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The present invention relates to packagi ng sem conductor devi ces’ nor e
particularly to packagi ng board on chip (BOC) devices. BACKGROUND OF THE
| NVENTI ON The sem conductor technol ogy has shown a general trend towards
" the dramatic increase in integrated citcuit speed and density. Both of
"these trends are fuel ed by a general reduction in device (active el enent)
geonmetries. As sen BOARDON CEVP GALLGRIEARRAY (BOCtBGA) st ances bet ween
them on a sem conductor die becone, -and parasitics (such as parasitic
capaci tances) and switching currents becone smaller. In technol ogies, such
swi tching speed characteristics are
, H 3 54 >ss—the result is a reduction in total
power consunption at the sane tinme as switching speed is inproved. Overal
speed is further inproved by the reduction in_ signal propagation tine
bet ween act i vEheepriesest (rvention: relatgss ta packagingusemigpridusion Wevices: amd
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BACKGROUND OF THE INVENTION

The semiconductor technology has shown a general trend .-towards the
dramatic increase in integrated 6ircuit speed and density. Both of these trends
-are fueled by a general reduction in device (active element) geometri'es. As
semiconductor devices becomes smaller, the distances between them on- a
,semiconducto.r die become, and parasitics (such as parasitic capacitances) and
switching currents become smaller. In. technologies, such as CMOS, where
overall current draw and switching speed characteristics are dominated by the
effects of parasitics, the result is a reduction in total power consumption at the

* -same time as switching speed is improved. Overall speed is further improved by
the reduction in signal propagation time between active devices (e.g., transistors),
resulting from “the éhq_r_t,erdistahce_s involved. In today's high spéed integratéa'"*

- circuitry based-on sub-micron geometries, delays in the tens or hundreds of

‘ picoseconds can be appreciable.

Typically, integrated circuit dies (chips, or semiconductor dies) are diced

(cut' apatt, or singulated) from .a semiconductor wafer and are separated into

integrated circuit packages which have pins, leads, solder (bafl) bumps, or |
conductive pads by which electrical .connections may be made from external
systems to the integrated circuit chip. These packages are then typically applied

to circuit board assemblies including systems of interconnected integrated circuit
chips. '



. Circuitry based on sub-micron geonetries, delays in the tens or hundreds of
pi coseconds can be appreciable. Typically, integrated circuit dies (chips,

or' sem conductor dies) are diced (cut apart, or singulated) froma .

sem conductor wafer and are separated into-integrated circuit packages

whi ch have pins, |eads, solder (ball) 2ounps, or conductive pads by which

el ectrical connections may be nade fromexternal systens to the integrated
ci rcui t chi pThéleferementicress dameatidiEnproyveimesits yn appyrated toircuit speed dredhr d
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areas, much of the benefit of high device speed is lost. Wiring propagation delays and
‘transmission line effects, in integrated circuit packages and on circuit board
assemblies, which were once negligible are now significant factors .in the overall
performance of systems based on high-speed integrated circuitry. In order to
| achieve the potential higher system level performance opportunities afforded by
the new high density technologies, it is necessary to reduce the amount of signal
propagation time between integrated circuits. - '

Another significant factor in achieving high system level performance is-
signal drive capability. Longer signal paths are susceptible to noise, cross-taik,
etc., and require low impedance, high current drive circuits on the integrated |
circuit chips (dies). Such circuits tend to occupy large pottions of the die area,
either reducing the area available for other circuitry or increasing the overall die
size, aﬁd can introduce significant delays of their own. Clearly, shorter signal
paths and their attendant low signal drive current requirements are desirable to -

« achieve high perfor-mancel ‘ ,

In the prior art, a number of high density chip assemblies and packages
have been proposed and implemented. One such technique is commonly known
as "chip-on-board” technology, whereby integrafed circuit dies are bonded directly

‘to die mounting areas on a circuit board substrate, for example, ceramic,
fiberglass, etc., and are wire bonded (with thin “bond wires”) to traces on the
circuit board in areas adjacent to the edges of the dies. The elimination of the
traditional integrated circuit package permits chips to be placed much closer to-

gether than would otherwise be possible, thereby shortening signal paths and
reducing delays.



.. rfuch of the benefit of high device speed is |ost. Wri'ng propagati on del ays

" and transmssion line effects, in integrated circuit packages and on

circuit board assenblies, which were once negligible are now significant
factors in the overall performance of systens based on hi gh-speed
integrated circuitry. In order to achi®ve the potential higher systeml|evel
performance opportunities afforded by the new high density technologies, it

i s neceSUMMARY QHUTHEIINVENDIOM of signal propagation tinme between
integrated circuits. Another significant factor in achieving high system
| evel performance is signal drive capability. Longer signal paths are
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current drive cifcuits on t e Integrated circuit chips (dies)
ci r cui t sandeintetnal deadpy Addglenpﬂy,t ttmwrmenthpadxaglag earranrgaernent pami.udeslg t he

o DSt (o7 el ) RaSRA o e e i Sedudies
S el S g LAy | A, o
density dﬂsmneﬂﬁentﬂdlm sletticalksopadance important for the operation of high
speed devices, such as the synchronous DRAM. Additionally, the present
invention eliminates wire shorts to the bus bar and eliminates T/F. Additionally, .
the present invention eliminates the use of ultra-advance molding equipment
N development. Additionally, the present invention provides a true chip size
package, which leads ‘to improved mapping density. Additionally, the present
invention eliminates the bent leads. Lastly, the present ir{vention eliminate noise
due to cross-talk and improves the delays associated with longer wires.
The present invention includes a pacl.<age for an integrated circuit,
including a circuit board. for mounting the'integrat_ed circuit having a first surface
and a second surface, a connector device positioned on the first surface of the .
+ .circuit board for electrically connecting the i-ntegrated.circuit, and the integrated
circuit being positioned on the second surféce.



- .. have been proposed and inplenmented. One such technique is comonly known as

" "chi p-on-board" technol ogy, whereby integrated circuit dies are bonded

. directly to die nounting areas on a circuit board substrate, for exanple,
ceramc, fiberglass, etc., and are wire bonded (with thin "bond wires") to
traces on the circuit board in areas édj acent to the edges of the dies. The
elimnation of the traditional integrated circuit package permts chips to
be pl accBRIGEIDESCRIPTION QEtTHE DRAMINGS d ot herwi se be possi bl e, thereby
shorteni ng signal paths and reduci ng del ays. 3 SUWARY OF THE | NVENTI ON
The present invention reduces inductance that is induced between w res and

one. package 1aP" AUSMEINS o didoViah Al (RRRAGORAG WA PRIAG PSRBT nvent i on
provi des Fig. 2 illustrates a topview of the package with a stltch design;

Fig. 3 illustrates a sideview of another package die with molding topside;

Fig. 4 illustrates the topview of the same package die;

Fig. 5 illustrates another package die with molded topside;

Fig. 6 illustrates a variation of the package of Fig. 5 with potter topside;

Fig. 7 illustrates another sideview of another package wfth potter topside;

Fig. 8 illustrates another sideview of another package die’ with molding
N~ topside; |

X Fig. 9 illustrates the board and solder bumps; and
Figs. 10-14 illustrates a process of the present invention.



i short traces |l eading to favorabl e i npedance coupli ng. These short wires are
desi gned to reduce el ectrical inpedance inportant for the operation of high
speed devi ces, such as t'he synchronous DRAM Additionally, the present
invention elimnates wire shorts to the bus bar and elimnates T/F.
Additionally, the present invention ePim nates the use of ultra-advance

nol di ng equrpnent developnent Addrtronally, the present invention

provi deB = 0G . JHE ENTIONIs to i nproved mappi ng density.
Addrtronally, the present |nvent|on elimnates the bent |eads. Lastly, the
present invention elimnate noise due to cross-talk and inproves the del ays
associ at ed Wrig) 1 Mpgaated m soldtf BHIRSEUD ard poRitioped Alohydhe I@nﬁﬁ@dﬁﬂﬂ? for
an integrated circuit, including a circuit board for nountin

i nt egr aedgesiof printechaiveuiljbaard 122. Jerpravidethe raaswncspﬁmmgetweercmmect or
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bei ng pesithe Privted Birthit bvardN22s UTh@GRimber of the solder balls 100 correspond
to the number of connections to the semiconductor die 114. The semiconductor

die 114, which has been previously cut or diced is mounted to the printed circuit
board 122 by an attachment apparatus, for example, polymide tape or any
adhesive material suitable to attach the semiconductor die 114 to the printed
~—’ circuit board. 122. Advantageously, the semiconductor die 114 is the type with
connections along the Iortgitudinal axis of the semiconductor die. The electrical
connection may be positioned along the central axis of the semiconductor die
114. The solder balls 100 are connected to the semiconductor die 114 by wires
118 which may be made of material gold and traces (not shown). These wires
118 are attached to the semiconductor die on the side of the semiconductor die
114 that faces or abuts the printed circuit board 122. The wires 118 extend from
- the semiconductor die 114 through a hole-120 of the printed circuit board and are
attached to traces which run 'along or through the printed circuit board to the
solder balis. The hole through the printed circuit board 122 may be positioned at
the central longitudinal axis of the printed circuit. The semiconductor die 114 and
wires 118 are protected from external objects by the elements by sealing
material, such as the epoxy resin to form the chip-on-board (COB) semiconductor
device. Although, top and bottom have no absolute meaning, for purposes of this
application, the side of the printed circuit board 122 with the solder balls 100 and |
away from the semiconductor die 114 is referred as the top portion while the
bottom portion of the printed circuit board 122 is the side opposite to the solder
balls 100 and the same side as the semiconductor die 114.



.. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 illustrates a sideview of package

"die with potting topside; Fig. 2 illustrates a topview of the package wth

.a stitch design; Fig. 3 illustrates a sideview of another package die with
mol ding topside; Fig. 4 illustrates the topview of the sane package die;

Fig. 5 illustrates another package di€ with nolded topside; Fig. 6

| lustrates a variation of the package of Fig. 5 with potter topside; Fig.
| | ust r at esThesehling shatevinb™ 0f whichtibdormed lomgteviophsyrtadecof thepsiinted Fi g.
|
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I ustrahgs af%dNtaPEdnel SHpeP! PRE BbttbRY S84l material 112 forms between the
printed circuit board 122 and the semiconductor die 114 to encapsulate the
adhesive means 116 and the wires 118 and further encapsulate the sides of the -
semiconductor die 114. The bottom of the bottom sealing material 112 is
approximately flush with the bottom of the semiconductor die 114.

Fig. 2 illustrates that the top sealing material 110 is formed around the
wires 118 and are generally perpendicular to the longitudinal axis of the printed
circuit board 122. The height of the packaged device is very compact and

~ approximately only 42 mills. The wires 118 are very short and eliminate
| inductance. The height between the bottom of the printed circuit board 122 and
the bottom of the semiconductor die 114 is approximately 14 mills while the
height from the top of the printed circuit board 122_to the top of the solder balls
100 is approximately 20 mills. The semiconductor die 114 is spaced
approximately. 1 to 3 mils from the bottom of the printed circuit board 122
depending on the type/method of die attached used.
Fig. 3 illustrates a variation of the package of Figs. 1 and-2, in that the top
sealing material 124 has more angular shape with sloping sidewalls. The topview
“illustrates that the sealing material 124 has an approximately rectangle shape.
Turning ﬁow to Fig. 5, Fig. 5 illustrates that the bottom sealing material 126
is not flush with the bottom of the semiconductor die 114 and éntirely
encapsulates the semiconductor die 114 including the bottom surface of the
semiconductor die 114. This improves the protection of the semiconductor die
114, but increases the overall height to approximately 50 mills.
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Fig. 6 illustrates that the top sealing material is a curved top sealing
material 110. The overall height of this package is approximately 50 mils.

Fig. 7 illustrates that the semiconductor die 114 is not enclosed on either
the bottom or sides by a sealing material. The adhesive material 116 extends



.5 DETAI LED DESCRI PTION OF THE I NVENTION Fig. 1 illustrates that sol der
"balls 100 are positioned along the |ongitudinal edges of printed circuit

, board 122. To provide the nmaxi num spaci ng between the individual solder
balls, the solder balls may be positioned along the outer edges of the
printed circuit board 122. The nunmber & the solder balls 100 correspond to
t he nunber of connections to the semconductor die 114. The sem conductor

die 114, gﬁb W%hwtdﬂiﬁé/ 'mﬂruoﬁ%.derofdtlh%egnm%dn@wmeéohm e, prhpy ed
circuit board 122 by an attachnment apparatus or exanple, polym de tape or

any adheextensian ef |tlae asiiiasivg material 146 Iprovides caistabigupountiag Hlatfarm dor he

printed ﬁ%rcwt bo ‘5. ﬁ}dvant ageously, the sem conductor die 114 is the
type wt ¢ SR or, Snb he | ongi tudi nal axis of the sem conductor die.

The el ectricalp @@@CM@angamg F&%Ilhg%‘éibrﬁilm i asedwitithéederded he
sem conductor di € 114. The sol der ball§ 100 are connected to the

seni condadhesivei enateriabyl 16. r eShe 1dimensionsresf the mumccnduahoérd@ 134! arennd
traces (nov shown), Jhese w 1e9,108,408 QIAACHSSd 925" SoRg heRAgRLdnal ©
axis of the printed circuit board 122. :

"Fig. 9 illustrates a construction in the form of a structure of the printed
circuit board 122 with the solder balls. The structure includes a hole 200 formed
by etchings other suitable process and extends from the .tbp surface of the printed
circuit board 122 into the printed circuit board 122 down to and exposing
conductor 202. Conductive ﬁ‘laterial 204, for example, gold or copper is plated on
the walls of the hole 200. A conductive plug 206 is deposited in to hole 200
forming a conductive via from the surface of the printed circuit board 122 to the
conductor 202. Contact 208 is electrically conductive to plug 206 and is formed
on the top surface-of the printed cwcwt board. .

Figs. 10-14 illustrates a process for the construction of devnce in

+ accordance with the principals of the present invention.

A hole 120 is formed along the central longitudinal axis of the printed circuit
board 122. Adjacent to the hole 120 and on the bottomside of the printed circuit
board 122, adhesive material 116 is placed. Semiconductor die 114 is positioned
next on the adhesive means 116 as illustrated in Fig. 12. : _

In Fig. 13, wires 118 are formed from the semiconductor die 114 to the
conductors located in the printed circuit board 122 by wire bonding r_nachlnes (not
shown). As illustrated in Fig. 14, a top sealing material 124 protects the wires
while a bottom sealing material 126 protects the semiconductor die. These top
and bottom sealing materials are formed by molding machine (not shown). Thus,
the wires are very short and eliminate inductance reéulting from longer wires and



114 that faces or abuts the printed circuit board 122. The wires 118 extend
‘fromthe seniconductor die 114 through a hole 120 of the printed circuit
.boar’d and are attached to traces which run along.or through the printed
circuit board to the solder balls. The hole through the printed circuit
board 122 may be .positioned at the centgral |ongitudinal axis of the printed
circuit. The sem conductor die 114 and wires 118 are protected from

ext ernal ghi S el y al | material, S .as [ he epgoxy
resin to é}glr’ﬁ%tghe@gﬁf p-%n-"‘t‘:"r(l)};‘aé?ﬁ %ﬁﬁcﬁﬁas eér#‘g)(l)' uc 0034”&\,%&‘_'00,&[4%@?[9 h,g'et op
and bot t drurttearenore, abduisusar ismeeded, for purposes. of this application, the

side of the printed circuit board 122 with the solder balls 100 and away
from the sen ddiiRrasent invention fusthegreliminatessor AiNiNYges Sernt deads resulting

bot t om PGt Ae i f ifeuit board 122 is the side opposite to the
sol der bal 183%§%E%Fﬁghggﬁgoségé as the sem conductor die 114. 6



_,Th-e seal ing material 110, which i.s formed on the top surfa rinted
"circuit board 114 to cover the wires 118 and the hole 120&@“ ﬂ" i ﬂl’l)u ,
W res and has a general curved shape. The bottom sealing y

o]

between the printed circuit board 122 and the sem conductor die 114 t ?
encapsul ate the adhesive neans 116 and9the wires 118 and furt her
encapsul ate the sides of the sem conductor die 114. The bottom of the

bottom sqﬁHml@!%@EgllZ is approximately flush with the bottom of the
sem cond —Fig. 2illustrates that the top sealing material 110
is fornmed around the wires 118 and are generally perpendicular to the

| ongi tudinal axis of the printed circuit .board 122, .The hei ght of the
packaged devi de i s ARaGkageiena pirgraled JIGUWaceMPISNG 42 m | 1s.. The wires

118 are very short ja |y et Hﬂ}{ﬁﬂ Th ot h tom
of the printed ci rguigﬁcgﬂct)ar GA@ZEOHan t @@Eg}??o@ﬁaﬁ}ﬁ%%; cé@%h\(l:\ﬁﬁgﬂbt gr h%te
114 i s apsurtacerand bysebdna durfacshi | e the height fromthe top of the printed
circuit board 122 to the top-of the sol der ball 00 js approximately 20 .
mils. The seni coRdeRANCId) deviga posit ﬁ}ﬁ)ﬁﬁiﬁ%{@sﬁﬁfﬁ?&'@umeb%rﬁr om
the bot t oy fedthiGally dtirsbiny'thtifitegPatbl chrétit; and |

said integrated circuit being positioned on the second surface.

2. A package for an integrated circuit, as in. Claim 1, wherein said
integrated circuit is attached to said circuit board by epoxy.

3. A package -for an integrated circuit, as in Claim 1, wherein said
integrated circuit is attached to said circuit board by adhesive tape.

4. A package for an integrated circuit, as in Claim 3, wherein said
adhesive tape is polymide tape. |

5. A package for an integrated circuit, as in Claim 1, wherein said circuit
board has a hole to place wires to connect the integrated circuit and said
connection device.

6. A package for an integrated circuit, as in Claim 1, wherein said
. connection device includes a solder ball.

7. A package for an integrated circuit, as in Claim 1, wherein the
package further comprises:
a sealing material to seal the integrated circuit, and wherein the
sealing material form a flush surface with a surface of the integrated circuit.



.dependi ng on the type/ nethod of die attached used. Fig. 3j

“variation of the package of Figs. 1 and 2, in that the top”mmmﬂmallﬂ'“l“l
. 124 has nore angul ar shape with sl'oping sidewalls. The topview il4udtréted
that the sealing material 124 has an approxinmately rectangl e shape. Turning
nowto Fig. 5, Fig. 5 illustrates thatlOthe bottomsealing material 126 is
not flush with the bottom of the sem conductor die 114 and entirely
encapsul ates the sem conductor die 114 including the bottom surface of the
sem conductor die 114. This inproves-the protection of the sem conductor
die 114, but i8acredspackage doeran |integrated cocappasximdilaig 0 wharein theg. 6
illustrates, that the top sealing nmaterial .is curved seal in terial
110 The RARSPER! e BOmPTRRP o rAlige rateRah 8, F B BRRrp Safy gfo

i |l ustratigfedrlid éiRgiisem conductor die 114 is not enclosed on either the
bottom or si"des by a sealing material. The adhesive material 116 extends



fromthe hole 120 to the outernost side of the printed circuit board 122.
"~ This extension of the adhesive material 116 provi des a stable nounting
platformfor the sem conductor die 114. In Fig. 8, the angular top sealing
"material 124 is used with the extended adhesive material 116. The

di rensi ons of the sem conductor die 112 are approximately the sanme as the

printed BOARDI bNboALE BRPLAGRYO AﬁﬁA&PB@&IB@Aﬂm axis of the printed .
circuit R@ﬂqﬁ@ﬁ Oﬁg;gg%iééyégr!ﬁgrs a construction in the formof a

structur rd 122 with the solder balls. The
structure includes a hole 200 formed by etchings other suitable process and
extends fromthe top surface of the printed circuit boar 2 into the

d, 12
printed circubt PREkRge 1199 anwintegraled eiigitiingudsn dacetsuibdaoardy, ddcfor e

mat eri al : I g | { he
ol o 200moRttinGdhe iRERafed SB4R Pla HAORG o KIS B WXotld surflod, ¥
conduct i gennectid devidee positibaed of theefifsti surfatec iof dthet cibout hodP@ 122 fbe

conductor 202. Contact 208 is electrically conductive to gE)I ug, 206 and is
formed oflagiécalypcanpecitng Hie inegmted: @cwt 1ddi and dhedintegrated circuit 114

being positioned on the second surface of the integrated circuit 114.

Figure 1



Figs: 10-14 illustrates a process for the construction of device in
accordance with the principals of the present invention. A hole 120 is
.forrmed along the central |ongitudinal axis of the printed circuit board
122. Adjacent to the hole 120 and on the bottonside of the printed circuit
board 122, adhesive material 116 is placed. Sem conductor die 114 is
positioned next on the adhesive neans 1;}p as illustrated in Fig. 12.
Fig. 13, wires 118 are fornmed fromthe sem conductor die 114 to the
conductors located in the printed circuit board 122 by w re bondi ng
machi nes (not shown). As illustrated in Fig. 14, a top sealing material 124
protects the wires while a bottomsealing material 126 protects the

sent conductor die. These top and bottom sealing nmaterials aré fornmed by
nmol di ng machi ne (not shown). Thus, the wires are very short and elimnate

i nductance resulting foromlonger wires and provi des favorabl e inpedants

.and coupling to the sem conductor die:
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_Furt.hernore, no bus bar is needed. The present invention further elimnates
“or mnimzes bent leads resulting fromthe wire placenent process. 9

. VWHAT IS CLAI MED: 1. A package for an integrated circuit, conprising: a
“circuit board for nounting the integrated circuit having a first surface
and a second surface; a connector device positioned on the first surface of
the circuit board for electrically conddting the integrated circuit; and
said integrated circuit bei positioned on the second surface. 2. A
package for an integrated ¢frcui®, as in Claiml, wherein said integrated

circuit is attac?ey saiﬁ CiECUi()Hf?{d poXy.
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...3. + A package for an integrated circuit, as in Caim1l, whierein said
“integrated circuit is attached to said circuit board by adhesive tape. 4.
. A package for an integrated circuit, as in Caim3, wherein said adhesive
tape is polym de tape. 5. A package for an integrated circuit, as in
Claim1, wherein said circuit board has a hole to place wires to connect-
the integrated circuit and said connecBi/én device. 6. . A package for an
integrated circuit, as in Caim1, wherein said connection device includes
a solder ball. 7.- A package for an integrated circuit, as in Caiml,
wherein the package further conprises: a sealing material to seal the
Integrated circuit, and wherei-n the sealing material forma flush surface
with a surface of the integrated circuit.’ :
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.10 8. A package for an integrated circuit, as in laimi1, wherein the

~ package further conprises a sealing material to conpletely encapsul ate the

integrated circuit.
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