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Active power factor correction
is a common feature in today’s
switch-mode power supply
(SMPS), especially in those ap-
plications falling within the
scope of regulations that limit
harmonic currentsinjectedinto
the public supply system.

A power-factor-corrected
(PFC) SMPS is typically com-
posed of two series-connected
stages. Firstis a PFC pre-regu-
lator (i.e. a boost converter
running off the rectified main
voltage), which generates a
regulated intermediate DC
bus. The next stage is a cas-
caded DC/DC converter thatis
powered by the intermediate
bus, which generates the SMPS
output rails, providing the iso-
lation required by safety regu-
lations. Figure 1 shows a spe-
cific case typical of AC/DC
adapters, where the cascaded
DC/DC stageis asingle-output
flyback converter.

Each stage is governed by a
controller IC thatincorporates
the functions needed to prop-
erly handle power flow under
the specified operating condi-
tions, as well as some of the pro-

tection features needed to safely
control abnormal conditions.
However, the two stages do not
simply process power sequen-
tially, but somehow “talk to one
another” as well. This two-way
communication between the
two controller ICs is an impor-
tant feature. Power on/off se-
quencing, as well as no-load

and value of the specific appli-
cation) to establish this com-
munication, and allow the two
control chips to be coordinated.
In thisrespect, the PFC con-
troller ICs available in the mar-
ket offer few means to ease the
task. Since they are conceived
for the pre-regulator, they func-
tion as a standalone stage.
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Figure 2: Transition-mode pre-regulators carry standard functions such as
multiplier, voltage reference, zero-current detector and other glue logic.

conditions and fault handling,
require a coordinated operation
of the two stages.

Hence, in most SMPS de-
signs, it is possible to see addi-
tional circuitry comprising
voltage references, op amps and
comparators (or just zener di-
odes and small-signal BJTs, de-
pending on the requirements
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Figure 1: Each DC/DC stage is governed by a controller IC that handles
power flow under the specified operating conditions.

Also, evenin the lower power
range, there are applications
with demanding requirements
on the SMPS in terms of static
and dynamic performance. Con-
sider high-end AC/DC

plier, voltage reference, error
amplifier and zero-current de-
tector. Also, there are many
functions aimed at improving
the performance and safety
of the pre-regulator, as well
as simplifying the above-
mentioned “glue logic” cir-
cuitry that coordinates the op-
eration of the pre-regulator to
that of the cascaded DC/DC
converter.

As a transition-mode con-
troller, the L6563 is suitable for
systems handling about 250-
300W (this limit is always con-
troversial due to the high de-
gree of subjectivityin its assess-
ment). The device can be oper-
ated with fixed-off-time control
to get continuous inductor cur-
rent, thus extending its use to
applications with higher power
levels (500W and above). It tar-
gets applications such as high-
end AC/DC adapters, ATX sil-
ver boxes, entry-level servers,

PDPs and high-end LCD TVs.

Device functionality

The L6563 has additional func-

tions that can be divided into

three groups (Figure 2):

1. Functions that improve PFC
pre-regulator performance
(voltage feedforward, track-
ing boost and leading-edge
blanking on current sense);

2. Functions that improve PFC
pre-regulator safety (feed-

adapters'f(.)r laptops, ?n-bgard L6563 | L6562 | L6561
where efficiency needs unction
tobe maximized to alle- | Tracking boost Yes | No e
viate heat removal is- | Feedback failure Yes No No

. . detection
sues, which are subject .
to zero-to-maximum | I"Put (Line) voltage Yes No No

dvi load feedforward
andvice versastep-load [~ Vos " "
changes. detection
With these consi- [Housekeeping N
derations in mind, | (Interface with PWM Yes No °
STMicroelectronics | controller
has developed the L"dtuct_or saturation Yes No No
. etecton
L6563, a 14-pin con- Loadina-od
. . eading-edge

tyoller chip for transi- R ey Yes | No No
tion-mode operated |sense
PFC pre-regulators, | Easy-to-drive on/off Yes No No
designed for use in | control pin
SMPS. Based on the | Gate drive internal Yes Yes No
control core of a stan- | c/@mP
dard device, itincludes [ THD optimizer WD | e \E

typical  functional
blocks such as multi-

Table 1: Functional differences between
the L6563, the L6562 and the L6561.
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Figure 3: Capacitor Rfr and resistor Rff, both connected to the Vi pin
to ground, complete an internal peak-holding circuit.

dummy loss due to resistors
connected to high-voltage
lines must be minimized.

Differences between this
new IC and its predecessors,
the L6561 and L6562, are sum-
marized in Table 1.

Input voltage feedforward
function

This function, available on some
PFC control chips for higher-
power applications (where the
boost inductor is operated in
continuous conduction mode at
a fixed frequency), is imple-
mented in a chip for transition-
mode-operated PFC stages.
Eliminating the dependence of
the system gain on the inputvolt-
age by properly injecting the in-
formation on the rms input volt-
age in the loop brings better dy-
namic behavior in wide-range
main applications, lower line
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Figure 4: (a) The pin internally connects a comparator referred to a voltage reference; (b) Additional margin is
required because precision is not as good as tolerance of the zener and the MOSFET’s threshold.

back failure detection, induc-
tor saturation detection and
brownout protection);

. Housekeeping functions,
which improve the interac-
tion between the pre-regula-
tor and the cascaded DC/DC
converter (remote on/off
control and latched/non-
latched inhibit of PWM
controller).

Also, some electrical param-
eters have improved:

* In view of the larger power
levels to handle, the dynamics
available on the current sense
pinhasbeenreduced by about
36 percent. This allows the
use of lower-value sense resis-
tors and a reduction of the as-
sociated power dissipation.

* The overvoltage protection
tripping current has been
halved, so that the resistance

Condition Caused by PWM_STOP | PWM_LATCH
Feedback PFC_OK > Open Active (high)
failure 2.5V
Saturating CS>1.7V Open Active (high)
inductor
Brownout | RUN < 0.52V | Active (low) Open
or off
Standby PFC OK < Open Open
0.2v

Table 2: L6563 facilitates the implementation of housekeeping functions.

values of the divider that sets
the output voltage can be
doubled for the same over-
voltage level. This reduction
halves the consumption of the
divider, which is critical in
applications like AC/DC
adapters, where there are se-
vere requirements on the no-
load input consumption and
where, as a consequence, any

current distortion and, most no-
ticeably, constant maximum
power capabilityvs. line voltage.

The L6563 realizes this
function with just two external
parts, using a technique that
provides rejection of line volt-
age surges. In Figure 3, a ca-
pacitor Cgr and a resistor Ry,
both connected from the Vit pin
to ground, complete an inter-

nal peak-holding circuit. This
provides aDCvoltage on the Vi
pin that equals the peak of the
rectified sine wave applied to
the multiplier input MULT (no
additional input voltage sens-
ing is needed) and thus repre-
sents the mains rms voltage.
In case of sudden line vol-
tage rise, Cgr will be rapidly
charged through the low im-
pedance of the internal diode
and no appreciable overshoot
will be visible at the pre-
regulator’s output. In case of
line voltage drop, Cgrwill be dis-
charged with the time constant
R¢e* Cgr, which will take some
tens of ms to achieve an accept-
able steady-state ripple and
have low current distortion.
Consequently, the output volt-
age can experience under-
shoots such as in systems with
no feedforward compensation.

Tracking boost function

The L6563 can either work con-
ventionally, where the output
voltage is fixed at a given value,
or with the so-called “tracking
boost” or “boost follower” ap-
proach, where the regulated
output voltage is automatically
changed, tracking the rms line
voltage. This technique helps
improve the boost stage effi-
ciency at low main voltage and
may also bring the additional
benefit of a smaller inductor.

This function works in con-
junction with the input voltage
feedforward function and, com-
pared with existing solutions in
the market, offers indepen-
dence of the output load,
tighter tolerance and higher
flexibility, with just one exter-
nal resistor Ry (Figure 4).

Only the information of the
input voltage, available at the
Vir pin, is used to change the
output voltage setpoint. The
precision is good, since the to-
lerance of the internal tempera-
ture-compensated 1:1 mirrors
isnaturallytightand, then, only
resistors are involved. There is
maximum flexibility; it is pos-
sible to obtain a linear relation-
ship between the main voltage
and the PFC output voltage Vo
= p+q (Vinms), where the con-
stants p and ¢ can be fully pro-
grammed by the user with an
appropriate selection of R; and
the output divider ratio.

To avoid undesired output
voltage rise in case the main
voltage exceeds the maximum
specified value, the voltage on
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Figure 5: The boost inductor’s hard saturation may be a fatal event for
a PFC pre-regulator. The inductor current upslope becomes very large.

the TBO pin is clamped inter-
nally. By properly selecting the
multiplier bias, it is possible to
set the maximum input voltage
above which input-to-output
tracking ends and the output
voltage becomes constant.

Blanking on current sense
Digitally blanking the current
sense input of the PWM com-
parator for a fixed time makes it
blind to the leading-edge spike
due to circuit parasitics and of-
fers improved performance
compared to the RC smoothing
filter used in the L6561/2. A
clean operation of the boost
converter is ensured even at
lightload without the additional
time delay caused by the RC
time constant, which adversely
affects the maximum deliver-
able power at high mains volt-
age in case of overload.

In addition to the standard
protection function that
handles overvoltage conditions
resulting from an abrupt load/
line change or occurring at
startup, the L6563 includes an
output voltage monitoring sys-

tem that provides protection
against feedback loop failures,
long-term degradations and er-
roneous settings.

In Figure 4a, there is a pin
(PFC_OK) dedicated to provi-
ding additional monitoring of

the output voltage exceeds a
preset value, which also in-
cludes worst-case tolerances
and load/line transients.

When this function is trig-
gered, the device is latched off
aslongas the supplyvoltage V.
of the IC is above the UVLO
threshold. If required, it is pos-
sible to stop the PWM control-
ler IC of the cascaded DC/DC
converter, so that the entire
unitislatched off. To restart the
L6563, itisnecessarytorecycle
the input power, so that its V.
voltage goes below the UVLO
thresholds.

The external implementa-
tion shown in Figure 4b is
probably the simplest one. The
precisionis notas good because
ofthe tolerance of the zener and
the MOSFET’s threshold, and
there is no correlation with the
outputvoltage setpoint, hence,
additional margin is required.
Finally, there is no latch-off or

Parameter Value
Input voltage range 88-264Vac
Regulated output voltage range 220-390Vdc
Maximum output voltage 400Vdc
Maximum output power 80W
Maximum output overvoltage 40Vdc
Minimum switching frequency 40kHz
Minimum expected efficiency 90%

Table 3: 80W wide-range main PFC pre-regulator with tracking boost

function: basic electrical specification.

the output voltage. The pin in-
ternally connects a comparator
referred to a voltage reference,
tracking the reference used for
setting the output voltage. The
monitoring divider will be se-
lected so that the voltage at the
pinreaches the reference when

hysteresis, thus the unit con-
tinuously turns on and off and
the outputvoltage may stay ata
dangerously high level at light
load.

The boost inductor’s hard
saturation may be a fatal event
for a PFC pre-regulator: The in-
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Figure 6: The RUN pin internally connects a comparator referred to a voltage reference; an external voltage lower
than the internal reference keeps the IC off.

ductor current upslope becomes
so large (50-100 times steeper)
that the internal propagation
delays prevent any control (Fig-
ure 5). The current may reach
abnormally high values; the
MOSFET maywork in the active
region and dissipate a huge
amount of power, which leads to
a catastrophic failure after a few
switching cycles. This condi-
tion—which may occur if the
boost inductor is not well-
designed, or during overload
when the output-to-input volt-
age difference becomes so small
as to prevent boost inductor
demagnetization-is detected
through a second comparator on
the current sense pin.

Brownout protection function
Brownout, a mains undervolt-
age, may cause overheating of
the primary power section due
to excess rms current. It can also
cause the PFC pre-regulator to
work open-loop. This could be
dangerous, consideringits poor
dynamic response, should the
inputvoltage return abruptly to
its rated value. This is why it is
usually preferable to shut down
the unit during brownout.

The L6563 easily allows this
(Figure 6). The RUN pin inter-
nally connects a comparator re-
ferred to a voltage reference; an
external voltage lower than the
internal reference keeps the IC
off. This function is quite flex-
ible and can also be used for
other purposes. In applications
where the PFC stage is the mas-
ter (i.e. it starts before the DC/
DC converter does), it is pos-
sible to stop the PWM control-
ler IC of the cascaded DC/DC
converter, so that the entire unit
is turned off.

Figure 6a is of general use
while Figure 6b can be used if
the bias levels of the multiplier
and the Rg™* Cyr time constant
are compatible with the speci-
fied brownout level and with
the specified holdup time,
respectively.

Housekeeping functions
Aspecial feature of the L6563 is
thatit facilitates the implemen-
tation of the “housekeeping”
circuitry needed to coordinate
the operation of the PFC stage
with that of the cascaded DC/
DC converter. The L6563 pro-
vides some input and output
pins to do that: RUN, PFC_OK
(inputs), PWM_STOP and
PWM_ LATCH (outputs).



The operation of the RUN
pin has already been described
in the previous section. Pulling
it low causes the output pin
PWM_STOP to be forced low (it
is open, otherwise); this is
meant to turn off the PWM chip
of the cascaded DC/DC con-
verter and can be used as
brownout protection or as a re-

mote on/off control from some
logic signal.

The PFC_OK pin, already
seen as part of the FDD func-
tion, turns off the L6563 if
pulled low. Aside from protect-
ing the IC in case of a shorted
PFC_OK pin to ground that
would cause the protection to
be ineffective, this feature is

also a second remote on/off in-
put that can be used as an alter-
native to RUN. The designer
can choose either one, depend-
ing on which is more conve-
nientin their application. Note,
however, that unlike the RUN
pin, the PFC_OK pin does not
affect the status of the PWM_
STOP output when pulled low.

Finally, the PWM_LATCH
pin is an open-emitter output.
It is normally open when the
PFC works properly and goes
high if either the FFD function
or the inductor saturation de-
tection function is tripped with
the aim oflatching off the PWM
controller of the cascaded DC/
DC converter (Table 2). (]



