Foundry Servicesfor MEM S

MOSIS:

MCNC/MUMPS:

MCNC/LIGA:

MCNC/Deep RIE:

ADI/BIMOS2C

CMQOS + post processing
(pseudo-surface-micromaching - S O,/Poly/Al)
Surface micromachining

(3 poly and 1 metal)

LIGA micromachining

(nickel high aspect ratio device)

Deep RIE micromachining

(Si high aspect ratio etching)

Surface micromachining



Microfabrication by Foundry Service

* Fixed process (design rules)

» Use layout software for your mask design.

« Send your layout design to them.

e They do the process.
=> fabless fabrication!

* You pay the wafer areas used in your design.
=> cheap!

» Useful for prototype and small-volume product.

» However, 1t Is not flexible.



What isMOSI S?
MQOSIS = Metal-Oxide-Semiconductor I mplementation Service

MOSISisalow cost prototyping and small-volume production service
for VLS circuit development. Since 1981, MOSI S has fabricated
mor e than 40,000 integrated cir cuit designsfor commercial firms,
gover nment agencies and univer Sities.

and the reticle is then
is packaged into a stepped across a
photo mask with other set of masks.
projects of compatible
Your design technologies
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MOSI S Scalable CMOS (SCM OS)

Technical Code

Tech-code Laye rs

SCN N-well, Active, N-select, P-select, Poly, Contact, Metall, Via, Metal2, Glass (1 poly, 2 metal)
SCNE N-well, Active, N-select, P-select, Poly, Poly2, Contact, Metall, Via, Metal2, Glass (2 poly, 2 metal)
SCNA N-well, Active, N-select, P-select, Poly, Poly2, Contact, Pbase, Metall, Via, Metal2, Glass

SCNPC N-well, Active, N-select, P-select, Poly-cap, Poly, Contact, Metall, Via, Metal2, Glass
SCN3M N-well, Active, N-select, P-select, Poly, Contact, Metall, Via, Metal2, Via2, Metal3, Glass (1 poly, 3 metal)

N-well, Active, N-select, P-select, Poly, Poly2, Contact, Metall, Via, Metal2, Via2, Metal3, Glass (2 poly,

SCN3ME 3 metal)

N-well, Cap-well, Active, N-select, P-select, Poly, Silicide block, Contact, Metall, Via, Metal2, ViaZ2,
SCN3MLC Metal3, Glass

N-well, Active, N-select, P-select, Poly, Contact, Metall, Via, Metal2, Via2, Metal3, Via3, Metal4, Glass (1

SCN4M poly, 4 metal)

N-well, Active, N-select, P-select, Poly, Poly2, Contact, Metall, Via, Metal2, Via2, Metal3, Via3, Metal4,

SCN4AME Glass (2 poly, 4 metal)

SCN5M N-well, Active, N-select, P-select, Poly, Silicide block, Contact, Metall, Via, Metal2, Via2, Metal3, Via3,
Metal4, Cap_Top_Metal, Via4, Metal5, Glass (1 poly, 5 metal)

SCN6M N-well, Active, N-select, P-select, Poly, Silicide block, Contact, Metall, Via, Metal2, Via2, Metal3, Via3,
Metal4, Via4, Metal5, Cap_Top_Metal, Via5, Metal6, Glass (1 poly, 6 metal)



Table 1: SCMOS Well Types

Technology-Code Description

SCMN Scalable CMOS N-well
SCp Scalable CMOS P-well
SCE Scalable CMOS Either-well

Table 2: SCMOS Technology Options

Designation

Long Form

Description

Adds a second polysilicon layer {poly2 or electrode} that

E Electrode can serve either as the upper electrode of a poly
capacitor or (1.5 micron only) as a gate for transistors
Adds electrode {as in E option), plus layers for vertical
A Analog :
MPM transistor pbase
3 Triple Metal | Adds second via (via2) and third metal {metal3) layers
AM Quad Metal Adds 3M plus third via {via3) and fourth metal {metal4)
layers
5M Penta Adds 4M plus fourth via (via<4) and fifth metal {metala)
retal layers
Linear . .
LC Ee Adds a cap_well layer for linear capacitors
PC Poly Cap Adds poly_cap, a different layer for linear capacitors
_SUBM b M Uses revised layout _rules for better fit to sub-micron
processes {see section 2.4)
_DEEP Desp Uses revised layout rules for better fit to deep sub-

micron processes (see section 2.5)




MOSIS SCMOS Design Rules

Standard SCMOS

The standard CMOS technology accessed by MOSIS is a
single polysilicon, double metal CMOS process with
enhancement-mode Nn-MOSFET and p-MOSFET devices.

Tech-code Layers

N-well (CWN), Active(CAA), N-select (CSN), P-
SCN select (CSP), Poly (CPG), Contact (CCA or CCP),
Metall(CMF), Via (CVA), Metal2(CMS), Glass(COG)



Layersfor SCN Tech-Code

 MOS layers:
n-diffusion or p-diffusion
polysilicon 1
metal 1 or metal 2

* MOS layers are isolated from another by thick or thin (thinox) silicon
dioxide insulating layers.

» Mask layers needed for anMOS device in SCN processing

Mask #1 ( ):

Mask #2 (CPG): to define the poly gate.
CSN: to select the n-diffusion region within CAA, but not protected by CPG.
Mask #3 (CCA & CCP): to open the contacts of active and poly layers.
Mask #4 (CMF): to define 1% metal layer

Mask #5 (CVA): to open via

Mask #6 (CMS): to define 2 metal layer

Mask #7 (COG): to open window in overglass layer



SCMOS Layout Rules— Active (CAA)

Rule Description Lamhda
21 Minimum width 3
22 MMinimum spacing 3
23 Source/drain active to well edge [SUEM 6]
2.4 Substrate/well contact active to well edge 3
2.5 || Minimum spacing between active of different implant | 0 or 4




SCMOS Layout Rules— Poly (CPG)

Rule Description Lambhda
31 Minimum width 2
32 Minimum spacing 2
over field [SUBMM 3]
39 a Minimum spacing 2 [SUBM 3]
over active [DEEP 4]
33 |Minimum gate extension of active [DEEIP 25]
34 |Minimum active extension of poly 3
35 Minimum field poly to active 1

3.5

Poly

Poly

Active

[ 3.1

ES.Z
— 3.3

Active 3.4



SCMOS Layout Rules
—NSelect (CSN) or PSelect(CSP)

Rule Description Lambda
Minimum select spacing to channel of transistor
4.1 .. 3
to ensure adequate source/drain width
4.2 MMinimum select overlap of active 2
4.3 Minimum select overlap of contact 1
MMinimum select width and spacing
4.4 |(Note: P-select and N-select may be coincident, 2

hut must zef overlap) (not illustrated)

P+ Select®

*The same rules apply with N+_Select and P+_Select reversed .



SCMOS Layout Rules- Contact (CCP & CCA)

Rule Description Lamhda
5.1 Exact contact size 2x2
5.2 Iinimum poly overlap 135

2
53 Minimum contact spacing [SUBRM 3]
[DEEP 4]

54 | Minimum spacing to gate of transistor 2

Rule Description Lamhda
6.1 Exact contact size 2x2
6.2 Wlinimum active overlap 1.5

2
6.3 MMinimum contact spacing [SUBM 3]
[DEEPF 4]

5.4 |Ninimum spacing to gate of transistor 2

Active
3.4 5.2
— 53 ]
Gub@'@ +—
“—> Poly
5.1
I 6.2
> 6.3
+—
6.1 Active



SCMOSLayout Rules- Metall (CMF)

Rule Description Lambda
71 MMinimum width 3
72a MMinimum spacing 3
IMinimum tight metal spacing

T.2.h |{onky allowed between minimum width wires - 2
atherwise, use regular spacing rils)

73 Minimum overlap of any contact 1

Active




SCMOS Layout Rules- Vial (CVA)

Rule Description Lamhda
3.1 Exact size 2x2
3.2 MMinimum vial spacing 3
3.3 MMinimum overlap by metall 1
3.4 IMinimum spacing to contact 2
35 Minimum spacing to poly or active edge 5

(SCMOS only, not SUBM, DEEP)

Metall

Active



SCMOS Layout Rules- Metal2 (CMYS)

Rule Description Lamhda
9.1 Minimum width 3
92.a MMinimum spacing 4
MMinimum tight metal or SUBM spacing
9.2.h (andy allowed hetween minimum width wires - 3
atherwise, use regular spacing rils)
93 Minitnum overlap of vial 1

Metal2

F 3

0.2.a
9.2.b

Metal2

Metall

—F

9.1



SCMOS Layout Rules—Overglass (COG)

Rule Description MMicrons
10.1 MMinimum honding pad width 100 x 100
10.2 MMinimum probe pad width Tox 75
103 Pad metal overlap of glass opening &
104 MMinimum pad spacing to unrelated metal 30
10.5 |Minimum pad spacing to unrelated active, poly or poly2 15

. 101 102 |

F 3
k

10.4
Metal2*
Metall
10.5| Poty
Glass Electrude
10.3] Metal2* Active

* 'Pad" metal 15 illustrated as Metal2, but it's really whatever
toptmostmeta layveris avalable (depends on options).



Summary of Design Rules

ling(l ) space(l )
Active (CAA): 3 3
PDIF->NDIF 4
NDIF->Wéell 5
Poly 1 (CPG or CPF): 2 2
Poly 2 (CPS): 2 3
Contacts (CCA & CCP, CVA, COG): 2 2
Metal 1 (CMF): 3 3
Metal 2 (CMYS): 3 4

Overglass (COG) 100mMmx100nmm



SCMOS Layer Map

Layer GDS CIF CIF Synonym

N_WELL 42 CWN ELECTRODE_CONTACT 55 CCE
P_WELL 41 CWP

METAL1 49 cM1 CMF
CAP_WELL 59 cwc VIA 50 cvi CVA

43 CAA METAL2 51 cM2 cMS

PBASE 58 CBA

METAL3 62 cM3 cMT
POLY CAP1 28 cPC

VIA3 30 cv3 cvT
POLY 46 CPG
SILICIDE_BLOCK 29 csB METAL4 31 cM4 cMQ
N_PLUS_SELECT 45 CSN CAP_TOP_METAL 35 CT™
P_PLUS_SELECT a4 csP VIA4 . ova Vo
ELECTRODE 56 CEL

METALS5 33 cM5 cMP
HI_RES_IMPLANT | 34 CHR
CONTACT 25 cce CCG VIAS 36 CV5
POLY_CONTACT a7 ccp METAL6 37 cM6
ACTIVE_CONTACT | 48 ccA GLASS 52 COG

PADS 26 XP

Comments -- CX



MOSIS SCMOS-Compatible Mappings

Lambda :
Foundr Process Options
Y (pm) i
AMI ABN (1.5 micron N-well) 0.80 .
Metal
AMI C5N (0.5 micron N-well) 0.35 SCNIM, SCNIME, Tight
Metal
HP AMOS14TB (0.5 micron N-well) 0.35 SCN3M, SCNIMLC, Tight
Metal
0.35 micron 2P4M {4 Metal :
TSMC Polycided, 3.3 ¥/5 ¥) 0.25 SCH4ME, Tight Metal
TSMC 3.35\;:?5“:;';" 1P4M (4 Metal Silicided, 0.95 SCN4M, Tight Metal




SCNA

# File: MORBN20.xst

# For: Cross-section process definition file

# Vendor: MOSIS:Orbit Semiconductor

# Technology: 2.0U N-Well (Lambda = 1.0um, Technology = SCNA)
# Technology Setup File: mORBN20.tdb

# Copyright (c) 1991-93

# Tanner Research, Inc. All rights reserved

Rk Rk kR ko ko kR kR ko ko ko ko ko ko ko

#  L-Edit

# Step Layer Name Depth Label Comment

e e e

gd - 20 p- # 1. Substrate( 2.8)

id “Well X” 8 n #2.nWel( 29

id CCD&Act 1 - # 5 CCD Implant (Depletion mode only)
id "P Base" 4 - # 6. NPN Base Implant

gd - 2 - # 7.FieldOxide( 2.10b)

e Active 2 - #8

p- BZARHIG

yd

+ BHIE
P mrIE

i

28 EEEBZAE

nMOSFET fi;{& pMOSFET fi7{&

p- ELHE

2.9 MOSFET Z#E

mENEMY BB GsipN)

e

AN\ n-well

p" BEEA

1 ¥

p- &

(@) EETEE

FOX

s W 0,

(b) Bk FOX
210 FHEEBRBELCLYAER



gd - 1 - # 9.GaeOxide( 2.11b)

gd Poly 2 - #10.Polysilicon

e NotPoly 3 - #11.( 21lc

id ActPSelNotPoly 2 pt+ # 3.p-Implant( 2.12a)

id ActNSelNotPoly 2 n+ # 4.n-Implant( 2.12b)

gd - 1 - #12 2ndGateOxide( 2.12c)

% n-well ;

p-

(2) BEREMAYREADE

p- B
(b) FMmBALIRE
ELTITALL

(c) ZERWUITE R RRA

211 SRWELLMRRESRWREEMR

p-type

(b) B n* fEA
p+ pt
e e e S SR

n+

n+
p-type
(c) Bkt

2.12 3B/ REEFHIE




gd Poly2 2 - #13.2nd Polysilicon
e NotPoly2 3 - #14.

gd - 2 - #15.( 2133

e "P/IP2/Act Contact" 2-  #16.

gd Metall 2 - #17.Metal 1( 2.13b)
e "Not Metal1" 2 - #18

gd - 2 - #19

e Via 2 - #20.( 2149

gd Metal2 2 - #21. Metd 2

e “Not Metal2” 2 - #22.( 2.14b)
gd - 4 - #23. Overglass

e Overglass 4 - #24.

nMOSFET N n-well

pMOSFET

p-type

(a) CVD &4t

Metall

e I DI R

-------------- 7 el
nMOSFET

pMOSFET

p-type

(b) Metall JURE K A HY
2.13 Metall EE

Via LTO Oxide
¥ inggrsy, o

v,
NNNN & \\ mﬁ\‘&\ \\\k D Ay

\ n-well
nMOSFET PMOSFET

p-type

() LTO £k VIA ZEH

/ MetalZ\
S
AT
nMOSFET N n-well
pMOSFET
p-type

(b) Metal2 ZiF&

2.14 LTO R Metal2 7%



L ocal Oxidation (LOCOS)

WAL L LY

(a)

Surface
of

Surface of silicon nitride

(b)

Surface /* o\ rface of silicon nitride

Surface of
gilicon nitride

1
ATATLILILIAYR

(d)

Surface

e
Leieied :“3"5
i

2

TR
feddtretiicel

Figure 1-8: Selective 8i0, growth, using local oxidation.
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