporation. No effect. tr< · N 

3. T.C.R. control 
85 - 330 ppm/°C. No control. 
T.C. not dependent on substrate temperature 

" " " " film resistivity 
'' does not change on aging at 300°C for 5000 hours. 

4. Al contact "alloy" time 
3-15 min at 575°C - no effect. 

5. Al contacts under Nichrome film 
Some instability observed a f ter storage at room temperature for 5000 hours. 

6. High temperature storage - 300°C 
5000 hour storage 133 units 

Resistance No. 
Change Units % 

< 1% 97 73 
> 1 
< 2 7 5 
> 2 
< 5 20 15 
> 5 9 7 

Failures ( > 10 change ) l 345 units (~ 18 runs) 

150 hours 
300 hours 

RLM:vt 
11-20-61 

5% 
2% 

16 units (12 failures in three runs of 49 units) 
6 units 
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HFDS£ ODUCT IVlSIOtV ~LO ALTO 

'To; J. Corry ubject : Sebedule lafor.atioa 
lSliO 

cc: • A. ecarello 

••• Moyce ,~ . a. a. rtllllll . 
• IJh 

G. !. Moore c__--- te : JUDe 4, 1962 

Liated below are the varloua aubtaab lch will be perforaecl by Seaicoftductor 
u 1 1\0111 aee it. llere COIIpleticm U•• are ootecl, they repreant cleatrabl 
utea, except theMe U.aea uaociated with July 17, which ia a ftul eoatract 1 
date. Coaplettoa of tlaon taab up to a week before, or 10 July, 14 be 
cluirable. 

lf you woul4 pleue sc1ae4tale theae aubtub out ad let • kDov u ... a c1 MA• 
power requtr .... ta by Tuadey aftenaooa. 1 ca tben ut together a reasonable 
acbedule oa ti• aa4 •DPON•r for the job • 

.At preeeat it loob like there wUl be re 110DeJ f.ft tile kitty for & D thaa 
wee or iglully acheAiule • I' 11 know mre on t.hat Wedueaclay 110miq. 

A. ubt ek tV - Circuit elop!Hilt 

L te'tlldne _.kina an4 otl:aer lilldtatiou oa ie ala for a fuaction 
D) (ea.p. 17 July) 

2. ~ad final baaic gate coufipration and physical structure 
( & ) (Comp. 17 July) 

3. Hv r 30 good unita - baste gate structure in -.Jlti-leacl TO-S cue. 
( & D) ( . 17 - 24 uly) 

4. termine first preli~nary clevtee parameters aod rough teat apece. 
( ) (Comp. 3 August) 

eic Circuit abrtcation 

1. liver 560 good basic 3 l ut gate atructurea. ( ~ 1) 
(Comp. 21 Ausuat) 

2. Fro. teat results d liver preltatnary et-c teat epee. (R & D ?) 
( • 19 Septftlber) 

) 



ScMftle IafetW&tioa - P& 15110 6/4/6!. 

• S.lttaalt Yl • PMka&t111 

1. Startlaa v:l.tll a packqe -.crtpttoa of a flat (llicrMloc) TO type 
•ltl•l_. paeaaa oa 17 J•J.T. procure _. baft oa haH 1000 aOCNI 
.-ckaae• - ....Ule for .tcr.loate tJ'IHt pr.,...ttoa. (Jiak l.ooe) 

2. liver 100 pacfla&•• of the tJpe apeeifte4 ta 1. abc»Ye for •• l 
packqt .. •claap. (link Rooa) (eo.p. a., 24 Octobu) 

D. Sabt .. k VII • ,..._ 111 • Ctrcvit 

1. tart.i111 &r'fiUM tM 16th of Allpat. upea ~let.ioa of ltre&Aoarcl 
eY&l•ttoa. pertera tile ...... .., ... 1d.lll• fi.ffui.oa ... ..ttly aatl 
_.of liH eaw!ro1 IDt at.,. to pr..tuce a lliat.aD of 400 (cleair:a\tlJ 
450 - SOO) 8oocl PUH ltl el ta. Tlae Pltaae Ill el--t will M 
tbe -.t c-.la ... ta tha fa.lq. ( ) 

2. rat.r:tc.ce 41e .-.c prohea •• vUl be ... .., for cite eortiaa tlleH 
f118cttoaa. Aa eleetrf.eal 4ie Hl't tutat> vlll be availaltle. A 
•lalple clu•tflcatiola tHtu will be nallaJ)le a, 19 Sept..-.r. 
( ) 

1:. hiJtQir. VIII - blialtillty aluttoa 

Perfor. rellabllt~ ..aluatioD oa SSO tatearat.a loatc functioaa •• per 
ortaiM.l propoaal f.-- tlae liability hpftt-t. lle... U:ver 
all reltablltty te•t reaulta. (J. Parle,) 

• •• mall 

II: elf 



10 X 10 TO THE 'lz INCH 
KEUFr£L & ESSER CO. 
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359-11 

VISCOSITY VS. FILM THICKNESS 

VISCOSITY, CENTISTOKE$ 
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fS FAIRCHILD SEMICONDUCTOR CORPORATION 

- To: 
FROM: 

SUBJECT: 

~OPM 5141 

Martin Oudewall 

Norman Peterson 

Material Supply for Device #7000 
Purchase Order # MV 1 7 258 

DATE: 

CC: 

June 14, 1962 

P. Lammond 
P. Gupta 
C. Sporck 
F. Bourassa 
M. Judge 
W. Wheeler 

A meeting was held on June 14, 1962 to evaluate the material supply 
situation for the 7000 device line. Representatives of both Fairchild 
and Merck attended and although no decision was reached regarding 
supplying production quantities for this product, the following program 
was outlined. 

1. Merck presently has no inventory of 7000 type epitaxial material. 

2. Merck will produce 50 production wafers and submit for our 
evaluation. 

3. We will photograph each wafer surface and note evaluation rework 
on back of each photograph. 

4. If we feel surfaces are reasonably acceptable we will send 25 wafers 
each to R&D and Mountain View, and will notify Merck, inorder that 
they can produce an additional 50 wafers. 

5. R&D and Mountain View production lines will retain the identity of 
each wafer for comparison to Materials Department evaluation. 

6. If we feel the surfaces are unacceptable we will send 25 wafers each 
to R&D and Mountain View, and will notify Merck, but Merck will 
produce no additional material pending the completion of the line 
evaluation of the first 50 wafers, and as a result thereof, the mutual 
agreement of wafer specifications for the 7000 product line. 

7. Earliest possible delivery date for the first 50 wafers is July 9, 196 2 
to Fairchild Materials Department. 

~~ ormanM~terS<m 
Manager, Materials Dept. 

NP:sc 
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To: G. Moore~ 
P. Ferguson 
G. Davis 

From: Paul Hill 

FAIRCHILD SEMICONDUCTOR 

Inter-Otfice Correspondence 

D. Yost 
R. Brown 
D. Kobrin 

RtCt:iV cD 

.. nJ \_ 19 1962 

July 16, 1962 

Subject: Minutes of July 3, 1962 R & D Meeting 
on Standardization 

---------------·-----·------------------------------------------------· 
The full attendance meeting was rescheduled for July 17, 1962 due to 
lack of new results since the prior meeting. However, Gordon Moore 
asked that a short discussion ~ith G. Davis and P. Hill be held anyway 
to keep him up to date on progress of runs started. 

Maior Discussion Points 

1. Exposure - Development System: 

a. Program has been selected from those previously under 
COJjl !deration. 

b. It is being optimized for specification inclusion. 

2. Oxide Etch: 

Th~ use of elevated temperature etch bath is being checked. 
The advantage to be gained is faster cycling time and less 
risk of KPR lifting. 

3. Criteria for Masking Evaluation: 

The Process Development method of relative pinhole density is 
acceptable as a count procedure. Electrical counts will be 
those parameters associated with breakdown and the ~,ike, while 
Beta, softs, punch•through, and the like will not oe counted. 

~eneral Comments 

1. KMER may not necessarily be the answer to metal masking 
problems (Moore). 

2. KMER will be compared, and data from E. Shideler concerning 
his routine use of it will be reviewed and reported on at 
the July 17 meeting (Hill). 

3. Masking "standardization" may be best handled as one procedure 
for large geometry best for pinholes, and a second for small 
geometry resolution (Moore). 

4. Resident time or inventory accumulation and effects on pinholes 
and overall yield reduction was discussed. Current processing 
times were not known, but 6-7 weeks to die sort were 



Minutes of July 3, 1962 R & D Meeting 
on Standardization 

From: Paul Hill - 2 - July 16, 1962 

---------------------~----------------------·---------~-----·----------
observed as little as two months ago. 

5. Controlled ambient mas~ing (within a drybox system) was 
discussed. Gordon Moore recommended immediate follow-up 
on Davis system by purchase of ready built system. This is 
considered vital engineering follow-up on pinhole yield work 
done by this group. Process Development is charged with 
obtaining this type equipment for further development of 
higher masking yield imp~ementation. 

6. Next meeting is scheduled for Tuesday, July 17, 1962 at R & D 
Plant. 

PH:btc 

CMM 
Paul Hill 
Process Development 

Gordon Davis 
Process Development 
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JUL 19 1962 T. Fal\o.Qrth J. Jer 1 i ner P. Hill 
GOHDON E M vA: Desmond L. Punte 

Test Report on KPR Techniques · OOR£ Garfield T. Roder 
G. Moore 

Object 

To compare turret spinning against flat spinning and etched wafers against 
polished wafers using:--

1. t~mal KPR techniques 
2. 2 layers of KPR 
3. EnrichedKPR (4to1) 

Procedure 

1. Twenty.Four FD-1 wafers were divided into 2 groups of 1? each. 

2. Twelve wafers were etched to a thickness of 120 t 5 ~ and 12 
wafers had one side 1 apped and po 1 i shed to a th .; ckness of 120 ± 5 tJ.. 

3. Both groups were cleaned and then oxidized fn a boron oxidation 
furnace for one hour D 1200 •c (4 to 5 hinges of oxide). 

4. The wafers t>Jere then divided into 3 syrrrnetrica1 groups of 4 etched 
and 4 polished \vafers. 

5. The KPR was applied in the following way. 

Group 

A 

B 

• c 

Method 

Standard KPR Technique 

2 etched and 2 polished wafers were turr et spun 
" " 11 " flat spun 

1 layer of KPR was applied and dried and then another 
layer of KPR was applied and dried. 

2 etched and 2 polished wafers were turret spun 
II II II II flat SpUn 

One layer of enriched KPR (4 to 1) 

2 etched and 2 polished wafers were turret spun 
11 " " " flat spun 



2 

~bte: Tests A and B were done using only one KPR bottle. 

(S. All the \'Jafers \'lere then exposed to fight and baked. 

7. All the \'Jnfers Here then mounted on glass slfdes using b lack wax and 
the fronts etched in oxide etch for 20 minutes. 

O. T11e \vafers l-rere then dismounted from the t.,.a:t, cleaned, rinsed and 
bl own dry. 

9. /\11 the Nefer::; ~\l('f"e then etched in a chl orine furnace at goo•c. 

Note: The abovo steps \·~ere carried out on the same day using one 
pair of spinners o:x :rated by a production gir1. A11 the 
remaining s~eps ·~re carried out t y an engineering aide . 

fO. The t\lafers were re-examined and the techniques evaluated. The 
evaluation ~~s carried out as follows: 

A central strip fn each wafer was divided into 15 11 350tJ. X 11 350tt 
wquares, and the etched bits in each of these squares were then 
co~nted and tabulated. 

Resu t ts: 

Conclusions 

(Lnck of time for ~; ids ne to print these results, these may 
be seen on request.) 

1. Irrespective of type of KPR application (3 types tested todat e) 
Hechanic<:J 11y polished 111afers have f ewer pin holes than etche<.l 
wafers. In the ratio of I to 2 approxim~ tety. 

2. Irrespective of type of KPR application (3 types teeted todate) 
Turret spun wafers have feWtr pin holes than flat spun trofers. 
In the rat io of 1 to 1.2 approximately. 

3. T\1.0 KPR layers have less pfn holes than the t\\0 other KPR techniques 
which were inves t igated,. that i s less pin holes for both etched and 
polished wafers. 



- 3 -

Rceonncndat ions 

I. Hith the present evidence at hand, polished wafers shoulc' be preferable 
for KPR work 

2. Turret sp'inners should be ft.rther investigated r..nd the spinners mechanically 
improved. 

3. Tv~ layers of KPR techniques should be investigated and various types of 
KPR tried. 

TF: Tw f. 
T. F'alworth 
Process Engineering 
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~· I . 
J COMPANY PRIVATE ------- ------- July 19, 1962 

PROJECT PLAN 178 

MAGNETIC FILM STUDIES 

A. P. Hale 

-~---------·---~-----------~---------------"----~---------------"-------------------
I. OBJECTIVES: 

A. Best practical method and procedure for magnetic film deposition 

B. Most efficient geometry for thin magnetic film memory elements 

c. Memory elements compatible with microelectronic elements 

D. High Speed Memory 

E. Understanding ferromagnetic material. 

II. PLAN FOR LAST SIX MONTHS OF 1962 TOWARDS OBJECTIVE A 

A. Evaporation of films with main emphasis on tighter control of process 

to maintain uniformity. 

1. Annealing 

2. Cleaning 

3. Masking by mechanical and etching techniques 

B. Electrodeposition 

C. Vapor Deposition (if time permits) 

TOWARDS OBJECTIVES B AND D 

A. Memory planes as per Harley Perkins' plan(s). 

1. Evaporated ground plane, dielectric, permalloy, dielectric, 1st conduc-

tor. 

2. MYlar or like and conductor by evaporation or electrodeposition. 

(Indefinite at this point) 

TOWARDS OBJECTIVE C 

A. Small array on wafers. Evaluation for uniformity as well as other 

parameters. 

B. Start on integration if time permits 

TOWARDS OBJECTIVE E 

A. Domain Observation 

1. Bitter's technique 

2. Kerr magneto•optical method 

3. Hall ~probe mapping (maybe, if time permits) 

B. Stress and strain measurements 

1. Magnetic films 

2. Dielectric and metals if time permits 



' 
, Project 178 (Magnetic Films Studies) -2-

------------------.. ---·--------------------------------------------------------------
C. Electron microscopy of magnetic films 

D. Study of fundamentals (to intlude magnetometer - do we need it) 

III. PERSONNEL 

A. Hale 

P. Ferguson 

H. Yee 

Other 

IV. EQUIPMENT 

1. 

2. 

3. 

4. 

85% 

100% 

100% 

::~y(~o4~ ~ 1 
Masks~ etc. 

Electron microscopy 

A. Ultra low pressure system in construction 

B. Kerr magneto-optical instruments 

c. Hall ~probe (?) 

D. Vacuum System (Vactite, 

APH:jt 

7-19-62 

TOTAL 

,..,. 3,000 

150 

500 

300 

300 
1,250 

4,250 

$ 5,300 

2,500 

2,000 

8-,000 

$17,800 

hrs. 

hrs. 

hrs. 
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BIG MACHINES SMALL PACKAG S 

1. DVM (+ accessories) l. Constant Current Source 

z. Ramp Generator {Function z. V -Z Op. Amplifier 
Generator) 

3. Lab Decode Amplifier 3. 0-Shift Differential Amplifier 

4. Sweap Frequency Generator 4. Dif . -) Single Ended 
{Low Frequency) 

~Current Converter 5. Voltage 

6. Std. Cell Replacement 

7. Log Amplifier (Crystal Oven) 
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Vacancy cluster in 
oxide layer. 

2) Surface contaminati 
by ambient dust. 

3) Incomplete oxide 
removal at first 
and second masks. 

4) Material defects 

5 Phosphorous 
Contamination 

ru J 'O l~t62 

GOI<CON E. MOORE. 

Agent 
Caus es 

PIPE GENERATION AND ELIMINATION 

NPN DEVICES 

Contaminat ism 

Centers for donor Understood to be characteristic of 
dopant segregation. oxide layer in segregating to 

concentrating impurities. 

Factory ambient of 
air born particles 
handlinG contami­
nation and people, 
lint and dust. 

1) Small oxide · 
[Jatches form 
masks thru 
which boron 
cannot pene­
trate. 

2) Causes concen­
tration gradient 

l)Dislocat ions 

Small particles of 
phosphorous '"hich 
are allm-1ed to 
set tle on the wafer 
sur fac2s 

Fall out from air, contact \vith 
dust and lint carrying equipment 
and people . 

l)Leaves " pipes" or "veins" of N 
t ype material thru base area 
vhich later on cause lmv bre <:.,~­

down junctions . 
2)Concentration gr~dient cause b 

lower break down than tha t 
encountered at regular junction. 

!)Preferential diffus ion o£ 
unwanted contaminant caus ing 
concentration gradient. 

2)Leave pits and depressions 
Lor dirt and surface contaminant s 
to reside in. 

Absorbt ion of ~vater by P 2 05 forms 
phosphoric acid droplets . Rapid 
diffusion of phosphorous thru oxide 
to form N+ r egions near junctions 
which cause low breakdown or emitter -
colle ctor ~hort failures . 

Corrective Action 

No known 

l)Ambient filtration 
2)Fall out shLeld 

l!rotection 
3)Rigid cleaning of 

handling equipment 
4)Rigid wafer surface 

cleaning throughout 
processing . 

1) Masking techniques 
a. Exposure. 
b. Developing . 
c. Etching until all 

oxide is removed. 
d. Double masking . 

l)Discard crystals and 
wafers exhibiting 
excessive occurance 
of this defect. 

2)Cut s l~ces thick 
enough so that they 
can be e tched to a 
smooth surface. 

Keep \vafers covered 
not being processed 

l. N2 ambient 
2 . Petri dish 

Isolate phosphorous 
operation from other 
process overation 

Remarks 

one pipe 
method. 

) Mask technique 
standardization. 

)Haterial prep 
standardization 



( 

Agent 
Pipe Source Causing Pipes 

6) Mask Defects Reproducable flm.rs 
in mask which 
print on KPR. 

~2_ 
r5T/~/-
fJ.d-~ 

PIPE GENERATION AND ELIMINATION 

NPN DEVICES 

Contaminating Mechanism 

At second mask, make small improperly 
placed emitters whLch cause low 
breakdown and erdtt cr-collector 
short failures. 

Corrective Action Remarks 

Mask inspection 
to reject un::mitable 
macl1.s. 
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To: Don Yost 
Paul Hill 

From: W. K. Tsang 

FAIRCHILD SEMICOKDUCTOR 

Inter- Office Corre .. pondence 

cc: G. Livingston 
P . Wilson 
R. Fouquet 

F . Durand 
R. Crosby 
E. Krueger 

Subject: Methyl Borate Doping Process 

October 11, 1962 

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

The process specification for emitter (4500) doping and base (4200) doping 
has been completed. 

The methyl borate furnace in PNP area is ready for operation and the furnace 
in the NPN area is expected to be ready for operation by October 12. 

The evaluation of the 4200 and 4500 duplicating runs will be followed in a 
later report. 

W. K. Tsang f 

WKT:ch 

Attachment proposed specification . 



FAIR CHILD S EHICONDUCTOR 

Process Specification 

I. TITLE 

Pr1.2treat Boron 

II. PURPOSE 

No. 
Pg . 1 
Date 

of 12 __ ....;;;..::;....__ 

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

To deposit boron on the wafer surface in a layer of uniform concentration. 

III. PRODUCT PARTS 

A. Silicon Wafer , Oxidized except fo r the Base (NPN) or Emitter (PNP) Pattern. 

1. Source - Process Spcc ifica t ion 1250, "Inbpect \vafer" 

IV. HATERIAL AND SUPPLI ES 

A. Tri Methyl Borate (CH3o ) 3B, 

1. Source - M & SS 

B. Nitrogen Gas 

1. Source - M & SS 49 

C. Oxygen Gas 

1. Source - M & SS 50 

D. Trichloroethylene (TCE)* 

1. Source- M & SS 35 

E. Acetone* 

1. Source - M & SS 32 

* 

F. Hydrofluoric Ac id (HF), Electronic Grade* 

1. Source- M & SS 36 

V. ECUIPMENT AND TOOLS 

A. Diffusion Furnace, Complete \vith Quar t z Tube , Manifold, and Necessary 
Electrical Controlb 

l. Source- FSC Fabricated 

2 . Dra,.,ring No. 

B. Gas Manifold 

l. Source - FSC Fabricated 

2 . Drawing No. 0723 

C. Cuartz Wafer Boat, Slotted 

1. Source - FSC Fabricated 

2. Drawing No . 0734-1 

* SEE LIST OF HAZARDOUS HATERIALS 
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D. Quartz Pull Rod 

1 . Source - FSC Fabricated 

2. Drawing No . SKB-2358 

E. (uart z Boa t Ra ck 

1. Source - FSC Fabricated 

2. Drawing No. SKB-2363 

F . Tweezer s 

1. Source - California Safety & Supply Company 

2 . EREM N, .- 11 

G. Microvoid Dus t Hood 

1. Source - Air Shield~ Inc . 

2 . Se ries NL. 11-600-71 

H. "Whit e Elephant~" 

1 . Source - FSC Fabricated 

J . Refrigerat or 

1. Source - L . P. Klein or Equivalent 

K. Tef lon Slotted Boat 

1 . Source - FSC Fabricated 

2 . Drawing No . 0950-1-2-3 

L . Ultrasonic Cl eaner 

1 . Source - Na tional Ultrasonic Corporation or Equivalent 

2 . Generator Mode l G-100 
Ta nk Model G-100 

M. Pyrex Beaker, 1500 cc 

1. Corning or Equivalent 

N. Spinne r Motor 

1. Source - FSC Fabr icate d 

2 . Drawing No. 0950-1-2-3 

VI . RE(UIREMENTS 

A. Control and Accept a ncL Limit s 

1. The mean VII (X) of t en r endings (two r eadins fr om each of 5 wafer s ) 
shall be within the limits given i n Table I . 

2. The range R, ~hall n ot exceed the l imit given in Table I. 
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VII. OPERATING PROCEDURE 

A. O~~rctting In~truction~ 

1. Cle&nline~s of al l material going into the furnace i s extremely import ant . 
Anything going into a furnac e shell be touched only wi th cl~ckel 
t~~ezers, vacuum pickup, or clean push rod. 

2. Che ck to v e rify tha t furnac e ~as profiled a t s t art of ~hift and the flat 
zone is a temperatur~ as indicated in Tabl e 1, with a maximum al lowable 
difference of no more than 3°C over the center 12" flat zone . The flat 
zone i::. from 12" to 24" from the front of the furnace. If the !Jrofile i s 
not correct, notify supervisor before proceeding ~v ith any oth~r 0teps in 
this procedure. 

3. Check gas pressure gauge. 

a. Nitrog en pres0ure - 5 ± 0 . 25 p::;ig; Nitrogen panel valve must be 
fully open. 

b. Oxygen pres;, ure 5 ± 0.25 psig; oxygen pe.nel valve must be 
fully open . 

4 . Fill the constant t emper a ture bath wi th acLtone to the brim, check to 
make ciure tha t the r efrigera tion ::;ys tem is on. At leas t 30 minute~ pr ior 
to proce0sing the runs, check to verify tha t the source t emper a ture is a t 
-lc ± l°C. 

5. Check th~ exhaust bubbl e r a ttached to the source flask for water level , 
and f ill if r equire d, according to the mcintenance procedure . 

6. Check flm·J metLr~ and s topcocks for ::;tandby positions as shown in 
Table II, check the gas manifold to make sur e that all joints a r e tightly 
sealed. 

7. Prior to loading the wa'fe r s , the r,.afers s h ... ll be cleaned as follows: 

Fill up < 5" x 5" x 5" plastic container with 10:1 Hydroflouric Acid* 
so tha t the ;c id would cover the t ef lon hol de r with wafers for at 
leaG t 3/ 4" ± 1/ 4". 

b . Fill up 2 second plastic container wi th running DI wa t e r. Leave the 
DI wat er runn ing . 

c . Loa d t wo runs of ~1afer s into the slotted Tef lon hol der with clean 
nick-..1 t~,reezer :o . 

d. Irmne rse the holder into the 10:1 Hydroflouric Acid* gently ..,o tha t 
wafer s u ill not f loat up. Gently rot a t e the holder in the 1:0 
Hydroflouric Acid* for 7 ± 2 seconds. 

e . Remove the holde r from the acid containe r and immerse in the DI water 
container and rota te gent ly for at least 30 seconds . 

f . Fill up three 5" x 5" x 5" plastic containers or 1000 ml/be aker •vith 
fresh TCE, acetone, and DI ~ater in tha t order. 

g. Remove the t eflon holder £rom the DI \vater, drain any excess \v&ter and 
immerse the holder in th " ace t one container. Rot&te the holder for 
a t l eas t 30 seconds . Remove the holder and rinse wafers with ace t one 
squirt bottle. 

>~ SEE LIST OF HAZARDOUS HATERIALS 
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h. Immerse the holder in the TCE containe r a nd ultr a~ onically clean 
for 5 minutes . 

i . Remove the holder, drain exces :o TCE rin :,e \>'afer s \v ith a c e tone squirt 
bottle. 

j. Ultras onically cle an va f e r in Acetone f or five minut es . 

k. Remove holder from acetone, dr a in off exces s a ce t one , a nd rinse ~afers 
and holder under running DI wafer. 

m. Ultrasonically cl e an wa f e rs in DI water for five minut es . 

n. Remove holde r and rin:,e wafers thoroughly under running DI V3 t e r. 

o . Spin wafers until dry . 
Not ~ : Section 7 for base doping pr oce3s only . 
8 . , Wa fers .:.hall be loa de d on .:;lotte d quart z boat s a t l ea~ t 6" in ~ ide . a 

sterishie ld. u~e clean nicke l t weeze r s only . The loadi ng patt ern on 
13 s lot quartz boa t s ha ll be a~ foll m·Js : 

1 . Emitte r 2,f' 

Fig . 1 

2 . Base 

Fig . 2 

3 . Load wafe r s a t the ~ ourc- end of the b oat fir ~ t wor k t ~ .~ r d th2 
handle . Load as far as the t emper a ture pr of ile permits but ther ~ 

should be a minimum empty ::. pace of 1/2" a t the handle end . 

4. The wa f e r s sha ll be orienta t e d "v tha t they e ll l etin t o the righ t 
on looking dm1n the boa t holder aa · h~"n in Figure 3. 

/!IIIII 
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5. The run number ~hall be in the numerical order on the boat '·l ith 
lm.;rest numbered run nearet- t the s ource . For emitter use no more 
than 25 wafera per boat and for base use no more than 50 wafer~ 

per boat load. At the beginning of each shift and before proce6sing 
any runs in the furnace, ~ort out the run travelogs into numer ica l 
order for each product. All product~ bhould be processed in 
numerica l order. 

6. The \·Jafer pattern shall face the right hand ~ide on looking dm.m 
the handle end of the boat. 

Fig . 4 

7. Record the run numbe r, numbe r of uafer s in, and date on the run 
sheets , and in the emitter pretreat log. 

9. A test run must be run prior to processing any runs , if the furnece was 
not used during the previous 8 h ours, a s the boat was cleaned or the 
the thermocouple was changed or the tube and manifold was cleaned or 
changed. Six freshly etched, non masked wafers, t wo in the f ront of the 
boat two in the ~iddle of the boat, t wo in the r ear of the boat, ~hal l be 
loaded as indicated in paragraph(8). The wafer s ahould be chipb , if 
available, rather than '.vhole '.vafers . Check flowmeters, stopcocks for 
standby position. 

10. Transfer the boat load of 'vafers quickly to the furnace in the " uhit e 
elephant" . Hold the 11 \vhite elephant" in 1 ine with the tube without 
actually touching . Using the quart z push rod, for this furnace, pu~h 

the boat smoothly into the furnace until the index mark on the rod is 
even wi th the end of the tube. Make certain that the boat is slightly 
inclined from horizontal position so tha t all \vafers are inclined to 
one side . Do not use an end cap. 

Fig . 5 

11. Turn on the timer for preset cycle as g iven in Tab l e II. 

12. Turn on fl~~e t er (I) and after 2 seconds turn stopcock (c) to'brl' 
posi t ion, gas should be bubbling through the uater bubbler . Make certain 



Note: 

No. 
Page 6 of 12 

that the flowmeter (I) is turned on befor e the s topcock to prevent 
the \vater from sucking back into the .,yt> tem. Adjust the f lo\v on 
flowmeter (I) to scale as indicate d in s tep (2) of table . 

13. When the preheat period is over, as indic a ted in Step (3) of Tcble II, turn 
stopcock ( a ) to "1" position, and turn ;, t opcock (c) of£ in tha t order . 

See Note. 
14. When the doping period , as indicated in ctep (4) of Table II, is over turn 

off flo\vme t er (I), and turn btopcock(a)to"2" position . 

15. Start to pull the boat when the buzzer sounds . The pull time shall 
be one minut (c . 

16. When the \va fer s and boa ts have cooled, remove the wafers from the boat 
and place them in their re spective di shes . Replace the lid on the 
dish immedia tely. Store the quart z boa t in ~terishield . 

17. The V/I of each run shall be measured as pe r spec ification V/ I 
after base or emitter predepos ition. The runs ;,hall be accepted or 
r ejected as per specifie d accep t ance limit s . 

18. I f the V/I i s not accept able , do not process any further runs in the 
furnaces . Inform the foreman of irregularity . Furnace checks and 
t es t runs must be made before proceeding 'ith ~ny more production lots. 

19. Allow a minimum of 15 minutes "::;tand-by" cycle betHeen runs. 

Section (13) and (14) for emitter doping proc et.> .. onl y fo r base doping process . 
(13) and (14) should r ead as follows : 

(13) When the preheat period is over, as indicated in step (3) of Table II 
turn stopcock (b) then (a) to "1" position and turn s t opcocl:: (c) 

(14) 

off in that order. 

When the doping pe riod as indicated in step 
turn off flowmeter I and turn stopcock ( a ) 
in tha t order. 

(4) of Table II is over 
and (b) to "2" posi tion 
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Nu. 
Pas~-10 u 12 

indicates that the source flow is not enough . 

d) U .., c a n i t r og e n fl 0\-J 6 f 5 . 0 ( F l - 1/ , - 12 - ) ) .._ ' r a ::.. t ;r t 
and chr: ngL by 0. 2 c t <' t i1 '~'- if ne c e::..scr y 

5. Cua rtz Boat. 

13 d ot; q u <:. rt z b oat .,h oul d b Ut>c d. 

b . Th e qur rt z b oa t . h . uld b e c l 2ane d in HF f or 30 s e c ond0 
'nee ~ •·.::ck . 

at l c<.,t 

c. The boat s h ould be d O}JC d onc e \Ji th b or on .J i:t c r b .__ing c lean d . 

d. A ne•·J b oat ::. h ould b e d o pe d d t lea , t t hree time t> be£orc rr oc e..,;.;in.~ 

Bny run::,. 

e . A b oa t s h ould be dope d on ce i f it h as n o t been u 0cd in the la, t 
24 h uur _ . 

6 . ~uart ~ Tube . 

a. Tub< :;; hould b e c 1 •.:m c d or cha nsed on e,_ 3 month or \'h e n ::,evc r e 
. tickin~ of th.__ b oa t i ~ ob s erv e d. 

b. A nc\.; tub,• ~-h< uld be do 1-- ~·d t :1i-<'C t i nk" bc f ur c. prt cc ... ~int; a ny run . 

7 . Rcfri, e r ; t or . 

C< ol ~nt t em~e r~ t u re o f the b . th h ou 1d b F t - 29 t o - 30° C. 

b. Th ~ c on , t " nt t Lmpe r <:.tur b<:J th :,lw ll b 2 f ill ed \'i t h t he c ocl.::· n t 
e v e r y r.•orn inc . 

c . The c o o l ·mt .-,h 11 b e syph on c d ou t a n d t h b;. t h r,·fillcd ·,.; ith 
[r _, h c ool. n t •1h n th ~ cooL n t h ~~- morL t h .n 1/4 of · "t._r con tl' n t . 

d. If the ::, ourcc does n l t ~ tt . nd thL spcciiicd t empe r a t ur e o f 
-l u± 1°C \ i t h th ~· c oolant se t a t -2 9 ° C, ~.:xl r a in su l a t ion ::..h oul J bL 
J:>rovided for the r c fri 6 v r a t or J:>O t. 

e . I f a s ourc e t empt r a ture of -1 0± 1° can n ot b e a tt e nded ··ithout 
f r eez ing , the fo ll m. ing corr e ction on t he sour c'-- f l mJ s h oul d be 
u ::..e d: 

Source t empe rat u r e 
-16° 
-l5 °C 

8 • F 1 mvr11e t c r s : 

I 
II 
III 
IV 
v 
VI 

- Speci f i e d Sour ce Fl ow 
- 0 . 2 
-0.3 

Ba se Emi tter 
FP-1/ L-1 2- 5 FP- 1/ L- 12 - 5 
Ft-1/ . -12- 5 F I - 1.'t - u - ::. 
FP- 1/ 4- 20- .'J n - 1 '4 - 20- ::. 
FP- l / t. -1 2- 5 Fl- 1/ 1o- 20- 5 
FP-1/ - 12- 5 None 
FI - 1/L-1 2- 5 FP-1/1. - .. -::. 

The flomnLt e rs s h a ll b e clean e d onc e a month as fo ll mv::, : 

a. Dis assemble a ll flmvme t L· r s . 

b. Remcv" Lh e t cfl m plu~:. , sapph i re float , nee dl e vn l ve a nd v ;~ l vc 
hola <Id soak in numbl'rc d b~al~e r ~ f ill t: d \vi th acl'tonc . 



No·-...,...,~------,--
Fi't~: e 11 t' 12 -----

c . Wipe out all ~r2ase from the joint sockets. 

d . Flush each flo~mcter with TCE f,r &t least one minute each. 

e . Rinse each 1lrn~eter ~ith acLt.ne [ r one minute each . 

Remove cnch flmvmet1 r \vith DI water for at hast l minute. 

Blot dry the sapphire floats, and dry all other parts \lith N 2 
bl OVJ 

h . Replace floats and valves. 

i. Grease the joints carefully with a thin film of silicone vacuum 
gren~c &nd reassemble . 

* j . Never clc<'n flown.eter ~.-ith HF of any form 

9 . Thermocourlc ~he~th 

Th~ th.rmocouplc ~h,;th ~hLll be ch~ngcd every three months or 
;·h,•n th•· tr< n..,p;n,nt qucrtz turned I·Jhitc due to doping und 

dcvitrific tion. 

10. GL·ss tubings 

Glass tu~in~s .hall be clerncd off all v~cuum grease and rinsed 
;',· 

\•ith TCJ.; ccctonc , 0nd DI vat,•r h•r at l <t:t 30 secons c .... ch and 

L>l 0' · dry . 

·.::.,££ LIS':' OF HAZARDOUS 1ATERL>LS 
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No. ______________ __ 
Page 12 of 12 

INSPECTION 

1 . The doped wafer shall have no r a inbow effect on boron skin. 

2 . Emitter doped Hafer& s h a ll hc:.ve n bro\om to blue ox ide. 

3. Base doped VJafcrs s h nl l have none to li6ht brovm color oxide, pot.s iblc 
a stripe of blue oxide on time of wafer5. 

Writer 

Approved 





1210 

1211 

1221 

1310 

1311 

1321 

1312 

1324 

PRODUCT DEFINITION 

2 stripe, 1-1 I 2 x 2 mil emitter 

3 stripe, 1-1 I 2 x 2 mil emitter 

5 stripe, 2-112 x 3 mil emitter 

1210 

1211 geo., epitaxy 0. 1ocm, 6~ 

1221 geo., epitaxy 0. 10 em, 6~ 

3 stripe, Z- 3/4 x 3 mil emitter 

5 stripe, 2-1IZ x 3 mil emitter 

epitaxy 0. 5 ocm. 6~ 

epitaxy 0. socm, 6~ 

epitaxy 0. socm, 6~ 

epitaxy 0. socm. 6j.l. 

0000 5 stripe, Z- 318 x 1-213 mil emitter non-epitaxy 20cm 

0001 5 stripe, Z-318 x 1-213 mil emitter epitaxy 0. SOcm, 6~ 

0002 4 - 1221 geometry 1221 material 

0003 

0006 6 (3 stripe, 1-1/Z x 8 mil emitter epitaxy 0. SOcm - 6~) 

3010 1 240 diffusion - some 1 Z40 I 1243 replacement 
4200 diffusion - some 4200 replacement 

3011 1240 diffusion (TRI-1). 0. 80 em, 12~ LV ceo> 15 

3012 1240 diffusion (TRI-1) 20 em, 12~ LV ceo> 30 

3016 1 240 diffusion ( TRI.l) 50 em, 12~J. LV )aO V. ceo T s <zon) 



FAIRCHILD SEMICONDUCTOR DIVISION 

Inter-Departmc nt Correspondence 

To: D. Yost Oc tober 19, 1962 

From: R. Fou~uet 

Subject: Power Devices 

The proJuction schedule f or 7000 and 6206 dev ices publis hed earlier this 
month Hill not be met due to serious process problem~; wi th the backside 
pretreat a nd diffusion s tep s . 

The schedu le of 1800 lead ~elJs by 10- 28 was based on an ticipation oi 
on ly minor process problems which woulJ be solved concLrrent ly wi t h the 
production bu ild-up . The backsile d i ffu~ion step was ad-.:eJ t o the pr ocec.s 
when it became app dr ent tha t adec;ua t e epi t <lJ.,_ i c;l m.::te r i&l l'ould not be 
ava il abl e . The t ec hnique oi thi s s t ep had not been developed as part of 
the ori5inal process. 

The problem i s pipes induced in the device s i de durin~ the 40-hour back ­
s id e d i ff us i on . Phosphoric acid 3ttacKs the oxide protec t i nb layer of 
the devic e side , leaving pits ~ hi ch ~ubsequent ly d i ifuse in. Intensive 
work in the past t en day s has r educed the ave r age nu~bcr of pip~s per 
unit are~ t en fo l d , but because these are large area Jevices, t his diJ 
not materially raise the yi~ld. Evaluations of improved pre t re2t anJ 
diffusion t echnisues are in process but at best this is not expected to 
eliminate the se pipes, al though signi iican t r eductions ~houlJ result. 

An a lterna t e s olution i s to s t ar t ~ith double thickness wafers, diffuse 
into both s i~ es, lap and polish one side to proJuce a tresh device side . 
This i s an involved process wi th problems of it s own and woulJ require a 
month or more to develop it into a production process. 

The l as t and most desirable al t ern a t e is the use of epitaxial 1-:afer s as 
originally planned. One -hundred wafers, sa i J to be of t he correc t t hick­
ness and res istiv ity, were r ece ived from Westin~house today. I f these 
pass evaluation satisfactory we are in business to whateve r ex t en t the 
s upply can be ass ured for the fu ture . 

Mean•.-1hile , we ar e processing all that comes through, 
units a nd to ge t experie nce in assembly oper a tions. 
At be s t, 100 unit s per week will be assembled duri ng 

RF/m 
cc: c. Sporck ./ 

P . Ferguson 
w. Richmond 
M. Oudewaa l 
J. Magari an 

both to ge t the 
Yields are low. 
this period . 

/!kt~/ 
R. FouqJ et, Head 
NPN Planar Section 



1210 

1211 

1221 

1310 

1311 

1321 

1312 
131-S" 
1324 

PRODUCT DEFINITION 

2 stripe, 1-112 x 2 mil emitter 

3 stripe, 1-1 I 2 x 2 mil emitter 

5 stripe, 2-1/2 x 3 mil emitter 

1210 

1211 geo., epitaxy 0. 10 em, 6~-~o 

1221 geo., epitaxy 0. 10 em, 61). 

3 stripe, 2-3/4 x 3 mil emitter 

5 stripe, 2-1 I 2 x 3 mil emitter 

epitaxy 0. 5 ocm, 6~-~o 

epitaxy 0. sncm, 6~-~o 

epitaxy 0. sncm, 6~-~o 

epitaxy 0. sncm. 61). 

0000 5 stripe, 2-3/8 x 1-213 mil emitter non-epitaxy Ulcm 

0001 5 stripe, 2-3/8 x 1-213 mil emitter epitaxy 0. 50cm, 6~-~o 

0002 4 - 1221 geometry 1221 material 

0003 

0006 

3010 

3011 

3012 

3016 

6 (3 stripe, 1-1/2 x 8 mil emitter epitaxy 0. 50cm - 6~-~o} 

1240 diffusion - some 124011243 replacement 
4200 diffusion - some 4200 replacement 

1240 diffusion ( TRI-1). 0. 8 0 em, 121J. LV ceo> 15 

1240 diffusion (TRI-1) 20 em, 12~J. LV ceo) 30 

1240 diffusion (TRI.l) 50 em, 12~-~o LV ceo)aO V. T 8 (20n) 
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/ COMPANY PRIVATE 
. ' 

PROJECTS IN PHYSICS SECTION 

SUPPORTING RESEARCH 

This catagory includes research and development projects which are aimed 

to improve the understanding of the properties of materials on the characteris­

tics of devices and to improve the yield and extend the present device technology. 

I. GOLD IN SILICON! 

1. Solubility: Neutron activation analysis (Flint) 

2. Diffusion: and Segregation on surface of Si-Sio2 interface, lifetime 

of carrier in transistors and collector leakage current. (Flint) 

3. Recombination properties in heavily gold doped junctions. (MTS - 1) 

II. DETERMINATION OF THE CONCENTRATION AND THE TYPE OF IMPURITIES (MTS -2) 

1. Hall Effect Measurements (Leistiko) 

2. Spin Resonance (MTS -2 -) 

III. PHOSPHORUS AND OTHER PIPES IN SILICON (Flint - Lawrence - Tucker) 

1. Diffused slice 

2. Effect of oxygen 

IV. GETTERING OF JUNCTIONS BY METALS (Tucker - Flint) 

1. Nickel, Au, Cu and other metals 

2. Junction characteristics, avalanche multiplication characteristics 

3. Etch pits before and after gettering 

4. Infrared transmission 

5. Light emission from reversed biased junction 

6. Electron microprobe of impurity concentration after gettering 

V. SLOW COOL JUNCTIONS (Tucker - Flint) 

r VI. 

1. Electrical characteristics versus cooling schedule, avalanche multipli­

cation factor 

2. Oxygen by infrared after slow cool after and before gettering 

3. Light Emission 

PYRAMIDS IN EPITAXIAL FILMS 

1. Determine the nature of the pyramids (Lawrence - Flint) 

A. Sectioning 1 i 111pt.A.!rit'l f>roft'le J %i;1 / slv-vc.i~-<v-c. 

B. Diode characterist i c s of ~ j unctionJwith pyramids, ava l anche 

multiplication factor. 
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VII. 

VIII. 

C. Light emission from reversely biased junctions, photograph 

D. Electron microprobe of pyramid 

2. Locating the Origin of Pyramids (Wigton + MTS - 3 ) 

GRAIN BOUNDARY AND DISLOCATION 

1. Correlation of defects and crystal growth condition 

DIFFUSION DURING EPITAXIAL GROWTH (Roder - Wigton - Sah) 

1. Gallium Diffusion to get impurity profile (Roder) 

2. Capacitance method to get impurity profile 

3. Diffusion mechanism into the epitaxial layer from substrate, diffusion 

coefficient (Roder - Sah) 

IX. GROWTH OF SILICON OXIDE - GROWTH KINETICS (Flint - Reid) 

1. In high pressure steam 

2. In dried oxygen 

3. In wet inert gas 

4. Electrical and surface properties of the various oxides 

X. IMPURITY SEGREGATION BETWEEN SILICON OXIDE AND SILICON (Roder - Leistiko -
Sandor - Sah) 

1. Gallium diffusion techniques to get the impurity profile in silicon (Roder) 

2. Neutron activation analysis to get the total impurity segregated into 
I 

({) /lJ r 
the oxide. (Sandor) - "~ 4 • 

3. Out diffusion profile of compensated crystals f or FET (Roder - Leistiko) 

XI. EPITAXIAL GROWTH KINETICS (Wigton - MTS - 3 ) 

1. Horizontal system (Schulenburg) 

2. Vertical system 

3. Diffusion Furnace (Schulenburg) 

XII. SURFACE DIFFUSION AT Si-SILICON OXIDE INTERFACE (Tucker - Flint) 

XIII. COOPERATIVE DIFFUSION 

XVI. PHYSICAL PROPERTIES OF MAGNETIC THIN FILMS (MTS - 4 - Sah) 

XV. PHYSICAL PROPERTIES OF METAL AND METAL-DIELECTRIC FILMS (MTS -4 - Sah) 
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DEVICE RESEARCH & DEVELOPMENTS 

This catagory includes all research and development work on devices including 

both junction and thin film active and passive devices. 

I. FIELD EFFECT TRANSISTORS : OPTIMIZING GEOMETRY FROM DESIGN THEORY (Bittmann) 

1. Design theory: extended into the saturation region (Sah, Bittmann) 

2. Numerical Design and Optimum Impurity Profile (Bittmann) 

II. NOISE IN FET (Lauritzen) 

1. Measurements (Lauritzen) variables are T, VG, VDS 

2. Theoretical Model and Analysis (Sah, Lauritzen) 

3. Equivalent Circuit and Optimum Circuit Design (Lauritzen) 

tt c. 1 a..:. ~ 
t~-L 

III. SC-FET (Sah) 

1. Drift Problem Experimental (Leistiko & Tremere) 

2. Drift Problems, Theory (Sah, Tremere, Leistiko) 

3. Design Theory of SC-FET (Sah, Tremere) 

IV. SURF ACE CONTROLLED TETRODE 

1. Design Theory 

2. Noise 

V. TUNNEL EMISSION DEVICES (Saxena) 

1. Diode 

2. Triode 

VI. DESIGN OF INTEGRATED PARAMETRIC FREQUENCY CONVERTER PLUS OSCILLATOR (Bittmann) 

VII. P-N JUNCTION INDUCTANCE (MTS - 1 + Sah) 

1. Measurements using Wayn-Kerr Bridge into High Level of Forward Bias (MTS- 1) 

2. Theory 

3. Effect of Heavy gold doping (see also Supporting Research I.3) 

VIII. P-N JUNCTION ADAPTIVE ELEMENT (Wanlass + Sah) 

1. Lithium Diffusion Technology 

2. Capacitance Measurements 

3. Memoristor Elements 

IX. IMPACT IONIZATION NEGATIVE RESISTANCE DIODE (MTS - 1 + Sah) 

1. Fabrication of Devices 

2. Extension of Design Theory, small signal r. f. analysis 
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X. RADIATION DAMAGE IN SILICON TRANSISTORS AND DIODES (Lauritzen & Fitzgerald) 

XI. RC THIN FILM NETWORK (Waits & Price) 

XII. MOS CAPACITANCE 

1. Silicon-Silicon Oxide (Price) 

2. Other high dielectric constant material (Sandor) 

XIII. HIGH RESISTANCE THIN FILM ELEMENTS (Campbell) 

1. Oxide Covered Nichrome Resistance (Waits) 

2. Ti02-Ti resistors (Sandor, Waits) 

3. Metal-Dielectric Mixture (Sandor) 

XIV. THIN FILM INDUCTANCE (Campbell) 

1. Classical Appraches (Campbell) 

2. Others 

XV. THIN FILM FET 

1. Silicon (Campbell, Geer) 

2. CdS (Wanlass) 

XVI. MAGNETIC THIN FILM MEMORY (Hale + MTS - 4) 

XVII. PIEZOELECTRIC INDUCTANCE AND TUNNING ELEMENTS (Campbell) 

XVIII. FERROELECTRIC TUNNER (Campbell) 

XIX. DISTRIBUTED EFFECTS! ELECTRON-PHONON TRAVELING WAVE TYPE INTERACTION (MTS - 5) 

xx. 

XXI. 

XXII. 

SEMICONDUCTOR PLASMA (MTS - 5) 

GALLIUM ARSENIC DIODES AND TRANSISTORS (Broze) 

APPLICATION OF DISLOCATIONS AND GRAIN BOUNDARY STRUCTURES TO DEVICES (Tucker or 
Mrs -6) 



MTS-1 Ph.D. Solid State Physcist or Electronic Engineer with strong solid state 

electronics background 

Projects: 

S-I.3. Recombination properties in heavily doped junction 

D-VII. P-N junction inductance effect 

D-IX. Impact ionization negative resistance diode 

MTS-2 Ph.D. Solid State Physcist with some background in electronics 

Projects: 

s-n. Determination of the concentration and the type of i mpuMrities 

us i ng Hall effect and spin resonance 

D-XXIII.Application of Hall effect to devices 

MTS-3 M.S. or Ph.D. in Physical Chemistry or Chemical Engineering (Req.Approved) 

Projects: 

S-XI. 

S-VI. 

Epitaxial growth kinetics 

Orgin of pyramids in ep i tax i al layers 

MTS-4 Ph.D. Magnetic Solid State Physicist (Req. Approved) 

Projects: 

S-XVI. Physical Properties of magnetic thin films 

S-XV. Physical properties of dielectric and magnetic films 

D-XVI. Magnetic thin film memory 

MTS-5 Ph.D. Solid State Physcist or Electronic Engineer with Strong Device Background 

Projects: 

D-XIX0 Distributed effects: electron-phonon traveling wave interactions 

D-XX. Semiconductor plasma 
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GENERAL PHASES 

I. Maximum potential from present equipment and dopant systems. 

II. Modifications to equipment and procedures. 

III. Innovations in equipment, dopants, and procedures. 

OBJECTIVES: 
1. 
2. 
3. 

PHASE I -

Consistantly repeatable V/I level and range. 
Minimize operator influence on diffusion processing. 
Prepare processes with fewest steps, simplist equipment operation, 
and install best general diffusion practices in all diffusion areas . 

Improve operating procedure on present processes. 

List of critical operations in diffusion. 

a. Temperature control. 
b. Optimum predepositions of specific dopant sources. 
c. Cleaning and cleanliness (wafers and area) 
d. Diffusion parameter measurements and controls (correlations to 

beta levels, etc) 

DETAILED PHASE I 

1. Temperature Control (review already known work, and start implementation). 

a. Maintenance of furnace control mechanism . 
i.e., qualified technicians, written adjustment procedure, periodic 
control tuning such as controller response, damping, over~hoot and 
the like. 

b. Thermocouple calibration and control procedure 
i.e. range of calibration validity, length and fabrication of 
thermocouples. 

c. Profile procedure, frequency, and determination of usable zone 

d. Tube and jungle cleaning and replacement 
i.e. low temperature wa~hing and high temperature tube changing 
procedure and frequency, teflon joints and tight values, etc. 

e . Boats, pull rods, thermocouple sheeths, tweezers, and handling 
equipment useage. 
i.e. best usage, cleanliness, etc . 

If diffusion control and analysis of losses in diffusion 

1. Electrical; V/I average, range, ~election of test points, 
method of recording, etc, 

2. Diode; test conditions, reject levels, classification of 
defects, etc o 
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3. Mechanical; prevention of wafer handling breakage, etc. 

4 . Test 70 or equivalent electrical test; selection of parameters and their 
test conditions for maximum diffusion control, correlation between 
major losses and diffusion operations, realistic reject limits. 

DETAILS OF PI-lASE II 
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October 5, 1962 

PROJECT 172 - ADVANCED MICROCIRCUITRY TECHNOLOGY - J. Campbell 

PROJECT OBJECTIVES 

1. Resistor Technology 

Development of a resistor technology capable of producing resistors 

within four major categories 

~ ~· Resistivity 30-300 n/sq, minimim line width 1 mil, TCR ~ 200 ppm/°C, 

± 5% tolerance 

~· Same as (A) but tolerance better than 1%, may be individually 

adjusted (c /r-. 1 . rA /J.r . ~, 111 :£ r o?z:, C>'l ~ 
"'- I -tO r:ft fJ<.J J /Yf/'vJ ~ ~ J 

. ~ 100 Kn in 100 mil square, TCR < 5000 ppm/°C, tolecance ± 

factor of 2. 

D. ~ 10 Kn/sq or 1 meg in 100 mil square, TCR low as possible, ± 10% 

tolerance. To be used by Special Products 

Capacitor Technology 

Development of a capacitor technology capable of producing ·capacitors 

h i fi f i f 6 ufd2V di 4 pf/mil2 av ng a gure o mer t o , correspon ng to 
em 

for a rating of 10 volts. Tolerance should be ± 5% for the 100 pf size. 

Large Integrated Devices 

Development of an array of diodes, each having a forward equivalent 

resistance less than 20 ohms at 1 ma current and having a reverse 

breakdown greater than 20 volts. The diodes are to be connected in a 

criss-cross array, and provision is to be made to change the number 

of active diodes electrically after construction of the matrix. In a 

variation of this a decimal-binary converter having permanent connections 

is to be constructed. 

4. Evaporated Field-Effect Devices -

Development of a field-effect device having all components, including 

the active regions, formed by the evaporation of material onto an appropriate 

substrate. 

5. Way-Out Devices 

A. Tuned Circuits 

Development of an integrated device capable of having a tuned response 

with an equivalent Q of at least 50. Such a device should have a 

stability comparable with existing LC circuits. An arbitrary test 

vehicle will be construction, in part, of a 60 me !F strip. 

B. Integrator 

Development of a device capable of integrating an input signal with 

a time constant of a least several hours. 
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Project 172 

PROPOSALS FOR CONTINUED PROJECTS 

1. Resistor Technology 

A. Metal Film (R. Waits) 

At present there is a large run-to-run variation in the values of 

nichrome resistors (100 - 200 n/sq). Within a single run 65-90% of 

the resistors are within ± 5% of the run average, but over a 

series of nine runs only 33-43% were within ± 5% of the over-all 

average. The variation in sheet resistance from run to run is 4 

to 6%; within a single run the sheet resistance varies from 0.5 to 

3%. Alloying for 3 minutes at 550°C causes a large variable 

change in resistance; + 13.5 to -15.1% for 100 n/sq resistors and 

-5 to -39% for 200 n/sq resistors. 

The effect of 200° and 300°C storage is being evaluated for 200 

resistor ar~ays (~ 500 resistors) and 150 single resistors. 

Thin nichrome films that have been protected with silicon monoxide 

show promise as resistors in the 1 - 5 kn/sq range . The maximum 

TCR of 2 Kn/sq resistors is -190 ppm/°C in the range 30° - 100°C. 

From 100°-300°C the TCR is less than 80 ppm/°C. It is proposed 

that the study of metal film resistors be continued with the aims of 

a. producing stable resistors in the range 2-10 Kn/sq and 

b. improving the stability and life of nichrome resistors 

in the range 100-200 n/sq. 

Other possible metallic films , such as evanohm, tantalum, or ~henium 

will be investigated as time permits. 

Studies of these films must be made to show complete compatibility 

with respect to present device fabircation techniques. 

In addition, further work needs to be done on individual adjustment 

to fulfill the needs of part lb of the objectives. 

B. Oxide Film (H. Geer and J. Campbell) 

Little work has be.en done on this project during this perl od because 

of the discouranging results obtained with previous methods of 

deposition. Recent results. with reactively sputtered films of tin 

oxide have been more prOI'nis.ing; films of about 8000 n/sq being 

being produced in approximately 15 minutes of sputtering time. The 
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-1 4 resistivity of the film is ~ 10 ncm, the TCR is -10 ppm/°C over 

the range 30° to 100°C. Uniformity is approximately 20% over a 

4" diameter area within the deposition apparatus; run-to-run 

reproducibility appears to be in the range ±20%. Note that 

here, as in the metal films, the possibility exists of monitoring 

the resistivity during the run. If developed, this technique should 

fulfil ,par.t lc of the objectives. 
/ 
C. Resistor Compositions (J. Price) 

a. Silk-Screen Techniques 

Using KMER techniques, line patterns 7 mil wide and up have 

been successfully applied to the 400 mask stainless steel wire 

screen. Ink printings tended to spread out wider than the 

KMER pattern, giving minium line widths of 12 mils. Film 

resistivities have been recorded up to 30 Kn/sq. The best 

control of print thickness which can be expected with screen 

printing is 10 - 15%. Also, precision registration with the 

screen printer is difficult. 

b. Alternative Printing Techniques 

A printing method has been tried which uses selectively etched 

copper (electroplated onto alumina) as the mask for the ink. 

It was hoped to improve pattern resolution with this technque, 

but so far, due to several pronlems, results have been negative. 

Another technique, using SiO as a mask, and etching the ink film 

in CP-6 was tried, without success. 

This technique should fulfill part ld of the objectives. 

D. Cermets -(J. Camp~ell) 

E. 

4 
In order to obtain s\urface resistivities in the range of 10 n/sq 

0 

thickness (~ 200 A), it is necessary that the resistance material 

h i i i i i Of 2.10- 2 n 1 i d i ave a m n mum res st v ty -em, neg ect ng e ge-scatter ng 

effects. This immediately rules out all metals, and we are left 

with semiconducting materials or metal-dielectric mixtures. Of 

the latter, the chromium - silicon monoxide system offers a 

possibility. It is proposed that this and similar systems be 

explored for their possible value toward fulfillment of part lc of 

the objectives. 

Tantalum Nitride 

Gerstenberg has shown that sputtered tantalum nitride has a 

resistivity of about 2.5.10-4 n-cm. While this is somewhat lower 
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than is desirable (for 1o4 n/sq, t = 2.5 A) the film still has the 

desirable property of low TCR. It is proposed that the properties 

of this film be investigated as time and equipment permits. · 

2. Capacitor Technology - J. Price 

Thus far, MOS techniques have been used exclusively for capacitors. 

Dielectrics have been formed both by thermal oxidation and by anodic 

oxidation of the silicon. Until recently very little success was 

achieved with thermal oxidation, the oxide shorting out at very low 

voltages, despite the various cleaning methods and photoresist techniques 

which were tried. 

However, the latest run using thermal oxidation was far more successful, 

with over 80% non-shorted capacitors, and typical oxide breakdown 

at 80 volts ~· ~ 8.106 v/cm). This improvement may be due to better 

starting material.«XKK Within this run, 90% of all units were within 

5% of the median. 

'f . A number of anodic oxide capacitors have been canned and lift-tested. 

Unloaded capacitors showed no drift after 500 hours at 300°C, but with 

· 20 volts applied bias, at 300°C, all shorted in under 50 hours. These 

~ ~ units were not hermetrically sealed. Further testing will be done on 

fully sealed units. 

It is to be noted that with present Si02 techniques we can expect 

capacitor figures of merit of about 4 ufd v , while going to other 
2 em 

dielectrics such as Ti02 would yield figures of merits at most of 
2 

about 6 ~fd v/cm , assuming a rating of 50% of breakdown. These 

figures are about at the project objective (±x2) and it appears we 

~~----have reached a fundamental limitation in technology. (J. Price) 

A· Diode Matrix - (J. Price) 

Work on this project was he ld up until recently due to the unavailability 

r~S{ of methyl borate furnaces. Individual isolation yield figures should 

~~give an overall matrix yield of abou~. Thin Alumnium f~ses which 

have fusing currents,around lA show no change after 100 hours stor~ 

at 250°C. 

Breakdown voltage of both isolation and diodes is typically 150 volts 
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in 8 n em bulk silicon. 

B. Binary - Decimal Converter 

This device has 40 diodes, with 8 inputs and 10 outputs, on a 125 x 

75 mil dia. First runs showed unwanted transistor action in the 

NPN structure, which can cause incorrect logical operation, but 

with heavy gold doping, electron injection into the collector 

region can be reduced to a negligible level. For the high voltage 

converter, means of achieving deep, high resistivity p-layers 

are being inevestigated. A radial, 18 lead metal preform is being 

made, to be bonded directly to the Aluminum pads and 

mounted in a flat circular package. 

4. Evaporated Field Effect Devices - (H. Geer) 

To date gains of 100 ~ mhos have been achieved with this device operating 

in the enhacement mode. The devices have been fabricated on sapphire 

substrates and have a silicon film thickness of about 1 micron. Pyrolytic 
0 

oxide (~ 2000 A) is used as gate insulation, giving breakdowns greater 
14 than 200 v and a d. c. input impedance greater than 10 ohms. Gate 

leakage has been eliminated as a source of transconductance in the latest 

runs. The pinch-off voltage of the device appears to be equal to the 

applied bias. Biases of 45 volts having the same polarity as the drain 

were necessary to obtain appreciable gain. Drift of source-to-drain 

current overnight with ~~olts applied to the gate were about {j/jj lftY'lo 

A new mask offering improved geometry is being made for this device. 

5. Way-Out Davices 

A. Tuned Circuit 

It is proposed that studies and simple experiments be done toward 

solution ~~f the problem of the integration of tuned circuit elements 

with our present microcircuitry efforts. 

B. Integrator 

It is proposed that studies and simple experiments be done toward 

the production of a device which will perform an integration. This 

will be use d both for more conventional circuits as well as for 

adaptive circuitry. 

C. Field Emission Triode 

It is proposed that studies and simple experiments be made toward 

production of a three-terminal divce utilizing field emission into 

a vacuum. 
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PROJECT SCHEDULES 

1. Resistor Technology 

A. Metal Films 

Completion of 1000 hr life tests (12/1/62) 

Initial Studies of Ultra-thin films (1/1/63) 

Accelerated life & power-life studies of standard NiCr (1/1/62) 

Initial studies of Re films (2/1/63) 

B. Oxide Films 

Reproducibility and TCR studies (11/15/62) 

Accelerated life tests (2/1/63) 

C. Resistor Compositions 

Reproducibility and TCR studies (1/1/63) 

D. Cermets 

Deposition studies (12/15/62) 

E. Tantalum Nitride (1/1/63) 

2. Capacitor Technology 

A. MOS capacitors 

RC Network-accelerated life tests (1/1/63) 

(This must compare thermally with anodically grown oxide) 

B. Evaporated Oxide 

Initial studies (11/1/62) 

3. Large Integrated Devices 

A. Diode Matrix 

Package development (12/15/62) 

Accelerated life test (2/15/63) 

B. Binary-Decimal Converter 

Package development (11/15/62) 

Accelerated life tests (1/15/63) 

4. Evaporated Field-Effect Devices 

A. Parameter study (1/1/63) 

B. Packaging (1/1/63) 

C. Accelerated life tests (3/1/63) 

5. Way-Out Devices 

A. Tuned Circuit (indef) 

B. Integrator (indef) 

C. Field Emission Triode - Feasibility study (1/1/63) 

MANPOWER REQUIREMENTS (6 months) 

J. Campbell 
J. Price 

800 hours 
1000 hours 

R. Waits 
H. Geer 
0. Uyeda 

1000 hours 
1000 hours 
1000 hours 
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PROJECT 172 

Technician (to be hired) 
Assembler (to be hired) 

EQUIPMENT REQUIREMENTS 
Modifications to sputtering 
Constant-Current Network 
High-Temperature Oven 
Capacitance Bridge 
Switch for Delta Oven 

800 hours 
900 hours 

jig $350 
$300 

1200 
1150 

,...., 900 



+ ~ ~ ~ ~ ~. + ~ ~ t t:. t t • t t t. ~ . t t t t t. \: 

1 ~ t t + 1- I . t ~ + t ~ + t r r -+ +· r r t t t t • 

t. ~/~. ~f1';7. 111{; ~?{?~~·I 
t ~ 7:7" ?:·Tfr'?T l~~~ ~ lr[)) :_: . . 

• • 

. t 

I 

~ ... + + t ~.~ ··· ~ ~ ,~ ~/!/ ~ r~ ~~/frl{)/. ~ + 

.... ~ + t ~ II / -r f7 - f/J cr- ·-t p;:-- ~ y ~ J (/ . + ... 

~ ~ ~ · -~ .. _, t - ~ ~-~ I f4 ·. + + 

( - , f . f r . ~ -:?( . . . • . . . ~~ ~· 4 

... -~. • ~ ~ . . r t t t •. • - t - l f . . . m v. . ~ . 
: : ~-'?~fy-/ n-~ 7 ~ r'J 'if;r_:~· 1 

r · · r ~ : : t I _ l l : . : . t : ... . _ : I ]. -1 : r : : ' : : . 

t 

• 

~ + + + ~ + + + ~ + + + . + + ~ + ' ""? o· ;y b? f' ~). r r t + l- t 

... ;. ;. + ~ + t- + -+ - -t -+ - ~ .... r - r~o ·'5 --1- [7 ) ~ ( '7 t l ~ 
t + ! ~ ' l T ~ + I : ~0':5 ~~ - ~- + t. 

+ - + t . t ~ + + + + -*' . ~ L..,.-J~ V?. '1 / ~- '( t + -. i • I : 0 s / I / ...; l IV I (/A 11? I 

: l - :: .l : ; ·~ ~ ~·~-~ ~-- ~ ~.-
r 1 1 ~ . t ~ ... ' . t· 17 _ , + j v ~fl ttr v 
, , + - ( f ~ f r • . - • l 1- t ... _.- t-· t I ·+ . -+ ·- L--+- t • 

+- + + + I ~ t + ll n ~ ~ oJJ .,·· I- ' •)j ( -~--~#~/ ~~~ ;. . 
• + t-l - t - - + ~ (,1 t~v .;:77'~ 7Y . 
~ ... t t I . t- ~ +- - } - - . . t . . f 1 t t ~ ~ • _;_-t- ~ f ---~~ • f 1 1 

+ + ~ - t . - ... + •aj...J; ... ''Z- -~- ·; r'~ ~ ~ r ' 
: :-v -~ ~r ~ 4 " .. ~ 7Z r ~ -~ 1/T"i .. : 
·---~'- LL __ ; ~r .. , \ .· + ·r. ~~. , ·~~ ,.~ r ~ -k .. 
~ - ~- ~y-~~- ~ ~ ~ ~Q. -+--·. 

p .· • • r +~ ~ , w ~ -· ~ . 
~ . : r r , .r ~~n ".?o?l ~ -r""~~.; ~ t -' - ;f - f f --:: 
t + ~~ ~~ ~V'/ ' Qd-h 1;P& ~~I ~~-- . -;,(111£ lp -+ I 

I 

~ ~11 ? ~(Jitt, m ~ . 
. r , 1 1 

l ~ ' ~ t . t t . . t t • - - f • t ~ t t ~ • • -+ + -1 ~ ·- --t ' ~ 
-~~~ ~ --l~ - 1__,~·("'4'-H' - ~·~ ~~~ &cJX ~ · ·~ -tv (Jf}f ~f- . 

. . ; • ~. ' • - ~ -t : ~ f ' :- J -l t ~ -- ~ + j t t ~ -t - I ~ • . . , t* f- _ • r ~· 1 _ ~ f • _ • • r f M 
l-zli~n ~~ [ :~·~ ·of~'~J- ~rifpr'fp(j; ~;; w· 

' l + - ·-+- --+--- l L - - ~() l L ~~·- _L _L- _ _j ... 



122 

+-

~~: I'~ 

-+- ----~~~N~~4~~ 
t + 

~ 

• ~) ~ ~~ ~CL N-~ .d.J~~-

~ ;d ~ rz/p r·t.w. t' . 

. ;fte r r~_.· ,;£~ ~ (uYI.) . 

• • ~ JJf~ c4}.._ ~ co/1 ~ a ~~ ~ ~.1 ~ 
. ~ ~ ~- a~ 6.t1. ~ ~~ ~ 

1 //l!-.._~&J,'P'A_.Uj~~~ f ~· t 

/4~~P-~~~ /~~LJ)~~~~~~.,~ 

;:2 + ~ "4 !f ) b-f(Oiev- [ j ' 
1- ~ (~' ~ .PeJ ' t 

.. + t 

t 
~ + 

+ t 

t t 

+ ~ +- ~ + ~ + t ~ 
I 

+ t 

+ + t t 

+ ~ + 

+ .. + 

+ 



.. ~ 

.. + 

+ 

+ 



f£,~1. 

ctj!L::;E: ~ ~ 
4J.Jl ~ ~ ~ ~ _,4,< ~~~ q_ :L-4 ~¥ 

+ 

1J~ ~JI txv~ A{ 

/" 4.Jyl~ c::;.J ~- , 

.z .. & .hAP~ a_~/~~~ 

+ 

t 

+-

+ 

l 



G E !1 -M ~PRODUCT FORECAST FOR 1963 

MICROCIRCUITRY: 

Device & De sc · tion 

1. Integrated Ckt. Component 
unction c acito r 

2. ICC - film resistor 

3. Low power logic gate, 
1st of family - (M. V. to 

corn lete · 

4. High Speed logic gate, 
1st of family - (M. V. to 

c lete 

5. ICC - epitaxial transistor 
(from 4) 

6. Differential arnplifie r 

7. No lead-bond assembly, 
sin 

8. Diode array 

9. Inverted Transistor 
Circuit 

10. New resistor technology 
value) 

11. Multiple chip, no lead 
bond asse 

12. NPN + PNP on same 

23. 
(]) . 

Custom circuits for customers 
Litton, Autonetics, DWP, 

etc. 

New Technolo 

one 

ichrorne evaporation, 
nichrome et 

ichrorne resister with 
other processing. 

ichrorne, inline epitaxy 

ent 

None 

Evaporator, digital 
ohrneter 

See 2. 

Sb predep furnace, 
epitaxial grower 

Very stable film resistors, Airbrasive unit, d~i-
resistor strnent tal ohrneter 

Assembly technology 

ackaging 

line epitaxy (see 4) 

Sputtering , new etching 

Ceramic metallization 

sion schedules 

4 new diffusion 
furnaces 

~ 16 furnaces 

Test equipment 

I 
I 

/ 
/ 

4Qtr. 



ew .Product Forecast for 1963 - Page 2. 

.TRANSISTORS: 

Device & Desc tion 

SMALL GEOMETRY 
A. Field Effects 

2.. U-3 

3. U-4 

4. U-5 

5. U -6 (P-channel) 

B. R. F. Transistors 

1G 0000 UHF AGC, non- epitax. 

2.. 0001 VHF RF 

3. 0002. 1 wall 500 Me 

4. 0006 2.. 5 watt 500Mc 

L 0003 (lns prop. delay 
c switch) 

2.. Film driver (2.ns to 1 amp, 
LVCEO = 10 

3. NoAu replacement for 132.4 

4. 3112. 

5. 3016 

6G Radiation resistant Xstor 

9/6/62. 

New Technolo 

roved maski 

Special epitaxial starting 
material 

3/8 mil masking (needs 
life te stl) 

3/8 mil masking, thin 
it axial 

None 

Assembly structure 

Assem es 

Masking improvement 

Epitaxial control, ultra­
thin base 

Abrupt epitaxial, pre­
rowth diffusion 

? 

es l 

1962) 

Furnace, test s 

Diffusion furnace 



400v, 3 amp 

3. SCR-2 400v, 20 

4. SCR-3 

5o driver 

6. 8000-20 amp power, lOOv 
LV CEO 

7. Low cost power package 
< 25 cents total) 

4. 7500 

5. 4511 

6. 7501 

DIODES: 

lo FZ-2 7o 5ma volta 

3. Sandia diode 

4. XP-3 

5. Me d. Power 

6. Hi 

GEM:hb 
9/6/62 

ower Zener 

Solve switchback 

Switchback 

Swit chback 

ew assem 

Test equipment, diffu­
sion ..furnaces 

Teste ent 

Test equipment 

one 

No Schedule 

Schedule 
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MINUTES OF ME TlNG 

LONG B..ANOE TRANSISTOR PRODUCTIO PLAN 

Oetobe~ 3. 1962 

I. LOGIC SWITCH 

(a) npn 

50·100ma 

100 pa 

( ) pnp 

IL DRIVERS 

(a) Core Driver 

3511 

3111 

( ) Thin FUm 
Driver 

13Zl. 1312 and 0003(100ma ?) increase. 

I ere se t"s, nv ceo lOV. 

No e.e to work in tbls fi ld. 50-lOOma takes car • 

1250, lmprovemeat. estion of Ae to le eed 
infoJmatiOZl••get :from sattdla COAtract. Highest 
-pat low C\ll'r :t with max. ft (mtnimlze Cte,Cob) 

same aa above DpD 

ver.elOA of 1250 or improved vereiOll with 
low r cob. cte 

500 ma. want LV ceo 60V. ut conald r aala e 35V • 

V ce( sat) low ud coaa 

fi-;... 400mc ·T,: (150/ 15/15) < 2Sn 

aat !m a:1d pnp compl~m ;mt 

LV ceo> lOV. 700 ma. ft.> 600mc. 
tr1se~ &as ? 

Lower voltage. ant both npn and pnp. 



. - .... 

Mlautes of Meeting Octo er 3, 1952 
Loftt Range Transistor Productloa Plan 

Jn. RF AMPLIFIER-SMALL SIONAL 

0000/1 and lmprovementa for VHF/VF for P.o .• N. F., Aoc. 

erose modulatlora .. 

R. Shults wUl get us lD..formaU.on as to whether l ma opeJtatms 

pt. o.lt. lor aU sockets 1a VHF receiver. 

Pow .- .AmpWl ~/OSC 

(.,-- ~ 7000 lOOw 

lOw OOOZ/6 need bl'eaktbroqb (metal-ala••· 
_z._s. __ SO_....Om_,c metal· saadwich?) 

lw 

lOOmw 

IV. GENERAL PURPOSE 

low speed sw1tJ 
audio etc. amp. 
aualope devic 

V. PO ER 

e 

for low curreat aa.ln (?) 
I 

3010/3011 
1510/3511 

7000 and 8000 wlll strain us for quite awblle. 

LV eeo > 80V. Blast out switchback UD.lts In aa old type 11agr gate. u 

VI. SPECIAL PURPOSE 

High Voltage Nixie Driver 

Hlgh Voltage Sol ol 

Chopp r Type .. we will look at XJL structure for good Ba and B1 

page Z of 2 paaee 
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MINUTES OF MEETINO 

LONG RANGE TRANSISTOR PRODUCTION PLAN 

October 3, 1962 

I. LOGIC SWITCH 

(a) npn 

50-lOOrna 

• Sma .. Sma 

100 pa 

(b) pnp 

U. DRIVERS 

(a) Core Driver 

3511 

3111 

(b) Thin FUm 
Driver 

13Zl. 1312 &ftd 0003(100ma ?) increase . 

I decrease t"s, 'l..::~V ceo) lOV. 

No need to work 1n this lield. 50-lOOma takes care . 

1250, improvement. Qu.estion of Ae to le need 
information-• get from S&ndia contract. Highest 
p at low current with max. .ft (minimize Cte C0 b) , 

same as above npn 

pnp version of 1 ZSO or improved version with 
lower cob ' cte 

500ma, want LV eeo ). 60V. but consid r salable 35V. 

V ce( sat) low and cozuJtaid :with t 

£t ~ 400mc "t's(lSO/ 15/15) ( 2Sns 

-ant npn and pnp comple:rn-ettt 

LV ceo ) lOV. 700 :rna. It l> 600mc. 
trise< 5ns ? 

Lower voltage. ' ant both npn and pnp. 



Minutes of Meeting October 3, 19SZ 
Long Range Transistor Production Plan 

W. RF .AMPLIFIER-SMALL SIGNAL 

0000/1 and improvemeuts for VHF/VF for P. c .. N. F •• AGC, 

eros s modulation. 

R. Shultz will get us ln.fonnatlon as to whether lma ope~athlg 

pt. o. k. lor all sockets in VHF receiver. 

Power .Amplifi r/OSC 
_ .. 7000 IOOw 

lOw OOOZ/6 need breakthrough (metal-gl ss ... 

lw Z. Sw 500rnc metal• sandwich?) 

lOOmw 

lV. GENERAL PURPOSE 

low speed switch:) 
audio etc. amp. 
analogue device 

V. PO ER 

c 

for low currmt gain (?) 
I 

3010/3011 
3510/3511 

7000 and 8000 will strain us !or quite awhile. 

LV eeo > 80V. Blast out switehback units in an old type 'agregate. ' ' 

VI. SPECIAL PURPOSE 

High Voltage Nixie Driver 

High Voltage Solenoid Driver 

Chopper Type .. we wiU look at X3L structure for good Bn and B1 

page 2 o! Z pages 
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To: 

FROM : 

SUB.JECT: 

'· 

FORM 5121 

INTERNAL CORRESPONDENCE 

/
FAIRCHILD SEMICONDUCTOR CORPORATION 

REc MOORE, G. ~ / \1 
GRINICH, v. (] E 0 
SHULTZ, R. CT 23 1962 

GO,tiJON £ 
·MOORE 

Mel Phelps 

~E Product Planning Meeting 

DATE: 

CC: 

October 23, 1962 

Bay, T. 
Graham, R. 

This meeting will be held in the small conference room at R & D at 
9:00 A.M., Monday, October 29, 1962 , for the purpose of reexaming 
the direction we are taking in Microelectronics. Meanwhile, here 
are some questions to be thinking about. 

1. Should a new family using Micr ologic I diffusion schedule s 
and techniques be introduced? 

2. If so, what logic form is best? 

3. Do the Defense Products Division circuits (~E-2X, ~E-3X, 
etc.) represent the kind of product we collectively feel 
should constitute our second f amily? 

4. Should we offer one gate from each logic form (any Logic) 
with present technology? 

5. Are we offering enough with the new technology to be 
compe titive ? 

a) 

b) 

c) 

High enough voltages? 

High enough speeds? 

Adequate tolerances? 

6. What preparation should be made for t es t e quipment in Custom 
and Standard Integrated Circuits? Who is responsible? 

These subjects and others should be aired for comment. I have my 
ideas and would normally proceed with Marketing plans , but I feel we 
should all have a chance at improving our product i ma ge when timing 
permits. 

Also please invite those you feel necessary from your area to attend. 

Regards, 

~ps 
MHP:mab 
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EQUIP. USED 

TAKEN BY _{)j_._j,_~e, v U!_ 

REQUESTED BY -/3-~fU,...M/.fr.ER._ 

LOT No. DE. OP. GR. TYPE No. CL. TE. COND.I DATE 

I 

~::G=r UNIT T&vS 

0 lfR.<;, 0 /ill.S . 3o 1-1•0 I.)<' I 

1,) "" ,,~ 

No. No. 

CUSTOMER ________ _ 

GROUP---I::Jf)p /--, £...IV&. 

I ELAPSED T IME I SP. SP. I 

I I I 
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FT. ___ CLASS __ _ 

REMARKS ______ _ 

GROUP--------

--~-Ffl~ I R C-HI L D 
SEMICONDUCTOR CORPORATION 

ENGINEERING DATA 
LOT No. DE. OP. GR. TYPE No. CL. TE. COND. DATE 

0 3V,_~Q.. I o~'?.. 3 4 0 5 

LOT UNIT 3t-!Q_ j_'S ~ 
0 

l~f 13~\fl. f3}z No. No. \ ()~ c. 
MO.. '/) 

·t-1--1- ··-r- --- f- -·1 ") rc I I"" 
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t.l II ,7 1'.:1 .s I~ 3Z A ,r; 

... :r·" .tll't ·~ oo 11 ,.., I 15 It [Sf " ~ r'n 00 I~ 'LO 1\ !;, It'\ II IGt 0 ll 
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AGENDA Standardization Meeting October 30, 1962 

1) Good Practices (Phase I) 

......... 

a) Pu t listed practices into a processing system. 
b) Apply to Process Development Facility for check out and determine quantitative 

improvement where possible. 
c) Recommend practices to production areas. · 

Reports: 

P () 
~) 
~) 

4) 
~5) 

KPR removal immediately prior to furnace operation (Process Development area) 
Profiles \vith boat insert e d (Process Development area) 
Teflon joints in glass jungles 
Continued profiling with recorders attached 
Thermocouples (possible re-location of supplier) 

2) Chrome Masks (Phase II) 

a) Results of 4200 runs . 
b) Transfer process to Mountain View. 

3) 
v~ 

Standard ~ (Phase III) 

a) M-B on 4500 emitter (parameter dist . and life test) 
b) M- B on 4200 base (paramet er dist . and lift test) 
c) M-B on Small Geometry (1243 & 1340 in Process Development) 
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. 
ll=2o62 FAIRCHILD SEMICONDUCTOR w..k &cllftg 

~ DIODE PLANT l'reptrcd By R.., Lone 

RECAP WEEKLY STATUS REPORT A,pro._ly 

A = Aceopteble FD •.. l.q).. o 

NA= Not Acceptable QUALITY ASSURANCE ENGINEERING 
lS1 = Complote 

~ = Complete, No N!llures ---
Week r.,. Subgroup Su~ SuiJtroup Su&group Subpeup Ace. 1401 

Pecbgo n m rv v VII Statu. RECAP Tab ,.. 
Rem Ovt 

229 G 

230 G 

2 G 

2 2 G 

2 G Inco A 

234 G Inco A 

23.5 G A 

2.36 G 1 VF oat Inco A 

7.50 hrso 

237 G No Fail Inc, A 

250 hrSo 

238 G Pretest No Fail Inc., A 

250 hrso 250 hrs,. 

G No Fail No Fail Inc .. A 

2.$0 br8o 



F~IRCHILD SEMICONDUCTOR 
' DIODE PLANT 

A = Accophrble 

NA= Not Acceptable 

CS1 = Complete 

\gj = Com?lete, Ne> F.Hures 

Wosk Type 
Package 

226 s 

227 s 

228 s 

229 s 

2'30 s 

231 s 

232 s 

23) s 

234 s 

235 s 

236 s 

237 s . 

Subgroup 
II 

X 
X 
X , . ' 

~-........ ~/ 

_X, , . .- ' 
X 
/ "'·~ 

X 
~.~ 
~ 1 IR cat.. 

'···"",...,.. / /.·" ""'. rx 
ex 

Subgroup 
Ill 

X 
X .,... ' • 
........ . / 

,.,X, 
~ 
2 :ni~ 

>< 
. ' ./ 
_.,/ . 

->< 
X 
' ·· ... / 
,~ ... 

X ,. 
eent:rituge 

No Fail 
Centrifuge 

No Fail 

RECAP WEEKLY STATUS REPORT 

FD .~QQ •••• 

Subgroup Subtroup Subgroup Subtfoup 
IV v VI (HTS) VI 

••c 1c;oOc 
· .......... ~.....__ 

'~ >< ., '-

1 Fa.U - 2 IR oa~ 9VFc / ., ·x :><: ~ F 
·~ 

'. ~/ X ....... ..... / 
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To: D. E. Yost 

From: R. Fouquet 

Subject: Chromium Masks 

FAIRCHILD SEMICONDUCTOR DIVISION 

Inter-Office Correspondence 

cc: P. Hill 
M. Oudewaal 
P. Perry 

.Nov 1 a 1962 

November 13, 1962 

----------------------------------------------------------------------------
We have run several tests of chromium masks on the 4200 line . The last set 
of L.r... mil spaced masks 1-Jas used approximately 2500 times before being dis­
card~ . Apparer ly, with frequent cleanings in production (with camels hair 
brush) and with Lh2micnl cleaning dail~ perhaps 3000 is not unrealistic as 
a life time of the chromium mask. 

I 

While the life time appeArs satisfactory, pattern definition is a problem . 
With the chromiun1 masks we see iringeing or scalloping, while emulsion masks 
run at the same time shmv clean, sharp patterns. This scalloping has been 
observed on the chromium masks themselves to some degree, but thi s fault 
reproduces on the wafers to an even greater extent, possibly due to halation 
associated with bright metal as compared to emulsion . 

Nore extreme halation causes thP KPR to mask more area than intended . This 
means bases, emitters, and oxide cut-out for metal are smaller than normal 
while the metal area itself is larger than normal. 

The pictures accompaning this report illustrate these defects . The wafers 
...,hown were selecteu as being represvntative of those in process nt the time. 
(We are not comparing the worst of chromium masks with the best of emulsion 
n.::tsks . ) 

Picture lA is a fourth mask using an emulsion mask. It shows 
the usual clear patterns characteristic of the emulsion masks . 

Picture lB is a fourth mask using a chromium mask. In it can 
be seen the irregular patterns in first, second and fourth masks. 
What appears to be incomplete metal removal actually resulted 
from the KPR film over the metal being larger than normal due 
to the halation effect . 

Picture 2A shows a third mask made with an emulsion mask . 

Picture 2B is a third mask made with a chromium mask and again 
shows in close-up irregular pattern definition and scalloping. 

Pictures 4 and 5 are of wafers made with chromium masks . They 
illustrate the results of halation in that the oxide cut-out 
at third mask is narrowed and the metal area at fourth mask is 
widened . In Picture 5, the KPR pattern has partly litted leaving 
the 3rd mask cut-out exposed. In it one can see how much wider 
the metal base ring is than the oxide cut-out. 
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1 have no information to indicate what effect, if any, the indistinct patterns 
have on Jie sort yield or on parameter distributions of the finished product. 
We will gather this information as these units get down to classitication. 
Recent experience in process does indicate, however, that the chromium-masked 
wafers ore more susc2rtible to lifting than the emulsion-masked wafers. This 
probably results from the fact that the p1ttern borders exposed by halation 
are not fully exposed and provide a place for lilting to start . I recommend 
that further Hork be done towards improving pattern definition before chromium 
masks are put in across the bm rd . 

Att. 
RF/sm 

~:.<::d 
NPN Planar Section 
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S t n d, r cl i · t · , n t-'e c t i n ~~ o tv : NovvnlHr 13, ]_l (2 

1) Chrorr.c mask. : 

.-:) Proccs~. for nwkin chrom,• t1a~.ks in , 
JJrcprr.JLion) with est i ntcd Novcmbct· 

tr nsle'r to :t-luunta Ln Vie\ol (, xccpt • la~s 
30, a~ J~C:J mat:>k 1 a~dn, cut - vll UJtL . 

b ) Results of L•200 chrome mDslc, and r <'Jor de rod:ttil II L< ctorc,: 

1 . Accumulat i< n of Kl R ~ iv in 1 oor Cl ntac t 

2 . Sug;e~;tion that unL.ct \Ould be lllLl'L diificull due to very thin chrome 
irr,at,L' \.Jith res!->LCt to relntiv lv thick ,Inul:,iLn in'd L, 7 nicrtns vs . 0.1 
micron . 

c) S1ccio.l platin5 on L-fr,Irl't> to l,crm_;_t chrome r.~sk periodic cLan UJ': 

l . W<rm chronnc <cid is u.,L'd to cle.n accurnuL.1tivn" of KIP ln mas!,_, .bout 
every 400- GOU • "fer~ . 

2. Hountcd chn·mc m; ·ks can not be clc,nLd L'<-~il) bcc[luse L-fr.nc will not 
toll'L LL chromic ncid dil . 

.... ) Irnpl...,m nt tion of 11 •ood prilcticcs11 : 

a) Procc :::, Devclo~n,nt h[IS 
cliffu..,ion, r1aski 1 , and 

incur1 or.Jtt..:d c1 scric" 
.11Cl. prcp,r,;Lil'Il . 

of 11 •oc d pr<>clicc~ 11 in 

b) No run~ have yet COmJlCtLd proce..,. in, lo eli, uOrt . 
1340 tYJ·C·s. 

3) Pipe Reduction (NPN tvpL'S as tl''it bc'd) 

Punb are 4200 .nd 

D(finition o• pip (C. 1'-loon'): lL)C<ll bulk tr ~urf,ct• c;ont.ll'lination, tor very 
neat a junction '1ich 0 l'!l r. tL ~; c dL•lcctive cb cliodc . SJlL~ dl:'L not _;_nclucled 
in electrical critL•ria o._ l ipc . 

2. Cont<l.Inination durLn~ et'-hin, to Lleaning 

3. Conlinnination (Lr ctnc,ntr,-.ti<~n uf tIn) durin ox:id< ticn \.Jhich are 
depu iled b) st,•dm, , ,JSt't, \v.llcr boiler., etc . 

4. l!oL;~ in u.·idc• 



a . P .i. n h o l c. in 1o , '., k 

b . Incomplete KPR ren10vnl .i.n cutout be..:, r(' L'Lcll. 

6) Incomplete cleanin'~ 3LCl'r fir. t ma:,J~ 

7) Pitting during base diLLU~iun and predoro~ition 

L) Pinholes in oxide nenr ctllector .lunction:; r,ri( r to en,itter pr..:-dc•J o, it ion: 

a) KPR film pin holes 

b) Duo.t ~~,rticlc,. (reproduced durinu L'XposurL' and devtlvJinPt!t) 

c) Mask defect~ 

0) Emitt .. ·r predpposition oxide J,cnvtration (< ~ .lunclion,· o, oxide thicknes., 
1 inhole3, P2o5 condcn,;:t •, etc.) 

10) Nickel and emittLr diiiubion 

a) Nickel d.i.f fu ... ion t'rocc!J:; 

b) Nickel platin0 sulutions 

c) Eva[.;oration vs. platinu 

NotL: J~D 11ill assu1ac basic ('r Lund, meut<..l \·.'Or!~ Ln 2ll item~. above, ~md in 
1articul<r items 1, 2, and 3. 

laul H"ll 

PH : ch 
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