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TSR Rectifier IR2167

PFC BALLAST CONTROL IC

. Features
Description _ o
The IR2167 is a fully integrated, fully protected 600V ™ g’;g]ga”aﬁ Control and Half Bridge Driver in

ballast control IC designed to drive virtually all types of
rapid start fluorescent lamp ballasts. PFC circuitry
provides for high PF, low THD and DC Bus regulation.
Externally programmable features such as preheat time
& frequency, ignition ramp characteristics, and running
mode operating frequency provide a high degree of
flexibility  for the ballast design  engineer.
Comprehensive protection features such as protection

B Critical Conduction Mode Boost Type PFC
|
|
|
|
|
from failure of a lamp to strike, filament failures, low AC : Capacitive Mode Protection
|
|
|
|
|
|

No PFC Current Sense Resistor Required
Programmable Preheat Time & Frequency
Programmable Ignition Ramp
Programmable Over-Current

Lamp Filament Sensing & Protection

line conditions, thermal overload, or lamp failure during Brown-Out Protection

normal operation, as well as an automatic restart Automatic Restart for Lamp Exchange
function, have been included in the design. The heart Thermal Overload Protection

of this (Izlontrol ICisa vglriazle (fjrgquer:)cy o_scillator vlvitr; Programmable Deadtime

externally programmmable deadtime. Precise control o Internal 15.6V Zener Clamp Diode on Vcc
a 50% duty cycle is accomplished using a T-flip-flop. .

The IR2167 is available in both 20 pin DIP and 20 pin Micropower Startup (150uA)

wide body SOIC packages. Latch Immunity and ESD Protection
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*  Please note that this datasheet contains advanced information which could change
before the product is released to production.
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IR2167 State Diagram

Power Turned On

v

UVLO Mode
1/2-Bridge Off
PFC Off

SD > 2.0V

(Lamp Removal)
or

VCC < 9.5V

(Power Turned Off)

COMP=0V
loce @150MA
CPH =0V

and

and

VCC >11.4V (UV+)
VDC > 5.1V (Bus OK)

SD < 1.7V (Lamp OK)

(Failure to Strike Lamp
or Hard Switching)

or
T,>160C
(Over-Temperature)

(End of PREHEAT Mode)

CS > OC Threshold

(Over-Current or Hard Switching)
or

CS<0.2V

(No-Load or Below Resonance)
or

T,>160C

(Over-Temperature)

IGNITION RAMP Mode

foy ramps to f,

and
T,<160C (T,)
FAULT Mode A
Fault Latch Set T, >160C
,-Bridge Off (Over-Temperature) PREHEAT Mode
PFC Off - Y/,-Bridge @ f,
COMP=0V PFC Enabled
locc @L50MA CPH Charging @ I,,,, = 1mA >
CPH =0V RPH = 0V
VCC = 15.6V RUN = Open Circuit
CS Disabled
. CS > 0C Threshold
CPH > 4.0V

CPH Charging @ I, = 1mA
RPH = Open Circuit
RUN = Open Circuit

CS OC Threshold Enabled

CPH > 5.1V
(End of IGNITION RAMP)

RUN Mode

fun Ramps to f

\J

CPH Charges to 10V Clamp
RPH = Open Circuit
RUN = 0V
CS 0.2V Threshold Enabled

VCC < 9.5V

(VCC Fault or Power Down)
or

VDC < 3.0V

(dc Bus/ac Line Fault or Power Down)
or

SD > 2.0V

(Lamp Fault or Lamp Removal)
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IR2167 Block Diagram
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IR2167

Description

DC Bus Sensing Input

Preheat Timing Capacitor

Preheat Frequency Resistor & Ignition Capacitor

Oscillator Timing Resistor

Run Frequency Resistor

Oscillator Timing Capacitor

Deadtime Programming

Over-current (CS+) Threshold Programming

Error Amplifier Compensation

Zero-Crossing, PFC Inductor

Bus Voltage Sense Input

PFC Gate Driver Output

Shutdown Input

Current Sensing Input

Low-Side Gate Driver Output

IC Power & Signal Ground

Logic & Low-Side Gate Driver Supply

High-Side Gate Driver Floating Supply

High Voltage Floating Return

IR

Pin Assignments Pin # | Symbol

1 VDC

N\ 2 CPH

vDC [1]o0 20] HO 3 RPH

CPH [2 19 Vs 4 RT
2] 19 5 RUN

RPH [3]| === 18] VB 6 cT

;U 7 DT

RT [4] 17] vce 8 oC
9 COMP

RUN [5] N 16] com 10 7%
= 11 VBUS

cr [e] (@) 15 Lo 12 PFC

DT cs 13 SD

M N 14 CS

oc [s] 13 sD 15 LO
16 COM

COMP 9] 12] PFC 17 vcc

18 VB

zx [19 11] vBUS 19 VS

20 HO

High-Side Gate Driver Output

Absolute Maximum Ratings

Absolute Maximum Ratings indicate sustained limits beyond which damage to the device may occur. All
voltage parameters are absolute voltages referenced to COM, all currents are defined positive into any lead.
The Thermal Resistance and Power Dissipation ratings are measured under board mounted and still air

conditions.
Parameter
Symbol Definition Min. Max. Units
Vs High Side Floating Supply Voltage -0.3 625 \Y
Vs High Side Floating Supply Offset Voltage Vg - 25 Ve + 0.3 \%
Vo High-Side Floating Output Voltage Vs-0.3 Ve + 0.3 \%
Vo Low-Side Output Voltage -0.3 Vce + 0.3 \%
VPFC PFC Gate Driver Output Voltage -0.3 Vcec + 0.3 \%
lomax Maximum Allowable Output Current (HO, LO, PFC) Due -500 500 mA
to External Power Transistor Miller Effect
IRT Rt Pin Current -5 5 mA
Vet Cr Pin Voltage -0.3 6.5 \Y
Vbc VDC Pin Voltage -0.3 V,+0.3 \%
IcPH CPH Pin Current -5 5 mA
IRPH RPH Pin Current -5 5 mA
IRUN RUN Pin Current -5 5 mA
IpT Deadtime Pin Current -5 5 mA
Vcs Current Sense Pin Voltage -0.3 6.5 \Y
Ics Current Sense Pin Current -5 5 mA
loc Over-Current Threshold Pin Current -5 5 mA
Isp Shutdown Pin Current -5 5 mA
VBUS DC Bus Sensing Input Voltage -0.3 Vcce \%
Izx PFC Inductor Current, Zero Crossing Detection Input -5 5 mA
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Absolute Maximum Ratings (Continued)

Absolute Maximum Ratings indicate sustained limits beyond which damage to the device may occur. All
voltage parameters are absolute voltages referenced to COM, all currents are defined positive into any lead.
The Thermal Resistance and Power Dissipation ratings are measured under board mounted and still air

conditions.
Parameter

Symbol Definition Min. Max. Units
Icomp PFC Error Amplifier Compensation Current -5 5 mA
lcc Supply Current (Note 1) -20 20 mA
dv/dt Allowable Offset Voltage Slew Rate -50 50 Vins
Pp Package Power Dissipation @ Ta £ +25°C  (20-Pin DIP) 1.50 W
Pp Package Power Dissipation @ Ta £ +25°C (20-Pin SOIC) 1.25 W
Rqia Thermal Resistance, Junction to Ambient (20-Pin 85 °C/W
Rqia Thermal Resistance, Junction to Ambient  (20-Pin 90 °C/W
T; Junction Temperature -55 150
Ts Storage Temperature -55 150 °C
To Lead Temperature (Soldering, 10 seconds) 300
Note 1: This IC contains a zener clamp structure between the chip Vcc and COM which has a nominal

breakdown voltage of 15.6V. Please note that the Vcc pin should not be driven by a DC, low
impedance voltage source greater than the VcLamp specified in the Electrical Characteristics section.

Recommended Operating Conditions

For proper operation the device should be used within the recommended conditions. All voltage parameters
are absolute voltages referenced to COM, all currents are defined positive into any lead.

Parameter
Symbol Definition Min. Max. Units

VBs High Side Floating Supply Voltage Vcc - 0.7 Vciavp \Y
Vs Steady State High Side Floating Supply Offset Voltage -3.0 600 \%
Vce Supply Voltage Vccuv+ Vciave \Y
lcc Supply Current Note 2 10 mA
Vbc VDC Pin Voltage 0 Vcce \Y
Cr CT Pin Capacitance 220 pF
Rot Deadtime Resistance 1.0 kw
IrT Rt Pin Current (Note 3) -500 -50 A
IRPH RPH Pin Current (Note 3) 0 450 HA
IRUN RUN Pin Current (Note 3) 0 450 HA
Isp Shutdown Pin Current -1 1 mA
lcs Current Sense Pin Current -1 1 mA
l7x Zero Crossing Detection Pin Current -1 1 mA
T; Junction Temperature -40 125 °C
Note 2:  Sufficient current should be supplied to the VCC pin to keep the internal 15.6V zener clamp diode on

this pin regulating its voltage.
Note 3: Due to the fact that the RT pin is a voltage-controlled current source, the total RT pin current is the

sum of all of the parallel current sources connected to that pin. For optimum oscillator current mirror
performance, this total current should be kept between 50mA and 500mA. During the preheat mode,
the total current flowing out of the RT pin consists of the RPH pin current plus the current due to the
RT resistor. During the run mode, the total RT pin current consists of the RUN pin current plus the
the current due to the RT resistor.
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Electrical Characteristics

IR2167

Vcc = Ves = Veias = 14V +/- 0.25V, Rt = 40.0 kw, Ct = 470 pF, RPH and RUN pins no connection, Vcpn = 0.0
V, Rpt = 6.1 kW, Roc = 20.0 kW, Vcs = 0.5V, Vsp = 0.0 V, CL = 1000pF unless otherwise specified.

Parameter Ta=25°C
Symbol| Definition Min | Typ | Max [Units| Test Conditions
Supply Characteristics
Vccuv+ | Vee Supply Undervoltage Positive Going - | 114 | -- Vcc rising from OV
Threshold
Vuvhys | Vec Supply Undervoltage Lockout Hysteresis 1.8
loccuv UVLO Mode Quiescent Current - 150 - HA Vce < Vecuv-
loccrut | Fault-Mode Quiescent Current 200 MA | SD=5V,CS =2V, or
Tj>Tsp
locc Quiescent VCC Supply Current 3.8 mA | RT no connection,
CT connected to
loccsok | VCC Supply Current, f = 50kHz 4.5 mA | Rr=36K ohm, Rpr=
5.6K ohm, C1=220pF
Vciavp | Vec Zener Clamp Voltage - | 156 | --- \% lcc = 10mA
Floating Supply Characteristics
loBso Quiescent Vgs Supply Current 0 Vho = Vs
- A
los1 Quiescent Vgs Supply Current 30 K Vho = VB
Vesmin | Minimum required Vgs Voltage for proper HO 4 5 \%
functionality
Ik Offset Supply Leakage Current 50 MA | VB = Vs =600V
PFC Error Amplifier Characteristics
Vveus | VBUS Sense Input Threshold 4.0 \%
lvBus VBUS Sense Input Bias Current 0.1 A
gm Error Amplifier Transconductance 100 --- | Hmho
Isource | Error Amplifier Output Current Sourcing 60 MA | Vveus = 3.2V
Isink Error Amplifier Output Current Sinking 60 MA | Vveus = 4.8V
VoHEea) | Error Amplifier Output Voltage Swing (High 10 V | VvBus = 3.2V
State)
VovLea) | Error Amplifier Output Voltage Swing (Low 1 V | Vveus = 4.8V
State)
PFC Overvoltage Comparator
Vov | Overvoltage Comparator Threshold | 4.3 | | \% |
PFC Zero Current Detector
Vzx ZX Pin Comparator Threshold Voltage 2.0 \%
Vzxhys | ZX Pin Comparator Hysterisis 120 mV
Vzxcamp+ | ZX Pin Clamp Voltage (High State) 7.5 \Y Izx = 2mA
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Electrical Characteristics (Continued)
Vcc = Vis = Veias = 14V +/- 0.25V, Rt = 40.0 kw, Ct = 470 pF, RPH and RUN pins no connection, Vcpn = 0.0
V, Rpt = 6.1 kW, Roc = 20.0 kW, Vcs = 0.5V, Vsp = 0.0 V, CL = 1000pF unless otherwise specified.

IR2167

Parameter Ta =25°C
Symbol| Definition Min | Typ | Max [Units| Test Conditions
Oscillator, Ballast Control, 1/0 Characteristics
fosc Oscillator Frequency 30 Rt =32 kW, Rpr =
kHz | 6.1kW, Ct = 470 pF
100 Rt =6.1 kW, Rpr =
6.1kW, Ct = 470 pF
df/dv Oscillator Frequency Voltage Stability 0.5 %/V | Vccuv+ < VCC < 15V
df/dT Oscillator Frequency Temperature Stability - 1002 | --—- | %/C |-40°C<Tj<125°C
d Oscillator Duty Cycle 50 %
Ver+ Upper Ct Ramp Voltage Threshold 4.0 v
Vcr- Lower Ct Ramp Voltage Threshold 2.0
Vereer | Fault-Mode Cr Pin Voltage 0 mV | SD=5V,CS =2V, or
Tj>Tsp
VRT RT Pin Voltage 2.0 \%
VrreLr | Fault-Mode Ry Pin Voltage 0 - | mV | SD=5V,CS=2V,or
Tj>Tsp
tdlo LO Output Deadtime 2.0 --- | yusec
tdho HO Output Deadtime 2.0 --- | yusec
dtd/dv | Deadtime Voltage Stability 0.5 %/V | Vccuv+ < Vec < 15V
dtd/dT | Deadtime Temperature Stability 0.02 %/C | -40°C < Tj < 125°C
Preheat Characteristics
Icen | CPH Pin Charging Current 1.0 MA | VcpH = 0V
VepHion| CPH Pin Ignition Mode Threshold Voltage 4.0
Veprrun| CPH Pin Run Mode Threshold Voltage -- | 515 | -- \
Veprewm| CPH Pin Clamp Voltage 10 lcPH = 1PA
VcpurLt| Fault-Mode CPH Pin Voltage 0 mv | SD=5V,CS=2V,or
Ti>Tsn
RPH Characteristics
IrpHLk | Open Circuit RPH Pin Leakage Current 0.1 HA | VrRPH =5V, VPH = 6V
VrpHeLT | Fault-Mode RPH Pin Voltage 0 mV | SD =5V, CS =2V, or
Ti>Tsn
RUN Characteristics
lrunik | Open Circuit RUN Pin Leakage Current 0.1 HA | Vrun=5V
VruneLr | Fault-Mode RUN Pin Voltage 0 mV | SD=5V,CS =2V, or
Ti>Tsn
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Electrical Characteristics (Continued)
Vcc = Vis = Veias = 14V +/- 0.25V, Rt = 40.0 kw, Ct = 470 pF, RPH and RUN pins no connection, Vcpn = 0.0
V, RpT = 6.1 kW, Roc = 20.0 kW, Vcs = 0.5V, Vsp = 0.0 V, CL = 1000pF unless otherwise specified.

IR2167

Parameter Ta =25°C

Symbol | Definition Min | Typ | Max |Units| Test Conditions
Protection Circuitry Characteristics
VspTh+ Rising Shutdown Pin Threshold Voltage 2.0 \%
VspHys Shutdown Pin Threshold Hysteresis 150 mV
VcsTH, Over-Current Sense Threshold Voltage 1.0 \
Vesth- Under-Current Sense Threshold Voltage 0.2 \
tes Over-Current Sense Propogation Delay 160 --- | nsec | Delay from CS to LO
Vbcs Low Vpys/Rectified Line Input Upper Threshold 5.15 V
Vpe. Low Vpys/Rectified Line Input Lower Threshold 3.0 V
Tsp Thermal Shutdown Junction Temperature - | 160 | -- °C | Note 4
Gate Driver Output Characteristics
VoL Low-Level Output Voltage 0 100 mv lo=0
VoH High-LeveI Output Voltage 0 100 Veias-Vo,lo=0
tr Turn-On Rise Time 85 | 150 nsec
tr Turn-Off Fall Time 45 | 100

Note 4: When the IC senses an overtemperature condition (Tj > 160°C), the IC is latched off. In order to

reset this Fault Latch, the SD pin must be cycled high and then low, or the VCC supply to the IC
must be cycled below the falling undervoltage lockout threshold (Vccuv-).
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