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frequency response of a switch-mode DC/DC converter is 
(21) Appl. No.: 10/124,405 set by a control loop. By modifying the feedback amplifier 
(22) Filed: Apr. 18, 2002 compensation network in the control loop Such that the 

frequency control loop bandwidth of the converter is sub 
stantially less than the AC load of the fans or blowers, the Publication Classification 
invention eliminates the need for additional filtering beyond 

(51) Int. Cl." .................................................... H02M 3/335 that inherent in the power converter. 
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AUDIO BAND CONDUCTED EMISSIONS 
SUPPRESSION ON POWER FEEDERS 

BACKGROUND AND BRIEF DESCRIPTION OF 
THE INVENTION 

0001 Standards ETSI ETS 300 132-2 and ANSI T1.315 
Specify an allowable amount of audio band emissions (up to 
20 kHz) that may be conducted from a telecom shelf onto 
DC power feederS Supplying the shelf. Typically, the main 
Source of these audio band conducted emissions is the forced 
air cooling System, which comprises fans or blowers draw 
ing a current pulsed at less than 1 kHz. The invention 
Suppresses the audio band conducted emissions resulting 
from the pulsed current sufficiently to comply with the stated 
Standards. 

0002 FIGS. 1 and 2 show two prior art approaches of 
limiting audio band emissions conducted onto DC power 
feederS Supplying a telecom shelf. In the first approach, 
shown in FIG. 1, a large passive L-C filter 10 is placed 
between the power feeder connection point on the Shelf and 
a high bandwidth DC-DC converter 11 that supplies the fans 
or blowers 12 of the shelf's cooling system. The passive 
filter limits the amount of audio band emissions that are 
conducted from the DC-DC converter 11 back onto the DC 
power feeders. In the Second approach, shown in FIG. 2, a 
low bandwidth active filter 14 is placed between the high 
bandwidth DC-DC converter 13 and the fans or blowers 15. 
In this case the low bandwidth active filter limits the audio 
band emissions conducted through the DC-DC13 converter 
onto the DC power feeders. In both approaches, the audio 
band emissions caused by the pulsed current used to drive 
the fans or blowers are sufficiently reduced before they are 
conducted back onto the DC power feeders, thereby 
enabling the telecom shelf to meet the aforementioned 
Standards. 

0003) Regarding the first prior art approach, shown in 
FIG. 1, the main problem with this approach is that the 
physical Size of the components required for the passive 
filter 10 is large, and therefore they occupy more than a 
desirable amount of shelf Space, which is usually at a 
premium. 
0004 Regarding the second prior art approach, shown in 
FIG. 2, although the active filter 14 occupies less space than 
the passive filter 10 of FIG. 1, the approach still requires an 
amount of shelf space that could be further reduced. Addi 
tionally, a more complex thermal management Solution is 
typically required due to resultant heating of a Series pass 
element in the active filter. 

0005 Both approaches share a problem that is inherent to 
the high bandwidth DC-DC converters commonly used to 
regulate the DC Voltage applied to the fan or blowers. 
Typically, these converters are Switch-mode power convert 
ers, which have an analog frequency control loop. The 
frequency response of this control loop is Set by the inherent 
characteristics of the power converter output filter and 
Switch modulator, as well as the compensation network 
applied to the feedback error amplifier. In a power converter, 
it is very common to set the control loop bandwidth to a 
point well above the pulsed current frequency drawn by the 
fan or blower. In So doing, the power converter will react to 
any in band AC load applied to its output, thereby reflecting 
the AC current Signature to its input and onto the power 
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feeders for the shelf. Consequently, additional filtering is 
required to SuppreSS the audio band noise reflected onto the 
power feeders. 

BRIEF DESCRIPTION OF THE PRESENT 
INVENTION 

0006 The present invention solves the above discussed 
problem by providing a Switch-mode direct current-to-direct 
current power converter and method for Supplying power 
from a direct current power feed to a forced air cooling 
System of a communication System, the forced air cooling 
System unit having an air forcing unit. The fans/blowers 
units require a DC power Source only. Internal to the 
fan/blower unit is a motor drive circuit that derives from the 
DC source an AC voltage necessary to drive the fan/blower. 
The resulting load current Signature from the fan?blower 
drawn from the DC Source is an AC waveform with a DC 
offset. The power converter includes an input adapted to 
couple to the direct current power feed and an output 
adapted to electrically drive the air forcing element. In a 
preferred embodiment, an analog frequency control loop 
controls the amount of the direct current provided to the air 
forcing element, the control loop having a response band 
width which is lower in frequency than that of the alternating 
current drawn from the output by the air forcing element. 
Preferably, the analog frequency control loop comprises a 
compensation network for providing the response band 
width. Furthermore, the frequency of the alternating current 
is preferably below 1 kHZ and a capacitor is coupled to the 
output. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007. The above and other objects, advantages and fea 
tures of the invention will become more apparent when 
considered with the following Specification and accompa 
nying drawings wherein: 
0008 FIG. 1 is block diagram of a prior art power supply 
System for audio band conducted emission Suppression, 
0009 FIG. 2 is a further prior art approach to limiting 
audio band emissions onto DC power feederS Supplying a 
telecom shelf, 
0010 FIG. 3 is a block diagram of an audio band 
conducted emission Suppression power feeder incorporating 
the invention, 
0011 FIG. 4 is a further and more detailed block diagram 
of a DC/DC Switch-mode power converter incorporating the 
audio band conducted emission Suppressor incorporating the 
invention, 
0012 FIG. 5 is a graph of amplitude versus frequency 
showing the frequency response of the control loop in a 
preferred embodiment of the invention, and 
0013 FIG. 6 is a graph of fan load current versus time 
showing the fan/blower load current signature. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0014) Referring to FIG. 3, according to the present 
solution the inherent filter, within the Switch-mode power 
converter 16 that powers the fan or blower unit 17, is used 
to Suppress the audio band noise, thereby eliminating any 



US 2003/O198063 A1 

need for additional passive or active filters used in the prior 
art. Since this lower bandwidth power converter requires a 
Similar (or Same) number of components to implement as the 
wider bandwidth power converter used in the prior art 
approaches, it occupies Substantially the same physical 
Space. Consequently, not needing additional filtering, the 
invention uses fewer components than the prior art 
approaches, and therefore uses leSS Shelf space and dissi 
pates leSS heat. 

0015 FIGS. 4 and 5 show the switch-mode DC-DC 
converter of FIG. 3 in more detail and the frequency 
response of its control loop, respectively. By modifying the 
feedback amplifier compensation network 20 such that the 
frequency control loop bandwidth of the power converter is 
substantially less than the AC load of the fans or blowers, the 
invention eliminates the need for additional filtering beyond 
that inherent in the power converter 16. This is because the 
frequency of the AC current drawn by the fans or blowers 17 
is beyond the bandwidth of the power converter 16, and 
consequently the converter 16 will not react to changes in 
the AC current load. Since the converter 16 takes no action, 
it will continue to provide only the DC portion of the fan or 
blower current required, hence the current drawn from the 
shelf power feeders will be DC and the audio band AC noise 
will be eliminated. 

0016. The fans/blowers units 17 commonly used in tele 
communication Systems and applicable to this invention are 
DC powered only. In other words, the fans/blowers 17 
require a DC power source only. Internal to the fan/blower 
is a motor drive circuit (not shown) that derives from the DC 
Source, the required AC Voltage necessary to drive the 
fan/blower. The resulting load current signature from the 
fan/blower drawn from the DC Source is an AC waveform 
with a DC offset as shown in FIG. 6. 

0017 Referring to FIG. 4, the basic circuit operation is as 
follows: The power converter output voltage Vout is moni 
tored by the feedback amplifier U1, and compared to a fixed 
Voltage reference Vref. If a Voltage fluctuation occurs at Vout 
at a speed within the frequency response of the amplifier 
compensation network (comprised of C1, C2, C3, R1, R2, 
R3 for the example of FIG. 4), a change in error voltage 
(Verror) will occur. Verror is compared in Switch modulator 
22 to a saw tooth waveform derived from an oscillator 21 
within the Switch modulator 22. The level of Verror controls 
the pulse width driving the main Switch 18 in the Switching 
power converter, which in turn controls the value of Vout. 
The AC voltage on the Secondary winding or transformer T 
is rectified by diode D1 and D2 and filtered by inductor Lo 
and capacitor Co. Therefore, Verror is used to control the 
value of Vout based on the value of Vref, for Vout deviations 
falling within the control loop bandwidth. 

0.018 Modification of the feedback amplifier to achieve 
the desired frequency response is done by Setting the loca 
tion of the poles and ZeroS in the frequency control loop 
transfer function. Referring to FIG. 4 as an example using 
a Type 3 compensation network 20, the inherent double pole 
of the power converter output filter requiring compensation 
is set by Lo and Co. The compensation network around U1 
provides three poles (fp1=f(R1, C1, C2), fp2=f(R3, C3), 
fp3=f(R2, C1, C2)), and two zeros (fz.1=f(R2, C1), fa2= 
f(R1, R3, C3)). By appropriate selection of C1, C2, C3, R1, 
R2 and R3, the power converter frequency control loop 
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bandwidth can be set Such that the open loop gain is less than 
1 (or less than 0 dB), for frequencies equal to or greater than 
the AC component of the load current drawn by the fan or 
blower. This is illustrated in FIG. 5 showing the open loop 
bandwidth of fx, and a gain of less than 0 dB at the 
fan/blower AC load frequency. The power converter will 
have minimal to no reaction to changes in load at frequen 
cies where its open loop gain is less than 0 dB, hence the 
power converter filters out AC fan/blower current leaving 
only the DC current present on the shelf power feeders. 
0019. The reduced frequency control loop bandwidth will 
result in poorer response to dynamic loads. However, this is 
not a concern when the load is a fan or blower. The AC 
current required by the fans or blowers will be supplied by 
the capacitance between the power converter output and the 
fan or blower, which in Some cases may require a higher 
capacitance, lower ESR capacitor than would otherwise be 
the case. 

0020 Advantages of the invention in general and over the 
closest prior art Solution include the following: 

0021 1. Physically smaller solution. 
0022. 2. Less component count. 
0023. 3. Reduced power consumption. 

0024. This invention has wide applicability to any tele 
com/datacom shelf requiring compliance ETSI ETS 300 
132-2, or ANSI T1.315. 

0025. While the invention has been described in relation 
to preferred embodiments of the invention, it will be appre 
ciated that other embodiments, adaptations and modifica 
tions of the invention will be apparent to those skilled in the 
art. 

What is claimed is: 
1. A method of controlling a Switch-mode direct current to 

direct current converter for Supplying power from a direct 
current power feed to a forced air cooling System of a 
communication System, said forced air cooling System hav 
ing an air forcing unit requiring electrical current comprising 
both direct and alternating current components, Said method 
comprising controlling the bandwidth of Said Switch-mode 
direct current to direct current power converter So that the 
responsive bandwidth is lower in frequency than that of the 
alternating current drawn from the output for driving Said air 
forcing unit. 

2. The method defined in claim 1 wherein said converter 
is provided with an analog frequency control loop having a 
reference amplifier and the Step of controlling Said band 
width includes controlling a reference Voltage to Said refer 
ence amplifier. 

3. A method of Supplying power from a direct current 
power feed to a telecommunications cooling System requir 
ing both direct current (DC) and alternating current (AC), 
Said method comprising the Steps of: 

providing a Source of DC power, 

providing a DC/DC Switch-mode converter for converting 
DC power from Said Source to an output having an AC 
current component riding on a DC current component, 
said DC/DC Switch-mode converter having a control 
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loop including a compensation network and a reference 
amplifier, a Source of reference Voltage coupled to Said 
reference amplifier, and 

setting the control loop bandwidth to a selected dB level. 
4. The method defined in claim 3 wherein the open loop 

gain is less than 0 dB and the AC current to said load is 
below 1 kHz. 

5. A Switch-mode direct current-to-direct current power 
converter for Supplying power from a direct current power 
feed to a forced air cooling System of a communication 
System, the forced air cooling System having an air forcing 
unit requiring electrical power comprising both direct cur 
rent and alternating current, the power converter compris 
Ing: 

an input adapted to couple to Said direct current power 
feed; 

an output adapted to electrically drive Said air forcing 
unit, and 

an analog frequency control loop for controlling an 
amount of the direct current provided to the air forcing 
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unit, the control loop having a response bandwidth 
lower in frequency than that of the alternating current 
drawn from the output by Said air forcing element. 

6. The Switch-mode direct current-to-direct current power 
converter defined in claim 5, wherein Said analog frequency 
control loop comprises a compensation network for provid 
ing the response bandwidth. 

7. The Switch-mode direct current-to-direct current power 
converter defined in claim 6 wherein Said compensation 
network circuit provides three poles and two Zeros. 

8. The Switch-mode direct current-to-direct current power 
converter defined in claim 5, wherein Said frequency control 
loop includes a feedback amplifier and a reference Voltage 
Source connected to Said feedback amplifier. 

9. The Switch-mode direct current-to-direct current power 
converter defined in claim 5, wherein the frequency of the 
alternating current is below 1 kHz. 

10. The Switch-mode direct current-to-direct current 
power converter defined in claim 5, wherein Said power 
converter further includes a capacitor coupled to the output. 
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