
US 20080285375A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2008/0285375 A1 

Matsuzaki (43) Pub. Date: Nov. 20, 2008 

(54) SEMICONDUCTOR DEVICE, MODULE Related U.S. Application Data 
INCLUDING THE SEMCONDUCTOR - - - 

(62) Division of application No. 09/874,037, filed on Jun. 6, 
ESAND systEM INCLUDING THE 2001, now Pat. No. 7,391,255. 

(30) Foreign Application Priority Data 

(75) Inventor: Yasurou Matsuzaki, Kawasaki (JP) Jun. 8, 2000 (JP) ................................. 2OOO-172483 
Publication Classification 

Correspondence Address: 
ARENT FOX LLP 'Elias (2006.01) 

CONNECTICUT AVENUE, N.W., SUITE HO3L 7/00 (2006.01) 

WASHINGTON, DC 20036 (US) (52) U.S. Cl. ....................... 365/233.1; 327/141; 327/161 
9 

(57) ABSTRACT 

(73) Assignee: Fujitsu Limited A module includes a semiconductor device, a phase adjust 
ment circuit generating a second clock so that a phase adjust 
ment signal output from the semiconductor device and a first 

(21) Appl. No.: 12/124,765 clock have a predetermined phase relationship, and an output 
circuit that is provided in the semiconductor device and gen 

(22) Filed: May 21, 2008 erates the phase adjustment signal from the second clock. 

160 
14 -1 

E MORY MODULE O MEMORY DEVICE 

DATAOUTPUT CPUT - 23 
DQ 24 DQ k BUFFER (D4) DATA 

DQ --> 8 
-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - DATANPUT 111 INPUT 

D1 BUFFER DATA 

28 DUMMY OUTPUT | DUMMY 15 
All OUTPUT 

----------- - DUMA BUFFER (D4") 

-- - - - - D2 - - - - N114 
y 16 CLK6 INPUT BUFFER 

DUMM2 PLL FOR C P3H FOR OUTPUT 
OUTPUT CLKS CLK-O CLK (D3) DUMMY 

CK CLK (PLL2) DUMMY 
CLK-b- " - 2 N25 6ET OUTPUT ... D1. 21, D2 r ENABLE 

: ---------- -- 12 EBE TERNAL 
F-15 CLK3p-NEEBFFER SIGNAL 

CK PLL FOR CK2 CLKk FOR CLK (DMM-EN) 
INPUT 

CLK4 CLK (PLL) \ 116 WCC 
T i 23 

22- - 29 
: PLL1, PLL2 - NOSE FILTER 



US 2008/0285375 A1 

? ?? 

ET[\(]OW 
101 001 XHONEW 

Nov. 20, 2008 Sheet 1 of 21 Patent Application Publication 

  



US 2008/0285375 A1 Nov. 20, 2008 Sheet 2 of 21 Patent Application Publication 

  

  

  

  

  

  

  

  

  

  

  

  



US 2008/0285375 A1 Nov. 20, 2008 Sheet 3 of 21 Patent Application Publication 

z X 10 - „G=10-> 

XITO 
) 



Patent Application Publication Nov. 20, 2008 Sheet 4 of 21 US 2008/0285375 A1 

s 

  



US 2008/0285375 A1 Nov. 20, 2008 Sheet 5 of 21 Patent Application Publication 

HO- TTC] 

HE-H-][18] 

± • • • • • • ** * * * * * 

XTO LÎldNI »JO – TTg 
ETTECTO|A| AHOINEN 

  

  

    

  

  



US 2008/0285375 A1 Nov. 20, 2008 Sheet 6 of 21 Patent Application Publication 

0]) TO 

HSVH, NITInd\|-- 



US 2008/0285375 A1 Nov. 20, 2008 Sheet 7 of 21 Patent Application Publication 

Z 

| d 

  

  

  

  





US 2008/0285375 A1 Nov. 20, 2008 Sheet 9 of 21 Patent Application Publication 

/\/\(\')(^?????????????ZY T. T. F. F F yno 



US 2008/0285375 A1 Nov. 20, 2008 Sheet 10 of 21 

HSVHd NITIÑd | || ZO ; 

Tl_T \TO 

Patent Application Publication 

  



US 2008/0285375 A1 Nov. 20, 2008 Sheet 11 of 21 Patent Application Publication 

  



Patent Application Publication Nov. 20, 2008 Sheet 12 of 21 US 2008/0285375 A1 

FG, 12 

  



US 2008/0285375 A1 Nov. 20, 2008 Sheet 13 of 21 Patent Application Publication 

! | 

| 

ET[100W ÅHOWE'W 

  

  

  



US 2008/0285375 A1 Nov. 20, 2008 Sheet 14 of 21 Patent Application Publication 

ETEWNE 

0 

  

    

    

  

    

  

  



Patent Application Publication Nov. 20, 2008 Sheet 15 of 21 US 2008/0285375 A1 

FG 15 

200 
1801 1802 180 

161 162 16n 

MEMORY MODULE e MODULE | | | MEMORY MODULE 
-III —t - 

M 
17 18 17 18 17 | 18 

  



Patent Application Publication Nov. 20, 2008 Sheet 16 of 21 US 2008/0285375 A1 

FG 16 

20OA 

1801 1802 180 

161 162 16n 

MEMORY MODULE MEMORY MODULE | | | MEMORY MODULE 

17 18 17 18 17 18 

901 902 90 

190 



Patent Application Publication Nov. 20, 2008 Sheet 17 of 21 US 2008/0285375 A1 

& 

HEE 2 

s 

E 

H 
: 

O 

3 

  



US 2008/0285375 A1 Nov. 20, 2008 Sheet 18 of 21 Patent Application Publication 

  

  

  

  

  

  

  

  



Patent Application Publication Nov. 20, 2008 Sheet 19 of 21 US 2008/0285375 A1 

. 
cN 

ce 
s 

S O 

- so ld in n 
on 

e 

- - 
N 

cS: 
ena so k 

s s S2P. S. 
P CD s 

CD 

  



US 2008/0285375 A1 Nov. 20, 2008 Sheet 20 of 21 Patent Application Publication 

ESWHd NITInd | }; ZO ; 

  



US 2008/0285375 A1 Nov. 20, 2008 Sheet 21 of 21 Patent Application Publication 

/ | | 

    

  

    

  

  



US 2008/0285375 A1 

SEMICONDUCTOR DEVICE, MODULE 
INCLUDING THE SEMCONDUCTOR 

DEVICE, AND SYSTEM INCLUDING THE 
MODULE 

0001. This application is a divisional of application Ser. 
No. 09/874,037, filed Jun. 6, 2001, the entire specification 
claims and drawings of which are incorporated herewith by 
reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to modules having 
semiconductor devices mounted on a wiring or circuit board, 
and more particularly to a technique directed to making an 
arrangement in which data can be output from the semicon 
ductor devices at the same timing as an external clock. 
0004 2. Description of the Related Art 
0005 Conventionally, a module is formed by mounting a 
plurality of semiconductor devices on a circuit device. For 
example, a memory module is formed by mounting a plurality 
of semiconductor memory devices on a wiring board (which 
may be referred to as a circuit board). 
0006 FIG. 1 is a block diagram of a conventional memory 
module (first conventional example). A memory module 10 
shown in FIG. 1 includes a wiring board 150, in which pro 
vided are semiconductor memory devices 100 through 107, a 
PLL (Phase-Locked Loop) circuit 11, and a plurality of data 
input/output terminals DA and a clockinput terminal respec 
tively provided for the memory devices 100 through 107. The 
memory module 10 inputs and outputs parallel data consist 
ing of a plurality of bits via the data input/output terminals 
DQ, and receives an external clock via the clock input termi 
nal CLK. 
0007. The memory devices 100 through 107 input and 
output data signals DQ via data input/output terminals DQ 
connected to the data input/output terminals DQ. 
0008. The clock supplied from the outside of the memory 
module 10 is applied to the PLL circuit 11 via the clock input 
terminal CLK. A clock output by the PLL circuit 11 is sup 
plied to clock input terminals CLK* of the memory devices 
100 through 107. The PLL circuit 11 is used to operate the 
memory module 10 in synchronism with a high-speed clock. 
If the external clock is supplied directly to the memory 
devices 100 through 107, the clock waveform will be rounded 
due to the parasitic capacitance coupled to clock Supply lines 
extending from the clock input terminal CLK to the memory 
devices 100 through 107. The rounded clock waveform 
would prevent the memory devices 100 through 107 from 
operating at high speed. As an increased number of memory 
devices 100 through 107 is used, the clock waveform will be 
rounded more greatly. The PLL circuit 11 acts to reduce the 
parasitic capacitance of the clock Supply lines and enhance 
the driving ability of the clock, so that the highly precise clock 
can be supplied to the memory devices 100 through 107. If the 
clock supply lines that extend from the PLL circuit 11 to the 
memory devices 100 through 107 are arranged so as to have 
an identicallength, the input timings of the clocks obtained at 
clock input terminals CLK* of the memory devices 100-107 
will coincide with one another. 
0009 FIG. 2 is a block diagram of the periphery of the PLL 
circuit 11 mounted on the wiring board 150 of the memory 
module 10, and the internal structure of the memory device 
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100 also mounted thereon. FIG. 3 is a timing chart of an 
operation of the memory module 10. Although only the 
memory device 100 is illustrated in FIGS. 2 and 3, the other 
memory devices 101 through 107 are configured as the 
memory device 100, and operate in the same manner as the 
SaC. 

0010. The memory module 10 is configured so that the 
timing relationship of the signals applied to its data input/ 
output terminals DQ and clock input terminal CLK can be 
maintained at the data input/output terminals DQ and clock 
input terminals CLK* of the memory devices 100 through 
107. The external clock is supplied to the PLL circuit 11 as 
clock CLK1 via the clock input terminal CLK and a delay 
circuit 21. A clock CLK2, that is output by the PLL circuit 11, 
is supplied, as clock CLK3, to the clock input terminal CLK* 
of the memory device 100 via a clock supply line 23 having a 
tree-like structure, and is fed back, as a clock CLK4, to the 
inputside of the PLL circuit 11 via a delay line 22. The PLL 
circuit 11 controls the phase (output timing) of the clock 
CLK2 so that the clocks CLK1 and CLK4 are in phase. 
0011. The delay circuit 21 has a meander wiring pattern, 
which has a delay time (delay amount) D1' that is substan 
tially equal to a delay time (delay amount) D1 of a data line 
(data bus) 24 for connecting the data input/output terminal 
DQ of the memory module 150 and the data input/output 
terminal DQ* of the memory device 100. The delay circuit 22 
has a meander wiring pattern, which has a delay time (delay 
amount) D2 that is Substantially equal to a delay time (delay 
amount) D2 of a clock supply line 23. The PLL circuit 11 
adjusts the phase of the clock CLK2 so that the clocks CLK1 
and CLK4 are in phase with each other. As a result of the 
above phase control, the timing relationship of the signals 
applied to the data input/output terminal DQ and the clock 
input terminal CLK is also maintained at the data input/output 
terminal DQ and clock input terminal CLK* of the memory 
device 100. 
0012. The memory device 100 includes a data output 
buffer 110, a data input buffer 111, a clock input buffer 112, 
and a DLL (Delay-Locked Loop) circuit 113 for outputting a 
clock. The DLL circuit 113 may be replaced by a PLL circuit. 
The clock CLK3 applied to the clock input terminal CLK is 
supplied to the data input buffer 111 and the DLL circuit 113 
via the input buffer 112. The data input buffer 111 fetches 
input data applied to the data input/output terminal DQ in 
synchronism with the clock CLK3 available via the input 
buffer 112. The DLL circuit 113 supplies the data output 
buffer 110 with a clock CLK10 for data outputting. The clock 
CLK10 can be obtained by delaying the clock CLK3. By 
setting the delay time between the clock CLK3 and the clock 
CLK10 appropriately, the memory device 100 can output data 
to the data input/output terminal DQ at the same timing as 
the clock CLK3. That is, the clock CLK10 leads to the clock 
CLK3 applied to the clockinput terminal CLK by a delay D4 
of the data output buffer 110. 
0013. In the memory module thus configured, as shown in 
FIG. 3, data output to the data input/output terminal lags 
behind the clock CLK applied to the clock input terminal 
CLK by D1x2. 
0014 FIG. 4 is a block diagram of another conventional 
memory module (second conventional module) that has a 
different configuration from the first conventional memory 
module. A memory module 12 shown in FIG. 4 has a unique 
arrangement that makes it possible to operate at a higher 
speed than that in the memory module 10. More particularly, 
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the data input/output terminals DQ of the memory module 12 
and the data input/output terminals DQ are arranged as close 
as possible. The PLL circuit 11 is arranged so as to split 
memory devices 100A through 107A into two groups. The 
clock supply line 23 from the PLL circuit 11 is arranged in a 
tree fashion on the side of the wiring board 150 opposite to 
that on which the data input/output terminals DQ are pro 
vided. The data input/output terminals DQ and clock input 
terminals CLK* of the memory modules 100A through 107A 
are arranged on the opposite sides of the chips. This terminal 
arrangement is different from that of the memory modules 
100 through 107. 
0015 FIG.5is a block diagram of the periphery of the PLL 
circuit 11 mounted on the wiring board 150 of the memory 
module 12, and the internal structure of the memory device 
100A also mounted thereon. For the sake of convenience, the 
data input/output terminal DQ* and the clock input terminal 
CLK are arranged on the same side of the memory device 
100A FIG. 6 is a timing chart of an operation of the memory 
module 12 shown in FIG. 5. Although only the memory 
device 100A is illustrated in FIGS. 5 and 6, the other memory 
devices 101A through 107A are configured as the memory 
device 100A, and operate in the same manner as the same. 
0016. In FIG. 5, the data lines 24 are too short to cause a 
substantial delay. Hence, the clock input terminal CLK and 
the PLL circuit 11 are connected directly. In the data output 
ting operation, the output data DQ at the data input/output 
terminal DQ is in phase with the external clock at the clock 
input terminal CLK. In contrast, in the memory module 10, 
the output data DQ is delayed so as to lag behind the clock at 
the clock input terminal CLK by the delay D1x2, as has been 
described previously. 
0017. The data are output from the memory devices 100 
through 107 mounted on the memory module 10 at the tim 
ings adjusted by the DLL (or PLL) circuit 113 also mounted 
thereon. The DLL 113 needs a stable power source in order to 
perform highly precise timing adjustment. However, the DLL 
circuit 113 is provided in each of the memory devices 100 
through 107, and is therefore affected by noise superimposed 
on a power Supply thereto. This will cause an error in timing 
adjustment and aljitter between the phase of the clock and that 
of the output data. 
0018. The above drawbacks occur in the memory module 
12 as well. 

SUMMARY OF THE INVENTION 

0019. It is an object of the present invention to eliminate 
the above drawbacks. 
0020. A more specific object of the present invention is to 
provide a module in which output data and a clock can be 
accurately synchronized with each other without being 
affected by noise Superimposed on a power Supply thereto, 
and to provide a semiconductor module that can be mounted 
on a module as described above, and a system that employ a 
plurality of modules each being configured as described 
above. 
0021. The above objects of the present invention are 
achieved by a module comprising: a semiconductor device; a 
phase adjustment circuit generating a second clock so that a 
phase adjustment signal output from the semiconductor 
device and a first clock have a predetermined phase relation 
ship; and an output circuit that is provided in the semicon 
ductor device and generates the phase adjustment signal from 
the second clock. The phase adjustment circuit is provided 
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separate from or outside of the semiconductor device. Thus, 
even if noise is Superimposed on a power Source Supplied to 
the semiconductor device, the phase adjustment circuit is not 
affected by the noise at all and can operate normally. The 
second clock thus generated makes it possible to output data 
precisely in Synchronism with the second clock. 
0022. The above objects of the present invention are also 
achieved by a module comprising: semiconductor devices; a 
phase adjustment circuit generating a second clock so that a 
phase adjustment signal output from a first semiconductor 
device that is one of the semiconductor devices and a first 
clock have a predetermined phase relationship, the second 
clock being Supplied to the semiconductor devices; and a 
wiring board on which the semiconductor devices and the 
phase adjustment circuit are mounted, the first semiconductor 
device including an output circuit generating the phase 
adjustment signal from the second clock. 
0023 The above objects of the present invention are also 
achieved by a system comprising: modules; a wiring board on 
which the modules are mounted; and a dummy output load 
line serving as loads of dummy output data output from the 
modules. 
0024. The above objects of the present invention are also 
achieved by a semiconductor device comprising: a first buffer 
receiving a first external clock and generating a first internal 
clock therefrom; a second buffer receiving a second external 
clock and generating a second internal clock therefrom; an 
input buffer fetching input data in synchronism with the first 
internal clock; an output buffer from which data is output in 
synchronism with the second internal clock; and an output 
circuit outputting dummy output data in Synchronism with 
the second internal clock. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0025. Other objects, features and advantages of the 
present invention will become more apparent from the fol 
lowing detailed description when read in conjunction with the 
accompanying drawings, in which: 
0026 FIG. 1 is a block diagram of a first conventional 
memory module; 
0027 FIG. 2 is a block diagram of a circuit configuration 
of the memory module shown in FIG. 1; 
0028 FIG. 3 is a timing chart of an operation of the 
memory module shown in FIGS. 1 and 2: 
0029 FIG. 4 is a block diagram of a second conventional 
memory module; 
0030 FIG. 5 is a block diagram of a circuit configuration 
of the memory module shown in FIG. 4; 
0031 FIG. 6 is a timing chart of an operation of the mod 
ule shown in FIGS. 4 and 5: 
0032 FIG. 7 is a block diagram of an overall structure of a 
memory module according to a first embodiment of the 
present invention; 
0033 FIG. 8 is a block diagram of a circuit configuration 
of the memory module according to the first embodiment of 
the present invention; 
0034 FIG. 9 is a timing chart of an operation of the 
memory module according to the first embodiment of the 
present invention performed at the time of inputting data; 
0035 FIG. 10 is a timing chart of an operation of the 
memory module according to the first embodiment of the 
present invention performed at the time of outputting data; 
0036 FIG. 11 is a block diagram of a variation of the 
circuit configuration shown in FIG. 8: 
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0037 FIG. 12 is a circuit diagram of a circuit configuration 
of a programmable delay circuit and a programmable circuit 
shown in FIG. 11; 
0038 FIG. 13 is a block diagram of an overall structure of 
a memory module according to a second embodiment of the 
present invention; 
0039 FIG. 14 is a block diagram of a circuit configuration 
of the memory module shown in FIG. 13: 
0040 FIG. 15 is a block diagram of an overall structure of 
a memory system using memory modules configured accord 
ing to the second embodiment of the present invention; 
0041 FIG. 16 is a block diagram of an overall structure of 
another memory system using memory modules configured 
according to the second embodiment of the present invention; 
0042 FIG. 17 is a block diagram of an overall structure of 
a memory module according to a third embodiment of the 
present invention; 
0043 FIG. 18 is a block diagram of a circuit configuration 
of the memory module shown in FIG. 17: 
0044 FIG. 19 is a timing chart of an operation of the 
memory module shown in FIG. 16 performed at the time of 
inputting data; 
0045 FIG. 20 is a timing chart of an operation of the 
memory module shown in FIG. 16 performed at the time of 
outputting data; and 
0046 FIG. 21 is a block diagram of an overall structure of 
a memory module according to a fourth embodiment of the 
present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0047 FIG. 1 is a block diagram of a module according to 
a first embodiment of the present invention. A memory mod 
ule 14 shown in FIG. 7 includes, on a wiring board 160, 
memory devices 120-127 having an identical structure, a PLL 
circuit (PLL1) 15 for an input clock, a PLL circuit (PLL2) 16 
for an output clock, data input/output terminals DQ and a 
clock input terminal CLK. A positive power source Voltage 
VCC is applied, as an external instruction signal, to a dummy 
output enable terminal of the memory device 123. The 
remaining memory modules 120-122 and 124-127 are sup 
plied with a negative power source Voltage (ground Voltage) 
VSS via the respective dummy output enable terminal. Thus, 
only the memory device 123 is allowed to generate dummy 
output data, which will be described later. In the specification, 
clocks handled within the module are internal clocks. 
0048. The data input/output terminals DQ of the memory 
module 14 are provided respectively for the memory devices 
120 through 127, and are connected to data input/output 
terminals P1 thereof. 
0049. The clock input terminal CLK, to which an external 
clock is applied, is connected to inputs of the PLL circuits 15 
and 16. The PLL circuit 15 acts as a phase adjustment circuit, 
and outputs a clock for data inputting to clockinput terminals 
P4 of the memory devices 120 through 127 via the clock 
supply line 23. The PLL circuit 16 acts as a phase adjustment 
circuit, and outputs a clock used to output data to clock 
terminals P3 of the memory devices 120 through 127 via a 
clock supply line 25. The clock supply lines 23 and 25 have a 
substantially identical delay amount. The term “substan 
tially” means that the delay amounts of the lines 23 and 25 
have a tolerable difference, which may depend on the user's 
requirement, for example. The clock supply lines 23 and 25 
may have an identical length. 
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0050. The PLL circuit 16 receives dummy output data, 
which is output from the memory device 123 via the dummy 
output terminal P2. Then, the PLL circuit 16 compares the 
phase of the dummy output data with that of the external 
clock. As will be described later, the memory device 123 is 
capable of generating dummy output data from the clock 
received via the dummy data output terminal P2. The timing 
of the clock used to output data adjusted by the PLL circuit 16 
so that the dummy output data and the external clock are 
pulled in phase. If the dummy output data has the same delay 
amount as the data output signal lines 24, the dummy output 
data and the output data at the data input/output terminal DQ 
are in phase. That is, the output data at the data input/output 
terminal DQ is synchronized with the external clock. In that 
manner, the dummy output data functions as a phase adjust 
ment signal. 
0051 FIG. 8 is a block diagram illustrating circuit con 
figurations of the peripheries of the PLL circuits 15 and 16 
and the memory device 123 mounted on the memory module 
14. FIG. 9 is a timing chart of an operation of the structure 
shown in FIG. 8 at the time of inputting data. FIG. 10 is a 
timing chart of an operation of the structure shown in FIG. 8 
at the time of outputting data. 
0.052 The data input/output terminal DQ of the memory 
module 14 is connected to the data input/output terminal 
DQ*(P1) of the memory device 123 via the data lines 24. The 
clock input terminal CLK of the memory module 14 is con 
nected to an end of the delay circuit 21 and one of the two 
inputs of the PLL circuit 16 used to output the clock. The PLL 
circuit 5 used to input the clock, the delay circuit 21, the delay 
circuit 22 and the clock supply line 23 are the same as those of 
the aforementioned memory module 10. At the time of input 
ting data, as shown in FIG.9, the PLL circuit 15 controls the 
timing of the output clock CLK2 so that there is no phase 
difference between the clock CLK1 received via the delay 
circuit 21 and the clock CLK4 from the delay circuit 22. The 
clock CLK2 is applied to the clockinput terminal CLK (P4) 
of the memory device 123 via the clock supply line 23. The 
delay time D1' of the delay circuit 21 is substantially equal to 
the delay time D1 of the data lines 24, and the delay time D2 
of the delay circuit 22 is substantially equal to the delay time 
D2 of the clock supply line 23. 
0053 A description will be given, with reference to FIG. 
10, of a structure and an operation related to the data output 
ting. The PLL circuit 16 that generates the clock used to 
output data receives the dummy output data via the dummy 
output data line 26, and compares the phase of the dummy 
output data with that of the external clock CLK. The clock 
CLK5 output by the PLL circuit 16 is supplied, as clock 
CLK6, to a clock input terminal CLK-O (P3) of the memory 
device 123 via the clock supply line 25. 
0054 The memory device 123 includes an input buffer 
114 for the output clock, a dummy output buffer 115, a buffer 
116 and an dummy output enable terminal P5 in addition to 
the aforementioned data output buffer 110, the data input 
buffer 111, and the input buffer 112 that receives the clock 
used to input data. The memory device 123 does not have the 
DLL circuit 113 for the output clock shown in FIGS. 2 and 5. 
The input buffer 114 buffers the clock CLK6 applied to the 
clock input terminal P3, and outputs the buffered clock to the 
data output buffer 110 and the dummy output buffer 115. The 
dummy output buffer 115 is supplied with the power source 
voltage VCC via the dummy output enable terminal P5 and 
the buffer 116. The output signal of the buffer 116 functions 
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as a dummy output enable signal DMM-EN, and the dummy 
output buffer 115 is set to an enable state. The enable state 
may be set by applying the dummy output enable signal 
DMM-EN to the gate of a transistor (switch) which turns 
ON/OFF the power source voltage VCC supplied to the 
dummy output buffer 115. The dummy output buffer 115 
buffers the received clock, and applies the buffered clock to 
the dummy output terminal P2. The dummy output buffer 115 
has delay time D4' substantially equal to the delay time D4 of 
the data output buffer 110. When the delay time of the input 
buffer 114 for the output clock is denoted as D3, the clock 
CK6 is delayed by D3+D4 and is output to the dummy output 
terminal P2 as dummy output data DUMM1. 
0055. The dummy output data DUMM1 is applied to the 
PLL circuit 16 for the output clock as dummy output data. 
DUMM2. The dummy output data line 26 has delay time D1'. 
The PLL circuit 16 compares the phase of the external clock 
CLK with that of the dummy output data DUMM2, and 
controls the timing of the output clock CLK5 so that the phase 
difference becomes Zero. The clock input terminal CLK and 
the PLL circuit 16 is close so that a delay time caused by the 
wiring line connecting them is negligible. The clock CLK5 
travels through the clock supply line 25, the input buffer 114, 
the dummy output buffer 115 and the dummy output data line 
26, so that it is delayed by D2+D3+D4+D1' (D1+D2+D3+ 
D4). The situation in which the dummy output data DUMM2 
and the external clock CLK are in phase means that the 
external clock CLK and the data signal at the data input/ 
output terminal DQ are in phase. 
0056. The clock CLK5 thus controlled is supplied to the 
memory devices 120 through 127 via the clock supply lines of 
the equal length. Hence, the items of data output from the 
memory devices 120 through 127 are in phase with the exter 
nal clock CLK at the data input/output terminals DQ of the 
memory module 14. Thus, data can be output via the data 
input/output terminals DQ in synchronism with the external 
clock CLK. The power source voltage VSS is supplied to the 
dummy output enable signals P5 of the memory devices 
120-123 and 124-127 other than the memory device 124. 
Thus, the dummy output buffers 115 of the memory devices 
except the memory device 124 are set in the disable state, and 
dummy output data are not output therefrom. 
0057. As described above, the timing adjustment of data 
outputting is carried out by the PLL circuit 16 for the output 
clock mounted on the wiring board 160 of the memory mod 
ule 14. This avoids the necessity of the DLL circuits mounted 
to the memory devices 120 through 127. Even if nose is 
Superimposed on the power sources of the memory devices 
120 through 127, the timing adjustment of the data outputting 
is not affected at all. In addition, as shown in FIG. 8, a noise 
filter 29 may be used to eliminate noise superimposed on the 
power source Voltage VCC and Supply noise-eliminated 
power supply voltage to the PLL circuits 15 and 16. It is 
therefore possible to implement more reliable timing control. 
The noise filter 29 may be a conventional filter capable of 
eliminating noise from a power source. 
0058 FIG. 11 is a block diagram of a circuit configuration 
of a memory module 14A, which is a variation of the first 
embodiment of the present invention. In FIG. 11, parts that 
are the same as those shown in FIG. 8 are given the same 
reference numerals. 
0059 A memory device 123A corresponds to the memory 
device 123 shown in FIG. 8, and includes a variable delay 
circuit 117 and a programmable circuit 118. The variable 
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delay circuit 117 delays the output of the input buffer 114 for 
the output clock by a delay time that is set by the program 
mable circuit 118. The delayed signal is then output to the 
data output buffer 110 and the dummy output buffer 115. 
0060. The variable delay circuit 117 and the program 
mable circuit 118 are used to compensate for differences of 
the delay times (such as D3 and D4") in different memory 
devices due to an unevenness of the fabrication process. The 
circuits 117 and 118 act to make the delay time between the 
clock input terminal P3 and the dummy output terminal P2 of 
each memory device contact. In wafer test or shipping test, 
the programmable circuit 118 is programmed so that the 
variable delay circuit 117 has a programmed correction value 
(delay time). The correction value makes the total delay time 
of the input buffer 114 and the variable delay circuit 118 
substantially to D3. All the memory devices mounted on the 
memory module 14A are programmed so that the delay times 
between the clock input terminals P3 and the dummy output 
terminals P2 of the memory devices are substantially equal to 
each other. Thus, by carrying out the timing adjustment of the 
output clock using the aforementioned PLL circuit 16 in one 
of the memory devices mounted on the memory module 14A 
(for example, memory device 123A), the output timings of all 
the memory devices precisely coincide with each other. The 
data input operation and the data output operation are per 
formed at the timings shown in FIGS. 9 and 10, respectively. 
0061 FIG. 12 is a circuit diagram of a circuit configuration 
of the variable delay circuit 117 and the programmable circuit 
118 shown in FIG. 11. The variable delay circuit 117 includes 
inverters 170 and 171, a resistor R1 and capacitors C1, C2and 
C3. One of the two ends the resistor R1 is connected to an 
output terminal of the inverter 170, and the other end is 
connected to an input terminal of the inverter 171 and ends of 
the capacitors C1 through C3. The programmable circuit 118 
has fuses H1, H2 and H3, which are respectively connected to 
the capacitors C1, C2 and C3 and are grounded. Each of the 
fuses H1-H3 may be cut so that the above-mentioned correc 
tion value can be set. 

0062 FIG. 13 is a block diagram of a memory module 
1600 according to a second embodiment of the present inven 
tion. Any part shown in the previously described figures that 
is the same as a part shown in FIG. 13 is denoted by the same 
reference numeral in these figures. 
0063. In the aforementioned variation of the first embodi 
ment of the present invention, the data lines (data bus) 24 
formed on the wiring board 160 are connected to the data 
input/output terminals DQ. In order to coincide the phase of 
the dummy output data with the data of the data input/output 
terminal DQ, a dummy output terminal 17 is preferably con 
nected to the dummy output data line 26, as shown in FIG. 13. 
The same load as that connected to the data input/output 
terminal DQ can be connected to the dummy output terminal 
17. Thus, the data line 24 and the dummy output data line 26 
have the same load condition. It is not necessary to set the 
strictly identical condition. In other words, the data lines 24 
and the dummy output lines 26 may have substantially the 
same load condition within a tolerable range that is deter 
mined by taking into consideration, for example, a condition 
in which the memory module is used. Adummy outputenable 
terminal 18 connected to the terminal P5 of the memory 
device 123A is mounted on the wiring board 160. The power 
source voltage VCC may selectively be applied to the dummy 
output enable terminal 18 
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0064 FIG. 14 is a block diagram of the peripheries of the 
PLL circuits 15 and 16 and an internal circuit configuration of 
the memory device 123A mounted on the memory module 
1600 shown in FIG. 13. The dummy output terminal 17 is 
connected to the dummy output terminal P2 and the PLL 
circuit 16. The length of the wiring line between the dummy 
output terminal 17 and the dummy output terminal P2 is 
substantially equal to that of the wiring line between the 
dummy output terminal P2 and the PLL circuit 16. In other 
words, the delay time between the dummy output terminal 17 
and the dummy output terminal P2 is Substantially equal to 
that between the dummy output terminal P2 and the PLL 
circuit 16 
0065. A plurality of memory modules 1600 thus config 
ured are mounted on a wiring board so that a memory system 
can be formed. 
0066 FIG. 15 is a block diagram of a memory system 200 
in which a plurality of memory modules 16 through 16 (n is 
an integer) are mounted on a wiring board 190. Each of the 
memory modules 16 through 16, may be configured as 
shown in FIG. 14. The dummy output terminal 17 of each of 
the memory modules 16 through 16, is connected to a com 
mon dummy output load line (data bus) 90 formed on the 
wiring board 190. The dummy output enable terminals 18 of 
the memory modules 16 through 16, are respectively con 
nected to dummy output enable terminals 180 through 180, 
that are formed on the wiring board 190 and are used to make 
external connections. In practice, a data bus for transferring 
regular data and a clock supply line for supplying a clock are 
mounted on the wiring board 190. However, these parts are 
omitted for the sake of simplicity. 
0067. The phase adjustment of the data outputting using 
the dummy output data is performed by selecting the dummy 
output enable terminals 180 through 180, one by one by a 
controller (for example, a direct memory access controller) 
connected to the memory system 200 and applying the power 
source voltage VCC to the selected dummy output enable 
terminal. The phase adjustment of the data outputting in the 
selected memory module is carried out as has been described 
previously. 
0068 FIG. 16 is a block diagram of a variation of the 
memory system shown in FIG. 15. A memory system 200A 
shown in FIG. 16 is configured so that dummy output load 
lines 90 through90, are respectively provided to the memory 
modules 16 through 16. The dummy output enable termi 
nals 18 of the memory modules 16 through 16, are connected 
to the dummy output enable terminals 180 through 180, for 
making external connections. Since the memory modules 16 
through 16, include the dummy output load lines 90 through 
90, it is possible to simultaneously carry out the phase 
adjustment of the memory modules. The memory modules 
16, through 16, may be supplied with the power source volt 
age VCC in common. In other words, only one dummy output 
enable terminal may be mounted on the wiring board 190 
instead of the dummy output enable terminals 180 through 
180. 
0069. In the configurations shown in FIGS. 15 and 16, the 
dummy output enable terminals 180 through 180, are not 
limited to the arrangements shown. For example, the dummy 
output enable terminals 180 through 180, may be arranged 
on the opposite side. It is also possible to employ a single 
dummy output enable terminal and provide a Switch on the 
wiring board 160. An external control signal is applied to the 
Switch, which selects the memory devices one by one. 
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(0070 FIG. 17 is a block diagram of a memory module 19 
according to a third embodiment of the present invention, in 
which those parts that are the same as those shown in the 
previously described figures are given the same reference 
numerals. The memory module 19 has an arrangement in 
which the PLL circuits 15 and 16 and their peripheral circuits 
are provided in a central portion of the wiring board 160. This 
arrangement splits the memory devices 120a through 122A, 
123B and 124A through 127A into two groups. The clock 
supply lines 23 and 24 formed in tree-like fashion are pro 
vided on a side of the wiring board opposite to a side thereof 
on which the data input/output lines are provided. The 
memory devices 120a through 122A, 123B and 124A 
through 127A are disposed as close to the corresponding data 
input/output terminals DQ as possible. Similarly, the PLL 
circuit 15 is disposed as close to the clockinput terminal CLK 
supplied with the external clock as possible. Therefore, the 
above wiring lines have a Substantially negligible delay that 
does not affect the operating frequency. Thus, the memory 
module 19 can operate in synchronism with an external clock 
that is higher than the external clocks applied to the afore 
mentioned memory modules 16 and 16A. Further, the 
memory module 19 does not need the delay circuit 21. 
0071 FIG. 18 is a block diagram of the peripheries of the 
PLL circuits 15 and 16 and an internal configuration of the 
memory device 123B mounted on the memory module 19 
shown in FIG. 17. FIG. 19 is a timing chart of an operation of 
the configuration shown in FIG. 18 at the time of inputting 
data. FIG. 20 is a timing chart of an operation of the configu 
ration shown in FIG. 18 at the time of outputting data. 
(0072 Referring to FIG. 18, the electrical internal structure 
of the memory device 123B is the same as that of the memory 
device 123A shown in FIG. 14. However, the memory device 
123B differs from the memory device 123A in that terminals 
P3, P4 and P5 are provided on a side opposite to the side on 
which the terminals P1 and P2 are provided. Further, the delay 
time of the data lines 24 are substantially negligible, and the 
delay time of the dummy output lines 26 are substantially 
negligible. That is, D1 and D1' shown in FIG. 8 are nearly 
equal to 0. 
(0073. The operation shown in FIG. 19 performed at the 
time of inputting data is the same as that shown in FIG. 6. 
0074. In the operation performed at the time of outputting 
data shown in FIG. 20, the delay time of the data input/output 
signal lines are Substantially negligible. Thus, the PLL circuit 
16 adjusts the phase of the clock CLK5 so that the clock 
CLK5 and the dummy output data DUMM1 have a phase 
difference substantially equal to D2+D3+D4. This differs 
from the operation of the first and second embodiments of the 
present invention shown in FIG. 10 performed at the time of 
outputting data. 
(0075 FIG. 21 is a block diagram of the peripheries of the 
PLL circuits 15 and 16 and the memory device 123B mounted 
on a memory module 20 according to a fourth embodiment of 
the present invention, in which parts that are the same as those 
shown in the previously described figures are given the same 
reference numbers. 
0076. The memory module 20 has a unique arrangement 
in which the clock CLK4 that is fedback to the PLL circuit 15 
is used as the input clock of the PLL circuit 16. The external 
clock CLK supplied to the memory module 20 has been 
synchronized with the clock CLK4. Thus, the PLL circuit 16 
that receives the clock CLK4 operates in the same manner as 
the PLL circuit 16 receiving the external clock CLK. Thus, it 
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is possible to reduce the load that is driven by the external 
clock CLK, as compared to the arrangement in which the 
external clock CLK is supplied to both the PLL circuits 15 
and 16. In FIG. 21, the memory module 20 may be modified 
by replacing the memory device 123B by the memory device 
123 or 123A 

0077. The present invention is not limited to the specifi 
cally disclosed embodiments, and variations and modifica 
tions may be made without departing from the scope of the 
present invention. 
0078 For example, the memory modules of the first 
through fourth embodiments of the present invention have a 
plurality of memory devices on a wiring board. However, the 
present invention includes modules on which semiconductor 
devices of another type are mounted on the wiring board. The 
memory modules may include circuit components other than 
the memory devices and PLL circuits 15 and 16. Further, the 
memory devices are arranged in a line in the first through 
fourth embodiments of the present invention. Alternatively, 
an arbitrary arrangement of devices or chips such as memory 
devices or chips may be employed. The present invention is 
not limited to the specifically described number of memory 
devices but includes an arbitrary number of devices or chips. 
The PLL circuits 15 and 16 may be DLL circuits. 
0079. Examples of the memory devices that operate in 
synchronism with the external clock are SDRAM (Synchro 
nous DRAM) and FCRAM (First Cycle RAM). The devices 
or chips used in the present invention are not limited to the 
memory devices but may be devices that operate in synchro 
nism with the external clock. 
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0080. The present application is based on Japanese Prior 
ity Application No. 2000-172483 filed on Jun. 8, 2000, the 
entire contents of which are hereby incorporated. 
What is claimed is: 
1. A semiconductor device comprising: 
a first buffer receiving a first external clock and generating 

a first internal clock therefrom; 
a second buffer receiving a second external clock and gen 

erating a second internal clock therefrom; 
an input buffer fetching input data in Synchronism with the 

first internal clock; 
an output buffer from which data is output in Synchronism 

with the second internal clock; and 
an output circuit outputting dummy output data in synchro 

nism with the second internal clock. 
2. The semiconductor device as claimed in claim 1, 

wherein the output circuit generates the dummy output data 
from the second internal clock in accordance with an instruc 
tion to output the dummy output data Supplied from an out 
side of the semiconductor device. 

3. The semiconductor device as claimed in claim 1, 
wherein the output circuit comprises a programmable delay 
circuit that delays the second internal clock. 

4. The semiconductor device as claimed in claim 2, 
wherein the output circuit comprises a programmable delay 
circuit that delays the second internal clock. 

5. The semiconductor device as claimed in claim 1, 
wherein the semiconductor device is a semiconductor 
memory device. 


