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Notice

<High Voltage Safety Precautions>

<> Read all safety precautions before use

Please note that this document covers only the BM2P26CK-Z evaluation board
(BM2P26CK-EVK-001) and its functions. For additional information, please refer to the
datasheet.

To ensure safe operation, please carefully read all precautions before
handling the evaluation board

Depending on the configuration of the board and voltages used,
Potentially lethal voltages may be generated.

Therefore, please make sure to read and observe all safety precautions described in
the red box below.

Before Use
[1] Verify that the parts/components are not damaged or missing (i.e. due to the drops).
[2] Check that there are no conductive foreign objects on the board.
[3] Be careful when performing soldering on the module and/or evaluation board to ensure that solder
splash does not occur.
[4] Check that there is no condensation or water droplets on the circuit board.

During Use

[5] Be careful to not allow conductive objects to come into contact with the board.

[6] Brief accidental contact or even bringing your hand close to the board may result in
discharge and lead to severe injury or death.

Therefore, DO NOT touch the board with your bare hands or bring them too close to the board.

In addition, as mentioned above please exercise extreme caution when using conductive tools such as

tweezers and screwdrivers.

[7] If used under conditions beyond its rated voltage, it may cause defects such as short-circuit or,
depending on the circumstances, explosion or other permanent damages.

[8] Be sure to wear insulated gloves when handling is required during operation.

After Use

[9] The ROHM Evaluation Board contains the circuits which store the high voltage. Since it stores the
charges even after the connected power circuits are cut, please discharge the electricity after using
it, and please deal with it after confirming such electric discharge.

[10] Protect against electric shocks by wearing insulated gloves when handling.

This evaluation board is intended for use only in research and development facilities and
should by handled only by qualified personnel familiar with all safety and operating
procedures.

We recommend carrying out operation in a safe environment that includes the use of high
voltage signage at all entrances, safety interlocks, and protective glasses.

www.rohm.com HVBO1E
© 2018 ROHM Co., Ltd. All rights reserved.
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SEMICONDUCTOR

AC/DC Converter (Output 2.5 W5 V)

Isolated Flyback Type PWM Mode
BM2P26CK-Z Evaluation Board

BM2P26CK-EVK-001

General Description

This evaluation board’s output voltage is 5 V for an input voltage 90 Vac to 264 Vac and the maximum output current is 0.5 A. The

BM2P26CK-Z is an AC/DC flyback converter in PWM Mode with integrated 800 V MOSFET. The built-in 650 V startup circuit in
BM2P26CK-Z contributes to low power consumption. Current is restricted in each cycle and excellent performance is achieved in
bandwidth and transient response since current mode control is utilized. The switching frequency is operating at 100 kHz. At light
load, the switching frequency is reduced and high efficiency is achieved. A built-in frequency hopping function contributes to low EMI.
Built-in the low on resistor (6.0 Q) and high voltage tolerant MOSFET (800 V) make designs easy. The BMP2P26CK-Z has reached
(achieved) IEC62368-1 standard authorization. This evaluation board is compliant with CISPR22 Class. B which is the test of the

noise pin voltage and emission by an optimum EMI design.

Figure 1. BM2P26CK-EVK-001

Electronics Characteristics
Not guarantee the characteristics is representative value. Unless otherwise noted, Vin = 230 Vac, lout =0.5A, Ta=25 °C

Parameter Conditions
Input Voltage Range 90 230 264 \%
Input Frequency a7 50/60 63 Hz
Output Voltage 4.75 5.00 5.25 \%
Maximum Output Power - - 25 W lout =0.5A
Output Current Range®™te 0.0 0.5 0.5 A
Standby Power - 40 - mw lour=0A
Power Efficiency 65 71.1 - %
Output Ripple Voltage®™te? - 60 - mVpp
Operating Temperature Range -10 +25 +65 °C

(Note 1) Adjust operating time, within any parts surface temperature under 105 °C

(Note 2) Not include spike noise.

© 2019 ROHM Co., Ltd.
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Operation Procedure

1

Necessary Equipment

(1) AC power supply (90 Vac to 264 Vac, 10 W or more)
(2) Load equipment (0.5 A at maximum value)

(3) DC voltmeter

Connect to Each Equipment

(1) Set the AC power supply to 90 Vac to 264 Vac with power supply off.

(2) Set the load 0.5 A or less.

(3) Connect the N pin of the power supply to the CN1-1: AC (N) pin and the L pin to the CN1-2: AC (L) pin with mains cable
(wires)

(4) Connect the plus pin of load to the CN2-2 (VOUT) pin and the minus pin to the CN2-1 (GND) pin with output cable
(wires).

(5) Connect the wattmeter to the power supply in order to measure input voltage and current.

(6) Connect the plus pin of the DC voltmeter to the CN2-2 (VOUT) pin and the minus pin to the CN2-1 (GND) pin in order to
measure the output voltage.

(7) Turn on the output of the AC power supply.

(8) Confirm that the DC voltmeter displays 5 V.

(9) Enable the load.

(10) Confirm by the DC voltmeter whether the voltage effect is occurred by the resistance of wires.

B s : Load
B - § CM)
AC power |— wattmeter MA T | CN2—2VOUTI DC voltmeter

supply CN1-2 AC (L)

CN2-1 GND

Figure 2. Diagram of How to Connect

© 2019 ROHM Co., Ltd. No. 62UGO052E Rev.001
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Application Circuit
The flyback topology is adopted in this evaluation board.
The BM2P26CK-Z has a built in Super Junction MOSFET which is high voltage tolerant Vpss: 800 V and low resistance Rpson:
6.0 Q, and this MOSFET contributes to make the power consumption low.
It monitors the output voltage (VOUT) by the feedback circuit and feeds back to the FB pin of the BM2P26CK-Z through the
optocoupler.
At startup, the voltage from the VH pin is supplied to the VCC pin thorough the startup circuit and it makes the VCC pin voltage
increase. When the VCC pin voltage exceeds the UVLO released voltage 15.50 V (Typ), the BM2P26CK-Z switch begins. After
start of switching, the startup circuit is turned off and it cut the supply from the VH pin, in order to have low power consumption for
instance in standby mode. In addition, the BM2P26CK-Z has a built in current detection resistor of which the over current detection
value is 0.192 A (Min). The residual voltage discharge circuit of the insert power supply plug (X capacitor discharge function) is

built in the IC and it is possible to make the value of X capacitor large.

Lon

=

il
TEE

[

Figure 3. Application Circuit

Figure 4. Wave Form of Residual Voltage

© 2019 ROHM Co., Ltd. 3/33 No. 62UG052E Rev.001
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General Description of BM2P26CK-Z

Features

X Capacitor Discharge Function

PWM Current Mode

Frequency Hopping Function

Burst Operation at Light Load

Frequency Reduction Function

Built-in 650 V Startup Circuit

Built-in 800 V Super Junction MOSFET
VCC UVLO (Under Voltage Lockout)

VCC OVP (Over Voltage Protection)

Over Current Detection Function per Cycle
Over Current Detection Function AC Compensation
Soft Start Function

External Latch Function

Pin Configuration

(Note 1) Product structure: Silicon integrated circuit.

VCC |+ ~| DRAIN

FB | ©] DRAIN

GND |

LATCH E a VH

Key Specifications

B Operation Power Supply Voltage Range

VCC Pin Voltage: 11.9Vto 255V
DRAIN Pin Voltage: 800 V (Max)
VH Pin Voltage: 650 V (Max)
B Current at Switching Operation: 0.60 mA (Typ)
B Current at Burst Operation: 0.35 mA (Typ)
B Maximum Switching Frequency: 100 kHz (Typ)
B Operation Temperature Range: -40 °C to +105 °C
B MOSFET On Resistor: 6.0 Q (Typ)
Applications

AC Adaptor, Various Household Applications (TV, Vacuum

Cleaner, Humidifier, Air Cleaner, Air Conditioner, IH Cooking

Heater and Rice Cooker, etc.)

Package
DIP7K

W(Typ) x D(Typ) x H(Typ)
9.27 mm X 6.35 mm x 8.63 mm

o~

This product has no designed protection against radioactive rays.

(Note 2) Operating the IC over the absolute maximum ratings may damage the IC. The damage can either be a short circuit between pins or an open circuit between pins

maximum ratings.

Pin Description

and the internal circuitry. Therefore, it is important to consider circuit protection measures, such as adding a fuse, in case the IC is operated over the absolute

No. Pin Name I/0 Function
1 VCC | Power supply input pin
2 FB | Feedback signal input pin
3 GND - GND pin
4 LATCH | External latch pin
5 VH | AC voltage startup pin
6 DRAIN /0 MOSFET DRAIN pin
7 DRAIN /0 MOSFET DRAIN pin

© 2019 ROHM Co., Ltd.

No. 62UGO052E Rev.001
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Design Overview
1 Key Parameters

Parameter Symbol Min Typ Max Units Conditions
Input Voltage Range Vin 90 230 264 \%
Output Voltage Vour 4.75 5.00 5.25 \%
Output Current Range®°ted lout 0.0 0.5 0.5 A
Maximum Switching Frequency fsw 94 100 106 kHz
Over Current Detection Current IpEAK 0.192 - - A At 10ps
Power Supply Efficiency n - 65 - %

(Note 1) The setting maximum output current lout_max is calculated by the formula below. The value 1.1 indicates margin.

I =L x11=—2x11=085 [A
OUT_MAX n 0.65 [ ]

loyt_max is the maximum output current.
Ioyt is the output current.

1 is the power supply efficiency.

2 Input Capacitor: C2
Select the value of the input capacitor with Table 1 as an indication.

Table 1. Indication of Input Capacitor Selection

Input Voltage (Vac) | Cw (UF)/Pn (W) |
85 to 264 2
180 to 264 1

(Note 1) Pin: Input Power

Example: When the output electricity Pour = 2.5 W,

X2=—2x2=77
- 0.65 [LF]

Poyr is the output power.

1) is the power supply efficiency.

Therefore, it is necessary for the input capacitor to be equivalent to 7.7 yF. A 10 pF capacitor is selected in this case.

© 2019 ROHM Co., Ltd. 5/33 No. 62UGO052E Rev.001
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2 Input Capacitor: C2 — continued
It is necessary for C2's withstand voltage to be the maximum input voltage or more. The capacitor rated voltage is
selected to it regarding the maximum value 264*\2 Vdc. Btw 400 V rated capacitor should be sufficient
The simulation circuit and result (the voltage wave form after smoothing) is shown in below.
The AC inputis 90 V /50 Hz, C2 is 10 uF x 0.8 (including a permissible difference).

Then the smoothing minimum voltage (Vinocmin) is 93 V.

L e TR AR A AT AR

= 11 . SEARAVEAVEAVEAVEAVEAVEA
. oF A
T ' —

Figure 5. Simulation Circuit Diagram Figure 6. Simulation Result
3 Design of Transformer: T1
For design of the transformer, calculate like the following steps.

3.1 Decide on Transformer Current Slope Coefficient k

Solve the transformer current slope coefficient k by the steps below.

It is necessary for Duty to be set to 0.5 or less and for the transformer current slope coefficient k to be set to 1 or

less. The duty cycle is set to 0.42 in this example.

The primary voltage occurred from the secondary voltage of the transformer Vor is calculated by the formula

below.

- Vinpemin X Duty
OR 1 — Duty

_93x042
1-0.42 V]

Vogr is the primary voltage occurred from the secondary voltage of the transformer
Vinpcmin is the smoothing minimum voltage.
Duty is Duty cycle.

© 2019 ROHM Co., Ltd. 6/33 No. 62UG052E Rev.001
2019.10



BM2P26CK-EVK-001 User’s Guide

3.1 Decide on Transformer Current Slope Coefficient k — continued

Once Vor is calculated, the winding ratio N of the transformer is calculated.

_Ne_ Vo

N = —_ OR
Ns  Vour + Vi

N is the winding ratio of the transformer.

Np is the number of primary winding turns.
Ns is the number of secondary winding turns.
Vour is the output voltage.

VF is the forward voltage of the secondary diode.

Next, the secondary peak current Isp and primary peak current Ipp is calculated by the formula below.
Firstly, calculate them without the delay time of the built-in MOSFET (tpbeLav1), do including toeLay1 after calculating
Lp.

Isp = Ipp X N

VI N

Ipp = Ipgag +
Lp X tpgrav1

Itis calculated as Ipp = Ipgak. Therefore,
Lp =0.192 x 11.6 =2.23 [Al

Isp is the secondary peak current.

Ipp is the primary peak current.

N is the winding ratio of the transformer.

Ipgak is the over current detection current of BM2P26CK-Z.
Lp is the secondary inductance of the transformer.

tpELAy1 is the delay time of the built-in MOSFET.

© 2019 ROHM Co., Ltd. 2133 No. 62UG052E Rev.001
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3.1 Decide on Transformer Current Slope Coefficient k — continued

According to the above, the transformer current slope coefficient k is calculated by the formula below.

_ 2 X looy max
(1 — Duty) X Isp

k=2

" — 2 2 x 0.85 — 069
B (1-0.42) %223

k is the transformer current slope coefficient
IOUT_MAX is the setting maximum output current.
Duty is the duty cycle.

Isp is the secondary peak current.

In addition, it is possible to calculated Als from the above.
Als = Igp X k = 2.23%x0.69 = Al
AIS is the amount of change of the secondary current.
Isp is the secondary peak current.

k is the transformer current slope coefficient.

(Note) The output current is calculated by the formula below because it is the average value of the transformer’s

Secondary current.

IOUT = 05 X (ISP + ISB) X (1 - Duty)

Alg

Al = Isp — Isp therefore, Kk = —

Isp

_ VOUT + VF X 1 - Duty ISP

s =

Al fsw lsp

Ioyt is the output current. lour
Isp is the secondary peak current.

Isp is the secondary bottom current.

AIS is the amount of change of the secondary current.

k is the transformer current slope coefficient. Figure 7. Secondary Current
Lg is the secondary inductance of the transformer.

Vouyr is the output voltage.

VF is the forward voltage of the secondary diode.

fsw is the switching frequency.

Duty is the duty cycle.

© 2019 ROHM Co., Ltd. 8/33 No. 62UG052E Rev.001
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3 Design of Transformer — continued
3.2 Calculating the Inductance Ls and Lp of the Transformer

Firstly, calculate the secondary inductance Ls of the transformer.

~ (Vour + Vp) » (1 — Duty)

L
® Al fsw min

_(5+08) y (1-0.42)
ST 154 94

=232 [uH]

Lg is the secondary inductance of the transformer.
Vour is the output voltage.

VF is the forward voltage of the secondary diode.

AIS is the amount of change of the secondary current.
Duty is the duty cycle.

fSW_MIN is the minimum switching frequency.

Secondarily, calculate the primary inductance Lp.
Lp=LsxN?=232x11.6>=3.13 [MHl

Lp is the primary inductance of the transformer.
Lg is the secondary inductance of the transformer.

N is the ratio of winding number of the transformer.

BM2P26CK-Z has a built-in AC voltage compensation function and it compensates the over current detection
current. The over current detection current Ipr2 Which corresponds to the delay time of the built-in MOSFET is

calculated by the formula below.

_ Vbe
Ippy = Ippax + 1. X tpELay2
P

Ippo is the over current detection current which corresponds to the delay time of a built-in MOSFET.
Ipgak is the secondary inductance of the transformer.

Vpc is the ratio of winding number of the transformer.

Lp is the primary inductance of the transformer.

tpELay2 is the delay time after the detection of over current.

Because the minimum value of tpeLav2 is 200 ns,

Ippy = 0.192 + —=—x 200 n = 0.198 [A]

313 m

© 2019 ROHM Co., Ltd. /33 No. 62UG052E Rev.001
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3.2 Calculating the Inductance Ls and Lp of the Transformer — continued

Recalculate the below using the value Ipeak2 obtained in this section.

Isp = Ippy X N = 0.198 x 11.6 = 2.30 [Al

L =2 2 % 0.85 — 072
B (1-0.42)x230

Alg = Igp X k = 2.30%x0.72 =1.65 [Al

Isp is the secondary peak current.
Ippo is the over current detection current of BM2P26CK-Z which corresponds to the delay time of a built-in
MOSFET.

N is the ratio of winding number of the transformer.
k is the transformer current slope coefficient.

AIS is the amount of change of the secondary current.

Calculate the inductance values again.

~ (Vour + Vp) » (1 — Duty)

s AIS f:S'W_MIN

_(5+08) y (1-0.42)
ST 1.65 94

=21.6 [HH]

Lp =L xN?=21.6x11.62 =291 [mH]

Lg is the secondary inductance of the transformer.
Vour is the output voltage.

Vi is the forward voltage of the secondary diode.

AIS is the amount of change of the secondary current.
Duty is the duty cycle.

f:gW_MIN is the minimum switching frequency.

3.3 Decide on Transformer Size

By Po(max) = 2.5 W, EE16 is selected for the core size of transformer because of large winging number.

Table 2. Output Power and Transformer Core

Output Power Po (W) Core Size Core’s Cross Section Ae (mm?)
to5 EI13/EE13 17.1
to 8 EI16/EE16 18.9
to 10 EI19/EE19 23.1

(Note) The above is reference value. Confirm their detail to the manufacture.

© 2019 ROHM Co., Ltd. 10/33 No. 62UGO052E Rev.001
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3 Design of Transformer — continued
3.4 Calculating of Primary Winding Number Np
Maximum magnetic flux density B (T) of general ferrite cores is 0.4 T at Ta = 100 °C.
Thus, Bsar is set to 0.35 T and the core whose cross section Ae is 18.9 mm? is selected.
Lp X Ipp, 2810 uH % 0.198 A 7]
P> Ao x Bsyur 189 mm?2x035 T

87.1

Np is the primary winding number of the transformer.

Lp is the primary inductance of the transformer.

Ipp, is the over current detection current of BM2P26CK-Z which corresponds to the delay time of a built-in
MOSFET.

A, is the core’s cross section.

Bg 7 is the effective saturation magnetic flux density.

Therefore, the primary winding number Np is set to 88 turns or more. For this example, it is calculated in Np =

114 turns so that the wire is winded tightly from the bobbin size of the transformer.

3.4 Calculating of Secondary Winding Number Ns

The secondary winding number Ns is calculated by the formula below.

Ne 116
From Ns = . ,

Ng=——=98=10 [Tl

Np is the primary winding number of the transformer.

Ns is the secondary winding number of the transformer.

Therefore, Ns is set to 10 turns.  So the ratio of the winding number is shown in below.

N is the winging ratio of the transformer.
N is the number of secondary turns of the transformer.

Np is the number of primary turns of the transformer.

© 2019 ROHM Co., Ltd. 11/33 No. 62UG052E Rev.001
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3 Design of Transformer — continued
3.6 Calculating of the VCC winding number Np
When the VCC pin voltage Vcc = 16 V and the forward voltage of the VCC pin diode VF vec =1V, the VCC

winding number Np is calculated by the formula below.

X = [T]
Vour + Vi 50 V+08 V

ND:NSX

Np is the VCC winding number.

NS is the secondary winding number of the transformer.
V¢ is the VCC pin voltage.

VF_VCC is the forward voltage of the VCC pin diode.
Vour is the output voltage.

VF is the forward voltage of the secondary diode.

According to above, Np is set to 30 turns. And set the Vcc to 15 V or more.

3.7 Recalculation of the primary inductance value Lp
The all value it is necessary for the calculation of the primary inductance Lp is obtained, and then recalculation by

the steps below.

Vor 66.1

= = 0.42
Vor +Viy _ 66.1+93

Duty =

Ipp, = 0.192 + 2><200=0198 [A]
PPz = 2.91 '

Isp = Ippy X N = 0.198 x 11.4 = 2.26  [A]

L 2x085 .
B (1-041)x2.26
Alg = Isp X k = 2.26 X 0.73 = 1.65 [Al
Vour +V) 1 — Dut 5+0.8 1-0.42
S=(0UT F)x( )’)z( )x( )222.1 [LH]

Lp = Lg X N2 =22.1 x 11.4% = 2.87 [mH]

(Note) The description of each parameter is mentioned in the next page.
© 2019 ROHM Co., Ltd. No. 62UG052E Rev.001
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3.7 Recalculation of the primary inductance value Lp — continued

Vogr is the primary voltage occurred from the secondary voltage of the transformer.

Vour is the output voltage.
VF is the forward voltage of the secondary diode.

N is the ratio of winding number of the transformer.

Duty is the duty cycle.
V;n is the input voltage.

Ippo is the over current detection current of BM2P26CK-Z which corresponds to the delay time of a built-in

MOSFET.

Isp is the secondary peak current.

k is the transformer current slope coefficient.

AIS is the amount of change of the secondary current.

Lg is the secondary inductance of the transformer.

f:gW_MIN is the minimum switching frequency.

L p is the primary inductance of the transformer.

According to the above, the specification of the transformer is determined like the below.

Table 3. Specification of the Transformer (reference)

Parameter Symbol Value Unit
Core - EE16 (compatible) -
Primary Inductance Le 2.87 mH
Primary Winding Number Np 114 turns
Secondary Winding Number Ns 10 turns
VCC Winding Number Np 30 turns

© 2019 ROHM Co., Ltd.
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3 Design of Transformer — continued

3.8 Design Sample of the Transformer

Manufacture

Alphatrans Co., Ltd. (1-7-2, Bakurou-cho, Chuo-ku, Osaka City, 541-0059, Japan)
http//www.alphatrans.jp/

Product Name XE2373Y
Bobbin 10PIN
Core EE16
@®
NP2
@
NP1 ® st
® 5
) NS2
@
ND
®

Figure 8. Circuit Diagram

iy

2.87 mH 10 %
(100 kHz, 1 V)

B Primary Inductance

m  Voltage Endurance

Between Primary and Secondary AC1500 VvV
Between Primary and Core AC1500 V
Between Secondary and Core AC500 vV

B |solated Resistor 100 MQ or over (DC500 V)

@OOOONP200OOO
® O ONSIOO O
® O ONd OO O
® O ONSIOO O
@OOOONP1IOOOO

Figure 9. Structure Diagram

Table 4. Product Specification of XE2373Y

Winding Pin Turn Tape Wire
No.  Transformer = I

Start  Finish Number Layer Specification
1 NP1 3 2 2UEW / ©0.17 x 1 38 1 COMPACT
2 NS1 9 6 TEX/ $0.32x 2 10 1 COMPACT
3 ND 4 5 2UEW / ©0.17 x 1 30 1 COMPACT
4 NS1 8 7 TEX/®0.32x1 10 1 COMPACT
5 NP2 2 2UEW / ©0.17 x 1 76 2 COMPACT

© 2019 ROHM Co., Ltd.

No. 62UGO052E Rev.001
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Design Overview — continued
4 VCC Pin Diode: D3
A high-speed diode is recommended for the VCC pin diode.

The reverse voltage Vo1 applied to the VCC pin diode is calculated by the formula below.

Np

Vb1 = Vove max + Vin max X N
P

Vo, = 29.0 + 374 ><30—127 V]
b1 — == 114

Vp1 is the reverse voltage applied to the VCC pin diode.

VOVP_MAX is 29.0 V which is the maximum value of VCC OVP detection voltage of BM2P26CK-Z.

VIN_MAX is the maximum value of the input voltage.
Np is the VCC winding number.

Np is the primary winding number of transformer.

Considering the margin,

127
— =181 = 200 \
0.7

Therefore, a 200 V product is selected for the VCC pin diode D3.
(Recommended item: RFO5VAM2S (ROHM) 200V / 0.5 A)

5 Resistor for Surge Voltage Restrictions for VCC Winding: R5

By the leakage inductance (LLeax) of the transformer,

large surge voltage (spike noise) occurs at the

moment the MOSFET turns on to off. The VCC pin
voltage rises and VCC OVP in BM2P26CK-Z may be

misdetected when the VCC winging evokes this

surge voltage.

To reduction the surge voltage evoked to the VCC

winding, insert the resistor for restrictions (about 5 Q

to 22 Q). Itis necessary to confirm the state of the

100k L e -
R? Tam ¢
P 4
|
#p RFUNZVEMES N
| =z ¢
c3 r2 E
]
DRAIN1 u1
| v&C Ri
DRAINZ 1

5§ RFOSWAMIS

VCC pin voltage rising by implementing it in your e

product. The 5.6 Q value is selected in this example.

RS 4
lcs "
Tmu

Figure 8. Circuit around BM2P26CK-Z
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Design Overview — continued

6 VCC Pin Capacitor: C5
The value of the VCC pin capacitor Cvcc is necessary to stabilize the VCC pin voltage in BM2P26CK-Z. The value 4.7
MF to 22 pF is recommended. The relation of the startup time and VCC pin capacitor is shown in Figure 9. A capacitor
(10 uF / 35 V) is selected.
0.25
E 0.20
Q
g 0.15
=
S 0.10
=
8
» 0.05 /
0.00
0 20 40 60
Cvcc [WF]
Figure 9. Startup Time (reference)
7 FB Pin Capacitor: C4
C4 is the capacitor for stability of the FB pin. (Recommend about 1000 pF to 0.01 pyF)
A capacitor (1000 pF) is selected.
8 RCD Snubber Circuit: C6, R7, R6, D4
By the leakage inductance (LLeak) of the transformer, large surge voltage occurs at the moment the MOSFET turns on to
off. In worst case, the MOSFET may be destroyed because this surge voltage is applied to the between DRAIN and
SOURCE of MOSFET. To restrict it, it is recommended to insert the RCD snubber circuit.
(Recommended Value) C6: 2200 pF R7: 100 kQ
R6:10 Q D4:800V/0.2A
Use a fast recovery diode for the diode D4. The voltage endurance is necessary to be Vds of MOSFET (Max) or more.
(Recommended item: RFUO2VSM8S (ROHM) 800V / 0.2 A)
11
BT e 5N '::“':m
NAALT AN : \ A/ 100k L o o
VoV vV v \-] vV V R7 T 290
P1 51
RFUO2VSMES P o
- - D4
P2
]_ 10
[ S ) 041k [ERS
Figure 10. MOSFET DRAIN Voltage Wave Form Figure 11. Snubber Circuit
© 2019 ROHM Co., Ltd. No. 62UG052E Rev.001
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Design Overview — continued
9 Output Rectification Diode: D5

Use a high-speed diode (schottky barrier diode or fast recovery diode) for the output rectification diode. When the output

voltage Vour is set to 5.25 V, the reverse voltage V2 applied to the output rectification diode is calculated by the formula

below.

Ng
Vb2 = Vour + Vin_max X N
P

30
VDZ =5.25+ 374 X m = 38.5 [\/]

VDz is the reverse voltage applied to the output rectification diode.
Vour is the output voltage.

VIN max is the maximum input voltage.

NS is the secondary winding number of the transformer.

Np is the primary winding number of the transformer.
Considering the margin,

38.5 _ ]

1 — Duty

Isrms) = Isp X . =099 [A

= 2.26 X

Isp is the secondary peak current.
Duty is the duty cycle.

A diode (3 A/ 60 V) is selected in this evaluation board.
It is recommended to be set the voltage margin to 80 % or less and the current margin to 50 % or less.

(Recommended item: RBO58LAM-60 (ROHM) 60 V / 3.0 A)

No. 62UG052E Rev.001
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Design Overview — continued
10 Output Capacitor: C9
The output capacitor is determined by the peak to peak ripple voltage (AVer) and ripple current which are acceptable at
the maximum load current value.
At the MOSFET on, the output diode is off. Then the current is supplied to the load current from the output capacitor.

At the MOSFET off, the diode becomes on, and the current supplied to both of the output capacitor and the load current.
The secondary peak current Isp is calculated from the rating output current.

IOUT AIS

Igp = ————
P 1—Duty 2

o 0.5 +1.48_160 A
SPT1—-042 2 T 7

Isp is the secondary peak current.

loyr is the output current.

Duty is the duty cycle.

AIS is the amount of change of the secondary current.

AtVin =100V, Pout = 2.5 W, the impedance Zc of the output capacitor is calculated by the formula below when the AVep
is set to be 0.15 V.

MV 015 _ o
Ip 16 [

Z; <

Z is the impedance of the output capacitor.
AVpp is the output ripple voltage.
Isp is the secondary peak current.

And the ripple current Ic(rms) to the capacitor is calculated by the formula below.

Ie(rms) = \/larmsf —loyr® =/0732 052 =053 (A

IC(rms) is the root mean square value of the ripple current to the capacitor.

loyr is the output current.

No. 62UG052E Rev.001
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10 Output Capacitor: C9 — continued
Because the voltage endurance of the capacitor is determined by referring to 80 % of the derating corresponding to the

output voltage.

ﬁ = 6.3 [V]

5
Therefore, the voltage rating is set to be 10 V.

On this evaluation board, the low impedance type for the switching power supply is used.

(Recommend item: 860 040 75 008 (WURTH) 25V, 470 uF, Rating ripple current: 1.2 A, Impedance: 68 mQ (Max))

It is necessary to confirm the actual ripple voltage and current on the actual machines.)

8 g
D5
, I v v
cn-L Lcgo _Lcw
a 1000 AT0u
51
[ eND

Figure 12. Circuit around Output

11 Setting Resistor of Output Voltage Vour: R9, R10, R11

The output voltage Vour is calculated by the formula below.

Vour = <1 + R—) X Vrer
11

First, decide the value of R11. In this evaluation board, a resistor 5.6 kQ is selected.

The combined resistance (R9 + R10) of the feedback resistor is calculated by the formula below.

Ro + Ryp = Ryy X (1 + V"”T) — 56 x (1 + L) 56 [k
oer 2.495

Vouyr is the output voltage.

Ry is the resistance value of R9.

R0 is the resistance value of R10.

R4 is the resistance value of R11.

Vour is the output voltage.

VREF is the reference voltage of the shunt regulator. (2.495 V)

Therefore, the value below is recommended.
(Recommended value) R9:0Q R10: 5.6 kQ R11: 5.6 kQ

© 2019 ROHM Co., Ltd. 19/33 No. 62UG052E Rev.001
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Design Overview — continued
12 Design of the Feedback Circuit: R12, R14, R15, C12
R15 is the setting resistor of the dark current of the shunt regulator.

From its specifications, the current Imin which makes its operation stable is 1.0 mA. The current is supplied from R15.

The voltage applied to R15 is the value that is took the cathode voltage Vka of the shunt regulator from the output

voltage.

Vour = Vica _ 5 — 2495 .

Ry <
" Inin 1

R4 is the resistance value of R14.

Vour is the output voltage.

Vka is the cathode voltage of the shunt regulator.

Iy is the current which makes shunt regulator’s operation stable

(Recommended Value) R15 (Setting resistor of the dark current) 2.2kQ
R12 (Current limiting Resistor of the feedback circuit) 300 Q to 2.2 kQ
R14 (Phase Compensation Circuit) 2.7kQ
C16(Phase Compensation Circuit) 0.22 pF

R [L Ro

s
[0
27k
R14 '
56k

RN

Figure 13. Feedback Circuit

© 2019 ROHM Co., Ltd. 20/33 No. 62UG052E Rev.001
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User’'s Guide

Design Overview — continued
13 EMI Measures

For the EMI measures, a filter (FL1) and X Capacitor (C1) is connected to the input part.

A common mode filter is used for FL1 and the capacitor whose value is up to 6.8 PF can be connected to C1.

Len

a L
] T*
N

(Note) The constants is reference value. Design it considering the effect of noise.

Figure 14. Input Filter Circuit

13.1 Discharge Circuit of X Capacitor: D1, D2, R4

When the input voltage runs out, the charge stored in X Capacitor is discharged via D1, D2 and R4.
(Recommended item: D1 and D2: 1N4001 R4: 100 Q)

13.2 Capacitor between Primary and Secondary Side: C7
Use the Y capacitor which is about 2200 pF for C7.

13.3 RC Snubber Circuit: C8, R8

For the emission measures, RC snubber circuit is added to the secondary rectification diode.
Use the 1000 pF capacitor for C8 and 10 Q resistor for R8.

[~ -
n o Vout 5V
D5
i |
en L Lo _Lcw
. Wn— T 470 T
31 G
T |

Figure 15. RC Snubber Circuit of secondary rectification diode.

© 2019 ROHM Co., Ltd.
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Measurement DATA
1 Load Regulation

s 5.25 100
>’é 5.15 90V g 80 sov
o 5.05 ey ) 60 115V
g s2v g 40 132V
§ 495 Lrev E 20 176V
5 485 230V - a0y
5 264V 0
O 475 0 01 02 03 04 05 264V
0.0 0.1 0.2 0.3 0.4 0.5
Output Current: loyt [A] Output Current [A]
Figure 16. Load Regulation (Vourt Vs lout) Figure 17. Load Regulation (Efficiency vs lout)
Table 5. Load Regulation (Vin=115 Vac) Table 6. Load Regulation (Vin=230 Vac)
lout [A] Vour [V] Efficiency [%] lout [A] Vour [V] Efficiency [%] ‘

0.01 4.981 48.83 0.01 4,981 45.28

0.02 4,981 57.92 0.02 4,981 55.34

0.05 4.981 65.54 0.05 4,981 62.26

0.07 4,981 68.23 0.07 4,981 65.79

0.1 4,981 70.35 0.1 4,981 67.31

0.2 4.980 73.13 0.2 4.980 70.64

0.5 4.980 78.01 0.5 4.980 71.14

© 2019 ROHM Co., Ltd. 29/33 No. 62UG052E Rev.001
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Measurement DATA — continued
2 Line Regulation

5.25 100
5.20 90
5.15 80
— _
5.10 X 70
I =
% 5.05 ouT ~ 60 |
0.0 A %) ouT
3 500 c 50
> 495 02 A 2 40 0.01A
4.90 £ 30 0.2A
4.85 . Y20 05A
4.80 10
4.75 0
90 140 190 240 90 190 240
VIN M VIN (V)
Figure 18. Line Regulation (Vout Vs Vin) Figure 19. Line Regulation (Efficiency vs Vin)
Table 7. Line Regulation Table 8. Efficiency Regulation
| A | A
Vin [Vac] our (A) Vin [Vac] our (A)
0.0 0.2 0.5 0.0 0.2 0.5
90 4.980 4.980 4.980 90 49.80 75.00 76.15
115 4.981 4.980 4.980 115 48.83 73.13 78.01
132 4.980 4.980 4.980 132 45.69 72.59 76.66
176 4,981 4.981 4.980 176 47.44 71.26 75.41
230 4.981 4.980 4.980 230 45.28 70.64 71.14
264 4.980 4.981 4.980 264 45.28 70.15 72.38
© 2019 ROHM Co., Ltd. No. 62UG052E Rev.001
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3 Switching Frequency

Switching Frequecy [kHz]

100

Measurement DATA — continued

90

80
70

60

50

40
30

20
10

0.1

0.2 0.3

lout [A]

0.4 0.5

Figure 20. Switching Frequency vs lout

115V
—230V

Table 9. Measurement Result of Switching Frequency

lout [A] Vin (V)
115 230
0 0.28 0.27
0.001 0.42 0.40
0.002 0.56 0.50
0.005 1.00 0.89
0.007 1.29 1.12
0.01 1.67 1.49
0.02 2.94 2.79
0.05 6.36 6.25
0.07 8.72 8.62
0.1 8.23 11.76
0.2 45.40 23.58
0.5 100.00 60.97

© 2019 ROHM Co., Ltd.
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Measurement DATA — continued
4  Switching Wave Form

0N L wnarow b v g p e 0 T
k | L VI ok 3
MOSFET Vps i el MOSFET vlpﬁ et
o ersimy e et :.r I AA v \ f\ Tavs| i'b ‘._\/\ /"
.;' ;: \‘.vf \/ \l | VARV, \ VAV,
: et | 100V /Div |
100 V / Div :_ o | |
| Bl )
Diain Currj;nt Ip 0.2 A/ Div | 4 Drain Cdrrent Ip 0.2 A/ Div
{ i A may T Mate?) ! I R U Matt) 1415k

Figure 21. MOSFET Wave Form VN = 90 Vac, lout=0.-5 A Figure 22. MOSFET Wave Form Vin = 264 Vac, lout= 0.5 A

TORDGMR 4 Sorwti fies  Liden OO0 £ 017 A TORDOANE 4 Sorwti fies  Liden OO0 £ 017 A
_itopped £V 0 7% 0.5 v \EEs Ao e 171 DR Y 0.5 v \EEs Ao
gt [y - b

Secondary Diode Voltage Vp
L | 20V /Div

=L e L

5 ; : % g

-

Secondary Diode Voltage Vb 10 V / Div

Diode'Curren Is 1.0A/Div 'Secondam Diode Current Is 1.0A/Div

Secondary,

CURER R Ml 2113 A

Figure 23. Diode Wave Form Vin =90 Vac, lout=0.5A Figure 24. Diode Wave Form Vi = 264 Vac, loutr=0.5A
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Switching Wave Form — continued

TOROGAME 4 : Scewti fies  Ldem O £ 077 A
_itopped 2 VIG D OUTRUT SGET P B PSS Ao
b 10 Tote X 1T L A

ALl M0ml by
MOSFEQVos 20V / Div

Drain Current Ip 5 A/ Div

'm’ 2 NG D OUTRUT R0 PR :u?"g;‘m mgﬂ}anh
MOSFE [iVos 100 V / Div

Drain Current Ip 1A/ Div

Figure 25. MOSFET Wave Form Vx = 90 Vac

Figure 26.Diode Wave Form Vi = 264 Vac

Output Shorted Output Shorted
Startup Wave Form
E‘: 4 %ﬂ'*’(w:{:‘ !N‘;IIU ™ - hm : gl'ﬁ’h muu ¥ :‘::ﬂ‘ !W:I: : %ﬂ"h'ﬂk:{t' !m*}_ﬁ_‘a! - hm : gl'ﬁ’h muu ¥ :‘:;:ﬂq
A .-ﬁ'-. i A A -'A'. '-.I ‘,)\__ A ; "-
100 V / Div R i 250 V / Div i R i
i R, AT B e, AL TEisE NNV
i ! .
| 2V /Div 12V /Div

Output Voltage VOUT;

. Output Voltage Voan

e
[T

Figure 27. Vin =90 Vac, lout=0.5A

Figure 28. Vin = 264 Vac, lout= 0.5 A
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Measurement DATA — continued

6 Dynamic Load Fluctuation

A e Porms! Lelmo K § ek VORDGAR 4 D0V e
T T R R =73 rﬂ ]

Porms! Lelps (36 § Ik
B 00 54 =1

R
a1 T b

i/ ok 1 T8 Himea

Output Ripple Voltage Vrippie Output Ripple Voltage Vrippie

50 mV / Div | Sy
Output Current Iout Output Current Iout
|  05A/Div Ee 0.5 A/ Div

Figure 29. VN = 115 Vac, lout = switch 0 A/0.5 A Figure 30. Vin = 230 Vac, lout = switch 0A/0.5 A

7 Output Voltage Ripple Wave Form

ORGSR @ DT 1 Foorms! L CHIY 431 0
55 N nw oo ="

* A 2 P! Lelen (21 F 49T 0ra¥
hif 7 S U e hif 76 o
1 18

50 mV / Div o 50 mV / Div

hE

O‘utput Ripple Voltage VRIPIPLE

Output 'Ripple Volfage VRIPPLE

g

i =42 mVpp = 44 mVpp

g 33
5

ViSO el
Vi e St

Figure 31. Vin = 115 Vac, lout= 0.5 A Figure 32. Vin =230 Vac, loutr=0.5A

8 Temperature of Parts Surface

They are measured after 15 minutes from applying a power supply.

Table 10. Surface Temperature of Parts (Ta = 27 °C)

Condition
Vin =90 Vac, lout =05 A Vin = 264 Vac, lour =05 A
BM2P26CK-Z 47.6 °C 57.8°C
Diode 50.5°C 54.0 °C
© 2019 ROHM Co., Ltd. No. 62UG052E Rev.001
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Measurement DATA — continued
9 EMI
9.1 Noise Pin Voltage

RFI Voltage [dBuv]

JI5M2M 3N SMOTN M M 3M M TN 10M 20M 30M
Frequency [Hz]

Limit1 (QP)

— Limit2 (aV)

VA [PK)
© VAIQP/AV)

VB [PK)
VB (QP/AV)

Figure 33. Vin 115 Vac / 60 Hz, lout 0.5 A

20
80

70

50 1 " —— .
" , ,

RFI Voltage [dBuV]
2 2

30 by ":__II el
20

10

0 Ll Ll
J15M.2ZM M SMOTM1IM 2M 3M M TM 10M 20M 30M
Frequency [Hzl

Limit1 (QP)
Limit2 (AV)

VA [PK)
© VALGR/AV)

VB (PK)
VBIQP/AV)

Figure 34. Vin 230 Vac / 50 Hz, lout 0.5 A

QP margin:

AVE margin:

QP margin:

AVE margin:

17.3dB
18.5dB

10.9dB
5.5dB
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9 EMI-continued
9.2 Electric Field Strength (3 m Method)

90 Limit (QF) QP margin: 10.2dB
¢ Hori. (QF)
€. e e
£ 60l ert.
2
= 50 | | | : : : ce e
£
E 40 ' - ! TS [ U o)
R S A |..i
= 0L e e 1 1 1 1 | I -
@ Y L d .. B A
207 ' \.__ T ',.".I_.\,.J'MBVJ" 1 W
30M 50M  7OM  100M 200 300M 500M 700M 1G
Frequency [Hz]
Figure 35. Vin 115 Vac / 60 Hz, lout 0.5 A
20 Limit (QP) QP margin: 11.3dB
80 Porb bt i | b Horl (PEAK)
7 Hori. (OP)
_ Tor Vert. (PEAK)
E Vert. (QP)
= 60
[ve]
= 50
£
g a0
£ )
2 30
iE
20 [+ W 1P "
10} u‘:f»‘
30M 50M  70M  100M 200M  300M  S500M TOOM 1G
Frequency [Hz]
Figure 36. Vin 230 Vac / 50 Hz, lout 0.5 A
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Circuit Diagram
(Condition) Vin = 90 Vac to 264 Vac, Vour =5V
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Figure 37. Circuit Diagram of BM2P26CK-EVK-001
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Bill of Materials
Item Spec Parts name Maker
C1 0.47uF/310V 890 334 025 039 CS WURTH
Cc2 10uF/450V 450BXC10MFC 10x%20 Rubycon
C3 - - -
c4 1000pF/100V GRM2165C2A102] Murata
C5 10uF/35V GMK316AB7106KL-TR Murata
C6 2.2nF/1kV GRM31BR73A222KW01L Murata
Capacitor c7 2200pF/250V DE1E3RA222MJ4BQO1F Murata
C8 1000pF/100V GRM2165C2A102] Murata
Cco 470uF/25V 860 040 75 008 WURTH
C10 -
C11 0.1uF/100V HMK107B7104MA-T Taiyou Yuden
C12 0.22uF/16V EMK107B7224KAHT Taiyou Yuden
C13 - - -
D1 1kV 1A 1N4007
D2 1kV 1A 1N4007
Diode D3 0.5A/200V RFO5VSM2S ROHM
D4 0.2A /800 V RFU02VSM8S ROHM
D5 3A/60V RBO58LAM-60 ROHM
Diode - Bridge DB1 1A/800V D1UBA80-7062 SHINDENGEN
Fuse F1 1A/300V 36911000000 Littelfuse
e IC1 BM2P26CK ROHM
1C2 TL431BIDBZT TI
Opto-coupler PC1 LTV-817-B LiteOn
CommonMode-Coil LF1 UF9.8V-20 ALPHA TRANS
Connector CN1 BO2P-NV(LF)(SN) JST
Varistor ZNR1 470V V470ZA05P Littelfuse
R4 100 KTR18PZPZ3101 ROHM
R5 5.6 MCR18PZPZ]5R6 ROHM
R6 10 MCR18EZPJ100 ROHM
R7 100k MCR253JZH]104 ROHM
R8 10 MCR18EZPJ100 ROHM
Resistor R9 0 MCRO3PZPZJ000 ROHM
R10 5.6k MCRO3EZPFX5601 ROHM
R11 5.6k MCRO3EZPFX5601 ROHM
R12 1k MCRO3PZPZ]102 ROHM
R13 - -
R14 2.7k MCRO3PZPZ]272 ROHM
R15 2.2k MCRO3PzPZ3222 ROHM
Transfomer T1 3.49mH TT0092 ALPHA TRANS
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Layout

Size 55 mm x 90 mm
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Figure 38. TOP Silk Screen (Top view)
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Figure 39. Bottom Layout (Top View)
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Notice

10)

11)

12)

13)

Notes

The information contained herein is subject to change without notice.

Before you use our Products, please contact our sales representative and verify the latest specifica-
tions :

Although ROHM is continuously working to improve product reliability and quality, semicon-
ductors can break down and malfunction due to various factors.

Therefore, in order to prevent personal injury or fire arising from failure, please take safety
measures such as complying with the derating characteristics, implementing redundant and
fire prevention designs, and utilizing backups and fail-safe procedures. ROHM shall have no
responsibility for any damages arising out of the use of our Poducts beyond the rating specified by
ROHM.

Examples of application circuits, circuit constants and any other information contained herein are
provided only to illustrate the standard usage and operations of the Products. The peripheral
conditions must be taken into account when designing circuits for mass production.

The technical information specified herein is intended only to show the typical functions of and
examples of application circuits for the Products. ROHM does not grant you, explicitly or implicitly,
any license to use or exercise intellectual property or other rights held by ROHM or any other
parties. ROHM shall have no responsibility whatsoever for any dispute arising out of the use of
such technical information.

The Products specified in this document are not designed to be radiation tolerant.

For use of our Products in applications requiring a high degree of reliability (as exemplified
below), please contact and consult with a ROHM representative : transportation equipment (i.e.
cars, ships, trains), primary communication equipment, traffic lights, fire/crime prevention, safety
equipment, medical systems, servers, solar cells, and power transmission systems.

Do not use our Products in applications requiring extremely high reliability, such as aerospace
equipment, nuclear power control systems, and submarine repeaters.

ROHM shall have no responsibility for any damages or injury arising from non-compliance with
the recommended usage conditions and specifications contained herein.

ROHM has used reasonable care to ensure the accuracy of the information contained in this
document. However, ROHM does not warrants that such information is error-free, and ROHM
shall have no responsibility for any damages arising from any inaccuracy or misprint of such
information.

Please use the Products in accordance with any applicable environmental laws and regulations,
such as the RoHS Directive. For more details, including RoHS compatibility, please contact a
ROHM sales office. ROHM shall have no responsibility for any damages or losses resulting
non-compliance with any applicable laws or regulations.

When providing our Products and technologies contained in this document to other countries,
you must abide by the procedures and provisions stipulated in all applicable export laws and
regulations, including without limitation the US Export Administration Regulations and the Foreign
Exchange and Foreign Trade Act.

This document, in part or in whole, may not be reprinted or reproduced without prior consent of
ROHM.

Thank you for your accessing to ROHM product informations.
More detail product informations and catalogs are available, please contact us.

ROHM ROHM Customer Support System

SEMICONDUCTOR

http://www.rohm.com/contact/

www.rohm.com

© 2016 ROHM Co., Ltd. All rights reserved.
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