
US20080036430A1 

(12) Patent Application Publication (10) Pub. No.: US 2008/0036430 A1 
(19) United States 

Li et al. (43) Pub. Date: Feb. 14, 2008 

(54) APPARATUS AND METHOD FOR 
CONTROLLING A POWER CONVERTER 
DEVICE 

(75) Inventors: Qiong M. Li, Allen, TX (US); 
Je?rey W. Berwick, Sunnyvale, 
CA (US); Eric Christophe Labbe, 
Sunnyvale, CA (US) 

Correspondence Address: 
TEXAS INSTRUMENTS INCORPORATED 
P 0 BOX 655474, M/S 3999 
DALLAS, TX 75265 

(73) Assignee: Texas Instruments Incorporated 

Publication Classi?cation 

(51) Int. Cl. 
G05F 1/00 (2006.01) 

(52) Us. or. ..................................................... .. 323/222 

(57) ABSTRACT 

An apparatus for controlling a poWer converter operating in 
response to a modulating signal during successive switching 
cycles includes: (a) A signal sensor coupled With the con 
verter and sensing an extant signal during the extant cycle. 
(b) A signal level predictor coupled for receiving a reference 
signal and establishing a predicted level for the extant 
switching cycle. (0) A comparer coupled With the signal 
sensor and the signal level predictor for presenting a ?rst 
output signal When the extant signal and the predicted signal 
level have a ?rst relationship and for presenting a second 
output signal When the extant signal and the predicted signal 
level have a second relationship. (d) A control unit coupled 
With the comparer and With the converter for interrupting 

(21) Appl' NO’: 11/479,035 presentation of the modulating signal to the converter device 
When the comparing unit presents a selected one of the ?rst 

(22) Filed: Jun. 30, 2006 and second output signals. 
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APPARATUS AND METHOD FOR 
CONTROLLING A POWER CONVERTER 

DEVICE 

BACKGROUND OF THE INVENTION 

[0001] The present invention is directed to protection of a 
poWer converter device during operation, and especially to 
protecting a poWer converter device against damage that 
may be caused by an excessive current condition. 
[0002] One common implementation of a current protec 
tion scheme is a peak current limiter that prevents the 
maximum peak current from the poWer converter from 
exceeding a threshold peak current value. Peak current 
protection schemes are particularly useful in applications of 
poWer sWitching mode poWer converters because of the fast 
response by such schemes to over-current conditions and 
simple implementation of such schemes. A peak current 
control device Works Well When the duty cycle of the poWer 
converter is less than ?fty percent. HoWever, When the duty 
cycle of the poWer converter is greater than ?fty percent, the 
peak current control device is not stable and exhibits a 
sub-harmonic oscillation. Another limitation of peak current 
control devices is sensitivity to sWitching noise. Designs of 
such peak current control devices must take into account 
such sensitivity to sWitching noise to avoid false alarms that 
may be caused by spurious noise injections. In applications 
Where a precise maximum load current is desired, peak 
current control is unacceptable due to large variations in 
average load current as duty cycle varies. 
[0003] There is a need for a current limit control apparatus 
and method for use With a poWer converter device that is 
substantially stable and exhibits little or no sub-harmonic 
oscillation. 
[0004] There is a need for a current limit control apparatus 
and method for use With a poWer converter device that is 
substantially immune to noise. 
[0005] There is also a need for a current limit control 
apparatus and method that can limit average load current in 
a manner that is substantially independent of duty cycle 
variations Which may be caused by line voltage or load 
resistance. 

SUMMARY OF THE INVENTION 

[0006] An apparatus for controlling a poWer converter 
operating in response to a modulating signal during succes 
sive sWitching cycles includes: (a) A signal sensor coupled 
With the converter and sensing an extant signal during the 
extant cycle. (b) A signal level predictor coupled for receiv 
ing a reference signal and establishing a predicted level for 
the extant sWitching cycle. (c) A comparer coupled With the 
signal sensor and the signal level predictor for presenting a 
?rst output signal When the extant signal and the predicted 
signal level have a ?rst relationship and for presenting a 
second output signal When the extant signal and the pre 
dicted signal level have a second relationship. (d) A control 
unit coupled With the comparer and With the converter for 
interrupting presentation of the modulating signal to the 
converter device When the comparing unit presents a 
selected one of the ?rst and second output signals. 
[0007] A method for effecting current limit control for a 
poWer converter device operating in response to a modulat 
ing signal during a plurality of successive sWitching cycles 
includes the steps of: (a) in no particular order: (1) providing 

Feb. 14, 2008 

an extant signal level sensing unit coupled With the poWer 
converter device; (2) providing a signal level predicting unit 
coupled for receiving a reference signal; (3) providing a 
comparing unit coupled With the signal level sensing unit 
and the signal level predicting unit; and (4) providing a 
control unit coupled With the comparing unit and With the 
poWer converter device; (b) operating the signal level sens 
ing unit to sense an extant signal during an extant sWitching 
cycle of the plurality of successive sWitching cycles; (c) 
operating the signal level predicting unit to establish a 
predicted signal level for the extant sWitching cycle; (d) 
operating the comparing unit to present a ?rst output signal 
When the extant signal is less than the predicted signal level 
and to present a second output signal When the extant signal 
is greater than the predicted signal; and (e) operating the 
control unit to prevent presentation of the modulating signal 
to the poWer converter device When the comparing unit 
presents the second output signal. 
[0008] It is, therefore, an object of the present invention to 
provide a current limit control apparatus and method for use 
With a poWer converter device that is substantially stable and 
exhibits little or no sub-harmonic oscillation. 
[0009] It is a further object of the present invention to 
provide a current limit control apparatus and method for use 
With a poWer converter device that is substantially immune 
to noise. 
[0010] It is a further object of the present invention to 
provide a current limit control apparatus and method for use 
With a poWer converter device that limits average load 
current in a manner that is substantially independent of duty 
cycle variations. 
[0011] Further objects and features of the present inven 
tion Will be apparent from the folloWing speci?cation and 
claims When considered in connection With the accompa 
nying draWings, in Which like elements are labeled using 
like reference numerals in the various ?gures, illustrating the 
preferred embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is an electrical schematic diagram of a 
representative sWitching poWer converter device With a peak 
current protection apparatus con?gured according to the 
prior art. 
[0013] FIG. 2 is an electrical schematic diagram of a 
representative sWitching poWer converter device With a ?rst 
embodiment of a current limit control apparatus con?gured 
according to the present invention. 
[0014] FIG. 3 is an electrical schematic diagram of a 
representative sWitching poWer converter device With a 
second embodiment of a current limit control apparatus 
con?gured according to the present invention. 
[0015] FIG. 4 is an electrical schematic diagram of a 
representative gate logic arrangement useful for employ 
ment With the current limit control apparatus illustrated in 
FIG. 3. 
[0016] FIG. 5 is an electrical schematic diagram of a 
representative latch and gate logic arrangement useful for 
employment With the current limit control apparatus illus 
trated in FIG. 3. 
[0017] FIG. 6 is an electrical schematic diagram of a third 
embodiment of a current limit control apparatus con?gured 
according to the present invention. 
[0018] FIG. 7 is an electrical schematic diagram of a 
representative sWitching poWer converter device With a 



US 2008/0036430 A1 

fourth embodiment of a current limit control apparatus 
con?gured according to the present invention. 
[0019] FIG. 8 is a How chart illustrating the method of the 
present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0020] The term “locus” is intended herein to indicate a 
place, location, locality, locale, point, position, site, spot, 
volume, juncture, junction or other identi?able location 
related Zone in one or more dimensions. A locus in a physical 

apparatus may include, by Way of example and not by Way 
of limitation, a corner, intersection, curve, line, area, plane, 
volume or a portion of any of those features. A locus in an 
electrical apparatus may include, by Way of example and not 
by Way of limitation, a terminal, Wire, circuit, circuit trace, 
circuit board, Wiring board, pin, connector, component, 
collection of components, sub-component or other identi? 
able location-related area in one or more dimensions. A 

locus in a How chart may include, by Way of example and 
not by Way of limitation, a juncture, step, site, function, 
query, response or other aspect, step, increment or an 
interstice betWeen junctures, steps, sites, functions, queries, 
responses or other aspects of the How or method represented 
by the chart. 
[0021] The current invention is designed to provide cur 
rent limit protection for a poWer converting device. The 
description that folloWs uses the terms “current” and “volt 
age” in various contexts. One skilled in the art Will recogniZe 
that some circuitry disclosed herein Will require conversion 
of a current to a voltage, or conversion of a voltage to a 

current, in order for portions of the circuitry to properly 
function. FIG. 1 is an electrical schematic diagram of a 
representative sWitching poWer converter device With a peak 
current protection apparatus con?gured according to the 
prior art. In FIG. 1, a poWer converter device 10 includes a 
sWitching section 12, an output section 14 and a gate drive 
16. SWitching section 12 includes a poWer switch S1 that 
closes and opens during successive sWitching cycles in 
response to a gating signal Vg. Output section 14 includes an 
output inductor L1, an output diode D1, and output capacitor 
C1 and a load resistance R1. Gate drive 16 provides gating 
signal Vg for driving poWer sWitch S 1 in sWitching section 12 
to effect poWer conversion in a manner knoWn to one skilled 
in the art of sWitching poWer converters. SWitching section 
12 may be con?gured to embody poWer converter device 10 
as a buck converter, a boost converter or another poWer 

converter device. A sensed signal VSENSE is provided from 
sWitching section 12 to indicate a parameter associated With 
operation of poWer converter device 10 such as, by Way of 
example and not by Way of limitation, output current 
through output inductor L1. Sensed signal VSENSE is indi 
cated here as a voltage, but could as Well be a sensed current 
signal (e.g., ISENSE) or another sensed signal. Sensed signal 
VSENSE may be regarded as directly indicative of current 
through inductor L1 as a constant value “k” multiplying 
current through inductor Ll, according to the relationship: 

VSENSEIk'ILI Ill 

[0022] A peak current limit control unit 20 is coupled to 
receive sensed signal VSENSE. Peak current limit control unit 
20 includes a comparator 22. Comparator 22 receives sensed 
signal VSENSE at a non-inverting input locus 24 and receives 
a threshold peak reference signal VRERPEAK at an inverting 
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input locus 26. Peak current limit control unit 20 also 
includes a latch unit 30 and a logic unit 32. Latch unit 30 is 
periodically set by application of a clock signal VSET at a set 
locus 34. Latch unit 30 receives an output signal at a reset 
locus 36 from comparator 22. Comparator 22 presents an 
output signal VOGPEAK at a “1” value When sensed signal 

is greater than threshold peak reference signal VRER 
SENSE 

PEAK. Logic unit 32 is preferably embodied in an AND gate 
receiving a pulse Width modulation signal PVMNORM at a 
?rst input locus 42 and receiving a signal PWMOC at a 
second input locus 44 from latch unit 30. Logic unit 32 
presents a “1” signal at an output locus 44 When both signals 
at input loci 40, 42 are a “1” signal. Logic unit 32 presents 
a “0” signal at output locus 44 When one or more signals at 
input loci 40, 42 are a “0” signal. 
[0023] During normal operation (assuming a ?xed load for 
purposes of this description) the output signal presented at 
output locus 44 drives gate drive 16 to effect generation of 
gating signal Vg and thereby control current through output 
inductor L1 in response to pulse Width modulation (PWM) 
signal PWMNORM. When poWer sWitch S l in sWitching 
section 12 is closed current through output inductor Ll 
increases. When poWer sWitch S l in sWitching section 12 is 
open current through output inductor Ll decreases. A real 
time parameter associated With inductor L1 (or With sWitch 
S1) is sampled during on-time (i.e., When sWitch S l is 
closed). By Way of example and not by Way of limitation, the 
parameter sampled may be voltage across a resistor R2 in 
series With sWitch S l or voltage across the on-resistance of 
sWitch S1, or may be current through inductor L or through 
sWitch S1. In the exemplary embodiment illustrated in FIG. 
1, the parameter sampled is voltage VSENSE across resistor 
R2 Which is compared With threshold peak reference signal 
VREFVPEAK by comparator 22. When voltage VSENSE is greater 
than threshold peak reference signal VRERPEAK comparator 
22 and latch unit 30 cooperate to present signal PWMOC to 
logic unit 32 as a “0” signal. Presentation of a “0” signal to 
logic unit 32 causes the signal at output locus 44 of logic unit 
32 to go to “0”, thereby turning off poWer sWitch S 1 earlier 
than Would occur in response to normal PWM signal PWM 
NORM. Turning off poWer sWitch S 1 early effects reduction of 
current through inductor L1, so that the maximum peak 
current through inductor L1 is controlled by threshold peak 
reference signal V R ER P E A K. 

[0024] As mentioned earlier herein, peak current limit 
control unit 20 Works Well When the duty cycle of the poWer 
converter device 10 is less than ?fty percent. HoWever, When 
the duty cycle of the poWer converter device 10 is greater 
than ?fty percent, peak current limit control unit 20 is not 
stable, may exhibit a sub-harmonic oscillation. Furthermore, 
for any duty cycle, the peak current control may be sensitive 
to sWitching noise. 
[0025] FIG. 2 is an electrical schematic diagram of a 
representative sWitching poWer converter device With a ?rst 
embodiment of a current limit control apparatus con?gured 
according to the present invention. In FIG. 2, a poWer 
converter device 10 is con?gured substantially as illustrated 
and described in connection With FIG. 1. In the interest of 
avoiding prolixity, the description of poWer converter device 
10 Will not be repeated here. 
[0026] An adaptive cycle-by-cycle average current control 
unit 50 is coupled to receive sensed signal VSENSE. Current 
control unit 50 includes a ?rst integrator unit 52 and a 
second integrator unit 54. First integrator unit 52 receives 
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sensed signal VSENSE. Second integrator unit 54 receives an 
average signal reference signal VRERAVG via a switch S REF. 
Switch S R EF is controlled by gating signal Vg. Second 
integrator unit 54 integrates reference signal VRERA VG With 
respect to time to present an integrated reference signal 
VREF to a sample-and-hold (SAH) circuit 56. SAH circuit 56 
holds integrated reference signal VREF so as to provide an 
old integrated reference signal VREROLD to an inverting 
input locus 62 of a comparator 60. First integrator unit 52 
integrates sensed signal VSENSE With respect to time to 
present an integrated sensed signal VI. to a non-inverting 
input locus 64 of comparator 60. 
[0027] Current control unit 50 also includes a latch unit 70 
and a logic unit 72. Latch unit 70 is periodically set by 
application of a clock signal CLK at a set locus 74. Clock 
signal CLK is also applied to reset ?rst integrator unit 52 and 
sample-and-hold circuit 56. Clock signal CLK is delayed for 
a delay period TD by a delay unit 66, and a delayed clock 
signal CLKD is applied to reset second integrator unit 54. 
[0028] Latch unit 70 receives an output signal at a reset 
locus 76 from comparator 60. Comparator 60 presents an 
output signal VOGAVG at a “1” value When integrated sensed 
signal V,- is greater than old integrated reference signal 
VREROLD Logic unit 72 is preferably embodied in an AND 
gate receiving a pulse Width modulation signal PWMNORM 
at a ?rst input locus 80 and receiving a signal PWMOC at a 
second input locus 82 from latch unit 70. Logic unit 72 
presents a “1” signal at an output locus 84 When both signals 
at input loci 80, 82 are a “1” signal. Logic unit 72 presents 
a “0” signal at output locus 84 When one or more signals at 
input loci 80, 82 are a “0” signal. 
[0029] During normal operation (assuming a ?xed load for 
purposes of this description) the output signal presented at 
output locus 84 drives gate drive 16 to effect generation of 
gating signal Vg and thereby control current through output 
inductor L1 in response to pulse Width modulation (PWM) 
signal PWMNORM. Operation of poWer converter device 10 
in response to gating signal Vg operating poWer sWitch S1 is 
substantially as describer earlier herein in connection With 
FIG. 1. In order to avoid prolixity, that description Will not 
be repeated here. 
[0030] Parameter VSENSE is preferably a sensed voltage 
drop across a circuit component that is related to current 
through inductor L1. In the exemplary embodiment illus 
trated in FIG. 2, the parameter sampled is voltage VSENSE 
across resistor R1 in series With inductor L1. Integrated 
sensed signal V,- is compared With old integrated reference 
signal VREROLD Old integrated reference signal VREROLD 
is an integrated signal VREF from at least one previous 
sWitching cycle. Preferably, old integrated reference signal 

is an integrated signal VREF from the previous 
REF'OLD. . . . . . 

sW1tch1ng cycle that occurred 1mmed1ately earlier in time 
With respect to the currently extant sWitching cycle. Old 
integrated reference signal VREROLD is employed in current 
control unit 50 as a predicted value for average current in an 
extant sWitching cycle (sWitching cycles are established by 
PWM signal PWMNORM, as altered by signal PWMOC). 
[0031] When integrated sensed signal V1. is greater than 
old integrated reference signal VREROLD comparator 60 and 
latch unit 70 cooperate to present signal PWMOC to logic 
unit 72 as a “0” signal. Presentation of a “0” signal to logic 
unit 72 causes the signal at output locus 84 of logic unit 72 
to go to “0”, thereby turning off poWer switch S1 earlier than 
Would occur in response to normal PWM signal PVMNORM. 
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Turning off poWer sWitch S 1 early effects reduction of 
current through inductor L1, so that the maximum peak 
current through inductor L1 is controlled by old integrated 
reference signal VREROLD (employed in current control unit 
50 as a predicted value for average current in an extant 
sWitching cycle). 
[0032] In some applications employing a poWer converter 
device, load impedances may change differently depending 
upon operating conditions. By Way of example and not by 
Way of limitation, in a Class D ampli?er application a 
speaker’s load impedance may change as a function of audio 
frequency. Sometimes the minimum impedance for the 
ampli?er is signi?cantly loWer than the nominal load, so an 
overload condition may occur that is caused by speaker 
impedance changes during some music transients. During a 
musical transient it is preferred to have an ampli?er protect 
itself using current limiting rather than shut doWn immedi 
ately, thereby interrupting the music being played through 
the ampli?er. On the other hand, if a load terminal is shorted 
to ground or if another ground condition occurs, it is 
desirable that the circuit be shut doWn quickly to protect the 
ampli?er. The embodiment of the present invention illus 
trated in FIG. 3 provides an arrangement for discerning the 
difference betWeen an overload condition and a short con 
dition. 
[0033] FIG. 3 is an electrical schematic diagram of a 
representative sWitching poWer converter device With a 
second embodiment of a current limit control apparatus 
con?gured according to the present invention. In FIG. 3, a 
poWer converter device 10 is con?gured substantially as 
illustrated and described in connection With FIG. 1. In the 
interest of avoiding prolixity, the description of poWer 
converter device 10 Will not be repeated here. 
[0034] A combined current control unit 100 is coupled to 
receive sensed signal VSENSE. Combined current control unit 
100 includes a signal detect unit 102, an average current 
control unit 104, a peak current control unit 106 and gate 
signal logic unit 108. Signal detect unit 102 is preferably 
embodied to cooperate With average current control unit 104 
to effect control of poWer converter device 10 substantially 
as control is effected by current control unit 50 an as 
described in connection With FIG. 2. Signal detect unit 102 
is preferably further embodied to cooperate With peak cur 
rent control unit 106 to effect control of poWer converter 
device 10 substantially as control is effected by current 
control unit 20 as described in connection With FIG. 1. 

[0035] Gate signal logic unit 108 receives PWM signal 
PWMNORM at an input locus 107. Gate signal logic unit 108 
logically combines signals received from average control 
unit 104 and peak control unit 106 to ensure that an 
indication from either control unit 104, 106 that a current 
limiting condition has occurred will effect turning off poWer 
switch S1 earlier than Would occur in response to normal 
PWM signal PWMNORM. A latch unit 109 may be included 
to cooperate With gate logic unit 108 to effect desired logical 
combination of signals received from control units 104, 106. 
The optional nature of logic unit 109 is indicated by its 
dotted-line format. 

[0036] Peak control unit 106 (con?gured substantially as 
described in connection With peak current limit control unit 
20; FIG. 1) has a very fast and stable response during a short 
condition Where poWer converter device 10 has a duty cycle 
less than ?fty percent. Peak control unit 106 Will quickly 
respond to a short condition to terminate application of 
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gating signal Vg to power converter device 10. Average 
control unit 104 uses a predictive reference signal (old 
integrated reference signal VREROLD as described in con 
nection With current control circuit 50; FIG. 2) to accurately 
limit current using a normal current limiting mode (e.g., 
during a loW speaker impedance condition), but average 
control unit has a sloWer response during the beginning of a 
short condition. Combined current control unit 100 provides 
appropriate speed for reacting to a short condition While also 
providing a sloWer response time for dealing With conditions 
Where continued operation may be desired Without effecting 
a complete shutdoWn of a device. 

[0037] Combined current control unit 100 employs tWo 
thresholds. Average current control unit 104 uses predictive 
average current control, substantially as described in con 
nection With current control unit 50 (FIG. 2). Peak current 
control unit 106 uses peak current control substantially as 
described in connection With peak current limit control unit 
20 (FIG. 1). The loWer level threshold is used to impose 
current limiting protection during a relatively sloWer occur 
ring current increase such as, by Way of example and not by 
Way of limitation, a loW speaker impedance condition. The 
higher level threshold is used to impose current limiting 
protection during a relatively faster occurring current 
increase such as, by Way of example and not by Way of 
limitation, a short condition. The ?rst current control unit 
104, 106 that reaches its threshold limit Will control presen 
tation of an over-current signal and interrupt the PWM 
signal PWMNORM, as described in connection With FIGS. 2 
and 3. 

[0038] FIG. 4 is an electrical schematic diagram of a 
representative gate logic arrangement useful for employ 
ment With the current limit control apparatus illustrated in 
FIG. 3. In FIG. 4, a gate signal logic unit 110 (appropriate 
for use as gate signal logic unit 108; FIG. 3) includes a ?rst 
latch unit 112, a second latch unit 114 and a logic unit 116. 
Latch unit 112 is periodically set by application of a clock 
signal VSET at a set locus 113. Latch unit 114 is periodically 
set by application of clock signal VSET at a set locus 115. 
[0039] First latch unit 112 receives an over-current indi 
cating signal VOGAVG at a reset locus 120 from average 
current control unit 104 (FIG. 3). Average current control 
unit 104 presents over-current indicating signal VOGAVG as 
a “1” value When current sensed in poWer converting device 
10 exceeds a threshold established by average current con 
trol unit 104 (substantially as described in connection With 
current control unit 50; FIG. 2). When sensed current in 
poWer converter device 10 (FIG. 2) is greater than a pre 
dicted average current threshold level, ?rst latch unit 112 
presents a signal PWMOGAVG to logic unit 116 as a “0” 
signal, substantially as described in connection With FIGS. 
2 and 3. 

[0040] Second latch unit 114 receives an over-current 
indicating signal VOGPEAK at a reset locus 121 from peak 
current control unit 106 (FIG. 3). Peak current control unit 
106 presents over-current indicating signal VOGPEAK as a 
“1” value When current sensed in poWer converting device 
10 exceeds a threshold established by peak current control 
unit 106 (substantially as described in connection With 
current control unit 20; FIG. 1). When sensed current in 
poWer converter device 10 (FIG. 1) is greater than a peak 
threshold current level, second latch unit 114 presents a 
signal PWMOGPEAK to logic unit 116 as a “0” signal, 
substantially as described in connection With FIGS. 1 and 3. 
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[0041] Logic unit 116 is preferably embodied in an AND 
gate receiving a pulse Width modulation signal PWMNORM 
at a ?rst input locus 122, receiving a signal PWMOGAVG at 
a second input locus 124 from ?rst latch unit 112 and 
receiving a signal PWMOGPEAK at a third input locus 126 
from second latch unit 114. Logic unit 116 presents a “1” 
signal via an output locus 130 to gate drive 16 (FIGS. 2 and 
3) When all signals at input loci 122, 124, 126 are a “1” 
signal. Logic unit 116 presents a “0” signal via output locus 
130 to gate drive 16 When one or more signals at input loci 
122, 124, 126 are a “0” signal. 

[0042] Gate signal logic unit 110 assures that the ?rst 
current control unit 104, 106 that reaches its threshold limit 
Will control presentation of an over-current signal and inter 
rupt the PWM signal PWMNORM, as described in connection 
With FIGS. 2 and 3. 

[0043] FIG. 5 is an electrical schematic diagram of a 
representative latch and gate logic arrangement useful for 
employment With the current limit control apparatus illus 
trated in FIG. 3. In FIG. 5, a gate signal logic unit 140 
(appropriate for use as gate signal logic unit 108; FIG. 3) and 
a latch unit 142 (appropriate for use as latch unit 109; FIG. 
3) are illustrated. Latch unit 142 includes an OR gate 139 
and a latch 143. Latch unit 142 receives an over-current 

indicating signal VOGAVG at OR gate 139 from average 
current control unit 104 (FIG. 3). Average current control 
unit 104 presents over-current indicating signal VOGAVG as 
a “1” value When current sensed in poWer converting device 
10 exceeds a threshold established by average current con 
trol unit 104 (substantially as described in connection With 
current control unit 50; FIG. 2). Latch unit 142 also receives 
an over-current indicating signal VOGPEAK at OR gate 139 
from peak current control unit 106 (FIG. 3). Peak current 
control unit 106 presents over-current indicating signal 

OCVPEAK as a “1” value When current sensed in poWer con 
verting device 10 exceeds a threshold established by peak 
current control unit 106 (substantially as described in con 
nection With current control unit 20; FIG. 1). OR gate 139 
presents a “1” signal to a reset locus 144 of latch 143 When 
either of signals VOGAVG, VOGPEAK is a “1” value. Latch 
143 is periodically set by application of a clock signal VSET 
at a set locus 145. 

[0044] When sensed current in poWer converter device 10 
(FIG. 2) is greater than a predicted average current threshold 
level, latch 143 presents a signal PWMOC to logic unit 140 
as a “0” signal, substantially as described in connection With 
FIGS. 2 and 3. When sensed current in poWer converter 
device 10 (FIG. 1) is greater than a peak threshold current 
level, latch 143 Will also present a signal PWMOC to logic 
unit 140 as a “0” signal, substantially as described in 
connection With FIGS. 1 and 3. 

[0045] Gate signal logic unit 140 is preferably embodied 
in an AND gate 150 receiving a pulse Width modulation 
signal PWMNORM at a ?rst input locus 152 and receiving 
signal PWMOC at a second input locus 154 from latch unit 
142. Logic unit 150 presents a “1” signal via an output locus 
160 to gate drive 16 (FIGS. 2 and 3) When both signals at 
input loci 152, 154 are a “1” signal. Logic unit 150 presents 
a “0” signal via output locus 160 to gate drive 16 When one 
or more signals at input loci 152, 154 are a “0” signal. 

[0046] Gate signal logic unit 140 assures that the ?rst 
current control unit 104, 106 that reaches its threshold limit 
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Will control presentation of an over-current signal and inter 
rupt the PWM signal PWMNORM, as described in connection 
With FIGS. 2 and 3. 
[0047] A more accurate and more area-e?‘icient and manu 
facturable embodiment for, generating predictive average 
current signal VREROLD from reference signal VREF_AVG, 
and comparing this predicted signal With sensed signal 

SENSE is presented in FIG. 6. 
[0048] FIG. 6 is an electrical schematic diagram of a third 
embodiment of a current limit control apparatus con?gured 
according to the present invention. In FIG. 6, a comparing 
circuit 170 receives sensed signal VSENSE at a ?rst input 
locus 172. An average reference signaliVRERAVG is 
received at a second input locus 174. SignaliVRER/WG is 
preferably substantially equal in magnitude to VRERAVG of 
FIG. 2 and controls the target average current limit thresh 
old. A common voltage VCOM is a received at a third input 
locus 176. Voltage VCOM may be electrical ground in some 
applications of comparing circuit 170. 
[0049] Phase-responsive sWitches 180, 190, 200 respond 
to phase signals provided by a phase driver (not shoWn in 
FIG. 6) applying a phase signal to a phase input locus 178. 
Phase signals impose odd and even phases during alternate 
sWitching cycles established by a PWM signal such as PWM 
signal PWMNORM (FIGS. 1-5), or a clock signal CLK such 
as at locus 74 of FIG. 2. Phase-responsive sWitch 180 
responds to phase signals received at phase input locus 178 
to couple circuit locus 186 With even locus 182 during even 
phases and responds to phase signals received at phase input 
locus 178 to couple circuit locus 186 With odd locus 184 
during odd phases. Phase-responsive sWitch 190 responds to 
phase signals received at phase input locus 178 to couple 
circuit locus 196 With even locus 192 during even phases 
and responds to phase signals received at phase input locus 
178 to couple circuit locus 196 With odd locus 194 during 
odd phases. Phase-responsive sWitch 200 responds to phase 
signals received at phase input locus 178 to couple circuit 
locus 206 With even locus 202 during even phases and 
responds to phase signals received at phase input locus 178 
to couple circuit locus 206 With odd locus 204 during odd 
phases. Gating signal Vg effects gating of reference sam 
pling sWitch SREF during each sWitching cycle substantially 
as described in connection With FIG. 2. 

[0050] An integrator unit 210 includes an operational 
ampli?er 212 With a capacitor 214 coupled betWeen an 
output locus 213 and an inverting input locus 220. Opera 
tional ampli?er 212 receives voltage VCOM at a non-invert 
ing input locus 222. Signals appearing at circuit locus 186 
are applied to inverting input locus 220 via a resistor 218. A 
reset sWitch 216 is coupled in parallel With capacitor 214. 
Reset sWitch 216 responds to a RESETODD signal that is 
applied to close reset sWitch 216 at substantially the begin 
ning of each odd phase. Reset sWitch 216 is preferably kept 
closed only long enough to substantially discharge capacitor 
214. Signals appearing at output locus 213 are provided to 
even circuit locus 202. 

[0051] An integrator unit 230 includes an operational 
ampli?er 232 With a capacitor 234 coupled betWeen an 
output locus 233 and an inverting input locus 240. Opera 
tional ampli?er 232 receives voltage VCOM at a non-invert 
ing input locus 242. Signals appearing at circuit locus 196 
are applied to inverting input locus 240 via a resistor 238. A 
reset sWitch 236 is coupled in parallel With capacitor 234. 
Reset sWitch 236 responds to a RESETEVEN signal that is 
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applied to close reset sWitch 236 at substantially the begin 
ning of each even phase. Reset sWitch 236 is preferably kept 
closed only long enough to substantially discharge capacitor 
234. Signals appearing at output locus 233 are provided to 
odd circuit locus 204. 

[0052] An output section 250 is preferably embodied in a 
comparator unit 252. Comparator unit 252 receives signals 
appearing at circuit locus 206 at an inverting input locus 
254. Comparator unit 252 receives voltage VCOM at a 
non-inverting input locus 256. 
[0053] When comparing circuit 170 is responding to an 
odd phase signal received at phase input locus 178, circuit 
locus 186 is coupled With odd locus 184, circuit locus 196 
is coupled With odd locus 194 and circuit locus 206 is 
coupled With odd locus 204. When applied gating signal Vg 
couples sWitch S R EF With second input locus 174, signali 
VRERAVG is applied to integrator unit 210 via sWitch 180. 
Integrator unit 210 presents a predictive time-integrated 
reference signal at output locus 213, Which at the end of the 
odd cycle (and the beginning of the even cycle) is substan 
tially equal to signal VREROLDAVG in FIG. 2. The reference 
signal voltage is stored on capacitor 214, Where it Will 
provide an initial condition for the VSENSE signal integration 
phase in the next even cycle. HoWever, during the current 
odd cycle, sWitch 206 is coupled With odd locus 204, so no 
connection is provided With output locus 213. Instead, 
sWitch 200 is delivering to output section 250 the time 
integrated signal VSENSE accumulating negative charge on 
integrator unit 230 at output locus 233 during a the current 
odd cycle. At the beginning of the next cycle, an even cycle, 
reset signal RESETEVEN is applied to discharge capacitor 
236, comparing circuit 170 responds to an even phase signal 
received at phase input locus 178, circuit locus 186 is 
coupled With even locus 182, circuit locus 196 is coupled 
With even locus 192 and circuit locus 206 is coupled With 
even locus 202. When applied gating signal Vg couples 
sWitch SREF With second input locus 174, signaliVRER/WG 
is applied to integrator unit 230 via sWitch 190. Integrator 
unit 230 presents a predictive time-integrated reference 
signal at output locus 233 Which at the end of the even cycle 
(and the beginning of the next odd cycle) is substantially 
equal to signal VREROLDAVG in FIG. 2. HoWever, sWitch 
206 is coupled With even locus 202, so no connection is 
provided With output locus 233. Instead, sWitch 200 is 
delivering to output section 250 the difference betWeen 
time-integrated current sense signal VSENSE and the initial 
condition VREROLDAVG that had been accumulated at output 
locus 213 during the previous odd cycle. If the time integral 
of voltage VSENSE in the current cycle is larger than the 
initial condition held on capacitor 214, then the voltage at 
locus 254 Will go negative With respect to the voltage at 
locus 256 (V COM), and comparator 250 Will produce an 
output logic “1” at VCOMPiOUZ, Which can be used to 
terminate the PWM signal as signal VOGAVG does at locus 
76 in FIG. 2. 

[0054] A current-oriented version of comparing circuit 
170 can be useful in some applications. The embodiment of 
the present invention illustrated in FIG. 7 is a current 
oriented version of comparing circuit 170. 
[0055] FIG. 7 is an electrical schematic diagram of a 
fourth embodiment of a current limit control apparatus 
con?gured according to the present invention. In FIG. 7, a 
comparing circuit 270 includes a current source 271 pre 
senting a sensed current ISENSE at a ?rst input locus 272. A 



US 2008/0036430 A1 

current source 273 presents a reference current IREF at a 
second input locus 274. Reference current I REF is preferably 
related With VRERAVG (FIG. 2) and controls the target 
average current limit threshold. Current source 273 is 
sWitchingly connected With common voltage VCOM in 
response to gating signal Vg such that IREF Will be inter 
rupted to Zero current When the gate signal is Zero (details of 
sWitch structure are not included in FIG. 7). Voltage VCOM 
may be electrical ground in some applications of comparing 
circuit 270. 
[0056] Phase-responsive sWitches 280, 290, 300 respond 
to phase signals provided by a phase driver (not shoWn in 
FIG. 7) applying a phase signal to a phase input locus 278. 
Phase signals impose odd and even phases during alternate 
sWitching cycles established by a PWM signal such as PWM 
signal PWMNORM (FIGS. 1-5) or a clock signal CLK such as 
at locus 74 of FIG. 2. Phase-responsive sWitch 280 responds 
to phase signals received at phase input locus 278 to couple 
circuit locus 286 With even locus 282 during even phases 
and responds to phase signals received at phase input locus 
278 to couple circuit locus 286 With odd locus 284 during 
odd phases. Phase-responsive sWitch 290 responds to phase 
signals received at phase input locus 278 to couple circuit 
locus 296 With even locus 292 during even phases and 
responds to phase signals received at phase input locus 278 
to couple circuit locus 296 With odd locus 294 during odd 
phases. Phase-responsive sWitch 300 responds to phase 
signals received at phase input locus 278 to couple circuit 
locus 306 With even locus 302 during even phases and 
responds to phase signals received at phase input locus 278 
to couple circuit locus 306 With odd locus 304 during odd 
phases. 
[0057] An integrator unit 310 includes a capacitor 314 
coupled betWeen an output locus 213 and voltage VCOM. 
Currents appearing at circuit locus 286 are applied to 
capacitor 314 and charge capacitor 314 over time. Capacitor 
314 thereby operates as an integrator storing an increasing 
time-integrated signal over time. A reset sWitch 316 is 
coupled in parallel With capacitor 314. Reset sWitch 316 
responds to a RESETODD signal that is applied to close reset 
sWitch 316 at substantially the beginning of each odd phase. 
Reset sWitch 316 is preferably kept closed only long enough 
to substantially discharge capacitor 314. Signals appearing 
at output locus 313 are provided to even circuit locus 302. 
[0058] An integrator unit 330 includes a capacitor 334 
coupled betWeen an output locus 333 and voltage VCOM. 
Currents appearing at circuit locus 296 are applied to 
capacitor 334 and charge capacitor 334 over time. Capacitor 
334 thereby operates as an integrator storing an increasing 
time-integrated signal over time. A reset sWitch 336 is 
coupled in parallel With capacitor 334. Reset sWitch 336 
responds to a RESET EVEN signal that is applied to close reset 
sWitch 336 at the substantially at the beginning of each even 
phase. Reset sWitch 336 is preferably kept closed only long 
enough to substantially discharge capacitor 334. Signals 
appearing at output locus 333 are provided to even circuit 
locus 304. 

[0059] An output section 350 is preferably embodied in a 
comparator unit 352. Comparator unit 352 receives signals 
appearing at circuit locus 306 at an inverting input locus 
354. Comparator unit 352 receives voltage VCOM at a 
non-inverting input locus 356. 
[0060] When comparing circuit 270 is responding to an 
odd phase signal received at phase input locus 278, circuit 
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locus 286 is coupled With odd locus 284, circuit locus 296 
is coupled With odd locus 294 and circuit locus 306 is 
coupled With odd locus 304. When applied gating signal Vg 
applies reference current IREF to second input locus 274, 
reference current I REF is applied to integrator unit 310 via 
sWitch 280. Integrator unit 310, Which Was reset to VCOM at 
the start of the odd cycle, presents a time-integrated refer 
ence signal at output locus 313, Which Will increase posi 
tively as long as I R EF is positive. At the end of the odd cycle 
(and the beginning of the next even cycle) the voltage at 
locus 313 Will be substantially equal to signal VREROLDAVG 
in FIG. 2. The predictive reference voltage is stored on 
capacitor 314, Where it Will provide an initial condition for 
the I SENSE signal integration phase in the next even cycle. 
HoWever, during the extant odd cycle, sWitch 306 is coupled 
With odd locus 304, so no connection is provided With output 
locus 313. Instead, sWitch 300 is delivering to output section 
350 the difference betWeen the initial condition of capacitor 
334 (accumulated during a previous even cycle) and the 
time-integrated value of the current cycle’s I SENSE signal. If 
the integral of I SENSE in the current cycle exceeds the charge 
accumulated by the integration of I REF in the previous cycle, 
then the comparator unit 350 Will produce a “l” at the 
output, Which can be used to terminate the PWM signal as 
signal VOGAVG does at locus 76 in FIG. 2. 
[0061] At the beginning of the next cycle, an even cycle, 
reset signal RESETEVEN is applied to discharge capacitor 
334, comparing circuit 270 responds to an even phase signal 
received at phase input locus 278, circuit locus 286 is 
coupled With even locus 282, circuit locus 296 is coupled 
With even locus 292 and circuit locus 306 is coupled With 
even locus 302. When applied gating signal Vg applies 
reference current IREF to second input locus 2, reference 
current I R EF is applied to integrator unit 330 via sWitch 290. 
Integrator unit 330, Which Was reset to VCOM at the start of 
the even cycle, presents a time-integrated reference signal at 
output locus 333, Which Will increase positively as long as 
IREF is positive. At the end of the even cycle (and the 
beginning of the next odd cycle) the voltage at locus 333 Will 
be substantially equal to signal VREROLDAVG in FIG. 2. The 
predictive reference voltage is stored on capacitor 334, 
Where it Will provide an initial condition for the I SENSE signal 
integration phase in the next odd cycle. HoWever, during the 
extant even cycle, locus 306 is coupled With even locus 302, 
so no connection is provided With output locus 333. Instead, 
sWitch 300 is delivering to output section 350 the difference 
betWeen the initial condition of capacitor 314 (accumulated 
during a previous odd cycle) and the time-integrated value 
of the current cycle’s I SENSE signal. If the integral of ISENSE 
in the current cycle exceeds the charge accumulated by the 
integration of I R EP in the previous cycle, then comparator 
unit 350 Will produce a “l” at the output, Which can be used 
to terminate the PWM signal as signal VOGA VG does at locus 
76 in FIG. 2. 

[0062] FIG. 8 is a How chart illustrating the method of the 
present invention. In FIG. 8, a method 400 for effecting 
current limit control for a poWer converter device operating 
in response to a modulating signal during a plurality of 
successive sWitching cycles begins at a START locus 402. 
Method 400 continues With, in no particular order: (1) 
providing an extant signal level sensing unit coupled With 
the poWer converter device, as indicated by a block 404; (2) 
providing a signal level predicting unit coupled for receiving 
a reference signal, as indicated by a block 406; (3) providing 
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a comparing unit coupled With the signal level sensing unit 
and the signal level predicting unit, as indicated by a block 
408; and (4) providing a control unit coupled With the 
comparing unit and With the poWer converter device, as 
indicated by a block 410. 
[0063] Method 400 continues With operating the signal 
level sensing unit to sense an extant signal during an extant 
sWitching cycle of the plurality of successive sWitching 
cycles, as indicated by a block 412. Method 400 continues 
With operating the signal level predicting unit to establish a 
predicted signal level for the extant sWitching cycle, as 
indicated by a block 414. Method 400 continues With 
operating the comparing unit to present a ?rst output signal 
When the extant signal is less than the predicted signal level 
and to present a second output signal When the extant signal 
is greater than the predicted signal, as indicated by a block 
416. Method 400 continues With operating the control unit 
to prevent presentation of the modulating signal to the poWer 
converter device When the comparing unit presents the 
second output signal, as indicated by a block 418. Method 
400 terminates at an END locus 420. 
[0064] It is to be understood that, While the detailed 
draWings and speci?c examples given describe preferred 
embodiments of the invention, they are for the purpose of 
illustration only, that the apparatus and method of the 
invention are not limited to the precise details and conditions 
disclosed and that various changes may be made therein 
Without departing from the spirit of the invention Which is 
de?ned by the following 

I claim: 
1. An apparatus for effecting current limit control for a 

poWer converter device; said poWer converter device oper 
ating in response to a modulating signal during a plurality of 
successive sWitching cycles; the apparatus comprising: 

(a) an extant signal level sensing unit coupled With said 
poWer converter device; said extant signal level sensing 
unit sensing an extant signal during said extant sWitch 
ing cycle; 

(b) a signal level predicting unit coupled for receiving a 
reference signal; said signal level predicting unit estab 
lishing a predicted signal level for an extant sWitching 
cycle of said plurality of successive sWitching cycles; 

(c) a comparing unit coupled With said signal level 
sensing unit and said signal level predicting unit; said 
comparing unit presenting a ?rst output signal When 
said extant signal and said predicted signal level have 
a ?rst relationship; said comparing unit presenting a 
second output signal When said extant signal and said 
predicted signal level have a second relationship; and 

(d) a control unit coupled With said comparing unit and 
With said poWer converter device; said control unit 
permitting presentation of said modulating signal to 
said poWer converter device When said comparing unit 
presents one output signal of said ?rst output signal and 
said second output signal; said control unit interrupting 
presentation of said modulating signal to said poWer 
converter device When said comparing unit presents 
another output signal of said ?rst output signal and said 
second output signal than said one output signal. 

2. An apparatus for effecting current limit control for a 
poWer converter device as recited in claim 1 Wherein said 
signal level predicting unit integrates said reference signal 
during at least one preceding sWitching cycle of said plu 
rality of successive sWitching cycles earlier than said extant 
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sWitching cycle for establishing said predicted signal level 
for said extant sWitching cycle. 

3. An apparatus for effecting current limit control for a 
poWer converter device as recited in claim 1 Wherein said 
extant signal is at least one extant signal sample integrated 
With respect to time. 

4. An apparatus for effecting current limit control for a 
poWer converter device as recited in claim 1 Wherein said 
control unit interrupts presentation of said modulating signal 
to said poWer converter device When said extant signal is 
greater than said predicted signal level. 

5. An apparatus for effecting current limit control for a 
poWer converter device as recited in claim 2 Wherein said 
extant signal is at least one extant signal sample integrated 
With respect to time. 

6. An apparatus for effecting current limit control for a 
poWer converter device as recited in claim 5 Wherein said 
control unit interrupts presentation of said modulating signal 
to said poWer converter device When said extant signal is 
greater than said predicted signal level. 

7. An apparatus for effecting current limit control for a 
poWer converter device as recited in claim 1 Wherein the 
apparatus further comprises: 

(e) a peak signal level detecting unit coupled With said 
poWer converter device and With said control unit; said 
peak level detecting unit sensing a second extant signal 
during said extant sWitching cycle; said peak level 
detecting unit presenting a ?rst peak indicating signal 
When said second extant signal is less than a predeter 
mined peak reference signal level; said peak level 
detecting unit presenting a second peak indicating 
signal When said second extant signal is greater than 
said predetermined peak reference signal level; said 
control unit interrupting presentation of said modulat 
ing signal to said poWer converter device When either: 
(1) said comparing unit presents said another output 

signal; or 
(2) said peak signal level detecting unit presents said 

second peak indicating signal. 
8. An apparatus for effecting current limit control for a 

poWer converter device as recited in claim 1 Wherein said 
extant signal is a voltage signal. 

9. An apparatus for effecting current limit control for a 
poWer converter device as recited in claim 2 Wherein said 
extant signal is a voltage signal. 

10. An apparatus for effecting current limit control for a 
poWer converter device as recited in claim 7 Wherein at least 
one of said extant signal and said second extant signal is a 
voltage signal. 

11. An apparatus for effecting current limit control for a 
poWer converter device as recited in claim 1 Wherein said 
extant signal is a current signal. 

12. An apparatus for effecting current limit control for a 
poWer converter device as recited in claim 2 Wherein said 
extant signal is a current signal. 

13. An apparatus for effecting current limit control for a 
poWer converter device as recited in claim 7 Wherein at least 
one of said extant signal and said second extant signal is a 
current signal. 

14. An apparatus for controlling a poWer converter 
device; said poWer converter device operating to present an 
output signal at an output locus in response to a modulating 
signal received at a gating signal locus during a plurality of 
successive sWitching cycles; the apparatus comprising: 
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(a) an extant signal level sensing unit coupled With said 17. An apparatus for controlling a power converter device 
output locus; said extant signal level sensing unit as recited in claim 15 Wherein said extant signal is at least 
sensing a ?rst extant signal during said extant sWitching one extant signal sample integrated With respect to time. 
cycle; said ?rst extant signal being related to said 18. A method for effecting current limit control for a 
output signal; poWer converter device; said poWer converter device oper 

(b) a signal level predicting unit coupled for receiving a ating in response to a modulating signal during a plurality of 
reference signal; said signal level predicting unit estab- successive sWitching cycles; the method comprising the 
lishing a predicted signal level for an extant sWitching steps of: 
cycle of said plurality of successive sWitching cycles; (a) in no particular order: 

(c) a comparing unit coupled With said signal level (1) providing an extant signal level sensing unit 
predicting unit and said signal level sensing unit; said coupled With said poWer converter device; 
comparing unit presenting a ?rst output signal When (2) providing a signal level predicting unit coupled for 
said ?rst extant signal is greater than said predicted receiving a reference signal; 
signal level; said comparing unit presenting a second (3) providing a comparing unit coupled With said signal 
output signal When said ?rst extant signal is less than level sensing unit and said signal level predicting 
said predicted signal level; unit; and 

(d) a peak signal level detecting unit coupled With said (4) providing a control unit coupled With said compar 
output locus; said peak signal level detecting unit ing unit and With said poWer converter device; 
sensing a second extant signal during said extant (b) operating said signal level sensing unit to sense an 
sWitching cycle; said peak level detecting unit present- extant signal during an extant sWitching cycle of said 
ing a ?rst peak indicating signal When said second plurality of successive sWitching cycles; 
extant signal is less than a predetermined reference (c) operating said signal level predicting unit to establish 
signal level; said peak level detecting unit presenting a a predicted signal level for said extant sWitching cycle; 
second peak indicating signal When said second extant (d) operating said comparing unit to present a ?rst output 
signal is greater than said predetermined reference signal When said extant signal is less than said pre 
signal level; and dicted signal level and to present a second output signal 

(e) a control unit coupled With said comparing unit, With When said extant signal is greater than said predicted 
said poWer converter device and With said gating signal signal; and 
locus; said control unit preventing presentation of said (e) operating said control unit to prevent presentation of 
modulating signal to said poWer converter device When said modulating signal to said poWer converter device 
either: When said comparing unit presents said second output 
(1) said comparing unit presents said ?rst output signal; signal. 

or 19. A method for effecting current limit control for a 
(2) said peak signal level detecting unit presents said poWer converter device as recited in claim 18 Wherein said 

second peak indicating signal. signal level predicting unit integrates said reference signal 
15. An apparatus for controlling a poWer converter device during at least one preceding sWitching cycle of said plu 

as recited in claim 14 Wherein said signal level predicting rality of successive sWitching cycles earlier than said extant 
unit integrates said reference signal during at least one sWitching cycle for establishing said predicted signal level 
preceding sWitching cycle of said plurality of successive for said extant sWitching cycle. 
sWitching cycles earlier than said extant sWitching cycle for 20. A method for effecting current limit control for a 
establishing said predicted signal level for said extant poWer converter device as recited in claim 18 Wherein said 
sWitching cycle. extant signal is at least one extant signal sample integrated 

16. An apparatus for controlling a poWer converter device With respect to time. 
as recited in claim 14 Wherein said extant signal is at least 
one extant signal sample integrated With respect to time. * * * * * 


