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ADJUSTABLE OUTPUT DRIVER CIRCUIT 

TECHNICAL FIELD OF THE INVENTION 

[0001] The present invention relates generally to inte 
grated circuits and in particular the present invention relates 
to data output drivers for high speed data transmissions. 

BACKGROUND OF THE INVENTION 

[0002] Integrated circuits typically include a number of 
input/output pins Which are used for communication With 
additional circuitry. For example, an integrated memory 
device such as a dynamic random access memory (DRAM) 
includes both control inputs for receiving memory operation 
control signals, and data pins for bi-directional data com 
munication With an eXternal system or processor. 

[0003] The data transmission rate of modem integrated 
circuits is primarily limited by internal circuitry operating 
speeds. That is, communication netWorks have been devel 
oped Which can transmit signals betWeen circuitry at a rate 
that is faster than the capacity of many integrated circuits. To 
address the need for faster circuits, a group of integrated 
circuits can be combined on a common bus. In this con?gu 
ration, each integrated circuit operates in a coordinated 
manner With the other integrated circuits to share data Which 
is transmitted at a high speed. For eXample, a group of 
memory devices, such as DRAMs, static RAMs, or read 
only memories (ROM), can be connected to a common data 
bus. The data rate of the bus may be substantially faster than 
the feasible operating speed of the individual memories. 
Each memory, therefore, is operated so that While one 
memory is processing received data, another memory is 
receiving neW data. By providing an appropriate number of 
memory devices and an ef?cient control system, very high 
speed data transmissions can be achieved. 

[0004] As the transmission rate of the data communication 
signals continues to increase, neW circuitry and methods are 
needed to accurately transmit data from each integrated 
circuit. One proposed solution is a bus driver described in 
US. Pat. No. 5,254,883. This bus driver circuit uses parallel 
open-drain output transistors. The output transistors are 
fabricated in different siZes and selectively activated to 
control the bus current. This technique requires a relatively 
large number of output transistors to implement. 

[0005] For the reasons stated above, and for other reasons 
stated beloW Which Will become apparent to those skilled in 
the art upon reading and understanding the present speci? 
cation, there is a need in the art for a high speed output driver 
circuit Which is fully adjustable, and requires a limited 
number of output transistors. 

SUMMARY OF THE INVENTION 

[0006] The above mentioned problems With integrated 
circuit data transmission and other problems are addressed 
by the present invention and Which Will be understood by 
reading and studying the folloWing speci?cation. An adjust 
able output driver circuit is described Which includes an 
adjustable push-pull output, and an adjustable sleW rate 
control. 

[0007] In particular, the present invention describes an 
integrated circuit output driver circuit comprising a push 
pull output comprising a pullup output transistor having a 
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drain connected to a data communication line, and a pull 
doWn output transistor having a drain connected to the data 
communication line. The integrated circuit output driver 
circuit further comprises a ?rst adjustable circuit connected 
to a source of the pullup output transistor for adjusting a 
resistance betWeen the drain of the pullup output transistor 
and a ?rst reference voltage, and a second adjustable circuit 
connected to a source of the pulldoWn output transistor for 
adjusting a resistance betWeen the source of the pulldoWn 
output transistor and a second reference voltage. 

[0008] In an alternate embodiment, a synchronous 
memory device is described. The memory comprises an 
array of memory cells for storing data received on a data 
communication line, and an output driver circuit for output 
ting data read from the array of memory cells. The output 
driver circuit comprises a push-pull output comprising a 
pullup output transistor having a drain connected to the data 
communication line, and a pulldoWn output transistor hav 
ing a drain connected to the data communication line. The 
output driver circuit further comprises a ?rst adjustable 
circuit connected to a source of the pullup output transistor 
for adjusting a resistance betWeen the source of the pullup 
output transistor and a ?rst reference voltage, and a second 
adjustable circuit connected to a source of the pulldoWn 
output transistor for adjusting a resistance betWeen the 
source of the pulldoWn output transistor and a second 
reference voltage. The ?rst adjustable circuit comprises a 
?rst plurality of transistors connected in parallel and each 
having a drain connected to the source of the pullup tran 
sistor and the ?rst reference voltage. The second adjustable 
circuit comprises a second plurality of transistors connected 
in parallel and each having a drain connected to the source 
of the pulldoWn transistor and the second reference voltage. 

[0009] In yet another embodiment, an integrated circuit 
output driver circuit is described Which comprises an output 
transistor having a drain connected to a data communication 
line, and an adjustable circuit connected to a source of the 
output transistor for adjusting a resistance betWeen the 
source of the output transistor and a ?rst reference voltage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] 

[0011] 
[0012] FIG. 3 is a block diagram of a dual receiver input 
buffer circuit; 

[0013] FIG. 4 is a schematic diagram of a single receiver 
high speed input buffer; 

[0014] FIG. 5 is a timing diagram of the operation of the 
input buffer of FIG. 4; 

FIG. 1 is a diagram of a memory bus; 

FIG. 2 is a diagram of an alternate memory bus; 

[0015] FIG. 6 is a timing diagram of select voltages of the 
input buffer of FIG. 4; 

[0016] FIG. 7 is a schematic diagram of an alternate high 
speed input buffer; 

[0017] FIGS. 8A, B and C is a timing diagram of the 
operation of the input buffer of FIG. 7; 

[0018] FIG. 9A is a schematic diagram of an adjustable 
output driver circuit; 
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[0019] FIG. 9B is a schematic diagram of an alternate 
adjustable output driver circuit; 

[0020] FIG. 10A is a block diagram of a sleW rate control 
circuit; 
[0021] FIG. 10B is a block diagram of an output control 
circuit; 
[0022] FIG. 11 is a diagram of the output of the driver 
circuit of FIG. 9; 

[0023] FIG. 12 is an alternate diagram of the output of the 
driver circuit of FIG. 9; and 

[0024] FIG. 13 is a block diagram of a memory device 
incorporating an adjustable output driver. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0025] In the folloWing detailed description of the pre 
ferred embodiments, reference is made to the accompanying 
draWings Which form a part hereof, and in Which is shoWn 
by Way of illustration speci?c preferred embodiments in 
Which the inventions may be practiced. These embodiments 
are described in suf?cient detail to enable those skilled in the 
art to practice the invention, and it is to be understood that 
other embodiments may be utiliZed and that logical, 
mechanical and electrical changes may be made Without 
departing from the spirit and scope of the present inventions. 
The folloWing detailed description is, therefore, not to be 
taken in a limiting sense, and the scope of the present 
inventions is de?ned only by the appended claims. 

[0026] FIG. 1 is a simpli?ed illustration of a memory bus 
100 Which includes a control circuit 102 to provide control 
and data signals to a number of integrated circuits 104(0) 
104(x) via a plurality of communication lines 106. The 
communication lines are terminated With an appropriate 

termination circuit 108 (generally illustrated as a resistor) 
coupled to a termination voltage (Vterm). 

[0027] FIG. 2 is a simpli?ed illustration of a memory bus 
112 Which includes a centrally located control circuit 102 to 
provide control and data signals to a number of integrated 
circuits 104(0)-104(x), and 114(0)-114(x) via a plurality of 
communication lines 116. The communication lines are 
terminated at both ends With an appropriate termination 

circuit 118(1) and 118(2) (generally illustrated as a resistor) 
coupled to a termination voltage (Vterm). The preferred 
value of Vterm is 1/z(Vdd-Vss), but can be any mid-supply 
level. 

[0028] FIG. 3 is a block diagram of an input buffer 119 
connected to a data input 120. The buffer includes tWo 
receiver circuits 122 and 126 connected in parallel and tWo 
latch circuits 124 and 128. Each latch circuit produces a data 
output on either node 130 (Data-odd*) or node 132 (Data 
even*). The receivers operate off different phases of a 
common data clock signal provided on a bus line. The 

receivers, therefore, are not edge triggered, but are con 
trolled using internal vernier delays. The vernier delays are 
adjusted at system startup to maXimiZe valid data receipt. 
That is, the delays are adjusted so that data sampling is 
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conducted When valid data is present and not limited to an 

edge transition of a clock signal. The dual receiver input 
buffer illustrated can be used for high speed data commu 

nication in the range of 800+ mega bits per second. For 

sloWer data communication rates, such as 400 mega bits per 

second, a single receiver and latch circuit can be used in the 
input buffer. 

[0029] Referring to FIG. 4, a high speed input buffer 150 
is described Which uses a receiver 152 and a latch circuit 154 

to produce an internal data signal (Data) on output 156. The 
receiver 152 circuit operates in response to internal signals 
Which are based upon different phases of a common clock 

signal provided on a bus coupled to other integrated circuits. 
The internal signals are an equilibrate signal (EQ*), a sense 
signal (Sense), and a sample signal (Sample). The receiver 
is connected to the bus termination voltage (Vterm) and is 
connected to the bus data line through data input connection 
120. 

[0030] The receiver 152 is comprised of a p-type sense 
ampli?er circuit 158 having a pair of cross coupled p-type 
transistors, and an n-type sense ampli?er 160 having a pair 
of cross coupled n-type transistors. An equilibrate circuit 
162 is provided to equilibrate the common nodes of the 
sense ampli?ers (nodes A and B) to Vterm. Coupling cir 
cuitry 164 and 166 is provided to selectively couple node 
120 and Vterm to nodes A and B, respectively, in response 
to the Sample signal. To better understand the operation of 
the input buffer, reference is made to the timing diagram of 
FIG. 5. 

[0031] As illustrated in FIG. 5, the equilibrate signal 
(EQ*) transitions loW at time t1 to activate transistors 168, 
170 and 172 of the equilibrate circuit 162. Transistors 170 
and 172 couple nodes B and A, respectively, to the termi 
nation voltage, Vterm. The sense ampli?ers, therefore, are 
equilibrated to the bus termination voltage. At time t2, the 
equilibration circuitry is deactivated, and the Sample signal 
transitions high and activates coupling circuit 164 to couple 
input 120 to node A. Couple circuit 166, likeWise, is 
activated to couple node B to the termination voltage, 
Vterm. With the Sense signal loW at time t2, node 180 of the 
p-sense ampli?er circuit 158 is coupled loW, and node 174 
of the n-sense ampli?er is coupled to Vterm through tran 
sistor 176. At time t3, the Sense signal transitions high to 
activate transistor 178 and couple node 174 to ground. The 
Sample signal transitions loW to isolate nodes A and B such 
that p-sense ampli?er and n-sense ampli?er amplify nodes A 
and B to an appropriate voltage level. The Latch* signal 
transitions high at time t3 to activate latch circuit 154. Thus, 
coupling circuit 182 is activated to couple the inverse of 
node B to inverter circuit 184. When the Latch* signal 
returns to a loW state, circuit 182 is deactivated and circuit 
186 is activated to latch inverter 184. Although the latch is 
connected to node B, latch circuit 154 can be coupled to 
node A and is not intended to limited the present invention. 
It Will be understood by those skilled in the art that the 
signals illustrated in FIG. 5 are internally generated in 
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response to an externally received clock signal. Thus, the 
input data buffer is operated off different phases of the clock 
signal. 

[0032] FIG. 6 illustrates the voltages on nodes A and B 
and the output node 156 upon receipt of a high input data 
signal. At time t1 Nodes A and B are equilibrated to Vterm. 
At time t2, node A is coupled to input 120 and increases in 
voltage. At time t3, the sense ampli?er circuitry is activated 
and nodes A and B are ampli?ed. At the same time, node B 
is coupled to the latch circuit and the output data signal on 
156 is coupled to node B. 

[0033] FIG. 7 is a schematic diagram of a high speed input 
buffer having tWo parallel receivers 122 and 126, and tWo 
latch circuits 124 and 128, as illustrated in FIG. 3. The 
receivers 122 and 126 generally include the circuitry of 
receiver 152 and operate in a similar manner, as described 
above With reference to FIG. 4. The timing diagram of 
FIGS. 8A, 8B and 8C illustrate the operation of the high 
speed input buffer of FIG. 7. The data signal provide on the 
DQ line is sampled by both receivers 122 and 126 on the 
rising edge of their respective sample signals. The DQ line, 
therefore, is sampled by both receiver circuits. The outputs 
(Data-even* and Data-odd*) together represent the data 
provided on the DQ line. The external bus clock signal and 
an internal clock signal operating at tWice the frequency of 
the eXternal clock are illustrated. The equilibrate signals 
(EQ1* and EQ2*) are substantially aligned With the clock 
signals. As such the eXternal clock signal can be de?ned 
logically as being equal to 1/z(EQ1* AND EQ2*). The 
sample signals are timed using the vernier delay circuit to 
sample the DQ line When the data signals are at a signal 
peak. 

[0034] FIG. 9A is a schematic diagram of an output driver 
circuit 300. The output driver circuit includes a pullup 
output transistor 302 and a pulldoWn output transistor 304 
connected to DQ output line 306 and con?gured as a 
push-pull output. A series of transistors 308(a)-308(x) are 
connected to the source of output transistor 302. The tran 
sistors 308 are fabricated so that the activated drain to source 

resistance of each transistor is different from the other. 
Preferably, the transistors are fabricated in a binary relation 
ship such that transistor 308(b) has tWice the resistance of 
308(a) and 308(x) has tWice the resistance of 308(b). It Will 
be appreciated that other relationships can be used in alter 
nate embodiments to achieve the adjustable features of the 
output driver, as described beloW. The transistors 308(a)-(x) 
are selectively activated by signals provided on gates 
310(a)-(x) so that the resistance connected betWeen the 
source of transistor 302 and a reference voltage is adjustable. 

[0035] A series of transistors 312(a)-312(x) are connected 
in parallel to the source of output transistor 304 and selec 
tively activated by signals provided on gates 314(a)-314(x) 
so that the resistance connected betWeen the source of 

transistor 304 and a reference voltage is adjustable. Prefer 
ably, transistors 312 are fabricated in the same binary 
manner as transistors 308. That is, transistors 312 are 

designed to mirror transistors 308. 
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[0036] A sleW rate control circuit 322 is connected to gate 
316 of the output pullup transistor 302. The sleW rate control 
circuit 322 includes a push-pull circuit comprised of tran 
sistors 318 and 320. The gates of transistors 318 and 320 are 
connected to receive a pullup signal. A series of transistors 
324(a)-324(x) are connected in parallel betWeen the source 
of transistor 318 and a reference voltage. The transistors 324 
are fabricated so that the activated drain to source resistance 

of each transistor is different from the other. Preferably, the 
transistors are fabricated in a binary relationship such that 
transistor 324(b) has tWice the resistance of 324(a) and 
324(x) has tWice the resistance of 324(b). It Will be appre 
ciated that other relationships can be used in alternate 
embodiments to achieve the adjustable features of the sleW 
rate control, as described beloW. The transistors 324(a)-(x) 
are selectively activated by signals provided on gates 
326(a)-(x) so that the resistance connected to the source of 
transistor 318 is adjustable. 

[0037] A series of transistors 328(a)-(x) are connected in 
parallel betWeen the source of transistor 320 and a reference 
voltage. The transistors 328 are fabricated so that the acti 
vated drain to source resistance of each transistor is different 
from the other. Preferably, the transistors are fabricated in 
the same binary manner as transistors 324. It Will be 

appreciated that other relationships can be used in alternate 
embodiments to achieve the adjustable features of the sleW 
rate control circuit, as described beloW. 

[0038] A sleW rate control circuit 332 is connected to gate 
305 of the output pulldoWn transistor 304. The sleW rate 
control circuit 332 includes a push-pull circuit comprised of 
transistors 334 and 336. The gates of transistors 334 and 336 
are connected to receive a pulldoWn signal. A series of 
transistors 338(a)-(x) are connected in parallel betWeen the 
source of transistor 334 and a reference voltage. The tran 
sistors 338 are fabricated so that the activated drain to source 

resistance of each transistor is different from the other, as 
described above With reference to transistors 324. Transis 

tors 338(a)-(x) are selectively activated by gates 340(a)-(x) 
so that the resistance connected to the source of transistor 

334 is adjustable. 

[0039] A series of transistors 342(a)-(x) are connected to 
the source of transistor 336. The transistors 342 are fabri 

cated so that the activated drain to source resistance of each 
transistor is different from the other. Preferably, the transis 
tors are fabricated in the same binary manner as transistors 

338. In a preferred embodiment, gate signals on gates 
344(a)-(x) and the inverse of gates 340(a)-(x), and the gate 
signals on gates 330(a)-(x) and the inverse of gates 326(41) 
(X) 
[0040] FIG. 9B is a schematic diagram of an adjustable 
open-drain output driver circuit including half of the driver 
circuit of FIG. 9A. The driver circuit includes a pulldoWn 
transistor 304 Which has a drain connected to the DQ output 
306. The source of output transistor 304 is connected to a 

series of transistors 312(a)-(x), as described above for 
adjusting a source resistance. AsleW rate control circuit 332 

is connected to the gate of transistor 304 for controlling the 
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activation of transistor 304 to reduce noise experienced on 
the DQ line. The sleW rate control circuit includes a ?rst 

series of parallel connected transistors 338(a)-(x) and a 
second series of parallel connected transistors 342(a)-(x), as 
described above for controlling the pullup and pulldoWn 
resistances of the sleW rate control circuit. This embodiment 
of the output driver circuit is particularly applicable to a bus 
adapted to receive open drain output devices. 

[0041] FIG. 10A is a block diagram of a sleW rate 
generator circuit 350 Which controls the gate signals on 
gates 326, 330, 340, and 344 of the sleW rate circuits 322 and 
332. The generator circuit 350 preferably includes fuse 
circuitry 351 to selectively activate the gate signals. That is, 
the fuse circuits are programmed during the manufacture of 
the integrated circuit, so that the output transistors 302 and 
304 are turned on and off to reduce noise and ringing 
experienced on the DQ line 306 by transistors 302 and 304. 
Although the sleW generator circuit 350 includes fuse cir 
cuits in a preferred embodiment, the circuit could receive 
optional feedback signals 352 to alloW for custom control of 
the sleW rate circuits 322 and 332 after the integrated circuit 
is installed on a speci?c bus. In either embodiment, the sleW 
rate circuits have a controlled push-pull circuit in Which the 
pullup and pulldoWn resistance is adjustable using parallel 
transistors. 

[0042] FIG. 10B is a block diagram of an output control 
circuit 360 for selectively activating a signal on gates 
310(a)-(x) and/or 314(a)-(x). The control circuit 360 in a 
preferred embodiment receives external signals on lines 362 
to control transistors 308 and 312 to adjust the pullup and 
pulldoWn resistance betWeen output transistors 302 and 304 
and reference voltages. The control signals received on lines 
362 are generated using an external comparator circuit (not 
shoWn) to measure the signal provided on the DQ bus line 
and adjust the driver circuit accordingly. The comparator, 
therefore, compares the bus signal With a knoWn bus voltage 
and generates a control signal used to adjust transistors 308 
and 312. Thus, the push-pull output circuit is adjusted after 
the integrated circuit is installed on a data bus. The output 
driver circuit can be fabricated to default to have a speci?c 
output provided on lines 310 and 314. Thus, the output 
circuit 302/304 can be initially adjusted to an output current 
Which is approximated to be the required value. 

[0043] FIG. 11 is a diagram of the output signal from the 
output driver circuit 300 of FIG. 9A. The circuit is fabri 
cated With three sleW transistors (a)-(c) for each transistors 
series 324, 328, 338, and 342. Likewise, three transistors 
308(a)-(c) and three transistors 312(a)-(c) are connected to 
the output transistors. The signals on transistor gates 310(41) 
(c) are 0,0,0, respectively. The signals on transistor gates 
314(a)-(c) are 1,1,1, respectively. The signals on transistor 
gates 326(a)-(c) are 1,0,1 and the signals on transistor gates 
330(a)-(c) are 0,1,0. Finally, the signals on transistor gates 
332(a)-(c) are 0,1,1 and the signals on transistor gates 
3440(a)-(c) are 1,0,0. The signal labeled A is the data bus 
signal provided by the output driver on data bus 306 as 
received at a far end of the data bus. That is, the signal is 
illustrated as it Would appear to a device located a remote 
end of the bus. Signal B illustrates an output generated by 
the receiving device (not shoWn) in response to signal A. 

[0044] FIG. 12 is an alternate diagram of the output signal 
from the output driver circuit 300 of FIG. 9A With different 
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output transistor resistances. The circuit is fabricated With 
three sleW transistors (a)-(c) for each transistors series 324, 
328, 338, and 342. Likewise, three transistors 308(a)-(c) and 
three transistors 312(a)-(c) are connected to the output 
transistors. The signals on transistor gates 310(a)-(c) are 
0,1,1, respectively. The signals on transistor gates 314(a)-(c) 
are 1,0,0, respectively. The signals on transistor gates 
326(a)-(c) are 1,0,1 and the signals on transistor gates 
330(a)-(c) are 0,1,0. Finally, the signals on transistor gates 
332(a)-(c) are 0,1,1 and the signals on transistor gates 
3440(a)-(c) are 1,0,0. Like the diagram of FIG. 10A, the 
signal labeled Ais the data bus signal provided by the output 
driver on data bus 306 as received at a far end of the data 

bus, and signal B illustrates an output generated by the 
receiving device (not shoWn) in response to signal A. 
Because the pullup and pulldoWn resistances of the output 
driver are different, signal A of FIG. 10B has a smaller 
voltage sWing that signal A of FIG. 10A. 

[0045] FIG. 13 is a block diagram of a dynamic random 
access memory device 240 (DRAM) incorporating a high 
speed output driver 300, as described above. The memory 
includes address circuitry 242 for accessing a memory array 
241 in response to address signals provided on input lines 
243. Control circuitry 252 is provided for controlling the 
read and Write operations of the memory in response to 
control signals 254. A phase generator circuit 244 is pro 
vided to generate internal signals DQ*, Sample, Sense, and 
Latch* for the input buffer circuit. Vernier adjust circuit 245 
is coupled to the phase generator for adjusting the timing of 
the internal signals. It Will be understood that the input 
buffer circuit 248 includes a high speed input buffer circuit 
as described above for each data line, DQ. LikeWise, the 
output driver circuitry 250 includes a driver circuit 300 or 
301 as described above With reference to FIGS. 9A or 9B for 
each DQ line to drive an appropriate output signal on the DQ 
lines. Although the illustrative example of FIG. 13 is a 
DRAM, the high speed input buffer circuitry of the present 
invention can be included in any integrated circuit device, 
such as SRAM and ROM memory devices. 

Conclusion 

[0046] An adjustable integrated circuit output driver cir 
cuit is described Which has a push-pull output circuit com 
prised of a pullup and pulldoWn transistor. A series of 
transistors are connected in parallel to both the pullup and 
pulldoWn transistors. The gates of the parallel transistors are 
selectively controlled to adjust the driver current connected 
to a data bus line. Adjustable sleW rate control circuits are 
describe Which are coupled to the pullup and pulldoWn 
transistors. SleW rate control circuitry and output control 
circuitry is provided to selectively adjust the driver circuit 
either during manufacture or after installation on a data bus. 

[0047] Although speci?c embodiments have been illus 
trated and described herein, it Will be appreciated by those 
of ordinary skill in the art that any arrangement Which is 
calculated to achieve the same purpose may be substituted 
for the speci?c embodiment shoWn. This application is 
intended to cover any adaptations or variations of the present 
invention. Therefore, it is manifestly intended that this 
invention be limited only by the claims and the equivalents 
thereof. 



US 2002/0027449 A1 Mar. 7, 2002 

Exhibit A 

Appl. No. Atty Dkt # Applicants Filed Title 

08/743,614 500476.01 Brent Keeth Nov-04-96 Adjustable Output Driver Circuit 
(660073.726) 

09/316,744 500476.02 Brent Keeth May-21-99 Adjustable Output Driver Circuit 
(660073.726C1) 

Not yet 500476.03 Brent Keeth Aug-07-01 Adjustable Output Driver Circuit 
assigned 

What is claimed is: 
1. An integrated circuit output driver circuit comprising: 

a push-pull output circuit comprising a pullup output 
transistor having a drain connected to a data commu 
nication line, and a pulldown output transistor having a 
drain connected to the data communication line; 

a ?rst adjustable circuit connected to a source of the 
pullup output transistor for adjusting a resistance 
between the source of the pullup output transistor and 
a ?rst reference voltage; and 

a second adjustable circuit connected to a source of the 
pulldown output transistor for adjusting a resistance 
between the source of the pulldown output transistor 
and a second reference voltage. 

2. The integrated circuit output driver circuit of claim 1 
wherein: 

the ?rst adjustable circuit comprises a plurality of tran 
sistors connected in parallel and each having a drain 
connected to the source of the pullup transistor and the 
?rst reference voltage. 

3. The integrated circuit output driver circuit of claim 2 
wherein the plurality of transistors are fabricated such that 
each one of the plurality of transistors have a different 
source-to-drain resistance when activated. 

4. The integrated circuit output driver circuit of claim 2 
further comprising: 

an output control circuit for selectively activating the 
plurality of transistors in response to an input signal. 

5. The integrated circuit output driver circuit of claim 1 
wherein: 

the second adjustable circuit comprises a plurality of 
transistors connected in parallel and each having a 
drain connected to the source of the pulldown transistor 
and the second reference voltage. 

6. The integrated circuit output driver circuit of claim 5 
wherein the plurality of transistors are fabricated such that 
each one of the plurality of transistors have a different 
source-to-drain resistance when activated. 

7. The integrated circuit output driver circuit of claim 5 
further comprising: 

an output control circuit for selectively activating the 
plurality of transistors in response to an input signal. 

8. The integrated circuit output driver circuit of claim 1 
further comprising: 

an output control circuit for selectively controlling the 
?rst and second adjustable circuits. 

9. The integrated circuit output driver circuit of claim 1 
further comprising: 

a pullup slew rate circuit connected to a gate of the pullup 
output transistor; and 

a pulldown slew rate circuit connected to a gate of the 
pulldown output transistor. 

10. The integrated circuit output driver circuit of claim 9 
wherein the pullup slew rate circuit comprises: 

a push-pull circuit having a pullup transistor having a 
drain connected to the gate of the pullup output tran 
sistor, and a pulldown transistor having a drain con 
nected to the gate of the pullup output transistor; 

a ?rst adjustable slew rate circuit connected to a source of 
the pullup transistor for adjusting a resistance between 
the source of the pullup transistor and the ?rst reference 
voltage; and 

a second adjustable slew rate circuit connected to a source 
of the pulldown transistor for adjusting a resistance 
between the source of the pulldown transistor and the 
second reference voltage. 

11. The integrated circuit output driver circuit of claim 9 
wherein the pulldown slew rate circuit comprises: 

a push-pull circuit having a pullup transistor having a 
drain connected to the gate of the pulldown output 
transistor, and a pulldown transistor having a drain 
connected to the gate of the pulldown output transistor; 

a ?rst adjustable slew rate circuit connected to a source of 
the pullup transistor for adjusting a resistance between 
the source of the pullup transistor and the ?rst reference 
voltage; and 

a second adjustable slew rate circuit connected to a source 
of the pulldown transistor for adjusting a resistance 
between the source of the pulldown transistor and the 
second reference voltage. 

12. The integrated circuit output driver circuit of claim 9 
further comprising: 

a slew rate generator circuit for selectively controlling the 
?rst adjustable slew rate circuit and the second adjust 
able slew rate circuit. 

13. The integrated circuit output driver circuit of claim 12 
wherein the slew rate generator circuit comprises a fuse 
circuit. 

14. A synchronous memory device comprising: 

an array of memory cells for storing data received on a 
data communication line; 
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an output driver circuit for outputting data read from the 
array of memory cells, the output driver circuit com 
prising: 
a push-pull output circuit comprising a pullup output 

transistor having a drain connected to the data com 
munication line, and a pulldoWn output transistor 
having a drain connected to the data communication 
line; 

a ?rst adjustable circuit connected to a source of the 
pullup output transistor for adjusting a resistance 
betWeen the source of the pullup output transistor 
and a ?rst reference voltage, the ?rst adjustable 
circuit comprises a ?rst plurality of transistors con 
nected in parallel and each having a drain connected 
to the source of the pullup transistor and the ?rst 
reference voltage; and 

a second adjustable circuit connected to a source of the 
pulldoWn output transistor for adjusting a resistance 
betWeen the source of the pulldoWn output transistor 
and a second reference voltage, the second adjust 
able circuit comprises a second plurality of transis 
tors connected in parallel and each having a drain 
connected to the source of the pulldoWn transistor 
and the second reference voltage. 

15. The synchronous memory device of claim 14 further 
comprising: 

output control circuitry connected to the ?rst and second 
adjustable circuits for controlling signals provided on 
gate connections of the ?rst and second plurality of 
transistors. 

16. The synchronous memory device of claim 14 further 
comprising: 

a ?rst sleW rate circuit connected to the pullup output 
transistor for controlling a gate signal of the pullup 
output transistor; and 

a second sleW rate circuit connected to the pulldoWn 
output transistor for controlling a gate signal of the 
pulldoWn output transistor. 

17. The synchronous memory device of claim 16 further 
comprising: 

a sleW rate generator circuit connected to the ?rst and 
second sleW rate circuits, the sleW rate generator circuit 
including a fuse circuit for programming a pullup and 
pulldoWn resistance of the ?rst and second sleW rate 
circuits. 

18. An integrated circuit output driver circuit comprising: 

an output transistor having a drain connected to a data 
communication line; and 

an adjustable circuit connected to a source of the output 
transistor for adjusting a resistance betWeen the source 
of the output transistor and a ?rst reference voltage. 
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19. The integrated circuit output driver circuit of claim 18 
Wherein the adjustable circuit comprises: 

a plurality of transistors connected in parallel and each 
having a drain connected to the source of the output 
transistor and the ?rst reference voltage, the plurality of 
transistors are fabricated such that each one of the 
plurality of transistors have a different source-to-drain 
resistance When activated. 

20. The integrated circuit output driver circuit of claim 19 
further comprising: 

an output control circuit for selectively activating the 
plurality of transistors in response to an input signal. 

21. The integrated circuit output driver circuit of claim 18 
further comprising a sleW rate circuit comprises: 

a push-pull circuit having a pullup transistor having a 
drain connected to the gate of the output transistor, and 
a pulldoWn transistor having a drain connected to the 
gate of the output transistor; 

a ?rst adjustable sleW rate circuit connected to a source of 
the pullup transistor for adjusting a resistance betWeen 
the source of the pullup transistor and the ?rst reference 
voltage; and 

a second adjustable sleW rate circuit connected to a source 
of the pulldoWn transistor for adjusting a resistance 
betWeen the source of the pulldoWn transistor and the 
second reference voltage. 

22. A method of adjusting an output signal on a data bus 
line using an integrated circuit driver, the drive comprising 
a push-pull output circuit, a ?rst adjustable circuit for 
providing a resistance betWeen the push-pull output circuit 
and a ?rst reference voltage, and a second adjustable circuit 
for providing a resistance betWeen the push-pull output 
circuit and a second reference voltage, the method compris 
ing the steps of: 

connecting the integrated circuit driver to the data bus 
line; 

generating a ?rst output signal on the data bus line using 
the driver circuit; 

comparing the output signal on the data bus line With a 
knoWn voltage level and producing a control signal; 
and 

selectively activating the ?rst and second adjustable cir 
cuits in response to the control signal. 

23. The method of claim 22 further comprising the step of 
selectively activating a sleW rate control circuit to reduce 
signal ringing on the data bus line. 


