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Description
The RA20111is apower-factor mrrection (PFQ controller IC.
This IC adoys continuous caxduction mode as PFQoperation.

Variousfunctions such as onstnt power limit, ovewoltage deecion, overcurent deecion, sdt start, feedbad-loop
discannecion deecion,and holding function of PFCoperaion throughmomentary outage (PFChold funcion) are
incorpaatedin a sinde chip. These functions reluceextenal circuitry.

The corstant power limit function allows b eliminate a sigificant anmount d cal noisewhich is generateddue o
ovecurrentdetecion opeation in caseof conventional overload.

ThePFChold function enables quick remvery by continuing PFCoperaton after momentary outage. Thehold time
can be djusted by an extend capacitance.

Overcurrentdetecion pn is separagly provided
Latch mode $utdown funcion is incorporated.

A soft-start control pin providesfor the eag adustment of soft-start operation, and canbeusel to preventoversooting
of the output voltage.

Features

e Maximum ratings

— Power-spply voltage Vcc: 24V

— Opeating junction temperatre Tjopr: — 40to 125°C
e Electrical characteristics

— VREF autput voltage VREF: 5.0 V + 3%

— UVLO operation stat voltage VH 105+ 0.9V

— UVLO operatonstop voltageVL: 90 + 07 V

— PFCoutputmaximum ON duty Dmax-aut: 95% (typ.)
e Furctions

— Constant power limit function

— Continuousconduction mode

— Hold function of PFCoperaton on momentary outage (PFC hold function)

— Ovevoltage ddecion

— Overcurern detection

— Soft start

— Feedbackoop disconnection detection

— IC shutdown funcion

— Packae lineup: SOP-16 an®ILP-16

Applications

e Flatpaneldisplay
e Projecor

e Desktop PC

e White goods
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Ordering Information

Part No. Package Name Package Code Taping Spec.
R2A20111SPWO0 FP-16DAV PRSP0016DH-B 2000 pcs./one taping product
R2A20111DDUO DP-16FV PRDPOO0O16AE-B —
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Pin Arrangement

out [1 N 16] vee
GND [ 2 15] ss
DELAY [3 14 EO
CGND [4 13 FB
CAI[5 12] 1aC
VREF [ 6 11] PFC-ON
cAO [7 10| cT
cLIMIT [ 8 (o] RT
(Top view)
Pin Description
Pin No. | Pin Name /0 Function
1 ouT Output Power MOS FET gate driver output
2 GND — Ground
3 DELAY Input/Output | Hold time adjust and IC shutdown
4 CGND Input Non-inverting input of current amplifier
5 CAl Input/Output | Inverting input of current amplifier and Current output for PFC control
6 VREF Output Reference voltage output
7 CAO Output Current amplifier output
8 CLIMIT Input Overcurrent detection
9 RT Input/Output | Timing resistor for settings of operational frequency, and the maximum CAI pin
and DELAY pin current
10 CT Output Timing capacitor for operational frequency adjust
11 PFC-ON Input Detection of input AC voltage level
12 IAC Input Detection of input AC waveform
13 FB Input Voltage amplifier input
14 EO Output Voltage amplifier output
15 SS Output Timing capacitor for soft-start time adjust
16 VCC Input Power supply voltage input

Description of Pin Functions

OUT Pin:

Thepower MOS FET gake-drive sgnalis output from this pin, ard takes the form of a rectangulawaveformwith an
amplitude of VCC-GND.

GND Pin:

The goundtermiral.

DELAY Pin:

This pin has twofunctions (1) settirg the PFC furction hold time for cases of mmentary autage ard (2) IC shudown.
Currentthat flows throughthe DELAY pin isin inversepropartion to the RT pin resstance. $urcecurentis4.7/RT
[A] and sinkcurent is 423/RT [A]. Normal operationisin the state tlat sinkcurrert flows.

REJO3F0231-0100 Rev.1.00 Mar 28, 2007 RENESAS
Page 3 of 40

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6212866/r2a20111.html

R2A20111SP/DD

(1) Seting the PFC function hold time for momentary outage
When the FFC-ON pin is drivenbelow 0.79V (typ.) due b a nomentary outage,the delay pin funcionsas surce
currert. PFCoperationcortinues urtil the cagcitar is charged to1.2 V (typ.). After the vdtage onthe delay pin
reached.2 V (typ.), thepin functionsas sk aurrent, andPFCopeaationterminates. Tie PFCfunction hold tine
can beset bythe value ofthe exerral cagzcitor.

(2) Shutdown
When thispin is pulled upto 4 V (typ.) or highe, the IC enters the shutdown state. Accordingly, the VREF sgnal
becames low ard the operatingcurent becomes sesral hurdredpA. The 1C does not resume operation uriil Vec
fallsto 4 V (max) or below.

CGND Pin:
This pin is the non-inverting inpu to the currem anplifier.

CAI Pin:

This pin is theinverting input to the curremamplifier and functionsas source avert for PFC caitrol. AC curert is
controlled tobe propaetional to the soucecurrent and thepowe factor is corrected.

VREF Pin:

Tenperaure-ompensagd voltage wih an accuracyof 5V £ 3% is output from this pin. Thepin shoud supply no
more than5 mA (max.) sairce curreti This pin has no sink capabilities.

CAO Pin:

This pin is the currert anplifier output, and & connectedd the phaseompensatio circuit d the curent anplifier.
Thereailt of comparison of the voltage on this pin and the CT pin produces he pulse aitputfromthe OUT pin. The
pulse is Imited when the voltage on the CAO pin rises.

CLIMIT Pin:

This pinisfor deecing overaurrent When the vokage on this pin dropsto 1.3 V (typ.) or below, OUT pin is stopped

RT Pin:

This pin is for frequency adustment of the oscillata andcomectedto GNDVvia resisbr. The IC operating freqiency is
determined by this resistanevaue ad theCT pin capacédncevalue.

Additionally, this resistanevalue determines the meximum curenton the CAl pin andthe curent on the DELAY pin.

CT Pin:

This pin is for frequency adustment of the oscillata andcomectedto GNDvia cagcitor. The IC operating frequency
is determinedby this camcitarcevalue and tie resistacevalue of the RT pn.

PFC-ON Pin:

This pin is applied snoothing voltage of recified AC voltage and deectthe input AC voltage level. When 0.82V
(typ.) or more is applied to this pin, PFCopeaation starts. Whenthe voltage is 0.79V (typ.) or lower, he PFCoperation
stopsafter the PFCopeation hold time (refe to the desciption of DELAY pin operaton).

IAC Pin:

This pin is for detecting waveform of the inpu AC voltage.

FB Pin:

This pin is theinput to the voltage anplifier. This pin is gpplied to voltage divided PFCoutputwith redstors. The
feedlack loop isintendedto keep2.5 V (typ.).

Whenoutput voltage risesup and the voltage of this pin is higher than2.688V (typ.) or more, the OUT pin is stopd.
Moreover, whenthis vdtage of this pin is0.52V (typ.) or lower, the OUT pin is alsostopped. Thesefunctionsdetect
ovevoltage low voltage, and feeadk-loop discannecion.
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EO Pin:
This pin is the output of the vdtage anplifier. This pinis cannected tathe prase-conpensatia circuit of the vdtage
amplifier.
SS Pin:

This pin is conrectedto GND or VREF via a capcitor. This pin is pulled up to the voltage on the VREF pin until PFC
opeation starts When the voltage onthe PFC-ONpin hasreached.82 V (typ.),PFC opeation starts iad thispin
flows 25uA source arrent. Opeation of the CAO pin is affected by that of the SSpin, the pulsewidth of the OUT pin
is limited, andthis pre\erts overshating when starup.

VCC Pin:
This pinis for the IC power sypply. The IC statts upat10.5V (typ.), ard stgpsat 9 V typ.).

REJO3F0231-0100 Rev.1.00 Mar 28, 2007 RENESAS
Page 5 of 40

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6212866/r2a20111.html

R2A20111SP/DD

Absolute Maximum Ratings

(Ta=25°C)
Item Symbol Ratings Unit Note
Supply voltage VCC 24 \%
OUT peak current Ipk-out +1.0 A 3
OUT DC current Idc-out +0.1 A
Terminal voltage Vi-groupl —0.3to Vcc \% 4
Vi-group2 —0.3 to Vref \% 5
CAO voltage Vcao —0.3 to Vcaoh \%
EO voltage Veo —-0.3 to Veoh \%
DELAY voltage Vdelay -0.3to +6.5 \%
CAl voltage Vi-cs -1.5t0 +0.3 \%
RT current Irt —200 pA
IAC current liac 0.6 mA
VREF current lo-ref -5 mA
Power dissipation Pt 1 w 6
Operating junction temperature Tj-opr —40 to +125 °C
Storage temperature Tstg —55 to +150 °C

Notes: 1.

Rated voltages are with reference to the GND pin.

2. For rated currents, inflow to the IC is indicated by (+), and outflow by (-).
3. The transient current when driving capacitive load.
4. This is the rated voltage for the following pin:

OUT.

5. This is the rated voltage for the following pins:
CGND, VREF, CLIMIT, RT, CT, PFC-ON, IAC, FB, SS
6. Thermal resistance of packages

Package 0ja 0jc Note
DIP16 120°C/W 50°C/W —
SOP16 120°C/W — 40 x 40 x 1.6 [mm],
Mounted on a glass epoxy printed board with 10% wiring density
— 35°C/wW Infinite heat sink
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Electrical Characteristics
(Ta=25°C, VCC = 12V, RT =27kQ, CT = 10® pF)

Item Symbol Min Typ Max Unit Test Conditions
Supply Start threshold VH 9.6 10.5 114 \Y
Shutdown threshold | VL 8.3 9.0 9.7 \%
UVLO hysteresis dVvUVL 1.0 15 2.0 \%
Startup current Is 140 200 260 pA VCC=95V
Is temperature dis/dTa — -0.3 — %P°C |
stability
Operating current Icc 3.45 4.5 6.45 mA IAC=0A,CL=0F
VREF Output voltage Vref 4.85 5.00 5.15 Y, Isource =1 mA
Line regulation Vref-line — 5 20 mVv Isource = 1 mA,
VCC=12Vto23V
Load regulation Vref-load — 5 20 mV Isource =1 mAto 5 mA
Temperature dVref — +80 — ppm/°C | Ta=-40to 125°C **
stability
Oscillator Initial accuracy fout 58.5 65 715 kHz Measured pin: OUT
fout temperature dfout/dTa — +0.1 — %I°C Ta=-40to 125°C **
stability
fout voltage stability | fout-line -1.5 0.5 15 % VCC=12Vto18V
CT peak voltage Vet-H — 3.6 4.0 \Y *l
Ramp valley voltage | Vct-L — 0.65 — v «1
RT voltage Vrt 1.17 1.25 1.33 \Y
Soft start Sink current Iss 15.0 25.0 35.0 pA SS=2V
Current Threshold voltage VCL 1.222 1.3 1.378 \%
limit Delay to output td-CL — 100 200 ns CLIMIT=2to 0V
Vamp Feedback voltage Vb 2.40 2.50 2.60 \% FB-EO Short
Input bias current Ifb -0.3 0 0.3 A Measured pin: FB
Open loop gain Av-v — 53 — dB *l
High voltage Veoh 5.2 5.7 6.2 Y, FB =2.3V, EO: Open
Low voltage Veol — 0.1 0.3 \% FB =2.7 V, EO: Open
Source current Isrc-eo -180 -120 -90 pA FB=1.0V,EO=25V
Sink current Isnk-eo 90 120 180 LA FB=40V,EO =25V
Transconductance Gm-v 150 200 290 pAN FB=25V,EO=25V

Note: 1. Design spec.
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Electrical Characteristics (cont.)
(Ta =25°C, VCC = 12V, RT =27kQ, CT = 10 pF)

Item Symbol Min Typ Max Unit Test Conditions
Camp Input offset voltage | Vio-ca — (~10) 0 mv |
Open loop gain Av-ca — 68 — aB |+
High voltage Vcaoh 5.2 5.7 6.2 \%
Low voltage Vcaol — 0.1 0.3 \%
Source current Isrc-ca -135 -90 —67 pA CAO=25V
Sink current Isnk-ca 67 90 135 pA CAO=25V
Transconductance Gm-c 530 700 1000 pAN | #
IAC/ IAC pin voltage Viac 1.6 2.3 3.0 \% IAC = 100 pA
Multiplier Imo current 1 Imol -61.3 | -515 -41 pA EO =25V, IAC = 150 pA
PFC-ON=1.2V
Imo current 2 Imo2 -197.9 -165 -131.5 pA EO = Vcaoh, IAC = 150 pA
PFC-ON=1.2V
Imo current 3 Imo3 -32.8 27 -21.2 A EO =25V, IAC =375 pA
PFC-ON=25V
Imo current 4 Imo4 -110.4 -92 —73.6 LA EO = Vcaoh, IAC = 375 pA
PFC-ON=25V
ouT Minimum duty cycle | Dmin-out — — 0 % CAO =40V
Maximum duty cycle | Dmax-out 90 95 98 % CAO=0V
Rise time tr-out — 30 100 ns CL =1000 pF
Fall time tf-out — 30 100 ns CL =1000 pF
Low voltage Voll-out — 0.05 0.2 \% lout = 20 mA
Vol2-out — 0.5 2.0 \% lout = 200 mA (Pulse test)
Vol3-out — 0.03 0.7 \Y lout =10 mA, VCC =5V
High voltage Vohl-out 115 11.9 — Y, lout = —20 mA
Voh2-out 10.0 11.0 — Y lout = =200 mA (Pulse test)
Shut down | Shut down voltage Vshut 3.30 4.00 4.70 \Y, Input: DELAY
Reset voltage Vres — — 4.0 \% Input: Vcc
Shut down current Ishut 120 190 260 pA VCC =9V

Note: 1. Design spec.

CAO

L
I ATATA
c 111
IAC IAC ) M Oscillator
N @

Imo = K x {IAC x (VEO — 1V)}

CAl

—e— 1.3V
CGND CLMIT
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Electrical Characteristics (cont.)

(Ta =25°C, VCC = 12V, RT =27kQ, CT = 100 pF)

Item Symbol Min Typ Max Unit Test Conditions

Supervisor | PFC enable voltage | Von-pfc 0.74 0.82 0.9 \% Input pin: PFC-ON

PFC disable voltage | Voff-pfc 0.71 0.79 0.86 \% Input pin: PFC-ON

PFC disable delay Vd-pfc 1.05 1.20 1.30 \% Input pin: DELAY

threshold voltage

Input current Ipfc-on -1.0 -0.2 1 pA PFC-ON=2V

B+ OVP set voltage | dVovps 0.125 0.188 0.250 \% Input pin: FB **

B+ OVP reset dVovpr 0.075 0.138 0.200 \% Input pin: FB **

voltage

FB low set voltage Vfbls 0.425 0.52 0.615 \% Input pin: FB

DELAY source Isrc-delay —47.5 —42.5 -38 pA DELAY =1V

current RT = 27 kQ

DELAY sink current | Isnk-delay — 770 — pA DELAY =1V

RT =27 kQ ¥

Note:

1. dVovps = Vovps — Vref x 0.5

dVovpr = Vovpr — Vref x 0.5

FB

2. Design spec.
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Timing Chart

1. Startup and Stop Timing

VCC /" "710.5V (VH)

5V

- 4.0V

VREF GOOD |
(Internal signal) |

PFC-ON

T 0.82V
(Von-pfc)

PFC-OFF
(Internal signal)

S ‘
CAO | /0 1 TS CAO
| | < ~: --------------------------------------------------------------------
' Soft start SS !

-

: \
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2. Stop Timing by PFC-ON Pin

0.79Vv
(Voff-pfc)

PFC-ON

/\ 1.2V(Vd-pfc)
DELAY | |

PFC-OFF _  td-pfcoff
(Internal signal) < 7?

PFC hold time i
Ss
ouT
Normal control !
FB ‘
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3. Oscillator, Gate Drive Output

Dead Time
(Internal signal)

ouT
(Leading edge control)

4. PFC Operation On/Off

7 0.82V(Von-pfc)

0.79V(Von-pfc)

PFC-OFF

(Internal signal)

DELAY

ouT

RENESAS
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5. FB Supervisor

Vovps

(FB LOW)

0.52v

FB

B+OVP

(Internal signal)

FB LOW

(Internal signal)

SS

o Y

RENESAS

REJO3F0231-0100 Rev.1.00 Mar 28, 2007

Page 13 of 40

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6212866/r2a20111.html

R2A20111SP/DD

Description of Functions

1. UVL Circuit

The UVL circuit monitors the Vcc wltage. Whenthe woltage is lower than 9.0V, the IC is stopped. Whenthe voltage
is higher than10.5 V, the ICis started

Whenoperationof the IC is sbpped by the UVL circuit, the driver crcuit output is fixed low, ard ouput of VREF and
the oscillate are stoppd.

VCC #1055V (VH) &Y (VL)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

- 4.0V

CAO

AAAAAAAA
VVV VYV

UUULLULL

Figure 1 UVL Operation
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2. Operating Frequency

The RA20111opeaating frequencyfoscis deermined byadjusting the iming resstor Rt (the RT pin, pin 9) and the
timing cgaciance @ (the CT pin, pin 10). The operatng frequencyis approximated bythe following expresson:

1.755 x 106

fose = =k . ot (F)

(kHz)

Make sire to use a7 kQ or more resistancdecause athe maxinum rating of the RFpin. Meanwhile, as theesistance
increases, #IC will become more siscepible tonase, etc. The resistaoe, trerefae, shald be up to about 100kQ.
Also, use a100pF or more for the timing capacitarce toreduce effects fron parasitic cajcitarce am ndse.

When the IC is operatd athigh frequades, the gpressbn beomes less accuratdue to thelC internaldelay tine, etc.
Please cofirm operaton the value with the actualy mounedI|C. The maximum operaing frequency is 400kHz. As a
reference the opeating frequency dawhen the timing resisor and the timing capadance are bangeal is stown in the

figure belav.
1000
~N N
I ~
< . — Timing capacitance
z 100 == ™~ Ct
g = e — —- 470pF
5 S~ 1000pF
Ué’ o ST e 2200pF
£ —-—- 4700pF
@
[oR
o)
1
1 10 100
Timing Resistance (kQ)
Figure 2 Operating Frequency Characteristics
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3. Soft Start

This function gradwly increaseshe puse widh of the OUTpin froma 0% duty cycle at the startupy Breventing a
sudden increag d the pulse width, potential problens such agransient sesson the eternal parts overshoat of the
PFC atput voltage (B+ valtage), or cail noise generateddue to overcurren will be preveried Although the duty cycle
is controlled by the CAO signal, opeation of the CAO pin is affected by the voltage on the SS pin during te ft start
When the voltage on the CAO pin readies be required voltagelevel, the sdt start end ard operatian trarsfers o the
normal contol.

The oft-start ime can besetby an extenal capacity.

PFC-ON e =

SS

CAO

CT

PFC output voltage /

CT H_‘
b} 5

GATE DRIVER Power MOS FET

I +/-1.0A(PEAK) gate

] b 3 >

T VREF VREF ouT

CAl I:S h CAMP 4|T
|

Full-wave +

rectified AC |:4 VREF
H VREF
CGND I 0.47u
|

720k

CAO

| |
PFC-ON l_l—l ? E5] ss

1
H 0.82V 250A

)
< 14k
L 0.79v

:
I
)

Figure 3 Soft-Start Operation Waveform
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4. PFC-ON Pin Function

ThePFGON pin is gpplied smoothing voltage of recified AC voltage Accordingly, the AC voltage sate is deeced
and each function depding on thepowe-supply state is operatie Details oftherr opeation are given below. Note,
however, thatthe functions  notoperae whan VREF voltageis lower than 4 Vas UVL operaton and shutdown state.

Multiplier
Full-wave .
rectified AC VREF Gain selector
720k -0.2u
\ Gate Driver To
PECON e ] +/- 1.0A(PEAK)| Power MOS FET

| I—SJ I gate
[ 1 % 14K L PFC-ON/OFF control - 1:| B

! 0.82v ouT

7l7 079V >
VREF

VREF T
10.47;1 = ‘
SS "
VREF
Lsspis .

2 \

25pA 1.2\7[!}
< b RT
DELAY[| ? Constant
3 current
13] I < }ﬁ
RT

circuit
io.22u M

o- o 1
= A

Figure 4 Internal Circuits Connected to the PFC-ON Pin

4-1. Power-Supply Startup Operation

When the AC voltageis applied, the voltage on the PFGON pin rises ad the FFC output voltageis charged to about V2
x AC voltage. Afterthe voltage othe PFCON pin exceeds 0.8%/, thevoltageof the SS ph startsto bedischaged
ard PFCoperatian starts.Once tte PFCoperation starts, tike PFCoutput voltage is boastedto the prescrbed vdtage.

Full-wave rectified AC

SS

CAO
CAO

SS

PFC output voltage

|

Figure 5 Waveform in Operations in Startup

REJO3F0231-0100 Rev.1.00 Mar 28, 2007 RENESAS
Page 17 of 40

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6212866/r2a20111.html

R2A20111SP/DD

4-2. Multiplier Gain Switching
Multiplier gain is switcted accading to the input AC voltage.

4-3. Operation on a Momentary Outage (PFC operation hold on momentary outage: PFC hold function)

(1) Whenthe Momertary Outage is Shrt
During a momentary outege, the voltage o the PFGON pinis dischaged When it reates 079V, charging of the
capacior on the DELAY pin starts. WhenAC-voltageinputisresimed, ard the voltage on the DELAY pin does’t
reach 1.2 V biere thevoltage on th?FGON pin risesabove 0.82 V, The PFC ouput voltageresumes quickly
since tre soft-start fuation is not operated
When the voltage on the PFGON pin falls bdow 0.6V during a nromentary outege, he ource arrent of the PFG
ON pin starts tancrease.As the vdtage onthe PFCON pin becones low, the araunt of curr@t inaeases. Since
the extenal resgstor is @nneced toGND, the voltage on the PFGON pin is balancedbetveenthe saurce current
ard the voltage deternminedby the resistaie. Ths function preverts increase of AC currert right after AC-voltage
input is resuned.

Full-wave rectified AC

PFC-ON

DELAY

PFC output voltage

Figure 6 PFC Hold Function Operation Waveform 1

The hold time for PFCoperation is adjstedby the value ofthe cgacitane on theDELAY pin. Note, howeer, that
if VCC voltage of the IC is not rormally sypplied during amomertary outage, the PFC-QN hdd function dees na
opeaate.
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(2) Whenthe Momertary Outage is Long
When the nomentary outage is long eroughthat the DELAY pin voltage readies1.2V, OUT issioppedard SS &
reset then PFCoperaton is stopped. The aurrent on the FFC-ON pin switchesfrom souce curent to sink current

ard the voltage onthe PFGON pin falls. When tte suppy of AC voltage resunes, the IC is restartedn a soft-start
opeation.

Full-wave rectified AC

PFC-ON

Ipfc-on

DELAY

SS 3 | 3

PFC output voltage

Figure 7 PFC Hold Function Operation Waveform 2

Note:  When the F=C outputvoltageis driving aheavy load, the A-C output voltagefalls rapidly, ard the FBpin may
fall bebbw 0.52 V before he DELAY pinreachesl.2V. Herg the OUT pin is stopped, ard the SSpin is reset
by the FB pin low-voltage decion crcuit.
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5. FB Pin Function

TheFB pin isa fealbadk inpu for the PFCoutputvoltage. This pin is gpplied to voltage divided PFCoutputwith
resstors. ThePFCoutputvoltage & controlled s that the voltage on FB becornes 2.5V. TheFB pin function provides
protecion aganstanamal PFCoutput voltages. The protecive funcions include overvoltage detecton and low-
voltagedekecion. Thesefunctions a notoperae whenVREF vdtage is lower than 4V as UVL operatian ard
shutdown state

EO
820k 12
Bl Gate Driver To
+/— 1.0A(PEAK)| Power MOS FET
0.033n gate
- 1]—[>
ouT
PFC output
voltage 680k 2.5V
FB 5] @
2] V-Amp
T%jggg FB Control
L > Brovp
0.50V
L‘: FB-Low
0.52v
VREF TVREF
0.47u | ‘
Ss !
e
250A
Figure 8 Internal Circuits Connected to the FB Pin
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5-1. Power-Supply Startup Operation

When the AC voltageis applied, the FFC-ON pin voltage sartstorise up After it hasreacted 0.82V, the voltage on
the SSpin strts to bedischaged ard PFCoperaton is started with the soft-startfunction. Once te PFC oprationis
started, the voltage o the FBpinrises ad is controlled s thatit reaties2.5V.

Full-wave rectified AC

PFC-ON

CAO

SS

2.5V

FB

PFC output voltage

Figure 9 Waveform in Startup Operation

5-2. Operation when the Power-Supply Stops

When the supdy of AC voltage sbps both of the PFCoutputvoltage and the voltage on the FB pin fall. Whenthe
voltage on the FB pin is lower than 0.52 V, the PFCoperation stogs andthe SSpin is reset.

Full-wave rectified AC

FB

SS

Figure 10 Waveform in Stop Operation

Note: Whenthe PFCoutput voltageis driving light load, the PFCoutput voltage falls slowly, andthe PFChald
function may be activatedbefore the voltage onthe FBpinfalls to0.52 V. In this case, th PFChald function
opeates, sbppng aitput onthe OUT pin and reseting the SS p.
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5-3. Overvoltage Operation

Whenthe PFCoutput voltage is larger than7.5% of the prescriled voltage due to anabrormality in the systen or a
sudden changeof AC voltage or load, operaton of the OUT pin is stoped. Whenthe PFC otput voltage retuns to
within 5.5% of the prescibed voltage opeation of the OUT pin is resuned.

PFC output voltage

Figure 11 Waveform of Operation after Overvoltage detection by the FB Pin

REJO3F0231-0100 Rev.1.00 Mar 28, 2007 RENESAS
Page 22 of 40

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6212866/r2a20111.html

R2A20111SP/DD

6. IC Shutdown Function

When the DELAY pin ispulled upto 4V, the IC shutdown function opeates. During shutdown, the IC entrs te
standby stateTo reset thecircuit from the swtdown state, the woltage on VCC must be bwered to 4 V or less. After
this reset, wbnthe VCCpin voltage reacles 105V, theIC is restarted

VCC

Internal latch Latched state

VREF
Figure 12 Waveform of Operation in IC Shutdown
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Main Characteristics

Standby Current vs. Power Supply Voltage Characteristics
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Reference Voltage Temperature Characteristics
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Start-up Voltage Temperature Characteristics

115

11.3

111

10.9

10.7

10.5

VH (V)

10.3

10.1

9.9

9.7

95 1 1 1 1 1 1 1

9.6

o

N
o

Ta (°C)

Shutdown Voltage Temperature Characteristics
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Standby Current Temperature Characteristics
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Precautions on Usage
Figure 13 shows symbols which are usel in this chapter.

.W {>|—— Vout

Rcs

Isum

Rfb1 Rfb2

ceot 7E_Rectifier Cpfc
1 Reo2 VAV
ReolS == Rpfcl | Rpfc2
Ceo2
Ct
. Css Rac }17
- Rt
+10u W
12v7—7£ 16| (15| (14| |13| (12| (11||10|| 9
O (%)) m Q Z = =
&) n 8 w < @) © o
> O
LL
> n-
. =
A =
[ [a] 5 Z = LLh 2 g
=) Z w O] < x < =
e} [0) [a) (@] O > O O
1 2 3 4 5 6 7 8
l 1000p i ré_ — Ccao2
;J; j/;cdelay Rref-cai L ™ Ceaol
< ST~ Rcaot
[~ Rcao2
] cclimia
Rclimitl RclimitBJ/;
Rmo Rmo — 0.1p
Yz
Rclimit2
Rcs
adVAVAY
eza

Figure 13 Template lllustrating Symbols of External Circuit Elements
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1. Power Limit Function

1-1. Limited Power Value

When the loal exceeds theated load, thepower is linited by theset powewalueand the IC aters he constanpower
contol state. This indicateshat thepowe is limited bynearly-corstart power independert of the input AC voltage,
conpared b the cawventional overcurrentdetecion crcuit. The imited pwer value is deermined by the vales of
exterral resistors ahis expressedy the fdlowing equetion:

Rmo ® (Rpfcl + Rpch)2

Piimit = 1.74
Res ® Rac @ Rpfcz2

This is he eguation for referenceonly. Be aurre to aufficiently confirm the operationby using the actia circuit board
The actia value may differ from the eqution by corditions, but the trendindicatedby the equation remairs the same
(For instanceas the amuntof Rmo becomes largeéhelimited power value ineases). fierdore, ug the guation
above for reference tofine-tune theresistace valus.

1-2. Trend of Limited Power Value for Input AC Voltage

Although the limited power valie isnearly constar with resgect to the input AC voltage, it may be deviatedto a certain
degeefrom linearty by condtions Whenit has anegaive shrt with respect tothe inpu AC voltage, add aresisto
between the CAl pin and the VREF pin o that the deviation from linearity canbe corrected tosone degree

1-3. Limit on Constant Power Function

After the PFCpower sipply enters tie canstan power ograton state ad load ncreass further, the PFC output voltage
reachesaboutv2 x input AC voltage. At this paint the PFC otput voltage is unable to fall below the point in principle

of theboost onveter. If theload increassfurther at thispoint, current increasesn the peakpat of input current, then
the power stastincreaingagain. This current camot be cantrolled by the IC.

Constant
power
curve

Rise in power for
the reason that
the AC voltage
is high and the
output voltage is
unable to fall
below \2 Vac.

\2Vac

PFC Output Voltage
PFC Output Power

PFC Output Current PFC Output Current

Figure 14 Outline of Constant Power Limit Function

1-4. Effects on Power Limit Characteristics of Resistor Rcaol of CAO Pin
As the externalresistancé&kcaol ofthe CAO pn is snall, the limited power value decreases.

Thisdecreasés causd by rise of thevoltage onthe EOpin in principle as Rcaobecanes snall. Whenthe load
becanes heaw andthe vdtage onthe EOpin is clanped atthe upper limit, the IC is operatedin the power limit
opeation mode. Therdore,snce hevoltage on EO pin increases, thgower linit value deceaseselatively.
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1-5. Relations between RT Resistor and Power Limit
The maximum currert on the CAl pin is expressedn inverse propartion to the resistarce ofthe RTpin as4.7/RT.

Sincelmo is propationalto the input AC current, when the value of AC voltagedrops, Imo rises. Inois, howeve,
limited by the above maximum currentvalue. If the value of Imo (max.) is sethighe than the required curentvalue
with the minimuminputAC voltage, te power limit function isoperaedin all rarge of input AC voltage without any
difficulty. If the value of Imo (max.) is smaller thn the required curent, theratedpower can not load (sedigure 15).

Imo

Power

Area where the rated
power cannot load

" Range of input AC voltage 1

Figure 15 RT and Power Limit

In caseof sudderturnfrom low AC voltage to high AC voltage as inreturn from amomentary outage or sag the
voltage on the PFGON pin chargesafter the ACvoltage for its snoothing cgpactance. Theaefore, the voltage on the
PFC-ON pn remairs low while the ACvoltage is high. In sicha state,tie current is @ntrolled to increase transiently
(see figire 16). The ovecurrent detectim circut is operated de to this increag in curret, andnoiseof an inductor
may be gaeragd. In this ca®, setthe limitation on curent by adusting the RT pin resstance o preventthe opeaation
of overaurrent detecion crcuit.

————

Full-wave rectified AC

PFC-ON pin

AC current

Figure 16 Increase in Current due to AC Voltage Sag
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1-6. Tolerance of Limited Power Values

The blerarce of the limited power values depend on the tderance ofthe CAl pin curent. Snce overcurrent detection
value is comtart, set he RTresistage as illstrated irfigure 17, sothatthe resistaoe des na exceedthe overcurren
detection level. Seenin figure 17, the key to select a switclmg device isnot the tderarcein the limited power value
butin the curent value limited by RT. The leranceof this current ranges from—10%to + 10%.

Limited power value .~
in case of only the
overcurrent protection .-

Power

Limited power

Rated power

Isum (peak)

Input AC voltage

Current limited by RT

Figure 17 Overcurrent Detection Level and Power Limitation
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2. Operation of PFC On/Off Function
PFC furction of the R2A20111 canbe turned onard off externally using the following methods.

(1) Pul down the voltage onthe PFC-ON pin to the GND lewel.
(2) Pull up the voltage on the SSpin to the VREF voltage kevel.
(3) Pul down the voltage onthe CLIMIT pin to 13V or lower.
(4) Pul upthe vokage onthe DELAY pinto 4 V ormore.

Since thevoltageon theOUT pin is fixed tothe GND levein eachcase, the boost opematiis halted. The sections
from 2-1to 2-4 descibe pheromena whch may occurfor functonal rea®ns of the IC. Make aure to sufficiently
confirm each operationsingthe actual tB powe-supply board.When the current flowstransiatly andnoiseof an
inductor is gererated, refer to secton 1-5 “Relaionsbetveen RT Resisor ard Power Limit”.

2-1. On/Off Operation by Using the PFC-ON Pin

When the voltage on the PFGON pin drops, the IC controls to increase the AC currert. Therdore, theAC current is
contolled to increasevhile the wltage on the PFGON pin is pulled down. Furthernore,the PFCON pin has he FFC
hold function. Since he PFCopeation isnot hated during the hold peiods, the control currentincreass during this
period (seefigure 18). Also, when the FFC function is tunedoff in the light load, tte ouput voltage may rise de to
this increase cuert.

Full-wave rectified AC

PFC-ON pin
DELAY pin
AC current !
>
PFC hold time Soft start

Figure 18 On/Off Operation by PFC-ON pin
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2-2. On/Off Operation by Using the SS Pin

Whenthe woltage on the SS jin is puled up to the VREF woltage level, the voltage level of the CAOpin is alsopulled
up together with the SS . Then the OUT pin is stoped.

After the voltage level of the SSpin is pulled up, afew pulses @ the OUT pin may be gneraed by cgpactanceof the
phase-ompensabn circuit of the CAO pin (seefigure 19).

The circdit to directly pulls up the CAO pin is nat recanmended since he circuit may affect the phaseompensation
circuit of the curent anplifier.

SS pin voltage

CAO pin voltage

OUT pin voltage

J
N
S

Figure 19 On/Off Operation by Pulling up SS Pin

2-3. On/Off Operation by using the CLIMIT Pin

When the voltageon the LIMIT pin fallsto 1.3V or lower, the pulseson the OUT pin stop by the overcurrent
detection circuit. When tte voltage of the CLIMIT pin isreleasedthe pulses onthe OUT pn is resumed without sdt
start.

2-4. On/Off Operation by Using the DELAY Pin

When the voltage on the DELAY pin ispulled upto 4V or more, the IC enters the sutdown state ard the pulseson the
OUT pin isstoppeal. Since he shutdown functionis opeaated in latch mode, he IC isnat resuned even whenthe
voltage level of the DELAY pin is pulled down. TheIC resumes only whenlower the voltage on the VCC pin 0 4V or
lower once and raise thvdtage on the VCC pin higher thanthe UVL voltage.

Figure 20 illustrates an exrple d detectioncircuit.

VREF ‘ —— PFC output voltage

DELAY pin

GND

Figure 20 Example of Shutdown Circuit
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3. Overcurrent Detection Circuit

Whenthe RCfilter is added the CLIMIT pin to prewert noise erors (see figre 21), the cu-off frequency shifts on the
lower frequency side tha the addel RCfilter becausef the Rclimit 1 and Rclinit 2. Ths causs possibility that
exactly currentan notdetect.

VREF

CLIMIT
Rclimit2

Ik

Figure 21 Example of CLIMIT Pin Filter

Since the owercuren is detectedby cal current, the detectedcurrent value is nd the same as ehpeak value of he AC
inputcurrent (seefigure 22). Because dhis difference, theoverarrent detection ciraiit is operate before thepower
reacheghe @onstantpowe limit, andnoiseof an inducbr may occur.In sud a caseraise theoverairrent detection

level.
L Overcurrent Difference in current is approximated
Al detection level by the following equation:
Al= V2 x Vac x D x fosc
T AC input - 2% L
current peak Vac: input AC voltage
L: Step-up coil inductance
D: IC OUT pin ON Duty
fosc: IC operating frequency
/ \__Caoil current
Figure 22 AC Input Current and Coil Current
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4. PFC Hold Function

ThePFChold time can be djusted by changing the value of the capacitorconnectedo the DELAY pin. The
capacitarce ischarged with the souice currenfrom the ICand the PFChald function is operated util the voltage on
theDELAY pin reached.2 V. Although the PFC-ON pi detects an aurrenceof the momentary outage, the
detecion delay time occursbecause anmoothing cgactor is conneced to the FFC-ON pin. This dely time depeidls
onthevalue of a resstor and the value of a snoothing caecitor which areconneced to the FFC-ON pin. Therdore,
the hold time is deoendent on the following:

(a) Value of the camcitar connected to thBELAY pin
(b) Currentvalue of the DELAY pin
(c) Values of tle resisto andthe capacitor connected tbe PFC-ONpin

Actual PFChald time thold is expessedn the following equatian (see fyure 23):

thold =t1 + t2 — t3

\%
t1=-Rptc2 ® Cpc @ In 09
VpEc-oN
\
2 +13 = Cpgray » —=2—
Isrc—delay
2026V,
082V AC
Rpfcl b Rpch b1
t3=—Cptc ® eln
Rpfe1 + Rpfez 2e\2e Vac

0.4V -

T

4.7V

Isrc-delay =
T

202 Vac R RprZ

VpFc-oN = —_—
T Rpfcl + Rpfcz

Full-wave rectified AC

PFC-ON pin
DELAY pin
thold
Figure 23 PFC Hold Time
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5. Precautions on Pins

5-1. OUT Pin

Undeshoot nay occuron thePWM pulseof the OUT pin because o parasitianductance ofwiring, et. This
undeashoot (ngative electriqpotential) may cawse erorsof the IC. In suc a caseusea Schottkybarier diode, etc. to
suwppress he undeshoot.

5-2. DELAY Pin

When the voltageon theDELAY pin reachs 4 V or nore, the sutdown function isoperaed andtie IC entersthe
shutdown state. Since he shutdown state isin latch mode,the IC isnotresumed unkssthe wltageon the VCC pin is,
once loweredto 4 V orbelow.

When the F-C hold function is not used lower the DELAY pin cgactance aspossible. However, connecta capador
with afew thowsards pFor mare camdtance tothe DELAY pin so that the shidown function will not be operated de
to naise, etc. ad nae wiring pattern nd to catchthe noise.

5-3. CAl Pin and CLIMIT Pin

Thesepins areconnected to aurrentdeecionresstor via aresstor. Provide arush-currentprotecion circuit, notto
exceed the mximum ratingbecaus®f the rush current atthe startupf powe supply.

5-4. VREF Pin

The voltage on the VREF pin is a referepevoltage in the IC. Fa stalilizing the voltage onthe VREFpin, be sue ©
connect a qgaecitor betwea the VREF pin and GND. However, in capacénceof a cgadtor to beconnected,
overshoot may occur at tre rising of the VREF pin (seefigure 24. Pay sgcial attetion to this pdnt when tte voltage
onthe VREF pin isusedas he power supply for an externalcircuit and a referacevoltage.

Furthermore, nde that tle saurce curert of the VREF pin will not exceed tle meximum rating.

Vref Overshoot

Vref Peak Voltage (V)
[}

/////\\
55 P SH
5 -
0.01 0.1 1
Cref (uF)

Figure 24 Overshoot Amount on VREF Pin (Reference Data)
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6. Pattern Layout
In designing the m@tternlayout, @y as nuch attertion as ispossille to tte following paints.

(1) Place thdC pins(paticularly, CGND,CAI, PFC-ON,IAC, FB) and ther wiring asfar from high-voltage switchig
lines particularly the drain voltage for the power MOSFET) aspossible and in general design the wiring to
minimize swiching noise

(2) Wiring betwveen CGND and Rcs via Rmo andwiring betveen G\l and RCS via Rmo cannectnealy and separatly
to Rcs.

(3) It is prabable that staldity operatian is acleved by inputting signals via low passfilter to CLIMIT, PFG-ON, IAC,
FB terminal.

(4) Place a resists and cpacitors connect VRE, RT, CAO, CT, VCC & close b thelC as possble, and keep the
wiring short.

(5) Pattern laput priority (for reference
1. Place thdC asfar fromhighvoltageswitching lines aposible.

Thepatern of the GND should be aswide aspossble.

Place the stalizing capacitor forVREF as ¢ose to théC as possble.

Place the stalizing capacitor forVCC as closeatthe|C spossible.

Place theesistorsand cpacitors(Rcanl, R@o2, Ccal, Cao2)for CAO as closed thelC aspossible.

Wiring between CGND and Rcs via Rmo andWiring betwveenCAI and Rcs via Rmo comectneary and

separately toRcs.

7. Place the timingesistor for R as close to the IC gmssble.

8. Place the timing qeacitor forCT as closdo the IC & possible.

9. Place theesistorsand ca@acitors(Renl, Re2, Cel, C®2) forEO as clos to thelC as possible.

10.Place theesistorsand caacitors(Rpfcl, Rpfc2,Cpfc) forPFC-ON as dse to lhe IC aspossible.

11.Place theesistorqRfb1l, Rfb2) forFB asclose b thelC as possble.

12.Place theesistorgRaqg for IAC as cbse b the IC & possible.

13.Place theesistorgRclimitl, Rclimit2) for CLIMIT as close to lhe IC aspossible.

14.Place the geecitor (Cdelay)for DELAY asclose to thdC as posdile.

15.Place the gaecitor (Cs) for SS astlose b the IC aspossible.
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R2A20111SP/DD

(6) There is gootertial that gdacing the heat shk between ICsand power MOSFEWill be a sane kind of shield ard
reduce e raliaion noise (figure 25).

Figure 25 Example of Layout of Parts
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R2A20111SP/DD

Package Dimensions

JEITA Package Code ‘
P-SOP16-5.5x10.06-1.27

RENESAS Code |

Previous Code | MASS[Typ] |
| PRSP0016DH-B

| FP-16DAV | 0249 |

4 p

NOTE)
1. DIMENSIONS"*1 (Nom)"AND"*2"

16 9
DO NOT INCLUDE MOLD FLASH.
2. DIMENSION™3"DOES NOT
INCLUDE TRIM OFFSET.

Index mark

O

Terminal cross section
( Ni/Pd/Au plating )

Ly

Detail F

Dimension in Millimeters

Symbol

Min

Nom

Max

D

10.06

10.5

E

5.50

A2

A1

0.10

0.20

A

2.20

bp

0.40

0.46

by

C

0.20

0.25

C1

8

7.80

8.00

1.27

0.12

0.15

N[<|[x|@ T
m

0.80

0.70

0.90

|
LN

1.15

JEITA Package Code [ RENESAS Code |

Previous Code

[ MASS[Typ] |

P-DIP16-6.3x19.2-2.54 | PRDPO0IGAE-B |

DP-16FV

| 1059 |

16

1 1 1111 ri

9

R0

O

~
»Lh

(NilPd/Au plating )

Symbol

Dimension in Millimeters

Min

Nom

Max

ey

7.62

19.2

20.32

6.3

7.4

5.06

0.48

0.56

1.30

0.25

0.31

15°

2.54

2.79

112
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