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SEMZCONDUCTOR DEV2CE .. 
. FIELD OF TBE .INVEDEN 9607614·~:6.?l 

' . . 
~his invention.ccncerns a ~e of se.miconductor device. In 

particular, this d.nvention concerns a· package with the LOC . <,Lead 
OD Chip) st~c:ture. 

BACl(GROijND OF TBE nn7EltTIO'.N 

rn the prior· art, the.re is the t.Oc confii;Uration 'with a' lead. 
frame set on the :re chip as a package fo'.C' sea.J.iug:the:IC: chip. 
This can he explained with reference to Fi;m:es 10 and 11 .. 

,As shown i.n FiCJ11re 10,. the LOC•stra..cture J>IU\M (dynmn.ic BAM} 

has mu.J:t:i.p1e boncli.Dg pill.de 1 s,et on .a straight li.ne a.t the cantr~l. 
portion of J:C chip 10. On the two sides o£ the pad column are 
power-source lines •2, 43, known as bus bars,., that form. the lead 

· · frame. for LOC 'and are . made cf izon-nickel alloy, ocppe:r allay or · 
copper, as well ·as· multiple signal lines (lead frame) 44, 45. . . 

Bus bars 42, ·43 are connected to power source ·vss or Vee. 

'· :-'.·.:· 

~ ·on the other hand, signal line~ 44, 45 are used fo~ addresses AO 

through A10 as 11e.ll as· CAS, RAS". 'or other signal.s. 

Con~ecticn between.each pa~ l'a.Dd each l~ne is perfo:r::med 1'y m~ans 
of bondinq w.ire& 6, 7 on one side. (the 1eft side) of the bcndin~­
pad: column;' it is perfo.z::med .by·meazis of :bonding wires 8, 9 on the 
other s:i.de· (the right. si.de) • As shown expli.c::itly in Figu:r·e 11, 

wi:"es 7, 9, which conuec:t s.igua.l l.ines 44, 45 to pad. l. stride 

over bus ·ba:r:s 42, 43, respecti~eiy. 

Consequently, when wires 7 and 9 are not su££icient1y high, 
they may be in contact with bus bazs 42.; 43., and there is the 
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don~ thA~ a sho1:t•ciraui~ will for.med between tbe oignal lines 
and the.'bus bars. l:n u.rcl=:- to prc•ent this p:rC"tblaJ11, the height 

of w.l.res 1.,· 9·· ~uflt be s:uffic:iQn1:.1y !a.rge. Tbl$, b<1Weve1:, ha.mpers 
th~ effort to reduce tbe thi~kness of the r~sin•mold paekage. 

Asi shown in .Figure 12, cm IC chip 10, bonding pa.ds 'RP are 
set in one coiwzm on each of ~he left and ri~ht ~ldws. On the 
two sides of .~aeh pad colUllUl, eigft&l linoi::; lAl and bus .bar$ 3A7. 

are set. Connec:'tion. by bciuding wire w is performed f.u" each pad 
c:olwa.n by means of signal l.i.JJ.e:s ·on 011e eidc and. by· means ~f bus. 

# . 
bars o~ th~ othe~_eide. Conseqnently, the -wires no longer stride 
t:be bus bars as d12scribed ill thi- above, and the abort-eircuit . . 
be1:ween tb.e signal lines and the bus bars can be.entirely a.voided 
for thi.c load. fz-uA.: 

However, for the package ~hown i.i::t. Figu~e 12, sisn~l lines 
3.A.1 ean be set only on one aide with respect t~ ~ pad co~am.n} 
h~ce, the •ffic:.ienc:y_is poor, and 'the l~yout is also limitod .. 

"'In ac!di.tion, as ~he pin nu.ml.ier is increased, the·pitch dis~ance 
among Lhe signal lines bcaaomes SJ11alleJ:", and there is little . . 
tolerance. 

Aoc. object o:t this .inventi0n is to px-ovide a type of paelri'.lge:... 

structure •t:udc:;onduc:tor dcvic~, ch~act:.erized by t:he fai:; L th.at 

the short•ci%cuit between the'siqniil. lines and hue-bars can be 
~reventea,. the thickness of the ~ack2.9e can be reduced, and the 
ei.gna~ line• ean b~ RAt easily. with th.e comiection :ma.de at a 

h:-igh_efficiency •. 

Smog.RY QF 1],'Hti IDYENTIO?~ 

This i.Avcntion provides ·,a type o~ semicuuductor dev.ico, 
characteri2ed by the followiug'fact~a 

the multiple bending pads connected to th~ bonding-te-rminal 

TIJ-l68SS 2 
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··portion 0£ the lead :frame are. set in a nearly· columnar shape on 

the circuit-fo~ng ~lane of· the semiconductor chip: . 

. f4I 005/029 

the afcr~ntioned bonding-te.x:minal·po::tiQn for the multiple 

signal lines of the lead frame . and the bonding-teminal portion.· · 
. . 

for the mu1tiple p~wer-source lines are bonded via an ~lectricai 

ins:u-iatcr on ~he aforementioned ~e.m.iconductor ehip in th~ 

vicinity of and along·tqe afo~ementioned ~anding-pad col'l2lml.; 

the principal portiol:l of the aforemc;nt.ioned p.ower-source 

line extends in ·a 3-dimensional c:rOss~d conf~guration for· 

electrical insulation i:i:om tbe aforementioned signal line; 

the aforementioned principal portion ox the aforementioned 

power-source line 'and the bonding-terminal portion ·of the 

af orem.entioned powe.r-soa.rce line ~e f onued cC?ntinuously in an 
integrated.manner) 

the a£oreme~t~oned.va.rioas bo:a.clill~~te.rminal portions and the 

aforementioned b~ndinq pads are electrically connected • 

. . 
i!I:EF DESgRIPT:ION 0!' m mu.mGS 

Figure ·1 is· _an enlarged partial oblique view illustrating 

the main portion of the I-C package with the LOC structure in an 
embodiment of this invention. 

Figure 2 is a plan view i1lustratinq .tbe.afo.re.menticned main 

portion. 
' . 

Figure 3 i~ a cross-sectional view cut a1on9 line III•I!r in 

li'igu:re 2. 

~igure 4 is a cross~sectional view cut a~o~g line IV~IV in 

Figure 2. 
Figure S is a plan view of the main portion in the state 

beio.re th4= l>us har i.s fo1ded in the embodiment·. ill.ustrated in 

Figures 1-4. 

Figure 6 is a cross-sectional view cut along li~e VI-VI in 
Figure 5. 

Fiqure 7 is an enlarged partial cross-sectional view 

i:r:tJ-16855 3 
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.'illustrating a. moclifj.ed. example on the base of the example shown 

in Figures 1-~ .. 
rigure 8 is a partial plml vi~w illnstrati.ng the main 

portion of-the 1c·p~ckage with the:LOC structure_in another 
emb.odiment of this uventioz:i:~ . 

Figure 9 is an enlarged.partial oblique view illus~atinq 
the main porti.on of the IC paekaqe with th~ LOC structure in yet 

another emobidment of this invention. 
Figure 10 !s a plan· view illustrating the main portion of·· 

the :IC package with the LOC st:ru_cture in a. conventional. excimple •. 
Figure 11 is a eross-sectional view cut along Xl:-XI: line in 

:Pigure· 10. 

Figure 12 .is a plan ~iew illµst?:ating ~ portion of the lead 
fra=e with the LOC structure iii:a11other conventional example .. 

~n reterence numerals ae shown in the drawings: . . . 
1, .banding pad 
2, 3, 1.2, 22, 23, l2,_33~ bus :ba:r (power SC?urce line) 
2a, 3a, 12a, 22a, 23a, 32a, 33a,·principal wiring pc~ion· 
2b, 3b, 12b, 22b, 23b, 32b, 33b, branched portion 
2c:, 3e, 4.a,. Sa,, 12c, 22c, 23c, 24a, 25a,' 32c, 33c, bonding 

tel:Illinal porti:on 
2d, 3d, 4b, 5b, 22d, 23d, 24b, 2Sb,·32d, 33d, lead port:.~cn 

4 1 ~' 24, 25, signal line 
· 4c; step ~ortion 

6 I 7 I a·, 9 r bonding Wire 
lO, :re c~p 
ll,· insulating1double-side tape. 
15, insul&ting ~ape er insulating pa~te 

. . 
16, groove of .signal. iine 

19, fixture for folding 
-

. 26 ~. bump elect.rode 
CL1 , CLz, central line · 

T!J-16855 4 
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I>E~CRD"!XOll OF TQ PRBf'URED }$MBOn;omns 

:rn the following / tb.i::J invea:tion 'flfill be explained in mare 
det~il with reference to embod1ineuts tba~eof. 

J'igm:ea 1•6 show ti £irsi: embodiment of this i.nvention, 

applied to ORAM. . 

, 
~he paekage in this embodimen~ has the liOC configuration 

explained above. As shown in 1':Lture 2, lllllltiple b~ndinq pads l 
are aet in a col"tmm en a straight line. lfith t.he column. of . 

borid.ing pad l tU.en e.s c:cntrCLl. lin1111 CLi,1 -t:Da con£igttration' shown-
.in~ figu~e is c~trie _for the riqh~ and le!L'~i~*s, .with bua 
bar 2 (for Vss) set on the l•tt ~ide, aud with bus bar 3 (for 
Vee) set on the'right •ide. Bus bar 2 (the same for~~~ bar 3) 
cOzi~;Jrts of.a. stra.ight•liue shaped. ,,iriDCJ partion 2a, bra.n.e~ed 

port.ion 2b .(3b), 'Don.cU.ng-'te.nni.nal portion 2C (3C), a.11d leti.d 

po:ct.ion id, ~hich is coJlDected to the end of the bondin9 teZ'lldnal 
&lid is lead outside the IC pac::!lcag,e • 

· U.s illg. .insula.ti.ng double-eicled · tape l l , tiondilig.'te.tminl[ll. 
portion 2C of bus bar 2 and bondin9 terminal 4a·of aigu.al. lizia 4 
a.re bonded on the upper euf~ee of IC ehip i.o. In 'l:hi.s f1qu::ce, 
4b reprase~ts 'tj.ts ~ead poxtioh·Of signal line 4 to ~he outside of 
'the IC chip. The u«nie state Qlco exiats fo:r: hus bar 3 and· signal . . . . . 

line 5 o.u tb.a side of bus bar 3. ~·or the :re· payka~, the 

contiguration is symmetric f~ the upper and lower sides wjth 
refe•ence to CLZ as ~he eenter line. Broken liD.e 12 on the 
periphel:y zepresen~s the resiA-sealing .a.rea in ~ase of moid.ing. 

The bonding opera~iOA between the b~s ba%e .and signal lines 
ls performed ae follows. 'Bondi.ng-te:z:minal·po:i::'tion 2C of bus ·b~ 

2 and bonding terminal 4a u! siqnc::i.l li.nc 4 ~c c;on:nacteci ~o. 

bo.c.ding pad l •ia. bonding- wires 6, 7. Similarly# :bondJ.ng­
ta.rminal portion SC ot bus bar 3 and bond·in9-te:minal po::r:tio~ Sa 

(gj007 /029 
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·of. signal. l:i.ne s are connected to bonding pad l by means of 
bonding vi.res 8, · 9, respective1y .-

llJOOS/029 

·aonding w.iree 6 and 7 as wel1·8 and 9, are set on e~the% the 

ieft or right s:i.de 0£ oenter line CL1 • As shown in F~gure.3. 

the cress-sectional view cut a1ong line rIX-IrI in Figure 2, and 

~igu.J:"e ·4, the ~ross~sectional view ~ut along line IV-IV in ·Figure 
2, all of the wires do not str.ide t:he w'ir.i:n41 as bondinq pa.~ :l i.s 
connected to boziding-te.z::izd.Aal port:i.ol'I. 2C, 4a, 3C, or Sa. 
Consec;luently, there ~s.no need ~o increase the hei9ht ~£ wires.6-, 
7, a, and 9, and there is no.dan9er of a short-cireuit. 

~n th~s examp1e, attention should be given to the shape of · 

·the bus ba:c. .As c:an be. seen· from Figure 2, the enlarged ob1iqae . . 
view of area l defined. by the b%oken l.i.ne shOWJ:l in Figure l r · 

:branch porti.on 2b of bus bar 2 is :mechanica1ly bent by iaa·· from 

the upper side to tb~ left, and the upper and lower portions are 

09'erlapped with distance d. between them.. 

'?he. thickness t.1 of bus bar ·a and sig~al l.ine 4 cf the lead 
£:rame f o.r the LOC is s Jill.I or 8 .:n:i.i:l. When t 1 · i.s 5 mil,· distance 

. . 
d ".i.s 3 mi1.; 'W'hen ti i.s a ini.l., distance d becomes '·[not given in 

crigina1]. Berer l mil represents 25.4 µm. Consequently, 

.Principal.wiring portion 2a of bus bar 2 .is aJ:J:anc;ed a.t the 
distance d 'ilf'ithout conta.ctag signal line 4. '.?be thickness of 
the principal. wiri:nq portion of b12s bar 2a~ aad the sum of the 
thicJc:Dess t 2 qf distance d and:signal line 4, becomes 13 mil when 
ti .is 5 mi.1. 

•' 

Xn the pr~o~ art shown in Figure 11, the 1oop apex of 
bondf.n;g wi.res 7, 9 for the signa1 equi.pment and striding ~or the 

· bus bar has a height of 24 mil from the circuit-~orming sur1:ace · 

of the re c~i.p. On the other hand, in tbis i.nv~ntion, as point~d 

'r:tJ-16855 5 
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5 ml, aad the thJ.cknesa ax: -c.ne ~sulatJ.ng double-sided tape 11 

~s.3 lai.il the height of.the apex of the bus bar :rem the circuit• 
.for.ming surface of the IC chip becomes 16 mil. '?hat is, the 
thickness of the.resin.-Jnold package can be significantly reduced. 

As shown in Figures l, .3, and 4, in order tc re.liably 
p.i:eYent the contact of .bus bar 2a with signal-line lead portio~ 

4b, the l<>Wer stirface of principal.wiring portion of bus bar za 
. . . 

. is bonded with an insulating tape or insulating paste 15. 

Distance 
c:hip 10, 
chip 10, 

d, the gap between p:incipal wiring portion·2a and IC . 
the gap between bonding·te.t?llinal portions 2c, 4a and IC 
and other ·gaps a.re fill.ed with 'the sealing resin in t.he 

l.atter molding.operation. The saae operat~n as above ia 
perfo%'JDed for ~us bu 3 as well. · 

The bending of b:c-anch pOrtion 2b of bus bar 2 is per£or.med . 

as· shown in Figures. 

fhe lead frame formed into a flat plate shap• with a 

prescribed. pattern i~ arranged on b~e (20) as shown ill Figure s 
and Figlll:e 6, the cross-sectional view.cut along .VI-VI line in 
Figure 5.. Thenr a plate..:sbaped fixture (1.9) with its ~ross­
section ~~Dished to semicircular profile on one side is arranged­
wi tb the aforeme:itioned side .in agreement witj:i the bus bar 
bend.1.ng position, and it is uaed to £ix lea~ portions (2d),· (4b) 

of bus ba:z:: ( 2) and signal line ( 4) ·.. In the figure, the portion 

of the bus ba~ before bending is represented DY a broken line. 

Then, with f.ixture·(l9) arranged to fix bus.bar (2) and 
.signal line ( 4) on base ( 20) , bra.DQhed portion ( 2b) and . princi~a.l 

· w~ing port.i~:n (2~) are bent by 180° as i:adicated by the arrow so 
that they come into contact with the upper surface of fixture 

TIJ•l6855 7 
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· (19). In this way, ~us bar (2) ·assumes the shape rep~esented .by. 
the·solid.lin~. 

As shoWn. in Figures 1-4, the lead frame pro~essed by the 
· aforementioned metbocl has its bonding tel:lDina.l portions ( zc) , 

(4a) bonded on the upper surface of IC ~hip (10) by means. of 
insulating double-side tape (11). Before the bonding oper~tion, 
. . 
an iiisulating tape or insulating paste (15) is applied to bus bar. 
princi];)al wiring portion (2a). For bus bar (3J, too, the sue 

. . 
molding operation is performed as above. The p.roce~sing of the . 
btis bar·does not require weid.ing or o'the~ special techniqc.es •.. 
Since it can.be performed by using a simple firture, a·lcw cost 
is realiz"ed. 

l'i~re · 7 is a cros·s-sect~onal view· of the enla:r;~ portion 
of the example with a tm1&1].er tz dimension i.b. Pigure 3 in the · 
same way as in Figure_ 4. !'igui:e ·7.has a. larger en1argement :z:-ate 
than Figure.4. 

. . 

In this example, supp~se the plate used for t~e LOC lead · 
frame has a thickness of S mil, for the bus bar portion, bus barS' 
{ 2a) , ( 2.b) , · ( 2c) u.6ed in. the afe1reme:otioned example a.re made 
thinner than the other portions by partial etching beforehand, 
and, with a· thi.ckness of! 3 mil, are used a.s bus bar ( 12 >-· For a 

portion of signal lf:n.e (4), pre-etching is performed to fo:cm a 
,groove ( 16) , a portion . of bus bar branched po;-tion { 12h) is bent 
so that p~incipal wiring pcrtiou (12a) is located on groove (16). 
Then, a porl.iQn of the lower side ·of pr.itlcipal w-iring portion 
(12a) and the Insulating tapa or insulating pa~te. (15) bonded 
with it are made to ent~ gx:oove (16)_, and the insulating tapQ or 
~nsu.lating paste (15) ccmes into contact ~ith the bottom surface 
of gr.ocive ( l,6) • 

'l'IJ-l68SS 8 
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In this way, ~nsion t 3 between the upper surface of .bas 

bar principal wir.i:ng portion (12a) and the lower surface of . 
signal line ( 4 ) becomes 9 mil'· sma.lle:r than dimension t 2 in the 

preceding example. 

~011/029 

. Figure 8 illust~ates anothe~ embodiment as a modification of 
the exaJDPle sh~ in Figures 1-&. 

I:a this example, branched portions ( 3'2b) , ( 33b) of bus bars 

(32), (33) are shorter than branched p-ortion (2b) shown in i'igur~ 
. . . 

2. Principal w:U:'ing portions (32a), (33~) are rather located 
.nearer the· side of bonding pad ( 1) than .lOC!ated. on the p1ane 

curving portion of signal line (4), (S). In this way, the 
stability of ·principal.wiring portions (32a} 1 (33a) before . . 

sealing using. resin ~s higher than_tbat in the example shown in 
Figu:e 2. I= this figure, (S~), (32d), and (33d) represent the 
lead portions. Other features are identical to those in Figure.s 

1-6. 
Fic;Ure 9·shows aJJ.other application example with fUrther 

modification made on the example shewn in Figures . l-6.. · · 

In this examp1c!, p:r:incipal wiring.portion (2a) of bus .bar 
. . 

(2) is banded an· IC chip {10) by means of an insulating double-
. side tape ( 11) , and the portion in c:ontact with bonding texminal. 

portion (4a) of lead portion. c4b) of signal l.i.ne (4) is ben1: at 
tw~ locations to arrange a step portion (4c). Lead portion (4b) 
is arranged on bus bar principal wi:ring porticm (2a) with no 

electrical con.~act wi~h it. In order to prevent this contact, it 
is prefer%ed that an .insulating tape or insulating paste be 
inserted. 

In this way, the bus bar and. the signal line lead pert.ions 
(2d), (4b) are located at the same height with respect to IC chip 

~IJ-16855 9 
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"(10) •. Conseque!ltly, when the package is sealed by res.in and •. 

·· molded, no difference ·is foz::med for the level far leading qut . 

from the package. ~his is identi~al to the a£orementioned 
ex~ples. others are identical to tbose in the exa:mp1es sbo'W'l'l 
Figures l-6 •. 

in' 

For bus bar. branched portion ( 2b) , instead of bendinq for · 
iao•, _'lead portion (2d) is a:ranged extending to the upper-right 
side from princi"pal wirin~ portion (2al, and a s2l!le step·portion 

' I • • 

as that of step portion (4c) of the signal line is placed in lead· 
'portion· (2d). Also,· the step portion niay be not formed a.t .lead 

portion (2d), instead, adjus~ent is lllade for. climension .. ~2 in . 

Figure 4 or dimension t 3 in Figure 7 by selectinq the radius of 
cu.rv-ature of bending. 

Xn the above, 1:.his iuvention was.expiained ~ith -reference ·to 
:espe~tive eabodiments. · However, other :m.odified version~ are 
also allowed as lon9.as the tec~uical ideas of this inYentio~ are 

observed. 

~or example, the package of this invention is not limited to . 
the DlmM ( 16 mega [·sic; megabit], 64 mega, etc) I it may also be 

used in various other devices. 

In the semic.onductor device of t:.his invention, the bonding' 
terminal portion of the power source line and the bondiAS 
'texmin.al portion of the signal line are arranged along .the column . . 
of the bending· pad; the principa1,portion of the 'aforementioned 

. pow-er source 1ine ·eJC'tends with a 3-dimensional crossing 
·configuration with re~pect.to the aforeznentioned signal line with 
electrical.insu~ation, and i~·is connected to th~ bondi~9 
terminal portion of the aforementioned power source line; 
ecnsequently1 between the aforementioned bonding terminal port~on 

TlJ-16855 10 
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and the aforementioned bonding pad, there exists only the bonding wirlng 
used to conneet them. 

Consequent1y11 even when the afOrementiolled. bonding wire loop used for 
connection is not elevated, the bonding wire is still not in contact with the 
power source line princ:i.pal. portion, and hence no short circai.t takes place. 
As a resul~ the reliability is hi~ and the device can be made thin. 

TU·168SS 11 
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1. A type of semi.CAnductor device charact;erized in that: 
the multiple boncting pads connected to the bonding ter.mUiaI portion 
of the lead fi:a:me are arrenged. in a nearly columnar shape on the 

circaiWorming plane of the semiconductor chip; 
the afbrementioned bonding temrinal portion far ~e multiple signal 

lines of the lead frame and the bonc:ling terminal portion fo:r the 

multi.pie power source lines are bonded '9ia au. el~ca.1 insulator on 
the aforementioned semi.conduct.or chip in the vicinity and along the 
aforementioned bonding pad col1lIDll; 
the principal portion of the aforemen1io11ed power source llne extends 
in a 3-mmensional cross configuration fbr electrical insulation from the 
aforementioned signal line; 
tbe aforementioned principal portion of the aforementioned power 

source line ancl the bonding terminal portion of the aforementioned 
power sOurc:e line are formed continuously in an.integrated way; 
the aforementioned various boDding temrinaJ portions and the 
aforementioned. boruting pads~ connected electrically. 

2.. A semiconductor device as claimed in claim.11 charactierised m tbat by 

.. folding back the branched portion co:tlllect.ed to the bonding~ 
portion of the aforementioned power source line, the principal portion 

of the aforementioned power source line can make 8-dimensional 
crossiD.g with respect to the signal line. 

3. A semiconduct.or device as c1aimed in claim 1 or claim 2 characterised 

in that by folding back by about 180° the branched portion connected 
to the bonding terminal. porlion of the aforementioned power source 

line b:i'anched from the principal-portion of the power som"ce line so as 
to place a step portion. on the signal line, the p:z:iucipal portion of the 

aforementioned power source line is made t.o cross beneath the 

aforementioned signal ~e. 

~014/029 
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4. A semiconduct.or device as c:laim.eclin claim 2 or 8, characterised bl 
that from the lead portion coDD.ected to the bonding tamiDa1 portion of 
the signal line and the folding portion of the power.source line, the tip 
portion of the aforementioned lead portion is extracted as the out.er 
lead out from the mam body of the device, and the outer leads are 
extraCted. with virtually the same level with :respect to the 
aforementioned. device body. 

5. A semiconductor device as dmmed m. any of claims 1to4,, · 

cbaract.erlsed in that the power source line and the sigDal line are set 
nearly symmetrically.with respect to the column of the bond;ng pads. 

6. A semiconductor device as claimed in any of claims 1 to 4, 
characterised in t.bat the bonding temrlna1 portions of the p0wer 
source line and signal line and the bondin pads are connected direc:tly 

. by the bonding wires. 

7. A semiconductor device as claimed in any of cl&llns 1 to 6, 
characterised in that a groove is set at the bon~Dg termiaal portion of 

the signal line; a portion of the prlncipal section of the power source 
line :is inlayed int.o the aforementioned groove; the portion of the 

principal section of the power source line inlayed into the groov~ is :in 
contact wit.h the button surface of the groove via an :insulating 

material 

8. . A semiconduc:tor device as claimed in any of claims 2 to 7, 
chara.c:lierise m that the bra.ndied portion of the power source lme is 

shortened and the prindpal section of the aforementioned power 

source line is positioned near the bonding pad column. 

9. A semiconductor device as claimed in any of claims 1 to ·a, 
chara~ed in that it is an LOC <Lead On Chip) structure IC 
pacbfe. 
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