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International
ISR Rectifier

Data Sheet No. PD60107 revX

IR2133/IR2135(J&S) & (PbF)
IR2233/IR2235(J&S) & (PbF)

Features

» Floating channel designed for bootstrap operation
Fully operational to +600V or+1200V
Tolerant to negative transient voltage
dV/dt immune
Gate drive supply range from 10V/12V to 20V DC and
up to 25V for transient
e Undervoltage lockout for all channels
e Over-current shut down turns off all six drivers
* Independent 3 half-bridge drivers

Matched propagation delay for all channels
2.5V logic compatible
Outputs out of phase with inputs

e All parts are also available LEAD-FREE

Description

The IR2133IR2135/IR2233IR2355 (J&S) are high voltage, high speed
power MOSFET and IGBT driver with three independent high side and
low side referenced output channels for 3-phase applications. Propri-
etary HVIC technology enables ruggedized monolithic construction.
Logic inputs are compatible with CMOS or LSTTL outputs, down to
2.5V logic. An independent operational amplifier provides an analog
feedback of bridge current via an external current sense resistor. A
current trip function which terminates all six outputs can also be de-

3-PHASE BRIDGE DRIVER

Product Summary

VOFESET 600V or 1200V max.
lo+/- 200 mA /420 mA
VouTt 10 - 20V or 12 - 20V
ton/off (typ.) 750/700 ns
Deadtime (typ.) 250 ns
Packages

rived from this resistor. A shutdown function is available to terminate all six outputs. An open drain FAULT signal is provided to
indicate that an over-current or undervoltage shutdown has occurred. Fault conditions are cleared with the FLT-CLR lead. The
output drivers feature a high pulse current buffer stage designed for minimum driver cross-conduction. Propagation delays are
matched to simplify use in high frequency applications. The floating channels can be used to drive N-channel power MOSFETs or
IGBTs in the high side configuration which operates up to 600 volts or 1200 volts.

Typical Connection >
1 up to 1200V
Vee © Vee T
ANTZ3 o ANT23 VB1.23
__ e
LINT.23 o LINT.2,3 = [N
FAULT o FAULT HO123 A% M~
I ITRIP
FLTCLR T | FTOR Vgi2s °
h == | 5%
SD o sD D
CAO CAO
ja
CA- I~
Vss Lot.2,3 AN P
CA+ COM
MVAAA
GND o ANN—
(Refer to Lead Assignments for correct pin configuration). This/These diagram(s) show electrical connections only.
Please refer to our Application Notes and DesignTips for proper circuit board layout.
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IR2133/IR2135/IR2233/IR2235(J&S)&(PbF)

Absolute Maximum Ratings
Absolute Maximum Ratings indicate sustained limits beyond which damage to the device may occur. All volt-
age parameters are absolute voltages referenced to COM. The Thermal Resistance and Power Dissipation
ratings are measured under board mounted and still air conditions.

Infernational
3R Rectifier

Symbol | Definition Min. Max. Units
VB1,23 |High side floating supply voltage  (IR2133/IR2135) -0.3 625
(IR2233/IR2235) -0.3 1225
Vs123 |High side floating supply offset voltage VB123 - 25 Vp123 + 0.3
VHo1,2,3 | High side floating output voltage Vs123-0.3 | Vei23+ 0.3
Vce Fixed supply voltage -0.3 25
Vss Logic ground Vce - 25 Vce + 0.3
Vioi2s |Low side output voltage 03 Voo +0.3 v
VIN Logic input voltage (HIN, LIN, ITRIP, SD & FLT-CLR) Vss - 0.3 (Vss + 15) or
(Vee + 0.3)
whichever is
lower
Vinavp | Op amp input voltage (CA+ & CA-) Vss - 0.3 Vcc +0.3
Voutame | Op amp output voltage (CAO) Vss - 0.3 Vee + 0.3
VLT FAULT output voltage Vss - 0.3 Vee + 0.3
dVs/dt | Allowable offset supply voltage transient — 50 Vins
Po Package power dissipation @ Ta < 25°C (28 Lead PDIP) — 15
(28 Lead SOIC) — 1.6 w
(44 lead PLCC) — 2.0
Rthya Thermal resistance, junction to ambient (28 Lead PDIP) — 83
(28 Lead SOIC) — 78 °C/W
(44 lead PLCC) — 63
Ty Junction temperature — 125
Ts Storage temperature -55 150 °C
TL Lead temperature (soldering, 10 seconds — 300

Recommended Operating Conditions
The input/output logic timing diagram is shown in figure 1. For proper operation the device should be used within the
recommended conditions. All voltage parameters are absolute voltages referenced to COM. The VS offset rating is
tested with all supplies biased at 15V differential.

Symbol | Parameter Definition Min. Max. Units

VB1,23 High side floating supply voltage Vs1,23+ 10/12] Vsq23 + 20

Vs12,3 High side floating supply offset voltage (IR2133/IR2135) Note 1 600
(IR2233/IR2235) Note 1 1200

VHo1,2,3 High side floating output voltage Vs1,23 VB1,23

Vce Fixed supply voltage 10 or 12 20

Vss Low side driver return -5 5 v

Vio1,23 | Low side output voltage 0 Vee

Vin Logic input voltage (HIN, TIN, ITRIP, SD & FLT-CLR) Vss Vss + 5

VN AMP Op amp input voltage (CA+ & CA-) Vss Vss +5

Voutamp | Op amp output voltage (CAO) Vss Vss+5

VELT FAULT output voltage Vss Vee

Note 1: Logic operational for VS of COM - 5V to COM + 600V/1200V. Logic state held for VS of COM -5V to COM -VBS. (Please refer to the Design Tip
DT97-3 for more details).
Note 2: All input pins, op amp input and output pins are internally clamped with a 5.2V zener diode.
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International IR2133/IR2135/IR2233/IR2235(J&S)&(PbF)
TSR Rectifier

Dynamic Electrical Characteristics
VBIAs (Vce, VBs1.2,3) = 15V, Vs1,2.3 = Vss, Ta=25°C and CL = 1000 pF unless otherwise specified.

Symbol | Definition Min.| Typ. | Max. | Units| Test Conditions

ton Turn-on propagation delay 500 750 | 1000

- ViN=0 &5V
toff Turn-off propagation delay 450 700 | 950 Vs123 = 0 to 600V
tr Turn-on rise time — 90 150 ’ c’)r 1200V
tf Turn-off fall time — 40 70
tsd SD to output shutdown propagation delay 500 750 | 1000 VIN,Vsp = 0 & 5V
titrip ITRIP to output shutdown propagation delay 600 850 | 1100 | s | VINVITRIP =0 & 5V
tbl ITRIP blanking time — 400 — ITRIP =1V
tfit ITRIP to FAULT propagation delay 400 | 650 | 900 VIN,VITRIP = 0 & 5V
tfil,in Input filter time (HIN, LIN and SD) — 310 — VIN=0 &5V
tfitclr | FLT-CLR to FAULT clear time 600 | 850 | 1100 VIN,VITRIP = 0 & 5V
DT Deadtime, LS turn-off to HS turn-on & 100 250 | 400 ViN=0&5V

HS turn-off to LS turn-on

SR+ Amplifier slew rate (positive) 5 10 — | Vius
SR- Amplifier slew rate (negative) 2 2.5 —

NOTE: For high side PWM, HIN pulse width must be = 1usec

Static Electrical Characteristics

VBias (Vcc. VBs1,2,3) = 15V unless otherwise specified and Ta = 25°C. All static parameters other than IO and VO
are referenced to Vss and are applicable to all six channels (Hs1,2,3 & Ls1,2,3). The VO and |10 parameters are
referenced to COM and Vs1,2,3 and are applicable to the respective output leads: Ho1,2,3 or Lo1,2,3.

Symbol | Definition Min. | Typ. | Max. |Units Test Conditions

VIH Logic “0” Input Voltage (OUT = LO) 2.2 — —

Vi Logic “1” Input Voltage (OUT = HlI) — — 0.8

VrcLR)H | Logic “0” Fault Clear Input Voltage 2.2 — — v

VECLR,IL Logic “1” Fault Clear Input Voltage — — 0.8

Vsp,TH+ SD Input Positive Going Threshold 1.6 1.9 2.2

VsD,TH- SD Input Negative Going Threshold 1.4 1.7 2.0

VIT,TH+ liTriP Input Positive Going Threshold 470 | 570 | 670

VITTH- liTrRIP Input Negative Going Threshold 360 | 460 | 560

VoH High Level Output Voltage, VBIAS - VO — — 100 mVv ViN =0V, 10 =0A

VoL Low Level Output Voltage, VO — — 100 VIN =5V, Io = 0A

ILk Offset Supply Leakage Current (IR2133/IR2135) | — — 50 VB1,2,3=Vs1,2,3 =600V
(IR2233/IR2235) | — — 50 HA VB1,2,3=Vs1,2,3= 1200V

laBs Quiescent VBS Supply Current — 50 100 VIN =0V or 5V

lacc Quiescent Vcc Supply Current — 4 8 mA | ViN=0V or5V

N+ Logic “1” Input Bias Current (OUT = HlI) — 200 350 ViN = 0V

IIN- Logic “0” Input Bias Current (OUT = LO) — 100 250 A VIN = 5V

Isp+ “High” Shutdown Bias Current — 30 100 SD =5V

Isp- “Low” Shutdown Bias Current — — 100 | nA SD =0V

IITRIP+ “High” litrip Bias Current — 30 100 MA lITRIP = 5V

IITRIP- “Low” liTrip Bias Current — — 100 nA IITRIP = OV
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IR2133/IR2135/IR2233/IR2235(J&S)&(PbF)

Static Electrical Characteristics — Continued

Infernational
ISR Rectifier

Veias (Vce, VBs1,2,3) = 15V unless otherwise specified and Ta = 25°C. Al static parameters other than 10 and VO
are referenced to Vss and are applicable to all six channels (Hs1,2,3 & Ls1,2,3). The VO and |O parameters are
referenced to COM and Vs1,2,3 and are applicable to the respective output leads: Ho1,2,3 or Lo1,2,3.

Symbol [Parameter Definition Min. | Typ. |[Max. Units |Test Conditions
lriteLrt [‘High” Fault Clear Input Bias Current — | 200 | 350 FLT-CLR =0V
IrLtoLr- [‘Low” Fault Clear Input Bias Current — [100 ]| 250 | MA [ FCT-CLR =5V
Vesuv+ |Ves Supply Undervoltage Positive Going Threshold
(for IR2133/IR2233) | 7.6 | 8.6 | 9.6
(for IR2135/IR2235) | 9.2 | 104 | 11.6
Vesuv-  |VBs Supply Undervoltage Negative Going Threshold
(for IR2133/IR2233) | 7.2 | 8.2 | 9.2
(for IR2135/IR2235) | 8.3 | 9.4 [ 10.5
VBSUVH Bs Supply Undervoltage Lockout Hysteresis
(for IR2133/IR2233) | — | 04 | —
(for IR2135/IR2235) | — 1 —
Vccuv+ |Vec Supply Undervoltage Positive Going Threshold \%
(for IR2133/IR2233) | 7.6 | 86 | 9.6
(for IR2135/IR2235) | 9.2 | 10.4 | 11.6
Vccuv-  |Vee Supply Undervoltage Negative Going Threshold
(for IR2133/IR2233) | 7.2 | 82 | 9.2
(for IR2135/IR2235) | 8.3 | 9.4 [ 10.5
VccuvH |Vee Supply Undervoltage Lockout Hysteresis
(for IR2133/IR2233) | — | 04 | —
(for IR2135/IR2235) | — | 1 —
Ronfit  |[FAULT- Low On Resistance — [ 70 100 Q
lo+ Output High Short Circuit Pulsed Current 200 | 250 | — Vour =0V, Vin =0V
PW <10 Hs
lo- Output Low Short Circuit Pulsed Current 420 (500 | — mA  [Vour = 15V, Vin =5V
PW <10 Us
Vos Amplifier Input Offset Voltage — 0 30 mV | CA+=0.2V, CA-=CAO
Iinamp  [Amplifier Input Bias Current — — 4 nA |CA+=CA-=25V
CMRR  |Amplifier Common Mode Rejection Ratio 50 | 70 — CA+=0.1V & 5V, CA- = CAO
PSRR  [Amplifier Power Supply Rejection Ratio 50 | 70 — dB |[CA+=0.2V, CA-=CAO
Vce =10V & 20V
Von,amp |Amplifier High Level Output Voltage 5 5.2 5.4 vV [CA+ =1V, CA-=0V
Voramp |Amplifier Low Level Output Voltage — — 20 mV |CA+ =0V, CA-=1V
Isrc,amp [Amplifier Output Source Current 4 7 — CA+=1V,CA-=0V, CAO =4V
Isnk,amp  JAmplifier Output Sink Current 0.5 1 — CA+=0V,CA-=1V,CAO =2V
lo+,amp  [Amplifier Output High Short Circuit Current — |10 — mA CA+=5V,CA-=0V,CAO =0V
lo-amp  [Amplifier Output Low Short Circuit Current — 4 — CA+ =0V, CA-=5V,CAO =5V
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International IR2133/IR2135/IR2233/IR2235(J&S)&(PbF)

IR Rectifier
SET
AN INPUT ki PULSE LATCH
—P|  SIGNAL L1 GEMERATOR [ T -=-= == DRIVER
HINZ GENERATOR SHIFTER uv
RESET | DETECTOR
ANG J;
0 1J>7 SET
0T H2 S LATCH
[Nz L—— &—P SIGNAL L2 GENERATOR [ === =- DRIVER
GENERATOR |—— SHIFTER uv
LIN3 RESET | DETECTOR
EAGET Oyl
FAULT q:‘ J SET
T H3 SoreE LATCH
FLT-CIR (:)—b ol SIGNAL s CENERATOR | TR -=---- DRIVER
GENERATOR |[— SHIFTER uv
sb é T RESET | DETECTOR
Vec é I
I DRIVER
ITRIP UNDER-
VOLTAGE I
I 0.5v CURRENT DETECTOR [
COMPARATOR
CAO
DRIVER
CURRENT
I AMP b

- +

CA- I
CA+ ?7 DRIVER —d)
}-_&

Vss (P—»

Lead Definitions

HO1

Vs1

VB2

HO2

Vs2

VB3

HO3

Vs3

LO1

LO2

Symbol Lead Description

HIN1,2,3 | Logic inputs for high side gate driver outputs (HO1,2,3), out of phase.

LIN1,2,3 | Logic inputs for low side gate driver outputs (LO1,2,3), out of phase.

FAULT Indicates over-current or undervoltage lockout (low side) has occurred, negative logic.
Vee Logic and low side fixed supply.
ITRIP Input for over-current shut down.

FLT-CLR | Logic input for fault clear, negative logic.

SD Logic input for shut down.

CAO Output of current amplifier.

CA- Negative input of current amplifier.
CA+ Positive input of current amplifier.
Vss Logic ground.

COM Low side return.

VB123 High side floating supplies.
HO1,2,3 High side gate drive outputs.
Vs123 High side floating supply returns.

LO1,2,3 Low side gate drive outputs
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IR2133/IR2135/IR2233/IR2235(J&S)&(PbF) International
TSR Rectifier

Lead Assignments

] mriP - FAULT |28 | EEE S 8% 5 ] imriP Y FAULT |28 ]
[z ]| FTcLr N3 [27] [6] [5] [4] [3] [a3] [42] [a1] [Zz] FLTCLR UN3 [27]
3 | cAO TINZ [ 26 s TIN2
[ oar NG [20) e | 7 vez 5] car NG 2]
[l o NG [io] 3e] Ho2 __
Nz 23] = =N Celso N 25
7] vss HINT [227] FATT 1) 7] vss HINT [27 ]
[ ] com vee [21] &= & ] com vee [=1]
[[9}L03 VB1 [20 ] rie i) [Ce}Lo3 VB1 [20 ]
[0} Loz HO1 [49 ] FOFoIR [ig] 2 ves (o] Lo2 Hot [48]
O] Lot vst (18] cAo [ie] 0] Hos 7] Lot vs1 [ ]
2] vss VB2 [7] ca- [ 9] vs3 2] vss vB2 [7]]
[357] Ho3 HO2 [1& ] [1e] o] T20] [211 22 [23] [24] [25] [33] Hos HO2 [16 ]
[14] vB3 vs2 [15 ] 38 8 § g 8§ 3 [14] vB3 vs2 15 ]
28 Lead DIP 44 L ead PLCC w/o 12 Leads 28 Lead SOIC (Wide Body)

IR2133 IR2133J IR2133S

IR2135 IR2135J IR2135S

IR2233J IR2233S

IR2235J IR2235S

Part Number

= |
. ]

FLTCLR I_I |_| I—,_
) gl
o LT

Figure 1. Input/Output Timing Diagram
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Infernational

IR2133/IR2135/IR2233/IR2235(J&S)&(PbF)
TSR Rectifier

HIN
50% 50°/><
LIN
LO
T { 50% 50% T
H

P P

Figure 3. Deadtime Waveform Definitions

Figure 2. Switching Time Waveform Definitions

FLT-CLR
N50%

50%
ITRIP /

FAULT

50%

Any Output
50%

— it

— titclr }4*

l—

titrip

Figure 4. Overcurrent Shutdown Waveform

tin,fil tinfil | _,

50%

_ SD

HIN/LIN on | off off on | off |
tsd
high HO 90%
HO/LO LO
low

Figure 4.5. Input Filter Function Figure 5. Shutdown Waveform Definitions
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IR2133/IR2135/IR2233/IR2235(J&S)&(PbF) International

Turn-on Delay Time (ns’

Turn-Off Time (ns)
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Figure 6A. Turn-On Time vs. Temperature
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Figure 6C. Turn-On Time vs. Input Voltage

1500

1200

900 == -

600 —

300

10 125 15 17.5 20
Supply Voltage (V)
Figure 7B. Turn-Off Time vs. Voltage

TSR Rectifier
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Figure 6B. Turn-On Time vs. Voltage
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Figure 7A. Turn-Off Time vs. Temperature
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International IR2133/IR2135/IR2233/IR2235(J&S)&(PbF)
TSR Rectifier
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IR2133/IR2135/IR2233/IR2235(J&S)&(PbF) International

ITRIP to output SD Time (ns ITRIP to FAULT Time (ns

FLT-CLR to FAULT clear Time (ns
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vs. Temperature
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Figure 12A. ITRIP to output shutdown Time
vs. Temperature
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IGR Rectifier
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Infernational

TSR Rectifier
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IR2133/IR2135/IR2233/IR2235(J&S)&(PbF) International

IGR Rectifier
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International IR2133/IR2135/IR2233/IR2235(J&S)&(PbF)
TSR Rectifier
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International IR2133/IR2135/IR2233/IR2235(J&S)&(PbF)
TSR Rectifier
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ISR Rectifier
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International IR2133/IR2135/IR2233/IR2235(J&S)&(PbF)
TSR Rectifier

Package Dimensions

NOTES:
39.75 [1.565) _
35.06 [1.380] 1. DIMENSIONING & TOLERANCING PER ANSI Y14.5M-1982.
Lo 2. CONTROLLING DIMENSION: INCH.
e f 3. DIMENSIONS ARE SHOWN IN' MILLIMETERS [INCHES]
1473s80] 4 OUTLINE CONFORMS TO JEDEC OUTLINE MS—011AB.
12.32 |.485] MEASURED WITH THE LEADS CONSTRAINED TO BE
[] PERPENDICULAR TO DATUM PLANE C.
L f DIMENSION DOES NOT INCLUDE MOLD PROTUSIONS. MOLD
J 177 [L070] PROTUSIONS SHALL NOT EXCEED 0.25 [.010],
28 oL
0.77 [.030]
0.39 [.015]
‘ ~ (127 Lo50]
1
L | 6.35 [.250] o
] MAX. [ Q\
| 0% 15°
28X N e
- J 28x 0998 [022] JL 281 8284 [008}
[]0.25 L010] @[C[BE[AG) 9
S|
- 01-6011
28-Lead PDIP (Wlde body) 01-3024 02 (MS-011AB)
18.10 [.7125] NOTES
17'70 [‘6969] e 1. DIMENSIONING & TOLERANCING PER ANSI Y14.5M-1982.
’ . o 2. CONTROLLING DIMENSION: MILLIMETER.
—A- 3. DIMENSIONS ARE SHOWN IN MILLIMETERS [INCHES].
< 1 4. OUTLINE CONFORMS TO JEDEC OUTLINE MS-013AE.
[4 A H H H H H H H H H H H H H H DIMENSION IS THE LENGTH OF LEAD FOR SOLDERING
7.60 [.2992] * 1065 [.419] 10 A SUBSTRATE.
740 ['2914] 10.00 ['394} DIMENSION DOES NOT INCLUDE MOLD PROTUSIONS. MOLD
) - _ - PROTUSIONS SHALL NOT EXCEED 0.15 [.006]
1 []0.25 [010] @[ 8@ Loce]
' S
L EEEEEEEEEEEE
0.75 [.029] , ,c0
—— =10.635 [025] 0.25 [.010]
\ 0%-38° WQ +
‘ ‘ 2.65 [.1043]
ECA I ra/min a7mietiimiaia i a A (g Lt 25 oo
[ \ I ‘ LI A R [ \
____J ozo [.0118] (J ngxm [.050]
[1.27 .050] 2ax 0-49 [.0192] 0.10 [.0040] 0.40 [.016] 55y 032 [[0125]
035 [ owss 5 0.23 [.0091]
[«]0.25 [010] @\c\s@\A@\
. 01-6013
28-Lead SOIC (wide body) 01-3040 02 (MS-013AE)
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