-1 - METHOD OF FORMING BENDS IN A WIRE LOOP FIELD OF THE INVENTION [0001]The
present invention relates to the formation of wire loops, and more particularly, to improved methods of
forming bends in wire loops. BACKGROUND OF THE INVENTION [0002]In the processing and
packaging of semiconductor devices, wire bonding continues to be the primary method of providing
electrical interconnection between two locations within a package (e.g., between a die pad of a
semiconductor die and a lead of a leadframe). More specifically, using a wire bonder (also known as a
wire bonding machine) wire loops are formed between respective locations to be electrically
interconnected. [0003]An exemplary conventional wire bonding sequence includes: (1) forming a free

air ball on an end of a wire extending from a bonding tool; (2) forming a first bond on a die pad of a
semiconductor die using the MEEHQDH A f%%ﬁ@%@ﬁ&m kPL2Besired shape between the
die pad and a lead of a leadframe; (4) stitch bonding the wire to the lead of the leadframe; and (5)
severing the wire. In forming the bonds BBEMa&F (B EHd ¥RYSI6MNhe wire loop and (b) the bond site
(e.g., adie pad, a lead, etc.) varying types of bonding energy may be used including, for example,
ultrasonic epeapa thermoBenicasastgyyeheomoderaptestivdemady) ahwirfysoptheard [000% ] The

complexity %faqeéﬂ%ghgti%}ggéﬂ/i%mmg fachRikluesontinresopécrease, and the complexity of
the techniques used to form wire loops also continues to increase. Unfortunately, in certain wire loop

shapes, conventional wire looping teghpigkies iReHE R BIRMGIBR as (a) wire sway, (b) low number
of units per hour processed (i.e., UPH), (c) sagging wire loops, particularly adjacent both sides of the
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continues to be the primary method of providing electrical interconnection between two

jocations within a package (e.g., between a die pad of a semiconductor die and a lead
of a leadframe). More specifically, using a wire bonder (also known as a wire bonding
machine) wire loops are formed between respective locations to be electrically
interconnected,

[0003] An exemplary conventional wire bonding sequence includes: (1) forming
a free air ball on an end of a wire extending from a bonding tootl; {2) forming a first
bond on a die pad of a semiconductor die using the free air balt; (3) extending a length
of wire in a desired shape between the die pad and a lead of a leadframe; (4) stitch
bonding the wire to the lead of the leadframe; and (5} severing the wire. In forming
the bonds between (a) the ends of the wire igop and {b) the bond site (e.g., a die pad,
a lead, etc.) varying types of bonding energy may be used including, for example,

ultrasonic energy, thermosonic energy, thermocompressive energy, amongst others.

[cooaj The complexity of devices that utilize wire bonding techniques continues
to increase, and the complexity of the techniques used to form wire loops also
continues to increase. Unfortunately, in certain wire loop shapes, conventional wire
looping techniques result in problems such as (a) wire sway, (b) lfow number of units
per hour processed (i.e., UPH), (¢) sagging wire loops, particularly adjacent both sides
of the last kink of the wire loop, and (d) loops with high “humps.”

[0005] Thus, it would be desirable to provide improved methods of forming wire
ioops.

SUMMARY OF THE INVENTION

[0006] According to an exemplary embodiment of the present invention, a
method of forming a bend in a wire loop is provided. The method includes the steps of:
(1) forming a first bend in the wire loop at a predetermined portion of the wire loop;



loops. SUMMARY OF THE INVENTION [0006]According to an exemplary embodiment of the present
invention, a method of forming a bend in a wire loop is provided. The method includes the steps of: (1)
forming a first bend in the wire loop at a predetermined portion of the wire loop; - 2 - (2) paying out a
length of wire after step (1); and (3) forming a second bend in the wire loop at the predetermined
portion after step (2). [0007]According to another exemplary embodiment of the present invention, a
method of forming a wire loop to provide interconnection between a first bonding location and a
second bonding location is provided. The method #cludes the steps of: (1) forming a first bond at the
first bonding location with a bonding tool such that a wire engaged with the bonding tool is continuous
with the first bond; (2) forming a bend in the wire after step (1); (3) forming a second bond at the
second bonginglyeadientstiehiiabineiwitgs sapitlousd op) theringt Headbta thamgeetdhe bond; and

(4) severing the yire %%%%ggtgqgﬂé@;)%g@gggg%&n@e bonding tool is separated from the wire

loop formed in steps (1), (2), and (3). Step (2) includes (a) forming a first bend in the wire at a

predetermin ion of the wire, (b) payi ' ing a
second benggr#ﬁ}é wire a%]i Oédﬁ?_g(&g?[é;r‘r%)él%%g p_oﬁ%%vg%%r%?\gﬁ%?ié%%%%eﬂﬂﬁg %F:‘r'rt%}ne present
invention m&)eANSS' 156 TerBRIR A4S ISamBhRvaYIHe (atg eaRNsSHAS: PREMARBIRGEREBBX dire bonding
machine), otcrattanguter serogriboidstguiotiatisnol arovidgslitethe atkible! daeiidesdhs steosviputer
feadab||e Caf(ﬂffbé%ﬁﬂérbq?@flssﬂ@%wi{e ﬁrwiiﬁnbﬁmgimﬁ?{ﬂaﬁma[g&&%‘émf@m@ tehyes anotherf
exemplary embodiment e _present invention, a wire loop.pr [ ReCt| tween a first
bonding location B %eg%“é%?ﬁa%ibr?&crﬁa%gg[[ignc?sn B?geﬁeﬁiglk?g%{fgc Igé%glgn agg'tslga{h |r§t bond portion

bonded to thREAFSTARANE BRSSP S (A dBBIRE ForEEREoR RIS i S eRhBPB8HEing location,
and a lengthiafanine sxie ncingHeetive éndbreifirstusdnehportditarig the s Svopelbroh dquaitiand The length
of wire inClE‘é@?s%\t@ﬂ% %'%%%@%éwme@néﬁb%fksm@%egg@anmﬁ%%m?mﬁma prhedetermined
portion of the wire Jo 2).a first short length, of wire a_sec, ian.in the wire loop at
the predeterrc’r?r?}aeragﬁggtri%‘r?stﬁ%k‘i”fhearoﬁ"f)eﬁrrrsﬁes ‘Br\ﬁ%%gg?r?%f IS ext %dsgg‘ge?%v&ggﬁﬁgg%srs end portion
and the secdadehd ﬁfﬁttiB‘?ﬂd in the wire at a predetermined portion of the wire, (b) paying out a

length of wire after step (a), and (¢) forming a second bend in the wire at the
predetermined portion after step (b).

[0008] The methods of the present invention may also be embodied as an
apparatus (e.g., as part of the intelligence of a wire bonding machine), or as computer
program instructions on a computer readable carrier (e.g., a computer readable carrier

used in connection with a wire bonding machine).

[0009] According to yet another exemplary embodiment of the present
invention, a wire ioop providing interconnection between a first bonding locaticn and a
second bonding location is provided. The wire loop includes a first bond portion bonded
to the first bonding location, a second bond portion bonded to the second bonding
location, and a length of wire extending between the first bond portion and the second
bond portion. The length of wire includes a bend. The bend includes (1) a first bend
portion in the wire loop at a predetermined portion of the wire loop, (2) a first short
length of wire, and (3) a second bend portion in the wire loop at the predetermined
portion such that the first short length of wire extends between the first bend portion
and the second bend portion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The invention is best understood from the following detailed description
when read in connection with the accompanying drawing. It is emphasized that,
according to common practice, the various features of the drawing are not to scale. On
the contrary, the dimensions of the various features are arbitrarily expanded or reduced
for clarity. Included in the drawing are the foliowing figures:



BRIEF DESCRIPTION OF THE DRAWINGS [0010]The invention is best understood from the following
detailed description when read in connection with the accompanying drawing. It is emphasized that,
according to common practice, the various features of the drawing are not to scale. On the contrary,
the dimensions of the various features are arbitrarily expanded or reduced for clarity. Included in the
drawing are the following figures: - 3 - Fig. 1A is a side view of a conventional wire loop; Fig. 1B is a
detailed view of a portion of Fig. 1A; Fig. 1C Is a chart illustrating wire sway of a number of
wire loops formed as shown in Fig. 1A; Hg. 2A is a side view of a wire loop formed in
accordance with an exemplary embodiment of the present invention; Fig. 2B is a detailed view of a
portion of Fig. 2A, Fig. 2C is a chart illustrating wire sway of a number of wire loops formed
as shown in Fig. 2A,; Fig. 1Rigs 3Aide aisidefdesvrofatiotie mivirddamp formed in accordance with
another exemplary embodiment of the present invention; Fig. 3B is a detailed view of a portion of Fig.

3A; Fig. 3C is a ghari #l4siratingaikgesnsaaiauumsetgimire loops formed as shown in Fig.
3A;

Fig. 1C Is a chart illustrating wire sway of a number of wire loops formed
as shown in Fig. 1A;

Fig. 2A is a side view of a wire loop formed in accordance with an
exemplary embodiment of the present invention;

Fig. 2B is a detalled view of a portion of Fig. 2A;

Fig. 2C is a chart illustrating wire sway of 2 number of wire loops formed
as shown in Fig. 2A;

Fig. 3A is a side view of another wire loop formed in accordance with

another exemplary embodiment of the present invention;
Fig. 3B is a detailed view of a portion of Fig. 3A;

Fig. 3C is a chart illustrating wire sway of 2 number of wire loops formed

as shown in Fig. 3A;

Fig. 4 is a flow diagram illustrating a method of forming a bend in a wire

loop in accordance with an exemplary embodiment of the present invention; and

Fig. 5 is a flow diagram iliustrating a method of forming a wire loop to
provide interconnection between a first bonding location and a second bonding iocation

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

[0011] United States Patent Nos. 5,205,463 and 6,062,462 relate to wire

bonding technology, and are herein incorporated by reference in their entirety.

[oD12] According to an exemplary embodiment of the present invention,
multiple bending motions (along with muitiple wire payout motions) are used to form a
bend in a wire loop at a predetermined portion of the wire joop. For example, the
multiple bending motions (and multiple wire payout motions) may be used to achieve
an angle of increased magnitude at the bend of the wire loop. Further, the muitiple



Fig. 4 is a flow diagram illustrating a method of forming a bend in a wire loop in accordance with an
exemplary embodiment of the present invention; and Fig. 5 is a flow diagram illustrating a
method of forming a wire loop to provide interconnection between a first bonding location and a
second bonding location in accordance with an exemplary embodiment of the present invention.
DETAILED DESCRIPTION OF THE INVENTION [0011]United States Patent Nos. 5,205,463 and
6,062,462 relate to wire bonding technology, and are herein incorporated by reference in their entirety.
[0012]According to an exemplary embodiment of the present invention, multiple bending motions
(along with multiple wire payout motions) are used to form a bend in a wire loop at a predetermined
portion of the wire loop. For example, the multiple bending motions (and multiple wire payout motions)
may be useddiachiayeona aatgleritiptseasedayagniidtera) thebbadaidthe wipedeopirkleter, the

multiple - 4c99%9%9&@95'99%é%‘3§@WHQ'%&F@NQ yout motions) may be used to improve wire loop

consistency and to decrease wire loop sway. [0013]For example, according to an exemplary

empodiment ghii33 Presept Iehiag. Jrdhl %f%néﬁmedqgwneﬁw‘ﬂ%‘?nl%ﬂpcﬂ‘ttﬂeoﬁ‘?gﬁetﬁ{m'ned portion

of the wire 100p, a |rst payout moti o pays ou e wire length to an initial bending point where a first
bend is formBYENHR8 2APTRED b forth ?)B%%f%ﬁgﬁé‘i@\ﬁwﬂfharﬁéipﬁ‘@fﬂ“é'?gﬁé’g' ?‘ R B% MBI, 3-10

mils, and marepprefesalplyyiruananige pavs puhiise witel iknbehridaivisipishghdiagaeimietitsns followed by
multiple smajler RaRCID e MR AHIF CarRRHAEHATAPHIRE Slotdies RRIRH iﬁatheazmobtwag@bmth payout

motions may de(A)end on theothlffknes of the Wﬁe l%?mg 5‘51%9 g%fasrgl@il‘l % e may have larger

payout Iengtﬁs I oraer’to subseS uaenntlm%rerf)ﬁ Yewite in com arison to a relative yt in wire. Such a

technique (rf’ﬁlﬁtp‘lé‘%ﬁfﬁﬂW\ﬂ?é’%yﬁefiﬂﬁ‘étfﬁ%‘ﬁﬁobbéﬁﬂﬁ‘@‘%m*%)tt@?ﬂjg%“ﬁ)tr‘ﬁ‘i‘% vl controlled

rounded benrgurse, the amount of wire payout in the 2™ through nth payout motions may depend
on the thickness of the wire being used, as a relatively thick wire may have larger
payout fengths in order to subsequently bend the wire in comparison to a relatively thin
wire. Such a technigue (multiple small wire payout motions and bending motions)
tends to form a well controlled rounded bend.

[0014] Fig. 1A Is a side view of wire loop 100 which provides electrical
interconnection between (1) bond pad 1022 of semiconductor die 102 and (2) lead
104a of leadframe 104. As is known to those skilied in the art, a semiconductor die
(e.g., semiconductor die 102 illustrated in Fig. 1A) is often die bonded to a surface of a
leadframe (e.g., leadframe 104 itlustrated in Fig. 1A} and thereafter certain die pads of
the semconductor device (e.g., die pad 102a) may be electrically interconnected to
leads of the leadframe (e.q., lead 104a) through the use of wire loops (e.g., wire loop
100},

[0015] As shown in Fig. 1A, wire loop 100 may be characterized as including
certain portions including (a) first bond 100a {e.g., a free air ball that has been bonded
to die pad 102a), (b) bend 100b, (c) iength 100c, (d) bend 100d, and (e] second bond
100e (e.g., a stitch bond on lead 104a). In conventional wire loops such as wire loop
100, one problem that may exist is a “hump” in the wire such as wire hump 100f shown
in Fig. 1. For exampie, height "H1" (i.e., the height of wire hump 100f) may be, for
example, between 2-3 mils. In certain applications, such a height H1 undesirably adds
height to the wire loop.

[0016] Fig. 1B is a detailed view of a portion of wire loop 100 including bend
100d. As is shown in Fig. 1B, bend 100d is a singie bend. Also shown in Fig. 1B is
bend angle @;. In conventional wire loops such as wire loop 100, bend angle may be
smaller than is desired (e.g., smalier than is desired to provide clearance beneath the

loop). Further, in order to form a bend angle of a desired magnitude with a single



[0014]Fig. 1A is a side view of wire loop 100 which provides electrical interconnection between (1)
bond pad 102a of semiconductor die 102 and (2) lead 104a of leadframe 104. As is known to those
skilled in the art, a semiconductor die (e.g., semiconductor die 102 illustrated in Fig. 1A) is often die
bonded to a surface of a leadframe (e.g., leadframe 104 illustrated in Fig. 1A) and thereafter certain
die pads of the semconductor device (e.g., die pad 102a) may be electrically interconnected to leads
of the leadframe (e.g., lead 104a) through the use of wire loops (e.g., wire loop 100). [0015]As shown
in Fig. 1A, wire loop 100 may be characterized as Wcluding certain portions including (a) first bond
100a (e.g., a free air ball that has been bonded to die pad 102a), (b) bend 100b, (c) length 100c, (d)
bend 100d, and (e) second bond 100e (e.g., a stitch bond on lead 104a). In conventional wire loops
such as wirg,lo@md Ot ietREchlam ihat raayeaiskS snduming dreiwireisuebmpurinedttmp 100f

shown in P g GRS IPLTJeigthehlerdd 8y e beiaof e U BAALLEA Bendorample.

between 2- n certain ap Ilcatlons such a heig ht H1 undeswab adds he ht to t(I}Se wire loop.

[0016]Fig. 18‘?5}’ é%é?aﬁ@d"@%‘?ﬂ%’ﬂ&ﬁ&ﬂ%’?%FET'SBHT@G ?’ﬁ'&ﬁjﬁ’% be fbﬁ AR RS in Fig.
16, bend 106utrs satsing nblenef. Atssistbadnitide tdhsabsindahghd oy, TP EERFBARGIRAINPE loops

such as wirgj9an +0Q-hendpdenakbe sraaliesiharndds tesieddeieh, smasdlenithandssttesired to
provide cleaigpce Reneainine JRoR); BHIaLI BRI, (RN & beadkaole pbade s pagnitude

with a smgle g bgncfng motion the bend may be too sharp, and sagging of the wire loop

(particularly s ggg g on both s des of th benfht tcpe |{%St kink, that is, on bdth Si es of bend 100d)

may result, e reducﬁﬁd Qa?}%c% eheath the wire ﬁ)o MG E'llys?l? In order tcr)e#(a)trerf? a bend

angle of a desnansEgiivicR lonas éesﬂ'agIétﬁréﬁﬂ"ﬁtjeﬁ%ﬂbﬁftH?;an‘ﬂfédﬂ%‘%‘)t%eté%}m such a bend
may subsequrvtyeesdbviateptidiartiod tredsteeninde siiaply axtdnditignbafakentorthiedip diothe bonding

tool which C%Qa?ﬂb‘lée\%H%LHRQ?W:I}PFQQ!M%L?%%@ Ipwade-thasaiskileshibibha athewire sway is

a term that relates t6 movement of wire lateral move of the wire Eops) where such

e
movement dR\REEHJrf tHE bsré"dg}%ﬁnin‘étdp str%e?peiéens SEation's he a\1/vf]rlérrl'ct)’8E)0 or example, wire
sway may refsuieed asljswrit wifdasobs sRorl b vitnep rinibRigYeRITestBroleiEe BY§Y1TSs a chart
illustrating wirgisyay ¢t #lx) fie membercabuise b Gpsofateeatbasesorertantbigs. AsStHdvrTine wire

loops that " tested, fonMire SWAYAE IS AR PR IBGAXISa(- oVl eHOPRS28 5B Afidhe device

were tested). As'shown in Fig. 10, a number of the wire loops tested had wire sway values that exceed

2 mils. [0018lpigr g Is @ gigeaar ol e dapa i isgmon ashardancerihan aueaplary

embodlmento resent nvention. Wire ioop provides electrical mterconnectlon between (2)

bond pad ZO?EFBF%%BH%HSPH% W&WT?)W%%‘?B%%’Hé%\%‘fr%\?r?eoﬁaﬁ WHEHEF'200 may be
characterizethasdmohadiing tertegepotiidesdrmidAAga(a) fesmiborti2004dite2§2 ardee hleashll that has

been bonded ¢ £lig RadiARakdh) e 1369 otciengthcRanatédbead iAoRdiranet(aysecond bond
200e (e.g., a5 r%?o%?%@ﬂ:gﬂée(%q g%‘t‘%nd 200a (e.g., a free air ball that has been bonded to die

pad 202a), (b) bend 200b, (c) length 200c¢, {d) bend 200d, and (e) second bond 200e

{e.g., a stitch bond on lead 204a).

{0019] As may be seen by comparing (1} wire loop 200 formed according to an
exemplary embodiment of the present invention to {2) wire loop 100 illustrated in Fig.
1A, wire hump 200f of wire loop 200 desirably has a smaller height than wire hurnp
100f of wire loop 100 {i.e., H2 in Fig. 2A is less than H1 in Fig. 1A}.

o020} Fig. 2B is a detailed view of a portion of wire loop 200 including bend
200d. As is shown in Fig. 28, bend 200d is formed at a predetermined portion of wire
ioop 200 and is a “doubie” bend. More specifically, during shaping of wire loop 200, in
order to form bend 200d, a series of steps (as opposed to a single bend motion) occurs,
Bend 200d includes first bend 200d1 and second bend 200d2. To form bend 200d, a
first payout motion pays out the wire length to the initial bending point, and then first
bend 200d1 is formed. Subsequently, a second payout motion pays ouf a small length
of wire {e.g., 3-10 mils of wire, and preferably 5-7 mils of wire). Then, after the smail
length of wire is payed out, second bend 200d2 is formed.



[0019]As may be seen by comparing (1) wire loop 200 formed according to an exemplary embodiment
of the present invention to (2) wire loop 100 illustrated in Fig. 1A, wire hump 200f of wire loop 200
desirably has a smaller height than wire hump 100f of wire loop 100 (i.e., H2 in Fig. 2A is less than H1
in Fig. 1A). [0020]Fig. 23 is a detailed view of a portion of wire loop 200 including bend 200d. As is
shown in Fig. 28, bend 200d is formed at a predetermined portion of wire loop 200 and is a "double”
bend. More specifically, during shaping of wire loop 200, in order to form bend 200d, a series of steps
(as opposed to a single bend motion) occurs. Ben& 200d includes first bend 200d1 and second bend
200d2. To form bend 200d, a first payout motion pays out the wire length to the initial bending point,
and then first bend 200d1 is formed. Subsequently, a second payout motion pays out a small length of

wire (e.g., 3fgomulp of wiks; anshinesfRiabbobdimilssahuvira), Bhammabesdharamalb 2ogis of wire is
payed out, seeondl bend, 200038 101a%o S ROENIRSHVEGL0e g 40K 18, (WiRdaAYaE, an improved

wire loop 2081 provided. For example, wire loop 200 tends to have less o_tential foE Wié’e sway in
comparison %WP@'?@B&%UU‘?II'BQR&T@%I G BuPet ; tfﬁ%’f@%ﬁnﬁ%‘&ée YRG0 PSRN wire
loops havingastudtighteirp rofive idvintheiraithtesniedirsie duembeestilir@hory o0 sMrirgil8op 200 has a
smaller height;iHg Hhan disigiatibth afoviradumpale0 hafb nilezl o 10 fitusthef ik kbenberadfangle 02

s larger tha%f%ré\.?gﬁ&@%ﬁ%!%n%@;g%g@%érb(;;ngr\xragpl!ﬁm%1.51,&%Pg@m@ agovide

greater clearance (1) to lower tier wires, or (2) to a edge as’in a stacked die ackag%e. %OZZ]Fig.
2C is a charfTRYREERRYEAE SR BRIV RIMBRRIF WRLIBY5E RIRA 3’5%38% i Bgs.
2A-213. Thelaviee lyopeittmtonéle testaibfodarias snvagtarkdddicaredkeadhe x-axis (i.e., wire loops
29-56 of the device were tested). As shown in Fig. 2C, none of the wire loops tested had wire sway
values that epoeezl]2 milsFianddndacthtireihighasing inerewagw &l enigs app roximmaipvsrenils. [0023]Of
course, the REESERLIRKENION SRR Iited Aoferming Ak apeui avika leepswithriwa hesging motions.

Any number of bending motipons (and ¢orresponding yyre pay outs) may be used tQ foym the desired
bend. For ex%f“ﬁlﬁig‘,cﬁ'fggp@&%é(i'ﬁéis r Et%‘hvf%engﬁfgo‘% fgé)noe}/&%v?/iﬁ%ilﬁ‘:r%év reencﬁladﬁioé(%é? r&l)24]More
specifically, FIFi3A said@i an W Sipens speBo0RstER fyvay values that exceed 2 mils, and

in fact, the highest wire sway value Is approximately 1.5 miis.

f0023] Of course, the present invention is not limited to forming a bend in a wire
loop with two bending motions. Any number of bending motions {and corresponding
wire pay outs) may be used to form the desired bend. For example, Figs. 3A-3B
illustrate a bend 200d formed with three bending motions,

[0024] More specifically, Fig. 3A is a side view of wire loop 300 formed in
accordance with another exemplary embediment of the present invention. Wire loop
300 provides electrical interconnection between (1) bond pad 302a of semiconductor
die 302 and {2) lead 304a of leadframe 304, Wire loop 300 may be characterized as
including certain portions including (a) first bond 300a (e.g., a free air ball that has
been bonded to die pad 302a), (b) bend 300b, () length 300c¢, {d) bend 300d, and (e)
second bond 300e (e.g., a stitch bond on iead 204a).

[0025] Fig. 3B is a detailed view of a portion of wire loop 300 inciuding bend
300d. As is shown in Fig. 3B, bend 300d is formed at a predetermined portion of wire
ioop 300 and is a “tripie” bend. More specifically, during shaping of wire loop 300, in
order to form band 300d, a series of steps occurs. Bend 300d includes first bend
300d1, second bend 300d2, and third bend 300d3. To form bend 300d, a first payout
motion pays out the wire length to the initial bending point, and then first bend 300d1
is formed. Subsequently, a second payout motion pays out a small length of wire (e.g.,
3-10 mils of wire, and preferably 5-7 mils of wire). Then, after the small length of wire
is payed out, second bend 300d2 is formed. Then a third payout motion pays out



accordance with another exemplary embodiment of the present invention. Wire loop 300 provides
electrical interconnection between (1) bond pad 302a of semiconductor die 302 and (2) lead 304a of
leadframe 304. Wire loop 300 may be characterized as including certain portions including (a) first
bond 300a (e.qg., a free air ball that has been bonded to die pad 302a), (b) bend 300b, (c) length 300c,
(d) bend 300d, and (e) second bond 300e (e.g., a stitch bond on lead 204a). [0025]Fig. 38 is a detailed
view of a portion of wire loop 300 including bend 300d. As is shown in Fig. 38, bend 300d is formed at
a predetermined portion of wire loop 300 and is a Triple” bend. More specifically, during shaping of
wire loop 300, in order to form bend 300d, a series of steps occurs. Bend 300d includes first bend
300d1, second bend 300d2, and third bend 300d3. To form bend 300d, a first payout motion pays out
the wire lenghbiadhetaitirldaendmgirofatgare thenilirst ward aR0ptkisrédimed Gilbseguently, a
second payguf pliof, AR Q4L MGk ENGINLof wiie.io,dr, 3118 Hllk fonis anghpcgferably 5-7 mils

of wire). Then, after the small length of wire is payed out, second bend 300d2 is formed. Then a third

payout moti out -7 another small tfg} Wi Ly 3= ils_af wire ferably 5-7 mils
of wire). Aftirgﬁggé/jnotherggioaimlgﬁg%ﬁngf %?.?ﬁ fsgéieﬁ%éﬁ% fh%dlr%é;pn%%%c\)xc\i%i? ?c?%neebﬁooza] By

forming ben8r30id8dn fifisSRMREr, WreEilRpPoYRY IBPeY60SEHBRENY. ROMERAMBY Wire loop 300
tends to havetepsrjsotertiaifoionre viipdtraterirafigon -toFwithdo ore b0 flRustrated inrMmig3A0fFurther,
height 113 ofwjre hEpRSON Shuiies iR RA0HS snsiRthanheiohdridl wi-wisehuowp Hedhet wire loop
100. Further .ﬂll,t{‘hebbeggnangls Q3 liasrl%?g(%%h nacglcﬁad 02. [0027]Fig. 3C is a chart illustrating wire
sway (in milgio‘f 2 hamber (%er% foop% ormed as shofvn in Figs. 3A-3B. The wire loops that were
tested for wire SW?/ are indicated on the _-laxis E.e., wire |o%p%,29-q§ offth% dnggtiace yve{!% tested). As
shown in Fig2827done of tieiite 055 ESREPHTY e MR WA (Riat 85T '8 Mils, and in fact,
the highest Viresteaysmpseshouiiginifietcife 3IBmiTP RO 8] Teas, tHir b sreesteFRes femify Aiications a
single bending:-matierdnay be limited (neprovidirg @ stabile betre @ndcthwsrpatensizlly Aoshpromising

the stability gf the resultant ¥iredoan)xng.culipke ReRdsByA drfiaed ararleer0ios (e, she

predetermined portion of the wire loop where a bend is to be formed) can form a larger bend (e.g., a
larger bend ShEEY WIRIB' GGV B?eﬁtﬂ'l%ﬂ’bﬁ%? Y&std&'in the wire loop According to the
present invention, multiple bending motions (and corresponding wire payout motions) are utilized to
form an impl®R&BBend, aHW frdAGE NN BRRRRE R 2REEERHHE MaINRIE BRIMATMBEB MY And
associated viedipateolinmotiois) testhtief anca( arel| tboa trollentirmivrmdeebbenigiro tHee wird 189 ®f in
contrast to thgshaiphendsdossisd asagreing e crAvenienaiachRiguese {2 9lkigsnd-5 are flow
diagrams in %ngg%?ﬁ'n?ﬁe‘éyiégrﬁgﬁ%ip LR ewrngl%% where a bend is to be formed) can form a larger
bend (e.qg., a larger bend angle) while avoiding certain potential stability issues in the
wire loop. According to the present invention, multipie bending motions (and
corresponding wire payout motions) are utilized to form an improved bend, and hence,
an improved wire loop, The multiple bending motions (and associated wire payout
motions) tend to form a well controlled rounded bend in the wire locep, in contrast to

the sharp bends formed according to conventional technigues.

[0029] Figs. 4-5 are flow diagrams in accordance with certain exemplary

embodiments of the present invention. As is understood by those skilled in the art,
certain steps included in the flow diagrams may be omitted; certain additional steps
may be added; and the order of the steps may be altered from the order illustrated.

[0030] Fig. 4 is a flow diagram iliustrating a method of forming a bend in a wire
loop in accordance with an exemplary embodiment of the present invention. At step
400, a first bend is formed in the wire loop at a predetermined portion of the wire ioop.
For example, in Fig. 2B, the first bend is bend 200d1. Likewise, in Fig. 3B, the first
bend is bend 300d1. At step 402, a length of wire {e.g., 3-10 mils of wire, and
preferably 5-7 mils of wire) is payed out after step 400. At step 404, a second bend is
formed in the wire loop at the predetermined portion after step 402. For exampile, in
Fig. 2B, the second bend is bend 200d2. Likewise, in Fig. 3B, the second bend is bend



embodiments of the present invention. As is understood by those skilled in the art, certain steps
included in the flow diagrams may be omitted; certain additional steps may be added; and the order of
the steps may be altered from the order illustrated. [0030]Fig. 4 is a flow diagram illustrating a method
of forming a bend in a wire loop in accordance with an exemplary embodiment of the present
invention. At step 400, a first bend is formed in the wire loop at a predetermined portion of the wire
loop. For example, in Fig. 2B, the first bend is bend 200d1. Likewise, in Fig. 36, the first bend is bend
300d1. At step 402, a length of wire (e.g., 3-10 mil§ of wire, and preferably 5-7 mils of wire) is payed
out after step 400. At step 404, a second bend is formed in the wire loop at the predetermined portion
after step 402. For example, in Fig. 25, the second bend is bend 200d2. Likewise, in Fig. 36, the
second bend g3 pend; o&roﬁgpgiap%@pﬁqaa«gﬁ{%@ A06 (a.tength ofiyef(@ige, 3ntOprails-abiwie, and

preferably 5 7 mlls fw f ten,40 I S 4 t rmed in
the wire loop ar? efo é %%é{j%gérat%es ts?té?r‘g% é/‘%g% tlt:%[}r)‘tE}anEia%npL'?élnprglﬂ ?%ggfﬁggtﬁ(%ﬁ gfg)nd is

bend 300d3*@FedﬂfééO%aFtﬁ?ﬁaH'ﬁéﬁ%"(&?ﬁPs?ﬂﬁfPBé‘@/fi?ﬁtétB? Wie) ﬁ?dfﬁ%’%’ Frdf A 1S
predetermingek poitiopeot tisewire3Q04S dé¥inedr$00849Rign 8! iscadtole i agrarhpiivetiatiigvitahethod of

forming a wigg-logp terRiayideahatgregaresinniiiwernafisskherdingdegadion and a second bonding
location in accordance with an exemplary embodiment of the present invention. At step 500, a first

bond is formgghg Te firsthonding et :&E%%&@é%émmmw% Rgaess with the
bonding tool'is continuous with the first bond, Fol ow&gﬂs\tc}‘p 500 any of a number, of s‘te(gﬁ may be

performed pREMESIRE B2 E5PR EIFE" § BERSPS T Ry e first

EI]’Pr?éxdall’l the WII’Q 0oop a acen
bond such ai$lseaerXoTE mxmugnmwtﬁéﬁ@fgeeﬁ'wpigfsm m@sﬁﬂbtﬁﬁ%ﬁmﬁés%l%% Wire
motions andmgwwb‘ faeyebeapedairsedopaoTgttosteip rba2h[ Qa2 AL $ tejp 5021 atee rdvisdormed in the

wire. Step 52 J0GlirGHAUBREI Y B8PS (ke SRRARAPACSIBLG0Cr b sHASB2A, @ fist
bend is forme |nt e wire loop at a'pred terml rtlon of the Fg‘f" For e>i<gm% s Fig. 28, the
first bend is BER@DBHT *EIkR '%*se alik= (o %3‘3'{%’ l'\“rst%mr Ik Vé@o KPMRS5D5E"S length of
wire (e.g., 3-T@ntitsfofmerbinaihg mﬁé@&ﬁl?@aﬁﬁﬂtl§h@fﬁmFeI9Q§cba‘ﬂféU3éLheéﬁe¥%%p”Sff)QN‘N%*tep

502C, a secweldoembiawfergnemin Haeansradoepaaijhe yedesenminadipodisndaftepsteptS626. For
example, in Eig,, 26, the $ ggpgotg@&ggggend 200d2. Likewise, in Fig. 36, the second bend is bend
300d2. At optlona step 5 2D a length of wire (e.g., 3-10 mils of wire, and preferably 5-7 mils of wire)

' bayed out ligfep SOR0 LA OILS R%Oé%%ﬁea m@e%fﬂg Isfaped indisasgaBadhe

predetermin on after ste or example, in F dis bend

course, addlﬁEﬁ'Pél Setrd SERTPSAaIPBEFoalebf \?\Fﬁé) rﬁ%@tﬁg ?83‘%6\8 g'fsfh!éeﬁfj 8é?éfﬂ?‘?18ht5‘8rtlon of
the wire as ismtesiven af00 8Bifekowingdste 360 2f dbstejpbiddpa Eecevrmadisor@idthe firstsecond

bonding locagiansyie thatobe: wirfkisventineou sk omethestitsd horbindrsosacont brpdsdsestep 506,
oo oo SR LA LR le GErsep g s el ammanuin e
in a wire |00p':§§9r step 502A, At step 502C, a sec¢ond bend is formed in the wire loop at the

predetermined portion after step 502B. For example, in Fig. 2B, the second bend is

bend 200d2. Likewise, in Fig. 3B, the second bend is bend 300d2. At optional step

502D, a length of wire (e.g., 3-10 mils of wire, and preferably 5-7 miis of wire) is

payed out after step 502C. At optional step 502E, a third bend is formed in the wire

loop at the predetermined portion after step 562D. For exampie, in Fig. 3B, the third

bend is bend 300d3. Of course, additiona! bends (and smali payouts of wire) may be

formed at the predetermined portion of the wire as is desired.

[0033] Following step 502, at step 504, a second bond is formed at the second
bonding location such that the wire is continuous from the first bond to the second
bond. At step 506, the wire is severed such that a length of wire engaged in the
bonding tool is separated from the wire loop formed in steps 500, 502, and 504.

[c034] As provided above, the present invention forms a bend in a wire loop by
making a series of bends and payout motions at a predetermined portion of the wire,
Each of these muitiple payout motions may be of the same magnitude, or they may be



making a series of bends and payout motions at a predetermined portion of the wire. Each of these
multiple payout motions may be of the same magnitude, or they may be - 9 - of varying magnitudes.
Likewise, each of the series of bends formed in the wire at the predetermined portion of the wire may
be of the same magnitude (the same bend angle), or the bends may have different magnitudes (e.g.,
different bend angles). In certain applications it has been determined that the multiple bending motions
after the first bend may be of smaller angles, for example, each subsequent bend being between 5-10
degrees. Thus, the first bend (e.g., bend 200d1 i Big. 2B) may be formed in the wire at a bend angle
in a range of between, for example, 30-80 degrees (e.g., 50 degrees). Thereafter, the second bend
may be formed in the wire at a bend angle of a few degrees (e.g., 8 degrees). Of course, these bend
angles (i.e., 3088 fRomeamibAdearres & oo grans sand Hof Bgiaeshmieccxemplaneiatnature and

the bend angles, e afien ﬁu%ﬂm&%qef%1@%@9&@%@@4m@tmagmaé]{m@%% thenresent

invention has been described primarily with re%gect to a $n at th e{%% k" ofaW|re loop

st ki
(e.g., bends %ﬁ)aﬂﬁt%@&'?ﬂﬁ)’m& E?é@sﬁjl’%%f U SBRR8 THYRR &P ad 35%{1'%/ ard the last
bend before @etawind boirdlidnisadipseadigiereioed ﬁ@@‘é\ﬂwﬁﬁ@é’i@iﬁtﬁ@ﬂméﬁﬂﬁ'ﬁvérﬂfﬁf Hay be

applied to anyhane dmawie pemdier xampie-batrshniguesslisaigsest hereinaesy hevagplied to
bend 100b °§ Fig-4o) réeg'%%w&ﬁr}%spee%%% Qf Fig, 34 Q5 end-300R £h kgbé/%enﬁ?éa% mare

complicated oops ave multiple bends ( "horizontal bends, verf ends, or bends having

both horizont4f& Ak Q/@ﬁ?@a?%@ﬁ]ﬁ‘o‘ﬁé?ﬂg? %fn%efw&%aa%ﬁﬁé’%’?‘méBrégéﬁgﬁ?\?&{ﬁ& 'MAy be applied to
any of thesedeamelss)[0UB6 &ty tie thrrpre Sendimantie fomased de it witeadé @ SandiRresEd primarily

in con nectiO@eWiﬁbgﬁaéée@ti@n@I cieg%%rsf,} loopHagHRS kRigHes ficcana v e, 0 oponsth defirséhabbond
formed on a secenduciordie.and & segonl 8ahNeSIBERE Ak PaRY AR, s gLmited

thereto. The eachings o t preéent inverntion may be applied to any looping techniquée such as
reverse bon(ﬁf?gc’@?éhﬂ'%tﬁ‘gfﬁ% "BoMfiRG HRIAS-BRRHEHEMg, stacked die bonding, and any other wire

looping technique. In fact, the teachings of the present invention have been found to have excellent

results in stabRB83%he bondikpyen B TRESRRHRKSHES DR BSPEREESRCRRhABMAE Y. Wil é958Rting
techniques, wire bemtingtecbrigues; iatt. kimeyobe inmelémerited. irbendarabed ehalBStativay ediums.

For exam p'ec%th&%qmﬁwﬂ%aﬂﬁg eeta&%gtmg\p@mmyé%@cy§m4§@e\fsrsaéoaeftware (@
computer sy used in comrlegttg |th _mm Rate (\)/};l[itp\ea eregon [ machlrbee) Fulrther the

techniques étrésté‘?rom a comp er readaeble carrier rond State rﬁre'r??c? at?@afglsc

magnetic dlst',O mr @?Fé’q‘ﬁéwwe-’ﬁ@* fﬁ@f%ﬁ@éﬂumeéﬁﬁW‘ﬂé%ﬁJ%ﬁEV%P@F%@aﬁm&etc ) that

includes comypirdnstbgetiorbecg Ficompitiel pregratn Estiu2iionsf fdatas 4o thedechmigiies.
Fig. 3A). Other more complicated loops may have multiple bends (e.g., horizonta!l
bends, vertical bends, or bends having both horizontal and vertical components), and

the teachings of the present invention may be applied to any of these bends,

[0036] Although the present invention has been iilustrated and described
primarily in connection with conventional forward looping techniques (i.e., a wire loop
with a first ball bond formed on a semiconductor die and a second stitch bond formed
oh a leadframe), it is not limited thereto. The teachings of the present invention may
be applied to any locping technique such as reverse bonding, stand-off stitch bonding,
die-to-die bonding, stacked die bonding, and any other wire looping technique. In fact,
the teachings of the present invention have been found to have excellent resuits in

stacked die bonding.

foo37] The technigues of the present invention (e.g., wire bending technigues,
wire bonding technigues, etc.) may be impiemented in a number of alternative
mediums, For example, the technigues can be instalied on an existing computer
system/server as software (@ computer system used in connection with, or integrated
with, 2 wire bonding machine). Further, the technigues may operate from a computer
readable carrier (e.q., solid state memory, optical disc, magnetic disc, radio frequency



[0038]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 CLAIMS: 1.A wire loop providing interconnection between a
first bonding location and a second bonding location, the wire loop comprising: a first bond portion
bonded to the first bonding location; a second bond portion bonded to the second bonding location;
and a length of wire extending between the firsttoond portion and the second bond portion, the
length of wire including a bend, the bend being between and away from each of the first bond portion
and the second bond portion, the bend including: (1) a first bend portion of the bend in the wire
loop at a predetermined ROrHOROHR YHES 19PRer medl@hd 1St leRIM TN oaMlter  (3) @ second
bend portion of the benz in the wiretloo at the ior%geg?rknweg argogt'&%%séjﬁgcthat the first length of wire
extends betWESHHEME l?éhﬁof)r\(?r'flgﬁ e LB Be

Jpor jon, each o M First bend portion and
the second bend gortion being part of the bend. _ o
[0038] 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.



2.The wire loop of claim 1 wherein the bend further includes: (4) a second length of wire, and (5) a
third bend portion of the bend in the wire loop at the predetermined portion such that the second length
of wire extends between the second bend portion of the bend and the third bend portion of the bend.
3.The wire loop of claim | wherein the first length dflwire is in a range of between 3-10 mils. 4.The wire
loop of claim 1 wherein the first length of wire is in a range of between 5-7 mils. 5.A method of forming
a wire [08pAEMSOVide interconnection between a first bonding location and a second bonding location,
the method comprising the steps of: (1) forming a first bond at the first bonding location with a

bonding jool sugh tha awirg el i ' lis [a]¥fe! ' ' ond; (2)
forming é'bend%nwtﬁ?e Ev?/{l)e %f?e;}gﬁe%?ﬁ%%%%%ﬁ?qg f%%rgrhél%ﬂg é\%ﬁggg E}ﬁg&g‘!}%&%@ﬁ ?a%%fc%ming a first
bend poRfsATst Be8HBAJIFRIRMWIRE A HPeBSRARIRIEPortion of the wire, the predetermined portion

being between andsawaydesrtieadkoatidaetdinsidoindingioeafimaant the second bonding location, 12
a second bond portion bonded to the second bonding location; and
a length of wire extending between the first bond portion and the second bond
portion, the length of wire including a bend, the bend being between and away from
each of the first bond portion and the second bond portion, the bend including:
(1} a first bend portion of the bend in the wire loop at a predetermined
portion of the wire ioop,
(2) a first length of wire, and
(3) a second bend portion of the bend in the wire loop at the
predetermined portion such that the first length of wire extends between the first
bend portion and the second bend portion, each of the first bend portion and the

second bend portion being part of the bend.

2. The wire ioop of claim 1 wherein the bend further inciudes: (4) a second length of
wire, and (5) a third bend portion of the bend in the wire icop at the predetermined
portion such that the second length of wire extends between the second bend portion of
the bend and the third bend portion of the bend.

3. The wire loop of claim 1 wherein the first length of wire is in a range of between
3-10 mils.

4, The wire loop of claim 1 wherein the first length of wire is in a range of between

5-7 mils.

5. A method of forming a wire loop to provide interconnection between a first
bonding location and a second bonding ltocation, the method comprising the steps of:

(1) forming a first bond at the first bonding location with a bonding tool such that
a wire engaged with the bonding tool is continuous with the first bond;

(2) forming a bend in the wire after step (1), the step of forming a bend
including:

(a) forming a first bend portion of the bend in the wire at a predetermined
portion of the wire, the predetermined portion being between and away from

each of the first bonding iocation and the second bonding location,



(b) paying out a length of wire after step (a), and (c) forming a second bend portion of the bend in
the wire at the predetermined portion after step (b), each of the first bend portion and the second bend
portion being part of the bend formed in step (2); (3) forming a second bond at the second
bonding location such that the wire is continuous ffém the first bond to the second bond; and 4)
severing the wire such that a length of wire engaged in the bonding tool is separated from the wire
loop formed in steps (1)) @y @arB)2 BnTHeaheifaftdrciin BluAheér comprising the step of (5)
forming another bend igythsawirg BriicinSeendBpotip RPN handiintthewreebeg adjacent the first
bond. 7. The method of claim 5 wherein step (2) further ¢ rises the steps of (d ing out another
length of wire a?treeﬁdog?éaﬁr?é'}?gr?& '%é?'}oar#r%?la%gpt ?)r%j 88??(11 %%%%rﬁi% t %ngsé)r?grﬁﬁ r{hgen)?/vplt%éxiat the
predetermined peseiosh el sespod peB IR tRbthedeneIEnm s dviestdn §8p (b) comprises paying out
the length of wireaftemsigr (Gocmelbihiad thenengitv ol wiredminlatangesat hehyeene3vi@ mils. 9. The

method f%]:) nc@rl@ogswrhoerge{ Sk t(g)) gg@w%egegg%n&%g tggdlength of wire after step (a) such that the
length of wire 1S’ In"a range of between 5-7 mils.
(4) severing the wire such that a length of wire engaged in the bonding tool is

separated from the wire loop formed in steps (1), (2), and (3).

6. The method of claim 5 further comprising the step of {5) forming another bend in

the wire prior to step (3), the another bend in the wire being adjacent the first bond.

7. The method of claim 5 wherein step (2) further comprises the steps of (d) paying
out another length of wire after step {c), and {e) forming a third bend portion of the

bend in the wire at the predetermined portion after step (d).

8. The method of claim 5 wherein step (b) comprises paying out the length of wire

after step (a) such that the length of wire is in a range of between 3-10 mils.

9, The method of claim 5 wherein step (b} comprises paying out the length of wire

after step (a) such that the iength of wire is in a range of between 5-7 mils.



