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CAUTION

® The contents in this document are subject to changes, for improvement and other purposes, without notice.
Make sure that this is the latest version of the document before use.

® The operation and circuit examples in this document are provided for reference purposes only. Sanken
assumes no liability for violation of industrial property, intellectual property, or other rights of Sanken or
third parties, that stem from these examples.

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

® Although Sanken will continue to improve the quality and reliability of its products,
semiconductor products, by their nature, have certain fault and failure rates. The user must take
responsibility for designing and checking to secure the device and system so that a part failure may not
lead to human injury, fire, damages, or other losses.

® The products in this document are intended for normal electronic devices (such as home appliances, office
equipment, communication terminals, or measurement devices).
If you are considering using Sanken’s products for a device that requires high reliability (such as transport
machines and their control units, traffic light control systems, disaster prevention, and security equipment
or any kind of safety equipment), make sure that you consult Sanken sales representative. Do not use these
products for devices that require extremely high reliability (such as aerospace instruments, nuclear power
control units, or life support systems) without Sanken’s written consent.

® The products in this document are not designed to be radiation-proof.

® The contents in this document must not be transcribed or copied without Sanken’s written consent.
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1. General Description
The SSC2101 series are controller ICs intended to implement a DCM (Discontinuous Conduction Mode)
interleaved PFC (Power Factor Correction) circuit.
Using the two-phase interleaved control incorporated in this IC, it is possible to achieve a low cost, high

performance PFC system with low input / output ripple currents, low noises and few external components.

2. Features
Features and benefits include the followings:
e Interleaved Discontinuous Conduction Mode (DCM) Operation
Low Peak Current, Low Ripple Current and Low Noise for Medium-to-High Power Applications

¢ Voltage Mode Control
No auxiliary windings on inductors required because of the built-in arithmetic circuit, achieving simple PFC

system
e Maximum ON Time: 15us(TYP)

e Built-in Soft Start Function
Stress reduction on power devices at start-up

e Built-in High Speed Response (HSR)
Suppression of output voltage changes during dynamic load transient

e Error Amplifier Reference Voltage: 3.5V(TYP)

e Protection Functions

— Soft Overvoltage Protection (SOVP) ------------ Output voltage decrease

— Output Overvoltage Protection (OVP)----------- Gate Drive off on pulse-by pulse basis, Auto-restart

— Overcurrent Protection (OCP) --------------—-——-- Dual level OCP, Auto-restart

— Output Open Loop Detection (OLD) ------------ Switching operation stop and transition to standby mode
— Open Terminal Protection (OTP)----------------- Switching operation stop or Output voltage decrease

during VFB terminal, VIN terminal or IS terminal is open
— Thermal Shutdown (TSD) Auto-restart with hysteresis
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3. Functional Block Diagram and Terminal List

Functional Block Diagram
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Terminal List
Terminal No| Symbol Description Functions
1 COMP Error amplifier output terminal | Error amplifier output and phase compensation
2 VIN Rectlﬁed mains Voltgge Rectified input voltage detection
detection input terminal
Constant voltage control signal input /
3 VFB Feedback control terminal Overvoltage signal input / Open loop detection
signal input
4 VCC IC power supply terminal Power supply for control circuit input
5 ouT2 Gate drive output 2 terminal 2nd Gate driver output
6 GND Ground terminal Ground
7 OUT1 Gate drive output 1 terminal Ist Gate driver output
8 IS Current detection input terminal | Peak current detection signal input
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4. Package Information

Standard 8 pin DIP package.
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5.240.3 .
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a. Type Number (Abbreviation)
SC2101
b. Lot Number
1* letter : The last digit of year
2" Jetter : Month
1 to 9 for Jan. to Sept.
O for Oct.
N for Nov.
D for Dec.
3" Jetter : Week
1to 10™: 1
11" to 20™: 2
21%to 31°% 3
c. Sanken Registration Number
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5. Electrical Characteristics
5.1 Absolute Maximum Ratings T,=25°C, unless otherwise specified
Parameter Terminal | Symbol Ratings Unit Notes

VCC terminal voltage 4-6 Vee —0.3 to +30 A -
COMP terminal voltage 1-6 Veomp —-03to+5.5 A -
VFB terminal voltage 3-6 Vs —0.3to +5.5 Vv -
VFB terminal current 3-6 Irg —1 to +1 mA -
VIN terminal voltage 2-6 Vin -03to+5.5 AV -
VIN terminal current 2-6 In —1to+1 mA -
IS terminal voltage 8—-6 Vis -16.0 to +5.5 Vv -
IS terminal current 8—6 Iis —1.75 to +1 mA -
OUT?2 terminal voltage 5-6 Vbr2 —0.3 to +30 AV -
OUT]1 terminal voltage 7-6 Vbri —0.3 to +30 A% -
Operating Frame Temperature - Trop —40 to +85 °C -
Storage Temperature - Tsg =40 to +125 °C -
Junction Temperature - T; —40 to +125 °C -

[]Current characteristics are defined based on IC as Sink: +, Source: —.
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5.2  Electrical Characteristics in Control Part T,=25°C, unless otherwise specified

Parameter Terminal | Symbol Ratings Unit Notes
MIN | TYP | MAX

Power Supply Start-up Operation

VCC Operation start voltage 4-6 Vecon 10.8 11.6 12.4 A% —
VCC Operation stop voltage 4-6 Vecorr) 9.8 10.6 11.4 A% —
VCC Undervoltage lockout hysteresis 4-6 Vecmys) 0.8 1.0 1.2 A% —
VCC Circuit current in pre-operation 4-6 Iccorr - 40 100 LA —
VCC Circuit current in operation 4-6 Icciony - 11.0 15.0 mA —
VCC Circuit current during OVP 4-6 Iccovey - 8.0 10.0 mA —
VCC Circuit current during standby 4-6 Icc(standby) - 100 200 pA —
Oscillator Operation

Max. ON time - tONMAX 14 15 16 us —
OUT1 to OUT2 ON time matching B tRATIO =5 0 5 % —

OUT]1 to OUT2 Phase difference PHASE 170 180 190 deg —

Protection Operation

VFB Output open loop stop voltage 3-6 Vesoror) | 0.46 0.50 0.54 A% —

VFB Output open loop start voltage 3-6 Vesorpn) | 0.64 0.70 0.76 A% —

VFB Output overvoltage protection

Voltage 3-6 VFB(OVP) 3.64 3.72 3.80 Vv —

VFB  Output soft overvoltage

protection voltage 3-6 Vrpsove | 3.60 3.68 3.76 \Y% —

IS Lower overcurrent protection
8-6 Visocery | —0.48 | —0.42 | —0.36 v —
voltage

IS Upper overcurrent protection
8-6 Viscocpry | —0.62 | —0.55 | —0.48 v —
voltage

COMP Sink current during protection

mode 1-6 Icomp(sk) 80 100 120 HA —

Upper thermal shutdown protection o
threshold Tirspn 150 — — C

Lower thermal shutdown protection .
threshold TirspL 140 — — C | (Not tested )

Thermal shutdown protection o
Tirspuys — 10 — C

hysteresis

[JCurrent characteristics are defined based on IC as Sink: +, Source: —.
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. Ratings .
Parameter Terminal | Symbol Unit Notes
MIN | TYP | MAX
Error AMP Operation
VFB Error AMP reference voltage 3-6 VEB(REF) 34 35 3.6 A% -
VFB Error AMP transconductance gain - gMEgp 80 100 120 usS -
COMP Error AMP max. source current 1-6 Icomp(so) -36 =30 24 pA -
COMP Error AMP max. output Voltage 1-6 VCOMP(MAX) 4.00 4.12 4.25 \Y -
VFB High speed response enable
voltage 3-6  [Vesmsrjenabld 3.3 3.4 3.5 \Y% (Not tested )
VFB High speed response active
voltage 3-6 |Vepmsrpactive] 31 3.2 3.3 \Y4 -
COMP High speed response source
current 1-6 ICOMP(SOHSR) -120 -100 -80 },lA -
VFB Input bias current 3-6 IrB(bias) - - 1.5 pA -
COMP Voltage during output open 3
100p detCCtiOIl 1 - 6 VCOMP(OLD) 07 09 11 V
Drive Circuit
5-6
OUT1,0UT?2 Gate voltage (Low) 7 6 VbR 1) - - 0.3 A\ -
. 5-6
OUT1,0UT2 Gate voltage (High) 1 6 Vir @) - 10.2 - Vv -
. 5-6
OUT1,0UT2 Rise time 7 6 t; - 70 - ns -
. 5-6
OUT1,0UT?2 Fall time 1 6 t; - 35 - ns -
5-6
OUT1,0UT2 Peak source current 7 6 Ipr(so) - -0.5 - A
5 - . (Not tested )
OUT1,0UT?2 Peak sink current ; a 6 Ipr sk - 0.5 - A
[]Current characteristics are defined based on IC as Sink: +, Source: —.
5.3 Package Thermal Characteristics T,=25°C
. Ratings . Measurement
Parameter Terminal | Symbol VMIN | TYP | MAX Unit Condition
Between
Thermal resistance x| - 0;.r - 65 85 | °C/W | junctionand
internal frame
X1 Internal frame temperature (Tr) is measured at the root of No.6 GND terminal.

Copy Right: SANKEN ELECTRIC CO., LTD.

Page.8




m SSC2100 SERIES APPLICATION NOTE Rev. 1.1

6. Typical Application Circuit

o Pt
RC1 1 L1 D2 1 Vour
. EMI ® o
85 - 264VAC Fiter
L2 D3
o— | |
External
ct SSC21018 Power
Supply
R1 Q1
" +
@ ._..‘|_r - C2
/T [
R2
Y
W—e ——o0
c3 GND
R6 T
AAA
vvy
Figure 6 Typical application circuit example
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7. Operational Descriptions of Interleaved Discontinuous Conduction Mode (DCM)
Discontinuous Conduction Mode (DCM) is well known as a technique that achieves low switching noises because
the drain current increases from zero when a power MOSFET turns on, and is not steep shape waveforms as shown
in figure 7-1. However, the usable power level of the single phase DCM is limited by the very high input / output

ripple currents.

The two phase interleaved DCM incorporates two boost converters, and is able to cancel the input ripple currents
and to reduce the output ripple currents due to the phase difference of 180°between two converters.

The interleaved DCM achieves a PFC system with lower switching noise and smaller input filter areas, compared
with the single phase DCM. Because lower input / output ripple currents increase the filtering effect of EMI filters

and reduce switching noises.

Single phase
/ 1 / d
MOSFET |
Ll : / /
W ". Vour Drain current / | /
/ /
Inductolrament . Ip Y | i
L ool
e ™
K Y 1+ . .
1 e T A A1
1 \ \
{ | H Inductor current /’, ™. /” ™.
H k ) / \ ’ \
H E— \ / Ay
A IL , ,’ \\ , ,’ \\
J; ® L/ \\,’ ‘\
Figure 7-1 Current waveforms of single phase
DCM
Interleaved DCM
MOSFET T2
Drain current . 0 ; -4
e P
Ip _r ’__,1‘" N _t ’_,,1‘—’
P\ i
P o i
Inductor current / Composite inductor current
b A AN ASNA
ot i \,><’/ s ” ! \,—\"/
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Figure 7-2  Current waveform of Interleaved DCM
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8. Functional Descriptions

8.1 Startup Operation
The peripheral circuit around VCC terminal is shown in figure 8-1.
VCC terminal is the external power supply for the IC.
AC input voltage and the external voltage for VCC terminal are provided, and when VFB terminal voltage increases

to Vegorpm= 0.7V(TYP)* or more and VCC terminal voltage increases to Vccony= 11.6V(TYP) or more, the
control circuit starts switching operation.
When VCC terminal voltage decreases to Vecorp= 10.6V(TYP) or less, the control circuit stops switching operation
by UVLO (Undervoltage lockout) circuit, and reverts to the standby mode before startup.
¥ VesooLom= 0.7V(TYP) is equivalent to about 20% of the rated output voltage, Vour. One of the startup
conditions is to be increased the input voltage to 20% or more of the rated output voltage, Vour.
When VFB terminal voltage decreases to Vegorpry= 0.5V(TYP) or less, the control circuit stops switching
operation and enters into the standby mode even if VCC terminal voltage increases to  V¢c(ony Or more.

As the control range of V¢ terminal is very wide, that is Veeorn= 11.4V(MAX) to Maximum Rating= 30V(MAX),

the wide input voltage range from the external power supply is available.

If the distance between the IC and C6 shown in figure 8-1 is lengthy, it is recommended to place Cy (a film capacitor
of about 0.1uF / 50V) close between VCC and GND terminals to prevent malfunctions caused by noise.

SSC2101S
1 COMP_ IS8 Icc A
External Icciony
power supply 2VIN  OUT17 11mA(TYP)
3VFB  GND6 wn 53
g 5
4VCC OUT25 Z
cel+ Cr Icc(oFr)
40p A(TYP)
’ >
10.6V(Typ) 11.6V(Typ)
VccoFr) Veceon
Figure 8-1 VCC peripheral circuit Figure 8-2 Relationship of V¢ and Icc

at startup and stop
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8.2  Soft Start Function
When the input voltage increases to about 20% of the rated output voltage, Vour and VCC terminal voltage

increases to Vocony= 11.6V(TYP), the soft start operation initiates at startup.
During soft start period, COMP terminal is charged by Icompsoy= —30nA as shown in figure 8-3, and thus the output

power increases gradually to reduce stress on power devices.

Ibs(Q1.Q2)
~
-
VEB A Soft start period { Constant voltage operation
VF};(RSE\F/) y Vour=100%
About 3.2V
T About 90% of Vour
0.7V
0 Yo > Time
Icomp
Vour
* o
0 > Time l
Icomp(so) *
-30y A o= l @
h SSC2101S
</
Vee N ) G 1 COWP Is8
K11 i' S30p A [2vN am 7
Veccon) / i \ 4 3 VFB Q\D 6
11.6V(TYP) External power supply M L l
for VCC C51— 0‘1— RE CB‘[ tYE oms
0 > Time *® d g
wr
Figure 8-3  Soft start operation Figure 8-4 VFB, COMP peripheral circuit

8.3 Voltage Control Operation
The PFC circuit with a general single phase DCM is shown in figure8-5.
The PFC is composed of a boost inductor, L1, a switching device, Q1, a rectifier diode, D2, and an output capacitor,

C2.
The control circuit detects C2 voltage and makes an error amp output signal, and this signal turns on Q1.

After QI is turned off, the energy stored in L1 is transferred to C2 through D2.
And when the control circuit detects the OFF timing from ZCD (Zero Current Detection) winding after all the energy

stored in L1 is transferred to C2, and then Q1 is turned on. This operation is repeated

n|7\1n o \laur

THTT
1™ T

Figure 8-5 PFC circuit with a general single phase DCM

SSC2101S series detect the input voltage at VIN terminal, the output voltage at VFB terminal, and the phase

compensation at COMP terminal.
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This IC makes the ON time (ton) and the OFF time (togg) internally, and controls the output voltage by Voltage
Mode Control method, and thus the PFC system with this IC needs no auxiliary winding detected zero crossings
from inductor current, and achieves simple circuits with few external components.

In the boost PFC converter, the toy is a function of load power and the togr is a function of the input voltage, Epy,
and the rated output voltage, Vour.

The relationship between ton and togr is given by the following.

Emv
torr > —————xton 0

Vour - Ev
The typical relationship between Vy and ton, on the condition that Vcowmp is 4V, is shown below,
where VIN is Vi terminal voltage, Vcomp is COMP terminal voltage.
The maximum tonmax) is specified by Vin= 0V and Veomp=4V.
16

15
14
13
12
11

ON time, ton (us)

10 ~
9
8 1

0 0.5 1 1.5 2 2.5 3 3.5
VIN terminal voltage, Viy (V)
Figure 8-6 Typical relationship between Vy and

VIN terminal voltage detects the input voltage to calculate the internal tog.

As shown in figure 8-7, the rectified input voltage is divided by R1 and R2, and input to VIN terminal.

Because of the way VIN terminal voltage and VFB terminal voltage are used for internal calculation, the two
dividers should be well matched, and thus R1, R2, C7 values of the input portion should be equal to R3, R4, C8
values of the output portion.R1 is recommended a high resistor in several hundreds k to several MQ range and +1%
tolerance of anti-electronigration type, such as metal oxide film resistor.C8 is recommended a capacitor of about
0.1n to 10nF to reduce high frequency noises, if necessary.

Vout

VAC
S
— R3I=
+
Cc2
R5
AVAVAV ;— P
8SC2101S
N
1 COWP 1S 8
\ g 2 VIN aur 7
I _T_ 3B QD6 Figure 8-7 VIN, VFB peripheral circuit
= = 4VOC QU2 6
R2:> C7I R4:> CSI
=~ - wr
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8.4 High Speed Response Function (HSR)
The boost PFC is input the sinusoidal waveform of AC input voltage with commercial frequency, and the voltage
control has the characteristic of responding to low frequency. As a result, the dynamic load response becomes slow,
and may cause the output voltage to drop more easily.
HSR function is built-in to reduce variation of the output voltage under dynamic load change conditions.

As shown in Figure 8-8, when VFB terminal voltage increases to Vegmsrjenabie= 3.-4V(TYP) or more, the control
circuit enables HSR operation. After this, when VFB terminal voltage decreases to Vepmsrjactive= 3-2V(TYP) or less
due to dynamic load change conditions or others, the control circuit starts HSR operation.

During this operation, COMP terminal is charged by Ivcompsonsr= ~100pA(TYP) and the output power increases
until COMP terminal voltage increases to 3.2V(TYP).

Vepmsryctive= 3-2V(TYP) is equivalent to about 91.4% of the rated output voltage, Vour.

OUT1,0UT2 Low

VFB HSR enable HSR OFF COMP Sink
N AT 3.72V
HSR active 3.68V
3.5V % %
3.4V ey
About 3.2V e 3.2V SS : Soft start period
CV : Constant voltage operation period
HSR; LC: Dynamic load change period
HSR: High speed response operation period
OV : Overvoltage operation period
0 Time
SS cv LC (&A% oV cv
Icomp
Icomp(sk)
100y A
0 % % Time
Icomp(so)
Icomp(sonsr)
- 100y AV

Figure 8-8 VFB terminal voltage waveform
8.5 Gate Drive
The OUT1 / OUT2 terminals directly drive an external power MOSFET as currents and voltages are set as follows.
e Peak Source Current / Peak Sink Current ~ ----- —0.5A(TYP) / 0.5A(TYP)
e Gate Voltage (Low) / Gate Voltage (High) ----- 0.3V(MAX) /10.2V(TYP)

Resistors, R7, R8, R9 and R10 in figure 8-9 should

be adjusted for actual operation because these =L & \aur
values relate to the board layout patterns and 21018 L -

power MOSFET capacities. The gate resistors, R7 U/ NN N—ppl

and R8, are recommended in several to several tens TP 18 R H

of Q range, and should be adjusted to reduce gate 2vN a7 ———W— t Q@ ::"' @
voltage ringing and EMI noise. 3VWB QD6 R | 2¢)

R9 and R10 help to prevent malfunctions caused AVC Q5 lk_- .

by steep dV/dt during power MOSFET turns off. RI0

The recommended values are in the 10k to 100kQ

range, and should be placed close to power ¢ —
MOSFET’s gate and source terminals. Figure 8-9 OUT1, OUT2 peripheral circuit
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8.6 Error Amplifier Phase Compensation
COMP terminal is the output of the internal error amplifier. The error amplifier system consists of a
transconductance amplifier and switched current sources that implement the enhanced response functions.
The phase compensation circuit is connected between COMP and GND terminals.
This response is set below 20 Hz to maintain power factor correction at standard commercial power frequencies of
50 or 60 Hz.
In figure 8-10, the phase compensation components, C4, C5 and R11, are recommended as follows, and may be
adjusted to reduce ripple or to enhance transient load response at the output voltage.
e C4: 0.047pn to 0.47uF
e C5: 0.47p to 10pF
e RII: 10k to 100kQ

L

a3

AAA (0]
yvy J;
SS2101
_ /
10w IS8
RI1 2MN a7
I 3B QD6
csl- 01-[ MEE 03-[ 4\C QR 5

/4

Figure 8-10 Phase compensation circuit
(COMP peripheral circuit)

8.7 Thermal Shutdown Protection (TSD)
When the temperature of the IC increases to Tirspy= 150°C (MIN) or more, the control circuit stops switching
operation. Conversely, when that decreases to Tjrsp= 140°C or less, the control circuit starts switching operation.
The hysteresis of detection temperature, Tirsprys, is 10°C (TYP).
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8.8 Overcurrent Protection (OCP)

The inductor current of each inductor is detected by the detection resistor, RS, and is input to IS terminal.

i

Inductor current I
AMA

e

AA

= <= |-t
> RI0=RY)

Figure 8-11

W—e A
RS 7;-
M RS 5

vy
AAA

vy

g

SSC2101S

10w IS8

2MN Qm7
3VB GD6[ ]

4\MC Q25

~ C3

LI

IS, OUT1, OUT?2 peripheral circuit

The over-current protection has two steps as follows.

IS Lower Overcurrent Protection --- Vigiocpr)

When the inductor current increases and IS terminal voltage decreases to Vigiocpr)= —0.42V(TYP), the control
circuit limits the output power by turning off one power MOSFET or two, according to the output state of both

OUT1 and OUT2.

e When either OUT1 or OUT?2 is high voltage, the output, which is set high, is set to low.
Figure 8-12 is an example. OUT2 is low and OUT]1 is high, and IS terminal detects |Visocpr)| or more during
OUT1 is high (Q1 is ON). On this condition, OUT1 is set to low.

MOSFET(Q1)
Drain current

MOSFET(Q2)
Drain current

OUTI
terminal

OUT2

terminal

IS

terminal

77

laad

Q1:OFF

77

l<a

A

OUT]I is set to low after detecting Visocrr)

=

<

P

laa

/

=

Vis(ocrr)
- 0.42V(TYP)

Figure 8-12  Vigocpr) operation waveform after OUT1 is set to high and OUT?2 is set to low
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o When both OUT1 and OUT2 are high voltage, the output which is set to high ahead is set to low.
Figure 8-13 is an example. Both OUT1 and OUT2 are high (QI, Q2 are ON), and IS terminal detects
|Visocprylor more. On this condition, OUT1, which is set to high ahead, is set to low.

MOSFET(Q!) QI:OFF
Drain current
5
MOSFET(Q2) G5 A /
Drain current /
. I
When both OUT land OUT2 are set to high,
OUT1 OUT1 which is set to high ahead is set to low
terminal 5 —
ourz &
terminal —
IS
terminal
5&/\/\/M/
v,
1S(OCPL)
- 042V(TYP)

Figure 8-13  Vigocpr) operation waveform after both OUT1 and OUT2 are set to low

RS in figure 8-11 should be adjusted on actual operation so that IS terminal voltage reaches |Vigocpr)| or more
on the condition of minimum input voltage and peak load.

R6 is a limitation resistor, which limits IS terminal current against exceeding current, such as inrush currents,
and is recommended 100Q.

C3 is recommended a capacitor of about 0.1n to 10nF to reduce high frequency noises, if necessary.

@]IS Upper Overcurrent Protection --- Visiocpm)

When IS terminal voltage decreases to Visiocpim= —0.55V(TYP) or less, the control circuit limits output power
by turning off both power MOSFETSs because both OUT1 and OUT?2 are set to low on pulse-by-pulse basis.
This protection function operates on such abnormal conditions as the inductor is shorted or is saturated.

\ Such abnormal state as the inductor is shorted

MOSFET(Q1) / or is saturated
Drain current
S
MOSFET(Q2) =]
Drain current <d /
OUT1
terminal Sk
OUT2 g L Both OUT1 and OUT?2 are set to low after detecting Visiocer)
terminal
1S
terminal
SS\ ~ Viscocrn)

Figure 8-14  Vigocpu)operation waveform
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8.9 Overvoltage Protection (OVP)
The overvoltage protection has two steps as follows. These operations are shown in figure 8-15.

(M VFB Output Soft Overvoltage Protection --- Vgsovr)
When VFB terminal voltage increases to Vegsovey= 3.68V(TYP), Soft Overvoltage Protection is activated. And
thus COMP terminal is discharged by Icompsky= 100pA(TYP) and the output voltage is decreased. Vegsovey=
3.68V(TYP) is equivalent to about 105% of the rated output voltage, Vour.
The output voltage, which operates Soft Overvoltage Protection, is calculated approximately as follows.
Vour {n normal operation)

Vour(sove) = X Vrgsovry )
VEBREF)

where Vegrer) is Error AMP reference voltage, 3.5V(TYP).

®@VEFB Output Overvoltage Protection --- Vgovp)

When VFB terminal voltage increases to Vegove= 3.72V(TYP), both OUT1 and OUT2 are set to low on
pulse-by-pulse basis and the output energy supply is stopped. After that, when VFB terminal voltage decreases
to Vegsove), the control circuit stops discharging from COMP terminal and reverts to switching operation.
The output voltage, which operates Overvoltage Protection, is calculated approximately as follows.

VOUT( in normal operation )

Vourcove) = X Vesovey 3)
VFEBREF)

R3 is recommended a high resistor in several hundreds k to several MQ range and +1% tolerance of
anti-electronigration type, such as metal oxide film resistor.
C8 is recommended a capacitor of about 0.1n to 10nF to reduce high frequency noises, if necessary.

VFB terminal ;’\Oltage fUTl,OUTZ is set to low
About 106% of Vour
3.72V(TYP) VFBOvP) \Vaur
About 105% of Vour L ]
3.68V(TYP) X Vessove) I
3.50V(TYP) 'y VEB(REF) + @
Vour=100% 3 EE J;
SS2101S
0 > Time "\
CvV oV: Ccv ! > 1 o IS8
’ Cad
) CV : Constant voltage operation period Ri1 :' 100u A 2MN Qm 7
COMP terminal current OV : Overvoltage operation period i
A ! 3B QD6
100y A(TYP) Icompsk) !
Ios O R ®s 4MC Q@25
0 £ > Time —I L I

Figure 8-15 Overvoltage operation waveform
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8.10 Open Loop Detection (OLD)
In case the output voltage detection resistor, R3, is open and VFB terminal voltage decreases to Vpporpr)=
0.5V(TYP) or less, the control circuit stops switching operation and enters into the standby mode.
VeporpLy= 0.5V(TYP) is equivalent to about 14.3% of the rated output voltage, Vour.

When VFB terminal voltage increases to Vegorpm= 0.7V(TYP) or more, the control circuit starts switching
operation. Vegorpny= 0.7V(TYP) is equivalent to about 20% of the rated output voltage, Vour.

L1 [
BN — \Vaur
—T00 - ’
L2 ¢} L
— 9 R=
ct
L A +
RZ a p—W— @
« R8
e p—P—W—
R5
‘AVAVAT 7;- Py
S21018
10W IS8
b 4 2MN Qm7
I I 3WB QD6
15 15
RE GI RE CBI 4MC Q5

nr

Figure 8-16 VFB peripheral circuit

8.11 Open Terminal Protection (OTP)
VFB, IS, VIN terminals have Open Terminal Protection internally.

e VFB Open Protection
VFB terminal is internally connected with a pull-up current source.
In case VFB terminal is open, VFB terminal voltage is pulled up to the internal supply voltage,
the overvoltage protection is activated, and thus both OUT1 and OUT2 are set to low, the output voltage
decreases.

¢ IS Open Protection
IS terminal is internally connected with a pull-up current source.
In case IS terminal is open, IS terminal voltage is pulled up to the internal supply voltage,
the overcurrent protection is activated, and thus both OUT1 and OUT2 are set to low, the output power
decreases.

e VIN Open Protection
VIN terminal is internally connected with a pull-up current source.
In case VIN terminal is open, VIN terminal voltage is pulled up to the internal supply voltage,
the control circuit limits its operation, or stops.
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9. Parameters Design
Symbols in this section are defined as follows.

e Po:  PFC Output power per phase (W) e Vinrms:  Input RMS voltage (V)
e 1n:  PFC Efficiency (%) e Vour:  PFC Output voltage (V)
e ton:  ON time (sec) o Inrms:  Input RMS current (A)

The specifications of this design example are,
e AC input voltage: 85 to 264VAC
e Total output power of two phase Interleaved PFC total output power: 400W (Po=200W for each phase)

®Output Voltage, Vour selection
The DC input voltage must always be lower than output voltage in a boost converter. Hence the rated output

voltage, Vour, is set to at least 10V higher than the peak voltage of the commercial AC input voltage.

Vour 2 \/E XxVmnems +10(V) e 4)

(Ex.) Vour 22 % AC264V +10V =5 383(V ), hence, Vour is set to DC390(V).

®@Inductor Current

The waveform of the inductor current is triangular. The maximum peak current, Ij peakmax), running through
each inductor is calculated as follows.

e Maximum Input Power, Pinoviax)

Defining the output power margin as Koy and the inductor saturation margin as Ky y,
Pivovax) is calculated as follows.
Kom x Kim X Po

Pinvax) = , w (5)

where 1 depends on the ON-resistance, Rps(on), of the power MOSFET and the forward voltage, Vi of the
rectifier diode. n is generally in the range of 0.90 to 0.97.

Kom, Kpm depend on the design margins. Generally Koy is the range of 1.2 to 1.3, Ky is the range of 1.2
to 1.3 as reference.

L2X1.2%200W _ 3w
0.92 = 33(W)

where it is assumed that Koyris 1.2, Kpyis 1.2, and nis 0.92.

(Ex.) Pivemax)=

¢ Single Phase Inductor Peak Current, I; peakmax)
Deﬁning the minimum input RMS voltage as VINRMS(MIN), ILPEAK(MAX) is calculated as follows.
2\/5 X PIN(MAX)

ILPEAK(MAXYy = — 77— 6
VINRMS(MIN) ©)

22 x313W
N TIDOW o 0404
ACS5V (4)

(Ex.) ILPEAK(MAX)=
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®Inductance Value

The inductance for a single phase, L is calculated as follows.

> \/5 X VINRMS(MIN) X tON(MAX)

L= (€= R — (7)

ILPEAK(MAX)

where tonamax) is determined by VIN terminal voltage, Vin(V), in figure 9-1.

16
15
14
13
12
11
10

9

8

ON time ton (HS)

0 0.5 1 1.5 2 2.5 3 3.5

VIN terminal voltage Vi
Figure 9-1 Typical relationship between VIN terminal voltage and ON time

The values of R1 and R2 for VIN terminal voltage detection should be equal to the values of R3 and R4 for
Vour detection. Defining the rectified voltage as En, VIN terminal voltage, Vi, is calculated as follows.

R_3 ~ Vour E~

1+ = Vin=
R4 VrBrep’ hence, Vour

VFB(REF)

&3
A
Wy

(Ex.) VIN terminal voltage, Viyat 85VAC

R3 Vour 390V
I+—= = =z 1114
R4 Vrscrer) 3.5V

Hence,

2x AC85V
Vin s —‘/_ = 1.08(V) e
]114 1 QOWP 1S8

tonmax) is given by the point of VIN=1.08V * 2N a7
in figure 9-1.From the graph, tonaux) is about 12.4us. I jﬁ 5;2 _1
Thus, 7 I

N2 X ACSSY < 12.4u 5 : >

L> = 143 H
10.44 v H)

2

AAA

vy

1]
—i—o

®Inductor Turns
Defining the turns number of inductor as N, the effective area of inductor core as Ae (mm?), and the maximum
magnetic flux density as 4 Byax (mT), N is calculated as follows.
\/3 X VINRMS( MIN ) X tON(MAX )

= 9
e Aex 4 Buax 10 (turns) e (8)

2 X ACSSV % 12.4u s
102mm?* x 250mT

where it is assumed that Ae is 102mm?’, 4 Byyx is 250mT.

x10°= 58(turns)

(Ex) N =
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®Overcurrent Detection Resistor, R5

Overcurrenct detection resistor, RS, detects the composite inductor current, I cpp, of both converters.
As the composite inductor current varies by ON-duty (Doy), the coefficient defined as Ky is calculated from its
DQN, and RS5 is calculated by ILCMP(MAX)-

Interleaved DCM
MOSFET Toz
Drain current __ -1 \/ 1 ! ~
- P - -
] ~ . Pid 1 _ - I //__.—’
ID - 1'/ "L— N\ /{, ‘—/1‘__
N Y |
Inductor current Composite inductor current I cmp

I / /

—

Vour - \/5 X VINRMS(MIN)
DonMax) = Voo 9)

5 390V - N2 x AC85V | )60
(Ex.) ON (MAX ) 3007 = 0.

where Ky is given by the equation (10) when Donpyax) is 0.5 or more and by the equation (11) otherwise.
e When Donmax)2 0.5

Donmax) - 0.5
J’_ S

rR=1+—--5-
: Donmax) (10)
Ke=1+ 292700 o 5
(Ex) Rx 0.69

e When Donmax) <0.5
0.5 - Donmax)
Ke=l+—7—7—--—7-—- (11)
1 - DoNnmax)

Thus, the composite inductor current, I cvpmax) is calculated as follows.

Iiemponax)y = Kr X IpEakmax)' e (12)

where I; ppakmax)' 1s calculated as follows.

2\/5 x Kom X Po

1N X VINRMS(MIN)

W2 x1.2x 2000
= 87(4)
0.92x AC85V
Hence, licmponax) = 1.28 x8.7A% 11.1(A)

ILpEAK(MAX) ' =

(Ex.) ILPeak(max) =

RS5 is calculated from the peak current of the composite inductor current and the threshold voltage as follows.

| Viscocp) |
RSE —mMm () . (13)
lrempomax )
-0.42V(TYP
(Ex) R5< | 1T, ]1: )|(Q)= 0.038(Q2 )
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10. Design Notes
10.1 External Components
Take care to use properly rated, including derating as necessary, and proper type of components.
Refer to the parts number in Figure 10-2.

e Electrolytic capacitor, C2 :
Apply proper derating to ripple current, voltage, and temperature rise. Use of high ripple current and low
impedance types, designed for switch mode power supplies, is recommended.

e Inductors, L1, L2 :
Apply proper derating against temperature rises by core and copper loss, for inductor L1, L2.

e Current detection resistor, RS :
A high frequency switching current flows to RS, and may cause poor operation if a high inductance resistor is
used. Choose a low inductance and surge-proof type.

o Higher resistors applied high voltage :
Choose a type, such as metal oxide film, that is not susceptible to degradation by electromigration, or by
electrolytic corrosion or oxidation of the resistive material for high resistors applied high voltage.

e Bypass diode, D1 :
Choose a surge-current-proof type diode for D1, which is a bypass diode to protect D2, D3 against exceeding
current such as inrush currents.

e Rectifiers D2, D3 :
Choose an ultra-high-speed type diode with short t, (reverse recovery time) for D2, D3 to reduce noise and
power loss.

e Bypass diode and rectifier diodes for PFC :

As Sanken Electric has many lineups for bypass diodes and rectifiers for PFC application, please inquire of

Sanken Electric Sales Department about them.

10.2 Pattern Design
PCB circuit trace design and component layout affect proper functioning during operation, EMI noise, and power
dissipation.
Therefore, where high frequency current traces form a loop, as in Figure 10-1, wide, short patterns and small
circuit loops are important to reduce line impedance. In addition, local GND and earth ground traces affect
radiated EMI noise, and the same measures should be taken into account.
Switching mode power supplies consist of current traces with high frequency and high voltage, and then trace
design and component layouts should be done to comply with all safety guidelines.
Furthermore, in the case where MOSFETs are being used as the switching device, take into account the positive
thermal coefficient of Rpgiony when preparing a thermal design.

D1

Pt

Figure 10-1 High Frequency Current Loop
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Figure 10-2 shows the example of peripheral circuit connection.

e Avoid parallel patterns about control system patterns and main circuit patterns, so as not to be interfered by
crosstalk noise.

e Connect GND terminal pattern to the root of RS with shorter dedicated pattern, so as to reduce common
impedance by separating the control system ground from main circuit ground, and connect R6 pattern also to
the root of RS with a dedicated pattern,

e Connect peripheral components to the IC with shorter patterns.

e Place Cs (a film capacitor in 0.1 to 1uF /50V) between VCC and GND terminals, if the distance between C6
and the IC is lengthly.

e Place R9 between GATE and SOURCE terminals of Q1.

e Place R10 between GATE and SOURCE terminals of Q2

> >
W RS =W
/
/
SS21018
1 QOWP IS8 -\ Main circuit pattern
e S
2N Q7 Signal ground pattern
3 B aQ\D 6 —ﬁ
External power supply
° 4MXC Q25
a

Figure 10-2  IC peripheral circuit connection example
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