Primary-side Regulation

PWM Controller for Automotive Applications

SPF8201

Description

The SPF8201 is power IC for switching power
supplies, incorporating a power MOSFET and a current
mode PWM controller IC. The IC is suitable for
switching power supply such as flyback circuit. The IC
has a high accuracy error amplifier and provides a stable
output voltage.

When the load of the power supply circuit becomes
light, the operation of IC becomes the burst oscillation
mode in order to improve the circuit efficiency.

By employing the primary-side regulation, the IC
realizes low component counts and design-friendliness,
leading to downsizing and standardization of the power
supply circuit.

Features

e AEC-Q100 Qualified

e Current Mode Type PWM Control
(Switching frequency can be adjusted by external
capacitor)

e Reducing External Component Count by Primary-side
Regulation

e Built-in High Efficiency Error Amplifier
(Veig =25V £ 2%, — 40 °C to 125 °C)

e Operation Mode
Normal Operation: PWM Mode
Light Load Operation: Burst Oscillation

e Soft Start
(Startup time can be adjusted by external capacitor)

e Drive Output Stop Function

e Protections:
Overcurrent Protection (OCP):Pulse-by-Pulse
Overload Protection (OLP): Auto-restart
Thermal Shutdown Protection (TSD) with Hysteresis:
Auto-restart

Typical Application

IN

Data Sheet

Package
HSOP40

Not to scale

Specifications

e Power MOSFET
Breakdown Voltage (DC): 600 V
Breakdown Voltage (Pulse): 800 V
Maximum On-resistance (25 °C): 6.5 Q
Drain Peak Current (Pulse): 3 A
o Maximum Power Supply Voltage, Vcc: 36 V
e Adjustable Switching Frequency (20 kHz to 200 kHz)

Applications
For following isolation auxiliary power supply:

e |nverter
e On-board Charger (OBC)
e Battery Management System (BMS)
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. _____________________________________________________________________________________________________________________________|
1. Absolute Maximum Ratings

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

Parameter Symbol Conditions Rating Unit Remark
DC
Ao o) 600 Vv
D/ST Pin Voltage Vosr = —40°Ct0125°C
Pulse (t <1 ps) 800 v
T,=-40 °C t0 125 °C¥
bC 600 vV
Power MOSFET Drain-to- v T,=-40 °C to 125 °C¥
Source Voltage bs Pulse (t< 1 ps) 800 Vv
T;=-40 °C to 125 °Cc?
Power MOSFET Drain Current | Sinale pulse 3 A
(Peak) 3 gep
PGND Pin Voltage Vps -0.3t00.3 Vv
S/OCP Pin Voltage Vsoce -21t06 Vv
FB Pin Voltage Vs -0.3t06 \Y
VCC Pin Voltage Ve —0.3to 36 \Y
SS/STP Pin Voltage Vsgistp -0.3t0 6 Vv
FREQ Pin Voltage VEReQ -0.3t06 Vv
COMP Pin Voltage Vcomp -0.3t06 Vv
o Tc=25°C 35.7 w
Power Dissipation Pp >
@ 2.1 w
Junction Temperature T, —40 to 150 °C
Storage Temperature Tsig —40 to 150 °C
@ Guaranteed by design when the junctiontemperature, T;, is less than 25 °C.
@ Mounted on the glass-epoxy board (115 mm x 38 mm in size, 1.6 mm in thickness).
2.  Recommended Operating Conditions
Parameter Symbol Conditions Min. Typ. Max. Unit Remark
VCC Pin Voltage Ve — — 28 Vv
Switching Frequency fosc 20 — 200 kHz
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3. Electrical Characteristics

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

Unless otherwise specified, Ta = —40 °C to 125 °C, V¢c = 16 V (after the V¢ exceeds the Operation Start Voltage,
Vccony, once, and sets to 16 V).

The following electrical characteristics are design assurance value in Tp = —40 °C to 125 °C. The shipping test
temperature of the products is 25 °C and 125 °C.

Parameter Symbol Conditions | Min. | Typ. | Max. | Unit | Remark
Power Supply Startup
Operation
Operation Start Voltage Veeon) 13.1 15.3 16.5 \V
Operation Stop Voltage Vecorr 7.0 8.3 9.6 \V
Circuit Current in Operation lccony VCC > Vccion) — 3.4 3.6 mA
Circuit  Current in  Non-
Operation ICC(OFF) VCC < VCC(ON) — 0.15 0.40 mA
D/ST =300 V,
Startup Current lstARTUP VCC =0V 1.0 2.5 4.0 mA
Normal Operation
SS/STP Pin High Threshold
Voltage Vhss 1.1 1.2 1.3 \
SS/STP  Pin Low Threshold
V0|t3_ge VLSS 0.1 1.2 1.3 Vv
SS/STP Pin Source Current Isrc(ss) SS/STP=0.1V ~26 -18 -10 HA
SS/STP Pin Sink Current Isnkss) | SS/ISTP =13V 10 18 26 MA
FREQ = 200 pF,
T,=25°C 90 100 110 kHz
Switching Frequency fosc FREQ =200 pF,
T;=—40°Cto 85 — 115 kHz
125 °C
FREQ Pin Source Current IsrcEreg)y | FREQ=0.1V —22 —28 =34 HA
FREQ Pin High Threshold Vi 11 19 131 v
Voltage
FREQ Pin Low Threshold Vi 01 0.2 03 v
Voltage
Maximum Duty Cycle Dmax FREQ = 200 pF 43.0 47.0 49.9 %
Feedback Voltage Vs 2.45 2.50 2.55 \V
Burst  Operation  Threshold
Voltage Vast — 0.29 | 0.40 \
Minimum On-time tonviny | FREQ = 200 pF — 450 — ns
. D/ST-GND
D/ST Pin Input Current lpssT D/ST = 600 V — 200 500 HA
Protection Function
Leading Edge Blanking Time* taw FREQ = 200 pF — 250 — ns
OCP Threshold Voltage Vocp 0.46 0.50 0.54 \Y
OLP Delay Time foLp SS/STP =0.01 pF 24 38 52 ms
Drive  Stop SS/STP  Pin
Threshold Voltage Vsrs 3.5 4.0 4.5 v

* Guaranteed by design.
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Parameter Symbol Conditions Min. | Typ. | Max. [ Unit Remark
Drive Recovery SS/STP Pin
Threshold Voltage Vst 311 36 | 4l |V
Thermal Shutdown Operating o
Temperature* Torcrso) 151 165 o c
Thermal Shutdown Release o
Temperature* Tourso) T 150 B c
Power MOSFET
D/ST =600 V,
Drain-to-Source Leakage | T,=25°C o o 10 WA
Current pss D/ST =600 V,
T,=125°C N I Ml B
2054 — | 56| 65| @
Power MOSFET On-resistance Ros(on) 1=
lb=05A, I 13 3
TJ =125°C
D/IST=10V,
t; RLoap = 100 Q, — — 350 ns
- . see Figure 3-1
Switching Time DIST=10V,
t RLOAD =100 Q, — — 350 ns

see Figure 3-1

D/ST Pin Voltage 't te!
A i

0fs = e mmmmmmmmmmmm e 2
0 10% .t

Figure 3-1. Definition of Switching Time
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4. Block Diagram
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5. Pin Configuration Definitions

1, 33 and 40 pins are internally connected to the heatsink PAD1 (D/ST).
13, 20 and 21 pins are internally connected to the heatsink PAD2 (GND).

40 21 1 J:L 20

E @ PAD1 PAD2
1 20 40 21

Pin Pin Functions Pin Pin Functions
Number | Name Number | Name
1 D/ST Power MOSFET drain and startup 21 GND | Ground
current input
2 22
3 23 (NC) | (Not connected)
4 ) 24
T (Pin removed) Connecting capacitor for soft-start
time and OLP delay time setting,
> 25 SS/STP and the DRIVE pin stop signal
input
6 26 GND | Control ground
7 27 FREQ Connecting cagpamtor for switching
frequency setting
8 Power MOSFET source  and 28 COMP Connecting capacitor for phase
S/OCP | Overcurrent Protection (OCP) signal compensation
9 input 29
10 30
— (Pin removed)
11 31
12 32
13 GND Ground 33 D/ST Power MOSFET drain and startup
current input
Power ground
14 PENQ (Ground for gate drive) 34
15 OPTION Test pin (connection prohibited, the 35
pin must be open)
16 FB Constant voltage control signal input 36 (NC) | (Not connected)
17 VCC Power supply voltage input 37
18 38
(NC) (Not connected)
19 39
20 GND Ground 40 D/ST Power MOSFET drain and startup
current input
PAD1 D/ST Power MOSFET drain and startup PAD? GND | Ground
current input
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6. Typical Application

In applications having a power supply specified such that the drain pin of external power MOSFET has large
transient surge voltages, a clamp snubber circuit of a capacitor-resistor-diode (C2, R1, and D1) combination should be
added on the primary winding P, or a damper snubber circuit of a capacitor or a resistor-capacitor combination should
be added between the drain pin and the source pin.

The GND pins (13, 20, 21, and 26 pins) should be all shorted on the PCB.

The S/OCP pins (6 pin to 12 pin) should be all shorted on the PCB.

T D51
O—e ° o OUTL (+)
Vin SPF8201 l
.
oist ot Cc2 = RL ﬁ? R51
.
C1 b S1 C51| C52
g——c oUTL ()
R2 °
O—e S siocp D1 D52
S/OCP ouT2 (+)
8sioce  DISTIHE ® g
9-siocp 7
10si0cp ﬁ? R52
E S/OCP D2 g S2 C53) C54
S/OCP Ccomp Rcomp
OuUT2 (-
—ﬁEGND CoMP ?75 ® 0
JPGND  FREQ }—0 D
iEOPTION GNngg—CFREQ-ID R3
cFs sssP B2 —{ | —9
o7 Ncc 24 Css R5 Z7Z C3
[ 184 D2
c T 190 2
[ Do DL ——— @ R4
L L L 2 L 2

Figure 6-1. . Typical Application
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7. Physical Dimensions

e HSOP40 Package

17.08 =0.2
(Excludes mold flash or burrs)
15.58 0.2 0.8 +0.2
40 21 RS
ARAAAARL | | RARARARA & J
-~ T = -] 8 ’H
- ‘ +l =
z @ ” 8
i N+ o
42 M T TE s
F - f o|5 i
g W il SIRCNS
i [ R
= [ w1
Gate burr -~ %
0.8 0.2
1H ‘ ‘ ‘ ‘ 20 (Root of pin)
‘ { 0~0. 1
gl e
e D
5|2
+ =
40 21 0~8 o|E
(16)
Enlarged view of A (S =10/1)
NOTES:

- Dimensions in millimeters
- Bare lead frame: Pb-free (RoHS compliant)
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e HSOP40 Land Pattern Example
For increasing a creepage distance, add an air gap (slot) on the board as needed.

16.4

l</xP0.8=5.6, 4 1</ xP0.8=5.6

1.0.] |

RN T =

4 I 14 xP0.8=11.2

Air gap (slot)
8. Marking Diagram

ARAHAHA  AARAHAHA

SPF8201 O
R

[T Part Number

O ASK YMDD X
LMD A

Lot Number
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)
DD is the day of the month (01 to 31)
X is the control number
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9. Operational Description

Unless otherwise specified, the characteristics values
are shown in typical value. Current polarities are defined
as follows: current going into the IC (sinking) is positive
current (+); current coming out of the IC (sourcing) is
negative current (—).

9.1. Pin Descriptions

9.1.1. DIST

The D/ST pin is connected to power MOSFET drain
and IC startup circuit.

9.1.2. VCC

The VCC pin is the power input pin of the IC.

When the VCC pin voltage fluctuates greatly, the IC
may malfunction. To suppress high frequency noise, a
ceramic capacitor, Cp, must be placed as close as
possible to the VCC pin, and must be connected as short
as possible. Cp is about 0.1 pF.

9.13. FB

The FB pin is the input of the output voltage feedback
signal. The IC controls the FB pin voltage to Vgg = 2.50
V (see Section 9.4).

9.1.4. GND and PGND

The GND pin is the IC control ground and the PGND
pin is the ground for internal gate drive circuit.

The GND pins (13, 20, and 21-pins) are internally
connected to the heatsink (GND). These pins should be
connected 26 pin (the GND pin) on the PCB.

The fluctuation of the control ground potential may
cause the malfunction of the IC. The control ground
trace should be separated from PGND pin trace or power
ground and connected to the GND pin as short as
possible. Please pay attention to design of the control
ground trace to avoid the effect from the high frequency
current line.

9.1.5. SS/ISTP
The SS/STP pin has three functions as follows:

e Setting the soft start time (see Section 9.3)

e Stopping the drive (see Section 9.7)

e Setting the OLP (Overload Protection) delay time (see
Section 9.9)

SANKEN ELECTRIC CO., LTD. 11
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The capacitor, Css, for setting the soft start time and
the OLP delay time is connected to the SS/STP pin.
These both functions should be taken into account in
setting the value of Csgs.

In normal operation, the CSS pin voltage becomes
sawtooth waveform. The SS/STP pin charges the Cgss by
ISRC(SS) =-18 HA, and diSChargeS the Css by ISNK(SS) =18
MA when the SS/STP pin voltage reaches Vyss = 1.2 V.
The SS/STP pin starts to charge again when the SS/STP
pin voltage decreases to Vs 1.2 V.

9.16. FREQ

The FREQ pin is connected to the capacitor, Cgreq,
for setting the frequency of the internal oscillation. For
the setting of oscillation frequency, see Section 9.6.

9.1.7. COMP

The COMP pin-is the output pin of an internal error
amplifier. The capacitor for phase compensation, Ccomp,
and the resistor, Rcomp, are connected in series to the
COMP pin-as shown in Figure 9-1. The values of
capacitor and resistor are set according to the actual
operation.

C4 and R7 are for the noise reduction filter.

Table 9-1 shows the reference characteristic of the
internal error amplifier.

l Ccomp
R7 C4

Figure 9-1. COMP Pin Peripheral Circuit

COMP

Table 9-1. Reference Characteristic of Internal Error

Amplifier

Parameter Symbol | Min. | Typ. | Max. | Unit
Output High
Voltage Vewen 24 B B v
Output Low
Voltage Vewr B B 0.2 M
Output Current lcomp +80 | £120 | 160 pA
gan”;:‘;gr‘]i’é gm | 1100 | 1500 | 1900 | wAN
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9.1.8. S/OCP

The S/OCP pin is the detection pin of the drain
current of the built-in power MOSFT, and is internally
connected to source of the power MOSFET. The current
detection resistor, Rocp, is connected between the S/OCP
pin and the GND pin. The drain current value detected
by the S/OCP pin is used for the output voltage control
(see Section 9.4) and the overcurrent protection.

For the setting of overcurrent detection resistor, see
Section 9.8.

9.2. IC Startup

The IC incorporates the startup circuit. The circuit is
connected to the D/ST pin. When the power supply
voltage, V|, is applied, the internal startup circuit is
activated. Then, the constant current, lstartup = 2.5 MA,
charges electrolytic capacitor, C3, connected to the VCC
pin. When the VCC pin voltage increases to
Vecony = 15.3 V, the control circuit starts operation.
After the IC starts switching operation, the VCC pin
voltage is the rectified auxiliary winding voltage, Vp, as
shown in Figure 9-2.

After switching operation begins, the startup circuit
turns off automatically to eliminate the power
dissipation by the startup circuit.

The relation between the VCC pin and circuit current
is shown in Figure 9-3. After the control circuit is
activated, when the VCC pin voltage decreases: to
Vecrr = 8.3 V, the control circuit stops operation and
reverts to the state before startup.

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

Vecorrm (max.) < Ve < Vee(max.)
That is:
9.6 (V) <V <28 (V) ()]
When the voltage is detected by the auxiliary winding
as shownin Figure 9-2, adjust the winding turns of D so
that the VCC pin voltage becomes in the range of
Equation (2).
Vecony (max.) < Ve < Vge(max.)
That is:
16.5 (V) <V <28 (V) 2)
During the period from the IC operation start to the

rise of Vp, power is supplied from C3 to the IC. In this
period, C3 value must be set so that the VCC pin voltage

SANKEN ELECTRIC CO., LTD. 12
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keeps more than Vcc orr. Generally, the approximate
value of C3 capacitance is 10 uF to 47 uF. C3 should be
selected by confirming the actual operation.

P T1

vinO
zii . §
[ J

C3

Figure 9-2. VCC PinPeripheral Circuit

. A

Circuit

Current
lcc

> \/CC Pin

V
CC(ON) Voltage

Ve (orp

Figure 9-3. VCC Pin Voltage and Circuit Current, Icc

A
Vin

-~ 25V

0

IstaRTUP

v

--25mA
0 >

t
VCC Pin Voltage IC operation start .
Setting voltage

Veconyb------ \---/ _________

V CCOFR) kb m e e el

0 >t
Oscillation start
e

A
D/ST Pin Voltage

Figure 9-4. Startup Operation
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9.3. Soft Start Function

The IC operates by soft start in the power supply
startup. This reduces the voltage and current stress of the
power MOSFET and the secondary rectifier diode.

The soft start period is set by the capacitor, Css,
connected to the SS/STP pin. When the VCC pin voltage
is Vccony Or higher after the power is applied, the IC
starts the operation; and the Css is charged by the
SS/STP pin source current, lsgc(ss) = —18 pHA.

When the power is supplied, the SS/STP pin voltage
starts increasing. The OCP threshold voltage also
increases proportional to the SS/STP pin voltage until
the SS/STP pin voltage reaches Vss = 1.2 V. Thus, the
drain current gradually increases in this period. When
once the SS/STP pin voltage reaches the Vyss, the OCP
threshold voltage is fixed at Vocp = 0.50 V. The
approximate time of soft start operation, tss, is calculated
by the following equation.

Css
tgs () = Vgs X
Tsrecss) |

Css (UF)

=12VXx——=
|=18 pA|

®)

The Cgs value must be set with the delay time of OLP,
toLp, taken into account. If the Cgg value is too small, the
overload protection is activated in the startup; and the
startup failure may be caused. The recommended Csg
value is 0.01 pF to 0.47 pF, and should be determined
by confirming the actual operation.

Isress) - [ ss/sTp
25

Softstart

C
s s/ocp ocp

—+\comparator
6-12

Figure'9-5.  SS/STP Pin Peripheral Circuit

VHSS

VLSS i
0

OCP Pin Voltage
Vocp|---
0

Figure 9-6. Soft Start Operation

SS/STP Pin VoltageI Isrcss)  Isnkss)

9.4. Constant Voltage Control

The output voltage control of switching power supply
uses the current-mode control method that provides the
high speed response and stable operation. The IC has the
error amplifier between the FB pin and the COMP pin,
and controls the FB pin voltage to Veg = 2.50 V.

Without an optocoupler, the secondary output voltage
is controlled by detecting the voltage coupled by the
secondary output and the transformer in the primary side,
using the auxiliary winding, D, as shown in Figure 9-7.
The relation between the smoothing voltage, Vp, and the
secondary output voltage, Vour, is determined by the
ratio of the auxiliary winding turns;- Np, and the
secondary winding turns, Ns, as shown in Equation (4).

Np
Vour = Ne < Vb 4)

Vp is divided by resistors. The divided voltage is
input to the FB pin.-The IC controls the FB pin voltage
to Veg = 2.50 V. Thus, the smoothing voltage, Vp, is
calculated by the following equation.

R3 + R4
=¥XV

D R4 FB (5)
The secondary output voltage, Vour, is calculated by
the following equation.

Np (R3+ R4)
Vour = Ne X—TRa X Veg (6)

The actual Voyr and the calculated value in Equation
(6) do not match because of the leakage inductance
between the secondary-side winding and the auxiliary
winding, and the difference of the forward voltage, V¢,
between the secondary rectifier diode, D51, and the
auxiliary winding diode, D2. Therefore, R3 and R4 must
be adjusted by confirming the actual operation.

Where Np = N5 and Vour = Vp, the accuracy of the
secondary output voltage is improved by using the same
diode products for D51 and D2.

When there is a big difference of power dissipation
between the auxiliary winding and the secondary side,
the load regulation is degraded due to the leakage
inductance of a transformer. In this case, the dummy
resistor, R5, is connected across the auxiliary winding.
The value of R5 is adjusted by confirming the actual
operation since it differs depending on the power supply
specification.

SPF8201-DSE Rev.1.1
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T1 D51

ouT (+)

OUT ()

Figure 9-7. Detection by Auxiliary Winding

The voltage control operation in light/heavy load is as
follows (see Figure 9-8):

e Light Load Conditions

When the auxiliary winding voltage, Vp, and the FB
pin voltage increase according to the output voltage rise,
the COMP pin voltage decreases. The IC generates the
target value of the FB comparator by adding the slope
compensation signal to the COMP pin voltage. The IC
controls the duty cycle by comparing the peak of the
target value and the S/OCP pin voltage (the drain current
of the power MOSFET detected by detection resistor).

When the COMP pin voltage decreases, the target
value of the FB comparator drops. As a result, the drain
peak current of the power MOSFET decreases to
suppress the output voltage rise.

e Heavy Load Conditions

In this case, contrary to the operation describe above,
the target voltage of FB comparator increases. As a
result, the drain peak current also increases to suppress
the output voltage drop.

FB Pint Light load  Heavy load
Voltage
0 >
t
COMP Pin 4 S
.
Voltage /A

0

Target value

e
S/OCP Pin / y
Voltage 7 (
0 N~ R
t
D/ST Pin
Voltage ’_‘ H ‘7
0 >
t

Figure 9-8. Constant VVoltage Operation
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9.5. Burst Function in Light Load

When the output voltage of the power supply
decreases, the on-time of the power MOSFET shortens
due to the COMP pin voltage reduction. As a result, the
output voltage is controlled to be constant. However, the
on-time of the power MOSFET cannot be shorter than
the Minimum On-time, tonguiny. Therefore, the operation
of the IC is automatically switched to the burst
oscillation operation (intermittent oscillation) in light
load.

When the COMP pin voltage decreases to Burst
Operation Threshold Voltage, Vgyurst = 0.29 V or lower,
the power MOSFET is turned off. Then, the output
voltage decreases, resulting in the decrease of FB pin
voltage. This increases the COMP pin voltage; and the
power MOSFET oscillates again. As- just described, the
output voltage is controlled to be constant by repeating
the burst oscillation in light load.The following factors
depend on the application circuit and the power supply
specification.

- the burst oscillation period and duty cycle
- the oscillation stop period of the power MOSFET

9.6.~ Oscillation Frequency Setting

The oscillation frequency of the power MOSFET is
set by the capacitor, Crreq, connected to the FREQ pin
(see Figure 9-9).

The waveform of the FREQ pin voltage becomes
sawtooth due to the charge/discharge of Cgreq. Crreg iS
charged by lsgcrreq) = —28 PA as shown in Figure 9-10.
When the FREQ pin voltage reaches Ve = 1.2 V, Crreg
is discharged by the internal switch. When the FREQ pin
voltage decreases to V¢ = 0.2 V, Cgreg is charged by
Isrc(Freq) again.

The oscillation frequency of the power MOSFET is
determined by the frequency of the sawtooth waveform.
In addition, the maximum duty cycle is controlled by the
ratio of charge and discharge. For the setting of
oscillation frequency of the power MOSFET, see Figure
9-11.

To avoid unstable switching cycle due to the influence
such as parasitic inductance, Cgreq must be used a
ceramic capacitor (chip type), and be placed as close to
the FREQ pin as possible. Ultimately, it is required to be
set Cereg by confirming the actual operation.

IsrRc(FREQ)

=
!

Figure 9-9. FREQ Pin Peripheral Circuit

FRE
5) Q 0sC

)
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FREQ Pin Voltage 9.8. Overcurrent Protection (OCP)

Ve The IC has the pulse-by-pulse Overcurrent Protection
Y (OCP). When the S/OCP pin voltage exceeds the OCP
t Threshold Voltage, Vocp = 0.50 V, at every switching
0 t cycle, the OCP is activated. When the OCP is activated,
the power MOSFET is turned off, resulting in
Figure 9-10. FREQ Pin Voltage Waveform suppressing the peak of drain current.

A high frequency switching current flows to the
detection resistor. If the resistor with high internal
inductance is used, the malfunctions may be caused. The
1000 resistor with low internal inductance and high surge
capability must be selected.

In addition, when the IC malfunctions due to surges in
v switching operation, the RC filter is added to the S/OCP

pin.

100

e Design Example of Current Detection Resistor
N The value of the current detection resistor, Rocp, is set
§ according to the following calculation example in
N discontinuous operation as a reference. Since the Rocp
M and the calculation example do not match in continuous
100 1000 10000 operation, it is required to ultimately adjust by
Crreo (PF) confirming the actual operation.
The peak. drain current, lpgak, in discontinuous
operation is calculated by the following equation.

=
o

Oscillation Frequency (kHz)
/

=
o

Figure 9-11.  Oscillation Frequency vs. Cereq

(Reference) I 2 Poyy ,
PEAK = ISV %D (7
9.7. Drive Stop Function Where:
The IC has the drive stop function. When a voltage is Vi is input voltage,
externally applied to the SS/STP pin, the function is Pour Is output power,
activated, forcibly fixes the power MOSFET off, and nis efficiency, and
stops the oscillation. When the SS/STP pin- voltage D is duty cycle of the power MOSFET.
increases to Vsrs = 4.0 V or more, the power MOSFET ) )
is fixed off. When the SS/STP pin voltage is Vsr = 3.6 The relation between the power, P, and the drain
V or less after the external applied voltage is stopped, current, lp, is shown in the following equation.

the IC starts oscillating again.

The SS/STP pin input voltage must be set less than p= 1 X L X Ip? 8)
6V. 2

The drain current is proportional to v/P. If the OCP is
designed to operate at 130% of the rated load (the
maximum output power at the minimum input voltage),
the peak of drain current at the OCP operation point is
about 114% (v/130%) of Ipeak at the rated load.

The current detection resistor, Rocp, is calculated by
the following equation.

SS/STP Pin

_ Vocp X1 X Viyviny X Dmaxy

R _ 9
Ocp 114% % 2 X Poyyrmax) ©

Where:
Dax) is the duty cycle at the minimum input voltage,
Figure 9-12. Operational Waveform of Drive Stop Vinviny and the maximum output power, Poutguax):
Function n is efficiency, and

Vocp is the OCP Threshold Voltage (0.50 V).
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The waveform of the current flowing through the
Rocp becomes triangular in discontinuous operation. The
RMS current is calculated by the following equation.

D
’ (MAX)
Irms = Ipgax X 3

The power consumption of Rocp is calculated by the
following equation.

(10)

Procp = Rocp X Irms’ (11)

9.9. Overload Protection (OLP)

The IC has the Overload Protection (OLP). When the
overload state (where the peak of drain current is limited
by OCP, or the power MOSFET operates in the
maximum duty cycle) continues for a certain time, to,p,
the OLP is activated; and the power MOSFET
oscillation is stopped. This reduces the stress of the
power MOSFET and the secondary rectifier diode.

The delay time of the OLP, to.p, is determined by the
capacitance of Css connected to the SS/STP pin. When
Css is 0.01 pF, top becomes 38 ms. In another
capacitance, the approximate value of to p can be
calculated by the following equation.

Css (nF)
0.01 pF

tOLP (mS) = 38 ms X (12)

The soft start time in Section 9.3 should be taken into
account in setting the Css capacitance.

The oscillation stop period of the power MOSFET is
7 X top. The power MOSFET repeats oscillation and
stop on an 8 x tg p cycle until the overload state is
dissolved.

D/ST Pin

Figure 9-13. Overload Protection Operation

9.10. Thermal Shutdown (TSD)

The IC has the Thermal Shutdown (TSD). When the
junction temperature of the IC reaches Tyrsp) = 165 °C,
TSD is activated; and the power MOSFET oscillation is
stopped. When the junction temperature of the IC
decreases to Ty spy = 150 °C or lower due to the
oscillation stop, TSD is released; and the power
MOSFET oscillation is restarted.

TSD protects the IC from overheating in abnormal
operation, and does not guarantee the operation
including reliability for a state that the heat generation
continues for a long time.

10. Design Notes

10.1. External Components

Components fit for the use condition should be used.

10.1.1. Input and Output Electrolytic
Capacitor

It is required to apply proper derating to ripple current,
voltage, and temperature rise.

Also, to reduce the ripple voltage, low ESR type for
switching power supply is recommended.

10.1.2. VCC Pin Peripheral Circuit

In actual power supply circuits, when VCC pin
voltage increases due to the output current, loyr (See
Figure 10-1), the Overvoltage Protection (OVP) may be
activated. This happens because C3 is charged to a peak
voltage on the auxiliary winding, D, which is caused by
the transient surge voltage coupled from the primary
winding when the power MOSFET turns off. For
alleviating C2 peak charging, it is effective to add the
resistor, Rcc, of several tenths of ohms to several ohms,
in series with D2 (see Figure 10-2). Adding the Rcc and
the dummy resistor, R5, (see Section 9.4) is also
effective.

The optimal value of R¢c should be determined using
a transformer matching what will be used in the actual
application, because the variation of the auxiliary
winding voltage is affected by the transformer structural
design.

SPF8201-DSE Rev.1.1
Apr. 26, 2018
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VCC Pin Voltage Without Rec

With Rec

Output Current
lout

Figure 10-1. Output Current loyrVvs. VCC Pin Voltage

Figure 10-2. VCC Pin Peripheral Circuit

10.1.3. Secondary-side Rectifier Diode
Peripheral Circuit

Figure 10-3 shows the peripheral circuit of the
secondary rectifier diode, D51. To reduce the noise of
D51, add a ceramic capacitor, Csp, in parallel with D51
as shown in Figure 10-3 as needed. Also, if there is
abnormal ringing in the drain current waveform on the
primary-side, Rsp should be added .to suppress this
ringing and stabilizes power supply operation.

Care must be taken for the part temperatures of Csp
and Rgp.

Rsp Csp
T1
) °
p s D51 C51 = R51
Y
D2

B

Figure 10-3. Secondary Rectifier Diode Peripheral
Circuit

10.1.4. Transformer

It is required to set design margin properly for
temperature rise due to copper loss and iron loss. Since
the switching current contains high frequency
components, the skin effect must be taken into account.

For this reason, the wire diameter of the winding for
the transformer should be selected taking the RMS of
the operating current into account, and the current
density should be 4 A/mm? to 6 A/mm? If the further
countermeasures against temperature are required due to
such as the skin effect, the following contents should be
taken into account to increase the winding surface area.

e Increase the number of wires in parallel.
o Use litz wires.
e Thicken the wire diameter.

Also, since the change rate of output voltage increases
in the following cases, care must be taken for the
winding position of the auxiliary winding, D, in
transformer design.

e \When the coupling between the primary-side winding
and the secondary-side winding of the transformer is
poor (e.g., low output voltage specifications or high
output current specifications).

e \When the coupling between the auxiliary winding, D,
and output winding is poor.

10.2. PCB Layout

The switching power supply circuit includes high
frequency and high voltage current paths that affect the
IC operation, noise interference, and power dissipation.
Therefore, the trace layouts and component placements
on the PCB play an important role in circuit designing.
High frequency and high voltage current loops must be
as small as possible with wide trace 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.

In addition, the following contents should be taken
into account in the design of PCB trace layout.

Figure 10-4 shows the peripheral circuit example
around the IC.

(1) Main Circuit

This is the main trace containing switching currents,
and thus it should be as wide trace and small loop as
possible. If C1 and the IC are distant from each other,
placing a capacitor such as film capacitor (about 0.1
pF and with proper voltage rating) close to the
transformer or the IC is recommended to reduce
impedance of the high frequency current loop.

(2) Control Ground
Since the operation of the IC may be affected from
the large current of the main trace that flows in
control ground trace, the control ground trace should

SPF8201-DSE Rev.1.1
Apr. 26, 2018
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be separated from main trace and connected as close (5) Secondary Rectifier Smoothing Circuit

to the current detection resistor, R2, as possible.

(3) VCCPin

Since the trace of C3 from the auxiliary winding is a
trace in which high frequency current flows, it
should be as wide trace and small loop as possible.
The traces connecting from C3 to the VCC pin, the
GND pin, R3, R4, and R5 must be designed so that
they do not run cross or parallel with the high-
frequency current flowing trace .

If C3 and the IC are distant from each other, placing
a capacitor such as film capacitor, Cp (about 0.1 puF
to 1.0 puF), close to the VCC pin and the GND pin is
recommended.

This is the secondary main circuit trace carrying the
switching current. This trace must be as wide layout
and small loop as possible. If the impedance of this
trace is lowered, the surge voltage at turning off the
power MOSFET is decreased. The proper rectifier
smoothing trace layout helps to increase margin
against the power MOSFET breakdown voltage, and
reduces stress on the clamp snubber circuit and
losses in it.

(6) Thermal Considerations

Because the power MOSFET has a positive thermal
coefficient of Rpson), care should. be taken for
thermal design. The heat is released from the D/ST

pin trace including an exposed pad. Therefore, the

(4) Current Detection Resistor, R2 trace must be designed as wide as possible.

R2 should be placed as close as possible to the
S/OCP pin. The connection between the power
ground of the main trace and the IC ground should
be close to R2.

D/ST pin including backside

heatsink trace should be wide for MR TR T

and small loop.

R2 should be placed as close to
S/OCP pin as possible.

heat release.
[
l /2
D/ST-/-DIST c2 R1
P
[ —
S/ocP D1 Secondary rectifier trace
s/ocp should be wide and small
S/OCP  DIST loop.
siocp
s/ocP D2
S/oCP
Control ground should S/0cP Ccomp Rcomp
be connected at a GND comp B
single point as close to L MbeND FREQ 27 ®
R2 as possible. 15|:0PT|ON GNDM'
16 25
IFB SSISTP b—{ }—0
o vce 24 Css
o[ 18 Dz —
Co 19+ 522 The trace of C3 from the auxiliary
.,h[GND eGND A — o winding should be wide and small loop.
SPF8201

Figure 10-4. Peripheral Circuit Example around the IC
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11. Pattern Layout Example

The following show the three outputs PCB pattern layout example and the schematic of circuit using SPF8201. The

PCB pattern layout example is made usable both primary side detection and secondary side detection methods.

—

—

03

©r
06 8o o

23R 2%
5,

Or— D D T

oy
1 LTI
B3 \
B )
gEa pa. CiB \
- S 5‘94‘ U ©
T = =FE o:.jﬁfc..
XS S B8 —ww—r?
= — J2
() i o i q
| o ¢
\ o) s
I ~ H (o)
- ) b
pC1 /
[ 5 1
C) ©)) \
¢ k)
0 = Jus 3
Figure 11-1. 2-layer PCB Layout Example
1 D3
SPF8201 l e
40
DIST . DIST c1 =R2 (
P s1
o
siocp D1 D416 R16
S/OCP
S/IOCP  DIST 2 I
S/OCP N C17 R17 QUT3 (+)
SIOCP !
s/ocp D2 R3 D5 4%
s/ocp ouT2 ()
CJGND  COMP ® °
PGND FREQ
OPTION GND [%Jm Q)
|8  ssisT
® @ vce
T ligt
O
R19 B
b
IC1
R5

Figure 11-2.  Circuit Schematic for the PCB Layout Example
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12. Reference Design of Power Supply

As an example, the following show the power supply specification, the circuit schematic, the bill of materials, and the

transformer specification.

12.1. Power supply specification

IC SPF8201
Input Voltage 100 VDC to 400 VDC
Maximum Output Power 55W
Output 1 15V,03A
Output 2 —
Output 2 5V,02A
12.2. Circuit schematic
See Figure 11-2.
12.3. Bill of materials
. Recommended . Recommended
Symbol Part type Ratings Sanken Parts Symbol Part type Ratings Sanken Parts
C1 Ceramic 0.01 pF, 630 V JW4 General Open
Cc2 Ceramic 0.1 pF, 50V JW5 General Open
C3 Ceramic 330 pF, 50 V PC1 Photo-coupler | Open
. Shunt
C4 Ceramic 0.047 pF, 50 V Q1 regulator Open
C5 Ceramic 0.1 uF, 50V R1 General 15Q,12W
Cé6 Ceramic Open R2 General 150 kQ, 12 W
Cc7 Ceramic 0.01 pF, 50 V R3 General 33Q,12W
C8 Ceramic Open R4 General 22 kQ, 1/4 W
C9 Ceramic Open R5 General 2.2kQ, 1/4 W
C10 Ceramic 470 pF, 2kV R6 General 13 kQ, 1/4 W
Cl11 Electrolytic 6.8 uF, 450 V R7 General 1.2kQ, 1/4 W
C12 Electrolytic 47 uF, 35V R8 General Open
Cl4 Electrolytic 470 pF, 25V R9 General Open
C16 Electrolytic Open R10 General Open
C17 Electrolytic 1000 pF, 10 V R11 General Open
C18 Ceramic 1 pF, 50V R12 General Open
D1 Fast recovery 1000V, 0.5 A EGO01C R13 General Open
D2 Fast recovery 400V, 0.7A EGO01 R14 General Open
D3 Fast recovery 400V, 1A R15 General 10 kQ, 1/4 W
D4 Fast recovery Open R16 General Open
D5 Fast recovery 200V, 1A R17 General 10kQ, 1/4 W
IC1 — SPF8201 R18 General 33kQ, 1/4W
JW1 General 560 Q, 1/4 W R19 General 10kQ, 1/4 W
Jw2 General Open R20 General 22 kQ, 1/4 W
Jw3 General 0Q T1 Transformer See Section 12.4
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12.4. Transformer specification

e Primary Inductance, Lp: 518 uH

e Core Size: EER-28

e Al-value: 245 nH/N? (Center gap of about 0.56 mm)

e Winding Specification: See Table 12-1 and Figure 12-1

Table 12-1.  Winding Specification

- Number of Wire Diameter .
Winding Symbol Turns () (mm) Construction
Primary Winding P1 46 ¢ 0.26 Solenoid winding
Primary Winding P2 59 ¢ 0.26 Solenoid winding
Auxiliary Winding D 31 ¢ 23 Space winding
Output 1 Winding S1 24 ¢0.32x%x2 Solenoid winding
Output 2 Winding S2 — — —
Output 3 Winding S3 9 ¢ 0.26 Space winding
15V
_ _ VIN ° OUTL(+)
P1 P2 s1
s2 ® ° ouT1()
3 P1
St b D/ST
D £ 5V
P2 vee OUT3(+)
Bobbin D S3
® °
Core GND OUT3(?)
Cross-section View ®: Start at the pin

Figure 12-1. Winding Structure
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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 electronic equipment or apparatus (transportation equipment and its
control systems, 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. If considering use of the Sanken Products for any applications that require higher reliability (traffic
signal control systems or equipment, disaster/crime alarm systems, 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).

DSGN-AEZ-16003
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