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independent elements which can fit on to a semiconductor chip has grown exponentially each

year. For example, the first integrated processors comprised on the order of 2300 transistors.
15 A recently announced integrated circuit processor comprises more than 220 million
transistors. Other circuits are projected to contain over 1 billion transistors in the foreseeable
future.
This continued exponential growth of semiconductor manufacturing processes, while
contributing to the greatly decreased costs of individual semiconductor devices and products
20 has also exacerbated many production and testing problems associated with coﬁmercial
semiconductor manufacturing processes. The substantial increase in the density of electronic
circuits in the semiconductor integrated manufacturing processes has resulted in the
production of many more less-than-perfect semiconductor die or chips. This increase in the
production of less than perfect chips and die has spawned a new market for electronic
25 component sellers who find ways to utilize less-than-perfect chips or die to assemble working
components.
The many enhancements and advancements in semiconductor manufacturing and
packaging processes have resulted in the creation of a number of price sensitive

semiconductor product applications for electronic parts sellers. In particular, these electronic
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modules) under high heat and high voltage stress may frequently cause a number of failed and
broken chips, due mostly to a difference in the thermal expansion coefficients of the chips
and the circuit board base. By using one or more selectively settable liquids to provide a
thermal and physical buffer (pad) between an unpackaged part and a printed circuit board,
20  heat expansion stress can be reduced.
In summary, there is an ongoing need in the art for means and methods of producing
low cost semiconductor devices, particularly memory modules. Related to this is an ongoing
need to make use of semiconductor devices that are partially-defective so that such device are
not completely wasted. The use of unpackaged parts, including new mounting techniques, is

25  desirable to provide important cost saving practices.

SUMMARY OF SELECTED EMBODIMENTS

Among many possible embodiments, the present invention provides a number of

Chip-on-Board memory modules fabricated using a variety of patching methods and a new
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BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings illustrate various embodiments of the present invention
20  and are a part of the specification. Together with the following description, the drawings
demonstrate and explain the principles of the present invention. The illustrated embodiments
are examples of the present invention and do not limit the scope of the invention.
Fig. 1 is a flowchart illustrating a method of manufacturing Chip-on-Board memory
modules according to one embodiment of the present invention.
25 Fig. 2 is a schematic diagram illustrating a memory part that may be used to fabricate
a memory module according to one embodiment of the present invention.
Fig. 3 is an illustration of a top-view of an unpackaged semiconductor chip with inline
central pads connected to a PC board base according to one embodiment of the present

invention.



3 WD 03/073357 PCT/US03/05846 Fig. 4a is a perspective side view of a

Chi p-on-Board nenory nodul e according to one enbodi nent of the present
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Fig. 9 is a flowchart illustrating a method of mounting unpackaged semiconductor
15  chips according to another embodiment of the present invention.
Throughout the drawings, identical reference numbers designate similar, but not necessarily

identical, elements.

DETAILED DESCRIPTION OF SELECTED EMBODIMENTS

20 Chip-on-Board memory modules fabricated using partially-defective memory parts or
a combination of partially-defective and flawless memory parts are disclosed herein. A
combination of memory parts, which in one embodiment includes at least one unpackaged
chip, are mounted on a printed circuit board and tested. By using one or more selectively
settable liquids to mount unpackaged memory chips, a number of fabrication benefits are

25 facilitated, e.g., unpackaged chips are easily oriented, bonding wires are secured, memory
chips may be removed if necessary, etc. A number of different circuit boards, memory parts,
and patching techniques result in a variety of functional modules. Additionally, a cover may
be used as part of the module for aesthetic value and protection of fragile parts, leads, wires,

etc.
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15  selected embodiments. When using UV material, different wavelengths of light may cause
different levels of hardness. For example, light with 700 nm (nanometers) wavelength may
cause a certain liquid UV material to thicken, while light at 1000 nm causes the UV material
to permanently harden. Accordingly, tools that dispense UV material and emit light may be
used in the process. Such tools include the PC-3D made by Dymax.

20 When mounting die on a PC board (step 101), a ring of selectively settable material is
preferably used to surround the die and hold the die in place. Once mounted, the alignment of
each unpackaged chip may be adjusted (step 102), after which the ring of selectively settable
material disposed around the chip is cured or hardened (step 103). The hardened ring around
each die keeps the die in place. In some embodiments, the ring is higher than the die it

25  surrounds to facilitate the addition of bond wires.

A layer of selectively settable material is placed between each die and the PC board.
In one embodiment, the same settable material that is used between each die and the PC board
may also be used around each die or two different selectively settable materials may be used.

More specifically, the selectively settable material used between the die and the PC

30  board should have a higher curing temperature than the material used around the die. This
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die and the PC board (step 105).
After the wires are bonded, connecting the die to the module, a visual inspection of
the wires is made (step 106). If there are any missing or broken wires (determination 107), a
20  manual adjustment of the bonds (step 108) is used to correct the problem. The unit is visually
inspected again (step 107), and if there are no missing or broken wires (determination 107), a
small amount of selectively settable material is placed over the wires and hardened (step 109).
Any packaged parts used on a Chip-on-Board memory module may be mounted by
soldering the leads of the package to pads on the circuit board. Specific pads on the PC board
25 are usually designed purposely for use with packaged or unpackaged parts. As used herein, a
“Chip-on-Board” PC board may contain any combination of pads utilizable for connecting
memory devices to the PC board. Preferably, at least one set of pads is designed for use with
an unpackaged part or device.
After the memory parts have been mounted (step 100), the patching process (step 110)

30  begins. Preferably, the module is first tested (step 111) using a series of read/write

6
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20 (st |ng pr ect roniids” an
cayse 'pag ﬂlﬂodghftlﬁ'mf)ﬁlhtiﬂgrﬁﬁcess (step 100) before the module can continue on to the
patching process (step 110).

After a suitable combination of memory parts and patches provides a functional
module, the module goes through a testing process (step 120). Preferably, the module is first
placed under a high heat and high voltage test called burn-in (step 114). The burn-in test

20 (step 114) accelerates the aging process of the electronics and may cause “early-life” failures
to occur in the oven. If a fail occurs during burn-in (determination 122), the patching process
(step 110), and if needed the mounting process (step 100), is repeated until a module passes
the burn-in test (determination 122).
As indicated above, the uncured adhesive liquid that remains under a select memory
25 die serves as a thermal and physical buffer between the die and the PC board. This buffer
may be valuable during the bumn-in test to prevent damage to the unit caused by unequal
thermal expansion coefficients of the die and the PC board.

There are a number of commercially available testers, which may be used to test

memory in the form of die, chips (packaged parts), and modules. Such testers are commonly
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process (step 1 testing process (step 12 are repeated
nodul e pathagproddss {(siep 1HA) ambtestinggprdcgsaldtgr () aﬁmpe(atd@tmﬂnmmdudmpals%) T

desi red a cover n then be added (st 131) to protect the menmory parts
and®al It e%?%‘&%@ﬂa'@aﬁ’%ﬁﬁmﬁ}s@tqrﬂ’éméﬁpf %E of the PC board. In sone

embodi ment S’If&é}gre&%v&rvepéaﬂ‘{h&te@e acﬁgg)(s&@a Eﬁo?éc't &e%éﬁﬂzr&ﬁg atd IECt i on

to the nodul e ut’ does not act as a cover oes not
t ouch tekposedrityitrpanttise surfacd bethp POClesmsd. o ang enbodayerite tiacaveeprooides usi ng
aut omat ed machi nery for fabrication, patching, and testi ng purposes. In

one enth Hagtrosigtic RisshatgehproticHen tithe madylss Airdags et achpsHReM 8Inknke-or nor e
sel ect iy, J:&Qe?ﬁ%ésq'{?)} ulchﬂ{é'rﬂérp &gﬂp& menory parts to a PC board, connect

/0O bit |nes outp performfunctionality tests, attach the
pratecti ve Cihégirocess 6f Fig. 1 may be carried out using automated machinery for fabrication,

patching, and testing purposes. In one embodiment, automated machines are programmed to
dispense one or more selectively settable liquids, mount memory parts to a PC board, connect
I/O bit lines to I/O output lines, perform functionality tests, attach the protective cover, etc.
In another embodiment, the dispensing of selectively settable liquids, mounting of memory
20  parts to a PC board, connecting I/O bit lines to I/O output lines, performing functionality tests
as described above, mounting a protective cover, etc., may be performed manually. Another
embodiment of the Chip-on-Board fabrication process, shown in Fig. 1, uses a combination of
automated and manual labor.
Fig. 2 is a schematic diagram of a memory part that may be used to build a memory
25 module as described herein. As shown in Fig. 2, the memory part (200) may be represented
by a block (201) and a number of labeled pins (202). The memory part itself (200) may be
any size or shape, and the pins (202) may be located at any location on the surface of the
semiconductor material from which the memory part (200) is made. There are many types of
memory units and technologies, €.g., DRAM, SDRAM, Single Inline Memory Module
30 (SIMM), Dual Inline Memory Module (DIMM), BGA (Ball Grid Array), etc. In general,
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t he Chi p-on-Board fabrication process, shown in Fig. 1, uses a conbination
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SDRAM Single Inline Menory Mdul e %p fSINmo Dual Inline Menory Modul e
(DM, BAA (Ball Gid Array), etc. iahle neral, 8 WD 03/073357

PCT/ US these y units and tecﬁnorogl R rmi{he sane
functlon§9am% re described by Table 1. Table %&ngﬂPRType Descri ptj on
Al n: 0]} Ampojt - Sy niclhper®ushidnoudef i ni { Pindefintidhenecfunotiornéf drayayzesi ze  CLK

| nput -iClLock Mastier Clock i nput CKE | - C '

hi gh, |dddeti vat esinpife@loclew  RAS# | np aStS}‘/ﬁ:éQﬁkdh@ﬁs Row addr ess strobe [CS#

addr e{L e obo MBI B PEMEnr onolecN A TeC TRANI T8 S0 kR VREBE oo -

contr glpAthe dat mput Hechidbher s  DbHdIRPitobay nchr onous W ite m)de -
masks |data frompbpeing witten DQ(xi0) |nput/Qutput-Synchronous Data VO
pi ns VE&S# Vss PoweputpSyrshi®nppd y pi né Stleets chip vdemective

CAS# Input-Synchronous Column address strobe

WE# Input-Synchronous Write enable strobe

DQM# Read mode - controls the data output buffers

DQML/H# | Input-Synchronous Write mode - masks data from being written

DQ(x:0) Input/Output-Synchronous | Data I/O pins

Vce, Vss Power pins Supply pins for the core

VeeQ, VssQ | Power pins Supply pins for the output buffers

As shown in Table 1, a variety of signals function together to read data and write data
using a memory part (200). In particular, these signals allow a host device to activate a
memory part (200), access a particular memory segment defined by row and column, write
information to the memory cells, read information from the memory cells, etc.

10 Fig. 3 1s an illustration of a top-view of an unpackaged memory chip with in-line
central pads connected to a printed circuit board base. As shown in Fig. 3, the input and
output signals, e.g., the signals of Table 1, may be connected to a host device by bonding
wires (303) between pads (304) of the unpackaged memory part (301) to pads (302) on a
circuit board (305). The pads (302) of the circuit board (305) may be pre-wired to allow a

15 host device to effectively utilize the memory part (301). Specifically, the memory part (301)

of Fig. 3 is an illustration of a physical embodiment of the memory part (200) schematic of
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connect the rg (401). In
order to pr oﬁf%%%qtg Cfgsetu %“%?gg‘%gé déﬁgﬁgﬁﬁa%aggé%ﬂgg? M&nttedgggeqtectl vel y
set t ablbeatd. Al ﬁo@zﬂaﬁﬂ)ﬁg ﬂbdamwaslmgeapm (402) isvaouhited (04DRT boudr(481)(w40r3)

pads, etc., and hardened.  Fi is . a close-up cross-sectional view of an

unpéc ké@%alpsseteom selechvely %@%’tﬁée migtaial. AAESIsRENN ofpelertively pettals mapARlkaged
part (49 12%) i$ 5 EGWQ& e ﬁlepqio?)%g%é PO bhatiS409). Iﬁgorfis‘é%@&lf&ﬁf‘st fps of

sel ecti mat e st section of selective séttabl e

mat er i &’irst(sédtﬂdn ofsclbaveyd sdinblanietidl €4 ) eernditd )iqaiddint lp&)vlﬂ!ésbqﬂllyﬁicz(léhﬁd) I n
some enbodinents, this first section of selectively settable materi al

(414) rtesriahBad bejwren Wadieid89) MePLGbemg 48l and thermal pad between the
f"hg I(D‘éoﬁzjafgﬁ f%i lPoof%rcfr? |ﬂ{neg %%cka%@dy@z{rrfﬁl{())g j & thasl dolfn HOPAFKAZET 1RRRo( 402) tO
15 selectively settable material (413) is placed around the perimeter of the unpackaged part
(402). After the unpackaged part (402) is correctly oriented, the ring of selectively settable
material (413) is hardened, thereby tacking the die (402) to the PC board (401). Additionally,
the height of this first layer (413) may be higher than the die (402), thus allowing bonding
wires to rest on the first layer (413) without touching the die (402).
20 After being hardened, the first ring of selectively settable material (413) may be
covered with a second ring (or layer) of selectively settable material (416). By placing part of
the bonding wires (414) within the second layer of selectively settable material (416) and
hardening the second layer (416), the wires (414) may be captured. By trapping the wires
(414), the process of connecting bonding wires between a die (402) and a PC board (401) is
25 greatly facilitated. During this process, care should be taken to separate each bonding wire
(414) within the second ring of selectively settable material (416) to avoid shorting wires
(414) together.
Fig. 5 is a block diagram illustrating a layout of major components of a Chip-on-
Board memory module fabricated using patching networks. As shown in Fig. 5, the memory

30  module (500) comprises a printed circuit board (501), unpackaged memory parts (502),
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anot herdefotiodimenioty pdrtst(562,i507ent i on, a menory nodul e (500) may include
packaged nenpry parts (507). Addi ti onal | , other electrical conponents
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pat chi RgnATRSICRSS Msmsyy @R M 15tql Inygenerel sranians PABSTSISy thramemopseast of507) .
10 TR 2 PR L TR RS BTN S BB g1, e
(Sh¥M or Duay mh@]blblilﬁbrmc)f bits, i.e., byte, word, etc., stored and accessible in memory,
provide information significant to the host device and software applications running on the
host device.
The I/O signals, e.g., DQ(x:0) in Table 1, of the memory parts (502, 507; Fig. 5) are
connected to one or more patching networks (503). The patching networks (503) comprise a
20  collection of traces, etc., that allow one I/O signal line to be substituted with another I/O
signal line by manually or automatically changing the connection at one or more designated
locations. Preferably, the patching solution uses more controllable memory parts (502, 507)
than past patching solutions, e.g., the solutions presented in US Patent No. 6,119,049, to
accomplish another process for patching memory parts. Some examples of patching
25 networks that may be used include 2-to-1, 4-to-1, and 8-to-1 patching networks as described
in the co-pending patent application entitled, “New Methods and Apparatus for Patching
Memory Modules.”
Specifically, the memory parts (502, 507) shown in Fig. 5 allow the host device to
provide a number of additional read/write control signals, e.g., DQM# in Table 1, that
30  eliminate the need to steer CAS (Column Address Select) and RAS (Row Address Select)
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Modul e (DIMV), Dynam ¢ Random Access Menory (DRAM, Synchronous Dynam c
Random Access Menory (SDRAM), etc. In general, nenory parts, e.g., the
nmenory pawo 0073351 g. 2, enable a host device to store andParasssoBAe of
nore bits, i.e., an electronic, or logic, 1 15 or 0. A single bit or group
of bits, i.e., byte, word, etc., stored and accessible in nenory, provide
i nformati on significant to the host devi ce and software applications
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t he nenory componen
15  For more detailed information regarding patching networks (503) and processes, a reference

may be made to US Patent No. 6,119,049 and the co-pending patent application, entitled,
“Improved Patching Methods and Apparatus for Fabricating Memory Modules.”
Fig. 6 is an illustrative cross-sectional view of a shielded Chip-on-Board memory
module. As shown is Fig. 6, the module (600) uses a PC board (601) as a base. Attached to
20  the PC board (601) are packaged parts (602) and unpackaged parts (603). In particular, any
combination of packaged parts (602) and unpackaged parts (603) may be used. In some
embodiments, at least one unpackaged part is used (603).
Covering the memory parts (and any other electronics, leads, wires, etc.) is a cover
(804), which may be mounted to the PC board (601). In at least one embodiment, there is no
25  electrical or physical contact between the cover (604) and the memory parts (602, 603) such
that the cover (604) does not act as a heat sink for the memory parts (602, 603). The cover
(604) advantageously increases the security and aesthetic appearance of the module (600).
Fig. 7 is an illustrative top-view of a Chip-on-Board memory module. As shown in
Fig. 7, a cover (704) is attached on one or both sides of the module (700) using rivets (707),
30  or other fasteners, that attach the cover (704) to the PC board (901). As an added protection,
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stabilize the power 10 supply signal for each nenory part (502, 507) by
renovi ng woas/otasgh frequency el ectrical noise that nmay o®cmErusSoFbrs46

i nterface connections (506) enable the nmenory nodul e (500) to be
conveniently plugged into an appropriate connection device of a host

devi ce. Through the connection, the host device is able to interact with
t he nenory nodul e (500) as herein above described, etc. is For nore
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not act as a neat si nory parts ( 603). The cover (604)
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nodul e (600) an illustrati t op- vi ew of i.p-on oard menory
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con nECtslhgevi 1r(1 1739g6)8 Tthg grrgr?gde%e%t (r)rta genlr)r(laetgr%ggs EStO?lsjshown in Fig. 8 is in contrast to
other pad configurations, e.g., the inline central pads shown for the die of Fig. 3.
In general, the use of selectively settable material may greatly facilitate the process of
attaching bonding wires to unpackaged chips for any variety of pad configurations. By using
20 selectively settable materials, as described herein, bonding wires can be positioned, physically
separated from other wires, readjusted, protected, etc.
Fig.9isa ﬂbwchart illustrating a method of mounting an unpackaged semiconductor
chip with perimeter pads. As shown, the method of Fig. 9 is similar to the mounting method
(step 100, Fig. 1) shown in Fig. 1. In particular, the method of Fig. 9 illustrates a method of
25  mounting unpackaged semiconductor parts, e.g., the unpackaged part (801, Fig. 8) shown in
Fig. 8, which have one or more layers of pads around the perimeter of the unpackaged part.
As shown in Fig. 9, the method comprises mounting a die on a PC board (step 901).
This may be accomplished as described for Fig. 1, wherein the alignment of each unpackaged

chip is adjusted (step 902), after which a ring of selectively settable material disposed around
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to any device, e.g., the notherboard of a host device, equipped to read and
wite information to the particular nmenory nodule (700). Fig. 8 is an

i 11 ustratwomn3of33ss t op- vi ew of an unpackaged sem conduct or PCliUsoxessin

peri meter pads connected to a PC board base. As shown in Fig. 8, an
unpackaged i o sem conductor chip (801) may be attached to a PC board (805)
in simlar fashion as shown in Fig. 3, wherein bonding wires (803) may be
attached between pads (804) of the unpackaged chip (801) and pads (802) of

the PC bo rd. (805). .Th IIust f F| sho r_configuration
of pad§¢( Bys Qe o éo%a?rg g@éi‘} TR etaa]gg’;‘?g?f?ps('g A1 e
distri tb ed around the per| nmeter of the unpackaged part 15 (801). More
speci fi ca(ily, an outer |layer of pads (806) and an inner |ayer of pads (807)
are shown i Mnkboge etbodifents; awygemetecnf/elpeetiab’&tmate@&idsm(aaﬂﬂbetwémumch n Fig.
8 is in contrast to  other pad configurations he inline central

pads sHKbaand Be PORoag. elhsr samegettable prtegiahbatis us?%@%‘lé‘i&“ Feh dig andithg Bey .
settablig Hﬁ&l@y 18 bIBYdY: &ﬂ@' ehelf BRIdr 't\fvé‘ﬁﬁfetr&& saegfvegﬁsfeﬁable AL &g bondi ng
ps of pad ¢ y

Wi res to unpac aged chi or any variety nt1gurati ons. usi ng
20 sel astd yedogcsipddtabble materials, as descri bed herein, bonding wires can
be positioned, physically separat ed fromother wres, read ust ed,

pr ot ect ed, bon‘lfir glayghqnsaﬁaw Wire Retivieert theputer RadsRf the Hﬁiaﬁb%geéﬂ’aﬁﬁ%t ing an

UnpackaRg R AL 0 e P ORI 810 il s Y N
1. I n pagybewsedto cdd&ﬁthé&ioh@ﬁig@@lrdaagaclﬁd itd theDluteapads of the tyssdk ded partmount i ng

unpackaged sem conductor parts, e.g., the unpackaged part (801 Flg 8)
sha@n i(Btep BPg). Asfteryjighha h@zvbng)weclane ey éttaoayeree f@%ﬁ?&d@e

ﬁgL'n[rF ; Inpg &gec{%arpﬂﬁg%l&gg?gg@?d;o:ard (s@é f%@?ll’%{ hﬁ%&g%;tl%egcsgﬁ%q]@&ﬁ%glap@gpr i ses
descri hiderited fo Big. 4b), thB@o&itilityns dainugmgmtes Qfnpecicigedippaskrged chip is

adjusted (step 902), after which a ring of sel ectlvely settable materi al
di sposmﬁwﬁmredllsed/\o 03/ 073357 PCT/ US03/ 05846 the chip is cured or

nerSened. (oL Rl d BN ASPE LIRSS LR ]
pl aged JreiPEBsure &k 906), another layer of selectively settable material may be added to cover
the inner layer of wires and pads (step 907). After the wires are bonded (steps 904, 906), and
selectively settable material separates and covers these wires (steps 905, 907), a visual
inspection of the wires is made (step 908). If there are any problems (determination 909),
e.g., wires that are broken, shorted, out of place, etc., a manual adjustment of the wires and
20  bonds may be used to correct the problem (step 910). The unit may then be visually inspected
again (step 908), and if there are no problems (determination 909), the selectively settable
material, which covers the wires and pads, is completely hardened (step 911).
The process of Fig. 9 may be carried out using automated machinery for fabrication,
etc. In one embodiment, automated machines are programmed to dispense one or more
25  selectively settable liquids, mount unpackaged parts to a PC board, bond wires between
unpackaged parts and a PC board, perform functionality tests, etc. In another embodiment,
the dispensing of selectively settable liquids, mounting of unpackaged parts to a PC board,
and performing functionality tests as described above, may be performed manually. Another
embodiment of the Chip-on-Board fabrication process, shown in Fig. 9, uses a combination of

30 automated and manual labor.
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die and the PC board. The same settable material that is used between each
die and the PC 5 board may al so be used around each die or two different

sel ecti vevQ o3etiBdabl e materials are used as descri bed aboveT/iAodiaasder may

then attach wires between the outer pads of the unpackaged part and pads

on a PC board (step 904), as illustrated in Fig. 8. A layer of selectively
settable material nay be used to cover the bonding wires attached to the

outer pads of the unpackaged part 10 (step 905). After which a bonding

nmachi ne ma ttach wir bet ween the i npner ds.of an npackage art and
bads of & petisaperreiy BpregisSs b phohBarERty S ls MaBeas Hteh FaY ( as
descri hgd sél@(ftivgl}gsgtégg% %n_awi‘%l ReSRUBbdriot WaQf. HaIREUNG, MdcBPely YARBRKaged

parts, etc., | icantly reduced. After attaching bonding wres
bet weemitbeal inmayead v patdgeoosly il esedpacthaged apdphysaatbpéd detwidsnah a PC board

(step 906), anpther | of, se]ectiyely settabl e mater.i al y added to
cover uc“ﬂé"lﬁaﬁ?i&’aq %ay(gﬁ’o%dr eAs‘JdéfHH‘a. fEC P8 MEE° g‘@?r)s .Otffﬂﬁl?‘télrvegﬁétt%?? es are
bonded {5t &AM reciIR) be B 5to %gﬁot%étﬂo\ﬂ&ihg witdsbABlHRdB hsdc-Rigeacpar at es and

covers these wres (steps 905, , a visual 1nspection of " the wires is
made ( sempcod@&tor parts Whick uae & vanmty pf il configgrdeomes: M aidltsteate DDy e, pads gn,
wires that are broken, shorted, out of p|ace, etc. . manyal adj ustnent of
the wi radnBAkases SsaHERNduEloT Bt e epﬁﬁcegmrtge’ee&tﬂé)%cﬁ%(aéﬁﬁwe @pf’lgm). The
uni t -\ i : i if there are no
pr obl 2?%0& glta]eepfinlr}{n%tté @né dss‘S@SSB?ﬁg%gg‘lgggf:"e% }fl&gée}t%%gg%%maﬁ&gt erial, which
covers the \Whegeedthgpizsiaiption haobgengtraskytet anlyao éltusfrateeqnd Aedcribe The process
of Fig. 9 may be carried qQut using autqmat ﬁd machi nery. for, fabrication,

et A0 | FIINEIRGRIL N IREFRtiong It i1 et BEFARLI breXhayst vp PH iy [t ERS ip¥eniios fR A% one
or nor I - QL | . PC
board, T BrAleS Hehy RRufealioi 3 vaflRth SR RRRERIRhAREL e b
funct i aahidgyItiestendedtint therscapeaifiiee ineaioai bealetined b thedbBpeing iclagmef
selectively settable |iquids, nmounting of unpackaged parts to a PC board,
and perform ng functionality tests as descri bed above, may be perforned
manual | y. Anot her enbodi nent of the Chi p-on-Board fabrication process,
shown in Fig. 9, uses a conbination of 30 autonmated and manual |abor. 14
WD 03/ 073357 PCT/ US03/ 05846
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As is apparent, there exists a variety of Chip-on-Board nounting nethods,
whi ch may use selectively settable material in a nunber of ways. In
particul awp osetssti vely settable material may advant ageorshysbeoissed as a
t hermal and physi cal buffer between an unpackaged part and a PC board.
Additionally, one or nore |layers of selectively settable 5 material may
effectively be used to capture bonding wires attached to unpackaged

sem conductor parts, which use a variety of pad configurations. As
iIIustr%Won an unpackaged sem conductor part may be pl aced
in the as shown in Fig. 3), around the perineter of a die
(as shown in Fig. 8), or any other configuration. The precedi ng description
has been presented only to illustrate and descri be 10 enbodi nents of

i nvention. It is Aotethodtoffgedatiog GhipexxhBoatlilegc orodulss using sele¢tevelynvent i on to
any precise fqrm di s.cl osed. ny, modi fi cations and variations are possible
in |ight of SEHRPlGEBFEals, L Pﬁelf%’. PHIPII§MENnt ended that the scope of the
invention b ' £l i i : 71

beT Usoa ongl it inaRiekatdiic SO 16/RbRIcctvalYiy g%drl%%%%%b

Chi p- on- Boartdrdengigsanioftist lagerudiselgetbelyescttablenyatersadt t abl e materials, said

nmet hod conprising: 5 unti ng. unpackaged die using a first |ayer of

sel ect i vel y-SQ¥f L fiat Byt selohiyeine tablegmaterialivyidh a ?%}9@(5 laygr of

sel ectivel y's%f%t:tti@lﬁ*get%fe%g ial: &gﬁeri ng said first |ayer of

sel ectively-settable material Wth a second |ayer of selectively-settable
mat eri al ; andpwapg bondigg ires cormeeti ngesicmpaelkdged diestaiacprintqidicagddadiia to a
printed circujt board in %0 sajd second | ayer of selectively-settable
matl8rial . 2.S¥Fscord IRy of pelegtivelysettablp atsiflpart of said first layer of
selectively-settable material is physically above said unpackaged die. 15
3. The nethod of claim 1, wherein said capturing bonding wres conprises

pl aci ng part2.of tTe meahed ofclaint BSvheneis pad of e«id fiekt lay¢eof @lectively-settable
selectively-settable material, then hardening said second |ayer of

sel ecti vel y BaeHzip ehysicely phgve said uppackggedidig: of claim 1, further conprising
pl aci ng sel ectively settable materi al

15 3. The method of claim 1, wherein said capturing bonding wires comprises
placing part of the bonding wires in said second layer of selectively-settable material, then

hardening said second layer of selectively settable material.

4. The method of claim 1, further comprising placing selectively settable material
20  between said unpackaged die and said printed circuit board to provide a physical and thermal

buffer.

5. The method of claim 4, wherein said selectively settable material between said
unpackaged die and said printed circuit board is less cured said first and second layers of

25  selectively-settable material.

6. The method of claim 1, wherein said selectively settable materials comprise

UV maternials.

30 7. A Chip-on-Board logic module fabricated according to method 1.
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20 between sai d unpackaged die and said printed circuit board to provide a
physi cal and thermal buffer. 5. The nethod of claim4, wherein said

sel ecti vevg osetissbl e materi al between said unpackaged di ecandozessds pri nt ed
circuit board is less cured said first and second | ayers of 25
selectively-settable material. 6. The nmethod of claim1l1l, wherein said

sel ectively settable materials conprise WV materials. 30 7. A

Chi p-on-Board | ogi c nodul e fabricated according to nethod 1. 16 WO

03/073357 PCT/ US03/ 0 A .met hod of fabrlcatln a Ch| oard | ogic
nodul e usi ngsel &mealﬂﬁfffgk&%am& ru-Bepid logigimp % ‘5 ¥i ng:
nmount i ngy @m‘&fenﬁﬁr&lfhﬁﬁfoﬁ@ahﬁ&%&! C parts on a print ed circuit board

usi ng sal ectively settable terials; 5 selectively hardeni ng areas
of a select mcainymgehe abmerawt@ranal logatpaes bh agrintddingit hoard sisingisaden pads of

said logjc.p of said printed circuit board; applying

sel ect |59]€99V§‘é§°£“&13]|%én¥ﬁrt‘é?’l al to cover said bonding wires; inspecting

bondi ng wi r i { U res; and hardeni ng
selectlvely%s%tta €h§§?%$%gfggﬁg%mégvggggsa dﬁgb ng wires. 9. The net hod
of cl aim 8, athetigg borsAngiwanebaweemnpaals 9€bad logiepattssantitpatis ef suit @irited s

conpri ses _UV materials. 15 10. The nethod of claim8, wherein said nounting
one or SHSHE ﬂ%rﬁfory parts further conprises aligning the nenory parts on

said print ec&pgflyfr%géeiecQQQggettaﬁe mIt'aﬁalrfSSB'\%g Sﬁ’ifd b%hai'n Wi esWher ein said

nmounti ng one rts using sai sel ect vely settable materials
conpri ses apﬂdpycmggla)rﬂmgn\wé yomxfectabrsel ectively settable material between
unpackaged | ogi.c parts_and said printed circuit board.

readjusting bonding wires; and

hardening selectively settable material that covers said bonding wires.

9. The method of claim 8, wherein said one or more selectively settable materials
comprises UV materials.
15
10.  The method of claim 8, wherein said mounting one or more memory parts

further comprises aligning the memory parts on said printed circuit board.

11.  The method of claim 8, wherein said mounting one or memory parts using said
20 selectively settable materials comprises applying a quantity of a selectively settable

material between unpackaged logic parts and said printed circuit board.
12.  The method of claim 8, wherein said mounting one or memory parts using said
selectively settable materials further comprises applying a quantity of a selectively

25 settable material around unpackaged logic parts.

13. The method of claim 11, wherein said selectively settable material between

unpackaged logic parts and said printed circuit board is not hardened.
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12. The method of claim8, wherein said nounting one or nmenory parts using
said selectively settable materials further conprises applying a quantity
of a sel ewDIoB®Y33525 settable material around unpackaged | egiraSpaoisse 13.
The nethod of claim 11, wherein said selectively settable nmaterial between
unpackaged logic parts and said printed circuit board is not hardened. 17
WO 03/ 073357 PCT/ US03/05846 14. The nethod of claim8, wherein said

sel ectively hardening areas of said selectively settable material conprises

hardening a rjin f selectjvely_settable erial. around said unpackaged
"ogi e part 418 Therashaf bl s tarRanairisr oy BRETUEE weds vorif ot t abl e
nat er| ?éele'cﬁvél? €ta ?c%at&l?zﬁ cBlepEQ& &Eaéﬁk@g 4 of’!&fé&ﬁ\/ay SR B1d ARRri&NFound

sel ectively settaB e materials are used. 10 17. The nethod of claim16,
wher ei rsaal wiphdciged Bigic et t abl e material used between an unpackaged | ogic
part and a printed circuit board does not harden when a sel ectively
settable material used around sai d unpackaged | ogic part hardens. 18. A

Chi g-on- Boar k. | ogiye BEki 8t &R PAEE5E QHREY QubblE nRLDOR REg.cl ai m 7.

. Amulti-layer printed circuit boar abricating i p- on- Board
menory nodul es using partially-defective nenory parts conprising: pads for
connecting el ectrical co ents to said circuit board; a patchin
networ k: and 0 i Thednshied bR e YiRren e thnangsrleeh vehpsiableaatetal m 10,
wherein, saig el ectrical conponents conprise a variety of packaged or
unpackaged nenory parts. 25 21. The circuit board of claim 19, wherein said
el ectrical conponents further conprise resistors, capacitors, voltage
regul ators, phase | ocked |oqgp units, differential clock drivers, etc. 22.

ThéOcircuit boar dlsrmethed af alaim [k evherein 8 selgctpecsttable maatelta! sedhghvedes a
2-10- 4y unpackaged logic part and a printed circuit board does not harden when a selectively

settable material used around said unpackaged logic part hardens.

18. A Chip-on-Board logic module fabricated according to the method of claim 7.
15
19. A multi-layer printed circuit board for fabricating Chip-on-Board memory
modules using partially-defective memory parts comprising:
pads for connecting electrical components to said circuit board,
a patching network; and

20 interface connections.

20.  The circuit board of claim 19, wherein said electrical components comprise a

variety of packaged or unpackaged memory parts.

25 21.  The circuit board of claim 19, wherein said electrical components further
comprise resistors, capacitors, voltage regulators, phase locked loop units, differential clock

drivers, etc.

22.  The circuit board of claim 19, wherein said patching network comprises a 2-to-

30 1 patching network.
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30 1 patching network. 18 WO 03/073357 PCT/US03/ 05846 23. The circuit
board of claim 19, wherein said patching network conprises a 4-to- 1

pat chi ng wietworiass7 24. The circuit board of claim 19, whereCcmwused/asspat chi ng
network conprises an 8- 5 to-1 patching network. 25. The circuit board of
claim19, wherein said interface connections conprise a collection of
pins, allowing said circuit board to plug into and interact wth a host
device. 10 26. A nenory nodul e conprising a nmulti-layer printed circuit

board for fabricgating Chip-on-PBoar nmory npdul es usin .
partially- dePect (e 9@%#)955&?@ lmégrﬁgﬁ?rssnrﬁg%d Reldang %%twegﬁﬁ?@msw 4-to-

el ectrigcal g REALs to said circuit board; 15 a patching network; and
i nterface conhections. 27. The nmenory nodul e of claim 26, wherein said
menory nodule is forned by a nethod of fabricating Chip-on-Board | ogic
nmodul es using sel ectively settable 20 materials, said nethod conprising:
mount i ng unpﬁckaﬁw cficut i(fg?fﬁ@f §13im 19y whereiasaykpatehying petyyark comuisenes-

mat eri gl,; 1 j aid first layer of selectively-settable material;
covgri ﬁ[g 1s,pzfl Ef%eégé‘?gﬁkaer of selectively-settable material with a second
| ayer of selectively-settable material; and 25 capturing bonding wres

connecting said unpacka%ed die to a printed circuit board in said second
| ayer of sel et \;Igheymrgg{ baande!t glaira 19 qyvhergig said interface connections comprise a

collection of pins, allowing said circuit board to plug into and interact with a host

device.

10
26. A memory module comprising a mulﬁ-layer printed circuit board for
fabricating Chip-on-Board memory modules using partially-defective memory parts
comprising:
pads for connecting electrical components to said circuit board,

15 a patching network; and

interface connections.

27.  The memory module of claim 26, wherein said memory module is formed by a
method of fabricating Chip-on-Board logic modules using selectively settable

20 materials, said method comprising:
mounting unpackaged die using a first layer of selectively-settable material,
hardening said first layer of selectively-settable material,
covering said first layer of selectively-settable material with a second layer of
selectively-settable material; and

25 capturing bonding wires connecting said unpackaged die to a printed circuit board in

said second layer of selectively-settable material.
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