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Hr

ADIE | ZRE 2|5F MES-PLC-Vision-Al £8 ZdA} O}7|&llx] 2 M
E_Tl_kl

o =l Zgt 22 HIRI0|| 0|2 HY £2] A& FL2(Vertical Stack)2| &
Dﬂ?iLI % 18| CE 2F A& 72t |:1I0|E1 E% F H0] QIE{THO|AS ooty BH=A| HAL 3329 AAIZHY
.|

24
ClOJE] 29 &E YetS HAIRLICH

Na oo

e Y uig
1. ADLE 3|2 20| 2ichel Watet S8 ZAt| Tay

SO WEH U WA BE HZ %*% z0|M B3| SIS 3=5p7| 9lsh U2 (Frontend)®
otz 27 (Back-end)oilMe] ek

F-t

)2| O] M3t ot
7|2(Advanced Packaging) 7|& =350 2Z5tn ASLCH ES
HBM(High Bandwidth Memory)z} .75 CHYZE o22|9 £t Zetxoz ZItatof w2, TSV(Through
Silicon Via) &4, Micro Bump2| g8 ol 12|11 L A4S Al 2dsts Warpage(d) dlds 2Ae=
Aof5tl HALGHOF St 7|24 27FARY0| 55t ASHCL [EA: 7Y &4 E1M (F)32d (CRESSEM):
ZEMICH BHE=A| IH7 [ A SR 4] MEFA]]

S o & =
B ox

0213t 713 HO|Eo| H52 THadl i AL Zulo] M5 SUTIORE HAT 4 gl RAS OpIBILIC
Z

=
Aol HAr EA0] SEE FA ZB|7F 2% 0|FE TEstal 0| |=5te HHEE F2AUCHH, SAQ
A|

r

A
A0tE MEZ|(Smart Factory) 230(AM= A4t A2 (MES), 48| A|0{(PLC), HIOIEf 2|=(Line Camera), 121
= TEHAI Engine)O| stLte] {7[4Ql MEfAHZ HZAZ|0{0F BILICE [£%f: The Role and Challenges of
Software in Smart Factory]

O

7“%1 40| 1535t A Ze| S =7 SITEof e, 2 L4 Al 0|F S22 QI[st 34 20| E
LI E2ES 2iRI0A =A| BIESt= £21A S§H(Vertical Integration)2| £240| 1 oL TLCt
FYold 32

(=]

A
0 UFLICE 2rof 2t A Z0| 22|=|0f H|O|8 M0 A HO| LAFAHLE 2O 2LR[7 Ol A5
ChEkel 2 (Scrap)22 O[01A A= +E(Yield)ol| 2|B A2 EfFE & 4 U7 | W2 YT

’

2. 3212 £3F o}7 |8l x| (Vertical Integration Architecture)2| Sl 713
2 BM0|M CtR1Z} 5= MES — PLC — Line Camera — Al Engine22 0[|0{Z|& &HY 421 AEH(Single
Vertical Stack) 2= A0LE A 22| Y Q1 Z2{/d(Traceability) 2t 2 A|ZHd(Real-time capability)S =235t7]
QIst 2| 9| =2|d LTt O] OF7[Bl|= T3t 22 M 7HA| sl 712 & A|FgfL Ct.
M, GO|E] 7|dte| X2 M3 Z3tL|Ct A= Al A|LH(MES)OA SHEE dit BZO| A0 AS(PLOS

2 4
P2, 2SH22 Al ARI9l THS S5l CHAl 4% AS2=

2 22| AA AZ(Line Camera)of| =Z5t1,

OCeliz|= Q49| N AR $e| ZE AEIE CRY HO|E{2 ZAHSIEILICE [£3]: Manufacturing:

Execution System | PDF - Scribd] Ol= Gtest 2% A& €0, 22 22 S g3 (Root Cause
|2

Analysis)& 4 Q= 7|8H0| ELCH [&3]: 7
E2MO| MEF2L

=AM 20M (F)3244 (CRESSEM): AT BH=3] TH7 |2 ZAt

=M, dA Z2N|29| 2tF3t L ASSHYLICE 7|Z2| Rule-based dAF A2 O|Met =0[2ef A B&E
TE5HA| Zolf L& (Over-kill) S LHA|7|= StA 7 URSLICE SHR|CH Al 2 257 AIRIO| S&E O |HIX 0| M=
Clgjd 4N2|2S E5 HAKQ 0|2} AMAH| Defect2 HUGHH LESOCZN, HAIL| AlR|E 2 =0|1 A4At

2t219| Tact Time(d4t £7))2 St 4~ JUSLICEH [E4]: IT@Intel: Smart Manufacturing Using Computer
Vision and Al for Inline Inspection]
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Am A FX |0{(Closed-loop Control)Q R~HQILICt Al Azlo| TATH ZAS L (0: Misalignment,
Bridge, Missing Bump &)0il e} PLC7t S22 dH|9| S2ts HESIAL, MES7t oY 2E(Lot)e| 53
U st {714 g AHAE FEEeEN T AYHE SUSELCH  [EA:

O Y HBMAdvancedinspectionSyst20260509001 . pdf]

3, EaAMo| 23 U He|

2 BAME A9l 2] AS0 MESSE 2(3tCh 253 THEH AS01 Al A0 0[27|71%], 2t #&0| T 42
AEHoR PME 7 A AlARO| 12 EXS ME BASHE o 220| YsLIC
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d

|5, PLCO| SIEQI0] H|0f 7|5, Line Camerall 114 0|0[2| 2|5 7|5,
7158 7183 AtY oM Folgu .
- OlojE] 8 HIHLIS: &2l AlS2l BHO| ot AZ22 MYE|= st (Downstream) S&1t, Al9| Y
AL AR AZ2O2 BtE 5= ASFAl (Upstream) S 29| QIE{TH0|A L T2 EZS 2MFtL|C}
- 7183 = A AS 2t GojH ME Al EMshs A|H AlZH(Latency) 24, CiEE O|0|A| HIO|E 2|
oY S =2, 02|10 AlE 2HHo|E EEd (Data Integrity) F4| 2otE =&8fL Lt

2 2 Of7 [HIxo] HA 2l HAIZ224, M= 7|QO0| MO BHEA| o7 |3
E Mz ZHHE HHsHY| 28t 7|24 70| =218 A5t AF gL ct,

ADIE A2 SHEOIMO| S8 ZAI A|AEIE Aol BF/4At
O|Z27|7tA| 2t7| C}t
ChQl £~21 ABH(Vertical Stack) Of7 [EIX & S5t

o
7l 7led AY, 2|1 2 AIE0] = lsHof Sh= MR YR

u

el ASFEH offlel =214 dAb A3
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ine Camera, Al Engine?| 7§

m
2
-
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. [=]
AS gk ik 2| U S8 GIo[E| HH A (Top-level Management)
MESE 3| AL 2t019] 'S AShS 35N, S2F A9 At A&l Ay 512 Adh At0|9] ZH=8 Of|R=
2| A9 ATEQ0] AZYULICH ETF AL Of7[ER] LHOA MESE THES CO[E HZAAE H0of, HAF Z2M AL
7.

=]
1EZ Bl 7IsS s> LC.

« Recipe 22| 2 5} ZA} CHALO] &= A ZE 2| Z2(0): HBM3, HBM3E, FC-BGA S)9F & T4~ (8L 12,
16CH S)0|| w2t 2|A5HEl ZAF |A|T|(Inspection Recipe)E 512 H&2o=2 MEEILICH AT LMERS HAL
HIolE9] Alzld H4 2 HH 2252 op|gd £ Yoz AAT HH 227t 2FEUCH [E:

=

O+ HBMAdvancedinspectionSyst20260509001.pdf].

. 22 M(Traceability) H: 2t HZ(Unit/Lot) 2 BH45H AL 21, 2T Q8 AL A|ZQ| &4 G|o|E|E
ZEs5t0] 0] 2|8 S-ELICE Ol 2 LM Al /S AZH(Root Cause Analysis)ote O T4l
CIOIE 7|8tS HZEHLICt [E2]: M _32{4CRESSEM20260509001.pdf].

« $2(Yield) 2UEY Y 2RE: 512 AE2S2FH £YE Pass/Fail HIOIHE ZAGHH AAIZE 288
AESHD, WA 3Z9| orYHE W £ Qe HAEEE HSEULCH [24: Manufacturing: Execution

System | PDF - Scribd].
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+ 2 FZ(Closed-loop) |0 H&A: Al AIRIOIM 2ME Zet IHHS HIEC2Z S T2t0|E{(Y|: Solder
Dispensing &, Reflow 2= 5)2| 20| T2t HEE F2, 0|F o2l 2lAHZE HI0|E 2 &850 34
2| M3 HHS MAEILICH [ZA: Integrate Al Visual Inspection with MES/ERP Systems].

2. 40| 22! A= (PLC, Programmable Logic Controller)
A& Ak StEQ0] Ao L AA|ZH QIE{H|0| A (Real-time Control & Interface)

DEQ0 BHS 22X SAYL 2 Hetst, MM L F559| HEiE A2 HAI5H= MEA!

— [
FLICE MESQ| =2|4 FFS 2Ot SIEQIOS] 222 S22 s, HAF B[] HYAel 135S
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M
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HUN AN
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In wa
18
!

o

F=RH0] A|0f: AE{0]2|(Stage)2| XYZF Ols, 2F A|AEIQ] On/Off, E2[A(Trigger) A= 44
ms) Tele YLUE=2 HO{FLCt §3 2¥Y AHIE fI5H Lz AH|O|Z[(Nano-Stage)2t &2
22| E M ELICt [ZX: O =Y HBMAdvancedinspectionSyst20260509001.pdf].

E{Hlo|A HO|EY0]: 49 AHZ(MES)ZH= OPC-UA, MQTT § AYg BE Z2EZS Sl
| 4= (Line Camera, Al Engine)2h= 1< |/O = TEH A (Fieldbus)Z 5l §|0|E{2 n&tsH=
SrLIC}H [&2]: MES & PLC Integration Patterns | Overview Al Documentation].
QIE{Z}(Interlock) 2t2|: B[] B|4h M X[ (Emergency Stop), &5 &2 Y|, UE 42| 5 =24
HUE 2lst 2[RM HO|HS 7HALICE Ol A30|LE L L A| S22 FtEQ0 FA|Z +A5H HH|E
BSSL G [23: Ol =YHBMAdvancedinspectionSyst20260509001 .pdf].

7|3} Ztoij2te] =& (Exposure) AlE AHF2| =] (Position)?t HESHA Lx|oteS E2|A
Hes %%%PO{ 0|0|2] BE A|o| @M E2f(Motion Blur)E &2|EHLIC}
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3. &} 25 A= (Line Camera)

A& gk nofl4e ojoje] M (Data Acquisition)

Line Camera(£= 114 CMOS Sensor)& C'EIZ* AMHE C|A|Y HIO|E|2 BiststE ‘242t 7|2t L|Ch Bhe |
I{7| 2o ZO|M| 2EES Z2tel7| 2o S22 &2 M=ot 2 A K52 SAI0| 278= AESYUC

- F2 7Y Yk

o =
=

A =
S

- Z514 5 0|0]A] &l5: Sub-micron(um O[2H &He{e| SiAEE +915+0f Micro Bump2| =0[, TSVe| E&
AER, Die-to-Die 7t 52 A|ZSIEILICE [ O Y HBMAdvancedinspectionSyst20260509001 . pdf].

- CI= 219 Hojg| £33 ot AHES H0| RGB, UV S ChFst TpACHo| ZH(Multi-angle LED) 2t ZEH51H0d,
3D dd dEU HUO DMt &4 A0IE F2g £+ Us 3578 & H0|HE WHgU [E4:
O+ HBMAdvancedinspectionSyst20260509001.pdf].

- & A (High-speed Scanning): 444t 2k219| Tact Time(MAt F7|)2 HallstA| =2, 2 W T
O| 9| CIOIEIE Mg &~ U= Y FS SE3H0F LTt [E3: Al-Driven Machine Vision].
- OoJg] & =5E Al O|0[Z|(Raw Data)E Al 2 &F AdRIS=Z A Q0| dE5H7| s 1%
QIE{T|O| A (0]l: CoaXPress, Camera Link)S AF2EHLICY

—

4. Al Z2g &5 212l (Al Engine)

AE e 2| s Tok ol Ast 2 M (Intelligence & Decision Making)
Al Engine2 & 5F 0|0|Z| CIO|H{Z2RE Ro|0|st dEE ZE5t4, O|F HIEY2Z A|F2| Y= (Pass/Fail)2
TYot= At AS YL 7[&9| Rule-based AAS| StAIE S 55t A58 HAIE 7t &LICH
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- Deep Learning 7|8 ZT EF7: Fad L12SS &SI O|M ZT(Defect)dt 422 HFQ
L 0|Z(Noise)E ZYUstH +EELICE Ol Solf H&(Over-kill, Z4 HZTE =222 HY)ES &V|H2=
S20 dAtel deldE SEEUC [E2: &4 T2 CRESSEM20260509001.pdf].

- Zg 99 Mol Y & AEE A2 ArMo| Fo e ZH|112|(0f: Bridge/Short, Missing Bump,
Misalignment, Warpage, Crack 5=z = s235k|c} [2:
O+ HBMAdvancedinspectionSyst20260509001.pdf].

o HAIZHTY 9 mEd M 0|0[R] 24 &tz SA| THE Bt

=240l HiE (Reject)O|LE S HAIE FE=FLICH

uj
0=
0x
_O,L
2
-
e,
)
HU

dEe=M, 2T AIE2

| 1 = "d 724 =
g THE 2 24510 3dAe| 22 &QI(Root Cause)2 Z0tU= 24

=

[E2{: 2A4_F|MCRESSEM20260509001.pdf].

HA (Layen) A LMY 24 2 g (Primary FRIIEMNE Hl0IE] 47 (Data
S’ (Component) (Technical Specs) Type)
Recipe
_ P R YRl AN )
Management MES AAR2t2| 2ol =4 Management,
. (Structured)
Traceability
StEQo = 9l Real-time Control, A|0f A= /AtEN
Control PLC .
Ole{2t I/0O Interface (Signal/Boolean)
L . _ Sub-micron O[BIA| H0l& (Raw
Acquisition Line Camera =2|4d 0|0|2] &5 . . (
Resolution, High FPS ' Image)
. . _ Deep Learning, £M A1} (Inference/
Intelligence Al Engine e 25 9 oy P 9 o &

Defect Classification = Classification)

2t | @18t AIAR A= Clo|Ee] 2282t Aofe
S48 Ao gEalof gLt 2 MAoME AHZE A AA(MES)RE A3A[s(A) 2 &&F ARl
O|27(7t2|, HHEO| staf MY (Downlink)2t HIO|E{2] &aF A (Uplink)O| &Y H2E S5l 0|F0{2|= T 32
2AEH(Single Vertical Stack) OF7|EIx{E 2ALICt O] 2= 2t AHS0| S HQ =2|4 IS +HFHM
L2Ho=2 HHE AHZ FXR(Layered Architecture)E EdH A0 AHZ(Control Hierarchy)2 d/dste 20|
YLt

U 55S 71U Of2fet 2= AIA”O| JHA[EE =0[1, 2 HA A2 EolE] Feld(Data Integrity)S
HSot710| 80l 22[H-=2[4 EtE ASELC.

Of OF7[Hz= S¢et 27|l S8 80|, &%l S/ALEY AS0AM 5tel 2 AS2= 0| HAHZE=Z dEE=

6 g CRESSEM CRSM-AI-2026
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a1,

MES-PLC-Vision-Al Command Downlink Sequence

PLC Hardware Image

A&

HYof w2

2 AL g gk P A gl Aozl PGS S s (P FHEEolnI| S gajy ozl oo
Chas H e S 9 23t L2jo|ef B (Digital EgnEENCEP] MAZHER ER Y
(OPC-UA/MQTT) 4% = OI/O) (GigE/CoaXPress) !

2l 2. MES-PLC-Vision-Al Command Downlink Sequence

4. 7|=H n2{Alet Mlo|E] AEHdat Z|H A|ZH(Latency)
Ol4st &34 S8 AR 7ty 2 =4 MAHE AE ZF A|H AlZH(Latency)Q| +20|Ct MESO|A Li2{2
Ao TY A= O|AR|7|7HA|e] MA| A|ZHTotal Cycle Time)2 444 (Tact Time) 2t 2| ZEICH,

S _ odvo
Al Y1210] 2251 €2yl or:n_zqzo A3 ZOf

-

= SOF BHAlGH= QAR 2| 0| PLCO| A0 2I0f| FEFS 0|23

= 0% ZHFE(Edge Computing) 7|&S EE5I0 Al ALt 7102t

29| 2# EHIHOHH LSO 24, E1I0IE17r | A2o2 ST THA| LiHE O 225 = E4
[

— _I_ol-E
Z2{: Integration of Machine Vision and PLC-Based Control for Scalable
Quality Inspec‘uon]

&35t ¢o|Ee] A&t (Data Integnty) S| Al tCt. MESOIA Z[A|SF 'HBM3E 12T 2i[A|T|7} PLCE MA
|

Z93%
Al IR0 SE23HE2 mff, S7F SHAOIM HIO|E{ 7t HAZ| AL Fete|H H2E 2% EF(Misclassification) 7t

LA5t 2t (Over-kill) S-E OlF(Under-killS =zeligd & ACE TetM 2 AS 2F AEHO|A0M=
|24 (Checksum)O|Lt HEM|O[Z (Handshaking) HIHLISS Sall CI0EQ] REHE S ALK 2 HSHOF Gt

= B

II

MAIZHES 2R U TSy 2T

Tl 21 ARl (Vertical Stack) OF7|EIMOA AN Z2MAE Thed| 42 AS0A St AlS22 FYO|
M= 5HeFA (Downstream) S20f O2|&| &&LCH ZIZst 9|0|e] AQIE A Z(Smart Manufacturing)&
TS| 2ol = Al AN EE2F 2 T 240 CHA| A2 Ao L 2| AEez dEE 0 382 nd

= ooz Lo Of—T'—

3 23 o] 7y

—

CIoIH E 4otz Wit F2(Closed-loop) L= A|ARIO| WX YL|CH 2 MMM = A

[

Z27F PLCRE MESE A THA| 1 SY 2= BREls HAHUSE A 7184 71

1. 4|2 £Z(Closed-loop) El|0|E{ 27 HIZ{L|Z
Al QZI0| Line CameraZ5Ef £3E DdAE O|'3|7~|E =450 Ze(Defect)E 2FotH, 0 dE=
ek (Upstream) 22 MEE|H 2f A E0|M OS2t &

1.1. Al %2l — PLC: =2t 3 A|0{(Real-time Control)

g CRESSEM CRSM-AI-2026
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Al @lIZI0] AEHO]: Bridge, Misalignment, Missing Bump
Lol PLC(Programmable Logic Controllen2 Y AMSE 48
Inspection)'e| i¢lo =2 L3 22 =24 28 FES UL

. BZE HiZ(Reject Handling): ZTH0| SROIE HES A

4 201|0]&{ (Actuator) Lt Of|Of A2 (Air Cylinder)E Ta&LICt.

2kl 2| U ZAE(Interlock): 20| Lo

PLC= 4H|9| 7t5S SAl

LR [£2: mdpi.com]

1.2. PLC — MES: AAF AlgH Ol =M 3HH (Traceability)

PLC= Al RIC=28H 2 Zg Ry LU Al-el Ef
MES(Manufacturing Execution System)2 &gt C},

o AlA|ZE ¢§- BDL|IEE: MESE

AlLksto] 22| 210 A Al2fetetL Ct. [%ii scribd.com]

. 0|™ 2|(Traceability): £ Lot = 7

A=A (Root Cause Analysis)O| 7tsstES %H-I Ct.

1.3. MES — A|-0| A|AE-II/_-_1-I a2y j._| _1

5)2 dAlsts
St

St B

0o

I'OII
=
o
=
o
n
[
w0
(V]
@)
k=]
=
3.
N
Q
=4
o
=)
=

MES= S2& 2% Hl0JE

—

=
nEHs AHISguc

mju
ofi |’_||I 0
i)
_O'ﬂ
_9_

. Ol Hest =% —E—Er'% g0 =2 H{Y

efLiCt. Ol S HH'Z 0]0]2
SHA LI CY.
2. Zet RAE o= 21X M Al 24

2| ¥ (CRESSEM)2| HBM HAt B 29 w2 & 7|s 24 AI=E BIE2=

Z80| I|=8 203 ol o 2el==A 71sH

—

PLCO| 52+ 23|

A3t 28 (Defect Type)

(Immediate Action)

SAl, 7t
LTt O] ©Al= "HAIZH HAH(Real-time

g H2 A4

2Ol0fM  ZA

Thetolefo] A2kt

StHEmergency Stop L= Interlock)sto] thF 22H(Mass Defect) LS

ABHI (Timestamp) S

5| ClOJES HIEoR B A4 2j0lof

2| ERP(Enterprise Resource Planning

) E= 2
L OO
l= A0

CONFIDENTIAL

AlZH(Latency)

=elst7| lsh

ot O|E0| ZAlE 32,

Eost Cl0EIS

3 Ho AlAgiof
HE2|o] 2Hy

MES2| H|0[E{ &8 (Data
Feedback)

L Al AH[0]R

B SV 9|27t A= =°
ump/TSV I217F 2A2| A (Calibration)

olg

>o U

Misalignment

> ox oX
fol N
ok N2 o

T

=S SAl HiE (Reject) ¥
Bridge (Short) 01 Bump 7t 24 A ghAl 421
k=2

s 22l ZA|

AZ|(Interlock) 2!
Dispenser == AEj 2 &

Missing Bump £4 22| Bump 0|

3D Z2upAa clofe |ut

el AN L =
2H 45 2H EL 2

Warpage

g CRESSEM

Solder Dispensing &4d &4

M

Die Bonding &3 = A
gne|S oetoly o4 B

Solder =& 2f 2! Reflow
=25 D=0 4O|&{ et AFf
=4

ST Y FHUNY 2
0] f|Of&] D2
Hz{2|(Annealing) Al
S A (CTE) 2

Thermal Profile 244

CRSM-AI-2026



AOLE HZE 2|5t MES-PLC-Vision-Al £&F ZAFOF7[EIX 24 E 1M CONFIDENTIAL

[E4]: OF=ZHBMAdvancedinspectionSyst20260509001 . pdf]
3. OjcEl 2mo| 7| sHAl A Ql o) HSE
2o

| o o
a3 i B S foiMeE AS 2t UlolE dEd(Data Integrity) 2t 2 X|H (Ultra-low Latency)
E410| 2=|0{OF §L|CY,

O| TCHO| PLCO| MEYEl= MHOIA 2|20 YdstH, SZE0| 0|0] CHZ 3E22 HOo{7t7Lt gH
S0| e 4= AUGLICE 0| YAlsty| 2ol that 22 S4l Z2EE 2 OF7[|ix7t e Ut
+ Industrial Ethernet & OPC-UA: PLC2t &%l A|AE 7tol HFESIE S48 Soff CIOIEe A2dE
SHESIHME 04 MES AL [ unitxlabs.com]
- Edge Computing 7|8t Al: 2 GO|HE S2REZ EUiR| ¢, & (Edge)oll Ax|TH Al ZE0AM SA|
THY5I0 PLCRZ 2Y MBS E XA 2 E S6ll 41 A|¢2 2|28 [E4: mdpi.com]
3.2, Hj|ojEf 7|4te| 2= Q1 M (Root Cause Analysis, RCA)
Ctes| "Solct ats gttt dE3sk= A0| ofL2t, "ofH 3 m2to[E| mjFoj o] ST0| Y=o

& CUSH= Z40| nEotE L] SHYLICE

+ Closed-loop Quality Control: A7} Z&6t ZA&HO| Ii& (Pattern)S MESO| AE5IH, MESE
AH] 27(Log), F IO (2%, &), A FE (Lot No.)E Ut

« 0|2 §A|2%(Predictive Maintenance): Z3& & HIEI} EF %'ﬁIiI(ThreshoId)g HolM= 2ME B
22, MESE 2H|9| & WA F7|Lt ZYU Calibration(1d) A|EE AtMO|| o nat0] ot ZH|(Preventive
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