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Switching From a NCP1631-

to a NCP1632-driven
Interleaved PFC

Introduction

The NCP1632 is an up—graded version of the NCP1631.

Like “his father”, the NCP1632 is a dual MOSFET driver
for interleaved PFC applications. Interleaving consists of
paralleling two small stages in lieu of a bigger one, more
difficult to design. This approach has several merits like the
ease of implementation, the use of smaller components or a
better distribution of the heating. Also, interleaving extends
the power range of Critical conduction Mode (CrM) which
is an efficient and cost—effective technique (no need for low
t, diodes). In addition, the NCP1632 drivers are 180° phase
shifted for a significant reduction of the current ripple.

ON Semiconductor®

www.onsemi.com

APPLICATION NOTE

It is worth noting that the NCP1632 has also inherited the
NCP1631 capability to limit the switching frequency range.
Like the NCP1631, the NCP1632 is designed to operate in
critical conduction mode (CrM) in heavy load conditions
and in discontinuous conduction mode (DCM) with
frequency foldback in light load for an optimized efficiency
over the whole power range. In no-load conditions, the two
circuits further reduce operation losses by entering the skip
mode.
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Figure 1. 2-Phase Interleaved PFC Stage

Note that the frequency clamped mode of operation
not only optimizes the efficiency but also provides a
significant reduction of the boost inductors’ size. The
switching frequency of pure CrM solutions becomes high as
the load decays. It is then necessary to use high inductances
for containing the medium- and light-load frequency to
levels compatible with targeted efficiency ratios. By
contrast, the frequency clamped mode inherently prevents
inefficient frequency levels. It allows to dimensioning the
boost inductors for the only full load and as a result, to using
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smaller ones. As an example, the NCP1632 300 W
evaluation board yields high-level performance with
150 uH boost inductors when a pure critical conduction
mode solution would require about 250 uH to 350 uH ones.

In addition, the NCP1632 incorporates protection features
for a rugged operation. More generally, the NCP1632
functions make it the ideal candidate in systems where
cost—effectiveness, reliability, low stand-by power,
high-level efficiency over the load range and near—unity
power factor are the key parameters.

Publication Order Number:
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DIFFERENCES BETWEEN THE NCP1631 AND THE NCP1632

There are 4 differences in the operation of the two circuits:
® Up—graded startup phase
® Brown-out blanking time extended to 500 ms
® Latch threshold reduced to 166 mV
e Different control of the switching frequency

Improved Startup Phase
In the NCP1631, the dynamic response enhancer (DRE)
which speeds—up the response if the output drops below

No Load

95.5% of its nominal value, is disabled until pfcOK is high.
In other words, the DRE function is off until the output
voltage has reached the target level. This ensures a slow rise
of the control signal (compensation pin voltage) and hence,
a gradual power increase and finally a soft start.
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Figure 2. Start-up Phases @ 115V rms

The NCP1632 enables part of the DRE during the start—up

phase with two benefits:

® A shortened start—up phase. Figure 2 shows start—up
phases obtained with the NCP1632 (tests made on a
NCP1631 evaluation board modified to be
NCP1632-driven according to Figure 10). The output
voltage reaches its targeted level within 18 ms when the
PFC stage is unloaded and within less than 30 ms at
50% load (tests made @ 115 V rms)

® A minimized start—up over—voltage as shown by
Figure 2, when a type—2 compensation is used
(provided by Cog, C1g and R19 of Figure 10).

Brown-Out Extended Blanking Time

The NCP1631 and the NCP1632 embed the same
brown-out block which consists of monitoring the input
voltage. Practically, a portion of the average input voltage is
applied to the BO pin. This Vpp signal is used for
feedforward and is compared to an internal reference for
brown—-out protection. The brown—out comparator has a
programmable hysteresis.

A brown-out fault is detected if Vpp happens to drop
below the BO threshold (Vo ry) which is 1 V typically). A
blanking time is however implemented which prevents the
BO protection for tripping immediately. A BO fault is
detected only if a new (Vgo < Vpo(rm)) event is detected

during the 50 ms window time started after the blanking time
has elapsed. More details can be found in the data sheet [1].
The blanking delay is implemented to help pass hold—up
time requirements.
This blanking time was of 50 ms (typically) in the
NCP1631. It has been lengthened to 500 ms in the NCP1632.

Reduced Latch Comparator Threshold

Pin 10 is the input of an internal latching—off comparator.
If Vpin10 exceeds the Viarcy threshold, the part latches—off
until the circuit is reset (that is, when V¢ drops below
Vec reser)s 5.75 V typically).

In the NCP1631, the V7 47cy threshold is set to a relatively
high level (2.5 V typically) while it has a lower value in the
NCP1632 (166 mV typically).

Frequency Control Mode

Whatever the power is, the NCP1631 is designed to clamp
the switching frequency to a level set by the oscillator. When
the load decays below a threshold set by the pin 6 external
resistor, the NCP1631 enters the frequency foldback mode:
the switching frequency remains clamped but to a lower
level according to a characteristic controlled by the pin6
current. In both cases, as shown by Figure 4, the NCP1631
automatically transitions between CrM and DCM
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depending on the current cycle duration being longer or
shorter than the clamp frequency set by the oscillator.

The NCP1631 maintains a high PF performance in all
modes CrM, DCM, CrM and DCM. However, the
transitions between CrM and DCM can lead to small
discontinuities of the line current. Similarly (but to a lesser
extend), DCM transitions between valley n and valley (n+1)

and vice versa can also cause slight bumps of the line

current (D,

1. In all modes, the NCP1631 and the NCP1632 tend to turn on the
MOSFETs when the drain-source voltage is minimal, that is, at
the so-called valley. Hence, in DCM, the MOSFET will close at
the valley next to the turn on clock. Since the inductor current
cycle duration varies over the input voltage sinusoid, the
dead-time and hence the turn-on valley rank will have to change
accordingly.
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Figure 3. NCP1631 and NCP1632 Oscillator Operation (in HFC Mode for the NCP1632)

To avoid them, the NCP1632 is optimized to operate:

® In pure CrM without any frequency—clamp interaction
when the line current magnitude is high

® In deep DCM when the line current magnitude is below
a programmed level. Deep DCM means that the
switching frequency is low enough to ensure a
significant dead—time and to prevent transitions
between CrM and DCM within the input voltage
sinusoid.

The transition from one mode to the other is made based
on the input average current. Practically, a programmable
portion of the input average current is computed on the
FFOLD pin (pin 6), so that:
® The NCP1632 operates in Frequency foldback

(FFOLD) mode when Vrrorp gets below 3 V. In this

case, the oscillator lower threshold is lowered to

increase the oscillator swing and thus, to reduce its

frequency (). The oscillator lower threshold is further
reduced if VFrorp decreases more.

® The NCP1632 operates High Frequency Clamp (HFC)
mode when Vrporp exceeds 4 V. In this mode, the
oscillator lower threshold is set to its maximum value
(4 V typically). As a result, the clamp level of the
switching frequency is at its maximum level and the
PFC stage mostly runs in critical conduction mode
which is more efficient than the discontinuous
conduction mode in heavy load conditions.

The FFOLD pin voltage Vrrorp is representative of the
line current magnitude. Thus, the FFOLD mode will be set
in medium- and light-load conditions while the HFC mode
will be enabled in heavy load ones.

2. Instead of increasing the oscillator swing by lowering its lower
threshold, the NCP1631 reduces the oscillator charge and
discharge current to reduce the clamp frequency when in
frequency foldback.

www.onsemi.com
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Optimally with a 2-slope oscillator (see next section), the
HFC mode must lead the circuit to operate in pure CrM and
the FFOLD mode, to operate in deep DCM O,

3. Deep DCM means that the switching frequency is low enough to
ensure a significant dead-time and prevent transitions between
CrM and DCM within the input voltage sinusoid.

In other words, the NCP1632 is designed to operate in
pure CrM at full load and deep DCM in medium- to
light-load conditions. Efficiency can hence be optimized
over the load range without repeated transitions between the
CrM and DCM operation modes.

The next section details these aspects.

NCP1632 FREQUENCY CONTROL MODE

As aforementioned, the NCP1632 control of the switching
frequency differs from the NCP1631 one. This section
details its functioning.

A 2-Slope Oscillator

In Figure 5a) configuration, a single capacitor sets a
frequency clamp. For instance, Cpsc = 220 pF forces
120 kHz to be the maximum frequency within each branch
(the FFOLD mode reduces this level in light load
conditions). Such a clamp value is likely to force DCM
operation in part of the input voltage sinusoid (near the line

OSC pin

zero crossing in particular where the inductor current cycle
is short). To be able to force full CrM operation over a large
working range, we would need to reduce Cpgc to a very low
value. Still however, the oscillator must keep able to keep
synchronized to the current cycle for proper out—of—phase
control. This requires the oscillator swing to not to exceed
its 1 Vto 5 V range even in heavy load conditions when the
switching frequency in each individual branch generally
drops below 100 kHz. This is generally not possible with a
single small capacitor on the OSC pin.

osC pm

(eg 51kQ)

(c g 220 pF)
I (e.g., 270 pF)

a.) Basic configuration

I
|

a.) Option 1

C()?C
(e.g., 68 pF)

osc
(e.8 82 pF)

osCc
(e.g., 5.1kQ)

Crr
I (e.g. 330 pF)

a.) Option 2

Figure 4. External Components Driving the OSC Pin

Instead, the schematic of either Figure 5b) or Figure 5c)

is to be used where:

® Cosc (which value is much less than the second
capacitance Cgr) sets the high—frequency operation
necessary for operating in CtM

® Rogc limits the influence of the Cpp capacitor as long
as the oscillator swing remains below (Rosc-losc)
where Igsc is the charge or discharge current
depending on the sequence. The voltage across Cosc
being limited by Rosc (to about 1 V with 5.1 k€2), the
second much-higher—value capacitor (Cpr) is engaged

when heavy-load CrM operation imposes a larger
oscillator swing.

® Cpr is also the major contributor in adjusting the
frequency in light load (when the frequency foldback
mode forces deep DCM operation). As previously
mentioned, Cgp also ensures that the oscillator voltage
can stay above 1 V in deep CrM conditions.

Finally, Figure 5b) and c) configurations provide some
kind of wvariable—capacitance oscillator. For instance,
Option b) provides the following typical characteristics:
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Figure 5. Clamp Frequency in Each Individual Branch with the Configuration of Figure 4 b)

Managing the HFC to FFOLD Transition proportional to the line average current. As illustrated by

The NCP1632 FFOLD pin sources a current proportional Figure 6, the PFC stage enters the frequency foldback mode
to the input current (Ics). This current is changed into a dc (FFOLD mode) when Vrporp goes below 3.0V, and
voltage by means of an external (R//C) network applied to recovers high—frequency clamp mode (HFC mode) when

the FFOLD pin. The obtained Vrporp voltage is hence the FFOLD voltage exceeds 4 V.

www.onsemi.com
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In HFC mode, the oscillator lower threshold (Vpscr) is
fixed and equal to Voscow) (4 V typically).

In \j{IN Vour
2o Ml PFC Stage
2o ilter =Cn &
Zﬁ ﬁl Rsense
W = =
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y ¥ I
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S
Negative clamp proportional
to the total
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Oscillator low
FFOLD threshold control

1 .

HFC FFOLD

11|
1 mode mode
7 av/s3 v:’ >

Figure 6. Frequency Foldback Control

® VoscL =1 Vif VggoLp is below 1 V
® VoscrL =3 Vif VrrorLp exceeds 3 V

In FFOLD mode, Vpscy, is modulated by the FFOLD pin

voltage as follows:

® VoscrL = Vrrorp if VrrorD is between 1 and 3 V

Figure 7 illustrates a “natural” transition FFOLD to HFC
mode.

www.onsemi.com
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Figure 7. “Natural” Transition FFOLD to HFC Mode when Vgggp exceeds 4 V

Speeded-up HFC Recovery in case of an Abrupt Load
Increase

Note that the FFOLD pin is heavily filtered, which causes
long Vrrorp settling phases. If while in very light-load
conditions, the load abruptly rises, the FFOLD pin time
constant may dramatically delay the HFC—mode recovery.
During this delay, the PFC stage may not be able to provide
the full power because of the DCM operation caused by the

FFOLD mode. To solve this, the NCP1632 forces HFC
operation whenever the DRE comparator trips 4) and
remains in HFC mode until the output voltage recovers its
regulation level. At that moment, the conduction mode is
normally selected as a function of the FFOLD pin voltage.

4. The dynamic response enhancer (DRE) comparator trips when
the output voltage drops below 95.5% of its regulation level.

www.onsemi.com
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PRACTICAL EXAMPLE
Figure 8 provides the practical schematic of the 300 W ype=boards&rpn=NCP1631.  Figure 9  shows the
evaluation board of the NCP1631 detailed at modifications necessary to have it controlled by the

http://www.onsemi.com/PowerSolutions/supportDoc.do?t NCP1632.

R Vout

R4
ok Voutgiz  Ri4 Vaux2
R21

C5
T 100nF )
H Vin
3
22k 3
L

Lot

JESSes

G
£
&

PfcOKC11 Ribrsso
100nF D! Ro4 ~
= 1N4148 22 | D2
+

3
o > I5a1 MURS5S @
4/ © |43 Roi -~ 390V
3 E 42 Q3 10K D4 R26 _
E.‘ (@] DRV2 2N2907 DRV2 1N4148 2.2 |
=y = ka2
w . nol
R22 |\ Vec 2N2907) 10k cla L
1'%3 G12 270 uF
i 50m (3W) =100nF 450V
‘ 1
D5 L
08¢ L‘NMO
R29
ci6
I220pF 47k
Figure 8. Application Schematic of a 300 W Interleaved PFC Stage Driven by the NCP1631
D6
1N5406
N
A
lcs
T 100nF
" Vin |4 Vout
R4
1800k Voutryz  Ri14 Vaux2 ,IJHA -
he e e
RS 22k 1 i
1800k . J
‘aux2
)2 T irJ pleOKC11 Rilirsso
IS T T 100nF D3
19 Type = Y1 1800k ; o 2224 m i
- 2
L3 o~ ] o
BoH | TuF R7 ] QM N lqat MURS 0] so0v
Type = X2 1800kS  Qvp | © s - . o @
1 S{ksi e 104 1Na148 2.2 -
O DRV2 2N2907 X 1
pz4

1610 FroLp] ‘

"
I
C6 R8 | c7 COnF = TuF 41 DRV2 o
R2 220n§:%56k 1nF T ] W i
680k T o R27
1
= R19 R22 Vee Q4 10K
fé— 2N2907] c14 L
33k 1.8k i
R23 C12 270 uF
450V

50m (3W) T 100nF

L
L N Earth 1
00-265VAC Ds

» 1N540

s

R30 D7
R2g C15 20k 1N4148
os 5.1kc1;nF pfcOK- RE cis
%?PFT ook ?5?0 =470nF
T f
2-Slope Min. Frequency  Frequency
Oscillator Clamp Foldback
Network (optional) Adjustment

Figure 9. Application Schematic of the Figure 8 - Application Schematic of a 300 W
Interleaved PFC Stage Driven by the NCP1631 Board, Tweaked to be NCP1632-driven

When the FFOLD pin voltage drops below 3V, the circuit
enters the frequency foldback mode. In this case, the
oscillator threshold is set by the FFOLD pin level while the
OSC upper threshold remains fixed to Voscpign) (5 V
typically). When the input current decreases, Vrrorp
decays and the oscillator swing (Voscmigh)y~VFFoLD)

A first modification is the presence of a 2—slope oscillator.
It consists of two capacitors (C15 and Cy¢) and of a resistor
(R2g). This OSC network sets a high—frequency clamp when
the input current magnitude (measured on the FFOLD pin)
is large enough to disable the frequency foldback mode. This
ensures pure CrM operation in heavy load condition.
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increases. The swing is maximum and equal to case, the oscillator period is maximum and approximately
Vosc (swing)max (4 V typically) when (Vprorp=1V). In this equal to:

T _ (CIS + Clﬁ ) (VOSC(swing),max - (st : (1 en t I DISCH )))+ (Cls + C16 ) (VOSC(swmg),max - (st . (I cn t I DISCH )))

OSC,max —

Loy Ipiscn (eq. 1)
Which simplifies as follows:

1., +1
T, 0SC,max — w ' (C15 + Cm ) (VOSC(swing),max - st ([ et I DISCH ))

crr A oisca (eq. 2)

The minimum oscillator frequency is hence:

Tew L piscn
f :ICH+IDISCH . 1
OSC,min
Cis+Cy VOSC(swing),max — Ry (] e s ) (eq. 3)
The branch frequency is half the oscillator one. Hence:
1 CH I DISCH
f — ICH + IDISCH . 1
branch,min
2 (CIS + Cm) VOSC(swing ymax Ry (I en H pisca ) (eq. 4)
In our case, it comes:
60-107° 1
oo = (22107 +1000-10 ) 4—(5.1-10°- (140+105)~10'6)E Hhitz
: (eq.5)

Such a frequency is in the audible range. To increase it, foldback mode), thus, limiting oscillator swing to about
R30, R31 and D7 of Figure 10 prevent the FFOLD pin from (Vosc (nigh)=2V), that is, nearly 3 V. The branch minimum
dropping below about 2 V (Vpre0k is S 'V when in frequency frequency becomes:

-6
Frmtin =503 106*?2 1?000 107) 3-(5.1-10° 1110 10sy100) -
( ’ + ' ) _(' 110°- (140+105)- ) (eq. 6)
FFOLD to HFC line magnitude threshold:
The FFOLD pin sources a current proportional to the input occur when Vrporp is between the 3-V and 4-V threshold,
current: that is, (VrrorLp )n=3.5 V:
R T (VFF()LD) Ry, R
Loy =1es =1, (£)- == L) =(Lporms ) =——- & =39.—=2
FFOLD CcS m( ) R22 (eq 7) ( B ),h ( line, 'th 2\/5 Rzg .st R29 'Rz3
(eq. 9)

Where:
® R»3is the current sense resistor With selected resistor (150 kQ on the FFOLD pin, in
® Ry is the resistor placed between the CS pin and Ry3. particular), the line rms current threshold is 0.94 A. This will

lead the system to transition at about 110 W at 115 V rms and

Hence, the FFOLD average voltage is: 220 W at 230 V rms.

ROR 22 R.-R The hysteresis is modulated by the capacitor which filters
Verorp = % (i (¢ )>T, T % Aoy ms the FFOLD pin (Cy3 of Figure 10). A good trade-off
2 2 (eq. 8) generally consists of selecting C13 so that the FFOLD pin is

) ) ) ) in the range of 4 times the line frequency:
Where Ryg is the resistor applied to the FFOLD pin.

co=_ 4 - 4 =444 nF
Due to the FFOLD low—frequency ripple (at twice the line TR, f,. 150-10°-60 (eq. 10)
frequency), we can consider that the mode transition will
We have selected 470 nF.
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CONCLUSIONS

The NCP1632 is a direct successor of NCP1631 from
which it has inherited most of the features including the
accurate and robust interleaving technique or the protections
for a rugged operation.

Like the NCP1631, it also controls the switching
frequency variations and thus, both optimizes the efficiency
over the line/load range and provides a significant reduction
of the boost inductors’ size.

However, the NCP1632 switching frequency method
differs from the NCP1631 one. The NCP1631 permanently
clamps the switching frequency, which can cause repeated
critical to discontinuous conduction mode transitions and

due to them, can lead to small line current bumps. The

NCP1632 eliminates the current bumps by:

® Forcing critical conduction mode operation in
heavy-load conditions and prevent DCM operation in
this case

® Forcing deep discontinuous conduction operation in
light— and medium-load conditions.

The NCP1632 also improves the startup sequence,
features a longer brown-out blanking time and a lower
threshold latching—off comparator.
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