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CIRCUIT AND METHOD FOR CHANGING TRANSIENT RESPONSE
CHARACTERISTICS OF A DC/DC CONVERTER MODULE

{00011 The invention is directed, in general, to DC/DC
power conversion and, more particularly, to a circuit and
method for changing the transient response characteristics of
a DC/DC power converter, which may take the form of a “point-
of-load” (POL) converter module.

[oo02] Sophisticated power conversion systems continue to
play a vital role supporting modern electronic systems of all
manner and types. Some electronic systems contain multiple
loads, each having 1its own pérticular demands 1in terms of
current, voltage and guality. Accordingly, distributed power
conversion systems have come into use to provide power to
those electronic systems.

[0003] Distributed | power conversion systems are
characterized by a central converter and a DC power
distribution bus coupled to the output of the central
converter. Coupled to the DC power distribution bus and
corresponding to various loads in the electronic system are a
plurality of DC/DC converfers, which may take the form of POL
converters. (DC/DC converters may be isolated or non-
isolated; POL converters are usually only non-isolated.) The

DC/DC converters are designed to perform a final conversion of
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power from the DC power distribution bus to the particular
loads with which they are associated.

[0004] DC/DC converters are commefcially available in the
form of standard and prepackaged modules having predefined
input and output pins and an output voltage set, or “trim,”
pin. The modules contain a power train and a control circuit
that determines not only the output voltage, but the manner in
which the power train responds to transient conditions thag
may occur as a result of fluctuations in either the power bus
or load (often called the “transient response characteristics”
of the module). Because the modules are standard gnd
prepackaged, their control circuits are by necessity designed
to have traﬁsient response characteristics suitable for
accommodating a wide array of possible loads.

[0005] Unfortunately, transient response characteristics
that may be acceptable for a variety of loads is frequently
suboptimal for a particular load. As a consedquence, the
quality of the power and overall effectiveness of the system
_often suffer. Of course, one could design and deploy a custom
DC/DC converter that is not a standard product but instead
custom designed to a particular load with matched transient
response characteristics, but that 1is a manifestly more

expensive solution and therefore unacceptable for many cost-

sensitive applications.
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[000s61 What is needed in the art is a way to adapt to a
particular load the transient response characteristics of a
commercially—-available DC/DC converter module. More
specifically, what is needed in the art is a way to change the
transient response characteristics of a commercially-available
standard DC/DC converter module without breaching the module,
but instead keeping its package and external interface intact.

[0007] To address the above-discussed deficiencies of the
prior art, the invention provides, in one aspect, a circuit
for changing transient response characteristics of a DC/DC
converter module having an output rail pin and a trim pin. In
one embodiment, the. system includes a reactive component
coupled to the output rail pin and the trim pin of the DC/DC
converter module and configured to interact with at least one
network internal to the DC/DC converter module to change the
transient response characteristics.

[0008] In another aspect, the invention provides a method
of changing transient response characteristics of a DC/DC
converter module having an output rail pin and a trim pin. In
ohe embodiment, the method includes: (1) coupling a reactive
component to the output rail pin and the trim pin of the DC/DC
converter module and (2) causing the reactive component to
interact with at least one network internal to the DC/DC
converter module to change the transient response

characteristics.
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[0009] In yet another aspect, the invention provides a
distributed power conversion system. In one embodiment, the
system includes: (1) a central converter, (2) a DC power

distribution bus coupled to an output of the central converter
and (3) a plurality of DC/DC converter modules coupled to the
DC power distribution bus, each of the plurality of DC/DC
converter modules having an output rail pin, a trim pin and a
circuit for changing transient response characteristics of the
each of the POL converter modules, the circuit including a
reactive component coupled to the output rail pin and the trim
pin of the each of the POL converter modules and configured to
interact with at least one network internal to the each of the
POL converter modules to change the transient response
characteristics.

[0010] The foregoing has outlined preferred and alternative
features of the invention so that those skilled in the
pertinent 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 din the
pertinent art should appreciate that they can readily use the
disclosed conception and specific embodiment as a basis for
designing or modifying other structures for carrying out the
same purposes of the invention. Those skilled in the

pertinent art should also realize that such egquivalent
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constructions do not depart from the spirit and scope of the
invention.

[0011] For a more complete understanding of the invention,
reference is now made to the following descriptions taken in
conjunction with the accompanying drawing, in which:

[0012] FIGURE 1 illustrates a block diagram of a
distributed power conversion system containing a central
converter and a distributed plurality of DC/DC converter
modules for corresponding loads and incorporating the system
or method of the invention;

[0013] FIGURE 2 illustrates a block and pinout diagram of a
commercially available, standard DC-DC converter module to
which a circuit or method constructed or carried out according
to the principles of the invention may be applied to change
its transient response characteristics:

[0014] FIGURE 3 illustrates a schematic diagram of a
control circuit contained within the commercially available
DC/DC converter module of FIGURE 2;

[0015] FIGURE 4 illustrates the control circuit of FIGURE 3
along with a schematic diagram of one embodiment of a circuit
for changing the transient response characteristics of a DC/DC
converter module constructed according to the principles of
the invention;

[0016] FIGURE 5 illustrates the control circuit of FIGURE 3

along with a schematic diagram of another embodiment of a

-5-—~
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circuit for changing the transient response characteristics of
a DC/DC converter module <constructed according to the
principles of the invention; and

[0017] FIGURE 6 illustrates a flow diagram of one
embodiment of a method of changing the transient response
characteristics of a DC/DC converter module carried out
according to the principles of the invention.

[0018] Referring initially to FIGURE 1, illustrated is a
block diagram of a distributed power conversion systemn,
generally designated 100, that incorporates the system or
method of the invention. The distributed power conversion
system 100 contains a central converter 110 and a DC power
distribution bus 120 coupled to the output of the central
converter 110. Coupled to the DC power distribution bus 120
and corresponding to wvarious loads, e.g., 135a, 135b, 135c,
135d, 135n are a plurality of DC/DC converter modules, e.gqg.,
130a, 130b, 130c, 130d, 130n. The DC/DC converter modules
130a, 130b, 130c, 130d, 130n are designed to perform a £inal
conversion of power from the DC power distribution bus 120 to
the particular loads 135a, 135b, 135c, 135d, 135n with which
they are associated. The DC/DC converter modules 130a, 130b,
130c, 130d, 130n wmay contain isolated or non—-isclated
converters. They may contain POL converters, which are

usually only non-isolated.
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[0019] Turning now to FIGURE 2, illustrated is a block and
pinout diagram of a commercially available DC/DC converter
module, e.g., the DC/DC converter module 130a of FIGURE 1, to
which a circuit or method constructed or carried out according
to the principles of the invention may be applied to change
its transient response characteristics.

[0020] The DC/DC converter module 130a contains a power
train 210 that is responsible for performing power conversion
in response to control signals provided by a control circuit
220. Those skilled in the pertinent art are familiar with the
many conventional power train topologies for power converters.
The invention may incorporate any conventiocnal or later-
developed power train topology.

0021} As stated above, the control circuit 220 determines
not only the output voltage of the DC/DC converter module
130a, but the transient response characteristics of the power
train 210 to fluctuations in either the power bus (e.g., the
DC power distribution bus 120 of FIGURE 1) or the load (e.g.,
the load 135a of FIGURE 1). The DC/DC converter module 130a
of FIGURE 2 is often commercially available in the form of a
standard prepackaged module (represented by a surrounding,
soclid-line box 200). Because the DC/DC converter module 130a
is prepackaged, its control «circuit 220 1is by necessity
designed to have transient response characteristics suitable

for accommodating a wide array of possible loads.

-7
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[0022] The DC/DC converter module 130a has predefined pins
(“pins” being a generic term for a package electrical contact
of any physical configuration). DMore specifically; the DC/DC
converter module 130a has a Vin(+}) pin 230, which i1is a
positive input rail; a Vin(-) pin 235, which is a negative
input rail; an On/Off pin 240, which receives a control signal
to turn the DC/DC converter module 130a on and off; a Vo (+)
pin 245, which is a positive output rail; a Vo(-) pin 250,
which is a negative output rail; an S({(+) pin 255, which is a
positive remote sense pin and designed to be connected to a
point on the positive rail where a voltage control point is to
be established; an S(-) pin 260, which is a negative remote
sense pin and designed to be connected to a point on the
negative rail where a voltage control point is to be
established; and a Trim pin 265 which is designed to be
connected to one or both of a resistor and a voltage source to
adjust the output voltage level of the DC/DC converter module
130a (i.e., as between the Vo(+) pin 245 and the Vo(-) pin
250).

[0023] In some commercially-available modules, Vo(+) and
S(+) are connected together inside the module, and Vo(-) and
S(-) are likewise connected together inside the module.
Connecting Vo (+) and S(+) and Vo(-) and S(-) reduces pin count
by two, but at the cost of forqing voltage regulation to occur

at a point within the module. For the sake of simplicity,

-8~
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FIGUREs 3, 4 and 5 happen to show Vo(+) and S({(+) and Vo (-) and
S(-) to be connected together inside the module. However, the
principles of the invention apply irrespective of whether or
not Vo (+) and S(+) and Vo(-) and S(-) are connected together,
either inside or outside the module. In non-isolated DC-DC
converter modules, a common ground terminal often replaces the
Vin(-) and Vo(-) terminals and serves the functions of both of
these terminals.

[0024] Turning now to FIGURE 3, illustrated is a schematic
diagram of the control circuiﬁl 220 contained within the
commercially available DC/DC converter module 130a of FIGURE
2. The control circuit 220 contains a pulse-width modulator
310 that provides a pulse-width modulated (PWM} control signal
that is a function of the output of an operational amplifier
(opamp) 320. A feedback network 330 and first and second
input networks 340, 350 contain reactive components (e.gqg.,
capacitors) and other components (e.g., resistors) that
determine the manner -in which the opamp 320 responds to
transient conditions 4in Vo(+)/S{(+) 245/255 and Vo(-)/S(-)
250/260. The transient response characteristics of the
control circuit 220 and the DC/DC converter module (e.g.,
130a) of FIGUREs 1 and 2 as a whole therefore depend upon the
values of the components in the feedback network 330 and the
first and second input networks 340, 350. As described above,

these components are internal to the module and not accessible
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without breaching and probably damag:thg the module. As can be
seen in FIGURE 3, the Trim pin 265 is available to set the
output voltage of the module by coupling one or more resistors
or voltage sources to the Trim pin and, usually, Vo(-) or
Vo(+). However, the Trim pin 265 has heretofore been strictly
limited to that purpose.

[0025] The invention involves a fundamental recognition:
that the Trim pin 265 can be used for a new, noncobvious and
utterly unexpected purpose. Instead of regarding the trim pin
as merely a means for changing the output voltage of the
module (through the use of one or more resistors or voltage
sources), the trim pin can instead or additionally be used to
change the transient response characteristics of the module
(Ethrough the use of one or more reactive components). This
allows the transient response characteristics of the module to
be tailored to a particular load, if so desired.

[0026] By coupling one or more reactive components (e.g., a
capacitor) to the Trim pin 265, the first or second input
networks 340, 350, or both, can Dbe augmented and thereby
changed. Changing one or both of the first and second input
networks 340, 350 changes the manner in which the opamp 320
responds to transient conditions in Vo (+)/S{(+) 245/255 and
Vo (=)/S(-) 250/260 and therefore changes the transient

response characteristics of the control circuit 220 and the

-10-



WO 2007/092344 PCT/US2007/002952

DC/DC converter module (e.g., 130a) of FIGUREs 1 and 2 as a
whole.

f{o027] Turning now to FIGURE 4, illustrated is the control
circuit 220 of FIGURE 3 along with a schematic diagram of one
embodiment of a circuit 460 for changing the transient
response characteristics of a DC/DC | converter module
constructed according to the principles of the invention. In
FIGURE 4, the circuit 460 takes the form of a single reactive
component spanning the Vo (+)/S(+) pin 245/255 and the Trim pin
2657 Vo(-)/S{(-) 250/260. The single reactive component is
shown specifically to be a capaciﬁor. Alternatively, the
circuit 460 may take the form of multiple reactive components,
may consist of or include one or more reactive components that
are not capacitors (e.g., inductors), may span the Trim pin
265 and the Vo(-)/S(-) pin 250/260, or may span the Vo (+)/S(+)
pin 245/255 and the Trim pin 265 Vo(-)/S(-) 250/260. The
circuit 460 interacts with the first input network 340 to
change the transient response characteristics of the module.
[o028] Turning now to FIGURE 5, illustrated is the control
circuit 220 of FIGURE 3 along with a schematic diagram of
another embodiment of a circuit 560 for changing the transient
response characteristics of a DC/DC converter module
constructed according to the principles of the invention. In
FIGURE 5, the circuit 560 takes the form of a single reactive

component coupled in series with a single nonreactive

-11-
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component spanning the Vo(+)/S(+) pin 245/255 and the Trim pin

265 Vo(-)/S(-) 250/260. The single reactive component is
shown specifically to be a capacitor. The single nonreactive
component is shown to be a resistor. Alternatively, the

circuit 560 may take the form of multiple reactive and/or
nonreactive components, may consist of or include one or more
reactive components that are not capacitors (e.g., inductors),
may span the Trim pin 265 and the Vo(-)/S(-) pin 250/260, or
may span the Vo(+)/S(+) pin 245/255 and the Trim pin 265 Vo(-
Y/S(-) 250/260. As with FIGURE 4, the circuit 560 interacts
with the first input network 340 to change the transient
response characteristics of the module.

[0029] For example, a module may have a transient output
voltage deviation of 216mV given a change in load from 3A to
6A. Applying a 47uF external capacitance to the load (as
would be conventional), the transient output voltage deviation
drops only to 141mV. However, applying a series-connected
10nF capacitor and 47Q resistor across Vo(+) and Trim pins,
the transient output voltage deviation is dramatically reduced
to 62mvV. In fact, it has been found that other wvalues of
capacitance and resistance can yield more than a five-fold
improvement in transient response.

[0030] Turning now to FIGURE 6, illustrated is a flow
diagram of one embodiment of a method of c¢hanging the

transient response characteristics of a DC/DC converter module

—-12~
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carried out according to the principles of the invention. The
method begins in a start step 610. In a step 620, the
transient response and stability characteristics of the module
with the external load are determined. This establishes a
base performance condition for the module and load for which
improvement is sought. In a step 630, an external network
containing at least one reactive component (e.g., a capacitor)
is coupled to the ocutput rail pin and the trim pin of a DC/DC
converter module. Alternatively, the reactive component may
be replaced with another reactive component or augmented with
an additional reactive component or a nonreactive component.
In one advantageous embodiment, this external network takes
the form of a capacitor in series with a resistor as shown in
FIGURE 5. In a step 640, the transient response and stability
characteristics of the module and 1load, along with the
external network connected between the output rail and trim
pin, are re-determined. ' If satisfactory (determined in a
decisional step 650), the method ends in a step 660. However,
if desired, the steps 630, 640 can be reiterated until a
satisfactory set of component values for the network connected
externally between the output rail and trim pins is obtained.
Alternatively, the overall external load may be altered by
modifying the load filtering network connected across the load

and then re-determining the optimal wvalues of the external

-13~
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network connected between the output rail and trim pins of the
DC/DC converter.

[0031] Although the invention has been described in detail,
those skilled in the pertinent art should understand that they
can make wvarious changes, substitutions and alterations herein
withoﬁt departing from the spirit and scope of the invention

in its broadest form.
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CLAIMS
1. A circuit for changing transient response
characteristics of a DC/DC converter module having an output
rail pin and a trim pin, comprising:
a reactive component coupled to said output rail pin and
said trim pin of said DC/DC converter module and configured to

interact with at least one network internal to said DC/DC

converter module to change said transient response
characteristics.

2. The circuit as recited in Claim 1 wherein said

reactive component is a capacitor.

3. The circuit as recited in Claim 1 further comprising

a nonreactive component coupled to said reactive component.

4. The circuit as recited 4in Claim 3 wherein said
nonreactive component is coupled in series with said reactive

component.

5. The circuit as recited in Claim 1 wherein said

output rail pin is a positive output rail pin.

6. The circuit as recited in Claim 1 wherein said

output rail pin is coupled to a sense pin of said DC/DC

-15—~
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converter module.

7. The circuit as recited in Claim 1 wherein said DC/DC

converter module is a PQOL converter module.

8. A method of changing transient response
characteristics of a DC/DC converter module having an output
rail pin and a trim pin, comprising:

coupling a reactive component to said output rail pin and
said trim pin of said DC/DC converter module; and

causing said reactive component to interact with at least
one network internal to said DC/DC converter module to change

said transient response characteristics.

9. The method as recited in Claim 8 wherein said

reactive component 1s a capacitor.

10. The method as recited in Claim 8 further comprising

coupling a nonreactive component to said reactive component.

11. The method as recited in <Claim 10 wherein said
coupling said nonreactive component comprises coupling said

nonreactive component in series with said reactive component.

12. The method as recited in Claim 8 wherein said output

-16—
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rail pin is a positive output rail pin.

13. The method as recited in Claim 8 wherein said output

rail pin 1is coupled to a sense pin of said DC/DC converter

14. The method as recited in Claim 8 wherein said DC/DC

converter module is a POL converter module.

15. A distributed power conversion system, comprising:

a central converter;

a DC power distribution bus cogpled to an output of said
central converter; and

a plurality of DC/DC converter modules coupled to said DC
power distribution bus, each of said .plurality of DC/DC
converter modules having an output rail pin, a trim pin and a
circuit for changing transient response characteristics of
said each of said DC/DC converter modules, said circuit
including:

a reactive component coupled to said output rail pin
and said trim pin of said each of said DC/DC converter
modules and configured to interact with at least one
network internal to said each of said DC/DC converter
modules to change sgid transient response

characteristics.
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16. The system as recited in Claim 15 wherein said

reactive component is a capacitor.

17. The system as recited in Claim 15 further comprising

a nonreactive component coupled to said reactive component.

18. The system as recited in Claim 17 wherein said
nonreactive component is coupled in series with said reactive

component.

19. The system as recited in Claim 15 wherein said

output rail pin is a positive output rail pin.
20. The system as recited in Claim 15 wherein said
output rail pin is coupled to a sense pin of said each of said

DC/DC converter modules.

21. The system as recited in Claim 15 wherein said each

of said DC/DC converter modules is a POL converter module.

-18~
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FIG. 6
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