- RED4201

RED4201 Boost PFC Controller

Features
m  High power factor & low THD

m  Wide input voltage range

m  No noise during startup/load switching

m  Enhanced Error Amplifier with excellent

- Small SO8 package
dynamic performance

m  Strong driving capability (£1A)

_ _ Applications
m Integrates chip enable pin, low standby
power consumption m Active PFC applications
m  Supports CRM and DCM, stable output m LED drivers
voltage under light load m Switched-mode power supplies
m High internal reference  voltage
accuracy: +2%
m  Protection modes:
_ Order code
e Output over-voltage protection
* FB short circuit protection _ Part Number | Package | Packaging
e Cycle-by-cycle over-current protection
¢ Over-temperature protection RED4201AD-TR13 S0O8 Tape and reel
e VCC UVLO / clamp
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Figure 1: Typical application circuit
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RED4201 HPF, Low THD, Boost, PFC Controller

Device Pins

el | 5 8] vce
comp [ 2 [ 7] GATE
EN[3 [ 6] GND
cs[4 (5] zcp

Figure 2: SO8 pin connections (top view)

Pin Functions

Pin # Name |Function

1 FB Output voltage feedback pin.

2 COMP | Voltage loop compensation pin.

3 EN Chip enable pin.

4 CS Current sense pin.

5 ZCD |Zero-crossing detection pin.
6 GND | Chip ground.

7 GATE | Gate drive of external power MOSFET.

8 VCC |IC Power Supply pin.
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RED4201 HPF, Low THD, Boost, PFC Controller

Features

RED4201 is a high PF, low THD, PFC controller,
which is mainly applied in medium or high- power
LED lighting applications.

The chip integrates THD compensation function,
gets excellent PF and THD at light load; and also
embedded various protections to ensure the
system stability and reliability.

Startup

During startup, the capacitor at VCC pin is charged
by the startup resistor. When VCC reaches startup
voltage Vcip, EN pin voltage is larger than Vey and
Ves > Vs en, the internal control logic starts to
work, COMP pin voltage rises rapidly to above
VBURST, then chip starts to output.

Constant Output Voltage Setting

RED4201 samples the output voltage through FB
pin, and adopts a closed-loop feedback
mechanism to realize high-precision output
constant voltage control. The output voltage can
be calculated as:

Vout =V X(R6+1)
out = Vref R7

Where:
Vref is the internal reference voltage;
R6 is the FB pin pull-up resistor;
R7 is the FB pin pull-down resistor.

Zero-crossing Detection

RED4201 detects the zero-crossing state of the
inductor current through ZCD pin. When GATE is
turned off and the freewheeling diode stops
freewheeling, the voltage on load winding begins
to drop, resulting in ZCD voltage drop. When it is
lower than the demagnetization detection
threshold, demagnetization ends and next
conduction cycle begins.

THD Compensation

When GATE is high, the auxiliary winding voltage
becomes negative, and ZCD sources current to its
current limit resistor. RED4201 detects the input
voltage by sensing this current, and perform s THD
compensation and ON time control.

CS minimum peak voltage, Vcs_min varies with the
input voltage. When input voltage is low, the chip

Operating Modes

Under heavy load, RED4201 works in CRM with
low conduction loss and good EMI performance.
As the load becomes lighter, ton decreases
gradually, the operating frequency increases, and
both system efficiency and EMI deteriorates.
However, due to the ton_min limit, ton cannot reduce
infinitely. If continues working in CRM, the output
voltage will rise and even trigger OVP.

To solve the above problems, the system enters
DCM during light load. The time and depth of
entering DCM are determined by detecting the
COMP voltage.

If Vcomp < Vboem When inductor demagnetization is
completed, the chip does not turn on MOS
immediately to enter the next cycle, but increases
the waiting time to enter DCM. The lower the
COMP pin voltage, the longer the waiting time and
the deeper in DCM.

As the load becomes further lighter, COMP pin
voltage also drops When Vcowp < Vsurst, the
system enters the Burst mode and stops switching
immediately, then the output voltage begins to
drop. Due to the internal compensation loop,
COMP pin voltage rises above Vsurst again, the
chip starts to switch again, and the output voltage
rises. This hiccup mechanism effectively avoids
outputting high voltage at light load and no load.

Chip Enable

REDA4201 integrates chip enable pin, EN, which
can be controlled by the external MCU.

When EN pin voltage is larger than Ven for ties en,
the chip works normally.

If EN pin voltage is lower than Vpis for tois_nvs, the
system enters standby mode, where the power
consumption is extremely low.

If it is set to floating, EN pin will be automatically
pulled up to high internally.

Enhanced Error Amplifier (EA)
RED4201 uses an enhanced error amplifier (EA)
to achieve good dynamic performance. The pull-

increases system ON time, ton by setting Vcs_min, up and pull-down : resistors  are  internally
to reduce the conduction dead time of the rectifier connected to COMP pin.

bridge, thereby improving THD.
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RED4201 HPF, Low THD, Boost, PFC Controller

When Ves > Vrs_uvez, the pull-down resistor
accelerates the discharge of COMP pin voltage;
as FB pin voltage drops to Vrs uvez, it is
disconnected.

When Vrs < Vrs_uvp2, COMP pin is internally pulled
up to VCC to speed up the loop response; as FB
pin voltage rises to Vrs_uvrz < Vrs < Vrs_uvri, the
pull-up resistor increases; increases; when Veg >
Ves uvpi, the pull-up resistor is disconnected
automatically.

Enhanced EA helps to prevent the output voltage
from overshooting or plunging when load changes
abruptly. This mechanism reduces the stress on
devices and greatly enhances system reliability.

Output Over-Voltage Protection

Once Vrs > Ve uvei, the chip stops switching
immediately and resumes when FB pin voltage
drops by 60 mV.

When Ves > Vrs_uve2, the internal enhancement EA
accelerates the discharge of COMP pin voltage.
When Vcowmp < VsursT, the chip stops switching.

As load becomes lighter, COMP pin voltage
decreases gradually. Once Vcowmp < VsursT, the
chip immediately stops switching and the output
voltage begins to drop. Due to the compensation
loop, COMP pin voltage rises above Veurst again,
the chip resumes switching, and the output voltage
rises. This hiccup mechanism effectively avoids
outputting high voltage at light load and no load.

FB Short-circuit Protection

When Vrs < Vrs pis, the chip stops working
immediately and resumes when FB pin rises to the
enable threshold Vrs en.

Cycle-by-cycle Over-current Protection

RED4201 detects CS pin voltage cycle-by-cycle,
and compares it with the internal threshold. When
it reaches the threshold, turns off MOS. The peak
current of inductor is calculated as:

Vocpl
R5

Ipeak =

Where, Vocpl is the cycle-by-cycle over-current
limit threshold, R5 is the current sense resistor at
CS pin.

This cycle-by-cycle current limiting mechanism
protects related power devices, such as power
MOSFETS, inductors, etc.

Over Temperature Protection

Once the chip junction temperature exceeds Torte,
the chip immediately stops output to reduce the
temperature rise, and restarts to work when the
junction temperature drops to Totp_Hys.

PCB Layout Considerations

1. Reduce the power loop area, (the loop
composed of bus capacitor, power inductor, MOS
and the loop composed of bus capacitor, power
inductor, freewheeling diode, and output
electrolytic capacitor) to ensure better EMI
characteristics. In addition, placing the chip
outside the power loop can reduce interference.

2. The wire of power ground should be as short
and thick as possible, especially the ground of the
rectified CBB capacitor, the ground of CS resistor,
and the ground of output electrolytic capacitor.

3. GATE pin trace should be as short as possible.

4. First connect the signal ground (such as the
ground of VCC, COMP, FB, auxiliary winding) and
the chip ground together, and then connect them
to the power ground. Besides, the signal ground
and the power ground should be as close as
possible to ensure output voltage accuracy.

5. The VCC capacitor and CS filter capacitor
should be as close as possible to the VCC and
GND pins.

6. The resistors at ZCD and FB pins should be as
close as possible to the chip and far away from the
moving point of the system to reduce interference.
Connecting a parallel ceramic capacitor with the
pull-down resistor of FB pin can effectively reduce
noise interference.

7. The heat dissipator is generally connected with
the power component, the dissipator needs to be
connected to the ground.
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RED4201 HPF, Low THD, Boost, PFC Controller

ABSOLUTE MAXIMUM RATINGS

CAUTION: Permanent damage may result if a device is subjected to operating conditions at or in excess of

absolute maximum ratings.

Parameter Symbol Condition Min Max Unit
VCC pin voltage Vce -0.3 30 \%
GATE pin voltage VGATE -0.3 30 \%
Supply current oo 0 20 mA
Input/output voltages i
(EN/CS/FB/COMP/ZCD pin) Vio 03 55 |V
Power dissipation Pomax 1 w
Junction temperature Ts -40 +150 °C
Storage temperature Te -55 +150 °C
Lead temperature TL Soldering, 10s 260 °C
Unless otherwise specified, Vcc =20V, Ta =25°C.
VCC Pin
Parameter Symbol Condition Min Typ Max [ Unit
Clamp voltage Vi lcc=1mA 23 25 27 \Y,
UVLO threshold Vuvio VCC voltage ramps down 7.3 8.3 93 |V
Startup voltage Vstp VCC voltage ramps up 9.3 10.3 113 |V
Supply current
Parameter Symbol Condition Min Typ Max [ Unit
Startup current Istp Vce = Vstp — 1V 75 HA
Standby current O IsTeo Ven = 0V 20 HA
Standby current 1 Iste1 Ves = 0V, EN pin voltage larger 80 |[pA
than Ven
VCC Quiescent operating current | lg No switching 500 | pA
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RED4201 HPF, Low THD, Boost, PFC Controller

COMP Pin
Parameter Symbol Condition Min Typ Max | Unit
EA transconductance Gm 64 WAV
Burst voltage VBURST To enter burst mode 0.5 \%
EA current capability Icomp Ves = 0V 8 MA
DCM voltage Vbewm To enter DCM 1.3 \%
EN Pin
Parameter Symbol Condition Min Typ Max [ Unit
Chip enable voltage VEN 1.8 |V
Chip disable voltage Vbis 0.5 \%
Chip disable delay time tois_Hvs 45 ms
Blanking time tLeB_EN 900 ns
CS Pin
Parameter Symbol Condition Min Typ Max [ Unit
Cycle-by-cycle over-current limit
threshoid Voce1 11 v
Leading edge blanking time tLee_cs 200 ns
Over-current protection threshold | Vocp2 2.4 \Y,
CS minimum peak voltage Vcs_MiN 50 mV
Zero-Crossing Detection(ZCD) Pin
Parameter Symbol Condition Min Typ Max [ Unit
ZCD falling edge threshold Vzco_TH 0.5 \%
ZCD detection threshold
hysteresis Vzeo_wys 0.2 \Y,
Gate Driver(GATE) Pin
Parameter Symbol Condition Min Typ Max [ Unit
Maximum pull-up current Isource Veate = OV 1000 mA
Maximum pull-down current Isink Veate = Vcc 1000 mA
Voltage Feedback(FB) Pin
Parameter Symbol Condition Min Typ Max | Unit
Internal reference voltage VFB_REF 2.45 2.5 255 |V
OVP threshold 1 VrB_ovpP1 FB pin voltage rising 2.57 2.69 281 |V
Fast OVP threshold 2 VEB_ovr2 FB pin voltage rising 2.63 \%
Fast UVP threshold 1 VEB_uvpP1 FB pin voltage falling 2.3 \%
Fast UVP threshold 2 VEB_uvpP2 FB pin voltage falling 2.27 \%
FB detection enable threshold VFB EN FB pin voltage rising 0.45 0.5 055 |V
FB detection enable voltage Vr8_pIs FB pin voltage falling 0.4 0.46 052 |V
www.redisem.com 6/9 Jan 2025

RED4201 Datasheet Rev01
Preliminary




RED4201 HPF, Low THD, Boost, PFC Controller

Over-Temperature Protection (OTP)

Parameter Symbol Condition Min Typ Max [ Unit
OTP threshold Tote 145 °C
OTP Hysteresis Totp_Hys 25 °C
Control Loop
Parameter Symbol Condition Min Typ Max | Unit
Maximum switching frequency fsw_max 450 kHz
Demagnetization detection toEM_BLK 1 us
blanking time
Minimum ON time ton_MmIN 200 ns
Maximum ON time ton_mAx 30 us
Minimum OFF time torr_mIN 1 us
Maximum OFF time 1 torr mMaxa | Ve < 2.3V 25 us
Maximum OFF time 2 torr_max2 | Vs > 2.3V 50 us
Maximum OFF time 3 torrF_max3 500 us
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- RED4201 HPF, Low THD, Boost, PFC Controller

PACKAGE INFORMATION

Package Dimensions

SO8N package dimensions are shown below. All units are in mm.
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Available packages

Package type | Part number Moisture S(('\a/lnssllt)lwty Level Packaging Thermal Resistances
T: | Junction - Case 8ic 90°C/W
sos8 RED4201AD-TR13 3 ape and ree
(JEDEC J-STD-020) 4000pcs/13” reel | Junction - Ambient [}] 128°C/W

Package Marking

: SO8 top-side marking for RED4201
RediSem

RED4201 RED4201= Part Number

WXYZ= Lot Code, e.g. AAAA, AAAB
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RED4201 HPF, Low THD, Boost, PFC Controller

Status
The status of this Datasheet is shown in the footer.
Datasheet Product Definition
Status Status
Preview In development | The Datasheet contains target specifications relating to design and

development of the described IC product.

Preliminary In qualification The Datasheet contains preliminary specifications relating to functionality
and performance of the described IC product.

Production In production The Datasheet contains specifications relating to functionality and
performance of the described IC product which are supported by testing
during development and production.

Contact Details

RediSem Ltd.

218-219 Photonics Centre

No 2 Science Park East Avenue

Hong Kong Science & Technology Park
Shatin, New Territories

Hong Kong

Tel. +852 2607 4141
Fax. +852 2607 4140
Email: info@redisem.com
Web: www.redisem.com

Disclaimer

The product information provided herein is believed to be accurate and is provided on an “as is” basis.
RediSem Ltd assumes no responsibility or liability for the direct or indirect consequences of use of the
information in respect of any infringement of patents or other rights of third parties. RediSem Ltd does not
grant any licence under its patent or intellectual property rights or the rights of other parties. Any application
circuits described herein are for illustrative purposes only. Specifications are subject to change without notice.
In respect of any application of the product described herein RediSem Ltd expressly disclaims all warranties
of any kind, whether express or implied, including, but not limited to, the implied warranties of merchantability,
fitness for a particular purpose and non-infringement of third party rights. No advice or information, whether
oral or written, obtained from RediSem Ltd shall create any warranty of any kind. RediSem Ltd shall not be
liable for any direct, indirect, incidental, special, consequential or exemplary damages, howsoever caused
including but not limited to, damages for loss of profits, goodwill, use, data or other intangible losses. The
products and circuits described herein are subject to the usage conditions and end application exclusions as
outlined in RediSem Ltd Terms and Conditions of Sale. RediSem Ltd reserves the right to change
specifications without notice. To obtain the most current product information available visit www.redisem.com
or contact us at the address shown above.
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