MP4026

Primary-Side-Control,
Offline LED Controller with Active PFC
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DESCRIPTION FEATURES
The MP4026 is a primary-side-control, offline e Real-Current Control without Secondary-
LED controller that achieves high-power factor Feedback Circuit
and accurate LED current for isolated, single- e Good Line/Load R ula'n
power-stage |Ight|ng applications in an FCTSOT ° H|gh Power F 0°9) over Universal
package. The proprietary real-current-control Input Voltage

method accurately controls LED current from . Boundar%ugﬁon Moﬂrlmproved
tP

primary-side information with good line and load Effici L
regulation. The primary-side-control eliminates tectio Q

the secondary-side feedback components and e Prote

the opto-coupler to significantly simplify LED- t- ircuit Protecti
lighting-system design. &EF

Over-Temperatur
The MP4026 integrates power-factor correction ary S)cfeG
and works in boundary-conduction mode te\\

reduce MOSFET switching losses.

The MP4026’'s multiple protection
greatly enhance system reliability 3

short-circuit protection, pnmary Sit
protectlon brown out protec

g X A/IJ MPS parts aré leadfreerand a%ere to the RoHS directive. For MPS green
auto-restart over temperat/Ufe prot . . — status, plea§ isit MPS\website under Products, Quality Assurance page.

N~

TYPICAL AﬁPLICATION
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mps MP4026 — PRIMARY SIDE CONTROL, OFFLINE LED CONTROLLER WITH ACTIVE PFC

PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE
PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE — HUAGAO USE ONLY

ORDERING INFORMATION

Part Number Package Top Marking
MP4026GJ* FCTSOT-6 AFS

* For Tape & Reel, add suffix —Z (e.g. MP4026GJ-2);

PACKAGE REFERENCE V

TOP VIEW

vce | 1
MULT | 2
comMP | 3 | )

ABSOLUTE MAXIMUM 0;c
Input Voltage Vee...ooo..... Loy 3V to +30 . 55.. °C/W
([ | ) ~
Gate Drive Voltage ..... sehiehshs . -0.3V w+L5V Notesg -
ZCD PiN..cccceveeeennnnn A o) 3V t0 6, 5V 1) xbe:;ﬁng tHese ratings may damage the device.
2) e rdaximUm allowable power dissipation is a function of the
Other Analog InpUts\and 6utpms -0. SV {G 6/5’\/ i .maximum junction temperature T; (MAX), the junction-to-
Max. Gate Current .. ...oolevneeneicnSonenns +06A 7~ am ent thermal resistance 6,4, and the ambient temperature
COﬂtInUOUS PQWe[ DISSIpa'[IOH ( b TA The maximum allowable continuous power dissipation at
[ ey iny ambient temperature is calculated by Pp (MAX) = (T,
+25° C) - (MAX)-Ta):a. Exceeding the maximum allowable power
FCTS dissipation will cause excessive die temperature, and the
f regulator will go into thermal shutdown. Internal thermal
Jun shutdown circuitry protects the device from permanent
Le damage.
3) The device is not guaranteed to function outside of its
operating conditions.
3 4) Measured on JESD51-7, 4-layer PCB.
R mme tlo s®
Supply V to 27V
Maximum +125°C
MP4026 Rev. 0.82 www.MonolithicPower.com 2
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ELECTRICAL CHARACTERISTICS

Ta = +25°C, unless otherwise noted.

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

Operating Range Vce After turn on 9.5 27 \%
Turn-On Threshold Vece on V¢ rising edge 23 \/é} 25 \
Turn-Off Threshold Vece oFe V¢ falling edge &@\\/@O 9.45 \
Hysteretic Voltage Vce Hys 14 15 ¢ \ 16 \
Supply Current —

Start-up Current lstagtup | Vee= Vee on -1V 20 30 DA
Quiescent Current lo No switching W 0.6 %g{
Operating Current Under Fault \3/ W

Condition No SW/C’&

' _ V :\\\\
Operating Current lec - & @ ) 2 A mA
Cs LY ) Y )

Multiplier . TN

Linear Operation Range VMUN< 9% 0 ) 3 \Y

Gain K®

Brown-Out Protection Threshold

285) . 300 | 315 | mv

Brown-Out Detection Time \25\« 36 47 ms
Brown-Out-Protection- Hysteretlc\ \ \ - %} 100 110 mv
Voltage O\ /)

Error Amplifier N <\ /‘; o < \// o2

Feedback Voltage /'~ " V& ( ) /| 0403 | 0414 | 0425 |V

Transconductance @\~ / /%ia\/i\ / RN } 125 HA/NV
Upper ClampVoltage | Ve ) ) 5 525 | 55 v

Lower cmpv/cltage e WMP_L 1.42 1.5 1.58 \Y;

Ma/x\é\\%@ Current® lcomp— 50 HA

/M%\S\\mg&zﬁrrent( ICQ/M,;,/

-400 HA

Qw Sense @Kq\aratyand Z@\@em@etector

CS/ZCD Bias Current lAsesocn 100 | nA

Leading- édg wing Time/\ \L/EB_CS 400 ns

Current- Sens\félamp Voltagg ) Vcs cLamp 1.9 2.0 2.1 \Y;
Over-Current-Protegtion, ™\ g

Leading-Edge-Bla ﬁngme lies_csoce 280 ns
Over—Current—Protecw

Threshold Vcsiocp 24 25 26 V
Zero-Current-Detection Threshold Vzep T Vcp falling edge 0.285 0.3 0.315 \Y
Zero-Current-Detect Hysteresis Vzeb Hys 617 650 683 mV
MP4026 Rev. 0.82 www.MonolithicPower.com 3
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ELECTRICAL CHARACTERISTICS (continued)

Vee =20V, T4 = +25°C, unless otherwise noted.

mes

Parameter Symbol | Condition Min Typ Max Units
After turn-off,
' . tes_zco ViuLr o 0.3V 1.5 us
ZCD Blanking Time
t After turn-off, s
LEB ZCD Viur o <0.3V \9/}5 3]
After turn-off,
_ . ties_ovp ViuLr o >0.3V AV: 15 us
Over-Voltage Blanking Time [\
t After turn-off, 0@ s
LEB_OVP VoLt o <0.3V : /L;
Over-Voltage Threshold Vzep ovp 1.5us delay aﬁ/e\r\\{urﬁQm 4.95 \Ekl 5.25 N
Minimum Off Time tore MIN 4 5 6 \pé/
Starter
Start-Timer Period tsTART /I O\ } 190 ‘ V Us
Gate Driver TN L\ ) ) <O\ )
Output-Clamp Voltage Veare crame | Vec=27V 125 | 135 | 145 v
Minimum-Output Voltage VGATW& v@c?dcc OFF g/é@ﬁy 6 OY i
Max. Source Current” |oate SOufpe > -~ o8~ A
Max. Sink Current® (@}&s.ﬁ‘g e L INA1 A

Notes:

MP4026 Rev. 0.82
5/26/2013
Preliminary Specifications Subject to Change
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TYPICAL PERFORMANCE CHARACTERISTICS
Vin = 90V-265V, Vour = 10-20V, | ep=350mA, T, = 25°C, unless otherwise noted.

Line/Load Regulation Efficiency PF @Full Load
0.359 — 0.87 | 1g
3LEDs —— 6LEDs
0.357 1 ] 0852 0.9 D
/ 817 \“\\ 0.
0355 : et
4EDs £ 0.83— 7N
< 0.353 5 : 0
<" Z 0.81—3LEDs SLEDs. ), \
5 0.351 — & &
30 — SEDsT| o N 0.94 ¥
w 0.
0.349 i ‘4LEDs 0.9%
0.347 ~ LEDs—| 077 i 0-921 N\
N N 0.91 N
0.345 0.75 _ pgb—
90 120 150 180 210 240 270 90 120 450180 210 240 270 . 90> 120 150 180210 240 270
[ ¢ N \
VN (VAC) (\ ) ) C)/\,
Steady State
VIN =110V

i

ILep
200mA/div.

Veowp |
1Vidiv. pf

VIN ot

2V/idiv. | v~ Lo |

R s 100V/div.
VeATE -l I r T )- '
10V/div. - v, B e Y

__AOms/div. | Aps/div. 10ms/div.

( (/\\\\\
\_ \_Steady State Steady State
N Vi =230V V)N =230V
= —r — * ...... T .......... ...........
RSSSSRSANES R Ll i N R o
ZOOleaEiE@- Code L 200V/div.m. R ] S0mA/div. "} UE DO TN
Veomp
1Vidiv. % : e o
Vcsrzcnp- TN 2o aancaaaq VCSIZCDF' b e e
vidiv. - L A AR Vin
T e R S H ..... : ﬂ e 200v/div.
Verre Verre L 3
1ovidiv. B 10V/div. B FITIENE i e
10ms/div. 4us/div. 10ms/div.
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)
VN = 90V-265V, Vour = 10-20V, | ep=350mA, T, = 25°C, unless otherwise noted.

VIN Start up VIN Start up Open LED Protection
VN = 110V V|N = 230V Vi = 110V, Open LED @ Working

Iep | | -
200mA/div. B} 200mA/div. 1

*AAAA
7YY

Vvee -f Vvce ;
10vidiv. T} 1ovidv.’f
\ Veomp :
1(\’/‘/’3’.'\'7 i AVidiv. Bf | I | ‘
VGATE 2 10\%TE-3
10V/div. Iv.
200ms/div.

Open LED Protection i ecti o : 'réuit Protection
VN =230V, Open LED @ Working 2

200mAIdiv.3MA/J\ AAA}\ 200ml;lﬂy:%n.~\/\ /\/\/\ 20mA/duv%w\ /\ /\f\
VYV V\/VV heo b L Y IVVW ~ Y

Vvee |
10V/div.

Vcomp
2Vidiv.

Vvee

10VId|v o}

‘ | Nl 133@{5_%"iﬂh H‘ hi}

200ms/div. 200ms/div.

i

/////

P /mary-S|de OCP Protection
N =230V
Short primary winding @ Working

/////

2°°'“”“'“'“M/\/\ A/\M 2°°"“”"'“‘“M/\/\ A/\M

V v ‘/ V v V V ‘/ V V
V - . . . 4 chc -
1\9V/d|v b j j j j _ 10vidiv. 5
2Vidiv. o : : 2w, ;
Vere SRR R E RO BV |
10V/div. AN AT 10V/div. o v
200ms/div. 200ms/div.
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PIN FUNCTIONS

Pin

Name

Description

VCC

Power Supply. Supplies power for the control signals and the high-current
MOSFET. Bypass to ground with an external bulk capacitor (typically 4.7uF).

MULT

Input Voltage Sense. Connect to the tap of resistor divider between the rectified AC
line and GND. The half-wave sinusoid provides a regnal for the internal-
current-control loop. ¢

The MULT pin is also used for brown-out pro/e\ctl n% ion.

COMP

Loop Compensation. Connect a compensati \Wérk to s zé the LED driver
and maintain an accurate LED current.

GND

Ground. Current return for the cgn@@l and theWnal.

CS/zZCD

reachés to 2. 5V after a blankmg ti
| current- protectlohtrjggms and the
A 10pF cer

Current Sense or Zero-Cur é@on When the g iver tur nsing
[ The comparlso

tween he e sed oltage
reference deteTmlnes when th $FET turns

Iankmg) the gate

—

ate /curn -on interval, the primary-side over-

sfops switching until auto-restart.

connect from CS/ZCD to GND to bypass

%qir tcb reduce the RC delay influence to the sample
al, the CS/ZCD down side resistance (Rzcp, in

c-cap’is reco menﬁ{
the high r%uen
achjrgx:

f|gure Sh

Gatgz Dru/e Outpu(ﬂhf\g}tem-pole output stage can drive a high-power MOSFET

\\\\ source and 1A sink. The high-voltage limit is clamped to

5V to avo(d excesélve gate-drive voltage. The low-voltage is higher than 6V to
uaranteg/é\suff\cntent drive capacity.

MP4026 Rev. 0.82
5/26/2013

Preliminary Specifications Subject to Change
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FUNCTION DIAGRAM

) ) N:1
% J )
o 1
EMI % == !
@Z Filter 2 i
9 o rd
o
L
MULT
Fo—— - [J————————mm—mm - — A
VCC
: | UvLO [ /1 \—/\
| l |
GND Peak Internal | T
EFI detector Power supply | l&
| : |
| l |
: Bronmout —»{ Multiplier H PWM generator i
I A A A A
|
|
|
|
|
N
Real current i\
N\
/| zco_ovp
detectigh ([
o
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OPERATION

The MP4026 is a primary-side-controlled, offline poVe

LED controller for high-performance LED Vactie *+ NVour forerce L L
lighting. It has primary-side real-current control

for accurate LED current regulation. It also has Vac e

active power factor correction (PFC) to mor’’

eliminate harmonic noise on the AC line. The .
rich protections can achieve a high safety and Inductor ¢ 4§ %\'{‘/ o3,
reliability in real application. cuent Ty ~/

Start Up %} d \
Initially, AC line charges up Vcc through the i ‘é—
start-up resistor. When Vcc reaches 24V, the * . '

control logic starts. Then the power supply is
taken over by the auxiliary winding when the

igure 2: Boun >j§onduct| Mode

voltage of auxiliary winding builds up.
The MP4026 will shut down when Vcc drops ) )
below 9V.

The high hysteretic voltage allows for
VCC capacitor (typically 4.7uF) to
start-up time.

Boundary-Conduction Mode

\\\\\

- \\

the peak value (JPK) ' When external “an

: ~turn-on Iosses and no secondary-diode reverse-
nductor turjzggOFF e energy% Scover losses, ensuring high efficiency and
inductor tran rs i \@ overy g ng y

to the s;aégn y

r}dary S|de d| EMI noise.

Real-Current Control

The proprietary real-current-control method
allows the MP4026 to control the secondary-
side LED current using primary-side information.
The mean output LED current is approximately:

\‘zero V\ern\{he
s to Ze(o N the

| ~ N- Veg
° 2.R,
Where:
ZCD voltage falls ew 03V (see Figure 3). e N ti.s the primary-side-to-secondary-side turn
ratio,

e Vi Is the feedback reference voltage
(typically 0.414V), and

e R, is the sensing resistor connected
between the MOSFET source and GND.

MP4026 Rev. 0.82 www.MonolithicPower.com 9
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Power-Factor Correction

The MULT pin is connected to a pull up resistor
from the rectified-instantaneous-line voltage and
fed as one input of the Multiplier. The multiplier
output is sinusoidal.. This signal provides the
reference for the current comparator and
comparing with the primary-side-inductor current,
which sets the sinusoidal primary-peak current.
This helps to achieve a high-power factor.

Multiplier output

e

[~

~ Inductor current

cycle-by-cycle current limit.
VCC Under-Voltage Loc/l,«jjf[:\\

(

Figure 4. Power-Factor Correction
The maximum voltage of the multi output to /-~
the current comparator is clam@a> \/

When V¢ drops below )
the MP4026 stops/switching and shuts down.
The operating curfent_is very lo under’ this
condition, the V¢ will-be charged \A}v’?ﬁy the
external start up-resistor fromj% igure 5
shows the \typical Vec und @&! e loc

/

/ / ]/
IEh /} " U N\ /
~ )/
/ //////

\\\\ ///
Auxiliary Winding Takes Charge Protection happen/s/
And\Regulates the VCC [} » 7o~ \
~ ,/ ( N\ \
| . )

\

Switching Py&s/eg\\\\

Figure 5:@a}t-Up Waveform
Auto Starter

The MP4026 has an integrated auto starter. The
starter times when the MOSFET is OFF: If ZCD
fails to send out another turn-on signal after
190ps, the starter will automatically send out the
turn-on signal to avoid unnecessary shutdowns

le UVLO threshold (9V),

due to missing ZCD detections.
Minimum Off Time

The MP4026 operates with a variable switching
frequency; the frequency changes with the
instantaneous-input-line voltage. To limit the
maximum frequenc nd ~get a good EMI
performance, the/ mploys an internal,
minimum-off-tim Ik@it s.

A
emature switcw

due rasitic capacitances dis
W he MOSFET tdrns ona
4026 u internal-
ing (LEB) unif n the CS [
rrent-comparator input. During the bfanking
TN , the path from the CS/Z//Q%p&Q,/to,ﬁthe current
\ ) comparator input is blocked. Figure 6 shows the

e-LEB time of primary-
[ short, 280ns.

»
Figure 6: Leading-Edge Blanking

Output Over-Voltage Protection

Output  over-voltage  protection  prevents
component damage during an over-voltage
condition. The auxiliary-winding voltage’s positive
plateau is proportional to the output voltage: the
OVP uses the auxiliary winding voltage instead of
directly monitoring the output voltage. Figure 7
shows the OVP sampling unit. Once the ZCD
voltage exceeds 5.1V at gate turn off interval, the
OVP signal will be triggered and latched, the gate
driver will be turned off and the IC works at
quiescent mode, the V¢ voltage dropped below
the UVLO which will make the IC shut down, and
the system restarts again.

MP4026 Rev. 0.82
5/26/2013
Preliminary Specifications Subject to Change

MPS Proprietary Information. Patent Protected.
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The output-OVP-set point is then:

NAUX . R ZCD2 — 51V

V .
OUT_OVP N R R
SEC ZCD1 ZCD2

Where:

e Vour ovpe IS the output-over-voltage-protection
point,

o Naux is the number of auxiliary-winding turns,
and

o Nsgc is the number of secondary-winding
turns.

Gate_OFF

OVP
Blanking time

Figure 7: OVP /Sé/[mp\l\i\ng it Q L
( \ \ ) \ Pz

To prevent a voltage-spike-from mis-triggering
OVP after the switch turns-off, OVP sampling has
a ties ove blanking \period /(typic 5us when
VMULT_O > 03/\17 nd 077*51:1/8 when
as shown iq//Fi ure\\8_ /

—~
-
/////////

oV — %

e

N 4
\ S——

Figure 8: ZC \/6\1*.:\:.@]6 and OVP Sampler
Output Short-Circuit Protection

If an output short occurs, the ZCD can not detect
the transformer’s zero-current-crossing point, so
the 190us auto-restart timer triggers the power
MOSFET’s turn-on signal. Then the switching

5kHz, and the output current is limited to its

nominal current. The auxiliary-winding voltage

drops to follow the secondary-winding voltage,
Ve drops to less than the UV threshold, and the
system restarts. This sequence limits the output

power and IC temperature rise if an output short

OCcCurs.

Protection

ver-cufrent  protection
ed by extremely
like primary~winding sheott. If
ising.to 2.5V e

n Fig
ection e
red and latche e gat ill be
escent’mode,

g)U/)\VLO which
e the-IC shut an” nd- the system

. @: /,'
mis—}ri% the  parasitic
discharging./when the MOSFET

im «i&?eeded, this LEB time is
current regulation sensing

off and the IC works at qui
Vce voltage dropped belo

P

Blanking time

Figure 9: Primary-side OCP Sampling Unit

Brown-Out Protection

The MP4026 has brown-out protection: the
internal peak detector detects the peak value of
the rectified sinusoid waveform in MULT pin. If
the peak value is less than the brown-out-
protection threshold 0.3V for 36ms, the IC
recognizes this condition as a brown-out, quickly
drops the COMP voltage to zero, and disables
the power circuit. If the peak value exceeds 0.4V,
the IC restarts and the COMP voltage rises softly

frequency of the power circuit drops to about  again. This feature prevents
MP4026 Rev. 0.82 www.MonolithicPower.com 11
5/26/2013 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

Preliminary Specifications Subject to Change © 2013 MPS. All Rights Reserved.



mes

MP4026 — PRIMARY SIDE CONTROL, OFFLINE LED CONTROLLER WITH ACTIVE PFC

PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE
PRELIMINARY SPECIFICATIONS SUBJECT TO CHANGE — HUAGAO USE ONLY

both the transformer and LED currents from
saturating during fast ON/OFF switching. Figure
10 shows the brown-out waveforms.

VCC
™~

{

Blown out Blown
happen out
Blown out recover
Vbus detected
VY AN
Vpeak_Mult y
/
Vcomp i
/— /_
Vgate
T TTTTTIT]

Figure 10: Brown-Out Protection Wavefor

IC Thermal Shut Down

To prevent from any lethal thermal damage,
when the inner temperature exceeds the OTP
threshold, the MP4026 shuts down switching
cycle and latched until VCC drop below UVLO

and restart again.

Design Example V
For the design\example, please refer to MPS
application e \ANO76 forﬂ{\detailed design
proced

S

MP4026 Rev. 0.82
5/26/2013
Preliminary Specifications Subject to Change
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TYPICAL APPLICATION CIRCUITS

5.%1206
1.5mIT-?IO.25A
C6 T o EMgm H
T 100k/1206 p=2.18ml
D1 Z2nF/B30V Np:Ns:Nawe=115:23:26
MB6S T c2
T D1
CX1 c8
ZFZISNAS = SRe sim v 330uFISV
i S S IMA%/0.25W 1000V/H1A o O LED+
= 1 470/0.5W B som%:é% Ae le 20V/350mA
L1 BATIW R15 J_—\ v : c7 O Lep-
Ri 1.5mH/0.25A R2 200V/0.2A 10W’ 330uF/35V
5.1K/120 L2 5.1k/1206 Kl A 5
1.5mH/0.2:
1
oVt \>
2.2nF/4kvV
TVRR¥01431 1
Voo
§N C3 ==
£3
& 4TUFI3SYL ’ 24 mur
R5 2
L N 5.23k/1%§: 2(_:;",:,50\,
90VAC-265VAC T
- c5
1uF/10v \
)
)
L N
I=0—
V,o=350mA
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PACKAGE INFORMATION
FCTSOT23-6

0.60 095
2.80 TYP T ~ /\I ' BSC"
I

3.00

A
6 4 R
ﬂ 120 | _|_
See Note 7
-

EXAMPLE —
TOP MARK

A

A

=~
E

J
.
Lag

SIDE VIEW

AN / 1) ALL DIMENSIONS ARE IN MILLIMETERS
\\\\ 2) PACKAGE LENGTH DOES NOT INCLUDE MOLD FLASH

PROTRUSION OR GATE BURR

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

4) LEAD COPLANARITY(BOTTOM OF LEADS AFTER FORMING
SHALL BEO.10 MILLIMETERS MAX

5) DRAWING CONFORMS TO JEDEC MG193, VARIATION AB.

6) DRAWING IS NOT TO SCALE

7)PIN 11S LOWER LEFT PIN WHEN READING TOP MARK FROM
LEFT TO RIGHT, (SEE EXAMPLE TOP MARK)

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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