®

MP4078

Primary-Side Control, CV Output,

Single-Stage Offline Controller with Active PFC

DESCRIPTION

The MP4078 is an single-stage offline controller
with active power factor correction (PFC) for
constant voltage output applications. The device
implements  primary-side regulation (PSR)
control without requiring a secondary feedback
circuit or optocoupler for flyback applications. It
is also available for non-isolated topologies (e.g.
buck-boost).

The device achieves ultra-low standby power
consumption. Its pulse frequency modulation
(PFM) implements a minimum operating
frequency under no-load conditions. The
MP4078 works in discontinuous conduction
mode (DCM) with valley switching for improved
efficiency performance.

The MP4078 operates in constant-on-time (COT)
mode to achieve a high power factor across the
universal input. It adopts a cascode MOSFET
technique to achieve fast start-up with few
external components.

The MP4078 integrates multiple protection
features that greatly enhance system reliability
and safety, including output over-voltage
protection (OVP), output short-circuit protection
(SCP), primary-side over-current protection
(OCP), and over-temperature protection (OTP).

The MP4078 is available in an SOIC-8 package.

FEATURES

e Primary-Side Control with Simple Design
and Minimal External Components

e Ultra-Low No-Load Power Consumption,

Typically below 50mW with 230Vac

Good Performance on PF and THD

Fast Transient Response

Fast Start-Up

Novel Control Scheme with Continuous

Peak Current Limitation

Primary-Side Over-Current Protection

(OCP)

Output Over-Voltage Protection (OVP)

Output Short-Circuit Protection (SCP)

Brownout Protection

Thermal Shutdown

Available in an SOIC-8 Package

APPLICATIONS

e Smart LED Lighting
o Front-End Pre-Regulators

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.

TYPICAL APPLICATION CIRCUIT

é RMULTfUP

——L{MULT S

vce COMP]_-I_ Rsense

ZCD  GND

Figure 1: Isolated Flyback Application
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mP5 MP4078 — PSR OFFLINE CONTROLLER WITH PFC

ORDERING INFORMATION

Part Number* Package Top Marking MSL Rating
MP4078GS SOIC-8 See Below 2

* For Tape & Reel, add suffix —Z (e.g. MP4078GS-2).

TOP MARKING

MP4078
LLLLLLLL
MPSYWW

MP4078: Part number
LLLLLLLL: Lot number
MPS: MPS prefix

Y: Year code

WW: Week code

PACKAGE REFERENCE

TOP VIEW
GATE [1] o 8] D

MULT [ 2] (7] s
vce [3] 6] comp
zcb [4] 5] GND

SOIC-8
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MP4078 — PSR OFFLINE CONTROLLER WITH PFC

PIN FUNCTIONS

Pin # | Name |Description
Gate driver output for external MOSFET. The GATE pin is only used in the cascode
1 GATE |architecture. For a stable voltage, connect a ceramic capacitor (e.g. 0.47uF) from this pin to
ground.
Rectified input sensing with multiple functions. Connect MULT to the rectified input with
> MULT pull-up resistors. The MULT pin can change GATE before the MP4078 turns on. Once the
device turns on, this pin is pulled down internally and forms a resistor divider to detect the peak
rectified input voltage.
3 VGG Power supply input. Place a bypass capacitor between VCC and GND, as close to the device
as possible.
Zero-current detection with multiple functions. The ZCD pin provides output voltage
4 ZCD |sensing for primary regulation. It is also used for zero-current detection, and can be configured
to set the maximum operating frequency.
5 GND |Ground. The current returns for both the control signal and the gate drive signal.
6 COMP Loop compensation. The COMP pin provides loop compensation and the output of the
feedback error amplifier. Connect a compensation network between COMP and GND.
- S Source of internal low-side main MOSFET. Place a resistor between S and GND to sense
the peak primary current.
Drain of internal low-side main MOSFET. Connect D to the source of the external cascode
8 D IMOsFET.

ABSOLUTE MAXIMUM RATINGS o Thermal Resistance 6ua Ouc
Supply voltage (Vcc)....vvvvneeeen. ... -0.3V to +28V SOIC-8....oviiiiiiii 9%....... 45....°C/W
GATE.....o i, -0.3V to +28V
GATE max sink current........................... 5mA Notes: _ ‘
MULT ..o, -0.3V to +28V ;) Exceeding these ratings may damage the device.
. ) The maximum allowable power dissipation is a function of the
MULT max sinkcurrent..........ccooeevvviean... 2mA maximum junction temperature, T, (MAX), the junction-to-
ZCD.ooe -0.7V to +6.5V ambient thermal resistance, 6,4, and the ambient temperature,
Ta. The maximum allowable continuous power dissipation at
ZCD max source current........................ -TmA any ambient temperature is calculated by Po (MAX) = (T,
Low-side MOSFET drain-to-source voltage (MAX) - Ta) / 6,a. Exceeding the maximum allowable power
- dissipation will cause excessive die temperature, and the
........... 0.7V to +35V reaulator will g0 into thermal shutdown. Intemal hermal
é” other pmns d ............... T ..-Ogg/ éo ?;)6-5\/ shutdown circuitry protects the device from permanent
ontinuous power dissipation = 25° damage.
_ P P ( A ) 3) The device is not guaranteed to function outside of its operating
SOIC-8. i, 1.3W conditons
JunCtlon temperature ........................... 15000 4) Measured'on JESD51_7‘ 4.|ayer PCB.
Lead temperature ...........cccoeiiiiininnnn. 260°C
Storage temperature.............. -65°C to +150°C
ESD Ratings
Human body model (HBM) .................... +1800V
Charged device model (CDM)................ +2000V
Recommended Operating Conditions ©
Supply voltage (Vcc) o« cvvvenvnenennnnen. 8.4V to 25V
Operating junction temp (Ty) .... -40°C to +125°C
MP4078 Rev. 1.0 www.MonolithicPower.com 3
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MP4078 — PSR OFFLINE CONTROLLER WITH PFC

ELECTRICAL CHARACTERISTICS

Vee =12V, T, = -40°C to +125°C, min and max are guaranteed by characterization, typically tested
under 25°C, unless otherwise specified.

Parameter \ Symbol \ Condition \ Min \ Typ \ Max \ Units

Supply Voltage

Operating range Vce After turn-on 8.4 25 \

Vecc upper level: internal

charging circuit stops and VceH Ve rising 9.9 10.5 11.1 \Y

the IC turns on

Xﬁ;rmgrclfgﬁlt ;’t‘;‘;‘g‘a' Voo |Vec falling 7.4 7.9 8.4

Vce hysteresis Vee Hys 2.2 2.6 2.9 \

Supply Current

Operating current lcc Voour = 0.3V 180 300 HA
Vcowmp = 3V 300 400 UA

?ﬁ%oghpﬁgg'”g currentfrom | aree | Vo = 16V, Vo = 9.8V 3 5 74 | mA

Operafing current under a laur | IC latch off, Voo = 15V 200 | 360 500 | pA

GATE

GATE clamp voltage VGATE cLavp | laaTE = 2MA 17 | 182 19.4 Vv

MULT

MULT leakage current IMuLT LEAKAGE | VMULT = 15V 10 500 nA

MULT pull-down resistor RmuLr 28.5 30 32.5 kQ

MULT detection time delay |  tmuLT_pELAY 11 19.8 ms

Brown-in threshold VMuLT B 280 320 350 mV

Brownout threshold VmuLT BO 180 210 240 mV

Brownout hysteresis VMULT BO HYS 86 110 130 mV

Brownout detection time tmuLT BO 19 24 36 ms

Error Amplifier

Transconductance © Gea 100 HA/V

Séljt';"gzh'gher clamp VeowpH 407 | 425 | 439 v

\(fél)tl;/lgPelower clamp VcompL 0 50 mV

Maximum source current lcomp+ 730 1200 HA

Maximum sink current Icomp- 900 1350 HA

COMP voltage vs. Vcs_max Vcomp_FuLL 2.7 2.85 3.01 V

COMP voltage vs. Vcs_miN Vcomp_MIN 0.8 0.9 1 V

ﬁg’\eﬂ:si\ll%tg?e vs. on-time VcomP_HALF 2.2 V

MP4078 Rev. 1.0 www.MonolithicPower.com 4
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mP5 MP4078 — PSR OFFLINE CONTROLLER WITH PFC

ELECTRICAL CHARACTERISTICS (continued)

Vee =12V, T, = -40°C to +125°C, min and max are guaranteed by characterization, typically tested
under 25°C, unless otherwise specified.

Parameter \ Symbol \Condition \ Min \ Typ \ Max \ Units
Current Sense Comparator
Leading-edge blanking time tLes 460 620 810 ns
(I_D%aglng-edge blanking time for fLes ocp 340 430 660 ns
OCP threshold Vcs ocp 1.9 2 2.1 Vv
Maximum current limit Vcs_max 0.72 | 0.88 0.98 \Y
Minimum current limit Vcs miN 0.1 0.17 0.21 \Y
Zero-Current Detection (ZCD) and Feedback
ZCD threshold voltage Vzcp TH Vzep falling 79 100 112 mV
ZCD hysteresis Vzco_Hys 88 105 124 mV
. . After shutdown, Ves > 0.3V | 1.3 1.79 25 us
ZCD sensing delay time 120 DELAY | ter shutdown, Vos <03V | 09 | 116 | 175 | ps
ZCD turn-on delay time © tzcp oN After ZCD falling detected 300 ns
Minimum off time © torF_miN 6.5 us
Maximum working cycle © toycLE_MAx 6 ms
Rzcp1 // Rzep2 > 8.8kQ 9.6 11 12.7
Minimum working cycle tcycLE MIN 2.8kQ < Rzept // Rzepe <| 14 15.3 17.5 us
3.3kQ
Reference voltage VRer 241 | 249 2.55 \Y
FB transient low trigger threshold VEs_Low 1.93 | 2.08 2.23 \
;?et;ﬁgfc;e”t low recovery VFa_Low_Rec 212 | 223 | 244 | Vv
FB transient low hysteresis © Vre Low Hys | Greater than Vs Low 0.15 \Y
FB transient high trigger threshold VFB_HIGH 2.67 | 2.87 3.06 \Y
;?et;ﬁglsc;ent high recovery VEB_HIGH_REC 25 2.67 2.86 Vv
FB transient high hysteresis © Vre HigH Hys | Lower than Ves_HigH 0.2 \Y
FB start-up finish threshold ©® VFB_NORMAL 24 v
FB start-up finish hysteresis © VFB_NORMAL_HYS 0.15 v
Over-voltage protection threshold VFs_ovp 2.84 | 2.96 3.1 Vv
Short-circuit protection threshold VFB scp 165 200 235 mV
Short-circuit protection duration tscp 2.3 6 ms
Short-circuit protection duration tscp STARTUP 100 ms
for start-up © -
Starter
Start timer period tsTART \ 40 \ 49 ‘ 70 ‘ us
MP4078 Rev. 1.0 www.MonolithicPower.com 5
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mP5 MP4078 — PSR OFFLINE CONTROLLER WITH PFC

ELECTRICAL CHARACTERISTICS (continued)

Vee =12V, T, = -40°C to +125°C, min and max are guaranteed by characterization, typically tested
under 25°C, unless otherwise specified.

Parameter \ Symbol \Condition \ Min \ Typ \ Max \ Units
Internal Main MOSFET
Breakdown voltage BVbss_main | Vas = OV 35 \
Ips = 100mA, Ta = 25°C 265 320
Ips = 100mA, Ta = 125°C 370 430

Ips = 100mA, Ta = 25°C,
Vce = VeeH + 50mV

Ios = 100mA, Ta = 125°C,

Drain-source on resistor Rbs(oN) MAIN 270 330 mQ

Vce = Veen + 50mV 380 440

Leakage current on the D pin ILEAKAGE D 1 pA
Internal OVP Pull-Up MOSFET

Breakdown voltage BVbss b vec |Vas = 0V 28 Vv
Drain-source on resistor Ros(on)_b_vce |Ips = 50mA, Ta = 25°C 225 300 Q
Thermal Shutdown

Thermal shutdown threshold © Trsp 160 °C
Thermal shutdown hysteresis © Trsp_Hys 60 °C
Notes:

5) Guaranteed by design.

6) Guaranteed by characterization.
MP4078 Rev. 1.0 www.MonolithicPower.com 6
7/21/2020 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2020 MPS. All Rights Reserved.



mps MP4078 — PSR OFFLINE CONTROLLER WITH PFC

TYPICAL CHARACTERISTICS

Operating Current vs. Junction

Vcc vs. Junction Temperature Temperature
14 450
—_ /
12 < 370 /
= ___
= 10 g 2% 4-2*
N m
3 i
> g 3 210 |
o] ——
e VCCH £ 12 wn |cC@VoOMP=0.3V |
6 VCCL < e |cc@ Vcomp=3V
| & s UL
4 & 50 '
-50 0 50 100 150 -50 0 50 100 150
JUNCTION TEMPERATURE (°C) JUNCTION TEMPERATURE (°C)
VCC Charging Current from the GATE Clamp Voltage vs. Junction
D Pin vs. Junction Temperature Temperature
7 21
6.2 20
2 <)
d .
w 54 —(\ g
G < —
2 46 S g 18 p—
>
3.8 17
3 16
-50 0 50 100 150 -50 0 50 100 150
JUNCTION TEMPERATURE (°C) JUNCTION TEMPERATURE (°C)
Brown-In/Brownout Threshold vs. MULT Pull-Down Resistor vs.
Junction Temperature Junction Temperature
05 31.5
0.4 31 /—
< o3 g€ 305 /
> 02 —— € 30
0.1 e \/MULT Bl —| 29.5
e \/MULT_BO
0 l l 29
-50 0 50 100 150 -50 0 50 100 150
JUNCTION TEMPERATURE (°C) JUNCTION TEMPERATURE (°C)
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mps MP4078 — PSR OFFLINE CONTROLLER WITH PFC

TYPICAL CHARACTERISTICS (continued)

COMP Voltage vs. Junction Leading-Edge Blanking Time vs.
Temperature Junction Temperature
5 800
4 700
; _
S 3 2 600
3 @
S, s \/ COMPH w 500
@\/comp_full ] -
e \/COMP_MinN —
wmeT | EB OCP
| r
0 300
-50 0 50 100 150 -50 0 50 100 150
JUNCTION TEMPERATURE (°C) JUNCTION TEMPERATURE (°C)
OCP Threshold vs. Junction Current Limit Threshold vs. Junction
Temperature Temperature
22 15
2.1 1.2
S
§ 2 —_— ] E 0.9 ——
3 8
> 19 = 06
e \/CS__Max
1.8 03 e=\/CS_Mmin
1.7 0
50 0 50 100 150 -50 0 50 100 150
JUNCTION TEMPERATURE (°C) JUNCTION TEMPERATURE (°C)
ZCD Threshold vs. Junction ZCD Sensing Delay Time vs. Junction
Temperature Temperature
120 25
110 24
> £ \
€ 1w z 17 e ——
80 0.9
e Tzcd_delay@Vcs>0.3V
e Tzed_delay@Ves<0.3V
70 05 | | |
-50 0 50 100 150 -50 0 50 100 150
JUNCTION TEMPERATURE (°C) JUNCTION TEMPERATURE (°C)
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MP4078 — PSR OFFLINE CONTROLLER WITH PFC

TYPICAL CHARACTERISTICS (continued)
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Minimum Working Cycle vs. Junction
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FB Transient Low Threshold vs.
Junction Temperature
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s \IFB_low
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OVP Threshold vs. Junction
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FB Transient High Threshold vs.
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mP5 MP4078 — PSR OFFLINE CONTROLLER WITH PFC

TYPICAL CHARACTERISTICS (continued)

SCP Duration vs. Junction Start Timer Period vs. Junction
Temperature Temperature
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Internal Main MOSFET Breakdown Internal Main MOSFET On Resistor
Voltage vs. Junction Temperature vs. Junction Temperature
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MP4078 — PSR OFFLINE CONTROLLER WITH PFC

TYPICAL PERFORMANCE CHARACTERISTICS

Performance waveforms are tested on the EV4078-S-00A evaluation board, Vin = 90V ac to 265V ac,
Vout = 50V, loutr = 600mA, Ta = 25°C, unless otherwise noted.

Efficiency No-Load Consumption
0.9 60
P
o
0.86 = 50
5 =
2 084 2
w -4 E 40
E 0.82 —] 8 é /
w i o)
0.8 = 100% Load g 30 /
e 50% Load | -
0.78 -
10% Load g —
0.76 ' 20
90 120 180 220 265 80 130 180 230 280
Vin (Vac) Vin (Vac)
Load Regulation PF vs. Vin
54.0 1 ————
0.95 \
53.0
0.9 _
S 520 0.85
< £ o N
3 s 1 15\/AC
51.0 e 230VAC ] 0.75
0.7
50.0 e || l0oad
0.65 e Half load
49.0 0.6
0% 25% 50% 75% 100% 90 120 180 220 265
OUTPUT LOAD Vin (Vac)
THD vs. V|N
20
8 /l
16
14 /
< 12 /
% " /
E 8
6
4 ﬁé— || load ]
2 e H glf [0ad —
0 |
90 120 180 220 265
Vin (Vac)
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MP4078 — PSR OFFLINE CONTROLLER WITH PFC

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
Performance waveforms are tested on the EV4078-S-00A evaluation board, Vin = 90V ac to 265V ac,
Vout = 50V, loutr = 600mA, Ta = 25°C, unless otherwise noted.

Input Voltage and Current
115Vac, full load

Input Voltage and Current
230Vac, dull load

CH1: Vac
200V/div.

CH3: Iac
500mA/div.
CH2: COMP
1V/div.
CHA4: Ipri

N

2A/div.

CH1: Vzcp
2V/div.

CH2: COMP
1V/div.
CH4: Ipri
1A/div.

CH1: Vour
20V/div.

CH2: Vzcp
2V/div.

CH3: COMP
2V/div.

CH4: Ipri
2A/div.

4ms/div.
Steady State
115Vac, full load
— —  —
IS T N T N R O
L {8 i W W Wi “
, |
- b b / / '.___,,,.l
10us/div.
Start-Up

230Vac, full load

L el

i

40ms/div.

CH1: Vac
200V/div.

CH3: Iac
500mA/div.
CH2: COMP
1V/div.
CHa4: lpri
2A/div.

CH1: Vzcp
2V/div.

CH2: COMP
1V/div.
CHA4: lpri
1A/div.

CH1: Vour
20V/div.

CH2: Vzcp
2V/div.

CH3: COMP
2V/div.

CH4: Ipri
2A/div.

4ms/div.

Steady State
230VAac, full load

" ¥—| ‘-—’ _"—., L-—\.( Hl
o Ue W Vg Wl

Wi

10us/div.

Start-Up
230Vac, no load

40ms/div.
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MP4078 — PSR OFFLINE CONTROLLER WITH PFC

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Performance waveforms are tested on the EV4078-S-00A evaluation board, Vin = 90V ac to 265V ac,

Vout = 50V, loutr = 600mA, Ta = 25°C, unless otherwise noted.

CH1: Vour
20V/div.
CH2: Vzcp
2V/div.

CH3: COMP
2V/div.

CH4: Ipri
2A/div.

CH1: Vout ac
5V/div.

CH2: COMP
2V/div.

CH3: lour
500mA/div.

CH4: Ipri
2A/div.

CH1: Vour
20V/div.

CH2: Vzcp
2V/div.

CH3: COMP
2V/div.

CH4: Vcc
10V/div.

Shutdown
230Vac, full load

ARG =

Transient High Triggering
230Vac, full load to no load

I Al de S A0 . o o]
>
o N NN NN
20us/div.
Short then Start
230V, full load
',"'-n"“ﬁ-r""--‘"-.,"'--."--.."'-w
|--'_"

400ms/div.

CH1:
Vout_ac
5V/div.
CH2: COMP
2V/div.
CH3: lour
500mA/div.

CH4: Ipri
2A/div.

CH1: Vour
20V/div.
CH2: Vzcp
2V/div.

CH3: COMP
2V/div.

CH4: Vcc
10V/div.

Transient High Triggering
230Vac, full load to no load

\ A
1

e W W W v W,

Zoar Factor; § K

2ms/div.

SCP
230V, full load

[Selaardn oy e e

\ \ \ \
\‘N\\~

400ms/div.
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Np Ns
In Transient_Low Condition,
ton ton = ton_normaL X 1.5 z RMULT,UP
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iy .
\
\
Veowp_natk Veome COMP \\
\
\ MULT L GATE D |
¥ N T |
Transient_Low J— Varoer %0 %\
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Detection
COMP Voowr = Ruuwr VCC
g ? 17
04
% VCOMPfHALF
[N B
Veowe Transient_High/ Brownout | .
Vier Low wio | Driver
| Reset Fault
Ts |
Sample and hold ol Current Limit
Sample and
Vs Hold e ? [Cee 19
Circuit Varying Current
jtvFB ovoLE M M I VCS,L'M“T Limitation Reset ties oce
L —_—>
v Veour_ruuVeoupr COMP Ves_max ‘ Ves
cs |
I >
| Veowp Reset
Delay . -
Rzcoz ' ) Veour_u Veowr rue covp | Transient_High/Low
o Vit Brownout
+— VmuLt_Bo
;I/Z
Reset Vos oo ocp
Reset Ves — D
No Zero-Cross
Start Timer Detected —
Period
Fault
—
Latch
¢ vm,uvprn
° ) . — CsLew ¥~ OVP  Protections
UvLO Configuration t
Initialization CYCLE_MIN Vg —4
—Vcs wax ZCD detected Transient_Low
Vrgow | T
VFs_hicH _ZCD detected Transient_High
[ LDO ] Soft Start Over b1}
— Soft Start| v Transient Scheme
VFB,NORMAL[ j HIGH ENABLE
Veen/ Veer after start-up
Figure 2: MP4078 Functional Block Diagram
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MP4078 — PSR OFFLINE CONTROLLER WITH PFC

OPERATION

The MP4078 is a primary-side regulation (PSR)
controller with power factor correction (PFC) for
applications with offline, constant-voltage LED
drivers or pre-regulators. The MP4078 achieves
good performance with high power factor (PF),
low total harmonic distortion (THD), fast transient
response, and ultra-low standby power
consumption. It also eliminates the cost of the
optocoupler and secondary regulation circuits
required in conventional flyback design
applications.

Start-Up

Initially, the voltage on the GATE pin (Vgate) is
charged through the external pull-up resistor
(RmuLt_ue), which is placed between the MULT
pin and the rectified input voltage. When Vgate
reaches the gate threshold of the external
MOSFET, the MP4078 uses cascode MOSFET
architecture to charge the voltage on the VCC
pin (Vcc) through a built-in current source. When
Vcc reaches the IC turn-on threshold (Vccn), the
MP4078 initializes the configuration of the
minimum working cycle (tcvcie mn) and the
coefficient of the on-time generator (Ks.ew) (see
Table 1).

Table 1: Configuration Options

Condition Condition
Rzcp1 I/ Rzep2 | 2.8kQ to 3.3kQ | Minimum 8.8kQ
tcycLe_min 15.3us 11us
KsLew 9x107s 45x107s
Application Universal input

220Vac /

Input Range (85Vac to
W) 277VAC) 230VAC 120%

Note:
7) Recommended in design.

After Vcc reaches Vcen, the MP4078 also stops
charging Vccinternally and pulls down the MULT

pin through an internal pull-down resistor (RuuLt).

Rmut and Rmur up form a resistor divider to
sense the input voltage. Once the peak voltage
on the MULT pin (VmuLt) exceeds the brown-in
threshold (Vmuit B1), the MP4078 begins to
switch with a soft start.

Primary-Side Regulation

Figure 3 shows a simplified flyback converter
circuit.

Lu e Di
Ruuir_up I (1)) Np Ns CQ:{}: Io
D

Q1

= GATE D
L dmut s
VCC  COMP j—l
Naox ~_dzcb  GND

Figure 3: Flyback Converter

Figure 4 illustrates the key waveforms of the
flyback converter.

Vaux = Naux X (Vo + Vbioe) / Ns

Vaux

Figure 4: Key Waveforms of Flyback Converters

While the external MOSFET (Qf1) turns on, the
rectified input voltage applied on the primary
inductor (Lm) makes the primary current increase
linearly. The rectified diode (D1) is reversely
biased, and the load current (lo) is supplied by
the secondary capacitor (Co). Then Q1 turns off,
D1 conducts, and the stored energy in the
transformer is delivered to the output.

MP4078 Rev. 1.0
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To regulate the output, all information regarding
the output voltage must be accurately sensed.

The plateau voltage of the auxiliary winding is
proportional to the output voltage while D1
conducts, so this value can be used to indicate
the output voltage. The MP4078 monitors this
signal on the ZCD pin through a resistor divider.

Because the auxiliary winding voltage is not
stable or constant, it requires a sample hold
circuit to generate a feedback voltage (Vrs) that
is equal to the sensed plateau voltage. Vrs
represents the output voltage, and is regulated
by the internal reference (Vgrer). Calculate the
ZCD resistor divider ratio with Equation (1):

FzZCD1 + F‘ZCDZ — (VO + VD|ODE) % NAUX (1)

Vier % N,

|qZCDIZ

Where Rzcpr and Rzcp2 are external resistor
dividers around the ZCD pin, Vo is the output
voltage, Vpiooe is the forward voltage drop of the
rectified diode (D1), Naux is the number of turns
on the auxiliary winding for VCC, and Ns is the
number of turns on the secondary winding for the
output.

Because of the parasitic capacitance and
inductance in circuits, switching spikes inevitably
exist on the windings when Q1 turns off. This
affects the sensing accuracy on the ZCD pin
without any blanking time delay. It also
inaccurately senses the plateau voltage with a
long blanking time delay, since the D1 current
drops to zero (especially under light-load
conditions).

The MP4078 has an internal variable delay time
for ZCD sensing (tzco_peLay). Its value depends
on the peak voltage (Vcs) on the S pin (the
source of the internal MOSFET), which
represents the load condition. Under heavy-load
conditions (Vcs > 0.3V), tzcp peLay is set to about
1.79ps. Under light-load conditions (Vcs < 0.3V),
tzco peay is adjusted to about 1.16us.

Figure 5 shows the ZCD sensing delay time.

——Vrg Detection
/
/

f

[
[
[

[
______________ AL N
[

[
|
|

Vzeop

|
tzeo_peray When l—p )

Vs < 0.3V | ¥ | tzop peLay When Vs > 0.3V

Figure 5: ZCD Sensing Delay Time

Constant-On-Time (COT) Operation

To achieve a high power factor under universal
input, the MP4078 adopts constant-on-time
(COT) control.

Figure 6 shows the internal on-time generation
block diagram.

In Transien_Low Condition,
ton ton = ton_noamaL X 1.5

|
Voowp, _/
> I

Peak
Voltage
Detection

I
| Driver

=
[P
1 I

I
}\ Veowp_taLr
[

Figure 6: On-Time Generation

In normal operation, the peak voltage on the
MULT pin (VmuLt) represents the input voltage,
which is converted to a charge current. This
current charges the slew rate capacitor once the
external MOSFET turns on and makes the
voltage on the capacitor increase linearly. The
voltage on the slew rate capacitor is compared
to the output of the error amplifier (Vcowp) for
feedback to determine the turn-off time for both
the internal and external MOSFETs. When the
output load decreases, Vcowp drops accordingly.

As an input of the on-time generation
comparator, the value is maintained at a certain
voltage (Vcowp_HaLr) When Vcowe drops below
Vcomp Halr. That means the on time does not
decrease with a constant input voltage.
However, it does achieve COT in a sinusoidal
period with the whole output load range.

MP4078 Rev. 1.0
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If Vcomp > Vcomp Halr, the on time can be
calculated with Equation (2):

K xV

tO — __SLEW COMP (2)
N

VMULT
If Vcomp < Vcowmp HaLr, the on time is fixed, and
can be calculated with Equation (3):

K SLEWXVCOMP_HALF
tON =

(3)

VMULT

Where Vmurt is the peak voltage on the MULT
pin, estimated with Equation (4):

\/5 X Vin_ms < Ruuir
Vot = R =

(4)

MULT + RMULT_UP

Where VN rus is the effective value of the input
voltage.

Unlike the variable frequency control of
conventional boundary conduction mode, the
MP4078 works at an approximate fixed
frequency across an input sinusoidal period. The
working cycle is inversely proportional to Vcowmp,
which is determined by the output load. When
Vcome reaches Vcowme FuL according to the
increasing output load, the MP4078 works at its
maximum operating frequency (corresponding to
the minimum working cycle, tcvcie min). The
MP4078 lowers its operating frequency when the
output load decreases. Its maximum working cycle
(tcycLe max) guarantees output regulation under
light-load conditions, and also initiates ultra-low,
no-load power consumption.

Figure 7 shows the working cycle and turn-on
time curve.

tevere 4 A ton

tevoLe_max

ICYCLE MIN poceccccccactenaa ol

comMmP

Veome_nate Voomp_FuiL Veomrh

Figure 7: Working Cycle and Turn-On Time
Curve

Valley Switching Mode

The MP4078s working cycle (inversely
proportional to operating frequency) is
determined by Vcowe. However, the MP4078
does not turn on the switch inflexibly when the
working cycle ends. The MP4078 optimizes its
turn-on logic with zero-current detection through
the ZCD pin.

The MP4078 has a ZCD threshold voltage
(Vzep_ T, typically 100mV). If the voltage on the
ZCD pin exceeds 205mV (105mV hysteresis on
Vzcp TH) then drops below Vzcp tH, the MP4078
recognizes this as a ZCD falling edge. After a
working cycle ends, the MP4078 monitors the
ZCD pin and turns on the switch with a delay time
(tzcp_on, typically 300ns) since a ZCD falling
edge is detected. This decreases the switching
loss on both the external and internal MOSFETs
for high efficiency. It also guarantees
discontinuous  conduction mode (DCM)
operation.

Figure 8 shows the valley switching.

Valley
/ Switching On

Vo

Vzep 1h + Vzep hys

Figure 8: Valley Switching

If no ZCD falling edge is detected under
particular states (e.g. start-up), the MP4078
turns on the switch via an internal timer with a
fixed period (tstarT, typically 49us), unless a fault
condition occurs.

MP4078 Rev. 1.0
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Adjustable Current Limitation

The MP4078 implements cycle-by-cycle current
limitation through the S pin. When the voltage on
the S pin (Vcs) reaches the internal current limit,
the device immediately stops switching. Unlike a
conventional scheme with a fixed current limit,
the MP4078 adopts an optimized design to
adjust current limitation. Under light-load
conditions, the operating frequency decreases
according to Vcowmp. To reduce the audible noise
influence, the current limit is kept at its minimum
value (Vcsmn) when Vcower drops below
Vcowe min. When the output load increases, the
upper limit rises linearly and reaches its
maximum value (Vcs_max) when Vcowe reaches
Vcomp_FuLL.

Figure 9 shows adjustable current limitation.

Vesumr 4

Ves_ max

Ves min

>
>
Voowp un Veowr rur  Voowen ~COMP

Figure 9: Adjustable Current Limitation

Over-Current Protection (OCP)

If there is an excessive short event or another
unexpected condition, the primary current
increases sharply out of limitation. To protect the
system from damage, the MP4078 integrates
independent over-current protection (OCP). If
Vcs reaches the OCP threshold (Vcs ocr), the
MP4078 stops switching immediately and
maintains the latch-off state. The device resets
when Vcc falls below Vcel, then rises up to Vcon
again.

Fast Transient Response

Due to the low bandwidth, the conventional PFC
has slow responses in transient conditions. The
MP4078 enhances the dynamic behavior of
system through the ZCD pin. In normal operation,
the device generates Vrg via the sensed plateau
voltage on the ZCD pin. If the output voltage
drops and Vs falls below Ves 1ow, the MP4078
forces the on time to increase by 1.5 times ton

under real-time Vcowe. It also immediately
pushes the operating frequency to its maximum
value. Then the output voltage stops dropping
and returns to its normal value.

If the output voltage rises and Vrs exceeds
Vre_HigH, the MP4078 immediately lowers the on
time and the operating frequency to their
minimum values. Then the output voltage stops
rising.

For smooth start-up, the MP4078 enables fast
transient response, since the output voltage is
set up and Vrs exceeds Ves norwaL for the first
start-up.

Output Over-Voltage Protection (OVP) and
Short-Circuit Protection (SCP)

The MP4078 integrates output over-voltage
protection (OVP) and short-circuit protection
(SCP) to protect the system from damage.
Output OVP and SCP are implemented by
detecting Ves. If Vrs exceeds the OVP threshold
(Vrs_ovp), the MP4078 stops switching and
enters latch-off mode.

If an output short circuit occurs during normal
operation, Ves drops according to the output
voltage. If Ves falls below Vg sce, the MP4078
does not detect the ZCD falling edge, and works
with a start timer period (tstarT, typically 49pus). If
this conditions remains for the output short-
circuit protection duration (tsce, typically 2.3ms),
the device recognizes an SCP condition. Then
the MP4078 stops switching and latches off.

During start-up, consider setting Ves to avoid
mistriggering SCP. To prevent a mistrigger, the
MP4078 implements an output short-circuit
protection period during start-up (tsce_starTuP,
typically 100ms).

The MP4078 shuts down during OVP and SCP.
It does not turn on again until the chip is reset
when Vcc drops below Veer then rises up to Vecn
again.

Brownout Protection

The MP4078 integrates brownout protection.
The device detects the peak value (Vmuct) of the
divided rectified input voltage through the MULT
pin. If VmuLt drops below the brownout threshold
(VmuLt Bo) and lasts for a brownout-detection
time (twuLt BO), the MP4078 recognizes the
brownout condition and shuts down the device.

MP4078 Rev. 1.0
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The MP4078 is released from brownout
protection when VwmuLt exceeds the brown-in
threshold  (Vmur ) with a  hysteresis
(VMmuLT_BO_HYS).

Thermal Shutdown

To protect the chip from a thermal hazard, the
MP4078 shuts down if the junction temperature
exceeds the thermal shutdown threshold (T+sp,
typically 160°C) and indicates a fault. The
MP4078 keeps the switching off until the
following conditions are met:

e The temperature drops below about 100°C
(typically a 60°C hysteresis)

e Vcc drops below Vcel, then rises up to Vech
again

Then the MP4078 works normally.
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APPLICATION INFORMATION

Selecting the Input Capacitor

If using the MP4078 for a PFC application, do not
place a bulk capacitor after the bridge rectifier.
Place a bypass capacitor after the bridge rectifier
to filter the high-frequency switching ripple
across the rectified input voltage with twice the
AC line frequency. Under universal input
conditions, a 0.22pF to 0.47uF CBB capacitor is
recommended for a 30W output power
application.

Because there is no bulk capacitor placed at the
input, there may be notable surge protection
weakness. To improve the reliability during a
surge test without sacrificing PF or THD
performance, it is recommended to use a circuit
with few external components (see Figure 10).

—

NA—e
I——e

Figure 10: External Circuit for Surge Protection

A larger capacitance with C1 results in improved
surge protection. It is recommended to use a 1puF
to 2.2uF electrolytic capacitor to pass EN61000-
4-5, +1kV level specifications. R1 is the
dissipated resistor for C1, and it is recommended
for R1 to be several hundred to thousands of kQ.

Selecting the Transformer

The MP4078 works in DCM due to its control
mode across the whole operating input range.
For improved efficiency in low line, it is

(Dmax) at the peak of the low-line input voltage

can be estimated with Equation (5):

~ (Vo + Voiope) XN (5)
(Vo + Voiope ) XN+ V2% Vin_Rvs_min

DMAX

Where N is the turning ratio of the primary and
secondary winding, and Vi rws mn is the
effective value of the low-line input voltage.

The maximum turn-on time (ton wax) of the
primary MOSFET can be estimated with
Equation (6):

tON_MAX = DMAX X tCYCLE_MIN (6)

Where tcvcie mn is the configured minimum
working cycle.

The input power (Pin_max) at the low-line input
can be calculated with Equation (7):

V, xlg (7)

PIN_MAX =
Where lp is the rated output current, and N is the
estimated efficiency of the low-line input.

The maximum peak for the primary-side current
(Ipri_Pk_max) can be estimated with Equation (8):

2‘/§X Pin_max
IPRIfPKiMAX = Vv N

IN_RMS_MIN X Duax

(8)

The maximum effective value of the primary-side
current (lpri rvs max) can be estimated with
Equation (9):

x DMAX (9)

IPRI_RMS_MAX = IPRI_PK_MAX 6

The primary-side inductance (Lv) can be
calculated with Equation (10):

L, = V2% VINfRMSfMIN X ton_ max (10)

IPRI_PK_MAX

Then the required maximum area product
(APwax) of the transformer can be calculated with
Equation (11):

AP — L % lor_mus wmax X lori_p_max X (\/DMAX + \/1 —Dyax) (1 1 )
MAX =

recommended to make the MP4078 work in an Byax XKy ¥ J % \Dyag

approaching boundary conduction mode at the

peak of low-line input voltage. The duty cycle
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Where Buax is the maximum allowable flux
density (T) (typically 0.2T to 0.3T for common
ferrite cores), Ku is the window factor of the
transformer (typically 0.15 to 0.3), and J is the
current density coefficient (typically 4A/mm? to
6A/mm?).

Choose a ferrite core with an effective area
product (APgreaL) that exceeds APuax. Calculate
the turns on the primary winding (Np) and
secondary winding (Ns) with Equation (12) and
Equation (13), respectively:

N, = LMXIPlePKfMAX (12)
’ Buax x Ag
N
N. = -2 13
S=N (13)

Where Ak is the effective core area.

The auxiliary winding provides the power supply
for the MP4078 through a diode on the VCC pin
during normal operation. The auxiliary winding
(Naux) can be estimated with Equation (14):

V +V
CC_NOM DIODE _ AUX x N

(14)
VO + VDIODE

NAUX = s

Where Vcc nom is the voltage on the VCC pin
during normal operation, and Vpiooe aux is the
forward voltage of VCC diode.

Ensure the inductance Ileakage on the
transformer is sufficiently low. This helps to
decrease the switching spike for ZCD sensing
and EMI performance.

Selecting the External Pull-Up Resistor on
MULT

The peak voltage on the MULT pin (VmuLr) is
directly related to the on time, and is determined
by the external pull-up resistor on the MULT pin
(Rmuct up) and the internal pull-down resistor
(RMULT)-

In most cases, it is recommended to match the
output of the error amplifier (Vcomp) with the
Vecomp ruLL Value under full-load conditions. The
corresponding on time is the turn-on time during
full-load conditions (ton_FuLL) (see Figure 11).

ton
A

ton_FuLL

.
>

comp

VCOMPiHALF VCOMPﬁFULL VCOMPH

Figure 11: ton vs Vcomp

RwmuLt up can be estimated with Equation (15):

\/EX VIN_RMS_MIN X ton_max 1 (1 5)

Ksiew % VCOMPfFULL

X

RMULTﬁUP = RMULT

Selecting the Current-Sense Resistor

A proper current-sense resistor both ensures
normal operation across the output load range
and implements cycle-by-cycle current limitation
to guarantee circuit reliability in the event of an
overload condition.

The current-sense resistor (Rsense) can be
calculated with Equation (16):

VCSfMAX (1 6)

oL X |PRI7PK7MAX

R

SENSE —

Where Vcs max is the maximum current limit
(typically 880mV), and ao. is the coefficient of the
peak primary-side current during overload (1.3 to
1.5 is typically recommended).

Selecting the External Primary MOSFET

The drain-source voltage rating and current
rating are two dominant factors to consider when
choosing the external primary MOSFET. The
maximum drain-to-source voltage (Vbs ext max)
appears at the high-line input voltage
(VIN_RMS_MAX)- VDS_EXT_MAX can be calculated with
Equation (17):

VDS_EXT_MAX =+2x VIN_RMS_MAX +Nx (Vo + VDIODE)+ AVPRI_SPIKE (1 7)

Where AVegi spike is the turn-off spike on an
external MOSFET. This spike is caused by
parasitic parameters and the transformer’s
leakage inductance. With proper transformer
and primary snubber design, this value should
not exceed 100V in normal operation for
universal input applications.

MP4078 Rev. 1.0
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The maximum effective current on the drain-to-
source is the maximum effective primary-side
current (lpri_rvs max) that appears at the low-line
input voltage (Vin_rvs min). It can be calculated
with Equation (9).

Selecting the Secondary Rectifier
The maximum voltage across the secondary
rectifier (Vsrec_wax) also appears at the high-line
input voltage and can calculated with Equation
(18):

V2 (18)

_ IN_RMS_MAX
Vsrec_max = Vo + +AVsee_seike
N

Where AVsec spike is the switching spike on the
secondary rectifier. It is recommended to choose
a low-voltage rectifier with a properly designed
transformer and secondary snubber for
efficiency.

For rectifier diode selection, the maximum
current rating is the maximum average forward
rectified current, which is equal to the rated
output current (lo).

Selecting the ZCD Resistor Divider

The MP4078 uses the ZCD pin for multiple
functions. Besides indicating the output voltage,
the ZCD divider also determines the initial
configuration for the minimum working cycle.

The paralleled resistance of ZCD (Rzcp paraLLeL)
must follow the required tcycLe min values (see
Table 1 on page 15). Rzcp paraLler Can be
calculated with Equation (19):

Meanwhile, the upper ZCD resistor divider (Rzcp1)
can be calculated with Equation (20):
R Vo + Vbiooe Naux (20)

= X
ZCD1
VREF X I:{ZCDiF’ARALLEL NS

The down resistor of the ZCD divider (Rzcpz) can
also be calculated with Equation (19).

Selecting the Output Capacitor

To achieve a high PF, the bandwidth of the
control loop is very slow (typically below 100Hz).
This means a large voltage ripple may appear
across the output capacitor.

This ripple has two components. One is related
to the high-frequency triangles by transformer
magnetizing current , which is mostly dependent
on the ESR of the output capacitor. Another is
related to the twice line frequency envelope from
rectified input voltage, which is mostly
determined by the capacitance value.

The output ripple (AVo riprLe) has a relationship
with the output capacitance (Cour) that can be
estimated with Equation (21):

1
(an 2f e X Cour )2

+R2 (21)

AVOfRIPPLE =lo X\/

Where fune is the frequency of the input line
voltage, and Resr is the ESR of the output
capacitor.

Use low-ESR capacitors in parallel on the output.
The high-frequency switching ripple can be
negligible.

R, xR
RZCD_PAHALLEL = chm choz (1 9)
zept T Mzep2
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PCB Layout Guidelines

PCB layout is a critical factor for stable operation
and EMI performance. For the best results, refer
to Figure 12 and follow the guidelines below:

1. Make the primary and secondary power
loops as small as possible.

2. Connect one port of the current-sensing
resistor to the ground of the input capacitor
with the shortest path possible.

3. Separate the reference ground of the
MP4078 and control signals circuit from the
ground of the power loop. Then connect this
signal ground to the ground of the input
capacitor with a single-point junction.

4. Make the areas of high dV/dt junctions (e.g.
the drain of the external primary MOSFET)
as small as possible. Place the MP4078 and
control circuits far away from these areas.

5. Do not place the MP4078 inside the power

c e ®
® o =
st ... I ) o..
e o ore zo. ® o
L P » -]
L :. on
® 00 o
e ) e = & °®
Top Layer

Bottom Layer
Figure 12: Recommended PCB Layout

loop.
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EVALUATION DESIGN CIRCUIT
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Figure 13: Evaluation Board Schematic
EV4078-S-00A: 90Vac to 265V ac Input, 50V/600mA Output
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PACKAGE INFORMATION
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NOTE:

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 AA.

6) DRAWING IS NOT TO SCALE.
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CARRIER INFORMATION

/OOOOOOOO

Pinl —»1

Reel
Diameter

Feed Direction

Part Number Package Quantity/ | Quantity/ | Quantity/ Reel Carrier Tape C_?arrlzr
Description Reel Tube Tray Diameter Width Pitgh
MP4078GS-Z SOIC-8 2500 100 N/A 13in 12mm 8mm
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