FPS Metrology Sampling
Optimizer (MSO)

Intelligently allocate metrology capacity to optimize

coverage and improve product quality
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SMART integrated
metrology sampling

The FPS Metrology Sampling Optimizer (MSO)
manages all your sampling needs to ensure
maximum equipment coverage with no over-
sampling. MSO provides baseline sampling using
time and percentage-based sampling rules. MSO also
provides critical event-based sampling to identify
substrates for measurement after a tool down or
qualification event. For all sampling rules, MSO
actively minimizes the number of measurements
needed to satisfy all configured rules.

MINIMIZE SAMPLING

Legacy sampling systems are limited. They apply rules
in isolation and fail to adapt to important tool events
and changing factory conditions. Applying rules in
isolation results in over sampling of some products and
under sampling of others, placing the factory at risk for
increased cycle time and risk to product.

MSO minimizes sampling by evaluating all related
rules whenever a rule triggers sampling. All related
rules that would be cleared by sampling the same

ADVANTAGES AT A GLANCE

= |ntelligently allocate and optimize metrology
capacity where it is needed most

= Factory directed rules for managing coverage
= Automatic metrology queue management

= Real-time visual representation of coverage
and risk

= Enables reduction of metrology capital
investments

= Uses real-time measurements to adapt
metrology sampling plans to maximize yields

lot are reset even though they were not yet due.
This guarantees that all rules are satisfied with
the minimum level of sampling. For example, if
two sampling rules, one for photolithography and
one for etch, are applied to the same product
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Lihosean o 19.4n 73.9n 121 224 72 175 20% "
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“TaggedWirs  TIDAvg ~ TIDMax ~ WARAvg ~ WARMax  Cum WARAvg Curr WAR Max Rule%  Effective%s
scANPFO1 o 20h 25h 15 224 110 175 8% 28%
scanpro3 o 306h 61.9n 64 % 0 0 o 3%
SCANPFO9 o 5450 739 157 223 2 2 8% 3%
Rule Summary RE
“TaggedWirs  TIDAvg  TIDMax  WARAvg ~ WARMax  Curr WAR Avg Curr WAR Max Rule%  Effective%s
SCAN-PF03_7 lo 30.6h 61.9n 64 99 0 0 0% 33%
SCAN-PF09_24 Io 5450 739h 157 23 2 2 8% 3%
SCAN-PFO1_37 Io 20h 25h 150 224 110 175 8% 26%
Tool Summary ]
*TaggedWhs  TIDAvg  TTDMax  WARAvg  WARMax  Curr WARAvg Curr WAR Max Rule%  Effective%
scanToso o 5450 739 157 223 2 2 8 3%
scaNTos2 o - - - - 124 124 0% 0%
scanTos3 o 250 25h 125 125 175 175 % 3%
scanNToss o 25h 25n 8 100 125 125 2% 2%
scANToss o 17h 21h 212 224 75 75 0% 30%
SCANTOSS o 19h 19h 175 175 50 50 25%  25%
scanTort o 306 619 56 75 0 0 0% 43%
SCAN-TO72 lo - - 99 99 0 0 0% 0%
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Definition Updated

. Measure 1% for each product MSO group on tool BACK-T024 (Tag Test All & All, Parameter Test) Apr 21,2020

» LeRmaioian Measure every 1 hours for each product MSO group for lot group No Plan (testNewAdd2, test12, Tag Test All & All, Test], Parameter Test) STEP1000099908 — STEP1000093143 Apr8,2020
PRI Measure every 2 hours on tool BACK-T007 on each chamber (Lug Nuts, Tag Test All & All, Test1, Parameter Test) ‘STEP225318142 — STEP1006050559 (+ 1 More) Apr3,2020
PEETRE S Measure 2% for route ROUTE100321280 (Block PROD - PRITY 3, Block Rockets, Only Standard Material, Geology Rocks!, Tag Test Al & All, Lug Nuts, Parame! STEP1000093143 — No direct samping ¢ 2 More) Apr 13,2020
LiRmag3le Measure 2% on tool BACK-T007 (Tag Test All & Al, Parameter Test) Feb 18,2020
PRI Measure 2% on tool BACK-T007 on each chamber (Tag Test All & All, Parameter Test) Feb 18,2020
BACK-PF07_21 Measure 10% for each route for each tool MSO group on tool BACK-TO07 on each chamber (Tag Test All & All, Parameter Test) STEP2241775849 — No direct sampiing (+ 2 More) [ITT) Mar 31,2020
BACK-PF07_22 Measure 2% for each product MSO group (Tag Test All & All, Parameter Test) Nov 18,2019
BLCKRRL Measure 2% for each route MSO group (Tag Test All & All, Parameter Test) Jan 20,2020
BACK-PF10_11 Measure 3% on tool BACK-T007 on each chamber (Tag Test All & All, Parameter Test) Nov 14,2019
= Measure 4% for each route MSO group on tool BACK-TOO7 on each chamber (Tag Test All & All, Parameter Test) Dec 18,2019
BACKPF10_12 Measure 2% for each product MSO group (Tag Test All & All, Parameter Test) Nov 11,2019
X Measure 1% for product PRD1005691912 (Tag Test All & All, Parameter Test) Dec6,2019
SLCKRRCAL Measure 2% for product PRD1005691912 (test3, Tag Test All & All, Parameter Test) STEP1004718114 — No direct sampiing Apr3,2020
BACKPF12.15 Measure 21% on each tool (Geology Rocks!, Tag Test All & All, Lug Nuts, Parameter Test, Only Standard Material) STEP2492301122 — STEP2420782824 ET) Jan9,2020
BACK-PF21_9 Measure 23% for product PRD100321280 on each toal (Large Tag Condition, Block PROD - PRITY 3, Tag Test All & All, Parameter Test) STEP2781930529 — STEP37B1539520 (ET) Nov 14,2019
BACKRRLG Measure every 3 hours for route ROUTE1004989211 (Tag Test All & All, Parameter Test) Dec 18,2019
CVD-PF02.8 Measure 3% on each tool (Block Rackets, Geology Rocks!, Tag Test All & All, Lug Nuts, Parameter Test, Only Standard Material) STEP1850058431 — STEP2420782824 ET) Nov 11,2019
CVD-PF05_26 Measure 3% on each tool (Tag Test All & All, Parameter Test) STEP3202810504 — STEP1395285298 0ct 31,2019
CVD-PFO7_23 Measure 4% on each tool (Geology Rocks!, Tag Test All & All, Lug Nuts, Parameter Test, Only Standard Material) CTITED) STEP2968498749 — STEP2420782824 Nov7,2019
CVD-PF08_13 Measure 4% on each tool (Tag Test All & All, Parameter Test) CCTITEETD) STEP2114021775 — STEP2070205753 Nov 6, 2019
Defect Test 1 Measure 30% on each ool (Tag Test Al & All, Parameter Test) STEP1000003143 — STEP1000177976 Mar 12,2020
DEP-PF05_38. Measure 30% on each tool (Tag Test Al & All, Parameter Test) STEP7OBSASESA —+ STEP2267671123 0ct 31,2019
DEP-PF11_30 Measure 31% on each ool (Tag Test Al & All, Parameter Test) STEP3888154994 — STEP2716705743 Dec6,2019
DEPPF18_5 Measure every 2 hours for product PRD840059545 for each route MSO group on each tool (test13, test13, Lug Nuts, Tag Test All & All, Parameter Test) Expires May 14,2020) 12— 34 (+ § More) (7). Apr1,2020
EPLPF02_25 Measure 31% on each tool (Tag Test Al & All, Parameter Test) STEP316041629 —+ STEP2646001103 Dec6,2019
EvENTaL Measure 1 lots after an event s logged on tool BACK-T007 (Tag Test All & All, Parameter Test) Feb 19,2020
FURN-PF02_16 Measure 30% on each tool (Tag Test Al & All, Parameter Test) STEP2536207733 — STEP1395285208 0ct 31,2019
FURN-PF05_32 Measure 30% on each tool (Tag Test Al & All, Parameter Test) STEPAO61260996 — STEP2405836990 Sep 12,2019
FURN-PFO7_17 Measure 30% on each ool (Tag Test Al & All, Parameter Test) STEP2538673015 — STEP2287671123 0ct 31,2019
FURN-PF10_28 Measure 1 lots after an event s logged on tool A (Tag Test Al & All Parameter Test) STEP3471858014 — STEP2053225847 0ct 31,2019
FURN-PF12_27 Measure 30% on each ool (Tag Test Al & All, Parameter Test) STEP3430206686 — STEP2837536499 0ct 31,2019
FURN-PF13_35 Measure 30% on each tool (Tag Test Al & All, Parameter Test) STEPS00096912 —+ STEP2646001103 0ct 31,2019
FURN-PF14_20 Measure 30% on each ool (Tag Test Al & All, Parameter Test) STEP2692342646 — STEP2405836990 0ct 31,2019
FURN-PF20_31 Measure 30% on each tool (Tag Test Al & All, Parameter Test) STEPAD18593623 — STEPS91357290 0ct 31,2019
FURN-PF21_19 Measure 30% on each ool (Tag Test Al & All, Parameter Test) STEP2667499563 — STEP2287671123 Nov 12,2019
FURN-PF23_14. Measure 30% on each tool (Tag Test Al & All, Parameter Test) STEP2124906400 — STEP2837536499 Nov 13,2019
FURN-PF24_36 Measure 30% on each ool (Tag Test Al & All, Parameter Test) STEPS66395324 —+ STEP2646001103 0ct 31,2019
EESE Measure every 5 hours for product PRD100321280 (Tag Test All & Al, Parameter Test) STEPA121671538 — No direct sampiing Feb 19,2020
IMPLPF04_18 Measure 30% on each ool (Tag Test Al & All, Parameter Test) STEP2667452699 — STEP2646001103 0ct 31,2019
IMPLPFO6_12 Measure 30% for tool MSO group IMPL-PFO6 on each tool (Tag Test All & All, Parameter Test) STEP2078974746 — STEP2837536499 Sep 12,2019
SMRLARLE LD Measure 1% for route ROUTE100321280 (Tag Test All & All, Parameter Test) Dec9, 2019
MET-PF02.34 Measure 30% on each tool (Geology Rocks!, Tag Test All & All, Lug Nuts, Parameter Test, Only Standard Material) STEPA134702703 — STEP2420782824 Sep 12,2019
MET-PF03_29 Measure 30% on tool CVD-T048 (Tag Test All & All, Parameter Test) STEP3802860638 — STEP1395285208 Apr 14,2020
] newrulewithallthethings Measure every 2 hours for plan priority 3 for product PRD1788143611 for each product MSO group for route ROUTE1004989211 for each route MSO group for lat group No Plan for to(_ohiots — otigfi Nov 13,2019

MSO Rules Dashboard

measurement and the etch rule becomes due, the
Metrology Sampling Optimizer will also consider

the photolithography rule satisfied for the particular
scanner on which the same lot ran, assuming it meets
all of the appropriate rule criteria, and vice versa. The
sampling plan is satisfied and metrics are updated in
real time as each new measurement is recorded.

Another protection against over sampling is the
creation of process linkages. Processes that are
related can share the same measurement data.
For example, a process link is created from Gate
Lithography to Gate Etch to Gate Metrology. As the
material moves from lithography to etch, defects
generated or added to the substrates by specific
tools or chambers are measured in metrology and
attributed to the specific etch and lithography tools.
Properly allocating measurement data to the tools
in the process link reduces the chance that over
sampling will occur.

MAXIMIZE COVERAGE

Under sampling can be a problem when legacy
sampling systems apply rules too generally. Typically,
a factory would set a sampling rule that measures
30% of a specific process. If a single tool ran the bulk
of this process, there is a chance that all of the defect
measurements would be selected from that specific
tool. Other tools may not be evaluated for defects and

that situation can place product at risk. MSO solves
this problem by automatically ensuring that any tool
that processes wafers will be sampled.

The Metrology Sampling Optimizer also allows rule
generation by factor or tool event. This capability sets
the conditions when more sampling should be utilized.
For example, a PVD tool has just completed a target
change. The first five product lots following the target
change should always be measured for defects. The
system can be configured with special rules to tailor
the sampling plan to the risk level of the process.
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Diff-Fum lo 38.4h 145.5h 173 450 51 175 20% 32% = 7S - T
EchDep o 296h 103.0h 68 125 3 % 2% 3% s
Etch-Met lo 14.8h 222h 83 175 55 195 5% 2% 2
Implant Io 62.1h 104.9n 185 500 38 125 13% 31% E 50
Litho-Scan  Jo 19.4n 739n 121 224 72 175 20% 30% z
Logistics lo 87.3n 10.1h 20 325 nr 75 2% 3% 2
Wet lo 3000 612h 150 324 7 100 2% 3%
Tool Group Summary L] o
“TaggedWits  TIDAvg  TTDMax ~ WARAvg ~ WARMax  Curr WARAVg Curr WAR Max Rule%  Effective% a o N o : 9 <
BACK-PFO7 o 54h 2410 2 2 4 2 2% 2% g E E E E
BACK-PF10 o 81h 37.0n 50 147 187 187 8%  a2% E| E E E E E E
BACKPF12 o uen  202n 70 19 2 7 w25 ] | | R
BACK-PF21 o 84n 381h 49 147 7 150 % 329
BACKPF31 o 10.1h 530 5 o 50 100 " ® Over upper limit Under upper limit @ Under lower limit
BACK-PF37 o 120 3870 65 100 57 57 .
CVD-PFO2 o 3200 642n 7 124 a7 49
CVD-PFOS o - - 74 75 89 145 0% TTD Detection Averages Trend
cvD-PFO7 o 2000 623n 9 % 3 2 9 : —
CVD-PFO8 o 14.8n 1670 60 100 % 250 Weekly TTD Detection Averages =
DEP-PFO4 o 36n 36h 50 7 a7 a7 s
DEP-PFOS o 3080 927h 66 125 30 75 7
DEP-PF11 o 17.9n 2200 50 % 3 % 103
DEP-PF18 o 1030h 10300 62 75 33 50 100
DEP-PF19 o - - - o7 o7 . 8 8 o o o o 8
DEP-PF20 o 3tan 77560 89 100 2 50 3 75
EPI-PFO2 o 75h 5820 54 148 0 0 S 7 . 71
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FURN-PFO7 o 1820 4990 130 175 2 125 z
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FURN-PF20 o 42 1630 5 124 2 2 = -~ ~
4 FURN-PF21 o 47.0n 543n 150 25 13 150
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MSO Factory Dashboard

SMART INTEGRATION WITH

FACTORY SYSTEMS

The Metrology Sampling Optimizer provides
integration to help optimize work-in-process
scheduling and provide superior excursion

management. Integration with the scheduling system  current state of sampling, and real-time monitoring.
allows the WiP scheduler and MSO to work together S|mp|e to interpret graphics help you determine the
to drive high priority material or material blocking
production through sampling as quickly as possible. to excursion detection, and the number of at-risk lots

Integration with Fault Detection Systems or Excursion or substrates. Take immediate action directly from the
Management Systems is done to identify material
that could be at risk when a defect excursion occurs.
This accelerates identification of at-risk material and

provides tools for minimizing the excursion impact.

EASY TO USE DASHBOARDS

MSO Dashboard shows you where to focus your
sampling efforts at a quick glance. By using the MSO
Factory Dashboard or the Summaries like the Tool
group Summary, MSO provides visibility of coverage,

metrology and defect scan coverage, the mean time

MSO Dashboard to manage sampling and excursions.
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