The Future of Analog IC Technology a

MP4032-2

Offline LED Driver

with Fully-Integrated Internal MOSFET

DESCRIPTION

The MP4032-2 is a TRIAC-dimmable, offline
LED lighting driver with an integrated 600V
MOSFET. It can achieve a high power factor
and accurate LED current control for lighting
applications in a single-stage converter. The
proprietary real-current control can accurately
control the LED current.

The MP4032-2 has a power-factor-correction
function and works in boundary-conduction
mode that reduces power losses. The DRAIN
pin can supply current to the internal charging
circuit for start-up without a perceptible delay.
The proprietary dimming control extends the
TRIAC-based dimming range.

The multiple protections greatly enhance
system reliability and safety. These protections
include VCC under-voltage lockout, LED over-
voltage and over-current protections, short-
circuit  protection, and over-temperature
protection.

The MP4032-2 is available in an SOIC8-7A
package.

FEATURES
e Internal MOSFET with 600V High Voltage
Rating
Internal Charging Circuit for Fast Start-Up
e Accurate Line Regulation
Flicker-Free, Phase-Controlled TRIAC
Dimming with Extended Dimming Range
High Power Factor
Boundary-Conduction Mode
VCC UVLO
Cycle-by-Cycle Current Limiting
Over-Voltage Protection
Short-Circuit Protection
Over-Temperature Protection
Available in SOIC8-7A Package

APPLICATIONS

e Solid-State Lighting
e Industrial and Commercial Lighting
e Residential Lighting

All MPS parts are lead-free and adhere to the RoHS directive. For MPS green
status, please visit MPS website under Products, Quality Assurance page.

“MPS” and “The Future of Analog IC Technology” are registered trademarks of
Monolithic Power Systems, Inc.

The MP4032-2 is patent pending.
Warning: Although this board is designed to satisfy safety
requirements, the engineering prototype has not been agency
approved. Therefore, all testing should be performed using an

isolation transformer to provide the AC input to the prototype
High Voltage  poard.
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TYPICAL APPLICATION
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MP4032-2—OFFLINE LED DRIVER WITH FULLY-INTEGRATED INTERNAL MOSFET

ORDERING INFORMATION

Part Number*

Package

Top Marking

MP4032-2GS

SOIC8-7A

MP4032-2

* For Tape & Reel, add suffix —-Z (e.g. MP4032-2GS-2)

PACKAGE REFERENCE

vee [4]

TOP VIEW
comp [1] o [ 8] DRAIN
MULT [2]
zco 3 (6] cs

5] eND

SOIC8-7A

ABSOLUTE MAXIMUM RATINGS ("

VGG ttrteeaiitiee et -0.3V to +30V
ZCD PiN i -7V to +7V
Drain-Source Voltage ................. -0.3V to +600V
Continue Drain Current @ _..............cccococoo.... 1A

Other Analog Inputs and Outputs ...-0.3V to +7V
Continuous Power Dissipation (T = +25°C) ®

............................................................. 1.3W
Junction Temperature........ccccceevvveeveeennee. 150°C
Lead Temperature ................eeeeeeeennnnn. 260°C
Storage Temperature............... -65°C to +150°C

Recommended Operating Conditions @
Supply Voltage Veg.oooovveeeveeeeiennnn, 10.3V to 27V

Thermal Resistance ) 6,4 6,
SOIC8-TA. ..o 9% ...... 45 ...

Notes:

1) Exceeding these ratings may damage the device.

2) Guaranteed by design.

3) The maximum allowable power dissipation is a function of the
maximum junction temperature T,;(MAX), the junction-to-
ambient thermal resistance 6,4, and the ambient temperature
Ta. The maximum allowable continuous power dissipation at
any ambient temperature is calculated by Pp(MAX)=(T,(MAX)-
Ta)/ 8,a. Exceeding the maximum allowable power dissipation
will cause excessive die temperature, and the regulator will go
into thermal shutdown. Internal thermal shutdown circuitry
protects the device from permanent damage.

4) The device is not guaranteed to function outside of its
operation conditions.

5) Measured on JESD51-7 4-layer board.
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MP4032-2—OFFLINE LED DRIVER WITH FULLY-INTEGRATED INTERNAL MOSFET

ELECTRICAL CHARACTERISTICS

Typical values are at Vcc = 16V, T; = 25°C, unless otherwise noted.

Minimum and maximum values are at Ve = 16V, T; = -40°C to +125°C, unless otherwise noted,
guaranteed by characterization.

Parameter Symbol |Condition ‘ Min ‘ Typ ‘ Max ‘ Units
Supply Voltage
Operating Range Vee After turn-on 10.3 27 \%
Turn-On Threshold Vee on V¢ rising 13.0 13.8 14.6 V
Drain-Charger Starting Vec_cho ne | Vec falling, no fault 8.9 9.5 10.1 \Y
Threshold Vee cne F | Ve falling, fault occurs 7.1 7.5 7.9 %
Vce on_cHe
_ON_CHG_ 4. \%
Hysteresis Voltage HYS °
Vee_cHe_Hys 2 Y,
Supply Current
Drain Ch Suppl
Clrﬁlrgnt arger supply lcc_crarce | Before system turns on 3.5 6 8 mA
Start-Up Current lsTARTUP 150 195 |JA
Quiescent Current lq No sw!tch!ng - 900 1200 HA
No switching, fault hiccup 500 670 MA
Operating Current lcc fs =70kHz 1 1.25 mA
Multiplier
Operation Range VMuLT 0 3 \Y
VCOMP=2V) VMULT:O.SV 1.1 1V
Gain K® Veowr=2V, Vyur=1.5V 1.06 1V
VCOMP=2V1 VMULT=3V 0.99 1V
Error Amplifier
T,=+25°C 0.389 | 0.403 | 0.417 \%
Reference Voltage VRer !
T,=+125°C 0.386 | 0.400 | 0.414 \
Transconductance® Gea 125 HA/V
Lower Clamp Voltage Veomp L 1.81 1.88 1.95 \Y
Max. Source Current® lcomp_source 50 MA
Max. Sink Current® lcomp_sink -350 uA
COMP OCP Threshold VCOMF’_OCP VCOMP riSing edge 4.8 5 5.2 \Y
Current Sense Comparator
Leading-Edge Blanking Time TLEB 200 310 420 ns
C tS U Cl
vgﬁ;e;e eNnSe LPPeriamp | vies ciave 1 210 | 224 | 2.38 Vv
C tS L Cl
vgﬁ;e;e eNnSe LOWerL1amb | ves cuawp L 110 | 145 | 175 | mv
130ps auto-switching mode &
th tput of Multiplier i 0.05
Feedback Gain® Kes  |<pomy o LIPRErEE
Other conditions 1
MP4032-2 Rev.1.01 www.MonolithicPower.com 4
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mps MP4032-2—OFFLINE LED DRIVER WITH FULLY-INTEGRATED INTERNAL MOSFET

ELECTRICAL CHARACTERISTICS (continued)

Typical values are at Vcc = 16V, T; = 25°C, unless otherwise noted.

Minimum and maximum values are at Ve = 16V, T; = -40°C to +125°C, unless otherwise noted,
guaranteed by characterization.

Parameter | Symbol | Condition | Min | Typ | Max | Units
Zero Current Detector
Zero Current Detect Threshold Vzep 1 Vzcp falling edge 0.30 0.35 0.40
Zero Current Detect Hysteresis | Vzcp nys 0.55
ZCD Blanking Time Tes zcp | After turn-off 1.75 2.45 3.25 us
Over-Voltage Blanking Time Tes ove | After turn-off 1.30 1.95 2.60 V&
Over-Voltage Threshold Vzcp ove | 1.95us delay after turn-off 5.05 5.30 5.55 \Y
Minimum Off Time TOFF_MIN TJ =+25°C 3.9 5.3 6.7 VS
Internal MOSFET
Drain-Source Breakdown BVpss dv/dt=10V/ns 600 Vv
Voltage
Vec=16V, T,=25°C 6.5 9
15=200mA T,=125°C 10.5 14
Drain-Source On-Resistance Ros(on) o Q
Vee=UVLO+80mvV, | Tb=25°C 7 9.5
Ip=200mA T,=125°C 11 15
TRIAC Phase Dimming
Maximum Dimming Phase The max setting brightness 74 75 76 %
V V| rising edge 0.31 0.34 0.37 \
Dimming Detect Threshold M el - 9%
VMULT_L VMULT fa”lng edge 0.125 0.15 0.175 \Y
Starter
Start Timer Period TSTART 95 130 175 us
Thermal Shutdown
Thermal Shutdown Threshold"”’ Tso 150 °C
Thermal Shutdown Recovery o
Hysteresis'”) Thvs 50 C

Notes:
6) The multiplier output is given by: Vcs=KeVyuire (Vcome-1.5)
7) Guaranteed by characterization.
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MP4032-2—OFFLINE LED DRIVER WITH FULLY-INTEGRATED INTERNAL MOSFET

TYPICAL CHARACTERISTICS
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mps MP4032-2—OFFLINE LED DRIVER WITH FULLY-INTEGRATED INTERNAL MOSFET

TYPICAL PERFORMANCE CHARACTERISTICS

Vin=230VAC/50Hz, 18 LEDs in series, | .gp=98mA, Vour=55V, Lm=1.45mH, TRIAC-dimmable, Non-
isolated Buck-boost Converter, without ripple suppressor, unless otherwise noted.
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mﬁs MP4032-2—OFFLINE LED DRIVER WITH FULLY-INTEGRATED INTERNAL MOSFET

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vn=230VAC/50Hz, 18 LEDs in series, | gp=98mA, Vour=55V, Lm=1.45mH, TRIAC-dimmable, Non-
isolated Buck-boost Converter, without ripple suppressor, unless otherwise noted.
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MP4032-2—OFFLINE LED DRIVER WITH FULLY-INTEGRATED INTERNAL MOSFET

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin=230VAC/50Hz, 18 LEDs in series, I .gp=98mA, Vour=55V, Lm=1.45mH, TRIAC-dimmable, Non-
isolated Buck-boost Converter, without ripple suppressor, unless otherwise noted.
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MP4032-2—OFFLINE LED DRIVER WITH FULLY-INTEGRATED INTERNAL MOSFET

PIN FUNCTIONS

Pin #

Name

Pin Function

COMP

Loop Compensation. Connects a compensation network to stabilize the LED driver and get
an accurate LED driver current.

MULT

Multiplier Input. Connect this pin to the tap of resistor divider from the rectified voltage of
the AC line. The half-wave sinusoid signal on this pin provides a reference signal for the
internal current control loop.

ZCD

Zero Current Detection Input. A negative going-edge triggers the turn-on signal of the
internal MOSFET. Connect this pin to a resistor divider between the auxiliary winding to
GND. Over-voltage condition is detected through ZCD. For each switching turn-off interval, if
the ZCD voltage exceeds the over-voltage-protection (OVP) threshold after the 1.9us
blanking time, OVP will trigger and the system will stop switching until auto-restart.

VCC

Power Supply Input. Powers both the control signal and the internal high-voltage MOSFET
gate driver. Bypass to ground with an external bulk capacitor (typically 22uF) to reduce

ripple.

GND

Ground. Current return for the control signal and the gate drive signal.

CS

Internal MOSFET Source and Current Sense Input. Connect a current-sensing resistor
from this pin to GND to set the LED current. Senses the MOSFET current. Comparing the
resulting voltage and the internal sinusoidal-current reference signal determines when the
MOSFET turns off. If the pin voltage exceeds the current limit threshold of 2.24V (after turn-
on blanking) the gate drive will turn off.

NC

DRAIN

Drain of the Internal MOSFET. Provides charging current from the rectified AC line voltage
to VCC for start-up.

MP4032-2 Rev.1.01
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mps MP4032-2—OFFLINE LED DRIVER WITH FULLY-INTEGRATED INTERNAL MOSFET

FUNCTION DIAGRAM
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Figure 1: Functional Block Diagram
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MP4032-2—OFFLINE LED DRIVER WITH FULLY-INTEGRATED INTERNAL MOSFET

OPERATION

The MP4032-2 is a TRIAC-dimmable, offline LED
driver with an integrated high-voltage MOSFET.
It incorporates multiple features specifically for
high-performance LED lighting. It uses a real-
current-control method to accurately control LED
current. It can achieve a high power factor to
eliminate pollution on the AC-line.

System Start-Up and Power Supply

The VCC pin supplies power to both the control
signal and the gate drive signal. After connecting
the AC line, the VCC capacitor charges from the
DRAIN pin through an internal high-voltage
DRAIN charger. Once VCC reaches 13.8V, the
control logic initiates and the gate drive signal
forces the integrated high-voltage power
MOSFET to begin switching for normal operation.
Meanwhile, the DRAIN charger stops. The
auxiliary winding takes over the power supply
after charging.

If Vcc drops below 9.5V without fault, the DRAIN
charger resumes function to charge V¢ back to
13.8V. If a fault occurs, the system stops
switching and the auto-restart function activates
once V¢ drops to 7.5V.

Power-Factor Correction

The MULT pin connects to the tap of the resistor
divider from the rectified instantaneous line
voltage. It is one of the inputs of the Multiplier.
The multiplier's output has a sinusoidal shape.
This signal provides the reference for the current
comparator, and is compared with the inductor
current sensed by the CS pin: The CS pin
shapes the inductor peak-current envelope
sinusoid to match the input line voltage. This
control method can achieve a high power factor.

Multiplier output

Figure 2: Power-Factor Correction

The maximum voltage of the multiplier output to
the current comparator is clamped to 2.24V to
limit the cycle-by-cycle current.

Boundary-Conduction Mode

During the internal MOSFET ON time (ton), the
rectified input voltage (Vsus) applies to the
inductor (Ln), and the inductor current (I.)
increases linearly from zero to the peak value
(lox)- When the internal MOSFET turns off, the
energy stored in the inductor transfers to the LED
load and turns on the output rectifier diode to
power the load. The inductor current (I.) then
decrease linearly from the peak value to zero.
When the inductor current reaches zero, the
magnetizing inductance and all the parasitic
capacitances decrease the MOSFET drain-
source voltage—this decrease is also reflected
on the auxiliary winding (see Figure 3). The zero-
current detector on the ZCD pin generates the
internal MOSFET’s turn-on signal when the ZCD
voltage falls below 0.35V, and ensures that the
MOSFET turns on at a valley voltage (see Figure
4).
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Figure 3: Boundary-Conduction Mode
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MP4032-2—OFFLINE LED DRIVER WITH FULLY-INTEGRATED INTERNAL MOSFET

Auxiliary Winding
+—/M\ ' D
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T

Vee Rzcou
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i »i_
i 0.35v Rzcp2 Czco

Figure 4: Zero-Current Detector

As a result, there are virtually no switch turn-on
losses and no output diode reverse-recover
losses. It ensures high efficiency and low EMI
noise.

Real-Current Control

The proprietary real-current control allows the
MP4032-2 to control the LED current by sampling
the inductor current information through the CS
sensing resistor. The mean output LED current is
approximately:

Where:
Ves is the internal reference voltage (typically
0.403V)

Rs is the sensing resistor connected between the
CS pin and GND.

Auto Start

The MP4032-2 integrates an auto starter. The
starter begins a timer when the MOSFET turns
on. If ZCD fails to send out another turn-on signal
after 130us, the starter will automatically send a
turn-on signal to avoid unnecessary IC
shutdowns from a missed zero-current detection.

Minimum Off Time

The MP4032-2 operates with variable switching
frequency. The frequency changes with the
instantaneous input line voltage. To limit the
maximum  frequency and improve EMI
performance, the MP4032-2 employs an internal
minimum off-time limiter, with a minimum off-time
of 5.3us.

Leading-Edge Blanking

An internal leading-edge blanking (LEB) unit is
employed between the CS pin and the current
comparator input to prevent the switching pulse
from prematurely terminating due to parasitic
capacitance discharge when the MOSFET turns
on. During the blanking time, the path from the
CS pin to the current comparator input is blocked.
Figure 5 shows the leading-edge blanking.

A Vs

>
Figure 5: Leading-Edge Blanking

Output Over-Voltage Protection (OVP)

Output over-voltage protection can prevent
component damage during an over-voltage
condition. Since the auxiliary winding’s positive
voltage plateau is proportional to the output
voltage, OVP uses the auxiliary winding voltage
through the ZCD over-voltage detector instead of
directly monitoring the output voltage. The OVP
sampling unit is shown in Figure 6. Once the
ZCD pin voltage exceeds 5.3V, the OVP signal
triggers and latches, the gate driver turns off, and
the IC functions in quiescent mode until the VCC
voltage drops to 7.5V, which causes the system
to restart. The output OVP setting point can be
calculated as:

NAUX . R ZCD2

V, . =5.3V
OUT_OVP NL R +R

ZCD1 ZCD2

Vour ove is the output over-voltage protection
threshold,

Naux is the number of auxiliary winding turns

N_ is the number of inductor winding turns.

MP4032-2 Rev.1.01
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MP4032-2—OFFLINE LED DRIVER WITH FULLY-INTEGRATED INTERNAL MOSFET

Auxiliary Winding
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ovP ZCD
signal~*|
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53V Rzcp2: Czcp

Figure 6: Over-Voltage Sampling Unit

1.9uS
Blanking

To avoid an oscillation spike mis-triggering the
OVP after the switch turns off, the OVP has a
blanking period, as shown in Figure 7. The
blanking period (t.es ove) is typically 1.95us.

Vzep A

Sampling Here

ov

TLes_ovp I

>
oy, L

Figure 7: ZCD Voltage and OVP Sampling

Over-Current Protection

The MP4032-2 clamps the CS pin voltage
<2.24V to limit the available output power. If a
short circuit on LED load occurs, the ZCD pin
can’t detect the zero-crossing signal and triggers
a 130us auto-restart process. The COMP voltage
drops and the inductor peak current falls, thus
limiting the SC current. Meanwhile, the auxiliary
winding voltage falls following the output voltage,
Ve drops below 9.5V, and the system restarts.
Furthermore, once the COMP level exceeds 5V,
the COMP OCP ftriggers and the system stops
switching until V¢c drops to 7.5V UVLO, and the
system auto-restarts.

Thermal Shutdown

To prevent thermal damage, the MP4032-2 shuts
off switching and remains latched once the inner
temperature exceeds the OTP threshold. When
Vcc drops below 7.5V, the system restarts.

TRIAC-Phase Dimming

The MP4032-2 can implement TRIAC-based
dimming. As shown in Figure 8, the TRIAC
dimmer is a bi-directional SCR with an adjustable
turn-on phase. The MP4032-2 detects the
dimming phase signal on the MULT pin that
feeds the signal into the control loop for the
dimming control.

Input Line
Voltage

Line Voltage
after TRIAC

T
Delay TRIAC turn
on phase

\/\
A
/

Phase Detect
Signal

Figure 8: TRIAC-Phase Detection Signal for a
Leading-Edge TRIAC Dimmer
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APPLICATION INFORMATION

Components Selection
(Please refer to Application Note ANO055 for detailed
design)

Input EMI Filter

Select EMI component values to pass EMI test
standards, as well as to account for the power
factor and inrush current when dimming turns on.
The input capacitance plays a primary role: a
small input capacitance can increase the power
factor and decrease the inrush current, so select
a relatively small X capacitor.

Input Bridge

The input bridge can use standard, slow-recovery,
low-cost diodes. When selecting diodes, take into
account these three items: the maximum input
RMS current; the maximum-input-line voltage;
and thermal performance.

Input Capacitor

The input capacitor mainly provides the
transformer’s switching frequency magnetizing
current. The maximum current occurs at the peak
of the input voltage. Limit the capacitor's
maximum high-frequency voltage ripple to 10%,
or the voltage ripple may cause more
peak-current spikes and degrade both the power
loss and the EMI performance.

C- > ka_max _\/Elinductor_rms_max
" 2.n-f -V -0.1

s_min ac_min

Input capacitor selection requires taking into
account the EMI filter, the power factor, and the
surge current at the dimming turn-on time. A
large capacitor improves EMI, but limits the
power factor and increases the inrush current.

Passive Bleeder and Active Damper

Since the LED lamp impedance is relatively large,
significant ringing occurs when the leading-edge
TRIAC dimmer turns on due to an inrush current
charging the input capacitance. The ringing may
cause the TRIAC current to fall below the holding
current and turn off the TRIAC dimmer, which
can cause flickering.

The typical application circuit incorporates both a
passive bleeder and an active damping circuit to
address this issue. The design details can be
found in the corresponding design tools.

Inductor

Usually, the system will define a minimum
frequency fs min at the peak of Vac min. SO setting
the value of fs_m» can get the inductance L,,. The
design details can also be found in the design
tools.

Output Rectifier Diode

Choose a diode with an appropriate reverse-
voltage rating and current rating. The reverse
recovery of the freewheeling diode can affect the
efficiency and circuit operation, and a Schottky or
ultra-fast diode is recommended.

Output Capacitor

The output voltage ripple has two components:
the switching-frequency ripple associated with
the converter, and the low-frequency ripple
associated  with  the input-line  voltage
(100/120Hz). Selecting the output bulk capacitor
depends on the LED current ripple, the allowable
overvoltage and the desired voltage ripple.

Meanwhile, a pre-load resistor is necessary to
discharge the output voltage under open-load
conditions.

MP4032-2 Rev.1.01
10/23/2014
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MULT Pin Resistor Divider

The MULT pin resistor divider requires careful
tuning because the MULT voltage determines the
COMP voltage level, which directly influences the
dimming curve and performance. Test the
estimated divider values with different types of
TRIAC dimmers to determine precise resistor
values: typically use the divider for a COMP level
of 2.3V at 120VAC input.

Add a ceramic X7R capacitor to the MULT pin to
absorb the switching-frequency ripple on the
MULT voltage for accurate dimming-phase
detection. Increasing the capacitance can further
smooth the MULT voltage, but increase the input-
line voltage phase shift and diminish the power
factor. Typical values are between 2.2nF and
8.2nF.

VCC Power Supply

After the system starts up, the auxiliary winding
takes over the VCC power supply through a
rectifying diode with a relatively small current-
limiting resistor because of the limited power
dissipation. The bulk capacitor stabilizes the VCC
voltage to limit the ripple—most applications use
22uF. Use the following equation to determine
the voltage rating of the rectifying diode:

N

Layout Guide

PCB layout is very important to achieve reliable
operation, and good EMI and thermal
performance. Follow these guidelines to optimize
performance.

1) Design a short main-power path. Directly
connect the sense resistor GND return to the
input capacitor. Use the largest-possible
copper pour for the power devices for good
thermal performance.

2) Separate the power GND and the analog
GND, and connect them together only at an
IC GND pin.

3) Place the components as close as possible to
the corresponding IC pins. The ZCD pin
bypass capacitor and the COMP pin
capacitor have priority.

4) Separate the input high voltage wire from
other components and GND to avoid surge
failures. Select the pull-down resistors for the
BUS line to the active damping circuit and the
MULT pin for the DIP package.

5) Place the output rectifying diode as close as
possible to the output filter capacitor, and use
a short trace from the inductor output return
pin to the return point of the output filter

VD > VCCmax +$ ’ \/in_max + Vaux_negtive_spike CapaCItor'
L

Where VCC..x is the maximum VCC voltage,

typically 27V, Nax and N_ are the auxiliary

winding and inductor winding turns, Vaux negtive_spike

is the maximum negative spike on auxiliary

winding.
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RIPPLE SUPPRESSOR

(Innovative Proprietary)

For dimming LED lighting application, a single
stage PFC converter needs large output
capacitor to reduce the ripple whose frequency is
double of the Grid. And in deep dimming situation,
the LED would have shimmer caused by the
dimming on duty which is not all the same in
every line cycle. What's more, the Grid has noise
or inrush which would bring out shimmer even
flicker. Figure 9 shows a ripple suppressor, which
can shrink the LED current ripple obviously.

Figure9: Ripple Suppressor

Principle

Shown in Figure 9, Resister R, capacitor C, and
MOSFET M compose the ripple suppressor.
Through the RC filter, C gets the mean value of
the output voltage V¢, to drive the MOSFET M. M
works in variable resistance area. C’s voltage V¢
is steady makes the LEDs voltage is steady, so
the LEDs current will be smooth. MOSFET M
holds the ripple voltage v, of the output.

Diode D and Zener diode D; are used to restrain
the overshoot at start-up. In the start-up process,
through D and Dz, C is charged up quickly to turn
on M, so the LED current can be built quickly.
When V¢ rising up to about the steady value, D
and Dz turn off, and C combines R as the filter to
get the mean voltage drop of Vc,.

The most important parameter of MOSFET M is
the threshold voltage Vy which decides the
power loss of the ripple suppressor. Lower Vy, is
better if the MOSFET can work in variable
resistance area. The BV of the MOSFET can be
selected as double as Vc, and the Continues
Drain current level can be selected as decuple as
the LEDs’ current at least.

About the RC filter, it can be selected by
Toe 2 50/1, Diode D can select 1N4148,

LineCycle -
and the Zener voltage of D; is as small as
possible when guarantee V, +Vp, > 0.5V 5.

Optional Protection Circuit

In large output voltage or large LEDs current
application, MOSFET M may be destroyed by
over-voltage or over-current when LED+ shorted
to LED- at working.

Gate-Source (GS) Over-voltage Protection

Figure 10: Gate-Source OVP Circuit

Figure 10 shows GS over-voltage protection
circuit. Zener diode D¢ and resistor Rg are used
to protect MOSFET M from GS over-voltage
damaged. When LED+ shorted to LED- at normal
operation, the voltage drop on capacitor C is high,
and the voltage drop on Gate-Source is the same
as capacitor C. The Zener diode Dg limits the
voltage Vgs and Rg limits the charging current to
protect Dg. Rg also can limit the current of D; at
the moment when LED+ shorted to LED-. Vpg
should bigger than Vy,.

Drain-Source Over-voltage and Over-current
Protection

As Figure 11 shows, NPN transistor T, resistor
Rc and Rg are set up to protect MOSFET M from
over-current damaged when output short occurs
at normal operation. When LED+ shorted to LED-,
the voltage vps of MOSFET is equal to the v¢,
which has a high surge caused by the parasitic
parameter. Zener Dioder Dps protects MOSFET
from over-voltage damaged. Transistor T is used
to pull down the Vgs of M. When M turns off, the
load is opened, then the OVP mode is triggered,

MP4032-2 Rev.1.01
10/23/2014

www.MonolithicPower.com 17
MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2014 MPS. All Rights Reserved.



mps MP4032-2—OFFLINE LED DRIVER WITH FULLY-INTEGRATED INTERNAL MOSFET

and the IC functions in quiescent. The pull down

R V MOSFET LIST
point is set by Rc and Re: ﬁ% =0.7V. In the Table 1, there are some recommended
c T E MOSFET for ripple suppressor.

Figure 11: Drain-Source OVP and OCP Circuit
Table 1: MOSFET LIST

Manufacture P/N Manufacture Vps/lp Vin(Vps=Ves@T,=25°C) Package Power Stage

Si4446DY Vishay 40V/3A 0.6-1.6V@ 1d=250pA SO-8 <10W

FTD100N10A IPS 100V/M17A 1.0-2.0V@ |d=250uA TO-252 5-15W

P6015CDG NIKO-SEM 150V/20A 0.45-1.20V@ 1d=250pA TO-252 10-20W

EMF65N15A Excelliancemos | 150V/20A 0.45-1.20V@ 1d=250pA TO-252 10-20W
MP4032-2 Rev.1.01 www.MonolithicPower.com 18
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TYPICAL APPLICATION CIRCUIT

L2

47mH
L2 LED-
R5 ™
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4.7K0805 _ R12 > | o Output
w 470k 7 33uF
. Lt 45 a0 TR s5vieBmA
B202W 5 v e 1l b1 D)
| 1tonFie30v T e3nFre30v BAV30M4W R [
’351105 B 350V/0.25A 1011206 -2 LED*
[ 2 | 1 3 D3
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600V/1A
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2MA1%/0.25W 4
© WD AKD
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Figure 12: 198VAC-265VAC/50Hz Input, Non-isolated Buck-boost Converter with a 55V/98mA Output
for TRIAC-dimmable GU10 LED Bulb
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PACKAGE INFORMATION
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OCEAN CHIPS

OxreaH INeKTPOHMUKM
MocTaBKa 3ﬂeKTp0HHbIX KOMMOHEHTOB

Komnanusa «OkeaH DNEKTPOHMKM> MpEeAaraeT 3aK/Il04EHUE JONTOCPOYHbIX OTHOLLIEHMM NpU
MOCTaBKaX MMMOPTHbIX 3/1EKTPOHHbIX KOMMOHEHTOB HA B3aMMOBbIrOZHbIX YC10BMAX!

Hawwu npeumyliectsa:

- NlocTaBKa OpMrMHaIbHbIX UMMNOPTHbBIX 3/IEKTPOHHbIX KOMMOHEHTOB HanNpAMYy C NPOM3BOACTB AMEPUKM,
EBponbl M A3uK, a TaK e C KpYNHEMLIMX CKIaJ0B MMPa;

- LUnMpoKas sMHeMKa NOCTaBOK aKTUBHBIX M MACCMBHBIX MMMOPTHbBIX 3/1EKTPOHHbIX KOMMOHEHTOB (6onee
30 MJIH. HAMMEHOBAHUMN);

- MocTaBKa C/IOXKHbIX, AeDUUMUTHBIX, IM60 CHATLIX C NPOM3BOACTBA NO3ULMIA;

- OnepaTMBHbIE CPOKM NOCTABKM NOA 3aKa3 (0T 5 paboumx AHEN);

- JKCnpecc JoCTaBKa B 06YH0 TOYKY Poccuu;

- Momouwb KoHcTpyKTOpCKOro OTAena 1 KOHCynbTauumu KBaMPULUUPOBAHHBIX MHXEHEPOB;

- TexHM4ecKaa nogaepkka NpoeKTa, NomMollb B NoA6ope aHanoros, NocTaBka NPOTOTUNOB;

- [locTaBKa 3/1EKTPOHHbIX KOMMOHEHTOB NoJ, KOHTposiem BIT;

- CUcTeMa MeHeaXXMeHTa KayecTBa cepTudmumpoBaHa no MexayHapogHomy ctaHgapTy 1SO 9001;

- Mp1 HEO06XOAMMOCTH BCA NPOAYKLUMA BOEHHOIO M adPOKOCMMYECKOrO Ha3HaYeHMA NPOXoAUT

MCMbITaHMA M CEPTUMhMKALMIO B TaGOPATOPMM (MO COrIACOBAHMIO C 3aKa34YMKOM);
- MocTaBKa cneumanusmMpoBaHHbIX KOMMOHEHTOB BOEHHOMO M a3POKOCMMYECKOr0 YPOBHSA KayecTBa

(Xilinx, Altera, Analog Devices, Intersil, Interpoint, Microsemi, Actel, Aeroflex, Peregrine, VPT, Syfer,
Eurofarad, Texas Instruments, MS Kennedy, Miteq, Cobham, E2V, MA-COM, Hittite, Mini-Circuits,
General Dynamics u gp.);

KomnaHua «OkeaH JNEeKTPOHMKKU» ABNAETCA oduuMabHbIM AUCTPUOLIOTOPOM M SKCKJIHO3MBHbBIM
npesctasuteneM B Poccum ofHOrO M3  KpPYMHEMWMX MPOM3BOAMUTENIEM Pa3beEMOB BOEHHOMO W
A3pPOKOCMMYECKOro Ha3sHavyeHuMs <«JONHON», a Tak Xe oduuMaibHbiIM AUCTPUOBIOTOPOM MU
JKCK/II03MBHbIM nNpeacTaBuTenieM B Poccvn npousBoauTENA BbICOKOTEXHOIOMMYHBIX M HaAEXHbIX
peweHun ans nepeaaym CBY curHano «FORSTAR>.

«JONHON> (ocHosaH B 1970 T.)

PasbeMbl crneumanbHOro, BOEHHOMo M A3POKOCMHNYECKOIo
Ha3Ha4YeHHA:

JONHON (MpuMeHsOTCA B BOEHHOM, aBMALMOHHOM, a3POKOCMMYECKOM,

MOPCKOM, KeNe3HOAOPOXKHOM, TOpHO- M HedTeao6biBatoLLeN
0Tpac/AX NPOMbILLIEHHOCTH)

«FORSTAR> (ocHoBaH B 1998 r.)

BY coegmHmnTENN, KOAKCHaNbHbIE Kabenn

’ ) ®
KabenbHble COOPKM M MMKPOBONIHOBbIE KOMMOHEHTbI: FORS 'AR
L

(MpuMeHsaTCA B TEJIEKOMMYHMKAUMAX  FPaXXAaHCKOro M
cneuManbHOrO HasHayeHus, B cpeacTBax cBA3sM, PJIC, a TaK xe
BOEHHOM,  aBMALUMOHHOM M AdPOKOCMMYECKOM  OTpacisx
NPOMBILLNIEHHOCTH).

TenedoH: 8 (812) 309-75-97 (MHOroKaHasbHbIN)

dakc: 8 (812) 320-03-32

DNIeKTpPOHHas noyTa: ocean@oceanchips.ru

Web: http://oceanchips.ru/

Appec: 198099, r. CaHkT-leTepbypr, yn. KananHuHa, 4. 2, Kopn. 4, amT. A




