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1
ON-DIE TERMINATION DEVICE

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.

CROSS-REFERENCES TO RELAT
APPLICATIONS

L]

D,

The present invention claims priority of Korean patent

application numbers 10-2006-0080633, 10-2007-0031989 &
10-2007-0032189, filed on Aug. 24, 2006, Mar. 30, 2007 and
Apr. 2, 2007, respectively, which are incorporated by refer-
ence 1n their entirety.

BACKGROUND OF THE INVENTION

The present invention relates to an on-die termination
(ODT) device used 1n various kinds of semiconductor inte-
grated circuits such as memory devices, and more particu-
larly, to an ODT device with improved resolution.

Semiconductor devices are implemented into integrated
circuit (IC) chips such as central processing units (CPUs),
memories, and gate arrays, and are incorporated into a variety
of electrical products such as personal computers, servers and
workstations. Most of semiconductor devices include a
receiving circuit configured to recerve signals from an outside
world via mput pads and an output circuit configured to
provide 1nternal signals to an outside world via output pads.

As the operating speed of electrical products increases, a
swing width of a signal exchanged between semiconductor
devices gradually reduces to minimize a delay time taken for
signal transmission. However, the reduction in the swing
width of the signal has a great intluence on an external noise,
causing the signal reflectance to become more critical at an
interface terminal due to an impedance mismatch. Such an
impedance mismatch 1s generally caused by an external
noise, a variation of a power voltage, a change of an operating,
temperature, a change of a manufacturing process, etc. The
impedance mismatch may cause a difficulty in a high-speed
transmission of data and a distortion in output data. There-
fore, 11 semiconductor devices recerve the distorted output
signal through an input terminal, it frequently gives rise to
problems such as a setup/hold failure and an error in a deci-
sion of an mput level.

In particular, 1n order to resolve the above problems, a
memory device requiring high-speed performance employs
an 1mpedance matching circuit, which 1s called an on-die
termination (ODT), near around an mput pad inside an IC
chup. In a typical ODT scheme, source termination 1s per-
formed by an output circuit at a transmitting end, and parallel
termination 1s performed by a termination circuit connected
in parallel with respect to a receiving circuit coupled to the
input pad.

7() calibration refers to a procedure of generating pull-up
and pull-down codes which are varied with PVT (process,
voltage and temperature) conditions. The resistance of the
ODT device, e.g., a termination resistance at a DQ pad 1n a
memory device, 1s calibrated using the codes obtained from
the ZQ calibration. Herein, the term of Z() calibration 1s
attributed to the fact that the calibration 1s performed using a
7Q) node.

Hereinafter, how the ZQ calibration 1s performed 1n an
ODT device will be more fully described.
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FIG. 1 1s a block diagram of a calibration circuit having
only a pull-up resistor unit 1n a conventional ODT device.

The conventional calibration circuit having the pull-up
resistor unit includes a comparator 102A, a counter 103A, a
reference voltage generator 104 A, and a pull-up resistor unit
110A configured with a plurality of parallel resistors which
are turned on/off 1n response to pull-up calibration codes
PCODE<0O:N>.

The comparator 102A compares a voltage of a Z(Q) node
and a reference voltage VREF (generally, 12VDDQ) gener-
ated from the reference voltage generator 104A with each
other, thereby generating an up/down signal UP/DOWN. An
external resistor 101 A and the pull-up resistor unit 110A are
connected to the ZQ) node. Here, the external resistor 101 A
has a resistance of 240€2 generally, and particularly it 1s
connected to a ZQ pad on the outside of the ZQ node chip.
Theretore, the voltage of the ZQ) node 1s determined through
voltage division of the external resistor 101 A and the pull-up
resistor unit 110A.

The counter 103 A recerves the up/down signal UP/DOWN
to generate the pull-up calibration codes PCODE<0:N>, and
the pull-up resistor unit 110A calibrates its resistance accord-
ing to the pull-up calibration codes PCODE<0O:N>.

The calibrated resistance of the pull-up resistor unit 110A
affects the ZQ node voltage again, and the above-described
operation 1s then repeated until the ZQ node voltage 1s equal
to the reference voltage VREF. Hence, the calibration 1s per-
formed so that a total resistance of the pull-up resistor unit
110A 1s equal to that of the external resistor 101 A, e.g., 24082
in general.

The pull-up calibration codes PCODE<0O:N> generated
during the calibration are mnputted to ODT resistors of an
input buffer having the same configuration, and thus used for
impedance matching.

However, 1n the case where the resistance of the external
resistor 101 A 1s 240€2 and a target resistance of the ODT
resistor actually used 1n the mput butler 1s 602 (1n this case,
tour ODT resistors which are equal to the calibration resistors
are connected 1n parallel at the mput butler), there must be
ollsets between resistances of the resistors 1n the calibration
circuit and the resistances of the resistors (1.e., ODT resistors)
in the 1input builer so that the ODT resistor has a resistance
different from the target resistance, that 1s, the ODT resistor
cannot have the resistance of 60£2. Accordingly, the pull-up
calibration codes PCODE<0:N> should be modified in order
that the OD'T resistor of the input buifer may have the target
resistance.

FIG. 2 1s a circuit diagram 1llustrating the conventional
reference voltage generator 104 A of FIG. 1.

The reference voltage VREF should be 12*VDDQ 1n gen-
eral, but a switch option allows the reference voltage VREF to
change from Y2*VDDQ to other voltage levels, as shown 1n
FIG. 2.

As described above, since the pull-up calibration codes
PCODE<O:N> are generated by comparing the reference
voltage VREF and the ZQ node voltage with each other, the
pull-up calibration codes PCODE<O:N> can be different
depending on the changing of the reference voltage VREF.

However, according to this conventional method, resistors
included in the reference voltage generator are implemented
with an active resistor, which leads to a problem 1n that a
circuit area inevitably increases and further 1t 1s difficult to
precisely calibrate an offset value, 1.e., a difference from the
target resistance.

FIG. 3 1s a block diagram of a calibration circuit having
pull-up and pull-down resistor units 1n a conventional ODT
device.
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The calibration circuit adapted to perform ZQ calibration
operation mcludes a first pull-up resistor unit 110B, a second
pull-up resistor unit 120, a pull-down drive resistor unit 130,
a reference voltage generator 104B, first and second com-

parators 102B and 105, and pull-up and pull-down counters
103B and 106.

Because the first pull-up resistor unit 110B, the first com-
parator 102B, and the pull-up counter 103B are performed in

the same manner as those of FIG. 1, further description for
them will be omitted herein.

As 1llustrated i FIG. 1, the pull-up calibration codes
PCODE<O:N> generated during the pull-up calibration
operation are inputted to the second pull-up resistor unit 120,
thus determining a total resistance of the second pull-up resis-
tor unit 120. Then, pull-down calibration begins to perform in
a manner similar to the pull-up calibration. Specifically, the
pull-down calibration performs 1n such a manner that a volt-
age of a first node A 1s equal to the reference voltage VREF
using the second comparator 1035 and the pull-down counter
106, that 1s, the total resistance of the pull-down resistor unit
130 1s equal to the total resistance of the second pull-up
resistor unit 120.

The pull-up and pull-down calibration codes PCODE<O:
N> and NCODE<O:N> resulted from the pull-up and pull-
down calibration operations are inputted to pull-up and pull-
down resistors provided at mnput/output pads, which are
similarly configured as the pull-up and pull-down resistor
units of the calibration circuit of FIG. 3, thus determining the
resistance of the ODT device. In a memory device, resis-
tances of pull-up and pull-down resistors at a DQ pad are
determined.

FIGS. 4A and 4B are graphs 1llustrating resistance varia-
tions of a pull-up resistor unit at input/output pads versus the
pull-up calibration codes PCODE<0:N> when a target resis-
tance 1s set to 60£2 and 40€2, respectively.

In FIGS. 4A and 4B, an X-axis denotes the pull-up cali-
bration code PCODE<Q:N> expressed as a decimal number
equivalent to a binary pull-up calibration code, and a Y-axis
denotes a resistance of a pull-up resistor unit at input/output
pads 1n ohms.

Referring to FIGS. 4A and 4B, while the target resistances
that the pull-up resistor units at the input/output pad must
have are merely 6082 and 40€2, respectively, a width of resis-
tance variation of the pull-up resistor unit 1s considerably
great. The resistance ol the pull-up resistor unit changes
greatly as the pull-up calibration codes PCODE<Q:N>
change by each one level, as well.

As such, since the resistance of the pull-up resistor unit
greatly changes with respect to the variation of the pull-up
calibration codes PCODE<O:N>, 1t 1s difficult to accurately
match the resistance of the pull-up resistor unit to the target
resistance. Accordingly, there 1s a problem in achieving an
accurate impedance matching of the ODT device, causing a
speed ol a semiconductor device employing the ODT device
to be degraded.

Of course, 1t 1s possible to increase the resolution of the
ODT device by increasing number of resistors connected to
the pull-up resistor unit in parallel and more finely fraction-
ating the pull-up calibration codes PCODE<O0:N>. However,
this leads to a drawback that a total circuit area must be
increased, which 1s a trade-off relationship with high-resolu-
tion performance.

SUMMARY OF THE INVENTION

Embodiments of the present mvention are directed to
increasing a resolution of an on-die termination (ODT) device
without the increase 1n a total area of the ODT device.
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Embodiments of the present invention are also directed to
casily compensating for an oflfset value, 1.e., a difference
between a target resistance and an actual resistance, of an
ODT device within a small-sized circuit.

In accordance with an aspect of the present invention, there
1s provided an on-die termination, including: a code generator
configured to generate a calibration code 1n response to a
voltage of a first node and a reference voltage; a calibration
resistor unit connected to the first node, and configured to be
turned on and off 1n response to the calibration code; and a
reference resistor unit coupled to the calibration resistor unit,
and configured to be turned on and off in response to a control
signal.

In accordance with an aspect of the present invention, there
1s provided an on-die termination, including: a calibration
resistor unit connected to an external resistor to perform a
calibration operation, and configured to generate a calibration
code; and a termination resistor unit connected to an mput/
output pad, and configured to recerve the calibration code to
perform impedance matching, wherein each of the calibration
and termination resistor units comprises a reference resistor
that 1s always turned on 1rrespective of the calibration code
when the calibration and termination resistor units operate.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of a calibration circuit having,
only a pull-up resistor unit 1n a conventional on-die termina-
tion (ODT) device;

FIG. 2 1s a circuit diagram 1illustrating a conventional ref-
erence voltage generator of FIG. 1;

FIG. 3 1s a block diagram of a calibration circuit having
pull-up and pull-down resistor units 1n a conventional ODT
device;:

FIGS. 4A and 4B are graphs illustrating resistance varia-
tions ol a pull-up resistor unit at mput/output pads versus
pull-up calibration codes when a target resistance is set to
60£2 and 40€2, respectively;

FIG. 5 1s a block diagram of a calibration circuit having
only a pull-up resistor unit 1n accordance with a first embodi-
ment of the present invention;

FIG. 6 1s a circuit diagram 1illustrating a reference resistor
of FIG. §;

FIG. 7 1s a block diagram 1llustrating an OD'T device hav-
ing the calibration circuit of FIG. 5;

FIG. 8 1s a block diagram of a calibration circuit having
pull-up and pull-down resistor units 1n accordance with a
second embodiment of the present invention;

FIG. 9 15 a block diagram 1llustrating an OD'T device hav-
ing the calibration circuit of FIG. 8;

FIGS. 10A and 10B are graphs illustrating resistance varia-
tions of a pull-up termination resistor unit versus pull-up
calibration codes 1n the ODT device of FIG. 9 when a target
resistance 1s set to 60£2 and 40€2, respectively;

FIG. 11 1s a block diagram of a supplementary circuit that
allows the ODT device 1n accordance with the present mven-
tion to have very high termination resistance;

FIG. 12 1s a circuit diagram illustrating an ODT off signal
generator of FI1G. 11;

FIG. 13 15 a circuit diagram 1llustrating an output unit of
FIG. 11;

FIG. 14 1s a block diagram of supplementary circuits
adapted to recerve commands set by a mode register set
(MRS), 1n addition to the construction of FIG. 11;

FIG. 15 1s a circuit diagram illustrating an MRS mput unit
of FIG. 14;
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FIG. 16 1s a circuit diagram illustrating a controller of
FIGS. 14; and

FI1G. 17 1s a timing diagram of signals in the ODT device
illustrated 1n FIGS. 11 to 16.

DESCRIPTION OF SPECIFIC EMBODIMENTS

Hereinafter, an on-die termination (ODT) device 1n accor-
dance with the present invention will be described 1n detail
with reference to the accompanying drawings.

FIG. 5 1s a block diagram of a calibration circuit having
only a pull-up resistor unit 1n accordance with a first embodi-
ment of the present invention.

The calibration circuit of the ODT device 1n accordance
with the first embodiment of the present invention includes a
code generator 305, a plurality of pull-up calibration resistors
310, and a reference resistor 320.

The code generator 305 generates pull-up calibration codes
PCODE<0:N> 1n response to a Z() node voltage and a refer-
ence voltage VREF (generally, 12VDDQ)). The code genera-
tor 305 may include a comparator 302 configured to compare
the reference voltage VREF and the ZQ node voltage with
cach other, and a counter 303 configured to count the pull-up
calibration codes PCODE<0:N> depending on the compari-
son result of the comparator 302.

The plurality of pull-up calibration resistors 310 are turned
on/ofl 1n response to the pull-up calibration code PCODE<O:
N>, and are connected to the Z() node 1n parallel.

The reference resistor 320 1s connected to the plurality of
pull-up calibration resistors 310 1n parallel, and 1s turned
on/oil 1n response to a control signal CONTROL. In addition,
a resistance of the reference resistor 320 1s variable. The
control signal CONTROL turns on the reference resistor 320
when the calibration circuit i1s operating, and turns off the
reference resistor 320 when the calibration operation 1s ter-
minated.

The reason why the reference resistor 320 1s used 1n the
present mvention 1s to constantly maintain an 1nitial value of
a total resistance of the resistors 310 and 320 1n the calibration
circuit and thus to increase the resolution of the calibration
operation. Since the reference resistor 320 1s connected to the
pull-up calibration resistors 310 1n parallel, a variation width
of a total resistance of the resistors 310 and 320, which
changes every time the pull-up calibration codes PCODE<O:
N> change by each level, becomes small in comparison with
the conventional one, thereby improving the resolution of the
calibration operation.

The calibration circuit 1n accordance with the first embodi-
ment of the present invention performs the calibration opera-
tion by comparing the ZQ node voltage and the reference
voltage with each other. That 1s, the calibration 1s performed
such that the total resistance of the plurality of calibration
resistors 310 and the reference resistor 320 1s equal to the
resistance of the external resistor 301.

The resistance of the reference resistor 320 1n the present
invention 1s variable. Since the calibration 1s performed 1n
such a manner that the total resistance of the reference resistor
320 and the plurality of calibration resistors 310 1s equal to the
resistance of the external resistor 301, the resistance of the
plurality of calibration resistors 310 changes as the resistance
of the reference resistor 320 varies. Here, that the resistance
of the plurality of calibration resistors 310 changes means
that there 1s a change in the pull-up calibration code
PCODE<0:N>. That 1s, 1n accordance with the present inven-
tion, 1t 1s possible to change the pull-up calibration codes
PCODE<0:N> by simply increasing or decreasing the resis-
tance of the reference resistor 320.

10

15

20

25

30

35

40

45

50

55

60

65

6

FIG. 6 1s a circuit diagram 1llustrating the reference resistor
320 of FIG. §

The reference resistor 320 may include a basic resistor R0,
a parallel resistor R2 for decreasing the resistance of the
reference resistor 320, and a serial resistor R1 for increasing,
the resistance of the reference resistor 320.

A switch S2 1s connected to the parallel resistor R2 1n
series, and thus opens or closes the one end of the parallel
resistor R2. Another switch S1 1s connected to the serial
resistor R1 in parallel for opeming or closing both ends of the
serial resistor R1.

When closing the switch S2 to connect the parallel resistor
R2 to the basic resistor R0, a total resistance of the basic
resistor 320 can decreases. On the contrary, when opening the
other switch S1 to connect the serial resistor R1 to the basic
resistor R0, 1t 1s possible to increase a total resistance of the
basic resistor 320.

Although both the parallel resistor R2 and the serial resis-
tor R1 are provided to the basic resistor R0, the reference
resistor 320 may be implemented with only the parallel resis-
tor(s) R2 or the serial resistor(s) R1.

The switches S1 and S2 can be realized with a metal option.
In this case, the switches have only to be opened or closed to
change the calibration codes PCODE<0:N> depending on an
olfset value.

Furthermore, the switches S1 and S2 may be implemented
with transistors. In this case, a fuse set 1s included 1n the
switch for storing logic values inputted into the transistors.
That 1s, the fuse set 1s used for storing the logic value after
determining whether the switches are opened or closed.

FIG. 7 1s a block diagram 1llustrating an OD'T device hav-
ing the calibration circuit of FIG. 5. Like reference numerals
in FIG. 7 denote like elements of FIG. 5.

Although FIG. 7 illustrates an ODT device performing
only pull-up termination, the ODT device may performs pull-
down termination, which will also be described together
below.

When the ODT device includes only one of pull-up and
pull-down resistor units, 1.e., when performing only one of
pull-up and pull-down termination at an input butfer, the ODT
device of FIG. 7 further includes a termination circuit in
addition to the calibration circuit of FIG. 5. The termination
circuit 1s provided with pull-up termination resistor unit 330
and 340 at the input/output (DQ) pad, which receives the
pull-up calibration codes PCODE<O:N> to perform the
impedance matching.

The pull-up termination resistor unit 330 and 340 includes
a plurality of pull-up termination resistors 330 and a reference
resistor 340. Herein, the plurality of pull-up termination resis-
tor units 330 are connected to the input/output (DQ) pad in
parallel, and turned on/oif 1n response to the pull-up calibra-
tion codes PCODE<0:N>. The reference resistor 340 1s con-
nected to the plurality of pull-up termination resistors 330 in
parallel, and always turned on when the ODT device operates.

As such, the present invention includes the reference resis-
tors 320 and 340 which are always turned on during the
operation of the pull-up resistor units 310/320 and 330/340
irrespective of the pull-up calibration codes PCODE<Q: N>
In addition, each of the reference resistors 320 and 340 may
include at least one resistor.

Meanwhile, when the ODT device performs only pull-
down termination, the calibration resistor unit 310 and 320
may be configured with a pull-down resistor unit instead of
the pull-up resistor unit, and the termination resistor unit 330
and 340 may be also configured with pull-down resistor unait.
In this case, the external resistor 301 may be configured with
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a pull-up resistor istead of the pull-down resistor to directly
calibrate the calibration resistor unit 310 and 320 with the
external resistor 301.

FIG. 8 1s a block diagram of a calibration circuit having,
pull-up and pull-down resistor units 1n accordance with a
second embodiment of the present invention.

A calibration circuit of the ODT device 1n accordance with
the second embodiment of the present mnvention includes a
first code generator 502 and 503, a second code generator 504
and 505, a plurality of first pull-up calibration resistors 510, a
first pull-up reference resistor 520, a plurality of second pull-
up calibration resistors 330, a second pull-up reference resis-
tor 340, a plurality of pull-down calibration resistors 350, and
a pull-down reference resistor 560.

The first code generator 502 and 503 generates pull-up
calibration codes PCODE<O:N> 1n response to a ZQ node
voltage and a reference voltage VREF, and the second code
generator 504 and 505 generates pull-down calibration codes
NCODE<O:N> 1n response to a voltage of a first node NODE
B and the reference voltage VREF.

More specifically, the first code generator 502 and 503
includes a first comparator 502 adapted to compare the ret-
erence voltage VREF and the ZQ node voltage with each
other, and a first counter 503 adapted to count the pull-up
calibration codes PCODE<0:N> depending on the compari-
son result of the first comparator 502. The second code gen-
erator 504 and 505 may include a second comparator 504
adapted to compare the reference voltage VREF and the volt-
age of the first node NODE B with each other, and a second
counter 505 adapted to count the pull-down calibration codes
NCODE<O:N> depending on the comparison result of the
second comparator 504.

The plurality of first pull-up calibration resistors 510 are
connected to the ZQ node 1n parallel, and turned on/off 1n
response to the pull-up calibration code PCODE<O:N>. The
first pull-up reference resistor 520 1s connected to the plural-
ity of first pull-up calibration resistors 510 1n parallel, and
turned on/off 1n response to a first control signal CON-
TROL1. Here, the resistance of the first pull-up resistor unit
520 1s variable. The first control signal CONTROL1 turns on
the first pull-up reference resistor 520 only when the pull-up
calibration 1s performed.

The plurality of second pull-up calibration resistors 530 are
connected to the first node NODE B 1n parallel, and turned
on/oll 1 response to the pull-up calibration codes PCODE<QO:
N>. That 1s, the plurality of second pull-up resistors 530 have
the same configuration and structure as the plurality of the
first pull-up calibration resistors 310 except that the former
are connected to the first node NODE B. The second pull-up
calibration resistors 530 are used for calibration of the pull-
down calibration resistors 550, 1.e., used for calibration so as
to generate the pull-down codes. The second pull-up refer-
ence resistor 540 1s connected to the plurality of second
pull-up calibration resistors 530 1n parallel, and turned on/off
in response to the first control signal CONTROL1. Here, the
resistance ol the second pull-up reference resistor 540 1s
variable. That 1s, the second pull-up reference resistor 540 1s
the same as the first pull-up reference resistor 520 except that
the former 1s connected to the first node NODE B 1nstead of
the ZQ node.

The plurality of pull-down calibration resistors 550 are
connected to the first node NODE B in parallel, and turned
on/off 1 response to the pull-down calibration codes
NCODE<O:N>. Thus, the pull-down calibration 1s performed
to generate the pull-down calibration codes NCODE<0O:N>
using the plurality of pull-down calibration resistors 550. The
pull-down reference resistor 560 1s connected to the plurality
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of pull-down calibration resistors 550 1n parallel, and turned
on/ofl 1n response to a second control CONTROL?2. Like-
wise, the resistance of the pull-down reference resistor 560 1s
variable. The second control signal CONTROL?2 turns on the
pull-down reference resistor 560 only when the pull-down
calibration 1s performed. The first and second control signals
CONTROL1 and CONTROL2 are similar to each other
because they turn on the reference resistors 520, 540 and 560
during the calibration operation. However, the first control
signal CONTROL1 1s different from the second control sig-
nal CONTROL?2 1n that the first control signal CONTROL1 1s
inputted to a PMOS transistor and the second control signal
CONTROL?2 1s mputted to an NMOS transistor. As will be
more fully described later, it 1s possible to change the pull-
down calibration codes NCODE<OQ:N> by varying the resis-
tance of the pull-down reference resistor 560.

As for an overall operation of the ODT device 1n accor-
dance with the second embodiment, the calibration 1s per-
formed 1n such manner that a total resistance of the plurality
of first pull-up calibration resistors 510 and the first pull-up
reference resistor 520 1s equal to the resistance of the external
resistor 501, thus generating the pull-up calibration codes
PCODE<0O:N> (pull-up calibration). The plurality of pull-up
calibration codes PCODE<Q:N> are inputted to the plurality
of second pull-up calibration resistors 530. The plurality of
second pull-up calibration resistors 530 and the second pull-
up reference resistor 340 have the same configuration and
structure except that their locations are different. Accord-
ingly, the total resistance of the plurality of second pull-up
calibration resistors 530 and the second pull-up reference
resistor 540 1s also equal to the resistance of the external
resistor 501.

The calibration for generating the pull-down calibration
codes NCODE<OQ:N> 1s also the same as the pull-up calibra-
tion except that the voltage of the first node NODE B and the
reference voltage VREF are compared with each other.
Theretore, the total resistance of the plurality of second pull-
up calibration resistors 530 and the second pull-up reference
resistor 540 1s equal to the total resistance of the plurality of
pull-down calibration resistors 550 and the pull-down refer-
ence resistor 560. That 1s, the total resistance of the plurality
of pull-down calibration resistors 350 and the pull-down ret-

erence resistor 560 1s also equal to the resistance of the exter-
nal resistor 501. At this time, the pull-down calibration codes
NCODE<O:N> are generated.

As similar to the first embodiment, the pull-up calibration
codes PCODE<0:N> may change 11 the resistance of the first
pull-up reference resistor 520 and the second pull-up refer-
ence resistor 540 changes. It 1s noticed that the first pull-up
reference resistor 520 and the second pull-up resistor unit 540
are equally changed because they should be equal to each
other. By using the change in the pull-up calibration code
PCODE<O:N>, 1t 1s possible to compensate for an offset
value that occurs 1n a pull-up resistor of an output driver.

In addition, 1f the resistance of the pull-down reference
resistor 560 changes, the pull-down calibration codes
NCODE<0O:N> also change, which makes it possible to com-
pensate for an offset value that occurs 1n the pull-down resis-
tor of the output driver.

It 1s 1impossible to respectively change the pull-up calibra-
tion codes PCODE<O:N> and the pull-down calibration
codes NCODE<O:N> using the conventional ODT device
using a method of changing the reference voltage VREF. In
the present invention, however, the pull-up calibration codes

PCODE<O:N> and the pull-down calibration codes
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NCODE<O0:N> can change respectively according to which
resistor changes among the reference resistors 520, 540 and
560.

Since the changing procedure of the resistances of the
reference resistors 520, 540 and 560 may be performed 1n the
same manner as described already 1n FIG. 6, further descrip-
tion for 1t will be omitted herein.

The reason the reference resistors are not simply connected
in parallel but controlled by the first control signal CON-
TROL1 or the second control signal CONTROL?2 1s that the
ODT device does not always perform the pull-up and pull-
down termination operations even though the ODT device
includes all the resistors for pull-up and pull-down termina-
tion. For example, 1n a semiconductor memory device, the
ODT device performs only pull-up termination when 1t works
as an input buffer at a DQ pad, but performs both pull-up and
pull-down terminations when 1t works as an output driver.
Furthermore, because the ODT device does not always per-
form the termination operation even though the memory
device includes the ODT device, the reference resistor 1s
implemented such that 1t 1s controlled by the first control
signal CONTROLI1 or the second control signal CONTROL?2
in the present mvention.

The present mvention 1s directed to changing the calibra-
tion codes PCODE<0:N> and NCODE<O0:N> by changing,
the resistance of the reference resistor 520, 540 and 560
instead of changing the reference voltage VREF. Therelore,
the present invention may also be used together with the
conventional method of changing the reference voltage
VREF, and does not exclude the conventional method.

FI1G. 9 1s a block diagram 1llustrating an ODT device hav-
ing the calibration circuit of FIG. 8. Like reference numerals
in FIG. 9 denote like elements of FIG. 8.

The ODT device of FIG. 9 further includes a termination
circuit 1n addition to the calibration circuit of FIG. 8. The
termination circuit includes a pull-up termination resistor unit
570 and 580 adapted to receive the pull-up calibration codes
PCODE<0:N> at the mput/output (DQ) pads to perform the
impedance matching, and a pull-down termination resistor
unit 590 and 600 adapted to recerve the pull-down calibration
codes NCODE<O:N> at the input/output (DQ) pads to per-
form the impedance matching.

The termination resistor units 570/580 and 590/600
include reference resistors 580 and 600, respectively, which
are always turned on during operation of the ODT device
irrespective of the calibration codes PCODE<O:N> and
NCODE<0:N>. Furthermore, each of the reference resistors
580 and 600 may include one resistor or more.

Therefore, the total resistance of the resistor units 510+
520, 550+560, 570+580, and 590+600, which changes every
time the pull-up and pull-down calibration codes PCODE<O:
N> and NCODE<O:N> change by one level, changes much
smaller than the convention ODT device. The reference resis-
tors 520, 560, 580 and 600 are always turned on when the
ODT device operates, making it possible to improve the reso-
lution of the ODT device.

In addition, because the reference resistors 520, 560, 580
and 600 are provided, the present invention 1s also advanta-
geous 1n that initial values of the resistor units 510+520,
550+560, 570+580 and 590+600 of the ODT device can be
maintained constantly.

The reference resistors 520,560, 380 and 600 of the present
invention are controlled by the first control signal CON-
TROL1 or the second control signal CONTROL?2. In detail,
so the first control signal CONTRO1 turns on both the refer-
ence resistor 320 1n the pull-up calibration resistor unit 510+
520 and the reference resistor 380 in the pull-up termination
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resistor unit 370+580 when the ODT device performs the
pull-up termination operation. On the contrary, the second
control as signal CONTRO2 turns on both the reference resis-
tor 360 1n the pull-down calibration resistor unit 550+560 and
the reference resistor 600 1n the pull-down termination resis-
tor unit 590+600 when the ODT device performs the pull-
down termination operation.

The pull-down calibration operation for generating the
pull-down calibration codes NCODE<Q:N> using the pull-
down calibration resistor unit 550+3560 may be performed
such that the pull-down calibration resistor unit 550+3560 1s
not directly calibrated with the external resistor 501 but the
pull-down calibration resistor unit 550+3560 1s calibrated with
the external resistor 501 via the second pull-up calibration
resistor unit 530+540 having the same configuration as the
first pull-up calibration resistor unit 310+520.

FIGS. 10A and 10B are graphs illustrating resistance varia-
tions of a pull-up termination resistor unit versus the pull-up
calibration code in the ODT device of FIG. 9 when a target
resistance 1s set to 60£2 and 40€2, respectively.

It can be observed that the resistance of the pull-up termi-
nation resistor unit 370+580 approximate to almost target
value, 1.¢., 60€2 or 402, because a resistance variation per one
code 1s extremely small, which 1s significantly different from
the conventional results of FIGS. 4A and 4B. Although only
the resistance variation of the pull-up termination resistor unit
570+580 15 1llustrated 1n FIGS. 9A and 98, 1t 1s apparent that
result of the pull-down termination resistor unit 390+600 1s
also the same as the above because the same technical ideas of
the present invention are also applied to the pull-down termi-
nation resistor unit 390+600.

The ODT termination device as described in FIGS. 510 9
can operate by 1tself without any malfunction. However, for
application to specific conditions, a supplementary circuit 1s
needed, which will be described below.

In a package burn-in test of a memory device using the
ODT device, when the termination resistance of the mput
butter 1s small due to a limitation 1n the use amount of current
in a test apparatus, the current consumption of commonly-
inputted command and address pins increases, causing nor-
mal mode register set (MRS) input to be impossible. There-
fore, to allow the termination resistor to have a total resistance
of 10 k€2 or higher, the external resistor connected to the Z()
pad 1s designed to have the resistance of 10 k€2 or higher, and
the calibration resistor 1s calibrated to have the resistance of
10 k€2 or higher. Accordingly, the termination resistor can
also have a high resistance as the calibration resistor has the
high resistance.

As described above, however, 1n the case where the cali-
bration resistors and the termination resistors have the refer-
ence resistors which are always aimed on when the ODT
device operates, 1t 1s impossible to set the total resistance of
the resistors to a high value, e.g., 10 k€2, owing to the presence
of the basic resistor.

Accordingly, during specific processes such the package
burn-in test, 1t 1s necessary to implement a supplementary
circuit which 1s used for setting the termination resistance of
the ODT device to a high value.

FIG. 11 1s a block diagram of a supplementary circuit that
allows the ODT device in accordance with the present inven-
tion to have very high termination resistance.

The ODT device in accordance with an embodiment of the
present invention, which can have very high resistance,
includes an ODT off signal generator 610 adapted to generate
an ODT off signal ODT_OFF when the external resistor
connected to the ZQ node has a high resistance, and an output
unit 620 adapted to turn of

1 all the resistors 1n the calibration
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and termination resistor units i1n response to the ODT off
signal ODT_OFF. Herein, the ODT device generates the cali-
bration codes through the calibration resistor unit at the ZQ
node, and inputs the calibration codes to the termination
resistor unit at the imput/output pad to achieve impedance
matching. The resistor unit 1s provided with at least one
reference resistor which 1s controlled by the control signal
and always turned on during the operation of the ODT device.

The ODT off signal generator 610 generates an ODT off
signal OD'T_OFF when the external resistor (301 of FIGS. 5
and 7, or 501 of FIGS. 8 and 9) has a high resistance. Herein,

the case that the external resistor has a high resistance means
that the calibration code PCODE<0:N>1s set such that all the
resistors under control of the calibration code PCODE<(Q:N>
are turned off due to the high resistance of the external resis-
tor. That 1s, when the external resistor has the highest resis-
tance among resistance values that the calibration and termi-
nation resistors may have through the calibration, the ODT

off signal generator 610 generates the ODT off signal ODT_
OFF.

The output unit 620 recerves the OD'T off signal ODT _OFF
to control the resistor units, and particularly turns off all the
resistors 1n the resistor unit when the ODT off signal 1s acti-
vated. Here, all the resistor units include resistors controlled
by the calibration codes PCODE<O:N> and at least one ref-
erence resistor which 1s always turned on 1n response to the
control signal CONTROL during the operation of the ODT
device.

For reference, although there are shown the pull-up cali-
bration and termination of FIGS. 5 and 7, these are merely
exemplarily illustrated, and thus the ODT off signal generator
610 and the output unit 620 can also be applied to pull-down
calibration and termination.

FI1G. 12 1s a circuit diagram 1llustrating the ODT off signal

generator 610 of FIG. 11.

Referring to FIG. 12, the ODT off signal generator 610
may include two NAND gates 701 and 702, a NOR gate 703,
and an inverter 704.

The ODT off signal generator 610 activates the ODT off
signal OD'T_OFF to be a logic low level when all the calibra-
tion codes PCODE<0:3> turn off the resistors under control
thereot, that 1s, when all the calibration codes PCODE<0:3>
become logic high levels.

As for the operation of the ODT off signal generator 610,
when all the calibration codes PCODE<0:3> of logic high
levels are mputted, the two NAND gates 701 and 702 output
signals of logic low levels, respectively. The NOR gate 703
then performs a logic NOR operation on the output signals of
the two NAND gates 701 and 702 to thereby output a signal of
logic high level. The inverter 704 inverts the output signal of
NOR gate 703 to output the ODT off signal ODT_OFF of
logic low level. When one of the calibration codes
PCODE<0:3> has a logic low level, the ODT off signal
becomes logic high level so that the ODT off signal ODT_
OFF 1s deactivated.

Although the ODT off signal generator 610 of FIG. 12 1s
simply configured with the NAND gates and the NOR gate,
various modifications can be possible using other logic gates.

Furthermore, though FIG. 12 shows the ODT off signal
generator 610 applied to the pull-up part, the ODT off signal
generator 610 1s applicable to the pull-down part. In this case,
the pull-down calibration codes NCODE<0:3> should be
used 1nstead of the pull-up calibration codes PCODE<Q:3>,
and a slight modification should be made such that the ODT
off signal ODT_OFF 1s activated when all the pull-down
calibration codes NCODE<0:3> have a logic low level. Fur-
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ther description for them will be omitted herein because such
modification 1s obvious to those skilled in the art.

FIG. 13 1s a circuit diagram 1llustrating the output unit 620
of FIG. 11.

The output unit 620 outputs all the calibration codes
PCODE<0:3> of logic high levels and the control signal
CONTROL of logic high level, thus turning off all the resis-
tors 1n the resistor unit, when the ODT off signal ODT_OFF
1s activated to logic low level. That 1s, the calibration codes
PCODE<0:3> and the control signal CONTROL are not
directly mputted to the calibration and termination resistor
units, but adjusted calibration codes PCODE_NEW<0:3>
and an adjusted control signal CONTROL_NEW outputted
from the output umt 620 are inputted to the calibration and
termination resistor units instead.

As 1llustrated 1n FI1G. 13, the output unit 620 may include a
plurality of NAND gates 801-805 adapted to receive the ODT
off signal ODT_OFF, and mverted signals of the calibration
codes PCODE<0:3> and the control signal CONTROL.

As for the operation of the output unit 620, when the ODT
off signal ODT_OFF 1s activated to a logic high level, the
same signals as the calibration codes PCODE<0:3> and the
control signal CONTROL are outputted as the adjusted cali-
bration codes PCODE_NEW<0:3> and the adjusted control
signal CONTROL_NEW so that the output unit 620 operates
in the same manner as the conventional one.

However, when the ODT oif signal ODT_OFF which 1s
deactivated to a logic low level 1s inputted to one terminal, the
NAND gates 801-805 respectively outputs the adjusted cali-
bration codes PCODE_NEW<0:3> of a logic high level and
the adjusted control signal CONTROL_NEW of a logic high
level irrespective of which signal 1s inputted to the other
terminal. Accordingly, all the resistors in the calibration and
termination resistor units are turned off, which makes 1t pos-
sible for the ODT device to have a very high resistance.

Although the exemplary embodiment 1llustrates that the
output unit 620 of FIG. 13 1s applied to the pull-up resistor
unit, 1t can be also applied to the pull-down resistor umit. In
this case, the output unit 620 may be designed to output all
logic ‘LOW’ signals when the ODT off signal ODT_OFF 1s
generated. Further description for 1t will be omitted herein
because such modification 1s obvious to those skilled 1n the
art.

FIG. 14 1s a block diagram of supplementary circuits
adapted to recerve commands set by a mode register set
(MRS), 1n addition to the construction of FIG. 11.

The ODT devices 1llustrated 1in FIGS. 11 to 13 turn off all
the resistors of the calibration and termination resistor units in
the OD'T device when the ODT off signal ODT_OFF 1s gen-
crated, thereby stopping the calibration operation. Therefore,
it 1s impossible to enable the calibration operation with MRS
set mputs. In the embodiment of FIG. 14, however, 1t 1s
possible to enable the calibration or termination operation
with MRS mnputs even though the calibration or termination
operation of the ODT device 1s turned oif due to the ODT off
signal ODT_QOFF. That 1s, this embodiment 1llustrates that a
normal MRS set command can control the calibration opera-
tion of the ODT device preferentially.

As shown 1n FIG. 14, the ODT device 1n accordance with
an embodiment of the present mmvention for additionally
receiving commands set by the MRS, includes an ODT off
signal generator 910, an MRS 1nput unit 930, a controller 940,
and an output unit 920. The ODT off signal generator 910
generates an ODT off signal ODT_OFF when the external
resistor connected to the ZQ node has a high resistance. The
MRS 1nput unit 930 recerves an MRS pulse MRSP and an
ODT enable signal ODT_EN to output an MRS signal ODT_
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MRS. The controller 940 outputs an ODT control signal
ODT_CONTROL for turning oif or enabling the calibration
and termination resistor units in response to the ODT enable
signal ODT_EN, the ODT off signal ODT_OFF and the MRS
signal ODT_MRS. The output unit 920 controls the calibra-
tion and termination resistor units 1 response to the ODT
control signal ODT_CONTROL.

Because the ODT off signal generator 910 1n FIG. 14 1s the
same as the ODT off signal generator 610 1llustrated in FIGS.
11 and 12, further description for 1t will be omitted herein. In
addition, the output unit 920 in FIG. 14 has the same configu-
ration as the output unit 620 of FIGS. 11 and 13 except that the
output unit 920 1in FIG. 14 receives the ODT control signal
ODT_CONTROL Whereas the output unit 620 of FIG. 13
receives the ODT off signal ODT_OFF.

FIG. 15 1s a circuit diagram 1llustrating the MRS 1nput unit
930 of FIG. 14.

The MRS 1nput unit 930 receives an ODT enable signal
ODT_EN enabling the operation of the ODT device by MRS
setting when the MRS pulse MRSP, which 1s inputted every
time the MRS set value changes, 1s inputted thereto. In addi-
tion, the MRS 1nput unit 930 latches the inputted signal.

As shown 1n FIG. 15, the MRS 1nput unit 930 includes an
iverter 1001, two transistors 1002 and 1003, a NOR gate
1004, an 1nverter 1005, and an inverter 1006. The inverter

1001 inverts an ODT enable signal ODT_EN. The two tran-
sistors 1002 and

1003 transter the output signal of the inverter
1001 when the MRS pulse MRSP 1s inputted. The NOR gate
1004 receives the signal transferred from the two transistors
1002 and 1003 and a power-up signal PWRUP. The inverter
1005 1s connected to the NOR gate 1004 to latch a signal. The
iverter 1006 inverts the output of the NOR gate 1004.

As for the operation of the MRS mput unit 930, when the
MRS pulse of logic high level 1s mnputted (MRSP="HIGH”’,
MRSPB="LOW’-this signal 1s an inverted signal of MRSP),
the transistors 1002 and 1003 are turned on so that the ODT
enable signal ODT_EN 1s inverted and transferred to the first
node NODE C. Since the power-up signal PWRUP 1s acti-
vated only 1n an 1nitial stage of power-up mode, the NOR gate
1004 inverts the signal of the first node NODE C after the
initial stage of the power-up mode and then transterred to the
second node NODE D. At this time, the inverter 1005 latches
the signal of the first node NODE C. Lastly, the inverter 1006
inverts the signal of the second node NODE D to output the
MRS signal ODT_MRS.

That 1s, the MRS 1s set to enable the ODT device. Specifi-
cally, when the ODT enable signal ODT_EN of logic high
level 1s inputted and the MRS pulse MRSP i1s mputted, the
MRS s1ignal ODT_MRS oflogic low level 1s outputted finally.
On the other hand, when the ODT enable signal ODT_EN of
logic low level 1s mputted and the MRS pulse MRSP 1s
inputted, the MRS signal ODT_MRS of logic high level 1s
outputted finally.

For reference, the reason why the NOR gate 1004 receives
the power-up signal PWRUP 1s to set the MRS signal ODT_
MRS to logic high level at the imitial stage of the power-up
mode.

FIG. 16 1s a circuit diagram illustrating the controller 940
of FIG. 14.

The controller 940 outputs a signal for turning oif all the
resistors of the calibration and termination resistor units in the
ODT device when the ODT off signal generator 910 gener-
ates the ODT off signal OD'T_OFF. However, the controller
940 outputs a signal for enabling the calibration and termi-
nation operations of the ODT device irrespective of the ODT
off signal ODT_OFF when the ODT enable signal ODT_EN
1s inputted to the MRS input unit 930.
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As shown 1n FIG. 16, the controller 940 may include an
inverter 1101 adapted to invert the ODT off signal ODT_OFF,

a NAND gate 1102 adapted to perform a logic NAND opera-
tion on the output of the mverter 1101 and the MRS signal
ODT_MRS, an inverter 1103 adapted to 1mvert the output of
the NAND gate 1102, and a NOR gate 1104 adapted to
perform a logic NOR operation on the output of the inverter
1103 and the inverted signal of the ODT enable signal
ODT_EN.

As Tor the operation of the controller 940, the MRS signal
ODT_MRS of logic high level 1s inputted 1nitially 1n a state
when the MRS pulse 1s not mputted. The ODT oif signal
ODT_OFF generated by the calibration operation 1s activated
to logic low level. Accordingly, the output signal of the
NAND gate 1102 becomes logic low level and the output
signal of the NOR gate 1104 becomes logic low level, thus
turning off all the resistors 1n the calibration and termination
resistor units.

When the calibration and termination operations of the
ODT device are enabled again by the MRS 1put, the ODT
enable signal ODT_EN of logic high level 1s inputted 1into the
inverter 1105, and the MRS signal ODT_MRS of logic low
level 1s inputted 1nto one terminal of the NAND gate 1102 as
the MRS pulse MRSP 1s inputted. Theretfore, the output signal
of the NAND gate 1102 becomes a logic high level, and thus
the output signal ODT_CONTROL of the NOR gate 1104
becomes a logic high level. Accordingly, since the output
signal of the NOR gate 1104, 1.e., the ODT control signal
ODT_CONTROL, of logic high level 1s inputted to the output
unmt 920, it 1s possible to perform a normal operation by
enabling the ODT device again by means of the MRS 1nput
even after the ODT off signal ODT_OFF has been generated.

FIG. 17 1s a ttiming diagram of signals 1n the ODT device
illustrated 1n FIGS. 14 to 16.

In a first section SECTIONI1, the ODT control signal
ODT_CONTROL becomes a logic high level at the initial
stage ol the power-up mode so that a normal calibration 1s
performed. However, when the ODT oif signal ODT_OFF 1s
generated (ODT_OFF="LOW’) during the calibration opera-
tion, the ODT control signal ODT_CONTROL becomes a
logic low level so that all the resistors 1in the calibration and
termination resistor units are turned off via the output unit

920.
In a second section SECTION2, the MRS pulse MRSP 1s
inputted under the condition that the MRS 1s set to disable the

ODT device, and thus the ODT enable signal ODT_EN
becomes alogic low level. However, the ODT enable signal of
logic low level has no eil

ect because the ODT control signal
ODT_CONTROL has become a logic low level already.

In a third section SECTION3, when the MRS pulse MRSP
1s inputted under the condition that the MRS 1s set to enable
the ODT device and thus the ODT enable signal ODT_EN
becomes logic high level, the ODT control signal ODT_
CONTROL becomes logic high level in spite of the ODT off
signal ODT_OFF of logic low level, thereby enabling the
operation of the ODT device.

In accordance with the present invention, since the calibra-
tion and termination resistor units of the ODT device has at
least one reference resistor, 1t 1s advantageous 1n that resolu-
tion of the ODT device 1s improved. In addition, the nitial
value of the ODT device can be maintained constantly in
virtue of the reference resistor which 1s always turned on.

Furthermore, it 1s possible to change the calibration code
by simply changing the resistance of the reference resistor.
Theretore, 1n the case where the resistance of the ODT device
at the input butfer or the output driver 1s ofiset from a target
value, 1t 1s possible to simply compensate for an offset value.
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While the conventional ODT device using the method of
changing the reference voltage requires a relatively large
circuit area because an active resistor 1s employed, the present
invention provides an advantageous merit that the pull-up and
pull-down calibration codes can be simply changed within a
small circuit area.

In addition, unlike the conventional ODT device using the
method of changing the reference voltage, the ODT device of
the present invention provides another advantage that it 1s
possible to separately control the pull-up calibration code and
the pull-down calibration code, that 1s, 1t 1s possible to com-
pensate for pull-up and pull-down ofisets separately.

In the case where the ODT device of the present invention
1s 1mplemented with the ODT off signal generator and the
output unit, 1t can be applied to a burn-in test requiring very
high termination resistance. Moreover, when the MRS 1nput
unit and the controller are further provided to the present
invention, i1t 1s possible to enable the ODT device under
control of the MRS 1nput.

While the present invention has been described with
respect to the specific embodiments, 1t will be apparent to
those skilled 1n the art that various changes and modifications
may be made without departing from the spirit and scope of
the invention as defined 1n the following claims.

What 1s claimed 1s:

1. An on-die termination (ODT) device, comprising:

a code generator configured to generate a calibration code
in response to a voltage of a first node and a reference
voltage;

a calibration resistor unit, including a plurality of calibra-
tion resistors, connected to the first node, and configured
to be turned on and oif 1 response to the calibration
code; and

a reference resistor unit [coupled], including a reference
resistor that is different than the plurality of calibration
resistors, connected to the calibration resistor unit, and
configured to be turned on or off 1n response to a control
signal,

wherein the calibration resistor unit [has a plurality of
calibration resistors] and the reference resistor unit
[maintains a] are connected in parallel [connection with
the calibration resistor unit] during a calibration opera-
tion of the plurality of calibration resistors.

2. The ODT device as recited in claim 1, wherein the
control signal 1s controlled to turn on the reference resistor
unit during the calibration operation and turn off the reference
resistor unit when the calibration operation 1s terminated.

3. The ODT device as recited 1in claim 1, wherein the
reference resistor unit 1s provided singularly or 1n plurality.

4. The ODT device as recited 1in claim 1, wherein the
reference resistor unit comprises:

a basic resistor;

a parallel resistor connected to the basic resistor 1n parallel;

and

a switch configured to open or close one end of the parallel
resistor.

5. The ODT device as recited 1n claim 1, wherein the

reference resistor unit comprises:

a basic resistor,

a serial resistor connected to the basic resistor 1n series; and

a switch configured to open or close both ends of the serial
resistor.

6. The ODT device as recited in claim 1, wherein the

reference resistor unit comprises:

a basic resistor;

a serial resistor connected to the basic resistor 1n series;
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a parallel resistor connected to the basic resistor in parallel;
and

switches configured to open or close both ends of the serial
resistor and one end of the parallel resistor, respectively.

7. The ODT device as recited 1in claim 6, wherein the switch
1s provided with a metal option.

8. The ODT device of claim 6, wherein the switch com-
Prises:

a transistor configured to perform a switching operation;

and

a fuse set configured to store a logic value inputted into the
transistor.

9. The ODT device as recited in claim 1, wherein the code

generator comprises:

a comparator adapted to compare the reference voltage and
the voltage of the first node with each other; and

a counter adapted to count the calibration code depending
on the comparison result of the comparator.

10. The ODT device as recited 1in claam 1, wherein the
calibration operation 1s performed such that a total resistance
of the calibration resistor unit and the reference resistor unit
are equal to a resistance of an external resistor.

11. The ODT device as recited in claim 1, wherein the ODT
device performs a pull-up termination operation.

12. The ODT device as recited in claim 1, wherein the ODT
device performs a pull-down termination operation.

13. An on-die termination (ODT) device, comprising;

a calibration unit [connected to an external resistor],
including a plurality of calibration resistors, connected
in parallel, and a calibration reference rvesistor that is
different than the plurality of calibration rvesistors 1o
perform a calibration operation and generate a calibra-
tion code; and

a termination unit, connected with the calibration unit, the
termination unit including a plurality of termination
resistors, connected in parallel, and a termination ref-
erence rvesistor that is diffevent than the plurality of ter-
mination resistors and is connected to an input/output
pad, and configured to recerve the calibration code to
perform impedance matching,

wherein each of the calibration reference resistor and the
termination [units comprises a reference resistor that]
reference resistor is turned on [irrespective] indepen-
dent of the calibration code [when the calibration and
termination units operate}], and

wherein each of the calibration urit and the termination
[units further includes a plurality of resistors connected
in parallel and] unit is configured to turn on/off in
response to the calibration code, and

wherein the calibration reference resistor and the tevmi-
nation reference resistor each Jof the reference resistors}
maintains a parallel connection with the plurality of
calibration resistors and the plurality of termination

resistors during a calibration operation of the plurality of
calibration resistors.
14. The ODT device as recited 1n claim 13, wherein the
reference resistor 1s provided singularly or 1n plurality.
15. The ODT device as recited 1n claim 13, wherein the
calibration and termination units operate as a pull-up resistor.
16. The ODT device as recited 1n claim 13, wherein the

calibration and termination units operate as a pull-down resis-
tor

17. The ODT device as recited in claim 13, wherein the

reference resistor comprises:
a basic resistor;

a serial resistor connected to the basic resistor 1n series;
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a parallel resistor connected to the basic resistor 1n parallel;
and

switches configured to open and close both ends of the
serial resistor and one end of the parallel resistor, respec-
tively.

18. The ODT device as recited 1n claim 13, further com-

prising;:

an ODT ofl signal generator adapted to generate an ODT
off signal when the external resistor has a high resis-
tance; and

an output unit adapted to turn off all the resistors 1n the
calibration unit and the termination umit in response to
the ODT off signal.

19. The ODT device as recited 1n claim 18, wherein the
ODT off signal generator activates the ODT off signal when
the calibration code turns off all the resistors under control of
the calibration code.

20. The ODT device as recited 1in claim 18, wherein, when
the ODT off signal 1s activated, the output unit turns off all the
resistors in the calibration unit and the termination unit by
adjusting the calibration code and a control signal controlling
the reference resistor.

21. The ODT device as recited 1n claim 13, further com-
prising:

an ODT ofl signal generator configured to activate an ODT
ofl signal when the external resistor has a high resis-
tance;

a mode register set (MRS) mput unit configured to receive
an ODT enable signal set by an MRS to output an MRS
signal;

a controller configured to output an ODT control signal for
turning oif or enabling the calibration unit and the ter-
mination unit in response to the ODT oif signal and the
MRS signal; and

an output unit configured to control the calibration unit and
the termination unit 1n response to the ODT control
signal.

22. The ODT device as recited 1n claim 21, wherein the
ODT off signal generator activates the ODT off signal when
the calibration code turns off all the resistors under control of
the calibration code.

23. The ODT device as recited in claim 21, wherein the
MRS mput unit receives the ODT enable signal when an MRS
pulse 1s mputted.

24. The ODT device as recited 1n claim 23, wherein the
MRS 1nput unit latches the mputted ODT enable signal to
output the MRS signal.

25. The ODT device as recited 1n claim 21, wherein the
controller outputs an ODT control signal that turns off all the
resistors in the calibration unit and the termination unit when
the ODT off signal 1s activated, and

the ODT controller outputs an ODT control signal that
cnables the calibration unit and the termination unit
when the ODT enable signal i1s mputted to the MRS
input unit.
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26. The ODT device as recited 1n claim 21, wherein the
output unit turns oif all the resistors in the calibration unit and
the termination unit by adjusting the calibration code and a
control signal controlling the reference resistor when receiv-
ing the ODT control signal, which turns oif the resistors, from

the controller, and

the output unit controls the calibration unit and the termi-
nation unit so as to perform a normal calibration opera-
tion when the ODT control signal for enabling the cali-
bration and termination units 1s mnputted.

27. A termination circuit for connecting to a calibration

circuit, the termination civcuit comprising.

a plurality of vesistors connected to a pad and configured to
be turned on/off in response to a calibration code; and

a reference rvesistor that is different than the plurality of
vesistors connected to the pad and configured to be
turned on independent of the calibration code during a
fermination operation,

wherein the plurality of resistors and the veference resistor
are connected to each other in parallel when the plural-
ity of resistors and the reference resistor are turned on,
and

wherein the termination reference resistor is connected in
parallel with the plurality of resistors during a calibra-
tion operation of the calibration circuit.

28. A termination circuit for connecting to a calibration

circuit, the termination civcuit comprising.

a plurality of pull-up resistors connected to a pad and
configured to be turned on/off in response to a pull-up
calibration code;

a pull-up veference resistor connected to the pad and con-
figured to be turned on irrespective of the pull-up cali-
bration code during a pull-up termination operation;

a plurality of pull-down resistors connected to the pad and
configured to be turned on/off in response to a pull-down
calibration code;

a pull-down reference resistor connected to the pad and
configured to be turned on irrespective of the pull-down
calibration code during a pull-down tevmination opera-
tion,

wherein the pull-up tevmination veference vesistor and the
pull-down reference resistor are connected in parallel
with the plurality of pull-up resistors and the plurality of
pull-down resistors, respectively, during a calibration
operation of the calibration circuit.

29. The termination circuit as recited in claim 28, wherein
the plurality of pull-up resistors and the pull-up reference
resistor ave connected in parallel when the plurality of pull-
up resistors and the pull-up reference rvesistor are turned on,
and

the plurality of pull-down resistors and the pull-down ref-
erence resistor are connected in parallel when the plu-
rality of pull-down resistors and the pull-down reference
resistor arve turned on.

G ex x = e
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