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SEMICONDUCTOR DEVICE WITH CLOCK 
GENERATION CIRCUIT 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to semiconductor 
devices carrying out data output in synchronization With an 
external clock signal, more particularly, to a semiconductor 
device including a clock generation circuit generating an 
internal clock signal in synchronization With an external 
clock signal. 

[0003] 2. Description of the Background Art 

[0004] Data transmission in a semiconductor device is 
executed by an output circuit in a semiconductor device 
driving a transmission line to transmit data to the receiving 
end. As an example of transmitting data With a semicon 
ductor device connected to a transmission line Whose one 
end is an open end, a transient phenomenon thereof Will be 
described brie?y hereinafter. 

[0005] A transmission line connected to an output circuit 
has a characteristic impedance of 50 Q in an ideal situation. 
The transmission line has one end connected to the output 
circuit Whereas the other end is an open end (impedance 
corresponding to in?nity). The data signal from the output 
circuit travels the transmission line as a signal Wave of a 
voltage level corresponding to the resistance division ratio 
of the output impedance of the output circuit to the charac 
teristic impedance of the transmission line at the connection 
end. At the receiving end of the transmission line that is an 
open end, the signal Wave is totally re?ected. A signal Wave 
of tWo times the voltage is observed. The re?ected signal 
Wave returns to the connection end, and the re?ected Wave 
that is resistance-divided proceeds toWards the receiving 
end. 

[0006] When the output impedance of the output circuit 
matches the characteristic impedance of the transmission 
line in the above data transmission ?oW, i.e., When the output 
impedance is equal to the characteristic impedance, there 
Will be no signal re?ection at the connection end. No 
attenuation in the signal Wave through the transmission line 
Will occur. 

[0007] In the case Where the output impedance does not 
match the characteristic impedance, for example When the 
output impedance is loWer than the characteristic imped 
ance, the drivability of the transmission line Will be exces 
sive at the receiving end, resulting in overshooting/under 
shooting. When the output impedance is higher than the 
characteristic impedance, the drivability Will be insuf?cient. 
The voltage level at the receiving end Will become closer to 
the stable point in a stepped manner. 

[0008] Since data transmission greatly depends on the 
output impedance, various devices for impedance matching 
has been provided in conventional LSIs (Large Scale Inte 
grated Circuit). Recently, LSIs capable of impedance match 
ing are proposed, taking into account impedance variation 
caused by change in the usage environment such as the 
fabrication process, used temperature, poWer supply voltage 
and the like as disclosed in, for example, Japanese Patent 
Laying-Open No. 2001-217705. 
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[0009] In such impedance matching, the output impedance 
must match even betWeen the pull up and pull doWn of the 
output circuit. This is because mismatch in impedance 
betWeen the pull up side and the pull doWn side of the output 
circuit Will cause difference in the transition time of the rise 
and fall of the signal even if the individual impedance 
approximates each other at the pull up side and the pull 
doWn side. This difference in the transition time Will 
adversely affect data transfer. 

[0010] During data transfer in an LSI, high speed data 
transmission is required in addition to the above impedance 
matching. To this end, an internal clock signal generated by 
a clock generation circuit in synchroniZation With an exter 
nal clock signal is used for control. 

[0011] In a data transmission operation in synchroniZation 
With the external clock signal, deviation Will occur although 
data output is in synchroniZation With the external clock 
signal if the external clock signal is ?rst received at the LSI 
and data is then output from the LSI. There is a problem that 
determination of Which clock transition the output data 
establishes synchroniZation With cannot be made at the 
receiver side. 

[0012] Recently, LSIs include a DLL (Delay Locked 
Loop) circuit to generate an internal clock signal in syn 
chroniZation With an external clock signal to keep the 
transition time position properly in phase With the external 
clock signal, Whereby data transmission/reception is con 
ducted by an internal clock signal that is completely in 
synchroniZation With the external clock signal. The DLL 
circuit delays the external clock signal internally in a ?xed 
and variable manner to generate an internal clock signal for 
data output that is ahead in phase of the external clock 
signal. 
[0013] By adjusting the phase of the internal clock signal 
for data output taking into consideration the delay in the 
clock input buffer that buffers the external clock signal and 
the data output buffer corresponding to the above-described 
output circuit, the phase of the external clock signal is set to 
match the phase of the data output. Therefore, an input 
replica circuit and an output replica circuit are provided as 
a replica delay circuit to compensate for the delay of the 
clock input buffer and data output buffer in the DLL circuit. 

[0014] If the above-described impedance matching is 
established only for the output circuit and not for the output 
replica circuit in a semiconductor device With a DLL circuit, 
the output replica circuit cannot properly compensate for the 
delay of the output circuit. There is a possibility that the 
phase of the external clock signal Will deviate from the 
matching state With the phase of the data output. Accord 
ingly, proper data transmission in synchroniZation With an 
external clock signal in a semiconductor device Will be 
inhibited. 

SUMMARY OF THE INVENTION 

[0015] An object of the present invention is to provide a 
semiconductor device With a clock generation circuit, 
capable of data transmission constantly in synchroniZation 
With an external clock signal at high speed before and after 
output impedance adjustment. 

[0016] According to an aspect of the present invention, a 
semiconductor device operating in synchroniZation With an 
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external clock signal includes a clock generation circuit 
generating an internal clock signal in synchronization With 
an external clock signal, an output circuit providing a data 
signal outside the semiconductor device in response to the 
internal clock signal, and an impedance adjustment circuit 
generating an impedance adjustment signal to adjust the 
output impedance of the output circuit. The clock generation 
circuit includes a replica delay circuit to delay the internal 
clock signal for a predetermined time corresponding to the 
predetermined time of a data signal output operation in the 
output circuit. The impedance adjustment circuit applies the 
impedance adjustment signal to the output circuit as Well as 
to the replica delay circuit. 

[0017] According to the present invention, by applying the 
impedance adjustment signal input to the output circuit also 
to an output replica circuit in the DLL circuit at the same 
time, the impedance of the output replica circuit is also 
adjusted folloWing adjustment of the impedance of the 
output circuit. Therefore, the DLL circuit can constantly 
compensate for the delay in the output circuit to alloW data 
transmission properly in synchroniZation With an external 
clock signal in an LSI. 

[0018] The foregoing and other objects, features, aspects 
and advantages of the present invention Will become more 
apparent from the folloWing detailed description of the 
present invention When taken in conjunction With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 schematically shoWs an extracted portion 
related to output impedance adjustment in a semiconductor 
device according to a ?rst embodiment of the present 
invention. 

[0020] FIG. 2 schematically shoWs an example of a DLL 
circuit incorporated in the semiconductor device of FIG. 1. 

[0021] FIG. 3 shoWs an example of an input circuit in the 
impedance adjustment circuit of FIG. 1. 

[0022] FIG. 4 shoWs an example of a data processing 
circuit in the impedance adjustment circuit of FIG. 1. 

[0023] FIG. 5 shoWs an example of the latch circuit of 
FIG. 4. 

[0024] FIG. 6A shoWs an example of a decoder in the shift 
register of FIG. 4. 

[0025] FIG. 6B shoWs an example of a combine circuit in 
the shift register of FIG. 4. 

[0026] FIG. 6C shoWs an example of a D ?ip-?op group 
in the shift register of FIG. 4. 

[0027] FIG. 7 shoWs a speci?c structure of the D ?ip-?op 
forming the D ?ip-?op group of FIG. 6C. 

[0028] FIG. 8 shoWs an example of the output circuit of 
FIG. 1. 

[0029] FIG. 9 shoWs an example of the output replica 
circuit of FIG. 1. 

[0030] FIG. 10 is a timing chart to describe the output 
impedance adjustment in a semiconductor device according 
to a ?rst embodiment of the present invention. 
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[0031] FIG. 11 schematically shoWs a structure of a 
semiconductor device according to a modi?cation of the ?rst 
embodiment. 

[0032] FIG. 12 shoWs an example of the output circuit of 
FIG. 11. 

[0033] FIG. 13 schematically shoWs a structure of a 
semiconductor device according to a second embodiment of 
the present invention. 

[0034] FIG. 14 shoWs an example of the operation mode 
decode circuit of FIG. 13. 

[0035] FIG. 15 shoWs an example of a data decode circuit 
of FIG. 13. 

[0036] FIG. 16 schematically shoWs a structure of a 
semiconductor device according to a modi?cation of the 
second embodiment. 

[0037] FIG. 17 shoWs an example of an operation mode 
decode circuit of FIG. 16. 

[0038] FIG. 18 shoWs an example of the data latch circuit 
of FIG. 16. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0039] Embodiments of the present invention Will be 
described in detail hereinafter With reference to the draW 
ings. In the draWings, the same reference characters denote 
the same or corresponding elements. 

[0040] First Embodiment 

[0041] FIG. 1 schematically shoWs an extracted portion 
related to output impedance adjustment in a semiconductor 
device according to the ?rst embodiment. 

[0042] The semiconductor device of FIG. 1 includes, in an 
LSI 100, an output circuit 10 buffering data transferred from 
an internal circuit not shoWn to output the buffered data to 
an external output terminal (not shoWn), a DLL circuit 20 
generating an internal clock signal for output DLLCLK in 
synchroniZation With an external clock signal ext.CLK, and 
an impedance adjustment circuit 30 adjusting the output 
impedance. 

[0043] As Will be described afterWards, output circuit 10 
includes an output buffer formed of ?ve P channel MOS 
transistors connected in parallel betWeen poWer supply 
voltage and an output node, and ?ve N channel MOS 
transistors connected in parallel betWeen ground voltage and 
the output node. When data OH_F and OL_F transferred 
from an internal circuit (not shoWn) are input, the output 
buffer buffers the same to output the data from an external 
output terminal (not shoWn) as a data output signal ext.DQS. 
Data OH_F and OL_F correspond to a signal having the tWo 
potential levels of H (logical high) and L logical loW). When 
data OH_F=H, a data output signal ext.DQS of an H level is 
output. When data OL_F=H, a data output signal ext.DQS of 
an L level is output. 

[0044] FIG. 2 schematically shoWs an example of DLL 
circuit 20 incorporated in the semiconductor device of FIG. 
1. 

[0045] Referring to FIG. 2, DLL circuit 20 has its input 
node connected to an input buffer 11 that buffers external 
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clock signal ext.CLK to generate an internal clock signal 
CLK, and its output node connected to an output buffer 12 
that buffers data OH_F, OL_F to output the same as data 
output signal ext.DQS according to an internal clock signal 
for output DLLCLK. 

[0046] DLL circuit 20 includes a variable delay circuit 23 
delaying internal clock signal CLK from input buffer 11 to 
generate an internal clock signal for output DLLCLK, an 
output replica circuit 21 and an input replica circuit 22 as a 
replica delay circuit to delay for a predetermined time an 
internal clock signal for output DLLCLK directed to output 
from variable delay circuit 23, and a phase comparator 24 
comparing the phase of the clock signal from input replica 
circuit 22 to the phase of internal clock signal CLK from 
input buffer 11. 

[0047] Output replica circuit 21 applies to internal clock 
signal for output DLLCLK a delay time (Dro) identical to 
the delay time (D0) of output buffer 12. Input replica circuit 
22 applies to internal clock signal for output DLLCLK a 
delay time (Dri) identical to the delay time (Di) of input 
buffer 

[0048] Phase comparator 24 compares the phase of inter 
nal clock signal for output DLLCLK from input replica 
circuit 22 to the phase of internal clock signal CLK from 
input buffer 11 to output a comparison resultant signal 
corresponding to the phase difference thereof. 

[0049] By adjusting the delay according to the phase 
comparison resultant signal at variable delay circuit 23, the 
phase of the external clock signal can be set to be in phase 
With the data output. 

[0050] Referring to FIG. 1 again, impedance adjustment 
circuit 30 includes an input circuit 31 generating an internal 
impedance adjustment signal IMP_UD and an impedance 
adjustment entry signal IMP_ENT based on an externally 
applied impedance control signal ext.IMP, and a data pro 
cessing circuit 32 decoding internal impedance adjustment 
signal IMP_UD in synchroniZation With internal clock sig 
nal CLK to generate signals BUFON<410> of 5 bits to drive 
the output buffer. 

[0051] External impedance control signal ext.IMP is a 
signal input by the user Who is monitoring the output 
impedance at an external output terminal (not shoWn) of LSI 
100 to control increase/decrease of the output impedance. 
Speci?cally, When the output impedance is loWer than the 
characteristic impedance of a transmission line (not shoWn), 
the signal indicates a high voltage level to increase the 
output impedance. When the output impedance is higher 
than the characteristic impedance, the signal indicates a loW 
voltage level to decrease the output impedance. 

[0052] Output buffer drive signals BUFON<410> are sig 
nals that have tWo potential states corresponding to an H 
level and an L level. When this output buffer drive signals 
BUFON<410> are input to respective gates of the ?ve 
transistors forming the output buffer, the valid/invalid state 
of the transistor is set according to the potential status 
thereof. For example, When the output buffer drive signal 
BUFON<n> of, for example, the n-th bit (n is an integer of 
at least 0 and not higher than 4) is rendered active at an H 
level, the n-th transistor is turned on to be set to a current 
driving status. When output buffer circuit BUFON<n> is 
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rendered inactive at an L level, the n-th transistor is turned 
off, and current Will not be driven. 

[0053] In data processing circuit 32, internal impedance 
adjustment signal IMP_UD is decoded into 5-bit output 
buffer drive signals BUFON<410> so as to correspond to the 
number of current driving transistors (?ve in the present 
embodiment) forming output circuit 10. The number of bits 
to be decoded is not limited to that of the present invention, 
and is to be set corresponding to the number of transistors 
forming output buffer 10. 

[0054] Output buffer drive signals BUFON<410> gener 
ated at data processing circuit 32 are applied to output 
replica circuit 21 in DLL circuit 20 as Well as to output 
circuit 10 of the succeeding stage to adjust the impedance of 
output replica circuit 21 folloWing the output impedance 
adjustment. A speci?c structure and operation of impedance 
adjustment circuit 30 Will be described in detail hereinafter. 

[0055] FIG. 3 shoWs an example of an input circuit 31 of 
impedance adjustment circuit 30 of FIG. 1. 

[0056] Referring to FIG. 3, input circuit 31 is a current 
mirror differential ampli?er including an N channel transis 
tor 36 receiving external impedance control signal ext.IMP 
at its gate and an N channel transistor 35 receiving reference 
voltage VREF at its gate With P channel transistors 33 and 
34 having their sources connected to external poWer supply 
node VCC as the load. 

[0057] P channel transistors 33 and 34 form a current 
mirror circuit Wherein P channel transistor 34 has its gate 
connected to the gate and drain of P channel transistor 33. 

[0058] N channel transistors 35 and 36 have their drains 
connected to the drains of P channel transistors 33 and 34, 
respectively, and their sources connected to ground. 

[0059] N channel transistors 35 has its drain connected to 
the drain and gate of P channel transistor 33 and to the gate 
of P channel transistor 34, and has its source connected to 
ground. 
[0060] The drain of N channel transistor 36 that is the 
output node of the differential ampli?er is connected to the 
input node of inverter 37. Although not shoWn, the output 
node of inverter 37 is connected to the input node of data 
processing circuit 32 of FIG. 1 to provide a signal that is an 
inversion of the output signal in logic level from the differ 
ential ampli?er to data processing circuit 32 as an internal 
impedance adjustment signal IMP_UD. 
[0061] When the voltage of external impedance control 
signal ext.IMP is higher than reference voltage VREF in the 
above-described structure, the output node of the differential 
ampli?er takes a voltage corresponding to a logic level of L, 
and internal impedance adjustment signal IMP_UD takes a 
logic level of H. 

[0062] When the voltage of external impedance control 
signal ext.IMP is loWer than reference voltage VREF, the 
output node of the differential ampli?er takes a voltage 
corresponding to the logic level of an H level Whereas 
internal impedance adjustment signal IMP_UD attains a 
logic level of L. 

[0063] Since the voltage level of external impedance con 
trol signal ext.IMP corresponds to the increase/decrease of 
the output impedance, an internal impedance control signal 



US 2004/0080348 A1 

IMP_UD is generated of an H level and an L level When the 
output impedance is to be increased and decreased, respec 
tively. 
[0064] At the same time, input circuit 31 is rendered active 
(L to H) in response to an input of an external impedance 
control signal eXt.IMP, Whereby impedance adjustment 
entry signal IMP_ENT to enter an impedance adjustment 
mode is generated and transferred to data processing circuit 
32. 

[0065] FIG. 4 shoWs an eXample of data processing circuit 
32 of impedance adjustment circuit 30 of FIG. 1. 

[0066] Referring to FIG. 4, data processing circuit 32 
includes a latch circuit 38 to establish synchronization 
betWeen internal impedance adjustment signal IMP_UD and 
internal clock signal CLK, a generation unit 39 to generate 
signals SR_INC and SR_DEC from internal impedance 
adjustment signal IMP_UD to control the decode operation 
of shift register 40 of the succeeding stage, and a shift 
register 40 generating output buffer drive signals BUFON 
based on shift register control signals SR_INC and 
SR_DEC. 
[0067] Shift register control signals SR_INC and 
SR_DEC are signals generated from internal impedance 
adjustment signal IMP_UD and impedance adjustment entry 
signal IMP_ENT. As Will be described in detail afterWards, 
shift register control signal SR_INC is decoded at shift 
register 40 to increment the value of output buffer drive 
signals BUFON<4:0>. Shift register control signal SR_DEC 
decrements the value of output buffer drive signals 
BUFON<4:0>. 

[0068] 
FIG. 4. 

[0069] Referring to FIG. 5, latch circuit 38 includes a 
three-state buffer 45, and inverters 46, 47, 48 and 49. 

[0070] Three-state buffer 45 receives an internal clock 
signal CLK at its control input terminal to carry out a buffer 
operation When internal clock signal CLK attains an active 
state, and provides an output of a high impedance state to be 
cut off from the internal When internal clock signal CLK 
attains an inactive state. 

FIG. 5 shoWs an eXample of latch circuit 38 of 

[0071] Therefore, internal impedance adjustment signal 
IMP_UD applied to three-state buffer 45 is buffered in 
response to internal clock signal CLK attaining an active 
state, and then latched at inverters 47 and 48 of succeeding 
stages to be output from the output node of the ?nal-stage 
inverter 49 at a logic level identical to the input logic level. 

[0072] Speci?cally, internal impedance adjustment signal 
IMP_UD passes through latch circuit 38 of FIG. 5 to 
establish synchroniZation With internal clock signal CLK. 

[0073] Referring to data processing circuit 32 of FIG. 4 
again, internal impedance adjustment signal IMP_UD in 
synchroniZation With internal clock signal CLK through 
latch circuit 38 is applied to respective ?rst input nodes of 
2-input AND circuits 42 and 43 of shift register control 
signal generation unit 39. 2-input AND circuit 32 receives an 
input that has the logic level inverted by inverter 41. 

[0074] Impedance adjustment entry signal IMP_ENT is 
applied to the ?rst input node of 2-input AND circuit 44. 
Internal clock signal CLK is applied to the second input 
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node of 2-input AND circuit 44. Accordingly, impedance 
adjustment entry signal IMP_ENT establishes synchroniZa 
tion With internal clock signal CLK, and is applied to the 
second input nodes of 2-input AND circuits 42 and 43 of the 
succeeding stages. 

[0075] 2-input AND circuits 42 and 43 respond to input of 
impedance adjustment entry signal IMP_ENT of an H level 
at the second input nodes to provide to the output nodes an 
internal impedance adjustment signal IMP_UD of a logic 
level equal to that input at the input node. At this stage, the 
output signal of 2-input AND circuit 42 constitutes the 
above-described shift register control signal SR_INC 
Whereas the output signal of 2-input AND circuit 43 con 
stitutes shift register control signal SR_DEC. Speci?cally, 
When internal impedance adjustment signal IMP_UD is at an 
H level (=When output impedance is to be increased), shift 
register control signal SR_DEC of an H level is generated. 
When internal impedance adjustment signal IMP_UD is at 
an L level (=When output impedance is to be reduced), shift 
register control signal SR_INC of an H level is generated. 
These shift register control signals are applied to shift 
register 40 of the succeeding stage. 

[0076] FIGS. 6A-6C shoW an eXample of a shift register 
40 of FIG. 4, including a decoder (FIG. 6A), a combine 
circuit (FIG. 6B) and a D ?ip-?op group (FIG. 6C). 

[0077] Referring to FIG. 6A, the decoder includes 3-input 
AND circuits 51-57 and 2-input AND circuit 58. 3-input 
AND circuits 51-54 receive shift register control signal 
SR_INC at their ?rst input nodes. 3-input AND circuits 
55-57 and 2-input AND circuit 58 receive a shift register 
control signal SR_DEC at their ?rst input nodes. 

[0078] 3-input AND circuits 51-54 receive output buffer 
drive signals BUFON<0>-BUFON<3>, respectively at their 
second input nodes, and signals ZBUFON<1>-ZBU 
FON<4> complementary to the output buffer drive signals at 
their third input nodes. For example, 3-input AND circuit 51 
receives the O-th bit output buffer drive signal BUFON<0> 
at its second input node, and a signal ZBUFON<1> comple 
mentary to the ?rst bit output buffer drive signal at its third 
input node. 

[0079] 3-input AND circuits 55-57 receive output buffer 
drive signals BUFON<1>-BUFON<3> at their second input 
nodes, and complementary signals ZBUFON<2>-ZBU 
FON<4> thereof at their third input nodes, respectively. For 
eXample, 3-input AND circuit 55 receives the ?rst bit signal 
BUFON<1> at its second input node and the second bit 
signal ZBUFON<2> at its third input node. 

[0080] 2-input AND circuit 58 receives the fourth bit 
BUFON<4> at its second input node. 

[0081] Accordingly, 3-input AND circuits 51-57 and 2-in 
put AND circuit 58 output the operational result of the 
logical product of the input signals at respective output 
nodes. 3-input AND circuits 51-54 output increment signals 
I<4:1> (=I<1>-I<4>). 3-input AND circuits 55-57 and 2-in 
put AND circuit 58 output decrement signals D<4:1> 
(=D<1>-<4>). 
[0082] For eXample, signal I<n> of the n-th bit (n is a 
natural number of at least 1 and not more than 4) among the 
increment signals of I<4:1> attains an H level When output 
buffer drive signal BUFON<n-1> of the (n—1)th bit, signal 
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ZBUFON<n> complementary to the output buffer drive 
signal of the nth bit, and shift register control signal SR_INC 
are all at an H level. 

[0083] Consider the case When all the (n—1)th bit output 
buffer drive signal BUFON<n-1>, signal ZBUFON<n> 
complementary to the nth output buffer drive signal, and 
shift register control signal SR_INC are all at an H level. 
This corresponds to the case Where the output impedance is 
to be reduced With the (n—1)th transistor ON and the nth 
transistor OFF in the output buffer. At the D ?ip-?op shoWn 
in FIG. 6C, output buffer control signal BUFON<n> of the 
nth bit eXhibits a transition from an L level and an H level 
in response to increment signal I<n> attaining an H level to 
drive the corresponding nth transistor to an ON state. Thus, 
the output impedance is reduced by the increase of the total 
number of transistors driving the current in the output buffer. 

[0084] Similarly, the nth bit decrement signal D<n> 
attains an H level When the nth bit output buffer drive signal 
ZBUFON<n>, signal SBUFON<n+1> complementary to 
the (n+1)th bit output buffer drive signal, and shift register 
control signal SR_DEC all attain an H level. This corre 
sponds to the case Where the output impedance is to be 
increased With the nth transistor ON and the (n+1)th tran 
sistor OFF in the output buffer. In this case, the nth bit output 
buffer drive signal BUFON<n> exhibits a transition from an 
H level to an L level in response to decrement signal D<n> 
attaining an H level, Whereby the corresponding nth tran 
sistor is turned OFF. Thus, the output impedance is increased 
by reduction in the total number of transistors driving the 
current in the output buffer. 

[0085] Decoded increment signal I<4:1> and decrement 
signal D<4:0> are applied to the combine circuit of FIG. 6B. 

[0086] Referring to FIG. 6B, the combine circuit includes 
four parallel 2-input OR circuits 60-63 receiving increment 
signals I<4:1> and decrement signals D<4:1> at respective 
?rst and second input nodes. 2-input OR circuits 60-63 
calculate the logical sum of the tWo signals to output control 
signals C<4:1> (=C<1>-C<4>) as the operation result. 

[0087] The 0th bit control signal C<0> is set at the ground 
voltage level. This means that control signal C<0> is not 
substantially effective for a decode operation. 

[0088] In FIG. 6B, control signals C<4:1> attain an H 
level When any of increment/decrement signals U<4:1>/ 
D<4:1> is at an H level. Control signal C<4:0> is applied to 
the succeeding-stage D ?ip-?op group of FIG. 6C. In the D 
?ip-?op group, the logic level of corresponding output 
buffer drive signal BUFON<n> is inverted in response to a 
control signal C<n> of an H level. Accordingly, output 
buffer drive signals BUFON<4:0> from the D ?ip-?op 
group of shift register 40 are incremented/decremented. 

[0089] Referring to FIG. 6C, the D ?ip-?op group 
includes D ?ip-?ops 70-74 of a parallel input/output struc 
ture. 

[0090] D ?ip-?ops 70-74 receive signals ZBUFON<4:0> 
complementary to the output buffer drive signal at respective 
data terminals D, and control signals C<4:0> from the 
combine circuit of FIG. 6B at respective clock terminals C. 

[0091] D ?ip-?ops 70-74 also receive a reset signal ZR to 
initialiZe shift register 40. Reset signal ZR attains an L level 
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When initialiZation is required such as the time When poWer 
is turned on to initialiZe the value of shift register 40. 

[0092] In response to such inputs, D ?ip-?ops 70-74 
output from output terminals O and Z0 output buffer drive 
signals BUFON<4:0> and signals ZBUFON<4:0> comple 
mentary thereto at the activation timing of control signals 
C<4:0>. 

[0093] FIG. 7 shoWs a speci?c structure of D ?ip-?ops 
70-74 forming the D ?ip-?op group of FIG. 6C. Since they 
all have the same structure, the structure of D ?ip-?op 70 
Will be described representative thereof. 

[0094] Referring to FIG. 7, D ?ip-?op 70 includes a 
negative edge trigger type ?ip-?op 70a With control signal 
C<0> generated at the combine circuit of FIG. 6B as the 
clock, operating at the fall of the clock, and a positive edge 
trigger type ?ip-?op 70b operating at the rise of the clock, 
connected in series. 

[0095] Flip-?op 70a of the former stage receives signal 
ZBUFON<0> complementary to the output buffer drive 
signal at its ?rst data terminal D, an inverted version thereof 
by inverter 76 at its second data input terminal D, and a 
control signal C<0> at its clock terminal C via inverter 75. 

[0096] Flip-?op 70b of the latter stage receives the output 
signal of ?ip-?op 70a at its data input terminal, and control 
signal C<0> at clock terminal C. Flip-?op 70b also receives 
a reset signal ZR. 

[0097] In D ?ip-?op 70 of the above structure, signal 
ZBUFON<0> complementary to the output buffer drive 
signal is entered into ?ip-?op 70a at the falling timing of 
control signal C<0> from an H level to an L level, and 
shifted to latter ?ip-?op 70b. Flip-?op 70b receives control 
signal C<0> at the rising timing thereof from an L level to 
an H level to be output from output terminal O. The output 
signal of output terminal O neWly constitutes output buffer 
control signal BUFON<0>. In contrast, the output signal 
from output terminal ZO constitutes signal ZBUFON<0> 
complementary to output buffer control signal BUFON<0>. 

[0098] Speci?cally, When any of increment signal I and 
decrement signal D is rendered active, control signal C 
attains an inactive state, Whereby output buffer drive signal 
BUFON is inverted in logic level to be output from output 
terminal O of the D ?ip-?op at a timing identical to the 
activation timing of control signal C. Accordingly, the value 
of output buffer drive signals BUFON<4:0> from shift 
register 40 is incremented/decremented at the activation 
timing of shift register control signals SR_INC and 
SR_DEC to be transferred to output circuit 10 of the 
succeeding stage. 

[0099] Output buffer drive signals BUFON<4:0> and 
complementary signal ZBUFON<4:0> are applied to the 
decoder of FIG. 6A and referred to at the neXt activation 
timing of the shift register control signal. 

[0100] 
FIG. 1. 

[0101] Referring to FIG. 8, output circuit 10 includes P 
channel transistors P0-P4 connected betWeen poWer supply 
voltage and output node OUT, and N channel transistors 
N0-N4 connected betWeen output node OUT and the ground 
voltage. 

FIG. 8 shoWs an eXample of output circuit 10 of 
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[0102] P channel transistors P0-P4 receive signals 
ZOH<4:0> (=ZOH<0>-ZOH<4>) that drives a correspond 
ing P channel transistor at their gates Which are the control 
nodes. N channel transistors P0-P4 are turned on in response 
to corresponding transistor drive signals ZOH<4:0> attain 
ing a logic level of L to form a current path betWeen the 
output node and the poWer supply voltage, Whereby data 
output signal eXt.DQS is pulled up to the poWer supply 
voltage level. 

[0103] N channel transistors N0-N4 receive signals 
OL<4:0> (=OL<0>-OL<4>) driving a corresponding N 
channel transistor at their gates Which are the control nodes. 
N channel transistors N0-N4 are turned on in response to 
corresponding transistor drive signals OL<4:0> attaining a 
logic level of H to form a current path betWeen the output 
node and the ground voltage, Whereby data output signal 
eXt.DQS is pulled doWn to the ground voltage level. 

[0104] Transistor drive signals ZOH<4:0> are signals out 
put as the operation result betWeen data signal OH_F and 
output buffer drive signals BUFON<410> in a corresponding 
2-input NAND circuit 13 of FIG. 8. Therefore, each tran 
sistor drive signal ZOH corresponds to an inverted version 
of output buffer drive signal. BUFON<410> in logic level 
When H data is output (data OH_F=H). 

[0105] Transistor drive signals OL<4:0> are signals output 
as the operation result betWeen data signal OL_F and output 
buffer control signals BUFON<410> in a corresponding 
2-input AND circuit 14. Therefore, transistor drive signals 
OL<4:0> becorne signals rnatching output buffer control 
signal BUFON<410> in logic level When L data is output 
(data OL_F=H). 
[0106] In output circuit 10 of the structure of FIG. 8, 
output impedance is adjusted as set forth beloW by transistor 
drive signals ZOH and OL. 

[0107] To output data output signal eXt.DQS of an H level, 
P channel transistors P0-P4 receive transistor drive signals 
ZOH<0>-ZOH<4> at respective gates. 

[0108] Since transistor drive signal ZOH<n> is an inverted 
version of output buffer logic signal BUFON<n> in logic 
level, transistor drive signal ZOH<n> attains an L level 
When output buffer drive signal BUFON<n> is at an H level, 
Whereby corresponding P channel transistor Pn is turned on. 

[0109] When output buffer drive signal BUFON<n> is at 
an L level, transistor drive signal ZOH<n> attains an H level, 
Whereby P channel transistor Pn is turned off. 

[0110] Each of P channel transistors P0-P4 is turned on/off 
corresponding to the H/L logic level of corresponding output 
buffer drive signals BUFON<4:0>. 

[0111] Similarly, in the output of external data of an L 
level, N channel transistors N0-N4 receive transistor drive 
signals OL<0>-OL<4>, respectively, at their gates. 

[0112] Since transistor drive signal OL<n> is a signal of a 
logic level identical to that of output buffer drive signal 
BUFON<n>, transistor drive signal OL<n> attains an H 
level When output buffer drive signal BUFON<n> is at an H 
level. Thus, corresponding N channel transistor Nn is turned 
on. 

[0113] When output buffer drive signal BUFON<n> 
attains an L level, OL<n> is at an L level, Whereby N 
channel transistor Nn is turned off. 
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[0114] Thus, each of N channel transistors N0-N4 is 
turned on/off corresponding to the H/L logic level of corre 
sponding output buffer drive signals BUFON<4:0>. 

[0115] Output buffer drive signals BUFON<410> are out 
put signals of shift register 40 in data processing circuit 32 
of FIG. 1. When output buffer drive signals BUFON<410> 
are incrernented in response to activation (H level) of shift 
register control signal SR_INC, the nth bit signal 
BUFON<n> of “0” exhibits a transition to “1”. When the 
corresponding nth P channel transistor Pn or N channel 
transistor Nn is turned on by output buffer drive signal 
BUFON<n> attaining “1”, the number of transistors driving 
the current in output circuit 10 Will be increased, Whereby 
output impedance is reduced. 

[0116] When output buffer drive signals BUFON<410> is 
decrernented in response to activation (H level) of shift 
register control signal SR_DEC, the nth bit output buffer 
drive signal BUFON<n> of “1” eXhibits a transition to “0”. 
When the corresponding nth P channel transistor Pn or N 
channel transistor Nn is turned off by output buffer drive 
signal BUFON<n> attaining “0”, the number of current 
drive transistors Will be reduced to increase the output 
impedance. 
[0117] FIG. 9 shoWs an example of output replica circuit 
21 of FIG. 1. 

[0118] Referring to FIG. 9, output replica circuit 21 has a 
basic structure similar to that of output circuit 10 of FIG. 8 
based on the essential object of compensating for delay of 
the output buffer. 

[0119] Output replica circuit 21 includes P channel tran 
sistors RPO-RP4 connected betWeen poWer supply voltage 
and output node OUT, and N channel transistors RNO-RN4 
connected betWeen output node OUT and ground voltage. P 
channel transistors RPO-RP4 receive replica drive signal 
ZINV<4:0> at their gates. N channel transistors RNO-RN4 
receive replica drive signal INV<4:0> at respective gates. 

[0120] Replica drive signals ZINV and INV are signals 
output as the operation result betWeen output buffer drive 
signal BUFON<410> and internal clock signal for output 
DLLCLK in 2-input AND circuit 15 and 2-input NAND 
circuit 19 connected in parallel, depicted at the upper area of 
FIG. 9. Therefore, replica drive signals INV<4:0> and 
ZINV<4:0> indicate logic levels complementary to each 
other in synchroniZation With internal clock signal for output 
DLLCLK. 

[0121] Since replica drive signals ZINV<4:0> are the 
inverted version of output buffer drive signals BUFON<410> 
in logic level, corresponding P channel transistor Pn is 
turned on and off When output buffer drive signal 
BUFON<n> is “1” and “0”, respectively. 

[0122] Replica drive signals INV<4:0> are signals of logic 
levels identical to that of output buffer drive signals 
BUFON<4:0>. Therefore, corresponding N channel transis 
tor Nn is turned on and off When output buffer drive signal 
BUFON<n> is “1” and “0”, respectively. 

[0123] When output buffer drive signals BUFON<410> are 
input to output replica circuit 21 of the above structure 
concurrently With the input to output circuit 10 of FIG. 8, 
the impedance of output replica circuit 21 is adjusted 
folloWing adjustment of the impedance of output circuit 10. 












