FabX Case Study
Macro-Micro Schedule Architecture
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Possible schedule architecture options:

+ Macro-Micro; with tasks that are specific to sub-projects in their own schedules, then
these are linked to the master top-level schedule. Good solution, not that hard to
implement

- Use touchpoints to link from the sub-project schedules to the top-level schedule. Easy,
but lacks early warning. Also works top-down with top-level touch-points driving sub-
project tasks

- Integrate sub-project tasks directly into master top-level schedule. Easiest, but limits
multi-user use of the schedule
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Two different approaches...

- Integrated schedule using fastProject (macro/micro)
Single integrated master schedule with micro schedules rolling-up/down (i.e. sub-projects)
Changes at the macro level are automatically rolled-down to the micro schedules
Changes at the micro level are automatically rolled-up to the macro schedule
Enables project team transparency and improved communication around critical cross-team hand-offs
Macro and micro critical path analysis (top level across the project or at sub-project level)

Early warning, identified future resource conflicts, and increased visibility to all stakeholders
- Independent schedules using fastProject

Each PM/team drives independent schedules with their team

Manage interface points through alignment meetings with PM on regular basis

Changes to individual plans are manually entered at the project level

Not fully transparent, extra work for the PM to maintain both Plan
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An Integrated Schedule...
- Enables cross-team collaboration, transparency, and early warning of potential problems

- Promotes partnership management model

- ldentifies key hand-off interface points so we can manage them together, in advance of
problems

- Requires less PM time to maintain schedule database (due to automated rollup/down)

- Provides local PM control of schedule (micro) while giving our management team the
ability to manage the critical interface-points across the project (called a lateral-work-
system)

- Proven methodology and tools; developed to manage large scale complex fab programs
(over 20 years)
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Developed for large complex Fab projects

Ideal for multiple teams with many integrated schedules (i.e., interface touchpoints that
need to be managed)

Automatic information roll-up:
Micro projects are inputs to Macro project
No need to maintain multiple project schedules

Enables independent operation of sub-project schedules, while integrating sub-project (micro) schedules into a
summarized master schedule

Macro schedule provides top level critical path

Micro schedules are independently managed
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FabX Schedule Design

- A series of macro and micro schedules that interact with one another
- Macro schedule provides the top level critical path and summary of module level detalil

- Many maintenance functions have been automated through “Importers and Exporters”
and tools that move detail information to the macro level and macro changes down to
the micro schedules

Implemented as special code in fastProject (add-on to Microsoft Project), specifically
designed for the FabX project
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FabX Tool Template & Drivers

Predecessors
Clean Room Ready
Warehouse ready

PO Dock date automatically calculated, based on following criteria:
Procurement Dock - Capacity limited to 3 tool move-ins per day
<+ + Only 1 tool per supplier on the same day
: + No tool move-ins over Chinese New Year

Does not affect the critical path
v
Hookup 0
Move-in
Predecessors > Hookup 1
S Hookup 2
s Supplier Qual
Chemicals B
Others a ua

Install & Qual 1l Setup UMR

Duration the tool will need to be stored in warehouse
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1064 4 DIFBFRP01

1065 \ 4 DIFBFRP01: Procurement

1066 J DIFBFRPO1: Negotiation

1067 V DIFBFRP01: Obtain Approval to Raise PR
1068 \ DIFBFRPO1: PR

1069 | DIFBFRPO1: PO

1070 DIFBFRP01: Lead Time

1071 =3 TARGET.DIFBFRPO1: Dock

1072 | Completed DIFBFRP01: Dock

1073 ‘ tasks 4 DIFBFRPO1: Install & Qual

1074 DIFBFRP01: Hookup 0

1075 DIFBFRPO1: Move-in

1076 DIFBFRP01: Hookup 1

1077 DIFBFRP01: Hookup 2

1078 DIFBFRP01: Supplier Qual

1079 DIFBFRPO1: Qual

1080 DIFBFRPO1: Setup Unit Module Recipe
1081 ‘ x| TARGET:DIFBFRPO1: Qualified
1082 | DIFBFRPO1: Qualified

1083 4 DIFBFRP01: Production Qual

1084 DIFBFRPO1: CMFG

1085 DIFBFRPO1: FMFG

1086 DIFBFRPO1: Ready for Production

Tool Template

DIFBFRPO1

DIFBFRPO1: Procurement

'
DIFBFRPO1: Neqotialtion

DIFBF:RPO!: Obtain Approval to Raise FR
DIFBFRPO1: PR
DIFBFRPO1: PO

Leveled Dock Date

DIFBFRPO1: Lead Time

-

~DIFBFRPO1: Dock
DIFBFRPO1: Install & Qual
melFBFRPOl: Hookup 0
DIFBFRPO1: Move-in

DIFBFRPO1: Hookup 1

Duration the tool will need

to be stored in warehouse
DIFBFRPO1: Hookup 2

DIFBFRPO1: Supplier Qual
E; DIFBFRPOT:  Qual
' 7/18/18
DIFBFRPO1: Qualified
¢ DIFBFRPO1: Production Qual
DIFBFRPO1: CMFG

DIFBFRPO1: FMFG
DIFBFRPO1: Ready for Production

Unit Module Recipe

Task details will be tracked in
the module’s micro-schedule
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Dock Loading

May 27, "18 Jun 3, "18
Name v F S S M T W T B S S M 77 W T
ETHBOXP01: Dock
ETHBPRS02: Dock
WATBETTO01 (WATBEETO1): s | WVATBETTO1 (WATBEETO1): Dock
WATBAPP01 (WATBEET01) WATBAPFO1 (WATBEETO1): Dock
WATBETT02 (WATBEET02): WATBETTOZ (WATBEETOZ): Dock

WATBAPPO02 (WATBEET02) o, \VATBAPPO2 (WATBEETO2): Dock
PVDBALDO1: Dock
PVDBALDO02: Dock
e AN No more than 3 tools
PVDBWPGO1: Dock moved in per day

PVDBTBMO01: Dock
CLNBFER02: Dock
CLNBBERO1: Dock
CLNBSRC02: Dock

CLNBFHR02: Dock
e | CLNBBERO1T: Dock
CLNBSHCO02: Dock

LTHBBRS02: Dock $02: Dod

METBSRT03: Dock METBSRT03: Dock

METBSRT04: Dock e, METBSRT04: Dock
METBSRTOS: Dock prom— METBSRTOS: Dock
YDDBDFUO02: Dock .Y DDEDFU02: Dock

YDDBDFUO3: Dock e, DDBDFUO3: Dock
YDDBMACO02: Dock | DDBMACO2: Dock

YDDBMACO03: Dock .| DDEMACO3: Dock

DIFBFQCO1: Dock Im DIFBFQCO1: Dock

DIFBFONO1: Dock .0 FBFONO1: Dock
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Macro-Micro Methodology

............. MaCrO........E
t il
Initial End-to-End Plan
) V (gap analysis 1)
#3 Reconcile & Baseline
f Bottom-up Subsystem Plans
: Information (gap a”f'ySiS 2
L 2

............. MICFO
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Process Flow vs Functional Flow

Procrsslangl Product Focused Schedule

- Product Qual

Reconciles Top-Down with Bottom-up

Macro

1. Estimates before we start

2. Actuals after we start

- - - - -
Micro (] [ ) (] (] () Module Focused Schedules
- - - - -
CMP/CLN LITHO METRO/YDD DIFF/IMP/PVD CVD
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Master (macro) schedule

- |Is cross-functional so the tasks flow as a lateral process, the way a project would flow
naturally

- Allows the management team to keep their eye on the big picture and look for strategic
pull-ins

- Owned by the PROGRAM management team
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Detailed (micro) schedules

- Are (typically) functional and managed as pat of a function

- Independently managed (created, tracked, reported on) without any direct interaction
with master schedule

- OWNED by the PROJECT team
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Together

- Top-down bottom-up reconciliation, detailed work is “reported” back to master where
micro changes can be seen

- See the cross-functional dependencies (between micro groups)

Drill down into detail without overloading master schedule with thousands of activities
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ETCH
Tool D
Tool E
Tool F

Macro-Micro Roll-up

[ summary . Macro
|

N
SUMIMIary s—— Micro 1

Roll-up

summary s
—

Ve 2
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Macro Schedule

. Macro schedule’s “micro” is Module Schedule’s “Macro"

Micro Module
Schedule



Automatic Information Roll-up

Macro Schedule

Hookup 0

Weekly updates input b
Program Manager &

Functional Leads Supplier Qual MaCrO

Dates are rolled-down Fab Qual
from Macro Schedule to Setup UMR
the Micro Module : - Dates from the
schedules .l Summary task or
. rolled-up back to the
Macro Schedule based

A

Micro Module Schedules : _Supplier Qual s on initial micro plans
E i c and then through
— weekly updates
— E
Weekly updates input b ZEEE] : M ICI’O
Module PM —
V o
—
I
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Macro
(Integrated Schedule)

Automatic Roll-up

Micro
(Litho Module Schedule)

May 2018 June 2018
0 Name v luratiolrw 26 29 2 5 | & | 14T 12205 23026 15291 A4 4 T |10 13 1618
1529 4 LTHBKTKO1 (LTHBKALO1): Install & Qual 55d
1530 LTHBKTKO1 (LTHBKALO1): Hookup 0 14d
1531 LTHBKTKO1 (LTHBKALO1): Move-in 10d
1532 LTHBKTKO1 (LTHBKALO1): Hookup 1 09 /281 Dates rolled up
1533 LTHBKTKO1 (LTHBKALO1): Hookup 2 0ad from detail
1534 LTHBKTKO1 (LTHBKALO1): Supplier Qual 30d : LTHBKTKO1 (LTHBKALO1): Supplier Qual
1535 LTHBKTKO1 (LTHBKALO1): Qual ocd A TiE 3: LTHBKTKOT (LTHBKALOT):  Qual
1536 TARGET.LTHBKTKO1 (LTHBKALO1): Qualified 0d/| W J&18
1537 LTHBKTKO1 (LTHBKALO1): Qualified ocd Si2801 3i LTHBKTKO1 (LTHBKALO1): Qualified
1538 4 LTHBKTKO01 (LTHBKALO1): Production Qual 120d
1539 LTHBKTKO1 (LTHBKALO1): CMFG 50d
1540 LTHBKTKO1 (LTHBKALO1): FMFG 704d Dependencies
1541 LTHBKTKO1 (LTHEKALO1): Ready for Production 0d rolled down
<] \ 3K
May 2018 June 2018
0‘ Name v}iuratimv 26 (@9 | 2 (S| 8 | 11|14 17| 20|23 (265129 | 1 4 -7 10|13 | 16 | 19
21 4 LTHBKTKO01 (LTHBKALO1) 152 d
22 4 LTHBKTKO01 (LTHBKALO1): Install & Qual 32d ¢
23 LTHBKTKO1 (LTHBKALO1): Hookup 1 0g /2018 LTHBKTKO1 {LTHBKALO1): Hookup 1
24 | LTHBKTKO1 (LTHBKALO1): Hookup 2 0d L LTHBKTKO1 (LTHBKALOY: Hookup 2
25 4 LTHBKTKO1 (LTHBKALO1): Supplier Qual 30d 4 LTHEKTKO1 (LTHBKALO1): Supplier Qual
26 Power On + CDA / Vaccum test 1d er On + CDA / Vaccum test
27 Unit Module Recipes ( Production and Setup ) (Can be anywhere) 2d 5 Unit Module Recipes ( Production and Setup ) (Can be anywhere)
23 Position Teaching (Foup (TRK/ AMHS) / Arms / Units) 4d Position Teaching (Foup (TRK / AMHS) / Arms / Units)
29 Temperature Calibration (Multiple plate / Multiple temperature) 5d Temperature Calibration (Multiple plste / Multiple temperature)
30 Chemical Signal Test and Turn on: Solvent / Developer / DIW + Pumj 2d/ Chemical Signal Test and Turn on: Solvent / Developer / DIW + Pump/Filte
31 Basic Cup setup (Position _ Movement done during Tempature 1si 1d Basic Cup setup (Position _ done during T 1st day)
32 Intermediate Cup setup (flow tuning, volume msr / position finetu 3d 5 Intermediate Cup setup (flow tuning, volume msr / position finetun
33 General IDM Hookup HW (cap(can multitask @ calibration) to nozzh 2d Supplier Qual 5 General IDM Hookup HW (cap(can multitask @ cafibration) to
34 General Tool Cleaning 1d Detail General Tool Cleaning
35 Tests: WPC, DPC, Thickness 5d Tests: WPC, DPC, Thickness
36 Track and Scanner handshaking (only if scanner is ready) + BSS Te 1d Track and Scanner handshaking (only if scanne
37 |FE Track Ready for Scanner handshake 0d 5/29/16 @ Track Ready for Scanner handshake
38 LTHBKTKO1 (LTHBKALO1):«  Qual 0d 5i29/1§ LTHBKTKO1 (LTHBKALO1): GF Qual
39 |[E TARGET.LTHBKTKO1 (LTHBKALO1): Qualified 0o W Y2ns
40 LTHBKTKO1 (LTHBKALO1): Qualified 00 £/29/19 LTHBKTKO1 (LTHBKALO1): Qualified
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ar Nov 17 Dec 17 Jan 18 Feb'18 Mar 18 May 18 Jun 18 Jul'18 Aug 18 Sep
0O wame v Durationv Start » Finish » 15 2 20 S 12 19 26 3 10 17 24 3 7 4 20 28 4 11 18 25 4 11 18 25 1 152 2|8 DB DY W W W0 B 2B S 2 9B 2
ey 4 BRSBO101: Ship Tool 1574 10217 B i i
3794 4 BRSBO101: Refurbish Logistics 1574 10217
%S BRSBO101 Obtain export licenses 0¢ w0217
) — T — b g e e v
cre SOTIOr e ot Taats ¥ A from procurement through to qualification
9| BRSBO101 Refurbah ieadtme %04 127 4/ at a high (macro) level
3800 TARGET BRS80101. Refurbish FOB Date 0d y1818 A Abdd
3001 | BRSBO101 Refurbish FOB Date 0g 1318
3002 4 BRSBO101: Ship to Fab11 ©d 1108
3003 | BRSB0101: COC 14a 1one $
3004 | BRSBO101 Export custom clearance e 12118 : Difference between grey line and task
boaed| - m‘" Tranaporiafion oadime 3¢ ':227"" : represents a slip. The reason for ths slip can be
3806 101: CQ 3¢ 21ne pEy 2 i
ey SR - 53 s : found bt drilling down into the micro schedule
3808 | BRSB0101 Receed at Fab11 Warehouse 0d 18 {
3000 @) TARGET BRSBO101: Dock 0a wine b
3810 6@ BRSB0101: Dock 14 wmne ' "
| 4 BRSBO10Y: Install & Qual 1344 288 .
.2 9 BRSB0101: Hookup 0 284 wsns ' supp"ef Qual
» 9 SRR Sveh % ARVN sansjl Key dates are “rolled down” from the Fab11 Schedule macro task
B BRSBO101: Hookup 1 144 sas sane .
paits s s s sowne| | to the detailed (micro) module schedules, e.g.
8| BRSBO101: Suppher Qual s3¢ sans mwe | - Dock date (as shown here)
w7 BRSBO101: GF Qual s4d esvie  ssns ! - Utilities BRSBO11. OF Cunt
18 BRSBO101: Setup Unt Module Recpe 14 ene a2ns | 101 Setep Unt Module Recoe
priog St == = [} - Tool-to-tool dependencies
20| BRSB0101 Quaiitied 04 s218 a2 ! BRSB0101: Cuaities
 Micro testmpp
anr Nov 17 Dec 17 Jan 18 P ren 18 Jui1s Aug 18
O ame v Duationv Start v Finish v 15 22 20 S 12 19 26 3 10 17 24 31 7 14 21 28 4 1 8 2% 4 N 18 2% 1 1fe 18 2 2 s 12 19 28 2 9
| i 4 BRSBO10Y ] wea  ass sens | eRseon
2 @ BRSB0T0T Dock [T} wing wme)
2 1 BRSBO101: Hookup 0 wd e a2 |
z 9 e o ... E Task eventually needs to be broken down
oy BRSBO101: Hookup 1 1a se1s  save
™|y BRSBO101: Hookup 2 104 szn8  sawne |
x| 4 BRSBO101: Supplier Qual s3d  sams s |
% Turning on Power/xCDA 3d s2218 5248
n Positioning Carouse Pod/Reticle and purging line 3d 526118 samms. |
=1 I s e e e Fab11 macro task is broken into detail in the
» | Position teaching of Reticle Handler s &2 68 | module (micro) schedules Supplier
20 | Veritying of Manual Carnerport Functions 10d M8 e | Qual
n Verifying of ONT functionality 10a  ens s ! detail
2 Position teaching of Pod Handier 49 28 e2ens |
n | Cleaning up and Setup FFU and Airknife 64 eams e |
| Execute Tool Dry Cycle 8d A8 THONE
% | Setting up Host Communication (SEC SGEM) 3 s e |
% | BRSB0101 Ready for GF Qual 0a  mws  mwme |
w |9y 4 BRSB010Y: GF Qual s4d &8 ssas |
E Reticle cycing for Particie S0x 84 enwis  ezone |
3 Reticle cyching for Starlight inspection 20x 2d M s GF
“© Reticle cyching for obstructions 24 sens ssne |
o BRSBO101 Ready for usage 00 asvs  amne | Qual
@ BRSBO101: Setup Unit Module Recipe 14 18 o618 detail
o @ TARGET BRSB0101 Quoliied 00 ewe  eans |
“ BRSBO101: Qualited oo se1s  sers
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Utilities Matrix Importer (FUM)

Macro Schedule

Source FUM Spreadsheets

- All tools in FUM matrix Checks for

are in schedule inconsistencies
+ All GAC are in schedule
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Utilities Matrix Importer (FUM

<] 8] w
Tool
Tool Hookup b g 3|8 il Ele| g
Mﬂlﬁl -
| R i lte 'T; ? 2 ? 5|5
[ B E H B B E B B B

INSPECTOR TOOLS REFRESH ANALYZE RESOURCES PORTFOLIO UTILITIES INFO Task Resource

== B4~ FPuscheduleal

Qtr 2, 2018 Qtr 3, 2018
Apr May Jun Jul Aug Sep

NH4CH 23%

Dependency is automatically
made between the Chemical

4 CLNBFERO1 and the tool's Hookup 1

1252 | > CLNBFERO01: Procurement

1260 4 CLNBFERO1: Install & Qual

1261 | CLNBFEROQ1: Hookup 0 CLNBFERO1: Hookup 0

1262 | CLNBFERO1: Move-in CLNBFEROT: Movesin

1263 | CLNBFEROQ1: Hookup 1 CLNBFERO1: Hookup 1

1264 | CLNBFERO1: Hookup 2 CLNBFERO1: Hookup 2

1265 CLNBFEROQ1: Supplier Qual CLNBFERO1: Supplier Qual
1266 | CLNBFERO1: GF Qual CLNBFERO!: GF Qual
1267 | CLNBFERO1: Setup Unit Module Recipe CLNBFERO1: Setup Unit Module Recipe
1268 E TARGET.CLNBFERO1: Qualified ¥ dame

1269 | CLNBFERO1: Qualified 872501l ‘CLNBFERO1: Qualified
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Tool Dashboard Exported from Schedule

Tool ID
CLNBCST02 CLEAN 6/12/2017 7/10/2017 7/31/2017 8/7/2017 2/3/2018 5/11/2018 5/11/2018 5/11/2018 5/14/2018 5/17/2018 5/21/2018 5/28/2018 6/11/2018 6/12/2018 6/12/2018
CLNBCSTO1 CLEAN 6/12/2017]  7/10/2017|  7/31/2017]  8/7/2017|  12/5/2017]  4/19/2018]  4/19/2018] 4/19/2018]  4/22/2018|  4/25/2018]  5/7/2018]  5/6/2018]  5/14/2018]  5/15/2018|  5/15/2018
CLNBFER01 CLEAN 6/12/2017|  7/10/2017]  7/31/2017]  8/7/2017|  1/19/2018]  4/29/2018|  4/29/2018|  4/29/2018|  5/10/2018| 5/13/2018|  5/17/2018]  6/10/2018|  6/24/2018|  6/25/2018|  6/25/2018
CLNBSRCO1 CLEAN 6/12/2017]  7/10/2017|  7/31/2017|  8/7/2017|  2/3/2018]  5/10/2018]  5/10/2018| 5/10/2018| 5/13/2018|  5/16/2018]  5/20/2018 6/6/2018|  6/13/2018|  6/14/2018|  6/14/2018
LTHBBRS01 METRO 6/12/2017 7/10/2017 7/31/2017 8/7/2017 2/3/2018 4/19/2018 4/19/2018 4/19/2618] 4/29/2018 5/2/2018 5/7/2018 5/22/2018 6/5/2018 6/15/2018 6/15/2018
METBCDSO01 METRO 6/12/2017 7/10/2017 7/31/2017 8/7/2017 2/3/2018 4/27/2018 4/27/2018| 4/27]2018] 4/30/2018 5/3/2018 5/7/2018 5/18/2018 5/23/2018 5/24/2018 5/24/2018
METBTHKOL Green shading 5 On or ahead of Targe{ date \ Red shading = Latgr than Target date ~
METRO 6/12/2017|  7/10/2017|  7/31/2017|  8/7/2017]  2/3/2018|  4/19/2018|  4/19/2018jy 4/19/2018]  4/22/2018]  4/25/2018]  5/7/2018]  5/10/2018]  5/15/2018 2013 5/20/2018
YDDBMICO1 YDD 6/12/2017 7/10/2017 7/31/2017 8/1/2017| 12/29/2017 6/24/2018 I 6/3/2018| 6/3[201& 6/28/2018 7/2/2018 7/9/2018 7/14/2018 7/17/201 7/18/201¢
DIFBFRPO1 DIFFUSION 6/12/2017 7/10/2017 7/31/2017 8/7/2017 2/3/2018 5/4/2018 5/4/2018 5/4/ 2018| 5/6/2018 5/9/2018 5/13/2018 6/23/2018 7/7/2018
IMPBHEIOL | IMPLANT 6/12/2017]  7/10/2017|  7/31/2017]  8/7/2017]  2/3/2018]  5/2/2018]  5/2/2018]  5/2/2018]  5/6/2018]  5/9/2018 9/1/2018|  6/23/2018|  9/22/2018 9/23/2018
METBQTX01 METRO 6/12/2017| _ 7/10/2017|  7/31/2017|  8/7/2017|  2/3/2018|  4/25/2018|  4/25/2018|  4/25/2018|  4/28/2018]  5/1/2018]  5/7/2018|  5/16/2018|  5/21/2018|  5/31/2018]  5/31/2018
METBSRTO1 METRO 6/12/2017]  7/10/2017|  7/31/2017|  8/7/2017|  2/3/2018]  4/20/2018]  4/20/2018| 4/20/2018]  4/23/2018|  4/26/2018]  5/7/2018]  5/5/2018]  5/10/2018| 5/11/2018|  5/11/2018
METBSRT02 METRO 6/12/2017 7/10/2017 7/31/2017 8/7/2017 2/3/2018 5/11/2018 5/11/2018 5[11/2018] 5/14/2018 5/17/2018 5/21/2018 5/26/2018 5/29/2018 5/30/2018 5/30/2018
YDDBMACO1 YDD 6/12/2017 7/10/2017 7/31/2017 8/7/2017 2/3/2018 5/30/2018 5/30/2018| 5[30]2018] 6/2/2018 6/5/2018 6/9/2018 6/20/2018 6/25/2018 7/5/2018
YDDBMAC02 YDD 6/12/2017]  7/10/2017]  7/31/2017]  8/7/2017]  2/3/2018]  5/31/2018]  5/31/2018] 5/31/2018]  6/3/2018 6/6/2018|  6/10/2018|  6/21/2018|  6/26/2018|  7/5/2018
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Tool List

Data Sources

Macro

Source for all tools
Changes due to modeling
ramp curves (PNDs)
Ramp steps

Cycle-time factors (drives
when WOPM s realized)

Schedule

Micro
Schedule

lateralworks »>

Integrated tool flow

* Records progress updates for
Install and Qual tasks
(expected completion)

» Generates schedule
dashboard with identification of
late tools






