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‘1 An integrated circuit FI ELD OF THE | NVENTI ON The
present invention relates to an integrated circuit,
particularly though 5 not solely, to a wire bond
connecti on between conponents in a high frequency
integrated circuit. BACKGROUND Bonding wire is a

w del y used connecti on approabh between an I1C die 10
and a substrate or P Bond MAres are very sinple,
conveni ent and | ow cof¥ integgaled cifcuit s ysyal |y

consi dered as a | ow frequency approach In a h'uwmmmmmm
frequency I1C, such as 60GH#z m |

band, typically ri bbon bondlng or f||p Chlp bondlnd5
FIELDsOF THEANVENTHON connections have | ower

i nductance and better high frequency performance.

HoweVEie piddiedt MRENHEN fBIER st AXiPRItFhleR). mMDﬁtepMﬁTcularly though
ri bbon bondi ng may occupy nore space on | C di

rfdt'sBTé? B é\%ﬁ@?ﬁ)‘h‘d%ﬂﬁ@éﬂ&ﬁ% éer Qthb ?Heﬁ’t‘sf if 'acrﬂgﬁ Yrequency

bet mee the 1C die and PCB s strate I nt er poser)
in US patent number 4686492 multiple bond
|Rﬁ¥%%§§qpcag to inprove the die to PCB i npedance
mat chi ng. However, many bond wires are 20 used for
singl e signal connection. Thus this solution is not
sinple, low cost or small in footprint. SUMVARY OF

BAEKGROUNDN

I

9159*

Bonding wire is a widely used connection approach between an IC die
and a substrate or PCB. Bond wires are very simple, convenient and low cost.
However, it is usually considered as a low frequency approach. In a high
frequency IC , such as 60GHz millimeter frequency band, typically ribbon
bonding or flip-chip bonding is used because those connections have lower
inductance and better high frequency performance. However, this may be more
expensive. Moreover, ribbon bonding may occupy more space on IC die. Also
flip-chip connection may cause a routing difficulty between the IC die and PCB
substrate (or interposer).

For example in US patent number 4686492 multiple bond wires are used
to improve the die to PCB impedance matching. However, many bond wires are
used for single signal connection. Thus this solution is not simple, low cost or

small in footprint.

SUMMARY OF THE INVENTION

*G00002*
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2 In general terns the present invention proposes a
bond wire connection which is 2J2, where ? is the
wavel engt h of the signal central frequency. There my
al so be a quarter wavel ength transfornmer on the
substrate which is dinensioned according to the
spanni ng angle of the bond wize. This may have 5 the

advantage that it 1. is a sinple and cheap solutio
usi ndnJg%}prqjdﬁHn%meepre@enE@Hnggqp 8(%30[?5? mwfﬁé%ned'on
signal bandwidth in 60GH mnillineter frequency band,

wainidh ¢ 22, whene beis tise waivalengtheof tiersignalsengatifreauetyd There
resin case. 10 In a first particul ar expression of the

hBY QR 198 atieirer Wavelangtisl édnsformien baghaisadsateomhich s
claimed in claim1. Enbodi nents of the invention may

Cﬁ@&%ﬁﬁ%"%%ﬁd R4 W R R8T € Hoid . TSy have

nts,of .the invention will now be described,
arg%?g etH@Lttothefollowingfigures i n which:
Fig.1l, is a schemati ﬂravvin of thetr? smssmnllne
accor1d| ng B& %iﬁ‘pl%?ﬁa‘& E3BFRUICREA NG B EPB ﬁqu 's the
illustration of the IC die-to-PCB coupler of

versidn, @myaghieye mafe tapaP@z %@@alftaﬂndwéth in 6OGHz

enbodinment in Figure 2, Fig.4. is the illustration of
milkméter diegrueacPBBndoampd/er wi t h high dielectric
constant material around the bonding wre,

3. can be used in “over-air’ case and in mold resin case.

In a first particular expression of the invention there is provided an

integrated circuit as claimed in claim 1.

Embodiments of the invention may be implemented as claimed in claims

210 10.

BRIEF DESCRIPTION OF THE DRAWINGS

One or more example embodiments of the invention will non be
described, with reference to the following figures, in which:

Fig.1. is a schematic drawing of the transmission line according to an
example embodiment,

Fig.2. is the illustration of the IC die-to-PCB coupler of CPW version,

Fig.3. is the S-parameters for the embodiment in Figure 2,

Fig.4. is the illustration of the IC die-to-PCB coupler with high dielectric

constant material around the bonding wire,
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3 Fig.5 1is a graph of the S-paraneters for the
circuit enbodinent in Figure 4, and Fig.6. is a

phot ograph of a prototype of an exanple enbodinent. 5
DETAI LED DESCRI PTI ON Fi gure 1 shows an integrated
circuit 100 including a die 102 connected to a PCB
substrate (or its interposer Toupler) 104 using a bond

wire _106. The ond Wi re 106 is desjgned bas on the _.
quartFl PPP%Q?@%‘P@F% 'F‘%C'm%@”] dPe“t in Figure
|n'pedance for port 1 on the die 102 is Z~ ,the

4vandl ength of the 10 signal central frequency is-A and

the characteristic inpedance of the bond wire 106 is

ZL, thg6. sfa photdbdapt of aerototypenifssi exarhpleesmbbe@iment.

out put inpedance will be ZL 70 LI Z: (1)

Symmetrically, Z° ZL/ZO0 (2) 15 The input inpedance at

port 1 is usually low, commonly 500hm or 750hm

dE?A[LEE[S‘D@%@RIﬁ’PIGN‘e characteristic inpedance of the

transmssion line on the die 102). Since the wire is

very Ft@f@‘ k%ﬁcﬁw le%ﬁﬁf@g??tbfﬂr&frjchﬁqtoeyhélbdlﬂé §8%d%58nnected to

has por

ct nnected to bond w r the i

%ERT%@LFY% el R THRTEME R ngﬁaaO@hEhe
gnal 20 cannot pass thr ou%h bond wire part well.

tzcmg Wi d @&rie designed dased nihediysater waygienssh H@@@fcamr;vheory

cal cul ated, the problem may be sol ved by adding a

Thainpet impmi@oerfgt pottriaors thor dier 1GhisREB. theviared ength eif yhe

it may be difficult to calcul ate

signal central frequency is A and the characteristic impedance of the bond wire

106 is Z, , then after A/4 of the transmission line, the output impedance will be

=% (1)

Symmetrically,

z.=%t/, @)

The input impedance at port 1 is usually low, commonly 50ohm or 750hm
(corresponding to the characteristic impedance of the transmission line on the
die 102). Since the wire is very thin, the transmission line built by bond wire has
very high impedance. If port 1 on die or PCB is directly connected to bond wire,
the impedance between the port and bond wire is mismatched, and the signal
cannot pass through bond wire part well. If the impedance of the bond wire part
can be accurately calculated, the problem may be solved by adding a quarter-
wavelength transformer on PCB. Unfortunately, it may be difficult to calculate

the bonding wire's impedance accurately.
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t he bonding wire's inpedance accurately. 4 The length
of the bond wire 106 is chosen to provide two
back-to-back quarter wavel ength transforners just

using the bond-wire, i.e the total length is Al2. No
matter what the bond-wire' characteristic inpedance

is, after two quarter-wavel éngth transforners the

out put i npedance s.close to the 5 input

e et MU AN MK R BB -
bond wire part 1 (first quarter wavelength) is
qippedyanatesigih trgnsformers Jhlat uging g bondwires i edberigtal length is
quarter wavel ength) because of simlar structure. The
A2 . et wHahéhd Bondrvare’ eharasteredtiengipleat 08 id) adtet heo
characteristic i npedance of Z1 and the second part

UAREr- Rl fgt%éﬂb@ﬁ&bhé thb]&tEaﬁlrﬁﬂEﬁaﬁhhéf p@ﬁez)n§bno@e to the
| npedance of Z. Then at 10 the central point the

ihIRIABAEEnC ; éec%g‘é?'sﬁ‘%’ k?ﬁ%‘%;{%é'g‘ﬂ’%%ﬂ”%%éﬁ°éﬁb2§£ﬁﬁa“1
t .
(Y Bt w2 Badig nenrrirteButevd o Dialet e o Cgi sone

need to know the rati o of the o that the
BT WA RSB RE SRS OB SRRt g Thp S RAT(topay quarter-
traces 112,114 on IC die and PCB have different sizes
vy elngth b1 @8 has teamehaiastesisticiimpedareant 4. aand the second part
limtation of fabrication processing. The
(2" quarter wavelength) 110 has the characteristic impedance of Z; . Then at

the central point the impedance Z; is calculated in Equation 3:

[219]

e —
L =

l\ll 5N}
LS | TS ]

N

)

and the output impedance Zy is calculated in Equations 4 to 6:

%o = (i_l) % (4)
I, i, (5)
Z, ™z, (6)

Note that, we may not need to know the exactly value of £; and -
We may need to know the ratio of them, so that the output impedance may be
calculated.

Since the CPW traces 112,114 on IC die and PCB have different sizes
due to different dielectric constants and limitation of fabrication processing. The
distances between wires may gradually increase from IC die 102 to PCB 104 as

shown in Fig.2. The average distance of the first quarter-wavelength part of
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di stances between wires may gradually increase fromlIC
die 102 to PCB 104 as shown in Fig.2. The average

di stance of the first quarter-wavel ength part of 5
bonding wire transmission line (fromlIC die side) 108
is L 1 and the second quarter-wavel ength part of
bonding wire transmssion lime 110 is L , the
characteristic i npedance ratio R of the second and
Haondirtg wirattatismissieh éngt(flomdEndiewide) 10ainshi ssiddhelsesesd

can be calculated in Equation 7: 1 J~ - ;cosh- i a'
R= 1 oo - g - [ )i 40fic 4 - khe |
et e vefength pRe X Bopcing P arafilidon lpé g 1o tne

ond-wi.re.. Eis the relative dielectri.c constant_ an
GharasTE TG immernsa LS B 1S S5O0 T e A e e ndth
the bond wres. The relationship in Equatiaon 7
hswdwisp tapsmissiom ines faly bcaliated f B&Ua¥ON dpanni ng

angl e and the |ength of the bond vviire | engt h. The

out put i npedance ' ::-kcoshLﬂa

1]

—

ra |72

-
qa:

x
I
-

-1

=] E
o e

{cosh—=L
N a

-
f

-1

et
=1

Ly~
| cosh=Li

(7)
where, d is the diameter of the bond-wire. € is the relative dielectric
constant and p is the relative permeability of the material around the bond
wires. The relationship in Equation 7 between L4, L, and R may be termed the
spanning angle and the length of the bond wire length. The output impedance

Zo may be recalculated according to Equation 8:

3
Z, =(§’.) z, = R*Z, .

This transformer based coupler may be suitable for any kind of
transmission line. As an example, Fig. 2 shows a coplanar waveguide (CPW)
version. In CPW version, according to the spanning angles of bond wires, we
can calculate the characteristic impedance ratio of two quarter-wavelength
bond-wire transmission lines.

If we require that the output impedance of CPW on PCB is the same as

the input impedance on IC die, a quarter-wavelength transformer (the 3"one)

on PCB may be needed. The 3" quarter-transformer 116 may be attached
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Zo may be recal cul ated according to Equation 8: zo
=()3z - R=Z, (8) This transforner based coupler my
be suitable for any kind of transmission |ine. As an
exanple, Fig. 2 shows a copl anar wavegui de (CPW 15
version. I n CPWversi on according to the spanning
angl es of bond w res, carp cal cul ate the

character|st| ance ratio of :

Fre iRt ErR 1g't?dlﬁ’dth\‘ﬁn % Wi s it oty mppgance on
require that the output inpedance of CPWon PCB is

FtChB &%Nﬁ Hsis equal it fhet inprpistpedanceron GedCedieCPW 112, the

quarter-wavel ength transforner (the 3rd one) 20 on

c%%éf@ﬂsth,errﬂf&%%@e ZTher (RE B OYARSISFmér P15 EOR 'E%rca]rétﬁat@EMn
be attached bet wéen the PCB CPW 114 and the bond

%Ja% oI f the out put i npedance on PCB CPW114 is
P t he i nput i npedance on the IC die CPW 112,
the characteristic inpedance Z3.of the 3rd
transforner 116 can be cal cuf ateél in Equation 9: L3 5
-c~cr _~"3(JL~=0L.: “e R% (g) Thus the
spanning angle is used to deS|gn t he di mensi ons and
thus the characteristic mped@nce -of the transforner
116. 10 Fig.3 shows thg SpaFa]:reFers {gfwnt)he CPW
| CG-to-PCB coupler 100. W

g3 = RL (9)

Thus the spanning angle is used to design the dimensions and thus the
characteristic impedance of the transformer 116.

Fig.3 shows the S-parameters of the CPW [C-to-PCB coupler 100. We
can see the S11 and S22 matching impedance 302 is over than 10GHz
(passing through bandwidth).

If we need wider bandwidth, we can reduce the bond wire transmission
line’s characteristic impedance. This can be done by shortening the distance
between bond wires or increase the relative dielectric constant of the material
around the bond wire, so that the characteristic impedance of the t)ond wire
transmission line is closer to that on the IC die and PCB. Fig.4 shows the DIE-
to-PCB coupler 400 with high diélectric constant (€=7.02) material 402
encapsulating the bond wire 404. Of course the absolute length of the bond

wires 404 has to be reduced for the totally half wavelength requirelment due to

the high dielectric constant material 402 surrounding the bonding wires 404.
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can see the S11 and S22 mat chi ng i npedance 302 is over

than 10GHz (passing through bandwi dth). If we need

wi der bandwi dth, we can reduce the bond wire

transm ssion line's characteristic inpedance. This

can be done by shortening the distance 15 between

bond wires or increase the relative dielectric

constant_ of the material around the bond wire, so trat

the &arnehews dhe &-narppgiaicesyis ondhasngeriyaed coupler 400.
transmssion line is closer to that on the I1C die and
WeR.anriag. that thensasdirg threugh bapdeidib 9PRds intreased to ayejrR0GHzZ.
di el ectric constant (=7.02) material 402

encasgbad) stowde dotuee of meprébatyp@DIEdar@Btduaipler 600 in over-
absolute I ength of the bond 20 wires 404 has to be

difeage ArHeOmddie aF&IrﬁJ the bend-wirakeoen@tdlr 6eAUTHE Warheter of the
due to the high dielectric constant material 402

M QB H039s I reinPandi{Rg t%%ﬁ f‘r%ft @ bbhd wird Yéi%g;'ﬁﬁn The

-pa ranmeter results for caps ated couple

an see that the and 5 [
G PR Mo Doy Wit 502 %Eﬁga”é%’ 9’5 TS BgR B UPOUEy and the
a prototype Dl E-t 0- PCB coupl e in over- air ¢
gRHEDefsEeR taooReng- W@S@@Raﬁql))@ ?feﬂﬂe Blsé' siratesgige Gﬂaés 180um.
diameter of the 5 bond wire 602 is 25umand the total
| engtftig (b} sleows rdpigtiure @oa faretoty@BRAETaL Cgoupiarieba with a
two bond-wires 602,606 at the I1C die side 608 is 100um
liigh didlectrigapnseinieratetiab Thentiediar &®u662h6 Monalt wirés 6FPE€Bs mold
substrate side 610 is 180um Fig.6(b) shows a picture
r%fsuramefém%yl BevthLE g -drsiBcriR Wengtar® b2 7v9 7 And lod¥ @hgent of 0.02.
di el ectric constant material. The nedia around the

Jﬁﬁé‘gﬁ\%%@? oPtE bSndRArd 6134 Waﬂgttﬁé kb Bh tH"Gf fh bond wire

ectrlc const ant  oss tan

é)]{g IS 4p %The ﬁér?eﬁt}]%r %vsc/)?f?ﬁe{%o Egﬂ&v\y\pes“%&lé%%t ?r?e“fP: anadmde 620 is

100um and the gap between two bond wires 614,616 at the PCB substrate side
622 is 350um.

While example embodiments of the invention have been described in
detail, many variations are possible within the scope of the invention as will be

clear to a skilled reader.
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614 is 1 nm The gap between two bond wres 614, 618 at
the 1C die side 620 is 100um and the gap between two
bond wires 614,616 at the PCB substrate side 622 is
350um 15 Whil e exanpl e enbodi nents of the invention
have been described in detail, many variations are
possi ble within the scope of &8 he invention as will be
§¢$@@$Io a skilled reader. 8 CLAIMS: 1. An integrated
' t conprising: a substrate; 5 a first
transm ssion |line arranged on the substrate, the first
transm ssion |ine having a first termnation; a die
having a first surface on the substrate and an opposed
seconkh indegrbtexkcirdthecampribegng spaced fromthe first
term nation; a second transm ssion |line arranged on
t he seeediragelr f ace of the die, 10 the second
transm ssion |ine having a second term nation; and a

bond gviisetaREMESIGHIREEMERTed BR thé sabstraeMHAfiksoRagsfission
the second term nation configured to have a length

|i?~%lf%\/ﬁrﬂfa\f@§‘t%ﬁﬂﬁ%gaﬁf the signal central frequency.

€ I ntégra circuit clained in claiml
further. co risi.n%t further
h

bond wi res space

ei t he g g 3 e\t B suaiTalen h T oees spepne
bond wres are connected to a g{r ound pl ane. 3. The
surieegr Bieedie bieindispacadirpradhe Argitaiminatiofer ei n t he two
further bond

a second transmission line arranged on the second surface of the die,
the second transmission line having a second termination; and

a bond wire connected between the first termination and the second
termination configured to have a length half the wavelength of the signal central

frequency.

2. The integrated circuit claimed in claim 1 further comprising two further
bond wires spaced either side of the bond wire, wherein the two further bond

wires are connected to a ground plane.

3. The integrated circuit claimed in claim 2 wherein the two further bond

wires can a constant spanning angle with respect to the bond wire.

4, The integrated circuit claimed in any of the preceding claims further
comprising a quarter wavelength transformer on the substrate connected

between the first termination and the bond wire.
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20 wires can a constant spanning angle with respect to
the bond wire. 4. The integrated circuit clained in

any of the preceding clains further conprising a

quarter wavel ength transfornmer on the substrate

connected between the first term nation and the bond
wire. 9 5. The integrated ci%cuit clained in claim4
wherein the quarter wavel ength transformer is

configured to provided an i npedance based on the

spanning angle of is spanning angle is determ ned
SaccorldiengtagsatedeCiicwdrimes ipiclaimed heseinghe caapsteT wavelength
line and the inpedance of the second transn ssion
ttanséorntr iFhenfiguredtapeavidéd aniimpetancrebased ohdihenspaomning
claim5 wherein the quarter wavelength transforner is
e bUigrspdnhihgramye dedeerinimedacmedidgtie tng megedance of the first
according to equation 9. 10 7. The integrated circuit
tRdrRiiBLoh Mn@Bhdthe iMPeRERES BT he SdcBhBRrdrshiBSibn line.
conprising a dielectric layer encapsul ating the bond

wre. 8 The integrated circuit clained in any of the
precedi ng clains wherein the 15 first transm ssion

|ine_is a cop] anar eqgui de. 9. The jntegrated

61 1 oulite Etearaisd § ey g o gimed &g clagmar W e ks Harter
the second transm ssion line is a coplanar wavegui de.
vavelengtiri@nsfaretaras eanftiauredite pepvideran impedapce defarmined
to 9 wherein the second transmission line is selected
docordindnéo gagoagorednsi sting of a slot line, strip line,

twi sted-pair and a mcrostrip |line.

7. The integrated circuit claimed in any of the preceding claims further

comprising a dielectric layer encapsulating the bond wire.

8. The integrated circuit claimed in any of the preceding claims wherein the

first transmission line is a coplanar waveguide.

9. The integrated circuit claimed in any of the preceding claims wherein the

second transmission line is a coplanar waveguide.

10.  The integrated circuit claimed in any claims 1 to 9 wherein the second
transmission line is selected from the group consisting of a slot line, strip line,

twisted-pair and a microstrip line.



