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BACKGROUND Q\ll, The pr tinvenfion relates to a

cl ock control circuiff which has a del ay aﬁEgﬂﬁdﬁb%EE@W% b

to control_the t| m ng of an external clock genefat

the timn m rm ced| ock signal used E/iwmm ﬂﬁ@ew..(.l.@paged?h..
Most of th ntly devel oped are of ol
transfers d I eed in synchronism 1 ﬁ;:"\%g g ‘?aégﬁ"fs'l"gn ?@;:L’ """

synchronous DRAM (nanely, a synchr onous PEQP ﬂ( .......
AbsiracPy :ipggsq/rl tonpaged .......

transfers data to a function bl ock suck
wth a cl ock signal (100
therefromin synchronismw th a cl ocK"si gnhal. - The internal
cl ock signal gener@&q(@bﬁml.r@ﬁ' has a skewwith, i.e., a snall
delay, with respec - he external cl ock signal supplied fromthe
CPU to the nenory. The sSke&icREHSORD 0P TN erwvEssuo® the 20
external clock signal is-a clock signal (100 WMHz) which has a cycle
of 10 nanosecond (nsec)Tharprdseit thwention ralatemdio @ ook g:mtmis a
skew of 1 nsec with respect to the external clock_sign The skew
amounts to 0%  circuidf whish yhsise aofalay arreyhand m@@.;ghsp@naesxgned

Qobvi ously, 25 t he skew of this val ue di sabl es th mory from
transferring data % 9RFepdde itimding Ao ﬁl“x%eﬂ:l?aﬁ'hgﬂocg gengrated by

clock signal. In par&ﬁ(f‘ﬁn%{ thehetﬁnﬁ?l\g %;Eeat | ¥i.nte::nal clock signal used

in a memory (IC).
T Most of the memories recently developed ére of the
10 type which transfers data at high speed in synchronism
with clock signals. A synchxonous DRAM (namely, a
synchronous type DRAM}, fox example, transfers data to
a function block such as a CPU in synchxonism with a
clock.signal (100 MHz and 250 MHz), and raeceives data
15 therafrom in synchronism with a clock signal.

'.[‘h.e internal clock signal generated in the memoﬁ:y
has a skew with, i.e., a small delay, with respect to
the external clock signal supplied from the CPU to
the memnry. The skew cansas a probleam. Assume the

20 external clock signal is a clock signal (100 MHz) which
has a cycle of 10 nanosecond (nsec), and that the
internal clock signal has a skew of 1 nsec with respect
+0 the extarnal aclock signal. ‘he skew amounts to 10%
of the cycle of the external clock signal. Obviously,

25 the skew of this value disables the memoxry from
transferring data at high speed in synchronism with the

external clock signal. In particular, the skew greatly
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function block, ultimately |engthening the data- reading time of

t he nenDry FIG 1 shows a systemin which data is transferred

5 etvveeflhlﬁhmﬁm lie a CPU 12 in synchronismwith a .

hi gh- frequenc FIG. 2 represents the - rel ationship

bet ween t he e i gnal and the I nternal clock signal,
both used in the syst e The -ten8ry 1+ s a synchronous type DRAM
such as a 10. synchronous DRAM The nenory 11 conprises a buffer 13,

an input circuit 14, an output circuit 15 a wite/read circuit 16,

and a menory cell g'ffé"'é(tg'\%hhe 5;1:eed of tr-olj_‘{?.ﬁh Mg SRNECTHIGRS e renidnnal

cl ock signal CK, | nput t e menory 11. In the nmenory 11,

the 15 buffer {3 gedvaidccidie ﬂacquaiwﬂm@@ dnaigtHedingrthe data-
internal clock signal CLK. The signal CLK is supplied . to the input

circuit 14, out putzéidimg ttibe il thd memoxy - read circuit 16 to control

the inputting of data to the menory cell array 17 and the
outputting of data 20 FIG. thesm'trS)rﬂ system in whighiata o Wﬂﬂﬁfﬁiﬁﬁ"ér

13 fromthe external clock gnal CK used as a tri.gger, Si t he
internal cldtk  betweap gm!enemr |'—h"e\Prr’cdalﬁ ffﬂlolé -’srké?k'%}g%’ g’c’tat}{ & the

external clock signal . is the |nt r nal t
control s ‘the ci rcg'i”c%h'l ?‘B’%Y &?G %mpg"eﬁ/\eé:ﬁht fe menor y
11 and the CPU 12, the. CliGH %ejtween the e‘;;t]e@x{&stcﬂ%xgwgrﬂﬂ ShS s 10

conpensate for th
internal eclock signal, both used in the system.

. The memory is a synchronous tyﬁe DRAM such as a
10 synchronous DRAM. The memory 11 comprises a buffer 13,
an ipput cixcuit 14, an output eircuit 15, a write/read
circuit 16, and a memory cell array 15.
The CPU 12 generates the external clock signal CK,
which-is input to the memory 11. In the memory 11, the
is buffor 13 converts the external elock signal CK to an
internal clock signal CLK. The signal CLK is supplied
to the input cixcuit 14, output circuit 15 and write/
read circuit 16 to control the inputting of data to
the memory cell array 17 and the outputting of data
20 therefrom.

Generated by the buffer 13 from the external clock
signal CK used as a trigger signal, the internal clock
signal OTK inavitahly has a nkan.r with raspact to the
external clogk signal CK. It is the internal clock CIK

25 that controls the circuits 14 to 16. To transfex data
between the memory 11 and the CPU 12, the circuits 14

+0 16 must be controlled so as to compensate for tha
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technique however results in a reduction of the data transfer

' Recent various nethods of minimzing or 5

sp
eI|n1nat|n en devel oped. Two of these met hods wi | |
be descrlbe " The first method is to use a PLL

(Phase- Lock o detect the skew, and to feed the internal clock

signal CLK back to the i nput of the buffer-133 thereby 10 el imnating
the skew. The nethod works well when the external clock signal CK
I's continuously supplied to . the menory 11 and has a constant
frequency. £H0% SELN IRt Cediifedt Ald Hfid AMUEN. CK.
generates a correc?e% in erna cl ock signal synchronous wth the
external clock siomgis 'fbél@:ﬁi@u@)‘ Howévik, results HH & I‘ﬁﬁdimtzlm cohimer ed
desirabl e since the internal cl ock signal can imedi ately becone
synchronous with data tramefextspewl. cl ock signal when the external clock
signal changes in frequency or breaks off. 20 The principle of
the second method wi || Recently, VQW&QQﬁrﬂﬁFhQQﬁPPfeﬂkﬂkﬂkﬁ#ﬂQ)Qﬂmat|n1ng
chart of FIG 3.

i nternal a
skew D1 5  (R}pinaging r“‘é?pe{ﬁe“fg’ rdrﬁﬂ %ﬁ si |o§c%%§sse
shown in FIG 3, and that b h S|3gal 5;%%5%’ CK have 25 a cycle T.

A forward clock FEReRRO of a period A fromthe
| eading edge of the fi r:ﬁﬁepy,.é& methoa ¥ {44 LA @i sidnalLddgs

Time [err] el apses
to detect the skew, and to feed the internal clock

signal CLK back to the input of the buffexr 13, thereby
10 eliminating the skew. The method works well when the
external clock signal CK is continuounsly supplied to
the memory 1l and has a constant freguency.
The second method is to use a circuit. which
generates a corrected internal clock signal synchronous
is with tha axternal rlock signal in terms of timing.
This method is considered desirable since the internal
clock signal can immediately become synthronous with
the external clock signal when the external clock
signal changes ih frequency or braaks off.
20 The principle of the second method will be
explained, with reference to the timing chart of FIG. 3.
Assume the internal clock signal CLK has a skew DI
{delay) with respect to the external clock signal CK as
shown in FIG. 3, and that both signals CLK and CK have
_25 a cycle T. A forward clock FCL is generated upon lapse
ol a pexiod A'trom the leading edge of the first pulse

of the internal clock signal CLK. Time A elapses
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| eadi ng edge of the second pulse of the internal clock signal CLK
Upon | apse of 2[err] fron1the | eadi ng edge of “the pulse FCL, a

forward cldhksﬁﬁuﬁsﬁ ed. Then, 5 the period A starting from
t he Ieadlng pulse RCL term nates at the | eading edge of
t he th|rd the internal clock signal CLK, provided that

+ T, ere VV|s the width of the forwhrd Tl ocks FCL and
RCL. 10 Time D2 el apses fromthe | eading edge of the
forward clock RCL to the | eading edge of the third pul se of the

external clock sigfedm Ghe Teadidig\@idhe of the dosiarlcliocldetaly ah phd he

time D2, obtaining a corrected internal clock signal CK which is
synchro- 15 nolsadinid ddie od dhenlsedork milgealofCithe internal clobikat
I's, the second nethod uses three del ay circuits which provides the
delay times A 2[ signashdimp. UPC’n lapsss odc 2 HefyomTrbe; Arading edgekof

signal CLK is del ayed + 2[err] + t her eb enerating. a
corrected inter nalth@(Pulsﬁle&ék & gﬁva'-lwa@é c\;\'ﬁﬂ%ﬂ d%’%ﬁi]:@a% EF
external cl.ock si be U der d from
FIG 3, A=D1l + O® pe S ﬁméf&@t&;s‘q |frF§"b§h€Aﬁ‘e€§]6’§nﬁf S he

ggri o Qngn?nt er naﬁu]é% égﬁ'si g@ %&E ?T %E’% tlg% C&c%ﬁi eOfOft Q%ee){.'t}ﬁr

time Ais not Con?tﬁ@e & W 1nP3e N Tch.%ﬂwlé‘i%nal C1K dﬂ:@%x@d’cﬁ‘ﬂlﬂa& mJSt
therefore be designed to provide

(A + W) < T, where W is the width of the forward clocks

FCL and RCL.

10 Time D2 elapses from the leading edge of the
forward clock RCL to the leading edge of the. third
pulse of the extexrnal clock signal CK. The forward
clock RCL is delayed by the time D2, obtaining a
corrected internal clock signal CK' which is synchro-

15 nous with the external cleark signal CXK.

That is, the second method uses three delay
circuits which provides the delay times A, 2A and D2,
respectively. The internal clock signal CLK is delayed
by A + 2A + N2, thereby generating a corractad internal

20 clock signal CK’ which is synchronous with fhe extexnal
clock signal CK.

As can be understood from FIG. 3, A = D1 + D2.

The delay time D2 can be computed from the perind A and
the delay time D1. Since the cycle T of the external

25 and internal clock signals CK and CLK is not constant,
the time A is not constaﬂt, either. One of the thrxee

delay circuits must therefore be designed to provide
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cycle I_QL_QQLQ_Enggei;ggals CK and CLK. - The three del ay
circuits serve to ge corrected internal clock signal the
first pam %waﬂhsB&hRe] ich is synchronous with the third pul se of the
external irrespective of the cycle T - of the
external M'" Iock signals CK and CLK After the third
pul se of the ex cl ock si gnal ~CK,9the corrected internal clock

signal CK renains synchronous with the external clock signal CK
Shoul d t he external cl ock signal CK break off, there can

i medi atel y be gengp téﬂé&%ﬁ?E' HAHE?QQ§|1ﬁ|Q§Eordance witﬂnﬂhecﬁbn—
which is synchronous wth external cl ock signal CK

A clock control ci restistady @ycde fobTs both sdoekdsignals K and m.lm be
described, with reference to FIG 4. As shown in FIG 4, the
circuit conprises an infHie three dalaynicixicuils ®anvguttcogendraX® aa del ay
circuit 23, a forward delay array 24, a mrror controL circuit 26,
a 20 rear war d cstrertad aytmpadnﬁl@c&esagn@lr@@nﬁ figst pydse of

forward delay array 24 is conposed of a pIurallt el circuits
25-1, 25-2, 5 . 25Mhicdntisosyachegnons wit }Fliﬁ'é-xéoWSP Eﬂ% s 27-1,

S ality of s extgana) clEH pudsal a&zgag%sp%cggvcﬁomag Yode =,

external cl OCk s g%@ tgé S%@ %‘i ta?xdt a?xtEQ'RH& clock signals CK and CLK.
After the third pulse of the external clock signal
b ' CK, the corrected internal clock signal CK’ remains
10 synchronous with the external clock signal CK. Should
the external clock signal CK break off, there can
immediately be generated a corrected internal clock
signal CK’ which is synchronous with the external clock
signal CX.
15 A clock control cireuit which performs' the second
method will be described, with reference to FIG. 4.
As shown in FIG. 4, the circuit comprises an input
terminal 21, a input buffer 22, a delay circuit 23, a
forward delay array 24, a mixxox contxel circuit 26, a
20 reaxward delay array 28; and a delay circuit 30. The
forward delay axray 24 is composed of a plurality of
delay circuits 25-), 25-2, ... 25-n control circuit
7?6 has contronl alewents 27-1, 27-2, ... 27=n. The
rearward delay array 28 is composed of a plurality of
25 delay circuits 29-1, 29-2, ... 29-n.
 The external clock signal CK supplied to the imput

terminal 21 is input to the input buffer 22. The input
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- 6- buffer 22 outputs an internal clock signal CLK Since

the input—buffer has a delay time D1, the internal cl ock signal CLK
has a clo lsfslﬁsém&fBeEﬂ ctehl r espect to the external clock signal
CK. The |nt MJ“ m signal CLK is input to the forward del ay

array 24 he delay circuit 23 which has a delay tinme A
The |nternal CLK is input to +heém r+or control
circuit 26, too The circuit 26 determ nes a delay tinme Af of the
forward delay array 24 and 10 equal i zes the delay tinme Ab of the

rearward del ay a”ﬁﬁf‘.ﬁer 22 mgg%&.gset&g ol Syndi r@lgg,k &1 OBKK S| O8'Phce

out put from € rearwar lay array 28 is suppliTed to the del ay

circuit 30 which hgfeaifphybhtfEr Kas Thadsbapytime D1, ﬂhéCimteﬁQal
generates a corrected internal clock signal 15 CK' which is synchronous
wth the external &he6k sighal CLXK has £lclock skew of Dﬂ'm;ﬁbrmpbmjel ay
array 24 and the rearward del ay array 28 are identical in
structure, and thetdethg éxternal clochfsignahdCRv r dfhedintexnall atocke
delay time Ab of the 20 array 28. Thus, the del ay arrays 24 and 28
provide a 5 signgl (CHE i mmt]tovﬁlﬁefqi'éﬁl}‘d Sdetay agray 24

In the clock contro] ClI‘CUIt of FIG 4 it difficulf to rendfr

the delay time Af ‘ahzao tHhe felay CHC’HWWM%HE%W Shay

because forward pu

Wil be & RECTA LT TR P P S 1 et o AT

contro}) cirxcuit 26, too. The clrcuit 26 determines
-a.delay time Af of the foxrward delay array 24 and
10 .équalizes the delay time Ab of the rearward delay array
28 to the delay time Af. The clock signal. output fxom
the rearward delay array 28 is supplied to the delay
circﬁit 30 which has a delay time D2. The delay
circuit 30 generates a corrected internal c¢lock signal
15 CK' which is synchronous w.i.'l:.h.the extaernal clock signal
CK.
The forwaxd delay array 24 and the rearward delay
. array 28 are identical in structure, and the delay time
Af of the array 24 is used as the delay time Ab of the
20. ~array 28. Thus, the delay arrays 24 and 28 provide a
delay time of 2A, where A = Af = Ab,

In the clock control circuit of FIG. 4 it is
difficult to render tha delay time Af and the delay
time Ab completely the séme, because forwaxrd pulses

25 have a predetermined width. This problem will be
explained helow, with reference to FIG. 5.

FIG. 5 is a timing chart explaining how delay
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-7- tinmes [err]f and [err]b are determnned at tinet (FIG 3) in

t he clock_ggmUuﬂ_4»+eﬂ+%—0f'FIG 4. As seen fromFIG 5, the

formard delay arra £4 remains active while a forward pulse is at
"1 % ee ns I nactive while the forward pul se S
at "0" IeveI ward pulse is input to, for exanple, the
del ay CIrCUIt l ay circuit - ™MR5-k is activated while all
other delay circuits of the array 24 are deactivated. Wen a pul se
of the 10 i nternal clock signal CLK is generated thereafter, the

kth delay circuit %Rm&sOfAf%deA%&@ dRltetmaned a8 time t (FIS.2Q@) daf ed
and generates a rearward pul se. A forward pul se and a pul se of
the internal clockthe clockSt@fieroCliscaitnpBtFIG.the kth control el enent
27-k of 15 the mrror control circuit 26. The control el enent

27-k activates the kth gdel apen ERuont F28-k5of thheforward dedaypwnarsagel ay
array 28. The delay-circuit 29-k generates a rearward pul se. The
control element 272k remains ahtiterehilecd iavwandmnnasguigea ndlfhe del ay

circuit 20 whi ch generates the rearward pul s assun? t he
pl ace, i.e.,5the kimveglacét rempingr inachiveshidiejthe Iorway sEuﬁﬁﬁ its

front edge 2 E'S' ?i?.d £ By EePeE. "AnepCme 5°¥‘65{f§e§‘.‘_§€erv§| putfen (he
delay circuits pulggf egreﬁfét ﬁﬂgddéi%§e L8 £ ngﬁéW$ﬁ£hd dQ% +Pfcu;t

f orwar d e fron of or war
' 25-k is activated while all other delay circuits of

the array 24 are deactivated. When a pulse of the

10 internal clock signal CLK is generated thereafter, the
kth delay circuit 29-k of the xearward delay array 28
is activated and generates a rearward pulse.

A forward pulse and a pulse of the internal clock

signal CLK are input to thé kth control element 27-k of

1R the wirror control circuit 26. The control element
27-k activates the kth delay circuit 29-k of the
fearward delay array 28. The delay cirxcuit 29-k
generates a reaxrward pulse. The contxol element 27=k
which raceives the forward pulse and the delay circuit

20 which generates the rearwaxrd pulse assume the same
place, i.e., the kth place. Therefore, the rearward
pulse has its front edge ¥F2 delayed with respect to the
front edge F1 of the forward pulse hy a time corre-
sponding to the interval at which the delay circuits

25 are arranged (foxr example, the width W of the forwaxd
pulse). Since the tront edge F1 of the forward pulse

and the front edge F2 of the raarward pulse determine
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the delay time Af and the delay tine Ab, respectively, t he del ay

ti me Ab +s—shorter—than—the delay tinme Af by, at nost, the tine
correspong&nglHQMSﬁQQR%ﬂk%rvaI. As descri bed above, the
convent i onahgaiii | 5 - circuit perforns the above-nentioned
second r'r_eta ﬂ m |ml| “fgenerate a corrected internal clock signal

synchr onou t he external clock si@nal= However, none of the
conponents of the clock control circuit can provide a pr edet er m ned
delay tinme wth accuracy. Consequently, 10 It is difficult with the
circuit to generateis delay tin@ I£¢t g8ddi Bhardalag! €8ltesi B rabpsttivealy,
conpl etely synchronous with the external ¢l ock signal..

BRI EF SUMVARY COF THthd Miélwlt @Nme Ab is shoxrfegotHangthei Helayahimbj &cf oy,
the invention to 15 provide a clock control circuit which has

conponent s Atomagtoy ithen ¢ iaep redekspenddd.gd dloa s alidrentiextvali.gh
accuracy, naking it possible to generate a corrected i nternal clock
si gnal conpl etely synchi¥hslesoatibied mbove, the sonvenyiicanadciclsighsontyal
to the circuit. 20 Anot her obj ect of the present invention is to

provide a cl gck poﬁﬁﬁauiﬁ Qﬁﬁﬁ?nmﬁi@ﬁegé 8?5?@?“&?0 eq ngSPFbEF@@”PnF&rnm
Clock i gnal . or o GseiREE o SotiERtag spperhALoRIBEK e sTE Ry
Wi th respect 10 the 25 pq %&%ﬁ%@ghigiggﬁ §58A8h. Bowever, nondloR!kBkn

t.he objects nentionéd above,
components of the clock contxol circuit can provide a

- predetermined delay time with accuracy. Consequently,

10 it is difficult with the circuit to generate a
corvaectad internal eclock signal which is completely
synchronous with the external clock signal.

BRIEF SUMMARY OF THE INVENTION
Accordingly it is an object of the invention to

15 provide a clock control circuit which has components
for providing a predetermined delay time with high
accuracy, making it possible to generate & corrected
internal clock signal completely synchronous with the
external clork signal input to the cixcnit.

20 Another object of the present invention is to
provide a clock control circuit which generates a
corrected internal clock signal having a specific phase
relation with the external clock signé], méra pranisaly
delayed in phase by a specific time with respect to the

25 external clock signal.

Yo attain the objacts mentioned above, there is

provided a delay array having a plurality of delay
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-9- units, each conprising: a forward pul se delay circuit

for delaying a formard pulse by a predeterm ned tine and suppl yi ng

.the forvﬁllsaih lagd| ayed to the succeeding delay unit; a
rearvvard rcwt 5 for delaying a rearward pul se by the
predeter and supplylng the rearward pul se thus del ayed to

precedlng delay unit; and a state-Hol df ng section which
|s set upon recei pt of the f or war d pul se when no pul ses of an
internal clock signal are input to the delay 10 units, and which is
reset upon receiptyRftd)ced@Rodigkising: ®UWctvariepihse pié.‘slys coffrehiier
i nternal clock signals are input to the delay units. In the delay
array, the for véslaying e i fodwend pulschdy ia prefiatarnined ting ont
edge of the rearward pulse is generated by that one of 15 t he del ay
units whose st at e-md dimgpEeitg ortee dicrwassbipulse thusydalayed| ke dthd t he
i nternal clock signal, which is | ocat ed nost cl ose to the first
delay unit, and theucceeding rdedam anikA %n@wfé eR‘b‘aP%ﬂ%JrPé' ity ay

uni t. In the delay arra e rearwar uls

other than the frokf¥ RREYing g%rﬁﬁa&%/”ﬁfcg "’tq%‘ﬁ %%et predete n‘? 3 dé:liév
units whose state-ho d|n ectl s, als t S f the
internal clock si gt %"é&%f%" reaﬁ% Jitre s F ﬁ%elé}gﬁ‘g;u uﬁ?‘teg
which is |ocated g]ul?-ﬁ lrading delfdP il Wi T4 siladeldn ditid -secdion whieh A
clock control cir aCCGQé%ng 0 t e I nvention conprises: a delay
array ‘of the type fesgdé Nggh AR igk of the forward pulse when no pulses

of an internal clock signal are input to the delay

10 ‘units, and which is reset upon receipt of the reaxrwaxrd
pnlse when tha pnlses of the internal clock signals are
input to the delay units. In the delay array, the
forward pulse is input to the first delay ﬁnit, a front
edge of the rearward pulse is generated by that one of

18 +ha delay units whose state-holding sections axe reset
by the pulses of the internal clock signal, which is
located most close to the first delay unit, and the
rearward pulse is generxated by the first delay unit.

In the delay array, an edga of the rearward pulse,

20 other than the front edge, is generated by that one of
the delay units whose state-holding sections are reset

 when the pulses of the internal clock signal ceases to
be supplied to the delay units, which is lorated nnst
close to the first delay unit. .

25 A clock control circuit according to the invention

comprises: a delay array of the type described above; a

buffex having a delay time D1, for generating the
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- 10- I nternal clock signal froman external clock signal; a
first—detay circuit for delaying the pul ses of the i nternal cl ock

si gnal Th skeetHaIBeeh RBplstesUPPl Yi Ng t he pul ses thus del ayed, as forward

pul ses, : 5 - delay unit; and a second delay circuit for

del ayi ngrmmmmlﬂ arward pul ses output fromthe first delay unit, by a
time D2, the rearward pul ses"t ht® del ayed, as a
corrected internal clock signal. The tinme D1, the tine D2 and the
time A have the relationship of: 10 A D1 + D2. The cl ock
control circuit mynterhlRrctockrssgnal from anaexbvatnal glock gbgeab:iag
circuit for generating a control pulse for initializing the forward
pul se del ay figstcdelapfcinohitefoy dedlayingtbhe pubeesodf feween the
15 time the pulses of the internal clock signal are input_ to the
delay units and t héntempal helookwaianpl| ke 4 stime A and spplaing R 1 st

delay unit. The cl ock control _circuit further. copprises
control neans for Ppésent Higstaelaved oy fRﬁ%EF%d?gﬁ%estt° {h?r{gkﬁﬁe
first delay ynit from passi thro : Y o 1 |t en
the forward pul se F?Tﬁﬁt Bﬁf‘g? and élg??%‘%?? h%e+%tc%§%%}gu€% aa?%%]?% 1%%@
supply a pul se of t PUR:) Ifgém ' ; d | @y
circuit, iﬁg?ﬁg%r%f :héeégr eélr "}% pu s?ﬁgﬁlﬁ%ﬁﬁ%ﬁm&ﬁgﬂ Zl?

initializes the segong HQLaxngiéﬁbﬁiyéﬁ?Egﬁéﬂfgﬁgﬁhfﬁtﬁhlggg thud elayed,
e

rearward pul se output fromthe fiTst ay unit
as a corrected internal clock signal. The time D1,

the time D2 and the time A have the relationship of:
10 A = D1 + D2. '
The clock contrnl circuit may further caﬁprises:
a control pulse generating circuit fox genexating a
contrdl pulse for initializing the forward pulse delay
circuit of each delay unit, within a period between the
15 time the pnlses of the internal clock signal are input
to the delay units and the time the forward pﬁlse is
supplied to the first delay unit;
The clock control circuit may furthexr comprises
contxol means for preventing the rearward pnlse output
20 from the first delay unit from passing thxough the
second delay circuit when the forward pulse is output
trom the last delay unit, thereby to supply a pulse of
the internal clock signal from thg second dalay niremit,
instead of the rearxward pulse. The contxol. means
25 initializes the second delay circuit in accoxdance with
the rearward pulse output from the firxst delay unit

after the second delay circuit has output the pulse of
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- L -. the-i-nternal clock pul se. In the clock
control CIrCUIt t he dela units are | ocat ed between the buffer and

t he secondh@ “ and the first delay circuit is conposed of
a first - aﬁ atterns simlar to those of the buffer and
W ring patt fromthe buffer to the del ay units and a
second group of patterns similar to those- 11 -of the second del ay
circuit and wiring patterns extending fromthe delay units to the

second del ay 10 circuit. - A nmenory circuit according to the

pr esent REt { a0 d Eg?iggmwy cell array; a wite/read
readi

circuit for WW|t|ng data Into an ng data fromthe menory cel

array; an input circuitifofthé e€Pbalk ool Ibirculhd) arké ofebap usnits & put
circuit for supplying data to the bus; and a clock control circuit

of the type lodesed | Igthedio ithe BRef i teald adib aigamid desl 200 1t damhi e,
by the internal clock signal output fromthe buffer, and the input
circuit and the ouvampditthe r€ixat adedlay @ircuidoris aldngpband ok & dinat ed

i nternal clock signal out put fron1the second deI irouit.

A nenory system ac%ﬁ?‘éﬁ’rfgf tRatterng, ddgtilayr to those g uif %rﬁﬂ‘%/

Supplyi ng data t & WG rﬁ%?r‘?emaw%ve;%ﬁ%}%éra%@t fehe delay "
generating the unite and a second group of patterns similax to those
of the second delay circuit and wiring patterns
extending from the delay units to the second delay

10 cixcunit.

A memoxy cirouit acecoxding to the pxesent
invention comprises: a memory cell array; a write/read
circuit for writing data into and reading data from the
memoxry cell array; an input circuit for receiving the

15 data from a bues; an ocutput ecircuit for supplying data
to the bus; and a clock contreol circuit of the type
described above. The write/read circuit is controlled
by the internal clock signal output from the buffer,
and the input ciréuit and the output circuit ars

20 controlled by the corrected internal clock signal
output from the second delay circuit.

A memory system according to the invention
ncomprigas: a memory circuit of the type descxribed
above; a bus; and a control block for supplying data to

25 and receiving data from the bus and for generating the
external clock signal, |

A delay array according to tha presaent invention
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ext er na7-ps-bp ks s EEgReEh2273608 B SETALII aSUZWE r ay accordi ng t oT-f#eP. ) esdrpfl
i nvention - 12 - conprises: a
plurality of first delay units connected in series; and a plurality
of secormis@héctllasBaéntReplaced connected in series. Each first delay unit
conpri ses ward pul se delay circuit for delaying a forward 5
pul se by f ermned tinme and supplying the forward pul se
t hus del aye 0 € succeedi ng del ay - Whit= a first rearward pul se
delay circuit for del aying a first rearward pul se by the first
predeterm ned tine and supplying the first rearward pul se thus
delayed to 10 coiig-icesedhng1dendycynbt: r2paradslayCuliotd! B6nfgetogn
which is set upon recélpt of the forward pul se when no pul ses of an
internal clock sigaal sakgesppahdt 8 phirality oflebeyondi dalagndnybsch is
reset upon receipt of the rearward pul se when the pulses of the
internal clock 15conneetgdalis aceidaput Eacht itrdb| delapi tnit Eempriscond
delay unit conprises: a second rearward pul se del ay , cCircuit for

del ayi ng a second Refpwdergdpphdsepgelay circuitefonrddplaningrai fexwarde and

suppl ying the second rearward pul se {husg delayed . to th recedi ng
delay unit. 220 PWif® P¥rafirph BEe Qt?ﬁﬁﬁPeéot%ﬂ% ppd sgupR 5@“@h¥¥eat

the first stage. The_front_edge th orvard pul se ..Is.generat ed

by that one of the 8§V3§Huﬁpggemﬁ%§§ Seiaygﬁ'g?a ?h%?ﬁ?ﬁ%déggt?%ﬁ are

reset by the pul se Jthe.. | o) ' r e of

the internal | 25 Eng%fo%kféfaﬁaf%agﬁégé u%g o&%%%§g£ a?M%ﬁP¥é£ 3&#%i?$g
a first rearward pulse by the first predetermined time

and supplying the first rearward pulse thus delayed to
10 the preceding delay unit; and a state-holding section
which is set upon receipt of the forward pulsc when no
pulses of an internal clock signal arxe input to the
delay unité, and which is reset upon receipt of the
rearward pulse when the pulses of the internal clock
15 signals axe input to the delay units. Each goccond
delay unit comprises: a second rearward pulse delay
circuit for delaying a second rearward pulse by a
second predetermined time and.supplying the second
rearwArd pulse thus delayed to the preceding delay unit.
20 the forward pulse is input to the first delay unit at
the first stage. The front edge of the forward pulse
is generated by that one of the delay units whose
state-holding sections are raret by the pulses of the
internal clock signal when the pulses of the internal
25 c¢lock signals are input to the delay units, which is
located most close to the first delay unit. The first

rearward pulse is generated by the first delay unit.
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pul se is generated by the first delay unit. The front

edge_%%_LEE_§§QQQQ_LgaLmard pul se is generated by the second del ay

uni t corresponds to the first delay unit which generates the

front ﬁmgmhdﬁhsB&nR lagethe first. rearward pulse. The second rearward pul se
5 y the second delay unit at the first stage. '

Each se t has the sane structoreds that part of each
rst d unlt Ich transfers the first rearward pul se.

Another clock control circuit according to 10 the invention conprises:

a delay array of thfel ¥89nt edge o¥#cehbl Be€onBO¥Bardaklf pAlsBaykng a del ay
time D1, for generatlng the internal clock signal from an external

clock signal;.a figehetteltad by’ chet skoondeteyapgunlie which copnespendé tbe

I nternal clock signal by a tine A and 15 suppl ying the pul ses thus
del ayed to the firsheddizgt delay upikt vhichegendrdtpaytber Enpntfedge of

del aying the first rearward pul ses out ut fromthe first delay
unit, by at@?nilFPtlfeﬁrﬂﬁrd pukeer, The seppndi Agarverd; pylse is

rearmard | ses thus del d a first.c ected, 20 terpal cl ock .
si gnal ; agg a th|r§ a@#s?éa'PXuFPef6§°°nd 8eiaHePB§FnattF§es£t5ﬁ FE29%ar d

B3 out ! ”°”§a§§| rrgnR 2 TRRoRT F B¥acPhe erteceRes ga iy

second i nter nal ﬁﬁﬁtsbﬁnékﬁpTPfﬁéénﬁﬁfgy R8s B R rdne foxs A L FE- L4 B

A have the relatio I p of
rearward pulse.

Another clock control circuit according to
190 the invention comprises: a delay array of the type
described above; a buffer having a delay time D1, for
generating the internal clock signal from an external
clock signal; a first delay circuit fox delaying the
pulses of the internal clock signal by a time A and
15 supplying the pulses thus delayed to the first delay
unit; a second delay circuit for delaying the first
rearward pulses output from the first delay unit, by
a time (j-1) X D1 + j X D2, and supplying the first
rearward pulses thus delayed, as a first correctad
20 internal clock signal; and a thirxd delay circuit for
~delaying the second rearward pulses output from the
second delay unit, by a time (k-1) X D1 + k X D2, and
supplying the second rearward pnlsas thus delayed, as a
second internal clock signal. ' The time Dl; the time D2
25 and the time A have the relationship of: A = D1l + D2,
Still another clock control cirxreunit according to

the invention comprises: a delay array of tha type
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conprises: a delay array of the type :
- 14 - describet-above; a buffer having a delay tine k X D1,

for genahgkhddbdks grgiﬁlaecrégal cl ock signal from an external clock

‘signal; - I'rcuit for del ayi ng the pul ses of the

i nt er nal a,ilmyﬂ y a 5 time A and supplying the pul ses thus

del ayed 't first-delay unit; a seldond-delay circuit for

del ayi ng the first rearward pul ses output fromthe first del ay

unit, by atime (j-k) X D1 + | X D2, and supplying the first

rearvard pul ses thyssdeliuedndie A d iitéter having o '@elA daienaat Bl ock
r el ay

signal; and a thi circurt for delaying the second rearward

pul ses out put for déneRiting aamdsirlmeltilocloysyideidonK R, and
supplying the second rearward pul ses thus del ayed, as a . second
internal clock signeterdde diotk Rigddle td fEid®d diBay clamhithefari ne A have
the relationship of: A= D1 + D2. Anot her nenory system
according this i ndetayirg the pulssmprifkddhe dnhamal glaosk fiialedy 2
controller for . controlling the nenories; a dunqgﬁﬂfng{éﬁpgﬁing t he

sane st orage® capackine A& and swarliag hihen H"e"ssﬁ'@cttb("ﬁ e €er nal
cuali 31 g the o MRS RTRY GUt7 A Secong detay qirepis ( Faying
while supplied from. .. the conjroller to.th [i e 4l by
whi ch the R HFHEAT BN SO S B 2%%81 el LFér}'gIn'%‘: s
controller to the (Wymy ePryins @243 WoHd & § x D2, and supplying

the first rearward pulses thus delayed, as a first

10 corrected internal clock signal; and a third delay
civenit for delaying the second reaxwaxd pulses output
from the second delay unit, by a time k X D2, and
supplying the second rearward pulses thus delayed, as a
second internal clock signal. The time D1, the time D2

15 and the Time A have the relationship of: A = D1 + D2.

Another memory system according this invention
comprises: a plurality of memoxies; a controller for
controlling the memories; a dummy memory having the
sama sRtorage capacity as the memories with respect to

20 an external clock signal output from the controller;

a first line for equalizing the time by which the
external clock signal is delayed while supplie@ from
the controlle£ to the memories to the time by which
the external clock is delayed while supplied from

25 the controller to the dummy memory; a data bus for
supplying data fxom one of the memories to the con-

troller in synchronism with an internal clock signal
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Synchron|sn1njfh an_internal cl ock Slgna

whlch has a specific phase relation with the external
-clock S|gnal eplacee for returning the external clock
si gnal fron1th ﬂ to the controller as a return clock
signal. The ti the data is delayed while supplied from
one of the " menories to the control+ert®s equal to the tine by
which the return clock signal is delayed while supplied fromthe
dummy nmenory to the controller, and the controller receives the
data in synchroni Sﬁhfl‘éﬁhhﬁé"ea dfecifid il Lkt SN th the external
Anot her clock control circuit accordin the invention conprises:
a first delay circalbckOsignal; andeeceseumgi amnmtmfnai-eﬂimimglﬂm' '
del ayed by a tinme D1 W th respect to an external clock and for
generating a 15 extéemahraiqek seigpoh fapsctlod dunmyrensindrypnte hehe ecei pt
of the internal clock signal; a second delay circuit for del aying
the forward pul se ¢gnereller m&qmequmcplock signal putThed-ime dar wekieh

pul se; and a third delay cifrcujt for recej t he rear rd pul se
and outputtifhg a b©he dét ta ks elapd M@%ISWi %m & th the

external clock mgqulal u on I e(fgnte}codlele%}lr}tﬁ s‘*‘@“%é‘}% ?}{4 o Dlr;J X

D2 fromthe recei

nunber, Ais the ti,ne bet we t-he ratio t
and the 25 ge"ﬁ%"ﬁa i"f)hh‘B o’fmi‘ﬁ%“ f° °‘1k "%see'l'of'1 cﬂ; °e‘ir]nz§'1' ¢l 0¢

from the dummy memory to the controller, and the

controller receives the data in synchronism with the
10 return clock signal.
Another clock control circuit accoxding teo
the invention comprises: a Iirst delay circuit.for
ieceiving an internal clock signal delayed'by a time D1
with respect to an external clock and for generating a
15 forward pulse upon lapse of a time A fxom the rocoipt
of the internal clock signal; a second delay circuit
for delaying the forward pulse by a time 2 X A and
'outputting a réarward pulse; and a third delay circuit
for receiving the rearward pulse and cutputting a
20 coxrecting intexnal clock signal in phase with the
external clock signal, upon lapse of a delay time
(j-1) X D1 + j X D2 from the receipt of the rearward
pulse, where 4 is a natnral ﬁnmber, A is the time
between the generation of the forwaxd pulse and the
25 generation of the first pulse of the intermnal clock
signal, and A is j X (D1 + D2}.

5till another clock control circuit according to
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circuit according to . - 16-

t he present |W ses: a first delay circuit for receiving
an inter naiusgdegq}g anal del ayed by a time k X DL with respect to an

external cl aced generating a forward pul se upon | apse of a
time Afro ceipt of the internal clock signal; a second
ul

delay circ gtheforvvard pul-se Xy atine 2 X [err] and
outputting a rearward pul se; and a third delay circuit for receiving
t he rearvvard pul se and outputting a correcting internal clock signal

in ph
in phase ﬁ%(t%fe ﬂﬁ}e erbt 51K &xﬁgﬂsewq\ # e ddlay deldhit

time (j-k) X D1 + recel pt of the rearward pul se,

where j and k are ﬂ@&LEé&eiwﬂﬁﬁﬂéh internal jcPodk sidmal hieldyed et veen t he
generation of the forward pul se and the generation of the first

pul se of 15 t heimatlerxabl obck wogpeatt @moad extérnal Rilaclpynd fox

A further clock control circuit according to t he invention .
conprises: a fi rstgm:eaytmg auiforward pulse uporeilanfe Of igttdmmd drsek
signal delayed by a tine with respect to an external clock and

for generatihg a the recq@mfdtﬂm tcﬂ?dhﬂl M]‘bfs‘eg’ﬁ %Wq he

recei pt t internal clo naI cond del CI
for delaying the f‘?ﬁt@( b‘}%’ %ﬁ"ﬁ éj( %ﬁ & 'ting and

?gigﬁnt Inggt ﬁersgg\,%ar ngl seoél%g’ t%:itqa lea%/’grd Pulseélr II:ag!(lé![I ng | nflernal
clock si gnal' del ay@é’léf' rﬂ?ﬂﬁﬁ.‘@kor receiving the rearward pulse and
cutputting a correcting internal clock signal in phase
10 rnith the external clock signal, upon lapse of a delay
time (j-k) X D1l + j X D2 f£rom the reeceipt of the
rearward pulse, where j and k are natural numbers,
j > k;, A is the time between the generation of the
forward pulse and the genexation of the fixst pulse of
15 the internal clock signal, and A is j X (Dl + D2).
A further clock control cixcuit according to
the invention comprises: a first delay circuit for
receiving an internal clock signal delayed by a time Dl
with respect to an external cleck and for gonerating a
20 forwaid pulse upon lapse of a time A from the receipt
of the intexrnal clock signal; a second delay circuit
for delaying the forward pulse by a time A& + (k/j) x A
and outputting a rearward pulse; and a third delay
circuit for receiving the rearward pulse and outputting
25 a correcting internal clock signal delayed in phase by
(k/j§) X T with respect to the external clock signal,

upon lapse of a delay timea (k-1) X D1 + k X D2 from the
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+ X D2 fromthe

recel f the rearward pul se, where j and k are

natural BenR is the tine between the generation of the
forward eneratlon of the first pulse of the internal
i

clock s ] X (DL + D2), and T is the cycle of the
ext er nal clock S|gnal A fdikthrer clock control circuit
according to the invention conprises: a first delay circuit for
receiving an internal clock signal delayed by a time 10 k x DL with

respect to an exterd@biGl oSk @iyl fdirward pulB¥ehddg R it Rrgkeul se upon
| apse of a tinme A from t he receipt “of the internal clock signal; a

second del ayaBirdllidukissrsiel py+ rig, tae isothear dipel betipea tthee
[err] + (k/]j) x [err] and outputting a rearward pul se; and a 15 third
delay circuit for genmmaquptdiathnuﬁmmwhqﬂﬂnuise and thﬂuﬂﬁﬂﬁﬁﬂk%@ﬂu?ﬁi

.correcting internal clock signal ayed i n phase (kg’gﬂ/x T with
respect to the the fimatephise|Viihs g?ﬁ}ﬂen{?ﬁo -‘&Raal'd A iif

k X D2 fromthe receipt _of the rear and e
natural nunbers, jJ>Xk(DA + |sD§he ?F b%gwgé CYCfé °£tﬁéed%ﬁg$ﬁ??tn 7% he
forward pul se and theigfneratlon of the first pulse of the internal
cl ock signal, and ®9® isj X (DL + D2), and T is the cycle of the

ext er nal cl ock f' ﬂp-rathe-r 2 aek r:nnt'rég\dié-ii'rqﬂﬁ#t %&gérﬁfiwt ages of

the invention
the invention comprises: a first delay circuit forx

receiving an internal clock signal delayed by a time
10 k X D1 with respect to an external clock and for
generating a forward pulse upon lapse of a time A from
the receipt of the internal clock signal; a second
delay circuit for delaying the forward pulse by a time
A + (k/3) X A and outputting a rearward pulée; and a
15 thixd delay circuit for receiving the rearward pulse
and outpntting a correcting internal clock signal
delayed in phase by (k/j) X T with xespect to the
external clock signal, upon lapse of a delay time
k X D2 from the receipt of the rearward pulse, whara j
20 'and k are natural numbers, j > k, A is the time between
the generation of the forward pulse and the generation
of the first pulse of the internal clock signal, and A
is § X (Dl + D2), and T is the cvyvcle of the external
clock signal. .
25 Additional objects advantages of the invention

will be set forLh in Lhe description which follows, and

in part will be obvious from the description, or may be
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w || be obvious fromthe description, or may be :

- 18 - | earned by practice of the invention. The objects and

advant a%&WetHhaeéﬁ1MOn may be realized and obt ai ned by neans of

the instr) - _ nd conbi nations particularly pointed out in
t he appen _ I s
OF THE

BRI EF DESCRI PTI ON OF THE SEVERAL VI EWS
i ncor por at ed in and constitute a part of the specification

The acconpanyi-ng ¥# awr ngs, which are
Il lustrate presently preferred enbodi nents of the 10 I nvention, and
together with the geaghal BPSEFAPELIGR of the iyEiEDOVeErkedobiectetand ed
description of the preferred enbodi nents given bel ow, serve to
expl ain the adpanhtages esf ofhé hinventeiun arey be realized aads 1 is a
bl ock diagram of a system having a 15 conventional_ nenpory,
FIG 2 is a tiningobbained| bysreans mf e doetyrepntal itiasjand e
timng deviation between the internal clock | s[gnal nd the qfafrnal
clock signal in theomhipapions particularky @ointed Lyt infhe fRpence
expl aining the operatin 20 principle of a conventional clock control
circuit; 3 Clalmgca 4 is a block diagram of the conventional

how delay 1 PEFAPRSRRTRETON OF TP SREGRAE TRENRCDE Tk BARWT4E O

clock control circuit; mpg aecompanying drxawings, which are incorporated

in and constitute a part of the specification,
illustrate presently preferred embodiments of the
10 invention, and together with the general description
given ahove and the detailed description of the
preferred embodiments given below, serve to explain the
principles of the invention,
FIG. 1 is a block diagram of a system having a
15 conventional mamory:;
FIG. 2 is a timing chart illustrating a clock skew,
i.e., the timing deviation between the intexnal clock
signal and the external clock signal in the system;
FIG. 3 is a timing chart axplaining the operating
20 principle of a conventional clock control circuit;
FIG. 4 is a block diagram of the conventional
clock control circuit;
FIG. 5 is a timing chart for explaining how delay
times Af and Ab are determined in the conventional
25 clock control cixcuit; |
FIG. 6 is a block diagram ot a system having a

memory incorporating a clock control circuit according
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a clock control circuit according

REPLACENENT‘SHEEF———_~\_____ _ - -19- ~ to the

present i Npgo, FIG 7 is a block diagram of the clock

cont r ol m @ﬂn in FIG 6; FIG 8 is acircuit
dlagran1sho ! I dentical delay units used in the clock
control - FIG 9 i4%9a eircuit diagram show ng

the state- hol di ng section of the delay unit shown in FIG 8§;

FIG 10 is a circuit diagramillustrating the 10 control pul se
generating circuittpngpePprasedti infdRrion; clock control circuit;

FIG 11 is a timng chart for explaining t he operati ng pr|n0|ple of
the clock control circufFkG. 7 is aabtocﬁldgagnamheflnhentlouk cdbtrol

FIG 12 is a timng chart show ng various signals generated in the
clock control circoirguit shown in FIGG 643 is a diagramrepresenting how
t he cl ock control circuit operates at tine a shown in FIG 12;

FIG 14 is a d|agran1reBIGseﬂtiﬂgah@mrﬁﬁbtcﬁb%ﬁraQOShOWlﬁﬁn@$%loﬁl?%%lt
operates at finme b, shown 'f ék IS a agram .
repr esent i ng®how t heertick delay “’&’cﬁ'ﬁ r‘b’re‘?:l%’btﬁl?eo‘ge? e%"%"t me ¢ shown
in FIG 12; FIG 16 is a diagramrepresenting how the clock

control circuit opetEf®tat time d shown in FIG 12, 25 FIG 17
I's a diagramrepresentipgghoy 10€,Clofk1¢ diagram showing the state-

holding section of the delay unit shown in FIG. 8;

PIG. 10 is a cixcuit diagram illustrating the

1o : control pulse generating circuit incorporatedlin the
| clock control circuit;

FIG. 11 is a timing chart for explaining the
operating principle of the clock control circuit
according to the invention;

15 FIG. 12 is a timing chart showing various signals
generated in the clock contrxrol cixcuit;

FIG. 13 is a diagram representing how the clock
control circuit operates at time a shown in FIG. 12;

PTG. 14 is a diagram representing how the clock

| 20 control cixcuit operates at time b shown in FIG. 12;

FIG. 15 is a diagram representing how the clock
control circuit operates at time ¢ shown in FIG. 12;

PTG. 168 ir A diagram representing how the clock
control cirCuit operates at time d shown in FIG. 12;

25 FIG. 17 is a diagram xepresenting how the clock
control circuit operates at time e shown in FIG. 12;

FIG. 18 is a diagram representing how the clock
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Is a diagramrepresenting how the cl ock

- 20 - control circuit operates at tinme f shown in ;
FIG 19 is a diagramrepresenting how the clock C OIThis SheefHiids By,

operates at tinme g shown in FIG 12; FIG 20 i P Replaced
representing how the clock 5 control circuit operates:’ i mr
in FIG 12; FIG 21 is a diagram®epresenting ho

control circuit operates at time i shown in FIG 12; . FIG 22
Is a circuit diagramof a nodification of the clock control circuit
shown in FIG 7, dfntrol circdif operafed #t '€imé £l O i FUIGI MEL;
nodi fi - cation of the clock control circuit shown in FIG 7,

FIG 24 is a circuit dipggamil jssaraiagganheepresentinglbgwctheuilock

i ncorporated in the circuit of FIG 23; FIG 25 is a circuit
di agr am showi ng t heostrdt obirdibit opertstes)atertdneg chaewp tip G dein t he
circuit of FIG 283, FIG 26 is a tinming chart_far

expl ai ni ng the Bper a2? n@spﬁi%%ﬁ%t@“oﬁeEW%ﬂl%Wc%‘FrWecﬂ%‘%Ft
shown in FIG

7,. 20 | FIG 27 is a.timng char (o] PR
expl ai ni ng hdw t hecontrol circpit c@ﬁ’?ﬁe%-iar%'mﬁ’tm% Hbvﬁ?“?‘%‘ F’rrbrtxé%' olpze'r ates;
FIG 28 is a diagram shgw,ng.the positions at . \Whi t C, ents
of the clock control ci’?ﬁil‘tz%fm ] alag{m ??%%ﬁ%%’_‘%\geﬁ%iﬁ%u% ina
sem conductor chip. . .22.1 airenit thq_gécata& Lk 3% & dhdn feFe 8xp) Ai ning

how t he

FIG. 22 is a circuit diagram of a modification of
the clock control circuit shown in FIG. 7;-

10 FIG. 23 is a circuit diagram of another modifi-
catinm af the clneok contrnl circuit shown in FIG. 73

FIG. 24 is a circuit diagram illustrating the
delay circuit incorporated in the circuit of FIG. 23;

FIG. 25 is a circuit diagram showing the control

15 pulRe ganarating cironit provided in the circpit of
FIG. 23;

FIG. 26 is a timing chart for explaining the
operating principle of the clock contrxol cirxcunit shown
in FIG. 7;

20 FIG. 27 is a timing chart for explaining how the
clock contxol circuit shown in FIG. 23 operates;

FIG. 28 is a diagram showing the positions at
which the components of the clock control circuit of
the invention are laid out in a semiconductor chip;

25 FIGS. 29 to 32 are diagrams for explaining how the
clock contxol circuits shown in FIGS. 7 and 23 operate;

FIG. 33 is a simplified circuit diagram of the
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33 is asinplified circuit diagram of the

-21 - clock control circuit shown in FIG 7,

is a circuit diagramshowing a first enbodlnent ofTP h““
control circuit according to the invention; |

a circuit diagramshow ng a second enbodlnent of the

circuit according to . the inventiom 21 - “FIG 36 is a
circuit diagramshowing a third enbodi ment of the clock control
circuit according to 10 t he i nventi on; FIG 37 is a
cireult di agram Showidlg corft@dll Rircuit ShOWROLTETE.0f7;t he cl ock control
circuit according to he 1 nventi on; FIG 38 is a
circuit diagram show ngFgsf lsm s Bsclrmﬁm)mmm athowismer lsoddxsdnt r ol
circuit according to t he i nvention; - FIG 39 is a

di agram i | | ustr at ismheichianergurtfh the clockenbodmﬂnrumﬂgﬁ'eeﬂ"éﬁﬁfd’ém -0

FIG 40 is diagramshowing in detail one of 20 the identical delay
units provided in the inention; enbodinent - FIG 41 is a
di agram showi ng a nDdlflcatlon of the el a nit. U |Ilustr ted in
FIG 40; 5 HkG. 85 jie 2 dﬁ% ’1?5}/@3’@ %5 he 25

K/ backward dela%mab%hh%QnKUfBth L &9&%9t&%1 circuit according to

thea invention;

FIG. 36 is a circuit diagram showing a third

embodiment of the clock control circuit according to
10 the invention;

PIC. 37 is a2 cixcuit diagram showing a fouxth
embodiment of the clock control circuit according to
the invention;

PIG. 38 is a cifcuit diagram showing a fifth

15 p.mhndhﬁan.t nf the clock control circuit acnoxrding to
the invention;

FIG. 39 is a diagram illustrating the fourth
embodiment in greater detail; |

FIG. 40 is diagram showing in defail ona of

20 the identical delay units provided in the fourth
embodiment;

PIG. 41 is a diagram showing a modification of the
delay uni.t 111 ilinstratad in PTG. 40;

FIG. 42 is a diagram showing one example of the

25 k/ j backward delay section k/jJBD illustrated in
KIG. 39;

FIG. 43 is a diagram showing another example of
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REPLACEMENT SHEE M
backward del ay sectlon k/jBD illustrated in FI G

FIG 44 is diagramillustrating one of the i dent |mlshebel-l
constituting the half backward 5 del ay section shown “\

43; FIG 45 is a synmbol of the delay unit Sho

FI G 44; FIG 46 is a diagramshd¥i ng a 1/ 3BD ay sectlon
whi ch may be used as the k/j backward del ay section 10 k/jBD in the
fourth enbodi nents; FIG 47 is a diagramshow ng a 2/ 3BD del ay
section ' kel 13t ey Bb del RistetddNin

k/jBD in the foumﬁamlﬁnﬁlts %.’Eeﬁ? dede k]W?:f48 i s anot her di agram
show ng the k/jBD gpday3g:5 section shown | n FIG 39; . FI G
49 is a diagramillustrating the block Bi shown in FIG 48;

FIG 50 is a timng chariGf osd ekpldiagyrmm tiiElustratingpenatéiigtdpe i nci pl e of
the third enbodi ment shown in 20 FI G 36; FIG 51 is a -
di agram f or explalnd$@$i¢ﬂﬂ(ﬂﬂ%a£|RQ}t5 ConstqﬁﬁﬁanNthQﬁhﬂlﬁabﬂﬂkﬂﬁ?
enbodi nent shown in FIG 37 and FIG 52 is a diagram

Jyajgygq%on shown An FIGS. 42 and 43;
FIG. 45 is a symbol of the delay unit shown in

representing®a ne

FIG. 44;

FIG. 46 is a diagram showing a 1/3BD delay section
which mﬁy be used as the k/j bacﬁward delay section

10 X/9BD in the fourth embodiments;

FIG. 47 is a diagram showing a 2/3BD delay saction
which may be used as the k/j backward delay section
k/38D in the fourth embodiments;

FIG. 48 is anothex diagram showing the k/jJED delay

15 section shown in PTG. 39;

FIG. 49 is a diagram illustrating the block Bi
shown in FIG. 48;

FIG. 50 is a timing chart for explaining the
operating principle of the third swhndiment shown in

20 FIG. 36;

FIG. 51 is a diagram for explaining the'operating
principle of the fourth embodiment shown in FIG. 37;
and

FIG. 52 is a diagram representing a memory system

25 which incorporates a clock control circuit of the

invention.
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- 23 - " DETAI LED DESCRI PTI ON OF THE IN\/EI\FI'I ON

A clock control circuit according to the present

described, with reference to the -acconpanyi ng drawmgg&wﬂﬁwﬁam

FIG 6 shows a synchronous control system which d
having a clock control circuit according to the i nwmw m
As shown in FIG 6, the synchronous contro+ s¥3tem

menory 11 and a CPU 12. The nmenory 11 is a 10 synchronous DRAM
(nanely, a synchronous type DRAM . The nenory 11 conprises a buffer
13, an input circuit ad circuit
16, a menory cell aFFééEf%% %&ﬁﬁgﬁgﬁggﬁucontrol CIrCUI?kgl

The CPU 12 generates anaexiBERaboftesk ig6@it ocodling vbicheipresenticd
to the menory 11. In the nenory 11, he buffer 13 converts t he
external clock sigfabefKibf will be ddedsddied) Witk kesi@honodtc e

i nternal cl ock signal CLK is supplied to the wite/read circuit 16.
The circuit 16 wiaesospanyingodideimgsory cell array 20 17 and reads
data therefromIn accordance with the cl ock signal CLK.

The buffer 18 gener at esFIBe 6nshmna|ac$ymmhs¢gﬂ@$ controlcgygtgw WRi%) t he
external clock signal CK as a trigger | se. lnevit a, cl ock
skew exi sts bet weeRCRRELSSS & m%%r%‘f”&lo%kc ‘?jﬁa‘Fm&F%ﬂ %/ 3¢ or nal
cl ock signa

aceording to the inventiocn..

As shown in PIG. 6, the synchronous control system
comprises a memory 11 and a CPU 12. The memory 11 is a
10 synchronous DRAM (namely, a synchronous type DRAM).

The memoxy 11 comprises a buffer 13, an input circuit
14, an output circuit 15, a write/read circuit 16, a
memoxy cell array 17, and a clock control circuit 31.
The CPU 12 generates an external clock-signal CK,
15 which is supplied to the memory 1l1. In the memoxy 11,
the buffer 13 converts the external clock signal CK to
an internal clock signal CLK. The internal clock
signal CLK is supplied to the write/read circuit 16.
The cixcuit 16 writes data into the memory cell array
20 17 and reads data therefrom In accordance with the
clock s;gnal CLK.
The buffer 13 generates the intexnal clock signal
CLK, by using tha external nlack signal CK as a triggexr
pulse. Inevitably, a clock skew exists between the
25 external clock signal CK and the internai clock signal
CLK.

The clock control ciremit 31 genexates a coxxected

23. APR ‘97 (WED) 11:47 COMMUNICATION No:E55 PACE. 24



CLK.  97-04-23 13:02 525c0682276890CK COME puET-SUZWYE GiSUZVEL generates a corfritthedy  U-291
- 24- clock signal CK fromthe internal clock signal CLK

The corrected clock signal CK has no timng deviation ———————ﬂm4ﬂ+ﬁﬂaﬁﬁﬁﬁf
to the external clock signal CK.  The signal CK | 15 SURRL
input circuit 14 and the 5 output circuit 15. The Ch
recei ves data and out puts data, respectively, unde\rﬂ“ﬂ& m
of the corrected clock signal CK. -~ 2& FIG 7 sho

control circuit 31 in- corporated in the nenory 11.

The external clock signal CKis supplied to the I nput tern1na| 30
of the menmory 11 el afif enokk whigpalheska del ay
time DL. The |npuq'lj’qmjjéaQ;(':"P(’:mb%(1 Fgf fgof)nu?%ut gﬁ;ﬁﬁghi nternal cl g?k signal CLK.
The i nt er Ale JdordectednallockKslignad €kewhats Db wiimingedpwdiatiocs

to the external clock signal CK, because of the del ay time D1 of
the input buffer idthlkesipeicer mal tbkoekternal cleridngig@erk CX.infbe to a
delay circuit 32 which has a delay time A The delay circuit 32
outputs a forwardsignal CKjulisesmpplied. &9, taeféﬂﬂﬁﬁdcéFGBR¥ l4ognd the

The internal clock signal CLK is_input ,to n nits 33- 33- 2,
33-3, ... 3% n. TeatpwtecixeudtodR. The °1§F3ﬁ§¥ ehkand FHpﬁ?cﬁﬁggsto an

i nverter 35, which

%he "i nver G8F4 ﬁP@rﬁgFPgtgz 3 %gn%ggﬁék gve?ter?ﬁpeglﬁgé §E99951CLK

delay units 33-1, 33.2 33 -3 . ted s3obx signal CK'.

PIG. 7 shows the clock control circuit 31 in-
corporated in the memory 11. '

10 The external clock signal CK is supplied to the
input texminal 30 of the memoxy 1l and hence to the
input buffexr 13 which has a delay time DI. The input
buffer 13 outputs the intexrmal clock signal CLK. The
internal clock signal CLX has a skew of D1 with respect

15 to the external clock signal CK, because of the delay
time D1 of the ipput buffer 13. The internal clock
signal CLK is input to a delay circuit 32 which has a
delay time A. The delay cirenit 32 outputs a forwaxd
pnlse FCLY (i.e., a forward nlock).

20 The interxnal clock signal CLK is_input-tp n delay
wnits 33-1, 33-2, 33-3, ... 33-n. The intexnal clock
signal CLK is input also to an inverter 35, which
generates an inverted internal clock signal CLK. fThe
inverted internal clock signal CLK is input to the

25 delay units 33-1, 33-2, 33-3, ... 33-n.

The delay units 33-1, 33-2, 33-3, ... 33-n are

connected in series. The forward pulse FCL! is input
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The forward pul se FCL1 is input

to the first delay unit 33-1, which outputs a rearward
puI se RCL1. The rearward pulse RCL1 is supplied to a Thisisﬁeamagggeglge laced
34 having a delay tinme D2. The del ay : circuit 34 gene%

corrected internal clock signal 5 CcK' . Th

33-1to 33-n are identical in struact #%. -One of the

33-n, delay unit 33-i, will be described, with reference to FIG. 8.
As can be understood fromFIG 8, the delay unit 10 33-1 conpri ses
three circuits, i.t tie (O dal@vs@anit 33-1,demE¢Icicutiphits & rearward
state-holding circuit, and a rearward- pul se delay circuit.

The forward- pul se ;dﬂlw ROLrlcui tThies reaxwasdd poflse RCL1 ishsegpplivd ter @ 41
to 43. The inverters 41 and 42 are 15 connected in series.. The
inverter 41 recei dslasheirenit olmyingpal delrg tige e |#W€d

precedi ng del ay unit. The inverter 42 outputs a puls §$|+1 tQ the
succeedi ng del ay SHTCRIthS4 g@@p@@ﬁg@la,§o§r@p@@ge&nternal cﬁﬁ§ gdanatni ch
is controll gd by ontrol pulse P. 20 When the control pulse Pis at
"1" | evel, e i Y ter 41 remains active. The inverter 43 has its

out put t er mi nal hco ﬁg&eg’rﬂ’%ﬁt hg_hnpyt 5 %e%{nal}@ ﬁfenttrl‘?:al 151 )

inverter 42. The |nput erm nverter

potential (e.g., the,Qnquad p%hsnhkakhe 4R8+283.1 tbnﬁtherdéiaysuﬂ;t

cl ocked inverter, which is controll ed
33-i, will be described, with reference to FIG. 8.

Oll

As can be unndexrstood from FIG. 8, the delay unit

10 33-i comprises three circuits, i.e., a forwaxd-pulse
del ay.r_-i renit, A state~-holding circouwit, and a reoarward-
pulse delay circuit.

The forward-pulse delay circuit is composed of
three invertexs 41 to 43. The inverters 41 and 42 axe

15 connacted in series. The inverter 41 xeceives theo
output pulse FCLi of the immediately preceding delay
unit. The inverter 42 outputs a pulse FCLi+l to the
succeeding delay unit. The inverter 41 is a clocked
inverter, which is contralled hy a control pulse D.

20 When the control pulse P is at "1" level, the invertex
41 remains active. The invertex 43 has its output
terminal connected to the input terminal of the
inverter 42, The input terminal of trhe :inverfer 43 is
set at "0" potential (e.g., the ground potential). The

25 inverter 43 is a clocked inverter, which is controlled
by a control pulse P. When the control pulse P is at

“1* level, the invertexr 43 remains active.
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inverter 43 renmmins active. , - 26 -
The rearward-pul se delay circuit is conposed of three Tnverters 4%
to 46. The inverters 44 and 45 are connected i N SeThieSheet i Biel K &ﬁg,
44 receives either the internal clock signal CLK or

5 output fromthe succeeding delay unit. The inverter wl, 'ﬂl@
outputs a pulse RCLi to the preceding delay 2fit= The

.a clocked inverter, whi'ch is controlled by a control pulse Q The

i nverter 44 is active only while the control pulse Qis at "1"

llevel . The 10 | NviGid @leattralas. Flutl%eoubflﬁ "cﬁ.&:‘@dl"’é J.%W:%ﬁ&:b%@dt th he

i nput termnal of the inverter 45. The input Term nal

inverter 46 recei thyeehdnveireens! 44| @ek4si gnthe invertefhKaat aﬁal 45| ae6.

The inverter 46 is also a cl ocked I nverter and controlled by a
control pulse Q chhnathad inesariesactThe dhvesteieddorbroivpul epthbrs at
"1 | evel . The state-holding circuit is conposed of a
st at e- hoﬁbﬁngn§@§0ﬁénclqchnalgnelNﬂNB err§bEt§ulaeaﬂaL491

The NAND circuit 48 receives the out ut uls FCLi of t he prec dlng
delay unit and a OPEPRESEgA EEK?“C “geﬁﬁiéfeﬂnbﬁ in E?t%ﬂﬁng

el ves

| cl ock
Slonal of the  SBBpufRla pulsqcRoRY ?Wﬂtgfﬁ'aﬁéwgcégiwnw i Phe
out put signal of Rh@ NANP g%TEQT%eégﬂ%%ﬁ§uBRL£§geg§ thgﬁ is céﬁ%rgiﬂgél to

t he state-hol ding'section
by a control pulse Q. The invexrter 44 is active only

while the control pulse Q is at "1" level. The

10 inverter 46 has jits output terminal connected to the
input terminal nof the inverter 45. The input terminal
of the inverter 46 receives the internal clock signal
CLK at all times. The invertexr 46 is also a clocked
inverter and controlled by a control pulse 0.. It

15 remains artive while the control pulse 6 is at "1v
level.

The state-holding circuit is composed of a state-

holding section 47 and two NAND circuits 48 and 49.
The NAND circuit 48 recaivas the output pulse FCLi of

20 the preceding delay unit and a clock signal CLK
generated by inverting the internal clock signal CLX.
The NAND circuit 49 receives the output signal of the
inverter 45 and the internal clock signal CTX. The
output signal of the NAND circuit 48 is supplied as a

25 set signal to the state~-holding section 47. The output
signal of the NAND circuit 49 is supplied as a reset

signal to the state-holding section 47. Tha
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st ate-hol di ng section 47. The 27
state-hol ding section 47 is set when the out pmssmegﬂslBeenRe faced g

of the NAND circuit 48 (i.e., the set signal) falls

and is reset when the output signal of t he NAND CI%

the reset signal R) falls to 5 "0" level. ' ;

state-hol ding section 47 is designed to outpud? - the control pulses Q

and Q The control pulse Qrises to "1" level when the section 47 is

set. The control pulse Qrises to "1" |level when the section 47 is

reset. 10 stJJaé-ﬁéf&ﬁ:&Oé&wgoﬁeﬁ | o 4t vthén b@x@%&fﬂt)@@dsiéhal

detail, with reference to . As shown in FIG 9, he section

47 conprises P-chagnef Pdﬁe NMDSt:itceuitSils (i.e., the BatasdghathafiadhsMOS

transistors 53 to 56. The P- channel MOS transistor 51 and the

N-channel MOS 15 to tdunkawédD; Sard e drésietardhannties tadtput seigmes]l of

constituting a series circuit. A high-potential VDD - and a

| ow- potential VSS the AP ioirewit P ehlee of the reset rrianal o8B )cifeddist to

respectively. The P—channel MOS transi stor 52 and the N-channel MOS

transistors $5 and"0%20levelse are connected in serles constituting anot her

VSS are applied to the B HEETIEILiy ASCHE, 1 A EHd o
The set signal Sig i n‘pa"}t’iﬁq" In%a;%? Qa the I\/QﬁQ géntxoltbﬁﬁ‘.ébsbo!}:isé;

and 54. The reset 'sign
to *1" level when the section 47 is set. The control

pﬁlse 6 rises to "1" level when the section 47 is reset.
10 The state-holding section 47 will be described in
detail, with refarence to FIG. 9-. As shown in FIG. 9,
the section 47 comprises P—chénnel MOS trxansistors 51
and 52 and N-channel MOS transistors 53 to 56. The
P-channel MOS trxansistor 51 and the N-channel MOS
1% +ransistors 53 and 54 are connected in sex;es,
'constituting,a series cixcuit. A high-potential VDD
and a low-potential VSS are applied to the ends of
the serxries circuit, respectively. The P-channel MOS
transistor 52 and the N-channal MOS transistors 55 and
20 56 are connected in series, constituting another series
circuit. A high-potential VDD and a low-potential
V5SS are applied to the ends of this series circuit,
respectively.
The set signal 5 is input to the gates of the MOS
25 transistors 51 and 54. The reset signal R is input to
the MOS transistoxs 52 and 56. The gate of the MOS

transistor 53 is connected to the drain of tha MOS
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connected to the drain of the MOS - 28 -
transi stor 52. The gate of the MOS transistor 55 is

the drain of the MOS transistor 51. The control eﬁh utput
fromthe drain of the MOS transi stor 51, whereas

Q i s out put 5 fromthe drain of the MOS transistor ?ﬂmml

The control pulses P and P are generated by #8 - cont

generating circuit 60 shown in FIG 7. The circuit 60 will be
described, with reference to FIG 10. 10 As seen from FI G
10, the control PULSgnSRRESAISNI The gate’IdE€ WHe @gas:%ﬂs%&@rcb% e
circuit 57, a two-input NOR ciTcuit 58, and an inverter 59. The

internal clock  connedtaalo GH6 idraPpf ahedMDS RptEndimvGMA1.0f THee NOR
circuit 58 via the delay circuit 57 which has a delay 15 time A'. The

i nverted internal cotookekimide s Dutput fxsupdhecdixadn e dthve MGShput

termnal of the NOR circuit 58. The NOR circuit 58 generates the
control pulse P, transmmmms];,s whemeas fthemcompdxelr evlsec FHecuthvt ol
pul se Pis ut to the inverter 59, which generates a 20

control pul st P. £zom the draFHbQ/ﬁ dihes MOS traneds 3%ul ses P and P are
det e ped Y the del gl Tt SIS B generarfBlhTY oL ™
generates a fOI‘War'Q."ﬁJ_I%QLk pulse generating circuit 60 shown in FIG. 7.
The circuit 60 will be described, with reference to
FIG. 10. |
10 As seen from FIG. 10, the control pulse generating
circuit 60 comprises a delay cixcuit 57, a two-input
NOR circuit 58, and an inverter 59. The intermal clock
signal CLX is supplied one input terminal of the NOR
cixcuit 58 via the delay circuit 57 which has a delay
15 time A’. The inverted internal clock signal CLK is
supplied to the other input terminal of the NOR circuit
58. The NOR circuit 58 generates the control pulse P,
which is output from the circuit 60. The contrcl pulse
P is input to the inverter 58, which generates a
20 control pulse P.
The widths of the contxol pulses P and P are
detexmined by the delay time of the delay circuit 57.
The delay tima A’ im shnrtnr"-thén the delay time A of
the delay circuit 32 which generates a forward clock
25 FCL1. This is because it is necessary to initialize
the torward-pulse delay circuits of all delay units

33-1 to 33-n before the forward pulsa is inpnt tn the
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forward-pul se delay circuits of all delay units 33-1 to 33-n before
‘the forward pulse is input to the
REPLACEMENT SHEET 9 first’

-2 - .
del ay unit 23-1. The skew, i.e., the del ay t /is$heet en Béntaced
signal CLK has with respect to the external clock Si; [HE |
as illustrated in FIG 11. Both clock 5 - 28 gmals CK an

h

sane cycle T. As shown in FIG 11, the delay circuit 32 whic
generates the frorward cl ock FCL1 upon | apse of time A fromthe

| eadi ng edge of thaddt Helty 2i@f 2309 i nternal clock signal CLK
The second pul se of the clock signal CLK 10 i s generated upon | apse of
time [err]f fromthe | @i wkew, i.e.,cdbhe delay the datérnaicicle@kl. The
first delay unit 33-1 generates a forward clock RCL1 upon | apse of
time 2[ er sjighnadr CLX=hper with=rpepetd) tbr thet hethradilnglodde of the
forward clock FCL1. As a result, the tine Afromthe leading 15
edge of the forwafdS®edcRERCLS Blapgedlinstratedr jn FIG: llpneBpthnelegkr d

pul se of the internal clo si gnal K IS generated. Here A+ W <
‘T, where W%s. t he S\ﬁgﬂ'f’ﬁrs & 2h o%LFﬁba?’SrM?dsﬂn&ﬁgciﬂ%andhﬁcﬁhoam
ook ROLL to 1 he Pelding thagine 481a7°61RensE 32 ynEPHCaBpckafes iR, "
external clock sigRal.ara % hg t he del kL cUpt ' gener at e
a corrected | ﬁ':trer ﬁéfcc%gﬁl-s! gﬁ& ECR gmﬁ?cﬁkﬁgshng;ﬁéﬁ%ﬁg
Wi th respect to theagihgr8aheCheCknsi gabt Budseseenthddinterha®meibék 11.
Nanely, the delay circuits having a

signal CLK. The second pulse of the clock signal CLK

10 is generated upon lapse of time Af from the leading
edge of the forward cloek PCLYL. The first delay unit
33-1 generates a forward clock RCL1 upon lapse of time
2A (A = Af = Ab) from the leading edge of the forward
clock FCL1. As a result, the time A from the leading

15 adga of the forward clock RCL1 elapses at the very
moment the third pulse of the intexmal clock signal CLK
is generated. Here, (A + W) < T, where W is the width
of the forward clocks FCL and RCL.

Assnme that time D2 passes from the leading

20 edge of the forward clock RCL] to the leading edge
of the third clock pulse of the external clock signal
CK. Then, the delay circuit 34 will generate a
correéted internal clock signal K’ which has nn skew
with respect to the externmal clock signal CK as seen

25 from FIG. 11, Namely, the delay circuits having a
delay time A, a delay time of 2A and a delay time

D2 cooperate to delay the external clock signal K by
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to delay the external clock signal CK by :

- 30- A + 2[err] + D2. The corrected internal clocCk signa
i s thereby obtained which has the same timng as the ngsmkEHaakuﬂ&ﬁn

si gnal CK It is possible to determ ned the deI :
fromthe delay tine A and the delay tine D1, S|nce B
sumof the time D1 and the tine d2 - (PO e contro
pulse Pis used to initialize the formard pulse delay CIFCUItS of
al | delay units 33-1 to 33-n before the forward pulse is

input to the firsta delzaX «nbR.237The corrected 1ntébna1helobhckzgna1r@K'
circuit 31 shown in FIGS. 7 to 10 operates will be explained, wth
reference to is HHe@ebl? cata iRe@Swhight baslthe same timing #snshe in

FIG 12 15 The. internal clock signal CLK rises to "1" |eve
at time a, as showxtiernmelcelozk adomalc€E-t, the control pul se

generating circuit 60 enerates cont rol nd P . whi are at
"1" level and "0" |evellt is possihle,dq F\?&efm%&l& |ﬁiﬁsﬂe§@¥ ﬁ"g

A Bt hCeom o ﬁpgb;c%i%?r 4B 3o ppiar e geTal BE eb*fr“%aﬂ?éa%?f '1”?0
33-n. '“&Heg Y aUBLIS o g%ﬁe“e g b1 b ga ‘tﬁéeiﬁﬁésdﬁ

and. 41 are respectlvely Scth V&t 8d And “deact ecause the
pul ses P and P ar g 4 aly " 1a Leb@|+aﬂ9).0 The contrnl pulse P is used to

initialize the foxwaxrd-pulse delay circuits of all
delay units 33-1 to 33-n before the forward.pglse is
10 input to the first delay unit 23-1.
| Hdw the clock cantral circuit 31 shown in FIGS. 7
to 10 operates will be explained, with reference to
FIG. 12 and FIGS. 13 to 21.
2. At Time a in FIG. 12
15 The internal elnck signal CLK rises to "1" level
at time a, as shown in FIG. 12. As a result, the
control pulse generating circuit 60 generates control
pulses ¥ and P which are at "1" level and "0" level,
respectively, as illustratea in FIG. 13. Tha pu1sén P
20 and P have a pulse width determined by the delay time
A’. Both control pulses P and P are input to the delay
units 33=-1 to-dd—n.
In all delay units 33-1 to 33-n, the inverters 43
and 41 are respectively activated and deactivated,
25 because the pulses P and P are at "1" level and “0*
level. The output pulses ¥CLL to FCLn oi the units

33-1 to 33-n are set at "0" level. The line for
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| evel . 97TFie23a60p LBRSE092278608 FCL1 D ESE-AUZIE &tSUBYEUNI t S 33-T.=L76‘[ @ .23- nl-@e
set at "0" level. The line for

REPLACEMENT SHEET transmtting the forward p

initialized. When the control pulses P and P a emRe aded
and "1" level, respectively, the inverters 41 and 43

respectively activated and deactivated, in every 5 deI

the forward-pul se delay circuits of thk delay units 33- 1 to 33

are electrically connected, and the forward-pul se delay circuit of

t he first delay.unit 33-1 is electrically connected at its

nput. ter i nal to thensiel ening one ket pieasl idkial tuddes can then
be transmtt ed. he control pul ses P and_P nust have a width
whi ch i s | ess tithenttiee peohicbHanetsend dnyd t Peadgudyet ir08 Revel

of the delay circuit 32. (The width corresponds to the peri od
during which the c*!mi r'b1 . plﬂ‘e’eb RreapPot ivadaln thes invepters 4and £3d " 0"

| evel , respectivel because the line for_ transmtting
the forward pul ses"’y resPe‘?i?t‘ﬁﬂtY fmvmeddan% daaqtiveted S EVRTH st be

initiali d f f | ECL f. d cl k
ot e S re ot ey SR g e Foveta-pulee dpiay ﬁﬁ%%““%r Clgc :
A i b, h | | !

L time the i nt(ﬁ;ﬂ%?% -ﬂ;@ 3%'.‘1 £l 13560 are ele 't::n:q1 aﬂ. cI ock

shown in FIG 12 nverte ern
CLK rises to "1" | eylacted Nehd +he fomm.bnstl@renaﬂggp@mm@a Gk and
CLK are input to

first delay unit 33-1 is electrically connected at its
input terminal to the delay circuit 32. The forward
10 pulses can then be transmitted.
The control pulses P and P must have a width which
is less than the period determined by the delay time A
of the delay circuit 32. (The width corresponds to the
period during which the contxol pulses P and P remain
15 at "1" lavel and "0" level, respectively.) This is
because the line for transmitting the forward puises
output from all delay units 33-1 to 33-n must be
initialized before the forward pulse FCL1 (i.&., the
forward clock) is input to tha first delay nnit 33-1,
20 2. At Time b in FIG. 12
At time b, the intermal clock signal CLK falls to
“0" level, as shown in FIG. 12. At the same time, the
inverted internal clock CTK risas to "1 laval. Since
both internal clock signals CLK and CLK are input to
25 all delay units 33-1 to 33-n, one input of the NAND
circuit 48 of each delay unit rises to "1" level. The

state-holding section 47 of each delay unit is reset,
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48 of each delay unit rises to "1" level. The s{—a{—e-—hgl_di_ng_sec_t_i_o_n

47 of each delay unit is reset, Th
out putting control puI ses Q and Q which are at: !

eetHasBee @Id
and "1" level, respectively. Therefore; the’ | "U"H H ﬁ 46
of each del ay unit are activated an deactivated, he
5 ‘delay units 33-1 to 33-n are activat-ed,32 h&forvvard cl ocks

RCL1 to RCLn output fromthe delay units 33-1 to 33-n are at "0O"
| evel . 3. At TimecinVFIG 12 At time c, thedelay

circuit 32 output soﬁtf_‘,,gﬁ%gl %xol Fﬁﬂlsopef@fnﬂd G whﬁeng"ﬁi-g geo6l§), which

is input to the unit 33 The " sum of the width of the

forward pul se FCL11éveE. and h'el-pemm dlﬂddt&d’dlv@lyt he pul se FCL1
remains at "1" level) and the delay tinmne A must be shorter than the
cycle T of the internal Thdosfordp the iwmatierd M4 and 46 of eadMeleldye
forward puI se FCL1 (= "1") is input to the first delay unit 33-1,
the other input ofunife am\l[;ctivated @i ggactdgatied haaspectdyely. sGhe o
(i t he set signal S). of the NAND CII‘CUIt

"1" level. The ut put :

48 20 1Bl s LAy YRR 337 T9 A are e B ey foreard
section 47 assune et te S, w th t the se a
assuned the set st""a]fl SJ? ﬁgl gt?nﬁ‘%o Lo %o %theo['%ﬁ'}ﬂty ﬁg ie?ff’ i on
47dazgw re "1" levwp] and.. Qe ug e J_E“v.alle_vel respectively. The inverters 44
an are

3. At Time ¢ in FIG. 12
At time ¢, the delay circuit 32 outputs a forwaxd

10 pulse FCL1 (i.e., forward cldck), which is inéut to the

first delay unit 33-]1. The sum of the width of the

forward pulse FCL1 (i.e., the period during which the

pulse FCL1 remains at “1" level) and the delay time A

must be shorter than the cycle T of the internal clock
15 .en'gnm' OTXK.

' When the forward pulse FCL1 (= "1") is input to
the first delay unit 33-1, the other input of the NAND
circuit 48 of the unit 33-1 xises to "1" level. The
output (i.e., tha set signal E) of the NAND circuit 48

20 falls to "0" level. As a result, the state-hcolding
section 47 assumes a set state S. Now that the section
47 has assumed the set state S, the contfol pulses
output from the section 47 acquire "1" laval and "0
level, respectively. The inverters 44 and 46 are

25 thereby activated and deactivated, respectively, in the

tirst delay unit 33-1.
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first delay unit 33-1. -33-
4. At Tines d and e in FIG 12 At times d and 2, the forware—
pul se passes through the delay units 33-1 to 33- IThisSh8t ik B&h Replaced
anot her, as illustrated in FIG 16. Wen the forws S .
5 through the first delay unit 33-1, the other input qumymrm[m '
NAND circuit 48 falls to "0" and the output 8B the e #8483
(i.e., the set signal S) rises to "1" | evel . Nonet hel ess, the
stat e- hol di ng section 47 remains in the set state S. 10 _
VWen the forward pyl seaiSpipait gt anithe $8CPPE. 12 delay unit 33-2, the
stat e-hol di ng section 47 of the unit 33-2 assunes a set state S '
The section 47 Atefimes Hdnahle2gethet fbewbrdvpulsét passhs throvagh
pul se passes through the second delay unit 33-2. Wen the 15
i nternal clock sighel d€liyagnitsrd3et to 33:n) comé aftier anotherhendnvert ed
i nternal clock signal CLK falls to "0" | evel , both internal clock
signal s CLK and CLklugtrated in FPHRutlbo Nhemcthg forwvardpulse passes
Hence, in all del upits 33-1 to 33-n,_one input of the NAND
circuit 207 4§h€ﬂﬁﬂﬁe§%?oflﬁﬁtl Y Whet “%nét$$d%¥h%ﬁ {hﬂPﬁwﬂﬁb
circuit 49 changes,to.-1" |evel. lho,the del ay units 33-1 and
33-2, the state- Ehe mnh%‘]‘ﬂ?‘ﬁ?gtcﬁcﬁjtlﬁf%sls g h@’%e‘?u@%ﬁ eoé f]a}h%
out put s t S t "1" Y The. i nger 44 _0f.1 425
the units 33-1 aﬁggg@-éﬂé‘?‘g&% hgsr S?‘g'r%' hc‘ﬁé\;ea.eét ﬁfé&?ai ¥y L%;s #o0h
level . Nonetheless, the state-holding section 47

remains in the set state S.

10 When the forward pulse is input to the second
delay unit 33-2, the state-holding section 47 of the
unit 33—2 assumes a set state §. The section 47
remains in the set state S even after the forward pulse
passes through the second delay unit 33-2. When the

15 internal clock signal CLX again rises te "1" level and
the inverted internal clock signal CLK falls to "0*
level, both internal clock signals CLK and CLK are
input to all delay units 33-1 to 33-n. Hence, in all
delay units 33-1 to 33-n, one input of the NAND circuit

20 48 changes to "0" level, whereas one input of the NAND
circuit 49 changes to "1" level.

In the delay units 33-1 and 33-2, the state-
halding cironit 47 assumes the set state S and outputs
a.control pulse Q at "l1" level. The inverters 44 of

25 the units 33-1 and 33-2 are therefore active. The
pulses RCL] and.RCLZ output from the rearxrward-pulse

delay circuits of tha delay units 33-1 and 33-2 remain
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pul ses "fRQu-23 20768 RGE-Bosmedsgeut T r O A -SUELHE WBUZUIE pul se del @ys1CPr3B Ui tUs29t
of the delay units 33-1 and 33-2 renain

- 34 - at the "0" level. 1In the other delay units 333 to

33-n, the pulses RCL3 to RCLn of the rearward-pul se Hﬁﬁh@é(l-l&lﬁ

are at "1" level. Thus, the rearward pul se come e&}‘[&e ficed
front 5 edge F2, as shown in FIG 16. The front edge HH
formed by the third delay unit 33-3, i.e.,=th34detay

close to the first delay unit 33-1 anong the del ay unlts 33 3 to
33-n in which the state-hol ding section 47 assune a reset state R
10 |t I's genshdernd 189ba ! Nerhr oAb SERExdethy! BRite 33-3 forvard
pul se is present at tinme e, inmedi ately before he third del ay unit

33-3. The front edgg-h} €henpull®ss RCL3 toVRChnt&E ‘Ehenfeeﬂﬁ&rdﬁpwiséhe

rearward pul se. There- : fore, the time Af between the | eading edge
of the 15  forwdellapub$echitd freecat the Isvelird cl ock) and the
| eadi ng edge of the internal clock pulse CLK is equal to the tine

Ab between the |eading @ugg,othehﬁeanwerﬂapulse come§|§@kh§mese grenthe
| eadi ng edge_of the rearward own in

FIG 17, thescontrﬁﬁgﬁquesaF>%@Rﬁ#’iﬂ FIG okﬁputT#?oﬁ??¢ﬁaQ§ﬁﬁ %? E%Ise

generating cifcl e ehuen i RSV dendf Shil g d) LS ey VoY
S ul's r

33-n. In eachpdel a-Xn:L.'Qt e%s%hceléga Qlft%:{ﬁe P00 44 A Can P 33-1 CSRGES MR Y

activated and deactiva ecause
delay units 33-3 to 33-n in which the state-holding

section 47 assume a reset state R. .

10 It is considered that the front edge Fl of the
forward pulse is present at time e, imediately.before
the third delay unit 33-3. fThe front edge F1 coincides
with the front edge F2 of the rearward pulse. There-

_ fore, the time Af between the leading edge of the

15 forward pulse FCL1 (i.e., the forward clock) and the
leading edge of the internal clock pulse CLK is egual
to the time Ab bhetween the leading edge of the internal
clock pulse and the leading edge of the rearwaxd pulse
RCLY.

20 As shown in FIG. 17, the contrxol pulses P and P _
ontput from the control pulse generating cirxcuit 60
acquire "1* level and "0" level, respectively. These
pulses P and P are input t0 the delay units 33-1 to
.33-n. In each delay unit, the inverters 43 and 44 are

25 respectively activated and deactivated because the
control pulses P and P are at "l" and “0" level. The

output pulses FCLL to ¥CLn of the delay units 33-1 to
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cont r ol 97082 63505 Poga0bsR73808e at "' BETREBUIWE & SUBWE| . The ouf-galt P.gul sdid
FCL1 to FCLn of the delay units 33-1 to .
- 35- 33-n are at "0" |evel. I n other words, aII f orwar d

pul ses cease to exist, whereby the line for trans- Thsﬂnﬂ&hs
forward pulses is initialized. As the front’
rearward pulse (= "1") 5 enters the first delay uni

i nputs to the NAND circuit 49 of the 88cond del ay unlt

"“1" level. In the second delay unit 33-2, the output of the NAND
circuit 49 (i.e., the reset signal R falls to "0" level and the
state-hol ding secti3guptareSatl®p- 1evantlathzsahe§865ﬁuag allegeiwaiate R
In each delay unit, the state-hol ding section - 47 is initialized (or
reset), exclu3|velpuwtebecéhse to existptwhesebyl thé igeafofl Kramsai ns at
"1" level. That I's, both inputs of the NAND circuit 49 rise to "1"
15 | evel when t #éttéapwibd forwerdt pilses cie| instinpieed. while the
i nternal clock signal CLK remains at "1." Since th

st at e- hol di ng section 4}sofheaéKRont| ggge of theuﬁ?§IW§rﬂnPPl§P|£ed 40 ng

"0 ovel the” 20oRceZecEhe ey deTar MALF HATh ot HRput st Ty ot
simul taneousl y assKERpAcReagts Sk SrRAD SO WERey waie egés-f Fiddmpges

no particul ar proble next “T or war out "Tai

through the first dehayg 141
c A'? Time f in FI% Y vel In Whd ég’cénm&ﬁf%ﬂﬂ 35‘ 131 alhg St

of the NAND cixcuit 49 (i.e., the reset signal E}

falls to "0" level and the state-holding section 47 is
10 initialized, assuming a xeset state R.
Tn aach delay unit, the state-holding section
47 is initialized (or reset), exclusively while the
internal clock signal CLK remains at "1" level. That
is, both inputs of the NAND circuit 49 rise to "1"
15 level when the rearward punlse at "1" lavel is input
while the intermal clock signal CLK remains at "1.”
Since the state-holding section 47 of each delay
unit is initialized during no other period than while
the internal clock signal CLK remains at "1" level, the |
20 sections 47 6f all delay units 33-1 to 33-n may not
simultaneously assume a reseﬁ state R in some cases,.
This imposes no particular problem. The next forward
pulse passes, withont fail, throngh the first delay
unit 33-1 which is not initialized.
25 5. At Time f in PIG. 12
At time £, the intetnal clock signal CLX falls to

"0" level and the inverted internal clock signal CLK

23. APR ' 97 (WED) 11:50 COMMUNICATION No:55 PAGE. 36



At ti meord0d-23 tecsi BEYE0652273898] ock SIROMMEIT-STIUK & SWEUYE to "0" T-81eP.3and Uik
i nverted internal clock signal CLK

- 36- rises to "1" level, as is illustrated in FIGS. T2 amt————
18. Both signals CLK and CLK are input to all delay ‘This StiebtHal Seer? Bz c&P
33-n. In each delay units, the control pulsg ' Mw L

rise to "1" level. The inverters 41 and 43 are A
activated and deactivated. As a result, = 36 the for
circuits of the delay units 33-1 to 33-n are electrically
connected, and the forward-pul se delay circuit of the first del ay
unit 10 - 33-1 kgsebegbdrital jeeppnest pgl AllusSrabedtih eFICHl 12 Oand
the delay circuit 32. The forward pul ses can_t hen be transmtted.
In the delay unitsi83-2Bdbh38idnalecChK adsd hOLRI Bge input tecalliodeddy
assunmes the reset state R and generates a 15 control pulse Qat "1"

| evel, and the invenits 3AB-1lste 33-n. activated. Thus, when the interna
cl ock signal CLK falls to "0" level, the output pulses RCL2 to RCLn’
of the del ay uniBseachxelapupifsy the contrel pulsps BRpAnd P

each rearwar | se, has. a back edge. 0 . The, rea d | ses
therefore h ep; iR bR "cﬁ' prE ié‘%i’t’ﬁ’éﬁrl"@q‘iﬁdlf} darté V@]&’F‘%r than the
del ti f it by I '

ovartersy. To i ncbesRE Ty Retiideed Uk WAL V) Vad WSl 10
greater than the dﬁ&%f&{&cpipa% day ni92hak UL ¢ R Qd R tad QM nal

of the NAND circuit
33-1 to 33-n are electrically comnected, and the

forward-pulse delay circuit of the first delay unit

10 33-1 is electrically connected at its input terminal to
tha delay cirrcuit 32. The forward pulses can then be
transmitted.

In the delay units 33-2 to 33-n, the state-holding
section 47 assumes the reset state R and generates a

15 contr:;:ul pulse 6 at "l" level, and the inverter 46 is
activated. Thus, when the intermal clock signal CLX
falls to "0" level, the ocutput pulses RCL2 to RCLn of
the delay units 33-2 to 33-n fall to "0" level, whexeby
each rearward pulsé has a back edge.

20 The rearward pulses therefore have a width which
is ejither equal to or shorter than the delay time of
each delay unit (the sum of the delay times of two.
inverters). To increase the width of the rearward
pulse to a value greater than the delay time of one

25 delay unit, one input texminal of the NAND circuit 49
o%f the last delay unit 33-n may be connected to the

output terminal of the preceding delay unit 33-(n-1),
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of thegl-qsts 1608 awsclopiT88- N nayg Eﬁﬁ-@lﬂm(&tsmﬂto t he outiutP. 8er ni-pdl

of the preceding delay unit 33-(n-1),

- 37 - thereby to receive the rear pul se RCLn- output by the

delay unit 33-(n-1). In this case, the maxi mum wi dth - ThisShe

pul se can have will correspond to the sum of the unﬁh

delay units (i.e., the sum of 5 the delay tinmes of

In the first delay unit 33-1, the state-hotdi é = . section 47 assumes

the reset state R and outputs a control pulse Qat level "1." The

i nverter 44 is therefore activated. Thus, a reward pul se can be 10

supplied to the de\f¥rEbyCtbirddeivd the Féeast ﬂE:béYRCLn—l outpmt B3-the

6. At Time gin FIG 12 As shown |n FIGS. 12 and 19, the del ay

circuit 32 delapuisit 33+ ym+1l) pul B €04 ¢naéprvh¢cma1xmmn widthne

15 g. The forward pulse FCL1 is input to the first dela uni t

33-1. In the del aghanreat@add pintretdrn hapmtwbil POrrBSP@ tenNehe | fam) t

48 rises to "1" level when the forward pul se, FCL1 :'TUﬁggs i n ut

to the delay unit @8-the|delay times hﬂP% ’éﬁ%eﬂe%% Rt bRit (bfethet

circuit 48 (i.e., set faIIs to "0" level.

The state-hoPding EQ%t?%*Pﬂ?tEWeﬁtﬁidg T8)-  33.1 keeps assum ng

the set state S until i S r The
[ [ [ En the og}#§Ft %}%%t s%e-fygfbu 0 Ektes ﬁo* pu

section 47 which is ate puts contr ses Q

and Q 25 Whi CDo L 0 8te7 asdifitdd Y rdbetd RiSira MESORFIdVPMe a

contxol pulse Q at level "1.* The inverter 44 is

V\D

therefore activated. Thus, a xeward pulse can be
10 supplied to the delay circuit 34 via the first delay
unit 33-1. |
6. At Time g in FIG. 12
As shown in PIGS. 12 and 19, the delay circuit 32
outputs a forward pulse FCL1 (a forward clock) at time
15; g. The forward pnlse PCT1 is input to the first delay
unit 33-1. In the delay unit 33-1, the othex input of
the NAND circuit 48 rises to "1" level when the forward
pulse FCL1 (= "1") is imput to fhe delay unit 33-1. 1In
this case, the output of the NAND circunit 48 (i.a., the
20 set signal S) falls to "0" lavel.
ihe state-holding section 47 of the delay unit
33-1 keeps assuming the set state S until it is reset
to assume the reset state R. The section 47 which is
now in the set state S outputs control pulses ( and 6
25 which arxe at "1" level and "0" level, respectively.
rhe inverters 44 and 46 ot the delay unit 33-1 are

therefore activated and deactivated, respectively.
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activated and deactivated, respectively.

- 38 - Nbanmhlle t he rearward pulse | s TTput—to—the

first del ay unlt 33-1. It is delayed by twi ce the I B
i nverter and output fromthe first delay unit 33- 1ﬂ% Xetﬁés% ceS
Time hin FIG 12 . As shown in FIG 20, the rea ﬂl :
passes through the delay units 33-1= 38 2,-33-3,

In the first delay unit 33-1 through which the rearward pulse has
just passed, the NAND circuit 48 has its ot her input set at "O"

| evel again and its OUtﬂH%n?EE% the f@aféérégggisél;g Lnﬁﬁﬁ §@ttﬁégnal

S). However, the {di'ng 'section remalns I'h the set state

S. “\Vhepithe aélawﬁawlssr-w iMPUEs tdeldped aspnevice the del ay
unit 33-2, the state-holding section 47 of the 15 unit 33-2 assunes the

set state S. The 88TayOfimd of one iAW anu tdwecpmet fxtor etlis efdarstaf ter
the forward pul se has passed t hrough the second delay unit 33-2.
Meanwhi | e, the readebay ywitse33-stinput to the delay circuit 34. The
delay circuit 34 delays the 20 rearward pul se by the delay tinme D2,
outputting a®pul se 7. At Tigte el di¥@ct¥d internal clock pulse CK . Thi s

pul se is synchronous with the pulse t he exte cl ock
si gnal CK. g. AbsTshewm im E1Gy 240y “;‘59 rearw CEB‘SPW ¥ e 21,

the internal clock ol dbdl the delay units 33-1, 33-2, 33-3, ... and 33-n.
In the first delay unit 33-1 through which the rearwaxd
pulse has just passed, the NAND circuit 48 has its

10  other input set at "0" level again and its output set
at "1" level (i.e., the set signal E). However, the
state-holding section 47 remaihs in the set state S.

When the forward pulse is input to the second
delay unit 33-2, the state-~holding section 47 of the

15 nnit 33-2 assumes the set state S§. The sactioﬁ 17
remains in the set state S even after the forward pulse
has passed through the second delay unit 33-2.

Meanwhile, the rearward pulse is input to the
delay circnit 34. The delay ecircuit 34 delays the

20 rearward pulse by the delay time D2, outputting a pulse
of the corrected internal clock pulse CK’. This pulse
is synchronous with the pulse of the external clock
signal CK.

8. At Time i in FIG. 12

25 As shown in FIG. 21, the intexnal clock signal

CLK rises to "1" level again at time i. The inverted

internal clock signal CLX therefore falls to "0" lavel.
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CLK 1 sp94-2D13:08" bieyeedersggal N at puzER-SUZUYE SvauvE nvert ed | pretr pad  cluaek
signal CLK therefore falls to "0" |evel. Both t he
i nternal clock signal CLK and the inverted i nternal clock si

CLK are input to the delay units 33-1, 33-2, 33- Jhis Sheet HubBeed ke

Hence, in each del ay unit, the NAND circuit 48 ‘has
set at "0" 5 | evel and the NAND circuit 39 has its ¢

"1" level. In the first and secod® delay unit
the state-hol ding section 47 assunes the set state S and outputs a
control pulse Qat "1" level, and the 10 I nverter 44 is activated.
The output signal spBehltABdinternal &Efbek08idhal 'EEK Ghd-£hé SEnvelrtdd
circuits incorporated in the delay units 33-1 and 33-2,
respectively, renainternal clatk"$figh&YeCLK bkiRet Afpather dheayedayt anids3
to 33-n, the output signals RCL3 to RCLn of the rearward-pul se 15
delay circuits are3drl;133+2yeB3-Becauseandie33+mt e-Hence, inheach debartion
47 assunes the reset state R and out puts a control pulse Qat "1"

| evel , and the unit,  GherNAND spirguil 148 Hag 19Hone cPEH T 1% "Phe

R

clock control circuin ﬂ%S% i bed above, each of the delay units 33-1
to 33-n has a state=hofdy %' section 47. Thanks to the use of the

section 47, the 25  1}iPFe A; PR VERE ddond ULy SO0 PT343 0E L8 VRS,

cl ock

the state-holding section 47 assumes the set state S
and outputs a control pulse @ at 1" level, and the

10 inverter 44 is activated. The output signais'RCLl and
RCL2 of the rearward-pulse delay cirenits incorporated
in the delay units 33-1 and 33-2, respectively, remain
at "0" level. 1In the other_delay units 33-3 to 33-n, |
the output signals RCL3 to RCIn of the rearward-pulse

15 delay circuits are at "1" level, because the state-
holding section 47 assumes the reset state R and
ocutputs a control pulse 6 at "1" level, and the
inverter 46 is activated. The front edge Fl of the
rearward pulse is thereby formed.

20 Thexeafter, the operations of FIGS. 17 to 21 are
repoated sequentially. |

In the clock control circuit described above, each

of the delay units 33-1 to 33-n has a state-holding
section 47. Thanks to the usé of the section 47, the

25 time Af between the leading edge of the forward clock
FCrnl (i1.e., forward pulse) and the leading edge of a

pulse of the internal clock CLK can be correctly copied,
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internal clock CLK can be correctly copied, -

- 40- providing a time [err]b (= [err]f). Upon | apgg Lhis time

[err]b fromthe | eading edge of the pulse of the internal: HSR‘I“ﬁaS i T‘a"ed
. il

signal CLK, the rearward pul se RCL1 can be input to
circuit 34 which has a delay tine 2D. The 5 delay circu

t herefore generates a corrected i merdhl =Tlock signal CK' which is
conpl etely syn- chronous with the external clock signal CK This
makes it possible to transfer data at high speed in synchroni sm
with a clock signagrdhiding rectiwcyib [ee A£). UpbAckapsst 68! this ctime of
the invention is useful, also in a menory such as a synchronous
DRAM wherein the Ab from itheedpakiinoekigei gfiaithies pudspondr ithe internapt ed
and data is transferred in synchronismw th a clock signa

(hi gh-frequency). c¥gk signal ONRG 118 girawwagdauiYse ROTeh affn thee gIRREK
control circuit 31 shown in FIG. 7. The _nodified clock contro

circuit is identicds the dptay dypauidy 34 ghirh dhag i delay timg 2D phFhe
delay circuig 34 c erf.orm.an addi tiqQnal function. 20

The nodi fi ec?t cl oclfiJl rcollrcé’ilratc c@éhﬁ:g'terﬁdfl?é"et rggnera%es 3 feELESted ock
si gnal CLK synchrgppdbé: (1t R 1ies alage : I O%m? %Rﬁ@ N terns
of timng if the cloc ﬁé!}'.l'gnraé"l %)g'tg%rariCIEKorw lghcl(iosck S (j}na 1&:Ehas a

cycle T longer thahdnous witPideC@rnad ¥“abdsk QBQ‘HAQ_I’ cxan ippier nal
cl ock signal 25 CLK having a predeterm ned skew’ s used to control the

makes it possible to transfer data at high speed in

synchronism with a clock signal (high~frequency). The

10 clock control circuit of the invention is useful, also
in a memory such as a synchronous DRAM, wheroin tha
internal clock signal is temporarily interrupted and
data is transferred in synchronism with a clock signal
(high-frequency).

15 FIG. 23 shows A mndifi.nation af the clock contxol
circuit 31 shown in FIG. 7. The modified clock control
circuit is identical to the circuit of FIG. 7,'except
that the delay circuit 34 can perform an additional
function. _ |

20 The modified clock control circuit cannot make the
internal clock signal CLK synchxonous with the extexrnal
clock signal CK in terms of timing if the clock signal
CK or the clock signal CLK has =& éyc]a T longar than a
predetermined value. Rathexr, an intermal clock signal

25 CLK having a predetexmined skew is used to control the
input circuit 14 and ouﬁput'circuit 15 of the memory 11.

There is two reasons for this. First, the skaw of the
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two reasons for this. First, the skew of the

- 41 - i nternal clock signal CLK does not matter so rmuch if
the external clock signal CK has a relatively | ow frmtmmuasdiadnkeﬁlaced

thus, a relatively long cycle T. Second, a relatively | )
of delay units are used in 5 the clock control circuit a ( Mﬂm I’
conparatively smal |l area on the nemory3Ehip. ' ' '
nodi fied clock control circuit will be descri bed. The
external clock signal CK supplied to the input 10 term nal 30 of the

nenory 11 is inputiifeiA€1i dDotk signal Rt elods’ Wbt Ghabesr ssélamaoh tife DI1.
The buffer 13 outputs an internal clock signal CLK, which has a skew

of DI with respectthe é¢érecernibrabdcle|sidnasl IKhdK a relatividby i idver nal
clock signal CLK is input to a delay 15 circuit 32 which has a del ay
tine A.  The del ayfcequenty and, th82, cutynitstivdly wong mysks FOL1 Seawd, a
forward cl ock). The internal clock signal CLKis input to ]

del ay uni t& BBlativusly smgplly numbexs»f, defay jynidish Are|urgd in

signal CLK is input, al sp to an inverter 35 whjch 20 ener at es an
inverted i nt%rnal o &Lk eantaad clﬁ%’“& and O GREN taech?'?ﬁmv%yock

signal CLK is inp t I unjt.s, 33-1, 33-2, 33-3, ... 33-n.
The del ay units 3%1‘1%1)-'3%]%3&}&119 q"%'%nraélr% connected in series.
The forward pul'se FCLL fug, ixfiiieidP clodi® ddiddy Hifalay Jiig @3- 1, which

outputs a rearward
described.

The external clock signal CK supplied to the input
10 terminal 30 of the memory 11 is input to the input |
huffer 13 which has a delay time ﬁl. The buffer 13
outputs an internal cldck signal CLK, which has a skew
. of Dl with respect to the external clock signal CK.
The internal clock signal CLK is input to a delay
15 nirmn"_i-. 32 which has a delay time A. The delay cixouit
32 outputs a forward pulse FCL1l (i.e., a forward clock).
The internal clock signal CLK is input to j delay
units 33-1, 33-2, 33-3, ... 33-n. The internal clock
signal CLX is input als0 tn an invertexr 35, which
20 generates an inverted internal clock signal_EiE. The
inverted internal clock signal CLK is input to the
delay units 33-1, 33-2, 33-3, ... 33-n.
The delay units 33-1, 33=2, 33-3, ... 23-n ara
connected in series. The forward pulse FCL1l is input
25 to the firxst delay unit 33-1, which outputs a rearw&rd
pulse RCL1. The reaxrward pulse RCL1 is suppiied to

a delay circuit 24 having a delay time D2, if the
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34 having a delay tinme D2, if the

-42 - external clock signal CK has a cycle T Less—%haﬁ—a————~_———
predeterm ned value -- that is, if the signal CK has a

hi gher than a predeterm ne val ue. The del ay ci r cuitis B&ﬁ@@ﬁmmd
corrected internal clock signal 5 CK', -which is synchH e

ext ernal cl ock si gnal CK - &Pf the exter a

has a cycle T equal to or longer than the predeterm ned val ue, the

rearwar d pul se RCL1 is input to the delay circuit 34 having a 10

delay time D2 but b&t&&ha&ubnﬁbkfBQ?hEmeCﬁeha¥ ﬁ'&?ﬁlé T less tBé&n anstead,
the internal clock signal CLK is ou fromthe delay circuit 34.

Needl ess to say, t@zedetermlnedteamab ekothkasi §8gl i€l Khbasignadr CKi haskaw

wth respect to the external clock signal CK The skewis 15
negligibly smal |, ffapghevsyt higheketbaol 8 predbbermine vadueer nGhacdediy
signal CK A control pulse generating circuit_61_generates_a

two control pul sesCAT§RAL. 34, ganerates: pueoreached: faternal °196kmﬁ%ﬁnﬁklse
del ay CIrCUI of t Ias lay unit. 33-n pu

t he rearwar d? pulseagevav &Fﬁcﬁ¥ts¥n°hr°n°ﬁ?'YﬁEhnggteﬁﬁ?ﬁ§a£n?i ggll The
control pulses L agg al CK L determ ne which signal nust be output, a
corrected i %aF ¢lock signal CK' or an internal clock signa

CLK. 25 FIG- 24 %hgmﬁx%gfngfl@Yo&krgﬂgﬁa§4héglgicgéieL@ agual

to or longer than the predetermined value, the rearward
pulse RCL1 is input to the delay circuit 34Ahaving a

10 delay time D2 but is not output from the delay cixcuit
34. Tnsteard, the internal clock signal CLK ie output
from the delay circuit 34. ©Needless to say, the
internal clock signal CLX has a certain skew with
respect to the external clock signal CK. The. skew is

15 neg]iéih1y small, far less than the ecycla of the
external clock signal CK.

A control pulse generating circuit 61 generates a
two control pﬁlses L and L from the output LST of the |
forward-pulse delay nfrnnit nf the last delay unit 33-n

20 and the output RCL1 of the reaxrward-pulse deiay circuit
of the first delay unit 33-1. The control bulses L and
L determine which signal must be output, a corxrected
internal clock signal CK’ or an internal clock'signal
CLK.

25 FIG. 24 shows the delay circuit 34 (FIG. 23) in
detail. As seen from FIG. 34, the circuit 34 comprises

a delay circuit 62, an invarter 63, a two-input NAND
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circuit 62, an inverter 63, a two-input NAND

- 43 - circuit 64, and inverters 65 to 67. In theecitcuit 34,
the output RCL1 of the delay unit 33-1 is input to one This SHe p{ﬁ-BeenReﬁaced

termnal of the NAND circuit 64 and also to the del a

The output of the delay circuit 5 62, i.e., the pul se Wm

is supplied to the inverter 63, inver%®d thereby and

ot her input termnal of the NAND circuit 64. The out put of

the NAND circuit 64 is inverted three tines by the I nverters 65 to
67. The output of &".ﬂﬁcuwesaeraﬁa ifverfers 65Pebi 67, rom the €etayiti3qpit
34 as a corrected nternal clock si ghal CK'. The
inverter 66 is a CtﬁékﬁdtpﬂﬁemtBI efidtiieode)®y unit 33-h tsninpht ptd seneé .
It is activated when the control pulse L rises to "1" level. Wile

the control pul se idput teiminwbief the "NAND ayvitouitcé4 nandtalegctelcthy s

t he rearward pul se RCL1 b a redetermned tine, so that
the inverter 67 neyeleyierbresit @ PRERRK of Ghhe delay Cl{wﬂ Whi | e
the control pul se repai ns ', |l evel t he |nver:[:“ecl 0, qtches not

| ead the reafward Par sk ?2(111?1“‘2(?“159 tIiFr(}]éd?:'rﬂPé‘?‘?Er %75“5’? The
del i it 34 f ) |
Lock si gnal L} EEter 6%/ | iifeitbd Mikidlly and ippfe |énve1fq§ée1? 67

clock signal CLK i
of the delay circu i%%t‘?’é erm nal Jf‘ %&Wﬁrcn%ﬁﬁ a643| Oﬁi‘!?éi d 4 &8¢ and

receives a 25 tro e Inverter 68 is activated en the
the NAND c:l.rcua.t 64 is inverted three times by the

inverters 65 to 67. The output of the inverter 67 is
10 supplied from the delay circuit 34 as a corrected
internal clock signal CK'.
The invexter 66 is a clocked inverter and receives
@ control pulse L. It is activated when the control
pulse L rises to "1" level. While the control pulse
15 1L remains at *1°* leval, the invertexr 66 delays the '
rearward pulse RCL1 by a predetermined time, so that
the inverter 67 may generates a corrected clock signal
CK’. While the control pulse L remains at "0" level,
the inverter ff doas not lead the rearward pulse RCL1
20 to the inverter 67. ’
The delay circuit 34.further comprises an inverter _
68. The internal clock signal CLK is input via this
invertéz: 68 to the iﬁveftaf- 67 of the delay <ircuit 34.
The inverter 68 is a c¢locked inverter and receives a
25 control pulse L. The invertex 68 is activated when the
control puise L rises to "1" level. While the c¢ontrol

pulse L remains at "1" leval, the invexter 66 leads the
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remains at "1" level, the inverter 66 | eads the

- 44 - internal clock signal CLK to the inverter——67 vwile

the control pulse L remains at "0" level, the inverter . ﬂm Ehm
| ead the internal clock signal CLK to the |nverter '
FIG 25 shows the control pulse generating circuit lIH IHI
illustrated in FIG 25, the circuit - 6M¥%omprises a-

an inverter 70, NOR circuits 71 and 72, a NAND circuit 73, a delay
circuit 74, and an inverter 75. 10 The out put LST of the

forward-pul se del ayn£s i‘x‘iﬁ?ﬂ.tclock sNC%faI ey asd il anviries 7. | WHilat to
na

one i nput term circuit 69, and output of the NOR
circuit 72 is inputhé admersl Heslda mitrdmiinnait of0t Hevel, the\GRwEimY t
69. The output of the NOR circuit 69 is 15 I nput to one input term nal
of the NOR circui téFXommdnot lead thwe intexnalbfekdrd NdRngk QK ol the

i nput to the. ot her i nput termnal of the NOR circuit 72. )
| nput to the NOR cinvestery6hye the output LST of t he forward-pul se

nverter 70.51 e, the P1G- 25 s P mrmhroRai ey Smetiie Middie

NAND ci rcui t 73 ardh (HEBLUA ot R aTa e i g s Ui bamente,

of the delay ci FCL%)]ga A& ,}_-L-seég 4 Mor Phreni®¥P Ui NG-NR A ,f 6ol 69
del ayed by a tine : e

ecircuits 71 and 72, a NAND circuit 73, a delay circuit
74, and an inverter 75.

10 The output LST of the forward-pulse delay circuit
of the last delay unit 33-n is inpnt to one input
terminal of the NOR circuit 69, and output of the NOR
circuit 72 is input to the other input terminal of the
NOR circuit 69. The output of the NOR circuit 69 is

15 inpont-tno ona inpnt terminal of the NOR cixecuit 72, and
the output of the NOR circuit 71 is input to the other
input terminal of the NOR circuit 72.

Input to the NOR circuit 71 are the output LST of
the forward-pulse delay circnit of the last delay unit

20 33-n and the output of the inverter 70, i.e., the
inverted output RCL1 of the rearward-pulse delay
cixcuit ot the first delay unit 33-1. Input to the
NAND circuit 73 are the output of the NOR ciremit 69
and the output of the delay circuit 74, i.e., the

25 output of the NOR circuit 69 delayed by a time D3. The
output of the NAND circuit 73 is the control pulse L.

The inverter 75 inverts the control pulsa T., generating
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75 inverts the control pulse L, generating

- 45- the control pul se L. The NAND circuit 73 and the
delay circuit 74 process the output of the NOR circuit 69

generating a control pulse L. The control pul se LTh'_= h laceds
edge which coincides with that of the output of the | j ail :
and a trailing edge which is delayed by - 45 t<snme D3 wit ;

that of the output of the NOR circuit 69. That is, the rearward
pul se is reliably elimnated in the delay circuit 34, whereby the
10 rear war d- putl_ﬁg éﬂ&k%}fl ‘ﬂgé f the last delay unit 33-nis

initialized. operatTng principle of a clock control

circuit shown i phél ANy itduie Tdnd otk déldy refvneiterd o

FIG 26. 15 FIG 26 is atimng chart pertaining to the case
where the cycle ofperireand erpalmniask giiltde GIOR wircuit 6% gensstacingng and
t he maxi num del ay maxA attai ned by all delay units is |less than the
time [err]f el apsicupfraimpulse L.t hd&hgecanduicdn poflaehd has i deadisig and

t he generation 20 of an internal clock pulse CLK. To be odfrC
specific, 5 qdge whigh naingides pdthardedr @ e pwimt; Ofc the

signals CK and CLK, a corrected internal cl.qck signal . . R
forward cl ocks FONOR FAXEHIT B2 @and, & H:rl?il"n dq]fpé’&lﬁhc ’@aggialyﬁlagrbé
26, T is the cycl e Of tﬂlfwizci x‘esp%xcttertrc]:althgtoc;l% %!&n%utg&t %@d'&% I.NE)Rt he

:skew t he

circuit 69. That is, the rearward pulse is rellably
eliminated in the delay cireuit 34, wherebﬁ the

10 xearward-pulse delay circuit of the last delay unit
33-n is initializad.

The operating principle of a clock control circuit
shown in FPIG. 7 will be described, with referénce to
FIG. 26.

15 PTG. 76 is a timing chart pertaining to the case
where the cycle of an external clock pulse CK is
relatively long and the maximum delay maxA attained by
all delay units is less than the time Af elapsing from
the. generation of the forward clock and the géneration

20 of an internal clock pulse CLK. To be more specific,
¥IG. 26 represents the wavefoxms which the clock
signals CK and CLK, a coxrrected internal cloﬁk signal
CK’ and forward clocks F(CT.1 and RCL1 have in this
specific case. In FIG. 26, T is the cycle of the

25 external clock signal CK, and D1 is the skew the
internal clock signal CLX has with respect to the

extexrnal clock signal CK.
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signal CK - 46 - As

FIG 26 shows, a forward clock FCL1 is generated upon lapse of tine
A fromthe | eadi ng edge of the first pulse of the |nternal clock
si gnal CLK Thus, tine [err]f passes fromthe time™

S 5 generatedtothetlrrethe second pul se of thelnt iilT
clock signal CLK is generated. Time Af, whichifs =

attained by the delay units, however. This is becau_se the maxi rrum
del ay maxA the units can provide is less than tine Af (maxA < Af)
as indicated 10 abﬁgeméndzthsnéaéwaédfei:ﬁakd%lécksrgﬁmeiat ed upon
| apse of the time nmaxA a corrected internal clock signal
CK is gengéﬁé;edtwmpmpmgﬁ M neisi® A r Hromm heheg cheadd igredge

of the forward clock RCL1, it will deviate in timng 15 fromthe
external clock siga8ltiiK fiifif spulbse af orhe sinternal qfeck cfignal SEk-

cases, than the skew the internal cl ock signal CLK has with respect
to the external clBoRe, time AS pamsesk frompdhe ﬁ@lﬂ%é‘-b@p@fﬂ&ﬁ%é'céfﬂl@l ency

of the whi ch inc orates .t he cl oc trol_ci,r t..

The modi fi ed®cl ockge%?ﬁ I ted ko c‘&fé) LR he, secon e f2§|q0w g:rsnaol

designed to revent t he Corr nal f

havi %g a gr egt er sKH I}‘ Eﬁctcﬁg«r‘rﬁ &%r%eo%k s?ﬁ# KéK%ﬂ%c%lFeng?t

to the ext e t I 25
.l 1%%3:: 4 d‘fk. 3 g#arﬂy ui¥td] Wbz,

to 25 it is not neces%‘r T0 satlsfyt
This is because the maximum delay maxA the units can

provide is less than time Af (maxd < Af) as indicated
10 above, and the forward clock RCL1 is generated upon
lapse of the time maxA.
If a corrected intexmal clock signal CK’ is
generated wpon lapse of time D2 from the generation
of the forward clock RCLLl, it will deviate in timing
15 from the extarnal clock signal CK. This deviation is
greater, in some cases, than the skew the internal
clock signal CLX has with respect to the external clock
signal CK, impairing the operating efficiency of the
memory which incorporatas thea oclock contxol circuit.
20 The modified clock control circuit shown in
PIGS. 23 to 25 is designed to prevent the corrected
internal clock signal CK’ from having a greater skew
the internal clock signal CLK., with respect +n the
external clock signal CK. With the circuit of FIGS. 23
25 to 25 it is not necessary to satisfy the equation of
A + maxA = T as in the clock control circuit shown in

FIG. 7. (As defined above, A is the time betwasn the
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(As defined above, Ais the tinme between the

- 47 - | eadi ng edge of the first pulse of the clock signal CCK
and the generation of the forward clock FCL1, and max|er r‘l}usSheetHasBednSRf(ﬁl
e

maxi mum del ay the delay units can provide.)
control circuit of FIGS. 23 to 25 5 operates wll wmp
the timng chart of FIG 27. - 47 -when A + na

the circuit operates exactly in the sane way as is illustrated in
FIG 12. Hence, how it operates in this case will not be expl ai ned
10 here. It Wﬂlha&&néeéa &bef BRréOovipsty phlseeodt thehehock signall ELK
max[err] > T, with reference to FIG 27. When t he interna

cl ock signal CLK ramdsthe géheration ofetvhe, formwardnclockplChds andnmapd
acquire "1" and "O" | evel s, respectlvely The signals FCL1 to FCLn
i nput 15 to theﬁfbhﬂaWGXpquedﬁbﬁﬂytb?r@ﬁ%ﬁx BPitReCAR| BFOVHIES)

33-1 33- Il all fall "0." The |i h
forma?g pulgegnls ?n.t.gpwzége clock contr°lvﬁéﬁ°PﬁB Bﬁlééég nghthggzg ©
th ft " Q" f
e Forver a- 550" *opd5afed wirh e stetbEiEh” yEERERAL Yok ag DREEEISEL.

are electrically cpfaecéed The forward pul ses can t hen be
transmtt ed. When the internal clock signal CLK falls to "0"

level and the inverted {RLRMRak KLLAK &1 @nakhblKikhaes opdratest axhéelyl”
| evel, the delay circuit 32 having a delay
in the same way as is illustrated in FIG. 12. Hence,
how it operates in this case will not be explained

10  here. It will be described below how it operate when
A + maxA > T, with reference to FiG. 27.

When the internal c¢lock signal CLK rises to “1*"
level, the control pulses P and P acguire "1" and "0"
le&els, respectively. The signals FCL1l to FCLn input

15 to the forward-pnlse delay ciremite of the delay units
33~-1 to 33-n will all fall to "0." The line for
transmitting the forward pulses is injtialized.

When the pulses P and P thereafter acqui;e “"0* and
"iv levels, raspactivaly, thersafter, the forward-

20 pulse delay circuits of the delay units 33-1 to 33-n
are electrically connected. The foxrwaxd pulses can
then be transmitted.

When the internal clock signal CLK falls to ®0*"
level and the inverted internal clock signal CLK rises

25 to the "1" level, the.delay circuit 32 having a delay

time A outputs a forward pulse FCL1l (a forwaxd clock).

The forward pulse FCL1 is input to the first delay unit
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pulse FCL1 is input to the first delay unit

- 48- 33-1, in which the state-hol ding section 47 assunes

the set state S. The forward pul se FCL1 then passes 1hﬂ$ﬁ£ﬂﬁ£B&ﬁmblmxd'
delay units 33-2 to 33-n, one after another. In eac

t hrough which the pul se FCLl has .5 passed, the state-

47 is maintained in the set state S. #RBe forward pu

out put fromthe last delay unit 33-n and i's used as an output

pul se LST (= "1"). The output pulse LST is input to the

control pulse 10 33-@?nih@%h&ﬁhpth&“h%a@é—hoIHin?‘ESE%&O§14QGRQEﬁhQ§ pat h-
switching signals L (= "1") an ( he signals L
and L are set at "‘theamseét & tée$e|STHBEMOrward pullBe Fenl dheaypesses33-n

out puts the pul se LST. The ) delay circuit 34 is deactivated, whereby
the corrected 15 th;OMghemhaldenaykuahgaaB3GK tohB8hni sospnefitenoasothes.
t he internal clock signal CLK in ternms of timng is output

fromthe del ay C|réG|Fa§h delay unit thropgh whipch thet pudseaRBLAfhas t he

I nt er nal clog g g CLK rises_to "1" |level again, the flrst del ay
20 unit 33-1 oBEPEFS-at EMEFGtﬁUhQEdF&ﬂ15e°#%€npﬁ sés F@pintained ipg

generat o pat he ol LER! AETSPRERCSL afe FoRard putee 1o £ TR0 Y Bt RRF T o4
AP e Teagithoe don haf R 1A e A8 0
pulse LST (= "1%),
The ountput pulsé LST is input to the control pulse

10 generating circuit 61. The circuit €61 generates pgth—
switehing signals L (é "1") and L (= "0"). That is,
the signals L and L axe set at "1" and *0* ievels when
the last delay unit 33-n outputs the pulse LET. The
delay circuit 34 is deactivated, whareby the corrected

15 internal clock signal CK’ which is synchronous with the
interpal clock signal CLK in terms of timing is output
from the delay circuit 34..

Upon lapse of time maxA after the internal clock

pulse CLK rises to "iv leﬁel again, the first delay

20 unit 33-1 outputs a reward pulse RCLl. 7The pulse RCL1
is input to the control pulse generating circuit 61.
The circuit 61 generates path-switching signals L and L
after the delay ci-rmﬁf_.. 34 has ontput the 'reaxward
pulse RCL1l -—- that is, after the pulse RCL1 has fallen

25 to "0* level. In other words, the delay circuit 34 is
initialized (or aétivated) and enabled to output the

pulse RCL1l supplied from tha first dalay vnit 33-1.
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supplied fromthe first delay unit 33-1. T
- 49 - The delay circuit 62, inverter 63 a NAND circult

64 determne the width of the rearward pul se out put &mnﬁdggg
delay unit 33-1. When the internal cl ock si gnal

control the data-witing 5 and -reading into and fro W’Wﬁ

t he path- swi tching pulses L and F a&§uire "0" IeveI and "

| evel , respectively. The delay circuit 34 is thereby ’ initialized
(or activated). The delay circuits 34, 62 and 74 have delay tines

D3, D2 and D2', which Rine deifay Hrcuit @ t'lQﬁ@i"déxO%S @nd> NAND> cPZcuit
The cl ock control circurt showm in FIGS. 2 can generates a

corrected internalggldetiersigialchelwidth of t\tdel c:leancsramﬂnrphdsel puspnthr onous
with the external clock signal CK. The clock control circuit well
serves to 15 frrcansfher fdated dellaiyglendpedd-idn syhenr shesinkernad hi gh-
frequency clock signal. In the nodified clock contrgl .circuit,
‘either the clomkesdginadl 63K dsgmardctr GPnﬁﬁélc6hPeéF$&‘UFé@&n§|gna
CK' is used,- in accordance with the fre uenc of the exte% cl ock

si gnal CK. 5To be 3t crefsddng dntepgnd ir b§: PEPPTY SAVeFH§|PE
ahas a high - ewitaiiig oises.n prd T e ok SR S ‘2'392""'
large skew Wehh nespectb@alhe shanakiGy «Ibe.kiBt ganak thagkny
initialized (or activated). The delay circuits 34, 62
and 74 have delay times D3, D2 and D2’, which have the
10 relationship of: D3 > D2 > D2’.

The cleck contxel cixeuit shown in FIGE. 23 to 25
can generates a corrected internal clock signal CK'’
which is completely synchronous with the extermal clock
signal CK. The clock control circuit well serves to

15 .transfer data at high speéd.in synchxonism with a high-
frequency clock signal.

In the modifiéd clock control circuit, either the
internal clock signal CﬁK or the corrected clock signal
CK’ is used, in accordanne with the freguency pf the

_ 20 external clock signal CK. To be more spec;fic, the
corrected internal clock signal CK' is used to transfer
data, if the external clock Signal CK has a high
frequency and the internal clock signal CLX has a laxge
skew with respect to the.signal CK. The internal clock

25 signal CLK is used to transfer data, if the external
clock signal CK has a low fréquency and the signal

CLX has a negligibly small skew with respect to the
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signal CK has a | ow frequency and the signal CLK has a negligibly

smal | skew with respect to the _ _
50 - signal CK VWi ch signal, the internal cloc

signal CLK or the corrected internal clock signalThigSheet i ?d“

used i s determ ned by the nunber of the delay unit. u& “- l; _

in the clock control circuit. Thus, the skew@he _ _ nal
CK

clock signal CK has with respect to the external clock signal
does not increase if the external clock signal CK has a long cycle
T. _V\hg_{_t?,,&p @& sem conductor chip the conponents of 10 t he
clock control circuit of the invention are laid out will be

expl ai ned, with referermgkrith FighaP8.the internal clduk coigpumk EEK oir ttee
clock control circuit must be arranged in the chip-to reduce the

Wi ring capacotzeckedsimiemak sk sidreleK 4,0 shonld ke uspd is
delay (wiring delay) of signals. To this end, the ..array 80, of the
del ay units (herei%%wmm%#éwéaﬁ qupper of the s*ﬁém(%ﬁd-‘r%l}%l ced

Backwards Del ay) array") i ositioned at the me di stance from
the input bu?fer {7 ¥nd ‘11559‘3%#% EXRR 'b{'ﬁ""f ’3‘3‘.6 Y E8Ult, the

20 Wi ring delay_occurring hetween S f. ay ,8 eth.'e
i nput buffer 13 i s‘:%ﬁﬁ;ﬁt‘%cgq'trﬁca%r \)élg’%k[ %%%%D% %aa“’nqwéirﬁhafegg and ttqhe
output buffer 34. ypg external chidend lrllg gtaﬁ.m;_d(kerdo& L C QRGLLRA, 3G Wiy STBD

array 80 by a wre having a The skew D1 of the
external clock signal CK has a long cycle T,

Where in a semiCOndﬁctor chip the components of
10 the cibck control circuit of the invention are laid out
will be explained, with refarence to FIG. 28.
The components of the clock control circuit
must be arranged in the chip to reduce the wiring
capacitance as much as small, thereby toc minimize
15 delay {wiring delay) of signals. Tn this end, the
array 80 of the delay units (hereinafter referred to as
"STBD (Synchronous Tracéd Backwards Delay) arxay") is
positioned at the same distance from the input buffer
13 as from the output buffer 34. As a result, the
20 wiring delay occurring between the STBD array 80 and
the input buffer 13 is equal to that between the STBD
array 80 and the output butfer 34.
~ The input buffer 13 is connected to tha STRD arrxay
80 by a wirxe having a length L. The skew Dl of the
25 internal clock signal CLK is therefore the sum of the
delay caused by this wire and the delay caused by the

input buffer 13. As mentioned above, the delay time of

23. AFR " 97 (WED) 11:58 COMMUNICATION No:56 PAGE. 11



25 "or0i-ey el sEbpeskerssagnal  CLEK BT ESURUYESK SMEWE t he sum of the T-762 P.12 deIUd92

caused by this wire and the del ay caused by the 'npu

menti oned above, the delay tine of Thms

51 - : the delay circuit 32 is given as: A = D1 + DQ hﬂﬁHMSB“mR ’ 
6). The delay tine D2 of the delay circuit 34 ”um

buffer) is the sum of the del ay caused by the output

the delay caused by 5 the wire having-tHBt|l ength L.

shown in FIG 28, the delay circuit 32 consists of four patterns 81
to 84. The pattern 81 provides the skew D1. The pattern 82 is
identical to the pghéeddld} circuit IWiid SgiveRass ATQUADIV + D2 ephst
thereto. The pattern 10 83 which provides the delay time D2 is
arranged besides FIG. 6)he Tie tdslaPXine DheoSarte pislay onimmuithaddattern
82. The pattern 84 is identical to the pattern 83. The

patterns 81 to 83 &ieepostia omenon mﬁﬂsrr)detﬁ)ffhm@um of therplelay ay 80,

and the pattern 84 on the opposite side 15 th
Arranged so, the rfé%‘t%ﬁ%sblBlﬂﬁﬁtcP‘@%rbl}:#ﬂﬁﬁc@ and the tdel g SAUSPLRY t he

delay tine of hj J eci sion. the delay circuit 32 can
have a del ay’ti ne ®i® '? re haping the rJ&qu}&t\c;te‘ This makes it possi ble to
render 20 the corr intern na

synchronous with the e%% %éw%l %%# ﬁ %ﬁé Ae% éﬂtgdﬂrhe c'%loglciisw
control circuit Of_nf NEnd VS Qhe 91 to 8496SHHL GRS 81 PRAPAMIAIGRUS

in the foll ow ng
skew D1. The pattern 82 is identical to the pattern B1,

but is turned around with respect thereto. The pattern
10 B3 which provides the delay time D2 is arranged besides

the pattern 82, in the same position as the pattern B2.

The pattern 84 is identical to the pattern 83. The

patterns 81 to 83 &re positioned on one side of the

STBD array 80, and the pattern B4 on the opposite side
15 thereof.

Arranged so, the patterns 81 and 83 can provide
the skew D1 and the delay time D1 of high precision.'
Hence, the delay circuit 32 can have a delay time A
of a desired valve. This makas it pnssible to render

20 the coxrected internal clock signal CK' sufficiently
synchronous with the external clock signal CK.

The clock control circuit of the invention,
describeduabove, is advantageoﬁs in tha following
respect. Since aach delay'unit has a staté—holding

25 section, the time Af passing from the time the
generation of the pulse FCL1l to the generation of the

next pulse of the internal clock signal CTX can bha
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time Af passing fromthe tinme the generation of the pulse FCL1 to
t he generation of the next pulse of the internal clock srgmat—CtkK

can be -52- This SheetMa®Ndefl RW&J‘
I

hi gh. accuracy. The rearward pul se RCL1 can theref; j ) the
delay circuit 34 having the delay tinme 2D upon la ] HHH” drom.
t he | eadi ng edge of the pulse of the i¥ernal cloc ' I

CLK. How the rearward pulse RCL1 is input to the delay = circuit 43
in this manner will be explained, wth reference to FIGS. 29 to 32.
As shown in FIG 2ZfrovitefwivkHighl Seciltddy. The réarward pullse RCL1
rearwar d- pul se delay circuit of every delay 10 unit are outputting "0"
whil e the del ay cicanitbef8fdre be input 3D rthendelay mireanitzeid haviaen
fromFI G 30, a forward pulse is input to the delay unit 33-4,
wher eby t hethe sdelay| timg 22 upemslapse f deing O droggthe o

33-4 assune the set state S, and_those of the other 15 deléaa/ unjts 33-5
to 33-n assune t hel92diAg fAge gf the pulsgaf £haintepnak clofk Sigmal ook

Sutput "I BbcauscCVRE: HHeY S8 AU Car e a1 Yagut dg e sikhy
result, the front (Ff!&ﬁ:f& ﬂ J{Tbetﬁﬂ S@gr%%ﬁqvil %%}ﬁﬁhﬁae[@'i E;l edge F2

of the rearward pulse corl ncl eac e del ay

time Af ante fdeadied Yy tp7in A @ng, egual i zed. As shown in
FIG 31, the delay unit 33-4 is initialized, and its

As shown in FIG. 29, the forward-pulse delay

circuit and rearward-pulse delay circuit of evéxy delay
10 unit are outputting "0" while the delay circuits 33-1
to 33-n remain initialized. As seen from FTG. 30, a
forward pulse is input to the delay unit 33~4; whexeby
the state-?olding sections of the'delay units 33-1 to
33-4 assume the set state S, and those of the other
i5 delay units 33-5 to 33-n assume the raset state R.
When a pulse of the intermal clock signal CLK is
generated thereaftex, the delay units 33-5 to 33-n
output “1" because their state-holding sections are
reset. As a result, the front edge Fl of the forward
20 pulse and the frxont edge F2 of the rearward pulse
coincide with each other. That is, the delay time Af
and the delay time Ab are egualized. As shown in
FIG. 31, the delay unit 33-4 is initialized, and its
state~holding section assumes the reset state R. A
25 rearward pulse is theraby generated. This pulse passes
through the delay units 33-3 and 33-2. Finally, it is

output from the delay unit 33-1 as illustrated in
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t hereby generated. This pul se passes t hrough the delay units 33-3
and 33-2. Finally, it is output fromthe delay unit—33=t=s

illustrated in - 53 ThlsSheetHasBeEA m

32. Thus, a corrected internal clock signa
generated which is exactly synchronous with t he exte Hﬂlﬂl‘“ﬂ"ﬂ
signal CK. Since the signal CK is a 5 = h?3h- frequency

conpl etely synchronous wth the external clock signal CK, it can
make it possible to transfer data at high speed. _ The .
signal output frompthe Rast delay circuit 33-n Is nonitored. It can
t herefore be determ ned which 10 signal, the internal clock signal CLK
or the corrected Thust, eanabrekotiédsigbernéX clouvkt shgnadedKt ocan
transfer data, in accordance with the frequency of the external

cl ock signal. I\/brebgreengeayedlwhim éﬁtﬂm‘rlmc‘hrﬂnous withath€K has a
hi gh frequency and the internal clock 15 ghal CLK |neV|tany has too
great a skew, the externalcgleek:elgnat kel %-’!—%"c‘ﬁ E‘l"@n’e&g’@( S hch# dhous

th th CLK i t .
\tlamxt ernal cl otk gl ;hgﬁﬁtﬁ ﬁﬁ%ﬁﬁ‘:ﬁe ??%q%%gﬂr%ier %teiy slmc?’ﬁ?’é?‘ﬁ%lmﬁ}bck

| CLK has but t '
3;2361“) trangfseruda esg%érﬁgf\/\él&m\ﬁg%hﬂ c;%gl-ﬂf_fﬁé %@gr nf*gé?%)c%a gnal
CLK or the .ago.efgﬁgfgr {ﬁ@gr@é ¥ §¥F armg.p_a! CK', nmust be used to
is determne

transfer data, S0 in accordance with
' The signal output from the last delay circuit 33-n

is monitored. It can therefore be determined which
10 signal, the internal clock signal CLX or the corrected
internal clock signal CK’, must he unsed to transfexr
data, in accordance with the frequency of the external
clock signal. More precisely, if the extermal clock
signal CK has a high fiequency and the internal clock
i5 signal CLK inevitably has 1-nn great a skew, the
coxrected internal) clock signal CK’ synchronous with
the signal CLK is used to transfer data. If the
extexnal clock signal CK has a low frequency and the
internal clock signal CLX has but a small skew, the
20 internal clock signal CLK is used to transféz data.
Which signal, the internal clock signal CLK ox the
corrected internal clock signal CK’, must be used to
transfer data, is determined also in accordance with
the number of delay units used. The skew between the
25 external clock signal (044 énd the intexnal clock signal
‘CK‘ would not increase even if the external clock

signal has a relatively long cyele T.
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signal CK and the internal clock signal CK' woul d not increase even
if the external clock signal has a relatively lerg—eycle T.

54 The delay time Ais given as (D1 + D2), 1% %

patterns providing the delay tinme A are identical to s

whi ch provide the delay tinmes D1 and D2. Thi s nean !
sinplified | ayout of conponents is 5 ~suf¥4 cient to c em
whi ch generates a corrected internal clock signal CK synchronous

W th t he external clock signal CK The pr.esent
invention is useful in Pheed@lay tiieh A is givien asy gy, BM in
which the internal clock 10 signal is tenporarily |nterrupted and data
whi ch r eceipeststearms qutquildi miptthe dedyyc time dmanet identiigal to
frequency clock signal having a varying frequency. FIG 33 is
‘a sinplified circuihe cnmgrma)fwnm provide dihecidedan tdmeas DduiandsmPan i n
FIG 7. As FIG 7 shoms the circuit conprises three delay circuits
D1, D2 and A 1%mpaélssmytarar sjmpidied, dawontppt B@wentﬁa\;é del ay

L 5 A B 50 s B,
The corrected intelNale c{‘ﬂe?:él )1/1%9%1 rgﬁocﬁeg%%ﬁdcx' syﬁg':h%nbﬁ Il%%kock

control circuit is conple SYN ous exter na

signal CK, having 4 tyh pegt to the signal CK. The
circuit shown in FIG:€§¥gfﬁal clock sighBiPEK.

The present invention is useful in a memory, such
as a synchronous DRAM, in which the intermal clock

10 signal is temporarily interrupted and data which
receives and outputs data in synchronism with a high-
frequency clock signal having a varying freéuency.

FIG. 33 is a simplified circuit diagram of the
clock control circuit shown in FIG. 7. As FIG. 7 shows,

i5 the circuit comprises three delay circuits D1, B2 and A
and a STBD array. The circuits D1, D2 and A have delay
times D1, D2 and A, respectively. The STBD array is
composed oL a forward delay section FD and a backward
delay section BD.

20 The corrected internal clock signal CX’ generated
in the cleck control circuit is completely synchronous
with the external clock signal CK, having no skew with
respect to the signal CK. The circuit shown in FIG. 33
therefore effectively works to transfex data at a

25 leading edge of the external clock signal CK, that is,
at the time the signal CK rises from "L" level to "H"

level,
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the external clock signal CK that is, at the tine the signal

rises from"L" level to "H' | evel .

- 55 - Recently it is demand that not Qﬂlls\éheet oren
internal clock signal CK having no skew, but also an ﬁiilm 'E

clock pul se be generated which is delayed in

t he external clock signal CK by 5 (K7 )-fo i vvhere
t he external clock signal CK and k and j are natural nunbers,

bei ng greater than j (k <j). To out put datafromthe
menory at, for exanple, Recentl meléw&mmeﬂwawttmmjﬂagc@mmthe
external 10 cl ock si gnal & i S necessary to generate an

internal clock sighateGsd]l dﬂmgaedugnmaﬂe haviiity (7o [=dew,) but also wirt h
respect to the clock signal CK as well as a corrected internal
clock signal CK wnterhal imlqmawlse bhe gemiaratidrt wisdk i glellay@d imnl ess
the internal clock 15 gnal CKD is delayed in phase with res egwto

E 'hee t he CIr Ogl:i @%IWEE@ t h:%/aﬁ trneezrraa(x: nt]] 2:; e | Qe
i.e., i i |
short at the’tine WQ{IM "g'tﬁ A5 &N e f1d of ¢ Rel’tﬁ-f‘?ﬁﬁﬂﬁjy GhRF
h f h
ol ock cont rol " oit E%ﬁmﬂ) e é%&?*% T S AReSHRR SR PR T

whi ch can q;h ;?nt(g:r nal éd ock signal CKD which is del ayed
I n phase with respect to the exXternal “¢l'ock signal CK,

To output data from the memory at, for example,

the leading edge and trailing edge of the external

10 ciock signal CK, it is necessary to generate an
internal clock signal CKD delayed in phase by T/2 (= ®)
with respect to the clock signal CK, as well aé a
corrected intexnal clock signal CK’ which is in phase
with the clock signal CK. TUnless the internal clock

15 signal CKD is delayed in phase with respeact tn the
clock signal CK, exactly by T/2 (= =), the data window
(i.e., the period during which the data remains intact)
will be short at the time the memory outputs the data.
The memory may therefore output erroneous data.

20 Vhrious'embodiments of the clock control cixeuit
according to the invention will be described, which can
genexate an internal clock signal CKD wnicn.is delayed
in phase with respect to the external clock signal CK,
exactly by (k/j) X T.

25 FIG. 34 shows the first émbodiment of the clock
control circuit. The first embodiment generxates not

only a corrected internal clock signal CX’ set in phase
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t he cl ock control circuit. The first enbodi nent generates not

only a corrected—internal. clock signal CK set in phase
- 56 "fh.ssheetHasBﬁh the external clock signal CK, but also an internal

cl ock si &d in phase by T/2 (= [err]) with respect to

t he cl ocﬁ,mlgm ere Tis the cycle of the clock signal CK 5
As shown his circuit conprises &6 - i nput buffer 13,
three delay circuits 32, 34 and 36, an STBD array, an inverter 35,
and a hal f backward del ay section HBD. The input buffer 13 has a

delay tinme D1, 4
G L EL  jefch 89 SRR KR UG o Y e e sl

respectively. The Siidk agignal TKY IS iin gty /2 (= del)awighction
FD and a backward del ay section BD. I n operation, the external

clock signal CK isrespect té HHd dibdiaignull ARl hteris3 ? Thee thdl fogrolks of
generates 15 an internal clock signal CLK having a skew of D1 with
respect to the extewmatlatlookigiagndIK.CK. The internal - cl ock signal
CLK is supplied to the del ay ci rcwt 32, whi ch generates a forward-
clock CL (aForward puld® shown irFr@&IG. the thisCigenid GauRTisSss AR

the O o varipRat Ay oot ATerl ATbnis% Ao 1 Ahd 36 ahy,

E;lt ; f g;\é\’ﬁ{l\gr i:ls d:r(%%ﬂs}:g gﬁ%rgaﬁ;'n%ﬁba vvé@.'ctdersggt ! %n BD half baciargrd %J.ta% t he

gection HBD. The input buffer 13 has a delay time DI,
and the delay circuits 32, 34 and 36 have a de}ay time

10 A, a delay time {2 X D1 + D2) and a delay time D2,
raspartivaly. The STBD array is composad of a forwaxd
delay section FD and a backward delay section BD.

In operation, the external clock signal CK is

input to the input buffer 13. The buffer 13 generates

15 an internal clock signal CLX having a skew of Dl with
respect to the exterﬁal clock signal CK. The internal
clock. signal CLK is supplied to the delay circuit 32,
which generates a forward clock CL (a forward pulse
FCL1). The pulsa U1, ir input to the forwaxd delay

20 section FD of the STBD array. The section FD puts the
foxward clock CL forward by a time A, The pulse CL
thus put forward is supplied to the backward section BD
and then to the half backwaxd delay section HRD. The
section BD generates a rearward pulse RCL, and the

25 section HBD generates a rearward pulse HCL. The ﬁulse
RCL is delayed precisely by the time A, and the pulse

HCL is delayed axactly by the time A/2.
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generates a rearward pul se HCL. The pul se RCL is del ayed precisely
by the tinme A -and the pul se HCL is del ayed exactly by the tine

m.sSheetHasBeenRgiced The internal clock signal CLK is input to the

sect [ ons determnmines the timng of generating the
rear war d

HCL. The i nverter 35 inverts the internal
cl ock -si d) generating an i mvert’ed 1 nternal cl ock signal CLK
The . clock signal CLK is input to the forward delay section

FD and determnes the tine [err] by which the forward cl ock CLis

to be put forward. The internd® dESERadigral TLIRGAs i tnputppto eché o t he
delay 10 circuit 34. The circuit 34 delays the pulse RCL by the

tine (2 X D1 + D2)segeimistBmairal BBD exidddtexmings the timigigy@E si gnal
CK' which is in phase wth the external clock signal CK. In the
neantine, the reargemakgiuirge the rearwd@d ipnlsasp|RALd ans HEL-de|lThP circuit
36. The circuit 15 36 del ays the pulse HCL by the _tinme D2, generating
an i nt er nanvarkar 35 daiveTis M%Hﬁ'@%hfé& lh S@mi?el 6&1‘

T/2 (= 180 It should b ted t h -_—
of t§1e del Ei%r (r:% rzzmne}‘zatlgiu%&“ ginr‘]’%"% B 3: aL"' s:.gnal R - |{q§ ows
_fthe se_cond enbodi t Ofs tghe lCI% %%r%%’utc.egtq?é féfn?HJ:& &‘SfQ%déé'cgti&ét he

i nvention. The se gener at e only a torrecte

i nternal GO Unh | M Ko Tnd R1RAY Wl BnibR £KbCEBMaslOEKooK

CL is to be put forward.
The rearward pulse RCL is supplied to -the delay
10 circuit 34. The circuit 34 delays the pulse RCL by the
time (2 X D1 + D2), generating a corrected internal
clock signal CK’ which is in phase with the external
clock signal CK. In the meantime, the rearward pulse
HCL is supplied to the delay circuit 36. The circuit
15 36 delays the pulse HCL by the time D2, genexating an
' internal clock signal CKD which is delayed in phase by
T/2 (= 180° ). It should be noted here that the delay
time A of the delay circuit 32 is set at 2 X (D1 + D2).
FIG. 35 shows tha sanond embodiment of the cloék
20 control circuit according.to the invention. The second
embodiment generates not only a corrected internal
clock signal CK’ set in phase with the extexnal clock
signal CK, but also an internal clock signal. CKD
delayed. in phase by T/j (= 2% /j) with respect to the
25 clock signal CK, where T is the cycle of the clock
signal CK.

As FIC. 35 shows, the ciremit nomprises an input
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by T/j (—2-fer+r}/j)>—wth respect to the 25 clock signal CK, where T

is the cy Ie of the clock signal CK As FI G 35 shows,

the circu qn ut - 58
" H ee delay circuits 32, 34 and 36, and an
5 and a 1/] backmard del ay ~section 1/j BD.

STBD array
The i nput buffer 13 has a delay tinme DI, = 58 and the delay circuits 32,
34 and 36 have a delay tine 5 A a delay tinme ([j-1] X DL + ] X D2)
and a del ay " time D2, respectively. The STBD array i s conposed of
a forward del ay SeBhEQérFEBan@hﬂeéaégfﬁfdcfE%ﬁWts 32, 343553'9@ Bhbhd

I n operation, the external ¢l ock signal" CK is | nput fhe I nput
buffer 13. The buahesTSS ger&yatss 1nvertera35; namnal 1£3 oas#cﬁwﬂmld
having a skew of D1 with respect to the external clock signa

The i nt ernal sectionkljiBmal The izpwstidphfBsht D3 tlee de| dylay reime ﬁm,
whi ch generates a forward clock CL (a forward pulse 15 FCL1). The
pulse CL is input @ndttkﬁfd#lﬁwrbim¢u@ts 32 34s¥mdiiﬁlhiwﬁﬁatdﬁliﬂTiime
array. The section_FD qg t he, ward clo CL forward by a tine
[err] . The pul se & 2 delay tipg kiﬂ‘*lw%w@% TsJsﬁpB?DeGngoat961§kamard

] g ;
20 "secti on 6D HEREr3 coaaa vkl pur e s R df cls Yonbddl 0,
1/] BD generates a [ xﬁ?éz?d g&&%@l Ydddson ¥ and a badithaify Hdady del ayed

precisely by the tlne
section BD.

In opexation, the external clock signal CK is
10 input to the input buffer 13. The buffer 13 generates
an internal clock signal CLK having a skew 6f'D1 with
respect to the external clock signal CK. The internal
clock signal CLK is supplied to the delay circuit 32,
which generates a forward clock CL (a forward pulse
15 FCL1). The pulsa CL is input to the forward delay
section FD of the STBD airay. The section ¥D puts the
forwarxd clock CL forWard by a time A. The pulse CL
thus put forward is supplied to the backward section BD
and then to.the 1/5 backward delay section 1/3BD. The
20 section BD generates a rearward pulse RCL, and the
section 1/j8D generates a rearward pulse 1/jCL. The
pulse RCL is delayed precisely by the time A, and the
pulse 1/jCL is delayed exactly by the time A/j.
The internal clock signal CLK is input to the
25 sections BD and l/jBD and detexrmines the timing of
generating the rearward pulses RCL and 1/3CL. The

inverter 35 inverts the internal clock signal CLX,
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clock signal CLKis input to the 25 sections BD and 1/jBD and
determnes the timng of. generating the rearward pul ses RCL and

1/ j CL. Thid®heet Has Been Réphoedrt er 35 inverts the internal clock signal CLK

gener ati| i nternal clock signal CLK.  The cl ock signa
CLK is d , rward del ay section FD and determ nes the
time [e y which the forward cl ock - S59CL-is to be put forward. 5
The rearward pulse RCL is supplied to the del ay circuit 34. The
circuit 34 delays the pul se RCL by the time ([j-1] x DL +j X D2),

generating a Co”iiéx%%l:aﬁinq an iverted Enetelenaloedlock<sighialh GIK i n Thase
e al C

W th the extern ock signal CK In the nmeantime, the 10
rearward pul se 1/ jGlodks syl )t ois hinpiet oo cilis ufdrward del®p. sedicion
circuit 36 delays the pulse 1/jCL by the tine D2, generating an

i nternal cl ock si gmalandKBateirolines the timedd) sppdwhichhtbe Hyraprd (elock
360[err] /j). It should be noted here that the delay tine A of the
delay circuit 32 i is5to besputaforwardpl + D2). FIG 36

‘illustrates .the third enbodi nent of the . clock .cantrol .cirgcyi

i’iCC(L)II’di ng t& the i Invent'Il'h?n.'—'-'I‘*ar‘"'a-"-'d Pﬂqéet RSty 8 H8 a’(?ng'rhglt é"gi:?g't only
ted .1 nt, I K _Si I o ' it h 20

xternal ol ock si GHHACHSE Hhy, *IRE0 I raNAr, PR, AeThyEy tR" DM RCL By o

del ayed in phase &Jﬁ#ﬁlg[gﬁé%[%% % /iR n2), gendbddidfPedriadde

cl ock signal CK, ere .
internal clock signal CK’ which is in phase with

the external clock signal CK. In the meantime, the

i0 reaxward pulse 1/jCL.is supplied to the delay circuit
36. fThe circnit 36 delays the pulsa 1/3CL hy.the time
D2, generating an internal clock signal CKD which is
delayed in phase by T/j (= 360° /j). It should be noted
here that the delay time A of the delay circuit 32 is

15 sef: at 2 X (DT 4+ D2).

FIG. 36 illustrates the third embodiment of the

clock control circuit according to the invention.
The third embodiment generates not only a corrected
internal clock signal CK’ set in phase with the

20 external clock signal CK, but also an internal clock
‘signal CKD delayed in phase by T X k/j (= 2x X k/j)
with respect to the clock signal CK, where T is the
cvycle of the clock signal CK.and k and j are natural
numbers, k being greater than j (k < j).

25 As seen from FIG. 36, the thixd embodiment
comprises an input buiter 13, three delay cixcuits 32,

34 and 36, an STBD array, an inverter 35, and an k/j
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being greater thanj (k <j). 25 : As seen fromFIG 36, the third
enbodi nment conprrses an input buffer 13, three delay circuits 32,

34 and 31311smet3’a'sm3 an inverter 35, and an Kk/|j
: rd del ay section k/jBD. The input buffer 13
has a deI and the delay circuits 32, 34 and 36 have
a delay ti ne A, ([i-kt X601 + j X D2) and a delay tine
k x D2, respectrvely .The STBD array is conposed of a forward

del ay- sectron FD and a backward del ay section BD. “In

operation, the exteapRlrazliogkls ?gﬁébt%' R/jBD. TheNPHbutObhheaknpyt
buffer 13. The buffer 13 generaie an internal ¢lock signal CLK

having a skew of kh¥sDa délQay timéhkr&spact and the deleynelircudts 32gnal

CK. The i nternal clock signal CLK is supplied to the del ay

circuit 32, which génandtas hater aaddlayotim&lA( aa delay timeward pul se
FCL1). The pulse CL is input to the forward del ay section FD of
the STBD array. Thé{itB]l X DdettfoX PB)pand ehdeflemddmecikock 23 forward by

atine A. The pulse CL thus put forward |[s supplied to th
backward sec®i on BEﬁﬁﬁchﬁEﬂ 1¥o t%@ekg BY ARGRY 5 cFppose _°g %eﬁ#?YﬁFd

k/jBD. The section ener r ear war se a the
se£tion k/j BD gene?ﬁ&% ﬁ%?ﬂaf% Eé ba?%ﬁ%%@k?%i%y sé%%;%% “RCL is
del ayed precisely by thfn op rat:f.&h"e?{agréitefﬂglt@fmpﬂl§fg§§$iqﬂc'§sd6| ayed

exactly by the err
input to the input buffer 13. The buffer 13 generates

an internal clock signal CLX having a skew of k X Dl
10 with respect to the external clock signal CK. The
intarnal clock signal CLK is supplied to the deiay
circuit 32, which generates a forward clock CL (a
forward pulse PCL1). The pulse CL is input to the
foxward delay section FD of the STBD array. The
15 saction D pﬁts the forward clock CL forward l'ay a timc
A. The pulae CL thus put forward is supplied to the
backward section BD and then to the k/j backward delay
section k/jBD. The section BD generates a rearxrward
pulse RCL, and the sectian k/jRD generates a rearward
20 pulse k/jCL. The pulse RCL is delayed precisely by the
time A, and the pulse k/jCL is delayed exactly by the
time A X k/j.
The inted':nal élock siénal CLK is inpnt to the
sections BD and k/jBD and determines the timing of
25 generating the rearward pulses RCL and k/jCL. The
inverter 35 inverts the internal clock signal CLK,

genexating an inverted internal clock signal CLX. The
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and determnes the timng of 25 generating the rearward pul ses RCL and
k/ j CL.—Fhe- raverter 35 inverts the internal clock signal CLK,

generat,l.hnsgSh HasrBT ﬁg‘:&dnternal cl ock signal CLK. The

- 61 - Ignal CLK is input to the forward del ay section
FD and d |ne A by which the forward cl ock CL is to be
put for " The rearward pul-se CL -ts supplied to the del ay
CIrCUIt 34. The circuit 34 delays the pul se RCL by the tine
([]-k] X DL +j X D2), generating a corrected I nternal clock signal
CK' which is in phassciidignal CLK iQe;ﬁ%{}eraal tﬁéOEBxﬁaﬁaahe@Ky kactisn
meantinme, the rearward pul se is supplied to the delay circuit
10 36. The ciPmuand Heitkamoied tmxeptﬁm kiAj By Whithethenfoxward clck
D2, generating an internal clock signal CKD which is delayed in
phase by T X k/j (CL 330[tr e Pul jHorwaxd. shoul d be noted that the
delay tine A of the del ay circuit 32 is set at | X (DL + D2 15
FI G 37 shows the four tPhe meanwasnd mxlstmé!@d@supplled dshitha cter

according taq the inventjo The fourth | nbodl ner not
only a corrg%ted iR HH 34. 'the EH&HP%?I&ﬁaF 4%? t he

Gel ayed i n phase 5% S Nt=RG; o 3 El/f?%éf%eé%%%‘)ﬂ‘ £ Bifjelieh =0

clock signal CK wigreqLal %%BQQ Qighglohxph%hlch is 1%!%%&s§'@&4h CK and k

and j are natural nunbers,
the external clock signal CK. In the meantime, the

rearward pulse k/jCL is supplied to the delay circuit

10 36. The circuit 36 delays the pnlse'k/jCL.by the time
k x D2, éenexating an internal clock signal CKD which
is delayed in phase by T X k/j (= 360° X kx/j). 1t
should be noted that the delay time A of the delay
circuit 32 is set at j X (Di + D2).

15 FIG. 37 shows the fourth embodiment of the eclock
control circuit accoxding to the invention. The fourth
embodiment generates not only a corrected internal

- clock signal CK’ set in phase with the extermal clock
signal CK, ur also an internal clock signal CKD

20 delayed in phase by k X T/j (= 2x X k/j) with respect
to the clock signal CK, where T is the cycle of the
clock signal CK and k and j are natural numbers, k
being greater than j (k < j)-

As FIG. 37 shows, the fourth embodiment comprises

25 an input buffer 13, three delay circuits 32, 34 and 36,
and STBD array, an invertex 35, and an k/3 backward

delay section k/4BD. The input buffer 13 has a delay
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enbodi nent conprises 25 an input buffer 13, three delay circuits 32,
34 and—36; and—STBD ‘array, an inverter 35, and an k/j backward

delay seﬁggggfﬁgé&%%m he input buffer 13 has a del ay

, and the delay circuits 32, 34 and 36 have a
delay t|+ﬂuﬂuﬂul l
([k-1]

ime ([j-1] X DL +j X D2) and a delay tine

respectively. The = 62 STBD array is conposed of a
forward delay section FD 5 and a backward del ay section BD
In operation, the external clock signal CKis I nput to the input
buffer 13. The buffgfs Iﬁ O RS delay cirdhitdl ¥2)3134C sk 36 Gavie @K
having a skew of DI wi respeCt to the external clock signal CK
The internal 10 del(&;ptﬂma nala Qetiays tdmep|(ifge1jo % DAL delfayX P2 L uknd 32,
which generates a forward clock CL (a forward pul se FCL1). The pul se
CL is input to theldlemymarishedglfdy-1] ¥ DL sed i%rPFD ctesproSIBEL¥r r A4he The
section FD puts the forward clock CL forward by a tlne A Th%npulse
CL 15 thus putSTRS vemmey 38 GopFoses Of Fe TormaRs dedagt SaTt1on

and then to the k/ i Pac% d de sectE% 1@“ BB The section BD

generates a*ear section k/JBD generates a

d I K/ j Cl I I th
{le(?nrewir aﬁg I’Sﬁe J q&hlogee%ﬁﬂrﬂrﬁ%el aye &%ea;(igc W%%ﬁie tinme err]e X
B jq§§ W@ W%QEK pledad) 16LK ﬁ%d %Bﬁkekolhh@anerates

sections BD and k/ eter nes e timng o
an Lnternal clock signal CLK hav1ng a skew of D1 with

‘respect to the external clock signal CK. The internal

10 clock signal CLK is supplied to the delay circuit 32,
which generates a forward nlock CL (a forward fulse
FCL1). ‘he pulse CL is input to the forward delay
section ¥D of the STBD array. The section FD puts the
forward clock CL forward by a time A. The pulse CL

15 thus pnt forward is supplied to the backwaxd saction
BD and then to the k/j backward delay section k/jBD.
The section BD generates aﬁrearward pulse RCL, and the
section k/jBD generates a rearward pulse k/JCL. The
pulse RCL is delayad pracisaly hy the time A, and the

20 pulse k/4CL is delayed exactly by the time A X k/j.

The internal clock signal CLK is input to the

sections BD and k/jBD and determines the timing of
generating the rearward pulses RCL and k/jnnf\ Thea
inverter 35 inverts-the internal clock signal (LK,

25 generating an inverted internal clock signal CLK. The
clock signal CLK is input to the forward delay section

FD and determines the time A hy which the forward clock
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invertZLiEﬁﬁLgEgiﬂgL_nggk signal CLK, 25 generating an inverted

i ntern irgnal CLK.- The clock signal CLKis input to the
forward ,ﬂﬁé@yaﬁmmﬁ FD and determines the time [err] by which the
forward:c

- - 63 - CLis
to be put \m\‘m‘“ ' The rearward pulse RCL is supplied to the
delay - . cult 34. The circuit 34 del &s the pul se RCL by the

time ([j-1] X DL +j X D2), generating a corrected 5 i nternal clock
signal CK' which is in phase with the external clock signal CK In

the neantine, theegr, is to HRAPME EcRWasd.k/jCL is supplied to the delay
circuit 36. The circuit 36 delays the pulse k/jCL by the

time ([k-1] X D1 + k XTH® regafweimi ipudsen ROL dsnapplded toclthek deilgyyal CKD
which is delayed in phase by T X k/] (= 360[err] X k/j)y. It should
be noted that thecdelcajittiide The ciraudt BHecadmyy thecpuilse?2RCEH byt the |
X (D1 + D2). FIG 38 shows the fifth enmbodi ment of the clock
control circuit addseditig-2d ¢h®Y rvdntt di2) mrEenexating 1 correstnsi nent
generates not only a corrected. intern l,ock signal CK

phase with the extdeHmal sdeck 519naiLF§ﬁawhéRPC53tlg|g APfr & épﬁgéﬁhgl
CLogh o) S X Vemterpay (T HIoTT KT, “InS g BoBEme] BRES, O ¢
FIG 36, the 111t Roemeaarney o k/3e8"%s Spplied o cho Aliaitoifolle L
circuits 32 and 344, fhe circuit 36 delays the pulse k/iCL by the
time {([k-1] X D1 + kX X D2}, generating an internal
10 clock signal CKD which is delayed in phase by T X k/j
(= 360° X k/j). Tt should be noted that the delay time
A of the delay circuit 32 is set at j X (D1 + DZ).'
FIG. 38 shows the fifth embodiment of the clock
control circuit according to the invention. éhe'fourth
15 embodiment generatn.é not nnly a corxrxected intexnal
clock signal CK’ set in phase with the exterxnal clock
signal CK, but also three internal clock signals CKQ,
CKH and CK3Q which are delayed in phase by T/4 (= 90° ),
T/2 (= 180° ) and 3T/4 (-% 270° ), respectivelir, with
20 respect to the clock sigﬁal CK. |
As is shown in FIG. 38, the fifth embodiment
compxises an input butter 13, delay circuits 32 and 34,
a SAD {Synchronous Aci:ﬁu_stable Delay) array, an inverter
35, delay circuits.36a,_36b and 36c, and delay sections
25 QBD, HBD AND 30BD. The input buffer 13 has a delay

time D1, the delay cixcuits 32 has a delay time A, and

the delay circuit 34 has a delay time (3 X D1 + 4 X D2).
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circuits_36a,_36b and-36e,—and del ay sections 25 QBD, HBD AND 3QBD.

The input buffer 13 has lglcegel ay time D1, the delay circuits 32 has

a del ay tiTHisSheet e e the delay circuit 34 has a delay tinme (3 X D1 +
4 X D2). I J lull ll _ -64 - The del ay
circuits 36H have a delay tine D2, (D1 + 2 X D2) and

(2 X D1 + 3 X D2), respectively. The ®8AD-array is conposed of a
forward delay section FD and a backward del ay section BD. 5
‘I'n operation, the external clock signal CKis I nput to the input

buffer 13. The bufégs ﬁlﬂf@iﬁé@fts 36a, 360 Afd I8 hav@CK SRRt il

havi ng a skew of D1 wi respect to the external clock signal CK
The i nternal D2, C{ DL k+ S2 grah2 Clénd S(Zuppbied Boxt D2)deregpectiwely3?,
10 whi ch generates a forward clock CL (a forward pul se FCL1).

The pulse CL is irfphe SXDtaerdwrimrabmsssd of a fowgesotd oY ceatiorsAD

array which is, for exanple, an STBD array. The
section FD puts thendor viackwaxst ideday @agden BP-  py a time [err]. The

pul se CL thus put forward is supplied _ t o, t he hackwar ay section
BD, quarter dackward In OPexf sche frtepnal, 4 °°§&&&ﬁ?%}'g‘§%a’2} section
HBD and 3-guarter backward del sectd on e

del ay section BD d’gf%% E%eﬁ'ﬁn@‘ﬁ%&?ﬁqﬂé% (tﬁg%ﬁr g'ea‘f%q{e%r%te§ i

del ay el enents), & ! 2 crl%acrk\’@i%nal CLK l'&tuﬁl% '%Gskeu‘%ﬂ‘_iﬁr tA%n

backward del ay section _
respect to the external clock signal CK. The internal

-clock signal CIK is supplied:to the delay circuit 32,
.10 which generates a forward clock CL (a forwaid.pulsg
FCT.1). The pulse CL is input to the forward delay
section FD of the SAD array which is, for example, an
STBD array.
The section FD puts the forward clock CL forward
15 hy a tima A. The pulse CL thus put forward is supplied
to the backward delay section BD, quarter backwaxd
delay section QBD, half backwaxd delay section HBD and
3-gquarter backward delay section 3QBD. The backward
delay.section BD delays the pulsae 1. hy tima A (the
20 delay time of j delay elements), generating a reaxward
pulse RCL. The guarter backward delay section QBD
delays the pulse CL by time A/4 (the delay time of j/4
delay elements), genexating a rearward pulse QCL. The
half backward delay section HBD delays the pulse CL by
25 time A/2 (the time of j/2 delay elements), generating a
reaxward pulse HCL. The B—quarter backward delay

section 30BD delays the pulse CL by time 3A/4 (the
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el enents), generating a rearward pul se QCL. The hal f backward del ay
secfraﬁ_HBEFdEfays—%he_puIse CL by 25 time A/2 (the time of j/2 delay
‘el emeTHisSheet A8 RL '-9 a rearward pul se HCL. The 3-quarter backward
delay i f@CBD del ays the pulse CL by tinme 3A/4 (the

”[,"rf, . time of 3j/4 elenents), generating a rearward
pulse - The internal clock sB§natk CLK is input to the
sections BD, BD, HBD and 3QBD, determ nes the timng 5 of generating
the rearward pul ses RCL, QCL, HCL and 2QBD. The inverter 35 inverts
the internal clockgelay time QabthKeIGﬁéﬁﬁéilngeﬂérhﬁiﬁgtadréakﬁaﬂd|
cl ock si gnal CEK The cl oCk signal CLK'i§ input to the
forward delay sect padseD3ged.deternmines the tinme A by 10 whi ch t he

forward clock CL is to be put forward. The rearward pul se RCL
is supplied to the del aghe interneailr clbtk3éighhd CEKcdet idputiekaythehe
pul se RCL by the time (3 XD1L +4 XD2 generating a corrected
i nt er nal ' cEeckiongnBP, (@BDWhHER and| A0PRasdeterminge theckiming s

e A T e
by 14 (~ooferr] paED." 868 snversar afCiuyetes Fhé i EafirTiEtok, EQ""SG
tme o (pr +shapRopiR, Mefietfkthe N Hivaifed Eapuchi phock [1e
signal CLK. The clock signal CLK is input to the
. forward delay section fD and determines the time A by
10 - which the forward clock CL is to be put forward.

The rearward pulsa RCL is supplied to the deléy
circuit 34. The circuit 34 delays the pulse RCL by the
time (3 X D1 + 4 X D2), generating a corrected internal
clock signal CK' which is in phase with the exteznal

158 clock signal CK. The rearward pulse QCL is supplied to
the delay circuit 36a. The circuit 36a delays the
pulse QCL by the time D2, generating an internal clock
signal CKQ which is delayed in phase by T/4 (= 90° ).
The rearward pulse HCT. is supplied to the delay cixcuit

20 36b. The circuit 36b delays the pulse HCL by the time
(D1 + 2 X D2), generating an internal clock signal
CKH which is delayed in phase by T/2 (= 180° ). Simi-
larly, the rearward pulse 3QCL is supplied to tha
delay circuit 36c. The cirxcuit 36c delays the pulse

25 30CL by the time (2 X D1 + 3 X D2), generating an
internal clock signal CRD ﬁhich is delayed in phase by
3T/4 (= 270° ).
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the rearward pulse 3QCL is supplied to the delay circuit 36c. The

circukt-%ﬁt—defaysékhe—ﬁulse 25 3QCL by the tine (2 X D1 + 3 X D2),
é ternal clock signal CKD which is delayed in phase

ge“erath&%m%P en 56
It shoulHlHLEﬁﬁl! t the delay tinme A of the delay circuit 32 is
set at 4 FIG 39"sh®fs,=in detail, ‘the fourth

enbodi nment , i.e., the clock control circuit illustrated in 5

FIG 37. . The external clock signal CKis supplied to the

input termnal 30 of thetnphBLHYd BAenbtedath&K thet Belay time Aiofuthéo the
i nput buffer 13 which has, as nentioned above, a delay tinme D1. The
i nput buffer 13 gedEIayeelréﬁlt 32nisnsetnat 41 ¥ckD3i ¢nBR)CLK whi ch has a
skew of D1 - with respect to the external clock signal CK. The

signal CLK is input to PRG.- déﬁayhOWFequ datpili ngha fourth gmbagiment, A

The circuit 32 generates a f.orward ﬁ% a for rd cl ock Cl)
15 Meanwhi £e®- th@?n‘&%??’érc‘gﬁt?%e?%EC‘EhE } d in cl ock .
si gnal CLK, enerak# 32 inverted internal clock 5|gnal CLK. The
signals CLK and CL fe“Supplied to n ‘delay units 33-1 to 33-n.

The units 33-1 to 33-n h?h%xF ?gggﬁggiegi%ﬂgg?qkeaﬂi%' ifg&@f& fﬁgse

FCL1 is 20 i nput toO el"ay uni ener
rearvard pul se RCLinnut tarminal 30 of the memmry. The signal CK is then

input to the input buffex 13 which has, as mentioned
above, a delay time D1. The input buffer 13 generates
10 an intermal clock signal CLK which has a skgw of D1
with' respect to the external clock signal CK.' The
signal CLK is input to the delay circuit 32 having a
delay time A. The circuit 32 generates a forward pulse
FCL1 (a forward clock CL).
15 . Meanwhile, the inverter 35 inverts the int@rnal
clock signal CLK, generatiﬂg an inverted inteinal clock
signal CLX. The signals CLK and CLK are supplied to n
delay units 33-1 to 33-n. | The units 33~1 to 33-n
are connected in series. The forward pulse FCT.1 is
20 inpuf to tﬁe first delay uﬁit 33-1, which geherates a
rearward.pulse RCL1.
A control pulse generating circuilt 60 generates
controi pulses P and P which are at "1° level and *0"
level, respectively. The control pulses P and P are
25 supplied to the delay units 33-1 to 33-n. Each delay
unit 33~-i (i = 1 to n) generates contxol pulses Qi and

6{. The control pulses Qi and 61 are input to the k/j
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and P which are at "1" | evel and "o" | evel , respectively. The
control puIses P and P are supplied to the delay units 33-1 to

: chlmaiunlt 33- (i =1 to n) generates control pulses Q
and , rol pulses Q and Q are input to the k/j
- 67 - d delay section k/jBD 37. The rearward
pul se RCLl I S sup to.the del ay - E&Frcmit 34. The circuit 34
del ays the pul se RCL by _ the tinme (j-1) X DL +j X D2, generating a
corrected 5 internal clock signal CK which is in phase with the
external clock si gadkwaltd degaycaevBionpkl/$BDKBICL is supplied to
the delay circuit 36. The circuit 36 del ays the pul se k/jCL_by the

time (k-1) X D1 + k X Bhe rearwardggmésetRﬁ@lanS|ﬁM@Pﬂ&BdcﬁdcﬁhgléﬁéPYCKD
which is 10 del ayed in phase by T X k/j (= 360[err] %

FIG 40 shows in edtraulitodd.of Thaenﬁdenﬁtcja# deﬂays the P“‘ﬁﬁl €73BY1 to
33-n, which will be referred to as_"del

As
seen from FI G 40theh&imel 4 )')‘énl ¥ gl é’og'pﬁ {y gﬂi’erattlrﬁge@ SRR | o
a formard-p | se del Ay Glgcuht ofk, gippal éx$taL§cH°£Q'gﬂ ?h&gé'%mtﬁnéhé

r ear war d- pu se del rwar d- pul se del ay

circuit is conpos t NYRIt epRedtabPwiaddd philSei RY§CLEis 41
and 42 are 20 %%5%%8C eglOCngégﬁal &$he |n3erter 41 rgcelves ?he

supplied to the delay circuit 36. The circuit 36
delays the pulse k/jCL by the time (k-1} X D1 + k X D2,
Jgenerating an intermal clock signal CKD which is

10 delayed in phase by T X k/j (= 360° X k/i).

FIG. 40 shows in detail one of the identical dalay
units 33-1 to 33-n, which will be referred_to as “"delay
unit Ui."

As seen from FIG. 40, the delay unit Ui comprises

15 three circuits, i.e., a forward-pnise delay rircuit,
a state-holding cixcuit, and a rearward-pulse delay
circuit. '

vhe forward-pulse delay cixcuit is compt‘::sgd of
three inverters 41 to 43. The inverters 41 and 42 are

20 ‘connected in series. The inverter 41 xeceives the
output pulse FCLi of the immediately preceding delay
unit. The inverter 42 outputs a pulse FCLi+l to the
succeeding delasf unit. The inverter 41 is a clocked
inverter, which is controlled by a control pulse P.

25 When the control pulse P is at "1* level, the inve;ter
4) remains active. The inverter 43 has its output

terminal connected to the input terminal of the
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inverter 42 outputs a pulse FCLi+l to the succeedi ng delay unit.
The inverter 41 is a cl ocked inverter, which is controlled by a

control mlsSﬂeeHiasBBéiReﬁlﬁdMen the control pulse Pis at "1" level, the

inverter Ins active. The inverter 43 has its output
t er m-nal e input termnal of the

- 68 - |nver er 42. The input termi @@ of the inverter 43 is

set at "0" potential (e.g., the ground potential). The i nverter 43
Is a clocked inverter, which is controlled by a control pulse P.
When the control pitheerfiarsszy The inputl td@viial (G Ly eidvsreer rERifs
active. The rearwar d- pul se delay circuit is conposed of

three inverters 44seb a6. "Thepotemrial s(elg andhe grennd potentimhpct ethe n
series. The inverter 44 receives either t he internal .cl ock signal
CLK or the pul se Ronvantan(M? isua prkodkesin inwenharecathinh d enhralledhe
i nverter 45 outputs a puI se RCLi to the preceding delay unit. The

inverter 44 is a PBHAKPRERR (ElsquRt ch Wheny gthe Aontrol pulse B i @t r ol
pul se Q Th |nver;,r44| I ve on while the pul se signal Qis
at "1" Ieve The nv]e?‘f%f % 1nv&g:t%’§§s 431 rema %%‘Hﬁeﬁ connected to
t he i nput term r T ts f.4 he
i nverter 46 receives th@?‘% er n‘tﬁer %@Léegi%%ayé%éa‘{w i eé&ﬂéﬁec?ior#és.
The inverter 46 i S.ileid fe@elQd 4GS U, mhe invad NGO R0 4 e

control pulse Q It remains active 20 whil e the control pulse Qis at
"1" level. - connected in series. The inverter 44 receives either

the internal clock signai CLK ox the ﬁulse RCLi+l
10 output from the succeeding delay unit. The inverter 45
outpnts a pulsa RCLL to the preceding delay 'un‘it- Tha
inverter 44 is a clocked ihverter, which is controlled
by a control pulse Q0. The inverter 44 is active only
while the pulse signal Q is at "1" level. The inverter
15 46 has its output terminal connected to the input
terminal of the inverter 45. fThe input terminal of the
inverter 46 receives the internal clock signal CLK at
all times. The ihverterl46 is also a clocked inverter
and controlled by a control pulse 0. Tt remainr active
20 whlle the contrxol pulse Q is at 1" level.
The state-holding cixcuit is composed of a state-
holding section 47 and two NAND circuits 48 and 49.
The NAND circuit 48 receiveé the output pﬁlse FCLi of
the preceding delay unit and a clock signal CLK
25 generated by inverting the internal clock signal CLK.
“he NAND circuit 49 réceives the output signal of the

inverter 45 and the internal nlaock signal CLK. The
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and two_ NAND circuits 48 a CIrCUItS 48 and 49. The NAND circuit 48 receives the
output pulse FCLi i the preceding delay unit and a clock signal CLK
25 éh@ﬁb@ﬂﬂs n é%@lng the internal clock signal CLK The
NAND C|r s t he out put signal of 'the i nverter 45 and
the |nte CLK. The
- 69- naI of the NAND circubP 48 is supplied as a
set signal to the state-hol ding section 47. The out put signal of the
NAND circuit 49 is supplied as a reset signal to the state-holding
section 47. The Stoiit‘imt Bignalhefdiche mbi @Rrédiis 48ei sWaappl hedouspat
signal S of B circuit 48 (i.e., the set signal) falls to "0"
level, and is resgbuMumgnhﬂetoutpatstageahomﬂlngesuaumon 47. Thecoitpud
(i.e., the reset signal R) falls to "0" | evel . 10 The
st at e- hol di ng secmugna47oﬁstbesNgNBdctUceétpﬁﬂ is suppidhedcsit prorepatses Q
and Q The control pulse Qrise to "1" level when the section 47 is
set. The control signal g §be@ta§eshpédmg pegELonhdd - th@hﬁeéFF'Bﬁ'M is

h
gﬁFﬁtahtype as hshPﬂpggﬁféggglPﬁ gh ) Sgg ' @henthd: OﬁﬁPB ? 6 %afH%S
s to b T overnd A Bizeniy, a8 oM ¢ "the her OfqriRl)! a1 Pk £6 p-

rises to "H' level, f pu

E:g jé i|Tustrat 9.§v§-lrmghfi' €81 L8RP hbR eﬁtaxutgat sibhhi bk SheRakD

circujt 49 (i.e., the reset signal R) falls to "0O"
level.

10 The staﬁe-holding section 47 is designed to output
the control pulses @ and a. The control pulsa O xises
to 1" level when the section 47 is set. The EQntrol
pulse 6 rises to "1" level when the sectioﬁ 47 is reset.

the state-holding section 47 is, for example, of

15 such a type as is illustrated in FIG. 9.

After the forward pulse has passed trough the
delay unit Ui, the control pulse Qi rises to "H" level,
and the control pulse oi falls.to "L"* level.

FIiG. 41 ilIustraens A modification of the delay

20 unit Ui shown in FIG. 40.

As seen from FIG. 40, the modified delay unit
Ui comprises three circuits, i.e., a forward-pulse
delay circuit fdi, a state-holding civronit svi, and a
reaxward-pulse delay cixcuit bdi.

25 The forward pulse delay circuit fdi is composed of
five inverters 91 to 95. The inverters 91 and 93 are

connected in series. Tha inverter %1 receives the
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circuits, i.e., a forward-pul se delay circuit fdi, a state-hol ding

circuit sri, and-a———— rearward-pul se del ay circuit bdi. 25
The f or Ty Shedp kihsTR e, eI circuit fdi is conposed of five inverters

91 to 95 {1 991 and 93 are connected in series. The
i nverter ! n Ihe_ - 70-
out put si ghal t he precedi ng del ay uniiQ The i nverter 92

supplies a signal FCLi+1 to the follow ng delay unit. The inverter
91 is a clocked inverter, which is controlled by a control pul se P.

The inverter S outPdti Sigrdl VECIOD of N prdiediny Tddlap st | Srd " 1”
| evel . The inverter 94 has 1ts output term nal con- nect.ed to the
out put term nal ofitvertered2 esull bowl a signal #CIi+4D tidhethenpidlYcavimenal s
of the inverters 92 and 95. The input termnal of the inverter 94
is set at "0" 10 delaptwmital The ginvearten ke potaindkdd invErtamyert er
94 is a clocked inverter, which is controlled by a — control pulse P.
When the control perichAs centrolled by a qantaiol mudge\Rrt cFhazineentes

active. Jhe rearward-pul se delay circuit bdi is-cpnposed 15

of five i nvéters % 1% "!L%’:"efﬂg- R 6’%@84?“ se P 18 At rhect ed
in series. The i nv]?é‘%e?e. %I'l{eecier{v\é%?:lefl 94 haselj;tr;ero tﬁ%éés&%?@gg’:aéglcg’gﬁ&ay

signal CLK or the pu output "from

uni t. The AMELd Ha TheP Wttt TSR IREA 2 fihﬁe.ir}_g%&e@hnqnﬁe' ay

20 unit. The inverter 96 Is a ocked 1 nverter, whic
also to the input terminals of the inverters 92 and 95.

The input terminal of the inverter 94 is set at *0"

10 potential (e.g., the ground potential). The inverter
94 is a clocked invertar, which is contrxolled by a
control pulse P. When the control pulse P is at °1iv
level, the inverter 43 remains active.

The rxrearward-pulse delay circuit bdi is composed

15 ~of five inverters 96 to 100. Tha inverters 9!’5 and 98
are connected in series. The inverter 96 receives
either the intexnal clock signal CLX or the pulse
RC$1+1 output from the succeeding delay unit. The
inverter 97 outputs a pulsé RCLi to the preceding rdelay

20 nnit.. The inverter 96 is a clocked inverter, which is
controlled by a control pulse Qi+2. The inverter 96 is
active only while the contxol pule Qi+2 is at “1" level.
The inverter 99 has its output terminal connected to
the input terminal of the inverter 96. The input

25 terminal of the inverter 99 receives the internal clock

signal CLK at all times. The inverter 9% is also a

clocked inverter and controlled by a control pulse Qi+2.
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while the control pule Q+2 is at "1" level. The inverter 99 has its

‘out put ternfﬁéT‘CUnﬁee%ed~Lo~_\ the input termnal of the inverter 96.

The input  23hjs shes Fﬁm of the inverter 99 receives the internal clock

si gnal CLK at ed nverter 99 is also a cl ocked inverter
and controlle pul se Q +2
-71- ive while the tonftol=pulse Q+2 is at

"1" level. The state-holding circuit sri is conmposed of
P-channel MOS transistors 101 and 102, N-channel MOS 5 transi stors

103 and 104, and apti pERALRS é@é;.veTma.le the cEnehalnShlAESQ 2Nk SAer S
101 and 102 are connected in series between the power-supply

term nal and a nodélf. level. The N-channel MOS transistors 103 and 104
are connected In series between the ground term nal and the node Z.
10 The gates of theThesstatmshslding I@iremiit 16%iais composedcofinect ed

to receive a clock s@gnal CLK obtai ned by i nverting the interna

clock signal CLK. Fhehaanel HMOS transxamaml randi 502y E-G#lmn%bmt ed
PR ALE U TG o R L VLT
e o anel 5y gfeble el oy T LAPY52 gy oA 42
gﬂlt ggt Qf rlogn E)B'?pgtg%%% E%%ﬂwﬂﬂn tfhhep 0 qu-.sli%ffwrgﬁﬁrna]ﬂogmﬁ ;qué&'
The N-channel MOS transistoxs 103 and 104 are connected
in series between the ground terminal and the node Z.
10 The gates of the MOS transistors 101 and 104 are
connected.to receive a2 clock signal EEE ob£aihed hy
inverting the internal clock signal CLK. The gate of
the MOS transistor 102 is connected to receive the
output signal RCLi—3 of the delay unit Ui-3. The gate
15 | of the MOS transistor 103 is connected to receive the
output signal FFCLi of the delay unit Ui-1. The input
terminal of the inverter 105 is connected to the node Z.
A control pulse Qi is output from the output terminal
of the inverter 105. A control pulse Qi is output from
290 the node 2,
FIGS. 42 and 43 show two examples of the k/j
backward delay section k/jBD 37 illustrated in FIG. 39.
Either example functions as an HBD (Half Backward
Delay) section when § = 2, K = 1 (for example, n =100,
25 m = 50) -- that is, when the internal clock signal CILK

is delayed in phase by /2 with respect to the extexnal

clock' signal CK.
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k/jBD 37 illustrated in FIG 39. Ei t her exanple functions as an HBD
(Hal f Backward —— ——Dbetay) section when j = 2, K=1 (for exanple, n
=100, 25 This Shest aBeer Redilldt i S, When the internal clock signal CLK

i s del ayed Jll!ﬂ m 'rmﬂ f Wi th respect to the external ~ clock

si gnal ,I - 72 - The
HBD i s conp units bdi (i ==l t}@ = m . Each delay unit
bdi is identical in structure. to the rearward pul se delay circuit
bdi of a SAD (Synchronous Adj ustabl e Delay) unit U . Hence, the 5

ratio of the tine by ' ; ad se
Whpied) ﬂD y B Odr@bﬂa G gﬂ/ ay?‘% units bdfafivad & Ry

to the time by which the HB he rearward pulse is
equal to the ratiagnpf t#fch delay uHiRDHAiOfisddlduntiivials iy @trdedture t he

section BD to the nunber of delay units provided in the HBD
secti-on. To 10 tdahosapedd iphlss dalay direwild Hdi ofl & GAD and m
delay units bdi (i =1 to m constitute r blocks B(1), B(2) ...
B(r). ( Schocanguise Adtjus thbdek DAY Yc amdits I .of Hensedethe

units Ul and U2 and one delay unit bdl. The delay unit 15 Ul generates
control pul & Ql Fntigl ofatdie kdmge byy which th%ﬁﬁptwgrlg&l?eﬂaléérscéﬁﬂ

pul ses @2 and : In t he backward del ay_section BD 37 .shown in
G 2’ the © e auise sestee ﬁatquy m&M% REseas 5 1 L2
are supplledtoth dela uni t _bdl t he n h '
backward del ay sec |0|¥ﬁ< §7mﬁ Pn s?l% Zgua& g'b t%g zatid/' ol Ehe

number of delay uwnits provided in the section BD to the
.numher of delay units provided in the HBD section. To
10 be more specific, n delay units Ui (i =1 to n) and m
delay units bdi (i = 1 to m) constitute x blocks B(1),
B(2} ... B(z).
For example, the block B(1l) consists of two delay
units Ul and U2 and one delay unit bdl. The delay unit
15 Ul generates contxol pules 01 and 5.{, and the delay
unit U2 generates control pulses Q2 and 65; In the
backwaxd delay section k/jBD 37 shown in FIG. 42, the
control pulses 2 and 6§.output by the delay unit U2
ara supplied to the delay unit bdl. On the other hand,
20 in the backward delay section k/jBD 37 shown in FIG. 43,
the control pulses Ql'and'ai ontput by the delay wunit
Ul are supplied to the delay unit bdl.
Similarly, the block B{r) consists of two delay

units Un-1 and Un and one delay unit bdm. The delay

25 unit Un-1 generates control pules Qm-1 and QOn-1, and
the delay unit Um generxates control pulses On and Oon .

In the backward delay section k/3iBD 37 (FIG. 42), the
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suppl i ed to the detay—unit—bdl Simlarly, the block B(r)
consi sts of Tmhggle unlts Un-1 and Un and one del ay unit bdm The
delay 25 - @Fat es control pules Qnl and On-1, and

t he del ay un| control pulses On and n. In the

backward del a D 37 (FIG 42), the

-73- ' control puI ses 1 and n out-put’hby t+he delay unit Un

are supplied to the delay unit bd. In the backward del ay section
k/j BD 37 showmn in FIG 43, the control pul ses -1 and -1 out put

by the delay unit LBadrslCpuldes Qn St gﬁdohephhebgehﬁé dellayPdmit Un
In the fourth enbodiment (FIG 39 one delay unit of the half

backward del ay secatensiifiblied pt:@vthbcﬂé.‘rny unit bdevely the bEtlaaxdhi t s of
t he backward del ay section BD. Thus, the backward delay section BD
del ays a rearward ddlay sgmtmtiy/jBDrB‘S'A stekxs EHe- h433.f thelaentealk| ay

section HBD del ays a rearward s.e_.bil i nce the n del ay
units U and m delpylses t@n-bbland @%ﬁB@tthYethebﬂGéRK uphE HarhyaXMits

bd1ll to bdm of the sect.ion HBD are, u ormy distributed for the
delay 15 5unitssmp%¥ﬁ®$%ft’1%éi%ém q’é‘“ that is, one del ay

[ bdi i i ded fo dj SAD
Therefore, the half backRelib dEpUari s C%@% (FE 39y, %%?EJSé%xetg%rd
pul se, exact l'y by J;fr-%llé 2han ha kw%x‘d. del:].a% s%%‘ﬂjhclzygﬂ@tfé 3{ é}
I C r el ay

delay units bdl to constrtute the halt backwa
section every two delay units of the backward delay section BD.

Thus, . the backward delay section BD delays a rearward
10 pulse by time A, whereas the half backward delay
section HBD delays a rearward pulse by A/2,

Since the n delay units Ui and m delay units bdi
constitute x blocks, the delay units bdll to bam of the
section HBD are uniformly distxibuted for the delay

18 units M +o IIn of the SAN array -- that is, cne delay
unit bdi is provided for every two adjacent SAD delay
units, Therefore, the half backward delay section HBD
can delay a rearwaxd pulse, exactly by A/2.

FTG. 44 illustrates one of the delay units bdl to

20 bdn which constitute the half backward delay section
shown in ¥1GS. 42 and 43. The delay unit bdi is
identical to the rearward pulse delay circunit of the
delay unit Ui shown in FIG. 40. That is, the unit bdi
comprises three inverters 44’ to 46'.

25 The inverters 44’ and 45’ are connected in serxies.
The inverxter 44’ receives either the output signal

HCLi+l1l of the following delay unit or the intermnal
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rearward pul se delay circuit of the delay unit U shown in FIG 40.
That is, the unit bt —conprises three inverters 44" to 46'. 25

The i nvert erfhidkheet A Al connected in series. The inverter 44'

receives eith 3 gnal HCLi +1 of the foll ow ng del ay
unit or the i ,H‘H lf
cl ock signal 4 \ba

er 45' receives t¥e output. si gnal HCLI
of the preceding delay unit. The inverter 44' is a cl ocked
inverter, which is controlled by a - control pulse Q. The inverter
44" is active onlyclofk siyhal eciie OfME IHvditidyr @51 Sradeivies [ @yeloutphite
inverter 46' has its output term nal connected to the I nput

term nal of the ingtyhal HELL dhechapedestingalelay unit of The invenriear
46' receives the internal clock signal CLK at all times. The
inverter 46' is al&d’ ai®laokdarkead invertaemnr riicihds santatdledeed\bia aont r ol
pulse Q. It remains active while the control, pulse Qis at "1"

| evel . ' contizpl pulse Di. e dayexten 4y ik arhige anky

bdi th truct f, iGh i il trat N FI . 15 FIG 46
sh:)vxs gt ?I Ir ng'[ ﬁe‘%‘%@%lfﬂﬂﬁﬁsé‘ﬁ;%i is %éﬁﬁbrj&vﬂi ray ¥tion k/jBD
37 illustrated in E 39, v Jn thi le. jy =3 = 1. Stated
another way, . Amvarter 467, nae; 5k ahiin® Hlkindy Totmebied toele™
generate a signal :‘.’i‘t}.’:ﬂ" Q&Maﬁygﬁ QXxe-T/igu}éﬂ.ther qypect '.I:‘h%o inputt Qn&gﬁnal

external clock CK
of the inverter 46’ receives the internal clock signal

CLK at all times. The inverter 46’ is also a clocked
10 inverter and controlled by a control pulse Qi. It
remains active while the control pulse -Q_ is at "1
level.
FIG. 45 is a symbol representing the delay unit
bdi the structure of which is illustrated in FIG. 44.
15 ' FIG. 46 shows still another example of the k/j
backward delay section k/4BD 37 illustrated in FIG. 39.
In this example, j = 3, k = 1. Stated in another way,
this is a 1/3 backward'delay section designed to
generate a signal which is delayed by T/3 with respent
20 to the external clock CK.
As shown in FIG. 46, the 1/3 backward delay
section 1/3BD is composed of m delay units bdl) to bdm,
Each unit bdi has the same structure as the rearward
pulse delay circuit bdi of the SAD delay unit Ui..
25 Therefore, the ratid of the time by which the section
BD dalays Lhe rearward Pulse to the time by which the

1/3BD section delays the rearward pulse is egual to the
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conposed of mdelay units bdl to bdm Each unit bdi has the sane
structure—as the rearward pul se delay circuit bdi of the SAD del ay

unit U . Therefore, .the ratio of the tine by which the section

BD delays. ¢ to the time by which the 1/ 3BD section
del ays the r u Is equal to the
- 75 - the number of delaySuntts provided in the

section BD to the nunber of delay units provided in t he 1/ 3BD
section. More specifically, n delay units U (i =1ton and m

delay units bdi (iratiot8£Mhe Rumber COPSAdIAN Cuhih KﬁvEﬁéd1i§C€&e .

B(r). For exanple, the block B(ZI con3|s s of three

delay units Ul to &BcthdnoBP Hel the inbdel of Tdel a¢l diyits providedtin/l
generates control pules QL and QL, which are supplied to the del ay
unit bdl. Instead bhet hé3BDnseotiod) Mor#nspﬂgatycahuygnn débay omt 0%

pul ses outputs fromthe delay unit U2 or may be SUfp|Ied to the

del ay unit Updfi = 1 to n) andm Qﬁﬂea)ériﬂwﬁ‘-ﬁre‘?ﬁls(‘nbvm nteEmg 46,

for 15" hery frmerdinty nolecky ¥ %ﬁ%iﬁc“%ﬁi’ T

whr eas the dul ay secti B 1PRIBYEy P8 FISR BEE) Homapses ok Spefirt o
Since the n delay &lé‘ié &%n%& el @J‘C’oa‘ Nedellf] Wer P unit LEH:I S Bffle tu2dm

constitute r bl ocks, ay unit
unlt Ul generates control pules Q1 and Ql which are

supplied to the delay unit bdl. Instead of the control
10 pulses Q1 and Q1, the control pulées outputs from the
dalay unit 112 or 111 may be supplied to tha ;-h:.lay nnit
bdil.
In the embodiment shown in FIG. 46, one delay unit
of the 1/3 backward delay section 1/3BD is provided for
15 avery three delay units of the SAD arxay. Thus, the
backward delay section BD delays a rxrearward pulse by
time A, whereas the delay section 1/3BD delays a
rearward pulse by A/3.
Sinca tha n dalay units 1 +o Un and the m delay
20 units bdl to bdm constitute r bleocks, the delay units
bd1l to bdm of the section 1/3BD are uniformly
distributed for the delay units Ul to Un of the SAD
array -- that is, one delay unit bdi is provided for
every three adjacent SAD delay units. Therefore, the
25 " half backward delay section HBD can delay a xearward
pulse, exactly by 4/3. |
FIG. 47 shows still another example-of the k/3j
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delay. units Ul to Un of the SAD array -- that is, one delay unit
bdi |s-peev+ded~frﬂ‘”” - .every three adjacent SAD delay units.
Therefo %&mmmh&ﬁﬂf backward del ay section HBD can delay a rearward
pul se, /3 FIG 47 shows still another exanple
of the k/ 76 backwar d
delay sec |IIustrated in FIG=3976 - In this exanple, j =
= 2; thIS exanple is a 2/3 backward del ay section designed to
generate a signal which is delayed by 2T/3 with respect to the
external 5 Chaskwh¥d delay section A/ fHOVE7 i flhhétrdtedt e RIS, 39.
backward del ay section 2/3BD is conposed of mdelay units bdl to
bdm Each Dnithbsi ekaspldpe $aweld stk uetds ethis téxamphe wbs da 2/3
pul se delay circuit bdi of the SAD delay unit U . 10 Therefore, the
ratio of the tinme byckhbrd debayecsadtion designgd tiel ggmexdee reagignal pul se
to the tinme by which the 2/ 3BD sectlon del ays the rearward pulse is
equal to tWatelati% ‘6‘1’1%!1%'1 FRR/ Dwiieh KRERREE §9 MAYARREIE e
section BDtp the n nbE f delay units provided |n 15 t he 2/ 3BD
section. e spé% 7% n del ay unlts (i =1ton and m
delay units bdi (i =1 I ),
B(r). For jegarrp?wn JfrheF %gc%/ngl %‘J’e‘f%&% eﬂ;

delay units Ul to g&%tmﬁ?'fy #&M%@W ey afire hrﬁ"ﬂ-rd@:lcﬁ&’

un|t Ul generates control pules QL
BEach unit bdi has the same structure as the rearwaxrd

pulse delay circuit bdi of the SAD delay unit Ui,

10 Therefore, the ratio of the time by which the section
RN delays the rearward pulse to the time hy which the
2/38D section delays the rearward pulse is egual to
the ratio of the number of delay units provided in the
section BD to the number of delay units provided in

15 tha 2/3RD saction. Worae spanifically, » delay vnits
Ui (i-=1 to n) and m delay units bdi (i = 1 to m)
constitute x blocks B(1l), B(2), ... B(r).

For example, the block B(1l) consists of three
delay units Ul to 13 and two de;lay units bdl and hd2.

20 The delay unit Ul generates contreol pules Q1 and Ei,
which are supplied to the delay unit bdl. The delay
unit U3 generates control pules Q3 and 65, which are
supplied to the delay unit bd2. Instead of the control
pulses Q1 and ai, the cbntrol pulses Q2 and 02 output

25 from the delay unit U2 may be supplied to the delay
unit bdl. Fuxther, instead of the control pulses Q3

- and 65, the control pulses 02 and 55 output f£xom the
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generates control pules @B and B, which are supplied to the del ay
uni t bd2 T nsteadof—the—~coentrol pul ses QL and QL, the control

pul ses QzTﬁE‘ﬁheQ:ﬁaQHéeﬁ’ la'%S'F rtfromthe delay unit U2 nmay be supplied to
u

t he del ay . her, instead of the control pulses @B -
and @3, theﬂllmwlmnﬂ IIHMes @ and 2 output fromthe
-77- ik U2: may be supplied t¥ the del ay unit bd3.

In the enbodi nent shown in FIG 47, two delay unit of the 2/3

backward del ay section 2/3BD are provided for every three del ay

units of ‘the SAD ajdfay S U2 may be Hifpaedaidl f Aelnte ot Haylel ays
a rearward pul se by tine [Yerr], wher eas the -del ay "section 2/3BD

del ays a rear warsdl e Santiyd et [dlibwn in FIG. 47, Stwis addley rurnliet ay
units Ul to Un and the m del ay units bdl to bdmconstitute r

bl ocks, the del ay ahittlsa 4B badiikird eladichy efacttiens AIRN /G BRarigiad

uni formy distributed for the delay units Ul to Un of the SAD
units Ul to Un -- fomevery thhresoidglayniumifs off &he SAD angmaw. d&hwser
every three adjacent SAD delay units. Therefore, the half backward

del ay sectioh 2/ 38 Rpckiprd dediay, seqtdon,BRy delays a teaawpas, Prise
FIG 48 is another,_di.agram show ng .t he, k/j .sechi S Ln_FI G
39. FIG 49 ill ustqyattgg"eo% Of%egeas tﬁﬁeggﬁgt ?EEFJ‘SPO%@B& Hg%&é 3rray
shown in FIG 39. “ romFIG 48, the SAD array is
conposed 20 Sﬁ‘earrwbrgc s%ﬁf%ytsgq‘g{%) Each bl ock i ncludes j del ay

Since the n delay units Ul to Un and the m delay
units bdl to bdm constitute r blocks, the delay units
10 bdll to bdm of the section 2/3BD are uniformly
digstributed for the delay units U1 to Un of the SAD
units Ul to Un -- that is, two delay unit bdi are
provided for every three adjacent SAD delay units.
Therefore, the half backwaxd delay section 2/3BD can
15 delay a xearxward pulse, exactly by 24/3.
FIG. 48 is another diagram showing the k/JBD
section shown in PIG. 39. FIG. 49 illustrates one of
the identical blocks of a SAD array shown in FIG. 39.
As seen from FTG. 48, the SAN arway is composed
20 of r blocks B(1l) to B(r). Each block includes j delay
units. The k/JBD section is composed of r blocks B(l)
to B(r), too. Each block of the k/jBD section includes
k delay units. Both j and k are natural numbhars.
Generally, j » k. Composed of xr blocks, each including
25 j delay units, the SAD arxxay has r X j delay units in
all. Composed ot r blocks, each including k delay

units, the k/JBD section has r X k delay units in all.
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Each bl ock of _the k/jBD section includes k delay units. Both j and

k are natural nurrbers ‘Generally, j > k. Conposed of r blocks, each
i ncl udi ng 25ThlsSh ¢ds, the SAD array has r X j delay units in

all. Corrposed m! ch i ncl udi ng k del ay units, the k/jBD

section has r in all.
- and the k/j BD gdcti-on has the same nunber

of bl ocks. The bl ocks B(l) B(2), ... B(r) of the SAD array are
associated with the blocks B(1), B(2),...... B(r) of the k/jBD
section, respecti e .Sap Jrray and tHee MBIk Sicbic Hare 19D seeymmber
generates | pairs of control pulses, QL and Ql, @ and @, ...

and Q. Frainidlueks pailis: &flocks Bill)pulBs(&),. paiB{x)( ki fhe §AD
are selected fromthe j pairs in regular and uniform fashi on. The k
pai rs thus sel ect sakxase anppdsegimteadharith) the hdatdsa\B (J)it ${(F) « he bl ock

B(1) of the k/jBD sectlon Suppose the control pulses QL, QI, @
and @ are B(R) &f dde kriER segtion.saespectiyedy-are suppl i ed to

and the pul Sbs 0 -and AbetlaR(g S5 418 SED Wiy asparAte g PGS L o
s M e B BeeEaota. i) T« 2F edd {'bm 5%9 .~
RﬂrgLyrgégiCen{Eé ormar ? es%??gﬁ?%hkhggophﬁé E&Bﬁg airsuéltqe%y units
other words, the lgdePelReitle@ f¢3h the j pairs in regular and uniform
| fashion. The k pairs thus selected are supplied to the
10 k delay units of the block B(l) of the k/JBD section.
Suppose the control pulses Q1, 61, Q2 and 55 are
selected. Then, the pulses (1 and QL are supplied to
the delay unit bdl of the k/4BD section, not to the
delay unit bd2, and the puises Q2 and Q2 are supplied
15 to the delay unit bd2, ndf to the delay unit bdl.
Thus, the ratioc of the number of SAD delay units
to the number of k/jBD deiay units is egqual to m/n,
namely k/§ = m/n, regardless of the positions the k/4BD
delay nnits which receive the forward pulses from the
20 SAD delay units. In other woxds, the k/jBD section can
delay a rearward pulse, exactly by k/jA, no mattex |
which position the k/jBD delay units take which xeceive
fnrwaﬁd pPiless. |
The operating principle of the third embodiment
25 (FIG. 36) will be explained, with xeference to the
timing chaxrt of FIG. 50.

Suppose the internal clock signal CLK has a skaw
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position the k/jBD delay units take which receive forward pul ses.
The Op@fa%fﬂg*pﬁknuHmJiiﬁ the third enmbodi mrent 25 (FIG 36) will be
expl ai negd st 0. eference to the timng chart of FIG 50.

Suppose 't ' LRepiacesick si gnal CLK has a skew _ of k X
D1 mﬁth3i & external clock signal CK, and that both

cl ock si _ have a cycle T. = 79 -A forward clock CL is
gener ated upon | apse of tine A fromthe | eading edge of the first
pul se of the 5 internal clock signal CLK. In this case, the second
pul se of the intergflkckopk withate tstgenke aéktiernal clockosignpb oS
time [err]f fromthe generation of the forward clock CL. Further, a
forward cl ock RCL amd that boterdodledsigqmaild dise arfd (CKdhae fa @pctlee T.
generati on of 10 the second pulse of the signal CLK. ~Tinme Ab is equal
to time Af (Af = [®Rrfgiwand e‘rqur)k Clhat‘i igeneatercbmpoy lAapfek of time RO s
generated upon | apse of tinme [err] fromthe eneratlon of "t he
forward clock CL. Aﬂfe’? I@lﬁ?@lng edge fdhe Giysts mrles, é:rbftlrre t he
third pul se of the i.nt er nal cIo u K |s ener | t

shoul d be > %ﬁ%ﬂﬁ%é‘ﬁ i‘ ?ﬁ{/)ch osfectoﬁ’g
forward cl ocks CL iy f the
i nt er nal ock™ si gna{}e elrsnag::]tendgr%gtﬂer% on }d}g(sté@ofg%‘l@#e&%fdo
(J-k) X DL + ] X [gndd ORddE FeR8mdl QR ehohNenbhOgBREPation of the
forward clock CL. Further, a forward clock RCL is

generated upon lapse of time Ab from the genexation of
10 the second pulse of the signal CLK. Time Ab is egual
to tima Af (Af = Ab = A). That iz, the forward clock
'RCL ié generated upon lapse of time 2 X A from the
generation of the forward clock CL. Therefore, the
time A lapses at the very time the third pulse of the
15 internal clock pulsa CTX is genaratad. Tt s.hnu'ld ha
noted that (A + W) < T, whexe W is the width of the
forward clocks CL and RCL. . .
Assume that the thixd pulse of the internal
clock signal CLK is generated upon lapse of time of
20 (3-k) X D1 + j x D2 from the generation of the foxward
clock RCL. Then, the cdrrected internal clock signal
CK’ which is synchronous with the extexnal c}.ock signal
CK can be obtained, merely by delaving the pulse RCL by
time ( j;k) X DL + X D2. To obtain the corrected
25 internal clock signal CK’, it suffices to use delay
circuits which have dé.lay times A, (2 X A), and

(j-k) X D1 + j X D2, and to delay the internal clock
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synchronous*w—t—h%—he&gﬂal cl-ock signal CK can be obtai ned,
nerely by]qgggb\ég the pul se RCL by time (j-k) x DL +j x D2. To
obtain the aced - -internal clock signal CK, it suffices to use
del ay mﬂmm@ |ch have delay tines A, (2 X [err]), and

(J-k) X D1 to delay the internal clock

S|gnal CLK by the tinme A +(28X [err]) + {(j-k) X DL +j X

D2}. The delay tinme (2 X [err]) is provided by the SAD array, and

the delay tine (j-k) XDL +) XD2is provi ded by del ay el enents.

The delay time |§J.gn51 CLKdBjreEHén@ﬂméSAf«N [PVR: A) + {(§-k) kai<1-Dl;F]+xA
there

+ [err] =T+ k x D1 (D) From Equat i on
derives the foll owbdy. The debqlnatimﬁ (2 X A) is prdvi@dd by Ahe [anr] +
(j-k) XDL +j XD2= 10

(2) - Arrfpuatndnsha %1-152 tomcelt) X N1+ J X N2ATis A + A
o (-3) A+ 2[err] #j(D1 + D2) = 2T . .- (4)
From Equations 3 aRBo¥ided bpidelay elements. The delay timejhpmys+ p2) =
2(A+[err])
(5) rBﬁF?ﬁBlt‘%tle?%aP]]&%‘ﬁ si gnal CKD del ayed by (k/)
X T with respect to the, eyternngl cloc is generated [ 1
be expl ai ned bel ow. ek§%r ¥ |rre (CE/BJ‘X[err] S pro‘v' l\c,i\f
and a del ayed From Equation 1 thern derives the following

egquations

_ k X DL +A+ 2A + (j-k) X DL + J X D2 =
10 27 ' L (2)
Reuations 1 and 7 radnce to:
T=2A+ A ver (3)
A+ 2A + j(D1 + D2) = 27 L ees (4)
From Equations 3 and 4, we obtain:
15 A+ 2A + 4(D1 + D2) = 2(A + A)
= j(Di + D2) o et (5)
How the internal clock signal CKD delayed by
(k/3) X T with respect to the external clock signal CK
is generated will be explained halaw.
20 A delay time (k/j) X A is provided, and a delayed
pulse k/jJCL is generated upon lapse of time A + (k/j) X
A fxrom the generation ot the torward clock ClL.
Fuxrthermore, the internal qlock signal CKD is gmnaratad
upon lapse of time kx X D2 from the generation of the
25 delayed pulse k/jCL. As clear from FIG. 50, the signal
CKD is delayed with respect to the external clock

signal CK by the time given as follows:
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the generation of the forward clock CL. Furt hernore, the internal
clock signal CKD is generated upon | apse of tine k X D2 fromthe

gener ation oThlS“ tHﬁEeenRepi@ﬂayed pulse k/jCL. As clear fromFI G 50, the

si gnal ed with respect to the external clock
signal CK by as follows:

-81- ' XDl + (k/lj) XJ[err] + kX (6)
Equat i on 6 S transforrred to: (k/j) X (j XD1 + [err] +j X
D2) = h (k/j) x {j (DL + D2) + [err]} . (7 5
Substituting Equations § &ngh15 4 _rllt;gjliql;athoq. k Nep2 obt ai n, Ihe(g)
fol | ow ng: (k/j) x . (8)
Equation 8 neans that thguabtiennglis!ecinsfopmed to: CKD is del ayed in
phase by (k/j) X T with respect to 10 t he external clock signal CK
Thus, the signal CKD (k/3) Hel(dyed Wl € kAj ¥ ®vi2h Fespect to the
signal CK can ener ated by delaying the internal clock signa
CLK by time A +(1§?Mr]< £3( KPJl) +XDRer | B ¥* k X D2, by usi n-g--deﬂ

circuits which have del | mes A -and k X The

delay time Ais provi de%x titpting Eq“aff’c#‘%ﬁar:ﬁ mg ke %ﬂf’“ﬁﬂ"ﬁﬂ hdSAD

array, and the deI a x_ D2 by the delay el enents. The del ay.
it YR Ao -

tine Ais j X (D1 WiPSfccor dance with Equat i on 5.
20 The operatl(a,g/:p,rlgc;ppl e of the fourth enbodi nent . (8)

Equation 8 means that the internal c¢lock signal
CxD is delayed in phase by (k/j) X T with respect to
10 the extexnal clock signal CK. Thus, the signal CKD
delayed by (k/3)} X T with respernt to the signal CK can
be generated by delaying the intermnal c¢lock signal CLK
by time A.+ {A + (k/j) ¥ A} + k X D2, by using delay
circuits which have delay times A, A + (k/j) X A,
15 and k X D2. The delay time A is providad hy the
forward delay section FD of the SAD array, and the
-delay time k X D2 by the delay elements. The delay
time A is j X (Dl + D2), provided in accordance with
Equation 5.
20 : The operating principle of the fourth embodiment
shown in FIG. 37 will now be explained with reference
to the timing chart of FIG. 51.
Suppose the internal clock signal CLK has a skew
of D1 with respect to the extermnal clock signal CK, and
25 " that both clock signals CLK and CK have a cycle T, A
forward clock CL is generated upon lapse of'time A_from

the leading edge of the first pulse of the intarnal
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chart of FLG Suppose the internal clock signal CLK has a

of D1 Wi th respect to the external clock signal CK, and 25

that both CLK and CK have a cycle T. A forward cl ock
CLis ge pse of tinme A from t he | eadi ng edge of the

first pu r nal - 82 -
cl ock si gnal In this case, the second plise of t he internal

cl ock signal CLK i s generated upon | apse of tinme Af fromthe
generation of the forward cl ock CL. Further, a forward clock RCL is
generated upon | apskock. sighal cOR.™® D HHi@Mda¥e 0 Qﬁﬁ@édﬁhc@f e sgeond
pul se of the signal CLK. Tine [err]b is equal to time [err]f
([err]f = [err]b =the internd)l clitatk isdgrdle (UK i dyetiensitadCinpon Jerpesent ed
upon | apse of tinme 2 x [err] fromthe generation of the forward
clock CL. Thereforef ttiwe tAfefAchapbesgaterhabionr pf the forivamdt haochi €5 .
pul se of the internal clock pulse CLK is generated. It should be

noted that (A + WFurthexd Lorward clpcks RChe i MW%WSG &k s

"CL d RCL. hat the third f th | k
si gﬁgl CLK i% genetrlé‘leecPBAgﬁq“aﬁé‘éag?n?EﬁﬁlB{l ?? ¥ gxgerign P‘r’]‘ e‘r"'?rgf ‘E( 8

fromthe generatl 6? ac'tKrEﬁ;Kf or\iahg (:Aghks e%%%h}:g%im;hg% {é% c_orABcLed

i nternal cl ock si gn us € external

cl ock signal obtai 8 ; y | ayi |
by Lo (A); (TRER BE, Obh! Petleal! Sl deRVREE) 2! GonbignaH! SEoRC-

lapse of time 2 X A from the generation of the forward

clock CL.. Therefore, the time A lapses at thé very

10 time the third pulse of the internal clock puise CIK is
_generated. It should ba noted that (A + W) < T, whero
W is the width of the foxward clocks CL and RCL.

Assume that the third pulse of the internal clock

signal CLK is generated upon lapse of time of {j-1) X

15 Dl + 3 X D2 fxom tho genoration of the foxward clock
RCL. Then, the corrected internal clock signai CK’
which is synchronous with the external clock signal CK
can be obtained, merely by delaying the pulse RCL by
time (j-1) X N1 + j %X D2. To obtain the coxxected

20 internal clock signal CK’, it suffices to use delay
circuits which have delay times A, (2 X A), and
{(j-1) X D1 + j X D2, aﬁd to delay the intexnal clock
signal CLX by the time B + (2 X A) + {(j-1) ¥ D1 + j X
D2}. The delay time (2 X A) is provided by the SAD

25 array., and the delay time (j-1}) X D1 + j X D2 is
provided by delay elements. The delay time.A is

determined as fnllowr. As seaen from FIG, 50:
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whi ch have delay tinmes- A, (2 X J[err]), and (j-1) x DL +j x D2, and

to delam signal CLK by the time A+ (2 X [err])
(j-1) TmsﬁlﬂeetﬂabBe?énRe la D2}. The delay time (2 X [err]) is provided by

the SAD fH t he delay tinme (j-1) XDL + ] XD2is

provi ded iﬂ,’!& \its. The delay time Ais determ ned as

fol | ows. G 50: - 83 -

-83- D1 + A+ [err] =T+ D1 ... (9)

DL + A+ 2[err] + (j-1) XDL +j XD2=2T ... (10) ' From

Equations 9 and 10 therm dprA\qesAt aeT + p1 follow ng equations,,,, (9)
respectively: 5

. (11) Am 2-Eexr+] 2"AJ &Dh*ll;ﬂ)x =D:2T+ j X D2 =
Equatlons 11 and 12, we obtain: + 2[err] + j(Dl + D2) (A
+ [err]) Arem (Edhatibs 9 and 10 there derives the (13)
10 How t he i nternal clock signal CKD del ayed by (k/'j) XT
with respect to ttf@léﬂmle%llwnﬁrgﬁﬁﬁﬂtlvelyo i s generated vvi |1 be
expl ai ned bel _ %delaytlrre(klj) X [err] ([err] =[err f =
[err]b) is %‘rovi ded =A% a del ayed puI se k/jCL is generat" ed l§|3'

| apse of 15 time Cfrr] A (l_k‘L‘l +[§%2] ?gm‘t he generation of ”ﬂ‘iZ)

forward cl ock rt he cl ock signal *

Gener ati on of the del ays BUITE W) *)""X&?Z o et from FLG 51, the
signal CKD is delayed wythoA «+ j(Dl + D2) = 2(A + A)
A = j(Dl + D2) eeo {13)
10 How the intermal clock signal CKD delayed by
(k/5) X P with re:qpnnt to the extexnal ¢lock signal CK
is generated will be explained below.
.;L delay time (k/3) X A (A = Af = Ab) is provided, |
and a delayed pulse k/jCL is generated upon lapse of
15 time A + (k/j) X A £from the generation of the forwaxd
clock CL. Furthe;more, the internal clock signal CKD
is generated upon lapse of time (k-1) X D2 + k X D2
from the generation of the delayed pulse k/jCL. As
clear from FIG. 51, the signal (KN is delayed'w.:‘.th'
20 respect to the external clock signal CK by the time
given as follows:
Dl + (k/3) X A + (k-1) X D1 + k X D2 ... {18)
Equation 14 is transformed to: '
(k/3) X (§ X DL 4+ A + 4 X D2) =
25 (k/3) X {n(bl + D2) + A} . ... {(15)
Substituting Equations 11 and 12 into Equation 15,

we obtain the following:
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followsT————————D1 + (k/j) x [err] + (k-1) X DL + k X D2 L. (14)
Equatloﬂmlﬁwaqh {papalorned to: o (klj) X (j XDL + [err] +] X

- ) x {n(Dl + D2) + [err]} ain ihe
corets o AR
foll owin

11 and 12 into Equation 15, we obtain the
(k/'j) x T - B84(16) Equati on 16

- 84 -

means that the internal clock signal CKD i s del ayed i n phase by
(k/j) X T wth respect to t he external clock signal CK Thus, the
signal CKD 5 del ayagrgy € ktj) X T with respect to the signal, CK(ggy
be generated by delaylng the i nternal clock signal CLK by tinme A +
{[err] + (k/j) X [err] BguatisnD16 mpans thateithy internalcrciloockt sighath
have delay tines A [err] + (k/j) X Jerr], and k X D2. The del ay
time [err] is proﬂwﬂedﬁbﬂﬂﬂhxpdl®n Phbsemhrd(Héﬁayxsscwﬁmh FBspRcthgoSAD
array, and the x D2 by the delay el enents._ The del ay
time Ais | X (DltheDQ)‘teﬁFlB% aéeckns&aealdﬁﬁce Fhug, the 519Eﬁ%|a€$8n 13

G 52 sh cl.ock
ol reurs of She i nogurren’ BY°TeS) R HGRERIEERERRR £porns,SiBhsLERFon |

t t T t
Goner atoa an ext cPBaPeRrERrd bk oo fhyeld EndTiRdrREE b R0ox TOFRRRN | € éﬂ* o
menory. The menorj.Se¢hisOf QUi AULS (Cié_‘}ﬁ I3 A} + kX X D2, hy using delay

circuits which have delay times A, A + (k/4) X A,
and k X D2. The delay time A ié provided by the
16 forward delay section FD of the SAD array, and the
dalay tima k X N2 by the delay elements. The delay’
time A is j X (D1 + D2), provided in accordance with
Equation 13.
FIG. 52 shows a memoxy system which incorporates a
15 rlock control circnit of tha invention.

. As shown in FIG. 52, the memory system'comprises
a contxoller and a memory section. The controllerxr
generates an external.clock signal and receives data
from the memory. The.memb;y section outpunts data in

20 synchronism with the internal clock signal generxated
from the external clock signal.

The external clock signal and the internal clock
have the same phasa. relationship as has been described
above, s0 that data may be correctly read from the

25 memory section. The technique of causing the con-

troller to correctly receive the data thus read will be

described below.
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| oc

t he externa

interna#—cﬁoek———-——__haye t he sane phase rel ati onshi p as has been

descri beg, h«:H above, so that data may be correctly read fromthe 25
menory se “ ni que of causing the con- troller to
correctly ata thus read will be ' descri bed bel ow.

si gnal he external clock signal and the

- 85 - L|ke nost nmenory syst 885, -t he nmenory system shown
in FIG 52 conprlses a controller (CPU) and a plurality . of menories
(ICs) 1 and 2. The external clock signal CK needs sone tine to

travel fromthe contro&dgélh@ﬁghcon : I ggg |e%h£ ﬁ@$°%¥ ?@%eh?l ggp

the |ine connecting t he menor equal iz

that of the krc Q”Eéﬁ?kﬂﬂe&hﬁ eshtrohier kéPﬁ?eaHH”Brﬁlﬁrallﬁy he

The nenory 1 or the nenory 2 outputs data in syn- chronfsmw t

internal clock sig@ainewbirébshasca) 10and 3pecrhéCerbagfalebdbbRNsghllt he

external clock signal. The data output fromthe nmenory 1 or 2 is
supplied to CK nbhedsorsbtmel timet hootghvel dEtembthe controller tolthe

takes the data sone tine to travel fromthe menpry 1 or 2 to the
control | er, 3depenBelgrdfst heands2. Th@nb%hgﬁhd°§aﬁh€|lbﬁ@eCBFn?ﬁﬁlﬂﬁta

bus The control

the time (B gspntrel IR ou [ Ehe BT of chn PaniDl 24a0t8  Ehrt of

e GOl o (o gCPLig Ui 0oL SOt it S she malBEF'E. (1O

The memory 1 ox the memory 2 cutputs data in syn-
chronism with the internal clock signal which has a
10 specific phase relation with the external clock signal.
The data output from the memory 1 or 2 is supplied to
the controller through a data bus. |
It takes the data some time to travel from the
nemory 1 or 2 to the controller, depending on the
15 length and capacitance of the data bus. The controllex
must ;eceive the data correctiy, in spite of the time
the data requires to reach the controller. To enable
. the controller to receive the data correctly, a dummy
memory (T) is naed which has the same storage capacity
20 as the memories 1 and 2, and the line for supplying the
external clock signal from the contxoller to the dummy
has the same length as the lines which supply the
external clock signal from the controller to the
memories 1 and 2.
25 The external clock signal CK input to the dummy
memory is returned to the controller. This signal CK,

or the return clock signal, detarminas the timing the
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ext er nat—elock signal fromthe controller to the dummy has the sane
| engt h. .g e lines which supply the ' external clock signal fromthe
cont r ol |'Sfextct Has Been Replaced . rerories 1 and 2. 25 The external clock
si gnal’ dummy menory is returned to the controller.
This sig or ‘the return clock signal, determnes the tinng
the - ~--&8 - controll er receives
the data output fromthe nmenmory 1 or the nmenory 2. Hence, the

| ength of the line for ' supplying the return clock signal fromthe
dumy menory contdal I iveld @hd datadontpid fxoml e aRadoLyof the

5 data bus for supplying data fromthe nmenory 1 or the frenory 2
to the control | erar the memory 2.Thaéienoet,r alhieclemeah \oifs thee 1dajed floxom t he
menory 1 or 2 in synchronismwth the return clock signal. No
erroneous data WSUYPHFiNg Hhceaetarnhelogit edignad frod the durmmid dicioayal
advant ages and modi fi cations w_l | readi Ly occur to those skilled in

the art. Therefort® the contppdlex dg made papad Booider leagidy oL theot
limted to he,speci fic detalls and representati ve enfjodi nepts
shown and gescriggg s PIA888PE?ﬁaﬂya=§5r§%BE %%g nemexy; i O%t F89Rs nay

be made w t hout I 39 +h" efkt spirit or scope of the genera
i nventive concept as ggf?§£5r8§l?ﬁé appended cl ainms and their
equi val ents. The controllexr receives the data from the memory 1

oxr 2 in synchronism with the return clock signal. No
erroneous data will be supplied to the controller.

10 Additional advantages and modifications will
raadily occur to those skilled in the art. Thereofoxc,
the invention in its broadei'aspects is not limited to
the specific details and representative embodinents
shown and described herein. Accordingly, various

15 modifications may be made without depaxrting from the
spirit or scope of the general inventive cohcept as

defined by the appended claims and their equivalents.
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array having a plurality of delay units, each conprising:

a forward pul se delay circuit for delaying a 5 forward. pul se by a
predeterm ned tine and supplying the forward pul se thus del ayed to
t he succeadiss ede}isB en Rej laced unit; a rearward pul se del ay
circuit for rearmard pul se by said predetermned tine
and supplyl

rearward pul se thu87detrayed to the preceding
del ay a state-holding section which is set
upon recei pt of the forward pul se when no pul ses of an internal

clock signal, are input to said delay unitsCcrLamswhich 15 IS reset

upon recei pt of the rearward pul se when the pul ses of the interna
clock signals are inpull.toAsdellay array haeing anplerality of delay wherein
said forward pulse.is input to the first delay unit, a front edge
of said rearward pBite.jeach comprigbngt at ed by that one of the delay units

wh - hol di f th
S ook < gna, ShFeAieE BobSe oS ELPRlt HBE BTy T
del t, d t b

defay uni . ger S%ﬂ»«m@i& S?#%??tﬂ%% o BEAS S b LAg g

Lan edge
'is generated by tﬁéfégﬁg %f ay u&??%hﬁédggénSﬁéﬁéééfﬁg ey
unit; ' :

a rearward pulse delay circuit for delaying a
rearward pulse by said predetermined time and supplying
10 the rearward pulse thus delayed to the preceding delay
unit; and
a state-holding section which is set upon receipt
of the forward pulse when no puises of an internal
clock signal are input to said delay units, and which
15 is reset upon receipt ©of the rearward pulse when the
pulses of the internal clock signals are input to said
delay units,
wherein said furward pulse is inpul Lo Lthe [lost
delay unit, a front edge.of said rearward pulsé is
20 generated by that one of the delay units whése state-
holding sections are reset by the pulses of the
internal cvlouck sigual, which is 1ocat.ecl most close
to the first delay unit, and said rearward pulse is
generaied by the first delay unit.
25 2. A delay array according to claim 1, wherein an

edge of said rearward pulse, other than the front edge,

is generated by that one of the delay units whose

O
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I nternal clock signal ceases to be supplied to said del ay units,

which—%s—+eea%ed—ﬁﬁs%—e+ﬁse to the first delay unit. 5
£U|t conpri si ng: a plurality of delay

roI
unlts c Tes, each conprising: a forward pulse delay .
circuit u Iaylng a forward pul se by a predeterm ned tine
and supp rd pul se thus del ayed8Bo the 10 succeedi ng del ay

unit; a rearward pul se delay circuit - for delaying a rearward pul se
by said pr edet er m ned time and supplying the rearward pul se thus
del ayed to sﬂd%%—&bﬂ@&%bngeéihéhsuEkb réBétawﬁbﬂt%hEObﬂlaasséittﬁ&
which is set upon receipt of the forward pul se when no pul ses of an
i nternal clock sidntlernsd clpek sdgaaildceases todbbapuppuiad godsmhidch i s
reset upon r.eceipt of the rearward pul se when the pul ses of the

i nternal clock delay sinjtsl, swhiehi Apullocetedi modt| e}osai te, thhefdrstsai d
forward pulse is input to the first delay unit, a front 20 edge of
said rearward pulgélﬁy'géﬁ§rated by that one of the delay units
whose state-hol ding se yl ses of the

hn}ernal cléckd3|gngl §Wh03h 3é%kr%EierFOEéfgﬂlﬁn59“??63&“?0hthe flrsé I
ooy i “an"sE e BB g AR B sl 012

unit. 25 a b@f ener at’

said internal clogkchl BBRAbrikPAYRNaC¥bekAPE HhPSK delay clééﬂﬂé'for

delaying a forward pulse by a predetermined time

and supplying the forward pulse thus delayed to the

10 succeeding delay unit; a rearward pulse delay circuit
for delaying a rearward_pulse by said predetermined
time and supplying the rearward pulse thus delayed to
the preceding delay unit; and a state-holding section
which is set upon receipt ot the torward pulse when no

15 pulses of an internal clock signal arxe input to said
delay units, and which is reset upon receipt of the
rearward pulse when the pulses of the internal clock
signals are input to said delay units, wherein said
forward pulse is input to the fiﬁst delay unit, a front

20 edge of said rearwaxd pulse is generated by that one of
the delay units whose state-~-holding sections are reset
by the pulses of the internal clock signal, which is
located most close to the first delay unit, and said
rearxrward pulse is geﬁerated by the first delay unit.

25 a buffer having a delay time D1, for generating

sajid intermal cluck siynal f[rom an exlernal clock
signal; T

A I
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the internal clock signal by a time A and supplying the pul ses thus
del ayed, as forward pulses, to the first delay unit; and 5

a secontimgig{eaylagzggegk‘ﬁgho del ayi ng the rearward _ puI ses output from
y
e

the first atinme D2, and supplying the rearward
pul ses t Hfm
wherein t time D2 and the ti mB3A ~10 have t he

corrected I nternal clock signal
relationship of: A=D1 + D2. 4. A clock control circuit
according to claim 3, further conprising a control pul se generating

circuit for ge@@ﬁﬁ&@&gdgla?nbaebuaulsarfaélaguhgathél@ﬁl&&gdof
forward pul se delay circuit of each delay unit, with a period

bet ween the tinme tthe putersadfclbeki signaal by a tzmelnchhalgnpplyinglﬂnut
to said delay units and the tine the forward pulse is supplied to
the first del ay upmﬁses thus delayed, ascforwacrdnpudsesirtai thacfdrdtng to -

claim 3, éther gonprising control neans for preventing the 20
rearward pul se oupﬁ BYf PBAEF hePi rst delay unit from passi ng t hrough

oy ;2?23"32?'; ay errey %ﬁ@‘ﬁg@ﬁ?iazusmuﬁ 12 d%#kffﬁab-sﬁﬁét ﬁ%%r%%% e
25

sionel - Tropuaghd SHERNY Sebiefel Fikiy AOTAFoEL, (hP 4 SPLE B2,

wherein said contpgh SBEAPSyiREtERL 285redtd SEE60¢ thus dalayed, as a

corrected internal clock signal,

wherein the time D1, the time D2 and the time A
10 have the relationship of: A = bl + D2,

4. A clock contrel circuit according to claim 3,
further comprising a control pulse generating circuit
for generating a control pulse for initializing said
forward pulse delay circuit of each delay unit, within

15 a period between the time the pulses of the internal
c¢lock signal are input to said delay units and the time
the forward pulse is supplied ﬁo the first delay unit.

5. A clock control clruuil according to claim 3,
further comprising control means for preventing the

20 rearward pulse output from the first delay unit from
passing through said second delay circuit when the
forward pulse is outpul Lium Lhe last delay unit,
thereby to supply a pulse of the internal c¢lock signal
from said second delay circuit, instead of the rearward

25 pulse, |

6. A clock control circuit according to claim §,

wherein said control means initializes said second
T

] l!llllj e m
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output_fromthe first delay unit after the second del ay circuit has

out put the pulse o € internal clock pul se. 5 7. A

cl ock. CGhSﬂ@&fﬁtB&HREh@&pordlng to claim 3, wherein said delay units
are Iocat buffer and said second delay ckrcuit, and
sai d f|r ﬂgﬂ, circuit is conposed of a first group of patterns
simlar to d buffer and wiring pa8Pterns 10 extending from .
sai d buffer to sald delay units and a second group of patterns
simlar to those of said second delay circuit and wiring patterns
extending from delay edrdui€! 2y Hdocb2dhnceawiithethadrdakesrdi palsée.

8. A nmenory circuit conprising: 15 a nmenory cell array;
a wite/read circoktpkyr twemt thg fareti dedaynunit afterrthei agcandadelsm

said nenory cell array; an |n£ut circuit for receiving the
data froma- cipgyit hgs output the pw ﬁﬁtoélFbﬂl%nFEFnéépﬁl9¢ g data

to the bus; a plurality of delay units connected in series,
each conprising: B*8Pwnard pul se defay circuit for del ayi ng a
forward pul ge by a predetegn t [ e

8 got eaTER88K" Llifitror lrgagg aHBBLubAg £ ciagmgurse

pul se thus del ayed to the succee r ear war

del ay cireuit i numerelfl sAh 2k 0Gy Auig g ﬂHé%@e@ybé@#Qeﬂrééﬁéer”‘“ed

time and suppl ying t e rearwar us del aye
buffer and said second delay circuit, and said first

delay circuit is compoéed of a first group of patterns
similar to those of said'buffer and wiring pa;terns
10 extending from said buffer to said delay units and a
second group of patterns similar to those of said
second delay circuit and wiring patterns extehding from
said delay units to said second delay circuit.
8. A memory clrcuit comprising:
15 a memory cell array;
a write/read cirxcuit for writing data into and
reading data from said memory cell array;
an input circuit for receiving the data from a
bus;
20 an output circuit for supplying data to the bus;
a plurality of delay units connected in éeries,
each comprising: a forward ﬁulse delay circuit for
delaying a forward pulse by a predetermined time
and supplying the forward pulse thus delayed to the
25 succeeding delay unit; a rearward pulse delay circuit
for delaying a rearward pulse by said predétermined

time and supplying the fearward pulse thus delayed to

T+ C L M s %
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which is set upon receipt of the forward pul se when no pul ses of an
i nternal clock signal are input to said delay units, and which is
reset UpOThif $He&HAS Bh REMReq O rearward pul se when the pul ses of the

I nternal cl jjpnal s are input to said delay units, wherein said
forward pul m uulwmu F the first delay unit, a front "edge of said
rearward pu ed-by that one of %1 = the delay units whose
state-hol ding sections are reset 10 by the pul ses of the internal clock
signal, which is | ocated nost close to the first delay unit, and.

said rear wehe pieeediagidatagt afdily ahd &i sshtdeheidingt section

a buffer having a delay tinme D1, for generating said Internal clock
signal from an exwhirhl iel sek upbn receiphabf the foxward pulserwhedehay
circuit for delaying the pul ses of the internal clock signal by a
time A and suppl yPhdsereof an inperned checkdeiepal avet ABPREr 50 gaidy

unit; and —a second del circuit for delaying,the cegrward 26
pul ses output froRPAR¥ BPALE.qBR ywﬁxFP,lﬁyrﬁs?Fnﬂpﬁﬂ, ecdipt Dgngﬁe

supplying the rea I h e e a . t L.t er na
cl ock signarl, E&QEgaBH ﬁﬁzgéeﬁﬁeghgﬂ§i§%l%§? ?ﬁet??n%nﬁgiéﬁg ?ggb?ine
A have the relati b Pe Ok v A 1 ; § & [ 2 dggiqcuit is
controll ed by thegﬁﬁﬁg?ﬁa%rgf%gﬁﬁéig%g?alaahglﬁyoﬁﬁéﬁ?'??%ﬁ¥é§?ds%ﬁ?fer,
and said input citepivhrdNgulse is ifphf SYIERE Bif6Hi BePaf 6RDE] C4| PEoRY

the corrected _
edge of said rearward pulse is generated by that one of
the delay units whose state-holding sectiong are reset

10 by the pulses of the internal clock signal, which is

located most closé to the first delay unit, and said

rearward pulse is generated by the first delay unit.

a buffer having a delay time D1, for generating
said internal clock signal from an external clock

15 signal;

a first delay circuit for delaying the pulses of
the intermnal clock signal by a time A and éupplying the
pulses thus delayed to the first délay unit; and

2 second delay circuit for delaying the rearward

20 pulses output from the first delay unit, by a time D2,
and supplying the rearward pulses thus delafed, as a
corrected internal clock signal,

wherein the time D1, the time D2 and the time
A have the relationship of: A = D1 + D2, said write/

25 read circuit is controlled by the internal clock signal
outpul frowm said bufleyr, d;ld ;Sdid inpul clroull and

sald output circuit are controlled by the corrected

P €6 L M §S  *
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circuit.  ___. 9. A nenory system conpri sing: a nmenory
cell array, a wite/read circuit for witing data into and

readi ng cﬁmnnry cell array; an input circuit for
receivin H"m bus; an output.circuit for

supplyin a plurality of delay units
connected in serles ch conpri sirng?2a forward pul se delay circuit
for delaylng a formard pul se by a predeterm ned tine i and
supplying the forward pul se thus del ayed to the succeedi ng del ay

unit; a rearward gwtegndd alloekr sighallbutputf grofiebaiungegonhtadedng pul se
by sai d pr edet er mi ned ti me and supplying the rearward pul se thus

del ayed to cirieaipr.ecedi ng del ay unit; and a state-holding section
which is set upon receipt of the forward pulse when no pul ses of an
internal clock signal &re Anpemory sysgempgomprigdngy units, and which is
reset upon receipt of the rearward pul se when the pulses of the

i nternal clock - SsMEmary SPéllﬁﬁﬁﬁYbo sald delay units, wherein sald

f d I he ,f I
Lol 0 T oarvard pul sorts S imita/ shad, cRefiis Bog; w2sk188' dpra aargygﬂﬁ.
whose st at e- h°|d'93°P§ﬁ§hﬁgﬁa?§§°ﬁe§§£d ?%mo gglihgr?ggses of the

i nternal clock signa nost cl o5& to the first
delay unit, and said ap jnput circuit for receiving the data from a

bus;
an output circuit for supplying data to the bus;
10 a plurality oi delay units connected in series,
each comprising: a forward pulse delay circuit for
delaying a forward pulse by a predetermined time
and supplying the forward pulse thus delayed to the
succeeding.delay unit; a rearward pulse delay circuit
15 for delaying a rearwardlpulse by said predeterﬁined
time and supplying the rearward pulse thus delayed to
the preceding delay unit; and a state-holding section
which is set upon receipt of the forward_pulse when no
'pulses of an internal clock signal are input to said
20 delay units, and which is reset upon receipt of the
rearward pulse when the pulses of the internal clock
signals .are input Lo said delay uniis, wherein said
foxrward pulse is input to.the first delay unit, a front
edge of said rearward pulse is generated by that one of
25 the delay units whose state-holding sections are reset
by Lhe pulbt-.'b ol the inLernal clocvk b.:.gmal M whiuh is

located most close to the first delay unlt, and said
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a buffer having a delay tine D1, for generating said internal clock
signal from an extermal—cl ock si gnal ; 5 a first del ay

Ci I CUiThis bRdet 1R BaYIRAG L€ PUl ses of the internal clock signal by a

tinme Aljml‘)mn[ t he pul ses thus del ayed to the first del ay
unit;
pul ses

second delay circuit for delaying the rearward
e first delay unit, by &3time D2, 10 and
supplying the rearward pul ses thus del ayed, as a corrected internal
cl ock signal; a bus; and _ a control block for
supplyi ng data torgadward pulskcssi yenerdtbd biOfheafdrBesdaldyf fhit.,
generating the 15 external clock signal, wherein the tine
D1, the time D2 and t ha tuffe& having ahdedayh¢imel Bili,ofelri genbratingDl +
D2, said wite/read circuit is controlled by the internal clock
si gnal ourpir! finbarsaildebofkerigrad $apw Anpexternali clank 20
'sai d output circuit are controlled by the corrected i nternal cl ock
si gnal output frofigBRd?second del ay - circuit. 10. A
delay array_.conprising _a lural,i onnegted

series, each .conprising dSEY dgggypgigghgﬁiFgrfgplaﬁﬁé§?ﬁ§eapp ?ﬁﬁrﬂgpulse
and a rearward  pne Fﬁgg#ﬁgle%BEﬁdgigﬁglnﬁg gﬁ#fﬁet%ngﬁdagﬁgégginﬁd%h?n

transferring orward and rearwar ses thus de
pulses thus delayed to the first delay unit:

a second delay circuit for delaying the rearward
pulses output from the first delay unit, by a time D2,
10 and supplying the reaiwzrd pulses thus delayed, as a
corrected internal clock signal;
a bus; and
a control bilock for supplying data to and
receiving data trom seid bus and tor generating'tne
15 external clock signal,
wherein the time D1, the time D2 and the time A
have the relationship of: A = D1 + D2, said write/read
circuit is controlled by the internal c¢lock signal
output from said buffer, and said input circuit and
20 said output circuit are controlled by the corrected
internal clock signal output from said second delay
circuit.
10, a delay Array-comprising a plurality of delay
units connected in series, each comprising delay
25 circuits for delaying a forward pulse and a rearward
pulse by predetermined delay times and for transferring

the forward and rearward pulses thus delayed, not in

(A
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section which is set upon receipt of the forward pul se and which is

reset upon rece|pt of the rearmard pul se, wherein said forward
pul se i S ThiyShéet He HebirReblacedt delay unit, a front edge of said
rearward pr |ﬂ" generat ed by that one of the del ay. units whose

state- ctlons are reset by the pul ses of the

i nt er nal cI gnal en the pul ses of the%4nternal cl ock signals
are input to sald delay units, which is 10 | ocat ed nost close to the
first delay unit, and said rearward pul se travels in a direction
opposite to the gynchrofliéRCWi€R ddchhbERes Ncand’ doseatelBeidinyel s and is
output fromthe first delay unit. 11. A delay array conpri sing:
15 a pl usattignofhich sis dedayupdn t seceoDpecéLdthe forward pelses,
each conprising: a forward pul se delay circuit for delaying a
forward pul se by andiwhichrisicteset epon receiptiof tine sepprardgulee,
forward pul $e thus del ayed to t he succeeding,delay unit; a first -
rearward pul se del ay 5ereinc$?éﬁlfOFU?rGePE&ﬁﬂg i input F%a?“ﬁrﬁiﬁﬁfse by

d f det t d th f t
Cearvard pse th gféilﬁvi 7% Erhl radlh o Mafd o tiatd ‘Fiase 154 4
t at e- hol di f f
oul se when no pul 323 f@%f%?fﬂ **"%’er  ne, defSf s midke SARES
del its, f t d
pﬁl 22 \l/J\Rlanst he pu sesf’%i g%'a | nter ﬁ%?éﬁ%%?%%eér& ﬂ{é rearvar

internal clock signal when the pulses of the internal

clock signals are input to said delay units, which is

10 located most close to the first delay uhit,.and said
rearward pulse travels in a direction opposite to the
direction in which the forward pulse travels and is
output from the first delay wunit.

1i. A delay array comprising:

15 a4 plurality of first delay units connected in
series, each comprising: a forward pulse delay circuit
for delaying a forward pulse by a first predetermined
time and supplying the.forward pulse thus delayed to
the succeeding delay unit; a first rearward pulse delay

20 circuit for delaying a first rearward pulse by said
first predetermined time and supplying the first
rearwarcd pulse Lhus delayed to the preceding delay
unit; and a stateeholdihg section which is set upon
receipt of the forward pulse when no pulses of an

25 internal clock signal are input to said delay units,
and which is reset upon receipt of the firat rearward

pulse when the pulses of the internal clock signals are

[T
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units connected in series, each conprising: a second rearward pul se

del ay ———circujt for delaylng a second rearward pulse by a 5
second pr eterntned tlne e and suppl yi ng the second rearward pul se

t hus dela ﬂng delay unit, wherein said forward
pulse is in l delay unit at the first stage; a front
edge of the rearmard pul se i-s ddner-ated by that one of the

10

delay units mhose state hol di ng sections are reset by t he
pul ses of the internal clock signal when the pul ses of the internal

clock signals areiﬂ#ﬁg i said £l units; agdits, which is |ocated nost
close to the first del ay uni't; the first rearward pulse is

generated by the 15 a Iil\iﬁdlﬂq}ayftgédo:ﬁi délay iurbit$igfectdd g edge
of said second rearward pul se is generated by the second

del ay unit which cEwriesponss:it ecmiperifsingg: delsacond trearward paliseh delay
generates the front edge of the first rearward ul se; the second -
rearward pul se i s Gjaniid demhdalayimp a seconshagagatard pulseady e first

stage; and each second delay unit has the sane str ture as, t hat
part of each and gredstarminad Hme, and, FEBLying 808 war

I d o mh
o cdge of saia ARt R Bd BREE e, i, Brcbluunl Bsleb pide. o
generated by that one qjndh g U Wiierd putse NP o WA Yot

sections are reset mhen ul'seés
delay unit at the first stage; a front edge of the

first rearward pulse is generated by that one of the

10 delay units whose state~holding sections are reset by
the pulses of the internal clock signal when the pulses
of the internal clock signals are input to said delay
units, which is located most close to the first delay
unit; the first rearward pulse is generated by the

15 first delay unit at the first stage; a.front edge of
said second rearward pulse is generated by the second
delay unit which corresponds to the first delay unit
which generates the front edge of the first rearward
pulse; the second rearward pulse is generated by thé

20  second delay unit at the first stage; and each second
delay unit has the same structure as that pért of each
firsl delay unil which Lransfers Lhe L[irsl reacward
pulse.

12, A delay array according to claim 11, wherein

25 an edge of said first rearward pulse, other than the

Lruul-edge, is yenerated by that one of the delay units

whose state-holding sections are reset when the pulses

' * : C L W s
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said delay units, which is | ocated nost close to the first del ay
unit. ——13—A-delay array according to claim1l, wherein 5
t he nunber the first dglay units differs fromthe nunber of the

second d een Replace 14. A delay array according to claim11
wherein l H'MH of the second delay units is smaller than

t he nunber delay units. 10 - 96 =15. A delay array
according to claim11l, wherein, of said first delay units, |

adj acent delay units constitute a first block, and of sald second
del ay uni g, theaiheeﬂtaldeta&kuataﬁatoaéaséateoabeeea?ﬂméacko

associated with the first block, where j and are ural nunbers
and j > k; and thgakdddbasyuahits, which &snibcatédnpobieciosentobthek are

controlled by control pul ses output fromk first delay units
included in the £irst déilagtublivck. 16. A delay array
according te claim15, wherein 20 said first delax units constitute r
bl ocks, each één3|AtﬂﬁéaﬁfaFrﬂYréﬁcﬂﬁﬁéyguh9t§ atmdlir ewhbeseined
in atotal pumber ai del unjts
constitute bIocﬁ Héhefoﬁg é@?nglﬁ?t QEEaY unlE§c6h6f8£Fa§¥ﬂﬂi¥§e and
are provided in ay 17. A
cl ock control CIFCUIPQ%OQ%PPEE sgéond dgiag]&né£pfurallty of first delay

units connected in 14 p delay array according to claim 11, wherein
the number of the second delay units is smaller than
the number of the first delay units.

10 15. A delay array according to claim li, wherein,
of said first delay units, j adjacent delay units
constitute a firxst block, and of said second delay
units, k adjacent delay units constitute a second block
associated with the tirst biock, where j and Kk arxe

15 natural numbers and j » k; and the k delay units
constituting the second block are contrelled by control
pulses output from k first delay units inecluded in the
first block.

16. A delay array according to claim 15, wherein

20 said first delay units constitute r blocks, each
consisting of j first delay units, and are provided
in a total number of n (= r X Jj); and said second
delay units constitute r blocks, each consisting of k
second delay units, and are provided in a total number

25 of m (= r X k).

17. A clock control circuit comprising:

a plurality of first delay units connected in

T e L MoS o
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for delaying a forward pulse by a first predeterm ned tlne and
supplying the forward pul se thus delayed to t he succee

unit; a first rearward pul se delay 5 circuit for del cBhisSgecprfsig,st
rearward pul se by the first predetermned-tine and aced
first rearward pul se thus delayed to {he precedi ng i’,ﬂ[m

unit; and a state-holding section which i§ sét upon re

forward pul se when no pul ses of an 10 i nt er nal clock signal are |nput
to said delay units, and which is reset upon receipt of the first
rearward sekdesyheachheoppirisdngt ahéorwaednpulekodelaygpdreudte

i nput to said delay units; a plurality of second delay units

connected in 15 for dedaydindgeacforwapd puige HYSecﬁﬁusﬁeptﬂdﬁuepmiseddelay
circuit for delaying a second rearward pul se by a
predet er ni ned ti n&ifgdagdpgrprhyingetbecbngward PU139e§hﬂﬁr§e$aY§€ tAus

del d h edi del d
time DL, for genctBe | rjleSgatla dehay, wntrsap Eivek 2 §f—‘§ﬁﬂ?r AN
| k a..fi | h
ks of 5 " 99?%"“"& for_flelaxiflal bf Firff Matubtl bulfl £F PHLNT | 1e

pul ses thus del ayedrk® bbeaétéfmﬂshauﬂalana géppl ing th@ $€£epd del ay
circuit for delaying the first rward pul ses out put fromthe

first delay unit, rhyreard pulsettnﬁ;(de1ayéaEﬂo+thexb£9ceaﬂﬁgsqap&ylng t he
rrst unit; and a state-holding section which is set upon
recaipt of the forward pulse'when ne pulses of an
10 internal clock signal a:e input to said deléy-units,
and which is reset unpon feCeipt of the first rearward
pulse when the pulses of the'internal clock signals are
input to said delay units; |

a plurality of seﬁond delay units connected in

15 - series, each comprising: a second rearward pulse delay
circuit for delaying a second rearward pulse by a |
second predetermined time énd supplying the second
rearward pulse Lhus delayed Lo the preceding delay unil,

a buffer having a delay time D1, for generating

20 said internal clock signal from an external clock
signal;

a first delay cixcuit for delaying the pulses of
the internal clock signal by a time A and supplying the
pulses thus delayed to the first delay unit;

25 a second delay circuit for delaying the first

rearwazxd pulses ontput from the first delay unit, by a

time (j~-1) X p1 + 3 x D2, and supplying the first

Ay
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i nternal clock signal; and athird delay circuit for delaying
t he second r ear war d pul ses output fromsaid second delay unit,

5 atime (k-1) X D1 + k X D2, and supplying the seco ﬂma}hsBﬂﬂ tawar
pul ses thus del ayed, as a second internal cl ock s;
wherein said forward pulse is input to the first

first stage; a front edge of the 10 firg8 rearward pulse |s ge
by that one of the del ay units whose state-holding sections are
reset by the pul ses of the internal clock signal when the pul ses

of the internal cleakwargnphisesethnpuielayed|dadehafirst correctéd, which
is located nost close to the first delay 15 unit; the first rearward
pul se i s generat ednberndd clock sighads a&Bfay unit at the first stage; a
front edge of sai d second rearward pul se :is generated by the second
del ay unit which corre8p&hdsd: delp¥ eirsnigefay deleving the garend
generates the front ed e irst re t he, second

f
rearward pul se is¥ 5gggui§e§hgutput ra@e%%h% ﬁ%?%?gua?fﬁﬁtu?hE'f?Yst

h h
A R féﬂ«%yugylzm.t YL B PR BBRAYLY £ shhal |
and the tinme D1, {BgrizhiR P@l%@ ti\hs?taefafe@avssteeseeéna inf&kAd f onship

of: A= Dl + D2. ock contfol circuit conpri sing:
a plurality of figsbcResfynaDits connected in

the

wherein said forward pulse is input to the first
delay unit at the first stage; a front edge of the
10 first rearward pulse is geherated by that one- of the
delay units whose state-holding sections are reset by
the pulses of the internal clock signal when the pulses
of the internal clock signals are input to said delay
units, which is located most close to the first delay
15 unit; the first rearward pulse is generated by the
first delay unit at the first stage; a front edge of
said second rearward pulse is generated by the second
delay unit which corresponds to the first delay unit
_ which generates the front edge of the first rearward
20 pulse; the second rearward pulse is generaﬁed by the
second delay unit at the first stage; each second delay
unil has Lhe same sLructurae as Llhal parl ol gach first
delay unit which transfers the first rearward pulse;
and the time D1, the time D2 and the time A have the
25 relationship of: A = D1 + D2,
18. A clock control circunit comprising:

a plurality of first delay units connected in

~————~_______~_____

N O o
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for delaying a forward pulse by a first predeterm ned I and
supplying the forward pul se thus delayed to t he su eedLng del ay
unit; a first rearward pulse delay 5 circuit for del.ayy; "SiﬂestRWaced

rearward pul se by the first predetermned tine and's ,
first rearward pul se thus delayed to the preceding d

unit; and a state-holding section which is sé&®2 upon -~ receipt o
forward pul se when no pul ses of an 10 internal clock signal are input
to said delay units, and which is reset upon receipt of the first
rearward RsdSfadh lhd) @ dMSRRRY: (A EdRisd Hu e de Inly walrfowne

i nput to said delay units; a plurality of second delay units
connected in 15 fomsatelhsyimach foawexks ipulsen ge o iireta puredetdmsinett| ay
circuit for delaying a second rearward pul se by a second

pr edet er mi ned ti mettowl sndEHvppigitrite tdec disdrward pulreearbbsd dedlagred Hs

del ayed to the preceding delay unit, - a buffer having a del ay
tinme k X D1,” for ddie sumpeedindgdedqys aind tizntte fiiqs tc Iraacwsizgh Aulse Ked |y

Gel aying & pul SELTAILY For dalawing fndtiat denEand By o8 DR and
Sunpl Y00 (e o ard SRR K B Sl e, e 2
fSlrJg[r:)nl ;ihﬁgf f[ th ¢ ??!S:‘{@ﬁz%ztd ﬂ?ﬁse thus %etlla%d( thk)thé Bl'e*&eldi%d:)%elgﬁd
unit; and a state-holding section which is set upon
receipt of the forward pulse when no pulseé of an
10 internal clock signal are input to said delay units,
and which is reset upon receipt of'the first rearward
pulse when the pulses of the internal clock signals are
input to said delay units;

2 plurality of seconﬂ deléy units connected in

15 series, each comprising: a second rearward pulse delay
circuit for delaying a second rearward pulse by a
second predetermined time and supplying the second

" rearward pulse thus delayed to the preceding delay unit,

a buffer having a delay time k X D1, for gen-

20 erating said internal clock signal from an external
clock signal;

a first delay circult for delaying the bulses of
the intermal clock signal by a time A and supplying the
pulses thus delayed to the first delay unit;

25 a second delay circuit for delaying the first
rearward pulses output from the first delay unit, by

a time (j~k) X D1 + j X D2, and supplying the first

fox oL M s W
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I nternal clock signal; and a third delay circuit for delaying
t he second r ear war d pul ses output fromsaid second delay unit,

5 atime k X D2, and supplying the second rearward pu e&walﬁsBam b
del ayed, as a second I nternal clock signal; mﬁ

forward pulse is input to the first del ay unit at L

a front edge of the first rearward pdPSe-s generate hat

of the 10 del ay units whose state-holding sections are reset by

the pul ses of the internal clock signal when the pul ses of the
internal clock sighedsvadd® pullids tihiRidbldgiar), as a £inet ichrpdutedd i s

| ocated nost close to the first del ay unit; the first rearward

pul se is generat ediyextrieel cllock sifgneglt; daicay unit at the first stage; a
front edge of said second rearward pul se is generated by the second
del ay unit which corresbdHukrd dlelay fqirmujdEIfegl‘ Helaying the gaoand
generates the front edge of the first pul se; .the second
Pearvard pulse is rﬁf@%ﬁ%@w%euvmt Vot aond secapd dales: Wid 1 Bioy
stage; each Secon t [t
of each fi r§ %d&n%ﬂ(ayx Jn%‘t ?1“? aln%f%r?{r% éé##?és'fgereaearav%irﬁg ﬁa%
and the tine DI, [ e atlonshlp
of: A=D1 + D2. %é d&é}% qmt% stédg?dg\(%%ﬁée& tarcll r‘."élt(flctk gél glng to
claim17 or 18, ﬁﬂ&fé‘ﬁf GO cuid @ AN Gls AP Q:.Qﬁ%h%t ifiGst
circuit for generating a control pulse for initializing
delay unit at the first stage; a front edge of the

first rearward pulse is generated by that one of the

10 delay units whose state-holding sections arée xeset by
the pulses of the internal clock signal when the pulses
of the internal clock signals are input to said delay
units, which is located most close to the firet delay
unit; the first rearward pulse is generated by the

15 first delay unit at the first stage; a front edge of
sald second rearward pulse is generated by the second
delay unit which corresponds to the first delay unit

.,‘ which generates the front edge of the first rearward

pulse; the second rearward pulse is generated by the

20 second delay unit at the first stage; each second delay
unit has the same structure as that part of each first
delay uuiL which Lranslers the first rearward pulse;
and the time D1, the time D2 and the time A have the
relationship of: A = D1 + D2.

25 19. A clock control circuit according to claim 17
or 18, further compxising a control pulse genexating

circuit for generating a control pulse for initializing

T e L M08 %
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peri od-between the tine the pul ses of - the internal_clock signal are
input to the first delay unit and the time the forward pulse is
supplied to the 5 first delay unit at the first-sta é““sﬂwﬂfﬁwBam

20. A clock control circuit according to claim 18,
nunber of the first delay units differs fromthe nunb
second delay units. 21. A clock &84t rol circuit accor |n
claim18, 10 wherein the nunber of the second delay units is snaller
than the nunmber of the first delay units. 22. A clock contro
circuit according saidl fibrwdyd pulse delajSoindweieiof esdclafiirét rédlakel ay
units, | adjacent delay units constitute a first block, and of said
15 second del aynihi t€ithind) apemiodidhelmesn tthe ohine tthe pulses of
second bl ock associated with the first block, where and k_are

natural nunbers anth® intermal qleck signal are inpwhite thmsfixsk idglave

second bl ock. are con roII d b nt rol puI S put put first
del ay units incl udd@*® 3 th%/nt% 1?’??5"‘? ulse is é)“PP{Z{\FCEnt

control circyit acE%#é& é@ié&cﬂﬁit %@ flr élsald first delay
ck

units constitute r onS|s I ng first delay units,
and are provi degin @ e%m L Tadddds RS A fh 1
second del ay units constltute r %oc S eagi conjgf stclycng :u?d‘ ﬂi second

delay units, and afKeRsDyi€igd ridiier Y£lthe first delay units differs
from the number of the second delay units.

21. A clock control circuit according to clalm 18,

10 wherein the number of the second delay units is smaller

than the number of the first delay units.

22. A clock control cirecuit according to claim 17
or 18, wherein, of said first delay units, j adjacent
delay units constitute a first block, and of said

15 second delay units, k adjacent delav units constitnte a

second block associated with the first block, where j
and k are natural numbers and j > k; and the k delay
units constituting the second block are controlled by
control pulses output from k first delay units included

20 in the first block.

23. A clock coﬁtrol'circuit acéording to claim 22,
wherein said first delay units constitute r blocks,
each consisting of j.fi:st delay units, and are
provided in a total numbexr of n (= r X j); and said

25 second delay units constitute r blocks, each consisting

of k second delay units, and are provided in a total

LT

number of n (= r.x k).
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24. A clock control circuit according to claim 23, wherein the
second delay circuit of each second del ay unit provides k/j (= nmin)
times the delay tinme provided by the del ay ci rcui t Thi{Sheetdlas Bdent Réplaced -
delay unit. 5 25. A clock control circuit accordi It | D
wherein k = j/2, the delay circuit of each second del ay: :
provi des half the delay tinme provided by thel@@l ay .- circuit of eac :
first delay unit. 26. A clock control circuit according to
claim23, 10 wherein k = 1, and the delay circuit of each second

delay unit provides 1/34(= #/dlodk BsntiAtf) et Hecording 16 @iades 33,
the delay circuit of each first delay unit. 27. A menory system
conpri si ng: whereinm tHarsdcdnd dlelmnurirsiit I each secand alelay | er
for controlling said nmenories; a dummy nenory having the sane
storage capacity asnit provides dk/tenist i wittimese i delaynt ise amestidedock
si gnal output fromsaid controller; . afirst line for
equal i zi ng a time 8% the dekaw cixpuit of @acly figedcidediayanits del ayed
whil e supplied from sai d.controller to said nenories . to .l y
which the S Okt Al AIIGER SRR F WNE SETHHCARE G oLALR 23,

COnL oLt 0,7 W B s cotny, s SBN b eRH s 02
internal clock signaly WidAdiaS 1FP8Hd 'de183t8me provided by the delay
circuit of each first delay unit.
26. A clock control circuit accoxding to claim 23,
10 wherein kK = 1, and the delay circuit of each second
delay unit provides 1/3 (-.= 1/n) times the delay time
provided by the delay circuit of each first delay unit.
27. A memory sjstem comprising:
a plurality of memories;
15 a controller for contxolling said memoxies;

a dummy memory havihg the same storage capacity as
said memories with respect to an external clock signal
output from sgaid controller;

a first line for equalizing a time by which the

20 external clock signal is delayed while supplied from
said controller to said memories to a time by which the
external ¢lock is delayed while supplied from said
controller to said dummy memory;

a data bus for supplying data from one of said

25 memories to said contréller in synchronism with an
interl;al elock signal which has a specific phase

relation with the extermal clock signal; and

% c L " S *
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second line for returning the external clock s|gnaL—LLoanaLQ_QHﬂHX___

menory to said controller as a return cl ock S|gna

wherein a time by which the data is delayed while Replgced -
of said nenories to said controller I s equal to a t|

return clock signal is del ayed whil e supplied fronls

to said controller, and said controtl 0¥ eeeives the data in
synchronismw th the return clock signal. 10 28. A clock control
circuit conprising: a first delay circuit for receiving an

| nternal clock si.0ugleofdl 3488 BhrirbedRaPhachd bRtagah1! 8188k
external clock and for generating a forward pul se upon apse of a

time A fromthe regeghRhiofrblieshnicainhy mEmoryCtoCkasdgbohtroller as a a
second delay circuit for delaying the forward pulse by atime 2 x

[err] and out putti prgtarhcatvakdspghat, and a third del ay
circuit for receiving the rearward 20 gulse and outputtlng a correcting
i nternal clock signal wherelnnaphame Wivt whinh theedasr Gﬁoéﬁ 8 ﬁawhiﬁﬁon

| apse of a delay tinme (j-1) X D1 + X D2 fromthe [ ]

t he rearwar d? pulsesuﬂﬁx#ﬁdjngma°ﬁ§tBfaﬁaﬁénﬂﬁm°rﬁﬁﬁst° sal 5 F? er
bet ween t he generatlon of .t he fo 2 h e

the first pulse of *Ph89PAle ﬂa? 5ﬁﬁh ?ﬂﬁafgggﬁ% géﬁgﬂ é;ﬁ%@ﬁ g;
D2) .

dalayed while supplied from said dummy memory to said
controller, and said controller receives the data in
synchronism with the return clock signal. |

10 28. A clock control circuit comprisings:

a first delay circuit for receiving an internal
elock signal delayed by a time D1 with respect to an
external clock and for generating a forward pulse upon
lapse of a time A from the receipt of the internal

15 clock signal; |

a second delay cirecuit for delaying the forward
pulse by a time 2 X A and outputting a rearward pulse;
and

a third delay circuiﬁ for receiving the rearward

20 pulse and outputting a correcting internal clock signal
in phase with the external clock signal, upon lapse of
a delay time (j-1) X D1 + j X D2 from Lhe receipt of
the rearward pulse, where j is a natural number, A is
the time between the generation of the forward pulse

25 and the generation of the first pulse of the internal
clock signal, and A Is Jj X (D1 + D2).

29. A clock contrel circuit comprisingz
B Y
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- 104 - a first delay circuit for receiving%
clock signal delayed by a time k X DL with respect to an exte

clock and for generating a forward pul se ' upon Iapse SheetH ,ﬁ{el
fromthe receipt of the internal 5 clock S|gnal dced. -
delay circuit for delaying the forward puI se by a t|

outputting a rearward pul se; and = 104 - athird de a

for receiving the rearward 10 pul se and out putting a correcti ng

i nternal clock signal in phase with the external clock signal, upon
| apse of a del ay tirg: (dekdy cidouit 2o0P%rdcSiN il dﬁCﬁtﬁzﬁl

the rearward pul se, where j and k are natural nunbers, [err]
is the time betweeariddle giapmiatdetayed e a Hime kfmermmlmwmltttm

generation of the first pul se of the internal clock signal, and A
is j X (DL + D2). an external 3@k arich dlor @anestatding @ tfaonrand guige
a first delay circuit for receiving an internal cl ock si gnal
del ayed by a’ ti nEIIPP%JﬁP%ﬁfe(R Gige fxem th%mt Qo dheyiptazmal -
generating forwarddq(ul se a | apse of a tinme A fromthe receipt
of the inte Isi gnal : a second delay circuit
for del ayi ng the f or war [ + ' Bq_q.p
outputting a 25 re%rsv\%cr ptﬁésiél;g:ﬁi?elﬁé f&%ﬂéé{r{%ierﬁcé 3‘3’["153/ clrcuit
for receiving the gifaif s time 2 x A and outputting a rearward pulse;
and
a third delay circuit for receiving the rearward
10 pulse and outputting a correcting intermal clock signal

in phase with the external clock signal, upon lapse of
a delay time (j-k) X D1 + j X D2 from the receipt of
the rearward pulse, where j and k are natural numbers,
i *» k, A is the time between the generation.bt the
15 forward pulse and the generation of the first pulse of
the intermnal clock signal, and A is j X (Dl + D02).
30. A clock control circuit comprising:
a first delay circuit for receiving an internal
clock signal delayed by a time D1 with respect to an
20 - external clock and for generating a forward pulse upon
lapse of a time A from the receipt of the internal
clock slgnal;’
a second delay circuit for delaying the forward
pulse by a time A + (k/j) X A and cutputting a
25 rearward pulse; and |
a third delay circuit for receiving the rearward

pulse and outputting a correcting internal clock signal

O
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- 105 - del ayed in phase by (k/j) X T with respect to the

external clock signal, upon | apse of a delay tinme (k- 1) X D1 + k X

D2 fromthe receipt of the rearward pul se, where ]fhl laced
nat ural nunbers, 5 ] >k, Ais the tine between the
forward pul se and the generatlon of the first pul se of

clock signal, and Ais j X (D1 + D2), and- 03 -T|sthe cycle of the
external clock signal. 31. A clock control circuit conprising:
10 a first delay circuit for receiving an internal cl ock

si gnal del ayed by qeldyeu kX ghksdl tHy r8§PACIX 10 with respetexiwraml cl ock
and for generating a forward pul se upon | apse of a time A fromthe
recei pt of the inteteanal clock Gigmialsi eipon lajpse of a delmysddimed del ay
circuit for delaying the forward pulse by atime [err] + (k/j) . X
[err] and outputtifig-ld X D1 + k eardrfirgultee veceipt of the rearwaid d
delay circuit for receiving the rearward puI se and outputting a

correcting i nt er n@AUE&yc Wharsh 3 angbk aredgaa:yaé@ AURPRIB by (k/j) X T with
respect to ex erna ck sj n | apse of a del time
k XpD2 from he reedi Jr f‘ﬁe Wﬁ?di’%gvgen grgeﬁera 100 GonHR are
nat ural nunbers, | h b e ra,l t he
forward pul se and ft%rg&&gs‘guﬁlsfeo%ntd?gie %\p@%é'op rsft t%‘%l s‘f‘g&% h'e"glgntgtgr nal
clock signal, andihe internaSchofk Bigha®?) and'@ 1s'§ LOSHV A D2, Wi

ext er nal
T.is the cycle of the external clock signal.
31. A elock control circuit comprisingz

10 a first delay circuit for receiving an internal
c¢lock signal delayed by a time k X D1 with respect to
an external clock and for generating a forward pulse
upon lapse of a time A from the receipt of the internal
clock signail;

15 a second delay circuit for delaying the forward
pulse by a time A + (k/j) X A and outputting a
rearward pulse; and

a third delay circuit for receiving the rearwaxd
pulse and outputting a coxrxecting internal clock signal

20 delayed in phase by (k/j) X T with respect to the
external clock signal, upon lapse of a delay time

.k X D2 from the recelpt of the rearward pulse; where j
and k are natural numbers, j > k, A is the time between
the generation of the foxrwaxrd pulse and the generation

25 of the first pulse of the internal clock signal, and A

is 3§ X (D1 + D2), and T is Lhe cycle vl Lhe exlelnal

' * ¢ L M s *

clock signal.
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control circuit, substantially as hereinbefore described with reference to
FIG 2 and FIGS. 6 to 51 of the acconpanyi ng drawnngs
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32, A clock control circuit, substantially as
hereinbefore described with reference to FIG. "2 and

FIGS. 6 to S1 of the accompanying drawings.

g
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