The Future of Analog IC Technology®

MPX2001

All-in-One Flyback Controller with
Integrated Primary and Secondary
Synchronous Rectification Driver

with Capacitive Isolation

DESCRIPTION

The MPX2001 is an all-in-one flyback controller
solution. The MPX2001 integrates a primary
driving circuit, secondary controller, and
synchronous rectification driver all in one chip,
maintaining the benefits of both primary-side
regulation (PSR) and secondary-side regulation
(SSR).

With the MPX2001, system complexity can be
reduced since no feedback circuit is needed.
Therefore, the total BOM cost is reduced. At the
same time, a synchronous rectifier (SR) can be
matched perfectly with the driving signal of the
primary-side MOSFET. With this feature, the SR
can operate safely in continuous conduction
mode (CCM), which helps increase overall
efficiency and provides the design with more
flexibility.

The MPX2001 features advanced protections,
including primary-sense output over-voltage
protection  (OVP), primary  over-current
protection (POCP), real secondary-sense output
overload protection (OLP), internal/external
brown-in/brown-out (B/O, B/I), short-circuit
protection  (SCP), current-sensing  short
protection (SSP), internal thermal shutdown,
under-voltage lockout (UVLO), and an externally
triggered protection (Ext.P).

The MPX2001 is available in SOICW20 and
SOICW20-19 packages.

FEATURES

Isolation Voltage >4500Vrms

e UL1577 and IEC 62368 Safety Approved

e 100% Production HIPOT Test at
4500Vrms/50Hz

e 650V Integrated HV Current Source

e 200V Integrated SR Controller, Supporting
both DCM and CCM Operation

e Incorporates Primary Driving Circuit,
Secondary Controller, and Synchronous
Rectification Driver

o Extremely Low Operating Current in
Standby Mode

e Frequency Modulation and Peak Current
Mode Control with Slope Compensation,
Line Compensation, and Leading Edge
Blanking

o Adjustable Cable Drop Compensation

e OVP, POCP, Real Secondary-Sense Output
OLP, Internal/External B/O and B/I, SCP,
Current-Sensing Short Protection, Internal
Thermal Shutdown, UVLO, and Ext.P

¢ Available in a SOICW20 and SOICW20-19

Packages

APPLICATIONS

e AC/DC Adapters

o Power Supply for Appliances

o Offline Battery Chargers

¢ High Efficiency, High-Current Power

Supplies, Etc.

All MPS parts are lead-free, halogen-free, and adhere to the RoHS directive. For
MPS green status, please visit the MPS website under quality assurance.
“MPS” and “The Future of Analog IC Technology” are registered trademarks of
Monolithic Power Systems, Inc.
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mpj MPX2001 — ALL-IN-ONE FLYBACK CONTROLLER

TYPICAL APPLICATION
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MPX2001 — ALL-IN-ONE FLYBACK CONTROLLER

ORDERING INFORMATION

Part Number Package Top Marking
MPX2001GY* SOICW20 See Below
MPX2001GYE** SOICW20-19 See Below

* For Tape & Reel, add suffix —Z (e.g. MPX2001GY-Z)
** For Tape & Reel, add suffix -Z (e.g. MPX2001GYE-2Z)

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

TOP MARKING

MPSYYWW
MPX2001
LLLLLLLLL

MPX2001: Product code of MPX2001GY/MPX2001GYE

LLLLLLLLL: Lot number

EVALUATION KIT EVKT-MPX2001-45-PD
EVKT-MPX2001-45-PD Kit contents: (Items below can be ordered separately).

#

Part Number

Item

Quantity

1

EVX2001-Y-02A

MPX2001 45W USB PD evaluation board

1

Tdrive-MPX2001

USB flash drive that stores the user guide, USBCEE
test board files

1

USB C to USB C cable

1

USB A to mini USB cable

albh|lwWw| N

USBCEE test board

Order direct from www.MonolithicPower.com or our distributors.
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MPX2001 — ALL-IN-ONE FLYBACK CONTROLLER

PACKAGE REFERENCE

TOP VIEW TOP VIEW
MPX2001GY MPX2001GYE
PEP =] O — SGND PEP —| O = SGND
PGND = —/ IS PGND = /= IS
PVB = = B PVB = — FB
CS =— = /DD CS = — VDD
VCC = = Ccp VCC = — Cp
PDrv — — COMP PDrv = — COMP
PGND = — SGND PGND = — SGND
EBO = — SvVB EBO = — SVB
NC = — SDrv — SDrv
HV =— — SRD HV = SRD
SOICW20 SOICW20-19

ABSOLUTE MAXIMUM RATINGS ()

Thermal Resistance® 0,0 0,

HV to PGND.......oooeiieeeeee -0.3V to 650V SOICW20 ... 55 ...... 30...°C/W

SRDto SGND .....coovvvviee, -1V to 200V SOICW20-19........cuuuueeeeeee.... 55 ... 30 ...°C/W

VCCtoPGND .....coeiiiie -0.3V to 35V NOTES:

PDrvto PGND.........oooiiieeee -0.3V to 16V ;; Eﬁceedi",g thesenfati"gls may dag)age tthe d,eViC?- o of th

SDIV 10 SGND oo oo 0.3V to 16V © maximum allowable power dissipation is a function o the

VDD t0 SGND oo -0.3V to 35V Ermbiont tharmal rasistancs G and the armbient tomperature

PVB. CS. PEP. EBO to PGND -0.3V to 6.5V Ta. The maximum allowable continuous power dissipation at
’ ’ ) o T ’ ’ bient temperature is calculated by Pp (MAX) = (T

SvB, COMP, CP, FB, ISto SGND .........c........... ?&},&)?)TrA)/eJA. Exceeding the maximum allowable powe

........................................................ -0.3V to 6.5V dissipation produz:(es ar|1 excegsive )c(llie l:emperavtvure, c"ausvivngr

h [ into thermal shutdown. | | thermal
Continuous power dissipation (Ta = +25°C) @) Shetdown Siouitty. proteats the. deviee. from. permanent
d .
gg:gwggw ............................................... ggw 3 Tﬁf;agsvice & not guaranteed to function outside of its
B . t dt .

Junction temperature.............ccccveeeee. 150°C 4) f\)/IF:aear:ul:]egdC:g JlElgr|13851-7, 4-layer PCB.

Thermal shutdown ...l 150°C

Thermal shutdown hysteresis..................... 40°C

Lead temperature...............ooooeeiiiiiiiinnnee 260°C

Storage temperature................. -60°C to +150°C

ESD capability human body model (except VCC,

VDD, SRD and HV).......coccovieeiiiiiiiieee. 4.0kV

ESD capability human body model (VCC, VDD)

.................................................................... 3.5kV

ESD capability human body model (SRD)...........

.................................................................... 2.0kV

ESD capability human body model (HV)....800V

Recommended Operating Conditions )

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

VCCtOPGND ... 9V to 24V

VDD to SGND ......ccooiiiiiiiis 4.75V to 32V

MPX2001 Rev. 1.1 www.MonolithicPower.com 4
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mpj MPX2001 — ALL-IN-ONE FLYBACK CONTROLLER

ELECTRICAL CHARACTERISTICS

Typical value tested at T, = -40°C to 125°C, unless otherwise noted.

Parameter | Symbol ‘ Condition | Min ‘ Typ | Max | Units
Insulation
Isolation voltage ‘ Viso ‘50/60Hz | 4.5 ‘ | | kVrms
Primary Side (HV)
Break-down voltage VHv-8D Ty=25°C 650 V
Leakage current from HV IHv-Lk Vps = 500Vbc 18 MA
Irv-sp1 \T/ch; oY V= 807400V, |39 | 47 | 55
Supply current from HV mA
liv.spp ©) VCC =12V, Vuv = 80~400V, 23
Ts=110°C

Brown-in threshold voltage VHv-oN 95 106 118 \%
Brown-out threshold voltage VHv-oFF 85 96 108 \%
Brown-in/out hysteresis VHv-a 7.5 10 12.5 \%
Delay time for brown-out tso 54 67 80 ms
Primary Side (VCC)
Inv-sp turn-off voltage Vec-orF 13 14.5 16 V
Minimum operation voltage Veemin 7 8 9 \Y,
Vce-1oFF - Vee-miN Vee-stw 55 6.5 \%
I’;‘\‘/te"l'rem"ery protection Vec-aur 47 5.3 5.9 v
?ésg over-voltage protection Vec.ovp o4 27 30 Vv
Operating current lop \éSS :n::SV’ fs = 80kHz, 3.5 mA
Sr%?éit:gg current during lopais VGG = 8V 250 A
Operating current during lopLo VCC = 5V 250 uA
latch-off
Quiescent current la VCC =12V 300 MA
Primary Side (PDrv)

. . CL=1nF,VCC =7V 5 Vv
Driver voltage high level Vhigh

CL=1nF,VCC =12V 9.9 V

Driver voltage clamp level Vclamp CL=1nF, VCC =24V 11 13.5 16 \%
Driver voltage low level Viow CL=1nF 100 mV
Driver voltage rise time trise CL=1nF 30 ns
Driver voltage fall time trai CL=1nF 20 ns
remuangy S enne foma | Tu=257C 82 | 8 | 89 | khz
Sensing short protection ©® toN-Max 10 us
Time to trigger primary OCP tocp 56 69 82 ms
Soft-start duration tsoft 9 11 15 ms
2
MPX2001 Rev. 1.1 www.MonolithicPower.com 5
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MPX2001 — ALL-IN-ONE FLYBACK CONTROLLER

ELECTRICAL CHARACTERISTICS (continued)

Typical value tested at T, = -40°C to 125°C, unless otherwise noted.

Parameter ‘ Symbol ‘ Condition ‘ Min ‘ Typ ‘ Max | Units
Primary Side (CS)
Threshold for SCP Vscp 0.83 0.9 0.97
Maximum peak current VipkMex 057 | 06 | 063
::Anlqr:tlgt]g: peak current V/PK-Min 0.15 \
Jittering amplitude AVipk Viek = 0.6V +2% 12.5% 3% | Vipk-Max
Jittering period ® 320 cycles
];Sigﬁt:t which irk foldback foyno 42 KHz
l;s&;; :t which irk foldback foynol 20 KHz
rS;?nppe of the compensation Srawe | fs = 65kHzZ 14 20 26 | mVips
LEB for current limitation tLes-L 276 ns
LEB for SCP tLes-s 235 ns
Alnves / AVhy ratio Khves 0.51 MA/V
Vhv = 200V, Virk = 0.6V,

S coure T, = 25°C 30

sourcing current lHves Viv = 375V, Vix = 0.6V o5 20 5 pA

Ts=25°C

Primary Side (PEP)
Sourcing current from PEP lpep Veep = 0.5V 100 MA
Saturation voltage VpEP-s Reep = 100kQ 0.9 1 1.1 \%
Protection trigger threshold Vpep-1 0.45 0.5 0.55 \%
Protection trigger delay trep-T 300 V&
Primary Side (EBO)
Brown-In threshold voltage VEBO-ON 1.08 1.1 1.12 \%
Brown-out threshold voltage VEBO-OFF 0.98 1 1.02 V
Brown-in/out hysteresis VEBO-A 0.09 0.1 \%
Internal impedance Reso Vego = 1V 10 MQ
Primary Side (PVB)
Regulating voltage Veve Irve =0 - 5SmA 4.75 5.05 ‘ 5.35 \%
Primary Side — Internal Thermal Protection
OTP threshold ©®) Tortp 150 °C
Hysteresis to release OTP () Ta 40 °C
Secondary Side (VDD)
Operating current lops \éILD:D:?r\]/F fs = 80kHz, 5 mA
Quiescent current las VDD =5V 300 MA
UVLO falling threshold VDD-oFF 3.6 3.8 4.0 \%
UVLO rising threshold Vbb-oN 4.1 4.3 4.5 V
UVLO hysteresis Vbp-a 0.3 \%

MPX2001 Rev. 1.1
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mpj MPX2001 — ALL-IN-ONE FLYBACK CONTROLLER

ELECTRICAL CHARACTERISTICS (continued)

Typical value tested at T, = -40°C to 125°C, unless otherwise noted.

Parameter | Symbol ‘ Condition ‘ Min ‘ Typ | Max ‘ Units
Secondary Side (FB)
Feedback reference voltage VRer 0.991 1 1.009 \Y,
Feedback current [} Vs = 1.25V 50 nA
Secondary Side (SRD, SDrv)
Regulated forward voltage VsRr-F -42 -33 -24 mV
Turn-off threshold Vsr-oFF -10 0 10 mV
Turn-off threshold in ton-min ® | Vsr-oFr2 1.5 vV
Turn-on threshold ® Vsr-oN 0 mV
O 0 | 1o |
Turn-off delay (total) torp
Vp =0V, CL = 10nF, 90 130 ns
Ron = 0Q), Vas = 2V
Turn-on delay ton-n CL=4.7nF 200 ns
Minimal on time toN-min 1.3 1.6 1.9 Ms
Input current at SRD IsrD Vsrp = 200V 15 MA
Driver voltage low level Vorv-L 0.05 0.1 \%
Driver voltage clamp level Vclamp 9 11.5 14 \Y
Driver voltage high level Vbrv-H VDD = 10.5V 10.5 Vv
Driver pull-down resistance Rpul-down | CL =4.7nF, VDD = 5V 1 2 Q
Secondary Side (IS)
Overioad protection Vo 38 40 42 mv
Overload protection delay toLp T,=25°C 57 68 79 ms
Secondary Side (COMP)
Transconductance GM +10mV/£60mV 2/10k S
Maximum sink current Isink 0.5 mA
Maximum source current Isource 0.5 mA
Max (freshold for burst Veust | Cep = 1uF, VDD = 5V 17 v
Maximum PFM frequency fs_max Vcome = 0V, Ty =25°C 82 85 89 kHz
Minimal PFM frequency fs_min Vcomp = 2.5V 20 kHz
Maximum COMP voltage Vcompmax  |VDD =5V 2.5 Vv
Secondary Side (CP)
Max supply voltage on CP V/TONS-max 2.3 24 2.5 \%
Min supply voltage on CP VTONS-min 0.52 Vv
Pull-up resistance Rrons 200 kQ
Ratio from CP to Vrer Kep 0.098 0.1 0.102
MPX2001 Rev. 1.1 www.MonolithicPower.com 7
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mpj MPX2001 — ALL-IN-ONE FLYBACK CONTROLLER

ELECTRICAL CHARACTERISTICS (continued)

Typical value tested at T, = -40°C to 125°C, unless otherwise noted.

Parameter ‘ Symbol ‘ Condition ‘ Min | Typ ‘ Max | Units
Secondary Side (SVB)
Regulating voltage Vsva VDD =6V 475 > 525 v
VDD =4.7V 4.6 \%
UVLO falling threshold VbD-oFF 3.6 3.8 4.0 \%
UVLO rising threshold Vbb-oN 4.1 4.3 4.5 \%
UVLO hysteresis VbD-a 0.3 \%
Secondary Side - Internal Thermal Protection
OTP threshold ©®) Tortp 150 °C
Hysteresis to release OTP ©) Ta 40 °C
NOTE:
5) These parameters are guaranteed by design.
MPX2001 Rev. 1.1 www.MonolithicPower.com 8
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mpj MPX2001 — ALL-IN-ONE FLYBACK CONTROLLER

TYPICAL CHARACTERISTICS
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MPX2001 — ALL-IN-ONE FLYBACK CONTROLLER

TYPICAL CHARACTERISTICS (continued)
VCC_OFF vs. Temperature Chart
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MPX2001 — ALL-IN-ONE FLYBACK CONTROLLER

TYPICAL CHARACTERISTICS (continued)
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MPX2001 — ALL-IN-ONE FLYBACK CONTROLLER

TYPICAL CHARACTERISTICS (continued)
VREF vs. Temperature Chart

Real_OLP vs. Temperature Chart
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MPX2001 — ALL-IN-ONE FLYBACK CONTROLLER

TYPICAL PERFORMANCE CHARACTERISTICS

Vin = 110Vac, Vout = 12V, lout = 5A, unless otherwise noted.

Output Ripple Steady State
Full Load No Load
>
N y
. +|
a |
CH:Vos | | :
200V/div.
«ﬁ
CH2: Vourt_ac
-
200mV/div. CH2: Vce |
5V/div.
CH3: Vour
4V/div. B :
CH4:Vsr  |? I
5V/div.
4us/div. 100ms/div.
Steady State Start-Up
Full Load Full Load
CH1: Vos CH1: Vos
200V/div. 200V/div.
CH2: Vcc ' ' : - ' CH2: Vcc
tovigiv. Pt 10V/div.
CH3: Vour r...... [ ,.M : r._... pem oo CH3: Vour
avidiv. |zt | : S L 10V/div.
CH4: Vsr F"" L 2n AR oo BN et S e CH4: Vsr
10V/div. . 10V/div.
10us/div. 400ms/div.
Shutdown External B/l
Full Load Full Load
CH1: Vos CH1: Vbs
200V/div. 200V/div.
CH2: Vcc CH2: Vcc
10V/div. 10V/div.
CH3: Vour CH3: Veso
10V/div. - 1V/div.
CH4: Vsr . :
E) ]
10V/div. » P. R S 1
1s/div. 200ms/div.
MPX2001 Rev. 1.1 www.MonolithicPower.com 13
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MPX2001 — ALL-IN-ONE FLYBACK CONTROLLER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin = 110Vac, Vout = 12V, lout = 5A, unless otherwise noted.

External B/O

Internal B/l

Full Load Full Load
fol-:):/:/(\il'[)s CH1: Vos Wl
- 200v/idiv. |V T ——
01"(')3/;? CH2: Vee |zl L : .
: 10Vidiv. [
CHI::V\/ﬁiE‘;Io CH3: Viv : : : : :
: 50V/div. Rl
m\ i
200ms/div. 1s/div
Internal B/O OLP by COMP
Full Load Full Load
'
o
. CH1: Vbs
CH1: Vos i ; : 200V/div. :
200V/div. - : v
o v Fovfo Fovfd CH2: Vcowr : ordd oo :__: E:
- Vee : : 1V/div. :
10V/div. E\m | & o
CH3: Vce :
. o 20V/div. S ey G :
050:\’,'/ N T T CH4: Vour |3t >
P i " ovidiv.  Fai NS -
1s/div. 20ms/div.
OLP by IS OVP
Full Load Full Load
CH1: Vos 9
CH1: Vos 200V/div.
200V/div.
CH2: Vcowme .
CH2: Vce . 1vidiv. 24
10V/div. o
21
CH3: Vour CH3: Vcc
10V/div. 20V/div.
CH4: lout = CH4: Vout Y
O " S S : B ;
5A/div. P - D L 10V/div. T R
400ms/div. 200ms/div.
14
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MPX2001 — ALL-IN-ONE FLYBACK CONTROLLER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin = 110Vac, Vout = 12V, lout = 5A, unless otherwise noted.

PEP Entry SCP Entry
Full Load VN = 220Vac, Full Load
4
. |
CH1: Vos d
200V/div. CH1: Vbs ;
”””””””””””””””””””””””””””””””” 200V/div.
CH2: Veep
500mV/div. CH2: Vcs 2
CH3: Vec ST . 1Vidiv
20vidiv. P CH3: Ve
CH4: Vourt 20Vidiv. Rt L.
10V/div. EE CH4: Vour m
10V/div.
400ms/div. 400ms/div.
SCP Recovery EMI
Vin = 220Vac, Full Load 110L, Full Load
- T o
1=
CH1: Vos
200V/div.
oz ves |21 52T T /
" . . . . . . J M\ | AL A e A, N\ M‘M\N\M\\V\//
CH3: Vce W\\f“ T/
20V/div. T [ T e | - .
CH4: Vour E o
10V/div. —
1s/div.
EMI EMI
110N, Full Load 220L, Full Load
=l ="
o -]
\mt 0 g T T B
BN nar s =S / N g LALLLLA
W ANNS AR A/ Jw—l‘x/ AR A T AL
R T
+: Y] v
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mpj MPX2001 — ALL-IN-ONE FLYBACK CONTROLLER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin = 110Vac, Vout = 12V, lout = 5A, unless otherwise noted.

EMI Efficiency vs. Load Current
220N, Full Load
B ‘ 93.6%
o 92.8%
[Z[ 92.0% /’/’ \\
$91.2% 7 e
ig0.4% /
- MVW } Py PP A o 0 I
) M AN At /\t\«\ J 589'6% I
/ 88.8% | —— Vin=110Vac ]
88.0% 1 Vin=220Vac —
87.2%
0 2 4 6
Load Current (A)
No-Load Consumption vs. Input
Voltage
_ 0.04 |
=
% 0032 F e \v/i B/O resistor
E ===w/0 B/O resistor /
g 0.024 /
2 d
Q 0.016 ~
© // L~
fa) /
& 0.008 -
-
(@]
=z 0
0 100 200 300
INPUT VOLTAGE (VAC)
4-Point Average 10% Load No-Load Consumption
Efficiency Efficiency (W)
DoE Level VI 0.88 - 0.21
Tier 1 0.89 0.79 0.25
CoC V5 -
Tier 2 0.89 0.79 0.15
Vin = 110Vac 0.918 0.907 O e it By
Test Data :
_ 0.023 (2*5.1MQ B/O resistor)
Vin = 200Vac 0.925 0.876 0.014 (internal B/O)
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PIN FUNCTIONS

Pin# | Pin# o
GY -GYE Name |Description
External protection on the primary side. Protections include, but are not limited to,
1 1 PEP over-temperature protection (OTP) for the primary MOSFET and over-voltage
protection (OVP) on the auxiliary winding. An internal current source allows for a direct
connection.
2 2 PGND |Ground of the primary-side IC.
Primary voltage bypass. An external ceramic capacitor (typically 1uF/6.3V) can be
3 3 PVB
connected to PVB.
Primary MOSFET current sense for peak-current mode regulation and SCP
4 4 Cs . : i
function. CS also implements over-power consumption based on the HV voltage.
Power supply for the primary IC operation. VCC senses the output voltage indirectly
5 5 VCC .
to achieve OVP.
6 6 PDrv |Output drive for the external power MOSFET.
7 7 PGND |Ground of the primary side IC.
Input sense. EBO is connected to external dividing resistors to sense the input
8 8 EBO voltage. This provides a more accurate brown-in/-out and an adjustable threshold.
EBO is shorted to PGND to disable the external sensing. This way, brown-in/-out relies
on internal sensing through HV.
9 NC |No connection.
High voltage. HV implements an internal high-voltage current source for the primary
10 10 HV |IC start-up and normal operation. HV samples the input voltage for brown-in/-out and
line compensation on the primary-peak current.
11 11 SRD |Drain voltage sense of the synchronous rectifying MOSFET.
12 12 SDrv | Output drive for the external power MOSFET.
Secondary voltage bypass. An external ceramic capacitor (typically 1uF/6.3V) can
13 13 SVB
be connected to SVB.
14 14 SGND | Ground of the secondary side.
15 15 COMP Internal error ampilifier for output voltage regulation. Connect the compensation
network to COMP to adjust the regulating performance.
Output cable drop compensation. A 1uF ceramic capacitor can be connected to CP
16 16 CP |as a low-pass filter. The compensation voltage can be adjusted by parallel resistors.
Short CP to SGND directly if CP is not needed.
17 17 VDD |Power supply for the secondary IC operation and external MOSFET driving.
18 18 FB Feedback for the constant voltage regulation. Connect FB to dividing resistors to
sense the output voltage.
19 19 IS Overload protection sense. IS senses OLP by connecting a current sensing resistor
in the output loop.
20 20 SGND | Ground of the secondary side.
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BLOCK DIAGRAM
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Figure 1: Functional Block Diagram

MPX2001 Rev. 1.1
12/9/2019

www.MonolithicPower.com

© 2019 MPS. All Rights Reserved.

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

18



mes

MPX2001 — ALL-IN-ONE FLYBACK CONTROLLER

OPERATION

The MPX2001 is an all-in-one flyback controller
that maintains all benefits of a secondary-side
regulator (SSRs), reducing system complexity
and the total solution cost. The MPX2001
solution implements a complete secondary-side
regulation scheme. Both the control loop and the
modulation block are placed on the secondary
side, so the drive signal of the synchronous
rectifier (SR) can be perfectly matched with the
drive signal of the primary-side MOSFET. With
this feature, the SR is able to operate safely in
continuous conduction mode (CCM), which
helps increase overall efficiency greatly and
provide more flexibility to the design.

PRIMARY IC FUNCTION SECTION
Self-Configuration at Start-Up

Once VCC is higher than the minimum operation
voltage (Vccwmin) (typically 8V), the primary IC
starts to read the EBO configuration. This is
done before entering any other operation.

If EBO is connected to an external resistor
divider (typically >1kQ), the external brown-in/-
out mode is selected. In this mode, the brown-
in/-out function senses the input voltage through
EBO instead of sensing it through HV internally.
The brown-in/-out detection is always enabled,
regardless of whether the HV current source is
turned on or off. This mode provides a more
accurate brown-in/-out approach and adjustable
thresholds.

If EBO is shorted to PGND to disable the
external sensing, the internal brown-in/-out
mode is selected. In this mode, brown-in/-out
relies on the internal sensing through HV.
Brown-in/-out detection turns off when the HV
current source is turned on (to avoid the effect of
the HV voltage drop) and is always turned back
on after the HV current source is turned off.

This self-configuration action is executed only
once, and the results are latched as long as the
primary IC is active.

Start-Up with Brown-In/-Out Detection

Initially, all primary IC operation is disabled when
there is no power applied, and the brown-in/-out
flag defaults in brown-out state. The VCC of
primary IC (VCC) is charged up by the internal
high-voltage current source drawn from HV. The

current source is turned off once VCC reaches
VCC-IOFF (typicaIIy 145V)

If the device is configured with external brown-
in/-out mode, brown-in/-out detection is enabled
right after self-configuration. If the device is
configured with brown-in/-out internal mode,
brown-in/-out is only enabled after the HV
current source is turned off. If the HV voltage is
higher than Vuv.on (typically 106V), then this is
treated as a brown-in condition. The primary IC
turns on the HV current source to charge VCC
back to Vcciorr (to guarantee a maximized start-
up window) and operates in normal start-up
mode. Otherwise, it is treated as a brown-out
protection condition. The primary IC operation
remains disabled until VCC drops down to Vcc-
aut (typically 5.3V), and VCC is charged up by
the high-voltage current source all over again.

Once VCC is higher than the minimum operation
voltage (Vccwmin), the primary IC begins
monitoring on the sync signal transmitted
through the insulation channel. Before brown-in
is detected and the primary IC runs into normal
start-up mode, the primary IC can already
determine what status the secondary IC is in. As
shown in Figure 2, there are three conditions for
primary IC start-up.

1. If there is no logic high state detected for the
sync signal, the primary IC indicates that
either the secondary IC is out of power or the
system is recovering from a fault state. In this
case, when brown-in is detected and the
primary IC runs in normal start-up mode, the
primary IC starts switching on its own with
the maximum switching frequency and the
maximum peak current. Once any logic-high
state of the sync signal is detected, the
primary IC stops independent switching, and
the secondary IC takes control. There is also
a time limit on the primary start-up period.
Even if there is no logic-high state detected
for the sync signal, the independent primary
switching stops when the timer (toce) times
out. This means that there is a fault condition
present, such as overload, which is
preventing the secondary IC from powering
up successfully. tocp starts after the soft-start
period. Once the primary
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OCP flag is set, and the primary IC runs in a
protection mode.

2. If anormal sync signal is detected before the
primary IC enters start-up mode, the primary
IC does not require independent switching.
The primary IC follows the sync modulation
right after brown-in is detected.

3. Ifany sync signal is detected before start-up,
the IC indicates a fault condition, such as
overload on the secondary side. In this case,
the primary IC does not switch at all, but sets
the protection flag and runs in a protection

mode.
Ve § (a) © )
N—
Veemn
Veeaur
v & ‘ >
| N I .
PDrv T i
HV* E
HVon
Startup‘ >

1
~

Self-
Condiguration

Figure 2: Start-Up Logic for Primary IC

Brown-Out Protection during Normal

Operation

To prevent any unwanted behavior from the
power supply caused by an insufficient input
voltage, the primary IC implements brown-out
protection. When the HV voltage is lower than
Vhv-orr (typically 96V, internal B/O) or t.. EBO
voltage is lower than Vesoore (typically 1V,
external B/O), the brown-out timer starts running.
Conversely, whenever the HV voltage is higher
than Vwuv-orr or the EBO voltage is higher than
Vego ofF, the timer is reset. If the brown-out timer
is over tgo, the primary IC enters brown-out
protection, and VCC enters hiccup operation
between Vcc.aur (typically 5.3V) and Vcc.orr
(typically 14.5V). The primary IC does not start
up again until there is a valid brown-in detection.

If brown-in/-out relies on internal sensing through
HV, the brown-in/-out detection always pauses
when the HV current source is turned on (to

avoid the effect of the HV voltage drop) and
resumes after the HV current source is turned off.

Soft Start (SS)

To reduce stress on the power circuits, a soft-
start function is implemented in the primary IC.
When the primary IC enters normal start-up
mode and starts switching on its own, the
internal soft start increases the current limit from
VIPK-Min (typically 0.1 5V) to Vipk-Max (typically 0.6V)
and the switching frequency from fs.sor (typically
20kHz) to fs.max (typically 85kHz). The duration of
the soft-start period is tsor (typically 10ms).

Peak-Current Control with Internal Slope
Compensation

The primary IC employs peak-current-mode
control with an on time controlled by comparing
the voltage across the CS, current sense resistor
with the internal reference. The reference
voltage is controlled by the sync frequency with
a maximum value of Vipkimax @and a minimum
value of Viekmin. The reference voltage is
clamped at Vipk-max When the sync frequency is
higher than fsynen (typically 42kHz) and is
clamped at Viek-min When the sync frequency is
lower than fsync.L (typically 20kHz) (see Figure 3).
When the sync frequency is between fsync.H and
fsync-L, the reference is adjusted proportionately.

fslipk

I
VIPK-Max ______

|
|
|
|
|
VpK-Min{ |
|
|

fsynot fsynoH  fs max  fsync(LOAd)

Figure 3: Peak-Current Reference vs. Sync
Frequency

A synchronized positive slope is added to the
sensed current signal on CS to prevent
subharmonic oscillation and guarantee stable
peak-current mode control over a wide range of
input voltages. The compensation is
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proportionately reduced as the peak current
decreases.

Due to the parasitic capacitance, a spike usually
occurs on the sensing resistor after the MOSFET
is turned on. To prevent the peak-current
limitation comparator from being falsely
triggered by this turn-on spike, a leading edge
blanking (LEB) function is implemented on the
comparator. During the blanking time, the
comparator for peak-current limitation is
disabled, so the MOSFET cannot be turned off.
Two-level LEB is adopted in the comparator.
Normal operation has ties | (typically 276ns) and
tLes_s (typically 235ns) for SCP.

Line Compensation for Peak-Current Control

Ideally, in peak-current-mode control, the
primary peak current should be exactly the same
as the reference because of the peak-current
control operation. However, due to the logic
propagation delay and driver delay, the actual
peak current is always higher than the reference
value. Moreover, the difference between the
actual value and reference value varies with the
input voltage. A higher input voltage results in a
larger error of the peak current (see Figure 4).
This leads to a significant variation in the
maximum power limitation.

iox"Rsva riation 7 Vin/Lm

Turn off delay £,

A:/K

| T T
| taan ! |

| [onp 7 |

Figure 4: Peak Current Difference Caused by
Turn-Off Delay

To compensate for this variation and improve
overload protection (OLP) accuracy, an offset
proportional to the input voltage is added on the
CS signal. The offset is created by an internal
sourcing current on CS flowing across an
external resistor (Rnvcs), and the current source
is proportional to the HV voltage (see Figure 5).
The compensation level can be adjusted by
Rhvcs externally.

Figure 5: Implementation of Line Compensation
Function

The compensation current is applied completely
only when the peak current reference is at its
maximum limit. This compensation current is
disabled when the peak current reference is
lower than 90% of the maximum value (see
Figure 6).

lhves A

I HV

1 »

fSync-H 'fSync
Figure 6: Current on CS for Line Compensation

Driver

The driver capability is specified in the Electrical
Characteristics table on page 5. The voltage is
clamped internally at Vciamp (typically 11.5V) to
guarantee safe operation of the external
MOSFET.

Under-Voltage Lockout (UVLO)

UVLO stops the primary switching whenever
VCC is under Vccmn (typically 8V). The HV
current source is enabled when VCC is under
VCC-AUT (typicaIIy 5.3V).

Protections

The primary IC provides full protection features
as well as solid response to the secondary IC
protections. Primary protections are all
implemented as either auto-restart mode or
latch-off mode. When a protection is triggered,
the switching is terminated immediately, and
VCC drops. Once VCC drops to Vecaur, the
related protection flag is reset, and the HV

MPX2001 Rev. 1.1
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current source is enabled to charge the VCC
capacitor. Then the primary IC enters normal
start-up mode.

Short-Circuit Protection (SCP)

If the CS voltage is over Vscp, the peak current
is not well-controlled by the peak-current
limitation due to a fault condition, such as
winding short-circuit or output short-circuit.
Short-circuit protection (SCP) is triggered as an
auto-restart mode protection. A reduced LEB
time (tes-s, typically 235ns) is also adopted by
the SCP comparator.

Over-Voltage Protection (OVP)

If VCC is over Vccove (typically 27V), it indicates
that the output voltage is not under control, and
a large output overshoot can occur. OVP is
triggered as a resultin an auto-restart mode. The
primary OVP can avoid component breakdown
caused by over-stress.

Brown-Out Protection (BOP)

For more information about brown-out protection,
refer to the Start-Up with Brown-In/-Out
Detection section on page 18 and the Brown-Out
Protection during Normal Operation section on
page 19. Brown-out protection (BOP) is an auto-
restart mode protection.

Primary Over-Temperature Protection (POTP)

To prevent any thermal damage on the chip,
primary over-temperature protection (POTP)
shuts down the switching immediately when the
junction temperature is over Torp (typically
150°C). The protection flag is latched until the
junction temperature drops by Ta (typically 40°C),
and POTP enters auto-restart mode.

Primary Over-Current Protection (POCP)

For more information about primary over-current
protection (POCP), refer to the Start-Up with
Brown-In/-Out Detection section on page 18. If
the primary side does not receive a start-up
signal from the secondary side for toce (typically
69ms), primary over-current protection is
triggered. POCP is an auto-restart mode
protection.

Open/Short Protection on CS (CSP)

CS is pulled high internally by the line
compensation current source. SCP is triggered if
CS is open. Conversely, CSP can also be
triggered if the duty-on time reaches ~10us and
the CS voltage is ~0V, or the IC indicates a short-
circuit condition on the current-sensing resistor
or an inappropriate transformer design. CSP is
an auto-restart mode protection.

Primary External Protection (PEP)

PEP is a general-purpose protection pin. There
is an internal current soured out of PEP with a
fixed value of Ipep (typically 100uA) (see Figure
7). A resistor or a BJT can be connected to PEP
to create the target voltage. When the PEP
voltage is lower than the protection trigger
threshold (Veep.r, typically 0.5V) and the
condition lasts longer than the trigger delay time
(trep_t, typically 300us), the sync signal is set to
logic high by PEP. The PEP flag is not reset until
VCC drops below Vcc.aur.

1Y

PEP

. Ext.P
Timer

Figure 7: Primary External Protection

PEP also has a saturation voltage (Veep-s,
typically 1V). If the external resistor is high
enough to make the PEP voltage reach the
saturation value, the PEP current is no longer
fixed, but determined by the external resistance.
Due to this characteristic, the current
consumption during normal operation can be
limited at a very low level.

Typically, PEP can be used to implement an
OTP function for external power devices (e.g.:
primary MOSFET) by connecting to a negative
temperature coefficient (NTC) resistor.

Response to the Secondary Protections

For more information about responses to
secondary protections, refer to the Start-Up with
Brown-In/-Out Detection section on page 18.

MPX2001 Rev. 1.1
12/9/2019

www.MonolithicPower.com 22
MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2019 MPS. All Rights Reserved.



mes

MPX2001 — ALL-IN-ONE FLYBACK CONTROLLER

SECONDARY IC FUNCTION SECTION
Self-Configuration at Start-Up

As soon as the VDD voltage is higher than the
minimum operating voltage (Vop-on, typically
4.3V), the secondary IC begins a self-
configuration procedure before entering any
other operation.

If there is a capacitance (typically =1uF) on CP,
the CP (cable drop compensation) function is
enabled. The minimal PFM frequency default is
20kHz. Short CP to SGND if cable drop
compensation is not needed.

Synchronous Rectifier, Normal Operation

After the primary-side MOSFET is turned off, the
inductor current commutates from the primary
side to the secondary side, which makes the
drain voltage of the SR MOSFET drop. Once the
voltage on SRD pin crosses zero, the secondary
chip starts to set the SR driver, and the SR
MOSFET is turned on after a turn-on delay (see
Figure 8). During the minimum ON time, the turn-
off action is not blanked completely, but only the
turn-off threshold is increased to Vsr-orr2. This
ensures that the part can always be turned off,
even during the turn-on blanking period.

During the SR conduction period, the gate
voltage is regulated based on the forward-
voltage drop across the MOSFET (Vsrp). When
Vsrp is lower than the internal reference voltage
(Vsr-r, typically -33mV), the gate driver is turned
on fully to obtain a minimal on state resistance.
Voltage across the SR MOSFET Vsrp rises as
the current decreases. When Vggp is close to or
less negative than Vsrr, the gate voltage is
linearly reduced to increase the on state
resistance. In this way, the change in Vsrp is
minimized and kept roughly flat. This feature
prevents a premature turn-off and effectively
maximizes the SR conduction period.

As Vsrp continues to rise until it crosses the
voltage threshold, the gate is turned off after a
very short turn-off delay. This regulating
behavior during the SR conduction period also
helps reduce the turn-off delay since the gate
voltage was already low before turn off.

After the SR MOSFET is turned off, SR operation
is disabled to prevent any unexpected turn-on for
at least 300ns until the next sync signal pulse.
This minimal off-logic is only valid for

discontinuous  conduction mode (DCM)
operation when the SR drive is turned off before
the sync signal comes. The SR turn-on logic
recovers after a delay time from the sync rising
edge and waits for another zero crossing of Vsro.

Vsro A J—\

24mv

Driver begin to be;
pulled down

Vsor Driver is
turned off

Ve,

SR_EN

Sync

1 [,

> e >
Blanking fol Turn-on  Minimal on Tum-off
turn-on detection delay time delay

Figure 8: Synchronous Rectifying Operation

Synchronous Rectifier, CCM Operation,
Light-Load Operation

The SR gate driver is turned off at the rising edge
of the internal sync signal. As a result, the chip is
able to support reliable CCM operation. If the SR
drive is turned off by the sync signal in CCM
operation, the SR is turned off for at least 300ns.
Then the turn-on logic does not recover until the
drain voltage is higher than 1.6V. To improve
light-load efficiency and reduce no-load power
consumption, the SR driver is disabled when the
IC enters burst mode. Although the SR driver is
disabled, the control logic still works. Once the
IC exits burst mode, the SR driver recovers.

Output Voltage Regulation

The output voltage is sensed and fed back to FB
using external resistor divider. The feedback
voltage is compared with an internal precision
voltage reference (Vrer, typically 1V) by internal
error amplifier. The voltage difference is
amplified by the transconductance (GM) and
appears as a current source at COMP. The
external compensation network can be
configured at COMP to adjust the regulation
performance. Since FB is connected to the non-
inverting pin of the error amplifier, the COMP
voltage is in phase and proportional to the output
voltage and inversely proportional to the load
current (i.e.: the COMP voltage rises as
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the load current decreases). The COMP voltage
is sent to the pulse-frequency modulation (PFM)
block to modulate the sync frequency. A higher
COMP voltage results in a lower sync frequency
(see Figure 9) and therefore lower switching
frequency, fs. The sync signal that carries all
load information is then transmitted to the
primary-side IC through the isolator. In this way,
closed-loop regulation is achieved.

P‘FM Syn<‘: Burst mode operation;>_ L
/ ; —
7 /
P el s /1
v 7 7
Va4 /0
A / / |
y74 / / )
s AL S A !
[ 1Al ALY / / :
L/ LA v / |
T
1
Maximum PFM Minimum PFM
frequency frequency

Figure 9: PFM Operation

The PFM frequency has maximum and minimum
limitations. Regardless of how low or high the
COMP voltage is, the maximal PFM frequency is
limited at fs_max (typically 85kHz), so the switching
behavior of the sync signal is always guaranteed,
and any damage from unexpected high
switching frequencies can be prevented as well.
However, when the COMP voltage rises above
Veust, the modulation enters burst operation
mode, so the minimal PFM frequency is limited
by VBurst.

Cable Drop Compensation

The compensation voltage is directly
proportional to the voltage on IS. The external
capacitor and resistor on CP are still used for
filtering and voltage adjustment respectively.

Figure 10: Cable Drop Compensation

PROTECTIONS
Secondary Under-Voltage Lockout (SUVLO)

The secondary IC does not begin operation until
VDD rises above Vpp.on (typically 4.3V). When
VDD falls below Vpporr (typically 3.8V), the
secondary IC powers off, and all internal signals
are reset. To avoid nuisance UVLO lock out
during any transient, the UVLO circuit waits for
10usecs before generating a lock out command.

Secondary Overload Protection (SOLP)

Secondary overload protection (SOLP) can be
achieved by connecting a current-sense resistor
to IS. When the IS voltage is higher than the
overload protection threshold (Vorp, typically
40mV) and lasts longer than the overload
protection delay time (toLp, typically 68ms), the
sync signal is set to a logic-low state by SOLP.
The SOLP flag is reset when the VDD voltage
drops under Vpp.orr (typically 3.8V).

Evenif IS is shorted to SGND, the SOLP function
is still available, but is not as accurate. SOLP is
implemented based on the COMP signal. If the
COMP voltage remains at zero (smaller than the
threshold where the sync frequency is set at the
maximum limit), the OLP timer also starts
running and triggers SOLP once it times out.

Secondary Over-Temperature Protection
(SOTP)

To prevent any thermal damage on the chip,
SOTP shuts down switching when the junction
temperature is over Tore (typically 150°C). The
protection flag is latched until the junction
temperature drops by T, (typically 40°C), and
then SOTP enters auto-restart mode.
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APPLICATION INFORMATION

Selecting the VCC Capacitor

Figure 11 shows the start-up circuit. VCC is
charged by HV first. When VCC reaches Vcc oFr,
HV stops charging, and the IC starts operating.
To guarantee a successful start-up, the output
voltage should be set up before VCC drops to
Vee miN.

71+

MPX2001

= & Hv
PGND

Figure 11: Start-Up Circuit

As a tradeoff between safe operation and cost
for most applications, choose a VCC capacitor
value around 22uF with Equation (1):

lop « T,

OoP Startup (1 )

C.,..>
v~ vee,... - Vee

IOFF MIN

Primary-Side Inductor Design (Lm)

The MPX2001 maximum switching frequency is
recommended to be no higher than 80kHz. With
internal slope compensation, the MPX2001

The input power (Pin) at the minimum input can
be estimated with Equation (2):

R, === 2)

Where Vo is the output voltage, lo is the rated
output current, and n is the estimated efficiency,
generally between 0.85 and 0.9 depending on
the input range and output application.

For CCM at a minimum input, the converter
maximum duty cycle can be calculated with
Equation (3):

D,y = — ot Ye) M 3)
(V. +V.)-N+V

in(min)

Where Vr is the secondary diode’s forward
voltage, N is the transformer turn ratio, and Vinmin)
is the minimum voltage on the bulk capacitor.

The MOSFET turn-on time can be calculated
with Equation (4):

T,,=D-T, (4)
Where Ts is the frequency jitter's dominant

1
switching period, = fex =80kHZ.

smin

The average, peak, ripple, and valley values of
the primary current are calculated with Equation
(5), Equation (6), Equation (7), and Equation (8):

supports CCM when the duty cycle exceeds 50%. l,, = i (5)
Set a ratio (Kp) of the primary inductor’s ripple Vin(min)
current amplitude vs. the peak current value to 0
<Kpr =1, where Kp = 1 for DCM (see Figure 12). I L, (6)
A larger inductor leads to a smaller Kp, which can peak K,
reduce RMS current, but increases transformer (1 _7)'[)
size. An optimal Kp value is between 0.6 and 0.8
for the universal input range and 0.8 to 1 for a liopie =Kp loa 7)
230V ac input range.
Lo =(1-K5)-1
Iripple KP=|rippIe/|peak valley ( P) peak (8)
< Estimate L, with Equation (9):
- L = \/in(min) : Ton
Iav?i T B T T o Iripples (9)
Figure 12: Typical Primary-Current Waveform
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Current-Sense Resistor

Figure 13 shows the peak-current comparator
logic and the subsequent waveform. When the
sum of the sensing resistor voltage and the slope
compensator reaches Vpea, the comparator
goes high to reset the RS flip-flop, and DRV is
pulled low to turn off the MOSFET. The
maximum current limit (Viimit, as measured by Vcs)
is 0.57V. The slope compensator (Vsiope) is
~20mV/us. At a low line, the over-power
compensation is zero. Given a certain margin,
use 0.95 x Viimit as Vpeak at full load.

DRV[]_<’7 a

cs[ LEB

Over Power

Compensation

compensation

Peak-Current-Comparator Circuit

Vpeak— _——

*
3 Vslope Ton

*
Ipeak Rsense

Ton

Typical Waveform
Figure 13: Peak-Current Comparator

Then the voltage on the sensing resistor can be
obtained with Equation (10):
V., .. =95%:V,

sense

imit Vslope ’ Ton (1 0)
The value of the sense resistor can be calculated
with Equation (11):

R :M (11)

sense |
peak

Select the current sense resistor with an
appropriate power rating. Calculate the sense

Over-Power Consumption and Low-Pass
Filter on CS

The  MPX2001 uses an  over-power
compensation function (OPC) by drawing
current from CS. OPC minimizes the OLP
difference caused by different input voltages.
The offset current is proportional to the input
peak voltage sensed by HV.

Supposing the resistor in the current sensing
loop is Rope @and the bus voltage is Vv, calculate
the compensation voltage on CS with Equation
(13):

Vcomp = Ropc : IHVCS (13)

The compensation criterion is making the FB
voltage in a full-load situation similar whether in
high line or low line.

A small capacitor connected to CS with Rgpe
forms a low-pass filter for noise filtering when the
MOSFET turns on and off (see Figure 14). The
low-pass filter’'s R-C constant should not exceed
a third of the leading-edge blanking period for
SCP (Ties-s, typically 235ns). Otherwise, the
filtered sensed voltage cannot reach the SCP
point to trigger SCP if an output short circuit
occurs.

MPX2001

Wn
Rsensej;

Figure 14: Low-Pass Filter on CS

1
|
!
|
|
|
|
|
J
(9]
2]
By
LT

Low Pass Filter

Ramp Compensation

When adopting a peak-current control,
subharmonic oscillations occur when D > 0.5 in
CCM. The MPX2001 is equipped with internal
ramp compensation to solve this problem. a is
calculated with Equation (14):

resistor power loss with Equation (12): Drnax * Vinmin) m
) _ (1'Dmax)'|—m sense a (14)
P - [&] s J | DR, (12) A VA,
sense eak valle sense In{min
2 121° g L "MNsense + m,
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Where m, is the minimum internal slope value of
the compensation ramp (18mV/us),

V

iln_(mi”) ‘R, is the slew rate of the primary-side

m

voltage sensed by a CS resistor,
D_ -V

ﬂ«&em is the slew rate of the
" Fmax/ tm

equivalent secondary-side voltage sensed by
CS resistor respectively. For stable operation, a
must be less than 1.

External Protection through PEP

PEP can be used to implement an OTP function
for external power devices (e.g.: primary
MOSFET) by connecting an NTC resistor to PEP
(see Figure 15). PEP can also be used to
implement an OVP function by connecting
several passive components to PEP (see Figure
17).

v

PEP

0.5V

Figure 15: OTP through PEP

The sourcing current of PEP is lpep (typically
100pA). The resistance of the NTC resistor at a
working temperature should satisfy Equation
(15):

N A (15)

When the temperature increases, the resistance
of the NTC resistor decreases. Figure 16 shows
the typical waveform of NTC resistance vs.
temperature.

At a protected temperature, the resistance
satisfies Equation (16):

102

107

R

10—

s

B=4100

10-2
-20 0 20 40 60 80 100 120

Figure 16: NTC Resistance vs. Temperature

The OVP can also be configured by PEP. The
breakdown voltage (BV) of the Zener diode
should be the VCC voltage when a secondary
over-voltage condition occurs.

Vcc
PEP

Figure 17: OVP through PEP

Cable-Drop Compensation

As described in Figure 10, the CP voltage is
proportional to the IS voltage. The IS voltage
increases 15 times on CP. Then the voltage on
CP is multiplied by 0.2 and is added to Vgrer
(typically 1V) to compare with Vrs. One 1pF
ceramic capacitor is recommended on CP. The
CP voltage can be adjusted by connecting a
resistor to CP. Calculate the CP voltage with
Equation (17):
R

V., =V *15%_—_<P (17)
crs (200k +R )

The offset voltage on the reference can be

* calculated with Equation (18):
IPEP RPEP < VPEP—T (16) q ( )
_ *
VREF_OFFSET - 02 VCP (1 8)
MPX2001 Rev. 1.1 www.MonolithicPower.com 27
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SR MOSFET Selection

Power MOSFET selection is a trade-off between
the Rpsony and Qg. To achieve higher efficiency,
a MOSFET with a smaller Rpson) is
recommended. Typically, Qg is larger when the
Rbs(on) is smaller, which makes the turn-on/off
speed lower and leads to a larger power loss and
driver loss. Additionally, the gate driving signal
may turn off prematurely with an improper Qg SR
MOSFET. Because Vps is adjusted at about -
33mV during the driving period (when the
switching current is fairly small), a MOSFET with
too low Rpsony value is not recommended
because the gate driver is pulled low when Vps =
-|3DX RDS(ON) is Iarger than -33mV. The RDS(ON) of
the MOSFET does not contribute to conduction
loss. The conduction loss is Pcon = -Vps X Isp =~
Isp x 33mV.

Figure 18 shows the typical waveform of a QR
flyback. Assuming a 50% duty cycle, the output
current is lour.

To achieve a fairly high use of the MOSFET’s
Roson), the MOSFET should be turned on
completely for at least 50% of the SR conduction
period. Calculate Vps with Equation (19):

Vs = -le xRoy = -2x oy xRoy < -Veyp (19)

Where Vps is the drain source voltage of the
MOSFET, and Vrwp is the forward voltage
threshold (~33mV).

The MOSFET’s Ros(on) is recommended to be no
lower than ~16.5/lour (mQ). For example, for a
5A application, the Rpson) of the MOSFET
should be no lower than 3.3mQ.

Id
50% SR Conduction Period
Ipeak B

i o Ipeak==4-I0UT
i lc=2- IOUT
b
| |
Vg Do
| \
|
|

Figure 18: Synchronous Rectification Typical
Waveforms in QR Flyback

SR Conduction Period

PCB Layout Guidelines

Efficient PCB layout is critical for reliable
operation, good EMI performance, and good
thermal performance. For best results, refer to
Figure 19 and follow the guidelines below.

1) Minimize the power stage loop area.
This includes the input loop (C1-T1 - Q1 -
R4/R7/R9 - C1), the auxiliary winding loop
(T1-D3-R12-C5-T1), and the output loop
(T1-C10/C12-Q2-TH1).

2) Separate the input loop GND and control
circuit.
They should only be connected at C1.

3) Connect the Q1 heat-sink to the primary
GND plane to improve EMI.

4) Place the control circuit capacitors (such as
those for FB, CS, COMP, and VCC) close to
the IC to decouple noise.

5) Keep FB and COMP far from the noisy point.
The coupled noise on FB or COMP can make
the system unstable.

6) Place the sensing connection as close to the
SR MOSFET as possible.

7) Make the sensing loop as small as possible
and separate from the power loop.

8) Keep the IC output of the power loop to avoid
the noise coupled on the IC.

9) Place the IC can underneath the transformer
for tight design.
If doing this, be sure to design the circuit
carefully. Otherwise, COMP and FB can
couple switching noise from the transformer.

MPX2001 Rev. 1.1
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[ e M| Design Example
“ c’g‘o‘ @7 ao ol o ‘6“ Table 1 is a design example of the MPX2001 for
‘;" o bf i r o o Cﬁ power adapter applications. The evaluation
ﬁ i o° ° board name is EVX2001-Y-00C, which can be
o——0- | o o — |: sampled. The related datasheet is available on
o o Lo 2 the MPS website.
3 ¢ + i =il =<
6 o ©°0 ',.;;'“Jta &Y {“b nw Table 1: 60W Design Example
[ o)o 00 ) " ° O ) | e Aot Vin 90 to 265Vac
“ D i = |§ |°4 Vout 12V
Top lout 5A
ho o o An evaluation kit is available for 45W USB PD
1 Lete Eoe design references.
oo o
B £
L\ WU "E6 J

Bottom

Figure 19: 12V/5A Demo PCB Layout

MPX2001 Rev. 1.1
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TYPICAL APPLICATION CIRCUIT

Figure 20 shows a MPX2001 typical application circuit with universal input and 12V/5A output
specification.

v >
=

10
T
R6. 24 ==C2 Np Vou
499K/1200 S a0V o
e o c1oL ci2_l+
3 s RI5A 101206 goodt =1~ g20uf =< [ cia

—ctd 12V/5A

BD1
GBUA406

71+

ci_l+ D1 p20F250V 15X VY06
120uFT~ ER107 Kt R22
1000V/1A Np_au :
= L4 roprossnion mit%
PGND s o R14 100V GND
1k
4711206 s

RS
D
PQ2625
R3 Lp=0.75mH 00\ Zris RI7 10K
5.1M/1206 D3 Np:Np_auNs=42:6:5 2011206
4 SZ BAV2IW R0 o

g Z = 200V/0.2A o 230K1%
o] £ PGND

u1
MPX2001

L1 pep sanp (22

R12
1011206 6
R1 SGND

= PGND

o
=E3c)
ssoviasa T
R11 201206 2.24F
2200F - Re% S pvB £B (18

R2

5.1M/1206 10K —
T q ° PGND 4 s vop 2
g R10 1K/1% i

AN c4,
IOpFI 2 Vee P
PGND
0.75/1206/1>1 1/1206/1%

1

S
=
Lo
.
2
il
%E
||
nE
nE
@

L_C13
T 4.7uF

F1
3.15A1250V

k3 R21
:z r . 20K/1%
; 100K 0.1w sgsz:zzur(;gv:’: £ o i
= = = 01 av skp (L —FRD
cy1 s
L? 1.0nF/250V/ é h
PGND SGND
Figure 20: Example of a Typical Application
MPX2001 Rev. 1.1 www.MonolithicPower.com 30
12/9/2019 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2019 MPS. All Rights Reserved.



mpj MPX2001 — ALL-IN-ONE FLYBACK CONTROLLER

PACKAGE INFORMATION
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PACKAGE INFORMATION
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CARRIER INFORMATION
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Reel
Diameter

Pinl —

. . . Carrier Carrier Trailer
partNumber | pPockage | Cusntty | Quantty | Quantty | Reet | Tape' | Tape' | Loacer

Width Pitch IReel
MPX2001GY SOICW20 1000 37 N/A 13in. 24mm 12mm 110&110
MPX2001GYE | SOICW20-19 1000 37 N/A 13in. 24mm 12mm 110&110

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.
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