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"Integrated Circuits The invention relates to integrated circuit ]WH

packaging, and in particular to a packagi ng system and met hod for

mnimzing clock skewin integrated circuits. Fl i p- Chi p technol ogy,

sonmetines called Controlled Collapse Chip -Connection (C4) technol ogy,

is well

established, _and is used  pervasively to connect chips to

second- I evel packageS1PSknsk %t’éé&‘lml E‘r&‘g‘a@? ef“nénfie@ﬁﬁB‘PGgy i nvol ves

pl aci ng sol der-balls on a chi

Btt¥ng the chip, and

soldering it to a substrate

The invention relates to integrated\circuit packaging, and in
particular to a packaging system and method for minimizing clock

skew in integrated circuits.

Flip-Chip technology, sometimes called Controlled Collapse Chip
Connection (C4) technology; is well established, and is used
pervasively tb connect chips to second-level packages (substrates).
Basically, the technology involves placing sdlder-balls_pn.a éhip's
-I/O pads, inverting the chip, and soldering i; to a substrate
having the same pattern of pads so as to effect interconnedtion

between the chip and the substrate. An example of a:pﬁoduct of

_ this type is shown schematically in FIG. 1. For a discgssion of

'solderball and C4 technology, see R. Tummala and E. Rymaszewski,
Microelectronics Packaging Handbook, Von Nostrand Reinhold, 1989;
*Solder Ball Connect Technology®, IBM J. of Res. and Dev., Vol. 37,

No. S5, Sept. 1993, pp. 581-676.

Historically, the substrate has merély been a second-level package
(that is, a passive object having ﬁiring levels). Such substrates
have béen ceramic, élass-ceramic, or even silicon. Tﬁe purpose of
the substrate has been merely to 'provide a wiring'means between

chips on the substrate.
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_h‘ai‘\?i ng the sane pattern of pads so as to effect interconnection between
the chip and the substrate. An exanple of a product of this type is shown
schematically in FIG 1. For a discussion of solderball and C4 technol ogy,
see R Tummal a and E. Rymaszewski, M croel ectronics Packagi ng Handbook,
Von Nostrand Rei nhol d 1989 "Sol der Ba |- Connect Technol ogy", IBMJ. of
Res. and Q? Sept. 1993, pp. 581-676.  Historicall
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gl ass-ceramc, or even sil € purpose O strat ee

nerely to eaﬂmard!bu% Williptﬁlgs rreans"ci&tpﬁ&@? € PReRt tdtatsubst r&hé system
Ideally, the clock affects all latches exactly simultaneously so
that the transition to this new computed state is complete and

instantaneous.

In reality, the clock cannot possibly hit efrery latch at exactly
the same time, so not all of the latches s.witch at exactly the same
time. If the output of a first latch affects the input to a second
latch (either directly, or through 1logic circuitry), and the
instant at which tﬁé clock arrives at the second latch relative to
- the instant at which the clock arrives at ‘the first .1atch is
uncertain by an amount (+/-)X, then the nominal. cycle time (worst
case delay path in the machine) must be increased by X to allow for
the possibility that the second latch will capture data at a time
that is X too early. In fact nominal cycle time mﬁst be increased
by 2X, because the first latch could have captured the relevant
data at a time that is X later than assumed. This is one
.per.:formance impact of clock skew, which is a factor that is added
to the nominal cycle time of a processor to account for the
uncertainty associated with. the arrival of the clock signal to

different parts of a processor..
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;?'2- A processor conprises |latches (that hold the gstate" of the system
and |l ogic that operates on the current state together with -extraneous

i nputs ‘to "conpute" the next state of the system Ideally, the clock
affects all |atches exactly sinmultaneously so that the transition to this
new conputed-state is conplete and i nstgntaneous. In reality, the clock

t i bl It .|l atch.at t | th t. .
Che Tt CHIE SHPERnoATRak ot 1y BoiBRe e or e 2 PR he Wueputtor et et
latch af figatsy :t heyy %0%%4610 @er&%qnqmd&ts_%er(fehbi%f EhiSCiNer & typi QMY

Fogic circuitry), and t I nstant "at which the clock arrives at the second
| at ch relatd weniso oft RBouBahadBt ofit 14b¢KEs ttitatclagek gacedvbg ehis helddk Stif

lateh is the fanout of.a typical gate is £, and there are n latches, then
there must be log(base f) (n) intermediate stages of drivers between
the original clock pulse (the primary input to the chip) and any
latch that is gated by that clock. In a real system, there might'be

as many as ten levels.

As those levels of redrive are implemented in a fanout tree, there
are asymmetries, since the various branches of the tree are
different distances from the source, and do not drive exactly the
same number of latches, That is, the wire-lengths are different,
~and the loads are different. These are the major contributors to

clock skew, and this is!a bigger problem as cycle-times get faster.

Since most of the silicon area in a microprocessor is active, the
intermediate levels of redrive cannot be placed in ideal positions;
instead they are placed wherever there is “white space®. This

contributes to the asymmetry.

In the custom design of a complex microprocessor, the silicon
surface cannot be "peppered" with clock redriving stages in a
reéular pattern. A regular "peppering" of clock driver circuits

would interfere with the phyéical dataflow of the 1ogic circuits,
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,uancertai n by an anount (+/-)X, then the nomnal, cycle tinme (wirst case
delay path in the machine) nust be increased by X to allow for the
possibility-that the second latch will capture data at a tine that is X
too early. In fact nomnal cycle tinme nust be increased by 2X, because the
first latch could have captured the relevant, data at a time that is X

| ater than a Qf - This is one performance inpact_of, clock skew, whjich

is a factdt® 15 ZoRfb huRty B endiieal SPEFelti nkedHCing s 5 hagd-
account fof, h t E‘r.'QC%\%%' ”E%g%ii%c'r%%%%r 5th 1%‘&@5&&"% Ahy! BR8] 9Chenip

signal to er ent rocesso
-3- The clﬁ‘&;ég%l IS a primary input to a chip. It |s an oscillator

It is an object of the present invention to provide a precise and
highly controllable clock-distribution network on one active
substrate, henceforth referred to as a secondary substrate {(or
¢chip)., and to distribute clock signals through the network with
.minimal skew to another active substrate, henceforth referred to as
a primary substrate {(or chip), using C4 technology. Note that in
general, the primary substrate is densely populated and dissipates
lots of power, and the secondary substrate is sparsely populated

and dissipates significantly less power.

It is a further object of 'this .invention to provide "quiet busses"
on the sparsely-populated secondary substrate to facilitate the

high-speed transfer of data to points on the primary substrate.

It is a further'object of this invention to provide other low-power
peripheral hardware (e.g.. DRAM) on the secondary substrate for use

by higher-power logic (e.g., a processor) on the primary substrate.

It is a further object of this invention to provide tertiary (and

higher*drder) substrates via this same C4 technology.
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gﬁulse.

In a real central processor ("CP") chip, there typically are tens

‘of thousands of latches that are gated by this clock. If the fanout of a

typi cal

gate is f, and there are n latches, then there nust be | og(base f)

(n) internediate stages of drivers between the original clock pulse (the
primary input to the chip) and any latch that_is gated by that clock. In a
real system there mght be as many as ten levels. - _As those |evels of

redrive ar &P APFRREMIER YHI IhGRPacte®f thEr BrespRt alVRRitiQle§WOspREEVEHE
[ b h f th L diff t dist f t h d
do not dri CBIEEATS « retheSafidinng o5 ive ErEiINRA, o8 Bonted rebRurEc hs

do not

are differpgging @Q?StﬁggIéﬁgkbfgyéqgikﬁ%hgqt. These are the maj or
c : this'i

contributors to

ock skew, an S 1's a bigger problemas cycle-tines

get faster. Since nost of the silicon area in a mcroprocessor-is

active,

t he : .
1. The sum of the heat generated by all chips is no greater than

.can be removed.

2. The chips.are different sizes, or are bonded while offset from
each other. This provides the advantage of,making I/0 pads
accessible for off-chip connection with the connecting means
of other packages. If the chips are the same size, and they
are aligned and bonded face-to-face, then no I/0 pads would be
accessibie. If a small chip is bonded to a larger chip, or if'
chips of the same size are bonded together with an offset,
then portions of the chip surfaces are accessible for
wire-bonding to another substrate. In fact, the pads on the
larger of the two chips can be bonded to a third, even-larger
substrate using the same C4 technology if a trench is provided

in the third surface to receive the smallest chip.

A further aspect of the invention is the bonding of a dense and
complex logic chip that can dissipate a significant amount of power
(e.g., a microprocessor). to a sparsely populated agtive'chip that

dissipates significantly less power.
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I'ntermediate levels of redrive cannot be pl aced in ideal positions;

i nstead they are placed wherever there is "white space". Thi s
contributes to the asymetry. In the custom design of a conpl ex

m croprocessor, the silicon surface cannot be "peppered" with cl ock
redriving stages in a regular pattern._ A regular "peppering" of clock

driver cipguifs would interfere wth the %hysical dat af | ow_of _the logic
circuits, parsely-populated secondary chip can be uggg:aﬁa Fﬁ?grhh Fey

hur t Cy?'élébfm%igﬁgﬁs'fh aheQHF£§5k§¥“%%dé%oH§%§1maéﬂgrétaé $ LORQESHEAud ©
rénder it ignorable 1n any real -I-chip
for long busses that can be operated at higher speed in the quiet
environment than they could on the surface of the primary chip;
and, for optional low-power devices of other types (e.g., DRAM).
This is useful because it affords higher performance communication

and better skew-control at the system level, and it results in a

cheaper package.

The invention will be explained with reference to the following

figures, in which:

FIG. 1 shows a 'primary substrate C4-bonded to a secondary

substrate.

FIG. 2 shows a 16mm x l6émm chip partitioned into 256 square tiles,

each with an I/0 pad in the center.

FIG. 3 shows a clock driving and calibrating éircuitry for 256

tiles on a 16mm x 16mm grid.

FIG. 4 shows a symmetrical wiring scheme for a clock network

implemented as a binary tree.

]
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ﬁ?ocessor. It is an object of the present invention to provide a precise
and highly controllable clock-distribution network on one active
substrate, henceforth referred to as a secondary substrate (or chip), and
to distribute clock signals through the network with mnimal skewto

anot her active substrate, henceforth refegred to as a primary substrate
(or chip), using C4 technology. Note that in general, the primary
substrate F%Gde%’seﬁilob'épm awadearen dis sipkatesbuf otifl pfcperdancenditie the
secondary substrate is sparsely populated and dissipates significantly

| ess pomer%nventhnT It is a further object of this invention toe provide

"qui et busses" on the sparsely-popul ated secondary substrate to facilitate
the high-speed transfer of data to points on the primary substrate.

FIG. 6 shows a first embodiment of a primary and .secondary package

configured in accordance with the invention.

FIG. 7 shows a second embodiment of a primary and secondary package

configured in accordance with the invention.

"FIG. 8 shows a primary, secondary and tertiary chip bonded in

accordance with the present invention.

FIG. 9 shows a. clock trimming circuit, which dela_ys the clock
signal by fixed amounts of time.

In existing siﬁg le-chip microprocessor systems, the
clock-distribution network is embedded in the processor chip
itself. By contrast, in systems in accordance with this invention,
the primary substrate can be a microprocessor chip without a
clock-distribution network, and a having  a clock distribution
network provided on a secondary substrate. Note that the
circui_try, and therefore the power, assoéiated with the two systems
is the same, i.e., this invention does not inherently create power

or cooling problems.
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1‘% Is a further object of this invention to provide other | ow power

peri pheral hardware (e.g., DRAM on the secondary substrate for use by

hi gher-power logic (e.g., a processor) on the primary substrate. It is a
further object of this invention to provide tertiary (and hi gher order)
substrates via this same C4 technol ogy.

-5- In accordar&tﬁ:e W th one aspect of the pressent I npvention two active

chips (i BORFT ¢ orft ANETRg 15 PPYRIRY r‘t’h|tthfeyfeﬁ?‘éd?)%(fé‘&’sttd'ﬁéteh@?‘cepf)of%
this has twp,pr oep4l tdl%rﬁ-lbutﬂ)n AdGsHM of nbhe digat 198068 at8ePY 03! the

chips is no greater th
secondary substrate is extremely sparse, and tpe redriving nodes of

the clock-tree cah be placed ideally. Specifically., the redriving
stages are placed in symmetric locations, and all wire-lengths and
loads are idénti'cal throughout the tree. As was previously
explained, this would not be possible in any real microprocessor
chip having a clock-distribution network that is integral to the

microprocessor ‘chip.

In this inventibn, the primary substrate which is densely populated
(e.g., a microprocessor) is conceptually divided into a large
number of square "tiles" (e.g., lmm X 1lmm or smaller), and a clock
1/0 pad is placed in the cehﬁer of each tile. All latches within
the tile are driven by the clock pad in the center of the tile.

Such a configuration is shown on FIG. 2.

Specifically, FIG. 2 shows a 16émm X 16mm chip that is partitioned
into 16 X 16 tiles, where each tile is a lmm X 1lmm square. An I/O
pad 200 is shown in the center of each tile. This I/O pad is a
local clock-input pad, and it drives all latches within its tile.
The worst-case Manhattan distance from an I/0 pad to a latch is 1lmm

in this figure.
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&an be reaned 2. The chips are different sizes, or are bonded while

" of f set from each other. This provides the advantage of making I/0O
pads accessi ble for off=chip connection with the connecting neans
of ot her packages. If the chips are the sanme size, and they are

al i gned and bonded face-to-face, then no_I{Q pads woul d be

accessible. If a small chip is bonded to a |larger chip, or chip

of the san&P8i$EOG d Nvidedot Herdhdy/ OwPeHs aar @ ey ded thro‘-%%ﬁoééletrl bﬁélof
the chip s are acce

di
substrat e. %Pn ?ggfon?h © é§§n8hc?;gy 9051tF8?5§rP? Pﬁg g agﬁFp§eg8ﬂd3€y
bonded to QuEQtfgte?\ﬁg}él@rc%%rtlalns the WBs&idtda f‘(l}'lﬂgtigﬁ St Sﬂtyt @gqnfg{.,ggy

if.a trench is provid n the third surface to recelve snal

chip. Aptlimbper amigc! Rbgidie invesydause S éfie bRedi apagbidydense agHe
élock-distribution network on the secondéry substrate, the
simultaneous arriVal 6f a primary clock signal to all driver pads
on the secondary substrate, hence to all tiles on the primary
substrate, can be guaranteed to within an extremely small

tolerance. This would not be possible in existing microprocessors

having integral clock-distribution networks.

Furthermore,lsince the circuitry on the secondary substrate is
extremely sparse, clock-trimming and calibrating circuitry can also .
be embedded in the clock-distribution network for even better skew
control. Thusi the invention simplifies the clock distribution

design while improving cycle time via eliminating skew.

For example, FIG. 3 shows 50um X 400um rectangles 300 within the
tiles of a 16mm X 16mm chip area. These rectangles represent the
area required for clock-trimming and calibrating circuitry
associated with each tile. The qircuitry in these rectangles is
more ;han adequate for providing very robust clock trimmiﬁg and
calibration, and it is clear from the figure that the area involved

is trivial.
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.Ebnplex | ogic chip that can dissipate a significant anount of power (e.g.,
a mcroprocessor) to a sparsely popul ated active chip that dissipates
significantly | ess power. ‘ -6- The
spar sel y- popul-ated secondary chip can be used: to distribute clock signals
in an extrenely controlled manner; as a quiet_nedium for |ong busses that
can be operated at_ higher speed in the quiet ‘environnent than they could
on the surfi%e &f SPRWS pRi REEGeEred; winhag layowptebnere | dePovidiead o dde of
is useful b

ot her type DRAM,.__.This cayse it _affords higher

per f or nanc%é‘é%rrlrgrr%ﬁf csa‘t’tbll\éc?ﬁat&n&o%f?‘éfeg kle%%??m af ¢ Rnary: gg??evé‘fo,teand

't_reSU|tsth@tathEhQQQQEnBQCEQQ%ach leaf node 400 from the primary clock
input 402 is exactly the'same. and the load fanning out in each -
direction from each fanout node is exactly the same. Located at

each leaf node is a driver circuit (not shown) for driving the

output pin at the leaf node.

The clock trimming circuit (or controlling means) contains
scan-only control latches whose states cause the circuit to move
clock edges back relative to the reference (input clock) signal
prior to fanning the clock signal out. Each tile in FIG. 3 has its
own state control latches and all of these latches are connected in
a single scan rihg on the secondafy substrate. Clock skew can
further be controlled in accordance with this invention via probing
the_ transmitted clock signals on the primary (or secondary)
substrates, and then adjusﬁing clock edges via the scan ring. This

is a standard technique.

The circuit of FIG. 9 operates as foliows. A global clock signal
to be shifted arrives at trimming circuit of FIG. 9 at the input
201 of a course delay circuit 903. The course delay circuit
comprises delay elements that delay the input sigha; by 100 ps. A
mﬁltiplexer 905 selects either the delayed or undelayed signal as

control;ed by control latch 900a. The output of the‘multiplexer
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‘The invention will be explained with reference to the following figures,

I n which: FIG 1 shows a prinmary substrate C4-bonded to a secondary
substrate. FIG 2 shows a 16mm x 16mm chip partitioned into 256 square
tiles; each with an I/O pad in the center. FIG 3 shows a clock driving
and calibrating circuitry for 256 tiles on a.,16mm x 16nmm gri d. FIG 4
shows a symmetrical wiring schenme for a clock network inplenented as a
binary tre®5 is provided to a fine delay circuit 904 which also comprises

delay elements for délaying the signal in increments of 25 ps. A
multiplexer 902 selects the desired Qutput signal as controlled by
control latches 900b and 900c. . The 6utput of the multiplexer 902
-is a delayed veréion of the signal 6riginally input to circuit 904

delayed by an integral multiple of 25 ps.

Another feature of the present invention that is enabled via ﬁaving
- a second substrate that is sparse, is a'"quiet bus" that can be
used on the secondéry substrate. This quiet-bus technique can not
be done on the primary substrate because the metal levels on that
substrate are heavily utilized, ard the ambient noise is too great

for the technique to work.

In particular, since the clock-distfibution network requires only
a trivial portion of the available wiring channels, most wiring
channels on the secondary substrate (including perhaps several"
entire metal levels) can be grounded so as to prdvide a

highly-shielded (quiet) environment for the few signals that are

actually run across the secondary substrate.

FIG. 5 shows a signal wire on the quiet bus. = Because the
environment is very quiet, the wire can be precharged to an
intermediate voltage level via a very-high-impedance precharging

circuit 500. This precharging circuit leaks constantly, but the
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*7- FIG 5 shows a wire on a'quiet bus in accordance with the invention.
FIG 6 shows a first enbodinent of a primary and secondary package

configured in accordance with the invention. FIG 7 shows a second
enbodi mrent of a primary and secondary package configured in accordance
wi th the invention. FIG 8 shows a primary, secondary and tertiary chip

bonded in  accordance wth the present invention. ) )
high impedance keeps the leakage low. This circuit could not be

used in. a noisy environment, because coupled noise could fairly

easily pull the precharged circuit in either direction at random.

The inpu£ to the wire is a clocked passgate 502 that takes a short
sample of the static input, and allows that small sample to pull
the precharged bus répidly in the appropriate direction before
allowing the bus to reach a quiescent point near its precharged
state. This results in a travelling wave whose-velocity is related
to the characteristic_impedance of the wire. The signal reaches
the far end much fastér than i; would take for any driver circuit
to charge the wire, which would be the standard transmission means
in a noisy environment. The small-signal pulse is converted into
a static signal by a standard driver 504 at the far end. .

Other low power circuits can be located on the secondary substrate
where space permits, prbvided that they do not create a noisy
environment aro;nd any quiet busses. More and more, systems are
being proposed in which a processor chip has a private DRAM that
acts like a large L2 cache. 1In these systems, the microprocessor
and the L2 are distinct chips that are mounted on a MultiChip

Module (MCM) in close proximity.

If the two chips are adjacent one another, the worst-case signal

travel distance is roughly three chip "pitches" (three sides of a



-"e

‘FIG 9 shows a clock trimmng circuit, which delays the clock signal by
fi xed anmounts of tine. I n exi sting single-chip m cr opr ocessor
syst ens, the clock-distribution network is enbedded in the processor
chip itself. By contrast, in systenms in accordance with this-invention,
the primary substrate can be a mcroprocessqi chip without a

cl ock-distribution network, and a having a clock distribution network
provi ded Chph, @R oPrRfargos itk rket ananagyst dowphgp twhechipreifehss with

t herefore %Fgﬁpomer associated with the two systens. is the same, i.e.,
this invefittt o34} S nherent |y create power or cooling probl ens.

However, if the L2 is DRAM, then the standby power is typically
very low, and in accordance with this inverition. the DRAM can be
‘integral to the secbndary substrate, and bonded directly onto the
CP chip without causing a cooling problem. The worst-case.disténce
in this scenario is determined by two chip pitches, and can
'possibly be managed down to below one chip pitch with efficient

design.

This technique improves system performance by reducing the Finite
Cache :Effect. (The "Finite Cache" contribution to the "Cycles Per

Instruction" (CPI) performance measure for a processor is the

i i

produét of the.miss rate (misses per instruction) of the on-chip
cac;he and the miss penalty (cycles per miss) associated with
accessing the off-chip memory hierarchy. Oné component of this miss
penalty is the delay incurred.by going from the CP chip to the L2,
and back.) It also potentially reduces a multicycle delays to a
single cycle, which improves pipelining and has second-order

performance benefits.

FIGS. 6-8 show various embodiments in accordance with the

invention.
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Further, if there is nothing on the secondary substrate except for the
cl ock-distribution network, then the active area of the secondary
substrate is extrenely sparse, and the.redriving nodes of the clock-tree
can be placed ideally. Specifically, the redriving stages are placed in
symetric locations, and all wre-lengths an | oads are identical
throughout the tree. As was previously “explained, this would not be
possi bl e iT® HAF-r éal the cPopraste sek Se@l@ingahﬁVSn}gS!ar%tlecI@I@i ofr chupavable

net wor k t hat ntegral to the (o]0 n thi nventi on,
t he p?l marf % ?:JEB{IFGR r\ﬂ‘ﬂ“@ﬁepsvﬂ%rﬁ%q‘%?p E g%l iny éngoFf%errn“l%”g’ﬁlrro\égﬁ%)r)

| s conceptldabl oQéV ﬁ%ﬁn@t Eoé AR pQ'fH'Qf«} Qlbst94teCand ! 1 A5 piks Goa dFM X

1mm or small er :

. the secondary substrate for external connection. As discussed
above, both the primary énd secondary substrates carry active

circuitry.’

In FIG. 6, the primary substrate is somewhat smaller than the
secondary substrate, so as to expose I/O pins of the secondary
substrate for external connection. Again, both the primary and

secondary substrates carry active circuitry.

The invention can be extended to include a tertiary (and further)
substrates as well, as shown in FIG. 8. The embodiment of FIG. 8
includes a primary substrate 800, secondary substrate 802 and
tertiary substrate 804. The primary and secondary substrates are
bonded together by solder balls 806, positioned at corresponding
I/0 pads. External I/0 pads 808 from the secondary substrate are
bonded to pads on the tertiary substrate using -the same C4
(flip-chip) technology. 1In otdér to facilitate this connection, a
trench can be provided in the tertiary substrate to accommodate the
primary substrate. External I/0 pins 810 of the tertiary substrate

are exposed for external connection.
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/O pad is placed in the center of each tile. Al latches within the tile
are driven by the clock pad in the center of the tile. Such a
configuration is shown on FIG 2. Specifically, FIG 2 shows a 16mm X
16mm chip that is partitioned into 16 X 16 tiles, where each tile is a 1mm
X 1mm square. An |/O  pad 200 is shown in thg center of each tile. This I/0O
pad is a local clock-input pad, and it driv T all latches withinits tile.

The wor st - aasehdinbané ane di ccrie bioghas idveraidn asachat cht ieskils il a
this flgqrgéss expensive package. In the proce;gér/DRAM case, a
multichiﬁ-module (second level package) is requiredlusing prior
technology, and such second-level packaging requires an area that
is proportional to two chips that the third-level package (e.g..

card) must accommodate.

in the processor/DRAM-system that is made in accordance with this
inveﬁtion, there is no second-level package per se, since the DRAM
secondary substrate is the “carrier" for the processor primary
substrate. That procéssor/DRAM single-package entity can be
wire-bonded or C4-bonded to the third-level package directly, and
thg area required is only proportional to the area of the secondary
sﬁbstrate (i.e., to the area of a single chip). The - same
third-level package that  is used. in such systems today coﬁld
accommodate twice as many systems made in accordance with this

invention.

While thg invention has been described in particular with respect
to preferred émbodiments therebf. it will be understood that
modifications to the disclosed embodiments can be effected without
departing from the spirit and scope of the invention-as_defined by

tpé fbllowing claims.



The cI OMI O pads are provided through sol der-bal |

connectgﬁ y positioned |I/O pads on the secondary substrat e,
which ¢ Mmm H Idi-stribution circuitry for the primary chip
* cBeaau&ae +the sparsity of +the clock-distribution

netmork on the secondary substrate, the 1§|nultaneous arrival of a

primary clock signal to all driver pads on the secon
to all tiles on the primary substrate, CLAEES be gu rHﬂBeﬂdEETtH&AS\BEENl n

an extrenmely small tolerance. This would not be pdssi bl BEPbAGED st i ng

m cr oprocessors having integral clock di stribution neTWOTKS:

Fur ther mor @av§hECE il §dd ' d% SHRGAdar,; %U%% ré‘i§ égge”%h&
sparse, clock-trimmng an ra |ng C|rCU|try Can B s6 - be enbe é

the cl ock- diesti rebebi Qgcﬁgé\/\gykl_,é@eﬁ\/%t@u gg:Skew control. Thus, the
invention sinplifies the clock distribution design while inproving cycle
time via elimnating skew
1. A system compi'ising a primary chip and a secondary chip each
having active components, said primary chip and secondary chip
being connected to each other face-to-face so that I/0 pads on

- at least the secdndary chip remain accessible to connection

means outside" of the system.

2. The system in accordance with claim 1, wherein the primary and

secondary chips are coupled via .-solderballs.

3. The system in accordance with claim 1, wherein the face of the
primary chip has a smaller area than the face of the secondary

chip.

4. The system in accordance with claim 1, wherein the primary and
secondary chips are connected face-to-face in an offset

manner.

5. The system in accordance with Claim 1 in which said primary
chip contains logic circuitry, and in which said secondary

chip contains a clock distribution network.

s Sheet Has Been Re laced
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For FIG 3 shows 50[err]m X 400[err]mrectangles 300 within the
til esl(w M’ﬂsmu) chip area. These rectangles represent the area

r equi m nm ng and calibrating circuitry associated with each
tile. The Ci rcd'ltlsy tn these rectangles is nore than adequate for

provi ding very robust clock trinmmng and calibration, and it is clear from
the figure that the area involved is trivial.

- 10 - FIG®4 sHdls Y Tret etR eBCGPFARECT affbth Ghaihed cBckPifBe 5o Hlock
segondar y substrate confi Ilg)ur ed twor*(h'ia'sfgrfgrguta tl%lere]avrvxt;\r £Ear WU &es placed

on a regular grid, each said leaf node containing an I/0
driver circuit, each said I/O driver circuit driving an I/é
pad centered at said gridpoint corresponding to said leafnode,
each said I/O phd being connected to a corresponding I/0 pad
on the primary chip, each said I/0 pad on said primary chip
serving as a clock input, each said clock input being used to

gate storage elements that are proximate and coupled to that

inpl‘lt. | THIS SHEET HAS BEEN
REPLACED

7. The system in accordance with Claim 6 in which at least one of

said I/0 driver g:ircuits further contains a controlling means

e

for delaying the _clock' input by fixed amounts of time.

. 8. The system in accordance with <Claim 7 in which said
controlling means stores state information that specifies one
of several fixed amounts of time, said state information being

retained by storage means settable by a scan operation.

9. The system in accordance with claim 1, wherein at least one of
said primary and secondary chip contains inactive regions and
regions of unused wiring tracks on one or more metal wiring

levels in which a plurality of wires in said wiring tracks are

\
This Sheet y
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that the distance to each | eaf node 400 fromthe primary clock input 402
I S exac l ‘'the load fanning out in each direction from each
f anout :Ml“mm“mll ﬂ e sane. Located at each |eaf node is a driver
circuit (not showh) Yor* driving the output pin at the |eaf node. The

clock trimiing circuit (or controlling rrean_s)lscont ains scan-only control
| at ches whose states ca se the circuit tg cl ock edges .back. reI atjve

to the referencg’ ?I?I?)r[ﬁ G BKFOBTGh &C tfzfﬁﬁll NG T 10 §RES S e
out. Each tile {p &3 hﬂﬁe’ltd%d BWS?EétErmé@l i{@ches and aII of .

these | atches are connect a sfngle sCan ring on the_secondary
substrate. Cl ock skew can further be controlled in accordance with this
invéntion via probing the transmtted clock signals on the primry (or
secondar y) 10subBhe as st eranih taoeorddpast whgh cCbrim dddes whiight seid ceinielday

This is a standard techni que.
: _ wires are used for transmitting data signals.

11. The system in accordance with Claim 8 further comprising
transmitting means including an active high-impedance
prechargihq circuit and a circuit that gates an inppt Signal
onto the sending end of a wire, said precharging circuit
holding the voltage of the wire at a level that is
intermediate to logic levels 0 and 1, said gating circuit
5eing periodically opened and closed by a c¢lock pulse to
sample said input signal to enable said transmitting means to
transmit signal pulses in a quiet environment in accordance

with the state of said input signal.

12. The system of claim 9, wherein said secondary chip contains

said shielded wiring tracks.

'13. The system in aécordance with Claim 12 wherein said shielded

wiring tracks are used for transmitting signals.

14. The system in accordance with Claim 13 further comprising

transmitting means including an active high-impedance

- HIS SHEET HAB BEEN |
1 REPLAGED
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The circuit of FIG 9 operates as follows. A global clock S|gnal to be

o oy TIMIFRIRET S Cur ccciet oy o it “Eompr; g3 LR

t hat ;def ay* t e Mnp&t %ignal by 100 ps. A nultipl exer §05 se ACED; t her

t he del ayed or undel ayed signal as controllﬁg by control Tatch 900a. The

out put of the nultiplexer
11- 905 is prowrécdargiagf checdet andia cUirncug@4that c%am%cﬁrcolnmuts@sgnaél ay

el enents for

del aying the signal in increments of 25 Ps. A nmultiplexer

sel ects the de§™M&d pﬁ?n§+@%aPHQSQQNﬂrBFF%d §gid precharging circuit

15.

16.

17.

18.

~holding the voltage of the wire at a level that is

intermediate_to logic levels 0 and 1, said gating circuit

being periodically opened and closed by a clock pulse to
sample said input signal to enable said transmitting means to

transmit small-signal pulses in a quiet environment in

accordance with the state of said input signal.

The system in accordance with claim -14 in which said
transmitting means is used to transmit signals between

elements on the said primary chip.

The system in accordance with Claim 1 in which said secondary
i

chip contains DRAM.

The system of claim 1, further comprising a tertiary chip
having a trench for receiving the primary chip, and wherein
the secondary chip 1is connected to the tertiary chip
face-to-face so that I/0 pads on said tertiary chip remain

accessible to connection means outside of the system.

The system of claim 1, further comprising a second primary
chip, wherein each said primary chip is connected to_ the

secondary chip face-to-face so that I/0 pads on at least the

This Sheet Has Been R
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control tches 900b and 900c. The output of the nmultiplexer 902 is a
del aye mmmmur signal originally input to circuit 904 del ayed by
an |nt ﬂ' 25 ps. Anot her feature of the present invention

that is enabled'blé having a second substrate that is sparse, is a "quiet
bus" that can be wused on the secondary substy@te. This quiet-bus technique
can not be done on the primary substrate because the metal |evels on that
substrate are hé%%@lfeﬁppﬁﬁZEdchmMjEﬁﬂ?kﬂﬂﬁqgﬁsﬁﬂ9l§e'F% fepnereien Reanshe

technique to work, .- particu nce .t he, cl ock-di stribution network
requires only- %9F§%g?a?f éh?l%ﬁ%é;syﬁﬁg 9£|$5b?% Wiring channels, nost
wiring channels on the secondary substrate (including perhaps several
entire netal levels) can be grounded so as to provide a

hi ghl y-shi eb dedrh@usgbiefnyir engemt 1891 fukenbeWeshpPds ind hat t@f€iary chip
having a trench for receiving eacﬁ said primary chip, wherein
the secéndary'chip is connected to the tertiary chip face-to-
face so that I/0 pads on said tertiary chip remain accessible

to connection means outside of the system.

20. a éystem of hierarchically connected chips having more than
three levels iﬁ the hierarchy, wherein in each level in the
hierarchy, the chip at each said level has é trench for
receiving subsystems of lower-level hierarchies, and wherein
the chip at the highest 1level of each 'said lower-level
hierarchy is connected to the éhip of said level face-to-face
so that some I/0 pads of the chip.éf the said level are
accessible to connection means above the said level of the

hierarchy.

21. An integrated circuit chip comprising inactive regions and
regions of unused wiring tracks on one or more metal wiring
levels in which a plurality of wires in the wiring tracks are
connected to a common ground so that some wires in the wiring

tracks are shield by the grounded wiring tracks.

THIS SHEET HAS BEEN
REPLACED
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éctuarly run across the secondary substrate. FIG 5 shows a signal

wire on the use the environnent is very quiet, the wire
can be precﬂmﬂ ﬂﬁ! rnedl ate voltage level via a

very-hi gh-i nEC arglng circuit 500. Thi's precharging circuit

| eaks constantly, but the 21 - 12 -

hi gh i mpedance keeps the | eakage low. This CIrCUIt could not be wused in a
noi sy environnent, because coupl ed noi se coul d falrly easily pull the

recharged girc it i her. . directi on at ran

P 9 fﬁ. % metRog,gor dlstrgbutgnq ocg signal to multiple receiving
points on a chip in which the skew of said clock signal as
received at said receiving points is minimized, said method

comprising the steps of:

_ placing I/0 pads for said receiving points on a regular

grid across the surface of a:primary chip,

constructing a clock-distribution network on a secondary
chip wherein the outputs of said network are I/0 pads
that aré-placed on a regular.grid across the surface of
:said secondary chip, said grid on secoﬁdary chip being a
mirror-ima?e of the grid on the primary chip,

i

bonding said primary chip to said secondary chip

surface-to-surface. THIS "
_ HEET | HAS Bng
REPLACED “ﬂj

23. The method of Claim 22 further comprising the step of

implementing said clock distribution network as a symmetric
tree having equal loads and wire-lengths fanning-out in every
direction from every fanout point on said secondary chip, and

in which said I/0 pads ére leaf nodes of said tree.

TN
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The i nput cl ocked passgate 502 that takes a short sanple
of the s allows that small sanple to pull the precharged
bus raplmﬂ ,w gﬂﬁﬁfriate direction before allow ng the bus to reach
a qui escent cpolL s precharged state. This results in a travelling
wave whose velocity is related to the charath?ri_stic I npedance of the
wire. The signal reaches the far end much faster than it would take for
any driverl4ci r@DFt"‘e’%IEPQ:mafrgéatlﬁezW FUrEhey GPTRSGF NSt i St RiaPYaCINT
transm ssion N a. noi nvi_ronment,. . Th || -signal pulseis
convert ed mtgg r%Y%fl%lgcf Iaetb)?ag lsﬁﬁaa}a grrllc\)r;%r 504 at the far end.

Ot her | ow power circuits can be | ocated on the secondary substrate where
space permts, provided that they do not create a noisy environment around
any qui et 2bUssehe MéYIDANBLNDEEain®y QUEMBuLEBer DSORGriEORGS thd Nswlpchof
processor-chip has a private DRAM.that acts |like a large L2 cache. In

't hese syst ens, pProeiding opramegsdiling means responsive to state inputs for

at least one of said driver circuits for delaying said driving

circuit by a flxed amount of time as detemlned by said state

. inputs. _ 1 THIS SPEI:T rlAa BEEN
REPLACED

26. The method of Claim 25 further comprising the step of
providing a means for retaining state input information that

is used to control said driver circuits.

27. The method of Claim 26 further c_omprising the steps of
rﬁeasuring the arrival of said clock signals at multiple said
receiving poir;ts, and changing the state stored in said
state-retaining means so as f.o make said drivers responsive to
said changed state by changing their relative delays so as to
minimize the skew of said clock signals between thé said

multiple receiving points.

28. A method for creating a low-noise environment for signal wires

on a chip, comprising the steps of

I
Has Been Reﬁaced

"
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dnd the L2 are distinct chips that are nounted on a Multi Chip Mdule (MCM
In clos the two chips are adjacent one another, t he
wor st - cgmmnmnmm“ﬂm, di stance i s roughl y three chip "pitches" (three

sides of & € - 13 - chip), and can

possi bly be managed down to two chip pitches wi$h _efficient design.
However, if the L2 is DRAM then the standby power is typically very |ow,
and in accordance wERning SaildvehynidhWirke DRAManageive surface regions

on the chip,

running grounded wires adjacent to said signal wires in

the same wiring plane, and

running grounded wires adjacent to said signal wires on

adjacent wiring planes.

THIS SHEET HAS BEEN
REPLACED

29. The method of claim 28, further comprising:

constantly and actively precharging said signal wires to
a quiescent value that is intermediate to the logical 0

and 1 levels via a high-impedance circuit that allows

small signals to intermittently perturb said quiescent

value,

intermittently gating small signal values onto the
transmitting end of said signal wire to perturb said

quiescent value responsive to a data input, and

receiving the small-signal at the receiving end of said

signal wire.

30. The method of claim 29, further comprising:

This Sheet Has B

LT
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integral to the secondary—substrate, and bonded directly onto the CP chip
w t hout ﬂ' ' | problem The worst-case distance in this
scenario umm,"aﬂm ' two chip pitches, and can possibly be nanaged
down to beél ow one xCchis tch with efficient design. Thi s technique
i nproves system perfornmance by reducing the Figite Cache Effect. (The
"Finite Cache" contribution to the "Cycles Per "Instruction", (CPl)
per f ormance neasur epitovidipgoxgssimarys chlip having fpreduand cfeddral wiigsuiat e
(m sses per instruction) of the on-chip cache and the, mss penalty
(cycles per niss) a$d6FPBEEH with- accessing the off-chip menory hierarchy.
One conponent of this mss penalty is the delay incurred by going fromthe
CP chip to the L2, and back.) It also potentially reduces a nmulticycle
delays to a singlepgyehfg WheChhidHVsRERa RIiRRlhNINT AN b1aEnecceRENEL LG
performance benefits. ) e e
| chip; THIS SHEET HAS BEEN
' REFLACTY

erae

bonding said primary chip -to said secondary chip

surface-to-surface;

driving said signals from said first element on said
primary chip through said solderballs onto said secondary

chip,

using said high-speed signal wires on said secondary chip

to facilitate the transmission, and

at the receiving end of said high-speed signal wires on
said secondary chip, driving said signals through said
solder balls onto said primary chip to said second

element on said primary chip.

31. A method for minimizing the transmission distance between a
logic chip and a DRAM chip including the step of bonding said
logic chip to said DRAM chip surface-to-surface using

flip-chip technology.

i



Wﬂimshow various . enmbodinents in accordance wth the

|nvent|o Wuum - 14 - In FIG 6,
the pri substrates are of conparable size, but are

coupl ed vi a soI derbal | s*600 in an offset manner so as to expose I/O pins
602 of the primary substrate and 1/0O pins 604_0f5 the secondary substrate
for external, connection As di scussed above, both the primary and

secondary gabstf‘a’f‘%gh‘&%rfﬂf Feing acﬁ“\‘éﬁ’rt?‘}flp system, comprising the steps

of

making a two chip system by bonding the top surfacé of a.
first chip to a top surface of a second chip using
flip-chip technology in a manner that connects I/0 pads
on the tbp surface of the first chip to I/O pads on'the
top surface of the second chip .while leaving some I/O
padé on the surface of the second chip accessible to

connections outside of the two-chip system,

providing a trench in a third chip large enough to

receive said first chip, and

bonding thé.éop surface of said second chip to a top
isurface of said third chip wherein said first chip is
inserted into said trench in said third chip; said
bonding step using flip-chip technology to connect said
accessible I/0 pads on the top surface of said second
chip to I/0 pads on the top surface of said third chip
wﬁile leaving some I/OIpads on the top surface of said

third chip accessible to connections outside of the

three-chip system.




Th FIG 6, the primary substrate is somewhat snaller than the secondary
substrate, S0 as to exposeé |/ O pins of the secondary substrate for

ext er nal 1 in, both the primary and secondary substrates
carry ac”!ﬁmmm“ﬁ:my The invention can be extended to include a
ers

tertiary tand Twrt *substrates as well, as shown in FIG 8. The
enbodi nent of FIG 8 includes a primary substrate 800, secondary substrate
802 and tertiary substrate 804. The primary®and secondary substrates are

bonded toget her, by sol der palls,6 806, positjoned at gcorrespondjn | / O pads.
“Ext er nal :? O padfs %%%h?‘ﬁo?rgt‘ﬁéa%cﬁ?ldafyr%%tFﬁ‘f‘%r‘eﬁ’eng b'g?ﬂ‘g’d‘ggﬁ)h%a on
the tertiar : usi fl 1 PGl t ( . gorder
to faci 11tare Th Sebmiosriomtf AT ek tend oceP s FF v Ehases, eif
substrate to agton@mgaie diip rﬁdiﬁ%ﬂé Yesichaiter Extelitahg! £hkPEDss818n&f

the tertiary substrate are exposed for external connection.
second chips in order to form a four chip system.

TTHiS SHEET HAS BEEN
REPLACED
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=-* 15 - Another benefit afforded by this inventionis that it results in a
| ess expensive package. In the processor/DRAM case, a

mul ti chi p- modul e (second | evel package) .is required using prior

t echnol ogy, and such second-| evel packaging requires an area that is
proportional to two chips that the third-1evel package (e.g., card) nust
acconmodat e. In the processor/DRAM s@3t-em t hat is nade I n accordance
with this invention, there is no second-|evel pack er se. since the

DRAM  secon@hOCK SERW MENIMIZATEION $YSTEM ANP MECHRIS HOR 3N TEGRAFED
CIRCUITS

ABSTRACT

A precise and highly controllable clock-distribution network is provided on one
active substrate to distribute clock signals with minimal skew to another active substrate
by connecting the substrates together face-to-face using flip-chip technology. Since the
clock-distribution substrate is spatse, "quiet busses" are provided on the sparse substrate
to facilitate the high-speed transfer of data over relatively long distances. Low-power
devices (e.g., DRAM) can be provided on one substrate for use by higher-power logic

(e.g., a processor) on another substrate with minimal interconnection distance.

Fig. 6

THIS SHEET HAS BEEN
REPLACED
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;Substrate. That processor/ DRAM si ngl e- package entity can be w re-bonded
.4or C4-bonded to the third-level package directly, and the area required is
““only proportional to the area of the secondary substrate (i.e., to the

area of a single chip). The sane third-level package that is used in -

such systens today could accommpdate twice as many systens nade in
accordance with this invention. Whi |~e/§ he i nvention has been descri bed
in particular with respect to preferred ‘enbodi ments thereof, it will be
understood that nodifications to the disclosed enbodi nents can be effected

W thout departing fromthe spirit and scope of the invention as defined by

the foll ow ng clains. '

FIG. 1
PRIOR ART

PRIMARY SUBSTRATF. SECONDARY
ACTIVE CIRCUITRY SUBSTRATE

R

//%\()OOO()()()()()()()()O()()O/f,/\\

SECONDARY SUBSTRATE
PASSIVE CIRCUITRY
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REPLACENENT SHEET -16 -

+FC ai s 1. A system conprising a primary chip and a secondary
chi p each having active conponents, said primary chip and secondary
chip being connected to each other face- to-face so that 1/0O pads on
at | east the secondary chip remain accessible to connection means

outside of the system wherein one of said primary and secondary chi ps
contains logic circuitry, and wherei#/8he other chip contains a clock

di stribution network for delivering clock signals to the |ogic
circuitry on the one chip via a plurality of connection points
between the faces of the primary and secondary chips.- 2. The
systemin accordance with claim1l, wherein the primry-and secondary
chi ps are coupl ed via sol derballs. F}hﬁg ;a'The systemin accordance
with claiml1l, wherein the face of the pri

200
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has a smaller area than the face of the secondary chinp. 4. The
.systen1|n accordance wth claim 1, wherein the primary and secondary

““chips are connected face-to-face in an of fset manner, 5. The

systemin accordance with claim1l in which said secondary chip contains
said clock distribution network, and wherein said clock distribution

network is a fanout tree mﬁth3yeaf nodes placed on a reqular grid,
each said | eaf node containing an I/ O driver circuit, each said I/0O
driver circuit driving an I/O pad centered at points on the grid

correspondi ng to said | eaf nodes, each said |I/O pad being connected to a
-17-

FIG.3
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corresponding I/O pad on the primary chip, each said I/0O pad,on said
sprimary chip serving as a clock input, each said clock input being used to
gate storage elenents that are proximte and coupled to that input. 6.
The systemin accordance with claim1l, wherein at | east one of said primary
and secondary chips contain inactive regions and regions of unused w ring
tracks on one or nore netal wiring |evels #n8which a plurality of wires in
said wiring tracks are connected to a common ground so that sone wires in
said wiring tracks are shielded by said grounded wires and wherein said
.one of said chips acts as a wavegui de for signal transm ssion between
points on the other of said chips. 7. The systemin accordance with
claiml in which said secondary chip contains DRAM 8. The system of
claim1l1, further conprising a second primary chip, wherein each

PRIMARY CLOCK INPUT
ON SECONDARY SUBSTRATE

402~_L

-
-
400

FIG.4



~

said primary chip is connected to the secondary chip face-to-face so that
-1 /0O pads on at |east the secondary chip remain accessible to connection
means outsi de of the system of chips. 9. The system in accordance
with claim5 in which at |east one of said I/Odriver «circuits further
contains a controlling neans for delaying the clock input by fixed anounts
of tine. 10. The systemin cordance with claim9 in which
said controlling neans stores state i rmation that specifies one of

several fixed anounts of time, said statg information being retained by
-storage neans settable by a scan operati :
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11. The systemin accordance with claim 10 further conprising
:fransmtting nmeans including an active hi gh-inpedance precharging circuit
and a circuit that gates an input signal onto the sending end of a wre,
said precharging circuit holding the voltage of the wire at a | evel that
is internmediate to logic levels 0 and 1, said gating circuit being

periodi cally opened and cl osed by asggock pulse to sanple said input signal
to enable said transmitting nmeans to transmit signal pulses in a quiet
environment in accordance wth the state of said input signal. 12.

The systemin accordance with claim6 in which said shielded wires are used
for ‘transnmitting data signals. 13. The system of claim6, wherein said
secondary chip contains sar~d_shielded wring tracks. 14. The system
in accordance with claim 13 rein said shielded wiring tracks are used
for transmtting signals.
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15. The systemin accordance with claim 14 further conprising
.transmtting neans including an active high-inpedance precharging circuit
and a circuit that gates an input signal onto the sending end of a wre,

said precharging circuit holding the voltage of

-19- the wire at a level that is inE?rnediate to logic levels 0 and 1,
said gating circuit being periodical 9 opened and cl osed by a cl ock pul se
to sanple saird input signal to epable said transmtting nmeans to transmt
smal | -si gnal pulses in a quietnvironment in accordance with the state of
said input signal. 16. systemin accordance with claim 15 in which
said transmtting neans is erto transmt signals between el enents on
the said primary chip.
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17. A system of hierarchically connected chips having nore than three
»levels in the hierarchy, wherein in each level in the hierarchy, the chip
at each said level has a trench for receiving subsystens of |ower-|evel

hi‘erarchi es, and wherein the chip at the highest |evel of each said

l ower-1evel hierarchy is connected to the chip of said |level face-to-face
so that sone |/ O pads of the chip of t8g8said | evel are accessible to
connecti on means above the | evel of the hierarchy. 18. An active
integrated circuit chip conprising inactive regions and regi ons-of unused
wiring tracks on one or nore metal wiring levels in which a plurality of -
wires inthe wiring tracks are connected to a common ground so that sone
wires in the wring tracks are shlelded by the grounded wiring tracks, the
shiel ded wires acting as mavegU|des f gnal transm ssion on said Chlp
19. A system conprising a prlnary &fcondary chi p each havi ng
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conponents, said primary chip and secondary chi p being connected to eac

ﬂﬁﬁ 197

gzgglullmﬂmmnﬂmﬁﬂlrgnt hat 1/0 pads on at |east the sechdary chip renai Kol /s

20 - * nkans dUtsi d¢ of the system wherein at [}

and secondary chips contains inactivejgegions

tracks on one -or nore netal wring |evels, whe
said wiri tracks are connected to a comon g
said wiri g3 M8ks are shiel ded by said grounde
one of said chips acts as a wavegui de for signal

eﬁ, L Iod primary
nd regi ons of uhuged wring
eiln PG REB 20BY ylol wires in
ogynd so that sofejwires in
€s n ere¢in said

transm ssion befween

points on the other of said chips. 20. A system conprising a primary
chip and a secondary chi p each having active '
1. A system comprising a primary chip and a secondary chip each having active

components, said primary chip and secondary chip being connected to each other face- “

to-face so that /O pads on at least the secondary chip remain accessible to connection
means outside of the system, wherein one of said primary and secondary chips
contains logic circuitry, and wherein the other chip contains a clock distribution

network for delivering clock signals to the logic circuitry on the one chip via 2

plurality of connection points between the faces of the primary and secondary chips.

2. The system in accordance with claim 1, wherein the primary and secondary

chips are coupled via solderballs.

3. The system in accordance with claim 1, wherein the face of the primary chip

has a smaller area than the face of the secondary chip.

4, The system in accordance with claim 1, wherein the primary and secondary

chips are connected face-to-face in an offset manner,

5. The system in accordance with claim 1 in which said s-econdary chip contains
said clock distribution network, and wherein said clock distribution network is a fanout
tree with leaf nodes placed on a regular grid, each said leaf node containing an [/O
driver circuit, each said I/O driver circuit driving an /O pad centered at points on the

gnd corresponding to said leaf nodes, each said /O pad being conneced o a



npenents, said rlnar chip and secondary chip ' each .
ot her flﬂlﬂ'“"l"j"lﬁﬂﬂ that I/O pads on at | east REEThitp remai n
accessi nmeans outside of the systfem the system further
conpri si ng ‘a tertiaf y thip havi ng a trench for rleqeiygrges pggprifmary chip,
and wherein the secondary chip is connected to thg tertiary chi
face-to-face so that |I/O pads on said tertiary chip le to
connection neans outside of the syste 21. A system conpri.sipg a

first primary chip, a second prinmary Chlp and a secondary chip each having
active conponents, aid_prinma I p_hei onnected face tg.face
with the ﬁé‘&?ﬂ?&ﬁl}lg%ﬁ’é tpqmaélﬁﬁws 6"‘2‘ II/<§gl3?‘{|Pﬂ(=)s s%rggﬁa“&w chip
remai n accessible to connectlon nmeans outside of the s stem t he stem
further coepingasaclock input, sach said glotiuinpnibeing nseddn galgistoragectiomenys wéh sai d
prinmary chip, wherein the secondary chip is connected to the tertiary chip
face to fa&@pm&ﬁnitbaﬁdbd@lmd&h&mpiml d tertiary chip remain accessible to

connection nmeans outside of the system
6. The systefn in accordance with claim 1, wherein at least one of said primary
and secondary chips contain inactive regions and regions of unused wiring tracks on
one or more metal wiring levels in which a plurality of wires in said wiring tracks are
connected to a common ground so that some wires in said wiring tracks are shielded
by said grounded wires and wherein said one of said chips acts as 2 waveguide for

signal transmission between points on the other of said chipS.

7. The system in accordance with claim 1 in which said secondary chip contains

DRAM.

8. The system of claim 1, further comprising a second primary chip, wherein each
said primary chip is connected to the secondary chip face-to-face so that /O pads on at
least the secondary chip remain accessible to connection means outside of the system

of chips.

9. The system in accordance with claim 5 in which at least one of said /O driver
‘circuits further contains a controlling means. for delaying the clock input by fixed .

' amounts of time.



REPLAGEN ENT SHEET |
for distributing a clock sijgar—to—mm-t+pte

recel % hip in which the skew of saifd| WS
recei vmmmmﬂﬂm ﬁl ng points is mnimzed, saild fﬁ?ﬂgﬁ@rl 5i hg the
stepso ¢ psa g I/ O pads for said receiving points. on a . regular
grid. across the surface of a pri mar_y chi p, constructing a
cl ock-distribution network on a secongary chip V\/ner 'ﬂ-fhewveut—pﬁt-&m sai d
network are |/ pads t.hat are on.,a r [oss t urface
of said secon g aceq 8*“51% %bglla?égdﬂ 2&‘3‘ g ﬁ‘bg ﬁl}%rtggl mage of
the grid on the prlnar chi bondlng said primary chip to said
secondar >sta§¢1|1pfomp.qu;@hag @pg@ﬁpg@ge of several fixed amounts of time, said state

information being retained by storage means settable by a scan operation.

11.  The system in accordance with claim 10 further compﬁﬁing transmitting means
including an active high-impedance precharging circuit and a circuit that gatps an input
signal onto the sendiné end of 2 wire, said precha:giﬁg circuit holding the voltage of
the wire at a level that is intermediate to logic levels 0 and 1, said gating cin_:uit being
periodically opened and closed by a clock pulse to sample'éaid input signal to enable -
said transmitting means to transmit signal pulses in a quiet environment in accordance

with the state of said input signal.

12.  The system in accordance with claim 6 in which said shielded wires are used

for transmitting data signals.

13.  The system of claim 6, wherein said secondary chip contains said _shielded

wiring tracks.

14.  The system in accordance with claim 13 wherein said shielded wiring tracks

are used for transmitting signals.

15.  The system in accordance with claim 14 further comprising transmitting means
including an active high-impedance precharging circuit and a circuit that gates an input

signal onto the sending end of a wire, said precharging circuit holding the voltage of
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The met hod of claim 23 further conprifsijng the St?eri

thod of claim22 futher conmprising the s eRy :'r__a_ ent i
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* out in every direction fromeyefy fanout—pe+
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claim 24 further conprising the step of providing ac_o_ntrolllng mean$

responsi vide tv@r%atatlevqlmhmusmmmedmd tedsgic develsdd arshl Gsail} gatig oHichit Geing~f O
delaying said driving circuit by a fixed anount of tinme as determ ned by

sai d st atgeriodfedll$ opened and closed by a clock pulse to sample said nput signal to enable

said transmitting means to transmit small-signal pulses in a quiet environment in

accordance with the state of said input signal.

16.  The system in accordance with claim 15 in which said transmitting means is

used to transmit signals between elements on the said primary chip.

17. A system of hierarchically connected chips having more than three levels in the
hierarchy, wherein in each level in the hierarchy, the chip at each said level has a

trench for receiving subsystems of lower-level hierarchies, and wherein the chip at the

'highest level of each said lower-level hierarchy is connected to the chip of said level

face-to-face so that some VO pads of the chip of the said level are accessible to

connection means above the level of the hierarchy.

18 An active integrated circuit chip comprising inactive regions and regions of
unused wiring tracks on one or more metal wiring. levels in which a pluraiity of wires
in the wiring tracks are connected to a common ground so that some wires in the
wiring tracks are shielded by the grounded wiring tracks, the shielded wires acting as

waveguides for signal transmission on said chip.

19. A system comprising a primary chip and a secondary chip each having active
components, said primary chip and secondary chip being connected to each other face-

to-face so that /O pads on at least the secondary chip remain accessible to connection
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sive to said dhs

ipts - 29

i mze the skew of
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receiving p

met hod for creatin g a | ownoise environnent for signal wires on a chi

conpri si ngmedns ot
surface regions on the chinp,

sai d si gnatontdiisinattivel i2gionsand tegionsgofuaised widigltracks on one or more metal

wiring levels, wherein a plurality of wires in said wiring tracks are connected to 2
common ground so that some wires in said wiring tracks are shielded by said grounded
wires, and wherein said one of said chips acts as a waveguide for signal transmission

between points on the other of said chips.

'20. A system comprising a primary chip and a secondary chip each having active

components, said primary chip and secondary chip being connected to each other face-
to;face so that /O pads on at least the secondary chip remain accessible to comecﬁm
means .outside of the system, the system further comprising a tertiary chip having a
trench for receiving the primary chip, and wherein the secondary t_:hip is connected to
the tertiary chip face-to-face so that /O pads on said tertiary chip remain accessible to

connection means outside of the system.

21. A system comprising a first primary chip, a second primary chip and a

secondary chip each having active 'components, each said pri_mary chip being

P,

runni ng grounded w res adjacent to

connected face to face with the secondary chip so that O pads on at least the _

secondary chip remain accessible to connection means outside of the system; the

system further comprising a tertiary chip having a trench for receiving each said

so that I/O pads on said tertiary chip remain accessible to connection means outside of

the system. ...

nged
sai d

fdhe system, whereinahleagi angiof said grimaryiand secqudasy shippiact i ve

- primary éhip. wherein the secondary;chip.ié'connected to the tei'tiary Chlp face-to-face- . .. . ... -



rﬁnniﬂWj acent to said signal wres ace wiring'
pl anes. od of claim28, further co ESL A

const aﬁ!ﬂ”m precharging said signal wrdgs foa ¢ al ue
t hat Emgtheloglcal 0 and 1 |evelsjvila p;whlnpeace
circuit that Lal Mows signals to intermttentl f% abﬁiq [
val ue, intermttently gating small signal v Iée&anzo t he
transmtting end of said signal w reztlo perturb sajd qui escent varu

responsive to a dat a i nput, and “ ““*“recei vi ng t heTsmat-—~si-gnal__ at the
receivi ng end of said signal wr
.23 - 2. Twm%@r&su&%aﬂocﬁ%m%&mm%ﬂ@ﬁm points on a chip

in which the skew of said clock signal as received at said receiving points is
minimized, said method comprising the steps of:
placing 1/O pads for said receiving points on a regular grid across the surface of
a primary chip, |
. constructing a clock-distribution network on a secondary chip wherein the
outputs of said network are /O pads that are placed on a regular grid across the surface
- of said secondéry chip, said grid on secondary chip being a mirror-image of the gridon
the primary chip,
| boﬁdjng said pnmary chip to said secondary chip surface-to-surface.

23.  The method of claim 22 further comprisihg the step of implementing said clock
distribution network as a sym:ﬁetﬁc tree having equal loads and wire-lengths fanning-
out in every direction from every fanout point on said secondary chip, and in which

said /O pads are leaf nodes of said free.

24.  The method of claim 23 further comprising the step of placing a driver circuit

at each said leaf node.

25. The method of claim 24 further comprising the step of providing a controlling .

scent

_means responsive to state inputs for at least.one.of said driver circuits for delaying said.. . ... -

driving circuit by a fixed amount of time as determined by said state inputs.
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provi di ng a haV| ng first and second cir g_.‘)q eere
pl aci n eed signal w res on-the secondary ?’b"bfﬁml\ﬂ" SHEBJ'OF di ng
said p WmBHEIB id secondary chip surface-to Serace

driving*sai dts om said first element on salc Bpr M:-I%I}h@ T pbugh
said solderballs onto said secondary chip, uilng sa gh{ speed
signal wires on said secondary chip-to facilitate the And
at the receiving end of said hi gh-spe signal wireg_on said secondary
chip, driving said signals through sdi“d sol der balls ont o sard—p+ y
chip to said second elenment on said prinmary chip. 31. A et hod for
nmeki ng a raf t i -Theipetbod o€ glaim Sfpfurtbenkpmprising: the stepfof providing 2 meausrgr a t wo
chip system by bonding the top surface of a first chip to a top surface of
a second aqbiajningstatg idgut infomatiohahdtiobsed o contw] sad devertdinitconnect s 1/ O pads
on the top surface of the first chip to I/O pads on the top surface of the
second chip while leaving sone I/O pads on the surface of the, second chip
accessible to

27.  The method of claim 26 further comprising the steps of measuring the arrival

of said clock signals at multiple said receiving points, and changing the state stored in
said state-retaining means so as to make said drivers responsive to said changed state
by changing their relative delays so as to minimize the skew of said clock signals

between the said multiple receiving points.

28, A method for creating a low-noise environment for signal wires on' a chip,
comprising the steps of: |
running said signal wires across inactive surface regions on the chip,
running grounded wires adjaceht to said signal wires in the same wiring plane,
_and |

running grounded wires adjacent to said signal wires on adjacent wiring planes.

29.  The method of claim 28, further comprising:
constantly and actively precharging said signal wires to a quiescent value that -
is intermediate to the logical 0 and 1 levels via a high-impedance circuit that allows
small 51gnals to mtenmttently perturh said qulescent value,
_ intermittently gating small sxgnal values onto the transmitting end of said sxgnal -

wire to perturb said quiescent value responswe to a data input, and-

. .xeceiving the small-signal at ..the'_;rc.cciying_..end_of said signal wire, .. e
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cohnecti ons out si de of theiwo chi p system ' providing.-a trench in a
third-chip Targe enough to receive said first chip, and bondi ng t he
top surfa m‘mnllﬁﬂ I‘chl p to a top surface of said third chip

wher ei n sgL ‘ inserted into said trench in spiREfACED.]
sai d bondi nyy steg dsi I|p chip technol ogy to connect ga

I/ O pads on the top surface of said second chip tbv I/QO {pagds on the top
surface of said third chip while Ieawi;g some 9 FEB 2891
-24 - 1/O pads on the top surface of ®¥aid third chip acgedsible to-
connectlons outsi de t he e chip system 32. The
1, further’®onp ‘§°ﬂ)8f]‘é}ﬁ% 29, farthes coRiPFisABe of the thi

surface of a fourth chip, the fourt: chip having a trench for
- providing a primary chip having first and second circuit elements;

recei ving

placing the high-speed signal wires on the secondary chip;

bonding said primary chip to said secondary chip surface-to-surface;

driving said signals from said ﬁrst element on said primary chip ﬂuough said
solderballs ontb said secondary chip,

using said high-speed signal wires on said secondary chip to facilitate the
transmission, and

at the feceiving end of said high-speed signal wires on said secondary chip,
driving said signals through said solder balls onto said primary chip to said second

element on said primary chip. .

31.  Amethod for making a multi-chip system, compnsmg the steps of:

- making a two chip system by bondmg the top surface of a first ch1p to a top
surface of a second chip using flip-chip technology in a manner that connects I/O pads
on the top surface of the first chip to /O pads on the top surface of the second chip

. while leaving some IO pads on the surface of the second chip accessible to
connections outside of the two-chiﬁ system, . | |
providing a trench in a third chip large enough to receive said first chip, and
bonding fhe top surface of said second chip to a top surface of said tﬁird chip
wherein said first chip is inserted into said trench in said third chip, said bonding step
using flip-chip technology to connect said accessible I/O pads on thé top sﬁrfac.e of

. .said second.chip to 1/O pads.on the top surface of said third chip while leaving some ..



t hé. first and—seeond—ehips in order to forma four chip 33.

' . A
et hod for_nj njmni 7] he trasmission-distance between p REPYACE:ehi-D aNt-—s
DRAM chmllwbllﬂjmgliiuust ep of bonding said | ogic chip. e--DRAM S p |

- surface! JUOY susikiig flip-chip technol ogy, wherein|p WE{ consurrpti?l}n'

H

I
of such logic shipp is higher than power consunption of [sgid ¢ CHip ,f
which said logic chip is a mcroprocessor. 34. A for A
m nimzing the transm ssion di stance tween a logic chfp and a mv"c’nip
i ncluding the step of bonding said | odi'c chip to said ' rface- :

to-surface using flip-chip technol ogy, wherein power consumption of such™
| ogi ¢ shi /O padson thertop surfaqsonfeseid:third ¢hip aceessidle tosannesions ebisileafdhei n sai d
step of bonding includes positioning said logic chip to said DRAM chip so
t hat a naxhresrchip sssenmce of travel of an signal fromsaid logic chip to
said DRAM chip is two chip pitches.

32.  Themethod of claim 31, further comprising bonding the top surface of the third

chip to the top surface of a fourth chip, the fourth chip having a trench for recéiving

the first and second chips in order to form a four chip system.

33. A method for mihimizing the transmission distance betwegn a logic chip and 2
DRAM chip including the step of bonding said logic chip to said DRAM ship surface-
to-surface using flip-chip technology, wherein power consumption of such logic 'ship is
higher than power coﬁsﬁmption of said DRAM chip which said logic chip is a

microprocessor.

34. A method fdr'mm&ﬂizing the transmission distancg between a logic Chip and a
DRAM chip including the step of bonding said logic chip to said DRAM ship surface-
to-surface using flip-chip technology,. wherein power consumption of such logic ship is
higher than power consumption of said DRAM chip wherein said step of bonding
includes positioning said logic chip to said DRAM chip so that a maximum distance of

trave] of any signal from said logic chip to said DRAM chip is two chip pitcheé.
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' CLOCK'SKEW MINIMIZATION SYSTEM AND METHOD FOR INTEGRATED
- : CIRCUITS
ABSTRACT
A precise and highly controllable clock-distribution network is provided on one

active subétrate to distribute clock signals with minimal skew to another active substrate
by connecting the substrates together face-to-face using flip-chip technoldgy. Since the
clock-distribution substrate is sparse, "quiet busses” are provided on the sparse substrate
to facilitate the high-speed transfer of data over relatively long distances. Low-power
devices (e.g., DRAM) can be provided on one substrate for use by higher-power logic
(e.g., a processor) on another substrate with minimal interconnection distance.

Fig. 6




