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EVALUATION

This technical report describes the chemical evaluation of a variety

of microcircuits using the ion microprobe mass anal yzer. The data are

presented in sufficient detail to permit a critical evaluation of the

strengths and limitations of this secondary Ion mass spectrometry technique

especially for small scale Integrated circuit analysis.

The description of the role that the IMMA can have in conjunction

er more ..tandard analytical techniques such as electron probe

vsis , Auger electron spectroscopy and scanning electron microscopy

uabl e to those individ uals responsible for decisions on how to approach

device chemical characterization and failure analysis.

The study has shown that many of today’s questions can be answered

with available Instrumentation. The challenge remains to refine and apply

these analytical techniques to the study of large scale integrated micro-

circuits. While costly and time—consuming these efforts are necessary and

proper for the assurance of the rel iable design and performance of future

electronic devices.

\ ~a-n .a ’ 1~’— ’ ~,-

JOHN J. BART
Reliability Physics Section
Reliability Branch
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SECTION I

IN TRODUCT ION AND SUMMAR Y

The objective of Contract No. F30602—76—C-03l6 was to apply secondary

ion mass spectroscopy (SIMS) using an ion microprobe mass anal yzer (IMMA ) to

evaluate the chemical nature of the laminar structures found in integrated

circuits. This application was effected through the analysis of specific

devices supplied by MDC. These devices were in two classes: (1) CMOS group

and (2) genera l technology group.

Scene of the major accomp lishments under this contract were :

(I) Establishment of integrated circuit samp le preparation and coating

procedures to enable the successful use of the IMMA on such devices.

(2) Identification and in-depth Characterization of heretofore undetected

impurities in integrated circuit structures , e.g., F and Li.

(3) Development and application of an Ar~0 ion sputtering technique for

the localization and identification of interfaces.

(4) Measuremen t of the in—depth concentration profiles of dopants in

specific areas of integrated circuits , e.g., P in Si02.

(5) Establishment of the spatial resolution capabilities of the I MMA

technique for integrated circuit ana l ysis.

(6) Determination of the most probable detection limits for impurities

in structures on devices.

(7) Prognostication of the role of secondary ion mass spectroscopy and

the ion microprobe mass ana l yzer in device failure analysis and

materials characterization .

The remainder of this report Is organized as follows. The status of

various microbeam characterization techniques is discussed in Section II.

The ion microp robe mass anal yzer is described in Section III. Sample analysis

procedures are detailed in Section IV. The analytica l results for the CMOS

• —. • .  .—- .~~---.•-— ~~
.. --s.- 

~~~~~
. —- • _ ____~~~~~~~~ -- - ~ - -.



technology group are given in Section V and those of the general technology
group in Section VI. Conclusions are given in Section VII and Recommendations
in Section VIII.
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SECTION I I  
-

STATUS OF MI CROBEAM TE CHNIQUES

Two types of microbeam techn iques , electron and ion beam , are available

for the characterization of integrated circuit structures and microdefects

in silicon materials. The most widely used techniques with their associated

acronyms are shown in Table 1. Initial examination might seem to indicate

the duplication of techni ques in this list. However , it is important to

understand that while scanning Auger microscopy (SAM) is Auger spectroscopy

(AES), the converse is not true . SAM has microbeam capabilit y, while AES

does not . Similarly, while ion microprobe mass analysis (IMMA ) is ‘~~.ondary

ion mass spectroscopy (SIMS), again , the converse is not true. Th dif fer-

ence is best shown in Table 2 where the diameter of the anal ysis area is

shown for each analytica l technique . As can be seen , the electron beam tech-

niques have significantly better resolution capabilities and can simultaneous l y

perform microanalysis and high resolution imaging. The ion beam techniques

generall y cannot analyze areas as small as 10 I.im in diameter , nor do they have

high resolution imaging capabilities. To achieve optimum resolution , all

characterization techni ques must use small beam diameters , and inherent with

small beam diameters are small beam currents. As a result , at optimum resolu-

t ion all techniques have the smallest beam currents and therefore substantially

degraded elemental sensitivities. This is shown in Table 3, where both analy-

sis area and depth of ana l ysis are taken into consideration . It is readily

apparent that detection limits for all techn iques are in the percent range.

The ion beam techni ques have the better sensitivities.

To obtain maximum analytica l sensitivity, it is necessary to maximize

the anal ytical vol ume , as shown in Table 4. The diameters ana l yzed can become

quite large , particularly for the analysis of integre~ed circuit structures.

The IMMA and SIMS techniques have the best analytical sensitivities. IMMA

covers one specific class of SIMS instruments because it is a microbeam

• technique . SIMS . on the other hand , covers many different instruments , from

the ion microscope to inexpensive quadrupole mass spectrometers attached to

broad beam (-.-. 1 mm) ion sputterin~j techni ques such as ISS , AES , and ESCA or

XPS .

3
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TABLE I. ELECTRON AND ION MICROBEAM TECHNIQUES USED
FOR INTEGRATED CIRCUIT AND SILICON ANALYSIS

Electron Beam Acronym

Auger Electron Spectroscopy A ES
Elec tron Microprobe EMP
Scanning Auger Microscopy SAM

Scanning Electron Microscopy SEN

SEM with Silicon Detector SEN—Si (Li)

Ion Beam Acronym

Rutherford Backscattering BS

• Ion Induced X—Ray Fluorescence IIXF

Ion Microprobe Mass Analysis IMMA

Ion Scattering Spectroscopy ISS

Secondary Ion Mass Spectroscopy SIMS

. 1  • E .
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TABLE 4. MAXIMUM SENSITIVITY: ASSOCIATED ANALYTICAL
VOLUME AND PROBE DIAMETER

Detection Minimum Detection Limit Volume cc Diameter
Technique Limit , ppma Atoms Grams Analyzed Analyzed

Electron Beam

AES 1000-10 ,000 2 x lO~ l x  lO~~~ l x  lO~~
0 250 urn

EMP 100 - 10 ,000 2 x 1010 8 x lO~~~ 8 x l O~~ 25 pm

SAM 1 —  50% 3 x lO~ 2 x l0~~~ 2 x lQ~~~ I pm

SEN-Si (Li) 100 - 10,000 2 x 1010 8 x 1o~~ 8 x l0~~ 25 pm

Ion Beam

BS 100 - 10,000 2 x 10 11 8 x lO
_ 12 

8 x 10~
8 0.1 cm

IIXF 1 - 100 14 x 10 10 2 x l0~~
2 

2 x lO
_6 

0.1 cm

I. 1MM 0.01 - 100 1 x lO~ 5 x )Ø~~8 2 x lO~~
0 150 urn

ISS 10 ,000 2 x l0’~ 1 x l0~~ 4 x I0~~ 0.1 cm

SIMS 0.1 - 1000 2 x 106 1 x 1O~~
6 

~ x l0~~
0 

250 iun

Assump tions used for calculating volume analyzed:
AES - 2 nm x 250 urn diameter
EMP and SEM—S i(Li) — 25 pm diameter sphere

SAM - 2 nm x 1 urn diameter
BS — 100 nm x I cm diameter

I I XF  - 2.5 pm x 0.1 cm diameter
IMMA - 10 nm x (150 pm)

2

155 - 5 nm x 0.1 cm diameter
SIMS - 10 nm x 250 urn diameter

I

,

i
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The effect of ana lysis area is best shown in Figure I, wh ich is a plot
of “typical” detect ion limits versus the diameter of the analyzed area . Super-
imposed on this figure are shaded areas that show the detection limits and
themeters of areas of interest in integrated circuits ana lysis. Notice that
onl y 1MM and SIMS are applicable for the determination of Impurities and
dopants In silicon . The electron beam techniques , SEM-SI(Li), EMP, and SAM
have excellent resolution, but detection limits that prevent measurement of
chemical variations within Integrated circuit dielectric films and diffused
s ilicon areas. The importance of I MMA , an ion microbeam technique, as a poten-
tial technique for Integrated circuit analysis can be seen in this figure. The
work In this report was directed toward establishing the capabilities of IMI4A
for device fa ilure ana lysis.
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SECTION I I I
ION MICROPROBE MASS ANALYZER

The 1MM is a very powerful combination of electron-probe and solids

mass spectrometry concepts. It retains the x—y spatial (or lateral) resolu-

tion capability of the electron probe by electronically raster-scanning an

Ion-beam excitation source over the sample surface. The ion beam can be

demagnified and/or deflected in a manner completely ana logous to the electron

beam used in the electron probe. The ana l ysis is performed by separating

and detecting all ions sputtered by the ion beam from the sample surface with

a double-focusing Herzog mass spectrometer (the type of mass spectrometer

used in most solid source mass spectrometers). Consequently, 1MM has the

spatial resolution necessary to select very small areas on the sample for

analysis and at the same time have excellent sensitivity for all elements.

Spatial (lateral) resolutions can be as small as 2.5 pm with some elemental

sensitivities In the ppb range. The 1MM offers a th i rd advantage not possi-

ble with either of its two parent instruments. The 1MM inherently gives

• depth as well as lateral impurity distribution profiles: as the analysis

proceeds, successive atomic layers of the sample surface are sputtered away,

constantly exposing the material in depth.

Figure 2 shows a schematic representation of the IMMA . The source ion

gas Is introduced Into a duoplasrnation (1) where a gas discharge is maintained

at about 0.3 Torr. The ions generated are extracted and accelerated toward

the primary magnet (2), where they are isotopically separated. The mono-

isotopic beam is directed by the steering plates (3) to the condenser lens (4).
• The condenser lens is focused to give a crossover of the ion beam somewhere

between the condenser and the objective lenses. The crossover is a demagn i-

• fled Image of the ion source. Focusing of the objective lens to produce a

minimum diameter beam at the sample surface produces a further demagnifica-

tion . The beam can be positioned or rastered on the sample by means of the
e lectrostatic deflection plates (5) . The sample surface can be viewed by

reflected light from a 47.50 mirror and viewing optics (6).

10
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The im~ ’c~ -‘ -imary beam on the sample results in both implantation

of primary ions ‘ey of the sample surface . The sputtered , or

secondary, ions a. . a pickup electrode by a bias potential

appl ied to the sair~.i .. he polarity of the ions collected is control l ed

by polarity of this pGte~,..ial ~~~~ The collected ions pass through a focus-

ing Einzel lens (7) into a spherica l electric sector (8), where they a re
energy—di,persed. The energy—dispersed beam is separated according to mass/

charge (rn/c) ratio by the secondary magnet (9).

The secondary ions are detected with a Daly type detector (10), wh ich has
equal efficiency for positive and negative ions and minimal mass discrimina-

tion properties. The ions passing through the slit are accelerated to 15 kV

to an aluminum target where their collision with the target material produces

a burst of secondary electrons. This burst of electrons then produces a

current pulse in a scintillator—photomultipl ier combination . Analog output

is also derived from the photomultip lier. These outputs can be used for

pulse counting, graphical spectra , or CR1 displays (1)).

In—depth impurity or dopant profiles can be performed using the 1MM.

The basic problem with in-depth profiles , particularly in Integrated circuit

analysis , is the crater wall. Concentrations within diffused areas are always

significantl y hi gher at the surface than deeper in the structure . As a result ,

unless some method of rejecting the Crater wall is used , the information on

concentrations from the bottom of the crater in the depth profile will be

dominated by the high surface concentration . The 1MM circumvents this

problem by rastering the ion beam in the form of a rectang le as shown in

Figure 3. The sputtered ions are accepted or rejected by electronic gating

of the detector , depending on the position of the sputtering ion beam. In

Figure 3, thIs is Illustrated by the inner rectangle where the detector is

gated on at point A of the raster and off at point B. This inner rectangle

is conrionly referred to as an electronic aperture of secondary ion acceptance.

The 1MM , as described in this section , has been used for all the anal yses
on the integrated circuits described in the remaining sections of this report.

12 
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SECTION IV
*SAMPLE ANAL YSIS PROCED U RE

The analysis procedure most commonly used was to sputter the area of

interest and collect complete mass spectra as a function of time . In the

instrument used , a mass spectrum is recorded by linearly sweeping the secondary

magnet field and recording the secondary detector analog output as a function

of the squared magnetic field strength . This method of recording the spectrum

was chosen to render the x—axis nearl y linear with mass number. Slight devia-

tions of linearity are to be expected since , by design , the magnetic fields

are Inhomogenous. No crater wall rejection was used during the collection of

mass spectra . This procedure has been named “Mass Spectra Depth Profiling. ”

Depth profiles for specif ic  elements were obtained by tuning the second-
ary magnet to a specific mass peak and using the secondary detector pulse out-

put and high speed scalers. A ND2400, 1023-channel mu ltiscaler was used to

continuously collect the count as a function of sputter time (depth). The

channel dwell times were 10 , 22, 40, 88. 100, and 220 seconds, depending on
the depth resolution needed for a gi ven sputtered area . Crater wal l rejection
was accomplished by electronic gating of the scaler (electronic aperture) .

The electronic gate switching was adjusted so the scaler would receive pu l ses

only when a rastered point primary beam was located in the central part of the

sputter area . A “
~ 

x *“ gate or aperture label means that the central accep-

tance area was one-fourth the X raster d imension and one-fourth the V raster

dimension . Two masses can be monitored nearly simultaneously by electrostatic

peak switching just before the secondary detector entrance slit. The require—

ment is that both mass peaks must simultaneously pass through the analyzing

magnet and be resolved. Normally, this is true for masses of M ± 0.O7M. The

switching is done between the two masses every 100 ms with a 10 ms pause in

a blank position. This feature allowed mass pairs such as Si-P . Cr-N i , Si20—As ,

etc ., to be collected from the same sputtered crater. This technique has been

named “Point Count Depth Profiling. ”

* Sample preparation procedures developed and emp loyed are discussed in
Section VII.A of this report.

114
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The primary beam used for all data collection on devices where thick

oxide remained intact was 17.8 kV 0~ (negative oxygen). Positive primary

beams could not be used since the ejection of secondary electrons from the

sample upon impact and simu l taneous injection of positive particles render

it impossible to reach an equilibrium surface charge state, which is mandatory

to gain control of the sputtered secondary ion trajectory. The surface charge

equilibrium is attained using negative sputter beams. The negative beam size

and total current parameters were adjusted to obtain the maximum current with

a beam diameter of less than 25 pm. The beam was normally rastered over an

area to cut a flat bottom crater. When electronic gating was employed , the

minimum raster size was at least 3 X the beam diameter. All crater areas

reported were measured with the high precision x—y stage since area is a

very important parameter for depth calculation .

Positive secondary ions were mon i tored in these ana l yses. Negative secon-

dary ions cannot be monitored from insulating layers for much the same reason

positive primary beams cannot be used . To monitor negative secondaries , the

surface of the sample must be highly negatively biased , a condition that does

not allow any ejected secondary electron to reenter the sample; therefore ,

no surface charge equilibrium can be attained.

The sputter rate for 17.8 kV 0 was experimentall y determined by point

count depth profiling an As implanted 120 nm Si02 film as a function of

sputtered area and beam current. The actua l As peak depth was determined by

SiO2—A s point count depth profiling the same Si02 film using an Ar~ primary

beam (120 nm 5i02 on Si can be considered a noninsulator to h ig h energy beams).
The fal l  of the Si 20 signal depicts the Si0 2 —S i interface , and since the Sb 2
thi ckness was known , this point gives an absolute calibration to the depth
scale; hence , the As peak depth can be measured. The S102-As profiles used

are shown In Figure 14. A series of As point count profiles using the

17.8 kV O beam for this calibration is shown in Fi gure 5. A s~.mmary of the

sputter rate determination is given in Table 5.

Ar~ ion sputtering was used for rapid sputtering through the glassivati on

for an interface anal ysis. The preceding discussion on the Inapplicability of

15
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TABLE 5. SPUTTER RATE FOR 17.9 O PRIMA RY BEAM

Raster Size (nm) (pm2)
Beam Current nA (pm x pm) Sec to 83.14 nm nm/Sec (Sec) (nA)

5 82 x 68 3880 0.021 24

5 £44 x 38 1030 0.081 27

5 29 x 26 330 0. 25 38
11 105 x 86 2370 0.035 29

11 85 x 69 1390 0.06 32
II 59 x 50 610 0.14 37

• 11 37 x 32 180 0.146 50
14 84 x 62 1070 0.078 29
14 68 x 52 650 0. 13 32

14 53 x 41 340 0. 24 38

14 38 x 31 180 0.46 39

18 84 x 70 530 0.16 51
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positive primary beams applies onl y to secondary ion detection , not sample

sputtering. The time necessary to sputter through the glassivation was deter-

mined by sputtering a small Grater over aluminum metal lization and monitoring

the AL+ signal. At the aluminum layer , the sputtered surface becomes a conduc-

tor wi th a major matrix change which is apparent in the A2~ signal . Large

craters were opened in selected interface analysis areas using the reciprocity

relationship among depth , curren t , and area . The actua l interface analysis

used a 17.8 kV 0 beam that was rastered in onl y the centra l part of the area

opened ; this , in effect , gave surface and crater wall rejection .

All mass spectra were taken with a 4.8 m entrance aperture (of) and a
12 .7 mm exit aperture (B) for the energy analyzer. A 0.25 mm resolving slit

was used between the momentum analyzer and secondary ion detector. These

parameters give a resolution number (M/t~.M at 10% valley) of 320, which is

sufficient to resolve the Pb isotopes. The point count depth profiles normally

used the same cy and B apertures with a 0.5 mm resolving slit for a resolut ion

number of 190.

The sample chamber vacuum attained before analysis with no oxygen leak

to the duoplasmatron was 1 to 5 x ~l0
_8 

torr. The sample chamber pressure

increased to about 14 x l0~~ torr during anal ysis when the duoplasmatron was

pressured at 200 to 300 torr. The vacuum was measured by the ion pump current.

19 
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SECTION V
CMOS TEC HNOLO GY GRO UP

The general analyses of the entire CMOS technology group (about 300 mass

spectra) are summarized qualitatively in Table 6. The symbols used in this

table are T for trace (just detectable) , S for small quantity, N for med ium

amounts , and L for large concentrations such as P in phosphosilicate glasses .

The symbol was entered if the element was detected in any mass spectrum from

any area on the device. Appendix A contains a more detailed anal ysis of Set #1

spectra , alon g with optical p ictures identif ying the exact areas sputtered .

Scanning electron micrographs of each area analyzed , depicting oxide defects ,

metal lization problems , and silicon quality. are included for one set of

circuits.

A. CMOS-Undoped Silicon Oioxide Gate Circuit on Sapph i re Substrate

CMOS—SOS—clean oxide , Unit #739: An AL—P peak count depth profile was

prepared to show the variation in P concentration through the glassivation into

the thermal oxide. The raster was cut over oxide as well as aluminum metal

to sample the therma l oxide . The profile is shown in Fi gure 6. The phosphorus

concentration increased until the glassivation-aluminum interface was reached

at about 280 to 300 nm. At this point , the P decreases slig htly due to the

reduced oxide surface area . This suggests the thermal oxide is un i formly

doped with P. Figure 7 shows the F-Ca (Ca~
2
) depth profile of an area over

n-type channels. The profile indicates Ca is hi ghly localized at the surface ,

in contrast to the F , which has concentration maxima and minima as a function

of depth . Figure 8 shows a quantitativ e P profile of the oxide in the n-channel

region . The P levels are at about 1.5 x 10
21 atoms/cc. Attempts to stri p the

circuit stepwise using HF gas were unsuccessfu l because the first one—minute

exposure removed all the oxide and metal over oxide. The surface mass spectra

of the device after this chemica l stripp ing were very complicated , showing

strong impurity peaks (see Appendix A). Figures 9 and 10 show the relative

B-P concentrations found in n-channel and p-channel regions. Figures 11 and

12 are attempts to determine the AL up-diffusion from the sapph i re during

20
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silicon growth by depth profiling the AL-Si signals. The silicon was so com-

pletely consumed by the upper metal layer that this analysis is inconclusive.

The silicon dissolution by aluminum can occur in SOS structures during elevated

temperature processing and/or testing. The SEM of the bond pad shown in

Appendix A confirmed the porous silicon layer.

B. CMOS-Undoped Silicon Dioxide Gate Insulator

CMOS bu l k c lea n ox i de , Unit #R202: Only mass spectra depth profile data

were gathered on this circuit. No P was detected in the oxide.

CMOS—Nand gate, Unit #86: The P profile taken over an oxide area is shown

In Figure 13. The P starts at about 150 nm , stays level at about io2l 
atoms/cc

until the 1.2 ~m depth is reached , then drops sharply. An interpretation is

that the glassivation is P-free and about 150 nm thick and that the thermal

oxide (not necessarily gate oxide) is about 1 ~m thick , un iformly doped with

P. The sharp drop then represents either the therma l oxide-gate oxide inter-

face or the thermal oxide—silicon interface. This shows the difficulty in

interpreting this type of spectral information.

C. CMOS Aluminum Implanted Silicon Dioxide Gate Structure

CMOS-AL Implan t , Unit #890: The oxides were not doped with P. Fi gure 14

is the AL—Ti point count profile in this device to a depth of about 2.2 rim.

The TI contaminant appears to t rack the AL through the oxide into the gate
oxide, which suggests it could be related to the implant process.

0. Aluminum Oxide Gate Dielectric

Only mass spectra depth profiles were collected on this circuit. No

phosphorus was found in the dielectric.

_  
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E. CMOS—Chromium Doped Silicon Dioxide Gate Circuit on Sapphire Substrate

CMOS-Cr doped; Unit #504 : The oxides were not P doped . Figure 15 gives

a shallow Cr profile in this device. The Cr concentration does not appear

to be un iform in this region . The gate oxide region was not profiled , since

the only additional information that could be gained was the fact Cr is present ,

wh ich Is confirmed in this profile.
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SECTION VI

GENERA L TECHNOLOG Y GROUP

The analyses of the entire genera l technology group (about 400 mass
spectra) are sumarized qual i tat ivel y in Tables 7 and 8. The symbols used

in this table are T for trace (just detectable) , S for small quantity , M

for med ium amounts , and L for large concentration s, such as P in phosphosili-

cate glasses . The symbol was en tered i f  the elemen t was detected in any mass

spectrum from any area on the device. Appendix B contain5 a more detailed

analysis of these spectra , along with optica l p ictures identif ying the exact

areas sputtered . Scanning electron micrographs of each area analyzed , depicting

oxide defects , metal lization problems , and circuit quality, are included in

Appendix B.

Additiona l analyses of each subgroup are given below .

A. Radiation Hardened Gates with Ni-Cr Resistor Films

5L#LOO Double Glass , Unit #120: Figure 16 shows a Sn point count depth

profile to determine if the Sn was a surface contaminant or was incorporated

throughout the surface glass. The profile clearl y proves that Sn was only a

surface contaminant. Figure 17 is a Ni—Cr profile through the double g lass i —
vation and nichrome resistors. The dip in the Ni profile at the peak is

assumed to be an artifact cause by scaler foldover which occurs at 106 counts.

The background leve l for Cr-Ni in these profiles is at about the lO~ counts

shown at the surface , since the depth interva l counting time was 200 sec.

However, the level region on the interior side of the profiles with counts

abou t lO~ is real Cr and Ni. This behavior is probably an artifact inherent

In sputter depth ana l ysis techniques. The same sputter rate constant was used

for depth assignmen t in the nichrome laye r as in the glass layer. Also , the

nichrome layer was assumed to be un i formly surface cleaned of the glass coating

at the start of the NI and Cr si gnal. Each of these assumption s, along with

the norma l sputtering broadening effect , would result in an apparent thicker

nichrome layer than is actual l y present. The glass layers over the nichrome

on this device were sputtered quartz and chemica l vapor depos ited oxide. The

34
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sputtered quartz is known to have a columnar—type structure that , when sputtered ,

would tend to leave small islands of quartz scattered over the nichrome . These

islands would then slowly sputter away, resulting in a profile as shown in

Figure 17, where the Ni—Cr si gna l sharply drops off the peak as the main por-

tion of the nichrome is sputtered away, but levels out above background while

the quartz islands and the underlying nichrome is sputtered away .

No chemistry of the double glass information can be obtained by this type

of analysis. Both glasses are basically Si02, and when saturated with imp l anted

oxygen during the sputtering process , they become indistinguishable. With-

out prior knowledge of the manufact uring process , it is extremely diffi-

cult to devise experiments to determine chemistry of types of Si02 deposits ,

especially on such small samples. The interface ana l ysis is included in the

mass spectra depth profile data on this circuit. Ar sputtering the glassive—

tion over the AL metal indicated an extreme l y thin glass overcoat.

54L00 Old , Unit #103: In addition to the mass spectra depth profiles of

the surface l ayers, several craters were opened by Ar+ sputtering. Figure 18

is the A-f’ profile used to determine the Ar
+ sputter time necessary to remove

the glassivat lon l ayer. Figure 19 is the Cr—Ni profile of a nichrome resistor

after the glass had been removed from the surface. The depth scale was left

in relative units , since no surface Si02 was present to control the sputter

rate and the sputter rate of nlchrome is unknown. Mass spectra were collected

from the other areas opened. These spectra indicated the interfaces are

relatively free of impurities.

B. Aluminum Metal Ized and Glass lvated Devices

Op Amp #1 , UnIt #3: Figure 20 is a phosphorus profile through the glassi—

• vation layer over aluminum metalizatlon . The slope down in the profile Is
assumed background level for this part icular analysis due to narrow dynamic
range of the instrument when going high to low wi th a negative beam and small
craters. The interface analysis using Ar + sputtering to remove t he glassiva-
tl on showed the Interfaces was relative l y free of Impurities . The attempt to
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chemicall y stepwise remove the 
~~°2 

l ayers with HF gas was unsuccessful . The

first etch time period of five minutes removed all Si02 and most of the

metallzation. Figure 21 suninari zes the e lect r ica l ly  active silicon dopant
identification. The n— or p—type dopants were identified from mass spectra

taken from each point marked with a chemical symbol . An n-dopant, P, was
positively identified onl y in the MIS region. The n—type transistor elements

are probabl y P doped , but these regions are too small to suppl y a sufficient

number of P Ions for positive identification. Quantitative B data were taken

from the three regions labeled with concentrations. The difference between

2.3 x 10
18 

and 1.7 x 10 18 atoms/cc B between the two transistors tanks is

within experimental error , considering that the physical size is limited.

The p~ region used for isolation shows B in the 9 x 10 19 range. The small

dots inside larger circles illustrate the potential capability of the ion

probe to sputter a smel l area ‘eaving the surrounding area essentially

undisturbed. The large rectangular shadows are where unsuccessful attempts
were made to Image dopants.

Op Amp #2, Unit #62: Figure 22 shows a mass 31 (eIther p~ or SiH~)
point count profile through the glassivation l ayer. The low count obtained

is at the same level normall y expected from the SiH’
~ molecular species, which

strong ly suggests that P is not present , at least , certa inl y not in the concen-

trations found in phosphosilicate glasses. Figure 23 shows the Ar+ sputter

time necessary to remove the glass ivation layer. Both the glassivation—

aluminum and glassivation —the rma l oxide interfaces were rel ativel y free of
Impurities .

Op Amp #3, Unit #13: FIgure 24 shows a P profile in the g lasslv atlon
l ayer. After the in i tial surface depletion , the P reaches a constant concen-

tration at about the 2 x 1021 atoms/cc level. Figure 25 Is the Ar F- sputter

time determination needed for removal of ths glassivat lon layer, Both the

glasslvat lon—a luminum and glasslvation-therrnal oxide interfaces were relativel y

free of ImpurIties.
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General Purpose Amplifier , Unit #64: Onl y mass spectra depth profiles

were taken on this device. Phosphosilicate glass was used, but not profiled.

No interface anal ysis was attempted.

ECL D Fl ip Flop, Unit #21: Figure 26 iS the P profile through the glas—

sivation and insulator oxide of the device. The P remained at the same con-

centration within experimental error throughout the entire depth. Fi gure 27

shows the Ar+ sputter time determination for remova l of the glassivation l ayer,

second level metal , and insulator dielectric for interface analysis . Inter-

face analysis at the glassivat ion-insul ator oxi de and glassivat ion—alum inum

interfaces showed the Interfaces were relativel y free of impurities. No at-

tempt was made to anal yze deeper interfaces.

Hex Inverter, Unit #94: The glassivation and thermal oxides were P—free.

Figure 28 is a Pb profile taken through the glassivation to determine If the

Pb found by the mass spectra profiles was a surface contaminant or a component

of the glassivation. The high surface peak (after gold coating sputtered

away) shows the Pb was a surface contaminant. Figure 29 Is the Ar+ sputter

time determination needed for interface anal ys is. The glassivation—aluminum

and the glassivation—therma l oxide interfaces were relatively free of impur i—

ties. Neither of these interfaces opened by Ar sputtering showed the impurity

types and/or amounts found on interfaces ana l yzed where the glassivatlon had

delaminated from the thermal oxide. Experiments to determine if Impurities

concentrated in g l assivation cracks gave on ly negative results.
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SECTION VI I
SIMS PROCEDURE EVALUATION

A. Special Sample Preparation Procedures

1. Package Delidding

All circuits were physicall y opened by frac tu ring the solder glass
seal on ceramic units and roller—cutting the lid on the TO—l8 units.

2. ChIp Removal

The bonding wires were removed by phys ical force under mi croscop ic
observation. The chips were loosened from the package by slowly I ncreas ing
the package temperature while holdIng a sma l l  shear force at the mount reg ion

to ensure the chip is not heated past the minimum temperature necessary. The

chips were removed in this manner for both sets 1 and 2, but set 3 was left
In the package. Chip removal is necessary for high sensit ivi ty anal ysis to
assure the chip surface is the uppermost surface after mounting. For maximum

secondary ion pickup, the analyzed surface must be within 250 to 500 ~m from
the plane of the pickup electrode and must be sufficiently planar to withstand

a 1 500 V bias between the two. The secondary ion pickup drops rapidly to zero

when the sample surface is about 1000 ~m below the pickup electrode.

3. Sample Mounting

The samp l es were mounted in a pure In slug to fit the sampler holder

block. Prev ious experiments demonstrated that It Is extremely diff icult to
avoid contaminating the surfaces when mounting chips of this size using

silver paint. A mass spectrum anal ysis of the In that was used showed no
significant amounts of any impuri ty that might confuse the anal ysIs.

Three methods of In mounting were developed and used for these
anal yses:

5’•
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(I) The chips were placed face down on a cleaned stainless
steel bloc k. A c leaned, large copper ring was placed around the chips rested
on the stainless block. Molten In was poured into the ring and solidified

Ininediatel y upon contact with the stainless heat sink. The technique was

successful because there was very little In migration onto the chi p su rface ,
as ev i denced by the very small In peaks In the mass spectra. The problems

with the method were that the chip had a tendency to move when the mol ten In

was poured in and adhered poorly to the In; in addition , an excessive amount

of In was required for each mount, which made it eco’~omically necessary to

recycle the In slugs .

(2) The second method is similar to the first , except that

the large copper ring is rep laced w it h a sma l l , 8.3 nm O.D. stainless steel

tube. In this technique , only one chip per tube was mounted , whereas In
method (I) an array of chi ps was mounted in each ring. A second difference is

that the stainless tube had to be kept at the melting temperature of In to

keep the In from solidif ying before it surrounded the hip . The main problems

with this method are that considerable In migrated over the surface of the

chip, which resulted in strong In peaks in many of the mass spectra; and
that unless the procedure was done quickly, the chip had a tendency to float

In the molten In.

(3) The third method is a further refinement of method (2)

and is the method recocir~ended for future analysis. The end of the stainless

steel tube is filled with molten pure In in any convenient manner, and the
surface is mechanically scraped clean. The chip Is placed face down on the

cleaned stainless steel block and cold—pressed into the In end of the stainless

steel tube. No samples were mounted by this method that had not been

prev iously mounted by method (2) so the In migration is not known ; however ,
since only cold flow takes place , no migration should occur. The only problem

that might develop Is physi cal fracture of the chip, but none occurred (due to

mounting) on the few chips mounted by this method.
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4. Conductive Coating

To di rect the secondary ions toward the p ickup electrode, most
of the sample surface must be biased + 1500 V with respect to the pickup

electrode. High purity gold is sputtered over the surface after mounting to

provide this conductive plane. The sputter apparatus used an aluminum target

with all exposed surfaces wrapped wi th a high purity gold foil. A high puri ty

quartz liner was used between the sampl e and target to shield the samp le from
line—of—s ight Impurities of other other parts of the sputtering system. The

gold was dc—sputtered , using an Ar ambient , to a thickness of 20 to 50 nm.

Figure 30 is the mass spectrum obtained from a cleaned silicon slice before

gold coating in this sputter apparatus. Figure 31 Is the mess spectrum of a

second portion of the silicon slice that had been gold coated. These spectra

demonstrate that the only element added by coating was gold.

5. Instrument Mounting

The array of chips mounted by method (1) was clamped Into the
standard sample holder and pl aced in one position of the carrousel. The tubes

used In methods (2) and (3) were mounted in a specially des igned sample holder
that held six tubes on the circumfe rence of a 25 nm diameter circle.

B. Spatial Resolution

The minimum beam diameter of the ion microp robe mass analyzer Is 2.5 i&m.

This beam diameter Is achieved when all operating parameters of the instrument

are optimized for this purpose. However, these parameters are not necessarIly

optimized for analysis of solids . In fact, the working Ion beam diameters are

typ ically In the 10 to 25~~m range . Since Ion sputtering and In—depth concen-

tration profiles require crater wall rejection, it Is necessary to raster the

beam 4 to 6 beam diameters in the x-y plane. This means that the criterion

of crater wall rejection dictates a minimum raster sIfle of on the order of

110 x 40 ~m.
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The second, and perhaps most stringent requirement on raster size, or
anal ysis area, is detection limit optimization. Since the detection limit
(see Sections II and VII—E) is a direct function of the anal ysts area, it Is
necessary to use the largest area possible for integrated circuit anal ysis.
Maximum sensitivity is achie ved during in-depth profiling wi th a 150 x l5O~~m

rastered anal ysis area. This area is obviously large when compared with

today ’s integrated circuit devices. Design rules in 1977 are 5 ~~m; that is ,
the smallest opening in an oxide wi l l  be 5 ~~m. Thus, a typical emitter -•

w i l l  be ID x 10 ~~m and a base 20 x 25 ~m In a bipolar device. In CMOS or MOS
devices the MOS gate will be ID x 10 ~~m and the source/drain In the 10 x 15

~m range. Obviously, these design rules severely restrict the applicability

of the mlcroprobe in device failure anal ysis and for microdefect characteriza-

t ion .  However , as was demonstrated in the work reported in Sections V and VI

of this report , the ton nnicropn-obe can analyze many parts of a circuit and
provide meaningful analytical data. The direct analysis of ele~tricaI ly
active areas on MSI and LSI devices Is very diff icult. However, metal ization ,
res i s tors , bond pads, capacitors , and dielectric film can be analyzed.

C. In—Depth Resolution

The Ion sputtering technique is Inherently capable of providing In—depth
compositional anal ysis with a resolution of 2 to 3 nm. The sputter rate for

an 0 2 Ion beam in silicon is 0.25 nm/sec , and data are taken at 10 second

intervals. It is generall y believed that the mean escape depth of secondary

ions from a sputtered surface Is in the 2 nm range. These latter two factors
confIne the ln—d.pth resolution to the 2 to 3 nm range.

Ab solute or positIonal accuracy In a depth profile is more diff icult to
define. In the sputtering process, the oxygen Ion beam imp lants oxygen about
20 rim ahead of the surface. This process continues as the in-depth sputtering

continues with an oxygen saturated front continually moving about 20 nm ahead

of the bottom of the $putter.d crater. This Is a violent process; it converts
sing le crystal silicon to amorphous silicon saturated with oxygen. The process

causes a continual mixing of atoms in the region of the Impl ant. Sharp Inter-
faces are mixed and turned into diffuse Interf*ces. As a result of these 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~
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processes , the assignment of an absolute position of an interface is difficult.
It Is generally accepted by workers in the field of Ion sputtering that the
range of error or standard deviation is ±10% of the assigned depth. Therefore,

typical uncertainties would be:

Metal f i lms: 2 ,000 ± 200 nm

Dielectric films : 500 ± 50 nm
Ion imp lants : 100 ± 10 nm

These uncertainties do not include possible changes in sputter rates due to

matrix changes , structure and/or thickness variations . These latter uncer-

tainties were all encountered in the nichrome resistor ana l ysis of the radla—

• tics, hardened devices.

This same imp l antation process severely l imits the effectiveness of

secondary ion mass spectroscopy for the analysis of the first 15 to 20 nm
• of depth Into a sample. Equilibr ium of the p l asma is established onl y when

• the sputtered crater has reached the oxygen—saturated front ( 20 nm). At

that point, data in the depth profile will be in equilibrium with the matrix

as wel l  as all subsequent volumes of material consumed in the depth profile.

D. SIMS Parameter Contro l

1. Primary Ions

All high sensitivity Ion microprobe or secondary ion mass spectros—

copy anal ysis on conductors is done with a positive oxygen Ion (0+
32
) primary

Ion beam. Significantly higher secondary ion yields , and therefore
sensItIvities , are obtained with O

~32 
over the noble Ion (Ar~40) primary ion

beams. However, positive primary ion beams cannot be used on insulators such

as Sf0 2 and S i
3
N’• films because of charging problems on the surface of theInsulator. The charging results from secondary electrons being ejected from

the sample surface by high energy Ion impact. The positive surface created by

this secondary electron emission Is further aggravated by the imp l antation of

• posi tive Ions. Since in insulators , e lectrons cannot flow from ground to
neutralize this positive charge, the potential will build until there Is

sufficient field strength to jump some gap to ground , at wh ich time the process
sta rts over agaIn. This surface charg ing has very l itt le effec t on the high
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energy primary beam wh ich al lows the use of Ar+ sputtering for rapid removal

of material . However, the charge has a major effect on the secondary ion
trajectory, since these ions normally have very low energ ies. In fact, with

the present instrumentation , very few secondary ions ever reach the detector.

Dielectric films can be sputtered and anal yzed using negative (0
~6 ~ fl this

work) pr imary ion beams. The injection of negative ions tends to stabilize

the charge at an equilibrium state where secondary ions can be controlled.
Sputter rates are a factor of five slower with the 0

~6 
beam than with the

beam because of the lower total ion current generated, onl y half the

number of sputtering particles , and an effective higher energy, which results

in deeper imp lantation with a reduced sputter yield. This increases ana lysis

time proportionately.

Since virtually all integrated circuit devices have dielectric films over

the device, it is necessary to use the slower and less sensitive O
~6 

p~~me1~y
ion beams. On metal films , thin dielectric films ( < 150 nm ) ,  and on

silicon , (0 2) primary ion beams are employed.

2. Secondary Ions

SIMS instruments normally use unit or ha l f—unit mass resolutions for

secondary ion detection. Higher resolution s are possible, but are not generally

employed because there is a strong inverse relationship between resolution and

sensitivity -. Since the actual sample volume that can be consumed per second Is

very small , most anal ysts prefer to use the l ower resolution to gain senSi

tivlty. This type of operation precludes the low level of detection of some

elements because of matrix molecular ion interference. Examples of this type

of Interference on silicon integrated circuits include:

Mass 14 N~ or S i~
2 Mass 55 Mn or SiA I~

Mass 31 P or SiH~ Mass 56 Fe or Si

Mass 45 Sc or SiO~ Mass 75 As or SI O~.
Mass 54 Fe or A~~ 

2
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Fortunately, very few molecular ions are formed in the ambient after sputterIng,

and the hi gh energy sputter processes do not favor molecular particles being

ejected. This minimizes the ambiguity.

3. Dynamic Range

The dynamic range of SIMS in depth profiles is 10 to 10,000 and is

strongl y dependent on the element , matrix , vacuum, and other experimental

conditions. The primary dynamic range limitation is the crater wall effect,

discussed in the preceding section. The secondary limitation Is that a

point primary beam cannot be obtained in practice , but it is actually made

up of three components: a central hot spot, a small charged particl e halo,

and a much larger (300 ~~m or objective aperture Size) neutral particle halo.

The charged particle halo arises from a slight energy spread of the ions

emitted from the ion sou rce and energy loss by g laz ing ang le collisions with

various aperture walls. The neutral particle halo results from ions that

were directed toward the Samp le , but were neutralized before passing through
the objective lens , thereby escaping focus. Both of these secondary effects

can be minimized by hard vacuums and cutting large area craters. The latter

is quite time consuming when using negative beams; hence, in many cases,

the dynamic range was sacrificed in the interest of reasonable ana l ysis time.

E. Detection Limits

The question of detection limits in ion microprobe ana l ysis is compl ex.

Ul timately, detectability will be controlled by the number of Impurity ions

per second sputtered and detected. This comes down to the volume of the

anal ytical region sputtered. In integrated circuit anal ys is, the areas
available for anal ysis tend to be small , particularl y when It Is realized

that maximum sensitivity is achieved with a raster size of 150 x 150 ~m.

Therefor e, in small areas the volume of samp le must be maximized by sputtering

deeply and Integrating all signal over the sputter period. This mode of

operation precluded in—depth concentration profiling. Alternativel y, If In—

depth concentration profiling is required , then large raster sizes or analysis

• areas are essential. This effect Is Il lustrated in Figure 32 . This figure
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is both a nomogram and a graph showing the regions of applicability of various

characterization techniques. As a nomogram, the three concentration l ines

labeled I ppma, 1000 ppma, and 100% can be used to determi ne the number of

Impurity atoms in a particular volume analyzed . For example , if the anal yzed
vol ume i s lD~~~ cm3 and the impurity concentration in that volume is
1000 ppma, the number of impurity atoms detectable in that volume can be

determined. This is done by drawing a straight line up from the volume

(l0~~
0 cm3) to the 1000 ppma line and reading the number of detectable atoms

off the V axis (5 x lD~ atoms , in th is case). Notice that the Ion microprobe

or secondary ion mass spectroscopy is the technique with low ppma sensitivity
in volumes in the lD~~° to lO~~ cm3 range.

In integrated circuit analysis , the s ize of a bipolar emitter is 10 te rn x
1O~~m. During in-depth profiling, data are collected every 30 1. The volume
analyzed is 3 x l0~~~ cm2. From Figure 32 it can be seen that the minimum

concentration detectable will be~~ 50 ppma, or 2.5 x 10
18 

atoms/cc. Increasing

the depth sampled to 100 1 has onl y a small effect on the detection l imit and

serves little purpose, since the sputtered region is moving down an error
function or Gaussian diffusion front. To obtain the best detection l imits , it

is essential to use anal ytical volumes in the l0~~
0 to lO~~ cm3 range. This

is achieved using large raster sizes.

The da ta give n In Figure 32 are obviously onl y an examp le, and each
element in each matrix will have its own set of detection limits. In work

par tly supported by a contract from the National Bureau of Standards, the

detection limits shown In Table 9 have been determined. These can be

Improved somewhat by maximizing the volume ana l yzed. These detection limits

are for in-depth profiling under the condition s listed in Table 9.

Another set of detection limits has been calculated based on the above

data and the ionization yields published by Anderson :1

1. C. A. Anderson and J. R. Hinthorne , Science j
~~

, 853 (1972).

-I
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TABLE 9. DETECTION LIMITS ” DETERMINED FOR THE ION
M I CROPROBE MASS ANA LYZER IN SILICON AND SILICON DIOXIDE

Element Atoms/cm3 Atoms

Boron 0.1 5 x io~~ 1. 5 x l0~
Phosphorus 10 5 x 1017 1.5 x lO~
ArsenIc 10 5 x 1017 1. 5 x lD~
AntImony 0.2 1 x 1016 3.0 x lO~

*Raster sIze 125 urn x 95 urn with 25 A depth sampled (2.97 x lO~~~cm
3)

• I
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10 to 100 ppba — Mg, Al , Ti, Cr , Mn, Ga, Zr , Mo, In, Na, Li, K and Ca
100 to 1000 ppba - Cu, Ta, and W
1 ppma to 1000 ppma - Fe, Ni , Ge, C, Zn, Se, Sn , Ag, Cd, Te, Pb, and BI
> 1000 ppma - noble metals and rare gases.

In sun~nary, and as shown in F igure 32 , the only ana l ytical microbeam

technique with the detection limits required for integrated circuit analysis

are the ion microprobe or some microbeam secondary ion mass spectroscopy

technique.

F. Anal ysis Time

The anal ysis of an integrated circuit device covers the sequence of

events and typical times shown in Table 10. The time elapsed between receiving

the device and starting the SIMS analysis is usually from four to f ive hou rs.
The major part of the time of the ion inicroprobe process is taken up by the
sputtering process. The sputtering time for each area anal yzed depends , as

indicated below, on the prima ry ion used for anal ysis:

Silicon or metal films with D 2 ~~
. 2.5 A/sec

Dielectric films with 
~ i6 0.5 A/sec

All films with Ar~~ 6 A/sec

These sputter rates transpose into the analysis times for each area analyzed ,

as shown In Table 10. Thus, if two dielectric areas, two silicun areas, and
one metal area are anal yzed , the Ion microprobe sputter time could be in the
12 to 24 hour range, depending on the thickness of the films. This represents

a total analysis time of 16 to 29 hours per device withou t data reduction.

Data reduction times vary depending on the anal yst, but In this laboratory,

using a 960A computer, one to four hours are required.

These anal ysis times assume that In each of the six areas, the data
collected are mass spectra depth profile If a complete survey of all impuritIes

is to be taken. For single element , hi gh sensitivity depth profiles , or
quantitatIve determination s, a six to twel ve hour time period could apply to

each element determined per area , depending on the depth and accu racy desi red.

66 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - ~~



_ _ _ _  -_~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~
•
~~~~~

- • -- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~

•- •- -•-
~~~~~~~~~~~~

TABLE JO . ANALYS IS TIMES REQUIRED FOR SIMS ANALYSIS
OF AN INTEGRATED CIRCUIT

Process Typ i cal Time

Open device and photograph 30-45 minutes

Remove bonds and deal Joy chip 45-60 minutes

Mount chip and gold coat 45-60 minutes

SEM inspection , pictures and select areas
for analyses 60-90 minutes

Introduce in IMMA and pump down 30-45 minutes

Locate areas in I MMA and start analysis 10-20 minutes

0 2 
Ion sputter of silicon/metal area* 60-180 mInutes

0
~6 

ion sputter of dielectric area 300-900 mInutes

A40 ion sputter of device area 10-60 minutes

*Asstg~~s sIlico n/metal area is exposed
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G. Quantitation

Two methods are employed to obtain quantitative ion microprobe analysis .

The first method is based on a model using the Saha—Eggert ionization equation

which Is based on the ion production process. Anderson and Hinthorne
2 have

developed a computer program, CARISMA , for the ion microprobe and have

reported success with their method on a variety of matrices. Efforts at

Texas Instruments to app l y this program to the quantitation of trace impurities

in silicon have not demonstrated confidence in its accuracy .

The second method of quantitation is based on empirica l calibration using

standards. Work at Texas Instruments sponsored in part by a National Bureau

of Standards contract3 has been successful in establishing calibration curves

for boron, arseni c , antimony, and phosphorus in silicon and silicon dioxide.

These detection l imits are discussed in Section VII.E. The standards used to

obtain these calibration curves were infinite plane samples , that is , very
large compared to the size of the raster used for the ana l ysis.

Quantitation during integrated circuit analysis will be extremel y dif-

ficult. Most of the problems result from the large areas or raster sizes

required for ion microprobe anal ysis. Areas of the required size available

for analysis on integrated circuits seldom have a single matrix , e.g., s i l icon
or silicon dioxide. Since calibration curves are set up on a single matrix ,

any mixing of matrices , e.g., metalization , dielectric films , etc., w i l l  keep
the results from being quantitative.

In sumary, quantitation in ion microprobe anal ysis of integrated circuits

is possible If there is available an area of sufficient size, i.e., 100 x 100

~m , and of a single matrix of silicon or silicon dioxide. In reality, th is

w i l l  occu r on l y with dielectric films , metalization , bond pads , resistor films ,

large area capacitors , and bulk or epitaxial silicon regions outside the bar.

2. C. A. Anderson and J. R. Hinthorne , Anal. Chem . ~~~, 1421 (1973).

3. Nationa l Bureau of Standards Contract No. 5-35917, “Deve lopmen t of Tech-
niques for the Preparation and Analysis of Standard Silicon Semiconductor
Specimens for the Ion Microp robe Mass Analyzer.”

68

— —- —•-~ -- --. ---—•- .- --—-- - •—.---
~~
-- -• - - - • - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~ S- -- ~~~~~~~~~~~~~~~~~



The electrically active regions, e.g., emitters, bases in bipolar devices,
and source—drain—bases In MOS devices, are very difficult to analyze, and
much more to so quentitate .
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SECTION V I I I
CONCLUS IONS

The ion microprobe mass analyzer analysis of these 42 integrated circuits

has amply demonstrated the power of this technique to chemically characterize

actual packaged conutercial devices. The results reported here con~fm the

statement made in Section II of this report that IMMA (SIMS) is the onl y

analytical technique that will even approach the analysis of integrated

circuits with the geometrical resolution and sensitivity needed for 1977 time —

frame devices. IMMA techniques must be extended even further by additional

s tudies such as thi s one, coupled with more instrument research to meet the
needs for the 1980 timeframe, large—scal e integrated circuits.

The data presented here have successfully demonstrated the following

analys is capab i l itie s, many of which are not possible with any other analytica l

technique.

(I) Surface anal ysis: The surface analysis of small areas was obtained

in the first and second mass spectra of any mass spectra depth profile series.

The entire surface was not sputtered for any analysis , which al l owed proof

that some elements were found onl y on the surface, i.e., the Pb and Sn depth

profile from the general technology group.

(2) Interface analysis: A technique was developed to open in—situ an

in terface for chemical analysis. The actual point of small area for this

anal ysis could be readily chosen, again l eaving the rest of the circuit Intact

for other types of analyses.

(3) Dopant Identification : The ability to Identif y dopants and depth—

profile the dopants in electricall y active areas of the silicon was presented

In Sections V and VI. Even though In some areas the dopant was not positively

identified in this study, th is does not detract from IMMA ’s poten ti al .
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(4) Depth profile: Many examples of the depth profiling capabIlity

have been presented. This type of analysis cannot be performed on actual
circuits by any other technique presentl y known.

(5) Quantitation : Quantitation of dopants and/or Impurities in the

small total materIal vol umes found In these circuits is extremely diffIcult.
However, quantitation is possible , as evidenced by the many quantitative
phosphorus profIles and the boron concent rati on in elec trically ac ti ve
silicon areas. The Cr—N i profiles of the nichrorne resistors could have been

quantItative had suitable standards been prepared to calibrate the observed
signals.

These features and the many others discussed in this report prove

conclusively that 1MM (SIMS) has a very important role In the analysis of
all types of Integrated circuits and other solid state devices.

_ _ _ _ _ _ _  _ _ _ _  
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SECTION IX

RECOMMENDATIONS

A. Failure Analysis

The ion probe can be an extremely valuable tool in the area of failure

analysis if the failure mechanism is chemical in nature. However, because of
the time involved in sample preparation and depth sputtering, the Ion probe

shou ld be used on l y af ter exha usti ve ana l ysis has been done by electron probe
techniques. For example, total phosphorus can be determined by the electron

probe; however, It samp l es a depth of several micrometers, so if it is

important to know the depth at which phosphorus is located, the ion probe must

be used. In addition , only the ion probe has a real sensitivity for elements

such as H, LI, B, and F, and it is several orders of magnitude more sensitive

for the alkali elements.

The results presented in this report have shown that ion probe analysis

does indeed yield copious amounts of chemical information from a single circuit

chip, However, in terms of fa i l u re ana lys is, these results mean very little

by themselves. A data base must be acquired which relates device performance,

degradation , and/or failures to the chemical characterization by ion probe

analysis. When such a data base Is available , ion probe analysis will be

one of the most powerful tools for failure analysis and determination of long—

term reliability from actual integrated circuit chips.

B. Device Process Evaluat ion

Most of the reliability of any Integrated circuit is built In during

device processing. A major portion of the cost of Integrated circuits is also

determined by device processing , since yield is a critica l cost factor. Most

of the ci rcuits built today use test subcomponents on each bar and/or replace

one or more bars with test patterns on each slice . These testers are evaluated

by electrical measurements , which are extrapolated back to the processing

parameters. As circuits become more complex with hig her densi ties and much
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smaller geometries , these built—in test patterns are becoming infeasIble , in

that they no longer adequately represent the device processing and require

too much usable real estate on the chip. In the near future, process evaluation

and reliability will be determined by process evaluation slices where an

entire slice is used for many types of test patterns designed for different

types of testers. These testers include electrical , mechanica l , and chemical

types. The ion probe has a very rea l application here, since the necessary

geometries can be included for maximum sensitivity. The ion probe can

eas i l y determine diffusion or ion implant profiles , junction depths, and/or

Impurities on these test patterns.

C. Instrumentation

The instrument used in this stud y was as delivered from the manufacturer,
without automation. A TI 960A computer was interfaced to handle the data for

point—counting depth profiles of either one or two elements in a given run.

If more elements need to be profiled , separate craters must be sputtered. This

can be a severe problem in failure anal ysis, since separate areas may not be

available. Therefore, if failure ana l ysis is the primary goal , the instrument

should be equipped with secondary magnet , computer-controlled peak switching

so severa l elements can be profiled in narrow 1 to 3 nm layers from one crater

hole.

An i deal instrument for failure anal ysis would have the characteristics

l isted below:

(I) A basic ion probe capable of 1 to 2 ~m diameter beams

(2) Computer—controlled secondary magnet system

(3) Computer—controlled data collection system

(4) Computer—controlled time clock for all beam rastering,
el ectron gating , peak switchIng, beam blanking , and data
collection

(5) Computer moni toring of the primary ion beam current

(6) Computer mon i toring of the secondary ion non—mass anal yzed
ion current

(7) Computer control of sample stage movements.
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D. Future ftudies

ThIs study has demonstrated the potential of the ion probe to provide

valuable informatIon about a circuit . The anal yses and techniq ues deve l oped
In the course of this work have merely scratched the surface in showing the

pot-~ntial usefulness of the instrument. It is recomended that future study

should involve correlations between device performance and ion probe results ,

rather than a general survey of many types of devices. A correlation matrix

involving electrica l performance, SEN appearance, EBIC-vol tage contrast Images,
electron microp robe analysis, and ion probe anal ys is, all concent rated to
solve a par ti cu lar p roblem, would prove invaluable.

1 .
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APPENDICE S

These appendices are a more detailed summary of the ion probe character-

ization performed on each device. No data or profile are repeated in these

appendices that appcared in the main text. For each device analyzed , the

appendix includes the area identification optical photograph , typical mass

spectra , and the mass spectra depth profile numerical suninary.

The entries in the mass spectra depth are the measured peak heights from

each spectrum and are normalized by the Si
30 peak height in order to obtain

a common relative scale so meaningfu l comparison s can be made. The entry

in the Si
30 row is the actua l measured peak heig ht without normalization .

The type of common intensity base is good for most spectra , but on some it

could l ead to gross error. The normalizati on assumed the Si was the major

matrix element in each area analyzed . If not , the normalization gives a gross

error. Examination of the Si
30 row will revea l most of the error entries .

Gross differences in the Si
30 

peak hei ght are the indicator of the error.

The key to mass spectra depth profile table is:

Unit: Unit number assigned by RADC to the circuit.

Area : Area analysis , identified in optica l photograph.

Spectra: Numbers assi gned to spectra for internal identification.

Raster: Measured crater size sputter by primary beam.

Spot: Measured primary beam diameter.

BC: Primary beam curren t measured on circuit at 1500 V bias.

SR: Cal culated sputter rate in A/sec.

Start (column): Time in seconds to reach peak in mass spectrum .

Pius (row): Sputter time in seconds before mass spectrum started .
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APPENDIX A
CMOS—SO S—CLEAN OXIDE , UNIT #739

Area 1: Single Mass Spectrum for Surface Analysis

Area 2: Depth Profile Mass Spectra

Area 3: AL-P Peak Count Depth Profile

Area 4: F—Ca Peak Count Depth Profile

Area 5: AL—P Peak Count Depth Profile (not used)

Area 6: Depth Profile Mass Spectra

Area 7: False Start

Area 8: P Concentration in Depth Profile

Area 9: Mass Spectra Depth Profile Afte r Oxide and Metal Stripping

Area lA: Mass Spectra Depth Profile After Oxide and Metallization

Removed

Area 2A: B Depth Profile After Stripping

Area 3A : P Depth Profile After Stripping

Area 4A: B Depth Profile After Stri pping

Area 5A: P Depth Profile After Str~pping

Area 6A: AL—S i Depth Profiles After Stripping

area 7A: AL—S i Depth Profiles After Stripp ing
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___________________________

CMbS 505 C LEAN O~~!DE

uNiT~~~7sg . AREA 2. . S PECTRA / 4 5- 15.5

RASTER J/ ~~~~~~~~~~ . S POT /Q,k..,,~’ BC // A/ q  SR (A/SEC ) •~~5

PLUS
ELEM START 0 _2ô~ç _27S~ _3441 ~~~~~ L~~ ; 7p~~~

Li (7) 30 - 
~~~~~~j _j I I / I I

B (t~~ 
60 - j _j _j I l _ j  _j _j _j _j

F (19) 150 
~~J 2_ _j _j _j j ,j  j j

Na (23) 180 i~ ~~~~
j l J  _j _j ~~.J _I _~1 ~

‘—__/

Mg (24) 185 j 2~~~ j  i _J J j I _I J j

Al (27) 205 ,~~~~ _ /~9 J~ 
L4.’ gi ~

j SI 2ô~
51 (30) 220 _ 2/a 350 ~ 4o &~2 ~~~~ _  3Lo 330

(3l) 230 - - / j Ii ~~j 7_ Li zg 
~~~Cl (35) 250

• K (39) 290 is j _j _j _j j i j  i . j  ..j

Ca (40) 295 ~~~~ _~~~~~~~ . ia ...._....u ..._.a ._.L ...... ....j ......_J ..........2 ..... ..~~ _...~~~~~~~

T i (4
~~ 330 J~ 3 -

, _J _J ~~
j  _j ~ _

_

Cr (52) 350 - - - I _j /_ I

N i (58’ 380

cu (63J_ 400
Zn (6~+) 1+03
Ga (69) 1+25

Mo (98) 51+0

A g (l07) 570

Sn 11~~ 610 j j J j 1• I J J J J
Ba (l

~!) 670
Pb (208) 858
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_________ - -

t~tr~S SOS t I L E*N  OVOE

UNIT . AREA~~.. . SPECTRA /S~,— /~~4-.

RA STER 7/ ~ ~~~~~~~ . SPOT ~~~~~~ BC SR ($/SEC ) .

‘N.~PLUS
ELEM START

’
~ ~~~ ~~~~ ~~ .1I~1L 10.182. ~~~~ ~~~~ — —Li (7) 30 

~
__j _j __j / — — — — —

B (II ) 60 
~~~~~~ i~~~~~ —

, j I ~~_i —
F ~~~ 150 _j I I I I / 

—

Na (23) 180 j I I _j _j _j _j , , 
—

Mg (21+) 185 
~~~~~j ~~~~

j j i~~~~~ 1 /  
—

Al (27) 205 3~ 4 ~2o ~ L~i J~~~ J~~ L1~~ ~~jj~ —
S I (30) 220 .34.a 330 3.2.0 300 .~~~~~~~ 

_ &zg ..A~ ....&&~ _&~~~
p (31) 230  ~ 3 3’ 21 2! 21 ~~~~ 

-
~~~~ 
-

~~~~

Cl (35) 250

K (39) 290 / J I j ~~~~j _j j ~~~~
j _j -

C ~ (1+0) 295 2 2 2 2 3_ ~ - — —

Ti (1+8) 330 
~~~J __J _J __j _J ~_j _j _J __J —

C r (52) 350 ~~~~~j ~~~j _j _j _j 
j 

—

Ni (58) • 380

C u (63) 1+00

Zn (64) 1+03

Ga (69) 1+25

Mo (98) 51+0

Ag (107) 570 
— — 

Sn (118) 610 __J ~
__j 

~
__j   —

Ba Q38) 670

Pb (208) 858
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cm os sos CLEnW OiIO(

UNIT *73g - AR EA (~ — . SPECTR .A 349 -35~

RASTER ~~ X S4~~~~
v,_— . ~~~~~~~~~~~~ BC /0 1%/A SR (A/SEC ) 92.

PLUS
ELEM START O ~~o ~/~g3~/ ~ 7$3 _3735 4W -~~i2 _~~~4S8 73~~ Qp~~
Li (7) 30 j ~~~j 

- - - - -
B (II) 60 - j _j~~~~~~~~~~j~~~~~ I , I _ J _
F (19) 150 

~~~
j ~~g _j ~~~~~ i ~~~~j 1 ~~~~~~~ I 1 ~~ J

Na (23) 180 _i 2 ~~~~j ~~~J ~~J _j _j _J _J ~~J ~
j

Mg (24) 185 _J ~~ J / I ~~J ~~J ~~j  _j
A 1 (27) 205 ~~ 2~~ ~~~~ I ô ~ 1 ‘I~~~~~ ~L’ 2O~I 

~~~
Si (30) 220 

~~~~~~~~~~ _fl~ _j7~ ~ J~
p L~9 _La2 ~~~~~~~~ JL~. _i~ ___Z~- ......._q.1

P (31) 230 j _j II ~~~~ 30 34 ~~~~~~~~~
Cl (35) 250 

— — — — — —

K (39) 290 j j !_j ~~~ j ~ i _j _j _j _J
Ca (40) 295 jj ~~J 5 3 _ _j  I ~ I I I
T i (48) 33 0 2 4~~~~J _ j  I / _J ~~J ~~J ~~J _i
C r (52) 350 

~~J / j
~~~~j  

~~ J ~~J 1 
~~~~~ J ~~J J _j

Ni (58) 380

C u (63) 1+00 / ~~~~ i ~~~~~~~~ / __~ 
/ 

~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~ 
__

~~~~~

Zn (61+) 1+03 / I i I _I I I I ___I I I

Ga (69) 1+25 
—— — —

Mo (98) 51+0

Ag (107) 570

Sn (118) 610 i j ~~~~j  - 
—

Ba ( 1 38) 67 0
Pb (208) 858
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cmos sos cLEQPI oXivE

UNIT  4jr 739 . AREA~~ . SPECTRA J’~ O

RASTER 49x ’-5~ ~~~~~~~~~ . SP0T/2 u...,.,~.i BC /C NA SR (i/sEc ) q2. ,

N.JLUS
ELEM

__- 
STAR

’
~N.-.., ~~~~~~ —

Li (7) 30 —

B (l1) 60 __j

F (19) 150 J    — — — —
Na (23) 180 j
tlg (214) 185 

~~
j

Al (27) 205 
~~~Si (30) 220  

— — —
~ (31) 230 ~~~  —~~~~~  — — — —

Cl (35) 250    
— — —

K (39) 290 j — — —
Ca (40) 295 ,~JT i (48) 33 0 __j —

C r (52) 350 J
Ni (58) 380

• c u (63) 1400

Zn (61+) 403 /

Ga (69) 425

Mo (98) 51+0

A g (l07) 570

Sn (1181 610   — — —
Ba (1381 670

Pb (2O8I 858 
—
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_________

C/no 5 SoS (
~L5RW OR 1D(

UNIT# 731 . AREA g . SPECT RA 7B1 - 782.~

RASTER ~~2X.~3M.17v . SPOT /7~~#~..-rii~~ BC //,N4 SR (1/SEC )_____________

PLUS
EL EM START 6 /092 

____ —
Li (7) 30 j —  — —
B (1l ) 60 ——
F (19) 150 ._ . 2 .

Na (23) 180

~~J2L!) 1 85 ~~~~~~~~
Al (27) 205 gj~~~

S i ( 30) 220 — —
P (31) 230 -

Cl (35) 250

K (39) 290 J~~~~~ ——
C3 (40) 295 _

~~~~~~ L7 — —
T i (48) 33 0 . J /
C r (52) 350 j J  — —
Ni (58) 380

Cu (63) 1+00 j~~~~~~~~ — —

zn (614) 1~o3 J J
Ga (69) 1+25 

—

Mo (98) 51+0

Ag (107) 570 j I — 

Sn (l l 8) 6 10
Ba (138) 670 — — — — — —
Pb (208) 858 

—
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cme s sos CL&RP ( OXIDE

UNIT # 73g . AREA IA . SPE CTRA 783- 784-

RASTER ~~~~~~~~~~~~~~~~~~~ . SPOT /7~~,,-~-’ BC /4..41,q SR (-i/sEc )______________

PLUS
ELEM 

START O

Li (7) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
B ( I l ) 60
F ( l ~~~ 150 

~~~~~~~j
Na (23) 180 

— — —
Mg (21+) 185 _

~
_j( ..~~~~~~~~

A l (27) 205 .Zk~~iL.L~ 
si (30) 220 /,oo j~

p (31) 230
C l (35) 250

K (39) 290 j
~~~~~3

Ca (1+0) 295 __
~_B1 ....... ..~~~~ — —

Ti (148) 330 
~~ .........i 

Cr (52) 350 / ~~~~~j 

Ni (58) 380

c u (63) 1+00 j~~~~~
Zn (61+) 1+03
Ga (69) 1+25

Mo (98) 51+0
Ag (107) 570

Sn ( 11 8) 6 10  
—  —

Ba (138) 670   
—

Pb (208)[ 858 
—
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CMOS BULK CLEAN OXIDE , UNIT #R202

Area 1: Mass Spectra Depth Profiles

Area 2: Cr Peak Count Depth Prof ile (not included)

Area 3: Mass Spectra Depth Profile

A rea 1+: Mass Spectra Depth Profile

Area 5: Mass Spectra Depth Profile
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I

C’M3 8USX aiM ov~ eD4~~~

UNTT~~~~2o2. AREA ! SPECTRA 22Z Z3 2d

RASTERA~ 1 ~~~~~~~~~~~~~ SPOT ~~~~~~~~~~~~~~ 
BC] 1y4 SR (A/SEC ) 4

ELEM STA�N __
~~~~~ 

_~~gg ~_~1g~~’ .âZ~ ~~~~ .~~ii ~~&i =~~ t z~ II ~~L~~I
’ ~~~L i (7) 30

B ( I I )  60

F (19) 150 
~__j —  —

Na (23) 180 _ 2 J 2 
~~~~~ 

2 ~ j. ,

Mg (24) 185 j __J __j ~ 
_ j  __j __J / ~c _ j  •j

Al (27) 205 ~~~~~~~~~ ~~~~~~~~~~ 
~~~~~~~~~ 

_L~~ ~~~ ~~~~~~~~~~ ~~~~ ~~~~~~~~~~ ~~~ 
_
~~a’ ~~~~~~~

Si (
~!L 

220 ~ __~~~~ ••••_ z~ ~~~ 
__z

~ _. .&~ ~~~~~~ 
__

~~~~ 
_ .

~~~~~ ..._.~~~~~ ~~~~~~~

P (31) 230

c i (35) 250 
— —

K (39) 290 2 ~ / J  / J _J /
Ca (1+0) 295 __j  ____~~. 2. -_ ~~~~~ ~ •.._... ~~ ‘ .__.... ~~ 

__L ............. , ........_...1
Ti (1+8) 330 __J _ •j j •j  __~~~~ 

__j ~_j _ j  ~_j ~~
Cr (52) 350 

~ _f 3 I 3 J —~~~ 
_1 _i _1

Ni (58) 380

cu (63) 400 
——  

zn (64) 403
Ga (69) ~+25
Mo (98) 540

Ag (107) 570 •_J / __J _j __j __J J ........J ••J •j _.j
Sn (118) 610 

—

Ba (138) 670

Pb (208) 858 
—

90

________ _________ ___________

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- -

~~i~’ cu t. ~jia pz~~ c~ ..i

UNIT ’~~2.OL . AREAJ SPECTM 444-433

RASTER 7($ ~~~~~~ SPOT /f~~vv~
) BC_ A _ _ SR (&/ S EC) • 41

ELEM STA R~N __
~~ 

_.
~~gz ~~~~~~~~ .~~~~~~ ~~ ~~~ Lu wa a~~ —Li (7) 30 — —

8 ( 11) 60 — —v (19) 150 
—~~~~~~~~~~~~

Na (23) 180 ~~~ s 2 _j  / 
____

1 __
~~~~ 

..___~ _~~~~~

Mg (24) 185 _LQQ _~
__ I ._J ___ i , I _

~
j 

~
__

~J .___/ ..___ 1 —
A I (27) 205 

~~~ ..... .u ..........~i .........JJ ... ..L.Q .........L ... .. 1~~ ~~~ ....... ~~~ ...1 Z5 —

Si (30) 220 _
~~
j __

~~~~~~~ 
_._~L7 .. .... .~~~ 

___
~.fr ___

~~~~ .-i! —...~~~~ 
___lf .._..~~~~~ —

P (31) 230 — —CI (35) 250 
—

K (39) 290 j .~~~ g . 2  ..... ....... ~ ....._...i .........J ......_..J .......~J ...~,..J .......J __J —
Ca (40) 295 -Jao ..... J J J J . J  J J ____ 1 J —
Ti (48) 330 — .... J __J / ~••_J _J / _ .•_~~~~~ 

_j _j —
C r ( 52) 350
Ni (58) 380
cu (63) 400
Zn (64) 403 — ._J __ j  -j  _ J  _ j _••_j
Ga (69) 425
M o ( 98) 540
Ag (107) 570 ....Lgg ...__...J .-Z...
Sn (118) 610 

~~ 
_
~
__J• _-_J _.... .. . ....=...

Ba (1 38) 670
P b ( 208) 858
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cmos BULK CLEAN otir~ Cb4~~O7

UNIT#R2.021 AREA 4 . SPECTM~~~ 4 - 4~~3

RASTE R7L~~f.1,i&i.,r_d . SPOT _________ 
BC /,,y~q SR (A/SEC ) .48

~~~PLUS
ELE M STAR~N 0 ~~~ _ _  ~~~ 

_ _

Li (7)  30
B (II) 60 

— —

F (19) 150 
— — — — —- — — —

Na (23) 180 
~~~~~~~ ~~_ 5  • j  

I 
— ~ 

I 
~_J _J _J _J

Mg (24) 185 
~~~~j  4. ~ J _I / I j _J —

Al (27) 205 ...i~ ..........~i ..._LJ. .......... ~~ ............7 _...1~ JIL~ ~~~~~~~ ....J1l .117
SI (30) 220 3.~ 4ô ~~ _ _ _  _ —

p (3 1) 230 
~~J _J ~~J _J _J _j ~~J - _ I_ _

Cl (35) 250 — —
K (39) 290 _  ~ 3 ~~J I- i J  ~~ J I

Ca (40) 295 20 J I _J ~~J J I _J , _J —

Tj~~48L 330 J _2 _j  _J _J L __! _.L _j _J —

Cr (52) 350 — —
NI (58) 380
Cu (63) 1400 — — — — — — — — _ j  

—

Zn (64) 403 — •_J _j _j _j ~•~_j _j — ...__/ __j —
Ga (69) 1425
Mo (98) 5140

Ag (1 07) 570 ~j J J j J ..........1 ......_.L ...........J ___Z.
Sn (11 8) 610 J ~~J j J ~~~~~ 

—

Ba (138) 670.

Pb (208) 858
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cmos DVL& CSE49r# 07L/D CO4~~7

UNIT ~~RZ0 Z . AREA J . SPECTRA 4~4-4Z .f

RASTER 
— . spoT

__________ 
BC 4~~yq SR (A/ SEC ) .48

ELEM STA R~N’~ _•~~ ..a.u ~~~ a~ ~~~ ~~~ ~~~ a~z~Li (7) 30 i ~~~j  / - - - -
B (II) 60 — __j / — — — — — —
F (19) 150 — __j , — —

Na (23) 180 JZ5c ~~~$ SI ~~i2 7 ~~~~~
_ _ _  4 —

Mg (24) 185 ~~ __.LJ _.LL~ .._J ...~_...B ._....i _....._b __ 1 ._..J’ ........J —

Al (27) 205 
_

~~~~~~~~~~~~~ 

jj g 
~~~~ —

s 1 (30) 220 •_j,g ~~~~~ • • ~~~~~~~ ~~~~~~~~ _....k~ .~~~~ ~~~~~~fr .~~~~ .~~~~~ ~~~~~~~~~~ —

P (31) 230 - _ 2 j  I / 
~~~
j  _j

~~~~
J_j  _j

c i  (35) 250
K (39) 290 JLtQ _.....~~~~~ ..~~~~! ._.~J _ ....~~~~~~ ~~~~~~~~~ ~ ___1 ____

~~~ 
.____

~~~ —

Ca (140) 295 _ ~5 4 _j  
~~~~~J ~~ 

2 
~~~~~J —

Ti (48) 330 2 .......... j  .._ ~~~~ ............ ~~ .........._I .___i .__i ____ f ___J —
C r (52) 350 / ~~~~ _ j  __j / __j ~~j  ~~~ —

Ni (58) 380
Cu (63) 400 ___ I I I I I i I i I —

Zn (6141 403 / __J __
~j  __J __J __j _~j  . 1  _J —

Ca (69) 1425
llo (98) 5140
Ag (107) 570 

~ _J _J ~~J I _J _J _J _J -i —

Sn (118) 610 ~~ / .~~ J ~~~ J j
Ba (138) 670 j

~ J — — — —
Pb (208.1 858
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cAr~o5 NAP/b GAr& e.D4OIIA

UNIT *8~ . AREA I . SPECTRA / 99  — /9/

RASTER /22~.~~ ~~~~~~~ . SPOT.32. ü..p,.ij BC /p~i/~4 SR (i/S EC ) .55 -

ELEM _
Ll (7) 30 — —
B ( I I )  60

F (19) 150

Na (23) 180 _j~ _ j  __~~~

Mg (24) 185 2 .__J __
~..j —~~ — — — —

Al (27) 205 
~~~~ __j ~~~~~~~~~~ ~~~~~~~~~~ —

Si (30) 220 ~~~~ 
~~~~~~~~~ __~~~, ‘4 — — — — — —

P (3 1) 230 _ j _ ~~~~_ j _ ~~
ci (35) 250

K (39) 290 _ J _ j
~~~~~

__j
C a (40) 295 _____ .L ____ i .____J — — — — — 

- -

ri (148) 330 I — — —
C r (52) 350 __j — — — — — —
Ni (58) 380
Cu (63 ) 1400
Zn (614) 1403

Ga (69) 425 
—

Mo (98) 51+0 — —
Ag (107) 570 

—

Sn (11 8) 6 10 ; _ _ — — — —— —
Ba ( 138) 670 

__________

~~~ (208) 858 — — _______  — — —
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imt~ AlA AlL) &ATE CD~OIiR

UNIT 
* 

84 . AREA a . SPECTRA 192.- 2.02,

RASTER ~~~~~~~~~~~~~ - SPOT 
~~~~~~~~~~~~~~~ BC /2..i.’~q SR ( i/SEC ) 1.06

N..~PLUS
ELEM START~N ,,~~~~~~ ~~~~~~~ ~~~ ..s1~’ ~~~~ iza~ g

~~&~~ ~~~ ~~~ .*.~&z .zoii
Li (7) 30

~~(H) 60

F (19) 150 — — — __, _j — — ___j __j —
Na (23) 180 

— _i i ... j ..__i _i .__.j — 
__j __i —

Mg (21+) 185 
— __j  I _j __j •_ ~~~~ 

__j 
— 

__j __j —
A l (27) 205 

— __j  ~ ___j~ __j~ ~~ — _jQq ~ ~~~~~~~ —
Si (30 ) 220 — lip izo ,~ ,.~ / 0 0  ~ — _ _ —

P (31)  230 
— j~ I~ ~~~g ~~~ — 2 2!~~~~~

C i (35) 250 — — — — — —
K (39) 290 — _/ ,

~~~ j i _/ __j — 
i _, —

Ca (140) 295 
- _ j  : j  _j ~~j _j — / _j —

Ti (148) 330

Cr (52) 350

Mi (58) 38~~ ——
Cu (63) 1400 

— 
__j ._._j .~_j ‘ __J ....... 1 .__.J — ______ .I

Zn (64) 1403

Ga (69~ 425

Mo (98) 540 ——
Ag ( 107 ) 570 J — ____ 1 j j J J — j J
Sn (11 8 )  610

Ba (138) 670

Pb (208) 858
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CJn~~ M~Nb GA7’i Cb4oIIA

UNI T #84, . A REA Z.. . SPECTRA &o3-~~o17

RASTER ~~~~~~~~~~~~~~ . SPO T ~~~~~~~~~ BC I2.AiA SR (i/SEC ) 1. ô~

N..~PLUS
ELEM STAR

’
~~”.. ,~~~ j ~~~~~ ~~~~ ~~~~ LLIJJ ____

Li (7) 30

B ( i i )  60

F (19) 150 __ J — j  ___._._.1 —  — —

Na (23~)~ ISO / j  __j j  —  — —
Mg (24) 185 _ _ j  _ J  .__ j ____j —  — —
A l (2 7) 205 j~j~ ~~~ ~~~ _ .4~Z~  — —
S i (30) 220 __ j~ g~ ~~~  — —

P (3 1)  230 Z4 J~ 
2~ Jj~ J~~ - - -

C i (35) 250

K (39) 290 I .,j j .j —l  — —
Ca ( 1+0) 295 __ __j ~ _.j J . j  _,....J — —

Ti (1+8) 330
Cr (52) 350

Ni (58) 380
cu (63) 400 — — /  —  —
Z n (641 1403

Ga (69) 1+25
Mo (98) 54 0

Ag (107) 570 .____ J _ j  J _ _ J  /  —

Sn (I l~~ 610 — — 
Ba (138) 670 — —  —  —
P b ( 208) 858 

—

I .

I.. - - -~~ ~~~~~~~~~~~~ .~~9 A _Lt CA~.&. . , ~~~~~~~~~~~~~~~ ~i_~.!__.. _ ._ _.)_1 
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crt~~~rtA1vD GATE C_D4oli~

UNIT.*~~~ . A REA 4 . SPECTRA .3’7~7 4o$ -

RASTER ( .BX..5.5ta.r,. - SPOT 
~~~~~~~~~~~~~~ 

BC QA/4 _SR (A /SEC ) . 8-5

N~PLUS
ELEM STAR~N~ D ~~~j4 /~ oo _~~~~Z4I 4~~j s”- $73- ~~~~ —
Li (7) 30
B ( I l )  60

F (19) 150 _ j  __j _ j  _ _j  ~~~~~~~~~~ ~~~~~~~~~~ _~~~~~~~ __~~~~~ 
__

~~~~~ ~~~~~~~~~ —
Na (2 3) 180 _ 7 5 4 4 3 _~~~~_j  

—
Mg (24) 185 j _f 3 5 2 _~~~~~ —
Al (27) 205 ._Ll~ ...i.u 7~ ....._1~ .... ~.&‘ _.....z~ ...a~i ....~zi ~~~~~ ....~~~~~ —
Si (30) 220 94 ~~ /06 ~jg~ i~~ i /o. Q~ 96 80 _

P (3 1) 230 / 3 _1  
~~j J  j~ 1~ I~ —

Ci (35) 250 — — — — — — — —
K (39) 290 _ 3 3 _ 2 ~~~~ —

Ca (40) 295 
~~~ _3 2- ~ / J j J ~~J _L —

Ti (48) 330 _J _ J  i _~~~~~~~~ _j  _ j  ~~~~~~ 
_j ~~~~ _ j  —

C r (52) 350 3O _ _j _~~~~~~ —.~~ —. .—~~~—.. .__:._ . L. ~..L. . .....Z~.
Ni (58) 380 

— ——
Cu (63) 1+00 5 / / _J _j  ..___ 1 __~~~ _~~~~ 

__j __j 
—

Zn (614) 1403 - I L ~~J ~~1 _ 1 L _J / 
—

Ga (69) 1+25

140 (98) 540

A~ (107) 570 7 J j J J _/  j j j —
Sn (1 18 )  610 J — — — — —

Ba (138) 670 ——
pJ Z 0~~ 858 - -

L I —
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__________ -. --- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -~~~~~

c.mos ‘YI~fYb GATE CD4C’1i4

UNIT - A R EA .5 
______________. SP ECT RA 4.O9-4/ Q -

RASTER ~9 ~~~~~~~~ . SPOT /7~~~-~~~~ BC ‘~,y~Q SR ( !/SEC ) . 8-5 -

~~~~ PLUS
ELEM 

S TA R~?N o .4eL ~
‘ ~~~~ ~~~.&9 ~~~~ ~~~ £4~ . - —

Li (7) 30

B ( l i) 60

F ( I ~~ 150

Na (23) 180 ~_j~ __~~~~ ~ ~~~~~~~~~ 3 2 2 __
~.4 __

~~~~ ~~

Mg (2 14) 185 9 4 3 _~~~~~~~ 3 ____3 3 _
~~3 / _____j 

—
Al (27) 205 

~jjj .~~ ~~~~~ _ .~~~~ __ &.. ~ ...~~~~~ ~~L7 __..L~ .. ....&1 _...12 —
S I (30) 220 

~~~ 
,j~ ‘.z ~~ ~~~~ .52 -~3 .~J(, ......J ~ —

~ (31) 230 2 J 3 7 u
CI (35J,,, 250

K (39) 290 ~~~ 3 J_  2 2
Ca (40) 295 ~~ / / / 4 , / —
Ti ( 148) 330 j 

~~~ .... .j ..j ..........j .__._i — — —
C r~~~ 2) 350 , J J j  J 

- - -

~Lj~8)~ 380 — —
~~~(~3) 1400 _  1 j  I ij  j  / j 

—

Zn (614) 403 ~~~ ... .j ...~~J J ... .i ___-.J ___ i . L ___.Z..
Gaj ~9) 1+25 — —
i~ioj~8) 540 ‘~‘

~~~~~ O7 ) 570 Z ~~j _L _i —i —~ 
____L ~~~ -~J —

Sn ±118) 610 ~~.j / / , / / j — —

Ba (138’ 670

Pb~~~ 08) 858 — —. — — —
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CMOS Cr Doped, Unit #504

Area 1: Surface Mass Spectrum

Area 2: Mass Spectra Depth Profile

Area 3: Cr Point Count Depth Profile

Area 4: False Start

Area 5: Mass Spectra Depth Profile
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t~d’fl~~.3 C~- I~~ P~~b

UNIT #5c4 . AREA2. . SPECTRA h.1 — 171

RASTER 85 X ~~~~~~~~~ . SPOT ~~~~~ BC JO t/ A SR (i/sEc ) . / ,3 -

~ ‘~~PLUS
ELEM 

STAR~?N ,._~~~ ~~~~ ~~~ ~~~ ~~~~ ~~~~ ~~~ .a.~~ .a~& .z~ .z ~~~Li (7) 30 2Lo / J  J j  i i  — —
B ( I I )  60 — , / — — — ,
F (19) 150 j  J j  _j  i j  j  ~ _I

Na (23) 180 ‘4° _b ~ 
4 _ _

Mg (24) 185 — 
~ j  , J  J J J j  I J J J

Al (27) 205 
~~ ... .L.~ ~~~~ ~~~~ ..... .2.L9 ~~~~ _.Lk& ...L1L ~~~~Si (30) 220 __ __ j  __

~~~~~ 
___

~~~• _.J~p ___j~ ___ Lf~ ......Lf~ .....W ....h~Q ...L&~ ........J(,
p (31) 230

Cl (35) 250

K (39) 290 j~g _j ~ ~~ j  ____ 2 _.__
~Z ~~~ ... .... J .. ...d

Ca (140) 295 ~~~g j ~~~ j  __J j  j  I- I~~~~~~~_ I /
Ti (1+8) 330 2.0 ........J ......J ........J .... ...j .... j  .........j — _ ._._j _ _j  /
C r (52) 350 - i J  _j J L 4
Ni (58) 380

Cu (63) 400 
~ 
_j __j _~~~~~~~~ —

, .•_~~~~ _~~~~~ 
— ,j __j _ •_ ~~~

Zn (64) 1403
Ga (69) 425

Mo (98J 5140

Ag (107 ) 570

Sn (118) 610 2p J ... ....i ._.._...I ~ .._.._.J ....2.. .....~~~~- ...

Ba (138) 670

Pb (208) 858 — —
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C.mos C.- t,OPEn

UNIT# ~5O4- . AR EA2. . SPECTRA / 7 2 - / 7 3  .

RASTER 85 X hh w,,~.- . SPOT /9~
,-,-p .., BC /O IVA SR (i/SEC ) -~~J

ELEM

Li (7) 30   
—

B ( 1 l )  60 _I _____j 
F ( 19) 150 __ i j  —

~~~~~~~ 1   —

Na (23) 180

Mg (24) _185 _ _ j  j
Al (27) 205 4zJ ~~~~j ~~ 
Si (30) _220 iic

p (3 1)  230 
— —

C l (35) _250 — —  
K (39) 290 J _

~~ 
Ca (”+O ) 295 _ _ J _J 
Ti (L+8) _33 O J _ _ ~~Cr (52) 350 _~~~~~~~ ,J  

Ni (58) 380

Cu (63) _1400 j —

Zn (61+) _14O3

Ca (69) _425

Mo (98) _540

Ag (107) _570
Sn ( 118)  _6 10 — — 

B a ( I38) 670 =
Pb (208) 858 

- 
-

110
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L C.mbs Ce- D OPED

UNIT*3o 4 - AREA S . SPECTRA J~ / — J 7 I

RAS TER~~ 9X5~~~ -,,~j SP0T/~,,~~. BCJO w.q SR (A/SEC ) •~~ z.

N..,PLUS
ELEM STARK _ /470 ~ l7~ ~~~$fl 3s7~ 4z4— _ _

Li (7) 30 j ~~~j ~ ~ / — — I
B (I I) 60 — j  — .j i ... ...J ... J .__ ._
F (19) 150 - j ~~~~j _~~ 

I /
Na (23) 180 lAp t J ~ 

_ 
~

- 2 J J 2
Mg (24) 185  _ 4 7 J J j J J
Al (2 7) 205 j~~ 4,7 83~ I34~ 324~ ~33~ 634i S47’ 77~
Si (30) 220 ‘d ~~ j~Q i~~ l~~ Q’ L~ ~ 7~ ~~

P (3 1)  230 - j J  j _s j j  _1 J j j
Ci (35) 250 — —

K (39) 290 J~~~ 
j. j g ~~ j J J l ...j  ..... ..J

Ca (1+0) 295 _ 
-~~~~~~~ ~ 

_j 
—

, j  I /
Ti (148) 330 

~~
j J j  j  _~__1 j  J J j &. ~~5

Cr (52) 350 
~J~

p j  j _j 4 5 —p ~~~ S
Ni (58) 380 — —
Cu (63) 1+00 j~ __j .j ~~~~~  _..__/ ~~~~~

Zn (64) 403 / j  . . J  j  I j  _J J _I ........... J J
Ga (69) 425

Mo (98) 51+0

Ag (107) 570 —_
Sn (118) 6 10 ~~
Ba (138) 670
Pb (208) 858

Ill 



- _ .- - - -~~~~~~~~~~~--- ~~~~~~~~~~~~~—- ---- _ - . - ------- -- 

~ /P2 O5 C.~- bOPED

UNIT
_________________ AREAS . SPECTRAJ 7Z-

RASTER4t KS~~ J.IeL.I . SPOT /2,~~,~ — 
BC 1O,yA SR (A/SEC ) .~~2.

‘
~-..~PLUS

ELEM S TAR
’
?N li~~ — —

Li (7) 30 
—

B ( I I )  60 —

F~~~~~ 150 J
N~J~~~~ 180 j 
My (24) 185 / —  —  — —
A l  (27) 205 j~~c 
Si (3O) 220 _ _ ~j  

P (3 1)  230

CI  (35) 250

K (39) 290 _ ___j  
Ca (40) 295 _ J  
Ti (148) 330 J 
Cr (52)  350 _J, 

Ni (58) 380

Cu (63) 400 _ J  
Zn (614) 403 _ .J 
Ga (69) 425

Mo (98) 54 0

Ag (107) 570

Sn (118) 6 10 —

Ba (138) 670

Pb (208) 858

112
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CMOS AL Implant , Unit #890 
I

Area 1: Mass Spectra Depth Profile 
-

Area 2: AL, Ti Peak Count Depth Profile

Area 3: Mass Spectra Depth Profile I

Area 4: Mass Spectra Depth Profile

Area 5: Mass Spectra Depth Profile
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I

cmos ~ l xm~ pNr ~~D4o O7

UNIT #.gg0 - AREA / - SPECTRA ~2oe - 2/ 8  -

RASTER ~~(p ~ . SPOT ~~~~~~~~~~ BC j~
, .yA SR (A/S EC ) . 2.57

I. U S
ELEM START~~ 0 ~~~ j~~~ _

2752 3 ~~j4  4837 ssai ~ias ~~~~ isis
Li (7) 30
B ( 11) 60

F (19) 150 j  __ j  ~~ ~~ .........L _ ....i
Na (23) 180 ~~ I j I I I I ~
Mg (24) 185 5 2 _ ..J . ...J . .J  J ........j j  ......j .. ...j .j
Al (27) 205 

~~~~~~~~~~ ~~~~~~ ~~~~ ~~~~~ ~~~~~~~ ~~~~ ~~~~~ ~~~~
Si (30) 220 

~~ ~~ 
,
~ ~~~~ ‘2-b is~

p (3 1) 230
Cl (35) 250

K (39) 290 j  j  j  __ 1 
~~~~~ ~ ~

Ca (40) 295 
~ ..J _ j  

~ ~~~~~ ~~~ ~ ~ ~.___1 /
Ti (48) 

- 330 / j  J .J ____j j J ..____L .. ....J ....... .1 ... _....L

C r (52) 350 / / / J J J / I I / /
Ni (58) 380
Cu (63) 1+00 / — — — — — ....~~~~~..
Zn (64) 1+03 / J •... J .._. .J _.._I __J .~ .J -._J ._J __J _—_~

Ga (69) 1+25 — —
Mo (98) 51+0
Ag (107) 570 —
Sn (118 ) 610 .j  ....Z .. ..._ .. .Z. .... .. _.. ~~~~.

ea jlj8) 670 ——
Pb (2O8) 858 — —

1 1 7 

— - -  —- ---— - ---- ~~~~~~~~~~~
__ _ _ _____ ___ _~_ - _ - -- ---  - -



-- - -- - -~~ -—----- - -~~~--- -- - - - -~~~~~---~~~~~-— --- - - - ------ ---- - -~ —---~ - - - - - - -  -~~~~~

t~ IflOS Al ImPLANT ~D4OO7

UNIT #89o - AREA / . SPECTRA 2.19- 2 2 .1

RASTER ~~~~~~~~~~~~~ - ~r0T ~~~~~~ BC / O YA SR (A/SEC ) . 2.5 7 -

N..~PLUS
ELEM STARi~~... £LL~ ~~~~~~ 2g2~ = = — — — —
Li (7) 30
B (11) 60

F (19) 150 — — —

Na (23) 180 _ _ j __ j ___j 

Mg (24) 185 / / _ j  
— 

Al (27) 205 .Af 7 _ZJ.9 .....k.ZE — 
Si (30) 220 

~~~~~~~~~~~~~~
P (3i) 230

Cl (35) 250 —   —  —
K (39) 290 / i __ j

Ca (40) 295 _J _ _j ____j
Ti (48) 330 / __.j ,

Cr (52) 350 / _ , j  __j —   —
Ni (58) 380 

——
Cu (63) 400 —  

——

Zn (64) 1+03 _ j _j _j
Ga (69) 425

Mo (98) 51+0
Ag (1O7) 570
Sn ( 11 8) 6 10 — —    

—

Ba (13 8) 670
Pb (208) 858  ——

118
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- ~‘ - -  -

AS XInPL~~I VT CD40O7

UNIT *8 go AREA 3 - SPECTRA 4,g - ~~~~~ -

RASTER 4Bx55~..~1, . SP OT / 7,~~ 7,q.) BC Q IVA SR (A/SEC ) .8.5

ELE M STAR~~~~ 13~~ ~~~~~~ _5~~~ _4,4g 4~~ — — —Li ( 7) 30
B (I 1) 60 — j 

~~~ ~~~~~ 
—   

—

F (I 9) 150 _ _ _
~~ 

_ _ J  — — — — —   
—

Na (23) 180 j~~ .....~‘ ... .2 ....J ......d .........L J . 1    —
Mg (2 1+) 185 

~ j  j  j  .. _J j  j    
—

Al (27) 205 j~ jJ ~~~ ~~~ ~ _.L4 ~~~~   —

- - S 1 (30) 220 2+ 
~~~Q 8~ ftI _ 72 7~   —

P (3’)  230 _ j  / i i  J / / /   —
Cl (35) 250 

— —

K (39) 290 
~~~~~9 J ~~J ~~J _J ~~~J ~~ J /  - -

Ca (1+0) 295 J ~~J ~~J _j _j ~~J I  
—

Ti (48) 330 — _ J  _j ,__j _j _~~~~ 
__

~~~~  —

C r (52) 350 — —
NI (58) 380 

—

C u ( 63) 1+00 —

Zn (64) 1+03
Ga (69) 1+25 —

Mo (98) 540 — —  

~q (I 07) 570 _j9 I 
~~~~J - - -  

—

Sn (118) 610 Q / J J j   —
Ba (13 8) 670 — — — —   —
Pb (2O8) 858
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~~~~- -- ----—— - ~~~~~~~--- - -— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -

B~ S1 ~
‘
~~P,!,1.

-
~L~~

1 T ::

C.ictoS Al It(%~~~Lf ~~NT CD4Oo7

UNIT _________________- AR EA4 — . Si~ECTr  4’~ 1 43i. .

RAS T ER ~ / XJ0 -,-,,.. i . SPOT ~~~~~~~ BC BAJ 4 _~~~R (~~~-rj

~~~ pLUS 
— — — — — r-—---

~
--— —

~~~~

— 

IELE M STA~~~~~ ~~~~~~ -~~ I~~l~ _3002 _~~~7~~ ~~~~ _ _

Li (1 )  30 j - - - - -  -

p (11) 60 - __ I I ___I I I - -
~~~~~~~~~~~ 

--

F ( 19 )  150 ‘- 
~~~ 

_1 _ i _~L L _J — 

4
Na (23 )  180 1 / ~ / / / 

— - -
- 

~~~~ ( 714 ) I 85 __L7 __J ._..J •__J _....j __j .._j4 I —- —
A l  (27 )  205 

~~~ j~~ _j~g _ jj _~~j  j~j .~y4 ~~~~~~~~~~~~~~ 4
S i (30) 220 ~~~ ~~ j~ ~~~~~~~~~~ •~~~~~~~~~ ~~ ~~~~ 4 ~~ ~~~~~~ I ~~~~~~~~~~~

P (31) 230 — — — — — —~

C I  (35)  250 — — — — _____

K ( 3 9 )  290 21 1 1 1 I I ~~~~~~ / iI

~~~~~~~~~~~ ~~~~~~~~~~ -~~~~~~~ _ ±  ~~~~~~~~ _ . &  ~~~~~~~~ —‘: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
j L

L_ ~~L~~_ 33° — — — -~~

Cr  ~2 )  35k ) 
_~~~~~ — — _  

_
~~~~~~~~~~

_ H_ _
~~

___
~~~

__ j :_  
— I t

Ni (58) 3~ Q 
— — — — —- .

—-~ ______

C u (~ 3 t  1400 I — — — —
Z J ’ (6.teL 1.03 i — — — —

Ga~~b9~ ~~5
.4~ 

((~~)_ Y ,C — — — — —
-\- j  (10 7) ~7Q / ~~~~ ~~~~ / 1 / I  —~-:-----S r I  ( i l 3 ~ £1 0  I ___

~~~
‘ ___ _J ~ 

___ _L ____L __.__ L 
~~~~~~~~~ — 

~~~~~~~ 
(
~7(~ 

-

- 
:e  -

~~~~~~~~~~~~~
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~cmos A L. rmpil,vr ~ O+O0 ‘~

UNIT #Sqo - AREA .5 . SPECTRA 457-445

RASTER ~ /xSO1w,, ,_-’- . SPOT /!j~g.,VfJ BC B IvA SR (A/SEC ) .93

~~S~PLUS
ELEM STA ?N~ _,,,_~~~ _~~~~~~~ 

,~ j 
~~~~~~ 

_
~Iw ~~~ — —

Li (7) 30
B (I I) 60
F (I 9) 150 ~~~~~ / ~~~ ~~~

, 
~ — — —

Na (23) 180 7 ~ / j  J / j — — —
Mg (21+) 185 j  j  j  — — — — —
Al (27) 205 jgj

~ ~~~~~~~~~~ ~~~ 
j
~~ ...LZ~ ~L1L~ ..&~~ — — -—

51 (30) 220 _ 5’ 4~ ~~ _—  — —

p (31) 230

CI (35) 250
K ( 3 9 )  2 90 s j j j j /_ I  — — —

Ca (40) 295 ~ I j  I I j  j  — — —
Ti (1+8) 330
Cr (52) 350
Ni (58) 380 

-

cu (63) 1+00 / j  ~~~ 
— — — —

Zn (64) 1+03

Ga (69) 1425 
—

Mo (98) 540 — —
Ag (107) 570
Sn (1 18) 610 j  j  .j  ____L ..... J .... ... .... .~~~_ — — —
Ba (13 8) 670
Pb (208) 858
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CMOS AL203, Unit #A259

Area 1: Mass Spectra Depth Profile

Area 2: Mass Spectra Depth Profile

Area 3: Mass Spectra Depth Profile

I Area 4: Mass Spectra Depth Profile

j 
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I

cmos AILO% c D4007

UNIT * A2.-59 . AREA ! - SPECTRA / 7 4  - / 54

RASTER /O4 ) 3 4g~..~7%..’ SPOT2Zj~a...y~~- BC / LA)p SR (A/SEC ) .70

N..~PLUS
ELEM STARK /7~ t. ~~~~~~~ _~~7~ £~~~ 2I~~~ 

_
— Li (7) 30 — —

B (1 1 )  60 — — — — — _ j  —

F (19) 150 j j j j j - / J
Na (23) 180 _  ~ 3 4 ~ I 

_
Mg (214) 185 j  j  / _ j  _ j  j  j  / J j J
Al (27) 205 2.1 L~ ....1 15 ..... ~~~~~ ..LLg~ ~LL~J ...1~.t .A&Z9 ..2~~ ...&�Ia~ .A221
S 1 (30) 220 2~o SBo 3zo 3~~ 3~~ L~~~ 

23o 23O th
P (31) 230

Cl (35) 250 — —
K (39) 290 ~~~~~~~~~~~~~~~~~ i 4 5 4 ~~~~~~~4 ~

Ca (1+0) 295 j  .j  __J j  j  __/ 
~~~~~ .~~~~~~~~~~ .____/

Ti (1+8) 330

Cr (52) 350 J - J J / / J  - J / J J
Ni (58) 380

C u (63) 1+00 J J / J J J J I / J J

Zn (61+) 403

Ga (69) 425

Mo (98) 540
Ag (I 07) 570 J / J —/ / / _/ / /
Sn (118) 610 — —
Ba (138) 670

Pb (208) 858

125
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Cmo5 f%ILO, C.D400 7

UNIT ~~ zsg - AREA / . SPECTRA /8.5— / 97

RAS TER /0~ K ~~~~~~~ ~~~~~, . SPOT 2.Z~~~~. ~~~ BC / S n’4 SR (A/ s EC) . 70

~~~~PLUS
ELEM STAR~N 

~~~~ ~~~~ ~~~~ — —
Ii (7) 30
8 (11) 60 — — —
F (19) 150 — — —

Na (23) 180 ~~ ~~
Mg (24) 185 j  j  __.l
A I (27) 205 

~~~~ ~~~~ — 

SI (30) 220 
~~~~~~~ j~~ — 

P (3 1) 230 ~‘ 
,

Cl (35) 250

K (39) 290 _ 4 . 3 3
Ca (40) 295 J . J  ~
Ti (148) 330
C r (5 2) 350 J J .j — 
Ni (58) 380
Cu (63) 1+00 j  j  . .j       —

Zn (64) 403
Ga (69) 1425
Mo (98) 5140
Ag (107) 570 . J  J J     —

Sn (1 1 8) 6 10
Ba (138) 670
Pb (2O 8) 858 — —

127
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CmOS A I&Oj CD 4007

UNIT # A259 . AREA 2. - SPECT RA373 SSI

RASTER~~4 8 A -5.5,~~ ,~j  . SPOT ~~~~~~~ BC gWA SR (A/SEC ) • 85

ELEM 
_

Li (7)~ 30 ~~~~~    —   —
B (1 1) 60 

——

F ( l9) 150 ——

Na (23) 180 ~~~~~~ I I I I I I I I —

Mg (2 1+) 185 __~
j j  j  .__J ~~~ —

Al (27) 205 j,~q ~~~ ~~jj  —
Si (30) 220 4..4 ~~~ j~

., io~ ~~~~ ‘ . .~~~. ... 21 . . ~~~Z — —

P (31) 230

C I (35) 250 
— — —

K (39) 290 ~~~q ~~~ ~~~ ~~~~~~~ ~ — —
Ca (40) 295 

~~~ .... ..i ........J . ......J .......J L ........ .J ..........L ...... 1 — —

Ii (1+8) 330 
~J j .j  — — — — — —

C r (52) 350 L j - - - - — —
Ni (58) 380
Cu (63) 400 ~ ~~j / .___J i , 

— —

Zn (64) 1+03 3 — — — — — — — — —
Ga (69) 425
Mo (98) 51+0
Ag (1 07) 570 ~ ~~~j j j j j — —

Sn (118) 610 
~~ _......L . .....~~~~.. ....... _ 

~~~~~. ~~~~~. ..__L ..... _ ._ ~~~_ — —
Ba ( 138) 670
Pb (208) 858 

— —
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cmos Ri~ 0~ CD4007

UNIT*~~2-S9 . AREA 3 . SPECTRA JS2.-J90

RASTER ~~~~~~~~~~~ . S P O T / 7 ~~~,,,..i BC 9,yA SR (A /S EC ) •~~~-~

~ S..~PLUS
EL EM STAR~~~~ o ~gz 

~~~~~ ~~~~ J~~~ 
4/77 _  —

Li (7) 30   — — — —  —

B (11 )  60 
—

F (19) 150 — —  -

Na (23) 180 
~~~ 

j  j  j  I j  j  j  J — —
Mg (24) 185 j

~ J J . J  / / / / J — —
Al (27) 205 j~j  ~~~~~ _A$.1 . Z~~~ ~~~~~~~ — —
Si (30) 220 ~~~~~ ,~ ,,~ 

,,
~ ~~~~~ .~~~~~~~~~ — —

P (31) 230

C l  (35 ) 250 — — —
K (39) 290 

~~~~~ ~~~~~ ~~~~~ ~~ .j j ~~~~~ — —
Ca (40) 295 ~ / j / j  j  _.j .j  — —
Ti (1+8) 330 A ...........J L . .......J — — — 

_.Z._ — —

C r (52) 350 .j  j  i j , . .j  ..... J .____ J .—.J — —

Ni (58) 380- — —
CU (63) 400 s i j  , j  j  ~~~ ....j ...........i — —
Zn (64) 403 ~~~ — — — —
Ga (69) 425 — —
M o ( 98) 51+0 — —
Ag ( 107 ) 570 __J ___ J __J j  ___J .j j — —

Sn (118) 610 3 j 
— —

Ba (138) 670
Pb (208) 858 — -— — — — -

129 
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C mos Rl~.Oi Cb40o7 
- 

-

UNIT #R2.sg . AREA 4 . SPECTRA
_ _ _ _ _ _ _ _ _ _ _ _ _ _

RASTER ~~A X  55~~d..,j. i. . SPOT I7~.#..,y.j BC QA/4Q SR (A,’SEC ) 83

N...,~PLUS
ELEM START~N g lO4~~~~~g~~ _2oQ~ ~~~7 347k — — —Li (7) 30 j  - - - - - - 

—

B ( 11) 60
F ( 19) 150

Na (23) 180 

~ ~ —, 
‘ J .... ...j .. ...i i —

Mg (24) 185 __5 J J ~~ J J ~~~~~
, J —

Al (27) 205 j~~ 4 J~ ( j 73 ~~ —

Si (30) 220 . __z;± ‘U .1L~ ~~ ~~~ q~ fr __.._a~ —
~~(3l) 230 — —

Cl (35) 250 — —
K (39) 290 ~~ _,~~~~ 

,~~
j J — — —   

—

Ca (40) 295 j
~ 

j  j  .j  j j j j   
—

Ti (48) 330 ~~ J J j — — —   —

C r (52) 350 5 ~~~~~~
- - - -   

—

Ni (58) 380
Cu (63 ) 400 j  - 

—
I ~~ i ~~ i

Zn (64) 403 ~~~  
— —   

—

Ga (69) 1425
Mo (98) 540

Ag (1 07) 570 I I I I I I I   
—

Sn (11 8) 610 -   

— 
I 

-

Ba (138) 670 
—  -

Pb (208) 858 — — —
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A P P E N D I X  B

Radiation Hardened Double Glass , Unit #120

Area 1: Su rface Mass Spectrum

Area 2: Surface Mass Spectrum

Area 3: Surface Mass Spectrum

Area 4: Mass Spectra Depth Profile

Area 5: Mass Spectra Depth Profile

A rea 6: Sn Peak Count Depth Profile

Area 7: Cr—N i Peak Count Depth Profile (not included)

Area 8: Cr—NI Peak Count Depth Profile

Area 9: Ar Sputter Time Through Glassivation (imediate AL signal)

I 
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P,rgo ODLISLE Gisqs~ $4L00

UNIT#/ 2.O - AREA 1 Z 3  . SPECTRA ________________

RASTER jo K40~ g~..pn.. - ~~~~~~~~~~~~ BC I3*PA SR (A/SEC ) .2.3/

N..PLUS AU4 - AKE.41 M14
ELEM IL 3START — — — — _ —Li (7) 30
8 (11) 60 _ j _ j

~~~~~~~~~~~~

_ __ _ _ __ _
F ( 19)_ 150

Na (23) 180   
— _~~~ —  — —

Mg (24) 185 
— __J — __J — 3 —  — -—

45 (27) 205
Si (30) 220 — _~~~~~~~~  — _2.Z~ — —

p (31) 230 
- ~~~~~~~~~~~

j _  -

C l  (35) 250 — —
K (39) 290 3 2 ~~~~~~~~~~

Ca (4O) 295 
~~~~~~~~~~~~~~~~~~~~ Ti (48) 330 — _ J  — / —

Cr (52) 350  —

NI (58) 380  
—  —

Cu (63) 1400 — — — __j    —
Zn (64) 1403  

• _ J  — 
/ — _ J     —

Ga (69) 425  __j — — 

_
~    — 

—

Mo (981 540 — — —    —

Ag (107) 570 — — —    —

Sn ( 11 8) 610  5 
— .____._1 — ._.~_Z 

-  —

Ba (l3 8) 670   —

Pb (208 ) 
- 

858 — -~~~~~~~~~ _ j  —   —
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ __

FIT~b oduaLE GLASS $4Loo

UNIT #120 . AREA 4 . SPECTRA /04 -/~ 9 -

RASTER~~~O %4O~~~,.~~ SPOT~22~ c.,, ~
) BC/ 3AM SR (A /SEC ) 2.3/ -

~ S.~PLUS
ELEM STAR~?N _,_ ,,~~~ ,Zgg, L~~t ~ LQ.~’ J4~ _  —
Li (7)  30
B ( 11)  60 / /     —

F ( l 9) 150
Na (23) 180 j J j  —, j   

—

Mg (24) 185 / j  / /   —

Al (2 7) 
- 

205 j  _ j  _u1   —

Si (30) 220 
~~~ A~~ ~~~~~~~~ ~~LQ 4i~~   —

p (3 1)  230 
— — 

Cl (35) 250
K (39) 290 2 / J ~~J I - - - -

Ca (140) 295 J / J / - - - -
Ti (1+8) 330
Cr (52) 350 J j  / j / - - -
Ni (58) 380

Cu (63) 400 j / j j j   —

Zn k64) 403
Ga (69) 1425  

—

Mo (98) 540 / / J /    
—

Ag (10 7) 570 —-  —

Sn Jj 1 8~ 610 J _ . ~J J J   —::~~~ :::
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PIXEO DOUBLE GLASS J4~.øo

UNIT ~~
,‘2.q . AR EA ,5 - SPECTRA /09- //4

RASTER JoX4p,,.~ ,11i . SPOT2.Z~~ ..,,i ) BC 1JA110 SR (A /S EC ) 2.31

PLUS -

ELEM 
START _.._g ,- ,,zgg. 

~~~~~~~~ ~~~~~~~ = — — — —Li (7) 30
8 ( 11) 60 — — — —

F (19) 150
Na (23) 180 j j , j  ~ - - -
Mg (24) 185 

— I J i_i j i 
Al (27) 205 _ I j  ! j  6 4 

Si (30) 220 _ _
P (3 1) 230 — — 4 /2 

Cl (35) 250  — —
K (39) 290 1 j j j

Ca (140) 295 
J J j J J I 

Ti (148) 330 — —  
C r (52) 350 J ~ I _ 4 _ — — — —
Ni (58) 380 — — j  j  
Cu (63) 1400 J J j j J j  - - - - —
Zn (64) 1403
Ga (69) 425 ——
Mo (98) 540 / j i / __j _ _  
Ag (l07) 570
Sn (118) 6 10 J J J J J J
Ba (l 38) 670 

— —
Pb (208) 858 

—
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54L00 Radiation Hardened , Old Style , Unit #103 
-

Area I: Surface Mass Spectrum -

• Area 2: Mass Spectra Depth Profile

Area 3: Mass Spectra Depth Profile 
-

Area 4: Ar Sputter Time through Glassivation -
-

Area 5: Cr—Ni Peak Count Depth Profile after

Glassivation Removal

Area 6: Opened with Ar , But Not Used

Area 7: Opened with Ar , But not Used

Area 8: Opened with Ar , But not Used

- i
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OLD 54L00

UNIT #105 - AREA / • SPECTRA 7 3 — 7 ~

RASTER JOX4O~ ty,..’ . SPOT
________  

BC AN4 SR (A /SEC) 1. 4~2.’

~~~ PLUS
ELEM STAR~?N a — —Li (7) 30 — —
B (ll ) 60

F (l9) 150

Na (23L 180 •_~_~
q j 

— 

Mg (214) 185 
~~~~~~~

j
Al (27) 205 j5j~~~
SI (30) 220

p (31) 230 
— -— — — — — —

Cl (35) 250 
— — — — — — —

K (39) 290 ~~~~~~
Ca (1,0) 295 5 J —
TI (1+8) 330
Cr (52) 350 j — 

NI (58) 380 -

C U ( 63) 400

Zn (641 1+03
Ga (69) 425 j  j   - -

Mo (98L 540 j j — 
Ag (lQ7 ) 570  

— 

Sn (11 8) 610  
— 

Ba (13 8) 670  
— 

Pb (208) 858 
— -1 -

11+2

Ii--
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- OLD 541-00 
-

UNIT #103 . AREA / - SPECTRA 75— 7~~~ -

RASTER .50 X 40~~ -,~~i . SPOT ~~~~~~~~~~~ BC ~~ jjft SR (A / s EC ) I. ~-2~

PLUS -

ELEM START a . . k  _____ ____ — —Li (7) 30
B ( 11)  60

F (1 9) 1 5 0

Na (23) 180 
~~~~~
j

Mg (2 14) 185 
~~~~~~

j   —_

t~ (2 7) 205 
~~~~~~~~~~ — ——

S i  ( 3 0)  220  ~~~~~~~~~~~~~~ — —
p ( 3 1) 230

C l ( 3 5)  250

K (39 ) 290 j j  — —
Ca (Le O) 295 

~  —

Ti (148) 330

Cr (52) 350 j      —

Ni (58) 380 ——
Cu (63) 1+00 — —
Zn (6 14) 1403 — —
G a ( 69) ‘+25 j i
Mo (98) 5L40 j j
Ag (107) 570

Sn (ll S) 610
Ba (138) 670

Pb (208) 858 i j

p144
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_______ - - -

01.0 ~f4 LOO

UNIT # 103 - AREA Z • SPECTRA g i— / pJ -

RASTER 75~~ 1cb g,~.w4.. • SPOT 22 a..~~~~ BC 17W.Q SR (i/S EC ) 1-34-

~~~~PLUS
ELEM STAR~~~~ 0 _/~~/~ _2313 _3o’S _37l~ _44 !3 3/ i s ~5t~ 72/S
Li (7)  30 

-

B ( 1 1 )  60 
— 

j _J I _ I I J J J
F (19 )  150

Na ( 23 )  180 
- 6_i _i _i

Mg (21+) 185 
— __J / __j - J / —

A l  ( 2 7 )  205 
— •j~ __J ~. _~~~~~ __j ~~ _j q .jg ~~~~~~~~~~~ ~~~~~~~~~~

Si (30)  220 
— ~~~~ 

2Jo 25O ~~~ ~~~ £2~ /~~ ~ OO

P ( 3 1 )  230

C l  ( 3 5 )  250

K (39) 290 
- 

3 2_i 3 3_~_-~~~~~~~~~_-~ ~~ 3

Ca (4 0) 295 
— i__, _j i _i _i _j

Ti (148) 3 3 0  
— I / __~ 

__j i ~_ J  _J —

C r ( 5 2 )  3 5 0  
— I _/ _j 

~~
j j_i _i ~~j _j

Ni (58) 380

Cu (63) ~+00
Zn (64) I-e03

Ga (69) 425
Mo (98) 540 

— i___, , _i / _i - - -

Ag ( 10 7)  570 
— —

Sn ( 1 1 8 )  6 1 0  
- 

I j _i
Ba ( 5 3 8 )  670 

— — —
Pb (208) 858 ——
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OLD J4~.oo

UNIT 44/ 0 3  . AREA 2.. • SPECTRA /o 2.- /03

RASTER ~~~~~~~~~ . ~~~~~~~~~~~~~~~~~~~ BC /7N.q SR (i/S Ec ) 1.34-

N.~PLUS
ELEM STAR~N’-.~ 1Z~~L ~~~~~~~~~~~ 

_____ — — — = —
Li (7 )  30

B ( 1 1 )  6-0 j — — — — ——

F ( 19 )  5 5 0  jj_
Na (23) 180 / j

Mg (24 )  185 — —

A l  (27) 205 j
~
q
~~ja~

Si (30 )  220

P (3 1 ) 230
C l  (35)  250 — —

K (39) 290 5~~~~~
Ca (40) 295 J J
Ti (48) 3 30  

~~~~~J

Cr (52) 350  _ i_ _~~~~~~~~~~~~~~~~~~~~~~~~~~~
_

Ni (58) 380
CU (63) ~+00 

—

z n ( 61+) 1+03
Ga (69) 1+25
tio (98) 5140 — 

— —

Ag (107) 570

Sn ( 5 1 8 )  6 10  J J —
Ba (138) 670
Pb (20 8) 858 — —

ILe6

_ _ _ _ __ _ _ _ _ _  ~~~~~~~ - - -~~~~~~~~~~ -- -— _ _



__________________________ - - - -

OLD

UNIT 4t /03 • AREA3 . SPECTRA 77- 97

RASTER 7.5X 6 ~~~~~~i,  . ~~~~~~~~~~~~~~~~~~~~ BC / 7N4 SR ( i /S EC ) 1. 34

N~ PLUS 
— — — — — —

EL EM 
~ TARN ~ 700 ~~~g ~~~~ _~~8a* _35~~ 4Z0ô ~~~~ ~300

Li (7) 30  
—  — — —

B ( I I )  60 - _ i _i  _ i _ i

F ( l9)  150

N a (23) 180 _~ _ i  I 1_ i
Mg (24) 185 - , 

~~~~~~~~
, _~~ 

/

A l (27) 205 g 
~~~ 

2 
~~~~~~~~~~ 

i_i

Si (30) 220 
_

P (3 l~~~ 230 
— 

C I  ( 3 5 )  250 — — — — — — —
K (39) 290 g _ i I

Ca (40) 295 2 1 !  _ i —1
Ti (48) 330

C r ( 5 2 )  350 ~~~~~~~ 
-
~~ _i

Ni (58) 380

C u ( 63) 1400
Zn (64) 1403
Ga (69) 425 — —

. 

—

Mo (98) 540

Ag (107) 570

Sn (1 1 8) 6 5 0  _ i  _ i _ i_J  _i

Ba (13 8) 670 — _ j  _
~~~~

_ j  _.__J ........J
Pb (208 ) 858

11,7 
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___________________________

OLb .S4Loo

UNIT #103 - AREA 3 . SPECTRA S 8—  g, .

RASTER 7$ X~- O ~~~~~~~~ • SPOT £~~~~~~~,,,., BC / 7iVA SR (A/SEC ) I. 34-

~~~~~ PLUS

-_
ELEM S TAR

’
~N’-.. 

~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~ 
_  _ 

— —
Li (7) 30
B ( l l )  60
F (19) 150 —_
~~~~23) 180 4_ i_ 2
Mg (24) 185
A I (  2 7) 205 - 3  j — — — _ —
Sl (3p1 220

P (31) 230 - J 3  ——
Cl (35) 250

K (391 290 j j . . ._ _ . . . . . .
Ca (40) 295
T1 (4~ 1 3 30

Cr (52j 350 j j _ _ __
Ni (58) 380

C u ( 63) 400
Z n ( 6’+l 1403
Ga (69) 425 ——
lla (98) 540 

— —  

Ag (l07) 570 — —
Sn (1l 8) 6 10
Ba ( l3 8j 670 / j j_ _ _ _ _ _
Pb (208) 858 

_ _ _ _

11.8
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Op Amp #1 , Unit #3

Area 1: Mass Spectra Depth Profile

Area 2: Mass Spectra Depth Profile

Area 3: Mass Spectra Depth Profile

Area 14: p Peak Count Profile (not included)

A rea 5: P Peak Count Profile

Area 6: Ar Sputter for Glassivation Thickness -

Interface Ana lysis at Glassivation-
Aluminum Layers

Area 7: Interface Ana lysis;  Glassivation —

Oxide Layers

Area 8: Interface Anal ys is ;  Glassivation-

Oxide Layers

Area 9: Interface Analysis; Glass ivation —
Oxide Layers

Oxide-Meta l Stri pped

Area IS: Mass Spectrum for Dopents

Area 2S: Mass Spectrum for Dopants

Area 3S: Mass Spectrum for Dopants

Are . 1.S: Mass Spectrum for Dopents

Area 55: Mass Spectrum for Dopants

A re. 6s~ Mass Spectrum for Dopents
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Op Amp #1 , Unit #3

Oxide-Metal Stripped
(Continued)

Area iS: Mass Spectrum for Dopants

Area 8S: B Concentration Data

A rea 9S: B Concent ration Data

Area lOS: B Concentration Data

Area u S :  B Concentration Data

I

152

1-~ - - _ _ _

— - -

~

-—-

~

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



-- ----- -- .- ----- - ——--- —— --- ----•---—- - ---- - --— -~~~~~~~-- -

I -~~~~~~~~~~ 

-- 

I

1k 
_  

_
I It ,~ !? 

c::~
11 

~~
‘H’ 

~~~~~~~~~~~~~~~~~~~~~ 
~~~EA 

~

- . 
~~~~

1
~~W— - - ~~ l 1

- 
t_

~~ 1I T~U ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~

-~~ . J~~~~cLL - - - _ _ _

153 
•

_ _  _____ 
--—--- -- —-—-~~~~~~~~~~~~~~~~~~~~ — - —-— -- ----- — --—----•—-- -



~ 1~

,II II I I I 111111 I I I 111111 I I I lviii I I I I 111111 I U I

-~~~~— ~~ 
—
i .!~~

~~~~~~~~~

-a-

02— —
- -

-

- _
-

a 

-

_ _ _ _ _

C C I I I  I I I 111111 I I I HIll I I I I 111111 1 I I 1 1 1 1 1 1  I I I
m iv —
0 0 0 0 0 0
0- — — 0- —ALISIIJLII I

154

L  - - ---~~~---—-~~~~~~~ - —— - ---- - - -~~~~~~~~~ _- - - - --- - - - -- -- —----- 



OP AmP -J m~ /47/ S.

UNIT#3 - AREAJ - SPECTRA /1—13

RASTERSOX4O jo.~ t - ~~~~~~~~~~~~~~~~~ BC .&w1q SR (i/SEC ) 
~~~~~~~~~~~

PLUS

- 

ELEM START _,,
~j •~&at ~~~~~~~~ = = = — —Li (7) 30 _I _. __j _ _ _ _ _ _ __ _ _. _ _ _ _ _

8 ( 1 1)  60

F (19) 150

Na (23) 180 
— ——

Mg (24,j 185 j~   — — —
A l (27 )  205 

~~~~~~~~~~~~~
51 (30)  220

P ( 3 1 )  230 __.A7 -~~ _...I&1 — 
Cl (35) 250

K (39) 290 
~~~~~~~~~~~~~

Ca (1+0) 295 j jj _  

Ti (48) 330 . J j J _  

Cr (52) 350 _ i~~~~~~~~~~~~~_ 
Ni (58) 380
Cu (63) 1400 — —-

Zn (614) 1+03 _____1 — — — —  — —
Ga (69~ 425 J , j ~~~~~~~~~~~.._ __ _
Mo (98) 540

Ag ( 5 0 7 )  570 _ —

s~ (118) 6 ’o J — — 
—  _

Ba (138) 670 J J _ j
Pb L2 08~ 8~ 8 / _j — —  —

155
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OP 1V1P#/ ffI~~/ 4 7/ i _

UNIT #3 - AREA e. - SPECTRA / 4— /4

RASTER Jpx4o~~ -,,-1, - SP0T / 7~~,,~ BC2cwiq SR (A / S E C) 3 ~s3

PLUS -
~~~~

ELEM START ~,,,,, g 2ga. .IgL$ = = 
- 

— —
L i ( 7) 30 j - . —

_ _
B (11) 60

F (19) 150

Na (23) 180

Mg (24) 585 
__•_~~ 

j — — — — — —
A l (2 7) 205
Si  (30) 220 i~zo ~~~~~ — — — — —
P (31) 230 ~~~~~~~~~ — — _ — —

Cl (35) 250

K (39) 290

Ca (40) 295 _ J _ j f _ _ __

.,j
_

‘ri (48) 330
Cr (52) 350 _ _ J — —
Ni (58) 380

Cu (63) 400 —

Zn (64) 403

Ga (69) 425 j  _j  j  —

Mo (98) 540 — —
Ag (107) 570 

— —

Sn (1 1 8) 
— 

6 5 0  — —
Ba (13 8) 670 _ _ _
Pb (2O8) 858

156
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N

OP A mP */

UNIT fl’3 - AREA .5 
________________- SPECTRA / 7 — 2 0  -

RASTER 50 ,% ~~~~~~~~ . SPO T / 7~~,,~ BC2OiiJA SR (A /SEC ) 3.-Si - -

N..~PL1JS
ELEM 

STAR~
?’N .,~~ g j~~ ./1~2J :~~:~~~~

‘ = = — — —Li (7) 30 __ i  , _j - - - - -
8 ( 11)  60 

—

F (19) 150

Na (23)  180 j  j - 
—

M g (24) 585 ____~ 
j —- — — —

A l (27 ) 205 ~~~~~ j — — — —
Si (30 ) 220 

~~~ — — — — —
P ( 3 5 )  230 ~ g. j

~ — — —- —

Cl (35) 250 — — — — —
K (39) 290    — —

Ca (1+0) 295 ._ J  j j j — — — — —
Ti (48) 330

Cr (52) 350 
— — — -— — —

Ni (58) 380
C u ( 63) 400

Zn (64) 403
Ga (69) 425 j  j  ~~~ — — —
Mo (98) 540

A g ( l07 ) 570 — —  
Sn (11 8) 6 5 0  

—
Ba ( 5 3 8 )  670
Pb (208) 858 

—
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CiP 4inP #~ / iTh~1 74/i..

UNIT *3 - AREA (p SPECTRA 239 -

RASTER B~ X  . SPOT ~~~~~~~~~~ BC /74 4~Q SR (A/SEC) 1.1 9

N..PLUS
ELEM STA R~N~ ~ ~~~~~~~~~~ ~~~~ — —Li (7) 30

B (11) 60

F (19) 150

Na (23) 180 3 J _ ~~~~~ j  
Mg (24) 185

Al (27) 205 ~~~~~~~~~~ ~~~~~~~~~~ -—  — — —
Si (30) 220  j~
P (31) 230 j~ 

I~ j5
Cl (35) 250

K (39) 290 _2 _j J
Ca (40) 295

Ti (48) 330 — J j  _ j  — — — —
Cr (52) 350

NI (58) 380
Cu (63) 400

Zn (64) 403
Ga (69j 425 

——  _

Mo (98) 540

Ag (107) 570
Sn (11 8) 6 10 I

Ba (1 38) 670 — — —  — —
Pb (208) 858
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- OP AmP #/ m~!i74iz

UNIT#3 AREA 7 - SPECTRA 235 - 23S

RASTER 8~ ~~~~~~~~~~~~~~~~~~~~ - SP0T /4~~.,~~ B C/ 7, e JA SR (A / SEc ) 1.19 -

~~~ PLUS
ELE M STA�N ,~j J~~~ ~~~~~~~~~ — —
Li (7) 30
B ( I l)  60
F (1 9) 150

Na (23) 180 j _
~~j 

— — — — — — —
Mg (24) 185

Al (2 7) 205 jj~
SI (30) 220 

_  ‘5 ~~~~~~~ J 
3-I — — — —

p (3 1) 230 _ 5. 3 3_~~~~~~~~~ __.~~~~~

C l  (35) 250

K (39) 290 J j — - . .

Ca (140) 295 J   —   —
Ti (1+8) 330
Cr (52) 350
Ni (58) 380

Cu (63) 400 — —
Zn (64) 403 —_
Ga (69) 1425

Mo (98) 540

Ag ( 107) 570 _

Sn ( 11 8) 6 10 
—

Ba (138) 670

Pb (208 ) 858 .....- I ——
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UNIT *3 AREA S . SPECTRA 243 24(.

RASTER 86 ~ S9 L,.-,,~. . SPOT 14jL -~~. BC / 7 AJ.4 SR (A/SEc ) I. / 9

~~~ PLUS
ELEM STAR?N. o ._L~ 2 ~~~ ~~~~~~~~~~ — — —Li ( 7) 30
B ( I I)  60
F (19) 150 j — — —

Na (23) 180 
—

Mg (24 ) 185
A l  (27 )  205 

~~~~~ ~~~~ ~~ —

Si (30) 220 -~5~ ~~ A2 ~ 2 —
P (31) 230 

~
___

~~J ~~~ ~~~ —
Cl (35)  250

K (39) 290 —l j  j —

Ca (40) 295
Ti (48) 330
Cr (52 ) 350
Ni (58) 380
Cu (63) 400

Zn (64) 403
Ga (69) 1+25

Mo (98) 540
Ag (107) 570
Sn (118) 610

Ba (138) 670
Pb (20 8) 858
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OP AIflP#/ IflCI74IL

UNIT # 3  . AREA - SPECTRA . Z4 7 -  2.$o

RASTER g~~x.5g1~~-,~ - SPOT /4u,~ ,t.. BC /74 ’4  SR (A/SE C ) 1.19 -

N~PLUS
ELEM STAR~~ —... o 

~~~~~~~~~~ ~~~~~ ~~~ — — — —Li (7) 30
B (Il) 60

F (l9) 150 — —
Na (23) — 

180 j j , 
—

Mg (21.) - _ l85

Al (27) 205 ~~~~~~ ~~~~~~~~ —

Si (30) 220 -
~~~ ~~~~ ~~~~~ —

p (31) 230 _2~ .. .&B i~. . &  —
Cl (35) 250

K (39) 290 J j  j 
—

Ca (40) 295 J j  . J  j  —
Ti (48) 330
Cr (52) 350
NI (58) 380
Cu (63) 1.00
Zn (64) 403
Ga (69) 425 — —
Mo (98) 540

Ag (10 7) 570
Sn ( 11 8) 610 

—

Ba (1 38) _ 670
Pb (2O8) 858 _ —
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Op Amp #2 , Unit #62

A rea 1: Mass Spectra Depth Profile

Area 2: Mass Spectra Depth Prof i le

Area 3: Mass Spectra Depth Profile I

Area 1.: P Peak Count Profile

Area 5: Ar Sputter Time Through Glassivation I

Area 6: False Start

Area 7: Interface Analysis , Glassivation — 
C

Aluminum Layers

A rea 8: Interface Analysis , G lassivation —
Oxide Layers -

it
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-

~.m74IA’

UNIT - AREA ! . SPECTRA / 3  -

RAS T ERJ �4O,~,,1, - SP0T 2~~~~~~,,t, BC /~~ A/A SR ($/s Ec) 2 . 8 4-  -

PLUS
ELEM START _

~~j ~~~~~ ~4~g — —L i ( 7) 30 ~~~~~~ j j j
B ( 1 1 )  60

L~~~~~~ 
150 _ j  _ j  _j —

Na (23) 180
Mg (24) 185 _ _ / l __J
A l (2 7) 205 

~~~~~~~~~~~~~~~
Si (30) 220 

~~~ j~~ _._Llp — —  _ —
P (3 1) 230 ——  —

C I (35 ) 250 — — — —  — —
K (39) 290 j j j  ~~~~~ —  —

Ca (40) 295 
~~~~JTi (48) 330 J J J  —

Cr (52) 350 1 . ._j j  — — — —
Ni (58) 380 _ _  

—

Cu (63) 400 -— 

Z n (64) 403
Ga (69) 425 

— —— — —

Mo (98) 54 0 — — — —

Ag (l07) 570 _

Sn (118) 6 10 — —
Ba (138) 670 j~ — —

Pb (20 8 ) 858 — ___________ —- — —
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t~’P 4R~P #Z  Lm741n

UNIT 1~I2. - AREA 2 . SPECTRA 4 — .‘~~

RASTER .5o X ~~~~~~~~ - SPOT /Jgg.yy ~. BC / 2 1’~i.Q SR (A/SEC ) 2. /3

N.~ PLUS
ELEM STAR~~~~ ~~j ~~~~~ J~~~~~ _z~~ : j~~ — —Li (7) 30 j  —  —  — — —
B (II) 60   _ — —
F (I9) 150

Na (23) 180 
— —

Mg (24) 185 j   — —

Al (27) 205 ~~ j  j  
~~, ~~~~~ — —

~i (30) 220 j~~ ~~~~ 
__rnI .__&4 _.L~�’ . .L2~ 

_i
~ — —

p (3 1) 230 —

Cl (35) 250

K (39) 290 ~~~j_  ~ 1 5 ~~~~~~~ —

Ca (I#0) 295 j  j  ..~~~
.. — —

Ti (148) 330
C r (52) 350 ... ... j ~~~~~. .... L..  —

Ni (58) 380 _ _  —

cu (63) 400

Zn (64) 1403

Ga (69) 425 — —
Mo (98) 540 — —
Ag (l0 7~ 570 

— — 

Sn (1181 610 
— -— 

Ba (13 8) 670 _    —

Pb (2O 8~ 858 _ ——
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OP ~Q.4) P #- ~, Lrf l74l i#

UNIT-#h,2. - AREAS - SPECTRA Z/ - 2 . 7  -

RASTER Jo ~
( ~~~~~~~ - SPOT /7~~v?L BC 2.Lv~4 SR (i/sEC ) 4.47

PLUS
ELEM 

S TART _ __g 
~~~~~~~~~~ UI~~~~~~/ ~~~~~~~~~ .&aa~ ~~~~~ gjg~ _ — —

Li (7) 30 I _/ —
, I 

—

B (11) 60 j I _i j i - _  —
F ( 1 9) 150

Na (23) 180 _~~~~~~~ ~~ j  — —
M~ (24) 185 J  — — — —-  —
Al (2 7) 205 j  : j~ ~~~ ___4’ ~1 — — — —SI (30) 220 ~~~~~~~~~ ~~~~~ ~~~~~~ ~~~~~~~~~ ~~~~~~~~ — — — —
p (31) 230

C l  (35) 250
K (39) 290 _  — —

Ca (40) 295 i j  
~~~~~ 

._._J ~~~   —
Ti (48) 330 

—-

C r (52) 350 
/  

—     
—

~1 (58) 380 
— -— — —

Cu (63) 1400 — —
Zn (64) 403 — —
Ga (69) 425 

- —

Mo (98) 540
Ag ( 107 ) 570  —
Sn ( 11 81 6 10
Ba (138) 670 J / J _ J  

— _ J J — — —
Pb (2O8~ 858 — ___________ — — — —
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OP .4n)P #~Z L(fl 741 #l

UNIT #62. - AREA 7 - SPECTRA SO8-318  .

RASTER 42.X ~~~~~~~ . SPOT ~~~~~~~~~ BC I. SR (A/SE C ) .34-

~~~~PLUS
ELEM STAR~~~ ~~ g

~~7 ~~~~~ _2g7( ~~~~~ 4~~
-
~ 

_ 
_

Ii (7) 30
B ( i i )  60
F (19) 150

Na (23) 180 ~~j  ~___•j j  _~~~~ 
j 

~~~ ____J ~~~~~ ~~~~~ .___.J ~~~

Mg (214) 185 
_

Al (27) 205 ~~~ ~~~ ~~~~~ 
~~ 5 .~~( ..2g# ...h~J __.L~ ......1~ ...h~S51 (30) 220 94 Q~ a, .j 9’ 4— 4~ ~ J2

P (31) 230 —l ~ —

Cl (35) 250
K (39) 290 .j  —, j  j ____ J —, ...___J j ~ _~~~,

Ca (40) 295 j  — — — — — —
Ti (48) 330
Cr (52) 350
NI (58) 380
C u ( 63) 400

Z~i (61.~ 403

Ga (69) 425 
—

Mo (98) 5140

Ag (107) 570
Sn (11 8) 610
Ba (138) 670

Pb (208) 858
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OP 4~~P #2. Lm74! Jd

UNIT-# 42. - AREA 7 . SPECTRA 3/ 9—  .3.2. 4- -

RASTER Q.~X6R~ IVVL, , SPOTJ4~~,,~., B C4 , y q SR (A /s EC ) -34-

T~
—...~PLUS

ELEM
_ _ _  

779i AS!? ~2JA 9go~ t_~~4’~ _II~ 9U — — — —8 ( 11)  60
F (l9) 150

Na (23) 180 j j j j j _j

Mg (24) 185
Al  (27) 205 ~~~~~~ 2~~~~ . .~~~~~~ ~~~ ~~~~ .j~p
Si (30) 220 _  Sf _ _ _  

— _ —
P (31) 230 — — — 

—
Cl (35) 250 ——

K (39) - 
290 j  j  , 

~~~~ ~~~~~ — —
C a (40) 295 — 

—

Ti (48) 330 -

Cr (52) 350
Ni (58) 380
CU (63 ) 400
Zn (6k) 1.03
Ga (69) 1+25
Mo (98) 51+0
Ag ( l0 7) 570
Sn ( 11 8) 610 

— — — — —
Ba (l38 ) 670
Pb (20 8) 858 __
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_OP AiitP .Z. LflII4I W

UNIT . AR EA5 - SPECTRA 292 -JeZ. -

P.ASTER 92.x ~ 8 . SPOT /4,,~ BC i. i/4 SR (i/sEC ) .34- -

N.~~LUS

~~~~~~~ SIAR~~~~ ~~~~~~ ~ g~ g ,~~~~~~ _1O~a 3L~~ _ _  

ç~gp gg~~ ~~~gj

j~ _ (7) 30
B ( 11) 60

!J!2L J5~
N~J~fl _l 80 j  • ~~ —

, 
~~

, 
~~

, 
~~~ ___J ~~

,

Mf l !~J 185
Al (27) 205 ~~~~~~~~ .~~~

p, 
~~ ~~~ ....~J ..~~ J ~~~ ...A~i _J~~ _2Z~

SI (30) 220 _  _Rb 71 7i So -8o 7~ 74 7~ ~
P (3 1)  230 ~ i ~~~~j  j  j  / J~~~~~~~~~~~~ 1 

-

Cl (35) 250 
— —

K (39) 290 
- _I , j  ____ 1 ~~ _i .j j j ~~

, —1
Ca (40) 295 j  - —

Ti (48) 330

Cr (52) _350

Ni (58) 380 
— —

C u ( 63) 400
Zn (64) _403 — —
Ga (69) _1425 —

Mo (98) 540
Ag (107) 570 J . j  . j  j  j j  j  j
Sn (118) _610 — — — — —
Ba (l3 8) 670 — _  —

Pb (208) 858 — _  ~~~~~~~~~~~~~~~~~~~~~~~~ — —
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OP 4,~7P#2. L.’fl7#I N

UNIT *L2. - AREA ~ . SPECTRA JO3 -307 -

RASTER 92.X ~~~~~~~~~~~~~~~~~~~ . SPOT I4p~.ir. . BC hI AIM SR (A/SEC ) .34-

N~PLUS
ELEM STA�~.. .Z~~ ~~~ .2&Z~- ~~~ z~ = — — — — —Li (7) 30

B (II) 60
F (19) 150

Na (23 ) 180 j  j  j  ___I — — _ —
Mg (24) 185
Al (27) 205 ~~~ —

s i ( ~~~ 220 _ _ 7~ — — — — —
P (31) 230 — — — — —

C l  (35) 250

K (39) 290 
J j  i —, ... j —

Ca (40) 295 — — — — —

Ti (1.8) 330
Cr (52) 350
N i (58) 380

Cu (63) 1400
Zn (64) 1403
Ga (69) 425
Mo (98) 5140

A_g (1 07) 570 . J  j  .___L• 
— 

Sn (1 18) 610
Ba (138) 670 — —
Pb (208) 858 _ _ _ _ _

181
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Op Amp #3, Unit #13

Area 1: Mass Spectra Depth Profile

Area 2: Mass Spectra Depth Profile

Area 3: Mass Spectra Depth Profile

Area 4: P Peak Count Profile Over Alum inum

Area 5: P Peak Count Profile Over Oxide

(not included)

Area 6: Ar Spu tter Time Through Glassivation

A rea 7: Interface Analysis , Glassivation-
A luminum Layers

Area 8: False Start

A rea 9: False Start

A rea 10: I nte rface Anal ys is , Glassivation—
Ox ide Layers
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OP ~i77P #3 N424eo—o2 -

UNIT~~ /3 - AREA ! - SPECT RA 28 -J/

RASTER -SO ~C 4~~~~~~i~~~7pt, - SPOT / ~~,.i.c~pvl , ~~~~~~~~~~~~~~ (A/S EC ) I. 7R -

~N~PLUS
ELEM 

STAR~ N ~~ ~~ .1~&k 
~4&~~~ —

~~~L~~21 30 
— 

B ( l l )  60
F ( I 9) 150

Na (2 3) 180 ____ ____ -~~ 2 — —~~~ — — —
Mg (2 14) 185 _~~~~~~~~ 

/ j  j  — — — — —
Al (27 ) 20 5 j~ J1L~ — — — — — -.
S i (30) 220 ~~~ 

~~~~~~ — — — — — —
P ( 3 ’ )  2 30 

.~~~~~~~~~~ j q  ~~~~ j  _  —
C I (35) 250

K (39) 290 2!! ~ /1 1 — — — —
Ca (140) 295 ._ ii ’ j  j  _ —
Ti (1+8J 33 0 j  j  _____J — _ — —
Cr (52) 350
Ni (58) 380
Cu (63) 400 j  j  _._____/ — —

Zn (64) 1403 j  j  j  — — —- —
Ga (69) 425 _~~j  __j ~ _j — — — — —
Mo (98) 5~40

A~j~~fl 570 
—

Sn ( 118) 6 10
Ba (1 38) 670
Pb (208j 858

185
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OP RIflP I NA2~,oO- Og.

UNIT t/ 3  . AREA 2. SPECTRA 38 -3Z

RASTER .5~~ X SPOT /2~~g~t,~ BC / Ø sj4 SR (A/ s Ec ) 3. 2.o

~~~ PLUS
ELEM 

~~~~~~~ ~ 
_
~gz 

~~~~ ~~~~~~~ 
3~~~ ~~~~~~ .aa& —

Li (7) 30 ,i ~‘ j  j  /
B ( i i )  60 / _j  I i _j  _j  - - -F (19) 150 — — — —

Na (23) 180 
~ _j  j  

~~~~~
j  _j  J — — —Mg (21+) _185 / i~~~~~ __j  __j ~._j _j  

—

A l (2 7) 205 ___d/ .__M _Lka~ .14k ~~~ — —S 1 ( 30) 220 
_  _  _  — - -

P (3 1) 230 2• ~~ _—  — —

CI  (35) 2 50 
— — — — — —

K 139) 2 90 ..J ..~~~~ j  .j  — — —Ca (140) 295 _j L’ Ia ~ _3 _9 _ J  — — —Ti (48) 330 1 __j — — —
C r (52) 350 • _ j  j  — — — — —Ni (58) 380
C u ( 63) 1+00
Zn~~64) 1+03
Ga (69) 425 __j __j _ j  , 

~~~~~_
, A~ _.........i — — — —

Mo (98) 540
Ag (107) 570 — — — — — —
Sn (11 8) 6 10 — — — — —Ba (13 8) 670 J j  j  j  —l j  — —Pb (208) 858 — —~~~~~~~~~~~~

187
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o P .~ fl1p ~~3 #I~Q2~oo-o&.

UNIT ~~/3 . AREA 3 . SPECTRA 3~~— 46

RASTER4 % 4 O~~~,,L, . SPOT /äj4m.~. BC JAAIA SR (A/ SEC ) 3.20

PLUS
ELEM START 

~~~~~~ .—t~~ .~u .~W .J~~ ~~~ ~~~ — —1.1 (7) 30
B ( I I )  60 ___ •j — — — — —

F (j9) 150 ——
Na (23) 180 _j  _ j  

— •••_~~~~ __~~ — _~~~~
, ____41 

—

Mg (2 14) 185 _ j  __j ____ — — — —

Al (27) 205 
~
j  _J _ J_  J ~~J J_ —

St (30)_ 220 _
~~~~

_
~~h~ ..._.ilr ......L~ .._..L1~ Lu ..Akr ....iI~

~ (3 1) 230 
_  _  z~ _ _ _—

Cl (35 ) 250 
—

K (39) 290 __j  _~~j  _~_~~~~ 
_ _ j  

~~~~~~~~~~ 
__j __

~~~~

, j  —
Ca (40) 295 __j ~__j __j •••_~~~~ _~~~~ —

Ti ~48) 330 _ j  — — — — —

Cr (52) 350 — — —~ — — — —
P41 (58) 380 — — —cu (63) 1400
Z n ( 6’4) 1403
Ga (69) 1+25 — — — — — —
Mo (98) 540 _ _ _ _ _ _. . . . . . . . ._ _ _ _. .
Ag ( 107) 5 70 — — — — — —
Sn ( 11 8) 6 10 — — — — — — — —
Ba (1 38) 670 — — —~~~~~ —

Pb (20 8) 858 — — — — — —

188
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Oft AfnP #3 N4j ~Oo -

UNIT #13 . AREA 7 . S PECTRA 323 — 33.5

RASTER 93~~~ 9,4i.7n.’ ~~~~~~~~~~~~ BC /p*M SR (i/s EC ) .4Z.

PLUS
ELE M START 0 1~~7# Z~~~ L4i~ ~~~~ g~ j~

g 
~~L i (7) 30

B( l l )  60

F
~~~~L 150 _j — — — — — — —

Na (23) _ l 80 j j ~~~~~~
, _____, ~~~ ~~~ ____, 

~~~~~~ __._/

M~ (2 14) 185 j  — — — — — — —
Al (2 7) 205 2.5i _..1&9 .~~~~~~~~ .1f2 _...1g~ ......z~ .lfr _. ..~ W ...LZg~ ...Zft
S I (30) 220 _ 3~ 3, ~ zg 

~~~~ _  /1 I.’
P (31) 230 _ ~~ 

_/

~~

_j  _J 7 J  ~~~ j  8
C l ( 35) 250

K (39) 290 j j j ~~~~~~ —
, ~~~~~~~

Ca (1+0) 295 j j j j .j
T i (48) 33 0
Cr (52) 350 j j j  j / J  j
N i (58) 380

C u (63) 1+00 
— —

zn (64) 1+03

Ga (69) 425

Mo (98) 51.0

Ag (10 7) 570
S~ J1t8) 610 ——Ba (138) 670
Pb (208) 858 _ _ _ _ _ _ __
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op Amp~~3 ‘rnuoo-oz,

UNIT #13 . AREA /0 . SPECT RA 3.37—347

RASTER 72. ~ 4? . SPOT /9.. BCJL~~~~~~~~~SR (l/sEC ) .So

~~~PLUS
ELEM START~N ~~~j 

37~ ~~~~ 3J’~ J7.- ‘4~~
Li (7) 30
B ( I I )  60 ~~~~~~ ~~~~~~ j  __, j
F ( ~~L 

1 50
Na (23) 180 I I I I I I I F 1 r

Mg (24) 185 J I S I — —
Al (27) 205 E~ ~~~ .~~g.&i ..ii ~i .uai ...iw .i~ z ..ii~z t~&~ i~~Si (30) 220 44 ~~ ~~~3.a 37 3, J~ ~~ 35

P (31) 230 _ LI ~a ~I ~~~~~ _ 3-, 4’ ,‘ 41
Cl (35) 250 — —

K (39) 290 / __j __j __j _ j  __j __j _j —

Ca (40) 295
Ti (1.8) 330
Cr (52) 350 — —
Ni (58) 380
Cu (63) 400

Zn (64) 403
Ga (69) 425
Mo (98) 51.0
Ag (10 7) 570 

— — — — — — —

Sn (11 8) 6 10 — —
Ba (1 38) 670
Pb (208) 858 — — —

_  ~~~~~~~~~~~~ 1±1±
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I

Genera l Purpose AiupIlf sr . Unit #61.

A rea 1: Surface Mass Spectrum-Un . crater

A rea 2: Mass Spec t ra Depth Profile

A rea 3: Fa l se Start

Area 14: Mass Spectra Depth Profil e

A rea 5: Mass Spectra Depth Profile

I 
-

I ’

193

--- -~~~~~~~~~~—.-——~~~~~~--~~~~~



____ 
I

II

2 i

4.:
• ~ft

. 1

- 

.~~~~~~~~~

• :~
¼~~~~~~~~~~~~~~

’

—

I
“-I’

.

~~

.

III
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GENERAL Pa ,vp osi A~ P 477-&cJ9

UNIT #6# . AREA 2... . SPECTRA 74— 4.8

RASTER 7px $( . ,,d..-,,.. . . SP0T /7~~ .,, ~. BC /.2~W4 SR (i /SEC ) / . ô~~~

N...PLUS
ELEM STA R~~ ..~ _~~~~ ~~~ gg 

~~~ .2~L2~ &~Q~ — — — —Li (7) 30 j _j j_ I j  I  
- -

B ( 11) 60
F ( ~9) 150 — —

Na (23) 180 
~~~~ 

__j  _ j  __j  _j  __j  __j   — —
M_g (24) 1 85 __j  — —
Al (27) 205 

_~~~~~~~~ __LM ~~~ _JL~ ...2.U ....122 ....az~   — —
Si (30) 220 2~ 4•~ ~~ Q_ _ __  — —

P (3 1) 230 _ 
_ 2L~ ~~~7 SO ~~~  - - -CI (35) 250  

—

K (39) 290 _3 _j  _J / /  -
Ca (40) 295 j  __j / 

~~ J j I _ J   —

Ti (48) 33 0
C r (52) 350 j _j _j _j j  

—

Ni (58) 380
Cu (63) 400 __J  — —   —

Z n (64) 403 I 
—=-- . —

Ga (69) 425   ——
Mo (98) 5140 j     —

A g (107) 570

Sn ( 11 8) 610  — —   —
Ba (138) 670 — —   —
Pb (208) 858 ——

196



G(NEA’.QL f liRpogE ~~~ 471- O53~

UNIT~~~~ AREA . SPECTRA 27/ - 2.7~

RASTER ~~~~~~~~~~~~~~ . SPOT ~~~~~~ BC 5g’./A SR (i/SEC ) .34

ELEM STAR~~N. 0 48.5 
~~ 2 ...aLu —

Li ( 7) 30
B ( I I )  6o 

_____

F (1 9) 150
Na (23) 80 j    —

Mg (24) 185
A I (27) 205 iff. ~ .11~

p i~~P    —

Si ( 30) 220 y ii ii II -

p ( 3 1)  230 
~~~~~~~~~~~~~~~~~~ —

C l (35) 250
K ( 39) 290 j , j ,  

—

Ca (1+0) 295
Ti (48) 330
Cr (52) 350
Ni (58) 380
Cu (63) 1+00
Zn (64) 403
Ga (69j 1+25 — —~~~~~~~~~~~~

Mo (98) 540
Ag (1 0 7) 570
Sn (11 8) 610 

—  — — —

Ba (1 38) 670
Pb (20 8) 858

197 
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&EjrS LaL. fl~g~~g, AO’~ 477- 453?

UN IT #4.4- AREA S . SPECTRA 2.75 - 2.85

RASTER 75x45,~,~. . SPOT ~~~~~~ BC J,l/A SR ( A / S E C ) .3~

~~~ PLUS
ELEM START~N 0 /37~. _2o~~ ~~~~ 4(17 ~~~ _ ‘97k

Li (7) 30 ——
B ( 11) 60 __ __ __ 2 J J
!~~~~~ 

150 — —
N a (23) 180 ... A i i .. ...i ........ .J .... .....J _1
Mg (24) 185 

—
Al (27) 205 izii ~~ ~~~ ~~~~ i~~i .i ~~ ~~~~ ...Lfl .12k .Au~ ...&Z I~~

Si (30) 220 
_  U I, ii 10 9~ j

P (31) 230 _ _  2i /4 /8 R M
Cl (35) 250

K (39) 290 _j — — — — — —
Ca (40) 295 __J _ J  __J __ J __j  __J •~ ..J ••••_j
Ti (48) 330 — ——
Cr (52 ) 350 

—

Ni (58) -

~~~~~ — —
C u ( 63) 1+00 ——
Zn (64) 1403
Ga (69) 425 ——
rlo (98) 540 ——
Ag (107) 570 ——
Sn (118) 610  

—

Ba (1 38) 670 ——
Pb (208) 858  ——

198
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GENE4AL PU a~P 0SE AmpA-7 7-o539

UNIT #40 . AREA .S . SPECTRA ZB~. — 2.91

RASTER 75J(45~~.~ ... - ~~~~~~~~~~~ BC $*’sq SR (i/SEc ) .34

N..~PLUS
ELEM S TART~’N ~~~~~~~~ .~~~~~~ .~~Lg2 ~~~~ ~~~~~~~ — —Li (7) 30
B (1 I) 60 j  I I ~ - - -
F (19) 150

Na (23) 180 — — — — —
Mg (24) 185
Al (27) 205 7z38 

~~~~~~~~~~ .z±&~ ~~~ .1~L9 ....&92 
Si (30) 220 BA &8 9.4 9~ - 8~

P (31)  230 j
~ ~~~~j  j~ d 8 a - - - - -

C l (35) 2 50 
— —

K (39) 290 — — —
Ca (40) 295 — — — — — — —
11 (48) 330
Cr (52) 350 — — —
Ni (58) 380 — —
CU (63) 1+00 ——
Zn (64) 1~O3
Ga (69) 425

Mo (98) 51+0

Ag (107) 570
Sr. (11 8) 6 10 — — —

Ba ( 138 ) 670
Pb (2O 8) 858

199
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ECL 0 Fli p Flop , Un it #21

Area 1 : Surface Mas5 Spectrum

Area 2: Mass Spectra Depth Profile

Area 3: P Peak Count Depth Profile

Area 4: Mass Spectra Depth Profile

A rea 5: False Start

Area 6: False Start

Area 7: Fal se Start

Area 8: False Start

Area 9: Ar Sputter Time to Both Aluminum-

Ox ide Interfaces

Area 10: Interface Analys is , Glessivation—

Insulator Oxide Layers

Area 11 : Interface Analysis, Glass ivation —

Insu la tor Ox ide Layers

Area 12: Interface Anal ys is , Glassivation—

Second Level Meta l

Area 13: Fals e S tar t
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Set 1 ECL D Flip Flop Unit #21
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.- (4lP FL0P me..i4 70 ’-

UNIT # 2 .!  . Ai~- - 
- . SPECTRA 45_ I?

RASTER JO I . SPOT ~~~~~~~ BC g,,4 SR ( A / S E C )  / . ~,o

N.J L U S
ELEM STA I~?N ,,_ j  

~~~~~~ ~~~~~~~~~ ~~~~~~~~~ 
i.co

1 .1(7) 30 j _  j  j  j  j  
— — —

B (11) 60
F (19) 150

Na (23) 180 j~ . j, j .~ j  ~ ____.3 — — —
Mg (214) 185
Al  (27) 205 .__hJ __-L~ ...2L~I _

~~±L J21 — — —
S i (30) 220 _  — — —

p (3 1) 230 _ 4-. ~ 4, &~ - - -
Cl (35) 250 

—

K (39) 290 3 j  j  j  j  j  - — — —
Ca (40) 295 j j I j j _l — — —
Ti (48) 330
Cr (52) 350 _‘ j  J J J -4—, — — —
N i (58) 380

cu (63) 400

Zn (64) 1403

Ga (69) 425
Mo (98) 540 

— ——
Ag (107) 570 — — — — — — —
Sn (118) 610 — — — — — —
Sa (138) 670 —~~~~~~
Pb (208) 858 ——

204
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Ecs. p FliP F~LOP n~ i~7pi~

UNIT ~~ ZI . AREA 4- . SPECTRA ~4 - .57

RASTER 5O X4o~~~.,,4.1 . SPOT_________ 
BC gA’q SR (i/s Ec ) / .~~o

N..~~PLUS
ELEM START~N~ o Too I~~~p 2100 2Dla gg~ g 41o~ ~~~~ —
Li (7) 30 

_  2 J J j  j  J j _1_
B ( 11 )  60
F ( 1 9) 150

Na (23) 180 _ 4 1 5 4 J ~ 3 —
Mg (214) _l85
Al (27) 205 j  _  3_ 4  3 —
Si (30) 220 _  9e ~~ ~~ _ _

P (3!) 230

Cl (35) 250 — — — — — — —
K (39) 290 7 ~~~ , _ J j  / 

~_j  
~_j  __J _J —

Ca (40) 295 g __J __j _ j  __j __J __
~~ __j  , ..._._ L —

Ti (48) 33 0 — —
Cr (52) 350 3 _j  j _  I 

~~~~~ 
I —

N i ( 58) 380
C u ( 63) ‘-+00
zn (61+) ‘-+03 I __j -  —  .~~~~~. —
Ga (69) 425 

—

110 (98) 540  ——  —
Ag ( 10 7J 570
Sn ( 11 8) 61 0 j  —  —  — —
Ba (1 38j 670

Pb (208) 858

205

hi.. —--.-.—~---.------- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - — --—--- - --_----- _—-.— ---—- - —-- -- — - . - - -  -
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I~L P PUP FLdP ffi~~F4 7OL.

UNIT 4*2/ . A REA /P . SPECTR.A25/ 254

RASTER 73%53,,~~ . SPOT/4~~..~~~ BC .(4.A/A SR (A/sEc ) 1.2.9

PLUS -

ELEM START 0 ,~~~~ g — — —

LI (7) 30
B (11) 60
F (19) 150 j —

Na (23) 180 
— j  j  j  ~~~j

Mg_ (24) 185 j  j  —

A l  (27) 205 
~~~ ILU ...LLZ~ Si (30) 220 ~~~ ~~~ ~~

P (31) 230 45 31 ~~ - - - -

Cl (35 ) 250 — —
K (39) 290 j j  ~   —

Ca (40) 295 j J j ~~~~ _ ——
Ti (48) 330
Cr (52) 350

Ni (5 8) 380
Cu (63) 400

zn (64) 403

Ga (69) 425 
—

Mo (98) 540

AQ (l0 7) 570
Sn ( l1 8) 610
Ba (138) 670

Pb (208) 858

206

I.. _-_-- - -.. —---.. _. __ —_~ ~
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~
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E~~L. 0 F L I P  PLOP ,nC.1470L

UNI T $~2I . AREA /! . SPECTRA 24.3 —270

RASTER 73_$53 .....~. . S P0T/4 ~~,,~.. BC /4~,.. SR (i/SEC ) I. 2.9

PLUS
ELEM START , ,,,~Q ~~~ ..L4±~ ~~~~ .L2~ ~~~~~~~~~ L~!Z
Li (7) 3 0

B (1 1) 60 — — — 
— — —

F (1 9j 150 J ~c — 
— —

Na (23) 180 8 ~ 3 2 2 J ~ I — - -~~~~~~~~~~

M g (24) 185 j J .j  / . .j  / j  .... .... j — —

Al (2 7) 205 _flZ .—i~’ ....i.I9 JL~1 ..i ~5 .J~L7 _LL1~ AILL — —
SI (30) 220 1

~~ ~~~~ — — —
P (31 ) 230 4p• 43 ~~ +7 51 ~~~ 

3/ _~ 5 — —
Cl (35) 250

~~~~~~~~~~~~~~~ 
-

K (39) 290 
~~J _ j  _j  / 1 J i 

—
,

Ca (40) 295 ~ _J _J / ~~J J / 1 _ — —
Ti (48) 330 _J __J _J __J __J •._...J • •_j _ j  — —

Cr (52) 350
Ni (58L 380
Cu (63) 400 __J _

~ J .j  __j I __j  z._ ..2 ... — —

Zn (61+) 1+03 — — —

G a ( 69L 1+25 — — —

Mo (98L 540 — — — — — —
Ag (107J 570
Sn ( 11 8) 610 — — —
Ba (l 381 670 

— — — — — —  —

Pb (2~~) 858 _

- ‘S —I-

208
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SC’. 0 FLIP PlOP II~~167OL

UNIT #~~i . AREA /3 . SPECTRA 255 ~~~~~

RASTER 73 X ~~~~~~~ . ~~~~~~~~~~~ BC / 4A 1A SR (~ /SEC) / .2~

PLUS
ELEM 

STAR~?N 0 — — — —Li (7) 30
B (11) 60
F (19) 150

Na (23) 180 ~ z
Mg (24) 185
A l  (2 7) 

- 
205 

— ~~~~~~~~~ ...±ft ~J ...ZuI± — 

S i (30) 220 j  ~~~~ ~~~ — — — — —
p (31) 230 

~~~ ‘.5 ~~~ — — — —- —

Cl (35 ) 250
K (39) 290 i j  j  j  — — — — —

Ca (40) 295 j  j  / . j  — — — — —
Ti (1+8) 330
Cr (52) 350
Ni (58) 380
Cu (63) L+00
Zn (64) 403
Ga (69) 425
Mo (98) 540
Ag (107) 570
Sn ( l l8~ 6 10 — — — — —
Ba (’381 670
Pb (2O 8~ 858

209 
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£CL D Fl/P FlOP I77d~/~~7OL

UNIT #21 . AREA /Z . SPECTRA 25~~- 242.

RASTER 73 X53~~ .m_. . SPO T ~~~~~~~~~~ 
BC / 4iV4 SR (A/ SE C ) 1. 2.8

N.~JLUS
ELEM STAR~?N~ 0 9o5 /J~ 5 2.243 

_____ ____ _____ _____ _____ _____ _____

Li ( 7)  30 
_____ _____ _____ _____ _____ ____ _____ _____ _____ _____ _____

B ( 1 1 )  60 
____ _____ ____ ____ ____ ____ ____ ____ ____ ____ ____

F (19) 150 
_____ _____ _____ _____ _____ ____ _____ _____ _____ _____ _____

Na~~ 23) 180 2 1 ____ 
/ ____ ____ ____ ____ ____ ____ ____

Mg (2 14) 185 
_____ _____ _____ _____ _____ _____ _____ _____ _____ _____ _____

Al  (27) 205 
~zs3J. 24/ 3  zqg~ ____ ____ ____ ____ ____ ____ ____

Si (30) 220 24 25 23 2~ ____ ____ ____ ____ ____ ____ ____

r’ (3 1 ) 230 J4 £3 4$ ____ ____ ____ ____ ____ ____ ____

C l  (35) 250 
_____ _____ _____ 

-
_____ _____ ____ _____ _____ _____ _____ _____

K (39) 290 
_ _ _

/ / 
_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _

Ca (1+0) 295 / — — —
Ti (1+8) 330 

_____ _____ _____ _____ _____ _____ _____ _____ _____ _____ _____

Cr (52) 350 
_____ _____ _____ _____ _____ _____ _____ _____ _____ _____ _____

Ni (5)~~ 380 
_____ _____ _____ _____ _____ _____ _____ _____ _____ _____ _____

Cu (63) i+00 
_____ _____ _____ _____ _____ _____ _____ _____ _____ _____ _____

Zn (614) 1403 
_____ _____ _____ _____ _____ _____ _____ _____ _____ _____ _____

Ga (69) ~+25 
_____ _____ _____ _____ _____ _____ _____ _____ _____ _____ _____

Mo (98) 51+0 
_____ _____ _____ _____ _____ _____ _____ _____ _____ _____ _____

Ag (107) 570 
____ ____ — ____ ____ ____ ____ _____ ____ ____ ____

Sn ( 118) 610 
_____ _____ _____ _____ _____ _____ _____ _____ _____ _____ _____

Ba (138) 670 
_____ _____ _____ _____ _____ _____ _____ _____ _____ _____ _____

Pb (208 ) 858 
_____ _____ _____ _____ _____ _____ _____ _____ _____ _____ —~~~~

210
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Hex Inverter , Unit #914

Area 1: Surface Mass Spectrum

A rea 2: Su rface Mass Spectrum

Area 3: Surface Mass Spectrum

Area 14: Mass Spectra Depth Profile

Area 5: Mass Spectra Depth Profile

Area 6: Cr-Ni Peak Count Depth Profile (not

included)

Area 7: Pb Peak Count Depth Profile

Are a 8: Pb Peak Count Depth Profi le (not

incl uded)

Area 9: Ar Sputter Time Through Glassivation

Area 10: Interface Analysis , Glassiva tlon-

Oxide Laye rs

Area 11: Interface Anal ysis , Glassivat ion —

Aluminum Layers

I

2 ) 3
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MIX ZNVEITEt SN54o4~

UNIT#q4 • AREA 1- 2 — 3  . SPECTRA ________________

RASTER 4.px4g4., -,~,.. . ~~~~~~~~~~~~ BC / 3,’J.Q SR ( i/s EC ) / . 4~
____ALl LL — á1F L~~ — — —

PLUS
ELEM 

START 
~

_,,,j ,j~~g ____ ...._..j ..Lt~ ~~ — — —Li (7) 30
B (11 )  60 _g j  — j  — j  —, — — —
F ft~ 150 j  J - J J j  J — - —

Na (23) 180 2 / — ~  
j j  

- -

Mg (24) 185 J / - 2 - 
/ J — - -

Al (27) 205 i~~ — .~!2~J .L2IL~-  ~~~~ LgL _ — —

Si (30) 220 JOG 550 — _ _  470 49o — — —
P (3 1) 230 2b ~~~~~~~~ - _-  ~ 3 —-  -

Cl (35) 250 — —
K (3 9) 290 _J _J - ~~ _J I  - -

C a~~(L+ 0) 295 Z ( _ L~ _J — — — —
Ti (1+8) 3 3 0

Cr ~ (52) 350 __ _J .s 
— / ___j 

— _ j  —, — — —
Ni (58) 380 

— — —  —

C~~i63) 400 J — i j  — j  _j _  — —

Zn (64) 403 J / - ~~ j  ~~j  — - - -
Ga (69) 425 — -— — —
MoJ98) 540 

—

Ag ( 1 0 7 )  570 — — —
Sn ( 11 8) 610 / / J / — I - -
Ba (1 38) 670 — — — — — — — —
Pb (20 8) 858 ..... J I j  / — .___. .4 ~~~~ — —

215 
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NEX ZA?VFRT&R JFV$4 047

UNIT #g4 . AREA 4 . SPECTRA / 2 .4 — / 34-

RASTER 7o %S4 WVJ~L. • SPOT /7,,.,,,, BC /3 11.4 SR (i/s Ec ) 1.19

ELEM 
STAR~~~ ‘~~2e~~’~~ ai~ ~~~ jZ&i 

~~~ _

L i ( 7) 30 
—

B (I I )  60

!J!2L 150 - - - - - -
Na (23) 180 / j  ~ j  / j  j  j  - I j  /
Mg (24) 185 / j J —1 J J / j  ___ i —, . J
Al (2 7) 205 5~ Jo __qL L~t -~~~~~~ -~~~~~~ -ilD

Si (30) 220 560 540 ~4c 70O I~ 750 700 490 U0

P (3 1) 230 — —
Cl (35) 250  

— — — — — — —
- - 

K (39) 290 / / 
~~
j  ~~j  J _J / ~

Ca (40) 295 ~ _ j  _j  ~~~~~~~ ~~~~~~~~~~ _ , ,
~~~~~~~~~~ 

__, , ,
Ti (48) 330 

—
, _1 i 

~
_j  / _ j  — —

C r (52) 350 / / j  _j  I j / _j _j i j

Ni (58) 380 
—

Cu (63) 400 i ....... ..j __j    — 
•.. _. j  __, ....... .•j

Zn (64) 403 _ J  _J J _ .J  _J 1 __j __j .__j ..._J /

Ga (69) 425
Mo (98) 540   

—

Ag (107) 570  
—

Sn ( 11 8) 6 10 
—

, J J j  j  j  _, j  i —
, 

~~~~

Ba (138) 670
Pb (208) 858 J j~~~ J j  j  J j  / i j  I

217 
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h E X  IM VFcTh~ 8pf4O4~

UNIT # ~4 • AREA .5 . SPECTRA is~ - /#3 •

RASTER 7O X 5i ,,a.in. . SPOT / 7,~w,,,.. BC ISA/a SR (i/SEC ) 1.18

~~S..~PLUS
ELEM STA R~’N 0 /1L5 ~~~~~~~~ 

~~~~~~~ 
_ifftk 

~~~~~~~ ~~~ — — —Li ( 7 ) 3 0

B ( 11 )  60 _j  _j  -, ~~~~~~ j  , j  -

F (I 9) 150 j  — 
_ j  _____ 1 — — 

—

Na (23) 180 1-4 I I I I I I -

Mg (24) 185 
~~~~~~~~~~ _ J J  ~~~~~~~/~~~J / -

Al (27) 205 _~~j  _ _
~~~~~ 3 ~~~~~ ~••_~~~~~ ~~~ ~~~ ~••~~p 

—

Si (30) 220 _  7~o ~~ _  /~M 8~~~ 730 -

P (3 1) 230 — —  
-

-

ci  (35k 250
K (3 9~ 290 _  I i I_ I  1 / 

-

Ca (40) 295 
~ 
_J _J ~~~J _ •_j __j 

~_J _J —
Ti (48) 330 _ .J  J _j 1 __j __j __j  _ _ j  —

C r (52) 350 _ J_1 _ i ~~j  / ~~~~~~~~~~~

Ni (581 380 
— ——  —

Cu (63) 1400 
— —‘ __j  __j  ___

~~ ~~~~~~~~~~~ ~•_ ~~~~ 
___

~ — —
Z n (64) 403 / __j  __J __j j  I I — 

— —

Ga (69L 425 — — — — — —
Mo (98) 540 — ——  —
Ag (10 7) 570 — — — — — — —
Sn ( 1 1 8) 6 10 

~~~
j  j  / / _J / 

~~ J — —

Ba (l 3~~ 670
Pb (2 o8J 858 __J _j

~ 
_ j  ~~j  / I _ j  ~~~~~~~~~~ — 

-
‘

218
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NSZ t4’YSRTE4 S,js4d4’~

UNIT *Q4 AREA /0 . SPECTRA 4.87- ~ Qp

RASTER 7o % ~~~~~~~ . S POT2/,g,..,g, BC 1/4/4 SR (A/SEC ) 1.0/

PLUS
ELEM START 0 ~~~~~~~~ ~~~~~~ —

Li (1)  30
B ( I I )  

- 
60 

—

F (19) 150
Na (23) 180 j  — — — — —
Mg (214) 185 J —
Al (2 7) 205 

~~~~~~~ 34 
~~~~ — — —

Si (30) 220 /10 M- ._. Z? 41 
—

P (3 i)  230 J /
c i (35 ) 250

K (39) 290
Ca (4O ) 295 

~~~~J_ L _ 1 / -

Ti (481 330
Cr (52) 350 

— ——  —
Ni (58) 380
Cu (63) 400
Zn (614) 1+03 

— —

Ga (69) 1425
Mo (98) 51+0 

—

Ag (107) 570 
—

Sn ( 11 8) 6 10 
—

Ba (1 38) 670 
—

Pb (208) 858 
—

219
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H~~l ZNYERTSI 3ff34047

UNIT . AREA /1 • SPECTRA 49.z—~ p4

RASTER 44 ~~~~~~~~~ . SP0TQj,~.,n, BC 6*9.4 SR (i/SEC ) 1. 73

N..JLUS
ELEM STA R~>~., 0 801 

~~~ ,~~~~~~‘ 14.li —

Li (7) 30

e (II) 60 
~~~~ j  j  j  

F( 19) 150

Na (23) 180 .‘ / j  j
Mg (24) 185 / , — — —

(27) 205 
~~th i2~ L~~ J~~ Si (30) 220 ... ...h _._ .ZQ ~~~~~~~~~~ ~~~~~

P (31) 230 J J / _I -

ci (3 5) 250 — — 
K (39) 290 i j  j  j  

Ca (40) 29~ ,j  j  —

Ti (48) 330  — —
Cr (52) 350 4
N1 (58) 380

Cu (63) 1+00 j — — — — —

Zn (61+) 403 
— — — — — —— —

Ga (69) 425 ——  ——  
iio (98) 51+0
Ag (107) 570 

—

Sn (118) 610 
—

Ba (l38) 670

Pb (j08) 858 _ _

220

L - -~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ --
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MISSION
of

Rome Air Development Center

RAX plans and conducts research , exploratory and advanced
d.velopaent p rogra in co ind, control, and comuvunications
(C3) activities, and in the C3 areas of inf onaation sciences
and intelligence. The principal teclizlcal aission areas
are colTlunicatians, electromagnetic guidance and control ,
surveillance of ground and a.roapa ce objects, intelligence
dita collection and handling, inf ornmtion cystes technology,
ioriosphari c p rop agat ion, solid state sciences, aicxcw.v
physics and electronic reliability, maintainability and
conp atib1lity.~
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