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A method may be provided to communicate a plurality of 
groups of output data bits representing a respective plurality 
of groups of input data bits over a data bus with each group of 
output data bits and each group of input data bits have an 
equal data width. Each of the plurality of groups of input data 
bits at may be received at a data register. For each group of 
input data bits received at the data register, if a number of data 
bits of the group of input data bits having a first logic level is 
greater than half of the data width, the group of input data bits 
are inverted, the inverted group of input data bits are trans 
mitted as a respective group of output data bits in parallel over 
the data bus, and an inversion flag associated with the respec 
tive group of output data bits is transmitted. For each group of 
input data bits received at the data register, if a number of data 
bits of the group of input data bits having a second logic level 
different than the first logic level is greater than half of the 
data width, the group of input data bits is transmitted without 
inversion as a respective group of output data bits in parallel 
over the data bus, and a non-inversion flag associated with the 
respective group of output data bits is transmitted. Related 
systems are also discussed. 
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METHODS OF COMMUNICATING DATA 
USING INVERSION AND RELATED 

SYSTEMS 

RELATED APPLICATION 

0001. This application claims the benefit of priority as a 
divisional of U.S. application Ser. No. 1 1/818,165 filed Jun. 
13, 2007, which claims the benefit of Korean Patent Applica 
tion No. 10-2006-007.6726, filed on Aug. 14, 2006, in the 
Korean Intellectual Property Office. The disclosures of both 
of the above referenced applications are hereby incorporated 
herein in their entireties by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates to electronics, and 
more particularly, to methods of processing data and related 
systems. 

BACKGROUND 

0003 Methods of transmitting data between semiconduc 
tor devices through a transmission line include low Voltage 
complimentary metal oxide semiconductor (LVCMOS) sig 
naling and pseudo open drain (POD) signaling. FIG. 1A 
illustrates a memory system 10 using LVCMOS signaling. 
Referring to FIG. 1A, the memory system 10 includes a 
semiconductor memory device 11 Such as a dynamic random 
access memory (DRAM), transmission lines 16 correspond 
ing to data buses, and a memory controller 17. 
0004. The semiconductor memory device 11 may include 
a plurality of transceivers 12 and data input/output pads (or 
DQ pads) 15. Each of the transceivers 12 includes an output 
driver 13 and an input buffer 14. The memory controller 17 
controls a data read operation and a data write operation of the 
semiconductor memory device 11. The memory controller 17 
includes a plurality of transceivers 18 and DQ pads 21. Each 
of the transceivers 18 includes an output driver 19 and an 
input buffer 20. 
0005. The output driver 13 of the semiconductor memory 
device 11 may be an inverter type of driver including a PMOS 
transistor and an NMOS transistor or a buffer type of driver. 
The output driver 13 of the semiconductor memory device 11 
drives the transmission line 16 having a characteristic imped 
ance of 50 ohms, for example, with a power Supply Voltage 
VDDQ or a ground voltage VSSQ to transmit data to the input 
buffer 20 of the memory controller 17. 
0006. The output driver 19 of the memory controller 17 
may be an inverter type of driver including a PMOS transistor 
and an NMOS transistor or a buffer type of driver. The output 
driver 19 of the memory controller 17 drives the transmission 
line 16 with the power supply voltage VDDQ or the ground 
voltage VSSQ to transmit data to the input buffer 14 of the 
semiconductor memory device 11. 
0007. In LVCMOS signaling, the voltage of the transmis 
sion line 16 varies between the power supply voltage VDDQ 
(a high level) and the ground voltage VSSQ (a low level). 
Accordingly, a data signal Swing range in the transmission 
line 16 may be relatively large, and thus LVCMOS signaling 
may be used in a relatively low-frequency operation of the 
memory system 10. The low-frequency of the memory sys 
tem 10 may be a frequency lower than about 300 MHz. When 
data is transmitted through the transmission line 16 according 
to LVCMOS signaling, there may be no direct current (DC) 
power component and only an alternating current (AC) power 
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component may exist. Accordingly, LVCMOS signaling may 
provide relatively low power consumption. 
0008 FIG. 1B illustrates a memory system 20 using POD 
signaling. Referring to FIG. 1B, the memory system 20 may 
include a semiconductor memory device 21, transmission 
lines 27 corresponding to data buses, and a memory controller 
28. 

0009. The semiconductor memory device 21 may be a 
graphic double data rate synchronous dynamic random 
access memory (DRAM). The semiconductor memory 
device 21 may include a plurality of transceivers 22 and DQ 
pads 26. Each of the transceivers 22 may include an output 
driver 23, a termination resistor RT1, a switch 24 and an input 
buffer 25. The termination resistor RT1 (having a terminal 
connected to the source of a power supply voltage VDDQ) 
and the switch 24 may provide an on die termination (ODT) 
circuit. The ODT circuit is a termination matching circuit that 
may reduce data distortion due to reflection of data transmit 
ted through the transmission line 27. The ODT circuit may be 
activated when the switch 24 is turned on. 
0010. The memory controller 28 may control a data read 
operation and a data write operation of the semiconductor 
memory device 21. The memory controller 28 includes a 
plurality of transceivers 29 and DQ pads 33. Each of the 
transceivers 29 may include an output driver 30, a termination 
resistor RT2, a switch 31 and an input buffer 32. The termi 
nation resistor RT2 (having a terminal connected to the source 
of a power supply voltage VDDQ) and the switch 31 may 
provide an ODT circuit that is activated when the switch 31 is 
turned on. 

0011. The output driver 23 of the semiconductor memory 
device 21 may be an inverter type of driver including a PMOS 
transistor and an NMOS transistor or a buffer type of driver. 
The output driver 23 of the semiconductor memory device 21 
may drive the transmission line 27 having a characteristic 
impedance of 50 ohm, for example, with the power supply 
voltage VDDQ or a ground voltage VSSQ to transmit data to 
the input buffer 32 of the memory controller 28. When data is 
transmitted to the input buffer32 of the memory controller 28, 
the ODT circuit of the semiconductor memory device 21 may 
be inactivated and the ODT circuit of the memory controller 
28 may be activated. Accordingly, when the NMOS transistor 
of the output driver 23 is turned on so that the transmission 
line 27 is maintained at a Voltage higher than the ground 
voltage VSSQ (a low level), a standby current may flow 
through the activated ODT circuit of the memory controller 
28, the transmission line 27, and the turned on NMOS tran 
sistor of the output driver 23 to generate DC power. That is, 
when the voltage of the transmission line 27 is low (when data 
on the transmission line 27 is “0”), DC power may be con 
Sumed. 

(0012. The output driver 30 of the memory controller 28 
may be an inverter type of driver including a PMOS transistor 
and an NMOS transistor or a buffer type of driver. The output 
driver 30 of the memory controller 28 may drive the trans 
mission line 27 with the power supply voltage VDDQ or the 
ground voltage VSSQ to transmit data to the input buffer 25 of 
the semiconductor memory device 21. When data is transmit 
ted to the input buffer 25 of the semiconductor memory 
device 21, the ODT circuit of the semiconductor memory 
device 21 may be activated and the ODT circuit of the 
memory controller 28 may be inactivated. Accordingly, when 
the NMOS transistor of the output driver 30 of the memory 
controller 28 is turned on so that the transmission line 27 is 
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maintained at a Voltage higher than the ground Voltage VSSQ 
(a low level), a standby current may flow through the activated 
ODT circuit of the semiconductor memory device 21, the 
transmission line 27, and the turned on NMOS transistor of 
the output driver 30 of the memory controller 28 to consume 
DC power. 
0013 The voltage of the transmission line 27 may vary 
between the power supply voltage VDDQ (high level) and a 
voltage higher than the ground voltage VSSQ (low level) due 
to the ODT circuits of the of the semiconductor memory 
device 21 and the memory controller 28 in POD signaling. 
Thus, a data signal Swing range in the transmission line 27 
may be relatively small and the power supply voltage VDDQ 
may have relatively little overshoot and/or undershoot 
because of the ODT circuits of the semiconductor memory 
device 21 and the memory controller 28 in POD signaling. 
Accordingly, POD signaling may be used in a high-frequency 
operation of the memory system 20. The high-frequency of 
the memory system 20 may be a frequency greater than or 
equal to 300 MHz. When data is transmitted through the 
transmission line 27 using POD signaling, both a DC power 
component and an AC power component may exist, and thus 
POD signaling may consume relatively high power. 
0014 FIG. 2 is a table illustrating relationships between 
operating frequencies of the memory systems of FIGS. 1A 
and 1B and power consumed during LVCMOS signaling and 
POD signaling. 
0015. In the table of FIG. 2, AC power when data is trans 
mitted through a single DQ pad may be calculated as follows. 

Here, VDDQ indicates a power supply voltage. C indicates a 
load capacitance at the side of the transmission line 27, 
viewed from an output driver of a semiconductor memory 
device of the memory system when data is transmitted from 
the semiconductor memory device to a memory controller of 
the memory system or a load capacitance at the side of the 
transmission line, viewed from an output driver of the 
memory controller when the data is transmitted from the 
memory controller to the semiconductor memory device. F 
indicates the operating frequency of the memory system. 
0016. In the table of FIG. 2, DC power when data is trans 
mitted through a single DQ pad may be calculated as follows. 

DC power=VDDO (RT+Ron) 
Here, VDDQ indicates a power supply voltage, RT indicates 
a termination resistance, and Ron indicates an on resistance of 
an NMOS transistor included in the output driver. 
0017. In FIG. 2, power is average power when data is 
transmitted through thirty-two DQ pads of the memory sys 
tem at the power supply voltage VDDQ of 1.2V. Referring to 
FIG. 2, both a DC power component and an AC power com 
ponent may exist in POD signaling and the DC power com 
ponent may be a relatively large portion of the power con 
Sumed during POD signaling. A significant DC power 
component may not exist and Substantially only an AC power 
component may exist in LVCMOS signaling. 
0018. A memory system included in a portable device 
Such as a mobile phone may be required to consume relatively 
little power. Accordingly, the DC power component may be 
reduced in POD signaling and the AC power component may 
be reduced in LVCMOS signaling to decrease the power 
consumed by a memory system of a portable device. 
0019. Furthermore, LVCMOS signaling may be suitable 
for a low-frequency operation of a memory system while 
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POD signaling may be Suitable for a high-frequency opera 
tion of the memory system, as described above. Accordingly, 
a memory system capable of reducing power consumption 
and capable of being used for low-frequency and high-fre 
quency operation may be needed. 

SUMMARY 

0020. According to some embodiments of the present 
invention, a method may be provided to communicate a plu 
rality of groups of output data bits representing a respective 
plurality of groups of input data bits over a data bus wherein 
each group of output data bits and each group of input data 
bits have an equal data width. Each of the plurality of groups 
of input data bits may be received at a data register. For each 
group of input data bits received at the data register, if a 
number of data bits of the group of input data bits having a 
first logic level is greater than half of the data width, the group 
of input data bits may be inverted, the inverted group of input 
data bits may be transmitted as a respective group of output 
data bits in parallel over the data bus, and an inversion flag 
associated with the respective group of output data bits may 
be transmitted. For each group of input data bits received at 
the data register, if a number of data bits of the group of input 
data bits having a second logic level different than the first 
logic level is greater than half of the data width, the group of 
input data bits may be transmitted without inversion as a 
respective group of output data bits in parallel over the data 
bus, and a non-inversion flag associated with the respective 
group of output data bits may be transmitted. 
0021. According to some other embodiments of the 
present invention, a method may be provided to communicate 
a plurality of groups of output data bits representing a respec 
tive plurality of groups of input data bits over a data bus 
wherein each group of output data bits and each group of 
input data bits have an equal data width. Each of the plurality 
of groups of input data bits may be received at a data register. 
For each group of input data bits received at the data register, 
if a number of data bits of the group of input data bits that 
changes with respect to respective data bits of a preceding 
group of output data bits is greater than half of the data width, 
the group of input data bits may be inverted, the inverted 
group of input data bits may be transmitted as a respective 
group of output data bits in parallel over the data bus, and an 
inversion flag associated with the respective group of output 
data bits may be transmitted. For each group of input data bits 
received at the data register, if a number of data bits of the 
group of input data bits that remains unchanged with respect 
to respective data bits of a preceding group of output data bits 
is greater than half of the data width, the group of input data 
bits may be transmitted without inversion as a respective 
group of output data bits in parallel over the data bus, and a 
non-inversion flag associated with the respective group of 
output data bits may be transmitted. 
0022. According to still other embodiments of the present 
invention, an electronic data system may include a data reg 
ister configured to receive each of a plurality of groups of 
input data bits and an inversion controller coupled to the data 
register. For each group of input data bits received at the data 
register, if a number of data bits of the group of input data bits 
having a first logic level is greater than half of the data width 
the inversion controller may be configured to invert the group 
of input data bits to generate a respective group of output data 
bits. For each group of input data bits received at the data 
register, if a number of data bits of the group of input data bits 
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having a second logic level different than the first logic level 
is greater than half of the data width, the inversion controller 
may be configured to generate a respective group of output 
data bits without inversion. An output driver may be coupled 
to the inversion controller with the output driver being con 
figured to transmit each respective group of output data bits in 
parallel over a data bus. A flag output generator may be 
coupled to the inversion controller, with the flag output gen 
erator being configured to transmitan inversion flag with each 
group of output data bits generated by inverting the respective 
group of input data bits, and with the flag output generator 
being configured to transmit a non-inversion flag with each 
group of output data bits generated without inverting the 
respective group of input data bits. 
0023. According to yet other embodiments of the present 
invention, an electronic data system may include a data reg 
ister configured to receive each of a plurality of groups of 
input data bits, and an inversion controller coupled to the data 
register. For each group of input data bits received at the data 
register, if a number of data bits of the group of input data bits 
that changes with respect to respective data bits of a preceding 
group of output data bits is greater than half of the data width, 
the inversion controller may be configured to invert the group 
of input data bits to generate a respective group of output data 
bits. For each group of input data bits received at the data 
register, if a number of data bits of the group of input data bits 
that remains unchanged with respect to respective data bits of 
a preceding group of output data bits is greater than half of the 
data width, the inversion controller may be configured to 
generate a respective group of output data bits without inver 
Sion. An output driver may be coupled to the inversion con 
troller with the output driver being configured to transmit 
each respective group of output data bits in parallel over a data 
bus. A flag output generator may be coupled to the inversion 
controller, with the flag output generator being configured to 
transmit an inversion flag with each group of output data bits 
generated by inverting the respective group of input data bits, 
and with the flag output generator being configured to trans 
mit a non-inversion flag with each group of output data bits 
generated without inverting the respective group of input data 
bits. 

0024. According to embodiments of the present invention, 
a semiconductor memory device and/or a memory controller 
may reduce power consumed and/or may be used for both 
low-frequency and high-frequency operation. 
0025. According to some embodiments of the present 
invention, a semiconductor memory device may include a 
first inversion controller generating a first inversion control 
signal when the operating frequency of the semiconductor 
memory device is less than a reference frequency. A second 
inversion controller may generate a second inversion control 
signal when the operating frequency of the semiconductor 
memory device is greater than or equal to the reference fre 
quency. A data inversion/non-inversion unit may invert or 
non-invert bits of current internal output data continuously 
received from a memory cell array in response to the first 
inversion control signal or the second inversion control sig 
nal, respectively. The data inversion/non-inversion unit may 
continuously output the inverted or non-inverted data as out 
put data. A flag output unit may generate a flag signal indi 
cating whether the output data is inverted or not in response to 
the first inversion control signal or the second inversion con 
trol signal. A data output unit may drive data input/output 
pads using LVCMOS signaling based on the output data 
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output from the data inversion/non-inversion unit when the 
operating frequency is less than the reference frequency and 
may drive the data input/output pads using POD signaling 
based on the output data output from the data inversion/non 
inversion unit when the operating frequency is greater than or 
equal to the reference frequency. The data inversion/non 
inversion unit may invert the bits of current internal output 
data in response to the first inversion control signal when the 
number of inverted bits of the current internal output data as 
compared with the corresponding bits of the output data 
immediately before the current internal output data is greater 
than half of the data width of the current internal output data. 
The data inversion/non-inversion unit may invert the bits of 
the current internal output data in response to the second 
inversion control signal when the number of “1” bits or “O'” 
bits of the current internal output data is greater than half of 
the data width of the current internal output data. 
0026. The first and second inversion controllers may oper 
ate in response to a frequency information signal indicating 
whether the operating frequency is lower than the reference 
frequency or not. 
0027. According to other embodiments of the present 
invention, a semiconductor memory device may include first 
and second inversion controllers respectively generating first 
and second inversion control signals in response to a fre 
quency information signal indicating operating frequency 
information of the semiconductor memory device. A data 
inversion/non-inversion unit may invert or non-invert the bits 
of current internal output data continuously received from a 
memory cell array in response to the first inversion control 
signal or the second inversion control signal and may con 
tinuously output the inverted or non-inverted data as output 
data. A flag output unit may generate a flag signal indicating 
whether the output data is inverted or not in response to the 
first inversion control signal or the second inversion control 
signal. A data output unit may drive data input/output pads 
using LVCMOS signaling corresponding to the first inversion 
control signal or POD signaling corresponding to the second 
inversion control signal based on the output data output from 
the data inversion/non-inversion unit in response to the fre 
quency information signal. The first inversion control signal 
may control the data inversion/non-inversion unit to invert the 
bits of the current internal output data when the number of 
inverted bits of the current internal output data as compared 
with the corresponding bits of output data immediately before 
the current internal output data is greater than half of the data 
width of the current internal output data. The first inversion 
control signal may control the data inversion/non-inversion 
unit to non-invert the bits of the current internal output data 
when the number of inverted bits of the current internal output 
data as compared with the corresponding bits of the output 
data immediately before the current internal output data is 
less than or equal to half of the data width of the current 
internal output data. The second inversion control signal may 
control the data inversion/non-inversion unit to invert the bits 
of the current internal output data when the number of “1” bits 
or “0” bits of the current internal output data is greater than 
half of the data width of the current internal output data. The 
second inversion control signal may control the data inver 
sion/non-inversion unit to non-invert the bits of the current 
internal output data when the number of “1” bits or “0” bits of 
the current internal output data is less than or equal to half of 
the data width of the current internal output data. 
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0028. The frequency information signal may be provided 
by a memory controller through a mode register set of the 
semiconductor memory device or through a control pad of the 
semiconductor memory device. The semiconductor memory 
device may further include a read circuit reading a plurality of 
internal output data stored in the memory cell array in paral 
lel, and the read circuit may include a data register storing the 
plurality of internal output data read in parallel and may 
continuously output the current internal output data to the 
data inversion/non-inversion unit. 
0029. The first inversion controller may include a switch 
and first and second comparators. The Switch may output the 
current internal output data output from the data register in 
response to the frequency information signal. The first com 
parator may compare the bits of current internal output data 
output from the switch with the corresponding bits of output 
data immediately before the current internal output data, 
counting the number of inverted bits of the current internal 
output data compared to the bits of the output data immedi 
ately before the current internal output data and outputting a 
count value corresponding to the counting result. The second 
comparator may compare the count value with half of the data 
width of the current internal output data and may output the 
first inversion control signal having a first logic level, which 
controls the data inversion/non-inversion unit to invert the 
current internal output data, when the count value is greater 
than half of the data width of the current internal output data. 
0030 The second inversion controller may include a 
Switch, a counter, and a comparator. The switch may output 
the current internal output data output from the data registerin 
response to the frequency information signal. The counter 
may count the number of “1” bits of the current internal 
output data and may output a count value corresponding to the 
counting result when an output driver used for POD signaling 
is an inverter type of driver, and may count the number of “O'” 
bits of the current internal output data and may output a count 
value corresponding to the counting result when the output 
driver is a buffer type of driver. The comparator may compare 
the count value to half of the data width of the current internal 
output data and may output the second inversion control 
signal having a first logic level, which controls the data inver 
sion/non-inversion unit to invert the current internal output 
data, when the count value is greater than half of the data 
width of the current internal output data. 
0031. The flag output unit may include a switch and a flag 

buffer. The switch may output the first inversion control sig 
nal or the second inversion control signal in response to the 
frequency information signal. The flag buffer may output the 
flag signal to a flag pad in response to the first inversion 
control signal or the second inversion control signal output 
respectively from the switch. 
0032. The data output unit may include an output buffer, 

first and second output driver units, and a Switch. The output 
buffer unit may buffer the output data output from the data 
inversion/non-inversion unit. The first output driver unit may 
drive the data input/output pads using LVCMOS signaling. 
The second output driver unit may drive the data input/output 
pads using POD signaling. The Switch may output the output 
data output from the output buffer unit to the first output 
driver unit or the second output driver unit in response to the 
frequency information signal. 
0033 According to other embodiments of the present 
invention, a memory controller may include a first inversion 
control signal when the operating frequency of the memory 
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controller is lower thana reference frequency. A second inver 
sion controller may generate a second inversion control signal 
when the operating frequency is higher than or equal to the 
reference frequency. A data inversion/non-inversion unit may 
invert or non-invert the bits of current internal input data 
continuously received from a data register in response to the 
first inversion control signal or the second inversion control 
signal and may continuously output the inverted or non-in 
Verted data as input data. A flag output unit may output a flag 
signal indicating whether the input data is inverted or not in 
response to the first inversion control signal or the second 
inversion control signal. A data output unit may drive data 
input/output pads connected to a semiconductor memory 
device using LVCMOS signaling based on the input data 
output from the data inversion/non-inversion unit when the 
operating frequency is lower than the reference frequency and 
may drive the data input/output pads using POD signaling 
based on the input data output from the data inversion/non 
inversion unit when the operating frequency is higher than or 
equal to the reference frequency. The data inversion/non 
inversion unit may invert the bits of the current internal input 
data in response to the first inversion control signal when the 
number of inverted bits of the current internal input data as 
compared with the corresponding bits of the input data imme 
diately before the current internal input data is greater than 
half of the data width of the current internal input data. The 
data inversion/non-inversion unit may invert the bits of the 
current internal input data in response to the second inversion 
control signal when the number of “1” bits or “0” bits of the 
current internal input data is greater than half of the data width 
of the current internal input data. 
0034. The first and second inversion controllers may oper 
ate in response to a frequency information signal indicating 
whether the operating frequency is lower than the reference 
frequency or not. 
0035. According to other embodiments of the present 
invention, a memory controller may include first and second 
inversion controllers respectively generating first and second 
inversion control signals in response to a frequency informa 
tion signal indicating operating frequency information of the 
memory controller. A data inversion/non-inversion unit may 
invert or non-invert the bits of current internal input data 
continuously received from a data register in response to the 
first inversion control signal or the second inversion control 
signal and may continuously output the inverted or non-in 
Verted data as input data. A flag output unit may output a flag 
signal indicating whether the input data is inverted or not in 
response to the first inversion control signal or the second 
inversion control signal. A data output unit may drive data 
input/output pads connected to a semiconductor memory 
device using LVCMOS signaling corresponding to the first 
inversion control signal or POD signaling corresponding to 
the second inversion control signal based on the input data 
output from the data inversion/non-inversion unit, in response 
to the frequency information signal. The first inversion con 
trol signal may control the data inversion/non-inversion unit 
to invert the bits of the current internal input data when the 
number of inverted bits of the current internal input data as 
compared with the corresponding bits of the input data right 
before the current internal input data is greater than half of the 
data width of the current internal input data. The first inver 
sion control signal may control the data inversion/non-inver 
sion unit to non-invert the bits of the current internal input 
data when the number of inverted bits of the current internal 
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input data as compared with the corresponding bits of the 
input data immediately before the current internal input data 
is less than or equal to half of the data width of the current 
internal input data. The second inversion control signal may 
control the data inversion/non-inversion unit to invert the bits 
of the current internal input data when the number of “1” bits 
or “0” bits of the current internal input data is greater than half 
of the data width of the current internal input data. The second 
inversion control signal may control the data inversion/non 
inversion unit to non-invert the bits of the current internal 
input data when the number of “1” bits or “0” bits of the 
current internal input data is less than or equal to half of the 
data width of the current internal input data. 
0036. According to other embodiments of the present 
invention, a memory system may include a semiconductor 
memory device and a memory controller controlling a data 
read operation of the semiconductor memory device. The 
semiconductor memory device may perform the data read 
operation by inverting the bits of current internal output data 
continuously read from a memory cell array when the number 
of inverted bits of the current internal output data as compared 
with the corresponding bits of output data immediately before 
the current internal output data is greater than half of the data 
width of the current internal output data, outputting the 
inverted data as the output data, transmitting the output data to 
the memory controller through data buses using LVCMOS 
signaling and, simultaneously, transmitting a flag signal indi 
cating inversion of the output data to the memory controller 
when the operating frequency of the memory system is lower 
than a reference frequency. The semiconductor memory 
device may perform the data read operation by inverting the 
bits of the current internal output data when the number of “1” 
bits or “0” bits of the current internal output data is greater 
than half of the data width of the current internal output data, 
outputting the inverted data as output data, transmitting the 
output data to the memory controller through data buses using 
POD signaling and, simultaneously, transmitting the flag sig 
nal indicating inversion of the output data to the memory 
controller when the operating frequency of the memory sys 
tem is higher than or equal to the reference frequency. 
0037. The semiconductor memory device may operate in 
response to a frequency information signal indicating 
whether the operating frequency is lower than the reference 
frequency or not, and the frequency information signal may 
be provided by the memory controller. 
0038 According to other embodiments of the present 
invention, a memory system may include a semiconductor 
memory device and a memory controller controlling a data 
write operation of the semiconductor memory device. The 
memory controller may perform the data write operation by 
inverting the bits of current internal input data continuously 
read from a data register when the number of inverted bits of 
the current internal input data as compared with the corre 
sponding bits of input data immediately before the current 
internal input data is greater than half of the data width of the 
current internal input data, outputting the inverted data as the 
input data, transmitting the input data to the semiconductor 
memory device through data buses using LVCMOS signaling 
and, simultaneously, transmitting a flag signal indicating 
inversion of the input data to the semiconductor memory 
device when the operating frequency of the memory system is 
lower thana reference frequency. The memory controller may 
perform the data write operation by inverting the bits of the 
current internal input data when the number of “1” bits or “O'” 
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bits of the current internal input data is greater than half of the 
data width of the current internal input data, outputting the 
inverted data as input data, transmitting the input data to the 
semiconductor memory device through the data buses using 
POD signaling and, simultaneously, transmitting the flag sig 
nal indicating inversion of the input data to the semiconductor 
memory device when the operating frequency of the memory 
system is greater than or equal to the reference frequency. 
0039. The memory controller may operate in response to a 
frequency information signal indicating whether the operat 
ing frequency is lower than the reference frequency or not. 
0040 Memory systems according to embodiments of the 
present invention may selectively use LVCMOS signaling 
Suitable for a low-frequency operation and POD signaling 
Suitable for a high-frequency operation. Furthermore, the 
memory system may reduce AC power in LVCMOS signaling 
using a data inversion method suitable for LVCMOS signal 
ing and may decrease DC power in POD signaling using a 
data inversion method suitable for POD signaling. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0041. The above and other features and advantages of the 
present invention will become more apparent by describing in 
detail embodiments thereof with reference to the attached 
drawings in which: 
0042 FIG. 1A illustrates a memory system using low volt 
age complimentary metal oxide semiconductor (LVCMOS) 
signaling. 
0043 FIG. 1B illustrates a memory system using pseudo 
open drain (POD) signaling. 
0044 FIG. 2 is a table illustrating power consumed for 
LVCMOS signaling and power consumed for POD signaling 
with respect to the operating frequency of memory systems of 
FIGS. 1A and 1B. 
0045 FIG. 3 is a block diagram illustrating a semiconduc 
tor memory device according to Some embodiments of the 
present invention. 
0046 FIG. 4 is a flow chart illustrating a data inversion 
methods for LVCMOS signaling according to some embodi 
ments of the present invention. 
0047 FIG. 5A illustrates output data and flag signals 
according to data inversion methods illustrated in FIG. 4. 
according to some embodiments of the present invention. 
0048 FIG. 5B is a timing diagram of output data and flag 
signals illustrated in FIG. 5A, according to some embodi 
ments of the present invention. 
0049 FIG. 6 is a flow chart illustrating data inversion 
methods for POD signaling according to some embodiments 
of the present invention. 
0050 FIG. 7A illustrates output data and flag signals 
according to data inversion methods illustrated in FIG. 6 
according to some embodiments of the present invention. 
0051 FIG. 7B is a timing diagram of output data and flag 
signals illustrated in FIG. 7A according to some embodi 
ments of the present invention. 
0.052 FIG. 8 is a graph illustrating a reduction in power 
consumed by POD signaling using data inversion methods 
illustrated in FIG. 6 and a reduction in power consumed by 
LVCMOS signaling using data inversion methods illustrated 
in FIG. 4, according to some embodiments of the present 
invention. 
0053 FIG. 9 is a block diagram of a memory controller 
according to some embodiments of the present invention. 
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0054 FIG. 10 is a block diagram of a memory system 
according to some embodiments of the present invention. 

DETAILED DESCRIPTION 

0055. The present invention is described more fully here 
inafter with reference to the accompanying drawings, in 
which example embodiments of the invention are shown. The 
present invention may, however, be embodied in many differ 
ent forms and should not be construed as limited to the 
example embodiments set forth herein. Rather, these example 
embodiments are provided so that this disclosure will be 
thorough and complete, and will fully convey the scope of the 
present invention to those skilled in the art. Moreover, each 
embodiment described and illustrated herein includes its 
complementary conductivity type embodiment as well. 
0056. It will be understood that when an element is 
referred to as being “connected to.” “coupled to’ or “respon 
sive to” (and/or variants thereof) another element, it can be 
directly connected, coupled or responsive to the other ele 
ment or intervening elements may be present. In contrast, 
when an element is referred to as being “directly connected 
to.” “directly coupled to’ or “directly responsive to” (and/or 
variants thereof) another element, there are no intervening 
elements present. Like numbers refer to like elements 
throughout. As used herein, the term “and/or includes any 
and all combinations of one or more of the associated listed 
items and may be abbreviated as “7”. 
0057. It will be understood that, although the terms first, 
second, third, etc. may be used herein to describe various 
elements, components, regions, layers and/or sections, these 
elements, components, regions, layers and/or sections should 
not be limited by these terms. These terms are only used to 
distinguish one element, component, region, layer or section 
from another region, layer or section. Thus, a first element, 
component, region, layer or section discussed below could be 
termed a second element, component, region, layer or section 
without departing from the teachings of the present invention. 
0058. The terminology used herein is for the purpose of 
describing particular embodiments only and is not intended to 
be limiting of the invention. As used herein, the singular 
forms “a,” “an and “the are intended to include the plural 
forms as well, unless the context clearly indicates otherwise. 
It will be further understood that the terms “comprises” and/ 
or “comprising (and/or variants thereof), when used in this 
specification, specify the presence of stated features, integers, 
steps, operations, elements, and/or components, but do not 
preclude the presence or addition of one or more other fea 
tures, integers, steps, operations, elements, components, and/ 
or groups thereof. In contrast, the term "consisting of (and/or 
variants thereof) when used in this specification, specifies the 
stated number of features, integers, steps, operations, ele 
ments, and/or components, and precludes additional features, 
integers, steps, operations, elements, and/or components. 
0059. Unless otherwise defined, all terms (including tech 
nical and Scientific terms) used herein have the same meaning 
as commonly understood by one of ordinary skill in the art to 
which the present invention belongs. It will be further under 
stood that terms, such as those defined in commonly used 
dictionaries, should be interpreted as having a meaning that is 
consistent with their meaning in the context of the relevant art 
and the present application, and will not be interpreted in an 
idealized or overly formal sense unless expressly so defined 
herein. 
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0060 FIG. 3 is a block diagram illustrating a semiconduc 
tor memory device 100 according to some embodiments of 
the present invention. Referring to FIG. 3, the semiconductor 
memory device 100 may include a memory cell array 102, a 
read circuit 104, a first inversion controller 108, a second 
inversion controller 116, a data inversion/non-inversion unit 
124, a flag output unit 126, a data output unit 134, an input 
buffer unit 146, a write circuit 148, a mode register set unit 
150, and a command decoder 152. 
0061 The memory cell array 102 includes a plurality of 
memory cells storing data. The read circuit 104 includes a 
data register 106 and a data read operation circuit of the 
semiconductor memory device 100 (for example, an output 
sense amplifier). 
0062. The read circuit 104 may perform a burst read opera 
tion that reads a predetermined number of internal output data 
DOI stored in the memory cell array 102 in parallel (or simul 
taneously) in response to a read signal (READ) and a burst 
length signal (BL) and may store the internal output data 
(DOI) read in parallel in the data register 106. For example, 
the data width of the DOI data may be x8 and the number of 
DOI data read in parallel may be 4 when the BL signal 
indicates 4. The DOI data stored in the data register 106 may 
be continuously (or sequentially) output to the data inversion/ 
non-inversion unit 124. 

0063. The first inversion controller 108 may generate a 
first inversion control signal (INV1) to control whether the 
DOI data that is continuously input to the data inversion/non 
inversion unit 124 is inverted or not when the operating fre 
quency of the semiconductor memory device 100 is less than 
a reference frequency (for example, 300 MHz) or is a low 
operating frequency. 
0064. The first inversion controller 108 that is used for a 
low-frequency operation of the semiconductor memory 
device 100 may generate the INV1 signal in response to a 
frequency information signal (FI) indicating operating fre 
quency information of the semiconductor memory device 
1OO. 

0065. The FI signal may indicate whether the operating 
frequency of the semiconductor memory device 100 is a high 
operating frequency (i.e., a frequency greater than or equal to 
the reference frequency) or the low operating frequency (i.e., 
a frequency less than the reference frequency). For example, 
the logic level of the FI signal may be high when the operating 
frequency is a relatively low operating frequency, and the 
logic level of the FI signal may be low when the operating 
frequency is a relatively high operating frequency. The FI 
signal may be provided by a memory controller (not shown) 
through the mode register set unit 150 or through a control 
pad (not shown) of the semiconductor memory device 100. 
0066. The second inversion controller 116 may generate a 
second inversion control signal (INV2) to control whether the 
DOI data continuously input to the data inversion/non-inver 
sion unit 124 is inverted or not when the operating frequency 
of the semiconductor memory device 100 is greater than the 
reference frequency. The second inversion controller 116 that 
is used for high-frequency operation of the semiconductor 
memory device 100 may generate the INV2 signal in 
response to the FI signal. 
0067. The data inversion/non-inversion unit 124 may 
invert or non-invert the bits of the current DOI data that are 
continuously received from the memory cell array 102 
through the data register 106 in response to the INV1 signal 
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and/or the INV2 signal, and may continuously output the 
inverted or non-inverted DOI data as output data DO. 
0068. The INV1 signal of the first inversion controller 108 
may control the data inversion/non-inversion unit 124 to 
invert the current DOI data when the number of inverted bits 
of the current DOI data as compared with the corresponding 
bits of the output data DO immediately before the current 
DOI data (that is, the previous output data DO) is greater than 
half of the data width of the current DOI data. The INV1 
signal may control the data inversion/non-inversion unit 124 
to non-invert the current DOI data when the number of 
inverted bits of the current DOI data as compared with the 
corresponding bits of the output data DO immediately before 
the current DOI data is less than or equal to half of the data 
width of the current DOI data. 
0069. The first inversion controller 108 may include a first 
Switch 110, a first comparator 112 and a second comparator 
114. The first inversion controller 108 corresponds to a first 
output driver unit 140 that drives data input/output pads (DQ 
pads) 144 connected to transmission lines 16 (as illustrated 
for example, in FIG. 1A according to LVCMOS signaling) 
and may use a data inversion scheme for LVCMOS signaling. 
LVCMOS signaling is a transmission line driving method 
carried out by an output driver of a semiconductor memory 
device, as described above, for example, with reference to 
FIG 1A 

0070. The first switch 110 outputs the current DOI data 
received from the data register 106 in response to the FI 
signal. The first comparator 112 compares the bits of the 
current DOI data output from the first switch 110 with the 
corresponding bits of the output data DO immediately pre 
ceding the current DOI data, counts the number of inverted 
bits of the current DOI data as compared with the correspond 
ing bits of the previous output data DO immediately preced 
ing the current DOI data, and outputs a first count value 
corresponding to the counting result. 
0071. The second comparator 114 compares the first count 
value with half of the data width of the current DOI data. The 
second comparator 114 outputs the INV1 signal having a first 
logic level (for example, a high level) to control the current 
DOI data to be inverted when the first count value is greater 
than half of the data width of the current DOI data. The second 
comparator 114 outputs INV1 signal having a second logic 
level (for example, a low level) to control the current DOI data 
to be non-inverted when the first count value is less than or 
equal to half of the data width of the current DOI data. 
0072 Accordingly, when the semiconductor memory 
device 100 uses LVCMOS signaling, the first inversion con 
troller 108 may control the number of bits of output data DO, 
which are inverted (toggled) on transmission line, to be less 
than or equal to half of the data width of the DOI data to 
reduce AC power during LVCMOS signaling. 
0073. The INV2 signal of the second inversion controller 
116 may control the data inversion/non-inversion unit 124 to 
invert the current DOI data when the number of “1” bits or “O'” 
bits included in the current DOI data is greater than half of the 
data width of the current DOI data. The INV2 signal controls 
the data inversion/non-inversion unit 124 to non-invert the 
current DOI data when the number of “1” bits or “O'” bits 
included in the current DOI data is less than or equal to half of 
the data width of the current DOI data. 

0.074 The second inversion controller 116 includes a sec 
ond switch 118, a counter 120 and a third comparator 122. 
The second inversion controller 116 corresponds to a second 
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output driver unit 142 of the data output unit 134 that drives 
the DQ pads 144 connected to transmission lines 27 (as illus 
trated, for example, in FIG. 1B according to POD signaling) 
and may use a data inversion scheme for POD signaling. POD 
signaling is a transmission line driving method carried out by 
an output driver of a semiconductor memory device, as 
described above, for example, with reference to FIG. 1B. 
(0075. The second switch 118 may output the current DOI 
data received from the data register 106 in response to the FI 
signal. The counter 120 counts the number of “1” bits or “O'” 
bits included in the current DOI data and outputs a second 
count value corresponding to the counting result. When an 
output driver (such as the output driver 23 illustrated in FIG. 
1B) included in the second output driver unit 142 correspond 
ing to the second inversion controller 116 is an inverter type of 
driver, the counter 120 may count the number of “1” bits of 
the current DOI data. When the output driver included in the 
second output driver unit 142 corresponding to the second 
inversion controller 116 is a buffer type of driver, the counter 
120 may count the number of "Obits of the current DOI data. 
0076. The third comparator 122 may compare the second 
count value with half of the data width of the current DOI 
data. The third comparator 122 may output the INV2 signal 
having a first logic level (for example, a high level) to control 
the current DOI data to be inverted when the second count 
value is greater than half of the data width of the current DOI 
data. The third comparator 122 may output the INV2 signal 
having a second logic level (for example, a low level) to 
control the current DOI data to be non-inverted when the 
second count value is less than or equal to half of the data 
width of the current DOI data. 

0077 Accordingly, when the semiconductor memory 
device 100 uses POD signaling, the second inversion control 
ler 116 may control the number of "Obits on the transmission 
line to be less than or equal to half of the data width of the DOI 
data to reduce the DC power in POD signaling. 
0078. The flag output unit 126 may output a flag signal 
(FLAG) indicating whether the output data DO is inverted or 
not to a memory controller (not shown) in response to the 
INV1 signal or the INV2 signal. For example, the FLAG 
signal may indicate that the output data DO is inverted when 
the FLAG signal has a high level (that is, data “1”) and may 
indicate that the output data DO has not been inverted when it 
has a low level (that is, data “0”). 
007.9 The flag output unit 126 may include a third switch 
128, a flag buffer 130 and a flag pad 132. The third switch 128 
may output the INV1 signal or the INV2 signal in response to 
the FI signal. The flag buffer 130 may output the FLAG signal 
to the flag pad 132 in response to the INV1 signal or the INV2 
signal output from the third switch 128. 
0080. The data output unit 134 may drive the DQ pads 144 
according to LVCMOS signaling based on the output data DO 
continuously output from the data inversion/non-inversion 
unit 124 when the operating frequency of the semiconductor 
memory device 100 is a low operating frequency. The data 
output unit 134 may drive the DQ pads 144 according to POD 
signaling based on the output data DO output from the data 
inversion/non-inversion unit 124 when the operating fre 
quency of the semiconductor memory device 100 is a high 
operating frequency. 
I0081. The data output unit 134 may include an output 
buffer unit 136, a fourth switch 138, the first output driver unit 
140, the second output driver unit 142, and the DQ pads 144 
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connected to the memory controller (not shown) through 
transmission lines (not shown). 
I0082. The output buffer unit 136 buffers the output data 
DO output from the data inversion/non-inversion unit 124 and 
outputs the buffered data to the fourth switch 138. The data 
output from the output buffer unit 136 is synchronized with a 
clock signal (CLK). When the data width of the output data 
DO output from the data inversion/non-inversion unit 124 is 
x8, for example, the output buffer unit 136 may include eight 
output buffers corresponding to the data width of the output 
data DO. 
I0083. The fourth switch 138 may selectively output the 
data output from the output buffer unit 136 to the first output 
driver unit 140 or to the second output driver unit 142 in 
response to the FI signal. 
0084. The first output driver unit 140 (corresponding to the 

first inversion controller 108) may receive the output data 
from the fourth switch 138 and may drive the DQ pads 144 
with LVCMOS signaling. The first output driver unit 140 may 
include an output driver (such as an output driver 13 as illus 
trated, for example, in FIG. 1A). When the data width of the 
output data DO is x8, for example, the first output driver unit 
140 may correspondingly include eight output drivers (as the 
output driver 13 illustrated in FIG. 1A). 
0085. The second output driver unit 142 (corresponding to 
the second inversion controller 116) may receive the output 
data from the fourth switch 138 and may drive the DQ pads 
144 with POD signaling. The second output driver unit 142 
may include a circuit (such as the output driver 23 and the 
termination circuit that are illustrated, for example, in FIG. 
1B). When the data width of the output data DO is x8, for 
example, the second output driver unit 142 may correspond 
ingly include eight circuits each including a respective output 
driver 23 and termination circuit. 
I0086 Accordingly, the semiconductor memory device 
100 may selectively use LVCMOS signaling for low-fre 
quency operation and POD signaling for high-frequency 
operation. 
I0087. The input buffer unit 146 may buffer input data DI 
continuously transmitted from the memory controller and 
may output the buffered input data to the write circuit 148. 
When the data width of the input data DI is x8, for example, 
the input buffer unit 146 may include eight input buffers 
corresponding to the data width of the input data DI. 
0088. The write circuit 148 may include a circuit related to 
a data write operation of the semiconductor memory device 
100 (for example, an input driver). The write circuit 148 may 
perform a burst write operation that writes input data DI 
output from the input buffer unit 146 in parallel to the memory 
cell array 102 in response to a write signal (WRITE). The 
number of input data DI written in parallel may be 4. 
0089. The mode register set 150 may generate the FI signal 
and the BL signal in response to an address signal (ADDR) 
provided by the memory controller. The command decoder 
152 may generate the READ signal and the WRITE signal 
synchronized with the CLK signal in response to a command 
signal (CMD) provided by the memory controller. 
0090. As described above, the semiconductor memory 
device 10 according to some embodiments of the present 
invention may selectively use LVCMOS signaling for a low 
frequency operation and POD signaling for a high-frequency 
operation. Furthermore, the semiconductor memory device 
10 may reduce AC power during LVCMOS signaling using a 
data inversion scheme suitable for LVCMOS signaling and 
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may decrease DC power during POD signaling using a data 
inversion scheme suitable for POD signaling. 
0091 FIG. 4 is a flow chart illustrating a data inversion 
method 200 for LVCMOS signaling according to some 
embodiments of the present invention. The data inversion 
method 200 will be explained with reference to FIGS. 3 and 
4. 

0092. The data inversion method 200 for LVCMOS sig 
naling used for a low-frequency operation of the semiconduc 
tor memory device 100 may be carried out using the first 
inversion controller 108, the data inversion/non-inversion 
unit 124, the flag output unit 126 and the data output unit 134. 
0093. In the receiving operation 205, the data inversion/ 
non-inversion unit 124 and the first inversion controller 108 
may receive current DOI data from the data register 106. In 
the first comparison operation 210, the first comparator 112 of 
the first inversion controller 108 compares the bits of the 
current DOI data with the corresponding bits of the output 
data DO immediately preceding the current DOI data, counts 
the number of inverted bits of the current DOI data as com 
pared with the corresponding bits of the output data DO 
immediately preceding the current DOI data, and outputs the 
first count value corresponding to the counting result. 
0094. In the second comparison operation 215, the second 
comparator 114 of the first inversion controller 108 compares 
the first count value with half of the data width of the current 
DOI data. When the first count value is less than or equal to 
half of the data width of the current DOI data, the data inver 
sion method 200 proceeds to the non-inversion operation 220. 
When the first count value is greater than half of the data 
width of the current DOI data in the second comparison 
operation 215, the data inversion method 200 proceeds to the 
inversion operation 225. 
0095. In the non-inversion operation 220, the flag buffer 
130 sets the FLAG signal to a data value of 0 to indicate 
non-inversion of the output data DO, and the data inversion/ 
non-inversion unit 124 non-inverts the current DOI data and 
outputs the non-inverted data as the output data DO. 
(0096. In the inversion operation 225, the flag buffer 130 
sets the FLAG signal to a data value of 1 to indicate inver 
sion of the output data DO, and the data inversion/non-inver 
sion unit 124 inverts the current DOI data and outputs the 
inverted data as the output data DO. 
0097. In the confirmation operation 230, whether the cur 
rent DOI data is transmitted from the data register 106 to the 
data inversion/non-inversion unit 124 and the first inversion 
controller 108 is confirmed. That is, whether the burst read 
operation that reads internal output data in parallel from the 
memory cell array 102 is finished is confirmed. 
0098. When it is confirmed that the burst read operation is 
not finished in the confirmation operation 230, the data inver 
sion method 200 returns to the receiving operation 205. When 
it is confirmed that the burst read operation is finished in the 
confirmation operation 230, the data inversion method 200 is 
completed. 
(0099 FIG. 5A illustrates output data DO and the FLAG 
signal according to the data inversion method illustrated in 
FIG.4, and FIG. 5B is a timing diagram of the output data DO 
and the FLAG signal, according to embodiments of the 
present invention. FIG. 5A illustrates the output data DO and 
the FLAG signal when the data width of the DOI data is x8 
and the burst length of the DOI data is 4. Referring to FIGS. 
3 and 5A, four units of internal output data DOI1, DOI2. 
DOI3 and DOI4 (each including 8 bits) that are read in par 
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allel from the memory cell array 102 are sequentially output 
by the data register 106 to the data inversion/non-inversion 
unit 124. 
0100. The first internal output data unit DOI1, 
“00000000, received by the data inversion/non-inversion 
unit 124 is compared with the output data DO (not shown) 
(for example, "00000001') immediately preceding the first 
internal output data DOI1 bit by bit. Hence, the number of 
inverted (toggled) bits of the first internal output data DOI1 is 
compared with the corresponding bits of the previous output 
data. Since the number of inverted bits of the first internal 
output data DOI 1 relative to the immediately preceding out 
put data (i.e., 1) is less than half of the data width of the DOI 
data, 4, the first internal output data unit DOI1 is not inverted 
and “00000000” is output as first output dataDO1. The FLAG 
signal corresponding to the first output data DO1 has a data 
value of “0” because the first output data DO1 has not been 
inverted. 
0101. The second internal output data DOI2, “11 100110, 
received by the data inversion/non-inversion unit 124 is com 
pared with the first output data DO1, "00000000”, immedi 
ately preceding the second internal output data DOI2, bit by 
bit. Hence, the number of inverted bits of the second internal 
output data DOI2 compared to the corresponding bits of the 
first output data DO1 is 5. Since the number of inverted bits of 
the second internal output data DO2 (relative to output data 
DO1) is greater than half of the data width of the internal 
output data DOI, 4, the second internal output data DOI2 is 
inverted so that "00011001” is output as second output data 
DO2. The FLAG signal corresponding to the second output 
data DO2 has a data value of “1” because the second internal 
output data unit DO2 was inverted. 
0102) The third internal output data DOI3 and the fourth 
internal output data DOI4 are inverted or non-inverted 
according to the same data inversion method as previously 
described so that repetitive explanations thereof are omitted. 
(0103 Referring to FIG.5B, the READ signal that dictates 
the burst read operation is synchronized with the CLK signal 
and both may be applied to the semiconductor memory device 
100 (illustrated in FIG. 3) such as a double data rate synchro 
nous DRAM from a memory controller. Then, the first to 
fourth output data DO1, DO2, DO3 and DO4 and the FLAG 
signals may be continuously output in Synchronization with a 
falling edge and a rising edge of the CLK signal. 
0104 FIG. 6 is a flow chart of a data inversion method 300 
for POD signaling according to embodiments of the present 
invention. The data inversion method 300 will be explained 
with reference to FIGS. 3 and 6. 
0105. The data inversion method 300 for POD signaling 
used for a high-frequency operation of the semiconductor 
memory device 100 may be executed by the second inversion 
controller 116, the data inversion/non-inversion unit 124, the 
flag output unit 126 and the data output unit 134. 
0106. In the receiving operation 305, the data inversion/ 
non-inversion unit 124 and the second inversion controller 
116 receive the current DOI data from the data register 106. In 
the counting operation 310, the counter 120 of the second 
inversion controller 116 counts the number of data bits having 
a value “1” or the number of data bits having a value “O'” 
included in the current DOI data and outputs the second count 
value corresponding to the counting result. 
0107. In the comparison operation 315, the third compara 
tor 122 of the second inversion controller 116 compares the 
second count value with half of the data width of the current 
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DOI data. When the second count value is less than or equal 
to half of the data width of the current DOI data, the data 
inversion method 300 proceeds to the non-inversion opera 
tion 320. When the second count value is greater than half of 
the data width of the current DOI data in the comparison 
operation 315, the data inversion method 300 proceeds to the 
inversion operation 325. 
0108. In the non-inversion operation 320, the flag buffer 
130 sets the FLAG signal to a data value of 0 that indicates 
a non-inversion of the output data DO, and the data inversion/ 
non-inversion unit 124 non-inverts the current DOI data and 
outputs the non-inverted data as the output data DO. 
0109. In the inversion operation 325, the flag buffer 130 
sets the FLAG signal to a data value of 1 that indicates an 
inversion of the output data DO, and the data inversion/non 
inversion unit 124 inverts the current DOI data and outputs the 
inverted data as the output data DO. 
0110. In the confirmation operation 330, whether the cur 
rent DOI data are transmitted from the data register 106 to the 
data inversion/non-inversion unit 124 and the second inver 
sion controller 116 is confirmed. That is, whether the burst 
read operation that reads internal output data in parallel from 
the memory cell array 102 is finished is confirmed. 
0111. When it is confirmed that the burst read operation is 
not finished in confirmation operation 330, the data inversion 
method 300 returns to the receiving operation 305. When it is 
confirmed that the burst read operation is finished in the 
confirmation operation 330, the data inversion method 300 is 
completed. 
(O112 FIG. 7A illustrates the output data DO and the 
FLAG signal according to the data inversion method 300 
illustrated in FIG. 6, and FIG. 7B is a timing diagram of the 
output data DO and the FLAG signal, according to embodi 
ments of the present invention. FIG. 7A illustrates the output 
data DO and the FLAG signal when the data width of the DOI 
data units is x8 and the burst length of the DOI data is 4. 
Referring to FIGS. 3 and 7A, four internal output data units 
DOI1, DOI2, DOI3 and DOI4 that are read in parallel from 
the memory cell array 102 are sequentially output by the data 
register 106 to the data inversion/non-inversion unit 124. 
0113. The number of “0” bits of the first internal output 
data unit DOI1, “00000000, received by the data inversion/ 
non-inversion unit 124 is counted. Hence, the number of “0” 
bits of the first internal output data DOI1 is 8. Since the 
number of “0” bits of the first internal output data unit DOI1 
is greater than half of the data width of the DOI data, 4, the 
first internal output data DOI1 is inverted and “11111111 is 
output as first output data DO1. The FLAG signal correspond 
ing to the first output data DO1 has a data value of “1” because 
the first output data DO1 is inverted. 
0114. The number of “0” bits of the second internal output 
data DOI2, “11 100110, received by the data inversion/non 
inversion unit 124 is counted. Hence, the number of “0” bits 
of the second internal output data DOI2 is 3. Since the number 
of “0” bits of the second internal output data DOI2 is less than 
half of the data width of the DOI data, 4, the second internal 
output data DOI2 is not inverted and “11 100110' is output as 
second output data DO2. The FLAG signal corresponding to 
the second output data DO2 has a data value of “0” because 
the second output data DO2 is not inverted. 
0115 The third internal output data DOI3 and the fourth 
internal output data DOI4 are inverted or non-inverted 
according to the same data inversion method as described 
above so that explanations thereof are omitted. 
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0116 Referring to FIG. 7B, the READ signal that dictates 
the burst read operation is synchronized with the CLK signal 
and both may be applied to the semiconductor memory device 
100 (illustrated in FIG. 3) such as a double data rate synchro 
nous DRAM. Then, the first to fourth output data DO1, DO2, 
DO3 and DO4 and the FLAG signals are continuously output 
in synchronization with falling and/or rising edges of the 
CLK signal. 
0117 FIG. 8 is a graph illustrating reductions in power 
consumed during POD signaling using the data inversion 
method 300 illustrated in FIG. 6 and reductions in power 
consumed during LVCMOS signaling using the data inver 
sion method 200 illustrated in FIG. 4, according to some 
embodiments of the present invention. 
0118 Referring to FIG. 8, line 'A' indicates power con 
Sumed as a function of operating frequency during POD 
signaling using a no data inversion method, and line “B” 
indicates power consumed as a function of operating fre 
quency during POD signaling using the data inversion 
method 300 according to embodiments of the present inven 
tion. In addition, line “C” indicates power consumed as a 
function of operating frequency during LVCMOS signaling 
using a no data inversion method, and line "D' indicates 
power consumed as a function of operating frequency during 
POD signaling using the data inversion method 200 accord 
ing to embodiments of the present invention. In FIG. 8, con 
Sumed power is average power when data is transmitted 
through 32 DQ pads at the power supply voltage VDDQ of 
12V. 

0119 Referring to lines “A” and “B”, it can be seen that 
POD signaling using the data inversion method 300 accord 
ing to embodiments of the present invention may reduce 
consumed power by approximately 18% as compared with 
POD signaling without using the data inversion method, and 
LCVMOS signaling using the data inversion method 200 
according to embodiments of the present invention may 
reduce consumed power by approximately 22% as compared 
with LVCMOS signaling without using the data inversion 
method. 
0120 FIG. 9 is a block diagram illustrating a memory 
controller 400 according to some additional embodiment is of 
the present invention. Referring to FIG. 9, the memory con 
troller 400 includes a data register 402, a first inversion con 
troller 404, a second inversion controller 412, a data inver 
sion/non-inversion unit 420, a flag output unit 422, a data 
output unit 430, an input buffer unit 442, and a command 
output unit 444. The memory controller 400 may control data 
write and/or data read operations of a semiconductor memory 
device, such as the semiconductor memory device 100 of 
FIG. 3. 

0121 The first inversion controller 404 may include a first 
switch 406, a first comparator 408 and a second comparator 
410. The second inversion controller 412 may include a sec 
ond switch 414, a counter 416 and a third comparator 418. 
0122) The flag output unit 422 may include a third switch 
424, a flag buffer 426 and a flag pad 428 connected to the 
semiconductor memory device (not shown) through a trans 
mission line (not shown). The data output unit 430 may 
include an output buffer unit 432, a fourth switch 434, a first 
output driver unit 436, a second output driver unit 438, and 
DQ pads 440 connected to the semiconductor memory device 
through transmission lines. 
0123. The first inversion controller 404, the second inver 
sion controller 412, the flag output unit 422 and the data 
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output unit 430 may be substantially identical to the first 
inversion controller 108, the second inversion controller 116, 
the flag output unit 126 and the data output unit 134 respec 
tively illustrated in FIG. 3 so that explanations thereof are 
omitted. The first inversion controller 404, the second inver 
sion controller 412, the flag output unit 422 and the data 
output unit 430 may operate in response to an FI signal that 
indicates operating frequency information of the memory 
controller 400. The FI signal may be provided by a central 
processing unit external to the memory controller 40. 
0.124. Furthermore, operations of the data inversion/non 
inversion unit 420 (controlled by the first inversion controller 
404 and the second inversion controller 412) and the data 
register 402, which continuously outputs internal input data 
DII to the data inversion/non-inversion unit 420 may be sub 
stantially identical to those of the data inversion/non-inver 
sion unit 124 and the data register 106 respectively illustrated 
in FIG. 3 so that explanations thereofare omitted. However, 
data output from the data inversion/non-inversion unit 420 
may be input data DI for data write operations of the semi 
conductor memory device while data output from the data 
inversion/non-inversion unit 124 illustrated in FIG.3 may be 
output data DO for data read operations of the semiconductor 
memory device. Furthermore, the internal input data DII 
stored in the data register 402 may be provided by the central 
processing unit while the internal output data DOI stored in 
the data register 106 illustrated in FIG.3 may be provided by 
the memory cell array 102. 
0.125. The input buffer unit 442 may buffer output data DO 
continuously transmitted from the semiconductor memory 
device. The buffered output data DO may be used in a circuit 
block included in the memory controller 400 or input to an 
external cache memory or the central processing unit. When 
the data width of the output data DO is x8, for example, the 
input buffer unit 442 may include eight input buffers corre 
sponding to the data width of the output data DO. 
0.126 The command output unit 444 provides the com 
mand signal (CMD) to the semiconductor memory device in 
response to a signal input from the central processing unit. 
I0127. The memory controller 400 according to some 
embodiments of the present invention may selectively use 
LVCMOS signaling for low-frequency operations and POD 
signaling for high-frequency operations when transmitting 
input data for write operations to the semiconductor memory 
device. Furthermore, the memory controller 400 may reduce 
AC power in LVCMOS signaling using a data inversion 
method suitable for LVCMOS signaling and may reduce DC 
power in POD signaling using a data inversion method suit 
able for POD signaling. 
I0128 FIG. 10 is a block diagram of a memory system 500 
according to some embodiments of the present invention. The 
memory system 500 may include the semiconductor memory 
device 100 illustrated in FIG. 3 and the memory controller 
400 illustrated in FIG. 9. 
I0129. The memory controller 400 may provide the CMD 
signal and the FI signal to the semiconductor memory device 
100. The semiconductor memory device 100 may operate in 
response to the FI signal that indicates whether the operating 
frequency of the memory system 500 is greater than or less 
than the reference frequency, that is, whether the operating 
frequency of the memory system 500 is a relatively high 
operating frequency or a relatively low operating frequency. 
The memory controller 400 may operate in response to the FI 
signal. 
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0130. The data read operation of the semiconductor 
memory device 100 will be explained. When the operating 
frequency of the memory system 500 is a relatively low 
operating frequency, the semiconductor memory device 100 
may invert current internal output data continuously read 
from the memory cell array 102 illustrated in FIG.3 and may 
output the inverted data as output data (DATA) when the 
number of inverted bits of the current internal output data as 
compared with the corresponding bits of output data imme 
diately preceding the current internal output data is greater 
than half of the data width of the current internal output data. 
In addition, the semiconductor memory device 100 may 
transmit the output DATA to the memory controller 400 
through data buses corresponding to transmission lines using 
LVCMOS signaling and, simultaneously, may transmit the 
FLAG signal indicating inversion of the output DATA to the 
memory controller 400. 
0131 When the operating frequency of the memory sys 
tem 500 is a relatively high operating frequency, the semicon 
ductor memory device 100 may invert the current internal 
output data and may output the inverted data as the output 
DATA when the number of “1” bits or “O'” bits of the current 
internal output data is greater than half of the data width of the 
current internal output data. In addition, the semiconductor 
memory device 100 may transmit the output DATA to the 
memory controller 400 through the data buses using POD 
signaling and, simultaneously, may transmit the FLAG signal 
indicating inversion of the output DATA to the memory con 
troller 400. 

0132 Data write operations of the semiconductor memory 
device 100 will be explained. 
0.133 When the operating frequency of the memory sys 
tem 500 is a relatively low operating frequency, the memory 
controller 400 may invert current internal input data continu 
ously read from the data register 402 illustrated in FIG.9 and 
may output the inverted data as input data (DATA) when the 
number of inverted bits of the current internal input data 
compared with the corresponding bits of output data right 
before the current internal output data is greater than half of 
the data width of the current internal input data. In addition, 
the memory controller 400 may transmit the input DATA to 
the semiconductor memory device 100 through the data buses 
using LVCMOS signaling and, simultaneously, may transmit 
the FLAG signal indicating inversion of the input DATA to the 
semiconductor memory device 100. 
0134. When the operating frequency of the memory sys 
tem 500 is a relatively high operating frequency, the memory 
controller 400 may invert the current internal input data and 
may output the inverted data as the input DATA when the 
number of “1” bits or “0” bits of the current internal input data 
is greater than half of the data width of the current internal 
input data. In addition, the memory controller 400 may trans 
mit the input DATA to the semiconductor memory device 100 
through the data buses using POD signaling and, simulta 
neously, may transmit the FLAG signal indicating inversion 
of the input DATA to the semiconductor memory device 100. 
0135 Memory systems according to embodiments of the 
present invention may selectively use LVCMOS signaling 
Suitable for low-frequency operation and POD signaling Suit 
able for high-frequency operation. Furthermore, memory 
systems according to embodiments of the present invention 
may reduce AC power during LVCMOS signaling using a 
data inversion method suitable for LVCMOS signaling and 
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may reduce DC power during POD signaling using a data 
inversion method suitable for POD signaling. 
0.136. In the drawings and specification, there have been 
disclosed embodiments of the invention and, although spe 
cific terms are employed, they are used in a generic and 
descriptive sense only and not for purposes of limitation, the 
Scope of the invention being set forth in the following claims. 
What is claimed is: 
1. A method of communicating a plurality of groups of 

output data bits representing a respective plurality of groups 
of input data bits over a data bus wherein each group of output 
data bits and each group of input data bits have an equal data 
width, the method comprising: 

receiving each of the plurality of groups of input data bits 
at a data register, 

for each group of input data bits received at the data regis 
ter, if a number of data bits of the group of input data bits 
that changes with respect to respective data bits of a 
preceding group of output data bits is greater than half of 
the data width, 
inverting the group of input data bits, 
transmitting the inverted group of input data bits as a 

respective group of output data bits in parallel over the 
data bus, and 

transmitting an inversion flag associated with the respec 
tive group of output data bits; and 

for each group of input data bits received at the data regis 
ter, if a number of data bits of the group of input data bits 
that remains unchanged with respect to respective data 
bits of a preceding group of output data bits is greater 
than half of the data width, 
transmitting the group of input data bits without inver 

sion as a respective group of output data bits in par 
allel over the data bus, and 

transmitting a non-inversion flag associated with the 
respective group of output data bits. 

2. A method according to claim 1 wherein the data bus 
includes a plurality of data transmission lines, wherein trans 
mitting the respective groups of output data bits comprises 
transmitting data bits of each respective group of output data 
bits over respective ones of the data transmission lines. 

3. A method according to claim 1 wherein receiving each of 
the plurality of groups of input data bits comprises sequen 
tially receiving each of the plurality of groups of input data 
bits at the data register. 

4. A method according to claim 1 wherein the inversion and 
non-inversion flags are transmitted over the data bus in par 
allel with the associated groups of output data bits. 

5. A method according to claim 1 wherein receiving each of 
the plurality of groups of input data bits comprises receiving 
each of the plurality of groups of input data bits from a 
memory cell array of an integrated circuit memory device 
during a read operation, wherein transmitting the respective 
groups of output data bits comprises transmitting the respec 
tive groups of output data bits from the integrated circuit 
memory device over the data bus to a memory controller. 

6. A method according to claim 5 further comprising: 
receiving the groups of output data bits and the inversion 

and non-inversion flags at the memory controller. 
7. A method according to claim 1 wherein the data register 

comprises a data register of a memory controller, and wherein 
transmitting the respective groups of output data bits com 
prises transmitting the respective groups of output data bits 
from the memory controller over the data bus to an integrated 
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circuit memory device during a write operation to write the 
respective groups of input data bits to a memory cell array of 
the integrated circuit memory device. 

8. A method according to claim 7 further comprising: 
receiving the groups of output data bits and the inversion 

and non-inversion flags at the integrated circuit memory 
device. 

9. A method according to claim 1 wherein receiving each of 
the plurality of groups of input data bits comprises receiving 
a first plurality of groups of input data bits to be transmitted at 
a first data rate, and whereintransmitting each group of output 
data bits corresponding to respective groups of input data bits 
of the first plurality comprises transmitting each group of 
output data bits at the first data rate, the method further 
comprising: 

receiving each of a second plurality of groups of input data 
bits at the data register to be transmitted at a second data 
rate different than the first data rate; 

for each group of input data bits of the second plurality 
received at the data register, if a number of data bits of 
the group of input data bits having a first logic level is 
greater than half of the data width, 
inverting the group of input data bits, 
transmitting the inverted group of input data bits as a 

respective group of output data bits in parallel over the 
data bus at the second data rate, and 

transmitting an inversion flag associated with the respec 
tive group of output data bits; and 

for each group of input data bits of the second plurality 
received at the data register, if a number of data bits of 
the group of input data bits having a second logic level 
different than the first logic level is greater than half of 
the data width, 
transmitting the group of input data bits without inver 

sion as a respective group of output data bits in par 
allel over the data bus at the second data rate, and 

transmitting a non-inversion flag associated with the 
respective group of output data bits. 

10. A method according to claim 9 wherein the first data 
rate is less than the second data rate. 

11. An electronic data system comprising: 
a data register configured to receive each of a plurality of 

groups of input data bits: 
an inversion controller coupled to the data register, wherein 

for each group of input data bits received at the data 
register, if a number of data bits of the group of input data 
bits that changes with respect to respective data bits of a 
preceding group of output data bits is greater than half of 
the data width, the inversion controller is configured to 
invert the group of input data bits to generate a respective 
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group of output data bits, and wherein for each group of 
input data bits received at the data register, if a number of 
data bits of the group of input data bits that remains 
unchanged with respect to respective data bits of a pre 
ceding group of output data bits is greater than half of the 
data width, the inversion controller is configured togen 
erate a respective group of output data bits without inver 
sion; 

an output driver coupled to the inversion controller wherein 
the output driver is configured to transmit each respec 
tive group of output data bits in parallel over a data bus; 
and 

a flag output generator coupled to the inversion controller, 
wherein the flag output generator is configured to trans 
mit an inversion flag with each group of output data bits 
generated by inverting the respective group of input data 
bits, and wherein the flag output generator is configured 
to transmit a non-inversion flag with each group of out 
put data bits generated without inverting the respective 
group of input data bits. 

12. An electronic data system according to claim 11 
wherein the data bus includes a plurality of data transmission 
lines, wherein transmitting the respective groups of output 
data bits comprises transmitting data bits of each respective 
group of output data bits over respective ones of the data 
transmission lines. 

13. An electronic data system according to claim 11 
wherein the data register is configured to sequentially receive 
each of the plurality of groups of input data bits at the data 
register. 

14. An electronic data system according to claim 11 
wherein the flag output generator is configured to transmit the 
inversion and non-inversion flags over the data bus in parallel 
with the associated groups of output data bits. 

15. An electronic data system according to claim 11 
wherein the data register is further configured to receive each 
of the plurality of groups of input data bits from a memory cell 
array of the electronic data system during a read operation, 
and to transmit the respective groups of output data bits over 
the data bus to a memory controller. 

16. An electronic data system according to claim 11 
wherein the data register comprises a data register of a 
memory controller, wherein the data register is further con 
figured to transmit the respective groups of output data bits 
over the data bus to an integrated circuit memory device 
during a write operation to write the respective groups of 
input data bits to a memory cell array of the integrated circuit 
memory device. 


