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(57) ABSTRACT 

An on-die termination circuit is capable of increasing a reso 
lution without enlargement of a chip or a layout size. The 
on-die termination circuit includes a control means, a termi 
nation resistance Supply means, a code signal generating 
means. The control means sequentially generates a plurality 
of control signals in a response to a driving signal. The ter 
mination resistance Supply means Supplies a termination 
resistance in response to a coarse code signal having a plu 
rality of bits and a fine code signal having a plurality of bits. 
The code signal generating means controls the fine code 
signal and the coarse code signal in response to the plurality 
of the control signals in order that the termination resistance 
has a level which is correspondent to an input resistance. 

19 Claims, 6 Drawing Sheets 
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ON-DETERMINATION CIRCUIT AND 
DRIVING METHOD THEREOF 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue. 

The present patent application is a Continuation of appli 
cation Ser. No. 1 1/824,165, filed Jun. 28, 2007, now U.S. Pat. 
No. 7,495,469. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present invention claims priority of Korean patent 
application no. 10-2006-0094052, filed in the Korean Patent 
Office on Sep. 27, 2006, which is incorporated by reference in 
its entirety. 

BACKGROUND OF THE INVENTION 

The present invention relates to a semiconductor design 
technology; more particularly, to an on-die termination cir 
cuit capable of compensating for an error in resolution. 

Generally, various semiconductor devices implemented by 
integrated circuits such as CPU, memories and gate arrays are 
used for various digital products such as personal computers, 
servers and work stations. For the most part, the semiconduc 
tor devices have a receiving circuit for receiving signals from 
external circuits through input pads and an output circuit for 
providing internal signals to the external circuits through 
output pads. 

Meanwhile, as the operation speed of the digital products 
becomes higher, the Swing of the signals which are interfaced 
between the semiconductor devices is decreased. The reason 
why the Swing is getting Smaller is that it is necessary to 
minimize the transmission time of the signals. However, the 
Smaller the Swing is, the more the semiconductor devices are 
influenced by external noise and the more the echo-back 
signal caused by impedance mismatching is serious at the 
interface. The impedance mismatching is generated by an 
external noise, a change of power Supply Voltage or tempera 
ture and a change of manufacturing process of the semicon 
ductor devices. If the impedance mismatching is created, it is 
difficult to transmit the data at high speed and the data out 
putted from an output terminal of the semiconductor device 
can be distorted. Therefore, in the case that the semiconductor 
device at the receiving side receives the distorted output sig 
nal through its input terminal, the problems such as setup/ 
hold failure or the misjudgment of an input signal level can be 
caused frequently. 

Therefore, the semiconductor device at the receiving side, 
in which the high speed operation is required, employs an 
impedance matching circuit, which is called on-die termina 
tion, in the vicinity of a pad within the integrated circuit chip. 
Generally, as to the on-die termination scheme, a source 
termination is carried out at the transmitting side by the output 
circuit and a parallel termination is performed at the receiving 
side by a termination circuit which is in parallel coupled to a 
receiving circuit connected to the input pad. 

FIG. 1 is a block diagram illustrating an on-die termination 
circuit of a conventional semiconductor memory device. 

Referring to FIG. 1, the on-die termination circuit accord 
ing to the conventional semiconductor memory device 
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2 
includes: an ODT control unit 30 for sequentially activating a 
plurality of control signals ODT EN1P/N, ODT EN2P/N 
and DT UPP/N, in this order, in response to a driving signal 
RES; a first resistance feedback unit 20 to receive a pull-up 
code signal P LEG CD-0:4> and an input resistance ZQ for 
outputting a feedback pull-up resistance P LEG FD; a first 
termination resistance Supply unit 10 for outputting a pull-up 
resistance P LEG. RSS corresponding to the pull-up code 
signal P LEG CD-0:4>; a first code signal adjusting unit 
(including the reference numerals 40 and 50) for adjusting the 
pull-up code signal P LEG CD-0:4> in response to the plu 
rality of control signals ODT EN1P, ODT EN2P and 
DT UPP in order that the feedback pull-up resistance P LE 
G FD has a level corresponding to a reference resistance 
RSS REF: a second resistance feedback unit 70 to receive a 
pull-down code signal N. LEG CD-0:4> and the pull-up 
code signal P LEG CD-0:4> for outputting a feedback pull 
down resistance N LEG FD; a second code signal adjusting 
unit (including the reference numerals 80 and 90) for adjust 
ing the pull-down code signal N. LEG CD-0:4> in response 
to a plurality of control signals ODT EN1N, ODT EN2N, 
DT UPN in order that the feedback pull-down resistance 
N LEG FD has a level corresponding to the reference resis 
tance RSS REF; and a second termination resistance supply 
unit 60 for outputting a pull-down resistance N LEG. RSS 
corresponding to the pull-down code signal N LEG CD-0: 
4>. 

Here, the first code signal adjusting unit includes: a first 
level detecting unit 42 for detecting a level of the feedback 
pull-up resistance P LEG FD, based on the reference resis 
tance RSS REF, in response to the control signal 
ODT EN1P and for outputting a pull-up detecting signal 
P LEG SN: a first amplifier 44 for amplifying the pull-up 
detecting signal P LEG SN in response to the control signal 
ODT EN2P and for outputting a pull-up level signal P LE 
G DT; and a first register 50 for storing the pull-up level 
signal P LEG. DT and outputting the pull-up code signal 
P LEG CD40:4> in response to the control signal DT UPP. 

Similarly, the second code signal adjusting unit includes: a 
second level detecting unit 82 for detecting a level of the 
feedback pull-down resistance N LEG FD, based on the 
reference resistance RSS REF, in response to the control 
signal ODT EN1N and for outputting a pull-down detecting 
signal N LEG SN: a second amplifier84 for amplifying the 
pull-down detecting signal N LEG SN in response to the 
control signal ODT EN2N and for outputting a pull-down 
level signal P LEG DT; and a second register 90 for storing 
the pull-down level signal P LEG. DT and outputting the 
pull-down code signal N. LEG CD-0:4> in response to the 
control signal DT UPN. 
At the time of the activation of the driving signal RES, the 

ODT control unit 30 sequentially activates the control signals 
ODT EN1P, ODT EN2P and DT UPP and then the control 
signals ODT EN1N, ODT EN2N and DT UPN. Thereafter, 
this operation is repeated for a predetermined number of 
times under the control of the ODT control unit 30. 

Eventhough it is not shown in FIG.1, the pull-up resistance 
P LEG. RSS and the pull-down resistance N LEG. RSS are 
on-die termination resistances which are coupled to the cor 
responding data pads. 

Also, the first level detecting unit 42 includes a current 
mirror type differential amplifier to which the feedback pull 
up resistance P LEG FD and the reference resistance RSS 
REF are applied and the second level detecting unit 82 also 
includes a current mirror type differential amplifier. The first 
and second amplifiers 44 and 84 respectively include a volt 
age cross-coupled amplifier. The first and second registers 50 
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and 90 respectively include a latch to latch the corresponding 
input signals P LEG. DT and N LEG. DT in response to the 
corresponding control signals DT UPP/N. 

FIG. 2 is a schematic circuit diagram illustrating the first 
resistance feedback unit 20 described in FIG. 1. Referring to 
FIG. 2, the first resistance feedback unit 20 includes first to 
fifth PMOS transistors, which are turned on in response to the 
corresponding pull-up codesignal P LEG CD-0:4>, and first 
to fifth resistors each of which is connected between a com 
mon output node and a respective PMOS transistor. The feed 
back pull-up resistance P LEG FD is a signal corresponding 
to the level of Voltage applied to the common output node. 

The first resistance feedback unit 20 receives the input 
resistance ZQat its output node and the input resistance ZQ is 
applied from an external circuit through an input pin. The 
resistance of 240S2 is applied between the input pin and a 
ground voltage. Therefore, in the first resistance feedback 
unit 20, the number of transistors, which are turned on, is 
determined by the pull-up code signal P LEG CD-0:4>. 
The feedback pull-up resistance P LEG FD is determined by 
parallel resistance value of resistors which are in series con 
nected to their respective turn-on PMOS transistors. 
On the other hand, the first termination resistance supply 

unit 10, which has the same configuration as the first resis 
tance feedback unit 20 shown in FIG. 2, supplies the pull-up 
resistance P LEG. RSS. 

FIG.3 is a schematic circuit diagram illustrating the second 
resistance feedback unit 70 described in FIG. 1. 
As shown in FIG.3, the second resistance feedback unit 70 

includes a first resistance unit 32, which is connected to an 
output node, in order to Supply a first code resistance corre 
sponding to the pull-up codesignal P LEG CD-0:4 and a 
second resistance unit 34, which is connected to the output 
node, in order to Supply a second code resistance correspond 
ing to the pull-down code signal N. LEG CD-0:4>. The 
feedback pull-down resistance N LEG FD is a signal corre 
sponding to the level of Voltage applied to the output node. 
The first resistance unit 32 includes first to fifth PMOS 

transistors, which are turned on in response to the correspond 
ing pull-up code signal P LEG CD-0:4>, and first to fifth 
resistors each of which is connected between a common 
output node and each PMOS transistor. The second resistance 
unit 34 includes first to fifth resistors, each of which is con 
nected to the common output node, and first to fifth NMOS 
transistors, which are disposed between the resistors and the 
ground Voltage VSSQ and respectively turned on in response 
to the corresponding pull-down code signal N LEG CD-0: 
4>. 

That is, the second resistance feedback unit 70 supplies the 
feedback pull-down resistance N LEG FD which is deter 
mined by a ratio of the first and second code resistance, by 
disposing in series both the first code resistance correspond 
ing to the pull-up code signal P LEG CD-0:4> and the sec 
ond code resistance corresponding to the pull-down code 
signal N LEG CD-0:4> at its output node. The second ter 
mination resistance Supply unit 60, which has the same con 
figuration as the second resistance unit 34 shown in FIG. 3, 
supplies the pull-down resistance N LEG. RSS in response 
to the pull-down code signal N. LEG CD-0:4>. 

The operation of the on-die termination circuit shown in 
FIGS. 1 to 3 will be described briefly. 

First, the first resistance feedback unit 20, to which the 
pull-up code signal P LEG CD-0:4> and the input resis 
tance ZQ are applied, outputs the feedback pull-up resistance 
P LEG FD. The ODT control unit 30 sequentially activates 
the control signals ODT EN1P ODT EN2P, DT UPP in 
response to the activation of the driving signal RES. Next, the 
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4 
first level detecting unit 42 outputs a pull-up detecting signal 
P LEG SN by amplifying a difference between the reference 
resistance RSS REF and the feedback pull-up resistance 
P LEG FD in response to the control signal ODT EN1P. 
The first amplifier 44 outputs the pull-up level signal 

P LEG. DT by amplifying the pull-up detecting signal 
P LEGSN in response to the control signal ODT EN2P. 
The first register 50 stores the pull-up level signal P LE 
G DT and outputs the pull-up code signal P LEG CD-0:4> 
in response to the control signal DT UPP. 

Also, the ODT control unit 30 sequentially activates the 
control signals ODT EN1N, ODT EN2N and DT UPN. 
The second resistance feedback unit 70 to which the pull 
down code signal N LEG CD-0:4> and the pull-up code 
signal P LEG CD-0:4> are applied outputs the feedback 
pull-down resistance N LEG FD corresponding to the pull 
down resistance N LEG. RSS. The second level detecting 
unit 82 outputs the pull-down detecting signal N. LEG SN 
by amplifying a difference between the reference resistance 
and the feedback pull-down resistance N LEG FD in 
response to the control signal ODT EN1N. 

Next, the second amplifier84 outputs the pull-down level 
signal N. LEG. DT by amplifying the pull-down detecting 
signal N. LEG SN in response to the control signal 
ODT EN2N. The second register 90 stores the pull-down 
level signal N. LEG. DT and outputs the pull-down code 
signal N. LEG CD-0:4> in response to the control signal 
DT UPN. 
The ODT control unit 30 repeatedly activates the control 

signals ODT EN1P, ODT EN2P, DT UPP/ODT EN1N, 
ODT EN2N and DT UPN in order that the above-mentioned 
processes are executed repeatedly for the predetermined 
number of times. Therefore, if the pull-up codes signal P LE 
G CD-0:4> and the pull-down codes signal N LEG CD-0: 
4> are set through the above-mentioned processing, the first 
and second termination resistance Supply units 10 and 60 
output the pull-up resistance P LEG. RSS and the pull-down 
resistance N LEG. RSS corresponding to the input resis 
tance ZQ. 
The conventional on-die termination circuit mentioned 

above produces both the pull-up codes signal P LEG CD-0: 
4> and the pull-down codes signal N. LEG CD-0:4> of 5 
bits and provides the pull-up resistance P LEG. RSS and the 
pull-down resistance N LEG. RSS through the codes signal. 
The pull-up codes signal P LEG CD-0:4> and the pull 
down odes signal N. LEG CD-0:4> is set in order that the 
pull-up resistance P LEG. RSS and the pull-down resistance 
N LEG RSS respectively have a value of the input resistance 
ZQ. 
The values of the pull-up and pull-down resistance are 

regulated by the activation of the corresponding code of the 5 
bits of codes signal. That is, according to the number of bits of 
the code signal, the resolution of the pull-up and pull-down 
resistance is changed. For example, since an increase in the 
number of bits of the code signal means the number of tran 
sistors and resistors which are serially connected to them is 
increased, the fluctuation of the pull-up and pull-down resis 
tance is reduced. On the contrary, if the number of bits of the 
code signal is decreased, the fluctuation of the pull-up and 
pull-down resistance is increased. 

Accordingly, if the number of bits of the code signal is 
increased and the number of resistors and transistors con 
trolled by the code signal is increased, it is possible to obtain 
the high resolution. However, there is a problem in that the 
size of a chip and layout is enlarged due to the increment of 
the resistors and the MOS transistors. Moreover, the burden 
on the size of a chip and layout can be reduced when the 
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number of code signals is reduced; however, the resolution is 
decreased and a large error may occur in the pull-up and 
pull-down resistance as compared with the input resistance so 
that a malfunction is caused during high frequency operation. 

SUMMARY OF THE INVENTION 

Embodiments of the present invention are directed to pro 
vide an on-die termination circuit capable of increasing a 
resolution without enlargement of a chip or a layout size. 

In accordance with an aspect of the present invention, an 
on-die termination circuit includes a control means for 
sequentially generating a plurality of control signals in 
response to a driving signal, a termination resistance Supply 
means for Supplying a termination resistance in response to a 
coarse code signal having a plurality of bits and a fine code 
signal having a plurality of bits, and a code signal generating 
means for controlling the fine code signal and the coarse code 
signal in response to the plurality of the control signals so that 
the termination resistance has a level which corresponds to an 
input resistance. 

In accordance with another aspect of the present invention, 
an on-dietermination circuit includes a driving control means 
for sequentially generating a plurality of control signals in 
response to a driving signal, a first termination resistance 
Supply means for Supplying a termination pull-up resistance 
in response to a first coarse code signal having a plurality of 
bits and a first fine codesignal having a plurality of bits, a first 
code signal generating means for controlling the first coarse 
and fine code signals in response to the plurality of the control 
signals so that the termination pull-up resistance has a level 
which corresponds to an input resistance, a second termina 
tion resistance Supply means for Supplying a termination 
pull-down resistance in response to a second coarse code 
signal having a plurality of bits and a second fine code signal 
having a plurality of bits, and a second code signal generating 
means for controlling the second coarse and fine code signals 
in response to the plurality of control signals so that the 
termination pull-down resistance has a level which corre 
sponds to the termination pull-up resistance. 

In accordance with a further aspect of the present inven 
tion, an on-die termination circuit includes at least one pas 
sive resistance group, which has a plurality of units each 
having a MOS transistor and a resistor, for controlling resis 
tance coarsely in response to a first code signal, wherein in 
each unit resistance, the resistor is in series connected to the 
MOS transistor, and at least one active resistance group, 
which has a plurality MOS transistors, for controlling resis 
tance finely by selectively turning on the plurality of MOS 
transistors in response to a second code signal, wherein the 
passive resistance group is in series connected to the active 
resistance group and the MOS transistors in the active resis 
tance group are in parallel connected to each other. 

In accordance with a further aspect of the present inven 
tion, an on-die termination circuit includes a termination 
resistance Supply unit for Supplying a termination resistance 
in response to a coarse code signal having a plurality of bits 
and a fine code signal having a plurality of bits, a resistance 
feedback unit for receiving the fine code signals and the 
coarse code signals and for outputting a feedback pull-down 
resistance, a coarse code generating unit for producing the 
coarse code signal in order that the feedback pull-down resis 
tance has a level corresponding to a reference resistance, and 
a fine code generating unit for producing the fine code signal 
in order that the feedback pull-down resistance has a level 
corresponding to the reference resistance while the coarse 
code signal generating unit is inactivated. 
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6 
In accordance with a further aspect of the present inven 

tion, a method for driving an on-die termination circuit 
includes controlling a coarse code signal of a plurality of bits 
to Supply a termination resistance corresponding to an input 
resistance, and controlling a fine code signal of a plurality of 
bits to Supply the termination resistance corresponding to the 
input resistance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating an on-die termination 
circuit of a conventional semiconductor memory device. 

FIG. 2 is a schematic circuit diagram illustrating a first 
resistance feedback unit described in FIG. 1. 

FIG. 3 is a schematic circuit diagram illustrating a second 
resistance feedback unit described in FIG. 1. 

FIG. 4 is a block diagram illustrating an on-die termination 
circuit in accordance with an embodiment of the present 
invention. 

FIG. 5 is a schematic circuit diagram illustrating a first 
resistance feedback unit described in FIG. 4. 

FIG. 6 is a schematic circuit diagram illustrating a second 
resistance feedback unit described in FIG. 4. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

Hereinafter, a semiconductor memory device in accor 
dance with the present invention will be described in detail 
referring to the accompanying drawings. 

FIG. 4 is a block diagram illustrating an on-die termination 
circuit in accordance with an embodiment of the present 
invention. Referring to FIG. 4, the on-die termination circuit 
according to the present invention includes: an ODT control 
unit 800 for activating a plurality of control signals 
ODT EN1P/N, ODT EN2P/N and DT UPP/N in response 
to a driving signal RES; a first termination resistance Supply 
unit 500 for supplying a pull-up resistance P LEG RSS cor 
responding to a first coarse code signal P CR CD-0:3> and 
a first fine code signal P FN CD-0:4>; a first code signal 
generating unit for producing the first fine code signal 
P FN CD-0:4> and the first coarse code signal 
P CR CD-0:3> in order that the pull-up resistance P LE 
G RSS has a level which is correspondent to an input resis 
tance ZQ; a second termination resistance supply unit 700 for 
Supplying a pull-down resistance N LEG. RSS correspond 
ing to a second coarse code signal P CR CD-0:3> and a 
second fine code signal P FN CD-0:4>; and a second code 
signal generating unit for adjusting the second fine code sig 
nal P FN CD-0:4> and the second coarse code signal 
P CR CD-0:3> in order that the pull-down resistance 
N LEG RSS has a level which is correspondent to the pull 
up resistance P LEG. RSS. 
The first and second termination resistance Supply units 

500 and 700 supplies the pull-up resistance P LEG. RSS or 
the pull-down resistance N LEG. RSS by serially connecting 
first resistors and second resistors. The connection of the first 
resistors is also controlled by the corresponding first and 
second coarse code signals P CR CD-0:3> and 
NCR CD-0:3>. The connection of the second resistors is 
also controlled by the corresponding first and second fine 
code signals P FN CD-0:4> and N FN CD-0:4>. The 
resistance fluctuation of the first resistors according to the 
first and second coarse code signals P CR CD-0:3> and 
NCR CD-0:3> is larger than that of the second resistors 
according to the first and second fine code signal 
P FN CD<0:4> and N FN CD-0:4>. Accordingly, the 
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variation of the pull-up or pull-down resistance can be 
changed by controlling the variation of the coarse and fine 
code signals. 

Meanwhile, the first codesignal generating unit includes: a 
first code signal generation control unit 100 for generating a 
pull-up level signal P LEG. DT in response to the corre 
sponding control signal, wherein the pull-up level signal 
P LEG. DT corresponds to a level difference of the first fine 
code signal P FN CD-0:4> and the first coarse code signal 
P CR CD-0:3> based on the input resistance ZQ; a first 
control unit 320 for controlling a first fine code register 340 
and a first coarse code register 360; a first coarse code register 
360 for outputting the first coarse code signal P CR CD-0: 
3> corresponding to the pull-up level signal P LEG. DT at 
the time of an activation of the corresponding control signal; 
and a first fine code register 340 for outing the first fine code 
signal P FN CD-0:4> corresponding to the pull-up level 
signal P LEG. DT at the time of a inactivation of the first 
coarse code register. 
The first code signal generation control unit 100 includes: 

a first resistance feedback unit 120, to which the input resis 
tance ZQ, the first fine code signal P FN CD-0:4> and the 
first coarse code signal P CR CD-0:3> are applied, for out 
putting a feedback pull-up resistance P LEG FD; a first level 
detecting unit 140 for outputting a pull-up detecting signal 
P LEGSN in response to the control signal ODT EN1P by 
detecting a level of the feedback pull-up resistance P LE 
G FD based on a reference resistance RSS REF; and a first 
amplifier 160 for amplifying the pull-up detecting signal 
P LEG SN in response to the control signal ODT EN2P and 
for outputting the amplified signal as the pull-up level signal 
P LEG D.T. 
The first control unit 320 generates a first pull-up driving 

signal ODT UPP1 and a second pull-up driving signal 
ODT UPP2 in response to the control signal ODT EN1 Pand 
the pull-up level signal P LEG DT. The first fine code reg 
ister 340 outputs the first fine code signal P FN CD-0:4> 
corresponding to the pull-up level signal P LEG. DT in 
response to the control signal DT UPP and the first pull-up 
driving signal ODT UPP1. The first coarse code register 360 
outputs the first coarse code signal P CR CD-0:3> corre 
sponding to the pull-up level signal P LEG. DT in response 
to the control signal DT UPP and the second pull-up driving 
signal ODT UPP2. 
The first control unit 320 activates the second pull-up driv 

ing signal ODT UPP2 in response to the control signal 
ODT EN1P. Thereafter, the first control unit 320 inactivates 
the second pull-up driving signal ODT UPP2 and activates 
the first pull-up driving signal ODT UPP1 when the pull-up 
level signal P LEG. DT goes from a high level to a low level. 
In other words, at the initial driving time of the on-die termi 
nation circuit in which the control signal ODT EN1P is acti 
vated, the first control unit 320 activates the second pull-up 
driving signal ODT UPP2 so that the first coarse code regis 
ter 360 is activated and then the coarse code signal having a 
large variation range is calculated. When the resistance value 
has a level corresponding to the input resistance ZQ accord 
ing to the first coarse code signal PCR CD-0:3>, the volt 
age level of the pull-up level signal P LEG. DT is changed 
and the fine code signal P FN CD-0:4> is calculated based 
on the activation of the first pull-up driving signal 
ODT UPP1 in the first control unit 320. Therefore, the first 
control unit 320 makes the resistance value corresponding to 
the input resistance ZQ controlled in the large variation range 
using the first coarse code signal P CR CD-0:3> and there 
after performs the fine adjustment through the first fine code 
signal P FN CD-0:4>. 
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On the other hand, the second code signal generating unit 

includes: a second code signal generation control unit 200 for 
outputting, in response to the corresponding control signal, a 
pull-down level signal N. LEG DT, which corresponds to a 
level difference between the second fine and coarse code 
signals N FN CD40:4> and NCR CD-0:3> and the first 
fine and coarse code signals P FN CD-0:4> and 
P CR CD-0:3>: a second control unit 420 for controlling a 
second fine code register 440 and a second coarse code reg 
ister 460; a second coarse code register 460 for outputting the 
second coarse code signal NCR CD-0:3> corresponding to 
the pull-down level signal N. LEG. DT in response to the 
corresponding control signal; and a second fine code register 
440 for outputting the second fine code signal N FN CD-0: 
4> corresponding to the pull-down level signal N. LEG DT 
at the time of a inactivation of the second coarse code register 
460. 
The second code signal generation control unit 200 

includes: a second resistance feedback unit 220, to which the 
first and second fine code signals P FN CD-0:4> and 
N FN CD-0:4> and the first and second coarse code signals 
P CR CD-0:3> and NCR CD-0:3> are applied, for out 
putting a feedback pull-down resistance N LEG FD; a sec 
ond level detecting unit 240 for outputting a pull-down detect 
ing signal N. LEG SN in response to the control signal 
ODT EN1N by detecting a level of the feedback pull-down 
resistance N LEGFD based on the reference resistance 
RSS REF; and a second amplifier 260 for amplifying the 
pull-down detecting signal N LEG SN in response to the 
control signal ODT EN2N and for outputting the amplified 
signal as the pull-down level signal N. LEG DT. 

Meanwhile, the second control unit is the same as the first 
control unit, except for the input signals, and the second 
coarse and fine code registers also are the same as the first 
coarse and fine code registers. Accordingly, they will be 
described briefly. 
The second control unit 420 generates a first pull-down 

driving signal ODT UPN1 and a second pull-down driving 
signal ODT UPN2 in response to the control signal 
ODT EN1N and the pull-down level signal N LEG DT. The 
first fine code register 440 outputs the second fine code signal 
N FN CD-0:4> corresponding to the pull-down level signal 
N LEG DT in response to the control signal DT UPN and 
the first pull-down driving signal ODT UPN1. The second 
coarse code register 460 outputs the second coarse code sig 
nal NCR CD-0:4> corresponding to the pull-down level 
signal N. LEG. DT in response to the control signal DT UPP 
and the second pull-down driving signal ODT UPN2. 
The second control unit 420 activates the second pull-down 

driving signal ODT UPN2 in response to the control signal 
ODT EN1N. Thereafter, the second control unit 420 inacti 
vates the second pull-down driving signal ODT UPN2 and 
activates the first pull-down driving signal ODT UPN1 when 
the pull-down level signal N. LEG. DT goes from a high level 
to a low level. In other words, the second control unit 420 
drives the second coarse code register 460 at the initial driving 
time and drives the second fine code register 440 after the 
transition of the pull-down level signal. 
The first level detecting unit 140 includes a current mirror 

type differential amplifier to which the feedback pull-up 
resistance P LEGFD and the reference resistance RSS 
REF are applied and the second level detecting unit 240 also 
includes such a current mirror type differential amplifier. The 
first and second amplifiers 160 and 260 include a voltage 
cross-coupled amplifier, respectively. Each of the first and 
second fines code registers 340 and 440 and the first and 
second coarse code registers 360 and 460 can include a latch 
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for latching corresponding input signals P/N LEG. DT at the 
time of activation of the corresponding control signals 
DT UPP/N and the driving signals. 
The code signal generating unit can be classifies into a 

coarse code signal generating unit to generate the coarse code 
signals P CR CD-0:3> and NCR CD-0:3> using the code 
signal generation control units (100 and 200), control units 
(320 and 340) and the coarse code register units (360 and 460) 
and a fine code signal generating unit to generate the fine code 
signals P FN CD-0:4> and N FN CD<0:4>using the code 
signal generation control units (100 and 200), control units 
(320 and 340) and the fine code register units (340 and 440). 
The first and second resistance feedback units 120 and 220 

respectively includes a resistance unit of which the resistance 
value differently ranges in response to each of the coarse code 
signals NCR CD-0:3> and P CR CD-0:3> and the fine 
code signals N FN CD40:4> and P FN CD-0:4>. Accord 
ingly, the variation of the feedback signal by the coarse and 
fine codesignals is different. Also, even though it is not shown 
in FIG. 4, the pull-up resistance and the pull-down resistance 
are the on-die termination resistances which are connected to 
the corresponding data pads. 
As described above, the on-die termination circuit accord 

ing to the present invention may support the high resolution, 
without increasing an area of the device, and guarantee stable 
operation in the high frequency, by making the internal resis 
tance of the first and second termination resistance Supply 
units 500 and 700 and the first and second resistance feedback 
units 120 and 200 have a variety of fluctuation according to 
the corresponding input signals P CR CD-0:3>. 
NCR CD-0:3> N FN CD-0:4) and P FN CD-0:4). 
The present invention produces the first fine code signal 
P FN CD-0:4> and the first coarse code signal 
P CR CD-0:3>, instead of the pull-up code signal P LE 
G CD-0:4>, and the second fine code signal N FN CD-0: 
4> and the second coarse code signal N. CR CD-0:3>, 
instead of the pull-down code signal N LEG CD-0:4>, in 
order to control a plurality of divided resistors individually. 
The coarse code signals P CR CD-0:3> and NCR CD<0: 
3> controls the feedback resistance P LEGFD and 
N LEGFD and the termination resistance P LEG. RSS and 
N LEG. RSS with a large width and sets up them to the 
resistance value corresponding to the input resistance ZO at a 
high speed. Thereafter, the fine adjustment to the input resis 
tance ZQ is carried out by the fine code signals P FN CD-0: 
4> and N FN CDKO:4> 
The resistance adjustment will be described in detail refer 

ring to a schematic circuit of the resistance feedback unit. 
FIG. 5 is a schematic circuit diagram illustrating the first 
resistance feedback unit 120 described in FIG. 4. Referring to 
FIG. 5, the first resistance feedback unit 120 includes a first 
pull-up resistance unit 122 for providing a first pull-up code 
resistance corresponding to the first coarse code signal 
P CR CD-0:3>, and a second pull-up resistance unit 124 for 
providing a second pull-up code resistance corresponding to 
the first fine code signal P FN CD-0:4>. The first and sec 
ond pull-up resistance units 122 and 124 are serially con 
nected between the power supply voltage VDDQ and an 
output node and a Voltage applied to the output node is out 
putted as the feedback pull-up resistance P LEG FD. 
The first pull-up resistance unit 122 includes a plurality of 

resistance units 122a, 122b, 122c and 122d which are con 
nected to a first node N1 in response to the corresponding first 
coarse code signal P CR CD-0:3>, respectively. Since the 
plurality of resistance units 122a, 122b, 122c and 122d have 
the same structure, only one resistance unit will be described. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
The resistance unit 122a includes a first PMOS transistor 

PM1 having a gate to receive the first coarse code 
P CR CD-O and a source connected to the power supply 
voltage VDDQ, and a first resistor Rp.1 which is connected 
between a drain of the first PMOS transistor PM1 and the first 
node N1. 

In the second pull-up resistance unit 124, fifth to ninth 
PMOS transistors PM5 to PM9 which are respectively turned 
on by the fine code signal P FN CD-0:4> are in parallel 
connected between the first node N1 and the output node. For 
example, each of the first to fourth resistors in the first pull-up 
resistance unit 122 has one of resistance values, 240S2, 12092 
and 6092. Also, the input resistance ZQ may be applied to the 
output node of the first resistance feedback unit 120. The 
input resistance ZO is an external signal applied through the 
input pin which is connected to the ground Voltage level 
through a resistance value of 240S2. Further, the first termi 
nation resistance supply unit 500, which has the same con 
figuration as the first resistance feedback unit 120 described 
in FIG. 5, provides the pull-up resistance P LEG. RSS. 
Accordingly, the pull-up resistance P LEG. RSS with the 
fine adjustment is provided by the fine code signal 
P FN CD-0:4). 

In the first resistance feedback unit 120, the first pull-up 
code resistance corresponding to the first coarse code signal 
P CR CD-0:3> is serially connected to the second pull-up 
code resistance corresponding to the first fine code signal 
P FN CD<0:4> between the power supply VDDQ and the 
output node and the feedback pull-up resistance P LEG FD 
is outputted by this serial connection of the two resistances. 
More concretely, when the PMOS transistors PM1, PM2, 

PM3 and PM4 in the resistance units 122a, 122b, 122c and 
122d are respectively turned on by the activation of the cor 
responding coarse code signal P CR CD-0:3> in the first 
pull-up resistance unit 122, the resistors Rp1, Rp2, Rp3 and 
Rp4 are connected to the first node N1 respectively so that the 
first pull-up code resistance is determined. In the second 
pull-up resistance unit 124, the PMOS transistors PM5, PM6, 
PM7, PM8 and PM9, which are respectively turned on by the 
corresponding fine code signal P FN CD-0:4>, are con 
nected between to the first node N1 and the output node so 
that the second pull-up code resistance is determined. 
The first pull-up resistance unit 122 controls the first pull 

up code resistance using the passive elements of the resistors 
Rp1, Rp2, Rp3 and Rp4 of which resistance is larger than that 
of the PMOS transistors. Meanwhile, the second pull-up code 
resistance of the second pull-up resistance unit 124 is deter 
mined by the turn-on resistance of the PMOS transistors. 
Accordingly, the first pull-up resistance unit 122 can control 
the first pull-up code resistance in a relatively large range by 
using the passive elements of the resistors Rp1, Rp2, Rp3 and 
Rp4 and the second pull-up resistance unit 124 can control the 
second pull-up code resistance in a relatively small range by 
using the turn-on resistance of the PMOS transistors. 

Therefore, being different from the conventional semicon 
ductor device, the first resistance feedback unit 120 according 
to the present invention finely controls the feedback pull-up 
resistance P LEG FD by further including the second pull 
up resistance unit 124 of the PMOS transistors and makes it 
possible to supply the termination resistance with high reso 
lution. Also, since the second pull-up resistance unit 124 is 
included, the burden on the area is reduced. Particularly, even 
though it is possible to improve the resolution by increasing 
the number of unit resistors in the first pull-up resistance unit 
122, this may cause the increasing of the burden on the area 
because the area required in the passive resistors is larger than 
that in the transistors. 
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FIG. 6 is a schematic circuit diagram illustrating the second 
resistance feedback unit 220 described in FIG. 4. Referring to 
FIG. 6, the second resistance feedback unit 220 includes: a 
third pull-up resistance unit 222 for Supplying a first pull-up 
code resistance corresponding to the first fine code signal 
P FN CD-0:4>; a fourth pull-up resistance unit 224 for Sup 
plying a second pull-up code resistance corresponding to the 
first coarse code signal (P CR CD-0:3>; a first pull-down 
resistance unit 226 for Supplying a first pull-down code resis 
tance corresponding the second fine code signal 
N FN CD-0:4>; and a second pull-down resistance unit 228 
to Supplying a second pull-down code resistance correspond 
ing the second coarse code signal NCR CD-0:3>. The third 
and fourth pull-up resistance units 222 and 224 are in series 
connected to each other between the power Supply Voltage 
VDDQ and an output node and the first and second pull-down 
resistance units 226 and 228 are in series connected to each 
other between the output node and the ground voltage VSSQ. 
A Voltage applied to the output node is outputted as the 
feedback pull-down resistance N LEG FD. 
The first pull-down resistance unit 226 includes first to fifth 

NMOS transistors NM1, NM2, NM3, NM4 and NM5 which 
are in parallel connected between the output node and a 
second node N2 and are respectively turned on by the second 
fine code signal N FN CD-0:4>. Also, The second pull 
down resistance unit 228 includes first to fourth resistors Rin1, 
Rin2, Rn3 and Rna which are in parallel connected to the 
second node N2 and sixth to ninth fifth NMOS transistors 
NM6, NM7, NM8 and NM9 which are in series connected to 
each of the resistors and are respectively turned on by the 
second coarse code signal N. CR CD-0:3>. 
On the other hand, since the third and fourth pull-up resis 

tance units 222 and 224 have the same configuration as the 
first resistance feedback unit 120, the detailed description of 
the third and fourth pull-up resistance units 222 and 224 is not 
illustrated. Also, the second termination resistance Supply 
unit 700 includes only the first and second pull-down resis 
tance units 226 and 228 which are included in the second 
resistance feedback unit described in FIG. 6. Accordingly, the 
second termination resistance supply unit 700 supplies the 
pull-down resistance N LEG. RSS which is correspondent to 
the second coarse code signal N FN CD-0:3> and the sec 
ond fine code signal N FN CD-0:4>. 
As a result, the feedback pull-down resistance N LEG FD 

supplied from the second resistance feedback unit 220 is 
created by a Voltage ratio of the first and second pull-up code 
resistances to the first and second pull-down code resistances 
which are correspondent to the first fine and coarse code 
signals P FN CD-0:4> and P CR CD<0:3> and the second 
fine and coarse code signals N FN CD-0:4> and 
NCR CD-0:3>, respectively. 
As mentioned above, as compared to the conventional 

semiconductor device described in FIG. 3, the second resis 
tance feedback unit 220 further includes the third pull-up 
resistance unit 224 and the first pull-down resistance unit 226. 
It is possible to finely control the feedback pull-down resis 
tance N LEG FD by further including the resistance units 
(the reference numerals 224 and 226) of MOS transistors. 

Therefore, as shown in FIGS. 5 and 6, the rate of change in 
the feedback resistance, which is controlled by the fine and 
coarse code signals, can have different values. Accordingly, 
being different from the method where resolution is improved 
by simply increasing the number of bits of the code signal 
with large area for it, the present invention may not increase 
the chip area and the layout complexity as much. 
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The detailed operation of the on-die termination circuit 

according to the present invention shown in FIGS. 4 to 6 will 
be described below. 

First, if the driving signal RES is activated, the ODT con 
trol unit 800 activates the control signals ODT EN1P 
ODT EN2P and DT UPP in this order. The first control unit 
320 activates the second pull-up driving signal ODT UPP2 in 
response to the control signal ODT EN1P. 

Next, the first code signal generation control unit 100 out 
puts a level difference, as the pull-up level signal P LEG DT, 
which is produced between the first coarse and fine code 
signals P CR CD-0:3> and P FN CD-0:4> and the input 
resistance ZQ. The first coarse code register 360 which is 
activated by the second pull-up driving signal ODT UPP2 
and the control signal DT UPP controls the first coarse code 
signal P CR CD-0:3> in response to the logic level of the 
pull-up level signal P LEG DT. 
The ODT control unit 800 activates the control signals 

ODT EN1N, ODT EN2N and DT UPN in this order and the 
second control unit 420 activates the second pull-down driv 
ing signal ODT UPN2 in response to the activation of the 
control signal ODT EN1N. 

Subsequently, the second code signal generation control 
unit 200 outputs a level difference, as the pull-down level 
signal N. LEG DT, which is produced between the second 
coarse and fine code signals N CR CD-0:3> and 
P FN CD-0:4> and the first coarse and fine code signals 
NCR CD-0:3> and P FN CD40:4>. The second coarse 
code register 460 which is activated by the second pull-down 
driving signal ODT UPN2 and the control signal DT UPN 
controls the second coarse code signal N. CR CD-0:3> in 
response to the logic level of the pull-down level signal 
N LEG D.T. 
As mentioned above, the present invention controls only 

the first and second coarse codesignals P CR CD-0:3> and 
NCR CD-0:3> in a relatively large range during the initial 
time the driving signal is applied to it. The processing of the 
control in the coarse code signal repeats until the feedback 
resistance is close to the input resistance in a range of the 
resolution. 
When the feedback resistance has a value similar to the 

input resistance, the first and second control units 320 and 420 
respectively actuates the first pull-up and pull-down driving 
signals ODT UPP1 and ODT UPN1 in response to the tran 
sition of each of the corresponding level signals P LEG DT 
and N LEG DT. At this time, since the second pull-up and 
pull-down driving signals ODT UPP2 and ODT UPN2 are 
not activated, the first and second coarse code registers 360 
and 460 are inactivated so that the current states of the first 
and second coarse code signal P CR CD-0:3> and 
NCR CD-0:3> are stored and an update for the coarse code 
signal is not made any more. 

Next, since the first fine code register 340 is activated by the 
first pull-up driving signal ODT UPP1 and the control signal 
DT UPP, the first fine code signal P FN CD40:4> is con 
trolled based on the pull-up level signal P LEG DT. Simi 
larly, the second fine code register 440 is activated by the first 
pull-up driving signal ODT UPP1 and the control signal 
DT UPN and the second fine code signal P FN CD-0:4> is 
controlled based on the pull-down level signal N. LEG DT. 

That is, in the present invention, after setting by the coarse 
code signal, the feedback resistance is finely controlled to 
have a resistance value corresponding to the input resistance 
ZQ, by controlling only the first and second fine code signals 
P FN CDK0:4> and N FN CDKO:4>. 
When the first and second coarse code signals 

P CR CD40:3> and N. CR CD40:3> and the first and sec 
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ond fine code signals P FN CD<0:4> and N FN CD-0:4> 
are set, the first and second termination resistance Supply 
units 500 and 700 provides the pull-up resistance and the 
pull-down resistance corresponding to them. 
As set forth above, the present invention has two steps, in 

which the coarse driving stage controls the resistance roughly 
and the fine driving stage controls the resistance finely, in the 
set of the termination resistances N LEG. RSS and P LE 
G RSS corresponding to the input resistance ZQ. 

In other words, in the coarse driving stage, the feedback 
resistances P LEG FD and N LEG FD are roughly con 
trolled to have a resistance value corresponding to the input 
resistance ZQ. Since a low resolution is obtained in the coarse 
driving stage, the coarse code signal corresponding to the 
input resistance may be set quickly. In the fine driving stage, 
the feedback resistances P LEGFD and NLEGFD are 
finely controlled to have the same resistance value as the input 
resistance ZQ. 

Therefore, the on-die termination circuit according to the 
present invention achieves the highly controlled termination 
resistance with the high resolution, by further including the 
resistance control unit in which the resistance is controlled by 
the MOS transistors provided in the feedback unit and the 
termination resistance Supply unit. Also, the semiconductor 
device having the termination resistance according to the 
present invention can be stably driven at high frequency. In 
the present invention, the pull-up and pull-down resistances 
are simultaneously employed; however, it is possible to 
design a termination circuit which has just one of the pull-up 
and pull-down resistances. 
As is apparent from the above, the on-die termination cir 

cuit according to the present invention Supports high resolu 
tion, without increasing an area of the device, and guarantees 
stable operation at high frequency, by classifying the resis 
tance control into the coarse control processing and the fine 
control processing. 

While the present invention has been described with 
respect to the particular embodiments, it will be apparent to 
those skilled in the art that various changes and modifications 
may be made without departing from the spirit and scope of 
the invention as defined in the following claims. 

What is claimed is: 
1. An on-die termination circuit comprising: 
a driving control means for sequentially generating a plu 

rality of control signals in response to a driving signal; 
a first termination resistance Supply means for Supplying a 

termination pull-up resistance in response to a first 
coarse code signal having a plurality of bits and a first 
fine code signal having a plurality of bits; 

a first code signal generating means for controlling the first 
coarse and fine code signals in response to the plurality 
of the control signals so that the termination pull-up 
resistance has a level which corresponds to an input 
resistance; 

a second termination resistance Supply means for Supply 
ing a termination pull-down resistance in response to a 
second coarse code signal having a plurality of bits and 
a second fine code signal having a plurality of bits; and 

a second code signal generating means for controlling the 
second coarse and fine code signals in response to the 
plurality of control signals so that the termination pull 
down resistance has a level which corresponds to the 
termination pull-up resistance, 

wherein the second codesignal generating means includes: 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

14 
a first resistance feedback unit for receiving the first and 

second fine code signals and the first and second coarse 
code signals and for outputting a feedback pull-down 
resistance; 

a first coarse code generating unit for producing the second 
coarse code signal in order that the feedback pull-down 
resistance has a level corresponding to a reference resis 
tance; and 

a first fine code generating unit for producing the second 
fine code signal in order that the feedback pull-down 
resistance has a level corresponding to the reference 
resistance while the first coarse code signal generating 
unit is inactivated, and 

wherein the first coarse code generating unit includes: 
a level detecting unit for outputting a pull-down detecting 

signal by detecting a level of the feedback pull-down 
resistance based on the reference resistance in response 
to a first control signal; 

an amplifier for amplifying the pull-down detecting signal 
in response to a second control signal and for outputting 
the amplified signal as a pull-down level signal; 

a first register control unit for activating a first pull-down 
driving signal in response to the first control signal and 
for producing a second pull-down driving signal when 
the pull-down level signal goes from a first logic level to 
a second logic level; and 

a first coarse register for generating the second coarse code 
signal based on a logic level of the pull-down level signal 
in response to a third control signal and the first pull 
down driving signal. 

2. The on-die termination circuit of claim 1, wherein the 
first resistance feedback unit includes: 

a first resistance unit for Supplying a first feedback resis 
tance corresponding to the first coarse code signal; 

a second resistance unit for Supplying a second feedback 
resistance corresponding to the first fine code signal; 

a third resistance unit for a third feedback resistance cor 
responding to the second coarse code signal; and 

a fourth resistance unit for Supplying a fourth feedback 
resistance corresponding to the second fine code signal, 
wherein the first resistance feedback unit supplies the 
feedback pull-down resistance by connecting in series 
the first and second resistance units between a first Sup 
ply Voltage and an output node and the third and fourth 
resistance units between a second Supply Voltage and the 
output node. 

3. The on-die termination circuit of claim 2, wherein a 
minimum variation of the first and third feedback resistance is 
larger than that of the second and fourth feedback resistance. 

4. The on-die termination circuit of claim 3, wherein the 
second and fourth resistance unit includes first to fifth MOS 
transistors each of which has a gate to receive an input signal 
and are in parallel connected to each other. 

5. The on-die termination circuit of claim 4, wherein the 
first and third resistance unit includes: 

sixth to ninth MOS transistors each of which receives an 
input signal through a gate, being connected to each 
other; and 

first to fourth passive resistors which are connected to sixth 
to ninth MOS transistors, respectively. 

6. The on-die termination circuit of claim 1, wherein the 
fine code generating unit includes a first fine register for 
generating the second fine code signal based on a logic level 
of the pull-down level signal and in response to the third 
control signal and the first pull-down driving signal. 

7. The on-die termination circuit of claim 6, wherein the 
first code signal generating means includes: 
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a second resistance feedback unit for receiving the first fine 
and coarse codesignals based on the input resistance and 
for outputting a feedback pull-up resistance; 

a second coarse code generating unit for producing the first 
coarse code signal in order that the feedback pull-up 
resistance has a level corresponding to the reference 
resistance; and 

a second fine code generating unit for producing the first 
fine code signal in order that the feedback pull-up resis 
tance has a level corresponding to the reference resis 
tance while the second coarse code signal generating 
unit is inactivated. 

8. The on-die termination circuit of claim 7, wherein the 
second resistance feedback unit includes: 

a first pull-up feedback resistance unit for Supplying a first 
code resistance corresponding to the first coarse code 
signal; and 

a second pull-up feedback resistance unit for Supplying a 
second code resistance corresponding to the first fine 
codesignal, wherein the second resistance feedback unit 
Supplies the feedback pull-up resistance by connecting 
in series the first and second pull-up feedback resistance 
units. 

9. The on-die termination circuit of claim 8, wherein a 
minimum variation of the first code resistance is larger than 
that of the second code resistance. 

10. A method of providing on-die termination, comprising: 
providing a first termination resistance based on a first 

coarse code signal of a plurality of bits and a first fine 
code signal of a plurality of bits received from a first 
code signal generating unit, including: 
controlling the first termination resistance using the first 

coarse code signal 
in response to a comparison between the first termina 

tion resistance and a first predetermined resistance, 
controlling the first termination resistance using the 
first fine code signal 

providing a second termination resistance in response to a 
feedbacksignal from the first codesignal generating unit 
based on a second coarse code signal and a second fine 
code signal received from a second code signal gener 
ating unit, including: 
controlling the second termination resistance using the 

second coarse code signal and 
in response to a comparison between the second termi 

nation resistance and a second predetermined resis 
tance, control the second termination resistance using 
the second fine code signal. 

II. The method of claim 10, wherein: 
the first termination resistance is a termination pull-up 

resistance, and 
the second termination resistance is a termination pull 
down resistance. 

12. The method of claim I I, wherein: 
the first predetermined resistance is a reference resistance. 
13. The method of claim 12, wherein: 
the comparison between the termination pull-up resistance 
and the first predetermined resistance is a level compari 
SO 

14. The method of claim 10, wherein: 
the feedback signal is based on the first coarse codesignal 
and the first fine code signal. 

15. The method of claim 14, wherein: 
the comparison between the termination pull-down resis 

tance and the second predetermined resistance is a level 
comparison. 
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16. An on-die termination circuit, comprising: 
a first termination resistance supply unit connected to a 

first coarse code signal and a first fine code signal, for 
producing a first termination resistance, 

a first code signal generation control unit including a first 
comparator, the first code signal generation control unit 
being connected to the first coarse code signal, the first 
fine code signal, and a reference resistance, for produc 
ing a first control signal 

at least one first register connected to the first control 
signal for producing the first coarse code signal and the 
first fine code signal 

a second termination resistance supply unit connected to a 
second coarse codesignal and a second fine codesignal, 
for producing a second termination resistance, 

a second code signal generation control unit including a 
second comparator, the second code signal generation 
control unit being connected to the first coarse code 
signal, the first fine code signal, the second coarse code 
signal, the second fine code signal, and the reference 
resistance, for producing a second control signal and 

at least one second register connected to the second control 
signal for producing the second coarse code signal and 
the second fine code signal 

wherein the second code signal generation control unit 
includes: 
a first resistance feedback unit for receiving the first and 

second fine code signals and the first and second 
coarse code signals and for outputting a feedback 
pull-down resistance, 

a first coarse code generating unit for producing the 
second coarse code signal in Order that the feedback 
pull-down resistance has a level corresponding to a 
reference resistance, and 

a first fine code generating unit for producing the second 
fine code signal in Order that the feedback pull-down 
resistance has a level corresponding to the reference 
resistance while the first coarse code signal generat 
ing unit is inactivated, and 

wherein the first coarse code generating unit includes: 
a level detecting unit for outputting a pull-down detect 

ing signal by detecting a level of the feedback pull 
down resistance based on the reference resistance in 
response to a first control signal 

an amplifier for amplifying the pull-down detecting sig 
nal in response to a second control signal and for 
outputting the amplified signal as a pull-down level 
Signal. 

a first register control unit for activating a first pull 
down driving signal in response to the first control 
signal and for producing a second pull-down driving 
signal when the pull-down level signal goes from a 
first logic level to a second logic level and 

a first coarse register for generating the second coarse 
code signal based on a logic level of the pull-down 
level signal in response to a third control signal and 
the first pull-down driving signal. 

17. The on-die termination circuit of claim 16, wherein: 
the first termination resistance supply unit is a termination 

pull-up resistance supply unit, and 
the second termination resistance supply unit is a termina 

tion pull-down resistance supply unit. 
18. The on-die termination circuit of claim 16, wherein: 
the first control signal is a first level signal and 
the second control signal is a second level signal. 
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19. The on-die termination circuit of claim 16, wherein: 
the first comparator is a first differential amplifier, and 
the second comparator is a second differential amplifier. 
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