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INTRODUCTION

This report describes a construction analysis of the Fujitsu MB81G8322-010, 8 Meg SGRAM.
One decapped device was received for the analysis. The date code was 9627.

MAJOR FINDINGS

Questionable Items:?

«  Meta 2 aluminum thinning up to 90 percent? at vias (Figure 10).

+ Metal 1 aluminum thinning up to 95 percent? at contacts (Figure 14).
Special Features:

* Sub-micron gate lengths (0.6 micron P-channel and 0.45 N-channel).

» Stacked capacitor DRAM cell design.

» Four layers of poly inthe cell array.

1These items present possible quality or reliability concerns. They should be discussed
with the manufacturer to determine their possible impact on the intended application.

2Seriousness depends on design margins.



TECHNOLOGY DESCRIPTION

Die Process and Design

Fabrication process. Selective oxidation CMOS process employing multiple wellsin
a P substrate (no epi was used).

» Final passivation: A thick layer of nitride over alayer of glass.

» Metdlization: Meta 2 consisted of aluminum with avery thin TiN cap and barrier
defined by adry-etch technique. Metal 1 consisted of aluminum with atitanium-
nitride barrier. Standard vias and contacts were employed.

 Interlevel didectric: Interlevel dielectric (between M2 and M1) consisted of two
layers of glass.

* Pre-metd didlectric: A singlelayer of reflow glass over adensified oxide.

» Polysilicon: Four layers of polysilicon were employed. Poly 4 (sheet) and poly 3
formed the plates of the capacitors. Polycide 2 (poly 2 and tungsten silicide) was
used to form the bit lines. These three layers are used exclusively in the cell array.
Poly 1 formed all gates and word lines on the die.

» Diffusions: Implanted N+ and P+ diffusions formed the sources/drains of
transistors. Diffusions were not silicided. Sidewall spacers were not present.

» Weélls. Multiplewellsin aP substrate. N-wellswere located under the P-channel
devices and under the cell array. A shallow P-well was located within the N-well
under the cell array. No step was noted in the local oxide at the edges of the well
boundaries.

» Fuses: All Poly 1 redundancy fuses had passivation and oxide cutouts over them.
Some laser blown fuses were present.



TECHNOLOGY DESCRIPTION (continued)

» Memory cdlls: Stacked capacitor DRAM design. Metal 1 formed the * piggyback”
word lines. Metal 2 was not used directly within the cells. Four layers of
polysilicon were employed. Poly 4 (sheet) was used to form the common plate of
the capacitors and was tied to memory enable. Poly 3 formed the individual plates of
the capacitors. Polycide 2 was used to form the bit lines. Poly 1 provided the word
lines/select gates.



ANALYSIS RESULTS

Die Process and Design: Figures 1 - 41b

Questionable Items:1

«  Meta 2 aluminum thinning up to 90 percent? at vias (Figure 10).

« Meta 1 aluminum thinning up to 95 percent? at contacts (Figure 14).
Special Features:
* Sub-micron gate lengths (0.6 micron P-channel and 0.45 N-channel).
» Stacked capacitor DRAM cell design.
* Four layers of poly inthe cell array.
General Items:

 Fabrication process. Selective oxidation CMOS process employing multiple wellsin
a P substrate (no epi was used). No problems were found in this process.

» Designimplementation: Dielayout was clean and efficient. Alignment was good at all levels.

» Surface defects: No toolmarks, masking defects, or contamination areas were found.

1These items present possible quality or reliability concerns. They should be discussed
with the manufacturer to determine their possible impact on the intended application.

2Seriousness depends on design margins.



ANALYSIS RESULTS (continued)

Final passivation: A thick layer of nitride over alayer of glass. Passivation integrity
tests indicated defect-free passivation. Edge sea was also good.

Metallization: Metal 2 consisted of aluminum with avery thin TiN cap and barrier
defined by adry-etch technique. Metal 1 consisted of aluminum with atitanium-
nitride barrier. Standard vias and contacts were employed.

Metal patterning: Both metal layers were defined by a dry-etch of good qudlity.

Metal defects: None. No notching of voiding of the metal layerswas found. No
silicon nodules were found following removal of the aluminum.

Metal step coverage: Meta 2 aluminum thinned up to 90 percent at vias. It was
reduced to 85 percent with the addition of the cap and barrier. Metal 1 auminum
thinned up to 95 percent at contacts. This thinning was reduced to 85 percent with the
addition of the barrier. MIL-STD-883D allows up to 70 percent metal thinning for
contacts of thissize.

Vias and contacts: Viaand contact cuts appeared to be defined by adry etch. No
over-etching or other contact problems were found.

Interlevel dielectric: Interlevel dielectric (between M2 and M 1) consisted of two
layers of glass. No problems were found with these layers.

Pre-metal dielectric: A single layer of reflow glass (BPSG) over adensified oxidein
peripheral circuit areas and in the memory array. No problems were found in these
layers.

Polysilicon: Four layers of polysilicon were employed. Poly 4 (sheet) and poly 3
were used to form the plates of the capacitors. Polycide 2 (poly 2 and tungsten



ANALYSIS RESULTS (continued)

silicide) was used to form the bit lines. These three layers were used exclusively in
the cell array. Poly 1 formed all gates and word lineson the die. Definition was
good at al layers and no problems were noted.

 Isolation: Local oxide (LOCOS). No problemswere present at the birdsbeaks or
elsewhere. No step was present in the local oxide at the well boundaries.

» Diffusions. Implanted N+ and P+ diffusions were used for sources and drains. No
sign of sidewall spacer use visible but they must have been used and removed. No
problems were found in any of these aress.

» Weéls. Multiplewellsin aP substrate. N-wellswere located under the P-channel
devices and under the cell array. A shalow P-well was located within the N-well
under the cell array. No step was noted in the local oxide at the edge of the well
boundaries. No problems were noted.

* Fuses: All Poly 1 redundancy fuses had passivation and oxide cutouts over them.
Some laser blown fuses were noted.

» Memory cells. Stacked capacitor over bit line DRAM design. Meta 1 formed the
“piggyback” word lines. Metal 2 was not used directly within the cells. Four layers
of polysilicon were employed. Poly 4 (sheet) was used to form the common plate of
the capacitors and was tied to memory enable. Poly 3 formed the individua plate of
the capacitors. Polycide 2 was used to form the bit lines. Poly 1 provided the word
lines/select gates. Definition was good and no problems were noted. Cell pitch was

1.3 x 2.2 microns (2.9 microns?).



PROCEDURE

The devices were subjected to the following analysis procedures:

Internal optical inspection
SEM inspection of passivation
Passivation integrity test
Delayer to metal 2 and inspect
Aluminum remova (metal 2)
Delayer to metal 1 and inspect

Delayer to poly/substrate and inspect poly and substrate
Die sectioning (90° for SEM)™
Measure horizontal dimensions

Measure vertical dimensions

Die material analysis

*Delineation of cross-sectionsis by silicon etch unless otherwise indicated.



OVERALL QUALITY EVALUATION: Overdl Rating: Normal

DETAIL OF EVALUATION

Die surface integrity:

Toolmarks (absence) G
Particles (absence) G
Contamination (absence) G
Process defects (absence) N
General workmanship N
Passivation integrity G
Meta definition N
Metal integrity NP*
Metal registration G
Contact coverage G
Contact registration G

*Metal 2 thinning of up to 90 percent and metal 1 thinning of up to 95 percent.
G = Good, P = Poor, N = Normal, NP = Normal/Poor

DIE MATERIAL ANALYSIS

Overlay passivation: A thick layer of nitride over a layer of glass.

Metallization 2: Aluminum with avery thin titanium-nitride (TiN)
cap and barrier.

Interlevel dielectric: Two layers of silicon-dioxide.

Metallization 1. Aluminum with atitanium-nitride (TiN) barrier.

Pre-metal dielectric: A single layer of reflow glass over adensified oxide.

Polcide: Tungsten-silicide.



HORIZONTAL DIMENSIONS

Diesze

Diearea:

Min pad size:

Min pad window:
Min pad space:
Min metal 2 width:
Min meta 2 space:
Min meta 2 pitch:
Minvia

Min metal 1 width:
Min metal 1 space:
Min meta 1 pitch:
Min contact:

Min poly 3 space:
Min poly 2 width:
Min poly 2 space:
Min poly 1 width - (cell):

Min poly 1 width - (periphery):

Min poly 1 space:

Min gate length™ - (N-channel):
- (P-channdl):

Cdl area:
Cdl sze:

*Physical gate length.

4.8 x 15 mm (190 x 595 mils)

73 mm2 (113,050 mils?)
0.11x 0.11 mm (4.5 x 4.5 mils)
0.1x 0.1 mm (4.1 x 4.1 mils)

0.03 mm (1.2 mils)

0.85 micron
1.0 micron
1.85 micron
0.8 micron
1.2 micron
0.5 micron
1.7 micron
0.65 micron
0.35 micron
0.35 micron
0.6 micron
0.35 micron
0.4 micron
0.55 micron

0.4 micron
0.6 micron

2.9 microns?
1.3 x 2.2 microns



VERTICAL DIMENSIONS

Diethickness: 0.5 mm (20 mils)
Layers
Passivation 2: 0.5 micron
Passivation 1: 0.15 micron
Metd 2 - auminum: 0.8 micron
Interlevel dielectric 1 - glass 2: 0.65 micron
- glass 1. 0.11 micron

Metd 1 - aluminum: 0.35 micron

- barrier: 0.15 micron
Reflow glass: 0.06-0.4 micron
Poly 4 (sheet): 0.05 micron (approximate)
Poly 3: 0.1 micron (approximate)
Poly 2 0.15 micron
Poly 1. 0.15 micron
Local oxide: 0.35 micron
N+ S/D diffusion: 0.2 micron
P+ S/D diffusion: 0.25 micron
N-well: 3.2 microns

P-wdll:

1.0 micron
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Fujitsu MB81G8322-010

Integrated Circuit Engineering Corporation
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Figure 1. Whole die photograph of the Fujitsu MB81G8322-010 8M SRAM. Mag. 13x.
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Figure 2. Optical views of the die markings from the surface.
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Figure 3. Optical views of the die corners on the Fujitsu MB81G8322-010. Mag. 200x.
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Figure 4. SEM section views of the edge seal.
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Figure 5. SEM section views of the bond pad structure.
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Figure 6. SEM section views of general construction. Silicon etch, Mag. 10,000x.
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Figure 7. SEM views of overlay passivation coverag€. 60
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Figure 8. SEM section views of metal 2 line profiles.
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Figure 9. Topological SEMviews of metal 2 patterning.°0
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Figure 10. SEM views of metal 2 coverage and via.
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Figure L. SEM section views of metal 1 line profiles.



Fujitsu MB81G8322-010 Integrated Circuit Engineering Corporation

METAL 1

Mag. 5200x

METAL 1

/ CONTACT

Mag. 10,000x

Figure 12. Topological SEMviews of metal 1 patterning.°0
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Figure 13. Perspective SEWEwWs of metal 1 coverage. %0
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Figure 14. SEM section views ot typical metal 1 contacts. Mag. 40,000x.
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Figure 15. Topological SEMviews of poly 1 patterning. °0
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Figure 16. Perspective SEWews of poly 1 coverage. 60
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Figure 17. SEM section views of typical transistors. Mag. 52,000x.
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Figure 18. SEM section view of a local oxide birdsbeak. Mag. 52,000x.

A i b -

NN

P-WELL
N-WELL

P SUBSTRATE

Figure 19. Optical view of the well structure. Mag. 800x.
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Figure 21. Topological SEM views of the DRAM cell arrayviag. 6500x. @
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Figure 22. Topological SEMviews of the DRAM cell array Mag. 6500x, @
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Figure 23. Perspective SEM views of the DRAM cell arriag. 13,000x. 60
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Figure 24. Perspective SEM views of the DRAM cell arriag. 13,000x, 60
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Figure 25. Detailed SEM views of the DRAM cell arrdylag. 20,000x.
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Figure 26. Detailed topological SEM views of the DRAM cell arrtdag. 20,000x, O.
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Figure 27. Detailed topological SEWEews and schematic of the DRAM cell.
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Figure 28. SEM section views of the DRAM cell array (parallel to bit line).
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Figure 29. SEM section views of the bit line contact.



Fujitsu MB81G8322-010

Integrated Circuit Engineering Corporation

PASSIVATION

METAL 2

POLY 3 POLY 4

INTERLEVEL DIELECTRIC \ /

POLY 4

CAPACITOR SHEET POLY 3

CAPACITOR

POLY 4 SHEET
POLY 3

CAPAC|T0R§

BIT LINE
.

Mag. 13,000x

Mag. 26,000x

Mag. 52,000x

Figure 30. SEM section views of the DRAM cell array (perpendicular to bitline).
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Figure 31. SEM section views of the DRAM cell array (perpendicular to bitline).
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Figure 32. Topological SEM views of typical fuses.”.0
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Figure 33. Perspective SEM views of typical fuses;. 60
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Figure 34. SEM section views of a typical fuse.
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Figure 35. Optical views of I/O structure and general circuitry
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Figure 36. Portion of whole die illustrating locations of optical photographs. Mag. 21x.
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Figure 37. Optical view of Circuit Block. Intact, Mag. 320x.
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Figure 37a. Optical view of Circuit Blogk. Metal 1, Mag. 320x.
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Figure 37b. Optical view of Circuit Blook. Unlayered, Mag. 320x.
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Figure 38. Optical view of Circuit Block B. Intact, Mag. 640x.
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Figure 38a. Optical view of Circuit Block B. Metal 1, Mag.
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Figure 38b. Optical view of Circuit Block B. Unlayered, Mag. 640x.




Fujitsu MB81G8322-010 Integrated Circuit Engineering Corporation

T p. T AT
ey

_ n.. } Ii . | H || '
{ ::: I [. " H| l “-..- II H“u i' IS ” l‘tl 'H ,!' H'H '”I |=|I H'”'
| P .I! 'I II Ilﬂ III [l! Ml g

'é t[ IJHali—I k

LY
:'| I‘{“flfl" l'l"' IH'} 1 |III'|II'|II'||M| I|||l llliltl||ll||.llﬂ F!l I'I

=55 | :';""‘_".::::: _._".-h.-_ 1. H=34 4 —.—-.—l-. 4
- e R r M Wi

Ak E]

oAl et h A e ———

I_;-__- m _|
tl\" 'HU W ;
|||| | }
Hluuulllunuuu-..i;:II- =

Figure 39. Optical view of Circuit Block C. Intact, Mag. 640x.
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Figure 39a. Optical view of Circuit Block C. Metal 1, Mag. 640x.
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Figure 39b. Optical view of Circuit Block C. Unlayered, Mag. 640x.
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Figure 40. Optical view of Circuit Block D. Intact, Mag. 800x.
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Figure 40a. Optical view of Circuit Block D. Metal 1, Mag. 800x.
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Figure 40b. Optical view of Circuit Block D. Unlayered, Mag. 800x.
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Figure 41a. Optical view of Circuit Block E. Metal 1, Mag. 1000x.



Fujitsu MB81G8322-010 Integrated Circuit Engineering Corporation

nlJ 1 10 A1

LA ....II 1l 1".Jth L.J'lll.]1

i -_|| T |||.m it ik rh hmu 5 hmurlll. || .lr'IIIHI ﬂ-rlm-w Ilullnnl I 5] JH' '1'rm- "HHH'I‘ 1r
*""J.

' M| [ ) CLERESRE . AL A
.n1~|| urm . s .mm..] .,1 |4 Mu el mm ﬂm m m.m.nlllw ‘Iﬁﬂu-m'l

e e TR TR T i T o

g ..-“_ _“-. ik . ]L__j|-i il l|-+r - ik +!iL\_ H_- --JL- 'JI.- JI--II.- Jlr-lL:JLﬂLﬂ-l.,l_llglll'"rl"'ll"ll"'lL'Jb"!-'EJL"!-“-" ,
TR T TITERE, vh ||.r| ‘.liu'- |||||JI|”-|--r- o W T E T T E TR
H i el “; i Y g " Baa ¥ -:.. Lyl ._||. It L L u'..-' -|". g * Ll Ll il " Ll
"._: "- '. N

i Ill' .Irl'l |-|I-I|".l‘.. -ll-l-llq"‘lill'I Wk I"i'llllﬁ.‘rlll:ljl "I '| ! ' |I ik lI B
&1, ---II 'Il-r lh ll! _'Il-ll-illr-lll-llll -Hlll' J[-- HFL- J!--ﬂl--l i“l**ir] l‘.,-F’Jl{.']r':l""l"|"”"|“‘HE“I'|_"."_1['.]FH|‘ oLl

T e e

T

||- '.I l

i 5 (n 1 ! .|i I1|I :I
i ﬂl\" . . 3 e LN b 1] |
-‘I1 r'.-"lf l‘l I'I1I'I|l-h'ilr'\.'l.l'1.lr=\,"r.|' LR

IR0 .

It .|.-I‘|||I { i
|"|h bi'lh E 1 ':Ilu'f|'."'r. 'l o

:. _II J.ll :-.:'u
T |1‘| |.

F. I

fif'

‘T..'.. :
. " w'{. . . A A

r_HI-EJ![I:I il |l Iulj’l Irinfi_F 11] pl' 11” ”"1

wuldvsl s s
] .l. VPR

L]

= "l-
T AT T ; ik .||..m||u U™ ,u-lm M vl s ult Ol s il - 1IIIH'|H' dRi: pru'm-"qm'l"l I'-"'-Ii 1Y
1TV i

s 1r||Tm' |,Te--h| e mqr i

e || )] :-II I-llll-ll l

e "'"*'F'HHM'HHH“FF'H“H---:_I_______” :

Figure 41b. Optical view of Circuit Block E. Unlayered, Mag. 1000x.
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