Quasi-Resonant Controllers with Integrated Power MOSFET

STR-Y6700 Series

General Descriptions

The STRY6700 series are power ICs for switching
power supplies, incorporating a MOSFET and a
guastresonant controller IC.

Including an auto standby function in the controller,
the product achieves thiew standby power by the
automatic switching between the PWM operation in
normal operation one bottomskip operation under
mediumto light load conditionsind the bursbscillation
under light load conditions.

The product achieves high cgmrformance pwer
supply systems with few external components.

Features

e Multi-mode Control
The optimum operatiordepending ooad conditions
is changed automatically and ischieved high
efficiencyoperation across the full range of loads

Operation Mode
Normalload Quasiresonant mode
Medium to light load------------ Onebottomskip mode
Light load Burst oscillation mode
(Auto standby function)
e No load power consumption
Leading Edge Blanking Function
Bias Assist Function
Built-in startupcircuit reduces
Protections
Overcurrent Protectioh (OCPL): Pulseby-Pulse with
Input Compensation Function
Overcurrent ProtectioB (OCP2)\Y: Latched shutdown
Overload ProtectiofOLP): Latched shutdown
Overvoltage Protectio(OVP): Latched shutdown
Thermal Shutdown ProtectigifSD): Latched shutdown

@ products with theadst letter "A dorit have the
OCP2 function.

Typical Application

L51

Package
TO220F7L
Not to Scale
Lineup
e Electrical Characteristics
Products Vpsdmin.) Ros(on(max.)
STR-Y6735
STR-Y6735A S00V 0.8
STR-Y6753 1.90Q
650V
STR-Y6754 1.4Q
STR-Y6766
STR-Y6766A 170
STR-Y6765 800 V 220
STR-Y6763
STR-Y6763A 3:5Q

Output Power, B

3

Pout (Open frame)

Products
380vDC 85~265\AC

STR-Y6735

STR_Y6735A 120W(100VAC) -
STR-Y6753 100w 60W
STR-Y6754 120w 67W
STR-Y6766

STR-Y6766A 140w 8ow
STR-Y6765 120 W 70W
STR-Y6763

STRY6763A sow 0w

@ The output power is actual continues power that is mehsire

50 °C ambient.The peak output power can be 120 to 140 % of
the value stated here. Core size, ON Duty, and thermal design
affect the output power. It may be less than the value stated here.

VCAC ”l BR1 n. D; ~ v%m)
{ 1 P [:%RMRS‘: ) .
o o s Applications
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STR-Y6700 b2 USL e i i
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5 &u 2 gnu VOUT(-)
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. _____________________________________________________________________________________________________________________________|
1. Absolute Maximum Ratings

e Current polarities are defined as follovescurrent flow going into the IC (sinking) is positive current (+); and a
current flav comingout of the IC (sourcing) is negative curren}.(

e Unless otherwise specifiey E 25 °C

Parameter Symbol | Test Conditions| Pins Rating Units Notes
6.7 STR-Y6763 / 63A
8.9 STR-Y6765
. . 9.2 STR-Y6753
Drain Peak Curreft | opEAK Single pulse 1-2 A
10.5 STR-Y6766 / 66A
11.0 STR-Y67HA4
14.6 STR-Y6735 / 35A
6.7 STR-Y6763 / 63A
8.9 STR-Y6765
: ooy Single pulse 9.2 STR-Y6753
Maximum Switching Curref® | omAx Ta:g—zopto 1ogec| 1-2 108 A STRY6766 ] oA
11.0 STR-Y6754
14.6 STR-Y6735/ 35A
I peak=2.3A 60 STR-Y6763 / 63A
I peak=2.6A 77 STR-Y6765
Avalanche Enerdy” Eas lipeax=2.9A 1-2 99 mJ STR7Y6753
I pEak=3.2A 116 STR-Y6766 / 66A
I peax=4.1A 198 STR-Y6754
I peak=3.5A 152 STR-Y6735 / 35A
D/ST Pin Voltage V stARTUP 1-4 | —1.0to Wpss \Y
S/OCP Pin Voltage Vocp 2-4 -2.0t06.0 \
VCC Pin Voltage Vee 3-4 35 V
FB/OLP Pin Voltage Ves 5-4 -0.3t07.0 V
FB/OLP Pin Sink Current leg 5-4 10.0 mA
BD Pin Voltage Vep 6-4 -6.0t06.0 \
19.9 STR-Y6763 / 63A
21.8 STR-Y6765
With infinite 1-2 20.2 W | STRY6753
Power Dissipatiof? Po1 heatsink 536 STRY6766 / 6OA
e
Without heatsink | 1—2 1.8 W
Control Part Power Dissipation Pp, VeeXlee 3-4 0.8 W
g;eerrnaa:ilaname Temperature in T _ 2010115 oC
Operating Ambient Temperatu Top - —20to 115 °C
Storage Temperature Tsig - —-40to 125 °C
Junction Temperature Ten - 150 °C

@) Refer t03.3MOSFET Safe Operating Area Curves

@ The maximum switching current is theath current determined by the drive voltage of the IC and threshold voltage
(V) of the MOSFET.

®) Refer toFigure3-2 Avalanche Energy Derating Coefficient Curve

@ Single pulse, ¥p= 99 V,L = 20mH

®) Refe t0 3.2 Ta-Ppjcurves.
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|
2. Electrical Characteristics

e The polarity value for current specifies a sink as "+," and a sourcg"agferencing the IC.

e Unless otherwise specified, E 25 °C, \(c =20V

Test . . .
Parameter Symbol Conditions Pins | Min. | Typ. | Max. | Units Notes
Power Supply Startup Operation
Operation Start Voltage Vecon) 3—4 | 138 | 151 | 173 \%
Operation Stop Vohgéd® Vecorn 3-4| 84 | 94 | 107| V
Circuit Current in Operation lccon 3-4 - 1.3 3.7 mA
Circuit Current in _ _ _
Nor-Operation lccorm Vee=13V | 34 4.5 50 MA
Startup Circuit Operation
Voltage VstarT(ON) 1-4 42 57 72 \%
Startup Current ICC(STARTUP) Vcc: 13V 3-4 —-45 -3.1 -1.0 mA
Startup Current Biasing _
Threshold Voltage Vec@ias) 3-41 95 | 110 125 v
PWM Switching Frequency fosc 1-4 | 184 | 21.0| 244 | kHz
Soft Start Operation Duration tss 1-4 - 6.05 - ms
Normal Operation
Bottom-Skip Operation _
Threshold Voltage 1 Vocres) 2—-4 | 0.487| 0.572| 0.665| V
Bottom-Skip Operation _
Threshold Voltage 2 Vocresz) 2—-4 | 0.200( 0.289| 0.380| V
QuasiResonant Operation _
Threshold Voltage 1 Vb 6—-4 | 014 | 0.24| 0.34 \%
Quas-Resonant Operation _
Threshold Voltage @ Veo(riz) 6-4 1007 017} 027} V
Maximum Feedback Current leBMAX) 5-4 | =320 | —-205( -120| MA
Standby Operation
Standby Operation Threshold
Voltagey P Vep(staon) 5-4| 045 080 | 1.15| Vv
Protected Operaion
Maximum OnrTime tonmax) 1-4 | 30.0 | 40.0 | 50.0 us
STR-Y6735
- 455 - / 35A/ 65/
Leading Edge Blanking Time ton(Les) 1-4 ns | 66/54
~ 470 ~ STR-Y6763
/ 63A/53
Overcurrent Detection 1
Threshold Voltagén Input Vocrw) Vgp=-3V | 2—4 | 0.560(| 0.660| 0.760 \Y
Compensation Operation
Overcurrent Detection 1
Threshold Voltagén Normal VocrH) Vgp =0V 2—4 | 0.820| 0.910| 1.000 \Y
Operation
Products
Overcurrent Detection 2 without the
Threshold Voltage Vocp(aorr) 274 1651 1831 201 1 V| |d letter
"

1
(2) Vecorn< Vecpias)always.
Veo(tHz) < Vep(rHa) always.
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Parameter Symbol Corrgifitons Pins | Min. | Typ. | Max. | Units Notes
BD Pin Source Current lep(o) 6—4 | -250| —83 | —30 MA
OLP Bias Current ) 5-4 | =15 | —10 -5 MA
OLP Threshold Voltage VesoLp) 5—-4 | 550 | 5.96 | 6.40
FB Pin Maximum Voltage in _
Feedback Operation Vrsmax) 5741 370 | 4051 4.40
OVP Threshold Voltage Vecove) 3—4 285 | 315 | 34.0
Thermal Shutdown Operating A _ _ _ o
Temperature Tiaso) 135 C
MOSFET
STRY6735/
500 - - 35A
Drain-to-Source Breakdown _ 2 650 - - STRY6753/
Voltage VDSS |DS—3OO}J,A 1- V 54
STRY6763/
800 - - 63A /65 /66
/66A
Drain Leakage Current Ipss Vps=Vpss 1-2 - - 300 pA
STRY6735
- - | o8 / 35A
- - 1.4 STR-Y6754
1.7 STR-Y6766
: _ : / 66A
On Resistance Ros(on 1-2 Q
1.9 STR-Y6753
2.2 STR-Y6765
STR-Y6763
B B 35 / 63A
STR-Y6753
- ~ | ®0 | s ie3/63A
Switching Time t 1-2 STRY6735
- - 300 ns |/35A/54]
66 / 66A / 65
Thermal Resistance
STRY6735
B 24 2.7 / 35A /54
STR-Y6766
- 1.9 22 ] 66A
Channel to Frame Thermal 0 _ oC/W
Resistand® chF - 2.7 3.1 STR-Y6753
- 2.3 2.6 STR-Y6765
STR-Y6763
- 2.8 3.2 / 63A
STRY6735
_ 51 59 /35A /54
STR-Y6766
- 4.6 5.3 ] 66A
Channel taCaseThermal 0 _ oC/W
Resistandd ch-C - 54 6.2 STR-Y6753
- 50 | 5.8 STR-Y6765
STR-Y6763
- 55 6.3 / 63A

® g.ris thermal resisince between channel aimternal frame.
@ g.ncis thermal resisince between channel and case. Case temperature is measurbadckdidesurface
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3. Performance Curves

3.1 Derating Curves
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3.2 Ambient Temperature versus Power Dissipation Curves

Figure3-2 Avalanche Energy Derating Coefficient
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e STR-Y6754
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3.3 MOSFET Safe Operating Area Curves
e When the ICis used, the safe operating area curve should be multipliedebteiperature deratirapefficient
derived fromFigure3-1.

e The broken line in theafe operating area curve is the drain current curve limited Jogsistance.
e Unless otherwise specified, & 25 °C, Single pulse
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]
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3.4 Transient Thermal Resistance Curves
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4. Block Diagram

vCcC D/IST
30 ® STARTUP 1
UvLO ]
Reg / konst DRV E}
S/OCP
OCP/BS )2
LATCH
LOGIC
NE FB/STB FB/OLP
70 OoLP 5
0sc
GND BD
4 ()17 BD Oe6
BD_STR-Y6700_R1
5. Pin Configuration Definitions
7 Pin Name Descriptions
i1; DIST 1 D/ST MOSFET drain and startupiaent input
> S/OCP MOSFE'_I’ source and overcurrent protection
(OCP) signal input
3 VCC Power supply voltage input for control part and
overvoltage protection (OVP) signal input
4 GND Ground
Constant voltage control signal input and over
5 FB/OLP load protection (OLP) signal input
(LF3051) 6 BD Bottom Detection signal input, Input
Compensation detection signal input
7 NF* (Non-function)

*For stable operation, NF pin shoulddmnectedo GND pin, using the shortest possible path

STR-Y6700 - DS Rev.4.1
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6. Typical Application

e The PCB traces D/ST pins should be as wide as possible, in order to enleamzg dissipation.

e |In applications having a power supply specified such that D/ST pin hasttargsient surge voltages, a clamp
snubber circuit of a capacitoesistordiode (CRD) combination should be added on the primary winding P, or a
damper snubber circuit of a capacitor (C) or a restsapacitor (RC) combination should be added between the
D/ST pin and the S/OCP pin.

e For stable operation, NF pin should be connected to GND pin, using the spossbte path.

BR1 CRD clamp snubber T1 D51 L51 VOUT(+)
VAC =
Y c1 c2 l RL P
D1 °
“ O
STR-Y6700 b2 Rz
A °
o C3 D
-5 oo a VOUT(-)
® 00 Zdaou
0O »un>0uLmz DZep
9B
CV I:’aBDJI.
R3 l R
4 Cep BD2
C5 |PC1
C4 c,
[
[
Figure6-1Typical application
_____________________________________________________________________________________________________________________________________________________|
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7. PhysicalDimensions
e TO220F7L

2. 8+0. 2

s
i
NP

@

W

3. 2+=0|

MY

a. 1

2.6 *+0.1

(Measured at pin base)
D - 1
T T T ‘ T T T T
| b 0 I
0 I °
7—0. 62+0. 15 ° 4 4
i 1l 0 0\
¢ —i | R—end
| b |
+0. 2
7—0.55 %3 °
-
|
5x<P1. 171 0. 15 0. 4559 ZLH ‘ 2.54+0.6
2+0. 15 —5.857+0. 15 il |
(Measured at pin base) (Measured at pin base) (Measured at pin tip)

5. 08=+=0.6
(Measured at pin tip)

NOTES:

1) Dimension is iimillimeters

2) Leadform:LF No.3051

3) Gate burr indicates protrusion of 0.3 mm (max

4) Pin treatment Pfree. Device compositiocompliant with the RoHS directive.

8. Marking Diagram

O

STR
Y67 x%xXXxX
— Part Number
YMDDX
—— Lot Number:
1] 7 Y is the last digit of the year of manufacturdq@)

M is the month of the year (@ 9, O,N or D)
DD is the day of the month (@d 31)
X is the control number
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9. Operational Description winding so that VCC pin voltage becomes Equatibn

) ~_within the specification of input and output voltage
* All of the parameter values used in these descriptions yariation of power supply.

are typical values, unless they are specified as
minimum or maximum.

e With regard to current direction, "+" indicates sink
current (toward the IC) and-" indicates source
current (from the IC). =12.5(V) <Vcc < 285(V) (1)

Vegmias) (Max) < Ve <Vegovp (MIN.)

The startup time of IC is determined by C3 capacitor

9.1 Startup Operation value. The approximate startup timgakt (shown in
Figure9-2) is calculated as follows:
Figure 91 shows the circuit around IGrigure 9-2

shows the start up operation. Veeon— Veomn
CC(ON CC(INT

tsrart = C3X | | | (2)
CC(S
BR1 T1 (STRATUP)
VAC . where,
Cl P tsrarr Startup time of IC (s)

1 ) Veegnm - Initial voltage on VCC pin (V)

uyp D/ST
3
vee 9.2 Undervoltage Lockout (UVLO)
D Figure9-3 shows the relationship of VCC pin voltage
GND and circuit currentd.. When VCC pin vahge decreases

t0 Vccorr = 9.4V, the control circuit stops operation by
Undervoltage LockoutUVLO) circuit, and reverts to

Figure9-1VCC pin peripheral circuit the state before startup.

Circuit current, ¢c

VCC pina A __
voltage 7
Veeon
Stop Start
>
) tsTART
Drain curren V
|
b v V> VCC pin
> CC(OFF) CC(ON) voltage

Figure9-2 Startup operation Figure9-3 Relationship between

VCC pin voltage andck
The IC incorporates the startup circuit. The circuit is
connected to D/ST pin. When D/ST pin voltage reaches
to Startup Circuit Operation VoltagesMgrron) = 57 V, 9.3 Bias Assist Function
the startup circuit starts operation. ] ) ) ) )
During the startup process, the constant current, By the Bias AssistFunction t_he startup failureis
|ccsarrum = — 3.-1MA, charges C3 at VCC pin. When preventgd and the Iatch_ed. state is kept.
VCC pin voltage increases togyon = 15.1 V, the The Bias Assist functions activated when the VCC
control circuit starts operation. During the IC operation, Voltage decreases to thSEartup Current Biasing
the voltage rectified the auxiliary winding voltage,,v | hreshold Vo!tagg Veceins) = 11.0 V, in either of
of Figure 91 becomes a power source to the VCC pin. following condition: ,
After switching operation begins, the startup circuit the FB pin voltage ishe Standby Operation Threshold
turns off automatically so that its current consumption Yoltage, \ssteor)= 0.80V or less o
becomes zero. or the IC is in the latched state due to activating the
The approximate value of auxiliary winding voltage is Protection function.
about 20 V, taking account of the winding turns of D
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When he Bias AssisFunction is activatedthe VCC stepwisely @ steps). This function reduces the voltage
pin voltage is kept almost constardltage,V ccgias) By and the current stress of MOSFET and secondary side
providing the startup currentgthrrup from the startup rectifier diode.
circuit. Thus, the VCC pin voltage is kepmnore than During the soft start operation period, the @pien is
Vec(orr in PWM operation, at an internally set operation

Since thestartup failureis prevented by theBias frequency fosc=21.0kHz.

AssistFunction the value of C3 connected to VCC pin Until BD pin voltage becomethie following condition
can be small Thus, the startup timeand the response  after the soft start time, the switching operation is PWM
time of the OVP become shorter. control offosc= 21.0kHz.
When BD pin voltage Vgp, becomesthe following
The @eration of he Bias AssisEunctionin startup is condition, the IC starts quastsonant operation.
as follows.It is necessary to check and adjust the startup
process based on actual operation in the application, so
that poor starting conditions may be avoided. Quasiresonant operation starting condition
* Vgp = Veperry = 0.24V
Figure 94 shows VCC pin voltage behavior during * The effective plse width of quasresonant signal
the startup period. is 1.0 ps or more (refer to Figure9-12)
After VCC pin voltage increases tocyon) = 15.1V
at startup, the IC starts the operation. Then circuit After the soft start period, D/ST pin curreng, lis
current increases and VCC pin voltage decreaiethe limited by the overcurrent protection (OCP), until the
same time, the auxiliary winding voltage hcreases in output voltage increases tbe target operating voltage.
proportion to output voltage. These are all balanced to This period is given ag.

produce VCC pin voltage. Whent,y is longer than the OLP Delay Timey 4,

When VCC pin voltage is decreasevigcorr)= 9.4V the output poweis limited by the OLPoperation (OLP).
in startup operatignthe IC stops switching operation Thus, the ¢ must be set longer thapyt (refer to
and a startup failure occurs Section9.13.

When the output load is light at startupe output
voltage may become more than the target voltage due to Startup of IC Startup of SMPS
the delay of feedback circuit. In this case, the FB pin ) / . Normal operation
voltage is decreased by tfeedback controlWhen he veepn VOItathSTART 3
FB pin voltage decreases to tlgtandby Operation Vecon
Threshold VoltageVegistesory= 0.80 V, or less, the IC Vec(orr)
stops switching operation and VCC pin voltage
decreases. When VCC pin voltage desesatoV cceias), —>
the Bias Assist functionis activatedand the startup tss fm Time
failureis prevented D/ST pin“ T

current, b
VCC pina Startup success
voltage| |c starts operation

Target operating ' ' Time
Vecon) voltage PWM operation Quasi-resonant operation
' o i \
Vecsias) i Increase with rising of BD pin voltage y
\ output voltage
\ / . . . VBD(THl)
\ 7/ Bias assist period
\Startup failure {} Enlarged Waveform  11Mme

Vcc(oFF

PWM operation | Quasi-resonant operation

o VUL

The effective pulse width is
1.0ps or more

» Time

Figure9-4VCC pin voltage during startup period

9.4 Soft Start Function

Figure 9-5 shows the behavior of VCC pin voltage,  Figure9-5 Vc and b and Vip behavior during startup
drain current and BD pin voltage during the startup

period.

The IC activates the soft start circuitry duritige
startup period. Soft staig fixed totss= 6.05ms During
the soft start period, over current threshold is increased
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9.5 Constant Output Voltage Control

The IC achieves the constant voltage control of the

power supply atput by using the currembode control
method, which enhances the
provides the stable operation.

The IC compares the voltage,rdén Of a current
detection resistor with the target voltagescVby the
internal FB comparator, and corizdhe peak value of
VRocpSO that it gets close tog¥, as shown ifrigure9-6
and Figure9-7. Vs is generated by the FB/OLP pin
voltage.

e Light load conditions
When load conditios become lighter, the output
voltage, \byr, increases. Thus, the feedback current
from the error amplifier on the secondaige also

increases. The feedback current is sunk at the FB/OLP

pin, transferred through a phetoupler, PC1, and the
FB/OLP pin wltage decreases. Thusgddecreases,
and the peak value ofp¥cp is controlled to be low,
and the peak drain current gfdecreases.

This control prevents the output voltage from
increasing.

e Heavy load conditions
When load conditions become greater,e thC

performs the inverse operation to that described aboveperforms

Thus, Vsc increases and the peak drain currentof |

increases.
This control prevents the output voltage from
decreasing.
Ul
S/OCP GND FB/OLP
2 4 5
R3 cs | PC1
VRroc Roce | ca ’ lIFB

Figure9-6 FB/OLP pin peripheral circuit

9.6 Leading Edge Blanking Function

The IC uses the peaurrentmode control method
for the constant voltage control of output.

response speed and In peakcurrentmode control method, there is a case

that the power MOSFET turns off due to unexpected
response of FB comparator or overcurrent protection
circuit (OCP) to the steep surgarrent in turning on a
power MOSFET.

In order to prevent this response to the surge voltage
in turningon the power MOSFET, the Leading Edge
Blanking, tON(LEB) is built-in. During tON(LEB)v the OCP
threshold voltage becom®scp(aorr= 1.83V in order
notto respond to the turon drain current surggefer to
Section9.12.

9.7 Quasi-Resonant Operation and
Bottom-On Timing Setup

9.7.1 Quasi-Resonant Operation

Using quasresonant operation, switching loss and
switching noise are reduced and it is possible to obtain
converters with high efficiency and low noise. This IC
quasfesonant operation  during one
bottomskip operation.

Figure 9-8 shows the circuit of a flyback converter.
The meaning of symbsln Figure9-8is shown inTable
9-1. A flyback converter is aystem thatransfers the
energy storedn the transformer to the secondary side
when the primary side power MOSFET is turned off.
After the energy is completely transferred to the
secondary, when theower MOSFET keeps turning off,
the Vps begins free oscillation based on theand G,.

The guasiresonant operation is the bottamn operation that
the power MOSFET turnson at the bottom point of free
oscillation of \ps.

Figure 9-9 shows an ideal ¥ waveform during
bottomon operation.

The delay time,tonpLy, iS the timefrom startingfree
oscillation of \bs to power MOSFETturn-on. The
tonoLy Of anideal bottorron operation is half cycle of
thefree oscillation, and is calculated using Equati®n

Target voltage tonpLy = Ty/LpxCy )
Vee L
Voltage on both
FB Comparator .
sides of Rcp VwTZ
Drain current, [ / / /
I
Figure9-7 Drain current, §, and FB comparator ) ) o
operation in steady operation Figure9-8 Basic flyback converter circuit
STR-Y6700 - DS Rev.4.1 SANKEN ELECTRIC CO.,LTD. 15

Jun. 09, 2016

Downloaded from: http://www.datasheetcataloa.com/


http://www.datasheetcatalog.com/

STR-Y6700 Series

Table9-1The meaning of symbsin Figure9-8

Symbol Descriptions
Vin Input voltage
Vely Flyback voltage
N
Ve :N_PX(VO +Ve)
S
Vs The voltage between Drain and Source
power MOSFET
Np Primary side number of turns
Ng Secondary side number of turns
Vo Outputvoltage
Ve Forward voltage drop of the secondary
side rectifier
Io Drain current of power MOSFET
lore Current which flows through the
secondary side rectifier when power
MOSFET is off
Cv Voltage resonant capacitor
Lp Primary side inductance
tonpLy
<>
\ /v VELy
I \ Vin
VDS 0
Bottom point
lorr O /\
o |
o
fon

Figure9-9ldeal bottormon operation waveform

9.7.2 Bottom-On Timing Setup

BD pin detects the signal dfottomon timing and
input compensation of OCPlefer to Sectio®.12.3.
Figure9-10 shows the BD pin peripheral circuiigure
9-11 shows the waveform of auxiliary winding voltage.

The quasresonant signal, Mv», iS proportional to
auxiliary winding voltage, ¥ and is calculated as
follows:

R BD2

Vieve = R X (VREV1 - VF) (4)

so1 T Repz
where,
Vrevi: Flyback voltage of auxiliary winding D
Ve: Forward voltage drop &gp

The BD pin detects the bottom pointngsithe \&eyo.

The tresholdvoltageof quasiresonanbperationhas
a hysteresis Vgpruy Is QuasiResonant Operation
Threshold Voltage 1, Mruz is QuasiResonant
Operation Threshold Voltage 2.

When the BD pin voltage, Aév, Iincreases to
Veprry = 0.24 V or more at the power MOSFET
turnsoff, the power MOSFETkeeps the offtate.After
that, the \4s decreases bthe free oscillation. When the
Vps decreases to @bz = 0.17V, the power MOSFET
turnson andthe threshold voltage goes up t@pMui
automatically to prevent malfunction of the BD pin from
noise interference.

T1
P
Vin I
C1 VNT VFLY: é
V e
D2 R2 D
c A, &
V:: % C3 VREVl: Vewt
1 3 |
D/ST
Ul Forward voltage
L | Flyback voltage
3
2|S/IOCP GND
= Roce 4 VRev2

Figure9-10 BD pin peripheral cuit

Auxiliary t
winding [\ A [\ N
voltage,Vp Y V \ V
REV1

0
VEwt ’

3.0 V recommended,
but less than 6.0 V acceptable ton

Quasi-resona
Signal,Vgev2 | [ Vep(rH)

0

N--Veo(tHa)

Figure9-11 The waveform of auxiliary winding voltage

® RBDl andRBD2 &tup
Rgp1 and Ryp, should besetso that \kgy» becomes
thefollowing range
Under the lowest condition ofCC pin voltage in
power supply specification, gdv, > Veprny= 0.34
V(max.).
Under the highest condition of VCC pin voltage in
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power supply specification, g¢y» < 6.0 V (Absolute
maximum rating of the BD pjnand he effective
pulse width of quasiesonant signak 1.0 ps or more
(refer toFigure9-12).

The value oV ggy, is recommendedbout 3.0 V

3.0 V recommended,

Quasi-resonafft but less than 6.0 V acceptal

signal, \kev2

0.34v

0.27v

I

\, S TS — I~
Effective pulse width
(1.0 s or more)

Figure9-12 The effective pulse width
of quasiresonant signal

* Cgp Setup
The delay time, dnpy, until which the power
MOSFET turns on, is adjusted by the value gf,&0
that the power MOSFET turns on at the bottmmof
Vps (refer toFigure9-9).

The initial value of @p is set about 1000 pF.g&is
adjusted while observing the actual

voltage and the maximum output powéra voltage
probeis connectedo BD pin, thebottom point may
misalign).

If the turnon point precedes the bottom of thgsV
signal (seeFigure 9-13), after confirming the initial

turn-on point, delay the turon point by increasing

the Gp value gradually, so that the tuiom will match
the bottom point of Ys.

Early turn-on point

Bottom point

1N

lorr 0

VBD(TH1)- / R l -\ v
Vep 0 R e Veorre)

—1
Auxiliary .
winding voltage i

B

Figure9-13 When the turron of a \hs waveform occurs
before a bottom point
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operation
waveformsof Vps and b under the maximum input

In the converse situation, if éhturnron point lags
behind the s bottom point Figure 9-14), dter
confirming the initial turron point, advancethe
turn-on point by decreasing thez&Cvalue gradually,
so thatthe turron will match the bottorpoint of Vps.

Delayed turn-on point

7

J\Bottompoint /\
1 L

Vephy - - {- - - - NC-reeee e

VDS 0

lorr 0

Ip 0

,,,,,,

Vep 0— - - -VBD(TH2)

Auxiliary

winding voltageﬁ ‘
Vp O_] : ‘

Figure9-14 When the turron of a \l,s waveform occurs
after a bottom point

9.8 BD Pin Blanking Time

Since the auxiliary winding voltags inputto the BD
pin, BD pin wltage may be affected from the surge
voltage ringing when the power MOSFET turns dff.
the IC detects the surge voltage as guasbnant signal,
the IC mayrepeatedly turn the power MOSFET on and
off at high frequency. This result in an increase of the
MOSFET power dissipation and temperature, and it can
be damaged.

The BD pin has a blanking period of 250 ns (max.) to
avoiddetecting voltage during this period

Thepoor couplingthe high leakage inductandends
to happenin a low output voltage traf@mer design
with high NJ/ Ns turns ratio (M and N; indicate the
number of turns of the primary winding anecendary
winding, respectively)andthe surge voltage ringing of
BD pin occurs easilyseeFigure9-15).

If the surge voltage continues longer than BD pin
blanking period and the high frequency operation of
power MOSFET occurghe following adjustments are
required so that the surge period of BD pin is less than
250 ns.

In addition, the BD pin waveform during operation
should be measured by connecting test probes as short to
the BD pin and the GND pin as possible, in order to
measure any surge voltage correctly.
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* Cgp Must be connected near the BD pin and the GND
pin.
* The circuit trace loop between the BOinpand the

and this enables the IC to switch in a stable operation.
Before the one bottorskip point changed from heavy
to light load, or after that done from light to heavy load,

GND pin must be separated from any traces carrying the switching frequency of the normal quessonant

high current

* The coupling of the primary winding and the auxiliary
winding must be good

* The clamping snubber circuit (refer feigure 6-1)
must be adjusted properly.

VBo(TH) -

”””””” VBD(THZ)
VREV2

(a)Normal BD pin wavefornfgood coupling)

!

VBp(TH1) l ,
U T Vep(tHz)

BD pin blanking time250ngmax.

VRev2

(b)Inappropriate BD pin waveforigpoor coupling)

Figure9-15 The difference of BD pin voltage,r¥y 2,
waveform by the coupling condition of the transformer

9.9 Multi -mode Control

When the output power decreasethe usial
guastresonant control increastse switching frequency
andthe switching loss

Thus, The IC has theulti-mode controlto achieve
high efficiency operation across the full range of loads.

The automatic multimode control changes among the
following three operational modes according to the
output loading statenormal quasiresonant operation in
heavy load, one bottoiskip quasiresonant operation in
medium to light load and burst oscillation operation
(auto standby function) in light load.

9.9.1 OneBottom-Skip QuasiResonant
Operation

The onebottomskip functionlimits the rise of the
power MOSFET operation frequentymedium to light
loadin order toreduce the switching loss.

Figure 9-17 shows the operation ae transition
diagram of the output load from light load to heavy load.
Figure 9-18 shows the state transition diagram from
heavy load to light load.

As shown inFigure 9-16, in the process of the

operation becomes higher and thewitching loss of
power MOSFET increase3.hus, the temperature of the
power MOSFET should be checkatl higher switching
frequency of the operation changing pdmtmaximum
AC input voltage.

N One bottom-skip quasi-resonar

VocpH)

Vocp@esi)

\

Normal quasi-resonant
VOCP(Bsz,

Load current

Figure9-16 Hysteresis at the operational mode change

* The mode is changed from one bottskip
guastresonant operation to normal quassonant
operation (light load to heavy load).

When load is increased from one bottekip
operation, the MOSFET peak drainre@nt value will
increase, and the positive pulse width will widen.
Also, the peak value of the S/OCP pin voltage
increases. When the load is increased further and the
S/OCP pin voltage rises too¥prsy the mode is
changed to normal quasesonant opet@n (see
Figure9-17).

One bottom-skip | Normal

Ve 4 Guasi-resonant quasi-resonant
o Vocee
siocPt Voceest) |
pin voltage
A
Light load Heavy load

Figure9-17 Operation state transition diagram from
light load to heavy load conditions

* The mode is changed fromormal quasresonant
operation to one bottoskip quasiresonant operation
(heavy load to light load).

When load is decreased from normal guasbnant
operation, the MOSFET peak drain current value will

increase and decrease of load current, hysteresis is decrease, and the positive pulse width will natro
imposed at the time of each operational mode change. Also, the peak value of the S/OCP pin voltage

For this reason, the switching waveform does not

decreases. When load is reduced further and the

become unstable near the threshold voltage of a change, S/OCP pin voltage falls to 3épEszy the mode is

|
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changed to one botteskip quasiresonant operation
(seeFigure9-18).

Normal
guasi-resonant

One bottom-skip
guasi-resonant
VoceH)

SIOCPy  —
voltgégv Vocp@s?)
A

Light load

Vbs

Heavy load

Figure9-18 Operation state transition diagram from
heavy load to light load conditions

Figure9-19 shows the effective pulse width mormal
guasiresonant signal,and Figure 9-20 shows the
effective pulse width of one botteskip quasiresonant
signal.In order to perform stable normal quassonant
operation and one botteskip operation, iis necessary
to ensure that the pulse width of the quasionant
signal is 1 ps or more under the conditions of minimum
input voltage and minimum output power.

The pulse width of the quasesonant signal, Ay, IS
defined as theeriod from thenaximum specification of
Vephiy, 0.34V, on the rising edgeto the maximum
specification ofVgprhz, 0.27 V on the falling edge of
the pulse.

Quasi-resonafit
signal, \kev2

0.34V

0.27V {

S/OCP pi Effective pulse width
voltage 1.0ps or more

Figure9-19 The effective pulse width of normal
quasiresonant signal

[

Quasi-resonarft
signal, Vkevz

0.34V / \
0.27v | \/
SIOCP pinl Effective pulse width

1.0us or more

voltage /\

Figure9-20 The effective pulse width of one
bottomskip quasiresonant signal
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9.9.2 Automatic Standby Mode Function

The S/OCP pin circuit monitors pl Automatic
standby mode is activated automatically whereHuces
under light load conditions at which the S/OCP pin
voltage falls to the standby state threshold voltage (about
9% compared to ¥cpy)= 0.910V).

During standby mode, when the FB/OLP pin voltage
falls below Mg ste0PR) the IC stops switching operation,
and the burst oscillation mode will begin, as shown in
Figure 921.

Burst oscillation mode reduces switching losses and
improves power supply efficiency because of periodic
non-switching intervals.

Generally, to improve efficiency under light load
conditions, the frequency of the burstcillation mode
becomes just a few kilohertz. BecatiBe IC suppresses
the peak drain current well during buestcillationmode,
audible noises can be reduced.

If the VCC pin voltage decreases tgd¥sias) = 11.0V
during the transition to the burescillation mode, the
Bias Assist function is activated and stabilizes the
Standby mode operation, becaudecisrartur) IS
provided to the VCC pin so that the VCC pin voltage
does not decrease t@¥orr)

However, if the Bias Assist function is always
activated during steadgtate operation including
standby mode, the power loss increases. Therefore, the
VCC pin voltage should be more thancdéias), for
example, by adjusting the turns ratio of the auxiliary
winding and secondary winding and/or reducing the
value of R2 inFigure 10-2 (refer to Section10.1
Peripheral Components for a detail of R2).

Output current, Burst oscillation

IOUT ! \ f
Below several kHz i
Drain current f ’ f UU_A
I [N i 1 | l l l
D
Normal Standby Normal
operation operation operation

Figure9-21 Auto Standby mode timing

9.10 Maximum On-Time Limitation
Function

When the input voltage is low or in a transient state
such that the input voltage turns on or off, thetiore of
the incorporated power MOSFET is limited to the
maximum ortime, bymax) = 40.0ps in order to prevent
the decreasing of switching frequendyhus, the peak
drain current is limited, and the audible noise of the
transformer is suppressed.

In designing a power supply, the-tme must be less
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than bywax) (seeFigure9-22). In addition, if a C (RC) damper snhubber Bijure

If such a transformer is used that the-tiome is 9-24 is used, reduce the capacitor value of damper
tonwaxy OF more, under the condition with the minimum  snubber If the turron timing is1't fitted to a Vbs bottom
input voltage and the maximum output power, the output point, adjustments are required (refer to Sec®ian?).
power would become low. In that case, the transformer

should be redesigned taking into consideration the . C(CR
following: damper snubbe
T1
¢ Inductance, h, of the transformer should be lowered
1 1 H +
in order toraise the operation frequency. c1 c51
* Lower the primary and the secondary turns rati®/ N d

Ns, tolower the duty cyle.

TS ccRr

Ip :
On-time
< damper snubber

» time

VDS

Figure9-24 Damper snubbegircuit

» time
9.11.2 Overcurrent Protection 2 (OCP2)
The productswith the last letter "A" do't havethe

Figure9-22 Confirmation of maximum otime

OCP2 function.
9.11 Overcurrent Protection (OCP) As thg p(otectipn for an abnormal_state, such as an
output winding being shorted or the withstand voltage of
The IC has arOvercurrent Protection I0CPJ) and secondary rectifier being out of specification, when the
anOvercurrent Protection DCP3J. S/OCP pin voltage reachesdba.orr= 1.83V, the IC
OCP1 function pulseby-pulse with Input Compen stops switching operation immediately, in latch mode.
sation Function The OCP2 functioniIn case output This overcurrent protection also operates during the
winding is shoredetc, the IC stops switching operation  |eading edge blanking.
at the latched stat&he products with théast letter "A" Releasing the latched state is done by turning off the
dort have theDCP2 function. input voltage and by dropping the VCC pin voltage

below VCC(OFF)

9.11.1 Overcurrent Protection 1 (OCP1) _ _
OCP1 detects each drain peak current level of a powerg']‘l'3 OCP1 Input Compensation Function

MOSFET on pulsdy-pulse basis, and limits the output The usualcontrol ICs have some propagation delay
power when the current level reaches to OCP thresholdtime. The steeper the slopethé actual drain current at
voltage. During Leading Edge Blanking Timeg{f), a high AC input voltage is, the larger the detection
OCP1 is disabled. When power MOSFHIrns on, the  voltage of actual drain peak current is, compared to
surge voltage width of S/OCP pin should be less than overcurrent detection threshold voltage. Thus, the peak
tonesy @s shown irFigure 9-23. In order to prevent  current has some variation depending on the AC input
surge voltage, pay extra attention tgcRtrace layout voltage in GCP1 state.
(refer to Sectiori0.3). When using a quasesonant converter with universal
input (85 to 265 VAC), if the output power is set
toneEs) constant, then because higher input voltages have higher
frequency, the ontime is reduced. Thus, theeak
current in OCR state tends tobe affected by
propagation delay ithe higkerinput voltage
If the IC does not have Input Compensation Function,
the output current at OCP1 point in the maximum input
1 voltage, burocry becomes aboutouble oflgyr (Figure
"~ 'Surge at MOSFET turn on 9-25 “without input compensation”).qlr is the target
output current consided with maximum output power

Figure9-23 S/OCP pin voltage in the minimum input voltage

VocrH)
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In order to suppress thigriability, this IC has the
overcurrent input compensation function.

A
_i=Without input
- compensation

- . With optimal input
s - compensation

I ouT

Target output current

lout(oce) (A)
N
/

“ With excessive
input compensation

Output Current at OCP1

265V
AC input voltage(V)

85V

Figure9-25 OCP1 input compensation

Figure 9-26 shows the OCP1 input compensation
circuit. The value ofinput compensation is set by BD
pin peripheral iccuit.

By OCP1 Input Compensation FunctigDyercurrent
Detection 1 Threshold Voltagan Normal Operation
Vocpr = 0.910V, is compensated depend onan AC
input voltage.

The forward voltage of auxiliary winding D,g;, is
proportional to AC input voltageAs shown inFigure
9-26, the voltageobtainedby subtractingzenervoltage,
Vy, of DZgp from Ve, is biased by either end ofzsR
and Ryp,, and thus the BD pin voltage isguided the
voltage on Bg, divided by the divider of B, and Ryp,.

Flyback voltage, ¥ev1

Forward voltage

VDZBD VFWl

BD
S/OCP_GND
2 4 VEwz
Rocp

When \pzep < Vew: (Point B through Point D), the
input vdtage is increased andgy; exceeds the Zener
voltage, Vs, of DZzp. Vew, Will be produced as a
negative voltage to compensatgc¥uy

The value of V. should be adjusted so thdte
difference betweenclr and loyroce) is minimized as
shown in Figure 9-25 “With optimal input compen
sation”. If the excessive input compensatioByrloce)
may become less thagyl (Figure9-25 “With excessive
input compensatidi. Thus, value of ¥y, must be
adjusted so thablrocr)remains more thatpyr, across
the input voltage range.

VAC 4
230}------nmmmmmmmmmne oo
100 ==
0 >
Auxiliary
winding
voltagg E_\ ‘L\ T\[st
u \LVFW1
VDZBD
Al :
Vz
Vewz
il
A B
C L |

D

At the input voltage wher€r,; reached/;
or more,Vew2 goes negative.

Figure9-27 Each voltage waveform for the input voltage
in normal quasresorant operation

Setup of BD pin peripheral components g3ZRsp1
and Ryp,) is asfollows:

1) Vineacyc Setup
Viniaoe is the AC input voltage that starts input
compensation. In general specificationyMc is
set120VAC to 170VAC.

2) V7 Setup
Vinacyc 1S adjwsted by the zener voltage,z,Vof
DZgp. The Vewi at Vinacyc is calculatedby using
Equation(5). V7 is set from tle result.

N

Figure9-26 OCPinput compensation circuit
Vew = N_DX VIN(AC)C X \/E =V, (5)
P

Figure9-27 shows the edcvoltage waveform for the
input voltage in normal quasésonant operation. where,

When V\pzep > Vew: (Point A), No input Np: Primary side number of turns
compensation required, g, remains zero, and the Np: Secondary side number of turns
detection voltage for an overcurrent event is the
Overcurrentl Detection Threshold Voltagin Normal
Operation Vocpy
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3) Rgp:1 andRgp, Setup.
The recommended value Bfp, is 1.0 kQ.
In general specification,d; is setby using result of
Equation(6) so that \ty, = —3.0 V at maximum AC

input voltage.
R

Rep = =
|VFW2|

N (6)
X (N_D X Vinacymax X V2- V, - |VFW2|J
P

where,

Vew2: BD pin voltage (—3.0 V)

Np: Primary side winding number of turns
Np: Auxiliary winding number of turns
Vinacmax - Maximum AC input voltage
V3. Zener voltage oDZgp

4) Vocen) is the overcurrent threshold voltage after

input compensation. Figure 9-28 shows a
relationshipof Vocpry and BD pin voltage,My..

Vew2 at maximum AC input voltage is calculatbyl
using Equation(7). Vocpry and this variation are
gottenby using the result frorkigure9-28.

When Vocpgyy including variation becomes the
BottomSkip Operation Threshold Voltage 1,
Vocresy= 0.572V, or less, the operation of IC is
one bottomsklp only and the output current may be
less than target output currergy+.

R
|VFW2| = R¢X (IVFW1| - Vz)

BD1 +R BD2

. Np
e _XVIN(AC)MAX X\/E _VZ (7)
Reor + Repe "
— 06 I
:Z —— Max.
ni_/ 0.4 : ~~~~~~~~~~~~~ Typ.
I Min
0.2 §
0 . I | I I I
0 -1 N . . 75 76

BD pin voltageVew, (V)

Figure9-28 Overcurrent threshold voltage after input
compensation, ¥cpg)
(reference for design target values)

5) Vgev2 is calculatedby using Equation(8) and is
checked @ be the QuadResonant Operation
Threshold Voltage 1, ¥ = 0.34V (max.), or
more (refer td-igure9-11).

R BD2

—————x(Vgeyy —Ve) >0.34V
RBD1+RBD2 ( REV1 F) fel

(8)

Veevs =

where,
Vgevi: FHlybackvoltage of auxiliary wining
Ve Forward voltage drop of g

6) The BD pin voltagewhich includes surge voltage,
must be observedwithin the absolute maximum
rating of the BD pin voltage—-6.0 to 6.0 V)in the
actual operatioat the maximum input voltage.

< BD Pin Peripheral Components Value Selection
Reference Example >
Setting value
Input voltage: Wac) = 85VAC to 265VAC,
AC input voltage that starts inputompensation:
Vinacic = 120VAC,
Primary side winding number of turrsp= 40T,
Auxiliary winding number of turndNp=5T
Forward voltage of auxiliary winding//rw; = 20 V

Vrw1 is calculatedy using Equatior5) as follows:

\% FwW1

N
:_ND X Vinace XV 2
p

5
=2 1202 = 212V
40

Thus, zener voltage of g is chosen to be 22 of
the E series.

When Vew, = —3.0 V at maximum input voltage,
265VAC, Rgp; is calculatedby using Equation(6) as
follows:

R N
Rgp = —BD2| x (_ND X VIN(AC)MAX xXN2—V, - |VFW2|J
P

|VFW2

H( x 2652 - 22|q) 728Q

Thus, Ryp; is chosen to be 7.5 kQ of the E series.
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When Rgp, = 1.0 kQ, |Vrwo| value at 265 VAC is When the peak drain current of Is limited by
calculatedoy using Equatior{7) as follows: Overcurrent Protection 1 operation, the output voltage,
Vour, decreases and the feedback current from the

R 502 secondary photaoupler becomes zeroThus, the
|VFW2|:WX(IVFW1|_VZ) feedback current, 4, chargesC4 connected to the
BbL © 7 tBD2 FB/OLP pin and the FB/OLP pin voltag®/szop
increases.
¢ 5 3 When Vggiop increases to théeFB Pin Maximum
- 7.5k+1kX(EX265‘/§_22j_ 292V Voltage in Feedback Operationggpax) = 4.05V, or

morg C4 is charged bygopy=— 10 pA. When \gioLp
increases to the OLP Threshold Voltagegd p) = 5.96
V, the OLP function is activated, the IC stops switching
operationin the latched stateln order to keep the
latched state, when VCC pin vaffe decreases to
Veceiasy the bias assist function is activated and VCC
pin voltage is kept to over thecYorr

Releasing the latched state is done by turning off the
input voltage and by dropping the VCC pin voltage

Referring toFigure 9-28, whenVgy, is compensated
to —2.92 V, the overcurrent threshold voltage after input
compensation, ¥cpny, iS set to about 0.66 Vifh).

When setting By, = 1.0 kQ, Rgp; = 7.5 kQ,

Ve = 0.7V, and \gev1 = 20 V, Vgev2 is calculatedby
using Equatior{8) as follows:

R
Veeva = R oo _?_Dé . X (VREVI - VF) below Vec(orr)
1 GND FB/OLP ‘
- x(20-07)= 227V L
1k + 7.5k 4 5
VRevz iS Veprhn = 0.34V (max.) or more. Irs
R3 3
ca C5 PCL
9.11.4 When Overcurrent Input

Compensation is Not Required —e T

When the input voltage is narrow range, or provided
from PFC circuit, the variation of the input voltage is
small. Thus, the variation of OCP point may become
less than that dhe universal input voltage specification.

Figure9-29 FB/OLP pin peripheral circuit

When overcurrent input compensation is not required, VCC pin voltage AC input voltage off
the input compensation function can be disabled by Veceins) | Latch releas
substituting a higtspeed diode for the zener diode, Vecorr
DZgp, and by keeping BD pin voltage from being minus
voltage. In addition, Equation(9) shows the reverse FB/OLP pin —
voltage of a higkspeed diode. The peak reverse voltage voltage, \goLst Charged bydsoLr)
of high-speed diode selection should take account of its \YFB‘OLP’ L
derating. FEMAY)

Np : toLy
VFWl ZN_XVIN(AC)MAX x\/E (9) Drain current,d .
b
where, >

Vews Forward voltage of auxiliary wining
Np: Primary side number of turns Figure9-30 OLP operation waveforms
Np: Secondary side number of turns

Vinaciax: Maximum AC input voltage The time of the FB/OLP pin voltage fro¥fgpax) O

VegoLr) is defined as the OLBelaytime, §.v. Because

. the capacitor & for phase compensation is small

9.12 Overload Protection (OLP) comparedto C4, he approximatevalue of py is
Figure 9-29 shows theFB/OLP pin peripheral circuit, ~ calculatedby Equation(10). When C4 = 4.7 pF, the

Figure 9-29 shows each waveform forOverload  Value of by would be approximately 0.9 s. The
Protection (OLP) operation. recommended value of R3 is 47 kQ.
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9.13 Overvoltage Protection QVP)
. (VFB(OLP) _VFB(MAX))X 4

toy = When a voltage between VCC pin and GND pin
||FB(OLP)| increases to Y-ove) = 31.5V or more, Overvoltage
Protection (OVP) is actitad, the IC stops switching
. (596V — 405V )x C4 operation at the latched stat'e. In order to keep the
toy = \—104A\ (10 latched state, when VCC pin voltage decreases to

Veceasy the bias assist function is activated and VCC
) ) o pin voltage is kept to over thecYorr)
To enable the overload protection function to initiate  Releasing the latched stdgedone by turning off the
an automatic restart, 220 kQ is connected between the input voltage and by dropping the VCC pin voltage
FB/OLP pin and ground, as a bypass path dgbilr), as below Vecors
shown in FigL_Jre 9-31. Thus, the FB/OLP pin is kept When the VCC pin voltage is provided by using
under goLp)in OLP state. auxiliary winding of transformer, the overvoltage
In OLP state as an output shorted, the output voltage congitions such as output voltage detection circuit open
and VCC pinvoltage decreaseDuring the operation,  can be detected because the VCC pin voltage is
Bias Assist Function is disabled. Thus, VCC pin voltage proportional to output voltage. The approximate value of

decreases t0 3 (orr) the control circuit stops operation.  gyput voltage ¥urove in OVP condition is calculated
After that, the IC reverts to the initial state by UVLO py ysing Equatiofll).

circuit, and the IC starts operation when (in
voltage increases toc¥on) by startup current. Thus the
intermittent operation by UVLO is repeated in OLP state Vourove) =
without latched operatioas shown ifFigure9-32. VeenormaL)

The intermittent oscillation is determinég the cycle
of the charge and discharge of the capacitor C3 where,
connected to the VCC pin. In this case, the charge time Voutnormal): Output voltage in normal operation
is determined by the startup current from the startup Vceormaly: VCC pin voltage in normal operation
circuit, while the discharge time is determined by the
current supply to the internaircuits of the IC.

VOUT(NORMAL)

x 31.5(V) (12)

9.14 Thermal Shutdown (TSD)

GND FB/OLP ‘ When the temperature of control circuit increases to
Tjrspy = 135 °C (min.) or more, Thermal Shutdown
4 5 (TSD) is activated, the IC stops switching operation at
the latched state. In order to keep the latched state, when
iFB PCL VCC pin voltage decreases ta:dEias), the bias assist
I3

C5

T

Figure9-31 FB/OLP pin peripheral circuit
(without latched operation)

function is activated and VCC pin voltage is kept to over
the Vecorr

220kQ

vCc pint

voltage
9 Vecon)

Vccorry

v

FB/OLP pin,
voltage|
VFB(OLP

| B

Drain current

'D [l

>

Figure9-32 OLP operation waveform at output shorted
(without latched operation)
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10. Design Notes transformer matching what will be used in the actual
application, because the variation of the auxiliary
winding voltage is affected by the transformer

10.1 External Components structural design.

Take care to use properly rated, including derating as . )
necessary and proper type of components. VCC pin voltage Without R2

O ABRL CRD clamp snubber. n
O Y z% c1 c2 Ry P
[ ]

With R2

Output current,dJT

C
=

N

N+

[e]

Y
po)
N

u\o/j

Figure10-2 Variation of VCC pin voltage and power

| S/OCP
5| GND
{41 FB/OLP

| NF

(¢

I
o]
N
8

e FB/OLP Pin Peripheral Circuit

e l T C5 is for high frequency noise reduction and phase
compensation, and should be connected close to these

pins. The value of Eis recommended toebabout

470 pF to 0.01pF, and should be selected based on

actual operation in the application.

) ) o C4 is for the OLP delay timeg, v, setting(refer to

Figure10-1 The IC peripheral circuit Section9.13.

The recommended value of RH#iBkQ.

\i—E DI/ST
o
—{@| VCC
I
>
- py)
g

C(RC) damper
snubber

PC1

po)
8
§
T
o 3
1
(431
»
(@]
P

e Input and Output Electrolytic Capacitor ) _ o
Apply proper derating to ripple current, voltage, and ® BD Pin Peripheral Circuit _
temperature rise. Use of high ripple current and low Since BD pin detects the signal of bottom
impedance types, designed for switch mode power timing and input compensation of OCP1, the value

supplies, is reammended. of BD pin peripheral component®Zzp, Rep1, Rep
and Gp) are considered about both functions and
e S/OCP Pin Peripheral Circuit should be adjusted.

In Figure 10-1, Rocp is the resistor for the current Refer toSection9.7.2andSection9.12.3

detection.A high frequency switching current flows

to Rocp and may cause poor operation if a high e NF Pin

inductance resistor igsed. Choose a low inductance For stable operation, NF pin should be connected to

and high surgeolerant type. GND pin, using the shortest possible path.

e VCC Pin Peripheral Circuit e Snubber Circuit
The value of @ in Figure 10-1 is generally When the surge voltage of 34 is large, the circuit
recommended to be 10u to 47uF (refer to Section 9.1 should be added as follows (deigure10-1);
Startup Operation” because the startup time is o L
determined by the value o35 . A_ clamp snubber .CIrC.UIt of a capacHasistor
In actual power supply circuits, there are cases in diode (CRD) combination should be added on the
which the VCC pin voltage fluctuates in proportion to primary winding P.
the output current,olr (see Figure 10-2), and the - A damper snubdr circuit of a capacitor (C) or a
Overvoltage Protection function (OVP) on the VCC resistorcapacitor (RC) combination should be
pin may be activated. This happens becau8eisC added between the D/ST pin and the S/OCP pin.
charged to a peak voltage on the auxiliary winding D, When the damper snubber circuit is added, this
which is caused by the transient surge voltage coupled components should be connected near D/ST pin
from the pimary winding when the power MOSFET and S/OCP pin.
turns off.

For alleviating @G peak charging, it is effective to add
some value R2, of several tenths of ohms to several
ohms, in series with D2 (seBigure 10-1). The
optimal vale of R2 should be determined using a

e Peripheral Circuit of Secondary Side Shunt
Regulator
Figure 103 shows the secondary side detection circuit
with the standard shunt regulator IC (U51).
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C52 and R53 are for phase compensation. The value
of C52 and R53 are recommended to be around 0.047
UF to 0.47 uF and 4.7 kQ to 470 kQ, respectively.
They should be selected based on actual operation in
the application.

L51

Figure10-3 Peripheral circuit of secondasyde shunt
regulator (U51)

e Transformer
Apply proper design margin to core temperature rise
by core loss and copper loss.
Because the switching currents contain high
frequency currents, the skin effect may become a
consideration.
Choose a suitable wireagge in consideration of the
RMS current and a current density of 4 to 6 Afmm
If measures to further reduce temperature are still
necessary, the following should be considered to
increase the total surface area of the wiring:
= Increase the number of wirgsparallel.
= Use litz wires.
= Thicken the wire gauge.

In the following cases, the surge of VCC pin
voltage becomes high.

= The surge voltage of primary main winding, P, is
high (low output voltage and high output current
power supply designs)

= The winding structure of auxiliary winding, D, is
susceptible to the noise of winding P.

When the surge voltage of winding D is high, the

VCC pin voltage increases and the Overvoltage
Protection function (OVP) may be activated. In

transformer design, the following sHdu be

considered,;

= The coupling of the winding P and the secondary
output winding S should be maximized to reduce the
leakage inductance.

= The coupling of the winding D and the winding S

should be maximized.
= The coupling of the winding D and the winding P
should be minimized.

In the case of muklbutput power supply, the
coupling of the secondawside stabilized output
winding, S1, and the others (S2, S3...) should be
maximized to improve the lineegulation of those
outputs.
Figure 10-4 shows the winding structural examples
of two outputs.
Winding structural example (a):
S1 is sandwiched between P1 and P2 to
maximize the coupling of them for surge
reduction of P1 and P2.
D is placed far from P1 and P2 to minimize the
coupling to the primary for the surge reduction of
D.
Winding structural example (b)
P1 and P2 are placed close to S1 to maximize the
coupling of S1 for surge reduction of P1 and P2.
D and S2 are sandwiched by S1 to maximize the
coupling of D and S1, and that of S1 and S2.
This structure reduces the surge of D, and
improves the lingegulation of outputs.

Margin tape

P1{SYy P2 S2 D

Bobbin

Margin tape

Winding structural example (a)

Margin tape

P1 Sy DO Sp

(& a)

b1 P2

Bobbin

Margin tape

Winding structural example (b)

Figure10-4 Winding structural examples
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10.2 Transformer Design

The design of th transformer is fundamentally the
same as the power transformer of a Ringing Choke

Converter (RCC) system: a setkcitation type flyback

converter. However, because the duty cycle will change

due to the quasiesonant operations delaying the tom
theduty cycle needs to be compensated.
Figure10-5 shows the quasiesonant circuit.

Ve

V@z

Figure10-5 Quasiresonant circuit

The flyback voltageVr, v is calculated as follows:

N
Ve = N_PX (Vo + VF) (12

S

where,

Np: Primary side number of turns
Ng Secondary side number of turns
Vo: Output voltage

Ve Forward voltage drop of D51

The on duty, By, at the minimum AC input voltage

is calculated as follows:

VFLY

Don =
VIN(MIN) +Vey

13

where,

Viny - C1 voltage at the minimum AC input voltage

Ve y: Flyback voltage.

The inductance, & on the primary side, taking into
consideration the delay time, is calculated using

fMIN -

where,

Vineaivy - C1 voltage at the minimum AC input voltage
Don: Onduty at the minimum input voltage

Po: maximum output power

fuin: minimum operation frequency

nu transformer efficiency

Cy: the voltage resonance capacitor connected
between the drain and source of the power MOSFET

Each parameter, such as the peak drain currgnisl

calculated by the following formulas:

tonoLy = Ty Lp%Cy (19)

Don'= DON(l_fMIN ><tONDLY) (16)
P 1
Iy =—>x (17)
Up; VIN(MIN)
2x|
lop = ——" (18)
DP Doy
L 1
N,=,—FP 19
PV Al-value (19
N - Npx (Vg + V)
s Ve (20)
where,

tonoLy: Delay time of quasiesonant operation
In: Average input current

n2: conversion efficiency of the power supply
Ipp: peak drain current

Don': On-duty after compensation

Vo: Secondary side output voltage

The minimum operation frequencyyyn, can be

calculated by the Equatid@2):

2
ZPO + £+4R(V|N(MIN)XDON)2X,,CV
Bl N1 \/L_PI

2n,/Cy XVIN(MIN) x Doy

Equation(14). (21)
(V D )2 Figure 10-6 shows the Example of Nlimit versus
Lp'= IN(MIN) X P on AL -Value characteristics.

(19 Chaoose the ferrite corethat does not saturate and
2Ry xf . ) A . :
——— +Viyum) X Don xfun Xm4/Cy provides a design margin in consideration of

! temperature effects and other variatiotas NI-Limit
versus Al-Value characteristics
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Al-value is calculatedby using L' and No. NI is (2) Control Ground Trace Layout
calculatedoy using Equatiorf22). Since the operation of IC may be affected from the

It is recommendedhat Al-value and NI provide the large current of the main trace that flows in control
design margirof 30 % or morefor saturation curve of ground trace, the control ground trace should be
core. separated from main trace and connected at a single

point grounding of point A irFigure 10-7as close
NI =Npxly (AT) (22) to the Rycppin as possible.
where, (3) VCC Trace Layout

This is the trace for supplying power to the IC, and
thus it should be as small loop as possibl€3fand
the IC are distant from each other, placing a
capacitor such as film capacitor @bout 0.1 pF to

Np: Primary side number of turns
Ipp: Peak switching current

A H
e Saturation curve 1.0 pF) close to the VCC pin and the GND pin is
Margin : about 30% recommended.
g (4) Rocp Trace Layout
£ NI *x Rocp should be placed as close as possible to the
= 3 S/OCP pin. he connection between the power
z ground of the main trace and the IC ground should
be at a single point ground (point Afrgure 10-7
| R which is close to the base of&-
Lp’ /N g _
Al-value (nH/T) (5) Peripheral components of the IC
The componets for control connected to the IC
) o should be placed as close as possible to the IC, and
Figure10-6 Example of NiLimit versus Al-Value should be connected as short as possible to the each
characteristics pin.
(6) Secondary Rectifier Smoothing Circuit Trace
10.3 PCB Trace Layout and Gomponent Layout:

Placement This is the trace of the rectifier smoothing loop,
i . , carnying the switching current, and thus it should be
Since the PCB circuit trace design and the component 45 \yidetraceand small loop as possible. If this trace

layout significantly affects operation, EMI noise, and is thin and long, inductance resulting from the loop
power Q|35|pat|0n, the high frequency FfCB trace should may increase surge voltage at turning off the power
be low impedance with small loop and wide trace. MOSFET. Proper rectifier smoothing trace layou
In addition, the grounddces affect radiated EMI noise, helps to increase margin against the power MOSFET
and wide, short traces should be taken into account. breakdown voltage, and reduces stress on the clamp
Figure10-7 shows the circuit design example. snubber circuit and losses in it.
(1) Ma_in_Circuit Trace Layout . (7) Thermal Considerations
This is the main trace containing switching currents, Because the power MOSFET has a positive thermal
ard thblfs it should be as wideaceand small loop as coefficient of Rsony consider it in thermalesign.
possible. . ) Since the copper area under the IC and the D/ST pin
If C1 and the IC are distant .from each other, placing trace act as a heatsink, its traces should be as wide as
a capacitor such as film capacitor (about 0.1 pF and possible.

with proper voltage rating) close to the transformer
or the IC is recommended to reducepedance of
the high frequency current loop.
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(1) Main trace should be wide (6) Main trace of secondary side shouid
trace and small loop be wide trace and small loop

/ T1 W

T TN
Cc2 R1 D51

C1 P
D1

(3) Loop of the power
supply should be small

\

0

NF

DIST
n | S/OCP

—(—w]VCC

L 9| FB/OLP

{ o |BD
N

—S11GND

o

Roce

®

|
(7)Trace of D/S_T pin [| (4)Rocp should be as (2) Control GND trace shou_ld be Cy (5)The components connected to the IC shojild
should be wide for| close to S/IOCP connected at a single point as be as close to the IC as possible, and sholild
heat release pin as possible. close to the Bcpas possible N EIRIEEES) 68 SRS possiblye

Figure10-7 Peripheral circuit example arourttetIC
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11. Pattern Layout Example

The following show the four outputs PCB pattern layout exampletl@dchematic of circuit usin§TR-Y6700
series. The PCB pattern layout example is made usabtbdo|Csin common The parts irFigure11-2 areonly used.

e

II\I\I H

! ‘ ‘
i
‘ i ity
I AL

i mu
/ ||i i
; ,

\/' cauTion  E2E2 QLN

Figure11-1 PCB circuit trace layout example

T1 D50 CNS2
v @] ouTi(H)
oNL 31 cso zr csszf
TH2
@ 2 (2| ouTi()
[ . ® ®|ouT2(+)
N l 53 Lt ﬁJsa
r —
c6 C127r7 TR8 RS0 ZRS7
. E
" k. R58 "
ADs 1 i¥) SR52 3 oz
P1 PCl:E T Re 59
ro RS1 R53; Rsa Ceﬁ‘ R55
F2 ° .]56@ S 155
— D55 R59
(® | ouT2()
@|ouTa(+)
D2 D3
g Z%Z 7z Ao [ @ [
Ic1 I D5 R10
O N 9-o9-1¢ o 65| 0UT3()
o1 Re Q| | 054 50 351352
STR—YGZOO Dlgp 7 N m{s\of\ @|0uTaw)
£ 8,08 D4 SA cs2 7z or 7
8 393583y ¢ cs7| ce ce3
l ‘ﬂH " @| ouTaE)
Hj m Y07 | ouTs(+)
i ! R11 , L
C5 q ! Zu(:se zzcel QJW
gRe| [PCl Jci0ZR12 +—1®)| ouTs()
R1Z R2 1 L U
T T T s TK50=
o0 * 1l
Figure11-2 Circuit schematic for PCB circuit trace layout
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12. Reference Design of Power Supply

® Power supply specification

IC STRY6754
Inputvoltage 85 VAC to 265 VAC
Maximum output power 40.4 W

Output 1 14V /2.6A

Output 2 8V/05A

® Circuit schematic

O =
D1 D2 -
l M OlouTi(+)
c1 D4 D3 R 14V/I2.6A
7z C53
F1
O O|ouT2(+)
R51. R54 8V/0.5A
L
PC1 @:% RS2 2oce
O . 1 R53 C55
STR-Y6700 #z > usi
o o B: R56 O oty
G you
J—{ Hj } m ARS
Cc4 r
R4 PCL  |cg SR6
R2 1 .
T [ T ﬁg
® Bill of materials
. Recommende . Recommende(
) )
Symbol Part type Rating$' Sanken Partd  Symbol Part type Rating$' Sanken Parts
Cl @] Film, X2 0.1 uF, 275V D52 Schottky 90V,15A EK 19
Cc2 Electrolytic 220 pF, 400 V Dz1 Zener 22V
C3 Ceramic 2200 pF,630V F1 Fuse 250 VAC, 3 A
C4 Ceramic 100pF, 2 kV L1 @] CMinductor 3.3 mH
C5 Electrolytic 22 pF, 50V PC1 Photacoupler PC123r equiv
C6 Ceramic 47pF, 16 V R1 O] Metal oxide 150 kQ, 1 W
C7 @] ceramic 4700pF, 50V R2 @] General 0.56Q, 1 W
cgs @] cCeramic 470 pF, 50V R3 @] General 15Q
C9 Ceramic, Y1 2200 pF, 250 V R4 General 47 kQ
C51 Ceramic 2200pF, 1 kV R5 @] General 6.8 kQ
C52 Ceramic Open R6 General 1 kQ
C53 Electrolytic 1000uF, 50 V R51 General 820 Q
C54 Electrolytic 470 pF, 16 V R52 General 1.5kQ
C55 Ceramic 0.1uF R53 @[ General 22 kQ
D1 General 600V, 1A EMO1A R54 @[ General 6.8 kQ
D2 General 600V, 1A EMO1A R55 General, 1% 39 kQ
D3 General 600V, 1A EMO1A R56 General, 1% 10 kQ
D4 General 600V, 1A EMO1A T1 Transformer | 5
the specification
D5 Fast recovery | 1000V, 0.5 A EGO1C Ul IC — STRY6754
VREF: 25V
D6 Fast recovery | 200V,1A ALO1Z us1 Shunt regulator| TL431o0r equiv
D51 Schottky 150V, 10A FMEN-210B

@ Unless otherwise specified, the voltage rating of capacitf M or less and the power rating of resisdt/8 W or less.
@ tis necessary to be adjusted based on actual operation ippiieation.

® Resistors applied high DC voltage and of high resistance anenneended to select resistors designed against electedioigor use
combinations of resistora series for that to reduce each applied voltage, according to theneept of the application.
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® Transformer specification
= Primary inductance,0.95mH
= Core sizeEER28L
s AL-value 183 nH/N (Center gap of about 0.8 mm)
= Winding specification

o Number of Wire diameter .
Winding Symbol wrns (T) (mm) Construction
_ — Two-layer,
Primary windingl P1 43 1EUW-¢0.30 solenoid winding
. . Singlelayer,
Primary winding2 P2 29 LEUW=9030 | o enoid winding
. . Singlelayer,
Auxiliary winding D 12 TEX —¢ 0.23 x 2 Spae winding
- Singlelayer,
Output windingl S1 S ¢0.32x2 solenoid winding
- Singlelayer,
Output winding2 S2 3 ¢0.32x2 solenoid winding
- Singlelayer,
Output winding3 S3 S ¢0.32x2 solenoid winding
- Singlelayer,
Output winding4 S4 3 ¢0.32x2 sokenoid winding
O OUT1(+)
VbC o e 14V
P1 S4
— — () O
O_
P1 P2 o .82
s4| s3 D/ST © o—t
D VCC 0—% e © OUT2(+)
s2 | st D s3 8v
P2 GND O ©
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Cross-section view O—— OUT(")
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STR-Y6700 Series

IMPORTANT NOTES

e All data, illustrations, graphs$ablesand any other information included in this document as to Sassducts listed herein (the
“Sanken Products”) areurrent as of the date this dacent is issuedAll contents in this document are subject to any change
without notice due to improvemeanf the Sanken Productstc.Please make sute confirm witha Sanken sales representative
that the contents set forth in this document reflectdtest revisions before use.

e The Sanken Products are intended for use as components of general purposecetegiipment or apparatus (such as home
appliances, office equipment, telecommunication equipment, measuring equiprmgn®Préor to use of th&anken Products,
please put your signature, or affix your name and seal, on the specification dacafrteet Sanken Products and rettiremto
Sanken. When considering use of the Sanken Products for any applications thathigbeiineliability (such as transportation
equipment and its control systems, traffic signal control systmesquipment disaster/crime alarm systems, various safety
devices, etc.)you must contact a Sanken sales representative to discuss the suitabilitt asuand put your signature, or affix
your name and seal, on the specification documents of the Sanken Products arttherttw Sanken, prior to the use of the
Sanken Product3he Sanken Products are not intended for use in any applications that retteireexhgh reliability such as:
aerospace equipment; nuclear power control systems; and medical equipmergnes,sysiose failure or malfunction may result
in death or serious injury to people, i.e., medical devices in Class Ill or ar lulgiss as defined byelevant laws of Japan
(collectively, the “Specific Applications”). Sanken assumes no lighidlitresponsibility whatsoever for any and all damaayesb
losses that may be suffered by you, users or any third party, resulting from tloé thee Sanken Prodts in the Specific
Applications or in manner not in compliance with the instructions set forttnherei

e In the eventof using theSanken Poducts by either (i) combining other products or materials therewith orhySigally,
chemically or otherwise pressing or treating theame you mustduly consider all possible risks that may result from all such
uses in advance and proceed therewigoat own responsibility.

e Although Sankens making effortdo enhance the quality and reliability of its produdtss impossible to completely avoitie
occurrence ofany failure or defectin semiconductor products at a certain rafeu must take, atyour own responsibility
preventative measures includinging a sufficiensafety design and confirming safetfyany equipment or systema/for which
the Sanken Products are used, upon due consideration of adaitureenceate or derating, etc., in order notd@useanyhuman
injury or death, fireaccidentor socialharmwhich may result fronanyfailure or mdfunction of the Sanken ProductBlease refer
to the relevanspecificationdocuments and SanKerofficial website in relation to derating.

e No anti-radioactive ray desighas been adoptetbr theSanken Poducts.

e No contents in this documenanbe transribed or copied without Sankerpsior written consent.

e The drcuit constantoperationexamples, circuit examples, pattern layout examples, dezgmplesrecommended examples, all
informationandevaluation resudtbased thereon, etc., described is thocumenare presentefbr the sole purpose of referenae
use of the Sanken Products and Sanken assnmeesponsibility whatsoever for any and all damageslossesthat may be
suffered by you, users or any third partyaaypossible infringementf any and all property rights includirigtellectual property
rightsandany other rights ofou, users or any third partyesuling from the foregoing

e All technical information described in this document (the “Technical Infoon3tis preseted for the sole purpose of reference
of use of the Sanken Products and no license, express, implied or othesvgeanted hereby under any intellectual property
rightsor any other rights of Sanken.

e Unless otherwise agreed in writing between Sanken and yokeSanakes no warranty of any kind, whether express or implied,
including, without limitation, any warranty (i) as to the quality or peréomoe of the Sanken Products (such as impliedanwgrr
of merchantability, or implied warranty of fithess for a garar purpose or special environment), (ii) that any Sanken Product is
delivered free of claims of third parties by way of infringement or #e (iii) that may arise from course of performanueurse
of dealing or usage of trade, and (iv) as to any information contained in this dodiime&mding its accuracy, usefulness, or
reliability).

e In the event of using the Sanken Products, you meethe samefter carefully examining all applicabésvironmentalaws and
regulations that regate the inclusion or use ahy particularcontrolled substances, includingut notlimited tq the EU RoHS
Directive so as tdein strict compliance wittsuch applicable laws and regulations

® You mustnot use the Sanken Products or the Technical Informatiaihnéqurposeof any military applications or use, including
but not limited to the development of weapons of mass destrubtitie event oéxporting the Sanken Products or the Technical
Information, or providing them for neresidentsyou mus comply withall applicable export control laws and regulatiomgach
countryincludingthe U.S.Export Administration Regulations (EAR) attte Foreign Exchange and Foreign Trade attlapan
and follow the procedures required by sagiplicabldawsand regulations.

e Sanken assumes no responsibility for any troubles, which may daduag the transportatiorof the Sanken Products including
the falling thereofput of Sanken’s distribution network.

e Although Sanken hagrepared this document with itselgare to pursue theeccuracy thereofSanken does not warrant thiats
error freeandSanken assumes no liability whatsoever for any and all daraadgésssesvhich may besufferedby you resulting
from any possiblerrorsor omissions in connection with the conteintduded herein

e Pleasaefer to the relevargpecificationdocumentsn relation to particular precautions when using the Sanken Products, and refer
to our official website in relation to genemstructions and directions for using then®en Products.

DSGN-CEZ16001
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