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(A)RAC :
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NOTE : zero-pole net-work
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B E ] o
(E)IEAO :

IEAO =4 i 5 GM, 3k + zero-pole network > - 4kiE 4% H unity-gain 3 %switching—frequency

=23.33KH, - zero éniz % % 0.lpole °
Example : current loop design

) V_xR
Loop gain of the current loop = Yo X Romnse GM. x Z. (0)

RCrp-p

note:

Gmi : current loop error amplifier’s transconductance * CM6800=100 u (é)

Zci - compensation net-work
Vout : PFC boost converter output voltage

f
fc © unity gain frequency, usually set gs =11.166Knz(switching frequency),

set unity gain frequency at 11.166K#z, from equation (0) we can obtain equation (1).

_ V, X Rgpnse

SLV,

RyCrp-p

1 x GM, x Z,at 11.166KHz (1)
#S4(), ¥ £&48 Zai

SLV
GM, xZ, = ——1

o X Rgense
i 2xnx11.1661§é{8:gz79.2987u3 25 L GM, xR, 2
note:
Vout=380V

L =735.2987 uH
GMi=100p mho
v

RCrp-p

=2.5V
Set Rsense=0.09Q
Using equation (2), R, is

R, ~20KQ at GMi=100p mho

using unity gain frequency at 11.166KHz( f.), f.  =11.166KHz = ! , therefore

2xa xR xC,




R,,=20KQ C, =347.878PF , Letthezero=0.1pole,therefore C,; =10C,

current loop compensation
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current loop gain define :
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AVipao =Gy X Zg (2)
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| AVIMO | J P 3
(F)VEAO :
VEAO =4t i 5 GM, %k + zero-pole network > — #:E# H unity-in(crossover-frequency)

%line—frequency =30H, (2" 25H,) > zero iz ¥ % 0.1pole °

voltage loop show in figl.As illustrated in fig.1 the loop gain can be written equation(1).

Vout
C380 :: VREE__
L ® VrB
fig.1 voltage loop
dv dv dv
Loop gain of the voltage loop = out Yy ¢ By % ca0
pg ge loop (dVeaO) (dVom) (dvﬂ,)

Pinx2.5VxGM, x Z,
Vout X A\/eao x S x C380 X Vout

note:
Pin: Max. input power

GMv:VEAQ'’s transconductance(90umho)

Zcv:compensation Net Work at VEAO(voltage error amplifier)

Vout:PFC boost converter output voltage

r————————}-—

Dveao:Max. effective swing which 1s 6V-.625V=5.375V(IC internal)

set unity gain frequency at 25Hz, from equation (1) we can obtain equation (2).

Pinx2.5VxGM, x Z,

Vout x A\/Yeao x S X C380 x Vout

using equation (2), we can find GMv xZcv

,at 25Hz (2)

(1)



Vout x A\]eao x S X C380 x Vout

GMy xZey = Pinx2.5
_ 390V x 5.3715);;1822150qu390 ~GM, xR, (3)
note:
Vout=390V
Cyg =150uF

GMv = 90u mho

Set Pout=240Watt,efficiency="70%,.". Pin = 342Watt
Using equation (3), R, is

Ry =162KQ  atGMv = 90u mho

. : . 1
using unity gain frequency at 7Hz( f,), f. =7HZ = , therefore
2xw xRy xC,,

R, =162KQ C, =140nF, R, =124KQ C,, =183.358nF Let the zero =0.1 pole ,therefore , f, =0.7HZ and
C, =10C,,,R, =475KQ » C,, =047uF > C,, =0.022uF

pole = ! =3.28H, » zero = ! =0.328H,, -
2xmx R xC 2xmx R xCy

Example : Pout=240W,n = 0.7 ,PFC choke=800uH,bulk cap.=150uF,Rsense=0.1//0.15Q

bulk cap voltage=380(Veao:R=475K+C1=684P//C2=223P)

voltage-loop
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current-loop(leao:R=11K+C1=472P//C2=681P)

Bode Diagrams

rrent-loop
T
[NERI

Phase (deg); Magnitude (dB)

T TT T TT T T
| [ [ | |
| [ Il [ [
[ [ [ [ [y | [ [
[ [ [ RN [ R | [ [
t+ + + H o+ -t it i e A s el el el e B i 5 I o t b - -1t
. [ [ [ RN [y 1 [ | [
3
SO Ll L L] Ll L Ll ||l | | ||l ) Ll
5 T T LA T T T TTTTTT L T TTTTT T T TTTTTT
= Lot Lo [ RN Lo [ (RN [ R Lo
120 —+ 4+ HHH — 4 4 HIHH — - —1=141 [ ] =+ + 44 + -4+
Lot Lo [ [ | [ [
. Lot Lo [ [ [ [
A0 T T O T T T T T T i
Lot Lo [ | |
-180 — m — R ’ L1 |
of 10 10 10° 10 °

Frequency (rad/sec)

Test conditions:

The loop stability is measured at the minimum and maximum AC line, and both at minimum and maximum load.

Pass/Fail criteria:

Phase margin has to be greater than 45deg. Data must be provided by the Power Supply vendor.
Test Result: Pass
The worse case is
Phase margin : 48.3° at 264V/50Hz max. load
Gain margin : -15.46 dB at 264V/50Hz max. load

90Vac Max. Load (+5.08V/+12V/+12V _cpu Loop Gain)

+EMVITIVHFLIV_cpu Max Load Loop Gain
Test Conditions: Line:?0Wac Temp:25
Load:+5.08V/2A+12VI4A+12V_cpwBA;- 12V 1A+3.33VITA;+5.08Vsh/TA

Phase Margin: 49.2 DEG
Frequency: 257 KHz
Gain Margin: -16.55 dB
Frequency: 21.5 KHz

|~ Gain(dB) —~ Phase(Deg)|

60.00 180,00
1 150.00
40.00 12000
. 4 9000
_ 2000 ———F— = 60.00
h‘—{h 4 3000 g
0.00 0.00
*_"‘“—‘*—*——H—m_ﬁ__‘__’__‘ \'\ | | |4 3000
2000 =] an -60.00
|+ 9000
-40.00 -120.00
1 -150.00
-60.00 -180.00
1.00E+03 1.00E+04 1.00E+05
Freguency(Hz)



90Vac Min. Load (+5.08V/+12V/+12V_cpu Loop Gain)

+EVH12¥+12V_cpu Min Load Loop Gain
Test Conditions: Line:90Vac Temp:25
Load:+5.08V/LA;+12V/0.1A4;+13V_cpw®.1A:+3.33V/14; Others 0A

264Vac Max. Load (+5.08V/+12V/+12V_cpu Loop Gain)

Phase Margin: 48.3 DEG
Frequency: 2.56 KH=z
Gain Margin: -16.73 4B
Freguency: 21.7 KHz

+EVH+12V+ 12V _cpu Max Load Loop Gain
Test Conditions: Line:264Vac Temp:25

F
g

Phase Margin: 68.3 DEG
Frequeney: 1.7 KHz
Gain Margin: -19.59 4B
Frequency: 15.2 KHz |+ Gain(dB) — Phase(Deg)‘
60.00 180.00
4 15000
40.00 = 120.00
4 9000
2000 - e == SR 60.00
g *1-4-L) " 4 3000
0.00 e - 0.00
e | ) 4 -30.00
_20.00 [ | Pt T G0U00
L‘—"—_.,__.__lv—"“ -00.00
-40.00 -120.00
4 -150.00
-60.00 -180.00
1.00E+02 1.00E+03 1.D0E+H04 1.00E+05
FregquencyiHz)

Load:+5.08V9A;+ 12VHA+12V_cpwBA; 12V, 14;+3.33V/124,;+5.08Vsh/24

— Gain{dB) —~ Phase(Deg)

60.00 180.00
4 15000
40.00 120.00
L] 1 90.00
2000 | —— 60.00
g P 1 3000
E 0.00 i 000§
T 1 -30.00
[~ o " " He——a—
-20.00 ] -60.00
st 9000
-40.00 -120.00
4 -150.00
-60.00 -180.00
1.00E+03 1.00E+04 1.00E+05
Frequency{Hz}
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264Vac Min. Load (+5.08V/+12V/+12V_cpu Loop Gain)

+EVWH 12V 12V cpu Min Load Loop Gain
Test Conditions: Line:264Vac Temp:25
Load:+5.08ViLA;+12Vi. 14+ 12V _cpui.14;+3.33V/1A; Others DA

Phase Margin: 68.4 DEG
Frequency: 1.7 KH=z
Gain Margin: -19.49 4B

F : 15.1 KHz .
- ~ Gain(dB) —~ Phase(Deg)
60.00 180.00
15000
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1 4 9000
_ 20,00 .,_=\ '_h_ I e e, e, S Y G000 ?
-1 h 4 3000
% 0.00 X s - L\'\.\ 000 3
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_20.00 / = \k‘ ==—tTT 60,00
| 4 | | |l{4 -90.00
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4 -150.00
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1.00E+02 1.00E+03 1.00E+04 1.00E+0S
Freguency{Hz)
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