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Quasi-Resonant Controllers with Integrated Power MOSFET

STR-Y6700 Series

General Descriptions

The STR-Y6700 series are power ICs for switching
power supplies, incorporating a MOSFET and a
quasi-resonant controller IC.

Including an auto standby function in the controller,
the product achieves the low standby power by the
automatic switching between the PWM operation in
normal operation, one bottom-skip operation under
medium to light load conditions and the burst-oscillation
under light load conditions.

The product achieves high cost-performance power
supply systems with few external components.

Features

® Multi-mode Control
The optimum operation depending on load conditions
is changed automatically and is achieved high
efficiency operation across the full range of loads.

Operation Mode

Normal load Quasi-resonant mode

Medium to light load ------------- One bottom-skip mode

Light load Burst oscillation mode
(Auto standby function)

® No load power consumption
P <30 mW (100VAC)
P <50 mW (230VAC)

Leading Edge Blanking Function
Bias Assist Function
Built-in startup circuit reduces

Protections

Overcurrent Protection 1 (OCP1): Pulse-by-Pulse, with
Input Compensation Function

Overcurrent Protection 2 (OCP2)": Latched shutdown
Overload Protection (OLP): Latched shutdown
Overvoltage Protection (OVP): Latched shutdown

Thermal Shutdown Protection (TSD): Latched shutdown

M Products with the last letter "A" don’t have the
OCP2 function.

Typical Application

L51
o A BRI TI DSl VOUT(+)
VAC »t o » /Y'Y
4 P
OM EON
Tec1 SRs1
U st RSS
s L 3R 7 cs3
]
" O bt
C52 RS3
D2 R2 5
STR-Y6700 D2 USL s
h D . .
N = 7z C3 D voo"
9uet UT(-)
o
S5 628
i

LE DIST
oS
o
=]
=

STR-Y6700 - DS Rev.4.1
Jun. 09, 2016

Package
TO220F-7L
Not to Scale
Lineup
o Electrical Characteristics
Products Vpss(min.) Rps(on)(max.)
STR-Y6735
STR-Y6735A 00V 080
STR-Y6753 1.9Q
650V
STR-Y6754 1.4 Q
STR-Y6766
STR-Y6766A 170
STR-Y6765 800V 22Q
STR-Y6763
STR-Y6763A 350
e Output Power, Pg T(z)
Pour (Open frame)
Products
380VDC 85~265VAC
STR-Y6735
STR_Y6735A 120 W(100VAC) -
STR-Y6753 100 W 60 W
STR-Y6754 120 W 67 W
STR-Y6766
STR-Y6766A 140w 80w
STR-Y6765 120 W 70 W
STR-Y6763
STR-Y6763A 80w S0 W

@ The output power is actual continues power that is measured at
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.

Applications

e White goods

e Office automation equipment
e Industrial equipment
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STR-Y6700 Series
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STR-Y6700 Series

. _____________________________________________________________________________________________________________________________|
1. Absolute Maximum Ratings

e Current polarities are defined as follows: a current flow going into the IC (sinking) is positive current (+); and a
current flow coming out of the IC (sourcing) is negative current (—).

® Unless otherwise specified T = 25 °C

Parameter Symbol | Test Conditions | Pins Rating Units Notes
6.7 STR-Y6763 / 63A
8.9 STR-Y6765
Drain Peak Current" Ippeak | Single pulse 1-2 02 A STR-Y0753
10.5 STR-Y6766 / 66A
11.0 STR-Y6754
14.6 STR-Y6735/35A
6.7 STR-Y6763 / 63A
8.9 STR-Y6765
. . Single pulse 9.2 STR-Y6753
Maximum Switching Current? Ipmax Tazg—zgto 125°C 1-2 105 A STR_Y6766 / GOA
11.0 STR-Y6754
14.6 STR-Y6735/35A
I peax=2.3A 60 STR-Y6763 / 63A
I peax=2.6A 71 STR-Y6765
Avalanche Energy(3 X4 Exs lpear=29A 1-2 % mJ STRZYE753
I peak=3.2A 116 STR-Y6766 / 66A
I peax=4.1A 198 STR-Y6754
I peax=3.5A 152 STR-Y6735/35A
D/ST Pin Voltage VSTARTUP 1-4 | —1.0to Vpss \'%
S/OCP Pin Voltage Vocp 2-4 —-2.0t06.0 A%
VCC Pin Voltage Vce 3-4 35 A%
FB/OLP Pin Voltage Vis 5-4 -03t07.0 A%
FB/OLP Pin Sink Current Irs 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 20.2 STR-Y6753
Power Dissipation"” Pp, heatsink -2 23.6 W STR-Y6766 / 66A
SRR
Without heatsink 1-2 1.8 A\
Control Part Power Dissipation Pp, VeeXIee 3-4 0.8 \%%
gllt)f;rrrgll?ilol;“lrame Temperature in T, _ —20t0115 oC
Operating Ambient Temperature Top - —20to 115 °C
Storage Temperature Ty - —40to 125 °C
Junction Temperature T - 150 °C

() Refer to 3.3 MOSFET Safe Operating Area Curves

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

@ Refer to Figure 3-2 Avalanche Energy Derating Coefficient Curve

@ Single pulse, Vpp=99 V, L = 20 mH

® Refer to 3.2 Ta-Ppicurves.

STR-Y6700 - DS Rev.4.1 SANKEN ELECTRIC CO.,LTD. 3
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STR-Y6700 Series

2. Electrical Characteristics

e The polarity value for current specifies a sink as "+," and a source as "—," referencing the IC.
® Unless otherwise specified, T =25 °C, Vcc =20V
Test . . .
Parameter Symbol Conditions Pins | Min. | Typ. | Max. | Units Notes
Power Supply Startup Operation
Operation Start Voltage Vecon 3-4 13.8 15.1 17.3 \"
Operation Stop Voltage'" Vecorn 3-4| 84 9.4 | 107 \Y%
Circuit Current in Operation Iccoony 3-4 - 1.3 3.7 mA
Circuit Current in
Non-Operation ICC(OFF) Vee= 13V 3-4 4.5 50 H.A
Startup Circuit Operation
Vol t;é’e troutt Lperatt Vstarron 1-4| 42 | 57 | 72 A%
Startup Current Iccstartup) | Vec=13V | 3—-4 | =45 | =31 | - 1.0 mA
Startup Current Biasing _
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 | Vocp®sh 2—4 | 0487 | 0.572 | 0.665 \Y%
Bottom-Skip Operation _
Threshold Voltage 2 Vocp®s2) 2—4 1 0.200 | 0.289 | 0.380 \Y%
Quasi-Resonant Operation _
Threshold Voltage | VEpetan 6-4 | 0.14 024 | 0.34 \Y%
Quasi-Resonant Operation _
Threshold Voltage 2% VEp(TH2) 6—-4 | 0.07 0.17 0.27 \Y%
Maximum Feedback Current IrpMax) 5—-4 | =320 | 205 | —120 LA
Standby Operation
Standby Operation Threshold
Voltagg P VEn(sTBOP) 5-4 | 045 | 080 | 1.15 | V
Protected Operation
Maximum On-Time tonMaX) 1-4 | 30.0 40.0 50.0 us
STR-Y6735
- 455 - / 35A/ 65/
Leading Edge Blanking Time tON(LEB) 1-4 ns 66/ 54
B 470 B STR-Y6763
/ 63A/53
Overcurrent Detection 1
Threshold Voltage in Input Vocray Vep=-3V | 2—4 | 0.560 | 0.660 | 0.760 \%
Compensation Operation
Overcurrent Detection 1
Threshold Voltage in Normal Vocem Vpp= 0V 2—4 10.820 [ 0910 | 1.000 \'%
Operation
Products
Overcurrent Detection 2 without the
Threshold Voltage Vocaor 2-4 1.65 1.83 2.01 v last letter
IIAII

1
E2; Vecorr < Veesias) always.
Vepcraz) < Veperan always.
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STR-Y6700 Series

Parameter Symbol Cor;[(‘iiiitons Pins Min. | Typ. | Max. | Units Notes
BD Pin Source Current Isp(o) 6—4 | —250 | —83 -30 HA
OLP Bias Current IFB(OLP) 5—-4 - 15 - 10 -5 p.A
OLP Threshold Voltage VEsoLp) 5-4 5.50 5.96 6.40
FB Pin Maximum Voltage in _
Feedback Operation VeBoax) >4 | 370 | 405 1 440
OVP Threshold Voltage Vecove) 3-4 | 285 31.5 34.0 \Y%
Thermal Shutdown Operating _ _ _ o
Temperature Ticrso) 135 C
MOSFET
STR-Y6735/
500 35A
Drain-to-Source Breakdown v I=300uA | 1-2 650 - - v ;{R_YMSS /
Voltage DSS ps—oUULL -
STR-Y6763 /
800 - - 63A /65 /66
/66A
Drain Leakage Current Ipss Vps=Vpss 1-2 - - 300 LA
STR-Y6735
0.8 /35A
- - 1.4 STR-Y6754
17 STR-Y6766
. _ : / 66A
On Resistance Rpsony 1-2 Q
1.9 STR-Y6753
2.2 STR-Y6765
STR-Y6763
35 /63A
STR-Y6753
201 s /63/63A
Switching Time tr 1-2 STR-Y6735
- - 300 ns / 35A 7/ 54/
66/ 66A / 65
Thermal Resistance
STR-Y6735
2.4 2.7 /35A /54
STR-Y6766
- 1.9 2.2 1 66A
Channel to Frame Thermal 0 _ oC/W
Resistance ch-F - 2.7 3.1 STR-Y6753
- 2.3 2.6 STR-Y6765
STR-Y6763
2.8 32 /63A
STR-Y6735
5.1 5.9 /35A /54
STR-Y6766
- 4.6 53 / 66A
Channel to Case Thermal 0 _ oC/W
Resistance'” ch-C - 5.4 6.2 STR-Y6753
- 5.0 5.8 STR-Y6765
STR-Y6763
5.5 6.3 /63A

® 0.n.r1s thermal resistance between channel and internal frame.
@ Ocn.c 1s thermal resistance between channel and case. Case temperature is measured at the backside surface.
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STR-Y6700 Series

3. Performance Curves

3.1 Derating Curves

100 100

80 \
60 \\
40

80

60

Safe Operating Area
Temperature Derating Coefficient (%)
E s Temperature Derating Coefficient (%)

40 N
N\ \
» N \\
0 T
0
0 25 50 75 100 115125 25 50 75 100 125 150
Internal frame temperature, T (°C) Channel Temperature, T, (°C)

Figure 3-1 SOA Temperature Derating Coefficient Curve Figure 3-2  Avalanche Energy Derating Coefficient

Curve
3.2 Ambient Temperature versus Power Dissipation Curves
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STR-Y6700 Series

o STR-Y6754 e STR-Y6763, STR-Y6763A
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STR-Y6700 Series

3.3 MOSFET Safe Operating Area Curves

e When the IC is used, the safe operating area curve should be multiplied by the temperature derating coefficient
derived from Figure 3-1.

e The broken line in the safe operating area curve is the drain current curve limited by on-resistance.
e Unless otherwise specified, T, = 25 °C, Single pulse
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STR-Y6700 Series
|

3.4 Transient Thermal Resistance Curves
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STR-Y6700 Series

4. Block Diagram

vce D/ST
30 ® STARTUP 1

UVLO —
Reg / Iconst DRV E}
S/OCP
OCP/BS )2
LATCH
LOGIC
NF FB/STB FB/OLP
70 oLp o}
0SC
GND p BD

4 ()q BD Oe

BD_STR-Y6700_R1

5. Pin Configuration Definitions

] Pin Name Descriptions
1 . .
DIST 1 D/ST MOSFET drain and startup current input
MOSFET source and overcurrent protection
| 2% S/OCP
....... 2 S/oCP (OCP) signal input
s Power supply voltage input for control part and
:g IS‘IIB\I/BLP 3 vee overvoltage protection (OVP) signal input
- <= 4 GND | Ground
{71 NF 5 FB/OLP Constant Vo.ltage contro.l 31gn.al input and over
I load protection (OLP) signal input
(LF3051) Bottom Detection signal input, Input
6 BD . . .
Compensation detection signal input
7 NF* (Non-function)

*For stable operation, NF pin should be connected to GND pin, using the shortest possible path.

STR-Y6700 - DS Rev.4.1 SANKEN ELECTRIC CO.,LTD. 10
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STR-Y6700 Series

. _____________________________________________________________________________________________________________________________|
6. Typical Application

® The PCB traces D/ST pins should be as wide as possible, in order to enhance thermal dissipation.

e In applications having a power supply specified such that D/ST pin has large transient surge voltages, a clamp
snubber circuit of a capacitor-resistor-diode (CRD) combination should be added on the primary winding P, or a
damper snubber circuit of a capacitor (C) or a resistor-capacitor (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 shortest possible path.

BRI CRD clamp snubber T1 VOUT(+)
VAC o l
s o1 2 Ri; P
Dl [ ]
" O
STR-Y6700 R
[ )
N
o C3 D
. 8 O S VOUT(-)
E QU Z mAm
n> OoLmZz DZsp
L]
Cy Rgp!
C(RC) l
Damper snubber R3
; Con Rgpo
c4 |CS |PCI
Cy
| |
[N

Figure 6-1 Typical application

STR-Y6700 - DS Rev.4.1 SANKEN ELECTRIC CO.,LTD. 11
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STR-Y6700 Series

7. Physical Dimensions

e TO220F-7L

10+0.2

Gate burr

2. 8+0. 2

1

(5.6)

15 +0.

51
1L

2

3. 20|

2.6 *+0.1

7—0. 627+0. 15

_ +0. 2
7—0.55 5 7

27+0. 15

—5.85+0. 15

(Measured at pin base)

~

(Measured at pin base)

NOTES :

1) Dimension is in millimeters.
2) Leadform: LF No.3051

3) Gate burr indicates protrusion of 0.3 mm (max.).
4) Pin treatment Pb-free. Device composition compliant with the RoHS directive.

8. Marking Diagram

O

STR
Y67 xxx

YMDDX

— Part Number

— Lot Number:
Y is the last digit of the year of manufacture (0 to 9)
M is the month of the year (1 to 9, O, N or D)

DD is the day of the month (01 to 31)

X is the control number

(Measured at pin base)

1

0\l

10. 4 #=0.5

I
5>XP1. 17#=0. 15
1

R—end

2.54=+0.6

(Measured at pin tip)

(Measured at pin tip)

— ===r
{—
—

0.5
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STR-Y6700 Series

9. Operational Description

o All of the parameter values used in these descriptions
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 1C).

9.1 Startup Operation

Figure 9-1 shows the circuit around IC. Figure 9-2
shows the start up operation.

BRI TI

VAC
Cl1 P

U1 DIST
veel2

D2 R2

GND

Figure 9-1 VCC pin peripheral circuit

VCC pinA
voltage

Vecon

v

tSTART

Ip

Drain current,T

v

Figure 9-2 Startup operation

The IC incorporates the startup circuit. The circuit is
connected to D/ST pin. When D/ST pin voltage reaches
to Startup Circuit Operation Voltage Vgrarron) = 37 V,
the startup circuit starts operation.

During the startup process, the constant current,
Iccstartupy = — 3.1 mA, charges C3 at VCC pin. When
VCC pin voltage increases to Vecony = 15.1 'V, the
control circuit starts operation. During the IC operation,
the voltage rectified the auxiliary winding voltage, Vp,
of Figure 9-1 becomes a power source to the VCC pin.
After switching operation begins, the startup circuit
turns off automatically so that its current consumption
becomes zero.

The approximate value of auxiliary winding voltage is
about 20 V, taking account of the winding turns of D

winding so that VCC pin voltage becomes Equation (1)
within the specification of input and output voltage
variation of power supply.

Veeias) (Max.) < Ve <Veeovp) (Min.)

5125 (V) <Vee < 285 (V) (1)

The startup time of IC is determined by C3 capacitor
value. The approximate startup time tstart (Sshown in
Figure 9-2) is calculated as follows:

VCC(ON)7VCC(INT)

toparr =C3IX ————— 2)

ICC(STRATUP)

where,
tstart - Startup time of IC (s)
Veeanr : Initial voltage on VCC pin (V)

9.2 Undervoltage Lockout (UVLO)

Figure 9-3 shows the relationship of VCC pin voltage
and circuit current Ioc. When VCC pin voltage decreases
t0 Vecorr = 9.4V, the control circuit stops operation by
Undervoltage Lockout (UVLO) circuit, and reverts to
the state before startup.

Circuit current, Icc
A

Stop Start

,

Veeorp Veeon

> VCC pin
voltage

Figure 9-3 Relationship between
VCC pin voltage and Icc

9.3 Bias Assist Function

By the Bias Assist Function, the startup failure is
prevented and the latched state is kept.

The Bias Assist function is activated, when the VCC
voltage decreases to the Startup Current Biasing
Threshold Voltage, Vcegiasy = 11.0 V, in either of
following condition:
the FB pin voltage is the Standby Operation Threshold
Voltage, Vigsteor) = 0.80 V or less
or the IC is in the latched state due to activating the
protection function.

STR-Y6700 - DS Rev.4.1
Jun. 09, 2016
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STR-Y6700 Series

When the Bias Assist Function is activated, the VCC
pin voltage is kept almost constant voltage, Vcegias) by
providing the startup current, Igrartup, from the startup
circuit. Thus, the VCC pin voltage is kept more than
Vecorr)-

Since the startup failure is prevented by the Bias
Assist Function, the value of C3 connected to VCC pin
can be small. Thus, the startup time and the response
time of the OVP become shorter.

The operation of the Bias Assist Function in startup is
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.

Figure 9-4 shows VCC pin voltage behavior during
the startup period.

After VCC pin voltage increases to Vccony = 15.1 V
at startup, the IC starts the operation. Then circuit
current increases and VCC pin voltage decreases. At the
same time, the auxiliary winding voltage Vp increases in
proportion to output voltage. These are all balanced to
produce VCC pin voltage.

When VCC pin voltage is decrease to Vecorr = 9.4 V
in startup operation, the IC stops switching operation
and a startup failure occurs.

When the output load is light at startup, the output
voltage may become more than the target voltage due to
the delay of feedback circuit. In this case, the FB pin
voltage is decreased by the feedback control. When the
FB pin voltage decreases to the Standby Operation
Threshold Voltage, Vegsteop) = 0.80 V, or less, the IC
stops switching operation and VCC pin voltage
decreases. When VCC pin voltage decreases to Vccmias),
the Bias Assist function is activated and the startup
failure is prevented.

VCC pink Startup success
voltage | IC starts operation /
Target operating
Veeon ‘ / < voltage
Veewias) 1\ Y Increase with rising of
\ output voltage
7 . . .
\/ Bias assist period
Vecorr \
Startup failure

» Time

Figure 9-4 VCC pin voltage during startup period

94 Soft Start Function

Figure 9-5 shows the behavior of VCC pin voltage,
drain current and BD pin voltage during the startup
period.

The IC activates the soft start circuitry during the
startup period. Soft start is fixed to tgs= 6.05 ms. During
the soft start period, over current threshold is increased

SANKEN ELECTRIC CO.,LTD. 14
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step-wisely (4 steps). This function reduces the voltage
and the current stress of MOSFET and secondary side
rectifier diode.

During the soft start operation period, the operation is
in PWM operation, at an internally set operation
frequency, fosc = 21.0 kHz.

Until BD pin voltage becomes the following condition
after the soft start time, the switching operation is PWM
control of fosc =21.0 kHz.

When BD pin voltage, Vgp, becomes the following
condition, the IC starts quasi-resonant operation.

Quasi-resonant operation starting condition
* Vip > Vepeuy =024V
* The effective pulse width of quasi-resonant signal
is 1.0 ps or more (refer to Figure 9-12)

After the soft start period, D/ST pin current, Ip, is
limited by the overcurrent protection (OCP), until the
output voltage increases to the target operating voltage.
This period is given as t .

When t;py is longer than the OLP Delay Time, topp,
the output power is limited by the OLP operation (OLP).

Thus, the top must be set longer than t;p (refer to
Section 9.13).

Startup of IC  Startup of SMPS

VCC pin voltage4 / e Normal operation
tsTART g
Vecon)
Vecorr
fss tm Time
. A =
D/ST pin 1
current, Ip
. R . Time
PWM operation| Quasi-resonant operation
BD pin voltage 4 p
/|
VBD(THI)

{} Enlarged Waveform Time

PWM operation | Quasi-resonant operation

o VUL

The effective pulse width is
1.0us or more

Figure 9-5 V¢ and I and Vgp behavior during startup
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9.5 Constant Output Voltage Control

The IC achieves the constant voltage control of the
power supply output by using the current-mode control
method, which enhances the response speed and
provides the stable operation.

The IC compares the voltage, Vgrocp, Oof a current
detection resistor with the target voltage, Vgc, by the
internal FB comparator, and controls the peak value of
Vrocp S0 that it gets close to V¢, as shown in Figure 9-6
and Figure 9-7. Vg is generated by the FB/OLP pin
voltage.

e Light load conditions

When load conditions become lighter, the output
voltage, Vour, increases. Thus, the feedback current
from the error amplifier on the secondary-side also
increases. The feedback current is sunk at the FB/OLP
pin, transferred through a photo-coupler, PC1, and the
FB/OLP pin voltage decreases. Thus, Vgc decreases,
and the peak value of Vyocp is controlled to be low,
and the peak drain current of I, decreases.

This control prevents the output voltage from
increasing.

e Heavy load conditions
When load conditions become greater, the IC

performs the inverse operation to that described above.

Thus, Vgc increases and the peak drain current of Ip

increases.
This control prevents the output voltage from
decreasing.
Ul
S/OCP GND FB/OLP
2 4 5
R3 cs | PCl
Vrocp Rocr | oy ’ lIFB

Figure 9-6 FB/OLP pin peripheral circuit

Target voltage

<E

Voltage on both
FB t
Comparator sides of Rocp

Drain current, l / / /
Ip

Figure 9-7 Drain current, I, and FB comparator
operation in steady operation
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9.6 Leading Edge Blanking Function

The IC uses the peak-current-mode control method
for the constant voltage control of output.

In peak-current-mode 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 surge current in turning on a
power MOSFET.

In order to prevent this response to the surge voltage
in turning-on the power MOSFET, the Leading Edge
Blanking, tON(LEB) is built-in. During tON(LEB)’ the OCP
threshold voltage becomes Vocpraorr = 1.83 V in order
not to respond to the turn-on drain current surge (refer to
Section 9.12).

9.7 Quasi-Resonant Operation and
Bottom-On Timing Setup

9.7.1 Quasi-Resonant Operation

Using quasi-resonant operation, switching loss and
switching noise are reduced and it is possible to obtain
converters with high efficiency and low noise. This IC
performs  quasi-resonant  operation during one
bottom-skip operation.

Figure 9-8 shows the circuit of a flyback converter.
The meaning of symbols in Figure 9-8 is shown in Table
9-1. A flyback converter is a system that transfers the
energy stored in 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 the power MOSFET keeps turning off,
the Vpg begins free oscillation based on the Lp and Cy.

The quasi-resonant operation is the bottom-on operation that
the power MOSFET turns-on at the bottom point of free
oscillation of Vpg.

Figure 9-9 shows an ideal Vpg waveform during
bottom-on operation.

The delay time, tonpLy, 1S the time from starting free
oscillation of Vpg to power MOSFET turn-on. The
tonpLy Of an ideal bottom-on operation is half cycle of
the free oscillation, and is calculated using Equation (3).

tonoLy = Ty L, xCy (3)

VINTZ

Figure 9-8 Basic flyback converter circuit
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Table 9-1 The meaning of symbols in Figure 9-8

Symbol Descriptions
Vin Input voltage
VELy Flyback voltage
Viy = &X (Vo +VF)
NS
Vbs The voltage between Drain and Source of
power MOSFET
Np Primary side number of turns
Ny Secondary side number of turns
Vo Output voltage
Vg Forward voltage drop of the secondary
side rectifier
Ip Drain current of power MOSFET
Torr Current which flows through the
secondary side rectifier when power
MOSFET is off
Cy Voltage resonant capacitor
Lp Primary side inductance
tonDLY
<>
\ W ViLy
' I \ Vin
Vps 0

Bottom point

Torr O /\
Ip 0/\

Figure 9-9 Ideal bottom-on operation waveform

ton

9.7.2 Bottom-On Timing Setup

BD pin detects the signal of bottom-on timing and
input compensation of OCP1 (refer to Section 9.12.3).
Figure 9-10 shows the BD pin peripheral circuit, Figure
9-11 shows the waveform of auxiliary winding voltage.

The quasi-resonant signal, Vgrgys, is proportional to
auxiliary winding voltage, Vp and is calculated as
follows:

1{BDZ

= 5 X (VREVI - VF) 4
Ripp + Ry

Vieva =

where,
Vrevi: Flyback voltage of auxiliary winding D
Vg: Forward voltage drop of Zgp

The BD pin detects the bottom point using the Vygys.
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The threshold voltage of quasi-resonant operation has
a hysteresis. Vpperuiy is Quasi-Resonant Operation
Threshold Voltage 1, Vppmamy is Quasi-Resonant
Operation Threshold Voltage 2.

When the BD pin voltage, Vggys, increases to
Vepeuy = 0.24 'V or more at the power MOSFET
turns-off, the power MOSFET keeps the off-state. After
that, the Vpg decreases by the free oscillation. When the
Vps decreases to Vgpi) = 0.17 V, the power MOSFET
turns-on and the threshold voltage goes up to Vpperni)
automatically to prevent malfunction of the BD pin from
noise interference.

T1
P
\VZ |
N C1 V]NT VFLY: g
M [ J
D2 R2 D
A [
c\’:: 5 C3 VREVI: Vewi
1 3 |
D/ST vCcC
Ul Forward voltage
3 Flyback voltage
-
R BD
2 |S/OCP  GND
EE Rocp 4 CBDT VREev2

Figure 9-10 BD pin peripheral circuit

Auxiliary *
winding [\ A [\ A
voltage, V,
£ VREvI V \
0
Vewi

3.0 V recommended,
but less than 6.0 V acceptable ton

Quasi-resonant
Slgnal, VREV2 ,,,,, AV BD(THI)

0

""VBD(THZ)

Figure 9-11 The waveform of auxiliary winding voltage

* Rpp; and Rgp, Setup
Rgp; and Rgp, should be set so that Vggy, becomes
the following range:
Under the lowest condition of VCC pin voltage in
power supply specification, Vggys = Vppeu= 0.34
V(max.).
Under the highest condition of VCC pin voltage in
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power supply specification, Vggys < 6.0 V (Absolute
maximum rating of the BD pin) and the effective
pulse width of quasi-resonant signal is 1.0 pus or more
(refer to Figure 9-12).

The value of Vggy, is recommended about 3.0 V.

3.0 V recommended,

. A
Quasi-resonant but less than 6.0 V acceptable

signal, Vgeva

0.34V

0.27V

I

NN ) N
Effective pulse width
(1.0 u s or more)

Figure 9-12 The effective pulse width
of quasi-resonant signal

¢ Cgp Setup
The delay time, tonpLy, until which the power
MOSFET turns on, is adjusted by the value of Cgp, so
that the power MOSFET turns on at the bottom-on of
Vps (refer to Figure 9-9).
The initial value of Cgp is set about 1000 pF. Cpp is
adjusted while observing the actual operation
waveforms of Vpg and Ip under the maximum input
voltage and the maximum output power (If a voltage
probe is connected to BD pin, the bottom point may
misalign).
If the turn-on point precedes the bottom of the Vpg
signal (see Figure 9-13), after confirming the initial
turn-on point, delay the turn-on point by increasing
the Cgp value gradually, so that the turn-on will match
the bottom point of Vpg.

Early turn-on point

Bottom point !

IOFF 04[\ : —

ID 0/\ ! ' A/
Vap(rai- , [, W ’ \ !

Vep 0 - ””””” -~ - VeprH)

-
Auxiliary
winding voltage

)
B

Figure 9-13 When the turn-on of a Vpg waveform occurs
before a bottom point
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In the converse situation, if the turn-on point lags
behind the Vpg bottom point (Figure 9-14), after
confirming the initial turn-on point, advance the
turn-on point by decreasing the Cgp value gradually,
so that the turn-on will match the bottom point of Vps.

Delayed turn-on point

T

SN
1 L

Veperan - - - - - - NG

Vps 0

Iopr 0

Ip 0

,,,,,,

- - - Vep(tH2)

Vep 0—7
Auxiliary

winding voltagelﬁ_ }
Vb 0_] : 4]

Figure 9-14 When the turn-on of a Vpg waveform occurs
after a bottom point

9.8 BD Pin Blanking Time

Since the auxiliary winding voltage is input to the BD
pin, BD pin voltage may be affected from the surge
voltage ringing when the power MOSFET turns off. If
the IC detects the surge voltage as quasi-resonant signal,
the IC may repeatedly 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
avoid detecting voltage during this period.

The poor coupling (the high leakage inductance) tends
to happen in a low output voltage transformer design
with high Np/ Ng turns ratio (Np and Ng indicate the
number of turns of the primary winding and secondary
winding, respectively), and the surge voltage ringing of
BD pin occurs easily (see Figure 9-15).

If the surge voltage continues longer than BD pin
blanking period and the high frequency operation of
power MOSFET occurs, the 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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* Cpp must be connected near the BD pin and the GND
pin.

* The circuit trace loop between the BD pin and the
GND pin must be separated from any traces carrying
high current

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

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

VBD(rH1) oo

”””””” VBD(THZ)
VREVZ

(a)Normal BD pin waveform (good coupling)

!

VBD(TH 1)) l ,

\ Vep(rH2)

BD pin blanking time 250ns (max.)

VREVZ

(b)Inappropriate BD pin waveform (poor coupling)

Figure 9-15 The difference of BD pin voltage, Vrgva,
waveform by the coupling condition of the transformer

9.9 Multi-mode Control

When the output power decreases, the usual
quasi-resonant control increases the switching frequency
and the switching loss.

Thus, The IC has the multi-mode control to achieve
high efficiency operation across the full range of loads.

The automatic multi-mode control changes among the
following three operational modes according to the
output loading state: normal quasi-resonant operation in
heavy load, one bottom-skip quasi-resonant operation in
medium to light load, and burst oscillation operation
(auto standby function) in light load.

9.9.1 One Bottom-Skip Quasi-Resonant
Operation

The one bottom-skip function limits the rise of the
power MOSFET operation frequency in medium to light
load in order to reduce the switching loss.

Figure 9-17 shows the operation state 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 in Figure 9-16, in the process of the
increase and decrease of load current, hysteresis is
imposed at the time of each operational mode change.
For this reason, the switching waveform does not
become unstable near the threshold voltage of a change,
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and this enables the IC to switch in a stable operation.

Before the one bottom-skip point changed from heavy
to light load, or after that done from light to heavy load,
the switching frequency of the normal quasi-resonant
operation becomes higher and the switching loss of
power MOSFET increases. Thus, the temperature of the
power MOSFET should be checked at higher switching
frequency of the operation changing point in maximum
AC input voltage.

R One bottom-skip quasi-resonant

Vocrm)
Vocrssi)

\

Normal quasi-resonant
Vocrss2)

>

Load current

Figure 9-16 Hysteresis at the operational mode change

* The mode is changed from one bottom-skip

quasi-resonant operation to normal quasi-resonant
operation (light load to heavy load).
When load is increased from one bottom-skip
operation, the MOSFET peak drain current 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 to Vocpmsi), the mode is
changed to normal quasi-resonant operation (see
Figure 9-17).

One bottom-skip Normal
v quasi-resonant quasi-resonant
DS

hhht

Vocrm

siocpt Vocemsy)
pin voltage
A

Light load Heavy load

Figure 9-17 Operation state transition diagram from
light load to heavy load conditions

* The mode is changed from normal quasi-resonant
operation to one bottom-skip quasi-resonant operation
(heavy load to light load).

When load is decreased from normal quasi-resonant
operation, the MOSFET peak drain current value will
decrease, and the positive pulse width will narrow.
Also, the peak value of the S/OCP pin voltage
decreases. When load is reduced further and the
S/OCP pin voltage falls to Vocpmsz, the mode is
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changed to one bottom-skip quasi-resonant operation
(see Figure 9-18).

Normal One bottom-skip
quasi-resonant quasi-resonant
Vocea)

SIOCP g
A

Light load

VDS

Heavy load

Figure 9-18 Operation state transition diagram from
heavy load to light load conditions

Figure 9-19 shows the effective pulse width of normal
quasi-resonant signal, and Figure 9-20 shows the
effective pulse width of one bottom-skip quasi-resonant
signal. In order to perform stable normal quasi-resonant
operation and one bottom-skip operation, it is necessary
to ensure that the pulse width of the quasi-resonant
signal is 1 ps or more under the conditions of minimum
input voltage and minimum output power.

The pulse width of the quasi-resonant signal, Vggy», is
defined as the period from the maximum specification of
Vepran, 0.34 V, on the rising edge, to the maximum
specification of Vgpruz), 0.27 V on the falling edge of
the pulse.

Quasi-resonant?
signal, Vrgva

0.34V

027V

S/OCP pin Effective pulse width
voltage 1.0us or more

Figure 9-19 The effective pulse width of normal
quasi-resonant signal

Quasi-resonant 4
signal, Vggva

0.34V / ‘\
0.27V |

\/

S/OCP pin t Effective pulse width
1.0us or more

voltage /\

Figure 9-20 The effective pulse width of one
bottom-skip quasi-resonant signal
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9.9.2 Automatic Standby Mode Function

The S/OCP pin circuit monitors Ip. Automatic
standby mode is activated automatically when I, reduces
under light load conditions at which the S/OCP pin
voltage falls to the standby state threshold voltage (about
9% compared to Vocpa) = 0.910 V).

During standby mode, when the FB/OLP pin voltage
falls below Vpgstaop), the IC stops switching operation,
and the burst oscillation mode will begin, as shown in
Figure 9-21.

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 burst oscillation mode
becomes just a few kilohertz. Because the IC suppresses
the peak drain current well during burst oscillation mode,
audible noises can be reduced.

If the VCC pin voltage decreases to Vecepiasy = 11.0 V
during the transition to the burst oscillation mode, the
Bias Assist function is activated and stabilizes the
Standby mode operation, because IccsTaRTUP) 1S
provided to the VCC pin so that the VCC pin voltage
does not decrease to Vc(orp),

However, if the Bias Assist function is always
activated during steady-state operation including
standby mode, the power loss increases. Therefore, the
VCC pin voltage should be more than Vccgias), for
example, by adjusting the turns ratio of the auxiliary
winding and secondary winding and/or reducing the
value of R2 in Figure 10-2 (refer to Section 10.1
Peripheral Components for a detail of R2).

Output current, Burst oscillation

IOUT » \ !
Below several kHz i
Drain current, M
; JMHJ L LY
D
Normal Standby Normal
operation operation operation

Figure 9-21 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, the on-time of
the incorporated power MOSFET is limited to the
maximum on-time, tonamax) = 40.0 ps in order to prevent
the decreasing of switching frequency. Thus, the peak
drain current is limited, and the audible noise of the
transformer is suppressed.

In designing a power supply, the on-time must be less
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than tonax) (see Figure 9-22).

If such a transformer is used that the on-time is
tonoaxy Or more, under the condition with the minimum
input voltage and the maximum output power, the output
power would become low. In that case, the transformer
should be redesigned taking into consideration the
following:

¢ Inductance, Lp, of the transformer should be lowered
in order to raise the operation frequency.

* Lower the primary and the secondary turns ratio, Np /

N, to lower the duty cycle.

Ip On-time

» time
Vbs

» time

Figure 9-22 Confirmation of maximum on-time

9.11 Overcurrent Protection (OCP)

The IC has an Overcurrent Protection 1 (OCP1) and
an Overcurrent Protection 2 (OCP2).

OCP1 function: pulse-by-pulse, with Input Compen-
sation Function. The OCP2 function: In case output
winding is shorted etc., the IC stops switching operation
at the latched state. The products with the last letter "A"
don’t have the OCP2 function.

9.11.1 Overcurrent Protection 1 (OCP1)

OCP1 detects each drain peak current level of a power
MOSFET on pulse-by-pulse basis, and limits the output
power when the current level reaches to OCP threshold
voltage. During Leading Edge Blanking Time (tgw),
OCP1 is disabled. When power MOSFET turns on, the
surge voltage width of S/OCP pin should be less than
tonwes), as shown in Figure 9-23. In order to prevent
surge voltage, pay extra attention to Rocp trace layout
(refer to Section 10.3).

tON(LEB)

>

Vocem

= Surge at MOSFET turn on

Figure 9-23 S/OCP pin voltage
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In addition, if a C (RC) damper snubber of Figure
9-24 is used, reduce the capacitor value of damper
snubber. If the turn-on timing isn’t fitted to a Vbs bottom
point, adjustments are required (refer to Section 9.7.2).

C(CR)
£ damper snubber

TS c(cr)

damper snubber

Figure 9-24 Damper snubber circuit

9.11.2 Overcurrent Protection 2 (OCP2)

The products with the last letter "A" don’t have the
OCP?2 function.

As the protection for an abnormal state, such as an
output winding being shorted or the withstand voltage of
secondary rectifier being out of specification, when the
S/OCP pin voltage reaches Vocpraorr = 1.83 V, the IC
stops switching operation immediately, in latch mode.

This overcurrent protection also operates during the
leading edge blanking.

Releasing the latched state is done by turning off the
input voltage and by dropping the VCC pin voltage
below VCC(OFF)-

9.11.3 OCP1 Input Compensation Function

The usual control ICs have some propagation delay
time. The steeper the slope of the actual drain current at
a high AC input voltage is, the larger the detection
voltage of actual drain peak current is, compared to
overcurrent detection threshold voltage. Thus, the peak
current has some variation depending on the AC input
voltage in OCP1 state.

When using a quasi-resonant converter with universal
input (85 to 265 VAC), if the output power is set
constant, then because higher input voltages have higher
frequency, the on-time is reduced. Thus, the peak
current in OCP1 state tends to be affected by
propagation delay in the higher input voltage.

If the IC does not have Input Compensation Function,
the output current at OCP1 point in the maximum input
voltage, Iourocp), becomes about double of Ioyr (Figure
9-25 “without input compensation”). Igyr is the target
output current considered with maximum output power
in the minimum input voltage.
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In order to suppress this variability, this IC has the
overcurrent input compensation function.

_i~ Without input
- compensation

e i With optimal input
s = compensation

lour

Target output current

Tourcoce) (A)
\
/

* With excessive
input compensation

Output Current at OCP1

85V 265V
AC input voltage (V)

Figure 9-25 OCP1 input compensation

Figure 9-26 shows the OCPI1 input compensation
circuit. The value of input compensation is set by BD
pin peripheral circuit.

By OCP1 Input Compensation Function, Overcurrent
Detection 1 Threshold Voltage in Normal Operation,
Vocea = 0.910 V, is compensated depending on an AC
input voltage.

The forward voltage of auxiliary winding D, Vgwy, is
proportional to AC input voltage. As shown in Figure
9-26, the voltage obtained by subtracting zener voltage,
Vz, of DZgp from Vgy, is biased by either end of Rpp,;
and Rgp,, and thus the BD pin voltage is provided the
voltage on Rpp, divided by the divider of Rpp; and Rgpy.

Flyback voltage, Vrgvi

Forward voltage
Vbzep Viws
BD
S/IOCP__GND
2 4 c Repo Vw2
Rocp BD T

Figure 9-26 OCP input compensation circuit

Figure 9-27 shows the each voltage waveform for the
input voltage in normal quasi-resonant operation.

When VDZBD > VFWI (POint A), No input
compensation required, Vgy, remains zero, and the
detection voltage for an overcurrent event is the
Overcurrent 1 Detection Threshold Voltage in Normal
Operation, VOCP(H)-

When Vpzgp < Vew; (Point B through Point D), the
input voltage is increased and Vgw; exceeds the Zener
voltage, Vz, of DZgp. Vgw, will be produced as a
negative voltage to compensate Vocpam).

The value of Vgw, should be adjusted so that the
difference between Ioyr and Ioyrocp) is minimized as
shown in Figure 9-25 “With optimal input compen-
sation”. If the excessive input compensation, Iouroce)
may become less than Ioyr (Figure 9-25 “With excessive
input compensation”). Thus, value of Vgw, must be
adjusted so that Ioyrocp) remains more than Ioyr, across
the input voltage range.

VAC+4
230 ---n-mmmmen e

100 |-=oen
0

v

Auxiliary
winding
voltage ?-\ ?-\
0
u l Viwi

VDZBD T
0 >

Vz

q\\!REVl

vV,
FW;T

C L
D

At the input voltage where Vgw; reaches Vz
or more, Vgw, goes negative.

Figure 9-27 Each voltage waveform for the input voltage
in normal quasi-resonant operation

Setup of BD pin peripheral components (DZgp, Rpp;
and Rgp,) is as follows:

1) Vinace Setup
Vinaoe is the AC input voltage that starts input
compensation. In general specification, Viyuc)c 1S
set 120 VAC to 170 VAC.

2) Vgz Setup
Vinacce is adjusted by the zener voltage, Vz, of
DZBD- The VFWl at VIN(AC)C is calculated by using
Equation (5). Vy is set from the result.

N =
Vew: = ND ><VIN(AC)C xy2 =V, 5)
p

where,
Np: Primary side number of turns
Np: Secondary side number of turns
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3) Rgp; and Rgp, Setup. 5) Vgevz is calculated by using Equation (8) and is

The recommended value of Rgp, is 1.0 kQ.

In general specification, Rpp; is set by using result of
Equation (6) so that Vgy, =—3.0 V at maximum AC
input voltage.

checked to be the Quasi-Resonant Operation
Threshold Voltage 1, Vgpuy = 0.34 V (max.), or
more (refer to Figure 9-11).

R
Vieva = — (VREVI - VF) >0.34V ®)
RBDI — |RBD2| RBD] + RBD2
VFWZ
N (6) where,
x (_Dx Vinaomax X J2 - vV, - |VFW2|J Vgevi: Flyback voltage of auxiliary wining
Ny VE: Forward voltage drop of DZgp,
where,

VEw2: BD pin voltage (3.0 V)

Np: Primary side winding number of turns
Np: Auxiliary winding number of turns
Vinaomax: Maximum AC input voltage
Vy: Zener voltage of DZgp

4) Vocpa) is the overcurrent threshold voltage after

input compensation. Figure 9-28 shows a
relationship of Vocpyy' and BD pin voltage, Viws.
VEew2 at maximum AC input voltage is calculated by
using Equation (7). Vocpmy and this variation are
gotten by using the result from Figure 9-28.

When Vocpw)' including variation becomes the
Bottom-Skip Operation Threshold Voltage 1,
Vocpas) = 0.572 'V, or less, the operation of IC is
one bottom-skip only and the output current may be
less than target output current, Ioyr.

Figure 9-28 Overcurrent threshold voltage after input
compensation, Vocpa)
(reference for design target values)

6) The BD pin voltage, which includes surge voltage,
must be observed within the absolute maximum
rating of the BD pin voltage (—6.0 to 6.0 V) in the
actual operation at the maximum input voltage.

< BD Pin Peripheral Components Value Selection
Reference Example >
Setting value:
Input voltage: Vinac) = 85VAC to 265VAC,
AC input voltage that starts input compensation:
VIN(AC)C = 120 VAC,
Primary side winding number of turns: Np=40 T,
Auxiliary winding number of turns: Np=5T
Forward voltage of auxiliary winding: Vgw; =20V

Vrw is calculated by using Equation (5) as follows:

R
V = BD2 X \|Vew | — V. N
| FW2| R, + Ry, (I FWI| z) Viwi :N_]:XVIN(AC)CX\/E
Rgps N, =i><120\/5=21 2V
=—————X| |/ %X Vy(acymax X \/5 -V, @) ’
RBDI + RBDZ NP 40
Thus, zener voltage of DZgp, is chosen to be 22 V of
the E series.
When Vgw, = —3.0 V at maximum input voltage,
T Vocem) 265VAC, Rgp, is calculated by using Equation (6) as
~~~~~~~~~ follows:
Y e R N
1 T T~ T Max Ry 202 X( = Vinacmax X \/57 \Z _|VFW2|J
= 1 T |VFW2| P
E 04— Typ.
< 2 .
= 1 Min 1k 5
= x| =x265v2 -22-|-3| | =7.28k Q
0.2 -3 (40 | 0
O ] 1 1 1 1 1 . .
0 -1 ) 3 -4 -5 -6 Thus, Rpp; is chosen to be 7.5 kQ of the E series.
BD pin voltage Viy, (V)

STR-Y6700 - DS Rev.4.1

Jun. 09, 2016

SANKEN ELECTRIC CO.,LTD. 22



STR-Y6700 Series

When Rppy = 1.0 kQ, [Vgy,| value at 265 VAC is
calculated by using Equation (7) as follows:

R
|VFW2| = R, j'DI:BDz X(IVFWI|_VZ)
1k 5
=——X| —x26542-22 =292V
7.51(-1—1k><(40>< \/_ j

Referring to Figure 9-28, when Vgy, is compensated
to —2.92 V, the overcurrent threshold voltage after input
compensation, Vocpa)', 15 set to about 0.66 V (typ).

When setting Rpp, = 1.0 kQ, Rpp; = 7.5 kQ,
Ve = 0.7V, and Vggy; = 20 V, Vggy is calculated by
using Equation (8) as follows:

RBDZ

Vv — V,
R, + Ry, X( REVI F)

Vieva =

1k

=————x(20-0.7)=2.27V
1k +7.5k

VRrev2 i Veperan = 0.34 V (max.) or more.

9.11.4 When Overcurrent Input
Compensation is Not Required

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 of the universal input voltage specification.

When overcurrent input compensation is not required,
the input compensation function can be disabled by
substituting a high-speed diode for the zener diode,
DZgp, and by keeping BD pin voltage from being minus
voltage. In addition, Equation (9) shows the reverse
voltage of a high-speed diode. The peak reverse voltage
of high-speed diode selection should take account of its
derating.

N
Vewi =

Ny

where,

Vewi: Forward voltage of auxiliary wining
Np: Primary side number of turns

Np: Secondary side number of turns
Vinaomax: Maximum AC input voltage

9.12 Overload Protection (OLP)

Figure 9-29 shows the FB/OLP pin peripheral circuit,
Figure 9-29 shows each waveform for Overload
Protection (OLP) operation.

]
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—Bx Vinaomax % \/E )

When the peak drain current of Ip is limited by
Overcurrent Protection 1 operation, the output voltage,
Vour, decreases and the feedback current from the
secondary photo-coupler becomes zero. Thus, the
feedback current, Igg, charges C4 connected to the
FB/OLP pin and the FB/OLP pin voltage, VggoLp,
increases.

When Vggorp increases to the FB Pin Maximum
Voltage in Feedback Operation, Vegmax) = 4.05 V, or
more, C4 is charged by IrgoLp) = — 10 uA. When Vggo1p
increases to the OLP Threshold Voltage, VegoLp) = 5.96
V, the OLP function is activated, the IC stops switching
operation in the latched state. In order to keep the
latched state, when VCC pin voltage decreases to
Veegias) the bias assist function is activated and VCC
pin voltage is kept to over the Vccorp).

Releasing the latched state is done by turning off the
input voltage and by dropping the VCC pin voltage
below VCC(OFF)-

GND FB/OLP ‘
L]

R3

o He
17 T

Figure 9-29 FB/OLP pin peripheral circuit

A

VCC pin voltage AC input voltage off

iLatch release

VCC(BIAS)

Vecorr

FB/OLP pin e
VOltage, VFB/OLPA Charged by IFB(OLP
VEB(oLp) v |

VFB(MAX)

. t
Drain current, Ip 4 DLY

(I :

Figure 9-30 OLP operation waveforms

The time of the FB/OLP pin voltage from Vgpnmax) to
VesoLp) is defined as the OLP delay time, tpy. Because
the capacitor C5 for phase compensation is small
compared to C4, the approximate value of tp.y is
calculated by Equation (10). When C4 = 4.7 pF, the
value of tpy would be approximately 0.9 s. The
recommended value of R3 is 47 kQ.
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. (VFB(OLP) - VFB(MAX) )X C4

tory
|IFB(OLP)|

. (5.96V-4.05V)xC4
DLY ° |—10uA|

(10)

To enable the overload protection function to initiate
an automatic restart, 220 kQ is connected between the
FB/OLP pin and ground, as a bypass path for Irgorp), as
shown in Figure 9-31. Thus, the FB/OLP pin is kept
under VFB(OLP) in OLP state.

In OLP state as an output shorted, the output voltage
and VCC pin voltage decrease. During the operation,
Bias Assist Function is disabled. Thus, VCC pin voltage
decreases to Vc(orr), the control circuit stops operation.
After that, the IC reverts to the initial state by UVLO
circuit, and the IC starts operation when VCC pin
voltage increases to Vec(ony by startup current. Thus the
intermittent operation by UVLO is repeated in OLP state
without latched operation as shown in Figure 9-32.

The intermittent oscillation is determined by the cycle
of the charge and discharge of the capacitor C3
connected to the VCC pin. In this case, the charge time
is determined by the startup current from the startup
circuit, while the discharge time is determined by the
current supply to the internal circuits of the IC.

GND  FB/OLP ‘

Figure 9-31 FB/OLP pin peripheral circuit
(without latched operation)

VCC pint
1t
voltage Veeon)

Vecorr

v

FB/OLP pin,
voltage
VFB(OLP,

| B

Drain current,4
Ip H“'”‘

Figure 9-32 OLP operation waveform at output shorted
(without latched operation)

>
>
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9.13 Overvoltage Protection (OVP)

When a voltage between VCC pin and GND pin
increases to Vccovey = 31.5 V or more, Overvoltage
Protection (OVP) is activated, the IC stops switching
operation at the latched state. In order to keep the
latched state, when VCC pin voltage decreases to
Veemias), the bias assist function is activated and VCC
pin voltage is kept to over the Vccorr)-

Releasing the latched state is done by turning off the
input voltage and by dropping the VCC pin voltage
below VCC(OFF)-

When the VCC pin voltage is provided by using
auxiliary winding of transformer, the overvoltage
conditions such as output voltage detection circuit open
can be detected because the VCC pin voltage is
proportional to output voltage. The approximate value of
output voltage Voyrove) in OVP condition is calculated
by using Equation (11).

vV

OUT(NORMAL)

x31.5 (V) (11)

VOUT(OVP) = v
CC(NORMAL)

where,
Vouravormary: Output voltage in normal operation
Veemormary: YCC pin voltage in normal operation

9.14 Thermal Shutdown (TSD)

When the temperature of control circuit increases to
Tirspy = 135 °C (min.) or more, Thermal Shutdown
(TSD) is activated, the IC stops switching operation at
the latched state. In order to keep the latched state, when
VCC pin voltage decreases to Vcemias), the bias assist
function is activated and VCC pin voltage is kept to over
the Vecorr).
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transformer matching what will be used in the actual
application, because the variation of the auxiliary
winding voltage is affected by the transformer
structural design.

10. Design Notes

10.1 External Components

Take care to use properly rated, including derating as

necessary and proper type of components. Without R2

VCC pin voltage

With R2

VAC S
0 Y z%a &) 1 ri; P E
D

R2 >
Output current, Iou

Figure 10-2 Variation of VCC pin voltage and power

| S/OCP
3| NF
¢
Q
o}
N
@

{&| GND
{&1 FB/OLP

Rgpi

L
.3
a

C(RC) damper

snubber R
4

Rocr Y Con BD2

PC1

e FB/OLP Pin Peripheral Circuit
C5 is for high frequency noise reduction and phase
compensation, and should be connected close to these
pins. The value of C5 is recommended to be about
470 pF to 0.01pF, and should be selected based on
actual operation in the application.
C4 is for the OLP delay time, tpry, setting (refer to
Section 9.13).
The recommended value of R3 is 47 kQ.

\ i—E D/ST
(@]
i
—{@] VCC
= e

e
0—:{

Figure 10-1 The IC peripheral circuit

¢ Input and Output Electrolytic Capacitor

Apply proper derating to ripple current, voltage, and * BD Pin Peripheral Circuit

temperature rise. Use of high ripple current and low
impedance types, designed for switch mode power
supplies, is recommended.

¢ S/OCP Pin Peripheral Circuit

In Figure 10-1, Rocp is the resistor for the current
detection. A high frequency switching current flows
to Rocp, and may cause poor operation if a high
inductance resistor is used. Choose a low inductance
and high surge-tolerant type.

¢ VCC Pin Peripheral Circuit

The value of C3 in Figure 10-1 is generally
recommended to be 10 to 47uF (refer to Section 9.1
Startup Operation”, because the startup time is
determined by the value of C3).

In actual power supply circuits, there are cases in
which the VCC pin voltage fluctuates in proportion to
the output current, Ioyr (see Figure 10-2), and the
Overvoltage Protection function (OVP) on the VCC
pin may be activated. This happens because C3 is
charged to a peak voltage on the auxiliary winding D,
which is caused by the transient surge voltage coupled
from the primary winding when the power MOSFET
turns off.

For alleviating C3 peak charging, it is effective to add
some value R2, of several tenths of ohms to several
ohms, in series with D2 (see Figure 10-1). The
optimal value of R2 should be determined using a

Since BD pin detects the signal of bottom-on
timing and input compensation of OCP1, the values
of BD pin peripheral components (DZgp, Rgpi, Rgp>
and Cgp) are considered about both functions and
should be adjusted.

Refer to Section 9.7.2 and Section 9.12.3.

e NF Pin

For stable operation, NF pin should be connected to
GND pin, using the shortest possible path.

e Snubber Circuit

When the surge voltage of Vpg is large, the circuit
should be added as follows (see Figure 10-1);

* A clamp snubber circuit of a capacitor-resistor-
diode (CRD) combination should be added on the
primary winding P.

* A damper snubber circuit of a capacitor (C) or a
resistor-capacitor (RC) combination should be
added between the D/ST pin and the S/OCP pin.
When the damper snubber circuit is added, this
components should be connected near D/ST pin
and S/OCP pin.

e Peripheral Circuit of Secondary Side Shunt

Regulator
Figure 10-3 shows the secondary side detection circuit
with the standard shunt regulator IC (U51).
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