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(57) ABSTRACT 

An integrated circuit driver provides, among other things, a 
high data communication rate, a large common mode output 
voltage range, avoidance of spikethrough current that 
increases poWer consumption, improved switching speed 
using current-steering techniques, and improved matching 
of steady-state output current in the high logic state to that 
of the loW logic state. The driver includes complementary 
differential pairs and associated current mirror circuits that 
differentially source/sink current at a pair of load conductors 
to drive the load conductors into a logic state. Asingle-ended 

(22) Filed: May 10, 1999 embodiment is also described. 
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COMPLEMENTARY CURRENT MODE DRIVER 
FOR HIGH SPEED DATA COMMUNICATIONS 

TECHNICAL FIELD 

[0001] This invention relates generally to data communi 
cations betWeen electronic devices and particularly, but not 
by Way of limitation, to a complementary current mode 
driver for high speed data communications. 

BACKGROUND 

[0002] Modern electronic devices such as computers, 
computer peripherals, netWork interfaces devices, cameras, 
communication equipment, audio and video devices, typi 
cally include integrated circuits that communicate at high 
data speeds With each other, and With integrated circuits 
located in other electronic devices. Such high speed data 
communication is essential for these electronic devices to 
provide useful functions to their users. Such integrated 
circuits often include an output driver circuit for transmitting 
data via one or more electrical conductors to a receiving 
circuit that is located on the same integrated circuit, on a 
different integrated circuit Within the same electronic device, 
or on a different integrated circuit Within a different elec 
tronic device. 

[0003] A typical driver is implemented as a “push/pull” 
voltage mode ampli?er having pullup and pulldoWn tran 
sistors controlled by one or more control signals. The pullup 
and pulldoWn transistors drive an electrical conductor 
(referred to as the load conductor), Which communicates the 
signal to a receiver, into binary high and loW logic voltage 
states, respectively. The pullup transistor sources a current to 
the load conductor, Which drives its voltage toWard the 
positive poWer supply voltage. The pulldoWn transistor 
sinks a current from the load conductor, Which drives its 
voltage toWard the negative poWer supply (or ground) 
voltage. 
[0004] Apush/pull voltage mode driver typically presents 
several problems for high speed data communications. For 
eXample, the pullup and pulldoWn transistors may have poor 
high frequency transconductance gain characteristics, so that 
their voltage gain begins to diminish at frequencies eXceed 
ing approximately 50 MHZ, thereby limiting its high speed 
performance. Also, in a typical voltage mode driver, not all 
of the pullup and pulldoWn currents are delivered to the load 
conductor. For example, When driving the load conductor 
While in transition toWard a binary high logic state, a portion 
of the pullup current is delivered to the load conductor, but 
another portion of the pullup current (i.e., spikethough 
current) is sunk by the pulldoWn transistor. Similarly, When 
driving the load conductor While in transition toWard a 
binary loW logic state, a portion of the pulldoWn current is 
received from the load conductor, but another portion of the 
pulldoWn current (i.e., spikethrough current) is received 
from the pullup transistor. Spikethrough current increases 
the poWer consumption required to perform the sWitching. 

[0005] Another problem With the traditional push/pull 
voltage mode ampli?er is that the current required to drive 
a load to a particular voltage is inversely proportional to the 
load impedance. As a result, loW impedance loads require 
increased poWer consumption. Because high speed data 
communications often involve a high dc current sWing on 
the load conductor, hoWever, the push/pull voltage mode 
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driver provides poor matching of steady-state current in the 
binary high logic state to the steady-state current in the 
binary loW logic state, particularly When an output common 
mode voltage is drastically increased or decreased. It Would 
be desirable to have a consistent current consumption, 
Which, in turn, Would provide a consistent poWer consump 
tion, When driving different loads. For these reasons, and for 
other reasons that Will become apparent on reading this 
document and vieWing the accompanying draWings that 
form a part thereof, there is a need for improved drivers for 
high speed data communications that offer improvements 
over such limitations. 

SUMMARY 

[0006] This document describes, among other things, a 
current-steering integrated circuit driver adapted for high 
speed data communications. The driver offers, among other 
things, a high data communication speed, a large common 
mode output voltage range, avoidance of spikethrough cur 
rent that increases poWer consumption, improved sWitching 
sWitching speed using current-steering techniques, and 
improved matching of steady-state output current in the high 
logic state to that of the loW logic state, even With large 
output common mode voltage sWing. 

[0007] In one embodiment, the integrated circuit driver 
includes a ?rst current regulating circuit, adjusting a current 
delivered to a ?rst current output based on a signal received 
at a ?rst input. A ?rst current mirror circuit provides a ?rst 
output current to a ?rst driver output based on a current 
received from the ?rst current output of the ?rst current 
regulating circuit. Asecond current regulating circuit adjusts 
a current delivered to a second current output based on a 
signal received at a second input. A second current mirror 
circuit provides a second output current to the ?rst driver 
output based on a current received from the second current 
output of the second current regulating circuit. 

[0008] In another embodiment, the integrated circuit 
driver includes a ?rst current regulating circuit, steering a 
?rst input current to ?rst and second current outputs based 
on signals received at ?rst and second inputs. A ?rst current 
mirror circuit provides a ?rst output current to a ?rst driver 
output based on a current received from the ?rst current 
output. A second current mirror circuit provides a second 
output current to a second driver output based on a current 
received from the second current output. A second current 
regulating circuit steers a second input current to third and 
fourth current outputs based on signals received at third and 
fourth inputs. A third current mirror circuit provides a third 
output current to the ?rst driver output based on a current 
received from the third current output of the second current 
steering circuit. A fourth current mirror circuit provides a 
fourth output current to the second driver output based on a 
current received from the fourth current output of the second 
current steering circuit. Other aspects of the invention Will 
be apparent on reading the folloWing detailed description of 
the invention and vieWing the draWings that form a part 
thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] In the draWings, like numerals describe substan 
tially similar components throughout the several vieWs, With 
alphabetic suf?Xes indicating different instances of the simi 
lar components. 
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[0010] FIG. 1 is a schematic/block diagram illustrating 
generally one embodiment of portions of the present system 
(Which includes a driver) and the environment in Which it is 
used. 

[0011] FIG. 2 is a schematic diagram illustrating generally 
one embodiment of a differential driver for driving a pair of 
load conductors. 

[0012] FIG. 3 is a schematic/block diagram illustrating 
generally one embodiment of a single-ended driver for 
driving a single load conductor. 

DETAILED DESCRIPTION 

[0013] In the folloWing detailed description, reference is 
made to the accompanying draWings Which form a part 
hereof, and in Which is shoWn by Way of illustration speci?c 
embodiments in Which the invention 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 the embodiments may be com 
bined, or that other embodiments may be utiliZed and that 
structural, logical and electrical changes may be made 
Without departing from the spirit and scope of the present 
invention. The folloWing detailed description is, therefore, 
not to be taken in a limiting sense, and the scope of the 
present invention is de?ned by the appended claims and 
their equivalents. In the draWings, like numerals describe 
substantially similar components throughout the several 
vieWs. 

[0014] This document describes, among other things, a 
current-steering integrated circuit driver adapted for high 
speed data communications. The driver offers, among other 
things, a high data communication rate, a large common 
mode output voltage range, avoidance of spikethrough cur 
rent that increases poWer consumption, improved sWitching 
speed using current-steering techniques, and improved 
matching of steady-state output current in the high logic 
state to that of the loW logic state, even With a large output 
common mode voltage sWing. 

System OvervieW 

[0015] FIG. 1 is a schematic/block diagram illustrating 
generally, by Way of eXample, but not by Way of limitation, 
one embodiment of portions of the present system and the 
environment in Which it is used. FIG. 1 illustrates a ?rst 
electronic device 100A and a second electronic device 100B. 
EXamples of such electronic devices include, but are not 
limited to, computers, computer peripherals, netWork inter 
faces devices, cameras, telephony and other communication 
equipment, audio and video devices. In one embodiment, 
device 100A is a computer and device 100B is a camera, 
such as a video camera. Devices 100A-B communicate data 
unidirectionally or bidirectionally over communication bus 
105, such as at rates of approximately 400-800 megabits per 
second. In one embodiment, communication bus 105 is 
implemented as a cable betWeen devices 100A-B, hoWever, 
many other forms of communication bus 105 Will be suit 
able. Devices 100A-B include respective ?rst and second 
communication interfaces 106A-B, Which are also referred 
to as communication ports. In one embodiment, interfaces 
106A-B include suitable connectors and/or receptacles for 
interfacing With a cable communication bus 105, hoWever, 
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many other forms of interfaces 106A-B to various embodi 
ments of communication bus 105 Will be suitable. 

[0016] In one embodiment, communication bus 105 
includes a pair of conductors 110A-B for communicating a 
particular signal differentially. Communication bus 105 
includes as many pairs of conductors as needed for com 
municating a particular number of signals betWeen ?rst and 
second electronic devices 100A-B. Alternatively, communi 
cation bus 105 communicates each signal single-endedly 
over a single conductor, using as many conductors as needed 
for communicating the particular number of signals betWeen 
?rst and second electronic devices 100A-B. 

[0017] Conductors 110A-B are coupled by respective 
resistors 115A-B (e.g., @55 Q) to a ?rst common mode node 
120, Which is biased by circuits located in ?rst electronic 
device 100A or elseWhere. Conductors 110A-B are also 
coupled by respective resistors 125A-B (e.g., @55 Q) to a 
second common mode node 130, Which is biased by circuits 
in second electronic device 100B or elseWhere. In one 
embodiment, ?rst common mode node 120 is biased at a 
stable bias voltage (e.g., @1.87 to 2.0 V) by bias buffer 135, 
based on a substantially constant input voltage signal 
received at input voltage node 140. Capacitor 145 (e.g., @0.3 
pF) is coupled betWeen ?rst common mode node 120 and a 
ground voltage node to stabiliZe the dc voltage at ?rst 
common mode node 120. In this embodiment, second com 
mon mode voltage 130 is biased by a voltage (e.g., @1.87 to 
2.0 V) created across resistor 150 (e.g., @5 K9) and parallel 
capacitor 155 (e.g., @250 pF), each of Which couple second 
common mode node 130 to ground. 

[0018] Current sources 160A-B provide common mode 
current that, together With the stable bias voltage provided 
by bias buffer 135 at node 120, determines the common 
mode voltage at node 130. Nodes 120 and 130 are electri 
cally connected through communication bus 105, such that 
the second common mode voltage at node 130 is also 
provided to node 120, alloWing for resistive voltage drop 
arising from the Wire length or cable length of communica 
tion bus 105. In one embodiment, ?rst and second current 
sources 160A-B are used for signalling betWeen ?rst and 
second electronic devices 100A-B. For eXample, by using 
different combinations of currents of ?rst and second current 
sources 160A-B, second electronic device 100B can provide 
information (e.g., sWitching speed, data format, etc.) to ?rst 
electronic device 100A. 

[0019] First and second electronic devices 100A-B 
include respective drivers 165A-B. When ?rst electronic 
device 100A is transmitting data, driver 165A drives the load 
conductors at nodes 110A-B of communication bus 105 
toWard opposing binary high and loW logic voltage levels 
based on signals received at input node/bus 170. (In this 
document, it is understood that logic states, including the 
binary high and loW logic voltage levels, include any voltage 
levels that are suf?ciently different such that they can be 
distinguished by a receiver. This includes both full rail-to 
rail digital logic voltage sWings, as Well as much smaller 
signal sWings such as, by Way of eXample, but not by Way 
of limitation, a 250 millivolt peak-to-peak signal sWing 
betWeen high and loW logic voltage levels, Where the signal 
sWing is centered around 2.0 Volts or any other suitable 
center voltage. Thus, use of the terms “logic state,”“logic 
level,”“high” and “loW” should not be interpreted as being 
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limited to particular digital logic states, but should be 
broadly interpreted to include any signal level that can be 
detected and distinguished from at least one other signal 
level.) Similarly, When second electronic device 100B is 
transmitting data, driver 165B drives the load conductors at 
nodes 110A-B toWard opposing binary high and loW logic 
voltage levels based on signals received at input node/bus 
175. At least one of ?rst and second electronic devices 
100A-B includes a receiver, such as receiver 180, Which 
provides a digital output signal at node 185 based on a 
differential signal received across communication bus 105, 
such as at nodes 110A-B. In one embodiment, bias buffer 
135, driver 165A, and receiver 180 are fabricated on the 
same integrated circuit 182. 

Differential Driver Example 

[0020] FIG. 2 is a schematic diagram illustrating gener 
ally, by Way of example, but not by Way of limitation, one 
embodiment of integrated circuit driver 165B for differen 
tially driving a pair of load conductors in communication 
bus 105, at ?rst and second driver nodes 110A-B, respec 
tively. In FIG. 2, driver 165B includes a ?rst current 
regulating circuit, such as ?rst current steering circuit 200, 
receiving a ?rst input current from a ?rst current source 202 
and steering the ?rst input current to ?rst and second current 
outputs at nodes 204 and 206, respectively, based on signals 
received at ?rst and second input nodes 175A and 175B, 
respectively. In one embodiment, ?rst current steering cir 
cuit 200 includes a differential pair of transistors, such as 
p-channel ?eld-effect transistor (PFET) 212 and PFET 214, 
Which are coupled together at a common source terminal for 
receiving the ?rst input current from ?rst current source 202. 
PFET 212 steers a portion of the current received from ?rst 
current source 202 along a path to the ?rst current output at 
node 204 based on a signal received at its gate terminal at 
node 175A, along With a complementary signal received by 
PFET 214 at node 175B. PFET 214 steers a portion of the 
current received from ?rst current source 202 along a path 
to the second current output at node 206 based on a signal 
received at its gate terminal at node 175B, along With a 
complementary signal received by PFET 212 at node 175A. 

[0021] A ?rst current mirror circuit 216 is coupled to the 
?rst current output, at node 204, of the ?rst current steering 
circuit 200 for receiving a ?rst output current. First current 
mirror circuit 216 provides a mirrored ?rst output current to 
a ?rst driver output, at node 110A, based on a current 
received from the ?rst current output, at node 204, of the ?rst 
current steering circuit 200. In one embodiment, ?rst current 
mirror circuit 216 includes a diode-connected n-channel 
?eld-effect transistor (NFET) 218, including drain and gate 
terminals coupled, at node 204, to the drain terminal of 
PFET 212, and a source terminal coupled to ground. NFET 
220 includes a gate terminal coupled to node 204, a source 
terminal coupled to ground, and a drain terminal coupled to 
the ?rst driver output at node 110A. 

[0022] In one embodiment, the current through each of 
PFETs 218 and 220 is approximately equal (e.g., the device 
dimensions of PFETS 218 and 220 are substantially identi 
cal, and PFET 218 includes the same number of parallel 
transistors as PFET 220). In another embodiment, the cur 
rent through PFET 218 is different from (i.e., larger or 
smaller) than the current through PFET 220 (e.g., the device 
dimensions of PFET 218 is different from the device dimen 
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sions of PFET 220 and/or the number of parallel transistors 
of PFET 218 is different from the number of parallel 
transistors of PFET 220). 

[0023] A second current mirror circuit 222 is coupled to 
the second current output, at node 206, of the ?rst current 
steering circuit 200. Second current mirror circuit 222 
provides a mirrored second output current to a second driver 
output, at node 110B, based on a current received from the 
second current output, at node 206, of the ?rst current 
steering circuit 200. In one embodiment, second current 
mirror circuit 222 includes a diode-connected NFET 224, 
including drain and gate terminals coupled, at node 206, to 
the drain terminal of PFET 214, and a source terminal 
coupled to ground. NFET 226 includes a gate terminal 
coupled to node 206, a source terminal coupled to ground, 
and a drain terminal coupled to the second driver output at 
node 110B. 

[0024] In one embodiment, the current through each of 
PFETs 224 and 226 is approximately equal (e.g., the device 
dimensions of PFETS 224 and 226 are substantially identi 
cal, and PFET 224 includes the same number of parallel 
transistors as PFET 226). In another embodiment, the cur 
rent through PFET 224 is different from (i.e., larger or 
smaller) than the current through PFET 226 (e.g., the device 
dimensions of PFET 224 is different from the device dimen 
sions of PFET 226 and/or the number of parallel transistors 
of PFET 224 is different from the number of parallel 
transistors of PFET 226). 

[0025] Asecond current regulating circuit, such as second 
steering circuit 228, receives a second input current from a 
second current source 230, Which sinks, rather than sources, 
current. Second current steering circuit 228 steers the second 
input current to third and fourth current outputs, at respec 
tive nodes 232 and 234, based on signals received at third 
and fourth inputs 175C and 175D, respectively. In one 
embodiment, second current steering circuit 228 includes a 
differential pair of transistors, such as NFET 240 and NFET 
242, Which are coupled together at a common source ter 
minal for receiving the second input current sunk by second 
current source 230. NFET 240 steers a portion of the current 
received from second current source 230 along a path to the 
third current output at node 232 based on a signal received 
at its gate terminal at node 175C. NFET 242 steers a portion 
of the current received from second current source 230 along 
a path to the fourth current output at node 234 based on a 
signal received at its gate terminal at node 175D. 

[0026] A third current mirror circuit 244 is coupled to the 
third current output, at node 232, of the second current 
steering circuit 228. Third current mirror circuit 244 pro 
vides a mirrored third output current to the ?rst driver 
output, at node 110A, based on a current received from the 
third current output, at node 232, of the second current 
steering circuit 228. In one embodiment, third current mirror 
circuit 244 includes a diode-connected PFET 246, including 
drain and gate terminals coupled, at node 232, to the drain 
terminal of NFET 240, and a source terminal coupled to a 
poWer supply node (e.g., z2.7 to 3.6 V, nominal z3.3 V). 
PFET 248 includes a gate terminal coupled to node 232, a 
source terminal coupled to the poWer supply node, and a 
drain terminal coupled to the ?rst driver output at node 
110A. 

[0027] In one embodiment, the current through each of 
NFETs 246 and 248 is approximately equal (e.g., the device 
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dimensions of NFETS 246 and 248 are substantially iden 
tical, and NFET 246 includes the same number of parallel 
transistors as NFET 248). In another embodiment, the cur 
rent through NFET 246 is different from (i.e., larger or 
smaller) than the current through NFET 248 (e.g., the device 
dimensions of NFET 246 is different from the device dimen 
sions of NFET 248 and/or the number of parallel transistors 
of NFET 246 is different from the number of parallel 
transistors of NFET 248). 

[0028] Afourth current mirror circuit 250 is coupled to the 
fourth current output, at node 234, of the second current 
steering circuit 228. Fourth current mirror circuit 250 pro 
vides a mirrored fourth output current to the second driver 
output, at node 110B, based on a current received from the 
fourth current output, at node 234, of the second current 
steering circuit 228. In one embodiment, fourth current 
mirror circuit 250 includes a diode-connected PFET 252, 
including drain and gate terminals coupled, at node 234, to 
the drain terminal of NFET 242, and a source terminal 
coupled to the poWer supply node. PFET 254 includes a gate 
terminal coupled to node 234, a source terminal coupled to 
the poWer supply node, and a drain terminal coupled to the 
second driver output at node 110B. 

[0029] In one embodiment, the current through each of 
NFETs 252 and 254 is approximately equal (e.g., the device 
dimensions of NFETS 252 and 254 are substantially iden 
tical, and NFET 252 includes the same number of parallel 
transistors as NFET 254). In another embodiment, the cur 
rent through NFET 252 is different from (i.e., larger or 
smaller) than the current through NFET 254 (e.g., the device 
dimensions of NFET 252 is different from the device dimen 
sions of NFET 254 and/or the number of parallel transistors 
of NFET 252 is different from the number of parallel 
transistors of NFET 254). 

[0030] In operation, ?rst and second driver outputs, at 
respective nodes 110A-B, are differentially driven to oppo 
site binary logic voltage states. In a ?rst logic state, node 
110A is driven high and node 110B is driven loW by 
providing a logic high control signal to the ?rst input, at 
node 175A, and the third input, at node 175C, and providing 
a logic loW control signal to the second input, at node 175B, 
and the fourth input, at node 175D. In this ?rst logic state, 
substantially all of the ?rst input current is steered by PFET 
214 to NFET 224, producing a resulting mirrored current, 
through NFET 226, sunk from node 110B. Substantially all 
of the second input current is steered by NFET 240 to PFET 
246, producing a resulting mirrored current, sourced through 
PFET 248, to node 110A. 

[0031] In a second logic state, node 110A is driven loW 
and node 110B is driven high by providing a logic high 
control signal to the second input, at node 175B, and the 
fourth input, at node 175D, and providing a logic loW control 
signal to the ?rst input, at node 175A, and the third input, at 
node 175C. In this second logic state, substantially all of the 
?rst input current is steered by PFET 212 to NFET 218, 
producing a resulting mirrored current, through NFET 220, 
sunk from node 110A. Substantially all of the second input 
current is steered by NFET 242 to PFET 252, producing a 
resulting mirrored current, sourced through PFET 254 to 
node 110B. 

[0032] Both of nodes 110A-B are placed in a high imped 
ance state by providing a logic high control signal to ?rst 
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input node 175A and second input node 175B, and providing 
a logic loW control signal to third input node 175C and 
fourth input node 175D. In this high impedance state, 
PFETS 212 and 214 are turned off, and the voltages of nodes 
204 and 206 are actively pulled doWn to an NFET threshold 
voltage above ground, and are then further pulled toWard the 
ground voltage by the subthreshold currents of NFETs 218 
and 224, respectively. This results in NFETs 220 and 226 
being turned off. Similarly, NFETs 240 and 242 are turned 
off, and the voltages of nodes 232 and 234 are actively 
pulled up to Within a PFET threshold voltage of the poWer 
supply voltage, and are then further pulled toWard the poWer 
supply voltage by the subthreshold currents of PFETs 246 
and 252, respectively. This results in PFETs 248 and 254 
being turned off. Operation and advantages of the driver 
165B illustrated in FIG. 2 is discussed further beloW. 

Single-Ended Driver Example 

[0033] FIG. 3 is a schematic/block diagram illustrating 
generally, by Way of example, but not by Way of limitation, 
one embodiment of driver 300 for driving a single load 
conductor 305 (such as one of conductors 110A-B) for 
single-ended data communication based on control signals 
received at ?rst input node 175E and second input node 
175F. In this embodiment, driver 300 includes a current 
regulating circuit 310 including, for example, a PFET 315, 
or other suitable transistor. PFET 315 receives a ?rst input 
current from a ?rst current source 320. PFET 315 adjusts a 
current delivered to a ?rst current output, at node 325, based 
on a signal received at ?rst input node 175E. In one 
embodiment, current regulating circuit 310 is also coupled 
to a load 330, such as a FET, a resistor, etc., for sinking a 
portion of the current from ?rst current source 320 that is not 
steered along a path to the ?rst current output at node 325. 
In one example, load 330 includes a PFET operated as a 
differential pair current steering circuit together With PFET 
315. 

[0034] Driver 300 also includes a ?rst current mirror 
circuit, such ?rst current mirror circuit 335 including 
n-channel ?eld-effect transistors (NFETs). Current mirror 
circuit 335 is coupled to the ?rst current output, at node 325, 
of the ?rst current regulating circuit 310. Current mirror 
circuit 335 provides a ?rst output current (e.g., a pulldoWn 
current) to a ?rst driver output, at node 305, based on the 
current received from the ?rst current output, at node 325, of 
the ?rst current regulating circuit 310. In one embodiment, 
?rst current mirror circuit 335 includes a diode-connected 
NFET 340, including drain and gate terminals coupled, at 
node 325, to the drain terminal of PFET 315, and a source 
terminal coupled to ground. NFET 355 includes a gate 
terminal coupled to node 325, a source terminal coupled to 
ground, and a drain terminal coupled to load conductor 305. 

[0035] In one embodiment, the current through each of 
PFETs 340 and 355 is approximately equal (e.g., the device 
dimensions of PFETS 340 and 355 are substantially identi 
cal, and PFET 340 includes the same number of parallel 
transistors as PFET 355). In another embodiment, the cur 
rent through PFET 340 is different from (i.e., larger or 
smaller) than the current through PFET 355 (e.g., the device 
dimensions of PFET 340 is different from the device dimen 
sions of PFET 355 and/or the number of parallel transistors 
of PFET 340 is different from the number of parallel 
transistors of PFET 355). 
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[0036] Driver 300 also includes a second current regulat 
ing circuit 350, including an NFET 355. NFET 355 receives 
a second input current from a second current source 360 
Which, in this embodiment, sinks current from transistor 
355. NFET 355 adjusts a current sunk at a second current 
output, at node 365, based on a signal received at second 
input 175F. In one embodiment, second current regulating 
circuit 350 is also coupled to a load 370, such as a PET, a 
resistor, etc., for accommodating a portion of the current 
sunk by second current source 360 that is not steered along 
a path to the second current output at node 365. In one 
example, load 370 includes an NFET operated as a differ 
ential pair current steering circuit together With NFET 355. 

[0037] Driver 300 also includes a second current mirror 
circuit, such as current mirror circuit 375, including PFETs. 
Current mirror circuit 375 is coupled to the second current 
output, at node 365, of second current regulating circuit 350. 
Current mirror circuit 375 provides a second output current 
to the load conductor, at node 305, based on a current 
received from the second current output, at node 365, of the 
second current regulating circuit 350. In one embodiment, 
second current mirror circuit 375 includes a diode-connected 
PFET 380, including drain and gate terminals coupled, at 
node 365, to the drain terminal of PFET 355, and a source 
terminal coupled to the positive poWer supply. PFET 385 
includes a gate terminal coupled to node 365, a source 
terminal coupled to the positive poWer supply, and a drain 
terminal coupled to load conductor 305. 

[0038] In one embodiment, the current through each of 
NFETs 380 and 385 is approximately equal (e.g., the device 
dimensions of NFETS 380 and 385 are substantially iden 
tical, and NFET 380 includes the same number of parallel 
transistors as NFET 385). In another embodiment, the cur 
rent through NFET 380 is different from (i.e., larger or 
smaller) than the current through NFET 385 (e.g., the device 
dimensions of NFET 380 is different from the device dimen 
sions of NFET 385 and/or the number of parallel transistors 
of NFET 380 is different from the number of parallel 
transistors of NFET 385). 

[0039] In operation, load conductor 305 is driven high 
When nodes 175E and 175F are both high, and driven loW 
When nodes 175E and 175F are both loW, and driven to a 
high impedance state When node 175E is high and 175F is 
loW. It is understood that multiple instances of driver 300 
can be used for single-endedly driving multiple load con 
ductors (such as node 110A or node 110B) of communica 
tion bus 105. Alternatively, multiple instances of driver 300 
are paired for differentially driving multiple pairs of load 
conductors (such as node pair 110A-B) of communication 
bus 105. By placing opposite logic states on corresponding 
inputs of each instance of driver 300 in such a pair of 
single-ended drivers, each corresponding output load con 
ductor 305 is driven to a logic state that is opposite of 
another output load conductor in the pair of load conductors. 

[0040] Each of the drivers illustrated in FIGS. 2 and 3 can 
tolerate a large output voltage range. In the example illus 
trated in FIG. 2, Where the positive poWer supply voltage is 
VDD, the output voltage at node 110A is limited only by the 
minimum drain-source voltages required to keep PFET 248 
and NFET 220 operating in their respective “saturation” 
regions of operation. Similarly, the output voltage at node 
110B is limited only by the minimum drain source voltages 
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required to keep PFET 254 and NFET 226 in their respective 
“saturation” regions of operation. Moreover, PFETs 248 and 
254 and NFETs 220 and 226 are operated as current sources. 
As a result, the minimum drain-source voltage required to 
operate in their saturation regions is approximately equal to 
a saturation voltage (VDS(SAT)=VGS—VT), as a result of 
having gates biased by respective diode-connected transis 
tors. This is less than if these transistors Were being operated 
as transconductance sWitches, Which typically have a much 
larger applied gate-source voltage (i.e., the full poWer supply 
voltage). Thus, the present drivers can tolerate a Wider 
output voltage sWing (While still maintaining a substantially 
constant load current) than typical push/pull voltage mode 
driver using pullup and pulldoWn transconductors operated 
as sWitches. In one example, for the positive poWer supply 
voltage VDDz3.0 V, nodes 110A-B can be driven betWeen 
approximately 0.5 V to 2.5 V. 

[0041] Each of the drivers illustrated in FIGS. 2 and 3 
also provides improved frequency response over a compa 
rable push/pull voltage transconductor driver. It also avoids 
the spikethrough current of push/pull transconductor. Fur 
thermore, it offers improved matching of steady-state output 
current in the high logic state to that of the loW logic state, 
as compared to a push/pull voltage transconductor driver. In 
a push/pull voltage transconductor driver, steady-state cur 
rents depend on device dimensions (e.g., transistor Width 
and length) and process transconductance characteristics, 
Which can vary signi?cantly betWeen devices, particularly 
betWeen PFET and NFET devices. By contrast, using the 
present driver, the current sources used to establish the 
steady-state output currents are limited only by the accuracy 
of the reference current source and the matching of the 
current mirrors, making it easier to more closely match the 
logic high steady-state current to the logic loW steady-state 
current. 

Conclusion 

[0042] The above-described system provides, among 
other things, an integrated circuit driver adapted for high 
speed data communications. The driver offers, among other 
things, a high data communication rate, a large common 
mode output voltage range, avoidance of spikethrough cur 
rent that increases poWer consumption, improved sWitching 
speed using current-steering techniques, and improved 
matching of steady-state output current in the high logic 
state to that of the loW logic state. 

[0043] Although the present integrated circuit driver is 
discussed above in the context of communicating to a 
receiver located on a different integrated circuit in a different 
electronic device, it is understood that the present driver is 
also used for communication With a receiver located on a 
different integrated circuit Within the same electronic device, 
or With a receiver located on the same integrated circuit 
regardless of Whether it is embodied Within an electronic 
device. 

[0044] It is to be understood that the above description is 
intended to be illustrative, and not restrictive. Many other 
embodiments Will be apparent to those of skill in the art 
upon revieWing the above description. The scope of the 
invention should, therefore, be determined With reference to 
the appended claims, along With the full scope of equivalents 
to Which such claims are entitled. 
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What is claimed is: 
1. An integrated circuit driver comprising: 

a ?rst current regulating circuit, adjusting a current deliv 
ered to a ?rst current output based on a signal received 
at a ?rst input; 

a ?rst current mirror circuit, providing a ?rst output 
current to a ?rst driver output based on the current 
received from the ?rst current output of the ?rst current 
regulating circuit; 

a second current regulating circuit, adjusting a current 
delivered to a second current output based on a signal 
received at a second input; and 

a second current mirror circuit, providing a second output 
current to the ?rst driver output based on the current 
received from the second current output of the second 
current regulating circuit. 

2. The driver of claim 1, in Which at least one of the ?rst 
and second current regulating circuits includes a current 
steering circuit having tWo current paths. 

3. The driver of claim 1, in Which: 

the ?rst current regulating circuit adjusts a current deliv 
ered to a third current output based on a signal received 
at a third input; and 

the second current regulating circuit adjusts a current 
delivered to a fourth current output based on a signal 
received at a fourth input. 

4. The driver of claim 3, further including: 

a third current mirror circuit, providing a third output 
current to a second driver output based on the current 
received from the third current output of the third 
current regulating circuit; and 

a fourth current mirror circuit, providing a fourth output 
current to a second driver output based on the current 
received from the fourth current output of the fourth 
current regulating circuit. 

5. An integrated circuit driver comprising: 

a ?rst current regulating circuit Which steers a ?rst input 
current to ?rst and second current outputs based on 
signals received at ?rst and second inputs; 

a ?rst current mirror circuit providing a ?rst output 
current to a ?rst driver output based on a current 
received from the ?rst current output of the ?rst current 
regulating circuit; 

a second current mirror circuit providing a second output 
current to a second driver output based on a current 
received from the second current output of the ?rst 
current regulating circuit; 

a second current regulating circuit Which steers a second 
input current to third and fourth current outputs based 
on signals received at third and fourth inputs; 

a third current mirror circuit providing a third output 
current to the ?rst driver output based on a current 
received from the third current output of the second 
current regulating circuit; and 

a fourth current mirror circuit, providing a fourth output 
current to the second driver output based on a current 
received from the fourth current output of the second 
current regulating circuit. 
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6. The driver of claim 5, in Which the driver is located in 
a ?rst electronic device that includes an interface for corn 
rnunicative coupling to another electronic device. 

7. The driver of claim 6, in Which the ?rst electronic 
device is coupled to a second electronic device, and the 
driver cornrnunicates data from the ?rst electronic device to 
the second electronic device. 

8. The driver of claim 5, in Which the driver is coupled to 
a communication bus that includes a ?rst conductor coupled 
to the ?rst output of the driver circuit and a second conductor 
coupled to the second output of the driver circuit. 

9. The driver of claim 5, in Which the ?rst current 
regulating circuit includes a ?rst differential pair of transis 
tors. 

10. The driver of claim 9, in Which the second current 
regulating circuit includes a second differential pair of 
transistors. 

11. The driver of claim 10, in Which the ?rst and third 
inputs are each coupled to the same logic voltage level When 
the driver is driving the ?rst driver output to binary high and 
loW logic states. 

12. The driver of claim 11, in Which the second and fourth 
inputs are each coupled to the same logic voltage level When 
the driver is driving the second driver output to binary high 
and loW logic states. 

13. The driver of claim 12, in Which the ?rst and third 
inputs are each coupled to different logic voltage levels 
When the driver is driving the ?rst driver output to high 
impedance state, and the second and fourth inputs are each 
coupled to different logic voltage levels When the driver is 
driving the second driver output to high impedance state. 

14. An integrated circuit driver comprising: 

a ?rst current source, sourcing a ?rst input current; 

a p-channel ?rst input transistor, including a source 
coupled to receive the ?rst input current from the ?rst 
current source, a gate that receives a ?rst input voltage, 
and a drain; 

a p-channel second input transistor, including a source 
coupled to the source of the ?rst input transistor, a gate 
that receives a second input voltage, and a drain; 

an n-channel ?rst load transistor, including a gate and 
drain coupled to the drain of the ?rst input transistor, 
and a source coupled to a ground voltage; 

an n-channel second load transistor, including a gate and 
drain coupled to the drain of the second input transistor, 
and a source coupled to a ground voltage; 

an n-channel ?rst current mirror transistor, including a 
gate coupled to the gate of the ?rst load transistor, a 
source coupled to the ground node, and a drain coupled 
to a ?rst driver output terminal; 

an n-channel second current mirror transistor, including a 
gate coupled to the gate of the second load transistor, a 
source coupled to the ground node, and a drain coupled 
to a second driver output terminal; 

a second current source, sinking a second input current; 

an n-channel third input transistor, including a source 
coupled to receive the second input current from the 
second current source, a gate that receives a third input 
voltage, and a drain; 
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an n-channel fourth input transistor, including a source 
coupled to the source of the third input transistor, a gate 
that receives a fourth input voltage, and a drain; 

a p-channel third load transistor, including a gate and 
drain coupled to the drain of the third input transistor, 
and a source coupled to a poWer supply node; 

a p-channel fourth load transistor, including a gate and 
drain coupled to the drain of the fourth input transistor, 
and a source coupled to the poWer supply node; 

a p-channel third current mirror transistor, including a 
gate coupled to the gate of the third load transistor, a 
source coupled to the poWer supply node, and a drain 
coupled to the ?rst driver output terminal; and 

a p-channel fourth current mirror transistor, including a 
gate coupled to the gate of the fourth load transistor, a 
source coupled to the poWer supply node, and a drain 
coupled to the second output terminal. 

15. An integrated circuit driver cornprising: 

?rst and second driver outputs; 

a ?rst current regulating circuit, including ?rst and second 
inputs and ?rst and second current outputs, the ?rst 
current regulating circuit steering a ?rst input current to 
the ?rst and second current outputs based on signals 
received at the ?rst and second inputs; 

a second current regulating circuit, including third and 
fourth inputs and third and fourth outputs, the second 
current regulating circuit steering a second input cur 
rent to the third and fourth current outputs based on 
signals received at the third and fourth inputs; 

a means for performing the function of providing a ?rst 
output current to the ?rst driver output based on the ?rst 
current output of the ?rst current regulating circuit and 
the third current output of the second current regulating 
circuit; and 

a means for performing the function of providing a second 
output current to the second driver output based on the 
second current output of the ?rst current regulating 
circuit and the fourth current output of the second 
current regulating circuit. 

16. A system comprising: 

a ?rst electronic device, including: 

a ?rst cornrnunication port, having ?rst and second 
cornrnunication port terrninals; 

a ?rst driver, including: 

a ?rst current regulating circuit, including ?rst and 
second inputs and ?rst and second current outputs, 
the ?rst current regulating circuit steering a ?rst 
input current to the ?rst and second current out 
puts based on signals received at the ?rst and 
second inputs; 

a ?rst current mirror circuit, providing a ?rst output 
current to the ?rst cornrnunication port terrninal 
based on a current received from the ?rst current 

output; 

a second current mirror circuit, providing a second 
output current to the second cornrnunication port 
terrninal based on a current received from the 
second current output; 
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a second current regulating circuit, including third 
and fourth inputs and third and fourth current 
outputs, the second current regulating circuit 
steering a second input current to the third and 
fourth current outputs based on signals received at 
the third and fourth inputs; 

a third current mirror circuit, providing a third output 
current to the ?rst cornrnunication port terrninal 
based on a current received from the third current 
output; and 

a fourth current mirror circuit, providing a fourth 
output current to the second cornrnunication port 
terrninal based on a current received from the 
fourth current output; 

a second electronic device, including a second commu 
nication port having third and fourth cornrnunication 
port terminals; and 

a bus, coupling the ?rst and second electronic devices, the 
bus including: 

a ?rst connection path betWeen the ?rst cornrnunication 
port terminal and the third cornrnunication port ter 
rninal; and 

a second connection path betWeen the second commu 
nication port terminal and the fourth cornrnunication 
port terminal. 

17. The system of claim 16, in Which the ?rst electronic 
device includes: 

a ?rst resistor, coupling the ?rst cornrnunication port 
terminal to a ?rst bias node; and 

a second resistor, coupling the second cornrnunication 
port terminal to the ?rst bias node. 

18. The system of claim 17, in Which the second elec 
tronic device includes: 

a third resistor, coupling the third cornrnunication port 
terminal to a second bias node; and 

a fourth resistor, coupling the fourth cornrnunication port 
terminal to the second bias node. 

19. The system of claim 18, further including a ?rst bias 
voltage source coupled to a ?rst one of the ?rst and second 
bias nodes. 

20. The system of claim 19, further comprising a ?rst 
capacitor coupled to the ?rst one of the ?rst and second bias 
nodes. 

21. The system of claim 18, further including: 

a third current source, coupled to one of the ?rst and third 
cornrnunication port terminals; and 

a fourth current source, coupled to one of the second and 
fourth cornrnunication port terminals. 

22. The system of claim 21, further comprising: 

a ?fth resistor, coupling the second bias node to a ground 
node; and 

a second capacitor, coupling the second bias node to the 
ground node. 

23. The system of claim 21, in Which the ?rst electronic 
device includes a camera and the second electronic device 
includes a computer. 
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24. The system of claim 21, in Which the ?rst electronic 
device includes a computer and the second electronic device 
includes a camera. 

25. A method of communicating across a bus including 
?rst and second bus connections, the method comprising: 

steering, based on ?rst and second input voltages, a ?rst 
component of a ?rst input current along a ?rst path and 
a second component of the ?rst input current along a 
second path; 

providing a ?rst output current to the ?rst bus connection 
based on the ?rst component of the ?rst input current; 

providing a second output current to the second bus 
connection based on the second component of the ?rst 
input current; 

steering, based on third and fourth input voltages, a ?rst 
component of a second input current along a third path 
and a second component of the second input current 
along a fourth path; 
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providing a third output current to the ?rst bus connection 
based on the ?rst component of the second input 
current; and 

providing a fourth output current to the second bus 
connection based on the second component of the 
second input current. 

26. The method of claim 25, including receiving the same 
?rst and third input voltages When the ?rst bus connection is 
being driven toWard binary high and loW logic states. 

27. The method of claim 26, including receiving the same 
second and fourth input voltages When the second bus 
connection is being driven toWard binary high and loW logic 
states. 

28. The method of claim 27, including receiving different 
?rst and third input voltages When the ?rst bus connection is 
being driven toWard high impedance state, and receiving 
different second and fourth input voltages When the second 
bus connection is being driven toWard high impedance state. 

* * * * * 


