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MP023

Primary Side CC/CV Flyback Controller with

High Voltage Current Source and

Programmable Cable Compensation

The Future of Analog IC Technology =

DESCRIPTION

The MP023 is an offline, primary-side controller
that provides accurate, constant voltage and
constant current regulation without the need of
an optocoupler or secondary feedback circuit. It
uses an integrated 700V current source to
achieve quick start-up.

The MP023's variable off-time control allows its
flyback converter to operate in discontinuous
conduction mode (DCM). The MP023’s current
limit and maximum secondary duty cycle are
programmable, making the output current easily
set. The FB voltage sensing point is also
programmable and is able to set different
switching frequencies.

The internal high-voltage start-up current
source and power-saving technologies limit the
no-load power consumption to less than 30mW.
Full protection features include VCC under-
voltage lockout (UVLO), overload protection
(OLP), over-temperature protection (OTP),
open loop protection (OCKP), and over-voltage
protection (OVP).

The MPO023's variable switching frequency
method provides a natural spectrum for shaping
a smooth EMI signature, which is suitable for
offline, low-power battery chargers and
adapters.

The MP023 requires a minimal number of
readily available, standard, external
components and is available in a SOIC8-7A
package.

FEATURES

¢ Primary-Side Control without Optocoupler or
Secondary Feedback Circuit

e Precise Constant Current and Constant

Voltage Control (CC/CV)

Variable Off-Time Peak Current Control

700V High-Voltage Current Source

20mW No-Load Power Consumption

Programmable Cable Compensation

Programmable Current Limit and Maximum

Secondary Duty Cycle

Programmable FB Voltage Sensing Point

e Multiple Protection Features: OVP, OCkP,
OLP, OTP, VCC UVLO

o Low Cost and Simple External Circuit

¢ Available in a SOIC8-7A Package

APPLICATIONS

o Appliance Power Supplies
o Adapters for Handheld Electronics
¢ Standby and Auxiliary Power Supplies

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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TYPICAL APPLICATION
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mfs MP023 — PRIMARY-SIDE CC/CV CONTROLLER

ORDERING INFORMATION

Part Number* Package Top Marking
MP023GS SOIC8-7A See Below

* For Tape & Reel, add suffix —-Z (e.g. MP023GS-2)

TOP MARKING

MPO23
LLLLLLLL
MPSYWW

MPO023: first five digits of the part number;
LLLLLLLL: lot number;

MPS: MPS prefix:

Y: year code;

WW: week code:

PACKAGE REFERENCE

MP023
HV
CS o 8t
DRV
— 2
CP GND
VCC FB
SOIC8-7A
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MP023 — PRIMARY-SIDE CC/CV CONTROLLER

(1) ,

ABSOLUTE MAXIMUM RATINGS Thermal Resistance (4) eJA eJC
HV 1o GND.......oooriiie, -0.3V to 700V SOIC8-7A. ... 96 ... 45... °C/W
VCCtoGND.....cooviiii -0.3V to 28V
DEV Ctg ?N c[;)riib ................................ -063:;</t? 1 %5\\// I Brabeding these ratings may damage the device.
CP, OGND..... -U. o 2) The maximum allowable power dissipation is a function of the
FB. oo, -0.7Vto 7V maximum junction temperature T, (MAX), the junction-to-

. L. . 2) ambient thermal resistance 6,,, and the ambient temperature
Maximum power d|SS|pat|on ................ 1.3W Ta. The maximum allowable continuous power dissipation at

i o any ambient temperature is calculated by Pp (MAX) = (T
Junction temperature........................... 150°C (MAX) T80, Exconding the. maximum Alowabls powe:_
Lead temperature...........cc.cccocviininnnn. 260°C dissipation produces an excessive die temperature, causing
Storage temperature.............. -60°C to +150°C the regulator to go into thermal shutdown. Internal thermal
ESD capability human body mode 2.0kV shutdown circuitry protects the device from permanent
il N body mode........... . damage.
ESD capability machine mode................. 200V 3) The device is not guaranteed to function outside of its
. . 3) operating conditions.

Recommended Operating Conditions 4) Measured on JESD51-7, 4-layer PCB.
Junction temp. (T))........coinie -40°C to +125°C
Operating VCCrange.................... 10V to 25V
MP023 Rev. 1.1 www.MonolithicPower.com 4
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mps MP023 — PRIMARY-SIDE CC/CV CONTROLLER

ELECTRICAL CHARACTERISTICS
Vcee =15V, T, = -40°C~125°C, unless otherwise noted.

Parameter ‘ Symbol | Condition ‘ Min ‘ Typ ‘ Max Units
Supply Voltage Management (VCC Pin)
VCC ON threshold VeeH 18.8 194 20.0 \%
VCC OFF threshold Vel 8.2 8.7 9.2 \Y
Operating current lop fs min, CL=1nF 245 300 KA
fs = 40kHz, C =1nF 1 1.3 mA
High Voltage Current Source (HV Pin)
Break-down voltage VEBRDsS 700 V
Supply current from HV pin Vee=18V, V=80V, T,=25TC 1.8 2.2 2.6 mA
Leakage current from HV pin leak Vps=400Vy., T,=25C 10 MA
Driving (Drv Pin)
Driver voltage high level Vhigh C.=1nF Vcc=9.5V 7.2 7.8 \Y%
Driver voltage clamp level Veamp | CL=1nF, V=24V 12 134 15 \
Driver voltage low level Viow C.=1nF, Vcc=24V 50 mV
Driver voltage rise time tr C.=1nF 30 ns
Driver voltage fall time te C.=1nF 40 ns
Maximum ON time tonmax | Ves=0V 22 36 50 us
Minimum switching frequency fs-min 72 105 Hz
Current Sense (CS Pin)
Current limit Viimitmax | fs >= fs.H 464 480 496 mV
Viimitmin | fs <= fs 220 250 280 mV
fs to start the current fold back fs.h 30 40 50 kHz
fs to end the current fold back fsL 20 kHz
Propagation delay to Drv tep 60 95 ns
Leading edge blanking tLes 180 280 380 ns
Feedback input (FB Pin)
Vig =4V, Vep=2V 12 MA
FB pin input current kg Vs =4V, Vep=1.5V 9 A
Veg =4V, Vcp=0.8V 4.6 MA
Veg =4V, Vcp=0.2V 1.2 MA
FB reference voltage Vs 3.90 3.96 4.02 V
OLP threshold at sampled FB® |  Vggqp 1.38 Y,
OLP counter!” 768
FB sampling duration trs_sp 180 250 330 ns
Rcs=0Q, Vi imi=0.5V 2.50 3.45 4.70
FB maximum sampling time tres-Max Res=1k, Viimi=0.5V 1.70 2.58 3.50 us
Rcs=2kQ, V| imit=0.5V 3.60 5.20 7.00
Rcs=4kQ, Vi imi=0.5V 5.00 7.00 9.20
MP023 Rev. 1.1 www.MonolithicPower.com 5
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mfs MP023 — PRIMARY-SIDE CC/CV CONTROLLER

ELECTRICAL CHARACTERISTICS
Vcee =15V, T, = -40°C~125°C, unless otherwise noted.

Parameter Symbol | Condition Min Typ Max Units
Rcs=0Q, Vi imi=0.25V 1.00 1.70 2.50

FB minimum sampling time - Rcs=1kQ, Vi imi=0.25V 0.68 1.28 1.88 us
Rcs=2kQ, V| imi=0.25V 1.70 2.57 3.50
Rcs=4kQ, V| imi=0.25V 2.50 3.42 4.70

ZCD threshold Vbem 55 100 145 mV

FB open-circuit threshold VFBopen -0.19 -0.11 -0.045 V

OVP threshold at FB Vegovp 5.7 5.96 6.3 \%

FB OVP blanking time tovp-B 0.9 1.2 1.53 us

Output Cable Compensation (CP Pin)

Supply voltage on CP ‘ Vep-Max ‘ ‘ 4 ‘ ‘ \Y

Thermal Shutdown

Thermal shutdown threshold® 140 °C

Thermal shutdown hysteresis®® 40 °C

Notes:

(5) The parameters are guaranteed by characterization.

MP023 Rev. 1.1 www.MonolithicPower.com 6
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MP023 — PRIMARY-SIDE CC/CV CONTROLLER

PIN FUNCTIONS

SOIC8-7A
Pin #

Name

Description

CS

Current sense. CS connects to the current sense resistor to detect the MOSFET
current for peak current mode control in CV and CC modes. CS can also be used to
select a sampling time by different external resistor configurations. Connect CS to
current sensing resistor directly, if default sampling time is selected.

Please refer to EC table for additional details of sampling time selection.

DRV

Driver. DRV drives the external power MOSFET.

CP

Output cable compensation. Usually, a 1yF ceramic capacitor can be connected to
CP as a low pass-filter. The compensation voltage can be adjusted by the divided
resistor. CP can also be used to select the secondary duty limitation by different external
resistor configurations. Short CP to GND, if default secondary duty is selected and cable
compensation isn’t required.

Please refer to Table 1 for additional details.

VCC

Supply voltage of the IC. When VCC is lower than a certain level (Vcc,), the internal
high-voltage current source is turned on to charge VCC. When VCC is charged to a
certain level (Vccn) by the internal high-voltage current source, the IC begins working.
Connect a 0.1uF ceramic capacitor as close to VCC as possible to decouple the noise
and the bulk capacitor.

FB

Feedback. Voltage on FB determines the operation mode (CV or CC mode).

GND

Ground.

HV

Internal high-voltage current source. HV draws current from the bus to charge up
VCC for start-up.

MP023 Rev. 1.1
7/18/2016
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MP023 — PRIMARY-SIDE CC/CV CONTROLLER

TYPICAL CHARACTERISTICS

Vcc ON Vs.
Temperature
19.7
19.6
195 -
=
g 1941 =
8
L 193
19.2
19.1
19.0
50 25 0 25 50 75 100 125
TEMPERATURE(°C)
LKG_HV_400V vs.
Temperature
8.0
75
=
Z 70
$ ]
|
> 65 —
g —
¥ 6.0
—
5.5 2
5.0
50 25 0 25 50 75 100 125
TEMPERATURE(°C)
lop vs.
Temperature
1.10
1.05
< 1.00
o
i
0.95 /,
0.90
0.85

50 25

0 25 50 75 100 125
TEMPERATURE(°C)

Vee orr (V)

V)

BV_HV

3.960

Ve (V

Vcc_OFF vs.
Temperature

8.74

8.73

8.72

8.71

8.70 ==

8.69

8.68

8.67
8.66

50 26 0 25 50 75 100 125

TEMPERATURE(°C)

BV_HV vs.
Temperature

800

790

780

770 —

760 -

750

740
4
730 /

720

710

TEMPERATURE(°C)

VEB Vs.
Temperature

3.970

00
50 25 0 25 50 75 100 125

3.965

3,955\, ™\

N

3.950

3.945

940
50 26 0 25 50 75 100 125

TEMPERATURE(°C)

)

|_HV_80V

IQ (mA)

V)

<

VLIM MAX

I_HV_80V vs.
Temperature
3.0
2.8
2.6 |
2.4 \‘
2.2
2.0 =
\\
1.8 N
1.6
1.4
1.2
1.0
50 25 0 25 50 75 100 125
TEMPERATURE(°C)
Ig vs.
Temperature
260
255
250
245
240 [FNA
235
230
225
220
50 25 0 25 50 75 100 125
TEMPERATURE(°C)
VLIM_MAX VS.
Temperature
0.486
0.484
0.482
1
0.480 Y, e
0.478
76
50 25 0 25 50 75 100 125

TEMPERATURE(°C)

MP023 Rev. 1.1

7/18/2016

www.MonolithicPower.com

MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2016 MPS. All Rights Reserved.



mps MP023 — PRIMARY-SIDE CC/CV CONTROLLER

TYPICAL CHARACTERISTICS (continued)
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TYPICAL PERFORMANCE CHARACTERISTICS

Performance waveforms are tested on the evaluation board of the Design Example section.
Vin = 230V ¢, unless otherwise noted.
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MP023 — PRIMARY-SIDE CC/CV CONTROLLER

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Performance waveforms are tested on the evaluation board of the Design Example section.

Vin = 230V ¢, unless otherwise noted.
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MP023 — PRIMARY-SIDE CC/CV CONTROLLER
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Figure 1: Functional Block Diagram
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MP023 — PRIMARY-SIDE CC/CV CONTROLLER

OPERATION

The MP023 is a primary-side controller that
provides accurate, constant voltage and
constant current regulation without the need of
an optocoupler or secondary feedback circuit.
As shown in the Typical Application diagram,
the circuit is designed to operate with a minimal
number of external components.

Start-Up

The IC is self-supplied by the internal high-
voltage current source, which is drawn from HV.
Once the voltage on VCC reaches the VCC on
threshold (Vccn), the internal high-voltage
current source turns off for better efficiency.
Afterward, the auxiliary winding of the
transformer takes over the power supply. When
VCC falls below the VCC off threshold (Vccy),
the IC stops switching, and the internal high-
voltage current source turns on again (see
Figure 2).

Vce Regulation Occurs Here
A Auxiliary Winding Tﬁs Over

Veen
Vo W

\

Driver
Driving Pulses

High-voltage
current source

ON

OFF

Figure 2: VCC UVLO

Peak Current Control on the Primary Side

The MP023 senses the primary current Ip(t)
through the current sense resistor (Rs), shown
in Figure 3.

N, N +Vp—
l . — |t
0 : )31 i , Jou
Input T ¢ s Output Vo
i¢
s 7 T
¥ < [—cp HY L Naux =
Vee
At «A'— FB DRv—wM—JE
T T [|eno cs R
cs 3
l MP023 2 Rs

~

Figure 3: Simplified Flyback Converter

The current rises linearly at a rate shown in
Equation (1):
dlL(t) V,
e Tin 1
dt L (1)

m

Figure 4: Primary Current Waveform

When the current I(t) rises up to I« (see Figure
4), the primary switch turns off. The value of Iy
can be calculated with Equation (2):

V,
=R (2)
The inductor (L) stores energy with each cycle.
See Equation (3):

E=%LF (3)

m pk
The power transferred from the input to the
output can be calculated with Equation (4):

1
P=_LLf 4
; )

mpk's

Where fs is the switching frequency.

In  constant current (CC) operation, the
reference for |, is fixed at Vimitmax- IN constant
voltage (CV) operation, |y is modulated by the
switching frequency (see Figure 5).

MP023 Rev. 1.1
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MP023 — PRIMARY-SIDE CC/CV CONTROLLER

Viex 4

Vimit-Max

ViimitMin  fo @ =

mein fS'
Figure 5: Peak Current Modulation

In the event that the external current sensing
resistor is shorted, the maximum turn-on time is
limited internally at tonmax- If this maximum
limitation is reached, the IC enters protection
mode.

Constant Voltage (CV) Operation

The MPO023 detects the auxiliary winding
voltage from FB and operates in constant
voltage (CV) mode to regulate the output
voltage.

The auxiliary voltage can be calculated with
Equation (5):

N
\Y :ﬁ(vo +VD) (5)

aux
s

Where Vp is the forward drop voltage of the
secondary diode.

During the conduction time of the secondary
diode, the difference between the output
voltage and the voltage on the secondary
winding is not constant since Vp varies with the
current flowing through the diode. To
compensate for the voltage drop difference, the
sampling time decreases gradually from trgs max
to tresmin @s the current limitation folds back
from VLimit—Max to VLimit—Min (See Figure 6)

Sampling Point

o

VL\mNrMm

Ve VY

— tons

Figure 6: FB Voltage Sampling Point

The FB sampling time is also customizable with
different resistor values connected to CS (see
Figure 7). Please refer to EC table for details.

DRV ——I

CS

RCS

Figure 7: External Resistor for Sampling Time
Customization

Choose a sampling time toward the end of the
secondary diode conduction period to improve
the accuracy of the CV regulation. The CV
regulation loop then generates the switching
frequency to regulate the output voltage based
on the sampled voltage.

Constant Current (CC) Operation

Figure 8 shows the secondary current
waveforms.

Iout
0 L

tons _ to"s‘

Figure 8: Secondary Current Waveform

In constant current (CC) operation, the CC loop
control function remains at a fixed ratio between
the secondary diode on time (t,ns) and the
secondary diode off time (t.s) by charging or
discharging the internal capacitance. The fixed
ratio limits the maximum duty of the secondary
side diode on time, as shown in Equation (6):
t

ons =D 6
tons + toffs S ( )

For applications with varying output voltages,
the Ds.max can be customized with CP. If CP is
connected with a capacitor directly or shorted to
GND, the Dsmax remains at a default value of
0.4. However, if CP is connected with a resistor
(Figure 9), several choices are available based
on the different resistances.

MP023 Rev. 1.1
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CP

Rep = Ccp

Figure 9: The External Configuration of CP

Table 1 shows all available values for Dgpay.
The entire customization process is completed
before start-up and latched in a register, so it
does not have any influence on normal
operation.

Table 1: Ds.yax VS. CP Configuration

Rep/Cep Ds-Max
0 Q/NC’ 0.4
10 KQ/NC 0.3
20 kQ/NC 0.35
40 kQ/NC 0.5

NC/1uF 0.4

Notes:
* NC means no connection.

lx is also fixed in CC operation. The
relationship between the output constant
current and secondary peak current (ls) can
be calculated with Equation (7):

1 t 1

= ons =]
t k: - k:
2Pt 4t 2"

ons offs

I DS—Max (7)

When the secondary diode is turned on, the
peak current on the secondary side is
calculated with Equation (8):

= &IPK (8)

pks
NS

The output current is then calculated with
Equation (9):

1N
|out = EN_ZlPKDS—Max (9)

To implement the OLP function in CC mode,
the sampling on the FB voltage continues
running with the sampling time fixed at trgs max-

Leading Edge Blanking

Turning the power switch on induces a spike on
the sense resistor. The MP023 employs a
leading edge blanking period (t.es) to avoid
falsely terminating the switching pulse. During
this blanking period, the current sense
comparator is disabled, and the part cannot be
turned off.

DCM Detection

The MP023 is designed to operate in
discontinuous conduction mode (DCM) in both
CV and CC modes. To avoid operating in
continuous conduction mode (CCM), the
MP023 implements a zero current detection
(ZCD) function internally with a threshold of
Vpem- The IC does not start the next cycle until
ZCD is detected.

During normal operation, the blanking time for
ZCD is synchronized with the FB sampling time
(i.e., ZCD always starts after the sampling
phase is done). There is also a soft-start
function on the ZCD blanking time to prevent
ZCD from being triggered falsely when the
output capacitor is not charged up. During the
start-up period, the blanking time for ZCD
shrinks gradually from tg stp (10ps) to the FB
sampling time in 3 cycles.

OVP, OCKkP, and OLP

The MPO023 includes over-voltage protection
(OVP), open-circuit protection (OCkP), and
overload protection (OLP). If the voltage on FB
exceeds Vegop, OVP is triggered. If Vegopen
cannot be monitored for each cycle, OCkP is
triggered. If the sampled FB voltage is lower
than Vegop, for 128 consecutive cycles, OLP is
triggered. When any of these protections are
triggered, the MP023 shuts off immediately,
enters hiccup mode, and resumes normal
operation (tons) when the fault has been
removed.

OLP is not enabled until the soft-start period of
the ZCD blanking time is finished.

Over-Temperature Protection (OTP)

When the temperature of the IC exceeds 150°C,
the over-temperature protection (OTP) is
activated, and the IC enters auto-recovery
mode. When the temperature falls below 120°C,
the IC resumes operation.

MP023 Rev. 1.1
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Output Cable Compensation

The MP023 has an internal output cable
compensation (CP) circuit (see Figure 10). A
switching signal (Vcs Lim*Dons) is  generated
internally and is synchronized with the switching
frequency. The duty on-time of this signal is
Dons;, and the amplitude of this signal is
proportional to the current-limit threshold. This
signal is output to CP through a 1MQ resistor. A
low pass filter can be implemented by placing
an external capacitor on CP, and then a DC
voltage (Vcp) proportional to the output current
can be deducted on CP. Note that if cable
compensation function is needed, Dsmax is
default as 0.4 and can’t be programmable by
connecting external CP resistor.

FB

0N

——
7+__‘

L

* —‘ > CP
VCS_Lim Dons

Figure 10: Output Cable Compensation

Table 2 shows some typical voltage levels on
CP when a low pass filter is applied as
described above.

Table 2: Typical CP Voltage Levels (Ccp = 1uF)

Viimit Dons Vep
500mV 04 1.6V
500mV 0.35 1.4V
400mV 0.3 0.96V
250mV 0.1 0.2v

An internal current sink in FB is proportional to
Vcp. The voltage drop on the upper resistor of
the divider implements the output cable
compensation function.
The equation below
compensation voltage:

determines the

o Vecp is the secondary-side compensation
voltage drop,
e Dgsis the secondary-diode duty cycle,
Ruyp is the upper resistor of resistor divider,
o Nsis the number of turns for the secondary-
side transformer windings,
e Np au is the number of transformer auxiliary
winding turns,
e Vimit is the current limit,
Since CP is also used for Ds.uax customization,
the cable compensation function is only
available when CP is connected to the
capacitors directly. If there is a non-zero
resistor connected to CP, all of the internal
blocks related to the cable compensation
function are disabled. During normal operation
under this condition, CP is clamped to GND
internally and there is no current flowing
through FB.

8xV,. . xD N
VFCP:%XZXRUPX s (10)
300x10 N
P_AU
Where:
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APPLICATION INFORMATION

Input Filter

The input filter helps to convert the AC input
voltage to DC voltage. Figure 11 shows the
input filter, and Figure 12 shows the typical DC

bus voltage waveform after the rectifier.

L
/Y0l
* ¥
R
' C2
AC Input Cil+ —— DC Input
R
o——1
1 :
v
Figure 11: Input Filter
Vin
A Vbc(max)

DC input voltage

VDC(min) \\\

/ /
AN Ny
/ \/  ACinput voltage
VAC \"I ‘u’
| ]
0 t>

Figure 12: DC Input Voltage Waveform

The bulk capacitors (C1 and C2) filter the
rectified AC input. The inductor (L) forms a pi (1)
filter with C1 and C2 to restrain the differential
mode EMI noise. The resistor (R) in parallel
with L restrains the mid-frequency band EMI
noise. Normally, R is 1kQ to 10kQ.

Usually C1 and C2 are set at 2uF/W to 3uF/W
for a universal input condition. For 230Vac
single-range applications, cut the capacitor
values in half.

A low DC input voltage causes insufficient
output current due to the maximum on-duty
limitation of the secondary side. To avoid this
situation, calculate the minimum input DC
voltage with Equation (11):

N D —Max
VDC(min) = N_Z(VO + VD )ﬁ (1 1 )
If Vbocminy cannot satisfy this expression, use
larger input capacitors to increase Vpcmin)-

Output Capacitor

Low or very low ESR output capacitors are
recommended to meet the output voltage ripple
requirements. Low ESR capacitors improve the
output voltage regulation accuracy at high or
low temperatures. Output capacitors with an
ESR of tens of mQ provide better efficiency
than high ESR output capacitors.

Output Diode or Synchronous Rectifier

Schottky diodes are recommended for their fast
switching speeds and low forward-voltage
drops for better high or low temperature CV
regulation and efficiency.

If lower average efficiency (3% to 4%) is
acceptable, replace the output diode with a fast
or ultra-fast diode to reduce cost. Re-adjust the
resistor divider values for an accurate output
voltage since the forward voltage drop is higher
than the Schottky diode.

If the circuit has a high efficiency requirement, it
is recommended to use a synchronous rectifier
(SR) instead. The MP6906 is a suitable SR
controller where the output voltage is low and
there is no need for a secondary auxiliary
winding. Figure 13 shows a typical SR circuit.
The MP6906 is available in a SOT23-6 package,
which does not require extra PCB dimensions
or external components.

T1 Vout
O

o

Np Ns

M
° )
vl AGND
Naux _[g
AGND

MP6906

vb  vbDjE
Lv.

= 19 vss
Ru% Cu-f |:“ PGND VG

AGND AGND

Figure 13: Synchronous Rectifier

I+

Leakage Inductance

The  transformer’s leakage inductance
decreases system efficiency and affects either
the output current or voltage constant precision.
The transformer structure can be optimized to
minimize the leakage inductance. The leakage
inductance should be less than 5% of the
primary inductance.

MP023 Rev. 1.1
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RCD Snubber

The transfomer's leakage inductance causes
MOSFET drain voltage spikes and excessive
ringing on the drain voltage waveform, which
affects the output voltage sampling after the
primary MOSFET turns off.

The RCD snubber circuit limits the drain voltage

spike. Figure 14 shows the RCD snubber circuit.

Figure 14: RCD Snubber

Select Rgy and Cgy to meet the voltage spike
requirements and improve system operation.

The power dissipated in the snubber circuit can
be approximated with Equation (12):
1 V,
P.=—LI2— SN f 12
SN 2 K'PK VSN_NPSVO S ( )
Where Lk is the leakage inductance, Vsy is the
clamp voltage, and Nps is the turn ratio of the
primary-to-secondary side.

Since Rsy consumes the majority of the power,
calculate Rgy with Equation (13):

\/SN2
Rov = (13)
The maximum ripple of the snubber capacitor
voltage is then calculated with Equation (14):
_ Vsn
CSNRSN":S
Generally, a 15% ripple is reasonable. The
previous equation can also be used to estimate
CSN.

Select a time constant (t = RsyxCsy) less than
0.1ms for better CV sampling.

AVgy (14)

The RCD resistor is a trade-off based on the
power loss and the acceptable clamp voltage in
practical applications.

The damping resistor in series with the RCD
has a relatively large value to prevent any
excessive voltage ringing that can affect the CV
sampling and increase the output ripple. Use a
damping resistor value in the range of 100Q to
500Q to restrain the drain voltage ringing.

Divided Resistor

For better application performance, select the
resistor divider values from 10kQ to 100kQ to
limit noise from adjacent components on FB. An
RC filter can be inserted between the resistor
divider and FB to sense purified voltage. The
Crs value is recommended to be several pF,
and Rgg is recommended to be between 1kQ
and 2kQ. Rgg can also limit substrate injection
current effects (see Figure 15).

!
!
\
!
!
‘ >
! Rodin S
| DqWN :,
! !
! !
! \ .
! \

777777 1

Figure 15: Feedback Resistor Divider Circuit

For accurate CV regulation, the accuracy of
these feedback resistors should be at least 1%.

Dummy Load

When the system operates without any load,
the output voltage rises above normal operation
because of the minimum switching frequency
limitation. Use a dummy load for good load
regulation. The dummy load is a trade-off
between efficiency and load regulation. For
example, a large dummy load can deteriorate
efficiency and the no-load consumption. For
most applications, several mWs for a dummy
load is reasonable.

Maximum Switching Frequency

The maximum switching frequency should be
limited by the sampling point. Figure 7 and EC
table show the relationship of Rcs and the
sampling point. The secondary on time must be
longer than the maximum Tgrgsmax. Calculate
Ts_on with Equation (15):

MP023 Rev. 1.1
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N, -L
T =, —= M >t o F1 (15)
S_ON PK NP '(Vo i VD) FBS_M FB_SD
Where Tegs.max is the FB maximum sampling
time, and trg_sp is the FB sampling duration.

Combine Equation (15) and the relationship of
Rcp and Ds.umax shown in Table 1 to fix the
maximum switching frequency.

PCB Layout Guidelines

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

1. Minimize the loop area formed by the input
capacitor, the primary transformer winding,
the MOSFET drain source, and the sensing
resistor to reduce EMI noise.

2. Minimize the voltage jumping area, such as
the MOSFET drain, the anode of the
secondary diode, etc. for better EMI.

3. Minimize the clamp circuit loop to reduce
EMI.

4. Minimize the secondary loop area of the
output diode and output filter to reduce EMI
noise. Sufficient copper areas should be
provided at the cathode terminal of the
output diode to act as a heat sink.

5. Place the AC input away from the switching
nodes to minimize any noise coupling that
may bypass the input filter.

6. Place the bypass capacitor as close to the
IC as possible.

7. Place the feedback resistors next to FB and
minimize the feedback sampling loop to
minimize noise coupling.

8. Use a single-point connection at the
negative terminal of the input filter capacitor
for the IC GND and bias winding return.

N (o
o / 3 Demo Boord o
g o | o oo ° 4
+ g 3 o 0O 000000
u' o ! o “on
¥ oy o +
Q)R L7 v mgnel on
o] N on ¢ p _
o o © o 00
Top Layer
0 =
R\ 00 nor Ty
0.4% g OF: 29 : Sl 8
S B, o o5
o] o‘ = {m (o] 5 7 '- 0 n
L|+— 4 "8 —O‘ - 3
'e‘ : i - ,7‘9 o]
o CaE b i B Pk
oo °@ O mn . -po0

Bottom Layer

Figure 16: Recommended Layout

Design Example

Table 3 is a design example following the
application guidelines.

Table 3: Design Example

Vv 85Vac~265Vac
IN 47Hz/63Hz
Vour S\
louT 2.4A
fs 70kHz

Figure 17 shows the detailed application
schematic. For more device applications,
please refer to the related evaluation board
datasheets.
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TYPICAL APPLICATION CIRCUIT

R14 NC c1 }i

EPCL7 N
Lp=071mH T
u Np:Np_auNsec=90:12.5 U
YN T 5 D5 <
- 1 O) g U o Vout
R1 JP2
10K/0805 w ) e cndt et _Lce R16
8 ) CO s S60F | 560U Ty stk DR
L FR1
© VA i re 4 o 1
10uF
85VAC-265VAC awsa || T wa ) i -
s =
R2 ) 8 R19 ct5 AGND
01206 T1 Il
101206 470,‘;‘F/50\/
baND Vo3
m 1% o L = L
1011206 o 1 — PGND cvi AGND
ul D1 NC RY
8 [y s L . RO 3K w2 c13
orv = RS R10 o R17_ 100K 5 u_MPG%VS 2
PGND 1.8/1%/1206 11%/1206
51 o o 2 VA cr e 51 peD VG L
T e [
— R = PGND
PGD 5| o vae -4 PGND
e :{3151%:: & éU
1%;/5056%22%50\/
L
PGTND
Figure 17: Typical Application—Universal Input, 5V/2.4A Output
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SIGNAL TIMING SEQUENCE WAVEFORMS
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PACKAGE INFORMATION
SOIC8-7A

8;}33{2123 - 0.024(0.61)—>( }« *{ ’<—o.oso(1.z7)
° T !

|:| |:| Y 0.063(1.60) —H_—LH_H. -
v |

0.150(3.80) | 0.228(5.80)
0.157(4.00) | 0.244(6.20)

........ L—0.213(5.40)

TOP VIEW RECOMMENDED LAND PATTERN

/
[ \ % 0.053(1.35) / [ \
\ R 0.069(1.75) I J ; t
Y _SEATING PLANE \ - J ¥ 0.0075(0.19)
/

f 0.004(0.10) o _ T 0.0098(0.25)
0.010(0.25) ~—-7
0.050(1.27) 0.013(0.33) SEE DETAIL "A
BSC 0.020(0.51)
FRONT VIEW SIDE VIEW

0.010(0.25) _ ,c0
*‘ “0.020(0.50) * 4 NOTE:
GAUGE PLANE 1) CONTROL DIMENSION IS IN INCHES. DIMENSION IN
0.010(0.25) BSC BRACKET IS IN MILLIMETERS.
2) PACKAGE LENGTH DOES NOT INCLUDE MOLD FLASH,
———————— PROTRUSIONS OR GATE BURRS.
TL 3) PACKAGE WIDTH DOES NOT INCLUDE INTERLEAD FLASH
o 0.016(0.41) OR PROTRUSIONS.
0.050(1.27) 4) LEAD COPLANARITY (BOTTOM OF LEADS AFTER FORMING)
SHALL BE 0.004" INCHES MAX.

L 5) JEDEC REFERENCE IS MS-012.
DETAIL "A" 6) DRAWING IS NOT TO SCALE.

NOTICE: The information in this document is subject to change without notice. Users should warrant and guarantee that third
party Intellectual Property rights are not infringed upon when integrating MPS products into any application. MPS will not
assume any legal responsibility for any said applications.
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OxreaH INeKTPOHMUKM
MocTaBKa 3ﬂeKTp0HHbIX KOMMOHEHTOB

Komnanusa «OkeaH DNEKTPOHMKM> MpEeAaraeT 3aK/Il04EHUE JONTOCPOYHbIX OTHOLLIEHMM NpU
MOCTaBKaX MMMOPTHbIX 3/1EKTPOHHbIX KOMMOHEHTOB HA B3aMMOBbIrOZHbIX YC10BMAX!

Hawwu npeumyliectsa:

- NlocTaBKa OpMrMHaIbHbIX UMMNOPTHbBIX 3/IEKTPOHHbIX KOMMOHEHTOB HanNpAMYy C NPOM3BOACTB AMEPUKM,
EBponbl M A3uK, a TaK e C KpYNHEMLIMX CKIaJ0B MMPa;

- LUnMpoKas sMHeMKa NOCTaBOK aKTUBHBIX M MACCMBHBIX MMMOPTHbBIX 3/1EKTPOHHbIX KOMMOHEHTOB (6onee
30 MJIH. HAMMEHOBAHUMN);

- MocTaBKa C/IOXKHbIX, AeDUUMUTHBIX, IM60 CHATLIX C NPOM3BOACTBA NO3ULMIA;

- OnepaTMBHbIE CPOKM NOCTABKM NOA 3aKa3 (0T 5 paboumx AHEN);

- JKCnpecc JoCTaBKa B 06YH0 TOYKY Poccuu;

- Momouwb KoHcTpyKTOpCKOro OTAena 1 KOHCynbTauumu KBaMPULUUPOBAHHBIX MHXEHEPOB;

- TexHM4ecKaa nogaepkka NpoeKTa, NomMollb B NoA6ope aHanoros, NocTaBka NPOTOTUNOB;

- [locTaBKa 3/1EKTPOHHbIX KOMMOHEHTOB NoJ, KOHTposiem BIT;

- CUcTeMa MeHeaXXMeHTa KayecTBa cepTudmumpoBaHa no MexayHapogHomy ctaHgapTy 1SO 9001;

- Mp1 HEO06XOAMMOCTH BCA NPOAYKLUMA BOEHHOIO M adPOKOCMMYECKOrO Ha3HaYeHMA NPOXoAUT

MCMbITaHMA M CEPTUMhMKALMIO B TaGOPATOPMM (MO COrIACOBAHMIO C 3aKa34YMKOM);
- MocTaBKa cneumanusmMpoBaHHbIX KOMMOHEHTOB BOEHHOMO M a3POKOCMMYECKOr0 YPOBHSA KayecTBa

(Xilinx, Altera, Analog Devices, Intersil, Interpoint, Microsemi, Actel, Aeroflex, Peregrine, VPT, Syfer,
Eurofarad, Texas Instruments, MS Kennedy, Miteq, Cobham, E2V, MA-COM, Hittite, Mini-Circuits,
General Dynamics u gp.);

KomnaHua «OkeaH JNEeKTPOHMKKU» ABNAETCA oduuMabHbIM AUCTPUOLIOTOPOM M SKCKJIHO3MBHbBIM
npesctasuteneM B Poccum ofHOrO M3  KpPYMHEMWMX MPOM3BOAMUTENIEM Pa3beEMOB BOEHHOMO W
A3pPOKOCMMYECKOro Ha3sHavyeHuMs <«JONHON», a Tak Xe oduuMaibHbiIM AUCTPUOBIOTOPOM MU
JKCK/II03MBHbIM nNpeacTaBuTenieM B Poccvn npousBoauTENA BbICOKOTEXHOIOMMYHBIX M HaAEXHbIX
peweHun ans nepeaaym CBY curHano «FORSTAR>.

«JONHON> (ocHosaH B 1970 T.)

PasbeMbl crneumanbHOro, BOEHHOMo M A3POKOCMHNYECKOIo
Ha3Ha4YeHHA:

JONHON (MpuMeHsOTCA B BOEHHOM, aBMALMOHHOM, a3POKOCMMYECKOM,

MOPCKOM, KeNe3HOAOPOXKHOM, TOpHO- M HedTeao6biBatoLLeN
0Tpac/AX NPOMbILLIEHHOCTH)

«FORSTAR> (ocHoBaH B 1998 r.)

BY coegmHmnTENN, KOAKCHaNbHbIE Kabenn

’ ) ®
KabenbHble COOPKM M MMKPOBONIHOBbIE KOMMOHEHTbI: FORS 'AR
L

(MpuMeHsaTCA B TEJIEKOMMYHMKAUMAX  FPaXXAaHCKOro M
cneuManbHOrO HasHayeHus, B cpeacTBax cBA3sM, PJIC, a TaK xe
BOEHHOM,  aBMALUMOHHOM M AdPOKOCMMYECKOM  OTpacisx
NPOMBILLNIEHHOCTH).
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