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ABSTRACT

In this study, we developed an automated contact-type thickness measurement machine that continuously and
precisely measures the thickness of a PCB module product using multi-LVDT sensors. The system contains a
measurement part to automatically measure the thickness in real time according to the set conditions with an
alignment supply unit and unloading unit to separate OK and NG products. The sensors were calibrated before
assembly in the measuring machine, and precision and accuracy performance tests were also performed to reduce
uncertainty errors in the measurement machine. In the calibration test, the precision errors of the LVDT sensor
were determined to be 1-3 um as 0.1% at the measuring range. A measurement error of 0.8 mm and 1.0 mm
thickness test standards were found to be 1 ym and 4 um, and the standard deviations of two 1.0 mm products
were measured as 14 um and 8 um, respectively. In the measurement system analysis, the accuracies of test
PCB standards were found to be 2 um and 3 um, respectively. From the results of gage repeatability and
reproducibility (R & R) crossed, we found that the machine is suitable for the measurement and process control
in the mass production line as 7.92% of total gage R & R and in seven distinct categories. The maximum
operating speed was limited at 13 pcs/min, showing a value good enough to measure.

Key Words : Thickness Measurement(554 5%3), Contact Type(EZ4!), LVDT Sensor(A &7 HH XS 7| M AY),
Measurement System Analysis(Z&A|ARZAY), Printed Circuit Board(2l44 2| 27|12
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Fig. 1 DDR memory module PCB design

specification(DDR2 FBDIMM, HYNIX)

Table 1 Specification of LVDT sensor(DP-S4)

Specification Value
Measuring Range +2.0 mm
Repeatability 0.1 ym

Accuracy 1.0 um

(Non-Learity) (0.1% at the +1.0 mm)

Outside Diameter 8.0 mm

No of Probe 32 ea
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Table 2 Linear calibration data of LVDT sensor

) Measuring Measuring data Deviation Value

Sensor No- Uni point st 2nd 3rd Ist 2nd 3rd
-2.00 -2.000 -2.000 -2.000 0.000 0.000 0.000

-1.50 -1.514 -1.514 -1.514 0.014 0.014 0.014

-1.00 -1.016 -1.016 -1.016 0.016 0.016 0.016

-0.50 -0.517 -0.517 -0.517 0.017 0.017 0.017

#1 mm 0.00 -0.017 -0.017 -0.017 0.017 0.017 0.017
0.50 0.482 0.482 0.482 0.018 0.018 0.018

1.00 0.981 0.981 0.981 0.019 0.019 0.019

1.50 1.478 1.478 1.478 0.022 0.022 0.022

2.00 1.968 1.968 1.968 0.032 0.032 0.032

oo Linear Calibration of LVDT Sensor #1 .
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Fig. 5 LVDT sensor calibration data

Sample PCB Measuring Data(24P)
(Hynix DDR2 So-DIMM_200Pin[V7N528A], Spec ; 1.00+/-0.1)
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Fig. 7 Thickness measurement result of sample PCP
Fig. 6 Non-linearity of sensor at the full scale standards with measuring points

- 154 —



LWDTAAE o] 88 A5 FAAESH

1 A

=AM A, A4, A4z

A vedes AL & F
719 B daeA =ZY
Vst A vElG dder B F
£2.0 mm Full scaleo|A] & EFE
(4~6 points)e] Hul A= AZA} zﬂ/\]z}_
(0.1% at the 1.0 mm)9} FAFSHAl ¢ 1~3 um ©l

Wz yepds #dd &+ ok olE § H A
AR5 Bad MAe] ArS et Alx A
A A AR SAC FET AT S Yt

e 5 et

o] Ea3lth B AFdAEsE F74 08 mm=E
Avt JhEd HA FZFAEH AAVIE A
1.00£0.1 mm¢! A A|A|ZF (DDR2 So-DIMM _200Pin,
HYNIX)S AZPCBAIH 2712 AA3sI] AL-&3519
I;].. ;.Jr_%/\]r% /\}3_ b3l /ﬂ]/q,] Zj"rx%zhﬂ]i 71
zte] FAE FAHst BFEATY FF J|EHS
2 dAsArh
EE2AEY VEFA SAHZATAA A

=2z z 7}
AT = dem ME PCBAIHY
zt AFE 240 A FHAH3Y Htol
1.027 mm, 2 1.010 mmoZ YEoH
Aae 247 14 et 8 ym S 2 YEFS T Fig.
AlEoz AHEE AZE PCBAHY AR
I 7 YXE FAZYE A9E O
2 Ued Aotk Fig. 8AAE F 7Y

PCBAIHANA SHA T4 #s SAENS
2 Uehdth Al AFEY FASAERS A

Ju—

B E o ofd

N

Houe (o AN o Y rlo o it Hy

. mx ol

Aol s guslol Jow WelnEsle] HEA 2
AEg Eol7] 99 () FAZ AT e A
o fmsitia BuRnh weby peBAHe] 24
Aol A et FAZSAge] WAL PCB AIE
o @3t 2HEA =40 we e AW
Sge EFW Aolmz A4 AndE FAAES
g7\ 2R 2D 5 A= AT Lh
oAz B 5 Ao

.| LSL: 0.900 USL: 1.100 |
No of data 48
Average 1.018
Max. 1.018 =
& Min. 0.994
= S.D. 0.014
= Cp 3.122
s
o Cpk 2.557
[}
4

a1, 1005 1@ 129 106 106

Measurement data(mm)

Fig. 8 Statical analysis of sample PCBs thickness

measurement data

43 HFSYE "ol

KSTAKS A ISO 5725-1:2012)°14 HH
(Precision)= “galxl =38l A WHEH =7
AT Abole YAAEE HoHT HHEA
S(Repeatability)= “HtE-Z27o| 93 A4
AUErZ Aojata IoHel

2 dATolAE AFE ¢ dve BEAE
WESAste]  HdFAt  HAFAS #A
(Deviation) S FAATZH71S] WHEAD
st gty Wyt A AV A4S
A (0.8£0.001 mm)S. 2 33] o] HbE =%
230 e RAZS 2EFte] Au)e] =%

of wrddth I8y BAZ AHE Y3 AA
< WEZSAGE AHE AR dF HEALE
FHExhZ Hristgnh. 5Ye TEAIH sk
12071¢] =A% Fig. 99lAE RAPHFT =4
Fa, b7 BEA T dolgd g TAEAM A
(08 HoFa Utk B4 & F2AA SAHH

H 0.800458 mm, EFHAF °F 0.8 e ZHe=
TEEZE 7HA o Fatghel KHLP A3
ZKBias Error)v= 0.458 pm, #HTHE 0.803 mm,

o

=
2

o
d
A e o A
oL ofi 2 o Pr fo o fp K

Zr 0.799 mme.E JER} Hje 7'<P 7
AEE HAY 5 U o] Fe =7

Aol AA EE 2AHSE B $5 5
J2 2 4 gov 5U A UF 34
@ YE I A AN SHeAE ZiH

— 155 —



AZNE, A F=7AEE A, Al4d, A4z
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