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Abstract

In this paper, we developed the semiconductor monitoring system for the etching process.
Around the world, expert companies are competing fiercely since the semiconductor industry is a
leading value-added industry that produces the essential components of electronic products. As a

result, many researches have been conducted in order to improve the quality, productivity, and
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characteristics of semiconductor products. Process monitoring techniques has an important role to

give an equivalent quality and productivity to produce semiconductor. In fact, since the etching

process to form a semiconductor circuit causes great damage to the semiconductors,

it is very

necessary to develop a system for monitoring the process. The proposed monitoring system is

mainly focused on the dry etching process using plasma and it provides the detailed observation,

analysis and feedback to managers. It has the functionality of setting scenarios to match the

process control automatically. In addition, it maximizes the efficiency of process automation. The

result can be immediately reflected to the system since it performs real-time monitoring. UI (User

Interface) provides managers with diagnosis of the current state in the process. The monitoring

system has diverse functionalities to control the process according to the scenario written in

advance, to stop the process efficiently and finally to increase production efficiency.

» Keywords : Semiconductor, Etching,
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4. OES Sensor
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typedef struct DesUnitInformation {
532 id;
char model_name[256];
char serial[256];
532 wave_length;
double wave_length_table[4@96];

} DesUnitInformation;
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Fig. 14. Structure of OES sensor information

2.2 DLL Interface
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OESDLL_API 532 OesQueryDevice(s32 _index, struct DesUnitInformation x
_oes_information_pointer);

OESDLL_API 532 OesSetIntegrationTime (s32 _id, s32 _integration_time);

DESDLL_API 532 DesGetIntegrationTime(s32 _id);

typedef void (#oes_callback)(s32 _id, SYSTEMTIME = _time, TCHAR % _filename ,
long % _array, s32 _length);

DESDLL_API 532 OesPrepare({TCHAR * _data_path,s32 _integration_time);

DESDLL_API 532 OesProbe{void);

OESDLL_API 532 OesRegister{oes_callback _callback);

OESDLL_API 532 OesStart(void);

OESDLL_API 532 OesStop{void);

OESDLL_API 532 OesTerminate{void);
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Fig. 15. APl to control OES sensor
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CEDSApp* pApp = (CEDSApp#)AfxGetApp();
if(pApp->GetOesDevCount() == B) return;
if(pApp->m_DesThread) {

OESDataType+ pData = new DESDataType;
pData-»_id = _id;

pData—>_time = _time;
pData—>_file = _filename;
pData->_array = _array;
pData-=_length = _length;

pApp->m_0esThread->PostThreadMessage(THREAD_MSG_OES, B, LPARAM{pData)l);

pbata = NULL;
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Fig. 16. OES callback function
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s_OesDeviceCount = OesProbel);

if{s_DesDeviceCount == 8) {
return FALSE;

}

OesRegister(OesDeviceHandler);

OesPrepare(_T("C:\\0es"), 18);

s_OesModule = new SOesModule[s_OesDeviceCount];

forl{int idx = B; idx = s_OesDeviceCount; idwx++) {
s_OesModule [idx].pid = pm;

}
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Fig. 17. Getting routine of OES sensor information

2.3 Monitoring System
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Shift Takes all data points that comprise a spectral graph
(=) and shifts them » units o the right (greater). A
negative n will shift left (lewer). Units are
dependent upon the resolution of the spectrograph.
being used. Commeon is % nm per unit, but high-
resolution instruments move % nm per unit

Shift(an)

Max The resulting value is the larpest value for either a Max(a,b)
or b. During execution, al any given time, this
function may return 4 or b.

The resulting value is the smallest value for either
2 or b. At any time during execution, this function
may rewrn a or b.

Min(a,k)

[Abs Val If a is (/ or higher, then the resultis a. If g is Abs(a)

negative, then the result is made positive

EXP Performs the exponent function on the value for a. Expla)

LOG10 Performs the logl 0 function 1o the value for a. Logl()

sqrt Results in the square root of the value for a. sqni(a)

TAN Performs the rigonometry function tangent to the Tan(a)
value a.
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2]2E7} @A PAEAL, Time trend charts Al 24
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£ Y= viewolth, @A) 7] Bei7t Bt Ay
o 1 3 3l =
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OES Configure x
Common OES#1 |
g -
2 | Spectrometer Data Collection
&
? Integration Time ms
g2 Average Counts 1 int=gration
= Sampling Time ms
= Spectra Range 200 to [00 nm
g
S Dark Noise Offset 1000 counts
b
2
= Speces Table select  [wavelength_table.ds =
g Lt
]
£ - Data Collection Mode
E
& Collection Mode @ Manual Trigger
T2 | selectSaveDate @ SpectralandTrend ¢ Only Trend
5
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I Initial Lamp Intensity Override [0 percent

12! 21. Configuration CHENAX}
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2.3.2 Configuration
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(¥ 24)+= Configuration®] 355 A A9} &7
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eg A

a2

Item Function
Setup set sensor’s features and storage options
Region set regions of each sensor
Equation set up a series of displaying options using regions
Trigger set options for the save data
Sequence | The goal of this setting is EPD(End-point detecting).
Make a series of steps making the EPD signal after app
start gathering from sensors.
J&l 24. Configuration &=
Fig. 24. Item of Configuration
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2.3.3 Data gathering

Data gatheringe (2% 20]¢] Data gathering
thread’t 3h= 9& onlgit}. Data gathering thread®
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2.3.4 Data manufacturing

Data manufacturinge gathered data® AM&7}s3t
dele2 12k 7Feele ¢S 9uldt). Configuration®
setupell A4 H ol 7} JEE Ed|E manufactured
dataZ TECWaL, Chart viewel HolEl7} 734 S-S
&t} Data manufacturing-ﬁ— Data manufacturing
threadell 23] Lojuy=d], ©] W 7% manufactured
data® Chart view<] Full spectrum chartel| display &I
= dlolElo|t}, (18 26)2
o] 8 gFo|t}

Data manufacturing thread

if{msg.message == THREAD_MSG_OES && msg.lParam != NULL) {
OESDataTypes tData = (OESDataTypes)msg.lParam;
DESDataType* cData = new OESDataType;
memcpy{cData, tData, sizeof(OESDataTypel);
delete tData;
tData = MULL;

POSITION pos = pApp->m_listSM_Ct_Wnd.GetHeadPosition();
whilef{pos != NULL) {
SMOesInfo_doc* pCurrent = NULL;
pCurrent = (SMOesInfo_docs)pApp—>m_listSM_Ct_wWnd.GetNext
{pos);
if{pCurrent->_pSMInfo->Info.id == clhata->_id) {
pCurrent->SetSMoesInfolchata);
break;

}

delete cData;
cData = MULL;

12l 25. Data gathering thread2| 78
Fig. 25. Implementation of data gathering thread

_dLength = _doc->_length;

if{_avgData == NULL) { /ff At once, to initializing.
_avgData = new long[_dLength];
memset(_avgData, @, sizeof{long) * _dLength);
_tmpData = new long[_dLength];
memset{_avgData, @, sizeofilong) % _dLength);

}

if{_pDMaxACnt == @) { /f At once, to initializing.
_pDMaxACnt = _pSMInfo-=Configure.Setup.AverageCounts;
_pDAvgCnt = B;

memset{_avgData, @, sizeof{long) * _dLength);

+
if{_pDAvgCnt == @) {
memset({_avgData, @, sizeoT{long) * _dLength);

+
Long* _pAvg = _avgData;
Long# _pCol = _doc->_array;

int loopCnt = _dLength;
while{loopCnt—-) {
*_phvg += *_pCol;
_PAVG++;
_pCol++;

_pDAvaCnT++;

if(_pDSValid == SMDATA_INVALID && _pDTValid == SMDATA_INVALID)
_pData = WULL;

if{_pDAvgCnt == _pDMaxACnt) {

long# _pTmp = _tmpData;

_pAvg = _avgData;

loopCnt = _dLength;

while{loopCnt—) {
*_pTmp = *_pAvg / _pDMaxACnt;
_PTmp++;
_PAVO+H+;

_pbhata = _tmpData;
“pDSValid = SMDATA_VALID;
“pDTValid = SMDATA_VALID;
_pDAvgCnt = @;

J2| 26. Data manufacturing thread2| 78
Fig. 26. Implementation of data manufacturing thread

2.3.5 Data displaying
Chart viewe Full spectrum chart$} Time trend
chartZ 4% Full spectrum Data
manufacturing threadZ5¢ Hlo|E]7} 7B =EAS L
£ o¥EZ} ¥4 ¥ manufactured data® chart data
2 AAsln chart® ZBAlEth (¥ 27)2 Full

o 8 Lol

spectrum chart2 74418k &

chart=

if{pCFrame->m_SMOesInfo->_pDSValid == SMDATA_INVALID) return 8;

if{pCFrame-»>m_SMOesInfo->_pData == NULL) return @;

m_chartCtri[@].Add(
pCFrame—»m_SMOesInfo-»_pSMInfo-=Info.wave_length,
pCFrame—»m_SMOesInfo-»_pSMInfo-=Info.wave_length_table,
pCFrame->m_SMOesInfo-=_pData

1i
if(m_DNOSIdx != -1)
m_chartCtrl[m_DNOSIdx].CheckDataSource();
pCFrame-=>m_SMOesInfo-=_pDSValid = SMDATA_INVALID;
return @;

12! 27. Full spectrum chart displaying2| 78
Fig. 27. Implementation of full spectrum chart displaying

Time trend chart+ Equation g|2~EolA #2|ap} A
23 Equation®] time trendZ, Agak Al oA Ko
<t} Equation data®] 7122 #=|Ap7t Adelgh Al elA
B AAZIO R o]t} &, (07 28)& AEH o= AP
%= manufactured datag, 239 2o A7}F3lA,
I 35 ARRE 380 SASK] HojErt

if{_cState == STATUS_ON && _tIndex == _idx)

return;
_tIndex = _idx;
_cState = STATUS_ON;
m_chartCtri[@].Clear();
m_chartCtrl.GetAxis({).GetBottom({).SetMinimum{®]);
m_chartCtrl.GetAxis({).GetBottom({).SetMaximum{MAX_TREND_ELE);
_cIsBtmVisible = CBTM_STATIC;

02| 28. Time trend element A4 73
Fig. 28. Implementation of selection of time trend
element

2.3.6 End-point Detection

wed A4 34 mUEY Asdel 3F SE:
1

Alyg] 2ol &) o]Foixth, #2|A= Configuratione] B

2 A4 7)5ES o] &ale], U oS} Al 294 9L
7]*5] cheket Fejo] dlolElE A& 4 it o] HolHES
E 2 A9 Aveles dld 39l Agrt | (ad
29)& T2} Configuration® sequence FEollA 244
ok AluE] 2] Fejot RUE ] Al2mlo] RA] FE At
g ert FE5E 242 el Aot

ZUHE Al282 manufactured data”} 78412 wivjc}
@Al sequence itemell 71E¥ o] TEBIHAY Es 7]
9 2o F3sl=AE Aot} A Ag= A4 3

oX,
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AeE 714 2 YeR & Chart dataolt. EPD7} 9a9#
EPD Signal& 24 34 ol AEsle] 35S S}

: =3 o =

(2® 30)& sequenced] item F79 1 715 UydE A

oct.
ik Delay I I
2 Normaization Expr Exprss
3 i ! )
4 Detect Aigoritim Thesbod Threshold
5 Eise f .
5 Detect Aigoritim % B £
7 Else if o xprossion
0 DetectAlgorithm | Value siope. < Expronion 2
o End Logic process stop | ¥ Y
10 Endpoint Send to Equipment or SECS | NNail NNal
1 Overetch Unil 10% of the run expires = =
12 sTOP Stop Process = T

End End
Ead
12l 29. EPD sequence?] of
Fig. 29. Example of EPD sequence
Item Function
Delay set a time that does not monitoring after step

slarting

Normalization set a time to calculate the average value for the

input data's intensity

Detect Algorithm | set algorithm to perform EPD

Endpoint send a EPD signal to process module or system Ul
Over Etch set a over-etch time after EPD

User event sel user event

Logic set logic to perform EPD

Stop stop data gathering

T2 30. Sequence &=
Fig. 30. Item of sequence

2.3.7 System Flow
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void CEDSConfigureDiag::0nBnClickedOesStartBtn()

CEDSApp+ pApp = (CEDSApp+)AfxGetapp();
pApp—>m_pForegroundPModule—=SetDesStatusStart();
pApp->m_testCount = 8; // Sampling &= Z=7|&

void CEDSConfigureDiag::0nBnClickedOesStopBtn{)

{ CEDSApp* pApp = (CEDSApps*)AfxGetApp();
pApp—=m_pForegroundPModule—=SetDesStatusStopl);
/¢ Sampling %%+ LogOl &%
glog({LDG, (double)pApp-=m_testCount);

wvoid COESSensorModule:
cs_whata. Lock();
memseti{worked, 8, sizeof(long) = info.wave_length);
memcpyiworked, pData, sizeof(long) # info.wave_length);
cs_whata. Unlock();
CEDSApp+ pApp = {CEDSApp+)AfxGetApp();
pApp-=m_testCount++; // Sampling &= 1 &7+

:SetWorkedDatal long= pData) {

g 31, AEs
Fig. 31. Source code for test

o 4leJgl 2nme

2] 32 A Tl 5 DUEEI AJAE]
Fig. 32 The monitoring system after test
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