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PFC Control: ICST

PFC Control:

Leading Edge Modulation
with Input Current
Shaping Technique
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*|CST Is based on the following equations: PFC Control: ICST

@)

— 2
I, =1, @)

*Equation 2 means: average boost inductor current
equals to input current.

*Assume that input instantaneous power is about to
equal to the output instantaneous power.

©)

(4)

*For steady state and for the each phase angle, boost
converter DC equation at continuous conduction
mode Is:
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PFC Control: ICST

*Rearrange above equations, (1), (2),(3), and (4) in term of Vout and d,
boost converter duty cycle and we can get average boost diode current
equation (5):

(5)

(6)
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PFC Control: ICST

oIf the value of the boost inductor is large enough, we can assume

|4 Is constant during each switching period, 1/67.5khz.

It means during each cycle or we can say during the sampling,
the diode current is a constant.
*Therefore, equation (6) becomes:
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(8)

*Using this simple equation (8), we implement the
PFC control section of the PFC-PWM controller,
CM6805/6 & CM6903
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Review Leading Edge Modulation & Average Current Mode PFC Contrc

VOUT

[+]

/\/\ Current Loop Output

RAMP =
CLK
Q

Assume the impedance looking
into the converter appears resistive

/\/\ Inductor Current

% ip in a few switch-
ing cycles

Vertical: 500mV/div
Horizontal: 2ms/div
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*Sensing diode current (can use

either current sense transforme

for efficiency or simple current

sense transistor)

*No AGC or multiplier

*Easy to compensate

* Automatic slope compensation
*AC or DC input

f PFC of ML4833

I’Ft‘.l)-l-tv 1T L
Figure 12a. In PFC Control
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PFC Control: ICST

Experimental Results of 100W Boost Converter

Top Trace: Voltage Signal of
Inductor Current
Bottom Trace: RAMP

Duty Cycle Timing

2Vidiv

5Vidiv

5us/div

Top Trace: Voltage Signal of
Inductor Current

Middle Trace: RAMP

Bottom Trace: PFC Gate Drive
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Leading Edge Modulation
without Slope Compensation

If D>50% then any current perturbations (Al) caused by noise will converge over time.
If D<50% then any current perturbations caused by noise will diverge over time.
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PFC Control: ICST

Leading Edge Modulation
with Slope Compensation

Slope compensation will help make the signals converge.
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PFC Control: ICST

Leading Edge Modulation
with Slope Compensation

D<50%

What is the minimum slope for D<50%?
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PFC Control: ICST

Leading Edge Modulation
with Slope Compensation

D>50%

What is the minimum slope for D>50%?
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Trailing Edge Modulation
without Slope Compensation

D<50%

D>50%

If D<50% then any current perturbations (Al) caused by noise will converge over time.
If D>50% then any current perturbations caused by noise will diverge over time.
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Slope compensation will help make the signals converge.
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Leading edge modulation current-mode needs slope compensation
hen D (the duty cycle) <0.5.
VEAOQ is the voltage error amplifier output;
I is the inductor current;
m; is the rising slope of the inductor current waveform;
my is the falling slope of the inductor current waveform.

The following equations can be derived:

Al
AT = =9 (1)
mp

Al
mj

AT = 2)

(1) and (2) yield (3):

mj
- _ —L (3
Al Alg X — 3)

In general form:

mip\n
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PFC Control: ICST

D'=1-D (5)
I=my xD' (6)
I=my xD (7)
mo2 XxXD'=myxD (8)

So the relationship between D and Al is:

ALy = (~alp x %) B C)

his leads to the conclusion that when the duty cycle (D) is greate
than 50% for leading edge modulation without slope compensation
the current loop is stable. And, when the duty cycle is less than
50%, the current loop is unstable.

hen a current-mode converter uses leading edge modulation with
slope compensation the current loop is stable for all values of duty
cycle.
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In the next set of equations A, Ay, Az, B, By, B2, H, and h are used
for deriving the equations and have no physical properties.

Al
a- 2L A g —
my my

Al H
" B, 5= —
mp my

B =

A=A1+A2 B=Bl+B2 H—h:(A1+B2)xm

From these the relationships among the inductor current slopes,
the compensation slope, and the inductor current difference are:

(m; - m)

Al; = =Alg x (10)

(m2 + m)
For a stable current loop the following equations exist:

(m; — m) <1 (11) m > 0.5 x my (12)

(m2 + m)
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PFC Control: ICST

When Duty Cycle is less than 50%, it needs the slope compensation.
Vos goes up <-----> Ramp Slope goes up

The worst condition occurs when D =0 and V)N = 380V.
At that time:

dii _ Vin _ (1)
dt L
1 dip 380

—————————  YR5 = —— xRGx ——— 2
S x RFilter * CFilter + 1 > dit L S x RFiiter * CFilter + 1 @

380 1 1 @

~VOosmIN = x R5 x .
L J (RFiiter * CFilter 271:70kHz)2 + 12 70kHz

Actual slope value

OFFSET

Minimum possible slope value
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PFC Control: ICST

ISENSEOUT
= Ax Sin(27ft)

IAC

; IAC enhances the THD during light load and high line
= B x Sin(27ft)

ISENSEOUT+IAC

= (A+ B) x Sin(2ft)
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IAC, Pin 2: StartUp and PFC Slope Comp CM6307

VCC, Pin 8 For fast start up applications PEC Control: ICST

FAST START UFP

LINE INFUT VOLTAGE

PFC Current Loop

CM6807 IAC have the Switch

to switch to VCC During start up
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IAC, Pin 2: StartUp and PFC Slope Comp PFC Control: ICST
VCC, Pin 8

For Applications, it does not need fast start up.

LINE INFUT VO LTAGE II

PFC Current Loop

CM6807




Champion Microglectronic

2 purposes to add Isense filter:
* Protect IC during inrush current

To Reduce Boost Inductor

Bridge
Rectifier A

47 Rectifier B
. Chip

RF]LTER 3 Common
CriLTER

CM6807
PFC Control: ICST
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PFC Control: ICST

Rsense

. AVour PIN AVERAGE
AVeao  Vout X AVEap xS x Cpc

AVEpQ

AVeg = GmxZ¢

AVour  AVrs  AVEao _ PIN AVERAGE X 2.5V
QVEAO AVOUT AVFB - VOUT X AVEAO x S x CDC x 380V

.. Loop Gain = xGmx Z¢
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Veao (pind4) and Vb (pin5 PFC Control: ICST
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Layout Issues, in order of importance

#1: R5 and R11 must be physically butted against one another, and their junction
must be connected to the IC Ground pin. If there is switching current minimize

the distance to chip gnd.
: R18 (from the opto islator) must be physically butted against the IC Ground pin.

GROUND
PFC (Es.‘.‘):ENSE PWM Rsense

IC Ground
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APPLICATION CIRCUIT FORE PYMTEIFAULT PIN
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Forward Converter

T AND 0 DP'W]!T: FATLT1

E 55
FOR SHORT
N OFF { ' l RFWMTRIFAULT1

FWHFHORTCMEF i DFWHTRIFAULTE =3, 2K

q YOC=0.7% (PIN 7 )!

FWMTRIFATLT ! AULTE

GREENMODE '_J. ! CEWMTRIFAL LT 'I'I'IJ""'CP'E]EI'RIFHULT I RFFYMTRIFATLTE
| €.43UF
;,L__”?:N UFF = (FCC-1.4)/% Y RPULLDOWN _|QFHOTOCOUPLE

440K
GREENCHP

{FOR NO LOAD CONSUMPTION) 170 () | N A Secondary Side
|

GHD ! L -

(PIN 6 )l MEVML g rwuouT

y1 |

JAUHINHPUT

s
z B
Bih By 5v

GREEN MODE FUNCTICN TC TUEN OFF FFC HAS BEEN DISTABLE BY 2 DICDES
DPWMTRIFAULT1 and DFWMTRIFAULTZ2

|
APPLICATION CIECUIT FOE PWMTREIFAULT PIN
GOVEE POWEER OFE SHOET CIRCUIT PEGTECTIGN € LATCH MODE
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For 85+
LCD TV or Desk Top



