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INPUT AND OUTPUT BUFFERS HAVING 
SYMMETRICAL OPERATING 

CHARACTERISTICS AND IMMUNITY 
FROM VOLTAGE VARIATIONS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a continuation of pending US. patent 
application Ser. No. 10/927,763, ?led Aug. 27, 2004, now 
US. Pat. No. 7,102,932. 

TECHNICAL FIELD 

This invention relates to bulfers of the type normally used 
to input and output signals in memory devices and other 
electronic devices, and more particularly to a buffer that 
responds to rising and falling edges of a digital signal in 
essentially the same manner With a timing that is substan 
tially insensitive to supply voltage and other voltage varia 
tions. 

BACKGROUND OF THE INVENTION 

Input and output buffers are commonly used in a Wide 
variety of electrical devices to couple digital signals to or 
from the electrical devices. The bulfers generally provide a 
high input impedance to avoid excessively loading circuits 
to Which they are connected, and they have a loW output 
impedance to simultaneously drive electrical circuits With 
out excessive loading. Input buffers are used, for example, 
to couple command, address and Write data signals from 
command, address and data buses, respectively, of memory 
devices, including dynamic random access memory 
(“DRAM”) devices. Output buffers are used in memory 
devices, for example, to couple read data to the data bus. 
As the operating speed of memory devices continues to 

increase, the timing at Which command, address and Write 
data signals, as Well as other signals, are coupled to circuits 
in memory devices has become more critical. Similarly, the 
timing at Which read data signals are coupled to external 
devices, such as memory controllers, has also become more 
critical. The manner in Which input buffers and output 
bulfers couple signals has therefore become very important 
to the high speed operation of memory devices. With ref 
erence to FIG. 1A, an input signal SIN applied to a buffer 
transitions from a loW or binary “0” value to a high or binary 
“1” value at time to. The input signal SIN then transitions 
from the high value to the loW value at time t2. In many 
cases, the voltage of the input signal S IN is compared to a 
reference voltage VREF, and the buffer sWitches When the 
magnitude of the input signal S IN increases above VREF or 
decreases beloW VREF. 

In response to the transitions of the input signal S IN, the 
buffer produces an output signal SOUZ, Which is shoWn in 
FIG. 1B. In response to the loW-to-high transition of the 
input signal S IN, the output signal S OUT also transitions from 
loW-to-high, and it reaches the midpoint of such transition at 
time t1. Similarly, the S OUT signal reaches the midpoint of its 
high-to-loW transition responsive to the high-to-loW transi 
tion of the input signal at time t3. The delay of the output 
signal SOUT after the loW-to-high transition of the S IN signal 
is commonly designated as tPLH. Similarly, the delay of the 
output signal S OUT after the high-to-loW transition of the S IN 
signal is commonly designated as tPHL. It is desirable for the 
magnitude of tPLH to be the same as the magnitude of tPHL, 
Which requires that the buffer have symmetrical operating 
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2 
characteristics. It is generally even more important that tPLH 
and tPHL remain constant despite environmental changes, 
such as changes in the magnitude of a supply voltage VCC 
or the reference voltage VREF. Otherwise, timing relation 
ships Will vary With these environmental changes, thus 
making it impossible for memory devices to operate at very 
high speeds Where timing tolerances are very small. 

FIGS. 1A and 1B shoW the operation of a “single-ended” 
buffer that receives a single input signal S IN and outputs a 
single output signals SOUT. HoWever, bulfers used in 
memory devices and other electronic devices are often 
differential bulfers that receive complementary input signals 
SIN, SIN* and output complementary output signals SOUP 
SOUT’X‘. HoWever, variations are also common, such as 
bulfers that receive a single input signal SIN and output 
complementary output signals SOUZ, SOUT* as Well as 
bulfers that receive complementary input signals SIN, S,N* 
and output a single output signals SOUT. 
The operating characteristics of a buffer receiving 

complementary input signals S IN, S ,N* and outputting 
complementary output signals SOUP SOUT* is shoWn in 
FIGS. 2A and 2B. With reference to FIG. 2A, complemen 
tary input signals SIN, SIN* applied to a buffer have a ?rst 
transition at time t0 and a second transition opposite the ?rst 
transition at time t2. The voltage of the input signals SIN, 
S ,N* are generally compared to each other, and the buffer 
sWitches When the magnitude of the input signal S IN 
increases above the S IN* signal or decreases beloW the SIN* 
signal. 
As shoWn in FIG. 2B, the output signals SOUT, S OUR‘ 

transition in response to the ?rst and second transitions of 
the input signals SIN, S,N* at times t1 and t2, respectively. 
Again, the delay betWeen t0 and t1 can be designated as t H H, 
and the delay betWeen t2 and t3 can be designated as t PHL. It 
is also important for t H H to have the same as the magnitude 
as t PHL, and for both of those parameters to be insensitive to 
environmental changes. 
A variety of input buffers and output buffers are in 

common use. Some of these bulfers have non-symmetrical 
topologies that tend to result in non-symmetrical operating 
characteristics. Even if the buffers do not have non-sym 
metrical operating characteristics, their t H H and tPHL param 
eters may vary excessively With environmental changes. For 
example, a self-biased differential ampli?er 10 as shoWn in 
FIG. 3 is commonly used as an input buffer in memory 
devices. The ampli?er 10 includes a pair of PMOS transis 
tors 14, 16 coupled to each other and to a supply voltage VCC 
to act as a current mirror so that current through the 
transistor 14 is equal to the current through the transistor 16. 
The current mirror operates by the transistor 14 sensing the 
current passing through it and generating a voltage that is 
used to control both transistors 14, 16. The drains of the 
transistors 14, 16 are coupled to respective NMOS transis 
tors 20, 24, Which receive complementary input signals VIN+ 
and VIN_ at their gates, respectively. HoWever, a reference 
voltage is often applied to the ampli?er 10, and the ampli?er 
operates as a “single-ended” ampli?er receiving a single 
input signal. The transistors 20, 24 function as a differential 
ampli?er to produce an output signal VOUT+ at the drain of 
the NMOS transistor 24 that has a magnitude that is pro 
portional to the difference betWeen VIN+ and V,N_. HoWever, 
in other implementations, the ampli?er 10 produce output 
signal VOUT+ and VOUT_ at the drain of the NMOS transistor 
24 and the drain of the NMOS transistor 20, respectively. 
Finally, an NMOS transistor 28 coupled to the sources of 
both NMOS transistors 20, 24 acts as a current sink to set the 



US 7,319,620 B2 
3 

current ?owing through the transistors 20, 24. The transistor 
28 is biased by coupling its gate to the drain of the transistor 
20. 

The differential ampli?er is referred to as “self-biased” 
because the bias voltage applied to the gate of the current 
sink transistor 28 is automatically adjusted to maintain the 
current through the transistor 28 constant as the supply 
voltage VCC and the temperature of the ampli?er 10 change. 
For example, if the current is reduced because of these 
changes, the voltage drop across the PMOS transistor 14 is 
reduced so that the bias voltage applied to the gate of the 
current sink transistor 28 is increased. As a result, the current 
through the PMOS transistor 14 is brought back to its 
original value. In a similar manner, if the current through the 
transistor 14 increases, the bias voltage applied to the gate 
of the current sink transistor 28 decreases so that the 
transistor 28 reduces the current through the PMOS transis 
tor 14 back to its original value. 

The self-biased differential ampli?er 10 provides good 
performance in a large number of applications. It is partly for 
that reason it is so Widely used. However, it is apparent from 
FIG. 3 that the ampli?er 10 has a non-symmetrical topology. 
In particular, the drain of only the PMOS transistor 14 is 
connected to the gates of the transistors 14, 16. The gate of 
the PMOS transistor 16 has no similar connection. Further 
more, the output signal VOUT+ of the differential ampli?er 10 
is taken from the drain of the NMOS transistor 24. Even if 
the ampli?er 10 provided a differential output by taking an 
output signal from the drain of the NMOS transistor 20, the 
ampli?er Would still have a non-symmetrical topology. 

The non-symmetrical topology of the ampli?er 10 causes 
its operating characteristics to be non-symmetrical so that 
response of the ampli?er 10 to loW-to-high transitions of the 
input signals VIN+ and VIN_, i.e., tPLH, does not match the 
response of the ampli?er 10 to high-to-loW transitions of the 
input signals VIN+ and V,N_, i.e., tPHL. Similar problems 
exist for other input and output buffer circuits that have 
non-symmetrical topologies. 

There is therefore a need for a buffer circuit that has a 
symmetrical con?guration so that it responds to loW-to-high 
transitions of input signals in the same manner that it 
responds to high-to-loW transitions of input signals. 

SUMMARY OF THE INVENTION 

A method of designing an input or output buffer by 
combining ?rst and second bulfer circuits each of Which 
have a non-symmetrical topology. The ?rst and second 
buffer circuit are combined by coupling the ?rst buffer 
circuit to the second buffer circuit in a manner that results in 
a buffer having a symmetrical topology. The resulting bulfer 
includes ?rst and second transistors coupled to each other in 
a current mirror con?guration, and third and fourth transis 
tors coupled to each other in a current mirror con?guration. 
Each of a pair of differential input transistors receive a 
respective input signal at its gate, and it is coupled to one of 
the transistors in a respective one of the current mirrors. A 
pair of current source transistors are coupled to the differ 
ential input transistors, and they are biased by one of the 
transistors in a respective one of the current mirrors. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A and 1B are timing diagrams shoWing the 
response of a conventional single-ended buffer to transitions 
of an input signal. 
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4 
FIGS. 2A and 2B are timing diagrams shoWing the 

response of a conventional differential buffer to transitions 
of an input signal. 

FIG. 3 is a schematic diagram of a conventional self 
biased differential ampli?er that is commonly used as a 
buffer. 

FIG. 4 is a schematic diagram of a symmetrical self 
biased differential ampli?er according to one embodiment of 
the invention. 

FIG. 5 is a schematic diagram of the ampli?er of FIG. 4 
draWn in a different manner. 

FIG. 6 is a schematic diagram of a symmetrical self 
biased differential ampli?er according to another embodi 
ment of the invention obtained by modifying the ampli?er of 
FIG. 4. 

FIG. 7 is a schematic diagram of another embodiment of 
a symmetrical self-biased differential ampli?er obtained by 
modifying the ampli?er of FIG. 4. 

FIG. 8 is a schematic diagram of a further embodiment of 
a symmetrical self-biased differential ampli?er obtained by 
modifying the ampli?er of FIG. 4. 

FIG. 9 is a schematic diagram of still another embodiment 
of a symmetrical self-biased differential ampli?er obtained 
by modifying the ampli?er of FIG. 4. 

FIG. 10 is a How chart shoWing a method of creating a 
symmetrical input or output buffer by combining non 
symmetrical buffers. 

FIG. 11 is a block diagram of an example of a memory 
device using input buffers and output bulfers according to 
various embodiments of the invention. 

FIG. 12 is a block diagram of a computer system using the 
memory device of FIG. 11. 

DETAILED DESCRIPTION 

In accordance With one embodiment of the invention, a 
pair of the non-symmetrical differential ampli?er 10 of FIG. 
3 can be combined to provide a symmetrical differential 
ampli?er that has symmetrical operating characteristics. 
HoWever, essentially the same technique can be used to 
provide a symmetrical bulfer from other types of buffers 
having a non-symmetrical topology. 

With reference to FIG. 4, a pair of the differential ampli 
?ers 10a,b are modi?ed and coupled to each other to provide 
a differential ampli?er 30 having a symmetrical topology. 
Speci?cally, a second NMOS current sink transistor 34a,b is 
provided in each ampli?er 10a,b in parallel With the current 
sink transistor 28a,b. The PMOS transistor 14a in the current 
mirror of the ?rst ampli?er 10a is then coupled to the gate 
of the added current sink transistor 34b in the second 
ampli?er 10b as Well as to the existing current sink transistor 
2811. Similarly, the PMOS transistor 14b in the current 
mirror of the second ampli?er 10b is coupled to the gate of 
the added current sink transistor 34a in the ?rst ampli?er 1011 
as Well as to the existing current sink transistor 28b. The 
input and output connections of the second ampli?er 10b are 
reversed from the input and output connections of the ?rst 
ampli?er 10a. Speci?cally, the VIN+ input signal is applied 
to the gate of the transistor 20a in the ?rst ampli?er 10a and 
to the gate of the transistor 24b in the second ampli?er 10b. 
In the same manner, the VIN_ input signal is applied to the 
gate of the transistor 24a in the ?rst ampli?er 10a and to the 
gate of the transistor 20b in the second ampli?er 10b. The 
VOUT+ output of the ?rst ampli?er 10a is taken from the drain 
of the NMOS transistor 16a, and the VOUT_ output of the 
second ampli?er 10b is also taken from the drain of the 
NMOS transistor 16b. Thus, the outputs of both ampli?ers 
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10a,b are taken from the same circuit node. As a result, the 
ampli?er 30 has an entirely symmetrical topology, and it 
therefore has symmetrical operating characteristics. The 
current sink transistors 28a,b and 34a,b preferably have a 
relatively high conductive resistance to minimize the poWer 
consumption of the ampli?er 30. 

The self-biased differential ampli?er 30 can be redraWn as 
shoWn in FIG. 5 so that its symmetrical topology is even 
more apparent. As shoWn in FIG. 5, the ampli?er 30 includes 
a center section 40, Which includes the current sensing 
transistors 14a, 14b in the current mirrors, and tWo side 
sections 42a,b. In operation, the voltages in the center 
section 40 remain substantially constant to provide com 
mon-mode feedback to help insure the symmetrical operat 
ing characteristics of the ampli?er 30. The voltages in the 
side sections 42a,b vary to a greater extent With changes in 
the input signals V,N+, V,N_, and it is these sections 42a,b 
that provide the output signals VOUTJF, VOUT_. 

The ampli?er 30 shoWn in FIGS. 4 and 5 can be modi?ed 
to improve its performance in several respects While still 
maintaining its symmetrical topology and performance. For 
example, since the drain of the current mirror sensing 
transistor 14a is coupled to the gate of tWo current sink 
transistors 28a, 34b that are in parallel With each other, the 
added current sink transistor 34b can be eliminated, as 
shoWn in the ampli?er 50 of FIG. 6. For the same reason, the 
added current sink transistor 3411 can be eliminated. Elimi 
nating the transistors 34a,b not only reduces the number of 
transistors needed for the ampli?er 50, but it alloWs the 
conductive resistance of the remaining current sink transis 
tors 28a,b to be reduced Without increasing poWer consump 
tion since there are no longer current sink transistors in 
parallel With the transistors 28a, b. 
As another example, the gain of the ampli?er 30 can be 

improved at the expense of a slight reduction in symmetrical 
performance by breaking the connection betWeen the origi 
nal current sink transistors 28a,b and the added current sink 
transistors 34a,b. The resulting ampli?er 60 is shoWn in FIG. 
7. Since the drains of current sink transistors 28a,b are no 
longer coupled to the drains of the current sink transistors 
34a,b in the center section, the output signals VOUTJF, VOUT_ 
vary to a greater extent in response to variations in the input 
signals VIM, V,N_. 
By Way of further example, the ampli?er 30 shoWn in 

FIGS. 4 and 5 can be modi?ed to reduce current consump 
tion as shoWn in FIG. 8. With reference to FIG. 8, the 
modi?ed ampli?er 70 adds a pair of cross-coupled PMOS 
transistors 64a,b. The modi?ed ampli?er 70 also breaks the 
connection betWeen the drains of the transistors 28a, 34b 
and betWeen 28b, 3411 as in the ampli?er 60 of FIG. 7. The 
transistor 64a is in parallel With the PMOS transistor 1411 
between VCC and the drain of the transistor 20a, and the 
transistor 64b is in parallel With the PMOS transistor 14b 
betWeen VCC and the drain of the transistor 20b. As men 
tioned above, the current sink transistors 28a,b and 34a,b in 
the ampli?er 30 preferably have a high conductive resis 
tance, Which is achieved by making the conductive channels 
of the transistors 28a,b and 34a,b relatively long. Using the 
ampli?er 70 With the added PMOS transistors 6411, b, poWer 
consumption can be reduced Without the need to use current 
sink transistors 28a,b and 34a,b having relatively long 
conductive channels. Furthermore, the addition of the 
PMOS transistors 64a,b alloW the ampli?er 70 to operate 
With a loWer value of supply voltage VCC. 

Finally, as shoWn in FIG. 9, the ampli?er 30 shoWn in 
FIGS. 4 and 5 can be modi?ed by eliminating not only the 
added current sink transistors 34a, b, but also by eliminating 
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6 
the differential transistors 24a and 24a. The resulting ampli 
?er 80 is entirely symmetrical, and it therefore provides 
symmetrical operating characteristics. The ampli?er 80 rep 
resents the most basic con?guration of an ampli?er obtained 
by combining tWo of the ampli?ers 30 shoWn in FIGS. 4 and 
5. Although the current through the current sink transistor 
2811 Will increase responsive to the output voltage VOUT_ 
increasing, that increase in current Will be countered by a 
decrease in the current through the current sink transistor 
28b response to the corresponding decrease in the output 
voltage VOUTJF. As a result, the total current remains sub 
stantially constant. Furthermore, the increase in the output 
voltage VOUT+ increases the resistance of the PMOS tran 
sistor 16b to reduce the voltage VOUT_, and the decrease in 
the voltage VOUT_ decreases the resistance of the PMOS 
transistor 16a to increase the voltage VOUTJF. This feedback 
characteristic alloWs the ampli?er 80 to provide relatively 
high gain. 

Although a feW examples of hoW the ampli?er 30 of 
FIGS. 4 and 5 can be modi?ed to provide an input or output 
buffer having symmetrical topologies and operating charac 
teristics, other modi?cations can also be made. For example, 
a self-biased differential ampli?er using a negative supply 
voltage can be created from any of the ampli?er designs 
shoWn in FIGS. 4-9 by simply substituting NMOS transis 
tors for the PMOS transistors shoWn in FIGS. 4-9, and by 
substituting PMOS transistors for the NMOS transistors 
shoWn in FIGS. 4-9. The resulting ampli?er can be com 
bined With one of the ampli?ers shoWn in FIGS. 4-9 to 
provided a self-biased differential ampli?er that can generate 
output voltages having a range betWeen a positive supply 
voltage and a negative supply voltage. Other modi?cation 
and combinations can also be used. 
The approach used to create the ampli?er 30 by combin 

ing tWo of the ampli?ers 10 shoWn in FIG. 3 to provide a 
symmetrical ampli?er can be generaliZed to provide an input 
or output buffer having symmetrical topologies and operat 
ing characteristics from virtually input or output buffer 
having a non-symmetrical topology and operating charac 
teristics. The technique is shoWn in the How chart of FIG. 10. 
First, tWo such circuits that are “mirror images” of each 
other are provided in step 90. The tWo circuits are then 
connected to each other in a symmetrical manner in step 94. 
Circuit elements, such as the added current sink transistors 
34a,b, are then added in step 96 if necessary to create circuit 
symmetry. Finally, as shoWn in step 98, circuit components 
that are noW in parallel With each other or otherWise redun 
dant are eliminated. 

Input buffers and output bulfers using the self-biased 
differential ampli?ers shoWn in FIGS. 4-9 or some other 
embodiment of the invention or a circuit generated using the 
design technique shoWn in FIG. 10 can be used in a memory 
device, as shoWn in FIG. 11. The memory device illustrated 
therein is a synchronous dynamic random access memory 
(“SDRAM”) 100, although various embodiments of input 
and output bulfers according to the present invention can be 
used in other types of memory devices, as Well as other types 
of digital devices. The SDRAM 100 includes an address 
register 112 that receives either a roW address or a column 
address on an address bus 114, preferably by coupling 
address signals corresponding to the addresses though one 
embodiment of input buffers 116 according to the present 
invention. The address bus 114 is generally coupled to a 
memory controller (not shoWn in FIG. 11). Typically, a roW 
address is initially received by the address register 112 and 
applied to a roW address multiplexer 118. The roW address 
multiplexer 118 couples the roW address to a number of 
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components associated With either of tWo memory banks 
120, 122 depending upon the state of a bank address bit 
forming part of the roW address. Associated With each of the 
memory banks 120, 122 is a respective roW address latch 
126, Which stores the roW address, and a roW decoder 128, 
Which applies various signals to its respective array 120 or 
122 as a function of the stored roW address. The roW address 
multiplexer 118 also couples roW addresses to the roW 
address latches 126 for the purpose of refreshing the 
memory cells in the arrays 120, 122. The roW addresses are 
generated for refresh purposes by a refresh counter 130, 
Which is controlled by a refresh controller 132. 

After the roW address has been applied to the address 
register 112 and stored in one of the roW address latches 126, 
a column address is applied to the address register 112 and 
coupled through the input bulfers 116. The address register 
112 couples the column address to a column address latch 
140. Depending on the operating mode of the SDRAM 100, 
the column address is either coupled through a burst counter 
142 to a column address bulfer 144, or to the burst counter 
142 Which applies a sequence of column addresses to the 
column address bulfer 144 starting at the column address 
output by the address register 112. In either case, the column 
address bulfer 144 applies a column address to a column 
decoder 148 Which applies various signals to respective 
sense ampli?ers and associated column circuitry 150, 152 
for the respective arrays 120, 122. 

Data to be read from one of the arrays 120, 122 is coupled 
to the column circuitry 150, 152 for one of the arrays 120, 
122, respectively. The data is then coupled through a read 
data path 154 to a data output register 156. Data from the 
data output register 156 is coupled to a data bus 158 through 
data output bulfers 159 according to various embodiments of 
the invention. Data to be Written to one of the arrays 120, 
122 is coupled from the data bus 158 to a data input register 
160 through data input bulfers 161 according to various 
embodiments of the invention. The data input register 160 
then couples the Write data to the column circuitry 150, 152 
Where they are transferred to one of the arrays 120, 122, 
respectively. A mask register 164 may be used to selectively 
alter the How of data into and out of the column circuitry 
150, 152, such as by selectively masking data to be read 
from the arrays 120, 122. 

The above-described operation of the SDRAM 100 is 
controlled by a command decoder 168 responsive to com 
mand signals received on a control bus 170 though com 
mand input bulfers 172 according to various embodiments 
of the invention. These high level command signals, Which 
are typically generated by a memory controller (not shoWn 
in FIG. 11), are a clock enable signal CKE*, a clock signal 
CLK, a chip select signal CS*, a Write enable signal WE*, 
a roW address strobe signal RAS*, and a column address 
strobe signal CAS*, Which the “*” designating the signal as 
active loW. Various combinations of these signals are regis 
tered as respective commands, such as a read command or 
a Write command. The command decoder 168 generates a 
sequence of control signals responsive to the command 
signals to carry out the function (e.g., a read or a Write) 
designated by each of the command signals. These com 
mand signals, and the manner in Which they accomplish 
their respective functions, are conventional. Therefore, in 
the interest of brevity, a further explanation of these control 
signals Will be omitted. 

FIG. 12 shoWs a computer system 200 containing the 
SDRAM 100 of FIG. 11. The computer system 200 includes 
a processor 202 for performing various computing func 
tions, such as executing speci?c softWare to perform speci?c 
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calculations or tasks. The processor 202 includes a processor 
bus 204 that normally includes an address bus, a control bus, 
and a data bus. In addition, the computer system 200 
includes one or more input devices 214, such as a keyboard 
or a mouse, coupled to the processor 202 to alloW an 
operator to interface With the computer system 200. Typi 
cally, the computer system 200 also includes one or more 
output devices 216 coupled to the processor 202, such output 
devices typically being a printer or a video terminal. One or 
more data storage devices 218 are also typically coupled to 
the processor 202 to alloW the processor 202 to store data in 
or retrieve data from internal or external storage media (not 
shoWn). Examples of typical storage devices 218 include 
hard and ?oppy disks, tape cassettes, and compact disk 
read-only memories (CD-ROMs). The processor 202 is also 
typically coupled to cache memory 226, Which is usually 
static random access memory (“SRAM”), and to the 
SDRAM 100 through a memory controller 230. The 
memory controller 230 is coupled to the SDRAM 100 
through the normally control bus 170 and the address bus 
114. The data bus 158 is coupled from the SDRAM 100 to 
the processor bus 204 either directly (as shoWn), through the 
memory controller 230, or by some other means. 

Although the present invention has been described With 
reference to the disclosed embodiments, persons skilled in 
the art Will recogniZe that changes may be made in form and 
detail Without departing from the spirit and scope of the 
invention. Such modi?cations are Well Within the skill of 
those ordinarily skilled in the art. Accordingly, the invention 
is not limited except as by the appended claims. 

I claim: 
1. A buffer circuit comprising: 
a ?rst dilferential ampli?er circuit having a ?rst topology; 

and 
a second dilferential ampli?er circuit having a second 

topology that is the mirror image of the ?rst di?ferential 
ampli?er circuit, the ?rst di?ferential ampli?er circuit 
being coupled to the second dilferential ampli?er cir 
cuit in a manner that results in the bulfer circuit having 
a symmetrical topology, each of the ?rst and second 
dilferential ampli?er circuits comprising: 
a ?rst pair of transistors coupled in a current mirror 

con?guration Whose gates are coupled to each other 
and coupled to the drain of one of the ?rst pair of 
transistors, and further having its sources coupled to 
a ?rst supply voltage; 

a second pair of transistors each con?gured to receive 
an input signal at its gate, Wherein the input signals 
are dilferential input signals, the second pair of 
transistors further having its sources coupled to each 
other and its drains respectively coupled to the drains 
of the ?rst pair of transistors; and 

a third pair of transistors Whose drains are coupled to 
the sources of the second pair of transistors and 
Whose sources are coupled to a second supply volt 
age. 

2. The bulfer circuit of claim 1 Wherein the ?rst supply 
voltage comprises a positive supply voltage, and Wherein the 
second supply voltage comprises a ground potential. 

3. The bulfer circuit of claim 1 Wherein the ?rst pair of 
transistors comprises PMOS transistors and the second and 
third pair of transistors comprise NMOS transistors. 

4. The bulfer circuit of claim 1 Wherein the ?rst ampli?er 
circuit and the second ampli?er circuit are symmetrically 
coupled together by coupling the gates of the third pair of 
transistors of the ?rst ampli?er circuit to the gates of the 
third pair of transistors of the second ampli?er circuit. 
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5. The buffer circuit of claim 1 wherein the ?rst ampli?er 
circuit and the second ampli?er circuit are symmetrically 
coupled together by coupling the sources of the second pair 
of transistors of the ?rst ampli?er circuit to the sources of the 
second pair of transistors of the second ampli?er circuit. 

6. The buffer circuit of claim 1 Wherein the gates of the 
third pair of transistors are biased by coupling the gates of 
the third pair of transistors to the gates of the ?rst pair of 
transistors. 

7. The buffer circuit of claim 1 further comprising a fourth 
pair of transistors coupled in a current mirror con?guration 
and coupled to the ?rst pair of transistors by coupling the 
gates and drains of the fourth pair of transistors to the gates 
and drains of the ?rst pair of transistors, and Wherein the 
sources of the fourth pair of transistors are coupled to the 
?rst supply voltage. 

8. The buffer circuit of claim 1 Wherein redundant circuit 
elements of the ?rst and second ampli?er circuits are sym 
metrically eliminated either to adjust the gain of the buffer 
circuit or adjust poWer consumption of the buffer circuit. 

9. A buffer circuit comprising: 
a ?rst ampli?er circuit having a ?rst output terminal 

providing a ?rst output signal, and having a predeter 
mined group of current mirror transistors and a prede 
termined group of differential transistors, each of the 
differential transistors con?gured to receive one of a 
pair of differential input signals; and 

a second ampli?er circuit having a second output terminal 
providing a second output signal that is complimentary 
to the ?rst output signal, and having the same number 
and type of current mirror transistors and the same 
number and type of differential transistors as the ?rst 
ampli?er circuit, the second ampli?er circuit con?g 
ured to receive the same respective differential input 
signals, the second ampli?er circuit being coupled to 
the ?rst ampli?er circuit in a manner such that the 
buffer circuit is con?gured to have a symmetrical 
topology and symmetrical operating characteristics, 
each of the ?rst and second ampli?er circuits further 
comprising a predetermined group of current sink tran 
sistors operable to counteract variations in the differ 
ential input and output signals in a manner such that the 
total current through the predetermined group of cur 
rent sink transistors is substantially constant. 

10. The buffer circuit of claim 9 Wherein the predeter 
mined group of current mirror transistors comprises four 
PMOS transistors, and Wherein the predetermined group of 
differential transistors comprises tWo NMOS transistors. 

11. The buffer circuit of claim 9 Wherein the predeter 
mined group of current sink transistors comprises tWo 
NMOS transistors. 

12. The buffer circuit of claim 9 Wherein redundant circuit 
elements of the ?rst and second ampli?er circuits are sym 
metrically removed to either adjust the gain of the buffer 
circuit or poWer consumption of the buffer circuit. 

13. The buffer circuit of claim 9 Wherein a predetermined 
number of circuit elements are symmetrically added to the 
buffer circuit to adjust either the gain of the buffer circuit or 
poWer consumption of the buffer circuit. 

14. The buffer circuit of claim 9 Wherein the ?rst ampli?er 
circuit symmetrically coupled to the second ampli?er circuit 
further comprises the ?rst output signal at the ?rst output 
terminal being con?gured to provide a positive feedback to 
the second output signal at the second output terminal in a 
manner that causes the gain of the buffer circuit to increase. 
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15. The buffer circuit of claim 9 further comprising: 
a third ampli?er circuit having a predetermined group of 

current mirror transistors and a predetermined group of 
differential transistors, each of the differential transis 
tors con?gured to receive one of a pair of differential 
input signals; and 

a fourth ampli?er circuit having the same number and 
type of current mirror transistors and the same number 
and type of differential transistors as the third ampli?er 
circuit, the fourth ampli?er circuit con?gured to receive 
the same respective differential input signal, the ?rst, 
second, third and fourth ampli?er circuits being 
coupled in a manner such that the buffer circuit is 
con?gured to have a symmetrical topology and sym 
metrical operating characteristics, Wherein the buffer 
circuit is operable to generate a range of output volt 
ages betWeen a positive supply voltage and a negative 
supply voltage. 

16. A memory device, comprising: 
a command decoder receiving memory command signals 

through externally accessible command input termi 
nals, the command decoder generating memory control 
signals responsive to predetermined combinations of 
the command signals; 

an address decoder receiving address signals through 
externally accessible address input terminals, the 
address decoder generating roW and column addressing 
signals responsive to the address signals; 

a memory array from Which data are read and to Which 
data are Written at locations corresponding the address 
signals responsive to the memory control signals; 

a data path extending betWeen a plurality of externally 
accessible data bus terminals and the memory array for 
coupling Write data signals from the externally acces 
sible data bus terminals to the memory array and read 
data signals from the memory array to the externally 
accessible data bus terminals; and 

a buffer coupled to one of the externally accessible 
terminals through Which at least one of the command 
signals, address signals, read data signals or Write data 
signals are coupled, the buffer comprising: 

a ?rst differential ampli?er circuit having a ?rst topology; 
and 

a second differential ampli?er circuit having a second 
topology that is the mirror image of the ?rst differential 
ampli?er circuit, the ?rst differential ampli?er circuit 
being coupled to the second differential ampli?er cir 
cuit in a manner that results in the buffer having a 
symmetrical topology and symmetrical operating char 
acteristics, each of the ?rst and second differential 
ampli?er circuits comprising; 
a ?rst predetermined group of transistors coupled in a 

current mirror con?guration Whose gates are coupled 
to each other and coupled to the drain of one of the 
?rst pair of transistors, and further having its sources 
coupled to a ?rst supply voltage; 

a second predetermined group of transistors each con 
?gured to receive an input signal at its gate, Wherein 
the input signals are differential input signals, the 
second pair of transistors further having its sources 
coupled to each other and its drains respectively 
coupled to the drains of the ?rst pair of transistors; 
and 

a third predetermined group of transistors Whose drains 
are coupled to the sources of the second pair of 
transistors and Whose sources are coupled to a sec 

ond supply voltage. 
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17. The memory device of claim 16 Wherein the ?rst 
predetermined group of transistors comprises tWo PMOS 
transistors, the second predetermined group of transistors 
comprises tWo NMOS transistors and the third predeter 
mined group of transistors comprises tWo NMOS transistors. 

18. The memory device of claim 16 Wherein the ?rst 
ampli?er circuit and the second ampli?er circuit are sym 
metrically coupled together by coupling the gates of the 
third predetermined group of transistors of the ?rst ampli?er 
circuit to the gates of the third predetermined group of 
transistors of the second ampli?er circuit. 

19. The memory device of claim 16 Wherein the ?rst 
ampli?er circuit and the second ampli?er circuit are sym 
metrically coupled together by coupling the sources of the 
second predetermined group of transistors of the ?rst ampli 
?er circuit to the sources of the second predetermined group 
of transistors of the second ampli?er circuit. 

20. The memory device of claim 16 Wherein the gates of 
the third predetermined group of transistors are biased by 
coupling the gates of the third predetermined group of 
transistors to the gates of the ?rst pair of transistors. 

21. The memory device of claim 16 Wherein the third 
predetermined group of transistors comprises a predeter 
mined group of current sink transistors operable to counter 
act variations in the differential input and output signals in 
a manner such that the total current through the predeter 
mined group of current sink transistors is substantially 
constant. 

22. The memory device of claim 16 further comprising: 
a third ampli?er circuit having a predetermined group of 

current mirror transistors and a predetermined group of 
differential transistors, each of the differential transis 
tors con?gured to receive a respective one of the 
differential input signals; and 

a fourth ampli?er circuit having the same number and 
type of current mirror transistors and the same number 
and type of differential transistors as the third ampli?er 
circuit, the fourth ampli?er circuit con?gured to receive 
the same respective differential input signals, the ?rst, 
second, third and fourth ampli?er circuits being 
coupled in a manner such that the buffer is con?gured 
to have a symmetrical topology and symmetrical oper 
ating characteristics, Wherein the buffer is operable to 
generate a range of output voltages betWeen a positive 
supply voltage and a negative supply voltage. 

23. The memory device of claim 16 Wherein the ?rst 
ampli?er circuit symmetrically coupled to the second ampli 
?er circuit further comprises a ?rst output signal at a ?rst 
output terminal being con?gured to provide a positive 
feedback to a second output signal at a second output 
terminal in a manner that causes the gain of the buffer to 
increase. 

24. The memory device of claim 16 Wherein redundant 
circuit elements of the ?rst and second ampli?er circuits are 
symmetrically eliminated either to adjust the gain of the 
buffer or adjust poWer consumption of the buffer. 

25. The memory device of claim 16 Wherein a predeter 
mined number of circuit elements are symmetrically added 
to the buffer to adjust either the gain of the buffer or poWer 
consumption of the buffer. 

26. A computer system, comprising: 
an integrated circuit processor having a plurality of exter 

nally accessible terminals coupled to a processor bus; 
an input device coupled to the processor through the 

processor bus adapted to alloW data to be entered into 
the computer system; 
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12 
an output device coupled to the processor through the 

processor bus adapted to alloW data to be output from 
the computer system; and 

a memory device coupled to a processor bus, the memory 
device comprising: 

a command decoder receiving memory command signals 
through externally accessible command input termi 
nals, the command decoder generating memory control 
signals responsive to predetermined combinations of 
the command signals; 

an address decoder receiving address signals through 
externally accessible address input terminals, the 
address decoder generating roW and column addressing 
signals responsive to the address signals; 

a memory array from Which data are read and to Which 
data are Written at locations corresponding the address 
signals responsive to the memory control signals; 

a data path extending betWeen a plurality of externally 
accessible data bus terminals and the memory array for 
coupling Write data signals from the externally acces 
sible data bus terminals to the memory array and read 
data signals from the memory array to the externally 
accessible data bus terminals; and 

a buffer coupled to one of the externally accessible 
terminals through Which at least one of the command 
signals, address signals, read data signals or Write data 
signals are coupled, the buffer comprising: 

a ?rst differential ampli?er circuit having a ?rst topology; 
and 

a second differential ampli?er circuit having a second 
topology that is the mirror image of the ?rst differential 
ampli?er circuit, the ?rst differential ampli?er circuit 
being coupled to the second differential ampli?er cir 
cuit in a manner that results in the buffer having a 
symmetrical topology and symmetrical operation char 
acteristics, each of the ?rst and second differential 
ampli?er circuits comprising; 
a ?rst predetermined group of transistors coupled in a 

current mirror con?guration Whose gates are coupled 
to each other and coupled to the drain of one of the 
?rst pair of transistors, and further having its sources 
coupled to a ?rst supply voltage; 

a second predetermined group of transistors each con 
?gured to receive an input signal at its gate, Wherein 
the input signals are differential input signals, the 
second pair of transistors further having its sources 
coupled to each other and its drains respectively 
coupled to the drains of the ?rst pair of transistors; 
and 

a third predetermined group of transistors Whose drains 
are coupled to the sources of the second pair of 
transistors and Whose sources are coupled to a sec 

ond supply voltage. 
27. The computer system of claim 26 Wherein the ?rst 

predetermined group of transistors comprises tWo PMOS 
transistors, the second predetermined group of transistors 
comprises tWo NMOS transistors and the third predeter 
mined group of transistors comprises tWo NMOS transistors. 

28. The computer system of claim 26 Wherein the ?rst 
ampli?er circuit and the second ampli?er circuit are sym 
metrically coupled together by coupling the gates of the 
third predetermined group of transistors of the ?rst ampli?er 
circuit to the gates of the third predetermined group of 
transistors of the second ampli?er circuit. 

29. The computer system of claim 26 Wherein the ?rst 
ampli?er circuit and the second ampli?er circuit are sym 
metrically coupled together by coupling the sources of the 
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second predetermined group of transistors of the ?rst ampli 
?er circuit to the sources of the second predetermined group 
of transistors of the second ampli?er circuit. 

30. The computer system of claim 26 Wherein the third 
predetermined group of transistors comprises a predeter 
mined group of current sink transistors operable to counter 
act variations in the differential input and output signals in 
a manner such that the total current through the predeter 
mined group of current sink transistors is substantially 
constant. 

31. The computer system of claim 26 further comprising: 
a third ampli?er circuit having a predetermined group of 

current mirror transistors and a predetermined group of 
differential transistors, each of the differential transis 
tors con?gured to receive a respective one of the 
differential input signals; and 

a fourth ampli?er circuit having the same number and 
type of current mirror transistors and the same number 
and type of differential transistors as the third ampli?er 
circuit, the fourth ampli?er circuit con?gured to receive 
the same respective differential input signals, the ?rst, 
second, third and fourth ampli?er circuits being 
coupled in a manner such that the buffer is con?gured 
to have a symmetrical topology and symmetrical oper 
ating characteristics, Wherein the buffer is operable to 
generate a range of output voltages betWeen a positive 
supply voltage and a negative supply voltage. 

32. The computer system of claim 26 Wherein redundant 
circuit elements of the ?rst and second ampli?er circuits are 
symmetrically eliminated either to adjust the gain of the 
buffer or adjust poWer consumption of the buffer. 

33. The computer system of claim 26 Wherein a prede 
termined number of circuit elements are symmetrically 
added to the buffer to adjust either the gain of the buffer or 
poWer consumption of the buffer. 

34. A method of designing a buffer circuit comprising: 
providing a ?rst ampli?er circuit and a second ampli?er 

circuit, the ?rst ampli?er circuit having the same circuit 
elements as the second ampli?er circuit; and 

coupling the ?rst ampli?er circuit and the second ampli 
?er circuit in a manner that results in a buffer circuit 
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having a symmetrical topology and symmetrical oper 
ating characteristics, each of the ?rst and second ampli 
?er circuits comprising a predetermined number of 
current mirror transistors coupled to a predetermined 
number of differential input transistors and a predeter 
mined number of current source transistors. 

35. The method of claim 34 Wherein the predetermined 
number of current mirror transistors comprises tWo PMOS 
transistors, and Wherein the predetermined number of dif 
ferential input transistors comprises tWo NMOS transistors, 
and the predetermined number of current source transistor 
comprises tWo NMOS transistor. 

36. The method of claim 34 further comprising adjusting 
the gain of the buffer circuit by either symmetrically elimi 
nating redundant circuit elements from the ?rst and second 
ampli?er circuits or symmetrically adding a predetermined 
number of circuit elements to the ?rst and second ampli?er 
circuits. 

37. The method of claim 34 further comprising adjusting 
poWer consumption of the buffer circuit by either symmetri 
cally eliminating redundant circuit elements from the ?rst 
and second ampli?er circuits or symmetrically adding a 
predetermined number of circuit elements to the ?rst and 
second ampli?er circuits. 

38. The method of claim 34 further comprising increasing 
the gain of the buffer circuit by providing a positive feed 
back to an output terminal of the second ampli?er circuit 
When an output signal at an output terminal of the ?rst 
ampli?er circuit is either increased or decreased. 

39. The method of claim 34 further comprising: 
providing a third ampli?er circuit that is oppositely con 

?gured relative to the ?rst ampli?er circuit; 
providing a fourth ampli?er circuit that is oppositely 

con?gured relative to the second ampli?er circuit; and 
symmetrically coupling the ?rst, second, third and fourth 

ampli?er circuits in a manner that causes the buffer 
circuit to generate a range of output voltages betWeen 
a positive supply voltage and a negative supply voltage. 


