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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
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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
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4. Package Information
The device is encapsulated in a standard 18 pin&@kage.
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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
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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
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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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. 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
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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 CC1 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 5 (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.

Copy Right: SANKEN ELECTRIC CO., LTD. Page.14
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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. T 4)CND

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 =

I

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.

R 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 ~ R
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 RITE | 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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