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Abstract

.*11 invert ecl microst lip line IC structure for ultra lligll-

1
~ >ee(l applications is proposed, It allows a re~~ hm-para.sitic

impedance mod tule with a flip chip bondiu~, a small IC size.

and performance improvements for hi~ll-speecl cli~it al ICS.

Introduction

ultra higll-speerl optical transmission systems are expected

to be the backbone of future multimedia comtnunicat ions.

1w Chit /s ICS aud their mocltules were developed a few yea~s

ago, blot m-en lliSlwr bit rates of am i.mcl M-G l~it /s are

Iweded. There are. howem?r. sew?ral serious IJrohh?ms in

developing 4t)-Glit /s IC modules with ccmwut iomd met al

QFP packages ancl bcmdins wire. Flipchip hmdiug tecll-

uolog~ is necessary for reducing the parasitic impeclauce of

grouucl and signal lines. and implementing the 3’chip size

cal-ity package” coucept [1] is indispensable iu soppress-

ing the cavity resonance of packages. Impedauce- coot rolled

and low coupling t ransmissioll liues are required not only

iu amdog circuits such as dist ril] Iut ed amplifiers 1:)lut also ill

high-speed digit al 1(7s, l>ecause the lellgt h of signal liues is

mow than 1/1 O of the signal wavelength at such high fre-

quencies. (opla.uar wavegl ~ide (CPIV ) lines hare 1mm used

in high-density hfkl ICs. but as descrilwd below. these are

not suit able for high- speed digit al ICs. This paper proposes

a, I1OW1 IhlSL (~llrert ed ~icro~t rip ~iue ) / TI’ SL (_&i@te

strip Line) –IC struct u~e that is suitabk for tll~ flil~-~lli[)

bonding mod,ule format.

IMSL-IC Structure

Figlure 1 shows a schematic of the IhlSL-IC structure. The

IhISL–IC’ is constructed with two lo-pm-thick polyimide

ulultilayrrs [2].and circuit elements s,~ch M FETs MI(I re-

sistors are t’al:)ricated on the Ca.\s substrate slurface. There

are a total oi to Iu metal layers. hIIIU capacitors are com

st rluct d from the two lower layers. For signal propagation.

an IhISL and T P SL are I Med in addition to the colITeIl-

tional signal lims in first anti second laj-e~s. The IhlSL 1LWS

a t bird-la,yer strip with a t opla,yer ground plane. For the

TPSL. a secoucl-layer groi.md plane is addecl to the IhlSL

io order to enhance the si~nal- shielding dfert.

Figlure 1: IhlSL-IC strluct lure.

Features of IMSL-IC

The mo5t si~nifica,nt feat lure of this strluct lure is that the

eutire top metal plaut= acts a5 a ~roluld. The effect of this

is apparent iu the flil:)- chip boudiug mod I.de format SIIOWJ1

in Fiy ore 2. IC gro I.u]d impedance is kept t=xt remely low by

Iusing mauy fp lurid connect ins 1)lumps on the plane. This

ins ures stable. low-j it t ejr operation in hi$ll- speed modules.

hloreoyer. the sigual line parasitic etfect is lower than iu

wire and ribbon connections
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(lne of t he problems with fii13-chip bcmdin~ is that sipyal
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limimpedmce chwges when the chip is clcmto tlwsul]- Figure4: IsolatioIlc llaracteristi,-sof afio[)-~{)?~ IhISL

strate. This tlegra(-Ie51110 dtLlel)erfOrlll aJ1Ce. esl~ef:iallyi llll>et:lallce-

~~,~~iti~-~~~i,] ])]~c~~. ~lle impeclallc~ clmn~es ‘~alclU1ated

for.ml IhfSL mcl fo~ couwntionzd (’Pti: lines are shom-nin

Figure 3. The cha,IIses km CPI~ lines are~-erylarge~~-lle]l

the chi13-sul>stmte distance is less than 100 p?77. w]d the

selectivityofl:)~tllllj size will be quite restricted in this case.

The top ground pkme of t he IhlSL. however, eliminates this

impedance change.
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Figl.we 3: Impedance recluct ion with Hipchip bcmclillg.

Another feature of the ILE3L-IC st~luctu~e is its excel-

lent isolaticm characteristics. Sim].da.tecl isolation charact-

eristics of w-pm -Icm,g ILISLS with a 5- to 2(.-p17z space

zmd exp e~iment al ws I.dts wit h a ,t-p )71space are shown in

Fig lure 4.

The isolation level of sigual-liues with 1O-pm space is lees

than -W dB below 40 GHz. The crosstalk between signals is

thus almost negligible in +1)-~bit /s ICS with 1[)-~~jn slmced

signal lines.

The third feature of the IAE3L-IC’ structure is that the

impedance- col]t rolled lines can easily be int rod uced wit 11-

0 i It increasing layout size. Fi~ lure .2 compares the layolut of
. . .

a clrcult using the IhfSL—1( stmcture with that of one us-

in~ ~P~~ lim?s for illlljeclallce-l hat chillg. The kyo ut wit h

CPIT lines nwcls a, la,~ge signal lim aA. compa,lable to

the circluit cell. beCaUS~all ink-ml sigmls are difkwnt ial

in higl]-slmed digital 1(’s. IN this case. the chip size ex-

ceeds 2. .Jx 2.5 m 171.m-hit-h is the limit size for prm-ent ing

ca,~-itj- resonance frequencies below 40 (i Hz. CPIT lines

therefore cammt be used in higll-speecl digital ICS. The

INISL-1(’ layout. howewr, is wry compact lwcalust= there

is 110 gro ullcl lkme bet wwm the si~wd lines and because cd’

the t llrm-[iilllellsiollal ILISL layout over circluit elements.

High-speed IC Application Exam-

ples

Fig lure 6 shows typical examples of IhISL applications ill

hi@sl]eecl digital ICS. In these exa,ml)les. operatiou at 10

~bit/s is assumed. In the DELILTX IC. 20-GHZ clock and

W(lbit /s clat a sigymls ~uil in parallel for w-W) ~ 171. In

the LIIJX IC. a, 4(J-(2Hz clock si,gl]al runs over a path 1.3[)()

pm long.
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FiSure 5: Examples of illll>eda~lce-collt~olled lim layouts.
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Figure ~ SIIOWS tile wadonns skdated for conrell-

t ional fj-pm liue/space lines and for a 1()-~( m line/space

IIW3L corresponding to the DE KIIJX layolut in Fi~ure 6.

This figure clearly shows the remarkable most alk suplm3-

sion achiewd with the IhISL.
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Figure i: Simu]a,t ed waveforms of ?()-(2 Hz clock and 40-

Gl)it /s clat a si~na]s.

Figure 8 compares wa~eforms simulated of 4(J-GHz step

responses in a ccm~-entional line and ill an illll)e(lallce-lllatclled

IMSL correspomiing to the MILX layout in Fig]~~e 6. The

wareforms of the collwmtional line shows a lmge owrshoot

and undershoot c1Iue to impedance mat thing miss. These

clistortions chau$e clock phase. and the timing between

clock ancl clata signals is lost. In this case. 40-( X)it/s oper-

at icm cannot be expect C-CL

I I
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Figure & Siml.datecl M-~Hz st q responses of clock line.

These results show that the wawform distortion due to

crosstalk and impedauce mat thing miss can be remarkably

suppressed wit h the IIWSL–IC st riuct lure while keeping chip

size small.
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There is zmother admIlt age in using the ILISL–IC struc-

t ure ill clip,it al 1( ’s. This strluct lure enables the Iuse of pas-

~i~e ~:ir~ ,lit ele~]]el~t $. s 1~~11a,s a hybrid fOI’ sinf+wnd to

cliffewnt ial 5igua,l t cmsformat ion amd a, power divide~ for

signal distriljlution in di~ita,l ICS. Such circllits haw never

been IMecl h digital 1(’s l]ecatuse their la~-out size Ivas too

large. !?iglures 9 and 10 show the layo tIt a,IILi mew 1Met 1

s-pa,ra, met ers of a, brmcl l-line hyl )rifl circ I.Lit wit h meml( ler-

in~ TPSLS. Its size is reducml to that of common ci~cllit

I.mits in digital ICS because of the TPSL”S extremely hi@

iscktiou characteristics. Digital IC’ performmce cam l:)e im

prowl l:Jy replaciug the clock amplifiers with these circ 1lits

because the clock is the highwt signal and the clo rk mm

plitier is one of the 1mt tlmecks ill hi+speed disit al ICS.

The l.ise of these passive rirc[lits is expected to iucmase the

flexil:)ility of di~it al-circluit ckigu.

Conclusion

The novel Ihf SL- IC st rluct lure pmpmed here has the kNcm-

in~ feat lures:

o

@

*

Entire top gml.ulcl plane of IhfSL-IC makes the parasitic-

impedance of a mo di de very low and ccmpktelj- e]inl-

inates the mlucticm of signal-line impwklce by flip

chip l]ondin~.

Hi@isolat ion ILIS’L a.Ilcl :3-D layo[ut makes chip size

very small and avoids cavity resonance prol>lems.

lk= ILISL-IC’ strllct lm enal,le. illll>e[lall,:e-,-ollt rollei-l

lines ancl passive circluit elements to be lusecl ill digital

IC’S wit holut increasin~ chip size. It also imprm-es

and stabilizes IC performance anti allows MW desigil

ttexil.]ility.
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Fi~ure 9: Layout pat t em of TPSL l:)rancll-liue hybrid cir-

cuit.
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Figure 10: Lfeaslud aIId siml.datwl s-parameters of

hrmckline hyhricl circluit.
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