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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 Ouddrille, ;,{Inch 

[J 56-801 Fdint 
, 

56-802 2 Columns 

56-803 3 Columns 

56-804 4 Columns 

56-805 5 Columns 

56-806 6 Columns 

56-807 7 Columns 

D 56-808 8 Columns 

DOUBLE PAGE FORM 

c 56-810 10 Column, 

56-812 12 Columns 

56-814 14 Colurrns 

ll 56-816 16 Columns 

56-818 18 Colurrns 

56-820 20 Colurr'1; 

ALL COLUMNAR RULINGS WITH UNITS 

WHEN YOU NEED ANOTHER BOOK, ORDER FROM 

YOUR STATIONER BY SPECIFYING NUMBER ABOVE. 

M·Je In U . S. A. 

Notional Blank Book Co., Holyoke, Mass. 
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PROJECT 117--SOLAR CELLS 

Objective: 

1. Determine suitability of technology for solar cell production. 

Answer: technology suitable. 

2. Determine economics of production. 

Answer: ~robably not economical. 

Recommendation: If answer to 2 is negative determination should be made 

/J?<J7~A.-/.0'-
to drop project or to conduct a~~nal investigation. 



PROJECT 170-~PHOTOTRANS!STOR DEVELOPMENT 

~~/UL~: 
1. FS~-s - (<( 'LOS J t.t Q fA 1-;, 

A. Military specification 

B. Frequency response characteristic 

C. Spectral response characteristic 

Recommendation: Complete items above by Sept. 1, 1961. 

FSP-5A~igh Sensitivity (no base ring) 

A. Repro run 

B. Characterize 

Recommendation: Have te ing done by Device Evaluation. Complete 

by Oct. 1, 1961. 

3. XPD·l--Photodiode 

A. Complete characterization 

B. 5 repro runs 

Recommendation: Complete by Aug. 1, 1961. Introduce product at WESCON. 

4. XPT-2--Darlington Phototransistor 

A. Complete characterization 

B. 5 Replio runs 

Recommendation: Complete by Aug. 1, 1961. Introduce product at WESCON. 

-1-
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PROJECT 170--PBOTOTRANSISTOR DEVELOEMENT (Continued) 

5. XP-3 Family of economy devices 

A. XPT-3 phototransistor 

1) Objective: photodevice for data reader at low cost with 
universal mounting for card and tape reading. 

2) Cost: 10 cents prime cost maximum. 

3) Dice Design: 

a. Preliminary mask--completed. 
First run--completed. 
Evaluation--in process. 

b. 2-mil emitter evaluation to be completed by Aug. 15. 

4) Package--complete by Dec. 1, 1961. 

a. Die and lead attach methods complete by Nov. 1, 1961 

b. Preform--complete by Nov. 1, 1961. 

c. Encapsulation 

1. Plastic 

2. Glass 

d. Mounting--printed circuit board with connection. 

5) Evaluation and characterization complete by Feb. 1, 1962. 

Recommendation: 

A. Make major push on this product. 

B. Prepare Application Notes, etc. 

C. Complete per schedule above. 

D. Introduce product at IRE, 1962. 

-2-



PROJECT 170--PHOTOTRANSISTOR DEVELOPMENT (Continued) 

6. Lateral Photodevice (XPL-X) 

Objective: Lateral photodevice, single dimension at this time. 

Work required: 

A. Mask design•-1 week. 

]. Packaging--0.008 week. 

C. Contact design·-1 week. 

D. Evaluation and characterize--1 month. 

Recommendation: Develop product- work should be completed two 

months after approval. 

7. Photochopper 

A. Characterize in terms of ~ and light sensitivity (1-2 weeks) 

B. Design chopper and build (1 month) 

C. Characterize and Application Note (1 month) 

Recommendation: Complete project as manpower permits. 

8. Special Photocell~•Scanner Photodiode 

Recommendation: Complete as manpower permits. 

\ 
l 

-3-
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PROJECT 179·-EXPLORATORY pHOTOSENSJTIVE DEVICE 

1. Photodiode Arrays 

A. Low voltage array forWaphics (>rov- ) 

B. High voltage array for miscellaneous applications 

fv,J'~l f#V 

Ofr"·~ r . 

1) Objective~-product array of uniform photosensitivity, breakdown 
voltages and leakage. 

2) Status: 

a. 

b. 

Investigating effects of starting material, surface 
preparation and post diffusion treatment. 

.Low voltage arrays to braphics for evaluation. I'"' J.-t"") "~' ~ 
p~lr 

C. Work to be done-•other facets 

1) Contacts for high voltage printing bar~-vapor deposit 
copper or other material • 

• 2) Complete contact assembly for FAX scanner 

D. Recommendations: Make major effort to complete project as soon 
as possible. Feasibility should be completed by Jan. 1, 1962. 

2. High sensitivity photodiode 

A. Objective: Investigate linear avalanche phenomenon for applicability 
to solid state photomultiplier. 

B. Investigations: Large geometry photodiode on high resistivity 
material. 

c. Recommendati~s: Should be high priority project; results of 
photodio~development should be applicable to this project. 

3. Measurement Standardization 

A. Objective: To obtain a standard method of measurement for photo• 
electric devices. 

B. Tests to be standardized: 

1) Light intensity (illumination) 
2) Spectral response 
3) Frequency response 
4) Transient response 
5) Noise performance 

C. Recommendations: This project should be carried on as fast as 
possible. Work performed should be changed to proj~ect number 
(if approved) for photodevice applications. 
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PROJECT 188--LIGHT EMMISSION 

1. FLP-1 light pulser 

Characterize 

FT-6000 dice 

Light output 

Speed response 

FT-6200 dice 

Light output 

Speed response 

Note: Characterization of FTD 6000 dice completed. Characterization 

of FT-6200 dice to be performed as time permits. Low priority 

item . 

2. R&D investigations 

A. Matrix arrays for memory 

]. Investigation ham. volcano effect 

Recommendations: Project should be continued but no major effort should 

be expended at this time. 
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L?EI/fC~ 
~EW PROJECT--PHOTO~ APPLICATION 

1. Conduct investigation into applications for the following photodevices: 

A. Phototransistor 
lL Photodiode 
C. Lateral photoelectric device 
D. Light sources 
E. New photodevices 

Some of the applications that should be investigated are: 

A. Photochoppers 
~. Nuclear detectors 
C. Tape readers 
D. Light communications 

2. Conduct with aid and assistance of other groups in R&D 

A. Life tests 
B. Environmental tests 
C. Electrical tests 

of photodevices manufactured by FSC and other manufacturers 

Recommendations: The m1n1mum effort that should be applied to this 
project is one engineer and one electronic technician. 
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#121 DATA STORAGE DEVICES 

~.~ata recording 

/)v ~ Probe structure 

~c ~ ~ ,{'; v1· Determine limitation of probe material on write speed - erosion, 
o~ ~-Material (tungsten) 

~ ~ ~ cooling, etc. (in process ) complete by 15 Aug. 

(~~ ~ b- Mechanical structure 

\ - Etched circuit 

, Built-up 

(Now in study phase, experimental work to start 1 Aug.) 

2. Recorder electronics 

a- Thyratron drive circuit- 80% complete 

b- Trigger circuits- 01. complete 

( Complete by Sept. 1. ) 
B. Recording Medium 

1. Investigate dielectric base properties. 

a. Mylar - various grades and surface finishes. 

b. Papers. 

coating adhesion, dimensional stabilty, optical transmission, 

durability. 

2. Conductive surface 

Al. Al. Cu. Ni. Co. and Cr. by both evaporation and 

plating. 

a. Durability 

b. Recording properties.---- conductivity, melting and evaporation 

energy, mechanical strength. etc. 

Will investigate both vendor supplied mediums, and prop. coatings. 

C. Data Reader 

1. Design sensor 

a. Structure design 

b. Procure masks 

c. Fabricate. (Complete one month after recorder structure is finalized). 

2. Optical system (Complete two weeks after recorder structure finalized). 

3. Read electronics (1 month to design and fabricate) 

a. Amplifiers 

b. Threshold circuits 

c. Strobe circuit 

-1-
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D. System concepts (complete Nov. 1) 

1. Microtape 

a. Modify audio tape transport 

Use 1/4" tape 

Bit density--125/inch 

7.5 K characters/sec. 

9 tracks (8 data + 1 strobe) 

... 

b. By Dec. 1 conduct successful bi-directional communication 

with Flexowriter. 

2. Micropage 

Develop concepts for unit record machines and media. 
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7/13/61 

I. Package on which we are ctive. 

A ower ackage for 

1. p packag • 

2. tight pack ge. 

3. •62 package. 

) gb Frequ ncy Package. 

C) 

D) 

1. Car c diode package for Paulo V~ tall! . 

2. Coaxial transistor packa e. 

ack 

1. 30 watt Gum-dro tud. 

1. 

2. 

3. 

4. 

S ling I dustry. 
Copper core 

Copper fla e 
lead 'l'0-5. 

t eked ceramic p ckag • 

Copper -9 package. 

E) Pack g rt for oto·Devic • 
F) Mi c llaneous 

.. 



II. 

) 

A) 2. 

t 

) NOT 

2. 

Gum•drop Pac a e - This is a package d sign d for 

axi m beat tr nsfer to a metalic beat si k. The 

Th. package 11 • 52011 n diameter by 3/4 1 long. Th re 

is a /4" hex-nut 

or moly slug b a •. e 

razed near the top, and a tuogst n, 

into t e bott ot br ing 

operationa are made si ltaniously. 

Thi package is us d by solder ng d~wn t die, 

attaching the 1 ads, coating d vic and leads with 

a flexible mediu and potting with an epoxy r sin. 

Vacu 

with the 

package is almost identical 

The major differenc b ing 

that the epoxy 

is rolled over onto the hex-nut so that the cap ay 

be col weld d in 

There are t ree practical int tions 

for 

Th as ln the Gum•drop. 

2. 0 insulator heat-sink ith At2o3 lead attach 

to ase. 

3. BeO covering total ina!de bottom ith 1Bolated 

lead braze areas, as well a isolated solder­

down are • 

This latter configuratio should handle any d vice 

whic can be stepp d • 

- Both of the abov pack ges hav a dri-s al pipe 

thread for maximum e t transfer; but t is y 

asily odi ied to a 1/4-2 if the du try 

is ot tnt rested in ffici nt h at transfer. 



A) 3. 

) 2. 

C) 1. 

D) .1. 

metalized and a copper stud 

e die is solder d on th other 

tud and soft solder is used to seal •t into th 

ceramic sleeve. This gives us a chance to dissipate 

unt of heat. Only if it becomes 

use a buffer 

thls because of the 

is made of 

a cold• 

to 

oth· r nd has 

disc t sold r the evice to. 

o hie d be en 

(Gum-drop) - Thi packaae is 

o f nd a ut 
t1 t uffer di c is br z d n. 

·ovar L d 

standard T -5 with cop 

t configurati ns 

ov 1 ad 

ard 

solid Kovar bead wit cop r cor 

for var. 
r 

D) 2. ia the Frenc to pore lain 

a cop r flange for the 
nickel flange which th y now use. 
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III. 

D) 3. 

D) 4. 

f) 

ATU 

) 2. 

A) 3. 

) 1. 

4. 

tacked Cer ie Packag .... This is the stacked cer ic 
packa .1 ., di er by out it radl 1 
lead • Th c rings are Al2o3 or BeO. The tal 
parts ar of 

is i t 

Low-cost oto 

(Copper) or silver. 

keep r seal. 

11 
punch part to which the device is soft soldered and 

gunked wit n potted in epoxy or poly• aster 
resin. 

•drop ackage - av b en made. t pr sent, 
there are no devices to wa te on testi this package. 

uotes on 
ower Pipe -

tal ieee 
rlan bas been s d for 

arts. a v our metalizi 
worktna well. We st get a larger tran fo~r to increase 

the t erature and thu spe d of the o eration. 

Modified ~ 200 P ckag - We hav 100 of th s modified 

packages on order fr Litton Lab. e also ha~ 200 

each of t e tand rd 6200 pac a e~, exc pt with eO disc 
on ord r. 

Ceramic Diode ackage • We obtained cer c tubing which 
has been cut to length. This is r ady to tali e. The 
copper parts a ready. It is only nece s ry to talize 
end obtain jigs for brad 

) 2. Coaxial Transistor ackage - We have cer tc parts ready 

to talize. We have the metal formin dies. W just 

need to aka these dies work end then jig and ra2e. 

C) 30 watt Diode Packaae • Six of these were s nt to J. H • 
Wardell at Diod , S.l. 

D) 1. Copp r Cor d ovar TO•S - 1000 each of th two types are 

on order. Myra i ch cki d livery dates. 
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D) 2. 

D) 3. 

s. 

Copper Plange BeO TO• ~ 100 ach o th 
with Frenchtown. 

ar on order 

Stacked Ceramic aekage • 100 each are on order with 

America Lava. We have a quote fr r ncbtown which 

ian't too ad. Tbis package may solve the vc (sat) 
probl 

) 4. Copper T0~9 ackage - We have about 200 with 4200 devices 

sold red on. We are polishing th w ld dies now. 

) Parts for Low-cost Photo-D vic • This as t ken 
inordinate unt of t MUch talk an t ; little 
do. 

F) Miscell n ou 

w ve braz 
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T. H. Bay 11 eptember 1961 

J. F. eady D. adliDg 
B. rown 

New diode products. v. Grinich 
G. Moore 
D. Boers 

On 12 September, a meeting will be held in Gordon 
Moor~'s office to discu new products for the 
diode f cillty. I intend to brin up for considera­
tion tb following: 

Zeners --------------------
Bigh Voltage ectifi r Stacks ~­
Hi b pe d Bpi taxial Unit --­
Microdiodes -

~~ 0 tLit-7tS 
~ ·~ .lt.di#/ 

1$~? /ffiJ"'" . 

Varicaps 
Tantalum Capacitors ~-_::--_-_ -_-:_-:_ ____ _ 
Multiple Diodes -=-------­
~~~ed FD2 - FD3 

It is my intention, after this meoti to write a 
market report o sorts on those items that appear 

f ~ . 

feasible. 
/;~ yv~ ~ 
/Wrf~, 

John F. Ready 

JPR/mt 
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t7!'« 
tt(1 v 
To: 

SUB.JECT: 

FOR M 5120 

INTER-DEPARTMENTAL CORRESPONDENCE 

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

Gordon Moore 
Vic Grinich 
Phil Ferguson 

CC: DATE: 

Bill Fitch FROM : 

RE: 4400 

10/31/61 

Tom Sah 

On November 9th, at 9:30 A.M., there will be a meeting in the Conference 

Room at R&D on the subject project. 
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P. rgu on 
• PIT IAL FILM 

RESISTIVITY CO.~: OL 
• Wigton 

have made a number of runs using undoped silan and have confi d th t 
maxi film re i tivities re a function of aubstr te r sistivity in the 

~ rtic 1 r actor. 

As , 12 runs w ra made (360 waf r with 72 o les) usi ubstrate 
id ntified aa 0.01 to 0.05 a em n+; the minimum film r aistivity observed was 
1. 5 n em (120 v diode); maximum 4.8 n ~ (280 v diode); an vcr ge 2.7 n em 
(1 5 v diode). Assuming tho aver ge substrate re iativity to 0.025 n c , 
it is • n t at: ..£1 ..o 

7 Sub trate • I f lm x 0.009 

Six s~lar t sts were .ade us ng 0.01 to 0.02 n+ ub tr tes nd th 
relation hip olds: 

~ubstr te ~11 x 0.007 

or p-type, in t e range of 1741 specification: 

~Substr te ·~il x 0.0036 

following 

Th e figur ar not pr c1 e substrates er ot orted 
preci elya owever, they are ccurat as n ce ary for uidance now. 

In s ry, for productio re 1 tivity specification : 

1340 u e ubstrate 0.007 to 0.009 n em dop d 
01 use ub trates 0.012 to 0.015 n em dop d 

1741 us substrate 0.006 to 0.008 0 em B doped 

o dop need be dd d to the ilan , but s ilicon co st be 
b hind t w fer before the run or t e fil r sistivitie drop. 
find it mo t conv nient to coat th ndr 1 for 15 inute fter t o w fer 
runs . Waf r of oppo it type n d ot and should ot included. 

Our requirement for ub trate will be djust accordin ly in a separ te 
letter. 
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FIILD FrKC! TIARSISTORS 

o. IA1at1ko 

GeMrall)', lt ta deatrecl to de'Nlop the optiaaa cODftguratlon for each 
of tbe flelcl affect tr.aatatora cltacuaaecl below. A compartaoa of two 

or poaaibly three approachea to da,.lopiD& the device• ahould be .-de. 

Tbat ta, oae abould iaveattaate tba poaatblllty of aaktna field effect 

traaelatora uataa tba techaolOSJ we have at band, auch ••• out•cllf~atoa, 

1a•dlf~a1oa aa4 epttaatally arowa films. 

Iaheraat ta tlaa dawloptMat of each of the varloua typaa ta the detarmi• 

aatloa of whether or not tile deYicea caa be made vlth acle'IUata reprochacl• 

btllty aad atablltty. 

Slaca field affect davicaa are potentially very uaeful tn tnteeratecl 

cln:ultry. 

Tbe follovtfta liat include• the various types of field effect devieea 
that era of tatenat. All addttloul sheet stwa a eon thoroup die• 

cuaatoo of aa~e of tbaa. 
1. Chopper ,......, 

Objective a,.ca an Ran< 100 ohu at v8 • o, BVSGO ~ S volta. 

It DMcl aot plach off completely. teakaae cuneate aboulcl ba 

ftry naall. The devices to date haw bna Mde prt.rUy frca 

alualaua phoaphcmaa celllpeneated cl')'lt •· Iattial reeulta vlth 

selllua phosphorus .. tertal looke actually encouragi .a4 aeem. 
to ewtd aoma of the probleaa. 

2. Peutocle 
.,.-.J 

R.a tn.nte: lUst pinch off at v1 < 10 vo1te, C88 < 10 pf. 

preferably 1 or 2. BVSGO > 40 ~lta, ISDO(sat) 2~• to 6~ •• 
fbi• t.plte• approxt.ately Sktlohma for chaaDel re•letaace. 

Wldle the pre•eat expert.ntal clevlcea u•e the double ltJ'lpe 

1210 aecaatZ7, the ftul cle¥1ce Deed not have tile 4oubla etrve• 

ture. Eventually. thie device will need new maab. 
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o. Lelsttko 

3. Biger Pentoda FIT 

ntually we will want to make a larger veraton of tbe above 

pelltode. No work on thia is contemplated for tha present. 

4. Swi teh I'IT 

'fbta 0118 f.e atailar to the pento~, but a lover Oil impedance 

aa4 ht&har off would be Dice. 

5. Mlltal <Mar O:d~ FIT 

Tbla atrueture offer• the poeelble advantage• of 

a. Maki normally off awf.teh 

b. Double attaa for lOWft pinch-off voltage 

c. IRflld.te input reebtaca 

6. Application aD4 Development Progra 

the field affect traneietor has poe ibla usage in three major 

ftelda 

a. M a chopper 110Clulator 

b. Aa a btab On' impedance svttcb 

c. As a high input impedance amplifier (pautrode replacement) 

1ba ftrat application, as a chopper, c~tea with mechanical 

cboppera and traneiator pair choppere. The raqutrementa here are 

a low offaat voltaae that abould b lese than one mterovolt, ill 

order to be ca.petitlve with .achanical choppera. For tnatrumentatton 

purpoaes thla should hold ~ver a taperature ra from OQ to 60°C 

(military equts-ent ·SS°C to 125°C). 'the maill advantage bare would be 

the poeatbillty of operating at quit high fre~eney eo that the 

sy t b width could conaid ra ly improved over ebanical 

chopper syet • Tbie would requtr the baluctq of capacity currenta 

that also create an& offaet voltaae. The preaent structure la aimecl in 

one d vic • etlan of deal n of tbl device revolvea around 

th compromise between frequency reaponee and temperature range. 
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Agenda for 12-14 diode meeting 

1. FDA 1, 2 and 3 (Adam) 

2. Ultra fast 

3. 100 micro amp zener 

4. 7 1/2 millimap zener 

5. General zener 

6. Small Adam 

7 0 High voltage rectifier 

8. PNP 2 ' terminal PNPN light sensitive 

9. Controlled rectifier 

10. High voltage - high current rectifier 
high voltage stacks epoxy 

11. V~ricaps and ~~actors 
12. IBM plastic package photodiode 

). 13. Multiple diode 
w 

________ lfl... ha:r-g:~'s·torag'Fdl:O<le------

~~ntaium capacitors 
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Project Plan for Project #140 

Strain Gause Development 

Project Leader: G. Viek 

Approved Section Raadz 

Approved Director'• Offieec 

1. Increase output of ahear aauge. 

The quantity YVo£ should be increased from its present value of 50 
in 

to a value of 84 to 100 as compared to 125 for a strain gauge bridge. 

Thia will permit 

.001 in/in. The 

outputs of 2.5 volts with 25V to 30V in at strain of 
v 

0 quantity p--£ should also be increased to permit 
in 

theta output levels at reasonable power consumption. 

2. t.provament of temperature dependence. 

Tba principal temperature eff~ot consists of change with temperature 

of the zero strain output. This output may be attributed to (a) 

mitalianment of output terminals, (b) residual strains due to die 

down, (e) imperfect contact areas, (d) inhomogeneities in the crystal 

or diffuaion. The new matk and all-silicon beam are expected to re-

duce thu prohl;:J} (1j""~r~ fi { ~ 

3. Determine limits on linearity. 

With the all•ailicon tentor base, the maximum strain that may be 

applied ie liadted 8y the linearity of the output rather than by the 

breakiq point of the ailicon. tL, 't',. ~ 
-JiWJ~ftY\ ~~ ~ / ~ 

79'A 
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4. blproved measurtag toclmtqueo. ~/,. ' 

DopleBIQtation of 2 and 3 will require t.proveaoat by on orde~· -

magnitude in our present measuring and control of temperature and in 

our aea•urement of strain. The temperature problem can be circumvented 

by temperature compensating the aenaora with temperature sensitive re• 

1ietive network•. Measurements of relative strain, which are now 

measured to 0.11 of full acale (.001 in/in) will be improved to 0.01\ 

5. esign of transducers commensurate with improved strain elements. 
j 

~ e1ign objective• will be twofold: 1) Improve the accuracy over exist-

ing devices (e.g., 3SG), and 2) provide performance stmilar to existing 

devices at lower cost. Specific design objective• to be determined upon 

examination of market survey results. 

IIOlOSID PLAN FOB NBXT SIX MONTHS: 

1. Service to Loa Angalee will continue •• requeated and will be charged 

to #167. 

2. Study of diffusion technique• for attainaent of min~ Xj and C0 for 

shear gauge. Prtmarily a atudy of the applicability of epitaxial de-

poeita and of repetitive low temperature oxidation--Br cycle& to 

achieving low doping and thin etructures. Thia will require one man 

for the next six aonthe. The design of traneducers i1 not dependent 

upon the reeulta of theta teeta and can proceed concurrently. The 
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tmprove.ent will be aeen in reduced power conaumption for a given output 

and will aot aeceltitate redeeign of tranaducera. 

3. Determine and attempt to eliainate eource of zero offaet voltage and 

zero drift in the shear gauge. The poaeible cauaea of zero offset voltage 

are liated above. &valuation of the new matk and the all-eilicon beam 

vi~h reapect to zero offaet ehould be completed by February lS. tf theee 

do not reduce the pro~l .. to acceptable levela, the effect• of cryatal 
J 

ho.ogeneity and eurface condition will be exaadned. Thie will require 

a one-man-effort until completed,at which time thie effort will be re-

channeled. 

4. Linearity atudiet. 

There are two effecta which contribute to nonlinearity of shear gauge 

output veraue ttrain. 1) Change in the piezoreaietive coefficient with 

atrai~and 2) a geo.atric nonlinearity reeulting from E and J being in 

different direction• (Ball effect ehowa an analagoua nonlinearity). 

Theae are in oppolite direction• and should tend to cancel. Both are 

',. 

1ubject to a degree of control which can be uaed to enhance the cancel-

lation. tn addttion, there ia the nonlinearity due to strain not being 

directly proportional to be .. deflection. This ia alao aubject to control a 

and can be uaed to cancel whichever of the above ia predominant. 

a. Thia area 11 where the ~proved .. aaurlng technique• both of tempera-

ture and of atraia required. The temperature effecta can be iaproved 

by teaperature coapenaating the experfmantal aentora, and the atrain 

..aaurement by a careful redeaisn of our teat apecimente. These will 

be coaplete y February 1. 
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b. Study of the nonlinearities and the development of a sensor with 

opti.um linearity should be complete by June 30. 

This will require a one~man-effort for the next six months. 

S. Transducer development. 

This may be divided into three phases as follows: 

a. Market survey. Assistance will be provided to Gordon Goodrich 

in his market survey as required. The results will be studied 

as they become available. 

b. Concurrently with (a), new materials and methods for design of 

transducers will De investigated both theoretically and experi­

mentally (e.g., ceramic materials for pressure diaphragms and 

spring•; configurations which will eliminate soldered mechanical 

linkages, etc). 

c. By the end of the first quarter of 1962 we should have enough 

information to begin to deaign and build a prototype pressure 

tranaducer and linear accelerometer. Prototypes will be made 

and tested by the end of the second quarter. 

d. Feasibility atudies will alao be made from time to time for 

additional new devices such aa microphones. 
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6. Tunnel diode effects appear interesting and should be pursued as time 

perMits throughout the next six months. 

1. Develop a $7,536 3SG accelerometer for Project #923. 

••OQJL: 

G. Vick lnginMr full time 1,000 hrs. 

I. Pearaon Engineer full time 1,000 hrs. 

B. Scherlina Technician full time 1,000 hrs. 

K. Dragmire Technician 501. 500 hrs. 

s. Mizote Technician 301. 300 hrs. 

I. rallie Data Clerk 1001. 1,000 hrs. 

-7 lquipment for preciae measurement of diaplacement (10 in) to be deter-

ained. Bet. $5,000. 

loWer upply--voltage._for driving constant current supply. lat. t?OO. 
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Pre-Meeting Summary for Review of Etching Studies 

Projects 

The two chief projects in this category at present are the electropolishing 

of silicon (work being charged to No. 133) and oxide etching (work charged to 

No. 173). 

Electropolishing silicon 

Project objective! To etch silicon wafers controllably leaving a flat, 

highly polished surface, free from damage and significant imperfections. 

Wafers to be subsequently used as epitaxial substrates, and other uses. 

Proposed plan; tentative outline: 

January 15 - Preparation of low resistivity p-type material reasonably 

satisfactory. Agreement established on standards and evaluation 

of samples prepared. 

January 31 - Low resistivity n-type feasibility established and reasonable 

success obtained. (Slotte~ wheel neilbef?r~ tr~ work can be 

performed; is on order.) ~ r -~ 
February 15 - Low resistivity n-type being run fairly routinely and 

with reasonably satisfactory results. 

February 28 - Some exploration of alternative plates or treatments; 

training of other personnel if desired. Duplicate apparatus 

constructed for larger scale preparation of wafers. 

Personnel and estimated hours: 

Past: W. Smart full time since middle of November; approx. 210 to date. 

Future: 

M. Buenz before October; part time. 

W. Smart January, 1962, 174 hours. 

E. Duffek January, 1962, 40 hours. 

W. Smart February 

E. Duffek February 

150 hours. 

30 hours. 

Technician from another group (if training desired) say 30-40 hrs. 

Beyond February, 1962: see below 

Capital Equipment: No major expenditures anticipated. Apparatus used 

can be constructed, or duplicated, for relatively small sum. Power 

source borrowed or relatively inexpensive. {Total, less than $1000.) 
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After the end of February it is proposed to continue similar work, under 

No. 173, "Etching Studies" with somewhat broadened objectives. Other materials 

should be used, with gallium arsenide being given first attention, perhaps 

already in February. 

Project Objectives: To etch materials controllably leaving a 

flat, highly polished surface, free from damage and 

significant imperfections. 

Proposed plan: 

Schedules to be set as work progress and laboratory needs indicate. 

Personnel and Estimated hours: 

Continuing effort will utilize probably: 

E. Duffek 30 hours/month 

W. Smart 60 hours/month 

Capital equipment needed: No major new equipment anticipated. 

Perhaps a Lapmaster or polishing wheel; perhaps a small power 

source. At present, need for surface roughness meter ($5, 000 -

$10,000 as at Bell Labs) not adequately established. 
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Oxide Etching 

Project Objectives: To obtain improved control over etching silicon 

oxide formed under a variety of conditions, and with the admixture 

of other oxides such as those of boron and phosphorus. 

Proposed Plan: 

To initiate work again as soon as the constant temperature bath can 

be obtained. It is now on loan, pending the repair of the one used 

by diffusion and other personnel. 

Parameters to be studied include temperature, etch composition, 

oxide preparation (steam, dry 0 2 , anodic, thermal decomposition 

of silanoids), oxide composition (including some boron or phosphorus 

oxide}. 

Personnel and Estimated Hours: 

None recently; year to date on No. 173, as given in monthly reports. 

Future! M. Buenz, 100-150 hours/month, depending on relative 

priorities of this and other projects. 

Capital Equipment Needed: 

No expensive purchase of items anticipated, if constant temperature 

bath again made available. 

Miscellaneous Etching 

Special short projects to be undertaken as needed by other Sections, but 

no other major efforts now planned for near future. 

lJ{)!!L r-

~ 
December 21, 1961 

WW/nm 
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ffiOORE SPE tAL TOOl CO.'nc· 

e.:.;'l Bor'!;.~:;l:,·t .~ :'1,: "~ 
P. 0 X ., 88 

600 UNION AVE., BRI( >EPO '· C •N. E.PHONE F l •£ST • lZ4 

FAIRCHILD SrMt-Co~oucroR Co~P. 
o44 ~HARLE~ToN RoAo 
PALO ALTO, CALifORNIA 

ATT: A.L. GREI; 

GENTLEMEN: 

THIS IS TO CONfiRM OUR CONVERSATION Of JANUARY ~ · 

WE CAN ASSURE YOU THAT WITH OUR MACHINE, INSTALLED I N 
A TE~PERATURE CONTROLLED ROO~ fOR OPERATOR COMf OR T 0> 
APPROXIMATELY 75° F, WILL PERfOR~ TO OUR USUAL SPEC­
IFICATIONS fOR JIG 80R,RS AND JIG GRINDERS EV LN THO UGH 
WE CHECK THEM OUT AT 6b°F. 

WE WILL SHIP A GALLON Of PAINT ALO~G WI T H T HE MACHIN E . 

VERY TRULY YOU RS, 

tvOORE SPECIAL TOUL CO ., INC . 

~t 
h . E. J 

AEJ: E s 
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Project Leader: 

PROJ CT PLAN FOR PROJECT 158 

~ 

Approved S ction Head: 

Approved Directors' Head: 

January 9, 1962 
(Steve Sandor) 

I. OBJ CTIVES 

A. Produce a high fr quency GaAs Transi tor by diffu ion 

ftt~ ~ ' ~40.~ cJ;,J .~ 
II. PLAN 

A. Evaluate sources of material supply 

B. Study contacts and alloying 

c. Closed tube diffusion of zu, Cd, MU, Te, and Se 

D. Coating with Sto2 

E. Masking 

F. Predeposition and diffusion Zu, Cd, Te, and Se 

1. Carri r gas sy tem 

2. Vacuum system 

l II. SCHf.'DULE 
Project was started in Decemb r: S. Sandor 15% I 200 • 30 

B. Future: s. Sandor - 30% time 

Aasi8tant - 40% time 

,_ 
-t - + -

+ t 



~ ..... I +--

~ + ~ r t ~-i-

1 ~Y"C ~ _- " , .-:D~ -
~-~ . ~~~~ 

~~~~~~~~~ c..h _c~~~~· r 
.~~~M-~. r1r ~ CLh ~ ~~( . l 

~~~---+---:-=---'-~~~.--- ""'--'144''-"'<.1-!7'...-~- ~ ~ ~ tL-f fiA& T~ _ t 

~ ------r--~ r t : r t t ~ + t r ~ t t .. - t -+- t-

·-----+--+--+---t-----t---+- ' • I I --+ -~---+ -+---r -r ~ --H- ~- +- t + . + t ~ t t t .. t-

r~ ....,'-"'.....,..,..,. +-~A--t ~ ~ ~ 4) 1L cf t~ ~ ~- "- , -
-- ~,_~~~ ~~~ -M~~~at-7~ I:" i- ~ 
~~~ ~,#~ _ji;~~ ~-~ ~ ~ ~~ ~~ 
~ ,~ ~ ~~~ ft~ ~~~~A=. 

~~+~ _ _:__~L-tt- -[ :.) .. ~ ·-t 1 ~ 1-1 1 ~-
~ ~ ~ 4Jj__A ~ <{ !r(t/Gf . 

---t----t---+-+---t--+-1----t .... 1" ----+- - + +-

-t-----t----t----t--+-t---~---+-- + ~ ~ -+- - ~ -+ - +- --+ - + 

__j_ ..... ~+ ~ .. ~ 

I 
-1---+-+----t--+----+-+- +-- t +- +-- t ... 

r -t-t---+-t----+ ~ 

- .. t + + + t-+ -+ t 

+- +-



.j-

I i :1 II · t- t - t 

t- + t J-~ ~ r r . .. 
t-

I I 
t ;---., I ~ 

t 

~ -
~ 

T T 1 

. . . ; ~ j t t ; . : : : : l i l=i t t t t t t t < 

~ 

.. t- + 

t- t- .. "'" t 
I 

t -i t- .... +- + 
I 

+ t t + t t t t t 

t + t '" + ~ + + t +--+ t t t t 

r r r 
1 + + t t t t --+ t t t t t t + + 

+ + - + t -+ +- + ~- t ~ + +- -+ + --! t t ----+ ~ t t + + + +- + - +-

- --t 

+ + 

+- ~·-i 
t- ~ 

+ T r r r1 r 1 
+ - r •· + + t t --+ t 

I I 

"t - +-- + "" + - t 
I I 

t- + - t - " -.1-- - -+-- - ! - " " " -+ + - - " - t -t- t t t t - t t _.. + ~ + 

+ t- t- t- t- t- ~ + + 

t -t t--4 + t- t- ..;_ + + 

I 

~ 

~ r I t- + t ; .j- + + r· - - -- - - - -- - - :- + +" - + - :I -
.I ... + .. ~ + t- + . - - ~ . ~ +- +- -+- • -+ 

' I 
I I 

+ + 1 t + + t ' + - i +- + +-· 

- · .. -· ~ 

~ jj 
t F 

t- t- +- t-

t t r ~ ~ t · , r t ! .. ~ .. . - ---.. + -- - · · · 

111 - t L ~ t .. t t 1 + - t r + +- - .... · - - - .. t- · -· I 

· 1-·f t t+r 1 - if-t~ .. t 1 .... ~ ~ * 
1 t T L ···-t-- t - - - t t ·-- t ! .. .. t ! .. t t + 

,l ttl ttl t t r t r t .. r < t t 
+~l 1-l. tL t . ~ + + 1- t ..... + 

t 



t t 

-~--+--+------+--+---!---:~ 

I 

1 
I . .,._ .,._ --r--t--+--+-f---+-

+ 

I + 

I 

t- t 't' + 

... -- f--- + 

t 
t .. 

- -+- - -+-- -

! 

-

----+- --+ - -

- -·-+ + - ~---+-
I .. -

- -- .. -+ -+ -

+ -+ .. + 

- ... + t .. 

t • 
I - t • 

---l-

I 

" + 

~ + 

-t --+-

-+-

~ ... 

t 
+ 

t + 
I 

I 

-

+ 
I 

t--+--t + 

-+ --+--+--

+---+----+ - --+ --t--1-

"-+---+ 

"-+---+ 

+ --· 

--+ ~ " t 

" + " + .. t 

-+- - -+- - - +- -

+-- -+- - t- .,_.._ .,. 

,._ - t 

t 

t- + 

.. 



\ 

I I ' ' t I I I I I I 1 

~~~~- rf7;!UL 
+ • ·- ' ' t. 1-t--40--
#~~~ d,_~~ j ! 

-+- -+ - + ! +- 1"' 

t - ~~JLiLS ~ T .. i---~- t 

, ~-- -~ J.>lr => 3tmf ei,fu.--• •• _ ·-+ ~ . _ _:I ·-! _ 
U+lt--+--+~ 1A ~~ ~ d~ +e y1 ;&~~~~i}ftdY 

~?4}J ;tU ~o.os ~>lf~ ~,lr ~)-1 1 Jz,~--,h'- ' 

Cu)_ . - . : • ·- ~ : • • - H 

t t 

.... +-- t- + +- + -+- -+---+- +­
I 

t +- - +- --+- ---+- -+--+ -+- t 

+ ~ 

I t--t- ;- __,_. ~ + .... --+ 

t 

t r T r 

t T ~ l_,_ 
I 
+ 

+ + t t .... + ... 

I 

I 

t 

t - t-+---+- +- 6-

- +-- ·---t--<1----+--+---+ 

T 

~ 

T 

_.,_ + - - t-- --+-- - l---+--+--t-r---1---t" --+-

t- -

~ ~ i- T- t--- --

--+--+-- -+ 

--+ ~ 

l---+-+--t---t---t--r-~ .. 

1---+---t---+--~j 
t ~ + ~ rT T i---

+ -t- - +- - +----+------+-

~ T t t 

+ ~ 

t t + 



• 

.. 

• 

• 1:'8 

• 

• 

• 

-+---

....., 

• 

• 

• 

• 

• 

• 

1. a 

2. [~1 ) 

.. t 

+- --+------!-- + +- I .. 

.. -+-





• 

1 • 

• 425 

< to. 

-+ 

.. -
+ -

--+ 

----+-

.. 
+ 

+ 

.. 
+ -

u I -·- - -+- ~ - - --+- t ---+-

1- + 1- ,. 1-

1- + .. 1- + 

-- -+ .. t - - .. 



t 
+ ~ -1-------+-t---t---+-

7; ~ 
t-- ·-

.. -

.. -

... 

... ... 

-+--

.. 
1-

+- - -

,..._ -- +- - -

f--

t 
1- --
+- 1-- -t- ... 

'~ ~ 
- ......... - r---

I 

+ --1- ... +-- -- --!-- t--

t r ~ --+ - .. \--

L 1- -
I I 

-+-- -

..__...., __ 
f- -

-.. .. -

1- ~ --

·-

t I -

-\-- -

...__ -+---- ·-

-- - +---+- --+- -

1-- . - .. +- 1-- -

1-- +- - -

t-- _,... - 1--+- - f---

-1---r- _,. - .. 
+ .. .,. 1-

1- + .. - -

t 

... 

-
.. 
... 

.. 

-

-

-

-

--

-

-

-

-

--1---+---t-----t-t ---+---t-----+ j. .. +- - +- +- I 

.. +-

1- .. 1 
I ,._ 

.,. + 

.. .. 
..... -+ 

1- t 

-+--- -

.. t 

.. t t 

-+ ---l----t---1----t - t-~ 
I 

.. 1- + 

+ .. 





PROJECT PLAN FOR PROJECT iF 114 

SPECIAL DIFFUSION RESEARCH 

J. E. Sandor 

OBJECTIVES: 

Project At Develop techniques to measure small diffusion profiles of P in Silicon. 

Project B: Develop techniques to measure Diffusion profiles of As in Fairchild's 
epitaxial silicon. 

PLAN PROJECT A: 

* 1. Sample preparation: Oxidation under various conditions 

*2. "Slicing" technique development 

3. Neutron irradiation of samples 

4. Slicing and etching the nodized Si 

5. Activity measurement 

6. Calculations 

*Note: Steps 1 and 2 have been per~ormed 

TIME: 

S. Sandor 
Lab Technician 

2 1/2 months 
1 1/2 months 

30% 
30% 

FUTURE: 

S. Sandor 
Lab Technician 

PLAN PROJECT B.: 

1/2 month 
1 month 

Preparation of alumina discs 

= 
= 

= 

2. 

3. 

4. 

Grinding with Stanford's Microgrinder 

Neutron irrad~ation of discs 

Count activity 

5. Calculation 

TIME: 

120 hrs. 
72 hrs. 

120 hrs. 
48 hrs. 

S. Sandor 1 1/2 month (included in previous project) 

E. Yim 1 month = 10 hrs. 

FUTURE: 

Included in project A. +- -
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PROJECT PLAN FOR PROJECT # 115 

NOISE STUDIES 

P. 0. Lauritzen 

A. PROJECT OBJECTIVES 

Generally the objectives are to study the important and not well 

understood basic noise sources in semiconductor devices. Primarily this 

will concern silicon transistors andfield . controlled devices. This 

type of study should lead to: 

1. Understanding the causes and characteristics of noise in new 

devices. 

2. Information and insight into the influence of device construc­

tion and geometry on noise. Possibly, devices ~be built designed 

for low noise specifically. 

3. Knowledge of how circuitsshould be designed to minimize the 

effect of the noise sources in a device. 

Another function of the noise project is to provide equipment and 

personnel capable of making accurate noise measurements on a wide range 

of devices. This is a service function for those who are interested in 

noise measurements for specification purposes or other reasons. 

B. PROPOSED PLAN 

1. FET Noise 

a. The characteristics of the noise induced on the gate electrode 

will be investigated. This noise should correlate with the 

circuit properties of the device just as the induced ~rid noise 

on vacuum· tubes does. 

The FET high frequency noise figure is very sensitive to the 

source im~edance and it is desired to determine how good this is. 

b. The device construction appears to affect the agnitude of 

the shot noise in the channel. How? and Why? 

c. 1/f noise in FET. Practically nothing is known about this, 

except that it is presently slightly lower than the best transis­

tors. How much lower is possible? 



PROJECT PLAN FOR PROJECT # 115 
P. o. Lauritzen 

2. SCT Noise 

NOISE STUDIES 

At present some basic measurements of approximate characteristics 

are being made. This is a complicated device and more measurements 

may be made if they seem promising. 

3. Transistor Noise 

a. Study of 1/f noise 

This can be pursued along several lines. 

1. Further use of SCT devices to measure the effect of surface 

fields on the noise 

2. Correlation with IEBO 

This may be an easy way to select low 1/f noise units 

3. Experimental verification of proposed theory for circuit 

optimization of performance in the 1/f noise range. 

4. Attempt to corellate different transistors and fabrication 

techniques with noise. This appears to be a surface problem. 

Radiation damage may give insight here. 

b. High frequency Noise Heasurements 

This is a new area to possibly ~ova into, but no definite ·plans 

are formulated now. 

4. Diodes 

This looks like the most promising direction to go in order to 

measure the effect of spa~ charge generation- recombination on the 

junction shot noise. It is difficult to observe this in transistors 

since the transistor gain drops too low when appreciable space char ge 

generation occurs. 

c; PERSO~rnEL AND HOURS CHARGING TO THIS PROJECT 

This has been and probably will be one professional and one non-pro­

fessional persons charging full time to this projects. 

About four days per month have involved noise measurements specifically 

for other people and groups not generally related t o the noise r e search 

work. 
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PROJECT PLAN FOR PROJECT IF ll5 - NOISE STUDIES 

P. 0. Lauritzen 

D. MAJOR CAPITAL EQUIPMENT TO BE PURCHASED 

1. Equipment for quicker and more accurate low frequency noise 

measurements {10 cps to 100 cps). 

a. Low frequency band pass filter (to be purchased or built)? 

b. Vidar DC to frequency converter. $800.00 

c. Counter (Possibly c n be borrowed) $200.00 

2. Wayne Kerr Audio Frequency Bridge $800.00 

3. Equipment for high frequency (above 30 me) if it is decided to 

go into this. 

-+--t--.. 
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non 

none 

none 

F-2 5-S none 
(1 ) 

- -1 
1) 
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none 

none 

-30-A-2 none 
(1) 
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Process: D1ce Wafer 

Chem;ccelly 
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FAIRCHILD SEMICONDUCTOR 

Scribe Program: 

Runs supplied to compare scribe to chem etch. A 1 group are scribed. 

G-30 Al and A2 

G-36 Al and A2 

G-143 Al and A2 

Supplied during November, 1961 

Supplied during December, 1961 

Supplied on January 20, 1962 

Tests to be preformed: 

1. Classify 
2. Environmental - Standard MIL 19500B. 
3. Storage for 1000 hours at 150°C and 300°C. 
4. Classify 
5. Environmental - Standard MIL 19500B. 
6. Additional Testing 

Results of tests to date: 

1. Classification results. 

Run Identity ioA 

70 

68 

%B %Rejects %Opens 

30Al 

30A2 

36Al 

36A2 

143Al 

143A2 

(Scribe) 

2. Environmental results. 

19 

15 

1 

17 

4 

12 



3. Storage results. 

4. Environmental results. 

5. Additional tests planned. 
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Runs suppiied to check good electrical but cracked scribe dice: 

!2!!! .9.!.I. 
Gates 8 

F-201 21 

F-205 52 

F-209 43 

Test to be preformed: 

1. Classify. 
2. Environmental. 
3. Storage at 300°C. 
4. Temperature shock. 
5. Additional testing. 

Results of Tests: 

1. Environmental. 

3. Storage at 300°C. 

4. Temperature shock. 



5. Additional test planned. 

Chlorine Etch: 

Results - Times greater than 5 minutes resulted in over etching the dice. 

Adjustments were made and 2 minute etch was used with the same 
results. 

Etching time of 2 seconds was used with no etching. 
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iYliCROELECTRONICS RESEARCH SECTION 

PROJECT PLAN 

· Date : 1-29-b2 

Approved Section Head : ---------------
Project Engineer : J. Campbell Approved Office of Director · ________ _ 

-----------------------------------------
Project Objectives 

1. Resistor Technology - Development of a resistor technology capable of 

integration with our regular microcircuitry techniques. An arbitrary 

test vehicle is to be a Y-shaped array of three resistors having values 

of 1 megohm, luG kilohms, and 1 kilohm, all to tolerances of ±lU% and 

having temperature coefficients of ±10u ppm/°C. This array is to be 

within a 50 mil square. 

2. Capacitor Technology - Development of a capacitor technology capable of 

integration with our present microcircuitry technology. An arbitrary 

test vehicle is to be a .ul ~f capacitor having a lu volt rating within 

a SU mil square. 

t 

3. Diode Matrix - Development of an array of diodes, each having a forward 

equivalent resistance less than 2v ohms at 1 ma current and having a reverse 

breakdown of 2v volts or greater. The array will have several hundred such 

diodes with the X and Y coordinates brought out and so designed that by 

pulsing the proper combination of lines a desired pattern of open diodes 

may be established. 

4. Evaporated Field-Effect Devices - Development of a field-effect device 

having all components, including the active regions, formed by the evapora­

tion of material onto an appropriate substrate. 

Proposals for Continued Projects 

1. Resistor Technology 

a. Nichrome-Nichrome resistors can presently be made having surface 

resistivities in the range of 25-3uu il/r;;J • These re~istors have been 

shown to be reliable, are easily made, and are compatible with aluminum 

contacts. 

-t-
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b. Tin Oxide - Furnace deposited films have been made having good apparent 

quality, and the films can be etched to form devices. Control of the 

resistivity is impossible at present, however, and the films appear 

to be incompatible with aluminum contacts. A 11chicken-cookern 

apparatus originally conceived to overcome difficulties of control has 

been virtually abandoned. Further efforts will be concentrated along 

the lines of furnace deposition using an organic tin compound both at 

atmospheric and reduced pressures, and along the classical spray 

deposition lines. 

c. Resistor Compositions - It is proposed that a feasibility study be made 

of the resistor compositions being made by DuPont and others, applied 

by means of silkscreening techniques. This sub-project will be concerned 

with two main problems: the quality and controllability of resistors 

using the composition and the resolution and registration problems 

associated with the silk-screen process. 

d. Ti, Ta Resistors - It is proposed that a feasibility study be carried 

out on the use of evaporated or sputtered Titanium or Tantalum films for 

use as resistors. This study will be carried out within the outline 

of the general project objectives. 

2. Capacitor Technology 

a. Junction capacitors - A short series of runs has given us some feel for 

the properties and problems of large area junction capacitors. Standard 

predep and diffuo 1.:m cycles have been followed. Success has been 

variable in that ~0Dtrol of capacitance has been rather poor and yields 

of high breakdown units (>lu volts) often low. Capacitance of course 

is voltage and temperature sensitive. This project has been idle the 

past two months. 

b. MOS Capacitors - Results of the MOS project appear encouraging. Thin 

uniform oxides can be grown to give capacitors of U.8 pf/G mil, 

breakdowns > 20 volts, and yields above 80% for 50 mil square devices. 
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Typical value of Q is 

-3-
() l tfi{(C/ 

/ 
18UO~ Diffusing under the oxide eliminates the 

minor voltage sensitivity experienced with 0.5 n-ero N type material. 

Temperature coefficient up to 1~0°C is unmeasurable, though Q is reduced 

a factor of two or three. It appears that the capacity value for this 

system has about reached its limit. Better handling techniques could 

be employed to improve the yield. 

c. Titanium Dioxide Capacitors • It is proposed that the feasibility of 

Ti02 as a dielectric material be studied. This project should be 

broken into several parts, each concerned with a method of formation 

of the film: evaporation of Ti02, sputtering of Tio2, anodizing of 

Ti film, thermal oxidation of Ti film. The study should determine the 

feasible values of capacitance per unit area and of the temperature 

coefficient for the different methods. 

3. Diode Matrix 

Present work is concentrated on an b x b matrix with "double-isolation" 

between diodes. High resistivity substrate material is advantageous with 

respect to diode yield and higher breakdown voltages, but at present poses 

problems in isolation diffusion technology. 

Future work on the diode matrix involves a solution of the problem of 

isolation diffusion into high-resistivity material ; evaluation of the 

long-term reliability of the matrix and in particular of the silver fuses, 

evaluation of a matrix with base-emitter type diode configuration, this 

being a single-sided structure, involving lead cross-overs utilizing 

either the substrate L'aterial as a cross-conductor or by means of oxide 

insulating layers. 

Three distinct fusing systems have been considered, (1) thin metal films, 

(2) reverse-biased diodes, and (3) thin oxide films. 

Good silver fuses have recently been fabricated: no figures as to yield 

are available so far. Reverse biased diodes and thin oxide films are both 

"inverse fuse" systems: the former involves fabricating twice as many good 

diodes on the matrix, with a consequent reduction in yield, the latter 

system appears to be highly reliable, but involves problems in testing the 

matrices for good diodes. 

t- ... 

+ 

+ 
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4. Evaporated Field-Effect Devices 
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Silicon has been evaporated in thicknesses up to 2 1/2 microns onto quartz 

substrates, and it has been demonstrated that such films remein adherent 

after a standard furnace treatment (gallium predeposition). The films are 

amorphous by X-ray diffraction before such heat treatment. The resistivity 

of the films is too high to measure, but they are N-type, when N-type 

material of .72 ohm em is used. N-type material of _ 100 ~t-ern produces 

similar results. An attempt to reduce the resistivity by using a gallium 

predeposition eroded the film badly, apparently removing about 2 microns of 

the film. The resultant films were P-type. but the resistance was too hish 

to measure. Future work will aim at the production of films of copi'Bll'P 
. , 

resistivity, by protection of the film during predeposition with a pyrpl¥tic 

oxide layer, and (alternatively) by the use of boron-doped starting material. 

Feasibility studies of the device can follow. 

Project Schedules 

1. Resistor Technology 

a. Nichrome- Transfer to Microelectronics Engineering Section by 

4-l-62. 

b. Tin Oxide 

Design and construction of simple spray-coating apparatus - 2-l~-62. 

Design and construction of glassware for low-pressure furnace - 3-l-62. 

Evaluation of atmospheric pressure furnace technique - 3-1·62. 

Feasibility study completion - 5·15-62. 

c. Resistor Compositions 

Purchase of silkscreen machine, compositions, construction of sample 

masks - 3-15-62. 

Feasibility study completion - 5-1-62. 

d. Ti, Ta Resistors 

Construction of sputtering ,and evapo~t1Qn jigs - 3-15-62. 

Feasibility study completion - S-15-62. 
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2. Capacitor Technology 

a . Junction Capacitors - terminated, 

b . MOS Capacitors - terminated, 

c . Tio2 Capacitors - same as for Ti, Ta resistors. 

3. Diode Matrix 

Life t ests on silver fuses - 3-1-62. 

Pre liminary life tests on matrices - 3-1-62, 

Tests on matrices (in large quantities) - 5-1-62. 

4 , Evaporated Fie ld-Effect Device 

Evaluation of oxide-coated films - 3-1-62. 

Evaluation of boron-doped films - 3-l-62. 

F asbi lity study completion - ~-15-6 2. 

Personne l 

1. Res i s tor Technology 

a . Ni chrome 

R. Marti n , Engineer 

b, Tin Oxide 

J. Campbell MTS 

M. Parker, Tech. 

Resi tor Compositions 

• Price, En ineer 

• Par er Tech. 

d. Ti, T Resistors 

aits, Engineer 

ar · r, Tech. 

6U hours 

5(J(J hour s 

150 hours 

5 • hours 

5 hours 

5u hours 

150 hours 
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2. Capacitor Technology 
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a. Junction Capacitors - terminated. 

b. MOS Capacitors - terminated. 

c. Tio2 Capacitors - same as for Ti, Ta resistors. 

3~ Diode Matrix 

Life tests on silver fuses - 3-1-62. 

Preliminary life tests on matrices - 3-1-62. 

Tests on matrices (in large quantities) - 5-1-62. 

L•. Evaporated Field-Effect Device 

Evaluation of oxide-coated films - 3-1-62. 

Evaluation of boron-doped films - 3-1-62. 

Feasbility study completion - 5-15-62. 

Personnel 

1. Resistor Technology 

a. Nichrome 

R. Martin, Engineer 

b. Tin Oxide 

J. Campbell, MTS 

M. Parker, Tech. 

c. Resistor Compositions 

J. Price, Engineer 

M. Parker, Tech. 

d. Ti, Ta Resistors 

R. Waits, Engineer 

M. Parker, Tech. 

60 hours 

500 hours 

150 hours 

500 hours 

150 hours 

500 hours 

150 hours 
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2. Capacitor Technology 

a. Junction Capacitors - terminated 

b. MOS Capacitors - terminated 

c. Ti02 Capacitors 

R. Waits, Engineer 

M. Parker, Tech. 

3. Diode Matrix 

4. 

J. Price, Engineer 

M. Parker, Tech. 

Evaporated Field-Effect 

J. Campbell, MTS 

M • Parker, Tech. 

. Eg_uiEment Needs 

Silkscreen apparatus 

Belt Furnace 

Shop Time 

Silkscreen manufacture 

Device 

SuO hours 

150 hours 

500 hours 

15U hours 

500 hours 

150 hours 

$600 

N.A. 

400 hours 

75 hours 



--+--+--- _.,_ + 

+ 

+ 

+ -I- .. 
+ - + 

L-J__ .. 

lCLU+-+++--HH-tiTII_t -r 



t + 

t I I 1 

,._ ........ ~r +-- - + +- ,. +- + +- - -

, -+ ~ -t --+-- ~ ~ 1- + +- -: - - t + + +- + --- -

I 

+ -~ - 1- + + 
.. 

+- r- -;- ... -+- ... .f. t + 

-+- +- t +- + ---+- t- -+ ---+ - + - + + + ~ + + ~ ----

I 
-- - +- +- t- 1" + ~ r 1- ~- + t t--- 1" ~ _._ 

t- --1. +- 1" +- + ~ +- + ~ + .. + + --:---~ 

.. - ... - ~- -+- ~ +- + T -- - +---- + -t---t--+ 

+ --+- + 
-+ + ~ 

I 
t- .....- - t- T 

+- r- +- - + +- ~ + 

~ +-
+---- + -t- + t-- + + 





-+ --+- + ---f--t--+-

t +- ~ --t--1---1- t .. 
-l 

- +--+-- -+-----+---+-- t 

+ + i- ---+- ---t-- ......,._- +- - +- t 

~-, r- -- ..__ -- .. - +--+---- .. - - t -~ 
-+ - t- +- -+ +---

-+---+--- -
I 

.. I 

.. + 

.. 

t .. +- -+- + 
I 

+- t- t- +---+---+-

~ .. - +- + + t 
+- +- - +- -+ .. 

- t- T -+ .t. 



+ +-



MICROELECTRONICS RESEARCH SECTION 

PROJECT PLAN 

Project #126 - Masking Technique Development 

Project Engineer: Samuel s. M. Fok 

Date: 2-6-62 

Approved Section Head : __________ __ 

Approved Office of Director ______ _ 

-----------------------------------------
PROJECT OBJECTIVES 

1. Maintaining our technological leadership in the photolithographic field. 

2. Preparation of original masks, working plates and the use of these masks to 

etch structures in metal and silicon oxides. 

3. Advancing as well as maintenance of mask making service and the R&D photo­

resist services. 

4. Provide consultation and transferring technological advances in mask making 

and new photoresist techniques for Transistor Plant in M.V. 

I. MASK MAKING TECHNOLOGY 

A. Technical Status 

1. Finest working mask 

2. Alignment tolerance 

3. Master resolution 

B. Specific Tasks 

~ 
0.5 mil 

0.5 mil 

0.3 mil 

Present 

0. 25 mil 

0. 25 mil 

0. 2 mil 

Future 

0.1 mil 

U.l mH 

0.1 mil 

1. New step-and-repeat camera with Farrand Control should be on the 

air 4/62. 

2. Second coordinagraph in operation 2-15-62. 

3. New copy camera to be ordered 2-62, approximately 60-90 days 

delivery, installed in new R&D building in 5-62. 

4. Check out and consult with M.V. on total mask making capability. 

Including the following: 
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Coordinagraph 

-2-

Copy camera with step and repeat back 

Step and repeat camera 

Printing technique 

Inspection technique 

Process checking, control and scheduling 

5. New technique development : 

Lens resolution and aberration tests 

Exposure and focusing control 

New photographic processing techniques 

II. MASK MAKING SERVICE 

A. Status Past 

1-2 

2-3 

Present 

1. Capacity (sets/wk) 

2. Residence time (weeks) 

B. Specific Tasks 

2-3 

1-2 

Future 

3-4 

< 1 

1. Up-grade present drawings in more permanent forms. 

2. Cataloguing and cross-indexing of drawing file. 

3. Provide alignment proofs in various checkpoints. 

III. PHOTORESIST TECHNOLOGY 

A. Technical Status 

1. Sharpness or edge definition (mils) 

2. Line resolution (mils) 

3. Cleanliness 

4. Alignment tolerances (mils) 

5 Resist removal: oxide 

~ 
0.15 

0.5 

Very poor 

0.5 

Difficult 

Present 

0.05 

(J. 25 

Poor 

o. 25 

Easy 

Future 

0.02 

0.1 

metal Difficult Some i?roblem 

Better 

0.1 

Easy 

Easy 

Better 6. Pin holes and imperfections Very poor 

7. New resists handling techniques KPR 

Poor 

KPR 

Kl1ER 

KPR 

KMER 

KOR 

KPL 

New KMER 
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B. Exposure Methods 

B. Specific Tasks 

·3-

~ 
Carbon arcs, 
poor 

1. Optimizing developing techniques. 

2. Increase resolution to 0.1 mil device. 

3. Minimum density with optimum exposure. 

Present 

High pressure 
Hg, (good), 
and carbon 
arcs 

4. Reduction of pin·holes and imperfections. 

Future 

Completely 
on P.g 
lamps 

5. Optical alignment aids for extremely small patterns, i.e., jigging, 

reticle, etc. 

6. Projection printing directly on wafers. 

7. Coating method control. 

IV. PHOTORESIST SERVICES 

A. Status 

1. Capacity (runs/month) 

(w+c/month) 

2. Residence time (hrs/run) 

3. Photoresist workshop 

Past Presen.t 

<600 600-800 

<4000 4000-6000 

>20 11-19 

None Working well, 

not fully 

utilized 

Future 

* 
* 
* 
More 

usage 

* Depends on new facility and division of work loads with Device Development. 

B. Specific Tasks 

1. Complete conversion of all carbon arc lamps into high pressure Hg 

lamps. 

2. Provide enough optical jigs for the service. 

3. Provide consultation and assistance in establishing a routine 

photoresist s ervice in Device Developnent Section. 

4. Provide consultation and assistance itl transferring new techniques 

to Device Development Section of R&D, and Process Development at 

M.V. plant. 
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5. Establish written procedures for approved processing photoresist 

techniques. 

6. Training programs for new operators and new techniques. 

V. NEW EQUIPMENT AND FACILITIES IN NEW R&D 

VI. 

A. Mask Making Area 

1. Constant voltage supplies for all printers {5 required at $250) 

2. Processing sinks (need 3 more at $800 ea) 

3. Printers (2 more at $25u) 

4. New copy camera (1 at $14,000) 

5. Work benches and cabinets. will work out with Plant -----
Engineering. 

B. Photoresist Rooms (3 rooms) 

1. Constant temperature baths (need 2 more at $125) 

2. Experimental acceleration control for all spinners (1 required first 

at $144, possibly 4 eventually) 

3. Air-shield hoods for coating and drying (3 required) 

4. Microscopes D~ffiTR, 3 more required 

C. Metal Etching 

1. S~ray tank and electrolytic etching tank. 

2. Exposure facility 

PERSONNEL 

A. Mask M-3king 

1. Experimental 

c. Van Ness, Dev. Asst. 100% time for 6 mos. = 1000 hours 

M. Hoar, Technician 50% II II II II = 500 hours 

s. M. Fok, MTS 50% II II II II = 500 hours 

t 
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PROJECT PLAN, NO. !:::!-9o ANODIC OXIDATION OF SIL ICON 

Project Objective: To produce oxide films on silicon by an ambient temperature 

process of anodic oxidation. Two primary objectives are to prepare wafers 

for device fabrication and evaluation. and to characterize oxide properties 

and assure high quality. 

AJZ;elications of Met~ If successful this technique could replace thermally 

grown oxides for masking against diffusants ·and for passivating the surface 

of a finished device. In addition it may be possible to improve the 

properties of thermally grown oxides, and to incorporate various ionic 

species controllably in the o;,dde layer. This last effect may influence 

channel conductance and capacitance properties of oxide layers. 

Proposed Plan: 

1. Evaluation of oxides from the anodization process in comparison to 

the thermal steam oxide prepared t-J: 900 or 1200°C. This includes 

empirical determination of best conditions for forming anodic oxide 

layers 9 evaluating the thickness, porosity9 electrical propertiese 

and reeiatance to diffusion. 

2. Preparation of a large number of simple p-n junction diodes and 

evaluating breakdown voltages. Preliminary studies have indicated 

breakdown voltages of about 175 .. 200 volts can be obtained for 

anodically formed oxides versus 75 ., 100 volts for thermal oxides. 

3. Continuation of investigation of means of filling pinholes in steam 

oxide. Use of anhydrous media as anhydrous H3Po 49 dimethyl 

formamide» etco 

4. Continuation of kinetics of anodic oxidation to characterize the 

physical and chemical properties of oxide and relate to device parameters. 



- 2 - February 7, 1962 

Personnel and Estimated Hom- s: 

Past: 
D. Borror full time since August, 1961. Worked on kinetics 

of anodic oxidation of silicon. r~ ~ 

E. Benjamini full time since Septemberp 1961~ except 1-1/2 

months on gold diffusion. Worked on improving properties of 

thermally grown oxide on silicon (Techo Report No. 6Z). 

E. Duffek l/3 timep approximately 24 hours since January 29
9 

196Z. 

Future: D. Borror full time - 40 hours/week. 

E. Benjamini full time - 40 hours/week for next 3 - 4 months. 

Eo Duffek 1/3 time - lZ hours/week. 

Capital Equipment: 

Infra-red spectrophotometer with NaCl optics. 

Electrolytic conductivity bridge. {G. R. Impedance Bridge 1650-A - $450. 00) 

Also adaptation of a power source on hand to yield constant current at 

50 to 500 volts. 
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To 

FROM 

INTERNAL CORRESPONDENCE 

FAIRCHILD SEMICONDUCTOR CORPORATION 

RECEIVED 

LiAR ~ 0 1962 

GORDON E. MOORE 

D. Yost DATE March 29, 1962 

G. Livingston cc See List 

New Proiuct Developments - PNP Section 

The purpose of this memor.sntlum is to sunnnarize the March PNP Product 
Meeting to assure that £taf£ groups are informed of the general 
plans concerning neH and potential pro ucts. Future product meetings 
will be summarized by the respective product man~gers and distributed 
as required. 

4500 

No changes are anticipated in the near future . Ultimately this product 
will be replaced with a planar PNP, 

4700-4701 

Both of these devices are in the line development stage. The planar 
structure is an immediate requirement to relieve the tap test problem, 
particularly in the TB pacKage which is not crimped. This proJuct 
will not meet the requirements of the 2 '1132, but it -;hould be a 
satisfactory replacement for the 2N722 except for J00°C storage. By 
May 15, the TB-4500 final seal schedule ~ill be made with the TB-4700. 
The shift to epitaxial will be made as material becomes available. 

3501 

This product, which is similar to the 3001, is a potential replace­
ment for the 4500 except for 300°C storage. Pilot runs were being 
made at Mountain View in parallel with R&D, but all 3501 production 
has been scrapped because of problems on operating life. R&D is pre­
paring new masks which shoul1 be available the first week in April. 
At that time, Mountain View will begin line develop~ent. Development 
of this product is the top priority project of the PNP section. 

1740-1741 

All production has been shifted to epitaxial on this product. A 
reasonable inventory of non-epitaxial units is on hanJ, and the 
epitaxial version should meet most requirements. 

1746 

In order to obtain higher voltage devices (LVCEO >35v) with the 
characteristics of the 1741, the 1746 was evolved. This device 
will utilize 3501 material and the 1740 diffusion processes. 
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1711-1721-17Jl 

These devices have been designed for maximum speed u:,ing low voltage 
material as it become& available. They are all variations of the 
interdigitated structure. The 1731 (3 emitters, 2 bases) will re~ 
place the other types and is the only one being started. 

3510 

This device is still in R&D scheduled for line development after the 
3501 is optimized. 

7500 

This device is still in R&D scheduled for line development after 
the 7000 is optimized. 

General Comments 

We intend to shift as rapidly as possible to a series of planar, 
epitaxial PNP transistors which will range from a fast switching 
device for computer applications to power devices . Additional 
emphasis will be placed on types which can replace germanium units 
in existing designs, but in general we will have more success in 
new and redesigned equipment. 

It should be emphasized here, that no planar PNP devices will be 
guaranteed to neet 300°C storage and that they will not receive 
our normal 60 hour bake. A storage temperature of 200°C should 
present no problems. 

GL/sm 

List: 

T. Bay 
J. Farley 
J. Magarian 
G. Moore~ 
W. O'Keefe 
C. Spore~ 

N. Walker 

G. Livingston, Head 
Mesa Section 



t 

t 

--t--
I 

-

-

-

-

--

-
-

t -
~ - t -

1--1--

- t-

t- t--

- -

--+ - -

-t ,_;d-~ -~ ' 
--+-

- ~-xbf~~ 
I /~L _ ~ '-~ 

hrv-p y-~d JlJ._ I 

I 

1- t J r ~ t ... ~ 

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

I 

~ t + 
I 

i 

~ t .. ,. 
I .. t .. 

i I ---+-----+-~-- ----<---<- --i-

I I 
! 

- -----..- +- -+--+--

I ' t' t--L +~ ----+- ---+-- - -+--- +---+ 

+ t- t- ... 
I 

t-W--+-- + 1- + 
I I I I 
-~----1--- + 1- t 

L_ - ... --t 
I 
I 

+--- - ---+-- -· .._ .. 
I 

I 

I 

I I 
-

I 
-~ -

I 

I I 

I t-
+ - - - -
I 

+ - --- -

t 
,. - -· - 1-- -f----

I 

t t t- ... + 

t t ,. ,. 

.. + 
I 

--+- t- -+ .. .j. 

- +-- +-- .. t 
+- +- t--+ 

-+- +-- +- +-

- +-- + ---+-- -

+--

- t-

+ t t -
r - ... 

+ t 

_ ..,. + + 

t 

1 
I 
t-j :---- t--- ~ 

I 

I 
- - r + r 

I - t--- f--- ~ - .. t 
I 

- ,_____ I ,. --- ... + 1 ~ 
+ 

+ 

- t--- ,. - .... t 1-

-

• -

-

-

- - -

- - -

- -- -
I 

- t 

-

-

t 

-

-

-

-t 
-

-

t t 
- - ~ 1- t -· 

-~~f 

t 

t 

.j. 
I 

t 

t 

f 

t 

I 
t 

~ + 

~ -+ 

-t-

I 

-t t--- - t-

-t- ----+ - +-

+-

: . t - t-

--+ ... - r t .. 
t - t- + 

t- t t-

I 

t- t- "t--+ t 

+- ---+--~ ~ +-

+ -t- 1- t 

t - + ~ "t t 

+--- + t 1- t 

t-

"'" t + +-

t-

t t-

t -+ 



+--

-+ 

1-

1 

t 
I 

.. 

t 

+- -+ 

~-

- +-

+ 

+ 

.. 
+ -

-+ 

t 

t 

.. 
t 

+ 

+-

+-

+ 

+-

+ 

+ 

.. 
+ t 

-+-

+ t 

1-

-+--- +-

~ + 

_,__ ... 

-+ 

.. -+---

+- -+- 1-

+ -

+- t 

('- --+ 
I 

+-

t 

----+--

.... 

+ 

... l 
+ 

1- _..,. 

.... 

-1--

1-

-r 
r 
t 

--1-

+ 

t 

+-

.... 

t 

+ 

+ 

.. 
l 

1-

-~ 

t--
1 

t 

.... --1----+-_,.. 

1- _ .. -+- + 

-1-----+- --+ - __ ,. 

1- .. 

+ 

t 

1 
+ -+ 

+ 

+-

t 

t 

,. 

+ -

l 

t-
1 

- - --+-

--+ 

+ 

t 

-+-- + 

+ 

1-

1-

r 
r 

t 

t t 

t t 

+ -+- + 

.. 
+ 

+-

t 

t 

T 

t 
+ 

+ 

,. 

.. 

1- t 1- --+ 

I 
t 

+ 

1-

+ -+ 
,. t 

+ 

+ 
I 

+ t 

+ + 

.. ..... 

.. .. 

.. - .. 
,__ 

+- ---+-

1-

1-

+ 

+ 

1-

t 
I 

.. 
+-

+ 

-+ 

+ 

+-

. 

+- +-

- +-

-I-

+-

~ - + 

,. 

+--

-

+-

+ 

1-

- -
I 

t +-

t 

t + 

l 1-

""I 

~ 
- c?"-c;! 

-· -

- 1---

- I- --+-

- +---+ 

I-- - ~ --f-.-+--

f.-- .. +-

c--

1----- 1-

1--- -+ 

1--- --+ 

1--- + 

1----- -

1-----

c-- - -+ -

1----- 1- t 
I 

1----- + 
I 

~ r 
--+ -l 

~ 
I 

+ 

t -+- +- --

1-

+ 
1- 1- .. 

+ +- t + 

+-- --+ ,__ + -

1- - ~ - - f---

+ - + - - - c--

1- + - !------- --1-

_.______ 
1-

+ ~-
.. _ 

+ -- -
+- - --.... f~ +-

t + +- -+-

- +-

+- - --+-

--+-- +---

1- -

1- -+---+---...:l--.1 

+----+--+- ~ -+-+--1. 

t +- --1----+--+--+--r-r--4 

1-----+---+-

+ 

1- +- --+--t-

~--- t 

1- -+---+--

I 

~1=1-
~---1---+- I I - o----

1 I 
I 

-I­
I 

-t--+ +-- ____,. ---+ --+ 

r- .. --+ J_ ---+ - ,_ 

+---+-_..,. u __,._ - r -­
+-----+ -+-- ~- -+ - ...- ...... 

I __,_-

-----r_--~~ ~~~ 
L--+ 

-+- +-- - --- t- -+-

--+ -+ 1-



MICRO SYS;rEMS INCORPORATED PIONEERS IN SOLID S T ATE SENSORS 
FOR STRA I N, TEMPERATURE, FORCE, 
PRESSURE, LIGHT, AND DEFLECTION. s 

ENGINEERING BULLETIN 

PRESSURE TRANSDUCER SERIES POl 

The P01BG5 Pressure Transducer offers the following features for extremely high pressure 
requirements: 

• High Accuracy 

·u • Exceptional Overload Capability 

• Small Size ,v 
• High Output 

• Rugged Design 

• Uni-Body/Sensor Construction 

The POl series pressure transducers are machined from 17-4 PH s teel frhth an extremely 
s mall sensor volume to minimize stored energy problem. Micro Sensor Semiconductor 
Strain Gages are arranged in a wheatstone bridge to produce a high level output s ignal. Un­
usually large overload protection is afforded from the design utilized. 

SPECIFICATIONS - Type P01BG5 

RET-40ct. '61 

Ranges 0-10,000 PSIG, 0- 25,000 PSIG 
0- 50,000 PSIG, and 0-100,000 PSIG 

Maximum Allowable Pressure 1. 5 times rated capacity (over 3 times to burst) 
Pressure Media Liquids and gases compatible with 17-4 PH steel 
Bridge Resistance 500 ohms nominal 
Excitation 10 volts 
Output 0. 5 volt nominal at full scale 
Non-Linearity and Hysteresis combined ±1% of full scale 
Resolution 
Acceleration Sensitivity 

Operable Temperature Range 
Compensated Temperature Range 

Thermal Zero Shift 
Thermal Sensitivity Change 

Pressure Connection 

Electrical Connection 

Physical Configuration 

Price Schedule 

Continuous 
Less than 0. 01% of full scale per G 

from 0-100 G in any plane 
-65°F to +250°F 
+30°F to +130°F 
2% of full scale over 100°F 

Zo/o of reading over 100° F 
Standard super pressure fitting with 

60° chamfer seal 
Cannon WK5 case mounted connector, 

m ating connector supplied 
1. 5 inches 0. D. x 2 inches long 
Approximately 7 ounces 
1- 4 units $395.00 
5 - 9 units $370. 00 

10 - 19 units $350 . 00 

P ortable s e lf contained r eadout unit available . 

E MT-3 9/6 1-5M 

319 Agostino Rd., San Gabriel, California • ATlantic 7-0584 • A subsidiary of Electro-Optical Systems Inc. 



MICRO SYSTEMS INCORPORATED PIONEERS IN SOLI D STATE SE N SORS 
FOR STRA I N, TEMPERAT URE, FORC E , 
PRESSURE, LIGHT, AND DEFLECTI ON. s 

ENGINEERING BULLETIN 

RC-01 

TIIANSOUCER DRIVER 

MSI 

PRESSURE TRANSDUCER, TYPE P03BA4 

The Type P03BA4 pressure transducer represents a 
state-of-the-art advance in transducer concept. Within 
its miniature housing solid-state strain elements are 
bonded to the back side of the pressure sensing dia­
phragm and wired in a full-bridge circuit to convert 
pressure induced strains to a high-level electrical 
output. The RC-01 Transducer Driver, supplied with 
each P03BA4, allows precision operation from an un­
regulated 28-volt de source. The Transducer Driver 

is stackable for minimum space consumption, and can be located remotely up to 500 feet 
(AWG-20 wire) from the transducer without sacrificing performance . In many applications, 
the use of amplifiers can be eliminated, resulting in improved system reliability. The excep­
tionally high natural frequency resulting from the 1/ 4-inch flush diaphragm eliminates re­
sponse to vibration encountered in most severe applications. 

The integral flange allows custom installation of the P03BA4 with minimum case distortion. 
Mounting adapters are available if desired, to suitably connect the P03BA4 for either flush 
mounting, or conventional pressure fitting applications. (See back side of bulletin for adapter 
information.) 

Ranges 
Material in Contact with 

Working Fluid 
Overpressure ...... . 
Burst Pressure ... . . 
Bridge Resistance (Input or 

Output) ... 
Zero Balance 
Excitation . . 

Open Circuit Output 

Non-Linearity and Hysteresis 
Resolution . . .. . . 
Natural Frequency 

SPECIFICATIONS 

0-100, 0-200, 0-500, and 0-1000 psia 

NI-SPAN C 
150% without recalibration 
300% minimum 

500 ohms ±20% 
±5% of full scale 
28-volts de ±10% to driver (approx. 10 volts to 
transducer) * 
30 milliamperes 
0. 5 volts full scale (minimum) 
0. 75 volts full scale (maximum) 
±1% of full scale 
Continuous 
100 psia = 40 k cps, 
500 psia = 75 k cps, 

200 psia = 55 k cps, 
1000 psia = 100 k cps 

(ove r} EMT - 4-2/62-SM 

319 Agost ino Rd., San Gabriel, California • ATlantic 7 -0584 • A subsidiar y o f Electro- Optical Sys tems Inc. 



Acceleration Response 
(to 2300 G) ...... . 

Vibration Response (all axes) 
Operable Temperature Range 
Compensated Temperature 

Range .. . ........ . . 
Thermal Zero Shift ... . 
Thermal Sensitivity Shift 

Repeatability ........ . 
Weight 

Transducer ......... . 
Transducer Driver RC-01 

Electrical Connections 

Price 

0. 002% of full scale/G max. in any plane 
0. 002% of full scale/ peak G (35 G, 0-10, 000 cps) 
-65° F to +250° F 

0 
+30 to +130 F 
within 2% of full scale over compensated range 
within 1% of full scale over compensated range 
±0. 5% of full scale 

0. 05 ounce 
1. 0 ounce 

hermetic seal header, solder terminals, supplied 
with 2-feet of four conductor cable 
$395. 00 each 

*Transducer, less RC-01 driver, can be operated from an ac source, but temperature com­
pensation specifications will be somewhat poorer. 

P03B 

All4PTER-P038 TRANS!JtX:ER 

c 0&-lXU-r: F£R IWD 1lXJ5I)-I. w.-zol.IF-JBl 
C ()(J-(X)f.-2: lfaNPT. 

ADAPTER- POJB TRAt§DUCER 

I: OOTPIJT - TO TRANSllXER 
2:/NPUT-.28!10% VCUS DC 
3:Ca+KIN 

TRANSa.CER £:RIVER TYPE RC-01 

RC-01 

P03BA4 MOUNTING ADAPTERS* 

TYPE COS-003 (For Flush Mounting Application) 
The COS-003 mounting adapter allows flush 
mounting of the P03BA4 pressure transducer in 
materials of varying thickness from 0.06-inch to 
0.6-inch. A teflon seal is provided between the 
adapter and shell to which the P03BA4 is to be 
mounted. 300 series stainless steel is used. 

Price . . . . ................ $17.50 each 

TYPE COS-004 (For Conventional Application) 
The COS-004 mounting adapter allows use of the 
P03BA4 in conventional ''plumbing'' applications, 
such as standard AN fittings. Minimum volume is 
maintained through its use, thus preserving the 
high natural frequency of the P03BA4 to as great 
an extent as is possible. 300 series stainless 
steel is used throughout. 

Price . . . . ................ $15.00 each 
(COS-004-1 and COS-004-2) 

*Adapters with electrical connectors available upon special request. 



MICRO SYSTEMS s INCORPORATED PIONEERS IN SOLID STATE SENSORS 
FOR STRAIN, TEMPERATURE, FORCE, 
PRESSURE, LIGHT, AND DEFLECTION. 

ENGINEERING BULLETIN 

DISPLACEMENT TRANSDUCER, SERIES DOl FOR STRUCTURAL TEST APPLICATIONS 

The DOl AU5 transducer constitutes a significant improvement in displacement measurement 
for structural tests over existing pot type or differential transformer type sensors with 
the following outstanding features: 

• Ruggedness 
~ 

.( •.7 • Infinite Resolution 

~ 
~ 

' 

J • No Wearing Parts 

• Built-in Deflection Stops 

• High Output 

• Simple Associated Circuitry 

The type DOl AU5-2000 displacement transducer is an extremely rugged and reliable precision 
instrument composed of abendingbeaminacast aluminum housing. The beam is instrumented 
with solid state strain gages arranged in a full Wheatstone bridge to give high sensitivity as 
well as infinite resolution over the entire operating range. The housing provides two surfaces 
at 90° to each other for easy mounting. Overload protection is incorporated in the transducer 
to allow no more than 15 pounds force to be applied before the loading hook or wire will break. 
The loading hook and wire can be replaced in a matter of minutes. 

SPECIFICATIONS, TYPE DOl AU5 

Full Scale Range 
Bridge Resistance 
Excitation 

*Sensitivity 
Linearity, Hysteresis and 

Repeatability combined 
Resolution 
Zero Balance 
Operable Temperature Range 
Compensated Temperature Range 

Thermal Zero Shift 
Thermal Sensitivity 

Loading Force 
Full Scale 
Break Out 

Physical Configuration 

Electrical Connection 

0-2 inches or ±1 inch (other ranges available) 
350 ohms, nominal 
10 volts 
2 volts nominal at full scale 

Less than ±0 . 75% of full scale 

Continuous 
±2% of full scale 
-65°F to +180°F 
+50°F to +150°F 
1% of full scale over 100°F 
1% of deflection over 100°F 

Approximately 3 lbs 
Approximately 1 lb 
8" (L) x 2" (W) x 2-1/ 2 11 (H) 
Approximately 18 ounces 
Case mounted connector type WK5 

mating connector supplied 

*Dropping resistors to attenuate output to other standard values optional. 

Price Schedule 

RET-4 0 ct. '61 
1 - 4 units 
5 - 24 units 

$325.00 
$290.00 

25 - 99 units 
100 - units or 

$260. 00 
50.00 EMT-2 9/ 61- 5M 

319 Agostino Rd., San Gabriel, California • ATlantic 7-0584 • A subsidiary of Electro-Optical Systems Inc. 
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SPECIFICATION 
FOR 

PRESSURE TRANSDUCER 
INSTRUMENTATION SYSTEM 

SECTION l. GENERAL REQUIREMENTS 

PI-120 
(former designation 
AFF-SAC-2014) 

1-01. SCOPE. Furnish and deliver pres sure transducers in accordance 
with this specification. 

1-02. CODE CONFORMANCE. Electrical components, materials and details 
of construction and assembly shall conform with requirements of latest 
issue and revisions of "National Electrical Code" of National Board of Fire 
Underwriters and "National Electrical Safety Code" of United States 
Department of Commerce. Approval of above agencies is not required, but 
equipment shall be designed, constructed and assembled so that intent of 
Codes will be fulfilled at least to extent that equipment shall not 
constitute fire hazard nor unguarded source of electrical shock to 
operating personnel. 

1-03. DRA\nJINGS. Submit six (6) certified prints showing dimensions 
and mounting details. 

1-04. DESIGN AND WORKMANSHIP. The design and construction of all 
components, assemblies and associated wiring shall reflect the most modern 
practice and finest degree of workmanship for this type and class of 
equipment. Construction and workmanship of components, assemblies and wiring 
not so specified shall conform to the highest standards of practice as 
regards ease of maintenance, mounting rigidity and neat appearance. 

1-05. DEVIATIONS from these specifications may be made only after 
written authorization is obtained from Buyer. No change in work involving 
an increase or decrease in Contract price will be authorized except by 
Purchase Order change. 

1-06. INSPECTION AND ACCEPTANCE. Seller shall furnish a certificate 
to show full compliance with specifications. Final inspection and acceptance 
will be made after installation at Buyer's facility. 

1-07. 'ltJARRANTY. Seller shall warrant performance of equipment to meet 
or exceed the requirements of this specification, and in addition, shall 
warrant complete unit to be free of defects in material and workmanship for 
one year of operation. Defects found during warranty period shall be 
repaired or replaced by Seller without delay and at no additional cost to 
Buyer. 

-1-
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PI-120 

SECTION 2. TECHNICAL PROVISIONS 

2-01. GENERAL CONDITIONS. 

(a) Pressure of 25 per cent above nominal range shall not 
cause a change in signal greater than 0.5 per cent of full scale at zero 
gage pressure. An overpressure of 100 per cent shall not cause permanent 
damage. 

(b) Shock of 50 g peak intensity and 10 millisecond duration 
shall not cause permanent damage. 

(c) Materials exposed to pressure medium may be AISI Types 
302, 303, 347, 350, 410 or 416 stainless steel, iso•elastic, ni-span c. 
and Teflon impregnated Fiberglass. 

(d) Connector: Cannon WKH-5-32, or equal, mounted on 
transducer case with suitable seal. Sealing gasket shall be satisfactor,r for 
use in hydrocarbon atmosphere, liquid oxygen, and nitric acid fumes, and 
provide a water tight seal. No connection shall be made from cable shield 
to a connector shell or transducer case. 

The wiring code shall read: 

Connector 

1 
2 

3 
4 
5 

Transducer 

Positive Signal) ... For Increasing 
Negative Signal) Pressure 
Negative Excitation 
Positive Excitation 
No Connection 

(e) Leakage Resistance to case or shield shall be 1000 megohms 
minimum when tested at a potential of 50 volts DC. 

2-02. CONDITION AT 80 DEGREES F, 

(a) Input Impedance: 350 ohms plus or minus 3.5 ohms. 

(b) Output Impedance: 350 ohms plus or minus 35.o ohms. 

(c) Rated excitation: 10 volts DC. 

(d) Output Signal at zero gage pressure shall not exceed plus 
or minus 2.5 per cent full scale at rated excitation. 

(e) Pressure Sensitivity: 3 mv/v plus or minus 0.015 mv/v for 
full range. Determine by change in output signal produced by increase in 
applied gage pressure from zero to full range pressure level. 



PI-120 

(f) Accuracy: Error, including hysteresis and non-linearity, 
shall be within O.S per cent of full scale. 

(g) Difference in Pressure Sensitivity due to non-repeatability 
under identical conditions shall not exceed 0.3 per cent. This value is 
based upon an estimated 0.15 per cent test error and 0.15 per cent instrument 
error. 

(h) 
shall be 2 and 3. 
indicated below. 

Calibrating 
Resistor (ohms) 

37,280 
56,000 

112,200 
280,700 

Terminals for keying in a shunt type calibrating resistor 
The calibrating resistors shall provide outputs as 

Output Provided -
(Fraction of positive 
full scale) 

0.75 
0.50 
0.25 
o.1o 

Tolerance 
(% of output) 

+ 0.20 
+ 0.25 
+ 0.30 
~ 1.00 

(i) Static Acceleration Sensitivity at a maximum level of 10 G 
shall not exceed 0.02 per cent or fUll scale per G along any axis. 

(j) When Pressure Transducer is vibrated lineally along any 
axis according to the folloW2ng schedule, acceleration response shall not 
exceed 0.3 per cent of full scale at any time. 

0.25 in. peak-to-peak displacement 10 cps to 20 cps 
10 G peak 20 cps to 1000 cps 

Note: Applies to 500 psi ranges and above. 

2-03 • CONDITIONS UNDER TEHPERATURE EXTREHES. 

(a) Pressure Sensitivity shall not vary more than 0.25 per cent 
of plus 80 degrees F value tetween plus 30 degrees F and plus 130 degrees 
F and 1 per cent between minus 65 to plus 30 and plus 130 to 250 degrees F. 

(b) Output Level at zero applied pressure shall not change 
mere than 1.0 per cent of full scale per any 100 degree F range between minus 
65 to plus 250 degrees F. 

(c) Output produced by application of any one calibrating 
resistor shall not vary between plus 30 degrees F and plus 130 degrees F 
by more than 0.3 per cent of the reading. 

2-04. TEST EQUIP!1EN.l'. Standards for determining conformance to 
specifications shall be: 

(a) Electrical: Leads and Northrup type K2 potentiometer, or 
equal, with Eppley Laboratory's standard Weston type cell and a suitable null 
indicator. 

--3-.. 



PI-120 

(b) Gage Pressure: A precision dead-weight tester with 
manufacturer's rating of 0.1 per cent accuracy. Ashcroft Gauge Tester 
Type 1313-A or equal. 

2-05. PREPARATION FOR SHIPPING. Pack and crate equipment as a unit 
in such a manner that will insure it~against damage due to mechanical 
vibration, shock or strain in transit and handling. Equipment shall be so 
enclosed and protected as to preclude damage by exposure to ambient temper­
ature and humidity while in transit and storage. 

-4-



SECTION 1. 

SPECIFICATION 
FOR 

PRESSURE TRANSDUCER 
TABER TELEDYNE HODEL 176 

INSTRill1ENI'ATION SYSTE11 

GENERAL REQUIREMENTS 

PI-121 
(former designation 
AFF-SAC-2030) 

1-01. SCOPE. Furnish and deliver Taber Instrument Corporation 
Hodel 176 strain gage pressure transducers, or equal, in accordance with 
this specification. Transducers shall have a ni-span c. strain sensitive 
element. 

1-02. CODE CONFORMANCE. Electrical components, materials and 
details of construction and assembly shall conform with requirements of 
latest issue and revisions of 11National Electrical Code 11 of National Board 
of Fire Underwriters and "National Electrical Safety Code" of United States 
Department of Commerce. Approval by above agencies is not required, but 
equipment shall be designed, constructed and assembled so that intent of 
Codes will be fulfilled at least to extent that equipment shall not 
constitute fire hazard nor unguarded source of electrical shock to operating 
personnel • 

1-03. DRAWINGS. Submit six (6) certified prints showing dimensions 
and mounting details. 

1-04. DESIGN AND WORKl1ANSHIP. The design and construction of all 
components, assemblies and associated wiring shall reflect the most modern 
practice and finest degree of workmanship for this type and class of 
equipment. Construction and workmanship of components, assemblies and wiring 
not so specified shall conform to the highest standards of practice as 
regards ease of maintenance, mounting rigidity and neat appearance. 

l-05. DEVIATIONS.from these specifications may be made only after 
written authorization is obtained from Buyer. No change in work involving 
an increase or decrease in Contract price will be authorized except by 
Purchase Order change. 

1-06. INSPECTION AND ACCEPTANCE. Seller shall furnish a certificate 
to show full compliance with specifications. Final inspection and 
acceptance will be made after installation at Buyer's facility. 

1-07. WARRANTY. Seller shall warrant performance of equipment to 
meet or exceed the requirements of this specification, and in addition, 
shall warrant complete unit to be free of defects in material and 
workmanship for one year of operation. Defects found during warranty period 
shall be repaired or replaced by Seller without delay and at no additional 
cost to Buyer. 

-1-



SECTION 2. TECHNICAL PROVISIONS 

2..01. GENERAL CONDITIONS •• 

(a) Pressure of 25.0 per cent above nominal range shall not 
cause a change in signal greater than o.5 per cent of full scale at zero 
gage pressure. An overpressure of 100 per cent shall not cause permanent 
damage. 

(b) Shock of 50 G peak intensity and 10 millisecond duration 
shall not cause permanent damage. 

(c) Materials exposed to pressure medium may be AISI types 
302, 303, 350, 347, 41o or 416 stainless steel, iso-elastic, ni-span c. and 
Teflon impregnated Fiberglass. 

(d) Strain Sensitive Element: Ni-span c. 

(e) Electrical Connection to Transducer: Cannon WKH-5-32, or 
equal , hermetically sealed connector attached to transducer case. Provide a 
waterproof gasket seal between connector and transducer. Seal shall be 
satisfactory for use in hydrocarbon atmosphere, liquid oxygen, and nitric acid 
fumes. The wiring code shall read: 

Connector 

1 
2 
3 
4 
5 

Transducer 

Positive Signal)_ F r 
Negative Signal) 0 

Negative Excitation 
Positive Excitation 
No Connection 

Increasing Pressure 

(f) Leakage Resistance to case or shield shall be 100 megohms 
minimum when tested at a potential of 50 volts DC. 

2-02. CONDITIONS AT 80 DEGREES F. 

(a) Input Impedance: 350 ohms plus or minus 3.5 ohms. 

(b) Output Impedance: 350 ohms plus or minus 35.0 ohms. 

(c) Rated Excitation: 10 volts DC. 

(d) Output Signal at zero gage pressure shall not exceed plus 
or minus 2.0 per cent full scale at rated excitation. 

(e) Pressure Sensitivity: 3.0 mv/v plus or minus 0.015 mv/v 
for full range. Determine by change in output signal produced by increase 
in applied gage pressure from zero to full range pressure level. 

(f) Accuracy: Error, including hysteresis and non-linearity, 
shall be within o.5 per cent of full scale. 

-2-



(g) Differences in Pressure Sensitivity due to non-repeat­
ability under identical conditions shall not exceed 0.3 per cent. This value 
is based upon an estimated 0.15 per cent test error and 0.15 per cent 
instrument error. 

(h) 
shall be 2 and 3. 
indicated below. 

Terminals .for keying in a shunt type calibrating resistor 
The calibrating resistors shall provide outputs as 

Calibrating 
Resistor (ohms) 

37,280 
56,000 

112,200 
280,700 

Output Provided 
(Fraction of Positive 

Full Scale) 

0.75 
o.5o~ 
0.25 
0.10 

Tolerance 
(% of Output) 

+ 0.20 
+ 0.25 
+ 0.30 
I 1.oo 

(i) Static Acceleration Sensitivity at a maximum level of 
10 G shall not exceed 0.02 per cent of full scale per G along any axis. 

(j) When Pressure Transducer is vibrated lineally along any 
axis according to the following schedule, acceleration response shall not 
exceed 0.3 per cent of full scale at any time. 

2-03. 

0.25 in. peak-to-peak displacement 10 cps to 20 cps 
10 G peak 20 cps to 1000 cps. 

Note: Applied to 5000 psi ranges and above. 

CONDITIONS UNDER TE!1PERATTJRE EXTREr1ES. 

(a) Pressure Sensitivity shall not vary more than 0.25 per 
cent of plus 80 degrees F value betWeen plus 30 degrees F and plus 130 
degrees F and 1 per cent between minus 65 to plus 30 and plus 130 to 250 
degrees F. 

(b) Output Level at zero applied pressure shall not change 
more than 1.0 per cent of full scale per any 100 degree F range between 
minus 65 to plus 250 degrees F. 

(c) Output produced by application of any one calibrating 
resistor shall not vary between plus 30 degree F and plus 130 degree F by 
more than 0.3 per cent of the reading. 

2 -04. TEST EQUifl1ENT. Standards for determining conformance to 
specifications shall be: 

(a) Electrical: Leeds and Northrup Type K2 potentiometer, 
or equal, with Eppley Laboratory's standard Weston Type cell and a suitable 
mull indicator. 

(b) Gage Pressure: A precision dead-weight tester with 
manufacturer's rating of 0.1 per cent accuracy. Ashcroft Gauge Tester 
Type·1313-A, or equal. 
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2-05. PREPARATION FOR SHIPPING. Pack and crate equipment as a 
unit in such a manner that will insure it against damage due to mechanical 
vibration, shock or strain in transit and handliog. Equipment shall be so 
enclosed and protected as to preclude damage by exposure to ambient 
temperature and humidity while in transit and storage. 
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SPECIFICATION 
FOR 

UNOONDED STRAIN GAGE ACCELEROMETER 
I1>5TB1H£NTATION SYS'rEI-1 

SECTION lo GENERAL REQUIR»mm'S 

PI-122 
(former designation 
AFF..SAC-2031 _ ..... .._ 

l.,.Olo SCOPEo Furnish and delivel" Statha:m Laboratory-ns unbomad strain 
gage accelerome'EGir" or equals in accordance with this specificationo 

1..,()2o COIE CONFORr1A.NCEo Electrical ccxaponents11 materials and · details 
of constructiOn 8iif assemh$ shall conform with requirements of latest issue 
and revisions of "National Electrical Code" ot National Board or Fire Under­
uritars and UNational Electrical Safety Code" o.r United States Department or 
Conmerceo Approval by above agencies is not required, but equipment shall bJ 
desi€~·ed, constructed and assembled so that intent or Codes will be :fulfilled 
at leest to extent that equipment shall not consti:t.ute fira hazard nor unguarded 
source of electrical shock to operating persormat o 

l....,03o DRAWIUGSo Submit s:ix (6) certified prints showing dimensions 
azxl mounting aeta:IIS 0 

1-04o DESIGN AND WORIG1ANSHIP o The design and construction of all com .. 
ponents#) assemblies and assod:ated wiring shall reflect tha most modern practice 
and finest degree of workmanship for this tqpa and class of equipnentQ Constrv.c­
tion &nd workmanship o.f' componen't.sl' assemblies ani wiring mt so spec::l.fied 
shall confom to the hi3'lest stamards of practice as regards ease of maintenance~ 
mounting rigidity and neat appearance o 

J.-05o DEVIATIONS from these specili':tcations may be Jl!ade only ai"tel written 
author'ization 13 obtalaed .from Bu;yero No change in work involving an increase 
or decrease in contract price lfil1 be authorized except by Purchase Order 
changeo 

l~o MPECTIOI~ AND ACC!Wl'ANCEo Seller shall furnish a certi.ticate to 
show full comp:[3Jii'iCi with spea:l'iCatlons o Final inspection and acceptance 
will be made atter installation at B'lzyerns facilityo 

1..07 o WARRANTYo Seller shall warrant perronnance of equip~~Ent to met 
or exceed the reCiU'iremnts of this specification:~ and in addition, shall warrant 
complete unit to be free of detects in material and workmanship for one year 
of' operationo Do.fects foum during warranty period shall be repaired or 
replaced by Seller 't-lithout delf.\Y and at no additional cost to Blzyero 

l 



SEOTim.T 2o TECHNICAL PROVISIONS 

2c()lo GENERAL cmmmous. -
(a) Stat.ic Accel.erat:t.on of 300 par cent. above nominal full scale 

shall r.;ot cause permana:1t aama:geo Positive limit stops shall be providedo 

(b) A ttaclled Cable 2 feet long shall be providedo Cable shall 
be Tensolite Imula&Cf 'Wire Compa!\V1 Inco 1 or equal, Spec:Lfication Noo 20030-14, 
4 conciu.ctor, teflon jacket, tinned G1)J>per shield, tenon insulationo Cable 
connector shall be Cannon Noo WI{ .. ,5-21C ... J/8, or equal, w.tth ·nelamine insertso 

The tdring code shall be as i:adicated belowz 

Wire Color Connector Transducer 

Black 1 ·positive signal) for 
) positive 

Red 2 legative signal) acceleration 

White .3. Negative excitation 

Green 4 Positive excitation 

Shield 5 No connecti:m 

Cable coxmectd.on to transducer case shall be tlaterproofo 
No connection shall be made from cable shield to connector .!hell or trans­
ducer caseo 

(c) ~Resistance from condu•:tors to c&'3e or shield shall 
be 1000 megohms min tes&d at a potential of 50 'VDlts DCo 

2...()2 o CONDITIONS AT 8o mxmEES F o 

(a) Inpu~ Inpdance: 35o ohms plus or minus 3o5 ohmso 

(b) Output; l:ms!dance: 35o ohms plus or minus 35oO Ohmso 

(c) Rated Excitation: 10 volts DCo 

(d) Outpu~ at zero acceleration shall not exceed plus or 
minus 2 per cent rUll aa!.i a rated excitation.. 

(e) Acceleration Sensi'lavity: 3 mv/v plus or minus Oo030 mv/v 
for full scale (eitTier positive or negative) o 

(f) Accuragyg Error, including 1\)rstents:!B and non-linearity, 
shall be within loO per cent of full scaleo 



• 
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• 

PI=l22 

(h) Res~onse to Transverse Acceleration shall not be more than 
2 per cent of sensit· :ve SX!s response for sii'iitl&r accelerationo 

(i) Accelerometer: Damped with silicore i"lilid to 00 6 to 00 8 
or critical dampingo 

( j) Terminals for keying in a shunt type calibrating resistor 
shall be 2 and )o The calibrating resistors shall provide outputs as indi­
cated belowo 

OUtput Provided - Tol erance 
Calibrating (fraction of (per cent 
Resistor (ohms) positive full scale) of output 

37~28o Oo7S t Oo20 

S6,ooo OoSO ! Oo2S 

112,200 Oo2S ! Oo30 

28o,\l700 OolO + _ loOO 

2...03o CONDITIO:tti UNDER TEMPERATURE EXTREMES: 

(a) OUtput Si~ at zero acceleration shall not change more 
than l per cent .tU11 sca:IB~ween plus JO degrees F o and plus 1.30 degrees F o 

(b) Dampi~ Co-efficient shall not vary by more than a f actor 
2 from plus 8o degrees o v8lue 'between plus 30 degrees F o and plus 130 
degrees Fo 

2...04o DEFINITIONS o 

(a) Positive Acceleration is acceleration 1n direction of base 
of acceleromatero 

(b) Acceleration SensitivitQ is minimum detectable change in 
output signal from zero acceleration to fUll range accelerationo 

(c) Positive Full Scale Output is the base used .tor calculationso 

2c:o05o PREPARATION FOR SHIPPINGo Pack and crate equipment as a unit in 
such a manner tliat wm liiSure it against damage due to mechanical vibration, 
shock or strain in transit and handlingo Equipment shall be so enclosed and 
protected as to preclude damage by exposure to ambient temperature and humiditQ' 
while in transit and storageo 
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• 
SPECIFI ~TI ON 

FOR 
LOAD CELL 

SECTION 1., GENERAL REQUIREMENTS 

PI.,.l23 
(former designation 
AFS-SAC-2016) 

l=Olo · SCOIEo Furnish and deliver Baldwin-Line Hamilton Corporation 
Type U-1 LoacfceiiS, or equal, fabricated in accordance with Baldwin-Lima­
Hamilton Corporation spe~f'ications with the following modi.f'icationso 

l...o2., CODE CO!\lFORMANCEo Electrical components, materials and details 
of construction ana asseiilbli shall conf'om with requiremsnts of' latest issue 
and revisions o:t "National Electrical Code11 of' National Board of' Fire Umer­
writei-s arxl 11 National Electrical Safety Code" of United States Department of 
Commerceo Approval by above agencies is not required, but equipment shall be 
designed, constructed and assembled so that intent of Codes will be fulfilled 
at least to extent that equiJDBnt shall not constitute fire hazard nor unguarded 
source or electrical shock to operating persomelc. · 

Jlc:Q3o DRAWINGS'.. Sulxnit six (6) certified prints showing dillw3nsione am 
mounting det8iis o .. 

l«C4o DESIGN AND IDRKM!\NSHIPo The design and construction of' all compo!V}nts, 
assemblies anCi assoa:atea Wlring sfiall reflect the most modern practid;e and 
finest degree of' workmanship for this 'tupe and class of' equipmento Construction 
and workmanship of components, assemblies and wiring not so specified shall 
conform to the highest standards or practice as regards eaae of' maintenanceg 
mounting rigidity and neat. appearance., 

l~So DEVIATIO!t3 from these specifications m~ be mads only after 
written authof!zaiion iS obtained frool B'IJ3'8ro No ehange in work involving an 
increase or decrease in contract pri(OB will be authorized except by Purdlass · 
Order changeo 

l~o I:r5PECTION AND ACCEPrANCEo Seller shall furnish a certificate to 
show full comPliance With spea:ricationso Final inspection and acceptance will 
1:8 made after installation at Buyer~s facilitq" 

. lc:C7" WARRA.Nl't. Seller shall warrant perfo:nnance ot equiJIDSnt to meet 
or exceed the reqli1i'Smanta of thie specification, and in addition, shall 
warrant complete unit to be free of defects 1n material and workmanship for 
one year of' operationo Detects f'ound during warranty period shall be repaired 
or repJ.acad by Seller without de~ and at no additional cost to Buyero 
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SECTION 2~ TECHNICAL ffiOVISI01'13 

2.,Qlo SPECIAL REQUIREME:tfl'S o 

(a) Input Resistance: 35o plus or minus 3o.5 ohmso 

(b) Output. Resistance: 350 plus or minus 5oO ohmso 

(c) ~n Circuit Electrical Ou~t: 3 mv/v in compression plus 
or minus 0 015 JfW /v or run range load appli: Load cell shall be tagged 
with output for tensile load., 

(d) Rated Excitation: 10 volts DCo 

(a) Full scale Load Rating: 5o,ooo po~o 

(£) Terminals for keying in a shunt type caliorating resistor shall 
be 2 and 3o The caiibratlng resistors shall provide outputs as indicated belowo 

Output Provided "" Tolerance 
Calibrating (Fraction of positive (per «:ent of 
R#:tsistor (ohms~ .tu.l.l scale l oute!tl 

37~28o Oo75 ! Oo20 

56g000 Oo50 ! Oo25 

112#200 Oo25 ! Oo)O 

280,700 OolO ! loOO 

(g) Electrical Outet produced by application of any om cali­
brating resistor sh8ii not vary more than0o3 per cent ot reading between plus 
30 degrees Fo and plus 130 degrees Fo 

(h) Electrical Connectian to Transducer~: Can:"JOn WKH-5-32, or 
equal9 attached to transducer caseo "Provide a waterproof' gasket seal bet'W88n 
conneCtor and transducer o Seal shall be satisf'actory tor use in hydrocarbon 
atmoSphere, liquid oxygen and nitric acid fumeso 

The wiring code shall be as ind± ated below: · 

Connector 

1 

2 

3 

4 

5 

Transducer 

Positive Signal) For 
) Conpression 

Negative Si(Jlal) Loading 

Negative Excitation 

Positive Excitation 

No Connection 
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2 ... 02., PREPARATION FOR SHIPPINGo Pack and crate equipnent as a unit 
in such a manner that Will insure it -against damage dU£) to nechanical vibration,. 
shock or strain in transit and handJ.ingo Equipment shall bH so enclosed and 
protac·l:ed as to preclude damage by exposure to antbient tempurature and humidi't8 
while in transit and storageo 
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PROJECT PLAN FOR PROJECT 170 

Photodevice Development 

Project Leader: .........•. ~z.Cz.~t~g~l ......... . 

Approved Section Head: ........................•. 

Approved Directors Office: ...................••. 

PROJECT OBJECTIVE: 

The development of new photodevices, the evaluation and product design 

necessary for transferring the devices to a manufacturing facility, and the 

support of manufacturing and marketing activities. This project consists of 

five main tasks at this time. 

Task 1. Development of the XP-3 family of photodevices 

Task 2. Development of photodiode arrays 

Task 3. Development of light emmiting devices 

Task 4. Investigation and development of special photodevices 

;1 llldil> , • e ueioitt 

TASK 1. DEVELOPMENT OF XP-3 FAMILY OF DEVICES 

Task Objective: The development of a photodiode and phototransistor that can 

be manufactured for a prime cost of 10 cents maximum. The devices to be 

mounted in plastic and/or glass packages. The physical size of the package to 

be such that the device can be used to read an IBM card in parallel. 

Principal Problems: 

f.. 1) Development of lead attaching methods. Primary methods under consideration: 

a) High temperature die attach 

b) Tin die attach 

~2) Development of a plastic encapsulation method 
----( 3) 'Development of a glass encapsulation method 

4) Diffusing devices with uniform photoresponse characteristics 

5) Dicing of devices to tolerance required 

6) Evaluation of devices with and without package 
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Project Plan for Project 170 

Schedule: Please see Appendix A. 

TASK 2. DEVELOPMENT OF PHOTODIODE ARRAYS 

Task Objective: The development of high density photodiode arrays for use in 

electrostatic printing and other applications. The devices should have break­

down voltages of approximately 500 volts. 

Principal Problems: 

1) The obtaining of the yield required. The main problems seem to arise 

in the photoresist and diffusion operation. 

2) Slicing of the wafers into strips. Present equipment is inadequate, 

and new equipment should be developed. 

3) Packaging of the arrays. Two methods are being investigated. 

a) This method consists of fabricating the devices on a silicon bar 

which will be a self-contained unit. The problems with this method 

are: 

Photoresist: Development of techniques for bringing a contact 

from the device around a corner of the bar to give a rubbing­

type contact to the read out dielectric. 

Plating: The contact to the paper requires a hard surface to 

withstand wear. Rhodium will probably be used. 

Bar Fabrication: Techniques have to be developed to fabricate 

the bars in the shape required. 

b) This method consists of fabricating the devices on regular wafers 

and thenattaching the arrays to a bar of silicon (or other material) 

to make the electrical contact to the dielectric. The problems 

with this method are basicly the same as with method a) above. This 

method has the additional problem of requiring that electric con­

nections must be made between the arrays and the bar. This connection 

will require the development of new techniques because conventional 

lead bonding would be too expensive except f or developmental samples. 

This method has the advantage that the arrays can be built on stan­

dard wafers and the material used in the bar does not have to be 

high grade silicon. 
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Project Plan for Project 170 

Schedule: Please see Appendix B. 

TASK 3. DEVELOPMENT OF LIGIIT-EMMITING DEVICES 

Task Objective: The development of high speed light-emitting devices with 

maximum light output and efficiency. 

Principal Problems: 

1) Evaluation of FT 6200 (FSP-102 & 103) light pulser 

2) Fabrication and evaluation of FT 7000 for light pulser application 

3) Development of measurement techniques. (Project No. 179) 

4) Issue Technical Report on light pulsers 

Schedule: Please see Appendix C. 

TASK 4. INVESTIGATION AND DEVELOPMENT OF SPECIAL PHOTODEVICES 

Task Objective! This task consists of development of photodevices for special 

application and investigation of the various Fairchild techniques and products 

as photodevices. 

Work performed on this task is not scheduled in a formal manner. Most of the 

work is performed on a time available basis or depends on the time requirements 

of other projects. Items being covered by this task are as follows: 

. iJtt. i1f_.;., 1 V/ I 1) XPT-2 Darlington phototransistor 

·~ 1 ~ ,l~anar lateral photodevice 

~- 3) Photochoppers with associated electronic circuits 

~ ~ 4) Special phototransistor array for data storage project 

1tz ~si-t ;;:J$) Special scanner photo diode for Sam Levine 

~Problem: Hole in silicon wafer without developing cracks. 

Fabricating. 

TASK 5. SUPPORT OF MANUFACTURING AND MARKETING ACTIVITIES 

Task Objective: Assist other activities as required to ma~ufacture and obtain 

sufficient information to specify and market the devices. 
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Project Plan for Project 170 

This task consists of performing special tests required by other activities; 

it also includes answering customer inquiries, customer contact, training of 

application engineering personnel on the properties of photodevice and testing 

methods, and obtaining information for preparation and registration of devices. 

PERSONNEL: 

For 
Estimated Estimated Estimated 
Percentage Number of Number of 

Nam,e Job Title of Time Months Hours 

E. Biegel Sr. Engineer 40% 6 400 

P. Ullman Sr. Engineer 80% 6 800 

w. Wheeler Research Assoc. 70% 6 700 

o. Littrell Sr. Laboratory 80% 6 800 
Technician 

F. Rittiman Lab. Technician 80% 6 800 

Research Associate (to be hired) 25% 4 160 

Electro-Mechanical Engineer 50% 4 320 
(to be hired) 

EQUIPMENT NEEDS: 

1 engle bell jar evaporation system; approximately $5000; required approximately 
1 June 1962 

1 dice scriber for pilot line 

2 dice probes with microscope; approximately 600 

1 Tektronix square wave generator; approximately 400 
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ITEM JAITUARY 

50 Transistors mounted on ~----------------~ 
headers per prel. spec. 
1000 Transistor dice for 
Lead attach and encapsulat on 

Lead attach and encaP• 75 
units each met~od. 
Evaluate 50 units mounted 
in ttem 1. 
Evaluate 50 units o:f each oup 
of item 3· 
Run of XP3 on Epitaxial m erial 
and evaluate 5o units ~n h nders 
Prepare 900 dice ~sing 2 1 ad trans.~6~ .;i 
alt. optional unless neces ary ~· 
Prepare 900 dice using 2 1 ad 
diode uith alt. config. if reqd 

9• Prepare 600 dice using 3 1 
transistor eonf. with alt. 

10. Evaluate items produced 1 
7,8,9 as reqd. (50 units e 

11. Dice Decision 
~ 

12. New l1ask Stepped 

13. Envorimential testing 
and product evaluatibn. 

lL~. Pkg. and r1td. decision 

16. 

18.· 

20. 

21. 

L~ Prototpye runs of 
transistor config. 
Evalu~te ~0 units : f 
each run itom 15. 
Complete tent. spec. 
from XPT-3 
4 Prototype runs of 
diode config. 
Evaluate 50 units of 
each r un ito~ 18. 

Complete t ent.speo. of 
XPD-.3 
Tooling discuaalon and sp o. 
eval. of tooling. 
product transfer of XP'r-3 
and XPD-3 

23. Procure and evaluate prot type 
_____ ounting b~~~~~---===~ 

if reqd 

/· h23-.62---
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ITEM JANUARY FEBRUARY ' MARCH APRR MAY JUNE 
1. Development ct diode array: ' -,_ 

-:_ on wai'era ~ 

2· Developm nt of diode array L 
. -mounting bar I' 

L ~-
/ 

3· Complete first prototype r 
mounting bar X - ··--' '( -

4· Complete first working dio e 
)K a:rray on ~ount1ng bar . 

5· Fabricate diode array: in s ~)..icon .... 
bar- a.~avrication of diad~ ~s- ,I 

...1 b. contact techniques 
[, 
f' 'I 

6. Tranter operating array to )< 
project 190 c 

7• Bave new maak stepped for X . 
diode array-regular • -

~ 

/ ---a. Investigate shunt writing strip 
" 

/ 

requirements ~ 

9· Have mask stepped for shw t ' 

{ . 
writing arrays . 

IJ.o. Development of diode a.rra:. s .. 
for shunt writing r - '~ 

11. Fabricate mounting board 1 or . - ... 
" 

, 
shunt writing diode array . 

~2. Complete first working die de ,, 
array for shunt writing. / ' rt3· Transfer shunt tRPiting ... K / array to project 190 . 

14· Developmant of diode arra~ s ) 
, 

approx. 30% complete " 

. 

. 
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I ... l..C:I. JANUARY FEBRUARY J I-!ARCH APRIL MAY ,, JUNE 

Ll .J 
l. CHARACTERIZE FLP•l I' t ,, 

- . I· - -Fabricate light pulsars 
...L ~ 

2· using FT7000 masks ~ 
I· 1-t~ 

Fabricate light pulsar / ... 3· diodes using P-material I'\. / . 
r---- -_J -

4· Fabricate light pulsar - :z I d!odee 1ng ~material " !r'l -
5· Evaluate Light Pulsar of J .... 

item 2 ' 
, 

' Evaluate Light Pulser of ~ L ' 6. item 3 .... / 

J Evaluate Light Pulser of t.. 

7· .. r- ...... , item 4 
a. Pack~ investigation .X :.. _,. 

1-.. 
, 

for -3 
• [' 

9b ~ci~n on configuration . X ., or -.3 
L I _J Enviorimental testing of ... 

'"Oo I -, XLP-3 . 
1. ma Sheet Release for ) v 

-3 I'. 

2o Manufacturing process 
) ' specification release. i1 --, . 
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SUPPORTING RESEARCH 
Job No. Job Tit1e 
1 0 5 Cxidation Studies 






