
(19) United States 
US 20010002102A1 

(12) Patent Application Publication (10) Pub. No.: US 2001/0002102 A1 
Petricek et al. (43) Pub. Date: May 31, 2001 

(54) BOARD MOUNTABLE POWER SUPPLY 
MODULE WITH MULTI-FUNCTION 
CONTROL PIN 

(76) Inventors: Shea L. Petricek, Austin, TX (US); 
James Carroll Wadlington, Austin, TX 
(Us) 

Correspondence Address: 
Lucent Technologies Inc. 
600 Mountain Avenue 
P.O. Box 636 
Murray Hill, NJ 07974-0636 (US) 

(21) Appl. No.: 09/756,034 

(22) Filed: Jan. 6, 2001 

Related US. Application Data 

(63) Continuation of application No. 09/383,693, ?led on 
Aug. 26, 1999, noW Pat. No. 6,191,566. 

Publication Classi?cation 

(51) Int. Cl? . .......... .. G05F 1/613 

(52) Us. 01. .......................................... .. 323/224; 323/282 

(57) ABSTRACT 

A board mountable poWer supply module is described. The 
poWer supply module includes a poWer train for converting 
an input voltage into a regulated output voltage and a 
controller operable to control the poWer train. The poWer 
train is connected to the input and output voltages through 
an input voltage pin, an output voltage pin and a common 
pin. The controller includes a multifunction control pin, 
Which alloWs for disabling the poWer supply module and for 
trimming the output voltage. Additionally, tWo or more 
poWer supply modules can be connected in parallel to form 
a poWer supply that is capable of meeting increased load 
current requirements. Each of the multifunction control pins 
in the poWer supply is electrically connected together to 
improve current sharing betWeen modules by reducing inter 
nal variances betWeen modules. 
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BOARD MOUNTABLE POWER SUPPLY MODULE 
WITH MULTI-FUNCTION CONTROL PIN 

TECHNICAL FIELD OF THE INVENTION 

[0001] The present invention relates to power converters. 
Speci?cally, the present invention is a board mountable 
poWer supply having a multi-function control pin. 

BACKGROUND OF THE INVENTION 

[0002] More and more electronic applications are requir 
ing distributed poWer architectures Where the current 
requirements of the electrical loads are requiring the poWer 
supplies to be moved as close to the load as practicable. 
Instead of the single poWer supply Which Would accept ac 
line voltage and produce a dc or ac output voltage for use by 
an entire electrical system, today’s ultra fast electronics and 
electrical components require their oWn poWer supply to 
accommodate the high transients in their load currents. This 
neW concept in poWer systems is often referred to as a 
“distributed poWer architecture.” This type of poWer archi 
tecture can be implemented by means of a system recti?er 
that converts the ac line current into an unregulated or 
slightly regulated dc voltage, and numerous “point-of-load” 
poWer supplies. The point-of-load poWer supplies accept the 
dc voltage from the recti?er and produce a highly regulated 
dc voltage Which is able to accommodate very large current 
transients (large di/dt). 

[0003] The point-of-load poWer supplies need to be small, 
have a high power density, and be mountable on the circuit 
boards near the load. In addition, the point-of-load poWer 
supplies should be modular to alloW tWo or more to be 
connected in parallel to supply poWer to high current loads, 
or to provide redundancy. This modularity alloWs a single 
design to be adapted for loads With varying current require 
ments. These small modular poWer supplies, hoWever, 
present numerous design issues. Their high poWer density 
and small siZe, force pin footprints to be minimiZed, and 
When placed in parallel they must be forced to share current 
effectively. 
[0004] The small siZe and high poWer density requirement 
forces the poWer modules to sacri?ce features both due to 
lack of space on the circuit board as Well as to minimiZe the 
number of pins, as Well the pin footprints, so that the 
modules take up as little space as possible on the system 
board to Which they Will be mounted. Further, small vari 
ances in component values or reference levels Will cause one 
or tWo paralleled poWer supplies to supply the majority of 
load current While some of the remaining modules supply 
relatively little, or no, current. This disparity in load currents 
causes the modules supplying the majority of the current to 
Wear faster due to the increased thermal stresses, leading to 
premature failures in the ?eld. 

[0005] Accordingly, What is needed is a poWer supply 
module that minimiZes the pin footprint and shares current 
effectively When placed in parallel With other poWer supply 
modules. 

SUMMARY OF THE INVENTION 

[0006] The present invention provides a poWer supply 
module With a multifunction control pin Which alloWs the 
module to be disabled, the output voltage to be trimmed and 
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the current betWeen parallel modules to be shared more 
equally. The poWer supply module of the present invention 
is formed by a poWer train and a controller. The poWer train 
accepts an input voltage and produces a regulated output 
voltage capable of poWering a load. The poWer train 
includes an input voltage pin, an output voltage pin and a 
common pin for connecting betWeen the input voltage and 
the load. The controller is connected to the poWer train and 
operates to control the poWer train to maintain the output 
voltage at its regulated level despite changes in the input 
voltage or load current requirements. The controller includes 
the multifunction control pin as Well as an internal reference 
voltage Which is used to set the output voltage. 

[0007] The multifunction control pin alloWs the output 
voltage to be trimmed by alloWing the reference voltage 
used by the controller to be adjusted up or doWn. The 
multifunction control pin is capable of disabling the poWer 
supply module by either reducing the reference voltage to 
Zero, or by disabling an internal integrated circuit in the 
controller itself. Additionally, the multifunction control pin 
can provide for improved current sharing betWeen paralleled 
poWer supply modules. Since differences in the internal 
reference voltages betWeen poWer supply modules is a major 
source of current sharing de?ciencies, interconnecting the 
multifunction control pin of each of the parallel poWer 
supply modules sets the reference voltage in each module to 
the same value and alloWs the parallel poWer modules to 
share current much more equally. 

[0008] The foregoing has outlined, rather broadly, pre 
ferred and alternative features of the present invention so 
that those skilled in the art may better understand the 
detailed description of the invention that folloWs. Additional 
features of the invention Will be described hereinafter that 
form the subject of the claims of the invention. Those skilled 
in the art Will appreciate that they can readily use the 
disclosed conception and speci?c embodiment as a basis for 
designing or modifying other structures for carrying out the 
same purposes of the present invention. Those skilled in the 
art Will also realiZe that such equivalent constructions do not 
depart from the spirit and scope of the invention in its 
broadest form. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] For a more complete understanding of the present 
invention, reference is noW made to the folloWing descrip 
tions taken in conjunction With the accompanying draWings, 
in Which: 

[0010] FIG. 1 is a circuit diagram of a poWer supply 
module according to the principles of the present invention; 

[0011] FIG. 2 is a circuit diagram of the poWer supply 
module of FIG. 1 With external control circuitry connected 
to the multi-function control pin; 

[0012] FIG. 3 is a circuit diagram of an alternative 
embodiment of a poWer module according to the present 
invention; 

[0013] FIG. 4 is a circuit diagram of tWo poWer modules 
according to the present invention connected in parallel; and 

[0014] FIGS. 5A and B are graphs shoWing the current 
sharing of parallel modules Without the multi-function con 



US 2001/0002102 A1 

trol pins connected together and With the multi-function 
control pins connected together, respectively. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0015] Referring noW to FIG. 1, a circuit diagram of a 
board mountable poWer module 10, Which incorporates the 
features of the present invention, is shoWn. PoWer module 
10 is formed by poWer train 14, Which is a dc to dc converter 
that acts to convert an input voltage into a Well regulated 
output voltage, and controller 12, Which acts to control 
poWer train 14. PoWer module 10 includes pinouts for input 
voltage pin V- output voltage pin Vout, common pin V In, 

and multi-function control pin CNTR. 
ground 

[0016] PoWer converter 14 uses sWitches S1 and S2 to 
convert the unregulated, or slightly regulated, dc input 
voltage on input voltage pin Vin into a Well regulated dc 
output voltage supplied to the load on output voltage pin 
Vout. SWitch S1 operates at a duty cycle D determined by 
controller 12 based on the sensed output voltage. SWitch S2 
is operated at a duty cycle of 1-D and completely out of 
phase With sWitch S1, such that one and only one sWitch is 
on at any particular moment. Inductor L1 and capacitor C2 
form an averaging ?lter that smoothes the square Wave 
output from sWitches S1 and S2. Capacitor C1 acts to 
remove any ac component from the input voltage. 

[0017] As stated, poWer train 14, illustrated in FIG. 1, 
operates to convert the input voltage on input voltage pin Vin 
to a Well-regulated output voltage on output voltage pin VOut 
by alternately opening and closing switches S1 and S2. 
When sWitch S1 is closed, current ?oWs directly to the load 
and inductor L1 is charged. When sWitch S1 is open and 
sWitch S2 is closed, inductor L1 discharges, supplying 
current to the load and back through the loop formed by 
closed sWitch S2. PoWer to the load is controlled by varying 
the duty cycle of sWitches S1 and S2. 

[0018] While poWer train 14, shoWn in FIG. 1, is shoWn 
as a standard buck, sWitch-mode poWer converter, those 
skilled in the art Will readily understand that the buck 
converter shoWn in FIG. 1 is for illustrative purposes only 
and could be any isolated or non-isolated sWitch-mode 
poWer converter. 

[0019] Controller 12 regulates poWer train 14 by operating 
sWitches S1 and S2 according to the sensed output voltage. 
Pulse Width modulator P1 has outputs Which act to open and 
close sWitches S1 and S2 at a particular frequency. As stated, 
the duty cycle of the sWitches depend on the sensed output 
voltage VSense Which is fed to error ampli?er A1 from a 
voltage divider made up of resistors R3 and R4. The sensed 
output voltage VSense is compared With a reference voltage 
VIef generated by reference voltage generator V1. Reference 
voltage Vref is determined from the voltage divider formed 
by R1 and R2 and fed to error ampli?er A1. Error ampli?er 
A1 generates an error signal based on the difference betWeen 
the sensed output voltage VSense and the reference voltage 
VIef and that signal is used by pulse Width modulator P1 to set 
the duty cycle of sWitches S1 and S2. 

[0020] Controller 12 includes multifunction control pin 
CNTR, Which is connected to Vref as Well as to the enable 
pin of pulse Width modulator P1. As Will be discussed in 
greater detail With reference to FIGS. 2 and 4, multifunction 
control pin CNTR alloWs the output voltage to be trimmed, 
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the poWer module to be disabled, and alloWs for current 
sharing betWeen parallel modules. 

[0021] Referring noW to FIG. 2, poWer module 10 of FIG. 
1 is shoWn With external circuitry 16 connected to multi 
function control pin CNTR. Multifunction control pin 
CNTR is shoWn connected to resistor R6, Which is con 
nected in series With sWitch S5 and dc voltage source Vdc. 
Multifunction control pin CNTR is also connected to sWitch 
S3 and resistor R5, Which is in series With sWitch S4. 
EXternal circuitry 16 can be used to trim the output voltage 
of poWer module 10 or to disable poWer module 10, such 
that it does not produce an output voltage. 

[0022] The output voltage of poWer module 10 is trimmed, 
or adjusted, by opening and closing sWitches S4 or S5. 
Closing sWitch S4 places resistor R5 in parallel With resistor 
R2. This effectively changes the value of the voltage divider 
originally formed by R1 and R2, Which is noW formed by R1 
and the parallel combination of R2 and R5. The parallel 
combination of R2 and R5 loWers reference voltage Vref, 
thereby loWering the output voltage in the same proportion 
by Which Vref Was loWered. Conversely, When sWitch S4 is 
open and sWitch S5 is closed, dc voltage source Vdc injects 
current through resistor R6 into the voltage divider formed 
by R1 and R2. This effectively raises reference voltage Vref, 
thereby raising the output voltage in the same proportion as 
the reference voltage Vref. The amount of adjustment 
obtained by external circuitry 16 is determined by the values 
of R5 and R6. 

[0023] SWitch S3 alloWs poWer module 10 to be enabled 
and disabled. PoWer module 10 is enabled and Works as 
described above When sWitch S3 is open. When closed 
sWitch S3 pulls Vref to ground. This should be enough to 
bring the output voltage to Zero, but since sWitch S3 has 
some series resistance Vref Will alWays be non-Zero resulting 
in some output voltage. This is overcome by connecting Vref 
to the enable pin of pulse Width modulator P1. Most pulse 
Width modulated “PWM” controllers have a mechanism by 
Which they can be turned off by driving a particular pin 
voltage loW and this is illustrated by the enable pin shoWn 
on pulse Width modulator P1. NoW When sWitch S3 is closed 
the enable pin is grounded and pulse Width modulator P1 is 
disabled, effectively shutting doWn poWer module 10. 

[0024] Referring noW to FIG. 3, an alternate embodiment 
of poWer module 10 is shoWn Which incorporates an output 
voltage droop characteristic introduced to help parallel mod 
ules current share, as Will be discussed in greater detail 
beloW. Integrator netWork 18 is added to the output voltage 
sensing portion of controller 12. Integrator netWork 18 
Works With the inherent internal resistance of inductor L1. 
Because of this inherent internal resistance, inductor L1 has 
a small voltage drop across it proportional to the current 
through inductor L1. 

[0025] Integrator netWork 18 is formed by resistors R7 and 
R8 and capacitor C3 Which form an integrator that detects a 
portion of the voltage across inductor L1. This results in a 
voltage across capacitor C3 that is proportional to the 
current through inductor L1. Instead of only sensing the 
output voltage, the sensed voltage VSense is noW proportional 
to the output voltage plus the voltage across C3. Error 
ampli?er A1 therefore sees an output voltage that increases 
With the current in inductor L1 as compared With reference 
voltage V Since the voltage across capacitor C3 increases 
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With increased current in inductor L1, sensed voltage VSense 
also increases. Error ampli?er A1 sends a corresponding 
error signal to pulse Width modulator P1 Which results in 
controller 12 acting to reduce the output voltage as current 
through inductor L1 increases, thereby forming an output 
voltage droop characteristic. Although integrator netWork 18 
is described in detail, one skilled in the art Will easily 
understand that any netWork that develops a voltage pro 
portional to the current through inductor L1, for example a 
single resistor, Would act as an integrator netWork 18 and 
Would be Well Within the scope of the present invention. 

[0026] FIG. 4 shoWs tWo poWer modules 10, of the type 
described in FIG. 3, connected in parallel betWeen input 
voltage Vinput and a load shoWn by resistor Rload. Parallel 
poWer modules 10 are also shoWn connected to external 
circuitry 16 described With reference to FIG. 2. PoWer 
modules 10 are connected across input voltage Vinput by 
input voltage pin Vin and common pin Vgmund, and are 
similarly connected across load resistor Rload by output 
voltage pin VOut and common pin Vgmund. Output currents 
law How from each of poWer modules 10 and are summed to 
form the load current lload. While FIG. 4 shoWs tWo poWer 
modules 10 connected in parallel, one skilled in the art Will 
easily understand that this is for illustrative purposes only, 
and any number of poWer modules 10 could be connected in 
parallel Without departing from the scope of the present 
invention as described herein. As can be seen, the load 
current Iload Would be equal to n times the output current IOut 
of each of the poWer modules Where n is the number of 
poWer modules connected in parallel. 

[0027] Multifunction control pins CNTR from each mod 
ule are tied together directly to provide improved current 
sharing, as Will be described With reference to FIGS. 5A and 
B, as Well as to alloW one set of external circuitry 16 to 
control all the parallel poWer modules. Directly connecting 
the multifunction control pins CNTR of all of the parallel 
modules alloW the modules to current share much more 
effectively than modules Without a multifunction control pin 
according to the present invention. 

[0028] Current sharing is normally decreased by varia 
tions in the values of the components of the modules Which 
result in slight differences in internal signals such as the 
reference voltage Vref. These differences in component 
values can be compensated for, to some extent, by intercon 
necting the multifunction control pins CNTR of poWer 
modules 10 constructed according to the present invention. 
Interconnecting the multifunction control pins CNTR forces 
poWer modules 10 to share the same reference voltage Vref. 
Reference voltages Vref differ betWeen modules because of 
component tolerances in and are a signi?cant source of 
variation in current sharing. 

[0029] FIGS. 5A and B demonstrate the value of paral 
leling poWer modules according to the principles of the 
present invention. FIG. 5A shoWs the current sharing char 
acteristics of parallel poWer modules exhibiting an output 
droop characteristic Without interconnecting the multifunc 
tion control pins. The output droop characteristic described 
With reference to FIG. 3 can be seen Where the output 
voltage drops as input voltage increases. FIG. 5A shoWs a 
nominal or expected value based on ideal component char 
acteristics and values. A minimum and maximum value is 
also plotted Which account for normal variations in compo 
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nent value and characteristics consistent With the expected 
tolerances. These three plots provide a range over Which 
identical poWer modules may operate. As demonstrated in 
FIG. 5A, for any speci?c output voltage, parallel poWer 
modules operating at the minimum and maximum values 
Will demonstrate a Wide variation in current sharing. 

[0030] FIG. 5B shoWs the improved current sharing 
achieved With the arrangement of FIG. 4 Where poWer 
modules according to the present invention are paralleled 
With their multifunction control pins tied together. As stated 
above, this causes each module to share reference voltage 
Vref. As shoWn in FIG. 5B, this results in the range betWeen 
minimum and maximum values to be narroWed signi?cantly. 
Therefore, even With parallel poWer modules operating at 
the minimum and maximum values for a particular output 
voltage, much tighter current sharing is achieved resulting in 
more even Wear and aging betWeen modules. 

[0031] All of the elements shoWn in FIGS. 1-4 are com 
monly available electrical components. Although particular 
references have been made to speci?c architectures and 
control schemes, those skilled in the art should understand 
that poWer train 13 could be formed from a multitude of 
sWitch-mode dc to dc poWer converter topologies, all of 
Which are Well Within the broad scope of the present 
invention. Similarly, While controller 12 is described as a 
pulse Width modulated controller, any suitable controller for 
sWitch-mode poWer converters could be used. Although the 
present invention has been described in detail, those skilled 
in the art should understand that they can make various 
changes, substitutions and alterations herein Without depart 
ing from the spirit and scope of the invention in its broadest 
form. 

We claim: 
1. A board mountable poWer supply module for convert 

ing an input voltage to a regulated output voltage compris 
ing: 

a poWer train including an input voltage pin, an output 
voltage pin, and a common pin, the poWer train oper 
able to convert the input voltage received on the input 
voltage pin into the regulated output voltage Which is 
placed on the output voltage pin; and 

a controller connected to the poWer train and operable to 
regulate the output voltage, the controller including a 
multi-function control pin Which alloWs the output 
voltage to be adjusted and alloWs the board mountable 
poWer supply module to be disabled. 

2. The board mountable poWer supply module of claim 1 
Wherein the multifunction control pin is further operable to 
improve current sharing When the board mountable poWer 
supply module is used in parallel With at least a second board 
mountable poWer module and the multi-function control 
pins of each module are electrically connected together. 

3. The board mountable poWer supply module of claim 1 
Wherein the multi-function control pin is connected to an 
external circuit outside the board mountable poWer supply 
module, the external circuit operable to adjust a reference 
voltage Within the controller thereby adjusting the regulated 
output voltage. 

4. The board mountable poWer supply module of claim 3 
Wherein the external circuit includes a sWitch Which When 
closed acts to disable the board mountable poWer supply 
module. 
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5. The board mountable power supply module of claim 2 
Wherein the controller further comprises an integrator net 
Work Which imparts an output voltage droop characteristic 
regulated to the output voltage poWer supply module. 

6. The board mountable poWer supply module of claim 5 
Wherein the controller includes a reference voltage used to 
set the output voltage Wherein current sharing is improved 
by setting the reference voltage in the parallel board mount 
able poWer supply modules to the same valve using the 
multifunction control pins. 

7. The board mountable poWer supply module of claim I 
Wherein the poWer train is a sWitch-mode, dc to dc poWer 
converter topology and the controller is a pulse Width 
modulated controller. 

8. The board mountable poWer supply module of claim 7 
Wherein the sWitch-mode, dc to dc poWer converter topology 
is a buck-type converter. 

9. A board mountable poWer supply module for convert 
ing an input voltage to a regulated output voltage compris 
mg: 

a poWer train including an input voltage pin, an output 
voltage pin, and a common pin, the poWer train oper 
able to convert the input voltage received on the input 
voltage pin into the regulated output voltage Which is 
placed on the output voltage pin; and 

a controller connected to the poWer train and operable to 
regulate the output voltage, the controller further com 
prising a multifunction control pin and an integrator 
network, the integrator imparting an output voltage 
droop characteristic to the poWer supply module, 
Wherein the integrator circuit improves current sharing 
When the board mountable poWer supply module is 
used in parallel With at least a second board mountable 
poWer module and the multi-function control pins of 
each module are electrically connected together. 

10. The board mountable poWer supply module of claim 
9 Wherein the multifunction control pin alloWs the output 
voltage to be adjusted and alloWs the board mountable 
poWer supply module to be disabled. 

11. The board mountable poWer supply module of claim 
9 Wherein the multifunction control pin is connected to an 
external circuit outside the board mountable poWer supply 
module, the external circuit operable to adjust a reference 
voltage Within the controller thereby adjusting the regulated 
output voltage. 

12. The board mountable poWer supply module of claim 
11 Wherein the controller includes a reference voltage used 
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to regulate the output voltage and Wherein the multifunction 
control pin is connected to the reference voltage. 

13. The board mountable poWer supply module of claim 
9 Wherein the poWer train is a sWitch-mode, dc to dc poWer 
converter topology and the controller is a pulse Width 
modulated controller. 

14. The board mountable poWer supply module of claim 
13 Wherein the sWitch-mode, dc to dc poWer converter 
topology is a buck-type converter. 

15. ApoWer supply for supplying a regulated dc voltage 
to a load from an input voltage, the poWer supply compris 
mg: 

at least tWo board mountable poWer supply modules, each 
module further comprising: 

a poWer train operable to convert the input voltage into 
the regulated output voltage; and 

a controller operable to control the operation of the 
poWer train and including a multifunction control 

Pin; 
Wherein each module is connected in parallel betWeen the 

input voltage and the regulated output voltage to supply 
current to the load and Wherein current sharing betWeen 
the modules is improved by electrically connecting the 
multifunction control pins of each of the modules. 

16. The poWer supply of claim 15, each module further 
comprising an input voltage pin, an output voltage pin and 
a common pin all connected to the poWer train. 

17. The poWer supply of claim 15 Wherein each controller 
includes a reference voltage used to regulate the output 
voltage and Wherein each multifunction control pin is con 
nected to the reference voltage. 

18. The poWer supply of claim 15 further comprising 
external circuitry connected to the multifunction control pin 
and operable to trim the output voltage and to disable the 
poWer supply. 

19. The poWer supply of claim 15 Wherein the poWer train 
of each module is a sWitch-mode, dc to dc converter and the 
controller is a pulse Width modulated controller. 

20. The poWer supply of claim 15 Wherein the controller 
of each module includes an integrator netWork, the integra 
tor netWork used to impart an output voltage droop charac 
teristic to the regulated output voltage. 


