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Introduction

This application note describes the demonstration board EVL4984-350W, based on the
“Continuous Conduction Mode” PFC (CCM) controller, the L4984D, and presents the results
of its bench evaluation. The board implements a 350 W, wide-range input, PFC pre-
conditioner suitable for all SMPS from 150 W to those in the kilowatt range which must meet
the IEC61000-3-2 or the JEITA-MITI regulation.

Figure 1. EVL4984-350W demonstration board
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Main characteristics and circuit description

The main characteristics of the SMPS are listed below:

e Input mains range: 90 to 265 V

e Minimum line frequency (f,): 47 Hz

e Regulated output voltage: 400 V

e Rated output power: 350 W

e Maximum 2f__ output voltage ripple: 12.5 V (peak- to-peak)
e  Hold-up time: 20 ms (VDROP after hold-up time: 300 V)

e  Switching frequency: 70 kHz

e  Minimum efficiency: 94% (at V;, = 90 V¢, Poyt = 350 W)

e PCB: single-sided, 70 ym, CEM-1, 112 x 114 mm

The power stage of the PFC is a traditional boost PFC converter, connected to the output of
the rectifier bridge D2. It is comprised of the boost inductor L3, the power switch, formed by
the parallel of MOSFETs Q1 and Q2, the diode D3 and the output capacitors C3 and C4.

The 300 V varistor RV1, connected between the line and the neutral, protects the circuit
against high input voltage transients while the fuse F1 disconnects the mains in case of
short-circuit.

To meet the EMC standards, the board is equipped with an input EMI filter cutting the
switching noise coming from the boost stage. In particular L2 filters the common-mode
emissions while L1, C1, C2 reduce the differential-mode emissions.

The L4984D has to be supplied by an external power supply, connected between pin #1
(VCC) and pin #2 (GND) of J3.

The capacitor C14 connected to the TIMER (#7) pin determines the switching frequency.
The resistor divider R12, R16, R22 and R24 provides to the L4984D multiplier (MULT, pin
#3) the information of the instantaneous mains voltage that is used to modulate the peak
current of the boost, the Togg duration and is fed to the VFF block.

The resistors R6, R8, R13 with R17 and R18 are dedicated to sense the output voltage and
feed to the inverting input of the error amplifier (INV, pin #1) the feedback information
necessary to keep the output voltage regulated. Between the INV (#1) and COMP (#2) pins,
the components C8, R21 and C11 form the error amplifier compensation network in order to
keep the required loop stability.

The inductor peak current is sensed by resistors R27, R30, R31 placed in series to the
MOSFETSs’ source and the derived signal is fed into the current sense pin (CS, #4) of the
L4984D via the filter by R29 and C13. C15 and R28, connected to the VFF pin (#5),
complete an internal peak-holding circuit providing the information on the RMS mains
voltage, deriving a DC voltage equal to the peak of the MULT pin (#3) voltage, which is fed
to the multiplier to compensate the control loop gain dependence on the mains voltage.

The brownout function is also implemented using the VFF pin. A voltage below 0.8 V on the
VFF pin (#5) shuts down (no latch) the IC and brings its consumption to a considerably
lower level. The L4984D starts as the voltage at the pin rises above 0.88 V.

The divider R5, R10, R14 and R23 provides to the L4984D PFC_OK pin (#7) the information
of the output voltage level, to trigger the dynamic OVP protection, preventing the output
voltage from excessive values during the load transients due to the slow response caused
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by the intrinsic narrow bandwidth of PFC systems. If the voltage on the PFC_OK pin (#7)
exceeds 2.5V, the L4984D stops switching and restarts as the voltage on the pin falls below
24 V.

The open-loop protection (also called feedback failure protection) monitors the PFC_OK
(#7) and INV (#1) pins. If the voltage of the PFC_OK pin (#7) exceeds 2.5 V, and at the
same time the voltage on INV pin (#1) falls below 1.66 V, a feedback failure is assumed and
the device is latched off. Normal operation can be resumed only by cycling Vcc (pin #10),
bringing its value lower than Vgrestart (6 V, typ.), before rising up to the turn-on threshold
Vecon (12V, typ.).

Additionally a remote on/off control input is present. If the voltage on the PFC_OK pin (#7) is
tied below the PFC_OK disable threshold (Vpgc ok p, 0-23 V typ.), the L4984D is shut
down and the operation is restarted when the voltage on the PFC_OK pin (#7) increases
above the PFC_OK enable threshold (Vprc ok g, 0.27 V typ.). The L4984D operation can
be also disabled or enabled to manage properly light load or failure by the D2D via the
PFC_OK pin (#7), using pin #3 of J3 (ON/OFF).

3
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Figure 2. EVL4984-350W CCM PFC demonstration board electrical schematic

00k

3Y

440/NO | ¢  —
aNo | ¢

QOA| v  —

oL

zey

1€0z-L2°22
er

T ZNg arserl oL any
_ 910, in ey 510, _
eexo | | eexo €640
ey oy 24 4dogg $0-04d 44A ddoge

ol T
62y 10 — €40,
— l_l o0 oNe
Pl — yINL s0 e oo

—
Il
Il

_|

. L i3
- ane 1100 1
. ao dnoo
= =t 3 T
o NO89
- -  0on ANI HHO: -
ﬂ T NBg
1 AgE-dn00L NoLy = 8
MINIS-LYIH r— sed 010 60
ZSH — o SNSONLZALS ﬁ 00k 95
[49] = (345} €2y
1 [ . .
[ ozy
H ——P—
Lef[ * Xdr
il
snsoNizas T 9a
o,
849 ENE Ny
61y vy [z}
| 'A3¥ 80d
ENE BINE
oy 9y
\z
ENE BNE
kL) zLy
T 1
MNIS-LYIH
P ISH]
b
xdr | 1 052
2ant Y
P = = = = = = 90 VL-Huwg —
— 21 —T
A0ZG-4nL A0ZS-4uoze v € ve'aL 3snd
NI A0S - 4n00L A0S - 4n00L \02S-4U0LY [4e) 3] o [E]
NI il = €0 pA%e) 2X-NOLY M0SL 9BA00E
N [ ._- 2L15008PLZ x = = 5O 2% LAY,
9PA0OY+ gl ol
9PACOV+ l ! H —— N ~* ~ 1 -
d490SBHLS  ——
o 162508} OIN €a VL - HNOL HoseXsla
2y n ca
INoAQOY+ ¢

AN4163

7/33

AM13391v1

DoclD023658 Rev 2




Test results and significant waveforms AN4163

2 Test results and significant waveforms

2.1 Harmonic content measurement

One of the main purposes of a PFC pre-conditioner is the correction of input current
distortion, decreasing the harmonic contents below the limits of the relevant regulations.
Therefore, this demonstration board has been tested according to the European standard
EN61000-3-2 Class-D and Japanese standard JEITA-MITI class-D, at full load at both the
nominal input voltage mains.

As shown in Figure 3 to Figure 6, the circuit can reduce the harmonics well below the limits
of both regulations from full load down to light load. An output power of 70 W has been
chosen because it is close to the lower power limit at which the harmonics have to be limited
according to the above-mentioned standards.

Figure 3. EVL4984-350W: compliance to Figure 4. EVL4984-350W: compliance to JEITA-

EN61000-3-2 standard at full load MITI standard at full load
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Figure 5. EVL4984-350W: compliance to Figure 6. EVL4984-350W: compliance to JEITA-

EN61000-3-2 standard at 70 W load MITI standard at 70 W load
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Test results and significant waveforms

For user reference, waveforms of the input current and voltage at the nominal input voltage
mains and different load conditions are shown in Figure 7 to Figure 10.

Figure 7. EVL4984-350W input current
waveform at 100 V - 60 Hz - 350 W load

Figure 8. EVL4984-350W input current
waveform at 230 V - 50 Hz - 350 W load
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Figure 9. EVL4984-350W input current Figure 10. EVL4984-350W input current
waveform at 100 V - 60 Hz - half load waveform at 230 V - 50 Hz - half load
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Figure 11. EVL4984-350W input current
waveform at 100 V - 60 Hz — 70 W load

Figure 12. EVL4984-350W input current
waveform at 230 V - 50 Hz - 70 W load
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The Power Factor (PF) and the Total Harmonic Distortion (THD) have also been measured
with the results given in Figure 13 and Figure 14. As shown, the PF at full load and half load
remains above 0.9 over the input voltage mains range, while when the circuit is delivering
70 W, it decreases at high mains range. THD is within 20% until 230 V and at the maximum
mains voltage (265 V) it increases at the maximum input voltage.

Figure 13. Power factor vs. V;, and load Figure 14. THD vs. V;, and load
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The measured efficiency is shown in Figure 15, measured according to the ES-2
requirements: it is very good at all load and line conditions. At full load it is always higher
than 94%, making this design suitable for high-efficiency power supplies. The average
efficiency calculated according to the ES-2 requirements at different nominal mains voltages
are shown in Figure 16.
10/33 DoclD023658 Rev 2 Kys
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Figure 15. Efficiency vs. output power

Figure 16. Average efficiency acc. to ES-2
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The measured output voltage at different lines and static load is given in Figure 17. As
shown, the voltage is very stable over the entire input voltage and output load range.
Figure 17. Static V,,; regulation vs. output power
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2.2 Inductor current in FOT and L4984D THD optimizer

3

Figure 18 through Figure 21 represent the waveform of the inductor current at different
voltage mains. As shown in Figure 18 and Figure 20, the inductor current waveform over

a line half-period is very similar to that of an average CCM PFC. Comparing Figure 18 to
Figure 20 showing the inductor ripple envelope at 115 V,; and 230 V respectively, it is
possible to notice the different ripple currents and how the converter operates in either CCM
or DCM depending on the input voltage and the load. At 115 V,. the borderline between
DCM and CCM occurs close to the zero-crossing of the current sine wave, so the inductor is
working in CCM for almost all the line period while at 230 V. the borderlines between DCM
and CCM move toward the top of the circuit and the boost inductor works in CCM only in

a portion centered around the peak of the sine wave.
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Figure 18. EVL4984-350W inductor current
ripple envelope at 115 V,; - 60 Hz - full load

Figure 19. EVL4984-350W inductor current
ripple (detail) at 115 V. - 60 Hz - full load
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Figure 20. EVL4984-350W inductor current
ripple envelope at 230 V,. - 50 Hz - full load

Figure 21. EVL4984-350W inductor current
ripple (detail) at 230 V, - 50 Hz - full load
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On both the drain voltage traces shown in Figure 19 and Figure 20, close to the zero-
crossing points of the sine wave, it is possible to note the action of the THD optimizer
embedded in the L4984D, minimizing the conduction dead-angle occurring on the AC input
current near the zero-crossings of the line voltage (crossover distortion). In this way, the

THD (Total Harmonic Distortion) of the

current is considerably reduced. A major cause of

this distortion is the inability of the system to transfer energy effectively when the
instantaneous line voltage is very low. This effect is magnified by the high-frequency filter
capacitor placed after the bridge rectifier, which retains some residual voltage that causes
the diodes of the bridge rectifier to be reverse-biased and the input current flow to

temporarily stop.
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3

To overcome this issue the device forces the PFC pre-regulator to process more energy
near the line voltage zero-crossings as compared to that commanded by the control loop.
This will result in both minimizing the time interval where energy transfer is lacking and fully
discharging the high-frequency filter capacitor after the bridge. Essentially, the circuit
artificially increases the ON-time of the power switch with a positive offset added to the
output of the multiplier in the proximity of the line voltage zero-crossings. This offset is
reduced as the instantaneous line voltage increases, so that it becomes negligible as the
line voltage moves toward the top of the sinusoid and it is modulated by the voltage on the
VFF pin, so as to have little offset at low line, where energy transfer at zero-crossings is
typically quite good, and a larger offset at high line where the energy transfer gets worse.

To derive maximum benefit from the THD optimizer circuit, the high-frequency filter
capacitors after the bridge rectifier should be minimized, compatible with EMI filtering
needs. A large capacitance, in fact, introduces a conduction dead-angle of the AC input
current in itself, thus reducing the effectiveness of the optimizer circuit.

Switching frequency and TIMER pin

With the L4984D the switching frequency is determined by a capacitor connected between
the TIMER pin and ground, charged by an accurate internal generator (I;gr) of 156 A
(typ.) during the OFF-time, generating a voltage ramp. As shown in Figure 22 when the
voltage ramp on TIMER equals the voltage on the MULT pin, connected through a resistive
divider to the rectified mains to get a sinusoidal voltage reference, the OFF-time of the
power MOSFET is terminated, the gate driver (GD) pin is driven high and the ramp resets at
zero. The timing capacitor C+ is then selected with the following formula described in the
L4984D datasheet:

Equation 1

I

— TIMER
Cr=rvq

B k, Voutf_

where fgy is the switching frequency and k,, the ratio of the resistive divider on the MULT
pin, calculated considering the maximum value of the multiplier input, that is the voltage
measured on the MULT pin at maximum mains voltage. The switching frequency fgy is not
constant but is modulated at twice the line frequency ripple 2f| appearing across the output
capacitor C, spreading the spectrum of the electrical noise injected back into the power
line and facilitating the compliance with conducted EMI emission regulations. The switching
frequency chosen for this design is around 70 kHz, so the capacitor on the TIMER pin
needed to obtain the desired frequency is:

Equation 2

~ 156 uA
T 8.107.400V - 70kHz

=695pF

An NPO capacitor with commercial value of 680 pF has been selected for the TIMER
capacitor. For further details on the calculation procedure of the entire converter, please
refer to AN4149, “Designing a CCM PFC pre-regulator based on the L4984D”.
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Figure 22. EVL4984-350W 115 V. - 60 Hz - normal working condition
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Voltage feed-forward

The power stage gain of PFC pre-regulators varies with the square of the RMS input
voltage. This applies as well to the crossover frequency fc of the overall open-loop gain
because the gain has a single pole characteristic. This leads to large trade-offs in the
design. For example, setting the gain of the error amplifier to get fc = 20 Hz at 264 V.
means having fc = 4 Hz at 88 V., resulting in sluggish control dynamics. Additionally, the
slow control loop causes large transient current flow during rapid line or load changes that
are limited by the dynamics of the multiplier output. This limit is considered when selecting
the sense resistor to let the full load power pass under minimum line voltage conditions, with
some margin. However, a fixed current limit allows excessive power input at high line,
whereas a fixed power limit requires the current limit to vary inversely with the line voltage.

The voltage feed-forward function can compensate for the gain variation with the line
voltage and allow overcoming all of the above-mentioned issues. It consists of deriving

a voltage proportional to the input RMS voltage, feeding this voltage into a squarer/divider
circuit (1/V 2 corrector) and providing the resulting signal to the multiplier that generates the
current reference for the inner current control loop. In this way a change of the line voltage
will cause an inversely proportional change of the half sine amplitude at the output of the
multiplier so that the current reference is adapted to the new operating conditions with
(ideally) no need for invoking the slow dynamics of the error amplifier. Additionally, the loop
gain will be constant throughout the input voltage range, which improves significantly
dynamic behavior at low line and simplifies loop design.

The L4984D implements voltage feed-forward with a technique that makes use of just two
external parts and that limits the feed-forward time constant trade-off issue to only one
direction. A capacitor Cgr (C15) and a resistor Rgg (R28), both connected to the Vgg pin
(#5), complete an internal peak-holding circuit that provides a DC voltage equal to the peak
of the rectified sine wave applied on the MULT pin (#3). Rgr provides a means to discharge
Cgr when the line voltage decreases.

However, a drawback of the Vgg technique is an increase of the harmonics. Deriving
a voltage proportional to the RMS line voltage implies a form of integration, which has its
own time constant. If it is too small, the voltage generated will be affected by a considerable
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amount of ripple at twice the mains frequency causing distortion of the current reference
(resulting in high THD and poor PF). If it is too large, there will be a considerable delay in
setting the right amount of feed-forward, resulting in excessive overshoot and undershoot of
the pre-regulator's output voltage in response to large line voltage changes. Clearly, a trade-
off is required. For reference, in Figure 23 and Figure 24 the comparison of the input current
shape and the measurement of the THD and 3™ harmonic amplitude for different Cgg values
taken from a similar board using the former L4984D are shown.

Figure 23. EVL4984-350W input current shape Figure 24. EVL4984-350W input current shape
at 100 V,. - 60 Hz - Crr = 470 nF, Rgg = 390 kQ at 100 V,. - 60 Hz - Crg =1 yF, Rgp =1 MQ

ek Aun Hi Res

9
1

ke

I 4.0z 125k84s 8 .0psht 1A 4 Drns 125kS/ & Opspt

Ch3  200m¥  Bu Ché 204  Q Bw A Chd s 1564 Ch3  200mY  Ew Ch4 204 @ Bw 4 Chd s 1564

THD [%]: 3.6 % - 3™° harmonic: 0.07 A THD [%]: 2.8 % - 3"° harmonic: 0.057 A

CH3: VFF - pin #5 CH3: VFF - pin #5

CH4: input current AM13410v1 | | CH4: input current AM13411v1

17670 Acos 30 Mar 02 00:07:59 = _
0 fammsj ek Run Hi Res 460 #ogs 29 Mar 02 23:39:21 msj
Chd Position Cha Position

Ch4 Scale

VFF
/1 /l 7 Chd Scale
Input Current IFrIsica) 3B87A Irpout Gurrent RN (04) 373N
] +—
IPI-PEIC3) 56 84my \ PR-PKIC3]  13.81mY
-

VI VAR VAR

v

3

To overcome this issue the new L4984D has integrated an innovative circuitry which allows
getting a fast transient response for whichever voltage change occurs on the mains, both
surges and drops. Thus, in case of sudden line voltage rise, Cgg will be rapidly charged
through the low impedance of the internal diode and no appreciable overshoot will be visible
at the pre-regulator's output. In case of line voltage drop, an internal “mains drop” detector
enables a low impedance switch which suddenly discharges Cgg avoiding a long settling
time before reaching the new voltage level. Consequently an acceptably low steady-state
ripple and low current distortion can be achieved without any considerable undershoot or
overshoot on the pre-regulator’s output like in systems with no feed-forward compensation.

In Figure 25 the behavior of the EVL4984-350W demonstration board in case of an input
voltage surge from 90 to 140 V,. has been analyzed. As shown the Vg function provides
for the stability of the output voltage which is not affected by the input voltage surge. Thanks
to the Vg function, the compensation of the input voltage variation is very fast and the
output voltage remains stable at its nominal value, as opposed to Figure 26, which shows
the behavior of a PFC using the L6562 working in FOT and delivering 400 W in case of

a mains surge. The controller cannot compensate it and the output voltage stability depends
on the feedback loop only. Unfortunately, as previously stated, its bandwidth is narrow and
thus the output voltage has a significant deviation from the nominal value.
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Figure 25. EVL4984-350W input mains surge

Figure 26. L6562 FOT input mains surge from
from 90 V,. to 140 V. - full load - Cgg =1 uF

90 V. to 140 V. - full load - NO Vg input
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Figure 27 shows the circuit behavior in case of mains dip: as previously described, the
internal circuitry detects the drop of the mains voltage and it activates the Cgg internal fast
discharge. As visible, in that case the output voltage changes, but after few mains cycle it
comes back to the nominal value. The situation is different if we check the behavior of

a PFC using the L6562A with FOT and delivering 400 W: in case of a mains dip from 140
Vac to 90 Vac, the output voltage requires a longer time to restore the original value. Testing
with a wider voltage variation (e.g. 265 V, to 90 V.), the output voltage variation of a PFC
without the voltage feed-forward fast discharging is much more emphasized.

Figure 27. EVL4984-350W input mains dip from
140 V,. to 90 V. - full load - Cgg =1 puF

Figure 28. L6562 FOT input mains dip from 140
V,c t0 90 V. - full load - NO Vg input
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2.5

Startup

Figure 29 and Figure 30 represent the output voltage waveform during the startup of the
circuit when the mains is plugged in and the external V¢ voltage is applied between pin 3
(Vce) and pin 1 (GND) of J3. When the V¢ voltage rises up to the turn-on threshold, the
L4984D starts the operation. The good phase margin of the compensation network allows
a clean startup, without overshoots.

Figure 29. EVL4984-350W start-up at 90 V,. -60 Figure 30. EVL4984-350W start-up at 265 V,. -50
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3

To reduce inrush energy at startup or after an auto-restart protection tripping, the L4984D
uses an internal soft-start function.

The function is performed by internally pulling the voltage on pin MULT towards an
asymptotic level located at about 4.1 V as the device wakes up. This has a twofold effect: on
one hand, the output of the multiplier will be lowered through the voltage feed-forward
function, thus programming a lower peak current; on the other hand, the off-time of the
power switch is considerably prolonged with respect to the normal values programmed by
the capacitor connected to pin TIMER. In this way, both the current inrush and the risk of
saturating the boost inductor at startup are minimized.

After 300 ps from its activation the pull-up is released. The voltage on pin MULT decays with
the time constant determined by the resistor divider that biases the pin and the bypass
capacitor typically connected between the pin and ground. At the same time Cgg is
discharged by turning on the low impedance discharge switch. In this way the programmed
current by the multiplier is minimized and increases according to the previously mentioned
Vg time constant.
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Figure 31. V;, 115 V. - startup by V¢

Figure 32. V;,, 115 V. - startup by V¢ - details
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As shown in Figure 31 and Figure 32, once V¢ reaches the V.gp voltage, the MULT pin is
pulled up to 4.2 V (4.1V typ. in the datasheet). After 300 us, the Vg capacitor starts
discharging and the MOSFET starts switching. After startup T is properly extended as long
as the MULT voltage is higher than the steady state value, then progressively decreased to
the value determined by the TIMER capacitance and MULT instantaneous voltage. When
the device is disabled and enabled more than one time (burst mode), the PFC_OK is
released after the first startup. In this condition, the L4984D does not activate the soft-start
procedure, as required in case the burst mode pulses are enabled by

a downstream converter via the PFC_STOP pin. The L4984D restarts almost immediately
after releasing the PFC_OK pin and GD begins operation just after a T period.

Figure 33. V;, 115 V,. startup by VPFC_OK_E Figure 34. EVL4984-350W startup attempt at 80

(burst mode like) on L4984D
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Figure 35. V;, 90 V. - startup at full load

For reference, the waveform of the inductor current during startup has been captured at 90
Vac and full load (Figure 35 and Figure 36). As can be noted, the inductor current does not
exhibit any flux accumulation, which sometimes may occur working in CCM. In that case,
a higher margin in the PFC inductor calculation has to be considered.

Figure 36. V;, 115 V. - startup at full load
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A dangerous event for any PFC is operating with an insufficient input voltage. This condition
may cause overheating of the power section due to an excess of RMS current. To prevent
the PFC from this abnormal operation a brownout protection is needed. It is basically an
unlatched shutdown function that has to be activated when a condition of mains
undervoltage is detected.The brownout function is implemented in the L4984D by the VFF
pin (#5). A voltage below the disable threshold (Vpg, 0.8 V typ.) on the VFF shuts down (no
latch) the IC and brings its consumption to a considerably lower level. The L4984D restarts
as the voltage at the pin rises above 0.88 V which is the enable threshold (Vgy, 0.88 V typ.).
As shown in Figure 34 the startup is inhibited as the voltage on VFF is below 0.8 V, and the
PFC is not allowed to start up. In Figure 37 and Figure 38 the waveforms of the circuit
during operation of the brownout protection are captured. In both cases the mains voltage
was increased or decreasing slowly: as visible, both at turn-on or turn-off there are no
bouncing or starting attempts by the converter.
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Figure 37. EVL6563S-400W startup with slow
input voltage increasing - full load

Figure 38. EVL6563S-400W turn-off with slow
input voltage decreasing - full load
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The startup behavior at light load (10 W), powering the L4984D by an external V. (15 V), is
shown in Figure 39. It can be noted that the L4984D is working in burst-mode and the PFC
keeps the output voltage regulated.

2.6 Overvoltage and open-loop protection

Normally, the voltage control loop keeps the output voltage V,,; of the PFC pre-regulator
close to its nominal value, set by the ratio of the resistors of the output divider (the resistors
R6, R8, R13 with R17 and R18). The pin PFC_OK (#6) of the device has been dedicated to
monitor the output voltage V1 With a separate resistor divider (R5+R10+R14 and R23) in
order to detect the OVP condition. This divider is selected so that the voltage at the pin
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3

reaches 2.5 V when the output voltage exceeds a preset value, usually larger than the
maximum Vgt that can be expected, also including worst-case load/line transients.

When the OVP condition is detected, the gate drive activity is immediately stopped until the
voltage on the pin PFC_OK drops below 2.4 V. Notice that R5, R10, R14 and R23 can be
selected without any constraints. The unique criterion is that both dividers have to sink

a current from the output bus which needs to be significantly higher than the current biasing
the error amplifier and PFC_OK comparator.

Figure 40. EVL4984-350W open loop at 115 V. - 60 Hz - full load
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The OVP function described above is able to handle “normal” overvoltage conditions,

i.e. those resulting from an abrupt load/line change or occurring at startup. In case the
overvoltage is generated by a feedback disconnection, for instance, when the upper resistor
of the output divider (R6) fails open, the open-loop protection is needed.

The open-loop protection is implemented by the PFC_OK (#6) and INV (#1) pins. If the
voltage of the PFC_OK pin exceeds 2.5 V, and at the same time the voltage on INV pin (#1)
falls below 1.66 V a feedback failure is assumed, and the device is latched off, stopping the
gate drive activity.

The pin PFC_OK doubles its function as a non-latched IC disable: a voltage below
0.23 V will shut down the IC, reducing its consumption below 2 mA. To restart the L4984D
simply let the voltage at the pin rise above 0.27 V.

Note that this function offers a complete protection against not only feedback loop failures or
erroneous settings, but also against a failure of the protection itself. Either resistor of the
PFC_OK divider failing short or open or a PFC_OK pin floating will result in shutting down
the L4984D and stopping the pre-regulator.

The event of an open loop is captured in Figure 40, we can notice the protection intervention
latching the operation of the L4984D. The operation can be resumed by recycling V.

Power management/housekeeping functions

A communication line with the control IC of the cascaded DC-DC converter can be
established via the disable function included in the PFC_OK pin. Typically this line is used to
allow the PWM controller of the cascaded DC-DC converter to shut down the L4984D in
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case of light load and to minimize the no-load input consumption. Should the residual
consumption of the chip be an issue, it is also possible to cut down the supply voltage.
Interface circuits like those are shown in Figure 41. Needless to say, this operation assumes
that the cascaded DC-DC converter stage works as the master and the PFC stage as the
slave or, in other words, that the DC-DC stage starts first, it powers both controllers and
enables/disables the operation of the PFC stage.

Figure 41. Interface circuits that let DC-DC converter’s controller IC disable the L4984D

PFC_OK

L6699 O

g | PFC_sTOP

L6591 O

~
S

L4984D

PFC_OK

g | PFC_sToP

O

L4984D

AM13426v1

Table 1 summarizes all the operating conditions that cause the device to stop working.

Table 1. Summary of L4984D idle states

Condition Caused or revealed by IC behavior Restart condition Typical I.C .SS.
consumption | activation
UVLO Vee < Vecoff Disabled Vee > Veeon 65 pA Yes
Standby VPFC_OK < VPFC_OK_D StOp SWitChing VPFC_OK > VPFC_OK_E 2.2 mA No
AC brownout Vvee < Vpis Stop switching Vvee > VEN 1.5 mA Yes
OVP VPFC_OK > VPFC_OK_S StOp switching VPFC_OK < VPFC_OK_R 2.2 mA No
Feedback Verc_ok > Verc_ok_s Vee < Vecrestart
failure and Latched-off then 180 pA Yes
VINV <166V Vcc > VCCOn
Low V <24V Burst mode Y, > 2.4V 2.2mA No
consumption COMP = £ COMP = < '
Saturated Ves >V Stop switching | Auto restart after 300 s 4 mA No
boost inductor CS_th P 9
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3 Thermal measurements

In order to check the design reliability, a thermal mapping by means of an IR camera was
done. Figure 42 and Figure 43 show thermal measurements of the on-board components at
nominal input voltages and full load. Some pointers visible on the pictures placed across key
components show the relevant temperature. Table 2 provides the correlation between the
measured points and components, for both thermal maps. The ambient temperature during
both measurements was 25 °C. According to these measurement results, all components of
the board are working within their temperature limits.

Figure 42. Thermal map at 115 V,. - 60 Hz - full load
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Table 2. Measured temperature table at 115 V,. and 230 V, - full load

Point Component Temperature at 115 V, Temperature at 230 V.
A D2 70.9°C 50.2 °C
B L1 549 °C 41.1°C
C L3 - CORE 62.0 °C 48.0 °C
D L3 — Winding 68.5 °C 50.5°C
E Rsense 80.0 °C 51.3°C
F Q1 745°C 59.1°C
G Q2 82.0°C 63.2 °C
H D3 88.1°C 66.9 °C
I R2 111.4°C 749 °C
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4 Conducted emission pre-compliance test-peak
detection

In Figure 44 to Figure 47 the peak measurements of the conducted noise at full load and
nominal mains voltages are given. The limits shown on the diagrams are relevant to the
EN55022 Class-B, the most popular standard for European equipment using a two-wire
mains connection. As visible in the diagrams, in all test conditions there is a good margin of
the measurements with respect to the limits.

Figure 44. 115 V. and full load - phase Figure 45. 115 V,. and full load - neutral

ilent  18:19:81 Sep 7, 2012 25 Agilent  10:24:14 Sep 7, 2012
FULL LOARD Ph 3.3 I H: FULL LOAD N
#Atten 10 dB Vv #Atten 10 dB
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Figure 46. 230 V,. and full load - phase Figure 47. 230 V,. and full load - neutral

ilent  11:51:09 Sep 7, 2012 Agilent  11:54:38 Sep 7, 2012
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5 Bill of material
Table 3. EVL4984-350W CCM PFC demonstration board bill of material
L Part type/ Case style/ . .
Description Description Supplier
part value package
C1 220 nF -520V | 7.5 x26.5 mm | 520 V - FLM cap - B32673T5224 Epcos
Cc2 1uF-520V 10.5mxm26.5 520 V - FLM cap - B3267325105 Epcos
Dia. - . R Nippon
C3 100 uF - 450V 18 x 40 mm 450 V - aluminium elcap - KXG series - 105 °C Chemi-Con
Dia. - . R Nippon
C4 100 uF - 450 V 18 x 40 mm 450V - aluminium elcap - KXG series - 105 °C Chemi-Con
C5 470N - X2 10.5mxm26.5 X2 - FLM cap - B32923A3474M Epcos
C6 1 uF - X2 11 x26.5 mm | X2 - FLM cap - B32923C3105 Epcos
C8 68N 0805 100 V cercap - general purpose - X7R - 10% AVX
C9 470N 1206 100 V cercap - general purpose - X7R - 10% Kemet
C10 100 uF-35V |Dia. 8 x 11 mm |50 V - aluminium elcap - YXF SERIES - 105 °C Rubycon
C11 680N 0805 25V cercap - general purpose - X7R - 10% Kemet
C12 10N 0805 50 V cercap - general purpose - X7R - 10% Kemet
C13 330 pF 0805 50 V cercap - general purpose - COG - 5% Epcos
Cc14 680 pF 0805 50 V cercap - general purpose - COG - 5% Epcos
C15 1pF 1206 50 V cercap - general purpose - X7R - 10% TDK
c16 2N2 0805 50 V cercap - general purpose - X7R - 10% Kemet
Cc17 470 nF-520V| 7 x26.5mm |520V - FLM cap - B32673Z5474K*** Epcos
D1 1N5406 DO-201 Rectifier - general purpose Vishay
D2 D15XB60H DWG Single phase bridge rectifier Shindengen
D3 STTH8S06FP TO-220 Ultrafast high-voltage rectifier ST
D6 LL4148 Minimelf High-speed signal diode Vishay
D7 LL4148 Minimelf High-speed signal diode Vishay
F1 Fuse T63A | 4X85MM gy miniature fuse 392/TES - time delay 6.3 A Littelfuse
pitch 5.08 mm
HS1 Heatsink DWG Heatsink for D2 Meccal
HS2 Heatsink DWG Heatsink for Q1, Q2 and D3 Meccal
1 09-65-2038 DWG KK PCB conn. - straight - pitch 3.96 mm - 3 pins Molex
(central removed)
52 10-16-1051 DWG KK PCB conn. - straight - pitch 5.08 mm - 5 pins Molex
(central removed)
J3 22-27-2031 DWG KK PCB connector, straight, pitch 2.54 mm - 3 pins Molex
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Bill of material

Table 3. EVL4984-350W CCM PFC demonstration board bill of material (continued)

Description Part type/ Case style/ Description Supplier
part value package
JPX1 Shorted WIRE Wire jumper
JPX2 Shorted WIRE Wire jumper
JPX3 Shorted WIRE Wire jumper
JPX4 Shorted WIRE Wire jumper
JPX5 Shorted WIRE Wire jumper
L1 70uH-7A DWG DM inductor - 1119.0013 Magnetica
L2 3mH-7A DWG EMI FILTER - 1606.0007 Magnetica
L3 700 pH DWG PFC inductor - 2097.0002 Magnetica
L4 2743005112 DWG Ferrite bead dia. 3.5 x 6 mm vertical Fair rite
Q1 STF21N65M5 | TO-220FP | N-channel Power MOSFET ST
Q2 STF21N65M5 | TO-220FP | N-channel Power MOSFET ST
R1 750K 1206 SMD standard film res. - 1/4 W - 5% - 250 ppm/°C Vishay
R2 T a0 | 42 19X TP INTC resistor PIN B5723750109M000 Epcos
R3 750K 1206 SMD standard film res. - 1/4 W - 5% - 250 ppm/°C Vishay
R4 750K 1206 SMD standard film res. - 1/4 W - 5% - 250ppm/°C Vishay
R5 3M3 1206 SMD standard film res. - 1/4 W - 1% - 100 ppm/°C Vishay
R6 2M2 1206 SMD standard film res. - 1/4 W - 1% - 100 ppm/°C Vishay
R8 2M2 1206 SMD standard film res. - 1/4 W - 1% - 100 ppm/°C Vishay
R10 3M3 1206 SMD standard film res. - 1/4 W - 1% - 100 ppm/°C Vishay
R12 1MO0 1206 SMD standard film res. - 1/4 W - 1% - 100 ppm/°C Vishay
R13 2M2 1206 SMD standard film res. - 1/4 W - 1% - 100 ppm/°C Vishay
R14 3M3 1206 SMD standard film res. - 1/4 W - 1% - 100 ppm/°C Vishay
R16 1MO0 1206 SMD standard film res. - 1/4 W - 1% - 100 ppm/°C Vishay
R17 56 K 1206 SMD standard film res. - 1/4 W - 1% - 100 ppm/°C Vishay
R18 160 K 1206 SMD standard film res. - 1/4 W - 1% - 100 ppm/°C Vishay
R19 6R8 0805 SMD standard film res. - 1/8 W - 5% - 250 ppm/°C Vishay
R20 3R9 0805 SMD standard film res. - 1/8 W - 5% - 250 ppm/°C Vishay
R21 100 K 0805 SMD standard film res. - 1/8 W - 5% - 250 ppm/°C Vishay
R22 1MO0 1206 SMD standard film res. - 1/4 W - 1% - 100 ppm/°C Vishay
R23 56 K 0805 SMD standard film res. - 1/8 W - 1% - 100 ppm/°C Vishay
R24 24 K 0805 SMD standard film res. - 1/8 W - 5% - 250 ppm/°C Vishay
R25 6R8 0805 SMD standard film res. - 1/8 W - 5% - 250 ppm/°C Vishay
R26 3R9 0805 SMD standard film res. - 1/8 W - 5% - 250 ppm/°C Vishay
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Table 3. EVL4984-350W CCM PFC demonstration board bill of material (continued)

Description Part type/ Case style/ Description Supplier
part value package

R27 OR33 PTH RSMF1TB - metal filmres. - 1 W - 2% - 250 ppm/°C Akaneohm
R28 1MO0 0805 SMD standard film res - 1/8 W - 1% - 100 ppm/°C Vishay
R29 1 KO 0805 SMD standard film res - 1/8 W - 5% - 250 ppm/°C Vishay
R30 O0R33 PTH RSMF1TB - metal filmres - 1 W - 2% - 250 ppm/°C Akaneohm
R31 O0R33 PTH RSMF1TB - metal filmres - 1 W - 2% - 250 ppm/°C Akaneohm
R32 10R 0805 SMD standard film res - 1/8 W - 5% - 250 ppm/°C Vishay
R33 100R 1206 SMD standard film res - 1/4 W - 5% - 250 ppm/°C Vishay
RV1 300 V¢ dia%.155n:(n5] P 1300 V metal oxide varistor - B72214S0301K101 Epcos
U1 L4984D SSOP10 CCM PFC controller ST
Z1 PCB rev. 1
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PFC coil specification

6 PFC coil specification
6.1 General description and characteristics
e Application type: consumer, home appliance
e Inductor type: open
e  Coil former: vertical type, 6 + 6 pins
e Max. temp. rise: 45 °C
e  Max. operating ambient temp.: 60 °C
e  Unit finishing: varnished
6.2 Electrical characteristics
e  Converter topology: CCM boost PFC preregulator
e Core type: pq35/35-PC44 or equivalent (center-leg gapped)
e  Operating freq. range: 70 kHz - 135 kHz
e  Primary inductance: 700 yH £15% at 1 kHz-0.25 V (measured between pins 5 - 2)
e  Primary rms current 3.5 A
e  Primary peak current 7.5 A
Figure 48. Electrical diagram
50 | 09
] L
|
|
PRIM : AUX
|
20 [ =011
AM13433v1
Table 4. Winding characteristics
Windings Start pins End pins | Number of turns Wire type Wire diameter
AUX 9 11 5 (spaced) Litz — G2 0.28 @
PRIM 5 2 70 Single — G2 Litz 0.2 g x 30
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6.3 Mechanical aspect and pin numbering

e  Maximum height from PCB: 38 mm

e  Coil former type: vertical, 6 + 6 pins (pin 12 is removed)
e Pindistance: 5.08 mm

e Row distance: 30.48 mm

e  External copper shield: not insulated, wound around the ferrite core and including the
coil former; it is connected to pin 11 by a soldered solid wire

Figure 49. PFC coil mechanical aspect
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6.4 Manufacturer

e MAGNETICA di R. Volpini - Italy
. PFC Inductor P/N: 2097.0002
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7 References

e L4984D - CCM PFC controller datasheet
e AN4149 - Designing a CCM PFC pre-regulator based on the L4984
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8 Revision history

Table 5. Document revision history

Date Revision Changes

05-Mar-2013 1 Initial release.

Updated title in cover page.

Added cross-references to Section 2.1 and Section 4.
20-Jun-2013 2 Updated Figure 15.

Corrected units in Section 6.1.

Minor corrections throughout document.
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Please Read Carefully:

Information in this document is provided solely in connection with ST products. STMicroelectronics NV and its subsidiaries (“ST”) reserve the
right to make changes, corrections, modifications or improvements, to this document, and the products and services described herein at any
time, without notice.

All ST products are sold pursuant to ST’s terms and conditions of sale.

Purchasers are solely responsible for the choice, selection and use of the ST products and services described herein, and ST assumes no
liability whatsoever relating to the choice, selection or use of the ST products and services described herein.

No license, express or implied, by estoppel or otherwise, to any intellectual property rights is granted under this document. If any part of this
document refers to any third party products or services it shall not be deemed a license grant by ST for the use of such third party products
or services, or any intellectual property contained therein or considered as a warranty covering the use in any manner whatsoever of such
third party products or services or any intellectual property contained therein.

UNLESS OTHERWISE SET FORTH IN ST'S TERMS AND CONDITIONS OF SALE ST DISCLAIMS ANY EXPRESS OR IMPLIED
WARRANTY WITH RESPECT TO THE USE AND/OR SALE OF ST PRODUCTS INCLUDING WITHOUT LIMITATION IMPLIED
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE (AND THEIR EQUIVALENTS UNDER THE LAWS
OF ANY JURISDICTION), OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT.

ST PRODUCTS ARE NOT AUTHORIZED FOR USE IN WEAPONS. NOR ARE ST PRODUCTS DESIGNED OR AUTHORIZED FOR USE
IN: (A) SAFETY CRITICAL APPLICATIONS SUCH AS LIFE SUPPORTING, ACTIVE IMPLANTED DEVICES OR SYSTEMS WITH
PRODUCT FUNCTIONAL SAFETY REQUIREMENTS; (B) AERONAUTIC APPLICATIONS; (C) AUTOMOTIVE APPLICATIONS OR
ENVIRONMENTS, AND/OR (D) AEROSPACE APPLICATIONS OR ENVIRONMENTS. WHERE ST PRODUCTS ARE NOT DESIGNED
FOR SUCH USE, THE PURCHASER SHALL USE PRODUCTS AT PURCHASER'’S SOLE RISK, EVEN IF ST HAS BEEN INFORMED IN
WRITING OF SUCH USAGE, UNLESS A PRODUCT IS EXPRESSLY DESIGNATED BY ST AS BEING INTENDED FOR “AUTOMOTIVE,
AUTOMOTIVE SAFETY OR MEDICAL” INDUSTRY DOMAINS ACCORDING TO ST PRODUCT DESIGN SPECIFICATIONS.
PRODUCTS FORMALLY ESCC, QML OR JAN QUALIFIED ARE DEEMED SUITABLE FOR USE IN AEROSPACE BY THE
CORRESPONDING GOVERNMENTAL AGENCY.

Resale of ST products with provisions different from the statements and/or technical features set forth in this document shall immediately void
any warranty granted by ST for the ST product or service described herein and shall not create or extend in any manner whatsoever, any
liability of ST.

ST and the ST logo are trademarks or registered trademarks of ST in various countries.
Information in this document supersedes and replaces all information previously supplied.
The ST logo is a registered trademark of STMicroelectronics. All other names are the property of their respective owners.
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