-1 - SUPPORT STRUCTURES AND CLAMPING SYSTEMS FOR SEMICONDUCTOR DEVICES
DURING WIRE AND RIBBON BONDING OPERATIONS CROSS-REFERENCE TO RELATED
APPLICATIONS [0001]This application claims the benefit of U.S. Provisional Application No.
61/261,847 filed on November 17, 2009, the content of which is incorporated herein by reference.
FIELD OF THE INVENTION [0002]The present invention relates to wire and ribbon bonding machines,
and more particularly, to improved support structures for supporting a semiconductor device in
connection witg WRRORTSTROQTIORES ) RPeCLUAMBIBA GNSRENS\IFDR S EMECONBUATOR

DEVICES DURING WIRE AND RIBBON BONDING OPERATIONS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No.
61/261,847 filed on November 17, 2009, the content of which is incorporated herein by
reference.

FIELD OF THE INVENTION

[0002] The present invention relates to wire and ribbon bonding machines, and
more particuiarly, to improved support structures for supporting a semiconductor

device in connection with wire and ribbon bonding operations.
BACKGROUND OF THE INVENTION

[0003] In the processing and packaging of semiconductor devices, wire and
ribbon bonding techniques are often used to provide electrical interconnection between
jocations within a package (e.g., between a die pad of a semiconductor die and a leac
of a leadframe). For example, wire bonding machines (or ribbon bonding machines)
are used to form wire loops (or ribbon interconnections) between respective locations
to be electrically interconnected. Exemplary methods of forming the interconnections
inciude ball bonding, wedge bonding, and ribbon bonding. An exemplary wedge or
ribbon bonding sequence includes: (1) forming a first wedge/ribbon bond on a die pad
of a semiconductor die; (2) extending a length of wire/ribbon in a desired shape
between the die pad and a lead of a leadframe; (3) forming a second wedge/ribbon
bond on the lead of the leadframe; and (4) severing the wire/ribbon to complete the
wire/ribbon loop. In forming the bonds between (a) the respective portion of the
wire/ribbon material and (b) the respective bond site (e.g., a die pad, a iead, etc.)
varying types of bonding energy may be used including, for exampie, ultrasonic

energy, thermosonic energy, thermocompressive energy, amongst others.

[0004] A continuous trend in the semiconductor industry is that global markets
demand smaller devices at lower costs, One exemnplary cost reduction strategy
involves using less material in the devices, for example, using less copper material in
the leadframe support structure which supports the semiconductor dice. This strategy
tends to iead to the creation of highly populated leadframes which support the

semiconductor dice (and are used to transport the semiconductor dice) through the



[0003]In the processing and packaging of semiconductor devices, wire and ribbon bonding techniques
are often used to provide electrical interconnection between locations within a package (e.g., between
a die pad of a semiconductor die and a lead of a leadframe). For example, wire bonding machines (or
ribbon bonding machines) are used to form Wire1o70|bs (or ribbon interconnections) between respective
locations to be electrically interconnected. Exemplary methods of forming the interconnections include
ball bonding, wedge bonding, and ribbon bonding. An exemplary wedge or ribbon bonding sequence
includes: (I ioiTHog: anld prycesgeipbon fapnckort acdid aaceo frargbtnicondtictoradie ré¢Rk extending a

length of wigltipRoR-nAfesiieshape betwaen (e dis Rarke i lead oladadiameti forming a
second wedge/ribbon bond on the lead of the |eadframe; and (4) severing the wire/ribbon to complete
the wire/ribBBnIIBIEHS ity eRe HRIRES IR RN (e RS BaEHRRS suftib A S TR RIE Mbon
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energy, amongst others. [0004]A continuous trend in the semiconductor mdus’gy is that global markets
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leadframes which support the semiconductor dice (and a}rce use t% trans or'&the semicongugtor dice)
through theU?f‘?"ﬁ‘ﬂgﬁg?ﬁ'ctﬁ?ﬁgcfzﬁ@@é%%.(ﬁ N Boh Rt o TR K e e P BERAREMSRY Fows and
columns of Semimonduents)divedand sk tcemporiiisisewhesesthe hilfragierpdenrsitsare connected to
the leadframig RatenRYoEQTHRFILPTIGRS sush@s Sraal ad Haindiedhiy pribedeagty and small

sizes of the Ileadfram components akgs Pro erglg/ constre i;%iﬂl%r‘hef ?gqgt;ogsw ﬂfetg% e i(c)gnductor
device (inclﬁéfﬁaolg'ﬁ régp%'}?fber?g’, fie bqor or?'s, er?c?) aurlng e/ultrasonic wire-or ribbon bonding
process veryodiffichilthelaeniss L9 egeed simpayiacetifpieatirared mascke iR abbitdme to a
support strugdigerositaaech kensaliute lerdirprabtriag mdebainggopeialien. tdrterunately, poor
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unreliable process, an erefore bon edacomponents of a poor quality. IEor example, because the
bonding protiekhtesgMineRdsine BEMEMT BYoRR 876358y dynamic, particularly for large wire and
ribbon bonding, the device being bonded (including the leadframe) may be driven at high velocities
similar in arpptse to thé&iip veliciy ol thedaunidiryrtdolrust tktdfermetheinitétibboprrbors. In such a

case, the relative displagemsiRetwere the bandingdeokanddhessericonehictarciavicaiaay be
decreased.‘[OOOS% IG. 1A is an overhead illustration of leadframe 1rip dlzojg gngfg)ortn](g Plgfrallty of
n" 0

semiconductb? dfdd T2t Afad ilfé’%rgta%&fﬂ?érm}?é% B e ¢ gf:etarpd?tio E?@. 1],7;\% and illustrates
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source lead4; leadsenddabn d 04agatedeadpRdfgant e haredfs GneriagsdMuare defined
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locations orPAl&'d Oé[efega., 5|aén§a S, no sshown) and corresponding adjacen eads 104,

locations on die 102 (e.g., die pads, not shown) and corresponding adjacent leads 104.

[0006] FIGS, 2A-2D illustrate a conventional approach for securing another
leadframe 200, supporting a plurality of semiconductor dice 202, during a bonding
operation. FIG. 2A illustrates device clamp 220 positioned above leadframe 200, where
device clamp 220 includes flexibie clamp fingers 212 that press portions of leadframe
200 within opening 220a of device clamp 220 against lower supporting structure 214
(e.g., anvil 214) during the bonding operation. FIG. 2B is a detailed view of FIG. 2A at
circled portion “2B” showing clamp fingers 212 pressing against portions of leadframe
200. Semiconductor die 202 is secured to heat sink 201 of leadframe 200. Leadframe
200 also includes’ source lead 204; ieads 204a, 204b, 204c; gate iead 204d; and tie
bars 208, Openings 206 are defined between various portions of leadframe 200, FIG.
2C is a cross-sectional view of FIG. 2B taken at line “2¢-2C", and FIG. 2D is & detailed
view of FIG. 2C at circled portion “2D" of FIG. 2C showing detaii of clamp finger 212



[O006]FIGS. 2A-2D illustrate a conventional approach for securing another leadframe 200, supporting
a plurality of semiconductor dice 202, during a bonding operation. FIG. 2A illustrates device clamp 220
positioned above leadframe 200, where device clamp 220 includes flexible clamp fingers 212 that
press portions of leadframe 200 within opening 229a of device clamp 220 against lower supporting
structure 214 (e.g., anvil 214) during the bonding operation. FIG. 2B is a detailed view of FIG. 2A at
circled portion "2B" showing clamp fingers 212 pressing against portions of leadframe 200.
Semicondusigistlig 292 ristsesdrehiplasahstakdz) 200 |eagirame @08 beetbrarbei2f @atsorinofudes:

source leasl204; leads 204, 2010, 2046 s ac 204 ARd e hars 209 OpepRasyF are defined

between various portions of leadframe 200. IS"a cross-sectional view of FIG. 2B taken at line
"2C-2C", afBMHGT2DA2E YitdsdrgiaroF Elepepeest LraRd SOttt EH BItRE. SCeEABRMY detail of
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provided by iBFERhEP RIRRBHEMPRREABHGAFfR e inGHc88% BERARR SPRARDIARGRS 212. In

many appliesdidns this frictional coupling is not sufficient to properly constrain leadframe 200, and
therefore poor bonding tends to result. [0007]Thus, it would be desirable to provide improved clamping
systems foya@ggnd ribbendandisg @pelicatiense SMMARYEHroTEEJMMENT E98dRRG8IACcording
to an exemplary emhpdiment of the present invention, a support structure for supporting a
semiconductor 8\5?6689 u?i%&ng'ggnaﬁﬁgﬂ%g?gﬁon is provided. The support structure includes a body
portion, the body portion defining an upper surface configlzured to support a semiconductor device
during a bonding operation. The uppeﬁﬂmﬂé‘g\ﬁgff@@% W@f?&fﬁ%g feature for constraining at least a

portion of the semiconductor device during the bonding operation.
[00081 According to an exemplary embodiment of the present invention, a

support structure for supporting a semiconductor device during a bonding operation is
provided. The support structure includes a body portion, the body portion defining an
upper surface configured to support a semiconductor device during a bonding

operation. The upper surface defines a constraining feature for constraining at least a

portion of the semiconductor device during the bonding operation.

[0009] According to another exemplary embodiment of the present invention, a
clamping system for securing a semiconductor device during a bonding operation is
provided. The clamping system includes a device clamp including a body portion, the
body portion including a lower surface configured to contact a semiconductor device
during a bonding operation. The iower surface defines a constraining feature for
constraining at ieast a portion of the semiconductor device during the bonding

operation.

[0010} The present invention may also be considered to be a wire and/or ribbon
bonding system or machine. Such a system/machine may include a support structure
and/or clamping system as described herein, amongst other elements such as, for
example, a bonding tool, an ultrasonic transducer carrying the bonding tool, a
wire/ribbon supply for supplying the wire/ribbon to the bonding tool for bonding, a
bond head assembly carrying the ultrasonic transducer, a material handling system for
transporting the semiconductor devices (carried by a leadframe) during the bonding

operation, amongst others,

f0011] The present invention may also be considered to be a method of securing

a semiconductor device (e.q., including a leadframe) during a wire/ribbon bonding



[0009]According to another exemplary embodiment of the present invention, a clamping system for
securing a semiconductor device during a bonding operation is provided. The clamping system
includes a device clamp including a body portion, the body portion including a lower surface configured
to contact a semiconductor device during a bondirfty operation. The lower surface defines a
constraining feature for constraining at least a portion of the semiconductor device during the bonding
operation. [0010]The present invention may also be considered to be a wire and/or ribbon bonding

system or mgethitien SbChs a& Syatasy vashife may nalirdaidisop pordsie chaeanciaeiQlénmping system
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transducer carrying t Ing tool, a ere/rl on supp for sup he wire on to the bonding
tool for borfiftPsEhBREEHRaBthEsSHEBR Ursih N HHBQHE FEB RIS dREE l?&é’r NeneintEtisPPRedIfY system
for transpoxtiing the seeicopduaiondevices (carried by a leadframe) during the bonding operation,
amongst others. - 4 - operation, or as a method of performing a wire/ribbon bonding operation

including a step of securing the sepigensiucton fenise apisingehsralfiugigees and techniques disclosed
herein. Other steps of such methods are also described herein in connection with the inventive

structures. Fd? DESCRIP TrlS)e'FthE E'FEESPL%‘@{Q\L%M%%%%%HBWR Q3,8 LadBERIgod from

the followin ed description when read in connection with the accompanying drawing. It is
emphasize? ’Eﬁ-‘&t r%%‘éé?cﬁﬂ@“&FEB%WﬁBhtﬁFa%ﬁ“c%’”ﬂ?é‘\’/‘&ﬁcﬁJ?Y‘éaﬁJré% iSAMERERAAS HE not to scale.
On the contraryrding dinvensions phthies/atheus féats festareaditraridyaxpandecot tedaaked fOn clarity.

Included i“éh@égﬁ%é?,g, e mﬁ&g%g@ff{g@r\(ﬁfious features are arbitrarily expanded or

reduced for clarity. Included in the drawing are the following figures:

FIGS. 1A-1B are top view block diagrams of a leadframe supporting

semiconductor dice in a connection with a power semiconductor package;

FIGS. 2A-2D are top and side view diagrams of a conventional clamping

system used to constrain a power semiconductor device during a bonding operation;

FIGS. 3A-3D are top and side view diagrams of a clamping system in

accordance with an exemplary embodiment of the present invention;

FIGS. 4A-4C are side view block diagrams of a portion of a

semiconductor package useful for illustrating ribbon bonding deformation;

FIG. 5 is a side view block diagram of & portion of a semiconductor

package useful for illustrating a shear test of a ribbon bond;

FIGS. 6A-6F are various block diagram views of a support structure for
supporting a semiconductor device in accordance with an exemplary embodiment of the

present invention;

FIGS. 7A-7D are various block diagram views of other support structures
for supporting a semiconductor device in accordance with exemplary embodiments of
the present invention;

FIGS. 8A-8D are various block diagram views of yet another support
structure for supporting a semiconductor device in accordance with an exemplary

embodiment of the present invention;



FIGS. 1A-1B are top view block diagrams of a leadframe supporting semiconductor dice in a
connection with a power semiconductor package; FIGS. 2A-2D are top and side view
diagrams of a conventional clamping system used to constrain a power semiconductor device during a
bonding operation; FIGS. 3A-3D are top and side view diagrams of a clamping system in
accordance with an exemplary embodiment of the present invention; FIGS. 4A-4C are side
view block diagrams of a portion of a semiconductor package useful for illustrating ribbon bonding

deformation; Flgdxissa sjgemeyplogdirgtamnt ainariemelasabisepdupiypackage
useful for illustrating a shear test of a rihbon bond; GS 6A-6F“%re various t%lock diagram

. FI :
views of a SHHPBHSII RURBITISLp S5 MITg WL E i TR Br HE0TEE LD GARE R I exemplary
embodimeetragfatiengrésgrihmpeseont;invention;FIGS. 7A-7D are various block diagram views of other
support structures for supporting a semiconductor device in accordance with exemplary embodiments
of the present invention; FIGS. 10AFIGS a8AsBh2 latRavasious dleckidiagran yievasahyetkappiner support

structure of SupRorYR0 A SSONIGROUEIRICHRNIR JP ASFOLIATRE Yl R0 Gi/RIRRLAIplRgiment ofthe

. StF
present Inven
embodiment of the present invention;

FIGS. 11A-11B are block diagram views illustrating yet another support
structure for supporting a semiconductor device in accordance with an exemplary
embodiment of the present invention; and

FIGS. 12A-12B are block diagram views of another support structure and

device clamp in accordance with an exemplary embodiment of the present invention.
DETAILED DESCRIPTION OF THE INVENTION

[0013] In accordance with certain exemplary embodiments of the present
invention, a support structure for supporting a semiconductor device during a bonding
operation is provided. The support structure {which may be provided in the form of an
anvil or another structure) may inciude an upper surface defining a constraining feature
for constraining at least a portion of the semiconductor device during the bonding
operation. For example, the constraining feature may inciude raised portions {(e.g.,
walls that are raised above a surface of the support structure) that at least partially
surround a portion of the semiconductor device, where the portion of the
semiconductor device may be a lead or other portion (e.g., a tie-bar, a heat sink, a die
paddle, etc.) of the leadframe.

[0014] As used herein, the term “body portion” is intended to refer to any
structure on which the constraining features are provided (or integrated with).
Examples of such body portions include top layer 342 (in FIG. 3A-3D), support
structure 640 (in FIGS. 6A-6F), top layer 742 (in FIGS. 7A-7C), support structure 740’
{in FIG. 7D), support structure 840 (in FIGS. 8A-8D), top layer 942 (in FIGS. 9A-9B),
top layer portions 942a, 942b (in FIGS. 9C-9D), top layer 1042 (in FIGS. 10A-10B}, top
layer portions 1142a, 1142b (in FIGS. 11A-11B), and device clamp 1220 (in FIGS. 12A-
12B).

[0015] In certain exemplary embodiments, the support structure takes the form

of an anvi! or the like which includes geometry on its upper surface (e.g., geometry



FIGS. 9A-9D are block diagram views illustrating yet another support structure for supporting a
semiconductor device in accordance with an exemplary embodiment of the present invention;

FIGS. 10A-10B are block diagram views illustrating yet another support structure for supporting a
semiconductor device in accordance with an exehplary embodiment of the present invention;

FIGS. 11A-11B are block diagram views illustrating yet another support structure for supporting a
semiconductor device in accordance with an exemplary embodiment of the present invention; and
FIGS. 12Ai42Bdnrg blocktehagrameiems oianathersdypperatedcitieand dewiaemglamisin accordance
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device during the bonding operation. For example, the constraining feature may include raised
portions (e §FCHRIRthYtBRANEINY 4B0VE SHEGHRILE Y {iFEHhort structure) that at least partially

surround a portion of the semiconductor device, where the portion of the semiconductor device may be
a lead or o9 Boltion (elp.secticabaxsmmaiy SIRRI9A dibepaidrner et Y SHRd \EtHEme. [0014]As used
herein, the ¢grarhiach; RREIABEAS) iRtpBdedied etardamnyeSisdarsmen wirighitberepngtraining features

are provided (or E'ntegrgtgd with).

3A-3D), suf))Borrﬂi3 sfilicture 640 (in %)ng .'%IGG’):?S S\,}'Jt%gc?goye}é %%ﬁt&%ﬁ:ﬁé?g%d‘ii%)é%@d%%ré !éPtrE::?ljre 740'
(in FIG. 7D¥/&upp6te StARiife BAGheratsBoBABMYath Riyér Yxrehy PrSBINgAPsHEaFA@fer portions
942a, 942bddwFr kawa DI top fayet 34 (BURhGScldtpidoBystom Imyresposiong pdARms1d4d2b (in
FIGS. 11A'€h%ﬁéa%@%%%vﬂg%%m%2t%% g@n@%ﬁm‘}&é‘égﬁ%@cw of the support structure. For

example, FIG. 3A is a top view illustrating device clamp 320 (defining opening 320a)

including clamp fingers 312 configured for pressing downward on certain portions of

leadframe 300 proximate die 302 against support structure 314 (e.g., anvil 314) during

the bonding operation. FIG. 3B is a detailed view of FIG. 3A at circled portion "3B” of

FIG. 3A showing clamp fingers 312 pressing against portions of leadframe 300.

Semiconductor die 302 (e.g., a power semiconductor die, which together with the

corresponding portions of leadframe 300, shall be considered a power semiconductor

device) is secured to heat sink 301 of leadfrarme 300. Leadframe 300 also includes:

source lead 304; leads 304a, 304b, 304¢; gate lead 304d; and tie bars 308. Openings

306 are defined between various portions of leadframe 300, Wedge-shaped

constraining feature 334 is shown partially surrounding source lead 304 pressed down

by clamp fingers 312 (e.g., also see FIGS. 3C-3D). FIG. 3C is a cross-sectional view of

FIG. 3B taken along line "3C-3C" through die 302 (with the dotted portions being

portions of leadframe 300 with clamp fingers 312 pressing against them generally

proximate die 302, while supported by support structure 340). As such FIG. 3C, and

the detailed view provided in FIG. 3D (at the circled portion "3D” in FIG. 3C), illustrates

a portion of clamp finger 312 pressing on a portion of leadframe 300 (e.g., source lead

304). Support structure 340 for leadframe 300 includes base 314, intermediate

adhesive layer 330, and upper layer 342 having upper surface 332. In this illustration,

upper layer 342 includes constraining feature 334 having a wedge shape. Wedge-

shaped constraining feature 334 includes walls 336 which define valley 362. Feature

334 directs source lead 304 into valley 362, and constrains source lead 304 during the

bonding operation. It is noted that constraining feature 334 may be separated from an



6 including a contraining feature such as a wedge-shaped structure including walls defining a valley,
etc.) configured to mate with a portion of a leadframe of a semiconductor device. With the portion of
the leadframe (e.g., a lead, a tie-bar, a heat sink, a die paddle, etc.) mated with the constraining
feature, the potential for the leadframe (or devicé gtfucture) to vibrate freely and/or unpredictably
during ultrasonic excitation by the bonding tool is substantially reduced. [0016]In such an exemplary
design, the support structure (with the constraining geometry) is positioned beneath the leadframe
during a bersirerepaiaipneicdariamel 30TpHE o p datherddeae agap ireladisgcRiGpfrgers, a window

clamp, etc.) appli 1 re ﬂ(%g%\é@] rd force, thereby pushing the leadframe down toward the
support str%%‘f%fr}g.?gol?cﬁ?g%lacrgging system&\‘%rces desired portions of the leadframe to mate with the

constrainin %eometry of the support structure. For exam I%,JIFIG. 3Ais ato S\{ie\{/:\%iijljlrlésct)gating device
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300 also inglides; saHCeleago3a4 irad: FMr304bBO4w)gate teagn3erd)atidltieshatstiZas.

Operings 506 arc defnedbeneen vaious pefins o e, 200, Wedlrehigeosgonsuaining

feature 334158 ‘Swﬁ"f)%r}ﬁg?w surroun‘clilng source lead 304 pressed y clam fingers 312 (e.g.,
8BC" through

also see FIBSaBE-8D 9 dPV8maa a 210 S84 CHBIRIONE S Bt RRDISE EaR_TP UG g™
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and the detal e%rylew provide (at the'circled portion "3 ), illustrates a portion
of clamp firfg@MBIND SrELem e DGR BIVRIAPINS'YED 8T eLORrER RS RBHF SRR structure
340 for leadfsamevate dackites bpsma Blicntermisidateqicitee sivieflayred 386 midcoppErsitger 342

having qu%L«?Hﬁfr‘?hc%r‘?zﬁZ-a\Qo”é%ii'Bi'tsH@ﬂC}‘Pa&BP@Ec!ﬁéﬁﬁéé%ﬂ&'ﬂ@?@rﬁp&%ﬁé@m%F%aéw& {334 having
a wedge shape. Wedge-shaped constramln?gfeature 34 includes walls 336 Whlcl%?gegﬂlne valley 362.

Feature 334°%RREREN I RAS I SOF T ANIEGSSEY SHHRYRGr SRS LB POE 34 Hiffing the
bonding opératiore tbisghoted tHatasdnstiadniveg deatniea334 peely Seusbparatedigfrorinausy Fiemjatent
portion of leadftame 390,y gap dabelpd-As: 'GaR" {a@a 59 FeRB) t0ACEQpY FAFtolgrasiees in the
design. [001711 006, example, SUDROTt SyEkEe 3P CEADY, SHRPON LA 6 Srewura
strength of the material of a support structure or clamping system of the present
invention are: greater than 300 MPa; greater than 600MPa; greater than 900MPa;

greater than 1200MPa; and greater than 1500MPa.

[p018] Other materials, such as metals, may be used for support structure 340
(or any support structure or clamping system of the present invention). Metals such as
carbon steel exhibit high mechanical strength and relatively high wear resistance to
ultrasonic scrubbing. For example, alloy 440C stainless steel or D7 tool steel may be

suitable metals.

[0019] For example, wedge-shaped constraining feature 334 (or another
constraining feature) may be added to support structure 340 as a separate piece, or
may be machined (or otherwise formed) into upper surface 332 of support structure
340. When in contact with leadframe 300 {supported by support structure 340}, clamp
fingers 312 of device clamp 320 cause portions of leadframe 300 (e.g., source iead
304, other leads, tie-bars 308, etc.) to be seated in constraining feature(s) 334 (e.g.,

wedge-shaped constraining feature(s) 334) of support structure 340.



clamping system of the present invention) may be formed partially or entirely from an insulative
material such as a ceramic material (e.g., a technical engineering ceramic). Examples of ceramic
materials include high percentage alumina (e.g., >96% alumina), zirconia toughened alumina, silicon
carbide, silicon nitride, partially stabilized zirconia® such as yttria-tetragonal zirconia polycrystal
(Y-TZP) and magnesia partially stabilized zirconia, amongst others. Such materials may be used for
support structure 340 because of their low wear rate under ultrasonic scrubbing and because of their
high fractupeg@oghnessAK ())b&xaphglesioh moore detniideiatermlpmrhybridteerapicmeaterials that

may be usggh o TR, SHRRFH R HER3HAURY, H:S P RRE:SHHCIYF ¢S CIAMBHY sistam of the present

invention) include cermets such as tungsten carbide bound with cobpalt WC%, an gg#%gn carbide
whisker refffotEHtRErRNT dRhFERMRIE R EA AR RS IS Texhib i highAAE R € totighness and
flexural strentyibinanshatststeteat4o3B32 refiivety wear resistarrngGinito figtoceabbind Wietnplary

ranges for {he ractuie LQHoRNess §6{1Gh9f the smateliab o ASURROM ST G AEasnBing system of
the present invention are: greater than 4 I;{/Iﬁfa%%rﬂz/%%;'%reater than 8 Mpa m112: greater than 12 Mpa
s

m'12; greatSPRTS4 S AEFR ES S SRR e P S8t COFIRe Mattiat of a
support strifetteeyonolamipingy tbpstemwitthbgyrensiteriasaion Briegattdtthan 300 MPa; greater than
600MPa; greater than 900MPa; greater than 1200MPa; and greater than 1500MPa. [0018]Other
materials, $og2 83 Metals, Bareaigetkiapsigopodest uature 34tk (desanpasLpJor structure or clamping

system of (e pIEsENLAMEVIan Melals ah as carhen el slukiidydk echanicalatisngin and

relatively hlséah wear resistance to ultrasonic scrubbing. For example, alloy 440C stainless %%el or D7
tool steel MakP BecAMBINE PAETAR Y0 SR BPOKaMBIE MW G e R HEPEE Aot RAAIATY FEaTH €33 (or
another congteaioing rfe atiakeyimaa(e loe, addedGo SApporestihetsrm B340 ssursepdrmee, gived 3¢ may be

machined ﬂ%mgﬂ VIS Bl O URRAT SHEAER Bl RP H4S I F e M BB angact with
Su

leadframe 300 ported by support structure 340), clamp fingers 312 of device clamp 320 cause

portions of ﬂé’éﬂfl‘ﬁgﬁé’?ﬁ)e‘)@‘?@f‘, iRee MAPIBAMSRAA A SRR 08 4855 Mo He SBSted in
constrainingyteatnye (5334 ¢mg\p \Bedgmshdpectonstiaiming JedturckyBByastdiipios sarkiture 340.

8 - [0020]Ag, will be,explaineg:indporEedetaihelawnsupperhstLciwe 3¢dnray ilBrpbmiumed from a
single unitary piece of material, or from multiﬁ’le Bieces S cured%folg‘ether ol?é)er &)ﬁ@g{l&,ggceramic

piece (e.g., ¥T¥P HUBMICH 8%53’1%&??61 itrce™332] (E’é?%lfng one ‘or more constraining

rl’pri?)OePsur ace 3

features 33k ufitmur Mithageiadhesine thgbgBOR Ay WhisEduRYCRIB DALY FER HAPR EoPhBfiRed of a

less expensiveibase raaterial (fg eadnaia)deemesatingdniertheosjre hoading machkipadthereby

miniMizing {he Aot ol SRR SIYg AR Ysed-JPOAIon xemBlay ARG RYCess Wil
340) (e.g., see FIGS. 3B-3D).

{0022} Due to part tolerances, the leadfrarne features (e.g., leads 304) may not
be aligned with the constraining feature. For example, as the clamp fingers travel
downward, a given portion of the leadframe structure may contact one wall/face of the
constraining feature/wedge. The angle of this wall/face may force the leadframe
feature to bend slightly under load from the clamp finger, thereby substantially

centering the leadframe portion in the constraining feature/wedge.

[0023] According to certain exemplary embodiments of the present invention,
the constraining features may be placed above the leadframe (e.g., in connection with
a device clamp or the like) (e.g., see FIGS. 12A-12B discussed below) as opposed to
the constraining features being part of the support structure below the device clamp
(e.g., see FIGS. 3A-3D). In such a case, the support structure of the leadframe may
be raised, forcing portions of the leadframe structure to be received by the constraining
features/geometry in the upper structure (e.g., device clamp 1220 in FIGS. 12A-12B).
In one implementation of this design the upper structure may be formed from a single

piece of material with the constraining features formed into a lower surface of the



semiconductor device (e.g., leadframe 300 including a plurality of dice 302) is indexed into a clamping
position by a transport system (e.g., a material handling system) of the wire bonding machine (e.qg.,
see FIG. 3A). Then the support structure (e.g., anvil 314 including upper surface 332 with constraining
features 334) is raised to be substantially flush With the bottom surface of leadframe 300 (e.g., using a
cam system, or other system). Device clamp 320, including clamp fingers 312, is then lowered to the
upper surface of the leadframe (e.g., using a cam system, or other system). Clamp fingers 312 are
thus forced alovencamipmaytberdive!prate ce vl arapind Jorwd¢hapsec sesdeadiranme B0 against
support strichirg 340, WhiehMakalsdPrsitaesiaiRA el ifeleasimmes (@ tneones lead 304, other

leads, tie-bars 308, a heat sink, a die ,addlef, etc. int(% constrainin%f aturesés.?t.t, fegture 334) of
support striel§HARAS g9 i ASRNA(BIR SREETE S BBISDT 1882 TB T RBPar Bt Afces, the
leadframe featatbstte. (patfartsSOdynjudet heoatigiired withettiel corfswpathimgdeamrierar sitimple, as

the clamp fingermiausl druars), < /aiken Rasticnnh ihe leadffainesirseteecaayientact one
wall/face of the constraininag f ature/v\(%d%et. Tlhel atn%e of th\ils Wtarﬂ/g‘?crgsma ﬁ_‘oikce%t e leadframe
feature to BRFHE"SHgHES THide FSatHaIEr e SRR Filder TR Greb) SUESta Rt tentering the leadframe
portion in theneorisedmmgdiintadisvederr. 00283 AecHrdlinet e spspreenmpralgrembBfiments of the
present inveRbiga-h e sRASHAIN g Jeaturesingy beaplasad absve dheoleasiiiraded.tie connection
with a device clamp ot the like) (e.g., see FIGS, 12A-128 discussed below).as to the
constraininf: E‘l‘é{{ Ures E)réfr‘cigc’ tﬁgréﬁ'}%r%agﬁbpep%rjts g?ruc':rt]ﬁ?i%ael%\?v ﬁaemdeé\(/%lhgr% gmfgpggg % Fi%e FIGS.
3A-3D). In derired 2ERAS, WESHP YO She ERIE GY TS | EadHERn & nlS HY I @rcing portions of the
leadframe structure to be received by the constraining features/geometry in the upper structure (e.g.,
device clapa2ep in FIGSnhakd &BYohvemiomplsrignsatiba oéthsidesigatthetumsearstructure may
be formed fram.a Single pieceptamartial it de croirainingdagh sesermennigg over surface of
the -9 device clamp. Alternatively, the device C:%ng or other u%per sﬁﬁucturﬁ- mqaé/ be formed from
PR RS Materal RAE

| . )
multiple pictB8 IFRSHEYRIH (et SRRSRSAIR LG oriRSP al NAU@Rg the

al
constraining!festneshdndiogh Bccase thelsuppotiestrutinger bameatte theelb talfrasrerasagiheiude a

compliant materal gndopiehsrhase matsrial-withoadhip/dexipiaimesalistayer(plate e dpestainless
steel) on top of the com'plia t ma}terial. As EUCh th sta}iglfgf steel gﬁlggama hré%\{% structures
cont

machined (ﬁfa&ﬁPeFﬁﬂE% r éd? ifts’ Rgrﬂﬁ rUCtl}rﬁﬁnv} acti the respegtlve por?ions of the

er surface to
leadframe woristrainigdbieaises hiomstneimalie dalerarsfrpeibosoftarraErempaidagftdmeeThis

structure mayadshed ispthsieadiramesthereby®raing. the drsieeateast teomate wit the
constraining features in the device clamp..[0024]Compared to conventio i he new support
structures anc %Lvi%%e%ﬁgﬁﬁb%agscgrﬁb%rg?ﬁieh%iﬁe#j%rfsre yaféggndsﬁrﬁﬁg% g(eés%%jté%‘ﬁ%gpcﬁ;%np fingers, or
other like stRaettipase 1b aonstraa BieiEsdRaRRSs ddRRFUITENts that will undergo ultrasonic bonding. For
example, the clamp fingers may be used to place respective portions of the leadframe within
correspondjie®2sistrainiby featives (thg.constigenbigafsetifeatirébe334pobguppert s Ucture/anvil 340).

Itis desirabje fhat the,conssraining, [Rales, canstrain- e selevant Postions Hidhe isrdiame at least
in the direction of the application of ultrasonic energééﬁ?”#n the direction %‘?l‘aondlneg tool Sé:rub). Of

course, theRIGHIERLiTRG R aRTPEY Ry EERENRT 1Y B S S LA A T Y LIRS S directions

as is desirethe clamp fingers. This is particularly beneficial in certain cases where clamp fingers

can not be provided. As is understood by those skilled in the art, various locations
(e.g., bonding locations, bonding tool locations, other hardware locations, etc.) in a
bonding operation require adequate clearance such that the bonding operation may be
properly performed. Thus, no clamp fingers or similar clamping structures may be
provided in these areas. In accordance with the present invention, local constraint of
the semiconductor device (e.g., relevant portions of leadframe 300) is possible directly
beneath the area of the bond and also in areas requiring clearance for the bond tool.
This is particularly advantagous in certain small devices where much of the device area

is free of clamping to provide clearance and positions for bonded wires/ribbons.

[0026] In accordance with the present invention, experimentation was

conducted to compare certain process variables using conventional clamping structures



[0025]By providing the constraining features in the support structure (or in device clamp 1220 as
illustrated in FIGS. 12A-12B) a more robust bonding process is provided that is somewhat
independent of clamp finger design and the force applied by the clamp fingers. This is particularly
beneficial in certain cases where clamp fingers cabot be provided. As is understood by those skilled
in the art, various locations (e.g., bonding locations, bonding tool locations, other hardware locations,
etc.) in a bonding operation require adequate clearance such that the bonding operation may be

properly pesfiaraaeeid busssre Slamp firgarseininiamel pryag steites May Gerprsidedti these

areas. In accordance, with the present invention, | | ' tor device (e.qg.,
relevant pdﬂf?)tﬁsebg @a‘ﬁ‘ﬁe r'?]%eb%a(%%l?so38g%%#é%f%@%g%@égﬁ%ﬁé‘gﬁeﬁ?tk%%%ﬁd and also in areas
requiring cNSEeAriBBTor (Fee BRENBMNatiensRarGeDiited U BB e drmpin aracndbs where
much of thesdeyjee-areanmiige Df ahampmsptaieravide cleaspite @ihot pesiiionssiopisanasers
wires/ribbons. - 10 - tal >cordi t [ I j e variables
fested inclaL ) it e e o el Ebon, The
experimentdisA WaR CHRULEIRREBILT 4R IR Bt BRRsaE YRl gRetﬁquQQE?éﬁ%dtmiﬂﬁ%vﬁ range of
positions whienseepingtathotoahprosessgarameters constant. Then the (1) wire/ribbon deformation,
and (2) shear strength of bonded wire/ribbon were measured to gauge the sensitivity of the

conventionppgBg jnventiveslamning systesms tadhie sanations-QAAAINGS. hacdzdllustrate the
deformation measurement that was perfarmed, where deformation for such a ribbh i rocess
& dofino RS AER s R S TR S RaE ey adhegoataned

formation ot HoidaB8Rengnaesat K5 04Ot e taghsoh @elafied YRMGTef Hia ahs (FESEPoRion "4B",
as bondingdemk 452 {iest caatacts ribbpn raterial A6 QHiediGeas tfersame \dewrarf k-4 but after
formation aof hgnd 458 with the. pgnetration of the t . ' 4 -1(3. 5
illustrates a s e'aarStegé)tngl}qgrtgfﬁi sﬁ}aﬁ*f%o‘f‘gﬁ Cltssé}%%%e%ﬁl%g{l}gg%%%gir%%%%@é&ﬁ%r%%glt%ﬁd
interface 568 6tFibHB Pk afteriosBRPRefRANhABFIEE ith e58aFERTIAR PURR TS YT QA fintp of
force and displasgmeantsis connection with the force and displacement process variables, the
conventional clamping system (e.g., see FIGS. 2A-2D wherein the support structure is a standard

anvil) exhibfiggliggonsistesey iflefapalianyalvessandnsiiar @3 \@lnes dhague highv

dependent on the'clam .in force. In contrast, the_in er)gti}/ sxstem e.g ?e#lleGr%. g@ér??gour%ieng
support striBtdFESRS ﬁﬁ%@éﬂé@ﬁ?&ﬁe@t@ﬁﬁ?aﬁﬁ%a fERRFeINSS %ex%%ted MUCch more consistent
and controliedreefmediod vaides aredtinercaedishess aast digriasemrittarénsubdiasiRmyviftiependent
of the clampingripeee ApRIGS 00N IR 8ABFlsirate SURPERLISHECHMMBHY stamRerdng a

see FIGS. 2A-2D wherein the support structure is a standard anvil) exhibited

inconsistency in deformation values, and low shear test values that are highly

dependent on the clamping force. In contrast, the inventive system (e.g., see FIGS,

3A-3D using support structure 340 with wedge-shaped constraining features 334)

exhibited much more consistent and controlled deformation vaiues, and increased

shear test values, that are substantially independent of the clamping force applied.

[0029] FIGS. 6A-6F illustrate support structure 640 for supporting a
semiconductor device (e.g., a portion of leadframe 300 and an associated
semiconducotr die) in connection with a bonding operation. FIG. 6A is a top view of
support structure 640 with 5 constraining features 634 (note that the 5 constraining
features 634 match the 5 device wide ieadframe 300 illustrated in FIG. 3A). FIG. 6B is
a perspective view of an end portion of support structure 640 at circle "6E" of FIG. 6A.
More specifically, FIG, 6B illustrates constraining feature 634 raised above upper
surface 632, where feature 634 inciudes wall 664 and 3 guides 660 (with gaps 660a
therebetween) collectively defining valley 662. Valley 662 is configured to receive a
portion of a leadframe (e.g., a source lead of a leadframe), while gaps 660a between

guides 660 are configured to receive an adjacent portion of the leadframe. In this



semiconductor device (e.g., a portion of leadframe 300 and an associated semiconducotr die) in
connection with a bonding operation. FIG. 6A is a top view of support structure 640 with 5 constraining
features 634 (note that the 5 constraining features 634 match the 5 device wide leadframe 300
illustrated in FIG. 3A). FIG. 66 is a perspective vieWt 6f an end portion of support structure 640 at circle
"6E" of FIG. 6A. More specifically, FIG. 6B illustrates constraining feature 634 raised above upper
surface 632, where feature 634 includes wall 664 and 3 guides 660 (with gaps 660a therebetween)
collectivelyrglgfininenvalayrange adel662pisruanyiguretdnkertive anptttiodwefre ldedframe (e.g., a

source lead, ol fiGadTaMaN YIS aapsRERABetwesh, ouilentffLale raniueidadrraive an

adjacent portion of the frame. In this regard, the leadframe is at least partlallrﬁ constrained from
motion durBN&E ARSI REIRG BRI ERE AT EBHRERIGE BRe REAMR RSy be constrained
along directastainey thea poréicivrepetpeddidtian gaps<a60a, “dridioo oy vios| ceifstradn@ddasa direction
perpendiculapioglrasion, & Sheoyclh el fod A wides,60, foreXamplEaqpiafdfiese directions

(e.g., direction "A" or the a direction perpendicular tg direction "A") may be configured to be the

{ rection pe ) :
direction ofPGIPESEHILIALFABIIRTISPtHR tiF Y LBSRANR (01 ERE. 168 J¥ S HRPPRIRA ULy of an
exemplary sewboorgottoe digvice ihchdlimptpolti §as .cfGikcadfeasnectionfigaredftarbexrsaeived by

constraining.feature 834 Jhs-sepicANlsintidryisedneclirnmerisanduates die a02iwacyred to heat
sink 601 of leadframe 600. Leadframe 600 also includelg?' source, lead 604; leads 604 %%%b 604c;
e

: sour |
gate lead 6PAT A (BAMBES A alldy BED' T8 LG LAY o rECTE s tIFeePnaH 86 &\ portion of
each of leasi6ttbtarid80:ickase Cofhfepdirare 68 %edaivdtravithin0§apsccEOR % LREBE-8BEREIG. 6D is
a cross seciipnaloygnseha, rarionselthelaadiamsoal Fia dtle tkersaiongding '€d2-6P". FIG. 6D

illustrates that the leadframe has been pracessed (e.q., etched) m ben sou ead 604 such
that source TRHPHEE UESTH G tRATTE [sgﬁ(éléﬁhgh(pé)ggﬂ? %?%gaf%r%@fg %agr%1 S é%%%%g?%ons of the
leadframe) cE18g GRdS @ fetaileadenitbinciars "Saci G dentafd FIE. € s acdetairediaBd taken
along line "Gfekkst affolEo®ArIhevdagrenrie GGV alteyaRER attehwall 668-ebeormtsaiping feature 634.

In FIGS. 6A-6F, the remainder of suppart structure 640 is .not shown t structure.
[0030]In FI&'% ??ﬁp%gﬁl(gﬁﬁ% érfsé %Qr?ﬁglté 2% Pase iﬁ% 'ég%:g é?)d ens?ﬁgoggﬂ%t%%égfg gra%e 714, and
top layer 74ea@6fdindgchgpet §sz§ééeﬁ@z4)aﬁwatéiﬁﬁif‘aﬂht&sq\‘;é5|§gf@r”?3@gw@?5’@ €20 &87f view of FIG.
7A, and FIGo4E jsmidetailed viewokGhéBeatinisele )7 El sheming guidied60ead pariefaesiaining
feature 734, Top.layer 742 incl pRer .syrfa i iakly ort

A Y Ji NG oS URRet TARS, IR dRGHREIAnIAY herares aRaing

structure Gf(g shown in E-6F, and as such, a detailed discussion is omitted herein.
As provide@HIS6Ve5naatictAs VIS HBHGE S CRIEEPHY RhERARUTe BRds, RS neAy Rlar S or
example, baseFitdanay g pormediofiardelativielydnekpensive matebala(eydy re metaledeteas stainless
steel), and layer 730 may be formed from a compliant material or adhesive such as a cyanoacrylate

adhisiV_e olrfﬁf@ﬁ%qingdcomp@m;dﬁygb AR tiroetalicnzee fusthesseores ,tfa@i:*%xﬁ_feﬂéﬁgmaydoe
mechanica aste o e usl a IS [€.]., SCrTEWS) Qr a p te In.which.case
ggr@%é}%g{i‘%%?gmﬁgdt_afmopa%erS}ggjﬂsef&mg Hpsqer L ac;jé% opx%o Qfadhe ive

adhesive la p’layer sup ructure I'e., support structure 640

shown in FI@B:r6786B fRd BEISE) e WeWorhféd friim aiififitalativés matedrsyiay«d a'&erabic
material. An,expawlerof sHehiadlREal 69 thepaie WOkl slesihadufTZR carmmismengst other
materials. Constraining features 7.34 (including wall 7 d_-12-qui 6 ini lley 762
therebetwe(—l:'?ffl 5%8 gu S'7 aaﬁeet%ize%né!uifdgﬁwtﬁg & gr%nz% %%o‘?ﬁ%%r%&r%@gﬁlgc%eng material
including togtayer in42Ger fapBa st tAces sbedretRlitoFiayersiis ARkt FREERIG. 7D
illustrates a ngrpireedsHPRR!T SiEuelle i ZA0s g thetsiticiureds tonedimeidined franmaynitary
piece of material, for example, rami i t i -I4P amaqngst
others. Strucfire 740" e U(Bj|§$ %%%ﬁ%ﬁﬁ%%%tﬁé@%%gﬁﬁr?ﬁfﬁ%ew@| %%ﬁg;ﬁeas {796%’
defining valley"r2* SHERGHeHAUE RSB R YapenPeliXeheRheBR Y BRIEY P86 8 hpRMElifce 732!, where
features 734natersillastamtiadlysindantodesturesc R34 el @stiibae abevVieravithorespeciutod FIGS a8A-7C.

[0031]FIGS. 8A-80 | a rtsir fip face834.1516:<8B is a
perspective ?/?e%vvrﬁ c%%ﬁgg'%g%%lﬁéﬁg%%%% éég%s’! Z%i%%i%?&egg ﬁ:&éw ,ﬁ c'rclé "8CS"; and FIG.

8D is a cros& elatigRTenRcst Hd: 'S%r%k%oélér%aﬁﬂ% PEFSEAR W IR CRTFPSA VN TR FiGs. 8A-8D
includes constraipingfittatdre3 @84 confitRiwt o reseivaLag Aol .of slgwditashichisei $46ffset” from

the general leadframe aatrin plans, T Batds) the JeadftrmedmanareRermeichackial cihenuise
processed) to have certain portions offset, or abov% gr in some ﬁgpllcatlon elowgé%(y_a!cgpt portions
. €

of the leads et EEHBbA GRS A0 THHIE S BRED T rﬁ)ﬁ%\ﬁ?eu&?f'o feceive thesé offset
portions of ackrachf ateadfsantbén vehetialiningoleitaieBBkaRecsshts Q0usiepreideat tandliow
clearance for other portions of the leadframe (e.g., leads similar to 604a, 604b, and 604c in FIGS.
6C-6D) to bend freely such as not to interfere with proper seating of the portion of the leadframe (e.g.,
a source lead similar to lead 604 in FIGS. 6C-6D) within contraining feature 834. Otherwise, the
functions of constraining feature 834 (having wall 864 defining valley 862, e.g., see FIG. 8D) and

guides 860 (with gaps 860a therebetween) are similar to analogous structures described in FIGS.
AA_RE



[0032]FIGS. 9A-9B illustrate support structure 940 similar to structure 340 shown in FIG. 3D. In FIG.
9A, a semiconductor device includes leadframe 900 (where semiconductor die/dice on leadframe 900
are not shown for simplicity), where leadframe 900 has not yet been clamped to support structure 940.
Support structure 940 includes base 914 (e.g., cbrjn%)ﬁsed of a metallic composition), compliant layer
930 (e.g., a visco-elastic polymer), and top layer 942. Top layer 942 includes constraining feature 934
(e.g., a wedge-shaped feature 934 having walls 936 defining valley 962) configured to receive lead
904 of leadftagee 960.defnir2B/dlustrzaestteecapplicatipanaf gapiaTgiagd faveetoglatep 7680 984 into
constraining f%&%f%%&g'axﬁ:%gy“&eégA@%?&%Fl,masaletﬁgsl%%amm??@r%s%@wm&feature

934 the resultant shear force - actlnfg on compliant a%er 0' effectively "self-aligns" constraining
feature 934 GHRAYEFSHESIRA T 4AP0BNYLT feradtfa e 68%) §%89ew+§ﬁfac§refa?/é’ﬂ‘§ﬂ?%[’6033]F|Gs.
9C-9D illusttaipstippott steLtiorevd4ceiictusting @ wistinotroenstraimimg datames 9By 98ats ipicluded

with (and pRssiliyiNSoERIRANItY) (ESRRRIVG (ORIBYRHAIABS BYRan 4RI Wiste BRCh of features
934a, 934b is configured to receive a_distinct lead 904a, 904b gf Ieadfr%r?‘g ZOOiwéthin r%ﬁpective

valleys 9624"8B9% Y5 rantE Bt SISty iRl 1F8RPUHRIGI6RTEE0H Tor SUSPSHdg Espective
semicondute divel 0RO, Shimiplianiiiayertss thers e80ac 93 aerdisiscldsetden base 914
and the respaglive/ P lay e RRMHINE 24282942k R B3R ds7RW idled bstameR adjanriittaortion pairs

930a, 932a and 93Qh, 932b. In FIG. 9C, clamping forc t yet been applied. In FIG. 9D, clamping
force has b@?ﬁuéf)?)ﬁjgé eﬁ%}%ﬁj@%‘f‘igéﬂﬁa gpﬁ%g o%%%ns'pgge'ay(% 904a, 904b into respective

constraining features 934a, 934b (where features 934a, 934b include res$ective walls 936a, 936b to
define respb@avd ValleysB65a 8663B I HEERANTHIG I HRPErE StELtEP 18rE8ENIN B SHRPRANt layer
portions 938ar930B3 WhiElt aes now pliuspeatedeasdiexé dicompiahbfier. Bartibits &80a'a930b', thereby

distoring gap.992 And,qllewing fap.layer Dogions 94 2eanth9dah e QligatR Haf NRPsF PRSitign with
respect to leadtrame portions 904a and 904b. [0034]Further, the examﬁl]e shown in FIGS. 9C-9D is

intended to RIERES tRa B RppaH LHHERFEL BRRY %Ighﬁ;ﬁ@' &SROSR HEGEVRIE Bamps,
window clafeps, et ) Heseniipddicteirenetie RepostdnniCaneadtiomevitanipllatifier ofrsemisonductor

dice at the same fime, A3 REesited B CTRG i drpsasiant FRmRliRREPerians 4308y 930b are
provided below each of semiconductor dice 902a, 902b. These o&z}mct g(é)m)lslarr};teportl ns 930a, 930b

(and respe @ AISMBIETFTE7R10 §8%8 SHA) BAEW t5 AR a_h AR bt &aen

folY' GPEHCARS ic:onstra’tining
features 934a|984bd@tenupsesiansint)ib e taapiidet drensna§use prosidaduie §4HEnEEN dftinct top

layers 942ag842b ingliding distingt consteaiias: featueas 8P4a-834bh frptiramuliiple canstiaiging
features, while the compliant IaSye still maintains enOL{%h fquibilit)é ir} shet%r to allow foréndependent
W Cle e gthay p t

alignment o?%%‘%%ﬁ%?raﬁﬁﬁ?? at ?gsaﬁtﬁr%’éngs%)e% Ve feadifame c|:))Fort|ons. %ggfﬁ ©10A-10B
are substanialiijrsindlée© FHES 9MIGR BxeBARIFAAL, and 604c in FIGS. 6C-6D) to bend freely

such as not to interfere with proper seating of the portion of the leadframe (e.g., a
source lead similar to lead 604 in FIGS. 6C-6D) within contraining feature 834.
Otherwise, the functions of constraining feature 834 (having wall 864 defining valley
862, e.g., see FIG. 8D) and guides 860 (with gaps 860a therebetween) are similar to
analogous structures described in FIGS. 6A-6F,

[0032] FIGS. 9A-9B illustrate support structure 940 similar to structure 340
shown in FIG. 3D. In FIG. 9A, a semiconductor device includes leadframe 900 (where
semiconductor die/dice on leadframe 900 are not shown for simplicity), where
leadframe 900 has not yet been clamped to support structure 940. Support structure
940 includes base 914 (e.g., comprised of a metallic composition), compliant layer 930
(e.g., a visco-elastic polymer), and top layer 942. Top layer 942 includes constraining
feature 934 (e.g., a wedge-shaped feature 934 having walls 936 defining vailey 962)
configured to receive lead 904 of leadframe 900. FIG. 9B illustrates the appiication of a
clamping force to clamp lead 904 into constraining feature 934 of layer 942. As lead

904 contacts sloped walls 936 of constraining feature 934 the resultant shear force



compliant layer 930 of FIGS. 9A-9B has been replaced by spring structure 1096. While spring
structure 1096 is illustrated having a specific shape/size, it is intended to represent any type of spring
structure. Support structure 1040 includes base 1014, top layer 1042, and spring structure 1096
disposed therebetween. Top layer 1042 includes 137. (or may integrated with) constraining feature
1034. Feature 1034 includes walls 1036 that define valley 1062 configured to receive lead 1004 of
leadframe 1000 (where semiconductor die/dice on leadframe 1000 are not shown for simplicity). In
FIG. 10A, clampipg torapiiaas Retyetbeetfeapplind: dafFdGy AR pokamaping framtradPeehamplied to
eadirame 4000, {ELch:ecuing.Ifedl K00V RALENCHOSR @ epasisaining feature 1034. FIG. 108
illustrates the effect of shear forces acting upon spring structure 1096 to create flexed spring structure
1096’ after seating of lead 1004 intq valley 1062. Ex lary variations of this concept include: (1)
multiple diétﬂﬂ:?zgring sfr{f:&%mge%'ggo{}laset eneaiy g%ﬁ%ﬁgfﬁegggrw@nuéﬁl p?%)rcﬁlgtdné)t single
semiconductostiEni(®) testarge SpfingoSthdnmendvitiad peseassial e HIAEIHEHUHidBh supporting a
single Semi%@BQ&H‘i&ertQ]gﬂa@@d éé&t@ﬁﬂ%@é@%ﬁﬁﬂ%ﬁ@fﬁ;\dﬂ%@eagatkna,Ieadfragne portion
supporting a plurality of semiconductor djce ' ired jin t ication 5, L11A-11B are
substantialfg?s%‘rﬁﬁé?‘é{otq:rlffgfvgﬁ ﬁ%@%e’ﬁ??h%?%é%géﬁaﬁgﬁ %‘?B%g”\%e 5‘;::)1\:1:\'Tttcu)gpl gg%%gft%ns 1142a,
1142b whictebgesstiraatéd by bRisTa06 RPRicHsMEFLRsaeap &I KhERP3NBYPifPDRYEPRI YRR eive
leads 1104,k yadyieossinps/ioletanars Jim/enamingpreferenceyumperais:inoBliaSe1dhatd B
correspond to those in FIGS. 9A- fix. "9" jth t x"11"
(e.g., elemghstpé’iid?r? %ﬁ"é?eé‘Ab 3%%%5(%@?5 %h e g%%rﬁ{;%l%ﬁlﬁ q:%s . ?§§§§§é%?df§ﬁlﬁlus}%%€e§j%e effect
of applied CrPPYREFbREEYFREIAdIAGETL PRI GINEF 19043A 65 Atk Pre 238 sprdding apart top
layer portiogiarhpidaiotd Rbsta defineruddenedghp h1K6; and (Brapplyfiogeshessr ferrespmiesmpliant

iaver 1130 (pow rhalierh as fiRid sasmalianipyes dl 302 [A3pAR praysled AbayRraRRAINING
features accofding to the present invention may be applied to clamping systems (e.g., device clamps
et Yrirenor ©

such as wirBBKERARAS, SR FBEEIBRYSS Aitfiratd h! R4 IEHESHYR ¥ G
specifically de¢instraspiagifeatatie i-23eRis, peRided ba thergénic octampd22G ifedreie azmistraining
feature(s) 1234 may he Integrated asgard sdleyiceclrmnAd A soi-canstainiag featiginisy 1234 may

be secured to a lower surface of a body portion of device clamp 1220, etc.). Con trainingtfeature 1234
includes waR¥ eI PRI alfel’ 2 282 1RV BISHVARS ¥ figardd] PARKATS TR Ea%é%ﬁ &-feld 1204 of
leadframe H206. Supptibsruionad O inmedessitise Ydr¢enpsinteiatidlyacomplidinngatifayer 1230

(e.g., formegaf ghyisco-elastic polymer), and top layer 1242 (e.g., a thin metal flexible wear pad) which
may define features (not shown) desirable for mating with respective portions of leadframe 1200 to

provide the digsygfl pressulnder LmRINg AbRG 4B WRP9H RIS besp raised so

that lead 1 aligns itself'into” - _ .
that the support structures {and clamping systems such as device clamps, window

clamps, etc.) described herein may be used in connection with a plurality of
semiconductor dice at the same time, as is desired. In FIG. 9C, independent compliant
portions 930a, 930b are provided below each of semiconductor dice 902a, 902b, These
distinct compliant portions 930a, 930k (and respective distinct top layers 942a, 942b)
altow for independent motion of each of constraining features 934a, 934b. Of course, a
single compliant layer may be provided (e.g., beneath distinct top layers 942a, 942b
including distinct constraining features 934a, 934b) for the multiple constraining
features, while the compliant layer still maintains enough flexibility in shear to allow for
independent alignment of the constraining features with the respective leadframe

portions.

f0035] FIGS. 10A-10B are substantially similar to FIGS. SA-9B except that
compliant layer 930 of FIGS. 9A-9B has been replaced by spring structure 1096. While
spring structure .1096 is ilustrated having a specific shape/size, it is intended to
represent any type of spring structure. Support structure 1040 includes base 1014, top
layer 1042, and spring structure 1096 disposed therebetween. Top layer 1042 includes



valley 1262 of wedge shaped constraining feature 1234. Upon clamping pressure applied between
support structure 1240 and device clamp 1220 (e.g., by either, or both of elements 1240, 1220),
compliant layer 1230 becomes flexed under shear forces (labelled as flexed compliant layer 1230"). Of
course, device clamps having constraining feature¥*according to the present invention may take on
any of a number of configurations (e.g., multiple constraining features on a single device clamp,
constraining features having varying shapes/sizes, constraining features having any of the structures
described aboinicaReRIDR Il BiAg3atite G 34A- FBEt8 A 8D3 9D &DRa16B paad

LLA-L1B syel de dildane(Praeses, daar. (6 hiblon descabedhareindnsonatating features

on the support structures or clamping Systems may Iinclude walls defining a valley configured to
receive a Wbﬁ%%ﬁi%ﬁﬁﬂcﬂﬁgﬁ%\ff@@‘@@?é P80 oF AR RIS PinY & ¥endi®dnductor
die). Such wals e fortaardy ftisieateckhenemtias Heifgcd ovaiyarshyparng fnnardly stepezbtdietefine
wedge Sha&eegﬁﬁas a%ie%%f%m Howeyete e ResaRtinveaian isgwbeedimitsych walls may

have any desire fl\%uratlon such as straight walls (e.g., that are perpendicular to the surface
of the suppBAEIRILARE oF FifE dNHR I URR GRS SRPPW WahEHRADIGLR SRTEIE. Further still, a
wall definingroneies et @ constedirxey featngesmagtbe Vargadiffec sefiong aweddefitdnig@nother

edge of the, GairagHng %@éH{éﬂa PUEXABRLEFIGS MBR Mushiaty B GHIYES L@l 862 defining one

edge of constraining feature 834, while guides 860 are walls defining the opposite ed%qd%t%fr %?Q_straining

feature 834 THIHYSE BRMAPIRENGAOR IPACTTTET SPIVAT CHIRGIHAToRS RES B ithD

[0039]Althaiiy e thiegecsreind ratartiore rasieeth birssribed! peitfrante with resgiseragicsreainghrecific
shapes and spateHalsfor the, stHepert stuucdiras angl daviee-clarpridy isdnablimilesstesaie. The
teachings of the present inveng%n n}a%/ b(:a aﬁplicgc?l%tto ,ggrré%qg %2 giilfg%r?rp%ﬁeoglic.ﬁtciggsh For
example, tHESEiEBRRIER? ARINE N QLETD RETETTHANNE) Tay Vary significantly, and-as such, the
configuration of the constraining features may vary as well. Further, the invention is applicable to

devices thak@R38dt includeSs Iebidiraife it AY oAt MM 5 HIESafba T FrHEeR ket the art,
the portion(gpabilke repaicatstistorogewice (@ gipaslaad of, allestiranie) eonstrpametkdpyhgaponstraining

feature may Y@éy{Wh'igﬁ AP agFIDMINGh (3 sonstaingdh faer %agaﬁle? RGS- B85 Ukstiage source

lead 304 "constrained" by Constraining feature 334. It is noted that the lower surface of source lead

304 is not FRSAOARETAGSSSst THE IS LR ARE GNGEIRY ™2 sritatiEoa LHis B O BGERINOERh source
lead 304 is tthesiabljiGenStradedxcepbthat the prefix “9” has been replaced with the prefix "11”

(e.g., element 914 in FIG. 9A corresponds to element 1114 in FIG. 11A). FIG. 11B
illustrates the effect of applied clamping forces including: (1) seating lead 1104 into
valley 1162; (2) spreading apart top layer portions 1142a, 1142b to define widened
gap 1196’; and (3) applying shear forces to compliant layer 1130 (now labelled as
flexed compliant layer 11307},

[0037] As provided above, constraining features according to the present
invention may be applied to clamping systems (e.g., device clamps such as window
clamps, etc.). FIGS. 12A-12B illustrate an example of such a system, More
specifically, constraining feature 1234 is provided on the device clamp 1220 (where
constraining feature(s) 1234 may be integrated as part of device clamp 1220, or
constraining feature(s) 1234 may be secured to a lower surface of a body portion of
device clamp 1220, etc.). Constraining feature 1234 includes walls 1236 defining
valley 1262 therebetween configured to accept, for example, lead 1204 of ieadframe
1200. Support structure 1240 includes base 1214 (e.g., metallic), compliant pad/layer
1230 (e.g., formed of a visco-elastic polymer), and top layer 1242 (e.g., a thin metal
flexible wear pad) which may define features {not shown) desirabie for mating with
respective portions of leadframe 1200 to provide the desired pressure under clamping.
At FIG. 12B, support structure 1240 has been raised so that lead 1204 aligns itself into



In contrast, FIGS. 9B, 10B, 11B, and 12B ilustrate a lower surface of each respective lead (i.e., leads
904, 1004, 1104, and 1204) against the lower surface of the respective valley after clamping. Thus, it
is clear that a portion of a semiconductor device (e.g., a lead of a leadframe) may be constrained by
the constraining feature even though it is not cor‘nbéfely seated at the lower surface of a valley or the
like defined by the constraining feature. [0041]Although the invention is illustrated and described
herein with reference to specific embodiments, the invention is not intended to be limited to the details
shown. Rath@ewariensmedificatiapsdiaydieamadersatine detzds witbindbensteperaswirange of

equivalents, gl i0g claipts AGMBHAUL ERAIInG 'y B8 JoLeilipn: 123 rdlinaljsdtiimer: L

A support structure for supporting a semiconductor device during a bonding operation, the support

structure cBRIPriSiglpments 1240 nb2igtoriaR Rt IR porfoRFem 'St pses taRe 'ebfitgured to
support a sgabEndactarxdd\vioendlmmg @y Bon2ihiy o atiorsgheevppartiamdadtedefining a constraining

feature for egﬁﬁvaé}mmf@éé&%gt 2poding of the sfég@%%gk»@ﬁ%roq%wtgum the, bending-eaeration.

2. The support structure of claim 1 further comprising a base portion wherein the boda/ portion is

secured to ‘Pﬁé%‘a@é‘rﬁ‘&‘ﬁf&?n(ﬁ%n@%@%ﬁ%‘?ﬁﬁ?ﬂﬁ%ﬁ%ﬁ“res on a single device clam

constraining features having varying shapes/sizes, constraining features having any of
the structures described above in connection with FIGS. 3A-3D, 6A-6F, 7A-7D, 8A-8D,
9A-9D, 10A-10B, and 11A-11B such as guides, recesses, gaps, etc.).

[0038] As described herein, the constraining features on the support structures
or clamping systems may include walls defining a valiey configured to receive a portion
of a semiconductor device {e.g., a lead of a leadframe supporting a semiconductor die).
Such walls are primarily iliustrated herein as being downwardly and inwardly sloped to
define wedge shaped constraining features. However, the present invention is not so
limited. Such walls may have any desired shape/configuration such as straight walls
{e.g., that are perpendicular to the surface of the support structure or device clamp},
curved walls, stepped walls, amongst others. Further still, a wail defining one edge of
a constraining feature may be very different from a wall defining another edge of the
contraining feature. For example, FIGS. 8A-8D illustrate a curved wall 862 defining
one edge of constraining feature 834, while guides 860 are walls defining the opposite
edge of constraining feature 834. Thus, it is clear that any of a number of wall

configurations may be utilized.

[0039] Although the present invention has been described primarily with respect
to certain specific shapes and materials for the support structures and device clamps, it
is not limited thereto, The teachings of the present invention may be applicable to a
number of different applications. For example, the semiconductor device (including the
leadframe) may vary significantly, and as such, the configuration of the constraining
features may vary as well. Further, the invention is applicabie to devices that do not
include a leadframe at all.

[0040] As will be appreciated by those skilied in the art, the portion(s) of the
semiconductor device (e.g., a lead of a leadframe) constrained by the constraining
feature may vary in the manner in which it is constrained. For example, FIGS. 3C-3D
Hiustrate source lead 304 “constrained” by constraining feature 334, It is noted that
the lower surface of source lead 304 is not positioned against the lower surface of

valiey 362. That is, a gap exists even though source lead 304 is desirably constrained.



3. The support structure of claim 2 wherein the base portion is formed from a first material and the
body portion is formed from a second material, the second material being different from the first

material. 4. The support structure of claim 3 wherein the base portion is formed from a
metallic material and the body portion is formed fr&fnan insulative material. 5. The support
structure of claim 3 wherein the body portion is formed from a ceramic material. 6. The

support structure of claim 3 further comprising a compliant material between the body portion and the
base portigh. contrast, MGEN®SURPBItISIE GitteloBalaistr-atkisheneonpfisingfeaompuipeativaterial
between te ody porian gl 115,256 PRTLRR 1 204) agafh HASHARILSITEI e AL clailadynerein
the constraining feature includes a raised portion definéd by the upper surface to constrain the portion

of the semiBISIATSF dBREINGuriiRH-thdtinRlERGtBRERRIKION of 2 seqiigaduriBpIRVEt RIS Fe Bf claim 8
wherein the:5aised pertipanngluces iseibstantayday atel caistexfentyfestiocenstrahmtgs pogion of the

semiconductor devi i e [ glion.or 18 the 1K@ B SYBRQHStructure of
claim 8 Whg?gicﬁgﬁé%%?%ég%%ﬁonpgﬂ%%%%pﬁlIey tc? consatrg‘lynotrhe Sortion of the spemiconductor device

during the BRARIAY BISIRRIGFE:

[0041] Although the invention is illustrated and described herein with reference
to specific embodiments, the invention is not intended to be limited to the details
shown. Rather, various modifications may be made in the details within the scope and

range of equivalents of the claims and without departing from the invention,



11. The support structure of claim 8 wherein the raised portion includes a plurality of wall portions to at
least partially surround, and thereby constrain, the portion of the semiconductor device during the
bonding operation. 12. The support structure of claim 8 wherein the semiconductor device
includes a leadframe, and wherein the portion of thé semiconductor device constrained by the raised
feature includes a portion of the leadframe. 13. The support structure of claim 12 wherein the
portion of the leadframe constrained by the raised feature includes at least one of a lead, a tie bar, a
heat sink, anshaidicpasistie of the leadframe. 14. The support structure of claim 1 wherein the
semiconductor device includes a leadframe, and wherein the portion of the semiconductor device

constrained during the bpnd|ngAOQ%QHQnSgM@hﬁ&%}%@gg}g,{@%@@ﬂ%ﬁ&i@&& ReKtien afthe
leadframe. e support structure of claim 14 whereln the portion of the leadframe

constrained B?‘lﬂlé"%é’ﬁgﬁaéfﬁf?si TP TRCRIESS UE 1ISALPSIRE Sf a lead and a tie bar of the leadframe.

16. The support structure of claim 1 wherein the constraining feature is configured to constrain the
portion of the semicondcRIGYERAEETR 4 eBSEVREERBAERSINING an uPPEy SYHRE IBGRERH re of
claim 16 WB@p@tmth.esaHaaaaoa@rdtreaﬁerammaghamntagchmaenn the uppet8LTaeestgiportsstructure

of claim 10 MRS IS gna#l&a%é e diernip s diatangetHliasaneubbingREa bonding

INg machine. he support structure of claim 16 wherein the at
least one dﬁ%"éﬂ@r‘iﬂﬁ&@ﬂ%’é‘%f’l%%@lt% dlrectlons
2. The support structure of claim 1 further comprising a base portion

wherein the body portion is secured to the base portion during the bonding operation.

3. The support structure of claim 2 wherein the base portion is
formed from a first material and the body portion is formed from a second material, the

second material being different from the first material.

4, The support structure of claim 3 wherein the base portion is
formed from a metallic material and the body portion is formed from an insulative

material.

5. The support structure of claim 3 wherein the body portion is

formed from a ceramic material.

6. The support structure of claim 3 further comprising a compliant

material between the body portion and the hase portion.

7. The support structure of claim 2 further comprising a compliant

material between the body portion and the base portion.

8. The support structure of claim 1 wherein the constraining feature
includes a raised portion defined by the upper surface to constrain the portion of the

semiconductor device during the bonding operation,

9. The support structure of claim 8 wherein the raised portion
includes substantially paraliel raised features to constrain the portion of the

semiconductor device during the bonding operation.



-19- 20. A clamping system for securing a semiconductor device during a bonding
operation, the clamping system comprising: a device clamp including a body portion, the body
portion including a lower surface configured to contact a semiconductor device during a bonding
operation, the lower surface defining a constrainir'f’gsféature for constraining at least a portion of the
semiconductor device during the bonding operation. 21. The clamping system of claim 20
wherein the body portion including the lower surface is formed from a unitary piece of material.

22. The clamping system®f claime 20 pyleet sitmibe towetisuriat evite s paretedfisean pandbsecured to, the

remainder of the b 9¥|I%9%° Bonstrain thgﬁo;{l&% clempingsysiem el clail2 4 iHikaeheomprising a

support structure for supporting the semiconductor device from below during the bonding operation.
24. The clAPRBEsIREEMT-claim 23 wherein the support structure includes a compliant layer.

25. The clamping system of claim 24 wherein the support structure includes an upper layer configured
for contacting the semicdaductdheevigeothetamhbtiaitdayer Haihgrpel Shetrises prr figfer. 26.

The clamping, systempl-sIRIMb 2R MhRIRIBHbecSHPRAE: ParahIRe JDElbGes, ahnsesrids compliant layer
being p03|t1|:gned b_etwefen the base ngltthe upper layer.

e portion of the semiconductor d € durng the bonding operation.
12, The support structure of claim 8 wherein the semiconductor
device includes a leadframe, and wherein the portion of the semiconductor device

constrained by the raised feature includes a portion of the leadframe.

13. The support structure of claim 12 wherein the portion of the
leadframe constrained by the raised feature includes at least one of a lead, a tie bar, a

heat sink, and a die paddie of the ieadframe.

14. The support structure of claim 1 wherein the semiconductor
device includes a ieadframe, and wherein the portion of the semiconductor device
constrained during the bonding operation by the constraining feature includes a portion
of the leadframe. '

15, The support structure of claim 14 wherein the portion of the
leadframe constrained by the constraining feature includes at least one of a lead and a
tie bar of the leadframe.

16. The support structure of claim 1 wherein the constraining feature
is configured to constrain the portion of the semiconductor device in at least one

direction.

i7. The support structure of claim 16 wherein the at least one

direction is a horizontal direction.

18, The support structure of claim 16 wherein the at least one
direction includes a direction of ultrasonic scrubbing of a bonding tool motion of a wire

bonding machine.

19, The support structure of claim 16 wherein the at least one

direction includes at least two directions.



27. The clamping system of claim 20 wherein the constraining feature includes a raised portion defined
by the lower surface to constrain the portion of the semiconductor device during the bonding operation.
28. The clamping system of claim 27 wherein the raised portion includes substantially parallel raised
features to constrain the portion of the semicondudtdr device during the bonding operation.

29. The clamping system of claim 27 wherein the raised portion defines a valley to constrain the
portion of the semiconductor device during the bonding operation. - 20 - 30. The clamping
system of claim 27 whergi theAaisethbpay tigsten| éwlesaupingadityeoiinalt partiotsviosad deamst partially

surround, %q‘éﬂ%%%%qgﬁt’r% éts%%ﬂ%&(@m%éﬁwg luctor device during the bonding operation.

31. The clamping system of claim 27 wherein the semiconductor device includes a leadframe, and

wherein the portion of the emlconduct?rgcﬁiuea/ilr(i:e Eg:%nﬁtralnlgtd byt heebrgl ed f%ature includes a portion of

the leadframe. .“ﬁ'?ecé?gﬁ?pmg system of EI8m ST w ereln\fﬁje%(')orﬁc')rﬁcéa 1e feadframe

constrainedebie e raice doeffaured ielgdeset feseminte Bicideddvisaid Wiy & Readsialonaetatie

paddle of thedeagdéarace defining3® cdhEimmpingaystent ebeiainnZiy\ubesein theosesaiepnductor

device mcltgr(]jeegean!%%g}fé@c e, g\envchlagg%n #@S Rartion ocl; tgga lgrr}nlconductor device constrained during

the bonding operation e consfraining feature incfudes a portion of the leadframe.

21, The clamping system of claim 20 wherein the body portion

including the lower surface is formed from a unitary piece of material.

22. The clamping system of claim 20 wherein the lower surface is

separate from, and secured to, the remainder of the body portion.

23. The clamping system of claim 20 further comprising a support
structure for supporting the semiconductor device from below during the bonding

operation.

24.  The clamping system of claim 23 wherein the support structure

includes a compliant layer.

25, The clamping system of claim 24 wherein the support structure
includes an upper layer configured for contacting the semiconductor device, the

compliant layer being below the upper layer.

26, The clamping system of claim 25 wherein the support structure
includes a base, the compliant layer being positioned between the base and the upper

layer.

27. The clamping system of claim 20 wherein the constraining feature
includes a raised portion defined by the iower surface to constrain the portion of the

semiconductor device during the bonding operation.

28. The clamping system of claim 27 wherein the raised portion
inciudes substantially parallel raised features to constrain the portion of the

semiconductor device during the bonding operation.

29. The clamping system of claim 27 wherein the raised portion
defines a valley to constrain the portion of the semiconductor device during the

bonding operation.



34. The clamping system of claim 33 wherein the portion of the leadframe constrained by the
constraining feature includes at least one of a lead and a tie bar of the leadframe. 35. The
clamping system of claim 20 wherein the constraining feature is configured to constrain the portion of
the semiconductor device in at least one direction 29 - 36. The clamping system of claim 35
wherein the at least one direction is a horizontal direction. 37. The clamping system of claim
35 wherein the at least one direction includes a direction of ultrasonic scrubbing of a bonding tool
motion of a wire bondingamachime: clamping S8tdhetldanpiray syisteeinahelaaiz&bpuhdrein the at least

one direC“?QCJDSL%daeB@Hﬁ%%M%@i;SSFt‘iicS’ﬁ?to at least partially surround, and thereby constrain,

the portion of the semiconductor device during the bonding operation.

31. The clamping system of claim 27 wherein the semiconductor
device includes a leadframe, and wherein the portion of the semiconductor device

constrained by the raised feature includes a portion of the leadframe.

32. The clamping system of claim 31 wherein the portion of the
leadframe constrained by the raised feature includes at least one of a lead, a tie bar, a

heat sink, and a die paddle of the leadframe.

33. The clamping system of claim 20 wherein the semiconductor
device includes a leadframe, and wherein the portion of the semiconductor device
constrained during the bonding operation by the constraining feature includes a portion
of the leadframe.

34, The clamping system of claim 33 wherein the portion of the
leadframe constrained by the constraining feature includes at least one of 2 lead and a
tie bar of the leadframe.

35, The clamping system of ciaim 20 wherein the constraining feature
is configured to constrain the portion of the semiconductor device in at least one

direction.

36. The clamping system of cilaim 35 wherein the at least one
direction is a horizontal direction.

37. The clamping system of claim 35 wherein the at least one
direction includes a direction of ultrasonic scrubbing of a bonding tool motion of a wire
bonding machine.

38. The clamping system of ciaim 35 wherein the at least one

direction includes at least two directions.



