US 20120105113A1

a2y Patent Application Publication o) Pub. No.: US 2012/0105113 A1

a9 United States

Maeno et al.

43) Pub. Date: May 3, 2012

(54) DATA TRANSFER CIRCUIT AND DATA
TRANSFER METHOD FOR CLOCK DOMAIN
CROSSING

(75) Inventors: Takashi Maeno, Kyoto (JP);

Masahiro Murakami, Kyoto (JP)

(73) Assignee: INTERNATIONAL BUSINESS

MACHINES CORPORATION,

Armonk, NY (US)

(21) Appl. No.: 13/267,184
(22) Filed: Oct. 6, 2011
(30) Foreign Application Priority Data
Oct. 29,2010 (JP) weveervciereececinccrcenae 2010-244103
CLOCK DOMAIN A
(CLK-A)

(SEND AS DATA OF
DOMAIN B)

(DATA OF DOMAIN B)

Publication Classification

(51) Int.CL

HO3L 7/00 (2006.01)
(52) US.Cl oo 327/151;327/144
(57) ABSTRACT

A circuit that transfers data between a first clock domain
using a first clock and a second clock domain using a second
clock synchronized with the first clock. The circuit comprises
a data holding circuit operating at the first clock, an enable
signal generation circuit connected to the data holding circuit.
Preferably, the data transfer circuit includes an edge signal
generation circuit connected to the data holding circuit, the
edge signal generation circuit generating an edge signal
allowing the data holding circuit to receive and send the data
when edges of the first clock and the second clock align, and
applying the edge signal to the data holding circuit.

CLOCK DOMAIN B
(CLK-B)

EXEMPLARY CONFIGURATION OF DATA TRANSFER




Patent Application Publication May 3, 2012 Sheet 1 of 18 US 2012/0105113 A1

4.
—{
D> D>
333MHz | 166MHz

ENABLE \ /

TWO CLOCKS ARE
SYNCHRONOUS

CONVENTIONAL CIRCUIT
(Prior Art)

FIGURE 1



Patent Application Publication May 3, 2012 Sheet 2 of 18 US 2012/0105113 A1

10(ns) 3
saamHz & 1 I 1
/DATA

a b
[ PASSING FFIUM_.X —

\ 38MHz—> |

W 166MHz 10

166MHz ]

LDATA !

y A
PASSING FROM!

166 MHz — !
333MHz 10 3

mMHz @ ||
DATA '
X

PR R .
PR EEE Y
P o

D
©©

P
P
o

>

WAVEFORMS IN CONVENTIONAL METHOD
(Prior Art)

FIGURE 2



Patent Application Publication May 3, 2012 Sheet 3 of 18 US 2012/0105113 A1

ot |t

333MHz 166MHz 333MHz
ENABLE A ENABLE 4
\ / .
\ ~ e - T eeee- gl
PASSING FROM PASSING FROM
333 MHz — 166 MHz 166 MHz —> 333 MHz
CONVENTIONAL CIRCUIT
(Prior Art)

FIGURE 3



Patent Application Publication May 3, 2012 Sheet 4 of 18 US 2012/0105113 A1

—— e o ———
\
A - 333 MHz DOMAIN ! B - 166 MHz DOMAIN |
(PERIOD OF 3 ns) e | (PERIOD OF 6 ns) :
|
. I
J\/Lr-I
JoTT oo T s ~‘| o T e mm mm o= )
: A - 333 MHz DOMAIN : B - 200 MHz DOMAIN I
' (PERIOD OF 3 ns) ) Ay (PERIOD OF 5 ns) I
[ ] 1
1 1 |
I 4

CASES OF CLOCKS OF CLOCK DOMAINS

FIGURE 4



Patent Application Publication May 3, 2012 Sheet 5 of 18 US 2012/0105113 A1

0
1
It JT
333MHz 200MHz
ENABLE ENABLE
‘K\‘* HIGH AT EVERY "’/)'
15ns
CONVENTIONAL CIRCUIT
(Prior Art)

FIGURE 5



Patent Application Publication May 3, 2012 Sheet 6 of 18 US 2012/0105113 A1

= ; z
! : : e
1 0(ns) 3 i 6 9 . 12 15
333MHz $ 1 | L9 1 | 'L—¢ L_¢ |
, DATA by 1 1 ) ¢
PASSING FROM ! E ] i
| 38MHz— [ : i
200MHz | 1 - 115
\  200MHz
A 1 : : :
DATA a3, X b ) Sl Ke2x d X e
+ PASSING FROM': | i T 1! Voo Y
P T 410 3 gif6 Yy e i1z} fls
\ 333MHz —¢ L = \ ’ | l‘ L _$ ,|| 1
A >, - - :
DATA X a Y X, cC d d
1] l‘ v ¥ ‘ 14

!
\

WAVEFORMS IN ISSUING ENABLE SIGNAL WITH 200-MHz TIMING
(Prior Art)

FIGURE 6




Patent Application Publication May 3, 2012 Sheet 7 of 18 US 2012/0105113 A1

CLOCK DOMAIN A CLOCKDOMAIN B
(CLK-A) (CLK-B)

(DATA OF DOMAIN A)

..................... P> — e
p> I—>
CLK-B }
O TS ———
(DATA OF DOMAIN B) < _I
CLK-B

CLK-A

CONVENTIONAL DATA TRANSFER (DOUBLE LATCH)
(Prior Art)

FIGURE 7



Patent Application Publication May 3, 2012 Sheet 8 of 18 US 2012/0105113 A1

> | a
FIRST CLOCK > 200
7 Y
3 |
T =g =g
EDGE o ED
— e B
- O w
(a1
=
N1st %
N2nd Y s 300

TIMING PULSE %

Yy Y VY VY

FIRST CLOCK

-

FIGURE 8



Patent Application Publication May 3, 2012 Sheet 9 of 18 US 2012/0105113 A1

200
)]
210 220 225
0 0
1 ° Q
D L - |1 1 S
P4 \
215 r 230
FIRST CLOCK <
INPUT ENABLE EDGE OUTPUT ENABLE
DATA HOLDING CIRCUIT

FIGURE 9



Patent Application Publication May 3, 2012 Sheet 10 of 18 US 2012/0105113 A1

333MHZII|§|¢I||§|I:'|§|$IIIl

INPUT - —— | : ; _ .
ENABLE ' L L——l : | —
OUTPUT 4 : I j —
ENABLE — ; ; I——.-l—
EDGE ! ! : :

10 5 ' 10 15
200MHz 1 I B e e
INPUTD 2 X b X __en X a~ X e Xt

0 3 6 g} 12 N5
333MHz |

OUTPUTOF X & Kb X o X 4 X1
INPUT ENABLE 0 3 R

333MHz QUTPUT ENABLE - “== : 5
OUTPUT Q OF o ; :

FF 230 i u " %
IFOUTPUTQISLATCHEDIN ~ $10 45 110 hE

ANOTHER 200MHz FE - L ™ | I t_‘ 1

X a :x b ;)( c X d
PROVIDING 200-MHz DATA

FIGURE 10



Patent Application Publication May 3, 2012 Sheet 11 of 18 US 2012/0105113 A1

INPUT

enagle | L]

OUTPUT | H

ENABLE

EDGE I I

INPUT D

333MHz

OUTPUT OF
FF215

333MHZz

OUTPUTQ OF
FF 230

333MHz

IF OUTPUT Q IS LATCHED IN
ANOTHER 333-MHz FF

PROVIDING 333-MHz DATA

FIGURE 11



Patent Application Publication May 3, 2012 Sheet 12 of 18 US 2012/0105113 A1

RISING EDGE POINT
Ons S5ns 10ns 15ns
SECOND CLOCK | |/ l |
(200MHz) ! /(': \ 31
FIRST CLOCK l,l | / \, ! | l,l
(333MHz) | | 1 I I 1
INPUT INPUT OUTPUT INPUT OUTPUT INPUT
ENABLE-a ENABLE-b ENABLE-b ENABLE-c ENABLE-c ENABLE-d
OUTPUT OUTPUT
ENABLE-a ENABLE-d

TIMING OF (MANNER OF GENERATING) INPUT AND
OUTPUT ENABLE SIGNALS

FIGURE 12



Patent Application Publication May 3, 2012 Sheet 13 0of 18 US 2012/0105113 A1

¢ 300
——| INPUT ENABLE SIGNAL INPUT
N1st \ > GENERATOR ENABLE
> o
> 310
N2nd A
o] TIMING SIGNAL
HOLDING
™  CcIRcuIT330
TIMING PULSE
OUTPUT
»  OUTPUT ENABLE ENABLE
_»| SIGNAL GENERATOR N
FIRST CLOCK s
EE— 320

FIGURE 13



Patent Application Publication May 3, 2012 Sheet 14 of 18 US 2012/0105113 A1

450101 - 312
(N1st) -\—» vaiue
. Y=axb:c 314
TIMING . gt 4-?“ r’ °°
PULSE Y > a diff J
" o001+ X L INPUT
N2nd B
0011\ _:D—> ENABLE
‘lr\-—v c 318
FIRST CLOCK !
4(:3;0)1 FIRST CLOCK
450101 322
(N1st) —\—> value d
Y=zaxbtC g9,
TIMING ] 5 4‘?‘" >
PULSE ) | =
clk 40011 _y | A
(N2nd) R B ENABLE
\ ENABLE
> C
) 328
FIRST CLOCK ‘| i~
4(!:31 ?)1 —dFIRST CLOCK 332
TIMING ——
PULSE —

> (DFF)
FIRST CLOCK—r

ENABLE SIGNAL GENERATION CIRCUIT (FOR 4-BIT DATA WIDTH)
FIGURE 14




Patent Application Publication May 3, 2012 Sheet 15 0of 18 US 2012/0105113 A1

RISING EDGE POINT
Ons 5ns 10ns 16ns
SECOND CLOCK | 4 { }
(200MHz) / b\ / c \ d
FIRST CLOCK lnl | | | 1ll
(266MHz) | ] ] ] !
INPUT INPUT OUTPUT OUTPUT  INPUT
ENABLE-a  ENABLE-b ENABLE-b ENABLE-c  ENABLE-d
OUTPUT INPUT OUTPUT
ENABLE-a ENABLE-c ENABLE-d
EXAMPLE OF SPECIAL CASE

FIGURE 15



Patent Application Publication May 3, 2012 Sheet 16 of 18 US 2012/0105113 A1

JP9-2010-0032-US1

0 5 15
266MHz H

INPUT . ; ! .
ENABLE | | - !
OUTPUT [ : g
ENABLE : - - L

EDGE L A )
mowie 11 _f 1 1L 1 11—
INPUTD_ X2 X : !
266MHz

OUTPUT OF
FF215

266MHz

OUTPUT QOF
FF 230 3

200MHz .I K
‘ | L t
— i v

ANOTHER 200-MHz FF )

PROVIDING 200-MHz DATA (IN SPECIAL CASE)

FIGURE 16

16/18



Patent Application Publication May 3, 2012 Sheet 17 of 18 US 2012/0105113 A1

10 i 5 10 115
200MHz L] L 1 L 1|
INPUT , ; Le u L~
ENABLE — ] | , : :
OUTPUT : ; 5 ﬁ —
ENABLE — ug ; :
EDGE ' 1 : ; '_-—'1—-
0 ' 75 | 115
Y o Iy I N o O o B o I
INPUT D T, ' 7 X 5 X & X
266MHz I : i £ [ £ ’
OUTPUT OF _ . '_ﬂ(—)(.t 5
FF 215
266MHz
OUTPUT Q OF - - NN -
FF 230 . X X

IF OUTPUT Q IS LATCHED IN
ANOTHER 266-MHz FF

D

PROVIDING 266-MHz DATA (IN SPECIAL CASE)

FIGURE 17



Patent Application Publication May 3, 2012 Sheet 18 of 18 US 2012/0105113 A1

CLOCK DOMAIN A CLOCK DOMAIN B
(CLK-A) (CLK-B)

(SEND AS DATA OF
DOMAIN B)

-
-
"

(DATA OF DOMAIN B)

EXEMPLARY CONFIGURATION OF DATA TRANSFER

FIGURE 18



US 2012/0105113 Al

DATA TRANSFER CIRCUIT AND DATA
TRANSFER METHOD FOR CLOCK DOMAIN
CROSSING

CROSS REFERENCE TO RELATED
APPLICATION

[0001] Thepresent application claims the benefit of priority
to a Japanese Patent Application Serial Number 2010-244103
entitled “DATA TRANSFER CIRCUIT AND DATA
TRANSFER METHOD FOR CLOCK DOMAIN CROSS-
ING”, filed Oct. 29, 2010 with the Japanese Intellectual Prop-
erty Office, the content of which is incorporated herein by
reference in its entirety.

TECHNICAL FIELD

[0002] The present invention relates to data processing
using clocks, and particularly to a circuit and a method for
Clock Domain Crossing (hereinafter referred to as CDC), in
which data is transferred across clock domains.

BACKGROUND

[0003] A large-scale chip such as an SoC (System on a
Chip) on which various circuits coexist often uses more than
one clock and therefore requires a CDC circuit design for
exchanging data between different clock domains. Inan asyn-
chronous circuit design, which presupposes misalignment of
clock edges, various clock combinations can be selected.
However, if data passing is not sufficiently reviewed, a failure
may occur in an unexpected case. In a synchronous circuit
design, which presupposes alignment of clock edges at cer-
tain regular intervals, circuit operations can be assured
through a logical simulation and STA (Static Timing Analy-
sis). Therefore, compared with the asynchronous circuit
design, the synchronous circuit design advantageously allows
for easy design.

[0004] FIG. 1 shows an exemplary conventional circuit
using two synchronous clocks. An enable signal is used to
pass data between clock domains. The frequency ratio of the
clocks is supposed to be 1:n. FIG. 1 illustrates an example of
synchronous clocks with the frequency ratio 1:2, one being
166.666 . . . MHz (hereinafter simply referred to as “166
MHz”) of a period of 6 ns and another being 333.333 ... MHz
(hereinafter simply referred to as “333 MHz”) of a period of
3 ns. At every 6 ns, edges of the two clocks coincide, i.e.,
rising edges or falling edges of the two clocks align. At the
rising edge of the 333 MHz clock, data in a left-side flip-flop
circuit (hereinafter referred to as “FF”) is maintained when
the enable signal is low (0) (this state is defined as “dis-
abled”), and data received at the left flows to a right-side FF
when the enable signal is high (1) (this state is defined as
“enabled”). Thus, the left-side circuit including a multiplexer
and the FF, although operating at 333 MHz (a period of 3 ns),
can be operated at the same period (a period of 6 ns) as the FF
operating at twice the period, i.e., 166 MHz (a period of 6 ns).
[0005] As shown in FIG. 2, the enable signal (see a wave-
form in a first row) is controlled to be high at rising edges of
the 333-MHz clock when edges ofthe 333-MHz clock and the
166-MHz clock coincide (see points indicated by circles). In
this manner, the timing of passing data from an FF operating
at 333 MHz (see clocks and data in a second row) and receiv-
ing data directed to an FF operating at 333 MHz (see clocks
and data in a fourth row) can be matched to an FF operating at
166 MHz (see clocks and data in a third row). Specifically,
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when the enable signal is high, the data occurring in the FF
operating at 333 MHz (see the data in the second row)
changes at the times (every 6 ns) of the rising edges of 166
MHz, so that the data can be passed even to the FF operating
at 166 MHz at the times (every 6 ns) of the rising edges of 166
MHz (see the data in the third row indicated by solid arrows).
Further, the data can be passed in a similar manner to the FF
operating at 333 MHz (see the data in the fourth row indicated
by dashed arrows). FI1G. 3 shows a circuit further illustrating
the data passed from the FF operating at 166 MHz to the FF
operating at 333 MHz.

[0006] While an increase in the operation speed can be
expected by increasing the clock frequency of a circuit, the
maximum operation frequency of a circuit varies with circuit
design. Therefore, as shown in FIG. 4, the frequency of a
clock domain A may not be able to be increased above the
upper limit of 333 MHz even when it is desired to increase the
frequency of a clock domain B. If the clock frequencies of the
both domains can be increased with the clock ratio 1:n main-
tained, the conventional technique shown in FIG. 1 can be
applied. However, the technique in FIG. 1 cannot address the
case of 333 MHz and 200 MHz as shown in the lower row in
FIG. 4, in which the clock frequency ratio is 5:3.

[0007] Inthis case, datapassing is possible by, for example,
making the enable signal high at every 15 ns at which edges of
the clocks coincide and passing data at every 15 ns, as shown
in FIG. 5. However, this results in a data transfer rate of once
in 15 ns (aspeed of 66.666 . . . MHz), which is one third of the
data transfer rate of even the slower FF operating at the
200-MHz clock.

[0008] FIG. 6 shows a case in which data is transferred
three times in 15 ns with the 200-MHz timing according to a
conventional method. In FIG. 6, the timing with which the
enable signal (see a waveform in a first row) is high is adjusted
so that data is transferred at a rate of three times in 15 ns in the
circuit shown in FIG. 5. In this case, when the enable signal is
high, data from the FF operating at 333 MHz (see clocks and
data in a second row) to the FF operating at 200 MHz (see
clocks and data in a third row) is correctly transferred (in the
order of a, b, ¢, d, e) (see data transfer indicated by solid
arrows). However, the data is not successfully transferred
from the FF operating at 200 MHz to the FF operating at 333
MHz (see clocks and data in a fourth row) with the loss of the
datab and e (see data transfer indicated by dashed arrows and
dashed circles). Particularly, immediately after the data is
passed to the FF operating at 200 MHz at 5 ns, the data is
passed to the FF operating at 333 MHz at 6 ns. That is, the
setup time is 1 or 2 ns, resulting in severe data passing timing.

[0009] In a synchronous circuit design, combinations of
available clocks are limited. Trying to transfer data fast leads
to inability to correctly transfer the data due to failures such as
data loss. Conventionally, a dedicated circuit customized by
considering data passing directions for a clock combination
must be designed, and changing the clock combination
requires another circuit. In an asynchronous circuit design
such as based on double latch, as shown in FIG. 7, the both
clock domains need to be taken into account to provide a latch
connection circuit in each clock domain. The asynchronous
processing such as based on double latch causes losses at the
time of data passing. When the clock combination is changed,
the circuit needs to be reviewed and possibly redesigned.

[0010] Patent Literature 1 describes providing a function
for achieving signal synchronization between modules oper-
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ating at clocks with a non-integer multiple ratio through a
simple method in a semiconductor integrated circuit device.
[0011] Patent Literature 2 describes a method and an appa-
ratus for generating a phase control clock signal capable of
outputting a clock signal at a frequency in a non-integer
multiple ratio relationship with an external system clock.

SUMMARY OF INVENTION

[0012] The present invention can solve the problem of
inability to correctly transter data due to failures such as data
loss in data transfer because of limited combinations of avail-
able clocks in a synchronous circuit design. Particularly, an
object of the present invention is to realize a circuit and a
method that enable flexible selection of a clock combination
and fast data transfer between clock domains without failures
such as data loss. Objects of the present invention include
providing a circuit and a method for fast data transfer between
clock domains that use synchronized clocks.

[0013] For transferring data between a first clock domain
using a first clock and a second clock domain using a second
clock synchronized with the first clock, a data transfer circuit
in an aspect provided by the present invention at least
includes: a data holding circuit operating at the first clock to
receive, hold, and send the data; and an enable signal genera-
tion circuit connected to the data holding circuit. The enable
signal generation circuit generates an input enable signal
allowing the data holding circuit to receive the data, and an
output enable signal allowing the data holding circuit to send
the received data. The enable signal generation circuit enables
the input enable signal and the output enable signal so that the
input enable signal and the output enable signal are enabled
when edges of the first clock and the second clock align. For
the first clock and the second clock in a case where the first
clock is faster than the second clock, the enable signal gen-
eration circuit enables the input enable signal so that the input
enable signal is enabled at a predetermined one of edges of
each clock pulse of the first clock precedent to and close to a
predetermined one of edges of each clock pulse of the second
clock occurring after the edge alignment in an interval
between the edge alignment and a next edge alignment, and
enables the output enable signal so that the output enable
signal is enabled at a predetermined one of edges of each
clock pulse of the first clock subsequent to and close to a
predetermined one of edges of each clock pulse of the second
clock occurring after the edge alignment. The enable signal
generation circuit applies the input enable signal and the
output enable signal to the data holding circuit.

[0014] Preferably, the data transfer circuit includes an edge
signal generation circuit connected to the data holding circuit,
the edge signal generation circuit generating an edge signal
allowing the data holding circuit to receive and send the data
when edges of the first clock and the second clock align, and
applying the edge signal to the data holding circuit. Prefer-
ably, the edge signal generation circuit includes generating
the edge signal by ANDing the input enable signal and the
output enable signal. Preferably, the enable signal generation
circuit includes: a timing signal holding circuit operating at
the first clock to receive, hold, and send a timing signal for the
time when edges of the first clock and the second clock align;
an input enable signal generator operating at the first clock to
receive inputs of the number of clock pulses of the first clock
N, and the number of clock pulses of the second clock N,,, ,
between an edge alignment and a next edge alignment of the
first clock and the second clock, and the timing signal, and
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generate the input enable signal; and an output enable signal
generator operating at the first clock to receive inputs of the
N, the N, and the timing signal, and generate the output
enable signal.

[0015] Preferably, the input enable signal generator
includes: a count-down counter that receives an input of the
N, is reset upon receiving an input of the timing signal, is
set to N, ,~1 upon being reset, performs count-down opera-
tion to 0 at the first clock, and outputs a count value CNT .5
a first operation circuit connected to the count-down counter
to receive inputs of the CNT,,,,,,, the N, ., and the N,,
calculate CNT,,  *N, /N, . and output a calculated value;
a first differential circuit operating at the first clock and con-
nected to the first operation circuit to receive an input of the
calculated value of'the first operation circuit and to output 1 if
the input calculated value is different from a previous value
and output O otherwise; and a first OR circuit connected to the
first differential circuit and the timing signal holding circuitto
OR an input from the first differential circuit and an input
from the timing signal holding circuit and provide an output
as the input enable signal.

[0016] Preferably, the output enable signal generator
includes: a count-up counter that receives an input of the N .,
is reset upon receiving an input of the timing signal, is set to
0 upon being reset, performs count-up operation to N, ~1 at
the first clock, and outputs a count value CNT,,,; a second
operation circuit connected to the count-up counter to receive
inputs of the CNT,,, the N,,, and the N,,, calculate
CNT,,*N,, /N, . and output a calculated value; a second
differential circuit operating at the first clock and connected
to the second operation circuit to receive an input of the
calculated value of the second operation circuit and to output
1 if the input calculated value is different from a previous
value and output 0 otherwise; and a second OR circuit con-
nected to the second differential circuit and the timing signal
holding circuit to OR an input from the second differential
circuit and an input from the timing signal holding circuit and
provide an output as the output enable signal.

[0017] A data transfer method in an aspect provided by the
present invention, transferring data between a first clock
domain using a first clock and a second clock domain using a
second clock synchronized with the first clock, at least
includes: operating a data holding circuit at the first clock;
enabling an input enable signal allowing the data holding
circuit to receive the data and an output enable signal allowing
the data holding circuit to send the received data so that the
input enable signal and the output enable signal are enabled
when edges of the first clock and the second clock align; for
the first clock and the second clock in a case where the first
clock is faster than the second clock, enabling the input
enable signal so that the input enable signal is enabled at a
predetermined one of edges of each clock pulse of the first
clock precedent to and close to a predetermined one of edges
of each clock pulse of the second clock occurring after the
edge alignment in an interval between the edge alignment and
a next edge alignment; applying the input enable signal to the
data holding circuit to receive the data at the data holding
circuit; enabling the output enable signal so that the output
enable signal is enabled at a predetermined one of edges of
each clock pulse of the first clock subsequent to and close to
a predetermined one of edges of each clock pulse of the
second clock occurring after the edge alignment; and apply-
ing the output enable signal to the data holding circuit to send
the received data from the data holding circuit.



US 2012/0105113 Al

[0018] Preferably, the data transfer method includes gener-
ating an edge signal allowing the data holding circuit to
receive and send the data when edges of the first clock and the
second clock align, and applying the edge signal to the data
holding circuit to receive the data at the data holding circuit
and send the data from the data holding circuit. Preferably,
generating the edge signal includes generating the edge signal
by ANDing the input enable signal and the output enable
signal.

[0019] Where N, and N,,,, denote the number of clock
pulses of the first clock and the number of clock pulses of the
second clock, respectively, between an edge alignment and a
next edge alignment of the first clock and the second clock,
CNT,,,.,, denotes a cyclical counter value starting ata point of
an edge alignment of the first clock and the second clock and
counteddownas N, -1,N, -2,...,1,0,N; ~1,N, -2, ..
., CNT,,, denotes a cyclical counter value starting at the point
of the edge alignment and countedup as 0, 1, . . . , N, -2,
N,~1,0,1,..., and INT(a) denotes a function that discards
a fractional portion of a value of a, the data transfer method
preferably includes: generating the input enable signal to be
enabled at a point when a value of INT(CNT,,.,,*N,,, /N, )
changes and at the point of the edge alignment, and to be
disabled at other points; and generating the output enable
signal to be enabled at a point when a value of INT
(CNT,,,*N,,,/N,,,) changes and at the point of the edge
alignment, and to be disabled at other points.

[0020] Preferably, the predetermined one of the edges of
each clock pulse of the first clock and the predetermined one
of'the edges of each clock pulse of the second clock are rising
edges or falling edges.

[0021] According to the present invention, a circuit and a
method that enable flexible selection of a clock combination
and fast data transfer between clock domains without failures
such as data loss are realized. Particularly, a circuit and a
method for fast data transfer between clock domains that use
synchronized clocks are provided, and selective changes in
clock combination can be addressed without modification of
the circuit itself.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 is a diagram of a conventional circuit for
using synchronous clocks to transfer data between clock
domains;

[0023] FIG. 2 is a waveform diagram in a conventional
method for using synchronous clocks to transfer data between
clock domains;

[0024] FIG. 3 is a diagram of a conventional circuit;
[0025] FIG.4 is a diagram showing cases of clocks of clock
domains;

[0026] FIG.5 is a diagram of another conventional circuit;
[0027] FIG. 6 is a waveform diagram in transferring data

with 200-MHz timing;

[0028] FIG. 7 is a diagram showing a configuration of con-
ventional data transfer based on double latch;

[0029] FIG. 8 is a schematic diagram of a data transfer
circuit according to an embodiment of the present invention;
[0030] FIG.9is a circuit diagram showing an example of a
data holding circuit;

[0031] FIG. 10 is a timing waveform diagram in providing
data based on a slower clock (200 MHz);

[0032] FIG. 11 is a timing waveform diagram in providing
data based on a faster clock (333 MHz);
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[0033] FIG. 12 is a diagram showing an example of the
timing of (the manner of generating) input and output enable
signals;

[0034] FIG. 13 is a circuit diagram showing an exemplary

configuration of an enable signal generation circuit;

[0035] FIG. 14 is acircuit diagram illustrating details of the
enable signal generation circuit;

[0036] FIG. 15 is a diagram showing a timing example of
the input and output enable signals determined in a special
case;

[0037] FIG. 16 is a timing waveform diagram in providing
data based on a slower clock (200 MHz) in the special case;
[0038] FIG. 17 is a timing waveform diagram in providing
databased on a faster clock (266 MHz) in the special case; and
[0039] FIG. 18 is adiagram showing an exemplary configu-
ration of data transfer using the data transfer circuit according
to an embodiment of the present invention.

DETAILED DESCRIPTION

[0040] The best mode for implementing the present inven-
tion will be described in detail below with reference to the
drawings. Embodiments below are not intended to limit the
present invention set forth in claims, and not all combinations
of features described in the embodiments may be essential to
the solution of the present invention. The present invention
can be implemented in many different aspects and should not
be construed exclusively within the content of the described
embodiments. Throughout the description of the embodi-
ments, like components and elements are given like numbers.
[0041] FIG. 8 shows a schematic of a data transfer circuit
100 according to an embodiment of the present invention. The
data transfer circuit 100 includes a data holding circuit 200,
and an enable signal generation circuit 300 connected to the
data holding circuit 200. As shown in FIG. 8, the data holding
circuit 200 receives an input of data from, e.g., a combina-
tional circuit, and operates at a first clock, e.g., 333 MHz but
does not operate at a second clock, e.g., 166 MHz, synchro-
nized with the first clock. In the data holding circuit 200, a
data signal at either the first clock or the second clock is
received from D as an input, and a data signal that can be
received at either the first clock or the second clock is sent
from Q as an output. An edge signal used when edges of the
first clock and the second clock align, and an input enable
signal and an output enable signal from the enable signal
generation circuit 300, are applied to the data holding circuit
200. The data holding circuit 200 preferably includes an FF,
namely, a flip-flop circuit.

[0042] The input enable signal and the output enable signal
are signals enabled when edges of the first clock and the
second clock align. Further, for the first clock and the second
clock in a case where the first clock is faster than the second
clock, particularly such that the frequency ratio between the
first clock and the second clock is m:n, where m and n are
integers (m>n>1), the input enable signal is a signal that
allows the data holding circuit 200 to receive data at a prede-
termined one of edges of each clock pulse of the first clock
precedent to and close to a predetermined one of edges of
each clock pulse of the second clock occurring after an edge
alignment in an interval between the edge alignment and a
next edge alignment of the first clock and the second clock.
The output enable signal is a signal that allows the data
holding circuit 200 to send the received data at a predeter-
mined one of edges of each clock pulse of the first clock
subsequent to and close to a predetermined one of edges of
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each clock pulse of the second clock occurring after the edge
alignment. If the enable timing is determined by calculation
for example, the input enable signal and the output enable
signal are generated by using the value of N, ., the value of
N,,..» a timing pulse, and the first clock, which are input to the
enable signal generation circuit 300. N, , is the number of
clock pulses of'the first clock and N,,,,; is the number of clock
pulses of the second clock between an edge alignment and a
next edge alignment of the first clock and the second clock.
The timing pulse is used as a timing signal for the time when
edges of the first clock and the second clock align.

[0043] Except for a special case to be described below, the
edge signal can be generated by ANDing the input enable
signal and the output enable signal because the input enable
signal and the output enable signal are both enabled and
overlap when edges of the first clock and the second clock
align. However, for certain combinations of the first clock and
the second clock, the input enable signal and the output
enable signal may be both enabled and overlap even at times
other than when edges of the first clock and the second clock
align. For a clock combination causing this situation, the edge
signal is not generated by ANDing the input enable signal and
the output enable signal and needs to be generated in another
way. Also, the circuit is not used in the same manner as a
normal FF, that is, the output Q is not fed back as a signal for
the input D.

[0044] FIG. 9 shows a circuit example of the data holding
circuit 200. The timing for data to be received at the input D
is controlled with the input enable signal applied to a multi-
plexer 210, and the data is taken into an FF 215 operating at
the first clock, e.g., 333 MHz. The data taken into the FF 215
arrives at a multiplexer 225 via a multiplexer 220. The timing
for the data to be taken into an FF 230 operating at the first
clock and sent to the output Q is controlled with the output
enable signal applied to the multiplexer 225. When clock
edges of the first clock and the second clock (slower than the
first clock), e.g., 200 MHz, synchronized with the first clock
coincide, i.e., align, the edge signal for the time of clock edge
alignment applied to the multiplexer 220 is used to directly
provide the data at D as the output at Q so that the circuit
operates in the same manner as a normal FF. The edge signal
is high (1) when clock edges coincide, and low (0) at other
times. Since the input and output enable signals are high (1)
when the edge signal is high (1), the data holding circuit 200
in FIG. 9 operates as a single FF (as if only one FF (FF 230)
exists). That is, the data at the input D directly appears at the
output Q.

[0045] By operating the circuit in FIG. 9 at the first clock
(333 MHz) and appropriately controlling the input enable
signal, the output enable signal, and the edge signal, data
passing (200 MHz—333 MHz, 333 MHz—200 MHz)
between a clock domain using the first clock (333 MHz) and
a clock domain using the second clock (200 MHz) can be
achieved at a data transfer rate of 200 MHz.

[0046] FIG. 10 shows the timing as a waveform of each
signal in a case that data from the clock domain using the
second clock (200 MHz) slower than the first clock is pro-
vided to the input D. The data can be received at rising edges
of the first clock (333 MHz) when the input enable signal is
high. This data reception timing is indicated by triangles at the
rising edges in a clock waveform o 333 MHz. The data can be
sent at rising edges of the first clock (333 MHz) when the
output enable signal is high. This data sending timing is
indicated by circles at the rising edges in a clock waveform of
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333 MHz. Although rising edges of the clock is used for
determining the timings, falling edges of the clock may be
used to determine the timings.

[0047] Also, the data output from the FF 215 and the data at
the output Q of the FF 230 in the circuit illustrated in FIG. 9
are shown forthedataa, b, ¢, d, . .. arriving at the input D with
the 200-MHz timing (at every 5 ns, see points indicated by
vertical dotted lines). As shown in FIG. 10, the data from the
clock domain using 200 MHz to the input D is received at the
FF 215 with the reception timing at the edges marked with the
triangles, and sent to the output Q of the FF 230 with the
sending timing at the edges marked with the circles. In this
manner, the data can be output to the output Q at a data
transfer rate of three times in 15 ns (a data transfer rate of 200
MHz) (see data transitions indicated by solid arrows). Even if
the data output to the output Q is further latched in another FF
01200 MHz, the data can be passed without data reordering or
data loss (see data transitions indicated by dashed arrows).
When clock edges of the both clocks of 200 MHz and 333
MHz align, the edge signal is high and the circuit operates in
the same manner as a normal FF. That is, the data at the input
D is output to the output Q of the FF 230 without being
temporarily latched in the FF 215 (see data transitions at 0 ns
and 15 ns).

[0048] Since the circuit in FIG. 9 operates at the first clock
(333 MHz), the circuit can receive and pass data from and to
acircuit in a 333-MHz clock domain without problems. FIG.
11 shows the timing as a waveform of each signal in a case
that data from a clock domain using the first clock (333 MHz)
is provided to the input D. As described for FIG. 10, the data
reception timing is indicated by triangles at rising edges of a
clock waveform of 333 MHz, and the data sending timing is
indicated by circles at rising edges of a clock waveform 0333
MHz. In the circuit in FIG. 9, the data that changes at the clock
01333 MHz is received with the timing controlled by the input
enable signal slower than 333 MHz. Therefore, this time, the
data is selectively received. Shaded portions are not to be sent
and are regarded as “don’t care” at the input D.

[0049] Thedata (0,1,2,3,4...)atthe input D is received
at the FF 215 with the reception timing at the edges marked
with the triangles, and sent to the output Q of the FF 230 with
the sending timing at the edges marked with the circles. In this
manner, the data can be transferred at a data transfer rate of
three times in 15 ns (a data transfer rate 0of 200 MHz) (see data
transitions indicated by solid arrows). Even if the data output
to the output Q is further latched in another FF of 333 MHz,
the data can be passed without data reordering or data loss
(see data transitions indicated by dashed arrows) although the
data is selectively passed. Again, when clock edges of the
both clocks of 200 MHz and 333 MHz align, the edge signal
is high and the circuit operates in the same manner as a normal
FF. That is, the data at the input D is output to the output Q of
the FF 230 without being temporarily latched in the FF 215
(see data transitions at 0 ns and 15 ns).

[0050] Now, the timings of the input enable signal, the
output enable signal, and the edge signal will be described.
FIG. 12 shows the manner of generating the input enable
signal and the output enable signal in an exemplary case of
clocks of 200 MHz and 333 MHz. While the signals are
controlled at the faster first clock (333 MHz), the signals are
generated with reference to the timing of rising edges of the
slower second clock (200 MHz). The timings of the input
enable signals a to d and the output enable signals a to d are
determined according to rising edge points a, b, ¢, and d of the
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second clock (200 MHz). At Ons and 15 ns, when edges of the
both clocks coincide, the edge signal is high and the input
enable signal and the output enable signal are simultaneously
asserted, i.e., enabled. In the example of FIG. 12, these points
correspond to the points a and d.

[0051] When edges of the both clocks do not coincide, such
as at the points b and c, the input enable signal is enabled so
that a rising edge point of the firsts clock (333 MHz) prece-
dent to and close to a rising edge point of the second clock
(200 MHz) is the timing of receiving the input data (see the
input enable signals b and ¢). Also, the output enable signal is
enabled so that a rising edge point of the first clock (333 MHz)
subsequent to and close to a rising edge point of the second
clock (200 MHz) is the timing of sending the output data (see
the output enable signals b and ¢). Here, the order of the input
enable signals and the order of the output enable signals are
prevented from overlapping and reordering. The order of a
precedent output enable signal and a subsequent input enable
signal is also prevented from reordering. For example, the
output enable signal b and the input enable signal ¢ can
overlap, but their order cannot be changed. The special case in
which the output enable signal b and the input enable signal ¢
overlap will be described below.

[0052] To increase the setup time for the circuit, the circuit
in FIG. 9 needs to latch and send data as soon as possible.
Consequently, the most efficient points as the timings of
selectively enabling the input and output enable signals are
rising edge points of the faster first clock (333 MHz) prece-
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[0057] CNT,,: acyclical counter value starting at the point
of'an edge coincidence of the both clocks and counted up as
0,1,...,N,,-2,N,,-1,0,1,....

[0058] INT(a): a function that discards a fractional portion
of'the value of (a)

[0059] The above variables and function can be used to
define the timings of generating the two types of input and
output enable signals as follows.

[0060] input enable signal: the signal takes 1 (enabled)
when the value of INT(CNT,,,,,.*N,, /N, changes
and when edges of the both clocks coincide, and takes 0
(disabled) at other points.

[0061] output enable signal: the signal takes 1 (enabled)
when the value of INT(CNT,,*N,, /N, ) changes and
when edges of the both clocks coincide, and takes 0
(disabled) at other points.

[0062] Table 1 shows an example of generating the two
types of input and output enable signals with the above for-
mulas (for the clocks of 333 MHz and 200 MHz). Points at
which edges of the clocks 0f 333 MHz and 200 MHz align are
marked with x above the times O ns, 15 ns, and 30 ns. The
timing of enabling the input enable signal is marked with x in
the row of input enable points, and the timing of enabling the
output enable signal is marked with x in the row of output
enable points.

TABLE 1

example of generating enable signals (for clocks of 333 MHz and 200 MHz)

Edge alignment points = X X X
Time (ns) 0 3 6 9 12 15 18 21 24 27 30 33 36
CNTpm 4 3 2 1 0 4 3 2 1 0 4 3 2
INT (CNT,,,,,*3/5) 2 1 1 0 0 2 1 1 0 0 2 1 1
Input enable points X X X X X X X X
CNT,, o 1 2 3 4 0 1 2 3 4 0 1 2
INT (CNT,,*3/5) 0 0 1 1 2 0 0 1 1 2 0 0 1
Output enable points X X X X X X X X
Nig=5Nyug=3

dent and subsequent to and closest to rising edge points of the [0063] For the input enable signal, the value of INT

slower second clock (200 MHz), as shown in FIG. 12.
[0053] An exemplary manner of enable signal generation
for selectively enabling the input and output enable signals at
these efficient points will be described. The points, i.e., the
points of time, for selectively enabling the two types of input
and output enable signals can be calculated by using the
timing of edge coincidence of the both clocks and the clock
ratio of the both clocks.

First, definitions of N, ,, N,,,,, CNT ... CNT
are provided as follows.

[0054] N, the number of clock pulses of the first clock
between an edge coincidence and a next edge coincidence of
the both clocks (in the example, five clock pulses occur in 15
ns at a clock of 333 MHz and therefore N, ,=5)

[0055] N, ; the number of clock pulses of the second clock
between an edge coincidence and a next edge coincidence of
the both clocks (in the example, three clock pulses occurin 15
ns at a clock of 200 MHz and therefore N,,,,=3)

[0056] CNT,,,..: a cyclical counter value starting at the
point of an edge coincidence of the both clocks and counted
downas N, ,~1,N, -2, ..., 1,0, N, ~1,N,..-2,....

and INT(a)

up?

(CNT 5, *N5,,/N, ) changes at the edge alignment points
(O ns, 15 ns, and 30 ns) and 3 ns, 9 ns, 18 ns, 24 ns, and 33 ns.
Therefore these points are selected as the enable timing, and
the input enable signal is generated to be enabled at these
points. Similarly, for the output enable signal, the value of
INT(CNT,,,*N,,, /N, ;) changes at the edge alignment points
(Ons, 15 ns, and 30 ns) and 6 ns, 12 ns, 21 ns, 27 ns, and 36 ns.
Therefore these points are selected as the enable timing, and
the output enable signal is generated to be enabled at these
points.

[0064] The generation of the enable signals may not be
based on calculation using the above formulas. Rather, the
points precedent to and subsequent to the edges of the slower
clock may be manually determined and set as appropriate in
advance, and these points may be cyclically used. This allows
the enable signals to be generated without calculation formu-
las.

[0065] FIG. 13 shows an exemplary configuration of the
enable signal generation circuit 300 in FIG. 8. The enable
signal generation circuit 300 includes an input enable signal
generator 310, an output enable signal generator 320, and a
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timing signal holding circuit 330. A signal that is output from
the timing signal holding circuit 330 align with the edge
signal. The input enable signal generator 310 and the output
enable signal generator 320 each receive inputs of the value of
N, the value of N, ., the timing pulse, and the first clock.
The input enable signal generator 310 outputs the input
enable signal, and the output enable signal generator 320
outputs the output enable signal. The timing signal holding
circuit 330 receives inputs of the timing pulse and the first
clock. An output from the timing signal holding circuit 330 is
applied to the input enable signal generator 310 and the output
enable signal generator 320.

[0066] FIG. 14 illustrates details of the enable signal gen-
eration circuit 300. The input enable signal generator 310
includes a count-down counter 312, a first operation circuit
314, a first differential circuit 316, and a first OR circuit 318.
The output enable signal generator 320 includes a count-up
counter 322, a second operation circuit 324, a second differ-
ential circuit 326, and a second OR circuit 328. The timing
signal holding circuit 330 includes a signal holding circuit
332.

[0067] The count-down counter 312 receives an input of the
number of clock pulses of the first clock N, ., (a 4-bit value in
the example), and is reset when the timing pulse is input.
Upon being reset, the count-down counter 312 is setto N, ,~1
and performs count-down operation to 0 at the faster clock to
output the count value CNT,,,, (a 4-bit value in the
example). The first operation circuit 314 receives inputs of the
count value CNT ... the number of clock pulses of the first
clock N, ., and the number of clock pulses of the second clock
N,,; (a 4-bit value in the example) and calculates
CNT ... ¥N,,, /N, to output the calculated value. The first
differential circuit 316 operates at the first clock and receives
an input of the calculated value of the first operation circuit.
The first differential circuit 316 outputs 1 if the input calcu-
lated value is different from the previous value, and outputs O
otherwise. The first OR circuit 318 ORs an input from the first
differential circuit 316 and an input from the signal holding
circuit 332 and provides an output as the input enable signal.
[0068] The count-up counter 322 receives an input of the
number of clock pulses of the first clock N, ,, and is reset
when the timing pulse is input. Upon being reset, the count-
down counter 312 is set to 0 and performs count-up operation
to N ,~1 at the first clock to output the count value CNT,, (a
4-bit value in the example). The second operation circuit 324
receives inputs of the count value CNT,,,, the number of clock
pulses of the first clock N, ,, and the number of clock pulses
of the second clock N,,,; and calculates CNT,,*N,,, /N, , to
output the calculated value. The second differential circuit
326 operates at the faster clock and receives an input of the
calculated value of the second operation circuit. The second
differential circuit 326 outputs 1 if the input calculated value
is different from the previous value, and outputs 0 otherwise.
The second OR circuit 328 ORs an input from the second
differential circuit 326 and an input from the signal holding
circuit 332 and provides an output as the output enable signal.
[0069] The signal holding circuit 332 operates at the first
clock and receives an input of the timing pulse. The signal
holding circuit 332 holds the timing pulse and outputs the
timing pulse to the first OR circuit 318 and the second OR
circuit 328.

[0070] Now, the above-mentioned special case in which the
output enable signal b and the input enable signal ¢ overlap
will be reviewed here. If N, <2N,, —1, the output enable
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signal and the input enable signal may overlap at points other
than when edges of the both clocks align. Specifically, this is
the case in which an output enable signal (e.g., the output
enable signal b) based on an edge of a pulse of the second
clock occurs at the same point as an input enable signal (e.g.,
the input enable signal ¢) based on an edge of a next pulse of
the second clock. This case is defined as the special case.
[0071] For example, if the second clock is 200 MHz (a
period of 5 ns) and the first clock is 266.666 . . . MHz (a period
of'3.75 ns, simply referred to as “266 MHz”), N, .: N, ~4:3.
Accordingly, 4<2*3-1=5, which applies to the special case.
FIG. 15 shows the timings of the input and output enable
signals determined in this case. In the example of FIG. 15, the
output enable signal (output enable-b) for the edge b of the
second clock (200 MHz) and the input enable signal (input
enable-c) for the edge ¢ of the second clock occur at the same
point. In this special case, if the edge signal is generated by
ANDing the input enable signal and the output enable signal
in the circuit in FIGS. 8 and 9, the edge signal will be gener-
ated at a point when the input enable signal and the output
enable signal for different pieces of data overlap, although the
edges of the two clocks at that point do not coincide (align).
Consequently, the data received with the input enable signal
will be directly sent. Therefore, in this case, the edge signal
cannot be generated with the AND operation. Also, the output
cannot be fed back to the data holding circuit (cannot be used
as one of input signals for the combinational circuit con-
nected to the input D). However, the bidirectional data trans-
fer as described above is possible without problems.

[0072] FIG. 16 shows the timing as a waveform of each
signal in a case that data from the clock domain using the
slower second clock (200 MHz) is provided to the input D in
the special case. FIG. 16 corresponds to FIG. 10. As shown in
FIG. 16, the data from the 200-MHz clock domain to the input
D is received at the FF 215 with the reception timing at edges
marked with triangles, and sent to the output Q of the FF 230
with the sending timing at edges marked with circles. In this
manner, the data can be output to the output Q at a data
transfer rate of three times in 15 ns (a data transfer rate of 200
MHz) (see data transitions indicated by solid arrows).
[0073] Particularly, at the point of 7.5 ns, according to the
input enable signal, data d is received at the FF 215 with the
reception timing at the edge marked with the triangle. Simul-
taneously, data ¢ already taken into the FF 215 with the
reception timing according to the previous input enable signal
is sent to the output Q of the FF 230 with the sending timing
at the edge marked with the circle according to the output
enable signal. Unless the edge signal is high (enabled) at this
point, the data d received from the input D will not be directly
sent to the output Q at once. Therefore no problems occur
with the data transfer. Even if the data output to the output Q
is further latched in another FF of 200 MHz, the data can be
passed without data reordering or data loss (see data transi-
tions indicated by dashed arrows). When clock edges of the
both clocks of 200 MHz and 266 MHz align, the edge signal
is high and the circuit operates in the same manner as a normal
FF. That is, the data at the input D is output to the output Q of
the FF 230 without being temporarily latched in the FF 215
(see data transitions at 0 ns and 15 ns).

[0074] FIG. 17 shows the timing as a waveform of each
signal in a case that data from the clock domain using the
faster first clock (266 MHz) is provided to the input D in the
special case. FIG. 17 corresponds to FIG. 11. The data (0, 1,
2,3,4,...)atthe input D is received at the FF 215 with the
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reception timing at edges marked with triangles, and sent to
the output Q of the FF 230 with the sending timing at edges
marked with circles. In this manner, the data can be trans-
ferred at a data transfer rate of three times in 15 ns (a data
transfer rate of 200 MHz) (see data transitions indicated by
solid arrows).

[0075] Particularly, at the point of 7.5 ns, according to the
input enable signal, the data 3 is received at the FF 215 with
the reception timing at the edge marked with the triangle.
Simultaneously, the data 2 already taken into the FF 215 with
the reception timing according to the previous input enable
signal is sent to the output Q of the FF 230 with the sending
timing at the edge marked with the circle according to the
output enable signal. Therefore no problems arise with the
data transfer. Even if the data output to the output Q is further
latched in another FF of 266 MHz, the data can be passed
without data reordering or data loss (see data transitions indi-
cated by dashed arrows) although the data is selectively
passed. Again, when clock edges of the both clocks of 200
MHz and 266 MHz align, the edge signal is high and the
circuit operates in the same manner as a normal FF. That is,
the data at the input D is output to the output Q of the FF 230
without being temporarily latched in the FF 215 (see data
transitions at 0 ns and 15 ns).

[0076] Thus, as described above, through the implementa-
tion of the present invention, data can be bi-directionally sent
and received while an optimum data transfer rate (in the
example, three times of transfer in 15 ns) is maintained, and
connections to the both clock domains are possible without
circuit modifications. Since the present invention is imple-
mented as a synchronous circuit, functions can be verified
through STA (Static Timing Analysis) and a logical simula-
tion. In addition, when different clocks are used, the present
invention is implemented in a circuit that operates at a clock
of the faster clock domain. Therefore the circuit can be pro-
vided for each of data sending and data reception in a faster
clock domain A (CLK-A), as shown in FIG. 18. Then, in a
slower clock domain B (CLK-B), output data from the circuit
(an input to the CLK-B) and input data to the circuit (an
output from the CLK-B) can be similarly treated as data of the
slower clock domain (no special processing is necessary in
the CLK-B). This eliminates the need to provide a circuit such
as a latch circuit in the slower clock domain as in the conven-
tional data transfer shown in FIG. 7. Further, although con-
ventionally the CDC connection circuit must be reviewed or
redesigned when the clock combination is changed, now the
same circuit can be used for the CDC connection portion as
long as the slower clock frequency does not exceed the faster
clock frequency (the first clock frequency=the second clock
frequency) (as long as the speed relationship does not
change).

[0077] While the present invention has been described
above with reference to the embodiments, the technical scope
of the present invention is not limited to what has been
described in the embodiments. Various modifications or
improvements may be made to the embodiments, and it is
apparent that aspects with such modifications or improve-
ments are also included in the technical scope of the present
invention.

1. A data transfer circuit that transfers data between a first
clock domain using a first clock and a second clock domain
using a second clock synchronized with the first clock, com-
prising:
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a data holding circuit operating at the first clock to receive,

hold, and send the data; and

an enable signal generation circuit connected to the data

holding circuit to generate an input enable signal allow-
ing the data holding circuit to receive the data and an
output enable signal allowing the data holding circuit to
send the received data, the enable signal generation cir-
cuit being adapt to

enable the input enable signal and the output enable signal

so that the input enable signal and the output enable
signal are enabled when edges of the first clock and the
second clock align, and,

for the first clock and the second clock in a case where the

first clock is faster than the second clock,
enable the input enable signal so that the input enable
signal is enabled at a predetermined one of edges of each
clock pulse of the first clock precedent to and close to a
predetermined one of edges of each clock pulse of the
second clock occurring after the edge alignment in an
interval between the edge alignment and a next edge
alignment,
enable the output enable signal so that the output enable
signal is enabled at a predetermined one of edges of each
clock pulse of the first clock subsequent to and close to
a predetermined one of edges of each clock pulse of the
second clock occurring after the edge alignment, and

apply the input enable signal and the output enable signal to
the data holding circuit.

2. The data transfer circuit according to claim 1, compris-
ing an edge signal generation circuit connected to the data
holding circuit, the edge signal generation circuit generating
an edge signal allowing the data holding circuit to receive and
send the data when edges of the first clock and the second
clock align, and applying the edge signal to the data holding
circuit.

3. The data transfer circuit according to claim 2, wherein
the edge signal generation circuit generates the edge signal by
ANDing the input enable signal and the output enable signal.

4. The data transfer circuit according to claim 1, wherein
the enable signal generation circuit comprises:

atiming signal holding circuit operating at the first clock to

receive, hold, and send a timing signal for the time when
edges of the first clock and the second clock align;

an input enable signal generator operating at the first clock

to receive inputs of the number of clock pulses of the first
clock N, , and the number of clock pulses of the second
clock N,, , between an edge alignment and a next edge
alignment of the first clock and the second clock, and the
timing signal, and generate the input enable signal; and
an output enable signal generator operating at the first
clock to receive inputs of the N, the N, ;, and the
timing signal, and generate the output enable signal.

5. The data transfer circuit according to claim 2, wherein
the enable signal generation circuit comprises:

atiming signal holding circuit operating at the first clock to

receive, hold, and send a timing signal for the time when
edges of the first clock and the second clock align;

an input enable signal generator operating at the first clock

to receive inputs of the number of clock pulses of the first
clock N, and the number of clock pulses of the second
clock N,, , between an edge alignment and a next edge
alignment of the first clock and the second clock, and the
timing signal, and generate the input enable signal; and
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an output enable signal generator operating at the first
clock to receive inputs of the N, ,, the N, ., and the
timing signal, and generate the output enable signal.

6. The data transfer circuit according to any one of claim 3,

wherein the enable signal generation circuit comprises:
atiming signal holding circuit operating at the first clock to
receive, hold, and send a timing signal for the time when

edges of the first clock and the second clock align;

an input enable signal generator operating at the first clock
to receive inputs of the number of clock pulses of the first
clock N, , and the number of clock pulses of the second
clock N,, , between an edge alignment and a next edge
alignment of the first clock and the second clock, and the
timing signal, and generate the input enable signal; and

an output enable signal generator operating at the first
clock to receive inputs of the N, , the N, ,, and the
timing signal, and generate the output enable signal.

7. The data transfer circuit according to claim 4, wherein

the input enable signal generator comprises:

a count-down counter that receives an input of the N, ., is
reset upon receiving an input of the timing signal, is set
to N, ,,~1 upon being reset, performs count-down opera-
tion to O at the first clock, and outputs a count value
CNT 4,

a first operation circuit connected to the count-down
counter to receive inputs of the CNT . the N, ., and
the N,,,, calculate CNT,,.,,*N,, /N, . and output a
calculated value;

a first differential circuit operating at the first clock and
connected to the first operation circuit to receive an input
of'the calculated value of the first operation circuit and to
output 1 if the input calculated value is different from a
previous value and output 0 otherwise; and

a first OR circuit connected to the first differential circuit
and the timing signal holding circuit to OR an input from
the first differential circuit and an input from the timing
signal holding circuit and provide an output as the input
enable signal, and

the output enable signal generator comprises:

acount-up counter that receives an input ofthe N, . is reset
upon receiving an input of the timing signal, is set to 0
upon being reset, performs count-up operationto N, ~1
at the first clock, and outputs a count value CNT, ;

a second operation circuit connected to the count-up
counter to receive inputs of the CNT,,, the N, ,, and the
N, calculate CNT,,*N,, /N,,,, and output a calcu-
lated value;

a second differential circuit operating at the first clock and
connected to the second operation circuit to receive an
input of the calculated value of the second operation
circuit and to output 1 if the input calculated value is
different from a previous value and output 0 otherwise;
and

a second OR circuit connected to the second differential
circuit and the timing signal holding circuit to OR an
input from the second differential circuit and an input
from the timing signal holding circuit and provide an
output as the output enable signal.

8. The data transfer circuit according to any one of claim 7,

wherein the data holding circuit comprises a flip-flop circuit.

9. A data transfer method for transferring data between a

first clock domain using a first clock and a second clock
domain using a second clock synchronized with the first
clock, comprising:
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operating a data holding circuit at the first clock;

enabling an input enable signal allowing the data holding

circuit to receive the data and an output enable signal
allowing the data holding circuit to send the received
data so that the input enable signal and the output enable
signal are enabled when edges of the first clock and the
second clock align;

for the first clock and the second clock in a case where the

first clock is faster than the second clock,

enabling the input enable signal so that the input enable

signal is enabled at a predetermined one of edges of each
clock pulse of the first clock precedent to and close to a
predetermined one of edges of each clock pulse of the
second clock occurring after the edge alignment in an
interval between the edge alignment and a next edge
alignment;

applying the input enable signal to the data holding circuit

to receive the data at the data holding circuit;

enabling the output enable signal so that the output enable

signal is enabled at a predetermined one of edges of each
clock pulse of the first clock subsequent to and close to
a predetermined one of edges of each clock pulse of the
second clock occurring after the edge alignment; and
applying the output enable signal to the data holding circuit
to send the received data from the data holding circuit.

10. The data transfer method according to claim 9, com-
prising

generating an edge signal allowing the data holding circuit

to receive and send the data when edges of the first clock
and the second clock align, and applying the edge signal
to the data holding circuit to receive the data at the data
holding circuit and send the data from the data holding
circuit.

11. The data transfer method according to claim 10,
wherein generating the edge signal comprises generating the
edge signal by ANDing the input enable signal and the output
enable signal.

12. The data transfer method according to any one of claim
9, where N, ., and N, , denote the number of clock pulses of
the first clock and the number of clock pulses of the second
clock, respectively, between an edge alignment and a next
edge alignment of the first clock and the second clock, CNT-
Jown denotes a cyclical counter value starting at a point of an
edge alignment of the first clock and the second clock and
counteddownas N, -1,N, -2,...,1,0,N; ~1,N, -2, ..
., CNT,,, denotes a cyclical counter value starting at the point
of the edge alignment and countedup as 0, 1, . .. , N, -2,
N,,~1,0,1,...,and INT(a) denotes a function that discards
a fractional portion of a value of a, the method comprising:

generating the input enable signal to be enabled at a point

when a value of INT(CNT . *N,, /N, ) changes and
at the point of the edge alignment, and to be disabled at
other points; and

generating the output enable signal to be enabled at a point

when a value of INT(CNT,,*N,,,,/N, ) changes and at
the point of the edge alignment, and to be disabled at
other points.

13. The data transfer method according to any one of claim
9, wherein the predetermined one of the edges of each clock
pulse of the first clock and the predetermined one of the edges
of each clock pulse of the second clock are rising edges or
falling edges.

14. The data transfer method according to any one of claim
10, wherein the predetermined one of the edges of each clock
pulse of the first clock and the predetermined one of the edges
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of each clock pulse of the second clock are rising edges or
falling edges.

15. The data transfer method according to any one of claim
11, wherein the predetermined one of the edges of each clock
pulse of the first clock and the predetermined one of the edges
of each clock pulse of the second clock are rising edges or
falling edges.

May 3, 2012

16. The data transfer method according to any one of claim
12, wherein the predetermined one of the edges of each clock
pulse of the first clock and the predetermined one of the edges
of each clock pulse of the second clock are rising edges or
falling edges.



