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Processes and Reliability

e Generic design flow for
micro and nano systems

e Top-down behavioral design

e Synthesizing a schematic 3D-Model
representation and a 3d model
of the intended micro/nano
structure from a given set of
requirements defining

— the intended functionality
— all constraints from the
intended application Process
environment Flow
e Bottom-up fabrication-oriented
design

e Creating a process flow
matching the 3d model and
assuring

— manufacturability

— compliance with the intended
fab machinery

— optimum yield
e Top-down and bottom-up flows
are strongly interwoven

Requirements
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w Processes and Reliability

e Design flows and reliability

e In micro/nano system design all design stages are strongly
iInfluenced by process knowledge
e Reliable system design requires reliable process design!
e on all levels of abstraction
e in a continuously increasing level of process definition detail

e with acceptable additional effort (design time) for process flow
generation and verification

Process- .
abrication
anagemen
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Process Design Flow

e Reliable process management makes use of
e a comprehensive process knowledge base
e process optimization with multi-level verification capabilities _
e intelligent interfacing of process design and fab environment

Verification
' MES Interface

FAB (Runcard)

Knowledge e
e *
Generation o
> N ¢
Tracking
-
Simulation

==

Back Annotation
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w Stages of Process Flow Verification

e Consistency checking

o Re-/Design |«
e to ensure manufacturability and
feasibility ;
Con. Check
e Process simulation @ No
e to allows the assessment of device Yes
structures and functionality Simulation
No
e Experimental verification i
es !
e to validate process flows in |
. . Prototype !
production environment |
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w Stages of Process Verification

e LEVEL 1: Consistency Checking

e Requirements

e A knowledge-base of process steps, materials, process step
parameters, effects, etc.

e A process flow editor allowing the construction of process flows and
configuration of parameters from process related objects in the
knowledge base

e Verification step

e Checking compatibility rules associated with the process related
objects used to construct the process flow

e Verification result
e Assessment of the principle viability of the assembled process flow

Qualitative process flow viability assessment
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Stages of Process Verification

e LEVEL 1: Consistency Checking

v

o Re~

Process Sequence Editor
IMEC DEMONSTRATOR SIMULATION RUN1

® Consistency Check Results
Export Check Mask-Sets Simulation Results of the consistency check of IM

Promenade Process Sequence Editor

B IMEC DEMONSTRATOR SIMULATION RUNL {cutlong |
@ BAIC WAFER

P 8 Basic Clean ERROR: h and
& o et o Process-Step Dry etch poly-SiGe with stop on PECYD xide and PECYD nitride is in conflicc | | P
@5 Resist spinning-recipe 1 A wWith postcondition:
% gf;g_rak_emaskl LD Process Step Post-bake is required once immediately
@ Basic dewelop after Prare<s-Step Rasir develnp
g: E)?\s.ft;?cikaCVD nitride with stop on thermalfxi ERROR: R . R o i : .
PY Ve 9 Basic strip Prncess—Step Resist spinning-recipel is in conflict with precondition:
G 15nm Thanium Process Step Pre-hake Is required once immediately
before Process-Step QCTEST-mask3 (L#3)

@5 10nm Titanium Mitride
@5 600 nm Tungsten
BP0l LV L) | LN f
@5 1000nm PECYD Mitride
g sintar 450 30min

ARMING:
Process-5tep CMP of PECYD oxide with stop on PECYD nitride is in conflict with precondition:
Process Step DRY ETCH is required once immediately
before Process-Step sinter 450 1h

@5 Pre-hake
B OCTEST-mask? (L#2)

. V 8 Basic cewelop
e 85 Past-hake

@5 Diry etch PECYD nitride with stop

@5 Basic strip ARMING:
o ?.gg;g";fggf;gfgggfgm worfor: pélors nivie | PYOCESS-Step 1000nm PECVD Nitride is in conflict with precondition: flow
B sinier 50,00 Process Step DRY ETCH is required once immediately

Ll poke-SiCe
35 Resist spinning-recipel
5 OCTEST-mask3 (L#3

before Process-5Step Sinter 450 30min

Songnlon

9@ Diry etch poky-5iCe with stap an PECYD oxide ar

@5 Basic strip
B et etch HF:IPA

S Help Close

L L
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w Stages of Process Verification

e LEVEL 2: Process simulation

e Requirements

e A knowledge-base containing simulation models assigned to all
process-related entities, esp. process steps

e An interface to process step and device simulators
e A simulation setup and driver engine
e Verification step

e Performing complete process flow simulations by selecting appropriate
simulations models and setting up sequences of simulator calls

e Verification result
e Simulated 3d-visualization of the effects of executing the process flow

Quantitative process flow viability assessment
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Stages of Process Verification

e LEVEL 2: Process

Promenade F
File Export Check Mask-Sets |Simulation |

simulation

low Design and Simulation Files Edit

v ) _Define

)

T Options =) write file )

Properties.. | ATHENA

ﬁ Demonsirator process CAM _2 (C4 Simulate ask set)

@ 4inch si Wafer (110}

B 5i3N4 LPCVD external

Cr sputtering CAM

[ Lithograpby_AZ52 14 st
G AZ5214_1.4ur spin coating CAM
85 475214 pre exposure baking CAM
@@ AZ52 14 standard exposure (L#3)
B 275214 std development CAM
@5 D.I. Water Rinse
€4 Mitrogen Drying
e’@1\252 14 post exposure baking CAM

Process flow simulation
Zopy of Demonsirator process CAM _

Sequence | Documents
Name |Demonstrator process

Created on 2006-01-17 15
Edited on 2006-03-23 15:0)

Description [a-5i microswitch with 5|

Promenade Process flow simulation

@ Cr etching CAM
E Resist strip _ Aceton
% H standard Cleaning
€4 Acetone Cleaning
&g IPA Cleaning
€ DI, Water Rinse
@ Mitrogen Drying
7 B Uthography_ 752 14 stef reverse
G AZ5214_1.4ur spin coating CAM
B AZ5214 pre exposure baking CAM
@@ AZ52 14 standard exposure reverse (L#3
G 275214 std development CAM
€4 D.I. Water Rinse
&g Mitrogen Drying
B A75214 post expasure baking CAM
g HFOZ sputtering CAM
E Resist strip _ Microstripper
o Standard Cleaning
ESiOZ PECVD optimized CAM
L Lithography_ AZ52 14 std reverse
@y BHF Etch CAM
@ Resist strip _ Acetan
&g IPA Cleaning
@5 D1 Water Rinse
@ Mitrogen Drying
E a-Si (P doped) PECYD optimized CAM
o Lithography_ AZ52 14 std
%
@ Resist strip _ Aceton

a-5i layer SF& etch CAM
@ IPA Cleaning
B 0 o

Tool

o \/¢

V

Status

Result Files

Clever

#5tep no 59 "Freeze Release CAM"

TonyPlot3D

7| Layers

]
)
)
B

riate

#### FOOTER section
#

T E Y

G &

SAYE STRUCTURE="sawve.str"

CLEVER

s endd of deck from clever.str

TR

| Cancel Simulation |

[finished ]

CLEWER> SAYE STRUCTURE="save.str"
Save..
elapsed time: 4 user secands / 28 wall seconds, 291 points (30)

CLEYER>
CLEWER > ### end of deck

SR
CLEYER>

save. str

Help Close |

flow

MNone ITonyF‘IOtSD 3.2.0.R @ Silvaco 2006 A
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w Stages of Process Verification

e LEVEL 3: Experimental verification

e Requirements
e Access to real-fab data for process parameter values and distributions
e Fast concurrent simulation capabilities

e Verification Step

e Setting up an experimentation tree and performing process flow
simulations with varying process step settings

e Verification Result

e Process parameter settings that assure manufacturability with best
possible results

Real-life (fab-data-related) process flow viability assessment
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Stages of Process Verification

e LEVEL 3: Experimental verification

e Requiremer
e Access f(
e Fast con
e Verification

e Setting u
simulatio

e Verification

1d distributions

0ss flow

Promenade Flow Design and Simulation
File Export Check Mask-5ets Simulation Help

Split

: DOE of Demonstrator process Cam _2
y 7 B 4 5i Wafer (1107

Design 7 @5 5i2N4 LPCYD external

¢ @ |Cr sputtering CAm]

¢ 8 BHF Etch CAM

@5 Freeze RelPower(Wwatt) : 200

Check o @ BHF Etch CAMTimeSecond) @ 900
¢ ('3@ Cr sputtering CANTImMe-Depositionisecand) @ 400
? (-)@ EHF Etch CamFlow-Aristandard cubic cemtirmeter per minute)

15

@5 Freeze Release CAM

9 8 BHF Etch CamM

@5 Freeze Release CAM

RE ¢ G Cr sputtering CAM

Split Tr..

DOE Tr...

¢ G BHF Etch CAM

@5 Freeze Release CAM

o @ BHF Etch CaM
¢ 5 SizMg LPCYD external
9 € BHF Etch CAM
@5 Freeze Release CAM
¢ @ BHF Etch CaM
@5 Freeze Release CAM

St

Promenade Process Simulation DOE Tree

O]

st

19 CAM
baking CAM
Hposure (L#d)
elopment CAM
1se
Drying
14 post exposure bak|
etching CAM
y Resist strip _ Aceton
B Acetone Cleaning
% @8 IPA Cleaning
o B 0.1 warer
¢ §§ Mitroge|
v 9§ Az3
v %
?

-|[ Info | Status

Input Deck

Name Cr sputtering CAM
Status finizhed

TR

u.s

trin

I UGET LT

H this step is neglected in the simulation

#Step no 23 "AI5214 post exposure baking CaM"
# this step is neglected in the simulation

# Step no 24 "HIO2 sputtering CAM"
rate.depo machine =24 material="Hafnium_CQxide" cvd step cowv=0. dep rate=1|

ceposit machine=24 time=0.05 seconds divisions=7
trdeposit material="Hafnium_Oxide" thickness=0.05 divisions=7

H Step no 25 "Resist strip _ Microstripper”

| r

4]

Simulation

Output

THEN

ISTHEM A

WTHEMA> # Step no 32 "AZ5214 pre exposure baking CAaM" T
I&THEMA> # this step is neglected in the simulation

ATHER A~ # Sram na 22 "ATED 14 cranmard awmners ravarssh
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p Process Verification Environment

e Process design and tracking é‘ PROMENADE

Simulation
Environment

&5 PROMENADE

Design Tracking
Environment Environmen

Fab Assessment

Developed in EU-FP6-project IST-1-507965
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Process Verification Environment

e XperiDesk

e Complete round-trip
support for process =
management flow =

e Supporting experiment S
based development and

optimization of silicon ‘l‘ 4=

=)

ﬂ
LIE]
1

it

MNew recipe

thin film manufacturing Xp sk
sequences
e Process design and . .. = L. am
verification i -— g
e Interfacing simulation " e
and MES
e Complete document -
e
and intra—project Pu cture . he of Pr ,
. : Process Relations GmbH, Emil-Figge-Str. 76-80, D-44227 Dortmun
Comm_u_n_lcatlon WWWw.process-relations.com
Capab|I|t|es info@process-relations.com
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w Conclusions

e Reliable micro/nano systems require reliable fabrication
processes

e Reliable process design can be assisted by process
management and design tools covering
e High-level process verification by consistency checking of abstract
process flow models

e Medium-level process verification by extended process flow
simulations

e Low-level process verification by active experimentation
Tool support available: XperiDesk (PROMENADE)

Future research topics
e Integrating bottom-up (process design) and top down (behavioral) flows
and design frameworks
e Supporting concurrent, integrated design of mask layout and process
flow
e Providing tools for knowledge-based fab data exploration
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