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POINT OF LOAD REGULATOR HAVING A 
PINSTRAPPED CONFIGURATION AND WHICH 
PERFORMS INTELLIGENT BUS MONITORING 

PRIORITY CLAIM 

[0001] This application is a continuation of co-pending 
application Ser. No. 10/ 820,976 ?led on Apr. 8, 2004 titled 
“Method And Apparatus For Improved DC PoWer Delivery, 
Management And Con?guration”, Whose inventor Was 
James W. Templeton, Which claims bene?t of priority of 
provisional application Ser. No. 60/462,414 titled “Method 
And Apparatus For Improved DC PoWer Delivery, Manage 
ment And Con?guration” and ?led Apr. 11, 2003, Which are 
both hereby incorporated by reference as though fully and 
completely set forth herein. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates generally to poWer 
systems. More speci?cally, the present invention provides an 
improved method and apparatus for DC poWer delivery, 
management and con?guration. 

[0004] 2. Description of the Related Art 

[0005] From 1995 to 2001, the highest density processors 
from manufacturers such as Intel Went from a poWer con 
sumption rate of about 30 Watts at 3.3 V to a poWer 
consumption rate of about 90 Watts delivered at 1.5 V. A 
simple application of the poWer-voltage-current relationship 
reveals that the total current consumed by these chips has 
increased from nine amps to about 60 amps in a very short 
time period. There are similar analogies With all larger 
digital integrated circuits (ICs). 

[0006] This rapid evolution has created neW and signi? 
cant problems in delivery of the poWer to and removal of 
Waste heat from these ICs. PoWer supply design is noW a 
much more critical and dif?cult task than it Was a feW years 
ago. High-current/loW-voltage ICs require a very clean and 
stable source of DC poWer. The poWer source must be 
capable of delivering very fast current transients. The elec 
tronic path to these loads must also have loW resistance and 
inductance (a 1.5V supply Would be completely dropped 
across a 25 m9 resistance at 60 Amps). 

[0007] Traditionally, DC poWer supplies Were designed to 
convert AC line voltage to one or more DC outputs that 
Would be routed throughout a system to the points of load 
(POL). FIG. 1 is an illustration of a prior art poWer 
distribution system. As shoWn in FIG. 1, a poWer distribu 
tion scheme 100 may comprise an AC to DC converter 102 
generating output voltages V1, V2, V3, and V4 that may be 
distributed to various POLs (point of loads). HoWever, it 
may not be practical to route high-current signals throughout 
a system. 

[0008] To overcome this dif?culty, and to reduce the ill 
effects of distributing high current signals around a system, 
an alternative method of distributing poWer at modest volt 
age and current levels has been adopted. Rather than con 
verting AC supply voltage level to the DC voltage level 
required by various loads at a central location, the AC supply 
voltage is typically converted to a “reasonable” DC voltage 
and routed to the “point of load” (POL), Where it is con 
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verted locally to the required loW voltage. This technique is 
referred to as “Distributed PoWer Architecture”, or DPA, and 
is illustrated in FIG. 2. As shoWn in PDA system 200 of 
FIG. 2, an AC to DC voltage converter 202 may produce an 
intermediate DC voltage VX, Which may be routed to indi 
vidual local DC to DC converters 204, 206, 208, and 210, 
Which in turn may provide the required DC voltages V1, V2, 
V3, and V4, respectively, to their corresponding POLs. With 
a DPA, errors may be reduced since the distance traveled by 
a high-current signal is minimized, thus reducing I><R (resis 
tive) and L di/dt (inductive) errors. 

[0009] In many poWer distribution systems it is typically 
not enough to just distribute poWer around a system to the 
various POLs. Complex electronic systems are generally 
monitored and controlled to ensure maximum reliability and 
performance. Functions, or poWer supply features typically 
implemented in DPA systems are listed beloW. 

[0010] Supply Sequencing 

[0011] A modern electronic system can contain many ICs 
and each IC can have several supply voltage requirements. 
For example, core logic may require one voltage and the I/O 
may require a different voltage. This typically results in a 
need for setting the order in Which the voltages on a single 
chip are applied and the order in Which the chips in a system 
are poWered up. 

[0012] Hot SWap 

[0013] Many electronic systems, including computers, 
telecom racks, storage devices and battery-operated devices 
require “hot sWap” capability. Hot sWap capability typically 
comprises the live attachment of a device to poWer, i.e., 
attaching a device to a system that is poWered up (Without 
having to poWer doWn the system prior to the attachment). 
Examples of hot sWap events may include installing a 
battery in a PDA or plugging a USB device into a computer. 

[0014] Ramp Control 

[0015] It is sometimes necessary to control the rate at 
Which the DC output voltage of a converter ramps from its 
initial value to its nominal value. This may be done in 
support of managing a hot-sWap event, sequencing require 
ment or satisfying the requirements of the load. 

[0016] Voltage Programming 

[0017] The ?nal voltage presented to a load may need to 
be programmed to the desired value or may need to be 
“trimmed” to a precise value. Some systems require active 
voltage programming of devices during their use in the 
systems. 

[0018] Load Monitoring 

[0019] In order to maintain high reliability of an electronic 
system, monitoring of load status is sometimes required. 
Both current and voltage may need to be monitored and 
action may need to be taken based on the load status 
measurements. Current and voltage may also need to be 
monitored for undershoot and overshoot conditions. In some 
systems, When an error is detected, the system may take 
corrective action by sWitching the load off, isolating the load 
or just setting a system ?ag. 
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[0020] Tracking 
[0021] Many times it is desirable to have the output of one 
more converters folloW, or mirror, the output of one or more 
other converters in the system. Tracking a speci?c voltage 
level, for example, may include setting the voltage level of 
a tracking converter or device to the voltage level of a 
tracked converter or device, and changing the voltage level 
of the tracking device to match the voltage level of the 
tracked device any time the voltage level of the tracked 
device changes. In some cases the voltage levels of tracking 
devices and tracked devices may not be the same; changes 
in the tracked voltage level Would simply be mirrored in the 
voltage output of the tracking devices. For example, if the 
tracked voltage increases by 0.2V, the tracking voltage 
Would also increase by 0.2V. 

[0022] Temperature Monitoring 
[0023] Dense electronic systems often generate excessive 
Waste heat. The excessive heat generally needs to be 
removed in order to keep the electronics operating at their 
safe operating temperature. Therefore, the temperature of 
individual loads as Well as the temperature of various 
locations Within the system’s enclosure is typically moni 
tored. When temperatures reach unacceptable limits, action 
may need to be taken locally and/or at the system level. Such 
corrective actions often include turning on or speeding up 
fans, setting an alarm or simply shutting doWn the poWer to 
the problematic load. Temperatures can be measured using 
several methods. Some large digital processors sometimes 
incorporate embedded temperature sensor diodes on chip. 
Other systems may employ thermistors and IC temperature 
sensors. 

[0024] Fan Speed Control 

[0025] In conjunction With temperature monitoring it is 
often necessary to monitor and control fan speed. This may 
be done to control air?oW or to control acoustic noise. 

[0026] Phase Control 

[0027] DC voltage is typically stepped doWn in one of tWo 
Ways, linear regulation and DC-to-DC conversion. DC-to 
DC converters may step doWn DC voltage by pulse Width 
modulation (PWM) of an input voltage and passive ?ltering 
of the output. The duty cycle of the PWM signal generally 
approximates the ratio of output voltage to input voltage 
divided by the ef?ciency of the converter. For example, for 
an ideal DC-to-DC converter With a desired output of 1.2V 
and an input of 12V, the duty cycle Would be 10%. In high 
current applications, it is often desirable to force the various 
DC-to-DC converters to sample different “phases” of their 
clock cycle. That is, to prevent DC-to-DC converters in a 
system from all sampling the ?rst 10% of a clock cycle, one 
converter may sample the ?rst 10% of the clock cycle and 
the next converter may sample a different 10% of the clock 
cycle, and so on. This typically reduces noise and improves 
transient response. This technique is also used in motor 
control and is often implemented to control multiple fans in 
a system. PWM controlled fans With staggered phase typi 
cally offer reduced acoustic noise. 

[0028] Current Sharing 

[0029] In addition to forcing DC-to-DC converters to 
sample staggered phases of the sWitching clock, it is some 
times desirable to force tWo or more independent converters 
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to each deliver an equal share of the load current. This 
approach provides improved noise and transient response in 
high-current applications. 

[0030] Programmable SWitching Frequency 

[0031] Certain DC-to-DC converters feature program 
mable sWitch frequencies. Frequencies may be selected 
based on several system concerns. 

[0032] Synchronization of SWitching Clocks 

[0033] It is often desirable to synchronize the sWitching 
frequency of DC-to-DC converters in a system to each other 
or to some other system clock. This is typically performed 
to reduce the probability of mixing the clock or its harmon 
ics With important system clocks. It is of particular interest 
in communication applications. 

[0034] There are other functions that may be required for 
poWer systems. For example, single points of temperature 
measurement, open/closed status of doors and vibration may 
be of interest. 

[0035] In order to accommodate a demand for more poWer 
and denser systems and the resulting neW distribution prob 
lems, many present poWer distribution schemes began offer 
ing multiples of each solution, or functions, in a single 
package. Typically each of these functions requires a sepa 
rate con?guration Within the system. That is, each function 
may require its oWn interconnection netWork tying POL 
converters together and implement glue-logic that may be 
required for control of the POL converters in order for the 
particular function to be successfully executed during sys 
tem operation. Many of these functions comprise analog 
signal control requiring corresponding analog signal lines, 
With POL converters interconnected in point-to-point con 
?gurations. Routing of such signals is often dif?cult, While 
no true communication is established betWeen various POL 
converters and/ or betWeen the POL converters and any other 
elements of the system. 

[0036] In an effort to tie all or most of these functions 
together at the system level, one approach has been to 
implement the functions in control ICs responsible for 
controlling respective POL converters. Some of the func 
tionality may also be programmed into a microcontroller 
that may communicate With attached POL converters over 
an I2C (inter-IC communication) bus to coordinate control 
of all POL converters in the system. FIG. 3 illustrates an 
example of an I2C-based system. As shoWn in FIG. 3, a 
microcontroller 302 may be coupled to POL converters 320, 
322, 324, and 326, With the connections betWeen the devices 
representing an I2C bus. A con?guration as shoWn in FIG. 
3 is typically not suited for active control and is used mainly 
for status monitoring, Where POL converters 320, 322, 324, 
and 326 may send a status signal back to microcontroller 
302, Which in turn may send a simple control signal to a 
respective POL converter based on the status information 
received from the respective POL converter. In general, 
microcontroller 302 checks status for one POL converter at 
a time, Which may be vieWed as a disadvantage When more 
interactive, real-time communication is desired in a system. 

[0037] FIG. 4 illustrates one example of a single function 
implemented in a DPA system. Typically, a supply controller 
350 (providing control for executing the function) and 
DC-to-DC voltage converters 352, 354, 356, and 358 are 
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connected in a point-to-point con?guration as shoWn. Sup 
ply controller 350 is coupled to each DC-to-DC converter 
over dedicated lines, (typically analog lines are used for 
implementing most functions), more speci?cally over lines 
372 and 362 to converter 352, lines 374 and 364 to converter 
354, lines 376 and 366 to converter 355, and lines 378 and 
368 to converter 358. Input supply voltage VIN 360 is 
coupled to each DC-to-DC converter, and in turn DC-to-DC 
converter 352 may produce, for a respective POL or POLs, 
DC output voltage 370, DC-to-DC converter 354 may 
produce DC output voltage 372, DC-to-DC converter 356 
may produce DC output voltage 374, and DC-to-DC con 
verter 358 may produce DC output voltage 376. A poWer 
distribution scheme as shoWn in FIG. 3 and FIG. 4 gener 
ally features redundancies, and often requires complicated 
routing, especially in the case of analog interconnectivity as 
illustrated in FIG. 4. 

[0038] Some analog converters available today already 
contain some of the functions, for example current share 
and/or tracking, but these functions are still unique to the 
converters, do not take into consideration system level 
requirements, and typically still require to be con?gured 
individually per function in the system. 

[0039] In summary, current systems feature a variety of 
control chips, discrete devices, or glue logic that typically 
use an I2C (or SMB) bus, and/or employ a microcontroller 
to control the converter devices and program the bus. This 
approach incorporates the traditional partitioning along ana 
log and digital boundaries, and typically leads to redundancy 
and complicated routing requirements in a system. A neW 
approach is needed using a system level mentality. 

[0040] Many other problems and disadvantages of the 
prior art Will become apparent to one skilled in the art after 
comparing such prior art With the present invention as 
described herein. 

SUMMARY OF THE INVENTION 

[0041] The present invention relates to a neW Way to 
control, con?gure, monitor and manage DC poWer distribu 
tion in modern electronic systems. Speci?cally, in one 
embodiment the present invention provides a neW system 
level approach to managing the delivery of DC voltage 
and/or current. Several system level functions may be 
enabled Without requiring separate ICs to perform those 
functions. In one set of embodiments the system comprises 
several control chips and a novel Way of enabling the control 
chips to communicate With each other. In one embodiment 
the system couples a group of control chips in a con?gura 
tion that reduces the overall cost of implementing the 
common features required in advanced electronic systems. 
The system may be expandable and may include some 
inherent reliability features. One set of embodiments is 
particularly suited for use in rack-based electronics and 
computer servers; hoWever, alternate embodiments may be 
equally applicable to smaller and portable electronics, auto 
motive systems and motor control applications. 

[0042] In one embodiment, supervisory functions for a 
voltage converter are performed by a central control module 
or chip that is coupled to the point-of-load (POL) voltage 
converters through a serial digital bus. The POL converters 
may also use the serial digital bus to provide real-time 
feedback information to the central control module or chip. 
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[0043] In another set of embodiments, the multiple super 
visory functions for the POL voltage converters are com 
bined in a single POL converter unit, also referred to as 
digital poWer management device that may include a DC-to 
DC voltage converter. The system may then be enabled by 
establishing a communication path betWeen the individual 
digital poWer management devices. A communication path 
may also be established from the digital poWer management 
devices to a common point, Which may be a supervisory 
control unit coordinating higher level functions of the sys 
tem. The communication path may be a digital bus and may 
also be a serial bus. In one set of embodiments, the digital 
poWer management devices are operable to exchange infor 
mation, including status and feedback data, over the control 
and communication bus to coordinate their functions With 
out requiring a supervisory control unit. 

[0044] In one embodiment, single digital poWer manage 
ment devices are combined together in a current sharing 
con?guration in a “plug-and-play” fashion, Where the con 
trol logic in each digital poWer management device is 
capable of automatically establishing control loops required 
for operating as a multi-phase supply. Feedback necessary 
for establishing control may be transmitted across the digital 
bus coupling the devices. The communication path may also 
be implemented by using a small amplitude RF signal 
superimposed onto a DC poWer bus. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0045] The foregoing, as Well as other objects, features, 
and advantages of this invention may be more completely 
understood by reference to the folloWing detailed descrip 
tion When read together With the accompanying draWings in 
Which: 

[0046] 
circuit; 

FIG. 1 illustrates a prior art poWer distribution 

[0047] FIG. 2 illustrates a distributed poWer architecture 
(DPA) according to the prior art; 

[0048] FIG. 3 illustrates a prior art system Wherein a 
microcontroller communicates With POL converter devices 
over an I2C bus; 

[0049] FIG. 4 illustrates a prior art system Wherein DC-to 
DC voltage converters are interconnected in a point-to-point 
con?guration, controlled by a central supply controller to 
perform a speci?c function; 

[0050] FIG. 5 illustrates an embodiment of the system of 
the present invention for improved DC poWer delivery, 
management and con?guration; 

[0051] FIG. 6 illustrates the interconnection of digital 
poWer management devices (DPMDs) according to one 
embodiment of the present invention; 

[0052] FIG. 7 illustrates a DPMD con?gured in accor 
dance With one embodiment of the present invention; 

[0053] FIG. 8 illustrates three possible embodiments of a 
bus con?guration; 

[0054] FIG. 9 illustrates a master control integrated circuit 
(MCIC) con?gured in accordance With one embodiment of 
the present invention; 
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[0055] FIG. 10 illustrates a DPMD con?gured as a dedi 
cated fan control integrated circuit in one embodiment of the 
present invention; 

[0056] FIG. 11 illustrates a single-phase supply con?g 
ured With a single DPMD in accordance With one embodi 
ment of the present invention; and 

[0057] FIG. 12 illustrates a multi-phase supply con?gured 
With multiple DPMDs in accordance With one embodiment 
of the present invention. 

[0058] While the invention is susceptible to various modi 
?cations and alternative forms, speci?c embodiments 
thereof are shoWn by Way of example in the draWings and 
Will herein be described in detail. It should be understood, 
hoWever, that the draWings and detailed description thereto 
are not intended to limit the invention to the particular form 
disclosed, but on the contrary, the intention is to cover all 
modi?cations, equivalents, and alternatives falling Within 
the spirit and scope of the present invention as de?ned by the 
appended claims. Note, the headings are for organizational 
purposes only and are not meant to be used to limit or 
interpret the description or claims. Furthermore, note that 
the Word “may” is used throughout this application in a 
permissive sense (i.e., having the potential to, being able to), 
not a mandatory sense (i.e., must).” 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0059] As used herein, a “trigger” signal is de?ned as a 
signal that is used to initiate, or “trigger”, an event or a 
sequence of events in a digital system. Atrigger signal is said 
to be in a “triggering state” at a time When it initiates a 
desired event, or sequence of events. A periodic trigger 
signal may commonly be referred to as a “clock”. In a 
“synchronous” digital system, generally a clock, commonly 
referred to as a “system clock”, may be used for initiating 
most events, or sequences of events. An example of a 
triggering state may be, but is not limited to, a rising edge 
of a pulse of a clock in a synchronous digital system. A 
“frequency” of pulses refers to a number of pulses that may 
appear Within a selected unit period of time. For example, if 
tWenty pulses appear Within duration of one second, then the 
frequency of the pulses is 20 HZ. 

[0060] When an event, or a sequence of events, is said to 
be initiated “in response to” receiving a stimulus signal, it 
may be implied that the event, or the sequence of events, is 
initiated as a result of a combination of a trigger signal, used 
in triggering the event or sequence of events, being in a 
triggering state at a time When the stimulus signal is 
asserted. In one set of embodiments, the sending of a pulse 
through an output port may indicate a point in time at Which 
a leading edge of the pulse occurs at the output port, and the 
receiving of a pulse through an input port may indicate a 
point in time at Which a leading edge of the pulse occurs at 
the input port. As used herein, “setting” a device refers to 
setting an output of the device to a high logic level, Whereas 
“resetting” a device refers to setting an output of the device 
to a loW logic level. It Will be evident to those skilled in the 
art that a high logic level may be physically represented by 
either a high voltage or a loW voltage, and similarly a loW 
logic level may be physically represented by either a loW 
voltage or a high voltage. 
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[0061] When referencing a pulse of a signal, a “leading 
edge” of the pulse is a ?rst edge of the pulse, resulting from 
the value of the signal changing from a default value, and a 
“trailing edge” is a second edge of the pulse, resulting from 
the value of the signal returning to the default value. When 
data is said to be “registered” or “latched”“using” a signal, 
the signal acts as a trigger signal that controls the storing of 
the data into the register or latch. In other Words, When a 
signal “used” for registering or latching data is in its 
triggering state, the data residing at respective input ports of 
the register or latch is stored into the register or latch. 
Similarly, When data is latched “on the leading edge” or “on 
the trailing edge” of a pulse of a clock, the data residing at 
respective input ports of a register or latch is stored into the 
register or latch, respectively, When a leading edge or a 
trailing edge of a pulse of the clock occurs, respectively. As 
used herein, the terms “POL converter” and “DC-to-DC 
converter” are used interchangeably, With the understanding 
that typically in DPA systems poWer is provided to POLs via 
DC-to-DC converters. 

[0062] Various embodiments of the present invention offer 
a neW, system level approach to poWer distribution and 
management With all of the system level concerns taken into 
account as a Whole rather than as separate issues. One 
embodiment of the present invention is illustrated in FIG. 5. 
As shoWn, the common functions required in a complex DC 
poWer system may be combined in a single controller rather 
than treated as separate IC functions. As shoWn in FIG. 5, 
a controller 502 managing functions 1 through N may be 
coupled to DC-to-DC converters 1 through M (illustrated by 
example as converters 510, 512 and 514) via a digital bus 
504. Digital bus 504 may be a serial bus enabling commu 
nication With reduced Wiring requirements. In the con?gu 
ration shoWn in FIG. 5, real-time communication is made 
possible betWeen converters 510, 512, and 514 and control 
ler 502 by their being coupled to serial digital bus 504. 

[0063] In one embodiment, the present invention provides 
a system-oriented solution using mixed-signal IC technol 
ogy, allocating one unit of each function to a single point of 
load (POL) IC, or digital poWer management device 
(DPMD). In this embodiment, one DC-to-DC voltage con 
verter, one unit of supply sequencing, one unit of load 
monitoring, and one respective unit of various other func 
tions (previously discussed) are combined in a single 
DPMD, as illustrated in FIG. 6. This approach may be 
enabled by each DPMD having the ability to communicate 
With any other DPMD, and/or With an optional master 
control IC. As shoWn in the embodiment illustrated in FIG. 
6, DPMDs 602, 604, and 606 have each been allocated 
Functions 1 through N, and are coupled together via serial 
digital bus 610. Bus 610 may be simpler than an I2C bus and 
may offer more control and signaling, including real-time 
data feedback capability. Bus 610 may also alloW each 
DPMD to be coupled to a master control IC (MCIC) 800, or 
to be coupled directly to each other, enabling all system level 
functions to be con?gured, controlled and monitored pro 
viding simple and ?exible results. While FIG. 6 shoWs an 
MCIC 800 coupled to bus 610, MCIC 800 is optional and 
alternate embodiments may omit MCIC 800 and only 
include DPMDs coupled to bus 610, and all required func 
tions may be controlled by a single DPMD or a group of 
DPMDs operating together. 
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[0064] Embodiments of the present invention, as illus 
trated in FIG. 6, provide a modular approach to designing 
DPA systems, providing system level functionality Without 
requiring the system to be individually and separately con 
?gured for each desired function that may be required. Each 
DPMD may be individually con?gured prior to its being 
placed in the system, and may operate to perform all 
necessary functions by having access to real-time feedback 
information over bus 610, and by communicating With other 
DPMDs. This represents active control as opposed to simple 
status monitoring. 

[0065] The DPMD 

[0066] Several devices may be enabled When the DPA 
system is con?gured as illustrated in FIG. 6. Rather than just 
consisting of a DC-to-DC converter, a DPMD may consist 
of a DC-to-DC converter and all of the associated control, 
con?guration and monitoring functions associated With a 
single node. 

[0067] Supply sequencing, phase control and other select 
functions in a system may be implemented in the context of 
multiple nodes as opposed to a single node, With each node 
aWare of other nodes in the system. In one embodiment, the 
DPMD of the present invention has the ability to commu 
nicate at the system level so that features, such as supply 
sequencing, load sharing and phase control may be enabled. 
Bi-directional digital communication betWeen a DPMD and 
another DPMD and/or betWeen a DPMD and an optional 
master control IC may be accomplished in several Ways. In 
one embodiment, functions that involve the interaction of 
tWo or more DPMDs are enabled and/or controlled by an 
“ad-hoc” netWork that is formed When the individual devices 
are coupled together, as shoWn in FIG. 6. In another 
embodiment, a dedicated control IC is also connected to the 
DPMDs to coordinate certain higher-level functions. It 
should be noted, again, that While embodiments of the 
present invention may be con?gured With a dedicated (mas 
ter) controller or control IC, such master controllers are not 
required as each DPMD may be designed to contain all the 
required functionality for a given system. 

[0068] A DPMD may function independently of any bus to 
Which it may be coupled. That is, a DPMD may accept 
instructions from the bus to Which it is coupled and may 
place status data onto the bus, While also being operable to 
function autonomously from the bus. Thus, the system may 
remain operational even in case of a bus failure. HoWever, 
the individual nodes on the bus may use the bus to transmit 
real-time feedback data to other nodes or controllers on the 
bus, simplifying complex control problems. 

[0069] Each DPMD may deliver information to and 
receive information from the load as illustrated in FIG. 7. As 
shoWn in the embodiment of FIG. 7, DPMD 702 may be 
con?gured through program pins 716. The DPMD’s output 
current and/or voltage may also be remotely programmable 
to affect DC output 712. In addition, the DPMD may also 
measure the current, voltage and temperature of the load 
received through load status line 714 in real-time, and take 
independent action to effect a change such as loWering 
voltage, limiting current, turning off a device, etc. Informa 
tion input to the DPMD may be digitiZed by the DPMD and 
made available to the other components via bus 750 to Which 
DPMD 702 and other DPMDs or devices may also be 
coupled. DPMD 702 may also be incorporated into previous 
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systems due to its ability to interface With I2C bus 712. In 
one set of embodiments, I2C bus 712 may be used to 
con?gure DPMD 702 in lieu of using program pins 716. 

[0070] DPMD 702 may be con?gured through program 
pins 716 by pin strapping or dynamically during operation 
via bus 750. For example, parameters such as output voltage 
and current levels may be set via the bus or by pin-strap 
selection. Similarly, the DPMDs may be programmed to 
limit hoW much current they deliver to a load, or to accept 
inputs and make them available to the bus. This may enable 
the load status comprising for example current, temperature 
or RPM readings to be digitiZed by the DPMD and made 
available to coupled bus 750. 

[0071] For example, one or more DPMDs performing a 
pulse-Width-modulation (PWM) function (for DC-to-DC 
conversion, motor drives etc.) may be synchroniZed to a 
common clock or to a multiple (and sub-multiple) of a 
common clock via coupled bus 750. In one set of embodi 
ments, a group of DPMDs coupled to bus 750 may together 
“self-designate” the clock signal of one of the group as the 
master clock, and all other DPMDs of the group may be 
synchroniZed to the master clock since a sync pulse may be 
delivered over bus 750 and received by each DPMD. In 
alternate embodiments the DPMDs may be synchronized to 
a common clock by a master control IC that may also make 
the clock data and/or sync pulse available on bus 750. 
Additionally, the master control IC and DPMDs may incor 
porate the ability to synchroniZe their sWitching clocks to a 
special multiple (or prime number multiple) of a reference 
clock in order to reduce the probability of the sWitching 
clock mixing With or interfering With another system clock. 
One embodiment of a master control IC according to the 
present invention Will be described in more detail beloW. 

[0072] Control and Communication Bus 

[0073] In order to reduce cost and complexity, a simple 
communication vehicle may be required. As shoWn in FIG. 
7, each DPMD may be able to communicate using a pro 
prietary communication protocol over bus 750, Which may 
be a proprietary bus design, While also supporting con?gu 
ration of DPMD 702 via an I2C bus 712. 

[0074] The proprietary bus may be realiZed in different 
Ways. In one embodiment, each DPMD has the ability to 
communicate over a serial transmission line formed by 
either a dedicated trace on a PC board or by using the poWer 
distribution bus as the transmission line. In this embodiment, 
system level features may be enabled through each compo 
nent of the system communicating With other system ele 
ments over a common bus. As also previously mentioned, a 
dedicated control IC or a microcontroller coupled to the bus 
may also have the ability to report system status to other 
areas of a system. Furthermore, the data from individual 
loads and control of the individual loads, sensors, fans etc. 
may be made available to the World-Wide-Web (WWW) 
due to the availability of the data on the bus. FIG. 8 
illustrates three possible embodiments of a control and 
communication bus established as a means of communica 
tion betWeen DPMDs. 

[0075] A simple trace on a PC board typically has near 
Zero resistance at DC. HoWever, at high frequency a PC trace 
on the PC board may form a transmission line With a ground 
plane. This “parasitic” transmission line may be used to 
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transmit bus information for a system. In one embodiment of 
the present invention, the same bus that distributes the 
interim DC voltage 706 to all DPMDs may be used for the 
communication bus. This may remove special consider 
ations for routing the bus signals. It may also ensure that a 
bus connection is nearby almost anyWhere in the system. In 
order to communicate on a dedicated trace or the DC poWer 

bus, an inexpensive and loW poWer method may be required. 
In one embodiment, a capacitive coupling is used to “inject” 
the communication signal onto the bus. A digital RF signal 
of small amplitude 707 may be used as the communication 
signal, “injected” onto DC poWer line 706. Signal 707 (on 
the order of l0’s of mV) may be generated and terminated 
using a special communication circuit on DMPDs 740a and 
74019 that are communicating With each other, and may be 
made available on bus terminals 750a and 750b, respec 
tively. Signal 707 may be capacitively coupled onto poWer 
bus 706 With inexpensive external capacitors or using on 
chip capacitors, shoWn as capacitor 748a coupled to DC line 
706 at node 760a and capacitor 748!) coupled to DC line 706 
at node 76019. This may provide inexpensive, loW-poWer 
signal coupling, as Well as galvanic isolation, Which may be 
of concern in certain applications. In addition, the isolation 
may be exploited to provide further isolation for signals that 
need to cross the isolation barrier associated With the AC-to 
DC conversion process in a poWer supply. It may also be 
important in medical applications Where isolation from the 
human body is desired. 

[0076] In alternate embodiments, bus terminals 750a and 
75019 are coupled together via connecting line 750e to form 
independent serial digital bus 750 featuring bus commands 
customiZed to enable ef?cient communication betWeen 
DPMDs and betWeen DMPDs and other devices that may be 
connected to the bus, for example a master control IC. In 
these embodiments none of the capacitors illustrated in FIG. 
8 are used, and DC line 706 is not used to carry digital RF 
signals. In yet other embodiments, bus terminals 750a and 
75019 are capacitively coupled through capacitor 762 as 
shoWn, While capacitors 748a and 74819 are removed from 
the system. As also shoWn in FIG. 8, DPMD 740a may 
include control logic 742a, communication logic 744a and 
a DC-to-DC converter 746a. Similarly, DPMD 7401) may 
include control logic 742b, communication logic 744!) and 
a DC-to-DC converter 746b. 

[0077] Data on the bus may be of relatively loW band 
Width, on the order of Kbps. The carrier frequency may be 
chosen to be high enough to enable generation of a small 
amplitude signal Without dissipating much poWer, and loW 
enough to alloW signal 707 to travel forty or more inches on 
a typical PC board passing through tWo connectors. In one 
set of embodiments the frequency may be in the range of 80 
to 100 MHZ. 

[0078] Master Control IC 

[0079] In one set of embodiments a master control IC 
(MCIC) may be used to manage some of the control, 
monitoring, programming and con?guration system tasks 
that are common to all DPMDs, minimiZing die area for a 
given system due to a reduction in redundancy. The MCIC 
may receive inputs from other digital chips Within the 
system and may also provide data to other system chips. 
Thus, poWer control, con?guration, and monitoring may be 
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made available to the entire system and any netWork to 
Which the system may be connected, for example the World 
Wide Web (WWW). 

[0080] One embodiment of a con?guration of the MCIC is 
illustrated in FIG. 9. MCIC 800 may interface to I2C bus 
710, and may couple to a serial digital bus 750, enabling the 
incorporation of legacy ICs in a system designed in accor 
dance With principles of the present invention. MCIC 800 
may be “programmed” or con?gured via pin-strapping using 
program pins 816 or through I2C bus 710. MCIC 800 may 
replace microcontrollers used in prior art systems. It may 
control DPMDs in the system over bus 750, over coupling 
small signal to poWer line 706, or via an embedded I2C 
controller. HoWever, rather than requiring micro code for 
programming I2C bus 710 and the commands, MCIC 800 
may perform dedicated “routines” that may issue common 
commands to the coupled DPMDs. A truth table may be 
devised to alloW a user to con?gure common functions 
Without having to Write softWare routines. MCIC 800 may 
also be con?gured during manufacturing by connecting a 
computer to I2C bus port 710 and using custom softWare to 
set up the system. 

[0081] In one embodiment, a controller comprised in 
MCIC 800 contains state machines capable of performing 
common functions like programming DPMDs, reading sys 
tem status, and setting up system level functionality (such as 
supply sequencing and phase control). As the controller may 
be designed to Work With the DPMDs, most features may be 
automatically enabled (or suppressed) by simple pin-strap 
choices. MCIC 800 may also contain system supervisory 
functions not associated With a particular DPMD. A number 
of MCICs may also be linked together in a master-slave or 
multi-master con?guration such that a complex hierarchy 
may be established. 

[0082] Thermal Considerations: 

[0083] A major concern in electronics is the removal of 
Waste heat. In many cases, this may be the limiting factor in 
the packing density of electronic devices. The most common 
method to remove heat from electronics is typically forced 
air-cooling from fans and impellors. Control of fans is 
usually established by measuring temperature at various 
locations in a system, and turning on the fan When the 
temperature reaches some pre-set threshold. Rack based 
systems may often rely on a series of fans and sensors to 
manage the thermal environment. 

[0084] As an example of the versatility of DPMDs, FIG. 
10 illustrates one embodiment of the present invention With 
a DPMD con?gured as a dedicated fan controller 850. In this 
embodiment, fan controller 850 is able to receive con?gu 
ration commands either through bus 750, or through pin 
strapping. Parameters like temperature set point and hyster 
esis may be set by an MCIC, such as the one illustrated in 
FIG. 9. Through input lines 858, fan controller 850 may 
accept the input from one or more temperature sensors, rpm 
input from fans, vibration information, and other real-time 
feedback information, and may control the speed of fans 
852, 854, and 855 in response. Fan controller 850 may be 
used to control more or less than the three fans shoWn in 
FIG. 10. Fans may be controlled using a pulse-Width 
modulated (PWM) scheme. Fan controllers may also operate 
to force several fans in a system to operate at different 
phases of the sWitching clock, reducing noise on the DC bus 
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and reducing acoustic noise as Well. One or more fan 
controllers may keep track of the current draWn from a 
particular fan, and may track received data in order to 
predict a fan failure before it happens. The data gathered by 
fan controller 850 through input lines 858 may be used on 
chip or made available digitally to bus 750. 

[0085] Looking back noW at the functions that may need 
to be controlled for a DC-to-DC converter, the folloWing 
features are either improved or enabled by using DPMDs 
interconnected by a serial digital bus, as shoWn for example 
in FIG. 6, Without a need for individually con?guring the 
system for each function, or Without requiring a central 
controller. 

[0086] Supply Sequencing 

[0087] Supply sequencing may be performed by DPMDs 
communicating With each other over a serial digital bus, 
sending and receiving real-time information over the bus, 
the DPMDs in effect “sequencing themselves”. Altemately, 
the supply sequencing may also be performed by an MCIC 
communicating With the DPMDs across the bus. There is no 
need for a separate IC to control supply sequencing. The 
DPMDs and/ or MCIC may be programmed via pin strapping 
or through the I2C bus. 

[0088] Phase Staggering 

[0089] The MCIC may have the ability to count the 
number of DPMDs on the bus and stagger them evenly in 
phase across the sWitching clock’s period. Alternately, 
DPMDs coupled together via the bus may establish one 
DPMD as master that has the ability to perform the stag 
gering operation, not requiring an MCIC. Either con?gura 
tion may eliminate the need for separate phase control ICs 
and/or circuits. An exact number of phases may be sup 
ported, eliminating a need for ?xed phase number control 
lers that are daisy-chained together. For example, a user 
Wishing to control six phases may no longer be required to 
select tWo quad controllers. 

[0090] Current Sharing 

[0091] Current sharing may be supported betWeen tWo or 
more DPMDs. The required feedback may be supported 
through the serial digital bus. In one embodiment, in lieu of 
using the MCIC to manage phase sharing across the bus, 
multiple DPMDs that Will need to share current are directly 
coupled to each other. In this embodiment, the DPMDs that 
are coupled together in the sharing con?guration also con 
tain the circuitry necessary for managing the sharing func 
tion. When tWo DPMDs With current sharing circuitry built 
in are connected together, they may automatically share the 
load current to a common load. 

[0092] Margining 

[0093] In applications Where high reliability is a concern, 
it may be important to have the capability to over-stress the 
components in a system during life testing of that system. 
Embodiments of the present invention include support for 
full digital programming over the bus that couples DPMDs 
together. This may enable a system designer to ef?ciently 
and quickly force the system to operate above or beloW 
maximum or minimum speci?cations for the test periods. 
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[0094] Hot SWap 

[0095] Hot sWap is typically used once per board and has 
been facilitated through various means in the past. For 
example, simple RC netWorks might have been used to delay 
one signal in relation to another, or mechanical Ways might 
have been employed to delay supplies on a plug-in board 
(short ?ngers). In systems With a critical need to control hoW 
multiple ICs get poWered up or doWn, hot sWap ICs Were 
usually employed. In one embodiment of the present inven 
tion the bus controller for the bus coupling the DPMDs 
includes a hot sWap function incorporated on chip. This may 
eliminate the need for separate hot sWap ICs. 

[0096] Self Test 

[0097] DPMDs may contain self-test capabilities and may 
con?gure themselves to perform self-testing When coupled 
together over the serial digital bus. Altemately, When an 
MCIC is used, the MCIC may be con?gured such that it 
polls all devices connected to the bus to perform a self-test. 
The MCIC, if one is used, may be con?gured to perform this 
operation during manufacturing test, upon system start-up or 
at any time by issuing a command to the bus controller. 

[0098] Status Monitoring 

[0099] The use of a serial digital bus enables real-time 
bi-directional data transfer. The DPMDs may interrupt all 
communication if there is a failure to report. The MCIC, 
When con?gured in a system and coupled to the bus to 
interface With the interconnected DPMDs, may take action 
upon receiving an interrupt from a DPMD. 

[0100] Digital Feedback 

[0101] The communication betWeen DPMDs may com 
prise digital feedback, Which may be substantially more 
robust than analog feedback. Any DPMD, or other device on 
the bus may pass feedback data to any other DPMD or 
device on the bus. This may alloW DPMDs and/or other 
devices on the bus to form a closed loop control system, 
providing one venue through Which current sharing and 
phase control may be implemented, for example. 

[0102] Digital Programming 
[0103] Each individual DPMD attached to the digital bus 
may be assigned a unique address by the MCIC. Addresses 
may also be manually assigned to the DPMDs via pin 
strapping by the user. Those skilled in the art Will appreciate 
that addressing may also be performed through other means, 
and is not restricted to the tWo aforementioned methods. 
Once nodes have been assigned a unique address, they may 
be programmed remotely via the digital bus. Programming 
may be accomplished by placing a node in a program state, 
and issuing commands digitally over the communication bus 
(in this case either I2C or the digital bus). Output parameters 
and control functions may be programmed in this fashion. 
Information about the node or its load may also be read back 
from the node via the digital communication bus. In one 
embodiment, each DPMD (or node) has the ability to “lock 
out” program commands, that is, to reject commands from 
the bus. This feature may be useful in ensuring high levels 
of reliability. 

[0104] Expandability 
[0105] Each MCIC manufactured (or emulated using an 
FPGA) may be designed to manage a ?nite number of loads 
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or inputs (sensors, etc.), recognize When a neW node is added 
to the bus, and to support features to manage the neW status 
of the system. Features like supply sequencing and current 
sharing may be manually con?gured or automatically con 
?gured depending on the needs of the user. Implementing 
current sharing using DPMDs and the digital bus 

[0106] Using the bus to implement a control loop betWeen 
tWo or more DPMDs, the DPMDs may be con?gured to 
deliver current to a common load such that they each deliver 
an equal (or some other ratio) amount of the total load 
current. FIG. 11 shoWs a DPMD 900 in a single supply 
con?guration, generating single output voltage 902. FIG. 12 
illustrates one embodiment Where multiple DPMDs are 
coupled together to form a multi-phase supply con?guration. 
As shoWn in FIG. 12, DPMDs 910, 912, and 913 may be 
coupled to control and communication bus 920, While the 
respective outputs of DPMD 910, 912, and 913 may be 
coupled together to form a ?nal output voltage 904. In one 
embodiment, each DPMD is con?gured With control logic 
that enables each DPMD to automatically establish the 
control loop(s) required for the multi-phase supply. Feed 
back required for establishing the control may be transmitted 
over serial digital control and communication bus 920. To 
create a multi-phase poWer supply, multiple DPMDs may 
simply be coupled together, for example in a con?guration 
as shoWn in FIG. 12, approaching true plug-and-play sim 
plicity. While the embodiment in FIG. 12 only shoWs three 
DPMDs coupled together, those skilled in the art Will 
appreciate that a multi-phase supply con?guration Will not 
be limited to the number of DPMDs shoWn and more (or 
less) DPMDs may be used. 

[0107] As disclosed herein, poWer delivery systems imple 
mented in accordance With principles of the present inven 
tion Will offer neW levels of reliability. All bus-enabled ICs 
may enable continuous operation in the event the bus 
becomes disabled. In con?gurations Where the bus may be 
used to pass real-time feedback, such as a current sharing 
con?guration, the system may keep operating even When it 
no longer receives data from the bus. This also provides 
increased time to respond to failure, Whereas in present 
analog systems signals typically rise or fall to a rail value in 
event of a failure. 

[0108] Although the embodiments above have been 
described in considerable detail, other versions are possible. 
Numerous variations and modi?cations Will become appar 
ent to those skilled in the art once the above disclosure is 
fully appreciated. It is intended that the folloWing claims be 
interpreted to embrace all such variations and modi?cations. 
Note the section headings used herein are for organizational 
purposes only and are not meant to limit the description 
provided herein or the claims attached hereto. 

We claim: 
1. A point-of-load (POL) regulator, the POL regulator 

comprising: 
a bus interface for interfacing to a serial bus; 

?rst circuitry for generating an output voltage; 

a plurality of control input pins, Wherein at least one of the 
plurality of control input pins is con?gurable to couple 
to a static voltage value to con?gure at least one 
operating characteristic of the POL regulator; and 
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a logic circuit coupled to the bus interface, the ?rst 
circuitry, and the plurality of control input pins; 

Wherein the logic circuit is operable to monitor ?rst status 
information transmitted by another POL regulator on 
the serial bus; and 

Wherein the logic circuit is operable to control the ?rst 
circuitry based on the ?rst status information and the at 
least one operating characteristic. 

2. The POL regulator of claim 1, 

Wherein the logic circuit is operable to transmit second 
status information onto the serial bus via the bus 
interface, Wherein the second status information indi 
cates a status of the POL regulator. 

3. The POL regulator of claim 2, 

Wherein the logic circuit is operable to transmit the second 
status information in response to the monitored ?rst 
status information. 

4. The POL regulator of claim 2, 

Wherein the logic circuit is operable to transmit the second 
status information in response to a change in state of the 
POL regulator. 

5. The POL regulator of claim 1, 

Wherein the logic circuit is operable to transmit an address 
and second status information onto the serial bus via 
the bus interface, Wherein the second status information 
indicates a status of the POL regulator and the address 
identi?es the POL regulator. 

6. The POL regulator of claim 1, Wherein the logic circuit 
is operable to receive an address transmitted by the other 
POL regulator, Wherein the address identi?es the other POL 
regulator. 

7. The POL regulator of claim 1, Wherein each one of a 
subset of the plurality of control input pins is con?gurable to 
couple to a respective static voltage value to assign to the 
POL regulator an address that identi?es the POL regulator. 

8. The POL regulator of claim 1, 

Wherein each one of the plurality of control input pins is 
con?gurable to couple to a respective static voltage 
value to con?gure operating characteristics of the POL 
regulator. 

9. The POL regulator of claim 8, 

Wherein each one of the plurality of control input pins is 
con?gurable by: 

coupling the control input pin to a constant voltage value; 
or 

leaving the control input pin uncoupled. 
10. The POL regulator of claim 1, 

Wherein the logic circuit is operable to perform at least 
one poWer regulating function based on the ?rst status 
information and the at least one operating characteristic 
to control the voltage generated by the ?rst circuitry. 

11. A system useable in creating a point-of-load (POL) 
regulator, the system comprising: 

a bus interface for interfacing to a serial bus; 

a plurality of control input pins, Wherein one or more of 
the control input pins are con?gured to couple to 
pre-determined voltage values to con?gure operating 
characteristics of the POL regulator; and 
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a logic circuit operable to: 

transmit outgoing status information onto the serial bus 
via the bus interface; 

receive, from the serial bus, incoming status informa 
tion transmitted by another POL regulator; and 

perform one or more poWer regulating functions based 
on the incoming status information and according to 
the con?gured operating characteristics. 

12. The system of claim 11, Wherein the operating char 
acteristics comprise one or more of: 

timing of the POL regulator sWitching poWer from an 
input poWer bus to an output poWer bus; 

PID coef?cients of the POL regulator; 

a start delay of the POL regulator; 

a ramp time of the POL regulator; 

tracking of the POL regulator; 

an output voltage of the POL regulator; or 

margining of the POL regulator. 
13. The system of claim 11, Wherein system comprises an 

integrated circuit. 
14. A point-of-load (POL) regulator comprising: 

a bus interface for interfacing to a serial bus; 

?rst circuitry for generating an output voltage; 

a logic circuit coupled to the bus interface and the ?rst 
circuitry; and 

a plurality of control input pins, Wherein at least one of the 
control input pins is con?gurable to couple to a static 
voltage value to con?gure operation of the logic circuit; 

Wherein the logic circuit is operable to monitor ?rst status 
information transmitted onto the serial bus by another 
POL regulator; and 

Wherein the logic circuit is operable to control the ?rst 
circuitry based on the ?rst status information and the 
static voltage value. 

15. A poWer control system comprising: 

a bidirectional serial data bus; 

a plurality of point-of-load (POL) regulators coupled to 
the bidirectional serial data bus, Wherein each of the 
plurality of POL regulators is operable to provide 
respective one or more regulated output voltages, 
Wherein each of the plurality of POL regulators com 
prises a plurality of pins, Wherein each respective one 
of the plurality of POL regulators is con?gurable by 
applying at least one respective static value to at least 
one input pin of the respective POL regulator; and 

Wherein each respective one of the plurality of POL 
regulators is operable to: 

monitor ?rst status information transmitted onto the 
serial bus by another POL regulator; and 

control its respective one or more regulated output 
voltages based on the ?rst status information and the 
at least one respective static value. 
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16. The poWer control system of claim 15, 

Wherein each respective one of the plurality of POL 
regulators is operable to transmit onto the serial bus one 
or more of: 

an address identifying the respective POL regulator; 
and 

status information indicating a status of the respective 
POL regulator. 

17. The poWer control system of claim 16, Wherein the 
respective POL regulator is operable to transmit the status 
information and/or the address Without changing its respec 
tive one or more regulated output voltages. 

18. The poWer control system of claim 15, Wherein the 
status information comprises one or more of: 

indication of poWer regulation status; 

indication of faults detected; and 

measured operating conditions. 
19. The poWer control system of claim 18, Wherein the 

measured operating conditions comprises current measure 
ments. 

20. The poWer control system of claim 15, Wherein said 
applying at least one respective static value comprises 
coupling one or more resistors betWeen a voltage source and 
the at least one input pin of the respective POL regulator. 

21. The poWer control system of claim 15, Wherein each 
of the one or more POL regulators is operable to determine 
When to start and stop controlling its respective one or more 
regulated output voltages based on one or more of: 

the at least one respective static value; and 

the ?rst status information. 
22. A poWer control system comprising: 

a bidirectional serial data bus; 

a plurality of point-of-load (POL) regulators coupled to 
the bidirectional serial data bus, Wherein each of the 
plurality of POL regulators is operable to provide 
respective regulated output voltages, Wherein each of 
the plurality of POL regulators comprises a plurality of 
pins, Wherein each respective one of the plurality of 
POL regulators is con?gurable by applying at least one 
respective static value to at least one input pin of the 
respective POL regulator; and 

Wherein each respective one of the plurality of POL 
regulators is operable to transmit over the bidirectional 
data bus: 

an address identifying the respective POL regulator; 
and 

status information indicating a status of the respective 
POL regulator. 

23. The poWer control system of claim 22, 

Wherein at least one of the POL regulators is operable to 
monitor status information transmitted by another POL 
regulator, and perform an action based on the status 
information transmitted by the other POL regulator. 

24. The poWer control system of claim 22, 

Wherein at least one of the POL regulators is operable to 
monitor status information transmitted by another POL 
regulator, and perform an action based on its at least 
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one static control value and the status information 
transmitted by the other POL regulator. 

25. The poWer control system of claim 22, 

Wherein at least one of the POL regulators is operable to 
monitor status information transmitted by another POL 
regulator and perform an action according to its at least 
one static control value in response to the status infor 
mation transmitted by the other POL regulator. 

26. The poWer control system of claim 22, Wherein each 
respective one of the plurality of POL regulators is con?g 
urable by: 

coupling at least one control input pin to a constant 
voltage value; or 

leaving at least one control input pin uncoupled. 
27. A poWer control system comprising: 

a serial bus; and 

a point-of-load (POL) regulator coupled to the serial bus 
and having one or more control pins con?gured to be 
pinstrapped to set at least one operating characteristic 
of the POL regulator; 

Wherein the POL regulator is con?gured to monitor status 
information transmitted onto the serial bus by one or 
more other POL regulators. 

28. A point-of-load (POL) regulator operable to be 
coupled to a serial bus and having one or more control pins 
con?gured to be pinstrapped to set at least one operating 
characteristic of the POL regulator, Wherein the POL regu 
lator is con?gured to monitor status information transmitted 
by one or more other devices on the serial bus and perform 
a poWer regulating function in response to the monitored 
status information and the at least one operating character 
istic. 

29. A method for managing poWer in a system, the method 
comprising: 

con?guring at least one operating characteristic of at least 
one POL regulator by coupling at least one control 
input pin of the at least one POL regulator to a static 
voltage value; 

the at least one POL regulator monitoring ?rst status 
information transmitted by at least one other POL 
regulator; and 

the at least one POL regulator providing respective one or 
more regulated output voltages according to the at least 
one operating characteristic and the ?rst status infor 
mation. 

30. The method of claim 29, further comprising: 

the at least one POL regulator transmitting second status 
information, Wherein the second status information 
indicates a status of the at least one POL regulator. 

31. The method of claim 30, Wherein said monitoring and 
said transmitting are performed via a bidirectional serial data 
bus. 

32. The method of claim 29, further comprising: 

con?guring a plurality of operating characteristics of the 
at least one POL regulator by performing one or more 
of: 
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coupling speci?ed ones of a plurality of control input 
pins of the at least one POL regulator to respective 
constant voltage values; and 

leaving speci?ed ones of the plurality of control input 
pins of the at least one POL regulator uncoupled. 

33. The method of claim 29, further comprising: 

the at least one POL regulator performing at least one 
poWer regulating function in response to the ?rst status 
information. 

34. The method of claim 33, further comprising: 

the at least one POL regulator performing at least one 
poWer regulating function based on the ?rst status 
information and the at least one operating characteris 
tic. 

35. Amethod for managing poWer in a system, the method 
comprising: 

con?guring speci?ed operating characteristics of a plu 
rality of POL regulators by coupling respective control 
input pins of the plurality of POL regulators to respec 
tive static voltage values; 

each of the plurality of POL regulators transmitting 
respective status information; and 

each of the plurality of POL regulators receiving the 
respective status information transmitted by other ones 
of the plurality of POL devices; 

each of the plurality of POL regulators providing respec 
tive regulated output voltages according to the speci?ed 
operating characteristics and the received respective 
status information. 

36. A method of operating a POL regulator, the method 
comprising: 

coupling the POL regulator to a serial bus; 

pinstrapping one or more control pins of the POL regu 
lator in order to con?gure at least one operating char 
acteristic of the POL regulator; 

the POL regulator monitoring status information trans 
mitted onto the serial bus by one or more other POL 

devices; and 

the POL regulator performing a poWer regulating function 
in response to said monitoring and said pinstrapping. 

37. A point-of-load (POL) regulator, the POL regulator 
comprising: 

a bus interface for interfacing to a serial bus; 

?rst circuitry for generating an output voltage; 

a plurality of control input pins, Wherein at least one of the 
plurality of control input pins is con?gurable to couple 
to a static voltage value to con?gure sWitch timing of 
the POL regulator, Wherein the sWitch timing deter 
mines timing of the POL regulator sWitching poWer 
from an input poWer bus to an output poWer bus; and 

a logic circuit coupled to the bus interface, the ?rst 
circuitry, and the plurality of control input pins; 

Wherein the logic circuit is operable to monitor ?rst status 
information transmitted by another POL regulator on 
the serial bus; and 
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wherein the logic circuit is operable to control the ?rst 
circuitry based on the ?rst status information and 
according to the con?gured sWitch timing. 

38. A point-of-load (POL) regulator, the POL regulator 
comprising: 

a bus interface for interfacing to a serial bus; 

?rst circuitry for generating an output Voltage; 

a plurality of control input pins, Wherein at least one of the 
plurality of control input pins is con?gurable to couple 
to a static Voltage Value to con?gure proportional 
integral-derivative (PID) coef?cients of the POL regu 
lator; and 

a logic circuit coupled to the bus interface, the ?rst 
circuitry, and the plurality of control input pins; 

Wherein the logic circuit is operable to monitor ?rst status 
information transmitted by another POL regulator on 
the serial bus; and 

Wherein the logic circuit is operable to control the ?rst 
circuitry based on the ?rst status information and 
according to the con?gured PID coef?cients. 

39. A point-of-load (POL) regulator, the POL regulator 
comprising: 

a bus interface for interfacing to a serial bus; 

?rst circuitry for generating an output Voltage; 

a plurality of control input pins, Wherein at least one of the 
plurality of control input pins is con?gurable to couple 
to a static Voltage Value to con?gure start delay of the 
POL regulator; and 

a logic circuit coupled to the bus interface, the ?rst 
circuitry, and the plurality of control input pins; 

Wherein the logic circuit is operable to monitor ?rst status 
information transmitted by another POL regulator on 
the serial bus; and 

Wherein the logic circuit is operable to control the ?rst 
circuitry based on the ?rst status information and 
according to the con?gured start delay. 

40. A point-of-load (POL) regulator, the POL regulator 
comprising: 

a bus interface for interfacing to a serial bus; 

?rst circuitry for generating an output Voltage; 

a plurality of control input pins, Wherein at least one of the 
plurality of control input pins is con?gurable to couple 
to a static Voltage Value to con?gure a ramp time of the 
POL regulator; and 

a logic circuit coupled to the bus interface, the ?rst 
circuitry, and the plurality of control input pins; 

Wherein the logic circuit is operable to monitor ?rst status 
information transmitted by another POL regulator on 
the serial bus; and 

Wherein the logic circuit is operable to control the ?rst 
circuitry based on the ?rst status information and 
according to the con?gured ramp time. 
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41. A point-of-load (POL) regulator, the POL regulator 
comprising: 

a bus interface for interfacing to a serial bus; 

?rst circuitry for generating an output Voltage; 

a plurality of control input pins, Wherein at least one of the 
plurality of control input pins is con?gurable to couple 
to a static Voltage Value to con?gure tracking of the 
POL regulator; and 

a logic circuit coupled to the bus interface, the ?rst 
circuitry, and the plurality of control input pins; 

Wherein the logic circuit is operable to monitor ?rst status 
information transmitted by another POL regulator on 
the serial bus; and 

Wherein the logic circuit is operable to control the ?rst 
circuitry based on the ?rst status information and 
according to the con?gured tracking. 

42. A point-of-load (POL) regulator, the POL regulator 
comprising: 

a bus interface for interfacing to a serial bus; 

?rst circuitry for generating an output Voltage; 

a plurality of control input pins, Wherein at least one of the 
plurality of control input pins is con?gurable to couple 
to a static Voltage Value to con?gure an output Voltage 
of the POL regulator; and 

a logic circuit coupled to the bus interface, the ?rst 
circuitry, and the plurality of control input pins; 

Wherein the logic circuit is operable to monitor ?rst status 
information transmitted by another POL regulator on 
the serial bus; and 

Wherein the logic circuit is operable to control the ?rst 
circuitry based on the ?rst status information. 

43. A point-of-load (POL) regulator, the POL regulator 
comprising: 

a bus interface for interfacing to a serial bus; 

?rst circuitry for generating an output Voltage; 

a plurality of control input pins, Wherein at least one of the 
plurality of control input pins is con?gurable to couple 
to a static Voltage Value to con?gure margining of the 
POL regulator; and 

a logic circuit coupled to the bus interface, the ?rst 
circuitry, and the plurality of control input pins; 

Wherein the logic circuit is operable to monitor ?rst status 
information transmitted by another POL regulator on 
the serial bus; and 

Wherein the logic circuit is operable to control the ?rst 
circuitry based on the ?rst status information and 
according to the con?gured margining. 


