The Future of Analog IC Technology®

MP4655

Pure, Single-Stage, LLC, LED Current

and System Voltage Controller

DESCRIPTION

The MP4655 is a pure, single-stage, LLC, LED
current and system voltage controller for LED
backlighting, especially in larger TVs, and is
located on the secondary side. The MP4655
uses an LLC power stage and an extra N-
channel MOSFET to regulate both the LED
current and the system supply voltage. The
MP4655 is powered by input supplies ranging
from 9V to 35V that output two 180 degree
phase shifted driving signals for the external
LLC power stages. Its enhanced 12V gate
driver provides sufficient driving capability and
can drive the external LLC MOSFETs directly
through an external gate-driving transformer.
The MP4655 also provides a direct driving
signal to control the extra N-channel MOSFET
and regulate the system supply voltage.

The MP4655 incorporates both PWM dimming
and analog dimming for the LED current. A
driving signal is output to directly drive the
dimming MOSFET, which helps achieve fast
and high-contrast ratio PWM dimming. The
analog dimming can be achieved through a DC
signal on ADIM or a pulse signal on ADIMP.

The MP4655 employs smart protection
methods to protect the LED driver stage and
system power stage in the event that a fault
occurs, increasing system reliability.

Full protection features for the LED include
open LED protection, short LED protection,
over-LED current protection, feedback open
loop protection, and protection for any point of
the LED string shorting to ground.

Full protection features for the system supply
voltage stage include over-voltage protection
(OVP), over-current protection (OCP), and
feedback open-loop protection. The MP4655
uses an extra individual capacitive mode
protection to protect the LLC power stage in
any condition system in the event it enters
capacitive mode. The MP4655 also employs
thermal shutdown and is available in a SOIC-28
package.

FEATURES

o Pure, 1-Stage LLC for LED Current and
System Supply Voltage Regulation

e CC/CV Frequency Control Loop and Duty

Cycle Control Loop

Audible Noise Elimination

9V to 35V Input Voltage Range

Deep and Fast PWM Dimming

Analog Dimming with DC or Pulse Input

Signal

Input Under-Voltage Lockout (UVLO)

System Supply Over-Voltage Protection

(OVP)

System Supply Short Protection

LED Open, LED Short Protection

LED String Short to GND Protection

Open Feedback Loop Protection for System

Bus Voltage and LED Driver

Capacitive Mode Protection for LLC

o Soft Switching for the Extra N-Channel
MOSFET

e Fault Indicator

e Available in a SOIC-28 Package

APPLICATIONS

LCD TVs and Monitors

Desktop LCD Flat Panel Displays
Flat Panel Video Displays

Street Lighting

All MPS parts are lead-free, halogen-free, and adhere to the RoHS directive. For
MPS green status, please visit the MPS website under Quality
Assurance. “MPS” and “The Future of Analog IC Technology” are registered
trademarks of Monolithic Power Systems, Inc.
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mP ®MP4655—PURE, SINGLE-STAGE, LLC, LED CURRENT AND SYSTEM VOLTAGE CONTROLLER

TYPICAL APPLICATION
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®MP4655—PURE, SINGLE-STAGE, LLC, LED CURRENT AND SYSTEM VOLTAGE CONTROLLER

ORDERING INFORMATION

Part Number*

Package

Top Marking

MP4655GY

SOIC-28

See Below

*For Tape & Reel, add suffix —Z (eg. MP4655GY-2)

TOP MARKING

MPS: MPS prefix
YY: Year code
WW: Week code

MP4655: Product code of MP4655GY

LLLLLLLLL: Lot number

PACKAGE REFERENCE

TOP VIEW
VDR_DN [ 1] ' 28] cFLY
GATEN [2 27] GR
SOURCE [ 3 [26] GND
FTH_CMODE [ 4 [25] oL
CMODE [ 5 [24] DIMO
ss [6] 23] vce
vocp [7 [22] Ps_ON
FSET [8 [21] vIN
vcomp [ 9] [20] PWMIN
vFB [10] [19] ADIM
DCOMP [11] 18] ADIMP
IF8 [12] [17] EN_LED
Icomp [13] [16] VLED2
IOCP/FAULT [14] [15] VLED1
SOIC-28
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mp5®MP4655—PURE, SINGLE-STAGE, LLC, LED CURRENT AND SYSTEM VOLTAGE CONTROLLER

ABSOLUTE MAXIMUM RATINGS ™ Thermal Resistance ” 6,1  6,c

VIN, PS_ON, PWMIN ......c...cconnes -0.3V to 40V SOIC-28 ...cooeeeiiieeeeeeeee 60...... 30... °C/W

GL, GR, VCC, DIMO, CFLY............ -0.3V to 18V NOTES,

SOURCE ... -0.3V to 30V 1) Exceeding these ratings may damage the device.

VDR_DN, GATEN......ccoerierirririnn. -0.3V to 48V RISt il ek ey
— maximum junction temperature T, , the junction-to-

VDR_DN - SOURCE, GATEN-SOURCE.......... ambient thérmal resistanpce 0,a, and the ambient témperature

........................................................ -0.3V to 18V Ta The bmaﬁin?um allotwabl_e conltin:xiuz %owgr cz:\jlsAi?(?tion(_?t

any ambient temperature is calculate b = (T,

IOCP/FAULT’ VOCP’ CMODE.......... -6.5V to 6V (MX\X)-TA)/GJA. E)E)ceeding the maximumyallowable power

Other PINS .o -0.3V to 6.5V dissipation produces an excessive die temperature, causing

Junction temperature ..............cccceeeeennee. 150°C the regulator to go into thermal shutdown. Internal thermal
. L . o 2) shutdown circuitry protects the device from permanent

Continuous power dissipation (Ta = +25°C) damage.

SOIC-28....coieiieeeeeeeeeeeeeeeeeeeeeee 2.1W 3) The device is not guaranteed to function outside of its

ting conditions.

Storage temperature................ -65°C to +150°C 4) iﬂp:;:ured on JESD51-7, 4-layer PCB.

Operating frequency ..........cccccevveevveeenne. 400kHz

Recommended Operating Conditions ®)

Supply voltage (ViN) «.ooeeevvvieiieneeenn, -0.3V to 35V

Operating frequency ............... 20kHz to 350kHz

Operating junction temp. ......... -40°C to +125°C

MP4655 Rev 1.0 www.MonolithicPower.com 4
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mp5®MP4655—PURE, SINGLE-STAGE, LLC, LED CURRENT AND SYSTEM VOLTAGE CONTROLLER

ELECTRICAL CHARACTERISTICS

Vin =13V, T = +25°C, unless otherwise noted.

Parameter ‘ Symbol |Condition | Min | Typ | Max ‘ Units
VIN Supply
VIN supply range 9 35 V
Quiescent current lo rﬁ)c?é(a)t’: :rf/\ér 1.6 1.9 mA
Shutdown current lshutdown PS ON=1.5V 106 120 MA
Standby current Ist PS_ON =0V 0.6 0.8 mA
Gate Driver GL, GR (LLC Power Stage)
Gate pull-down resistance Rep lgate = 20mMA 2 Q
Gate pull-up resistance Reu lgate = 20mMA 8 Q
Output source current lsoURCE With 1nF load 0.5® A
Output sink current lsink With 1nF load 1® A
Dead time tgead 400 600 800 ns
Gate Driver Supply Voltage (VCC)
lvcc = OmA 115 | 125 | 13.5 Y
Voltage Vvee lvee = 30mA 11.3 | 123 | 13.3 %
lvcc = 50mA 11.2 | 122 | 13.2 Y
Voltage dropout lvec = 50mA, VIN = 10V 0.53 \
VCC UVLO threshold Vr1r_uvio vee | VCC rising 7.2 7.74 8.2 V
VCC UVLO hysteresis V1H vee HysT 1.8 2.05 | 2.3 V
Gate Driver (GATEN, for Extra MOSFET on Vsystem)
GATEN pull-down resistance Rep lgate = 20mMA 2.5 Q
GATEN pull-up resistance Rcu lgate = 20mMA 9 Q
Output source current Isource_caten | With 1nF load 0.5® A
Output sink current lsink_caten | With 1nF load 1® A
GATEN Supply Voltage (VDR_DN)
Charge pump pull-up resistor 13 Q
Charge pump pull-down resistor 4 Q
Charge pump frequency fenargepump 455 kHz
;gsgﬁah:guepgﬁ:;;]z%s:tzlg dtt?y Vi coper 518 Detection circuit, VCC - Vv
mode -HPPer very small leakage 2.5
VDR_DN valley threshold to VCC -5.5> 5V vgg i
recover charge pump in Vin_valiey STB : v
standby mode VCC -55<5V 5
Leakage current from SOURCE lig_SOURCE Xﬁggggpzritvdisable q 0.2 pA

MP4655 Rev 1.0
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mp5®MP4655—PURE, SINGLE-STAGE, LLC, LED CURRENT AND SYSTEM VOLTAGE CONTROLLER

ELECTRICAL CHARACTERISTICS (continued)

Vin =13V, T = +25°C, unless otherwise noted.

Parameter ‘ Symbol |C0ndition | Min | Typ | Max ‘ Units
Analog Dimming

Analog dimming full scale V aDMmax VIFB = 200mV 232 | 2.39 | 2.46 V
Dimming linearity VIFB_ADIM |VADIM = 1.2V 100 mV
Dimming linearity VIFB_ADIM |VADIM = 0.8V 66.8 mV
Dimming linearity VIFB_ADIM |VADIM = 0.3V 25 mV
Dimming linearity VIFB_ADIM |VADIM = 0.1V 8.5 mV
ADIMP logic high VADIM_PHI 1.8 3.5 \%
ADIMP logic low VADIM_PLO 0.9 \%
ADIMP pull-up resistor RADIM_P_UP 1.5 MQ
ADIMP disable threshold 4.7 V
PWM Dimming

PWM logic high threshold VTH-pwM PWM dimming 1.4 17 2 \Y
PWM logic input hysteresis Virpwmtyst | PWM dimming 0.6 V
Operating Frequency

Minimum frequency set voltage VEseT IFB = 0.1V, PWMIN = high | 1.65 1.73 | 1.83 V

Rrser = RSS_FSET = 300kQ,

Minimum operating frequency Frmin_op IFB = 0.1V, PWMIN = high 42.5 kHz
: : Rrser = RSS_FSET = 300kQ,
Maximum operating frequency Fmax_op IFB = 0.21V, PWMIN = high 130 kHz
Output PWM Dimming Signal for LED (DIMO)
Logic high voltage Vi.oimo Normal operation 12.5
, At fault condition,
Logic low voltage Vi-oimo or PWMIN is low 0.1
DIMO up-side resistance 20mA erve source current 62 Q
for design
DIMO low-side resistance 100mA_ drive sink current 7 Q
for design
LED Stage Enable (EN_LED)
EN_LED logic high threshold VTH-EN_LED EN_LED rising 14 1.7 2 V
EN_LED logic input hysteresis VTH-ENLED-Hyst 0.6 \
IC Enable Signal (PS_ON)

Threshold for IC standby Vin ps on_ste | Rising edge 0.7 0.8 0.9 \Y
Duration time to shut down IC Vin_ps_on_s18 < Vs on < 1 ms
Vin_ps_oN

Threshold to turn on IC to

operate normally Vin_ps_on 19 2 2.1 v
MP4655 Rev 1.0 www.MonolithicPower.com 6
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mp5®MP4655—PURE, SINGLE-STAGE, LLC, LED CURRENT AND SYSTEM VOLTAGE CONTROLLER

ELECTRICAL CHARACTERISTICS (continued)

Vin =13V, T = +25°C, unless otherwise noted.

Parameter

Symbol

|Condition

| Min | Typ |Max‘ Units

Capacitive Mode Detection (CMODE)

CMODE detection high Vi cmode i | At GL falling edge 0.97 Veer ves
CMODE detection low Vin cmose . | At GR falling edge 0.03 Vier vrg
FTH_CMODE voltage VEth_cmode 1.15 1.2 | 1.25 \%
CMODE threshold frequency Fin cmode 150kQ on FTH_CMODE 91 kHz
Soft Start (SS)

Soft-start final voltage Vss 'S\'tg;tmjé operation after 234 |2.405 | 2.47

Soft-start current Iss Vss =1V 13 MA
capaciive mode detected s ucrarge | Ves =2V 3 ss
Pull low resistor at latch-up 120 Q
LED Current Feedback (IFB)

Magnitude |Vies| 0.188 | 0.199 | 0.21 \
LED short threshold for Virss 490 | 555 | 610 | mv
LED short detection delay time ThlankTdelay 6 us
I;Etliiz)rs]hort threshold for slow Vieasc 370 415 | 460 mv
Delay time for slow action Tdelay IFB 400mV < Vg < 600mV 250 340 | 450 us
Threshold for short protection ICOMP saturated 50% Vies rer
Duration for short protection 1024 cycle
Internal Current Loop Compensation Transconductance Op-Amp (ICOMP)

Transconductance Gm_| 840 MANV
Saturated output current lsat | 30 50 70 MA
Low-level clamp voltage VICOMP_L |Normal operation 0.97 | 1.02 | 1.07 \%
High-level clamp votlage VICOMP_H | Normal operation 2.2 2.28 | 2.36 \%
Output for System Voltage Feedback (VFB)

Reference voltage VREF vrB 1.17 1.2 1.23 \Y
Leakage current lkg vFB Normal operation 0.33 MA
Internal Voltage Loop Compensation Transconductance Op-Amp (VCOMP)

Low-level clamp voltage Vvcome L Normal operation 0.97 1.02 | 1.07 \Y
High-level clamp votlage Vvcomp_H Normal operation 2.2 2.28 | 2.36 \Y
Transconductance Gm_V 150 HAN
Saturated output current lsat v 30 50 70 MA
MP4655 Rev 1.0 www.MonolithicPower.com 7
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®MP4655—PURE, SINGLE-STAGE, LLC, LED CURRENT AND SYSTEM VOLTAGE CONTROLLER

ELECTRICAL CHARACTERISTICS (continued)

Vin =13V, T = +25°C, unless otherwise noted.

Parameter ‘

Symbol

|Condition

| Min | Typ | Max | uUnits

Internal Voltage Loop Compensation Transconductance Op-Amp for Extra MOSFET Control (DCOMP)

Normal operation,

mode

Low-level clamp voltage Vbcomp L VOCP = 0V 0.41 \%

. N I tion,
High-level clamp votlage Vbcomp H Vgréns =og\e;ra lon 2.1 \Y
Transconductance Gm pcomp 150 WAV
Saturated output current lsat_ Dcomp 30 50 70 MA
Bus Voltage Stage Current Detection (VOCP)
VOCP detection threshold V1H voce -230 | -203 | -176 mV
VOCP delay time Tp voce OCP < -200mV 7 V]
Over LED Voltage Protection (VLED1, VLED?2)
Over LED voltage protection
threshold V1H ove_LeED 233 | 241 | 249 \Y
Over LED voltage delay time Tdelay VLED 8 us
Gain of differential voltage 14 16. 18
protection
Internal resistance Rviep 16 20 24 kQ
Over LED voltage to latch
LC/C voltag up VTH_ovP_LED Jatch 2.85 3 3.15 \
Duration time to latch up 7.6 us
Burst Mode (Pulse Skipping) Threshold at Normal Operation (VCOMP, ICOMP, VFB, IFB)
VCOMP threshold for burst PS ON=H,
mode VTH burst vcomP VFB > 1.05Vker vrs 1.05 1.1 1.15 Vv
VCOMP hysteresis for burst PS ON = H 80 100 | 120 mv
mode -
VFB threshold for burst mode VTH_burst_VFB PS_ON =H 1.05 VREF_VFB
VFB reset threshold for burst
mode . V1H_reset burst vre |PS_ON =H 0.95 VRer_vFB
ICOMP threshold for burst PS ON=H,
mode VTH burst ICOMP Virs > 1.08Vs rer 1.05 | 112 | 1.18 \Y
ICOMP hysteresis for burst 100 mv
mode
IFB threshold for burst mode Virbustps | PS_ON =H 1.08 Vieg rer
IFB reset threshold for burst Vit reset pursLiFs | PS_ON = H 0.92 VIFB_REF(B)

MP4655 Rev 1.0
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mp5®MP4655—PURE, SINGLE-STAGE, LLC, LED CURRENT AND SYSTEM VOLTAGE CONTROLLER

ELECTRICAL CHARACTERISTICS (continued)

Vin =13V, T4 = +25°C, unless otherwise noted.

Parameter ‘ Symbol |Condition | Min | Typ | Max ‘ Units
Burst Mode (Pulse Skipping) Threshold in Standby Mode (VCOMP, VFB)
VFB threshold t t t
e resho o stop gate 1.05 Vier ve
VFB threshold t t
e reshold to recover gate 0.95 Vier ve
PS_ON < 0.7V,
FSET voltage at standby mode | VFSET _STB VFB = 0.8 * VREF_VFB 2.1
VSS low clamp value 0.91
VSS soft-on recovery current 100 MA
VSS soft-off recovery current 100 MA
System Voltage Protection (VFB)
Overbus oltage rotection
th\lfeshlcj)ld vores P | VH_ove_vre 1.25 VRer_vrs
Delay time VFB > 1.5V 7 VS
VFB open protection threshold VTH_Open_VFB 50% VREF_VFB
. . VCOMP saturated at PWM
Er%g[cl:?ign time for VFB open off or DCOMP saturated at 512 cycles
PWM ON
LED Stage Over-Current Detection (IOCP/FAULT)
IOCP threshold V1H_locp -360 | -320 | -280 mV
IOCP detection delay time To 1ocp IOCP < -310mV 7 V&
. . LED driver stage
:_?_%P duration time to latch up protection triggered and 270 us
IOCP < -300mV
Amplitude of output fault signal Veaut Pin floated, fault condition | 53, | 34 | 36 Y,
Isource = T0MA
Pull-gp resistance at fault 0.3 KO
condition
Source current of ICOP at
. 5 A
normal operation
NOTES:
5) The parameters are tested on the bench with several parts.
6) VIFB_REF is the reference voltage for IFB. Its value changes according to the ADIM signal.
MP4655 Rev 1.0 www.MonolithicPower.com 9
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mp ‘MP4655-PURE, SINGLE-STAGE, LLC, LED CURRENT AND SYSTEM VOLTAGE CONTROLLER
R —

TYPICAL CHARACTERISTICS

Quiescent Current vs. Supply Current vs. VCC Drive Capability
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TYPICAL CHARACTERISTICS (continued)
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CMODE Low-Level Threshold VSS Voltage vs.
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mP ®MP4655—PURE, SINGLE-STAGE, LLC, LED CURRENT AND SYSTEM VOLTAGE CONTROLLER

TYPICAL CHARACTERISTICS (continued)

VFB Reference Voltage IFB Reference Voltage
vs. Temperature vs. Temperature
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mp ‘MP4655-PURE, SINGLE-STAGE, LLC, LED CURRENT AND SYSTEM VOLTAGE CONTROLLER
R —

TYPICAL PERFORMANCE CHARACTERISTICS

Performance waveforms are tested on the evaluation board of the Design Example section.
400Vpys = 390V, V gp = 130V, ILED = 375mA*2 strings, System output = 13.5V/6.5A, T = 25°C,

unless otherwise noted.
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mp ‘MP4655-PURE, SINGLE-STAGE, LLC, LED CURRENT AND SYSTEM VOLTAGE CONTROLLER
R —

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Performance waveforms are tested on the evaluation board of the Design Example section.

400Vpys = 390V, Vi ep = 130V, ILED = 375mA*2 strings, System output = 13.5V/6.5A, T, = 25°C,
unless otherwise noted.
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PIN FUNCTIONS

®MP4655—PURE, SINGLE-STAGE, LLC, LED CURRENT AND SYSTEM VOLTAGE CONTROLLER

Pin #

Name

Description

1

VDR_DN

Drive voltage for the extra MOSFET. VDR_DN is formed by the charge pump and is
referred to SOURCE.

2

GATEN

Gate of the extra N-channel MOSFET.

SOURCE

Source of the extra N-channel MOSFET.

FTH_CMODE

FTH_CMODE sets the threshold frequency to shut down the LLC when capacitive
mode is detected. Its typical voltage is 1.2V. The sourcing current through
FTH_CMODE determines the threshold frequency. When capacitive mode is detected,
the IC discharges SS and increases the operating frequency. If the operating frequency
is higher than this threshold frequency when capacitive mode is detected, the IC latches
up LLC and the IOCP/FAULT signal output is high.

CMODE

Detection of capacitive mode. The secondary side winding voltage is fed back on
CMODE for capacitive mode detection.

SS

Soft start. SS functions as a soft start and also sets the operating frequency together
with FSET. Connect a capacitor from SS to GND to set the soft-start time. An internal
10pA sourcing current charges this capacitor to 2.4V at soft start. Connect a resistor
between SS and FSET to set the operating frequency together with the resistor from
FSET to GND.

VOCP

Over-current protection of the system bus voltage stage. VOCP senses the
secondary current of the system bus voltage stage. When VOCP is lower than -203mV,
the IC triggers a bus stage protection. VOCP is also used for the inner current control
loop for the bus voltage compensation to control the extra MOSFET duty cycle.

FSET

Frequency set. Connect a resistor from FSET to GND, and another resistor between
FSET and SS. The operating frequency is determined by the sourcing current through
FSET. The voltage of FSET and the operating frequency are programmed by the
current control loop and the voltage control loop.

VCOMP

Feedback compensation node of the voltage control loop. Connect a compensation
capacitor or an R-C network from VCOMP to GND. The VCOMP voltage is internally
clamped between 1.02V and 2.28V, which limits the operating frequency range.

10

VFB

Bus voltage feedback. VFB feeds back the bus voltage for regulation. Its inner
reference voltage is 1.2V. VFB is also used for over-voltage protection of the bus
voltage stage. When VFB exceeds 1.5V, the over-voltage protection of the bus voltage
stage is triggered. VFB also functions as the open feedback loop protection. If VFB is
lower than 50% of its reference voltage and VCOMP or DCOMP is saturated for 512
cycles, the IC triggers the bus voltage stage protection.

11

DCOMP

Feedback compensation node of the voltage control loop. DCOMP is used to
program the duty cycle of the extra N-channel MOSFET. Connect a compensation
capacitor or an R-C network from DCOMP to GND.

12

IFB

LED current feedback input. IFB feeds back the LED current through a sensing
resistor. The internal error amplifier sinks a current from ICOMP proportional to the
absolute value of the voltage at IFB. The average voltage at IFB is regulated to the
reference voltage (controlled by the ADIM voltage, 199mV when ADIM is high). The
voltage on IFB is also used for LED over-current detection. When the voltage on IFB
rises higher than 415mV for 340us or when the voltage rises higher than 555mV, the IC
triggers the LED stage protection. IFB also functions as the LED current open feedback
loop protection. If the IFB voltage is lower than 50% of its reference voltage and the
ICOMP is saturated for 1024 cycles, the IC triggers the LED stage protection.
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mp5®MP4655—PURE, SINGLE-STAGE, LLC, LED CURRENT AND SYSTEM VOLTAGE CONTROLLER

PIN FUNCTIONS (continued)

Pin #

Name

Description

13

ICOMP

Feedback compensation node of the current control loop. Connect a compensation
capacitor or an R-C network from ICOMP to GND. The ICOMP voltage is internally
clamped between 1.02V and 2.28V, which limits the operating frequency range. ICOMP
also functions as the short LED to GND protection. When ICOMP is saturated and the
IFB voltage is lower than 50% of the reference current for 1024 cycles, IC uses it as the
fault condition and triggers an LED fault protection.

14

IOCP/FAULT

LED stage over-current protection and fault indicator. IOCP/FAULT feeds back the
secondary side current of the LED driver stage. When the voltage on IOCP/FAULT is
less than -320mV for 7pus, the IC disables the output of the DIMO signal. After 270us,
the IC outputs the fault indicator. If the IOCP voltage is always lower than -320mV for
270ps, the IC latches up the LLC.

15

VLED1

Voltage feedback of LED string 1. VLED1 and VLED2 cooperate for the protection of
the LED driver stage. The maximum voltage and the voltage difference among VLED1
and VLED2 are detected and used for LED stage protection. For 1-string applications,
connect VLED1 and VLEDZ2; for two-string applications, feed back the LED strings
voltages to VLED1 and VLED2; for applications with more than two strings, feed back
the maximum voltage of the LED strings and the minimum voltage of the LED strings to
VLED1 and VLED2.

16

VLED2

Voltage feedback of LED string 2.

17

EN_LED

The enable signal for the LED driver. Logic high enables the LED stage; logic low
disables the LED stage.

18

ADIMP

The pulse input signal for analog dimming. The duty cycle 0 to 100% of this pulse
signal programs the amplitude of the LED current from 0 to 100%. Place a 100nF
capacitor from ADIM to GND for this type of dimming. If this dimming is not being used,
pull it high to VCC through a 100k resistor or leave it open.

19

ADIM

Analog dimming input with DC voltage. The LED current is set by 0~2.4V from 0 to
100%. ADIMP should be disabled if using this DC input analog dimming. If this dimming
is not being used, pull it high to VCC through a 100kQ resistor.

20

PWMIN

PWM dimming control input. Apply a 100Hz to 2kHz PWM signal to PWMIN for PWM
dimming.

21

VIN

Supply input. Bypass VIN with a ceramic capacitor larger than 0.1pF.

22

PS ON

On/off signal for the system power supply. PS_ON is the enable signal for the IC.
This signal determines the operation mode of the IC. If PS_ON is less than 0.8V, the IC
works in standby mode. IC operates in deep burst mode, and the system bus voltage is
controlled with a larger ripple voltage to decrease the power consumption. If PS_ON is
greater than 0.8V but less than 2V and this saturation lasts for 1ms, the IC shuts down.
If PS_ON is greater than 2V, the IC works in normal operation mode.

23

VCC

Power supply for the gate driver of the LLC MOSFETs and internal circuit. Bypass
VCC to GND with a ceramic capacitor larger than 1uF.

24

DIMO

Output of the driving signal for the dimming MOSFET.

25

GL

LLC driving signal output. 180 degree phase shift of GR.

26

GND

Ground reference.

27

GR

LLC driving signal output. 180 degree phase shift of GL.

28

CFLY

Output of the pulse signal for the charge pump. Connect a flying cap higher than
100nF of the charge pump to CFLY. Please refer to the typical application circuit for
connection details.
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®MP4655—PURE, SINGLE-STAGE, LLC, LED CURRENT AND SYSTEM VOLTAGE CONTROLLER

BLOCK DI

AGRAM

PS_ON_input

EN_IC 5V_STB_flyback
L for 1ms: disable IC
Cmode_detected
lgscharge=3"ss STBI
t (L: standby mode)
. ss|e s W PS_ON<0.8V, standby mode
q L g Soft start Tms PS_ON>2V, normal operation mode
rser| o EO2VNICOMP IFSET IFSET bla\r}i;;vze\rl, or 0.8V<PS_ON<2V, disalbe IC
PWMIN| 20
\ PWMI
FTH_CMODE 1.2v ~-—g
= 4 - Ieser>hn
(EN_LED) | 17
Fault_Cmode
5 | cMoDE Cal’agi"“ Cmode._detected Fault_LED_latch
mode —'* /
detection leser
'VOCP<-203mV for 7| __—
= Fault_bus . Dlmml_ng ML
[ vFB>1.25Vreffor 7us | gate driver
VFB<0.5*VREF& VCOMP Fault LLC Tvee
OFF or -
DCOMP saturated@PWM ON
for 512 cycles LED_short GND_LLC_down GL 25
LLC Gate
Oscillator driver
Fault LEDQ 10CP<-0.32V for 270ps (1A2A
similar to GrR| 27
MP4653)
11| DCOMP
13V bus Duty A
7{vocpP control loop | DUty vee| 23
Vref=1.2vV LLC_Burst — J—
TFB>1.08"IREF
f PWMI (0.92*IREF recover)
TCOMP_I<1.1V (1.2V recover) Lbo
&PWMI=H sv
10| VFB ¢ (internal ref) | viN | 21
13V bus freq VFB>1.05*"VREF ~-— LDO
control loop recover at 0.95VREF)
9| vcomp
= VCOMP_I<1.1V (1.2V recover) |—
PWMI STBI=H&PWMI=L
*!wa ¢ |vee
. VICOMP VFB>1.05"VREF
> -
(1v~2.2v) (recover 0.95VREF) STBI
selection  f—— — — R
(Charge pump burst CFLY| 28 1L
STBI=L VCC-2.5V to VCC-5.5V r Pt
@STBI=L)
l 13| Icomp SOURCE| 3 X
LED Current
13V bus
freq Control VDR_ DN | 1
2es 12X loop Duty_OUT NM;’? gate
IREF*12 — ey GATEN| 2
*PWMI
ADIMP 18
adjustment
Fault_LED Fault LEDQ
45| VLED! )| ADIM | 19
VLED1,2>2.4V
Or [VLED1- 33V or 5V
16| VLED2 VLED2015V | gup 1ep (internal REF)
L Fault_LEDQ IOCPIFAULT| 14
VLED1,2>3V LED_short_GND_LLC_down
Fault_LLC
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mp5®MP4655—PURE, SINGLE-STAGE, LLC, LED CURRENT AND SYSTEM VOLTAGE CONTROLLER

OPERATION

The MP4655 is a pure, single-stage, LLC, LED
current and system voltage controller for LED
backlighting located on the secondary side. The
MP4655 uses the LLC power stage and an extra
N-channel MOSFET to regulate both the LED
current and the system supply voltage. The
MP4655 is powered by 9V to 35V input supplies
that output two 180 degree phase shifted driving
signals for the external LLC power stages. Its
enhanced 12V gate driver provides adequate
driving capability and can directly drive the
external LLC MOSFETSs through an external gate
driving transformer. The MP4655 also provides a
direct driving signal to control the extra N-
channel MOSFET and regulates the system
supply voltage.

The MP4655 uses frequency control on the LLC
power stage to regulate the LED current at the
PWM dimming on interval and the system bus
voltage at the PWM dimming off interval. The
duty cycle of the extra N-channel MOSFET
regulates the system bus voltage at the PWM on
interval. Both the LED current and the system
bus voltage are regulated accurately.

Internal Regulator

The MP4655 includes an internal linear regulator
(VCC). VCC is the supply voltage for the LLC
gate driver, the charge pump, and the internal
circuit. The MP4655 features under-voltage
lockout for both the VCC regulator and the inner
circuit. Until VIN exceeds its UVLO threshold, the
VCC regulator does not work. The chip is
disabled until VCC exceeds its UVLO threshold.

The internal VCC regulator is also controlled by
the IC enable signal (PS_ON).

Charge Pump and Extra N-Channel MOSFET
Driver

The MP4655 integrates a charge pump that
drives the extra N-channel MOSFET directly (see
Figure 2). The charge pump is powered by VCC

and outputs a high-frequency square wave signal.

Together with an external C-diode network, the
charge pump forms a floating driver supply
voltage on VDR _DN referred to the SOURCE
voltage with an amplitude close to VCC. This
floating driver supply voltage can directly drive
the extra N-channel MOSFET.

6L

GR

i

VDR_DN

Charge pump
0OSC and

control/driver

[
i

. Il

Figure 2: Charge Pump for Extra N-Channel
MOSFET Driver

Operation Modes and System Start-Up

The MP4655 is controlled by its enable signal
(PS_ON) and uses the following operating
modes:

1. PS_ON > 2V: the IC is enabled in normal
operation mode.

2. 0.8V < PS_ ON = 2V for 1ms: the IC is
disabled and no circuits work.

3. PS_ON = 0.8V: the IC is enabled in standby
mode.

It is very easy to set up the system connection,
whether the MP4655 is required to do so in
standby or not.

When the MP4655 is enabled and the VIN supply
is higher than its UVLO threshold, VCC is
charged up. When VCC passes its UVLO
threshold, the IC starts up. The voltage resets the
control loop for LLC frequency control, voltage
control loop for the extra N-channel MOSFET
duty cycle control, and the soft-start capacitor.

EN_LED and PWMIN control the start-up of the
LED driver stage. If either EN_LED or PWMIN
are low, the LED driver stage is disabled and
DIMO is pulled low. The system operates in
constant voltage mode, and Vsysem iS regulated
through the LLC frequency control. The extra N-
channel MOSFET is on in this condition. If either
EN_LED or PWMIN are high, the LED driver
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mp5®MP4655—PURE, SINGLE-STAGE, LLC, LED CURRENT AND SYSTEM VOLTAGE CONTROLLER

stage is enabled and DIMO rises high. The LED
current is regulated through the LLC frequency
control, and the Vsysem is regulated through the
duty cycle control of the extra N-channel
MOSFET.

Standby Mode with Low Consumption Power
and No Audible Noise

The MP4655 features a standby mode with low
consumption power on the LLC power stage.
When PS ON =< 0.8V, the MP4655 enters
standby mode, regardless of the status of the
LED driver stage control signals.

In standby mode, the LED stage is disabled,
Vsystem i controlled through the LLC frequency
control, and the extra N-channel MOSFET is on.
The MP4655 takes the following actions to
decrease the system power consumption:

1. Vsystem is controlled within = 5% and the
circuit works in soft-burst mode. The VFSET
voltage is clamped at 2.1V, so the switching
frequency at burst mode is not too high.
Power consumption is decreased in this
mode. A soft burst-on time and soft burst-off
time are added to the burst mode to eliminate
audible noise (see Figure 3).

2. The charge pump for VDR_DN works in burst
mode, and VDR DN is controlled with a
larger ripple voltage. This decreases the IC
consumption current.

3. The internal logic circuit consumption current
is decreased.

vcec
VCC pass UVLO

+5% +5%
Vrer vre

2.1V

| 24v

% 091V
i‘mﬂm Primary current m

94uA charge TN 94KA discharge

W -

First pulse GL: 50% width

First pulse GL: 50% width

Figure 3: LLC Soft-Burst Operation at Standby
Mode

LED Current and System Voltage Regulation

The MP4655 accurately regulates both the LED
current and the output system voltage with only
one LLC power stage.

In PWM dimming off condition, the LED stage is
not enabled (PWMIN is low, EN_LED is not
enabled, or LED stage fault detected). The
MP4655 regulates the output system voltage
through the LLC frequency control, and the extra
N-channel MOSFET is on (see Figure 4A).

In PWM dimming on condition, the MP4655
regulates the LED current through the LLC
frequency control, and regulates the output
system voltage through the duty cycle control of
the extra N-channel MOSFET. The integrated
individual control for this extra N-channel
MOSFET achieves soft switching, and there is no
voltage spike (see Figure 4B).

EA_V
VFB vCoMP

J;»D_» A stage power Vsystam
Total System I
Vref \ power NMOS fully on

LLC freq

Control
OFF LED stage power
Iref

Figure 4A: MP4655 Control Scheme at PWM
Dimming Off

EA I
IFB (_ Icomp

EA D Ibus
VFB oM ™NW Vsystem
> dul
control

LLC freq
Control

Iref

Figure 4B: MP4655 Control Scheme at PWM
Dimming On

The regulation for the LED current and system
voltage at different conditions is as follows:

1. LED current regulation at PWM dimming on
(ICOMP loop)

For the LED current regulation loop with LLC
frequency control, the LED current is fed back to
IFB. The internal error amplifier regulates the
average value of IFB signal to the internal 199mV
reference voltage. Its output is connected to the
external current-loop compensation network on
ICOMP through an inner switch (S1).

During the PWM on interval, S1 is on, and the
output of the error amplifier is connected to the
external compensation network on ICOMP. The
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mp5®MP4655—PURE, SINGLE-STAGE, LLC, LED CURRENT AND SYSTEM VOLTAGE CONTROLLER

LED current is regulated by this control loop and
the LLC operating frequency is programmed by
the ICOMP voltage.

During the PWM off interval, S1 is turned off, and
the compensation network on ICOMP s
disconnected from the error amplifier and holds
its value until the next PWM on interval.

The MP4655 integrates burst mode for the LED
current regulation. When the IFB voltage is
higher than 1.08 times its reference voltage and
the ICOMP voltage is low enough (which means
it is at its highest operating frequency), the IC
skips some switching cycles until the IFB voltage
decreases sufficiently.

2. Output system voltage regulation at PWM
dimming off (VCOMP loop)

For the system voltage regulation loop, the
output system voltage is fed back to VFB. During
the PWM off interval, the MP4655 regulates the
system voltage through the LLC frequency
control, and the extra N-channel MOSFET is on.
The internal voltage-loop error amplifier regulates
the average value of the VFB voltage to the
reference voltage (VREF). Its output is connected
to the external voltage-loop compensation
network on VCOMP through an inner switch S2.
During the PWM off interval, S2 is on, and the
output of the voltage-loop error amplifier is
connected to the external compensation network
on VCOMP. The output system voltage is
regulated by this control loop and the LLC
operating frequency is programmed by VCOMP.

During the PWM on interval, S2 is turned off, and
the compensation network on VCOMP is
disconnected from the error amplifier and holds
its value until the next PWM off interval.

The MP4655 also integrates burst mode for
voltage regulation with the LLC frequency control
through the VCOMP loop. When VFB is higher
than 1.05 times the reference voltage and
VCOMP is sufficiently low (which means a high
LLC operating frequency), the IC skips some
switching cycles until VFB voltage decreases
sufficiently.

The LLC operating frequency is controlled by the
output of the current loop error amplifier on
ICOMP at PWM dimming on and is controlled by
the voltage loop error amplifier on VCOMP at

PWM dimming off. A higher compensation output
voltage results in a lower operating frequency.

3. Output system voltage regulation at PWM
dimming on (DCOMP loop)

During the PWM on interval, the LLC frequency
control regulates the LED current, and the output
system voltage is regulated through the duty
cycle of the extra N-channel MOSFET. The
output system voltage is fed back on VFB, and
the internal error amplifier regulates its average
value to its reference voltage (VREF). The output
of this error amplifier is connected to DCOMP
through an inner switch (S3). S3 is on during the
PWM on interval, and the output of this error
amplifier is connected to the DCOMP
compensation network. Together with slope
compensation, the DCOMP voltage is compared
with the current through the output system
voltage stage, which is fed back to VOCP and
determines the duty cycle of the extra N-channel
MOSFET. The duty cycle of this extra N-channel
MOSFET can achieve a 0 to 100% range. The
MP4655 integrates individual controls on the
extra N-channel MOSFET and achieves soft
switching with no voltage spike.

During the PWM off interval, S3 is disconnected
and DCOMP holds its voltage until the next PWM
on interval. The extra N-channel MOSFET is
forced on during the PWM off interval.

Both the LED current and output system voltage
are accurately regulated at PWM dimming on
and PWM dimming off. ICOMP, VCOMP, or
DCOMP holds its voltage when its loop is not
effective. This achieves a fast transition between
different compensation loops at PWM dimming.
Together with the external dimming MOSFET,
which holds the LED output voltage during the
PWM off interval, both the LED current and
output system voltage are regulated accurately
and smoothly at PWM dimming. No voltage ripple
or LED current overshoot or undershoot is
caused by PWM dimming.

Dimming Control

The MP4655 provides two dimming methods:
PWM dimming mode and analog dimming mode.
Applying a digital PWM signal on PWMIN allows
for PWM dimming. The brightness of the LED
string is proportional to the duty cycle of the
external PWM signal. A driving signal on DIMO is
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output to drive the dimming MOSFET directly,
which helps achieve fast and high-contrast ratio
PWM dimming.

The MP4655 achieves a 1000:1 PWM dimming
ratio at 200Hz PWM dimming frequency (0.1%
minimum PWM dimming duty). The PWM
dimming ratio may decrease with a higher PWM
dimming frequency.

For analog dimming mode, a DC voltage on
ADIM or a pulse signal on ADIMP can be used.
For DC input analog dimming, apply a DC analog
signal from 0V to 2.4V on ADIM to dim the LED
current amplitude from 0 to 100%. ADIMP can be
left open or pulled high to VCC through a 100kQ
resistor in this mode.

For analog dimming with a pulse input signal,
apply the pulse signal on ADIMP and a 100nF
capacitor on ADIM, depending on the frequency
of this pulse signal. The duty cycle of this pulse
signal from 0 to 100% dims the LED current from
0 to 100%.

The PWM dimming and analog dimming could be
applied to the IC simultaneously for an extra
dimming ratio.

Protection Features

The MP4655 integrates sufficient protection for
the LLC power stage, the output system voltage
stage, and the LED driver stage.

Capacitive Mode Protection for the LLC
Power Stage
The MP4655 integrates individual capacitive

mode protection for the LLC power stage by
detecting the secondary side signal. Feed back
the secondary side winding voltage to CMODE
for capacitive mode protection. When capacitive
mode is detected, the MP4655 discharges the
SS voltage and increases the LLC operating
frequency. If the capacitive mode is still detected
when the operating frequency is higher than the
threshold frequency setting by FTH_CMODE, the
IC latches up and outputs a high fault indicator.

System Voltage Stage Protection

The protections for the system voltage stage
include over-system voltage protection, short
protection, and open-feedback loop protection.

1. Over-system voltage protection

VFB senses the output system voltage for
regulation and over-voltage protection. If the VFB
voltage is higher than 1.25Vger, the MP4655
triggers the over-system voltage protection and
latches up. The fault indicator output is high.

2. System voltage stage short protection

VOCP senses the current through the output
system voltage stage for short protection of the
system voltage stage. If the voltage on VOCP is
lower than -203mV for 7us, the MP4655 latches
up and outputs a high fault indicator.

3. System
protection
During the PWM dimming off interval, if the VFB
voltage is lower than 50% of its reference and
VCOMP is saturated for 512 switching cycles, the
IC latches up and outputs a high fault indicator.

During the PWM dimming on interval, if the VFB
voltage is lower than 50% of its reference voltage
and DCOMP is high for 512 cycles, the IC
latches up and outputs a high fault indicator.

voltage stage open-feedback

LED Driver Stage Protection

The fault protection for the LED driver stage
includes the open LED protection, short LED
protection, over-LED current protection, open
feedback loop protection, and protection for any
point of the LED string shorting to ground.

The voltage of the LED strings is sensed on
VLED1 and VLED2. Both the maximum value
and the difference in voltages of VLED1 and
VLED2 are used for protection. When the
maximum value of VLED1 and VLED2 rises
higher than 2.41V or the difference in the
voltages rises higher than 150mV for 8us, the IC
triggers over-LED voltage protection (the voltage
difference can be adjusted by the external input
resistance on VLED1 or VLEDZ2).

DIMO is pulled low, and the output system
voltage is regulated by the LLC frequency control,
the same as in PWM off condition, and the fault
indicator output is high. If the maximum value of
VLED1 and VLEDZ2 rises higher than 3V for 7.6us,
the MP4655 latches up and disables the LLC
power stage to avoid any damage to the LED
driver stage. The fault indicator output is high.

The secondary side current of the LED driver
stage is sensed on IOCP/FAULT. When the
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IOCP voltage is lower than -320mV for 7us, the
MP4655 triggers the LED driver stage protection.
At the LED driver stage protection, the DIMO is
pulled low, and the output system voltage is
regulated by the LLC frequency control, the same
as in PWM off condition. The fault indicator
output is high after 270us. After the LED driver
stage protection is triggered, IOCP/FAULT
continues detecting the LED driver stage current.
If the voltage on IOCP/FAULT remains lower
than -320mV for 270us, the MP4655 latches up
and disables the LLC power stage.

The LED current feedback (IFB) is used for over-
LED current protection. When IFB voltage rises
higher than 415mV for 340us or the IFB voltage
rises higher than 555mV for 6us, the IC triggers
the LED driver stage protection.

If the voltage on IFB is lower than 50% of its
reference voltage, and the ICOMP is saturated

for 1024 cycles, the IC considers this to be a
short LED to GND protection or open feedback
protection and triggers the LED driver stage
protection. The reference voltage varies
according to the analog dimming signal.

In a fault condition of the LED driver stage, the
gate driving signals for the LLC power MOSFETs
are still active and the output system voltage is
regulated, only if the LED driver stage can be
disconnected from the power stage. Therefore,
the system power supply is not influenced by the
fault protection of the LED driver stage. A
MOSFET can be used to disconnect the LED
driver stage at the LED fault condition (see
Figure 11).

Thermal protection is also integrated in the
MP4655.
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APPLICATION INFORMATION
Frequency Set and Soft Start (SS, FSET)

The resistor on FSET and the resistor between
FSET and SS determine the operating frequency,
which can be calculated with Equation (1):

f = (VFSET _ VSS_VF

SET)*11.4*10°(Hz) (1)
RSS_FSET

Where Vgger = 4.01V - V. V¢ is the VCOMP
voltage at PWM dimming off and ICOMP voltage
at PWM dimming on. The V¢ range is clamped
from 1.02V to 2.28V. Vss is the voltage on SS,
typically 2.4V.

RFSET

The minimum operating frequency can be
calculated with Equation (2):

. _(1.73V _ 0.675V
min R R

The maximum operating frequency at steady
state can be calculated with Equation (3):

2.99V N 0.585V

RFSET

)*11.4*10°(Hz) (2)

FSET SS_FSET

frae =

max

)*11.4*10°(Hz) (3)

Rss _FSET

When Vss is 0V, the soft start-up frequency is
calculated with Equation (4):

299V 2,99V
fstar‘( = ( +

I?FSET

)*11.4*10°(Hz) (4)

RSS_FSET

The operating frequency at standby mode is
calculated with Veser = 2.1V. See Equation (5):

2.4V 0.305V

RFSET

)*11.4*10°(Hz) (5)

fSTB = ( R
SS_FSET

It is recommended to set the operating frequency
in standby mode close to the LLC resonant
frequency (fy) for optimum efficiency.

The soft start-up time is determined by the
capacitor on SS and can be calculated with
Equation (6):
2.405V *Cgq
Tss =
13uA

A 10nF capacitor on SS results in a 1.85ms soft-
start time.

LED Current Set (IFB)

(6)

The LED current is set by the current sense
resistor on the cathode of LED and can be
calculated with Equation (7):

__Viger _ 199MV
Rsense Rsense

(7)

ILED

A 2kQ resistor is recommended between the LED
current sense resistor and IFB, considering the
possible spike voltage on the current sense
resistor when shorting the LED string.

System Output Voltage Set (VFB)
VFB feeds back the system output voltage.
Adjust the voltage divider to set the output
system voltage. See Equation (8):

_ VREF_VFB * (RVFBH + RVFBL) _ 1.2v* (RVFBH + RVFBL) (8)

system

RVFBL R\/FBL

A capacitor (Cyrn) between the system output
and VFB provides a better phase margin for the
system output voltage control loop (see Figure 5).

Vbus

Rvren == CvraH

VFB

RvrsL

Figure 5: Voltage Feedback Network

The zero composed by Ryrey and Cyey is

recommended to be in range of one-fifth to one-

third of the operating frequency. See Equation (9):
1 1 1

- - =(=to ), (9)
27 *Ryegn * Cypan 5 3°%

The VFB also functions as the protection for the
over system output voltage. When VFB is 25%
higher than its reference voltage, the IC triggers
system output voltage stage protection.
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LED Current Compensation Loop (ICOMP)

ICOMP is the compensation node for the LED
current control loop. Connect a capacitor in
series with a resistor on ICOMP or an R-C-C
network (see Figure 6). The zero composed of
Ricomp and Cicomp is recommended to cancel the
pole formed by the LED output. See Equation
(10):

1 1 ~ 1
= 10% to 20%)* V,

ED *
I COUTiLED

(10)

* *
RICOMF‘ CICOMF‘ Req_LED COUT_LED

Cicomp is in range of 10nF to 470nF, typically.
Select Cicomp p to be less than one-twentieth of
CICOMP-

ICOMP *

Ricomp

== Cicomr_p

l Cicomp

Figure 6: Compensation Network on ICOMP

System Output Voltage Compensation Loop
through LLC Control (VCOMP)

VCOMP is the compensation node for the system
output voltage control loop through the LLC
frequency. Connect a capacitor in series with a
resistor on VCOMP or an R-C-C network (see
Figure 7). The zero composed of the Ricomp and
Cicowp is recommended to cancel the pole
formed by the system output. See Equation (11):

_ 1 _ 1 11)
V,

e COUT Vbus

Iout_full B

RVCOMP * CVCOMP RVbus * COUTi\/bus
Where Cycomp is in the range of 10nF to 470nF,
typically.

The poIe formed by RVCOMP and CVCOMp_p can be

designed to be around half of the operating
frequency. See Equation (12):

1 _fe (12)

* *
27 *Rycomp CVCOMPfP

VCOMP *

Rvcomp

= Cvcowmr_p

l CVCOMP

Figure 7: Compensation Network on VCOMP

System Output Voltage Compensation Loop
through Duty-Controlled NMOS (DCOMP)

DCOMP is the compensation node for the
system output voltage control loop through the
duty-controlled NMOS. Connect a capacitor in
series with a resistor on DCOMP or an R-C-C
network (see Figure 8).

DCOMP *

Rocomp

=~ Cocowmp_p

lcncomp

Figure 8: Compensation Network on DCOMP

The zero composed of Rpcomp and Cpcowmp is
recommended to cancel the pole formed by the
system output. See Equation (13):

1 1 1 (13)

* *
RDCOMF’ CDCOMP RVbus COUT7Vbus

bus *
COUT7Vbus
out _ full

Where Cycowmp is in the range of 4.7nF to 100nF,
typically.
The pole formed by RDCOMP and CDCOMp_p can be

designed to be around half of the operating
frequency. See Equation (14):

1 S (14)

* *
27 *Rpcomp CDCOMP_P 2
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Over-Current Protection for
Output Stage (VOCP)

VOCP implements an over-current protection for
the system output voltage stage. The current of
the system output voltage stage is sensed on
VOCP with a negative polarity. When the voltage
on VOCP is lower than -203mV, the IC triggers
the system output voltage stage protection.
Calculate the over-bus current protection
threshold with Equation (15):

| ~ 203mV

OCP_Bus R

the System

(15)
VOCP

Typically, the protection point is around 1.5 to 3
times the normal current of the system output
voltage stage.

Over-Current Protection for the LED Driver
Stage (IOCP/FAULT)

IOCP detects the current through the LED stage
with a negative polarity. When the voltage on
IOCP falls below -320mV, the IC triggers LED
driver stage protection. Calculate the over-LED
current protection threshold with Equation (16):

320mV

OCP_LED —
- R

I (16)

I0CP

The over-current protection point for the LED
stage can be set at around 1.5 to 2 times the
total current through the LED strings.

ICOP also functions as the fault indicator for the
system. When either LED driver stage protection,
system bus voltage protection, or capacitive
mode protection are triggered, the fault signal
output is high. Place a 10kQ resistor between
IOCP and the LED stage current sense point.

Over-LED Voltage Protection and LED
Voltage Difference Protection (VLED1, VLED?2)

VLED1 and VLED2 sense the LED voltages and
function as the over-LED voltage protection. The
voltage divider sets the over-voltage protection
point with Equation (17):

V — ROVPH + ROVF’L
OovpP R

x241V  (17)

OVPL

Normally, the OVP point is set about 10% - 30%
higher than the maximum LED voltage.

The MP4655 also implements protection when
the LED string voltages are different from each
other to protect the condition in which several
LEDs in a string are shorted. This protection is
used only for multiple-string applications. The
protection point of the voltage difference between
the LED strings is set with Equation (18):

AV :MXZMVX% (18)

pro Rove 16x 20k

Where Rinut is the input resistance of VLED1 or
VLEDZ2). Adjust the input resistance to program
the protection point.

A resistor (Rx) can be added between the voltage
divider and VLED1 or VLED2 to adjust the input
resistance. See Equation (19):

R xR
— OVPH OVPL + RX

input
ROVF‘L + ROVPH

Mode

(19)
Capacitive Protection
FTH_CMODE)

The MP4655 implements individual capacitive
mode protection for the LLC power stage from
the secondary side. CMODE monitors the
secondary side winding voltage and functions as
the capacitive mode protection. The winding
voltage polarity is positive (high) when GL is on.

When capacitive mode is detected, the IC
decreases the SS voltage and increases the
operating frequency to attempt to move the
power stage to inductive mode. FTH_CMODE
sets the threshold frequency to trigger capacitive
mode protection. If the operating frequency is
higher than that set by FTH _CMODE and
capacitive mode is still detected, the IC triggers
capacitive mode protection. Connect a resistor
on FTH_CMODE to set the threshold frequency.
See Equation (20):

f

th_Cmode = (

(CMODE,

&)*11.4*10%2) (20)

Fth_Cmode
PWM Dimming Input (PWM)
PWM is for the PWM dimming input. Apply a
PWM dimming signal with a frequency between
100Hz to 2kHz on PWM. The PWM dimming has
positive polarity.
PWM Dimming Signal Output (DIMO)
DIMO outputs a PWM dimming signal to drive the
external dimming N-channel MOSFET in series
with the LED string and achieves fast PWM

dimming. Connect a resistor in series with DIMO
to adjust the driving speed.
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Analog Dimming (ADIM, ADIMP)

The MP4655 implements either DC analog
dimming or pulse analog dimming for the LED
current (see Table 1).

For DC input analog dimming, apply a 0V to 2.4V
DC voltage on ADIM to program the LED current
from 0 to 100%. ADIMP is left open or pulled high
above 5V.

For pulse input analog dimming, apply the pulse
analog dimming signal on ADIMP and a capacitor
on ADIM. A duty cycle on the pulse analog
dimming signal from 0 to 100% dims the LED
current from 0 to 100%. A lower frequency of the
pulse analog dimming signal requires a larger
capacitor on ADIM. For a 10kHz pulse signal, a
capacitor 100nF or above on ADIM is
recommended.

If analog dimming is not required, pull ADIM high
and leave ADIMP open. Analog dimming and
PWM dimming can be applied together.

Table 1: MP4655 Dimming Connections

Iltems ADIM ADIMP PWM
. DC analog
Onl);rI]Da(folnput dimming Float or pulled Pull high
dimmir?g signal 0 to | high above 5V 9
2.4V
Only pulse
input analog Capacitor d?rﬁli?nansailzgl Pull high
dimming 919
Od'?'y PWM Pull high Float PWM
imming
DC analog
ilr:VYJQAa-r:aEI)(? dimming Float or pull PWM
[()jimming 9 signal 0- high above 5V
2.4V
PWM + pulse . Pulse analog
analog dimming Capacitor dimming signal PWM

Supply Input (VIN)
VIN is the supply input voltage of the IC. Bypass
VIN with a ceramic capacitor 0.47uF or larger.

LLC Gate Driver (VCC, GL, GR)

VCC supplies the gate drive signals GL, GR,
DIMO, and the charge pump from CFLY. Bypass
VCC with a ceramic capacitor 1uF or larger. VCC
can also be used to supply an external circuit. To
avoid noise during layout, place the VCC
capacitor directly between VCC and GND with a
short and separate wire.

GL and GR provide the driving signal for the LLC
power stage. GL and GR are 180 degree phase
shifted gate drive signals. With their enhanced
drive capability, GL and GR can directly drive the
external LLC MOSFETs in the power stage
through a gate driving transformer.

The gate driving transformer also isolates the
primary power stage and the secondary control
circuit. Place a 2.2nF Y-cap between the power
stage ground and the reference ground for the
control circuit to improve EMI performance. The
primary inductance of the gate driving
transformer influences its magnetic current,
which is also supplied by the IC. The primary
inductance should be larger than 1mH, and is
recommended to be over 2mH.

Extra NMOS Gate Driver (CFLY, VDR_DN,
GATEN, SOURCE)

GATEN and SOURCE are connected to the extra
duty-controlled NMOS’ gate and source. They
provide a floating driving signal for the duty-
controlled NMOS. A resistor on GATEN can
adjust the driving speed.

CFLY and VDR DN provide a charge pump
supply for GATEN referred to SOURCE. Connect
a flying capacitor 100nF or above on CFLY, and
diodes on SOURCE and VDR_DN, as shown in
the typical application circuit.

LED Driver Stage Enable Signal (EN_LED)

EN_LED is connected to the enable signal for the
LED driver stage. Logic high enables the LED
driver stage and logic low disables the LED driver
stage. When the LED driver stage fault is
triggered but the IC is not latched up, toggle the
enable signal to restart the LED driver stage.

System Enable Signal (PS_ON)

PS_ON is connected to the enable signal or
standby signal. The voltage level on PS_ON
determines the operation of the IC as follows:

1. PS_ON > 2V: the IC is enabled in normal
operation mode.

2. 0.8V < PS_ON =< 2V for 1ms: the IC is
disabled and no circuits work.

3. PS_ ON =< 0.8V: the IC is enabled in
standby mode.
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STBY Flyback

S5V/1A
AC in 400V
—» PFC >
—i—
VIN
Y V
System > System
MP4655 controller
LLC LED strings
— PWM PS_ON ADIM
T * :
EN_LED
Figure 9: LLC Power System with External Standby Flyback
Auxiliary winding,
reinforced wire N
Wl 5V STB
- DC/DC |—»
— S —
400V VIN \
AC VSystem o > System
MP4655 controller
LLC LED strings
PFC —»  pum| TSPN ADIM
EN LED
Figure 10: LLC Power System without External Standby Flyback
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APPLICATION INFORMATION

CMODE

1 v ] oeee | SVSTR
_ Syitem
T Cc3 TC4 VFB
vocPc._i ‘
™ v
I 3
M1 VLED1 \\‘
m_ Cr VLED2
> If—u— :
M2 o
AC PFC_400V _l::] L
- c2 'J
400V LLC D3 L
D4
— Loud FB
AUX winding, IOCP
reinforced wire TDrive
Drive circuit
—o
VIN
Il
O MP4655
Pt VDR_DN crLY |28
e 21GATEN GRIZL
3| souRCE GND _Dze
— A{FTH_CMODE GL |2
cMopEo——2] cMODE pimo |24
i £1ss vee 2———>
voce 2
o—ZXvocp PS_ON|
&1 FseT v D>
9 20 T—O Vin
<———=+—2{vcomp PWMIN
vris 0—9 vrg ADIM -2
<———=—Yocomp AompHE
IFB 0—12| FB EN_LED[HZ
4__|_ ——=—"3{icomr vLED2HE—0 ViLED1
10k 14} jocPFAULT  VLED1[18—0 VLED2
FAULT
STB O
ADIM O
ADIMP O
PWMIN O
PS_ON O
Figure 11: Application Circuit without Standby Flyback
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© CMODE

I

VIN
. | Voo
D5 L
—[ C3 TC4 VFB
| VOCPO_J
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ng % D2 * ]
M1 ] D1 c1 VLED1 \\
_Is Cr —_— VLED2 ¢
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M2 ™
AC PFC[400V _-—
- | Cc2
400V LLC D3 B
D4
10CP
TDrive IY[ T
VIN
i
5V STB O  MP4655
§ 1 28
Pt VDR_DN CFLY
B x 1L 21 GATEN GRI2Z_1
STB T L
flyback ;|\ 3] SOURCE ano 2
driver 4 25
J — FTH.CMODE  GL
H cMopEo——2 cmopE pimo |24
l | —e 61 ss vee [ 2>
'j vocp 2
ﬁjz o—X— vocp PS_ON
STB flyback & Fser w2 >
G———=—vcomp PWMIN 22 VIN
vrs 0—9 vrB ADIM |2
G———=—"ocomr ADIMPIHE
IFB o—12 B EN_LEDHZ
" R 5V STB
<]__|_ <———=—"Licomp VLED2H®—0 VLED1 \ —— o
I0CP. T 14 15
o—{ 1 IOCPFAULT ~ VLED1H8—0 VLED2
FAULTo—I—T
STB O
ADIM O
ADIMP O
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PS_ON O —
Figure 12: Application Circuit with Standby Flyback
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Figure 13: Application Circuit without Protection MOSFET on LED Stage
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PACKAGE INFORMATION
SOIC-28

e e+
ArAAARARAAAARS - oot I HHHEHBEE
|

.

0.291 | 0.394
U | 2. . U 0.370
0299 | 0.418 | (9.40)

(7.60) | (10.60)

$ | } |
e TRTTCTOITETIOL 090068800880

TOP VIEW RECOMMENDED LAND PATTERN

7
/ \ 4 0.093(2.35) ,/ L \
OAAAAAAAAAAAAAD ¥y ofoaees) /j i E— 0\ AP YT

— SEATING PLANE \ /
0.013(0.33
0.013(0.33) F 4 Fo.osom.zn | 0.004(0.10) N7 f 0.33)
0.020(0.51)

BSC 0.012(0.30) SEE DETAIL "A"

FRONT VIEW SIDE VIEW

0.010(0.25) _ ,ro
*‘ “0.030(0.75) <4 NOTE:
GAUGE PLANE 1) CONTROL DIMENSION IS IN INCHES. DIMENSION IN
0.010(0.25) BSC BRACKET IS IN MILLIMETERS.

2) PACKAGE LENGTH DOES NOT INCLUDE MOLD FLASH,
———————— — PROTRUSIONS OR GATE BURRS.

‘*—Jﬁ 3) PACKAGE WIDTH DOES NOT INCLUDE INTERLEAD FLASH
0°-8° 0.016(0.41) OR PROTRUSIONS.
B 0.050(1.27) 4) LEAD COPLANARITY (BOTTOM OF LEADS AFTER FORMING)

SHALL BE 0.10 MILLIMETERS MAX.
an 5) DRAWING CONFORMS TO JEDEC MS-013, VARIATION AE.
DETAIL "A" 6) DRAWING IS NOT TO SCALE.

NOTICE: The information in this document is subject to change without notice. Users should warrant and guarantee that third
party Intellectual Property rights are not infringed upon when integrating MPS products into any application. MPS will not
assume any legal responsibility for any said applications.
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