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control signals that are applied to the current source and sink 
transistors. Where a pair of current source and sink transis 
tors are used, each current source and sink transistor receives 
its control signal from a respective complementary pair of 
transistors. The differential ampli?er is entirely symmetrical 

and therefore provides improved common mode signal 
rejection and true differential outputs While still being able 
to operate at a high-speed. 

35 Claims, 4 Drawing Sheets 
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FULLY-DIFFERENTIAL AMPLIFIER 

TECHNICAL FIELD 

This invention relates to differential ampli?ers, and more 
particularly to an inherently symmetrical, high-speed differ 
ential ampli?er that may be used as a data buffer in memory 
devices such as dynamic random access memories 

(“DRAMs”). 
BACKGROUND OF THE INVENTION 

Differential ampli?ers are commonly used in the read data 
buffers or Write data buffers of memory devices, such as 
dynamic random access memories (“DRAMs”). Write data 
buffers couple Write data from one or more data terminals of 
the memory device to a memory array during a memory 
Write operation. Read data buffers couple read data from the 
memory array to one or more data terminals of the memory 
device during a memory read operation. Typically, data are 
coupled to and from the memory array in complimentary 
form, and are coupled to and from the data terminals in 
single ended form. Thus, Write and read data coupled 
betWeen the data terminals and the memory array must be 
converted betWeen single-ended and complimentary data 
formats. 

The logic level corresponding to the single-ended data is 
generally determined by Whether the voltage of the single 
ended data signal is greater or less than respective high and 
loW threshold voltages. The logic level corresponding to the 
complimentary data is generally determined by Whether the 
voltage of the data signal is greater than or less than the 
voltage of the complimentary data signal. If the voltage of 
the data signal is greater than the voltage of the complimen 
tary data signal, the data is considered to be a logic “1”. If 
the voltage of the data signal is less than the voltage of the 
complimentary data signal, the data is considered to be a 
logic “0”. 

The respective voltages corresponding to the complimen 
tary data coupled to and from the array often differ only 
slightly from each other. As a result, is can be difficult to 
determine Whether the voltage of the data signal is greater 
than the voltage of the complimentary data signal 
(corresponding to logic “1”) or the voltage of the data signal 
is less than the voltage of the complimentary data signal 
(corresponding to logic “0”). This problem is exacerbated in 
the presence of noise or other interference that may be 
coupled to the data and complimentary data lines. 

In a differential ampli?er, noise is usually impressed on 
both the data signal line and its complementary data signal 
line. Since the differential ampli?er responds to differences 
in the voltage applied betWeen its differential inputs, it does 
not signi?cantly respond to noise signals applied to both 
inputs. Thus, a potential advantage of using a differential 
ampli?er to amplify the complimentary data signals is that 
it Will often be insensitive to noise. Thus, differential ampli 
?ers display a high degree of immunity to common mode 
signals such as noise. 

Ideally, differential ampli?ers utiliZe symmetry to pro 
duce equal currents and voltages in identical portions of the 
differential ampli?er circuitry. One conventional differential 
ampli?er 10 is shoWn in FIG. 1. The ampli?er 10 includes 
a pair of NMOS transistors 12, 14 having their sources 
coupled to each other and to a current sink 16. As is knoWn 
in the art, the current sink 16 draWs a predetermined constant 
current from the transistors 12, 14. The gates of the transis 
tors 12, 14 receive respective differential input signals +VIN 
and —V,N. at respective input terminals 20, 22. The drains of 
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the transistors 12, 14 are coupled to a supply voltage VCC 
through respective load resistors 26, 28. An output voltage 
V0 is developed betWeen output terminals 30, 32 corre 
sponding to the voltage difference betWeen the input signals 
+VIN less —V,N. 

In operation, When the magnitude of +VIN increases and 
the magnitude of —V,N decreases, the percentage of the 
current I conducted by the transistor 12 increases and the 
percentage of the current I conducted by the transistor 14 
decreases, although the sum of the current ?oWing through 
the tWo transistors 12, 14 remains essentially constant. As a 
result, the voltage drop across the resistor 26 increases and 
the voltage drop across the resistor 28 decreases. The 
increased voltage drop across the resistor 26 causes the 
voltage at the output terminal 30 to decrease While the 
decreased voltage drop across the resistor 28 causes the 
voltage at the output terminal 32 to increase. Typically, the 
change in voltage of the output voltage V0 betWeen the 
terminals is signi?cantly greater than the change in voltage 
of +VIN less —V,N. The ampli?er 10 responds in the opposite 
manner to a decrease in the magnitude of +VIN and an 
increase in the magnitude of —V,N. 
While the differential ampli?er 10 does perform 

adequately in many applications, it has a variety of short 
comings When used in more demanding applications. For 
this reason, an improved differential ampli?er 40 shoWn in 
FIG. 2 Was developed. The differential ampli?er 40 is the 
result of adding to the differential ampli?er 10 of FIG. 1 
PMOS transistors 46, 48 used as load impedances, a PMOS 
transistor 50 used as a current source, and an NMOS 
transistor 52 used as a current sink. 

In operation, an increase in the input voltage +VIN 
increases the channel resistance of the PMOS transistor 46 
and decreases the channel resistance of the NMOS transistor 
12. As a result, the voltage on the output terminal 30 
decreases. At the same time, the corresponding increase in 
the input voltage —V,N decreases the channel resistance of 
the PMOS transistor 48 and increases the channel resistance 
of the NMOS transistor 14. As a result, the voltage on the 
output terminal 32 increases. 
When transistors 50, 52 are used to control the sum of the 

current through the transistors 12, 14, it can be difficult to 
bias the transistors 50, 52 in a stable manner. As a result, 
internal bias is often used. The internal bias of the differ 
ential ampli?er 40 of FIG. 2 results from the connection of 
the output terminal 30 to the gates of the current source and 
sink transistors 50, 52, respectively. As the voltage on the 
output terminal 30 increases, the channel resistance of the 
NMOS current sink transistor 52 decreases, but the channel 
resistance of the PMOS current source transistor 50 
increases. Conversely, as the voltage on the output terminal 
30 decreases, the channel resistance of the NMOS current 
sink transistor 52 increases and the channel resistance of the 
PMOS current source transistor 50 decreases. As a result, the 
sum of the current through the transistors 12, 14 remains 
essentially constant. 

Although the differential ampli?er 40 shoWn in FIG. 2 is 
biased in a stable manner, the manner in Which the biasing 
circuitry is connected can cause other problems. These 
problems result from the fact that the differential ampli?er 
40 is not entirely symmetrical because the bias circuit is 
connected to only one output terminal, namely the output 
terminal 30. There is no corresponding connection of a bias 
circuit to the output terminal 32. As a result, the bias circuit 
loads the PMOS transistor 46 and the NMOS transistor 12 
generating the output voltage on the output terminal 30, but 
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there is no corresponding load on the PMOS transistor 48 
and the NMOS transistor 14 generating the output voltage 
on the output terminal 32. This lack of symmetry can result 
in offset voltages at the differential output terminals 30, 32 
as Well as a reduced ability to reject common mode voltages, 
such as noise. 

As mentioned above, differential ampli?ers are com 
monly used in memory devices to couple data signals 
betWeen a memory array and data terminals of the memory 
device. For such applications, it is important that the differ 
ential ampli?er be able to operate at a high speed since the 
demand for higher performance in computers and computing 
circuitry requires memories that Will transfer data at a faster 
rate. It is therefore important that any solution to the above 
described problem does not limit the operating speed of 
differential ampli?ers. For example, noise in differential 
ampli?ers could be reduced by loW-pass ?ltering to limit the 
bandWidth of differential ampli?ers, but doing so Would 
limit the speed at Which differential ampli?ers could transfer 
data. 

There is therefore a need for a high speed, inherently 
symmetrical differential ampli?er that can be biased in a 
stable manner. 

SUMMARY OF THE INVENTION 

A differential ampli?er includes ?rst and second ampli 
fying circuits and an internal bias circuit. The ?rst and 
second amplifying circuits generate respective ?rst and 
second differential output signals from respective ?rst and 
second differential input signal. The internal bias circuit is 
structured to internally bias the ?rst and second amplifying 
circuits. Signi?cantly, the ?rst amplifying circuit, the second 
amplifying circuit, and the internal bias circuit are entirely 
symmetrical thereby ensuring true differential performance. 
The ?rst and second amplifying circuits preferably include 
respective pairs of PMOS and NMOS transistors coupled 
betWeen a current source node and a current sink node. The 
source of the PMOS transistor in each pair is coupled to the 
current source node, and the source of the NMOS transistor 
in each pair is coupled to the current sink node. The drains 
of the PMOS and NMOS transistors in each pair are coupled 
to each other to generate a respective one of the differential 
output signals. The gates of the PMOS and NMOS transis 
tors in each pair are coupled to each other and coupled to 
receive a respective one of the differential input signals. The 
internal bias circuit preferably includes ?rst and second 
electronically controlled current devices coupled betWeen 
respective positive and negative supply voltages and the 
current source and current sink nodes, respectively. The 
electronically controlled current devices each have a control 
terminal adapted to receive a voltage to control the current 
?oWing through the current device. The internal bias also 
preferably includes respective pairs of PMOS and NMOS 
transistors coupled betWeen the current source node and the 
current sink node. The source of the PMOS transistor in each 
pair is coupled to the current source node, and the source of 
the NMOS transistor in each pair is coupled to the current 
sink node. The drains of the PMOS and NMOS transistors 
in each pair are coupled to the control terminals of the ?rst 
and second electronically controlled current devices, and the 
gates of the PMOS and NMOS transistors in each pair are 
coupled to each other and coupled to receive a respective 
one of the differential input signals. 

The ?rst electronically controlled current device includes 
one PMOS transistor or a pair of PMOS transistors coupled 
source to the positive supply voltage, and drain to the current 
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source node. Where a single PMOS transistor is used, its 
gate coupled to the drains of the transistors in the pairs of 
transistors of the internal bias circuit. Where a pair of PMOS 
transistors are used, their gates are coupled to the drains of 
the transistors in respective pairs of transistors of the internal 
bias circuit. Similarly, the second electronically controlled 
current device includes one NMOS transistor or a pair of 
NMOS transistors coupled source to the negative supply 
voltage, and drain to the current sink node. Where a single 
NMOS transistor is used, its gate coupled to the drains of the 
transistors in the pairs of transistors of the internal bias 
circuit. Where a pair of NMOS transistors are used, their 
gates are coupled to the drains of the transistors in respective 
pairs of transistors of the internal bias circuit 

The inventive differential ampli?er is ideally used in the 
read buffer or the Write buffer of a memory device to couple 
signals betWeen an externally accessible data terminal and 
one or more memory arrays of the memory device. The 
resulting memory device may be used in a variety of 
electronic systems, including computer systems. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a conventional differ 
ential ampli?er circuit. 

FIG. 2 is a schematic diagram of a conventional, inter 
nally biased differential ampli?er. 

FIG. 3 is a schematic diagram of one embodiment of a 
differential ampli?er according to the present invention. 

FIG. 4 is a schematic diagram of another embodiment of 
a differential ampli?er according to the present invention. 

FIG. 5 is a block diagram of a memory device that uses 
the differential ampli?er of FIG. 3 or FIG. 4 to couple data 
signals betWeen the array of the memory device and exter 
nally accessible data terminals. 

FIG. 6 is a block diagram of a computer system using the 
memory device of FIG. 5. 

DETAILED DESCRIPTION OF THE 
INVENTION 

One embodiment of a differential ampli?er in accordance 
With the invention is shoWn in FIG. 3. As eXplained beloW, 
the differential ampli?er 60 is fully symmetrical, i.e., the 
circuitry coupled to one input terminal is the same as the 
circuitry coupled to the other input terminal, and the cir 
cuitry coupled to one output terminal is the same as the 
circuitry coupled to the other output terminal. Aresult of the 
symmetry in the topology of the differential ampli?er 60, the 
operation of the ampli?er 60 is fully differential. The dif 
ferential amplifer 60 is thus immune to common mode 
signals, such as noise, as Well as poWer supply variations. 
With reference to FIG. 3, the differential ampli?er 60 

receives complimentary input signals +Vin and —Vin on 
respective complimentary input terminals 62, 64, and it 
generates complimentary output signals +Vout and —Vout on 
respective complimentary output terminals 66, 68. 
The input signal +Vin is coupled from the input terminal 

62 to the gate of a PMOS transistor 70 and the gate of a 
NMOS transistor 72. The drains of the tWo transistors 70, 72 
are coupled to each other and to the output terminal 68 on 
Which the output signal —Vout is generated. The transistors 
70, 72 thus correspond essentially to the transistors 48, 14, 
respectively, in the differential ampli?er 40 of FIG. 2. The 
source of the PMOS transistor 70 is coupled to the drain of 
a current source PMOS transistor 76 While the drain of the 
NMOS transistor 72 is coupled to the drain of a current sink 
NMOS transistor 78. 
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The input terminal 62 receiving the input signal +Vin is 
also coupled to the gate of a PMOS transistor 80 and the gate 
of an NMOS transistor 82. The drains of the tWo transistors 
80, 82 are coupled to the gates of the current source and sink 
transistors 76, 78, respectively. The transistors 80, 82 thus 
correspond essentially to the transistors 46, 12, respectively, 
in the differential ampli?er 40 to FIG. 2. 

The above-described circuitry that includes the transistors 
70, 72 and 80, 82 is mirrored by the circuitry on the right 
hand side of FIG. 3. Thus, the input terminal 64 that receives 
the input signal —Vin is coupled to the gate of a PMOS 
transistor 90 and to the gate of an NMOS transistor 92. The 
drains of the transistors 90, 92 are coupled to each other and 
to the output terminal 66 on Which the output signal +Vout 
is generated. The transistors 90, 92 thus correspond essen 
tially to the transistors 70, 72 and 48, 14 in the differential 
ampli?er 40 of FIG. 2. The input terminal 64 is also coupled 
to the gate of an NMOS transistor 100 and to the gate of a 
PMOS transistor 102. The drains of the tWo transistors 100, 
102 are coupled to each other and to the gates of the current 
source and sink transistors 76, 78, respectively. The transis 
tors 100, 102 thus correspond essentially to the transistors 
80, 82 and 46, 12 in the differential ampli?er 40 of FIG. 2. 

It is important to note that the circuitry used in the 
differential ampli?ers 60 is entirely symmetrical. Each input 
terminal 62, 64 is coupled to a pair of transistors 70, 72 and 
90, 92, respectively, on Which an output signal is generated. 
Each input terminal 62, 64 is also coupled to a pair transis 
tors 80, 82 and 100, 102 that control the current source and 
sink transistors 76, 78, respectively. In particular, none of the 
transistors 80, 82 and 100, 102 that control the current 
source and sink transistors 76, 78 load the transistors 70, 72 
and 90, 92, respectively, on Which the output signal is 
generated. The complete symmetry of the differential ampli 
?er 60 thus alloWs it to have good common mode rejection 
While still being able to operate at high speeds. 

In operation, an increase in the voltage +Vin Will increase 
the channel resistance of the PMOS transistor 70 and 
decrease the channel resistance of the NMOS transistor 72. 
As a result, the voltage —Vout Will decrease. At the same 
time, the corresponding decrease in the voltage —Vin Will 
decrease the channel resistance of the PMOS transistor 90 
and increase the channel resistance of the NMOS transistor 
92. As a result, the voltage +Vout Will increase. The circuit 
responds in the opposite manner to a decrease in the voltage 
+Vin and corresponding increase in the voltage —Vin. Thus, 
noise and spurious signals present on each input are ampli 
?ed identically providing no difference in voltage at the 
output terminals 66, 68. 

The signals developed betWeen the transistors 80, 82 and 
betWeen the transistors 100, 102 internally bias the current 
source and sink transistors 76, 78, as also eXplained above 
eXcept that the voltage applied to the gates of the transistors 
76, 78 tends to remain more constant. The voltage applied to 
the gates of the transistors 76, 78 remains relatively constant 
because changes in the channel resistance of the PMOS 
transistor 80 are counteracted by an opposite change in the 
channel resistance of the PMOS transistor 100, and any 
change in the channel resistance of the NMOS transistor 82 
is counteracted by an opposite change in the channel assis 
tance of the NMOS transistor 102. 

An alternative embodiment of a differential ampli?er 120 
in accordance With the invention is illustrated in FIG. 4. The 
differential ampli?er 120 shoWn in FIG. 4 uses most of the 
same components connected in the same manner as the 

differential ampli?er 60 of FIG. 3. Therefore, in the interest 
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6 
of brevity, corresponding components in FIG. 4 Will be 
provided With the same reference numerals, and an eXpla 
nation of their operation Will not be repeated. 
The differential ampli?er 120 differs from the differential 

ampli?er 60 by using a pair of PMOS current source 
transistors 124, 126 instead of the single PMOS current 
source transistors 76 used in the differential ampli?er 60. 
Similarly, the differential ampli?er 120 uses a pair of NMOS 
current sink transistors 134,136 instead of the single current 
sink NMOS transistor 78 used in the differential ampli?er 
60. 

The gates of the current source transistor 124 and the 
current sink transistor 134 are coupled to the drains of the 
transistors 80, 82, While the gates of the current source 
transistor 126 and current sink transistor 136 are coupled to 
the drains of the transistors 100, 102. In operation, an 
increase in the voltage on the drains of the transistors 80, 82 
increases the channel resistance of the PMOS transistor 124 
and decreases the channel resistance of the NMOS transistor 
134. HoWever, those changes are counteracted by a decrease 
in the voltage on the drains of the transistors 90, 92 Which 
decreases the channel resistance of the PMOS transistor 126 
and increases the channel resistance of the NMOS transistor 
136. Thus, the resistance of the parallel combination of the 
PMOS transistors 124, 126 and the resistance of the parallel 
combination of the NMOS transistors 134, 136 remain 
essentially constant. 

FIG. 5 is a block diagram of one embodiment of a 
memory device 200 that can advantageously use the differ 
ential ampli?ers 60, 120 of FIGS. 3 or 4, respectively, to 
achieve superior performance. The memory circuit 200 
includes memory banks 250a and 250b each of Which 
includes one or more memory arrays. In one embodiment, 

the memory device 200 is a synchronous DRAM (SDRAM), 
although it may be another type of memory in other embodi 
ments. 

The memory device 200 includes an address register 242, 
Which receives an address from an ADDRESS bus. Acontrol 
logic circuit 244 receives a clock (CLK) signal, receives 
clock enable (CKE), chip select (?), roW address strobe ( 
RAS ), column address strobe (CAS ), and Write enable (W) 
signals from the COMMAND bus, and communicates With 
the other circuits of the memory device 200. A roW-address 
multiplexer 246 receives the address signal from the address 
register 242 and provides the roW address to the roW-address 
latch-and-decode circuits 248a and 248b for the memory 
bank 250a or the memory bank 250b, respectively. During 
read and Write cycles, the roW-address latch-and-decode 
circuits 248a and 248b activate the Word lines of the 
addressed roWs of memory cells in the memory banks 250a 
and 250b, respectively. Read/Write circuits 252a and 252b 
read data from the addressed memory cells in the memory 
banks 250a and 250b, respectively, during a read cycle, and 
Write data to the addressed memory cells during a Write 
cycle. A column-address latch-and-decode circuit 254 
receives the address from the address register 242 and 
provides the column address of the selected memory cells to 
the read/Write circuits 252a and 252b. For clarity, the 
address register 242, the roW-address multiplexer 246, the 
roW-address latch-and-decode circuits 248a and 248b, and 
the column-address latch-and-decode circuit 254 can be 
collectively referred to as an address decoder. 

A data input/output (I/O) circuit 256 includes a plurality 
of Write buffers 258. During a Write cycle, the buffers 258 
receive and store Write data from the DATA bus, and the 
read/Write circuits 252a and 252b provide the stored data to 
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the memory banks 250a and 250b, respectively. The data I/O 
circuit 256 also includes a plurality of read buffers 260. 
During a read cycle, the read/Write circuits 252a and 252b 
provide data from the memory banks 250a and 250b, 
respectively, to the buffers 260, Which in turn provide this 
data to the DATA bus. The Write buffers 258 may use a 
differential ampli?er 60, 120 in accordance With the inven 
tion to couple Write data from the DATA bus to the memory 
banks 250a and 250b via the read/Write circuits 252a and 
252b, respectively. Similarly, the read buffers 260 may use 
a differential ampli?er 60, 120 in accordance With the 
invention to couple read data from the memory banks 250a 
and 250b to the DATA bus via the read/Write circuits 252a 
and 252b, respectively. 
A refresh counter 262 stores the address of the roW of 

memory cells to be refreshed either during a conventional 
auto-refresh mode or self-refresh mode. After the roW is 
refreshed, a refresh controller 264 updates the address in the 
refresh counter 262, typically by either incrementing or 
decrementing the contents of the refresh counter 262 by one. 
Although shoWn separately, the refresh controller 264 may 
be part of the control logic 244 in other embodiments of the 
memory device 200. 

The memory device 200 may also include an optional 
charge pump 266, Which steps up the poWer-supply voltage 
VDD to a voltage VDDP. In one embodiment, the pump 266 
generates VDDP approximately 1—1.5 V higher than VDD. 
The memory device 200 may also use VDDP to convention 
ally overdrive selected internal transistors. 

FIG. 6 is a block diagram of a computer system 300 that 
incorporates the memory device 200 of FIG. 5. The com 
puter system 300 also includes computer circuitry 368 for 
performing computer functions, such as executing softWare 
to perform desired calculations and tasks. The circuitry 368 
typically includes a processor 370, Which is coupled to the 
memory device 200. One or more input devices 372, such as 
a keyboard or a mouse, are coupled to the computer circuitry 
368 and alloW an operator (not shoWn) to manually input 
data thereto. One or more output devices 374 are coupled to 
the computer circuitry 368 to provide to the operator data 
generated by the computer circuitry 368. Examples of such 
output devices 374 include a printer and a video display unit. 
One or more data-storage devices 376 are coupled to the 
computer circuitry 368 to store data on or retrieve data from 
external storage media (not shoWn). Examples of the storage 
devices 376 and the corresponding storage media include 
drives that accept hard and ?oppy disks, tape cassettes, and 
compact disk read-only memories (CD-ROMs). Typically, 
the computer circuitry 368 includes address data and com 
mand buses and a clock line that are respectively coupled to 
the ADDRESS, DATA, and COMMAND buses, and the 
CLK line of the memory device 200. 

From the foregoing it Will be appreciated that, although 
speci?c embodiments of the invention have been described 
herein for purposes of illustration, various modi?cations 
may be made Without deviating from the spirit and scope of 
the invention. Accordingly, the invention is not limited 
except as by the appended claims. 
What is claimed is: 
1. A differential ampli?er, comprising: 
a ?rst pair of PMOS and NMOS transistors coupled 
betWeen a current source node and a current sink node, 
in Which the source of the PMOS transistor is coupled 
to the current source node, the source of the NMOS 
transistor is coupled to the current sink node, the drains 
of the PMOS and NMOS transistors are coupled to 

10 

25 

35 

45 

55 

8 
each other and to a ?rst output terminal, and the gates 
of the PMOS and NMOS transistors are coupled to 
each other and to a ?rst input terminal; 

a second pair of PMOS and NMOS transistors coupled 
betWeen the current source node and the current sink 
node, in Which the source of the PMOS transistor is 
coupled to the current source node, the source of the 
NMOS transistor is coupled to the current sink node, 
the drains of the PMOS and NMOS transistors are 
coupled to each other, and the gates of the PMOS and 
NMOS transistors are coupled to each other and to a 
second input terminal; 

an electronically controlled current source device coupled 
betWeen a positive supply voltage and the current 
source node, the electronically controlled current 
source device having a control terminal adapted to 
receive a voltage to control the current ?oWing through 
the current source device; 

an electronically controlled current sink device coupled 
betWeen a negative supply voltage and the current sink 
node, the electronically controlled current sink device 
having a control terminal adapted to receive a voltage 
to control the current ?oWing through the current sink 
device; 

a third pair of PMOS and NMOS transistors coupled 
betWeen the current source node and the current sink 
node, in Which the source of the PMOS transistor is 
coupled to the current source node, the source of the 
NMOS transistor is coupled to the current sink node, 
the drains of the PMOS and NMOS transistors are 
coupled to each other and to the control terminal of the 
current source device and the control terminal of the 
current sink device, and the gates of the PMOS and 
NMOS transistors are coupled to each other and to the 
?rst input terminal; and 

a fourth pair of PMOS and NMOS transistors coupled 
betWeen the current source node and a current sink 
node, in Which the source of the PMOS transistor is 
coupled to the current source node, the source of the 
NMOS transistor is coupled to the current sink node, 
the drains of the PMOS and NMOS transistors are 
coupled to each other and to the control terminal of the 
current source device and the control terminal of the 
current sink device, and the gates of the PMOS and 
NMOS transistors are coupled to each other and to the 
second input terminal. 

2. The differential ampli?er of claim 1 Wherein the current 
source device comprises a PMOS transistor having its 
source coupled to the positive supply voltage, its drain 
coupled to the current source node, and its gate coupled to 
the drains of the transistors in the third and fourth pairs, and 
the current sink device comprises an NMOS transistor 
having its source coupled to the negative supply voltage, its 
drain coupled to the current sink node, and its gate coupled 
to the drains of the transistors in the third and fourth pairs. 

3. The differential ampli?er of claim 1 Wherein the current 
sink device comprises: 

a ?rst NMOS transistor having its source coupled to the 
negative supply voltage, its drain coupled to the current 
sink node, and its gate coupled to the drains of the 
transistors in the third pair of transistors; and 

a second NMOS transistor having its source coupled to 
the negative supply voltage, its drain coupled to the 
current sink node, and its gate coupled to the drains of 
the transistors in the fourth pair of transistors. 

4. The differential ampli?er of claim 1 Wherein the current 
source device comprises: 
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a ?rst PMOS transistor having its source coupled to the 
positive supply voltage, its drain coupled to the current 
source node, and its gate coupled to the drains of the 
transistors in the third pair of transistors; and 

a second PMOS transistor having its source coupled to the 
positive supply voltage, its drain coupled to the current 
source node, and its gate coupled to the drains of the 
transistors in the fourth pair of transistors. 

5. The differential ampli?er of claim 4 Wherein the current 
sink device comprises: 

a ?rst NMOS transistor having its source coupled to the 
negative supply voltage, its drain coupled to the current 
sink node, and its gate coupled to the drains of the 
transistors in the third pair of transistors; and 

a second NMOS transistor having its source coupled to 
the negative supply voltage, its drain coupled to the 
current sink node, and its gate coupled to the drains of 
the transistors in the fourth pair of transistors. 

6. The differential ampli?er of claim 1 Wherein the 
negative supply voltage comprises ground potential. 

7. The differential ampli?er of claim 1 Wherein drains of 
the PMOS and NMOS transistors in the second pair are 
coupled to a second output terminal so that the ?rst and 
second output terminals are differential output terminals. 

8. A differential ampli?er, comprising: 
a ?rst amplifying circuit generating a ?rst differential 

output signal from a ?rst differential input signal; 
a second amplifying circuit generating a second differen 

tial output signal from a second differential input 
signal; and 

an internal bias circuit structured to internally bias the ?rst 
and second amplifying circuits, the ?rst amplifying 
circuit, the second amplifying circuit, and the internal 
bias circuit being entirely symmetrical at all circuit 
nodes. 

9. The differential ampli?er of claim 8 Wherein: 
the ?rst and second amplifying circuits comprise respec 

tive pairs of PMOS and NMOS transistors coupled 
betWeen a current source node and a current sink node, 
in Which the source of the PMOS transistor in each pair 
is coupled to the current source node, the source of the 
NMOS transistor in each pair is coupled to the current 
sink node, the drains of the PMOS and NMOS tran 
sistors in each pair are coupled to each other to generate 
a respective one of the differential output signals, and 
the gates of the PMOS and NMOS transistors in each 
pair are coupled to each other and coupled to receive a 
respective one of the differential input signals; and 

Wherein the internal bias circuit comprises: 
?rst and second electronically controlled current 

devices coupled betWeen respective positive and 
negative supply voltages and the current source and 
current sink nodes, respectively, the electronically 
controlled current devices each having a control 
terminal adapted to receive a voltage to control the 
current ?oWing through the current device; and 

respective pairs of PMOS and NMOS transistors 
coupled betWeen the current source node and the 
current sink node, in Which the source of the PMOS 
transistor in each pair is coupled to the current source 
node, the source of the NMOS transistor in each pair 
is coupled to the current sink node, the drains of the 
PMOS and NMOS transistors in each pair are 
coupled to the control terminals of the ?rst and 
second electronically controlled current devices, and 
the gates of the PMOS and NMOS transistors in each 
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pair are coupled to each other and coupled to receive 
a respective one of the differential input signals. 

10. The differential ampli?er of claim 9 Wherein the ?rst 
electronically controlled current device comprises a PMOS 
transistor having its source coupled to the positive supply 
voltage, its drain coupled to the current source node, and its 
gate coupled to the drains of the transistors in the pairs of 
transistors of the internal bias circuit, and Wherein the 
second electronically controlled current device comprises an 
NMOS transistor having its source coupled to the negative 
supply voltage, its drain coupled to the current sink node, 
and its gate coupled to the drains of the transistors in the 
pairs of transistors of the internal bias circuit. 

11. The differential ampli?er of claim 9 Wherein the 
second electronically controlled current device comprises 
?rst and second NMOS transistors each having its source 
coupled to the negative supply voltage, its drain coupled to 
the current sink node, and its gate coupled to the drains of 
the transistors in a respective pair of the transistors of the 
internal bias circuit. 

12. The differential ampli?er of claim 9 Wherein the ?rst 
electronically controlled current device comprises ?rst and 
second PMOS transistor each having its source coupled to 
the positive supply voltage, its drain coupled to the current 
source node, and its gate coupled to the drains of the 
transistors in a respective pair of the transistors of the 
internal bias circuit. 

13. The differential ampli?er of claim 9 Wherein: 
the ?rst electronically controlled current device comprises 

?rst and second PMOS transistor each having its source 
coupled to the positive supply voltage, its drain coupled 
to the current source node, and its gate coupled to the 
drains of the transistors in a respective pair of the 
transistors of the internal bias circuit; and 

the second electronically controlled current device com 
prises ?rst and second NMOS transistors each having 
its source coupled to the negative supply voltage, its 
drain coupled to the current sink node, and its gate 
coupled to the drains of the transistors in a respective 
pair of the transistors of the internal bias circuit. 

14. The differential ampli?er of claim 9 Wherein the 
negative supply voltage comprises ground potential. 

15. A memory device, comprising: 
at least one array of memory cells adapted to store data at 

a location determined by a roW address and a column 

address; 
a roW address circuit adapted to receive and decode the 
roW address, and select a roW of memory cells corre 
sponding to the roW address; 

a column address circuit adapted to receive or apply data 
to one of the memory cells in the selected roW corre 
sponding to the column address; 

a control circuit adapted to receive a command from an 
external source and generate control signals responsive 
thereto to cause Write data to be stored in and read data 
to be output from the memory cells of the at least one 
array; 

a read data path having a read register adapted to couple 
read data from the memory array to an externally 
accessible data terminal; 

a Write data path having a Write register adapted to couple 
Write data from the externally accessible data terminal 
to the memory array; and 

a differential ampli?er included in the register of at least 
one of the data paths to couple data signals betWeen the 
externally accessible data terminal to the memory 
array, the differential ampli?er comprising: 
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a ?rst pair of PMOS and NMOS transistors coupled 
between a current source node and a current sink 
node, in Which the source of the PMOS transistor is 
coupled to the current source node, the source of the 
NMOS transistor is coupled to the current sink node, 
the drains of the PMOS and NMOS transistors are 
coupled to each other and to a ?rst output terminal, 
and the gates of the PMOS and NMOS transistors are 
coupled to each other and to a ?rst input terminal; 

a second pair of PMOS and NMOS transistors coupled 
betWeen the current source node and the current sink 
node, in Which the source of the PMOS transistor is 
coupled to the current source node, the source of the 
NMOS transistor is coupled to the current sink node, 
the drains of the PMOS and NMOS transistors are 
coupled to each other, and the gates of the PMOS and 
NMOS transistors are coupled to each other and to a 
second input terminal; 

an electronically controlled current source device 
coupled betWeen a positive supply voltage and the 
current source node, the electronically controlled 
current source device having a control terminal 
adapted to receive a voltage to control the current 
?oWing through the current source device; 

an electronically controlled current sink device coupled 
betWeen a negative supply voltage and the current 
sink node, the electronically controlled current sink 
device having a control terminal adapted to receive 
a voltage to control the current ?oWing through the 
current sink device; 

a third pair of PMOS and NMOS transistors coupled 
betWeen the current source node and the current sink 
node, in Which the source of the PMOS transistor is 
coupled to the current source node, the source of the 
NMOS transistor is coupled to the current sink node, 
the drains of the PMOS and NMOS transistors are 
coupled to each other and to the control terminal of 
the current source device and the control terminal of 
the current sink device, and the gates of the PMOS 
and NMOS transistors are coupled to each other and 
to the ?rst input terminal; and 

a fourth pair of PMOS and NMOS transistors coupled 
betWeen the current source node and a current sink 
node, in Which the source of the PMOS transistor is 
coupled to the current source node, the source of the 
NMOS transistor is coupled to the current sink node, 
the drains of the PMOS and NMOS transistors are 
coupled to each other and to the control terminal of 
the current source device and the control terminal of 
the current sink device, and the gates of the PMOS 
and NMOS transistors are coupled to each other and 
to the second input terminal. 

16. The memory device of claim 15 Wherein the current 
source device comprises a PMOS transistor having its 
source coupled to the positive supply voltage, its drain 
coupled to the current source node, and its gate coupled to 
the drains of the transistors in the third and fourth pairs, and 
the current sink device comprises an NMOS transistor 
having its source coupled to the negative supply voltage, its 
drain coupled to the current sink node, and its gate coupled 
to the drains of the transistors in the third and fourth pairs. 

17. The memory device of claim 15 Wherein the current 
sink device comprises: 

a ?rst NMOS transistor having its source coupled to the 
negative supply voltage, its drain coupled to the current 
sink node, and its gate coupled to the drains of the 
transistors in the third pair of transistors; and 
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a second NMOS transistor having its source coupled to 

the negative supply voltage, its drain coupled to the 
current sink node, and its gate coupled to the drains of 
the transistors in the fourth pair of transistors. 

18. The memory device of claim 15 Wherein the current 
source device comprises: 

a ?rst PMOS transistor having its source coupled to the 
positive supply voltage, its drain coupled to the current 
source node, and its gate coupled to the drains of the 
transistors in the third pair of transistors; and 

a second PMOS transistor having its source coupled to the 
positive supply voltage, its drain coupled to the current 
source node, and its gate coupled to the drains of the 
transistors in the fourth pair of transistors. 

19. The memory device of claim 18 Wherein the current 
sink device comprises: 

a ?rst NMOS transistor having its source coupled to the 
negative supply voltage, its drain coupled to the current 
sink node, and its gate coupled to the drains of the 
transistors in the third pair of transistors; and 

a second NMOS transistor having its source coupled to 
the negative supply voltage, its drain coupled to the 
current sink node, and its gate coupled to the drains of 
the transistors in the fourth pair of transistors. 

20. The memory device of claim 15 Wherein the negative 
supply voltage comprises ground potential. 

21. The memory device of claim 15 Wherein drains of the 
PMOS and NMOS transistors in the second pair are coupled 
to a second output terminal so that the ?rst and second 
output terminals are differential output terminals. 

22. A memory device, comprising: 
at least one array of memory cells adapted to store data at 

a location determined by a roW address and a column 

address; 
a roW address circuit adapted to receive and decode the 
roW address, and select a roW of memory cells corre 
sponding to the roW address; 

a column address circuit adapted to receive or apply data 
to one of the memory cells in the selected roW corre 
sponding to the column address; 

a control circuit adapted to receive a command from an 
external source and generate control signals responsive 
thereto to cause Write data to be stored in and read data 
to be output from the memory cells of the at least one 
array; 

a read data path having a read register adapted to couple 
read data from the memory array to an externally 
accessible data terminal; 

a Write data path having a Write register adapted to couple 
Write data from the externally accessible data terminal 
to the memory array; and 

a differential ampli?er included in the register of at least 
one of the data paths to couple data signals betWeen the 
externally accessible data terminal to the memory 
array, the differential ampli?er comprising: 
a ?rst amplifying circuit generating a ?rst differential 

output signal from a ?rst differential input signal; 
a second amplifying circuit generating a second differ 

ential output signal from a second differential input 
signal; and 

an internal bias circuit structured to internally bias the 
?rst and second amplifying circuits, the ?rst ampli 
fying circuit, the second amplifying circuit, and the 
internal bias circuit being entirely symmetrical at all 
circuit nodes. 
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23. The memory device of claim 22 Wherein: 
the ?rst and second amplifying circuits comprise respec 

tive pairs of PMOS and NMOS transistors coupled 
betWeen a current source node and a current sink node, 
in Which the source of the PMOS transistor in each pair 
is coupled to the current source node, the source of the 
NMOS transistor in each pair is coupled to the current 
sink node, the drains of the PMOS and NMOS tran 
sistors in each pair are coupled to each other to generate 
a respective one of the differential output signals, and 
the gates of the PMOS and NMOS transistors in each 
pair are coupled to each other and coupled to receive a 
respective one of the differential input signals; and 

Wherein the internal bias circuit comprises: 
?rst and second electronically controlled current 

devices coupled betWeen respective positive and 
negative supply voltages and the current source and 
current sink nodes, respectively, the electronically 
controlled current devices each having a control 
terminal adapted to receive a voltage to control the 
current ?oWing through the current device; and 

respective pairs of PMOS and NMOS transistors 
coupled betWeen the current source node and the 
current sink node, in Which the source of the PMOS 
transistor in each pair is coupled to the current source 
node, the source of the NMOS transistor in each pair 
is coupled to the current sink node, the drains of the 
PMOS and NMOS transistors in each pair are 
coupled to the control terminals of the ?rst and 
second electronically controlled current devices, and 
the gates of the PMOS and NMOS transistors in each 
pair are coupled to each other and coupled to receive 
a respective one of the differential input signals. 

24. The memory device of claim 23 Wherein the ?rst 
electronically controlled current device comprises a PMOS 
transistor having its source coupled to the positive supply 
voltage, its drain coupled to the current source node, and its 
gate coupled to the drains of the transistors in the pairs of 
transistors of the internal bias circuit, and Wherein the 
second electronically controlled current device comprises an 
NMOS transistor having its source coupled to the negative 
supply voltage, its drain coupled to the current sink node, 
and its gate coupled to the drains of the transistors in the 
pairs of transistors of the internal bias circuit. 

25. The memory device of claim 23 Wherein the second 
electronically controlled current device comprises ?rst and 
second NMOS transistors each having its source coupled to 
the negative supply voltage, its drain coupled to the current 
sink node, and its gate coupled to the drains of the transistors 
in a respective pair of the transistors of the internal bias 
circuit. 

26. The memory device of claim 23 Wherein the ?rst 
electronically controlled current device comprises ?rst and 
second PMOS transistor each having its source coupled to 
the positive supply voltage, its drain coupled to the current 
source node, and its gate coupled to the drains of the 
transistors in a respective pair of the transistors of the 
internal bias circuit. 

27. The memory device of claim 23 Wherein: 
the ?rst electronically controlled current device comprises 

?rst and second PMOS transistor each having its source 
coupled to the positive supply voltage, its drain coupled 
to the current source node, and its gate coupled to the 
drains of the transistors in a respective pair of the 
transistors of the internal bias circuit; and 

the second electronically controlled current device com 
prises ?rst and second NMOS transistors each having 
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its source coupled to the negative supply voltage, its 
drain coupled to the current sink node, and its gate 
coupled to the drains of the transistors in a respective 
pair of the transistors of the internal bias circuit. 

28. The memory device of claim 23 Wherein the negative 
supply voltage comprises ground potential. 

29. A computer system, comprising: 
a processor having a processor bus; 
an input device coupled to the processor through the 

processor bus and adapted to alloW data to be entered 
into the computer system; 

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

a memory controller coupled to the processor through the 
processor bus; and 

a memory device coupled to the processor through the 
processor bus, comprising: 
at least one array of memory cells adapted to store data 

at a location determined by a roW address and a 

column address; 
a roW address circuit adapted to receive and decode the 
roW address, and select a roW of memory cells 
corresponding to the roW address; 

a column address circuit adapted to receive or apply 
data to one of the memory cells in the selected roW 
corresponding to the column address; 

a control circuit adapted to receive a command from an 
external source and generate control signals respon 
sive thereto to cause Write data to be stored in and 
read data to be output from the memory cells of the 
at least one array; 

a read data path having a read register adapted to couple 
read data from the memory array to an externally 
accessible data terminal; 

a Write data path having a Write register adapted to 
couple Write data from the externally accessible data 
terminal to the memory array; and 

a differential ampli?er included in the register of at 
least one of the data paths to couple data signals 
betWeen the externally accessible data terminal to the 
memory array, the differential ampli?er comprising: 
a ?rst amplifying circuit generating a ?rst differential 

output signal from a ?rst differential input signal; 
a second amplifying circuit generating a second 

differential output signal from a second differen 
tial input signal; and 

an internal bias circuit structured to internally bias 
the ?rst and second amplifying circuits, the ?rst 
amplifying circuit, the second amplifying circuit, 
and the internal bias circuit being entirely sym 
metrical at all circuit nodes. 

30. The computer system of claim 29 Wherein: 
the ?rst and second amplifying circuits comprise respec 

tive pairs of PMOS and NMOS transistors coupled 
betWeen a current source node and a current sink node, 
in Which the source of the PMOS transistor in each pair 
is coupled to the current source node, the source of the 
NMOS transistor in each pair is coupled to the current 
sink node, the drains of the PMOS and NMOS tran 
sistors in each pair are coupled to each other to generate 
a respective one of the differential output signals, and 
the gates of the PMOS and NMOS transistors in each 
pair are coupled to each other and coupled to receive a 
respective one of the differential input signals; and 

Wherein the internal bias circuit comprises: 
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?rst and second electronically controlled current 
devices coupled betWeen respective positive and 
negative supply voltages and the current source and 
current sink nodes, respectively, the electronically 
controlled current devices each having a control 
terrninal adapted to receive a voltage to control the 
current ?oWing through the current device; and 

respective pairs of PMOS and NMOS transistors 
coupled betWeen the current source node and the 
current sink node, in Which the source of the PMOS 
transistor in each pair is coupled to the current source 
node, the source of the NMOS transistor in each pair 
is coupled to the current sink node, the drains of the 
PMOS and NMOS transistors in each pair are 
coupled to the control terminals of the ?rst and 
second electronically controlled current devices, and 
the gates of the PMOS and NMOS transistors in each 
pair are coupled to each other and coupled to receive 
a respective one of the differential input signals. 

31. The computer system of claim 30 Wherein the ?rst 
electronically controlled current device comprises a PMOS 
transistor having its source coupled to the positive supply 
voltage, its drain coupled to the current source node, and its 
gate coupled to the drains of the transistors in the pairs of 
transistors of the internal bias circuit, and Wherein the 
second electronically controlled current device comprises an 
NMOS transistor having its source coupled to the negative 
supply voltage, its drain coupled to the current sink node, 
and its gate coupled to the drains of the transistors in the 
pairs of transistors of the internal bias circuit. 

32. The computer system of claim 30 Wherein the second 
electronically controlled current device comprises ?rst and 
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second NMOS transistors each having its source coupled to 
the negative supply voltage, its drain coupled to the current 
sink node, and its gate coupled to the drains of the transistors 
in a respective pair of the transistors of the internal bias 
circuit. 

33. The computer system of claim 30 Wherein the ?rst 
electronically controlled current device comprises ?rst and 
second PMOS transistor each having its source coupled to 
the positive supply voltage, its drain coupled to the current 
source node, and its gate coupled to the drains of the 
transistors in a respective pair of the transistors of the 
internal bias circuit. 

34. The computer system of claim 30 Wherein: 

the ?rst electronically controlled current device comprises 
?rst and second PMOS transistor each having its source 
coupled to the positive supply voltage, its drain coupled 
to the current source node, and its gate coupled to the 
drains of the transistors in a respective pair of the 
transistors of the internal bias circuit; and 

the second electronically controlled current device corn 
prises ?rst and second NMOS transistors each having 
its source coupled to the negative supply voltage, its 
drain coupled to the current sink node, and its gate 
coupled to the drains of the transistors in a respective 
pair of the transistors of the internal bias circuit. 

35. The computer system of claim 30 Wherein the nega 
tive supply voltage cornprises ground potential. 


