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I. INTRODUCTION 



These are t h e  proceedings of a Workshop on High Temperature 

Elec t ronics  f o r  Geothermal Well Logging, held a t  The University of Arizona, 

Tucson, Arizona, on Apr i l  28, 1978. Work has been i n  progress f o r  eighteen 

months a t  The University of Arizona on pass ive  components f o r  high tempera- 

t u r e  operation; t h i s  work is supported by the  Geothermal Energy Division of 

the  Department of Energy. The workshop had two major ob jec t ives :  

1. To present  a r e p o r t  on t h e  status of t h e  work a t  

The University of Arizona; 

2. To i n d i c a t e  d i r e c t i o n s  f o r  f u t u r e  work and t o  ob ta in  

suggestions on these  d i r e c t i o n s  and on f u t u r e  needs 

from workshop p a r t i c i p a n t s .  

To provide t h e  proper perspec t ive  on high temperature work, 

p a r t i c i p a n t s  from Sandia Laboratories and Los Alamos S c i e n t i f i c  Laboratory 

were a l s o  i n v i t e d  t o  present  sunrmaries of t h e  work i n  progress a t  t h e i r  

r e spec t ive  i n s t i t u t i o n s .  

An agenda f o r  t h e  workshop is given i n  Section 11; t h e  t echn ica l  

p re sen ta t ions  are summarized i n  Sec t ions  111 through VI, and t h e  a f te rnoon 

d iscuss ion  se s s ion  is  summarized i n  Section VII. 

given i n  Section VIII. 

A l i s t  of p a r t i c i p a n t s  is 

Spec ia l  thanks are due Mrs. Fre ida  Long, L. N. Nelson, M. A r a m r a t -  

t ana ,  S .  J. Cosentino, and E. Morcomb f o r  t h e i r  e f f o r t s  i n  arranging t h e  

workshop and preparing materials. 
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11. AGENDA 



AGENDA FOR WOElKSHOP ON HIGH TEMPERATURE ELECTRONICS 

Meeting Place: Room 256, Student Union, The University of Arizona 

Friday, April 28, ’ 1978 

8 : O O  - 8:30 

8:30 - 8:45 

8:45 - 9:15 

9:30 - 1O:OO 

10:15 - 10:30 
10:30 - 11:30 

11:30 - 12:OO 

12:oo 

1:oo - 2:oo 

2:00 - 3:OO 

3:OO - 3:15 

3:15 - 4:30 

Regis tratlon 

Introductory Remarks 

Review of High Temperature Work at Sandia Laboratory. 

Review of High Temperature Active Device Work at 
Los Alamos Scientific Laboratory. 

Refreshment Break 

Passive Component Development at The University 
of Arizona. 

Passive Component Integration 

Lunch - Room 251, Student Union 

Tour of Laboratory Facilities 

Panel Discussion of Future Work 

Refreshment Break 

Continue Panel Discussion 
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111. HIGH TEMPERATURE CIRCUIT DEVELOPMENT AT SANDIA LABORATORIES 

John D .  McBrayer 



25OC - 300OC ELECTRONICS 

SANDIA LABS 



25OC - 3OO0C Electronics 

With the immediate need for hardware down-hole in geothermal 
wells Sandia Labs has taken the approach of fine tuning existing 
technologies. To facilitate this need, several requirements 
have been defined (see Figure 1). Variations to these basic 
requirements have been made mostly in the form of circuitry 
that is in a captured environment, i.e., stable temperature 
containers. 

Figure 2 shows the basic 3OO0C technology used to date. 
This technology comes in the form of printed circuit boards 
and hybrid circuits. Both have been oven tested to 3OO0C for 
1000 hours. To date all field models are of the PC board 
version. Data on the various components of this technology 
are shown in Figure 3 thru Figure 11. It might be mentioned 
that although commercial components are available careful 
characterization of the various components must be made. 
This is particularly true of the active devices (Figure 12 
thru 14). The present technology uses silicon JFET's and 
careful characterization must take place. 

To obtain this characterization and to achieve other 
advantages (see Figure 15) several methods of pretesting active 
devices have been developed (see Figure 16). 

The ceramic chip carrier method uses 2 x 2mm ceramic chips 
with thick film metallization pads on the chip carriers. The 
devices are eutectically attached and electrically connected 
to the ceramic carrier with AR wire. The carrier pads had 
Au ribbon leads parallel gap welded in place. After passing 
screening tests the carrier was epoxied into the circuits 
(other attachments have been developed but won't be addressed 
here) and the Au ribbon welded to the hybrid metallization. 
Thermocompression Au wire bonding should be used for the 
last step if MOSFET's are involved. 

111-2 
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A second method, if only a few devices had to be carefully 
screened per hybrid, is to isolate the hybrid bonding metallization 
for the device from the rest of the hybrid circuit. Au ribbon 
leads were used to tap into the device which was mounted on its 
own island on the hybrid. If the device was satisfactory the 
ribbons were removed and the island was connected to the 
rest of the hybrid by a Au ribbon jumpers. If the device was 
rejected, it was simply rubbed off and a new device attached 
in its place. 

A method of prescreening for the future is a polyimide 
tape carrier with electrically isolated lead patterns. In 
order to use unbumped chips, i t  is possible to put conductor 
bumps on the carrier leads. The Au-AR bonding problem should 
be soluble by correcting copper lead metallization. One system 
to address these problems is being fabricated by Pactel Corp. 
In this case the copper leads are Au plated on one surface with 
2 mil square N i  bumps. The bumps are coated with evaporated 
AR to enable an AR-AR interface on the chip. 

The interconnect problem has been overcome with the use of 
standard bonding techniques to the conductive inks (see 
Figure 3 thru 6 )  and by the development of buffer pads, 
(Figure 18). 

Three types of buffer pads were successful during 1000 
hoqr 3OO0C tests: (1) Ni disks 30 mils in diameter, 2 mils 
thick, with 1pm of evaporated Au on one surface, ( 2 )  similar 
disks with Au on one surface and lpm of evaporated A1 on the 
other, and ( 3 )  silicon die with Au on one side and A1 on the 
other. 

The advantage of these discrete pads over pads plated or 
deposited directly on the hybrid lies in their large grain 
size and easily obtained thickness, both factors in lengthening 
the time to diffusion failure. The disadvantage of the discrete 
pads lies in the amount of time needed to attach the pads 
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to the hybrid. The metal pads were thermocompression-bonded 
to the thick film using a wobble bonder, Kulicke & Soffa 576-1. 
The S i  chip pads were scrubbed down using standard eutectic 
die down procedures. The metal pads were purchased from Cominco 
American Inc., and the silicon pads were made at Sandia. 

To improve our 3OO0C technology, the emphasis will be 
on improving active devices and increasing circuit performance. 
In parallel work. toward higher temperatures will continue. 

As a first approach to this improvement a small scale CMOS 
integrated circuit has been designed and processing i s  

under way. This circuit contains such devices as several 
types of flip-flops, a transmission gate, an inverter and 
several types of matched transistors. Hopefully this type 
of circuitry will help circuit designers improve upon our 
present technology. 

In addition to the CMOS project, work i s  being planned 
to build GaAs diodes. GaAs diodes would immediately improve 
our 3OO0C technology since GaAs has a wider band gap than 
silicon and thus goes intrinsic at a higher temperature 
(see Figure 18). This less leaky diode would offer our 
circuit designers a great deal toward the improvement of 

their work. Also, GaAs diodes may be extended to GaAs 
transistors which could cause a great leap in overall high 
temperature circuit use. This would depend on the development 
of other components as well, i.e., cables, passive components 
and interconnects. 

In conclusion it should be emphasized that a field 
tested high temperature technology (1000 hours @ 300OC) 
is available and i s  not a laboratory one of a kind. This 
technology can be made by any one willing to take the care 
needed. 
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FFOTHERMAL EECTR ONICS REQ U I REMENT S 

1, 

2, 

3, 

4, 
5, 

OPERATION FROM 25 TO 300'C 

COMMERC IALLY AVA I LABLE 

LIFE AT 300°C OF 100 TO 1000 HOURS 

MICROELECTRONICS (VOLUME, COST) 

UPGRADEABLE TO 400'C OPERATION 

Figure 1 
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HIGH TEMPERATURE MICROCIRCUITS 

SUBSTRATE: 96% ALUMINA 
CONDUCTOR: FRITLESS AU/DUPONT 9910 
RESISTORS: THICK FILM (TCR MINIMIZED AT 150°C CERMALLOY 530 

LOT 2430) 
CAPACITORS: 1, THICK FILM (DUPONT 8299) LESS THAN 10,000 PF 

BOND I NG : 

ACTIVE: 

2, AL SOLID ELECTROLYTE (PHILLIPS) GREATER THAN 2 uF 

3, AVOID e01-2.0 VF RANGE. 

1, WELDED Au RIBBON 
2, BEAM LEAD 
3, AL WIRE TO THICK FILM OR Au-AL DISK 
SI JFET's (MOTOROLA) 

Figure 2 



111-7 

8’ 

7 ’  

6 D  
c a- 
a 
-4 
- 
W 
0 z 
VI 
V I ,  
e. 

s3 
0 

wz 

DuPont 9910 
300 oc - 

- 
.. 

~ .’ A ,  
A 

A A  I : l a 1 

A A 

A 

Figure 3 



111-8 

s 
v) 

DuPont 9910 

. 

a 

300 OC 
e 0 

A A 
250 oc -- - 

I a I 1 a 1 
1 2 3 4  1 5 6 7  

TIME (lod HOURS) 

Figure 4 



1.0 L Dufont 9910 300 oc 

A 

e 
0 

L Dufont 9910 300 oc 

A 

I 0 I n t 
2 4 n  6 8 lb 

TIME (loL HOURS) 

F i g u r e  5 

111-9 



0 

0 
- 

0 

0 

LI 9791 
0 4393 
A 9910 
e 4121 

111-10 

I I I B I I I 

1 2 3 4  5 6 7  

TIME (10 * HOURS) 

Figure 6 



500 

RES I STANCE 

200 
e 

e 

100 
lbo 201) 3do 

TEMPERATURE (OC) 

Figure 7 

THE R E S I S T A N C E  OF A T H I C K  FILM THERMISTOR HAS A TEMPERATURE 
DEPENDENCE S I M I L A R  T O  A BULK SEMICONDUCTOR,  

H 
H 
H 
I 
F 
P 



10 

5 

0 

A 

-5 

Figure 8 

111-12 



20- 

10 - 
GL (X I  C 

0 -  

-10 

TEMPERATURE CHANGE OF CAPAC I TANCE OF RECONST I TUTED PAPER MICA 
CAPACITORS FROM TWO COMPANIES, CAPACITOR FROM CUSTOM WAS ONLY 

RATED TO 260°C so THIS TEST I S  AN OVER TEST,  CUSTOM 
P/N CHR3A1545SP, GENERAL LABORATORY ASSOCIATE 500 W0.1 P F  NO 
PART NUMBER G I V E N ,  

Figure  9 

A 
e 0 

I I 4 

H 
H 
H 
I 

w 



DuPont 8299 Dielectric 

IN OUR HANDS DUPONT 8299 DIELECTRIC INK GAVE THE MOST CON- 

S I STENT, USEFUL DI ELECTR I c PARAMETERS, THE CAPAC I TANCE CHANGED 
ONLY ABOUT 5% FROM 24 TO 300°C. BECAUSE OF A DIELECTRIC 
CONSTANT OF 8-10 THIS INK I S  ONLY USEFUL FOR SMALL CAPACITANCES, 
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ACTIVE DEVICES CONSIDERED 

BIPOLAR8 MOSFET'S, AND: J F W S  

GAAs: MESFET'S 

CERAMI c VACUUM 

AND: Jm'S 

TUBES 

Figure 12 



1,; 

01 
n 

0 01 

. 

111-17 

Figure 13 
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300'C PRETESTING OF DEVICES ALLOWS 

1) EXTREME TEMPERATURE DEPENDENT 
DEVICE REJECTION 

2) TAILORING TO EXACT DEVICE 
CHARCTER I ST I cs 

3) MATCHING DEVICES 

4) EL I M I NAT I NG INFANT MORTAL I TY 

Figure 15 
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METHODS OF 3OOOC PRETEST 

1) CERAMIC CHIP CARRIER 

2) SEGREGATION WITHIN THE HYBRID 

3) POLYIMIDE CHIP CARRIER 

Figure 16 
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CHIP BONDING 

BUFFER PADS 

AL WIRE BONDING TO DUPONT 9910 

F i g u r e  17 

111-21 



JI 
2 mils 

111-22 

A I  

S i  
Au 

b-30 mils -j 

1 Au 

F i g u r e  18 



ACTIVE DEVICE IMPROVEMENT 

CMOS - SMALL SCALE INTEGRATION 
~ A A S  - DIODES AND DISCRETE TRANSISTORS 

Figure 19 
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I V .  HIGH TEMPERATURE ACTIVE DEVICE RESEARCH 

AT LOS ALAMOS S C I E N T I F I C  LABORATORY 

J. Byron M c C o r m i c k  



St ruc tu re  and Charac te r i s t i c s  of In t eg ra t ed  

In t eg ra t ed  thermionic devices 

ing  i n  a vacuum and possessing te rmina l  

Thermionic Devices 

are microminiature devices operat- 

c h a r a c t e r i s t i c s  s i m i l a r  t o  those 

deposit ion (CVD) ,  o r  electron-beam 

li thography. Grid and cathode l i n e s  are 

h e a t e r  is deposited on t h e  reverse s ide  

is mixed with pho to res i s t  and deposited 

of t h e  cathode material on t h e  cathode 

appropr ia te  exposure of t h e  pho to res i s t  

s u b s t r a t e  with anodes of molybdenum 

above the  f i r s t  s u b s t r a t e  and aligned. 

envelope which is evacuated. The s u b s t r a t e  

s t r u c t u r e  is  heated t o  900°C with proper 

and t h e  cathodes are thus ac t iva ted .  

evaporation, and de l inea ted  by photo- 

i n t e r d i g i t a t e d  as shown, and a 

of t h e  substrate. Cathode material 

on t h e  wafer; selective de l inea t ion  

e.Lectrodes is accomplished by 

.:hrough a photomask. A second 

de l inea ted  by photolithography is placed 

'%e e n t i r e  s t r u c t u r e  is placed i n  an 

containing t h e  cathode-grid 

vol tages  applied t o  t h e  e l ec t rodes ,  

During ac t iva t ion  a vacuum pump is  
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a t tached  t o  t h e  envelope and t h e  a c t i v a t i o n  products are monitored by a 

mass spectrometer. Upon successfu l  a c t i v a t i o n ,  t he  envelope is sea l ed  and 

the  devices are ready f o r  use. 

device is  shown i n  Fig. 2 ;  t h i s  device has f i v e  cathode s t r i p e s  50 m i l s  i n  

length  and 1 m i l  wide i n t e r d i g i t a t e d  wi th  s i x  g r i d  s t r i p e s  50 mils i n  length 

and 1 m i l  wide. Separation between s t r i p e s  is 1 m i l ,  and sepa ra t ion  between 

t h e  anode and t h e  grid-cathode is 120 mils. It is t o  be noted t h a t  fewer 

s t r i p e s  of s h o r t e r  dimensions caa .be  used; t h e  s i z e  of an ind iv idua l  device 

thus approaches t h e  s i z e  of an ind iv idua l  device i n  e a r l y  s i l i c o n  in t eg ra t ed  

c i r c u i t s .  

A set of c h a r a c t e r i s t i c s  f o r  a t y p i c a l  

Grid l inewidths and grid-cathode spacing of 0.1 m i l  (2.5 microm- 

e t e r s )  can be  achieved with ord inary  in t eg ra t ed -c i r cu i t  photolithography 

techniques. 

s i n g l e  s u b s t r a t e ,  wi th  t h e  advantages n o t  only of small s i z e  bu t  a l s o  of 

matching and t racking  of c h a r a c t e r i s t i c s .  

Therefore a l a r g e  number of t hese  devices can be placed on a 

Considerable work has been done a t  Los Alamos S c i e n t i f i c  Labora- 

t o ry ,  no t  only on development of t h e  f a b r i c a t i o n  technology, bu t  a l s o  on 

computer-aided modeling of i n t eg ra t ed  thermionic s t r u c t u r e s .  Two important 

r e s u l t s ,  which have been experimentally confirmed, are: 

1. The ampl i f ica t ion  f a c t o r  1.1 is a linear func t ion  of d / a ,  as shown 

i n  Fig.  3, where d is the  d i s t ance  between anode and cathode, 

and a is t h e  spacing between g r i d  and cathode s t r i p e s .  

r e s u l t  has important consequences f o r  i n t e g r a t e d  thermionic cir-  

c u i t s .  

same anode-cathode d i s t ance  d ,  both high-p and low-p devices can 

be f ab r i ca t ed  on t he  same s u b s t r a t e  merely by using d i f f e r e n t  gr id-  

cathode spacing f o r  d i f f e r e n t  devices. 

This 

Since a l l  devices on a given s u b s t r a t e  w i l l  have the  
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2. The anode I - V c h a r a c t e r i s t i c s  f o r  a given device are given 
P P  

by 

where K is the  perveance. 

ana lys i s  as shown i n  Fig. 4 ,  and a l s o  experimentally.  Since K 

is  propor t iona l  t o  cathode area, a l l  devices on a given sub- 

strate w i l l  have K values i n  t h e  r a t i o  of t h e i r  cathode areas. 

This has been v e r i f i e d  by computer 

Thus both high-current and low-current devices can be f ab r i -  

ca ted  on t he  same s u b s t r a t e  merely by choosing the  proper 

cathode areas. 

It should be noted t h a t  i n t e g r a t e d  thermionic devices opera te  i n  

a space-charge-limited regime. 

across  t h e  cathode s u b s t r a t e ,  t hese  w i l l  no t  cause d i f f e rences  i n  device 

c h a r a c t e r i s t i c s .  Therefore, p rope r t i e s  similar t o  those of s i l i c o n  in t e -  

gra ted  c i r c u i t s  exist  i n  in t eg ra t ed  thermionic c i r c u i t s ,  namely: 

Even i f  small temperature d i f f e rences  e x i s t  

1. 

2. 

R e s  u l  t s 

Matching of devices is cont ro l led  by matching t h e i r  geometry. 

C h a r a c t e r i s t i c s  can be r a t i o e d  t h i s  way a l s o .  Since the  

geometry is de l inea ted  by photo l i thographic  techniques,  p rec i se  

con t ro l  of geometry can be obtained. 

Tracking of t h e  c h a r a c t e r i s t i c s  of a l l  devices on t h e  same 

s u b s t r a t e  can be r ea l i zed .  

During the  p a s t  year a l l  fundamental device c h a r a c t e r i s t i c s  neces- 

s a r y  f o r  use i n  r e a l i s t i c  c i r c u i t r y  have been demonstrated. 

been f ab r i ca t ed  wi th  vol tage  ampl i f ica t ion  f a c t o r s  from 10 t o  over 100 while 

Devices have 
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transconductances in excess of 1000 micromhos have been observed for 

.1" x .1" devices. 

vacuum triodes over 100 times larger. The experimental device characteris- 

tics have been accurately modelled by an extended version of the conventional 

triode equation, and design rules for device sizing, layout and spacing have 

been derived and proven. 

exceeded 90%, and in the initial lifetime tests devices have been operating 

successfully for three months at 7OO0C and continue to operate. Elementary 

multiple device circuits (amplifiers) have been constructed using several 

devices on a single substrate with externally connected passive components. 

These early results indicate that no fundamental barriers exist to the 

fabrication of complete circuit functions on a single wafer. 

These values are comparable to those of commercial 

Experimental yields on these first devices have 

In order to satisfy the ultimate circuit needs for geothermal 

instrumentation, functional building blocks such as operational amplifiers, 

multiplexers and line drivers, etc., will be necessary, In preparation for 

the development of these circuits, the program to date has emphasized basic 

circuit design technlques and computer circuit analysis. 

The d e s i g n  of ITC circuits is i n  many ways similar to  the design 

of conventional integrated circuits. ITC design techniques, therefore, 

utilize the advantages gained from the simultaneous fabrication of many 

devices on the same substrate. The inherent matching of device character- 

istics and the tracking of those characteristics over temperature and life 

are exploited. Functional circuit elements such as differential stages, 

current sources and circuits which use active devices as loads have been 

fabricated and their performance verified against theory. 
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Along wi th  t h e  development of b a s i c  c i r c u i t r y ,  ITC device models 

have been success fu l ly  incorporated i n t o  c i r c u i t  ana lys i s  programs, NET-2, 

SCEPTRE, and SPICE. 

Package 

Since t h e  u l t imate  goal of t h e  research  is t o  develop devices which 

can be used i n  down-hole instrumentation c i r c u i t s ,  it has been recognized 

s i n c e  t h e  incept ion  of t h e  program t h a t  a high-temperature package would 

have t o  be developed. 

device performance w a s  obtained, i n  o rde r  t h a t  t h e  package requirements rela- 

t i v e  t o  compat ib i l i ty  with devices could be  b e t t e r  e s t ab l i shed .  The u l t ima te  

temperature l i m i t  of t he  ITC is expected t o  be determined by t h e  package, 

s i n c e  devices have been operated success fu l ly  with s u b s t r a t e  temperatures 

of 1000°C (1832'F). The immediate goa l  is a package t h a t  w i l l  ope ra t e  a t  

500°C (932'F). 

However, package development w a s  no t  begun u n t i l  good 

A package conf igura t ion  t o  demonstrate high temperature f e a s i b i l i t y  

has now been designed and several materials approaches, inc luding  glass- 

ceramic and metal-ceramic, are under development. Orders f o r  packages have 

been placed, and de l ive ry  of metal packages using ceramic p in  seals is  

expected i n  approximately six months. 

high temperature opera t ion  of packaged devices should be demonstrated wi th in  

If t hese  packages meet expec ta t ions ,  

a year.  

pro t o  type 

Once high temperature opera t ion  has  been demonstrated, a geothermal 

package for down-hole opera t ion  w i l l  be  designed and f ab r i ca t ed .  
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Figure 1 

Sketch of  the Integrated 
Thermionic Device Structure 

CATHODE GRID CATHODE 

Figure 2 

Anode V-I Characteris tics 
f o r  a Device w t t h  1 m i l  grid  
and cathode l ines and spaces,  
I20 mil anode space. 

Vc = 0 ,  secund trace f rom left 
Grid voltage s t eps :  1 volt 
Vertical.: 50 wmp/division 
Horizontal : 20 volts /division 
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Figure 3 

Relation between and geometry 

d = anode-cathode distance 
a = grid-anode spacing 
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V. HIGH TEMPERATURE PASSIVE COMPONENT DEVnOPMENT 

AT THE UNIVERSITY OF ARIZONA 

Leonard S. Raymond 



For the  p a s t  eighteen months The University of Arizona has been 

developing passive components f o r  high-temperature operation. 

r e s i s t o r s ,  capac i to r s ,  interconnections and pass iva t ion .  Goals f o r  t h i s  

work are given i n  Fig. 1; note  t h a t  t h e  upper temperature l i m i t  is 500°C. 

It should be emphasized t h a t  t hese  components must opera te  s a t i s f a c t o r i l y  

over t he  e n t i r e  temperature range 25°C t o  500°C; t h i s  inc ludes  t h e  present  

near-term goal  of 300°C used i n  o the r  geothermal instrumentation c i r c u i t  

development. 

temperature, devices which have acceptab le  performance a t  500°C can be 

expected t o  e x h i b i t  supe r io r  performance a t  300°C. 

These inc lude  

Since t y p i c a l  f a i l u r e  modes accelerate exponentially with 

It is  d e s i r a b l e  t o  be a b l e  t o  i n t e g r a t e  the  f a b r i c a t i o n  of pass ive  

components so t h a t  all types can be  f a b r i c a t e d  on a s i n g l e  s u b s t r a t e  i n  a 

s i n g l e  processing sequence. The devices described h e r e  meet t h a t  c r i t e r i o n ;  

Fig. 2 shows a cross-section diagram of such an in t eg ra t ed  combination. 

is t o  be emphasized t h a t  t he  drawing is not  t o  scale; the  technology used 

here  is a thin-fi lm technology and t h e  f i l m  thicknesses are of t h e  order  of 

several thousand Angstroms while t he  la teral  dimensions are t y p i c a l l y  hundreds 

of micrometers. 

It 

The materials used i n  the  process are l i s t e d  i n  Fig. 3; t hese  have 

been chosen because they meet t h e  requirements l i s t e d  i n  Fig. 1. 

Details regarding each of t h e  components are given i n  Figs.  4 

through 7. 

chemical vapor deposit ion.  As is shown in  Fig. 8 ,  t h i s  is accomplished by 

i n d i r e c t  hea t ing  of t h e  s u b s t r a t e s  i n  a qua r t z  r eac t ion  tube i n t o  which is 

admitted a mixture of gases containing t h e  proper cons t i t uen t  elements. A 

chemical r eac t ion  occurs a t  t h e  h o t  su r f ace  of t h e  s u b s t r a t e s ,  causing t h e  

depos i t ion  of t h e  des i r ed  f i lm.  

The s a l i e n t  f e a t u r e  of t h e  f a b r i c a t i o n  process is t h e  use of 

For example, t o  depos i t  a tungsten-sil icon 

V-1 
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f i l m  f o r  r e s i s t o r s ,  t h e  gases tungsten hexaf luor ide  and s i l a n e  are i n j e c t e d  

i n t o  the  tube toge ther  with an appropr ia te  carrier gas. 

cont ro l led  t o  produce the  des i red  r e s u l t s  are temperature, f lowra tes ,  gas 

mixtures, and depos i t ion  t i m e .  Some of t he  advantages of t h i s  method are 

l i s t e d  i n  Fig.  9 .  

Variables which are 

A photomicrograph of t h e  r e s i s t o r  test p a t t e r n  used f o r  eva lua t ion  

is shown i n  Fig. 10. This p a t t e r n  conta ins  several r e s i s t o r s ,  as w e l l  as a 

Van Der Paw p a t t e r n  f o r  measuring s h e e t  resistance. The o v e r a l l  ch ip  s i z e  

is 100 x 100 mils, and minimum l inewidth  i n  t h e  p a t t e r n  is  1 m i l .  P l o t s  of 

r e s i s t a n c e  versus temperature f o r  several r e s i s t o r s  are shown i n  Fig. 11; 

it should be noted t h a t :  

1. 

2.  

The temperature range is 27OC t o  550OC. 

The p l o t s  are f o r  one complete cyc le  of t h e  temperature range, 

s t a r t i n g  a t  and r e tu rn ing  t o  27°C. No h y s t e r e s i s  is observed. 

3. The resistance v a r i a t i o n  wi th  temperature is s m a l l ,  and i t  is 

a l s o  l i n e a r ,  i nd ica t ing  t h a t  t h e  temperature c o e f f i c i e n t  is 

approximately constant.  

A photomicrograph of t h e  capac i to r  test p a t t e r n  is shown i n  Fig.  12; 

again,  t he  chip s i z e  is 100 x 100 mils. 

t u r e  f o r  several capac i to r s  are shown i n  Fig. 13; aga in ,  no h y s t e r e s i s  is 

observed, and t h e  temperature c o e f f i c i e n t  is approximately constant.  I n  

these  p l o t s  t h e  temperature range is 27OC t o  350OC; t h i s  is because passiva- 

t i o n  w a s  no t  used and t h e  tungsten m e t a l l i z a t i o n  oxid izes  a t  temperatures 

above 35OoC. Capacitors now being processed have pass iva t ion ,  as w e l l  as 

platinum bonding pads. 

P l o t s  of capacitance versus  tempera- 
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Conductivity of t he  s i l i c o n  n i t r i d e  d i e l e c t r i c  is shown i n  Fig.  14 ;  

f o r  comparison a curve published by Kingery is a l s o  p l o t t e d .  

noted t h a t  two d i f f e r e n t  samples are shown, one wi th  900 Angstroms thickness 

and one with 5475 Angstroms thickness.  I n  both cases the  conduct iv i ty  is 

a func t ion  of t h e  average e l e c t r i c  f i e l d  i n  t h e  d i e l e c t r i c .  

It w i l l  be 

N o  pinhole problems have been observed with the  capac i to r s ;  t h i s  is 

because t h e  process has been s p e c i f i c a l l y  designed t o  se l f -hea l  any pinholes 

which occur. The r e s u l t  is t h a t  while a pinhole may appear i n  t h e  metal 

p a t t e r n ,  i t  w i l l  no t  appear i n  t h e  d i e l e c t r i c ;  t he re fo re ,  t h e r e  w i l l  be no 

conducting pa th  through the  d i e l e c t r i c .  

Capacitor leakage cu r ren t  dens i ty  is shown i n  Fig. 15 f o r  t h ree  

d i f f e r e n t  temperatures; no te  t h a t  t h e  temperatures are given i n  degrees 

Kelvin, and correspond t o  23OC, 227OC and 327°C. For purposes of comparison, 

a capac i to r  made wi th  the  5140 Angstroms d i e l e c t r i c  of Fig. 15 would have a 

capacitance of about 155 p F / m  . 2 2 From Fig. 15 w e  see t h a t  a 1 mm capac i to r  

opera t ing  a t  327OC with 60 v o l t s  appl ied  would have a leakage c u r r e n t  of 

amp. 

In order to test the integration of resistors, capacitors, inter- 

connections and pass iva t ion  on t h e  same chip,  a third-order Butterworth RC- 

active f i l t e r  is being f ab r i ca t ed .  The c i r c u i t  is shown i n  Fig. 16; only 

t h e  po r t ions  enclosed by t h e  broken line are on' t h e  chip. Details of t h e  

c i r c u i t  design are given in Sect ion  V I .  A photomicrograph of t he  chip is 

a l s o  shown i n  Fig. 16. Chip s i z e  is 100 x 100 mils and minimum linewidth 

is 1 m i l .  

In order  t o  connect our pass ive  components t o  active devices,  

hybrid c i r c u i t s ,  o r  o the r  pass ive  components, some form of in te rconnec t ions  
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W e  have used platinum bonding d i f f e r e n t  from those on t h e  chip i s  necessary. 

pads and 1 m i l  diameter platinum wire f o r  t h i s  purpose; the bonding between 

w i r e  and pad is done u l t r a son ica l ly .  

a 1 mil platinum w i r e  bonded t o  a platinum pad. 

s t rong  and the  platinum w i l l  withstand high temperatures. 

methods are used i n  the  Los Alamos In tegra ted  Thermionic Devices opera t ing  a t  

temperatures i n  excess of 600°C. 

Figure 1 7  shows a photomicrograph of 

This bond is  mechanically 

S i m i l a r  bonding 

In order  t o  expedi te  measurements and l i f e  t e s t i n g ,  we have incor- 

porated a Hewlett-Packard Data Acquis i t ion System, together  with a HP9825A 

ca lcu la to r  and a p l o t t e r .  Programming f o r  t h i s  system has now been completed 

to t he  poin t  where the  system can monitor devices on the  probe s t a t i o n ,  make 

measurements, process t h e  d a t a  and p l o t  t he  r e s u l t s .  A p l o t  f o r  a r e s i s t o r  i s  

shown i n  Fig. 18. (This r e s i s t o r  has a shee t  r e s i s t ance  of 1500 ohms per  

square.)  On t h i s  p a r t i c u l a r  p l o t  only R vs T is shown; however, t he  programming 

also permits p l o t t i n g  of temperature c o e f f i c i e n t ,  p r in tou t  on t h e  p l o t  of average 

TCR between any two temperatures, p l o t t i n g  of t racking  c o e f f i c i e n t  f o r  two resis- 

t o r s ,  and p r i n t o u t  of t h e  p l o t  of average t racking  coe f f i c i en t .  

Work has just been i n i t i a t e d  on cycling and l i f e  t es t ing .  Prelimi- 

nary r e s u l t s  are shown i n  Fig. 19 f o r  one r e s i s t o r  on a wafer cycled as 

described i n  the  f igure .  Note t h a t  on t h i s  wafer t he  shee t  resistance w a s  

5000 ohms p e r  square.  

A p l o t  of R vs T f o r  t h e  r e s i s t o r  a f t e r  cycl ing is shown i n  Fig.  20; the r a t h e r  

high average TCR w a s  expected because of t h e  high shee t  resistance. Also, t he  

i r r e g u l a r i t i e s  in the  p l o t  are bel ieved t o  be due t o  mechanical motion of the 

probes on the  bonding pads. This is observed on a l l  samples when platinum pads 

are probed with tungsten probes, because both materials are q u i t e  hard.  

The change i n  the  r e s i s t ance  after the  cyc l ing  w a s  0.19%. 

When 
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aluminum pads are probed, t h e  i r r e g u l a r i t i e s  do no t  occur. 

they w i l l  no t  occur when platinum bonding w i r e s  are used in s t ead  of  probes. 

It is  expected t h a t  

A sunrmary of the  important parameters for t he  pass ive  components is 

given in  Fig. 21. 

The present  cont rac t  terminates September 30, 1978. Figure 22 shows 

the  an t i c ipa t ed  status of t h e  work by t h a t  da te .  



GOALS FOR P A S S I V E  COMPONENT DEVELOPMENT 

O P E R A T I O N  FROM 2 5 ° C  TO 500OC C 77OF TO 932OF > 

S T A B L E  

M A T E R I A L S  C O M P A T I B L E  WITH €ACH OTHER 

M A T E R I A L S  C O M P A T I B L E  WITH A C T I V E  D E V I C E S -  

C O M P A T I B L E  F A B R I C A T I O N  PROCESSES 

GOOD PROCESS CONTROL 

WIDE RANGE O F  ELEMENT V A L U E S  

L A S E R  T R I M M A B L E  

W I T H S T A N D  H O S T I L E  ENVIRONMENT 

Figure 1 
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MATER I ALS, 

INTERCONNECTIONS: TUNGSTEN 

DIELECTRIC: SILICON NITRIDE 

RESISTORS: TUNGSTEN SILICIDE 

- PASSIVATION: SILICON NITRIDE 
OR SILICON DIOXIDE 

Figure 3 
P 
03 



RES I STORS 

TUNGSTEN - SILICON 

TYPICAL RESISTANCE: 100 OHMS TO > 1 MEGOHM 

TEMPERATURE COEFFICIENT: < 100 PPM/OC 
POSITIVE OR NEGATIVE 
PROCESS-CONTROLLABLE 

OPERAT I NG TEMPERATURE: 25 OC- 500 OC 

SHEET RESISTANCE: 50 TO 500 OHMS PER SQUARE 

Figure 4 



CAPACITORS 

3-LAYER TUNGSTEN-SILICON NITRIDE-TUNGSTEN 

TYPICAL CAPACITANCE 

TEMPERATURE C O E F F I C I  

(2000 ANGSTROMS) : 400 p F / m m 2  

ENT: et100 PPM/ "C 

OPERATING TEMPERATURE: 25 "C - 500 "C 

BREKDOWN VOLTAGE: 200 VOLTS 

Q > 100 

(2000 ANGSTROMS) 

Figure 5 



INTERCONNECTIONS 

METAL: TUNGSTEN 

TYP I CAL 

TYPICAL 

BOND I NG 

WEE' 

RESISTIVITY: 6 MICRO-OHM CM 

RESISTANCE: 1 OHM PER SQ 

AND BONDING WIRES: PLATINUM PADS 

JAR€ 

Figure 6 



PASSXVATION 

SILICON NITRIDE OR SILICON DIOXIDE 

TYPICAL THICKNESS: 3000 ANGSTROMS 

TYPICAL RESISTIVITY:  10* AT 500°C 

Figure 7 
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Substrates  

F ig .  8 General Deposit ion System f o r  Chemical Vapor Depos i t ion  

RF C o i l  

Quartz 
Reaction Tube 

The reactant  gases ,  along with  a c a r r i e r  g a s ,  are  introduced 
i n t o  a quartz react ion chamber where they r e a c t  on the  heated 

’ subs tra te  surfaces  t o  fonn the  desired m a t e r i a l s .  



ADVANTAGES O F  CVD 

HIGH TEMPERATURE PROCESS 

AFFORDS CONTROL O F  COMPOSITION 

PERMITS DEPOSITION O F  MANY DIFFERENT MATERIALS 

FLEXIBILITY 

Figure 9 

'1 
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Fig. 10 Resistor Test Chip with Platinum Contacts 
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11 Resistance versus Temperature for Three Tungsten-Silicon 
Resistors. Temperature Range of Measurement: 25 to 550°C. 
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Fig, 12 Capacitor Test Chip with Platinum Contacts 
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Fig* 13 Capacitor Leakage Current as a Fuaccion of ApFlied 
Voltage and Temperature 
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Fig. 16 Third-Order Butterworth RC-Active Filter 
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Fig. 17 Platinum Wire Ultrasonically Welded to a Platinum 
Bonding Pad. Wire diameter is 0.001". 
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PRELIMINARY 
TEMPERATURE CYCLING RESULTS 

RESISTOR WAFER 
SHEET RESISTANCE:-5000 OHMS PER SQUARE 

I N I T I A L  RESISTANCE 1565-9 K OHMS 

1573.4 K OHMS AFTER 10 HOURS I N  A I R  AT 400OC 

AFTER 50 CYCLES, 25 TO 400 O C ,  A I R  1569-0 K OHMS 

1-MIL L I N E  WIDTH, 300 SQUARES 

Figure 19 
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Temperature Cycling: 

(1) 10 hours at 400°C 

(2) 50 cycles from 25°C to 400°C 
over an 8 hour period 

Atmosphere: Air 

a -  3 B 8 * 8 Lp 

4 

TEMPERATURE, C 

WAFERNUMBER, 1 HAXIMUM RESISTANCE - 1549500.00 OHMS 
RESISTORNUMBER# 23 MINIMUM RESISTANCE - 115722S3.00 OHMS 
PATTERN I V-Si 

F i g .  20 Resistance versus Temperature Measured after 
Temperature Cycling 



PASSIVE COMPONENT PARAMETERS 

RESISTOR 

CAPACITOR 

INTER- 
CONNECTS 

PAW- 
VATIW 

__ 

MATERIAL 

S I L I W  
NITRIDE 

TUNGSTEN 

SILICON 
NITRIDE OR 
SILICON 
OIOXIOE 

RESIST1 V ITY 
OHM CH 

-6 
1000 x 10 
TO 2000 x 10 - 6  

-6 
6 x 10 

10 
AT 500*C 

DIELECTRIC 
COEISTANT 

8.6 

8.6 

%Q 

SHEET 
RESISTANCE 
w/ 

50 TO I000 

TEHPERATURE 
COEFF I C 1  ENT 

PPW c 

<* 100 

<* 100 

29013 

Figure 21 



ESTIMATED BY SEPTEMBER 30 

F I N I S H  PRELIMINARY PROCESS CHARACTERIZATION 

F I N I S H  PRELIMINARY MATERIAL CHARACTERIZATION 
AND ANALYSIS 

1 MONTH TEMPERATURE CYCLING DATA 

1 MONTH HIGH TEMPERATURE L IFE  TEST 

PRELIMINARY TESTING TO FAILURE 

CHIP TO HEADER BONDS 

HEADER TO INSTRUMENTATION LEAD BONDS 

PASSIVE COMPONENT INTEGRATION PROCESS 

Figure 22 
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VI. INTEGRATION OF PASSIVE COMPONENTS 

William J. Kerwin 



To i l l u s t r a t e  the  i n t e g r a t i o n  of passive components, w e  have chosen 

a third-order  Butterworth active-RC f i l t e r .  The configurat ion chosen produces 

a low-pass f i l t e r  with low s e n s i t i v i t y  t o  gain and t o  element values ,  while 

the  Butterworth c h a r a c t e r i s t i c  produces a maximally-flat amplitude response 

with frequency. The c i r c u i t  is shown i n  Fig.  1; here  the  element values have 

been normalized t o  an impedance l e v e l  of 1 ohm and a cu tof f  frequency of 1 

radian per  second. Only t h e  passive elements are in t eg ra t ed  on the  chip;  

t he  gain block i s  external. 

c i r c u i t  is designed t o  use an ampl i f ie r  with a gain of 2.  

All r e s i s t o r  values have been made equal  and t h e  

Note t h a t  f o r  

these  condi t ions the re  is only a r a t i o  of 2.5:l between maximum and minimum 

capacitance values.  

These element values can be sca led  t o  any des i red  impedance l e v e l  

and any des i red  cutoff  frequency. I n  Fig. 2 t h e  sca l ing  is shown f o r  an imped- 

ance l e v e l  of 10K ohms and a cutoff  frequency of 10 KHz. As w a s  described i n  

Section V, t h i s  f i l t e r  has been designed f o r  processing on a 100 x 100 m i l  

chip. However, tes t  chips are not  y e t  ava i lab le .  To ve r i fy  the  design, t h e  

f i l t e r  w a s  constructed from d i s c r e t e  components and a s tandard opera t iona l  
/-- 

ampl i f ie r ,  and operated a t  room temperature. Figure 3 shows t h e  r e s u l t s  t h a t  

were obtained; he re  t h e  magnitude is  normalized t o  the  value a t  zero  frequency. 

Note t h a t  t he  cutoff  frequency is 10 KHz and the  magnitude f a l l s  off  a t  60 dB 

per  decade, as ant ic ipa ted .  

I n  an t i c ipa t ion  of t h e  poss ib le  use of t h e  f i l t e r  with an in t eg ra t ed  

thermionic c i r c u i t  as a gain element, w e  have a l s o  simulated the  ITC by using 

d i s c r e t e  ceramic t r i o d e s  and d i s c r e t e  r e s i s t o r s .  The c i r c u i t  f o r  t he  gain-of-2 

ampl i f ie r  is shown i n  Fig.  4; t h i s  c i r c u i t  has been operated a t  3OOOC for one 

week. When f i l t e r  chips are ava i l ab le  f o r  t e s t i n g ,  these  w i l l  be combined with 

the  ampl i f ie r  c i r c u i t  as shown i n  Fig. 5 .  
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V I I .  DISCUSSION 

A .  Future Work - Douglas J .  Hamilton 
B .  Comments - Discussion by Participants 



A. Future Work 

Professor  Douglas J. Hamilton, The University of Arizona 

W e  f e e l  t h a t  f u t u r e  work i n  t h e  area of pass ive  components should 

have as i ts  broad ob jec t ives  the  refinement of t h e  technology, and the  

f a b r i c a t i o n  of samples f o r  eva lua t ion  f o r  p o t e n t i a l  app l i ca t ion  i n  down-hole 

instrumentation. 

of e f f o r t  shown i n  Fig. VII-1 should be pursued. 

To t h i s  end, w e  b e l i e v e  t h a t  t h e  four  general  ca tegor ies  

As is shown i n  Fig. VII-2, Process Optimization includes t h e  

development of design cha r t s  which would enable the  designer t o  select t h e  

process parameters requi red  t o  f a b r i c a t e  components f o r  a given set  of spec i -  

f i c a t i o n s .  Process uniformity and r e p e a t a b i l i t y  need t o  be e s t a b l i s h e d .  

The process f o r  i n t e g r a t i n g  pass ive  components needs t o  be optimized, and 

some a t t e n t i o n  given t o  the  f a b r i c a t i o n  of crossovers,  s i n c e  these  are cer- 

t a i n  t o  be  necessary as circuit  complexity inc reases .  F ina l ly ,  r e l i a b i l i t y  

s t u d i e s  must be  conducted by cyc l ing  and'long-term l i f e  t e s t i n g  of components 

a t  e l eva ted  temperatures. 

evolved; they would a l s o  provide samples which have been "burned-in'' a t  high 

temperatures. These samples would then be s e n t  t o  var ious  use r s  f o r  t he i r  

evaluation. 

Such s t u d i e s  would allow a f a i l u r e  model t o  be 

To advance t h e  technology f o r  pass ive  components, t h r e e  areas of 

work are proposed, as is shown i n  Fig. VII-3; t hese  all are d i r e c t e d  toward 

the implementation of technology t r a n s f e r .  Since much chemical vapor deposi- 

t i o n  i n  t h e  semiconductor i ndus t ry  is being done by t h e  hot-wall method and 

s i n c e  semiconductor companies are l i k e l y  t o  be t h e  manufacturers of w e l l -  

logging components, some e f f o r t  should be devoted t o  adapting our processes 

t o  hot-wall CVD. This is  l i k e l y  t o  r equ i r e  expensive equipment. 

V I I - 1  
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Because the  i n t e g r a t e d  thermionic devices are now being made by 

an electron-beam evaporation process ,  w e  f e e l  t h a t  some e f f o r t  should be  

given t o  adapting the  passive component process t o  E-beam evaporation. 

Again, t h i s  is l i k e l y  t o  r equ i r e  expensive equipment. 

I n  t h e  area of advancing t h e  materials technology, w e  f e e l  t h a t  

molybdenum and molybdenum-silicon should be  inves t iga t ed  f o r  in te rconnec t ions  

and r e s i s t o r s .  Again, t h i s  has t o  do with technology t r a n s f e r .  The I T C  

devices use molybdenum f o r  m e t a l l i z a t i o n ;  i f  pass ive  components using Mo and 

&-Si can be developed wi th  performance similar t o  those  using W and W-Si, 

compat ib i l i ty  with ITC devices w i l l  be  g r e a t l y  increased. 

Methods of making large-value capac i to r s ,  inc luding  the  use of 

mul t i l aye r  s t r u c t u r e s ,  should be inves t iga t ed .  Such capac i tors  would be very 

u s e f u l  i n  hybrid c i r c u i t s  even i f  t h e i r  maximum temperature w e r e  only 350°C. 

F i n a l l y ,  upper limits on t h e  opera t ing  temperature range of c o w  

ponents should be inves t iga t ed .  Here t h e  main t h r u s t  should be  f o r  r e s i s t o r s ,  

s i n c e  it is  un l ike ly  t h a t  a d i e l e c t r i c  material for capac i to r s  can be found 

which is s a t i s f a c t o r y  above 6 0 0 O C .  For r e s i s t o r s ,  i f  t h e  depos i t ion  can be 

done at temperatures of the order of 1 0 0 0 ° C ,  i t  may b e  poss ib le  t o  obtain 

r e s i s t o r s  which would opera te  as h igh  as 800OC. 

i n t eg ra t ed  thermionic circuits s i n c e  they could then be placed on the  same 

s u b s t r a t e  as t h e  active devices. 

These would be important i n  

I n  o rde r  t o  achieve t h e  goa l  of func t iona l  e l e c t r o n i c  c i r c u i t s  

opera t ing  down-hole, i t  w i l l  be necessary t o  i n t e g r a t e  t h e  pass ive  components 

with active devices as is  shown i n  Fig. V I I - 4 .  As f a r  as i n t e g r a t i o n  wi th  

d i s c r e t e  components and hybrid circuits is  concerned, t h e  p r i n c i p a l  problems 

are expected t o  be  bonding and packaging. W e  have already worked o u t  w i r e  
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bonding techniques using ultrasonic bonding of platinum wires, and a Sandia 

package is available which can be used up to 4 5 0 O C .  

form and in packages need now to be evaluated by users. 

Our samples in chip 

Since the MOS process is probably the most promising candidate for 

producing semiconductor devices that can operate up to 3OO0C, some attention 

should be given to integrating our passive components with MOS devices. 

have already made some progress in this direction through a small contract 

fuided by Sandia Laboratories to fabricate test structures using CVD tungsten 

as gate metal. 

We 

The integration of passive components with integrated thermionic 

structures should also be investigated, as previously discussed, to see what 

process compatibility problems arise. The ITC devices are the most promising 

candidates for operation above 500°C, so their integration with passive com- 

ponents should be investigated as part of the long-term 

instrumentation research. 

Finally, some attention to the circuit design 

Design passive and active devices should be initiated. 

developed, and some specific circuits investigated. 

goals of geothermal 

involving use of 

rules need to be 

A final area, which may be considered exploratory, is the investi- 

gation of transducers for logging tools. 

process has the potential for producing two types of transducers: 

ture and pressure, 

our resistors have exhibited very stable characteristics with no hysteresis 

with temperature, we feel that resistors deliberately fabricated with high 

temperature coefficient could be used as temperature sensors. This should 

be investigated. 

We feel that in particular our 

tempera- 

Both would use the tun'gsten-silicon C M  process. Because 
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One of t h e  p r i n c i p a l  problems wi th  s t r a i n  gauges has always been 

t h e i r  temperature dependence. Since w e  can f a b r i c a t e  W-Si r e s i s t o r s  with 

temperature c o e f f i c i e n t s  of a few p a r t s  per  mi l l i on  p e r  degree, w e  f e e l  t h a t  

t h e  s t r a i n  p r o p e r t i e s  of t hese  r e s i s t o r s  should be inves t iga t ed .  

s t r a i n  p r o p e r t i e s  are acceptab le ,  a p res su re  ce l l  could be designed by 

using a t h i n  diaphragm of some material such as s i l i c o n  on which have been 

deposited W-Si r e s i s t o r s .  

I f  t h e  
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B. Comments 

Discussion by P a r t i c i p a n t s  

Following the  p re sen ta t ion  of t h e  proposed d i r e c t i o n s  f o r  f u t u r e  

work by The Univers i ty  of Arizona, t h e  meeting w a s  opened f o r  informal d i s -  

cussion by workshop p a r t i c i p a n t s .  The d iscuss ion  w a s  i n i t i a t e d  by a reques t  

t h a t  p a r t i c i p a n t s  comment on the  proposed f u t u r e  work. Professor  Hamilton 

had pointed out  i n  h i s  p re sen ta t ion  t h a t  t h e r e  w a s  considerably more work 

needing t o  be done than could be handled under a n t i c i p a t e d  s t a f f  and budget 

l i m i t a t i o n s ,  and he had suggested p r i o r i t i e s .  H e  now requested suggestions 

from p a r t i c i p a n t s  regarding these .  There w a s  not much d iscuss ion ,  and upon 

f u r t h e r  ques t ion ing  by Prof .  Hamilton it w a s  determined t h a t  t h e r e  w a s  

genera l  agreement among t h e  p a r t i c i p a n t s  on the  proposed d i r e c t i o n s  and 

p r i o r i t i e s .  

The d iscuss ion  then turned t o  some of t h e  more s p e c i f i c  requi re -  

ments foreseen by p a r t i c i p a n t s .  M r .  Lyman Edwards of Dresser I n d u s t r i e s  

pointed out  t h a t  t he re  is an urgent need by both NSF and DOE f o r  a high- 

temperature p re s su re  transducer.  Present  geothermal app l i ca t ions  need a 

device f o r  3000 p s i  a t  temperatures up t o  300OC. Within four  t o  f i v e  years  

t h e  magma geothermal program w i l l  need t ransducers  t h a t  can ope ra t e  i n  t h e  

3OO0C t o  1000°C range a t  pressures  up t o  20,000 p s i .  

transducers f o r  20,000 p s i  a t  250OC - 3OOOC. 
should have a s e n s i t i v i t y  of one p a r t  i n  20,000, be s t a b l e  over a 15 minute 

t o  1 hour per iod ,  have down-hole ampl i f i ca t ion ,  provide 5 v o l t s  f u l l - s c a l e  

output,  and be capable of d r iv ing  f i v e  miles of cable.  

O i l  w e l l s  a l s o  need 

Typical pressure  transducers 

M r .  Edwards a l s o  noted t h a t  high temperature ins t rumenta t ion ,  

p a r t i c u l a r l y  pressure  and temperature measurements, are needed f o r  c o a l  
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gasification and liquefaction, These applications require circuits which 

can operate in the 500°C - 1000°C range. NASA Venus probes require high- 

temperature instrumentation as does the proposed NASA project for convert- 

ing solar energy at a satellite to microwave energy. 

With regard to filters, Mr. Edwards indicated that signal-to-noise 

ratio problems often determine filter peeds. There are some requirements for 

low-pass filters with fractional-Hertz cutoff frequencies that can operate at 

300-500°C. 

Finally, Mr. Edwards noted that there is a need for a radiation 

detector of the scintillation-counter type that can operate up to 1000°C. 

Mr. Sloughter of Wellex described some of their circuit needs. 

They would like an amplifier with open-loop gain of l o 4 ,  bandwidth 5 Hz or 
better, to operate from 0°C - 350°C. Also they need an A/D converter, 12 

bits, 5 volts full scale, for the same temperature range. Eventually they 

would like to have a microprocessor down-hole, and a line-driver so that 

signals would be sent in digital form to the surface. 

Dr. DeLorenzo of Oak Ridge Laboratory noted that while he is not 

involved in well-logging, he has a number of high-temperature requirements. 

In many cases his instrumentation must also withstand a high radiation en- 

vironment. He has requirements for transducers which can produce wireless 

data output. 

amplify the signals at the site and drive acoustic transducers for acoustic 

transmission of the data. Such instrumentation must operate in the 300°C - 
700°C temperature range and withstand a total radiation dose of 10l8 rads 

per year. A differential 

pressure transducer for measuring sodium flow is also needed. This device 

One method is to use temperature and pressure transducers, 

Pressure transducers for 10-200 psi are needed. 
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must be capable of measuring a 10-15 p s i  d i f f e r e n t i a l  p ressure  across  a 

ven tu r i .  S m a l l  s i z e  is  a l s o  a requirement, and s t a b i l i t y  is important. 

D r .  DeLorenzo a l s o  noted t h a t  he  has  a need f o r  capac i to r s  with 

capacitance i n  the  range 0 .1  - 2 microfarad t o  opera te  a t  50 v o l t s  i n  a 300°C 

environment wi th  no r a d i a t i o n ,  

M r .  McBrayer of Sandia ind ica ted  t h a t  The University of Arizona 

capac i to r s  were of p a r t i c u l a r  i n t e r e s t  t o  Sandia. H e  f e l t  t h a t  inteconnec- 

t i o n s  would be a problem, and mentioned the  need f o r  bonding t o  Dupont inks .  

D r .  McCormick of LASL comented  t h a t  they have success fu l ly  done wirebonding 

of platinum w i r e  t o  both n i c k e l  and molybdenum; thus he  f e l t  t h a t  i n t e r -  

connection would no t  be too  d i f f i c u l t .  

M r .  Burnett  of Sandia noted t h a t  Sandia is not  i n t e r e s t e d  i n  develop- 

ing  new technologies but  r a t h e r  i n  adapting e x i s t i n g  technologies f o r  opera t ion  

up t o  300OC. 

a t u r e s  above 300°C because present  geothermal w e l l s  r e q u i r e  only 300°C 

instrumentation and a l s o  because t h e r e  are o the r  major materials problems 

which impose l i m i t a t i o n s  a t  3OO0C, 

He a l s o  noted t h a t  Sandia is  not p re sen t ly  i n t e r e s t e d  i n  temper- 

Examples of t hese  are cab le s  and seals. 
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I, PROCESS OPTIMIZATION - PRESENT PROCESS 

A. PARAMETER CONTROL 
Development of design curves f o r  

proceesing: deposition times, temperatures, 
e t c m e  related to thickness, sheet resistance, 

B, F I LM THICKNESS, SHEET RES I STACE, 
TEMPERATURE COEFFICIENT 
Pesign curves f o r  components 

C, PROCESS UNIFORMITY, REPEATIBILITY 

DL PROCESS OPTIMIZATION FOR INTEGRATION 
Compatibility, simplicity 
Crossovers 

E. RELIABILITY STUDIES 
Cycling 
Long b e r m  life testing 

Figure VII-2 
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I I. ADVANCED TECHNOLOGY 

A. PROCESSING 
1. Hot-wall CVD 
2. E-Beam proceeees 

C. 

MATER I ALS 
1. Molybdenum metallization 
2, Mo-Si resistors 
3, Capacitor structures 

Large-value capacitors 
Multi-layer structures 
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I I I. INTEGRATION WITH A C T I V E  DEVICES 

DISCRETE COMPONENTS 
V a c u u m  tubes 
Semiconductor devices 
Interconnections with discrete passives 

HYBRIDS 
Same interface problems as with discretes 

FULL INTEGRATION WITH MOS STRUCTURES 
Process compatibility 

FULL INTEGRATION WITH I T C  STRUCTURES 
Process compatibility 

CIRCUIT DESIGN. 
Use o f  passives with active devices 
foi- filters, functional blocks, 

Figure VII-4 
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I v. TRANSDUCERS 

A. 

B o  

TEMPERATURE SENSORS 
High TCR resistors 

PRESSURE TRANSDUCERS 
Investigate properties of 

low-TCR resistors as =train sensors 
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