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(57) ABSTRACT 

A loW noise output buffer to simultaneously reduce sWitch 
ing noise and output signal ringing for output ringing and 
maintain DC current. A temporary and a steady-state output 
buffers are supplied by a buffer voltage source and an 
internal circuit voltage source, respectively. Each driver has 
a pull-up and a pull-down transistors. While switching the 
output buffer from a high voltage level to a low voltage level 
or from a low voltage level to a high voltage level, a 
predriver and a single steady-state circuit are designed to 
respectively generate a large simultaneous switching noise 
at the buffer voltage source and a small simultaneous sWitch 
ing noise at the internal circuit voltage source. A Schmitt 
trigger circuit is also used to turn off the temporary driver, 
so as to reduce the output signal ringing While the steady 
state driver maintains a supply of DC current. In another 
design of a low noise output buffer to reduce ground bounces 
and output signal ringing as Well as to maintain a DC 
current, a temporary driver is used. An adaptive character 
istic of the loW noise output buffer under different loading 
conditions is achieved by a feedback circuit. The temporary 
driver is turned on only during the middle period of output 
transition time to provide an additional charging or discharg 
ing current. Since the temporary driver is alWays off apart 
from the transition period, the effect of reducing ground 
bounces and output signal ringing can thus be outstanding. 



Patent Application Publication Jul. 5, 2001 Sheet 1 0f 10 US 2001/0006349 A1 

_"— Van 

( Pin Parasitic inductance ) v10 

(Pad/Bonding wire Parasitic tnductargy?) r40 30 

Pad/Banding wire\ Pin Parasitic 
Parastic Inductance] inductance 

(Pad/Banding Parasitic Inductance 60 
CL -r 

(Pin Parasitic inductance)/\/5O 
_i_ Gnd : 

FIG. 1 
5.0 

2.5 - 

A 2.0 - 

E; 1.5 
:3 1.0 - 
a 

0.5 - 

0.0 - ' ' 

o 5 1o 15 20 

N0. of Switching Outputs 

FIG. 20 (PRIOR ART) 
3.5 

3.0 ' 

2.5 ' 

2.0 - 

1.5 ' 

1.0 ' 

0.5 ' 

0.0 

sswv) 

No. of Switching Outptits 
FIG. 2b (PRIOR ART) 





Patent Application Publication Jul. 5, 2001 Sheet 3 0f 10 US 2001/0006349 A1 

Quiei Pull-Up Tronsisior 
Go’re Volioge FolI Time 

I 

209 Buffer VoItoqe 

- \ Source VDD 

q 1r\/23O 
r 
r 
r 
| 
1 r 

1 

r 

I 
I 
l 
I 

I 
I 
I 
| 
I 

I 
1 
I 
I 
l 
1 
I 
| 
1 

Optimum NAND T?o éSN OI BUIIer Tro 
‘ oltoge Source 

Srze of Go’re{L) (ns) VDD (V) (n3) 
Dig 1/4 5.45 0.60 4.64 

1/2 1.89 0,92 4,29 
1 1.46 1.53 4.00 

v 2 1.24 1.60 440 

Buffer Volioqe 3 1.12 1.96 412 
Source Gnd 

FIG. 5 



Patent Application Publication Jul. 5, 2001 Sheet 4 0f 10 US 2001/0006349 A1 

Steady-State Pull-Up Transistor 
Gate Voltage Fall Time 

A 

200 E 
w A lnternal Circuit 

Voltage Source VDD 

260 

Internal Circuit 
Voltage Source Gnd . . 3311 f 1 t l s 1 01 m - ‘P "elm 

—l lze O plmu gfld) Circuit Voltage 
NOT GatelL1 i ng Source V00 (V) 

l 3.14 0.4l 
2 1.49 0-83 
3 1.11 1.09 
4 0.98 1-25 
5 0.85 131 

FIG. 6 



Patent Application Publication Jul. 5, 2001 Sheet 5 0f 10 US 2001/0006349 A1 

Vout I 

Buffer Voltage 
200 42 Source VDD 

_;._ rm“ 7 r- -__'_1 

\l i -:>i———wéd32 2 
r ' ——-J21O '—————~ I 

240/ w} :- /1 Internal Circuit 1 ‘(1,230 
l ' __L_ \lol’to e Source VDD‘ : | 1 9 | 

1 *F 12? T"? I l 
250 1 i} ' ‘ 1 l 1 26° 

1 1 Z 1 1I l 1 | I I i 
1 l! 1 1222 i | ! 

@1 :i 214 1 ‘5224 l g i \_ 
| I x 

} {l 1 i 1r‘ LA,” 220 
I ;l______l |___ __1_ ‘ 1 
l : Internal Czrculi : i 

____ ___j L____ Voltage SQULCQEFLDJ I 

‘r 1' :- /—234 2 
: .2__6. : 1_ ____ ___J 
l 
l- ———————— ——2fr5——‘ Buffer Voltage 

Source Gnd 



Patent Application Publication 

200 < 

300 1 

Jul. 5, 2001 

Buffer 
Source 

Voltage 
Voo 

Sheet 6 0f 10 US 2001/0006349 A1 

lniernol Circuit 
Vol’roge Source VDD 

E 
260 

Predriver 

Single steady-sure Circuit ["“r ' 
r} 2321 

220 q L 11 | 

1 r : 
?gzzz; I 1 

Predriver : I 

Aim} 1 5 |_ ___r| : 

2L) 1 r“ 230 
l | 

r‘ i 
go ?izm; 

Buffer Vol’roge 
Source Gnd 

FL 

Internal Circuit 
Voliuqe Source Gndl 

—-u 
l. 

F1 

334 i 
.] 

Buffer Voltoge 
Source Gnd 

6.9 



Patent Application Publication Jul. 5, 2001 Sheet 7 0f 10 US 2001/0006349 A1 

FIG. 10 

r 11111111111 IL m Q 

S 

VB \/_EN 6% LVV 
m a 

S 

VP. _\E/“ “my VV 

2 % V 

FIG. 11 



Patent Application Publication Jul. 5, 2001 Sheet 8 0f 10 US 2001/0006349 A1 

4-90 V002 

FIG. 12o 

Vout 

v‘ V* W? 

FIG. 12b 



Patent Application Publication Jul. 5, 2001 Sheet 9 0f 10 US 2001/0006349 A1 

PO - C\l - *- O 

eboHoA 



Patent Application Publication Jul. 5, 2001 Sheet 10 0f 10 US 2001/0006349 A1 

$25 @2328 E E5 EYES @@@ 

22nd @ 
“53E 655i 335 how“ 6 Q @ 

to? J G @ 

{lllllllll‘IlllYl'lllIllll‘lllllllllllll 
O E 

c 
c 
Lo 

LO. 
__ 

LO LC’) 
WPFDNN 

9501M 



US 2001/0006349 A1 

LOW NOISE OUTPUT BUFFER 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The invention relates in general to an output buffer. 
More particularly, this invention relates a loW noise output 
buffer Which can simultaneously reduce switching noise and 
output signal ringing and maintain a DC current supply, or 
even With the function of reducing ground bounces. 

[0003] 2. Description of the Related Art 

[0004] In a high operating speed digital circuit, the simul 
taneous sWitching noise (SSN) is the main source of noise. 
The output pad driver is the major contributor to simulta 
neous sWitching noise because of large transient currents 
?oWing through the bounding Wires, leadframe, and pin 
parasitic inductance. FIG. 1 shoWs a schematic diagram of 
a parasitic inductance induced after chip-package. A driver 
70 having a voltage source connected to pins via pads and 
bonding Wires induces a pin parasitic inductance 10 and a 
pad/bonding Wire parasitic inductance 20. Similarly, at 
ground terminal Gnd and Load terminal CL, pin parasitic 
inductance 50, 30 and pad/bonding Wire parasitic inductance 
60, 40 are induced. 

[0005] The simultaneous sWitching noise has the folloW 
ing outWard effects: 

[0006] (1) The maximum bouncing voltage of simul 
taneous sWitching noise betWeen voltage source and 
the ground terminal (VDD/Gnd (SSN)) increases 
When the number of simultaneous sWitching output 
is increased. As the increase of the bouncing voltage, 
the time for output voltage to achieve a steady state 
is delayed. Consequently, the speed of the digital 
circuit is affected. Referring to both FIG. 2a and 
FIG. 2b, according to the statistic analysis data, the 
delay time is increased When the number of sWitch 
ing outputs is increased. In addition, the SSN is 
increased as the increase of the number of the 
sWitching output. This indicates that the delay time 
increases When the sleW rate of current increases, so 
as the SSN. It is knoWn that to obtain a high speed 
performance, a MOS transistor of an output buffer is 
designed With a larger channel Width to improve the 
capability of driving current. HoWever, an enhanced 
driving current capacity induces a larger SSN and a 
longer delay time. It is very likely to cause a dete 
riorated performance or Wrong function. 

[0007] (2) FIG. 3 illustrates a schematic diagram of 
interference caused by SSN. Assuming that an active 
driver 90 and a quiet driver 100 have a common of 
VDD/Gnd, because the VDD/Gnd line are disturbed 
by SSN of the active driver 90, the quiet driver is 
disturbed through the VDD/Gnd line. When a high 
level H is supplied to the quiet driver 100 from an 
internal circuit 80, the output thereof is ?xed at a loW 
level L. MeanWhile, a signal of transferring from L 
to H is transmitted to n active drivers 90, so that one 
signal of transferring from H to L is generated by 
each of the n active drivers 90. n discharging currents 
thus How to the internal ground terminal 95 at the 
same time. Since a parasitic inductance exists 
betWeen the internal ground terminal 90 and an 
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external Gnd, a spike noise is generated betWeen 
internal ground terminal 95 and the external Gnd by 
n discharging currents ()nxidischarge). Thus, the quiet 
driver 100 With an output at L is still disturbed by the 
spike noise through the internal ground terminal. It is 
possible that a receiver 110 may receive the spike 
noise as the signal to perform a Wrong function. 

[0008] FIG. 4 shoWs a conventional output buffer made in 
order to reduce SSN. The output buffer 160 includes a quiet 
driver 120 coupled to a quiet VDD/quiet GND (quiet VDD/ 
GND) voltage source and a noise driver 130 coupled to a 
noise VDD/noise GND (noisy VDD/GND) voltage source. 
The quiet driver 120 further includes a quiet pull-up tran 
sistor 122, a quiet pull-doWn transistor 124, and a predriver 
composed of a ?rst NOR gate 141 and a second NOR gate 
142. The noise driver 130 includes a noise pull-up transistor 
132, a noise pull-doWn transistor 124, and a predriver 
composed of a third NOR gate 143 and a fourth NOR gate 
144. A ?rst feedback NOT gate 150 and a second feedback 
NOT gate 152 are used to feed back a signal of an output 
terminal. 

[0009] Under a steady state, When an input terminal 112 is 
H, an output terminal 114 is H, the ?rst NOR gate 141 has 
L and L inputs and an H output, the quiet pull-up transistor 
122 is turned on to provide H to the output terminals 114. 
The second NOR gate 142 has H and H inputs and an L 
output, the quiet pull-doWn transistor 124 is turned off. The 
third NOR gate 143 has an L input, an H input and an L 
output. The noise pull-up transistor 132 is turned off. The 
fourth NOR gate 144 has an L input, an H input and an L 
input. The noise pull-doWn transistor 132 is turned off. 
MeanWhile, only the quiet pull-up transistor 122 of the quiet 
driver 120 provides H to the output terminal. 

[0010] When the input terminal enters is sWitched from H 
to L, tWo steps are included: 

[0011] (1) Before the H state of the output terminal 
changes, since the input terminal 112 has been con 
verted into L, the ?rst NOR gate 141 has H and L 
inputs and L output, and the quiet pull-up transistor 
122 is turned off. The inputs of the second NOR gate 
142 are H and L and the output thereof is L, the quiet 
pull-doWn transistor 124 is turned off. The inputs of 
the third NOR gate 143 are H and H and the output 
thereof is L, the noise pull-up transistor 132 is turned 
off. The fourth NOR gate 144 has L and L inputs and 
H output, the noise pull-doWn transistor 132 is 
turned on to provide L to the output terminal 114. 
That is, a forepart of state transferring is to turn on 
the noise pull-doWn transistor 132 by the noise driver 
130, so as to provide L to the output terminal 114. 
MeanWhile, SSN is generated in the noise GND 
voltage source. 

[0012] (2) When the output terminal 114 is sWitched 
to L by the noise pull-doWn transistor 134 and fed 
back to the ?rst and the second feedback NOT gates 
150 and 152. the ?rst NOR gate 141 has H and H 
inputs and L output, the quiet pull-up transistor 122 
is thus turned off. The second NOR gate 142 has L 
and L inputs and an H output, so that the quiet 
pull-doWn transistor 124 is turned on to provide L to 
the output terminal 114. The inputs of the third NOR 
gate 143 are H and L and the output thereof is L, the 
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noise pull-up transistor 132 is turned off. For the 
fourth NOR gate 144, the inputs are H and L and the 
output is H, the noise pull-doWn transistor 132 is 
turned off. That is, When the state is switched to a 
steady state, the quiet pull-doWn transistor 124 of the 
quiet driver 120 is turned on to provide L to the 
output terminal 114. Thus, SSN at the quiet GND 
voltage source is greatly reduced Without affecting 
the internal circuit. 

[0013] Similarly, When the input terminal 112 is sWitched 
from L to H before the output terminal 114 is converted to 
H, the quiet driver 120 is turned off. The noise driver 130 is 
turned on to bear With a large SSN at the noise VDD/noise 
GND voltage source. When the output terminal 114 is 
sWitched to H, the noise driver 130 is turned off, the quiet 
driver 120 is turned on, a smaller SSN at the quiet VDD/quiet 
GND voltage source is resulted. 

[0014] The conventional output buffer has the folloWing 
drawbacks: 

[0015] (1) The output buffer uses tWo independent 
voltage sources for operation. The forepart of state 
transferring for the output terminal uses one voltage 
source, While the latter part of the state transferring 
uses another voltage source. 

[0016] (2) When the output terminal 114 is sWitched 
from H to L, or from L to H, With regard to the ?rst 
feedback NOT gate 150, a trigger level to turn off the 
noise driver 130 is the same as that to turn on the 
quiet driver 120. As a consequence, the speed of 
outputting signal is reduced. 

[0017] (3) When the noise driver 130 is off and the 
quiet driver 120 are on, the sleW rate to turn on the 
quiet pull-up or pull doWn transistor of the quiet 
driver 120 can not be too sloW. HoWever With a very 
fast sleW rate, SSN is increased. For the buffer 160, 
the SSN at quiet VDD/quiet GND is still too large. 

[0018] Many attempts of fabricating an output buffer With 
reduced ground bounces have also been made. In US. Pat. 
No. 5,708,386 published in Jan. 13, 1998, a “CMOS output 
buffer With reduced L-DI/DT noise” Was disclosed to 
achieve the objective. The patent discloses a driver circuit in 
Which tWo delays are used and both turned on during a 
transient time to limit the time for driving a output terminal, 
so as to reduce the noise generation. Thus, both the delay and 
the transient time are ?xed. Since the delay is a function of 
the load that the current is driving, proper operation depends 
on some eXtent of the load as knoWn. Therefore, this type of 
buffer varies With different loading condition. The ?xed 
delays thus can not Work properly to reduce the noise of 
poWer line for an unknoWn loading. 

SUMMARY OF THE INVENTION 

[0019] The invention provides a loW noise output buffer 
Which adapts only one independent voltage source accom 
panied With an internal circuit voltage source to substitute an 
additional independent voltage source used in the conven 
tional output buffer. Therefore, the consumption in voltage 
sources can be saved. 

[0020] In the loW noise output buffer, a Schmitt circuit is 
used to provide tWo trigger levels to respectively turn off the 
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pull-up transistor and the pull-doWn transistor, so as to 
enhance the operation speed of the output buffer. 

[0021] In addition, With the design of a predriver and a 
single steady-state circuit the SSN generated by an internal 
circuit voltage source is less than the SSN generated at the 
quiet VDD/quiet GND by the conventional output buffer. 

[0022] In one embodiment of the invention, a loW noise 
output buffer is provided. The loW noise output buffer 
comprises a data input terminal, a data output terminal, a 
predriver, a steady-state driver, a signal steady state means, 
and a temporary driver. The predriver includes a ?rst NOT 
gate and a second NOT gate each having an input terminal 
coupled to the data input terminal. The steady-state driver 
includes a steady-state pull-up transistor and a steady-state 
pull-doWn transistor. The steady-state pull-up transistor has 
a source coupled to a ?rst high voltage of an internal circuit 
voltage source, While a drain of the steady-state pull-up 
transistor is coupled to a drain of the steady-state pull doWn 
transistor. The drain of the steady-state pull-doWn transistor 
is further coupled to the data output terminal. The steady 
state pull-doWn transistor further includes a source coupled 
to a ?rst loW voltage of the internal circuit voltage source. 
A gate of the steady-state pull-doWn transistor is coupled to 
an output terminal of the second NOT gate. The single 
steady-state means includes a Schmitt circuit, a NAND gate 
and a NOR gate. An input terminal of the Schmitt circuit is 
coupled to the data output terminal to feedback a signal of 
the data output terminal. Both the input terminals of the 
NAND gate and NOR gate are coupled to the data input 
terminal and an output of the Schmitt circuit. The temporary 
driver includes a temporary pull-up transistor and a tempo 
rary pull-doWn transistor. The temporary pull-up transistor 
has a source coupled to a second high voltage of a buffer 
voltage source and a drain coupled to a drain of the tempo 
rary pull-doWn transistor. A drain of the temporary pull 
doWn transistor is coupled to the data output terminal. A 
source of the temporary pull-doWn transistor is coupled to a 
second loW voltage of the buffer voltage source. A gate of the 
temporary pull-up transistor is coupled to an output terminal 
of the NAND gate, While a gate of the temporary pull-doWn 
transistor is coupled to an output terminal of the NOR gate. 

[0023] In another embodiment of the invention, a loW 
noise output buffer With a predriver coupled to a data input 
terminal for transferring and outputting a signal thereof 
transferred is provided. Asteady-state driver operated by an 
internal circuit voltage source is coupled to the predriver to 
sWitch the signal thereof to a signal having a same state of 
the data input terminal. The sWitched signal is then fed into 
a data output terminal of the loW noise output buffer. The 
single steady-state means comprises a normally high state 
output terminal and a normally loW state output terminal 
coupled to both the data input and output terminals. Accord 
ing to signals of the data input and output terminals, a 
transient loW level is generated at the normally high state 
output terminal or a transient high level is generated at the 
normally loW state output terminal. A temporary driver uses 
a buffer voltage source to operate. The temporary driver is 
coupled to the normally high and loW output terminals, and 
according thereto, the temporary driver is turned on or off. 

[0024] Furthermore, the invention also provides a loW 
noise output buffer in Which gates of a temporary driver are 
not turned on/off simultaneously via various Ways of con 
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nection. Thus, the short circuit current of a CMOS can be 
eliminated to reduce the SSN. A feedback circuit is used to 
change the turn-off time according to the change of loading, 
so that the performances of current driving and high speed 
operation can be realiZed. 

[0025] The loW noise output buffer comprises an input 
node, an output node, a ?rst predriver, a steady-state driver, 
a delay unit, a feedback circuit a second predriver and a 
temporary driver. The loW noise output buffer is coupled to 
a ?rst voltage source and a second voltage source. The 
predriver being supplied by the second voltage source is 
coupled to the input node to sWitch and output an input node 
signal. The steady-state driver is supplied by the ?rst voltage 
source and coupled to the ?rst predriver to sWitch a ?rst 
predriver signal into a same state of the input node, and then 
to output ?rst predriver signal. The delay unit is operated by 
the second voltage source. The delay unit is coupled to the 
input node to delay the input node signal. Being operated by 
the second voltage source, the feedback circuit is coupled to 
the output node to feed back a state of an output node signal. 
The second predriver is operated by the second voltage 
source and coupled to the feedback circuit and the delay 
unit. The steady-state driver is operated by the ?rst voltage 
source, While the temporary driver is operated by the second 
voltage source. The temporary driver is coupled to the 
second predriver to be selectively turned or off according to 
an output of the second predriver. 

[0026] In the above loW noise output buffer, gates of the 
steady-state driver are respectively designed With various 
connection, so that the gates are not turned on or off 
simultaneously. The short-circuit current is thus eliminated, 
and the SSN is reduced. 

[0027] The loW noise output buffer uses a feedback circuit 
to alter the turn-off time according to a change of the load, 
so that the performance of driving current and high speed 
operation can be achieved. 

[0028] Both the foregoing general description and the 
folloWing detailed description are exemplary and eXplana 
tory only and are not restrictive of the invention, as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] FIG. 1 shoWs a schematic draWing of a parasitic 
inductance induced after chip-package; 

[0030] FIG. 2a shoWs a relationship betWeen a delay time 
and a number of sWitching output; 

[0031] FIG. 2b shoWs a curve re?ecting a relationship 
betWeen SSN and the number of sWitching number; 

[0032] FIG. 3 
caused by SSN; 

[0033] FIG. 4 shoWs a conventional output buffer With 
reduced SSN; 

[0034] FIG. 5 is a diagram simulating a single steady-state 
circuit of a pull-up transistor in a temporary driver; 

schematically illustrates interference 

[0035] FIG. 6 is a diagram simulating a predriver of a 
pull-up transistor in a steady-state driver; 

[0036] FIG. 7 illustrates a characteristic graph of a 
Schmitt circuit; 
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[0037] FIG. 8 is a circuit diagram of a loW noise output 
buffer according to an embodiment of the invention; 

[0038] FIG. 9 is a circuit diagram shoWing a coupling 
state for tWo loW noise output buffer provides by the 
invention; 
[0039] FIG. 10 is a circuit diagram of a loW noise output 
buffer according to another embodiment of the invention; 

[0040] FIG. 11 shoWs the circuit of the delay unit used in 
the loW noise output buffer shoWn in FIG. 10; 

[0041] FIG. 12a is a circuit diagram of the feedback 
circuit used in the loW noise output buffer as shoWn in FIG. 
10; 
[0042] FIG. 12b shoWs the characteristic of the feedback 
circuit as shoWn in FIG. 2a; 

[0043] FIG. 13 shoWs a relationship betWeen the turn-on 
voltage and the turn-on/off time of the temporary and the 
steady-state drivers While sWitching the output terminal 
from L to H; and 

[0044] FIG. 14 a relationship betWeen the turned-on/off 
voltage and the turn-on/off time of the temporary driver 
under different loading condition. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0045] The invention provides a loW noise output buffer 
having a design of driver structure including a steady-state 
driver and a temporary driver. The steady-state driver is 
coupled to an internal circuit voltage source and the tem 
porary driver is coupled to a buffer voltage source. Each of 
the steady-state and temporary drivers include a pull-up 
transistor and a pull-doWn transistor. The pull-up transistors 
have sources coupled to high voltage terminals VDD of a 
voltage source and drains coupled to drains of the pull doWn 
transistors. Sources of the pull-doWn transistors are coupled 
to loW voltage terminal Gnd of the voltage source. A data 
output terminal is obtained by connecting the drains of the 
transistors in both drivers. The design of a single steady 
state circuit and a predriver to control on/off of gates of the 
transistors in both drivers results in a large SSN generated in 
a buffer voltage source and a small SSN in an internal circuit 
voltages source. 

[0046] FIG. 5 simulates the single steady-state circuit of 
gate of the pull-up transistor in the temporary driver. The 
data presented in the table shoWn in FIG. 5 shoW a result of 
coupling ten output buffers to a single voltage source. Since 
the SSN of buffer voltage source VDD is not an important 
concerned issue here, only output delay time (Tro) of the 
temporary driver 230 is considered. In the table, When an 
NAND gate has a dimension of 3L the fall time (T?a) for 
gate voltage of the pull-up transistor is about 1.12 ns. 
MeanWhile, the SSN of the buffer voltage source VDD is 
about 1.96V and the output delay time (Tro) is about 4.12 ns. 
From the simulation result, to obtain a shortest output delay 
time (Tro) of 4.00 ns, the NAND gate 242 has a dimension 
of about L, the fall time of gate voltage of the pull-up 
transistor is about 1.46 ns, and the SSN of the buffer voltage 
source VDD is about 1.53 V. 

[0047] FIG. 6 illustrates an operation simulation for pre 
driver of gate of the pull-up transistor of the steady-state 
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driver. The data presented in the table shown in FIG. 5 show 
a result of coupling ten output buffers to a single voltage 
source. Since a minimum SSN of the steady-state driver 220 
is the major concerned issue, only the SSN is considered of 
the steady-state driver 220. In the table, When a NOT gate 
212 has a dimension of 5L1, the fall time (T?d) for gate 
voltage of the pull-up transistor is about 0.85 ns. MeanWhile, 
the SSN of the internal circuit voltage source VDD is about 
1.31 V. From the simulation result, to obtain a shortest 
minimum SSN of 0.41 V, the NOT gate 212 has a dimension 
of about L1, and the fall time (T?d) of gate voltage of the 
pull-up transistor is about 3.14 ns. 

[0048] According to FIG. 5 and FIG. 6, When the data 
output terminal 260 is sWitched from L to H, the gate voltage 
fall time of the pull-up transistor in the temporary driver 230 
is shorter than the gate voltage fall time of the pull-up 
transistor in the steady-state driver 220. Thus, the pull-up 
transistor in the temporary driver 230 is turned on earlier to 
generate a large SSN at the buffer voltage source VDD. In 
addition, the pull-up transistor of the steady-state driver 220 
is turned on later, a small SSN is thus generated at the 
internal circuit voltage source VDD. On the other hand, When 
the data output terminal 260 is sWitched from H to L the gate 
voltage fall time of the pull-up transistor in the temporary 
driver 230 is shorter than the gate voltage fall time of the 
pull-up transistor in the steady-state driver 230. Thus, the 
pull-doWn transistor of the temporary driver 230 is turned on 
earlier, a large SSN is thus generated at the buffer voltage 
source Gnd. The pull-up transistor in the steady-state driver 
220 is turned on later to generate a small SSN at the internal 
circuit voltage source Gnd. 

[0049] While sWitching the state, both of the drivers 220 
and 230 can be turned on simultaneously to provide a large 
driving current to speed up the sWitching operation. HoW 
ever, While the sWitching operation is complete, a large 
output signal ringing is generated if both of the drivers 220 
and 230 are still on. In the invention, a Schmitt circuit is used 
to monitor the data output terminal. When the sWitching 
operation of the data output terminal is about to be complete, 
the temporary driver 230 is turned off to reduce the output 
signal ringing. The characteristic of the Schmitt circuit is as 
shoWn in FIG. 7. When an input voltage is larger than V", 
the output is loW. On the contrary, When the input voltage is 
smaller than V“, the output is high. Thus, the Schmitt circuit 
includes tWo trigger levels. 

[0050] FIG. 8 shoWs a circuit diagram of the loW noise 
output buffer according to the invention. A data input 
terminal 250 and a data output terminal 260 are included. A 
predriver 210 comprises a ?rst NOT gate 212 and a second 
NOT gate 214. Input terminals of the ?rst NOT gate 212 and 
the second NOT gate 214 are coupled to the data input 
terminal 250. A steady-state driver 220 comprises a steady 
state pull-up transistor 222 and a steady-state pull-doWn 
transistor 224. The steady-state pull-up transistor 222 has a 
source coupled to a ?rst high voltage of an internal circuit 
voltage source (internal circuit voltage source VDD) and a 
drain coupled to a drain of the steady-state pull-doWn 
transistor 224. The drain of the steady-state pull-doWn 
transistor 224 is further coupled to the data output terminal 
260. Asource of the steady-state pull-doWn transistor 224 is 
coupled to a ?rst loW voltage of the internal circuit voltage 
source (the internal circuit voltage source Gnd). Adate of the 
steady-state pull-up transistor 222 is coupled to an output 
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terminal of the ?rst NOT gate 212, While a gate of the 
steady-state pull-doWn transistor 224 is couple to an output 
terminal of the second NOT gate 214. A single steady-state 
means 240 includes a Schmitt circuit 246, a NAN D gate 242 
and a NOR gate 244. The Schmitt circuit 246 has an input 
terminal coupled to the data output terminal 260. Input 
terminals of the NAND gate 242 and the NOR gate 244 are 
coupled to the data input terminal 250 and the Schmitt 
circuit 246. A temporary driver 230 comprises a temporary 
pull-up transistor 232 and a temporary pull-doWn transistor 
234. The temporary pull-up transistor 232 has a source 
coupled to a second high voltage of a buffer voltage source 
(buffer voltage source VDD) and a drain coupled to a drain 
of the temporary pull-doWn transistor 234. The drain of the 
temporary pull-doWn transistor 234 is further coupled to the 
data output terminal 260. A source of the temporary pull 
doWn transistor 234 is coupled to a ?rst loW voltage of the 
buffer voltage source (the buffer voltage source Gnd). A gate 
of the temporary pull-up transistor 232 is coupled to an 
output terminal of the NAND gate 242 (a normally high 
output terminal), While a gate of the temporary pull-doWn 
transistor 234 is couple to an output terminal of the second 
NOR gate 234 (normally loW output terminal). 

[0051] Under a steady state, the data input terminal 250 
and the data output terminal 260 are H, the ?rst and the 
second NOT gates 212 and 214 in the predriver 210 each has 
an L output. Therefore, the steady-state pull-doWn transistor 
224 is turned off, While the steady-state pull up transistor 
222 is turned on to provide the data output terminal 260 to 
H. The NAND gate 242 and the NOR gate 244 of the single 
steady-state means 240 provide L to the Schmitt circuit 246 
and H to the data input terminal 250. The NAND gate 242 
has a H output and the NOR gate 244 has a L output, and the 
temporary pull-up and pull-doWn transistor 232 and 234 in 
the temporary driver 230 are turned off. 

[0052] When the data input terminal 260 is sWitched from 
H to L, the operation comprises tWo stages: 

[0053] (1) When the data output terminal 260 is still 
under the H state, and the data input terminal 250 has 
been sWitched into L, the outputs of the ?rst NOT 
gate 212 and the second NOT gate 214 in the 
predriver 210 are H. The steady-state pull-up tran 
sistor 222 in the steady-state driver 220 is turned off, 
While the steady-state pull-doWn transistor 224 is 
turned off to provide a discharging current path to the 
data output terminal 260. MeanWhile, the inputs of 
the NAND gate 242 and the NOR gate 244 of the 
single steady-state means 240 provides L to the 
Schmitt circuit 246 and L to the data input terminal 
250. The outputs of the NAND gate 242 and the 
NOR gate 244 are both H, the temporary pull-up 
transistor 232 in the temporary driver 230 is turned 
off, While the temporary pull-doWn transistor 234 
thereof is turned on to provide another discharging 
current path to the data output terminal 260. 

[0054] By the designed introduced as above, the tempo 
rary pull-doWn transistor 234 in the temporary driver 230 is 
turned on earlier than the steady-state pull-doWn transistor 
224, so that a majority part of SSN is generated at the buffer 
voltage source Gnd. Therefore, the SSN generated at the 
internal circuit voltage source is greatly reduced. The SSN 
at a poWer source voltage source Gnd is thus Within a 
tolerable range. 
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[0055] (2) When the data output terminal 260 is 
switched from H to V‘, the output of the Schmitt 
circuit 246 is H. At this time, the state of the 
steady-state driver 220 is unchanged, and the steady 
state pull-doWn transistor 224 is remained on. The 
input terminals of the NAND gate 242 and the NOR 
gate 244 in the single steady-state means 240 provide 
H to the Schmitt circuit and L to the data input 
terminal 250. The output of the NAN D gate 242 is H, 
the output of the NOR gate 244 is L, in the temporary 
driver 230, the temporary pull-up and pull-doWn 
transistor 232 and 234 are both turned off. 

[0056] Thus, When the data output terminal 260 is about to 
approach L, the temporary pull-doWn transistor 234 in the 
temporary driver 230 is turned off to reduce the output signal 
ringing While the data output terminal approaches to L. 

[0057] When both the data input terminal 250 and the data 
output terminal 260 are L, the outputs of the ?rst and the 
second NOT gates 212 and 214 in the predriver 210 are H, 
the steady-state pull-up transistor 222 is turned off, and the 
steady-state pull-doWn transistor 224 is turned on to provide 
L to the data output terminal 260. The inputs of NAND gate 
242 and the NOR gate 244 in the single steady-state means 
240 provide H to the Schmitt circuit 246 and L to the data 
input terminal 250. The output of the NAND gate 242 is H,. 
While the output of the NOR gate 244 is L, the temporary 
pull-up transistor 232 and the temporary pull-doWn transis 
tor 234 are turned off. 

[0058] When the data input terminal 260 is sWitched from 
L to H, the operation comprises tWo stages: 

[0059] (1) When the data output terminal 260 is still 
under state L, since the data input terminal 250 has 
been sWitched into H, the outputs of the ?rst NOT 
gate 212 and the second NOT gate 214 in the 
predriver 210 are L. The steady-state pull-doWn 
transistor 224 in the steady-state driver 220 is turned 
off, While the steady-state pull-up transistor 222 is 
turned on to provide a charging current path to the 
data output terminal 260. MeanWhile, the inputs of 
the NAND gate 242 and the NOR gate 244 of the 
single steady-state means 240 provides H to the 
Schmitt circuit 246 and H to the data input terminal 
250. The outputs of the NAND gate 242 and the 
NOR gate 244 are both L, the temporary pull-doWn 
transistor 234 in the temporary driver 230 is turned 
off, While the temporary pull-up transistor 232 
thereof is turned on to provide another charging 
current path to the data output terminal 260. 

[0060] By the designed introduced as above, the tempo 
rary pull-up transistor 232 in the temporary driver 230 is 
turned on earlier than the steady-state pull-up transistor 222, 
so that a majority part of SSN is generated at the buffer 
voltage source VDD. Therefore, the SSN generated at the 
internal circuit voltage source VDD is greatly reduced. The 
SSN at a poWer source voltage source VDD is thus Within a 
tolerable range. 

[0061] (2) When the data output terminal 260 is 
sWitched from H to V", the output of the Schmitt 
circuit 246 is L. At this time, the state of the 
steady-state driver 220 is unchanged, and the steady 
state pull-doWn transistor 224 is remained on. The 
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input terminals of the NAND gate 242 and the NOR 
gate 244 in the single steady-state means 240 provide 
L to the Schmitt circuit and H to the data input 
terminal 250. The output of the NAN D gate 242 is H, 
the output of the NOR gate 244 is L, in the temporary 
driver 230, the temporary pull-up and pull-doWn 
transistor 232 and 234 are both turned off. 

[0062] Thus, When the data output terminal 260 is about to 
approach H, the temporary pull-up transistor 232 in the 
temporary driver 230 is turned off to reduce the output signal 
ringing While the data output terminal approaches to L. 

[0063] Referring to FIG. 9, a circuit diagram for coupling 
tWo loW noise output buffers is shoWn. In FIG. 5, the 
relationship betWeen the buffer voltage source and the 
internal circuit voltage source for coupling tWo loW noise 
output buffers is draWn. The temporary drivers 230 and 330 
are respectively coupled to the buffer voltage sources VDD/ 
Gnd, While the steady-state drivers are coupled to the 
internal circuit voltage sources VDD/Gnd. Assuming that the 
data output terminal 260 is L and the data output terminal 
360 is H, both the temporary drivers 230 and 330 are turned 
off. 

[0064] When the data output terminal 260 of the loW noise 
output buffer 200 is sWitched from L to H, a large SSN is 
generated at the internal circuit voltage source VDD. HoW 
ever, since the temporary driver 330 of the loW noise output 
buffer is turned off, the signal of the data output terminal 360 
is not to be affected. 

[0065] The invention thus provides a loW noise output 
buffer Which provides a buffer voltage source and uses an 
internal circuit voltage source to replace another indepen 
dent voltage source. Thus, the number of independent volt 
age sources is reduced. 

[0066] The invention uses a Schmitt circuit to provide tWo 
trigger levels to respectively turn of the temporary pull-up 
and pull-doWn transistors, so as to speed up operation of the 
output buffer. 

[0067] Furthermore, With the design of the predriver and 
the single steady-state means, the SSN generated at the 
internal circuit voltage source is much less compared to the 
SSN generated at the quiet VDD/quiet GND voltage source 
of the output buffer 

[0068] Referring to FIG. 10, another embodiment of a loW 
noise output buffer is illustrated. In vieWs of functions, the 
loW noise output buffer 400 comprises a temporary driver 
470, a steady-state driver 480, a ?rst predriver 440, a second 
predriver 450, a delay unit 460 and a feedback circuit 490. 
TWo independent voltage sources VDm/VSS1 and VDm/VSS2 
are used to operate the loW noise output buffer. 

[0069] The ?rst predriver 440 is operated using the second 
voltage source VDD2/VSS2. The ?rst predriver 440 comprises 
a ?rst NOT gate 442 and a second NOT gate 444. The ?rst 
NOT gate 442 includes a ?rst input terminal and a ?rst 
output terminal, While the second NOT gate 444 includes a 
second input terminal and a second output terminal. The ?rst 
input terminal and the second input terminal are coupled to 
each other at an input node 420. 

[0070] The steady-state driver 480 is operated by the ?rst 
voltage source VDDl/Vssl. The steady-state driver 480 
includes a steady-state PMOS 482 and a steady-state PMOS 



US 2001/0006349 A1 

484. The steady-state PMOS 482 has a source coupled to a 
?rst high voltage of the ?rst voltage source VDDl, and a 
drain region coupled to a drain of the steady-state NMOS 
484 Which is further coupled to an output node 430. Asource 
of the steady-state NMOS 484 is coupled to a ?rst loW 
voltage VSS1 of the ?rst voltage source VDDl/N $51. A gate of 
the PMOS 482 is coupled to the ?rst output terminal of the 
?rst NOT gate 442, While a gate of the NMOS 484 is 
coupled to the second output terminal of the second NOT 
gate 442. 

[0071] The delay unit 460 is operated by the second 
voltage source VDDZ/VSS2 and includes a delay input termi 
nal and a delay output terminal. A signal of the input node 
420 is delayed With a certain time to be sent to the second 
predriver 450 by the delay unit 460. The delay input terminal 
is coupled to the input node 420. 

[0072] Being supplied by the second voltage source VDD2/ 
V552, the feedback circuit 490 is used to feed back a state of 
an output node signal of the output node 430. The feedback 
circuit 490 includes a feedback input terminal and a feed 
back output terminal. The feedback input terminal is coupled 
to the output node 430. 

[0073] The second predriver 450 is operated by the second 
voltage source VDDZ/VSS2 and includes a NAND gate 452 
and a NOR gate 454. The NAND gate 452 and the NOR gate 
454 each has an input terminal coupled to the delay output 
terminal of the delay unit 460, and the other input terminal 
coupled to the feedback output terminal of the feedback 
circuit 490. 

[0074] The temporary driver 170 is operated by the ?rst 
voltage source VDDl/Vssl. The temporary driver 170 
includes a temporary PMOS 472 and a temporary NMOS 
474. A source of the temporary PMOS 472 is coupled to the 
?rst high voltage of the ?rst voltage source VDD1.Adrain of 
the temporary PMOS 472 is coupled to a drain of the 
temporary NMOS 474 Which is further coupled to the output 
node 430. A source of the temporary NMOS 474 is coupled 
to the ?rst loW voltage V551, of the ?rst voltage source 
VDDl/V $51. The PMOS 472 has a gate coupled to the output 
terminal of the NAND gate 452, While the NMOS 474 has 
a gate coupled to the output terminal of the NOR gate 454. 

[0075] Referring to FIG. 5, a circuit diagram of the delay 
unit 460 as shoWn in FIG. 4 is illustrated. The delay unit 460 
includes multiple CMOS circuits connected in series. Each 
CMOS circuit has an input terminal and an out terminal. An 
input terminal of a ?rst CMOS circuit 510 is the delay input 
terminal, While an output terminal of a last CMOS 520 is a 
delay output terminal of the delay unit 460. Each CMOS 
circuit has an input terminal coupled to an output terminal of 
a previous CMOS circuit. The ?rst CMOS circuit 510 
comprises a PMOS 512 and a NMOS 514. The PMOS 512 
has a source coupled to a second high voltage VDD2 of the 
second voltage source (VDD2/VSS2) and a drain coupled to 
a drain of the NMOS 514. A source of the NMOS 514 is 
coupled to a second loW voltage VSS2 of the second voltage 
source VDD2/VSS2. A gate of the PMOS 512 is coupled to a 
gate of the NMOS 514. The gate of the PMOS 512 is used 
as an input terminal, While the drain of the PMOS 514 is 
used as an output terminal of the CMOS circuit 510. The 
main function for the delay unit 460 is to delay a signal of 
the input node 420 With a certain time and then turns on the 
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temporary driver 470. For example, the certain time is about 
2-3 ns, and an even number of the CMOS circuits is required 
for the delay unit 460. 

[0076] FIG. 6a shoWs a circuit diagram of the feedback 
circuit 490 used in the loW noise buffer 400 as shoWn in 
FIG. 4. The feedback circuit 490 can be a Schmitt trigger 
circuit including a ?rst PMOS 491, a second PMOS 492, a 
third PMOS 193, a ?rst NMOS 496, a second NMOS 497 
and a third NMOS 498. The feedback input terminal is 
coupled to gates of the ?rst PMOS 191, the second PMOS 
192, the ?rst NMOS 496 and the second NMOS 497. A 
source of the ?rst PMOS 491 is coupled to a second high 
voltage VDD2 of the second voltage source VDD2/VSS2. A 
drain of the ?rst PMOS 491 is coupled to a source of the 
second PMOS 492. A drain of the second PMOS 492 is 
coupled to a drain of the second NMOS 497. A source of the 
second NMOS 497 is coupled to a drain of the ?rst NMOS 
496, and a source of the ?rst NMOS 496 is coupled to the 
second loW voltage VSS2 of the second voltage source 
VDD2/VSS2. The third PMOS 493 has a source coupled to 
both the drain of the ?rst PMOS 491 and the source of the 
second PMOS 492 and drain of the third PMOS 493 is 
coupled to the second loW voltage V552. The third NMOS 
498 has a drain coupled to the second high voltage VDD2 and 
a source region coupled to both the source of the second 
NMOS 497 and the drain of the ?rst NMOS 496. A gate of 
the third PMOS 493 is coupled to a gate of the third NMOS 
498. The feedback output terminal is coupled to the gate of 
the third PMOS 493 and the drain of the second PMOS 492. 

[0077] The characteristic of the feedback circuit 490 is 
shoWn in FIG. 6b. The Schmitt trigger circuit is a kind of 
dual steady-state circuit. When a voltage of the feedback 
input terminal is larger than a voltage of V“, the voltage of 
the feedback output terminal is sWitched from a high level 
(H) to a loW level When the voltage of the feedback 
input terminal is less than a voltage of V‘, the feedback 
output terminal is sWitched from L to H. With this design, 
the value of V+can be determined according to a siZe ratio 
betWeen the ?rst NMOS 496 and the third NMOS 198. 
Similarly, the value of V'can be determined according to a 
siZe ratio betWeen the ?rst PMOS 491 and the third PMOS 
493. 

[0078] When the input node 420 receives a signal of 
sWitching from H to L (an H-to-L signal), the ?rst and 
second NOT gates 442 and 444 output a H signal. Mean 
While, the steady-state PMOS 482 in the steady-state driver 
480 is off, While the steady-state NMOS 484 is on to provide 
a discharging current. The output node 430 is sWitched from 
H to L and outputs an H-to-L signal. 

[0079] With the ?rst predriver 440, the ?rst NOT gate 442 
and the second NOT gate 444 can be designed With different 
turn-on time, so that the steady-state PMOS 482 and the 
steady-state NMOS 484 of the steady-state driver 480 can 
not be turned on simultaneously. Therefore, the short-circuit 
current of the steady-state driver 480 can be greatly reduced 
to result in a reduced SSN. 

[0080] At an instant that the input node 420 receives a 
signal of sWitching from H to L, and When the output node 
430 is still under the H state before being sWitched, a voltage 
of the output node 430 is larger than V“. Therefore, the 
feedback output terminal is H Which is output to the input 
terminals of the NAND gate 452 and the NOR gate 454. 
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When the L signal of the input node 420 is delayed by the 
delay unit 460 With a certain time to reach the input 
terminals to the NAN D gate 452 and the NOR gate 454, both 
the NAND gate 452 and the NOR gate output a H signal, so 
that temporary PMOS 472 is off, and the temporary NMOS 
474 is on. That is, after the certain time after the transient 
period, the temporary NMOS is turned on to provide another 
path for discharging current, so that the speed of discharging 
is enhanced. 

[0081] When the voltage of the output node 430 is 
sWitched to loWer than V‘, the output of the feedback circuit 
490 is H. The input terminals of the NAN D gate 452 and the 
NOR gate 454 are L of the delay output terminal and the H 
the of the feedback output terminal, the NAN D gate 452 thus 
has a H output, While the NOR gate 454 has a L output. 
MeanWhile, the temporary PMOS 472 is on and the tempo 
rary NMOS 474 is off. Thus, during the state is sWitched 
from H to L to V‘, the temporary driver 470 is off. 

[0082] Similarly, When the input node 420 receives a 
L-to-H signal, the ?rst and the second NOT gates 440 and 
442 in the ?rst predriver 440 output a L signal. MeanWhile, 
the steady-state NMOS 484 is turned off, While the steady 
state PMOS 482 is turned on to provide a path of charging 
current. The output node 430 is thus sWitched from L to H. 

[0083] At an instant that the input node 420 receives a 
signal of sWitching from L to H, and When the output node 
430 is still under the L state before being sWitched, a voltage 
of the output node 430 is less than V". Therefore, the 
feedback output terminal is H Which is output to the input 
terminals of the NAND gate 452 and the NOR gate 454. 
When the H signal of the input node 420 is delayed by the 
delay unit 460 With a certain time to reach the input 
terminals of the NAN D gate 452 and the NOR gate 454, both 
the NAND gate 452 and the NOR gate output a L signal, so 
that temporary PMOS 472 is on, and the temporary NMOS 
474 is off. That is, after the certain time after the transient 
period, the temporary PMOS is turned on to provide another 
path for charging current so that the speed of discharging is 
enhanced. 

[0084] When the voltage of the output node 430 is 
sWitched to larger than V", the output of the feedback circuit 
490 is H. The input terminals of the NAN D gate 452 and the 
NOR gate 454 are H of the delay output terminal and the L 
the of the feedback output terminal, the NAN D gate 452 thus 
has a H output, While the NOR gate 454 has a L output. 
MeanWhile, the temporary PMOS 472 is off and the tem 
porary NMOS 474 is on. Thus, during the state is sWitched 
from H to L to V", the temporary driver 470 is off. 

[0085] Referring to FIG. 13, a turn-on/off time of the 
temporary and the steady-state drivers While the output node 
is sWitched from L to H is illustrated. In FIG. 13, the signals 
of the temporary driver and the steady-state driver are those 
of the gates of the temporary PMOS and steady-state PMOS, 
that is, both of the gates are turned on When the signals are 
L. As shoWn in the ?gure, the temporary driver provides a 
current charging path only during transient period to speed 
up the transient, While the steady-state driver remains on 
until the state is sWitched. 

[0086] Figure shoWs the turn-on period for the temporary 
driver When the output buffer is coupled to different loading. 
Due to the characteristic of the feedback circuit, different 
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turn-on periods are obtained under different loading. The 
curve (D illustrates the voltage of the output node When the 
loading is 50 pF and the turn-on period for the temporary 
driver is shoWn as the curve The curve @ illustrates the 
voltage of output node When the loading is 80 pF, and the 
turn-on period of the temporary driver is shoWn as the 
curve The curve @ shoWs the voltage of the output 
node under a loading of 160 pF, and the curve @ shoWs the 
turn-on period of the temporary driver. 

[0087] Since the temporary driver is turned off at the 
beginning and end of the transient period, so that the ground 
bounces and the output signal ringing can be greatly 
reduced. Furthermore, the SSN can also be reduced, so that 
a high speed operation of the drivers can be performed. 

[0088] In this embodiment of the invention, the design of 
different connection for gates of the steady-state driver 
prohibits the PMOS and the NMOS to be turned on or turned 
off simultaneously. Therefore, the short circuit current is 
eliminated to result in a reduced SSN. 

[0089] Moreover, the turn-off time of the temporary driver 
can be altered due to different loading of the feedback 
circuit, the capability of current driving can be enhanced and 
thus is advantageous to the high speed operation. 

[0090] Other embodiments of the invention Will appear to 
those skilled in the art from consideration of the speci?ca 
tion and practice of the invention disclosed herein. It is 
intended that the speci?cation and examples to be consid 
ered as exemplary only, With a true scope and spirit of the 
invention being indicated by the folloWing claims. 

What is claimed is: 
1. A loW noise output buffer coupled to a buffer voltage 

source and an internal circuit voltage source, comprising: 

a data input terminal; 

a data output terminal; 

a predriver, comprising a ?rst NOT gate and a second 
NOT gate, the ?rst NOT gate having a ?rst input 
terminal and a ?rst output terminal, While the second 
NOT gate having a second input terminal and a second 
output terminal, the ?rst input terminal and the second 
input terminal being coupled to the data input terminal; 

a steady-state driver, comprising a steady-state pull-up 
transistor and a steady state pull-doWn transistor, the 
steady-state pull-up transistor comprising a steady-state 
pull-up transistor source, a steady-state pull-up transis 
tor drain and a steady-state pull-up transistor gate, 
While the steady-state pull-doWn transistor comprising 
a steady-state pull-doWn transistor source, a steady 
state pull-doWn transistor drain and a steady-state pull 
doWn transistor gate, the steady-state pull-up transistor 
source being coupled to a ?rst high voltage of the 
internal circuit voltage source, the steady-state pull-up 
transistor drain being coupled to the steady-state pull 
doWn drain Which is further coupled to the data output 
terminal, the steady-state pull-doWn source being 
coupled to a ?rst loW voltage of the internal circuit 
voltage source, and the steady-state pull-up transistor 
gate being coupled to the ?rst output terminal, the 
steady-state pull-doWn transistor gate being coupled to 
the second output terminal; 
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a single steady-state means, comprising a Schmitt circuit, 
a NAND gate and a NOR gate, the Schmitt circuit 
comprising a Schmitt input terminal and a Schmitt 
output terminal, the Schmitt input terminal being 
coupled to the data output terminal to feed back a signal 
thereof, the NAND gate having tWo NAND gate input 
terminals and one NAND gate output terminal, the 
NOR gate having tWo NOR gate input terminals and 
one NOR gate output terminal, one of the NOR gate 
input terminals being coupled to the data input termi 
nal, While the other of the NOR gate input terminals 
being coupled to the Schmitt output terminal, one of the 
NAND gate input terminals being coupled to the data 
input terminal, While the other of the NAND gate input 
terminals being coupled to the Schmitt output terminal; 
and 

a temporary driver, comprising a temporary pull-up tran 
sistor and a temporary pull-doWn transistor, the tem 
porary transistor comprising a temporary pull-up tran 
sistor source, a temporary pull-up transistor drain and 
a temporary pull-up transistor gate, While the tempo 
rary pull-doWn transistor comprising a temporary pull 
doWn transistor source, a temporary pull-doWn transis 
tor drain and a temporary pull-doWn transistor gate, the 
temporary pull-up transistor source being coupled to a 
second high voltage of the buffer voltage source, the 
temporary pull-up transistor drain being coupled to the 
temporary pull-doWn drain Which is further coupled to 
the data output terminal, the temporary pull-doWn 
source being coupled to a second loW voltage of the 
buffer voltage source, and the temporary pull-up tran 
sistor gate being coupled to the NAND gate output 
terminal, the temporary pull-doWn transistor gate being 
coupled to the NOR output terminal. 

2. The loW noise output buffer according to claim 1, 
Wherein the ?rst NOT gate is turned on With a longer time 
compared to the NAND gate. 

3. The loW noise output buffer according to claim 1 
Wherein the second NOT gate is turned With a longer time 
compared to the NOR gate. 

4. The loW noise output buffer according to claim 1, 
Wherein the Schmitt circuit includes a dual steady-state 
circuit of Which the Schmitt output terminal is sWitched 
from a high level to a loW level When the Schmitt input 
terminal is larger than a voltage V". While the Schmitt output 
terminal is sWitched from a loW level to a high level When 
the Schmitt input terminal is smaller than a voltage V“. 

5. A loW noise output buffer, coupled to an internal circuit 
voltage source and a buffer voltage source, the loW noise 
output buffer comprising: 

a data input terminal; 

a data output terminal; 

a predriver, coupled to the data input terminal to sWitch 
and output a signal of the data input terminal; 

a steady-state driver, operating With a supply of the 
internal circuit voltage source, the steady-state driver 
being coupled to the predriver to sWitch a signal thereof 
into a same state of the signal of the data input terminal, 
so as to output the sWitched signal into the data output 
terminal; 

a single steady-state means, comprising a normally high 
output terminal and normally loW output terminal, the 
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single steady-state means being coupled to the data 
input terminal the data output terminal, so as to gen 
erate either a transient loW level at the normally high 
output terminal or a transient high level at the normally 
loW output terminal according to the signals of the data 
input and output terminals; and 

a temporary driver, using the buffer voltage source to 
operate, the temporary driver being coupled to the 
normally high output terminal and the normally loW 
output terminal, and the temporary driver is selectively 
turned on or off according to the normally high and loW 
output terminals. 

6. The loW noise output buffer according to claim 5, 
Wherein the predriver further comprises a ?rst NOT gate and 
a second NOT gate, the ?rst NOT gate has a ?rst input 
terminal and a ?rst output terminal, While the second NOT 
gate has a second input terminal and a second output 
terminal, the ?rst and the second input terminals are coupled 
to the data input terminal. 

7. The loW noise output buffer according to claim 6, 
Wherein the steady-state driver further comprises a steady 
state pull-up transistor and a steady-state pull-doWn transis 
tor, the steady-state pull-up transistor comprising a steady 
state pull-up transistor source, a steady-state pull-up 
transistor drain and a steady-state pull-up transistor gate, 
While the steady-state pull-doWn transistor comprising a 
steady-state pull-doWn transistor source, a steady-state pull 
doWn transistor drain and a steady-state pull-doWn transistor 
gate, the steady-state pull-up transistor source being coupled 
to a ?rst high voltage of the internal circuit voltage source, 
the steady-state pull-up transistor drain being coupled to the 
steady-state pull-doWn drain Which is further coupled to the 
data output terminal, the steady-state pull-doWn source 
being coupled to a ?rst loW voltage of the internal circuit 
voltage source, and the steady-state pull-up transistor gate 
being coupled to the ?rst output terminal, the steady-state 
pull-doWn transistor gate being coupled to the second output 
terminal. 

8. The loW noise output buffer according to claim 5, 
Wherein the single steady-state means further comprises a 
Schmitt circuit a NAND gate and a NOR gate, the Schmitt 
circuit comprising a Schmitt input terminal and a Schmitt 
output terminal, the Schmitt input terminal being coupled to 
the data output terminal to feed back a signal thereof, the 
NAND gate having tWo NAND gate input terminals and one 
NAND gate output terminal, the NOR gate having tWo NOR 
gate input terminals and one NOR gate output terminal, one 
of the NOR gate input terminals being coupled to the data 
input terminal, While the other of the NOR gate input 
terminals being coupled to the Schmitt output terminal, one 
of the NAND gate input terminals being coupled to the data 
input terminal, While the other of the NAND gate input 
terminals being coupled to the Schmitt output terminal 

9. The loW noise output buffer according to claim 8, 
Wherein the the Schmitt circuit includes a dual steady-state 
circuit of Which the Schmitt output terminal is sWitched 
from a high level to a loW level When the Schmitt input 
terminal is larger than a voltage V", While the Schmitt output 
terminal is sWitched from a loW level to a high level When 
the Schmitt input terminal is smaller than a voltage V‘. 

10. The loW noise output buffer according to claim 6, 
Wherein the temporary driver comprises a temporary pull-up 
transistor and a temporary pull-doWn transistor, the tempo 
rary transistor comprising a temporary pull-up transistor 
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source, a temporary pull-up transistor drain and a temporary 
pull-up transistor gate, While the temporary pull-doWn tran 
sistor comprising a temporary pull-doWn transistor source, a 
temporary pull-doWn transistor drain and a temporary pull 
doWn transistor gate, the temporary pull-up transistor source 
being coupled to a second high voltage of the buffer voltage 
source, the temporary pull-up transistor drain being coupled 
to the temporary pull-doWn drain Which is further coupled to 
the data output terminal, the temporary pull-doWn source 
being coupled to a second loW voltage of the buffer voltage 
source, and the temporary pull-up transistor gate being 
coupled to the NAND gate output terminal, the temporary 
pull-doWn transistor gate being coupled to the NOR output 
terminal 

11. The loW noise output buffer according to claim 8, 
Wherein the ?rst NOT gate is turned on With a longer time 
compared to the NAND gate. 

12. The loW noise output buffer according to claim 8, 
Wherein the second NOT gate is turned on With a longer time 
compared to the NOR gate. 

13. A loW noise output buffer, coupled to a ?rst voltage 
source and a second voltage source, the loW noise output 
buffer comprising: 

an input node; 

an output node; 

a ?rst predriver, operated by the second voltage source 
and including a ?rst NOT gate and a second NOT gate, 
Wherein the ?rst NOT gate comprises a ?rst input 
terminal and a ?rst output terminal, While the second 
NOT gate comprises a second input terminal and a 
second output terminal, the ?rst input terminal and the 
second input terminal are coupled to the input node; 

a steady-state driver, including a steady-state PMOS and 
a steady-state NMOS, the steady-state PMOS compris 
ing a steady-state PMOS source a steady-state PMOS 
drain and a steady-state PMOS gate, While the steady 
state PMOS comprising a steady-state NMOS source, a 
steady-state NMOS drain and a steady-state NMOS 
gate, Wherein the steady-state PMOS source is coupled 
to a ?rst high voltage of the ?rst voltage source, the 
steady-state PMOS drain is coupled to the steady-state 
NMOS drain Which is further coupled to the output 
node, the steady-state NMOS source is coupled to a 
?rst loW voltage of the ?rst voltage source, the steady 
state PMOS gate is coupled to the ?rst output terminal, 
and the steady-state NMOS gate is coupled to the 
second output terminal; 

a delay unit, operated by the second voltage source to 
delay a signal of the input node With a certain time, the 
delay unit comprising a delay input terminal and a 
delay output terminal, Wherein the delay input terminal 
is coupled to the input node; 

a feedback circuit, operated by the second voltage source 
and comprising a feedback input terminal and a feed 
back output terminal, the feedback input terminal is 
coupled to the output node to feed back a signal of the 
output node; 

a second predriver, operated by the second voltage source 
and comprising a NAND gate and a NOR gate; the 
NAND gate including tWo NAND gate input terminals 
and a NAND gate output terminal, While the NOR gate 
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including tWo NOR gate input terminals and a NOR 
gate output terminal, Wherein one of the NAND gate 
input terminals is coupled to the delay output terminal 
and the other NAND gate input terminal is coupled to 
the feedback output terminal, While one of the NOR 
gate input terminals is coupled to the delay output 
terminal and the other NOR gate input terminal is 
coupled to the feedback output terminal; and 

a temporary driver, comprising a temporary PMOS and 
temporary NMOS, the temporary PMOS including a 
temporary PMOS source, a temporary PMOS drain and 
a temporary PMOS gate, and the temporary NMOS 
including a temporary, NMOS source, a temporary 
NMOS drain and a temporary NMOS gate, Wherein the 
temporary PMOS source is coupled to the ?rst high 
voltage of the ?rst voltage source, the temporary 
PMOS drain is coupled to the temporary NMOS drain 
Which is further coupled to the output node, the tem 
porary NMOS source is coupled to the ?rst loW voltage 
of the ?rst voltage source, the temporary PMOS gate is 
coupled to the NAND gate output terminal, ad the 
temporary NMOS gate is coupled to the NOR gate 
output terminal. 

14. The loW noise output buffer according to claim 13, 
Wherein the ?rst predriver is designed to have the ?rst NOT 
gate having a turn-on time different from a turn-on time of 
the second NOT gate to reduce a short circuit current of the 
steady-state driver. 

15. The loW noise output buffer according to claim 13, 
Wherein the delay unit comprises a plurality of CMOS 
circuits connected in series, each of the CMOS circuits 
includes a CMOS input terminal and a CMOS out terminal, 
the CMOS input terminal of the ?rst CMOS circuit is 
coupled to the delay output terminal, each CMOS input 
terminal is coupled to a previous CMOS output terminal, 
and each CMOS output terminal is coupled to a folloWing 
CMOS input terminal. 

16. The loW noise output buffer according to claim 15, 
Wherein each CMOS circuit comprises a PMOS and a 
NMOS, a source of the PMOS is coupled to a second high 
voltage in the second voltage source, a drain of the PMOS 
is coupled to a drain of the NMOS, a source of the NMOS 
is coupled to a second loW voltage in the second voltage 
source, and a gate of the PCOS is coupled to a gate of the 
NMOS, and the drain of the PMOS is the CMOS input 
terminal. 

17. The loW noise output buffer according to claim 15, 
Wherein the certain time delayed by the delay unit is 
determined according to a number of the CMOS circuits. 

18. The loW noise output buffer according to claim 1 , 
Wherein the delay unit comprises an even number of CMOS 
circuits connected in series. 

19. The loW noise output buffer according to claim 13, 
Wherein the feedback circuit comprises a Schmitt trigger 
circuit including a ?rst PMOS, a second PMOS, a third 
PMOS, a ?rst NMOS, a second NMOS and a third NMOS, 
the feedback input terminal is coupled to a gate of the ?rst 
PMOS, a source of the ?rst PMOS is coupled to the second 
high voltage of the second voltage source, a drain of the ?rst 
PMOS is coupled to a source of the second PMOS, a drain 
of the second PMOS is coupled to a drain of the second 
NMOS, a source of the second NMOS is coupled to a drain 
of the ?rst NMOS, a source of the ?rst NMOS is coupled to 
the second loW voltage of the second voltage source, a drain 






