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Precaution

Thank you for purchasing this product.

When using this IC, please follow the warnings and cautions given below to ensure safety.

Warning ! j : Improper handling may result in death, serious injury, or major property damage.
Caution A Improper handling may result in minor injury or property damage.
This IC is intended to be used for general electronic equipment (office equipment, communication
equipment, measurement equipment, consumer electronics, etc.). Do not use the product for medical
Warning A equipment, aerospace planes, trains, transportation equipment (vehicles, ships, etc.), or nuclear power
control systems that may directly affect human life or health in case of a malfunction or trouble. Contact us
before using the product in applications other than general electronic equipment.
Never attempt to repair or modify the product. Doing so may lead to serious accidents.
<<Electric shock, destruction of property, fire, or malfunctions may result.>>
In the event of a problem, an excessive voltage may arise at an output terminal, or the voltage may drop.
A Aanticipate these fluctuations and any consequential malfunctions or destruction and provide adequate
protection for equipment, such as overvoltage or overcurrent protection.
Check the polarity of the input and output terminals. Make sure they are properly connected before turning
Caution on power.
<<Failure to do so may lead to failure of the protective element or generate smoke or fire.>>
Use only the specified input voltage. Deploy a protective element on the input line.
A <<Problems may result in smoke or fire.>>
A In the event of a malfunction or other anomaly, shut power off and contact us immediately.
@ The contents of this document are subject to change without notice.
@ Use of this product constitutes acceptance of the formal specifications.
@® We have taken every possible measure to ensure the accuracy of the information in this document. However, we will not be held
liable for any losses or damages incurred or infringements of patents or other rights resulting from use of this information.
@ This document does not guarantee or license the execution of patent rights, intellectual property rights or any other rights of
Shindengen or third parties.
@® No part of this document may be reproduced in any form without prior consent from Shindengen.

AAlthough we continuously make every effort to enhance the quality and reliability of our products, there is a certain probability of
failure or malfunction in semiconductor products. It is advisable for customers to consider taking any safety measures in their
design, such as redundancy, fire containment, and malfunction prevention to avoid personal injury, fires, or social damages.

AOur semiconductor products contained in this manual require especially high grade of quality and reliability and are not designed
and manufactured to be used in equipment or systems of which failures or malfunctions may directly affect human life or health.
When using the product in special or specific applications described below, be sure to contact us to confirm whether the intended
use of the product is appropriate.

Special applications

Transportation equipment (vehicles, ships, etc.), trunk-line communication equipment, traffic signal control systems, disaster/crime
prevent systems, various safety equipment, medical equipment, etc.

Specific applications

Nuclear power control systems, aircraft equipment, aerospace equipment, submarine repeaters, life-support systems, etc.

ANot only for the above special and specific applications, when you use our IC products also for equipment and systems that are
intended for continuous operation and expected to last for a long time, please contact us.

We provide support for circuit design to ensure safe use of our IC products. Please contact our sales representative or product
marketing department if you have any questions.
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1. Overview

1.1 Introduction

1.2

1.3

The MS1007SH quasi-resonant circuit to reduce standby power, achieve high efficiency and low noise.
The IC incorporate various functions to make it more user-friendly and to make it easier to design a power
supply with fewer external components.

Characteristics

1) Quasi-resonant design for high efficiency and low noise

2) Four-Step soft-start function

3) Onboard startup circuit requires no startup resistor, dramatically reducing losses in the startup circuit.

4) The automatic bottom skip function controls increases in oscillation frequency and improves efficiency
under light loads.

5) Auto burst function improves efficiency under light loads with no additional components.

6) Soft drive circuit reduces noise.

7) Thermal shutdown, overvoltage protection, and overload protection. (Auto-retry mode)

8) Primary current limit circuit incorporates an input voltage dependence correction circuit to reduce the
number of components required.

9) Bias assist function for startup circuit

10) VCC-GND short circuit protection function

11) SOP-8/7J package employed for compact dimensions

Applications

Industrial equipment, video recorders, refrigerators, washing machines, air conditioners and other
appliances in which standby power consumption is a design goal.

SHINDENGEN ELECTRIC MFG. CO., LTD
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1.4 Appearance and dimensions

Unit: mm
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1.5 Basic circuit configuration
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2. Block diagram

2.1 Block diagram

LONG TIMER —»|

COUNTER S
Q

R
POWER

Ton
ZCD EDIGE SOFT
TRIGA D—l ovP DRIVER (‘) VG
ON OFF GOMP
5) D_ COUNTER F/F Sbe <'—T
2/6 2 oac | | [/ a
l (Z)GGMP BOTTOM R l () ocL
SKIP Gircuit
Voo . Latch F/F IDP Limit N
T COMP
on ‘ /'_‘ L 0oL
F/B 6)7 OFF Y TIMER
F/B Glamp Ciruit1 OFF | LEB IDP burst
Ton COMP Circuit2 COMF:
Timer j’
I BURST START l
_STOP COMP DRAIN .
2 ] 1 KICK 8 ) Vin
l BURST OFF VFB TIMER gtgang g
comP AUTO BURST
cou < o) vee
l VCC UVLO
COMP
GND
2.2 Pin names
Vin NC F/B Z/C
VG OCL VCC GND
Pin number Symbol Pin name
1 VG VG pin
2 OCL Overcurrent limit pin
3 VCC VCC pin
4 GND Ground pin
5 Z/IC Zero current detection pin
6 F/B Feedback signal input pin
7 NC No connection
8 Vin Vin pin
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3. Circuit operation

3.1 Startup

The diagram below shows the startup sequence.

Vin

Nc coil Off On Off On Off On Off On
backup

Normal mode Standby mode Normal njode

Standby

VCC(start)=12V
VCC(stup off)=12V

VCC(stup on normal)=9 / / - V4 /—_

VCC(stop normal)=8V / = /v
VCC(stup on stby)=8V,

VCC VCC(stop stby)=7V

VCC
UVLO

Startup
UvLO

Startup sequence

3.1.1 Startup circuit

The startup circuit does not require a startup resistor, °
making it possible to easily start the IC with a small Np

number of components. A schematic diagram of the
startup circuit is shown to the right. ()Vin pin
Startup circuit

Until the IC starts up, the startup circuit current [CC

(stup) flows from the Vin pin to the VCC pin to b L~
charge C, as shown in the diagram. %
Oscillation begins when the voltage at the VCC <L ICC (stup)
pin : VCC reaches”On-State voltage” (VCC (start)) Stup
= 12V (typ). The startup circuit opens, and the vee o (3

pin

startup circuit current stops. The VCC pin has
hysteresis, which begins oscillating at VCC (start)
and stops oscillating at “Under-Voltage
lockout”(VCC (stop stby)) = 7V(typ) or (VCC (stop
normal)) = 8V (typ).

A bias assist function is provided for the VCC voltage to ensure safe startup. For more information on the
bias assist function, see Section 3.1.3.

SHINDENGEN ELECTRIC MFG. CO., LTD
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3.1.2 Soft-start (SS)

At startup, the OCL level changes in four stages. Current flowing to the main switching device also
increases in stages. The envelope curves of the current to the main switch are shaped in four steps to avoid
abrupt switch startups.

The soft start time depends on ’SS time” (Tss1) to (Tss3) settings. The time settings are determined by the
IC.

VCC(start)=12V(typ)

VCC

Normal OCL level

Vss3=350mV
Vss2=120mV

Vss1=40mV

ID
(Main switching device)

| | | Steady-state

Tss1=45ms | Tss2=35ms ' Tss3=35ms operation

SS
reset

SSreset

3.1.3 Bias assist

This IC incorporate an assist function to supply energy to VCC so that the voltage does not drop

below ”Under-voltage lockout” (VCC (stop stby)) = 7V(typ) or (VCC (stop normal)) = 8V (typ) to cause
oscillation stop when it drops immediately after oscillation initiation at startup. This function eliminates the
oscillation stop period at startup.

Shown below is a schematic diagram of VCC startup incorporating the bias assist function.

VCC(stup on stby)

VCC(Start) or VCC(stup on normal)

\

\

Assist function
activates.

VCC(stop stby)
or VCC(stop normal)

VCC(stop stby)
or VCC(stop normal)

vee | vee

<~
If the voltage drops below the oscillation stop The voltage remains above the oscillation stop
voltage, oscillation halts, and the startup circuit voltage to ensure that oscillation does not halt.

must restart.
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3.2 Oscillation

3.2.1 On-trigger circuit

As shown to the right, when a negative edge
of Z/C pin voltage : Vzic reaches “Zero
current detection voltage” (Vz/c) = 0.25V
(typ), the gate signal is output, and the main
switching device is turned on.

Current-critical operations are performed by
detecting energy discharge timing with the

control winding voltage : VNC before turning

on the main switching device.

To minimize noise, negative edge detection
detects a trigger while Vz/c falls from Hi to
Low. The Vz/c= 0.25V incorporates 50mV
hysteresis for improved noise resistance.

3.2.2 Quasi-resonance

Vzic=
0.25V

MS1007SH
Application Note Ver.1.0

Z/C pin voltage

e

.DR

N

Secondary rectification diode current

S

(W

Control coll voltégé

(W

In a circuit having resonating capacitor Cq between the drain and

the source of the main switching device, as shown to the right,
when the secondary diode current reaches 0 A, damping begins
at the resonance frequency based on the primary inductance LP
of the main transformer and the resonating capacitor.

Adjusting the time constant of the CR connected to the Z/C pin
as shown on the right allows the main switching device to be
turned on at a bottom of the damping voltage waveform, thereby

reducing turn-on losses.

On-timing is delayed
With CR time constant

Turn—on delay

amping begins at the

resonance frequency
determined by and C

|

Secondary rectificatin diode current
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3.2.3 Soft drive

. . . . . . Gate voltage supply
The soft drive circuit supplies a trigger voltage slightly greater than matched to drain current_~

the gate threshold of the main switch as a gate drive voltage before

constant voltage driving begins. After, this prevents the supply of

greater gate voltage than necessary, because gate voltage supply VGs
matched to the drain current : Ib.

The soft drive reduces losses by the gate charge voltage, reduces Reducing gate charge spikes
reactive charge under light loads and reduces noise by controlling
the resonating capacitor discharge peak current. A_‘_‘

IG
Reducing reactive v
charge under light loads AN

Damping of resonating
capacitor discharge current

3.2.4 Bottom skip operation

The IC monitor the switching cycle. If the switching cycle length becomes shorter than “Bottom skip start
time” (T (bottom skip start)) = 7.5pus (typ), the IC enter the following modes:

The IC switches from the normal quasi-resonance mode to the 1 bottom-skip mode (Turn-on at the
second bottom).

In bottom-skip mode, the IC extends the off-period by a cycle of resonance. This controls an increase in the
frequency. Once in bottom-skip mode, the off-time monitoring timer setting changes. When the time from
turn-on to the first bottom becomes longer than “Bottom skip stop time” (T (bottom skip stop)) = 13us (typ),
the IC returns to normal quasi-resonance mode. Using hysteresis in this manner prevents jitter and acoustic
noise.

vos /\ |
m/ AN

Quasi- Bottom skip Quasi-
Operating resonance resonance
mode ;
OFF range !
monitoring — ul ul | U |
timer = > - > - >
T(bottom skip start) T(bottom skip stop) T(bottom skip start)
Sequence of the IC

SHINDENGEN ELECTRIC MFG. CO., LTD

10/33



MS1007SH
Application Note Ver.1.0
CAT.No.1D0401-1.0E

3.2.5 Output voltage control

The IC control the output voltage : Vo with the on-time
(TonF/B) proportional to the F/B Vref voltage : VE/B. VCC

TonF/B becomes “F/B Minimum on time” ( TonF/B (min))
when VEB is 1.5V, and “F/B Maximum on tome” ( TonF/B IF/B ¢<)
Controlling output 2 (max)) when VE/B is 4.5V. Controlling output

voltage with
photocoupler

The F/B current : IF/B flows from the F/B pin. The Output F/B pin
voltage impedance of the photocoupler transistor externally
error detection connected between the F/B pin and the GND T/ Output voltage error

pin is varied by feed back signal a control signal from the detection feed back
secondary output detection circuit, thereby controlling the signal

on-time of the main switching device to produce a constant
voltage.

“Timer Protect mode count start voltage” (VF/B TonF/B

(Protect mode count)) = 4.6V (typ) is set up for the (max)
F/B pin. When the voltage exceeds the set level,
the timer begins counting. After maintaining this
state for approximately 250ms (T ( Protect mode
count)), This IC shift to Overload protection mode.

ON-time : TonF/B [us]

0 15 245 (Protect mode count)
VF/B(latch count)

F/B voltage : VFiB[V]
VFB [V]

3.3 Burst mode oscillation

3.3.1 Auto-burst mode (Auto-Standby mode)

The IC switch between normal mode and burst mode automatically (auto-burst). This enables low standby
power consumption with no other components required for standby mode.

1) Switching from normal mode to burst mode

The IC switches from normal mode to burst mode when the load becomes lighter and the OCL pin
detects ID at ”Standby switch voltage” (VocL (stby)) = 40mV (typ) or less for longer than “Standby
switch time” ( Tstby) = 250ms (typ).

Tstby=250ms(typ)LA E

VocL(stby)= ! !
ET A ) Y Y Y I R | B/ | ]| 777 ]| 7777 / ‘ 77
I ‘ i | . |

Normal Burst

v

i
i
'
[ |
i

Operating
mode

VEB ! \__—/\_—

SHINDENGEN ELECTRIC MFG. CO., LTD
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2)  Burst mode control

In burst mode, the OCL pin detects ID, and every pulse is limited to “Standby threshold voltage” (VTH
(stby)) = 60mV (typ) to control oscillation.

Vo is controlled linearly in normal mode. In burst mode, oscillation begins when the VF/B reaches
“On-State voltage” (VF/B (stby start)) = 1.8V (typ) and stops when VE/B falls to “Under-Voltage lockou”
(VE/B (stby stop)) = 0.8V (typ). This control causes voltage ripples and intermittent oscillation, reducing
switching loss per unit time and thereby reducing standby power consumption.

The following thresholds of VCC also change from normal mode:
O “Under-Voltage lockout” and “Start-Up circuit on voltage” are lowered by 1V from normal mode.
“Under-Voltage lockout” : VCC (stop normal) = 8V (typ) — VCC (stop stby) = 7V (typ)
“Start-Up circuit on voltage” : VCC (stup on normal) = 9V (typ) — VCC (stup on stby) = 8V (typ)

These allow down to the VCC setting in burst mode and further reduce power consumption

VTH(stby)=60mV-------jromomgoommponsmommmmo oo M_A/’_M “““

ID_:

VE/B(stby start)=1.8V

VE/B(stby stop)=0.8V \L

VEB

3) Switching from burst mode to normal mode

The IC switches automatically to normal mode when the load becomes heavier and VF/B rises and
exceeds “Standby reset F/B voltage” (VF/B (stby reset)) = 3V (typ).

The thresholds changed at standby return to previous levels when the IC returns from burst mode to
normal mode. At the same time, soft start activates for approximately 1/70 of the normal startup to
prevent jitter and other problems during mode switching.

Soft start for approx. 1/70 of normal startup

Ip

VEmB(stby reset)

VE/B(stby start)
VEB(stby stop)

Burst Normal

Operating
mode

SHINDENGEN ELECTRIC MFG. CO., LTD
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3.4 Protection functions

3.4.1 Vcc overvoltage protection (OVP) Auto recovery mode

The IC incorporate an auto recovery mode overvoltage protection circuit (OVP).

VCC voltage smoothed with Nc¢ winding voltage stops operating at over-voltage threshold Vovp (STOP) =
23V (typ) and above. Indirectly overvoltage protection of secondary side output. Also, when the VCC
voltage drops to over-voltage reset threshold Vove (RESET) = 8V (typ) or less after the operation stops, the
startup circuit starts to operate and resumes operation when on-state voltage VCC (start) = 12V (typ) or
above.

Vovp(STOP)=23V

vcC 4 / \/

Vovp(RESET)=8V

vor MM | | (T

I A e N A

f

VCCvoltage—Rise (Output detection open etc.) VCCvoltage—normal level

Vout

3.4.2 Overcurrent protection (OVP)

A current detection resistor is connected between the OCL pin
and the GND pin to detect the source current of the main N
switching device. The main switching device current is limited
by pulse-by-pulse operation using a threshold voltage that

varies with the on-time. <
[

This current limit protection function incorporates a function to

correct dependence on input voltage : Vin. The function

changes the OCL threshold on the IC from the "Over current Current
limit correction start voltage” (VTH (OCL start)) = 0.38V (typ)  yetection o
to “Over current limit correction clamp voltage” (VTH (OCL) resistor =
clamp) = 0.54V (typ) linearly with the on-time. Since the slope ° °

(di/dt) of ID of the main switching device is proportional to Vin, when Vin increases, the current reaches the
OCL threshold with smaller a main switching device peak current : IDP, and the drooping-point is corrected.

Small €— Vin —> Large
Vas § OCP point
(0]
an
VTH(OCL)clamp ::
// z —
VTH(OGL start)-—— %/ g
j=3
VOCL level ©
TOCL 0
Output current Io
Large ¢ Small
Vin

SHINDENGEN ELECTRIC MFG. CO., LTD

13/33



MS1007SH
Application Note Ver.1.0
CAT.No.1D0401-1.0E

3.4.3 Overload protection (Auto recovery mode)

The overload protection function raises the VF/B v .

3 F/B voltage rises under overload.
voltage under overload. If the VE/B voltage is above After VTH(Protect mode)=120mV/(typ),
the protect mode count start voltage “(VF/B(protect switch to overload protection mode.
mode count) = 4.6V(typ))” voltage and continues the
protect count mode time* (T(protect count mode) =
250ms(typ))”, it will switch to overload protection
mode.

=\
[ )
9 Y

=

Overload protection mode

Output voltage : Vo

The overload protection mode limits current when
the overcurrent detection is changed from the
overcurrent limit correction clamp voltage
“(VTH(OCL)clamp = 0.54V (typ))”, which is the
threshold of normal operating mode, to the protected
mode threshold voltage “(VTH (Protect mode) = 0 Output current:lo
120mV (typ))”. Also, turn off the bias assist function.

Ii- ---------- Overload

Tout

Ip

VF/B(Protect mode count)
=4.6V

VF/B

VCC

Overload protection mode

normal mode

mode normal mode

SHINDENGEN ELECTRIC MFG. CO., LTD
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3.4.4 VCC-GND short circuit protection

If VCC and GND short-circuit, current flows continuously to the startup circuit, and heat builds up in the IC.
A function reduces s “VCC current” (ICC) in the event of short circuits to prevent excessive heat buildup.

3.4.5 Leading edge blank (LEB)

The IC incorporate “Leading edge blanking time” (TLEB) = 300ns, which rejects trigger signals from ID
detection circuit for a certain period of time after the main switching device is turned on to improve the
noise margin.

This function prevents false detection due to a gate drive current generated the moment the main switching
device is turned on or to a current discharged from the resonating capacitor.

3.4.6 On-trigger malfunction prevention circuit (Tondead)

At startup or in the event of a load short circuit, Vo drops to

levels significantly below the set voltage. Since the control Tondead=2uS

coil voltage is proportional to Vo, it drops significantly as well. J \

In this case, a false on-trigger timing may be detected due to Vzic=0.25V M h

the ringing voltage while the device is off. The device may be J — =
turned on before the current critical point. \Vzic
To address this problem, the IC incorporate a circuit for 1 1 A
preventing on-trigger malfunctions at startup or in the event ID

of short circuits.

This function disables “On dead time (Tondead) = 2ps” after e
the main switching device in the IC is turned off. This Secondary rectification diode current
prevents false detection due to the ringing voltage while the

device is off.

3.4.7 Thermal shutdown (TSD) Auto recovery mode

Thermal shutdown (TSD) will stop oscillation when it becomes over temperature sense stop “OTS (H) =
150°C (typ)”. It will strike when you go down to over temperature sense Reset “OTS (L) = 110°C (typ)”.

Also, there is a hysteresis operation for temperature detection and it is an auto recovery mode.

SHINDENGEN ELECTRIC MFG. CO., LTD
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4. Pin functions

4.1 Z/C pin

The Z/C pin detects the NC winding voltage and outputs a turn-on signal. The pin has the following
functions:

1) Gate on-trigger
2) Prevention of false turn-on (Tondead)
3) Bottom skip

4.2 F/B pin
The F/B pin determines the on-time during constant voltage control. The pin has the following functions:

1) Determination of the on-time for the F/B pin voltage (gate oftf-trigger)
2) Switch to overload protection mode

4.3 GND pin
The GND pin is used as the ground reference of the IC.

4.4 OCL pin
The OCL pin uses a detection resistor to limit the primary current. The pin has the following functions:
1) Determination of the primary current peak during the four-step soft-start
2) Determination of the primary current peak during the auto-burst mode (auto-standby mode)
3) Determination of the maximum primary current peak (pulse-by-pulse)

4) Leading edge blank function

4.5 VG pin
The VG pin outputs a gate voltage and has the soft drive function.

4.6 VCC pin
The VCC pin is the IC power terminal and has the following functions:

1) UVLO

2) ON/OFF of the startup circuit

3) Bias assist

4) OVP

5) VCC-GND short circuit protection

4.7 Vin pin

The Vin pin is connected to the positive side of the input capacitor and is used to power on the IC.

SHINDENGEN ELECTRIC MFG. CO., LTD
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5. Design procedure

MS1007SH

Application Note Ver.1.0

The design procedure presented in this section is intended to illustrate an example of electrical design procedure.
Make sure insulation materials, insulation configuration, and structure meet the safety standards set forth by the
relevant authorities. The following table shows the units for the parameters used in the formulas encountered in

this section:

e [ ist of units used in the formulas in this section

Description Unit Description Unit

Voltage V (volt) Time s (second)

Current A (ampere) Length mm (millimeter)

Power W (watt) Area mm? (square millimeter)

. . A/mm?
Capacitance F (farad) Current density (ampere per square millimeter)
Magnetic flux -

Inductance H (henry) density mT (millitesla)
Resistance Q (ohm) Number of turns turn

5.1 Design flow chart

C

Determine
specifications

)

—

Design the transformer |

[5.2 Example of main transformer design conditions]

Check each
operating point

R

Select the primary
circuit components

R

Review

—>P.18
[5.3 Formulas for main transformer design]

—>P. 18
[5.4 Checking the operating points] —P. 20
[5.5 Pin design] — P. 26

Produce function |

C

Completion )

17/33

SHINDENGEN ELECTRIC MFG. CO., LTD




MS1007SH
Application Note Ver.1.0
CAT.No.1D0401-1.0E

5.2 Example of main transformer design conditions

The values below are provided as guideline values only. Make the appropriate adjustments to suit specific
load conditions.

Description Symbol Unit Reference value

Input voltage range Vac [V] 85-276
Efficiency n - 0.80-0.85
Minimum oscillation frequency f(min) [kHz] 35-50

On duty ratio D - 0.4-0.6
Capacity of resonating capacitor Cq [pF] 100-3300
Control voltage Ve [V] 1520
Magnetic flux density variation AB [mT] 250-300
Winding current density o [A/mm?] 4-6

* If the output capacity of the main switching device Coss is significant relative to the
capacity setting of the resonating capacitor, Cq must be the capacity of the resonating
capacitor plus Coss.

5.3 Formulas for main transformer design

1 | Minimum DC input voltage Vocing =12V 4 iny [Vl
2 | Maximum DC input voltage Ve = V2 Vscian [V]
1
3 | Maximum oscillation period Ty = I [s]
(min)

D
4 Maximum on-time ton(max)l = f [S]
(min)
Ng, -V, min) ton max
5 | Maximum off-time Loprmaxy = L DCtmn) _ontmadl tq [s]
Np-(Vo, +V5y)
6 | Quasi-resonance-time tq=n-\Lp-Cq [s]
7 | Maximum load power Py = V0 L pna) [W]
Maximum output power _ .
8 (reference value) B =12 P (W]
. . 2.p
Main switching device peak Joo—_ =L
9 DP = [A]
current Vo min - D
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V min) ton max
10 | Primary winding inductance Lp= o I) ol [H]
DP
in pri Vocimin =t -10°
1 i\]viﬁg?;; of turns in primary Np = DC(min) * Lon(max)1 [Turn]
AB - Ae
4-7- Ae- sz . 1()_10 * Ae : Effective sectional
12 | Core gap lg = I area of core [mm?] [mm]
P
* The gap Ig must be the center gap value.
* If the Ig is 1 mm or greater, review the transformer core size and oscillation frequency and
consider a redesign.
Np-(V, +V 71 t t
Number of turns in control Vo1 +Vir): (f  Pon(mayl T q)
13 o (min) [Turn]
output winding N =
VDC (min) ’ t(m(max)l
14 | Numberof turns in Ng, =Ny, - Vor Ve, [Turn]
non-control output winding Vo, + Vi
i Vie +V,
15 Ngmber of turns in control Ne= N, - e pne [Turn]
winding Voo + Vi,
* Symbols used in formulas 13 to 15
T Output of control output winding:
Control output ding: . . .
ONFToT oUtpUt winding Vor | Rectification diode forward Ve
Output voltage 1 voltage
T Output of non-control output
-control t : . . . .
I(\)Ion con rlo 0ut2pu winding Vy, | winding: Rectification diode Vi,
utput voltage forward voltage
Output of control winding:
Control coil: Output voltage 1 | ¥y | Rectification diode forward Ve
voltage
* If the control winding voltage Vnc is not well regulated, set a lower value.
16 Primary winding 4. = 2. \/B -Po (mm’]
tional P A3on- . .
sectional arca 144 \/g n VDC(min) L onmax)1 f(min)
17 Secondary winding _ 2-Io- \/1 ~D—(1q" fin) (mm?]
sectional area NS
a- 3 ) (tq{f(max) - tq) ' ﬂmin)

* Shindengen recommend a wire diameter of 0.2mm or greater for the Nc winding to simplify

calculations.

SHINDENGEN ELECTRIC MFG. CO., LTD

19/33



MS1007SH
Application Note Ver.1.0
CAT.No.1D0401-1.0E
5.4 Checking the operating points

The IC have points of change at which the oscillation frequency changes according to the functions of the
control IC.

Identifying each point helps predict the behavior of a prototype power supply. The following chart shows a
model of operating frequency characteristics relative to output power. Knowing each operating point will
provide approximate levels of the power, hysteresis width and droop point at these points of change.

Oscillation frequency characteristic model

Auto-burst start point

IR

=X Auto-burst end point

Bottom-skip start point
d

Auto-burst \
hysteresis \

o Bottom-skip end

Bottom-skip point

hysteresis Drooping point

Operating frequency [kHz]

4

Output power [W]

The operating points to be calculated in this section are circled on the chart above.
¢ Bottom-skip start and end points
¢ Auto-burst start and end points

¢ Drooping-point

Obtain these points to check the following:
Is the standby operation properly performed in standby mode?
Is the bottom-skip hysteresis sufficient?

Is the drooping-point sufficiently greater than the output?
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Description Symbol | Unit . Oscillation period ,
DC input voltage setting Ve [V] Ofi e oniime
On-time under each condition ton [s]
Off-time under each condition toff [s] : |
Main switching device p.e.ak Iop [A] Tskip |
current under each condition
Output power under each condition Po [W] W oskip
Primary current detection resistance R(ocl) [Q] Switching waveform model
OCL pin auto-burst threshold Vburst V]

voltage

OCL pin current detection threshold Vih(ocl) [V]
voltage

The diagram to the right shows switching waveform models, including numbers of bottoms to skip and tq.
For other symbols, see Section 5.3 and the specification.

5.4.2 Formulas for obtaining bottom skip start power

13 On-time fon = Np ’ (]}bottomfsk ip start) tQ) ’ (VOl + VFl) [S]
Ng - Vpe + Np (Vo + Vi)
19 Off-time tOff = T'(bottomiskipistart) —fon [S]
20 Mail? switc}iing device I, = Ve - ton (Al
peak curren Lp
Voo -ton® -n
21 | Bottom-skip start power 0= (W]
2 ' Lp : T (bottom_skip_start)

If the bottom-skip start power obtained by the formulas above is greater than the bottom-skip end power
obtained in Section 5.4.3, the hysteresis is insufficient; redesign the transformer.

5.4.3 Bottom-skip end power

The bottom-skip function ends when either Condition 1 or Condition 2 is met. The bottom-skip end power
will be the “bottom-skip end power 1 of the formula 25 of Condition 1" or the “bottom-skip end power 2 of
the formula 30 or the bottom-skip end power 3 of the formula 34 of Condition 2,” whichever is smaller.
(Depending on the input voltage you want to calculate, compare either the bottom-skip end power 2 or 3 of

Condition 2 to bottom-skip end power

1)

The chart on the next page shows model curves of bottom-skip start and end power levels relative to input

voltage.
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Bottom skip start/end power [W]

Calculation line of
bottom-skip end power
Calculation line of bottom-skip condition 1
end power condition 2

eoma
------
---------------------------

="
Py
-
-
-

®
-
-

Bottom-skip hysteresis
with input voltage of
VbC (clamp) OF above

Calculation line of
bottom-skip start
power
Bottom-skip hysteresis
with input voltage of
Vb (clamp) O below

MS1007SH
Application Note Ver.1.0

VDC(clamp)
Input voltage Voc [V]

[Condition 1] The operating frequency fulfills T (bottom_skip_stop).

Np - (T . —tq)-(V, +V

2 On-time fon = p ( (bottom_skip_stop) q) ( [0 F 1) [s]

Ng Ve + Np-(Vo, Vi)
23 | Of-time 10f = Tipotom skip stopy T 209 — toN [s]
i itchi ' V.- ton
24 Main switching device [DP _ Ve A]
peak current Lp
. VDC2 -ton” -

25 | Bottom skip end power 1 0= [W]

2Lp ’ (T(bottom_skip_stop) + th)

[Condition 2] The OCL pin voltage reaches the current detection threshold voltage in bottom-skip mode.

Under this condition, Vth (ocl) varies with input voltage. First, calculate the input voltage Vpc (clamp) at
the point of change in Vth (ocl). If Vpc does not exceed Vpc (clamp), apply the formulas in next page 1).
If Vpc exceeds Vpc (clamp), apply the formulas in 2).

The Vbc clamp) (Input voltage at the point of change in Vth (ocl)) is obtained with the following

formula.
26 Input voltage at the point of v _ Lp 'Vth(OCL)clamp [V]
change in Vth (ocl) ) TOCL - R e,
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) Lp- Vth(OCL)clamp
27 | On-time ton = [s]
VDC 'R(OCL)
V..-N -ton
28 | Off-time toff = —P—=1 +3tq [s]
Np-(Vo, +Vy))
Main switching _ Vth(OCL)clamp
29 . Ipp=—"—"— [A]
device peak current R (ocL)
Bottom-skip end _ Ve 'Vth(oa)czamp -1 - ton
30 = [W]
power 2 2R oy - (ton + toff)
2) VDC > VDC (clamp)
fon = Vth (OClLstart)
31 On-time Voe 'R(OCL) B (Vth(OCL)clamp - Vth(OCLstart)) [s]
Lp ]7(001)
V..-N -ton
32 | Off-time toff =—P——= +3tq [s]
Np-(Vo, +Vy))
i itchi V., -ton
13 Malln switching ]DP _"pc A]
device peak current Lp
ki Voo -ton” -
34 Bottom-skip end Po = pC n [W]
power 3 2-Lp - (ton + toff")

5.4.4 Auto-burst start/end power

For Vburst in the formulas, substitute the VOCL (stby) or VTH (stby) indicated under “Auto standby modde”
of “Electric/thermal characteristics” in the specification.

To obtain auto-burst start power, substitute VOCL (stby) = 40mV in place of Vburst.

To obtain the auto-burst end power, substitute VTH (stby) = 60mV in place of Vburst.

SHINDENGEN ELECTRIC MFG. CO., LTD

23/33




CAT.No.1D0401-1.0E

MS1007SH
Application Note Ver.1.0

Lp - Vburst
35 | On-time fon = [s]
VDC 'R(OCL)
V,--Ng -ton
36 | Off-time toff =21 +31g [s]
Np-(Vor +Vy)
- Main switching device peak I,, = Vburst N
current R(OCL)
Voo -Vburst -n - ton
38 | Auto burst start/end power = [W]
2R ¢y, - (ton + toff)

5.4.5 Drooping-point power

Vth (ocl) varies with input voltage. First, calculate the input voltage VDC (clamp) at the point of change in
Vth (ocl). If VDC does not exceed VDC (clamp), apply the formulas in next page 1). If VDC exceeds VDC

(clamp), apply the formulas in next page 2).

Just as in Section 5.4.3, use the following formula to obtain the input voltage at the point of change in Vth

(ocl).

Input voltage at the point of

26 change in Vth (ocl)

V _ Lp . Vth(OCL)clamp
DE(elamp) oy, R ocry

[V]

The chart below shows a model curve of the relationship between input voltage and droop point power.

N
Calculated drooping-

= . .
B point power determined
i by OCL resistance

—
[a W

et

]

=

]

o

+~

g
o —

Qo

o

o

]

o

=
A

Calculated drooping- point
power corrected by the
OCL correction function

OCL correction starts
at this point

N\

VDC(clamp)
Input voltage Voc [V]
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Lp ’ Vth(OCL)clamp

39 | On-time ton = R [s]
pc " Nocr)
Voo« Ng, -ton
40 | Off-time toff =2 ————+1q [s]
Np(Voy +Vi)
" Main switching device I = Vth(OCL)clamp (Al
peak current br R( ocL)
V.. -ton*-
42 | Drooping-point power P = DC 4 [W]
L
2-Lp-(ton+toff)
2) VDC > VDC (clamp)
fon = Vth(OCLstart)
43 | On-time Ve .R(OCL) _ (Vth(OCL)clamp - Vth(OCLstan)) [s]
Lp TOCL
Voo« N, -ton
44 | Off-time toff =—P——=——+1q [s]
Np (Vo + Vi)
N N . . V . fOl’l
45 Main switching device I, = pC A]
peak current Lp
V.. -ton*-
46 | Drooping-point power P = DC 4 [W]
L
2-Lp-(ton+toff)
ing- Vth —Vth
47 Vth (ocl) at drooping Vih = ( (OCL)clamp (ocmm)) ton+Vih o (V]
pOll’lt (ocl) TOCL (OClLstart)

The results of calculations for the operating points above are provided as guidelines. They may differ from
actual power supply characteristics for various reasons, including power supply efficiency, filter circuit, and
control IC signal delays.
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5.5 Pin design

5.5.1 Design procedure for the Z/C pin (Pin 5)

(1) Basic circuit MS1007SH RIS MR
This is the simplest circuit configuration for @
designs requiring only normal mode. Since auto
burst-mode is available, it is the easiest design for \V4
a power supply featuring standby mode. S 1T

(2) Setting components

1) R105+R106

2)

The absolute maximum rating of the Z/C pin is +5 mA. A zener diode is mounted for protection
between the Z/C pin (Pin 5) and the GND pin (Pin 4). This diode determines the absolute maximum
current rating. Set resistance so that the current does not exceed this level.

The diagram to the right shows a model circuit,
which is a basic circuit with an onboard protection MS1007SH
element (zener diode) added. I and 1) represent | Onboard protection
currents flowing to this onboard protection element
element. The current ID flows when the N¢
winding output is a positive voltage. I flows 4 1® Yy

when the Nc winding output is a negative voltage. I@| \I)\V C11 1—[ D11 1—[ C108
1D and 1) must not exceed the absolute * o

R105 R106

maximum rating. In ordinary designs, set resistance so that these currents do not exceed 80% of the
absolute maximum rating (= 4 mA).

The following table gives formulas for calculating the resistance R105 + R106:

Resistance assuming Ne- (I;\(;l V) —-VCL(H)
48 ;posfuv; voltage for R105+ R106 > 51 [Q]
¢ winding I
©)
Resistance assuming m —VCL(L)
49 | anegative voltage for Np [Q]
Ne winding R105+ R106 > L

VCL (H) and VCL (L) are the clamping voltages of the onboard protection element, a protective
zener diode. The specification gives these values.

If the basic circuit configuration shown in Section 1.5 is used, I(D flows to the D111. In this case,
formula 48 may be disregarded.

R106 and C108
These components set up the quasi-resonance period tq.

Bottom—point

Adjust to the quasi-resonance bottoms while monitoring actual
waveforms.

.

Small <—> Large
R106
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Symbol Initial design value
C108 47 pF
R106 220€ or greater

The maximum voltage applied to both ends of C108 is calculated as shown in the formula 50.
Determine the withstand voltage of C108 by referring to the calculated value.

Maximum voltage applied Nc Nc
50 Vers =V, Ve )—+ VDC(max) -~ [V]
to both ends of C108 Ny, Np

3)Cl11

C111 is a noise countermeasure part. It uses a high frequency characteristic condenser and is about
33pF. For large capacity, it becomes difficult to adjust the valley point. Also, the voltage is the same
as the value (C108) calculated by the 50 formula.

4) D111

C111 is an abnormal countermeasure part. We recommend adding. Please select the small fast
recovery diode (FRD) of reverse recovery time (Trr).

As described in section 3.2.1, the on-trigger circuit detects the Z/C pin voltage when it reaches Vz/C
= 0.25V (typ). Thus, the diode should not reduce the voltage below Vz/c. Make sure the diode has
adequate VF to secure Vz/C.

5.5.2 Design procedure for F/B pin (6pin)
(1) Basic circuit

The diagram to the right shows the basic circuit. PH101 is a
photocoupler for constant voltage control. R107 and C107
are noise reduction components.

C107 has a capacitance between 470pF and 2200pF. Set the
initial design value to 1000pF. R107 is set between 39kQ
and 47kQ. Normally, it should be set to 47kQ. If the
resistance falls below 39kQ, the timer latch function may
be disabled.

(2) Circuit Protection

PH101 may exhibit insulation breakdown during a short
circuit test. If so, protect the circuit using a zener diode, as
shown to the right. A zener diode (ZD301) for 10V or
greater should have negligible effect on IC functions for
normal use.

PH101 R107 C107 DZ301
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(3) Phase compensation of F/B pin

C107 is used not just to reduce noise, but to adjust feedback
response. However, in a large-capacity or multi-output power
supply, phase compensation by the secondary control circuit
may be inadequate.

If so, add a circuit between the F/B pin and the GND pin, as
shown to the right. Doing so can resolve various issues,
including hunting.

Refer to the following table to determine constants.

. . PH101 R107 C107 C302
Symbol Initial design value
R307 4.7kQ
C302 0.1 uF

(4) Additional circuit to F/B pin

When adding a circuit to the power supply circuit due to load setting conditions or for other reasons, be
careful to avoid disabling the protect mode function. Disabling the protect mode will affect power supply
performance.

5.5.3 Design of OCL pin (2pin)
(1) Basic circuit
The diagram to the right shows the basic circuit.

The circuit consists of R104 for primary current detection
and a filter circuit comprising R103 and C106.

R104: Resistance required in Section 5.4 MS1007SH

C106: Initial design value of 220pF
Design values from 220pF to 3300pF

R103: Initial design value of 1002
Design values from 100Q2 to 470Q

(1)
\4/

Increase the constants if switching noise is significant
and may lead to malfunctions.

(2) Protection for large output power

If switching noise is significant for instance, because

output power is large a high negative voltage may be

applied to the OCL pin. Since the IC are single power
supply ICs, a negative voltage may damage the IC or

cause malfunctions.

MS1007SH

The following diagram shows a circuit that incorporates a ®
feature to protect the OCL pin against negative voltages.
The added diode D301 should have small Vg (a Schottky
barrier diode is recommended) and should be connected as
close as possible to the pin.
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5.5.4 Design of VG pin (1pin)

(1) Basic circuit

Q101 E
:'

The VG pin outputs switching signals. It can be used
when the main switching device is a voltage-driven MS1007SH
element.

The diagram to the right shows the basic circuit
configuration. The initial design values should be 102 @ 33k Q2
for the gate resistor R102 and 33kQ for the resistor R101

between the gate and the source. R104

(2) Circuit requiring a drive circuit

The main switching device driving
performance of the IC series is specified under 3/

“Soft drive” of “Electric/thermal
characteristics” in the specification. A circuit MS1007SH
for enhancing the driving performance is
required between the Vg pin and the main
switching device as shown to the right if the
main switching device cannot be driven directly [ZD
by the Vg pin in the basic circuit (1). o~/

Refer to the diagram to the right to determine
constants.

Use the gate total charge quantity Qg of the main switching device as a guide for determining whether a
driving circuit is required.

Qg of main switching device > 21 nC to 25 nC | Driving circuit required

Qg of main switching device <21 nC No driving circuit required

5.5.5 Design of VCC pin (3pin)

(1) Basic circuit

The diagram to the right is the basic circuit. The

circuit consists of D103 and C109 for rectifying MS1007SH

the Nc winding output and C110 for noise

reduction between VCC and GND. @
-/

For C110, use a capacitor with good frequency

characteristics. Design around 0.22pF. C110 |
<
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(2) Measure (1) against poorly regulated VCC

If the VCC is not well regulated due to design conditions, such as the load specification, add R110 as
shown below to the left. This is generally the most cost-effective way to improve regulation. The chart to
the right shows model lines of VCC regulation relative to output power. The red line represents VCC
regulation with the basic circuit (1). The measure adjusts behavior to the black line.

N Previous VCC
regulation
Rl 10 D103 OVP voltage
MSI007SH (3} ¢ o AM—g—0~ .| v ==
S
S
(4) E
>
O \
O
>
Improved VCC
regulation
& AN
7

Output power

(3) Measure (2) against poorly regulated VCC

The diagram below shows a circuit that improves regulation more effectively than measure (2).

R110
22Q DI03

MS1007SH
(4)

Symbol Initial design value Recommended value
R305 560 Q 220 O~1kQ
DZ302 16 V I5V~18V
* Keep in mind potential losses associated with R305.
™ Previous VCC
regulation

This measure will improve the regulation
(represented by the red line) and move it to the bold
line on the chart to the right. The voltage setting of
DZ302 is the operating point of DZ302, as shown to
the right.

OVP voltage

VCC voltage

.. .. . . . Operating point of
This circuit incorporating this measure is the most DZ302

effective circuit available when using super standby
mode. No losses occur in super standby mode.

A\ 4

Output power
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(4) Measure (3) against poorly regulated VCC

If the measures described in Section (2) and (3) above do not work, use a dropper circuit as shown below
to stabilize VCC. Use the constants given below as guidelines.

DZ304
10V
DN
| =]
MS1007SH Q3-(21 - R110 D103
@ R306 p
+ 47kQ |+
r jani
,ﬂ C109 C301
) DZ303
R 18V

When selecting DZ303, note the withstand voltage between Q301 and EB.
If the withstand voltage between Q301 and EB is 5V, select 18V or greater.
If the withstand voltage between Q301 and EB is 7V, select 16V~18V or greater.

This measure stabilizes the VCC to the zener voltage of A\ | Previous vCC
DZ303 plus Vg of Q301. Unless DZ304 is added as regulation
shown in the diagram above, OVP of the VCC pin OVP voltage
cannot be used. Set the zener voltage of DZ304 so that |- S
the OVP functions properly. ) ’\
The chart to the right shows a VCC regulation model S Operating point of
after implementing the measures above. Activating the § dropper circuit
dropper circuit stabilizes the voltage. When DZ304 Operating point of
activates, the voltage becomes the OVP voltage. DZ304
N\
7

Output power

(5) Circuit protection

The VCC pin may break down during a short circuit test. If so, protect the circuit using a zener diode
(DZ305), as shown to the right. A zener diode for 30V or greater should have negligible effect on IC
functions for normal use.

D103
MS1007SH ('3)—e s
® Nc
o/ + °
C110 x
) DZ305 C109
30V
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5.5.6 Setting resonating capacitor

The capacitance set for the resonating capacitor should be between 47pF and 2200pF for real-world
applications. No other restrictions apply.

(1) Conditions under which a relatively large capacitance is selected

¢ The quasi-resonance bottom is close to 0V because, for example, input voltage is low and the main
switching device loss is expected to be very small.

e The conducted emissions are high.

¢ The surge voltage is large relative to the withstand voltage of the main switching device, and there is
no margin.

(2) Conditions under which a relatively small capacitance is selected
e The main switching device generates significant heat.

¢ Standby power must be minimized.

The following table lists the effects of changes in the capacitance of the resonating capacitor on power
supply performance.

Item Reduce capacitance. & Increase capacitance.
Main switching device peak voltage Rise < Fall
Drooping- point power Increase < Decrease
Heat buildup in the main switching device Decrease 4 Increase
I;/E?t:rrlpsxtecr}ilrllr;gocrllewce current immediately Decrease N Increase
xa:;i:\:;ztzinciﬁ?goﬁnem under the same Decrease < Increase
Regulation of Vo Decline = Improve
Regulation of VCC Decline < Improve
Power supply efficiency Improve = Decline
Noise Rising tendency < Declining tendency

In efforts to optimize power supply performance, changes in the capacitance of the resonating capacitor
often involve trade-offs. Carefully examine the advantages and disadvantages of the change when
determining the constants. It may be possible to improve the trade-offs by redesigning the transformer.
Consider redesigning the transformer to optimize power supply performance.
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