LLC Current-resonant Off-line Switching Controller

SSC3S937

Description

The SSC3S937 is a controller with SMZ* method for
LLC current resonant switching power supplies,
incorporating a floating drive circuit for a high-side
power MOSFET. The IC includes useful functions such
as standby function, automatic dead time adjustment,
and capacitive mode detection. The IC achieves high
efficiency, low noise and high cost-effective power
supply systems with few external components.

*SMZ: Soft-switched Multi-resonant Zero Current
switch, achieved soft switching operation during all
switching periods.

Features

e Pb-free (RoHS Compliant)
e Standby Mode Change Function by External Singal

- Output Power at Light Load:

Po = 150 mW (Pin = 0.27 W)
— Burst Operation in Standby Mode
- Soft-on/Soft-off Function: Audible Noise
Suppression Enhancement

e Soft-start Function
Capacitive Mode Detection Function
Reset Detection Function
Automatic Dead Time Adjustment Function
Built-in Startup Circuit
X-capacitor Discharge Function (AC Input Mode)
Input Capacitor Discharge Function (DC Input Mode)
Protections
Input Voltage Protection
Input Overvoltage Protection (HVP): Auto-restart
Input Undervoltage Protection (UVP): Auto-restart
High-side Driver UVLO: Auto-restart
Overcurrent Protection (OCP): Auto-restart, Peak
Drain Current Detection, Two Types Protection
Overload Protection (OLP): Auto-restart
VCC Pin Overvoltage Protection (VCC_OVP):
Auto-restart
REG Pin Overvoltage Protection (REG_OVP):
Auto-restart
Thermal Shutdown (TSD): Auto-restart

Data Sheet

Package
SOP18

Not to scale

Applications
Switching power supplies for electronic devices such as:

e Digital Appliances (e.g., Television)

e Office Automation (OA) Equipment (e.g., Server,
MultiFunction Printer)

e Industrial Apparatus

e Communication Facilities

Typical Application
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1. Absolute Maximum Ratings

Current polarities are defined as follows: current going into the IC (sinking) is positive current (+); and current
coming out of the IC (sourcing) is negative current (—).
Unless otherwise specified, Ta is 25°C.

Parameter Symbol Pins Rating Unit
VSEN Pin Sink Current Isen 1-10 1.0 mA
Control Part Input VVoltage Vce 2-10 —0.31t0 35 \Y
FB Pin Voltage Vrs 3—-10 —0.3t06 \Y
SB Pin Voltage Vse 4-10 -0.3t06 \
CSS Pin Voltage Vess 5-10 -0.3t06 \
CL Pin Voltage Vel 6-10 -0.3t06 V
RC Pin Voltage VRre 7-10 6106 V
CD Pin Voltage Veo 8-10 -0.3t06 V
MODE Pin Sink Current ImopE 9-10 100 pA
VGL pin Voltage VoL 11-10 —0.3 t0 Vrec + 0.3 V
REG pin Source Current IrReG 12-10 -10.0 mA
Voltage Between VB Pin and VS Pin VB—Vs 14-15 —0.31t0 20.0 V
VS Pin Voltage Vs 15-10 —1 to 600 V
VGH Pin Voltage VaH 16 —10 Vs—-0.3toVes+0.3 V
ST Pin Voltage Vst 18 -10 —0.3 to 600 V
Operating Ambient Temperature Tor - —40to 85 °C
Storage Temperature Tste - —40 to 125 °C
Junction Temperature T, - 150 °C

_________________________________________________________________________________________________________________________________|
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2. Electrical Characteristics

Current polarities are defined as follows: current going into the IC (sinking) is positive current (+); and current
coming out of the IC (sourcing) is negative current (—).
Unless otherwise specified, Ta is 25 °C, Vcc is 19 V.

Parameter Symbol Conditions | Pins | Min. ‘ Typ. | Max. | Unit
Start Circuit and Circuit Current
Operation Start Voltage Vceon) 2-10 15.8 17.0 18.2 \%
Operation Stop Voltage ® Vce(orr) 2-10 7.8 8.9 9.8 \Y,
\S/tglrtt:;e(clt)urrent Biasing Threshold Vee@iag 210 90 98 106 v
Circuit Current in Operation lcc(on) 2-10 — — 10.0 mA
Circuit Current in Non-Operation @ lccorr) | Vec=11V 2-10 — 0.7 15 mA
Startup Current @ Ist 18-10| 3.0 6.0 9.0 mA
Protection Operation Release B
Threshold Voltage® Vccp.oFF) 2-10 7.8 8.9 9.8 \Y
Circuit Current in Protection lcep) Vee=10V 2-10 — 0.7 15 mA
Oscillator
Minimum Frequency fovin ié : 12 27.5 315 35.5 kHz
Maximum Frequency fimax) ié : 12 230 300 380 kHz
Minimum Dead-Time tagvin ié : 12 0.04 0.24 0.44 S
Maximum Dead-Time tamAx) ié _ 12 1.20 1.65 2.20 S
Eﬁ:g:qlg ?djusmd Minimum fovinyapir | Ress = 30 kQ ié - ?—Lg 69 73 77 kHz
E;((:ZU(L?]ICIK/ ';‘dJUSted Minimum fomingapsz | Ress = 77 kQ ::Il_'é - ]ig 42.4 454 48.4 kHz
Feedback Control
l\:/l(B)ItPa:geOscnlatlon Start Threshold VrBon) 310 0.15 0.30 0.45 v
l\:/l(B)ItPa:geOscnlatlon Stop Threshold VrB(or) 310 0.05 0.20 035 v
FB Pin Maximum Source Current IrBMAx) | VEB=0V 3-10 | —300 -195 -100 HA
FB Pin Reset Current IFBR) 3-10 25 5.0 7.5 mA
Soft-start
CSS Pin Charging Current Icss(c) 5-10 | -120 -105 -90 HA
CSS Pin Reset Current Icss(r) Vcee= 11V 5-10 11 1.8 25 mA
Maximum Frequency in Soft-start fimaxyss ié B 12 400 500 600 kHz
Standby
MODE Pin Standby Release
Threshold Voltage VMODE(NRM) 9-10 4.5 5.0 5.5 V
\'\;'Ooltggep'“ Standby Threshold VMobE(sTe) 9-10 | 135 | 150 | 165 | V
MODE Pin Sink Current IMODE(SNK) 9-10 3 10 17 MA

D Veoorr) = Vecp.orr < Veceias) always.
@ 1starT = IsT — lcc(orm,Where, IstarT is VCC pin sink current in startup.
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Parameter Symbol Conditions Pins Min. Typ. Max. Unit
MODE Pin Clamp Voltage \/MODE(CLAMP) 9-10 7.0 8.5 10.0 \%
\S/I?)ItPa:geOscnlatlon Start Threshold Vsaion) 4-10 | 015 0.30 0.45 v
\S/I?)ItPa:geOscnlatlon Stop Threshold Vssiorf) 4-10 | 005 0.20 035 v
SB Pin Standby Threshold Voltage Vsg(sTB) 4-10 0.5 0.6 0.7 \Y/
SB Pin Source Current (H) IsB(sro)H 4-10 | -19.0 | -15.0 | —11.0 HA
SB Pin Source Current (L) IsB(srC) 4-10 | 75 -5.0 -2.5 MA
SB Pin Sink Current (H) IsB(sNK)H 4-10 9.0 125 16.0 HA
SB Pin Sink Current (L) IsB(sNK) 4-10 25 5.0 7.5 HA
Overload Protection (OLP)
CL pin OLP Threshold Voltage VcL(oLp) 6-10 3.9 4.2 4.5 \%
CL Pin Source Current 1 lci(sroy 6-10 -29 =17 -5 pA
CL Pin Source Current 2 lci(sre)2 6-10 | —180 -135 -90 pA
CL Pin Sink Current |y sniy 6-10 | 10 30 50 nA
Input Undervoltage Protection
(UVP)
VSEN Pin Threshold Voltage (On) Vsen(ON) 1-10 | 1.150 | 1.200 | 1.250 \Y
VSEN Pin Threshold Voltage (Off) 1 | Vsen(orru 1-10 | 0955 | 1.000 | 1.045 \Y
VSEN Pin Threshold Voltage (Off) 2 | Vsen(orr: 1-10 — 0.8 — \%
VSEN Pin HVP Threshold Voltage Veenve) 1-10 5.3 5.6 5.9 \Y,
VSEN Pin Clamp Voltage Vsen(cLAMP) 1-10 | 10.0 — — \
?_/;El\lljggcggrr]eihold Voltage for AC Veenaon 1-10 256 270 284 v
I\_/iSnEl\Ilml;lgc;li'grr]e;hold Voltage for AC Vsenaoz 1-10 o 24 - v
CD Pin Clamp Voltage for DC Mode Vcopo) 8-10 1.85 2.00 2.15 \%
CD Pin Threshold Voltage 1 Veby 8-10 2.8 3.0 3.2 V
CD Pin Source Current lcosre) | Veo=0V 8-10 | -12.0 | -10.2 -8.5 pA
CD Pin Reset Current lcor) Veo=2V 8-10 1.0 2.5 4.0 mA
Reset Detection
Maximum Reset Time tRST(MAX) 11-10 4 5 6 s

16-15
Driver Circuit Power Supply
VREG Pin Output VVoltage Vees |12-10] 96 | 1200 | 108 | Vv
High-side Driver
\I—}:)g:g;;de Driver Operation Start Vauvon) 1415 57 6.8 79 v
\H/:)%:‘asgde Driver Operation Stop Veuvors) 14-15| 55 | 64 | 73 Y,
Driver Circuit
Vree = 10.5V
VGL,VGH Pin Source Current 1 :2.:2221 veslV Tl — | a0 | — | mA
Vo= 0V

]
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Parameter Symbol Conditions Pins Min. Typ. Max. Unit
Vrec = 10.5V
s leLsnkyr | Ve=10.5V 11-10
VGL,VGH Pin Sink Current 1 lonnoy | VoL=105V | 16-15| 150 — A
Ver=10.5V
Vrec =115V
: leLsrez | VB=115V 11-10| . _
VGL,VGH Pin Source Current 2 lonsro | VoL= 10V 16 15| 140 90 40 mA
Vei=10V
Vrec =115V
s leLsnkyz | VB=115V 11-10
VGL,VGH Pin Sink Current 2 lonesnz | Vo= 15V 16— 15| 140 230 360 mA
Vei=15V
Current Resonant and Overcurrent Protection (OCP)
. . 0.02 0.10 0.18 \%
Capacitive Mode Detection Voltage 1 VRre1 7-10
-0.18 | -0.10 | —0.02 \%
. . 0.20 0.30 0.40 \%
Capacitive Mode Detection Voltage 2 VRre2 7-10
-0.40 | -0.30 | —0.20 \%
. 1.80 1.90 2.00 \%
RC Pin Threshold Voltage (Low) VRrew) 7-10
-2.00 | -1.90 | -1.80 \%
RC Pin Threshold Voltage 262 | 280 | 298 \4
. VRe(s) 7-10
(High speed) —2.98 | —2.80 | —2.62 \Y
CSS Pin Sink Current (Low) less) 5-10 11 1.8 25 mA
CSS Pin Sink Current (High speed) lcss(s) 5-10 13.0 20.5 28.0 mA
Overvoltage Protection (OVP)
VCC Pin OVP Threshold Voltage Vccovp) 2-10 30.0 32.0 34.0 \Y
REG Pin OVP Threshold Voltage Vce(reo) 12-10| 115 12.4 13.5 \
Thermal Shutdown (TSD)
Thermal Shutdown Temperature ‘ Tisp) ‘ — ‘ 140 ‘ — | — | °C
Thermal Resistance
Junc_:tlon to Ambient Thermal O2a o o o 95 SCIW
Resistance
3. Mechanical Characteristics
Parameter Conditions Min. Typ. Max. Unit Remarks

Package Weight — 0.27 — g
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4. Block Diagram

18 I High Side Driver |
ST()—— Startup I o— VB
| | J |
2 Start/Stop/ ' N '
VCCO——  Reg./Bias/ LT Level ) ; VGH
ovP 7 shift AI/L;_< VS
=t 7
GND ( 10 VCC
>j7 GND
1
1 Input —| REG
VSEN © Sense MAIN > 1 VGL
9 Standby
Ay
MODE 4 Control $ RC Detector ) RC
SB - Dead
3 - Time I RV Detector
FB () FB Control  Freq. Control i
M""Fﬁ'ga.“m [™0C Detector
(\5 Soft-start/OC/ 6
CSS Minimum Freq.
i Adjstment ! oLp CL
I AC/DC Detector I 8: Z CDh
5. Pin Configuration Definitions
Number | Name Function
Q 1 VSEN | The mains input voltage protection signal input
Supply voltage input for the IC, and overvoltage
1 | VSEN ST |18
I: :I 2 vee protection (OVP) signal input
2 | vce 3 FB Feedback signal input for constant voltage control
4 SB Standby control capacitor connection
3 |FB VGH | 16 5 CSS Soft-start capacitor connection
6 CL Overload detection capacitor connection
4 |SB VS |15 7 RC Resonant current detection signal input, and
overcurrent protection (OCP) signal input
E CSS VB E 8 CD Delay time setting capacitor connection
6 | CL 9 MODE | Standby mode change signal input
10 GND | Ground
7 | RC REG | 12 11 VGL | Low-side gate drive output
12 REG Supply voltage output for gate drive circuit
8 |[CD VGL [ 11 13 — (Pin removed)
14 VB Supply voltage input for high-side driver
IZ MODE GND E 15 VS Floating ground for high-side driver
16 VGH High-side gate drive output
17 — (Pin removed)
18 ST Startup current input
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6. Typical Application

Dsmi
14
VAC L1 ~ ¢
- ABR:[ L2 Dars
T AR \7 "
c
()—T—] =" U2 .
FC zrc1
controller
PFC control -
T1
—~— D53
R4 R3 R2 N C55
Pt (O VouTL(+)
SSC35937 0 —$ 3RS
11 VSEN
1 18] PC1 R55 3 R52
ca 770 D51 .52 1)) RSG5
—YCcCH, 17 Qm Pt (Z i} R54
C !
<2 FBrs 16 ] R57 Ch4
Con o B, 15 [ ust RS53
'ﬂﬁ css Ovout)
M U1 L
”CG' {5 14 CS%;
e g 13 T & ps2 | *
M RCH, " 9 Pt O vouT2(+)
Ircg = (O] . (]
cD Ci
{]8 11 R58
Rocp Tics D54
R6 MOPE o 101 Pt YY) peo
LLC control
¢ Q51 O Standby
0 R16 Rl D1 f
1 2
R8 ci1 zic R59
e S R17 T
c9 ; |Cco | Ris ;
I 10 PC2
Figure 6-1. Typical Application (AC Input Mode)
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Figure 6-2. Typical Application (DC Input Mode)
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7. Physical Dimensions
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NOTES:

— All dimensions in millimeters
— Pb-free (RoHS compliant)
When soldering the products, it is required to minimize the working time within the following limits:

Flow: 260 °C /10, 1 time
Soldering Iron: 350 °C/3.5s, 1 time

8. Marking Diagram

dniinlnlniininin

SSC3S5937
Part Number
SKYMD
— Lot Number:
Q X XXX Y is the last digit of the year of manufacture (0 to 9)
M is the month of the year (1t0 9, O, N, or D)
1|_||_||_||_||_||_||_J|_||_| D is a period of days:
1: the first 10 days of the month (1st to 10th)
2: the second 10 days of the month (11th to 20th)
3: the last 1011 days of the month (21st to 31st)
Control Number
SSC3S937-DSE Rev.1.4 SANKEN ELECTRIC CO., LTD.
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9. Operational Description

All of the parameter values used in these descriptions
are typical values, unless they are specified as minimum
or maximum. Current polarities are defined as follows:
current going into the IC (sinking) is positive current
(+); and current coming out of the IC (sourcing) is
negative current (—). Quy and Qg indicate a high-side
power MOSFET and a low-side power MOSFET
respectively. Ci and Cy indicate a current resonant
capacitor and a voltage resonant capacitor, respectively.

9.1 Resonant Circuit Operation

Figure 9-1 shows a basic RLC series resonant circuit.

|_

R L C

Figure 9-1. RLC Series Resonant Circuit

The impedance of the circuit, Z, is as the following
Equation.

Z=R+j(ooL—£), (1)

where o is angular frequency; and o = 2xf.
Thus,

. 1
= i [p— 2
7 R+](21TfL anc) @)

When the frequency, f, changes, the impedance of
resonant circuit will change as shown in Figure 9-2.

“Capacitance area . Inductance area

Impedance

)

>
>

fo Frequency

Figure 9-2. Impedance of Resonant Circuit

When 2=fL = 1/2afC, Z of Equation (2) becomes the
minimum value, R (see Figure 9-2). In the case, o is
calculated by Equation (3).

1
w=2nf=— @)

VLC

SSC3S937-DSE Rev.1.4
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The frequency in which Z becomes minimum value is
called a resonant frequency, fo. The higher frequency
area than f, is an inductance area. The lower frequency
area than f, isa capacitance area.

From Equation (3), f, is as follows:

1
o= e @

Figure 9-3 shows the circuit of a current resonant
power supply. The basic configuration of the current
resonant power supply is a half-bridge converter. The
switching devices, Qy and Qq), are connected in series
with Vin. The series resonant circuit and the voltage
resonant capacitor, Cy, are connected in parallel with
Qu- The series resonant circuit is consisted of the
following components: the resonant inductor, Lg; the
primary winding, P, of a transformer, T1; and the current
resonant capacitor, Ci. The coupling between the
primary and secondary windings of T1 is designed to be
poor so that the leakage inductance increases. This
leakage inductance is used for Lg. This results in a
downsized of the series resonant circuit. The dotted
mark with T1 describes the winding polarity, the
secondary windings, S1 and S2, are connected so that
the polarities are set to the same position as shown in
Figure 9-3. In addition, the winding numbers of each
other should be equal. From Equation (1), the impedance
of a current resonant power supply is calculated by
Equation (5). From Equation (4), the resonant frequency,
fo, is calculated by Equation (6).

. 1
=R+ - 5
yA R+]{m(LR+LP) wCi}, (5)
i 1
= ) 6
* " 2n/(Lg + Lp) X Ci ©)
where:

R is the equivalent resistance of load,

Lr is the inductance of the resonant inductor,

Lp is the inductance of the primary winding P, and
Ci is the capacitance of current resonant capacitor.

7777777777

|
1 s vour

e P90
% S1 (%

Figure 9-3. Current Resonant Power Supply Circuit
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In the current resonant power supply, Q) and Qq) are
alternatively turned on and off. The on and off times of
them are equal. There is a dead time between the on
periods of Qe and Q. During the dead time, Q) and
Qq) are in off status.

In the current resonant power supply, the frequency is
controlled. When the output voltage decreases, the IC
decreases the switching frequency so that the output
power is increased to keep a constant output voltage.
This must be controlled in the inductance area (fsyw <
fy). Since the winding current is delayed from the
winding voltage in the inductance area, the turn-on
operates in a ZCS (Zero Current Switching); and the
turn-off operates in a ZVS (Zero Voltage Switching).
Thus, the switching losses of Qg and Q) are nearly
zero. In the capacitance area (fsyw < f,), the current
resonant power supply operates as follows: When the
output voltage decreases, the switching frequency is
decreased; and then, the output power is more decreased.
Therefore, the output voltage cannot be kept constant.
Since the winding current goes ahead of the winding
voltage in the capacitance area, Q) and Q) operate in
the hard switching. This results in the increases of a
power loss. This operation in the capacitance area is
called the capacitive mode operation. The current
resonant power supply must be operated without the
capacitive mode operation (for more details, see Section
9.11).

Figure 9-4 describes the basic operational waveforms
of current resonant power supply (see Figure 9-3 about
the symbol in Figure 9-4). For the description of current
resonant waveforms in normal operation, the operation
is separated into a period A to F. In the following
description:

Iow) is the current of Qg),

Iow) is the current of Q,

Ve is the forwerd voltage of Qy,

Ve, is the forwerd voltage of Qq,

IL is the current of Lg,

V\n is an input voltage,

Vi is Ci voltage, and

Vcv is Cy voltage.

The current resonant power supply operations in
period A to F are as follows:

1) Period A
When Qg is on, an energy is stored into the series
resonant circuit by Ipny that flows through the
resonant circuit and the transformer (see Figure 9-5).
At the same time, the energy is transferred to the
secondary circuit. When the primary winding voltage
can not keep the on status of the secondary rectifier,
the energy transmittion to the secondary circuit is
stopped.

2) Period B
After the secondary side current becomes zero, the

SSC3S937-DSE Rev.1.4
Apr. 24, 2025

resonant current flows to the primary side only to
charge Ci (see Figure 9-6).

VeH

0
VGLT

0 >
VDS(H)‘L VintViego L

0 >
'D(H)T

) /7 \ L /7 O\ =
Vst

0 >

v

F \../
Vi P P
Vin/2 " T
z ~-
|51I
0 .
|szI
0 .\
A B, D Ely t
C F

Figure 9-4. The Basic Operational Waveforms of
Current Resonant Power Supply

Vin

N+

S1 ¢(9

S2

Figure 9-6. Operation in Period B
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3) Period C

C is the dead-time period. Q) and Q) are in off

status. When Q) turns off, Cy is discharged by I, that

is supplied by the energy stored in the series resonant Vin
circuit applies (see Figure 9-7). When Vv decreases

to V), —Ipw) flows through the body diode of Qq;

and Vev is clamped to Vg). After that, Qq,) turns on.

Since Vpsq) is nearly zero at the point, Q) operates

in the ZVS and the ZCS; thus, the switching loss

achieves nearly zero.

4) Period D Figure 9-7. Operation in Period C

Immidiately after Q) turns on, —lpw), which was
flowing in Period C, continues to flow through Q)
for a while. Then, Ipw) flows as shown in Figure 9-8; Qw
and Vi is applied the primary winding voltage of the
transformer. At the same time, energy is transferred to Vin
the secondary circuit. When the primary winding

voltage can not keep the on status of the secondary

rectifier, the energy transmittion to the secondary

circuit is stopped.

5) Period E
After the secondary side current becomes zero, the
resonant current flows to the primary side only to
charge Ci (see Figure 9-9).

6) Period F
F is the dead-time period. Q) and Qg are in off
status. Vin
When Qg turns off, Cv is charged by —I_ that is
supplied by the energy stored in the series resonant
circuit applies (see Figure 9-10). When Vcv decreases
to Vin + Vrn), —Iowy flows through body diode of
Qy; and Vv is clamped to Vin + Viwy. After that,
Q) turns on. Since Vs is nearly zero at the point,
Q) operates in the ZVS and the ZCS; thus, the
switching loss achieves nearly zero. Figure 9-9. Operation in Period E

7) After the period F

Immidiately after Qg turns on, —lpgy), Which was Qe

flowing in Period F, continues to flow through Q) OFF

for a while. Then, Ipwy flows again; and the operation Vin .
returns to the period A. The above operation is T N
repeated to transfer energy to the secondary side from 2

the resonant circuit.

Figure 9-10. Operation in Period F
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9.2 Startup Operation

Figure 9-11 shows the VSEN and VCC pins and their
peripheral circuit. The IC incorporates its own startup
circuit. When an input voltage is supplied, the constant
startup current regulated inside the IC (Ist = 6.0 mA)
starts charging the C2 connected to the VCC pin. When
the VCC pin voltage increase to Vccony = 17.0 V or
more, and then the IC starts switching operation, the
VCC pin voltage is the rectified auxiliary winding
voltage, Vp, as shown in Figure 9-11. After the power
startup sequence ends, the startup circuit turns off
automatically to eliminate the power dissipation by
itself.

The IC can operate with the AC or DC input power
supply. The IC determines whether the input is AC or
DC by the VSEN pin voltage during the startup period.
The switching start timing of the AC or DC input is as
follows:

Dsmi
VAC &
L1 . o
A D¢
D
ox T A \7* A o
Om = u2 N
EC zrc1
4
R2 :.
ST Jls N
R3 U1 ) R1 D1
VSEN <
1 vce <5
cD F8 GND
8 3 10
i Vo
R4 e N ¢ 7
c4 co c2
PC1
I " I DU .
v

Figure 9-11. VSEN and VCC Pins Peripheral Circuit

e AC Input Mode

Figure 9-12 shows the startup operational waveforms
in the AC input mode. When an AC input is supplied,
the VCC pin voltage, Vcc, is increased by the constant
startup current. When the IC detects the rising edge of
the VSEN pin voltage, Vsen, after Ve > Vecgias) = 9.8
V, the IC determines to be the AC input mode. The IC
has the following two threshold voltages for the rising
edge detection: VSEN(OFF)l =1.000 V and VSEN(AC)1= 2.70
V. The internal threshold voltages are automatically
shifted according to which of the VSEN pin threshold
voltages has been detected: Vsenorr2 = 0.8 V when
VsEN(oFF)l, and VSEN(AC)2= 2.4V when VSEN(AC)l- This is
how the IC ensures its stable detection of AC input
voltages.

When Vce > Veeeias) = 9.8 V, the IC starts to charge
CD pin capacitor, Ccp, by lcpisrey = —10.2 pA. When the
IC detects the rising edge of Vsen, Ccp is discharged.
When the CD pin voltage decrease to about 0.3 V, the
IC charges Ccp by lcpirey) again. In this way, the IC
repeats the charging or discharging of Ccp, by the two
threshold voltages.
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After that, when Vcc > Vecony = 17.0 V, and IC
detects the rising edge of Vsen, the internal circuit starts
to operate. Then, the IC generates the REG pin voltage,
and starts to charge the FB pin capacitor, C9. When the
FB pin voltage increase to Veson)= 0.30 V or more, the
VGH and VGL pins start switching operation.

When the AC input, the capacitance of Ccp should be
set as the CD pin voltage is less than Veppce) = 2.00 V
during startup (Vcceias) < Vee < Vecon) )-

VSEN Pin Voltag %etermines to be AC input mode

Vsenac)1

Vseniorm |\ ALl
0 I | |

VCC Pin Voltage |
Vecon p--------- i

Vecpias) ==
. i

CD Pin Voltage
Voo

about 0.3V
0

REG Pin Voltage ¢

Vrkee
0

FB Pin VoltageI

\ 4

JVFB ON
0 T O >

VGL Pin Voltage
) [T

Figure 9-12. Startup Operational Waveforms in AC
Input Mode

e DC Input Voltage

Figure 9-13 shows the startup operational waveforms
in the DC input mode. When an DC input is supplied,
the VCC pin voltage, Vcc, is increased by the constant
startup current. When Vce > Vecgias) = 9.8 V, the IC
starts to charge CD pin capacitor, Ccp, by
lepsre) = —10.2 pA. When the CD pin voltage reaches
Veppe) = 2.00 V without Vsen rising edge detection, the
IC determines to be the DC input mode. The CD pin
voltage is clamped by Vcp(pc).

When all the following conditions are met, the VGH
and VGL pins start switching operation.

e VSEN pin voltage > Vsenony = 1.200 V.

e CD pin voltage is clamped by Vcppc) = 2.00 V.
e VCC pin voltge > Vccony = 17.0 V.

e FB pin voltage > Vegony = 0.30 V.

If Ve becomes >Vecony under the CD pin voltage is
<Vcppo), the IC starts to charge the FB pin capacitor,
C9, after the CD pin voltage is clamped. When the FB
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pin voltage increase to Vrgony Or more, the VGH and
VGL pins start switching operation.

VSEN Pin Voltage
VSENON) W

0 >

VCC Pin Voltage*
Vecon

Vecias)

0

CD Pin Voltage
Veopey |- L |

»
>

Deterrhines to be DC input mode

0

REG Pin Vol’[ageA

VReG
0

FB Pin VoltageI

A\

\ 4

A\

0

VGL Pin Voltage

0

ﬁl VEesoN)

Figure 9-13. Startup Operational Waveforms in DC
Input Mode

9.3 Undervoltage Lockout (UVLO)

Figure 9-14 shows the relationship of Vcc and lcc.

After the IC starts operation, when the VCC pin
voltage decreases to Vccorr) = 8.9 V, the IC stops
switching operation by the undervoltage lockout
(UVLO) function and reverts to the state before startup
again.

Icc

9.4 Bias Assist Function

Figure 9-15 shows the VCC pin voltage behavior
during the startup period.

Startup success

/ Target

VCC Pin Voltage
A IC startup

operating
Vecony) _ _ _ voltage
Veepias)L — — _ Increasing by output
AN voltage rising
| / . . .
Vv | \\ s Bias Assist period
CCOFF)|— —f —q——x—————

[

N »
Time

Figure 9-15. VCC Pin Voltage during Startup Period

When the conditions of Section 9.2 are fulfilled, the
IC starts operation. Thus, the circuit current, lcc,
increases, and the VCC pin voltage begins dropping. At
the same time, the auxiliary winding voltage, Vb,
increases in proportion to the output voltage rise. Thus,
the VCC pin voltage is set by the balance between
dropping due to the increase of Icc and rising due to the
increase of the auxiliary winding voltage, Vp.

When the VCC pin voltage decreases to
Vccorr = 8.9V, the IC stops switching operation and a
startup failure occurs.

In order to prevent this, when the VCC pin voltage
decreases to the startup current threshold biasing voltage,
Vceeias) = 9.8 V, the bias assist function is activated.

While the bias assist function is activated, any
decrease of the VCC pin voltage is counteracted by
providing the startup current, lst, from the startup
circuit.

It is necessary to check the startup process based on
actual operation in the application, and adjust the VCC
pin voltage, so that the startup failure does not occur.

If the VCC pin voltage decreases to Vccgias) and the
__ bias assist function is activated, the power loss increases.
7 Thus, the VCC pin voltage in operation should be set
more than Vcc@ias) by the following adjustments.
Stop Start e The turns ratio of the auxiliary winding to the
secondary-side winding is increased.
e The value of C2 in Figure 6-1 is increased and/or the
value of R1 is reduced.
//I > :
Vee(orm) Veeon \\50C|%Pén During all protection operation, the bias assist
g function is disabled.
Figure 9-14. Vcc vs. lcc
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9.5 Soft Start Function

Figure 9-16 shows the soft start operational
waveforms.

The IC has soft start function to reduce stress of
peripheral component and prevent the capacitive mode
operation.

During the soft start operation, C6 connected to the
CSS pin is charged by the CSS Pin Charge Current,
Icssic) = —105 pA. The oscillation frequency is varied by
the CSS pin voltage. The switching frequency gradually
decreases from fmax)ss* = 500 kHz at most, according
to the CSS pin voltage rise. At same time, output power
increases. When the output voltage increases, the IC is
operated with an oscillation frequency controlled by
feedback.

When the IC becomes any of the following conditions,
C6 is discharged by the CSS Pin Reset Current,
|CSS(R) =1.8 mA.

e The VCC pin voltage decreases to the operation stop
voltage, Vccorr) = 8.9 V, or less.

e After AC input voltage turns off, thr CD pin voltage
increases to V., = 3.0 V or more.

e Any of protection operations in protection mode
(OVP, HVP, OLP or TSD) is activated.

1 Frequency control

CSS Pin 4 ;
Voltage OCP operati OnI by feedback signal
peropdI
Soft-start .«
|

period
|

| | |
\—'—'— C6 is charged by lcssic)
0— —t »
| | | Time
Primary-sidet | I I
Winding Current I I I
ocP limit - -4 — — — L

g
]

Figure 9-16. Soft-start Operational Waveforms

9.6 Minimum and Maximum Switching
Frequency Setting

The minimum switching frequency is adjustable by
the value of R5 (Rcss) connected to the CSS pin. The
relationship of R5 (Rcss) and the externally adjusted
minimum frequency, fvinyaos, is shown in Figure 9-17.

The fovinyaps should be adjusted to more than the
resonant frequency, fo, under the condition of the
minimum mains input voltage and the maximum output

* The maximum frequency during normal operation is
f(MAx) =300 kHz.

power. The maximum switching frequency, fuax, is
determined by the inductance and the capacitance of the
resonant circuit. The fuax should be adjusted to less than
the maximum frequency, fauaxy = 300 kHz.

80 \
N
70
2 N
< 60 AN
g S~
2 50 S
40

20 30 40 50 60 70 80
Ress (k)

Figure 9-17. R5 (Rcss) VS. f(M|N)ADJ

9.7 High-side Driver

Figure 9-18 shows a bootstrap circuit. The bootstrap
circuit is for driving to Q¢ and is made by D3, R12 and
C12 between the REG pin and the VS pin.

When Q) is OFF state and Q) is ON state, the VS
pin voltage becomes about ground level and C12 is
charged from the REG pin.

When the voltage of between the VB pin and the VS
pin, Vgs, increases to Vsuvion) = 6.8V or more, an
internal high-side drive circuit starts operation. When
Ve decreases to Vsuvorr) = 6.4 V or less, its drive
circuit stops operation. In case the both ends of C12 and
D4 are short, the IC is protected by Veuvorr. D4 for
protection against negative voltage of the VS pin

e D3
D3 should be an ultrafast recovery diode of short
recovery time and low reverse current. When the
maximum mains input voltage of the apprication is
265VAC, it is recommended to use ultrafast recovery
diode of Vrm =600 V.

e Cl1, C12, and R12
The values of C11, C12, and R12 are determined by
total gate charge, Qg, of external MOSFET and
voltage dip amount between the VB pin and the VS
pin in the burst oscillation mode of the standby mode
change.
C11, C12, and R12 should be adjusted so that the
voltage between the VB pin and the VS is more than
Veuvon) = 6.8 V by measuring the voltage with a
high-voltage differential probe.
The reference value of C11is 0.47uF to 1 pF.
The time constant of C12 and R12 should be less than
500 ns. The values of C12 and R22 are 0.047uF to
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0.1 pF,and 2.2 Q to 10 Q.
C11 and C12 should be a film type or ceramic
capacitor of low ESR and low leakage current.

e D4
D4 should be a Schottky diode of low forward voltage,
V, so that the voltage between the VB pin and the VS
pin must not decrease to the absolute maximum
ratings of —0.3 V or less.

VGH

VS

VB
Ul

REG

VGL

GND

“Bootstrap circuit

Figure 9-18. Bootstrap Circuit

9.8 Constant Voltage Control Operation

Figure 9-19 shows the FB pin peripheral circuit. The
FB pin is sunk the feedback current by the photo-coupler,
PC1, connected to FB pin. As a result, since the
oscillation frequency is controlled by the FB pin, the
output voltage is controlled to constant voltage (in
inductance area).

The feedback current increases under slight load
condition, and thus the FB pin voltage decreases. While
the FB pin voltage decreases to the oscillation stop
threshold voltage, Vrsorr) = 0.20 V, or less, the IC stops
switching operation. This operation reduces switching
loss, and prevents the increasing of the secondary output
voltage. In Figure 9-19, R8 and C9 are for phase
compensation adjustment, and C5 is for high frequency
noise rejection.

The secondary-side circuit should be designed so that
the collector current of PC1 is more than 195 pA which
is the absolute value of the maximum source current,
Irsomax). Especially the current transfer ratio, CTR, of
the photo coupler should be taken aging degradation into
consideration.
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FB GND
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C5 R8

/
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Figure 9-19. FB Pin Peripheral Circuit

9.9 Standby Function

The IC has the standby function that improves
efficiency in light load operation. In standby mode, the
IC operation shifts to the burst oscillation as shown in
Figure 9-20.

The burst oscillation has periodic non-switching
intervals. Thus, the burst oscillation mode reduces
switching losses. Generally, to improve efficiency under
light load conditions, the frequency of the burst
oscillation mode becomes just a few Kkilohertz. In
addition, the IC has the Soft-on and the soft-off function
in order to suppress rapid and sharp fluctuation of the
drain current during the burst oscillation mode. thus, the
audible noises can be reduced (see Section 9.9.2). The
operation of the IC changes to the standby operation by
the external signal (see Section 9.9.1).

Primary-side Main

Winding Current

Switching period

i—>  Non-switching period
<>

i
o~ ”
Soft-on Soft-off Time

Figure 9-20. Standby Operational Waveforms

9.9.1 Shifting with External Signal

Figure 9-21 shows the standby signal input circuit
example. Figure 9-22 shows the standby operational
waveforms. When the standby pin shown in Figure 9-21
is set to low level, Q1 turns off, and the MODE pin
capacitor, C10, is discharged by the sink current,
Imobesnky = 10 HA. When the MODE pin voltage
decrease to the MODE Pin Standby Threshold Voltage,
Vmopeste) = 1.50 V, the IC shifts to standby mode. In
the standby mode, the IC stops a switching operation
while the following conditions are fulfilled:

MODE pin voltage < Vmopeste) 0f 1.50 V,

FB pin voltage < Vrg(orr 0f 0.20 V, and

SB pin voltage < Vsg(orr) 0f 0.20 V.
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When the standby pin is set to the high level and the
SB pin voltage increases to Standby Release Threshold
Voltage, Vmooenrm) = 5.0 V, or more, the IC returns to
normal operation.

12

REG

Ul

SB MODE R16

PC2
Standby

R15

pPC2 GND

Figure 9-21. Standby Signal Input Circuit Example

Standby 4
Y Ty H
L
: & -
Standby operation
MODE Pin ,
Voltage Discharged
VmopE(sTe) by lsesniq 7~ VMoDE(NRM)
0 D) >
SB Pin Voltage?
V
SB(OFF) ; () l/\\ R
FB Pin Voltage 4
VFB(OFF(; - & .
Primary-side
Main Winding |,
Curren

Switching stop Time

Figure 9-22. Standby Operational Waveforms

9.9.2 Burst Oscillation Operation

In standby operation, the IC operates burst oscillation
where the peak drain current is suppressed by soft-on
and soft-off function in order to reduce audible noise
from transformer. During burst oscillation operation, the
switching oscillation is controlled by the SB pin voltage.

Figure 9-23 shows the burst oscillation operational
waveforms.
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Figure 9-23. Burst Oscillation Operational Waveforms

When the SB pin voltage decreases to Vsgorr) = 0.20
V or less and the FB pin voltage decreases to
Vrgorr) = 0.20 V or less, the IC stops switching
operation, and then the output voltage decreases. Since
the output voltage decreases, the FB pin voltage
increases. When the FB pin voltage increases to the
oscillation start threshold voltage, Vesony = 0.30 V, the
SB pin voltage gradually increases because the SB pin
capacitor, Csg, is charged by Isgisroyn = —15.0 HA. When
the SB pin voltage increases to the oscillation start
threshold voltage, Vsson) = 0.30 V, the IC resumes
switching operation, and then the output voltage
increases (Soft-on). When the SB pin voltage exceeds
Vsgistey = 0.6 V or more, the charge current of Csg
switches to IsgisroL = —5.0 pA. After that, when FB pin
voltage decrease to the oscillation stop threshold voltage,
Veeorr) = 0.20 V, Csg is discharged by IsgisnkyL = 5.0 YA,
and then the SB pin voltage decreases. When the SB pin
voltage decreases to less than Vsgistey = 0.6 V, the
discharge current of Csg switches to Isgsnkyn = 12.5 pA.
When the SB pin voltage decreases to Vsgorr) = 0.20 V
again, the IC stops switching operation, and then the
output voltage decreases (Soft-off).

The SB pin discharge time in the soft-on and soft-off
function depends on the value of Csg. Increasing the Csg
value causes the output ripple voltage increase and/or
the VCC pin voltage decrease due to the peak drain
current reduction and burst period increase. If the VCC
pin voltage decreases to Vcceias) = 9.8 V, the power loss
increases because the bias assist function is always
activated (see Section 9.4).

When adjust the value of Csg, be sure to check the
input power, the output ripple voltage, and the VCC pin
voltage. The reference value of Csg is about 470 pF to
0.047 pF.
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9.10 Automatic Dead Time Adjustment
Function

A dead time is a period of time when both of the high-
and low-side power MOSFETS turn off. When the dead
time is shorter than a voltage resonant period as in
Figure 9-24, the power MOSFETS turn on or off during
the voltage resonant period. In such case, switching loss
increases due to hard switching by the power
MOSFETS.

vell 1

4 e —le
VGH _I \}— Deadtime—':/—
| |

|

|

|

|

|
| Loss increase by hard | I_]_

| switching operation | | /

/ W
)

3 {

e
\—Voltage resonantperiod—/

Q) D-S Voltage,}
Vs

>

Figure 9-24. ZVS Failure Operation Waveform

To prevent such hard switching, the IC has the
automatic dead time adjustment function that the IC
detects voltage resonant periods and automatically
controls the zero voltage switching (ZVS) operations of
Qe and Qq). Even though voltage resonant periods
differ according to the power supply specifications
(input voltage, output power, etc.), the IC requires no
dead time adjustment based on individual power supply
specifications because of this function.

As shown in Figure 9-25, a dead time period is
determined by the dv/dt period that is defined by the
rising and falling voltage waveforms of Vpsw), the
drain-to-source voltage of the low-side power MOSFET.
The dv/dt period is detected by the VS pin. The ZVS
operations of the high- and low-side power MOSFETSs
are automatically controlled based on this detection
system. Note that the automatic dead time adjustment
function operates within the period ranging from
tagviny = 0.24 ps to tyomax) = 1.65 ps.

Also, actual operations must be checked to ensure that
power MOSFETs operate with the zero current
switching (ZCS) under the following conditions (i.e.,
check if a period in which drain current flows through a
body diode exists for about 600 ns, as in Figure 9-26):

— When an output power is minimum in a maximum
input voltage specification.

— When an output power is maximum in a minimum
input voltage specification.
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Figure 9-25. VS Pin and Dead Time Period
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| Flows through body
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Figure 9-26. Point to Be Checked in ZCS

9.11 Capacitive Mode Detection Function

The current resonant power supply must operate in the
inductive area shown in Figure 9-27. In the capacitive
area, the power supply enters capacitive mode (see
Section 9.1). To prevent such operation, it is generally
required to set a minimum oscillation frequency higher
than f, defined for each power supply specification.
The IC has the capacitive mode detection function that
constantly maintains its frequency higher than fo,
thereby requiring no setting of minimum oscillation
frequencies. Accordingly, enhanced design-friendliness
will be added to your application. In addition, using
resonant frequency of near fo increases the transformer
use efficiency.

The RC pin detects a resonant current to determine if
a capacitive operation has occurred. When the capacitive
mode is detected, C7 connected to the CL pin is charged
by lcusroyr = —17 pA. When the CL pln Voltage
increases to VcioLr), the OLP is activated and the
switching operation stops. During the OLP operation,
the intermittent operation by UVLO is repeated (see
Section 9.19). As shown in Figure 9-29 and Figure 9-30,
the threshold voltage for the capacitive mode detection
changes according to the load ranges: Vrc1= +0.10 V or
Vre2 = £0.30 V. The capacitive mode detection function
is described further below.

e Period in Which the Q) is On
Figure 9-28 illustrates the RC pin waveform in the
inductive area; Figure 9-29 and Figure 9-30 illustrate
the RC pin waveforms in the capacitive area.
In the inductive area, the RC pin voltage does not
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cross over +VRC from high to low during the Q)
turn-on period (see Figure 9-28).

Conversely, in the capacitive area, the RC pin voltage
crosses over the threshold, +Vre1 or +Vrez, from high
to low. At this point, a capacitive mode operation is
detected. Then, Q) is turned off, whereas Qg is
turned on (see Figure 9-29 and Figure 9-30).

e Period in Which the Q) is On
Contrary to the Qgcase, in the capacitive area, the
RC pin voltage crosses over the threshold, —Vgrc1 Or
—Vrez, from low to high during the Qq) turn-on
period. At this point, a capacitive mode operation is
detected. Then, Q) is turned off, whereas Q) is
turned on.

Based on the capacitive mode detection on a
pulse-by-pulse basis, the IC prevents any capacitive
operation by synchronizing the operating frequency with
the capacitive mode frequency. Rocp, C3, and R6 must
be set so that the absolute value of the RC pin voltage is
higher than [Vrco| = 0.30 V and is maintained within its
absolute maximum rating of £6 V. In addition to the
peripheral component settings required for the OCP
function (Section 9.18), the following operations prone
to be capacitive mode must be taken into account when
you set these components: startup, supply input voltage
turn-off, output shorted, and dynamic load effect on a
power system.

Capacitance area Inductance area

\— Operating area

»
fo
Resonant fresuency

Hard switching Soft switching

[ Y e S
Aw‘/\’l;

Uncontrollable operation

Figure 9-27.

Impedance

Operating Area of Resonant Power
Supply

Vs I X OFF

ON

A 4

RC Pin
Voltage

Figure 9-28. RC Pin Voltage in Inductance Area
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Figure 9-29. High-side Capacitive Mode Detection in
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|

RC Pin |
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Figure 9-30. High-side Capacitive Mode Detection in
Heavy Load

9.12 X-capacitor Discharge Function for
AC Input Mode

Generally, a line filter is inserted in the input side of a
switching power supply, as illustrated in  Figure 9-31.

VAC J‘ J‘
Ros | T o T A
Cx
Line Filter
Figure 9-31. Typical Line Filter Circuit

As per IEC 62368-1 safety requirements, the voltage
across the capacitor of line filter (i.e., X-capacitor, CX)
of 2300 nF must be decreased to 60 V or less within 2
seconds after AC input voltage cutoff.

Therefore, the discharge resistor, Rpis, is connected in
parallel with Cx as a common approach to meet the
requirements. While the AC input voltage is applied,
Rois constantly consumes power. However, the IC
implements the X-capacitor discharge function to
remove such commonly used Rpis, thus enhancing its
circuit efficiency. Power dissipation in Rpis, Prois, can
be obtained by Equation (7), below:

Vacrms)”
Prpis = ——— )

Rpis

Let Vacrms) be the effective value of the AC input
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voltage.

Hence, if the combined resistance of Rpis = 1 MQ and
the AC input voltage = 265 V, Prpis becomes about 70
mwW.

After an AC input voltage cutoff, the VSEN pin
voltage becomes almost constant and the two thresholds,
VSEN(OFF)l and VSEN(AC)l. are no Ionger detectable. Then,
the CD pin capacitor, Ccp, is discharged by
lcosre) = —10.2 pA, and the CD pin voltage increases.
When the CD pin voltage reaches Vcpa = 3.0 V, the
X-capacitor is discharged by the constant current,
Ist = 6.0 mA.

The time until the CD pin voltage reaches V¢p: from
the cutoff of AC input voltage is delay time, toLy.

The maximum value of tpLy, toLy_max, can be set by
the capacitor of the CD pin and is calculated by
Equation (9) in Section 9.17.2.

As shown in Figure 9-32, Dst1, Dste, and Rst are
connected to the ST pin from AC input line. The
recommend value of Rst is 5.6 kQ to 10 kQ. Rsr is set at

high resistance such that high voltage is applied on them.

Therefore, the following must be taken into account in
actual designing: select resistors designed to stand
against electromigration; configure Rst with some serial
resistors to reduce each applied voltage.

L1 Dsm

I Ist é Rst
Cx —= bt
O—HL , C1 R? =
r ST

VSEN Ul

1
CD
(g™
R4 TCCD 10

9.13 Input Capacitor Discharge Function
for DC Input Mode

After a DC input voltage cutoff, along with the
decrease in the input voltage, the voltages of the ST and
VSEN pins also decrease. When the VSEN pin voltage
decreases t0 Vsenorm: = 1.000 V or less, the input
capacitor is immediately discharged by the constant
current, Ist = 6.0 mA.

Rst is connected to the ST pin from DC input line.
Rst is 5.6 kQ to 10 kQ. Rsr is set at high resistance such
that high DC voltage is applied on them. Therefore, the
following must be taken into account in actual
designing: select resistors designed to stand against
electromigration; configure Rst with some serial
resistors to reduce each applied voltage.

Vinpo)
® ®
IsT Rst
R2 18
+ ST ul
Cl1 ZZL R3
1 VSEN
CD GND
C4 8 10
ra ¢ 18

e e

Figure 9-34. ST Pin Peripheral Circuit for DC Input
Mode

ST Pin4
Voltage

Input capacitor
discharge

Figure 9-32. ST Pin Peripheral Circuit for AC Input
Mode
ST Pin X-capacitor
Voltage discharge

0 >
VSEN Pina  AC input voltaﬂge off
Voltage
Vsenaor [\ [\ [\ [\
Vsen(oFAL \I( V V V
0 >

CD Pint
Voltage

toLy

Veoo

o LA .

Figure 9-33.  X-capacitor Discharge Function
Operational Waveform of AC Input Mode
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Figure 9-35. Input Capacitor Discharge Function
Operational Waveform of DC Input Mode
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9.14 Reset Detection Function

In a condition where the output feedback control
remains inactive (e.g., during power startup), unbalanced
circulating currents for resonant operation control will
be incurred. This unbalanced circulating current can
cause a hard switching operation that increases the stress
of the power MOSFET. The unbalanced circulating
current occurs when the power MOSFET turns on at a
negative current with the circulating current being not
reset during an on-time. The circulating current is a
current that flows through the primary side for carrying
out a resonant operation. To prevent the hard switching
operation, the IC has the reset detection function.

Figure 9-37 represents a high-side operation and the
drain current waveforms at each case; normal resonant
operation and reset failure. The reset detection function
prevents hard-switching operations by extending an
on-time until the absolute value of the RC pin voltage
increases to [Vrci| = 0.10 V or more.

If the on-time is extended longer than the maximum
Rest Time, trstvax) = 5 ps, the on-time immediately
ends and the power MOSFET turns off (see Figure
9-36).
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Figure 9-36. Typical Reset Detection during High-side
Turn-on Period
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O Normal resonant operation @ Reset failure operation
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Off | g
Point C Point F Ci
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Q(H) ID(H)
Lr
- o« *
r é r
|
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Turning on at Vps)= 0V results in soft-switching ~ Turning on at Vpsq)>> 0V results in hard-switching

Figure 9-37. High-side Operation and Drain Current Waveforms at Normal Resonant Operation and Reset Failure
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9.15 VCC Pin Overvoltage Protection
(VCC_OVP)

When the voltage between the the VCC and GND
pins increases to Vccove) = 32.0 V or more, the VCC pin
overvoltage protection (VCC_OVP) is activated. Then,
the IC stops its switching operation. When the
VCC_OVP activates, the bias assist function is disabled
and VCC pin voltage decreases. Then the VCC pin
voltage decreases to Vece.orry = 8.9 V, the undervoltage
lockout (UVLO) function is activated, and the IC reverts
to the state before startup again.

After that, the startup circuit activates, and the VCC
pin voltage increases to Vccon) = 17.0 V, and the IC
starts operation. The IC repeats the restart and stop
during the VCC_OVP operation. When the causes of the
VCC_OVP condition are eliminated, the IC
automatically returns to normal operation.

When the VCC pin voltage is supplied through the
auxiliary winding of the transformer, the VCC pin
voltage is proportional to the output voltage. As a result,
the VCC pin can detect a secondary-side overvoltage
condition caused by abnormality (e.g., when an output
voltage detection circuit is open). The approximate value
of the secondary-side output voltage, Voutovr), at the
VCC_OVP activation can be calculated by Equation (8)
below.

Vour(nrmy

Vourcove) = x 32(V) (8)

Veevrmy

where, Vournrmy is the secondary-side output voltage
in normal operation, and Vcenrmy IS VCC pin voltage in
normal operation.

9.16 REG Pin Overvoltage Protection
(REG_OVP)

The IC has REG pin overvoltage protection
(REG_OQOVP) for the overvoltage of the REG pin.

Figure 9-38 shows the REG_OVP operational
waveforms. When the REG pin voltage increases to the
REG Pin OVP Threshold Voltage, Vrecovr) = 12.4 V,
the REG_OVP is activated. Then, the IC stops switching
operation and fixes the REG pin voltage to ground level.

When the REG_OVP activates, the bias assist
function is disabled and the VCC pin voltage decreases.
Then the VCC pin voltage decreases to
Veeporr = 8.9V, the undervoltage lockout (UVLO)
function is activated, and the IC reverts to the state
before startup again.

After that, the startup circuit activates, and the VCC
pin voltage increases. When the VCC pin voltage
reaches Vccony = 17.0 V, the VCC pin voltage decreases
because the IC starts operation. When the VCC pin
voltage decreases to Vccprias), the FB pin voltage
increases and switching operation starts.
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When the switching operation starts at the RC pin
voltage within Vgre1 = £0.10 V, the CL pin capacitor,
C7, is rapidly charged by lcisrcy2 = —135 pA. When the
CL pin voltage reaches Vcior) = 4.2 V, the IC stops
switching operation. Then, the IC restarts after the VCC
pin voltage decreases t0 Vccorr). In this way, the IC
repeats an intermittent operation by the CL pin
protection and the UVLO. The IC repeats the restart and
stop during the VCC_QOVP operation. When the causes
of the REG_OVP condition are eliminated, the IC
automatically returns to normal operation.

REG Pin Voltage

VReGOW) |- — -

0!

RC Pin Voltage i
0

VCC Pin Voltage
Vecon

Vco(Blm),
ccP.oFRY]

|| || ] ] I,
1l Il Il
Charged by |CL(SRC)2“ ||

S

HHIHL

CL Pin Voltage
VeLow)|l— —

0

vGHNVGLT

0

Figure 9-38. REG_OVP Operational Waveforms

9.17 Input Voltage Protection

The input voltage protection includes two protections:
the high-voltage protection (HVP) for higher supply
input voltages, and the undervoltage protection (UVP)
for lower supply input voltages. These protections
suppress the component overheating and thermal
damage caused by overcurrent or overvoltage.

The VSEN pin is used for detecting an input voltage.
According to the levels that the VSEN pin voltage
reaches, the IC turns on and off its switching operation.
Sections 9.17.1 and 9.17.2 describe the two functions,
HVP and UVP, respectively.

9.17.1 Input Overvoltage Protection (HVP)

When the VSEN pin voltage, Vvsen, increases along
with an input voltage rise from its steady-state level and
reaches the VSEN pin HVP threshold voltage,
Vsenve) = 5.6 V or more, the high-voltage protection
(HVP) is activated. Then, the switching operation stops.
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During the HVP operation, the intermittent operation by
UVLO is repeated. When Vvsen < Vsennvey after the
input voltage lowers, the IC returns to its normal
operation.

9.17.2 Input Undervoltage Protection
(UVP)

The IC has the undervoltage protection (UVP). The
following subsections contain the operations of the AC
and DC input modes.

e AC Input Mode

Figure 9-39 illustrates the VSEN pin and its
peripheral circuit, whereas Figure 9-40 depicts
operational waveforms of the input voltage protection.

Along with an AC input voltage fall from its
steady-state level, the VSEN pin voltage, Vvsen,
decreases. When the VSEN pin voltage decreases to
Vsenorr = 1.000 V or less, and when this condition
persists for the delay time, toLy or longer, even with the
IC being in an operation state (i.e., Vccorr) < Vec), the
switching operation stops.

When Vce > Vecon) and Vvsen > Vsencony of 1.200 V
after the AC input voltage rises, the IC returns to its
normal operation.

The maximum delay time, toLvy_max, can be calculated
by Equation (9).

Vep1 X Cep
oy Max = 9)
|ICD(SRC)|
Where,
Vp, is CD Pin Threshold Voltage 1 (3.0 V),

Ccp is the capacitance value of CD pin connected
capacitor (about 0.1uF to 0.47uF), and
Icosrey is CD Pin Source Current (-10.2 pA)

For example, if Ccp is 0.1uF,

3.0V x 0.1pF
oLy Max = m ~ 29.4 ms
If an input resistance or a forward voltage of a
rectifier diode is not factored into, the equation below
determines a reference effective value of the AC input
voltage at which the HVP or UVP is activated:

R2 + R3
) o

1
Vaccory = NG X Vsen(TH) X (1 t—a

Where, Vpcor) is the effective value of AC input
voltage which HVP and UVP are activated, and Vsencrh
is the VSEN pin threshold voltage of (see Table 9-1).
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Table 9-1.  VSEN Pin Threshold Voltage

Value

Parameter
(Typ.)

Symbol

VSEN Pin HVP Threshold Voltage VSEN(HVP) 56V

VSEN Pin Threshold Voltage (On) 1.000 VvV

VsEN(OFF)L

VSEN Pin Threshold Voltage (Off) VSEN(ON) 1.200 V

As shown in Figure 9-39, the input voltage, divided
by the detection resistors is applied to the VSEN pin.

The reference value of R2 is about 10 MQ. The
resistors of R2 and R3 are set at high resistance such that
high voltage is applied on them. Therefore, the
following must be taken into account in actual
designing: select resistors designed to stand against
electromigration; configure R2 and R3 with some serial
resistors to reduce each applied voltage.

The reference capacitance of C4, the noise filter
capacitor shown in Figure 9-39 is 1000 pF to 0.01 pF.
R2 to R4, and C4 should be selected based on operation
performance in an actual application.

TR e
OX—‘qu o> Ror
Der, |C1 ST18
VSEN
CD
GND
C R4_[CCD 10

Figure 9-39. VSEN Pin Pherepheral Circuit

VSEN Pin 4
Voltage

VsenHvP)

Drain Current,4
Ip

tory

Figure 9-40. Input Voltage Protection Operational
Waveforms
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e DC Input Mode

Along with a DC input voltage fall from its
steady-state level, the VSEN pin voltage decreases.
When the VSEN pin voltage, Vvsen, decreases to the off
threshold, Vsenorr1 = 1.000 V or less, even with the IC
being in an operation state (i.e., Vccorr < Vcc), the
switching operation stops immediately.

When Vce > Veeony and Vvsen > Vsencony 0f 1.200 V
after the DC input voltage rises, the IC returns to its
normal operation.

9.18 Overcurrent Protection (OCP)

The overcurrent protection (OCP) detects the peak
drain current of the power MOSFET on a pulse-by-pulse
basis, and limits the output power.

The value of the shunt capacitor, C3, shown in Figure
9-41, is set to be considerably smaller than that of the
current resonant capacitor, Ci. Thus, the loss of
detection resistor Roce iS minimized because the
detection current which is shunted from the primary-side
winding is low. And this allows Rocp to be smaller in
size.

There is no simplified method to obtain an accurate
value of resonant current with parameters such as input
and output conditions of the power supply. Therefore,
Roce, R6 and C3 must be adjusted based on the
operational performance checked with an actual board.
Here are reference constants for Rocp, C3, R6, and C8
and their adjustment methods:

e C3and Rocp
C3is 100pF to 330pF (around 1 % of Ci value);
Rocp is around 100 Q.
Given the current of the high-side power MOSFET in
on state as Ipy. Roce is calculated by Equation (11).
The detection voltage across Roce is also used for the
capacitive mode detection described in Section 9.11.
Therefore, Roce and C3 require adjustments for using
in both the overcurrent detection and capacitive mode
detection.

[Veew | <c3 + Ci)
Rocp = X 11
OCP ID(H) c3 ( )
e R6 and C8

These are used for reducing high-frequency noises.
R6 is 100 Q to 470 ©Q; C6 is 100 pF to 1000 pF.
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Figure 9-41. RC Pin Peripheral Circuit

The OCP includes two types that are activated at
different current levels.

9.18.1 Overcurrent Protection 1 (OCP1)

When the current through the power MOSFET
increases and the absolute value of the RC pin voltage
rises above [Vrew)| = 1.90 V, the overcurrent protection
1 (OCP1) is activated, and CSS pin capactor, C6, is
discharged by sink current, Icssqy = 1.8 mA. Then, the
IC increases the switching frequency to suppress the
output power. When the absolute value of the RC pin
voltage decrease to <|Vrc| during discharging C6, the
IC stops to discharge of C6.

9.18.2 Overcurrent Protection 2 (OCP2)

The overcurrent protection 2 (OCP2) protects the
power MOSFET from having large currents. When the
absolute value of the RC pin voltage rises above
|Vre(s)| = 2.80 V, the OCP2 is activated to immediately
invert the on/off states of the power MOSFETSs. At the
same time, and CSS pin capactor, C6, is discharged by
lcssis) = 20.5 mA, and the switching frequency is
promptly increased for suppressing the output power.
When the output power decreases and the RC pin
voltage decreases to [Vres)| or less, the IC shifts into the
OCP1 operation.
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9.19 Overload Protection (OLP)

Figure 9-42 shows the overload protection (OLP)
operational waveforms. When the absolute value of RC
pin voltage increases to [Vrew)| = 1.90 V by increasing
of output power, the overcurrent protection 1 (OCP1) is
activated. After that, the CL pin capacitor, C7, is
charged by lcisreyr = —17 pA. When the OCP1 state
continues and the CL pin voltage increases to VcioLp),
the OLP is activated. When the CL pin voltage becomes
the threshold voltage of OLP, Vciowry = 4.2 V, the OLP
is activated and the switching operation stops. During
the OLP operation, the IC repeats the intermittent
operation by UVLO. When the causes of the OLP
condition are eliminated, the 1C automatically returns to
normal operation.

RC Pin Voltage 4
Vrew)

0|

VRrew)
CL Pin Voltage 4
VeLoLr)

0

VCC Pin Voltage Il

Vccony
cc@IAS

Veer.orry
0

vGH/vVGL!

Figure 9-42. OLP Operational Waveforms

9.20 Thermal Shutdown (TSD)

When the control circuit temperature reaches the
Thermal Shutdown Temperature Tyrspy = 140 °C (min.),
the thermal shutdown (TSD) is activated. Then, the IC
stops their switching operations. After the switching
operation stops, the VCC pin voltage decreases. In the
condition where Vccp.orr = 8.9 V and the control circuit
temperature falls below Tyrsp), TSD is released and the
IC restarts.

10. Design Notes

10.1 External Components

Take care to use the proper rating and proper type of
components.

10.1.1 Input and Output Electrolytic
Capacitors

Apply proper design margin to ripple current, ripple
voltage, and temperature rise. A low-ESR capacitor is
recommended to reduce ripple voltage, in terms of
designing switch-mode power supplies.

10.1.2 Resonant Transformer

The resonant power supply uses the leakage
inductance of a transformer. Therefore, to reduce
influences from eddy current and skin effect, use a
bundle of fine litz wires as the wire of the transformer.

10.1.3 Current Detection Resistor, Rocp

High-frequency switching currents flow through the
current detection resistor, Rocp; therefore, be sure to use
a resistor with low internal inductance and allowable
power dissipation.

10.1.4 Current Resonant Capacitor, Ci

Because large resonant current flows through Ci, it
should be a capacitor that supports high-current
applications with small losses such as a polypropylene
film capacitor. High-frequency current flows through Ci;
therefore, capacitor-specific frequency characteristics
must also be taken into account.

10.1.5 Gate Pin Peripheral Circuit

The VGH and VGL pins are gate drive outputs for
external power MOSFETS. These peak source and sink
currents are —-540 mA and 1.50 A, respectively.

To make a turn-off speed faster, connect the diode, Ds,
as shown in Figure 10-1. When Ra and Ds is adjusted,
the following contents should be taken into account: the
power losses of power MOSFETS, gate waveforms (for
a ringing reduction caused by a pattern layout, etc.), and
EMI noises. To prevent the malfunctions caused by
steep dv/dt at turn-off of power MOSFETS, connect Rgs
of 10 kQ to 100 kQ between the gate and source pins of
the power MOSFET with a minimal length of PCB
traces. When these gate resistances are adjusted, the gate
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waveforms should be checked that the dead time is
ensured as shown in Figure 10-2.

Ds
Drain
Gate
W
fa¥
Ra ]
Res Source
._

Figure 10-1. Power MOSFET Peripheral Circuit

High-side 4
Gate —

Vth(min.) N

Low-side & Dead time
Gate

Vth(min.)

Figure 10-2. Dead Time Confirmation

Dead time

-

»
L

10.2 PCB Trace Layout and Component
Placement

The switching power supply circuit includes high
frequency and high voltage current paths that affect the
IC operation, noise interference, and power dissipation.
Therefore, PCB trace layouts and component placements
play an important role in circuit designing.
High-frequency and high-voltage current loops (see
Figure 10-3) should be as small and wide as possible in
order to maintain a low-impedance state. In addition,
ground traces should be as wide and short as possible so
that radiated EMI levels can be reduced.

7

Figure 10-3. High-frequency Current Loop
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The following considerations should be taken into
account in designing pattern

layouts for your application. Figure 10-4 is a
peripheral circuit example of the IC.

1) Main Circuit Trace Layout
Main traces where switching currents pass through
should be as wide and looped small as possible.

2) Logic Ground Trace Layout
If a large current flows through a logic ground,
electric potential across the logic ground may vary
and thus cause the IC to malfunction. Logic ground
traces should be designed as close as possible to the
GND pin, at a single-point ground (or star ground)
that is separated from the main circuit.

3) Peripheral Connections to VCC Pin
Traces connected to the VCC pin should be looped
small as possible because the pin supplies power to
the IC. If the IC and the electrolytic capacitor C2 are
distant from each other, connect the film capacitor C¢
(about 0.1 puF to 1.0 pF) between the VCC and GND
pins with a minimal length of traces.

4) Components for Logic Control System
These components should be placed close to the IC,
and be connected to the corresponding pin of the IC
with as short trace as possible.

5) Peripheral Connections to VB Pin
The components of the bootstrap circuit connected
between the VCC and VB pins (D3, R12) should
be placed as close as possible to the IC. The
capacitor, C21, connected between the VB and VS
pins should also be placed with a minimal length of
traces.

6) Secondary Rectifier Smoothing Circuit
This is the secondary-side main circuit in which
switching current flows, should be wide and looped
small as possible.
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Figure 10-4. Example Connections to IC and Its Peripheral Circuit
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11. Pattern Layout Example
The following show the PCB pattern layout example and the schematic of circuit using SSC3S937.

(5) Boot strap trace should (1) Main trace should (6) Main trace of secondary side
be small loop be wide and short should be wide and short

\ \ _ ]

6. © @m@

801 Y019 =\

(2) GND trace for IC should be (4) Peripheral components for IC [\| (3) Loop of VCC and C2
connected at a single point control should be placed near IC should be short

Figure 11-1. PCB Pattern Layout Example
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Important Notes

All data, illustrations, graphs, tables and any other information included in this document (the “Information™) as to Sanken’s
products listed herein (the “Sanken Products”) are current as of the date this document is issued. The Information is subject to any
change without notice due to improvement of the Sanken Products, etc. Please make sure to confirm with a Sanken sales
representative that the contents set forth in this document reflect the latest revisions before use.

The Sanken Products are intended for use as components of general purpose electronic equipment or apparatus (such as home
appliances, office equipment, telecommunication equipment, measuring equipment, etc.). Prior to use of the Sanken Products,
please put your signature, or affix your name and seal, on the specification documents of the Sanken Products and return them to
Sanken. When considering use of the Sanken Products for any applications that require higher reliability (such as transportation
equipment and its control systems, traffic signal control systems or equipment, disaster/crime alarm systems, various safety
devices, etc.), you must contact a Sanken sales representative to discuss the suitability of such use and put your signature, or affix
your name and seal, on the specification documents of the Sanken Products and return them to Sanken, prior to the use of the
Sanken Products. The Sanken Products are not intended for use in any applications that require extremely high reliability such as:
aerospace equipment; nuclear power control systems; and medical equipment or systems, whose failure or malfunction may result
in death or serious injury to people, i.e., medical devices in Class Il or a higher class as defined by relevant laws of Japan
(collectively, the “Specific Applications™). Sanken assumes no liability or responsibility whatsoever for any and all damages and
losses that may be suffered by you, users or any third party, resulting from the use of the Sanken Products in the Specific
Applications or in manner not in compliance with the instructions set forth herein.

In the event of using the Sanken Products by either (i) combining other products or materials or both therewith or (ii) physically,
chemically or otherwise processing or treating or both the same, you must duly consider all possible risks that may result from all
such uses in advance and proceed therewith at your own responsibility.

Although Sanken is making efforts to enhance the quality and reliability of its products, it is impossible to completely avoid the
occurrence of any failure or defect or both in semiconductor products at a certain rate. You must take, at your own responsibility,
preventative measures including using a sufficient safety design and confirming safety of any equipment or systems in/for which
the Sanken Products are used, upon due consideration of a failure occurrence rate and derating, etc., in order not to cause any
human injury or death, fire accident or social harm which may result from any failure or malfunction of the Sanken Products.
Please refer to the relevant specification documents and Sanken’s official website in relation to derating.

No anti-radioactive ray design has been adopted for the Sanken Products.

The circuit constant, operation examples, circuit examples, pattern layout examples, design examples, recommended examples, all
information and evaluation results based thereon, etc., described in this document are presented for the sole purpose of reference of
use of the Sanken Products.

Sanken assumes no responsibility whatsoever for any and all damages and losses that may be suffered by you, users or any third
party, or any possible infringement of any and all property rights including intellectual property rights and any other rights of you,
users or any third party, resulting from the Information.

No information in this document can be transcribed or copied or both without Sanken’s prior written consent.

Regarding the Information, no license, express, implied or otherwise, is granted hereby under any intellectual property rights and
any other rights of Sanken.

Unless otherwise agreed in writing between Sanken and you, Sanken makes no warranty of any kind, whether express or implied,
including, without limitation, any warranty (i) as to the quality or performance of the Sanken Products (such as implied warranty
of merchantability, and implied warranty of fitness for a particular purpose or special environment), (ii) that any Sanken Product is
delivered free of claims of third parties by way of infringement or the like, (iii) that may arise from course of performance, course
of dealing or usage of trade, and (iv) as to the Information (including its accuracy, usefulness, and reliability).

In the event of using the Sanken Products, you must use the same after carefully examining all applicable environmental laws and
regulations that regulate the inclusion or use or both of any particular controlled substances, including, but not limited to, the EU
RoHS Directive, so as to be in strict compliance with such applicable laws and regulations.

You must not use the Sanken Products or the Information for the purpose of any military applications or use, including but not
limited to the development of weapons of mass destruction. In the event of exporting the Sanken Products or the Information, or
providing them for non-residents, you must comply with all applicable export control laws and regulations in each country
including the U.S. Export Administration Regulations (EAR) and the Foreign Exchange and Foreign Trade Act of Japan, and
follow the procedures required by such applicable laws and regulations.

Sanken assumes no responsibility for any troubles, which may occur during the transportation of the Sanken Products including
the falling thereof, out of Sanken’s distribution network.

Although Sanken has prepared this document with its due care to pursue the accuracy thereof, Sanken does not warrant that it is
error free and Sanken assumes no liability whatsoever for any and all damages and losses which may be suffered by you resulting
from any possible errors or omissions in connection with the Information.

Please refer to our official website in relation to general instructions and directions for using the Sanken Products, and refer to the
relevant specification documents in relation to particular precautions when using the Sanken Products.

All rights and title in and to any specific trademark or tradename belong to Sanken and such original right holder(s).
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