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International
TIGR Rectifier sy IRPT1056

POWIRTRAIN™

integrated Power Stage for 1 hp Motor Drives

- 1 hp {0.75kW) power output
Industriol rafing at 150% overlood for 1 minute
. 180 - 240V ACinput, 50/60 Hz
» Available os complete system or sub-system assemblies

Power Module

- 3-phase rectifier bridge

- 3-phase, short circuit rated, ultrafast IGBT inverter

- Broke IGBT and diode

- Low inductance (current sense) shunts in positive
and negative DC rail

+ NTC temperature sensor

+  Pin-to-baseplate isolation 2500V rms

- Easy-to-mount two-screw package

- (ase temperature range -25°C to 125°C operational

Driver-Plus Board
- DCbus capacitor filter with NTCinrush current limiter

- IR2132J monolithic 3-phose HVIC driver
- Driver stage for brake transistor o
- On-board +15¥ ond +5V power supply o—1/1/ IRPT1056C
» MOV surge suppression at input o
» DCbus voltage and current feedback mi
+ Protection for short-circuit, earth/ground fault R ;|\ _________
overtemperature and overvoltage !
- Terminal blocks for 3-phase input/output and brake ! |
conngclions t !
; )
: [
: keybonrd
'
]
External {entrol Fundions
Figure 1. The (RPT1054C POMARTRAIN within o motor control system
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IRPT1056

System Description
The [RPT1056C POWHRTRAMN provides the complete

conversion function for a thp (0.75kW) variable frequency,
variable voltage, AC motor controller. The

POWIRTRANN combincs a power module IRPT1056A with a
Driver-Plus Board IRPT1056D. Figure 1 shows the block
diagram of the MOMWARTRAIN within an AC motor control
system.

The power module contains 2 3-phase input bridge rectificr,
brake IGBT and diode, 3-phase IGBT inverter, current sensc
shunts, and a thermistor. [t 15 designed for casy mountin gtoa
heat sink.

The Driver-Pius Board contains DC link capacitors, capacitor
soft charge function using NTC thermiistor, surge suppression
MOV, 1GBT gate drivers, DC bus veltage and current feedback
signals, protection circuitry and local power supply. Ttis
designed to maie with a controller board through a single row
header. Terminal blocks are provided on the Driver-#fus Board
for ali end user line input, motor cutput crd brake resistor,

Output power is Pulse-Width Modulated {(PWM) 3-phase,
vansble frequency, variable voltage controlled by an externally
generated user-provided PWM controller for inverter IGBT
switching. The power supply offers the user non-isolated 5V and
15V to power the micro-controller,

The [RPT1056C offers scveral benefits to the drive
manufacturer as listed below:

* It eliminates component selection, design of
layoul. interconnection, gate drive, local power supply,
thermal scnsing, current sensing and protection.

* Gale drive and protection circuits are designed to closely
match the operaling characteristics of the power semi
conduclors. This allows power losses to be minimized
and powcr rating to be maximized to a greater exient
than 1s possible by designing with individual compo-
necots.

* [t reduces the effort of calculating and evaluating power
semiconductor losses and junction temperature,

* ltreduces the manufacturer's part inventory and simpli
figs assembly.

[ POWERTRAIN specifications and ratings are given for
system inpul and oulput voltage and current, power losses and
heat sink requirements over a range of operating conditions.
POWIRTRAIN system ratings are verified by IR in final

testing.{
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The IRPT1056A Power Module

The [RPT1056A power module, shown in figure 2, is a chip
and wire epoxy encapsulated module. It houses input rectificrs,
brake IGBT and freewheeling diode, output inverter, current
sense shunts and NTC thermistor. The 3-phase input bridge

Figure 2. IRPT1058A Power Module

rectifiers are rated at 800V, The brake cireuit uses 600V IGBT
and frecwheeling diode. The inverter section ecmploys 600V,
short circuit rated, ultrafast IGBTSs and ultrafast free-
wheeling diodes. Current scnsing is achicved through 45m{2 low
inductance shunts provided in the positive and negative DC bus
rail. The NTC thermistor provides temperature sensing
capability. The lead spacing on the power module meets UL846
pollution level 3 requircments,

The pewer gircuit and Iayout within the module are carcfully
designed to minimize inductance in the power path, to reduce
noise during inverter operation and to imprve the inverter
cfficiency. The Driver-Flus Board required to run the inverter
can be soldered to the power module pins, thus minimizing
assembly and alignment, The power module is designed to be
mounted to a heat sink with two screw mount positions, in order
to insure good thermal contact between the module substrate and
the heat sink.
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The IRPT1056D Driver-Plus Board

The IRPT1056D Driver-Plus Board, shown in figure 3, houses
surge supression MOVs on input, a switching power supply, DC
bus filter capacitor with NTC inrush current limiter, IR2132
monalithic 3-phase HVIC driver, driver stage for brake
transisior, protection and sensing circuitry.

Figure 3. IRPFT1054D Driver-Plus Board
The inverter gate drive circuit, implemented with IR2132J

menolithic 3-phase HVIC driver, delivers onfoff gate drive
signals to the IGBTs’ gates, corresponding with input PWM
contro] sighals TN1 through IN6. Afier power-up, the RESET pin
on connector 12 must be held low for at least 2jts while all PWM
signals, IN1 through ING, are held high (off condition). A latch
in the protection cirenitry is set high during a fault condition to

www.irf.com
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trip the IR2132] HVIC driver’s internal laich and shut down ail
PWM output gate drive signals; it also canses the FAULT output
pin on the IR21321 HVIC driver to sct low and light the LED.
The FAULT diagnostic is an active low, open drain output with a
pull-up resistor. This signal is provided on eonnector J2 for
FAULT feedback to external control logic.

The protection cirenitry receives current signals from shunts
i positive and negative DC bus rail for earth-fault and short-
circuit conditions, Earth-fault signal 15 fed through an
opte-iselator to the protection circuitry. Cutrent signal from
negative DC bus rail is provided on 12 connector as current
feedback, [FB (0.045V/A). If filtering of this signal is required,
it should be done by adding a high impedance buffer stage
berween signal and filter. DC bus voltage is sensed for over
valtage protection and this signal is provided on J2 connector as
voltapge feedback, VFB (0.014 x Bus veliage). Thermal sense
signal for over temperature protection is obtained from a
thermistor housed inside the power module. The thermistor
activates the latch if the temperature of the power module’s IMS
substrate exceeds a set level.

The systern 1s designed for 150% overload for one minute
while operating with the specified heat sink, The external
microcontroller should shut off PWM signals if the overload
condition persists for more than one minute.

The brake function 13 implementead by connecting a power
resistor between the terminals on the brake terminal block. The
value and power of the resistor determines maximum braking
capability along with the rating of the brake IGBT. The input
signal on IN7 is active low and CMOS or LSTTL compatible.

The switching power supply employs IR21528 sclf-
oscillating driver chip and a buck regulator topology to deliver a
nominal 15V and 5V DC outputs, referenced to the negative DC
bus, N. The power supply feeds the gate drive and protection
circuits. The 15V and 5V outputs arc available on the ¢ontrol
interface connector’s (J2) VCC and VDD pins for external
micreprocessor and contro! logic supply.
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Figure 4. IRPT1056C Basic Architecture
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Specifications

Parameter Values Conditions
Input Power

Yoltoge 220V, -15%, +10%, 3-phose

Frequency 50/60Hz

Input current

6.2 Arms @ nominal output
100 A peak

T = 40°C, Rygs = 1.07°C/W
Initial bus capacitor charging

Qutput Power

VYoltage

0 - 230V

defined by external PWM conieel

Nominal mator hp (kW)

Thp {0.75kW) nominalfull lood power
150% overload for 1 minute

Nominal motor current

4,44 nominal full load current
&.6A 150% overload for 1 minute

Vi, = 230V, 1, = 4kHz, f, = 60Hz
Ts = 40°C, Ryzs = 1.07°C/W
Zysa limits AT, to 10°C during overlood

Control Inputs

INT,...TNG [PWM)
IN7 {Brake)

SV maximum, active low

CMOS, LSTTL compatible,

open collector

Pulse deadtime

0.8 s typ. (set by IR2132) HVIC driver)

max. deadtime set by external controller

Minimum input pulse width

Tps

RESET

open collector, aclive low

pin 14 of control interface connector
pull down for @ Zpsec to release lotch

Protection

Cutpul current trip level 30A, £ 10% To = 25°C

Earth foult current trip level 38A, £ 10% Te = 25°C
Overtemperaiure trip level 100°C, + 5% Case temperature
Overvoltage irip level 425V, £ 10%

Moximum DC link volioge 400V user to ensure rafing not exceeded >30 sec
Short circuit shutdown time 2.5 psec typical output terminais shorled

Feedbock Signals

Curreni feedback (IFB)

0‘045V/ABU5 "ypICCII

T,= 25°C

DC bus voltage feedback (VFB)

0.014/ Vg5

Fault feedback {FAULT)

5V, active low

On Board Power Supply

Vee 15V, £ 10%

Voo 5V, £ 5%

Tec+ Top &0mA max. limit specified is available on
conirol interface connector |2

for external use

Brake -

Current 7.9A

Module

lsoiation voltage 2500V rms pinto base plate isolation, 60Hz, Tminute

Operating casetemperature -25%C10 125°C 95%RH max, [non-condensing)

Mountingforque 1 Nm M4 screw fype

System Environment

Ambientoperafingtemp. range ] 0to 40°C 95%RH max. (non-condensing]

Storage temp. range -25ta 60°C

wwwe.irf.cam
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IRPT1056

Mounting, Hookup and Application Instructions

Mounting

I. Remove all particles and gnit from the heat sink and power
substrate,

2. Spread a 004" to .005" layer eof silicone grease on the heat
sink, covening the entire arca that the power substrate will
occupy. Recommended heat sink flatners is 001 inch/inch and
Total Indicator Readout (TTR) of .003 inch below substrate.

3. Place the power substrate onto the heat sink with the
mounting holes aligned and press it firmly into the silicone
grease.

4. Place the 2 M4 mounting screws through the PCB and
power module and nto the heat sink and tighten the screws to 1
Nm torque.

Conty

Figure &. Power Module Mounting Screw Sequence

All input and output control connections are made via a 16-
terrinat fernale connector to J2.

Power Connections

3-phase input connections are made 1o terminals RS and T
{i1). Inverter output terminal connections are made to terminals
U,V and W {J4).

Positive DC bus and Brake IGBT collector connections are
brought out to terminals P {pesitive} and BR {BRAKE) of J3
connector. An external resisotr for braking can be connected
across these terminals,

Power-Up Procedure

When 3-phase input power is first switched on, PWM inputs to
the IRPT 1056 must be inhibited (held high) until the protcetion

latch circuitry is reset. To reset this latch before inverter start-up,

RESET pin on cennector J2 must be pulled down low for at least
Zpsee. This will set the FAULT feedback signal on J2 high. Now,
the PWM input signals can be applicd for inverter star-up.

Power-Down Procedure

The foltowing sequence is recommended for normal power
down:

1. reduce motor speed by PWM control

2. inhibit PWM inputs

3. disconnect main power,

[
"]

{+5V)
{+15V)

WM Control] Input
Active Low

U S e O S B PV N I S

ING

IN7 Brake Input (Active Low}
1)l p=—— FAULT {Active Low)

12 = Ipgp Current Feedback

13 p—— Vpp Voltage Feedback

14 = RESET {Actiwve Low)

15 fru—m@NC

16 p———gNC

Figure 7a, Control Signal Connector

www.irf.com

J1

1 b—=r

2 f— 3

2" 14
1
2

J3 3

1 p—— ER

2 p— P {+DC Bus}

Figure 7b. Input, Output and Brake Terminal Blocks
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IRPT1056D Mechanical Specifications

NOTE: Dimensions are in inches [millimeters)

ot —emn 3 400 [B6.35] ———tr]

1,630 j41.4]
15X 100 [2.54]
HEATSINK "
7 1 } |
i HERS
) CAPACITOR :
H * 2,750 [69.85]
1.650 (41.91] MODULE
Rz T BR P U oWow 975 [24}'?]
& Sl oo
2 Ja Ja *
. 3420 [86.82) =]
hee— 3000 [98.06} —
poge 8

1.400 [35.56]
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CAPACITOR

'__l |
MODULE

J2

]
a5 1
J4 )

HEATSINK

— -

=— .500{1.27]

2.200 [55.88]
MAX.
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IRPT1056A Mechanical Specifications

NOTE: Dimensions are in inches {millimeters]
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Part Number Identification and Ordering Instructions

IRPT1056A Power Module

Chip and wire epoxy encapsulated module with 830V input
rectifiers, 600V brake IGBT and freewheeling diode, 600V short
circuil rated, ultra-fast IGBT inverter with  ylira-fast
freewheeling diodes, temperature sensing NTC thermistor and
current sensing low-inductance shunts.

IRPT1056C Complete POWIRRAN

IRPTI1D56A Power Madule and [RPT1056D Driver-Plus

Board pre-assembled and tested to mect all system specifications.

page 10

IRPT1056D Driver-Plus Board

Printed circuit board assembled with DC link capacitors, NTC
in-rush limiting thermistor, high-power terminal blocks, surge
suppression MOVs, IGBT gate drivers, protection circuitry and
low power supply. The PCB is functionally tested with standard
power module 10 meet all system specifications.

IRPT1056E Design Kit

Complete POMARTRAIN (IRPT1056C) with full set of
design documentation including detailed schematic diagram, bill
of material, mechanical layout, schematic file, Gerber files and
design tips.
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IRPT1056

Functional Information

{AUTION: Al control fogic is referenced to the negative power
bus, which is live with respect 1o earth/ground.

Capacitor Soft Charge

A DC bus capacitor is connected to the rectifier bridge
output through an NTC. At powcr-up, the NTC limits the
inrush current to 100A. During normal opcration current
through the NTC reduces its resistance, hence reducing its
losses.

Svstem Power Supplv

A buck converter designed with IR2152 and operating
from the dc bus generates Vo (15V) and Vpg(5V) for drive
and protcetion circuits. Bolh Ve and Vpp are available at
the control conncctor to supply microprocessor conirols.
Total current available from Ve and Vpp (Ige and Ip, e
spectively) 18 60 mA for exlemnal use.

Floating power supplics for high side devices are derived
through bootstrap techneque, simptifying power suppty require-
ments.

Gate Drive Circuits

Giale dowve for the inverter is implemented with an IR2132)
maonolithic 3-phase HVIC driver. Short circwit buffer power sup-
ply counters the voltage drop acress a shunt in the negative
DC bus, allowing the device to have nominal gate voltage
during short circuil and maintaining short circuit current to a
detectable level.

Brake IGBT is pencraily switched at low frequency and 15 a
low-side device, hence a simple gate drive circuil, implemented
with bipolar transistors, is adequate. The undervoltage cireuit
monitors the local gate driver power supply voltage and sends a
high input signal during underveltage, setting the latch and inhib-
iting the PWM input signals.

Svstem Protections

Short circuit s monitored through a shunt in the negative bus,
which detects phase-to-phase short cirenits and phase-to-carth
short circuits (when current flows from earth to negative bus).
Voltage drop across the shunt is compared to a pre-set limit and
when the current exceeds a nominal value of 30A this protection
is activated.

Earth/ground fault from positive bus to earth is detected by
the shunt in the postive bus and an opto-coupler. When fault cur-
rent exceeds a nominal value of 36A, this protection is
activated.

weww_irf.com

Overtemperature is measured by a thermistor mounted
close to the inverter section. When the substrate tempera-
ture exceeds a nominal vatue of 100°C, this protection is
activated.

Overvoltage is detected by comparing attenvated de bus volt-
age with a pre-sct reference. When the bus voltage exceeds a
nominal valuc of 425V, this protection is activated.

[f any of the protection features is activated, the TRIP signal
goes high and is latched high, activating the internal Jatch in
[R2132) HVIC driver, which tums all gates to the inverter sec-
tton off, acknowledging to the controller through FAULT.

Trip Reset

The Internal latch of the [R2132) HVIC driver can be tc-
sct by holding WZ, TN4 and IN6 OFF simullaneously for a
period greater than 12ps. The TRIP signal can be removed
by pulling down the RESET pin through the open collector
device for 2us, this should be done only after Wl,.,,,mare
turned OFF.

Interfuce with system controller

Al signals are referred o negative de bus (N). INLLLINT
arc TTL/CMOS compatible active low signals. Maximum
voltage rating for these signals is 5V, All channels are pro-
vided with pull-up resistors and can be used with open
collector inputs as well.

FAULT is open colleetor, active low signal , provided with
47K pull-up resistor. Typical current sink capacity for this pinis
SmA.

RESET should be applied with open collector device only
and only after IN1,...ING are tumed OFF. Recommended RESET
pulse duration is 2ps.

Vpn is 3V and Vi is 15V output. If 5V output is used with a
large external capacitor, a diode should be connected between
Vpp (anode) and Vi (cathode) to ensure that Vi does not ex-
ceed Voo, duc to potentially different discharge times for storage
capacitors when power is turncd OFF.

Vg 18 scaled down DC bus veltage (0.014 X Vbus nomi-
nal), Ig is dc bus current, 0.045V/A nominal. This pin
must not be connected 10 circuit ground (N} through low
impedance. If filtering of this signal is required, it shoud be
done by adding a high impedance buffer stage between signal
and filter.
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Hear Sink Requirements

Figurcs 5a-5b of the IRPT 1056 datasheet show the thermal
resistance of the heat sink required for vanious outpul power lev-
¢ls and PWM switching frequencies. Maximum total losses of the
unit arc also shown.

This data is based o the following key operating conditions:

* The maximum continuous combined losses of the rectifier
and inverter occur at full pulse-width-modulation. These
maximum losses set the maximum continuous operating tem-
perature of the heat sink.

» The maximum combined losscs of the rectificr and inverter at
full pulse-width-modulation under overload sct the incremen-
tal temperaturc rise of the heat sink dunng overload, which is
limited to 10°C due to Zyga.

» The minimum output frequency at which full overload cur-
rent is to be delivered sets the peak IGBT junclion
temperatures.

International
TGR Rectifier

» At low output frequeney IGBT junction temperature tends 1o
follow the instantancous flectations of the cutput current,
Thus, peak junction femperature risc incrcascs as output fre-
quency decreases.

Voltage Rise During Braking

The motor will feed energy back to the DC link during
eleelric braking, forcing DC bus voltage to risc above the
level defined by input line voltage. Deceleration of the
motor must be controlled by appropriate PWM control to
kcep the DC bus voltage within the rated maximum value.
For high inertial loads, or for very fast deceleration rates,
this can be achieved by the brake provided in the system by
connecting an external braking resistor between terminals P
and BR. IN7 controls the brake transistor switching,

International
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