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WAFER-LEVEL PACKAGE HAVING ONE
DIE WITH ITS CLOCK SOURCE SHARED
BY MULTIPLE DIES AND ASSOCIATED
CLOCK GENERATING METHOD

CROSS REFERENCE TO RELATED
APPLICATION

This divisional application claims the benefit of U.S.
application Ser. No. 15/015,145 filed Feb. 4, 2016, which
claims the benefit of U.S. provisional application No.

62/117,091 filed Feb. 17, 2015 and U.S. provisional appli-
cation No. 62/130,807 filed Mar. 10, 2015. The entire
contents of the related applications, including U.S. applica-
tion Ser. No. 15/015,145, U.S. provisional application No.
62/117,091 and U.S. provisional application No. 62/130,
8077, are incorporated herein by reference.

BACKGROUND

The present invention relates to a chip design, and more
particularly, to a wafer-level package having one die with its
clock source shared by multiple dies and an associated clock
generating method.

When there are multiple dies assembled in the same
package, an accumulated clock phase drift may occur
between clocks 1n two dies. For example, the accumulated
clock phase drift has an accumulated time interval error
between clocks 1n two dies, and the accumulated time
interval error may result from several factors including
process variation, operating condition difference, power
noise, etc. When the accumulated clock phase drift occurs,
the timing of a clock 1n one die 1s not synchronous to the
timing of a clock in another die. When setup/hold time
violations are caused by the accumulated clock phase drift,
the data transfer loss occurs between the two dies. Thus,
there 1s a need for an 1nnovative integrated circuit design
which 1s capable of avoiding data transfer loss resulting
from the accumulated clock phase drift of clocks 1n two dies
assembled 1n the same package.

SUMMARY

One objective of the claimed invention 1s to provide a
water-level package having one die with 1ts clock source
shared by multiple dies and an associated clock generating
method.

According to a first aspect of the present invention, an
exemplary water-level package 1s disclosed. The exemplary
waler-level package includes a first die and a second die.
The first die has a first clock source. The second die has a
second clock source. The first clock source 1s used to
generate a clock shared by the first die and the second die,
and the second clock source 1s not used to generate a clock
used by any of the first die and the second die.

According to a second aspect of the present invention, an
exemplary clock generating method 1s disclosed. The exem-
plary clock generating method includes: utilizing a first
clock source included 1n a first die of a water-level package
to generate a clock shared by the first die and a second die
of the water-level package; and not utilizing a second clock
source icluded 1n the second die to generate a clock used by
any of the first die and the second die. The first die and the
second die are waler-level packaged.

These and other objectives of the present invention will
no doubt become obvious to those of ordinary skill in the art
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2

after reading the following detailed description of the pre-
ferred embodiment that 1s 1llustrated 1n the various figures
and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram 1llustrating multiple dies assembled 1n
the same package according to an embodiment of the present
invention.

FIG. 2 1s a timing diagram 1illustrating an accumulated
time 1nterval error between two clocks.

FIG. 3 1s a diagram 1llustrating multiple dies assembled 1n
the same package according to another embodiment of the
present invention.

FIG. 4 1s a diagram 1illustrating an active flow control
scheme according to an embodiment of the present inven-
tion.

FIG. 5 1s a diagram 1illustrating a passive flow control
scheme according to an embodiment of the present inven-
tion.

FIG. 6 1s a diagram 1llustrating signals involved in data
transfer between two dies assembled 1n the same package
according to an embodiment of the present invention.

FIG. 7 1s a timing diagram 1llustrating an operation of a
passive tlow control scheme employed by an RX-side input
circuit shown in FIG. 6.

FIG. 8 1s a timing diagram illustrating different data
transfer scenarios according to an embodiment of the present
invention.

FIG. 9 1s a diagram 1illustrating a first clock scheme
employed by a water-level package according to an embodi-
ment of the present invention.

FIG. 10 1s a diagram 1llustrating a second clock scheme
employed by a water-level package according to an embodi-
ment of the present invention.

DETAILED DESCRIPTION

Certain terms are used throughout the following descrip-
tion and claims, which refer to particular components. As
one skilled in the art will appreciate, electronic equipment
manufacturers may refer to a component by different names.
This document does not intend to distinguish between
components that differ 1n name but not 1n function. In the
following description and 1n the claims, the terms “include”
and “comprise” are used 1n an open-ended fashion, and thus
should be interpreted to mean “include, but not limited
to ... ”. Also, the term “couple” 1s intended to mean either
an indirect or direct electrical connection. Accordingly, 1f
one device 1s coupled to another device, that connection may
be through a direct electrical connection, or through an
indirect electrical connection via other devices and connec-
tions.

FIG. 1 1s a diagram 1llustrating multiple dies assembled 1n
the same package according to an embodiment of the present
invention. A single package 100 has a first die (denoted by
“Die 0”) 102 and a second die (denoted by “Die 1) 104
assembled therein. The first die 102 has a clock source 112,
an 1nput circuit 114, and an output circuit 116. The second
die 104 has a clock source 122, an input circuit 124, and an
output circuit 126. The output circuit 116 1s used to transfer
transmit data to the second die 104, and the 1input circuit 124
1s used to receive the transmit data from the first die 102. In
addition, the output circuit 126 1s used to transfer transmit
data to the first die 102, and the input circuit 114 1s used to
receive the transmit data from the second die 104.

For example, each of the clock sources 112 and 122 can
be implemented using a phase-locked loop (PLL). Hence,
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the clock source 112 generates a first clock CLK0 according
to a reference clock CLK,,., and the clock source 122
generates a second clock CLK1 according to the same
reference clock CLK,.~. As shown in FIG. 1, the input
circuit 114 of the first die 102 operates according to the first
clock CLKO and the second clock CLK1. Similarly, the
input circuit 124 of the second die 104 also operates accord-
ing to the first clock CLKO0 and the second clock CLKI.
In a case where the clock sources 112 and 122 are

identical, the first clock CLKO0 and the second clock CLK1
are supposed to have the same frequency and the same
phase. However, due to process variation, operation condi-

tion difference and/or power noise, there 1s an accumulated
time 1nterval error between the first clock CLKO and the
second clock CLK1, as illustrated in FIG. 2. For the same
given number P of clock cycles, the first clock CLLKO0 has a
time interval T0 and the second clock CLLK1 has a different
time 1nterval T1. The accumulated time interval error 1T0-
T1! 1s a result of accumulating clock phase differences Ts (k)
of successive P clock cycles, where k=0, 1, .. ., P-1. Since

there 1s an accumulated clock phase drift between the first
clock CLKO0 and the second clock CLK1 using by the mput
circuits 114 and 124 respectively, the first die 102 and the
second die 104 may sufler from data transfer loss.

To solve the data transier loss issue caused by the accu-
mulated clock phase drift, the present invention proposes
using an asynchronous first-in first-out (FIFO) bufler in an
input circuit. FIG. 3 1s a diagram 1llustrating multiple dies
assembled 1n the same package according to another
embodiment of the present invention. A single package 300
has multiple dies, including at least a first die (denoted by
“Die 0”) 302 and a second die (denoted by “Die 1) 304
assembled therein. In this embodiment, the package 300 1s
a waler-level package such as an integrated fan-out (InFO)
package or a chip on walfer on substrate (CoWoS) package,
and the first die 302 1s 1dentical to the second die 304. For
example, the first die 302 and the second die 304 are
assembled 1n the water-level package to perform a network
switch function. However, this 1s for illustrative purposes
only, and 1s not meant to be a limitation of the present
invention. Any waler-level package with dies using the
proposed technique to avoid data transfer loss falls within
the scope of the present invention.

Water-level packaging 1s the technology of packaging
semiconductor dies, which 1s different from a typical pack-
aging method of slicing a wafer into individual semicon-
ductor dies and then packaging the individual semiconductor
dies. The water-level package mentioned above 1s therefore
tabricated based on wafer-level process. That 1s, multiple
semiconductor dies (e.g., homogeneous dies or heteroge-
neous dies) assembled 1n the same water-level package and
connection paths/transmission buses/communication chan-
nels and so on routed between the semiconductor dies are
tabricated with watfer-level process. Hence, connection
paths, communication buses, or communication channels
could be implemented by metal layer (such as RDL metal
layer, Re-Distribution Layer, a metal layer on a die that
makes the I/O pads of an integrated circuit available in other
locations) rather than bonding wire of typical package.

The water-level package may be an integrated fan-out
(InFO) package or a chip on wafer on substrate (CoWoS)
package. Take InFO packages as examples for the following
waler-level packages, but not for a limitation. The water-
level package used for the proposed ideas may be an InFO
package or a CoWoS package, and “InFO package” and
“CoWoS package” may be interchangeable.
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The first die 302 has a clock source 312, an input circuit
314, an output circuit 316, and a sub-system 318. The second
die 304 has a clock source 322, an imnput circuit 324, an
output circuit 326, and a sub-system 328. The output circuit
316 1s used to transier transmit data (which 1s generated by
the sub-system 318) to the second die 304, and the input
circuit 324 1s used to receive the transmit data (which 1s
generated by the sub-system 318) from the first die 302. In
addition, the output circuit 326 1s used to transfer transmit
data (which 1s generated by the sub-system 328) to the first
die 302, and the input circuit 314 1s used to receive the
transmit data (which 1s generated by the sub-system 328)
from the second die 304.

By way of example, but not limitation, each of the clock
sources 312 and 322 can be implemented using a phase-
locked loop (PLL). Hence, the clock source 312 generates a
first clock CLKO0 according to a reference clock CLK .~
(e.g., 25 MHz clock), and the clock source 322 generates a
second clock CLK1 according to the same reference clock
CLK -~ Though the first die 302 and the second die 304 are
identical dies to thereby have the same circuit design, there
may be accumulated clock phase drift between the first clock
CLKO0 and the second clock CLK1 due to certain factors
including process variation, operation condition difference,
power noise, etc. To avoid data transfer loss caused by the
accumulated clock phase drift, the mput circuit 314 of the
first die 302 1s configured to have an asynchronous FIFO
buffer (denoted by “Async FIFO”) 315 implemented therein.
Since the first die 302 and the second 304 are identical dies,
the input circuit 324 of the second die 304 also has an
asynchronous FIFO bufler 325 (denoted by “Async FIFO”)
implemented therein.

As shown 1n FIG. 3, the mput circuit 314 of the first die
302 operates according to the first clock CLKO and the
second clock CLK1. Similarly, the input circuit 324 of the
second die 304 also operates according to the first clock
CLKO0 and the second clock CLK1. With regard to the input
circuit 314, 1t buflers the transmait data (which 1s transferred
from the output circuit 326) in the asynchronous FIFO buller
315 according to the second clock CLK1 generated at the
second die 304, and outputs the buflered transmit data in the
asynchronous FIFO buffer 315 to the sub-system 318
according to the first clock CLLK0 generated at the first die
302. With regard to the input circuit 324, it builers the
transmit data (which 1s transferred from the output circuit
316) 1n the asynchronous FIFO builer 325 according to the
first clock CLKO0 generated at the first die 302, and outputs
the buflered transmit data in the asynchronous FIFO bufler
325 to the sub-system 328 according to the second clock
CLK1 generated at the second die 304.

In this embodiment, the FIFO depth of the asynchronous
FIFO bufler 315/325 depends on the maximum accumulated
time interval error (e.g., |T0-T1l shown in FIG. 2). For
example, 1f the clock phase drift 1s large, the asynchronous
FIFO buflers 315/325 are configured to have a large FIFO
depth. For another example, if the clock phase drift 1s small,
the asynchronous FIFO buflers 315/325 are configured to
have a small FIFO depth. With a proper selection of the
FIFO depth of the asynchronous FIFO bufler 315, the
accumulated time interval error can be concealed by the
asynchronous FIFO bufler 315, such that the input circuit
314 can have a stable output to the sub-system 318 accord-
ing to data sampling performed based on a local source clock
(1.e., first clock CLK0). Similarly, with a proper selection of
the FIFO depth of the asynchronous FIFO buifler 325, the
accumulated time interval error can be concealed by the
asynchronous FIFO bufler 325, such that the input circuit



US 10,261,928 B2

S

324 can have a stable output to the sub-system 328 accord-
ing to data sampling performed based on a local source clock
(1.e., second clock CLK1).

As mentioned above, the FIFO depth of the asynchronous
FIFO butler 315/325 depends on the maximum accumulated
time 1nterval error. In a worst case, the FIFO depth of the
asynchronous FIFO bufler 315/325 may be large, thus
leading to higher production cost. The present invention
turther proposes using a flow control scheme to manage an
input data tlow of the asynchronous FIFO bufler 315/325,
thereby relaxing the bufler size requirement of the asyn-
chronous FIFO bufler 315/325. Further details of the flow
control scheme are described as below.

FIG. 4 1s a diagram 1llustrating an active flow control
scheme according to an embodiment of the present inven-
tion. A sub-system 402 1s a data source 1n a die located at a
transmit (1X) side, and an asynchronous FIFO bufier 404 1s
in a different die located at a receive (RX) side. For example,
the sub-system 402 1s the sub-system 318 shown 1n FIG. 3,
and the asynchronous FIFO bufler 404 1s the asynchronous
FIFO butler 325 shown 1n FIG. 3. For another example, the
sub-system 402 1s the sub-system 328 shown 1n FIG. 3, and
the asynchronous FIFO bufler 404 1s the asynchronous FIFO
butier 315 shown in FIG. 3. The data transfer between the
sub-system 402 and the asynchronous FIFO bufler 404 1s
controlled by an interface valid signal Valid. For example,
the interface valid signal Valid with a 1 T active period
allows one data transfer between the sub-system 402 and the
asynchronous FIFO butler 404, where T 1s a period of the
source clock used by the sub-system 402.

As shown 1n FIG. 4, the sub-system 402 has a controller
403 arranged to actively enable a wait state of the sub-
system 402, regardless of a use status of the asynchronous
FIFO butler 404. When the sub-system. 402 enters the wait
state, the interface valid signal Valid 1s deasserted (1inactive)
and the data transfer between the sub-system 402 and the
asynchronous FIFO butler 404 1s stopped. In one exemplary
design, the tlow control scheme employed by the sub-system
402 ensures that a maximum continuous active interface
valid duration does not exceed a predetermined threshold
(e.g., 2000 T). For example, the controller 403 adds a1 T
wait state within every 2000 T period, thus ensuring that
each continuous active duration of the interface valid signal
Valid does not exceed a 2000 T period.

FIG. § 1s a diagram illustrating a passive tflow control
scheme according to an embodiment of the present inven-
tion. A sub-system 502 1s a data source embedded 1n a die
located at a transmit (TX) side, and an asynchronous FIFO
buitler 504 1s 1n a different die located at a receive (RX) side.
For example, the sub-system 3502 i1s the sub-system 318
shown 1n FIG. 3, and the asynchronous FIFO butler 504 1s
the asynchronous FIFO bufier 325 shown in FIG. 3. For
another example, the sub-system 502 1s the sub-system 328
shown 1n FIG. 3, and the asynchronous FIFO bufler 504 1s
the asynchronous FIFO bufler 315 shown in FIG. 3. The data
transfer between the sub-system 502 and the asynchronous
FIFO bufler 504 i1s controlled by an interface valid signal
Valid. For example, the interface valid signal Valid with a 1
T active period allows one data transfer between the sub-
system 302 and the asynchronous FIFO builer 504.

As shown 1n FIG. 5, the asynchronous FIFO butler 504
has a controller 503 arranged to generate a stall event to the
sub-system 3502 1n response to a use status of the asynchro-
nous FIFO bufler 504. Hence, the sub-system 502 passively
deasserts the interface valid signal Valid upon receiving the
stall event generated from the asynchronous FIFO butler
504. In this embodiment, the flow control scheme employed
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by the asynchronous FIFO bufler 504 generates one stall
event when detecting that a size of a used storage space 1n
the asynchronous FIFO bufler 504 reaches a predetermined
threshold. For example, when the asynchronous FIFO bufler
504 1s almost full, the controller 503 generates one stall
event to the sub-system 502 for istructing the sub-system
502 to deassert the interface valid signal Valid for a 1 T
period, where T 1s a period of the source clock used by the
sub-system 502. Specifically, when the interface valid signal
Valid 1s deasserted (inactive) for a specific period (e.g., 1 T
period), the data transfer between the sub-system 502 and
the asynchronous FIFO bufier 504 1s stopped during the
specific period (e.g., 1 T period).

FIG. 6 1s a diagram 1llustrating signals involved in data
transfer between two dies assembled in the same package
according to an embodiment of the present invention. In this
example, 1t 1s assumed that the wafer-level package 1s an
InFO package having two dies assembled therein, a TX-side
subsystem subsys_xxx_yyy_TX 1s required to transfer trans-
mit data to an RX-si1de subsystem subsys_xxx_yyy_RX via
a TX-si1de output circuit IFO_xxx_yyy_TX and an RX-side
input circuit IFO_xxx_yyy_RX, and the RX-side 1nput
circuit IFO_xxx_yyy_RX has an asynchronous FIFO builler
(denoted by Async FIFO) implemented therein.

The signal xxx_1fo_yyy_valid 1s an interface valid signal
for enabling/disabling the data transmission between TX-
side output circuit IFO_xxx_yyy_TX and RX-side input
circuit IFO_xxx_yyy_RX (particularly, the asynchronous
FIFO bufler). For example, the signal xxx_ifo_yyy_valid 1s
asserted for a 1 T period for one data transfer. The signal
xxx_1fo_yyy_data 1s an interface data signal for carrying the
transmit data generated from the TX-side subsystem sub-
sys_xxx_vyyy_TX, where the signal xxx_1fo_yyy_data has
valid data transfer with active xxx_1fo_yyy_valid. The sig-
nal 1fo_xxx_yyy_stall 1s an interface stall signal for carrying
a stall event triggered by the passive tlow control scheme
employed by the RX-side mput circuit IFO_xxx_yyy_ RX.
For example, the signal 1fo_xxx_yyy_stall has a low-to-high
transition for instructing the TX-side subsystem subsys_
xxx_yyy_TX to deassert the signal xxx_ifo_yyy_valid
within a specific period (e.g., a 1000 T period).

FIG. 7 1s a timing diagram 1llustrating an operation of a
passive flow control scheme employed by the RX-side input
circuit IFO_xxx_yyy_RX shown in FIG. 6. The clock
sys_ck with a period T 1s generated by a clock source. The
RX-side mput circuit IFO_xxx_yyy_RX asserts the signal
ifo_xxx_vyyy_stall at the time point T1. After receiving the
low-to-high transition of the signal 1fo_xxx_yyy_stall at the
time point T1, the TX-side subsystem subsys_xxx_yyy_TX
deasserts the signal xxx_1fo_yyy_valid at the time point T2
and then asserts the signal xxx_ifo_yyy_valid at the time
pomnt T3, where T3-12=1 T. It should be noted that an
interval between T1 and T2 1s constrained to be within a
specific period (e.g., a 1000 T period). In addition, the
TX-si1de subsystem subsys_xxx_yyy_TX deasserts the sig-
nal 1fo_xxx_yyy_stall at the time point T4 to indicate
completion of one flow control command. It should be noted
that the signal 1fo_xxx_yyy_stall 1s 1ignored by the TX-side
subsystem subsys_xxx_yyy_TX when the active flow con-
trol scheme 1s employed by the TX-s1de subsystem subsys_
Xxx_yyy_1X.

The signal 1fo_xxx_yyy_valid 1s an 1nterface valid signal
for enabling/disabling the data transmission between RX-
side 1nput circuit IFO_xxx_yyy_RX (particularly, the asyn-
chronous FIFO bufler) and the RX-side subsystem subsys_
xxx_yyy_RX. For example, the signal 1fo_xxx_yyy_valid 1s
asserted for a 1 T period for one data transier. The signal
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ifo_xxx_yyy_data 1s an interface data signal for carrying the
transmit data read from RX-side 1nput circuit
IFO_xxx_yyy_RX (particularly, the asynchronous FIFO
butler), where the signal i1fo_xxx_yyy_data has valid data
transfer with active 1fo_xxx_yyy_valid. The signal
1fo_xXxX_yyy_error 1s an interface error signal for indicating
a data transfer error. For example, the signal 1fo_xxx_yyy_
error 1s asserted for a 1 T period for one data transfer with
error. When the flow control scheme fails to work normally
due to certain factors, the TX-side subsystem subsys_
xxX_yyy_TX may keep generating and outputting transmit
data under the condition that the asynchronous FIFO bufler
of the RX-side mput circuit IFO_xxx_yyy_RX 1s full. The
RX-side mput circuit IFO_xxx_yyy_RX asserts the signal
1fo_xxx_yyy_error to indicate occurrence of data transfer
erTor.

An asynchronous FIFO bufler 1s implemented to solve the
data transier loss 1ssue caused by accumulated clock phase
drift. It should be noted that the number of active interface
valid periods of the signal xxx_ifo_yyy_valid at the TX side
1s guaranteed to be the same as the number of active
interface valid periods of the signal 1fo_xxx_yyy_valid at
the RX side. In addition, the RX-side mput circuit
[IFO_xxx_yyy_RX may insert or delete 1nactive interface
valid period(s) for timing synchronization. FIG. 8 1s a timing,
diagram 1illustrating different data transfer scenarios accord-
ing to an embodiment of the present invention. In a first case
where a clock sys_ck generated by a clock source at the TX
side 1s the same as a clock sys_ck' generated by a clock
source at the RX side, the signal 1fo_xxx_yyy_valid gener-
ated by the RX-side 1nput circuit IFO_xxx_yyy_RX 1s the
same as the signal xxx_ifo_yyy_valid generated by the
TX-s1de subsystem subsys_xxx_yyy_TX.

In a second case where a clock sys_ck generated by a
clock source at the TX side 1s faster than a clock sys_ck'
generated by a clock source at the RX side, the signal
ifo_xxx_yyy_valid generated by the RX-side input circuit
IFO_xxx_yyy_RX 1s different from the signal xxx_i1fo_yyy_
valid generated by the TX-side subsystem subsys_
xxx_yyy_TX, where an 1nactive interface valid period of the
signal xxx_ifo_yyy_valid 1s absent 1n the signal
ifo_xxx_yyy_valid due to a slower clock at the RX side. In
a third case where a clock sys_ck generated by a clock
source at the TX side 1s slower than a clock sys_ck'
generated by a clock source at the RX side, the signal
ifo_xxx_yyy_valid generated by the RX-side input circuit
IFO_xxx_yyy_RX 1s different from the signal xxx_i1fo_yyy_
valid generated by the TX-side subsystem subsys_
xxX_yyy_TX, where an additional inactive interface valid
period 1s 1serted into the signal 1fo_xxx_yyy_valid due to
a faster clock at the RX side.

FIG. 9 1s a diagram 1illustrating a first clock scheme
employed by a water-level package (e.g., an InFO package)
according to an embodiment of the present invention. As
shown 1n FIG. 9, a reference clock CLK, ... (e.g., 25 MHz
clock) 1s received by only one of the i1dentical dies 902 and

904 and then supplied to respective clock sources (e.g.,
PLLs) 906 and 908 of the identical dies 902 and 904. Since

a source clock (e.g., 2 GHz clock) needed by die 902 is
generated by one clock source 906 implemented 1n die 902,
and a source clock (e.g., 2 GHz clock) needed by die 904 1s
generated by a different clock source 908 implemented 1n die
904, asynchronous FIFO buflers and/or associated flow
control schemes may be used to avoid the data transfer loss
issue caused by accumulated clock phase drift between

clocks of dies 902 and 904.
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However, if source clocks needed by dies 902 and 904 are
generated by the same clock source, the accumulated clock
phase driit can be avoided or mitigated. Hence, asynchro-
nous FIFO buflers and/or associated flow control schemes
may be omitted to reduce the production cost. FIG. 10 1s a
diagram 1illustrating a second clock scheme employed by a
waler-level package (e.g., an InFO package) according to an
embodiment of the present invention. As shown in FIG. 10,
a reference clock CLK,. . 1s received by only one of the
identical dies 1002 and 1004 and then supplied to only one
of the clock sources (e.g., PLLs) 1006 and 1008 of the
identical dies 1002 and 1004. The clock source 1006 1s used
to generate a clock CLK shared by identical dies 1002 and
1004. For example, the reference clock CLK ...~ has a clock
rate equal to 25 MHz, and the clock CLK has a clock rate
equal to 1 GHz or 800 MHz that can be transmitted over an
interface between 1identical dies 1002 and 1004 assembled 1n
the same wafer-level package. With regard to the clock
source 1008 of die 1004, 1t 1s not used to generate a clock
used by any of the identical dies 1002 and 1004. For
example, the clock source 1008 may be treated as a dummy
component for die 1004.
Those skilled 1n the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended
claims.
What 1s claimed 1s:
1. A water-level package comprising:
a first die, comprising;:
a first clock source; and

a second die, comprising;:
a second clock source;

wherein the first die and the second die are wafer-level
packaged, the first clock source 1s used to generate a
clock shared by the first die and the second die, and the
second clock source 1s treated as a dummy component
in the second die.

2. The water-level package of claim 1, wherein the first
die and the second die are i1dentical dies.

3. The wafer-level package of claim 1, wherein a refer-
ence clock external to the first die and the second die 1s
received by only one of the first die and the second die.

4. The water-level package of claim 3, wherein the
rece1ved reference clock 1s supplied to only one of the first
clock source and the second clock source.

5. The wafer-level package of claim 4, wherein the first
clock source refers to the received reference clock to gen-
erate the clock shared by the first die and the second die.

6. The wafer-level package of claim 1, wherein the clock
generated from the first clock source runs at a clock rate that
1s allowed to be transmitted over an interface between the
first die and the second die assembled in the water-level
package.

7. The water-level package of claim 1, wherein the
waler-level package 1s an integrated fan-out (InFO) package
or a chip on wafer on substrate (CoWoS) package.

8. A clock generating method comprising:

utilizing a first clock source included 1n a first die of a

waler-level package to generate a clock shared by the
first die and a second die of the wafer-level package;
and

treating a second clock source included in the second die

as a dummy component of the second die;

wherein the first die and the second die are wafer-level

packaged.
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9. The clock generating method of claim 8, wherein the
first die and the second die are identical dies.

10. The clock generating method of claim 8, further
comprising:

receiving a reference clock by only one of the first die and

the second die;

wherein the reference clock 1s external to the first die and

the second die.

11. The clock generating method of claim 10, further
comprising;

supplying the received reference clock to only one of the

first clock source and the second clock source.

12. The clock generating method of claim 11, wherein the
first clock source refers to the received reference clock to
generate the clock shared by the first die and the second die.

13. The clock generating method of claim 8, wherein the
clock generated from the first clock source runs at a clock
rate that 1s allowed to be transmitted over an interface
between the first die and the second die assembled in the
waler-level package.

14. The clock generating method of claim 8, wherein the
waler-level package 1s an integrated fan-out (InFO) package
or a chip on waler on substrate (CoWoS) package.

e e e e e

10

15

20

10



	Page 1 - Bibliography/Abstract
	Page 2 - Drawings
	Page 3 - Drawings
	Page 4 - Drawings
	Page 5 - Drawings
	Page 6 - Drawings
	Page 7 - Drawings
	Page 8 - Drawings
	Page 9 - Drawings
	Page 10 - Drawings
	Page 11 - Drawings
	Page 12 - Description
	Page 13 - Description
	Page 14 - Description
	Page 15 - Description/Claims
	Page 16 - Claims

