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Typical SMPS topology for AC/DC
C:I conversion with CoolSET

B Photo and schematic of CoolSET
in TO-220-6 ISODRAIN package

Control Chip
CoolMOS
DCB-Isolation

Lead frame is
connected to GND

TO-220-6 1SOdrain

ISOLATED Package w. LOW Thermal Resistance
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CoolSET Naming System (infineon

A: FF in 100KHz Vds rating:
B: FF in 67KHz divided by 10 Package:
. Q: Quasi Resonant Blank: DIP8
Infineon AC/DC1I :
Latch G: SO8
Z: DIP7
l F: TO220F
v

ICE 3 A 2065 E (L | J Z

| | |

Generation: Jitter
2: 2nd ESD
3: 3rd

[
»

xx: current, multipled by 10
Rxx: Rdson, multipled by 10
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Fixed Switching CoolSET and Pin Assignment (afineon.

m Package : DIP-7 / DIP-8

B Pin assignment :

Pin Name Function

1

U }] BBA Brownout, extended Blanking time and external Auto-restart enable
GND

FBB FeedBack and Burst entry control

2 7 }] VCC CS Current Sense

Drain Drain

{ N.C. No Connection

4 5 }] Drain Nopin | Nopin

Vcc Vcc

GND Ground
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Quasi. CoolSET and Pin Assignment nlineon”

Package PG_DIP-8

GND Pin | Symbol | Function

1 ZC Zero Crossing

2 FB Feedback
VCC 3 CS

‘I'I
o

O
0
— 9 9 T
(Fh)
o

Current Sense/
650V" Depl. CoolMOS® Source

}l 4,5 Drain | 650V" Depl. CoolMOS® Drain

6 n.c. Not connected

7 VCC Controller Supply Voltage
Drain 8 GND Controller Ground

Drain

D at T=110°C
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New features of ICE3A/BRXXXX]J Fixed o
Switching Frequency CoolSET Cafineon

Based on F3R (ICE3BRxx65]) PWM controller core with 650V /
800V CoolMOS and startup cell. Additional features are as below.

1.Brownout (800V CoolSET)
2.Enhanced Active Burst Mode
m Selectable entry and exit of burst mode
m Reduced output ripple during burst mode
m Enhanced power control between low line and high line
3. New approach of the extended blanking time for OLP
4. Enhanced over temperature protection

5. Improved EMI performance

Copyright © Infineon Technologies 2009. All rights reserved. Page 7



Block diagram of ICE3A/BRXXXXJ Fixed
Switching Frequency CoolSET

Gafineon,
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Converter
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Vour

Chu Snubber
85... 270 VAC T Bk I:j
: e
vee Drain,|_
Power Management CoolMOS®
Startup Cell
1 || [ et oo Jotae [7030¢ &
il S3 /< Y | Reference [——
A
Auto-restart BBA <-|
Enable |
Signal Reoz Cox v lchg_BO Pom'/_\ier-Down Undervoltage Lockout
Il eset 17V —
#3 - 105V J]_ o7 PWM N
1 - Oscillator Section
= 50V Co il
0.4V O+ Duty Cycle S
VCC o 3 i
G1
¥ leng 8 5e Thermal Soft Start  Soft-Start Clock
S1 /< Shutdown Son [ Comparator Freq, jter
| T;>130°C Start & é;gte
Cc7 river
< . G7 —
Counter _>J- B|OCKI b2 —J =1 &
L]5°°9 CcT1 G8 ——
2 /e —_
Spike Auto
= Blanking|—p{ Restart m——
30us Mode
5.0v c8
PWM Propagation-Delay
Rro 4.0VO+ _C13 Cempereer $— Compensation Current Limiting
FBB 25kQ : | Active Burst| | |
1 Mode | | / an .
Sel [ [ ool Ve 5 oI l'] o [Ven [ 128 | _
—_l__ O+ | + 220ns 10k
Burst | L ? A .25 E5
L de;z(j:ltjsatnd Céa PWM OP | & 180ns iz | oA
3.5V - G10
T % = & 5 a O Vst purs 1
Ves_burst VF8_burst C6b G Current Mode [ Propagation-Delay -
3.2V O+ Control Unit ((;): 3 Compensation-Burst
ICE3ARXxx80JZ / CoolSET®-F3R80 ( Brownout & Jitter Mode )

CS

Rsense

21.09.2010

For internal use only

# : optional external components;

#1 : Cgk is used to extend the Blanking Time

#2 : Rego1 & Rpo2 are used for brownout feature; Rgo1 tie to Vcc if no brownout feature
#3 : Tag is used to enable the external Auto-restart feature
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Main Feature : Integrated

Startup Cell

650V / 800V

o

85,270 VAC

Cﬂll

| Snubksr

t

0+

L
T

-

Converler
CeC Qutput
Vour

o

VCC

<-

Softs

YV [rain
™ — Depl-CoolMOS™
Rese 3.2k Boy Startup Cell .
+
T2
T3 HHv 4

sk GTkHz 972 P Section
I Coe Oscilator
Duy Oy T
Spuks L
44V Blanking [ |
T 8.0us Soft Start Sofl-Start coont
Camparator
| | Themmal Shutdown L) &
= 1 etarcie I o7
- = ")
BNl
5 » G ﬁ
By | .
= P
ESY @mm—
R & Autko Fizslerl c8
R A 7 -"/ Propagation Delay
5k - Comparegtion
H = . 1
FB | hg:\‘ 2 e "”’Mq_— 9 Veu [Te=tg =
L 1] ' ; Edg
1EPFT + - Blariking 1pF | M
.:3:\ e = T 20
4o ﬂ-;f’ [+ 301] Clz I
& =0 0257V L
?l:"‘h‘\ [S8] Current Node Current Limiting
Control Unit 34 0'3"‘/ T
CoolSET™.-F3
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Key Features _ Brownout (800V CoolSET) (lnfineon

B Brownout feature is to control |V
the system ON/OFF by
detecting the input voltage Reos
such as bulk capacitor voltage;
i.e. system off when the V, is

time
tOO IOW and System on When H Reo2 b?f#;;g?ﬁﬁ?e } Rex T Br;vgg:ut
Vo goes back to normal level. O]

[
|
|
1 : 33/ UVLO
B The ON/OFF voltage can be i
[
|
[

5us blanking S SET Q

<
¢ Ichg_BO X
Control Unit

adjusted by the 2 sensing
resistors: Rgp; and Rgps.

B The sensing resistors are calculated as below.
l g 80 =10UA, V., =0.9V,

Vo s — BO _hysteresis, Veo | — BO _low_ point, Veo n — BO _high_ point lChg_BR Enter BO
Vg, | ¥
RBOl — _BO_hys RBOZ :Vref B RBOl 10uA |---

I chg_BO BO_I Vref

B For example :

VBO_h VBO_I VBO_hys RBOl RBOZ 0A
120V 85V 35V 3.5MQ 37.45kQ
113V 99V 14V 1.4MQ 12.84kQ
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Key Features _ Enhanced Active Burst Mode

Conditions for enhanced Active Bust Mode (IFX patent)

B Enter burst mode :

O Vegs<VEs burst & 20ms blanking time

|

|

I

|

:

(4 entry levels; Vg byt Can be selected |
through the capacitor, C; at FeedBack pin) I
|

|

B In the burst mode :
O Burst “on” : 3.2V
O Burst “off” : 3.5V

O Ves=Ves purst
O V.>10.5V during

Gafineon,

FBB

burst mode

O—+

Control Unit

C5

VFB_bursb_ .

c13
4.0v O-

3.5V O -

Cé6a

[ X

Céb
3.2v O+

Internal Bias

Current

Limiting
&

G10

A

20 ms
Blanking Time

g

400ns
Blanking Time

Active
Burst
Mode

400ns
Blanking Time

G11

(Output ripple is reduced because of the narrower delta
burst “on” and “off” voltage)

B Leave burst mode:
O Vegg>4V

(Propagation delay compensation is added during burst mode so that it has
a good power control between high line and low line)

Copyright © Infineon Technologies 2009. All rights reserved.
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Key Features _ Enhanced Active Burst Mode (Cont’nw

B Entry burst mode selection . ~
. | Veg oust| C5
O Entry burst mode level can be selected by adding FBB : l i
different capacitor, Crz at the FBB pin. The selected Ces Burst
input power can be 10%, 6.67%, 3.33% and 0% of — : detect
the maximum power (0% means no burst mode). | e
. . . = |
O At the same time the exit burst mode power is set. T Vear 21~
|_burst C12
They are 20%, 13.3%, 6.67% and 0% of the CS¢ N
maximum power accordingly.
! Control Unit
Entry Level Exit level
Pin_en‘cry Pin_exi‘c
CFB typ' (0/0 Of Pin_max) VFB_burst (0/0 Of Pin_max) VCSth_burst
<100pF COG 10% 1.6V 20% 0.45V
220pF~470pF COG 6.67% 1.42V 13.30% 0.37V
1nF~2.2nF COG 3.33% 1.18v 6.67% 0.26V
=6.8nF X7R +10% 0 Never 0 Always
For example :
CFB Pin_max Pin_entry_burst Pin_exit_burst

100pF | 30W 3W (10%P,) 6W (20% p,)

330pF [ 30W 2W 6.6%p,) | 4W (13.3%p,)
1nF 30W 1W 3% P,) 2W (6.6% P,)
6.8nF | 30W Never Always
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Key Features _ Extended blanking time for OLP

normal
operation

Overload protection : Vgg>4.5V and after the
blanking time, then goes to auto-restart
mode.

Blanking time : basic blanking time (20ms) +
extended blanking time.

New approach for extended blanking time as
the same pin shared with 3 features;
brownout, extended blanking time and auto-
restart enable.

Extended blanking time is achieved by
charging Cg, from 0.9V to 4.5V by the I, g5
(0.6mA) and fast discharging to 0.9V through
a 50092 resistor and repeat for 256 times.

Basic
blanking
time

- -l
-4 Lt |

Extended blanking time
256 counts

4.5V

VeBa

Auto
restart

0.9v

Over load

VFBB (Vre>4.5V)

Gafineon,

[

|

[
Vbuik :
|
|
|
|
|
|

RE501

o

BK
Reo2 —

5.0V

¢ lehg_EB

Auto Restart
Mode Reset
Vyvee < 10.5V

i

Counter wl & Spike Auto

B Blanking P> Restart
G5 30us Mode

A

Voltage
Reference

20ms

Blanking
Time

Control Unit

\
|

For example :

Cgi Rgo> | Extended blanking time
0.1uF - 174ms
0.1uF | 37.5KQ 193ms
0.1uF | 12.8KQ 256ms

Copyright © Infineon Technologies 2009. All rights reserved.
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Key Features _ Enhanced over temperature protecligs™

B Over temperature protection threshold is set at 140°C.

M After the OTP is triggered, the system will go into a non-switching
auto restart mode. When the temperature is dropped to 90°C, the
system restart again (temperature hysteresis is 50°C).

Junction

AT=50°C

_—Yi90°C
OTP released !
Vee | Auto restart
OTP! N

21.09.2010 For internal use only Copyright © Infineon Technologies 2009. All rights reserved. Page 14



Key Features _ Improved EMI performance K=o

B To improve the EMI performance, 3 features are implemented.

O Frequency jittering : £4KHz @ 4ms period
- For conducted EMI

O Modulated gate drive : increased modulation time to 160ns
- For radiated EMI o

GTORY-SH0pF LOAD

160ns f’_

GTORY- InF LOAD

[ I I I I |
30y 30.08u 90.1u 0.15u 0.2 0.25u

TINEs)

O Gate drive resistor : added with 50Q2 gate turn on resistor
- For radiated EMI

21.09.2010 For internal use only Copyright © Infineon Technologies 2009. All rights reserved. Page 15



infineon
Features Summary (Cont'n) (lnfineon

B DIP-7 package for larger creepage
B BiCMOS technology -- wider Vcc operating range
B 800V integrated Startup Cell--- no loss on startup circuit
B Enhanced Active Burst Mode for Lowest Standby Power with
O Lower output ripple
O Selectable enter burst level
B Brownout feature to provide robust ON/OFF control in application

B Built-in 10ms Soft start

21.09.2010 For internal use only Copyright © Infineon Technologies 2009. All rights reserved. Page 16



Quasi. CoolSET Typical Application (lnfineon

Pl . . | R— [ . 0
T LHi_ lilcbus : Lr T VC
85 ~ 265 VAC I I 0
|

Lo |

U,—-"_J,—_' = !

20
—
Power Management Rm%,ell
(T—“
FWM centroller I
Current Mode Control = 11
Cycle-by-Cycle - i

GND current limitation Depl. CooIMOS”

1 L»[ Zero Crossing Block Power Cell

L Active Burst Mode S
- Protections |
Control Unit FOOlSET@'-Q'I
Type Package Marking Vs Roson” 230VAC $15%% | 85-265 VAC?
ICE2QR0665 PG-DIP-8-6 ICE2QRD665 650V 0.65 88W 50W

Votyp@ 1=25"C

21 Calculated maximum input power rating at T,=50°C, T=125°C and without copper area as heat sink.
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Quasi CoolSET Salient Features (infineon.

B Only QR-CoolSET In Market offer 20~40W in DIP Package

B QR Plus Frequency Reduction Mode for Better Average Efficiency
B Valley Switching for Low Switching Loss and Good EMI

B Maximum Power limitation Due to Foldback Current Correction

®m Very Low Standby Power Loss Due to Active Burst Mode

Copyright © Infineon Technologies 2009. All rights reserved. Page 18



infineon
Features Summary (lafineon

B Propagation delay compensation — accurate current limit between
low line and high line

B Frequency jitter mode, soft gate driving and 50Q gate turn on
resistor — EMI performance

B Built-in 20ms and extendable Blanking Window for over load
protection

B Over temperature protection with 50°C hysteresis
B Auto-Restart protection

O Vcc Overvoltage, Over temperature, external auto restart
enable, Overload, Open Loop, Vcc Undervoltage & Short
Optocoupler

21.09.2010 For internal use only Copyright © Infineon Technologies 2009. All rights reserved. Page 19



Quasi-resonant CoolSET@ Q2 :

Multi-mode operation (Infineon.

A

Switching frequency

>
Output power

B The Quasi-CoolSET Q2 has a Digital Frequency Reduction at
reduced output power

B MOSFET can be turned on at 1, 2 3 up to 7t zero crossing

B For light load, converter is operated at Active Burst Mode for
power saving

Copyright © Infineon Technologies 2009. All rights reserved. Page 20



Quasi. CoolSET Product Features (Infineon.
B 650V avalanche rugged CoolMOS® with built-in startup cell

B Quasiresonant operation till very low load
B Active burst mode operation for low standby input power (< 0.05W)

W Digital frequency reduction with decreasing load for reduced
switching loss

W Built-in digital soft-start
B Foldback point correction and cycle-by-cycle peak current limitation
B Maximum on time limitation

B Auto restart mode for VCC Overvoltage and Undervoltage
protections

B Auto restart mode for overload protection
B Auto restart mode for over temperature protection

B Latch-off mode for adjustable output overvoltage protection and
transformer.short-winding.protection. . e page 21



12W 5V Evaluation board with ICE2QR4765 Cafineon

Evaluation Board

Input voltage 85Vac~265Vac
Input frequency 50Hz, 60Hz

Output voltage and current BV 2. 4A

Output power 12W

Efficiency >78% at full load
Standby power <100mW@no load
Minimum switching frequency at full load, 65kHz

minimum input voltage

2010/9/21 For internal use only Copyright © Infineon Technologies 2009. All rights reserved. Page 22



12W 5V Evaluation Board with ICE2QR4765 : —
Circuit diagram (lineon

| v el
L D
e ey "
:
hl R

e

12W oV SMPS Demoboard with ICE2QR4765
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12W 5V Evaluation Board with ICE2QR4765 : —
Efficiency Vs Load (afineon.

Efficiency versus Load

E1.50%:
E1.00%:
B0 SD%:
L I B
E‘ Lo
2
TUI0RS
iy
L= e
500
_ ) —a— 1153 EDHZ
= =~ S - A0 S0HEl— — -
Tr 00
Ll S0 TER 00
Load
Input voltage(Vac) Input power (W) VoWV I A) Fol{W) Efficiency
115 3_TAET 4 94533 0.6 205898 80 26%
115 7_5848 4 9478 1.2 = 09736 TO2R%
113 11.3124 4 9973 1.8 8.99514 T3.92%
113 12.2544 4.9960 2.4 11.95154 TE.61%
230 37785 49983 0.8 Z2.99893 TO 37 %
230 74424 4. 94979 1.2 5. 99748 B 55 %
230 11.13%66 4 94975 1.8 80955 S T7%
230 14 TESS 4 9971 2.4 11 95304 81 11%
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12W 5V Evaluation Board with ICE2QR4765 :
Standby Power Vs AC Input Voltage

Gafineon,

Input Povwer| W)

Input Fower VS Line Voltage

800
. A was_ . e

B a—
B 4 == e e
B0 - - - e
A0t - - -
L e T e sEE TP

—a— M2 Loag

ann L - - w02
‘:E e e —— —————— ——— — ——— —— — e ————— TN g e e

13.6 E.3 21.9 A

0 L v *
&5 115 230 264
Line Voltage({Vac)
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CooISET™ F3
Product Overview

RDSOH

6.5Q

4,7Q
3,0Q
2,1Q

1,7Q

1,5Q

0,95Q

0,8Q

0,65Q

2010/9/21

SO-16

DIP-8

B A version:
f = 100kHz
m B version:
f =67 kHz

ICE3B0365JG

ICE3B0565JG

ICE3A0365
ICE3B0365J
ICE3A0565
ICE3B0565J
ICE3A1065
ICE3B1065

ICE3B1565J
ICE3A1565
ICE3B1565

ICE3A2065
ICE3B2065

ICE3A2565
ICE3B2565

For internal use only

POUTmax

OW/17W

12W/21W

15W /25W

20W/32W

27W/41W

31W /46W

TO-220-6

ten

ISODrain
mIsolated
mlow Ry,

12-Pak
ICE3A2065P ICE3A2065I
ICE3B2065P ICE3B2065I
ICE3A3065P ICE3A3065I
ICE3B3065P ICE3B3065I
ICE3A3565P ICE3A3565I
ICE3B3565P ICE3B3565I
ICE3A5065P ICE3A5065I
ICE3B5065P ICE3B5065I
ICE3A5565P ICE3A5565I
ICE3B5565P ICE3B5565I

Copyright © Infineon Technologies 2009. All rights reserved.

POUTmax

55W/90W

68W/125W

80W/144W

100W/180W

110W/200W
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CoolSET™ F3R & 2QR

Product Overview

2010/9/21

SO-16

DIP-7/8

B A version:
f = 100kHz
B B version:
f =67 kHz
B Quasiresonant

ICE3B4765JG

ICE2QR0665G

ICE3BR4765J
ICE2QR4765
ICE3AR4780JZ
ICE2QR4780Z

ICE3AR2280JZ
ICE3BR2280JZ
ICE2QR2280Z

ICE3BR1765J
ICE2QR1765

ICE3BR0665J
ICE2QR0665
ICE3AR0680JZ
ICE3BR0680JZ
ICE2QR0680Z

For internal use only

RDSon

I:)OUTmax

OW/17W 2,5Q

12W/21W

15W/28W

20W/32W 1,0Q

0,65Q

31W /46W

Copyright © Infineon Technologies 2009. All rights reserved.

TO-220-6

ICE3BR2565JF

ICE3BR1565JF

ICE3BR1065JF

ICE3BR0665JF

ten

Fullpak
B Isolated

m low Ry,

I:)OUTmax

55W/90W

68W/125W

80W/144W

110W/200W
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SMPS IC’s at a glance
Focus Product Portfolio

FF CoolISET

FF PWM IC

QR CoOISET

QR PWM IC

Res LLC HB

CCM PFC IC

PFC+TTF

2010/9/21

ten

ICE3BR4765] ICE3BR1765] ICE3BR0O665]
ICE3BR4765]Z ICE3BR1765]Z ICE3BR0665]Z
ICE3BR47651G
ICE3BR2565]F ICE3BR1565]F ICE3BR1065JF ICE3BRO665]F
ICE3A1065EL] ICE3A2065EL]
ICE3AR4780JZ | ICE3AR2280]Z | ICE3AR0680]Z
ICE3BS03UIG ICE3ASO3LIG
ICE2QR4765 ICE2QR1765 ICE2QR0665
ICE2QS01 ICE2QS02G ICE2QS03 ICE2QS03G
ICE1IHSO01G ICE2HS01G
ICE2PCSO01 ICE2PCS02 ICE2PCS03 ICE2PCS04 ICE2PCSO05 ICE2PCS06
ICE2PCS01G ICE2PCS02G ICE2PCS03G ICE2PCS04G ICE2PCS05G | ICE2PCS06G
ICE3PCS01G ICE3PCS02G ICE3PCS03G
ICE1CS02 ICE1CS02G
For internal use only Copyright © Infineon Technologies 2009. All rights reserved. Page 28
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