AN APPARATUS AND A METHOD FOR CONTROLLI NG TEMPERATURE OF A HEATI NG ELEMENT
| N A THERMOCOVPRESSI ON BONDI NG PROCESS FI ELD OF THE | NVENTI ON The invention
relates to the field of therrmconpressi on bondi ng of an internmediate film
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proces a ed to manufacture 10consuner el ectronics including
handph%'ﬁ?,éﬁgﬁm #@uchpads, el ectroni c gadgets, display nodul es,
touch panels, liquid crystal display (LCD) panels, and the like. A
convenTmQ)maénttOheelﬂtﬁ@dnﬁTeefwd ofr‘thbmmon@rmml bmdlmasvfan hmamnadgateflmMer (often
r efSer rt%dcf‘c;nﬂeglsdlﬁ?rtehf E{P ? IX# N8 f}%b c?rﬂ%l%&%?& Wh&appardt bond

0 two Subs he "su

| ayer 1 nterned es’'so as tra es § forma
subst raethod SeratritsplingHempertabire af @sheading kemert| indethpuherompeessian penditiger i al s,

film F&IID&%n 3 Shorfd '&fgg?éirlat'ié:su't board material, glass material or any
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bondi ngﬁgr ocess. Bond | ayer materials used in the thernoconpressi on bondi ng

can in @%VHQPF@FEH YENTION sotropi c conductive filnms (ACF) or any

adhesive filmlayers suitable for interconnection of substrates. In order
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can be due to, for exanp ? hermal resistanCe of the bond | ayer
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t he bonding process, the bond layer may not be cured at the specified bond
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a substrate assenb be bonded. In order to conpensatée for the heat

| ossesiNExgINaPeiSd qfﬁu@ﬁﬁ@t%ove the operator has to adjust the input
tenperature profile to be applied to the thernode. However, it is
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by the bond material supplier. However, this is often difficult to achieve in practice because
of heat losses in the thermocompression bonding process. Such heat losses can be due to,

25 for example, the thermal resistance of the bond layer or/and substrates to be bonded and
heat losses in parts of the thermocompression bonding machine. As a result of the heat
losses during the bonding process, the bond layer may not be cured at the specified bond
line temperature profile and this may result in defects such as voids, or insufficient adhesive

strength of the bond.
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Currently, prior to running a new product such as a flex-on-glass substrate assembly which

uses a bond layer material having a bond line temperature profile, it is necessary to



10 the thernode tenperature, a thernocouple is fixed 22 in the bond I|ine,

and the thernode is heated 23 with a2 nput tenperature profile based on a

specified bond line tenperature profile ("target tenperature profile") of a

bond | ayer to be used in the production of the substrate assenbly .
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series of trial bonds before a thermode temperature profile for use in production can be
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However, a disadvantage of the method 21 described in the above is the heavy reliance on
25  user attention and user decisions. User decisions may be influenced by factors such as the
user training, experience and product knowledge. Further, the high level of user
dependency associated with these methods typically add significant time costs. In high

volume production manufacturing environments, time costs significantly impact product yield.
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applying a first series of bond |line tenperature differential values for
series of tinme instances in the contrdller; calculating a series of heating
el enent tenperature differential values froma series 20 of heating el enent

t enper at ure val ues corres_Fondi ng to the tenperature data of the heating
el emenBUMMARY OFeFHEINVENTIONt t enperature val ues corresponding to the
i nput tenperature profile at a series of tine instances; deriving a
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met hod. 4 | teraperetudanicdhe Weatingelernémtd aspect of the present invention,

there is provyi - 0 -re - i i J j gram
causing a @oﬁﬁﬂ%@%‘@% gi(%ceu%tgrret E@%ﬁ?@gﬁﬁﬁlgg%?ﬁg ﬁ.{rqblgé r\(lzgt;gr?%ﬁt@r !a{rée)adabl e
folim The st épatig elpplyi legiperadureisigial sed irgspwiteperdture signalesppesaendieg

differential py eqﬁﬁjt@xpérgﬁ"éjgrﬁﬁlea;ndmasuri ng a series of bond |ine

tenperature values corresponding toa tenperature in a bond line of the
substrat e @ssenljng mowar sispitedo dhet heaingnslearapésbdsadt he thieeterorasatpressi on

bondi ng machi pe: calcylating a series of bond line tenperature
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The step of generating the temperature compensation profile may include:

applying a first series of bond line temperature differential values for a series of time

instances in the controller;

calculating a series of heating element temperature differential values from a series
20 of heating element temperature values corresponding to the temperature data of the

heating element, and a series of input temperature values corresponding to the input

temperature profile at a series of time instances;

deriving a series of temperature compensation values based on the series of heat

element temperature differential values and the first series of bond line temperature

25 differential values at a series of time instances.

The step of controling the power input may include comparing the temperature
compensation profile to a pre-determined series of power setting values for applying heat the
heating element; generating a temperature compensated power signal based on a power

30 setting value from the pre-determined series of power setting values.

In accordance with a second aspect of the present invention, there is provided a program
encoded in a computer-readable recording medium that causes a computer to

execute the method.



controller of the thernoconpressi on bondi ng machine; c) storing the bond
line tenperature differential profiletin a nenory device. The nenory device
may be a nenory of the controller. The nmethod nmay further include receiving
a bond line tenperature signal in the controller 15 corresponding to a
bond |nrescersiapes Mithraethie aspecteine IAreent EyRpEAT. Aere He PEYIED 3 SeMPHIRfer at ur e

signal W thobhg,d n&&mﬁgem%w W &hish @gogiah EARIPATLERbLEF 1o emENEat i ng
the first series of bond Iine tenperature differential values based on a

conpar i son Bethodés teeerded imacerspyer@edaie &ghal and the input tenperature
signal in the controller; and deriving a second series of conpensated bond
line tEeeablamlythd fherfientscads ofdlone sing tentgeeatamndiffekhtex val2€sTimay stokpleof
conpensati ng the first series of bond Iine tenperature differential val ues
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tenperatu ntial val ues. n accordance wth a fourth aspect of the
present i nvetampamatutehisrasbonst iimecyithiesbibstra® asshaphdeoarperiassif dimebplaneas

machi ne for Bﬂﬂgmﬁ%&g J%@QBn 'oQﬁ'oﬁnéE ﬁHa@hlEQer noconpr essi on bondi ng process

i ncluding ap an 1n ut tenperature profile to a heating elenent to
appl y heatb)t calaulglingse isaties afstswltilnp ttempb@tttférﬂlfé&ﬂenttahéalb%ﬁwﬁwmghﬁﬁém%@f

| udi
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to the heat| BQntF‘dll‘éP@f"tBehﬁg‘Fr’ﬂS&ﬂﬁb’ré@sM 9&#& rf‘gefﬂ%cﬁﬁl@ heating el ement; b)

generate a tenperature conpensation ased on the heating el enent
t enper at ur® stognatheamddmem@npera@n@élﬁatamﬂ@l rsofininla @eMEBsERIRSE ng to t he
i nput tenperature profile; and c) control power input to the heating

el ementhdasRdnodeideemiehd 8 hddnidr ot BBRAgaIsron profile. The nmenory nmay be a
menmory of the controller. 10The bonding machine may further include an

| nput Hl:t o thao% QQ?LMh%g ir]ic%c%nr%%i@inb r.Eebgrﬁ)cmirqeole‘!rﬁ";{erature signal in the controller

15 corresponding to a bond line temperature of the bond line; comparing the bond line
temperature signal with the input temperature signal in the controller; compensating the first
series of bond line temperature differential values based on a comparison of the bond line
temperature signal and the input temperature signal in the controller; and deriving a second

series of compensated bond line temperature differential values in the controller.

20 The step of compensating the first series of bond line temperature differential values may
include applying a multiplier gain to the first series of bond line temperature differential

values.

In accordance with a fourth aspect of the present invention, there is provided a

25 thermocompression bonding machine for compensating heat loss in a
thermocompression bonding process including applying an input temperature profile

to a heating element to apply heat to a substrate assembly to be bonded, the

bonding machine including:

a first input interface for receiving a heating element temperature profile of the

30 heating element;

a second input interface for receiving a bond line temperature profile of the substrate

assembly to be bonded;



to record the tenperature differential profile on a recording nmedium The
bondi ng machine may further include & first anplifier connected to a first
analog to digital converter for converting one of: the heating el ement
tenperature profile and a bond line tenperature profile, into a digital

si gnal ; and? dBdrodercantiowpid: f er connected to a second anal og to digital
converter for converting one of: the heating el enment tenperature profile
and a bond |iag reespebaidatieg Ricdhdrt @empariatura sitingl tarrespoadiag to the aeatogdance

with a fifth aspect of the prese invention, there is provided an

appar atus for Zﬁﬁe@ﬁrﬁtt?’BP?riaﬁ’éef’@m?e?fgrﬂ%t?%at@g et i ng el enent in a

t Eer moconpr es s cguﬁmaiartgmm@mra&oh@ea@%marmame baeed oh diss hédting element

t her roconpr essi on bondi ng. process . includi ng appl ying an i npu enper.ature
profile to a thé?%@@?‘{rﬁgﬁ‘ﬁf?ﬂi%éﬂp“f "éoeé%ﬂ?tpg%%/aé Cﬂ@%ﬁ?ﬂ%gh%ineﬁgp% bond
l'ine, the appar akipera@ye Repfids; aAdprocessor; and 25a nmenory; the apparatus is
configured, under control of the processor, to execute instructions stored
in the menory® f‘iﬂn?raln%\“’?reén%’& ©; ﬁ’@ %ﬁ@?%@é@:‘erﬁ) 03559y 8Eeﬁ§’9e CRRERY Png

el ement tenper atdohgpedsgitalprofilea controller corresponding to a tenperature
of the heating el enent; b) to generate a tenperature conpensation

profi I-pnei M?*‘?E‘Yn’ﬁ%?g% all&ho %gfﬁg QAL 30heating el enent tenperature signal

and a 1 npu ure sign corresponding to the input tenperature

profile; and 6 c) to control power input to the heating el enent b d
t H t ehfsebendingemedinremau i m%b*fima@.lnr?tﬁ@ta%?f&r%?%ﬁ'af%@e3%??%&93%3 to

store a sergpeschll th® RMipdrUREIiBrdhal PAIUESH & RsdoRSiRPMELe.t 0 the tenperature
of the heating elenment at the series of tinme instances.

The bonding machine may further include a first amplifier connected to a first analog to
digital converter for converting one of: the heating element temperature profile and a

bond line temperature profile, into a digital signal; and

15 a second amplifer connected to a second analog to digital converter for converting
one of: the heating element temperature profile and a bond line temperature profile,

into a digital signal.

In accordance with a fifth aspect of the present invention, there is provided an apparatus for

20 controlling temperature of a heating element in a thermocompression bonding
machine to compensate heat loss in a thermocompression bonding process including

applying an input temperature profile to a thermode to apply heat to a substrate

assembly having a bond line, the apparatus having a:
a processor; and

25 a memory; the apparatus is configured, under control of the processor, to execute

instructions stored in the memory, for a series of time instances:

a) to receive a heating element temperature signal in a controller corresponding to a
temperature of the heating element;

b) to generate a temperature compensation profile in the controller based on the

30 heating element temperature signal and a input temperature signal corresponding

to the input temperature profile; and



The apparatus may be configured to: a)receive a first series of bond |ine
tenperature differential values for & series of tine instances in the
controller; h)calculate a series of heating el enent tenperature
differential values froma 10 series of heating el enent tenperature val ues
cor r espondinép taentrble ppeapenpittute that keatingt hlemeshitiasgd edrenbat tempethtareser i es

of i nput terrg@;]?é#sragor\(g}olﬁ%s corresponding to the input tenperature profile
at a series o ime I nStances; c)derive a series of tenperature

conpensati on val ues based on the series of heat el enent
tenperature differential values and the first series of bond |ine

15t enpeiatdppardid freaeid adonii@lire@stoatstdte SBI k&FesOfof t inpBt ité1EpSBLRS . valle
apparatus may be configured to: _ a) receive a bond |ine tenperature
si gnal C¥&EP @ithey tet“%oeéatHE?n%f the Reating r?ﬁf‘é”%‘%{‘tt gt E‘eéie”?eh%f YAt TRS:

b) conpare the bond line tenperature signal with the input tenperature

si ghal Theduacainpevag deeottiguréd test series of bond |ine tenperature
differential values based on a conparison of the bond |ine tenperature

signal and fhe iapaile bhFRRIEMIGDonE ARG temHIStuFD difdreN Rl Ja186SRPE s3hEd 66 Of
conpensat ed bond line tenperature differential val ues. The apparat us may

be confTginstacedindbpPINERIIRLl ti plier gain to the first series of bond Iine
25t enperature differential values to obtain the second series of

conpensat edb)bondedidutete taesgyias adf Uteatinl Bleeredhtéraperaiataleffereapqaraitassiromy be
Coﬂ)f | gur ed ste?i'es of heating element temperature values corresponding to the temperature data
of the heating element, and a series of input temperature values corresponding to the

input temperature profile at a series of time instances;

c) derive a series of temperature compensation values based on the series of
heat element temperature differential values and the first series of bond line

15 temperature differential values at a series of time instances.
The apparatus may be configured to:

a) receive a bond line temperature signal corresponding to a bond line

temperature of the bond line;
b) compare the bond line temperature signal with the input temperature signal,

20 c) compensate the first series of bond line temperature differential values based

on a comparison of the bond line temperature signal and the input temperature signal; and

d) derive a second series of compensated bond line temperature differential

values.

The apparatus may be configured to apply a multiplier gain to the first series of bond line
25 temperature differential values to obtain the second series of compensated bond line

temperature differential values.
The apparatus may be configured to:

compare the temperature compensation profile to a pre-determined series of power

setting values for applying heat the heating element; and



7 generate a tenperature conpensated power signal based on a power setting
value fromthe pre-determ ned series Df power setting val ues. An advant age
of generating the tenperature conpensation profile in the controller is
that tenperature control can be synchronized in the thernoconpression
bondi ng mac$fneEats dulemMrgraiure FOMPeEdREY @9WRLHIIHY rdisfd) Op i@ seiifga@lkgnt age

of Control'fﬂgtwaem\f%.de@@éhe@aﬁﬁ&v&@e&. vhigEPer ature conpensation

profile is t nmet hod for conpensatl ng heat |oss can be aut omated and

there |s |e reI ance on era or know edge how t djust th
naut A asteieas ol B6rasaa R EBRP BRI draE i el BRNGTRLF Havant age

of contr ol | ter@etdigre ROMES| chnPBlsyhchrddiadd ih @mpBeahotoen péssidheodmeialinngbhilee ment
can be control l e and corTFensat ed based on t he tenperature conpensated

power si gna‘F“””glﬁl BRIERRRI 45 P1OPQ OB REss 15Vari ous enmbodi ments of the

invention will now be described, by way of exanple only, and with reference
to t heAraedmfw@gwofr@ntmlaw Hi@quwermut: hased| @n the tersperafure wowpensation pepfilenown

procesg (far, ge %B%aih ﬂgadng%fat loSORES Baléru?onpgteé bh& tHePe Eg?%%éérf‘cg d0 2

heating e énent o n errroconpressi on nachi
i sometan openamnsolfnowleedq;eraﬁotmhwégﬁmt i dipnigy terramwtwee drberappligg tothen
20ean9éém§te,enlfé e 3 is a schematic bl ock di agram of conponents in the
t her noconpressi on bondi ng nachine; FIG 4 |s a schematic bl ock di agr am of a
control | er of the thernmoconpressi on bondi ng machi ne; ? ?ﬁ

cHe et the dvRN @08 §F aRtEHling tb%epwac'aﬁwrlégat&m%ﬁt%a hadeing %'anea'p FIG
6 I's a schegm b& chhtmkd dhadebapedatéd bAKIIBE MR PSIAie HBANeAh ISR BbIEE
set-up for a thernoconpression bonding process; FIG 7 is a flow chart of a

nmet hod for YSW&rmining a tenperature differential profile;

BRIEF DESCRIPTION OF DRAWINGS

15  Various embodiments of the invention will now be described, by way of example only, and

with reference to the accompanying drawings in which:

FIG. 1 is a flow chart of a known process for determining an input temperature profile to be

applied to a heating element in the thermocompression machine;

FIG. 2 is a isometric view of a thermocompression bonding machine according to an

20 embodiment;

FIG. 3 is a schematic block diagram of components in the thermocompression bonding

machine;

FIG. 4 is a schematic block diagram of a controller of the thermocompression bonding

machine;
25 FIG. 5is a schematic block diagram of a thermocompression bonding machine set-up;

FIG. 6 is a schematic block diagram of a thermocompression bonding machine set-up for a

thermocompression bonding process;

FIG. 7 is a flow chart of a method for determining a temperature differential profile;



8 FIG 8 is a flow chart of a nethod of controlling tenperature of a
heating el enent to conpensate heat | o&s in a thernoconpression bonding
process: FIG9 is a flow chart of a nethod of controlling tenperature of a
heat i ng el ement to conpensate heat |loss in a ther m)conﬁ; essi on bondi ng
processIG. 5FiGa lon chart pfra aueteeduof contrellingeteverprefired et @r Agatinaelemednigensat ed
bond | {digdreaRe{eat 58 ird fbrhetdnbsRPIdrdmhas6sdi ng to an enbodi ment; FIG
106 is a flow chart of a nmethod of determ ning a conpensated bond |ine

t enper re. differential profjle: and . FIG 11 is a flow chart of a
ot hod Ior bt U NS 3 Havrsbod b oM raling, iriRBse ik, oF Paheand LB 1 Bon  a

t enper adnusehsaierean®as innthermdddnepresdINTAINGMG dobEER PTION FIG 2 is an

i sonetric view of a thernoconpressi on bondi ng nmachi ne 30 that can be used
in t r J i - i j h as
forsaexﬂ:tlferjp@%q%u@?%%ﬁe&%ﬁsegﬁgé@ﬁﬁﬁ gq%l 83‘%@%888? grgbslea sé%t‘grlcéi es, or
assenbiifferential wsifibg agegraiig @i dfemiesdimenibst rate materials. FIG 2, the

t her nocor npressi on bondi ng machi ne 30 has a thernode assenbly 31 before
assenbiis. abBas hemin SgarebfearedthoiBof( SdsrMhy alRhfehested BoRs lide tdhgjormde) for
appl yi ng heat for bonding a substrate assenbly.. The thernoconpression
bondi nY &L REMH3As a platform 14 for supporting the substrate assenbly
during the bonding process. The bondi ng machi ne 30 al so i ncludes an i nput
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ey, be,, Q%mgégtra‘pé ?" &nEQWpBﬁ@eI di splay or can include a pointing device
for recerving Inpu oM an operator. The thernoconpressi on bondi ng nachi ne
30 can have a first input interface for receiving a first tenperature input
corresponding to a bond line tenperature neasurenent, and a second i nput
interface for receiving a second tenperature input corresponding to a

t hernode tenperature 15 neasurenent. Based on a thernode tenperature

measur enent, the thernoconpressi on bondi ng machi ne has a controller 35 that
can performtenperature conpensation and control a power input to the

heati ng el enent 33 based on the tenperature conpensation so as to obtain a
target bond line tenperature in the bond |ine of the substrate assenbly.
Details of the heating elenment 33 and the controller 35 will be described
in FIG 3 and FIG 4. 20The first and second input interfaces of the

t her noconpr essi on bondi ng machi ne 30 can be or include a socket plug, a
tenperature reader connector or the like that is configured to enable the
controller 35 to receive tenperature val ues nmeasured through a tenperature
measur enent devi ce such as a thernocoupl e connected to a tenperature
measurenent instrunment. In an enbodi ment, the the thernoconpressi on bondi ng
machi ne can al so be 25 configured to include a third input interface that
can detect and receive a programfroma storage nmedi um such as a flash
menory device, a hard disk drive, an optical disc drive and the like. Still
further, the controller 35 can read a programthrough a data cable that can
be connected to an external conputer in which the programis executed. The
first and second input interfaces can be connectors suitable for receiving
t hernocoupl e inputs or the like.



FIG 3 is a schematic bl ock diagram of conponents in the thernoconpression
bondi ng machine 30 that are related t tenperature control of the heating
el enent 33. A controller 35 is configured to receive an input tenperature
profile 45 froma user or an operator through the input device 32. The
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machine 30 that are related to temperature control of the heating element 33. A controller
35 is configured to receive an input temperature profile 45 from a user or an operator
through the input device 32. The controller 35 communicates with a firing unit 34, such as a
firing mechanism, by sending a signal 41 to control the operational state of the heating

35 element 33 and/or to control the temperature of the heating element 33. It is appreciated that



11 can be a printed circuit board (PCB) assenbly. Although in FIG 4, one
signal 41 is sent fromthe processor 165 for executing a function, it wll
be appreciated that the processor 55 can send signals according to the
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measured bond |line tenperature and the target bond |ine tenperature at a
ser i esReferringnte Fl@s tathe@ontroller 35 can include a processor 55 configured to process the

signals corresponding to the bond line temperature profile and the heating element
temperature profile. The processor 55 can be configured to, for a series of time instances:
25 store a series of input temperature values corresponding to the temperature of the heating
element at the series of time instances; store a respective series of sensed temperature
value corresponding to the temperature sensed at the bond line at the series of time
instances; calculate a series of temperature differential values from the series of input
temperature values and the series of sensed temperature values; and derive a compensated

30 temperature profile from the series of temperature differential values.

The controller 35 can have a memory 58 for storing a program which can be run by the
controller 35. The processor 55 can also store a signal 56 in the memory 58 or retrieve a
signal 57 corresponding to stored data from the memory 58. Alternatively, the controller 35
may have a reader interface circuit (Not shown in FIG. 4) adapted for reading a program

35 from a recording medium such as a flash memory card. As an example, the controller 35



G aph 1 The tenperature differential profile D(x) can be stored in a
menory in the controller 35 or a menoty device. It will be appreciated that
the D(x) is dependent on the bond |ayer, and the substrates that formthe
substrate assenbly. Therefore, the equation for D(x) (Eg. 1) can be
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t he equation (Eqg.
D(x) = TraL - TupL, =========-n=v (Eq. 1)
where D(x) is a temperature differential profile corresponding to a series of temperature
differential values at a series of time instances, Ttg. is a series of target bond line
25  temperature values at a series of time instances, and Tyg_ is a series of measured bond line
temperature values at a series of time instances. The series of target bond line temperature
values can form a target bond line temperature profile and the input temperature profile 61
can be based on the target bond line temperature. The following table, Table 1 illustrates an

example of a series of temperature differential values obtained from the set-up 60.

30



30where for a series of tinme instances, Ais a series of tenperature
conpensation values at the series of 1kine instances, TIBL is a series of
target bond line tenperature values at the series of tinme instances, and
TMI is a series of neasured heat elenent tenperature values at the series
of tine instances. TTBL can be ent @éABUEHy the user as an input tenperature
profile to the controller. The following table, Table 2 illustrates an
exanple of a series of tenperature 35conpensation val ues obtained relying

on the set-up |80maksechedsdd on Be. 2.| 14 Table 2 ; 67.8x70 .7 ? 0 a D(x)
13.4 15,3 A 1811439 73,4 26 26 0
1 100 90 10
2 150 140 10
5 3 175 150 25
4 190 160 30
5 200 170 30
6 200 170 30
q 200 170 30
8 200 170 30
10

The following graph, Graph 1 is an example of a plot of temperature against time based on
the values in Table 1 showing the measured bond line temperature and the target bond line

temperature at a series of time instances.

Graph 1

Target Bond Line
Tempf_lrature Profile

| 250 ‘ —_————— — e

—

Measured Bond Line
Temperature Profile

15

The temperature differential profile D(x) can be stored in a memory in the controller 35 or a
memory device. It will be appreciated that the D(x) is dependent on the bond layer, and the
substrates that form the substrate assembly. Therefore, the equation for D(x) (Eq. 1) can be

20  similarly applied for different substrate materials and different bond layer materials.
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By calculating the temperature differential profile based on a substrate assembly to be
bonded, it can be regarded that the process of FIG. 7 enables the thermocompression
bonding machine 30 to perform automated bond-line compensation based on different
substrate assembly configurations and materials quickly. The advantage of measuring the
5 temperature of the bond line temperature in the thermocompression bonding machine is that
the temperature measurement process can be synchronized with the thermocompression
bonding machine. The advantage of synchronization is that the operator can determine the
temperature differential profile D(x) in a single set-up without requiring an external
temperature measurement instrument. Further, the bond line temperature differential profile
10 can be stored in a memory device or a memory of the controller 35. In one scenario, an
operator can set the number of times required to run a thermocompression bonding set-up
process to determine the bond line temperature differential profile of the substrate assembly.
For example, the input unit of the thermocompression bonding machine can be configured to
allow the operator to enter the number of times to run the thermocompression bonding set-

15  up process.

FIG. 6 is a schematic block diagram of a thermocompression bonding machine set-up 80 for
bonding a substrate assembly 70 in a thermocompression bonding process. The substrate
assembly 70 consists of an intermediate bond layer 71, a flexible circuit substrate 72 and a
glass substrate 73. In the thermocompression bonding process of the substrate assembly

20 70, a thermocouple 84 is mounted to the heating element or thermode 33 to measure a
series of heating element temperature values at a series of time instances which constitute a
measured heating element temperature profile. The thermocouple 84 can be located at a
centre of the heating element 33 so that the temperature of the heating element can be
consistent. The controller 35 can be configured to receive a series of heating element

25 temperature values of the heating element measured for a series of time instances via the
second input interface 40. In the controller 35, a temperature compensation profile can be
generated based on the heating element temperature profile according to the equation (Eq.
2):

A = Trg - Tur + D(x) (Eq. 2),

30 where for a series of time instances, A is a series of temperature compensation values at the
series of time instances, T is a series of target bond line temperature values at the series
of time instances, and Tyr is a series of measured heat element temperature values at the
series of time instances. T1g. can be entered by the user as an input temperature profile to
the controller. The following table, Table 2 illustrates an example of a series of temperature

35 compensation values obtained relying on the set-up 80 and based on Eq. 2.



19.7 84.7 37.9 88 21 21.1 90.5 90.5 21,8 21,3 91.1 92.5 21,8 22.6

10

14
Table 2
Twr TraL D(x) A
67.8 67.5 13.4 13.1
70.7 70.3 15.3 14.9
73.4 72.8 16 15.4
75.4 75.5 16.8 16.9
78.3 78 17.6 17.3
80.2 80 18.1 17.9
81.8 82.8 18.7 19.7
84.7 85.3 20 20.6
87.9 88 21 211
90.5 90.5 21.8 21.8
91.7 92.5 21.8 22.6
94.4 95.3 23.1 24
97.2 97.8 24.4 25

Based on the temperature compensation profile generated based on Equation 2, the
controller 35 can then be configured to controlling a power input to the heating element for
compensating the temperature profile of the bond line. In an embodiment, each condition of
A is associated with a power input involving a power setting and a duration setting
associated with the firing unit. The duration setting can be measured in milliseconds
whereas the power setting can be measured in voltage or wattage. Specifically, Table 3
illustrates a look up table consisting of a series of temperature compensation profile
conditions corresponding to a power input to the heating element and the duration (time) of
the power applied to the heating element. The temperature compensation profile conditions
can be derived and stored in the controller.



94.4 95 3 23.1 21 97.2 97.8 24.4 25 Based on the tenperature conpensation
profile generated based on Equation 25 the controller 35 can then be
configured to controlling a power input to the heating el enent for
conpensating the tenperature profile of the bond |ine.
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By comparing the value of the temperature compensation profile A to a series of power

inputs listed in table 3, the controller 35 can control a power input to the heating element to

increase or ramp the temperature of the heating element according to the Power and the

duration. The higher the power and the duration will mean that the ramping of temperature of

the heating element

depend on the coefficient of thermal expansion of the materials.

will be higher.

It will be appreciated that the quality of a bond can also

In one scenario, after the

equation 2 is applied to derive the temperature compensation value and a power input

10

based on the temperature compensation value is applied,

the measured bond line

temperature can be equal to the target bond line temperature, i.e, a condition that is as

follows.



16 TMBL = TTBL (Condition 1) However, for heat transfer in transient
system such as in a thernoconpressions bondi ng process where the boundary
conditions can vary, the heat loss in the thernoconpressi on bondi ng process
is not linear. For exanple, when the heating elenent is at higher
tenperatures, there i s nofgsledi | oss-suUbontitien 1]t results in the neasured
bond line tenperature being | ess than the target bond |ine tenperature as
described in the followi ng condition; TMBL < TTBL(Condition 2) 10In the
event where the above condition 2 exists, a function can be inplenented to
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foll ov@ndiZB& = 1.2 (Condition 3) Still further, in an enbodi nent, D(x) can

be nodified to obtain a conpensated a(x) by adj usti ng TTBL and repeating a

process of determining th bog line_te héti differential profile based
on the step up 60 in FI Gergll q-TBL es @ﬁé”@)

10 In the event where the above condition 2 exists, a function can be implemented to
compensate for losses at higher temperatures. In an embodiment, D(x) can be modified to
obtain a compensated D'(x) by applying a multiplier gain G to D(x) [i.e. in this case D'(x) =

G*D(x)] to compensate for heat loss according to the equation (Eq. 3),

15 A’ =TrgL - Tur + G*D(x) (Eq. 3),
where A’ is a temperature compensation profile, and G is a multiplier gain.

G can be obtained based on iteration, i.e. conducting trial bond tests on a
thermocompression bonding machine. For optimizing a bond line temperature in the

thermocompression bonding process, a preferred condition is as follows:

20 G=12 (Condition 3)

Still further, in an embodiment, D(x) can be modified to obtain a compensated D'(x) by
adjusting T and repeating a process of determining the bond line temperature differential

profile based on the step up 60 in FIG. 5.

FIG. 7 is a flow chart of a method 90 for determining a temperature differential profile for
25 compensating heat loss performed by the controller 35 of FIG. 4C. A flow for determining
the temperature differential profile will be described with reference to the thermocompression
bonding machine set-up of FIG. 5. When a target temperature profile is applied to the
heating element 33 in step 91, the temperature of the bond line temperature can be
measured in step 92 and recorded in a memory of the controller 35. In step 93, a
30 temperature differential profile can be calculated by the controller 35 based on the target

temperature profile and the measured bond line temperature profile. In step 94, the



FIG 7 is a flowchart of a method 90 for determ ning a tenperature
differential profile for 25 conpensating heat |oss perforned by the
controller 35 of FIG 4C. A flow for determning the tenperature
differential profile will be described with reference to the
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tenperature o erature can be neasared in step 92 and
recorded in a nenory of the controller 35. In step 93, a 30tenperature
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+ D(x ) correspon 0 a conpensate ond
t enpertatmpemtaiefdoampensatiah value A’ is calculated in step 208 according to the equation:

A’ =Ty - Tur + D(x),

where D(x) = D'(x) which corresponds to a compensated bond line temperature differential
25  profile obtained according to the method 90 in FIG. 7. In a first production run, a value of G
is set to 1. However, depending on the measured bond line temperature, the value of G can
be adjusted to 1.2. Based on the temperature compensation value A’, a power input to the
heating element can be controlled and the process ends when the condition TysL = TraL is

met, i.e. corresponding to a YES condition in 209.

30



25 profile obtained according to the method 90 in FIG 7. In a first
production run, a value of Gis set tit®8 1. However, depending on the
measured bond |ine tenperature, the value of G can be adjusted to 1.2.
Based on the tenperature conpensation value A", a power input to the
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el ement can be controll rocess ends when the condition TMBL =
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scenari o, the nethod 215 can be used in applications where the substrate
assenblies to be bonded consi ®t(xpf GA( ThexiThh® circuit substrate and a gl ass
substrate, FIG 11 is a flow chart showi ng a process 400 for controlling a

POYRT [\ RBYLGiQ al AGHRATgaMIderived based on the thermocompression machine. In a first

production run, a value of G is set to 1. However, depending on the measured bond line
temperature, a value of G can be adjusted to 1.2. Based on the temperature compensation
value A’, a power input to the heating element can be controlled and the process ends when
the condition Tys. = Tyg. is met, i.e. corresponding to a YES condition in 209. In one
25  scenario, the method 215 can be used in applications where the substrate assemblies to be

bonded consist of a flexible circuit substrate and a glass substrate.

FIG. 11 is a flow chart showing a process 400 for controlling a power input to the heating
element based on the temperature compensation value A or A’ in Step 104 of FIG. 8 and
FIG. 9. When controlling of a power input to the heating element 33 is started in step 401,
30 the temperature compensation value A or A’ is compared in step 402 to a series of pre-
determined power input settings corresponding to a series of conditions for A or A’. For
example, the power input settings can include a power setting (measured in voltage) and a

duration setting of a firing circuit in the firing unit 34, and a condition of A or A’ can be



el ement based on the tenperature conpensation value A or A" in Step 104 of
FIG 8 and FIG 9. Wen controlling o§ a power input to the heating el ement
33 is started in step 401, 30 the tenperature conpensation value A or A is
conpared in step 402 to a series of predeterm ned power input settings
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ing process.

30 While embodiments of the invention have been particularly shown and described with
reference to specific embodiments, it should be understood by those skilled in the art that
various changes in form and detail may be made therein without departing from the spirit
and scope of the invention as defined by the appended claims. The scope of the invention is
thus indicated by the appended claims and all changes which come within the meaning and

35 range of equivalency of the claims are therefore intended to be embraced.



CLAIMS 1. A method of controlling tenperature of a heating elenent in a

t her noconpr essi on bondi ng machi ne t o2@onpensate heat loss in a

t her noconpr essi on bondi ng process including applying an input tenperature
profile to the heating elenment to apply heat to a substrate assenbly to be
bonded;LAINS net hod i ncluding: a) receiving a heating el enent tenperature
signal in a controller corresponding to a tenperature of the heating

el ement; A mettdd 8€B&HIRNINGGeRpbRIAREIGHtAIheathRNBIEMEAL in0A tﬁérﬁfdcbmptdésbhe
controller based on the heating el enent tenperature si %{133{0 gnd ain
g

t enper at urbéng'i‘gﬁ‘éq’c“&@rtpe@mﬂ?ﬂ?ﬁﬁ hegt 9S8 e 3 IRPTROCPEREFSS P A PFeE:; and
control |'i nﬂclwéppmﬁ@bnﬁrﬁb& henfeaiidgrofle @B h&ing Gledfert e apyrpedtab ur e

conpensati on profil wherein the input tenperature profile is based on a
t abget ter?p%fbﬁrﬁtreélsﬁ?'ﬁwIt%b%Po%fj%’oHﬁ ’F‘?tH%d I”ﬁ'“f’Pi‘@ substrate assenbly. 15

2. The met hnodraermg Hgatm cdighantliem ‘P@l@hﬁb%|g9ﬁnﬁlr§lbb|ﬁt@3"bheorf@fﬂibﬁdlﬁélttf@
conpensation profile inc udes app |ng a first series of bond |ine

t enper at ur e HMAEEFEIRqf dre K‘/%ﬂ“[]@@'emﬁ” a series of tinme instances in the

control | ers) ZOkAhteid atleRpemt8r éRSpdbaliibidit: @1 EMEBONMNBPBEAAILA the
differenti aI val ues froma seri es of heat If}Pg' el enent teg&zr ature vaI ues

cor r espondi nfedtigtalement isaperalire sigapkanst 2 (Mt FRIRS Y P IdPRE FOTeSREI9ser i es

ofqgi nput te”RﬁthéﬁdHu?teYﬁHe\ﬁ&eC&éﬂ’lé‘Sé?ﬂndl ng to the input tenper ature profile
at a series of tinme instances; enwlggs %gé? s of te ature

conpensat iOnc¥AA[Bg BAYY Ittt 9 theorheaingse Ehtthe e Eﬁ‘ﬂﬂae
differenti al C&ﬂ‘)é}«%@h&ngrohﬂge first series of bond line tenperature
differential values at a series of time instances. The nmethod agcording to

claim1 or 2Whefedy BRrNRYSATPRFRIURR PIHS 'ﬁ(ﬁ\ﬁég PR FUR"geh MmpREture profile of a

bond line in the substrate assembly.
15
2.  The method according to claim 1, wherein generating the temperature compensation
profile includes:
applying a first series of bond line temperature differential values for a series of time
instances in the controller;

20 calculating a series of heating element temperature differential values from a series
of heating element temperature values corresponding to the temperature data of the
heating element, and a series of input temperature values corresponding to the input
temperature profile at a series of time instances;
deriving a series of temperature compensation values based on the series of heat

25 element temperature differential values and the first series of bond line temperature

differential values at a series of time instances.

3. The method according to claim 1 or 2, wherein controlling the power input includes:

comparing the temperature compensation profile to a pre-determined series of power

30 setting values for applying heat the heating element;

generating a temperature compensated power signal based on a power setting value

from the pre-determined series of power setting values.

4. A program encoded in a computer-readable recording medium that causes a

computer to execute the method according to any one of claims 1 to 4.



conparing the tenperature conpensation profile to a pre-determ ned series
of power 30setting values for applyibg heat the heating el enent; generating
a tenperature conpensated power signal based on a power setting value from
the pre-determ ned series of power setting values. 21 5. A

computger - r eoadath)beter-aadablengcmém unedllum\Mtht\ivhaa PragiATAIPRLE0G BrRPMPUSIfBUt er t O

execute the, BRI ARERL UG BNy ORE PLiafla (P4 & dlorded 4 EGABAEA 10 a

conput er-rea orm _ according to claim?2 erei n applying
the first seadai_ﬁetm’rmbond line tenperature differenti al vaI ues includes: a)
measuring a series of bond line tenperature values corresponding toa

t enpergt ur eTha n@eth&ﬂ@c&dr&ﬂg ab dide sulbbieat BpEiiag e YirdtQderigs Seoas lok ti ne
i nstances in the thernmoconpression bonding machine; b) calculating a series

of Sbond | i ﬁémpéﬁﬁéﬁétfﬁf%‘“a Y ussdnlidas: val ues fromthe series of 10 bond

l'ine tenperature values and the series of input tenperature values at a
series of &)i measusigamcesri¢n ogetmrcatlieeatelnmedathrienealueﬁp@rasmﬂreﬂifw ftber enti al

profile in a controll.er of t er re i
storing the Begﬁ%?r?tuﬁemtae?%\d @ otfhn gfg{%n +8|8rf§r19%19er‘§g’ndm%ﬂn§?r}é%evi ce.
7. The net hodnrathed'faﬂmngompreaslgn bmﬁmg mablengr ecedl ng clains, wherein the

menory 15 VI ce | nenor % r %h to
any one of tﬁ%‘cﬂ?@&%lsﬁ'&e %{f t‘i>ond Ilnt% %9@13 ?L! itter tl-ghsaltrf?ﬁt #%ﬂ tﬁ&%&!é&'&g
10 bond line temperature values and the series of |nput temperature values at a series
of time instances to generate a bond line temperature differential profile in a
controller of the thermocompression bonding machine;

¢) storing the bond line temperature differential profile in a memory device.

7. The method according to any one of the preceding claims, wherein the memory

15  device is a memory of the controller.

8. The method according to any one of the preceding claims, the method further

including:

receiving a bond line temperature signal in the controller corresponding to a bond line

20 temperature of the bond line;

comparing the bond line temperature signal with the input temperature signal in the

controller;

compensating the first series of bond line temperature differential values based on a
comparison of the bond line temperature signal and the input temperature signal in the

25 controller; and

deriving a second series of compensated bond line temperature differential values in

the controller.

9. The method according to any one of the preceding claims wherein compensating the

30 first series of bond line temperature differential values includes:



receiving a bond line tenperature signal in the controller corresponding to
a bond line 20tenperature of the bong2!ine; conparing the bond |ine
tenperature signal with the input tenperature signal in the controller;
conpensating the first series of bond |ine tenperature differential values
based on a appiyray asonltipfertdan borik Ifirsteseariesd randr knes tegperataneddifferential put
tenperaiure signal in the 25controller; and deriving a second series
of coﬁﬁtﬁ§ated bond line tenperature differential values in the controller.
22 applying a nultiplier gain to the first series of bond |ine tenperature
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second i npub & Meatiiqaeeniat toempiyheg @ bosubstrateeassempér &t be oqudedii the of t he

substrate ssean% to be banded; a controller configured to: 15d) receive a
heating el MW BATMEIPEH i gnal corresponding to the heating

10 a first input interface for receiving a heating element temperature profile of the

heating element;

a second input interface for receiving a bond line temperature profile of the substrate

assembly to be bonded;
a controller configured to:

15 d) receive a heating element temperature signal corresponding to the heating
element temperature profile of the heating element;

e) generate a temperature compensation profile based on the heating element
temperature signal and a input temperature signal corresponding to the input
temperature profile; and

20 f) control power input to the heating element based on the temperature

compensation profile.

12. The bonding machine according to claim 11, further comprising: a first amplifier
connected to a first analog to digital converter for converting one of: the heating
element temperature profile and a bond line temperature profile, into a digital signal;

25 and

a second amplifer connected to a second analog to digital converter for converting
one of: the heating element temperature profile and a bond line temperature profile,

into a digital signal.
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el enment tenperature profile of the heating elenent; e) generate a
tenperature conpensation profile basesl on the heating el enent tenperature
signal and a input tenperature signal corresponding to the input
tenperature profile; and 201) control power input to the heating el enent
based 1@ t hEhet mondegahashinecanrpetirgatol any qreafficlagng 21 toTha wienln thy erathilete
accordi ng toccrITf% edlt% further conprising: a first anplifier connected to a
first anal 03 S gl converter for converting one of: the heating

el enment tenperature proflle and a bond |ine tenperature &roflle |nto a

di gi tal s. gqmulat%aﬁeaeaoématafﬁpwffﬁr@ﬂt'%dﬁwéétbéaec{ 8" dh& BPEhEMRREYE t o
digi tal 3%8( |éeénd‘ %he CANVIRY tHoRd méetéwﬁperétb:% BeAld BEd ehenRRiting espae®t ur e

profile an line tenperature profile, into a digital signal. 23
13 5The bond?ﬂ’@ef?&éﬁlpﬁ%f”%@d&t%l” Adereeraiye gfereptial@refiltrs 11 to 12, wherein the
controller is configured to: calculate a series of tenperature

di fferenti adalowddteles tdngmeatu@ncdrhgerisafiert ptadigybaseduore thpr eéridseofatedhperaduref @ t he
bond |i ne tg,\g%ertéaﬁ urle of| |l e and the heating el ement 5tenperature profile
to obtain é{?H? fferentlal profile; calculate a tenperature
conpensati on pr of| | e based on the series of tenperature differenti al

val ues; andcandata power ipRikee theripating elefrsat basedionghe esrRanRturEBPesRa Me

t enper at urepgmgpensatl on profile. 1014. The bondi ng nmachi ne accordi ng to any
one of clains 11 to 13, wherein the controller has a nenory for storing one

of : the input er at rofile, the heat] I t rature profile
orlG he“bondﬂq r’%)mg? % %9%4"&9 fq any one cﬁ ca| ] q1 %’ﬂ?g whergﬁ?he control|g
has a memory for storing one of: the input temperature profile, the heating element

temperature profile or the bond line temperature profile.

15. The bonding machine according to claim 13, further comprising an input interface
adapted to enable the controller to record the temperature differential profile on a

15 recording medium.

16. An apparatus for controlling temperature of a heating element in a
thermocompression bonding machine to compensate heat loss in a
thermocompression bonding process including applying an input temperature profile
to a thermode to apply heat to a substrate assembly having a bond line, the

20 apparatus having a:
a processor; and

a memory; the apparatus is configured, under control of the processor, to execute

instructions stored in the memory, for a series of time instances:

d) to receive a heating element temperature signal in a controller corresponding to a
25 temperature of the heating element;

e) to generate a temperature compensation profile in the controller based on the
heating element temperature signal and a input temperature signal corresponding
to the input temperature profile; and

f) to control power input to the heating element based on the temperature

30 compensation profile.



15. The bondi ng machi ne according to claim 13, further conprising an input
interface adapted to enable the contreller to record the tenperature
differential profile on a 15recording nedium 16. An apparatus for
controlling tenperature of a heating elenent in a thernoconpression bondi ng
machi nt7.t o Cloerpepwatue abeating ds slainm 18, wheeimibe @pp@reiisas chdigdiadgostaees s

o a stpeer ot B AR BR torfoafufo LG TRIR AeARRlY et

pr ocesstdhe senad o timermstynceshe apparatus is configured, under control of the
processor, to execute instructions stored in the nenory, for a series of

time i gt aneRsapparatus according ) clhifh 1€6EINR £, MPaEdiNthetlppBRMs it BOMRUAILT €
signal in a controller corresponding to a 25tenperature of the heating

el ément®; e) to generate a tenperature conpensation profile in the
controller based on the heating el enment tenperature signal and a input

t enper at ur easi gnakeivoarfiestgenes ofichond lihd eempepaturd diffrentdl valeep fonfai deeies ahd

f) to contr?l gowetF‘ iantUtII to the heating el ement based on the tenperature
30conpUAE LISTHRHIGPP PRI 17 The apparatus according to claim 16,
wherein the apparatus is configured to store a series of input tenperature
val ues corresponeliewate sériest @ mneting glemant terneerpiis idifigrentialnatiesairon e

series of tj i I i claim
17 wher oi oS AR emediiempHRiAERaNE, LoraALAL 19 e MoBIR L Rl

sefd es of bofriHe healingtalementagng @ sefidsfal iyt feanpayaiiige@lyasrcogresrandiny tetthe i ne

i nstances | mgpggrgﬁggtdrglpl«g% at a{)%?rf‘eélo?'ci%étir?s,té’nc%&” es of heating el enent

t enperature entl al ues froma series of heating el enent

t enperature val ues corresponding to the tenperature data 10of the heating
el enent, an® a s€¢7'&<2 §F" %ﬂu@”‘?’@ﬁi@?&ompgp‘gﬁloﬂe‘éa"te&??aégﬁé’ﬁ‘ Rget's® PEe

i nput t enpergdtueiemhpfiérhgeratur® Gfdretial Ofalidsmand NGk afMee Series Jof dBINAY ne
series of tenperature co&&insati on val ues based on the series of heat

el enent te Reraliie dferpailabugibes alapqiies Ch AR Pst series of bond line

tenperature differential values at a series of tinme instances.
15  19. The apparatus according to claim 18, wherein the apparatus is configured to:

a) receive a bond line temperature signal corresponding to a bond line

temperature of the bond line;
b) compare the bond line temperature signal with the input temperature signal;

c) compensate the first series of bond line temperature differential values based

20 on a comparison of the bond line temperature signal and the input temperature signal; and

d) derive a second series of compensated bond line temperature differential

values.

20. The apparatus according to claim 19 wherein the apparatus is configured to apply a
multiplier gain to the first series of bond line temperature differential values to obtain the

25 second series of compensated bond line temperature differential values.

21. The apparatus according to any one of claims 16 to 20, wherein the apparatus is

configured to:

compare the temperature compensation profile to a pre-determined series of power

setting values for applying heat the heating element; and



1519. The apparatus according to claim 18, wherein the apparatus is
configured to: a) receive a bond line tenperature signa
corresponding to a bond line tenperature of the bond |ine; b)
conpare the bond line tenperature signal with the input tenperature signal
c) conpensaeeetateaftempéraiiee icempefsaterhpowsmaigiat ipescaeupeoomef Seftieatvelae val ues
based 20on i f . [ : ture signal and the input
tenperaturgégfg%gﬁédgﬁﬁnaed%Qﬁégéﬁyﬁﬁgt%%g&gagg%ﬁnd series of conpensated
bond Iine tenperature differential val ues. 20. The apparatus accordi ng
to claim 19 wherein the apparatus is configured to apply a nultiplier gain
to the first series of bond line tenperature differential values to obtain
t he 25second series of conpensated bond line tenperature differential

val ues. 21. The apparatus according to any one of clainms 16 to 20, wherein
the apparatus is configured to: 25 generate a tenperature conpensated
power signal based on a power setting value fromthe pre-determ ned series
of power setting val ues.



