赴美接受 Canon FPA 3000 i5+ I-line步進機訓練課程
前言
目前I-line 步進機在深次微米微影製程中，扮演著重要的角色，主要是用來搭配先進曝光機台（如KrF、ArF、E-beam）做非關鍵層（non-critical layer）的曝光，稱作Mix-and-Match Lineup，用以平衡關鍵層曝光要求和整體產能和成本。
目前國內的學術界並未具有此設備，毫微米實驗室在政府支持下引進此設備後，將能提昇本單位對於新製程的開發能力。特別是在本設備建立後配合尖端電子束曝光步進機(LEICA WEPRINT 200)之先進微影技術，以期能大幅提昇台灣學術界對於半導體製程之研發能力。另外本設備將來可對學界及產業界的半導體研究發展計劃提供合作或服務等業務，並可同時加強學生對先進微影製程之理論基礎與實務經驗，為未來半導體產業人才之培訓奠下紮實的根基。基於前述理由，此提案受到相關召集委員大力支持，故編列預算採購。

1. 目的
    參加本次訓練的目的在瞭解Canon公司I5+步進機台的操作原理和方法，此機台的相關操作相當複雜，例如圖罩的規格和製作、機台的參數設定與調校、軟體的操作、製程條件…等等。期瞭解上述相關資訊後，能在驗機程序上有足夠的相關知識審視規格。
    另外，將相關的資料整理帶回實驗室，使其他同仁獲知該機台之相關規格，並能在NDL裝機及驗機前做好準備工作，例如實驗室空間的安排、底材與光阻材料的準備、驗機工具的安排、及其他必須搭配的事項等等。
二. 出國日程
    本次受訓日期是90年5/13至5/26止，共計兩個星期(十個工作天)。由Canon公司安排相關受訓課程如附件一，包括了:

1. Introduction and Safety

2. Daily Machine Readiness Checks

3. Wafer Flatness Test and Clean ABS Chuck

4. Best Focus, Uneven Focus, and ALFC Tests

5. AA Offset Test

6. Low Mag Offset and TVPA Matching Tests

7. Stage Accuracy and Matching Checks

8. Lens Mag Matching and Reticle Rotation Matching

9. Weekly Machine Readiness Checks

10. Lamp Replacement and Illumination Uniformity

11. E0 Matching Procedure

12. Quarterly Machine Readiness Checks

13. Reviews / Questions and Answer Session

    受訓的地點為美國加州聖荷西市(CA, San Jose)，Canon公司的國際訓練中心，課程有30% 時間在會議室中以投影片進行原理及概念解說，其餘時間則在無塵室中進行實際的操作和說明。
3. 訓練內容整理
以下就設備之操作訓練作整理報告:

(a) 機台規格簡介
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4. lumination system
(1) Light source

(2) (norma ilumination)
(3) Exposure fime control
(4) Masking macharism
(5) luminaton mode

2.7KW super-high-pressure mercury lamp
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Light integrator
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5. Reicle alignment
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(1) Alignment ight
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processing with He-Ne laser ight
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7. Air bearing stage.

(high-speed X-Y stage)
(1) Method
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6.axis air bearing guide
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Wavelength compensation with
barometric monitor
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(b) 機台單元簡介
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(c) 機台操作簡介
工作視窗 (Star Job)是用來執行工作、確認或改變機台參數的介面。工作視窗的操作流程如下圖:
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工作視窗其詳細功能選項如樹狀圖所示:
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(d) 機台參數簡介
編輯參數視窗(EDIT PARAM.)是設計來設定機器狀況和工作程序的編輯器。其畫面及相關設定位置如下:
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    上圖為編輯參數視窗(EDIT PARAM.)下的螢幕，其中包含兩個子視窗。
(1) 系統參數編輯視窗(System Parameter Editor):用來檢查和更改系統參數檔案的數 值。
(2) 功能視窗(Function Windows):提供以下四項功能:

儲存、列印、工具及退出。其中儲存為參數改變後的存檔，工具則提供更多的功能例如整個參數檔的複製、儲存。
參數編輯視窗詳細功能選項如下樹狀圖:
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(e) 操作命令 (Command):

    I5+除視窗式的操作介面外，另有許多額外的操作命令，大多是用以執行維修及檢查的工作，而平時操作的功能則是簡化為視窗示可觸控圖示。
下表為命令的功能簡介和執行名稱 :
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afoc

Measure Focus Pattern OFs

“This command measures focus pattern offset and
displays the measurement result in the display area.
You can use this measurement result or input a
specified focus pattern offset to compensate the
focus measurement during exposure.

allc

Measure Lens Focus OFs.

“This command executes the ALFC focus measure-
ment and displays the measurement result in the
display area. The measurement result can also be
input into [ALFC Focus Offset] of [Machine Pa-
rameter]

alil

Unload all Wafer|

Collects all the wafers inside the machine.
Usually used when a trouble oceurs during job
execution or other special sequences to cause pro-
cedures (A, exposure etc.) to halt

asoc

‘Alignment Sensor ofs. check

This command measures the alignment offset of
AA marks placed in the different positions on the
display area. Generally, it is used 10 adjust the B
and C-scopes by a Canon service engineer.

asxy

Move TTL Alignment Scope

This command measures the current position of
alignment scope (iA scope) objective mirror and
drives the objective mirror to a target position.

Move TTL Alignment Scope-Z

This command measures the current focus posi-
tion of alignment scope (iA scope) and drives the

focus position to a target position.

auxaatune

AA TUNE

This command executes AGA measurement auto-
matically on a wafer under the different condi-
tions by changing the following parameters to
optimize the alignment parameters used for wafer

alignment. 1t also displays the measurement result
in the display area.

auxiec

‘Obtain Optimum Expo. Condition]

The optimum exposure condition which meludes
exposure dose and best focus position depends on
manufacturing device, exposure process and ma-
chine environment. This command changes the ex-
posure dose and focus offset of each shot to ob-
tain the optimum exposure condition

auxine

Obtain Lens Property

“The special sequence to evaluate lens performance
Changes conditions of wafer exposure on the shot-
to-shot basis.
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“ontrol Exposure with Timer

‘This command controls the exposure time by timer
and runs the job

auxwl

Measure Wafer Flatness

This command measures the wafer Tlatness on @
specified position on the wafer by measuring the
focus. The measurement result is displayed graphi-
cally

awop

Measure X-Y Stage Position

This command measures (he stop position of the
air bearing stage.

auxysa

Measure Align. Ofs. 1Loop

“This command executes AA measurement with the
specified job and measures the deviation of each
shot on the wafer. The measurement result is dis-
played graphically

Generally, this command is used to measure the
magnification error and orthogonality error of the
air bearing stage

auxxyst

Measure Align. Ofs. 2Loops

“This command exccutes the specified job two times
on the same wafer. It executes AA measurement
each time and measures the deviation of each shot
on the wafer. The measurement result is displayed
graphically.
Generally, this command is used to measure the
stepping repeatability of the air bearing stage.

bio

Display TV PA binary image

This command displays the binary image of the
last TV prealignment measurement on the TV
monitor sereen

bl

Measure Baseline Offset

This command measures the baseline offset and
displays the measurement result in the display area
Generally, use this command to measure the devi-
ated value of the relative position between the B-
scope, C-scope reference marks and the reticle ref-
erence mark. You can input a measured offset into
the HeNe Baseline offset of Machine Parameter.

cam

Chromatic Aberration
Mesurement

The alignment modes 3 and 5 utilize the broad
band light of the same alignment light source in
different wavelength. The alignment offset is meas-
ured by these two alignment modes. The differ-
ence between the two modes is statistically proc-
essed and displayed in the display area. Generally,
this command is used to adjust the B and C-scopes
byaC

non service engineer.





[image: image15.jpg]Move X-Y Stage 1o Chuck Clean.

This command drives the air bearing stage o the
left inner side of the machine and moves the wafer
chuck to the top of vacuum pins.

Generally, use this command when cleaning the
wafer chuck surface.

ddal

Display Data Acq.File

“This command displays the measurement data of
[Exposure/Focus] or [Alignment] in the display
area, when the output parameters of

Focus] o [Alignment] are set 1o [ON] in [Data
Logging Switch]. Use this command to check these
measurement data

Check Exposure Parameler

“The machine may not be able to control the expo-
sure sequence as it is specified by the parameter,
because of the status (deterioration) of the illumi-
nation mercury lamp. You can use this command
to check each exposure paramer before starting
the job.

Zaus

Display Global Align Data

This command displays the Tast global alignment
(AGA) measurement result in the display area

Zow

Eater Global Align. Offset

You can input the global alignment (AGA) offset
by this command.

bal Tilt Offset

Meas Comp

“This commands starts the global tilt compensation
drive. Italso checks the global tilt offset by meas-
uring the global tilt value. The global tilt measure-
ment is based on the measurement sample shots
specified in [PARAMETER] of job. The measure-
ment result is displayed in the display area

0

Stage (0 Standard

This command is used t© display the origin posi-
tion pattern of the stage reference mark on the TV
monitor.

idr
(This command
is not available

now.)

Tmage Data File Save

“This command is used (0 ile the Tatest image daa
obtained in the AA measurement of FRA, TV
prealignment and AGA, on the magneto-optical
disk (MO) or workstation hard disk. Generally,
Canon service staff uses this command for image
data analysis

hmr

Set Used Time to umi. Unit

Tse this command 10 return the Tamp used time or
laser hour to the initial value after replacing the
mercury lamp (Hg Lamp), helium neon laser head
(HeNe laser) and halogen lamp (Halogen Lamp).

‘Obtain Optimum IL.Condition

This command has

TWo functions (o optimize the
illumination uniformity and exposure dose in each
illumination mode





[image: image16.jpg]imsw

Switch Tllumination Mode

‘This command drives the illumination system ac-
tators 1o the specified illumination mode posi-
tion. The stopper switching unit is driven to the
specified stopper in each illumination mode

par

Measure Uneven Focus

This command measures the image uneven focus
of the projection lens by measuring the best focus
positions of TTLAF marks on
inside a shot

Generally, Canon service staff uses this command
in machine adjustment.

several positions

e

Check Mumination Uniformity

“This command measures the Mlumination uniform-
ity of the illuminator mercury lamp and displays
the measurement result graphically on the screen.
Generally, use this command for the machine main-
tenance

[Fsas

Joystick AS

You can drive the alignment scope (iA scope)
manually by operating the joystick function but-
tons and objective focus buttons. When you oper-
ate the joystick function buttons and objective fo-
cus buttons, the current position of the alignment
scope

s automatically displayed in the display area.

[Fsma

Toystick MA

You can execute manual alignment for wafer AA
marks by operating the joystick function button

When you operate the joystick function buttons,
the current position of the air bearing stage is au-
tomatically displayed in the display area.

[Fspa

Toystick PA

You can execute manual TV prealignment by op-

erating the joystick function buttons,
When you operate the joystick function buttons

the current position of the air bearing stage is au-
tomatically displayed in the display area

[Fora

Toystick RA

You can execute manual reticle alignment by op-
erating the joystick function buttons

When you operate the joystick function buttons,
the current position of the reticle stage is auto-
matically displayed in the display area

Tire

ek Light Integ. Repeatability

“This command measures the exposure dose by the
light integrator and displays the result in the dis-
play area

Generally, use this command to check the mea-
surement repeatability of the light integrator.
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Lamp Position Adjus

For adjusting the position of illumination system’s
mercury lamp.

Measures illumination intensity in three illumina-
tion modes, the result of which is used to deter-
mine the lamp’s best XY and Z positions. The
result will be displayed in the display area

mb

Move Masking Blade

This command measures the current masking
biades (4 blades) positions and drives them to the
target positions

opent

Open Frame

Use this command (0 start jobs and sequence com-
mands with no reticle on the reticle stage.

paop

TVIPA Optimize

“This command automatically measures correlation
by combination with all the measurement process-
parameters and displays the result in the dis-
play area. During TV prealignment, if TV PA
marks cannot be detected due to the wafer surface

ing

condition, use this command and search for the
mark detectable parameter.

Register TV PA Mark

“This command registers the wafer TV prealignment
mark in the main unit memory as the reference PA
mark alignment data for matching patiern. Use this
command when the PA mark cannot be detected
normally because of any difference between ac-
tual PA mark and the standard data registered in
the machine.

‘Measure Tilt Pattern OF.

“This command measures the Gt patiern offset and
renews [Tilt Pattern Offset] of [PARAMETER]
with the measurement value. You can also input a
specified tilt pattern offset into [Tilt Patiern Off-
set] of [PARAMETER]

Reticle Auto Alignment

“This command starls reticle auto aligament
Generally, use this command when reticle AA
failed and the sequence stopped during job or com-
mand execution

reexp

Retry Exposure

This command starts exposure from a specified
shot

Reject Waler

This command collects the exposed wafer from
the wafer chuck and sends it to the wafer carrier
on the wafer feeding unit. You can use this com-
mand only during inline feeding





[image: image18.jpg]Unload Wafer

‘This command collects the unexposed or being ex-
posed wafer from the wafer chuck

Generally, use this command when you stop the
processing (e.g. AA or exp
troubles during job or other special sequence ex-

sure) because of some

ecution.

Toc

Measure Reticle Align. Offset

“This command starts the reticle AA measurement
and displays the result in the display area.
When reticle AA fails, use this command to check

the AA condition and execute manual reticle align-
ment

rslch

Reset Other Small Units

“This command resets (initializes) the 1-chip CPU
in the machine. Generally, use this command to
reset the unit when it fails.

e

Reset Reticle Changer

“This command resets (initializes) the reticle changer.
 the reticle

Generally, use this command to res

changer when it fails

ST

Reset Stage and Focus Sys.

This command resets (initializes) the air bearing
stage and focus system.

enerally, use this com-

mand when the air bearing stage and focus system

fail

e

Move Reticle Stage

“This command measures the current reticle stage po-
sition and drives the reticle stage 10 a target position.

TSy

Res

LTV Alignment System

This command resels (initializes) the TVAA sys-
tem. Generally, use this command to reset the
TVAA system when the system fails.

Wl

Reset Waler Feeder

“This command reses (initialize) the wafer feeding
unit. Generally, use this command to reset the wa-
fer feeding unit when it fails

Measure Reticle Transmittance

This con
(reticle throughout rate) and displays the result in
the display area. Generally, the reticle transmit-

mand measures the reticle transmittance

tance is used to compensate the best focus which
changes because of the exposure.

Step Feed

This command drives the air bearing stage (© @
specified shot number position

Move lumination

Shutter

This command opens and closes the {luminator
shutter.

sial

Measure Image AF OFs (S-mark)|

“This command measures the best focus position of
the stage reference mark and displays the meas-
urement result in the display area





[image: image19.jpg]Measure Stage Rot. Offset

‘This command measures the origin of the air bear-
ing stage and displays the result in the display
area

Generally, use this command to match the reticle
coordinates and the X-direction running of the air
bearing stage by the reference reticle. The reticle
coordinates are the reference of the machine. Af-
ter you have turned off the power to the machine
and turned on it again, you must start this com-
mand to measure the air bearing stage origin. Also,
to start this command, use the reference reticle
which contains the baseline compensation mark.

sigm

Stage Maintenance

Enables adjustment of the Theta-Z Gt unit's
bellofram regulator. After the Theta-Z tilt unit’s
servo is turned off, the Z position measured with
the micro linear encoder (MLE) is used as a refer-
ence, which allows adjustment of bellofram as well

as of a chronological change of bellofram itself.

tmpm.

Control, Monitor Temperature

“This command measures the temperature of all the
chamber five channels and displays the measure-
ment result in the display area

Generally, it is used to observe the temperature
status of the chamber.

toc

Measure Wafer AA OTfs

This command starts the wafer AA measurement
and displays the measurement result in the display
area

Generally, it is used to check the AA condition
and perform manual wafer alignment when wafer
AA fails

Compensate Tilt Offset

This command measures the die-by-die Gt offset
and starts the compensation drive.

“The offset value and the measurement result will not
be displayed. If you want to check the offset value,
start the tso¢ command after executing this com-
mand.

ts0c

‘Measure Focus/Tilt Offset

This command measures the aulo focus and the
die-by-die tilt offset. The measurement result is

displayed in the display area.
Generally, use this command during machine main-
tenance.
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Display All-Zone TV Data

this command displays the TV AA measurement
data of all zones in the display area. The measure-
ment data is the image proces

ing data

o
(This command
is not available
now.)

Display TV Data of Each-Zone

“This command displays the TV AA measurement
data of each zone in the display area. The meas-
urement data can be displayed in waveform or in
data obtained by image proce

vpa

Measure TV PA Offset

“This command measures the TV prealignment and
displays the measurement result in the display area.
You can input the measurement result into [TV
Pre Alignment Offset] of [Machine Parameter] and
compensate TV prealignment. You can also input
a specified TV prealignment offset and renew [TV
Pre Alignment Offset] of [Machine Parameter]

wial

Measure Image AF OFs (Wafen

This command measures the b

Tocus position of
wafer AA mark and displays the measurement re-
sultin the display area.

Generally, use this command when setting [Image
Auto Focus] offset parameter of Job.

winf,

Display Wafer Carrier Info.

“This command displays the wafer condition in the
wafer carrier.

Move Leveling Stage

“This command measures the current position of the
wafer tilt stage and drives the wafer flt stage 10 a
target position. You can specify the drive position by
the drive point height (LM.R) or by the gradient (X,
Y-direction) and the height (2).

Move Waler Z Stage

“This command measures the current position of
the wafer Z stage and drives the wafer Z stage to @
target position.

xyshot

Move X-Y Stage in Shot

This command measures the position of the AA
mark as against the shot center and displays the
measurement result in the display area. This com-
mand also drives the air bearing stage 10 a speci-
fied AA mark position

ystg

Move X-Y Stage

“This command measures the current position of
the air bearing stage and drives the air bearing
stage 0 a target position.

Move Leveling S

“This command drives the wafer Z stage vertically
by a specified amount. The drive amount is speci-
fied as the distance from the current position.





    以上為此次受訓整理而得一些機台基本的概念，其中還有許多維修的檢查和技巧，尚待整理。待機台到實驗室驗機完成後於驗機報告中詳述。
4. 心得及建議
    本次前往Canon公司國際訓練中心接受曝光機台相關訓練，其中台灣佳能半導體公司有製程應用工程師與設備維護工程師隨行，在訓練過程中受到許多照顧。國際訓練中心半導體儀器訓練部經理Jason Ho親自當講師，深感榮幸，其授課熱誠。本人回國後對儀器機台偶有困惑之處，常以電子郵件就教於Jason，回覆均相當迅速、清楚。
   此次受訓中得知驗機所需相關知識，發覺由於NDL無驗證多層疊對的儀器，將會在驗機上照成困擾，幸而Canon機台中內建一相似功能 (Canon maps) 唯此功能為較高階使用權限且較為耗時，Canon方面也已答應使用本功能來做多層疊對驗機。
    完成本文前，機台已於日本完成出貨前檢驗，其驗機報告如附件二. 預計於8月中旬進入本實驗室，9月底前完成On-site驗機程序。
