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by M r .  John Spoer of Te€edyne. 
by M r .  A. Halpenny of Halpen Engineering on t h e  metal s h e a t h  
cable development and by #r. Bob Creamer of G on t h e  275Y 
mul t ip lexer .  I n  t h e  Sandia p r e s e n t a t i o n s ,  MK. Bruce Draper 
reviewed e l e c t r o n i c  compo e n t  development, M s .  Peggy Bonn re- 
viewed t h e  f a b r i c a t i o n  of a 275OC temperature  tool us ing  new-, 
Teledyne hybr ids ,  M r .  Joe Coquat reviewed cableheads e 

as w e l l  as p resen t ing  t h e  p re l imina ry  desi  ombination 
tool. D r .  Tony Veneruso chaired the  meet 
detailed review of t h e  a program. 

I n  t h e  execut ive '  sessio lowing the  me 
committee s t r o n g l y  rec ed c o n t i n u a t i  
component and c i r c u i t  nd e s p e c i a l l y  for 
conductor devices ,  I n  a d d i t i o n ,  t hey  str 
c o n t i n u a t i o n  of t h e  d i e l e c t r i c a l l y  isola 
w i t h  Harris Semiconductor and t h e  longe r  
phosphide diodes and solid state switches.  
also recommended for e f f o r t s  i n  t h e  areas 
viewer, experimental  275OC pro to type  too 
s u r e ,  flow and caliper), and cas ing  and cement in spec t ion .  They 
also recommended con t inua t ion  of the  R&D on t h  q u a r t z  p r e s s u r e  
gauge if t h e  c u r r e n t  experiments are success fu  w i t h  t h e  slotted 
quartz discs. On the nega t ive  side, the committee recommended 
less emphasis be placed on amorphous metal f i l m  research and 'on  
f i e l d  t e s t i n g  by Sandia f o r  other DOE/DGE p r o j e c t s ,  

5. N e w  Zealand Geothermal - On January  27, 1981, M r .  E. 
Lindsay D. Fooks, I n v e s t i g a t i o n s  Engineer f o r  Geothermal Proj- 
edts i n  New Zealand, v i s i t e d  Sandia and reviewed Sandia ' s  geo- 
thermal  logging program and t h e  d r i l l i n g  and completion program 
a c t i v i t i e s .  

Progress r e p o r t s  were also g iven  ' 

. 

6 .  Mineral In su la t ed  Cable - On January  27, 1981, M r .  Barry 
W. Palmer of BICC Pyrotenax, Ltd . ,  Prescot, England, v i s i t e d  
Sandia  and d iscussed  the a p p l i c a t i o n s  of minera l  i n s u l a t e d  
cable, 
a n  i n s u l a t o r ,  Mr. Palmer  said t h a t  h i s  f i r m  prefers MgO because 
t h e  other major a l t e r n a t i v e s ,  Si02 and mica powders, have s e v e r e  
handl ing and manufacturing problems. The Si02 powder is a 
hea l th  hazard,  and t h e  mica undergoes phase changes du r ing  
annea l ing  which r e s u l t  i n  vo lumetr ic  expansion 
damage t o  t h e  sheath.  

7. Measurements-While-Drilling (MWD) - On January  27, 1931, 
D r .  R. E, Hanneman, Manager of Materials Programs and Evaluat ion 
Operation, Corporate Research and Development, General  Electric f 

Company, Schenectady, New York, v i s i t e d  Sandia d reviewed 
Sandia '  s geothermal logging a c t i v i t i e s  w i th  Mr oe Coquat and 
Dr .  Tony Veneruso. D r .  Hanneman stressed t h e  growing importance = 

of high temperature  e l e c t r o n i c  components f o r  geothermal and for  
d e e p h o t  o i l  and gas. D r .  Hanneman also suggested t h a t  Sandia 

Concerning Sandia ' s  i n t e r e s t  i n  a l t e r n a t i v e s  to  MgO as 

consequent 

4 
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11. I n t e r n a l  R&D 

A. High Temperature C onen t s  - B. L. a p e r  (505) 844-2132 

Ob jec t ive  - Develop and commercialize t h e  h igh  
t r o n i c  component technology which i n d u s t r y  re 

27 *F)  geothermal l e  ins t rumenta t ion .  

1. Pass ive  E l e c t r o n i c  Devices - B. L. Dr 

n v e s t i g a t i o n  of ca 

emperature elec- 
res 'for 275OC 

i tors  i n  t h e  1000 p 
d components s u i t a b  

n February, w i t h  1 

VF range has 
u s e  i n  2 7 5 V  begun i n  an  effor t  t 

hybr ids ,  Parts from a1 manufacturers  hav en  ordered and 
i n i t i a l  tes ts  w i l l  b 
fo l low . 

2. Act ive Devices - B. L. Draper (50s )  844-2132 

nn+ s i l i c o n  
's IC proces- 
+ 

Diodes - Aging tests 
diodes fabricated from 0.3 Q-cm material i 
s i n g  f a c i l i t y .  These diodes, which were o r i g i n a l l y  d i scussed  i n  
J u l y  1980's Progress Report, d m p l a y  very  l o w  leakage c u r r e n t  
d e n s i t y  ((30 mA/cmL at 3 0 0 a C )  b u t  there was some concern t h a t  
impur i ty  d i f f u s i o n  at 3OOOC could  degrade minor i ty  carrier l ife- 
t i m e  (and i n c r e a s e  leakage c u r r e n t ) .  A t  t h e  end of January o n l y  " 
60 hours  of t e s t i n g  a t  300OC had been completed, w i t h  no change 
i n  characteristics observed, More complete informat ion  w i l l  be 
reported n e x t  month. 

re begun on high-l i f  

JFETs - Tes t ing  of -20 d i f f e r e n t  types of commercial n- and 
p-channel JFETs w a s  done i n  January  (Kyle White). T rans fe r  
characteristics a t  lVDsl = 5 vol t s  for some of t h e  more i n t e r -  
e s t i n g  d e v i c e s  are shown i n  F igu res  l a  through l g .  
to be d iscussed  i n  t h i s  report were from I n t e r s i l .  A s  noted i n  
many previous  reports, t r a n s i s t o r  characteristics are very 
manufacturer-dependent.) The 2N4860 (n-channel), 2N3329 
(p-channel),  2N5116 (p-channel),  2N3993 (p-channel),  2N2607 
(p-channel), and IT100 (p-channel) a l l  had well-defined zero- 
tempera ture-coef f ic ien t  (ZTC) r eg ions  (somewhat unusual i n  
commercial p-channel d e v i c e s ) ,  l o w  gate leakage,  and l o w  d r a i n  
c u r r e n t  a t  pinch=off ,  I n  a d d i t i o n ,  t h e  2N5432 (n-channel) was 
found to have a high I 
d r a i n  leakage. 
v e r s i o n  of the  27SOC v o l t a g e  r egu la to r :  t h e  o u t p u t  c u r r e n t  capa- 
b i l i t y  might be g r e a t l y  improved ove r  the  30 mA now a v a i l a b l e .  

( A l l  d e v i c e s  

a t  275OC w i t h  r e l a t i v e l y  l o w  gate and 
This d88fce shows promise f o r  use i n  a modified 

C i r c u i t s  - Two single-package vo l t age  r e g u l a t o r s  delivered to  
Sandia from Teledyne/Philbrick have fa i led a f t e r  fewer than  50 
hours  a t  275OC. F a i l u r e  a n a l y s i s  is now underway a t  Sandia  
(Peggy Bonn). One problem (which may or  may n o t  be related t o  
t h e  early f a i l u r e s )  t h a t  was discovered e a r l y  i n  t he  tests was 
excess ive  hea t ing  above ambient. The i n c l u s i o n  of t h e  p a s s  
t r a n s i s t o r s  and t h e i r  associated heat i n  the same package as t h e  
rest of t h e  e l e c t r o n i c s  may cause r e g u l a t i o n  and aging problems 

- 
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Figure  2. Scanning Electgon Figure  3. Scdnning E lec t ron  * 
Micrograph of Prototype p - n  
GaP High Temperature Diode 
(chip s i z e  is 380 cun x 380 m) J u n c t i o n  T r a n s i s t o r  (BJT)* 

Micrograph of Proto type  pnp 
GaP High Temperature Bipolar  

( c h i p  s i z e  is 500 vm x 750 vm) 

B. Develop 275OC Temperature Tool - J. A, Coquat (505) 844-1910 

One new set  of e l e c t r o n i c s  w a s  assembled, and t h e  vo l t age  t o  
frequency conve r t e r  was rep laced  on t h e  tool t h a t  f a i l e d  du r ing  
c a l i b r a t i o n  i n  December. 

C. Develop 275OC P res su re  Tool - T o  McConnell (505) 844-7185 

P r e s s u r e  tests were begun on t h e  s lot ted q u a r t z  r e s o n a t o r  b u t  
r e s u l t s  have n o t  y e t  been 

D. Upgrade Televiewer - F. Heard (505) 844-2377 ~ 

As r epor t ed  i n  t h e  December- monthly, f a i l u r e  of an  O-ring on the 
high p r e s s u r e  feedthrough caused o i l  and subsequent ly  borehole 
f l u i d ,  to  be forced through the  tool i n  t h e  f i e l d  test a t  Fenton 
H i l l .  Damage was found i n  t he  flooded electronics s e c t i o n ,  The 

t 

*The GaP t r a n s i s t o r  shown i n  F igure  3 may also be d r i v e n  as an 
n-channel j u n c t i o n  f i e l d  e f f e c t  t r a n s i s t o r  (JFET) where t h e  base 
reg ion  s e r v e s  as the channel and t h e  collector and emitter 
r eg ions  f u n c t i o n  as upper and lower gates, r e s p e c t i v e l y ,  
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Bakersfield, Ca l i fo rn ia .  
swi tch ,  a v o l t a g e  m u l t i p l i e r ,  an  o s c i l l a t o r , . a n  a m p l i f i e r ,  a 
m a g n e t o s t r i c t i v e  t r a n s m i t t e r ,  and a p i e z o e l e c t r  
Comments and sugges t ions  from t h e  committee mem 
s tud ied .  

T h i s  c i r c u i t  c o n t a i n s  a Spry t ron  

I. Addi t iona l  F i e l d  Tests - F. Heard 8 4 4-2377 

The Sandia f i e ld  test hois t  u n i t  t ra i le r  is o u t  of s e r v i c e  
temporarily so t h a t  it can be f i t t e d  w i t h  new diesel g e n e r a t o r s  
and r e p a i r s  made t o  the  hydrau l i c s  and mechanical systems. 
Completion is expected by t h e  beginning of March. 

J. Pump Dielectric and Seal Components - A. Veneruso 
(505)  844-9162 

A review of laboratory tes t  techniques an 
were i n i t i a t e d  t o  i n v e s t i g a t e  t he  thermal 
ior of Kapton@ electrical i n s u l a t i o n  up t o  2OO0C. 
used t o  i n s u l a t e  motor windings i n  the downhole geothermal 
pumps. 
been started to  f i n d  a method of d e t e c t i n g  and record ing  t h e  
presence of water i n  t h e  motor's o i l  i n s u l a t i o n  bath. 

rature search 
roscopic behav- 

The Kapton is 

An i n v e s t i g a t i o n  of chemical i n d i c a t o r  techniques  has  

K. Geopressured Logging - T. McConnell (505 )  844-7185 

Gain measurements were started on the  chopper-s tab i l ized  ampli- - 
f i e r  c i r c u i t .  Resu l t s  i n d i c a t e  an  excess ive ,  -20%, change i n  
g a i n  ove r  t h e  temperature  range of 0-200OC. Fur the r  a n a l y s i s  
w i l l  cont inue  t o  determine t h e  cause. 

L. Components Handbook - P. Bonn ( 5 0 5 )  844-4775 -- 
_/- 

A major p o r t i o n  of t h e  data for t h e  components handbook h a s  been 
gathered and arranged according t o  component type. The informa- 
t i o n  t o  be included for  each component type  is being d i scussed  
w i t h  Sandia  Technical  S ta f f  members. 
ready  for review dur ing  t h e  e a r l y  par t  of February. 

A rough d r a f t  should be 
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v e r s i t y  (E. E. Dept.) 

F i t c h  and J. Pr ince  / 

a Sandia  Tech. 
Mon i tor: Phone (‘505) 844-2132 

Con t rac t  , October 1980 t o  September 1981 
Duration: 

0 0 :  28-7356 
orted By: DOE/ thermal  Logging Development Program 

- Characte commercial and experimental  i n t e g r a t e d  
l i n e a r  and d i g i t a l )  and RF d e v i c e s  up t o  325OC. 
these test  res ts i n  order t o  produce des 
emperature ICs nd RF t r a n s i s t o r s .  

u a n t i t a t i v e  r e s u l t s  of t e s t i n g  t h e  CMOS/SOS i n v e r t e r  
made by in t e rconnec t ing  complementary SOS CMOS t r a n s i s t o r s  on 
the  RUBIE t es t  c h i p  du r ing  December are shown i n  F igures  4 and 
5, Recognizable a y u s e f u l  I-V curves  were ob ta ined  
t tempera tures  to t e x c e s s i v e  supply c u r r e n t . d r a i n .  
bove 2 O O O C  , t h e  , o u t  r c u i t  c u r r e n t s  d reased. T h i s  

is a t t r i b u t e d  i n  pa e a t i n g ,  inasmuch s t he  d e c r e a s e  
was more than  t h a t  from carrier mob 
225OC some leakage  through t h e  g a t e  oxide  w a s  observed (2.7 x 
l o 3  A / m 2  a t  375OC ambient) . 
from s i l i c o n  t o  and is suggested as a 

Schot tky  or  Poole-Frenke1,emission 

ossible mechani ed a c t i v a t i o n  energy is i n  
eighborhood of 

--c--- 
used i n  t h e  

wi tch ing  regime n t r o l l e d  resistor h 
e s u l t s  to  date have n w i t h  t h e  
recovery diode which gave an 

0.1 VS. Under similar 

c 

MHz and 275OC, and had a rec- 
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cond i t ions ,  a n  HP 5082-2080 Schottky diode gav n l y  3 dB isola- 
t i o n ,  b u t  showed l i t t l e  s t o r a g e  time e f f e c t ,  The c u r r e n t  con- 
trolled resistor gave good i s o l a t i o n  a t  275Y b u t  had a t i m e  
c o n s t a n t  of 2 vs, or 10 cycles of t h e  s w i t c h e  

> 
a 
0 =z 

------ 
I I I 1 1 1 I 

0 I 2 3 4 5 

Figure  4. Voltage Trans fe r  
Characteristic Curves for 

- -  
SOS I n v e r t e r  a t  Various 
Tempera t u r e s  _. 

I I I I 1 I '1 

I I 1 t I I ll 
0 1 2 t 4 S 

- -  VI, v - 

Figure  5, Supply Cur ren t  
Demand of SOS Inverter a t  
Various Temperatures 
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C. High Temperature Thick Film Development 

Con tr$c tor L 

P r i n c i p a l  
Inves t iga to r :  

Sandia Tech. 
Monitor: 

Cont rac t  
Duration: 

Contract No: 
Supported by: 

Purdue Un ive r s i ty  (Materials and E. E. Depts.) 

Prof.  R. W. V e s t  
Phone (317) 749-6244 ---- 
Bruce Draper 
Phone (505 )  844-2132 

October 1980 t o  March 1981 

28-7200 
DOE/DGE Geothermal Logging Development Program 

Ob 'ec t ive  - Develop a fami ly  of ceramic t h i c k  f i l m  materials 
h v e ,  resistive, d i e l e c t r i c ,  and semiconductive) which 
re ta in  u s e f u l  electrical and mechanical c h a r a c t e r i s t i c s  f o r  bo th  
extended pe r iods  (10s h )  a t  3OOOC and s h o r t  p e r i o d s  (1000 h )  a t  
soooc. 

S t a t u s  - Previous results on medium K d i e l e c t r i c s  i nd ica t ed  t h a t  - 
it was p o s s i b l e  t o  f a b r i c a t e  a c a p a c i t o r  w i th  AC/Co of 23% 
(25-5OOOC) and d i s s i p a t i o n  f a c t o r  (D.F.) of 26% a t  SOOOC i n  t h e  
F r i t  lB-SrTiOz-BaTi03 system wi th  a th ree - s t ep  process (Dielec- 
t r ic  No. 17) .  However, thermal  s t o r a g e  tests demonstrated t h a t  
AC/C (25-500OC) increased  t o  182% and D.F. a t  SOOOC increased  
t o  230% a f t e r  1000 hours  s t o r a g e  a t  35OOC. Research t h i s  month 
was concent ra ted  on s impl i fy ing  t h e  f a b r i c a t i o n  process and 
improving t h e  thermal storage behavior.  E igh t  compositions i n  
t h e  F r i t  lB-SrTi03-TiOz-BaTi03 system were s t u d i e d  i n  tenus of 
d i f f e r e n t  f a b r i c a t i o n  processes and thermai treatments, 
one-step and two-step f a b r i c a t i o n  p rocesses  were used, and t h e  
d i e l e c t r i c  p r o p e r t i e s  of t h e  c a p a c i t o r s  were measured either as 
f a b r i c a t e d  o r  a f t e r  annea l ing  a t  50OOC. 
dence of d i e l e c t r i c  p r o p e r t i e s  as a f u n c t i o n  of  DC b i a s  from 
room temperature to  5 O O O C  of one composition was also s tud ied .  
The m o s t  promising results obta ined  so f a r  were f o r  a one-step 
processed capacitor wi th  composition 35 v/o F r i t  1 B . -  40  v/o 
BaTi03 - 25 v/o SrTiO3. The capacitor w a s  annealed a t  5 O O O C  f o r  
5 minutes  and then  fu rnace  cooled t o  room temperature after t h e  
t o p  e l e c t r o d e  w a s  appl ied.  The relative change of capac i t ance  
was +8.69% (25-63OC), -32.90% (25-338OC), -32.68% (25-35OOC) and 
-15.31% (25-500OC). Extensive s t u d i e s ,  i nc lud ing  va r i a t ion  of 
f i r i n g  temperature,  f i r i n g  t i m e ,  and d i e l e c t r i c  t h i ckness ,  w i l l  
be c a r r i e d  o u t  on t h i s  composition i n  o r d e r  t o  o b t a i n  t h e  o p t i -  
mum d i e l e c t r i c  properties i n  t h e  temperature  range of interest .  

Both 

The frequency depen- 

Adjustment of t h e  TCR f o r  t h e  l o w  end number (100 ohm/sq) resis- 
tor  was cont inued wi th  t h e  g o a l  of dec reas ing  t h e  TCR to  <lo0  
ppm/OC. Addit ion of rhodium resinate t o  formula t ions  con ta in ing  

16 



produced resistors with the properties listed 

F r i t  2A RuO2 
(v/o) (V/d (V/d 



D. High Temperature Magnetic Material Research 

Contractor:  Texas AcM Unive r s i ty  (E. E. Department) 

P r i n c i p a l  R. K. Pandey 
I n v e s t i g a t o r :  Phone (713) 845-7030 

Sandia  Tech. B. L. Draper 
Monitor: Phone (505)  844-2132 

Cont rac t  October 1980 t o  March 1981 
Duration : 

Cont rac t  No. : 28-7235 
Supported by: 

Ob e c t i v e  - Measure magnetic p r o p e r t i e s  of commercially a v a i l -  d-7- e so t and hard materials from 2 5 O  t o  4OOOC. 
l i t e r a t u r e  search for  promising developmental h igh  temperature  
magnetic materials. 

DOE/DGE Geothermal Logging Development Program 

Complete a i 

__ 

S t a t u s  - The l i t e r a t u r e  survey and theoretical materials s tudy  
on high temperature  effects and h igh  temperature  l i m i t a t i o n s  of 
high frequency t ransformer  core materials h a s  been completed. 

The experimental  data on permanent magnets has been completed. 

S e v e r a l  commercial Ni-Zn ferri tes w i t h  h igh  Cur i e  temperatures  
have been selected fo r  t e s t i n g .  Procurement is planned i n  t he  
nea r  f u t u r e .  



re shown i n  

/ 
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I n v e s t i g a t i o n s  have also been cont inued  on t h e  Si3N4 pass iva t ed  
N i  Schot tky  diodes.  The I-V c h a r a c t e r i s t i c s  fo r  bo th  unbounded 
and for AutGe preform bounded dev ices  a f t e r  500 hours  o f  ag ing  
are g iven  i n  F igure  7. 
l eakage  c u r r e n t  a t  3 V are l i s t e d  i n  Table  2. A l l  measurements 
were made a t  275OC. 

The Schot tky  barrier h e i g h t s  and r e v e r s e  

Table  2. Schot tky  Barrier Height  and Leakage Curren t  Dens i ty  as 
a Funct ion of  Aging Time a t  275OC f o r  S i 3 N 4  Pass iva ted  
Schot tky  Diodes (wi th  VR = 3Vl’ 

. 

Aginq Time, h 
0 
100 
200 
300 
400 
500 

Barrier he igh t ,  e V  
Bounded Unbounded 

1.29 1.19 
1.23 1.22 
1.23 1.20 
1.20 1.18 
1.23 1.15 
1.25 1.16 

Leakage Curren t  
Densi ty ,  mA/cm2 

Bounded Unbounded 
0.14 0.910 
3.00 0.140 
3.70 0.178 . 
3.60 0.280 
3.80 0.320 
2.20 0.350 

a. Unbounded d e v i c e  b. AutGe preform bounded 
._ -- 

Figure  7. I-V C h a r a c t e r i s t i c s  f o r  Si3N4 Pass iva ted  N i  Schot tky  
Diodes a f t e r  500 Hours a t  275OC. (Vertical  = 0.5 
mA/Div, Hor izonta l  = 20 V/Div) 

, 
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F. Commercial Production of 3OOOC Hybrid Microcircui ts  

k 

nd R.  Cook 

Sandia Tech. Richar 

Duration: 

Supported by: 

oltage regu la tors ,  
r i v e r s ,  and pu l se  c lude  fur- 

ther  min ia tur iza t io  
o r i g i n a l  pro 

1 

A l l  the  hybrids unde 
marketed and orders 

J 

/ 
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G. 
Circuits 

Investigation of Amorphous Metalization for Semiconductor 

Contractor: University of Wisconsin 

Principal J. D. Wiley 
Investigator: Phone (608) 262-3736 

Sandia Tech. 
Monitor: 

Contract 
Dura tion: 

Contract NO. : 
Supported by: 

Roger J. Chaffin 
Phone (505) 844-2609 

January 1980 to September 1981 

74-2536 
DOE/DGE Geothermal Logging evelopment P 

Objective - To investigate the related phenomena of diffusion 
and electromigration in amorphous metals and to obtain experi- 
mental data needed to assess the feasibility of amorphous metal 
films as metallization on high temperature semiconductor 
integrated circuits to improve reliability. 

Status - Work is continuing to characterize electromigration and 
recrystallization kinetics of the Ni-Nb amorphous films; 

l 
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H. Multiplexer 

Contractor: Genera tric/Houston 

Pr inc ipa l  R.  E.  Creamer 
Invest  igator: 

Sandia Tech. 
Monitor: 

Contract 
Duration: 

Contract N o .  t 49-2507 
Supported by : e n t  Program 

- A' 

Ob'ec t ive  - Comer 
&or uFe a t  

fabr ica t ion  

Thick film capac i t  ere fabri -  
cated and s e n t  to 



I, Development of 3 O O O C  CMOS Process 

Contractor :  Harris Semiconductor 

P r i n c i p a l  J i m  B e a s o m  
Inves t iga to r :  Phone ( 3 0 5 )  724-7567 

Sandia Tech, B, L. Draper 
Monitor: Phone (505) 844-2132 

November 1980 t o  A p r i l 1 9 8 1  _ .  
Cont rac t  
Duration: 

Cont rac t  No.: 28-1345 
Supported by: DOE/Division of Fossil Fuel  E x t r a c t i o n  

Objec t ive  - Develop a d i e l e c t r i c a l l y  isolated ( D I )  CMOS l o g i c  
i n t e g r a t e d  c i r c u i t  technology capable  of o p e r a t i o n  a t  3OOOC.  

, 

S t a t u s  - D I  material f a b r i c a t i o n  f o r  the  NAND g a t e  and tes t  
s t r u c t u r e s  mask set  w a s  begun, 

The first D I  SAJI NMOS run  t o  be b u i l t  w i t h  an  e x i s t i n g  mask set  , 
was completed w i t h  mixed r e s u l t s ,  The desired VT was achieved; 
however, breakdown vo)tage w a s  on ly  5 V d u e  to  a masking error 
which r e s u l t e d  i n  a p drain-source implant i n t o  t h e  p-field re- 
gions.  The same problem prevented measurement o€ f i e l d  thresh- 
olds, A second run  w i t h  t h i s  mask set w a s  started, 

Study of t h e  logic r e a l i z a t i o n  continued, Most of t h e  e f f o r t  
a i s  month was devoted t o  planning a minimal set of chips which 
w i l l  offer a f u l l  set of SSI func t ions ,  Each c h i p  w i l l  c o n t a i n  
s e v e r a l  logic  func t ions ,  w i t h  t h e  desired one being selected and 
powered up  by an i n t e r n a l  decode and c o n t r o l  f u n c t i o n  i n  re- 
sponse t o  t h e  i n p u t  on f u n c t i o n  s e l e c t i o n  p ins .  

3 
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-_ 
, 

,- , 

J. 

Contractor :  

P r i n c i p a l  
Inves t iga to r :  Phone (716) 856-3185 

Sandia  Tech. J. A. C 
n i t o r :  

C o n t r a c t  t o  February 1981 
Duration: 

C o n t r a c t  No. 
Supported by: ermal Logging Development Program 

Objec t ive  - De single-conductor  electro- 
mechanical l o  or cont inuous o p e r a t i o n  i n  geothermal 
w e l l s  a t  temp 

S t a t u s  - The cable mechanical t e s t i n g  
machines were Tension Member Technology, Inc. , and 
t h e  first 500 able was introduced i n t o  t h e  machine 

arch t e s t i n g  program was com- 

of c o r r o s i o n  

under review. 





ON DEVELOPMENT PROGRAM 

'RO JECR 

PROGRAM MANAGEMENT 

1. SlE€RIW m1m MEETINGS 

4. UPDATEPRaRAMPtAN 

6. CONDUCT SEMIW 

- /' 
v w  t V V 1 

:Contlnuiag) 

:Continuing) 

:Continuing) 

V Planne Intermedia lrnned Major Milestone 
'I Cmplatad Interned anpleted Major Milestone 

To 9/30/83 

To 9/30/82 

To 3/31/82 

To 9/30/82 

( tontinul ng ) 

To 9/30/82 

/- 

V Planned Intermediate A Planned Uajor Milestone V-V Rescheduled Evmt 
LE 'I Canpl dia A Canpleted Major Miles 

A Planned Uajor Milestone 
A Canpleted Major Miles 

V-V Rescheduled Evmt 
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GEOTHERMAL LOGGING INSTFIUMENTATION DEVELOPMENT WOGRAM 
MAJOR MttESTONE STATUS 

-Fv8 1 

O N D J F M A M J J A S O N D  
V 

PROJECT: 

suBcoNlRAcfs 

P 12 

a. SURVEY CQF~ERCIAL HIGH rolp 
SILfU)r( INTEGRATED CIRCUITS 

'ROJECt: 

O N D J F M A M J J A S O N O  
CABLE DEVELOPMENT i 

{Claason Untvssity) 

8.  DEYRDP 30D0C W M P  (Harris 
sQliconductor) 

1. DEVELOP METAL SHEATH CABLE 
Halpm Engineering) 

C. HIE4 TEMPERATURE THICK FILM 
OEVaORIEHT (Purdue Unlv.) 

V A 

D .  HIGH TEMPERATURE MAGNETICS 
(Texas MI4 University) 

E. DEY@oP QP 8 GaAs DEVICES 
(Texas Mn University) 

F. CCWERCIAL PROWCTION OF 
3M)'C H T B R I ~  (Teledync 
Philbrick) 

6. INVESTIGATE CIRCUIT HETAUIU- 
TIOn (Univ. o f  Mixonsin) 

H. C W E U C W Y  FABRICATE IVLTI- 
MER (Gen. Elctric/Houston) 

I. Ca#ERtIALLV FABRICATE MO'C 
DI IC LOGIC CIRCUITS (Harris 
kmiconductor) 

A 

I 

I 

V Plan& Intumadiate Event A Planned Major Milestone O-VRescheduled Event 
V Completed Intermediate Event A Completed Major Milestone LL&EwD: 

2. TEsTllfyCANLuDATES 12 
(krospace Research Corp) I 

3. FABRIUTE W E Y  DESIQ 
(Halpen Engineering) 

5. LIFE TEST CABLE 
(Tension llankr Tech) 

h 

I 
A '  

8. FABRICATE NF3 CABLEHEMS 
(bndia) 

9. CABLES SMIN4u 
(bndia) 

V Planned Intermediate Event A Planned Major Hilastone V T R e s c h e d u l e d  Event 
V Completed Intcrrediate EVMt A toapleted Major Nilestonc LEGEND: 

-- 
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APPENDIX 1 

TURE MEASUREMENT/TRANSMITTING SYSTEM 

DESCRIPTION 

Hz a t  +25OC to  30k 

custom calibration curve used to process tool output into temperature. 
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THEORY OF OPERATION 

The basic temperature sensingftransmitting system consists o f  f ive function 
blocks {see Functional Block Diagram), a temperature transducer, a voltage- 
to-frequency (V/F) converter, a pulse stretcher, a voltage regulator, and a 
l i n e  driver. Two lines-a posi t ive voltage supply and a system ground-are 
a l l  that  i s  necessary t o  send power t o  and receive information fran the sys- 
tem. A series current sensing res is tor  must be placed i n  the power supply 
l i n e  a t  the location a t  uhich transmitted infomat ion i s  t o  be received. 
Information i s  transmitted by per iodical ly interrupt ing the current i n  the 
supply l i n e  resul t ing i n  a pulse modulation o f  the voltage across the sens- 
ing  resistor. The l i n e  driver, therefore, functions simply as a switch. 
#hen the switch i s  closed, current flows t o  the system resul t ing fn a posi- 
t i v e  voltage across the series resistor. When the switch i s  o 
flow i s  zero, and the voltage across the series res is tor  drops 
order f o r  the l i n e  dr iver  and the subsequent voltage regulator 
normally, the DC voltage o f  the supply l i n e  a t  the l i n e  dr iver  should be 
between +25V and +4OV. This means the voltage drop across the series resis- 
t o r  and voltage drops due t o  cable o r  l i n e  resistance may'necessftate using 
a power supply o f  s ign i f icant ly  higher voltage (+35V t o  +5OV). Because the 
V/F converter, the l i n e  driver, and the pulse stretcher are a l l  designed t o  
operate from a single +15V supply, the system requires a voltage regulator 
t o  eliminate the effects o f  the l i n e  dr iver  and the ef fects o f  changes in 
cable conductor resistance. The voltage regulator maintains the 5OdB l i n e  
and load regulation required t o  produce a stable supply voltage. I n  order 
t o  have the regulator driven f ran a f a i r l y  constant DC voltage, two large 
(33pF) capacitors are placed i n  f ront  o f  it. Therefore, once the capacitors 
have charged, the regulator input i s  somewhat inmune t o  the power supply 
l i n e  modulation. 

M 
hnctiaul lack D-m 

4 

The recarmended temperature transducer f o r  the system i s  a platinum resis- 
tance temperature detector (Need Instrument Co., RTD model no. 201-10-C-2- 
A-3-1-0) with a resistance o f  approximately lOOOn a t  0% and approximately 
204m a t  275OC. Internal t o  the V/F package i s  a constant current source 
and a series resistor. The platinum RTD i s  connected i n  series with t h i s  
resistor t o  f o n  a voltage divider wi th the voltage across the RTD acting 
as the actual drive voltage f o r  the V/F converter. The V/F converter i s  a 

30 
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I_ 

ose frequency is proportional t o  its 
of the RTD is proportional t o  tempera- 

e voltage across the RTD) and hence the 
/F output frequency, are rtional t o  temperature. When the line 
river transmits the V/F's output  pulse train back to the power supply line's 

current sensing resistor, detecting circuits can be used t o  count the pulses 
over some reference inter 

- 

yield a number proportional t o  the tempera- 

F converter and the line driver is neces- 
es have a duration of only 1.5 t o  Ssec.  
upply cable will probably rapidly attenu- 
the duration of the pu 

e other end of the t h e  
tion to approximately 1 

* ture a t  me transducer. 
i 

-,  
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pRFuMlhrAf?y 

HIGH TEMPERATURE 
HYBRID VOLTAGE REGULATOR 

Bypass 

+15V o u t p u t  

HltC 
N/C 

System Ground 

- -. DESCRIPTION 
, 

o 5 6 o Bypass 

0 4 7 o Input  

o 3 Toward 8 o +15V Output- 

o 2 9 o N/C 

o 1 10 o System Ground 

view 

Pins 

The 2115 Voltage Regulator operates fran a single +25V t o  +4OV supply and 
produces a +15V output. I t  i s  designed for use i n  the Teledyne Philbrick 
2700 High Temperature Measurementflransmi t t i n g  System. 

SPECIFICATIONS: Typical over operating temperature, +15V supply unless 
otherwise specified. 

Operating Temperature (ambient) 
Supply Voltage +25V t o  +4OV 
Output Voltage +15V 51% 

OOC t o  +275OC 

Output  Current 
Line Regulation 

Vin 25-4OV Iout S-lSmA 220mV (57dB) 
Vin 25-4OV Iout 15-5OmA *lOmV (63dB) 

Load Regulation 
Iout S15mA *2omv 
I O U t  15-5omA * l h V  

20.5V 
525mV 

Output Drift +25OC t o  +275OC (Iout = 25mA) 
Output  S t ab i l i t y  vs. Time ( 1  hour) 

PIN DESIGNATIONS 



. 

DESCRIPTION - /' 
, 

The 2735 Line Dri 
e Teledyne P h t l  

se as a signal/supply lin 
emperature Measurement/Transmi tting system. 
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HIGH TEMPERATURE 
HYBRID PULSE STRETCHER 

DESCRIPTION 

The 2742 Pulse Stretcher i s  designed t o  receive a 1.5 t o  8psec pulse and 
convert it t o  a consistent 1 2 s e c  pulse. I t  i s  designed f o r  use i n  the 
Teledyne Philbrick 2700 High Temperature Measurement/Transmitting System. 

SPECIFICATIONS: Typical over operating temperature, +15V supply unless 
otherwise specified. 

Operating Temperature (ambient) 
Supply Voltage 
Input Pulse Width 
Input Pulse Amp1 i tude 
Output Pulse klidth 
Output Pulse Amp1 itude 
Power-on Delay ( w i t h  external 
2.&F capacitor) 

O°C t o  +275OC 
+15V 25% 

1.5 t o  &sec 
+1ov t o  +15v 
12 k2psec 
+15V 25% 

lOOmsec 

PIN DESIGNATIONS 

+15V Output 

Inpu t  

U/C 

N/C 

’System Ground 

0 5  6 0  

0 4  7 0’ 
view 

o 3 Toward a o 
P i n s  

0 2  9 0  

0 1  10 0 

o u t p u t  

+15V Input 

N/C 

CX 
System Ground 

Green glass designates pin 1. Note: In the 2700 system, the  2742 
requires an e x t e y a l  2.2pF 
capacitor a t  pin 9. 

f 



PRnmnrhLI,, 
HIGH TEMPERATURE 
HYBRID VOLTAGE-TO- FREQU 

The 2774 Vol tage-'to- 
s proportional ed temperature. I t  i s  designed for use in 
ledyne Philbri 

nverter transforms a voltage to a frequency 

erature Measurement/Transmi tting system. 

ating temperature, +15V supply unless 

' Supply Voltage +15V kS% 

Output Pulse Widt 
Output Pulse Ampli +12v ,+3v 
Output Frequency 

2 to 5wec 

1 volt input 
2 volt input 

5kHz to lOkHz 
l5kHz to 20kHz 
0.5v to 3.5v 

. 
Voltage Input Rang 

35 



APPLICATIONS INFORMATION 

The voltage-to-frequency converter must have an external capacitor with a 
value of approximately 3000pF between pin 3 (+15V output) and pin 4 (Cx). 
This capacitor must be of a stable thick film type and its value at +250C 
and +275oC known. 

The photograph supplied with each V/F describes Io versus Y a  over tem- 
perature for an internal J FEf. Information extrapolated from the curves 
together with the values of Cx at +25OC and 275OC is used in the following 
equations to determine the values of RS and RB (see Interconnection diagram). 
The V a  corresponding to Io+ 25oC on the 10 curve is the V s  + 2 5 0 ~  value. 
The VG corresponding to 1 ~ + 2 7 5 0 ~  on the Io curve is the Va+275Oc value, 
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The fo l lowing  is a GRC-GLIP Technical  Tra in ing  
Course, " In t rodu  1 Log I n t e r p r e t a t i o n , " .  t o  be 
g i v e n  a t  t h e  E l  vada , . 1981: 

9 

t a n t  
amos Na t iona l  Laboratory 

Scott Keys/U.S. Geological Survey 
es, and Planning of Logging Programs 
S c i e n t i f i c  Sof ware Gorp. 

a t i o n s ,  Inc.  

.. Objec t ives  and P i t f a l l s  

h Research I n s t i t u t e  

s i t y  of  Southern C a l i f o r n i a  
1. 

Dwight Walter m i t h  Corporat ion 
ow,  and Sur face  Geophysics . n Resources Co. 

p l i c a t i o n s ,  Inc.  
A- 

n a l  Laboratory 

a r r y  E, Wells 

ources Go. 

. 

Raf t  River  
Scott Keys/U,S. 

I - 
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- 

Surprise Valley 

Desert Peak 
Fred Rigby/Science Applications, Inc, 

Darshan SethiJOresser Atlas 

Summary and Conclusions 

For information regarding this course, contact: 

Ms. Beverly A. Hall, Assistant Director 
Coordination, Educational Programs 
Geothermal Resources Council 

Davis, CA 95616 
(916) 758-2360 

. 

P.0; BOX 98 

t 
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