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PREFACE

This evaluation has been performed in order to gain a first-hand
knowledge of and insight into this product's iInherent material structures and
its functions; to assess the relative quality ol materials, together with pattern
design; and to reveal possible flaws. Subsequently, this report should be useful
in the establishment of reliability criteria for this process technology, for
related device types, and for analysis of failed parts.

The work described in this report was performed by Steve Suszko, JPL
Parts Engineering, Section 514.
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SECTION 1
INTRODUCTION

1.1 DEVICE DESCRIPTION

The NSC 800 is an 8-bit CMOS microprocessor manufactured by National Semi-
conductor Corp., Santa Clara, California. The 8-bit microprocessor chip with
40-pad pin-terminals has eight address buffers (A8-Al5), eight data address —--
1/0 buffers (ADO—AD7), six interrupt controls and sixteen timing controls with
a chip clock generator and an 8-bit dynamic RAM refresh circuit. The 22 internal
registers have the capability of addressing 64K bytes of memory and 256 I/0

devices.

The chip is fabricated on N-type <100> silicon using self-aligned polysili-
con gates and local oxidation process technology. The chip interconnect consists
of four levels: 1) Aluminum; 2) Polysi 2; 3) Polysi 1; and 4) P+ and N+
diffusions. The four levels, except for contact interface, are isolated by
interlevel oxide. The chip is packaged in a 40-pin dual-in-line (DIP), side-

brazed, hermetically sealed, ceramic package with a metal 1lid.

The operating voltage for the device is 5 V. It is available in three

operating temperature ranges: O to +70°C, -40 to +85°C, and -55 to +125°C.

1.2 DOCUMENT USES

Two devices were submitted for product evaluation by F. Stott, MTS, JPL
Microprocessor Specialist. The devices were pencil-marked and photographed for

identification as shown in Figures 2-1 and 2-2.

For detalled information see Section 2, External Examination; Section 3,
Electrical Design Analysis; Section 4, Die Materials Evaluation; Section 5, Chip

Cross-Sectioning; and Appendix A, Manufacturer's Specification Data Sheets.
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SECTION 2
EXTERNAL EXAMINATION

2.1 EXTERNAL VISUAL INSPECTION

The two devices were examined per MIL-STD-883B, Method 2009.1, for integrity of
package seal, lead terminals and any evidence of damage. The package markings are

identified on metal lids and on the bottom as shown in Figures 2-1, 2-2, and 2-3.

2.2 PACKAGE DIMENSIONS

Package dimensions. (inch) (mm)
Length: 2.020 51.308
Width: 0.610 15.49
Thickness with 1lid: 0.150 3.81

Lead dimensions.

Length: 0.125 3.175
Width: 0.015 0.381
Thickness: 0.008 0.203
Lead spacing: 0.100 2.540

2.3 HERMETICITY TEST

The devices were placed in a helium pressure container with pressure set at
35 psi (He) for a duration of 18 hours. Thirty minutes after removal of the two
devices from the chamber, fine and gross leak tests were performed per MIL-STD-
883B, Method 1014.2. The gross leak test was performed in fluorcarbon (FC-43)
liquid at +125°C,

Results: No leaks were observed.

2.4 X-RAY RADIOGRAPHY

X-ray photographs of each package are shown in Figure 2-4 and 2-5. Top
views display each package lead frame of the ceramic sandwich with a rough out-
line of a package cavity with a chip, with no detectable signs of voids in the

die attach.
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Figure 2-1. 1.4X top view of two devices with
markings on metal lids.
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Figure 2-2. 1.4X bottom view of device with
markings.

TN

Figure 2-3. Side view of device with side
brazed package lead terminations.
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Figure 2-4. 1.4X magnified top and side
X-ray view of device No. 1
package lead frame and die
cavity.
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Fizure 2-5. 1.4X magnified top and side
X-ray view of device No. 2
package lead frame and die
cavity.
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2.5 INTERNAL EXAMINATION: DELIDDING

The two devices were delidded on a wet sanding disk by grinding off the
metal 1lid to the thickness which made it possible to peel the metal off with an

X-Acto knife.

Figure 2-6 displays an example of a delidded package cavity with an exposed
silicon chip, outline of a gold-eutectic die attach and wire bonds from die pads

to package lead frame.

Figure 2-7 is a 13X optical view of a chip metallization pattern,

2.6 OPTICAL AND SEM EXAMINATION AFTER DELIDDING
(Before protective passivation removal)

The exposed die cavity of each device was examined, both with an optical
microscope and with a Scanning Electron Microscope (SEM) in order to determine
quality of workmanship, assembly technique and cleanliness, per MIL-STD-883B,
Method 2010.3. The die passivation, wires to die pads and package lead frame

and die attach fillet were inspected.

Optical Figure 2-8 shows a magnified 29X view of a passivated microprocessor
chip with identified (ccw) pads 1, 20, and 40, and the complexity and symmetry of

certain circuit patterns.

Figure 2-9 shows only a metallization interconnect mask, roughly identifying
VSS and VoD bus distribution from pads 20 and 40. Optically, the chip passivation
has a fair amount of transparency for examination to view the underlying metal
interconnect, however, it does not help in identifying the cell pattern beneath

and the polysi-gates definition.

SEM Figure 2-10 shows a corner of a die with saw and break dicing method and

features of die attach, gold eutectic, fillet.

SEM Figure 2-11 shows typical thickness of SiO2 passivation around perimeter
of metal pad. SEM examination of wire bonds on die pads reveal wire bonding with

acceptable wedge-type compression.

SEM Figures 2-12, 2-13 and 2-14 show representative examples of typical wire

bonding on the die pads with identified perimeter of insulating SiOZ.
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DIE ATTACH MATERIAL

SLANTED LEAD FRAME
PAD IDENTIFYING
PIN NO. 1
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Figure 2~6. 4X optical view of delidded device
lead frame cavity with die attach
outline, and a die with wire bonds.
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Figure 2-7. 13X optical view of passivated chip
metallization interconnect pattern.
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PAD NO. 40
PAD NO. 1

Figure 2-8. 29X magnified optical view of NSC 800 passivated microprocessor chip
with patterns of logic cell blocks.

2-6



PAD NO. 40
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Figure 2-9. 29X optical view of NSC 800 microprocessor chip metallization mask only.

2-7



SAW AND BREAK
SEPARATION

GAP BENEATH THE

EQUATE
QBTE(L)JTlc DIE IN EUTECTIC
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5

Figure 2-10. SEM view of die corner showing
saw and break separation of
silicon chip and gold eutectic
fillet.

TYPICAL SiO9
THICKNESS COVER
1.2u

- v ALUMINUM
@ —su————— EXPOSED SEGMENT
’ OF PAD AREA

Figure 2-11. 10,000 magnified SEM view at
70° tilt of top Si0p passi-
vation thickness the chip.
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Figure 2-12. SEM view of aluminum die pad

with glassivation perimeter
and aluminum wire band.

AL PAD

WEDGE TYPE WIRE BOND

Si0, PASSIVATION PERIMETER

DIE PASSIVATION

ure 2-13. SEM side view of wire bond
showing acceptable com-
pression thickness.
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Figure 2-14. SEM view of a wire bond.
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DIE PAD EDGE



2.7 WIRE BOND PULL TEST

The wire bond pull test was performed per MIL-STD-883B, Method 2011.2
(prior to passivation removal). A strip chart recorder with a bond pull test
setup calibrated in grams was used for the wire break test. The breaking stress

for each bond is shown in Table I.

Table 1. Wire Bond Pull Test (in Grams)

Device Device Device’ Device
Pin No. SN-1 SN-2 Pin No. SN-1 SN-2
1 2.3 2.8 21 3.3 2.9
2 2.8 2.5 22 2.9 2.7
3 3.1 2.9 23 2.7 2.4
4 3. 3.1 24 3.4 3.1
5 2.7 2.5 25 3.2 2.9
6 2.2 2.6 26 3.7 3.2
7 2.6 2.9 27 3. 2.6
8 2.9 3. 28 2.8 3.
9 2.5 2.2 29 2.4 2.6
10 3.4 2.9 30 2.9 2.7
11 3.1 3. 31 3.2 3.
12 3.1 2.4 32 2.7 2.9
13 3. 2.7 33 2.3 2.5
14 2.6 2.2 34 2.8 2.9
15 2.9 3.1 35 2.9 3.6
16 2.7 2.9 36 3.1 3.4
17 3.1 3. 37 3.4 2.9
18 3. 2.8 38 3. 2.7
19 3.6 2.9 39 2.6 2.9
20 3.4 2.7 40 2.9 3.2

Note: Minimum acceptable breaking force for 1 mil aluminum wire is 2. grams.




2.8 SUMMARY AND CONCLUSIONS: PACKAGE ASSEMBLY AND BONDING INTEGRITY

The X-ray pattern of each package cavity with a die does not reveal any
voids beneath each die. However, a SEM view of one die corner shows a small gap
in die fillet (Figure 2-10). The wire bonding, both on the package lead frame
and on the die pads, appears clean, with acceptable centering on pads and the

thickness of compressed wire bonds.

The wire pull test of all wires in both packages appears to meet required

pull strength above 2 grams.
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SECTION 3
ELECTRICAL DESIGN ANALYSIS

3.1 INTRODUCTION

The overall pattern of an NSC 800 8-bit microprocessor chip with identified
functional blocks is shown in Figure 3-1. A corresponding floor map is shown in

Figure 3-2.

A functional block dlagram, Figure 3-3, identifies the timing and interrupt
control functions, chip internal data bus to arithmetic logic, instruction
decoders and register arrays, and the address buffer block (A8—A15) and data
address I/0 block (ADO—AD7).

The NSC 800 microprocessor (PZCMOS) utilizes a local oxidation process with
two-level polysi and a metal interconnect. The chip contains approximately 11000
active components on N-type silicon. (See Section IV, Materials Analysis.) A
complete description of the NSC 800 microprocessor pin-out functions and program

instructions is in the manufacturer electrical specifications, Section VII.

NOTE: Due to very minimal circuit design information received from the
manufacturer, only several circuit segments on the chip are shown
together with diagrams and captions, without the benefit of a com-

plete and detailed logic diagram.

3.2 DESIGN PATTERN AND FUNCTION

The first purpose of this design evaluation was to develop a simplified
method of approach for physical circuit pattern identification and subsequent

logic definition.

Several analyzed circuits are presented as an example to show the useful-

ness, if need arises, for evaluating the entire physical design of the NSC 800

PZCMOS (VLSI) micrbprocessor and for other NSC family of devices using PZCMOS

process technology. For a circuit analyst, the advantages of using such a

method in the evaluation of VLSI-type chips are:

a. Being able to identify, and define in detail, segments of complex
circuit patterns and translate them to functional logic regardless of

availability of circuit information from the manufacturer.
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b. When a selected circuit segment is defined, it is then possible to
understand its function and the interface with other circuits on the

chip.

c. In product qualification assurance for the VLSI chips, a working
method is a necessary tool used in evaluation steps. The subsequent
examples of reverse engineering methods used in (any) circuit design
evaluation are well suited to define and identify complex VLSI circuit

patterns.

Because the PZCMOS process has a four-level interconnect (e.g., metalliza-
tion, Poly 1, Poly 2, and pt and Nt diffusions) the design analysis follows a
sequence of steps with the exposure of separate materials pattern levels on down
to P+ and NT diffusions in silicon substrate for identification and validation of

transistor patterns, contact interface and interconnect.

3.3 DARKFIELD MICROPHOTOGRAPHY PROCESS

The photographic examples of identified circuit segments were developed
using darkfield microphotography and the photo results were processed from posi-
tive contacts. This method lends itself more precisely to identification and
definition of very small, VLSI-type, microcircuit patterns. Thus, the several
selected circuits in photo figures together with captions and diagrams present,
in part, the complexity of identified circuit patterns, and a method for a com-

plete circuit design analysis, together with materials level interface definition.

Specifically, using this approach helps when there 1s no available logic

design information from the manufacturer.

The seven circuit patterns selected on the chip are referenced in Figure
3-4. These circuits magnified and identified in detail, together with captions
and diagrams, are shown in Figures 3-5a through 3-13d as follows:

a. Circuit No. 1; POWER SAVE (PS) function pad 39 is a typical CMOS input
protection with a buffer and represents a pattern used in other 10
input functions on the chip. (Figures 3-5a thru 3-6c.)

b. Circuit No. 2; RESET OUT function pad 37 is a control buffer cir-
cuit pattern used in other 9 control functions on the chip.

(Figures 3-7a thru 3-7d.)
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Circuit No. 3; A1] address buffer, pad 4 is 1 of 8 address buffer
logic patterns of (Ag-Ajyg) eight address buffers. (Figures 3-8a
thru 3-8d.)

Circuit No. 4; AD3 Data 1/0 buffer pad 15 is 1 of 8 I1/0 buffer
patterns AD(-ADy. (Figures 3-9a thru 3-9d.)

Circuit No. 5; A register latch segment of 2 bistable latches of an
8-bit register. (Figures 3-10a thru 3-10e.)

Circuit No. 6; A register latch segment with read/write data enable
gates of an 8-bit register. (Figures 3-1la and b.)

Circuit No. 7; Very small segment of a programmable logic array

(PLA) with product buffers. (Figures 3-12a thru 3-124.)

3-3



*suoT3HunNy Y001q OIBoT

POTITIUSPT y11m dTyo I10ss2001doioTW 3ITq-8 H 008 JSN jo 2and13 Teorido °T-¢ 2InST4

NI
ADvE W/OI L3S

.ﬁ o

ole TO¥INOD_____
TOYINOD ANV ONIWIL = LN
ay M_>> JIv  OS H4S¥ IS VINI Ez_
3 0f & wN R ﬁ

BNUNURK]

nulrgua”

i
& B

ki

X 7 Yagvy av “av ay

—S¥344N4 mmmxoo.q\V_ _ﬂ S¥344N9 O/1 $S34AAY VIivd ——

3-4



OFEL

1NO
1353y

LIVM

Sd
20

+dTyo 1ossavoadoaoIw Qg OSN Jo dew 100Td -Z-¢

21Nn8T14

AZZS NT!
NOVe k 13534 Q¥ AM 7V OS H4S¥ 1S VLNI ¥iNI
oc| [se| [ve] [ec]ze] [ie oel [ez] [sz] [zz] [9z] sz
¥z
LS 313 NOILVY¥INID i
‘W/0l 13534 3TV “IM ‘QY A =
8¢ O
Zz
4 21901 =5
TO¥INOD o%
ov aNy —c
YIINNOD o=
S1901 =
31V1S Ja0>1a Yl m
NOILDNILSNI =z
J1IVWWVYIO O¥d NSYW =
of8 %
ZA
Z 0 61
TOY¥INOD
Ny
P 91901 NOILVYINIO
ss3daav
91907 T0YLNOD
= ¥3LNIWIEONI LERREL SOV4 8l
Z
S1901 L1
£ NOILY¥INID v
ss3¥yaay AVRY A:z:V
aNy ¥31S193y o/l
- SILNTNRON :._\< 901 DI LIWHLINY
91
s| 9] [z 8 s [[ot]1t] [zt et] [v1 Sl
T T T T :V,Aoz_-x Oqy Loy Cqv €qv

2184

g.15d

<
[
wn
o

|

=
ya

~N oo
Z
O]

av

av

av

av

3-5



(2)

8 BIT INTERNAL DATA BUS

NMI -
(24) o)
(23) ->1 Qovu
RSTI)! ©o FLAG (¢) A'(8) | F'(8)
(22 £0 FLIP-FLOPS ,
RSTA T 2~ H (8) | L' (8)
26 ] = 1 l D'(8) | E'(8)
INTA 4 B' (8) C' (8)
(25) - ARITHMETIC
INTR LOGIC UNITK |
0 (ALV) (8) A(8) F (8)
POWER !(—’20) Vee V H8) | L)
SUPPLY | e GND INSTRUCTION D®) | E@)
RESET REGISTER (g
SUT B(®) | c®
RESET 1X (16)
N ™ INSTRUCTION
(33) DECODER 1Y (16)
— &
Bé(si)l( - S MACHINE CYCLE Le | r®
s |3 ENCODING STACK POWER(16)
36 ™ {PROG COUNTER( 6)
TIMING
10/M g AND INCR/DECR  (16)
(34) CONTROL ADDRESS LATCH
51 LOGIC
(27) "8 o
% 0
S0 = = RD
(29) ] Z~ @ DATA/
5 O WA ADDRESS BUFFERS ADDRESS
B
(39 -~ (8 UFFERS(8)
ALE = RFSH (1-8) 12-19
% =2 - G ! oen
o z
WR vZ CLK A(8-15) AD(0-7)
@an S oo™ our ADDRESS ADDRESS/
‘ I )] BUS DATA BUS
XOUT XIN
(1) (m
Figure 3-3. NSC 800 3-bit microprocessor functional block diagram.

3-6



CKT NO. 1a

CKT NOS. 5, 6 X-IN INPUT
CKT NO. 4 8 BIT REGISTER WITH LARGE
AD3DATAIK) SEGMENT BUFFER

(1) /

CKT NO. 3
A11ADDRESS
BUFFER

1(4)

CKT NO. 1

PS INPUT
WITH
PROTECTION

(39)

CKT NO. 7
PLA
SEGMENT

CKT NO. 2
RESET OUT
CONTROL
(37) BUFFER

Figure 3-4. N3C 800 chip with selected and identified locations of
seven circuits for subsequent electrical design and
pattern validation presented in Figures 3-5 thru 3-13d.



Figures 3-5a thru 3-5e display type No. 1 circuit pattern (for 10 input

circuits on the chip) comprised of an input protection resistor, two diodes (Dj,

D7) and an inverting buffer used in the following chip input functions:

Note:

Pad
11
21

o
™~

A%
w

11

Function Pad Function
- X-IN 25 — INTR
- NMI 33— RESET IN
- RSTA 36 — WAIT
- RSTB 38 — PS
- RSTC 39 — BREQ

— X-IN input function differs froa other ten inputs, in that

it has a large inverting buffer pattern identified in Figures 3-6a thru

3-6¢c and in reference Figure 3-4.

Figure 3-5a.

INPUT

Typical input protection circuit with a buffer (1 of 11).

o

Figure 3-5b. Logic equivalent.
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INVERTER

(ouT)
Vgg BUS
INVERTER
WAIT
zglg)UT (POLYSI) INPUT RESISTOR

PS INPUT (PAD 39)

Vee Vee
Metallization interface of two input protection circuits [WAT1
(38) and PS (39)] with inverting buffers. (Two of 10 similar input

patterns).

Figure 3-5c.

POLYSI

INPUT INVERTING BUFFER

(POLYSI) INPUT PROTECTION RESISTOR

TWO INPUT PROTECTION DIODES D4, D,

Zxposed (polysi) resistors and gates with diffusion patterns of two
input protection circuits [WAIT (38) and PS (39)].

Figure 3-5d.
P-WELL WITH Nt DIFFUSIONS
CHANNEL PATTERN IN P* DIFFUSION
N SUBSTRATE

DIFFUSIONS OF Dy AND D, DIODES

P 2

+ +
Exposed P-well with N and P diffusions in silicon substrate of

Figure 3-5e. il
two input protection circuits [WAIT (38) and PS (39)]. (Two of ten

similar input patterns).
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Vgg BUS N-CHAMNEL CELL

{E Figure 3-6ba. Metallization interface
" of X-IN input with a
large inverter.

P-CHANNEL CELL

{POLYSI) RESISTOR

FROM INPUT TO INVERTER GATES

X—-IN PAD 11
Vee BUS

X-OUT

(POLYSI) GATE  ,DRAIN

N-CHANNEL Nt

Figure 6-3b. Exposed (polysi resistor
and gates with diffusion
patterns and contacts of
X-IN input.

(POLYSI) GATE P-CHANNEL CELL

P* DRAIN AREA

Pt SOURCE AREA

{POLYSIi) RESISTOR

Figure 3-6c. Exposed P-well with N+
diffusion in silicon
substrate of X-IN input.

SO, FOX AREA

DRAIN
SOURCE

P-CHANNEL CELL
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Figures 3-7a thru 3-7d display type No. 2 circuit patterns (for 10 control

~ circuit buffers on the chip). The RESET OUT control buffer is of pull-up/pull-

down configuration using N-MOS and NPN bipolar transistor in the output. This

circuit pattern is used by the chip in the following control functions with the

identified pads:

Pad Function Pad Function
26 — INTA 31 — WR
27 — s1 32 — RD
28 — RFSH 34 — 10/M
29 — S0 35 — BACK
30 — ALE 37 — RESET OUT
Vee
NOT IN PHOTO |
FIGURE |
~—— 05
RESET OUT
37 PAD
N Qy
Vss
Figure 3-7a. Circuit schematic of RESKE[ OUT control function with pull-up
bi-polar output and N-MOS transistor.
—



INPUT TO GATES

/ N-CHANNEL CELL, Q,

P-CHANNEL . Vec BUS
‘ . ) Ss
Qg :
P-CHANNEL N-CHANNEL CELL, Q,
Qg
RESET QUT, PAD 37
Vee Bus

Q, BIPOLAR CELL

Figure 3-7b. Metallization interface over RESET OUT control circuit (1 of 10
similar circuit patterns of other control circuits).

(POLYSI) POLYSI GATE, Q, Qg N-CHANNEL CELL
GATE
p* DRAIN N* DRAIN, Q, | N" soURCE TO P-WELL
Qg —uo 1.
N* SOURCE, Q, [ (POLYSI) GATES
Q4/Q, P* o ,
SOURCE ! —nN" DRAINS, Q,
COLLECTOR
P* DRAIN BASE
s EMITTER

Figure 3-7c¢. Exposed (polysi) gates and cell diffusion patterns of RESET OUT
control circuit (1 of 10 circuit patterns of other control
circuits).

ISO, FOX AREAS FOR POLYSI GATES TERMINATION

Q
DRAIN P* +
N* SOURCE TO P-WELL, Q,
Q
5 +
D2AIN Pt N* DRAIN, Q4

‘,— CHANNEL PATTERN
IN SILICON

N SILICON SUBSTRATE

+ +
Figure 3-7d. Exposed P-well with N and P diffusions and NPN bipolar cell of
RESET uwJ: control circuit (1 of 10 circuit patterns of other
control circuits).
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Figures 3-8a thru 3-8d, together with captions and circuit diagram, dis-
play type No. 3 circuit pattern (Ay; address buffer) for eight data address

buffers Ag-Ajs5, chip pads 1 through 8.

>
FROM »{>o—

ADDRESS PAD
BUS

>
- J
~ — N Y
ADDRESS LATCH TRI-STATE  TRI-STATE OUTPUT

CONTROL

Figure 3-8a. Circuit schematic of address buffer Ayt (1 of 8).



Veg BUS

P-CHANNEL CELLS, NOR-GATES

OUTPUT Q, AND Q¢
N-CHANNEL
CELL Q,
P-CHANNEL, Qq
NPN OUTPUT, Q,
P-CHANNEL
CELL OF
NOR-GATE Vee BUS

Figure 3-8b. Metallization interface of Ajj] address latch and buffer circuit
(1 of 8 circuit patterns).

N-CHANNEL PATTERNS WITH GATES
OF LATCH CIRCUIT SEGMENT

N-CHANNEL
OUTPUT Q4

P-CHANNEL PATTERNS WITH GATES
OF LATCH CIRCUIT SEGMENT

P AND N CHANNEL CELLS OF TWO ~
NOR-GATES, Q; AND Qg

P-CHANNEL, Qg

NPN OUTPUT. Q,

Figure 3-8c. Exposed polysi gates and cell diffusion patterns of Ajj address
latch and buffer circuit.

N-CHANNEL

P
OUTPUT Q4 [ == |SOLATION REGIONS WITHIN

DIFFUSIONS FOR GATES
TERMINATIONS

Q3

NPN OQUTPUT Q,

Figure 3-8d. Exposed two P-wells with N+ diffusions and two Pt diffusions
patterns of Ajy address buffer (1 of 8 circuit patterns).
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Figures 3-9a thru 3-9d, together with captions and circuit diagram, display
group No. 4 circuit pattern of AD5 Data I/O buffer (a pattern for 8 data I/O

buffers AD,-AD.,, chips pads 12 thru 19).

07>
— AD,
FROM (15)
DATA —
LATCHES h—{>’}——— OUTPUT
OF DATA | — ) PAD
BUS
— TRI-STATE
CONTROL INPUT
PROTECTION
TO INPUT
LATCH

Figure 3-9d. Logic/circuit schematic of tri-state Data I/O buffer output (1 of
8 patterns).



Vgg BUS

"
INPUT WITH
PROTECTION
N-CHANNEL
OuUTPUT
NPN OUTPUT
TRANSISTOR
Figure 3-9b. Metallization interface of ADy Data I/0 buffer (1 of 8 circuit
patterns).
BUFFER NOR-GATES Q4 AND 05
N ChANE #——— INPUT LATCH GATES
Q, PULL- =
DOWN s 3 :
QUTPUT~__ |- Qg
] __~NPNPULL-UP, O, ~
2
Figure 3-9c. Exposed polysi gates and diffusion patterns of AD3 Data I/0 buffer
(1 of 8 circuit patterns).
P-WELL WITH N* DIFFUSIONS
P-WELL
P* DIFFUSION
P-CHANNEL, Qq
Qy
NPN PULL-UP QUTPUT, 02
Figure 3-9d. Exposed PT and Nt diffusion patterns in silicon substrate of ADj3
Data I/0 Buffer (1 of 8 circuit patterns). —_
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Figures 3-10a thru 3-10e, and circuit diagrams, display a six-transistor
register latch pattern and a segment of 4 bistable latches of an 8-bit register.
This is a typical 6-T CMOS latch used in Random Access Memories (RAMs) and
registers. The register's data, data lines are the Polysi 2 interface to pass-

transistor outputs Nl and N3.

DATA
DATA TVCC (POLYSI 2)

ADDRESS ~ -
LINE (POLYSI 1}~

Figure 3-10a. Circuit schematic of 6-T bistable register latch.

- DATA
DATA (POLYSI 2}

A A

-»—lij—o -»——-LN_’-—-o
ADDRESS ~ T T
LINE (POLYSI 1) N ) >

Figure 3-10b. Logic equivalent.

3-17



Figure 3-10c. Metallization interface
segment of 8-bit, four
6-T register batches.

b

i )
"
g - 1 _10OF 4 (6-TRANSISTOR LATCH)
n N
= s
. POLYSI 1 ADDRESS LINE
. //Vcc BUS

; Vee BUS

- Vss
e
a8 ‘;‘ = v ~— POLYS! 2 (DATA, DATA) LINES

Figure 3-10d. Exposed two level polysi
interface and diffusions
of 8-bit, four 6-T regis-
ter latches.

‘—E :1 OF 4 (6-TRANSISTOR LATCH)
POLYS! 1 ADDRESS LINE
[~ N* DIFFUSION

™~ p* DIFFUSION

=== pOLYSI 2 (DATA, DATA) LINES

Figure 3-10e. Exposed P-well with N+ and
Pt diffusions of an 8-bit
4-register segment.

N* DIFFUSION

1 OF 4 (6-T DIFFUSION CELL PATTERN)

™~ P-WELL

~P* DIFFUSION




Figures 3-lla and 3-11b display a register latch segment with read/write

ADDRESS
LINE
POLYSI (2)

Figure 3-lla. Register latch 2-bit segment of 8-bit register with control

gates.
DATA DATA
’ — NEXT CELL
?Vee
¢DDRESS P }_ ._.| tp
+— T3 +—INT—
S Vee N N
READ >——
i = =
] WRITE WRITE
P P N Y Ter
{ |
}_ I 1 =
N N P
J 1 T
]
] ]'\—l
tREGBTERDATABUS
Figure 3-11b. Circuit schematic of a register latch with I/0 logic.
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Figures 3-12a thru 3-12d, and a circuit diagram, present a circuit of PLA
with branch product buffers. This is a very small segment of PLA showing

density of cells and gates pattern of reference area in Figure 3-4.

PRECHARGE >— {

BRANCH
PRODUCT
N N
DIFFUSION-MASK
FROM :1_ PROGRAMMED PLA
INSTRUCTION —y e
REGISTER SS -

Figure 3-12a. Circuit schematic segment of PLA.
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N-CHANNEL CELLS
PLA CIRCUIT SEGMENT

D
»
:
®
Ead
L

N AND P CHANNEL CELLS OF PLA
BRANCH PRODUCT BUFFERS

FROM I.R.
TOPLA
N-CHANNEL
GATES
VCC BUS
Figure 3-12b. Metallization interface of PLA circuit segment.
FROM !.R.
TOPLA N-CHANNEL PLA
(POLYSI) CIRCUIT SEGMENT
GATES

N-CHANNEL AND P-CHANNEL CELLS
> OF PLA BRANCH PRODUCT BUFFERS.
POLYSI GATES AND DIFFUSIONS

S L

fmy 2oy BWy
i
”

»”

seom F,

Figure 3-12c¢. Exposed (polysi) gates and diffusion pattern of PLA circuit segment.

bid R Bk e

At Ml i 0 bd Bt ;_J

N e e UeL
Nﬂf : 2O DIFFUSION-MASK PROGRAMMED

N-CHANNEL PLA CIRCUIT SEGMENT

N-CHANNEL AND P-CHANNEL CELL
DIFFUSIONS OF PLA BRANCH
PRODUCT BUFFERS

N-SUBSTRATE

Figure 3-12d. Exposed pattern of N-channel diffusion programmed PLA circuit
segment.
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3.4 SUMMARY AND CONCLUSIONS

Three different date-coded NSC 800 devices were examined to ascertain if
any comparative changes exist on each chip and its size related to the package date
code. In each instance, each date-coded package contained a chip with a different
code letter. Further examination of each chip has revealed changes in design and
in chip size and material.

The three package date-codes related to the chip mask-codes are as follows:

a. Device date-code 1980 has chip code NSC 800 F.
b. Device date-code 1982 has chip code NSC 800 G.
c. Device date-code 1983 has chip code NSC 801 A.

The segments of chip code masks are shown in photo-Figures 3-13a thru 3-13c.

The two chips, NSC 300 F and NSC 800 G, are of the same area but differ in
design pattern and use SiO2 protective passivation. The NSC 80lA uses a thick
nitride protective passivation.

The NSC 801A chip is 10 percent smaller in size; the polysi and diffusion
level geometry appears to be correspondingly scaled-down compared to the F and G
chips.

The maturity of the NSC 800 &-bit miecroprocessor is fairly recent, about
2-1/2 years. In that time the manufacturer has instituted changes in chip design,

size and materials process, most likely to improve the function of the chip.

Note: Of three date-coded lots inspected, only two devices with NSC 800 G type
chips were evaluated in depth on all materials levels. This information

is the purpose of this report.
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Figure 3-13a. A magnified segment of a chip with ID No. NSC 800-F of a 19€0
date-coded device.
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Figure 3-13b. A magnified segment of a chip with ID No. NSC 800-G of a 1982
date-coded device.
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Figure 3-13c. A magnified scogment of chip with LD No. NSC 801-A of a 1983 date-

coded device.






SECTION 4
NSC 800 — DIE MATERIALS EVALUATION

4.1 APPROACH

The materials analysis was performed in four steps, chemically removing each
layer of surface material on the chip (wet chemical etch), and to reveal subse-

quent levels of materials with minimal structure degradation.

At each step, the exposed level of chip materials was examined optically and
with a Scanning Electron Microscope (SEM). X-ray spectroscopy was also utilized
for materials identification and contaminants. The visual evidence as presented
in the optical and SEM photo figures (4-1 through 4-18c), together with detailed
captions and comparisons provided thereby, offers insight into the exposed

materials and design structures.

The four etching steps are correlated with figures in Table II.

Table II. Four-Step Wet Chemical Etch Materials
Removal on the Chip.

Step Description
1. Top S1i0, passivation removed; aluminum metallization exposed. (SEM

2
Figures 4--3 through 4-9a.)

2. Aluminum metallization removed; interlevel insulating 5102 exnosed
with contact apertures to polysi and silicon diffusions. (SEM Fig-

ure 4-1la.)

3. Interlevel insulating 8102 removed; exposed Polysi 2- and Polysi 1-
gates, field oxide (SiOz) and thin oxide. (SEM Figures 4-13a
through 4-16b.)

4. Polysi 2, Polysi l-gates, field oxide (Si0y) and thin oxide (SiOj)
removed; exposed silicon substrate, Pt and N+ diffusions, P-well
definition and isolation regions where grown field oxide was

present. (SEM Figures 4-18a through 18-c.)



The emphasis at each level of materials exposure and through the SEM figures
is to visually establish comparisons of these materials and in the replicating
patterns after these materials have been removed, as well as in the definition of
process anomalies and ultimately by a reliable assessment of chip materials

patterns.

Note: However carefully the multiple etching steps are performed in the
removal of chip materials, the effect of lateral etch cannot be avoided. It can,

however, be controlled, minimized and fully explained.

4.2 SEM EXAMINATION PRIOR TO PASSIVATION REMOVAL

The entire chip protective SiO2 passivation was examined. The surface
morphology of SiO2 is more granular over metal interconnect and roughly identifi-
able from other materials patterns. The two level polysi, Polysi 2 and Polysi 1

are barely defined beneath SiO2 passivation.

SEM Figure 4-1 at 500X displays a segment of a register four bistable latches

with typical passivation coverage.

SEM Figure 4-2 at 1000X magnification shows a pattern of one bistable latch
circuit with detailed definition of passivation features covering the metal and

two-level polysi. There were no signs of surface contaminants nor pinholes in

the two chips examined.

4.3 STEP 1: SEM EXAMINATION AFTER TOP PASSIVATION REMOVAL

The protective 5102 passivation was removed from the chip surface, to expose
intact metallization interconnect and leaving partially passivated the two-level

polysi and field oxide.

The metallization was subsequently examined optically and in the SEM for
metal step coverage over oxide and polysi steps. The contact interface of metal
to the two-level polysi and silicon diffusion was also inspected. SEM Figures 4-3
and 4-4 show typical input protection, two diodes and a polysi resistor with
exposed metal. SEM Figure 4-5 at 475X shows (AD) address buffer segment and

exposed aluminum pad with an interconnect.

SEM Figure 4-6 with four bistable latches of register array (each latch a



Figure 4-1.

Figure 4-2.

Ve METAL BUS

Vgg METAL BUS
(PASSIVATED)

_,i‘;

2aRUL 37

(With Si0p passivation.) 500X SEM view of
chip segment RAM register circuit cells.
Note: With the exception of metal inter-
connect, the gate polysi pattern cannot be
identified with S5i0, coverage.

Si0, FEATURES
_ — OVER POLYSI AND
i FIELD OXIDE

i Si0, FEATURES
OVER METAL

5200 28RUL3TT:

10004 SEM view of magnified one RAM register
cell with sharper definition of S5i0Op passi-

vation morphology over metal as compared to

areas over polysi and field oxide.
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Figure 4-3. (Top passivation removed.) 475X 5EM
view of two separate input protection
circuits, each comprised of two diodes
and an input resistor and exposed metal

interconnect.

AR CONTACT
FROM INPUT PAD

POLYS! INPUT RESISTOR

AND WIDTH
TWO
INPUT
DIODES TYPICAL METAL
LINE WIDTH
FIELD OXIDE

Figure 4-4. 950X SEM view of input protection
diodes (two) and a polysi resistor
(Ref. Figure 4-3 above). Note metal
contact interface, typical metal line
width and step coverage.
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20KV L3814

Figure 4-5. (Passivation removed.) 475X SEM view

Figure 4-6.

of chip segment with exposed aluminum
interconnect.

Vgg METAL BUS

POLYSI 2 DATA LINE
WITH METAL
BUTTING CONTACT

POLYSI 1 ADDRESS
LINE AND
GATE-POLYSI

(Passivation removed.) 950X SEM view at 55° e1lt

of four 6-transistor RAM cells in a register array.
Note metal interconnect, metal butting contacts to
polysi and diffusions and the two-level polysi.
(See Figures 4-1 and 4-2.)
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6-transistor cell), together with subsequent SEM magnifications (Figures 4-7
through 4-9a with descriptive captions in various positions), show typical
examples of metal line widths, step coverage, thickness and contact interface to
Polysi 2 and Polysi l-gate, and help to identify the field oxide isolation regions
and thin oxide in P+ and N+ diffusions. The metal patterns 1in these segments

represent the average quality of metal interconnect in the two devices examined.

4.3.1 Summary And Conclusions

The metal step coverage shows uniform thickness over oxide and polysi steps,
because of the grown oxide process depleting the silicon in isolation regions
which makes the overall insulated surface of the chip reasonably level compared
to deposited oxide which typically has higher steps around the active diffusions
with thin oxide pattern. The data line butting the metal contact to polysi in
Figure 4-9a (top-right) shows a partial void at the step to pass-transistor

diffusion. Most metal contacts on the chip were of acceptable interface.

The patterns of register latch circuits appear to contain highest overlay

of materials levels found on the chip.

4.4 STEP 2: SEM EXAMINATION AFTER REMOVAL OF ALUMINUM INTERCONNECT,

EXPOSING INTERLEVEL OXIDE, CONTACT APERTURES TO

POLYSI 2 AND POLYSI 1 (GATES) AND DIFFUSIONS

Magnified optical photo Figure 4-10 reveals the chip with exposed interlevel

oxide, contact apertures to Polysi 2 and Polysi 1 and diffusions. Certain sim-
ilarity of symmetry defines the blocks and similar circuit patterns on this level
of materials exposed. A circled area in that figure is displayed in a magnified
SEM Figure 4-1la. A similar latch circuit pattern, now with metal removed, is
shown in Figure 4-9a. The narrow path of residual interlevel oxide identifies
the paths where metal was present as well as the effect of wet chemical etching
showing this pattern, with an undercut in interlevel oxide compared with an
untouched surface of grown field oxide in silicon. The Polysi 2 data line, with
an exposed butting contact aperture in Polysi 2 and silicon, is fairly well out-
lined in thin residue of interlevel oxide. Other contacts in the diffusions show
perimeter outlines in thin oxide. Both data lines of Polysi 2 overlap the Polysi 1
gates P-channel and N-channel widths with Polysi 1 cross-terminations resting on

field oxide. The P-channel Polysi 1, gate length beneath Polysi 2 appears to be

b6



POLYS! 1
(AR)Vgg BUS

POLYSI 2
DATA LINES =12

METAL STEPS OVER
POLYSI 1

AQVgg BUS

H=Ean 20KU L3
Figure 4-7. (Passivation removed.) 1000X SEM side view at 60° tilt

and 90° turn cw (ref. Figure 4-6), showing exposed fea-
tures of metal step coverage over polysi and oxide steps.

POLYSI 2 DATA LINE

POLYSI 1 GATE
1 PASS-TRANSISTOR

POLYSI 1 _
GATE
1 (Af) CROSS-COUPLING
WITH CONTACTS TO 2
INVERTERS
ARVgg BUS

Mﬁi&mmmmm-wk

femay T-45 HSS00 20K L36e9

Figure 4-8. 1400X magnified SEM view of a 6-transistor cell pattern
two level polysi, metal step coverage and contacts.
— (Ref. Figure 4-7 above).
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FIELD OXIDE ISOLATION POLYSI 2 DATA LINE ,

METAL BUTTING CONTACT,
PASS TRANSISTOR OUTPUT

THIN OXIDE
N* DIFFUSION

IN P-WELL AN

POLYSI 1 N-CHANNEL GATE
% PASS-TRANSISTOR 1

POLYSI 1,
N-CHANNEL GATE
(INV 2)

POLYSI 1, N-CHANNEL
GATE (INV 1)

(A2) CROSS-COUPLING

— (INV 1 - 1INV 2)
THIN OXIDE
P* DIFFUSION
i POLYSI 1, P-CHANNEL GATE
P-CHANNEL
INV 1
GATE (INV 2)
METAL STEP OVER OXIDE
FIELD AND POLYSI 2 BIT LINE
OXIDE
S
POLYSI 2 DATA LINE
AlVgg BUS
SEELE LTy
Figure 4-%9a. (Passivation removed.) 200X SE! view of 6-transistor complementary Cl10S

RAM cell with definition of exposed metal step coverage, two-level

polysi (Polysi 1 and Polysi 2), field oxide and thin oxide and

P-channel and N-channel gate pattern. (Also see Figure 4-11).

T i Vee DATA LINE
POLYSI 2
Ve
ADDRESS LINE
POLYSH1
Figure 4-9b. Circuit diagram of CMOS 6-transistor RAM register
S

cell, see physical pattern above.
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TER RAM AREA OF THE MAGNIFIED SEM EXAMPLES THAT FOLLOW

- s r
‘x‘v‘.'iggt i
J Ly
ey

" -~

IR ¥, B om ( ] I - ! ﬂ ’

ety e

(3SR

29X magnified optical view of NSC 800 microchip after removal of top
passivation and metallization. Exposed pattern of interlevel oxide,
field oxide, contact apertures to polysi, (Polysi 1 and Polysi 2
pattern) and diffusion contacts in thin oxide are shown. (Ref.
Figure 2-8).
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ALL PATTERNS ARE AS FIELD OXIDE
IN RIGHT HALF SIDE ISOLATION
) — - EXPOSED BUTTING CONTACT

i TO POLYSI 2 AND N* DIFFUSION

POLYSI 2 DATA LINE

POLYS! 1 GATE, WORD LINE

N* DIFFUSION CONTACT AND
THIN OXIDE PERIMETER

POLYSI 1, N-CHANNEL GATE (INV 1)

POLYSI 1 CONTACT INV 2 INPUT

POLYSI 1 CONTACT INV 1 INPUT

POLYSI 1, P-CHANNEL GATE
(INV 1)

P* DIFFUSION CONTACT
AND THIN OXIDE

FIELD OXIDE ISOLATION
INTERLEVEL INSULATING

OXIDE PATH OF
REMOVED AfVgg BUS

S LT W

POLYSI 2 DATA LINE
A
WE O AED LTy
Figure 4-1la. (Metallization removed.) 2000X magnified SEM view of 6-transistor,
complementary CMOS RAM cell. Exposed interlevel insulating oxide
two-level polysi, contact apertures to Polysi 1 and Polysi 2, pt
and N diffusions with thin oxide and local isolation with field

oxide are shown. (See Figure 4-9.)

i Vee DATA LINE

DATA POLYSI 2

9

Circuit diagram of CMOS 6-transistor RAM register cell,
(See physical pattern above.)

ADDRESS LINE
POLYSI

Figure 4-11b.

4-10



almost twice as wide as the N-channel gate length. The perimeters of P+ and N+
diffusions with thin oxide are identified by borderlines of field oxide in isola-

tion regions.

4.4.1 Summary and Conclusions

This level of materials exposure provides important insight into the features
of the contacts interface in polysi and silicon diffusion and effect of preferen-
tial alloying due to sintering step of the metal interconnect. The residual paths
of interlevel oxide of the polysi steps, typically, will show the thickness of

separating insulation at metal crossover path.

The exposed definition of field oxide patterns surrounding the active

+ +
regions of P and N diffusions with thin oxide can be examined.

The silicon contacts do not exhibit pitting effects of sintering.

4.5 STEP 3: SEM EXAMINATION AFTER REMOVAL OF INTERLEVEL OXIDE AND PARTIALLY
FIELD OXIDE, EXPOSING POLYSI 2 AND POLYSI 1, AND DIFFUSIONS.

The removal of interlevel oxide exposes bare the two-levels of polysi,
Polysi 2 and Polysi 1. Magnified optical photo Figure 4-12 of the chip shows the
entire pattern density of the polysi interconnect and polysi-gates only. (These
two polysi levels can be compared with the metal mask in Figure 2-9 for inter-—

connect level density.)

Magnified SEM examples which follow in Figures 4-13b through 4-16c¢ display
the patterns of exposed two-level polysi of one bistable - latch circuit; refer-
enced to Figure 4-13a (a circuit which is also shown in previous step, Figure
4-1la, with interlevel oxide). These figures together with captions, in this
level of materials exposure, present detailed identification and definition of
an overlapping two-level polysi pattern, its intra-level SiO2 insulating separa-
tion and polysi-gate channel lengths and widths in P-channel and N-channel
transistors. Also, identified are polysi-gate terminations and Polysi 1 cross-
over patterns with sloping step coverage over field oxide birds beak termination;

a lateral perimeter of local oxidation in silicon regions.
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REGISTER RAM AREA OF THE MAGNIFIED SEM EXAMPLES THAT FOLLOW

e -

4-12. (Interlevel oxide removed and partially field oxide).
optical view of NSC 800 micro chip with exposed polysi interconnect
and gate pattern mask (Polysi 1 and Polysi 2) and contacts in sili-

con diffusions. (See Figures 2-8 and 4-10.)

R o

Figure 29X magnified
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REMOVED INTERLEVEL OXIDE AND PARTIALLY FIELD OXIDE (REF. FIGURE 4-11)

EXPOSED TWO-LEVEL POLYSI, POLYSI 1 AN

Nt ‘3

DIFFUSION

POLYSI 2
OVERLAPPING
POLYSI 1

POLYSI 2

FIELD
ISOLATION

Hn:alFigure 4-13a.

. Figure 4-13b.

HS8ae

Figure 4-13c.

D POLYSI 2, P* AND N* DIFFUSION PATTERNS

1000X SEM view of
b-transistor com-

plementary pattern.

REF AREA MAGNIFIED IN FIGURE 4-13b
POLYSI 1 GATE, P-CHANNEL
SOURCE/DRAIN PATTERN

REF AREA MAGNIFIED IN FIGURE 4-13c
POLYSI 1 GATE P-CHANNEL
SOURCE/DRAIN PATTERN

P* DIFFUSION (SOURCE, V)

4000X SEM view of
left side Polysi 1
gate P-channel
pattern with over-
lapping Polysi 2
bit line. (Ref.
Figure 4-12a.)

POLYS! 1 GATE, P-CHANNEL WIDTH

POLYS! 1 P-CHANNEL LENGTH
PATTERN

P* DIFFUSION, DRAIN SIDE
OXIDE ISOLATION AREA

== p* DIFFUSION’ SOURCE SIDE (V)

4000X SEM view of
right side Polysi 1
gate P-channel
pattern and Polysi
2. (Ref. Figure
4-13a.)

POLYSI 1 GATE, P-CHANNEL
LENGTH PATTERN

Pt DIFFUSION, DRAIN SIDE

—= p* DIFFUSION, SOURCE SIDE (V)



REMOVED INTERLEVEL OXIDE AND PARTIALLY FIELD OXIDE (Ref. Figure 4-11) EXPOSED TWO-LEVEL
POLYSI, POLYSI 1 AND POLYSI 2, Pt AND N* DIFFUSION PATTERNS

et < — TR 1000X SEM view of 6-

Figure 4-1l4a.
transistor cell at 90° cw
turn. (Ref. Figure 4-13.)

REF AREA MAGNIFIED IN FIGURE 4-14b
OF POLYSI 1 GATE N-CHANNEL WIDTH

REF AREA MAGNIFIED IN FIGURE 4-14c
OF POLYSI 1 GATE P-CHANNEL WIDTH

N* DIFFUSION PATTERN

P* DIFFUSION PATTERN
1k

Figure 4-14b. 4000X SEM view at 60° of
Polysi 1 gate N-channel
width.

o—— POLY 2 BIT LINE OVERLAP

AND STEP

\ SLOPING STEP OF POLYSI 1

GATE TERMINATION OVER
FIELD OXIDE BIRDS BEAK

ACTUAL N-CHANNEL WIDTH
DEFINED BY POLYSI 1 OUTLINE

Figure 4-l4c. 4000X SEM view at 60° of
Polysi 1 gate P-channel

\ width.

POLYSI 2 LEVEL OVER
POLYSI 1 AND THICKNESS

POLYSI 1 GATE, ACTUAL P-CHANNEL
WIDTH DEFINITION

POLYSI 1 SLOPING STEPS OVER

L~ FIELD OXIDE BIRDS BEAK,

AND GATE TERMINATION ON
LEFT SIDE

FIELD
OXIDE
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REMOVED INTERLEVEL OXIDE AND PARTIALLY FIELD OXIDE (Ref. Figure 4-11) EXPOSED TWO-LEVEL
POLYSI, POLYSI 1 AND POLYSI 2, P* AND N* DIFFUSION PATTERNS

REF AREA MAGNIFIED IN
FIGURE 4-15b BELOW

REF AREA MAGNIFIED IN

FIGURE 4-15c
FIELD
OXIDE
AREA N* DIFFUSION PATTERN (Vgg)

] &~ P" DIFFUSION PATTERN (VCC)
{5200 2OKY L 303

Figure 4-15a. 800X SE!M view of 6-transistor cell at 90° cw turn. (See Figure 4-13a.)

POLYSI 2, BIT LINE TYPICAL
THICKNESS AT POLYSI 1 AND
POLYSI 1 OXIDE STEP

GATE THICKNESS

POLYSI 1 GATE TERMINATION
OVER SLOPING STEP OF
FIELD OXIDE

N-CHANNEL
AREA
OXIDE BIRDS BEAK

Sy A ak R,

Figure 4-15b. 8000X SEM side view at 70° (Ref. Figure 4-15a.) of Polysi 1
gate termination over field oxide and Polysi 2 step.

POLYSI 2 STEP AND THICKNESS OVER
INSULATING OXIDE AND POLYSI 1

INTERLEVEL SiO, SEPARATING INSULATION

POLYSI 1 WIDTH AND CHANNEL-LENGTH
OF PASS TRANSISTOR

Figure 4-15c. 8000X magnified SEM side view at 70”, (Ref. Figure 4-15a.) of
Polysi 2 step and thickness with isolation over Polysi 1.
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REMOVED INTERLEVEL OXIDE AND PARTIALLY FIELD OXIDE (Ref. Figure 4-11) EXPOSED TWO-LEVEL
POLYSI, POLYSI 1 AND POLYSI 2, P* AND N* DIFFUSION PATTERNS

REF AREA MAGNIFIED IN FIGURE 4-16b BELOW,
IDENTIFYING NARROW OXIDE ISOLATION
SEPARATING THE TWO N* DIFFUSIONS AND
POLYS! 1 BRIDGING PATTERN AND GATES OF
TWO N-CHANNEL PASS-TRANSISTORS

& HSEBR 20KY LA7as

Figure 4-16a. 1000X SEM view of complementary b-transistor cell pattern
exposed Polysi 1 and Pelysi 2.

RESIDUAL FIELD OXIDE
WITH BIRDS BEAKS

OTHER EDGE OF
N-CHANNEL WIDTH —

SLOPING TROUGH OF
ISOLATION REGION
IN SILICON WITH
PARTIALLY REMOVED
FIELD OXIDE

FRP . . o . .
Vicure 4-16b.  8000X magnified SEM side view at 60 of Polysi 1 bridge with
sloping steps over narrow oxide isolation region separating
and defining two N diffusions.

416

EDGE OF N-CHANNEL WIDTH



4.5.1 Summary and Conclusions

Only at this level of materials exposure 1s it possible to examine and define
any anomalies in P+andlfkdiffusions, as well as the interface of two-level polysi
relative to photo mask steps and the materials definition. Also, by completely
removing interlevel oxide insulation, the effect of a wet chemical etch on the
exposed contacts in silicon interface would define more sharply the existence of
pitting features in these contacts if there are any (an effect of metal sintering

step). These contacts, however, appear clean and relatively smooth.

The insulating 8102 between the two polysi levels at the oxide and Polysi 1

step shows acceptable isolation in Figures 4-15b and 4-15c.

Examples of birds-be