®

MP4658

4-String, Max 200mA/Channel, 80V Return

LED Driver with AC/DC Feedback

DESCRIPTION

The MP4658 is a 4-string, secondary-side LED
driver for LED backlighting, and is ideal for
monitor and small-sized TV LED backlighting. It
controls the flyback power stage to regulate the
LED current loop and the output supply voltage.
The MP4658 integrates 4-string LED current
balancing. Powered by a 6V to 36V input supply
voltage (Vi), the MP4658 outputs a
compensation signal to control the primary-side
flyback (or other power stage) via an
optocoupler to regulate the output voltage
(Vour).

The MP4658 supports analog dimming and
PWM dimming to the LED current through the
ADIM and PDIM pins. For analog dimming,
apply a pulse signal with a frequency above
5kHz to the ADIM pin. For PWM dimming, apply
a low-frequency PWM signal to the PDIM pin.
The MP4658 also supports analog mode PWM
dimming to the LED current, which makes the
LED current rise and fall softly.

The MP4658 features numerous smart
protections to increase system reliability,
including open LED protection, short LED string
protection, LEDx short-to-ground protection, FB
over-voltage protection (OVP), feedback open
protection, and thermal protection. The MP4658
is available in an SOIC-16 package.

FEATURES

e 6V to 36V Supply Voltage (Vin)

e 80V/200mA, 4-String LED Current Balance

e Provides Feedback for the Previous Power
Stage

e <2% LED Current Accuracy

e 1.5% LED Current Balance

Low LEDx Regulation Voltage, High

Efficiency

Analog and PWM Dimming

LED Open Protection, LED Short Protection

LEDx Pin Short-to-GND Protection

Over-Voltage Protection (OVP)

Thermal Protection

Available in an SOIC-16 Package

APPLICATIONS

e LCD Monitor 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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ORDERING INFORMATION

Part Number* Package Top Marking MSL Rating
MP4658GS SOIC-16 See Below 2

* For Tape & Reel, add suffix -Z (e.g. MP4658GS-Z).

TOP MARKING

MPSYYWW
MP4658
LLLLLLLLL

MPS: MPS prefix

YY: Year code

WW: Week code
MP4658: Part number
LLLLLLLLL: Lot number

PACKAGE REFERENCE

TOP VIEW
© MP4658
—LpDIm FF {16
—2loPT viN 2
—3FB Nc 14—
—4{comP2 ADIM H13—
—3/comp1 ISET H2—
—Slovp LEp3 P
—ZLED1 LED4 HO-
—8 ED2 GND 2—
SOIC-16
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PIN FUNCTIONS

Pin # Name |Description

PWM dimming input pin. Connect a pulse signal to implement pulse-width modulation

1 PDIM  [(PWM) dimming. When the PDIM pin’s voltage remains low for 30ms, the LED stage is
disabled and the IC enters constant voltage (CV) mode.

5 OPT Optocoupler pin. This pin outputs the compensation signal for the primary-side flyback
power stage. Connect this pin to the external optocoupler to control the flyback.

3 FB System voltage feedback. Connect this pin to the system output through a voltage
divider.

4 COMP2 Compensation pin. This pin compensates the output voltage (Vour) loop and controls the
flyback power stage during the LED off period.

5 COMPH1 Compensation pin. This pin compensates the LED current loop and controls the flyback
power stage during the LED on period.

6 OVP Over-voltage protection (OVP) pin. Connect this pin to the LED voltage (Viep) output
through a voltage divider.

7 LED1 |Cathode of LED string 1.

8 LED2 |Cathode of LED string 2.

9 GND |Ground.

10 LED4 |Cathode of LED string 4.

11 LED3 |Cathode of LED string 3.

12 ISET LED current set pin. This pin sets the LED current. Connect a resistor from this pin to the
ground to set the LED current (lLep).
Analog dimming input pin. Connect a >5kHz PWM signal to implement analog dimming.

13 ADIM The input impedance of this pin determines the internal filter constant, as well as the PWM
dimming rise and fall times. When the ADIM pin’s voltage remains low for 30ms, the LED
stage is disabled and the IC enters CV mode.

14 NC Not connected.

15 VIN Input supply pin. This pin powers all internal logic circuitry.

16 FF Fault indicator pin. If a fault occurs, this pin is pulled low.

ABSOLUTE MAXIMUM RATINGS @

Thermal Resistance ¥ 6ua By

VIN oo -0.3V to +38V SOIC-16.. 80......35...°C/W
LEDX. oo, -0.3V to +80V
FE o, -0.3Vto +12V Notes:
; _ 1) Exceeding these ratings may damage the device.

Other. 11 1 0.3Vtio +6.§V 2) The maximum allowable power dissipation is a function of the
JUﬂCtIOﬂ temperature ............................... 150 C maximum junction temperature Ty (MAX)’ the junction_to_
Lead temperature .........cccoeeevvvvceiiiienneenns 260°C imb;ehnt thermal resiﬁtanclsl Bua, atnd the ambien:j _ten_ﬁpet_raturet

. ol . _ oEo() (2) a. The maximum allowable continuous power dissipation a
Continuous power d|$$|pat|on (TA =25 C)1 56W any ambient temperature is calculated by Pp (MAX) = (T,
................................................................ . (MAX) - Ta) / 64a. Exceeding the maximum allowable power
Storage temperature................ -60°C to +150°C dissipation produces an excessive die temperature, causing

the regulator to go into thermal shutdown. Internal thermal
ESD Ratings Zhutdown circuitry protects the device from permanent
amage.
Human body model (HBM) .................... +2000V 3) The ?evice 5t_not guaranteed to function outside of its
; operating conditions.

Charged device model (CDM).................. +750V 4) Measured on JESDS1-7, 4-layer PCB.
Recommended Operating Conditions ©®
Supply voltage (VIN) ceeeeeeeeieceiiiieeeeenn. 6V to 36V
Operating junction temp (Ty) ....-40°C to +125°C
MP4658 Rev. 1.0 MonolithicPower.com 3
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ELECTRICAL CHARACTERISTICS

Vin = 12V, Ta = 25°C, unless otherwise noted.

Parameter ‘ Symbol ‘Condition Min ‘ Typ ‘ Max ‘ Units
VIN Supply
VIN supply range 6 36 \Y
VIN UVLO VIN_uvLo 45 4.79 55 \Y
VIN UVLO hysteresis VIN_HYS_uvLO 500 mV
Quiescent current la PWM = ADIM =0 0.5 mA
Analog Dimming
ADIM logic high VaDIM_HI 1.5 \Y
ADIM logic low Vabim_Lo 0.4 \'
ADIM/PWM pull-down resistor Rabim_pown 1 MQ
FI?ilrJ]ratlon to disable the ADIM - 30 ms
e e o . 0 | ko
ADIM pin input impe_dance for 15 KO
fast soft PWM dimming (700pus)
PWM Dimming
PDIM logic high VpPDIM_HiI 1.5 \Y,
PDIM logic low VpeDiM_LO 0.4 \Y,
PDIM pull-down resistor RpbimM_bown 1 MQ
PDIM input frequency range 100 ©® Hz
rI?il;ratlon to disable the PDIM —— 30 ms
OPT

, Normal operation H 2.3 \
OPT pin output voltage range Normal operation L 0.8 v
OPT pin output voltage when 33 Vv
latched off
Source current capability lopT 20 mA
VFB
Reference voltage VFB_ReF PWM off 1.182 1.2 1.218 \
FB pull-down resistor Rre_pown 1 MQ
2/O|:\I?P(;ver-voltage protection Vs ov 104 VReF vee
sl}lostteeCrHo%pen feedback VREF_OPEN 500 mV
Compensation Loop for LED (COMP1)
Gain bandwidth product GBcowp1 75pF on COMP1 16 MHz
Open-loop DC gain Av_comp1 COMP1 open 70 ®) dB
Input common-mode range Vem compt | For design -0.30 +4 ©® \Y
Transconductance Gm_compt  |PWM = high 720 ANV

MP4658 Rev. 1.0
10/13/2021
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ELECTRICAL CHARACTERISTICS (continued)

Vin = 12V, Ta = 25°C, unless otherwise noted.

Parameter Symbol |Condition Min Typ Max Units
Saturated output current IsaT_comp1 90 MA
Low-level clamp voltage Vcompi L | Normal operation 1 \
High-level clamp voltage Vcompi_n | Normal operation 2.5 \Y
Compensation Loop for LED (COMP2)
Gain bandwidth product GB comp2 | 75pF on COMP2 16) MHz
Open-loop DC gain Av_comp2 | COMP2 open 70 ®) dB
Low-level clamp voltage Vcompz_ L | Normal operation 1 \Y
High-level clamp voltage Vcowpz_1 | Normal operation 2.5 \
Lanscondictance when Gu_cowpz | PWM off 260 ANV
Saturated output current IsaT_comp2 45 MA
LED Driver Protection (OVP, LED Open/Short)
OVP threshold VTH ovp 2.4 V
OVP threshold hysteresis 200 mV
OVP to latch IC threshold 3 \Y,
ls‘tEIES tmh;?ﬂ];lfd for open LED OVP triggered 100 mV
LEDx over-voltage (OV)
threshold (for LED short VTH_LEDxOV 5 \Y,
protection)
LED short delay time to_LEDxOV 5 ms
Thermal protection threshold 150 ® °C
Thermal protection o5 (5) oG
hysteresis
LED Current Regulation (Vi epx, Iset)
ISET voltage Viser 1.53 1.58 1.63 \Y,
LEDx average current lLeo Riser = 320kQ (trim) -1.5% 50 +1.5% mA
Riser = 320kQ (40%) -3% 20.3 +3% mA
Current matching ILep = 50mMA 0.3 2 %
285/1 ofs,i([))lfﬁi lLeo = 20mA 04 o5 o
Minimum LEDx regulation Vi |lLep = 200mA 560 mV
voltage lLep= 1TmMA 176 mV
FF pin pull-down resistor Open drain 270 Q

Note:

5) Guaranteed by design. Not tested in production.

MP4658 Rev. 1.0
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TYPICAL PERFORMANCE CHARACTERISTICS

Reference Voltage vs.

Temperature VFB OVP vs. Temperature
1.21 1.49
S 1.205 1.485
P 2 \
| . o
= 5 1.48 N
1.195 B \
N
119 1.475 \
1.185 1.47
-50 0 50 100 -50 0 50 100
TEMPERATURE (°C) TEMPERATURE (°C)
V\n Rising Voltage vs. VLED OVP Threshold vs.
Temperature Temperature
4.75 < 2.39
S a
w 4.73 3 238
< I
B 471 é’ 237 F~— T
o \
> \ 1/\\ I:E 236 N
= \ >
L 467 N 235
2 E
> 465 > 234
-50 0 50 100 -50 0 50 100
TEMPERATURE (°C) TEMPERATURE (°C)
VFB Open Voltage vs.
Temperature ISET Voltage vs. Temperature
~ 505 1.59
E S
(u; 504 //\\ (:;1.585
< \ =
- = \//\
9 503 / S O 158 N
= / \ m \
w @
& 502 | \ =1.575 \
@ N
> 501 1.57
-50 0 50 100 -50 0 50 100
TEMPERATURE (°C) TEMPERATURE (°C)
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Quiescent Current vs. OPT High-Level Voltage vs.
Temperature — Temperature
T 227 [e— 2 2264
= :
E -\ & 2.262
E \ | el / \
g 225 N 1 2.258
s N O 2056 / \
> & /| \
T 224 \ - 2.254 7
O 503 S 2,252 N
= W 225
4 - : /
w222 T 2.248
B 5o O 2.246 /
5 N T 2244
3 220 Q 2.242
-50 0 50 100 © -50 0 50 100
TEMPERATURE (°C) TEMPERATURE (°C)

OPT Low-Level Voltage vs.

Temperature
0.77

/—\
0.76

Pl
A

OPT LOW LEVEL VOLTAGE (V)

0.74 !
0.73
-50 0 50 100
TEMPERATURE (°C)
MP4658 Rev. 1.0 MonolithicPower.com 7
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)
V|N_Ac = 220Vac, Viep = 40V, lep = 80mA/string, Vsys = 5V, Isys = 3A, Ta = 25°C, unless otherwise

noted.

CH1: Vou'r

CH3 Vsys

CH2: Vsw
CH4: VLED

CH1: VOUT

CH3 VLED
CH4: Vsys

CH2: Vsw

CH1: VOUT

CHa4: ILED
CH3: VLED
CH2: sz

Standby Mode
Vsys =5V, Isys = 0.1A

B 400p
5 It 3

250Ms/s AY
1M points -200%

Power on in CV Mode

sV v @ ]:n ms 50,0455 133ul 2

C IS - W SHpoins 14:44:11
LED Enable
50% analog dimming
| "N 2

p :

E L

o 0 ]zn Orts S0.0MS/s 0 X [
_ 10. G_] + 5 points 72.0m4 13:3553

CH1: Vour

CH3 Vsys

CH2: Vsw
CH4: VLED

CH1: Vou'r

CH3 VLED
CH4: Vsys
CH2: VSW

CH1: Vou'r

CH4: ILED
CHa3: VLED
CH2: sz

CV Mode

#]

1 R
Power off in CV Mode

\- i |

| s

(S Bt mrares mearare -

4 d
| &2 !
E SO0V & ]Ilc Oms 50.0M3/5 [ 3 137l 2

® w v O SH paints 530V 14:45:52

LED Disable
50% analog dimming

]

10.0ms

n J

lee)
1©

S0.0MS/s
SM points

o 143l 3
72.0m4 133608
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)
V|N_Ac = 220Vac, Viep = 40V, lep = 80mA/string, Vsys = 5V, Isys = 3A, Ta = 25°C, unless otherwise

noted.
Start-Up
CH1: VOUT
CH3 VLED
CH4: lep ;
CH2: Vs o e R R L e S o e
A PO e
LED On
100% dimming
20
CH1: Vour mmmmmmw
CH2:Vsw F
CH3:Vien P&
CHa4: ILED B
® 50V v« @ V& [40.0ps 250607/F @ L J2178 1
£. 100V % @ 100mAQ J[ 100} SM 5 *21._25«' F{ZIJZIS:BT

One String Short

0 )
0@ o.000s 54.00mA
O -5.800ms 91.00mA
CH1: Vour AS.S00mS  A37.00mA
CH4: ILED
CH3: VLED
CH2: FT B D S e e S e N e s S ]
® 50y v @ 5 E }4.!1071\5 15M54 @ ;'(21 78 19
@ 100V v @ s00man i SM 5 210V 22:58:56
b —

CH1: Vo|_r|'

CH3: VLED
CH4: ILED
CH2: VSW

CH1: Vou'r

CH2: VSW
CH4: ILED
CH3: VLED

CH1: Vou'r

CH4: ILED

CHa3: VLED
CH2: FT

Shutdown

p \y
| &8

10.0ms S0.0MEAs

[+ 15Tl 2
5M points 116mé 16:32:42

S0V
00V & @) 200mA 0%
—

LED On

50% dimming

e

oo

E J[”‘”'“’”‘ : 250607 @ E[zw.Elw

5M 5 -21.2V 20:32:33

® 0oV &
@ 100V &

@ 100mA0
—

One String Open

® 500V 2 @2 10.0ms 50.0M7%/ @ v |267F 1
@ nov . @ 20.0mAo 5M & 2.00v | 06:54:59
—
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)
V|N_Ac = 220Vac, Viep = 40V, lep = 80mA/string, Vsys = 5V, Isys = 3A, Ta = 25°C, unless otherwise
noted.

Load Transient

e e g e ]
CH1:Vour : : : e . .
CH4:liep o . . . 1 . [ 4
CH2: Vcowmrr
CH3 |sys | o
@ sov &y 2.00ms 250MS/s [ 15 Jul
Lﬂ 1004 & 9 100ma Q% ][ 5M points 1564 14:16:02)
MP4658 Rev. 1.0 MonolithicPower.com 10
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FUNCTIONAL BLOCK DIAGRAM

Delay [«———uviLo_viN
y
2
[ ] Level Adjust
OPT
vCcC 15
T PWM PWM_N - LDO ——{ ] viN
Fault
7
LED1
5 PWMJ 1 REF_LED 1 LED1 :l
] | LED2
comp1[_| . gm1 Min [LEhs o
Min LEDx [LED4 | LED2
4 11
comp2| | | LED3
PWM_N EN_CHx 10
12V G J [ ] LED4
S2 Fault
1.2* Vier vrs 2.4V 6
] OV_LED e« OVP
3 >&\_ T T ove L
-
FB
I:_I Fault Control
0.5V — -l 3V
T Fow
12
ISET |7 Voltage DC ADIM Fault LED
I: Adjustment a Lﬁg:;g.z;oc\eﬁ&n
4 5V
1 5ms
PWM Del LEDXx
PDIM [ |—— I | LED:
Dimming
13 Control 4 100mV
ADIM [ |—— | pcAom LEDXx

Figure 1: Functional Block Diagram
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OPERATION

The MP4658 is a 4-string, secondary-side LED
driver for LED backlighting, and is ideal for
monitor and TV LED backlighting. It controls the
flyback power stage to regulate the LED current
(ILep) loop during the PWM on time and regulate
system supply voltage loop during the PWM off
time. Powered by a 6V to 36V input voltage
(Vin)  supply, the MP4658 outputs a
compensation signal to control the primary-side
flyback (or other power stage) through an
optocoupler.

Start-Up

When the flyback is on, Viv is charged until it
reaches its UVLO threshold, at which point the
system logic starts to work.

LED Current and Voltage Regulation

The MP4658 accurately regulates the l.ep loop
or the output voltage (Vour) with a single flyback
power stage.

When pulse-width modulation (PWM) dimming
is on, the MP4658 regulates lep through the
flyback power stage control (see Figure 2).

Flyback
EA L Control

Figure 2: MP4658 Control Scheme when PWM
Dimming Is On

When PWM dimming is off, the LED stage is
disabled and the MP4658 regulates the output
voltage (Vour) using the feedback (FB) voltage
(Vrs) from the FB pin (see Figure 3).

EA V
FB_~{_ comp2
1.2V

-

Vour v,
ower svs

Flyback DC/DC

Control

EA
Min LEDXx ~ (" comP1
Bet |, v

Figure 3: MP4658 Control Scheme when PWM
Dimming Is Off

LED Current Regulation when PWM
Dimming Is On

For the ILep regulation loop, the minimum LEDx
voltage (Vienx) is fed back and compared to the
internal reference voltage. This reference
changes with the I.ep setting. The internal error
amplifier (EA) regulates the average minimum

Vieox to the internal reference voltage. The EA’s
output is connected to the external current-loop
compensation network on the COMP1 pin
through an inner switch (S1). During the PWM
on time, S1 is on and the minimum Viepx is
regulated by this control loop. The flyback
power is set by the COMP1 voltage (Vcowmr1).
During the PWM off period, S1 is turned off, the
compensation network is disconnected from the
EA’s output, and Vcowr: remains steady until
the next PWM on interval. The EA’s output is
also pulled low during the PWM off period.

Output Voltage Regulation when PWM
Dimming Is Off

When PWM dimming is off, the output voltage
(Vour) is fed back to the FB pin and the internal
Vrer is equal to 1.2V. During the PWM off
period, the MP4658 regulates Vour by
controlling the flyback power stage. The internal
voltage-loop EA regulates the average Ves to its
internal reference. The EA’s output is
connected to the external voltage-loop
compensation network on the COMP2 pin. The
flyback power is set by the COMP2 voltage
(Vcowmp2).

When PWM dimming is on, the flyback power is
controlled by Vcowpi and Vour varies with
different dimming conditions. The voltage-loop
EA’s output is also pulled low.

Dimming Control

The MP4658 provides analog dimming and
PWM dimming for lep through the separate
ADIM and PDIM pin. For analog dimming, apply
a pulse signal with a frequency above 5kHz to
the ADIM pin and pull the PDIM pin high. The
pulse signal’s duty cycle sets the | .ep amplitude.
For PWM dimming, the duty cycle of input
signal at the ADIM pin sets the peak I.ep value.
lLeo is chopped by the input PWM signal at the
PDIM pin. The brightness of the LED string is
proportional to the external PWM signal’'s duty
cycle, which helps achieve fast and high-
contrast ratio PWM dimming. For analog PWM
dimming, apply a <5kHz pulse signal to the
ADIM pin and pull the PDIM pin high. The ADIM
pin’s input impedance determines the internal
analog dimming RC filter and the rising/falling
speed during PWM dimming. If the input

MP4658 Rev. 1.0
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impedance on ADIM is below 15kQ, then the
RC filter constant is smaller and the Iep
rising/falling speed during PWM dimming is
faster. Soft PWM dimming for I.ep helps reduce
the audible noise.

Protection Features

The MP4658 integrates sufficient protections for
the output voltage stage and LED driver stage.
The protections for the Vour stage includes
system over-voltage protection (OVP) and open
feedback loop protection. Fault protections for
the LED driver stage include open LED
protection, short LED string protection, one or
more LED short protection and LEDx short to
ground protection.

Output Over-Voltage Protection (OVP)

The FB pin senses Vour for regulation and OVP.

If Ves is 24% greater than Vger, the MP4658
triggers output OVP and the OPT pin is
clamped to 3.3V when the LED stage is off.
Output OVP is disabled when the LED stage is
on. The fault indicator outputs a low voltage
when output OVP is triggered.

Feedback Open Protection

If Ves is below 500mV, the IC latches off and
the fault indicator outputs a low voltage.

Open LED Protection

The LED string voltage is sensed by the OVP
pin. Open LED protection is achieved via the
OVP pin voltage and the LEDx (LED1~4) pin
voltage detections. If one or more LED strings
are open, the respective Viepx is pulled to
ground and the LED string’s output voltage
keeps increasing until the OVP pin’s voltage
(Vovp) reaches the OVP threshold. When Vovp
reaches 2.4V and Viepx is below 100mV, the
MP4658 triggers open LED protection. The IC
marks off the open string(s), meaning any that
have a Viepx below 100mV. The remaining LED
strings discharge the output voltage and Vove
decreases until it falls below the OVP threshold.
Then the LED control loop recovers and the
minimum Viepx of the remaining LED strings is
regulated. If an LED open fault is triggered, the
fault indicator pin outputs a low voltage.

If all LED strings are open, all strings are
marked off and the LED control loop is disabled.
If an open all LED strings condition occurs, the
IC operation mode switches from constant
current (CC) mode to constant voltage (CV)
mode.

If Vovp exceeds 3V, the IC latches off. This
function protects the components from any out
of control condition (such as the LED output
voltage exceeding Vov Lep when the OPT pin is
not pulled high) and keeps the system safe.

LED Short Protection

Vieox is used to indicate a short LED condition.
If an LED string is shorted, the respective Viepx
increases significantly. If Viepx exceeds 5V for
5ms, a short fault is triggered, and the MP4658
marks off this string. Other strings keep working
if they are not experiencing a short.

If short protection is triggered, the fault indicator
outputs a low voltage.

LEDx Short-to-Ground Protection

If COMP1 is saturated and Vi epx is low for 30ms,
the 1C triggers LEDx short-to-ground protection.
The LED control loop is disabled, and the
output voltage is regulated in constant voltage
(CV) mode. If this protection is triggered, the
fault indicator outputs a low voltage.

The LED loop can recover from a fault condition
by toggling the ADIM or PDIM pin. Pull either
pin low for more than 30ms, then pull it high.
The fault condition should be removed, and the
fault indicator should reset.

Thermal Protection

Thermal protection is integrated in the MP4658.
If the die temperature exceeds the over-
temperature (OT) threshold (150°C), the IC
stops working until the die temperature falls to
125°C.

MP4658 Rev. 1.0
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APPLICATION INFORMATION
Open LED Protection (OVP)

The OVP pin monitors the LED output voltage
and controls open LED protection. Connect this
pin to the LED output voltage through a voltage
divider, and set the OVP point using Equation

(1):
2.4V x (Royp+Rove) (1)

I:KOVPL

VOVfLED =

Where Roven and RoveL are the high-side and
low-side resistors of the voltage divider,
respectively.

Output Voltage Feedback (FB)

The FB pin feeds back the output voltage (Vour).

Connect this pin to the output voltage through a
voltage divider. This voltage divider determines
Vour, which can be calculated with Equation (2):

1.2V x (Rypgn+Ryes) 2)

VOUT = R
VFBL

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

LED Current Setting

The LED current (lep) is set by the resistor on
the ISET pin. The ISET pin outputs a 1.6V
voltage and its sourcing current determines Iiep.
Estimate I.ep with Equation (3):

_ 80kQx200mA

L ep(MA)= R (kQ) (3)

Selecting the Turn Ratios of the Power
Transformer

The power transformer includes three power
windings: the primary-side winding, the LED
secondary-side winding and the output voltage
winding. Follow these steps to design the turn
ratios of the power transformer:

Design the turn ratio between the primary-side
winding and LED secondary-side winding using
Np:Niep. The maximum voltage stress on the
primary-side switch occurs at the maximum
input AC voltage and maximum output LED
voltage.

Calculate the maximum voltage stress on the
primary-side switch (Vbs_pri) With Equation (4):

N
VDSfPRI =1.414x VINfACfMAX +(VOV7LED +Vbiope) X N_P (4)

LED

Considering the leakage inductance of the
flypack transformer, assume a 60V spike
voltage on the primary-side switch and a 10%
derating of the switch voltage capability.
Calculate the primary-side switch’s rating
voltage with Equation (5):

VDSfPRI+ 60<0.9x VRATINGfPRI (5)
Calculate the turn ratio (Np:Niep) between the

primary-side winding (Np) and the secondary
LED winding (N.ep) with Equation (6):

(0-9x Vanring pri-60V-1.414 x Vi 1c yax) (6)

Vov teo*Voiooe

Np:N,gp=

Where Vrsating pri is the rating voltage of the
primary-side switch, Vin_ac_max is the maximum
input AC voltage, Vbiope is the forward voltage
of the rectifier diode, and Vov 1ep is the OVP
point of the LED output voltage.

Design the turn ratio between the LED winding
and the output voltage winding: Niep:Nsys.
When the LED stage is working, the LED
winding voltage (Viep) clamps the system
winding voltage via the turn ratio. Ensure that
Vout exceeds the voltage set with Equation (2)
when the LED stage is on with the minimum
Viep. Estimate this relationship with Equation

(7):

VLEDﬁMIN + VDIODE (7)
NLED

NSYS

Vour+ Voiooe <

Where Viep min is the minimum LED output
voltage. Choose a 10% margin for production
design, calculated with Equation (8):

0.9 % (Mo min + Voiooe)

N (8)

Lep- Nsys =
Vour * Voioe

MP4658 Rev. 1.0
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PCB Layout Guidelines

Efficient PCB layout is important to achieve
reliable operation, good EMI performance and
excellent thermal performance. For the best
results, refer to Figure 4 and follow the
guidelines below:

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

2. Separate the output loop GND and control

circuit GND, and only connect them at the
GND pin. Figure 4: Recommended PCB Layout

3. Place the peripheral electronic components
(such as those for VIN, FB, COMP1, and
COMP2) as close to the IC as possible to
decouple noise.

MP4658 Rev. 1.0 MonolithicPower.com 15
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TYPICAL APPLICATION CIRCUIT
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Figure 5: MP4658 Typical Application Circuit (Flyback 4-String LED Driver)
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PACKAGE INFORMATION

SOIC-16

0.386( 9.80)
0.394(10.00)

»

—>‘ ’<—o.oz4(o.s1) I—»‘ ’<—o.oso(1.27)

16 ‘ 9 :
0.063 [
AaaamAAa— 1 s
i |
! 0.150 | 0.228 i
! 380) | (5.80) e 0.213
i 0.157 | 0.244 . (5.40)
[ (4.00) | (6.20) !
: |
1 .
g gyl M LG T
1 | 8 .
[
TOP VIEW RECOMMENDED LAND PATTERN
, PSRN
[ \ } o0.053(1.35 / [ \
St i i I 5 O v NG
y SEATING PLANE \ i Y 0.0075(0.19)
*‘ *‘ L \ , k- 0.0098(0.25)
0.013(0.33) 0.050(1.27) |_0.004(0.10) N
0.020(0.51) BSC 0.010(0.25) SEE DETAIL "A"
FRONT VIEW SIDE VIEW
NOTE:

0.010(0.25) _ o
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DETAIL "A"

1) CONTROL DIMENSION IS IN INCHES. DIMENSION IN
BRACKET IS IN MILLIMETERS.

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

3) PACKAGE WIDTH DOES NOT INCLUDE INTERLEAD FLASH
OR PROTRUSIONS.

4) LEAD COPLANARITY (BOTTOM OF LEADS AFTER FORMING)
SHALL BE 0.004" INCHES MAX.

5) DRAWING CONFORMS TO JEDEC MS-012, VARIATION AC.

6) DRAWING IS NOT TO SCALE.
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mes

CARRIER INFORMATION

0000000 O
Pinl —»1 1 1 1
Reel
Diameter
>
Feed Direction
Part Number Package Quantity/ | Quantity/ | Quantity/ Reel Carrier Carrier
Description Reel Tube Tray Diameter | Tape Width | Tape Pitch
MP4658GS-Z SOIC-16 2500 50 N/A 13in 16mm 8mm
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