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ToR|Rectifier

MAKNUIN 9.

IRGPH50MD2

INSULATED GATE BIPOLAR TRANSISTOR
WITH ULTRAFAST SOFT RECOVERY

DIODE
Features

« Short circuit rated -10us @ 125°C, Vgg= 15V

« Switching-loss rating includes all "ail” losses

* HEXFRED™ soft ultrafast diodes

« Optimized for medium operating frequency ( 1 to
10kHz) See Fig. 1 for Current vs. Freguency curve

Description

Co-packaged IGBTs are a natural extension of Intemational Rectifier's well
known IGBT line. They provice the convenience of an IGBT and an ultrafast
recovery dicde in cne package. resulting in substantial cenefits to a host of

Short Circuit Rated
Fast CoPack IGBT

c

n-channel

Vces = 1200V

Vceg(say < 2.9V

@Vgz =15V, Ic =23A

high-voitage, high-current, agpiicaicns.

These new short circuit rated cevices ¢ -2 especially suited for motor conirob
ard sther apglications requinng shc c.rcuit withstand capaciiity.

Absolute Maximum Ratings

| | Parameter | A% [ Units
Vezs Collector-io-Emitter Voltage i 1200 iV
lc 2 Tg=25°C Continuous Callector Current | &
Ic @ Tc =100°C | Continuous Cailector Current | 23
o] Pulsed Callector Current @ i 84 A
Im Clamped Inductive’Load Current @ | 84
i Ie @ Tc =1C0°C | Diode Centinucus Forvard Current i 15
Doy i Cioce Maximum Farward Currant c g4
tse | Shon Circut Witnsiana Time i 10 v e
Vaz | Gate-to-Emitter Vcitage | =20 R
Pog @ T¢c=25°C | Maximum Power Oissipation i 2C0 LW
Pp @ T¢ =100°C | Maximum Power Dissipation | 78 |
Ty Operating Juncticn and -55 o +130 S
Tste Storage Temperature Range C
Solcering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Mounting torque, 6-32 or M3 screw. 10 Ibfein (1.1 Nem)
Thermal Resistance
Parameter Min Typ. Max. |Units|
Rasc Junction-to-Case - IGBT — —_ 0.84 :
Raic Junction-ta-Case - Diode — — 0.83 °C/W [
Recs Case-to-Sink, flat, greased surface — 0.24 — |
Rasa Junction-to-Ambient, typical socket mount — — 40 I
Wt o 6 (0.21) - g (0z)i
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Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter | Min. Typ. !Max. Units Conditions !
V(BrRICES Collector-to-Emitter Breakdown Voltage®{1200| — | — V | Vge=0V, lc =250pA
AViemces/AT,| Temperature Coeff. of Breakdown Voltage | — | 1.1 | — | V/°C | Vge =0V, Ic = 1.0mA
Vece(on) Collector-to-Emitter Saturation Voltage | — | 2.3 | 2.9 lc =23A Vge = 15V
— |30 | — " Ic = 42A See Fig. 2,5
— |28 | — lc =23A, T;=1350°C !
Vae(th) Gate Threshold Voltage 304{ — | 85 Vce =Vag, Ic = 250pA i
AVgeyAT,| Temperature Coeff. of Threshold Voitage | — | -13 | — |mV/°C| Vce = Vge, lc = 250pA i
Qe | Forward Transconductance @ Bl 15 | — S Vez =100V, Iz =23A !
lces Zero Gate Voltage Collector Current — | — 1250 | pyA | Vgz =0V, Vez = 1200V
— | — 16500 Vge =0V, Vee =1200V, T; = 150°C
EW Diode Ferwarc Vaitage Orep . == +2.5 { 30 V ;=154 Sze Fig. 13
[ | — y21,]25 | | Ic = 18A, T, = 150°C

Stev

Jim

= Z=Jv

Switching Characteristics @ T; = 25°C (unless octherwise specified)

! Parameter ! Min. lTyp. iMaxl Units| Conditions
Qq | Total Gate Charge (tum-cn) — 1 89 | 130 | i lc=23A
Qne i Gate - Emitter Charge (tum-on) i — | 22 | 33 | nC i Vgg =400V
Qs | Gate - Collector Charge (tum-on) — | 26 | 39 | | see Fig. 8
taron) | Tum-On Delay Time — (100 | — ] l T;=25°C
te i Rise Time b — 140 | — | ns | lc = 23A, Voz = 950V
terotn i Turn-Off Delay Time | — 1510770 | : Vaz =15V, Rg =5.00
Ha ! Fall Time | — 14701730 J =nergy !osses inciude “ail* and
= - Turn-On Switching Lass — 30§ — . . Jicdz reversa recovary.
= . Turn-Off Switching Loss — 180 | — i mJ; SesFig.9.10, 11,18
Eis i Total Switching Loss | — 117!
tee ; Short Circuit Withstand Time P10 | — | — | ps | Veg=720V.T;=125°C
: i ‘ : | Vgz=15V.R5 =300
taton) | Tumn-On Delay Time ! — | 86 | — Ty=150°C, SeeFig.9, 10, 11,18,
t i Rise Time I"— 1130 | — | ns | Ic=23A, Ve = 960V ;
tarot | Tum-Off Delay Time — |8o0 | — Vae = 15V, Rg = 5.0Q :
t I Fall Time | — l920 | — Energy losses inciude “ail" and
Eis | Total Switching Lcss i — | 20 | — | mJ | diode reverse recovery i
= | Internal Emitter Inductance | — 113 | — nH | Measured Smm trom nackage
Cios | Input Capacitance j — l1900] — | Vge =0V :
Ches Output Capacitance | — J140 | — pF | Veo =30V See Fig. 7 !
Cras Reverse Transfer Capacitance | — | 24 | — f =1.0MHz
ter Diode Reverse Recovery Time — |2 |135] ns | Ty=25°C SeeFig.
— 1184 | 245 . Ta=125°C 14 Iz = 16A
by Diode Peak Reverse Recovery Charge | — [ 5.8 | 10 A | Ty=25°C SeeFig.
| — |83 ] 15 Ty=125C 15 Vg = 200V
Qr Diode Reverse Recovery Charge — (260 | 675 | nC | T;=25°C Seefig.
— 080 {1838 Ty=125°C 18 dv/dt = 200A/us
difracym/ct Diode Peak Rate of Fall of Recovery — | 120 | — | Alus| Ty=25°C SeeFig.
During ty — | 76 _ Ti=1258°C 17
Notes: @ Ve=80%(Vcss), Vae=20V, L=10pyH, @ Pulse width 5.0ps,
Rg=5.0Q, (Seefig. 13) single shat.

@ Repetitive rating; Vge=20V, pulse width limited
by max. junction temperature. ( See fig. 20 )

@ Pulse width < 80ys; duty factor < 0.1%.
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_IRGPH50MD2

. | ) L T ) 1§
Duty cycle: 50%
\\\ Ty=125C
. Tsink = 90°C
20 Gate drive as specified [T}
\ Tum-on losses include
2 effects of reverse recovery
-~ Power Dissipation = 40W
c 45 \\
2 i 607 of rated \\J
8 ! < voltage \
= s W2 ¥
(L T
3 R \ ,
Ak, ,"x-'- i i)l RN Dl |
3 ~
m| T~
8 \\\~~L
e.1 1 10 100
f, Frequency (kHz)
Fig. 1 - Typical Load Current vs. Frequency
(Load Current = Igys of fundamental)
1000 1000
= g
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= =
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s S —=——— " =
= i R
o L2 sno0 o 7/
= T : 77
5 i W
o 10 4 S 10 Sy
= = 3 77
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o 77 3 7
& Z - /
L / ; L ’Ll
/ Vg = 15V Vee = 100V
J : 20us PULSE WIDTH , 5us PULSE WIDTH
1 10 5 1 15 20

Vcz . Cellector-to-=mitter Voitage (V)

Fig. 2 - Typical Output Characteristics

Vge. Gate-to-Emitter Voltage (V)

Fig. 3 - Typical Transfer Characteristics
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IRGPH50MD2 [IeR
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Fig. 6 - Maximum IGBT E#fective Transient Thermal impedance, Junction-to-Case
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IOR TRGPH50MD2
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Fig. 7 - Typical Capacitance vs. Fig. 8 - Typical Gate Charge vs.
Collector-to-Emitter Voltage Gate-to-Emitter Voltage
8.3 100 = =
Voo =980V A Rg =5Q
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= T~ =25%C / V:’; =80Vl ——}—— p=— —_t =l
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8 5.6 4 8 _"J/
(7] N e
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= 7 3 | a4
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= / 3 1
3 / 2 P,
= Y. T 1c=11A
g // s H '
42 1 L=
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RG, Gate Resistance (Q)

Fig. 8 - Typical Switching Losses vs. Gate

Resistance

Tc , Case Temperature (°C)

Fig. 10 - Typical Switching Losses vs.
Case Temperature
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25 1 e M B e

Rg =5Q ‘ / S Vge =20V =
Tc =150°C. Ty =125%
Vg =960V
20 |Vge =15V

o

7
y 4
7

V4

/
/ | SAFE OPERATING AREA

7 5
oy £

.

; ; ! : I :
N i

- 0.1 l
0 10 20 30 0 50 1 a2 g 100 100 15000

Ic , Collector-te-Emittar Current (A) " Vee, Collector-to-Emitter Veltage (V)

wn
\

Tolal Swilching Losses (mJ)
. %
I Collector-to-Emitter Current (A)

Fig. 11 - Typical Switching Losses vs. Fig. 12 - Turn-Off SOA
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— B
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Inslantancous Forward Current - 1= (A)

I
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1

Forward Voltage Drop - Vey (V)
Fig. 13 - Maximum Forward Voltage Drop vs. Instantaneous Forward Current
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HIGH VOLTAGE

_ IR2110
MOS GATE DRIVER

General Description

The IR2110 is a high voltage, high speed MOS-
gated power device driver with independent high side
and low side referenced output channels. Proprietary
HVIC and latch immune CMOS technologies ena-
ble ruggedized monolithic construction. Logic inputs
are compatible with standard CMOS outputs or with
LSTTL outputs using pull-up resistors. Output drivers
use low impedance taotem-pole arrangement
designed for low cross-conduction current spike.
Propagation delays for the two channels are matched

Features

Floating supply designed for bootstrap operation
— Operating offset range from -4 to +500V
— dv/dt immunity rated at +50Vins

— Quiescent pawer dissipation of 1.6mW at 15V

B Wide output operating gate drive supply range

from 10 to 20V

B Separate logic supply to interface with logic signal

— Operating supply range from 5 to 20V
— Logic.and power ground operating affset
range from -5 to +5V

to simplify use in high frequency application. The M CMOS Schmitt-triggered inputs with hysteresns
floating channel can be used to drive a N-channel and pull-down
power MOSFET or IGBT in the high side configura- M Cycle by cycle edge-triggered shutdown logic
tion that operates off high voltage rail up ta500 voits. =~ B Undervoitage lockout with hysteresis for both
channels
Applications H Output totem-pole driver designed to drive
MQOS-gated power devices
H High frequency switch-mode power supply — Peak current capability at 2A minimum
— Switching time of 25ns typical into 1000pf
B DC and AC motor drives load
B Matched propagation delay time for both
B Electronic lamp ballast channels
— Typical 120ns turn-on delay and 94ns turn-off
M Battery charger delay
— Maximum rated matching differential of
A Induction heating and welding +10ns
B Latch immune CMOS. Withstand >2A reverse
@ Switching amplifier current at 1/O pins
Typical Connection Pinout Assignment
Ry
Y
R [ 7] Ho
7 l' Voo (o] e (5] Vs
Vppo——9 6 - HIN Lo e Z] Vg
—10 1?' 5 T —0 10 =
SYSTEM |5 1y T3 X o ol &
CONTROL N i o
2 e 3 - 4 un O] —— 3] Voo
- A vce @) Vss (1] 77 com
1 R
O] 1] Lo
/‘\ :]
v
For mechanicn! specifications see back page
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Symbol Parameter Min Max Units
\%:) High Side Floating Supply Absolute Voltage -05 Vg +20

Vs High Side Floating Supply Offset Voitage — 500

VHO High Side Output Voltage Vg -05 Vg +05

Vee Low Side Fixed Supply Voltage -05 © 20

VLo Low Side Output Voitage -05 Vcc+05 v
VDD Logic Supply Voltage -05 Vgs+20

Vss Logic Supply Offset Voltage Ve - 20 Ve +05

VIN Logic Input Voltage (HIN, LIN & SD) Vgg -05 Vpp +05

dVg/dt Allowable Offset Supply Voltage Transient (Fig. 16) - 50 Vins
Pp Package Power Dissipation @ Tp <= 25°C (Fig. 19) — 16 %
RthyA Thermal Hesistance, Junction to Ambient — 75 °C/W
TL Junction Temperature -55 150

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 Fig. 1. For proper operation the device should be used

within the recommended conditions.

The Vg and Vgg offset ratings are tested with all supplies biased at 15V differential. Typical ratings at other

bias conditions are shown in Fig. 2 and 3.

Symbot Parameter Min Max Units

Vg High Side Floating Supply Absolute Voltage Vg+10 Vg+20

Vs High Side Floating Supply Offset Voltage -4 500

VHO High Side Output Voltage Vg Vg

Vce Low Side Fixed Supply Voltage 10 20 v

VLo Low Side Outout Volrage 0 Vee

VoD Logic Supply Voltage Vgs +5 Vgg +20

Vss Logic Supply Offset Voitage -5 5

VIN Logic Input Voitage (HIN, LIN & SD) Vss Voo
Dynamic Electrical Characteristics
VBIAS (Vce, VBS. VDD) = 15V and Vgs = COM unless otherwise specified.
The dynamic electrical characteristics are measured using the test circuit as shown in Fig. 11.

Tj = 25°C T] = -55to
150°C
Symbol | Parameter Min | Typ | Max | Min | Max |Units Test Conditions Reference

ton Turn-On Propagation Delay ' — 120 | 150 | — | 260 Vg = OV Fig. 12
Lot Turn-Off Propagation Delay — | 94 | 125 | — | 220 . Vg = 500V
tsd Shutdown Propagation Delay — 110 | 140 | — | 235 Vg = 500V
t Turn-On Rise Time — 25 35 = 50 Cp = 1000pf Fig. 13
i Turn-Off Fall Time — 17 25 | — | 40 | ns CL = 1000pf - .
Mton Delay Matching., HS and LS Turn-On | — | — 10 — | = [ Hton-Llon! Fig. 14
Mot Delay Matching, HS and LS Turn-Off — — 10 — — I Htgf-Ltoffl
DHton Deadtime, LS Turn-Off to HS Turn-On | 16 26 36 — — (Hton-Lloff) Fig. i3
DUgn Deadtlime, HS Turn-Off to LS Turn-On | 16 26 36 - — (Lton-Htoff)
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Tj= 25°C Tj=-551t0
150°C
Symbol |Parameter Min | Typ | Max | Min | Max |Units Test Conditions Reference
VIH Logic “1" Input Voltage a4 — — 133 | — Vpp = 5V
84 | — = | 68 | == Vpp = 10V
85 — — 10 — Vpp = 15V
26| — | — B3| = | Vv Vpp = 20V
ViL Logic “0"” Input Voltage — — 18 — 1.7 Vpp = SV Fig. 4
— | —J3 | — |36 Vpp = 10V
— — 6 — 5.7 Vpp = 15V
— ) = 83 | — | 79 Vpp = 20V
VOH High Level Qutput Voltage, Vgjas-VO | — | 0.7 12 — 15 v VIN = VIH. lo = 0A Fig. 10
VoL Low Level Qutput Voltage, VO — - 0.1 — | 01 VIN = Vi lg = 0A
ILK Offset Supply Leakage Current — - 50 — | 250 Vg = Vg = 500V Fig. 5
laBs Quiescent Vgg Supply Current — | 125 | 230 | — | 500 VIN = ViH or V)L Fig. 6
lacc Quiescent Vo Supply Current — | 180 | 340 { — | 600 | pA VIN = ViH or V)i Fig. 7
lapo Quiescent Vpp Supply Current = 3 30 f——=| 60 YiN = Vg or VL
N+ Logic “1" Input Bias Current — 15 30 - 70 VIN = 15V Fig. 8
TN Logic “0" Input Bias Current o 77 1 ™ 10 ViN = OV
Vgsuv + | Vs Supply Undervoitage Positive 1.7 V 87 9.7 — -
Going Threshold '
Vesuv- | Vas Supply Undervoltage Negative 73 8.3 93 — —
Going Threshold Fig. 9
Vccuyv +| Vee Supply Undervoltage Positive 76 86 9.6 — — Vv
Going Threshold
Vecuv- | Vee Supply Undervoltage Negative 720 82 2 5 — —
Going Thraeshold
lo+ Output High Short Circuit Pulsed 2 — — — — VouT = 0V, Viy = 15V,
Current A PW <= 10 gs
lo- Output Low Short Circuit Pulsed 2 — — — — VouT = 18V, Vin = OV,
Current Mk PW <= 10 us

Functional Block Diagram
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Functional Description

The IR2110 is a monalithic high voltage, high speed
two channel power MOSFET or I(38T driver. Refer to
the section on Functional Block Diagram for the internal
partitioning of the various circuit blocks. The driver
translates logic input signals into corresponding “in-
phase” low impedance outputs. Tiie low side channel
output (LO) is referenced to a fixed rail (VcC) and the
high side channel output (HO) is referenced to a floating
rail (Vgs) with offset capability up to 500V.

The logic circuit provides the control pulses for the
two output channels corresponding to the logic inputs
as indicated by the Input/Output Timing Diagram in
Fig. 1. The HO and LO outputs are in phase with the
HIN and LIN logic inputs. The two outputs will turn off
when the SD input switches high and the outputs will
remain off even after the SD input returns to low until
the next rising edge of the respective inputs. In the case
when V¢ is below the undervolt:.ge trip point the UV
detect circuit will send a shutdown uignal to disable both
channels. Also a separate UV detact block is used to
disable the high side channel whan Vgg is below its
own undervoltage trip point. The logic inputs use
Schmitt trigger circuits with a hysteretic band of
0.1+Vpp to provide high noise immunity and can accept
inputs with slow rise time. The logic circuit is referenced
to its own logic supply to allow the «1se of a lower supply
voltage than the output operating supply voltage. A high
noise immunity Vpp/Vcc level-shifting circuit is used
to translate logic signal to the output drivers. With a
+5V rated offset capability between the logic ground
(Vss) and power ground (COM), the logic circuit is
unaffected by the noise coupling generated by the
switching action of the output drivers.

Propagation delay for the two channels are matched
using the low side delay circuit to simplify the timing
requirements of the control pulses. The turn-on delay
is matched at 12Cns for the low side channel (Ltgn) and
the high side channel (Htgn) withi Vg at OV since the
high side turn-on command is usually éxecuted when
Vg is at or near OV. The turn-off delay is matched at
94ns for the low side channel (Lt¢¢f) and the high side
channel (Htoff) with Vg at 500V since the high side turn-
off command is usually executec! after the high side
power MOSFET is “on” and Vg is at or near the high
voltage rail.

Both channels use identical low cross-conduction
totem pole output connected transistors. The output
driver consists of two N-channel MOSFETs with peak
current capability above 2A and nn resistance of less
than 3 ohms (Fig. 10). One output MOSFET is
connected as a source follower and the other in
common source configuration. Because of the totem
pole arrangement the rise time i slower than the fall
time driving capacitive load. For a typical 3300pf load
the rise and fall times are 50ns and 33ns respectively.

For the high side channel, narrow “On" and “Off”
pulses triggered respectively by the rising and the
falling edge of HIN are generated by the pulse
generator. The respective pulses are used to drive
separate high voltage DMOS levc:| lranslators that set
or reset a RS latch operating off the floating rail. Level
shifting of the ground reference.! HIN signal is thus
accomplished by transposing the: signal references to
the floating rail. Because each hig 1 voltage DMOS level
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translator is turned on for only the duration of the short
“On” or “Off” pulses with each set or reset event, power
dissipation is minimiz2d. False triggering of the RS latch
from fast dv/dt transients on the Vg node is effectively
differentiated from normal pull-down pulses through a
pulse discriminator circuit such that the high side
channel is essentially immune to any magnitude of dv/dt
value. Also the high voltage level shifting circuit is
designed to function normally even when the Vg node
swings more than 4V below the COM pin. This condition
can often occur during the recirculation period of the
output free-wheeling diode.

Application Guidelines
(Also see Application Note AN-978A for details)

The IR2110 is typically used to drive two high voltage
N-channel power MCSFETs or IGBTs configured in hal-
bridge, dual-forward or other topologies. The fixed rail
referenced output is used to drive a low side connected
power MOSFET. Th2 floating output channel is used
to drive a power MOSFET in the high side configuration
that requires an over-rail gate drive. Refer to the section
on Typical Applications for the various circuit topologies
where the IR2110 is applicable.

Typically, the floating supply is derived from the fixed
supply using a bootstrap technique as shown in the
section on Typical Connection. The charging diode must
have a voltage withstand capability higher than the peak
HV bus voltage. To minimize power dissipation a fast
recovery diode is rescommended. The value of the
bootstrap capacitor depends on the switching
frequency, duty cycle and gate charge requirement of
the power MOSFET. The voltage across the capacitor
should not be allowed to drop below the under-voltage
lockout threshold, ctherwise protective shutdown will
occur. A 0.1 uF capacitor is usually suitable for
applications switchiag above 5 KHz.

Supply bypass capacitors between Vg and COM
and between Vpp and Vsg are required to supply the
transient current needed for switching the capacitive
loads. These capacitors, together with the reservoir
capacitor across Vg and Vg, must be connected close
to the device. A 0.1 uF ceramic disk capacitor in parallel
with a 1 uF tantalum capacitor is recommended for VGG
bypass. A 0.1 uF ceramic disk capacitor is usually
adequate for the logic supply.

The outputs of the IR2110 are designed to deliver gate
drives for fast switching speed even for high current
power MOSFETs with relatively high gate charge
requirement. The typical switching speed for various
standard power MOSFET sizes is shown in Fig. 20. To
minimize inductance in the gate drive loop, each
MOSFET should have its own dedicated connection
going to Pin 2 and 5 of the IR2110 for the return of the
gate drive signal. For smaller power MOSFETs a series
gate resistor for each output is recommended to limit
switching speed. Th= value of the gate resistor depends
on EMI requirement, switching losses and the
maximum allowable dv/dt.

The total power dissipation of the IR2110 is a function
of HV bus voltage, VCC and Vpp voltages, switching
frequency, duty cycle, delivered gate drives charge, and
aperating junction temperature.. The total dissipation
can be divided into two categories: High voltage and
lony voltage switching.



The high voitage dissipation can be calculated by the
following formula:

PD(HV) = HV+i K+ d + (/Bon+VBoff)*Qp-f

~

static dynamic

with HV the high voltage bus voltage, I|_k the leakage
current of Vg to ground, d the duty cycle of the high
side switch, Qp the pulsed charge of high voltage level
shifter, VBon the average voltage of Vg during the tum-
on pulse, VBoif the average voltage of Vg during the
turn-off pulse and f the switching frequency of the high
side channel. The level shifting losses are usually much
larger than the leakage losses st:ich that the static term
can be neglected for most applications. Fig. 17 shows
the total high voltage dissipation as a function of
switching frequency at various fixed Vg voltage level.
Note that the graph only shows the high voitage power
dissipation per set or reset event at the particular fixed

Typical Applications
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Vg level. Keep in 1miind that in actual application Vg is
swinging during the level shifting event.

The low voltage dissipation can be calculated by the
following formula:

PD(LV) = Vpias*IQuit + 2*Vbias*Qg*f + Vbias*Qcmos*f
— st N e |

static dyngmic

with Vpias the low voltage bias voltage assuming Vpp
= VCC = VBS, IQiot the total quiescent current, Qg
the delivered gate charge per driven MOSFET, f the
switching frequency and Qgmos the switching losses
associated with the internal CMOS circuitry. The
quiescent losses are usually much smaller than the
dynamic losses such that the static term can be
neglected. Fig. 18 shows the total low voltage power
dissipation as a function of switching frequency at
various load conditions. The switching losses
associated with inlernal circuitry (Qemos) are shown in
the graph for the case of “0 pf” loading condition.
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