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Light-load THD improvement,
in applications based on L6564 controller family

A design tip is a description of an application oriented, technical implementation that leads By Giovanni Gritti
to a specific benefit. For more information or support, visit www.st.com

Main components

L6564 Transition-Mode PFC controller

L6564H High voltage startup Transition-Mode PFC controller

Purpose and benefits

This design tip provides a simple modification with respect to the standard reference
schematic based on L6564/L6564H, aimed to minimize the input current Total Harmonic
Distortion (THD) also at light-load (e.g. down to 15-20% of full-load).

The main purpose is to maximize the load range with low input current THD, making the
Power Factor Corrector (PFC) boost converters, based on the L6564 controller family,
capable of covering the latest LED lighting markets requirements.

Description

The main change is an optimization of the control method of the PFC, adding a simple
external circuit composed of a resistor (Reg), plus eventually the addition of an RC filter on
the current sense pin, which allows to reduce the burst-mode threshold intervention but
maintain the best performance in terms of THD.

The suggested circuit can be easily applied to all existing L6564/L.6564H development kits,
using the mathematical formula (12) to design the Rc resistor based on the specific
application.

Figure 1 shows the typical PFC boost application schematic based on the L6564/L6564H
device, with the suggested circuit highlighted in green: a resistor Rc is connected between
the input voltage (across the Cin capacitor after the bridge diode) and the current sense
pin (CS) of the IC controller. As a consequence, a current proportional to the instantaneous
input voltage V;y(8) = Vi, sin 6 is added to the current sense CS pin and through the
external current sense filter resistor (Rcs) is converted into a voltage. This voltage is thus
added to the inductor current information sensed through the external current sense
resistor Rs in series to the power switch M.
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As shown in the following mathematical steps, this modulation improves the control of the
PFC converter reducing the burst-mode intervention threshold but keeping the best
performance in terms of THD.

Referring to the L6564/L6564H datasheet and the following figure 1, where the main block
of the peak-current mode control loop is highlighted, it is possible to express the internal
current reference voltage Vcs rer(0) as:

sin @

Ves rer(6) = Ky Ve + Vors(9) , 1)

Kp Vin,pk

where Kp=R2/R1+R2 is the gain of the MULT partitioning resistors, Kwu is the internal
multiplier gain, V¢ is the control-loop voltage (that is basically constant along a line half-
cycle due to a narrow bandwidth, like in any high-Power Factor) and Vors(0) is the voltage
generated by the internal THD optimizer circuit.

Referring to the L6564/L6564H datasheet, section 6.4 and Table 4, the THD optimizer
circuit generates a small offset near line zero-crossing to reduce the well-known dead-
angle that increases the THD. In particular, the offset is not constant but, as shown in figure
1, has a sort of sinusoidal envelope to avoid distortion on the rest of the line period.
Considering the typical value reported in the datasheet (Table 4, Vcsorst parameter), it is
possible to express the internal voltage Vors(6) with the following formula:

Vors(8) = Kors (Vaer ors — Kp Vinpr sin®), )

where Kors is 6.66 [mV] and Vrer ors is 6 [V].

Replacing (2) in (1), the programmed current reference voltage results:

in 6 .
Ves rer(0) = K:LVninpk Ky Vo + Kors (Vrer ors — Kp Vinpi Sin9). (3)
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Figure 1. Typical L6564/L6564H PFC schematic with the suggested circuit highlighted.

The power switch M is turned off as soon as the CS pin voltage reaches the internal current
reference Vcs rer(0), thus, considering the standard control scheme (Rc resistor not
mounted), the resulting inductor peak current is:

)
Iy pi (6) = “EHEEE )

where Rs is the current sense resistor.

Considering that the converter operates in Transition-Mode (aka Quasi-Resonant mode),
the input current Iin(0) (that is equal to the average value of the inductor current in a
switching cycle) results:

ILpk@® v ®)
IIN(B) = (IL) = Lp: = CS;R:SF . (5)

Replacing (3) in (5), results:

Ky o sinf VREF_ 0Fs Kors  KorsKp .
In(@) = =1 Ve + LREE - Vinpr Sin@ . (6)
2Rs Kp Vinpk 2Rs 2Rs §

By averaging the product of | (g) given by (6), with the instantaneous line voltage

Vi (0)=V,, ,sino OvVera line half-cycle, it is possible to find the DC input power P to the

converter:
p,. = KM Vrer ors Kors 1, _ KpKors ;. 2 @)
IN 4KpRs C TR in,pk 4Ry inpk -

Now considering the efficiency 1 of the PFC converter, the output power Pout results:

nKm Vinpk 2Vgerors _ Kp
P =nPy = Ve + = K —_— -1 . 8
our =Mfv =7 KpRs C n- Rg TOFS p 5 Vinpk (8)
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The previous equation shows that the PFC converter gives a minimum output power, even
in the ideal case where the control loop voltage Vc=0:

Vinpk 2V Kp Vinpk
inp KOFS( REF_OFS __ inpk) (9)

P, =
OUT_MIN_IDEAL = 1 2Rs - 2

If the power requested by the PFC load is lower than (9) the PFC converter enters burst-
mode to keep the output voltage regulation, increasing a lot the THD.

Based on the previous considerations, to minimize the minimum output power deliverable
by the converter, the idea is to minimize the offset voltage on the top of the sinusoid while
keeping it near line zero-crossing to still guarantee the THD optimizer circuitry efficacy, as
shown with the dotted-line in figure 2. This can be done externally to the IC controller,
adding a positive offset voltage to the current sense information proportional to the line
input voltage.

Vin(€) 4

VOFS(H)

t

Figure 2. Offset voltage optimization proposal.

Referring to figure 1, and considering that Vin >> Vs, the current I;(6) = V’g—;m is added

to the CS pin and converted into a voltage through the Rcs filter resistor:

Vinpk sin@

Vcs,OFs(g) = R¢s T- (10)

Basically, the added Vcs ors(0) positive offset on the CS pin can be programmed to
compensate the internal offset voltage on the peak of the sinusoid (6=/2):

Vin.
RCS Rka = KOFS (VREF_OFS - KP Vin,pk) . (11)
Solving (11) for the Re resistor, results:
Vi 1
R; =R et : 12
G s (Vrer_ors — Kp Vinpk) KoFs ( )

It is worth noting that the suggested Rc resistor depends on the input voltage, so the
optimal compensation should be applied considering the higher nominal input voltage (e.g.
230 Vac in a standard wide range 90 Vac-265 Vac application), where the internal offset
effect is more evident. Some small fine-tuning of the Re resistor may be needed based on
the real application.
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Test results

The effectiveness of the proposal circuitry has been validated on the EVL6699-HVSL, a
150 W dimmable LED driver where the main characteristics of the whole AC/DC converter

and the PFC power section based on L6564H are reported in table 1.

Considering the optimal compensation at 230 Vac input, applying the formula (12) the

suggested Rg resistor results:

Vi .

Rg = Res 'm ' % = 470" 6—7.0263:1\-/5230-\/5 ' 6.616m =62MQ
EVL6699-HVSL converter parameter Symbol Value Unit
Line voltage range Vin 90 - 265 Vac
Line frequency range fiine 47 - 63 Hz
Regulated output current (= 0.05to1 A
Rated output voltage Viep 150 \Y
EVL6699-HVSL PFC section parameter
Regulated output voltage Vour prc 400 \Y,
Inductance L 310 uH
Current sense resistor Rs 0.172 Q
Input voltage partitioning resistors gain Kp 7.06 mQ/Q
Current sense filter resistor Res 470 Q
IC controller L6564H

Table 1. Main characteristics of the 150W LED driver converter.

Figure 3 shows the THD comparison between the original board (dark) and the modified
board (green) adding the suggested Rg resistor (6 MQ), versus output power.
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Figure 3. THD comparison adding the suggested R resistor.

The huge improvement of the THD at high line is evident. The burst-mode intervention is
reduced from around 35% to around 15% of the load, keeping the same performance in
terms of THD at medium-high load.
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The following images show the Power Factor (PF) comparison results.
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Figure 4. PF comparison adding the suggested Rg resistor.
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Support material

Documentation

Datasheet, L6564 - Transition-Mode PFC controller

Datasheet, L6564H - High Voltage startup Transition-Mode PFC controller

Evaluation board, EVL6699-HVSL (150 V - 150 W LED driver with the L6564H and the L6699
Transition Mode PFC Pre-regulator, Half-Bridge LCC Resonant Converter)

Revision history

Date Version Changes
15-Feb-2022 1 Initial release
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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 anytime, 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.

UNLESS EXPRESSLY APPROVED IN WRITING BY TWO AUTHORIZED ST REPRESENTATIVES, ST PRODUCTS
ARE NOT RECOMMENDED, AUTHORIZED OR WARRANTED FOR USE IN MILITARY, AIR CRAFT, SPACE, LIFE
SAVING, OR LIFE SUSTAINING APPLICATIONS, NOR IN PRODUCTS OR SYSTEMS WHERE FAILURE OR
MALFUNCTION MAY RESULT IN PERSONAL INJURY,DEATH, OR SEVERE PROPERTY OR ENVIRONMENTAL
DAMAGE. ST PRODUCTS WHICH ARE NOT SPECIFIED AS "AUTOMOTIVEGRADE" MAY ONLY BE USED IN
AUTOMOTIVE APPLICATIONS AT USER’S OWN RISK.

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.
© 2022 STMicroelectronics - All rights reserved
STMicroelectronics group of companies

Australia - Belgium - Brazil - Canada - China - Czech Republic - Finland - France - Germany - Hong Kong - India - Israel -
Italy - Japan - Malaysia - Malta - Morocco - Philippines - Singapore - Spain - Sweden - Switzerland - United Kingdom -
United States of America
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