
DYNAMIC LANE, VOLTAGE AND FREQUENCY ADJUSTMENT FOR
SERIAL INTERCONNECT Field of Invention [0001] The
field of invention relates generally to computing
systems; and, more specifically, to dynamic lane,
voltage and frequency adjustment for a serial
interconnect. Background [0002] Figure 1a shows a
depiction of a bus 120. A bus 120 is a "shared medium"
communication structure that is used to transport
communications between electronic components 101a -
10Na and 110a. Shared medium means that the components
101a - 10Na and 110a that communicate with one another
physically share and are connected to the same
electronic wiring 120. That is, wiring 120 is a shared
resource that is used by any of components 10 1a -
10Na and 110a to communicate with any other of
components 10 1a - 10Na and 110a. For example, if
component 10 1a wished to communicate to component
10Na, component 101a would send information along
wiring 120 to component 10Na; if component 103a wished
to communicate to component 110a, component 103a would
send information along the same wiring 120 to
component 110a, etc. [0003] Computing systems have
traditionally made use of busses. For example, with
respect to certain IBM compatible PCs, bus 120
corresponds 



to a PCI bus where components 101a - 10Na correspond
to "I/O" components (e.g., LAN networking adapter
cards, MODEMs, hard diskstorage devices, etc.) and
component 110a corresponds to an I/O Control Hub
(ICH). As another example, with respect to certain
multiprocessor computing systems, bus 120 corresponds
to a "front side" bus where components 101a - 10Na
correspond to microprocessors and component 110a
corresponds to a memory controller. [0004] Owing to an
artifact referred to as "capacitive loading", busses
are less and less practical as computing system speeds
grow. Basically, as the capacitive loading of any
wiring increases, the maximum speed at which that
wiring can transport information decreases. That is,
there is an inverse relationship between a wiring's
capacitive loading and that same wiring's speed. Each
component that is added to a wire causes that wire's
capacitive loading to grow. Thus, because busses
typically couple multiple components, bus wiring 120
is typically regarded as being heavily loaded with
capacitance. [0005] In the past, when computing system
clock speeds were relatively slow, the capacitive
loading on the computing system's busses was not a
serious issue because the degraded maximum speed of
the bus wiring (owing to capacitive loading) still far
exceeded the computing system's internal clock speeds.
The same cannot be said for at least some of today's
computing systems. That is, with the continual
increase in 



computing system clock speeds over the years, the
speed of today's computing systems are reaching
(and/or perhaps exceeding) the maximum speed of wires
that are heavily loaded with capacitance such as bus
wiring120. Other problems associated with increasing
bus speed is signal distortion. [0006] Therefore
computing systems are migrating to a "link-based"
component-to-component interconnection scheme. Figure
1b shows a comparative example vis-a-vis Figure 1a.
According to the approach of Figure 1b, computing
system components 101a - 10Na and 110a are
interconnected through a mesh 140 of high speed
bi-directional point-topoint links 13O1 through 130N A
bi-directional point-to-point link typically comprises
a first unidirectional point-to-point link that
transmits information in a first direction and a
second unidirectional point-to-point link that
transmits information is a second direction that is
opposite that of the first direction. Because a
unidirectional point-to-point link typically has a
single endpoint, its capacitive loading is
substantially less than that of a shared media bus.
[0007] Each point-to-point link can be constructed
with copper or fiber optic cabling and appropriate
drivers and receivers (e.g., single or differential
line drivers and receivers for copper based cables;
and LASER or LED E/O transmitters and O/E receivers
for fiber optic cables;, etc.). The mesh 140 observed
in Figure 1b is simplistic in that each component is 



connected by a point-to-point link to every other
component. In more complicated schemes, the mesh 140
is a network having routing/switching nodes. Here,
every component need not be coupled by a
point-to-point link to every other component Instead,
hops across a plurality of links may take place
through routing/switching nodes in order to transport
informationfrom a source component to a destination
component. Depending on implementation, the
routing/switching function may be a stand alone
function within the mesh network or may be integrated
into a substantive component of the computing system
(e.g., processor, memory controller, I/O unit, etc.).
[0008] Figure 2 shows a "zoom-in" of a type of
uni-directional point-topoint link that may be
referred to as a "multi-lane" uni-directional
point-topoint link. A multi-lane uni-directional
point-to-point link includes a plurality of serial
channels referred to as "lanes". Referring to Figure
2, as an example, component 201 may be viewed as a
first component within a linkbased computing system
and component 202 may be viewed as a second component
within a link-based computing system. The observed
unidirectional point-to-point link between them 205
includes N lanes LANEi through LANE N. [0009] Each
lane is a serial channel that can be implemented as,
for example, a differential signal line, a
single-ended signal line or a fiber optic channel. In
operation, transmitter 203 receives data to be
transmitted over 



the link 205 to receiver 204. Transmitter 203 spreads
the data received at its input over the N lanes. For
example if the input to the transmitter 203 is an 8
byte word and if N= 8, then, a simple transmitter
design would transmit: a first byte of the input word
over lane 0; a second byte of the input word over lane
1; . . . etc.; and, the eighth byte of the input word
over lane N (where N = 8). The receiver 204 would
receive the eight bytes,ensure their alignment, and
present the 8 byte word at its output (thus completing
the transfer of the word from component 201 to 202).
[0010] In other approaches, the lanes do not transport
data from a same parallel word but instead are treated
as separate individual communication lanes. For
example, if lane 0 transmits as a first communication
channel and lane 1 transmits as a second communication
channel, the source of the data carried byjane 0
(e.g., that entity that sent the data to transmitter
203) would be different that the source of the data
carried by lane 1. [0011] A problem is that the
transmitter is apt to be designed with circuitry (such
as a CMOS circuitry) that consumes increasingly more
power as the speed of the lanes increase.Figures
[0012] The present invention is illustrated by way of
example, and not limitation, in the figures of the
accompanying drawings in which like references
indicate similar elements and in which: [0013] Figure
1a shows components interconnected through a bus;
[0014] Figure 1b shows components interconnected
through a mesh of 



point-to-point links; [0015] Figure 2 shows a multi
lane unidirectional point-to-point link; [0016] Figure
3 shows a transmitter for a multi lane unidirectional
pointto- point link having lane speed, the number of
active lanes and the supply voltage as input
parameters; [0017] Figures 4a - 4c show different
implementations for effecting control of the three
parameters described above with respect to Figure 3.
[0018] Figure 5 shows an exemplary model of a
computing system using point-to-point links between an
I/O control hub and I/O devicesDetailed Description
[0019] Figure 3 shows a transmitter design 303 for a
multi-lane uni directional point-to-point link that
provides for variable control over three variables
that together determine the transmitter's power
consumption and bandwidth: 1) lane speed; 2) the
number of active lanes; and, 3) supply voltage. Here,
the bandwidth of the transmitter should be understood
to mean the bandwidth of the multi-lane unidirectional
point-to-point link; which, in turn, is the lane speed
factored by the number of active lanes. For example,
if there are eight active lanes that each run at a
speed of 800 Mb/s; then, the bandwidth of the
multi-lane uni-directional point-to-point link
associated with the transmitter is 6.4 Gb/s (i.e.,
8x800 Mb/s = 6400 Mb/s = 6.4 Gb/s). [0020] By allowing
the lane speed, the number of active lanes and the 



supply voltage to be programmable parameters, the
transmitter can be configured to operate at an
appropriate bandwidth with reduced power consumption.
Before discussing how these programmable parameters
might be used to provide for acceptable bandwidth and
reduced power consumption, however, a discussion of
the design of the transmitter 303 of Figure 3 will
first be provided. [0021] According to the transmitter
design 303 of Figure 3, each lane has a queue that
queues parallel bits of information; where, each unit
of parallel bits of information may be referred to as
"word". For example, continuing with the example
discussed in the background where each lane from
amongst a total of eight active lanes is provided with
a different byte ofinformation from a larger 64 bit
input, each queue would receive one of these different
bytes and each different byte would be referred to as
a word (e.g., queue 3 1Oi would receive a first
word/byte, queue 31O2 would receive a second
word/byte, etc.). For simplicity, the circuitry that
feeds the lane input queues 310 is not shown in Figure
3. [0022] Each enqueued word is removed from its queue
and processed by a parallel to serial and encoding
block along each lane (i.e., the word removed from
queue 3 1Oi is processed by parallel to serial and
encoding block 320i; the word removed from queue 31O2
is processed by parallel to serial and encoding block
32O2; etc.). A parallel to serial and encoding block
performs two functions: 1) parallel to serial
conversion; and, 2) serial 



encoding. [0023] Parallel to serial conversion is the
process of converting word into a serial bit stream.
For example, again continuing with the example where
the lane word size is one byte, the corresponding
parallel to serial conversion would convert each byte
from the queue into an 8 bit serial stream. Serial
encoding is a process that attempts to reduce the
probability of data corruptions stemming from specific
data patterns and the manner in which these specific
data patterns are processed at the receiving end of
the lane. Various forms of serial encoding techniques
exist such as 4B/5B and 8B/10B. [0024] It is important
to note that lane speed is determined from the rate at
which bits present themselves along the serial bit
stream that is created by the parallel to serial
conversion process (and, typically, the serialencoding
technique as well). Because the serial to parallel and
serial encoding circuitry is timed by a clock signal,
the above described rate is a function of the
frequency of the clock signal. The clock signal is
generated by a phase lock loop (PLL) circuit 340 and
is presented to each of the parallel to serial and
encoding blocks 320i through 32ON (along trace 350 as
depicted in Figure 3). [0025] Here, note that the PLL
circuit 340 includes an input 360 for setting the
frequency of the PLL output clock signal. In a first
embodiment, input 360 flows to the PLL's feedback
divider to set the PLL's frequency 



multiplication of its input oscillation frequency. In
a second embodiment, input 360 sets the PLL input
oscillation frequency outright (e.g., by multiplexing
in signals from different input oscillators, or using
an input oscillator capable of configurable
oscillation frequency). [0026] Regardless as to how
the PLL output clock signal frequency is controlled,
note that the ability to control it corresponds to one
of three aforementioned parameters that can be
configured for the transmitter 303. Better said,
recalling that lane speed was initially referred to as
one of the three configurable parameters, and noting
from the discussion immediately above that lane speed
is a function of PLL output clock signal frequency -
it follows that input 360 to the PLL corresponds to
the first of the adjustment parameters: lane speed.
[0027] Before continuing, it is important to note that
in some embodiments the serial encoding function may
be eliminated entirely. That is, the exposure to data
integrity problems is (for whatever reason) not
asignificant concern or an encoding process has been
performed "higher up" in the system that the
transmitter 303 is a part of. In such cases circuitry
320 can be viewed as simply_being a parallel to serial
block that includes parallel to serial circuitry
(e.g., a parallel to serial converter). [0028] The
second of the three configurable parameters is the
number of active lanes. Once parallel to serial
conversion and encoding is complete, the encoded
serial bit stream that is created along each active
lane is sent 



to a driver circuit (e.g., the encoded serial bit
stream produced by block 3201 is sent to driver 330i,
the encoded serial bit stream produced by block 3202
is sent to driver 3302, etc.). A driver is: 1) an
electronic circuit designed to drive an electronic bit
stream over an extended distance; or, 2) an
electro/optic transmitter that converts an electronic
bit stream into light that is launched onto a fiber
optic cable for transmission over an extended
distance. [0029] Whether the drivers 330i through 33ON
are electronic or electro/optic, note that each has
its own corresponding enable/disable input 380i
through 38ON. Activation of a driver's enable input
causes the driver to be "enabled" so as to perform its
driving function. Inactivation of a driver's enable
input causes the driver to "disabled" so as to be
unable perform its driving function. Because the
driver circuitry (and/or light source in the case of
an electro/optic driver) is effectively turned off
when the driver is disabled, the driver consumes
significantly less power when it is disabled as
compared to when it is enabled.[0030] The driver
enable/disable lines 380 therefore control how many
active lanes are to exist and, in so doing, also
effect the power consumption of the overall
transmitter 303. Here, although not specifically shown
in Figure 3, an enable line that flows to a particular
lane driver may also be used to enable/disable the
circuitry preceding the lane driver (e.g., the lane's
parallel to serial and encoding block and/or the
lane's queue). As 



such, for a fixed lane speed per lane, increasing the
number of active lanes will increase transmitter power
consumption as whole (because more circuitry will be
"on"). [0031] Moreover, at least for CMOS circuits,
increasing the lane speed of an active lane (by
increasing the PLL output clock signal frequency) will
also increase transmitter power consumption. Thus,
taken together, the number of active lanes and the
lane speed not only determines overall transmitter
bandwidth (as discussed in detail at the beginning of
this detailed description) - but also plays an
important factor in determining the overall
transmitter power consumption. Generally, power
consumption is best kept low, particularly in the case
of battery operated devices such as laptop computers
(so as to extend operation life time under battery
power). [0032] The transmitter design 303 depicted in
Figure 3, which is capable of adjusting the lane speed
and the number of active lanes, likewise enables a
particular desired bandwidth to be configured that
takes in account, with the hope of reducing, the
transmitter's power consumption. [0033] For example,
assuming that power consumption increases nolinearly
with each increment in clock speed frequency and
linearly with eachactivated lane, it may turn out
that: 1) "low bandwidth" links exhibit their lowest
power consumption operating point through reduction of
active lanes at the expense of increased lane speed;
and, 2) "high bandwidth" links exhibit their lowest
power consumption operating point through reduction of



lane speed at the expense of increased active lane
count. As an example of the former, a 100 Mb/s link
may be configured with a single active lane that
operates at a 100 Mb/s (i.e., the number of active
lanes is reduced to the minimum value of one). As an
example of the later, a 3.2 Gb/s link may be
configured with all N=16 lanes being activated and
configured to operate at 200 Mb/s (i.e., the lane
speed is merely doubled from the former example but
the active lane count is increased by a factor of 16).
[0034] The precise combination of lane speed and
number of active drivers that reaches or at least
approaches a minimal transmitter power consumption
operating point for a particular link bandwidth can be
determined by those of ordinary skill; and, moreover,
is a function of the underlying technology (e.g.,
electric vs. electro-optic, CMOS vs. Bi-CMOS, 0.25mm
vs. 90nm, etc.). As such, a detailed discussion of how
to determine the appropriate combination is not
necessary nor practical for purposes of the present
description. That potentially a wealth of different
combinations can be set for any one bandwidth (e.g.,
for a 2 Gb/s link: one 2 Gb/s lane; or, two 1 Gb/s
lanes; or, four 500 Mb/s lanes; or, eight 250 Mb/s
lanes, etc.) so as to provide a spread of different
power consumption operating points - at least one of
which is at or closest to a theoretical minimal
powerconsumption operating point for the transmitter
(regardless of the transmitter's underlying
technology) - is the main point of emphasis. [0035] A
third programmable feature is the power consumption of
the 



driver itself. The architecture of Figure 3 shows each
of the drivers receiving a same supply voltage from a
power bus 390. Here, it is to be understood that the
actual supply voltage that is supplied on power bus
390 can be adjusted too. For example, according to one
embodiment, the supply voltage that is presented on
power bus 390 can be any of 3.3v, 2.5, 1.8v or 1.3v.
Moreover, although not shown in Figure 3 (and similar
to the enable lines 380), the power bus can be routed
so as to supply the circuitry that precedes the driver
for each lane. As such, the power consumption of each
lane can be directly effected through adjustment of
the supply voltage. [0036] In various embodiments
however, particularly in the case of "off chip"
drivers, the drivers are deliberately designed to have
their own, higher supply voltage (as compared to the
circuitry that precedes the drivers) for purposes of
driving stronger signals over the lane to the receiver
(i.e., the "load" that the driver must drive).
Regardless, because lower supply voltage results in
lower power consumption for most (if not all)
electronic circuitry, the power consumption of each
active lane can be further modulated through supply
voltage adjustment. [0037] Here, in most cases, the
minimum acceptable power supply voltage will be
configured for the transmitter. The two most
significant factors that can affect the minimum
acceptable power supply voltage, in most cases, will
be: 1) the lowest supply voltage that is rated for the
underlyingtechnology (e.g., 1.8v for a 0.25mm CMOS
process); 2) the size of the 



largest load that any one of the drivers is configured
to drive in light of the lane speed. [0038] In the
case of the former, generally, the supply voltage
should not be set beneath the lowest rated supply
voltage (unless consultation with process and/or
transistor level design engineers and/or thorough
modeling is undertaken). In the case of the later, the
size of the largest load is readily determinable by
those of ordinary skill in light of various factors
such as the length of the lane between the transmitter
and receiver (e.g., "lane length") and whether or not
the lane is implemented as a controlled impedance
transmission line. Generally, the larger the lane load
and the higher the lane speed, the larger the supply
voltage needed to ensure data is acceptably received
at the receiver end of the link. Again, those of
ordinary skill can determine the appropriate lane
speed, number of active lanes and lane supply voltage
tradeoffs that apply so as to configure a transmitter
operating point that corresponds to a working
operating point (amongst the possible working
operating points) that is at or closest to a
theoretically lowest power consuming, working,
operating point. [0039] Thus to review, the
transmitter design of Figure 3 is capable of adjusting
transmitter power consumption for a particular link
bandwidth with three parameters: lane speed, the
number of active lanes, and lane power supply voltage
for purposes. According to Figure 3, the function that



determines each of these three parameters for a
particular application is conveniently observed as a
bandwidth and power consumption control unit370. In
practice, the "intelligence" of the bandwidth and
power consumption control unit that actually
determines the proper parameter set for the applicable
environment (e.g., one or more of bandwidth and
temperature) may be implemented "on-the-fly" according
to any of a wealth of different techniques such as
execution of software, reference to a look-up table,
processing through combinatorial logic circuitry,
combinations of the above, etc. [0040] In other cases,
particularly, where the applicable environment is
expected to remain "fixed" over the lifetime of the
transmitter (e.g., the link is between components
within a laptop computer), the proper combination can
be pre-determined (e.g., by any of the techniques
described above) and loaded into a system that uses
the transmitter as part of the system's manufacture
(e.g., loading the proper parameters into the BIOS ROM
of a laptop computer). Each time the system is turned
on, the transmitter parameters are configured in
accordance with the system's factory settings. Some
more detailed and possible implementations for the
bandwidth and power consumption control 370 are
discussed in more detail below with respect to Figures
4a through 4c. [0041] According to each of figures
Figure 4a through 4c,"cloud" 401 provides at least
some initial information from which all the parameters
for 



the particular environment are determined. Here, as
discussed above, cloud 401 can be effected through
execution of software, reference to one or more
look-up tables, processing through combinatorial logic
circuitry, combinations of the above, etc. In cases
where the transmitter'senvironment is expected to
change over its lifetime, cloud 401 is apt to be
embedded in the system that transmitter is a part of
(e.g., a computing system or networking system). In
cases where the transmitter's environment is expected
to be fixed over its lifetime, cloud 401 may be a non
volatile read only memory that is loaded with
appropriate information during manufacturing of the
system (e.g., a computing system's BIOS ROM). [0042]
Figure 4a corresponds to an embodiment where all three
parameters are effectively provided and loaded into
register space 402a. Register space is the area of one
or more registers that can be loaded with information.
A first portion 403a of the register's contents are
used to set the PLL output clock frequency (i.e.,
corresponds to PLL input 360 of Figure 3). A second
portion 406a of the register's contents describes the
number of lanes that are to be activated. [0043] In an
embodiment that can conform to the depiction of Figure
4a, the register content describes the number of lanes
to be activated in a binary format and decoder logic
circuitry 404a converts the binary representation into
a "one-hot encoded" format output 480a. The one-hot 



encoded format provides a bit for each lane where a
first bit state (e.g., "1") signifies the
corresponding lane is to be activated and a second bit
state (e.g., "0") signifies the corresponding lane is
to be de-activated. Each bit is routed to the lane
that it corresponds to in order to control its
activation. A third portion 407a of the register space
content indicates the appropriatesupply voltage (e.g.,
in binary format) which is then provided to a
programmable supply voltage source 405. [0044]
According to the approach of Figure 4b, the second
region 406b of the register space 402b that indicates
the number of active drivers can be implemented as
described above with a binary to one-hot decoder 405b.
The PLL clock frequency and power supply voltage are
related in a way that enables the supply voltage to be
determined from a first region 403b of the register
space 402b that determines the PLL output clock
frequency. Here, the first region 403b is as described
above with respect to Figure 4a (i.e., it sets the PLL
output clock frequency) but is also used to set the
supply voltage. [0045] Here, the information that
determines the PLL output clock frequency is forwarded
to a look-up table (LUT) 410 that determines the
appropriate supply voltage in light of information
provided from register space 403b. The look-up table
410, in response to this information, provides a
parameter (e.g., a word) that describes the
appropriate supply voltage. In response to the
receiving of this parameter, the programmable 



supply voltage 405b provides the appropriate supply
voltage for the configured PLL output clock frequency.
Here, LUT 410 could be implemented with a non-volatile
ROM or random access memory. Alternatively, LUT 4 10
could be implemented with combinatorial logic that
calculates the correct supply voltage outright. [0046]
Figure 4c is similar to that described above with
respect to Figure 4b except that the PLL output clock
frequency is set as a function of theappropriate
supply voltage. That is, register space 402c provides
a description of the number of drivers to be activated
406c (which is then decoded into one-hot format by
decoder 404c); and, an indication of the proper power
supply voltage 407c. In response to its receiving of
the indication of the power supply voltage 407c, LUT
410c provides information 460 that sets the PLL's
output clock frequency. Again, LUT 410 could be
implemented with a non-volatile ROM or random access
memory. Alternatively, LUT 410 could be implemented
with combinatorial logic that calculates the correct
supply voltage outright. [0047] _Before discussing
Figure 5, it is important to note that the receive
side of a link can similarly adjust power consumption
for a particular bandwidth by adjusting at least the
number of active lanes and/or the power supply voltage
of each channel's receiver (and perhaps various
receive channel circuitry that follows the receiver
such as a decoder circuit followed by a serial to
parallel circuit). Of course, the number of active
lanes on the 



receiver side should match the number of active lanes
on the transmitter side. [0048] Receiver side
circuitry typically mirrors its transmitter side
circuitry, thus, referring to Figure 3, in one
embodiment, the receive circuitry for each lane would
include a receiver, followed by a serial to parallel
and serial decoding circuitry, followed by a buffer.
Here, a programmable power supply would be coupled to
the power supply input of each lane's receiver if not
one or more elements of the receiver's follow-on
circuitry. Each lane could be configured active or
inactive as described with respect to thetransmitter
circuitry. The received clock from the transmitter
side would be used to clock the lane's active
channels. [0049] Figure 5 shows an embodiment of a
computing system. The exemplary computing system of
Figure 5 includes: 1) one or more processors 501 ; 2)
a memory control hub (MCH) 502; 3) a system memory 503
(of which different types exist such as DDR RAM, EDO
RAM, etc,); 4) a cache 504; 5) an I/O control hub
(ICH) 505; 6) a graphics controller 506; 7) a
display/screen 507 (of which different types exist
such as Cathode Ray Tube (CRT), Thin Film Transistor
(TFT), Liquid Crystal Display (LCD), DPL, etc.; 8) one
or more I/O devices 508; 9) one or more data
transmitters 509. The one or more processors 501
execute instructions in order to perform whatever
software routines the computing system implements. The
instructions frequently involve some sort of operation
performed upon data. 



Both data and instructions are stored in system memory
503 and cache 504. Cache 504 is typically designed to
have shorter latency times than system memory 503. For
example, cache 504 might be integrated onto the same
silicon chip(s) as the processors) and/or constructed
with faster SRAM cells whilst system memory 503 might
be constructed with slower DRAM cells. [0050] By
tending to store more frequently used instructions and
data in the cache 504 as opposed to the system memory
503, the overall performance efficiency of the
computing system improves. System memory 503 is
deliberately made available to other components within
the computing system. For example, the data received
from various interfacesto the computing system (e.g.,
keyboard and mouse, printer port, LAN port, modem
port, etc.) or retrieved from an internal storage
element of the computing system (e.g., hard disk
drive) are often temporarily queued into system memory
503 prior to their being operated upon by the one or
more processor(s) 501 in the implementation of a
software program. [0051] Similarly, data that a
software program determines should be sent from the
computing system to an outside entity through one of
the computing system interfaces, or stored into an
internal storage element, is often temporarily queued
in system memory 503 prior to its being transmitted or
stored. The ICH 505 is responsible for ensuring that
such data is properly passed between the system memory
503 and its 



appropriate corresponding computing system interface
(and internal storage device if the computing system
is so designed). The MCH 502 is responsible for
managing the various contending requests for system
memory 503 access amongst the processors) 501 ,
interfaces and internal storage elements that may
proximately arise in time with respect to one another.
[0052] One or more I/O devices 508 are also
implemented in a typical computing system. I/O devices
generally are responsible for transferring data to
and/or from the computing system (e.g., a networking
adapter); or, for large scale non-volatile storage
within the computing system (e.g., hard disk drive).
ICH 505 has bi-directional point-to-point links
between itself and each I/O device 508. In one
embodiment, each bi-directional point-topoint link
consists of two unidirectional lines where each line's
direction isopposite from the other. A data
transmitter 509 may be placed on the driving end of
any point-to-point link (between each I/O device 508
and ICH 505). [0053] In the foregoing specification,
the invention has been described with reference to
specific exemplary embodiments thereof. It will,
however, be evident that various modifications and
changes may be made thereto without departing from the
broader spirit and scope of the invention as set forth
in the appended claims. The specification and drawings
are, accordingly, to be regarded in an illustrative
rather than a restrictive sense.Claims 



In the claims: 1. A method, comprising: propagating
electronic signals within circuitry comprising a
transmitter to: select a number of said transmitter's
lanes; set a speed for each of said lanes, said number
and speed determining said transmitter's bandwidth;
and, set a driver supply voltage for each of said
lanes wherein, power consumed by said transmitter as a
consequence of said selecting and both said settings
is less than a power that would have been consumed by
said transmitter had another available combination of
lane number, lane speed and supply voltage been
effected for said transmitter. 2. The method in claim
1 wherein said selecting and both said settings has
the least power consumption for said particular
bandwidth amongst all available combinations of number
of lanes, lanes speed and supply voltage for said
transmitter.3. The method in claim 1 wherein said
electronic signals are downstream from a register. 



4. The method in claim 2 further comprising performing
binary to one hot encoding downstream from said
register to said select number of said transmitter's
lanes. 5. The method in claim 1 further comprising
setting a phase lock loop output signal frequency to
set said lane speed. 6. The method in claim 1 wherein
said phase lock loop output signal frequency is a
function of said supply voltage. 7. The method in
claim 1 wherein said supply voltage is a function of
said phase lock loop output signal frequency. 8. An
apparatus, comprising: a transmitter, comprising: a
phase lock loop circuit having an input to adjust an
output frequency of said phase lock loop; a lane
circuit for each of a plurality of lanes, each lane
circuit comprising its own: parallel to serial
circuitry downstream from a clock signal output of
said phase lock loop circuit;an enable/disable input
node to activate/deactivate its corresponding lane; a
plurality of line drivers, comprising: a driver
coupled downstream from said serial encoding
circuitry; and, 



a programmable supply voltage source coupled at least
to said driver of each said lane circuit. 9. The
apparatus in claim 8 further comprising bandwidth and
power consumption control circuitry coupled to said
phase lock loop circuit, said voltage source, and said
enable/disable node of each said lane circuit. 10. The
apparatus in claim 9 wherein said bandwidth and power
consumption control circuitry further comprises: a
register comprising: a first output coupled to said
input of said phase lock loop circuit; a second output
coupled to an input of said parallel to serial
circuitry, said decoder logic circuitry having an
output coupled to said enable/disable node of each of
said lane circuits; and a third output coupled to said
programmable supply voltage source.11. The apparatus
in claim 9 wherein said bandwidth and power
consumption control circuitry further comprises: a
register comprising: a first output coupled to both
said input of said phase lock loop circuit and look-up
table circuitry; and 



a second output coupled to an input of decoder logic
circuitry, said decoder logic circuitry having an
output coupled to said enable/disable node of each
said lane circuit. 12. The apparatus in claim 11,
wherein said look-up table circuitry is further
coupled to said programmable supply voltage source.
13. The apparatus in claim 9 wherein said bandwidth
and power consumption control circuitry further
comprises: a register comprising: a first output
coupled to both said programmable supply voltage
source and look up table circuitry; and a second
output coupled to an input of decoder logic circuitry,
said decoder logic circuitry having an output coupled
to said enable/disable node of each said lane
circuit.14. The apparatus in claim 11, wherein said
frequency look-up table circuitry is further coupled
to said phase lock loop circuit. 15. The apparatus of
claim 8 further comprising a receiver coupled to said
transmitter, said receiver comprising a programmable
power supply source and lanes that can be
activated/deactivated. 16. A system, comprising: 



a DDR system memory; a memory controller coupled to
said DDR system memory; an I/O controller coupled to
said memory controller; one or more I/O devices
coupled to said I/O controller by way of direct
point-to-point links; and, a transmitter, comprising:
a phase lock loop circuit having an input to adjust an
output frequency of said phase lock loop; a lane
circuit for each of a plurality of lanes, each lane
circuit comprising its own: parallel to serial
circuitry downstream from a clock signal output of
said phase lock loop circuit; an enable/disable input
node to activate/deactivate its corresponding lane; a
plurality of line drivers, comprising:a driver coupled
downstream from said serial encoding circuitry; a
programmable supply voltage source coupled at least to
said driver of each said lane circuit. 17. The system
in claim 16 further comprising bandwidth and power
consumption control circuitry coupled to said phase
lock loop circuit, said voltage source, and said
enable/disable node of each said lane circuit. 



18. The system in claim 16 wherein said bandwidth and
power consumption control circuitry further comprises:
a register comprising: a first output coupled to said
input of said phase lock loop circuit; a second output
coupled to an input of decoder logic circuitry, said
decoder logic circuitry having an output coupled to
said enable/disable node of each of said lane circuit;
and a third output coupled to said programmable supply
voltage source. 19. The system in claim 16 wherein
said bandwidth and power consumption control circuitry
further comprises: a register comprising:a first
output coupled to both said input of said phase lock
loop circuit and look-up table circuitry; and a second
output coupled to an input of decoder logic circuitry,
said decoder logic circuitry having an output coupled
to said enable/disable node of each said lane circuit.
20. The system in claim 19, wherein said look-up table
circuitry is further coupled to said programmable
supply voltage source. 



2 1. The system in claim 16 wherein said bandwidth and
power consumption control circuitry further comprises:
a register comprising: a first output coupled to both
said programmable supply voltage source and look up
table circuitry; and a second output coupled to an
input of decoder logic circuitry, said decoder logic
circuitry having an output coupled to said
enable/disable node of each said lane circuit. 22. The
system in claim 2 1, wherein said frequency look-up
table circuitry is further coupled to said phase lock
loop circuit.23. The system in claim 16 comprising a
receiver coupled to said transmitter, said receiver
comprising a programmable power supply source and
lanes that can be activated/deactivated. 




