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Description

This paper describes the key steps to rapidly design a
CrM/DCM PFC stage driven by the NCP1623. The process
is illustrated in a practical 100-W, universal mains
application:
® Maximum Output Power: 100 W
® Rms Line Voltage Range: from 90 V to 264 V

® Regulation output voltage:
¢ 250 V in low line (115-V mains)
+ 390 V in high line (230-V mains)

Introduction

There’re several options of the NCP1623. This
application note focuses on the A version (NCP1623A)
which mainly differs from the other versions in the follower
boost capability.

Housed in either SOIC-8 or TSOP-6 packages, the
NCP1623A is an extremely compact PFC controller
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+ Redundant over—voltage protection (OVP2): CS/ZCD
multi—functional pin is used to detect excessive output
voltage levels and prevent a destructive output voltage
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STEP 1: DEFINE KEY SPECIFICATIONS
® Line frequency, fiine:
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For instance, at low line, full load (top of the sinusoid), the
switching frequency is:

(/2 90)2 (250 - /2 - 90)
fow = 4105250 - 200 - 106 95 kiHz
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STEP 3: IC CONTROL CIRCUIT DESIGN

FB Pin Circuit
As shown by Figure 1, the feed—back arrangement

consists of:

® A resistor divider that scales down the bulk voltage to
provide the FB pin with the feedback signal. The upper
resistor of the divider generally consists of two or three
resistors for safety considerations. If not, any accidental
shortage of Reg1 would apply the output high voltage to
the controller and destroy it.
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VCTRL Pin Circuit

In order to find the control to output transfer function, the
output voltage is defined by the multiplication of the output
current and the output impedance. Using equation 2 and
assuming the efficiency is 100%, the output current is given
by:

2
pin Vline,rms : ton

i (V \ ) = — =
out trlr Vout
o Vout 2L Voy

Vline,rmsz * Tonmax - (ch - 0.5)
8L Vo
The output current partial differentiation by the output

voltage is equivalently the output load resistance, Rjpad,
based on the equation:

(eq. 33)

diout _ Vline,rm52 " Tonmax * (Vctrl - 0'5)
Vo S 8-L- vom2
_ w1
Vout Rioad (eq. 34)

Therefore, digyt / OVout €an be included in the output
impedance and total output impedance is:

1
Zou(S) = Rigag [l Rigad | s -

Cruik (eq. 35)

The output current partial differentiation by the control
voltage is:

Bigye
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390V
Ry ————— 780k
25V 20 S
264V2 5 s 152k
Gy 424
16 200 H 390V
c, 424 346 F 33 F
2 25Hz 780k
152k 68 F
R, 156k 15k
2 33 F
t — —
an > 3
Cp 245nF 220 pF
2 25Hz 15k

(eq. 46)

CS/ZCD Pin Circuit
The circuit detects an ovégurrent situation if the voltage
across the current sense resistor exceeds 0.5 V. Hence:

05V
Rsense o (eq. 47)
’ max
Combining the result in equation 6 leads to:
05V
Rsense m 0.15 (eq. 48)

In our practical case, 0.12 resistor is selected to have a
bit of margin. Rsense losses can be computed using
equation 10 giving the MOSFET conduction losses where
RsensereplacesRbs ony

I:’out,max
PRrsENSE max 5 Rsense
V.
line,rms LL
1 8 2 VIine,rms LL
3V (eq. 49)

out,LL

Hence, our 0.12 current sense resistor will dissipate
about 124 mW at full load, low line.

v LesT Dest Vo
000" * P =

VDRAIN

Rcsia

DRV _| Rcsib Rest
Resic
CS/zCD
Rsense
\/

Figure 3. Drain Sensing for ZCD

The drain sensing based ZCD circuitry is shown in
Figure 3.Drain voltage is sensed by CS resistor network and
scaled down b¥cs:

R(ZSl RCSZ

KCS R

cs2 (eg. 50)

whereKcgis 133 andcs2is 62 k in general.
The values oRcs1andRes;
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NpRi Dest
VIN ‘m ° N VOUT
LBsT
Vaux ©O—0000 ‘_|‘ D Vaux
Naux
NPRI/NAUX =10 RAUX
Caux
DRV
Daux
Res1
CS/ZCD

Rsense

Figure 4. Aux. Winding Sensing for ZCD

It is possible to use the schematic shown in Figure 4 to
generate the signal of CS/ZCD pin. Thanks to the auxiliary
winding voltage capacitor Caux, Raux and Daux it is
possible to generate at the cathode of Dayx a voltage equal
to the power MOSFET drain voltage multiplied by the
auxiliary (Naux) to primary (Npgy) transformer turns ratio.
The parameter Kcg previously described is now defined by:

_ Negy ) Resi TR

KCS -

NAUX

WWW.onsemi.com
8



http://www.onsemi.com/

AND90156/D

SUMMARY
Table 1. MAIN EQUATIONS
Step Components Formula Comments
Step 1:
Key fine: Line frequency. It is generally specified in a range of 47 T 63 Hz for 50 Hz/60 Hz applications.
Specifications . .
(V“neyrms)HL. Lowest Level of the line voltage, e.g., 90 V.
(V”ne’rms)LL: Level for the line voltage, e.g., 264 V.
Vout,nom: Nominal Output Voltage at highTline, e.g., 390 V.
Vout,LL - Output voltage at lowTline (by follower boost) , e.g., 250 V.
(6V0ut)pk,pk: PeakTtoTPeak output voltage ripple in the line frequency
thoLp-up: HoldTup Time that is the amount of time the output will remain valid during line dropTout, e.g., 10 ms.
Vout,min: Minimum output voltage allowing for operation of the downstream converter, e.g., 180 V.
Pout,max: Maximum output power consumed by the PFC load, e.g., 100 W.
n: System efficiency, e.g., 95%.
(Pin'a"g)max: Maximum input power from the mains line at full load and lowTline, e.g., 105 W assuming 1 = 95%.
Step 2: PFC Inductor 2 Maximum inductance
Power Stage (Vline,rms)u_ Ton,max: Max turnton time
Design Ls———" Tonmax

2- (Pin,avg)max

( p ) Maximum peak current
~\' inavg max

(ILypk)max =2v2 (V )
line,rms /| |
Maximum rms current
= IL'pk max
R
v
Bridge Diode 1.8 - Vi - Pyt max Maximum power loss
(Pbridge)max -~ V;: bridge diode forward voltage

(Vline,rms)LL M

MOSFET 2 Maximum conduction loss

P out max Rps(on): FET onTstate resistance

4
(PonJmax = 3 ’ RDS(on) ’
n- (Vline,rms)LL

8/2- (Vline,rms)u_

37 - Vo
Boost Diode ( ) P out max Maximum conduction loss
Py =V, —
diode/max f
Vout,LL
Bulk Capacitor P out max Minimum capacitance
Cgulk = to meet output ripple spec

(‘Wout)pk—pk “0 - Vo

2 - Poytmax * thoLp—up Minimum capacitance

Cuik = > 5 to meet holdTup time spec
Vout,LL - Vout,min
(le,ms) max Maximum rms current

2
32,2 ) (Pin,avg)max (Pout,max)
out,LL

o (Vline,rms)LL -V

2

Vout,LL
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Table 1. MAIN EQUATIONS (continued)

Step Comments
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Figure 5. System Schematic of 100 W Design
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