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SEMICONDUCTOR®

FBA42060

PFC SPM® 45 Series for 1-Phase Boost PFC

Features

strate

ture

* Isolation Rating of 2000 Vrms/min.

Applications

Low Thermal Resistance Thanks to Ceramic Sub-

600 V - 20 A 1-Phase Boost PFC Including A Drive IC
for Gate Driving and Protection

Typical Switching Frequency of 20 kHz
Open Emitter Terminal for IGBT Current Sensing

Built-in NTC Thermistor for Monitoring Over-Tempera-

General Description

Related Source
+ Will Be Released

* 1-Phase Boost PFC Converter for Air Conditioner

Figure 1. Package Overview

Package Marking & Ordering Information

FBA42060 is A PFC SPM 45 Series for 1-Phase Boost
PFC(Power Factor Correction) that Fairchild Has Newly
Developed for Low-Power Application such as Air Condi-
tioner. It Combines Optimized Circuit Protections and
Drive IC Matched to High Frequency Switching IGBT.
The System Reliability is Further Enhanced by The Inte-
grated Under-Voltage Lock-Out and Over-Current Pro-
tection Function.
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Integrated Drive, Protection and System Control Functions

» For IGBTs : Gate drive circuit, Over Current(OC) protection, Control supply circuit Under-Voltage(UV) protection
+ Fault signal : Corresponding to OC and UV fault

* Built-in thermistor: Over-temperature monitoring

» Input interface : Active-high interface, can work with 3.3 / 5 V Logic

Pin Configuration

1, (26) Ng
Vg (1) —: (25) Ng
Rry (2) .~ .
™ ~ (24) Ng
17 (23) Nj
S (3 .
) (22) N
R (4) (21) N
(20) n.c
= (19) n.c
Pr (5) - (18) n.c
(17) COM
(16) Vee
L6 o (15) COM
(14) COM
o (13) IN
P(7) - (12) n.c
n.c (8) = (1) Veo
n.c (9) 7 (10) Cgc
Figure 2. Top View
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Pin Descriptions

Pin Number | Pin Name Pin Description
1 V1y Thermistor Bias Voltage
2 Rty Series Resistor for the Use of Thermistor
3 S AC input for S phase
4 R AC input for R phase
5 Pr Positive DC-link of rectifier
6 L Inductor Connection
7 P Positive DC-link input
8,9 n.c -
10 Coc Signal input for over current detection
11 Veo Fault output
12 n.c -
13 IN PWM input for IGBT drive
14 COM Common supply ground
15 COM Common supply ground
16 Vee Common supply voltage of IC for IGBT drive
17 COM Common supply ground
18~20 n.c -
21,22 N Negative DC-link input
23~26 Nr Negative DC-link of rectifier Diode

Internal Equivalent Circuit

WV

(10)Csc

(11)Veo

(
NTC
(2)Rn Thermistor

ouT % A
IN N
14)(15)(17)COM
(14)(15)(17) CoM
(16)vCC VCC
A

(21)(22)N
(23)(24)(25)(26)N=

Figure 3. Internal Block Diagram
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Absolute Maximum Ratings

Converter Part

Symbol Parameter Conditions Rating Unit
Vi Input Supply Voltage Applied between R-S 276 V
Vi(surge) Input Supply Voltage (Surge) Applied between R-S 500 \
VpeN Output Voltage Applied between Pr-Ng 450 \Y
Vpn(surge) | Output Supply Voltage (Surge) Applied between Pr-Ng 500 \%
Vces Collector-emitter Voltage 600 \%
VRRM Repetitive Peak Reverse Voltage 600 \Y
tlc Each IGBT Collector Current Tc=25°C, Vg =15V 20 A
tlcp Each IGBT Collector Current(Peak) Tc =25°C, Under 1 ms Pulse Width 30 A
lEsm Peak Forward Surge Current Single Half Sine-Wave 200 A
Ty Operating Junction Temperature -40 ~ 150 °C
Control Part
Symbol Parameter Conditions Rating Unit
Vee Control Supply Voltage Applied between V¢ - COM 20 \%
VN Input Signal Voltage Applied between IN - COM 0.3~V +0.3 \
Veo Fault Output Supply Voltage | Applied between Vig - COM -0.3~Vc+0.3 \%
IFo Fault Output Current Sink Current at Vgg Pin 1 mA
Vsc Current Sensing Input Voltage | Applied between Cg¢ - COM -0.3~Vec+0.3 \
Total System
Symbol Parameter Conditions Rating Unit
Tste Storage Temperature -40~125 °C
Viso Isolation Voltage 60 Hz, Sinusoidal, AC 1 minute, Connection 2000 Vims
Pins to heat sink plate
Thermal Resistance
Symbol Parameter Condition Min. | Typ. | Max.| Unit
Ring-c)a Junction to Case Thermal |IGBT - - 25 °C/IW
Ring-o)p Resistance at Chip Center [cpp - - 25 “C/W
Rihg-c)R Rectifier - - 25 °C/W
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Converter Part

Electrical Characteristics (1, = 25°C, Unless Otherwise Specified)

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
VcE(saT) IGBT Collector-Emitter Vee =15V, V|y=5V,Ic =20 A - 22 2.7 \%
Saturation Voltage
Ve FRD Forward Voltage lF=20A - 21 2.6 \
VER Rectifier Forward Voltage |l =20 A - 1.1 1.4 \Y
ton Switching characteristic Vpn =300V, Ve =15V, Ic =20 A, - 770 - us
torr Vin=0V & 5V, Inductive Load (Note 1) B 640 B us
tcion) - 130 - us
tc(oFF) - 50 - ps
trr - 40 - wd
Irr - 4.0 - wd
lces Collector-Emitter Vce = Vees - - 1 mA
Leakage Current
Note:

1. ton and topr include the propagation delay time of the internal drive IC. tgon) and to(orr) are the switching time of IGBT itself under the given gate driving condition internally.

For the detailed information, please see Figure 4.

100% 1, 120% I,

tON - - tCIFF - -
tccoN: tC[OFF]
Vinion) 10% 1, 90% I, 10% Ve V nioFF) 10% Ve 10% I
Figure 4. Switching Time Definitions
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Control Part

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
lace Quiescent V¢ Supply Ve =15V, Vi =0V, Ve - COM - - 2.65 mA
Current
VEoH Fault Output Voltage Vgc =0V, Vgg Circuit: 4.7 kQ to 5 V Pull-up 4.5 - - \
VEoL Vsc =1V, Vgg Circuit: 4.7 kQ to 5 V Pull-up - - 0.8 \Y
Vscpery | Over-Current Protection Trip | Ve = 15 V (Note 2) 0.45 0.5 0.55 \
Level Voltage of Cg¢ pin
UVeep | Supply Circuit Under- Detection Level 10.5 13.0 \
UVeer | Voltage Protection Reset Level 11.0 135 | Vv
Vinon) | ON Threshold Voltage Applied between IN - COM - - 2.6 \Y
VinoFF) | OFF Threshold Voltage 0.8 - - \
Rty Resistance of Thermistor Ty = 25°C (Note 3) - 47.0 - kQ
Tty = 100°C - 2.9 - kQ

Note:
2. Over-current protection is functioning on IGBT.
3. Tty is the temperature of thermister itself. To know case temperature(Tc), please make the experiment considering your application.

R-T Curve
200
—MIN
TYP s
; —MIN
—MAX P
: \ ——MAX
_ 150 T,
o 2, —~
Q100 &
(&)
£ 195 100 105 110 115 120 125
8 Temperature T, [degC]
X 50
0 . . . S———
0 25 50 75 100 125
Temperature T_ [degC]
Figure 5. R-T Curve of The Built-in Thermistor
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Recomended Operating Conditions

o Value .
Symbol Parameter Conditions - Units
Min. | Typ. | Max.
Vi Input Supply Voltage Applied between R - S 198 220 242 Vims
VeN Supply Voltage Applied between Py - N - 360 400 \%
l; Input Current Vpc =360V, Fgyw =20 kHz, Vo =15V, - 20 - Apeak
Tc=90°C, T, < 150°C
Vee Supply Voltage for inverter Applied between V¢ - COM 13.5 15 16.5 Vv
Pwineon)y | Minimum Input Pulse Width | (Note 4) 0.5 - - us
Pwin(orF) 0.5 - - us
dVc/dt | Supply Variation -1 - 1 Vlius
fewm PWM Input Frequency T,<150°C - 20 - kHz
Vsen Voltage for Current Sensing | Applied between N - COM -4 - 4 \%
(Including surge voltage)
Note:
4. The PFC SPM® product might not make response if input pulse width is less than the recommended value.
Mechanical Characteristics and Ratings
o Limits i
Parameter Conditions - Units
Min. | Typ. | Max.
Mounting Torque Mounting Screw: M3 Recommended 0.7 Nem 0.6 0.7 0.8 Nem
Device Flatness Refer to Figure 6 0 - +120 um
Weight - 11 - g
-+
4}\\ -
- |
I ~ I
| - |
_E i Q_ (+)
N |
_%.__.____.____.____.____.___T__._%
Figure 6. Flatness Measurement Position
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a1l

Time Charts of PFC SPM®s Protective Function

Input Signal J

- ¢
Protection RESET SET RESET
Circuit State —
UVCCR
1 6
Control 2 UVeep 23 2
Supply Voltage
a2 » o7
Output Current
(
P
a5

Fault Output Signal

Normal operation: IGBT ON and carrying current.

Under voltage detection (UVccp)-

IGBT OFF in spite of control input condition.
Fault output operation starts.

Under voltage reset (UV¢cR)-

Normal operation: IGBT ON and carrying current.

2

: Control supply voltage rises: After the voltage rises UV g, the circuits start to operate when the next input is applied.
a2:
a3:
a4 :
a5:
a6 :
ar:

Figure 7. Under-Voltage Protection
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IGBT control J
input

ol

Protection
circuit state

Internal IGBT
Gate-Emitter Voltage c3

SET

$—
RESET

c4

Output Current J/\ o8

2

Sensing Voltage f

2%

SC Reference Voltage

S S J -

of the shunt y '\
resistance \
Fault Output Signal 5 |

U

CR circuit time
constant delay

(with the external shunt resistance and CR connection)
c1 : Normal operation: IGBT ON and carrying current.

c2 : Over current detection (OC trigger).
c3 : Hard IGBT gate interrupt.

c4 : IGBT turns OFF.

¢5 : Fault output timer operation starts.
c6 : Input “L” : IGBT OFF state.

c8 : IGBT OFF state

4

Figure 8. Over Current Protection

c7 : Input “H”: IGBT ON state, but during the active period of fault output the IGBT doesn’t turn ON.
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Recommand circuit for Application

Thermistor

P
Pt O
+5V
0 e
o [ @
a RFO
=
=X ~ PRr\
2 == 19, v
L ouT —lt bc
—A R | —
s m
COM Vac
A
N ff Nk
Current sensing
RSH
®

Note:

1. To avoid malfunction, the wiring of each input should be as short as possible. (less than 2-3cm)

2. Vgo output is open collector type. This signal line should be pulled up to the positive side of the 5V power supply with approximately 4.7k resistance.

3. Input signal is High-Active type. There is a 3.3 kQ resistor inside the IC to pull down each input signal line to GND. When employing RC coupling circuits, set up such RC

couple
that input signal agree with turn-off/turn-on threshold voltage.

4. To prevent errors of the protection function, the wiring around Rg and Cgc should be as short as possible.

5. In the over current protection circuit, please select the R, Cg¢ time constant in the range 1~2 ps.

6. Each capacitors should be mounted as close to the pins as possible.

7. Relays are used at almost every systems of electrical equipments of home appliances. In these cases, there should be sufficient distance between the CPU and the relays.

8. Internal NTC thermistor can be used for monitoring the case temperature and protecting the device from the overheating operation. Please select an appropriate resistor RTH
according to the application. For example, use Ryy=4.7 kQ that will make the voltage across Ry to be 2.5V at 85°C of the case temperature.

9. Please use an appropriate shunt resistor Rgy to protect the intenal IGBT from the overcurrent operation.

10. It's recommended that anti-parallel diode should be connected with IGBT.

Figure 9. Typical Application Circuit
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Detailed Package Outline Drawings
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TRADEMARKS

The follawing includes registered and unregistered trademarks and service marks, owned by Fairchild Semiconductor andfor its global subsdianes, and is nat
intended to be an exhaustive list of all such tradermarks.

2Coog™ FPs™ Sync-Lock™
AccuPower™ F-PFS™ ] SYSTEM -
AX-CAPP FRFET® PowerTrench® HEmERA
BitSicm™ Global Power Resource™ Powerk g TiryBoost™
Build it Naw™ GreenBridge™ Programmable Active Droop™ TiryBuck™
CorePLUS™ Green FPS™ OFET® TiryCalc™
CorePOWER™ Green FPS™ e-Series™ s TinyLaogic®
CROSSVOLT™ Grax™ Quiet Series™ TINYOPTO™
CTL™ GTOm™ RapidConfigure™ TinyFPower™
Current Transfer Lagic™ IntellitAx™ :)m Tirty Py T
DEUXPEED® ISOPLANAR™ _ e TinyWdre
Dual Coogl™ Making Small Speakers Sound Louder S_avmg our word, 1Ak at a time TranSicm™
EcoSPARK® and Better™ Signalise™ TriFault Detect™
Efficientiaxm™ MegaBuck™ Srharthlaxm™ TRUECURRENT®
ESBC™ MICROCOUPLER™ SMART START™ uSerDesm™
® MicroFET™ Suluté‘unsfur four Success™
: ™ SPM
Fairchild® o STEALTH™ o
Fairchild Semiconducto™® MillerDrive™ SuperFET® ;
FACT Quiet Series™ e SUpErSOTI ks RRPET
FACT® SuperSOT™ G LI ET
vy aver™ TN

FAST® chal Super30T™.8 .

™ OptoHiTT isualaxm™
FashiCone OPTOLOGIC® SupreM0S”
FETBench™ CPTOPLANAR® SyncFET™ §%Iﬁ‘g eFlus™

* Trademarks of Systerm General Corporation, used under license by Fairchild Semiconductor.
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DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THERIGHT TO MAKE CHANGES WTHCOUT FURTHER NCOTICE TG ANY PRODUCTS HEREIN TO IMPRCVE
REUABIUTY, FUNCTICN, OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY LIABILTY ARISING QUT OF THE APFLICATION OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN, MEITHER DCOES T CONVEY ANY UCENSE UNDER TS PATENT RGHTS, NCR THERIGHTS OF OTHERS. THESE
SPECIFICATICNS DO NCT EXPAND THE TERM S CF FAIRCHILD'S WORLDWDE TERMS AND CONDITIONS, SFECIFICALLY THE WARRANTY THEREIN,
WWHICH COVERS THESE PRCDUCTS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPOMNENTS IM LIFE SUPPORT DEVICES OR SYSTEMSWITHOUT THE
EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICCNDUCTOR CORPORATION.
As used herein:

1. Life support devices or systems are devices ar systems which, (a) are
intended for surgical implant into the body or (b} support or sustain
life, and (c) whose failure to perform when properly used in
accordance with instructions for use provided in the |abeling, can be
reasonably expected to result in a significant injury of the user.

ANTI-COUNTERFEITING POLICY

Fairchild Sermiconductor Carporation's Ant-Courterfeiing Palicy. Fairchild's AntkCounterfeiting Palicy is also stated an our extemal website, v fairchildsemi.com,
under Sales Suppart.

Counterfeiting of semiconductar parts is a growing problem in the industry. All manufacturers of sermiconductor products are experiencing counterfeiting of their
parts. Custormers who inadvertently purchase courterfeit parts expenence many problems such as loss of brand reputation, substandard performance, failed
applications, and increased caost of pradudion and manufacturing delays. Fairchild istaking strong measures to protect ourselves and our customers framthe
praliferation of counterfelt parts. Fairchild strongly encourages cugtamers to purchase Fairchild parts etther directly from Fairchild or from Autharized Fairchild
Distributors who are listed by country on ourweb page cited above. Products customers buy either from Fairchild directly or fram Authaorized Fairchild Disnbuotars
are genuine parts, have full raceability, meet Fairchild's quality standards for handling and storage and provide access to Fairchild's full range of up-to-date technical
and product information. Fairchild and our Authaonzed Distributors wall gand behind all warrarties and wil approprately address any wamanty issues that may arise.
Fairchild wall not provide any wamanty coverage or other assistance for parts bought from Unauthorized Sources. Fairchild is committed to corrbat this global
prablerm and encourage our custamers to do their part in stopping this practice by buying diredt or from autharized distibutars.

PRODUCT STATUS DEFINITIONS

2. A critical component in any companent of a life support, device, or
system whose failure to perform can be reasonably expected to
cause the failure of the life support device or system, or to affect its
safety or effectiveness.

Definition of Terms
Datasheet Identification

Definition

Datasheet contains the design specifications for product development. Specifications may change
in any manner without natice.

Datasheet contains preliminary data; supplementary data will be published at a later date. Fairchild
Semiconductor reserve s the right ta make changes at any time without natice to improve design.
Diatasheet contains final specifications. Fairchild Semiconductor reserves the right to make
changes at any time without natice to improve the design.

Diatasheet contains specifications on a product that is discontinued by Fairchild Semicanductor,
The datasheet is for reference information only.

Product Status

Advance Information Formative £ In Design

Preliminary First Production

Mo ldentification Meeded Full Praduction

Chsolete Mat In Production

Rev. 164
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