Specifications No.SSE-24462
(Total Sheets 20}

Messrs.

TPV Technology Ltd.

Specifications of

SSC95228
LF No.—

RoHS Directive Compliance

Received by
Approved by Checked by Prepared by
) L .
7 M %—4 %m 4&4%
Hideki Nakamichi Daiji Uehara Alira Ichinose

Sanken Electric Co., Ltd. Engineering Headquarters Power Conversion Device Division

Issued Date 2009.709./01

Specifications Number SSE-24462

61428-01



SANKEN ELECTRIC CC., LTD.

" (i - k& F

sh44 1 SSC95228

LF No.—
7Y — & RoHS #5753
| Pb Free RoHS Directive Compliance
B BE fERR
Hideki Nakamichi Daiji Uehara Alkira [chinose

Bl rESERASE HINEE PCD HEH

HITHEHH 2011/03/30
TEREE SSE-24659

61432-01



SANKEN ELECTRIC CO., LTD

SSCO9522S

Scope

IC SSC9522S
The present specifications shall apply to a Monoalithic IC type SSC9522S for switching regulators.

Other terminals are guaranteed 2000V.

Outline
IC
Type Monolithic IC
Structure Plastic mold package (Transfer mold)
Applications Switching regul ator
(Ta=25 )
Absolute maximum ratings (Ta=25 )
Parameter Terminal] Symbol Ratings Unit Note
xs:n ferr:ni nal voltage 1-4 Vsen 0.3 Vrgeg Y
Input voltage for control part 2-4 Vee 0.3 35 \
IEB It3ermi nal voltage 3-4 Vee 0.3 10 %
gssste?mi nal voltage 5-4 Vess 0.3 12 Vv
chermi nal voltage -4 Vre 6 6 \Y
E\/Y inal t 9-4 lrv ’ ’ ™ DC4O
erminal curren 100 100 " Pulse40n25
8C?ermi nal voltage 6-4 Voc 6 6 Y
xG(E té_rmi nal voltage 11-41 VGL VReg 0.3 \
Eez ?ermi nal source current 8-4 Ireg 20.0 mA
\\;oiagezetsween VB and VS terminal | 410 | VeVs 0.3 15.0 \%
\\;S tSermi nal voltage 15-4 Vs 1 600 v
xGﬁ t;mi nal voltage 16-4 | VGH Ve 0.3 \%
Operating ambient temperature Top 20 85
Storage temperature Tsg 40 125
Junction temperature Tj 150
14 15 16 ( ) 1000V
2000V

Note Surge voltage withstand (Human body model) of terminal No.14, 15, 16 of this IC is guaranteed 1000V.
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SANKEN ELECTRIC CO., LTD SSCO9522S

Electrical characteristics
4-1 Vee 15V Ta=25
Electrical characteristic for control part V=15V (Ta=25 ), unless otherwise specified.

Rating
Parameter Terminal | Symbol MIN | TYP [ MAX | Unit | Remark
Start / Circuit current
Operation start voltage 2-4 Vce(ON) | 102 | 118 | 130 \Y;
Operation stop voltage 2-4 | Vcc(OFF) | 88 9.8 10.9 \Y;
Circuit current in operation 2-4 'cc(ON) 200 | mA
Circuit current in non-operation 2-4 lcc(OFF) 121 mA | Vo=V
Circuit current in latch-operation 2-4 lec(L) 12| mA | Vec=llV
OLP
OLPIlatch/ Latch from outside
FB
FB terminal source current 3-4 Irs 305 | 255 ) 205 ) WA
FB
FB terminal threshold voltage 3-4 Ve 655 | 705 | 755 |V
Css (1)
Css terminal threshold voltage(1) 5-4 Ves(D) 70 78 86 v
Ve ) Ve VCCLaoff)
Latch circuit release V¢ voltage 2-4 (La.off) 6.7 8.2 9.5 v <VCCorR
Oscillator
11-10
Mirimum frequency lo.qs | Fom 262 | 283 | 312 | kHz
11-10
Maximum frequency 16-15 Fowax) 265 300 335 | kHz
11-10
M aximum dead-time 16-15 Td(MAX) 1.90 2.45 3.00 s
11-10
Minimum dead-time 16-15 Tagny 025 1 080 | 075 | Ms
Control
FB
Burst mode start FB termina source| 3-4 lcont(1) -2.9 -2.5 21 mA
current
FB
Oscillation stop FB terminal source | 3-4 lcont(2) -3.7 -31 -25 | mA
current
Soft start
Css 5-4 le(C) | -021 | -018 | -015 | mA
Css terminal charge current =
Css _
Cssterminal reset current 5-4 lcss(R) 1.0 1.8 2.4 mA V=9V
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SANKEN ELECTRIC CO., LTD

SSCO9522S

Rating
Parameter Terminall  Symbol MIN | TYP | MAX | Unit | Remark

Over voltage protection / Thermal protection
OVP Ve 24 | Vow | 280 | 310 | 34.0 | V
OVP operating V¢ voltage
Thermal shutdown operating temperature Th o) 150
Detection of current resonant  Over current protection
Uncontrollability detection voltage -4 Vre +005 | £0155 | 20255 |V
RC (Hi speed)
RC terminal threshold voltage 7-4 Vre(S) +215 | £235 | £255 Vv

(Hi speed)
oC (Low) i
OC terminal threshold voltage(L ow) 6-4 Voc(l) 142 152 162 v
ocC (High) i
OC terminal threshold voltage (High) 6-4 Voc(H) 169 183 197 v
ocC (Hi speed)
OC terminal threshold voltage 6-4 Voc(S) 2.15 2.35 255 Vv

(Hi speed)
Css (L) 1.0 1.8 2.4
Cssterminal sink current 5-4 | les | (H) 12.0 20.0 28.0 mA

(S 11.0 18.3 25.0

Detection of voltage resonant

1
RV terminal voltage detect Resonance 9-4 Vrv(1) 3.8 49 54 \%
voltage(1)

2
RV terminal voltage detect Resonance 9-4 Vrv(2) 1.20 177 2.30 Y
voltage(2)
Stand by
Burst oscillation frequency 5-4 fess 70 105 130 Hz
ON OFF
ON OFF
Css (2 i
Cssterminal threshold voltage (2) >4 Ves(2) 0.50 0.59 0.68 v
Input voltage detect function
Vsen (ON) i
Vsen terminal threshold voltage (ON) 1-4 | Veen(ON) 132 142 152 v
Vsen (OFF) i
Vsen terminal threshold voltage (OFF) 1-4 | Vsen(OFF) 108 116 1.24 v
Supply of driver circuit
Vreq terminal output voltage 8-4 Vreg 99 105 — v
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SANKEN ELECTRIC CO., LTD

SSCO9522S

Rating
Parameter Terminal|  Symbol MIN | TYP | MAX | Unit | Remark
High-side driver
High-side drive operation start voltage 14-15 | Veuv(ON) | 63 73 8.3 v
High-side drive operation stop voltage 14-15 | Ve (OFF) | 55 64 72 v
Drive circuit
11-10 | IGL 1 " oay
VGL,VGH terminal out-flow source i SOURCE 515 mA VB(?O:'%V
16-15 | IGHsourcel VGL=0V
Current VGH=0V
11-10 | I1GLanl ey
VGL,VGH termind in-flow sink i SINK -685 mA \\//E';:leol(s)\év
16-15 IGHg Nk 1 -
Current VGH=10.5V
11-10 | 1GLsource2 e
VGL,VGH termina out-flow source i SOURCE 50 85 120 | mA V\(/;Is_==112(\)/ 5V
16-15 | IGHsource2 -
Current VGH=10.5V
11-10 | 1GLgnK2 e
. . i - SINK Ve=12V
VGL,VGH terminal in-flow sink 16-15 | 1GHgc2 -160 | -113 -70 | mA | \Glo1sv
Current VGH=1.5V
4-2
Thermal resistance
Rating
Parameter Symbol MIN TYP MAX Unit Remarks
MIC .
MIC junction-air Oj-a % W
110330 SSE-24659 4 20
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SANKEN ELECTRIC CO., LTD SSCO9522S

4-3
M easurement conditions

Measure
Parameter -ment Measurement conditions
circuit
Ve (Vsen=3V)
Operation start voltage 1 V cc Voltage to start oscillation operation.(Vsen=3V)
Ve (Vsen=3V)
Operation stop voltage V cc Voltage to stop oscillation operation.(Vsen=3V)
> lcc (Irg=-2mA)
Circuit current in operation Icc current in oscillation at maximum freguency.(lgg=-2mA)
lcc (Vee=9V  Vsen=3V)
Circuit current in non-operation Quiescent |cc current.(Vec=9V Vsen=3V)
1 OVP V=11V lcc (V Sen=3V)
In-flow current into Vcc termina in latch operating at
Circuit current in latch-operation Vc=11V.
(Vsen=3V)
FB Irg (Ves=5V)
FB terminal source current 3 I current.(Veg=5V)
FB Ves
FB terminal threshold voltage Vg Voltage to stop oscillation operation.
Css D Vs (Vee=15V  Voc=0V)
Cssterminal threshold Voltage(1) 4 Cssterminal voltage to stop oscillation operating.
(Vee=15V  Voc=0V)
OVP VCC VCC=15V
Ve
vee b cain Voo Voltoge thet to be reached wh
- certain V¢ Voltage as once to be reac when
Lateh circuit release Vce voltage 1 decreasing the V¢ \??)Itage after OVP in order to restart the
oscillation at V cc=15V when V¢ isincreased again from this
certain voltage.(Vsen=3V)
(Vee=15V  Vsen=3V)
Minimum frequency Oscillation frequency.(Vcc=15V  Vsen=3V)
2 (||:B=-2.0mA)
Maximum frequency Oscillation frequency.(lgg=-2.0mA)
1 Fvin (Vsen=3V)
Maximum dead-time Output dead-time at Foin(Vsen=3V)
Fmax) (Irg=-2mA)
Minimum dead-time Output dead-time at Fmax)(Irs=-2mA)
FB lrg=-2.0mA | css>0UA =
Burst circuit start FB terminal 2 FB terminal in-flow current at 1c<>0UA by increase Igg from
current -2.0mA.
FB ||:B:-2.0mA lFB
Oscillation stop FB  terminal FB termina out-flow current to stop oscillation operation by
current increase | from -2.0mA.
Css lcss (Vcc=15V V=0V VOC=0V)
Cssterminal charge current 4 Cssterminal in-flow current.(Vcc=15V V=0V, Voc=0V)
Css lcss (VCC:9V Vee=3V VOCZOV)
Cssterminal reset current Cssterminal in-flow current.(Vcc=9V, V=3V, Voc=0V)
VCC=15V VCC
OVP VCC 1 (Vsen=3V)
OVP operating V¢ voltage Ve voltage to stop oscillation operation by increase Ve
from 15V.(Vsen=3V)
110330 SSE-24659 5 20
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SANKEN ELECTRIC CO., LTD SSCO9522S

Measure
Parameter -ment M easurement conditions
circuit
RC 150kHz
6 =150kHz=+5% VRre
Uncontrollability detection voltage Vre voltage at which oscillation frequency = 150kHz == 5%
by input a Pyramid roof wave of 150kHz on RC terminal.
RC (HI speed) VRrc=0 ( ) lcss 10mMA Vkre
RC terminal threshold voltage 7 VRre voltage to make lcss 10mA by increase (decrease)
(Hi speed) Vge from OV.
VOC:O ICSS 1.0mA VOC
oc (Low) (Vee=15V  Vee=3V)
EI)_((:)vtv(;rml nal threshold voltage Voc Voltageto make lcs  1.0mA by increase Voc from OV.
(Vee=15V  Ve=3V)
. Voc=0 lcss 10MA Voc
oc (High) (Vee=15V  Vee=3V)
&?g;ﬁ)r minal threshold voltage Voc Voltageto make lcs  10mA by increase V oc from OV.
(Vee=15V  Ve=3V)
. 4 25kHz Voc
oc (Hi speed) (Vee=15V  Vee=bV)
OC termina threshold voltage _—
(Hi speed) Voc voltage to make oscillation frequency ~ 25kHz.
(Vee=15V  Ve=5V)
Css (Low) lcss .(Vcc:.15V Ves=3V  Voc=1.65V)
Css terminal sink current (Low) Css termina in-flow current.(Vcc=15V V=3V
Voc=1.65V)
Css (High) less (Vec=15V V=3V Voc=2V)
Cssterminal sink current (High) Cssterminal in-flow current.(Vcc=15V V=3V Voc=2V)
Css (Hi speed) lcss (Vee=19V  Vge=2.8V)
Cssterminal sink current 6 Cssterminal in-flow current.(Vcc=19V  Vgc=2.8V)
(Hi speed)
RV terminal voltage detected Vgv Voltage to stop oscillation operation by increase Vgy
Resonance voltage(1) 10 from 3V.
RV terminal voltage detected Vrv Vvoltage to stop oscillation operation by decrease Vgy
Resonance voltage(2) from 3V.
5 l;g=-3.5mA Css
Burst oscillation frequency Cssterminal oscillation frequency at 1gg=-3.5mA
Ves=0V Vess
Css ()] 4 (Vee=19V  Vsen=3V Voc =0V)
Css terminal threshold voltage (2) Vs VOItage to stop oscillation operation by increase Ve
fromOV .(Vcc=19V  Vsen=3V Voc =0V)
Vsen (ON) Vsen=0V Vsen
Vsen termina threshold voltage (Vec=15V)
(ON) 1 Vsen voltage to start oscillation operation.(Vcc=15V)
Vsen (OFF) Vsen=3V Vsen
Vsen termina threshold voltage (Vee=15V)
(OFF) Vsen voltage to stop oscillation operation.(Vcc=15V)
2 VReg (Irg=-2mA)
VReq terminal output voltage V greq VOItage at oscillation operation.(lgg=-2mA)
110330 SSE-24659 6 20
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SANKEN ELECTRIC CO,, LTD SSC9522S
Measure
Parameter -ment M easurement conditions
circuit

V=0V VGH Vg

Voltage Vg to start VGH oscillation operation by increase Vg
High-side drive operation start from OV.
voltage 8

V=10V VGH Vs

Voltage Vg to stop VGH oscillation operation by decrease Vg
High-side drive operation stop from 10V.
Voltage

VRey /VE=10.5V, VGL/VGH=0V VGL/VGH
VGL,VGH termina out-flow VGL/VGH terminal out-flow current at Ve /Vg = 10.5V,
source current VGL/VGH =0V

Vrey/Ve=10.5V, VGL/VGH=10.5V VGL/VGH
VGL,VGH termina in-flow sink VGL/VGH terminal in-flow current at  Vgeyg /Vg = 10.5V,
current 9 VGL/VGH = 10.5V

VGL,VGH terminal out-flow
source current

VGL,VGH terminal in-flow sink
current

Vgeg V=12V, VGL/VGH=10.5V VGL/VGH
VGL/VGH terminal out-flow currentat  Vgey /Vg = 12V,
VGL/VGH =10.5V

Vreg V=12V, VGL/VGH=1.5V VGL/VGH
VGL/VGH terminal in-flow current at = Vgeg /Vg = 12V,
VGL/VGH =15V
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SANKEN ELECTRIC CO,,

LTD

SSCO9522S

4-4

Measurement Circuit

1 Measurement Circuit 1

. Vovp
lcc———= EVsen (ne 18 Ve (ONY /_mx 15
—{ _ +—2]vee (NCYLT Y /\VC“OFF) oot
— 3|8 oy VGHE—O et | [ I A A
(q\]
we | e 8w [
180kQ
——5]css 8 VB[T4—]
Vsen g w Icc(OFF) § u Icc(L)
/-42’ —5loc o 03 16 T T of
—7IrC (N2 H
L —{8Reg VOLI—O {
Vess 4
5y [9]rv COM'EI—- o L e e .
1 N
A ]' g
VOH——— L
2 Measurement Circuit 2 Td(MAX) Td(WAX)
'Tv. NC)IL8]
= 11{Vsen (NOC)
—@—EVCC (NC)
—E (7p]
3|rB N VGH(L VOD15v
vee —14]eND o Vs
T 15V
Bl 8 L =
3V wn -
- IFB 4‘50(‘: (NC) —IJ_l_ ’>
C_?T —{7]Jre (NC) S VIR R N .
CSS}
8 [Reg VGL _j_\_/—
9Rv CoM
5V VOH—— o
I Td(MIN) Td(MIN)
33pF
3 Measurement Circuit 3
®
[1]vsen (NC)[L8|
[2]vce NC)IL
= {2] (o)L
— __ r—13]r8 g VGH[I6—O
vee —en Ny vs[B——
15V
\Z/,FB —T—5]css § vB[L4} d
i i t—Glc L o
_;/g\?s—i RC (NC)E
8|Reg VGL[II—O
[]rv COM[TO———
L
M T g
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SANKEN ELECTRIC CO., LTD

SSCO9522S

4 Measurement Circuit 4

N
[T]vsen (NC)
[2]vee (\C)
g Bl § VGH
—4lenD Lo Vs
/_4@ 180kQ 8
—5lcss B W
3y w
O | ok o)
Icss
8 |Reg VGL
/ / [e]rv COM
Vess /| Voc w
S
T s

jﬂ"\TEIIEILE_IIEITJEJEI

5 Measurement Circuit 5

M
{1]|vsen (NO)[Lg]
[2]vce (NO)[L7]
vee| [3]FB wn VGH[16—0
15vT A
g T e ——@on Vs[5
Or—P—5]css 8 vB[14]
)
vl t——T6loc N o3
T, t—1ZRe o2
J
§| —18]Reg VGL[II——O
© w
1§ [o]rv COM{LOH—
o
6 Measurement Circuit 6
[ ]
{T]vsen (NC)L8]
[2]vee ()|
Vce
 E—
157 3|FB . VGH{I6—0
1BkQ  —dlown & VSEE——
T —5]css § VB[4 N
3V 5v
T - +—6loc 7D K
—{T7re (o2
8|Reg VGL[II——©0
[9]rv CcoM [LO———¢
Vrc A ]
110330 SSE-24659 9 20
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SANKEN ELECTRIC CO., LTD

SSCO9522S

7 Measurement Circuit 7

°
[T]vsen (NC)(L8
[2]vee (NO)LT
v
L [3]FB VGH[I6——0
VI | 1s0ke n
less o0 Y VS[LE——
—O-PM—T5kss & B 0
O
3v
T - 3V 45 oC % (CN)E'
——-/7]rec (NOYIF——1
8|Reg VOL[II——O
[9]rv CoMfto——— "
Vrc ﬁ
g S o
8 Measurement Circuit 8
— @
[1]vsen (NO)[Lg]
[2]vce (NO)LZ
—— 3B n VGH[L——O
N =
15v] 180kO—14]GND % VS[15} y
§ —M—5|css % VB[L
VL +——T6]oc BN (o &
+—17]Jre (o2
—8]|Reg VOL[I—o0
sv] 1 [Orv COM[LO———
T w
g
o
9 Measurement Circuit 9
[1]vsen (NC)(L]
[2]vee (NC)
{3]FB VGH [16]
™ %
1y | | 180kQ —Zen N Vs
T Lo
M™—5]|css 8 VB
3V
T 5V —{6loc 7S
T [7Irc (NC)
[8]Reg VGL
Vrc
/--/ [o]rv COM
VReg L
- = 2
N
o
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SANKEN ELECTRIC CO., LTD SSCO9522S

10 Measurement Circuit 10

®
[1]vsen (NO)IF
[2]vee (NOLZ
{3]FB n VGH[16——0
I\
15v] 180kQ—14]6ND % VS[IG———
o) Al N
§ —P—5]Css % VB[4
¥ r—6]oc 7p) o3
+—7Ire (O
8|Reg VGL[I—0
vl 9Rv com [lo———4
Vrv 1%
TS
Vg O'
110330 SSE-24659 11 20

61426-01



SANKEN ELECTRIC CO., LTD

SSCO9522S

Block diagram
ettt ittt leieinlatetiets ' 14
! Ve
VCC %)ﬁi E
i i
; START/STOP L 16
: Reg /Bias Level |}—I Q—Q VGH
; OVPILatch Shift i
4] 1 High Side Driver _O_(' 15
GND Q—O-GND : P Vs
1( ; Input A
Vsen O ¢. Sense Main
E OLP
, Dead
3 FB - Frequency — — —¢
FB Q ¢. Control Control Time
E Freq
C 5()_<')_ Soft-Start/OC _I Max
5s , Standby Control
Function of terminal
Terminal Symbol Description Functions
1 Vsen (AC ) (AC )
Detection of input AC line voltage terminal Detection of input AC line voltage
2 Ve .
Power supply terminal Supply voltage for control
3 FB FB
Feed back terminal Control for output/detection of over load
4 GND Ground for control terminal Ground for control
5 Css Css
Soft start capacitor terminal Terminal for connection of capacitor for soft start
6 oc oc
Over current detection terminal Detection of over current
7 RC RC
Resonance current detection terminal Detection of resonance current
8 R Reg
9 Internal regulator terminal Supply voltage output for gate drive circuit
9 RV RV
Resonance voltage terminal Detection of resonance voltage
10 CcoM Ground for power terminal Ground for power
1 VGL Low-side gate drive terminal Low-side gate drive
12 13
17 18 NC NC None
14 Vg L . ) S .
High-side gate drive supply terminal Supply voltage for High-side gate drive
15 Vs Lo . . . S . .
High-side drive floating ground terminal High-side drive floating ground
16 VGH High-side gate drive terminal High-side gate drive
110330 SSE-24659 12 20
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SANKEN ELECTRIC CO., LTD SSCO9522S

7
Example application circuit

ouT
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SANKEN ELECTRIC CO., LTD SSC9522S
8
Package information
8-1
Package type, physical dimensions and material
HHHHHHHEHAH i
slislicllolls]2]2]is] N3
pE—— SROCO || 4|
N 2R a0 5|~
] osaos BHBHHE6EAD
e | 0.62
|
114+ 0.3
N
o
0 10° +|
©
i
[ \
lmimimimininininij
SSC9522S — AN
Type symbol : SSC9522S 127 10.25‘ ‘
1 —
o
SK
SK Lot number °

Thelast digit of year

Month
1 9 19
1to 9 for Jan. to Sep.
10 O
O for Oct.
11 N
N for Nov.
12 D
D for Dec.

day
1 10 1
1 10day
11 20 2
11 20day
21 31 3
21 3lday

letter Sanken registration symbol

0.42 %%

mm

Dimensionsin mm

0.279
Weight : Approx. 0.27g

Cu
Material of terminal : Cu

Treatment of terminal : Solder plating

110330
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SANKEN ELECTRIC CO., LTD SSCO9522S

8-2
Appearance

The body shall be clean and shall not bear any stain, rust or flaw.

8-3
Marking

The type number and lot humber shall be marked on the body with laser enough to be read and firmly
enough to not be erased easily.

Packing specifications

9-1
Minimum type of packing

1)
Reel Drawings
____.___f_
_“‘3;:1 o
=
_ A mm

295+1.0 Dimensionsin mm

2

Carrier Tape Drawings

EYAR Sprockethole  gosese xzm4 Rectangularly-hole

03 _, / $1.55 o component compartment
T ST / 5 ¢ Direction of unreeling
e?’ @%Hﬁg@%q ] B &L B

o 0O000C0O0O0O0O0CO0

oot o SrTer o Eﬂ

287 84 | 120 40
= < I =

mm
Chip 20 Dimensionsin mm

pry

ipinv-=4%
1pin Mark

110330 SSE-24659 15 20
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SANKEN ELECTRIC CO., LTD

SSCO9522S

(©)
Quantity
9-2
Reel packing
D
Inner box
2
Capacity
9-3
Reel packing
D
Outer box
@)
Capacity

2000
2000pcs per redl

360 360
o
-
mm
Dimensionsin mm

Cellophane tape

1

1 reel per box

3
3inner box per outer box ( Maximum quantity of products :6000 pcs)

mm

Dimensionsin mm

110330
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SANKEN ELECTRIC CO., LTD SSCO9522S

Cautions and warnings

A CAUTION/ WARNING

Since reliability can be affected adversely by improper storage environment and handling methods during
Characteristic tests, please observe the following cautions.

Cautions for Storage
e 5 35 ) 40 75

Ensure that storage conditions comply with the standard temperature (5 to 35 ) and the standard
relative humidity (around 40 to 75%) and avoid storage locations that experience extreme changes
in temperature or humidity.

[ J
Avoid locations where dust or harmful gases are present and avoid direct sunlight.
[ _J
Reinspect for rust in leads and solderability that have been stored for along time.
Cautions for characteristic Tests and Handling
[ _J
When characteristic tests are carried out during inspection testing and other standard tests periods,
protect the devices from surge of power from the testing device, shorts between the devices and
the heatsink.
Soldering
[ _J
When soldering the products, please be sure to minimize the working time, within the following
conditions.
260 10s 2 Flow 2 times
380 3.5s Soldering iron
110330 SSE-24659 17 20
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SANKEN ELECTRIC CO., LTD SSCO9522S

Considerations to protect the Products from Electrostatic Discharge

[ _J
Q

When handling the devices, operator must be grounded. Grounded wrist straps be worn and should
have at least Q of resistance near operators to ground to prevent shock hazard.

[ _J
Workbenches where the devices are handled should be grounded and be provided with conductive
table and floor mats.

[ _J
When using measuring equipment such as a curve tracer, the equipment should also be grounded.

[ _J
When soldering the devices, the head of a soldering iron or a solder bath must be grounded in other
to prevent leak voltage generated by them from being applied to the devices.

[ _J
The devices should aways be stored and transported in our shipping containers or conductive
containers, or be wrapped up in aluminum foil.

110330 SSE-24659 18 20
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SANKEN ELECTRIC CO., LTD SSCO9522S

Others

Application and operation examples described in this document are quoted for the sole purpose of
reference for the use of the products herein and Sanken can assume no responsibility for any
infringement of industrial property rights, intellectual property rights or any other rights of Sanken
or any third party which may result from its use.

When using the products specified herein by either (i) combining other products or materials
therewith or (ii) physically, chemically or otherwise processing or treating the products, please duly
consider all possible risks that may result from all such uses in advance and proceed therewith at
your own responsibility.

Although Sanken undertakes to enhance the quality and reliability of its products, the occurrence of
failure and defect of semiconductor products at a certain rate is inevitable.

Users of Sanken products are requested to take, at their own risk preventative measures including
safety design of the equipment or systems against any possible injury, death, fires or damages to the
society due to device failure or malfunction.

Sanken products listed in this document are designed and intended for the use as components in
general purpose €lectronic equipment or apparatus (home appliances, office equipment,
telecommunication equipment, measuring equipment, etc.).

Whenever Sanken products are intended to be used in the applications where high reliability is
required (transportation equipment and its control systems, traffic signal control systems or
equipment, fire/crime alarm systems, various safety devices, etc.), and whenever long life
expectancy is required even in general purpose electronic equipment or apparatus, please contact
your nearest Sanken sales representative to discuss and obtain written consent of your specifications.
The use of Sanken products without the written consent of Sanken in the applications where
extremely high reliability is required (aerospace equipment, nuclear power control systems, life
support systems, etc.) is strictly prohibited.

110330 SSE-24659 19 20
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SANKEN ELECTRIC CO., LTD SSCO9522S

IC (Ti)

In the case that you use our semiconductor devices or design your products by using our
semiconductor devices, the reliability largely depends on the degree of derating to be made to the
rated values. Derating may be interpreted as a case that an operation range is set by derating the
load from each rated value or surge voltage or noise is considered for derating in order to assure or
improve the reliability. In general, derating factors include electric stresses such as electric voltage,
electric current, electric power etc., environmental stresses such as ambient temperature, humidity
etc. and thermal stress caused due to self-heating of semiconductor devices. For these stresses,
instantaneous values, maximum values and minimum values must be taken into consideration.

In addition, it should be noted that since power devices or IC’s including power devices have large
self-heating value, the degree of derating of junction temperature (Tj) affects the reliability
significantly.

Anti radioactive ray design is not considered for the products listed herein.

Sanken assumes no responsibility for any troubles, such as dropping products caused during transportation out of
Sanken’s distribution network.

110330 SSE-24659 20 20

61426-01
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TPV TECHNOLOGY LIMITED

Approval sheet Checklist

Page:1/1

TPV's PN -

Supplier's P/N'

§§C95228

Supplier Name

Sanken Electric Co. , Ltd.

2011/09/20

Check Items

5
B

: |Content

Page No

Check Result |

_Remark

Supplier's product part name -

_ Suppher s part number

Suppher s part numbenng deﬁne e

Outline package & drawmg

<

Dlmensmns

<

Marking

Electrical charactenstlcs

Tj or Tc specification

W |~ |Cviu | w]bo)|—

Storage envuonment condmons

—
<

Tapmg/Packmg specification - 'i §

<<

—
—

IR reﬂow

—
[\

Rehablhty test

12-1 Pre—Condmon

25 HTST_:-:

12-6 HTOL

12-7 Solderablhty test

12-8ESD

12 9 Latch up

12—10 MSL Level

13

13-1 Raw Material List

13-2 Guarantee Letter

13-3 3" test report(SGS/ETC+) .

13-4 Tin Whisker report

(Pin pitch<0.5mm)




TPV

TPV TECHNOLOGY LIMITED
Product Information Page:1/3

Product Name : SSC95228 Start Date of Production : __2011/08
Process: _1_ pm, _2_Poly _2_Metal layer *1 Wafer Diameter : 6 inch *
DieSize: __2.91X1.03 mm/3.35X1.65 mm Chip(Die) Coating : IjNo , [XYes =
Testing Fault Coverage : - % MTTF(Mean Time To Failure;_ --- _FIT
DPM(Defect Per Million): PPM *5 Circuit Design Center : __Sanken Electric Co. .Ltd.
Design Center Location : __Saitama Japan Test Ambient Temp. at: - C,_23+5 C,--- C,*
Burn-In Test IZNO |:|Yes _° ,_hrs Moisture Sensitive Level ; 1 *|
Packing Spec1ﬁcat10ns:E'E]Tray XReel EITube *3  Packing with MBB *2 : [.j.Yes , No *]

Lead Coplanarity spec. : 0.1 mm

Iead Plating thickness spec. : 0.005~0.015 mm

. Fab Site -2 *1

o Fab Loca on

Fab. Loca’uon

Polar Semlconductor Inc. MN USA

Trace Code for Fab site :

[ Chip Probing (Wafer Sort) Site - -1

C/P TestingHouse |  C/P Locat;on

Yamagata Sanken Co. ,Ltd. | Yamagata Japan

sembly Slte 1 *1

oo Aol Electronics
=72 Co. ,LTD.

| Kagawa Japan

.| Epoxy

30 yum

Au

Copper

| Laser

Plating or Solder Ball | $p 97 5%
Composition and = .=
thickness:

Ag2.5%

“Trace Code fozf As_sy_house ——

_Trace Code for Assy house

Supplier Name: Sanken Electric Co., Ltd

Supplier Signatory:

2011 /09 /20

Date:




TPV

TPV TECHNOLOGY LIMITED

Product Information Page:2/3

[0 Assembly Site—3 1 1.: .

{1 Assembly Site — 4 *1

Assembly House Company

‘ Aésemblj Hduse Company

Assembly House Location

“Assé,r'p‘ﬁlyzﬂouse Location

Molding Compound Moldihg Compound
Epoxy Epoxy. -

Bonding Wire Diameter ‘Bonding Wire Diameter
Bonding Wire Material BondmgW1re Material
Lead Frame Material . “Lead Frame Material
Ink for Top Surface Ink for Top Surface
Plating or Solder Ball Plating or Solder Ball =
Composition and Composition and
thickness * thickness: . -

Trace Code forAssy house. -

Trace Cd_(iié;fdir Ass_y‘house.

“"“T1. Final Test Site ~2 *1

[1 Final Test Site—1*1

o : Aoi Electronics
Final Test Company

Final Test (fompany '

Final Tsst Location

100% Lead Scan before
Shipping

Co. ,.LTD.
,F‘ inal Test Location Kagawa Japan
100% Lead Scan before
‘Shipping
Trace Code for F/T

Trace Code for F/T

0 Final Test Site —3 *1 -

[0l Final Test Site — 4 *1

Final Test Company Final Test Company

Final Test Location Final Test Location

100% Lead Scan before . 100% Lead Scan before

Shipping ' & Shipping

‘Trace Code fbr F/T = - Trace Code for F/T

*1 : Any change of IC Circuit Design, Wafer Mask, , Manufacturer Location, Material, Diameter, Electric Testing

parameter, Product Data Sheet, Marking on top side surface, =~ Supplier must issue PCN(Product Process
Change) to TPV and get TPV approval to TPV and get TPV RD-CE approval

*2 : MBB : Moisture Barrier Bag (J-STD-033)

*3 : Any Information change of Label Marking, Supplier must issue PCN(Product Process Change) to TPV.
*4  Product version recognition must be shown on the Shipping Label of outer and Inner box,
Product version recognition must be shown marking of the top side surface of product.

*5: DPM: Means Defect per million for customer.

Other : Product which shipped to TPV, Product date code must be within one year.




TPV

TPV TECHNOLOGY LIMITED

Product Information

SSC95228

SSC95: Series Symbol
12 : Development Number

S: PKG Symbol

Type Symbol

g E E g SK + Lot number
R 5 5 5 Sanken Registration Symbol
@|®|®||@

SSC9522S : Type Symbol

/"1 53095298 -TL

*2 Pb Free

* *4

-

XKXXX HOXXXKK

| TL : Reel Type

*5 A FEREER K

" LB

J

1 No.D~No.D

Assembly Lot Number

Bar Cord




SANKEN ¥ &4k

Label Size

T | BEECREE” RolS” FREmEfES » AP EH

#Carton
/ LT
x-‘. “‘“-1 L AL ;:.bllnl..llIlq
/"“-\“ [ COMMDOITY:
< v > i
T~ LOT NO.

, N W.

CINO. e

Carton size:Anomaly
#TPV RoHS product stick RoHS blue word seal on the

upper-right corner of the side mark of carton



RoHS FET[1EE/ He B2 EiE

RoHS Component Solderability/Resistance to Soldering Hea SPEC

—DIP JFE, Wave Solder BE
(MNP Cropresesn | Werve Soieler |

THERE W RIS U R

Bobderahility Test Conditsn  THMP 255 -5/+0 T Tome, 35305 se
M SN LLE
fudgment: 0% coverage,
TESEENE] Ralls EE [ 8N
Mewse e aftacheern o didely

MR R EET -0 T EEI0H0S see 5T
Besigtmmy 10 Soldering Heat Test Condition - TEMP, 20 =042 T Time, 10405 soe { Tormuml)
BEEE: EAETT0 002 T EHEI2040.5 see [E00]

Reststanee 1 Sokbering Feat Test Condition : TEMP 270041 T Tima. 2041 § eae (Fadv)
FE e AN AR T e
PRSI F T RolS WEETNRAT]
"ense see altachmemi for details

TEMD W%, Sobder Reflow BUR

(SMT Commpenent , Solder reflow)

EHPE AN B S A T SRS S e
Solderability . Test Condition  TEMP 255 <540 T Time. 2530 5 sex
o 5L UL E
Jdgment: 80% coverage,
RIS BN RoHS S04 a7
PMesse see uttachment [or dedals

VRN T NS 85 T EEWI0 -84 S aec

Resstancs i Soldermg Hhast Tesl Condihon - TEMP. 265 -043 T Time. |0-845 s { lermimal}
T AN EENERSEREATEE
Jodgment: Meel the origins] Mechanical and Bledincal SPEC
FEUEE I RN RoHS TP T MmN
Plonse seg witachmens for detsils

PBPER b

—Ralls Bt TENHER

ZHaHs Wit ERESEN

= Tempersiwe-Time profiles (Wave Solder and Salder Reflow)
A Solder Paste SPRC,

B T S WP RS




Actually pacakge thermal profile

SPF _reflow profile

SFP yoo—JO7rq 0
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Reliability Test Data

EEMEHET 5

TPV Technology Ltd. fHf

Type for switching regulators IC SSC9522S(Pb free)
A AyFU V¥ 2L-4RIC $S8C9522S(Pb7')—)

This reliability test data will apply to SSC9522S(Pb free).
AEEMUREBRT—421XSSC95228(Pb ) —IZ DN TEEMEERIAL-HD TT,

Applicable Device: SSC9522S(Pb free)
R G S$SC9522S(Pb7')—gn)

Moisture Sensitivity Level (JEDEC J-STD-020C)
iifiELA' N (JEDEC J-STD-020C)
Moisture Sensitivity Level — 1

ELAL -1
1. Failure Criteria (Ta=25°C)
Codi e fr 2

A: Appearance The body shall be clean and bear no stain, rust or flaw.

e BB BREFRBETHIL

B: Solderability More than 95% coverage.
FAEMEE  SLILLABDIE,

DATE ISSUED: 28,Sep.2011
1780 201149H28H Device Quality Assurance Department
PREPARED BY: Quality Assurance Headquarters
R L A
. =] = 7| = ,3 =] e
;HEECKED BY: -“:&{"_ §£U B RIEARES T /N R B RFESR
APPROVED BY: I REF. NO
e T el RE11219A 1.5




C: Electric characteristics

BRI
Measurement Rating

Measurement Items Symbols Conditions HRE Units | Remarks

FIEIEE e B E &4 Min. Max. | Bifii | & &

= M & XK

%‘J’;;a%?;%j%‘%;ge VCC(ON) 816 | 156 | V l']’; ?2
;‘J’;;agjj‘:%’;ﬁ%ta‘ée VGC(OFF) 704 | 1308 | v l']’; ?2
;}”x:#‘:gg‘%%pmm” IGC(ON) - 24 | mA l']’; ?2
;E%;;;;E”g%%‘”eram” 1cc(oFF) | VOOV - | 144 | maA l']’; ?2
;rjgéju;eﬂr; Igl g%;j%peration ool VooV " a1 | on b); (1):2
EBB;;-;-';;EO%;% ourrent IFB ~366 | -164 | uA l']’; (1)2
E:;%}_”“T;::E‘%‘g'tage VFB 524 | 906 | Vv l']’; ?2
T | o oo o | v L0
o o o
g}g%“};;;”e“y F(MIN) 2096 | 3744 | kHz l']’; ?2
g%r‘;%’;f&fcg“ency F(MAX) 212 | 402 | KkHz l']’; ?2
g;m;.mji??j'_’\“e Td(MAX) 152 | 36 | us l']’; ?2
S o o [ [0
gii;%r;;:'frgj%‘%e”t 1Css(C) 0252 | -0.12 | mA l']’; (1)2
o e css® [V 08 | 288 | ma | %0
g\\/;;’]‘;,ﬁ”\t/iggc\%g°'tage VOVP 224 | 408 | v l']’; ?2
%}i’;;'éﬁ';{g;‘%‘;;w'wge £VRC 0044 | 0306 | V l']’; ?2
:g;%r;”:;:g‘%‘gz’g?fpeed) £ VRG(S) 224 | 396 | v l']’; ?2
gg;%gﬁ;::g‘%‘g?ﬁ?:ﬁ;”igh) VOG(H) 1352 | 2364 | v l']’; ?2
e o v o
RV _terminal voltage detect Resonance Lx 08
BE AR TEEQ) VRV(D 304 ] 648 | VL
RV _terminal voltage detect Resonance Lx 08
BEABREBTEEQ VRV@) 096 | 276 | V|, 4,
SSC9522S(Pb free) RE11219A 2/5




C: Electric characteristics

ERMEE

(2)

Measurement Rating
Measurement Items Symbols Conditions HRE Units | Remarks
HAIEIEE LS BIEE&H Min. | Max. | BEGZ | & &
& ME&ER XK
Lx 0.8
(L) 0.8 288 | mA Ux 12
Css terminal sink current Lx 0.8
- o IC H 9.6 33.6 A
CssimFI U VBR 58 ) ™ yx 12
Lx 0.8
(FL) 8.8 30 mA Ux 12
Burst oscillation frequency Lx 0.8
. . fCSS 56 156 H
IS—REREE " | ux 12
Css terminal threshold voltage (2) Lx 08
- VCss(2 04 | 0.816 \'
CestiFLEVVEBEQ) ss(2) Ux 1.2
Vsen terminal threshold voltage (ON) Lx 08
“ \% ON 1.056 | 1.824 \'%
VseniiiFL =L VERE(ON) sen(ON) Ux 1.2
Vsen terminal threshold voltage (OFF) Lx 0.8
“ V OFF 0.864 | 1.488 \'%
VseniiF L& Vil £ (OFF) sen(OFF) Ux 1.2
VReg terminal output voltage Lx 0.8
o . VR 792 | 13.32 \%
RS/ \—BREE o8 Ux 1.2
High—side drive operation start voltage Lx 0.8
o= o VBUV(ON) 5.04 | 9.96 \
NAYARRSAN—BNERIREE Ux 1.2
High—side drive operation stop voltage Lx 0.8
o= o VBUV(OFF) 44 8.64 \
NG ARRSAN—EEEILERE ux 1.2
VGL,VGH terminal out—flow source Current IGLSOURCE2?2 \V,:?g/\,XB:: f\vm, 40 144 mA Lx 0.8
HAav—RER2 IGHSOURCE2 [VGL/VGH=10.5V Ux 1.2
VGL,VGH terminal in—flow sink Current IGLSINK2 VReg /VB=12V —192 | -56 mA Lx 0.8
HALUIER2 IGHSINK2 VGL/VGH=1.5V Ux 1.2
% U:Maximum value L:Minimum value
AL LIR{E R TRM
SSC9522S(Pb free) RE11219A 3./5




2.Test Conditions

HEEH
Test Items Test Conditions Time
HERIEH HEREMH HEREAR
High Temp(irature Operating Life EIAJ ED-4701 101 1000 h
E{EF R Tj=125+5°C
High Temp(irature Storage EIAJ ED-4701 201 1000 h
aaRTFHER Ta=150+5°C
High Temperatu_re Bias EIAJ ED-4701 101 1000 h
mim/ N\ T AR Ta=150°C,Vce=35V,Vs=600V
Low Tempe_rature Storage EIAJ ED-4701 202 1000 h
ERRFEHAR Ta=—40+5°C
Temperature Hu[nidity Storage EIAJ ED-4701 103 Test code C 1000 h
ERAERREHER Ta=85=+3°C,R.H=85(+5/-10)%
Temperature Humidit_y Bias EIAJ ED-4701 102 1000 h
EREBINATRAHER Ta=85=+3°C,RH=85(+5/-10)%Vcc=28V,Vs=480V
Unsaturated Pressurized Vapor EIAJ ED-4701 103 96 h
FEafnzESmERR Ta=121°C RH=100% (203kPa)
Temperature Cycle EIAJ ED-4701 105 100 o
BEYA4IRE Ta=-40°C,30% ~R.T,5%~150°C,30%
Thermal Shock EIAJ ED-4701 307 100 o
BEEHR [100(+0/-5)°C(5mins)~0(+5/-0)°C(5mins)]1cy
Solderability 1 EIAJ ED-4701 303 Aging(1)/Condition A 1t
(XA HEELER 1 105°C,100%,4h+230=+5°C 5+ 1s,Pb-Sn(Sn—37Pb)
Solderability 2 EIAJ ED-4701 303 Aging(1)/Condition A 1t
[ZAFGHTHERER 2 105°C,100%,4h+245 + 5°C M705(Sn—3.0Ag—0.5Cu )
Resistance to Soldering Heat 1(Flow) EIAJ ED-4701 302 Test code B,Method II-B 9t
XA EMERE 1(70-) :260(+0/-10)°C,10+1s
Resistance to Soldering Heat 2 (Reflow) |EIAJ ED-4701 302 Method I 9t
[FALTHEMESER 2()70-) F @I ER: 180°C,90+ 30s/ AN %R : 260°Ct’—%,250°C,10+ 1s
Resistance to Soldering Heat 3(Manual) EIAJ ED-4701 302 Test code B,Method IV-A 1t
(FA M EERER 3(F 1) 380+10°C,3.5+0.5s
Terminal Strength 1(Pull) EIAJ ED-4701 401 Method I 1t
IR FRE B 1(515R) 25N ,10£1s
Terminal Strength 2(Bend) EIAJ ED-4701 401 Method II 9t
54 B SUER 2(8h1F) 1.25N 90°
Vibration EIAJ ED-4701 403  100Hz—2000Hz—100Hz(4min), Total 48 min
IRENEER 200m/s2,4cycles each for X,Y,Z
Drop 3t
FETEER 75¢m,0n the Maple tree
Moisture Resistance Cyclic EIAJ ED-4701 203 10 o
mEEYLIIVER 60°C,93%,25°C,93%,-10°C/cycle—24h
Permanence of Marking EIAJ ED-4701 501 1t
A tEER Isopropyl alcohol(JIS K 1522)23 +5°C 5mins
Salt mist EIAJ ED-4701 204 1t
B KEESER Mass ratio:5=+1%,35°C
Electrostatic Discharge 1 Machine Model 1t
BEmIERER 1 C=200pF,R=0Q,+200V at each pin
Electrostatic Discharge 2 EIAJ ED-4701 304:Human body Model 1t
BREIERSER 2 C=100pF,R=1.5k Q,= 1000V at each pin
Latch up EIAJ ED-4701 306:Capacitor charge Model 1t
I9F7y7 RER C=200pF,R=0Q,%200V at each pin
SSC9522S(Pb free) RE11219A 4,/5




3.Test Results

HERER
Test Items Sample Size Failure Criterion Remarks
HERIEH HEH AR 3 FIERE &5
High Temperature Operating Life
. 22 0 AC
EiEF i iER
High Temperature Storage
s = 22 0 AC
T i PR AT ARV B
High Temperature Bias
BB A7 ARB 2 ° Ac
Low Temperature Storage
N - 22 0 AC
ERRFEHAR
Temperature Humidity Storage
s = 22 0 AC
T i 1 A PR TF B BR
Temperature Humidity Bias
BEBE/ (7ARR 22 0 AC
Unsaturated Pressurized Vapor
FENESMERR 22 0 AC
Temperature Cycle
BEY A5V 22 0 AC
Thermal Shock
e n = 22 0 AC
Solderability 1 11 0 B Pb—Sn37 solder
(XA HEELER 1 Pb-Sn [XA12
Solderability 2 11 0 B Sn—3.0Ag-0.5Cu solder
(% AT 1 SRER 2 Sn-3.0Ag-0.5Cu [XATZ
Resistance to Soldering Heat 1(Flow) 11 0 AC Flow
[FALETREESER 100-) ’ 8-
Resistance to Soldering Heat 2 (Reflow) 11 0 AG Reflow
[FATHEESHER 2()70-) ' )70-
Resistance to Soldering Heat 3(Manual) 11 0 AG Manual
FAETHEMEAER 3(F{T1F) ' F{t1r
Terminal Strength 1(Pull)
w = 11 0 AC
IR FRE B 1(515R)
Terminal Strength 2(Bend)
w = N 11 0 AC
inFaa EEEAER 2(H8 1)
Vibration
N 11 0 AC
EEIEER
Drop
- 11
ETHRB 0 AC
Moisture Resistance Cyclic
N - 11 ,
BREY (5L 0 AC
Permanence of Marking
N 11 0 A
iiit 75 7| P 5 BR
Salt mist
. 11 0 AC
EKEERAR
Electrostatic Discharge 1 5 0 AC Machine model
FEBIEHER 1 ’ IWVETIL
Electrostatic Discharge 2 5 0 AC Human model
HERERER 2 ’ AFETIL
Eatch upo_ 5 0 AGC C?Ei?itor disclnarge model
F9FTy7 HER WT YRR

S$SC9522S(Pb free)

RE11219A

5/5




Mo Use Guarantee Letter
Raw material name and supplier list
We declared that the parts and assemblies supplied to your company, wherein its raw material, packaging material don’ © contain environmental
management substance which are specified in TPV's standard RDEMS-01.
And: the composition of each raw material of these parts and assemblies are reported as helow:

1. P/ of parus: SSC95228
The taw materials listed at below are all the used one of the part.
' cd Pb o Hg PBB/PBDE cl Br PAHs
TEM Raw Material Raw Material Report No.of 3
Supplier concentratio | concentratio | concenfratio | concentratio | concenfration | concentrat concentratio | concentratic party lab
n (pprm) n {ppm} n {ppm} 0 (ppnt} (ppm ion (ppm;} n (ppm) n (ppm}
PBB:<{25 H—bhazFOA
— D 5
Lead frame | lam closed < < 2 < PBDE:(25 0 0 0 JP-2007/100038
PBB:<S EMEGB20A
i — ?
Epoxy resin [ am closed <2 <2 < <2 PBDE:<5 0 0 o KA/2008,/50258
PBB:<5 CRM-1038
i - ¢2 ¢ ¢
Die atttach | Iam closed <2 PBDE:<5 0 0 0 KA/2007,/901 12
PBE:<5 TG-V-SH
i - 2 2 2
Wire L am closed <2 < < < PBDE:<5 b 0 0 JP/2007/071628
Sclder FBB:{5 Sn—Ag
d — 0.0 2
plating Lam close <2 <2 <001 < PRDE:<E 0 0 0 JP/2007/061242
Die I am closed - <h <10 <h <1 — 0 0 0 G7C—092—2

2 Pls also attach the files of chemical test report, composition table and MSDS of objective substance of plastic,paint, ink and wiring harness ete.
Moted: Please fill in all detailed message of parts, vaw material and auxiliary material s.

And please make sure all the filled message of supplier name, type name of material on above are correct and in details.

Chief/ Position: Hisac Abe  QUALITY AS‘L"' ; ﬁﬁ
%Iif’ Py
Full name of company: SANKEN ELECT] L&ﬁ BHED
!T\::E"L-'

T
j

R

Eé

Stamp of company:_ SANKEN ELECTRIC




SANKEN ELECTRIC CO.LTD Environmental

Management Substances Guarantee Letter

We (includes our subsidiary, affilialed company) here guarantee that all the products and
parts (attachment, all parts with the product, includes package) shipped to TPV and affiliated
companies (includes directly shipping or via third parties) are contained free of those
prohibited materials which listed on TPV standard (RDEMSE-01) or its [atest version; the laws
and ordinances must ba observed and followed.

Cadmium and cadmium compounds

Lead and Lead compounds

Mercury and marcury compounds

Hexavalant chiomium compouncs

PBB PBDE(nciluding DecaBDE)

Polychionnated biphenyls (PCB)

Polyohionnated naphthalanas (PBN)

Polychiofinated terphenyis (PCT)

Shor-chain chiorinated paraffins (SCCP)

10. Tributyitin (TBT) , Tnphenyitin{TPT] and Tributyitin Oxide{TETO) compounds
11, Ozona Deplating Substances

12. Asbestos

13. Specific azo compounds

14. Farmaldahyde

15. Baryllium and its compounds

16. Nickel and nickel compounds

17. Polyviny! chlaride (FVC) and PVC blands

18. Specific prthalates(DEHP.DEP.BEP,DINP.DIDP.DNOP.DNHP)
18. PAHs (Polynuciear Aromatic Hydrocarbon)

oo o~ S g R M e

20. PFOS
21. Specific benzolriazole
22 Halogen
231 Other Environmant Managament Substances
Signature.  Hisac Abe
SANKEN ELECTRIC CO.LTD
Position: QUALITY ASSURANCE
Date:  2008/08/05




Intertek

Test Report

Applicant [ lﬁ?ﬁ:ﬂ :

Taiwan First Victor Co.,
15F-5 No 16 Sec 4 San-Ho Road

Number TWNC0017688401

Ltd. Date Oct 13, 2010

San-Chung City Taipeili Hsien

Taiwan ROC

Kaltec International
7F1., No 6-10 Sec 2,

Co., Ltd.

Shuang Shi Road, Panchiao Taipei

Taiwan ROC

Sample Description#%ﬁp%ﬁﬁ;
One (1)
I SR L7 Ry FeL (R T
S R I S S Eak

Sample Description

t%ﬁ#fﬁﬁ (A) Body
(B) Pin

Style / Item No.

& I

Country Of Origin Japan

FUE P

Date Sample Received Oct 04,

Yo F 1

Date Test Started Oct 06,

PRI R 3

group of submitted samples said to be

Sanken Semiconductors SMD Package

ICs-(SAI-,SPI-,SI-,SE-,SSC-,DDAO14)-SERIES

2010

2010

Test Conducted W|FEHEH~
As requested by the applicant,

E T N S e

for details please refer to attached pages.

Authorized By:
On Behalf Of Intertek Testing Services
Taiwan Limited

7z

K. Y. Liang
Director

This report shall not be reproduced
except in full, without the written
approval of the laboratory.

Page 1 Of 7

Intertek Testing Services Taiwan Ltd.
8F., No. 423, Ruiguang Rd., Neihu District, Taipei 114, Taiwan, R.O.C.

L EY T E TN

o 2

7 LR A

M4 S 3 pp Ry ki 42358 1
Tel: (+886-2) 6602-2888 - 2797-8885 Fax: (+886-2) 6602-2400 - 6602-2401



Intertek

Number
Test Conducted

(I) Test Result Summary H[EHHN

TWNC0017688401

Testing Item JEEEIF!

Result i#fl (ppm)

@ | ®
Heavy Metal / EI&'ff

Cadmium (Cd) content / &5 E! ND ND
Lead (Pb) content / #{E&l ND ND
Mercury (Hg) content /' < {3El ND ND
Chromium VI (Cr®") content / W%F El ND L
(for non-metal material ZE&BIFfET)
Chromium VI (Cr®") content / -+ fEfEE O E ,
(by spot test on metal &Fjf/ @?/“] ) T Negative
Chromium VI (Cr®") content / ] %?ﬁlﬁi Negative
(by boiling water extraction on talZ B RT3 ) - (< 0.02)
(mg/kg with 50cm?) (#)

Intertek Testing Services Taiwan Ltd.

8F., No. 423, Ruiguang Rd., Neihu District, Taipei 114, Taiwan, R.O.C.

FRORBERPT 2P
114 533 o Fe o ki 423 5L 8 1L
Tel: (+886-2) 6602-2888 - 2797-8885 Fax: (+886-2) 6602-2400 - 6602-2401

Page 2 0Of 7




Intertek

Number TWNC0017688401
Test Conducted
(I) Test Result Summary J[EHN
. I Result s#ifl (ppm)
Testing Item J[EEEf ) | )
Polybrominated Biphenyls (PBBs) / %{%Za%
Monobrominated Biphenyls (MonoBB) / HEZH ND -
Dibrominated Biphenyls (DiBB) / _ E%H#H ND -
Tribrominated Biphenyls (TriBB) / = JiGH ND -
Tetrabrominated Biphenyls (TetraBB) / [“\¥F%E ND --
Pentabrominated Biphenyls (PentaBB) / 1% # ND —_—
Hexabrominated Biphenyls (HexaBB) / * JEZH ND -
Heptabrominated Biphenyls (HeptaBB) / *ﬁ%;ﬁ%; ND - -
Octabrominated Biphenyls (OctaBB) / ' JEZH ND —-
Nonabrominated Biphenyls (NonaBB) / ‘%%Lﬁ%i ND -—
Decabrominated Biphenyl (DecaBB) / - 1&&H ND —
Polybrominated Diphenyl Ethers (PBDEs) / 4 %H%

Monobrominated Diphenyl Ethers (MonoBDE) / HNWZTEE ND --
Dibrominated Diphenyl Ethers (DiBDE) / Z WA RBE ND --
Tribrominated Diphenyl Ethers (TriBDE) / = ARk ND --
Tetrabrominated Diphenyl Ethers (TetraBDE) / ["NiZERAE ND --
Pentabrominated Diphenyl Ethers (PentaBDE) / T 5TRAGE ND -
Hexabrominated Diphenyl Ethers (HexaBDE) / *3?ﬁ?%¢ﬁi ND --
Heptabrominated Diphenyl Ethers (HeptaBDE) / ~ JWERAfk ND —-
Octabrominated Diphenyl Ethers (OctaBDE) / ”1iﬁ“+qﬁi ND —
Nonabrominated Diphenyl Ethers (NonaBDE) / J9{ZHHE Rk ND —
Decabrominated Diphenyl Ether (DecaBDE) / ﬂi“?ﬁ*ﬂﬁi ND —

Remarks: ppm

i P~ IR

FIF IS

ND Not’ Detected =
< = Less Than = TEA
mg/kg with 50cm? =

parts per million based on weight of tested sample

mg/kg

m;fgr

milligram per kilogram with 50 square centimeter

= ZTSL VR MERGLF Y50 T 2o EEET

Negative = A negative test
was not found at

showed a negative result,

result indicated positive observation
the time of testing. When the spot test
the boiling water extraction

procedure shall be used to verify the result.

Iﬁﬁﬁﬁ%%‘%
SR R L

surface of 10 cm®? was
adjusted accordingly.

?F%ipﬁ#,flﬁ‘ﬁ [ ‘IE[J%E@EVV?W%ﬁn\F'Ip i 10cm?

Responsibility Of Chemist 77

K 'F'l[
Date Sample Received ﬁ¥¥ﬂ§ﬁflﬁF
Testing Period Tiﬁ,ﬁmw

~

Due to the 1nsuf 1c1ent sample area,

: Oct 04,
: Oct 06,

et o P %wmﬁ$”“ ﬁ%%maa,ww B
P o s s

reduced total sample
used and the dilution factor was

e Ei%?,f{rﬁg .
Irene Chiou / Kevin Liu / Cathy Chen

2010

2010 to Oct 08, 2010

Page 3 Of 7

Intertek Testing Services Taiwan Ltd.
8F., No. 423, Ruiguang Rd., Neihu District, Taipei 114, Taiwan, R.O.C.

E iR L 22 U
114 4
Tel: (+886-2) 6602-2888 - 2797-8885

2
,7,\},:‘1\’1

A P\/Fg?vf%,":ﬁ’( 423%{48&

Fax: (+886-2) 6602-2400 - 6602-2401




Intertek

Test Conducted

Number

(I) RoHS Requirement [Nffi:

TWNC0017688401

Restricted Substances [RNE[P1FF Limits [Nffl
Cadmium (Cd) content / &5 E! 0.01% (100ppm)
Lead (Pb) content / #5E! 0.1% (1000ppm)
Mercury (Hg) content'/'%ﬁﬁi} 0.1% (1000ppm)
Chromium VI (Cr°") content / + ?ﬁﬁfﬁﬁ% 0.1% (1000ppm)
Polybrominated Biphenyls (PBBs) / Z{X %% 0.1% (1000ppm)
Polybrominated Diphenyl Ehters (PBDEs) / %Ak 0.1% (1000ppm)

The above limits were quoted from 2002/95/EC and amendment 2005/618/EC for

homogeneous material.

‘iﬂ%ﬁf_ﬁ?%ﬁﬁFF“ 2002/95/EC??fV%¥EF@J2005/618/ECﬁ%iﬁﬂ@H#?T”F*{AO

(I) Test Method JHJE#:

s

Testing Item
IR

Testing Method

i FARIRES

Reporting Limit
IR

Cadmium

A

(cd)

content

With reference to IEC 62321 edition
1.0:2008 in clause 8/9/10, by microwave
digestion until the tested samples are
totally dissolved and determined by ICP-
OES.
55%IEC 62321, 2008¢FBJ‘%§5T8/9/10W,
R S g e
’JAE WF LFT 7r< HSRIEr nEl[‘ﬁc;J\

2 ppm

With reference to IEC 62321 edition
1.0:2008 in clause 8/9/10, by microwave
digestion until the tested samples are
totally dissolved and determined by ICP-
OES.
55%IEC 62321, 2008¢FBJ‘%§5T8/9/10W,
R S g e
’JAE wp PR R R nﬂlﬂi?

2 ppm

Mercury (Hg)

content

With reference to IEC 62321 edition
1.0:2008 in clause 7, by microwave
digestion until the tested samples
are totally dissolved and determined

by ICP-OES.
ZHIEC 62321 2008%F 57—~ ANET7HE, I) R
TUF& 7“1 = IR F'f’%‘@#m

1 ‘fbiifﬁﬂ
F ’gﬁl% FVH nﬂlﬁu

2 ppm

Intertek Testing Services Taiwan Ltd.

8F., No. 423, Ruiguang Rd., Neihu District, Taipei 114, Taiwan, R.O.C.

?_‘E&] \;s,l@%gn l)’\—’}s xq \ ’7
M4 543 NPT Li 423528 1

Tel: (+886-2) 6602-2888 - 2797-8885 Fax: (+886-2) 6602-2400 - 6602-2401
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Intertek

Number : TWNC0017688401
Test Conducted

(II) Test Method W[FH¥:

Testing Item Testing Method Reporting Limit
HIEEEE! HIES T F Hp A
With reference to IEC 62321 edition '
Chromium VI (Cr®") 1.0:2008 in annex C, by alkaline
content (for non- digestion and determined by UV-Vis
metal material) spectrophotometer. 1 ppm

”Fgf@?rﬁé'l (ZE& gpfET) |2 HIEC 62321, 20087 31— 4N[ffHec, '@k
ﬁﬂffmj PR - HELﬂ7K¢ﬂ%P%N?T

: 6+
Chromium VI (Cr™) With reference to IEC 62321 edition
content (by spot test

on metal) 1.0:2008 in annex B, by spot test. Negative
4 fEeE 5k (QW’?’W% =Y IEC 62321, 2008 F 57— 45[f# B, J‘}%![‘ (< 1 mg/kg)
= j JF[ B a L HEE A7 -

Chromium VI (Ccr®)
content (by boiling
water extraction on

With reference to IEC 62321 edition
1.0:2008 in annex B, by boiling water

netal) extraction and determined by UV-Vis 0.02
o Iﬁﬁ* Bl (& PR i spectrophotometer. mg/kg with 50cm?
) H = o o %Y IEC 62321, 2008 F 31— 454 B, ']}
wi VD L N e
g A IR i B 5T AL 55T ¢
50cm?)
With reference to IEC 62321 edition
1.0:2008 in annex A, by solvent
Polybrominated extraction and determined by GC-MSD and
Biphenyls (PBBs) Eprther HPLC confirmation wh?n’neceéééry 5 ppm
@m;j,/n« ZHIEC 62321, 20087 37— 45[ffi#a, J}i*ﬁ(y‘“ﬂ
iT TTVm Fl %Eﬁ]FgL;PT I’;’;j} U%[E}j
HeTeAE et = Al I/[ lﬁiﬁa’*ﬁﬁpﬁpm °
With reference to IEC 62321 edition
. 1.0:2008 in annex A, by solvent
P?lybromlnated extraction and determined by GC-MSD and
Diphenyl Ethers further HPLC confirmation when necessary 5 ppm
;PBDEEI) 2 IEC 62321, 20085 31— Fy[f4#a, 1@(?““@
[
@E% ik BTy AT %ﬁ u%ﬁ

[RA A - ﬁ@?BFI/[IE$@ h14,ﬂpE§§

Remark: Reporting Limit = Quantitation limit of analyte in sample

B WA = R R R
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Intertek

Number
Test Conducted

(IV) Measurement Flowchart ?EU%Y?HEQ%‘H

TWNC0017688401

Test For Cd/Pb/Hg/Chromium (VI)/PBBs/PBDEs Contents RoHS™ Tﬁiﬂﬂﬁﬁiﬁu%@qﬁ[

Reference Standard =¥k :. IEC 62321 edition 1.0:2008

VR R

Sampling/grinding or cutting

v v

/5% I -
cd/Pb/Ha 2 cre! RATVE R i
= Polymers /
¢ Metal Electronics

FEETT Sy 3 l i

For different
material, digest
the sample with
appropriate acia™

and add
¢ alkaline
— — — l @‘pi@@*iz solnution
FEAF&«EQﬁ#Iﬁ = T'F'TEJZ’: negative ¢
Confirm the tested

SRS
By Spot test

FEEIT il
Weigh sample

samples are 50T iig”f SN LR Y
totallv dissolved Get 50cm ~
Definite temp.
sample -
# Extraction

v v

1 Il SR ¢
Cool and filter
the extract

s
—=
Make up with Wi I

deionized water By boiling water

¢ extraction
ffi*] ICP-OES JifT
Analvzed by ICP-OES l

R B

Make up with deionized
water and add diphenyl-
carbazide solution

v

iR uv-vIs sitT
Analyzed by UV-VIS
’J§§'

gf‘ Appropriate Acid If‘,ﬁ@ﬁfj&"{lflé{if&ij[ﬂ #

Remarks
*1: List

ﬂ? o ‘EJ&‘-}'&%’F’%@%‘J
Weigh sample and
add organic solvent

v

FERI 5 mE
By Soxhlet
extraction or
solvent extraction

v

WAk = EE
Concentrate the
extract and make up
with organic

snlwvent
ffli¥] Gc-MsD 53 fT
Analvzed bv GC-MSD

Material BLffFET

Acid Added For Digestion i V[IPARFEHE

Polymers / AP

HNO, HC1, HF , H,0, H3BO, il - [RTA - Gfpfk ~ <5< - ik

Metals / &7 HNO; HC1,HF ik - Ik ~ @450k

Electronics / ’IEE?’%’ 3 lpf[#[

HNO, HC1,H,0, HBF, Tk BRTE - S GTH L

*2: If the result of spot test is positive,
T RRIER AT N BRI s o T 2 %E‘&iﬂﬂ%ﬁﬁﬁﬁ? I l?f%ﬁ °

Chromium VI would be determined as detected.

End Of Report
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Test Conducted

Number

Photo

TWNC 00176884

P

'34‘56789

Intertek Testing Services Taiwan Ltd.
8F., No. 423, Ruiguang Rd., Neihu District, Talpel 114, Taiwan, R.O.C.
35] Jﬂﬁ%n 4 LRI
114 4% p @ ?ﬁkv4%¥8ﬂ
Tel: (+886-2) 6602-2888 - 2797-8885 Fax: (+886-2) 6602-2400 - 6602-2401
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Application Note  Rev.0.3

———————————————————

The contentsin this application note are preliminary,

and ar e subject to changes without notice.
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m SSC9522S APPLICATION NOTE Rev. 0.3(TSK)

1. General Descriptions
The SSC9522S is a controller IC (SMZ method) folf-badge resonant type power supply, incorporatang
floating drive circuit for High-side MOSFET drive.

X SMZ = SDft-switched Milti-resonant ro Current switch

All switching periods work with soft switching ofzion.
The IC is in SOP18 package, and suitable for highHopmance power supply system with small sizeh hig
efficiency and low noise, because for various poswgsply specifications, more effective and easesigh
works are achievable with effective functions as &utomatic Dead Time Adjustment, the Uncontrokabl
Operation Detection and so on.

2 Uncontrollable Operation Detection = there are &k@as in resonant circuit impedance; capacitarez ar
and inductance area. The Uncontrollable Operatmurs in capacitance area (the frequency is lower
than the resonant frequency,),fthe output voltage can not be controlled andséching operation
becomes hard switching.

2. Features
Features and benefitsinclude the followings:
¢ SOP18 package
¢ Built-in floating drive circuit for High-side MOSFE
¢ Soft Start Function, reducing of power MOSFET strassd preventing Uncontrollable Operation, at gfart
¢ Uncontrollable Operation Detection Function on ptiy-pulse basis, improving the ability of transfier
output wattage because the frequency range isadl@ilp to the resonant frequencgy, dnd reducing power

MOSFET stress

¢ Automatic Dead Time Adjustment Function, not beiregessary to make the dead time adjustment for each
power supply specification

¢ Protection Functions

- Line Undervoltage Protection Function----------——--Prevention of excessive input current and beat
(Brown-InBrown-Out Function) at low input voltage

- External Latch Function Latch shutdown by external signal input

- Overcurrent Protection Function (OCP) --------- —Three steps protection corresponding to oveecur

levels

- Overvoltage Protection Function (OVP)---------———--Latch shutdown

- Overload Protection Function (OLP) -------------—- Latch shutdown

- Thermal Shutdown Functions (TSD) ------------------ Latch shutdown

Copy Right: SANKEN ELECTRIC CO., LTD. Page.3



m SSC9522S APPLICATION NOTE Rev. 0.3(TSK)

3. Functional Block Diagram and Terminal List

Functional Block Diagram

2 00 2 e
s s
: START/STOP VGH
E Reg/Bias Level |— _Q_O 16
: OVP/TSD/Latch Shift !
GND High Side Driver VS
4 O—O-cNp . 15
! vCC !
VSEN Ut |
1 € : Sense Main Logic 8
OLP 11
| 10
3 00— By [ Howere i nime [ | [Rooeece 7
Csi J |_ :\:/Irgg RV Detector 9
> O_?_ ggaztrjtg?/n(/:grirol OC Detector 6
Terminal List Table
Terminal Symbol Functions
1 VSEN AC line input voltage detection
2 Vee Power supply input for control circuit
3 FB C_onsta_mt voltage control signal inpdtOverload protectior
signal input
4 GND Ground for control part
5 Css Soft start capacitor connection
6 oC Overcurrent protection signal input
7 RC Resonant current signal input
8 Reg Power supply output for gate drive
9 RV Resonant voltage signal input
10 COM Ground for power part
11 VGL Low-side gate drive output
ﬁ | (NO) | (None)
14 VB High-side gate drive voltage input
15 VS High-side drive floating ground
16 VGH High-side gate drive output

Copy Right: SANKEN ELECTRIC CO., LTD. Page.4
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4. Package Information
The device is encapsulated in a standard 18 pin&@kage.

HHHHHHHHH "
SEEREREE

5 SRR
[ S
i Al O R

54 +0.2
7.8 £ 0.3

i ! (0.6
114 = 0.3
N
o
H
0
—i
[ \
1.27 £0.25 ‘ ‘
1 —
o
l
o
0.42 ‘507
Dimensions in mm Upper tier:
Weight: Approx. 0.27g Type symbol: SSC9522S
Material of terminal: Cu Middle, Lower tier:
Treatment of terminal solder plating [SK] + [ Lot number®—@® ]
- D : The last digit of year
- @ : Month
1 to 9 for Jan. to Sep.
O for Oct.
N for Nov.
D for Dec.
- @ : day
1st—10th :1
11th—20th : 2
21st—31st : 3

- @~@ : Sanken registration symbol

Copy Right: SANKEN ELECTRIC CO., LTD. Page.5
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5. Electrical Characteristics

5.1 Absolute Maximum Ratings Ta = 25°C, unless otherwise specified

Parameter Terminal Symbol Ratings Unit Notes
VSEN terminal voltage 1-4 AN -0.3 toVkreg \Y
V¢ terminal voltage 2-4 e -0.3 to +35 \Y
FB terminal voltage 3-4 M -0.3 to +10 Y
Cssterminal voltage 5-4 ¥ -0.3 to +12 \Y
RC terminal voltage 7-4 A& -6 to +6 Y
-2 to +2 mA DC
RV terminal current 9-4 Rl
-100 to +100 mA Pulse 40n
OC terminal voltage 6-4 ok -6 to +6
VGL terminal voltage 11-4 VeL -0.3 to Vkegt0.3 \
Reg terminal source current 8-4 red -20.0 mA
Voltage between VB and VS terminall4-15| Vg-Vs -0.3 to +15.0 \
VS terminal voltage 15-4 Vs -1 to +600 V
VGH terminal voltage 16-4 My Vs—-0.3 to V+0.3 \Y
Operating ambient temperature — Top —-20to +85 C
Storage temperature — Tsig -40to +125 T
Junction temperature — T; +150 C

#Surge voltage withstand (Human body model) of NadlMo.16 terminal is guaranteed 1000V.
Other terminals are guaranteed 2000V.

Copy Right: SANKEN ELECTRIC CO., LTD. Page.6



m SSC9522S APPLICATION NOTE

Rev. 0.3(TSK)
5.2 Electrical characteristics V=15V, Ta=25C, unless otherwise specified.
) Ratings .
Parameter Terminal Symbol ng Unit Notes
MIN | TYP | MAX
Start,”Circuit current
Operation start voltage 2-4 c¥Yon) 10.2 11.8 13.0 Veoorn
Operation stop voltage 2—4 Vccorr 8.8 9.8 10.9 <Vccon
Circuit current in operation 2—4 lccony — — 20.0 mA
Circuit current in non-operation 2—4 lccorm — — 1.2 mA Vec=9V
Circuit current in latch-operation 2—4 lecw — — 1.2 mA Vec=11V
OLP latch,/External Latch
FB terminal source current 3—4 leg -30.5 | —25,5 | —20.5 pA
FB terminal threshold voltage 3—4 Vg 6.55 7.05 7.55 \
Cssterminal threshold voltage(1) 5—4 Vess(1) 7.0 7.8 8.6 V
Latch circuit release M. voltage 2—4 | Vecpaon | 6.7 8.2 9.5 v | Vectaorn
<Vcc(orR
Oscillator
. 1110
Minimum frequency 16-15 Foviny 26.2 28.3 31.2 kHz
. 1110
Maximum frequency 16-15 Fovax 265 300 335 kHz
. . 1110
Maximum dead-time 16-15 tamax) 1.90 2.45 3.00 us
. . 1110
Minimum dead-time 16-15 taminy 0.25 0.50 0.75 us
Control
Burst mode start FB terminal source curren8—4 lconT() —2.9 —2.5 —2.1 mA
Oscillation stop FB terminal source current 3—4 lconT2) —3.7 —3.1 —2.5 mA
Soft start
Cssterminal charge current 5—4 lcss(o) —0.21 | —0.18 | —0.15 mA
Cssterminal reset current 5—4 lcss(r) 1.0 1.8 2.4 mA ¥c=9V
Overvoltage protection,” Thermal protection
OVP operating ¥c voltage 2—4 Vovp 28.0 31.0 34.0 \Y
Thermal shutdown operating temperaturg — T (rsp) 150 — — T
Detection of current resonant,/”Overcurrent protection
Uncontrollability detection voltage 7—4 Vre +0.055 | +0.155| +0.255 V
RC terminal threshold voltage (Hispeed) | 7—4 VRre(s) +2.15 | £2.35 | +2.55
OC terminal threshold voltage(Low) 6-4 o¥(L) 1.42 1.52 1.62 \Y
OC terminal threshold voltage (High) 6-4 o) 1.69 1.83 1.97 Vv
OC terminal threshold voltage (Hi speed 6-4  oc¥ 2.15 2.35 2.55 Y

Copy Right: SANKEN ELECTRIC CO., LTD.
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m SSC9522S APPLICATION NOTE

Rev. 0.3(TSK)
. Ratings .
Parameter Terminal Symbol Unit Notes
MIN TYP MAX
L 1.0 1.8 2.4
Cssterminal sink current 54 lcss | (H) 12.0 20.0 28.0 mA
(S) 11.0 18.3 25.0
Detection of voltage resonant
RV terminal voltage detect Resonance volta(i;e(]y4 Vrv() 3.8 4.9 5.4 \Y,
RV terminal voltage detect Resonance volta¢e(2:)—4 V&) 1.20 1.77 2.30
Stand by
Burst oscillation frequency 54 fcss 70 105 130 Hz
ON,/OFF
Cssterminal threshold voltage (2) 54 Vess(2) 0.50 0.59 0.68 V
I nput voltage detect function
VSEN terminal threshold voltage (ON) 1—4 V sen(on) 1.32 1.42 1.52 \/
VSEN terminal threshold voltage (OFF) 1—4 V sen(oFF) 1.08 1.16 1.24 \
Supply of driver circuit
Reg terminal output voltage 8—4 Vres 9.9 10.5 111 \Y,
High-sidedriver
High-side drive operation start voltage 14—15 | Vauy(on) 6.3 7.3 8.3
High-side drive operation stop voltage 14—15 | Vguv(orr) 5.5 6.4 7.2 \Y
Drivecircuit
VRreq10.5V
. 1110 IGLSOURCEI - o VB:105V
VGL,VGH terminal source current 1 16-15 | IGHsouRcet 515 mA Vo =0V
VGHZOV
VReq10.5V
. . 1110 IGLSINKl - _ o VB:105V
VGL,VGH terminal sink current 1 16-15 | 1GHenc 685 mA V=105V
VGH:10.5V
VRreg12V
. 11—10 IGLSOURCEZ VB:12V
VGL,VGH terminal source current 2 16-15 | IGHsouRces 50 82 120 mA Ve,=10.5V
VGH:10.5V
VRgeg12V
. . 1110 IGLSINKZ _ _ _ VB:12V
VGL,VGH terminal sink current 2 16-15 | 1GHenc 160 113 70 mA V=15V
VGH:1.5V
5.3 Thermal resistance
Rati )
Parameter Symbol alngs Unit Notes
MIN TYP MAX
MIC junction to air 0j-a — — 95 CIW

Copy Right: SANKEN ELECTRIC CO., LTD.
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6. Typical Application Circuit
VB J
VGH—/WHE} T x
VAC
§ $5C95228 VS . > _ Vour
i b n 3 b
§ Reg VGL—’\/\/\/—|.":} J o E
. VSEN COM T 7
Vcc FB_ GNDCss OC RCRV 3
LT — .
_ 1 G| GND
% 1. i % %Rocp
TT 1T TLTTT I

lExternaI power supply

Figure 6 Typical application circuit example

Copy Right: SANKEN ELECTRIC CO., LTD. Page.9
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7. Functional Descriptions
The polarity of current is shown as “+"for sink oemt and “~" for source current based on IC.

Rev. 0.3(TSK)

7.1 Resonant Circuit Operation

Capacitance area

. . . Inductance area
Series resonant circuit

(6]
— o
High-side SW S
T 3
= Il E
Low-side SW_|
QL)

Frequency
fo

Figure 7-1 Principal of series resonant converter Figure 7-2 Resonant circuit impedance

Figure 7-1 depicts the principle of resonant cotereThe Q(H) stands for High-side SW, the Q(Lnhd&for
Low-side SW, the Ci stands for current resonanacipr, and the ¢stands for voltage resonant capacitor.
When the frequency is changed, the impedance ohagt circuit is changed as shown in Figure 7-2.

Higher frequency area than the resonant frequdgcig inductance area, lower frequency area is drae area.
Therefore, the resonant converter operates in tadue area due to soft-switching operation.

The thick waveform line of Figure 7-3 depicts LoidesSW current waveform of each timing in steadyest

(DPeriod Operation 0 (H)y i Q(L) voltage
During Q(H) is ON, the energy is stored into series | Ci Lrlp off
rgsor.lant circuit due tg(H) flowed through resonant Q(D-,'.;; o = L)~
circuit and transformer. -iJ I | off v

(DPerioc

@Period Operation Voltage Resonance with Gv, (Lp+Lr)

When Q(H) turns off, ¢J(L) flows to Q(L) due to the
energy stored series resonant circuity & dis-

charged and Q(L) voltage goes down to the forwarc =

voltage of its body diode, &/ Thus, when Q(L) turns
on, ZVS (Zero Voltage Switching) and ZCS (Zero
Current Switching) are achieved on Q(L).

The primary winding voltage of transformer adds Ci
voltage, and the energy is transferred to the
secondary circuit.

At the same time, Ci voltage goes down due to
discharge.

When the primary winding voltage can not keep the
secondary rectifier ON, the energy to the secondary
circuit is stopped.

(@Period Operation
Io(L) keeps on flowing, and Ci keeps on discharging.

Q(L) voltage

o A -

I's
Current Resonance with Gi, Lr

on
+I(L)

Ib(L)
Is

i\

52

@Perioc

Votage Resonance with Cv, (Lp+Lr)

QL) voltage\

on
iE Tl ww

Cv V I

|S |S

Current Resonance with Ci, (Lp+Lr)

®Period

Figure7-3-1 Resonant circuit operation
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@Period Operation

When Q(L) turns off, 44(H) flows to Q(H) due to Q(L) voltage
the energy stored series resonant circuif, i€ off
charged and Q(L) goes up to the input voltage, Q(H 3

. . . iz In(L)
voltage is clamped with the forward voltage of its —|/v‘-
body diode, ¥. Thus, when Q(H) turns on, ZVS L of f

(Zero Voltage Switching) and ZCS (Zero Current @Perioc
Switching) are achieved on Q(H).

The primary winding voltage of transformer adds Ci
voltage, and the energy is transferred to the smgreircuit.
At the same time, Ci voltage goes down due to disgdn When the primary winding voltage can not kibep
secondary rectifier ON, the energy to the secondiacyit is stopped.

Figure7-3-2 Resonant circuit operation

The above-mentioned operations are repeated, #rg\eto the secondary circuit is transferred withSzand
ZCS operations.

7.2 Startup Operation
V¢ terminal voltage is provided with an external poagpply as shown in Figure 7-4.
When V¢ terminal voltage reaches¥on= 11.8V(TYP), the control circuit starts operation.
While the control circuit is in operation, ifd¢ terminal voltage decreases tedbrr= 9.8V(TYP), the control
circuit stops operation by UVLO (Undervoltage loaKocircuit, and reverts to the state before sfartu
Switching operation at startup starts when thewathg conditions are fulfilled.
» VSEN terminal voltage is ¥nonF 1.42V(TYP) and more.
* Ve terminal voltage is ¥Wcony= 11.8V(TYP) and more.
* Cssterminal voltage is ¥ssey 0.59V(TYP) and more.

R
External power supply External power supply
R
ke 55095225 | W 55095235
VSEN CCI1 VSEN [ole =
e 6D Lo |ovee f D Lo ]ovee
1 15 |4 o |4
R7] TCo ]c8 Tco cs
Figure 7-4 \,c peripheral ci_rcuit Figure 7-6 \c peripheral circuit
without brown-in/brown-out function
lcc

20. OmA (MAX) |- ----------=

1. 2mA (MAX)

—\/cC

9V:
9.8V(TYP) 11.8V(TYP)

Figure 7-5 Relationship of ¢ and k¢
at Startup and Shutdo
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After providing the input voltage, when the IC igrted on / off with \4c terminal voltage provided from the
external power supply, the startup time frogtdn= 11.8V(TYP) to the switching operation is showiolae
* In Figure 7-4, the approximate valugrt is as follows.

fs1=C8x%xVess(2)/ lessic) (1)
where \éss(g): 059V(TYP), |css(c): —018mA(TYP)

When C8 is {iF, ts71 is about 3.3ms.

* In Figure 7-6, VSEN terminal voltage is chargedtbg internal circuit after ¥-on= 11.8V(TYP), the
rising time, &1, to Vsenony= 1.42V(TYP) is added ta+;.
The approximate valuestb, is as follows.
The circuit without Brown-In / Brown-Out Functiomsfers to “7.8 Line Undervoltage Protection Funetio
(Brown-In / Brown-Out Function)” section

ts2=C9x380k - 2)

When C8 is iF and C9 is 0.QdF, tst1 is about 3.3ms and+b is about 3.8ms. As a result, the total startup
time is about 7.1ms.

7.3 Soft Start Function
The oscillation frequency varies withs§terminal voltage. The soft start operation is aedd by connecting the
capacitor, C8, to §gterminal externally.
At startup, C8 is charged byskcr- —0.18mA(TYP), and Esterminal voltage rises gradually.
Thus, the oscillation frequency decreases from Marn frequency, faax)= 300kHz(TYP), and the output
power of the SMPS increases.
By this soft start function at startup, both thduetion of stress on peripheral components angtieention of
uncontrollable operations are achieved.
When V¢ terminal voltage falls below 3 ore= 9.8V (TYP) or VSEN terminal voltage falls belowsgdorer
1.16V(TYP) or External Latch Function or OVP latchOLP latch or TSD latch works, C8 is discharggd b
lcssrF 1.8MA (TYP).

Css terminal voltage OCP opeartion period after soft start

Soft start period/ Frequency control by feedback current
About 5.5V =~ ittt o

' (8 is charged by —0.18mA(TYP).

! ™ time

Primary winding current !
A 1 4|GND

SSC9522S
OCP Limit

0A

Figure 7-7 @Gsoperation diagram
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7.4 Constant Output Voltage Control
The constant output voltage is controlled by freguye control in the

_ _ 53695223
inductance area, by the feedback current sunk ffBrterminal connected a 4 GND
photo-coupler. FB_
At slight loads, the burst oscillation is achiewdden the feedback current is 3
lcontay —2.5MA(TYP) and less. This mode reduces switcHogs and JPG $R1 2R?2
restrains the output voltage of SMPS from incregsin a5 (S
As the ability of the sink current from FB termirialnecessary to be sunk T (;7(%01

lconte= —3.7mA(MIN) and less, the forward current of pivabupler in the ¢
secondary circuit should be set in consideratioagifig degradation of CTR Figure 7-8 FB terminal
(Current Transfer Ratio) and others. peripheral circuit
In Figure 7-8, R2 value is recommended @60

7.5 Automatic Dead Time Adjustment Function
The Automatic Dead time Adjustment Function is mpavated, and thus, it is unnecessary to adjustidasl
time for each SMPS specification.
By detecting dv/dt of Low-side MOSFET p¥ (Drain-to-Source voltage) waveform, the controtcait
automatically controls ZVS (Zero Voltage Switchirageration on High-side / Low-side MOSFET.
A very simple peripheral circuit achieves this ftio, only by placing a high-voltage-type ceramapacitor Crv
(total capacitor value is about 5pF) between V8l and RV terminal, as shown in Figure 7-9.

$5095228 IR AR IF'}

Reg VGH vs|H2
swzl/ veL| 11, i -
com| 10 ] T ——JCW

Rv] 9

—
©

Vv

logic

SW1

|||—wa w:r- M

Figure 7-9 RV terminal peripheral circuit

RV terminal voltage is the divided voltage by r&sis between internal reference voltage (Reg) aN® .G

The differential current flown through Crv by the/dt of Low-side MOSFET Ys waveform is provided to RV
terminal. Thus, the dead time detection circuiedes dv/dt of Low-Side MOSFET.

Both the circuit current reduction and the diffdr@ncircuit response improvement are achieveduoging on
SW1 and SW2 together in the period needed the titaiec

('S 4

Differential current |_| i
% x

Figure 7-10 Differential current
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The differential current/i is as follows.
Ai=Crvx(dv/dt) - 3)

When the differential currentJi exceeds the current in the following equation,nzaler value of Crv is
recommended.

| i £EERE @

Whendt is 40ns or below i is set to +100mA.

Figure 7-11 shows the schematic operational wamef@f Automatic Dead Time Adjustment Function.

SW1 ON OFF ON

spp OFF 7 ON OFF
Automatically adjusted dead time

Voltage Resonant Period : Voltage Resonant Period
%‘?ﬁ% S
High-side Vbs

ON / OFF

Low-side Vbs / OFF \ ON

RV terminaIVRV(D""}j:
VRV(2) - :

High-side 1o _\/\/‘

Figure 7-11 Operational waveform of Automatic Dead time AdjustrhFunction

* Voltage Resonant Period in Turning OFF Low-side NF@%
When Low-side MOSFET is turned off, SW2 is turnedvhile keeping SW1 turned on.
At this time, the resonant current flows through Ci and L. Thus, G voltage rises from 0V.
When this voltage reaches “Input voltagesf High-side MOSFET body diode”, the resonant entrflows
through High-side MOSFET body diode, and thgs\0f Low-side MOSFET is clamped. This period is
defined as Voltage Resonant Period.

Because the differential current flown through @ the dv/dt of Low-side MOSFET p¢ waveform is
provided to RV terminal, RV terminal voltage risgem the internally divided voltage by resistorstil
clamped internally.

When the Voltage Resonant Period ends and thergdiffiel current becomes zero, RV terminal voltage
returns to the internally divided voltage.

At this time, the control circuit detects the costjan of Voltage Resonant Period, by detecting¥= 4.9V
(TYP). As a result, High-side MOSFET is turned ard&WL1 is turned off. This period is automatically
adjusted dead time.
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* Voltage Resonant Period in Turning OFF High-sideSFBT
When High-side MOSFET is turned off, SW1 is turmedwhile keeping SW2 turned on.
At this time, the resonant current flows through Ci and L. Thus, G voltage falls from the input voltage.
When this voltage falls below “-Mof Low- side MOSFET body diode”, the resonant entrflows through
Low-side MOSFET body diode and thg,d/of High-side MOSFET is clamped. This period isicdefl as
Voltage Resonant Period.

Because the differential current flown through Gwthe dv/dt of Low-side MOSFET p{ is provided to RV
terminal, RV terminal voltage falls from the intafly divided voltage by resistors, until clampediriternal
GND level.

When the Voltage Resonant Period ends and thergiffiel current from RV terminal becomes zero, RV
terminal voltage returns to the internally divideatage.

At this time, the control circuit detects the costfin of Voltage Resonant Period by detectingy= 1.77V
(TYP). As a result, Low-side MOSFET is turned ord&@W?2 is turned off. This period is automatically
adjusted dead time.

When the dead time period becomes shorter thanay®liResonant Period, switching losses are increased
because power MOSFETSs turn ON / OFF during VolRgeonant Period, as shown in Figure 7-12.

It is usually necessary to adjust values of resbia@ouit and evaluate voltage resonant operatieer @ach
condition of the SMPS specification because Volt&psonant Period is variable on the condition gfutn
voltage and output power of the SMPS.

However, the Automatic Dead Time Adjustment Functta@dways makes ZVS (Zero Voltage Switching) for
Voltage Resonant Period when RV terminal is pradithee signals which reachrV(1), Vry(2) threshold voltage.

Regarding ZCS (Zero Current Switching) of the I8¢ tminus current period of (the period in which the
current flows into power MOSFET body diode) shoédmore than 450ns as shown in Figure 7-13.

Loss increase by hard switching operation

N

turn-on turn-of f| /.
y :

===

High-side Vbs

e R Power MOSFET
- Voltage Resonant Period D 0A

Low-side Gate . | ;
High-side Gate | i

—= = Minus current period

_ R more than 450ns
Fixed dead time (flows into power MOSFET body diode)

Figure 7-12  ZVS failure operation waveform Figure 7-13  ZCZheck Point
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7.6 Latch Function
The fault latch function stops switching operatiaiith latch mode, when OVP and/or OLP and/or TSD
protection functions are activated.

Releasing the latch is done by dropping tke ¥rminal voltage below ¥ a.on= 8.2V(TYP).
7.7 External Latch Function

As the protection for abnormal operations, the hatircuit is
activated when &z terminal voltage reachesc¥suaF 7.8V(TYP)

External power supply

and more by an external circuit. $SC9522S )

The current from the external circuit should be [1AGnd more. Veco

Because the sink current flows into IC ais@erminal in OCP Css GND p z:,CVCG

operation, if the current from the external cirasifower than the 5 "4_ -

sink current, Gsterminal voltage could not rise 4 (1'61( Q)

The external circuit should keeps&terminal voltage within FTC8

Absolute Maximum Rating, 12V, for example, by clangpwith a =

10V zener diode (Figure 7-14) or other ways. Figure 7-14 External latch example
7.8 LineUndervoltage Protection Function (Brown-In./Brown-Out Function)

VSEN terminal detects the input voltage and stops t

oscillation at low input voltage (Brown-In / Browdut Func- RCT % ra

tion), this function prevents exceeding input cotreand -y W RE

overheat. C1 R6

When this function is unnecessary, R4 to R7 areovenh and ' 1{VSEN

C9 is recommended about OuFLto prevent malfunction 9 J__' R7 5895223

caused by noise. 1 4)CGND

Figure 7-15 VSEN terminal peripheral circuit

The detecting voltage is set by R4 to R7 in Figib.
* When VSEN terminal voltage iss¥nony= 1.42V(TYP) and more, the control circuit starpemation.
* When VSEN terminal voltage iss¥norr= 1.16V(TYP) and less, the control circuit stopsikestion.

The resistors, R4 to R7, and the operation voltagess follows.

Einony—VsEn(oN) <RI E . Vs=N©OFR) <E
IN(OFF) = ——— X BEIN(ON) e
VsENnON) ’ VseN(ON) ©)

R4+R5+R6 ==

where Eyon) is the DC input voltage on which the control cit@alarts operation, andngorr) is the DC
input voltage on which the control circuit stopsoion.

C9 capacitor reduces AC ripple and makes some detay The recommended value is aboupf.1
R4 to R6 applied high voltage are recommendedaatitromigration type of resistors, such as metaefilm.
The values of R4 to R7 and C9 should be adjusteattural operation.
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7.9 Overvoltage Protection Function (OVP)
When the voltage of &,/= 28V(MIN) and more is applied betweerMerminal and GND terminal, the control
circuit stops oscillation in latch mode by inter@VP circuit operation,
The voltage applied to 34 terminal should be below Absolute Maximum Ratigy .

7.10 Overload Protection Function (OL P)
When overload conditions (this state is limited@yercurrent Protection (OCP)) continues during réade time
(delay time), the control circuit increases thetshing frequency and limits the output power of 8MPS.
Thus, this function reduces stresses of power MAOSFF&econdary diodes and so on.

In OCP operation, the output voltage falls down #hredfeedback current from secondary photo-coupeomes

zero. When the feedback current becomes zego, 425.4A(TYP) flows from FB terminal and charges C7

shown in Figure 7-16.

When FB terminal voltage reachegg¥ 7.05V(TYP), the control circuit stops operatianatch mode.

This period is defined as Latch delay timgyt and the approximate value is as follows.
(4.05V—R1x255,A )xC7

forv = x5, ©)

When R1 is 47® and C7 is 4.dF, tp,y is about 0.5sec.

FB terminal voltage

FB terminal threshold voltage

7 05y|- - orminal threshoid voitase
(P! 67 is charged by ~25.5 1 A(TYP) . 53095223
B
3

,,,,,,,,,,,, _ Voltage difference

. w Jpﬁ $R13R2
About 3V Pt - between both sides | . A
| of R1 by ~25.5uA(TYP) | T 5%7 ¢\ IFB
‘ l > time . PC1
Normal statel Over load state [Latch shutdown

Latch delay time tory

Figure -16 OLP operatio
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7.11 Overcurrent Protection Function (OCP)
Overcurrent Protection Function (OCP) detects tlandcurrent, 3, with pulse-by-pulse basis at OC terminal,
and limits output power.
In Figure 7-17, by using a smaller capacitor fopdss capacitor C12 than the current resonant cap&ij the
detection current decreases. As a result, the ptmserat the detecting resistopdR is reduced, and a smaller
resistor is available.

VGH yg |12 .
:LCV Y
5095228 ygL =1 "
2D oo re 10 [
ss 0C

— ..
5 6 7 C12 CI

—L LR11 £ Rocp =

117

C8 C13 C14

Figure 7-17 OC terminal peripheral circuit

For resonant power supplies, the values g¢dRR11, C12 and C13 should be adjusted on actuaktps,
because there is no convenient method to calculeteaccurate resonant current value by input /wutp
conditions and others.
The relationship amongdé), C12 and Ci is as follows.

Voc(L)

Rocp = c @

C12+Ci
where |} is the drain current of High-side MOSFET as shawhigure 7-17.

Iy X

As Rocp Vvoltage is used for Uncontrollable Operation Datecas described in “7.12 Uncontrollable Operation
Detection Function” section, f&p and C12 should be adjusted by both OCP detectimh Wncontrollable
Operation Detection.
The following values are recommended as targetegalu

C12 is adjusted so thatR becomes about 1@D, and generally it is about1100 of Ci.

R11 is about 47Q and C13 is about 680pF for filter portion.

There are three steps protection correspondingeacarrent levels as follows.

(DOC Terminal Threshold Voltage (Low)Voc
This protection works first. When OC terminal vgkaexceeds = 1.52V(TYP), C8 is discharged by
lcssw 1.8mMA(TYP), and thus, the switching frequency@ases, and the output power is limited.
When OC terminal voltage falls belowsy, in discharging C8, the discharge stops.

©0C Terminal Threshold Voltage (High)V oc)
This protection works second. When OC terminalagit exceeds 3 wy= 1.83V(TYP), C8 is discharged by
lcssi 20mA(TYP), and thus, the switching frequency @ases faster becausgdy is about 11 times of
lcsswy and the output power is limited.
When OC terminal voltage falls belows¥y in discharging C8, the above operation(n is active.
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(®0C Terminal Threshold Voltage (Hi speedYoc(s
This protection works third. When OC terminal vgkaexceeds ¥cisi= 2.35V(TYP), power MOSFETs
reverse ON / OFF, C8 is discharged bsslsy 18.3mA(TYP), and thus, the Hi Speed OCP operaiiirieves
S0 as to increase the switching frequency andrtio the output power.
This operation works to protect for exceeding ouemnt, such as the output shorted.
When OC terminal voltage falls belowsys)because of limiting the output power, the aboveratpens in O
and @ are active.

7.12 Uncontrollable Operation Detection Function
The constant output voltage is controlled by freguecontrol, the switching frequency decreases wigput
power increases. When the switching frequency goesapacitance area, the constant output voltage is
uncontrollable, the hard switching makes loss iaseel, and power MOSFETS increase their stress.
This phenomenon is called Uncontrollable Operation.

Capacitance area
Inductance area
[<b]
[&]
[
©
-c .
‘é Operation area
‘ > fsw
fo
Resonant frequency
Hard switching Soft switching

L w
4[1/\\%1\_ ID‘|/v|_

Uncontrol lable operation

Figure 18 Uncontrollable operati

The Uncontrollable Operation Detection Function ingorporated in the IC. This function prevents the
above-mentioned issues, and moreover, improvealitigy of transformer because of enabling to ofeera the
resonant frequencyp {which makes the most of output power in serissmant circuit).

This function eliminates to adjust the minimum shihg frequency to higher than the resonant freques, for
each power supply specification.

There are two Uncontrollable Operation Detectiondfions.

® During High-side MOSFET turns on, when RC terminaltage crosses pé= +0.155V(TYP) on the
condition that RC terminal voltage changes fromspia minus, the control circuit detects Uncontiaka
Operation (refer to RC Terminal Voltage in Capauw& Area waveform in Figure 7-19), and thus, Higles
MOSFET turns off and Low-side MOSFET turns on.

® During Low-side MOSFET turns on, when RC terminaltage crossesaé= —0.155V(TYP) on the condition
that RC terminal voltage changes from minus to,glus control circuit detects uncontrollable opieratand
thus, Low-side MOSFET turns off and High-side MOSRHrns on.
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By the above functions, the Uncontrollable Operat®detected with pulse-by-pulse basis.
By synchronizing the operational switching frequengith the Uncontrollable Operation frequency, st i
available to prevent Uncontrollable Operation.

VDS H)

RC terminal voltage
in capacitance area

Uncontrél lable Operatioh Detection

RC terminal voltage

in inductance area RC+

Figure 7-19 Uncontrollable Operation DetectionHigh-side MOSFET

For Uncontrollable Operation Detection, RC termistabuld be connected to the input side of OC teairfitier
circuit in order to improve the detection speedstasvn in Figure 7-20.

C14 is recommended about 100pF to prevent malfmeitaused by noise,

Rocpand C12 should be adjusted as described in “7\vErdDrrent Protection Function (OCP)” section.

In addition, Rycp should be adjusted to reackd® +0.155V(TYP), on such conditions caused uncolatibdd
operation easily as SMPS is at startup, the inpliage is off, or the output is shorted.

RC terminal voltage should be within Absolute ManimRating, +6V.

S IL
VGH yg _T__:
11 A T
$SC9522S VGl T EE
4 GND com|10
Css 0G RC — .
T IR {Rocp b
]
* (8 C13 C14
Figure 7-20 RC terminal peripheral circuit

RC terminal has Ncs)threshold as well asdés)of OC terminal functions.

When RC terminal voltage exceedgdé)= +2.35V(TYP), power MOSFETS reverse ON / OFF sastthe Hi
speed OCP operation.

Refer to “7.11 Overcurrent Protection Function (QCBPOC Terminal Threshold Voltage (Hi speed)section
for the Hi Speed OCP operation.
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8. Design Notes

8.1 Boot strap peripheral circuit
Reg terminal is the output terminal of regulatottage for bootstrap circuit, which drives High-silE®OSFET.
The bootstrap circuit is composed of D2, R9 and Bdtiveen Reg terminal and VS terminal
The following function is incorporated, for the protion of abnormal operations caused by shortition C11.
When the voltage between VB terminal and VS terirfials below \gyyorr= 6.4V(TYP), the control circuit
stops the High-side drive switching operation.
D2 is recommended an ultra fast speed diode witht secovery time and low leak current.
As for Sanken’s diode lineup, AGO1A (Vrm = 600V)WFRD series is recommended.
C11 is recommended a film type or ceramic capawittr low ESR and low leak current.

. bootstrapcireuit |
P!
Leio D2 RO . 3
****** A - [ (Y T
8 |14 hﬁ—w_rﬂl 3
Reg VB VGH yg1® T 3
o o
(I ~
88695228 VLI ];LFE I
L4 aND comf 10

Figure 8-1 Bootstrap circuit

8.2 Gateterminal peripheral circuit

VGH terminal and VGL terminal are the gate drive |Drai”
terminals for external power MOSFETS. R12 Gate{ EI}L
The source peak current is —0.515A(TYP), and th& si

Source

peak current is 0.685A(TYP).

In Figure 8-2, R12, R13 and D4 should be adjusted
considering power losses of power MOSFETSs, gate
waveforms (reduction of ringing caused by pattegout, Figure 8-2 MOSFET Gate peripheral circuit
and others) and EMI noise.

R14 prevents malfunctions caused by steep dv/tiiraing off power MOSFET. It is recommended to plac
resistor in 10k to 10@R range close to Gate and Source of power MOSFET.

R13 D4

R14

8.3 Peripheral Components

Take care to use properly rating and proper typesafponents.

* Input and output electrolytic capacitar&\pply proper margin to ripple current, voltage, aathperature rise.
Use of high-ripple current and low impedance typassigned for switch mode power supplies, is re-
commended.

¢ Transformer: Apply proper design margin to temperature rise dngdoss and copper loss.

» Current detecting resistor,oir : Choose a low inductance and surge-proof type, lsecauhigh frequency
switching current flows to ipand some malfunction may be caused if a high itahee resistor is used.

» Current resonant capacitor, :@ipply a polypropylene film capacitor with low loasd high current capability.
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8.4 Pattern layout and Component placement
PCB circuit trace design and component layout &ffec
proper functioning during operation. Unless theye ar
proper, malfunction, large noise and large power

dissipation may occur. V AE

Circuit loop traces flowing high frequency currenats &

shown in Figure 8-3, should be designed as widertsh ' @D %
and small as possible to reduce trace impedance. / AE %A

In addition, earth ground traces affect radiatioise, and 2 )

thus, it should be designed as wide and short ssilgle. I'
Switching mode power supplies consist of curreatds Figure 8-3  High frec(lquency current loop
with high frequency and high voltage, and thuscdra

design and component layout should be done to gompl

with all safety guidelines.

Furthermore, because an integrated power MOSFB&iig) used as the switching device, take accouttteof
positive thermal coefficient of §i(on) for thermal design.

High current loop

- C1 External power supply

2R Ly 5 1] g‘ﬂéxcn D3
Reg VB VGH vs
|1 vaL—w il T ov |
1 $5C95228 Tt V|
| :72VSEN COMILQW T -
Cf4 Vee RVHH| = i
4 N !
GND FB Css 0C RG[CrVi (g9
3 b 6 [7 in
R il S 1
- i RITS | i
Slgnal GND/ T:_:l:_:\::i‘::::::;r_: i CI .
,,,,,,,,,, C6 C8 G13 C14._____ :Rocp Main patter!
Low current loop A eeeres Signal GND pattern

Parts for control should be close High current loop

and be connected to IC

with short patterns Main GND

Figure 8-4 Layout design example

Figure 8-4 shows a circuit layout design example.

» Separate signal GND patterns from main current Gidieerns because of reducing common impedance, and
connect them at COM terminal (No.10 pin). Espegjationnect GND (No.4) terminal to COM (No.10)
terminal with the shortest pattern possible to prévmain resonant circuit current from flowing inttoe
patterns for control.

* Place a €(film capacitor of about O\F) close to the IC to prevent malfunctions causgadise, when the
distance betweenygc and V¢ terminal becomes long.

» Connect control parts for the IC close to the I@hwhe shortest patterns possible.
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WARNING

® The contents in this document are subject to ctgrfgeimprovement and other purposes, withoutceoti
Make sure that this is the latest version of theudeent before use.

® The operation and circuit examples in this docunaeatprovided for reference purposes only. Sanksnoraes
no liability for violation of industrial propertyntellectual property, or other rights of Sankerthord parties, that
stem from these examples.

® The user must take responsibility for considering determining which objects the products in trosument
are used with.

® Although Sanken will continue to improve the qualind reliability of its products, semiconductoogucts, by
their nature, have certain fault and failure raléd®e user must take responsibility for designind ahecking to
secure the device and system so that a part faitasenot lead to human injury, fire, damages, beotosses.

® The products in this document are intended for mbretectronic devices (such as home appliancesg;eoff
equipment, communication terminals, or measuremevites).
If you are considering using Sanken’s products dotlevice that requires high reliability (such aansport
machines and their control units, traffic light tah systems, disaster prevention, and securitypegent or any
kind of safety equipment), make sure that you cthr&anken sales representative. Do not use theskigis for
devices that require extremely high reliability¢slas aerospace instruments, nuclear power camiig, or life
support systems) without Sanken’s written consent.

® The products in this document are not designea t@diation-proof.

® Sanken assumes no responsibility for any trouBlesh as dropping products caused during transportatit of
Sanken'’s distribution network.

® The contents in this document must not be transdrdy copied without Sanken’s written consent.

® The user should take into account the fact thaptbducts in this document (or technology) areusetd in order
to undermine the maintenance of global peace aodrige by anyone, and the procedure complies whith t
foreign exchange control law when exporting.
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