2250138 THREE— DI’ VENSI O\IAL CI'RCU T MODULES Fi eI d of the I nveazsm,@ Thi s
invention relates to electronic-circuit assenblies and nore parti cuI arly to
el ectronic-circuit nodul es that can be assenbled in:three- dinensional 5
confi gurations. Background f the Invention Print édx,CI rcuit boards are

wi dely used for nmounting and:i nt er connecti ng corrponésnts in circuit
assenblies. Such circuit boards are fabni-cated in many varieties, including
singl e-si ded boards, doubl e-sided boards and nulti-Ilayer boards, 10 and

wi t-h conductors and ceag | dﬁﬁﬂﬁﬁﬂ@nﬁ“h t he nunber and
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nounti ng §i monﬁgurhm&rsds per pendi cul ar or parallel to. other boards and

vari ous ot hg, in mntl ng circuit boards parallel to each other
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Both t he stackl ng connec s and 't el aieomerl CO ne tors have t he

advant age ‘t Ha@ thigeimensional sigictyre., 1 bis cap m@@%n t he
circuit hsarsdardsdhtodonncties miinkddn dbackglareameuntingtuirchivbodrdsl at t he edges
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connections on the bMougtngcizcuithoardsparalich txeach othergantbec pasticalarly y circuits
.can be rout effelftdrwhy 6f mww;rga fiecadifitfsibRal sRBctRfeOPRVidda Mak B! eRfBaryn t he
various boarc%ineclu%mls gansl?enxgade@etwgerx]leadgﬁsegt lgora?ds Vanous means are available for
20 making such connections, for example, the interconnecting spacers described in the
* article entitled "A 3-D System for Interconnection Meets the Challenge of High
Density Packaging” beginning on page 84 of the April, 1985 issue of Electronic
.. Packaging and Production, stacking connectors made by suppliers such as Teledyne
 Kinetics, Solana Beach, California and Cinch, Chicago, Illinois and elastomeric
u 25 -connectors made by suppliers such as PCK Elastomerics, Inc., Hatboro,
Pennsylvania and AT&T, Richmond, Virginia. Both the stacking connectors and the
elastomeric connectors have the advantage that they can be positioned to connect
areas anywhere on the circuit boards being connected and do not have to be located
at the edges of the boards. '
| 30 ~ Once a decision has been made to use parallel circuit boards with
. interconnecting means between the boards, the connections on the boards must be
configured so that the necessary circuits can be routed from the connecting areas to
the proper destinations on the various boards. It is sometimes the case that some
circuits can be "bussed" (connected in multiple) to adjacent boards, while others
35 must be routed individually to specific boards. For example, in a semiconductor
memory having individual memory chips arranged on parallel circuit boards,




fCIrCUItS can be "bussed" (connected in nultiple) to adjacent boards, while
"ot het’s 35 “nust be routed individually to 'speci fic boards. For exanple, in

a sem conduct or menory havi ng individual nenmory chips arranged on paral | el
circuit boards, -2- address, data and power circuits can be buyssed to

all the boards,™but read and wite circuits nust be routed separately to ..
each board. The kinds of connectors degxri bed above are all suitable for«x-'

pussed connections as weII as individually routed circuits, for exarrpl e, q
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Fenresent a: Mbipispel EAFDIonaEue® such n srpingt of ofe e of 3 SRR ©
i nventi on ovw adifferent msmmmn ths otlieoside ohtheibgard] Thwrinveation furthed provides
arrangements whereby_ such circuit modules or boards can be stacked on one or both
sides of a "mother" board to which such individual circuits are all routed. These and
20 other aspects of the invention will become apparent from cons1deratton of the :
drawings and the followmg description. ' ' '
Brief Description of the Drawing - :
_ - Fig. 1is a diagrammatic representatton of an exemplary circuit module
havmg circuit connections configured in accordance with the invention. -
25 " Fig.2is a d:agrammauc representation of a mother board configuredin N\
accordance with the i mvenuon on which the modules shown in Fig l canbe
mounted. ' '

- Figs. 3 and 4 are pamal sections of through and staggered termmals
| used i in the module of Fig. 1 and the mother board of Fig. 2. ST

30 - Fig.5isa perspecttve view of the modules of th 1 stacked on both

sides of the mother board of Fig. 2. : -

Fig. 6 is a schematic side view of the stack shown m Fig 5tomore
clearly show the paths of one set of individual circuits. o
. . For 1llustrat1ve purposes, the i invention will be descnbed intermsofa

35 series of circuit modules fora simple semiconductor memory for which the

invention is particularly useful. However, as will become appare_nt, the invention is



Figs. 3 and 4 are partlal secti‘ons @fﬂthrough and’ staggered ternminals used
in the. modui e of Fig. and.the nother-board gf Fig. 2. 30 Fig. 5
is a perspective view of the nodules of Fig."1 stacked on both sides of the
nmot her board of Fig. 2. Fig, 6 is a schematic side yiew of the stack shown
i n: Flg 5 to nore clearly show the paths of .one set®of individual circuits.
Fof illustrative purposes, the inventiog wi |l be described in terms of a 35
sérkes of CIrCUIt nmodul es ‘for, a sinple sem conduct g, menory, for which the
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connect edst Qe LRRLNGh @ 115F\§éita§$erﬁﬂmhﬁt Tdﬁ']:oﬁ&@d’t&sls%chasthe '
conventlonal nmanner . it a much si I fi ule is shown with a
si ngl e menorepndyater I W bgarg 2y ﬁwpn Eé‘s“q; mf‘%t‘y eads, two
pgwer Iteafls,sna Iﬁﬁ.@bbma&mdwatmdﬁnglemtmoﬁyehpmamglotﬂ)eﬁmﬁmss i s Con
a equa eto nt.i a e
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connect i ons modlﬂmsradnquatmwrdemrd)edhnpvgmonnﬂomr,uwbe@mmmﬂwd@s of the
modul e apg tiohleRh bOBEHA davatisbeh %mqa&iulémdﬁl thitly i@ coind2BioRgNNeCt ed
in a bus confjguration to gorres er ules, such as the
address, dat‘ﬁ'ﬂhﬁ’ﬂrﬁ)@ﬁkpn?%l&ﬁge?mg‘ﬁt n‘ %"g}% rb&)ﬂg&@f’ B er mi nal s
S"{Sg as 15 mnhég@mdhfl&ébﬂﬂg&hnm@w de connecting areas at the sanme | ocation

pposite sides o in as
through term nal s. %&ﬁq??fe&b??%e%%d%?@&?s 0 g&%s?ﬁgﬁﬁrgnal s 15
in nore det dﬂﬁlnemmws.@@Wbmmemﬂmm ipddoeas the
read a”dlbﬁ'ooﬁné’&edt%ﬁté?mhﬂ%ﬁ&msﬂs%bo&delm&gﬂé aécé&e&&ig“fére&dﬁtlwm as 16
on board 12 thah?cprow de conne rl)oa:%i § X f%arﬂent i ops on
opposi t e si f8Telpcation opoppesite sidef of the uch terminals are referfed to herein as

through terminals. Fig. 3 is a sectional view showmg through terminals 15 in more
;de_tail. : I

_ Leads that are to be connected mdependently, such as the read and write
20 leads from chip )/é are connected to terminals such as-16 on board 12 that provide
connecting areas at different locations on opposite sides of the board. Such
terminals are referred to herein as staggered terminals. Fig. 4 is a sectional view
showing staggered terminals 16, and a typical arrangement of such terminals.
. Fig. 2 shows a mother board 20 on which modules of the type shown in
R, 25 Fig 1 can be mounted. A memory chip 21 can also be mounted on mother board 20,
I and the various leads from chip 21 are connected to through terminals such as 25 and
staggered terminals such as 26 in exact correspondence to the equivalent connections
on module 10 shown in Fig. 1. However, mother board 20 has additional conductors
22, which connect the bussed address, data and power leads to appropriate circuitry
30 and power sources (not shown), and additional leads 23, which connect the
individual read and write leads for memory chip 21 mounted on the mother board
and, as will be seen, for memory chlps 11 mounted on modules 12, to appropnate
circuitry (not shown). ' _
.~ Mounting holes such as 17 on module 10 and 27 on mother board 20 are
35 used for mounting modules 10 in a stack on mother board 20. '



_-term nals are referred to herern as staggered term nals Fig. '4is a
_sectronal vi ew showi ng staggered ternminals 16, and .a typical arrangenent of
such terminals. Fig. 2 shows a nother board 20 on which nodul es of the type
shown in 25 Fig 1 can be nounted. A nenory chip 21 can al so be mounted on
not her board 20, and the various |leads fromchip 21 are connected to - -
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through term nals such as 25 and stagger4ed termnals such as 26 in.exact A
cor.respondence to the. equi val ent connect’i ons on rodul e 10 shown .in Fig. Qs

However, nother boa;g 2Q has additional conductors 22, which connect the -
bussed address ‘dat
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As will be gteachlagesin thestacksHowevergobersraogemenss for interoonnedtingahes st acked,
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spacers and as means for mterconnecung opposing connecting areas on the modules

and mother board. Such connectors can be the stackmg connectors or elastomeric

20 connectors described above, or other suitable connectors. Note that modules 10-1

and 10-2 are mounted on one side of motherboardZOand module 10-3is mounted

on the other.- As will become apparent, the modules can be mounted on ‘whichever

side of the mother board is most convenient; all can be on one side orallon the other

if desired. Bolts such as 51 hold the stack together. Bolts 51 can also servetofeed -

25 power from mother board 20 to modules 10, as an alternative to terminals such as15, N

and as heat sinks to aid in dissipating heat generated by 1 modules 10 and mother

board 20. For these purposes, holes 17 and 27 would be fabricated as plated-through

holes with appropriate electrical connecuon to the circuitry on modules 10and

mother board 20, respecuvely. and such holes would be slzed for proper electncal
30 and thermal connection to bolts 51. - - :

, It will now be useful to describe the staggered termmals and their
interconnections on modules 10 and mother board 20 in- ‘more detail. Referrmg back
to Fig. 1, staggered termmal 16a is connected to the "read" termmal of chip 11 and

* has a back connecting area lined up with the ﬁ'ont connecting area of staggered
35 terminal 16b. Correspondingly, the back connecting area of staggered terminal 16b
lines up with the front connecting area of staggered terminal 16¢ and the back
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1, 10-:2, and 10-3 -nount ed on’ ot her beard 2) wrth connectors 50 serving
both*as spacers and as means for rnterconn an opposi ng connecting areas
on the nodul es and not her board. Such corinectors can-be the stacking
connectofs or elastomeric 20 connectors described above, or other suitable
connectors. Note that modul’ ‘®¢ 10-1 and 10-2 are noufited on one side of

her board 20 and nodul e10-3 is nmounf ed on the other. As will becone
apparent the nodul es can be.nounted on. whi chever k«de of the nother board
i S"'most convenient; all_ can: "Be on_one_sj.de or‘t"?l “Gn'the other if ?esr red.
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present. now t o rm nal s a, 26b, 26c¢ and
26d on not mgnnectedtotheconnecungareasofstaggcredtmmmal%aass own. S

20 - . Referring now to Fig. 6, the various interconnections associated with the
staggered terminals and the intervening connectors in the stack are shown _
diagrammatically as an aid in understanding the relationships involved. Four leads

. A, B, C and D are shown passing through the stack, which would connect
respectively to leads 28a, 28b, 28c and 28d on mother board 20 as shown in Fig. 2.
U 25 Given that such modules and mother board are arranged as shown in Figs. 1 and 2, it
~ can be seen that lead A connects to chip 21 on mother board 20, lead B connects to- -
chip 11 on module 10-1, lead C connects to chip 11 on module 10-2 andlead D
connects to chip 11 on module 10-3. If the stack were rearranged with module 10-3
- placed on top of the stack, it can also be seen that lead D would still connect to chip
_ 30 11onsuchmodule. ’
* ' . In the example given above, three of the staggered terminals shift three |
of leads A, B, C and D one position in each layer of the stack and the fourth
staggered terminal shifts the fourth lead back to the first position. Many other
arrangements of staggered terminals are possible. For example, if it is desired to
35 arrange leads in pairs, the staggered terminals can be arranged to shift all but one
pair of leads two poSitions'in each layer of the stack and the remaining pair back to

-
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_board 20 are arranged srntlarly to terntnals 16a, 16b, 16c and 16d on
“nmodute 10 as just described, with additional I'eads 23 connecting such
“terminals to the approprrate circuits (not shown) for driving the "read"
terminals of the various nmemory chips. Because |ead 28 for the "read”
S circuit for chrp 21 on nother board 20 15 terninates on nother board 20- _ -
it there is noneed to extend it tg any of nodules 10 in the stack. e
Fhus, t he connecting areas of staggered ternlnal 26a. coul d be drsconnectedﬁ
dkbmever if it-is desired-to nount all ‘the nennry chi ps on nodul es 10 and -
not have nﬁhﬁﬁ@ﬂ@hmpomi .on not her ‘board 22; then lead .28 mist beé connected

" to the connecting atﬁ@%ndémtmaﬁemnt&amuaﬁkd%ﬁbaﬁh&m\%oa
Referring éﬂYto Fi

[ the vari-ous inte nne ns ssocra e th the
S R R IR R R = e T O
" d|agrannat|qﬂﬁiuuhgnpmMthnnmnumderstand|ng the reIatronshrps i nvol ved. -
Four leads A "B, C and D are shown passing .through the stack,. which woul d-
connect respectrvely to | eads 28a, .28b, 28c and 28d on nDther board 20 as
shown in Fig. 2.:25" Gven-that such nodul es and ‘not her ‘board are: arranged
as shown in Figs. 1 and:2, it can be.seen that lead A connects to chip 21~
on mot her board 20, |ead B connects to chip.11 on nodul e 10-1, lead C _
- connects-to chip 11 on nodul e 10-2 and l'ead. D connects to ‘chip 11 on nodul e o
10-3. ‘If the stack were rearfanged with nodul e 10-3 pl aced on.top of the
stack, it can also be seen that |ead D would still connect to chip 30 ‘11 . -
on such nmodul e. I n the exanpl e given above, three of the staggered
termnals shift three of leads A, B, C and D one posrtlon in each |ayer of
the stack and the fourth staggered termmnal shifts the fourth | ead back tog_;
the first position. Many other arrangenents of staggered termnals are:
possi ble. For exanple, if it is desired to 35. arrange leads in pairs, the -
staggered term nals can be arranged to shift all “but one pair of leads two =

positions in each Iayer of the stack .and the remaining pair back to - the
first position. It is understood.that the enbodi ments descri bed herein are
only illustrative and that other arrangenents may . be devi sed mnthout '

departing fromthe spirit. and scope of the i nvention.
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- 7--Cdains: 1. "Athree-di nensional circuit structure conprising a _
plurality of circuit nodul es nounted in a stack and neans for connecting
termnals in adjacent circuit nodul es, each circuit nodule being a
substantially planar circuit board havi ng conductors, b1 lnimi | and a
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2. The circuit structure of Claim 1
FURTHER CHARACTERIZED IN THAT |
at least one of the terminals on each circuit module is a through terminal
having its first connecting area opposite the second connecting area of the same
20 through terminal and at least one of the through terminals on each module is
connected by one of the conductors to the utilizing means.

~ 3. The circuit structure of claim 2
FURTHER CHARACTERIZED IN THAT _

4 25 ' the utilizing means is a semiconductor memory and at least one of the
circuit modules has means for connecting at least one of the staggered terminals
and/or the through terminals to means for reading, writing and powering
semiconductor memories. ' S

i 30 ' 4. A circuit module for use in a stack of similar modules in conjunctibn
with connecting means placed between the modules in said stack, which comprises a
substantially planar circuit board having conductors, utilizing means and a plurality
of terminals thereon |
CHARACTERIZED IN THAT
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modul e al so i ncl udes means  f or connectl ng ‘at | east .one of the staggered -
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~and po g sem cond menor i e

at least one of the teﬁninals is a through kﬁninhl haﬁng its first connecting area - - U :
opposite the second connectmg area of the same through terminal and at least one of
15 the through terminals is connected by one of the conductors to the utilizing means. '

6. The circuit module of claim5 e o
FURTHER CHARACTERIZED IN THAT ' T
‘the uuhzmg means comprises a semiconductor memory.

.20 -
1. The circuit module of claim 6
FURTHER CHARAC'I‘ERIZED]N THAT
- said circuit module also 1ncludes means for connectmg at least oneof |
the staggered termmals and/or the through termmals to means for readmg, writing |
25 and powermg sem1conductor memories. —_ _ U
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