For Non-Isolated

Off-Line PWM Controllers with Integrated Power MOSFET

STR5A450 Series

Description

The STR5A450 Series is power ICs for switching
power supplies, incorporating a MOSFET and a current
mode PWM controller IC for non-isolated Buck
converter and Inverting converter topologies.

The operation mode is automatically changed, in
response to load, to the fixed switching frequency, to the
switching frequency control, and to the burst oscillation
mode. Thus the power efficiency is improved.

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

Features

Buck converter

Inverting converter

Current mode type PWM control

Automatically changed operation mode in response to
load conditions

Fixed switching frequency mode, 60 kHz (typ.)

Green mode, 23 kHz (typ.) to 60 kHz (typ.)

Burst oscillation mode

e Built-in Startup Function

reducing power consumption, and shortening the
startup time

Built-in Error Amplifier

Random Switching Function

Leading Edge Blanking Function

Soft Start Function

Protections

Overcurrent Protection (OCP): adjustabe by an
external current detection resistor, including OCP
input compensation function

Data Sheet

Package
DIP8
siocp [ |1 8| |pisT
B[ |2 7| |oisT
0 GND[ |2 6| |DisT
vee[|a 5| |oisT

Not to scale

Selection Guide
e Electrical Characteristics

fosciave) = 60 kHz (typ.)

VD/ST =650V (maX.)

I *
RDS(ON) OUT(MAX)
Products (max.) (Universal, open
) frame, Vour = 24 V)
STR5A451D 40Q 0.7A
STR5A453D 19Q 09A

* The output power is actual continues current that is
measured at 50 °C ambient. The peak output current
can be 120 to 140 % of the value stated here. Thermal
design affects the output current. It may be less than
the value stated here.

Recommended Operating Condition

Overload Protection (OLP): Auto-restart Colitjlglr(ter CI:r(])\;l?/rélr?gr
Overvoltage Protection (OVP): Auto-restart
Thermal Shutdown with hysteresis (TSD): Auto-restart Input Voltage AC 85V 1o AC 265V
D/ST Input S 40V
Typical Application (Buck Convertor) Voltage -
Output Voltage >11V >-275V
STR5A450D o1 Range™* <275V <-11V
Ao el ¢ *Add a zener diode_or a regulator to VCC pin when
Losr o} oy R ﬁ_« target output voltage is high.
ol iy Applications
AD2 Vour pp
& [|osT  soce — fYL\lf\ PG T2 ]
x & oL e White goods
VAC ¢ % Ao I e Auxiliary power supply (lighting equipment with
OJ : 2 |© eqr microcomputer, etc.)
—O0) e Power supply for motor control (actuator, etc.)
1C STRSAS0_LR1 e Telecommunication equipment (convertible from
48VvDC to 15VDC)
e Other Switchung mode power supply, SMPS
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1. Absolute Maximum Ratings

e The polarity value for current specifies a sink as "+," and a source as "—," referencing the IC.
e Unless otherwise specified, Ta = 25 °C, all D/ST pins (5 pin to 8pin) are shorted.
Parameter Symbol Test Conditions Pins Rating Units Notes
_ _ 3.6 5A451D
Drain Peak Current IopEAK Single pulse 8-1 A
5.2 5A453D
1 ILPEAK: 213 A 53 5A451D
Avalanche Energy™® Eas 8-1 mJ
ILPEAK =246 A 12 5A453D
S/OCP Pin Voltage Vsoce 1-3 —-2to5 \V
FB Pin Voltage Ves 2-3 -03to7 \V
VCC Pin Voltage Ve 4-3 -0.3t032 \V
D/ST Pin VOItage Vst 4-5 —0.31t0 Vpss Vv
o ) 1.68 5A451D
MOSFET Power Dissipation Po1 @ 8-1 w
1.76 5A453D
Control Part Power Dissipation Po2 4-3 1.3 W
Operating Ambient Temperature Top - —401t0 125 °C
Storage Temperature Tsig - —40to0 125 °C
Junction Temperature T; - 150 °C

W Single pulse, Vpp=99 V, L = 20 mH
@ When embedding this hybrid IC onto the printed circuit board (cupper area in a 15mmx15mm)

2. Electrical Characteristics

e The polarity value for current specifies a sink as "+," and a source as "—," referencing the IC.
e Unless otherwise specified, Ta = 25 °C, all D/ST pins (5 pin to 8pin) are shorted.

Parameter Symbol Cor;l;jeiﬁons Pins Min. | Typ. | Max. | Units | Notes
Power Supply Startup Operation
Operation Start Voltage Veeon) 4-3 13.6 | 15.0 | 16.6 \Y
Operation Stop Voltage Vecorr 4-3 7.3 8.0 8.7 \Y
Circuit Current in Operation lecion Vee =12V 4-3 - - 3.0 mA
f’}g{tt:gec"‘:““ Operation Verow |Vec=135V | 8-3 | 21 | 20 | 37 | v
Startup Current lecesm) Vee =135V 4-3 -30 | -17 | -09 mA

PWM Operation

Average PWM Switching Veg

Frequency fosciave) | = Veprer—20mV 8-3 53 60 67 | kHz
Swn_ch_mg Frequency Modulation Af 8_3 3 71 3 KHz
Deviation

Feedback Reference Voltage VEeg(RreR) 2-3 244 | 250 | 2.56 \Y/
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Test . . .
Parameter Symbol Conditions Pins Min. | Typ. | Max. | Units | Notes
Feedback Current” lrsor) | Ves=2.3V 2-3 | —24|-08| - HA
S/OCP Pin Standby Threshold
voltage y Vocr(ste) 1-3 | - |o11| - Y%
Maximum ON Duty Dmax 8-3 56 62 69 %
Protection
Leading Edge Blanking Time™® taw - - 280 - ns
OCP Compensation Coefficient” |  DPC - - 158 | - |mVips
OCP Compensation Limit Duty® Dorc - - 36 - %
gﬁf’DTuT;esm'd Voltageat zero |,/ 1-3 | 0640|0735 (0830 | V
OCP Threshold Voltage VocrH) 1-3 0.74 | 0.83 | 0.92
OCP Threshold Voltage Durin
LEB (1) g 9 | Voorwes 1-3 | - | 161 | - Y
OVP Threshold Voltage Vecovr) 4-3 275 | 293 | 31.3
OLP Delay Time at Startup toLp V=041V 8-3 53 70 88 ms
Circuit Current in Overload
Protection loce Ve =9V 4-3 - 300 -
Delay Time of FB Pin Short _
Protection at Startup trasH V=02V 8-3 13.0 | 175 | 22.0
Standby Blanking Time at
Startupy g treanry | Ves= 2.6V 8-3 | 20 | 30 | 40 | ms
Thermal Shutdown Operating R
Temperature® Ticrso) B 135 B B c
Thermal Shutdown Hysteresis® | Tjrsprvs) - - 80 - °C
Power MOSFET
Drain-to-Source Breakdown
Voltage VDSS IDS =50 |JA 8-1 650 - - Vv
Drain Leakage Current Ibss Vs = Vpss 8-1 - - 50 HA
- - 4.0 5A451D
On Resistance Ros(on) Ips=0.4 A 8-1 Q
- - 1.9 5A453D
Switching Time te 8-1 - - 250 ns
Thermal Characteristics
Thermal Resistance Junction to o 5A451D
Case ® Oic - - 18 | "CIW 54530

@ Design assurance
@) Case temperature (T¢) measured at the center of the case top surface
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3. Performance Curves

3.1 Derating Curves

100 100
S

g 80 S s0

= Q

c

E

o3 % \
SE 60 O 60 \
<3 o
=&} =
g2 g \
ST 40 a8 40 \
Sg o \
Lo =1
33 IS

g 20 aé_a_ 20 N

I <)

i = \

0 Lj'g 0 N~
0 25 50 75 100 125 150 25 50 75 100 125 150
Ambient Temperature, T, (°C) Junction Temperature, T, (°C)
Figure 3-1. SOA Temperature Derating Coefficient Figure 3-2. Avalanche Energy Derating Coefficient

Curve Curve

3.2 MOSFET Safe Operating Area Curves

When the IC is used, the safe operating area curve should be multiplied by the temperature derating coefficient
derived from Figure 3-1. The broken line in the safe operating area curve is the drain current curve limited by
on-resistance.

Unless otherwise specified, T, =25 °C, Single pulse.
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3.3 Ambient Temperature versus Power Dissipation Curves
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3.4 Transient Thermal Resistance Curves
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4. Block Diagram

vce D/ST/I>
4(1\ ’ STARTUP T 56.7,8
UVLO |
| ovP
REG |—> 7D PROTECTION
DRV

] e >
i

Ol

7T
S

pe)

OCP

Drain Peak Current
Compensation

FB E/IA
2( Vesrer —+ F(E:Edbaclk LEB o !
—i > ontro GND

BD_STR5A450_R1

5. Pin Configuration Definitions

— Pin Name Descriptions
] ] Power MOSFET source and Overcurrent
Sfoce || 1 8 L DIST . s/oce Protection (OCP) signal input
_ - 2 B Constant voltage control signal input and
FB| |2 7| |DIST overload protection signal input
] N 3 GND Ground
GND| |3 6| |DIST Power supply voltage input for control part
] — 4 VCC and Overvoltage Protection (OVP) signal
vee| |4 5| |DisT Input
— — 5
6 _ _
- D/ST MOSFET drain and startup current input
8
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|

6. Typical Applications

Figure 6-1 and Figure 6-2 are the example circuits.

To enhance the heat dissipation, the wide pattern layout of the D/ST pin (5 through 8 pin) is recommended.

When the absolute value of the output voltage | Vour | is 27.5 V or higher, add a zener diode DZ1 connected to D1 in
serial as shown in Figure 6-3. Using the maximum on-duty of 50 % in the steady state operation, the condition of [Vour]
is shown below:

|VOUT | . 11V < |VOUT| - VDZI < 275V
| Vour | in response to the input voltage: For Buck toplogy, |Vour| < 1/2 X Input voltage

For Inverting topology, |Vouyr| < Input voltage

STR5A450D

-
DIST veel |
GND[ ] ® ® |
DIST i +- .
C2 R2 R3
DIST FB H

oo D2 Vour
*)

DIST siocp

ul
VAC 4 +

® ® —(0)

TC_STR5A450_2_R1

Figure 6-1. Buck Converter

STR5A450D

-
DIST veel |
GND[] P ° |
DIST I +- | I—o
Cc2 R2 R3
DIST FB H 3

VOUT
S/OCP Py -
DIST T O
OCP
Ul D3
VAC 4 ‘ -
77z C1 L1 7z C5 T D2 = R4
® ® o —(O®M
TC_STR5A450_3_R1
Figure 6-2. Inverting Converter
STR5A450D

Ul TC_STR5A450_4_R1

Figure 6-3. Increasing the Absolute value of [Voyt]

|
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7. Physical Dimensions

e DIPS
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NOTES:
1) Units: mm

2) Pb-free. Device composition compliant with the RoHS directive

8. Marking Diagram

DIP8
3 o e
5A45xD
L1 Part Number
) SKYMD
=== Lot Number
- Y = Last Digit of Year (0-9)
G N | . M = Month (1-9,0,N or D)
D = Period of days (1 to 3)
1:1%to 10"
2:11"to 20"
3:21%to 31"

Sanken Control Number
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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. With regard to current direction, "+"
indicates sink current (toward the IC) and "-" indicates
source current (from the IC).

The common items of Buck converter and Inverting
are desribed by using Buck conveter.

9.1 Startup Operation of IC

Figure 9-1 shows the circuit around VCC pin.

Startup operation
D1

IsrTup D2 Normal operation

vce| 4

Vour
®O(+)

=)

Figure 9-1. VCC Pin Peripheral Circuit in Buck
Converter

The IC incorporates the startup circuit. The circuit is
connected to D/ST pin. When D/ST pin voltage reaches
the Startup Circuit Operation Voltage Vsron) = 29V,
the startup circuit starts operation.

During the startup process, the constant current,
lccsn = — 1.7 mA, charges C4 at VCC pin. When VCC
pin voltage increases to Vecony = 15.0 V, the control
circuit starts switching operation.

After switching operation begins, the startup circuit
turns off automatically so that its current consumption
becomes zero.

The approximate startup time tsrart is calculated as
follows:

Vecoony — Veeant)
tstart = C4 X

(s) (1)

[Teeesm|

where,
tstarT IS the startup time of IC (s),
Vceonm is the initial voltage on VCC pin (V).

When the internal power MOSFET turns off, the
output voltage, Vour, charges C4 through D1 and D2

SANKEN ELECTRIC CO.,LTD. 10
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(Refer to Figure 9-1).

The voltage between VCC pin and GND pin in the
steady state operation is calculated as follows, where
Vep1, Vep2 and Veps are the forward voltage of D1, D2
and D3 respectively:

Vee = Vour + Veps — (Vep1 + Vep2) (V) (2)

9.2 Undervoltage Lockout (UVLO)

Figure 9-2 shows the relationship of VCC pin voltage
and the circuit current, lIcc. When VCC pin voltage
increases t0 Vccony = 15.0 V, the control circuit starts
switching operation and the circuit current, Icc, increases.
When VCC pin voltage decreases to Vccorr) = 8.0 V,
the control circuit stops its operation by the
Undervoltage Lockout (UVLO) circuit, and reverts to
the state before startup.

Circuit current, lcc

A il
P
wn ju
S s
3 n
v
-—p VVCC pin
Vec(orr) Veeon voltagF()%

Figure 9-2. Relationship between
VCC Pin Voltage and I

9.3 Power Supply Startup and Soft Start
Function

The Soft Start Function reduces the voltage and the
current stress of the internal power MOSFET and the
freewheeling diode, D3.

Figure 9-3 shows the startup waveforms. After the IC
starts, during the Standby Blanking Time at Startup,
tseann), the burst oscillation mode is disabled to operate
the soft start.

The IC activates the soft start circuitry during the
startup period. The soft start time is fixed to about 10.2
ms. During the soft start period, the overcurrent
threshold is increased step-wisely (7 steps). The IC
operates switching operation by the frequency
responding to FB pin voltage until the output reaches the
setting voltage.

Here, the t v is defined as the period until FB pin
voltage reaches 1.6 V after the IC starts. When the t_y

© SANKEN ELECTRIC CO., LTD. 2015
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reaches the OLP Delay Time at Startup, to.p, of 70 ms
and more, the IC stops switching operation. Thus, it is
necessary to adjust the value of output electrolytic
capacitor, C5 so that the t,y is less than to,p.

If VCC pin voltage reaches Vccorr and a startup
failure occurs as shown in Figure 9-4, increase C4 value
or decrease C5 value. Since the larger capacitance
causes the longer startup time of IC, it is necessary to
check and adjust the startup process based on actual
operation in the application.

Since the Leading Edge Blanking Function (Refer to
Section 9.5) is disabled during the soft start period, the
on-time may be less than the Leading Edge Blanking
Time (tgw = 280 ns).

VCC pin A Startup of IC

voltage / Startup of SMPS , Normal opertion
tsTarT —

Vecon) \/

Vee(orr
tsTBONH)

» Time
~ Soft start period,
. fixed to approximately 10.2 ms
D/ST pin4
current, Ip

»Time

. <
FB pin voltage A fum <tore

FB(REF)

1.6V /
»Time

Figure 9-3.  Startup Waveforms

\VCC pin IC starts operation Startup success

voltage Target operating

voltage
V \ s
ceen Increase with rising of

N/ output voltage

Vceorp

Startup failure

» Time

Startup time of IC, tstarT

Figure 9-4. VCC Pin Voltage During Startup Period

9.4 Constant Voltage (CV) Control

The constant voltage (CV) control for power supply
output adopts the peak-current-mode control method

which enhances the response speed and the stable
operation.

The IC controls the peak value of the voltage of a
current detection resistor (Vrocp) to be close to target
voltage (Vsc), comparing Vrocp With Ve by internal FB
comparator. Feedback Control circuit receives the target
voltage, Vsc, reversed FB pin voltage by an error
amplifier (Refer to Figure 9-5 and Figure 9-6).

U1l
Feedback
Control on - R2 R3
FB:%%C 2
R1
GND |3 )
PWM 5( * o3
Control L1
5-8|DIST 757 1 Roce Y YN ° V(Of)

Figure 9-5.

FB Pin Peripheral Circuit in Buck
Converter

-— Vg
N VROCP—| L|/ L| L

FB comparator Voltage on both side of Roce

Drain current,
lon

Figure 9-6. Drain Current I and FB Comparator
in Steady State Operation

e Decreasing load

When the output load decreases, the FB pin voltage
increases in response to the increase of the output
voltage. Since Vsc which is the output voltage of
internal error amplifier becomes low, the peak value
of Vrocp is controlled to become low, and the peak of
the drain current decreases. This control prevents the
output voltage from increasing.

e Increasing load
When the output load increases, the control circuit
operates the reverse of the former operations. Since
Vsc becomes high, the peak drain current increases.
This control prevents the output voltage
from decreasing.
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9.4.1 Buck Converter Operation

Figure 9-7 shows the output current path in the Buck
converter. Figure 9-8 shows the operational waveforms.

D1 D2

<
(e}
O
»~

+
c4

2”— Control | S

Roce L1 Vour
1
Vg g0,

>
I’ ——Pp———
D3 1 lLore !
A | (MOSFET ofn | cs R4
1

S w----

< -)

ILON

(MOSFET ON)

Figure 9-7. Output Current Path in Buck Converter

MOSFET
V_a | ON OFF 0
VIN_VRON_\/OUT
0 >t
~(Vour+Veps)
0 ST~
(—
>t
ILon
>t
ILorr I [~~~
>t
1/fosc(AVG)

Figure 9-8. Operational Waveforms in Buck Converter

In the Buck converter, the PWM control is described
in the following.

1) PWM On-Time Period
When the internal power MOSFET turns on, the I, oy
current flows as shown in Figure 9-7, and the
inductor, L1, stores some energy.
Since the I oy flows through the current detection
resistor, Rocp, the voltage of Rocp is detected as the
current detection voltage, Vrocp-
FB pin voltage is the voltage divided C3 voltage by
voltage dividing resistors, and the target voltage, Vqc,
is given by FB pin voltage.
When Vgocp reaches Ve, the power MOSFET turns
off.

2) PWM Off-Time Period

When the internal power MOSFET turns off, the
back electromotive force occurs in the inductor, L1,
the freewheeling diode, D3, is forward biased and
turns on. Thus, the I o current flows as shown in
Figure 9-7.

As shown in Figure 9-8, after the average switching
period, 1/foscavey, the power MOSFET turns on
again, and the event moves to the previous 1).

The output current is equal to the average inductor
current of L1.

9.4.2 Inverting Converter Operation

Figure 9-9 shows the output current path in the
Inverting converter. Figure 9-10 shows the operational
waveforms.

D2
D3 Vour
0 (—)
—————-
7 \
|
I :ILOFF :C5
:(MOSFET OFF): prea R4
L1t i
—_———pp -
©0 (1)

Figure 9-9. Output Current Path in Inverting Converter

MOSFET

V. 4 {ON OFF ON
Vin—Vron
>t
_(VOUT+VFD39
||_ ~—
»t
ILon
>
ILorr I [~
>
Ufosciave)

Figure 9-10. Operational Waveforms in Inverting
Converter
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In the Inverting converter, the PWM control is
described in the following.

1) PWM On-Time Period
When the internal power MOSFET turns on, the 1, oy
current flows as shown in Figure 9-9, and the
inductor, L1, stores some energy.
Since the I oy flows through the current detection
resistor, Rocp, the voltage of Rocp is detected as the
current detection voltage, Vroce.
FB pin voltage is the voltage divided C3 voltage by
voltage dividing resistors, and the target voltage, Vqc,
is given by FB pin voltage.
When Vgocp reaches Vge, the power MOSFET turns
off.

2) PWM Off-Time Period

When the internal power MOSFET turns off, the
back electromotive force occurs in the inductor, L1,
the freewheeling diode, D3, is forward biased and
turns on. Thus, the I o current flows as shown in
Figure 9-9

As shown in Figure 9-10, after the average
switching period, 1/fosciave), the power MOSFET
turns on again, and the event moves to the previous
1).

The output current is equal to the average current of
ILOFF Of L1.

9.5 Leading Edge Blanking Function

The constant voltage control for power supply output
adopts the peak-current-mode control method. The peak
drain current is detected by the current detection resistor,
Rocp. Just in turning on the internal power MOSFET,
the steep surge current would occur.

If the Overcurrent Protection (OCP) responds to the
voltage caused by that surge current, the power
MOSFET may be turned off.

To prevent that response, the OCP threshold voltage
increases during Leading Edge Blanking (tsw = 280 ns)
just after the power MOSFET turns on, and this prevents
the OCP detection from responding to the surge voltage
in turning-on (Refer to Section 9.8.1).

tew
L

9.6 Random Switching Function

The switching frequency is randomly modulated by
superposing the modulating frequency on fosciave). This
function reduces the conduction noise compared with
other products without this function, and simplifies noise
filtering of the input lines of power supply.

9.7 Operation Mode

As shown in Figure 9-12, when the output power is
decreasing, together with the decrease of the drain
current Iy of the internal power MOSFET, the operation
mode is automatically changed to the fixed switching
frequency mode (60 kHz), to the Green mode controlled
the switching frequency (23 kHz to 60 kHz), and to the
burst oscillation mode controlled by an internal
oscillator. In the Green mode, the number of switching
is reduced. In the burst oscillation mode, the switching
operation is stopped during a constant period. Thus, the
switching loss is reduced, and the power efficiency is
improved (Refer to Figure 9-13).

When the output load becomes lower, FB pin voltage
increases and S/OCP pin voltage decreases. The S/OCP
pin voltage reaches to the S/OCP pin standby threshold
voltage, Vocpste) = 0.11 V, the burst oscillation mode is
activated.

As shown in Figure 9-13, the burst oscillation mode
consists of the switching period and the non-switching
period. The oscillation frequency during the switching
period is the Minimum Frequency of about 23 kHz.

Switching 4
frequency
fOSC
60 kHz
Normal
About 23 kHz — — M

1 Greenmode
Burst oscillation

»

Output power, Po

Figure 9-12. Switching Frequency in Response to Pg

Switching period

Rocp Voltage Io Non-switching period
<>
= - \ switchi fonof about 23kHz |
" ~—'Surge pulse voltage width at turning on witehing operation o abou z
. i . . Figure 9-13.  Switching Waveform
Figure 9-11. Leading Edge Blanking at Burst Oscillation Mode
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9.8 Overcurrent Protection (OCP)

9.8.1 OCP Operation

Overcurrent Protection (OCP) detects each drain peak
current level of a power MOSFET on pulse-by-pulse
basis, and limits the output power when the voltage on
the current detection resistor, Rocp, reaches to OCP
threshold voltage.

During Leading Edge Blanking Time shown in Figure
9-11, the OCP threshold voltage becomes
Vocrees) = 1.61 V which is higher than the normal OCP
threshold voltage. Changing to this threshold voltage
prevents the OCP detection from responding to the surge
voltage in turning-on the power MOSFET. This function
operates as protection at the condition including output
shorted.

When the power MOSFET turns on, the surge voltage
width of the S/OCP pin should be less than tgy. To
prevent surge voltage, pay extra attention to Rocp trace
layout (Refer to Section 10.4).

9.8.2 OCP Input Compensation Function

ICs with PWM control usually have some propagation
delay time. The steeper the slope of the actual drain
current at a high AC input voltage is, the larger the
detection voltage of actual drain peak current is,
compared to Vocp. Thus, the peak current has some
variation depending on AC input voltage in OCP state.
To reduce the variation of peak current in OCP state, the
Input Compensation Function is built-in.

This function compensates the OCP threshold voltage
so that it depends on AC input voltage, as shown in
Figure 9-14.

When AC input voltage is low, the OCP threshold
voltage is controlled to become high. Thus this control
reduces the difference of peak drain current between at
low AC input voltage and at high.

When the on-time is 6 us or more, the OCP threshold
voltage is Vocpgy Of 0.83 V. When the on-time is less
than 6 ps, that is Vocp sShown in Equation (3).

Vocp = VOCP(L) + DPC X 103 X ONTlme (3)

Where,

Vocey: OCP Threshold Voltage at Zero ON Duty (V)
DPC: OCP Compensation Coefficient (mV/us)
ONTime: On-time of power MOSFET (us)
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1.0~

VocrH)

VOCP

VOCP(L) >p

OCP threshold voltage after
compensating
T

0.5 L1 5
ONTime (us)

Figure 9-14. Relationship between ONTime and OCP
Threshold Voltage after Compensating

9.9 Overload Protection (OLP)

When the voltage on the current detection resistor,
Rocp, reaches the OCP threshold voltage, the internal
power MOSFET turns off. Figure 9-15 shows the
characteristic of output voltage and current.

The output voltage decreases in the overload state,
and FB pin voltage also decreases. When the period
keeping FB pin voltage less than 1.6 V continues for
OLP Delay Time at Startup, to,p = 70 ms, the Overload
Protection (OLP) is activated, and the IC stops switching
operation. Thus, VCC pin voltage decreases t0 Vcc(orr),
and the control circuit stops operation. After that, the
startup circuit is activated, VCC pin voltage increases to
Vccony by the startup current, and the control circuit
operates again. Thus, the intermittent operation by
UVLO is repeated in the OLP state (Refer to Figure
9-16).

This intermittent operation reduces the stress of parts
including the power MOSFET and the freewheeling
diode. In addition, this operation reduces power
consumption because the switching period in this
intermittent operation is much shorter than the
oscillation stop period.

When the abnormal condition is removed, the IC
returns to normal operation automatically.

Output voltage, ,

Vour
CV mode

Output current, loyt

Figure 9-15. Overload Characteristics
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startup current, and the control circuit operates again.
The intermittent operation by TSD and UVLO is
o repeated in the TSD state.
Non-switching interval After the fault condition is removed, the IC returns to
normal operation automatically.

VCC pin voltage 4

Veeon)
Vec(orr B—
Junction temperature, 5 Return
_ T]. TSD is active to normal operation
Drain current, Tirso
I D I TJ(TSD)iTj(TSD)HYS /

v

ON

Figure 9-16. OLP Operational Waveform

Bias Assist Function
OFF OFF

VCC pin voltage ,

Vee(on

9.10 Overvoltage Protection (OVP) Vecens

Vecorr

A4

When the voltage between VCC pin and GND pin
increases t0 Vecovey = 29.3 V or more, the Overvoltage
Protection (OVP) is activated and the IC stops switching
operation. The intermittent operation by UVLO is
repeated in the OVP state. Refer to Section 9.9 about the
intermittent operation by UVLO.

When the abnormal condition is removed, the IC
returns to normal operation automatically.

The approximate value of output voltage Vourove) in
the OVP condition is calculated by using Equation (4). 10

Drain current,
|

Figure 9-17. TSD Operational Waveforms

Design Notes
Vourovey = Vecovey + Vep1 + Vepz — Veps 4)

10.1 External Components

where,
Vout(ove) is Voltage of between Vour(+) and Vour(-), Take care to use properly rated, including derating as
Veou is the forward voltage of D1 in Figure 9-1, necessary, and proper type of components.
Vep, is the forward voltage of D2, and
Veps is the forward voltage of D3. Figure 10-1 shows the peripheral circuit of IC in Buck
converter.
9.11 Thermal Shutdown (TSD) . D1
DIST vee| —e- ¢
Figure 9-17 shows the Thermal Shutdown (TSD) ’ I e
% ke D3 ad ‘}—4;
operational waveforms. c2 R2 R3
When the junction temperature of the IC control 7T ‘BDZ—L 1': 02 v
circuit increases to Tjrsp) = 135 °C (min.) or more, the o fJost  socr [} )
TSD is activated, and the IC stops switching operation. A4 o Roce H
The TSD has a temperature hysteresis. While the VAC —o 5 X o3
. . . — C1 C5 R4
junction temperature of the control circuit is more than OJ %
Tirso)—TjrsoyHvs, the Bias Assist Function is enabled —o—(O0)

when VCC pin voltage decreases to about 9.4 V. While
this function is activated, the startup current is supplied
to VCC pin in order to keep Vcc(orr) OF more, and the IC
holds stopping.

While the junction temperature is Tjrspy—TjrspyHvs OF
less, the Bias Assist Function is disabled, and VCC pin
voltage decreases to Vccorr OF less. Thus, the control
circuit stops operation. After that, the startup circuit is
activated, VCC pin voltage increases to Vccony by the

Figure 10-1. Peripheral Circuit of IC in
Buck Converter
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10.1.1 Input and Output Electrolytic
Capacitor

Apply proper derating to ripple current, voltage, and
temperature rise.
The value of output electrolytic capacitor, C5, should
be fulfilled the following conditions:
- The specification of output ripple
- Enough shorter output voltage rising time in startup
than the OLP Delay Time at Startup, to,p = 70 ms.
- Low impedance types, designed for switch mode
power supplies, is recommended.

The ESR of C5 should be set in the range of
Equation (5).

AVor

ILRF’

®)

ZCO <

where,

Zco is the ESR of electrolytic capacitor at the
operation frequency (Since the ESR in general
catalogs is mostly measured at 100 kHz, check the
frequency characteristic.),

AVor is the output ripple voltage specification, and
Iire is the ripple current of inductor (Refer to
Section 10.3).

10.1.2 Inductor

Apply proper design margin to core temperature rise
by core loss and copper loss.

The inductor should be designed so that the inductor
current does not saturate. Refer to Section 10.3 about the
inductance. The value should be the minimum
considered a negative tolerance of inductance and a
decline of DC superposition characteristics.

The on-time must be longer than the Leading Edge
Blanking Time to control the output voltage constantly.

In the universal input voltage design, the on-time is
easy to become short in the condition of maximum AC
input voltage and light load. Be careful not to choose too
small value for the inductance (The recommended value
is 100 puH or more).

10.1.3 VCC Pin Peripheral Circuit

The reference value of C4 in Figure 10-1 is generally
10 to 47 uF. Refer to Section 9.1 about the startup time.

10.1.4 FB Pin Peripheral Circuit

As shown in Figure 10-1, FB pin is input the voltage
divided the voltage between Vour(+) and GND pin by
resistors.

C3 is the smoothing capacitor. The value of C3
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depends on the value of output electrical capacitor, C5.
Usually the value of C3 is 0.022 pF to 0.22 uF. When
C3 value is set larger, the line regulation becomes better,
however, the dynamic response of the output voltage
becomes worse. Be careful of that value.

The voltage dividing resistor of R1, R2 and R3 is
determined by the reference voltage, Vegrer = 2.50 V,
the output voltage, Vour, and so on. The following
Equation (6) shows the relationship of them.

The target value of R1 is about 10 kQ to 22 kQ. R2
and R3 should be adjusted in actual operation condition.

The Ve of D2 and D3 affects the output voltage. Thus,
the diodes of low V¢ should be selected.

R1+R2 +R3

[Vour| = Vrprer) X Rl + Vepz — Vrps

[Vour|—Vepz + Veps _

VEB(REF)

=>R2+R3=< 1>><R1 (6)

where,
Vep; is the forward voltage of D2, and
Vep3 is the forward voltage of D3.

10.1.5 Freewheeling Diode

D3 in Figure 10-1 is the freewheeling diode.

When the internal power MOSFET turns on, the
recovery current flows through D3. The current affects
power loss and noise much. The V¢ affects the output
voltage. Thus, the diode of fast recovery and low V¢
should be selected.

10.1.6 Bleeder Resistance

For light load application, the bleeder resistor, R4, in

Figure 10-1 should be connected to both ends of
output capacitor, C5, to prevent the increase of output
voltage.

The value of R4 should be satisfied with Equation (7),
and should be adjusted in actual operation condition.

Vi
Ra < our! 1)

10.2 D/ST Pin

When the voltage or the current of the D/ST pins
shown in

Figure 10-1 exceeds the Absolute Maximum Ratings,
the internal power MOSFET connected to the D/ST pin
would be permanently damaged.
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10.3 Inductance Calculation

Since this calculation is just on paper, it is necessary
to take account of margins and to check operations on
actual operation in the application.

The PWM control has the three operation modes
shown below. Since each operation mode has that
characteristic, it is necessary to take account of choosing
the operation mode.

The table on the right shows the comparison of three
operation modes in the same input and output condition.

Table 10-1. Operation Mode Comparison

Pow L IR PRD(ON) Psw
CCM | Large | Large | Small | Small | Large
CRM | Middle | Middle |Middle | Middle | Small
DCM | Small | Small | Large | Large | Small
where,

CCM is continuous current mode,
CRM is critical current mode,

DCM is discontinuous current mode,
Pow is capable output power,

L is inductance value of L2,

I r is ripple inductor current,
Pros(ony is conduction loss on the power MOSFET,
Psw is switching loss.

where,

CCM

Figure 10-2.

4 N

ton . tore

10.3.1 Parameter Definition

The following parameters refer to the circuit of Figure
6-1 and Figure 6-2.
Vpcin_min IS minimum DC input voltage at C2,
Vbcin_max is maximum DC input voltage at C2,
Vourt IS output voltage,
lout IS output current,
Vron is 0n voltage of internal power MOSFET,
Drain current X Rpgony,
Vep; is D1 forward voltage,
Ve is D2 forward voltage,
Vepz is D3 forward voltage,
Vpz is DZ1 zener voltage.
When | Vour | is 27.5 V or more, add a zener diode or
a regulator. Take care of that power loss.
Rocp : Current detection resistor between S/OCP pin
and GND pin

When the following have no values, see the values of
Section 2. Electrical Characteristics.

Don_max is maximum on-duty in steady operation, 0.5,

Kre_min is 0.4,

Vst max is maximum value of Vsrony,

Vpemax) is maximum DC input voltage, recommended
value is 400 V,

Ve min is minimum value of VCC Voltage, 10 V,

VCC(OVP)iMIN is minimum value of Vcc(o\/p),

IoLim is less than the value of Ippeak X the derating

supposed as 90 %,

fTYP is typlcal value of fosc(Avg),

fvin 1S minimum switching frequency, 23 kHz,

VOCP(L)_MIN is minimum value of VOCP(L)v

VOCP(L)_TYP is typlcal value of VOCP(L)v

VOCP(H)_MIN is minimum value of VOCP(H)v

VOCP(H)iTYP is typlcal value of VOCP(H):

Vocpr)_max is maximum. value of Vocpgy,

VOCP(STB) is typlcal value of VOCP(STB)’

DPC is typical value of DPC.

CRM DCM

ton}_ tore itp

Ufsw

Ufew

Operation Mode of PWM Control

fsw is switching frequency, toy is on-time, torr is off-time, tp is discontinuous current time,
Iy is upper inductor current, I, is lower inductor current, I, is ripple inductor current,
Kre is ripple inductor current ratio, I;z/Iiy.

STR5A450-DSE Rev.1.1
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10.3.2 Buck Convertor
(B-1) Input and Output Condition

The definition refers to Section 10.3.1.

Voon i Lower value _is a higher value or more of either Vst max 0 2 X Voyr + Vips + Vron-
= Upper value is Vpcmax) Or less.
VDCIN_MAX Vbein min < Vpein max < VDC(MAX)
Vour Vee min + Vbzi — Veps + (Vep1 + Vep2) < Vour < 0.5 X (VDCIN,MIN — Vron — VFDS)
lout Iout < 0.8 X Ippm. In addition, Ioyr also depends on the OCP setting.
Vor Lower value -is a higher value or more of either 0 or Voyr + Vgps — (VFD1 + Vgp, + VCC(OVP)_MIN)-
Upper value is Voyr + Veps — (VFDl + Vpp, + VCC,MIN)
Rocp Lower value is Rocpy = M, or more.
IpLim

(B-2) Calculation

There are two calculation ways: Lcac Calculation,
and Parameter Calculation assigned Lysgg.

(B-2-1) Lcarc Calculation

The inductance, Lcac, IS given by choosing the
operation mode at Vpcin min. The parameters of both
Vpein_min @nd Vpein_max are given by Leacc.

(B-2-1-1) Parameters for Vpcin_min
(B-2-1-1-1) On-duty in ContinuousOoperation, Dcewms

Vour + Vep3

Deemr =
Vbein min — Vron + Veps

The condition of Deepy : < 0.5
(B-2-1-1-2) Choosing the Operation Mode, and Kgp;
or Dpcms

e Choosing CCM
Krey is set in the following range.

Ipum — |
0.4 < Kppy < 2 x M __OUT 4

IDLIM

The condition of loyt: < 0.8 X IpLm
e Choosing CRM

The condition of oyt : < 0.5 X Ippm

e Choosing DCM
The on-duty for DCM, D¢cwy, IS set in the range of

2 X Igyr X Decem

I < Dpem1 < Deemn
DLIM

The condition of loyt: < 0.5 X Ipim

(B-2-1-1-3) Inductor Current

Don; is denoted the on-duty. Ly, 11, and I g, are
the upper inductor current, the lower inductor current,
and the ripple inductor current, respectively.

e Choosing CCM

Don1 = Deemn

I _ 2 X IOUT
LH1 — 2 _ KRP]_

Ir1 = Krp1 X ILpa
I = Iopn = Iirs
e Choosing CRM
Don1 = Deems
Itn1 = 2 X loyr

Iir1 = Ipy I =0

STR5A450-DSE Rev.1.1
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e Choosing DCM

Don1 = Dpem

Dcemt
I =2 X lgyr X —

DCM1
It = lupy I =0

(B-2-1-1-4) Upper Temporary Value of Rocp,
ROCP(H)fTMPl

Vocp ) max
ROCP(H)_TMPl = T
1

The temporary range of the current detection resistor,
Rocp, is given below.

Rocpwy = Rocp < Rocpy_tmp1

If Rocp setting has no range, try the following
procedure 1.

e Procedure 1:
For CCM, reduce Kgp1 OF louT.
For CRM, change to CCM.

For DCM, increase Dpcwmi, Or change to CRM or CCM.

After these changes, try to calculate again from
Section (B-1) Input and Output Condition.

Rocp setting is set in the previous range.

The switching frequency, fswi, and the peak inductor
current at OCP depend on Rocp. When Rocp is set low,
fswi becomes low, and the peak current becomes large.

(B-2-1-1-5) Switching Frequency, fsw;

The fsw; is given by the following with the I, y; of the
choosing operation mode and Rocp.
The following K is a coefficient.

K = < fryp — fmim )
0.85 X Vocp() tve — Vocp(sta)

fsw1 is given below by using K.

fsw1 = KX (Rocp X Inu1 — Vocp(sts)) + fumim

where,
For fswi < fumin, Set to fun.
For fswy = fryp, set to fryp.
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(B-2-1-1-6) On-time, ton:

By Doy and fsyy, of the choosing operation mode,

_ Dona
ton: = T
Sw1

If tons is less than 500 ns, try the procedure 1 in
Section (B-2-1-1-4) to increase it.
(B-2-1-1-7) OCP Threshold Voltage, Vocp1

Vocpr iS given below by toy;.
® For tong = 6ps, Vocer = VoceH) MiN

e For tony < 6us,

VOCPl = VOCP(L)?MIN + DPC X 10_3 X tONl
where, DPC (MV/us). tonz (US)

(B-2-1-1-8) Current Detection Resistor, Rocp

Upper value at Vpein min O the Rocp range is given
below.

Vocp1
Rocpayt = T
1

The range of Rocp is given below.

Rocpy = Roce < Rocpmyt

If Rocp setting has no range, try the procedure 1 in
Section (B-2-1-1-4).

If Rocp setting is out of the previous range, try to set it
again, and then try to calculate again from Section
(B-2-1-1-5).

(B-2-1-1-9) Inductance, Lcaic
By Iins, g, and fgw, of the choosing operation
mode,

2 X Ioyr X (Vour + Vep3) X (1 — D¢emi)

(ILH12 - ILle) X fsw1

Leare =

The value should be the minimum considered a
negative tolerance of inductance and a decline of DC
superposition characteristics.

If Lcacy is less than 100 pH, try the procedure 1 of
Section (B-2-1-1-4) to increase it.
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(B-2-1-1-10) Drain RMS Current and Inductor RMS
Current : Iprmst, lLrmst

1
Iprms1 = \/(g X (I = Ipea)? + Iopg X ILLl) X Don1

The conduction loss of Rpgony 0f power MOSFET is
estimated to be Ippmsi” X Rpscony-

Doni

1
ILrms1 = \](g X (Ipgr — Ipp)? + Ipgs X ILLl) X -
M1

This value is equivalent to the rating for inductor.
(B-2-1-2) Parameters for Vpcin_max

(B-2-1-2-1) On-duty in Continuous Operation, Dccema

Vour + Vb3

Deemz =
2
Vbein.max — Vron + Veps

The condition of Deepz : < 0.5

(B-2-1-2-2) Operation Mode Check

1) At first, calculate the following coefficients
Rocp setting in Section (B-2-1-1-8) and Lcaic
calculated in Section (B-2-1-1-9) are used.

K = ( fryp — fvim )
0.85 X Vocp() tve — Vocp(sta)

_ 2xIgyr X (Vour + Veps) X (1 — Deemz)

M2
Learc

A=4XIOUTXKXROCP

B =4 X Ioyr X {fum — K
X (Iour X Rocp + Vocp(sts)) }

C = —4 x Ioyr? X (fum — K X Vocp(stay) — M2

2) Calculate Upper inductor current, I, 4,

1
I = X |—B B2—4xAxC
LH2 = 55 ( + )

3) Calculate Switching frequency, fows

fswz = K X (ROCP g VOCP(STB)) + fuim

where,
For fow, < fuin, Set to fun.
For fryp < fowpo, Set to fryp.

When fsy, is fyn or fryp, calculate Iy, again by the
following.

M2

=————"+lour
4 X oyt X fswo

ILHZ

For fuin < fswa < fryp, ILno is the value of the previous
2).

If Iy, is Ipm OF more, try the procedure 1 in Section
(B-2-1-1-4) to decrease it.

4) Calculate Lower inductor current, I,

Iz = 2 X loyr — Iime

5) The operation mode is given by the following.

e For ||_|_2> 0,CCM
e For ||_|_2 =0,CRM
e Forl,,<0,DCM

(B'2'1'2'3) Donz, fswz, limo, Il of the Operation
Mode Result

These parameters are different in the operation mode
results of Section (B-2-1-2-2)-5).

e Resulting in CCM

Donz = Deemz

fsws is the value of Section (B-2-1-2-2) - 3).
I n2 is the value of Section (B-2-1-2-2) - 3).
I, is the value of Section (B-2-1-2-2) - 4).

Irz = Iumz — iz
_ Iiro

KRPZ - I
LH2

e Resulting in CRM

Donz = Dcemz
fswz is the value of Section (B-2-1-2-2) - 3).
ILnz = 2 X oyt

Iirz = Iinz, I =0
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e Resulting in DCM

1) Draw the graph of the following equations.
By using this, find the values of fsw, and I 4, of
DCM.

fswz — fmin 1
liho s = (T + VOCP(STB)) X Rocp
M2
ILH2 pem = g
2

Iinz_crm = 2 X lgyr

ILH(A)
5

4 \
3

§ % —s— lLH2_crRM
2 : ]

Y S —
20 25 30 35 40 45 50 55 60 65 70 Tsw(kH2)

— lLH2 s

—e— lLH2_DeMm

S § N3

Figure 10-3. I, and fsy, of DCM Graph in which the
intersection of 1,y s and Iy pcm is in the Range of fy
to frve.

— lLH2 f

—o— ILH2_Dem

i \’\’\% —s— ILH2_crRM
2 4 ' b
: H
H ]
: ]
: ]
]
: H

20 25 30 35 40 45 50 55 60 65 70 fsw(kHz)

RS |

S § M3

Figure 10-4. Iy, and fsy, of DCM Graph in which the
intersection of I, fand Iy pcm is out of the Range of
fain 10 Fryp,

In DCM, Iy value at the intersection of I 4, ¢ and
ILH27DCM is blgger than that of ILH27CRM-

2) Set Switching frequency, fow.
When fsy at the intersection of Iy, ¢+ and Iy, pem 1S
in the range of fyn to fryp as shown in Figure 10-3,
fswo is set to that value. When fgyy, is out of the range
as shown in Figure 10-4, fs, is set to the limited
value which is fy,y or fryp Of the over range side.

3) Calculate On-duty, Dong

’fswz
Donz = Dpemz = 2 X lgyt X Deemz X M2

The condition of Dpcpmz : < Decmz

4) Calculate I, 1,12, and I g,
I_n2 is the value at the intersection of fgy, which is
given in the previous 2) and | y; pcm. Otherwise, Iy,
is given below.

Dcemz
Iz = 2 X lgyr X ——

DCM2
Itz = Ippz, Iz = 0

(B-2-1-2-4) I p»

If I 1, is Ipm OF more, try the procedure 1 in Section
(B-2-1-1-4) to decrease it.
(B-2-1-2-5) On-time, tonz

Donz

tONZ = f
Sw2

If tonz is less than 500 ns, try the procedure 1 in
Section (B-2-1-1-4) to increase it.

(B-2-1-2-6) OCP Threshold Voltage, Vocpz
Vocp2 is given below by tong-
e For tonz = 6us, Vocez = VocenH) MIN

e For tONZ < 6,U.S,

Vocpz = Vocpay miv + DPC X 1073 X toy,

where, DPC (mV/us). tonz (HS)
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(B-2-1-2-7) Current Detection Resistor, Rocp

Upper value at Vpcin max OF the Rocp range is given
below.

Vocez
Rocpyz = T
LH2

Denoting Rocpgqy as a smaller value of either Rocpy2
for Vocin max OF Rocpgyr for Voo min in Section
(B-2-1-1-8), the range of Rocp is given below.

Rocpe) < Roce < Rocry

If Rocp setting has no range, try the procedure 1 in
Section (B-2-1-1-4).

If Rocp setting is out of the previous range, try to set it
again, and then try to calculate again from Section
(B-2-1-1-5).

(B-2-1-2-8) Iprmsz, lLrms2

These are given by substituting I ), 2, Dong, and
Dcemz for k1, ||_|_11 Dont, and Dcemi in the equation of
Section (B-2-1-1-10), respectively.
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(B-2-1-2-9) Inductor Current Specification

The peak current in OCP operation, locp, IS given
below.

Vocpm) max
locp = - ye—
ocp

The saturation current of the inductor should be
enough larger than locp.

The rating current refers to the equation of RMS in
Section (B-2-1-1-10).

(B-2-2) Parameter Calculation Assigned Lsgr

Parameter calculation assigned Lysgr at Vpcin min @and
Vpein max IS similar to the way of Section (B-2-1-2)
Parameters for Vpcin_max-

Parameters assigned Lysgr are given by substituting
the input VOItage and Luser for VDCINfMAX and Lcalc.

If the conditions of calculation aren’t satisfied,
increase Lysgr Setting, or decrease loyt Setting, and then
try to calculate again.
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10.3.3 Inverting Convertor

(1-1) Input and Output Condition

The definition refers to Section 10.3.1. |Vouq] is the absolute value of V.

Lower value is a higher value or more of either Vst max or Voyrt + Veps + Vron-

V .
DEINMIN- 1 Upper value is Vpemax) OF less.

Vocinmax | Voein_min < Vpeiv_max < Vpemax)

[Vourl Veemin + Vbzi = Veps + (Vep1 + Vep2) < [Vour| < Voein min — Vron — Veps

Iour < 0.8 X Ippim min X (1 — Deema)- In addition, loyr also depends on the OCP setting.
| where,
out _ Vour + V3

Deemi =

Vbein min — Vron + Vout + Veps

Lower value is a higher value or more of either 0 or Vour + Veps — (Vep1 + Vepz + Veciove) min)-

VDZl .
Upper value is Vour + Veps — (Vip1 + Vepz + Vee min)-
\%
Rocp Lower value is Roceqy = w, or more.
IpLIM
(1-2) Calculation (1-2-1-1-2) Choosing the Operation Mode, and Kgp;

. . orD
There are two calculation ways: Leac Calculation, peML

and Parameter Calculation assigned Lysgr. e Choosing CCM
Krey is set in the following range.

(1-2-1) Lcacc Calculation

I
The inductance, Lcaic, iS given by choosing the 0.4 < Kgpy <2 X (1 _ LAVGl) <1
operation mode at Vpcin_ min. The parameters of both DLIM

Vpein_min @nd Vpein_wax are given by Leac. .
The condition of oyt :

(1-2-1-1) Parameters for Vpcin_min
< 0.8 x IDLIM X (1 - DCCMl)
(1-2-1-1-1) On-duty in Continuous Operation, Dccms,

and Average Inductor Current, I, ave: e Choosing CRM
The condition of loyt :

Vour + Vb3

Deemr = < 0.5 X Ipym X (1 = Deemi)

Vbemnomin — Vron + Vour + Veps

e Choosing DCM

The condition of D :<05 . . .
cemt On-duty, Dpcmy, is set in the following range.

loyr
lavgr =7——=—— 2 X Ipaver X Deemn
1 —Dcema < Dpem1 < Deemn
IpLim

The condition of oyt :

<0.5x IDLIM X (1 - DCCMl)
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(1-2-1-1-3) Inductor Current

Don: is denoted the on-duty. Ly, I 1, and I r; are
the upper inductor current, the lower inductor current,
and the ripple inductor current, respectively.

e Choosing CCM

Don1 = Deemn

I _ 2 X Ipaver
LHL = 5 Keps

ILr1 = Kgp1 X Ipyg
e = I — Iira
e Choosing CRM
Don1 = Deems
ILpr = 2 X Tpaver
ILr1 = Iipy, I =0
e Choosing DCM
Doni = Dpemi

DCCMl

I = 2 X Ipaver X D
DCM1

It = lupy I =0

(1-2-1-1-4) Upper
ROCP(H)_TMPl

Temporary Value of Rocp,

Vocp ) max
ROCP(H)_TMPl = T
1

The temporary range of the current detection resistor,
Rocp, is given below.

Rocpwy = Rocp < Rocpy_tmp1

If Rocp setting has no range, try the following
procedure 1.

e Procedure 1 :
For CCM, reduce Kgpy OF loyt.
For CRM, change to CCM.

For DCM, increase Dpcwmy, o change to CRM or CCM.

After these changes, try to calculate again from
Section (I-1) Input and Output Condition.

Rocp setting is set in the previous range.

The switching frequency, fsyi, and the peak inductor
current at OCP depend on Rocp. When Rocp is set low,
fswi becomes low, and the peak current becomes
large.

(1-2-1-1-5) Switching Frequency, fsw:

The fsw; is given by the following with the 1, 4, of the
choosing operation mode and Rocp.

The following K is a coefficient.

K = ( fryp = fvim )
0.85 X Vocpy Tvp — Vocp(sTr)
fsw1 is given below by using K.

fsws = K X (Rocp X Ius — Vocpsts)) + fmim

where,
For fgwy < fmin, et to fun.
For fgwy = fryp, set to fryp.

(1-2-1-1-6) On-time, ton;

By Doy and fsyy; of the choosing operation mode,

DONl

ton: = r
Swi1

If tony IS less than 500 ns, try the procedure 1 in
Section (I1-2-1-1-4) to increase it.
(1-2-1-1-7) OCP Threshold Voltage, Vocp:

Vocp1 is given below by ton1.
e For tons = 6us, Vocer = VocerH) MIN

e For tony < 6us,

VOCPl = VOCP(L)?MIN + DPC X 10_3 X tONl
where, DPC (MV/us). tonz (US)

(1-2-1-1-8) Current Detection Resistor, Rocp

Upper value at Vpein min OF the Rocp range is given
below.

Vocp1
Rocpayt = T
1

STR5A450-DSE Rev.1.1
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The range of Rocp is given below.

Rocpw) < Roce < Rocpmyt

If Rocp setting has no range, try the procedure 1 in
Section (I-2-1-1-4).

If Rocp setting is out of the previous range, try to set it
again, and then try to calculate again from Section
(1-2-1-1-5).

(1-2-1-1-9) Inductance, Lcaic
By Iip1, lig, and fgyw; of the choosing operation
mode,

2 X Ioyr X (Voyt + Veps)

(ILH12 - ILL12) X fsw1

Leare =

The value should be the minimum considered a
negative tolerance of inductance and a decline of DC
superposition characteristics.

If Lcacy is less than 100 pH, try the procedure 1 of
Section (I-2-1-1-4) to increase it.

(1-2-1-1-10) Drain RMS Current and Inductor RMS
Current : lprmsty ILrmst

1
Iprms1 = \](5 X (Ipgr = Ieea)? + Iopg X ILLI) X Don1

The conduction loss of Rpson) of power MOSFET is
estimated to be Iprmsi® X Rpscony-

_ 2 5 Doni
ILrms1 = 3 X (Ipgr — Tea)?® + gy X I | X Decn
1

This value is equivalent to the rating for inductor.
(1-2-1-2) Parameters for Vpcin_max

(1-2-1-2-1) On-duty in Continuous Operation, Dcemy,
and Average Inductor Current, I ave

Vour + Vb3

Deemz =
Vbemnomax — Vron + Vour + Veps

The condition of Deewp 1 < 0.5

I _ lour

LAVG2 =T

1—Dcem
2

(1-2-1-2-2) Operation Mode Check

1) At first, calculate the following coefficients
Rocp setting in Section (I1-2-1-1-8) and Lcaic
calculated in Section (1-2-1-1-9) are used.

K = ( fryp — fmim )
0.85 X Vocpy_tyr — Vocp(sta)

. 2 X Ipavez X (Vour + Veps) X (1 — Deemz)

LCALC

A=4XIAVG2XKXROCP

B=4x IAVGZ X {fMIM —K
X (Iavez X Rocp + Voce(sts) ) }

C = —4 X Iayga” X (v — K X Vocp(stay) — M2

2) Calculate Upper inductor current, I, 4,
I =;x(—B+ BZ—4><A><C)
LH2 79 x A

3) Calculate Switching frequency, fsw»

fswz = K X (ROCP g VOCP(STB)) + fuim

where,
For fow, < fuin, Set to fun.
For fryp < fowo, Set to fryp.

When fsy, is fyn or fryp, calculate Iy, again by the
following.

M2

4 X Ipavez X fswa

0pTP) + ILavee

For fuin < fswa < fryp, ILno is the value of the previous

2).

If Iy, is Ipm OF more, try the procedure 1 in Section
(1-2-1-1-4) to decrease it.

4) Calculate Lower inductor current, I,

Iz =2 X Ipavez — linz

STR5A450-DSE Rev.1.1
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5) The operation mode is given by the following.

e For ||_|_2> 0,CCM
e For ||_|_2 =0,CRM
e Forl ,,<0,DCM

(|'2'1'2'3) Donz, fswz, limo, Lo of the Operation
Mode Result

These parameters are different in the operation mode
results of Section (1-2-1-2-2)-5).

e Resulting in CCM
Donz = Dcemz
fSW2 is the value of Section (I-2-1-2-2)-3).

ILH2 is the value of Section (I-2-1-2-2)-3)

ILL2 is the value of Section (I-2-1-2-2)-4)

Iirz = lupz — luez

_lire
Krp2 = T
LH2

e Resulting in CRM

Donz = Deemz

fswz is the value of Section (I-2-1-2-2)-3).
ILpz = 2 X Ipavee

Iirz = luazs Iz =0

e Resulting in DCM

1) Draw the graph of the following equations.
By using this, find the values of fsw, and I 4, of
DCM.

ILH(A)
5 : T
: i ILH2_f
4 & i
\ / —e— ILH2_pom
3 = :
%\N —— lLH2_crRM
2 :
I IO fmin
]
l ]
i e frve
0 —

20 25 30 35 40 45 50 55 60 65 70 fsw(kH2)

Figure 10-5 I, and fsy, of DCM Graph in which the
intersection of I,y ¢ and Iy pcm IS in the range of fyy to
frve.

— lLH2 f

—o— lLH2_DeMm

’\%. —s— lLH2_crRM

: ]
. ]
H ]
1= T
H ]
- ]
: H

—eee frve

20 25 30 35 40 45 50 55 60 65 70 fsw(kHz)

Figure 10-6. I 4, and fsy, of DCM Graph in which the
Intersection of I, ¢and Iy pew is out of the Range of
Tain 10 Frve,

In DCM, I value at the intersection of I, ¢+ and
ILH27DCM is blgger than that of ILH27CRM-

2) Set Switching frequency, fsw,
When fqy at the intersection of Iy, ¢ and I pz pem 1S
in the range of fy,n to frypas shown in Figure 10-5,
fswz 1S set to that value. When fgy, is out of the range
as shown in Figure 10-6, fsy, is set to the limited

fswz — fmin 1 value which is fyyy or frye of the over range side.

Iz s = —x + Vocp(ste) | X Row
ocp 3) Calculate On-duty, Doy
’fsw
I | M2 Donz = Dpemz = 2 X Ipavez X Deemz X M_22
LHzDCM = |7
sw2
The condition of Dpewmz & < Deemz
ILh2_ crm = 2 X Ipave:
STR5A450-DSE Rev.1.1 SANKEN ELECTRIC CO.,LTD. 26
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4) Calculate Iy, 1112, and I g,
I 42 is the value at the intersection of fgy, which is
given in the previous 2) and Iy, pcm. Otherwise, I,
is given below.

Deemz

Iinz = 2 X Ipayge X D
DCM2

Iirz = liazs Iz =0

(1-2-1-2-4) 1,

If I 45 is Ipm OF more, try the procedure 1 in Section
(1-2-1-1-4) to decrease it.
(1-2-1-2-5) On-time, ton:

_ Donz
tonz = T
Sw2

If tonz is less than 500 ns, try the procedure 1 in
Section (I-2-1-1-4) to increase it.
(1-2-1-2-6) OCP threshold voltage, Vocp,

Vocp; IS given below by toy,.
® For tonz = 6ys, Vocez = VocpH)_MIN

e For tgn, < 6us,

VOCPZ = VOCP(L)?MIN + DPC X 10_3 X tONZ

where, DPC (mV/us). ton: (US)

(1-2-1-2-7) Current Detection Resistor, Rocp

Upper value at Vpciy max Of the Rocp range is given
below.

Vocr2
Rocpyz = Ty
2

Denoting Rocegyy as a smaller value of either Rocp(y
for VDCINiMAX or ROCP(H)l for VDCINiMIN in Section
(1-2-1-1-8), the range of Rocp is given below.

Rocpw) < Roce < Rocpm

If Rocp setting has no range, try the procedure 1 in
Section (I-2-1-1-4).

If Rocp setting is out of the previous range, try to set it

again, and then try to calculate again from Section

(1-2-1-1-5).
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(|'2'1'2'8) Ibrms2: ILrRMS2

These are given by substituting 1, 1z, 1,12, Dong, and
Dcema for Iips, 1iis, Dong, and Deewy in the equation of
Section (1-2-1-1-10), respectively.

(1-2-1-2-9) Inductor Current Specification

The peak current in OCP operation, locp, is given
below.

Vocp)y_max
locp = T
P

The saturation current of the inductor should be
enough larger than locp.

The rating current refers to the equation of RMS in
Section (1-2-1-1-10).

(1-2-2) Parameter Calculation Assigned Lyser

Parameter calculation assigned Lysgr at Vpcin min @and
Vpcin max 18 similar to the way of Section (1-2-1-2)
Parameters for VDCIN yax.

Parameters assigned Lysgr are given by substituting
the input VOItage and Luser for VDCINfMAX and Lcalc.

If the conditions of calculation aren’t satisfied,
increase Lyser Setting, or decrease loyt Setting, and then
try to calculate again.
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10.4 PCB Trace Layout

Since the PCB circuit trace design and the component
layout significantly affects operation, EMI noise, and
power dissipation, the high frequency PCB trace should
be low impedance with small loop and wide trace.

In addition, the ground traces affect radiated EMI
noise, and wide, short traces should be taken into
account.

Figure 10-7 and Figure 10-8 show the circuit design
example.

1) Main Circuit Trace Layout
This is the main trace containing switching currents,
and thus it should be as wide trace and small loop as
possible.

2) Freewheeling Loop Layout
This is the trace for the current of freewheeling
diode, D3, and thus it should be as wide trace and
small loop as possible.

3) Control Ground Trace Layout
Since the operation of IC may be affected from the
large current of the main trace that flows in control
ground trace, the control ground trace should be
separated from main trace and connected at single
point grounding.

4) VCC Trace Layout
This is the trace for supplying power to the IC, and
thus it should be as small loop as possible. If C4 and
the I1C are distant from each other, placing a
capacitor such as film capacitor Cs (about 0.1 pF to
1.0 uF) close to the VCC pin and the GND pin is
recommended.

5) FB Trace Layout
The divided voltage by R2+R3 and R1 of output
voltage is input to the FB pin.
To increase the detection accuracy, R3 and R1
should be connected to the bottom of C3 and the
GND pin, respectively. The trace between R1, R2
and the FB pin should be as short as possible.

6) Thermal Considerations
Since the internal power MOSFET has a positive
thermal coefficient of Rpson), consider it in thermal
design.
Since the copper area under the IC and the GND pin
trace act as a heatsink, its traces should be as wide as
possible.

(7) Trace of D/ST pin should be

(4) Loop of the power supply should be small

wide for heat release

(6) Components connected

\ ?[ DIST vce

.?[ DIST GND

to FB pin should be
connected as close to
FB pin as possible.

.7E DIST FB

D/IST S/OCP

Ul
, C1

VOUT

(+)

)

7

(5)Rocp should be
connected as close to
S/OCP pin as possible.

(3)Control GND trace should be
connected at a single point as
close to Rocp as possible.

(2) Freewheeling Loop trace
should be wide trace and
small loop

(1) Main trace should be wide
trace and small loop

Figure 10-7 Peripheral circuit example around the IC for Buck converter
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(7) Trace of D/ST pin should be (4) Loop of the power supply should be small
wide for heat release

\ ?E DIST vce

.?E DIST GND

(6) Components connected
to FB pin should be
connected as close to

FB pin as possible.

.7E DIST FB
VOUT
- DIST S/OCP (_)
FanN
ul
, C1
R4

7 (+)
(1) Main trace should be wide || (¥)Roce should be (3)Control GND trace should be [ (2) Freewheeling Loop trace
trace and small loop connected as close to connected at a single point as should be wide trace and

SIOCP pin as possible. || ¢lose to Rocp as possible. small loop

Figure 10-8 Peripheral circuit example around the IC for Inverting converter

|
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11. Reference Design of Power Supply

11.1 Buck Converter

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

e Power supply specification

IC STR5A453D

Input voltage AC 85V to AC 265 V
Maximum output power | 15 W (max.)

Output voltage 15V

Output current 1A

e Circuit schematic

Ul
D/IST VCC
DIST GND
D/IST FB
CN1
@+ kL L siocp =
DIST ° ¥
D1_@ D2 ™ O
c1 . .
Iz C2 D5 r o7 ZD1ZR5
oy D47 9D3 —f:n cs| c9
oo —o—0|0)
TC_STR5A450_5_R3
e Bill of materials
Symbol Part type Ratings® Recommended Sanken Parts
F1 Fuse 250V,2 A
C1 Film capacitor 275V, 0.1 uF
C2 Electrolytic capacitor 400 V, 56 pF
C4 @ | Ceramic capacitor 50 V, 470 pF
C5 Electrolytic capacitor 50V, 10 uF
C6 Ceramic capacitor 50V, 2.2 uF
C8,C9 Electrolytic capacitor 25V, 470 uF
Cl1 Ceramic capacitor 2 kV, 22 pF
D1, D2, D3, D4 Diode 600V, 1A
D5 Fast recovery diode 600V,3A RL4A
D6 Fast recovery diode MV, 1A SJPB-D9
D7 Fast recovery diode 600V,05A AGO1A
ZD1 Zener diode V;=18.8V (min.) SJPZ-E20
L1 @] CM inductor 10 mH
L2 Inductor 180 pH
R1 Resistor 0.33Q,1W
R2 @1 Resistor 10kQ, 1/8 W
R3 @ Resistor 47 kQ, 1/8 W
R4 @ | Resistor 4.7kQ, 1/8 W
R5 @ Resistor 6.8 kQ, 1/4 W
Ul AC/DC convertor IC 650 V/1.9 Q STR5A453D

D Unless otherwise specified, the voltage rating of capacitor is 50 V or less and the power rating of resistor is 1/8 W or less.
@1t is necessary to be adjusted based on actual operation in the application.
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11.2 Inverting Converter

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

e Power supply specification

IC STR5A453D

Input voltage AC 85V to AC 265 V
Maximum output power | 15 W (max.)

Output voltage -15V

Output current 1A

e Circuit schematic

Ul
D6
D/ST VCC 7
7 C5 cé
DIST GND ]3 C4i Py - I |—4,
R3 R4
CoNI DIST FB ]J_ >
F1 L1 ? e |_l AD7 CN2
@ DIST  SIOCP * —O|0
D1_m@ D2 N ' m D5
c1 . c8| c9
Dikgh; L C2 ‘ L2 r Iz zD1 R5
@J—' i
® o ® O|®
TC_STR5A450_6_R3
e Bill of materials
Symbol Part type Ratings® Recommended Sanken Parts

F1 Fuse 250V,2 A
C1l Film capacitor 275V, 0.1 uF
C2 Electrolytic capacitor 400V, 56 puF
C4 @ | Ceramic capacitor 50 V, 470 pF
C5 Electrolytic capacitor 50V, 10 uF
C6 Ceramic capacitor 50V, 2.2 uF
C8, C9 Electrolytic capacitor 25V, 470 pF
Cl1 Ceramic capacitor 2 kV, 22 pF
D1, D2, D3, D4 Diode 600V, 1A
D5 Fast recovery diode 600V, 3 A RL4A
D6 Fast recovery diode OV,1A SJPB-D9
D7 Fast recovery diode 600V,05A AGO1A
ZD1 Zener diode V;=18.8V (min.) SJPZ-E20
L1 @| CM inductor 10 mH
L2 Inductor 180 uH
R1 Resistor 0.33Q,1W
R2 @1 Resistor 10kQ, 1/8 W
R3 @| Resistor 47kQ, 1/8 W
R4 @ Resistor 4.7kQ, 1/8 W
R5 @ Resistor 6.8 kQ, 1/4 W
U1 AC/DC convertor IC 650 V/1.9 Q STR5A453D

D Unless otherwise specified, the voltage rating of capacitor is 50 V or less and the power rating of resistor is 1/8 W or less.
@1t is necessary to be adjusted based on actual operation in the application.
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STR5A450 Series

Important Notes

All data, illustrations, graphs, tables and any other information included in this document as to Sanken’s products listed herein (the
“Sanken Products”) are current as of the date this document is issued. All contents in this document are 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 therewith or (ii) physically,
chemically or otherwise processing or treating 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 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 or 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.

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

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 and 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 foregoing.

All technical information described in this document (the “Technical Information”) is presented for the sole purpose of reference
of use of the Sanken Products and no license, express, implied or otherwise, is granted hereby under any intellectual property
rights or 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, or 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 any information contained in this document (including its accuracy, usefulness, or
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 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 Technical 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 Technical
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 contents included herein.

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

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