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1. General Descriptions
The STR2A100 series are power ICs for switching grosupplies, incorporating a power MOSFET and a
current mode PWM controller IC in one packadecluding a startup circuit and a standby functionthe
controller, the product achieves low power consimnptiow standby power and high cost-effectivengsaer
supply systems with few external components.

2. Featuresand Production lineup
Features and benefitsinclude the following
< DIP8 package, connecting one side (pin5 to pin®) wipower MOSFET drain.
The distance between high voltage terminal andvoltage terminal is 0.762mm (0.3inches), and thdewi
drain trace is available to enhance thermal disisipaf the IC.
* Current Mode PWM control
 Built-in Random Switching Function, reducing EMlis®, and simplifying EMI filters, by the slight rdom
change of PWM frequencyydc
< Auto Standby Function (Input Powery & 25mW at no load)
Normal load operation ----------- PWM mode
Light load operation -------------- Standby mode (Btioscillation)
« Built-in Audible Noise Suppression Function forrelay mode
e Built-in Startup Circuit, reducing power consumption standby operation, and eliminating external
components.
» Bias Assist Function, improving startup operatisappressing ¥c voltage drop in operation, and allowing
use of smaller ¥ capacitor.
Soft Start Function, reducing stress of a power MBPBand secondary rectifiers at startup
« Built-in Leading Edge Blanking Function
« Built-in Slope Compensation Function, avoiding saohonic oscillation.
« Two Chip Structure, with a controller and a powedSFET guaranteed Avalanche Energy which is availabl
to simplify surge absorber circuits
» Protection Functions

—Overcurrent Protection Function (OCP) -------——- Pulse-by-pulse, built-in compensation cirdoit
minimize OCP point variation for AC input voltage

—Overload Protection Function (OLP) ------------—---- Auto restart, built-in delay timer to redudem-
perature rise

—Overvoltage Protection Function (OVP) --------——-Shutdown with latch mode

—Thermal Shutdown Protection Function (TSD)------Shutdown with latch mode

Product Lineup

Part Number fosc MOSFET Ros(on * Pour e Status
(kHz) Vpss MIN (V) MAX 230VAC/85VAC to 265VAC

STR2A152 3.0Q 30W / 23W Planning

STR2A153 67 650 1.9Q 36W / 30W Sample availahle

STR2A155 1.1Q 43W / 35W Planning

#1 The open frame conditions.
The listed output power is based on the therntalgs, and the peak output power is obtained bytth20
140% of the value stated here. In low output g@tand narrow ON-duty cycle, the output power may b
less than the value stated here.

#2 The preliminary values on IC development
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3. Functional Block Diagram and Terminal List

Functional Block Diagram

Vee T STRATUP D/ST

UVLO I+ REG |—» VREG ovpP TSD

o

o

PWM OSC ] > > =
SQ e DRV

Drain Peak current

vce oLP Compensation

4 Feedback
FB/OLP . ® . Control

3
Slop ‘T

GND
Compensation

LEB S/OCP

Terminal List Table

Number Name Functions
1 S/OCP MOSFET source / Overcurrent protectionrobpulse input
2 Vee Power supply input for control circuit
3 GND Ground
4 FB/OLP | Constant voltage control signal input £@wad protection signal inpyt
5
6
. D/ST MOSFET drain / Startup current input
8
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4. Package Information
» DIP8 package

9.4+0.3
8 5
11 —73
[ Jaf| o
sk[__Iof| 3
©
[ e
]
A
o \ ~
% ! «
o e J 3
o |
= | o
| 3 025w
I B
. 2.54TYP
0.89TYP
0.5:0.1

Material of terminal: Cu
Treatment of terminal: solder plating

Weight: Approx.

Unit: mm

0.51g

0~15° 0~15°

a. Type Number : 2AXXX
b. Lot Number
1st letter : The last digit of year
2nd letter : Month
1 to 9 for Jan. to Sept.
O for Oct.
N for Nov.
D for Dec.
3rd letter :  Week
1#~10": 1
11"~20": 2
21°~31%: 3
c. Sanken Registration Number

Copy Right: SANKEN ELECTRIC CO., LTD.
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5. Electrical Characteristics
¢ The STR2A153 of STR2A100 series is used as an deamp
« Certain details vary among the individual products.
¢ The preliminary values at IC development
5.1 Absolute Maximum Ratings T.= 25°C, unless otherwise specified
Parameter Termingl Symbol Ratings Unit Notes
Drain peak current g1 IbrEAK 4.4 A Single Pulse
Eas 72 mJ Single Pulse
Avalanche energy #og-1 Vpp=99V,
S/OCP terminal voltage 1-3 Vocp -2~6 V —
Controller IC (MIC) input voltage 2-3 Vee 32 \Y —
FB/OLP terminal voltage 4-3 Veg -0.3~14 V —
FB/OLP terminal sink current 4-3 les 1.0 mA —
%l
MOSFET power dissipation .| 8-1 R 1.76 W —
Controller IC (MIC) power dissipation 2-3 P2 1.3 W —
Recommended
. . o internal frame
Operating ambient temperature — Top -20~+115 C temperature
Te= 115C(Max)
Storage temperature — Tsig -40~+125 °C —
Channel temperature — Ten +150 °C —
#1 Refer to individual product datasheet for deth#sause these values differ among the variousuptod
types.
#2 The condition mounted on 15mxi5mm printed circuit board.
& Current characteristics are defined based on I€irds+, Source:.
5.2 MOSFET Electrical Characteristics Ta= 25°C, unless otherwise specified

. Ratings .
Parameter Terminal Symbol TN VP VAX Unit
Drain-to-Source breakdown voltag>'<<-:*1 8-1 Vpss 650 — — V
Drain leakage current 8-1 bk — — 300 HA
On-resistance g1 Ros(on) — — 1.9 Q
Switching time 8-1 it — — 250 ns
. sl Och-r _ _ 20
Thermal resistance o °C/wW
' Och-c — — 30

%3 0O-ris the thermal resistance between channel anchaitifame.

Och-c is the thermal resistance between channel and Case temperature {lis measured at the center

of the marking side.

Copy Right: SANKEN ELECTRIC CO., LTD.
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5.3 Electrical Characteristics Ta= 25°C, b= 18 V, unless otherwise specified

Parameter Termingl Symbol Ratings Unit
MIN TYP MAX

Operation start voltage 2—3 Veeon) 13.8 15.3 16.8 \%
Operation stop voltage #2—3 | Vccorn 7.3 8.1 8.9 Y,
Circuit current in operation 2—3 lccon) — — 25 mA
Minimum startup voltage 8—3 Vst(on) — 40 — \%
Startup current 8—3 Istartup -3.9 —2.5 —11 mA
Startup current supply threshold **| 2—3 | Vcceias) 8.5 9.5 105 V
Average switching frequency 8—3 | foscave 60 67 74 kHz
Frequency modulation deviation 8—3 Af — 5 — kHz
Maximum on-duty cycle 8—3 Dwmax 65 74 83 %
Leading edge blanking time — taw — 350 — ns
OCP compensation coefficient — Dec — 17 — mV/us
OCP compensation duty cycle limit — Dopc — 36 — %
OCP threshold voltage at zeroduty cycle| 1—3 Vocrw 0.69 0.78 0.87 \%
OCP threshold voltage at 36% dutycycley 1—3 VocpH) 0.79 0.88 0.97 \%
Maximum feedback current 4—3 IFB(MAX) —280 —170 —90 A
Minimum feedback current 4—3 ) —30 —15 —7 A
Oscillation stop FB/OLP voltage 4—3 VEB(OFF) 1.05 1.15 1.25 Y,
OLP threshold voltage 4—3 VEgoLp) 7.3 8.1 8.9 \Y
Operation current after OLP 2—3 lccioLp) — 230 — HA
OLP delay time — toLp 54 68 82 ms
FB/OLP terminal clamp voltage | 4—3 | VEscLavp) 11 12.8 14 \Y
OVP threshold voltage 2—3 Vecovp) 26 29 32 \%
Thermal shutdown operating temperature ~ — Tirsp) 135 — — C

»%4 The relationship betweenc¥gias) and Vecorrconsists of ¥eorr < Veceias):
% Current characteristics are defined based on I€irds+, Source:-.
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6. Typical Application Circuit

A typical application circuit is shown below. Thalbwing design features should be considered:

e D/ST terminals (pin 5 to pin8) are on one sidetaf tC. The PCB traces from them should be as wide a
possible, in order to enhance thermal dissipation.

* In applications having a power supply specifiedhstitat \fs voltage between D/T terminal and S/OCP
terminal has large transient surge voltages, a lamubber circuit of a capacitor-resistor-diode DJR
combination should be added between both sideswdhding P, or a damper snubber circuit of a capaci
(C) or a resistor-capacitor (C, RC) combinationudtidoe added between D/ST terminal and S/OCP tetmin

CRD clamp snubber

VAGC — —
fo51 s
ol 08— ‘%m
O— T”"
A D3
|
|
Py
éL jﬁ dﬁ i D1 R2
CA|  [D/ST D/ST D/ST D/ST W
T Zi .
Pad > STR2A100 sz
Damper snubber” | S/OCP#? GND FB/OLF ,
i 2[_3[ 14
Rocp c3 "
PC1

Figure 6 Typical application circuit example

——
9

0
GND
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7. Functional Descriptions
The parameter values in this section are baseldeo8TR2A153 specification, unless otherwise spetifi
The polarity of current is shown as “+"for sink oemt and “~" for source current based on IC

7.1 Startup Operation
The startup circuit is connected to D/ST terminal.

During the startup process, the constant currgitrus= —2.5mMA(TYP), VAC S\ "
charges C2 at ¥ terminal in figure 7-1, and whency terminal voltage — C1f
increases to Ycon= 15.3V(TYP), the control circuit starts switching I
operation. After switching operation begins, thartsip circuit turns off
automatically, to zero its current consumption. 5~8
The approximate startup timerAgrt, is calculated as follows D/ST D1 R2
Vee
2
Vece(on)— Vec(inT) 3
tstarT :CZX || P| ______ (1) oz (2 D
STARTU GND 3 _;_
where ¢ is in sec, — |
TR STR2A100

and Vecqnr is the initial voltage on Y terminal, in V.

. L Figure 7-1 eripheral circuit
C2 value is 10 to 44 for general power supply applications. ¢ \ec perip

Figure 7-2 shows the relationship ofdand kc.
When V¢ terminal voltage increases tedon= 15.3V(TYP), the control circuit starts switchingeration and

the circuit current,dc, increases. In operation, whegMerminal voltage decreases tedbre= 8.1V(TYP), the
control circuit stops operation by UVLO (UndervagléalLockout) circuit, and reverts to the state be&iartup.
The voltage from the auxiliary winding D in figurel becomes a power source to the control ciraudipieration.
The auxiliary winding voltage needs to be adjustedbout 15 to 20 V, taking account of the windtaghs of
the winding D so that ¥ terminal voltage should become as follows wittiie specification of input voltage
range and the output load range of power supply.

Vce(eias) = 10.5V(MAX ) < Vec < Vec(on) = 26.0V(MIN)

Circuit current
Bias Assist peric

kc A A
2.5mA(MAX) u Veeon)
15.3V(TYP; |
= 9.5V(TYP)| g Target operating voltage
9] T Veeias) N
o S
n 8.1V(TYP _
° vV ( ) P Startup failure event
CC(OFF) '
. Start of normal operation
Vecorm  Vecion VAC ON Time
8.1V(TYP) 15.3V(TYP)
Figure 7-2 Relationship of ¢ and k¢ Figure 7-3 \£c behavior during startup

at startup and shutdown

Figure 7-3 shows ¥ terminal voltage behavior during the startup pkridfter V¢ terminal voltage increases
to Vec(ony at startup, the auxiliary winding voltage on thiading D does not rise to the target operatingagst
immediately (which is set by the transformer rdigween the auxiliary winding and the secondarydinig),
and may fall down. When §¢ terminal voltage decreases t@dkias= 9.5V(TYP), Bias Assist Function is
activated so that the decrease gf¥erminal voltage is suppressed byaktup provided from the startup circuit.
In addition, Bias Assist Function allows C2 valaee reduced and allows the startup time to beeh@nd this
function allows the response of overvoltage detedth V¢ terminal to be faster.

Copy Right: SANKEN ELECTRIC CO., LTD. Page.9
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In actual power supply circuits,c¥ voltage often fluctuates according to the outputents of power supply as
shown in figure 7-4. This happens because C2 iggeldao a peak voltage on the winding D, whichagsed by
the transient surge voltage coupled from the pymanding when a power MOSFET turns off.

Suppressing C2 peak charging, it is effective td B@, of several ohms to several tenths of an ohraegries
with D1 as shown in figure 7-5. The optimum valdeR2 should be determined on actual operation &ith
transformer matching the power supply applicatioecause the variation of the auxiliary winding agk is
determined by the transformer structure design.

The variation becomes worse on the following coodg,
» The coupling between the primary winding and thepedary winding of transformer get worse, for exlemp

a transformer for power supply specifications vdtlv output voltage and/or large output current.
» The coupling between the auxiliary winding D and #tabilizing output winding (which is controlled a

constant voltage) gets worse.

Vee b Without R2
( 2|
Ve
STR2A100 572 Aqdition
GND
3
>
IOUT
Figure 7-4 Variation of ¥ terminal voltage Figure 7-5 \£c external circuit that is not
and power supply output current susceptible to fluctuation
with / without R2 resistor in power supply output current

Figure 7-6 and figure 7-7 show alternative desifprsthe location of auxiliary winding D as examplek

transformer structural designs.
« Auxiliary winding D is away from the primary windjs P1land P2 (sandwich structure) as shown in figiée

(Transformer structure exampl®).
» Auxiliary winding D is within a stabilizing winding1 (which is controlled as a constant voltagedhamsvn in

figure 7-7 (Transformer structure exampi®).

NINERNININ SFNSHIN

Py P4
S4
S D
P2 1
S2 S
D P2
P1, P2: Primary winding P1, P2: Primary winding
P1, P2 are sandwich P1, P2 are sandwich
structure winding structure winding
S1: Secondary control winding S1: Secondary control winding
S2: Secondary output winding S2: Secondary output winding
D: Auxiliary winding D: Auxiliary winding
Figure 7-6 Transformer structure exampl® Figure7-7 Transformer structure examp®

Copy Right: SANKEN ELECTRIC CO., LTD. Page.10
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7.2 Constant Output Voltage Control

The constant output voltage control of the powearpu uses
the current-mode control method (the peak curresde) STR2A100
which enhances response speed and provides stadyigtion. S/OCP GND FB/OLP
N 113 (4 Pc
When load conditions become smaller, the outputagel, L
Vour, fises, and a feedback current from an error digpbhn Rooe ﬁ 03— £ |FB
the secondary side also rises. This current covredgd to the VR1 T
feedback current is sunk by a photo-coupler at EB/O -
terminal as shown in figure 7-8, and thus FB/OLRBnteal Figure 7-8 FB/OLP peripheral circuit

voltage decreases.
This voltage is fed to Feedback Control block in. “3

Functional Block Diagram and Terminal List” secti@nd Target voltage added slope

is added the slope compensation signal to createatiget compensation signal
voltage, \sg, in figure 7-9. \4¢c is fed to the negative input /

of FB comparator. T Vse iy iy
The peak detection signal,gY converted from Drain Ve |
current, p, with Rocp is fed to the positive input of FB S/OCP terminal voltage
comparator. (Both sides voltage of &&p)

. FB comparator
The control circuit performs to decrease the peakent of P
Ip SO that \4; comes close to A& Drain current |/ / /
And this control prevents the output voltage from i Ip —

creasing. Figure 7-9 Drain currentp) and FB comparator
in steady operation

When load conditions become bigger, the contraudirper-

forms reverse operations to the former, and ine®dse peak
current of § so that \4; comes close to A& Target voltage

And this control prevents the output voltage froeemasing. /» without slope compensation
Generally, in the current-mode control method, scsnb-
harmonic oscillations shown in figure 7-10 occuzdtetically.

It is called the subharmonic phenomenon.

When the drain current waveform becomes a trapemoidn- —, ton1 , —
. . e | tonz

tinuous operating mode, the ON-duty cycle can rextome

stable in each cycle, and thus subharmonic osoitigtoccur in Cycle Cycle Cycle

multiples of the fundamental operating frequencgoading to

the initial value of drain current, even if the peaurrent level

set by the target voltage is constant.

In order to avoid this, the IC incorporates Slomenpensation Function.
Because the target voltagegd/ in figure 7-9 is added the down-slope compensasignal, the wider the
ON-duty cycle becomes, the smaller the peak dnairent becomes to suppress subharmonic oscillations
Even if subharmonic oscillations occur when thehd3 some excess supply being out of feedback d¢pstrch
as during startup and load shorted, this doesffexttgperformance during normal operation.

Figure 7-10 Drain current waveform
in subharmonic oscillation

In the current-mode control method, FB comparatml/@ OCP comparator may respond to the surgegmlta
resulting from the drain surge current in turning a power MOSFET, and may turn off the power MOSFET
irregularly.

Leading Edge Blankinggf= 350ns(TYP), is built-in to prevent OCP compardtom malfunction caused by
surge voltage in turning on the power MOSFET.

Copy Right: SANKEN ELECTRIC CO., LTD. Page.11
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7.3 Soft-Start Function
Figure 7-11 shows the operation image waveforniatigp.
Soft-Start Function is built-in to reduce stressvoltage and current of a power MOSFET, secondecyifrers
and so on. The period of Soft-Start Function igdixo 7ms internally. In this period, OCP threshabitages
increase with five steps.
It is necessary to check or adjust the followingstartup;
* Ve terminal voltage should be more thagc\oery
* The period when FB/OLP terminal voltage increasesOtP threshold voltage, o= 8.1V(TYP),
should be shorter enough than OLP delay tigig=68ms(TYP).

Ve terminal

voltage Startup ‘ Steady state
Vecon) - - ---- - - - ‘ |
Vecorrf -~ -
= Time
Drain curren %QThis I is limited by OCP operation.
Ip 1
= Time

- Soft-start period with 7ms fixed internally

Figure 7-11 Operation image waveform at startup

7.4 Automatic Standby M ode Function
Automatic Standby Mode is activated automaticallyew the drain currentp,l reduces in light load condition
and S/OCP terminal voltage decreases to less ##ntd 20% of the voltage of the maximum drain coirfé is
overcurrent protection state). And this operatiendmes the burst-oscillation as shown in figur7-1
The burst-oscillation reduces switching losses amgroves power supply efficiency because thererdesval
periods.
Generally the frequency of the burst-oscillatiorsét at just a few kHz, such frequencies are inrémge of
human hearing, to improve the efficiency in ligbad condition, and thus it may cause audible ndiges a
transformer.
Because the IC series limit the drain current §3 an 15% to 20% during the burst-oscillatiordilale noises
are well-suppressed.

Burst-oscillatior
t
Output current N

lout ' N

Limit of less than 15% to 20 %
of themaximun drain currer

'

Drain current
Ip

Normal loac Standby loa Normal loac
Figure 7-12 Automatic standby mode operation
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During the transition to the burst-oscillation Mt terminal voltage decreases tedkiag)= 9.5V(TYP), Bias
Assist Function is activated and stabilizes thexditg mode operation, becausgakrup IS provided to ¢
terminal so that ¥ terminal voltage does not decrease @ Mrr)

However, if Bias Assist Function is always activathuring standby mode, the power loss increasestefdre
Vccterminal voltage should be more thagcias), for example, by adjusting the turns ratio betwaeriliary
winding and secondary winding and/or R2 in figusg. 7

7.5 Random Switching Function
The IC modulates its switching frequency randomlighin Af= 5kHz of Average Switching Frequency,
foscave= 67kHz(TYP), by superposing the modulating freaqpyeon {scave) in normal operation.
The conduction noise with this function is smallean that without this function, and this functisimplifies
noise filtering of the input lines of power supply.

7.6 Latch Function
The latch function stops switching operation an@t@ection state is latched when OVP and/or TSDegtmn
functions activate.
After stopping switching operation with latch modés;c terminal voltage drops. Whency terminal voltage
decreases to M@as= 9.5V(TYP), Bias Assist Function is activated teyent \tc terminal voltagefrom
reaching \tcorry and then the latch function is maintained.
Releasing the latch function can be done whep términal voltage reachescyorr Or less by simply turning
off the AC input.

7.7 Overcurrent Protection Function (OCP)
Overcurrent Protection Function (OCP) detects eddin peak current level of a power MOSFET on
pulse-by-pulse basis, and limits the output powéis function incorporates AC Input Compensatiomdfion
to reduce OCP point variation for AC input voltagéthout any additional external components.

This OCP function detects the drain current by aeru detection resistor,dgr Which is connected between
S/OCP terminal and GND terminalWhen the voltage drop on both sides @fcRincreases to internal OCP
threshold voltage, the power MOSFET is turned off.

PWM control ICs usually have some detection delayeton

OCP detection. The steeper the slope of actuah drairent in Variation resulting

high AC input voltage is, the longer the actualegéon point is, from detection delay time
compared with internal OCP threshold voltage. Ahdst the B

actual OCP point limited the output current usudlhs some Low AC input]_.—"x

variation depending on AC input voltage as showfigare 7-13. e

The IC incorporates a built-in Input Compensatiamdition that
superposes a signal with a defined slope to thectien signal on
S/OCP terminal as shown in figure 7-14.
When AC input voltage is lower and the ON-duty eyisl wider, Output current,dur
the OCP compensation level increases. And thu©tP point
in low AC input voltage increases to minimize thffedence of
OCP points between low AC input voltage and high l&@ut
voltage.

P

.'%l ‘———l

¥ High AC inpu

Output voltage, Yut

|

Figure 7-13 Output current at OCP
without input compensation

Copy Right: SANKEN ELECTRIC CO., LTD. Page.13



m STR2A100 SERIESAPPLICATION NOTE Rev. 0.3

Because the compensation signal level is designedepend upon ON Time, OCP threshold voltage
after compensation, 3¢ponTimey is Calculated as follows.

Vocr(ontime)(V )=Vocp(L)(V') + Dec(MV / us) X ONTime( us) - 2)

where D¢ is OCP compensation coefficient shown in Electi@aaracteristics table.

However, in the ON Time when ON-duty cycle becor8é8 or more, OCP threshold voltage after com-

pensation remainsdép= 0.88V(TYP) constantly.
For example, when AC input voltage is 85VAC and ttamsformer is designed to become ON-duty cycle of

36% on maximum load condition, ON Time becomes abdius. And thus OCP threshold after compensation,
Voces.asy becomes about 0.88V, resulting from the equg@pn

265VAC(for example) 85VAC(for example)

0.88V(TYP)\

About 0.82\

o
a1
I

VOCP(ONTlme) (V)
After compensation

ot : I J
0% 15% 36% 80% 100%

<—— ON-duty cycle ——=>

Figure 7-14 Relationship of ON-duty cycle angcWontime)
at I)SC(AVE): 67kHZ(TYP)

7.8 Overvoltage Protection Function (OVP)
When a voltage betweency terminal and GND terminal increases tecovey= 29V(TYP) or more, OVP

Function is activated and stops switching operdbphatch Function.

When the auxiliary winding providesc¥ terminal voltage, OVP Function is available toet¢tthe overvoltage
of the output voltage, such as the detection difowioutput control is open in the secondary shiEgause ¥c
terminal voltage is proportional to the output agk.

The output voltage of the secondary side at OVRatio®, Vourtovey IS calculated approximately as follows.
Vout terminalvoltageat normaloperation><
Vce terminalvoltageat normaloperation

29V(TYP) ©)

VouTovr) =

Copy Right: SANKEN ELECTRIC CO., LTD. Page.14
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7.9 Overload Protection Function (OLP)
When the drain peak current is limited by OCP ofi@nathe output voltage, 3, decreases and the feedback
current from the secondary photo-coupler becomes 2 a result, FB/OLP terminal voltage increases.
When FB/OLP terminal voltage increases tesMp= 8.1V(TYP) or more and remains for OLP delay time,
toL,= 68ms or more, OLP function is activated, stopgching operation and reduce stress of a power MEJSF
secondary rectifiers and so on.
Each waveform on OLP Function is shown in figur&57-
When OLP Function is activated, Bias Assist Fumci® disabled and thusc¥ terminal voltage decreases to
Vccorr= 8.1V(TYP). After that, the IC reverts to the iaitstate by UVLO (Undervoltage Lockout) circuihca
the IC starts operation whentyterminal voltage increases tedon~ 15.3V(TYP).
And thus the intermittent operation by UVLO is rafesl. This operation reduces power dissipation usscthe
switching period in this intermittent operatiorsisort.
When such an abnormal condition is removed, theet@ns to normal operation automatically.

OWrns qi

V¢ terminal voltage

: : ya : Vce VI
Vecorr 8. 1V(TYP) o |7| ””” S STR2A100
= N A - Oscillation
Vesiop=8.1V(TYP) interval perio GND_FB/OLP
FB/OLP terminal voltage L e 3 4
Vs |- | eg o1
ot : o
Drain current o OLP delay t|m 1 p
., _ I -_ -

Figure 7-15 Each waveform on OLP operation andJtB peripheral circuit

7.10 Thermal Shutdown Protection Function (T SD)
When the temperature of the control part (MIC) lué tC increases tojFsp= 135°C(MIN) or more, Thermal
Shutdown Protection Function is activated and sswypghing operation by Latch Function.
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8. Design Notes

8.1 Peripheral Components
Take care to use properly rating and proper typsofponents.

¢ |nput and output electrolytic capacitors
Apply proper design margin to ripple current, vgitaand temperature rise. Use of high ripple curagiol
low impedance types, designed for switch mode pawpplies, is recommended.

e Transformer
Apply proper design margin to temperature rise dng doss and copper loss.
Because switching currents contain high frequengyeats, the some temperature rise may result tham
skin-effect. If the influence of skin-effect cantix® minimized, choose suitable wire gauge in @ersition
of RMS current in the current density of about 3A&dmnt.

If measures to further reduce temperature is rséitessary, use paralleled wires or litz wires twease
surface area of wires.

e Current detection resistor o

A high frequency switching current flows toofp, and may cause poor operation if a high inductance
resistor is used. Choose a low inductance and sy type.

8.2 Phase Compensation
A typical error amplifier circuit with a shunt relgtor (Z2) of secondary side is shown in figure.8-1
C7 is recommended about 0.047 to @B,7and should be adjusted on actual operation.
C3 between FB/OLP terminal and GND terminal showfigure 8-2 is for high frequency noise reductamd
phase compensation. C3 is recommended about 460pB1.F.
C3 should be connected close to FB/OLP terminal@N® terminal, and should be adjusted on actuataijos.

T

_ ey e T
‘5~8 [2 A °
D/ST vee zzc2 D
,06 STR2A100 4
S $/0CP GND_FB/OLP
T 13 14 Pel
ROCPE; I’
G3=—=
p 1
Figure 8-1 Peripheral circuit Figure 8-2 FB/OLP peripheral circuit

around secondary shunt regulator
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8.3 EMI Measure of the secondary rectifier
A general EMI measure of the secondary rectifiesshigwn in figure 8-3.
A snubber capacitor, £ in parallel to the secondary rectifier, is foisgreduction.
If ringing waveforms occur on the drain currenisitecommended to connect a damper resistgrirRseries to
Cqi as shown in figure 8-4, in order to reduce ringiayeforms, and to stabilize switching operation.
It is necessary to check temperature rise p&Rd G;.

e Q
D2
Drain currentg P g g S 05 Drain currents P § ES b2 3 (5
- ¢ > -
D1 R2 D1 R2
s Cozt
Gl bt EH T
Figure 8-3 Rectifier measure example Figure 8-4 Damper resistor example

8.4 PCB tracelayout and Component placement
PCB circuit trace design and component layout affeoper / —é
functioning during operation. Unless they are propwal-

[ ]
function, large noise and large power dissipati@y wccur. + \\ yes]
Circuit loop traces flowing high frequency curreas, shown in . * —§
figure 8-5, should be designed as wide, short andllsas x
B

N

possible to reduce trace impedance.
In addition, earth ground traces affect radiatiois@, and thus /

it should be designed as wide and short as possible 2

Switching mode power supplies consist of curreatds with Figure 8-5 High frequency current
high frequency and high voltage, and thus tracegdeand loops (hatched areas)
component layout should be done to comply withsallety

guidelines.

Furthermore, because an integrated power MOSFE€iig) used as the switching device, take accouttiteof
positive thermal coefficient of §2on) for thermal design.

Figure 8-6 shows a circuit layout design example.

(1) S/OCP Trace Layout: S/OCP terminal t&cRto C1 to T1 (winding P) to D/ST terminal
This is the main trace containing switching curseand thus it should be as wide and short aslgessi
If the trace distance between C1 and the IC istlgn@n additional capacitor near the IC or thadfarmer is
recommended to reduce impedance of high frequemcgrt loop, and is recommended either electrolytic
film type capacitors, around QH, in the withstand voltage suitable for an apptigakimum voltage.

(2) GND Trace Layout: GND terminal to C2 (negatigeminal) and T1 (winding D) to R2 to D1 to C2 (jive
terminal) to \&c terminal
This trace also needs to be as wide and shortsssiybe.
If the trace distance between C2 and the IC istlenglacing a capacitor around pFLto 1uF (50V) with
high frequency property is recommendetbse to \&c terminal and GND terminal.
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(3) Rocp Trace Layout
Rocp should be placed as close as possible to S/O@#ntdr The connection between the power ground of
main trace and the control circuit ground shouldcbenected by a single point (“A” mark in figure6g+to
remove common impedance, and to avoid interferehtge control circuit resulting from switching cents.

Figure 8-6 also shows a circuit layout design eXarfgr the secondary side.

(1) Secondary Smoothing Circuit Trace Layout: Tinfling S) to D2 to C5
This trace should be as wide and short as possible.
If the loop length is lengthy, surge voltage magré@ase at turning off a power MOSFET because leakag
inductance resulting from the long loop may incesas
Taking the secondary trace layout into accountvalable to increase the voltage strength margirthef
power MOSFET, and to reduce stress and power digsipof the clamp snubber circuit.

®
08 = R1 ; D2
—h
01 + ‘x D3 + C5
| : 35
D1 R2
s] 7] 6] s 102 )
CA| T[osst o/st o/sT njsT
T Z1
STR2A100
S/0CP  Vec  GND FB/OLP
Ty
103 , PC Main power circulit trace
EICH weerieek GND trace for the IC
C9

Figure 8-6 Peripheral circuit example around e |
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