METHOD TO | NSPECT FRONT AND REAR Sl DES OF SOLAR WAFER BACKGROUND 5 | n sol ar
cell manufacturing process, a solar wafer typically goes through nmultiple
stages of optical inspection to detect flaws or damages, for exanple, Top
and bottom surface inspection to check for stain, scratches on wafer
surface Mcro-crack i ns;IJ_ecti on to check for invisible cracks inside wafers
Edge i nspMETHOR TQ INBRER TFHFONF ARBRBARHPERi Ofy SOLARWAEER edges 10 As the
market for solar cells become nore conpetitive, solar cell nmanufacturers
require higher ity solar wafers in order to obtain higher production
yield andBR %H'! Dreduce cost Solar cell manufacturers have realized that
sone wafer side area defects (e.g. crystal peel-off, glue residue) can
cause quality problens and therefore began to demand 15 i nspection of all
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transported uskdge iBSpentionw sycreck &rtbsokED adlahlpp@g;alquuumfemﬂgeﬁwe shoul d
under stand that the conveyor belt shown in the figure is for illustration
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direction ere I ng device 1n I'rection
obst r ust sinsgeotion mvadineides of the solar wafer from the wafer supplier.

This invention describes a method to perform inspection of both ends (herein referred to
“front side “ and “ rear side “) of a solar wafer with less complexity and lower setup
costs.

20
PROBLEMS AND PRIOR SOLUTIONS

As shown in Fig 2, solar wafers 01 (Note: letter ‘A’ in the figure is to illustrate wafer
orientation only, it does not exist in actual solar wafers) are normally transported using
25 conveyor belts 12 during production. One should understand that the conveyor belt shown in
the figure is for illustration purpose and actual design of conveyor belt varies. As wafers are
transported in directional manner, the wafer sides parallel to the moving direction (left side 13
and right side 14) can be easily inspected using image devices 17. Problem arisen when one
is trying to inspect the wafer sides which are perpendicular to the moving direction (front side
30 15 and rear side 16). As front side 15 and rear side 16 are facing the moving direction 18 and

therefore putting an imaging device in that direction obstructs wafer movements.

A prior solution shown in Fig. 3 overcomes the problem using a three axes robot 20 along

conveyor belts 12. The three axes robot 20 lifts a solar wafer 10 above the conveyor belt and
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then rotates the solar wafer 10 by 90-degree before putting it back onto
the conveyor belt 12. After the solar wafer 10 is rotated, the front side
15 and rear side 16 becone parallel to the noving direction and therefore
can be inspected using two nore irragi ng devices 19. Problens with this
solution are: 5 It may cause wafer when it |ifts/places wafers
f r ont ont othepretales theyedlargwalpf by 8@'5’3!@6%9{9% PYling Bdagk QR the ganyaveebelt b2

three axi gdrAROSolap wafked8ds rddaieH hfﬁ% fRInt Qicie 518! dHdl BB §b@we HeRofeSbardlich & fhe
addi ti onal conveyor belts 21 which is 90-degree 10 angle wth respect to

t he ment i ®AYAY cBiegtig@ngehewfore . cans bg dnepecisk eping WRpNOEE tipaging eqviress 19.

conveyor PghlemsAwitt thisSddiftion at® the path of conveyor belt 21 and changes its
moving direction to 90 while keeping the same orientation. Additional image

device8 22 will then be able to inspect the wafer front side 15 and rear

side 16 ag theﬁﬁwgcga fhfer e&wagﬁméhﬁh.ﬁ&@aw@w&@vg Bhfoe&}riv&{r]b r BRL D
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| NVENTI ON A first object of the invention is an inspection nethod for a
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t he sol ar
inspect the wafer front side 15 and rear side 16 as these sides are now parallel to the moving

direction. Main problems with this solution is that the system size become much larger due to

15 additional conveyor belt in 90-degree direction.

SUMMARY OF THE INVENTION

A first object of the invention is an inspection method for a front side and a rear side
of a solar wafer, the side inspection method consisting of continuously capturing a
20 discrete number of images of the front side and rear side, consisting of the following

steps:-
moving the solar wafer on a conveyor belt,

25 when the front side of the solar wafer approaches the line of sight of a line

scan imaging device,

a first light source is turned on and a beam of light directed towards the front
side of the solar wafer,

30
obtaining a first reflection of the light source from the front side of the solar

wafer,



30 obtaining a first reflection of the light source fromthe front side of
the solar wafer, until the front side of the solar wafer passes the |line

of sight of the Iine scan inaging device, and as the rear side of
the sol ar wafer passes the line of sight of the |ine scan 5i magi ng devi ce,
a second light source is turned on and a beamof |ight directed towards the

| i
rear side of Ubthethgoirent sigg eff tf@oéB‘@éi"YﬁfﬁgpﬁS%eéc@ﬁdmg@f pight iohrthefing s@@n i ght
source from (Rgidedvicel de of the solar wafer, until the rear side of the
sol ar wafer passes the line of sight of the Iine scan inmaging device, 15
wherein the first reflection and the second reflection are nerged by a beam

splitting deyhgead ahd RIaM sSR! slhr WERGESasabs tth@nrﬁé@m%rﬂldﬂqhémﬁe sea side
respectively as it enters the Iine scan inmaging device. 20 Preferably the

i nspecPi on N3G 98¥icea front side and a rear side of a solar wafer further
i ncl udes these steps:- turn off the second |light source and turn on the
first light source when collecting the first reflection fromthe front

si de; and 253t%fCANGT fight gaurceigtumedpn agd @rkeamuefdlightirdiresied Hvasds tiedepi ght
source when gghl §Gitd 8datpgtesecond reflection for the rear side;

10 obtaining a second reflection of the light source from the rear side of the solar

wafer,

until the rear side of the solar wafer passes the line of sight of the line scan
imaging device,
15
wherein the first reflection and the second reflection are merged by a beam splitting
device to form a number of images of the front side and rear side respectively as it enters

the line scan imaging device.

20 Preferably the inspection method for a front side and a rear side of a solar wafer

further includes these steps:-

turn off the second light source and turn on the first light source when collecting
the first reflection from the front side; and

25
turn off the first light source and turn on the second light source when collecting

the second reflection for the rear side;

Preferably, the number of images n captured by the inspection method for a front side

30 anda rear side of asolar wafer, wherein n can be calculated :-

(Eq.1)
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Preferably, the nunber of images n captured by the inspection nethod for a
front side 30 and a rear side of a solar wafer, wherein n can be cal cul ated
.- Fltan EP( Eg- 1) where | is the thickness of the solar wafer and e is
the view ng angle of the linescan imaging device and (p is set to the same
the i mage resolution as the linescan i ng device. Preferably (p the

f ocusi ng wagrge ie e thiskeessof theceplargvate) aa&@ Isthe vigmang angle of theginppearrisagingy 8
shoul d be ocus of
the I nest a5 8ind e ShERBIAR: RIS AEkeTHERAR BB dlicer s,

front side and a rear side of a solar mafer, uses one or nore line scan

i magi ng dgvi.ces. A second object of the invention is a systemfor the

i nspecti oﬁreg?raﬁlﬁe(p ftﬁ%f?tcugp%éla%%c%%erca‘jﬁ;%tgggﬁtf%{%y& ar wafer, said system
nmovi ng th Sofar pﬁgg on a conveyor belt, 15 turns on a flrst | i ght source
and digec S siaigd beam towards the front side of the solar wafer,
obtaining a first reflection of the light source fromthe front side of the
sol ar 20wafer, as the front side of the solar wafer approaches the |ine of
si ght of Erdrﬁe%lﬁ%hohrmgé sglectey s6 ehat 2Dt ndl@isded allivablei duptia os faclLe of tie

first reflections un the front side of the solar wafer passes the |line
of sight SEHLMA%G eé"t?ﬁn i magi ng devi ce,

10 Alternatively the inspection method for a front side and a rear side of a solar wafer,

uses one or more line scan imaging devices.

A second object of the inventionis a system for the inspection of the front side and

rear side of a solar wafer, said system moving the solar wafer on a conveyor belt,

15
turns on a first light source and directs said light beam towards the front side of
the solar wafer,
obtaining a first reflection of the light source from the front side of the solar
20 wafer,
as the front side of the solar wafer approaches the line of sight of a line scan
imaging device,
25 continously obtaining a series of first reflections until the front side of the
solar wafer passes the line of sight of the line scan imaging device,
and as the rear side of the solar wafer passes the line of sight of the line scan
imaging device,
30

turnis on a second light source and directs said light beam towards the rear

side of the solar wafer,



and as the rear side of the solar wafer passes the Iine of sight of the

| ine scan i magi ng device, 30 turnis on a second |ight source and directs
said light beamtowards the rear side of the solar wafer, continously
obtaining a series of second reflections of the light source fromthe rear
side of the solar wafer, until the rear side of the solar wafer
passes the | Ferdingusly eiainipe areries b seeand sTefesions @b\ihe elighiseresen froRe

series of fi Fh%t réagfg(%ptdfotﬂg st idis, series of second reflections are nerged
by a beamsplitting device to forma merged series of inages. 10 Preferably

the systemfor inspection of a front side and a rear side of a solar wafer,
I's controll egmﬁng#err%yr%fa egr e %orarcwsmafa%é@rme Miebresight! vr tthe sy ségm for

i nspection o ront si e and a rear si a solar wafer, has a sensor
to detéct thénaginggeviged exit of a wafer into the system said sensor
nounted at 15 the position where the wafer enters and detects whether the
waf er has entered and exited the system by sending a si %nal to the

m cr opr ocwBesin theefserieppf) firsierefipetionm ard the spreas ofopecanddefiediaps srej@eraed a

rear sideppf, Smbfded df Sigfages of i mages of the
front si de)pan%arﬁgg@&!snlwgg&gcertgqgﬂmlgr \é}\g@ e?‘érrg@andI Sges al gorithns to sort

out those solar wafers with defects above a tolerated |l evel, Preferably the

beam spl i PFéf&leQet%b%?stb% @orp.hes&ct.eﬁm #Bhi tsr,l@er andldt pEaibY edfYa sbiBPwBRRAMS
splitting devicé 1s a cube beamsplitter.
controlled and monitored by a microprocessor.

Preferably the system for inspection of a front side and a rear side of a solar wafer, has a
sensor to detect the entry and exit of a wafer into the system, said sensor mounted at

15 the position where the wafer enters and detects whether the wafer has entered and exited
the system by sending a signal to the microprocessor.

Preferably the system for inspection of a front side and a rear side of a solar wafer
receives the merged series of images of the front side and rear side of a solar wafer

20 and uses algorithms to sort out those solar wafers with defects above a tolerated level.

Preferably the beam splitting device is a plate beam splitter.

Alternatively, the beam splitting device is a cube beam splitter.
25

Optionally, the beam splitting device is a dichroic mirror.

Optionally, the beam splitting device is a dichroic color filter.

30 Alternatively, the system for inspection of afront side and rear side of a solar wafer
has a folding mirror is placed in between the linescan imaging device and the beam
splitting component to fold an optical path of the beam of light so that the overall length

of the system can be reduced.
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Optionally, the beamsplitting device is a dichroic mrror. Optionally, the
beam splitting device is a d chroic color filter. 30 Alternatively, the
system for inspection of a front side and rear side of a solar wafer has a
folding mrror is placed in between the linescan inmaging device and the
beam splitting conponent to fold an optical path of the beamof |ight so
that the BB&E’%DESP HIONSF THE BBAVANGSan be reduced. 35 BRI EF DESCRI PTI ON
OF THE DRAWNGS It will be appreciated that the method of inspecting the
front sidewinst agrecisted ehaptheamsthbarof iaspectingashelfeont rgrlee neaalt eschri sidey af ious

f . A f d di t of .the i ti | | d i bed,,. b
A A S T A S R R ey R

r Ief er encewlllolMise @sseaibgRBY Wag ofl Egavhplg Dniywimerveihoul infeading b be simiteige rantiowith ke
el enents.

Fi g. the side and front sjde of Lar waf ig. 2 i
an' 11 Bat FlErPase G esoctiear nadranss, MBSt Sl o KBk GoiRE Dot (s

during production. 10 Fig. 3 is a prior art solution proposed to inspect

t he si desFigf 1 sows theatsisles andi frant sidenicé @ splasvafesbot as t he sol ar waf er noves
al ong the conveyor belts. Fig. 4 is a variation of the prior art solution
to inspect the sides of solar wafers using a 15 three axes robot in which
an additibigal déomneifistrationt ofwhpwhsalar wafetsedje elsanspgrted uping corgyet beltsoduring

f ore- ment Eg,%g(qio onveyor belts. Fig. 5 is an overall view of the invention
illustrating a [inescan imgi ng device viewing at an angle 8 onto an
opticdP beam splitting conponent 2 along the nentioned conveyor belts. 20

Fig. 6 isgan | ar i i he, i tdQRiA j | ak: f is
novi ng onF b%\?gy%tp H elat?t gﬁ%ﬂ’d[nﬁ;‘é}‘oggoﬁetgr f\ovv?zra]? eéérh@ftpgr%{deg ioggoﬁlégsﬁ?fggt ﬂé‘ﬂg\%rt@r et he
| i ne of saxgstrobdt ahdhe isplar yveder meses Algnadbe senveyor belts.

Fig. 4 is a variation of the prior art solution to inspect the sides of solar wafers using a
15 three axes robot in which an additional conveyor belt which is 90-degree angle with respect

to the fore-mentioned conveyor belts.

Fig. 5 is an overall view of the invention illustrating a linescan imaging device viewing at

an angle 6 onto an optical beam splitting component 2 along the mentioned conveyor belts.
20

Fig. 6 is an enlarged side view of the invention in which a solar wafer is moving on conveyor

belt and the solar wafer front side has just entered the line of sight of the line scan imaging

device.

25 Fig. 7 is an enlarged side view of the invention in which the rear side of the solar wafer is

about to leave the line of sight of the linescan imaging device

Fig. 8 is an llustration of how a series of images of the front side of a solar wafer is
obtained. (The rear side of the solar wafer is the same except that the direction is

30 reversed).

Fig. 9 shows the light sources are typically LED bar lights with focusing element to focus

light onto the are of the front side or rear side to get maximum image brightness.
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25 Fig. 7 is an enlarged side view of the invention in which the rear side
of the solar wafer is about to |l eave the line of sight of the |inescan

i magi ng devi ce Fig. 8 is an illustration of how a series of inages of the
front side of a solar wafer is obtained. (The rear side of the solar wafer
is the sane except that the direction is 30 reversed). Fig. 9 shows the
l'ight sources are typically LED bar lights with focusing element to focus
light ontgyg tmsﬁé\ﬁs m‘at Er{éeoéarnvesnttmgd@on%n@ﬁ% repid€ad w.tmatdlémaswémrlfm@@eand
brlghtness Fi g. shows that the beam sp |tt|n% nponent is replaced
with a di ﬂﬂhﬂlghtcﬁogmeowl"fhavedrﬁeéﬁm CQ'IQEWBYWQ’(%MJIBG@ i | I have different color
wavel ength Al and A2. 5 Fig. 11 is a schematic of the detection process for
the front side and rear side. Fig. 12 shows |ine inages captured by the

| i ne s&anFignhbisragsatiematieof Tiee detgetion wiibeass afioedhe ontheide ramalt resir cides apt ur ed
by the |inescan inmaging device and the lower white area is the rear side.
Fig. 13 shows a closed up portion of the front side image fromFig. 12.

Fig. 14 shigws2 shayvsoinedmagegeantired bythe line a‘caohvagingjée\ti%%hﬁu@perl\ahw aneads
side are - -

ar ca. i gETeRE e EfRaaf e RGh tndlind R ceRrl Ra BBS R IR e
Fig. 16 s$idews the use of a folding mrror placed in between the |inescan

i magi ng device and the beam splitting conmponent to fold the optical path so
that the overall length of the system 20 can be reduced. DESCRI PTI ON OF THE
PREFERRED-igMVBOEaveNT closgthupRestion bf the éantogide ivaderfrasmtidom2i s il lustrated in
Fig. 5. A wafer present sensor 61 nounted at 25 the position where wafer 01
is entering and is used to detect whether wafer 01 has entered and exited

t he syst enigh{4 skavdi mglosedjurgporaon of thadont side amtier1 260th 3 ightaremdefed B8 bend

o4 are ty?ée‘ﬁgdlééﬂx'&ag hb&&%tcﬁ@l&ﬁ g mﬁw‘ut@%@é t.' | near array which can be

turned on epe uter hrough a lighting anplifier 62
30 Thé5invention consists of a linescan i magi ng device 51 viewi ng at an

angl e 9 oo 2y ApLicE #le REEHA Rl RArEAIAAIENGER,2l@ng the mentioned

conveyor e optical beam sp tting corrponent 52 can be plate
beam splitter, cube beamsplitter, dichroic mrror, dichroic color filter

etc. Sincggt yPLcils hBREE of &3B! RfroPpiasidiR tRbFSEN hE RESSCRImYGihE detiBR Hhd
the beam splitting component to fold the optical path so that the overall length of the system

20 can be reduced.
DESCRIPTION OF THE PREFERRED EMBODIMENT

An overall view of the invention is illustrated in Fig. 5. A wafer present sensor 61 mounted at
25 the position where wafer 01 is entering and is used to detect whether wafer 01 has entered

and exited the system by sending a digital signal to computer 60.

Light source 53 and 54 are typically LED (light emitting diode) linear array which can be
turned on independently by the computer 60 through a lighting amplifier 62.

30
The invention consists of a linescan imaging device 51 viewing at an angle 8 onto an optical
beam splitting component 52 along the mentioned conveyor belts 12. The optical beam
splitting component 52 can be plate beam splitter, cube beam splitter, dichroic mirror,

dichroic color filter etc. Since typical image resolution of side area inspection using image
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device 17 is about 15pm pixel and the solar wafer size can be upto 156nmm
therefore the |inescan i magi ng device 51 should have at | east 10, 400pi xel s
in order to achieve the sanme imge resol ution as using imgi ng device 17
for inspection. 5 Fig. 6 shows an enlarged side view of the invention in
whi ch a solar wafer 01 is noving on conveyor belts 12 and the sol ar wafer
01 front deuike 15 ishakoyt dSuméicedcad theselar water gizessaghpe 9Btop S&a, thepeforecthg

| magi ng dﬁﬁé‘sé&w ﬁaglr‘% b\GY 56 SHEAS have bfslesetrﬂﬁ@bme%n.ﬁ PEEMO! idv8WRE damihe
sol ar wafer nt~ side 15. Reflection 56 fromthe Iight source 53 enters
the |ine bragsirgslutdn asfusing imaping dewice ¢ fArdnsRgalien- by beam splitting
conponent 52 before entering to the hnescan i mage 10 device 51. Fig. 7
shows an enl arged side view of the invention in which the solar wafer 01
rear sﬁdeFigesGisgom@nten!ewgercbwe viemeof tha énventien) hwhigh agolaryeafer Bk Ecaaving®di ng
3\2;’;?60?1?%@?!/6;' th '19 aﬁ@é\?f@ol%é\f@r @Pfr&ﬁq“d%m @Hé% JQQt' éﬂtér@g itt8 \YRE QFS|§H35556¥| ar

. ection romt he source 54 enters
i ght of tedhe ss@w wnqgeng davigeti Atliht %W@J%IStth@eg@arﬁngmomtmg fpagapsnRaar 52
bef ore enfsff pg frfoﬂt §9@1F' ﬁ%%g&q 5@%91 me\nbﬁteso@ﬂce FEntBRARL FRE ok & lqu955 after

conponent 52 is Ica use It a beaminto two pa

However i hemmr%‘leicédastalrbw beaye se@&mﬁ mpqr’@iﬂth osfopR RBIEIING o the llﬁ@é@ran image
rever §gl Yqdicd®1. 9e two 20 beans. As such the reflections 56 and 57 wil|
merge into 55 and enter the linescan i maging system 51. However one shoul d
understand that reflection 56 and 57 do not happen at the sane tinme and

theref or epgl ¥ RRbwE 8h R siad vi‘é(lv cﬁ?hé’fnv@ﬁ’t% Wv@Hkaﬂe%@%’f‘ MertﬂereEP Qiﬁtﬁel%n

|mag|ngdeV|ce51at any point of tine, As such an ipage taken b
| i nescan isrkgiiig lerveitee limofigight 5§iof thedineseandmagingdevics 6f"9f‘?’!9n$°%‘ﬁj@4 g5

and rear giglg arﬁaﬁ@ 95.%9 R{M@ssﬁn'e%laﬁvé?@mbpea@@wa 1@@@8&%”57' romAhé Mgiah

reflection 56 and do not occur at the sane tinme, but stray reflections

fr om dbhesouses b4 eatery light of sight a8, afterpisanse)ittediiraiahidhe beam spiittiag GPMPPEet 335

toget her Witbh érﬁé,g@%lt@“ng@cé};mﬁ%leqﬁq,cgrg,qate unwant ed noise in a inage.
Therefore to renove the stray reflection, the invention will turn on |ight

source 53 and turn off |ight source 54 when collecting reflection 56 for

front si d?hel%eéﬁl Splittfhy: cé\l}mﬁadeﬂf 5y .@h@ﬂcag’l Lt tongplrteef gt # bémn 5r?toft% gﬁﬁé 30

side 16, |ight source turned on and é%/t sour ce
turned of HOWeyey.in fhis mvgntia, ithg anmép@@ns GPTRerEH o 18 &S%{%efﬁeé)htq 'ﬁ'ﬁ@@ o

sol ar ypaf g&artd dfs %ﬂ&@th@%ﬂ&tl&ﬁ§9€ afd 8¢ mﬁlﬁnéﬁg@at@wam Bntef ﬁ‘@rllnébéj@l iffaging
the sane except that the direction is reversed). | ar__waf e

t r anspor t $te) SdoHowevar ansl shoulthundemstaprbiiat fefieﬁi“%ﬂ §%é‘ﬂ%§7\ﬂ°c 'PPtt"}?@pe” at the
reflecti ogamé tikd Bn@thd?Efore either reflection 56 or 57 or none will be seen by the linescan

imaging device 51 at any point of time. As such an image taken by the linescan imaging

device 51 will discrete side view image of front side 15 and rear side 16 so that processing
25 can be done independently. Although reflection 56 and 57 do not occur at the same time, but

stray reflections from other surfaces (e.g. conveyor belts) can also enter line of sight 55

together with reflection 56 or 57 and create unwanted noise in a image. Therefore to remove

the stray reflection, the invention will turn on light source 53 and turn off light source 54 when

collecting reflection 56 for front side 15 (Fig. 6). Similarly when collecting reflection 57 for rear
30 side 16, light source 54 will be turned on and light source 53 will be turned off (Fig. 7)

Fig. 8 illustrates further how to obtain an image of solar wafer side area using front side 15 as
an example (rear side 16 is the same except that the direction is reversed). A solar wafer is

transported by conveyor belts 12 and when it intersected with the reflection 56 path at p0,
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first line image of the front side 15 wll be seen and captured by the

| i nescan i mage device 51. One shoul d understand that in practical the
hnescan i nage device 51 should start to capture nuch earlier than this so
that the first position POis not mssed. By setting |ine pitch setting 9
of the linescan imaging device 51, image of the front side 15 will be

capt ur ed fshinedumepe ef fedroatside 45 will heosqan andragiuredbeie lnesean imageeslevies 5o
hn of the i g
dovi ce. 510 ASHQUENAerintiigr i reB AR U oEBitinRd ik 57 SHolBSHAT ) LS
can be cainodh earier then His do thel therfirst posifiein PO)is Motanisgedl. Bieseting ling pithle settmg ?

t hi ckness [ f i V] W : | j an
| mgi ng agredneran fiaalGioBlion St Shigd dring e P RIPHS L Boled e balfeA S
t he hnescamosswpgltu@ndmd dnfa‘eﬁ:ht belggt le¥8l KB mahnaridhe dloat sigef €y wilhbelseessand i s

about 150deybitl s fRRD Sallo8 MMlce 5125k (ol BE oI SEN Ay G &0

be 45 deg e 1 ncreas ecreaS|ng
However wbtaptured e weasedatican heecdladated agquﬂr@omo whi ch can be cal cul ated by
Eg.2, will also be increased. - sari(Eg. 2) 20 Therefore 8 should be

sel ected so that co does not exceed all owabl e depth of focus of the

| i nescan ﬁnnge_HBV|§§?§} otherwi se the line inmages captured wll not
produce the gtam# sharpness across the side area. Depth of focus can be
increaﬁed by using smaller lens aperture setting but the |ight source 53/54
i nt ens ty will need to be increased too in order to 25 obtained the sane

i mage brigihenesss tHe GickRessheMbie tddtarvight 05 aHd risSBe aftlvidg adgle dfthk Ginkddanl ED
bar lights with focusing el ement to focus |ight onto the side area to get

maxi num | RAGENIASVIRtHess. The col or wavel ength of the

Typically ¢ is set to the same the image resolution as the linescan imaging device 51 (e.g.
15 15um) and solar wafer thickness t is about 180um. This results in about n=12 if we set the
viewing angle to be 45 degree. N can be increased further by decreasing the viewing angle 6.
However when 6 decreased, the focusing range », which can be calculated by Eq.2, will also

be increased.

T

20
Therefore 8 should be selected so that ® does not exceed allowable depth of focus of the
linescan image device 51, otherwise the line images captured will not produce the same
sharpness across the side area. Depth of focus can be increased by using smaller lens
aperture setting but the light source 53/54 intensity will need to be increased too in order to

25 obtained the same image brightness.

Fig. 9 shows the light source 53 and 54 are typically LED bar lights with focusing element to
focus light onto the side area to get maximum image brightness. The color wavelength of the
light source 53 and 54 is the same A0. However when reflection 56 is being reflected by the

30 beam splitter component 52, the light intensity 11 of reflection 56 will also be splitted into 11’
and 117 (i.e. M1=11'+I1"), as such the reflected light intensity is reduced by half. Similarly to
reflection 57, the light intensity will be splitted into 12’ and 12".

9



| ight source 53 and 54 is the same AO. However when reflection 56 is being
reflected by the 30 beamsplitter conponent 52, the light intensity 11 of
reflection 56 will also be splitted into Il' and 11" (i.e. 11=11+11"), as
such the reflected light intensity is reduced by half. Simlarly to
reflection 57, the light intensity will be splitted into 12' and 12". To
overcone the lighting intensity reduction, Fig. 10 shows that the beam

splittingrgo [ 1 A dieghr o itht e .t he
Fant  soa SRRER (¢ IehubEPhRRRY, odlendy OFRETR ShoAH gl g Che
ar r angenesamparnieat 82 dshreplaced wiitbra dichnoisr coddidiliet 5§ @ng theelight isedroe 3k willXravgnd
reject 2.1 i f i n ] SSJ ] - dj i lQn,
il ter 1 sd0shl eyt W dianT iYL A0 2T bR Tehl i oRBRICLaB Aler shdie
resul t 5i nselédtos to A% &fd efdct an. Sinck theanfiettiss iaad trhosmisSioard tHstldichdiczddorand

14'7.14). This will help to | the jnmage bright depth of
Foous of G MRS PRRAIE: HEGAIGE 13150 Wi S e Pd o Sosdn st d0PPane

used. 10 HHrgetiohlakh#¥BsrhiBfoRFACBSSnd T4 @PLIBI SHAG Ao hisanml Kedglto Shaleadehae.
When a wafer 01 arrived and detected by the wafer present sensor t he

61
conput er GTRgerightngss [angHieptual oeus of tisdinessan isiass deyice S helgeas swallsr frps
device 51801 p@RAnbEUsddIe | mages to 15 formthe front side inmage. The
nunber of 1ines captured should be at |east n+p, where n is the nunber
mentidfed in Fig.8 to cover the wafer side, p is the nunber |ines of

required Eg ¢P¥Rdwd 18 pidceba BESOtRIRINGaRAt hfterewnbige imagsent sensor 61 to the
reflection™56. After front side image is captured, Tight source 53 will be

turned of f. 20 When rear edge of the wafer 01 left the wafer present sensor

61, the coiReHLALaf8P0T HirilEd SRd biétabled BY WRE Rafer pRENt d2hbdrad 1€ thd Enpuitéreste an
i magi ng device 51 to capture lines ifmages to formthe rear side |rira%e. The

nunber  of tUis @slight geurce @3 aRd initpteethadineseaimading dgres a1 & Faptyngding S 18f

li nes jEeatdrhake frontcREBmabBeTHE SRR &f Rt/ RpRLrehenovid B ableBSEYp, RABRAT is61 to
the reflection 57. After rear side inahge is captured, lq'r%ht source 54 will

be t ur nedthgfrumbes mertiorsasin &ig-B & ERVEE thegValaiesids, & g thehyipler Tings ok lrauirRdte

wafer to ghleptheistah@EodveES e WaBERESent SbBsor b2 t6 HaWefiédtioR S6MRB&S TR Bide! ed
by the |ine scan |tn%gl lzr_;%tdew ce. The upper white area is the front side
He&s'c B

capt ured #RAeHECaR PYGe Rg WikLe REnedeff-t he | ower white area is the
rear side. 30

20 When rear edge of the wafer 01 left the wafer present sensor 61, the computer 60 turns on
light source 54 and initiates the linescan imaging device 51 to capture lines images to form
the rear side image. The number of lines captured should be at least n+q, where q is the
number of lines required to cover the distance between the wafer present sensor 61 to the
reflection 57. After rear side imahge is captured, light source 54 will be turned off.

25 The system returns to the state to wait for the next wafer to enter and the process repeats.

Fig. 12 shows line images captured by the line scan imaging device. The upper white area is
the front side captured by the linescan imaging device and the lower white area is the rear
side.

30
Fig. 13 shows a closed up portion of the front side image from Fig. 12.

Fig. 14 shows a closed up portion of the front side from Fig. 12 with a side area defect can be

seen clearly as the dark patch along the white area.
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Fig. 13 shows a closed up portion of the front side inmage fromFig. 12.
Fig. 14 shows a closed up portion of the front side fromFig. 12 with a
side area defect can be seen clearly as the dark patch along the white
area. 10 As a conclusion, the invention allows the front side 15 and rear
side 16 to be inspected w thout using additional inspection robots or
conveyor belts as proposedin current solutions. The invention also

compr | se5p0fs AhoRRIhCHle ARSHEA SIG hBtorpitlde £58nk TR 8 AIRVEE Sidsdcted

needed for bo ont sid rear side 16, as such cost and system
conpl exi tyithaut usinguedditionat timapectianl RIERIRENT ENVBODN |DHNTES OPToPPEEd NVENTUTRNt10
Eq. 1 indi t | d i n i r; iRy P
and 9 15 TOnRs) ' aueniby ETSPh%&?pJESEQ’?ZaS"O?@??gE%?*‘%H@??F%e@ﬁéﬁﬁ?Aﬁg?'ﬁ
devi ce551devige is meedetlior bethdront side damnt ieayiside s Such eest apd systean ganplexity
increase fhe immge fesol ution and hence total nunber of line inmages. Fig.
15 illustrates the invention with two caneras putting side-by-side 15 Fig.
16 shows that a folding mrror 59 can be placed in between the |inescan

i magi ng dﬁ}eft':%% W?Pﬁvgﬁ%gl w&rﬁﬁilngEﬁqm@nent 52 to fold the opti cal

path so t e overa ength of the system can be reduced. Wile a
preferred enbodi nent and ot her enbodi nents have been described, it should

be 20 .app . . , 2 . _ ,
subst 1Pt £ e sy B Ambef 8 ik Jhis0ben BB be epidsB By dRERREAIOTIRILE. cur 1o
persons stypichigoequal toltbe amageniesbiutidreofdhe Biesoamimagingdemiced . AlsIsuch mutiple
advant agegs e i I : i I 'y
under st ool(?:pet(:g %%{i Mfaﬁ;@{gpc?eg@ tgﬁtcg%{‘rf?\g/téjlrslg&oon'ﬁ?%g%éoj{h%?h?%%tjéesgﬁj!tﬂgH %gd Plg%éét @g‘{l by the
parti cul anurhieextdfifies inzages skig uth illusmtédsctheiimisstiar withityexednirrds aniting eidiediyeside. n

t he acconpanying drawings. It is 25 therefore intended to cover all such
nodi fi cations, alterations and adaptations w thout departing fromthe scope
and spbr i Figo16 tshewp thes ariolding veindi Sthcamsbealptatetbio bejwadnethe ipesvdadmading device

ADVAWAGEQJ%%%%%L% Qﬁttipa%o%ml@o fold the optical path so that the overall length of

the system can be reduced.

While a preferred embodiment and other embodiments have been described, it should be
20 apparent, however, that various modifications, rearrangements, substitutions alterations and
adaptations to those embodiments may occur to persons skilled in the art with the attainment
of some or all of the advantages of the present invention. Accordingly, it should be clearly
understood that the present invention is not intended to be limited by the particular features
and structures hereinbefore described and depicted in the accompanying drawings. It is
25 therefore intended to cover all such modifications, alterations and adaptations without
departing from the scope and spirit of the present invention as defined by the appended

claims.
ADVANTAGEOUS EFFECTS OF THE INVENTION

30 This invention describes a method to perform inspection of the front side and rear side of

a solar wafer with less complexity and lower setups.
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30 This invention describes a nmethod to performinspection of the front
side and rear side of a solar wafer with | ess conplexity and | ower setups
CLAIMS 1. An inspection nethod for a front side and a rear side of a solar

wafer as it

noves on a conveyor belt, the side inspection nethod

consi sti ngbof continuously 5 capturing a discrete nunber of inages of the

front end

AtMBack end, consisting the followi ng steps:- as the front side

of the solar wafer approaches the line of sight of a line scan inmaging
10 turning on a first light source and directing a beam of |ight
t owar ds t he fArmpninspsiclen ofmethed &laarfronafside and a rear gieaphiagolar Mafestas it

reflecti Oﬁc}% theal IcgRley3PUbGE | eoﬂj(% Qﬁsééeéﬁ% %e@%o‘)fcohgﬁtilﬁile@f][ rcéﬁﬁﬁgq%ég of

devi ce,

conti nous

obtalning a“series 0O

l'ections until

t he sobarcamiring pashsesete meimbenof ghagssgief b fiané end madsiagh andagiangistieyi the,

20and as fohgwih

| ine scan 1 nag

beam of

waf er,

evice, turning on a second light source and directing a

gagte .de of the solar wafer passes the line of sight of the
ng

light towards the rear side of the solar wafer, 25 obtaining a

second ref I eglifg pofi B8 drihlleoRPULRE (Jphdohes "6 ik diesighe drieysoLadn

continously obtaining a series o ections until

the rear sidenaging ¢evi@0sol ar waf er passes the line of sight of the line
scan i;gagi ng devi ce,

15

20

25

30

turning on a first light source and directing a beam of light towards the front

side of the solar wafer,

obtaining a first reflection of the light source from the front side of the solar

wafer,

continously obtaining a series of first reflections until the front side of the

solar wafer passes the line of sight of the line scan imaging device,

and as the rear side of the solar wafer passes the line of sight of the line scan

imaging device,

turning on a second light source and directing a beam of light towards the rear

side of the solar wafer,

obtaining a second reflection of the light source from the rear side of the

solar wafer,

continously obtaining a series of second reflections until the rear side of the

solar wafer passes the line of sight of the line scan imaging device,

wherein

the series of first reflections and the series of second reflections are merged

by a beam splitting device to form a number of images of the front side and rear side of

the solar wafer

12



wherein the series of first reflections and the series of second
reflections are nerged by a beamsplitting device to forma nunber of

i mges of the front side and rear side of the solar wafer 2. An

i nspection nethod for a front side and a rear side of a solar wafer as
claimed in daim1l, further including these steps:- 5turn off the second
I'ight source and turn on the first |light source when collecting the first
reflection fr -an ug: f gl C urn
on the. seBond ] {hEetsstThethlud o bie i g 26er 582 of 3 Bhbr AR R Gl
rear si dein Glainy éniblvtbersmlwngéhe@csie@ﬁis. 3. An inspection nethod for a front
side and a rear side of a solar wafer as clained in daim1l, wherein the
nunber of inages captured is n where n can be calculated :- n = ( Eq .1)
<ot an fhere Tumnfithe setirck fighsoufcet ared tion on thaffieat lightisource when mllemngg

angl e of thetﬂm%ﬂr@??&%cﬁ@@oﬂgtﬁeﬂ%rﬁ?l@é@n&’ is set to the sane the inmage
resol ution as e escan | ma evice 4. An inspection nethod for a
front side and a rear side of a soI ar wafer, as clainmed in Claim2, wherein

- (Eg.2) sig rgro%rstr%fﬁf\ i ESG&EO%J“P&HO& sefotd 99t sHuFR Rh GoilkERig Si de

of a sol ar
the second reflectlon for the rear side;

10
to remove stray reflections.
3. An inspection method for a front side and a rear side of a solar wafer as claimed
in Claim 1, wherein the number of images captured is n where n can be calculated :-

15

T
e Eq.1
@gtan P (Eq-1)
where 1 is the thickness of the solar wafer and 0 is the viewing angle of the linescan imaging
device and ¢ is set to the same the image resolution as the linescan imaging device.
20

4. Aninspection method for afront side and arear side of a solar wafer, as claimed in

Claim 2, wherein
T

El s Eq.2

=B (Eq.2)

25 5.  Aninspection method for afront side and a rear side of a solar wafer, as claimed in
Claim 2, wherein 6 should be selected so that @ does not exceed allowable depth of focus

of the linescan image device.

6. Aninspection method for a front side and a rear side of a solar wafer, as claimed

30 inClaim 1, using one or more line scan imaging devices.
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Claim2, wherein O should be selected so that co does not exceed all owabl e
depth of focus of the linescan i nage device. 6. An inspection nethod for a
front side and a rear side of a solar wafer, as clained 30 in Claima1l,
using one or nore |ine scan inagi ng devices. 7. An inspection method for
a front side and a rear side of a solar wafer, as clainmed in Claim1,

wher ei n the |Amiseegion nagiboddfer aefret gidesandacigpt wide af fufplar waferi afagjaimeds

the frontiealifucratih i RE iIREIBR SnidEddvidedtalOR! dapRite P@ntﬁ’rﬂgerscﬁtim) gs'o';m%
pitch setting o of the |inescan inmagi ng device, tO capture a nu r o
i mages of fromte efid omticte parlienbefersutthe fitsy pesitiar Bs s apd sedingringrpitctiiseftisgenof the

hei ght | eyel 10 f. th ' - ' td th r.
front si abessl” el oBlieh" 5y botlls Shifger O oLy OPRE Hf o Meiheotlind ;|
t he | i Besa@nss pEige, ded different heigbt level batothurobthe frantiside. of | nages of the rear
side nmuch earlier before the first position Po and setting line pitch
setting p of the 10 hnescan i maging device, to capture a nunber of imges
of the re@r shnimspesiioacmeihed| fpr acirard ssigeand apieanrsitiediof faeselar whtsirgie clhiowed!|
ho to hn of ~the .fr Si . i Yo f n{. Si d a
rear si de'?‘o Hgﬁgowg{r&?ﬂgftggjm%%a&ﬁﬁ?#gga{?%%?'g? %eélgb g eér)éllﬂﬁb%#g 'E;"eayreng%fﬁ].'ré
splittingredevside msctaediliehbefore dlod &irst positiar Pandntsettingrlipe piichsettib ¢ ofithee

and second |ight source .have different color . t h apd X2 SQ
hat "o hesketbradil BFvire. o Pl g B8 B WRUE BLHR" b oK roibepyiy
al nost  108€foseh] to ¢, iand difiecenh beight level hg toetasd thenfeontneidee bri ght ness and depth
of focus of the linescan image device since a smaller | ens aperture can be

used. 20 10. An inspection nethod for a front side and a rear side of a
sol ar waf@r, AsinspedtioraneatimodCifar anfrbnt whier endh a hreall side sfc asolamagfangasi€sinmee

h I 10,400 pixels. 11 A em:. - he . ' f
Sr e’ and TRPMLTcnsel” U srarlapufhd YBUER s o ol PRRP Ty e 8, AT
bel t asd sdiecd anttsecdnd ight Sole Wedver difigrpniedlbrewaideridtie A, iane 2of so gidt e a

| ine scan i nmaging device, turning on a first light saqur and directing a
beam of | OGS PAsSSBroISriaEsr 197 to8) BrAmE d0 kG aBRenArHgIe o
first refingab®An@imhdie bligthésssand aepthr ifoble of tHentinestéle iMbgd Bevied! sihce a
waf er, continously obtaining a series of first reflections until the front

si de of tFBaALSS|eNS qRgMEE GPALEselhe |ine of sight of the line scan i maging
devi ce

20 10. An inspection method for afront side and a rear side of a solar wafer, as claimed

in Claim 1, wherein the line scan imaging device has at least 10,400 pixels.

11. A system for the inspection of the front side and rear side of a solar wafer, as
the solar wafer moves on a conveyor belt and the front of the solar wafer approaches

25 the line of sight of a line scan imaging device,

turning on a first light source and directing a beam of light towards the front side

of the solar wafer,

30 obtaining a first reflection of the light source from the front side of the solar

wafer,

continously obtaining a series of first reflections until the front side of the

solar wafer passes the line of sight of the line scan imaging device
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14 and as the rear side of the solar wafer passes the Iine of sight of the
line scan i magi ng device, 5turning on a second light source and directing a
beam of |ight towards the rear side of the solar wafer, obtaining a second
reflection of the light source fromthe rear side of the solar wafer, 10
continously obtaining a series of second reflections until the rear side of
the solar wafer passes the line of sight of the |line scan inagi ng device,

wherein the §ﬁ‘<§i§%tﬁ€ relat " af%hessuspma?adpéézﬁs%ﬁéiiﬁéo@igmgg%einﬁ@ua@mi on

are nerged by a beam splitting device to forma nunber I mges of the
front side afRgirgdevidede of the solar wafer. 12. A system for inspection
of a front side and a rear side of a solar wafer, as clainmed in Caim11,
wherein the systemis controlled and nonitored by a 20 microprocessor. 13.
A syst &m f or turnispeot & ciecomd alight sawrce and diregting # daam«af ddglf tayvasds the raar er
as clainmed ipgyd %i’t’ﬁbjs%rarmrfjr,”g a sensor to detect the entry and exit of a
wafer into the system said sensor nounted at the position where the wafer
enters and detects whether the wafer has 25 entered and exited the system

by sendi ng agiG ] o] rii t f i ion of
a front si deogtlraldI rate%}éoglgdgbg%&gﬁ sgfz'?é)dEP%%‘?{"%‘f mi ﬁrr{e@d rigénr (s:,b%:o?ncgﬂfo
wher ei n the 89i8rwafer,ecei ves the nerged series of inmages of the front side
and rggr side of a solar wafer and uses algorithns to sort out those sol ar
wafers with 30 defects above a tolerated level. 15. A beamsplitting
devi ce as cl apniwgusiy aitainivg1ageriey &f nsecend wisbedions t ¥l Beaniear pidei ofg thtevi ce

I's a plate beam SRkt b&ses the line of sight of the line scan imaging device,

wherein the series of first reflection and the series of second reflection are merged by a
15 beam splitting device to form a number of images of the front side and rear side of the

solar wafer.

12. A system for inspection of a front side and a rear side of a solar wafer, as
claimed in Claim 11, wherein the system is controlled and monitored by a

20 microprocessor.

13. A system for inspection of a front side and a rear side of a solar wafer, as claimed in
Claim 11, having a sensor to detect the entry and exit of a wafer into the system, said
sensor mounted at the position where the wafer enters and detects whether the wafer has

25 entered and exited the system by sending a signal to the microprocessor.

14. A system for inspection of a front side and a rear side of a solar wafer, as claimed
in Claim 11, wherein the system receives the merged series of images of the front side
and rear side of a solar wafer and uses algorithms to sort out those solar wafers with

30 defects above a tolerated level.

15. A beam splitting device as claimed in Claim 1 or Claim 11, wherein the beam

slitting device is a plate beam splitter.

15



16. A beamsplitting device as clained in Cdaiml or Caim1ll, wherein the
beam slitting device is a cube beamsplifter. 17. A beamsplitting
device as clained in CCaiml or Claim1ll, wherein the beamb5 slitting
device is a dichmc mrror. 18 A beamsplitting device as clainmed in Caim
1 or aim1l, wherein the beamg device is a dichroic color filter, 10 19.
A system 1®r A hegucspligingodevicer panclaigiede ianglairadr @ §dair 13, whergin \the beams

clai med i giufddlcd LisWhensd %ba‘?ngﬂk@ ng mrror is placed in between the
l'i nescan 1 nagi ng device and the beam splitting conponent to fold an optical
path of the beamof |light so that the overall |ength of the system can be

reduced. 45 20,22m3Gbiitting device as claimed in Claim1 or Claim 11, wherein the beam
5 slitting device is a dichroic mirror.

18. A beam splitting device as claimed in Claim 1 or Claim 11, wherein the beam

slitting device is a dichroic color filter.

10 19. A system for inspection of afront side and rear side of a solar wafer as claimed
in Claim 11 wherein a folding mirror is placed in between the linescan imaging device and
the beam splitting component to fold an optical path of the beam of light so that the
overall length of the system can be reduced.

15
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