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EVALUATION

This technical report describes the chemical evaluation of a variety
of microcircuits using the ion microprobe mass analyzer. 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
'sis, Auger electron spectroscopy and scanning electron microscopy
luable to those individuals 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 reliable design and performance of future
electronic devices.

%(xl.’m \\5 . @h‘l, 7
JOHN J. BART

; Reliability Physics Section
% Reliability Branch
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SECTION I
INTRODUCTION AND SUMMARY

The objective of Contract No. F30602-76-C-0316 was to apply secondary
: ion mass spectroscopy (SIMS) using an ion microprobe mass analyzer (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 RADC. These devices were in two classes: (1) CMOS group
and (2) general technology group.

Some of the major accomplishments under this contract were:

(1) Establishment of integrated circuit sample 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 Arzo ion sputtering technique for

the localization and identification of interfaces.

(4) Measurement 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 IMMA

technique for integrated circuit analysis.

(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 analyzer 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.
i The ion microprobe mass analyzer is described in Section III. Sample analysis
procedures are detailed in Section IV. The analytical results for the CMOS




technology group are given in Section \' and those of the general technology
3 ! group in Section VI. Conclusions are given in Section VII and Recommendations

1 in Section VIII.




SECTION II
STATUS OF MICROBEAM TECHNIQUES

Two types of microbeam techniques, 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 techniques 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 capability, while AES
does not. Similarly, while ion microprobe mass analysis (IMMA) is «*.ondary
ion mass spectroscopy (SIMS), again, the converse is not true. Th . differ-
ence is best shown in Table 2 where the diameter of the analysis area is
shown for each analytical technique. As can be seen, the electron beam tech-
niques have significantly better resolution capabilities and can simultaneously
perform microanalysis and high resolution imaging. The ion beam techniques
generally cannot analyze areas as small as 10 um in diameter, nor do they have
high resolution imaging capabilities. To achieve optimum resolution, all
characterization techniques must use small beam diameters, and inherent with
small beam diameters are small beam currents. As a result, at optimum resolu-
tion 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 analysis are taken into consideration. It is readily
apparent that detection limits for all techniques are in the percent range.

The ion beam techniques have the better sensitivities.

To obtain maximum analytical sensitivity, it is necessary to maximize
the analytical volume, as shown in Table 4. The diameters analyzed 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 quadrupcle mass spectrometers attached to

broad beam (~ 1 mm) ion sputtering techniques such as 1SS, AES, and ESCA or
XPS.
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TABLE 1. ELECTRON AND ION MICROBEAM TECHNIQUES USED
FOR INTEGRATED CIRCUIT AND SILICON ANALYSIS

Electron Beam

Auger Electron Spectroscopy
Electron Microprobe

Scanning Auger Microscopy
Scanning Electron Microscopy
SEM with Silicon Detector

Ion Beam

Rutherford Backscattering

Ion Induced X-Ray Fluorescence
Ion Microprobe Mass Analysis
Ion Scattering Spectroscopy

Secondary Ion Mass Spectroscopy

-

Acronym

AES
EMP
SAM
SEM
SEM-Si (Li)

Acronym

BS
IIXF
IMMA
ISS
SIMS
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TABLE 4. MAXIMUM SENSITIVITY: ASSOCIATED ANALYTICAL
VOLUME AND PROBE DIAMETER

Minimum Detection Limit

Detection Volume cc Diameter

Technique Limit, ppma Atoms Grams Analyzed Analyzed
Electron Beam
AES 1000 - 10,000 2 x 107 1x10°3 1 %1070 250 um
EMP 100 - 10,000 2x10'% 8x 10" 8x 107 25 um
SAM 1 - 50% 3x10° 2x1007 2x10715 1 un
SEM-Si (Li) 100 - 10,000 2x10° 8x 103 8x 1079 25 um
Lon Beam
BS 100 - 10,000 2x 10" 8x10'2 8x 1078 0.1 em
TIXF 1 - 100 bx10" 2x10°"? 24 10°° 0.1 cm
IMMA 0.01 - 100 1x10° s5x10°8 25100  js0um
IsS 10,000 2x10% 1x10? 4xi107? 0.1 cm
SIMS 0.1 - 1000 2x10® 1x10°® 5x107 250 e

Assumptions used for calculating volume analyzed:

AES = 2 nm x 250 um diameter

EMP and SEM=Si(Li) = 25 um diameter sphere
SAM = 2 nm x | um diameter

BS - 100 nm x 1 cm diameter

IIXF = 2.5 um x 0.1 cm diameter

IMMA - 10 nm x (150 |.Lm)2

ISS = 5 nm x 0.1 cm diameter

SIMS = 10 nm x 250 um diameter




—

The effect of analysis area is best shown in Figure 1, which is a plot
of "typical' detection limits versus the diameter of the analyzed area. Super-
imposed on this figure are shaded areas that show the detection limits and
diameters of areas of interest in integrated circuits analysis. Notice that
only IMMA 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
silicon areas. The importance of IMMA, 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 IMMA
for device failure analysis.
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SECTION III
ION MICROPROBE MASS ANALYZER

The IMMA 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 analogous to the electron
beam used in the electron probe. The analysis 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, IMMA 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 um with some elemental
sensitivities in the ppb range. The IMMA offers a third advantage not possi-
ble with either of its two parent instruments. The IMMA 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 duoplasmation (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 (i).
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 demagni-
fied 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
electrostatic deflection plates (5). The sample surface can be viewed by
reflected light from a 47.50 mirror and viewing optics (6).
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SAMPLE

Figure 2 Schematic of the Applied Research Laboratories
Ion Microprobe Mass Analyzer
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The impac: < ~imary beam on the sample results in both implantation
of primary ions -~ -say of the sample surface. The sputtered, or
secondary, ions a: . > a pickup electrode by a bias potential
applied to the samui.. .. he polarity of the ions collected is controlled

by polarity of this pctencial bias. The collected ions pass through a focus-
ing Einzel lens (7) into a spherical electric sector (8), where they are
energy-dispersed. The energy-dispersed beam is separated according to mass/
charge (m/e) ratio by the secondary magnet (9).

The secondary ions are detected with a Daly type detector (10), which 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-photomultiplier combination. Analog output
is also derived from the photomultiplier. These outputs can be used for

pulse counting, graphical spectra, or CRT displays (11).

In-depth impurity or dopant profiles can be performed using the IMMA.
The basic problem with in-depth profiles, particularly in integrated circuit
analysis, is the crater wall. Concentrations within diffused areas are always
significantly higher 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 IMMA circumvents this
problem by rastering the ion beam in the form of a rectangle 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 commonly referred to as an electronic aperture of secondary ion acceptance.

The IMMA, as described in this section, has been used for all the analyses
on the integrated circuits described in the remaining sections of this report.

12
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Figure 3 Illustration of Electronic Gating
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SECTION IV
SAMPLE ANALYSIS PROCEDURE "

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 nearly 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 specific 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 multiscaler was used to
continuously collect the count as a function of sputter time (depth). The
channel dwell times were 10, 22, 4O, 88, 100, and 220 seconds, depending on
the depth resolution needed for a given sputtered area. Crater wall rejection
was accomplished by electronic gating of the scaler (electronic aperture).

The electronic gate switching was adjusted so the scaler would receive pulses
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 dimension and one-fourth the Y 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 Mt 0.07M. 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=Ni, SiZO-As,
etc., to be collected from the same sputtered crater. This technique has been
named ''Point Count Depth Profiling."

% Sample preparation procedures developed and employed are discussed in
Section VII.A of this report.

14
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The primary beam used for all data collection on devices where thick

P ——

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 simultaneous 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
i and total current parameters were adjusted to obtain the maximum current with
a beam diameter of less than 25 um. 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 monitored in these analyses. 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 experimentally determined by point
count depth profiling an As implanted 120 nm SiO2 film as a function of
sputtered area and beam current. The actual As peak depth was determined by
Sioz-As point count depth profiling the same SiO2 film using an art primary
beam (120 nm SiO2 on Si can be considered a noninsulator to high energy beams).

The fall of the Si20 signal depicts the Sioz-si interface, and since the sio,
* thickness was known, this point gives an absolute calibration to the depth
scale; hence, the As peak depth can be measured. The Sioz-As profiles used

are shown in Figure 4, A series of As point count profiles using the
17.8 kV 0~ beam for this calibration is shown in Figure 5. A summary of the
sputter rate determination is given in Table 5.

Ar' ion sputtering was used for rapid sputtering through the glassivation

for an interface analysis. The preceding discussion on the inapplicability of

I5 !
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TABLE 5. SPUTTER RATE FOR 17.9 O  PRIMARY BEAM

Raster Size
(um x pm)
82 x 68
44 x 38
29 x 26
105 x 86

85 x 69
59 x 50
37 x 32
84 x 62
68 x 52
53 x 41
38 x 31
84 x 70

18

Sec to 83.4 nm

3880
1030
330
2370
1390
610
180
1070
650
340
180
530

nm/Sec

O O O O O 0O ©O 0 oo o o

.021
.081
.25
.035
.06
L4
L6

078

.13
.24
b6
.16

(Sec) (nA)

24
27
38
29
32
37
50
29
32
38
39
51

IS KRl




T TP T

W ahBm

e

positive primary beams applies only to secondary ion detection, not sample
sputtering., The time necessary to sputter through the glassivation was deter-
mined by sputtering a small crater over aluminum metallization and monitoring
the AL* signal. At the aluminum layer, the sputtered surface becomes a conduc-
tor with a major matrix change which is apparent in the At signal. Large
craters were opened in selected interface analysis areas using the reciprocity
relationship among depth, current, and area. The actual interface analysis
used a 17.8 kV 0 beam that was rastered in only the central part of the area

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

All mass spectra were taken with a 4.8 mm entrance aperture (o) 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/AM at 10% valley) of 320, which is
sufficient to resolve the Pb isotopes. The point count depth profiles normally
used the same o and B apertures with a 0.5 mm resolving slit for a resolution
number of 190.

The sample chamber vacuum attained before analysis with no oxygen leak

to the duoplasmatron was | to 5 x 10-8 torr. The sample chamber pressure

7

increased to about 4 x 107/ torr during analysis when the duoplasmatron was

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




SECTION V
CMOS TECHNOLOGY GROUP

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, M for medium
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 analysis of Set #I
spectra, along with optical pictures identifying the exact areas sputtered.
Scanning electron micrographs of each area analyzed, depicting oxide defects,
metallization problems, and silicon quality, are included for one set of

circuits.

A. CMOS-Undoped Silicon Dioxide Gate Circuit on Sapphire Substrate

CM0S-S0S-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 thermal oxide. The profile is shown in Figure 6. The phosphorus
concentration increased until the glassivation-aluminum interface was reached
at about 280 to 300 nm. At this point, the P decreases slightly due to the
reduced oxide surface area. This suggests the thermal oxide is uniformly
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 highly localized at the surface,
in contrast to the F, which has concentration maxima and minima as a function
of depth. Figure 8 shows a quantitative P profile of the oxide in the n-channel
region. The P levels are at about 1.5 x |02| atoms/cc. Attempts to strip the
circuit stepwise using HF gas were unsuccessful because the first one-minute
exposure removed all the oxide and metal over oxide. The surface mass spectra
of the device after this chemical stripping 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 A{ up-diffusion from the sapphire during

20
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silicon growth by depth profiling the A¢-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 bulk clean oxide, Unit #R202: Only mass spectra depth profile data

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

CM0S-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 102' atoms/cc
until the 1.2 um 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 um thick, uniformly doped with
P. The sharp drop then represents either the thermal oxide-gate oxide inter-
face or the thermal oxide-silicon interface. This shows the difficulty in
interpreting this type of spectral information.

Cs CMOS Aluminum Implanted Silicon Dioxide Gate Structure

CMOS~AL implant, Unit #890: The oxides were not doped with P. Figure 14
is the AL-Ti point count profile in this device to a depth of about 2.2 um.
The Ti contaminant appears to track the AL through the oxide into the gate
oxide, which suggests it could be related to the implant process.

D. 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 uniform 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,
which is confirmed in this profile.
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SECTION VI
GENERAL TECHNOLOGY GROUP

The analyses of the entire general technology group (about 400 mass
spectra) are summarized qualitatively in Tables 7 and 8. The symbols used
in this table are T for trace (just detectable), S for small quantity, M
for medium amounts, and L for large concentrations, such as P in phosphosili=-
cate glasses. The symbol was entered if the element was detected in any mass
spectrum from any area on the device. Appendix B contains a more detailed
analysis of these spectra, along with optical pictures identifying the exact
areas sputtered. Scanning electron micrographs of each area analyzed, depicting
oxide defects, metallization problems, and circuit quality, are included in

Appendix B.
Additional analyses of each subgroup are given below.

A. Radiation Hardened Gates with Ni-Cr Resistor Films

54L00 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 clearly proves that Sn was only a

; surface contaminant. Figure 17 is a Ni-Cr profile through the double glassi-

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 |06 counts.

: The background level for Cr-Ni in these profiles is at about the 103 counts
shown at the surface, since the depth interval counting time was 200 sec.
However, the level region on the interior side of the profiles with counts
about 10" is real Cr and Ni. This behavior is probably an artifact inherent
in sputter depth analysis techniques. The same sputter rate constant was used
for depth assignment in the nichrome layer as in the glass layer. Also, the
nichrome layer was assumed to be uniformly surface cleaned of the glass coating
at the start of the Ni and Cr signal, Each of these assumptions, along with

i the normal sputtering broadening effect, would result in an apparent thicker

{ nichrome layer than is actually present. The glass layers over the nichrome
on this device were sputtered quartz and chemical vapor deposited oxide. The

\
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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 signal 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 implanted
oxygen during the sputtering process, they become indistinguishable. With-
out prior knowledge of the manufacturing process, it is extremely diffi-
cult to devise experiments to determine chemistry of types of Sio2 deposits,
especially on such small samples. The interface analysis is included in the
mass spectra depth profile data on this circuit. Ar sputtering the glassiva-

tion over the A{ metal indicated an extremely thin glass overcoat.

S5L4LLOO 01d, Unit #103: In addition to the mass spectra depth profiles of
the surface layers, several craters were opened by Art sputtering. Figure 18
is the AL profile used to determine the Art sputter time necessary to remove
the glassivation layer. 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 SiO2 was present to control the sputter
rate and the sputter rate of nichrome is unknown. Mass spectra were collected
from the other areas opened. These spectra indicated the interfaces are
relatively free of impurities.

B. Aluminum Metalized and Glassivated Devices

Op Amp #1, Unit #3: Figure 20 is a phosphorus profile through the glassi=
vation layer over aluminum metalization. The slope down in the profile is
assumed background level for this particular analysis due to narrow dynamic
range of the instrument when going high to low with a negative beam and small
craters. The interface analysis using Art sputtering to remove the glassiva-
tion showed the interfaces was relatively free of impurities. The attempt to
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chemically stepwise remove the SiO2 layers with HF gas was unsuccessful, The
first etch time period of five minutes removed all SiO2 and most of the
metalization. Figure 21 summarizes the electrically 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 only in the MIS region. The n-type transistor elements
are probably P doped, but these regions are too small to supply 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 10'8 and 1.7 x IO|8 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 IO|9 range. The small
dots inside larger circles illustrate the potential capability of the ion
probe to sputter a small area leaving 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 3| (either p* or SiH+)
point count profile through the glassivation layer. The low count obtained
is at the same level normally expected from the siH* molecular species, which
strongly suggests that P is not present, at least, certainly not in the concen=-
trations found in phosphosilicate glasses. Figure 23 shows the Art sputter
time necessary to remove the glassivation layer, Both the glassivation-
aluminum and glassivation-thermal oxide interfaces were relatively free of
impurities.

Op Amp #3, Unit #13: Figure 24 shows a P profile in the glassivation
layer. After the initial surface depletion, the P reaches a constant concen-
tration at about the 2 x l02' atoms/cc level, Figure 25 is the Art sputter
time determination needed for removal of the glassivation layer. Both the
glassivation=-aluminum and glassivation-thermal oxide interfaces were relatively

free of impurities,
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General Purpose Amplifier, Unit #64: Only mass spectra depth profiles

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

No interface analysis was attempted.

ECL D Flip 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. Figure 27
shows the Ar* sputter time determination for removal of the glassivation layer,
second level metal, and insulator dielectric for interface analysis. Inter=-
face analysis at the glassivation-insulator oxide and glassivation-aluminum
interfaces showed the interfaces were relatively free of impurities. No at=-
tempt was made to analyze 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 art sputter
time determination needed for interface analysis. The glassivation-aluminum
and the glassivation-thermal oxide interfaces were relatively free of impuri-
ties. Neither of these interfaces opened by Ar sputtering showed the impurity
types and/or amounts found on interfaces analyzed where the glassivation had
delaminated from the thermal oxide. Experiments to determine if impurities

concentrated in glassivation cracks gave only negative results.
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SECTION VII
SIMS PROCEDURE EVALUATION

A. Special Sample Preparation Procedures

1. Package Delidding

All circuits were physically opened by fracturing the solder glass
seal on ceramic units and roller-cutting the 1id on the T0-18 units.

2 Chip Removal

The bonding wires were removed by physical force under microscopic
observation. The chips were loosened from the package by slowly increasing
the package temperature while holding a small shear force at the mount region
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 sensitivity analysis 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 um from
the plane of the pickup electrode and must be sufficiently planar to withstand
a 1500 V bias between the two. The secondary ion pickup drops rapidly to zero
when the sample surface is about 1000 um below the pickup electrode.

3. Sample Mounting
The samples were mounted in a pure In slug to fit the sampler holder
block. Previous experiments demonstrated that it is extremely difficult to
avoid contaminating the surfaces when mounting chips of this size using
silver paint. A mass spectrum analysis of the In that was used showed no
significant amounts of any impurity that might confuse the analysis.

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




§
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(1) The chips were placed face down on a cleaned stainless
steel block. A cleaned, large copper ring was placed around the chips rested
on the stainless block. Molten In was poured into the ring and solidified
immediately upon contact with the stainless heat sink. The technique was
successful because there was very little In migration onto the chip surface,
as evidenced 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 molten 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 economically necessary to

recycle the In slugs.

(2) The second method is similar to the first, except that
the large copper ring is replaced with a small, 8.3 mm 0.D. stainless steel
tube. In this technique, only one chip per tube was mounted, whereas in
method (1) an array of chips 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 solid:;fying before it surrounded the chip., 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 recommended 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
previously 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 physical fracture of the chip, but none occurred (due to
mounting) on the few chips mounted by this method.
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L, Conductive Coating

To direct the secondary ions toward the pickup 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 with a high purity gold foil. A high purity
quartz liner was used between the sample and target to shield the sample from
line-of-sight 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 mass 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 placed ir one position of the carrousel. The tubes
used in methods (2) and (3) were mounted in a specially designed sample holder
that held six tubes on the circumference of a 25 mm diameter circle.

B. Spatial Resolution

The minimum beam diameter of the ion microprobe mass analyzer is 2.5 um.
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
typicaliy in the 10 to 25 um 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 size of on the order of
Lo x 4O um.
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The second, and perhaps most stringent requirement on raster size, or
analysis area, is detection limit optimization. Since the detection limit
(see Sections II and VII-E) is a direct function of the analysis area, it is
necessary to use the largest area possible for integrated circuit analysis,
Maximum sensitivity is achieved during in-depth profiling with a 150 x 150 pm
rastered analysis area. This area is obviously large when compared with
today's integrated circuit devices. Design rules in 1977 are 5 um; that is,
the smallest opening in an oxide will be 5 um. Thus, a typical emitter
will be 10 x 10 um and a base 20 x 25 um in a bipolar device. In CMOS or MOS
devices the MOS gate will be 10 x 10 um and the source/drain in the 10 x 15
um range. Obviously, these design rules severely restrict the applicability
of the microprobe in device failure analysis and for microdefect characteriza-
tion. However, as was demonstrated in the work reported in Sections V and VI
of this report, the ion microprobe can analyze many parts of a circuit and
provide meaningful analytical data. The direct analysis of electrically
active areas on MSI and LSI devices is very difficult, However, metalization,

resistors, 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 analysis 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 generally 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 in-depth resolution to the 2 to 3 nm range.

Absolute or positional accuracy in a depth profile is more difficult to
define., In the sputtering process, the oxygen ion beam implants oxygen about
20 nm 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 sputtered crater. This is a violent process; it converts
single crystal silicon to amorphous silicon saturated with oxygen., The process
causes a continual mixing of atoms in the region of the implant. Sharp inter-
faces are mixed and turned into diffuse interfaces. 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 films: 2,000 £ 200 nm
Dielectric films: 6500 * 50 nm
Ion implants: 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 analysis of the radia-

tion hardened devices.

This same implantation process severely limits the effectiveness of
secondary ion mass spectroscopy for the analysis of the first 15 to 20 nm
of depth into a sample. Equilibrium of the plasma is established only 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 well as all subsequent volumes of material consumed in the depth profile.

D. SIMS Parameter Control

1. Primary Ions

All high sensitivity ion microprobe or secondary ion mass spectros-
copy analysis on conductors is done with a positive oxygen ion (0*52) primary
ion beam, Significantly higher secondary ion yields, and therefore

sensitivities, are obtained with 0*.. over the noble ion (Ar+ho) primary ion

beams. However, positive primary ig: beams cannot be used on insulators such
as Sio2 and SiBNh films because of charging problems on the surface of the
insulator., 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 implantation of
positive ions., Since in insulators, electrons 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 which time the process
starts over again, This surface charging has very little effect on the high
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energy primary beam which allows the use of art 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 energies. In fact, with
the present instrumentation, very few secondary ions ever reach the detector.
Dielectric films can be sputtered and analyzed using negative (0;6 in this

work) primary 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

0;2 beam because of the lower total ion current generated, only half the
number of sputtering particles, and an effective higher energy, which results
in deeper implantation with a reduced sputter yield. This increases analysis
time proportionately.

Since virtually all integrated circuit devices have dielectric films over

the device, it is necessary to use the slower and less sensitive 0;6 primary

ion beams, On metal films, thin dielectric films ( < 150 nm ), and on

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

il idandie

2.  Secondary Ions

SIMS instruments normally use unit or half=-unit mass resolutions for
secondary ion detection., Higher resolutions 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 analysts prefer to use the lower resolution to gain sensi-
tivity, 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 St+2 Mass 55 Mn or SiAlt
Mass 31 P* or sin* Mass 56 Fe or Si;

Mass 45 Sc or sio*
Mass 54 Fe or Al;

Mass 75 As or 5120*.
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Fortunately, very few molecular ions are formed in the ambient after sputtering,
and the high 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
strongly 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 particle halo,
and a much larger (300 um or objective aperture size) neutral particle halo.

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

emitted from the ion source and energy loss by glazing angle collisions with
various aperture walls, The neutral particle halo results from ions that

were directed toward the sample, 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, L %

the dynamic range was sacrificed in the interest of reasonable analysis time.

E. Detection Limits

The question of detection limits in ion microprobe analysis is complex.
Ultimately, detectability will be controlled by the number of impurity ions
per second sputtered and detected, This comes down to the volume of the

analytical region sputtered. In integrated circuit analysis, the areas
available for analysis tend to be small, particularly when it is realized ;
that maximum sensitivity is achieved with a raster size of 150 x 150 um. i
Therefore, in small areas the volume of sample must be maximized by sputtering
deeply and integrating all signal over the sputter period., This mode of

operation precluded in-depth concentration profiling. Alternatively, if in=-
depth concentration profiling is required, then large raster sizes or analysis
areas are essential, This effect is illustrated in Figure 32, This figure

e i o
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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 lines
labeled | ppma, 1000 ppma, and 100% can be used to determine the number of
impurity atoms in a particular volume analyzed., For example, if the analyzed 3
volume is lo"° cm3 and the impurity concentration in that volume is
4 1000 ppma, the number of impurity atoms detectable in that volume can be E
determined. This is done by drawing a straight line up from the volume

: (IO-'0 cm3) to the 1000 ppma line and reading the number of detectable atoms
off the Y axis (5 x 109 atoms, in this case). Notice that the ion microprobe
or secondary ion mass spectroscopy is the technique with low ppma sensitivity

11 volooed Inithe 107" o 107" range.

In integrated circuit analysis, the size of a bipolar emitter is 10 ym x
10 um. During in-depth profiling, data are collected every 30 K. The volume

=d cmz. From Figure 32 it can be seen that the minimum

1 analyzed is 3 x 10
concentration detectable will be = 50 ppma, or 2.5 x IO|8 atoms/cc. Increasing
the depth sampled to 100 X has only a small effect on the detection limit and
serves little purpose, since the sputtered region is moving down an error
function or Gaussian diffusion front, To obtain the best detection limits, it
is essential to use analytical volumes in the 10~'0 to 10! cm® range. This

is achieved using large raster sizes,

The data given in Figure 32 are obviously only an example, and each
element in each matrix will have its own set of detection limits. In work
partly 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 analyzed. These detection limits
are for in-depth profiling under the conditions 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. C. A. Anderson and J. R. Hinthorne, Science 175, 853 (1972).
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TABLE 9. DETECTION LIMITS* DETERMINED FOR THE ION
MICROPROBE MASS ANALYZER IN SILICON AND SILICON DIOXIDE

R T Yy e

Element ppma Atoms/cm> Atoms
Boron 0.1 5x 10" 1.5 x 10°
Phosphorus 10 5 x 10'7 1.5 x 107
: Arsenic 10 5 x 1017 1.5 x 107
Antimony 0.2 1 x IO‘6 3.0 x 105

0 L
*Raster size 125 um x 95 um with 25 A depth sampled (2.97 x 10 "cm3)
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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

| 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 summary, and as shown in Figure 32, the only analytical microbeam

technique with the detection limits required for integrated circuit analysis
are the ion microprobe or some microbeam secondary ion mass spectroscopy

technique.

F. Analysis Time

The analysis 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 five hours.
The major part of the time of the ion microprobe process is taken up by the
sputtering process. The sputtering time for each area analyzed depends, as
indicated beiow, on the primary ion used for analysis:

Silicon or metal films with 0;2 ~ 2.5 A/sec
Dielectric films with 0;6 ~ 0.5 A/sec

s ¢ +
All films with Arl‘0 ~ 6 k/sec

These sputter rates transpose into the analysis times for each area analyzed,
as shown in Table 10. Thus, if two dielectric areas, two silicon areas, and

one metal area are analyzed, 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 without data reduction.
Data reduction times vary depending on the analyst, but in this laboratory,
using a 960A computer, one to four hours are required.

PPOSE——

These analysis 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, high sensitivity depth profiles, or
quantitative determinations, a six to twelve hour time period could apply to
each element determined per arca, depending on the depth and accuracy desired.
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OF AN INTEGRATED CIRCUIT

Process

Open device and photograph
Remove bonds and dealloy chip
Mount chip and gold coat

SEM inspection, pictures and select areas
for analyses

Introduce in IMMA and pump down

Locate areas in IMMA and start analysis
0;2 ion sputter of silicon/metal area*
0 6 ion sputter of dielectric area

A“o ion sputter of device area

*Assumes silicon/metal area is exposed

TABLE 10. ANALYSIS TIMES REQUIRED FOR SIMS ANALYSIS

Typical Time

30-45 minutes
45-60 minutes
45-60 minutes

60-90 minutes
30-45 minutes
10-20 minutes
60-180 minutes
300-900 minutes
10-60 minutes




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 Hinthornez 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 apply 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 empirical 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, arsenic, antimony, and phosphorus in silicon and silicon dioxide.
These detection limits 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 analysis.

Quantitation during integrated circuit analysis will be extremely dif-
ficult., Most of the problems result from the large areas or raster sizes
required for ion microprobe analysis. Areas of the required size available
for analysis on integrated circuits seldom have a single matrix, e.g., silicon
or silicon dioxide., Since calibration curves are set up on a single matrix,
any mixing of matrices, e.g., metalization, dielectric films, etc., will keep

the results from being quantitative.

In summary, quantitation in ion microprobe analysis of integrated circuits
is possible if there is available an area of sufficient size, i.e., 100 x 100
um, and of a single matrix of silicon or silicon dioxide. In reality, this
will occur only 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. 45, 1421 (1973).

3. National Bureau of Standards Contract No. 5-35917, ''Development of Tech-
niques for the Preparation and Analysis of Standard Silicon Semiconductor
Specimens for the Ion Microprobe Mass Analyzer.'
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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 quantitate,

S U ————
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SECTION VIII
CONCLUSIONS

The ion microprobe mass analyzer analysis of these 42 integrated circuits
has amply demonstrated the power of this technique to chemically characterize
actual packaged commercial devices, The results reported here confirm the
statement made in Section II of this report that IMMA (SIMS) is the only
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
studies such as this one, coupled with more instrument research to meet the
needs for the 1980 timeframe, large-scale integrated circuits.

The data presented here have successfully demonstrated the following
analysis capabilities, many of which are not possible with any other analytical
technique.

(1) Surface analysis: 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 allowed proof
that some elements were found only on the surface, i.e., the Pb and Sn depth

profile from the general technology group.

(2) 1Interface analysis: A technique was developed to open in-situ an
interface for chemical analysis. The actual point of small area for this
analysis could be readily chosen, again leaving the rest of the circuit intact
for other types of analyses.

(3) Dopant identification: The ability to identify dopants and depth-
profile the dopants in electrically 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, this does not detract from IMMA's potential.
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(b) 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 presently known.

(5) Quantitation: Quantitation of dopants and/or impurities in the
small total material volumes found in these circuits is extremely difficult.
However, quantitation is possible, as evidenced by the many quantitative
phosphorus profiles and the boron concentration in electrically active
silicon areas. The Cr=-Ni profiles of the nichrome 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 IMMA (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
should be used only after exhaustive analysis has been done by electron probe
techniques. For example, total phosphorus can be determined by the electron
probe; however, it samples 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 failure analysis, 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 Evaluation

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 critical cost factor. Most

of the circuits 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 higher densities 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, mechanical, and chemical
types. The ion probe has a very real application here, since the necessary

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

easily determine diffusion or ion implant profiles, junction depths, and/or
impurities on these test patterns.

C. Instrumentation

The instrument used in this study 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 analysis, since separate areas may not be
available. Therefore, if failure analysis is the primary goal, the instrument
should be equipped with secondary magnet, computer=-controlled peak switching
so several elements can be profiled in narrow | to 3 nm layers from one crater

hole.

An ideal instrument for failure analysis would have the characteristics
listed below:

(1) A basic ion probe capable of | to 2 um diameter beams

(2) Computer-controlled secondary magnet System

(3) Computer-controlled data collection system

(4) Computer-controlled time clock for all beam rastering,
electron gating, peak switching, beam blanking, and data
collection

(5) Computer monitoring of the primary ion beam current

(6) Computer monitoring of the secondary ion non-mass analyzed
ion current

e

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

This study has demonstrated the potential of the ion probe to provide
valuable information about a circuit., The analyses and techniques developed
in the course of this work have merely scratched the surface in showing the
pot-ntial usefulness of the instrument. It is recommended 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 electrical performance, SEM appearance, EBIC-voltage contrast images,
electron microprobe analysis, and ion probe analysis, all concentrated to
solve a particular problem, would prove invaluable,
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APPENDICES

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 appecared 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 summary.

The entries in the mass spectra depth are the measured peak heights from
each spectrum and are normalized by the Si3° peak height in order to obtain
a common relative scale so meaningful comparisons can be made. The entry
in the Si30 row is the actual measured peak height without normalization.
The type of common intensity base is good for most spectra, but on some it
could lead to gross error. The normalization assumed the Si was the major
matrix element in each area analyzed. If not, the normalization gives a gross
error. Examination of the Si30 row will reveal most of the error entries.
Gross differences in the Si,. peak height are the indicator of the error.

30

The key to mass spectra depth profile table is:

Unit: Unit number assigned by RADC to the circuit.

Area: Area analysis, identified in optical photograph.
Spectra: Numbers assigned to spectra for internal identification.
Raster: Measured crater size sputter by primary beam.

Spot: Measured primary beam diameter.

BC: Primary beam current measured on circuit at 1500 V bias.
SR: Calculated sputter rate in R/sec.

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

Plus (row): Sputter time in seconds before mass spectrum started.
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APPENDIX A
CMOS-SOS-CLEAN OXIDE, UNIT #739

Single Mass Spectrum for Surface Analysis
Depth Profile Mass Spectra

AL-P Peak Count Depth Profile

F-Ca Peak Count Depth Profile

AL-P Peak Count Depth Profile (not used)
Depth Profile Mass Spectra

False Start

P Concentration in Depth Profile

Mass Spectra Depth Profile After Oxide and Metal Stripping

Mass Spectra Depth Profile After Oxide and Metallization
Removed

B Depth Profile After Stripping
P Depth Profile After Stripping
B Depth Profile After Stripping
P Depth Profile After Stripping
AL-Si Depth Profiles After Stripping

AL=-Si Depth Profiles After Stripping

76

R

o SR

RS

s



I— i

77




g |

LMOS S05 CLEAN QOXIDE

UNIT #7359 AREA_2 SPECTRA_/45 - /55
RASTER_ 7/ X-58 semms . SPOT/9 a2ns BC_/INA SR (h/sec)_- 95

PLUS
e lsTaaT R R ey L aa
Li (7) 30 = / [ ! l { / { | { L
B (1) 60 0 / Jieo o l l iz ) R
F_(9) 150 a3 2 )i L 1 ! i
Na (23) 180 23 2/ l / i { { / o |
Mg (24) 185 4 2 L 1 1 1 l l /
Al (27) | 205 /663 335 239 189 o |81 ¢ol 83| 8/| 20p)
si (30) | 220 25| Jgo| 2iol Jso| 240, 2bol deo| J50l ade| Jr0l I3
P (31) 230 - - / 4 9@ u / 27 Jo
el (35) 250
K (39) | 290 18 i i l | L /i {
ca (40) 295 | 2 l0 [7 . I & | 9 é | R ) S - |
Ti (48) 330 12 5 2 2 2 2 1
cr (52) | 350 o = -~ l Vi / L=
Ni (58 380
cu (63) | 400
Zn (64) 403
Ga (69) 425
Mo (98) 540
Ag (107)| 570
sn (118)] 610 Wi l yi i /| | 1 L Vi
Ba (138)| 670
Pb_(208)] 858




—CIOS SOS CLEAN OXIDE
UNIT_# . AREAQ . SPECTRA / Sé - /G4
RASTER_7! X 5B sucome - SPOT_/Qpeony BC SR (B/sec)_. 95
4 PLUS
‘ B Rt 153 | g5y | 9 &%J.M#gg&
t Li (7) 30 ! ,Fi'ié,’ i R N e B
B (11) 60 ! ¢ { ! ! | 1 ! {
F_(19) 150 l 1 / l 1 L 1 1 !
Na (23) 180 1 Ji Il | ] 1 - ! /
Mg (24) 185 l i ! / / /i / /i /
Al (27) | 205 324 B20| 1| 1471| [453] /e35] (807 2739] 2 24
si_(30) 220 3%0| 330| 320| 3v0| 29p| 270| 250 220| 200
P31 230 B A -] . za{ 28 2 28 28 2
cl (35) 250
K (39) 290 l ! ] { L / AR
Ca (40) 295 2 2 2 by 3 = ==
Ti (48) 330 ! | / / [ 1 1 Vi .
cr (52) 350 | I 1 i l l { 1
Ni (58) | 380
cu (63) | koo
7n (64) | 403
Ga (69) 4265
Mo (98) | 540
Ag (107)] 570
sn (118)] 610 / / o - - - - i
Ba (138)] 670

pPb (208)| 858
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VAR T e T T TN e B

CMOoS 50S CLEAN OXIDE

wIT #7359 AREA G . SPECTRAF49 - 359
RASTER_GD X 56 seomn’ . SPOT/2 4e o/ BCLONA SR (R/sec) - 92

PLUS
ELEM. lsvnat ol %ol sp3/| 2753| 3735| 4¢37 | 5549 ¢458| 7384 | 6079| gB0
L C2) 30 / - - - - - - - -
B (11) 60 - | / / ! ! / ! | g} s
) o L i 1 ST | SRS | RESY | SO S | S R it
Na (23) 180 3 2 / / { / { l l / /
Mg (24) 185 ! ! l / I I I 1 J
Al (27) | 205 191 283 124 fos| 51| ¢l| 352 643 2041 2444 2401
Si (30) 220 220 170| 170| /90| [go| lBo]| leo| (/o 98| 74 9{4
AR L fal oul 22l 28] 28] 28| 30| 34| 29| 27
c1_(35) | 250
RE - A v | oA | M | e | et | A < B | -
Ca (40) | 295 £ LN, | CUBAE. | ST SIS | A 7 | A | R | T ¢
IL Gy 1330 " RO | IRGHE | W | AR { R | ISR " el ARG | AR
RO (52) 1550 e | RS | BN | NSRS | IDE | M  E20 S
Ni (58) | 380
Cu (63) | koo ' e | Sk i | S | NN | WY | 0 1
Zn (64) 403 ! ! l ! ! / J I J
Ga (69) | k25
Mo (98) 540
ag (107)] 570
Sn_(118) 610 / ! - - - - - - -— -
Ba_(138)] 670
Pb (208)] 858
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CMmos sos CLEAN OXIDE

uniT # 739 AREA & . SPECTRA Jé0O

RASTER 69 X5¢€ seame . SPOT /2 4c 2n/ BCJONA sR (R/sec) .92
PLUS

ELEM  lovapt 0

Li (7) 30 -

B (11) 60 1

F (19) | 150 1

Na (23) 180 [}

Mg (24) | 185 |

Al (27) | 205 197

si (30) | 220 92

P (31) 230

cl (35) 250

K (39) 290 /

ca (L0) 295 i

Ti (48) | 330 =il

cr (52) | 350 1

Ni (58) | 380

cu (63) 400 1

Zn (64) 403 /

Ga_(69) 425

Mo (98) 540

Ag (107)1 570

Sn (118)] 610 .

Ba (138)] 670 -

Pb_(208)| 858

bl
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UNIT #¢ 739

RASTER 2 X 53 se e . SPOT /Z e2n. BC_ /e WA sp (k/sEc)

gmos So0S5 CLEAN OXIDE

AREA 9

SPECTRA 78/ - 782

ELEM

PLUS
START

/082

Li {7)

30

an

60

-—
—

(19)

150

Ro I~ ~ |I®

Na

(23)

180

11l

lo

Mg

(24)

(27)

S

(30)

(€10)

Cl

(35)

(39)

Ca

(ko)

Ti

(48)

CE

(52)

Ni

(58)

cu

(63)

Zn

(64)

Ga

(69)

Mo

(98)

A9

(107)

(118)

Ba

(138)

Pb

(208)




CMOsS Sos CLEAN OXIDE

UNIT #739 . AREA /A . SPECTRA 783 - 784
RASTER_G2 X 53 e . SPOT/Zawmv BC /G NA srR (k/s€eC)
PLUS

ELEM  JorapT ol sor3

Li (7) 30 l 1

B (1) 60 1 |

F (19) 150 L

Na (23) 180 14 R

Mg (24) | 185 i 4

Al (27) 205 74| 4185
Si (30) 220 l1oe]| 130

P (31) 230
c! (35) | 250
i K (39) | 290 ) 3
ca (40) | 295 871l 2%
Ti (48) | 330 2
cr (52) | 350 ! {
Ni (58) 380
cu (63) | 400 / 4
Zn (64) 403
Ga (69) 425
Mo (98) | 540
Ag (107)| 570 ! L |
sn (118)| 610 [ 1 1
Ba (138) 670 :

pPb (208)} 858
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Area 1:

Area 2:
Area 3:
Area 4:

Area 5:

Lo ——

CMOS BULK CLEAN OXIDE, UNIT #RZOZA

Mass Spectra Depth Profiles

Cr Peak Count Depth Profile (not included) '
Mass Spectra Depth Profile
Mass Spectra Depth Profile

Mass Spectra Depth Profile
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TEXAS INSTRUMENTS INC DALLAS CENTRAL RESEARCH LABS F/6 20/12

MICROBEAM ANALYSIS TECHNIQUES FOR ICS.(U)
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2
3 /
3
CMas Bulk CIEAN OUIDE _(D4007
UNIT#R202 AREA [ SPECTRA 222 - 232,
RASTER 69 X 90 socon. . SPOT /G sean) BCZ A sr (R/sec) . 4
1 - B -
ELEM
START 184 273 Seizl 4513|5423 122203
Li (7) 30
8 (11) 60
F(19) | 150 -, = e b i e e S =
Na (23) 180 /9 2 2 2] 2 2 !
Mg_(24) 185 2] / / ‘ / L ! ! /i / /
Al (27) | 205 U771l 462 1069 13320 Jedol 1998] 237l 3156
si_(30) | 220 23 7 71 z 7l e8] 6 Gof B syl e
P (31) 230
c! (35) 250
K_(39) 290 3 2 2/ / / / Y / /
ca (40) | 295 | | M (R N )\ RSB T | D L ne | PO
Ti_ (48) 330 yi /l Vi Vi yi yi Vi Vi z yi Vi
cr (52) 350 17 4 = 4 3 2 [ / /
Ni (58) 380
cu (63) [ 400
Zn (64) 403
Ga (69) | 425
Mo (98) 540
Ag (107)] 570 / / / / Vi Vi / L Vi Vi
sn (118)] 610
1 Ba (138)] 670
pPb (208) 858
90

e es—RR R

W e




£Mas BULK CLEAN OXIQF Cpdoo?

UNIT #R202 . AREAZ SPECTRA 444 - 458 ;
RASTER TR % 6lpmm . SPOT [Quuwn/ BC_éna SR (k/sec)__ . 48

o2 "’E-&#ﬂlﬁ AT lole, £420
8 (1) 60
F_(19) 150
Na (23) | 180 | 300p 3 / il /
Mg (24) | 185 100 I { ! / 2
Al (27) | 205 70 /U L y] 379
si_(30) | 220 Ll 3 3 42| 40| 35
P (31) | 230
cl _(35) | 2s0
K (39) | 290 1000 L Vi L L /
ca (k40) 295 Foo { L L 1 / / L
Ti (48) 330 - l l ! 1 ! Vi yi
Cr (52) | 350
Ni (58) | 380
cu (63) 400 3
Zn _(64) | ko3 s [ / L / | B —
Ga (69) 425
Mo (98) 540
Ag (107)] 570 100 VA Sl ot = e — e
Sn (118); 610 00 / - - - & &
Ba (138)| 670
Pb (208)] 858

9l
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CMOS BULK CLEAN OXIDE CDéco?

WITRR202, . AREA4 . SPECTRA 454 -445
RASTERZZ X & / oo yrv . SPOTL9 e BC_C A sk (h/sec)_.48

PLUS
ELEM  lovant o 8% s | Sges
Li (7) 30
B (1) 60
F(19) | 1s0 s
Na (23) | 180 250 %8 7 ! /
Mg (24) | 185 g8l 4 3 l / ! / l
Al (27) | 205 6ol 24 1] i (35 | 487
Si (30) 220 35| 4o s8] 52l sal 52
P (1) | 230 L T T N - /
c! (35) | 250 I
K (39) | 290 f .4 3 " .
ca (40) | 295 _20 a1 ] ! i ! '
Ti (48) 330 1 2 l i ! Ll yi
cr (52) 350
Ni (58) 380
cu (63) | o0 - — -] =] =] =]=1a. -
2n_(64) Lo3 - Vi yi / Vi / 2 . V)
Ga (69) 425
Mo (98) 540
Ag (107)] 570 4 L 1 Vi W F = =
sn (118)] 610 4 / ) -1 -1 -1 - - -~
Ba (138)]| 670.
pb (208)| 858
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S By, LEAN OXIDE CD

UNIT_#R202 . AREAS SPECTRA 444 -427

RASTERJ2 X 6/ 4o SPOT /@) BC_baA SR (bsec)_48
PLUS

ELEM  JorapT g_gu_uﬂ.ég_z__m” L3920l 4000 4240l F40e] £/7¢.

Li (7) 30 / / ) - £ - - - 1 =

B (11) 60 - 1 1l - - - - — — -

F(19) | 150 - 1 - | - - | - - | - -

Na_(23) 180 3250] 88| 8 L 7 5 Ky 4

Mg (24) 185 Sol 231 2] &8 8 Ll b Z

Al (27) | 205 ool 44| /7 N 9 9| 33 /35 u%k.nq

si_(30) | 220 L4 35| .54l 4o q__ﬁ#__.zaﬂ_da_.&g.&

P _(31) 230 = / / / [ [ / 1 yi

c1_(35) | 250

K (39) | 290 loo] 53| 21 - O | 4 V| R

Ca (ko) | 295 (28] ! 8 K] 4 3 3

Ti (48) 330 = 2 2 / [ / L 1

Cr (52) 350 4 / yi yi VA V4 / 7o A ¢ yi

Ni (58) | 380

Cu (63) | boo 1 / / i { 1 7 /

Zn (64) | 403 = ! 1 7 I yi / / Wi Vi

Ga (69) 425

Mo (98) 540

Ag (107)] 570 Z L i 71 1 / / Vi l

sn (118)] 610 24 l { / L L ? ) et e o

Ba (138)| 670 ;;]L g -1=-1-]-]-|=/=1-

Pb_(208)] 858
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A A
UNIT #8646 AREA_/ SPECTRA /88 - /9y :
RASTER/22 X 9.5 4oy . SPOTI2 4oy BC_/BNA sR (R/sec)__ .55
PLUS
ELEM  lstarT __ 0| ros2]| 14979 g%
Li (7) 30
B (11) 60
F (19) 150
Na (23) | 180 /3] 2 1
Mg (24) 185 2 / i
Al (27) 205 % 200 o
si (30) 220 15 23 27 )
P_(31) 230 i [ /4]
c1_(35) 250
K (39) 290 1 1
ca_(4o) 295 L L 1
Ti (48) 330 - = -
cr (52) 350 ] - - -
" INi_(58) 380
cu (63) 400
2n (64) 403
Ga (69) [ 425
Mo (98) 540
Ag (107)] 570
Sn (118) 610
Ba (138)] 670
pb (208)] 858
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Lmoas NAND GATE CDIOUA
wit_$# 86 . AREAZ . SPECTRA_/Q2- 202
RASTER_6Q XS5 B84 om) . SPOT /e’ BC_/2w4 SR (b/sec)_J. o4
PLUS
—lstaRT o] szel 2] zeel sssol 25l 0022 auaal a0z 4903 zes
Li (7) 30
3 (11) 60
F_(19) 150 l 1 / l /
Na_(23) 180 / l l [ / ! i
Mg (2h) 185 i ! y) / Ji / i Vi
Al (27) 205 l { / 17 383 45 L098] (548 |
si (30) | 220 llo]| 126 ¢ roo| Joo| 9o 2 22
p (31) | 230 v, S . | O L 19 21 2/
c! (35) | 250
K (39) 230 1 ! 1 )i / { ! ! 1
Ca_(40) 295 l /B | SN 1 { / 1 :
Ti (48) | 330 i
ce (52) 350
Ni_ (58) 380
Cu (63) Loo l / / i ! L . i :
Zn (64) 4o3 : !
ca (69) | w25 '
Mo (98) 540 [} r
Ag (107)] 570 | i / / i / )i / i 1 Yi
sn (118)] 610
Ba (138)] 670
ob (208)| 858
98

RS




LMmos NAND GATE CD4ollA

UNIT_#86 . AREAZ SPECTRA_ 203 - 207

RASTER_G69 X 5B 4o zny . SPOT /3 0/  BCI2MAQ SR (R/sec)_ /. og
PLUS

" lsTART! 830/ 9oz @zet] toasoluisss

Li €7) 30

8 (11) 60

AL 150 /= / Vi )i

Na (23) 180 / )i ) /

Mo (24) | 185 / v

Al (27) 205 l6B4| 1684 F034 4464

si (30) | 220 | 9| s 48

P (31) | 230 8] 20| /85 3

c! (35) | 250

K _(39) 290 ! / l /

ca (40) 295 / / i !

Ti (48) | 330

cr (52) 350

Ni (58) | 380

cu (63) | 400 gl - -] - /

Zn (64) | 403

Ga (69) | 425

Mo (98) 540

Ag (107)] 570 / / i Vi /

sn (118)] 610

Ba (138)] 670

Pb_(208)] 858
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A G 401\ R
uniT 6 8¢ . AREA4 . SPECTRA_J99 - 408
RASTER (8 X.55 cemms . SPOT_ eamy  BC_QWA sR (R/sec)__. 85
PLUS
ELEM  levant ol 9,41 /60 57 /9
e _ M%ﬂéé&;ﬁ.ﬂlé&r{zﬁ#
B (11) 60
F(19) { 150 | S L L L oo ! | BT
Na (23) | 180 25 Lol 8 7. 5 4 4] 3 =] 3
Mg (24) 185 62| 10 o 4 3 Jl. 3 2 2
Al (27) 205 / 11 73| fo| 821 74| Rs2 47| 599 859
si (30) 220 8.4 54| Joo ol sool 10|l 4 90| 9| 8o
P (31) 230 ] / 3 74 4] 1 9] /8| 19
cl (35) 250
K _(39) 290 59 3 y2 2 P2 2 2
Ca (40) | 295 5. 2 / { 3 / /
Ti (48) 330 | i ! / L i l 1 i
cr (52) 350 3o = - = = = = = =
Ni (58) | 380 :
Cu (63) | 4oo 3 / / fi / i yi L i l
Zn (64) 403 o l ) | L i / / !/
Ga (69) | 425
Mo (98) | 540
Ag (107)} 570 7 l / ! / !l / / / l
sn (118)] 610 Bl -] -1 — - - - - -
Ba (138)] 670
Pb (208)| 858




LMOS NAND GATE _CD40/IR

UNIT_# 8¢ AREA 5 SPECTRA_ 409 -4/8
RASTER_G68 X 55 somms . SPOT_[Zssom)  BC_9na SR (k/sEc) . 85
PLUS !
ELEM . |orapy 6L 6L | lesi| 2339 Jo2d 724\ 442¢ s/z0  saud| el |
Li (7) 30
B (11) 60
F (19) 150
Na (23) 180 25| 3 3 2 3 24 5 3
Mg (24) | 185 9 3 = 3 | 3 / 2
Al _(27) 205 pepE c 29l asy sl e Asl . 2d ST Sl 2 9
si_(30) [ 220 v || S 70l 58 s2| =3s| 7ol 43
P3l) 230 2 / 3 T I LR [ 13 i Y/
¢l (35) 250
K _(39) 290 5% 3 2 2 2 26 5
ca (40) 295 8 l / / / ! / 4 / /
Ti (48) 330 / 7 L / / 3V i i = = =
cr (52) 350 / / Y / AT e = = =
Ni_ (58) 380
cu (63) 400 ey / / / L / / /) i
Zn (64) 403 Vi / / / / TSR
Ga (69) 425
Mo (98) 540
Ag (107)] 570 2 / ! / ! A i / ¥ /
sn (118)] 610 / / / / / / 74 e =
|Ba_(138)] 670
Pb _(208)] 858
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Area 1:
Area 2:
Area 3:
Area 4:

Area 5:

CMOS Cr Doped, Unit #504

Surface Mass Spectrum

Mass Spectra Depth Profile
Cr Point Count Depth Profile
False Start

Mass Spectra Depth Profile
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VIR

—_—lmosS (Cr DOPED

UNIT #5044 AREAZ SPECTRA 4/ - 17}
RASTER 85 X bl sem. . SPOT ) Quon.  BC_/ONA sR (R/sec)__.¢3
PLUS
o fstaRT 2 mm.g-t_mz 4450l szedl czor| gogel 2507| pazd
Li (7) 30 240 1 [ [ l { { Ji / / !
B (1) 60 o ! i = o B = 1 /] i l
F_(19) 150 L l i l i l { 1 ! ! 1
Na (23) 180 4 3 3 4 i1 3 4 4
Mg (24) 185 - L l l | [ i l / l
Al (27) 205 220 2] 4 1705 2520| 3210
si_(30) | 220 ol sl s30l 4 1go]  sq0| 130] 30| s20| 10|
P (31) | 230
Cl (35) 250
K (39) 290 460 4 3
Ca (40) | 295 8o / l l l l )i l
Ti (48) | 330 20 L 1 i L l 1 L l l L
Cr (52) | 350 10 l I = I i L K. W - S 4
Ni (58) | 380
Cu (63) | koo w7) l Ji L 1 i A= L l /
zn (64) | o3
Ga (69) L25
Mo (98) | 540
Ag (107)] 570
sn_(118)] 610 20 [ 2 p F F A e i e o
Ba (138)] 670
pPb (208) 858
109
! . PR Iii""iﬁ' g Mo -




UNIT#H S04 AREAZ . SPECTRA /72-/73
RASTER 85 X &b aam . SPOT Qe BC_/O0 ~A SR (A/sec)_.43
PLUS
ELEM loTany 8953 o3
Li (7) 30 I /
B (11) 60 | |
F (19) 150 1 1
Na (23) 180 4 4
Mg (24) 185 | /
Al (27) | 205 4219 47/8
Si (30) 220 /o 90
P _(31) 230
cl _(35) 250
K (39) 290
ca (40) 295 ] !
Ti (48) 330 / /
Cr (52) 350 4 4
Ni (58) 380
Cu (63) 400 =
Zn (64) 403
Ga (69) 425
Mo (98) 540
Ag (107)| 570
sn_(118)] 610 -] -
Ba (138)] 670
Pb_(208)] 858
110
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—CMOS Cv DOPED
; :
‘ UNIT#H S04 . AREA_S . SPECTRATG/-37/ 1
|
RASTER 69 X Sb oy . SPOT L2 segn s  BC_JONA sk (R/sec)_.92 :
? PLUS
| ELEM  |sTant ol 877| 1e79] 2174 2872 3577| 4290
| i@ | 30 [ - Al ul o b gl e b 1 /
; B (1) 60 = - [ ! ] d -1 - = -
'f FQ9 | 150 | - I - ik g gk i
: Na (23) 180 {Boo z K 4 J 5 ﬁ
i Mg (24) | 185 200 3 sl 4 i | l [ l
: Al (27) | 205 /200 Q3| [op| 417| 839] 1344] 3296 5537
| si_(30) | 220 L8 ¢2 1g0] 120 20! 92 Z ilq
? P3N | 230 - / 1 1 ! [ [ { { 1 /
¢l (35) | 250
kK (39) | 290 boo 4 .3 . - ! 1 l /
Ca (40) 295 7 3 2 2 l { 1 l 1 /
Ti (48) 330 l t l | L / /i l i 2 3
Cr (52) 350 loo Ji { / 2 4 K] ) 1 I
Ni (58) | 380
Cu (63) 4oo 40 { i yi L l l 1 A
Zn_(64) Lo3 / 1 i ! l i L ! { i 1
Ga (69) L25
Mo (98) 540
Ag (107)| 570 ]
sn (118)] 610 20| - 1 - - - - - e i - |
Ba (138)] 670
Pb_(208)| 858
| |
E m J

A » BN R .G T T MR A 78 M L L 00 S Ty
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CmosS cr DOPED

UNIT #5504 AREA S . SPECTRAZ7Z

RASTER 69X S srms . SPOT/2 ume BC /O A srR (A/sec)__.92
PLUS

ELEM  IsTarTN\] 792!

Li (7) 30 /

B (11) 60 -

F_(19) 150 /

Na (23) | 180

Mg (24) 185 l

Al (27) 205 8195

si (30) 220

P (31) 230

cl (35) 250

K (39) | 290 Il

Ca (40) 295 1

Ti (48) 330 /

cr (52) 350

Ni_ (58) 380

cu (63 400

zn (64) 403

Ga (69 425

Mo (98) 540

Ag (107)| 570

sn (118)| 610 -

Ba (138)] 670

phL (208 858
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CMOS AL Implant, Unit #890

Mass Spectra Depth Profile

AL, Ti Peak Count Depth Profile

Mass Spectra Depth Profile
Mass Spectra Depth Profile

Mass Spectra Depth Profile
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CMOS Al IMPLANT CD4oo7

UNIT #8940 AREA_/ SPECTRA_208 - 2/8
RASTER_ Q& X /44sems . SPOT /8 4o  BC_/owA sR (R/sec)_. 257

PLUS
ELEW _ lsane ol 929| ra34| 2752 sass| 14¢| s637| 5521l ¢i05] caee| 73]
Li (7) 30
B (11) 60
F_(19) 150 2 { / 7 I | | B - / i s
Na (23) 180 12 Vi yi / Vi / / / yi !
Mg (24) 185 S5 2 pA / / / / J !
Al _(27) 205 998! 178] som| 93| ie7] 26 340 So9|
Si (30) 220 4e| (30| 30| /g0| 120 s20] 130| /30| 20| is0| i3]
P (31) | 230
cl _(35) 250
K (39) | 290 I / ! ! i / i / / 1 /
Ca (40) | 295 3 i / ] / / 1 / / l /
Ti (48) 330 / { ! 1 ! { i / l { !
cr (52) | 350 / / ! l /) e / i / / /
Ni (58) 380
cu (63) | oo =] ) =] = =] = - -1 =1 -
zn (64) | Lo3 / | T S S . - I _44
Ga (69) 425
Mo (98) 540
Aq (107)] 570
sn (118)] 610 /1l - o= = - - - = — . =
Ba (138)] 670
Pb (208)] 858
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ELEN  lerany | 8903 ! 0590
Li (7) 30
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F (19) 150 - e
Na (23) | 180 . )
Mg (24) 185 / / yi 3
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si_(30) 220 130 | /30 o -1 4
P (31) | 230 ]
cl (35) 250
K (39) 290 ) )i /
Ca (40) 295 / L 1 b
Ti_ (48) 330 / .l !
Cr (52) 350 / / Y
Ni (58) 380
cu (63) | 400 - - | -
Zn (64) 403 i i /
Ga (69) 425
Mo (98) 540
Ag (107)| 570
sn (118)] 610 L B B :
Ba (138)] 670 . ‘
Pb (208)] 858 g 3
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UNIT # 890 . AREAJZ SPECTRA_4/9 - 4246 .

RASTER &8 X 5.5 sacam . SPOT/Zecomm/  BC GwA sR (R/sec)_. 85
PLUS

Sl -3 (. : m.gmég.ﬁg%g.md

Li (7) 30

B8 (1) 60 - ] / Mg g =

F (19) 150 / - - - - - -

Na_(23) 180 3 24 2 ! 7| S | [T

Mg (24) 185 6 / / / / ! SAEEY]

Al (27) | 205 LT R R R R uj

si (30) | 220 8o| 82l @o 80| 7d 7 7

P_(31) | 230 JLIHF ] ! / / / / /

cl (35) | 2s0

K(39) | 290 | ¢ L / / / / i /

Ca (k0) 295 . [ / ] L Vi =

Ti_(48) | 330 - / ! / / Y, =

Cr (52) 350

Ni (58) | 380

cu (63) | 400
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UNIT_# 890 AREA 4 SPECTR: 427-436
RASTER &/ X 50 4 o . SPOT Myrm/  BCBMA SR (huspc) 0% L
o eadec 5
PLUS {
ELEN, lerany ol 24l ses2l 2300l g&w | g0c | Sopl\ bk ease
Li (7) 30 Y - U R R T FOYGR [e z !
S o A .i__-;
s (1) 60 = L L L L T b b 1 il 1
F (9 | 150 | Aociph ol gl gl s b b =) S
Na (23) 180 52 1 / ! / !/ / .’{-.-.-..’r / ]
Mg (21) 185 17 7o / / /! A Sl o ! !
Al (27) 205 11249] (s4] 119 Z 76 o7 3! 5-"‘"-.&&,..&1}_._..!
Si (30) 220 5.2 88 B4l to5| 100 &____al_gl 7% 22y !
P (31) | 230 : 3 -
c1 (35) 250 A
K (39) 290 21 /i e / / / /1! = L
ca (40) | 295 /19 4 3 2 / filxe i i
i (w8) | 330 ‘ ! i "
» 35\ ' T
cr (52) 0 bucal B BT WA e e g
Ni (58) 380 —* ! i '
5 i e
Cu (63) 400 1| - - = — = = o = = |
Y
zn (64) 403 FERp == == o - v - | - ‘ e l
o i : |
Ga (69) | 425 o ‘
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CMOS AL IMPLANT CD4007

UNIT_#890 AREA 5 SPECTRA 437- 443

RASTER_6/ X S0 4o o/ . SPOT_/l 4o BC_8na sR (R/sec) .93
PLUS

L lsTarr _z0¢| 1¢03| sso8l 280/l S4es] 429

Li (7) 30

B8 (11) 60

F(19) | 150 y - R S N W (R

Na_(23) 180 7 ! / / l / /

Mg_(24) 185 ! { { jt - e =

Al (27) | 205 (217) /56| /525| [Bed] (719] [8i2) 244

si_(30) | 220 9] s2| sp| se] a4| 44

P (31) | 230

cl (35) 250

K (39) 290 5 { v R / /

ca_(k4o) 295 2 l / =l / l

Ti (48) | 330

Cr (52) 350

Ni_ (58) 380 .

cu (63) | Loo / L / / . =

Zn (64) 403

ca (69) | 425

Mo (98) 540

Ag (107)] 570

sn (118)] 610 Y / ¥ 2 - -

Ba (138)] 670

Pb (208)| 858
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CMOS ALZOB, Unit #A259

Area 1:
Area 2:
Area 3:

Area 4:

Mass Spectra Depth Profile
Mass Spectra Depth Profile
Mass Spectra Depth Profile

Mass Spectra Depth Profile
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CMmos A1,0, €d4007

UNIT # A259 . AREA . SPECTRA_/7 4 - /84
RASTER L0 & . SPOT2240me  BC/BANR srR (A/sec)_.70

PLUS
ELEN . leyany 2l 8¢3] 17¢6| 2409) seoo | ¢30) zagol pure| 2066
Li (2) 30
B (11) 60 -] - -] el - -1 - .
F_(19) [ 150 L 1 / i L l .= / i i
Na (23) | 180 2 A8 al A g 4& A -
Mg (24) | 185 L L l [ l 1 l i ! l
Al (27) | 205 27| /75| 529| /oos| 3351 M‘E{JFMM
si (30) | 220 260| 380| J20]| 360| 3i0 | /Bo| /95| 230| 230| /90| 170)
P (31) | 230
cl (35) | 250
K (39) 290 3 2l 3 2 3 (4 S 4 4
ca (40) | 295 1 T EDN | M R SIS SO OB | MR BRYE . L AN
Ti (48) | 330 |
Cr (52) 350 [ [ / / / / { { / /{ l 5
Ni (58) | 380 |
cu (63) | 400 I Y AR RIS N RSN O BN ST IR
Zn (64) | 403
Ga (69) | 425
Mo (98) | suo0 |
Ag (10 570 / / l / / / / ( A

S5n (118)] 610
Ba (138)] 670
Pb_(208)]| 858
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CMOS R0y ¢CD4007

UNIT # 259 AREA_/ . SPECTRA /85-/87

RASTER /06 K Bb uu o . SPOT 2249  BC /B NA srR (R/sec)_. 7o
PLUS

ELSE  Rrser 1170088 11200

Li (7) 30

B (11) 60 - | = -

F (19) 150 - - -

Na (23) 180 % 5 5l

Mg (24) 185 Vi i l

Al (27) 205 229 [i43 Le13]

Si (30) 220 [B0] 220| 240

P (31) 230 l /

cl (35) 250

K (39) 290 4 3 x

ca (40) | 295 l 1 !

Ti (48) 330

Cr (52) 350 [ 1 1

Ni (58) | 380 _

Cu (63) 400 l yi 1

zn (64) | 403

Ga (69) 425

Mo (98) 540

Ag (107)| 570 L )i 1

sn (118)] 610

Ba (138)] 670

Pb (208)]| 858
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UNIT ¥ AR259 . AREA 2 . SPECTRAZ7Z3 - 38|

RASTER_GBXSS soans . SPOT_/Zuorw = BCYWA sk (R/sec)_. 85
PLUS

ELEM _ |sTarT SR IR e

Li (7] 30 6 - - | - - - - | -1 -

B8 (11) 60

F (19) | 150

Na (23) | 180 333 g & 4 -y XL it

Mg (24) 185 3l 1 | 1 | 1 i / Wi

Al (27) | 205 / 4 2 3 23 4 6311 838

si (30) 220 4] J00] 120 00| teo| Bel %

P (31) 230
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UNIT#HA259 . AREA 3 . SPECTRA 382 -390

RASTER_68X S5 cean. . SPOT /7 uon’  BC_QuA s (R/sec) _.8S5
PLUS

ELEM  lsarT ol ¢9al sau| 2/0q 200 3a90| 4/77] 4gs0l S5z

L () | 30 g -1-1-1-1-1-1-1-=

B (11) 60

F_(19) 150

Na_(23) 180 U5 i / / 1 i i 1/ /

Mg (24) 185 lo / ! ! i / Vi

AV (27) | 205 Il /88 & ) 23 42| 5 768l ‘or0

si_(30) 220 S| wel 4 120 tro|l 170|408

P _(31) 230

¢l 35) | 250

K_(39) 290 I8 / / / / i ol

ca (ko) 295 3 1 / / / l Y yi

Ti (48) 330 5 ) { ] 1 - - “ i

Cr (52) 350 3 l ! I ! / ¥ 1 Vi

Ni (58) | 380

Cu (63) 4oo 3 ! 1 i [ 1 1 i /

zn (64) | 403 31 -1 - =1 - - -] - -

Ga (69) 425

Mo (98) 540

Ag (107)] 570 5| / / / i i L 1 i

sn (118)| 610 3 ] Il 7 - — - -

ga (138)] 670

pb_(208)| 858

129




CMos Al,0, CD4oo7
UNIT_#A259 AREA_4 . SPECTRA_39/- 398
RASTER_ 68X S5 sean. . SPOT/74cmy  BC_9wA sk (R/sec) . 85
PLUS
ELEN |lsydnr 0| 70| 1400 g__e_q%#_;&;@ms
Li (7) 30 - - - - - - =
B (11) 60
F (19) 150
Na (23) 180 84 / / L i / /
Mg (24) 185 5 [ I 1 L L i !
Al (27) | 205 13l fol bl 4 Ilﬁ( 373 538 498
si (30) 220 74)  vel  po|l we|l pe 90| 84
P (31) | 230 uT
cl (35) 250
K (39) 290 59 2 y) Ll o = i =
Ca (40) 295 16 [ / 1 1 1 i y|
Ti (48) | 330 8 l l e M e
cr (52) | 350 s d-1-1-1-1-=1->-
Ni (58) 380 ;
Cu (63) 4oo 2 | - 1 i / 1
Zn (64) 403 3 - - == - - - =
Ga (69) 425
Mo (98) | 540
Ag (107)] 570 i L / / iz Vi
sn (118)| 610 2| g 1= — - | - - -
Ba (138)] 670
Pb (208)| 858
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APPENDIX B

Radiation Hardened Double Glass, Unit #120 |

Area 1: Surface Mass Spectrum
Area 2: Surface Mass Spectrum
Area 3: Surface Mass Spectrum
Area L: Mass Spectra Depth Profile
Area 5: Mass Spectra Depth Profile ’
Area 6: Sn Peak Count Depth Profile

Area 7: Cr-Ni Peak Count Depth Profile (not included)
Area 8: Cr-Ni Peak Count Depth Profile

Area 9: Ar Sputter Time Through Glassivation (immediate AL signal)
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UNIT #/20 AREA_/-2-3 SPECTRA
RASTER_JO X40 sasemme . SPOT244can2>  BC_I3NA sR (R/sec)_2.3/ ‘

PLUS RREA AREAR AREA
ELEM  lcrapy 1 £ J
Li (7) 30
B (11) 60 ! Tk ]
F (19) | 150 ! Sag l
Na (23) 180 2 3 &
Mg (24) | 185 . 3
Al (27) | 205 4 2 é
si (30) | 220 3. S50 270
P (31) | 230 / W l
¢! (35) | 250
K _(39) | 290 3 9
ca (40) | 295 3 6
Ti (48) [ 330 / /
Cr (52) 350 1 ! L
Ni (58) 380
cu (63) 400 / ¢ /]
Zn (64) | LoO3 l / l
Ga_(69) 425 s { l
Mo (98) | 540 l &l 1
Ag (107)] 570
sn_(118)] 610 5 7
Ba (138)] 670
pb_(208)] 858 / ¥ /
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FIXED DOUBLE GLASS S4Loo

UNIT #/20 . AREA_4 . SPECTRA_/04 -/08

RASTER SO X 40 4o ome . SPOT 22409/ BC/INA srR (R/sec) __2.31
PLUS

ELEM  lsyagt ol 700 | 1400|2100] 2800

Li (7) 30

8 (1) 60 ! I - = =

F_(19) 150 /

Na (23) | 180 1 i L ! /

Mg (24) 185 { | / l i ;

Al (27) | 205 l i 1 777

si_(30) | 220 elo| 580| Ss5o0| S20| 490

P (31) | 230

cl (35) 250

K (39) | 290 2 1 / / [

ca (40) | 295 1 ! [ l /

Ti (48) 330

cr (52) 350 / yi { i /

Ni_ (58) | 380

cu (63) 400 i / 1 ! 1

zn (64) | 403

Ga (69) 425

Mo (98) 540 { / / J1 -

Ag (107)| 570

sn (118)| 610 / / ] /

Ba (138)] 670

pb (208 858
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LIXED OOVBLE GIASS J¢Loo

UNIT_#/20 . AREAS . SPECTRA_Z09- /14
RASTER SO X 40 sem/ . SPOT22 se2n) BC_LZNA sR (k/sec)_2.31 ;

PLUS
Sl 3.1 ol Zoo| raeel 210! 2600| 3500
LESGR) 30
8 (11) 60 d -1 - - - i
F (19) 150 /
Na (23) 180 l / / L !
Mg (24) 185 l L l (] /
Al (27) | 205 l )i / 1 8 6
si (30) 220 S5p| sBo| 6Goo| ¢oo| S80o| ¢oo
P_(31) | 230 e e Tl e AN,
cl (35) 250
kK (39) | 290 ! ! B Yy !
Ca (40) | 295 1 1 [ 1 !
Ti (48) | 330
Cr (52) 350 l 1 l l 4
Ni (58) | 380 o o boe fﬁ J
cu (63) 400 l I l 1 1 1
zn (64 403
Ga (69) | 425
Mo (98 540 l i / S ; 00«
Ag (107 570
sn (118)] 610 | T S | A
Ba (138)] 670
Pb_(208)]| 858 |
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54L00 Radiation Hardened, Old Style, Unit #103

Area 1:
Area 2:
Area 3:
Area L:

Area 5:

Area 6:
Area 7:

Area 8:

Surface Mass Spectrum

Mass Spectra Depth Profile

Mass Spectra Depth Profile

Ar Sputter Time through Glassivation

Cr-Ni Peak Count Depth Profile after
Glassivation Removal

Opened with Ar, But Not Used
Opened with Ar, But not Used

Opened with Ar, But not Used
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oLD S4L0O
UNIT_# /03 . AREA_/ . SPECTRA_Z7S5 =764
RASTER SOX #0ume . SPOT /Gpuary  BC_BaA SR (R/sec)_/. 42 :
PLUS
ELEM  lovamT ol 9
Li (7) 30
g8 (11) 60
F (19) 150
Na (23) 180 49
Mg (24) | 185 2 l
Al (27) 205 /B35 /053
si (30) | 220 38 %
P (31) | 230
cl (35) 250
K (39) | 290 9 3
ca (40) | 295 5 )
Ti _(48) | 330
cr (52) 350 3 ]
Ni (58) | 380
cu (63) | 400
zn (64) | 403
Ga (69) 425 o !
Mo (98) | 540 yi L
Ag (107)] 570
sn (118)| 610
Ba (138)]| 670
Pb_(208)] 858 1
i
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oLD 54L00
UNIT_# /03 . AREA_/ . SPECTRA_ZS -7¢
RASTER SOX 40umrw . SPOT /Gouprw  BC_ BuA SR (R/sec)_ /. 42
PLUS
ELER =l tany ol 924
Li (7) 30
B (V1) 60
E-(19) 150
Na (23) 180 9 2
Mg (24) 185 PA )
AY {(27) 205 /B35] /053
Si (30) 220 38 5,
P (31) | 230
cl (35) 250
K _(39) 290 9 7
ca (40) | 295 S
Ti (48) 330
cr (52} 350 g !
Ni (58) 380
cu (63) 400
Zn (64) 403
Ga_(69) 425 / l
Mo (98) 540 wick il
Ag (107)| 570
sn (118)] 610
Ba (138)] 670
Pb (208)] 858 / v
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UNIT_#103 AREA 2. SPECTRA_4Q/ - /0 /
RASTER 75 X 60 4eon. . SPOT 22 4con, BC_I7MA SR (8/sec)__ /.34

PLUS
e lSTART Qus| ses| a31s| 15| 37u5| 4415|5105 | seus) ¢susl gans
Li (7) 30
B (1) 60 i l L / / / / | l
EL (19 150
Na (23) 180 2 i l { 1 / i / 2 l
Mg (24) 185 l / / = £ 2 L i = ==
Al (27) | 205 13 7 6l & A 49 82| 144
si_(30) 220 370| 250 250] 260 25s| 230 200] 220| /éo ﬁ
P (31) | 230
cl(35) 250
K _(39) 290 3 2 3 3 3 3 3 & D
Ca (k0) 295 { / ) 1 1 i 1 l y) /
Ti (48) 330 ! l 1 1 / Vi /o e l 1
cr (52) | 350 ! / 1 1 / 1 1 { l
Ni (58) 380
cu (63) 400
Zn (64) 403
Ga (69) 425
Mo (98) | 540 ! ! ! / l / | oY B
Ag (107)] 570
sn (118)] 610 ! l / / /i | ] l 1 /
Ba (138)] 670
Pb_(208)| 858
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UNIT #/03 AREA 2 SPECTRA_/02.-/03%
RASTER 7.5 X O sean. . SPOT.2240m BC_/ZNA SR (R/sEc) 4. 34
PLUS
ELEM  JstarT\ 79/5]
Li (7) 30
B (11) 60 J) /
F (19) | 150 |
Na (23 180 ! /
Mg (24) 185 - -
Al (27) 205 179, 99|
si (30) | 220 /90| 180l
P (31) | 230
cl (35) 250
K (39) 290 3 3
ca (40) | 295 { /
Ti (48) 330 L=
cr (52) 350 / yi
Ni (58) | 380
Cu (63) 400
Zn (64) 403
Ga (69) 425
Mo (98) 540 - -
Ag (107)| 570
sn (118)] 610 / 1
Ba (138)] 670
pPb (208) 858
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oLp S¢LoO
uNITH /o3 AREA T SPECTRA_ 77 - 87
RASTER_75 X 60 sems . SPOT 224770 BC_/ZWMWA SR (/sec)_/L. 34
PLUS :
o lsTarT Zo| 1400 | 2100] 2800l 3300] 42004900 | 5¢00] ¢300] 700
Li €7) 30 ¥ 'Y
B (1) 60 / l / 1 st l { l L
£ (9) 150
Na_(23) 180 l l Vi L /i 1 ! ! /
Mg (24) 185 1 1 -1 - - / / / l
Al (27) 205 2 { { ol { 2 { ! {
si (30) | 220 2200 2450 240l 78| [#0] 240 220 __3.%_&
P (31) 230 4
c! (35) 250
K (39) 290 { / 1 1 | o l / TARERE
ca (ko) 295 ! / l l l 1 1 1 l !
Ti_ (48) 330 y
cr (52) 350 L ! l i L / 1 Y1 b
Ni_ (58) 380 i
cu (63) 400 :
Zn_(64) 403 N
Ga (69) [ 425
Mo (98) 540 s ‘
Ag (107)f 570
sn (118) 610 L 1 ¥ VA = A [T . V| |
Ba (138)] 670 = = = / i " Vi L
Pb_(208)| 858
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UNIT #¥/03 AREA_Z SPECTRA_88 ~ 9o

RASTER 75 X460 e, . SPOT. 22 4oon, BC/ZNA srR (A/sec)__ /. 3¢
PLUS

ELEM _ IsTaRT™\| 7700 8400l 900

Li (7) 30

B (11) 60 gl -

F (19) 150

Na (23) 180 2 T Dty

Mg (24) 185 - - i

Al (27) | 205 3 3

si_(30) | 220 90| 250

P (31) 230 - /

¢l (35) 250

K _(39) 290 / -

ca (40) | 295 /|l - 1

Ti (48) 330

cr (52) 350 Pl =

Ni_ (58) 380

cu (63) | 400

Zn (64) 403

Ga (69) | 425

Mo (98) 540

Ag (107)| 570

sn (118)] 610 = -

Ba (138)] 670 / /

Pb_(208)| 858
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Area 1:
Area 2:
Area 3:
Area 4:
Area 5:

Area 6:

Area 7:

Area 8:

Area 9:

Area 1S:
Area 2S:
Area 3S:
Area 4s:
Area 5S:

Area 6S:

Op Amp #1, Unit #3

Mass Spectra Depth Profile

Mass Spectra Depth Profile

Mass Spectra Depth Profile

P Peak Count Profile (not included)
P Peak Count Profile

Ar Sputter for Glassivation Thickness -
Interface Analysis at Glassivation-

Aluminum Layers

Interface Analysis; Glassivation=-

Oxide Layers

Interface Analysis; Glassivation-

Oxide Layers

Interface Analysis; Glassivation=-
Oxide Layers

Oxide-Metal Stripped

Mass Spectrum for Dopants
Mass Spectrum for Dopants
Mass Spectrum for Dopants
Mass Spectrum for Dopants
Mass Spectrum for Dopants

Mass Spectrum for Dopants
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Op Amp #1, Unit #3
Oxide-Metal Stripped
(Continued)

Area 7S: Mass Spectrum for Dopants
Area 8S: B Concentration Data
Area 95: B Concentration Data
Area 10S: B Concentration Data

Area 11S: B Concentration Data
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R TR

P Amp ¥/ MCI4UL

UNIT #3 . AREA [/ . SPECTRA_ //-/3%
RASTER.SO X 40 comm . SPOT 26 savn. BC_/snA SR (B/SEC)_2.64 2
PLUS

ELEN  lovagt o

3

ti (7) 30
B (1) 60 1 /

E (19) 150
Na (23) | 180 9| 3

Mg (24) 185 ! 5

Al (27) 205 2 &7p| 5431
Si (30) 220 130] /80 8
p_(31) 230 4 32 J&:t

€l (35) 250

K_(39) 290 /39 /A 3p
Ca (40) 295 { /
Ti (48) 330 Vi 1 L
cr (52) 350 - -
Ni (58) 380
cu (63) 400
2n (64) | 403 -] -
Ga_(69) 425 1 l |
Mo (98) 540
Ag (107)] 570
sn (118)] 610 - -
Ba (138)] 670 1 1
pb_(208)] 88 | /
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LoeAmMp#) MmCI4T/L
| UNIT #3 . AREAZ . SPECTRA_/4-/¢
L RASTERSO X £0sezmy . SPOT/Zeamnv  BCRonwA SR (A/sEC) 355
PLUS
ELEM  lstamT ol 704
f Li (7) 30 - -
B (11) 60 l 7 )
F_(19) 150
Na (23) | 180 " S S *
Mg (24) | 185 l =
Al (27) 205 I 3/|595%
si (30) | 220 120 120 48]
P (31) | 230 33yl 3 58 BT
¢ (35) | 250 J
K (39) | 290 | A O ; —1‘\(
ca (40) | 295 I : !
Fri ws) | 330
cr (52) | 350 o {
Ni (58) | 380 |
cu (63) | 400 |
7n (64) | 403 |
Ga (69) 425 1 { %
Mo (98) 540
Agq (107)| 570 !
sn (118)] 610
ga (138)| 670
pb (208)] 858 j
3
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UNIT #3 . AREA S . SPECTRA /7-20

RASTER SO X 4O4cm . SPOT_/Zsum BC 2o AA srR (k/sEc) 3.55
PLUS
ELEM Jstant ol 6874323 égJ
Li (7) 30 5 | ] l
B (11) 60 1 1 l
F (19) 150 1
Na (23) | 180 9 P [ 1 :
Mg (254) 185 { S5
Al (27) | 205 8 5
si_(30) 220 /30| /40| (50| /5o
P _(31) 230 32 29| s il
cl (35) | 250
K _(39) 290 / i l
Ca (40) 295 / ] 1 1
Ti (48) 330
Cr (52) 350
Ni (58) | 380
cu (63) | 4oo




P T YR

—QP AmP # ! mCl74/L
UNIT # 3 AREA_G SPECTRA_239 - 242
RASTERBG X 59, om. . SPOT Meom BC_/ZNA sR (R/sec)_4.29
PLUS
ELEM _ Btaer 2| 884 _@4491
Li (7) 30
B (11) 60
F(19) | 150
Na (23) 180 3 4
Mg (24) 185
Al (27) 205 534| 34¢0| 3325 354
si (30) | 220 ) ol s
P (31) | 230 i 2l /8l 17
¢l (35) | 250
K (39) | 290 / Wi
ca (40) | 295
Ti (48) 330 - / L
cr (52) 350 E
Ni (58) 380 :
cu (63) | 400
Zn (64) 403
Ga (69) 425 4
Mo (98) 540
Ag (107)] 570
Sn (118)] 610 !
Ba (138)| 670 ]
pPb (208)] 858 :
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2P AmMP #/

Mme (7414

UNIT#3 AREA_7 SPECTRA 235- 238 k

RASTER_86 X SPOT /s  BCLZWA srR (R/sec)_/. /9
PLUS

ELER S Isvaer o| 857! sses| 2237

Li (7) 30

B (11) 60

F_(19) 150

Na (23) 180 Ji / - -

Mg (24) 185

Al (27) | 205 13l uzl zzs wl

si (30) 220 - A 3.4

P_{38) | 230 29| 33 38| 40

¢l (35) | 250

K (39) | 290 o TS e

ca (40) | 295 i .

Ti (48) 330

cr (52) | 350

Ni (58) 380

cu (63) | 4oo

Zn (64) 403

Ga (69) 425

Mo (98) [ s5k40

Ag (107)] 570

Sn (118)] 610

Ba (138)] 670

Pb (208)]| 858

159

ewaoasun e




J3IEWNN SSUU NOI AY¥UONOI3S

5
g
¢
3

=8

ot

>
1-8 ealy om m

€ HuN 1# dwy 00 TIRLIOW
l l |

(1) ¢4 002 o6t o8t oLt 09t ost ort
1141 (143 0zt oLt 001 06 08 oL 09 0s (114 0t 02 0l 0
| ) Y I | | 1 [ | I | | | | b ot
. ’ B s R ‘IIJE = 5 % [T L ]
b ] zn “? m (3] =
E 7-5 > N -
! 2y . TJuot
= N o~ = — %
o o -
- o =
3 filc & 3
E % 1< > o1
> !
b c 4
” m ® ® m '.O.Iv
ol
»
. L)
B
14
v
| ] | | ] | 1 ] ] | »]

b




L AMP # 1  MCIT4IE
UNIT_#3 . AREA 8 . SPECTRARZ43-24¢ : J
RASTER 86 X 59 surn. . SPOT /4 4cm. BC/Z WA SR (R/sec)_/. 79
PLUS
ELEM  Jorapt ol 859| 4578 2320
LI (7] 30
g (1) 60
F_(19) 150 Y | - - ‘
Na (23) | 180 / i { i :
Mg (24) 185
Al (27) | 205 fo7] 43| x3| 35
si (30) | 220 S6|  sd .
p (31) | 230 212 24 3
c! (35) 250
K _(39) 290 l 1 71|
4 Ca (40) 295
1 Ti (48) 330
cr (52) 350
Ni (58) | 380
cu (63) | oo '
Zn (64) 403 1
Ga (69) 425
Mo (98) 540
Ag (107)] 570
sn_(118)] 610
Ba (138)] 670
Pb_(208)| 858
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0P Amp #/! mMCI74lL
UNIT #3 AREA__9 SPECTRA_ 247- 250
RASTER 86 X59m . SPOT /4. m. BCLZ WA SR (R/sec)_4 /9
PLUS
i ELEM _[start o| gp2| 1562| 228
Li (7) 30
B (11) 60
3 F (19) | 150
Na (23) 180 / i / ]
Mg (24) 185
Al (27) | 205 92l 20
si_(30) 220 70 Zo 7
: P (31) | 230 i
: cl (35) 250
kK (39) | 290 / / Vi L
ca (40) | 295 L Vi yi L
Ti (48) 330
cr (52) 350
1 Ni_(58) 380
‘ cu (63) | 4oo
Zn (64) 403
Ga (69) 425
Mo (98) 540
Ag (102)| 570
sn (118)] 610
Ba (138)] 670
pb (208)| 858
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Op Amp #2, Unit #62

Area 1: Mass Spectra Depth Profile

Area 2: Mass Spectra Depth Profile

Area 3: Mass Spectra Depth Profile

Area L4: P Peak Count Profile
: Area 5: Ar Sputter Time Through Glassivation
: Area 6: False Start

Area 7: Interface Analysis, Glassivation-

Aluminum Layers

] Area 8: Interface Analysis, Glassivation-

Oxide Layers
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;
LPAMP #2 MmN
UNIT #62 . AREA/ . SPECTRA /-3
RASTER SO X 40 fom. . SPOT 26 sem. BC_loNA srR (A/sec)_R2.84 3 ]
PLUS
=LEH " lsrany o fpool.ste0
Li (7) 30 el U é
B (11) 60 )_d d
! F_(19) 150 L { /
Na (23) 180 471 249 /
Mg (24) 185 / l 1
Al (27) 205 90| 3490 2325
si _(30) 220 2(0| [To| 13ol
P (31) | 230
c1 (35) | 250
K (39) | 290 (33| il 43
ca (40) | 295 5 3
Ti_(48) 330 L Vi /
cr (52) 350 ! / {
A Ni (58) 380
: cu (63) | &oo
] 2n (64) | 403
Ga (69) 425
Mo (98) 540
Ag (107) 570
sn (118)| 610 :
Ba (138)] 670 y
pb (208)] 858 i &r ﬁ
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—OPLAMP #2 M4 H
UNIT#42 AREA 2 . SPECTRA 4 -/0
RASTER SO X 40 e . SPOT_/3cewm BC /2. /A SR (R/sec)_2./3 .

PLUS

ELEM . lsTarT 90
Li (7) 30 = - - - - -
B (11) 60 N - - —_ - —_
F (19) 150
Na (23) | 180 A4 a4 K 4
Mg (24) 185 - - - = - -
Al (27) | 205 il / 21 /¢ 2197
si (30) 220 J2ol el e /ﬂ /.pH oo 92
P (31) | 230
cl (35) | 250
K (39) | 290 1.{ v | . 544{( 7
ca (40) | 295 i | Rt - - | -
Ti_ (48) 330
cr (52) 350 1| - COR P | T
Ni (58) | 380
cu (63) L00
zn (64) | 403
Ga (69) 425
Mo (98) | 540
Ag (107)| 570
sn (118)] 610
ga (138)] 670
pb (208)] 858
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~OoP AmMP ¥ 2 _AMILIH
L UNIT #62 . AREAZ . SPECTRA_2/-27 : ;
9
RASTER_50 X 40 o7 . SPOT_/Zuwn BC_2BwNA4 SR (B/sec)_4.97
PLUS
ELEM © loragt 2 -
] Li (1) 30 /i ! / ! 1 ! !
; B (11) 60 | ! l 13 l /
E=(H9) 150
Na (23 180 o | NS, g AR ) MR | IO § RO
Mg (24 185 ) - - = s = =
Al (27) | 205 ol o M SR | AN, I
si (30) 220 240 | g0
P (31) | 230
Cl (35 250
K_(39) 290 é K3 7
Ca (ko) | 295 4 o / 7 Iy St
Ti (48 330
- Cr (52) | 350 "N - - = - | - -
Ni (58) 380
Cu (63) 400
Zn (64) 403
Ga (69) k25
Mo (98 540
Ag (107)] 570 4
Sn (118)] 610
Ba (138)| 679 = Y / - )
" Pb (208)] 858
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op AmpP #2 LM741 4

uNIT #62 AREA 7 . SPECTRA308-.3/8
RASTER 92 XK €8 sum, . SPOT M4 o, BC 4 VA SR (R/sec) .34
PLUS
S 313 o\ 907| /s594] 2205] 297l wessl 4350l soss|snze] pazs| 7u2]
Li (7) 30
8 (11) 60
F (19) | 150
Na (23) | 180 1 1 ] L 1 1 1 1 ' 1
Mg (24) | 185
Al (27) | 205 42 24l 43| 48l es| 9dl sod] sml 2 | 209)
si0) | 220 | 94l gl o aqu s 9o ool ool | g2
P_(31) | 230 AT e fr e U e E cwf E a
4 cl _(35) 250
K _(39) 290 / / 1 1 1 i l 1 !
ca (40) | 295 - - - - - - - - - -
Ti (48) 330
Cr (52) 350
} Ni (58) | 380
‘ cu (63) | uoo :
; Zn (64) | 403 | ]
Ga_(69) | 425 ]
Mo (98) 540 i
Ag (107)] 570
sn_(118)] 610
Ba (138)] 670
Pb (208)] 858 4
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opP AMpP #2 LMm74I K

UINITH G2 AREA 7 . SPECTRA 3/9- 324

RASTER_92 SPOT_/dsemn BC & A sR (R/sec)_.T+
PLUS

= fsmaer | 92/8] d90uls0595| 1284

Li (7) 30

B8 (11) 60

F (9) | 150

Na (23) | 180 1 1 1 1 1 1

Mg (24) 185

Al (27) | 205 212 80

si_(30) 220 Q0| 84 7 720 62l 44

P (31) | 230 - @ 3 &1 e i

cl (35) 250

K (39) | 290 [ 1 / / 1 L

ca (40) | 295 - - = -| - -

Ti (48) 330

cr (52) 350

Ni (58) | 380

cu (63) | 400

zn (64) | u03

ca (69) | 425

Mo (98) | 540

Ag (107)| 570

sn (118)| 610

Ba (138)] 670

Pb_(208)| 858
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§ oP AmP #2 LMZ4! H
i
‘ uNIT #62 AREA S . SPECTRAZ292Z -Jo2, _
3
RASTER 92X 6 8 SPOT /e BC_¢ ~A SR (R/sEc) .34 v
PLUS
o sTn o2t ssv| 2aasl 20ael szel s2rol soaal sesel sang] 207
& Li (7) 30
B (11) 60
F (19) | 150
Na_(23) 180 1 { ! / 1 / 1 1
Mg (24) | 185
! Al (27) 205 0 S%| 57 | 467
si (30) | 220 za% F2 80 _ﬂﬁ—& 7 76 _Z:l 7j
P _(31) [ 230 1 1 l l / / b i B =
¢l (35) | 250
] K (39) | 290 l / / 1 i i) / / /
Ca (40) 295 = = - = - o - - - -
Ti (48) | 330
cr (52) 350
Ni (58) | 380
cu (63) 400
zn (64) | 403
Ga (69) | 425
Mo (98) 540
Ag (107)} 570 l / l i 1 i ), l
sn (118)] 610
Ba (138)] 670 ;
pb (208)| 858 %
! i
" 80 !

RS SRS
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OP AmP # 2 LM78!H

uNIT ¥4 2 AREA 8 SPECTRA JO03 =307
RASTER_ 92 X 8 SPOT_/44um. BC_§ NA sR (R/sec) .34

PLUS
ELEM
START m | 92,721 9974-1/0613

Li (7) 30

B (11) 60

F (19) 150

Na (23) 180 l / 1 1 1
Mg (24) 185

Al (27) 205 4821 852 zgq 852 82|
si (30) 220 80|l 7|l 7¢ e 74
P (31) | 230 - - - - o

cl (35) 250

K (39) 290 / / l 1 yi
Ca (40) 295 - - - - -

Ti (48) 330

Cr (52) | 350

Ni (58) 380

cu (63) L00

zn (64) | 403

Ga (69) 425

Mo (98) 540

Ag_(107)] 570 / | i i Vi
sn (118)] 610

Ba (138)] 670

Pb (208)] 858
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C o

Area
Area
Area
Area

Area

Area

Area

Area
Area

Area

10:

Op Amp #3, Unit #13

Mass Spectra Depth Profile
Mass Spectra Depth Profile
Mass Spectra Depth Profile
P Peak Count Profile Over Aluminum

P Peak Count Profile Over Oxide
(not included)

Ar Sputter Time Through Glassivation

Interface Analysis, Glassivation-
Aluminum Layers

False Start
False Start

Interface Analysis, Glassivation-
Oxide Layers
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ST T

0P 00-02
UNIT #/3 AREA_/ SPECTRA 28 -3/
RASTER 5O X 40 SPOT /0w  BClOWA srR (R/sec)_ ). 78
PLUS
ELEM  JorapT 2] 2¢c0| 4460
Li (7) 30
B (11) 60 ! 1 1 1
E (19) 150
Na (23) 180 461 14 2
Mg (24) 185 9 / / 1
Al (27) 205 17 FJ K ¢ b
$i (30) 220 29 1300  100]  yte r
P_(31) 230 K] [l 2l 21
¢l (35) 250
K (39) 290 21 9 ¢ {
ca (40) | 295 9 L
Ti (48) 330 i 1 P (e
Cr (52) 350
Ni_ (58) 380
Cu (63) 400 1 / N -
Zn (6h) 403 i i Zle=
Ga (69) | 425 / J &
Mo (98) 540
Ag (107)| 570
sn (118)] 610
Ba (138)] 670
Pb (208)]| 858
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2600-0

UNIT # /3 . AREA 2 . SPECTRAI8-32
RASTER SO X 40 sy . SPOT_ /2 cm. BC_/Pwna SR (R/sEC)_3.20

PLUS
ELEM  |start ol 9oz (829
Li (7) 30 J / ! yi /
B (1) 60 i / L 1 1 l
F (19) 150
Na (23) | 180 5 ! {
Mg (24) | 185 / } ! 1 1 [
Al (27) 205 i 4 4 &_an 5&24
si_(30) | 220 &&__M\_lu#_ﬂ_o_m_.z&_ﬂe
P (31) 230 ! 200 271 241 25 295 23|
c! (35) | 250
K _(39) 290 Z 3 4
Ca (40) | 295 9 L 7 9 9 b
Ti (48) 330 / o= = e = s
Cr (52) 350 L 7 > = o =
Ni (58) | 380
cu (63) Loo
Zn (64) | 403
Ga (69) | W25 L l { 1 1 i 1
Mo (98) | 540
Ag (107)| 570
Sn (118 610
Ba (138)] 670 Y Vi 1 Wi { i
Pb (208)]| 858
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BT P WY T T T RS T

—2LAmPE3 _HRARGCO-02,

UNIT §E/3 AREA_3 . SPECTRAIZ- 46 -
RASTER SO X 40 savm, . SPOT_/Biezm. = BC_LANA sR (R/sec)_2. 20 .

PLUS
o START _m.an.ml&zw
Li (7) 30
8 (1) 60 5 K e 4o p A R
F (19) | 150
Na (23) 180 / / l 1
Mg (24) | 185 - =] =] - -~
al_(27) | 205 i 71 4
si (307 | 220 170 .
P (31) | 230 | %
cl (35) 250
Kk (39) | 290 e ot
Ca_(40) 295 )i i = = =
Ti (48) 330 - - - - - - -
Cr (52) 350
Ni (58) | 380
cu (63) | 4oo
n (64) 403
Ga_ (69) 425
Mo (98) 540
Ag (107)] 579
Sn (118)| 610
Ba (138)] 670
Pb (208)] 858
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UNIT #/3

RASTER £§ X69 e .

L AmpP #3 HAZéoC-c2

AREA_Z7

SPOT 24 .om)  BC_lOWA sr (E/sEC)

SPECTRAJIRS - 335

ELEM

PLUS
START

Li (7)

30

L 2ase 299/

_Ted)

| 4324

T

8

()

60

-

(19)

Na

(23)

Mg (24)

Al

(27)

Si

(30)

P (31)

c!

(35)

K

(39)

Ca

(40)

i (48)

(52)

i (58)

(63)

(64)

(69)

Mo

(98)

Ag

(107)

Sn

(118)

Ba (138)

Pb (208)




oP AMpP #3 HA2600-02

3 UNIT_# /3 . AREA_ /O . SPECTRAII 7 -.347
RASTER 72 X 49 . SPOT /9. BC S ~A srR (R/sec)_.So
PLUS
ELEM_fsTarr 2 ﬁ;dﬂéﬂ.ﬁé@& ) STl 4408 Zdod
1 Li (7) 30
B (1) 60 / / i i / i / l ) yi
F (19) 150
Na (23) 180 / l 1 1 / i 1 L / 1 i
Ma (24) 185 ! s g -1 =
Al (27) | 205 838 973 so47l 1315| 1382] 1457
si (30) | 220 44 44| 42| 40| 38| 3720 37| 36| 35 IS
P (31) 230 53 gbo| ¢1] ¢2| ¢2| 5B # ¢l 42
cl (35) 250
k_(39) 290 ! / / yi 1 1 / 7 e [ | e
Ca (40) 295 :
Ti (48) 330
Cr (52) 350
Ni_ (58) 380
cu (63) | 400
zn (64) | 403
Ga (69) L25
Mo (98) 540
Ag (107)] 570
sn (118)] 610
Ba (138)] 670
Pb (208)]| 858
190




e

[# ealy

€1# Hun ¢4 dwy do 20-0092VH

191




P R R T . T N R R I R I R R T N R T T N IR Ny, RS IPReEt- SR TIRy Sy Taesy W o T e s
o

01 easv

€1#)un ¢# dwy 00 20-0092VH

s i e men o o

192




S A

»
-

General Purpose Amplifier, Unit #64

Area |: Surface Mass Spectrum-line crater
Area 2: Mass Spectra Depth Profile

Area 3: False Start

Area 4: Mass Spectra Depth Profile

Area 5: Mass Spectra Depth Profile
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Set | General Purpose Amplifier Unit #6L4
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GENERAL PURPOSE AmMP 477-2539
UNIT W& 4 . AREA Z . SPECTRA_74-68
RASTER 70 X 5l ate2ne . SPOT/Z e .  BC_/2mA SR (L/sec) /. 09

PLUS

S lsmasT 2l 200 | 1900] 2/00] 2600| 3300|432
Li (7) 30 V. R, | LA l / 1
B (11) 60
F_(19) | 150
Na (23) | 180 3 1 R Y| R 1
Mg (24) | 185 /
Al (27) 205 222 24| g9l usl 284 3 ¥7
si (30) | 220 2 47 s8] I3
P (31) 230 k74 25 21 30 21
€l (35} 250
K (39) 290 3 1 1 l / o
ca (40) | 295 3 / l i 1 |
Ti (48) 330
cr (52) 350 l yi l l dloe= =
Ni (58) | 380
cu (63) | 400 b s pelbm el e
zn (64) | 403 N - | = - | = - | =
Ga_(69) | u25
Mo_(98) 540 I = - - | - — =
Ag (107)] 570
sn (118)] 610
Ba (138)| 670

Pb_(208)] 858

R R e A
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GENERAL PURPOSE AMP 417- 0539
UNIT#44 . AREA 4 . SPECTRAZ7/-274
RASTER 75 X 65 oo . SPOT AT 4 om BC_S WA srR (R/sec) .36
PLUS

ELEM  sTART o| 85| 13¢9| ang

L (7) 30

B (11) 60

F (19 | 150 '}
Na (23) 180 3 l l l

Mg (24) 185
Al (27) | 205 3990| 3990| 3690| 3990
si_(30) 220 /] 7 1l /]

B(3l) 230 zﬂ 28] 211 24

Ch {351 e 250

K _(39) 290 / / / /

ca (40) 295

Ti (48) 330

Gr (52) 350

Ni (58) | 380

cu (63) | o0

zn (64) | 403

Ga (69) | W25

Mo (98) | 540 i
Ag (107) 570

sn (118)] 610

Ba (138)] 670 |

pb (208)] 858 |
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PURPOSE 7-
UNIT_# 64 AREAS SPECTRA 275 - 285
RASTER 75 X 65 cecom. . SPOT /3ccom  BCENA sk (d/sec)_.36

PLUS

L lsTaRT | cael1a00, coes Ueo aeesi val  foro Lantl it 4012
Li (7) 30
B (11) 60 3 1
F_(19) 150 o gﬁ g5
Na (23) | 180 4 ST ! l I 1 Bt e ¥ (B
Mg (24) | 185
Al (27) | 205 | 5718| 3g0| 3809 3809 _Mm_ﬂ
si (30) | 220 2l . 4 la| 1 1 u u Gl ‘e
P (31) | 230 jzzs;sgozid/ / %
cl (35) 250
K (39) | 290 e e Frer ] e e | e ] e - | ~
ca (40) | 295 =l L l L el i ARk el M
Ti (48) | 330
cr (52) | 350
Ni (58) | "2
cu (63) | oo
Zn (64) 403
Ga (69) 425
Mo (98) 540
Ag (107)| 570
sn (118)] 610
Ba (138)| 670
Pb_(208)] 858
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GENERAL PYRPOSE _AmP 417-0539

UNIT# 4 . AREAS . SPECTRA 286 - 29/ 3

RASTER 73 X685 seone . SPOT /T ieivn BC N4 srR (R/sec)_.JFe
PLUS

 lsTarT | 6370|9140 965/ |s0835\ a1y

Li (7) 30

B (1) 60 1 / 1 / 1

F_(19) 150

Na (23) 180 - - - = - -

Mg (24) | 185

Al (27) | 205 7238| 7554| 7423| 83¢5| 8319| 81

si (30) 229 9 84| 88| 4| 82| 88

P_(31) 230 /131 1l Jo 8 8, 8

¢l (35) 250

KHE9) 290 = - - - - =

Ca (40) 295 = = = - - —

Ti (48) 330

Cr (52) 350

Ni (58) | 380

cu (63) | 400

zn (64) | 403

Ga (69) 425

Mo (98) | suo

Ag (107)| 570

sn (118)] 610

Ba (138)]| 670

Pb (208)| 858
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Area 1:
Area 2:
Area 3:
Area L:
Area 5:
Area 6:
Area 7:
Area 8:

Area 9:

Area 10:

Area 11:

Area 12:

Area 13:

ECL D Flip Flop, Unit #21

Surface Mass Spectrum
Mass Spectra Depth Profile
P Peak Count Depth Profile
Mass Spectra Depth Profile
False Start

False Start

False Start

False Start

Ar Sputter Time to Both Aluminum-
Oxide Interfaces

Interface Analysis, Glassivation-
Insulator Oxide Layers

Interface Analysis, Glassivation-
Insulator Oxide Layers

Interface Analysis, Glassivation-
Second Level Metal

False Start
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Set | ECL D Flip Flop Unit #21
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; E¢ © Flp FloP mMmelg7oL
UNIT # 21/ . Ap- 4 . SPECTRA_S5-49
RASTER_S0 X 40 sem. . SPOT J%uon. BC Qw4 SR (R/SEC)__ 2.0
PLUS
ELEN START 2l _Too | /400 20 | 2800!F500 | 4200
Li (7) 30 iz / 4 ey |
B8 (11) 60
F (19) 150
Na (23) 180 /o 5 3 o
Mg (24) 185
Al (27) 205 123 /031| 254]| 3233
si (30) 220 J 3, 28| 371 30 23| 2
P (31) | 230 s2l a7l 4 44| 45| 45| 48
¢l (35) | 250 :
i K (39) | 290 3 [ ! B l i
i ca (40) | 295 l l N -1 i 1
Ti_(48) [ 330
Cr (52) 350 l e / / 1
Ni_ (58) 380
cu (63) | oo
zn (64) | 403
ca (69) | 425
Mo (98) 540
Ag (107)] 570
sn (118)] 610
Ba (138)| 670
Pb_(208)] 858
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ECL O EuP FLop me le7oL

UNIT #2) AREA 4 SPECTRA 46 - 57

RASTER_JO SPOT Lo urmy  BC QWA srR (R/sec)_L éo ]
PLUS

ELEN  jerany ol 700 | 1400]2100| 2800] 3500! 4200] 4900 °

Li (7) 30 4 2 Vi { / Vi !

B (11) 60 X

E (19) 150 |

Na_(23) | 180 J% 5 jr 4 3

Mg (24) 185

Al (27) 205 4 / / 5 5

si (30) | 220 S| col 90| ¢l 5o 4z 8| s -

P31 | 230 # 290 3| 4 44 |

cl (35) | 250

K (39) 290 7 R / l yi L Vi

Ca (ko) 295 / l L [ / 1 1 L

Ti (48) 330

cr (52) 350 3 / i 1 1 1 i 1 l

Ni (58) 380

cu (63) | 400

Zn (64) 403 [} V1 - ~ - - - -

Ga (69) | 425

Mo (98) 540

Ag (107)| 570

Sn (118)] 610 / /- - - - - - -

Ba (138)] 670

Pb (208)]| 858
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UNIT #2/ AREA_/o SPECTRAZS/ - 254
RASTER_Z.3 X.5.3 seom. TSPOT. 26 by BC_44-NA sR (R/sec)_ /28
PLUS
ELER  lernny ol 90| 45 9
Li (7) 30
8 (11) 60
F (19) | 150 g - ok -
Na (23) 180 4 / 1. 2
Mg (24) 185 / N - -
Al (27) | 205 23| so5)| 1222 /57¢
si (30) | 220 78 sl 39
P (31) | 230 45 51| 49 58
c1 (35) 250
K (39) | 290 i A ) ST
ca (40) | 295 4/ ) ! L
Ti_(48) | 330
cr (52) | 350
Ni (58) | 380
cu (63) | uoo
Zn_(64) 403
Ga (69) 425
Mo (98) 540
Ag (107)] 570
sn_(118)] 610
Ba (138)] 670
Pb (208)1 858
206
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ECL FLIP P
UNIT#2! . AREA_/I . SPECTRA 243 - 270 : ‘
RASTER 73 X 53 poam. . SPOT/bsame BC /fee SR (R/sEC) 7. 28 2 : j
PLUS
Sl 5 1. -y et Jete) o9l QoL dere 4207 2eon
Li (7) 30 1
B (11) 60 fl = i 5 =% i 1% o ]
F_(9) | 150 o=l st ) oa
Na (23) | 180 8 4 s 2 3
Mg_(24) 185 1 i ! ! ! / l /
Al (27) 205 497 880 939] (/31| 935| 1312] 1545 201
si (30) 220 Q00| l¢o| t50]| léo| (s0] [0 8l 7.
P (31) | 230 4 47| s #9] 1| 55
cl_(35) | 250 . \ .
Kk (39) | 290 ° [ Y T
Ca (40) 295 / Ji [ / l / / /
Ti (48) | 330 A )i 1 ST ey MO
Cr (52) 350
Ni (58) | 380
Cu (63) | 400 i [ L i ! ¥ : o e ]
70 (64) | 403 ﬁ
Ga (69) | 425 3
- Mo (98) 540
Ag (107)| 570
sn (118)] 610 i &
Ba (138)| 670
J Pb (208)| 858
i ] : L) e
208
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cL LIP _FLOP
UNIT #21 AREA_/ 3 SPECTRA_2S55 -~ 258
RASTER_73 X 53 4eon. . SPOT/bsewm BC_/4NA SR (R/sEC)_/ 28
PLUS
SEEN - erant o| 878! s¢03| 23
Li (7) 30
B (11) 60
F (19) 150
Na (23) 180 3 2 -
Mg (24) | 185
Al (27) | 205 199¢| 3177 4837| Z¢l4
si (30) 220 28
P_(31) | 230 44| 45| 53 5
€1 (35) 250
K (39) 290 / { Wi
ca (40) | 295 / ] J
Ti (48) 330
Cr (52) 350
Ni (58) 380
cu (63) | 400
Zn (64) 403
Ga (69) 425
Mo (98) 540
Ag (107 570
Sn (118 610
Ba (138)] 670
Pb (208)] 858
209
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UNIT #2/ AREA /2 SPECTRA 259~ 262

RASTER_73 X 53 cerne . SPOT /s mar BC /4 n/A SR (f/sec)_/. 28
PLUS

ELER Ry ol 05| ss85| 22¢3]

Li (7) 30

B (11) 60

F (19) 150

Na {23) 180 ] / /

Mg (24) 185

Al (27) 205 2556 293 2995] 2723

si (30) 220 26 25 23 23

P (31) 230 3| ¢8| b

Cl (35) 250 .

K _(39) 290 / i / [

Ca (40) 295 N = - -

Ti (48) 330

Cr (52) 350

Ni (58) 380

cu (63) 400

Zn (64) L03

Ga (69) L25

Mo (98) 540

Ag (107)f 570

sn (118)] 610

Ba (138)] 670

e e N el A
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MC1670L ECL D Flip Flop Unit #21
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Hex Inverter, Unit #94

Area 1: Surface Mass Spectrum

Area 2: Surface Mass Spectrum
Area 3: Surface Mass Spectrum
Area 4: 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

Area 8: Pb Peak Count Depth Profile (not
included)

Area 9: Ar Sputter Time Through Glassivation

Area 10: Interface Analysis, Glassivation-
Oxide Layers

Area 11: Interface Analysis, Glassivation=-
Aluminum Layers
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i
,’ 404
UNIT #7¢ . AREA_/-2-3 . SPECTRA
RASTER GO X 48 sum, . SPOT/Zuin, BC_/3NA SR (R/sec)__/L go
ALEQ 1 AREA 2 AREAS
PLUS
EERM  leyany o| y1oo ol sr00 o| p100
Li (7) 30
B (1) 60 1 ! 2] / L !
F_(19) 150 L l / l o /
Na (23) 180 2 / 3 1 ] {
: Mg (24 185 / ? 2 )] / /
: Al (27) | 205 [20] /&7 3281
si (30) 220 So00| S50 260 4720]| 4
P_(31) 230 20 34 241 4 2 3
cl _(35) 250
K (39) 290 l / 2 1 l /
' ca (40) 295 2 { lo v 3
Ti (48) 330
cr (52) 350 L l l / 1 l
Ni (58) 380
Cu (63) 400 l 1 ! i 1
zn (64) | 403 / ! / / ! /
Ga (69) 425
Mo (98) 540
Ag (107)] 570
sn (118)] 610 / ! / l /4 l
Ba (138)] 670
Pb_(208)| 858 ] / / / 4 4
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HEX INVERTER __ SN5404T
UNIT_#9+4 . AREA 4 . SPECTRA_/24 - /34
RASTER_70 X 56 secon. . SPOT_/Z4ean. BCLINA srR (R/sec)_A/8 !
PLUS

L lstaRT o] _900| Jgoo| 2700 | 3u00| 4707 | saee| 7017| Brea] 924 Liotes
Li (7) 30
B (1) 60 / / 1 l l ! [ 1 i 1 i
F (19) 150 / 1 - - - —_- - - - - - 1
Na (23) 180 / i / ! / 1 1 [ l /
Mg (24) | 185 / 1 / / { { l 1 1 ! ¢
Al (27) 205 53| 5ol A B0l | (24] (85 343 46 570
si (30) 220 SB80| S¢o| &40 700l f20] B50| ¢S0| 7so| ool &80 éSo
P (31) 230
c1 (35) | 250
K (39) 290 / ] | Yl / ] | ! l / l

/ ca (40) | 295 I N e T / . B 1
Ti (48) | 330 l ! l / [ o= 1= esth [ 5y 1
cr (52) | 350 / T R (R | SR | i S | AR Wt
Ni (58) | 380
Cu (63) 400 / l = . 7 5 = i Vi
Zn (64) 403 i l 1 / / ] { { ! / l
Ga_(69) 425
Mo (98) 540
Ag (1o)| 570
Sn (118)| 610 U l l l 1 / ! [ / il /
Ba (138)] 670
Pb_(208)] 858 l / L L / i l / /i /
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HEX TINVERTER SNIT404T

UNIT # 94 AREA 5 SPECTRA_/3é6 - /43
RASTER_70X5¢ sem. . SPOT /740om. BC/3wA SR (b/sec)_/./8

PLUS
b 11,11 ol 1i2s| zaas| a2l 44ses6/9| 4704|7008
Li (7) 30
B (1) 60 L / 1 ! 1
F (19) 150 1 Vi 1 7 | e
Na (23) 180 L / / / / l 1 /
Mg (24) | 185 l / | 1 . / { l
Al (27) 205 1 4 3| 51 /5] 00|l 250 340
si (30) 220 480| 7ol &50| fooo| /206| lss| @Bso| 750
P (31) | 230
el =(35) | 250
K _(39) 290 1 l i / / l ! /
Ca (k40) 295 3 yi / { ] / l 1
Ti (48) 330 1 / Vi ] i / 1 !
cr (52) 350 | L { ol / / 1 {
Ni (58) | 380
cu (63) Loo ! [ / / i 74
Zn (64) | 403 l l : 1 [ l 0 -
Ga (69) | 425
Mo (98) 540
Ag (107)] 570
sn (118)] 610 L l ! /i i l |
Ba (138)] 670
Pb (208 858 / / / / / l l L
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HEX INVERTER SNS404T

UNIT # 94 AREA /O SPECTRA_687- é90

RASTER 70 X 55 seam . SPOT2/econ.  BC_/H/WA SR (A/sec) Loy
PLUS

SLEM | lernsy ol sast| (730 24;%

EX 2) 30

8 (I1) 60 N yi /

F (19) 150

Na (23) | 180 IR | MR,

Mg (24) 185

Al (27) | 205 43| 54| 72 97

si_(30) | 220 io| 84| 72| ¢

P (31) | 230 1 1 e

¢! (35) 250

K _(39) 290 1 l ! l

ca (40) | 295 / / / /

Ti _(48) | 330

cr (52) | 350

Ni (58) | 380

cu (63) | 4oo

Zn (64) 403

Ga (69) | 425

Mo (S8) 540

Ag (107)| 570

sn (118)]| 610

Ba (138)] 670

pb (208)| 858
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HEX INVERTER  Snseosy
UNIT_# 94 . AREA_/ . SPECTRA_482-68¢
RASTER 44 X28 coony . SPOTQ seory BC WA SR (A/sec)_ L 73
PLUS
FLER m ol 87| 1757 26p0| 3470
Li (7) 30 :
L322 Sl gl gl ol o b
F (19) | 150
Na (23) | 180 ! ! ! f |
Mg (24) | 185 l TR o S
Al (27) 205 3/9] 259 1221 8o léo
si_(30) | 220 2 Zol sl %
P (31) | 230 i 1 / /
cl _(35) 250
kK (39) | 290 ! l 1 /
ca_(40) 29¢ / s -
Ti_(48) | 330
cr (52) { 350
Ni_ (58) 380
Cu (63) | 400 N -1 - - -
Zn _(64) L03
Ga (69) L25
Mo (98) 540
Ag (107)] 570
sn (118)] 610
Ba (138)] 670
Pb (208)] 858
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MISSION
of
Rome Avr Development Center

RADC plans and conducts research, exploratory and advanced
development programs in command, control, and communications
(C’) activities, and in the areas of information sciences
and intelligence. The principal technical mission areas
are communications, electromagnetic guidance and control,
surveillance of ground and aerospace objects, intelligence
data collection and handling, information system technology,
donospheric propagation, solid state sciences, microwave
Physics and electronic reliability, maintainability and
compatibility.
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