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MP4657B

Single-Stage Flyback, 4-String

LED Driver and System Voltage Controller

DESCRIPTION

The MP4657B is a single-stage flyback, 4-string
LED driver and system voltage controller for
LED backlighting on the secondary side. The
device controls the flyback power stage and an
external N-channel MOSFET to regulate the
system supply voltage and LED current loop
with integrated 4-string LED current balancing.
With a 4V to 16V input voltage (Vin), the device
outputs a direct driving signal to control the N-
channel MOSFET for regulating the system
supply voltage. The device also outputs a
compensation signal to control the primary-side
flyback (or other power stage) through an
optocoupler.

The MP4657B induces pulse-width modulation
(PWM) dimming and analog dimming to the
LED current through the ADIMP/PWM pin. For
analog dimming, apply a pulse signal with
a >bkHz frequency to this pin. For PWM
dimming, apply a pulse signal with a <5kHz
frequency.

The device uses an individual control method
for the LED current (l.ep) and system voltage
(Vsys). When the PWM signal is effective, the
MP4657B regulates the lep loop through the
flyback power stage and further regulates Vsys
by controlling the N-channel MOSFET. Soft
switching for the N-channel MOSFET can be
achieved to reduce voltage spikes. When the
PWM signal is ineffective, the device directly
controls Vsys through the flyback power stage.

The MP4657B features numerous protections
to increase system reliability. Protections are
utilized for both the system voltage stage and
the LED driver stage. LED driver stage
protections include LED open protection, LED
short protection, and LEDx pin short-to-ground
protection. System voltage stage protections
include over-voltage protection (OVP) and
feedback open-loop protection. The device also
offers thermal protection.

The MP4657B is available in an SOIC-16
package.

FEATURES

e Single-Stage Flyback for High-Efficiency
LED Current and System Voltage
Regulation

e Individual Control Method for the LED Driver

Stage and System Voltage Stage

4V to 16V Supply Voltage

4-String, 80V LED Current Balancing

1.5% System Voltage Accuracy

1.5% LED Current Accuracy and 2% LED

Current Balancing

e High-Efficiency, Low LEDx Regulation
Voltage

e Fast Dynamic Control, Fast Response

System Supply Over-Voltage Protection

(OVP)

System Supply Short Protection

LED Open, LED Short Protection

LEDx Pin Short-to-Ground Protection

Feedback Open-Loop Protection for the

System Voltage

e Soft Switching for the External N-Channel
MOSFET

e Thermal Protection

e Available in an SOIC-16 Package

APPLICATIONS

e LCD Monitors and TVs
e Desktop LCD Flat-Panel Displays
e Flat-Panel Video Displays

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”, the MPS logo, and “Simple, Easy Solutions” are
trademarks of Monolithic Power Systems, Inc. or its subsidiaries.
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m P MP4657B — 1-STAGE FLYBACK 4-STRING LED DRIVER/VOLTAGE CONTROLLER

TYPICAL APPLICATION
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m P MP4657B — 1-STAGE FLYBACK 4-STRING LED DRIVER/VOLTAGE CONTROLLER

ORDERING INFORMATION

Part . MSL Rating
Number* Package Top Marking
MP4657BGS SOIC-16 See Below 2

* For Tape & Reel, add suffix -Z (e.g. MP4657BGS-Z).

TOP MARKING
MPSYYWW
MP4657B

LLLLLLILLL

MPS: MPS prefix

YY: Year code

WW: Week code
MP4657B: Part number
LLLLLLLLL: Lot number

PACKAGE REFERENCE

TOP VIEW
SYNC[1 | 1] GATE
OPT[2 | [ 15] VDRV
VFB [3 | |14 VIN/SOURCE
DCOMP [ 4 | |13 ] ADIMP/PWM
ICOMP [5 | | 12] ISET/FAULT
OW [ | | 11] LED3
LED1 [7 | | 10] LED4
LED2 [8 | 9] GND
SOIC-16
MP4657B Rev. 1.0 www.MonolithicPower.com 3
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m Ps MP4657B — 1-STAGE FLYBACK 4-STRING LED DRIVER/VOLTAGE CONTROLLER

PIN FUNCTIONS

Pin # Name Description

Synchronization pin. This pin synchronizes the gate signal to the input signal of SYNC
1 SYNC pin. Connect this pin to the secondary-side winding of the flyback transformer through a
voltage divider. lts falling edge synchronizes the gate signal turning off.

Optocoupler. This pin outputs the compensation signal. Connect this pin to the external

2 OPT optocoupler to control the flyback.
3 VEB System voltage feedback. Connect this pin to the system voltage (Vsvs) through a
voltage divider.
Compensation for the system voltage. When PWM is effective, the DCOMP pin
4 DCOMP compensates the system voltage control loop, and controls the duty cycle of the external

N-channel MOSFET. When PWM is ineffective, this pin compensates the system voltage
control loop with a differential gain and controls the flyback power stage.

Compensation for the LED driver stage. The ICOMP pin compensates the LED driver
5 ICOMP loop and controls the flyback power stage when the PWM signal is effective. This pin
holds its voltage value when the PWM signal is ineffective.

Over-voltage protection (OVP) for the LED stage. Connect this pin to the output of the

6 ovpP LED voltage through a voltage divider.
7 LED1 LED string 1 cathode.

8 LED2 LED string 2 cathode.

9 GND Ground.

10 LED4 LED string 4 cathode.

11 LED3 LED string 3 cathode.

LED current setting pin and fault indicator. This pin sets the LED current (lLep) under
12 ISET/FAULT |normal conditions. Connect a resistor from the ISET/FAULT pin to ground to set ILep.
This pin is pulled low if a fault occurs.

13 | ADIMP/PWM |Dimming signal input pin.
14 | VIN/SOURCE |Power supply input pin. The gate signal is also referred to this pin.
Supply voltage for the gate driver. Bypass this pin to VIN/SOURCE with a ceramic

15 VDRV .
capacitor.
16 GATE Gate driver pin. The gate signal is referred to the VIN/SOURCE pin. This pin’s
maximum voltage is limited below 6V (Referred to VIN/SOURCE).
MP4657B Rev. 1.0 www.MonolithicPower.com 4
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MP4657B — 1-STAGE FLYBACK 4-STRING LED DRIVER/VOLTAGE CONTROLLER

ABSOLUTE MAXIMUM RATINGS ®

VIN/SOURCE .......cocciiiiiiiieeeene -0.3V to +18V
VDRV .o -0.3V to +53V
=T ) PR -0.3V to +80V
GATE - VIN/SOURCE.................. -0.3Vto +12V
SYNC ..o -6.5V to +6V
OPT e -0.3V to +5V
Other piNs......cccvvveeeeiiiiii -0.3V to +6.5V
Junction temperature ...........ccccceieiiiinns 150°C
Lead temperature .........ccccceeeiiiiiiiiiennnenn. 260°C
Storage temperature................ -65°C to +150°C
Continuous power dissipation (Ta = 25°C) @
SOIC-16 oo 1.56W
Operating frequency ............... 20kHz to 350kHz
ESD Ratings

Human body model (HBM) .................... +2000V
Charged device model (CDM)................ +1500V
Recommended Operating Conditions
Supply voltage (VIN) «eeeeeecveeeeeiiiieeeenns 4V to 16V
Operating frequency ............... 20kHz to 350kHz

Operating junction temp (Ty) ....-40°C to +125°C

Thermal Resistance “ 6ua Ouc
SOIC-16 e, 80...... 35...°C/W

Notes:

1)
2)

Exceeding these ratings may damage the device.

The maximum allowable power dissipation is a function of the
maximum junction temperature T, (MAX), the junction-to-
ambient thermal resistance 6,,, and the ambient temperature
Ta. The maximum allowable continuous power dissipation at
any ambient temperature is calculated by Pp (MAX) = (T,
(MAX) - Ta) / 64a. Exceeding the maximum allowable power
dissipation can cause excessive die temperature, and the
regulator may go into thermal shutdown. Internal thermal
shutdown circuitry protects the device from permanent
damage.

The device is not guaranteed to function outside of its
operating conditions.

Measured on JESD51-7, 4-layer PCB.
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MP4657B — 1-STAGE FLYBACK 4-STRING LED DRIVER/VOLTAGE CONTROLLER

ELECTRICAL CHARACTERISTICS

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

Parameter ‘ Symbol ‘Condition ‘ Min ‘ Typ ‘ Max ‘ Units
Vin Supply

VN supply range 4 16 \Y
Vin UVLO VuvLo viN 3.3 3.6 3.9 V
Vin UVLO hysteresis VHYS_UVLO_VIN 350 mV
Quiescent current la \P/X.VEI;V(,)’nSﬁL% = high, 0.5 mA
Gate Driver Supply Voltage (VDRV, Referred to VIN/SOURCE, Unless Otherwise Noted)

Voltage range VbRv Refer to GND 6.5 48 \
VDRV UVLO ViNn = 5V 5.3 5.8 6.3 Vv
Hysteresis for VDRV UVLO 210 mV
Gate Driver (GATE, for External MOSFET on Vsystem)

S&ngﬁ'éagg)(refer to Veare | VDRV - VIN/SOURCE = 14V 5.7

Output source current Isource_aaten | With 1nF load 0.5 A
Output sink current Isink_gaten | With 1nF load 16 A
Analog and PWM Dimming (ADIMP/PWM)

ADIMP/PWM logic high VADIMP_HI 1.5 6 Vv
ADIMP/PWM logic low VaDIMP_LO 0.7 V
ADIMP/PWM pull-down resistor | Rabimp_bown 1.6 MQ
poalog g e :
EILEJIrDa}icc)Jgptime to disable the EN LED o5 ms
SYNC

SYNC logic high threshold Vsyne_Hi 1.3 \
SYNC logic low threshold Vsynec_Low 0.1 \
SYNC input frequency range 20 350 kHz

MP4657B Rev. 1.0
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m Ps MP4657B — 1-STAGE FLYBACK 4-STRING LED DRIVER/VOLTAGE CONTROLLER

ELECTRICAL CHARACTERISTICS (continued)

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

Parameter ‘ Symbol ‘Condition ‘ Min ‘ Typ ‘ Max ‘ Units
OPT
Normal operation H (typical
OPT output voltage range maximum output voltage 2.3 \
during normal operation)
Normal operation L (typical
minimum output voltage 0.8 \
during normal operation)
OPT output voltage when
latched off 3.3 v
Source current capability lopT 20 mA
Compensation Loop for LED Driver (ICOMP)
Gain bandwidth product GB_I 75pF on ICOMP 10 MHz
Open-loop DC gain Av ICOMP open 70 G dB
Input common-mode range Veu For design -0.30 +4 ®) \Y
Transconductance G PWM=High 720 ANV
Saturated output current IsaT | 90 hA
Low-level clamp voltage Vicomp_L Normal operation 1 \
High-level clamp voltage Vicomp_H Normal operation 2.5 \
Output for System Voltage Feedback (Vrg)
Reference voltage VREF_VvFB 1.182 1.2 |1.218 Vv
Leakage current ILkG_vFB Normal operation 0.2 MA
System over-voltage
protection (OVP) threshold Vove_vrs 1.24 Vier_vrs
System open feedback
orotection threshold DCOMP saturated 0.5 VREF VFB
System open feedback
protection delay time DCOMP saturated 1024 cycles
Compensation Loop for System Voltage and Duty Cycle of the Extra MOSFET (DCOMP)
Gain bandwidth product GB_V 75pF on DCOMP 16 MHz
Open-loop DC gain Av v DCOMP open 700 dB
Low-level clamp voltage Vocomp_L | Normal operation 1 Vv
High-level clamp voltage Vocome_1 | Normal operation 25 \
Transconductance when the .
PWM is on Gm_pcomp_on | PWM = high 680 NANV
;@ﬁ?g;?fumance when the Gwm_pcomp_orr | PWM = low 260 MA/NV
Saturated output current when
the PWM is Oﬁ IsaT pcomp ON 90 MA
Saturated output current when ISAT DCOMP_OFF 45 uA

the PWM is off
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m Ps MP4657B — 1-STAGE FLYBACK 4-STRING LED DRIVER/VOLTAGE CONTROLLER

ELECTRICAL CHARACTERISTICS (continued)

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

Parameter ‘ Symbol ‘Condition ‘ Min ‘ Typ ‘ Max ‘ Units
LED Driver Protection (OVP, LED Short)
tLhErESﬁ‘éfJ'VO"age protection (OVP) |y e 225 | 240 | 255 | V
OVP threshold hysteresis 200 mV
OVP to latch IC threshold 3 \Y,
LEDx UVLO threshold VLEDX_UVLO rOe\(;Eirt;Ig)gered (test mode 100 mV
troshold (or LED short protection) | V7 10 stow 49 v
LED short delay time slow to_LEDxOV_sLow 5.8 ms
LEDx fast OV threshold VTH_LEDxOV_FAST 20 \Y
@I\INLVEOIﬁasgt]gr;gs short delay time at 200 ms
ﬁlgrl;l\flgltzt;iggs short delay time at 12 ms
Thermal protection threshold Rising edge 150 ©) °C
Thermal protection hysteresis 25 6 °C
LED Current Regulation (Vi epx, Iser)
ISET voltage Viser 1.53 | 1.58 | 1.63 Vv
LEDx average current ILeD Risetr = 320kQ (trim), 50mA | -1.5% | 50 |+1.5%| mA
40% dimming, 20mA 3% | 19.2 | +3% | mA
Current matching ILep = 50mA 0.3 2 %
ILep = 20mA (40%) 0.6 2.5 %
Minimum LEDx regulation voltage VLEDx liéo = 200mA S60 mv
ILep = 60mMA 176 mV
sglﬁgg\éog;zgﬁaﬁlltssgéﬁégjLT pin Fault condition occurs 0.2 \%

Note:
5) Not tested in production. Guaranteed by characterization.
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m P MP4657B — 1-STAGE FLYBACK 4-STRING LED DRIVER/VOLTAGE CONTROLLER

TYPICAL CHARACTERISTICS
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m P MP4657B — 1-STAGE FLYBACK 4-STRING LED DRIVER/VOLTAGE CONTROLLER

TYPICAL CHARACTERISTICS (continued)
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m P MP4657B — 1-STAGE FLYBACK 4-STRING LED DRIVER/VOLTAGE CONTROLLER

TYPICAL PERFORMANCE CHARACTERISTICS

Vin.ac = 220Vac, Vieo = 44V, 150mA/string, 4 strings, analog dimming, Vsys = 5V, Isys =

Ta = 25°C, unless otherwise noted.

Standby Mode

Constant voltage mode, Isys = 0A

[ 1T ST

3A,

Steady State
Constant voltage mode

CH1: Vgys i : H : it H| CH1: Vsys
T : : T )
CH2: Vgate - ’ 1 CH2: Vgate
CH4: VSW 1
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2.00% 5 0| 250MS/! A 5 4 I\ H
@ 9 200V & J[m z ’_:‘10;1 lltss t}!ﬁ‘d fM zis;tss D\'\’ i}
Load Transient Start-Up
Constant voltage mode, Isvs = 0.2A to 3A Constant voltage mode
CH4: Vs_sw
CH1: Vsys CH1: Vgys
CH2: VDCOMP 2t CH2: VGATE
CHa4:
Vbcomp
CHa3: |pn| CHa3: |pH|
g [~ o & ] B 8. - oo e
Shutdown
Constant voltage mode LED Enable
I —
+ '
CH1: Vsys CH1: Vsys E f
CHa4:
Vicomp
CH2: VGATE
CH4: Vpcowr
CH2: VLED
CH3:1
o CH3: liep
on o @ e e i | @ o e - |
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m P MP4657B — 1-STAGE FLYBACK 4-STRING LED DRIVER/VOLTAGE CONTROLLER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

VIN_Ac = 220VAc, VLED =

Ta = 25°C, unless otherwise noted.

LED Disable

44V, 150mA/string, 4 strings, analog dimming, Vsys = 5V, lsys =

Start-Up

3A,

Constant current mode, duty = 80%

i \ ]
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CH4: V|co|v|p i : : ] CH4
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|
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f k : 4
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I - B B " Do B % |
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t ™ =) 9 =] - - ™ -l ]
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m P MP4657B — 1-STAGE FLYBACK 4-STRING LED DRIVER/VOLTAGE CONTROLLER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin.ac = 220Vac, Vieo = 44V, 150mA/string, 4 strings, analog dimming, Vsys = 5V, lsys = 3A,
Ta = 25°C, unless otherwise noted.

LED String Open Fault (All) Short One String, 2 LEDs
Constant current mode, duty = 25% Constant current mode, duty = 25%
. p— — w— —— =
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i N = T B o @ nv s i Goen S |
One-String Short Fault (LED+ to
LED-)
Constant current mode, duty = 25%
) [o)
= mE
—H-
CH1:Vigp ,,,,,,,,,,,,,,,,,,,,,,,,,,,, e
CH2: sts
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@ oy J['SC!Jrrs 125M/5 [ |[
100ms Q& 00V & v SM points £60Y
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MP4657B — 1-STAGE FLYBACK 4-STRING LED DRIVER/VOLTAGE CONTROLLER

FUNCTIONAL BLOCK DIAGRAM
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Figure 1: Functional Block Diagram
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MP4657B — 1-STAGE FLYBACK 4-STRING LED DRIVER/VOLTAGE CONTROLLER

OPERATION

The MP4657B is a single-stage flyback, 4-string
LED driver and system voltage controller for LED
backlighting on the secondary side. It controls the
flypack power stage plus an external N-channel
MOSFET to regulate the LED current loop and
system supply voltage, and includes integrated 4-
string LED current balancing. With a 4V to 16V
input voltage (Vin), the device outputs a direct
driving signal to control the N-channel MOSFET
to regulate the system supply voltage. The
device also outputs a compensation signal to
control the primary-side flyback (or other power
stage) through an optocoupler.

The device uses an individual control method for
both the LED current (l.ep) and system voltage
(Vsys). When the PWM signal is effective, the
MP4657B regulates the l.ep loop through the
flyback power stage and further regulates Vsys by
controlling the N-channel MOSFET’s turning on
and off functionality. Soft switching for the N-
channel MOSFET can be achieved to reduce
voltage spikes. When the PWM signal is
ineffective, the device directly controls Vsys
through the flyback power stage.

Gate Driver and System Start-Up

Figure 2 shows the MP4657B’s gate driver start-
up. The VDRV pin supplies the gate driver. The
GATE signal’'s amplitude (refer to VIN/SOURCE)
is limited to 6V.

GATE

ooooo

| |eno[ 2D

45 VDRV

VLo VDR A}~
\:]_ 6V (reffr o VIN/
SOURCE)
VLO_VIN 14
VIN/SOURCE

Duty )
Signal

Figure 2: MP4657B Gate Driver and Start-Up

Before start-up, the VIN/SOURCE voltage is
below the wunder-voltage lockout (UVLO)
threshold, and the MP4657B monitors the VDRV

voltage (Vorv). After Vprv reaches its UVLO
threshold, the MP4657B turns on the external N-
channel MOSFET. The VIN/SOURCE voltage is
charged until it reaches its UVLO threshold. Then
the system logic starts to work. Next, the duty
cycle signal and the PWM signal determine
whether the external N-channel MOSFET should
be turned on or off.

Switching Sequence and Soft Switching

Figure 3 shows the MP4657B’s operating
sequence. The device’s GATE signal's falling
edge is synchronized to the primary flyback gate
signal’s rising edge through the SYNC pin.

GATE
Flyback

Syne
|4 Edge |

ITRANS

Sync
Edge
Sync

Io_Lep

GATE
<VSYS
MOSFET)

} N
-

|
Ivos '\I‘
(Vsvs

MOSFET) ™ T2 T3 T4
Figure 3: MP4657B Switching Sequence

The faling edge of the SYNC signal
synchronizes to the falling edge of the GATE
signal. This means that the N-channel MOSFET
turns off when the MOSFET of primary-side
flyback turns on. For most applications, the N-
channel MOSFET turns off when the secondary-
side winding current reaches 0A, since voltage
spikes are less likely to occur.

The GATE signal’s turning on and duty cycle is
controlled by the DCOMP. Before the N-channel
MOSFET turns on, the secondary-side current
goes through the LED winding. When the N-
channel MOSFET turns on, the secondary-side
current starts to transfer from the LED winding to
the Vsys winding. Because there is leakage
inductance, the N-channel MOSFET can turn on
with zero current. Therefore, the switching loss
for the N-channel MOSFET is very small.
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LED Current and System Voltage (Vsvs)
Regulation

The MP4657B accurately regulates both the
llep and the Vsys with a single flyback power
stage.

When the PWM signal is ineffective and the
LED stage is disabled, the MP4657B regulates
Vsys by controlling the flyback power stage, and
the N-channel MOSFET is fully on (see Figure
4).

v EA V
B DCOMP_PWM Off L Veys
Ve Total Vsys Power -
Power A| NMOS Fully On
Flyback

Min

Vi FA comp Control LED Stage
__"E>_> OFF Power

Ref

Figure 4: MP4657B Control Scheme when the
PWM Signal Is Ineffective

When the PWM signal is effective, the
MP4657B regulates the l.ep loop through the
flyback power stage (see Figure 5). Vsys is
regulated through the duty cycle control of the
N-channel MOSFET. The integrated, individual
control for the N-channel MOSFET achieves
soft switching without voltage spikes.

EA_D
VLL. > DCOMP_PWM On NMOS Vsvs
4 Duty
Veer

Control

—»|

Total

Power
Min Contra ILED1~4
Vieow _ EAY omp / Control LED Stage Vieox | Current
72E>E> Power Balance

Vieo_rer

Figure 5: MP4657B Control Scheme when the
PWM Signal Is Effective

LED Current Loop Regulation when PWM
Signal Is On (ICOMP Loop)

In the Iep regulation loop, the minimum Vi epx is
fed back and compared to the internal
reference voltage (V.eo rer, Which changes with
the set current). The internal error amplifier
(EA) regulates the average value of the
minimum LEDx voltage (Viepx) signal to this
Vieo rer. The EA’s output is connected to the
external current-loop compensation network on
the ICOMP pin through an inner switch (S1).

When the PWM signal is effective, S1 is on and
the EA’s output is connected to the external

compensation network on the ICOMP pin. The
minimum Vi epx is regulated by this control loop,
and the flyback power is programmed by
ICOMP voltage (Vicowr). When the PWM signal
is ineffective, S1 turns off. Then the
compensation network on ICOMP s
disconnected from the EA and holds its voltage
value until the PWM signal is effective again.

System Output Voltage Regulation (DCOMP
Loop)

Vsys is fed back to the VFB pin through a
voltage divider. When the PWM signal is
ineffective, the MP4657B regulates Vsys by
controlling the flyback power stage while the N-
channel MOSFET is fully on. The internal
voltage loop EA regulates the average value of
the VFB pin’s voltage (Vrs) to Vrer. EA’s output
is connected to the external voltage-loop
compensation network on the DCOMP pin. Vsys
is regulated by this control loop, and the flyback
power is determined by the DCOMP voltage.

When the PWM signal is effective, the flyback
power is controlled by ICOMP, and Vsys is
regulated by the DCOMP pin controlling the
duty cycle of the N-channel MOSFET. The Ves
is compared to the internal Vgser. The EA
outputs an error signal to DCOMP pin. The
EA’s gain with an effective PWM signal is
different from that with an ineffective PWM
signal. The DCOMP pin’s voltage determines
the duty cycle of the N-channel MOSFET (see
Figure 6).

GATE

SYNC

Figure 6: MP4657B Control Diagram
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Dimming Control

The MP4657B provides analog dimming and
PWM dimming for LED current through the
ADIMP/PWM pin. For analog dimming, apply a
pulse signal with a >5kHz frequency to this pin.
In this mode, the PWM signal is always
effective unless the pulse signal is removed.
For PWM dimming, apply a pulse signal with a
<5kHz frequency. In this mode, l.ep is chopped
by the pulse signal. During PWM dimming, the
PWM signal is effective when the pulse is high,
and is ineffective when the pulse is low.

Protection Features

The MP4657B integrates sufficient protections
for the system voltage stage and the LED driver
stage.

System Voltage Stage Protections

The protections for the Vsys stage, include
system over-voltage protection (OVP) and
open-loop feedback protection.

System Over-Voltage Protection (OVP)

The VFB pin senses Vsys for regulation and
over-voltage protection (OVP). If the Ves
exceeds Vger by 24%, system OVP is triggered.
The OPT pin is clamped to 3.3V to stop primary
switching when the PWM signal is ineffective. If
system OVP is triggered when PWM is effective,
the GATE signal turns off. If the OVP pin’s
voltage exceeds 3V, the IC latches off. This
function protects Vsys from damaging the
device.

Feedback Open-Loop Protection (Vsys Stage)

If Vre is below 50% of Vrer and DCOMP is
saturated for 1024 consecutive switching cycles,
the IC latches off and the fault indicator is
pulled low.

LED Driver Stage Protections

Fault protections for the LED driver stage
include LED open protection, LED short
protection, and LEDx pin short-to-ground
protection.

LED Open Protection

The output voltage of the LED stage (Viep) is
sensed on the OVP pin. LED open protection is
achieved by monitoring the OVP pin and LEDx
(x = 1~4) voltages. If one or more LED strings
have an open condition, the respective LEDx
voltage (Vieox) is pulled to ground while Viep

continue increasing until the OVP pin’s voltage
reaches the OVP threshold (about 2.4V). When
the OVP pin voltage exceeds 2.4V for 10us,
LED open protection is triggered. The control
loop for the LED stage is disabled, and
MP4657B regulates Vsys as an ineffective PWM
signal condition. The IC marks off the open LED
strings that have Viepx below 100mV. The
remaining LED strings discharge Viep, and the
OVP pin voltage decreases until it drops below
the OVP threshold. Then the LED control loop
recovers, and the minimum Viepx of the
remaining LED strings are regulated. The fault
indicator does not function in this condition
when there are functional LED strings. If all
LED strings have an open condition, they are all
marked off, and the LED control loop is
disabled. Vsys is also regulated as an
ineffective PWM signal condition, and the fault
indicator is pulled low.

LED Short Protection

Vieox is monitored for LED short conditions. If
an LED string is shorted, the respective Vi epx
rises. If Viepx exceeds 4.9V for 5.8ms, the IC
marks off the string that has a short condition.
Meanwhile, all other strings continue working. If
all of the LEDx voltages (except the marked-off
strings) exceed 4.9V, it takes 200ms to trigger
LED short protection. This  prevents
mistriggering short protection if OVP is
triggered, or if the duty of analog dimming
changes. If all of the LEDx voltages (except the
marked-off strings) exceed 20V for 12ms, all
LED strings short protection is triggered.

LEDx Pin Short-to-Ground Protection

If ICOMP is saturated and Viepx is low for
100ms, the IC triggers LEDx short-to- ground
protection. The LED control loop is disabled
and the fault indicator is pulled low. To recover
the LED loop from this fault, toggle the
ADIMP/PWM pin. Pull ADIMP/PWM low for
longer than 25ms, then pull it high. The fault
indictor resets, and the ISET pin sets I.ep.

Thermal Protection

Thermal protection is integrated into the
MP4657B. If the die temperature exceeds the
over-temperature (OT) threshold, the IC stops
working until the die temperature is reduced.
Once the temperature returns to within its safe
range, the IC resumes normal operation.
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APPLICATION INFORMATION

Gate Signal Synchronization (SYNC)

The SYNC pin synchronizes the GATE signal.
Its falling edge synchronizes the GATE signal
turning off. Connect a voltage divider from the
secondary winding to this pin to indicate the
primary-side MOSFET turning on.

System Voltage Feedback (VFB)

The VFB pin feeds back the system voltage
(Vsvs). Connect this pin to Vsys with a voltage
divider. This voltage divider determines Vsys,
calculated with Equation (1):

1.2V x(Ryegy + Ryrar)

I:{VFBL

Vsys =

(1)

Where Rvren and RvrsL are the high-side and
low-side resistors of the voltage divider,
respectively.

The VFB pin is monitored for system OVP. If
Vrs exceeds Vger by 24% for 10us, system
OVP is triggered.

LED Open Protection

The OVP pin monitors the output LED voltage
(Vieo) and can trigger LED open protection.
Connect this pin to Viep through a voltage
divider and set the OVP point (Vov tep) using
Equation (2):

2.4V x (Roypss +Royp,)

ROVPL

(@)

VOV_LED =

Where Rovex and RovpL are the voltage dividers’
high-side and low-side resistors, respectively.
LED Current Setting (ISET/FAULT)

The LED current (Iep) is set by the resistor on
the ISET/FAULT pin. The ISET/FAULT pin
outputs 1.6V, and its source current determines
each channel’'s lep. lLep can be estimated with
Equation (3):

| (mA) = 80KQx 200mA
T Rger(kQ)

(3)

Gate Driver Supply and GATE (VDRV, GATE)

The VDRV pin supplies power to the gate driver
(refer to the VIN/SOURCE pin). Connect a
sufficient voltage source to this pin to supply the
gate driver, and bypass this supply to the
VIN/SOURCE pin with a 1uF ceramic capacitor.
The VDRV pin can handle a maximum 53V
voltage (refer to GND), and the GATE signal is
limited to 6V (refer to VIN/'SOURCE).

In primary flyback power stage applications,
VDRV can typically be supplied by the
secondary-side  winding of the power
transformer.

Connect the GATE signal directly to the N-
channel MOSFET, or use a driving resistor.

Selecting the Turn Ratios of the Power
Transformer

The power transformer includes three power
windings: the primary-side winding (Np), the
secondary LED winding (Nwep), and the
secondary system voltage winding (Nsvs). To
design the turn ratios of the power transformer,
follow the instructions below:

Design the turn ratio between the primary-side
winding and the secondary LED winding
(NPZNLED).

The maximum voltage stress (Vbs pri) on the
primary-side MOSFET, which occurs at the
maximum input AC voltage and the maximum
output LED voltage, can be calculated with
Equation (4):

Ne
VDS_PRI =1.414x VIN_AC_MA)( + (VOV_LED + Vpiope) X N (4)
LED

Where Vin ac max is the maximum input AC
voltage, Vbiooe is the forward voltage of the
rectifier diode, and Vov 1ep is OVP point of Viep.

Consider the leakage inductance of the flyback
transformer, and assume there is a 60V spike
voltage on the primary-side MOSFET, as well
as a 10% derating of the switch voltage
capability. Vps pri can be estimated with
Equation (5):

VDSfPRI +60<0.9x VRATINGfPRI (5)
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Where Vrating pri is the rating voltage of the
primary-side MOSFET.

Calculate Np:Niep with Equation (6):

NN = (09 Vaurug o =60V 14145 Vi o ) (6)

VOVﬁLED + VDIODE

Design the turn ratio between the LED winding
and the Vsys winding (Niep:Nsvs).

Ensure that Vsys is below the reflecting voltage
from the LED winding under the minimum Vep.
This relationship can be estimated with
Equation (7):

VSYS + VD|ODE < VLED_MIN + VDIODE (7)

NLED

NSYS

Where Viep mn is the minimum output LED
voltage. Choose a 15% margin for production
design, calculated with Equation (8):

0.85%(Vieo wmin + Voiooe)

Vsys + Voiooe

Selecting the External N-Channel MOSFET

The voltage stress on the external N-channel
MOSFET can be estimated with Equation (9):

(8)

NLED : NSYS =

VINAC_MAX xNgys 9)

VDSfEXT =
NP

The maximum voltage stress occurs at
Vin_ac_ max. Considering the small voltage spike
and the MOSFET voltage derating, it is
recommended to choose a 20% margin.
Estimate the voltage rating (Verating ext) with
Equation (10):

V, xN
VRATINGiEXT = lN_Aﬁl_M:B 8 SY8 (10)
- x0.

The average current flowing through the N-
channel MOSFET is equal to the output current
of Vsys. This flowing current is a pulse
waveform, and its RMS current is much greater
than the average value. Assume that the RMS
current (Irms ext) is 1.5 to 2 times greater than
the average current; estimate this value using
Equation (11):

IRMS_EXT ~ 2xlgys (11)

Where |rus_ext is the RMS current through the
N-channel MOSFET, and lIsys is the output
current of Vsys.

The switching loss from the N-channel
MOFET’s soft switching is typically low. The
rating current for the N-channel MOSFET
should be 2 to 3 times that of the RMS current.

Consider thermal loss and power loss when
selecting the Rpsion) and package size for the
N-channel MOSFET.

PCB Layout Guidelines

Efficient PCB layout is important to achieve
reliable operation, good EMI performance, and
good thermal performance. For the best results,
refer to Figure 7 and follow the guidelines below:

1. Minimize the power stage loop area. This
includes the primary loop (input capacitor,
transformer, and MOSFET sense resistor),
as well as the secondary winding loop
(transformer, rectifier, and diode output
capacitor).

2. Separate the output loop GND and control
circuit GND, and only connect them at the
GND pin.

3. Place peripheral electronic components
(such as those for VIN/SOURCE, VFB,
SYNC, DCOMP, and ICOMP) close to the
IC to decouple noise.

Figure 7: Recommended PCB Layout for a 1-
Layer Board
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TYPICAL APPLICATION CIRCUIT
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Figure 8: Typical Application Circuit (MP4657B Flyback 4-String LED Driver and System Voltage
Regulation Scheme)
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PACKAGE INFORMATION
SOIC-16
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CARRIER INFORMATION

Reel
Diameter

Pinl —»1

QOOOOOOO

1

1

1

R
Feed Direction
Part Number Package | Quantity/ | Quantity/ | Quantity/ Reel Carrier Carrier
Description Reel Tube Tray Diameter | Tape Width | Tape Pitch
MP4657BGS-Z SOIC-16 2500 50 N/A 13in 16mm 8mm
MP4657B Rev. 1.0 www.MonolithicPower.com 22

11/11/2021

© 2021 MPS. All Rights Reserved.

MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.




m P MP4657B — 1-STAGE FLYBACK 4-STRING LED DRIVER/VOLTAGE CONTROLLER

REVISION HISTORY

Revision # | Revision Date | Description Pages Updated
1.0 11/11/2021 Initial Release -

Notice: The information in this document is subject to change without notice. Please contact MPS for current specifications.
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.

MP4657B Rev. 1.0 www.MonolithicPower.com 23
11/11/2021 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2021 MPS. All Rights Reserved.



