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(57) ABSTRACT 

An input buffer circuit for transforming pseudo differential 
input signals into full differential output signals Wherein, the 
input buffer circuit includes a pull-up current source, tWo 
pull-down current sources, a differential input portion, and a 
positive feedback portion. The pull-up current source is 
formed of tWo PMOS transistors Which are alWays in an 
“on” state, and provides an electric current. The tWo pull 
doWn current sources are each formed of an NMOS tran 

sistor, Which are alWays in an on state, and sink a pull-up 
electric current. The differential input portion is formed of 
tWo NMOS transistors, and receives an input signal and a 
reference signal, respectively. The positive feedback portion 
is formed of tWo NMOS transistors, and enlarges a voltage 
difference betWeen tWo output terminals of the input circuit 
using positive feedback. 
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INPUT BUFFER CIRCUIT FOR TRANSFORMING 
PSEUDO DIFFERENTIAL SIGNALS INTO FULL 

DIFFERENTIAL SIGNALS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a semiconductor 
integrated circuit. More particularly, the present invention 
relates to an input buffer circuit employed for a memory or 
a data processing system. 

[0003] 2. Description of the Related Art 

[0004] An input buffer circuit forms an input portion of a 
differential comparator, and the differential comparator has 
the functions of sampling a difference betWeen tWo input 
signals during a speci?c clock period, and storing/transmit 
ting the difference value. If the input buffer circuit of the 
differential comparator is used for a memory, the input 
signals are from a ?ash cell and a reference cell, and the 
output signals are fed to a differential input latch, Which is 
a neXt stage. If the input buffer circuit is used in a data 
processing system Where analog signals are transformed into 
digital signals, a difference betWeen a signal Which Will be 
transformed, and a processed reference signal is read, and 
the result is available as an output. 

[0005] FIG. 1 illustrates a circuit diagram of a circuit for 
sampling and holding a conventional pseudo differential 
input. Referring to FIG. 1, the conventional circuit includes 
an input buffer 110 for transmitting a pseudo differential 
input (Vin and Vref) to a ?ip-?op 120 Which is a neXt stage; 
a ?ip-?op 120 for sampling and holding an output signal of 
the input buffer 110; and an output portion 130 that converts 
an output signal of the ?ip-?op 120 to a logic level. 

[0006] The input buffer 110 includes a pull-up current 
source; 2 PMOS transistors (M1 and M2); a pull-doWn 
current source, an NMOS transistor (M5); and a differential 
input portion, NMOS transistors (M3 and M4). 

[0007] The ?ip-?op 120 includes NMOS transistors (M10 
and M11) for receiving the tWo output signals from the input 
buffer, PMOS transistors (M6 and M7) and NMOS transis 
tors (M8 and M9) for sampling and holding signals fed into 
the tWo NMOS transistors (M10 and M11), an NMOS 
transistor (M12) for keeping sampling and holding in syn 
chroniZation With a clock signal (Clk), and a sWitch (SW) 
operated by an inverted clock signal (Clkb). 

[0008] The output portion 130 includes tWo inverters 
(Inv1 and Inv2), PMOS transistors (M13, M14, M15 and 
M16) and NMOS transistors (M17, M18, M19 and M20) for 
enlarging a sWing Width of output signals (out and outb) as 
much as possible. 

[0009] HoWever, the conventional input buffer circuit 110 
described in FIG. 1 has at least one signi?cant disadvantage. 
Speci?cally, the difference betWeen an input signal (Vin) and 
a reference signal (Vref) is not large, or if there are frequent 
changes during one period of a clock signal (Clk), output 
node voltages 11 and 12 of the input buffer circuit 110 may 
vary. 

SUMMARY OF THE INVENTION 

[0010] To solve the above problems, it is a feature of an 
embodiment of the present invention to provide an input 
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buffer circuit Which transforms pseudo differential input 
signals into full differential output signals. 

[0011] Accordingly, to provide the above feature, there is 
provided an input buffer circuit including a pull-up current 
source for sourcing an electric current, tWo pull-doWn cur 
rent sources for sinking the sourcing electric current, a 
differential input portion for receiving differential input 
signals, and a positive feedback portion for enlarging the 
differential output voltage. 

[0012] The pull-up current source is formed of tWo PMOS 
transistors, the gates of Which are connected to a loW voltage 
poWer supply (Vss), so that an “on” state is alWays main 
tained and an electric current is provided to the differential 
input portion. It is preferable to make the siZe of the tWo 
transistors in the pull-up current source the same and pro 
vide the same amount of electric current to each of tWo 
output terminals. 

[0013] The ?rst pull-doWn current source and the second 
pull-doWn current source are each formed of one NMOS 
transistor. The gates of the ?rst and second pull doWn current 
sources are connected to an external applied poWer source, 
a bias voltage, in order to sink an electric current from the 
pull-up current source in a saturation region. The ?rst 
pull-doWn current source and the second pull-doWn current 
source sink an electric current ?oWing from the tWo PMOS 
transistors Which form the pull-up current source. 

[0014] The differential input portion is formed of tWo 
NMOS transistors, and receives an input signal (Vin) and a 
reference signal (Vref). An electric current corresponding to 
the voltage of the tWo received signals ?oWs from the 
pull-up current source to the tWo output terminals of the 
input buffer circuit, and the amount of the electric current is 
indicated as a voltage of the respective output terminals. 

[0015] The positive feedback portion is formed of tWo 
NMOS transistors, and When there is a voltage drop across 
the tWo output terminals of the input buffer circuit in 
response to the tWo input signals (Vin and Vref) applied to 
the differential input portion, a voltage drop betWeen the tWo 
output terminals is enlarged using positive feedback. 

[0016] These and other features of the present invention 
Will be readily apparent to those of ordinary skill in the art 
upon revieW of the detailed description that folloWs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] The above features and advantages of the present 
invention Will become more apparent by describing in detail 
a preferred embodiment thereof With reference to the 
attached draWings in Which: 

[0018] FIG. 1 illustrates a circuit diagram of a differential 
comparator With a built-in conventional input buffer circuit 
according to the prior art; and 

[0019] FIG. 2 illustrates a circuit diagram of an input 
buffer circuit according to a preferred embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0020] Korean Patent Application No. 00-47814, ?led 
Aug. 18, 2000, and entitled: “Input Buffer Circuit for 
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Transforming Pseudo Differential Signals into Full Differ 
ential Signals,” is incorporated by reference herein in its 
entirety. 
[0021] The present invention noW Will be described more 
fully With reference to the accompanying draWings, in Which 
preferred embodiments of the present invention are shoWn. 
The same reference numerals in different draWings represent 
the same element, and thus their description Will be omitted. 

[0022] Referring to FIG. 2, an input buffer circuit accord 
ing to an embodiment of the present invention includes a 
pull-up current source 210, tWo pull-doWn current sources 
220 and 221, a differential input portion 230, and a positive 
feedback portion 240. 

[0023] The pull-up current source 210 is formed of tWo 
PMOS transistors (M21 and M22), the gates of Which are 
connected to a loW voltage poWer supply (Vss), that is a 
ground voltage, so that an “on” state is alWays maintained 
for the pull-up current source. The pull-up current source 
210 provides an electric current to the NMOS transistors 
(M23 and M24) of the differential input portion 230, and the 
NMOS transistors (M26 and M27) of the positive feedback 
portion 240. It is preferable to make the siZes of the tWo 
transistors (M21 and M22) the same, so as to provide the 
same amount of electric current to each of the tWo output 
terminals 21 and 22. 

[0024] The ?rst pull-doWn current source 220 and the 
second pull-doWn current source 221 are formed of NMOS 
transistors M25 and M28, respectively. Gates of the NMOS 
transistors M25 and M28 are all connected to an external 
applied voltage, a bias voltage, so that an electric current is 
sunk from the pull-up current source 210 in a saturation 
region. The ?rst pull-doWn current source 220 and the 
second pull-doWn current source 221 sink an electric current 
?oWing from the tWo PMOS transistors M21 and M22 
Which form the pull-up current source 210. 

[0025] The differential input portion 230 is formed of tWo 
NMOS transistors (M23 and M24), and an input signal (Vin) 
is received at the gate of the NMOS transistor (M23), and a 
reference signal (Vref) is received at the gate of the NMOS 
transistor (M24). An electric current corresponding to the 
received tWo signals ?oWs from the pull-up current source 
210 to the tWo output nodes 21 and 22, and the amount of 
electric current is indicated as a voltage of the output nodes 
21 and 22, respectively. 

[0026] The positive feedback portion 240 is formed of tWo 
NMOS transistors (M26 and M27), and enlarges a voltage 
drop betWeen the tWo output nodes 21 and 22 using positive 
feedback When there is a voltage drop across the tWo output 
nodes 21 and 22 in response to the tWo input signals (Vin and 
Vref) applied to the differential input portion 230. 

[0027] Hereinafter, an input buffer circuit according to a 
preferred embodiment of the present invention Will be 
described more fully With reference to FIG. 2. Here, it is 
assumed that the PMOS transistor (M21) and the PMOS 
transistor (M22) have the same siZe, the NMOS transistor 
(M25) and the NMOS transistor (M28) have the same siZe, 
the NMOS transistor (M23) and the NMOS transistor (M24) 
have the same siZe, and the NMOS transistor (M26) and the 
NMOS transistor (M27) have the same siZe. 

[0028] If an input signal (Vin) is applied to the NMOS 
transistor (M23), and a reference signal (Vref) is applied to 
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the other NMOS transistor (M24), an electric current ?oWs 
in each of the output nodes 21 and 22, and voltage drop 
occurs in response to voltages of the tWo signals (Vin and 
Vref). Here, the output node voltages 21, 22 of FIG. 2 
correspond to the output node voltages 11 and 12 of FIG. 1, 
respectively. The ?rst output node voltage 21 provides 
positive feedback to the gate of the NMOS transistor (M27), 
and the second output node voltage 22 provides positive 
feedback, so that a difference betWeen the voltage of the ?rst 
output node 21 and the voltage of the second output node 22 
becomes larger. 

[0029] For eXample, if an input signal (Vin) Which is 
relatively larger than a reference signal (Vref) is applied, an 
electric current ?oWing in the ?rst output node 21 must be 
more than a current ?oWing in the second output node 22, so 
that the voltage at the ?rst output node 21 is less than that 
at the second output node 22. Since the ?rst output node 21 
is connected to a gate of the NMOS transistor (M27), and the 
second output node 22 is connected to a gate of the NMOS 
transistor (M26), the NMOS transistor (M26) further loWers 
a voltage of the ?rst output node 21, and on the contrary, the 
NMOS transistor (M27) still further raises the voltage of the 
second output node 22. The voltage difference betWeen the 
tWo output terminals becomes larger due to positive feed 
back. 

[0030] As described above, in the input buffer circuit 
according to an embodiment of the present invention, even 
though the voltage difference of tWo input signals is minute, 
the corresponding voltage difference betWeen the tWo output 
nodes 21 and 22 of the input buffer circuit is large, so that 
a recognition error of the signals in the neXt step can be 
prevented. 
[0031] As described above, the input buffer circuit accord 
ing to an embodiment of the present invention has an 
advantage in that it can stabiliZe output signals by internally 
transforming the input signals into full differential signals 
even though the difference betWeen voltages of the tWo input 
signals is minute. 

[0032] While the present invention has been particularly 
described With reference to preferred embodiments thereof, 
it Will be understood by those of ordinary skill in the art that 
various changes in form and details may be made therein 
Without departing from the spirit and scope of the invention 
as de?ned by the appended claims. 

What is claimed is: 
1. An input buffer circuit comprising: 

a ?rst output node; 

a second output node; 

a pull-up current source for sourcing an electric current to 
the ?rst output node and the second output node; 

a ?rst pull-doWn current source for sinking an electric 
current from the ?rst output node and the second output 
node; 

a second pull-doWn current source for sinking an electric 
current from the ?rst output node and the second output 
node; 

a differential input portion Which is connected betWeen 
the pull-up current source and the ?rst pull-doWn 
current source, and receives tWo input signals; and 
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a positive feedback portion Which is connected between 
the pull-up current source and the second pull-doWn 
current source, and enlarges a voltage difference 
betWeen the ?rst output node and the second output 
node. 

2. The input buffer circuit of claim 1, Wherein the positive 
feedback portion includes: 

a ?rst MOS transistor of Which a ?rst end is connected to 
the ?rst output node, a second end is connected to the 
second pull-doWn current source, and a gate is con 
nected to the second output node; and 

a second MOS transistor of Which a ?rst end is connected 
to the second output node, a second end is connected to 
the second pull-doWn current source, and a gate is 
connected to the ?rst output node. 

3. The input buffer circuit of claim 1, Wherein the second 
pull-doWn current source includes a third MOS transistor of 
Which a ?rst end is connected to the positive feedback 
portion, a second end is connected to the loW poWer supply, 
and a gate is connected to an external applied bias. 

4. The input buffer circuit of claim 1, Wherein the pull-up 
current source includes: 

a ?rst PMOS transistor having a gate connected to the loW 
poWer supply and having a ?rst end connected to the 
high poWer supply and a second end connected to the 
?rst output node; and 

a second PMOS transistor having a gate connected to the 
loW poWer supply and having a ?rst end connected to 
the high poWer supply and a second end connected to 
the second output node. 

5. The input buffer circuit of claim 1, Wherein the differ 
ential input circuit includes: 
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a ?rst NMOS transistor having a gate connected to an 
input signal Vin and having a ?rst end connected to the 
?rst output node and a second end connected to the ?rst 
pull-doWn current source; and 

a second NMOS transistor having a gate connected to the 
reference signal Vref and having a ?rst end connected 
to the second output node and a second end connected 
to the ?rst pull-doWn current source. 

6. The input buffer circuit of claim 5, Wherein the ?rst 
pull-doWn current source includes a third NMOS transistor 
having a gate connected to an external applied bias and 
having a ?rst end connected to the second ends of the ?rst 
and second NMOS transistors and a second end connected 
to the loW poWer supply. 

7. The input buffer circuit of claim 6, Wherein the positive 
feedback portion includes: 

a fourth NMOS transistor having a gate connected to the 
second output node and having a ?rst end connected to 
the ?rst output node and a second end connected to the 
second pull-doWn current source; and 

a ?fth NMOS transistor having a gate connected to the 
?rst output node and having a ?rst end connected to the 
second output node and a second end connected to the 
second pull-doWn current source. 

8. The input buffer circuit of claim 7, Wherein the second 
pull-doWn current source includes a sixth NMOS transistor 
having a gate connected to an external applied bias and 
having a ?rst end connected to the second ends of the fourth 
and ?fth NMOS transistors and a second end connected to 
the loW poWer supply. 


