600V SOI Gate Drive HVIC for Medium Power Applications Operating up to 200°C
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Abstract ture range to be considerably extended.

The chip was made with a 600V SOI foundry procddq [
The design, functionality and measurements of dy ful[12]. Fig.1 shows a schematic cross-section of6d@V SOI
integrated 600V SOI gate drive IC are presente@. Sd¢ven- technology. The key to the high breakdown voltaigethe
channel HVIC is aimed at three-phase systems femlower selective layer thinning in high voltage areas [[13]]. Figs.
and medium power applications. Dielectric devicglagson 2 and 3 illustrate the operation principle.
and detailed circuit design ensure operation ua tempera- V_field plate = OV
ture of 200°C. Robust signal processing has beeengi
highest attention at all design stages. A dedicaigmal
reconstruction topology is presented to provide imam p+ n+
immunity against parasitic coupling from the powmsane.
The measurements confirming the safe operatiohefl€
are given.
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Introduction BOX

IPM solutions for medium power applications (603350A)
are aimed at high volume markets, where systens cosd
geometric size per function are the most relevanameters. Fig.2 Vertical and lateral avalanche path in thickive silicon
IC-based designs are thus replacing conventiondlridhy

IGBT and MOS drivers [1] [2] [3] [4].

Due to the high production numbers, fully integdate

V_backside = 0V

V_field plate = OV

solutions are feasible which combine both drivirigdtry V_source = 0V i i >

and power bridges on a single die [5]. Widely atedmate p+ n+ AEELINF e (e §

drive ICs rely on conventional junction isolatiom achieve i

600V blocking voltage and to shield the high sidenf the . §

offset voltage [6] [7]. Though the market has shown E_vertical =0 =r=r=e=e=es Yomon N

considerable interest in these HVICs, the junciswiation >

has certain fundamental drawbacks. Negative trahsie BOX

voltages at the driver output can trigger interparasitic

structures, leading to latch-up. The problem casdmewhat _

alleviated by minority carrier suppression struesuf8] [9] V_backside = 0V

[10] but it cannot be resolved completely. Alsaragmasing pn Fig.3 Vertical and lateral avalanche path in thative silicon

leakage currents typically limit the operation temrgiure to

150°C. While the lateral ionization paths are the samigoith cases,

the carrier multiplication due to vertical fieldroponents is

600V SOI Technology drastically reduced in Fig.3 because of the redweetical

avalanche path length.
A high voltage SOI platform, on the other hand, paovide One way of determining the breakdown voltage liofithe
complete latch-up immunity since all active devicai® structure in Figs. 2 and 3, is to calculate the stvoase
dielectrically insulated. This enables the operatldempera- avalanche paths along the vertical and lateral cdevi
low side level-shifter high side dimenSionS' This nOt an eXaCt
by solution  becausef the two-
Locos - Locos RESURF oxide Locos - Locos dimensional nataf the problem. For
integrated legélfter transistors such
as are used integdrive ICs, the
lateral field cpoments can be adjusted
by choosing thepeopriate drift zone
length. This istra design constraint,

Fig.1 Schematic cross section of the foundry HV 8©hnology [11] [12] since the currdetels of the level-
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Fig. 4 Comparison of critical peak field values

shifter are low. Therefore, it is the vertical canpnt which
limits the maximum breakdown voltage. The welbkm

lockout (UVLO) as derived from a bandgap-stabilized
reference but also external analog sensor signalh as
shunt current monitoring.

The branch delay times of the six main channels/BOR 1-
3 are delay-matched to ensure synchronized swigchin7"
channel is implemented at the low side to suppomwegr
factor correction schemes or to be used as a lofaieper.
Three 600V level-shifters transfer the signals he fully
isolated high sides, where the differential trarssiain
signals are filtered and reconstructed. The sigaedsdriven
at the chip output by a CMOS stage of the 500mA gin
250mA source type. The driver operates at 15V. Higle
supply is implemented by a bootstrap circuit witkegrated
HV diodes. Fig. 7 is a microphotograph of the cligm
evaluation version carrying additional test pins).

Chynoweth relation [15] and its parametdiira
according to van Overstraeten and de Man [16] arE
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commonly employed to model avalanche T

multiplication in drift zones of power devices.
However, in the case of high fields and especiall
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over short path lengths, more physically motivated :
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models such as the ones after Okuto/Crowell [17
[18] or Lackner [19] give more consistent
predictions. It should be noted, that most anadytic
formulations of the problem are based on th

specific
software

Application

Hardware platform

Primary side

polynomic Fulop model [20], which must not be used
in this range of field strengths. Fig. 4 gives anpa-

rison of the maximum sustainable fields according t
different models. The diagram refers to a one-
dimensional vertical field with triangular shape as
found in the structures of Figs. 2 and 3. The field
drops from its peak valueykx at the silicon/oxide

interface to zero towards the middle of the active

b

Sensor signal processing
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Fig. 5 Integration area covered by the HVIC (2 @hannels)

|_SENSE

layer. Thus, the ionization path length is half the Ml
thickness of the active layer.
The value Rax ciica denotes the peak field valu@ o
where the avalanche integral approaches 1. The,
models after Okuto / Crowell and Lackner better

represent device physics. The mutual consistency '8t
their results supports the assumption, that thésew
models should replace the Chynoweth model for ther
given case.
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Fig. 5 shows a block diagram of the target power

L

conversion system. The topological blocks to be
integrated into a gate drive HVIC are marked. Only
two of the seven channels are shown. Depending o
the field of application, additional blocks such the Vg
detection diodes can easily be integrated as well.

The IC block diagram is given in Fig. 6. Input ifigees (IIF)
implement logic thresholds for direct connectionSd or
3.3V micro-controllers. An interlock time is usuyalimple-
mented in the external drive controller pattern #mel user
can activate a hardware interlock in the gate driBoth
methods minimize cross-currents in the external grow
bridge.

Logic and error management generate the appropnizieal
signals. These take into account not only undéage

IIF . Bandgap High side level shifter,
interlock Shunt signal reconstruction, latch
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Fig. 6 Block diagram: seven-pack gate drive HVIC

Level-shifter design

The single most important internal function of tjege drive
IC is to transmit signals from the controlling I®sie to the
three high sides. The signal reconstruction schetntiee high
side, in particular, where the transmitted raw esllsare
interpreted and converted into valid control paiseris of
fundamental importance. The reconstruction scheaw th
separate signals from any voltage or current distuces



coupling between channels. The signal reconstnuatibich
has been developed and is shown in Fig. 9 relies on
individual recognition and processing of the twav rsignals
rather than a conventional conversion, from diffitied to
single-ended, using latching stages.

The high robustness obtained for the level-shiféedue to
the combination of three factors: wide signal swingith
interface hysteresis; simple, yet effective logitefing of
common mode signals; and short pulse suppressibe. T
experimental results presented later are the prbtfis. The
signal POR (power on reset) in Fig. 9 ensures theep-up

of the latch that is storing the drive information.

Measurements

Fig. 7 Chip photograph of the seven-pack gate divéC
(chip size approximately 12rfjm

All high voltage measurements were taken with thie girive
IC operating on a SEMIKRON MiniSKiiP Il Module (six
pack, 600V / 10A trench IGBT with CAL free-wheeling
diode). The module outputs are connected to indalid
resistive-inductive loads. Fig. 10 shows a photplraf the
measurement setup.

which couple back into the IC from the electromaiadly
polluted system environment.

The raw signal transmission uses two conventioaatade
switch configurations as shown in Fig. 8. The 60dice
isolates the low side from the high side. As soantlze
transistor M opens, a cross-current | flows from the high sidg
supply vdd_hs to low side ground (gnd_Is). The enirris
limited in M; by source feedback over . The voltage
drop across Ry is the high side raw signal {r).

vdd_hs

Vout

l |

Vvdd_ls .—E HV transistor
»

R_lim Fig. 10 High voltage measurement setup

gnd_is A. Normal operation

Fig.11 shows simultaneous operation of two TOP ohknat

400V DC link voltage. No signal interference vedosserved
SET_valid between the neighboring high sides of the gateedrivhe

e %7 channels can have arbitrary mutual timing.

Fig. 8 Level-shifter cell (two per channel for @iféntial transmission)
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Fig. 9 Signal reconstruction topology
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A differential scheme is necessary because of cammade
currents flowing though the cell during every dvistent chl sv Ch2 100V horizontal: 1us/div
. . . Ch3 100V Ch4 5V
between low side and high side. These events argedaby
normal switching of the respective channel or byapi#ic  Fig. 11 Independent switching of two TOP channek08V DC link voltage




B. Robustness of operation

. . . . . 10000 7 T 200
Several potentially hazardous situations that exkd¢ee limits e "
. . —a— T 1

of regular operation have been tested. Fig. 12 show —e— diver power dissipation
measurements at increased DC link voltage of 50Dhe 4 core juncion ermperature T

most critical timing is shown where a phase of higidt at
the output of channel TOP3 coincides with a sigraisition
at the input of channel TOP2. Even at 3.3V inpuelehe
internal signal filtering safely recognizes thension.

Another measurement is shown in Fig. 13 of the IGBT

turning on into a hard short circuit and generathaysh
current and voltage transients. Internal shunt tooing
produces a reaction as soon as the current risage aihe
short circuit threshold. A local error signal |_ERfcks the
fault. The global error signal ERR_OUT is generated
sent back to the micro-controller and the IGBTSs tmrmed
off.
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Fig. 12 Safe 3.3V signal recognition ac#500V
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Fig. 13 Short circuit management

C. High temperature operation
While the IC has been standard-tested at ambiempeea-
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Fig. 14 Current consumption and core temperatursorement
(core: 4 low sides + 3 high sides; disvetages excluded)

requires that the lifetime of the on-chip metakmbnnects
must be taken into account. For the measurememringiv
Fig. 14, the employed TQFP package was limiting the
temperature range. Even at switching frequenciesvab
1MHz, the IC core dissipates less than 100mW. Thigh
operation robustness has been achieved with loweiwur
consumption.

Conclusion

High voltage SOl technologies are available thdbval
monolithic integration of a seven-pack gate drivél€l for
600V systems. In determining the maximum sustamabl
voltage, advanced avalanche models are to be prdfever
the common Chynoweth relation. Specific work onnaig
integrity and robustness against coupling from puaver
environment has led to safe HVIC operation unddr al
conditions tested: low voltage input, high outputdd, short
circuit and driver stage temperatures higher tH@ot Q.
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