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IRS2890DS Technical Description

About this document
Scope and Purpose

The scope of this application note is to describe the basic features of the IRS2890DS and how to use the device
within the recommended operating range. This document helps to design the necessary external circuitry for
bootstrap and interfacing functions. Click to buy IRS2890DS online.

Intended Audience

Power electronics engineers who want to design reliable and efficient half-bridge gate drives with overcurrent
protection.
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Scope

1 Scope

The scope of this application note is to describe the basic features of the IRS2890DS and how to use the device
within the recommended operating range. This document helps to design the necessary external circuitry, such
as bootstrap and interfacing. To meet the customer demands for higher power density, Infineon has developed
a half-bridge gate driver with integrated overcurrent protection, a fault/enable function and a bootstrap FET for
a variety of applications.

AN2018-17 Application Note 3 <Revision 1.0>
www.infineon.com/IRS2890DS <2018-10-09>



http://www.infineon.com/IRS2890DS

o~ _.
IRS2890DS - Half-Bridge Gate Driver IC with Over Current Protection and ‘ |nf| neon
Fault / Enable
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2 Product overview

2.1 Internal block diagram and features

Figure 1illustrates the internal block diagram of the IRS2890DS.
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Figurel Internal block diagram

The detailed features and integrated functions of IRS2890DS are listed below:

Features

e Floating channel designed for bootstrap operation

e Fully operational to +600 V

e Tolerant to negative transient voltage, dV/dt immune
e Gatedrive supply range from 10V to 20V

e Undervoltage lockout for both channels

e 3.3V,5V,and 15V input logic-compatible

e Matched propagation delay for both channels

e Lower di/dt gate driver for better noise immunity

e OQutputsin phase with inputs

e Integrated bootstrap FET

e Suitable for both trapezoidal and sinusoidal motor control
e Overcurrent protection, fault reporting and enable

e Functions

e Overcurrent shutdown

e Undervoltage lockout for both high-side and low-side
e Cross-conduction prevention

o All switches turn off during protection

e Active-high input signal logic

AN2018-17 Application Note 4 <Revision 1.0>
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2.2 Maximum electrical ratings
Table1 Detailed description of absolute maximum ratings
Symbol Definition Min. Max. Units
VB High-side floating supply voltage -0.3 625
VS High-side floating supply offset voltage VB - 25 VB +0.3
VHO High-side floating output voltage VS-0.3 VB +0.3
VCC Low-side and logic fixed supply voltage -0.3 25 v
VLO Low-side output voltage -0.3 VCC+0.3
VIN Logic input voltage (LIN, HIN, RFE, ITRIP) COM-0.3 | VCC+0.3
dvs/dt Allowable offset supply voltage transient — 50 V/ns
TJ Junction temperature — 150
TS Storage temperature -50 150 °C
TL Lead temperature (soldering, 10 seconds) — 300

Table 1: Absolute maximum ratings indicate sustained limits beyond which damage to the device may occur. All
voltage parameters are absolute voltages referenced to COM. The thermal resistance and power dissipation
ratings are measured under board-mounted and still-air conditions.

2.3 Description of the input and output pins

Table 2: defines the IRS2890DS input and output pins. The detailed functional descriptions are as follows:

Table 2 Pin descriptions of IRS2890DS

Pin Number Pin Name Pin Description
1 VCC Low-side and logic fixed supply
2 HIN Logic input for high-side gate driver output (HO), in phase
3 LIN Logic input for low-side gate driver output (LO), in phase
Analog input for overcurrent shutdown. When active, ITRIP shuts down
4 [TRIP outputs :fmd activates FAULT low. Wh.en ITRIP becomes inacti\{e, FAULT
stays active low for an externally set time Tercir, then automatically
becomes inactive (open-drain high impedance).
NC
COM Low-side return
Integrated fault-reporting function like overcurrent (ITRIP), or low-side
- RFE unc‘iervoltage lockout .and the fault-clear timer. This pin has negative
logic and an open-drain output. The use of overcurrent protection
requires the use of external components.
8 NC
LO Low-side gate drive output
10 NC
11 NC
12 VS High-side floating supply return
13 HO High-side gate drive output
14 VB High-side floating supply
AN2018-17 Application Note 5 <Revision 1.0>
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High-side bias voltage pins for driving the high-side device (IGBT or Mosfet)
Pins: VB - VS

e These pins provide the gate drive power to the high-side device.
e The ability to utilize a bootstrap circuit scheme for the high-side device eliminates the need of external
power supplies.

e The bootstrap capacitor is charged from the VCC supply during the ON-state of the low-side device or the
freewheeling state of the low-side freewheeling diode.

e Inorderto prevent malfunctions caused by noise and ripple in the supply voltage, a good quality (low ESR,
low ESL) filter capacitor should be mounted very close to these pins.

Low-side bias voltage pin
Pin: VCC

e Thisis the control supply pin for the internal IC.
e Inorderto prevent malfunctions caused by noise and ripple in the supply voltage, a good quality (low ESR,
low ESL) filter capacitor should be mounted very close to this pin and COM pins.

Low-side common supply ground pin

Pin: COM

e This pin connects the control ground for the internal IC.
Signalinput pins

Pins: HIN, LIN

e These are pins to control the operation of the external device.

e They are activated by voltage input signals. The terminals are internally connected to a Schmitt trigger
circuit composed of 5V - class CMOS.

o Thesignal logic of these pins is active-high. The device associated with each of these pins will be turned
"ON" when a sufficient logic voltage is applied to these pins.

e The wiring of each input should be as short as possible to protect the IRS2890DS against noise influences.
e To preventsignal oscillations, an RC coupling is recommended as illustrated in Figure 3.

e Gate drive output pins
Pins: HO, LO

e There pins are connected to the gate of IGBTs or Mosfets by gate resistors to turn on or turn off these power
devices.

e To prevent oscillations, a gate resistor is needed to be in series with these pins and the gate of IGBT or
Mosfet.

Overcurrent detection pin
Pin: ITRIP

e The current-sensing shunt resistor should be connected between the pin (emitter of low-side IGBT or source
of low-side Mosfet) and the power ground to detect short-circuit current (refer to Figure 5). An RC filter
should be connected between the shunt resistor and the pin ITRIP to eliminate noise.

AN2018-17 Application Note 6 <Revision 1.0>
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e Theintegrated comparator is triggered, if the voltage Virre is higher than 0.5 V. The shunt resistor should be
selected to meet this level for the specific application. In case of a trigger event, the voltage at pin RFE is

pulled down to low.

e The connection length between the shunt resistor and ITRIP pin should be minimized.

Fault output, Fault clear timer and Enable pin

Pin: REF

e Thisisthe fault output alarm pin. An active low output is given on this pin for a fault-state condition in the
IRS2890DS. The alarm conditions are overcurrent detection and low-side bias UV (undervoltage) operation.

e The RFE output is open-drain configured. The RFE signal line should be pulled up to the logic power supply
(5V or3.3V) with proper resistance and capacitor between RFE and COM pins to program fault clear time.

o Externally pulling down the pin can disable the output; for normal operation, the pin needs to be pulled up.

2.4 Outline drawings
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3 Interface circuit and layout guide

3.1 Input/Output signal connection

Figure 3 shows the I/O interface circuit between a microcontroller and the IRS2890DS. The IRS2890DS input
logic is active-high with internal pull-down resistors. The RFE output is an open-drain configuration. This signal
should be pulled up to 5V or 3.3V by an external logic power supply with a pull-up resistor. The pull-up resistor
and capacitor connected to the RFE pin should be selected according to the desired fault clear time.

5V-Line (or 3.3V-Line)

1MO IRS2890DS
100Q
M/\/—f HIN / LIN
. 1nF =
Micro 100Q2 n REE
Controller AVAVAY, _T_
1nF |
COoM

Figure3 Recommended microcontroller 1/0 interface circuit

Table 3 Maximum ratings of input and RFE pins

Item Symbol Condition Rating Unit
Power supply voltage VCC Applied between 25 v
e § VCC and COM

Applied between
Input voltage VIN -0.3~VCC+0.3 Y
HIN and COM, LIN and COM

Fault output supply

RFE Applied between RFE and COM -0.3~VCC+0.3 v
voltage

The input and fault output maximum rating voltages are listed in Table 3. Since the fault output is open-drain
configured and its rating is VCC+0.3V, a 15 V supply interface is possible. However, it is recommended that the
fault output be configured with the 5V logic supply, which is the same as the input signals. It is also
recommended to place bypass capacitors as close as possible to the RFE and COM.

AN2018-17 Application Note 8 <Revision 1.0>
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IRS2890DS
Input -
HIN C Noise — Leé/i(;f‘clj?m— Gate driver
Filter
Deadtime &
Shoot
i Through
- Prevention
- Input
LIN C Noise — Delay —{Gate driver
Filter

Figure4  Simplified block diagram of IRS2890DS control IC

The IRS2890DS input pins include pull-down resistors, input Schmitt triggers, noise filters, deadtime and shoot-
through prevention functions for better noise immunity. The input pins are compatible with 3.3V
microcontroller or DSP. Table 4 shows the logic input threshold.

Table 4 Input threshold voltage (at VCC =15V, T, =25 °C)
Item Symbol Condition Min. Typ. Max. Unit
Logic "1" input voltage
V 2.2 — — \"
(LIN, HIN) " HIN - coM
ic"0"i LIN-COM
Logic "0" input voltage Vi _ _ 0.8 v

(LIN, HIN)

As shown in Figure 4, the IRS2890DS input signal section integrates a pull-down resistor. Therefore, when using
an external filtering resistor between microcontroller output and IRS2890DS input, pay attention to the signal
voltage drop at the IRS2890DS input terminals. It should fulfill the logic "1" input voltage requirement. For
instance, R=100 Q and C =1 nF for the parts shown in Figure 3.

AN2018-17 Application Note 9 <Revision 1.0>
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3.2 General interface circuit example

Figure 5 shows the typical application circuit of IRS2890DS for interface schematic with control signals
connected directly to a microcontroller.

VBUS
VCC
Q N
- vee|  IRS2890DS ETL '_| K
HIN MW i Il HIN HO ll T W\,
LIN Wy i Il LIN Vit E—.
L TO LOAD
vdd == —m=e] ] — 0o
[
—

J

1

S

UC VDD 9 NC NC I
R2 = “ E—w—[
GK 1 REF C
L C2
= L WA
RC % Ics
+

Figure5 Application circuit example of half bridge with shunt resistor for OCP

Note:

1. Theinputsignals are active-high configured. There is an internal pull-down resistor from each input signal line
to COM. When employing RC coupling circuits between microcontroller and IRS2890DS, the RC values should
be properly selected so that the input signals are compatible with the IRS2890DS logic “1”/logic “0” input
voltages.

2. Toavoid malfunction, the wiring of each input should be as short as possible (less than 2-3 cm).

3. Theinputs of IRS2890DS can be directly connected with microcontroller terminals without any opto-coupler or
transformer isolation.

4. RFE output is an open-drain output. This signal line should be pulled up to the positive side of the 5V or 3.3V
logic power supply with a pull-up resistor. When placing RC to program fault-clear time, a close location to
IRS2890DS is recommended.

5. Toprevent protection function errors, the R;and C; wiring between ITRIP and power ground should be as short
as possible. C;wiring should be placed as close to COM pin as possible.

6. The short-circuit protection time constant zre = R; * C; can be programmable according to the customers’
requirement.

Each capacitor should be mounted as close to the pins of the IRS2890DS as possible.
VCC of 15-16 V is recommended when the integrated bootstrap circuitry only is used.
9.  Itis recommended to connect the ground pin of the microcontroller directly to the COM pin.

AN2018-17 Application Note 10 <Revision 1.0>
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3.3 Recommended layout pattern for OCP & SCP function

It is recommended that the ITRIP filter capacitor connections to the IRS2890DS pins be as short as possible. The
ITRIP filter capacitor should be connected to COM pin directly without overlapped ground pattern. Connected
uC ground to IRS2890DS ground, then the signal ground and power ground at shunt resistor should be as short
as possible and connected at only one point via the filter capacitor of VCC line. It is also recommended to keep
the current-sense loop, which is shown in Figure 6, as small as possible for better noise immunity.

VBUS
vCcC
0 —/
[ec]  IRS2890DS :I—_L ‘_|K
N i . o 1— 1 AN
LIN Mr g [ ViTRip+ vs |
I i TO LOAD
vdd T el ] o
R2
Gnd j_ ] dl COM R HO ¥ ‘VV\, K
c2 —
GK T l REF fl_ NC I
R1
_I\'A'Av /
| %Rcs
Figure6 Recommended layout pattern for OCP & SCP function
3.4 Recommended wiring of shunt resistor and snubber capacitor

External current sensing resistors are applied to detect overcurrent. A long wiring pattern between the shunt
resistors and low-side IGBT will cause excessive surges that might damage the IRS2890DS and current
detection components. This may also distort the sensing signals. To decrease the parasitic inductance, the
wiring between the shunt resistors and emitter of low-side IGBT should be as short as possible.

As shown in Figure 7 snubber capacitors should be installed in the right location so as to suppress surge
voltages effectively. Generally a high frequency non-inductive capacitor of around 0.1-0.22 pF is recommended.
If the snubber capacitor is installed in the wrong location ‘P3’ as shown in Figure 7, the snubber capacitor
cannot suppress the surge voltage effectively. If the capacitor is installed in the location ‘P1’, the charging and
discharging currents generated by wiring parasitic inductance and the snubber capacitor will appear on the
shunt resistor. This will impact the current-sensing signal, and the SC protection level will be a little lower than
the calculated design value. The ‘P1’ position surge-suppression effect is greater than the location ‘P2’ or ‘P3’.
The ‘P2’ position is a reasonable compromise with better suppression than in location ‘P3’ without impacting
the accuracy of the current sensing signal. For this reason, the location ‘P2’ is generally used.

AN2018-17 Application Note 11 <Revision 1.0>
www.infineon.com/IRS2890DS <2018-10-09>



http://www.infineon.com/IRS2890DS

o _.
IRS2890DS - Half-Bridge Gate Driver IC with Over Current Protection and |nf| neon
Fault / Enable

Interface circuit and layout guide
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Figure7 Recommended wiring of shunt resistor and snubber capacitor
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4 Protection features

4.1 Undervoltage protection

This IC provides undervoltage lockout protection on both the VCC (logic and low-side circuitry) power supply
and the VBS (high-side circuitry) power supply. Figure 8 is used to illustrate this concept; VCC (or VBS) is plotted
over time, and as the waveform crosses the UVLO threshold (Vccuvs/-or Vesuv+-) the undervoltage protection is
enabled or disabled.

Upon power-up, should the VCC voltage fail to reach the Vccuv: threshold, the IC cannot turn on. Additionally, if
the VCC voltage decreases below the Vccuy- threshold during operation, the undervoltage lockout circuitry will
recognize a fault condition and shut down the high- and low-side gate drive outputs, and the FAULT pin will
transition to the low state to inform the controller of the fault condition.

Upon power-up, should the VBS voltage fail to reach the Vgsuy: threshold, the IC cannot turn on. Additionally, if
the VBS voltage decreases below the Vesuy- threshold during operation, the undervoltage lockout circuitry will
recognize a fault condition, and shut down the high-side gate drive outputs of the IC.

The UVLO protection ensures that the IC drives the external power devices only when the gate supply voltage is
sufficient to fully enhance the power devices. Without this feature, the gates of the external power device could
be driven with a low voltage, resulting in the power device conducting current while the channel impedance is
high; this could result in very high conduction losses within the power device and could lead to power device
failure.

Control and gate drive power for the IRS2890DS is normally provided by a single 15 V supply that is connected
to the VCC and COM terminals. The control supply should be well-filtered with a low impedance electrolytic
capacitor and a high-frequency decoupling capacitor connected at the IRS2890DS’s pins.

High-frequency noise on the supply might cause the internal control IC to malfunction and generate erroneous
fault signals. To avoid these problems, the maximum ripple on the supply should be less than +1 V. The
potential at the IRS2890DS’s COM terminal is different from the emitter of low-side IGBT terminal by the voltage
drop across the sensing resistor. It is very important that all control circuits and power supplies be referred to
this point and not to the low-side IGBT emitter terminal. If circuits are improperly connected, the additional
current flowing through the sense resistor might cause improper operation of the short-circuit protection
function. In general, it is best practice to make the common reference (COM) a ground plane in the PCB layout.

Vee A
(or Ves)
VCCUV+
Veeuv- (or Vesuv+)
(or Vesuv.)
| -
N Lol
Time
UVLO Protection
(Gate Drive Outputs Disabled)
Normal Normal
Operation Operation

Figure8 Timing chart of undervoltage protection function

AN2018-17 Application Note 13 <Revision 1.0>
www.infineon.com/IRS2890DS <2018-10-09>



http://www.infineon.com/IRS2890DS

o _.
IRS2890DS - Half-Bridge Gate Driver IC with Over Current Protection and |nf| neon
Fault / Enable

Protection features
4.2 Overcurrent protection
4.2.1 Timing chart of overcurrent (OC) protection

The IRS2890DS has an overcurrent shutdown function. Its internal comparator monitors the voltage of the
ITRIP pin, and if this voltage exceeds the Vi, which is specified in the devices datasheets, a fault signal is
activated and all channels are turned off. Typically the maximum short-circuit current magnitude is gate-
voltage dependant. A higher gate voltage results in a larger short-circuit current. In order to avoid this potential
problem, the maximum overcurrent trip level is generally set to below 2 times the nominal rated collector
current. The overcurrent protection timing chart is shown in Figure 9.

SC

Low Side IGBT ocC

Collector Current 4/\/\

RC circuit time
constant delay

Sensing Voltage

c e Vires _______ b ____
of the shunt resistor
tscp:
—>
All IGBTs All IGBTs
All IGBTs
IRS2890DS don’t don’t
operate normally
operate operate
Fault clear time, Fault clear time |
[ Lt e . ot

Fault Output Signal

Figure9 Timing chart of overcurrent protection function

4.2.2 Selecting current-sensing shunt resistor
The value of the current-sensing resistor is calculated by the following expression:
V,
Rec = __ITRIP+ (1)
IOC

where V,1gp, is the ITRIP positive-going threshold voltage, itis typically 0.5 V. loc is the current of OC detection
level.

The maximum value of OC protection level should be set lower than the repetitive peak collector current in the
datasheet considering the tolerance of shunt resistor.

For example, if the overcurrent protection is 5 A, thus, the recommended value of the shunt resistor is
calculated as

0.5
For the power rating of the shunt resistor, the list below should be considered:

e Maximum load current of inverter (Irms)

AN2018-17 Application Note 14 <Revision 1.0>
www.infineon.com/IRS2890DS <2018-10-09>



http://www.infineon.com/IRS2890DS

o _.
IRS2890DS - Half-Bridge Gate Driver IC with Over Current Protection and ‘ |nf| neon
Fault / Enable

Protection features

e Shuntresistor value at Tc=25 °C (Rsc)
e Power derating ratio of shunt resistor at Tsc=100 °C according to the manufacturer’s datasheet
e Safety margin

The shunt resistor power rating is calculated by the following equation:

P — I?ms>< RSC x rrﬁrgin (2)
5 derating ratio

For example, in the case of Rsc=100 mQ:

e Max. load current of the inverter: 1 A (rms)
e Power derating ratio of shunt resistor at Tsc=100 °C : 80%
o Safety margin:50%

1 x0.1 x1.5

Pe=———=0.19W
SC 08

A proper power rating of shunt resistor is over 0.19 W, e.g. 0.5 W.

Note that a proper resistance and power rating higher than the minimum value should be chosen considering
the overcurrent protection level required in the application.

4.2.3 Blanking time

The internal ITRIP blanking time Tg.( typ.=500 ns) is necessary in the overcurrent-sensing circuit to prevent
malfunction of OC protection caused by noise. If the blanking time is not enough to suppress the noise, an
additional RC filter is necessary. The RC time constant is determined by considering the noise duration and the
short-circuit withstand time capability of the IGBT.

When the sensing voltage on shunt resistor exceeds the ITRIP positive-going threshold (Virrie:), this voltage is
applied to the ITRIP pin of IRS2890DS via the RC filter. Table 5 shows the specification of the OC protection
reference level. The filter delay time (Tairer) that the input voltage of ITRIP pin rises to the ITRIP positive
threshold voltage is caused by RC filter time constant.

In addition there is a shutdown propagation delay of Itrip (Tirrie). Please refer to Table 6

Table 5 Specification of OC protection reference level’ VITRIP+’
Item Min. Typ. Max. Unit
ITRIP positive-going threshold Virrip+ 0.475 0.500 0.525 vV

Table6 Specification ITRIP to output shutdown propagation delay

Item Min. Typ. Max. Unit

ITRIP to output shutdown

. 500 720 950 ns
propagation delay Tirip

Therefore the total time from ITRIP positive-going threshold (Virries) to the shut-down of the IGBT becomes:

TTOTAL = TFI ter T TITRIP (3)

Shut-down propagation delay is inversely proportional to the current range, therefore the Tirie is reduced at
higher current conditions. The total delay must be less than the short-circuit withstanding time (tsc) of the IGBT
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in the datasheet. If the tsc =5 us, the RC time constant should be set in the range of 1-2 ps. Recommended
values for the filter components are R=1.8 kQ and C=1 nF.

4.3 Fault output circuit and fault-clear time setup

The IRS2890DS provides adjustable fault-clear timer. Once ITRIP pin recognizes a fault, the RFE pin is internally
pulled to COM. The RFE output stays in the low state until the fault condition has been removed and the fault-
clear timer expires; once the fault-clear timer expires, the voltage on the RFE pin will return to its external pull-
up voltage.

The length of the fault-clear time period (Trircr) is determined by the exponential charging characteristics of
the capacitor, where the time constant is set by R2 and C2. Figure 5 shows that R2 is connected between the
external supply (Vdd) and the RFE pin, while C2 is placed between the RFE and COM pins. Figure 10 shows the
timing diagram of Teircir. The length of the fault-clear time period can be determined by using the formula
below:

V.,
Toror = —R2xC2xIn(1- —BE) (4)
VDD
The sample of Tercr Setup:
R2=2 MQ, C2=1 nF, Vger~=1.9V,Vdd=3.3V

Trrer= 1.7 ms

- VITRIP+ N virip.
ITRIP

REF
~T VREF+
TFLT ! TFLTCLR
-~ < >
HO/LO |
- 90%
TITRIP
N

Figure10 Timing diagram of ITRIP/REF/OUTPUT pins

Because the RFE terminal is an open-drain type, it must be pulled up to the high level via a pull-up resistor. The
resistor has to be calculated according to the above specifications.

4.4 Enable input circuit

IRS2890DS provides an enable functionaltity that allows it to shutd own or enable the output. When the RFE pin
is externally pulled up, the HVIC is able to operate normally (assuming no other fault condtions: undervoltage
protection of VCC or overcurrent protection of ITRIP). When the RFE pin is pulled down externally, the gate

AN2018-17 Application Note 16 <Revision 1.0>
www.infineon.com/IRS2890DS <2018-10-09>



http://www.infineon.com/IRS2890DS

o _.
IRS2890DS - Half-Bridge Gate Driver IC with Over Current Protection and ‘ |nf| neon
Fault / Enable

Protection features

drive outputs are pulled low until the enable condtion is restored. The enable circuitry of the IRS2890DS
features an input filter, the minimum input duration is specified by trnen . Please refer to the RFE pin
parameters Vrers, Vrer- and lree for the details of its use. Figure 11 shows the input, output and RFE pins timing
diagram.

IN
REF
ouT
Figure 11 Input/output/enable pins timing diagram
AN2018-17 Application Note 17 <Revision 1.0>
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5 Bootstrap circuit

5.1 Bootstrap circuit operation

The Vgs voltage, which is the voltage difference between VB and VS, provides the supply to the IC high-side
section within the IRS2890DS. This supply voltage must be in the range of 10~20V to ensure that the IC can work
properly. The IRS2890DS includes an undervoltage detection function for the Vgs to ensure that the IC does not
drive the high-side device if the Vgs voltage drops below a specified voltage (refer to the datasheet). This
function prevents the device from operating in a high dissipation mode. Please note here, that the
undervoltage lockout function of the high-side section acts only on the high-side section without any feedback
to the low-side section.

There are a number of ways in which the Vgs floating supply can be generated. One of them is the bootstrap
method described here. This method has the advantage of being simple and cheap. However, the duty cycle
and on-time are limited by the requirement to refresh the charge in the bootstrap capacitor. The IRS2890DS
embeds an integrated bootstrap FET that allows an alternative drive of the bootstrap supply for a wide range of
applications. The bootstrap FET is suitable for most PWM modulation schemes, including trapezoidal control,
and can be used either in parallel with the external bootstrap network (diode+ resistor) or as a replacement of
it. The use of the integrated bootstrap as a replacement of the external bootstrap network may have some
limitations at very high PWM duty cycle due to bootstrap FET equivalent resistance (Res, see in datasheet).

The bootstrap supply is formed by a combination of the integrated bootstrap FET and external capacitor as
shown in Figure 13. The current flow path of the bootstrap circuit is shown in Figure 13(a). When Vs is pulled
down to ground (either through the low-side device or the load), the bootstrap capacitor (Ces) is charged
through the bootstrap FET and the resistor (Res) from the VCC supply.

5.2 Internal bootstrap functionality characteristics

The integrated bootstrap FET is turned on during the time when LO is ‘high’, and it has a limited source current
due to RBS. The VBS voltage will be charged each cycle depending on the on-time of LO and the value of the
CBS capacitor, the drain-source (collector-emitter) drop of the external IGBT (or MOSFET), and the low-side
free-wheeling diode drop.

The bootstrap FET follows the state of low-side output stage (i.e., the bootstrap FET is ON when LO is high,
unless the VB voltage is higher than approximately VCC. In that case, the bootstrap FET is designed to remain
off until VB returns below that threshold; this concept is illustrated in Figure 12.

Bootstrap
MOSFET
disabled

Vee
97%Vce

Figure 12 BootFET timing diagram
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5.3 Initial charging of bootstrap capacitor

Adequate on-time duration of the low-side IGBT to fully charge the bootstrap capacitor is required for initial
bootstrap charging. The initial charging time (tcharge) can be calculated from the following equation:

VCC

1
tcharge2 CBS X RBS X 8_ X In( ) (5)

L cc _VGEmin_VLS
e Rgs= Bootstrap FET turn on Resistance
e Veemin = The minimum value of the bootstrap capacitor voltage, (Veemin > Vasuv+)
e Vis=Voltage drop across the low-side IGBT or Mosfet and shunt resistor

e 8. =Duty cycle of low-side device
VBUS

Xgi,,';I,,,,l J les
) {hec] TE—_J Bs H
LINo————T"ov | =1 J’ ,,,,,, o
vad :== = = J’: TO LOAD Ves
| = 0] | )
2 =] 5 |
: [ IRS2890DS [T I
|
4 . LIN
T Rcs% :
|
S &
(a) Bootstrap circuit (b) Timing chart of initial bootstrap charging

Figure 13 Bootstrap circuit operation and initial changing

5.4 Bootstrap capacitor selection

To size the bootstrap capacitor, the first step is to establish the minimum votage drop AVes that we have to
guarantee when the high-side IGBT or Mosfet is on. If Veemin is the minimum gate emitter voltage we want to
maintain, the voltage drop must be:

AVgs < Ve = Voemin=Vis =1 ¢ *Ras (6)
The bootstrap capacitance can be calculated by:

CBS — h (7)
AV

1 1
Qror=Qg +QLS+(ILK_GE+ l«)x(1=56,) XT+(IQBS+ ILK_CAP) x?
(8)

_ Qqor x f

I
c 5

e Where,
e Qror=Total needed charge
e Cgs=Bootstrap capacitor between VB and VS pins
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e |c=Cgs capacitor required charge current

e Qc=Turn onrequired gate charge of IGBT or Mosfet

e Qus=Charge required by the internal level shifters

e lkee= Gate - source leakage current of IGBT or Mosfet

e lgss = Quiescent current of the high-side circuit in the IRS2890DS

e |l =Floating section leakage current

e Ik car = Cgs capacitor leakage current (ignored for non-electrolytic capacitors)
o f=Half bridge working frequency

By taking in consideration dispersion and reliability, the capacitance is generally selected to be 2~3 times
higher than the calculated one. The Cgs is only charged when the high-side IGBT is off and the VS voltage is
pulled down to ground. Therefore, the on-time of the low-side IGBT must be sufficient to ensure that the charge
drawn from the Cgs capacitor can be fully replenished. Hence, inherently there is a minimum on-time of the
low-side IGBT (or off-time of the high-side IGBT).

The bootstrap capacitor should always be placed as close to the pins of the IRS2890DS as possible. At least one
low ESR capacitor should be used to provide good local de-coupling. For example, a separate ceramic capacitor
close to the IRS2890DS is essential, if an electrolytic capacitor is used for the bootstrap capacitor. If the
bootstrap capacitor is either a ceramic or tantalum type, it should be adequate for local decoupling.

5.5 Charging and discharging of the bootstrap capacitor during PWM-
inverter operation

The bootstrap capacitor Cgs charges through the boot Fet according to Figure 13 from the VCC supply when the
high-side IGBT is off, and the VS voltage is pulled down to ground. It discharges when the high-side IGBT or
Mosfet are on.

Example:

The minimum value of the bootstrap capacitor

An example of the calculation of the minimum value of bootstrap capacitor Ces is given with reference to
equation (5) ~ (9).

Usinga 10 A600 V IGBT (IRGS4610D) for the example:
e Qc=13nc (datasheet IRGS4610D)
e Qs=3.8nc
e |« e =100 nA (datasheet IRGS4610D)
e loss =70 pA ( datasheet IRS2890DS)
e |k =50 pA (datasheet IRS2890DS)
o |k car=0( Neglected for ceramic capacitor)
e f=20kHz
e 6,=50%

And the total charge is needed as:
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Qror =13nC-+ 3,80+ (100NA+5044) x (L-50%)x - +(T0uA+0) x - =21.5nc
The Cgs capacitor required charge current is:
- 21.5n§0>;/fOkHz _ 0.86mA
If
o V=15V
o Vis=2V

o  Veemin =12.5V
e Rgs=2000Q
Then the voltage drop is:
AVgs <15V -12.5V -2V —0.86mA* 20002 = 0.328V

S 21.5nc

> > 66nF
557 0.328V

Then Cgs =220 nF ceramic capacitor is recommended.
Selection of the initial charging time

An example of the calculation of the minimum value for the initial charging time is given with reference to
equation (5).

Working conditions:

e CBS=220nF

f > 220NFx 2000x = x (Y y~03ms

charge ™ 0.5  ‘15V-12.5V-2V

In order to ensure safety, it is recommended that the charging time must be at least three times longer than the
calculated value (eg: 1 ms).

Note that this result is only an example. It is recommended that the system design considers the actual control
pattern and lifetime of the used components.
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6 Thermal design

6.1 Introduction

The power loss is a key issue of IRS2890DS in high-frequency applications. In order to avoid overheating or to
increase the reliability, we need to calculate the power loss and the junction temperature of IRS2890DS in the
applications.

6.2 Power loss

The total losses (Pror) in the IRS2890DS result from a number of factors that can be grouped under low-voltage
(static and dynamic) and high-voltage (static and dynamic) conditions.

I:)TOT = I:)LSL + PLDL + PHSL + I:)HDL (10)

Where

e Low-voltage static losses ( Pisi)

e Low-voltage dynamic losses ( PioL)
e High-voltage static losses ( Pys.)

e High-voltage dynamic losses ( PuoL)

6.2.1 Low-voltage static losses

The low-voltage static losses from Vcc and Vgs are as the following:

Psvee =Vee - IQCC

PSVBS =VBS ) IQBS

Pres =0 - Rgs - Ic2 (11)
P =Vin - i

Pist = Fovee + Povas + Pres + P

Where

o  Psyccisthe power loss for the quiescent current of Vec

o  Psusis the power loss for the quiescent current of Vs

®  Pgesis the conduction power loss for bootstrap Mosfet

e Pyisthe power loss for input (HIN/LIN) caused by INPUT current (lin-)
e Py isthe total low voltage static losses from Vcc and Vs

e locc= Quiescent current of the low-side circuit in the IRS2890DS

e Vy=Login high input voltage

e In.=Login high input bias current

6.2.2 Low-voltage dynamic losses

The low-voltage dynamic losses are due to two different components.
1. Onelossis caused by the gate drive output resistance when IRS2890DS drives IGBT or Mosfet. Wherever
a capacitor equivqlent load is charged or discharged through a resistor, half of the energy that goes in
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to charging the capacitance is dissipated in the resistor. The use of the external gate resistors reduces
the amount of gate drive power that is dissipated inside the IRS2890DS by the ratio of the respective
resistances.

The Power dissipation per gate driver is the following:

R
P =05-Qg -V f-( GONIN )
o © Reonin+ Reonex + Rasw (12)
Peorr =0.5-Qg - Ve - f - ( Reormn )

I:QGOFFIN + I:QGOFFEX + FQGSW

Where:

e Pcon = Power dissipation of IRS2890DS effective pull-up resistance when it turns on the IGBT
o  Pcorr = Power dissipation of IRS2890DS effective pull-down resistance when it turns off the IGBT
®  Rconn =IRS2890DS output effective pull-up resistance (48Q)
®  Rcorrin = IRS2890DS output effective pull-down resistance (32Q)
® Roonex = External turn-on gate resistor between IRS2890DS and IGBT
®  Roorrex = External turn-off gate resistor between IRS2890DS and IGBT
e Resw = Internal gate resistor of the IGBT
e Sothe total power dissipation of IRS2890DS gate drive output resistance is the following

o Ps=2-(PsontPoors) (13)
. The factor 2 in the formula is valid in the assumption that high-side and low-side are being driven, one
per channel.

e The other low voltage dynamic losses associated with the switching of the internal CMOS circuitry can be
approximated with the following formula:

e Pevos =Vee ' Qaowos (14)

e where, Qcwos (7nc) is the internal CMOS essential charge for IRS2890DS at VCC.
e Thetotal low voltage dynamic losses Po are the following:

o PioL=Ps +Pevos (15)

6.2.3 High-voltage static losses

High-voltage static losses are due to the leakage currents in the level shifting stage. They are dependent on the
voltage applied to the VS pin and they are proportional to the high-side device duty cycle. But they only occur
when the high-side power device is on. The losses would be zero if VS is grounded.

Therefore, depending on the high-side device duty cycle 64, the high-voltage static loss is the following
equation (16).

Pas. =0n * Veus ik (16)
Where,

e Vgysis DC link voltage
e likisthe offset leakage current of IRS2890DS at VS=Vgys
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6.2.4 High-voltage dynamic losses

e High-voltage dynamic losses comprise two terms, one due to the level shifting circuit and the other one due
to the charging and dischargeing of the capacitance of the high-side p-well Cy.sus within the IRS2890DS.

The IRS2890DS internal level shifting circuit loss is relative with the level shift Mosfets charge - Q.r (which
transfer the set and reset signal from low-side section to high-side section), the voltage of VS pin at the moment
of the set and reset happening and the working frequency. In the worst case, the set and reset happen at the
VS=Vgusin the inductive road applications. In these applications, whenever the high-side flip-flop is set or reset,
a command to turn on or turn off the high-side device causes a current to flow through the internal level-
shifting circuit. This charge comes from the high voltage bus (Vsus).

Thus, for a half bridge operating from a DC bus voltage (Vsus), the power dissipation of internal level shifting
circuitis:

ProL = (Vaus + Vas) - Qs - f (17)

Where, Qs is decided by the turn-on pulse current and turn-on pulse width for the internal level shift high
voltage Mosfets.

In a high-side and low-side power circuit the well capacitance Cysuis charged and discharged every time VS
swings between Vgys and COM.Charging current is supplied by the high voltage rail through the power device
and IRS2890DS epi resistance. Discharge occurs through the low-side device and epi resistance. The losses
incurred in charging or discharging a capacitor through a resistor is equal to QV/2, regardless of the value of
resistance. However, much of these losses occur outside the IRS2890DS, since the epi resistance is negligible
compared to the internal reistance of power devices during their switching transitions.

e Sothe high voltage dymanic loss is dominated by the internal level shifting circuit loss.

6.3 Junction temperature considerations and calculation example

The junction temperature (T,) of IRS2890DS is decided by the ambient temperature (Ta), power loss (Pror) and
junction to ambient thermal resistance Rth,.. Here is the formula:

T, =Ty +Pror-Rthy, (18)

6.3.1 IRS2890DS losses example

Here is an example of the calculation for the power loss and junction temperature for IRS2890DS with reference
to equation (10) ~ (18).

Example of the application:
e Topology: Half bridge with inductive load
e Working frequency: f=20 kHz with 50% duty cycle, (6.= 64 =50%)
e DCBusVoltage: Vgys=310V
e Vccand Vessupply voltage: Vec=15 V, Ves=14 V with bootstrap power supply from Vcc
e Half bridge power device: IRGS4610D
e Gate resistor beween IRS2890DS and Power device: Reonex = Reorrex= 33 Q0

o lycc =3000 pA ( datasheet IRS2890DS)
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e [c=860 pA (Csscharge current, see page 20)
e Vn=4V,IN=10 pA (datasheet IRS2890DS)
The total low-voltage static losses Pis. from Vcc and Vs are as the following:
Psvce =15V - 3mA = 45mwW
Poves =14V - 70 /A = 980 1AW
Pess =0.5-200Q - (0.86mA)? = 74 LW
Pn =4V -10 A = 40 W
P s. =45mW + 980 tW + 74 LW + 40 W = 46mW

e Thetotal low voltage dynamic losses P.o are the following:

Py = 0.5-130¢-15V - 20kHz - (—— 0%y _1 156mw
48Q2 + 33Q2 + 0Q
32Q
Psorr =0.5-13nc-15V - 20k Hz - ( ) =0.96mW
3202+ 33Q2 + 0Q
Py =2-(Pson + Poore) =2 (1.156mW +0.96mW ) = 4.231mW
Pevios = Ve * Qemos - f =15V - 7nc- 20kHz = 2.1mW

P oL = Ps + Peyos = 4.231mW + 2.1mW = 6.331mW

The high voltage static loss is the following:

P.s. =950%-310V -50LA =7.75mW

The high voltage dymanic loss is dominated by the internal level shifting circuit which shows the following:
P.oL = (310V +14V) - 3.8nc- 20kHz = 24.62mW

The total loss (Pror) in the IRS2890DS is as the following:

Pror =46mMW +6.331mW + 7.75mW +24.62mW =84.7mW

6.3.2 IRS2890DS thermal resistance

The thermal resistance (Rth,) from junction to ambient of IRS2890DS is 120 °C/W for the 14-Lead SOIC package.

6.3.3 IRS2890DS junction Temperature
If the ambient temperature (Ta) is 50°C, the junction temperature of IRS2890DS is the following:
T, =50°C +84.7mW -120°C /W =60.1°C

The junction temperature (60 °C) in the applications is far below the maximum junction temperature in the
datasheet (150 °C). So the IRS2890DS is safe in the application for the thermal design.

Here, Figure 14 and Figure 15 are for design engineer’s reference.

Figure 14, listing the curve for IRS2890DS power loss with different working frequency and gate resistor. Figure
15, listing the curve for IRS2890DS junction temperature with different working frequency and gate resistor.
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6.3.4 IRS2890DS power loss vs frequency with different gate resistor
0.25
0.2
Prot(f, 10)
Prot(f.33) 0.15
Brot(f, 100)
(W)
0.1
p.0sC
2x10* 4x10* gx10* 810 1x10°
f (Hz)
Figure 14 Power loss with Rg=10 Q/33 Q/100 Q VS frequency
6.3.5 IRS2890DS junction temperature vs frequency with different gate
resistor
80,
73.75
Ti(E.10)
HE33) 615
Tj(£.100)

Q9]

61.25

55
210" 4x10* 6x10* gx10* 1x10°
f H2)

Figure 15 Junction temperature with Rg=10 Q/33 Q/100 Q vs frequency at T, =50 °C
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IMPORTANT NOTICE

The information contained in this application note is
given as a hint for the implementation of the product
only and shall in no event be regarded as a
description or warranty of a certain functionality,
condition or quality of the product. Before
implementation of the product, the recipient of this
application note must verify any function and other
technical information given herein in the real
application. Infineon Technologies hereby disclaims
any and all warranties and liabilities of any kind
(including without limitation warranties of non-
infringement of intellectual property rights of any
third party) with respect to any and all information
given in this application note.

The data contained in this document is exclusively
intended for technically trained staff. It is the
responsibility of customer’s technical departments
to evaluate the suitability of the product for the
intended application and the completeness of the
product information given in this document with
respect to such application.

For further information on the product, technology
delivery terms and conditions and prices please
contact your nearest Infineon Technologies office
(www.infineon.com).

Please note that this product is not qualifiec
according to the AEC Q100 or AEC Q101 documents
of the Automotive Electronics Council.

WARNINGS

Due to technical requirements products may contair
dangerous substances. For information on the types
in question please contact your nearest Infineor
Technologies office.

Except as otherwise explicitly approved by Infineor
Technologies in a written document signed by
authorized representatives of Infineor
Technologies, Infineon Technologies’ products may
not be used in any applications where a failure of the
product or any consequences of the use thereof car
reasonably be expected to result in personal injury.
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