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Research Background

®The energy efficiency of server
power supply Is gaining attention.

®_ow energy efficiency at light load
of 20%~30% . @
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Outline

» Two Parts of Server Power Supply




Two parts of Server Power Supply
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Power Factor Correction (PFC) Circuit

Ideal Input Voltage and Current

What PFC does
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Risk of damage to power
transmission and
distribution appliances
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* Loss Mechanisms of PFC AC/DC Converter and DC/DC
Converter




Loss Mechanisms of Server Power Supply Q)

\

Link Voltage: 265*V2 390V
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Principle of PFC AC/DC (2): Boost
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Loss derived from High Link Voltage

PFC AC/DC ®Reactor Loss P.=P +P_=K(B, 277 f155)
) __/lron Loss
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Loss Mechanisms of Server Power Supply 2

Diode Reactor
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PW M (Pulse-width Modulation) Control

@ Average value of voltage

\oltage

PSFB (Phase Shifted Full Bridge)
PWM waveform
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Diode Loss
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PSW(DIODE) =0.5 X Vieyerse X IRR(PEAK) X tgr X g
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MOSFET Loss

Switching Loss
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Power Loss =Drain-Source Voltage X Channel Current X Time Span X Frequency
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Total Effect of Loss Mechanism (1)+2)
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Energy efficiency downgrade of the PFC
on the account of these two main loss mechanism
(Reactor Loss + Diode Loss + MOSFET L.oss).
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Proposed Method

This paper discussed how to improve the efficiency of power
supplies at half-load and light load under 20% using digital control.

Conventional Method Proposed Method

[PFC] [PFC]

®Fixed link voltage ®\/ariable link voltage

®PWM(fixed frequency) ®PWM(variable frequency)

[DC/DC] [DC/DC]

®PWM(fixed frequency) ®PWM(variable frequency)
Efficiency Circuit topology DSP digital control

i Hardware Software

degradation




Research Approach

The experiment Is conducted by a mean of two parts and

BLPFC AC/DC part (Bridgeless Power Factor Correction AC/DC)

. Load rate50% —> Deal with Link Voltage
. Load rate10%~20% —> Deal with PWM Frequency

PSFB DC/DC part (Phase Shift Full Bridge DC/DC)
. Load rate10%~20% —-> Deal with PWM Frequency
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« Experimental Environment




Experimental Environment

Specifications of experiment boards controlled by C2000 Series DSP

(Texas Instruments Inc.)

®Input Voltage (AC line): 85V(Min) to 265V (Max), 47~63Hz @400V DC input (370Vdc to 410Vdc operation)

@400Vdc Output @12V DC output

@300 Watts Output Power ®Peak efficiency greater than 95%

®Full Load efficiency greater than 93% ®50A (600Watt) rated output.

®Power factor at 50% or greater load — 0.98(Min) ®Phase Shifted Full Bridge Circuit topology
®PWM frequency 200kHz. ® 100kHz switching frequency.

BL PFC (Bridgeless PFC) AC/DC Kit PSFEB (Phase shifted Full Bridge) DC/DC Kit
> 400Vdc Output [€<— Link voltage 51400V dc Input (370Vdc to 410Vdc)
» |PWM frequency 200kHz » | 100kHz switching frequency
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Experimental Environment

| R SSE  Code Composer Studio (CCStudio or

M CCS) is an integrated development
environment (IDE) to develop applications
for Texas Instruments (TI) embedded
Processors.

it - HVPSFB_VMG/PWN_PSFB PWM GHANGE c - Gode Gomposer Studio BEE
o - £ %, CCS Debue | 15 CCS Ednt - -
S are R o [§—— - | BL PFC (Bridgeless PFC) AC/DC Kit

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

e | @APPrOpriate Link Voltage
L o ® Appropriate PWM Switching Frequency
PSEB (Phase shifted Full Bridge) DC/DC Kit

LT | ®@Appropriate PWM Switching Frequency

PWM[n]) .TBPRD = 668: //90kHz
PWM([n]) .CMI
PWM[n+1]) .TEPRD

These characteristics can be achieved
by modifying the main program.

o Seathoert 13 EEETE
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Outline

« Experiment Results A:
Link Voltage Optimization of BLPFC AC/DC at a Half-Load




Analysis of BLPFC AC/DC part 9

® | oss Mechanisms of Server Power Supply (D

Input Voltage <Link Voltage Tr:\__ﬁ _ m;
(85~265V) (390~400V) N T * g I
®By monitoring the effective value of input % I [ = " Lz
voltage and adjust the link voltage in a real-tii i ®
way. o
|
Monitor the input voltage Vin_N ,Vin_L S

4

Read into DSP

4

Compute { Vims

Evaluation of effective value V, i [

Vrms &

A A

Fraquency

C2000

Negative Half
Cycle Detect
&
Rectification

F Y

.

Link voltage: V, = Optimum boost ratio X V, .
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Experiment Results A:
Link Voltage Optimization of BLPFC AC/DC at a Half-Load

Experiment environment
AC input voltage Vin=100V
Switching frequency is fixed at 200kHz
Load rate 50% (150W output)

100%

98%

96% —?A\
v \\
92%

Frequency %

88%

90% \\_\/\

~—

160 185 210 235 260

310

Link voltage (V)

Unexpected problem occurs when link
voltage is set down below 190V.

-

335 360 385 410

Appropriate link voltage
Is 200V if possible.
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Outline

« Experiment Results B:
Optimization of PWM Frequency of BLPFC AC/DC at a Load Rate of 5% to 20%




AC

Analysis of BLPFC AC/DC part @)

Filter

s ® |_oss Mechanisms of Server
) N S— Power Supply @
L 1 &D1 &xD2! (Diode loss & MOSFET loss o f)
_/'t':\ = Z.EL_; ca= ® Thgref_ore, a variable PWM
A <l <1 switching frequency by digital
-r control has been tested.

PFC
Control Unit

Light load + Fixed frequency

Light load + Variable frequency
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Experiment Results B:

Optimization of PWM Frequency of BLPFC AC/DC
at a Load Rate of 5% to 20%

Experiment environment
« AC input voltage Vin=100V
« Link voltage (PFC output voltage) is fixed at 400V

100%

08% ——200KHz
96% — -=-190KHz
94% * -

oS ~+—180KHz
a,
92% =

© 90% v ——170KHz

} [}

o 8s% = —~+—160KHz

u Z

= ,// . ~—150KHz

- 84% :." /

82% / 140KHz
80% 7 120KHz
78%
% 100KHz
0% 5% 10% 15% 20% 25%
Load rate %

(a) Variation of efficiency according to frequency at 400V link voltage.



Experiment Results B:

Optimization of PWM Frequency of BLPFC AC/DC
at a Load Rate of 5% to 20%

94.0%
92.0% /r\ ~—200KHz
\_7. -8-190KHz
90.0% ==180KHz
—+170KHz
O\o 88.0% ‘ =w=1GOKHzZ
> // ~-150KHz
q:) 86.0% / 140K Hz

-

130K Hz

S 84.0%
I / 120K Hz
82 0% 110K Hz
100K Hz

80.0%
0% 5% 10% 15% 20% 25%

Load rate %

(b) Comparison of efficiency between 200kHz and
optimum frequency.

Conventional fixed
# frequency 200kHz is
not always efficient.

10%-15% 170kHz
15%-20% 190kHz
20%~ 200kHz

Load Appropriate frequency
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Efficiency %
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Experiment Results B:

Optimization of PWM Frequency of BLPFC AC/DC

at a Load Rate of 5% to 20%

Experiment environment

« AC input voltage Vin=100V

 Link voltage (PFC output voltage) is fixed at 350V
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-+ 190KHz
/% z“é% = X3 —+—180KHz
y "/ ~—170KHz
L7 ——160KHz
W JG/
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{
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(a) Variation of efficiency according to
frequency at 350V link voltage.

Efficiency %
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/ \!-_-._
/
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/

5% 10% 15% 25%

Load rate %

(b) Comparison of efficiency between
200kHz and optimum frequency.
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Experiment Results B:

Optimization of PWM Frequency of BLPFC AC/DC
at a Load Rate of 5% to 20%

Experiment environment

« AC input voltage Vin=100V

 Link voltage (PFC output voltage) is fixed at 300V
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(a) Variation of efficiency according to
frequency at 300V link voltage.
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(b) Comparison of efficiency between

200kHz and optimum frequency. .



Efficiency %

Experiment Results B:

Optimization of PWM Frequency of BLPFC AC/DC
at a Load Rate of 5% to 20%

Experiment environment
« AC input voltage Vin=100V
 Link voltage (PFC output voltage) is fixed at 250V

100.00%

100.0%
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98.00%

- 4{! 98.0%
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(a) Variation of efficiency according to (b) Comparison of efficiency between
frequency at 250V link voltage. 200kHz and optimum frequency.
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Efficiency %
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Experiment Results B:

Optimization of PWM Frequency of BLPFC AC/DC
at a Load Rate of 5% to 20%

Experiment environment

« AC input voltage Vin=100V

 Link voltage (PFC output voltage) is fixed at 200V
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/ ——180KHz
——170KHz
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——150KHz
140KHz
120KHz
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(a) Variation of efficiency according to
frequency at 200V link voltage.
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(b) Comparison of efficiency between

200kHz and optimum frequency. .



Outline

« Experiment Results C:
Optimization of PWM Freqguency of PSFB DC/DC at a Load Rate of 5% to 20%




Analysis of PSFB DC/DC part

® |_oss Mechanisms of Server DC/DC
Power Supply @ — - =1,
(Diode loss & MOSFET loss < f) : 33] Q_|5,-5-] P : e
® A variable PWM oc/oc | 'j" —- 3 F - l”“czT'
switching frequency Supply TorlteeT é
using digital control 1 iE__ FI_E.:
can also benefit the 1T
efficiency of the PSFB DC/DC Amplification
DC/DC circuit. Control Unit Unit

Light load+Fixed frequency

Light load + Variable frequency
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Analysis of PSFB DC/DC part

VMC Control Flow

PWM Drive
PWMDRV_PSFB_VMC_SR 1,2,4

E:; ---------------------- MOduleFm“m“m;—iFrequency ePWM1A
N I e | i —>
1 1 nE
: : CNTL_2P2Z:1: 3 PWM1B
1 1
1 Rl 3ole 22 N —
il pole 22810 6, o phase |—po PWMDRV_PSFB_Phase:n:
: : B Fdbk conirol ; BPWMZA
1 1 >
! ! DBUFF | M
o —>0) Coef ePWM2B
1 ! CNTL_2P27_CoefStruct
E i r B ?_ .:
1 1 H
j i iz [ abAtoP_leg |—puPWMDRV_PSFB_DbAtoP:n: | gPWM4A
! H Dmin
i i Dmax :PWMDRV_PSFB_DthoA:n: sPWM4B
o
Pl
1 ADC Drive Module
i : ADCDRV_4ch:1,2,3,4:
; :__________(____________________I Adc_Vfbout ———a1 RItPtrA €— ADC A0
: : Adc_Ifb RItPtrB
i Le Frequency | | - 5 € ADCAZ
R e 2 T Adc_Vfoin__d=——0 RItPC C €«— ADC Bf

1 1

i lout e nau_lau_q-i—cr RItPtrD ¢— ADC B4

i 1 -

The left feedback part (red) is added to the control unit by the
proposed method.
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Experiment Results C:
Optimization of PWM Frequency of PSFB DC/DC

at a Load Rate of 5% to 20%

!

——100kHz

—-90kHz
80kHz

=>=70kHz

=

Conventional fixed
frequency 200kHz is
not always efficient.

\ 4

10%

12%

14% 16%

Load Rate

18%

20%

® Light load: settled to a working
frequency of 70kHz

® 50% load rate: back to 100kHz
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Conclusion

® AC/DC variable link
voltage:

Conventional Proposed efficiency 6%1
@50% load rate

What we have done:

s Lower link volt
High link voltage otage ® AC/DC variable PWM

(Low boost ratio)
+ » + »’ frequency:
efficiency 1~4%01

- PWM of variable
PWM of fixed @5%~20%load rate

frequency
frequency ® DC/DC variable PWM
with Digital control frequency :

efficiency 3~6%01
@10%~ 20%Ioad rate

Final goal:
Server Power supply (PFC AC/DC+DC/DC)

%ofRated 0 000 509%  100%
Load
TITANIUM TITANIUM 90% 94% 96% 91%
Problem to be solved:

The efficiency behavior and mechanism when combing the PFC AC/DC board and
DC/DC board.
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Thank you for your attention !

We would like to contribute
to make the Earth green.

Kobayashi BYEE Ao

Laboratory GUNMA UNIVERSITY




Question

* Q: How much does efficiency increase?
* A: By lowering the link voltage from 400V to 200V

If possible, there Is a nearly 4% efficiency increase.
And by adopting appropriate PWM switching frequency,
efficiency increases by 1~2% of each part.



