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Abstract

In order to increase the dependability of uninterruptible power systems, a temperature-based
current-sharing technique rather than equal sharing for loads was used in this study (UPS). It
would be preferable to lower the output current ratio for a hotter supply module in the UPS
based on the temperature of each power supply module in the UPS. Our regulation circuits
were implemented in this design using UMC 0.25-m CMOS technology, with the regulated
output set at 1.1 V and an input range of 3 V to 4.2 V. The rated output currentwas 100 mA for
each phase. We also employed a current-mode error-correction circuit to improve the current
sharing performance based on the averaged current of each phase at the same temperature.
According to our simulation results, the current sharing error can be restricted within + 5% for
the supplymodules at the same temperature in our system.
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1. Introduction

A system with many power supply modules connected in parallel for heavy-load power supply
systems may offer several benefits [1] [2] [3]. A set of smaller modules can support a larger load
with this architecture, and because it contains redundant features, it would increase the system's
dependability. As a result, it is frequently preferred in UPSs for circumstances with significant
loads, like as computer servers. For this configuration, the challenge in

the design of the power supplies comes to the design of current sharing functionto ensure each
power supply works correctly. There are many current sharing methods proposed in recent
years, such as the droop or average current method [4]. But the droop method suffers poor
transfer efficiency. On the other hand, it needs an extra current reference for the average
current method which makes the circuit more complex.

Recently, a simple current sharing method was proposed for multiphase vol-tage control to
achieve good current sharing performance [5] without the cur- rent reference. They employed
multiple power modules to supply a stable vol- tage output. The primary challenge in design
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of parallel power supplies is its current sharing performance. For practical considerations, the
power supplies in UPS suffer different thermal effects while sharing the load current equally.
Thisfact would degrade the lifetime of the power supply with a higher temperature in this system.
In our design, we proposed an additional auxiliary circuit to solve this problem to achieve
more reliable current sharing performance.

The thermal effect in UPS arises from the fact that the temperature of the power supply
module on the top of a power shelf is usually higher than the bot-tom one. Because of the
thermal convection, the generated heat from all the power supplies would accumulate at the
top in the shelf. Therefore, the top module suffers higher temperature than the others. If all
the power modules share the same current output, the module suffering higher temperature
would exhibit poor reliability. According to general phenomena, the failure rate of a power
device would get doubled for every 10°C increase in temperature. There-fore, the reliability of
the whole power system would degrade 50% in life time even with only one power supply
getting its temperature raised by 10°C. To solve this problem, we proposed a method by
detecting the temperature of each powermodule in each phase to redistribute the current ratio.
With this scheme, the hotpower module supply would share a lower current to cool down itself
with an aimto achieve a better balance of the failure rate for each module in the UPS.

2. Circuit Design

From the fundamental circuit proposed in [5], the circuit structure was modified. Chip function
blocks are displayed in Figure 1. Two power supply modules are shown sharing a single load,
RLOAD, in Figure 1(a). A power supply module's circuit details are shown in Figure 1(b). The
fundamental framework in [5] was supplemented by several additional features, such as an
auxiliary circuit for improved current sharing performance and a temperature-based current sharing
controller for improved UPS reliability. The specifics of these function circuits will be covered in
the next subsections.

Current Sharing Method

For conventional designs, the average current sharing method and the droop current sharing
method are usually employed. Figure 2 shows the scheme of the

@ (b)

Figure 1. Schematics of (a) the configuration of power supply modules; (b) the function
blocks of a power supply module.
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Figure 2. Scheme of the multi-phase current sharing method.

N-phase current sharing method purposed by [5]. In our study, we would add a thermal
controller and an error correction circuit as in Figure 1(b) to modify the sharing ratio at
different temperatures.

In our study, only 2 phases were employed. Unlike the conventional sensing of the load
current through a small resistor, in our circuit, the current informa- tion at the load was
directly sensed at each phase. After comparison, our circuitwould turn on the phase with the
lower current if the two modules were at the same temperature. The advantage of this sharing
method is that its response would be faster. In the meanwhile, the disadvantage of this
scheme is that it would generate an error between the sharing currents of the two phases due
to the turn-on times of the two phases were different. For this issue, the output current of each
module will revise when the error accumulated over the ripple inthe load current. The criterion
to change the sharing ratio will be discussed in the later section.

Taking the circuit in Figure 2 as a two-phase dc-dc converter structure as theexample, the
operation waveform can be depicted in Figure 3. When the outputVeg, it also is the feedback
voltage, approached the lower limit of the hysteresis window, V., the control signal Cuain
will be set high to turn on the selected power supply. By sensing the current of each phase,
this circuit needs to deter

Figure 3. Waveforms of the current sharing of a two-phase sys-tem from Figure 2.

mine which phase provides lower current. By a control scheme to turn on the suitable module, a
reliable current sharing can be achieved. Our design of the control scheme will be described in the
next section.

Current Correction Scheme

In the design of the current error correction circuit, we have to know how much error will
generate at each switching cycle. According to the error, the turn-on time of the power supply
module having lower current phase need to be ex- tended. And the turn-on time of the
module having higher output current should be reduced.

In our circuit, the error of between the currents of the two phases in each switching cycle
was estimated. After the accumulated current error was higher than a criterion, the controller
would trigger the correction circuit to change the turn-on times for both phases. Figure 4
illustrated the currents of the two phasesbefore correction. In this figure, the accumulated error
can be up to 20 mA.

In our study, when one phase supplied more current than the other one, its current would be
reduced by decreasing its turn-on time. For this purpose, we designed an auxiliary current source
to help the decreasing process faster. The auxiliary current source is marked by the block in

Figure 5. The control circuitis shown in Figure 6 [6] [7].
As seen in Figure 5 and Figure 6, when a phase supplies more current to the

Page | 716 Copyright @ 2020 Authors



Juni Khyat ISSN: 2278-4632
(UGC Care Group | Listed Journal) Vol-10 Issue-3 No.01 March 2020

load, the auxiliary current source will react to reduce the on time. For this pur- pose, we
needed the auxiliary current source to sense the current information of each phase. In our
design, the current information of each phase was sampled bydirectly coupling the current to
charge a capacitor within a sampling cycle [8]. This sampling cycle was set to be two
switching cycles which would cover the same one switch-on and three times of switching off
for both phases. Based onthe design of a two-phase power supply from Figure 2, the current
sampling circuit and driving circuit for the auxiliary current source was included in our
circuit and is illustrated in Figure 6.

Simulation at the Same Temperature

The simulation results of this circuit without and with the correction circuit can be seen in
Figure 7 and Figure 8, respectively. By comparing the errors in both

Figure 4. Accumulation of current error without error correction circuit.

V,;=3~4.2V V,;=3~4.2V
V,=3~4.2V Voo

=3~4.2V

VDRIVE1 I

VDRVVE I

Figure 5. Auxiliary current source.

Figure 6. Current sampling and control circuit for the auxiliary cur- rent source.

figures, it can be found that the current sharing performance is improved signif-icantly with the
help of the auxiliary circuit. According to this simulation results, the current sharing error can be
restricted within £ 5% in our system. Due to the correction scheme, the auxiliary circuit can
reduce output noises which can be caused by large current drop in each phase without the
correction scheme.

Temperature-Based Current Sharing Control
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In our study, the conventional design of the power supply module to equally share the load
current is not ideal for practical operations. In practical applications,

Accumulation of current error

Figure 7. Waveforms of the two output currents for a load current of 50 mA without the auxiliary
circuit.
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Figure 8. Waveforms of the two output currents of our circuit with the auxiliary circuit for a
load current of 50 mA.

the reliability of an electronic device, especially for a power device, is closely re- lated to the
thermal effect. Since the temperatures of the power modules are dif-ferent in a power case due
to the non-uniform distribution of heats accumulated by all the power modules in the case.
Therefore, every power module suffers dif- ferent temperature even they share the load equally.
In our study, we would liketo propose a new scheme of current sharing control depending on
itself temper-ature of a power module. In the control circuit, the load of a power supply mod-
ule having higher temperature was reduced by decreasing its turn-on time such that the
reliability of the whole system can be extended significantly. Therefore, the current sharing
scheme was no longer just 50% for both phases. Instead, thesharing ratio of each module would
change depending on the temperature of itself.
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To achieve this object, a circuit sensing the temperature of each phase was proposed as
shown in Figure 9. In this figure, the BJT is employed as the tem- perature sensor for each
phase. Its emitter current is a function of the tempera- ture. By compare the temperature
sensitive current which reflects the tempera- ture of each phase, the phase at the higher
temperature would be determined.

Figure 9. Temperature sensing circuit.

To redistribute the current sharing ratio for each phase of different tempera- ture, an
addition control signal relevant to the temperature information of each phase was required.

To achieve this target, the current difference affected by the temperature was utilized at the
input of the current comparator in Figure 6. As seen in Figure 1(a), the feedback Vg is cross
coupled from the other module. With this me- chanism of cross-coupled feedback, the input
currents, lsenser and lIsensez, at the input of the current comparator will approach to be the same
such that the two modules would share the same load current.

In order to change the ratio between Isgnser and lsense2 and according to the temperature
difference between the two power modules, we added two addition- al currents, Ipjscyi and
Ipiscrz, as in Figure 6 before the current comparator. The additional Ipjscqi and Ipiscrz are
temperature dependent mirrored currents from the temperature sensing circuits of the two
phases as shown in Figure 9. With this design, our circuit will make Isgnser and Isense2 unequal
if the temperatures ofthe two phases are different. The effect of temperature dependent Ipsch
on thesensing current Isense and the load current I, is depicted in Figure 10. In addi- tion, the
operating waveforms of these signals are shown in Figure 11.

3. Results and Discussion

In this study, we designed our circuit based on UMC 0.25 um 2P3M CMOS technology. As seen
in Figure 1, the input voltage, Vn, was selected in the range from 3 V to 4.2 V. The regulated
output voltage, Vour, of each phase was set at

1.1 V. The switching frequency at no load was 250 KHz. The maximum outputcurrent, 1, oap
over R oap Was 100 mA. The switching frequency was changeddepending on the load current
which was determined by the inductors, L; and L, and the output capacitors C.; and C.,. In
this design the inductors were se-lected as 300 uH, the output capacitors 10 puF and the output
resistors 8 Q, re- spectively. Figure 12 demonstrates the waveforms of the output currents and
theswitching control in a scenario that the load current changed from a light load of
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Figure 10. Effect of the additional current, Ipsch, On the current sharing atthe load.

Figure 11. Operating waveforms of the sensing currents lsenses and lsensez and the load
currents I ; and I, due to an additional current of 1 uA between IDISCH1 and IDISCH2.

20 mA to the middle load, 100 mA. Figure 13 demonstrates the transient wave-forms from
the same middle load to the light load, 20 mA. According to both results, the stability of our
system can be confirmed for switching between dif-ferent load currents.

Figure 14 and Figure 15 show the balanced waveforms for both modules at two different
temperatures. In this case, we set the total load current as 50 mA. In Figure 14, the phase 1
has a lower temperature than that of the phase 2, one can notice that the output current of
module 2 would increase up to 30 mA to share more loadings. In the meanwhile, phase 2
having a higher temperature may share a lighter load which would reduce the increasing rate
of its tempera-ture. The case with the two temperatures of both modules interchanged was also
verified for its symmetrical operation. In Figure 15, the same data can be found but
interchanged for phase 2 has a lower temperature. According to both figures, the temperature-
dependent control in our circuit was also confirmed. Since the

Figure 12. Transient response of the load currents from 20 mA to 100 mA.
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Figure 13. Transient response of the load currents from 100 mA back to 20 mA.

temperature of the phase offering larger current would increase faster than thatof the other
one, the ultimate result may be the case that the temperatures of
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Figure 14. Waveforms of the balanced output currents with a presumption for phasel at25°C,
phase 2 75°C.
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Figure 15. Waveforms of the balanced output currents with a presumption for phasel at75°C,
phase 2 25°C.

both modules approach to almost the same to each other. In this case, the output current would be
equivalently shared by both modules. Therefore, it can be ex- pected that the reliability of the
multiphase power supply can be improved sig- nificantly.

4.. Conclusion

In order to enhance the performance of the current sharing, we provide a new current
correcting circuit in this study. A temperature sensor circuit also takes into account the impact
of temperature while adjusting the current ratio for the power modules. For better thermal
balance in our circuit, the hotter power source would share a lower ratio for the load current.
Since the unbalanced current sharing is affected by the temperature difference, the whole
system may arise another feedback mechanism between the load sharing ratio and the
temperature differ-ence. It is of theoretical interests to investigate on the interaction between
the current ratio and the temperature difference for practical systems. In our pri- mary figuring,
since the temperature changes very slow, it was expected that the ultimate condition is the
temperature difference reduced to 0. Nevertheless, the temperature-based sharing is beneficial
for the lifetime of a power system. For heavy load applications, it is promising in our study that
the parallel connected multiple phase power supply with temperature-base sharing can be
feasible.
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