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LOGIC CIRCUIT HAVING PHASE-CONTROLLED 
DATA RECEIVING INTERFACE 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates in general terms a 
technique for transmitting or transferring data signals among 
a plurality of logic circuits. More particularly, the present 
invention is concerned With a technique for controlling or 
adjusting correctively a delay time (or time lag) involved in 
transmission of the data signal When variances thereof is 
noticeable, for thereby adjusting or regulating phase position 
of the data signal to a desired value upon reception thereof 
to realiZe a normal data transmission or transfer. 

[0002] In the logic circuits or units such as those of a 
computer or the like, data signal transmissions or transfers 
(i.e., transmission/reception of the data signal) are per 
formed among a plurality of logic circuits in synchronism 
With a clock signal. In that case, in order to ensure normal 
operations of these logic circuits, it is essentially required 
that the data signal as sent out from an addresser or sender 
logic circuit reach an addressee destination logic circuit, i.e., 
receiver logic circuit, Within a prescribed time. 

[0003] As the technique knoWn heretofore in this conjunc 
tion, there may be mentioned a signal transfer method 
described, for example, WO96/29655. For having better 
understanding of the present invention, this prior art method 
Will brie?y be revieWed beloW. 

[0004] FIG. 12 is a block diagram for illustrating the prior 
art method of transferring data signals among a plurality of 
logic circuits. In the ?gure, reference numeral 1201 denotes 
a logic circuit sending out a data signal (hereinafter also 
referred to simply as the sender logic circuit), and numeral 
1202 denotes a logic circuit destined for receiving the data 
signal from the sender logic circuit 1201. Referring to the 
?gure, a ?ip-?op circuit 1204 incorporated in the sender 
logic circuit 1201 is arranged to latch a data signal supplied 
from other circuit block 1203 in synchronism With a clock 
signal CK. The resultant output signal of the ?ip-?op circuit 
1204 is sent out onto a Wiring conductor 1206 through a 
driver circuit 1205. The receiver logic circuit 1202 receives 
the data signal through a receiver circuit 1207 incorporated 
in the receiver logic circuit 1202, Which data signal is 
latched by a ?ip-?op circuit 1208 operating in synchronism 
With a clock signal CK2 to be conveyed to other circuit 
block equally incorporated in the receiver logic circuit 1202. 

[0005] FIG. 13 is a timing chart for illustrating timing 
relations in the signal transmission described above. In this 
?gure, reference symbols CK1 and CK2 designate the clock 
signals for the sender and receiver logic circuits mentioned 
above, D1 designates an output signal of the ?ip-?op circuit 
1204 of the sender logic circuit 1201, D2 designates an input 
signal to the ?ip-?op circuit 1208 of the receiver logic circuit 
1202, and D3 designates an output signal of the ?ip-?op 
circuit 1208. 

[0006] Referring to FIG. 13, assuming that the system 
noW under consideration is to be so designed that the signal 
D3 be outputted from the ?ip-?op circuit 1208 after the time 
lapse of tWo cycles in terms of the clock period as of the time 
point at Which the signal D1 is outputted from the ?ip-?op 
circuit 1204, it is then required that the ?ip-?op circuit 1204, 
the driver circuit 1205, the Wiring conductor 1206 and the 
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receiver circuit 1207 have to be so designed as to involve the 
respective delay times so that the condition given by the 
undermentioned expression can be satis?ed. 

[0007] Where Tck represents the clock period and Td 
represents a delay time or time lag intervening betWeen the 
aforementioned signals D1 and D2 (inclusive of the delay 
time incurred by the ?ip-?op circuit 1204). 

Exp. 1 

SUMMARY OF THE INVENTION 

[0008] In the conventional logic circuit system described 
above, it is hoWever noted that the signal delays brought 
about by the circuits such as the ?ip-?op circuit 1204, the 
driver circuit 1205, the receiver circuit 1207 and others as 
Well as the delay incurred by the Wiring conductor 1206 may 
vary due to variance of the respective manufacturing pro 
cesses. In that case, the condition given by the above 
mentioned expression Exp. 1 can no more be satis?ed, 
giving rise to a problem that the data signal transmission as 
designed can not be realiZed, to a great disadvantage. 

[0009] FIG. 14 is a timing chart for illustrating, by Way of 
example, in?uence Which makes appearance When the delay 
time Td varies or increases by ATd in the logic circuit system 
shoWn in FIG. 12. In this case, the undermentioned expres 
sion Exp. 2 Will apply valid, as can be seen in FIG. 14. 

[0010] Apparently, the condition given by the expression 
Exp. 1 is not satis?ed. That is to say, the signal D3 is not 
outputted from the ?ip-?op circuit 1208 after lapse of tWo 
cycles in terms of the clock period but outputted after three 
cycles of the clock period, Which obviously differs from the 
requirement imposed in design. 

[0011] In the light of the state of the art described above, 
it is an object of the present invention to solve the problem 
mentioned above by providing a logic circuit equipped With 
a phase-controlled data receiving interface for realiZing the 
data transfer or transmission Within a desired or designed 
time period through an automatic delay regulating control 
even in the case Where the delay time involved in the data 
signal transmission should vary due to variances brought 
about in the manufacturing processes or for other causes. 

[0012] Another object of the present invention is to pro 
vide an improved structure of logic circuit Which makes it 
possible to carry out data reception under prescribed timing 
by absorbing variations of the delay time involved in the 
data signal transmission Which exceeds the clock period. 

[0013] In vieW of the above and other objects Which Will 
become apparent as the description proceeds, there is pro 
vided according to an aspect of the present invention a logic 
circuit Which is comprised of a signal phase controller 
including a signal phase detection circuit for deciding or 
detecting the arrival of a signal to be received from external 
at a detecting time point predetermined as based on a clock 
signal Which provides a basis for the signal receiving 
operation and a variable delay circuit Whose delay factor or 
quantity is controlled in dependence on the result of the 
detection performed by the above-mentioned signal phase 
detection circuit, and a ?ip-?op circuit designed for latching 
the signal passed through the above-mentioned variable 
delay circuit in synchronism With the clock signal. 
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[0014] In a mode for carrying out the present invention, 
the signal phase detection circuit mentioned above may be 
so designed as to detect or decide the arrival of the signal to 
be received by detecting discriminatively Whether the signal 
received is at level “H” (high level) or “L” (loW level). 
However, With this arrangement, detection or decision as to 
arrival of the signal for reception can not be effectuated 
When the logical level “0” or alternatively “1” of the 
received signal continues successively. Thus, according to 
another mode for carrying out the present invention for 
coping With the situation mentioned above, a test signal is 
transmitted during a regulation period in place of the signal 
to be transferred intrinsically and a phase control is carried 
out completely in the receiver logic circuit during the 
regulation period in Which the test signal is being trans 
ferred. 

[0015] Thus, in a ?rst embodiment of the present inven 
tion, the test signal mentioned above assumes a high level 
(level “H”) during one period of the clock signal While 
assuming loW level (level “L”) during a succeeding period 
of the clock signal, Wherein alteration of the levels “H” and 
“L” is repeated. By virtue of this arrangement, there can be 
realiZed the phase control Which is capable of compensating 
for variation or change of the delay time so far as it falls 
Within one period of the clock signal. 

[0016] In another preferred embodiment of the present 
invention, a test signal Which assumes the level “H” (high 
level) during a period corresponding to tWo periods of the 
clock signal While assuming succeedingly the level “L” (loW 
level) during a succeeding period corresponding equally to 
tWo periods of the clock signal in a repetitive sequence is 
sent to the receiver logic circuit from the sender logic circuit 
With a vieW to compensating for variation of more notice 
able time delays involved in the signal transmission. 

[0017] In yet another preferred embodiment of the present 
invention, the signal phase controller provided in association 
With the receiver logic circuit is constituted by a plurality of 
phase control units interconnected to one another. A detec 
tion timing signal is applied simultaneously to these phase 
control units, each of Which then responds thereto by per 
forming simultaneously a phase control operation. To this 
end, each of the phase control units may include an adjust 
able or variable delay circuit and a signal phase detection 
circuit, Wherein the signal phase detection circuit is so 
designed as to detect or decide the arrival of the test signal 
at a location on the output side of the variable delay circuit 
at a time point or timing commanded by the detection timing 
signal, to thereby output a delay control signal. On the other 
hand, each of the variable delay circuits is designed to 
impart selectively either one of tWo delay amounts or 
quantities to the signal passing therethrough, Wherein selec 
tion of the delay quantity mentioned above is commanded 
by the delay control signal supplied from the signal detec 
tion circuit. 

[0018] In a further preferred embodiment of the invention, 
the phase control circuit may equally be constituted by a 
plurality of phase control units interconnected to one 
another. Sequentially applied to the individual phase control 
units from the upstream side to the doWnstream side is a 
detection timing signal for forcing the phase control units to 
perform phase control operation in a sequential manner. 
Each of the phase control units includes a variable delay 
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circuit and a signal phase detection circuit, Wherein the 
signal phase detection circuit is designed to detect the 
passage of the test signal at a location on the output side of 
the variable delay circuit to thereby generate the delay 
control signal, as in the case of the mode described just 
above. The variable delay circuits connected in cascade have 
respective delay quantities Which differ from one to another. 
More speci?cally, the delay quantities of the individual 
variable delay circuits are so set as to increment proportion 
ally at an equal rate as vieWed toWard the upstream side. To 
say in another Way, the phase control operations are carried 
out sequentially as a Whole, Wherein it is determined 
Whether the delay quantity is to be imparted or not for the 
phase control While changing sequentially the delay quantity 
from rough to a ?ne value. 

[0019] The above and other objects, features and attendant 
advantages of the present invention Will more easily be 
understood by reading the folloWing description of the 
preferred embodiments thereof taken, only by Way of 
eXample, in conjunction With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] In the course of the description Which folloWs, 
reference is made to the draWings, in Which: 

[0021] FIG. 1 is a schematic circuit diagram shoWing a 
basic structure of an interface circuit according to a ?rst 
embodiment of the present invention; 

[0022] FIG. 2A is a timing chart for illustrating timing 
relations among various signals in the interface circuit 
shoWn in FIG. 1; 

[0023] FIG. 2B is a timing chart similar to FIG. 2A eXcept 
for difference in the delay time; 

[0024] FIG. 3 is a block diagram shoWing a structure of an 
interface circuit according to another embodiment of the 
present invention; 

[0025] FIG. 4A is a timing chart for illustrating timing 
relations among various signals in the interface circuit 
shoWn in FIG. 3; 

[0026] FIG. 4B is a timing chart similar to FIG. 4A eXcept 
for difference in the delay time; 

[0027] FIG. 5 is a block diagram shoWing a structure of 
the interface circuit according to yet another embodiment of 
the present invention; 

[0028] FIG. 6 is a block diagram shoWing an exemplary 
structure of a receiver logic circuit of the interface circuit 
shoWn in FIG. 5; 

[0029] FIG. 7 is a timing chart for illustrating timing 
relations among various signals in the receiver logic circuit 
shoWn in FIG. 6; 

[0030] FIG. 8 is another timing chart for illustrating 
timing relations among various signals in the receiver logic 
circuit shoWn in FIG. 6; 

[0031] FIG. 9 is a block diagram shoWing still another 
eXemplary structure of the receiver logic circuit; 

[0032] FIG. 10 is a timing chart for illustrating timing 
relations among various signals in the receiver logic circuit 
shoWn in FIG. 9; 
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[0033] FIG. 11 is another timing chart for illustrating 
timing relations among various signals in the receiver logic 
circuit shoWn in FIG. 9; 

[0034] FIG. 12 is a block diagram for illustrating, by Way 
of example, a conventional interface circuit; 

[0035] FIG. 13 is a timing chart for illustrating timing 
relations in the interface circuit shoWn in FIG. 12; and 

[0036] FIG. 14 is another timing chart for illustrating, by 
Way of example, a conventional interface circuit. 

DESCRIPTION OF THE EMBODIMENTS 

[0037] The present invention Will be described in detail in 
conjunction With What is presently considered as preferred 
or typical embodiments thereof by reference to the draWings. 

[0038] Embodiment 1 

[0039] FIG. 1 is a schematic circuit diagram shoWing a 
basic structure of an interface circuit according to a ?rst 
embodiment of the present invention. 

[0040] In the ?gure, reference numeral 101 denotes a logic 
circuit serving for sending a signal (hereinafter this logic 
circuit Will also be referred to as the sender logic circuit only 
for the convenience of description), numeral 102 denotes a 
logic circuit provided on the signal receiving side (herein 
after this logic circuit Will also be referred to as the receiver 
logic circuit only for the convenience of description). Each 
of these logic circuits 101 and 102 are implemented in the 
form of an integrated circuit. In the sender logic circuit 101 
of the integrated circuit according to the instant embodiment 
of the invention, a ?ip-?op circuit 104 latches a data signal 
supplied from other circuit block 103 constituting a part of 
the sender logic circuit 101 for thereby sending out the data 
signal in synchronism With a clock signal CK1. Reference 
numeral 106 denotes a Wiring conductor for transmitting or 
transferring the data signal from the sender logic circuit 101 
to the receiver logic circuit 102. The Wiring conductor 106 
is integrally formed on a circuit board on Which the logic 
circuits 101 and 102 are mounted. Reference numeral 105 
denotes a driver circuit for driving the Wiring conductor 106, 
and numeral 107 denotes a receiver circuit for transferring 
the received data signal to the internals of the integrated 
circuit. Reference numeral 108 denotes a signal phase con 
troller Which is designed to adjust or control the delay time 
of the data signal outputted from the receiver circuit 107. 
The output signal of the signal phase controller 108 is 
supplied to a ?ip-?op circuit 111 Which in turn is so designed 
as to latch the data signal outputted from the signal phase 
controller 108 under the timing of a clock signal CK2 for 
thereby transferring the data signal to other circuit block 112 
constituting a part of the receiver logic circuit 102. 

[0041] The signal phase controller 108 Which features an 
aspect of the present invention is comprised of a variable 
delay circuit 109 and a signal phase detection circuit 110. 
The signal phase detection circuit 110 detects the phase DS 
of the signal traveling through the variable delay circuit 109 
at a time point designated by a detection timing signal CS to 
thereby hold the result of the detection. In dependence on 
this detection result being held, a delay control signal DT is 
outputted for controlling the delay factor or quantity of the 
variable delay circuit 109. A detection timing controller 113 
responds to a control signal TE supplied externally of the 
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integrated circuit by deriving the detection timing signal CS 
mentioned above from the clock signal CK2. 

[0042] NoW, description Will be directed to the phase 
control operation of the interface circuit according to the 
instant embodiment of the invention. 

[0043] FIG. 2A is a timing chart for illustrating timing 
relations among various signals in the case Where delay time 
involved in the signal transmission from the ?ip-?op circuit 
104 of the sender logic circuit to the signal phase controller 
108 of the receiver logic circuit by Way of the driver circuit 
105, the Wiring conductor 106 and the receiver circuit 107 
is given by Td1, While FIG. 2B is a timing chart similar to 
FIG. 2A except that the delay time mentioned above is 
given by Td2. In these ?gures, reference symbols CK1 and 
CK2 represent clock signals, respectively, each having a 
period Tck. A signal D1 represents the output signal of the 
?ip-?op circuit 104 incorporated in the sender logic circuit 
101 described above, While a signal D2 represents the input 
signal to the signal phase controller 108 of the receiver logic 
circuit 102. 

[0044] A signal DS represents a detecting signal for con 
veying the signal traveling through the variable delay circuit 
109 to the signal phase detection circuit 110 both incorpo 
rated in the signal phase controller 108 described above. 
Further, a signal TE represents a control signal supplied to 
the detection timing controller 113 mentioned previously. 
More speci?cally, in response to level “H” of this control 
signal TE, the detection timing controller 113 is put into 
operation, Whereby the detection timing signal CS is gen 
erated. The detection timing signal CS is supplied to the 
signal phase detection circuit 110, Which responds thereto by 
detecting the value or level of the aforementioned detecting 
signal DS at a leading edge timing of the detection timing 
signal CS, the detected value or level being latched to be 
held by the signal phase detection circuit 110. This value 
corresponds to that indicated by a circular mark in the ?gure. 
In dependence on the result of the detection, the delay 
control signal DT is outputted for controlling the delay 
quantities Ta and Tb of the variable delay circuit 109. 

[0045] A signal D3 is outputted from the signal phase 
controller 108 as a result of the phase control performed by 
the variable delay circuit 109. This output signal D3 is 
latched by the ?ip-?op circuit 111 under the timing of the 
clock signal CK2. The output signal of the ?ip-?op circuit 
111 is designated by D4. 

[0046] In the case Where the delay time Td1 intervenes 
betWeen the signal D1 and the signal D2 and Where the 
detecting signal assumes level “H” at the leading edge 
timing of the detection timing signal CS, the signal phase 
detection circuit 110 outputs the delay control signal DT of 
level “H”, as shoWn in FIG. 2A. As a result of this, the delay 
quantity of the variable delay circuit 109 is set to Ta, as a 
result of Which the output signal D3 is generated by the 
signal phase controller 108, as can be seen in FIG. 2A. 
Consequently, the ?ip-?op circuit 111 latches the signal D3 
under the timing of the clock signal CK2 to thereby output 
a signal D4. 

[0047] On the other hand, in the case Where the delay time 
Td2 intervenes betWeen the signal D1 and the signal D2 and 
Where the detecting signal DS assumes level “L” at the 
leading edge timing of the detection timing signal CS, the 
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signal phase detection circuit 110 outputs the delay control 
signal DT of level “L”, as illustrated in FIG. 2B. In this case, 
the delay time is so regulated or controlled that the phase of 
the output signal D3 of the signal phase controller 108 
undergoes greater delay When compared With the case 
shoWn in FIG. 2A because the delay quantity (or delay 
factor) of the variable delay circuit 109 is set to Tb. As a 
result of this, the signal D4 is outputted from the ?ip-?op 
circuit 111 as a result of reception of the signal D3 under the 
timing of the clock signal CK2, similarly to the case 
illustrated in FIG. 2A. 

[0048] In both the cases shoWn in FIGS. 2A and 2B, the 
detection timing signal CS is interrupted by setting the 
control signal TE to the level “L” once the quantity Ta or Tb 
to be adjusted by the signal phase controller 108 has been 
determined, Whereupon adjustment of the delay time is 
performed. Thus, the normal transmission/reception of the 
ordinary data signal can be carried out. 

[0049] By virtue of the arrangement of the interface circuit 
described above, variation in the delay time involved in the 
signal transmission from the sender logic circuit 101 to the 
receiver logic circuit 102 Which may be attributed to vari 
ance of the manufacturing process and others can be 
detected to thereby alloW the delay quantity to be adjusted, 
Whereby the normal signal transfer can be realiZed. OWing 
to this feature, even in the case Where the signal transmission 
is impossible With the conventional system because of 
remarkable variance, high speed signal transmission can 
easily be realiZed. 

[0050] At this juncture, it should be mentioned that 
although the foregoing description has been made on the 
presumption that the signal transmission is performed 
betWeen the tWo integrated circuits. HoWever, this is only by 
Way of eXample. The teachings of the present invention can 
equally be applied to the signal transmission among three or 
more logical apparatuses such as computers as Well as signal 
transmissions among three or more logic circuits incorpo 
rated in an integrated circuit (IC). Same holds true in the 
description Which folloWs. 

[0051] In the system described above by reference to FIG. 
1, such signal pattern that the level “H” continues for a time 
period equal to the period Tck of the clock signal, being 
folloWed by level “L” continuing for a time equal to the 
period Tck, Which pattern is repeated, as shoWn in FIG. 2, 
is employed as the signal pattern sent from the sender logic 
circuit 101 to the receiver logic circuit. 

[0052] In this conjunction, it is to be noted that such 
simple signal pattern encounters can be generated easily. To 
this end, the ?ip-?op circuit 104, for eXample, may be so 
implemented as to operate as a toggle ?ip-?op Where the 
output signal is inverted every time the clock signal is 
inputted. 
[0053] HoWever, it has also to be mentioned that magni 
tude of variation of the delay time of the signal Which can 
be adjusted must not eXceed the value Tck When the pattern 
Which is repeated With the period of 2><Tck is employed for 
the adjustment of the delay time. 

[0054] In the case Where magnitude of the variation of the 
delay time of the data signal eXceeds Tck, a signal pattern 
having an extended period is required for the adjustment. In 
that case, a test signal generator may be incorporated in the 
sender logic circuit. 
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[0055] Embodiment 2 

[0056] FIG. 3 is a block diagram shoWing a structure of an 
interface circuit in Which a test signal generator is provided 
according to a second embodiment of the present invention. 

[0057] In FIG. 3, reference numeral 301 denotes a sender 
logic circuit (i.e., logic circuit for sending a signal) While 
numeral 302 denotes a receiver logic circuit (i.e., logic 
circuit destined for receiving the signal). In the sender logic 
circuit 301, there is incorporated a test signal generator 314 
for generating a test signal for the purpose of adjusting or 
controlling the delay time. A ?ip-?op circuit 304 is designed 
to latch the ordinary data signal from other circuit block 303 
provided internally of the sender logic circuit 301 for 
outputting the data signal in synchronism With a clock signal 
CK1. Aselector 315 operating in response to a control signal 
TE1 ordinarily selects the output of the ?ip-?op circuit 304 
While selecting the output signal of the test signal generator 
314 for adjusting the delay time. The selected signal is 
transmitted through a driver circuit 305. 

[0058] By contrast, the receiver logic circuit 302 is imple 
mented essentially in a same structure as that of the interface 
circuit described hereinbefore in conjunction With the ?rst 
embodiment of the invention. Accordingly, the signal trans 
mitted through the Wiring conductor 306 (i.e., the data signal 
or the test signal) is received by a receiver circuit 307 to be 
transmitted to a ?ip-?op circuit 311 by Way of a variable 
delay circuit 309 incorporated in a signal phase controller 
308. The ?ip-?op circuit 311 is arranged to latch the signal 
outputted from the signal phase controller 308 at the timing 
of the clock signal CK2 to thereby transfer that signal to 
other circuit block 312 incorporated in the receiver logic 
circuit 302. The delay factor or quantity of the variable delay 
circuit 309 is controlled by the delay control signal DT 
outputted from a signal phase detection circuit 310, Whereby 
the phase of data reception is regulated. For determining the 
delay factor or quantity mentioned above, the phase of the 
signal travelling through the variable delay circuit is 
detected by the signal phase detection circuit 310, Whereon 
the timing for the phase detection is determined by a 
detection timing controller 313. 

[0059] By adopting the circuit structure shoWn in FIG. 3, 
the period of the test signal used for the signal delay time 
control can be extended, as a result of Which even for the 
delay time Which eXceeds the period Tck of the clock signal, 
the desired adjustment can be performed. 

[0060] FIGS. 4A and 4B are vieWs for illustrating opera 
tions of the interface circuit shoWn in FIG. 3. More spe 
ci?cally, FIG. 4A illustrates the operation in the case Where 
the delay time involved in the signal transmission from the 
?ip-?op circuit 304 of the sender logic circuit to the signal 
phase controller 308 of the receiver logic circuit is Td3, 
While FIG. 4B illustrates the operation in the case Where the 
delay time is Td4. In this conjunction, it is presumed that 
difference betWeen Td3 and Td4 is greater than the period 
Tck. In FIGS. 4A and 4B, CK1 and CK2 represent clock 
signals, respectively, each having the period Tck. Accord 
ingly, FIGS. 4A and 4B shoW the cases Where variation of 
the delay time in the signal transmission eXceeds the period 
of the clock period. 

[0061] The signal D1 represents the output signal of the 
test signal generator 314 incorporated in the sender logic 
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circuit described above, While the signal D2 represents the 
input signal to the signal phase controller 308 of the receiver 
logic circuit. The signal DS represents a detecting signal for 
conveying the signal traveling through the variable delay 
circuit 309 incorporated in the signal phase controller 308 to 
the signal phase detection circuit 310. Further, a signal TE2 
represents the control signal supplied to the detection timing 
controller 313 mentioned previously. In response to this 
control signal of level “H”, the detection timing controller 
313 is put into operation, Whereby a detection timing signal 
CS is generated. 

[0062] The period of the detection timing signal CS is 
selected to be equal to or longer than that of the test signal 
supplied from the sender logic circuit in order to eXclude 
erroneous detection. The detection timing signal CS is 
supplied to the signal phase detection circuit 310, Which 
responds thereto by detecting the value or level of the 
aforementioned detecting signal DS at the leading edge 
timing of the detection timing signal CS, the detected value 
or level being held by the signal phase detection circuit 310. 
In dependence on the result of the detection, the delay 
control signal DT is outputted for controlling the delay Tc; 
Td of the variable delay circuit 309. A signal D3 is outputted 
from the signal phase controller 308 as a result of the phase 
control performed by the variable delay circuit 309. This 
output signal D3 is received by the ?ip-?op circuit 311 under 
the timing of the clock signal CK2. The output signal of this 
?ip-?op circuit 311 is designated by D4. 

[0063] In the case Where the delay time Td3 intervenes 
between the signal D1 and the signal D2 and Where the 
detecting signal assumes level “H” at the leading edge 
timing of the detection timing signal CS, the signal phase 
detection circuit 310 outputs the delay control signal DT of 
level “H”, as is shoWn in FIG. 4A. 

[0064] As a result of this, the delay quantity of the variable 
delay circuit 309 is set to the value Tc, Which results in 
generation of the output signal D3 by the signal phase 
controller 308 as illustrated in FIG. 4A. Consequently, the 
?ip-?op circuit 311 latches the signal D3 under the timing of 
the clock signal CK2 to thereby output a signal D4. 

[0065] On the other hand, in the case Where the delay time 
of Td4 intervenes betWeen the signals D1 and D2 and Where 
the detecting signal DS assumes level “L” at the leading 
edge timing of the detection timing signal CS, the signal 
phase detection circuit 310 outputs the delay control signal 
DT of level “L”, as shoWn in FIG. 4B. 

[0066] In this case, the delay time is so regulated or 
controlled that the phase of the output signal D3 of the signal 
phase controller 308 undergoes longer delay When compared 
With the case shoWn in FIG. 4A because the delay quantity 
of the variable delay circuit 309 is set to Td. As a result of 
this, the signal D4 is outputted from the ?ip-?op circuit 311 
Which latches the signal D3 under the timing of the clock 
signal CK2, similarly to the case shoWn in FIG. 4A. 

[0067] Similarly to the case described hereinbefore by 
reference to FIGS. 1 and 2, the value of the delay control 
signal DT is ?xed once the quantity Tc; Td to be adjusted has 
been determined. In the logic circuit of the sender logic 
circuit, the test signal is then replaced by the ordinary data 
signal. In this manner, the delay time is adjusted, and upon 
completion thereof, it is possible to carry out the normal 
transmission/reception of the data signal. 
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[0068] Embodiment 3 

[0069] In the case of the interface circuits shoWn in FIGS. 
1 and 3, the signal phase controller comprised of the 
variable delay circuit and the signal phase detection circuit 
is implemented in a single stage. In this conjunction, it is 
hoWever noted that by implementing the signal phase con 
troller in a multistage con?guration, the range for adjusting 
the delay time can be increased, and the delay time can be 
adjusted more ?nely. 

[0070] FIG. 5 is a circuit diagram shoWing the integrated 
circuit in Which a multi-stage signal phase modulator is 
adopted according to teachings of the invention incarnated 
in a third embodiment thereof. In the interface circuit noW 
under consideration, the structure of the sender logic circuit 
501 is utterly same as that of the sender logic circuit 301 
described hereinbefore by reference to FIG. 3. Thus, in the 
ordinary operation mode, the data signal outputted from the 
?ip-?op circuit 504 is selected by a selector 515 to be sent 
out through the driver circuit 505. On the other hand, in the 
delay time regulation mode, the test signal generated by a 
test signal generator 514 is selected by the selector 515 to be 
transmitted to the receiver logic circuit. 

[0071] The signal transmitted to a receiver logic circuit 
502 through the medium of a Wiring conductor 506 is 
inputted to a signal phase controller 508 via a receiver circuit 
502. The signal phase controller 508 is implemented in ?ve 
stages interconnected to one another. A ?ip-?op circuit 511 
latches the signal outputted from the signal phase controller 
508 under the timing of the clock signal CK2, Which signal 
is then supplied to other circuit block 512 incorporated in the 
receiver logic circuit 502. 

[0072] Each stage of the signal phase controller 508 is 
constituted by a variable delay circuit 509 and a signal phase 
detection circuit 510. Further, in FIG. 5, reference numeral 
513 denotes a detection timing controller designed for 
deriving a detection timing signal CS from the clock signal 
CK2 under the control of a control signal TE2 supplied 
externally of the integrated circuit, Wherein the detection 
timing signal CS is supplied to the signal phase detection 
circuits 510 of the individual stages of the signal phase 
controller 508, respectively. 
[0073] FIG. 6 shoWs an exemplary structure of the 
receiver logic circuit shoWn in FIG. 5, in Which same 
reference symbols as those used in FIG. 5 denote like circuit 
blocks. 

[0074] The signal phase controller 508 is constituted by 
?ve phase control units 5081, 5082, 5083, 5084 and 5085 
interconnected in cascade. More speci?cally, each of these 
phase control units is comprised of the variable delay circuit 
509 Which is constituted by a selector 616 and a delay 
element 617 and the signal phase detection circuit 510, 
Wherein the signal outputted from the delay element 617 is 
supplied to the selector of the phase control unit in each 
stage. More speci?cally, in each of the individual stages, the 
selector is connected to either one of the delay element or the 
tap output terminal. The tap output terminals of the indi 
vidual stages and the output terminal of the delay element in 
the ?nal stage, i.e., the siX output terminals in total are 
logically ORed to be supplied to the data input terminal of 
the ?ip-?op circuit 511. 

[0075] Further, in each of the stages, the selector serves for 
selecting the destination of the delay control signal DT1, 
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DT2, DT3, DT4, DT5 supplied from the signal phase 
detection circuit. In this manner, the number of the delay 
elements inserted in the signal transfer path can be deter 
mined. To say in another Way, in each of the variable delay 
circuits, one of the selectable delay quantities is selected, 
Whereby the overall delay quantity can be determined. 

[0076] The signal phase detection circuit 510 is consti 
tuted by a ?ip-?op circuit 618. Connected to the data input 
terminal of the ?ip-?op circuit 618 is the output terminal of 
the delay element of each stage, While applied to the clock 
input terminal of the ?ip-?op circuit is the detection timing 
signal CS outputted from the detection timing controller 
513. By virtue of this arrangement, the timing levels indi 
cated by the detection timing signals CS of the detecting 
signals DS1, DS2, DS3, DS4, DS5 Which have passed 
sequentially through the individual delay elements are 
latched by the ?ip-?op circuits in the individual stages, 
respectively, as a result of Which the variable delay circuits 
509 are controlled by the delay control signals DT1, DT2, 
DT3, DT4, DT5 outputted from the above-mentioned ?ip 
?op circuits, respectively. 

[0077] As described hereinbefore, the period of the detec 
tion timing signal CS is so set as to be equal to or longer than 
that of the test signal sent from the sender logic circuit. 
Parenthetically, generation and interruption of the detection 
timing signal CS is controlled by the control signal TE2 
supplied externally of the integrated circuit under consider 
ation. 

[0078] Next, referring to FIGS. 7 and 8, description Will 
be directed to operations involved in adjustment of variation 
of the delay time of the data signal in the interface circuit 
according to the embodiment shoWn in FIG. 6. 

[0079] Both of FIGS. 7 and 8 shoW the operation of the 
receiver logic circuit 502 for regulating the delay time of the 
test signal D2 inputted thereto. The operation illustrated in 
FIG. 8 differs from that shoWn in FIG. 7 in that the test 
signal D2 arrives at a retarded timing. 

[0080] In both of these ?gures, reference character CK2 
designates the clock signal Whose period is represented by 
Tck. 

[0081] The data signal D2 and the data signal D3 are 
illustrated at the timing for the ordinary data signal trans 
mission, While the other signals are shoWn at the respective 
timings in the phase control operation mode. 

[0082] The test signal D2 is sent out from the sender logic 
circuit in the course of the phase control operation to be 
applied to the input terminal of the signal phase controller 
508. The phase of the test signal D2 coincides With that of 
the data signal D2. On the other hand, the period of the 
detection timing signal CS supplied to the signal phase 
detection circuit 510 is set to a value equal to a multiple of 
the period of the test signal D2 by a natural number With a 
vieW to avoiding erroneous detection. In the case of the 
instant embodiment of the invention, the period of the 
detection timing signal CS is presumed to be tWice as long 
as that of the test signal D2 only by Way of example. 

[0083] In the phase control operation mode, all the delay 
control signals DT1, DT2, DT3, DT4 and DT5 are set to 
level “L” and the test signal is caused to pass sequentially 
through the delay elements incorporated in the respective 
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phase control units. As a result of this, the signals DS1, DS2, 
DS3, DS4 and DS5 have the respective phases each delayed 
by the delay time Te of the relevant delay element, as can be 
seen in the ?gure. 

[0084] Since the ?ip-?op circuits 618 of the individual 
phase control units 5081, 5082, 5083, 5084 and 5085 hold 
the values or levels of the signals DS1, DS2, DS3, DS4 and 
DS5, respectively, at the leading edge timing of the detection 
timing signal CS, the values or levels at the time points each 
indicated by a circular mark in FIGS. 7 and 8 are held as the 
results of detection. Thus, in the case of the example 
illustrated in FIG. 7, the delay control signal DT1 is at the 
level “L”, the delay control signal DT2 is at the level “L”, 
the delay control signal DT3 is at the level “L”, the delay 
control signal DT4 is at the level “H” and the delay control 
signal DT5 is at the level “H”. On the other hand, in the case 
illustrated in FIG. 8, the delay control signal DT1 is at the 
level “L”, the delay control signal DT2 is at the level “H”, 
the delay control signal DT3 is at the level “H”, the delay 
control signal DT4 is at the level “H” and the delay control 
signal DT5 is at the level “H”. 

[0085] Consequently, in the case illustrated in FIG. 7, the 
test signal D2 passes sequentially through the delay ele 
ments of the phase control units 5081, 5082 and 5083 in this 
order to be transferred to the ?ip-?op circuit 511 through the 
tap output terminals of these phase control units, respec 
tively. In the case illustrated in FIG. 8, the test signal D2 
passes through only one stage of the delay circuit of the 
phase control unit 5081 to be inputted to the ?ip-?op circuit 
511 from the tap output terminal of the phase control unit 
5082. As a result of this, the delay time of the test signal D3 
is so regulated or controlled that the phase of the test signal 
D3 substantially coincides With that of the detection timing 
signal CS in both the cases illustrated in FIGS. 7 and 8. 

[0086] After the phase control operation, the values or 
levels of the delay control signals DT1, DT2, DT3, DT4 and 
DT5 are ?xed, and thus the delay time is so set that the phase 
of the data signal D3 substantially coincides With that of the 
detection timing signal CS. 

[0087] As is apparent from the foregoing, according to the 
teachings of the invention incarnated in the instant embodi 
ment, it is possible to cause the phase of the detection timing 
signal CS to coincide substantially With that of the data 
signal D3 through the phase control operation. 

[0088] Thus, in order to ensure that the ?ip-?op circuit 511 
can receive normally the signal, the detection timing con 
troller 513 should be so controlled that the phase of the 
leading edge of the detection timing signal CS has a suf? 
cient time margin relative to that of the leading edge of the 
clock signal CK. 

[0089] FIG. 9 shoWs another exemplary structure of the 
receiver logic circuit shoWn in FIG. 5. 

[0090] Asignal phase controller 508‘ adopted in the struc 
ture shoWn in FIG. 9 is constituted by a cascaded connection 
of ?ve phase control units 9081, 9082, 9083, 9084 and 9085, 
Wherein each of these phase control units is comprised of a 
variable delay circuit 509‘ Which is constituted by a selector 
916 and a delay element 917 and a signal phase detection 
circuit 510‘ including a ?ip-?op circuit 918, similarly to the 
structure shoWn in FIG. 6. HoWever, the signal phase 
controller 508‘ noW under consideration differs from the 








