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ARCAL-ED-4P

Set of driver boards to drive four ECONODUAL modules
in parallel

The ARCAL-ED-4P driver board allows to drive four ECONODUAL modules in parallel.

All functions needed for power converters development are embedded on this set of electronic

boards. __ a0

¢ High isolation and dv/dt immunity
e 4W/ £35A per output

e Adjustable dead times

¢ Short Circuit Protection

e ‘Active Clamping’ Protection

¢ Undervoltage detection

¢ -10/+15V gate voltage

e Measure of internal CTN temperature of the warmest module

e Measure of the total output current (by means of 4 hall effect sensors)
¢ HB or direct mode logic
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1. ABSOLUTE MAXIMUM RATINGS

All data are given for 25°C unless otherwise specified.

FOR POWER ELECTRONICS STACK ASSEMBLIES

ARCAL-ED-4P EN V1

Symbol Parameter Min. Max. Unit
VDD Supply voltage (referred to the ground)' 0 16 VDC
Vi Logic input voltage 0 VDD  VDC
IG Peak gate current -35 +35 A
PG Average power per output 4 w
ViSO Isolation test voltage (AC / 50Hz /1min) 5000 Veff
VorP Permanent operating voltage 1700 VPEAK
dv/dt dv/dt immunity @ AV=1000V 75 KV/us
TA Operating temperature -40 +85 °C
TS Storing temperature -40 +90 °C
loc Max. current of default open collector 20 mA
2. ELECTRICAL SPECIFICATIONS

All data are given for 25°C unless otherwise specified.

2.1. Power supplies
Symbol Parameter Min. Typ. Max. Unit
VDD Rated supply voltage 145 15 155 VDC

2.2 Output stage
Symbol Parameter Min. Typ. Max. Unit
IG Maximum supply voltage -35 +35 A
VG+ Voltage for conduction setting +15 Vv
VG- Cut off voltage -10 Vv
TR Rising time 20 ns
TF Downing time 20 ns
TPD+ Input/output propagation time at conduction setting 100 ns
TPD- Input/output propagation time at cut off 100 ns
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3. BLOCK DIAGRAM
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Customer interface

COMMON CONNECTOR TECHNOLOGY FOR CURRENT SENSORS :

1 : Ground for cable shielding
:-15V
: Current measuring

1 +15V
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4. MECHANICAL DATA
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5. OVERVIEW

The ARCAL-ED-4P driver is based on a SCALE-2 module (Scalable, Compact, All purpose,
Low cost and Easy to use), last generation of IGBT drivers.

All the functionalities required for driving power switches connected in parallel are embedded
on a set of 4 boards. Every single parameter which could depend on the application can be
very easily configured. The current balance though depends on the design of the power
converter. The designer should take into account the design instructions which are suitable for
a parallel setting of the power components.

Main specifications

The ARCAL-ED-4P driver enables to drive four parallel ECONODUAL® modules in a half-
bridge structure or in an independent way. This driver makes it possible to convert
four ECONODUAL® modules in an independent arm, which can then be used in a high power
inverter or chopper. This driver is suitable for IGBTs up to 1700V in its standard version.

IGBTSs are controlled in (-10; +15V) in the standard version of the driver.
The IGBTSs protection is ensured by monitoring of VCEsat and of power supplies.
An ‘Active Clamping’ voltage protection is ensured by monitoring of the collector voltage.

Only one VDD direct supply of 15V +0.5V is required. The isolated supplies which are required
on the power side are internally generated.

All logic inputs are Schmitt trigger type.
The dead time values can be adjusted.

The fault feedback signal, which is of type open collector, can either be activated by the driver
itself (short-circuit or supply default), or by an external signal (temperature and current
sSensors).

The connectors have been selected for to their reliability and in order to rationalize the
implementation of the driver in existing applications.
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An intermediary board (ARCAL-ED-EC-005) allows to realize the paralleling of the modules,
directs the control signals and gathers all the information regarding temperature and current.

Output of the CTN temperature information and output of open collector at on-state when one
of the two CTNs exceeds 115°C.

Measurement and sum of the two currents by means of current sensors.

. DETAILED TECHNICAL DESCRIPTION

6.1. Driver power supply

The ARCAL-ED-4P driver requires a regulated supply of +15V +0.5V. The maximum power
used under normal operating conditions is about 10W.

The current used at input can be calculated according to the following formula:

P, (W
A)z—GT( )+0.065

0.85 x 15

DD (
In which: PGT = PGT = total power provided by the driver to the IGBTs (the parallel setting has
to be taken into account).

Remark:

This product is dedicated to highly impulsive applications and as such there cant be any
efficient protection of the DC/DC converter against overloads. The board feeder however is
equipped with a fuse which aims to control long-lasting overload risks. These overloads could
possibly damage upstream systems.

6.2. Operating modes (K2)
The ARCAL-ED driver can operate in three modes:

e "DIRECT" mode allows driving separately the two outputs.
e "HB" (half-bridge) mode is dedicated to "half-bridge" type systems
o HB modes can be generated in TOP-BOT or INA-INB controls



ARCEL

ELECTRONIGUE DE PLUISSANCE FOR POWER ELECTRONICS STACK ASSEMBLIES
ARCAL-ED-4P EN V1

Direct Mode

In this mode, both outputs are driven

separately by InA and InB inputs. Nevertheless, Inb-x | ARCAL-ED J
the various securities still stop both outputs R > ‘4”<|

and activate the error feedback signal. A high ! !

logic level on an input tuns on the —-—3i—-—-—-—-—"- e e
corresponding output. [
Ina-x
Considering the two outputs independent, no = [ kl
dead time is generated. Thus, it is possible to
switch on both outputs at the same time. Outline 1 : Direct mode in standard

. . . . configuration
The configuration of the driver in DIRECT mode

is done by short circuiting K2.

HB Modes

The "HALF-BRIDGE" or "HB" mode is especially
dedicated to structures where two IGBTs Inb-x | ARCAL-ED
operate in series as complementary switches . 1

(eg. inverters, H bridges...).

In this case, both outputs are no longer Ina-x). I
independent: InA input allows the half-bridge

control and InB input operates as an “enable” Outline 2 : HB (Half-Bridge) Mode in standard
signal. configuration

A low logic level on InB forces both outputs off,
whatever InA level is.

When InB is at a high logic level, both output levels depend on InA.

Because the two switches are in a series connection, for every arm state switching, the driver
makes sure no transient short-circuit occurs by keeping the two outputs at a low level during a
fixed period called dead time.
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The user can modify the dead time value of both outputs thanks to R30 resistor, parallel to K2.
The standard dead time value is set about 3us (Rsp = 150kQ).

The dead time setting is performed thanks to the following calculation:

Ry = 315X Tp + 52.7

With 0.5us < Tp < 4.1us and 73<Ry<182kohms.
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Standard configuration of HB mode. Ina controls the IGBT BOT. K2 is open.

.15V *—
Ina-x I |
Vet — — —_— — _—

15— ' w :
Inb-x oV ’ I ‘ |
+15V ‘ ‘ ’ | Both channels OFF
BOT _BV‘L—————_’—___‘_—T _____
i | |
TOP ”5\’1 ¥77777L on
<Y | I I
; [
N N

Dead time (both channels OFF)

HB Mode

Selection of HB TOP-BOT mode or Ina-Inb

TOP-BOT mode allows to send complementary Ina-x et Inb-x signals, and to generate the
on/off signal on Inb using these two signals. To achieve this, terminals 2 and 3 of K1 must be
linked.

Ina-Inb mode is used to send a on-off signal directly onto inb, using inb-x. In this case,
terminals 1 and 2 of K1 must be linked.

V o 4y Y M
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A5V

+15Vv

BOT 4, 5= ; &

TOP +1 SV—|
-8V

Signals in TOP-BOT mode

NOTA : Ina-x and Inb-x match with X3 output instructions and Ina and Inb match with the driver
inputs.

Logic inputs

Ina and Inb inputs are equipped with Schmitt triggers whose tilting thresholds are about 1/3
and 2/3 of the supply voltage. A high logical level fits with an active input (positive logic).

The input stage of the driver includes protection diodes against negative voltages or against
voltages higher than VDD. If the voltages exceed these limits, an abnormal temperature rise
and/or over-consumption could occur. Safe practice should be taken in case of use of the
driver with large lengths of cable.

Under normal operating conditions the impedance of these outputs is about 22KQ.
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Selection of input signals

The ARCAL-EDT-003 allows to switch Inax and Inbx control signals towards Ina and Inb input
signals of the driver, depending on the customer’s needs.

Each configuration range K1, K5, K6, K7 consits of 3 areas numbered from 1 to 3, the second
area being the central one. Two configuration are thus possible : 1-2 or 2-3.

Operating Mode K7 K5 K6 K1

Direct mode : Inax drives IGBT TOP 1-2 1-2 2-3 1-2

Direct mode : Inax drives IGBT BOT 1-2 2-3 1-2 1-2

Direct mode : Inax drives both IGBT TOP and BOT 1-2 2-3 2-3 1-2
Direct mode : Inbx drives both IGBT TOP and BOT 1-2 1-2 1-2 1-2
HB TOP-BOT Mode (STD) 1-2 2-3 1-2 2-3

HB INA-INB Mode 1-2 2-3 1-2 1-2

e HB TOP-BOT mode: In this mode Inax et Inbx signals are complementary without any dead
times or with low dead time (1 to 2us). Inax will be redirected to Ina. The Inb signal will be
reconstructed from Inax and Inbx.

o HB INA-INB Mode: In this mode Inax represents the control signal which is redirected
towards Ina, and Inbx is the on/off signal which drives Inb.

VT ITY
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6.3. Error feedback signal

The fault feedback signal is open collector type. It can support a 40V voltage and a 20mA
current. An external pull-up resistor must be provided.

In case of a default, the output transistor is blocked (high impedance). This is the standard
operating mode because it will naturally take into account a bad connection of the fault wire to
the main board.

The fault signal can be activated by two different events:

¢ Internal error: Output short-circuit or power supply problem has occurred.
o External error: the measure of temperature has exceeded the authorized reference
level.

Internal error case

In case of an internal error, the fault feedback signal will be activated during a fixed period of
about 100ms (Tg). The driver will automatically reset and the outputs will stay in off-state
during minimum 100ms (Tg). As a matter of fact, Tg is used both as signaling time and blocking
time.

The main control system is supposed to stop all driving pulses as soon as an error signal
occurs. If not, and after the fault feedback signal has been reset, short pulses (about 10us) can
occur on the non-fault output. The error feedback will then be set again by a pulse of 100 ms,
etc... This will go on until the fault cause has disappeared or driving pulses have been stopped.

Remark 1 :

After the pulse blocking time, the driver will start over again only on a rising edge of the
concerned Inx input (or InA in HB mode).

Remark 2 :

The short circuit measuring device is optimized for the protection of arm short circuit, therefore
with very low inductance. For short circuits with higher inductance, protection will be done by
traditional current measuring by means of a sensor.
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External error case

If the measure reveals an excessive temperature, default processing will be the same as in the
case of internal error. The potential of terminal 3 of HE14 J1 connector is returned to “0” to
indicate the error.

Setting of Tg blocking time

The blocking time of the driver on launching of the fault is adjustable by the final user.
The blocking time is included between 20ms < Tg < 130ms.

To perform the setting, a resistor is connected on pin 5 of the driver such as:

Rg = 1*Tg + 51 with Rg in kohms and Tg in ms.

In standard configuration, a R31=180kohms resistor is implemented, setting a 130ms blocking
time.

Driver switching on

By switching on, a fault feedback signal (about 10 ms) is automatically generated in order to
allow the auxiliary power supplies to settle.

6.4. Gate Control

The standard version of ARCAL-ED-4P provides a +15V/-10V gate voltage. For each output,
conduction and extinction of the IGBT are controlled by a grid resistor: Rg.

Peak current

The peak current value provided by the driver depends on the total resistance of the Gate /
emitter loop. The value is given by the calculation of the following formula:

AV (V
I (A) = AVe V)
Re (@)
In which: AVGE is the variation of the gate voltage (25V in this case).
As the IGp current mustn’t exceed 35A, the theoretical low limit for RG is 0.71Q.

Do not forget to take into account that the driver controls two IGBT gates. Therefore the
minimum grid resistor is equal to the paralleling of the grid resistors of each component.
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It is forbidden to connect two zero grid resistors on Rgon and Rgoff in case an
appropriate resistor is available in the IGBT housing. As a matter of fact, the push pull
of the internal output to the driver doesn’t allow it.

Average Power

The average power PG supplied by a driver output depends on the total gate charge QG of the
component, on the variation of gate voltage AVGE and on the switching frequency Fsw (Sl
units):

P, =2xQ, x AV, xF

SwW

This power must never exceed 4W (with 85°C; 6W with 70°C).

6.5. ‘Active Clamping’ Protection

This protection aims to limit the emitter collector overvoltage at the opening of the semi-
conductor. This overvoltage is the product of the interfering inductance of the loop by the di/dt
imposed by the component.

The functional diagram is as follows:

D2 D

: ” — ” :
TRANSIL TRANSIL
D3
DIODE

«~
R1 RG | Q1
2 2 Vce
N [ IGBT
créneaux de
R2 RE o -
commande 5
F— N\ AN

As soon as the Vce voltage exceeds a value determined by the transils, a current is injected in
the base of the IGBT thus generating a short renewal phase and enabling to limit the voltage at
the terminals. This device mustn’t be used at continuous rating (i.e. at each
commutation), as it introduces additional losses which can be damaging for the IGBT.
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The two above oscillograms (the first one with the device and the second one without it) show
the influence of the device. You can clearly see the limitation of the overvoltage which results
in a clipping.

In the standard version, the voltage protection is set for a 1200V IGBT module. Upon request it
is possible to get a protection for a different voltage (1700V for example).

This device enables to limit the overvoltage at the opening to a value close to 1100 volts
(according to the dispersion of the components and the energy that has to be dissipated, the
clipping voltage varies from 1020 to 1100 volts).

6.6. Monitoring of short circuits

The detection of short circuits is done by comparing the VCEsat voltage of the device with a
reference voltage. If this threshold level is exceeded, the relevant channel is stopped and the
default signal is activated.

In order to better fit with the IGBT commutation profile, the reference voltage varies according
to the elapsed time since the conduction setting.

First of all the detection has to be inhibited during a fixed TCE period. Once this period is over,
the detection threshold is equal to VTH.
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+Vdc

Collector/Drain
Voltage

ov

Response time

For each output, the VCEsat threshold detection is set by a resistor (Rry1 and Rrpp).

The following table gives some parameter set values depending on the Ry, resistor used. The
standard implemented Rry value is 29.4Kk, i.e. a detection threshold of 4.4V. To get a reference
voltage higher than 4.4V, Ryry and Rure values will have to be modified. In the standard
version, CA = 47pF, which leads to a 5us response time.

Cax [PF1 | Ruix [kQ]/Vux [V] | Response time [ps]
0 43/6.45 1.2
15 43/6.45 3.2
22 43/ 6.45 4.2
33 43/6.45 5.8
47 43/6.45 7.8
0 68/ 10.2 1.5
15 68/ 10.2 49
22 68/ 10.2 6.5
33 68/ 10.2 8.9
47 68/ 10.2 12.2

Table 1 : RTH selection for Vcesat detection parameters
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Note 1 : This protection is particularly efficient for the so-called dead short circuits or with low
impedance. You mustn’t rely on this protection for “slow” defaults.

Note 2: The response time indicated in the diagram depends on the bus voltage. If bus
voltage is < 540V, it will increase; on the contrary, it will decrease if bus voltage is > 540V.

Note 3 : The ARCAL-ED-T-003 board drives four ARCAL-ED-B-003 boards, therefore four
IGBT modules. For a better protection against short circuits, the Vce measurement has to be
disconnected on three of the four boards. To achieve this, just remove one of the measure
resistors which are part of Rycg.

Measure of Vgsa

The fault detection is performed by measuring Vce and comparing it with a reference value
Vref. Vce measurement needs that the input current be between 0.6 and 1mA. That's why Ryce
resistor must be set up to the BUS voltage:

Rvce Ubus
Error (8*100k) 480 - 800 V
9*100k 540 — 900 V
10*100k 600 — 1000 V
4*100k 240 — 400 V (IGBT 600V)
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6.7. Measure of temperature

A CTN is included in each EconoDual housing. The board includes a linearization of this CTN
in the useful operating area. The temperature information is available on pin 12 of HE14 J1
connector. The ARCAL-ED-EC-005 board makes it possible to take into account the highest
temperature.

TEMP OUT
10 1 1 1
y =-3E-06x3 + 0.0007x2 + 0.032x - 0.2877
5 R? = 0.9998 //
=
8 "”—’gf"

7 et
§5m5e2
Z

y = 0.0732x - 0.7755
* / / R? = 0.9909

Output voltage in V
wv

20 30 40 50 60 70 80 90 100 110 120 130 140 150
Température CTN in °C

Outline 5: This shows the voltage available on pin 12 depending on CTN temperature. There
are two curves: a straight line and a third-order polynomial which follows more closely the
actual curve.

If the CTN temperature exceeds 115°C, the OVER-TEMP signal available on output 5 of HE14
connector will be returned to 0V, via the collector of the output transistor.
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6.8. Measure of global current

It is possible to connect two current sensors on JP8 and JP9 connectors, of the ARCAL-ED-
EC-004 board. JP10 allows to return the sum of the two currents on the ARCAL-ED-T-003
board, via JP4. In order to have JP4 operated, it is absolutely necessary to supply HE14 input
connector with -15 volts voltage on pin 1.

On a standard basis, K3 and K4 grid resistors (from the ARCAL-ED-EC-005 board), are 10
Ohms 1%. They can be modified thanks to K3 and K4 plots, whose terminals can be
overridden by this value. The voltage gain on the output stage is -4.87. The output voltage on
pin 14 will thus be equal to:

V (pin 14) = -(I_sensor _1 + |_sensor_2) x 10 x 4.87

6.9. Monitoring of auxiliary supplies

Monitoring of the supplies values is done directly on each output channel. If one of the two
secondary supplies is under 12V, the relevant channel is blocked and the default signal is
activated.

As the detection system is with hysteresis, re-start is only possible once the voltage rises over
about 12.6 V.
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7. STANDARD CONFIGURATION : ABSTRACT TABLE

ARCAL-ED-T-003 Board :

STRAPP Standard configuration Remarks
K1 2-3 TOP-BOT
K2 CO ou 22nF HB MODE
K3 10 Ohms Current measuring
K4 CcO Shield not connected to the ground
K5 2-3 Ina = Inax
K6 1-2 Inb = Inbx
K7 1-2 No inversion of Inax
K8 a K14 CO 25C0108 Option
JP4 - Input of current measure
Clipping 1040V Estimated clipping voltage
Dead time 4.us Dead time
Vce sat 4.4V Short circuit threshold

ARCAL-ED-EC-005 board :

STRAPP Standard configuration Remarks
JP8 - Current measuring
JP9 - Current measuring
JP15 - Current measuring
JP16 - Current measuring
JP10 - Current measuring output to JP4
K3 10 Configuration of current measuring
K4 10 Configuration of current measuring
K5 10 Configuration of current measuring
K6 10 Configuration of current measuring
T1 - Primarym 0OV linked to heatsink
Clipping 1040V Estimated clipping voltage
Dead time 4.us Dead time
Vce sat 4.4V Short circuit threshold
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With : CC = Court-Circuit (short circuit)
CO = Circuit Ouvert (open circuit)

Miscellaneous :

Parameter Resistor
Tor R30
Tg R31
IVCE RVCE (RZS a R34 et R35 a R44)
Rgon See implantation
Rgoff See implantation

8. NOTES

&4 Before printing think about environment and costs!

cAuTION : ARCEL reserves the right to modify its technical documents without prior notice.
These documents have no contractual value.

' The system is protected by zener and bipolar diodes. Exceeding these values can therefore lead to

over heating and/or over consumption. Special care should be taken in case of use with large lengths of
cable.
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