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SECTION I
FABRICATION OF 256-BIT BIPOLAR RAM

A. TEST RESULTS

Lot 3 of the c-beam 256-bit bipol ar RAMs has been completed and all slices of the lot have
been evaluated. One slice was processed through scribe and break , and enough chips from that slice
were assembled to ship 50 engineering samples. The slices were evaluated using three different
techn iques . A description oI~ each technique and the corresponding results are discussed below.

I . Visible Examination Using Optical Microscope

After the slices had been processed throug h the sinter step they were examined under an
• optical microscope using magn ifications between 50X and 400X. In genera l , the edge quality and

size control of all the geometries were quite good. There was, however , a substantial number of
defects , nor mally referre d to as pinholes , in the oxide patterns. Based on other data in this report , it
is believed these pinholes were caused by PBS . the positive electron resist used at all the ox ide
removal steps. In our estimation , these pinholes were the predominant cause of the function
failures.

2. Component Evaluation Using Three-Point Probe

After the visible examination was complete the individual components , such as resistors and
transistors , were evaluated to determine their electrical characteristics. This procedure involved
using a stage and three individual probes that were connected to a Tektronix 576 curve tracer. Each
individual probe was placed on an aluminum pad which was connected to the appropriate node of
the device. Then , using the appropriate function generators in the curve tracer , the component
characteristics were measured. The results from this test are summarized as follows:
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COMPONENT I LLCI RIC ~I l ’A K A ~IL: I’ERS
(NPN Output  I u.in ~i~to r i

Parameter I)esign Limit s Measured Units

I 20- lot) 4S~~4

~4 V m m  n S ~) S

I ~ ‘4 vo lt s

“ C’ ~ ‘ot t ’.

flittuseti Resistor

Parameter Design Limits Measured Uni t s

B\’ re sistor to eI~ I ~
‘ 0 V tu tu I S - 2 4  vol ts

Resist .mn ~c 4. 5—c . ~ ~-o 3 oh ms

It is ob~ ions from c’samining th e d.tt.t tha t t h e measured para m eter s ar e well w ith in  th e design limits
for (he device. This data indicates th at  the diffusion pr esses that  have been developed for
fabricating the device ire quite acceptab le . Any chip having entuponcuts with (lws¼’ ct~ .n tenstics

should not fail because of electrical probl ems.

3. Circuit Evaluation Using HSM

A lte r  th e three—point probe anaI ~ ‘.is. the slice s were ekctu - u . . u Il ~ t este d tusuu ~ th e lligh Speed
Machin e ( II SM i his ni .i ch ine perl orms .mll the de te ’.ls required to meet the contra ct speci licat ion.
A s Iuun n uj r ~ ol • ‘uc measured par ameter s . tc ’.t conditions and test l imi ts  us presented.

Limits
Param eter Test ( onditions Miii Mas Mtasuretl Units

t.ow .Level Output \oIta gc 
~() L ~C(~ 

— ~ ~ I Ø~ 
1k) ink 0 4~ U 4~c~’ ~ohis

Inpu t I ow Current  
~~ ~~~~ 

— ~ V V ,11 () 4S ~ ~ 10 .~~~ pA

Input h i g h Cuuien * ~~~ ~~~~
. .  S S % S 4 \ 2s U .~

Input II mgh Curr ent l~~ S ~c \ \ ‘. s V I 000 1 mA

Ouiput l eakage (‘urt e nt ¼’i x ~u ’  — ~~~~ ‘
~ ‘out ~ ~ 1 (k) 05  pA

Inp u t  C lamp S .4 5 V . 10 i nk

fliodc Vo ltage 
~K’ S 

~~~~ ( I S 1 ‘
~~ volt s

Power Supph Curren t I ( .( . V~~~. ‘ S S \ , Al l mui p u t s  open I .1~ 45 mA

‘W hen the p ekaged unit s weme tested , this pauauiw t er measuied k)~ $~> V 

— - .
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All the electrica l parameters except \ o~ 
were w-~l l wi th in  the contract sp e ci l icat  t o u t s .  Sins .

V01 na ’. the only failing pa rameter , the slicc ’. n-crc tested again w i t h  th e “OL test eliminated. The
results were the same. It appears thi s parameter measured high because of th e probe cont act
resistance since after the units were packaged and re-t ested , this  parameter measured only 0.3~ ’) V.

Iwo other basic tests were per form ed along n ittu the above electrical tests. They were the
c o n t i n u i t \  and function tests. The con t inu i t y  tc ’.t I’. per formed by pu t t ing  a bias on the device pins
and biasing theni using a low voltage -. I .5 \ ‘ f to 5CC if current will flow in t o or out the device pins .
If current ilows , the device passes th e test. t h i s  test mainly ch ecks to see if the contact windows
were free ol oxide and if the a luminum alloyed into the contacts. The funct ional  test is a gross test
to see it the circuit operates as a memory . l)uring these t e sts , information is at tempted to be wri t ten
into and read (roni the memory . The device must meet only m in um a l  electrical re quire m ents to pass
this test. The main purpose of the test is to see tha t  the device “ funct ions ” as it should. Thi s test
gives a measure of the degree ol pattern integri ty on the devi ce. If there are large numbers of
pattern defects , they will manifest themselves as functional failures. Approximat e ly 85~’~ of the
units passed the continuity test hut 0~ of the units passed the functional test. The {00~ functional
failures in conjunction with the results t’rom the visible examination led to the conclusion tha t
pi nholes were the primary cause of device failures. This problem has been extensively discussed. It is
believed that as soon as the Tl-3l3 resist is phased in. the next lots of materia l will h ave some good
memory circuit s.

Al
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SECTION Ii
ELECTRON RESISTS

A . I!~TR0DUCflON

This section describes a series of tests performed to evaluate the continuity of various positive
electron resists under device processing conditions. They are important because their results
demonstrate that PBS resist used as was done in the earlier parts of ’ this program can produce
pinholes during oxide removal operations at a level sufficient to cause the circuit functionali ty
problems which have delayed contract completion. Of greater importance is the fact that the most
recent tests show that Tl-3l3 electron resist evaluated under the same conditions yields greatly
reduced defect densities , being comparable to those found with commercially available photoresist
films. On this basis it can be concluded that implementation of the Tl-3 13 technology should
permit fabrication of the required memory circuits in the immediate future.

One of the initial program plans was to use positive electron resists for all of the oxide removal
steps. This decision was made because it reduced the relative area of the chip that would have to be
exposed from 4/ 5 when using a negative resist to about 1/5 for positive resist. And , of course, slice
exposure time is directly proportional to the amount of exposed chip area.

When the program commenced , there were only two positive electron resists available for use,
PMMA and PBS. Since PMMA was too slow to meet the contract requirements , PBS was chosen.
PBS had given good results in fabricating several test bars . However , when the fIrs t integrated circuit
wafers were evaluated , it was reali zed that there were a significant number of visible defects in the
oxide areas of the chips. It is believed this high defect density was the cause of the functional
failures on the devices tested.

At the same time , similar problems were being found on some devices built on TI internal
progra ms. However , these devices had fewer levels patterned using PBS so the cause of the defect
problem was not clear. These problems precipitated the defect density studies of PBS. Two
different approaches were taken to evaluate the resist. The first was a technique to measure the
nu mber of defects visually. The other was an electrical measurement of the defect density. The
procedures and results of both techniques are presented later in this report.
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B. VISIBLE EVALUATION TECHNIQUE

1. Slice Preparation and Evaluation Procedure

Unoxidized polished substrates were used as the starting material for the tests. They were then
processed through a number of steps until ready for evaluation. Two separate runs of slices were
made at different times using different bottles of resist. However , both bottles had essentially the —

same characteristics.

The first run involved only PBS and control slices. The second run included PBS, a negative
photoresist , Kodak 747 and control slices. The procedure used to prepare the slices for the first
evaluation consisted of the following steps:

1) Clean polished substrates

2) Oxidize at 1000°C to 9000 A

3) Steam slices @ 700°C

4) Coat slices with PBS

5) Bake slices

6) Develop slices

*7) Bake slices

8) Etch slices in buffered HF un til back sides clear

9) Strip resist

10) Etch slices in planar etch

11) Strip oxide

* Used on 1/3 of the slices

The control slices went through steps 1 , 2 , 10 and 11 only. The thickness of the PBS after step 5
was approximately 4000 A.

The technique used to prepare the slices for the second evaluation consisted of the following
steps:

1) Clean polished substrates

2) Oxidize @ 1000°C to 9000 A

3) Steam slices @ 700°C

6
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4) (‘oat slices with PBS or 747

5) Bake slices

6) Etch slices in buffered HF u nti l  back sides clear

7) Strip resist

8) Etch slices in planar etch

~) Strip oxide

One -third of the slices were coated with PBS, one-third were coa t ed with 747 and one-third were
used as control slices. The thickness oh ’ both resist lllms was 4000 A. The control slices went
through steps 1 , 2 , 8 and 9 only.

After the slice preparation was complete, the slices were examined for defects usin g an optical
microscope. The planar etch enlarged the defects to approximately 1.0 to I .5 mils in diameter
which made them easy to see and count under the microscope.

2. Results

The results from the two runs are shown as follows :

RUN I
Defects/cm 2

PBS PBS w/steps 6 and 7 Control

0.94-2.46 1.16-3.84 0

RUN 2

PBS Kodak 747 Contro l

34.6-46.6 1.40-5.29 0

The results from Run I indicate that the defect density increases by about 50% when the slices
are run through the develop cycle , wh ich of cou rse is part of the norm al resist process. There are
1 5.98 chips/cm 2 on the slice. Taking the worst case of 3.84 defects/cm 2flevel , the re wou ld be on
the average 19 .2 defects/cm 2 after all oxide masking steps or a little greater than 1.2 defect/chip.
Taking the best case of 1.16 defects/cm 2/level, there would be on the average 5.8 defects/cm 2 after
all oxide masking steps or about I defect for every 2.76 chips . Under these circumstances there
should have been some good devices in the lots.

7
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The results from Run 2 are very discouraging. Using the best case of ’ 34.6 defects/cm 2 /kvel ,

the re would be on the average about 173 defects/cm 2 alter all oxide masking steps , or about
10.8 defects/chip. It would be practically impossible to get any good devices wit h a detect den si t y
this high. There is obviously some problem with the PBS since the defect density of the 747 was not
nearly as high .

The reason for the variation in the defect density from one test to the next or for the ver y high
densities found in Run 2 has not yet been determined. Further studies of the resist are conti nuing.

3. Adhesion Problems

PBS does not adhere very well to oxide surfaces , especially phosphorus glass oxides .
necessitating a pretreatment of’ th e ox ide before appl yi n g the PBS. Normally slices see a nitroge n
an)bient ju st prior to being removed from the furnace tube. However unless the PBS is immediately
applied upon their removal from the furnace, severe undercutting will result at that O.R. step.
Immediate application of PBS is usually not feasible because of ’ logistics problems so two alternative
routes have been followed.

The routine procedure is to give the slices a low temperature (~ 700°C) treatment in a stea m
ambient for 5 minutes prior to app lyi ng the PBS. This procedure works quite well but also has
several problems . One is that it is an extra process step which increa ses cycle time and slice
processing cost. Second, it cannot be used t rior to contact O R .  because of its effects on transistor
h FEs at low temperatures and low Içs.

‘rhe other alternative procedure is to apply a silane film to the slices prior to the application of

PBS. This procedure is done as t~~lows :

I) Bake - IR~&l 60°C

2) Coat — 2% Phenyltrichlorosilane (PTCS)/Xylene (~
‘ 5K RPM

3) Bake — JR (a’ 160°C

4) Coat — PBS

This procedure works well and was used at contact OR.

Included are some photographs taken from blank oxidized slices that were patterned with PBS.
Figure 1 was taken from a slice that had no treatment prior to applying PBS. Figure 2 shows a slice
which had the steam treatment prior to applying PBS. Figure 3 was taken from a slice which had
the PTCS treatment prior to applying PBS. These pictures are representative of the results achieved
using th ese processes.

a
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Figure I .  PBS Adhesion: No Pretreatment
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Figure 2. PBS Adhesion: Stea m Pretreatment

9

- . -. j
~~~~~~~~~~~~ ’~~

_
- - i--- - -- --—— i~~~~~

_-~~~~~- -’~



_____ ~~~~~~~~ 
~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 

-
~~ 

— --‘

~

---— . - -

~ 

- r

I’

--I

Figure 3. PBS Adhesion: Phenyl Trichiorosilane Pretreatment

C. ELECTRICAL EVALUATION OF RESIST CONTINUITY

I. Test Procedures

Device problems related to electrode-to-substrate short circuits and electrode dis continui ty
over thick-to-thin oxide steps suggest that PBS. as processed in these instances , was subject to
localized attack and breakdown during development and etching. This was particularly true in the
vicinity of surt ’ace irregularities hut  was also found in flat , unpatterned regions of ’ the devices. A
simple , quickly performed test was required to provide quant i ta t ive  characterization of the
magnitude of these two effects , and to serv e as a vehicle for process improvement.

To meet this riced, it was decided to fabricate large-area MOS capacitors on silicon dioxide
films that had been entirely protected by electron resist during an oxide etching procedure th at
would I00~ - over-etch the film. Control wa fers t’or oxide qual i ty  and processing were included in
the tests. After etching and resist removal , aluminum was evaporated on the ox ide , circu lar
capacitors ot various areas up to 0.02 cm 2 were formed , and the structures were sintered at 450°C

4 (‘or 50 minutes.  It ’ a void was present or had been formed in th e resist during processing, the
over-etching would form a pinhol e in the oxide film , causing an MOS capacitor formed in that
region to he shorted to the substr ate during sintering. The incidence of such shorts was determined

I0
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by electrical breakdown measurements on arrays of these capacitors, normall y lOO capac itur s per
wafer . Slice mapping techniques were used to locate the defects physically , and detect densit y was
calculated on the basis of a Bolt zmann statistical model.

a. SAMPLE FABRICATION

To simplify processing and measurement , thin oxides , nominally 850 A th ick ,  were used f~ r
these tests. Separation of the effects o attack in planar regions and at oxide steps was approached
in two ways. ‘the simplest and most rapid technique was to eliminate the effects of t he ste ps by

building capacitors on wafers oxidized in one step to a single thickness. Such tests provide a quick
characteri zation of the level of attack , and can be compared to results on more complex wafe rs
where thick oxides are initially grown , holes etched and reoxidized to 850 A , and alu m inum
electrodes are aligned over the resulting oxide step.

A better procedure which evolved during th e test program permitte d exact s imulat ion of th e
oxide steps occurring on the circuit arrays and direct comparison of ’ tiat sur l ’aee and oxide step
defects on the same slice . .Such stru ctur es are shown in Figure 4 . a photomicrograph of a test
structure array containi ng a variety of circular and annular  MOS capacitors . ‘I ’l ’ic small triangles are
markers for al ignment of the photomask levels , (‘ousklering only the two largest circul ar units  in the
array, circular areas of ’ 0.01 and 0.02 cm 2 were protected by silicon nitride dots. Normal t’ield
oxides ol’ one-micrometer thickness were grown surrounding these dots , at ’ter which the nitr ide was
selectively etched away with 1 80°C phosphoric acid. Thin oxides (850 A )  were then grown in the
regions where the nitri de had been removed. After  a luminum evaporation , a contact mask was
aligned so that a 0.01 cm 2 dot was t’ormed in the center of ’ the 0.02 cm 2 thin oxide region (nested
capacitor ) , and a 0.02 cm 2 electrode was formed overlapping the 0.01 cm2 thin  oxide region
(overlap capacitor). The wafe rs were then sintered. This provides two inter locki ng arra y s  of
capacitors of equal effective area (0.01 cm 2 ), one of’ which includes an oxide step at its outer
perimeter (overlap) and one of which does not (nest ed ’) . h aving both arrays on a single ~vafc r
permits direct comparison of the effect of inclusion of the oxide step without  concern for
wafer-to-wafe r variation due to processing var iabi l i ty .

With this genera l fabrication procedure , a variety of tests can be run in which wafers are coated
af ter thi n ox idation with elect ron resist or photoresist , developed, etched, and stripped, or any
combination of these procedures in order to isolate the effects of the various processes.

The experiments described in this report were performed employing all of these fabrication
techniq ues: single thickness oxides , nested and overlap capacitors on different wafers , and nested
and overlap capacitors on the same wafer.
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b. I LH’l’RK’AL (‘IIARA(’ThRItATION

Because of the sample fabricat ion process . a void or pinhole in the resist film under test should
result in a capacitor electr ically short ed to the substrate silicon. These can be found by probing the
capacitor array with a single low voltage , t esting f ’or any level of conducti vity . However, other  more
subtle forms of damage may occur , due to slow at tack and partial failur e of’ the res ist f i lm , or
damage to the underlying oxide by processes other than the etching. such as resi st renio~al .
Identification of ’ these effects requires a more complex testing procedure , like that used for
measurement of ’ dielectric strength of ’ insulatin g films. Three different test programs were used for
these experiment s , two of’ which were developed especially t’or this work. Two of them employ a
sequence of ’ voltage steps applied to the capacitor unt i l  a certain f ixed  level of conduct ivi ty is
observed , while in the third , a voltage ra mp of variable rate and amplitude is used. Automated data
analysis was improved f’rom a simple compilation of breakdown voltage versus t’req u en cy to

inclusion of ’ slice mapping capabil i ty ,  probabilit y plot generation , and automated defect density
calculation.

The fi rst testing was done using a standard integrated circu it tester. A staircase of ’ 6-volt steps
was applied to the test capacitor: 50 milliseconds after each step, the current flowing through the
capacitor was measured. It ’ the current was greater than 40 microamps , the capacitor was assumed
to have been broken down by the last step and the f’inal voltage was measured, recorded , and the
prober was moved to the next capacitor. After the desired array had been broken down, a
t’requency distribution of breakdown voltages was tabulated , and th e percent of the sample broken
down at each voltage step was computed. Considerable manua l data manipulation was required to

extract information from this tester , hut it was adequate t’or identitlcation of ’ gross short-circuit
data.

The second test program was built around a h ewlett-Packard 9830 automated measurement
system , and included many improvements both in measurement versatil i ty and data analysis. A
staircase of ’ voltage steps was still used , but either positive or negative polarity could he generated,
any step amplitude and number of steps could be selected up to a maximum voltage of ’ 100 volts .
and both step duration and current measurement delay at ’ter step application could he varied. Most
common values used were one second and 200 milliseconds, respectively. In addition , any trigger
current level above a fraction of ’ a microamp could be selected. Arrays of any size up to
25 X 25 units could be probed automatically. Data analysis capability included a frequency
distribution of breakdown voltages , a table of ’ cumulative percent of ’ the sample broken down up to
and including each voltage level and a computation of ’ defect density based upon the assumption,
following Osburn and Ormond, 1 that any unit with a breakdown voltage less than 0.8 times the

I. C’. M. Oshurn  ~nd I), W. O,m(~nd , J, Elec:roc hem~ Sot., Vol. 119 , Nt~. 5, 59 1 iM.iv 1 4 7 2 ) .
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maximum bre akdow n voltage t’ound in the sample is defective. Also usefu l in data interpretat ion is

the slice mapping capability, which plots the capacitor array ident i fying any uni t s  wi th  br eakdo~ n
voltage below any chosen value. This mapping is i t Crat ive in nature , and any number of ’ maps r i i a y

he generated from each data set to identify the location of units tound in the data tables. This is ot’

value in identifying slice edge or array corner un i ts  which have a higher probability of being
defective due to handli ng, and in determining proximity of d e fect ive units possibly caused by
scratches on the wa fer surface. Following t h e  generation of slice maps , a grap h of ’ hr eakd own
voltage v ersus cu mulative percent of sample is plotted on a pr ohabil if ~ scale . This type of graph has
the property that  a (‘,aussi an data distr ibution will plot as a straigh t line. It ’ such a straigh t line is
found when data is plotted , the standard deviatio n of ’ the di stribution can he obta ined (‘rum the
slope , and the extent of the sample which is not a part of’ the overall normal distr ibution can be
deter mined. This break point in the curv e provides perhaps the best estimate of ’ defect density ,
wherein a defect is defined as any departure from the characteristics of ’ an ideal statistical sample.
Great care must be used in the interpretation of’ these results.

A ra mp voltage supply system was substituted for the voltage staircase in the third
measurement set up developed. The ramp, generated by the charging of a large t’i xed capacitance by
a constant current source , has a rate variable upward f’rom 10 volts/second. Rates as high as
I 20 volts/ second have been used experimentally. One degree of ’ f ’reedom lost wi th  this system is
that the failure trigger current level is determined by the hardware to be 40 n~wroauips . Raw
experiments performed on interlocking arrays of capacitors on the same wafe r indicate that
breakdow n characteristics are invariant for rates of ’ 20 volts/second and greater. A barely discernible
indication of time-d ependent ef ’f’ects is noticeable when slowing the ramp to 10 volts/ second.

It is difficult to compare results of the ramp and staircase test procedures in great detail
because of these ti me-dependent eff ’ects. Minimum step duration ot’ the stairc ase system is about
one second, li mited by hardware. This sets an uppe r prac tical limit on effective ramp rate at about
5 volts/second in order to mainta in acceptable distribution definition of ’ the sample . As mentioned,
the voltage ra mp system has a minimum rate hardwa re limited to 10 volts/ second , making it
impossible to test samples with both systems at the same eff ’ect ire ramp rate. However , ramp and
staircase measurements done on interlocking arrays at 10 and S volts/second, respectiv ely , were ~‘erv
similar in appearance. Median breakdown voltages were , in general. less than 10% higher with the
staircase system. This difference might he expected, in that with the staircase system, a steady
current at the failure level must he measureable twice. at SO-millisecond intervals, hef’ore a unit fails:
whereas with the ramp system, the first current pulse above the failure level defines a failure. In this
regard, both systems might be useful in that they tend to separate the effects of early self-heating
breakdown from complete catastrophic failure. For these measurements, thick aluminum films
(greater than one micrometer ) were used to inhibit (‘ormation of self-healing defects.

14
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S~’~eial differe nt definitions of defect density are used in these experiments , and it is

iiflporf .iit to understand these definitions and t h e  manner in which the computations are made. As
mention ed above , the fabrication of these test samples was done in such a way as to cause
electri ca lly sho rted capacitors to be t’ormed if voids occurred or were etched in the resist films. For
this detect mode, the occurrence of failures at  the first step of the voltage staircase or at sonic
.trh itr ar ily low ramp voltage (usually taken as 10 volts) was monitored. Such data is usually reported
heR ’ .*~~ the percent of failed units rela t i~e to the total number measured. For the case of
1 00 capacitors eac h of 0.0 1 cm 2 area , this percentage defect ive is very nearly equal to the defect
d en s i ty  per square centimeter comput ed from the statistical models described below. With this in
mind , data  on electrica lly shorted un i t s  can be correlated wi th  the visible def ’ecf densities measured
in Section 11.8 of thi s report. Similarl y, uni t s  which were capable of withs tanding some voltage
stress but which (‘ailed well below t h e  voltage range at which most uni ts  failed were separated into a
secondary defect category . Such defects may he related to partial resist failure or oxide or silicon
surface da mage caused by cleaning or resist removal processes.

Two slightly different defect densities are generated by the automated tester , both defined in
ter ms of departures from idealized statistical behav ior of a def ’ect -f’ree film. The fi rst follows the
experimental determination of Osburn and Ormond that  breakdowns between the maximu m
observed breakdown voltage and 0.8 times that value may he associated with the intrinsi c
breakdown characteristics of’ the film. By this definition , any uni t  with a breakdown voltage below
this lower limit has a def’ect associated with it. The extent o ’ the primary or intrinsic breakdown
distrib ution is thus given by unity minus the fraction of units tested having breakdowns less than
0.8 times the maximum breakdown voltage. This prob ability of finding primary mode breakdowns ,
1. is converted to defect density usi ng the Boltzm ann model:

ln (Y) = -~A X D (I)

where

D = defect density (cm - 2 )

A = sample area (cn~~
2 ).

Arguments for the validity of the use of this expression have been presented by Chou and
Eldridge.2

The second approach to the definition of a defect density relative to the intrinsic breakdown
properties of the oxide makes use of the probabili t y plo t of breakdo wn voltage versus cumu lative
percent of sample generated by the automated system. After completing the plot , the operator

2. N. J. Chou and i. M. Eldridge, 3. Electrochem, Soc., Vol. 120, No. 8, 1139 (August 19733.
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inspects it to determine the L’si sten ~’e of a straigh t line indicating a I. ;, i t i ssl .In d i s t r ibut ion  of
breakdown voltages in the pr imary voltage range. I f such a di stribution does ex i s t , i t s  ex ten t  is
noted front the graph , and the yield of such prim ary units  is entered int o the sy s tem , wh ic h th en
computes a defect density using Cqt laliofl  I ). In most cases, good agreement has been observed
between these two techniques for defect deiisit~ calculation , tending to confirm th~ obse rs at ions of
(.)shurn and Ormond.

Other workers3 hav e argued th at  bi.’catise of the nature  a nd source of ox ide defect s tha t
another expression :

V = ( 2 3

is a more %a l i d  representation of ’ the relation ship between y ield, santpk area , and defect tkns it~ -

I— or values of ’ A X 1) much less than uni ty .  equat ions ( I )  and (2 )  are ver y nearly equ al , and the
percent difference is only 44 ’ when A \ I) = I . Figure ~ is a plot of the two rel ationship s for the
case of ’ A = 0.01 cm 2 , the most commonly used ~alue in these experiments.

2. Tess Results

Four tests will be described whic h employ the procedures described abov e to evaluate the
continuity of both PBS and TI-3 13 electron resist s tinder device processing conditions. The firs t tw o
experiments using PBS. ex amine attack on single thickness oxide films and the ef ’fect of ’ resist
thickness on oxide step coverage.

a. EXPERIMENT C: SINGLE THICKNESS OXIDES PBS

The aim of this experiment was to determine the p inhole density in an oxide f i lm  r esulting
from the use of ’ PBS electron resist for an oxide removal process on singl e thickness , unsteppetl
oxides. Twelve wafers were used, divided into three cells of ’ four cact i . The t’irst cell was a control on
the quality ot ’ the oxide as grown. No resist co.it ing or etching was performed on these wafers. The
purpose ot’ the second cdl was to sep arate the effects of ’ resist appli cation, processing and remov al
t’rom those associated with attack during etching. Waf er s in the third cell were sub ected to
complete resist and 1 00% over-etching processes while completely coated with resist .

All wafers were cleaned by standard preoxidat ion technique s and oxidiied to a c~00 \
thickness in dry oxygen at I I 00~(’. (‘cli nos. 2 and 3 wafers were then coated with PBS and baked
as usual for an oxide removal process. Cell no. 3 wafe rs only were then etched in common oxide

3. R. I. Meek and ft . 13. lit~iun,J, h’Iqcfri,eh~’,.( S,’, - \~~I i l ’ , N,~, i i , 3538 t N~~~,ij bi’t l’~”~ t
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etch for a time su t t i c i e n t  to remove twice the ox ide thickne ss present , or 1 200 ~ Af t e r  I~ ’sis t

removal on wafers in cells 2 and 3. three wafers from cacti cell were then coated w i t h  pur e
.*lun iinum evaporated for  an induction heated source, th e  aIumin ~im Wj s pa t te rned  on t~ o of the
th ree ~ atc r s  from each group using the c i i  ul . i t  arr a~ shown in Figure I , and all a lu n t in ited  sli ces
were sintered at 4~ 0 ( ‘ in a ~0-minu te N~ . hl ~‘\ ~~ c~ cled ambi en t .

One nietallized wafer f rom each cell s~ as stripp ed of a luminum ,ind exam ined iiiicroscopi callv —

for evidence of’ sili con p i t t ing  due to a l u m i n u m  al lo y ing through p inholes. l ’hie unmc ta l l i , e d  slices
were also examined optically for signs of etching .11 t ack - No clearcut d i f fe rences  in the  appear ance
of these slic es could he resolved , dep endent upon processing d i f fe rences  The othe r  two wafe rs in
e.ich cell were probed u sing the t ir s t integrate d circuit  tester described in r ite Ele ctrical
Characterization section.

Prohahihit~ plots of the breakdow n data are shown in Figure ~~~. Fi~ e of t he six wa l ’ers ha v e scr ~
similar primary mode breakdown distr ibutions , wi th  median break down voltages j ust  below
50 volts. Wafer no. ‘

. one 1 the resist-no etch group. had markedly inferior characteristics ,
probably due to mishandli ng. The str iking aspect of ’ the data is seen in th e per centage of ’ shorted
units, those breaking down at the fi rst h-volt step. While the four nonetched wafers had losses less
than 2~’ , the two resist—prot ected , etched slices los t 10. 1 ~ and I 2. °’’ of their  un i t s , re specti vel .
This data s shown in Table I. Thus ~~ strong evidence for resist failure as outlined in the preceding
section. Defect density computed from deviations front the primary high-voltage breakdown
di stnhut io n sho~v s only a weak dependence on resist ‘and etching processes. This is because of th e
re la t i ~elv large numb er of secondary mode breakdowns probably resulting from damage related to
silicon surface preparation , ox idation , or handling Processes.

The relatively high inciden ce of shorted units  observed on the etched slices of ’ Experiment U
supports the contention t ha t  t inder normal process conditions, PBS electron resist can fail to
protect underlying oxides in oxide removal processes. Conversion of ’ the short circuit results on t u e
etched slices to a det’ect den~it v gives approxiin atel s- ’ 12 defects ~~~~ This value , and even those
shown on Figure ti, are much lower than the defect density estimated on integrated circu it wat’ers
from test bar data. In order to confirm that the resist failure observed in this test can account for
the gross integrated circuit funct ional i ty  problem, a second test which includes the effects ot’
nonp la nar oxide surfaces is required.

h. EXP F R I M E NTJ:  STE P COVERAGE ANI) ELECTRON RE SI ST THICKNESS-PBS

Experiment .1 advances the previous experiment by providing a closer appr ox imation to an
actual integrated circuit structure for pinhole testing. Oxide steps from th in  t,S50 -

~~~) to thick
I, 10,000 \ )  layers were formed using the recessed oxide approach described in the test Procedures

18

-~~~ __
~_S - —-5- - 

.—- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -‘~-~r~.: —-



_____________________ — —5 
5. —.5--—”- ‘—.5-.5’. 

.5— -5 ——-,--— ,‘

~~~

— I -.

0’
0’

30

‘S - 8 :
\~\

- L,,.J
—J0..

~~“\ ~“ I\~~\ \ C

“\ ‘

~~~ 
-

N
\ ‘~lL, ... u_i

~~~~~~~~~~~~~~~~~~~~ 
,
~~

~~~~~ - “5. I—‘5% ~~~~~~~~~~ .• .
~~ 

—

uJ
_ .

~~
—,,.-

-,
‘ - ~~~~ __J

D ” .,,, c5..J 
~~

0 (0, s,.
“5‘,. 

“
~~~~ - 

L)
0 — 3-,

•5,

w
U c’~~~ r-.~~ ~~~~~ 

•,
~— &

•5~~. ~~~~—
(0, 

~~~
— E

- —

o x ~~~uJ~~~~~~~ I&J
Q U J O  w +

Q. Z

(S I1OA) 3OVI1OA NMOO)~V3~~

19

— — -



- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —--- ‘—‘.-- - 

Table I . Experiment G: Single Th ickness Oxides/PBS Shorfed Capacitor I)ata

No R.aist R.si;t R. i st • Etc h

No Etch

Siic. No, 3 4 7 8 11 12

% ot uni tt wi th BV iess thbn 6 ,,o IIs 0 1 97 17 9  0 10 1 1 ~‘ 9

section. Variat ions in mask sequence permit ted  l ’ahi ’k ’at ion ut both nested and u v e i  lap M( )S

capacitor structures , done on separate slices ‘;t  t i l l s  f es t .  I l ie exper iment , w h i ch encoiiipassed
27 waf ’ers , was divided into  thre e major cells: a coot rol on surface  prepara t ion ,  clean ing.  o’s i d at i on .
and handl ing ;  a cell in which a normal 4000— 5000 \ coat of l’BS . as used to protect  against  oxide
etching ;  and a cell in whic h a th icker  ( ~)00() A ) PBS f i l m  was appli ed.  l ’hi s l a t t e r  tec h n ique had been
tried on a portion of an integrat ed circuit  lot , yieldi ng ~soor r esults ra ther  t i t an  the iiiipr oved
coverage tha t  might be expected. The third  cell is an a t t empt  to reproduce th i s  result under
controlled conditions , and if possible , to r e late it to th e oxide pinhole l’a i lur e mode. No at tempf  was
made in this test to separate damage done during resist removal processes f ’roni tha t  incurred dur ing
etching.

Electrical measurement of’ oxide breakdown was done using th e automated voltage step system
buil t  around the Hewlett—Packard ~)830 minicomputer .  Thi s is the second ol ’ the measurement
systems described in (he Characteri zation section . Because ot (tie n-type s t ar t i t ig  t t t at cr ial . po sit i ve
voltage in incremental 2-volt steps was applied at one-secotld intervals tip to a m a\ i n t u m  of QO volts ,
at which level all of ’ the capacitors had been broken down. As bef ’ore , arrays of 100 capacitors were
probed on each wafer.

A summary of results is given in ‘fable II , showing t h e  percent ot u n i t s  found siioi ’ted
(conductive at a level greater t It an 10 mier oaln pL’res at t h e  l ’i rsl ~ol fage step ) , and t h e  defect density
computed t’rom deviations from the high-voltage primary break dowtt mode f ’or each of ’ the nested
and overlap capacitor slices. A comparatively high level of wafe r breakage has reduced the sample
size in some cells.

This experiment clearly shows t u e  oxide damage fh af  results I’rotn the failure of ’ the PBS t’ilms
to withs tan d the etching process. Whereas the control groups had defect densities ranging from 23
to 52 per cm2 and one or zero shorted uni ts  per slice, defect densities on tile PBS-protected wat ’ers
ranged from 146 to 32 1 per cm 2 wi th  up to 74’ - of ’ the uni t s  shorted in tile t h in  PBS overlap
capacitor cell. The inabi l i ty  to protect oxide steps is very pronounced t’or ti le normal thin PBS t’ilms
with tile percentage of ’ shorted uni ts  increasing f’rom 2”:’ to 50” - wi th incorporation of the step at
the outer periphery of the capacitor. Tile degradation is less striking for the thicker  PBS material ,
hut is still present. The lack of ’ improven tent in circuit characteristics found iii increasing resist
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Table II. Experiment J: Gate Oxide integrity After  Firs t Oxide Removal

D.f.ct Density Shorted Units
Sample Slice No, (cm ’ 2 ) (St

Control -‘ Netted I 37 0
3 36 0

Contro l - - Overlap 4 52 1

5 23 0
6 46 1

Thin PBS — Nested 10 146 2

Thin PB S - - Overl ap 13 230 74
14 204 61
15 240 15

Thick PBS - - Nes t ed 20 321 4
21 281 2

Thick PBS — Overl ap 24 240 6

thickness t llentioned above is borne out in t u e  defect density data,  which f ’or both nested and
overlap structures , shows equal or reduced oxide quali ty.  Tile magnitude of ’ the del ’ecf det lsit ie s seen
tlere is comparable to those suggested by l(’ plug bar data , which had not beet l true in previous
simpler tests.

Many of these degradation effects can be most clearly judged by exa mi t l in g  the breakdown
distributions thlemselves , so probability plots of breakdown voltage versus per cent of sample are
shown in Figures 7 through I 2 for one wat ’er t’rom each of the six groups. As can he seen from
Table H , wat ’er—to — wa t ’er uni formi ty  wi th in  a subgroup was good. An example ot ’ the value of ’ the
breakdown distribution plots in data interpret at ion is seen by overlaying Figu res I I  and 12 , the th in
and thick PBS-overlap capacitor structure data f’rom slices 13 and 24. The percei ltage ot’ defective
units in tile two distributions is seen to be very nearly equal, but in the case of the th in  PBS f’ilt u .
most of ’ the units were shorted, indicating complete resist t’ailure , while the thicker  PBS resist failure
was only partial or delayed, yiel ding capacitors that would break down below 20 volts. l’he overall
poor qual i ty  of these results dictates a search for ai~ improved resist material ,  or at least ititproved
processing technique s f’or PBS.

c. E XPERIMENT N: SINGLE THICKNESS OXIDESITI-3 13

As a result of tile poor yield results obtaitied wi th  electron -hean l processiilg of ’ complex
integrated circuits using PBS, accelerated eff ’ort was directed toward development and
implementation of Tl-3 13 electron resist. As Soon as basic processes were established, this
preliminary test of resist continuity tinder oxide etching conditions was performed. Single thickness
oxides grown to 850 A in dry ambient at 1100 °C were used for the test.
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~ question raised ~tl tile s tudy oh pr ev ious data concerned the relative performance of ’ electron
i~~~i~~t cotupared with conventional photores ist processed in the same area. For this  reasoil . th is  test
i i ~~ i~J ’~ a cell in whi ch waf ers are coaled ~ i th  ~~~~ -\ of ’ Hu n t  PR— I 04 pilot ore st st , a posit ive resist
coinp at ab le in applications to the electron i e~i’~ts t ’ie ing considered , The three other cells in th ie tes t
iilciud ed a control on oxide quality aiid two 11-3 1 3 CL’lk . a single coat ~~000 -\ and double coat

10 .000 A I group. One of ’ the process advail tage s of I ’I-3 I 3 is that  it can be double coated readi ly
w i tho u t  redissolution. Three silicon wafers were proce~~’d in each cell.

Af t e r  oxidation , the thre e cells to be etch ed were coated. baked , developed and rebaked
nor m ally , t ilen exposed to a 1 00”; OV I r -t’tc ht pro~ess. 11w resist film s were removed in organic

~olven f ’~. and these wafe rs were cleaned Prior to being regrouped with  the control wafers  for
alunt inut li  evaporation. The aluminum was pat tern e d and etched using tile S3~~C fllask arr ay-’ shown
in i :igtir e 4. This was followed by tile standard 450” (‘, 50-nlinute sit lterit lg process.

Again , ID  X 10 unit  arrays of capacitors of ’ 0,01 cm area were probed on each wafer , givi ng a
t otal  metal lized area of I cnl tested per wafer , Tile third of ’ tile measurement systems described ill
the Characterization section was used f’or thi s test. Negative-going voltage ramps increasing at a rate
of 10 vo lt s ’second were used for testing these p-type samples. This po larity choice maintains th e
“ili~’on su bst rate surface in accumulation during t lleasurenlent, assuring that all tile voltage applied
appears across the oxide film. The data reduction and plott ing capabilities of this system are tile
same as that used in the previous exper inl eilt ,

A summary of the results of testing is shown in Table I l l .  Review of ’ the probability
di stribution plots indicated that  tile more defective wafe rs displayed distributions of breakdown
voltage ranging up to about - 20 volts , I-or this reason, data on percentage ot’ ut l i ts  with breakdown
voltage less th an 20 volts was extracted to characteri ze gross etch-induced defect level, along with
the very low breakdown voltage ( 2 \“t data.  1)ef ’ect density derived from tile extent of ’ the primary
breakdown mode is also silown.

Perhaps the most striking aspect of the data is the high defect densities and low-BV
percentages for all of ’ the etched material , compared to tile control cell and to previous experience.
This is particularly surprising for the pilotoresist cell, which would be expected to withstand tIl iS
process with little damage . This strongly suggests that some aspect of the handling in resist
application , processing, or removal is degrading resist or oxide film qual i ty .  In addition. the results
with the 11-313 were very wafe r dependent: wafe r ilO. 7 had 38” - of ’ its units appear as short
circuits (conduction at 2 volts or less), while Oilly l”f of ’ tile units tested on wafers 8 and 9 had
this characteristic. Similar variation is observed on the double-coated wafers (0 through 12. This
probably ref lects the developmental nafure  of the electron resist processing of this new material at
that time.
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Table Il l ,  F-Beam Processing
Experiment N: Detec t Dens itm Associated with 11-3 13

P.rcent Short ed Percen t of Units Defec t Dens ity
Sl ic. No, Proc.~ BV ... -2 V wi th BV .., —20 v (Cm-’2)

1 Con tr ol 0 0 3
2 Contro l 0 0 21
3 Control 0 0 18

4 Photo r esiti Contro l 0 25 86
5 Photo tet ,.t Control 0 25 110
6 Photo retiat Cont ro l 0 22 13$

7 $10911 Coa t 11-313 38 63 740
8 Single Cost 11-3 13 1 42 799
9 Sing le Coat 11-3 13 1 14 97

10 Dou ble Co.t T l ’3 13 0 I I  139
11 Doubl e Coat T l-313 5 34 765
12 Double Coa t 11.313 17 49 281

To obtain the t’airest possible comparison of ti lese processes, ti m e probabilit y plot for the wat ’er
with median defect characteristics from each of the f’our cells is shown in Figures 13 throug h I (~ .

Overlaying the three latter figures showing data on etched wafers , it is seen that  very l i t t le
difference exists in the shape of the plots. All ham-c a iow-voIta ~t’ distribu t ion inc 1udin~ 25 ’~’ It ) 4()I

’

of the sample below 20 volts , followed by a gradually rising curv e to tile primary distribution. At
the 40-volt level , only 12 percentage points sepa rate th e three distr ibutions ,  While t Im e overal l
quality is low , it appears tile behavior of ’ time 11-313 is not markedly inferior to that 01’ time
photoresist , and as mentioned before , is likely related to hand ling-induced damage.

Characteristics of tile two most heavil y defective wa fe rs need to be considered in order to
u nderstand the nature of ’ the processing problem . Figure I 7 is tile breakdown data , det ’ect deilsity
calculation , and array maps f’or wafe r no. 7 , the lowest quali ty sample in the test. Only Sf Y’ ’ ot’ the
samples had breakdown voltages above 5 volts , Tile t’irs t array ill~~~ shows that  the greater part of ’

these units lie in the upper fe lt—hand port ioil of ’ t im e wafer. whi le vir tual l y afl the Un its  in the lower
half of tile waf ’er break down below 5 volts. Locating those uni ts  witil breakdown voltage s above
45 volts confirms tills finding. with all hut three of ’ tilese units ill the tipper left—hand corner in an

almost continuous array. This spatial nonuniformity indicates that a problem ill resist application or
handling is a more likely failure lllech~mnisi1l than inherently poor resist characteristics.

A similar situation is f’ound on waf ’er no. 12 . ranking second in tlun lber of ’ low-breakdown
units. The array plot in Figure 18 shows that  tile 24 units  with breakdowns below 3 volts lie
predominantly in the upper left-hand corner of the waf ’er.
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Figure 17. Experiment N: Breakdown Data , Defect Calculation and Array Map
for Lowest Quality Sample (Sheet I of 2)
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In summary, while the overall qualit y of ’ the result s of ’ timi s test is low , tile fact that  four of t ime
-,ix Tl-3 I 3-coated wat’ers had 5~ - or kss shorted u n i t s  suggests that  there is no inim erent pi’obknm

- - 

~ t 0 m resist attack by the et elmant , and tha t  circuit f’abri catio n may be t ’easihle , Time spatial
nonun it orm itie s indicate t imat  more developmental work is needed to make t h is a product ion
wort ily process.

d. EXPERIMENT 0: STEP (‘OVERAGE ANI) HAN DLIN G l - F i - ’F(’TS WITH 11-313

This experiment , done alter more woi’k had been completed on l’l-3 13 application ,
deve lopment , and r emoval , is considerably more sopimisticated timan time earlier experiment.  As
before , it includes single and double coat Tl-3 13 as well as Hunt  PR- 1 04 photoresist , hut  controls
on wafer cleaning and removal of ’ all thre e resist films are also present , along with the usual control
on as-grown oxide quality.  The technique sh own in Figure 4 of fabricating nested and overlap
capacitors on the same wat’er is also employed here. Tile testing procedure was exactly as described
for Experiment N , ex cept that the nested and over lap data l’rom each waf ’er (100 un its  eacil) are
plotted on the same probability graph t’or immediate comparison.

Table IV is a condensed summary of ’ the results , combining tile nested and overlap data. With
the exception of ’ the four ha ndli n g contro l waf ers shown, al l data is on a base oS’ 400 to 600 units ,
i mproving the statistical validity of ’ tile comparisons. Again , results are shown for tile percent of’
units shorted and breaking down below some intermediate value . as well as a defect density
computed from the extent of the primary breakdown distribution. The voltage ranges for time f’irst

— two categories were chosen on the basis of a survey of the data distributions ,

Table IV. E-Beam Processing
Experiment 0: Defect Density Associated with 11-313 Processing

Periphery and Step Coverage

Percsnt Short.d P.rcsnt of Unit , D.f.ct D.n.lty
Slic. No. PtocMs BV ‘-. —10 V with BV .. —40 V (cm 2)

0.1, 3 Control 0.5 1.7 28
0-4 Control — No Etch 0 0.5 50
0-8 Photorsa ill — No Etch 0 0 84
0-12 SIngle TJ- 313 — No Etch 0 3.0 39
0-16 Doubls T l-313 — No Etch 0 3.3 25
0-5, 7 Hunt PR.104 075 1. 5 83
09, 11 SIngle Cos t 11.313 1.7 6.3 65
0.13, 15 Doubl. Cost 11-313 0.25 3.0 76
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Ftm e qual i ty  of ’ the results is coimsiderabiy iumpi  o~ t.’d over time f i r s t  test done w i t im 11—3 13. I)ei~’~’t

~k’nsiI ie~ are all well below I 00/cnm atiti th e  twerall percentage of shorted Units  for  the worst cell i~

less tha n 2~ - . in that regard, the percentage of shorted un i t s  fol lows time th i ckn es s  of the resi st I i i i mm ,
f’rom single-coat (5000 A ‘11-313 through i’R 104 to double-coat ‘l’l-3 13 ( 10.000 A l  wi thou t
dependence upo n resist type.

l ime resist removal control wafers 0—8 . I 2. and I f~ indicat e tha t  a problem still C x i s t s  ii)

danm agi t m g oxides in the removal of ‘l’i—3 1 3. ‘I’he perc entage of un i t s  bre ak i img down below 41.) volts
is sign ifica nt l y imigher than the control . ai m d t im is  e f fect  is again imot ed in time etch e d—wa ler data .
Inspect ion of ’ time probabili ty distrib utions suggeSts t l m a t  much of ’ time rounding of ’ time curves lust

below time primary distribut ion is induced by handl ing anti cleaning of ’ lim e resist—coated waters. Sti l l ,
the itmiprov ed techniques implemented in time in ter im betwe en 1’.xpei’ iment N and 0 ha~~’
significantly redt!:ed the level of ’ this probl em.

Another encouraging aspect of ’ tim i s t est is seen j im Table V . where a more detailed listing of time
data is shown separating time nested and overlap capacitor results , In no case is there a signit ’ic ant ly
greater percentage of ’ shorted units  on overlap arrays t im an on tile corresponding nest ed arrays on time
same wafer.  This is strong evidence t im at  step coverage is well in hand wi th  this resist and associated
process technology .

Table V. Experiment 0: Defect Density Associated with 11-313 Processing
Periphery and Step Coverage

By — —10 V 1%) BV ‘.. —40 V 1%) Defuct Dsnsi ty (cm ” 2)
Slic. No. S.mpl. D.scflp*lon N t.d Overlap Nc.t.d Overlap N.se.d Overlap

0.1 Control 1 1 4 2 18 17
0-2 Control 0 0 0 0 23 17
0~3 Control 0 I 0 2 34 46

0-4 Control — No Etch 0 0 1 0 38 61
0—8 Hunt PR — No Etc h 0 0 0 0 96 82
0.12 Sln~j li 11-313 — No Etch 0 0 4 2 40 38
0.16 Dou b ls T l ’313— No Etc h 0 0 4 2 23 27

0-5 Hunt PR-104 2 1 2 1 91 104

04 Hunt f’R.104 -

0.7 Hunt PR’1Q4 0 0 3 0 69 69

0-9 Singl s Cost 11-313 4 3 9 6 53 52
0.10 Slngi. Cost 11-313 I 0 4 8 37 51
0-11 Sengl.Co.t Il-313 I I 8 3 96 102

0-13 Doubls CoitTI-313 0 0 0 6 31 56
014 Double Cost 11-313 0 I 5 1 120 96
015 Double Cost 11-313

3t)

- - - - --- - - -
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A group of six probability plots f’rom various wa fers in each of tile cells of ’ tile test is shown in

Figures 1 9-24 to permit a more detailed comparison of ’ results. Overlaying the entir e group shows

relatively little dependence on resist or processing. particularly compared to the early tests witim the
PBS that  yielded such poor device fabrication results. Based upon these findings and time

continuously developing process technology , it appears safe to conclude that a reasonable yield of
relatively complex integrated circuits should be obtainable in the immediate future using c-beam

tech nology in conjunction with Tl-3l3 electron resist. —‘ -

3. Conclusions

Conclusions to be drawn from the above work have been discussed separately with regard to
each of the different tests. Two overall statements can be made, however. First , correlation of the
nature and density of the defects found on integrated circuits fabricated using PBS with
short-circuit data found on MOS capacitor test wafers having stepped oxides indicates that the
failure of the PBS during oxide etching was the predominant cause of how functional circuit yields ,
This has been confirmed by the isolation and identification of ’ oxide pinholes on circuit wafers using
optical and scanning electron microscopy. For example , Figure 25 is a scanning electron nlicrograph
of a partially-etched-through pinhole in a deposited oxide multilevel insulator film. The small hole
at the bottom of the cra ter is probably the site of an electrostatic discharge failure between an
uppe r aluminum electrod e (which has been removed) and the silicon substrate, Time view at lower
magnification in Figure 26 shows the location of the pinhoie in the middle of an interdigitated
array, The square darkened area is the result of oxide surface charging which occurre d during the
making of ’ Figure 25 , Other smaller defect sites are visible above and to the far left of the first
pinhole. The severe damage at the top of Figure 26 is an artifact of the sample preparation for study
and is not related to electron resist failure . Tile association of the pinholes shown here with electron
resist failure is based upon the high incidence of electrical shorts of test structure s like this which
were fabricated with electron beam processing compared to companion structure s built  wit il
standard photo lithographic techniques. Analysis of the shorted units revealed detect sites such as
the one shown in Figures 25 and 26. Figures 27(a-e) show optical photornicrographs of other
pinholes found on circuits and test structure s fabricated with PBS electron resist.

The second group of experiments permits us to conclude tilat the 11-3 I 3 electron resist and
associated processi ng gives significantly better results in continuity and step coverage, being

comparable to commercially available photoresist. This technoiogy should permit fabrication of
complex integrated circuits at reasonable yield in the immediate t’uture.
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Figure 25. Scanning Electron Micrograp h of a Pinhole Defect Site
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SECTION III
MANPOWER

The following professionals worked on this program from 1 September 1977 to —

December 1977. The hours worked are shown.

Mr. P. L. Whelan 30
Mr. R. A. Williamson 585
Dr. G. L. Varne li 60
Dr. J. L. Bartelt 60
Dr. T. L. Brewer Consulta nt
Mr. G. A. Brown 60
Dr. R. A. Robbins Consultant
Mr. C. D. Winborn Consultant

In addition , three technicians worked-on the prog ram.
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