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PFC SPM® 3 Series for 2-Phase Bridgeless PFC

Features

e Low Thermal Resistance Thanks to AIN-DBC
Substrate

¢ 600V - 60 A 2-Phase Bridgeless PFC Including A
Drive IC for Gate Driving and Protection

¢ Built-In NTC Thermistor for Monitoring Over-Tem-
perature

« Built-In Shunt Resistor for Current Sensing

Typical Switching Frequency of 20 kHz

¢ Isolation Rating of 2500 Vrms/min.

Applications

» 2-Phase Bridgeless PFC Converter for Air Conditioner

General Description

FPDB60PH60B Is An Advanced PFC SPM 3 Series
for 2-Phase Bridgeless PFC (Power Factor
Correction) that Fairchild Has Newly Developed for
Mid-Power Applications such as Air Conditioners. It
Combines Optimized Circuit Protection and Drive IC
Matched To High Frequency Switching IGBTs. The
System Reliability Is Further Enhanced by The
Integrated Under-Voltage Lock-Out and Over-
Current Protection Function.

Related Source

» AN-9041 - Bridgeless PFC SPM 3 Series Design
Guide

Fig. 1. Package Overview

Package Marking & Ordering Information
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Device Marking Device Package | Packing Type | Reel Size | Tape Width | Quantity
FPDB60PHG60B | FPDB60PH60B | SPMHC-027 RAIL - - 10
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Integrated Power Functions

« PFC converter for single-phase AC/DC power conversion (Please refer to Fig. 3)

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, Schmitt trigger input

Pin Configuration
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Pin Descriptions

Pin Number | Pin Name Pin Description
1 Vee Common Bias Voltage for IC and IGBTs Driving
2 COoM Common Supply Ground
4 INR) Signal Input for Low-side R-phase IGBT
5 INGs) Signal Input for Low-side S-phase IGBT
6 Veo Fault Output
7 Crop Capacitor for Fault Output Duration Time Selection
8 Csc Capacitor (Low-pass Filter) for Over Current Detection
19 Rerh) NTC Thermistor terminal
20 Virhy NTC Thermistor terminal
21 Vac- Current Sensing Terminal
22 Nsense Current Sensing Reference Terminal
24 N Negative Rail of DC—Link
25 R Output for R Phase
26 S Output for S Phase
27 Pr Positive Rail of DC-Link
3,9~18, 23 NC No Connection

Note :

(20) Vv,
(19) R,

(8) Csc
() Ceop
(6) Vo

(5) N,
(4) INg

(2) COM
(1) vee

Internal Equivalent Circuit and Input/Output Pins

NTC
Thermistor

CsC
CFOD
VFO

NGS) ouT(s) [ o &os {[ e

IN(R)

OUT(R) Shunt
coMm Resistor

VCC

1) Converter is composed of two IGBTSs including four diodes and one IC which has gate driving and protection functions.

Fig. 3.
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Absolute Maximum Ratings (T;=25°C, Unless Otherwise Specified)
Converter Part

Item Symbol Condition Rating Unit
Supply Voltage Vi Applied between R-S 264 VRMs
Supply Voltage (Surge) Visurge) Applied between R-S 500 \%
Output Voltage Vpn Applied between P- N 450 \%
Output Voltage (Surge) Vpn(surge) |Applied between P- N 500 \%
Collector-emitter Voltage Vces 600 \Y
Each IGBT collector current *le Tc=25°C 60 A
Each IGBT collector current (Peak) tlcp Tc = 25°C, Under 1 ms pulse width 90 A
Collector Dissipation Pc Tc = 25°C per One IGBT 178 W
Repetitive Peak Reverse Voltage VRRM 600 \%
Peak Forward Surge Current lEsm Single half sine-wave 350 A
Power Rating of Shunt Resistor PRrsH Te<125°C 2 W
Operating Junction Temperature T, (Note 1) -40 ~ 150 °C

Note :
1. The maximum junction temperature rating of the power chips integrated within the PFC SPM® product is 150°C(@Tc = 100°C).

Control Part

Item Symbol Condition Rating Unit
Control Supply Voltage Vce | Applied between Ve - COM 20 \%
Input Signal Voltage Vin  |Applied between IN - COM -0.3~17 Y
Fault Output Supply Voltage Veo |Applied between Vig - COM -0.3~Vcct03| VvV
Fault Output Current leco  |Sink Current at Vg Pin 5 mA
Current Sensing Input Voltage Vsc | Applied between Cgc - COM -0.3~Vcct03| V

Total System

Item Symbol Condition Rating Unit
Module Case Operation Temperature Tc -20 ~ 100 °C
Storage Temperature Tste -40 ~ 150 °C
Isolation Voltage Viso |60 Hz, Sinusoidal, AC 1 minute, Connection 2500 Vims
Pins to DBC

Thermal Resistance

Item Symbol Condition Min. | Typ. | Max. | Unit
Junction to Case Thermal Rpgco |IGBT - - 0.7 | °C/W
Resistance Rog-gHp | High-side diode - - | 15 |°cw
E;‘)*fe’enced o PKG cen- "R oo | Low-side diode [ - [oss | cw
Note :

2. For the measurement point of case temperature(Tc), please refer to Fig. 2.

©2011 Fairchild Semiconductor Corporation 4 www.fairchildsemi.com
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Electrical Characteristics (r;=25°C, Unless Otherwise Specified)
Converter Part

Item Symbol Condition Min. | Typ. Max. | Unit
IGBT saturation voltage VeE(say) Vee =15V, Viy=5V;Ic =50 A - 2.0 2.5 \Y
High-side diode voltage Veq IF=50A - 2.4 2.9 \Y
Low-side diode voltage VEL Ir=50A - 1.2 1.6 \%
Switching Times ton Vpny =400V, Vec =15V, Ic =60 A - 560 - ns
tcon) ViN=0V < 5V, Inductive Load R 270 R ns
torr (Note 3) - 520 - ns
tC(OFF) - 110 - ns
ty - 44 - ns
Iy - 6.5 - A
Current sensing resistor Rsense 1.8 2.0 2.2 mQ
Collector - emitter Ices Vce = Vees - - 250 pA
Leakage Current

Note
3. ton and topr include the propagation delay time of the internal drive IC. tcony and tc(orr) are the switching time of IGBT itself under the given gate driving condition
internally. For the detailed information, please see Fig. 4

Control Part

Item Symbol Condition Min. Typ. | Max. | Unit
Quiescent Ve Supply Cur-|  lgceL |Vec =15V, IN=0 V|V - COM - - 26 mA
rent
Fault Output Voltage Veon |Vsc =0V, Vgg Circuit: 4.7 kQ to 5 V Pull-up 4.5 - - \Y
VeoL |Vsc =1V, Vgo Circuit: 4.7 kQ to 5 V Pull-up - - 0.8 v
Over Current Trip Level Vscpef) |Vec =15V 0.45 0.5 0.55 \Y
Supply Circuit Under- UVcep |Detection Level 10.7 119 | 13.0 \%
Voltage Protection UVccr | Reset Level 112 | 124 | 132 | V
Fault-out Pulse Width troo  |Crop = 33 nF (Note 4) 1.4 1.8 2.0 ms
ON Threshold Voltage Vinn) |Applied between IN - COM 3.0 - - \Y
OFF Threshold Voltage ViN(OFF) - - 0.8 \
Resistance of Thermistor Rty |@ T =25°C (Note Fig. 9) - 50 - kQ
@ T = 80°C (Note Fig. 9) - 5.76 - kQ
Note

4. The fault-out pulse width tgop depends on the capacitance value of Crop according to the following approximate equation : Ceop = 18.3 x 10 x troplFl

Recommended Operating conditions

Item Symbol Condition Min. Typ. | Max. | Unit
Input Supply Voltage V| Applied between R - S 180 - 264 | Vims
Output Voltage Vpn  |Applied between P - N - 280 400 \%
Control Supply Voltage Vece  |Applied between Ve - COM 13.5 15 16.5 \%
Control Supply Variation dVcc/dt |Applied between IN - COM -1 - 1 Vius
PWM Input Signal fowm | Te <100°C, Ty <125°C, Per IGBT - 20 - kHz
©2011 Fairchild Semiconductor Corporation 5 www.fairchildsemi.com
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Electrical Characteristics

10%0f Ve | | 1%
Vi 10%01Vee |
CE

é,

toom
o I
|
(b) Turn-off
Fig. 4. Switching Time Definition
Mechanical Characteristics and Ratings
-, Limits )
Iltem Condition - Units
Min. Typ. Max.
Mounting Torque Mounting Screw: M3 Recommended 0.62 Nem 0.51 0.62 0.72 Nem
Device Flatness Note Fig. 5 0 - +120 pum
Weight - 15.00 - g

(+)

Fig. 5. Flatness Measurement Position

©2011 Fairchild Semiconductor Corporation 6 www.fairchildsemi.com
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Time Charts of SPMs Protective Function

oo | [ L0 L[]

—

Internal IGBT
Gate-Emitter Voltage

uv
P5
reset
Control Supply Voltage uv P2

detect
P1

P3

N

;;

Output Current

Fault Output Signal P4

P1 : Normal operation - IGBT ON and conducting current
P2 : Under voltage detection

P3: IGBT gate interrupt

P4 : Fault signal generation

P5 : Under voltage reset

P6 : Normal operation - IGBT ON and conducting current

Fig. 6. Under-Voltage Protection
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Internal IGBT
Gate-Emitter Voltage

.

OC Detection —»

P1
P4
OQutput Current P7

\ P2 M

OC Reference
. Volt 0.5V
Sensing Voltage oltage (0.5V)

-~
RC Filter Delay

) _ P8
Fault Output Signal P3
P1 : Normal operation - IGBT ON and conducting current
P2 : Over current detection
P3: IGBT gate interrupt / Fault signal generation
P4 : IGBT is slowly turned off
P5 : IGBT OFF signal
P6 : IGBT ON signal - but IGBT cannot be turned on during the fault Output activation
P7 : IGBT OFF state
P8 : Fault Output reset and normal operation start
Fig. 7. Over Current Protection
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PFCM
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IN(R) N

Microcontroller CFOD . =

Inverter

Resistor

vCC

Note :
1) For the over-current protection, please set the delay time in the range 3 ~ 4 ps.

Fig. 8. Application Example
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Fig. 9. R-T Curve of the Built-in Thermistor
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Detailed Package
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Detailed Package Outline Drawings
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Detailed Package Outline Drawings
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TRADEMARKS

The following includes registered and unregistered trademarks and serdce marks, owned by Fairchild Semiconductor and/or its global subsidianes, and is not
intended to be an exhaustive list of all such tradermarks.

2Cool™ FPS™ Sync-Laock™
AccuPowerm™ F-PFS™ ] GSE‘;?E‘E‘TLE,
AN CAP™ FRFET® - PowerTrench®
BitSicm™ Glohal Power Resource Poweri St TinyBoost™
Build) it Moy GreenBridge™ Programmable Active Droop™ TinyBuck™
CorePLUS™ Green FPS™ OFET® TinyCalc™
Core POVERTH Green FPS™ e-Serigs™ Qs TinyLogic@
CROSSVOLT™ Grrax™ Quiet Series™ TINYOFTO™
CTL™ GTam™ RapidConfigurem™ TiryPoweer™
Current Transfer Logic™ Intellifd AT :)m Tiry Py ™
DEUXPEED” ISOPLANART _ o TimyWirem
Dual Cogl™ Making Small Speakers Sound Louder ngmg our warld, 1AV 2t a time TranSiC™
EcoSPARK® and Better™ S|gnaIW|sE;“ TriFault Detect™
Efficienthiz.m MegaBuck™ Srnarthlax TRUECURRENT™
ESBC™ MICROCOUPLERT™ SMART START™ pSerDesm
® MicraFET™ SDIut\@DnsforYour Success™
: SFEM
=l MicroPak™
Fairchilc® Moo STEALTH™ e
Fairchild Semiconductor® MillerDrive™ SuperFET® Ultra FREET™
FACT Quiet Serigs™ W otio i 2™ SupersCTm3 U trsETTM
FACT® S SuperSOT™.A vgxm
FAST® OtoLT SuperSOT™.g
FastviCore™ HLDC Suprem Qs® Visualiaxm
FETBench™ OPTOLOGIC® S YoltageRlusm
enc OPTOPLANAR® SYERETT ¥s™

* Trademarks of System General Caorporation, used under license by Fairchild Semiconductor.

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TOMAKE CHANGES WITHCUT FURTHER NOTICE TO ANY PRODUCTS HEREIN TO IMPRCVE
RELUABILTY, FUNCTICN, CRDESIGN. FAIRCHILD DOES NOT ASSUME ANY LIABILTY ARISING QUT OF THE APPLICATION ORUSE OF ANY FRODUCT
OR CIRCUIT DESCRIBED HEREIN, NEITHER DOES IT CCWVEY ANY LICENSE UNDER TS PATENT RIGHTS, NCR THE RIGHTS OF OTHERS. THESE
SPECIFICATIONS DO NOT EXPAND THE TERM S CF FAIRCHILD'SWCRLDVM DE TERMS AND CONDITICONS, SPECIFICALLY THE WARRANTY THEREIN,
WWHICH COVERS THESE FRODUCT S,

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS I LIFE SUPPORT DEVICES CR SYSTEMS WITHOUT THE

EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICOMDUCTOR CORPORATICM,

As used herein

1. Life support devices or systems are devices or systems which, {a) are

intended for surgical implant into the hocly or (b) support or sustain
life, and (c] whose failure to perform when properly used in
accordance with instructions for use prowvided in the labeling, can be
reasonably expected to result in a significant injury of the user,

2. A critical component in any component 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.

ANTI-COUNTERFEITING POLICY

Fairchild Semiconductor Corporation's Ant-Counterfeiting FPolicy. Fairchid's Antk Counterfeiing Policy is also stated on our extemal website, wive fairchildsemi.com,
under Sales Support.

Counterfetting of semiconductor parts is a grawang problemin the industry. Al manufacturers of sermiconductor products are exgeriencing counterfeiing of their
parts. Custormers who inadvertently purchase counterfeit parts experience many problems such as loss of brand reputation, substandard performance, failed
applications, and increased cost of production and manufacturing delays. Fairchid is taking strang measuresto protect ourselves and our customers fromthe
proliferation of counterfelt parts. Fairchild strongly encourages custormers to purchase Fairchild parts ether directly frarm Fairchild or from Authorized Fairchild
Distributors who are listed by country on our web page cited above. Products customers buy either from Fairchild directly or from Autharized Fairchild Digtrnibutors
are genuine parts, have full raceability, meet Fairchild's guality standards for handling and storage and provide access to Fairchild's full range of up-to-date technical
and product information. Fairchild and our Authorized Distributors will stand behind all warranties and will appropriately address any warranty issues that may arise.
Fairchild will not provide any wiarranty coverage or other assistance for parts bought from Unauthorized Sources. Fairchild is committed to cormbat this global
problem and encourage our customers to do theirpart in stopping this practice by buying direct or from authorized distibutors.

PRODUCT STATUS DEFINITIONS

Definition of Terms
Datasheet |dentification

Definition

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

Datasheet contains preliminary data; supplementary data will be published at a later date. Fairchild
Semiconductar reserves the right to make changes at any time without notice to imprave design.
Datasheet contains final specifications. Fairchild Semiconductor reserves the right to make
changes at any time without notice to improve the design.

Datasheet contains specifications on a product that is discontinued by Fairchild Semiconductar
The datasheet is for reference information only.

Product Status

Advance Information Farmative / In Design

Preliminary First Production

Mo ldentification Needed Full Production

Chsolete MNat In Production

Rey. 164
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