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Precautions for High Voltage

Dangerously high voltages exist inside the demonstration board.

Mishandling the demonstration board may cause the death or serious injury of a person.
Before using the demonstration board, read the following cautions carefully, and then use the
demonstration board correctly.

DO NOT touch the demonstration board being energized.

Dangerously high voltages that can cause death or serious injury exist inside the demonstration board being
energized.

Electrical shock may be caused even by accidental short-time contact or

by putting hands close to the demonstration board.

Electrical shock can result in death or serious injury.
Before touching the demonstration board, make sure that the capacitors have been discharged.

For safety purpose, an operator familiar with electrical knowledge must

handle the demonstration board.

The demonstration board is for evaluation of all the features of the STR6A161HVD.

The demonstration board shall not be included or used in your mass-produced products.

Before using the demonstration board, see this document and refer to the STR6A161HVD data sheet.

Be sure to use the demonstration board within the ranges of the ratings for input voltage, frequency, output
voltage, and output current.

Be sure to strictly maintain the specified ambient environmental conditions, such as ambient temperature and
humidity.
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1. Introduction

This document describes the design example of a power supply using the STR6A161HVD intended for the isolated
flyback converter that supports universal inputs and a 12 /1.0 A output. The STR6A161HVD is a current mode PWM
control IC with a built-in power MOSFET. In addition, the design example uses the SARSO05 as a diode for the resistor-
capacitor-diode (RCD) snubber, the SIPX-F2 as a fast recovery diode for the IC’s power supply, and the SIPE-T15 as a
Schottky diode for the secondary rectifier.

This document contains the following: the specifications of the design example, circuit diagrams, the bill of materials,
the setting examples of component constants, a pattern layout example, and the evaluation results of the power supply
characteristics. For more details on the parts listed in this document, refer to the corresponding data sheets.

2. Power Supply Features 3. Applications

e Small Home Appliance

e Large Home Appliance

e Auxiliary Power Supply

e Power Supply for Motor Control

e Other SMPSs (Switching Mode Power Supplies)

e Improved Circuit Efficiency (Secondary Rectifier
Diodes with Lower Vrm and Ve Characteristics
Achieved by Step Drive Control Circuit)

e Adjustable Standby Operating Point

e Reduced Number of External Components (Built-in
Startup Circuit)

e High Efficiency in All Load Ranges Achieved by
Load-based Auto-shifting Operation Modes
- Normal Operation: PWM Mode, 100 kHz (Typ.)

- Light-load Operation: Green Mode
- Standby Operation: Burst Oscillation Mode

e Efficiency: 84% (230 VAC, 12 W)

Input Power at No Load: 32 mW (230 VAC)

e Reduced EMI Noise (Random Switching Function)

4. Design Example: Appearance STR6AL61HVD (700 V, 3.95 Q)

Top View
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SARS05 (800 V, 1 A) SIPX-F2 (200 V, 1 A)

SIPE-T15 (150 V/, 5 A)
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5. Design Example

5.1 Power Supply Specifications

Parameter ‘ Symbol ‘ Conditions Min. Typ. Max. Unit
Input
Input Voltage Vinac 85 — 265 \Y
Frequency fLNe 47 50/60 63 Hz
Output
Rated Voltage Vnp 114 12 12.6 \Y
Rated Current Inp — 1.0 — A
. 20 MHz bandwidth;
Output Ripple Voltage VRippLE filter added® — 270 — mVp p
Output Power Pout — 12 — W
- Rated load, Ta =25 °C, o
Efficiency n 230 VAC — 84 — %
Environment
Conduction Noise | — [Ta=25°C As per CISPR22B/ENS5022B | —
Temperature
Power S(l,2|)pply IC Temperature ATcrc | 85VAC, lo=1.0A o 29.2 o oc
Increase
Secondary Rectifier Diode _ o
Temperature Increase® ATcor |85VAC, lo=10A _ 498 _ c
Transformer Temperature AT. |85VAC, lo=1.0A o 36.7 - oc
Increase
5.2 Circuit Diagram
SJPE-T15
ot t BR1 T1 D51
c1 = i%%/ 14
r 7z ° (o
c2 Cc3
TH1
S1 (82
C51
R3 Ul
>—’W\r—lDSIOCP >
} GND
Cé
—| * MreioLe chDE« e P
SIPX-F2
STR6A161HVD
7z D
c7
JP5

[¢)
JP6
PC1 c10
Il

PSA50139 rev.2.0 1T

Figure 5-1.  Circuit Diagram

() By connecting an electrolytic capacitor (50 V, 1 uF) and a ceramic capacitor (50 V, 0.1 pF) in parallel to the output
connector of the PCB.

(@ Refers to a case temperature of the STR6A161HVD.

® Refers to a case temperature of the SIPE-T15.
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5.3 Bill of Materials
Part Part Type Ratings Part Number* Manufacturer
Symbol
F1 Hues 250V, 2 A RSTA 2 BULK BELLEFUSE
TH1 Power thermistor 4.7Q,3 A B57153S0479M000 TDKEPCOS
C1 Film capacitor 310 VAC, 0.1 puF 890334023023CS Waurth Electronics
Cc2 Electrolytic capacitor 105°C, 400 V, 15 uF UVC2G150MPD Nichicon
C3 Electrolytic capacitor 105°C, 400 V, 15 pF UVC2G150MPD Nichicon
C4 Chip ceramic capacitor 1 kV, 1000 pF, 3216 GRM31BR73A102KWO01L | Murata
C5 Chip ceramic capacitor X7R, 50 V, 2200 pF, 2012 | 885012207088 Wurth Electronics
C6 Chip ceramic capacitor X7R, 50 V, 1000 pF, 2012 | 885012207086 Wurth Electronics
. . 860020672011 Wourth Electronics
Cc7 Electrolytic capacitor 105°C, 50 V, 22 uF
50YXF22MEFC5x11 Rubycon
C10 Ceramic capacitor 250 VAC, 1500 pF DE1E3KX152MA4BPO1F | Murata
. . 860080475016 Waurth Electronics
Cs51 Electrolytic capacitor 105°C, 25V, 470 pF
25Z1.470M 10x16 Rubycon
C52 Chip ceramic capacitor X7R, 50 V, 0.068 pF, 2012 | 885012207097 Waurth Electronics
. . 860080475016 Waurth Electronics
C53 Electrolytic capacitor 105°C, 25V, 470 pF
25Z1.470M 10x16 Rubycon
BR1 Bridge rectifier diode 1000V, 15 A DF10S ON Semiconductor
D1 Snubber diode 800V, 1.0A SARS05 Sanken
D2 Fast recovery diode 200V, 15A SIPX-F2 Sanken
D51 Schottky diode 150V, 5 A SJPE-T15 Sanken
L1 Inductor 18 mH, 05 A 7448640416 Waurth Electronics
T1 Transformer ST-6914A EE-16 Sanshin
R1 Resistor 1MQ, 12 W RN12S105JK Akahane Electronics
R2 Chip resistor 56 Q,1/2W, 3216 RK73B2BTTD5R6J KOA
R3 Resistor 1Q,12W RN12S1002FK Akahane Electronics
R7 Chip resistor 330 kQ, 1/8 W, 1608 CR16TR334J Akahane Electronics
R8 Resistor 47Q, 12 W RSMF12B470J Akahane Electronics
R51 Chip resistor 1.8kQ, 1/8 W, 1608 CR16TR182J Akahane Electronics
R52 Chip resistor 1.0 kQ, 1/8 W, 1608 CR16TR102J Akahane Electronics
R53 Chip resistor 56 kQ, 1/8 W, 1608 CR16TR563J Akahane Electronics
R54 Chip resistor 5.1kQ, 1/8 W, 1608 CR16TR512F Akahane Electronics
R55 Chip resistor 33kQ, 1/8 W, 1608 CR16TR333F Akahane Electronics
R56 Chip resistor 10 kQ, 1/8 W, 1608 CR16TR103F Akahane Electronics
Ul PWM off-line converter IC 700 V,3.95Q STR6A161HVD Sanken
U2 Shunt regulator Ve = 2.495 TL431AILPRE3 Texas Instruments
KIA431A KEC
PC1 Optocoupler TLP781F Toshiba
JP1 Jumper wire Short ¢©=0.6,P =7 mm
JP5 Jumper wire Short ¢©=0.6,P =7 mm
JP6 Jumper wire Short ¢=0.6,P=7 mm
P1 Connector 250V B2P3-VH JST
P2 Connector 50 V 61300211121 Wurth Electronics
P3 Connector 50 V 61300211121 Wurth Electronics
— PCB PSA50139, REV. 2 Sanken

* When multiple parts are listed, any one of them is used.

]
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5.4 Pattern Layout Example

The design example uses only the parts listed in the circuit diagram and the bill of materials.
PCB dimensions: 120.5 mm x 48.5 mm
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(a) Top View

(b) Bottom View

Figure 5-2. Pattern Layout Example
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6. Design Example: Basic Operations

The connector P1 is connected to an AC power supply. When an AC voltage is applied, the AC input voltage is full-
wave rectified via the input filter and the bridge rectifier diode BR1. The rectified voltage is then smoothed to a DC
voltage by the electrolytic capacitors C2 and C3. The input filter part includes the following components: C1 for a
normal-mode noise filter; L1 for a common-mode noise filter; the power thermistor TH1 for an inrush current limiter.

When a voltage is applied to the D/ST pin of the power supply IC (Ul: STR6A161HVD), the internal startup circuit
turns on. Consequently, a startup current flowing out of the VCC pin charges the electrolytic capacitor C7. When the
VCC pin voltage increases to the IC operation start voltage, the IC control circuit starts to operate. Then, the internal
power MOSFET starts its PMW switching operation. After the switching operation starts, a voltage is induced across
the auxiliary winding D of the transformer T1. This induced voltage is rectified by D2 and C7 and is applied to the VCC
pin. At this time, the internal startup circuit automatically turns off and the VCC pin power is supplied from the
auxiliary winding D afterward. Note that the VCC pin voltage may be increased due to C7, which is charged by the
surge voltage induced across the auxiliary winding D. For suppressing such voltage increase, R2 should be connected.

When the internal power MOSFET turns off, a ringing voltage is caused between the drain and source. For reducing
such ringing voltage, the clamp snubber circuit (D1, C4, R1, and R8) should be connected across the winding P of the
transformer T1. The SARSO05, which is used for the diode D1, is a diode dedicated for snubber circuits and is
contributory to not only ringing voltage reduction but also to better power supply efficiency by utilizing ringing energy
effectively.

The current-sensing resistor R3 connected to the S/OCP pin is for overcurrent detection. The light-receiving element
of the optocoupler PC1 is connected to the FB/OLP pin, and a feedback signal is input for controlling the output voltage
to be constant. The feedback current, Igg, according to the load runs through PC1. Also, the capacitor C6 is connected to
the FB/OLP pin, for high-frequency noise filtering and phase compensation. The resistor R7 and the noise filter
capacitor C5 are connected to the BA pin. Connecting the resistor R7 allows the standby operating point to be
adjustable by selecting a predetermined load factor.

In flyback converter design, the transformer T1 should consist of the primary and secondary sides whose polarities
are connected oppositely. Energy is transferred from the primary side to the secondary side as follows. When the
internal power MOSFET turns on, the input voltage, Vinoc, is applied to the winding P of the transformer T1. The
transformer T1 then starts to store energy. As the secondary winding S has the reverse polarity, the secondary rectifier
diode D51 does not become conductive at this time. Consequently, no power is transmitted from the primary side to the
secondary side. When the internal power MOSFET turns off, the winding P generates a back EMF that conducts
electricity to D51 and charges the electrolytic capacitors C51 and C53. Then, the energy stored in the transformer T1 is
discharged to the secondary side. The light-emitting element of the optocoupler PC1 is configured as follows: the anode
side is connected with the positive output (the connector P2) via the current-sensing resistor R51; the cathode side is
connected with the shunt regulator U2. The resistor R52, connected across the anode and cathode of the light-emitting
element of the optocoupler PC1, supplies the idling current flowing through PC1 to the shunt regulator U2. In order to
enhance the constant voltage control, a high-precision resistor with an allowable tolerance of +1% or less should be
used for the resistors R54 to R56, which produce a voltage to be applied to the reference pin for the shunt regulator U2.

P1

F1
L1 BRI , mn D51 *)
Z aa\ INDC »l
c1 U/ = CAL L 4} L O
+ + lorr R54
7z Iz R1 R51
@ A P2 o (o P2
PCL
|G G I R55
bt 7z ] zr
s lon RS P1 C51 C53
1 3 ° C52 R53
v s/ocp iﬁl DIST| f A ©
C5
> 2 MNea D/STD7 R56
R7 o
3
,p—{ GND P3
Cé6
> | * Mreioe vee
STR6A161HVD
U1l
JPC1
10
}
Figure 6-1. Circuit Diagram
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7. Designing the Power Supply

7.1 Setting an Output Voltage

The equation below defines the relation between: the output voltage, Vour; the reference voltage, Vrgrer), of the
shunt regulator U2; and the resistors R54 to R56.

(R54 + R55 + R56) X Vpprer)

Vour = R56 @
Here are example setting values for Vesrery and the resistors R54 to R56 when Vour =12 V:
VFB(REF) =2495V
R54 =5.1kQ
R55 = 33 kQ
R56 = 10 kQ

7.2  Selecting the Bridge Rectifier Diode BR1

For the bridge rectifier diode BR1, select the one that has voltage and current ratings with sufficient margin to the
upper limits of AC input voltage and current.

When the upper limit of an input voltage is 265 VAC, the voltage to be applied to BR1 is as follows: Vp =
265 (VAC) x V2 ~ 375 (VDC). When a derating of >80% is applied to the BR1 breakdown voltage, BR1 requires a
breakdown voltage of >500 V.

The equation below defines the input current, In:

Pour
Vinacviny X M X PF’

Iy = )
Where:

Pour is the output power,

Vinacviny iS the lower limit of the AC input voltage,

n is the efficiency, and

PF is the power factor.

From Equation (2), when Pour = 12 W, Vinaciminy = 85 VAC, n= 0.8, PF = 0.6, hence Iin =~ 294 mA. When a
derating of >80% is applied to the BR1 rated current, BR1 requires a rated current of >368 mA.

For the design example, we selected the bridge rectifier diode with a breakdown voltage of 1000 V and a rated
current of 1.5 A, from the ones available in the market.

7.3 Selecting the Clamp Snubber Circuit (D1, C4, R1, R8)

For reducing surge voltages between the D/ST and S/OCP pins of the power supply circuit (U1l: STR6A161HVD), a
clamp snubber circuit should be connected. As the maximum rated voltage of the internal power MOSFET is 700 V, the
capacitor C4 and the discharging resistor R1 should be adjusted so that the power supply IC will have a surge voltage
with a peak value of approximately 600 V. The reference capacitance of C4 is 1000 pF to 3300 pF, whereas the
reference resistance of R1 is 470 kQ to 1 MQ.

For D1 used in the design example, we selected the SARS05, our 800 V/1.0 A diode dedicated for snubber circuits.
R8 is the current-limiting resistor for energy discharging and is recommended to use a resistor of about 47 Q as we
selected the SARSO05 for the snubber diode.
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7.4  Selecting the VCC Pin Rectifier Diode D2

For D2, select a fast recovery diode with a short recovery time because switching currents flow through it. Its rated
voltage should have a sufficient margin to the voltage acorss the auxiliary winding D.
The design example employs the SIPX-F2, a 200 V/1.5 A fast recovery diode.

7.5 Selecting the Current-sensing Resistor R3

When determining a constant of the current-sensing resistor R3, the OCP threshold voltage, Vocp), Of the power
supply IC (Ul: STR6A161HVD) and resistance loss should be taken into accout. Be sure to use a high-precision
resistor with an allowable tolerance of £1% or less for enhancing the constant voltage control.

When R3 =1 Q, the upper limit of Vocp for the STR6A161HVD is 0.933 V. Hence, the peak current that will flow
through R3, Irs p, is obtained by:

. _ 0.933 (V) — 0.933 (A
RPZ Ty O (A).

When the power supply IC operates at switching duty cycle = 0.5, the effective current that will flow through R3,
Irs_Rrms, is as follows:

0.5
Irs rms = 0.933 (A) x 5 0.381 (A).

Thus, the resistance loss in R3, Prs, is determined by:
Prs = Ips rms” X R3 =0.3812 X 1 ~ 0.145 (W) .

Based on the above calculation results, we selected the resistor with a resistance of 1 Q and a rated power of 1/2 W.

7.6  Selecting the Secondary Rectifier Diode D51

For D51, use a Schottky diode for minimizing the effect of the forward voltage, Ve, to output voltages. Moreover,
select a Schottky diode having low leakage current characteristics with safety and power supply efficiency taken into
account.

The rated current of D51 should have a sufficient margin to the rated load and rated peak current.

The rated voltage of D51, Vrwm, should have sufficient margins as follows: to the winding turns ratio (Ns/Np) of the
transformer T1 defined by Equation (3); to the input voltage, Vinoc; to a voltage determined by the output voltage,

Vour.

Ng
Vrm > (N_ X VINDC) + Vour - 3)
p

From Equation (3), when Vinpe = 265 V x V2, Vour = 12 V, Ns/Np = 0.1263, hence Ve >> 59.3 V. Based on this
calcuation result, the design example employs the SJIPE-T15, a 150 V/5A Schottky diode.
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7.7  Transformer Specifications

Table 7-1 and Table 7-2 provide the design conditions for the transformer.

Table 7-1.  Specifications: Input/Output

Winding Symbol Specifications Remarks
Primary Winding P 85 VAC to 265 VAC
Secondary Winding S 12V, 1A Insulated from the winding P
Pri_ma_ry Auxiliary D 15V Non-insulated from the winding P
Winding as a power supply for the VCC pin

Table 7-2.  Specifications: Power Supply

Parameter

Specifications

Remarks

Maximum Load

12w

Input Voltage

265 VAC (max.)

Insulated from the winding P

Non-insulated from the winding P;

Circuit Efficiency 84% as a power supply for the VCC pin
Average Input Current 0.17 A 85 VAC (min.)

Peak Switching Current 0.86 A 85 VAC (min.) at startup
Switching Frequency 100 kHz

Maximum Duty Cycle 36%

Table 7-3 lists the specifications of the transformer T1, which is designed from the conditions given in Table 7-1 and

Table 7-2.

Table 7-3.  Specifications: Transformer

Parameter

Specifications

Primary Inductance, Lp

600 uH

Core Size EE16J (see Table 7-4)
Bobbin Vertical type, 10 pins (see Table 7-5)
AL-value 67 nH/N? (center gap: 1.0 mm)

Winding Specifications

See Table 7-6.

Winding Structure

See Figure 7-1.

Physical Dimensions

See Figure 7-2.
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Table 7-4.  Specifications: Core

Parameter

Specifications

Core Shape

EE16J

Core Materials

Mn-Zn, DMR40 materials

Effective Core Cross-sectional Area, Ae

19.8 mm?

Table 7-5.  Specifications: Bobbin

Parameter

Specifications

Bobbin Shape

Vertical type
FEI-16-10P-NPB

Number of Pins

10 pins

Effective Core Cross-sectional Area, Ae

19.8 mm?

Primary side: 4.0 mm

Creepage Secondary side: 4.0 mm
Table 7-6.  Specifications: Transformer Windings
Pin Numbers i i
Winding Name Symbol um — — Wire Diameter Type
inding Start| Winding En
(T |winding Start| Winding End (mm)

. - Single-layer
Primary Winding 1 P1 65 3 2 ¢ 0.18 solenoidal winding
Secondary Winding1 | 1 12 9 7 0 0.37, TEX-E Single-layer

solenoidal winding
- Single-layer
VC.:C Auxlllary D 15 4 5 ¢ 0.18 solenoidal winding
Winding
(center-wound)
Secondary Winding 2 S2 12 10 6 ¢ 0.37, TEX-E Single-layer
solenoidal winding

. - Single-layer

Primary Winding 2 P2 30 2 1 ¢ 0.18 solenoidal winding
VOUT
] ] Vin @ T (] (+)

P2 P2

S2 D 0

D P1 S1

s1 DIST B e 7

PL vee O] )
Core | Gap Core
Section View of GND (§ The “e” marks denote

Transformer Insulating tube winding starts.
Figure 7-1.  Structure of Windings
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20. OWAX
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Figure 7-2. Physical Dimensions of Transformer
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8. Performance Data

All the performance data contained in this document were measured at a room temperature, an AC line frequency of
50 Hz, and a load of 12 W (12 V, 1.0 A).

8.1 Efficiency
Figure 8-1 shows the characteristics of power supply efficiency vs. input voltage; Figure 8-2 shows the characteristics

of power supply efficiency vs. output power.
85.0
84.5
84.0
835 —

83.0 A

82.5 /‘/
82.0 -
as [ A

81.0

80.5
80.0

Efficiency (%)

80 100 120 140 160 180 200 220 240 260 280
Input Voltage (Vrms)

Figure 8-1. Efficiency vs. Input Voltage
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90 :
80 |— o= > + o ¥
70 P- E
S : !
> 4 |
g 00 :
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Figure 8-2. Efficiency vs. Output Power
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The standby operating point can be changeable by setting a value of the resistor connected to the BA pin. Figure 8-3
and Figure 8-4 show the characteristics of power supply efficiency vs. output power when the BA pin is connected to
the GND pin and the resistor R4 (330 kQ), respectively.
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= 70
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s 6
i ——BA=GND

60 .
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55
50
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Output Power (W)
Figure 8-3. Efficiency vs. Output Power (Light Load, 100 VAC)
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Figure 8-4. Efficiency vs. Output Power (Light Load, 230 VAC)
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8.2 Standby Power

Table 8-1. Input Power at No Load (BA =330 kQ)

Input Voltage Input Power
100 VAC 29 mW
230 VAC 32 mw
1.0
0.8
S 06
3]
3
a 04
E
=
0.2 - ——100VAC —
230VAC
~ |
0.0
0.0 0.1 0.2 0.3 0.4 0.5 0.6
Output Power (W)

Figure 8-5. Input Power vs. Output Power
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8.3 Line Regulation
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Figure 8-6. Output Voltage vs. Input Voltage

8.4 Load Regulation
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Figure 8-7. Output Voltage vs. Output Power
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9. Operation Check

All the performance data contained in this document were measured at a room temperature and an AC line frequency

of 50 Hz.
The maximum continuous load is 12 W (12 V, 1.0 A).

For more details on the power supply IC (STR6A161HVD) such as electrical characteristics and operational

descriptions, refer to the data sheet.
9.1 Startup Operation

9.11

Power Supply IC Switching Operation

When the soft start function is activated at power-on, the D/ST pin current, /s, of the power supply IC slowly
increases. When the voltage across the current-sensing resistor R3 reaches the OCP threshold voltage of the power
supply IC, the overcurrent protection (OCP) is activated to limit the output power.

Figure 9-1 shows the waveform of the D/ST pin voltage, Vosst. The pulsating part of the VD/ST waveform indicates
a full-wave rectified input ripple component. The D/ST pin current, Ipsst, is and remains limited by the OCP during the
period until the output voltage becomes constant. When the output voltage becomes constant after the limitation, Ip/st

decreases.

Tek {2k

Tek Prevu .

Voist (200 V/d |V)

lossT (05 A/le)

@ 200V & 10.0ms
@ s00mA &

50.0MS/s
5M points

® s
300mA

Figure 9-1. Operational Waveforms at Startup
(Vin=85VAC,1o=1.0A)
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lpssT (05 A/le)
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Figure 9-2. Operational Waveforms at Startup
(Vin=265VAC, Io0=1.0A)

Tek Prevu M 10.0ms Tek Prevu M 10.0ms
i ] | -
=L fE5 2 5KX A—LfuE: 7.22ms T LEF: 2 5kX A—L{ug: 5.65ms
: [0} : :
S e[ O8O 1387 Hz 0.000 A et H O 177.2Hz @ 0.000V
: { O® 138.5Hz 860.0mA GVD/ST (200 Vidiv) { 0 176.9Hz @ 576.0V
VD/ST (200 V/dl ) A101.6kHz A860.0mA - : A99.60kHz AS76.0V
e e | [ b !
e TN PN s RS SRSt S SRS I . B3
- ™ //4“ //L N ; ¥l " A.
---------- bt S REREEEEEE ety Tomem [y - et st b - i
ID/ST:(O-S A/di §A losst (05 A/dlv); :
@ 200V w Z4.00us 50.0MS/s @ S @ 200V & Z 4.00us 50.0MS/s @ S
@ s500mA & S5M points  300maA @ 500mA S5M points  300mA

Figure 9-3. Operational Waveforms at Startup
(Expanded Scale of A in Figure 9-1)

Figure 9-4. Operational Waveforms at Startup
(Expanded Scale of A in Figure 9-2)

DEE0014 Rev.1.4
Apr. 10, 2025

SANKEN ELECTRIC CO., LTD. 18
https://www.sanken-ele.co.jp/en

© SANKEN ELECTRIC CO., LTD. 2021


http://www.sanken-ele.co.jp/

DEEOO14
L

9.1.2 Output Voltage

When the soft start function is activated at power-on, the output voltage, Vour, gradually decreases. After Vour
reaches its target voltage, Vour has no overshoot and shifts to the normal operation state within the power supply
specifications.

Tek {71k i Te. {2k
: i N : 2 U
Figure 9-5. Output Voltage Waveform at Startup Figure 9-6. Output Voltage Waveform at Startup
(Vin=85VAC,1o=0A) (Vin=265VAC, Io0=0A)

9.1.3 VCC Pin Voltage

The auxiliary winding D of the transformer T1 is a voltage supply source for the VCC pin. Set the auxiliary winding
D so that the VCC pin voltage, Vcc, will fall within the range of Vecgias) < Vee < Vecove). The reference voltage
across the auxiliary winding D, Vp, is about 15 V to 20 V. In no-load operation, the power supply IC enters the burst
oscillation operation as soon as its normal operation starts after startup. Thus, the VCC pin voltage decreases shortly
after it increases once (see Figure 9-7, Figure 9-8). Note that the R2 value should be adjusted so that the VCC pin
voltage will not become Vcc@eias) = 10.5 V (max.) or less, under all load ranges including the no-load operation.

Tek fFIE . . Tek fFIE

[2] [2]
(b} b}

( 2 J[200ms 2.50MS/s (@) S ( 2 )[200ms 2.50MS/s (@) S
5M points 1 5M points 1.00V

Figure 9-7. VCC Pin Voltage Waveform at Startup Figure 9-8. VCC Pin Voltage Waveform at Startup
(Vin=85VAC, lo=0A) (Vin = 265 VAC, lo = 0 A)
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9.14 D51 and D2 Applied Voltages

The STR6A161HVD integrates the step drive control circuit that internally controls the gate drive of the power
MOSFET in an optimal way, according to load conditions. This helps applications reduce surge voltages, including the
one that occurs at a turn-on of the secondary rectifier diode D51, and the one applied to the VCC pin rectifier diode D2.
Accordingly, the design example uses diodes with a breakdown voltage lower than conventional diodes. Moreover, the
step drive control circuit allows applications to employ lower cost diodes, and to achieve higher circuit efficiency with
lower VF characteristics.

Figure 9-9 and Figure 9-10 provide the waveforms of the voltages across D51 and D2 at startup, respectively.

In Figure 9-9, D51 yields the repetitive peak reverse voltage, Vrwm, of about 102 V at maximum. This means that D51
(SJPE-T15) ensures a sufficient derating (<68%) to the maximum rated Vrm = 150 V.

In Figure 9-10, D2 yields the repetitive peak reverse voltage, Vrm, Of about 158 V at maximum. This means that D2
(SIPX-F2) ensures a sufficient derating (<79%) to the maximum rated Vgm =200 V.

Tek Prevu ] I ; - 1 - 1. . Tek Prevu

158 V peak

O 1667H @ 1020V ] O 1667H @ 1580V
O Fl43H @ 0000V

A50.00 He £158.0%

O 7L43m O 0000V B
102 V peak AS0.00H:  AL02.0Y

Vb2 (50 V/dIV)

B ———— L U o jssmrsmmimsmime
Ipsst (0.5 Aldiv) : Ipsst (0.5 Aldiv) : :
P oy S00mA By ][2 o ébsftggaosigtgs g()/\-/ } F’ . € s00mh B ][2'00”"5 é;ggaosigtss —‘5:5.0/v ]
Figure 9-9. D51 Operational Waveforms at Startup Figure 9-10. D2 Operational Waveforms at Startup
(Vin =265 VAC, lo = 1.0 A) (Vin =265 VAC, lo = 1.0 A)
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9.2 Power Supply IC Switching Operation

The STR6A161HVD automatically shifts its operation modes according to loads and enhances efficiency in all load
ranges. Therefore, the power supply IC monitors not only its normal operation but also the operations in all load ranges.

9.2.1  Normal Operation

Figure 9-11 to Figure 9-12 provide the waveforms in normal operation. These waveforms show that the frequency is
about 97 kHz when Vn = 85 VAC and is about 68 kHz (which is within the frequencies in the green mode) when
VN =265 VAC. Each drain peak current setting has a margin to its overcurrent operating point.

— ]

fosc = 68 kHZ O 33.69kHz @ 840.0mA
O 67.02kH @ 0.000 4
AB7.75kH  A%40.0mA
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l : H : U: | U\ i U | | D ‘ 0.84 A peak L

® : 0.7 Apeak m
— neal 2}
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Figure 9-12. Operational Waveforms in Normal

Figure 9-11. Operational Waveforms in Normal
Operation (Vin =265 VAC, Io0=1.0 A)

Operation (Vin =85 VAC, Io=1.0 A)
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9.2.2

Light-load Operation (Green Mode, Burst Oscillation)

The lighter the load becomes, the lower the FB/OLP pin voltage decreases. When the FB/OLP pin voltage decreases
to Vearps) = 3.60 V (typ.) or less, the power supply IC shifts to the green mode and continues to reduce the frequency
until the FB/OLP pin voltage reaches Vegroe) = 3.10 V (typ.).

TelcProvy | I \ Tkt I |
G} [} a 15}
Vst (100 V/div). - Vot (200 VAdiv) - R . 8 ]
HAT S m:r e ] N =]

VFB (5 V/div

Vi (5 V/div)

ol | fosc=38KkHz | 1 . A . ]
l" /:‘_ i

ID/ST (05 A/le)

10,0018 2506575 7
€ sooms By SM points 690ma

F) 100 W

Figure 9-13. Operational Waveforms at Light Load
(Vin=85VAC, Io=0.7 A, R7 =330 kQ)

ID/ST (05 A/le)

F’ 200

Figure 9-14. Operational Waveforms at Light Load
(Vin =265 VAC, Io =0.7 A, R7 =330 kQ)

10.00s 2.5065/5 7
€ sooma B 5M paints 630mA

After the operational transition to the green mode, the FB/OLP pin voltage decreases. When the FB/OLP pin voltage
reaches a preset standby operating point, the power supply IC shift into the burst oscillation operation. This standby
operating point is adjustable by setting a value of the resistor R7 connected to the BA pin. For the STR6A161HVD,
when R7 = 330 kQ with a load factor at the OCP operating point being set as 100%, a load factor at the standby

operating point ranges from 6% to 11%.
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Figure 9-15. Operational Waveforms at Light Load
(Vin=85VAC, Io=0.1 A, R7 =330 kQ)
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Figure 9-16. Operational Waveforms at Light Load
(Vin=265VAC, o =0.1 A, R7=330kQ)
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Figure 9-17. Operational Waveforms at Startup
(Expanded Scale of A in Figure 9-15)
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Figure 9-18. Operational Waveforms at Startup
(Expanded Scale of A in Figure 9-16)

SANKEN ELECTRIC CO., LTD. 22
https://www.sanken-ele.co.jp/en

© SANKEN ELECTRIC CO., LTD. 2021


http://www.sanken-ele.co.jp/

DEEO014

_____________________________________________________________________________________________________________________________________________________|
9.2.3 No-load Operation (Burst Oscillation)

The burst oscillation period changes according to loads. The burst oscillation period at no load, Tsrteop, Of the design
example is defined as follows: 20 ms when Vy =85 VAC, and 21 ms when V,n = 265 VAC.

Tal(PrevuLIB - Tek {Z1
- Vosst (100 V/dlv? ; 0@ —40.20ms 4000V 0© —a41.40ms 800.0 V
O® -20.20ms 400.0V O® -20.80ms 800.0V
A20.00ms A0.000v £A20.60ms A0.000v

Tsraop = 21 Ms

osst (0.5 Aldiv)

" loist (0.5 Aldiv)

(® 1oy ® sooma v e Svipomts oma (® oV ® sooma v et Siomts oma
Figure 9-19. Operational Waveforms at No Load Figure 9-20. Operational Waveforms at No Load
(Vin=85VAC, lo =0 A, R7=330kQ) (Vin =265 VAC, lo =0 A, R7=330kQ)

9.3 Output Ripple Voltage

The design example has output ripple voltages as follows: about 250 mV when Vy = 85 VAC, and about 270 mV
when V) y = 265 VAC. Below are the measurement conditions:

e Added a filter to the output connector of the PCB (by connecting a 50 V, 1 uF electrolytic capacitor and a 50 V, 0.1 uF
ceramic capacitor in parallel)
e Set a bandwidth of the oscilloscope to 20 MHz

Tek (|l e—— ] Tek ()l e—— ]
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Figure 9-21. Output Ripple Voltage Waveform Figure 9-22. Output Ripple VVoltage Waveform
(V|N =85 VAC, lo=1.0 A) (V|N =265 VAC, 1o=1.0 A)
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9.4 OCP and OLP Operations

When the power supply IC reaches a certain load level, the overcurrent protection (OCP) limits the internal power
MOSFET drain current, Ipsst, to the drain current limit, IoLim. The equation below defines the relationship between IpLim
and the current-sensing resistor R3:

Vocpm)
IpLim = R3 4)

Where:
Vocey is the OCP threshold voltage when STR6A161HVD = 36% duty cycle, and
R3 is the resistance of the current-sensing resistor R3.

When the FB/OLP pin voltage exceeds the OLP threshold voltage, VrgoLpy = 7.3 V (typ.), and remains exceeded for
the OLP delay time, top = 75 ms (typ.) or longer, the overload protection (OLP) is activated to stop switching
operation. During the OLP operation, the intermittent oscillation operation repeated by the VCC pin voltage will reduce
stresses on components such as the power MOSFET and the secondary rectifier diode. When the causes of the overload
condition are eliminated, the power supply IC automatically returns to its normal operation.

[
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Figure 9-23. OCP and OLP Operational Waveforms Figure 9-24. OCP and OLP Operational Waveforms

(Vin =85 VAC, o> 1.0 A) (Vin = 265 VAC, Io > 1.0 A)
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Figure 9-25. OCP and OLP Operational Waveforms Figure 9-26. OCP and OLP Operational Waveforms

(Expanded Scale of A in Figure 9-23) (Expanded Scale of A in Figure 9-24)
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. _____________________________________________________________________________________________________________________________|
9.5 OVP Operation

When the voltage between the VCC and S/GND pins of the power supply IC increases to the OVP threshold voltage,
Vecovry = 29.1 V (typ.) or more, the overvoltage protection (OVP) is activated and power supply IC shifts to the OVP
operation. In the OVP operation, an intermittent oscillation operation is repeated by the UVLO function of the VCC pin.
When the causes of the overvoltage condition are eliminated, the power supply IC automatically returns to its normal
operation.

Tek Z1E — - — - - — ——  TekPrevu
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Figure 9-27. QOVP Operational Waveforms Figure 9-28. OVP Operational Waveforms
(Vin=85VAC,1o0=0A) (Vin=265VAC, Io0=0A)

9.6 Case Temperature

Table 9-1 lists the individual component case temperatures at input voltage upper and lower limits, measured under
the ambient temperatures 25 °C and 50 °C respectively.

Table 9-1. Input Voltage vs. Component Case Temperature (lo = 1.0 A)

Ambient Temperature Input Voltage Care Temperatures in Norma}l _Operatlon (°C)
(°C) (VAC) Power Supply IC Secondary Rectifier Transformer
(U1) Diode (D51) (T1)
. 85 54.2 74.8 61.7
265 49.0 75.7 65.0
85 79.2 99.8 86.7
50*
265 74.0 100.7 90.0

* Refers to case temperatures converted from the ones at an ambient temperature of 25 °C.
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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 III 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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