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(57) Abstract: Apparatuses for receiving an input signal in a semiconductor device are described. An example apparatus includes: a
first amplifier that provides first and second intermediate voltages responsive to first and second input voltages; first and second voltage
terminals; a circuit node; a first transistor coupled between the first voltage terminal and the circuit node and is turned on responsive to
at least one of the first and second intermediate voltages; a second amplifier including first and second inverters, at least one of the first
and second inverters being coupled between the circuit node and the second voltage terminal; and first and second output nodes, the
first output node being coupled to an input node of the first inverter and an output node of the second inverter, and the second output
node being coupled to an output node of the first inverter and an input node of the second inverter.
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INPUT BUFFER CIRCUIT

BACKGROUND

{6431} High data reliability, lugh speed of memory access, and reduced chip size are
features that are demanded from senuconductor memory.

§002] Iw recent vears, there has been an effort to increase access speed while reducing
power consumption for semiconductor devices. As part of that effort to moerease access
speed, 1t may be desirable to include input recetver circuits having faster operation
mput buffers for receiving address signals, command signals and clock signals.
Simultanecusly, it may be desirable 1o accommodate a wide range of nput signals at
the nput receiver circuits to meet recent senuconductor devices {e.g., low-power
double data rate synchronous DRAM). For example, Low Power Double Data Rate 4
(LPDDRY) spectfication (JESD209-4) specifies that an data input reference voltage
{Vxer) operating point range from 10% to 42% of a power supply voltage for data mnput
{(Von}. Along these lines, an input recetver circuit inchuding differential amphifiers have
been developed. For example, a data latch tyvpe mput buffer has been used as an input
buffer for memory devices {e.g., LPDDR4A) A data latch tvpe mput (D) buffer in a
memory device amplifies a data signal and latches the data signal by amplifving a
voltage difference between the data mput signal and the Veer when a clock signal CLK
18 at a logic high level, and tnitializes each node v the DG buffor by precharging cach
node when the elock signal CLK 15 at a logic low level. The DQ mput buffer performs
a sequence of amplification and latch operation responsive (o a signal inpot and a
precharge operation i tumn during each clock ceyele. Source nodes of nput transistors
may receive a power supply voltage Voo and gate nodes of the input transistors coupled
to mput nodes {IN+ node and IN- node) may receive a data input signal DQ and the
reference voltage Verr, respectively while performing the sequence of amplification
and latch operation. However, the nput fransistors may not be driven fast encugh due
to a smaller Vos of the mput transistors M1 and MZ, if a voltage of the data mput signal
D¢} and the reference voltage Vrer become higher (e g, Vrer=429 * Vop).

{083} Fig. 1 is a circuit diagram of a conventiopal data input buffer circoit. The
conventional data 1oput buffer circmit ncludes a fust amplifier including transistors

ME, M2, M3, M4, M5 and M6, A transistor MO 13 a switch of the first amplifier. A
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data mput signal D s provided to an IN+ node coupled to a gate of the transistor M1
The reference voltage Veer 15 provided to an IN- node coupled to a gaie of the
transistor M2, A sequence of amplification and latch operation are executed, when an
mveried clock signal CLKB 15 at a logic low level that activates the transistor M0 and
deactivates transistors M7-MI10, The power supply voltage Voo 18 provided to nodes,
{nodel and node 2} through transistors M1 and M2, and voliages of the nodes (nodel
and node?} are increased from a precharge level Ve respousive to the inverted clock
signal CLKRB 1s at the logic low level, depending on the data input signal DO, Thus, a
voltage difference Vdift between the nodes (nodel and node?) may be caused based on
a difference between a voltage of the wput data input signal DO and the reference
voltage Vrer., Because the power supply voltage Vop is provided to nodes, {(nodel and
node 2), voltages at an OUT- node and an OUT+ node may be moreased from the
precharge lovel Vs throngh transistors M3 and M4 respectively, when the voltage
difference Vdiff exceeds a threshold voltage VTh of the transistor M3 or a threshold
voliage V'Th of the transistor M4, Dug to voltages of the node! and the node? that are
mereased up o approximately the power supply voltage Voo, the fitst amplifier latches
a voltage difference between the QUT- node and the OUTH node of the first amplifier,
and a logic high fevel signal (Vop} is provided to one of the OUT- node and the OUT+
node and a logic low level signal (Vss) is provided to the other of the OUT- node and
the QUTH+ node. In a precharge operation, when the mverted clock signal CLKB isat a
logic high level, the nodes nodel, node2, QUT- and OUTH are precharged by
precharge transistors M7, M&, M9 and M10 to the a logic low lovel signal (Vee). An
merease of the voltage of the nodel above the threshold VTh of the transistor M3
drives capacitors {not shown} related to the transistor M1 and capacitors coupled to the
OQUT- node, {c.g., capacitors at gates of the transistors M4 and M6, a channel capacitor
of the trausistor M3 and a drain capacitor of the transistor M5}, and a fotal capacitance
of these capactiors 18 remarkably large. Simularly, a total capacitance of capacitors
related to the transistor M2 s large. Accordingly, a time o increase voltages of the
nodes {(nodel and node2} around the power supply voltage VDD and to complete the
sequence of amplification and latch operation o nerease voliages at an OUT- node and

an QUTH node is longer when the data mput signal DQ and the reference voltage Vrer



WO 2018/152099 PCT/US2018/017984

are higher, and the sequence of amplification and laich operation may not be completed
by a precharge operation in the data mput buffer circuit.

6041 Fig. 2 is a curcott diagram of a conventional data mmput buffer ciromt. The
converdional data roput buffer circut includes a first amplifier and a second amplifier.
The first ammphifier mclodes transistors M1 and M2, The sccond amphifier inclades
fransistors M12, M13, M14, Mi13, M16 and M17. A transistor M0 1s a switch of the
first amplifier and a transistor M11 is a switch of the second amplifier. A sequence of
amplification and latch operation are execnted, when a clock signal CLK s at a logic
high level and an mverted clock signal CLKEB 1s at a logic low level. Responsive to a
difference 1 voltage increase speeds between nodes (nodel and node?} at gates of
transistors MI2 and M13, the second amplifier latches a data signal and a signal at a
logic fow level (Vsg) 1s provided to one of an OUT- node and an OUTH node, and a
precharge level (Voo 18 provided to the other outputted at the other of OUT- and
OUTH. In the precharge operation, nodel and node? are set to a logic low level {(Vss),
and the QUT- node and the OUT+H node are precharged to the power supply voltage
Vop responsive 1o the transistors M12 and M13 receiving the logic low level signal of
the nodel and node? at gates and coupling the power supply voltage Vop to the OUT-
node and the OUT+ node. Since cach of the transistors M1 and M2 includes a MOS
capacitor having a capacitance smalier than a MOS capacitor in gach of the transistors
Ml and M2 of Fig. 1, voltages of nodel and node? are morcased faster than the
voltages of nodel and node? of Fig. 1. However, the second amplifier may compleie a
{atch operation before a voltage ditference between nodel and node? is to be generated,
it a voltage of the data input signal DG and the reference voliage Veer become higher
{eg., Vrer=42% * Vpp). Thus, an activation of the second amplifier needs to be
delaved. On the other hand, if the voltage of the data nput signal D and the reference
voltage Veer become lower, the voltages of nodel and node? are increased too fast due
o larger Vos of the transistors M1 and M2, and the voltages of nodel and node? reach
o approximately the power supply voliage Voo and the voltage difference disappears
betore the sccond amplifier completes the amplification, which causes a data laiching

failure.



WO 2018/152099 PCT/US2018/017984

BRIEF DESCRIPTION OF THE DRAWINGS

{845] Fig. 1 1is a circuit diagram of a conventional data mmput buffer circuit.
{006} Fig. 7 is a circuit diagram of a conventional data mput buffer circust.
faa Fig. 3 13 a block diagram of a senuconducior device in accordance with the

present disclosure.

{6081 Fig. 4 15 a schematic diagram of an input/output circuit including data input
circuits in accordance with an embodiment of the present disclosure.

§6419] Fig. 5 18 a arcwit diagram of an mput buffer circwit according to an embodiment
of the present disclosure.

LRy Fig. 6 15 a cireutt diagram of an input butfer circutt according to an embodiment
of the present disclosure,

oL Fig. 7 1s a circuit diagram of an input buffer circuit according to an embodiment

of the present disclosure.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

81} Various embodiments of the present disclosure will be explained below in detail
with reference to the accompanyving drawings. The following detailed description refers
o the accompanying drawings that show, by way of iHustration, specific aspects and
embodiments in which the present invention may be practiced. These embodiments are
described in sufficient detail to gnable those skilled n the art (0 practice the present
wmvention, (ther cmbodiments may be utihized, and struciure, logical and clectrical
changes may be made without departing from the scope of the present mvention. The
anous embodiments disclosed herein are not necessary mutually exclusive, as some
disclosed cmbodiments can be combined with one or more other disclosed
embodiments to form new cmbodiments.

IR Fig. 3 is a block diagram of a semiconductor device in accordance with an
embodiment of the present disclosure.  The semiconductor device 10 may be an
LPDDR4 SDRAM integrated into a single semicondactor chip, for example. The
seraiconductor device 10 may be mounded on an external substrate 2 that is a memory
module substrate, a mother board or the bke. As shown in Fig. 3, the semiconductor

device 10 mnchudes a memory celi array 11, The memory cell array 11 mcludes a
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plurality of banks, cach bank including a plurality of word lines Wi, a plurality of bit
fines BL, and a plurality of memory cells MC arranged at intersections of the plurality
of word lings WL and the phuwrality of bit lines BL. The selection of the word line WL
18 performed by a row decoder 12 and the selection of the but hine BL is performed by a
columu decoder 13, Sense amplifiers 18 are coupled to corresponding bit hines BL and
connected o local VO hue pairs LIOT/B. Local 10 hue pairs LIOT/B are connected to
main 10 line pairs MIGT/B via transfer gates TG 19 which function as switches.

{634] Tuming to the explanation of a plurality of external torovnals meluded in the
semiconductor device 10, the plurality of external termunals mcludes address ferminals
21, command termunals 22, cloek terminals 23, data termunals 24 and power sapply
termunals 25 and 26, The data torominals 24 may be coupled to output buffers for read
operations of memories. Allematively, the data terminals 24 mav be coupled to mput
buffers for read/write access of the memories that will be later desenibed. Fig. 3 shows
an exampie of dynanuc random access memory (BRAM), however, any device having
external terminals for signal input/output may be included as the external torminals of
embodiments of the present disclosure.

{618] The address terminals 21 are supphed with an address signal ADD and a bank
address signal BADD. The address signal ADD and the baok address signal BADD
supphied o the address ternunals 21 are transferred via an address input circuit 31 o an
address decoder 32, The address decoder 32 receives the address signal ADD and
supplics a decoded row address signal XADD to the row decoder 12, and a decoded
column address signal YADD to the columen decoder 13, The address decoder 32 also
receives the bank address signal BADD and supplics the bank address signal BADD to
the row decoder 12 and the column decoder 13.

{816] The command terminals 22 are supplied with a conunand signal COM. The
command signal COM may include one or more separate signals. The conumand sigoal
COM wmput to the command terroinals 21 15 input to a comomand decoder 34 via the
command input circuit 33. The command decoder 34 decodes the command signal
COM 1o generate various internal command sigeals.  For example, the miomal
commands reay include a row command signal o sclect a word bne and a column

command signal, such as a read command or a write command, to select a bt hne,
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{817] Accordingly, when a read command is issued and a row address and a columan
address are timely supphed with the read command, read data is read from a memory
cell MC in the memory cell array 11 desigoated by these row address and columnp
address.  The read data DO 15 output extornally from the data termmnals 24 via a
read/write araplifier 15 and an input/output (10} circuit 17, Swmiarly, when the wnite
command is ssued and a row address and a colemm address are timely supphed with
the write command, and then write data D is supplied to the data ternunals 24, the
write data DQ is supphied via the input/output cirewit 17 and the read/write amplificr 13
1o the memory ccll armay 11 and writien in the memory cell MC designated by the row
address and the cohmn address. The put/output crrawnt 17 may include mput buffers,
according to one embodiment. The clock terminals 23 are supplied with external clock
signals CLK and CLKB, respectively. These extemal clock signals CLK and CLKB
are complementary o each other and are supplied to the mput/output airaust 17, The
mput/ouiput circuit 17 receives the external clock signals CLK and CLKB that are used
as a timing signal for determiudog mput timing of write data DO and output timing of
read data DG

{618} The power supply termunals 25 are supphied with power supply potentials VBB
and VSS. These power supply potentials VBB and V8S are supplied to a voliage
generator 39, The voltage generator 39 may generate various internal potentials VPP,
VoD, VARY, VPERL and the like based on the power supply potentials VBD and
V85, The internal potential VPP may be mainly used v the row decoder 12, the
mtemal potcntials VO and VARY mav be mainly used 1o the sense amplifiers 18
meluded m the memory cell array 11, and the imtemal potential VPERI may be used m
many other circutt blocks.

L Power supply potentials VEE} and VSSQ are supphed to the mput/output
circuit 17, The power supply potentials VDDQ and VSSQ may be the same potentials
as the power supply potentials VDD and VSS that are supphied to the power supply
ferminals 25, respectively. However, the dedicated power supply potentials VDDQ and
VSO may be used for the mput/output circuit 17 so that power supply noise generated
by the input/output circuit 17 does not propagate to the other circuit blocks.

{624 Fig. 4 15 a schematic diagram of an mputioutput circuit 17 including data mput

circuits according {0 an embodiment of the present disclosure. The input/output circuit
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17 includes data termoinals 424 joncluding a data strobe teominal DOS, a complementary
data strobe terminal DQSE and a plurality of data terminals DQO - DQOn where “n+17
is the mumber of the phurality of data ternunals. A data strobe signal is vsed for
capturing data at hugh data rates. The mput/output circuit 17 also includes a data strobe
{(DQS) mput cireust 170, a phurality of data wput circuits 417 and a plurality of latch
circuits 416 respective to the phurabty of data terminals. The plarality of data input
cirenits 417 may be any data input circuit included i an input/output circeit 17 as will
be descnbed 1o Figs 5-7. The plurality of data input circuits 417 receive a referonce
voltage (VREF) and respective data the respective data ternumals 424, and provide
output signals. Each latch circuit 416 receives a data strobe signal from the DOS input
circuit 170 and the respective output signal from the respective data input circuit for
captuning the data.

{821} Fig. § s a cirowit diagram of an apparatues incleding an input buffer arcuit §
according to an cmbodiment of the present disclosure. The input buffer circuit 5 may
be included in the mput/output circuit 17 of Figs. 3 and 4 11 some cmobodiments. The
mput buffer cirouit 5 may mclude an input node IN+ that may receive a data input
signal DG, such as one of the write data that is supphied to the data terminals 24 in Fig,
3, and a reference node IN- supphed with a reference voltage (VREF) The input
buffer cireust 5 may mchude amplificrs 511 and 312, The amplifier 311 may melude
transistors 51 and 32, The transistor 51 may be coupled between a node 538 and a
node 531 The transistor 51 includes a gate coupled to the input node N+ The
transistor 32 may be coupled between the node 530 and a vode 532, The transistor 32
mcludes a gate coupled to the reference node IN-. The node 530 may be a power
supply node that 15 supphied with a power supply potential VDD from one of the power
supply terminals 25 in Fig. 3 to the transistors 51 and 52, responsive to an inverted
clock signal CLKR recetved at a gate of a transistor 50 that may function as a voliage
switch for the amphfier S11. The amplifier 511 may provide mtermediate voltages on
the nodes 331 and 532 respousive 1o a voltage of the data input signal DO and the
refercnce voltage VREF via the transistors 31 and 52, respectively.

A The mput buffer circuit 5 may include a transistor 318 between a power supply
node that is sapplied with the power supply potential VD from the one of the power

supply terminals 25 in Fig. 3 and anode 335 {e.g., acircuit node). The input buffer
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cireuit 5 may mclude a control circutt 315 that may include transistors 522 and 323
between the amplifiers 511 and S12. The transistors 322 and 323 ncludes gates that
receive mtermodiate voltages on the nodes 531 and 532, respectively. For cach of the
transistors 522 and 323, one of a source or a drain may be coupled to a node 334 that s
coupled to a gate of the transistor 518, Thaus, the gate of the transistor 518 may be
turmned on by a voltage at the node 534 that may be responsive o at least the one of
mtermediate voltages on the nodes 531 and 332 via the transistors 522 and 523, The
mput buffer cirewit 3 may uclude a transistor 33 that may include one of source and
drain supphied with one of the intermediate voltages on the node 331 and the other of
source and drain coupled to an cotput node QUT-. A gate of the transistor 53 may be
coupled to an output node OUT+ The mput buffer circuit 5 may include a transistor 54
that may mclude one of source and drain supphed with the other of the mtermediate
voltages on the node 532 and the other of source and draim coupled 1o the cutput node
OUTH. A gate of the transistor 34 may be coupled to the output node OUT-

{8231 The amplifier 512 may include inverters 513 and 514, The transistor 518 may
function as a voltage switch for the amplifier $12. For exarple, the tnverter 513 may
be coupled between the node 335 and a power supply potential VSS from the othor of
the power supply terminals 25 w Fig. 3, and mayv mchide different types of transistors
535 and 519, The inverter 314 may be coupled between the node 535 and a power
supply potential VS from the other of the power supply termipals 25 m Fig. 3, and
may include different types of trapsistors 36 and 520, For example, types of the
transistors 55 and 36 may be the same and tvpes of the transistors 519 and 520 mayv be
the same. For example, the transistor 319 may be coupled between the node 335 and
the output node QUT-. The transistor 519 may include a gate coupled to the output
node OUTH The transistor 520 may be coupled between the node 535 and the output
node OUT+ The transistor 520 may inchide a gate coupled to the output node OUT-
The node 335 may be a power supply node that 18 supplied with the power supply
potential VDD from the one of the power supply terminals 25 i Fig. 3 to the transistors
519 and 520, via the transistor 518 responsive o the voltage of the node 334 as carlier
described. In other words, the output node OUT- may be coupled to an mput node of
the wnverter 514 corresponding to the gates of the transistors 520 and 36, and an output

node of the mverter 513 corresponding to cither sources or drains of the transistors 519
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and 55 Suvuilarly, the output node OUT+ may be coupled to an input node of the
mverter 513 corresponding to the gates of the transistors 319 and 55 and an output node
of the mverter 514 corresponding to either sourecs or drains of the trapsistors 520 and
56.

§024] A sequence of amplification and latch operation may be oxecuied, when an
mverted clock signal CLKE 18 at a logic low level that activaies the transistor 50 and
deactivates transistors 37, 38, 59 and 510, The power supply voltage VDD s provided
o nodes, 531 and 332 through the transistors 31 and 52, and voltages of the nodes 531
and 532 are increased from a procharge level VS responsive (o the mverted clock
signal CLKB 18 at the logic low level, depending on the data input signal DG Thus, a
valtage difference Vdiff between the nodes 331 and 532 may be caused based on a
difference between a voltage of the mput data input signal DG and the reference
voltage VREF. Because the power supply voltage VDD may be provided to the nodes
331 and 332, voltages of the cutput nodes OUT- and OUT+ may be increased from the
precharge level VS8 through transistors 33 and 54 respectivelv, when the voltages of
the nodes 531 and 332 exceed the threshold voltage VTh of the transistor 53 and a
threshold voltage VTh of the transistor 54 respectively. Hither the transistor 522 or the
transistor 523 may be turned on io change a voltage of the node 534 from VDD to VES
and yoay activate the amplifier 312 by tarmung on the transistor 518 upon detecting
cither the voltage of the node 331 or the voltage of the node 532 excecding the
threshold voltage VTh of the transistors 53 or 54, Because the transistors 519 and 520
may reccive the power supply voltage VDD via the transistor 518, driving currents of
the transistors 519 and 5290 of the amplifier 312 mway be unaffected by the voltages of
the data mput signal DQ and the reference voltage VREF. Thaus, the amplifier 312 may
complete the sequence of amplification and latch operation and may provide the
voltages of the output nodes QUT- and GUTH by configunng the driving currends o be
large, withowt waiting for the voltages of the wnodes 331 and 332 to rweach to
approximately the power supply voltage VDD, In a precharge operation, the node 534

may be precharged to the power supply voltage VD by a transistor 5321,

{028] Fig. 6 15 a circwit diagram of an mput buffer circuit 6 according to an
embodiment of the present disclosure. The mput buffer circwit 6 may be wncluded m

the input/output circwt 17 of Figs. 3 and 4 in some embodiments. The mput bufter
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cireutt 6 may wnclude an input vode IN+ that may receive a data input signal DO, such
as one of the write data that 1s supphed to the data terminals 24 v Fig. 3, and a
reference node IN- supplied with a reference voltage (VREF). The input buffer circoit
6 mav nclude amphifiers 611 and 612, The aroplifier 611 may mclude transistors 61
and 62. The transistor 61 may be coupled between a node 630 and a node 631, The
transistor 61 includes a gate coupled o the wput node IN+. The transistor 62 may be
coupled between the node 630 and a node 632, The transistor 62 includes a gate
coupled to the reference node IN-. The node 630 may be a power supply node that s
supplicd with a power supply potential VDD from one of the power supply terminals
25 m Fig. 3 to the transistors 61 and 62, responsive to an inverted clock signal CLKB
received at a gate of a transistor 60 that may function as a voltage swiich for the
amaphifier 611, The amplifier 611 may provide imtermediate voltages on the nodes 631
and 632 responsive to a voltage of the data wput signal DQ and the reference voltage
VREF via the transistors 61 and 62, respectively.

§828] The input buffor circuit 6 may include a transistor 618 between a power supply
node that 15 supplied with the power supply potential VDD from the one of the power
supply terminals 25 m Fig. 3 and anode 635 {e.g., acirat node). The wput  buffer
circuit 6 may include a control circuit 615 that mayv include transistors 622 and 623
between the ampbifiers 611 and 612, The transistors 622 and 623 includes gates that
receive mitermediate voltages on the nodes 631 and 632, respectively. For cach of the
fransistors 622 and 623, one of a source or a drain may be coupled 1o a node 634 that is
coupled to a gate of the transistor 618, Thus, the gate of the trapsistor 618 may be
activated by a voltage of the node 634 that may be responsive to at least the one of
intermediate voltages on the nodes 631 and 632 via the transistors 622 and 623,

el The amplifier 612 may include mverters 613 and 614, The transistor 618 may
function as a voltage switch for the amplifier 612, For example, the mverter 613 may
be coupled between the node 635 and a power supply potential VS5 from the other of
the power supply terminals 25 in Fig. 3. and may include different types of transistors
616 and 619, The nverer 614 may be coupled between the vode 635 and a power
supply potential VS5 from the other of the power supply termimals 25 1 Fig. 3, and
may mclude different types of transistors 617 and 620, For example, types of the

transistors 616 and 617 may be the same and types of the transisiors 619 and 620 may
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be the same. For example, the transistor 619 may be coupled between the node 633
and an output node OQUT-. The transistor 619 may mclude a gate coupled 1o an output
node OUTH The transistor 620 may be coupled between the node 635 and the output
node OUT+ The transistor 620 may inchide a gate coupled to the output node OUT-
The node 635 may be a power supply node that 18 supplied with the power supply
potential VDD from the one of the power supply terminals 25 m Fig. 3 to the transistors
619 and 620, via the transistor 618 responsive to the voltage of the node 634 as carlier
described. In other words, the output node OUT- may be coupled to an input node of
the nverter 614 correspondimg to the gates of the transistors 620 and 617, and an output
node of the mverter 613 corresponding 1o either sources or drains of the trangistors 619
and 616, Similardy, the output node (GUTH may be coupled to an cutput node of the
mverter 514 corresponding to the gates of the transistors 619 and 616 and an mput node
of the mverter 613 corresponding to either sources or drains of the transistors 620 and
617,

{828} The oput buffor cirenit 6 may inclhade a switch 626 between the amplifiers 611
and 612, For example, the switch may mclude transistors 624 and 625, The transistor
624 may be coupled between the node 631 and the cutput node QUT-. The transistor
625 may be coupled between the node 632 and the output node OUT+. (ates of the
transistors 624 and 623 of the switch 626 may be coupled to one of a source or a drain
of each of the ransistors 622 and 623 in the control circatt 613, respectively. Thus, the
switch 626 may couple the node 631 to the output node OUT- and may couple the node
632 to the cutput node QUTH, responsive to the voltage on the node 634,

{28] A sequence of amphficanon and latch operation may be execuied, when an
mverted clock signal CLKB 19 at a logic low level that activates the transistor 60 and
deactivates transistors 67, 68, 69 and 610. The power supply voltage VDD is provided
to nodes, 631 and 632 through the transistors 61 and 62, and voltages of the nodes 631
and 632 are increased from a precharge level VSS responsive to the mverted clock
signal CLKB 15 at the logic low level, depending on the data input signal D, Thus, a
vohtage difference Vdiff between the nodes 631 and 632 mayv be caused based on a
difference between a voltage of the input data input signal DO and the reference
voltage VREF, when the voliages of the node 631 or the node 932 coupled to gates of

the transistor 622 or the tramsistor 623 exceeds the threshold voltage VTh of the
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transistor 622 or the threshold voltage VTh of the transistor 623, respectively. Thus,

the transistors 622 and 623 1n the control cirauit 615 may be activated, respectively. A

voltage of the node 634 may decrease from the power supply voltage VEBD o the

power supply voltage VS8, rosponsive to cither the activaie transisior 622 or the
activated fransistor 623, As a result, the decrease of the voltage of the node 634 may
activate the transistor 618 and may deactivate the transistors 624 and 625 For
cxample, the transistors 624 and 625 mayv be deactivaied when a higher one of the
voltages of the output nodes OUT- and OUTH becomes a threshoeld voltage Vi, and the
voltage difference Vdiff between the wnodes 631 and 632 may be suitable for the
amplifying operation. The output nodes OUT- and OUTH may hold the voltages of the
nodes 631 and 632 until the transistors 624 and 625 are deactivated. The voltage
difference Vdiff between the nodes 631 and 632 may be mamtamed until the
deactivation of the transistors 624 and 625 and may be amplified and latched by the
amplifier 612 responsive (o the deactivation of the transistors 624 and 625 due (o the
ccrease of the voltage of the vode 634, Thus, the amplifier 612 may start the sequence
of amplification and latch operation regardiess of the voltage of data mput signal DG

and the reference voltage VREF.

1834 Fig. 7 is a circot diagram of an mput buffer circuit 7 according to an
ersbodiment of the present disclosure. The nput butfer circuit 7 may be included n
the mput/output circait 17 of Figs. 3 and 4 in some embodiments. The mput buffer
cirenit 7 may include an input node IN+ that may receive a data input sigonal DQ, such
as one of the write data that 15 supplied to the data terminals 24 1 Fig. 3, and a
reference node IN- supphed with a refercnee voltage (VREF). The wmput buffer cirenit
7 may mclade amphifiers 711 and 712, The amplifier 711 may imchude transistors 71
and 72, The transistor 71 may be coupied between a node 730 and a node 731, The

-
I
I

transistor 71 iocludes a gate coupled o the input node IN+ The transistor 72 may be
coupled between the node 730 and anode 732, The nodes 731 and 732 may be isolate

from each other, via transistors 716 and 717. The transistor 72 includes a gate coupled
1o the reforence node IN-. The node 730 may be a power supply node that is supplicd
with a power supply potential VD from one of the power supply terminals 25 1 Fig.
3 to the transistors 71 and 72, responsive to an mverted clock signal CLEB recerved at

a gate of a transistor 70 that may function as a voltage switch for the amplifier 711
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The amphlifier 711 may provide intermediate voltages on the nodes 731 and 732
responsive to a Srst imput voliage of the data input signal DQ and a second wmput
voltage {e.g., the reference voltage VREF) via the transistors 71 and 72, respectively.
{831} The amplifier 712 may include inverters 718 and 719, The wnwverter 718 may
include a transistor 714 and the transistor 716, The mwverter 719 may include a
transistor 713 and the transistor 717, For example, the mverter 718 may be coupled
between a node 733 {o.g., a circuit node} and the power supply potential VDD from the
one of the power supply terminals 23 1o Fig 3, and may mchude different types of
transistors 714 and 716, The mverter 719 may be coupled between anode 734 {e.g., a
circuit node) and the power supply potential VDD from the one of the power sapply
terminals 25 i Fig. 3, and may include different types of transistors 7135 and 717, For
example, types of the transistors 714 and 715 may be the same and types of the

~
i

transistors 716 and 717 may be the same. For example, the transistor 716 may be
coupled between the node 733 and an outpwt node QU+ The transistor 716 may
melude a gate coupled o0 an output node OUT- For example, the transistor 717 may
be coupled between the node 734 and the output node OUT-. The transistor 717 may
include a gate coupled to the cutput node OGUTH

{632 A voltage switch 720 may include transistors 726 and 727, The transistors 726
and 727 have gates that may receive the intermediate voltages on the node 731 and 732,
respectively,  Thus, the transistors 726 and 727 may be activated {e.g., tumed on}
responsive to the miermediate voltages on the node 731 and 732, respectively. The
nodes 733 and 734 may be power supply nodes that arc supplied with a power supply
potential VSS from the other of the power supply terovnals 25 m Fig. 3 to the

~
i

transistors 716 and 717, via the transistors 726 and 727 responsive {0 the wtermediate
vaftages of the nodes 731 and 732 as carlier described. In other words, the output node
GOUT- may be coupled to an input node of the wverter 718 corresponding to the gates
of the transistors 714 and 716, and an output node of the mverter 719 corresponding 1o
either sources or drains of the tramsistors 715 and 717, Simiarly, the output node
OUTH may be coupled to an input node of the inverter 719 corresponding to the gates

of the transistors 715 and 717, and an output node of the mverter 718 corresponding to

gither sources or drains of the transistors 714 and 716.
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§8331 A sequence of amplification and latch operation may be executed, when an
mverted clock signal CLKR 1s set to a logic low level that activates the transistor 70,
transistors 77 and 78 coupled between the power supply voltage VS5 and the nodes
731 and 732, respectively. Simultancously, a clock signal CLKT is set to a logic high
level that deactivates transistors 728 and 729, coupled between the power supply
voltage VDD and the ovtput nodes OUTH and DUT-, respectively. The power supply
voltage VDD is provided to nodes, 731 and 732 through the transistors 71 and 72, and
vohiages of the nodes 731 and 732 are increased from a precharge level VSS responsive
1o the inverted clock signal CLKB 1s at the logic low level, depending on the data input
signal DQ. Thus, a voltage difference VAiff between the nodes 731 and 732 may be
caused based on a difference between a voltage of the input data input signal DBQ and
the reference voltage VREF, when the voltages of the nodes 731 and 732 exceed the
threshold voltage VTh of the transistor 726 or the threshold voltage VTh of the
transistor 727, Because the transistors 71 and 72 may activate the transistors 726 and
727 by driving gatc capacitors of the transistors 726 and 727 respectively, the
miermediate voltages ot the nodes 731 and 732 may increase quickly after the mversed
clock signal CLKB i3 set to the logie low level. Thes the amplifier 712 may complete
the sequence of amplification and latch operation by the activation of the transistors
726 and 727, when the voltage of the node 731 or the voltage of the node 732 excecds
the threshold voltage VTh of the transistor 726 or the threshold voltage V'Th of the
fransistor 727, respectively.  Thus, the amplifier 712 may start the sequence of
amplification and latch operation regardless of the voltage of data input signal DO and
the reference voltage VREF. In the precharge operation, the output nodes OUT- and
OQUTH may be precharged to the power supply voltage VDD by the transistors 728 and
729.

AT Logic lovels of signals used in the embodiments described the above are merely
examples. However, in other embodiments, combinations of the logic levels of signals
other than those specifically descnbed in the present disclosure may be used withoot
departing from the scope of the present disclosure.

{351 Although this mvention has been disclosed in the context of certain preferred
cmbodiments and examples, it will be understood by those skilled in the art that the

inventions extend bevond the specifically disclosed embodiments to other alternative
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embodiments and/or uses of the imventions and obvious modifications and equivalents
thereof.

§836] It is also contemplated that various combination or sub-combination of the
specific features and aspects of the embodiments may be made and still fall within the
scope of the inventions. It should be understood that various features and aspects of the
disclosed embodiments can be combined with or substituted for one another in order to
form varying mode of the disclosed invention.

{837} In an cmbodiment of the disclosure, an apparatus includes a first amplifier
configured to provide first and sccond intermediate voltages responsive to first and
second input voltages, first and second voltage terminals, and a cirouit node. A first
transistor 15 coupled between the first voltage terminal and the circuit node and
configured to be tumed on responsive to at least one of the first and second
intermediate voltages. A second amplifier includes first and second inverters, at least
one of the first and second inveriers being coupled between the circuit node and the
second voltage terminal. A first output node i1s coupled to an input node of the first
mverter and an output node of the second imverter. A second output node 1s coupled to
an output node of the first inverter and an input node of the second inverter.

{8358 Additionally or alternatively, further included are an additional circuit node and
a second transistor coupled between the first voltage ternumal and the additional circuit
node, wherein the first inverter is coupled between the circut node and the second
voltage termunal, and wherein the first transistor is configured to be turned on
responsive to the first intermediate voltage and the sccond transistor is configured o be
tumed on responsive to the second infermediate voltage.

§839] Additionally or alternatively, the circuit node and the additional circuit node are
isolated from each other.

j044] Additionally or alternatively, the second amplifier is configured to be activated
responsive to either the first mtermediate voltage exceeding a threshold voltage of the
first transistor or the second intermediate voltage exceeding a threshold voltage of the
second transistor.

{68411 Additionally or altermatively, further mcluded 18 a control circuit mcluding a
second transistor having a gate supplied with one of the first and sccond intermediate

voltages and one of a source and a drain coupled to a gate of the first transistor.
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{472} Additionally or alternatively, further included are a control circuit including a
second transistor having a gate supplhied with the first intermediate voltage and one of a
source and a drain coupled to a gate of the first transistor, and a third transistor having a
zate supplied with the second intermediate voltage and one of a source and a drain
coupled 1o the gate of the first transistor.

{0431 Additionally or alternatively, further included are a fourth transistor having one
of a source and a drain supplied with the first intermediate voltage and an other of the
source and the drain coupled to the first output node, and a fifth transistor baving one of
a source and a drain supplied with the second mtermediate voltage and an other of the
source and the drain coupled to the second output node.

{844} Additionally or alternatively, the fourth transistor has a gate coupled to the
second output node and the fifth transistor has a gate coupled to the first output node.

{045] Additionally or altematively, the fourth transistor has a gate coupled to the one
of the source and the drain of the second transistor and the fifth transistor has a gate
coupled to the one of the source and the drain of the third transistor.

{i48] Additionally or alternatively, the fourth and fifth transistors are configured to be
deactivated when a voltage of the first cotput node or the second output node exceeds a
threshold voltage of the fourth transistor and the fifth transistor.

i In another aspect of the disclosure, an apparatus includes a first amplifier
configured to receive a first input voltage and a second input voltage and further
configured to provide a first intermediate voltage on a first node and a second
micrmediate voltage on a second node. A first voltage switch is configured to provide
a first power supply voltage from a fivst power terminal to the first amplifier responsive
to a clock signal. A second voltage switch is configured to provide the first power
supply voltage responsive to the first intermediate voltage and the second intermediate
voltage. A second amplifier 1s contigured fo provide at least onc output signal
responsive to the first power supply voltage from the second voltage swiich.

{348 Additionally or alternatively, the first input voltage is provided as a data wnput
signal and the second input voltage is a reference voltage.

{45 Additionally or altematively, further ncluded 18 a first transistor including a
gate configured to receive the first mtermediate voltage, the first transistor configured

to change a voltage of a third node from the first power supply voltage to a second
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power supply voltage responsive to the first wntermediate voltage, wherein the first
voltage switch comprises a transistor mcluding a gate coupled to the third node.

it Additionally or alternatively, further included is a second transistor mchuding a
source and a drain, wherein one of the source and the drain is coupled to the first node
and an other of the source and the drain is coupled 1o an output node, wherein the first
transistor is configured to change the voltage of the third node responsive to the first
mtermediate voltage exceeding a threshold voltage of the seoond transistor.

§9511 Additionally or altematively, further included is a second transistor mncluding a
gate configured to receive the second miermediate voltage, contigured to change the
voltage of the third node from the first power supply voltage to the second power
supply voltage, responsive to the second intermediate voltage

foR3] Additionally or altematively, further included are a third transistor including a
source and a drain, wherein one of the source and the drain is coupled to the first node
and an other of the source and the drain 1s coupled to a first output node, a fourth
transistor including a source and a drain, wherein one of the source and the drain is
coupled to the sccond node and an other of the source and the drain is coupled o a
second output node, wherein the first transistor is configured to change the voltage of
the third node responsive to the first intermediate voltage exceeding a threshold voltage
of the third transistor, and wherein the second transistor is configured to change the
voltage of the third node responsive to the second intermediate voltage exceeding a
threshold voltage of the fourth transistor.

{6331 Additionally or alternatively, the third transistor and the fourth transistor have
gates coupled to the third node, and wherein the third and fourth transistors are
configured to be deactivated when a voltage of the first output node or the second
output node exceeds a threshold voltage of the third transistor and the fourth transistor.

§054] In another aspect of the disclosure an apparatus includes a first voltage switch
configured to provide a first power supply voltage from a first power terminal to the
first amplifier responsive to a clock signal. A first amplifier is configured to receive a
first input voltage and a second input voltage and further configured to provide a first
mtermediate voltage on a first node and a second intermediate voltage on a second
node. A second voltage switch is configured to provide a second power supply voltage

from a second power terminal responsive to the first intermediate voltage and the
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second intcrmediate voltage. A sccond amplifier configured to provide at least one
output signal responsive to the second power supply voliage from the second voltage
switch.

{O55] Additionally or altematively, the first input voltage s provided as a data input
signal and the second mnput voltage is a reference voltage.

{036] Additionally or alternatively, the second voltage switch meludes a first
transistor and a second transistor, wherein a gate of the first transistor is configured to
receive the first imtermediate voltage, and wherein a gate of the sccond transistor is
configured to receive the second ntermediate voltage.

{687 Additionally or alternanively, the second amplifier further inclades a first
inverter coupled between the first transistor and the first power terminal, and a second
mverter coupled between the second transistor and the fivst power terminal.

{088} Additionally or alternatively, the second amplifier is configured to be activated
responsive to either the first intermediate voltage exceeding a threshold voltage of the
first transistor or the second intermediate voltage exceeding a throshold voltage of the
second transistor.

{089] Other modifications which are within the scope of this invention will be readily
apparent to those of skill in the art based on this disclosare. Thus, it is intended that the
scope of at least some of the present invention herein disclosed should not be limited by

the particular disclosed embodiments deseribed above.
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CLAIMS

What is claimed is:

L. An apparatus comprising:

a first amoplifier configured to provide first and second intermediate voltages
responsive to first and second input voltages;

first and second voltage terminals;

a circuit node;

a first transistor coupled between the first voltage terminal and the circuit node
and configured to be twmed on responsive to at least one of the first and second
mtermediate voltages;

a second amplifier comprising first and second inverters, at least one of the first
and second inverters being coupled between the circuit node and the second voltage
terminal; and

first and second output nodes, the first output node being coupled to an input
node of the first inverter and an output node of the second inverter, and the second
output node being coupled to an output node of the first inverter and an wnput node of

the second inverter.

2. The apparatas of claim 1, firther comprising:

an additional circuit node; and

a second transistor coupled between the first voltage terminal and the additional
cirouit node,

wherein the first inverter is coupled between the circuit node and the second
voltage terminal, and

wherein the first transistor is configured to be tumed on responsive to the first
miermediate voltage and the second transistor is configured to be turned on responsive

to the second intermediate voltage.

3. The apparatus of claim 2, whercin the circuit node and the additional

circuit node are isolated from each other.
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4. The apparatus of claim 2, wherein the second amplificr 1s configured to
be activated responsive to either the first intermediate voltage exceeding a threshold
voltage of the first transistor or the second intermediate voltage exceeding a threshold

voltage of the second transistor,

5. The apparatus of claim 1, further comprising a control circuit including
a second transistor having a gate supplied with one of the first and second intermediate

voltages and one of a source and a drain coupled to a gate of the first transistor.

6. The apparatus of claim 1, further comprising a control circuit mcluding:

a second transistor having a gate supplied with the first mtermediate voltage and
one of a source and a drain coupled to a gate of the first transistor; and

a third transistor having a gate supplied with the second intermediate voltage

and one of a source and a drain coupled to the gate of the first transistor.

~

7. The apparatus of claim 6, further comprising:

a fourth transistor having one of a source and a drain supplied with the first
miermediate voltage and an other of the source and the drain coupled to the first output
node; and

a fifth transistor having one of a source and a drain supplied with the second
intermediate voltage and an other of the source and the drain coupled to the second

output node.

8. The apparatus of claim 7, wherein the fourth transistor has a gate
coupled 1o the second output node and the fifth transistor has a gate coupled to the first

output node.

23 The apparatus of clarm 7, wherein the fourth transistor has a gate
coupled to the one of the source and the drain of the second transistor and the fifth
transistor has a gate coupled to the one of the source and the drain of the third

transistor.
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10, The apparatus of clamm 9, wherein the fourth and fifth transistors are
configured to be deactivated when a voltage of the first output node or the second

output node exceeds a threshold voltage of the fourth transistor and the fifth transistor.

11, An apparatus comprising;

a first amplifier configured to receive a first input voltage and a second input
voltage and further configured to provide a first mtermediate voltage on a first node
and a second intermediate voltage on a second node;

a first voltage switch configured to provide a first power supply voltage from a
first power terminal to the first amplifier responsive to a clock signal;

a second voltage swiich configured to provide the first power supply voltage
responsive to the first intermediate voltage and the second intermediate voltage: and

a second amplifier configured to provide at least one output signal responsive to

the first power supply voltage from the second voltage switch.

12. The apparatus of claim 11, wherem the first nput voliage is provided as

a data input signal and the second input voltage is a reference voltage.

13 The apparatus of claim 11, further comprising:

a first transistor including a gate configured to receive the first intermediate
voltage, the first transistor configured to change a voltage of a third node from the first
power supply voltage to a sccond power supply voltage responsive to the first
micrmediate voltage,

wherein the first voltage swiich comprises a transistor including a gate coupled

to the third node.

14. The apparatus of claim 13, further comprising:
a second transistor including a source and a drain, whercin one of the source
and the dramn is coupled to the first node and an other of the source and the drain is

coupled to an output node,
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wherein the first transistor is contigured to change the voltage of the third node
responsive to the first intermediate voltage exceeding a threshold voltage of the second

transistor.

15. The apparatus of claim 13, further comprising:

a sccond transistor including a gate configured to receive the second
mtermediate voltage, configured to change the voltage of the third node from the first
power supply voltage to the second power supply voltage, responsive to the second

intermediate voltage

16.  'The apparatus of claim 15, further comprising:

a third fransistor including a source and a drain, wherein one of the source and
the drain is coupled to the first node and an other of the source and the drain s coupled
to a first output node;

a fourth transistor including a source and a drain, wherein one of the source and
the drain is coupled to the second node and an other of the scurce and the draimn is
coupled to a second cutput node,

wherein the first transistor is contigured to change the voltage of the third node
responsive to the first infermediate voltage exceeding a threshold voltage of the thurd
transistor, and

wherein the second transistor is configured to change the voltage of the third
node responsive to the second intermediate voltage exceeding a threshold voltage of the

fourth transistor.

17.  The apparatus of clanm 16, wherein the third transistor and the fourth
transistor have gates coupled to the third node, and

wherein the third and fourth transistors arc configured to be deactivated when a
voltage of the first output node or the second output node exceeds a threshold voltage

of the third transistor and the fourth transistor.
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18.  An apparatus comprising:

a first voltage switch configured to provide a first power supply voltage from a
first power terminal to the first amplifier responsive to a clock signal;

a first amplifier configured to receive a first input voltage and a second input
voltage and further configured to provide a first mtermediate voltage on a first node
and a second mntermediate voltage on a second node;

a second voltage switch configured to provide a second power supply voltage
from a second power terninal responsive to the first intermediate voltage and the
second mtermediate voltage; and

a second amplifier configured to provide at least one output signal responsive to

the second power supply voltage from the second voliage switch.

19, The apparatus of claim 18, wherem the first input voltage is provided as

a data mmput signal and the second input voltage is a reference voltage.

20.  The apparatus of claim 18, wherein the second voltage switch includes a
first transistor and a second transistor,

wherein a gate of the first transistor s configured to reccive the first
miermediate voltage, and

wherein a gate of the second transistor is configured to receive the second

ntermediaie voltage.

21, The apparatus of claim 20, whercin the sccond amplifier further
mcludes:

a first mverter coupled between the first transistor and the first power terminal;
and

a sccond iverter coupled between the second transistor and the first power

terminal.
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22, The apparatus of claim 20, wherein the sccond amplifier is configured to
be activated responsive to either the first intermediate voltage exceeding a threshold
voltage of the first transistor or the second intermediate voltage exceeding a threshold

voltage of the second transistor,
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