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Abstract— A novel approach for medium power IPMs is
presented combining a 1200V, 50A IGBT/FWD-Invertermodule
based on spring contact technology with new develed
advanced silicon on insulator (SOI) gate driver ICdn a reliable
cost effective package with excellent thermal resance. The
measurement results (static, dynamic and three phaspower
inverter tests) demonstrate the driver and system grformance.
The new system approach for industrial standard dwe
applications supports the market trend towards intgrated
power module solutions already known from the low pwer
consumer market.

l. INTRODUCTION

Intelligent Power Modules (IPM) with fully integed
solutions which combine both driving circuitry amdwer
bridges in a compact and robust package are restrio low
power applications (600V, 1200V35A) [1] [2]. To develop
the medium power market the extension of the ctimamge
of the IPMs from 35A up to 100A or even higher écessary.
This requires on the one hand larger system paskadth
lower thermal resistance at the same high flexjbélind on the
other hand gate drive ICs with higher output cusgeand
higher ruggedness against system noise. An IPMisoldor

medium power applications (1200V, 50A) in which fhal
bridge driver ICs in high voltage SOI technologye ar

integrated directly on the DBC substrate of a pomedule is
presented here.

Il.  ASSEMBLY

ICs (HVICs), the junction isolation has still centa
fundamental drawbacks. Negative transient voltageshe
driver output can trigger internal parasitic stunes, leading
to latch-up. Also, the operation temperature isicsily

limited to 150°C because of increasing pn leakageeats.
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Figure 1. MiniSKiiP IPM assembly example

As shown in recent papers, gate drive ICs baseal lugh
voltage SOI-CMOS technology [3] [4] can overcomestnof
the disadvantages of conventional junction isotatlBecause
all devices are dielectrically insulated, they pdevcomplete

The assembly of the IPM introduced here uses the Wgtch-up immunity and the operational temperatarege can

established SEMIKRON MiniSKiiP technology. Its sass is
based primarily on an innovative package witholdeiptate
under the DBC substrate and with spring contactslfanain
and auxiliary connections. This leads to an easerably
construction with high thermal and power cyclingaility,

as well as vibration ruggedness. Fig. 1 shows aenalsly
example of such an IPM. The MiniSKiiP IPM consisfsghe
DBC substrate with all power devices, SMD devisss)sors
and the driver-ICs, the housing with contact sgwifigr the
contact between DCB and PCB and the module lid.

Ill.  1200VLEVEL SHIFTER CONCEPT

Gate driver ICs, widely accepted, rely on converdlo
junction isolation with 600V or 1200V blocking vafie to
shield the high side from the offset voltage. THoute
market has shown considerable interest in thede Vitfage

be considerably extended up to 200°C [5] [6] - [dfm
module integration [7] [8]. Furthermore an advandedel
shifter concept allows negative secondary sidesbfisltages
down to -30V [9].

Nevertheless, SOI technologies for the 1200V almsaot
currently exist, because the HV level shifter tistags as well
as the vertical dielectric isolation (buried oxidBOX)
between the high side and the handle wafer aravaitable
for this breakdown voltage. To be able to use theciic
advantages of the SOI technology for 1200V appboat as
well, a new level shifter concept was developedvbich the
available high side offset voltage range is doulligd series
connection of two 600V transistors. The transmissimrks
without further signal processing on the origingtin
intermediate potential. The limited breakdown vgétaof the



vertical BOX requires the subdivision of the offsefitages
onto two physically separated dies. This entdlilaf &ll high
side functions are integrated in a separate hign €.
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Figure 2. Schematic of 1200V level shifter (single transnaadbranch)

Fig. 2 shows the principle block circuit diagramtieé new
1200V level shifter. The circuit is based on a grmascode
topology for 600V level shifter, which was extendey a
second 600V transistor. The operation principlasgollows:
If the medium voltage transistor M1 opens both highage
transistors HV1 und HV2 are turned on. Thereforer@ss-
current flows from the high side supplys ¥opto low side
ground GNDC. The current is limited by the M1 saurc
feedback resistor R1. The voltage drop across R2rdy
OUT) is the high side raw signal, which is converteack to
logic level by the following Schmitt Trigger. Theklivision
of the offset voltage across the HV transistors peap

dynamically if the TOP-IGBT turns on and is mainlyror_n—|

determined by a parasitic capacitive voltage dividehe
concentrated devicesicCand G summarize all capacitive
elements from upper and lower level shifter pariciwhare
effective between the intermediate potential and kkide
reference potential GNDC or high side supply ¥

respectively. If g and Gg are equal the half offset voltage

appears at the intermediate potential. Additionalty active
clamping network prevents that the breakdown vekagf the
HV transistors are exceeded. The necessary physi
separation between upper and lower level shiftet, pehich
are integrated on separate chips, was realizeldeagjate and
the source of HV2, symbolized by the blue dasheel il Fig.
2. The zener diode Z1 limits the gate source veltalgHV?2
and provides the necessary coupling between thedesn
during switching. The HV diodes D1 and D2 ensu the
gate of HV2 is discharged tasVopwhen the TOP-IGBT turns
off. The source of HV2 will also be discharged daoethe
coupling to Z1. If the turn off phases of the TARBIT are

long enough no intermediate node remains on a highg

potential. The handle wafer potential has decisiflaence on
the breakdown voltage of the used lateral HV tstoss. To
ensure the effectiveness of the RESURF structbeshandle
wafer must be connected to the most negative patemnt the
chip. This is for the high side IC the source of HVWIhe
signal transmission to the high side is realizedrotwo
parallel level shifter branches, one for the tunnamd one for
the turn off signals. Therefore the direct conmecttof the

source nodes of both level shifter branches is ssibte. The
handle wafer of the high side IC is directly cortedcto the
gate of HV2 instead. This solution is feasible hseathe
potential difference between the source and the gét not
exceed some volts. A significant reduction of tmealtkdown
voltage of the HV transistors is not expected.

IV. 1200VHALF BRIDGE DRIVER

Fig. 3 shows the block circuit diagram of the prted
1200V half bridge driver with separation into higjde IC and
low side IC. The driver provides short pulse supgien (SPS)
and hardware interlock. An error management cirdsit
integrated which processes internal error evemdeuvoltage
lockout, UVLO) as well as external error requegipliad to
the input /ERRIN and over current events detectedhe
input ITRIP. In case of an error event both chasmaet turned
off and an error signal is given at the error otufERROUT.
An over-current error is triggered if the voltagesanse input
ITRIP exceeds an internal generated referencegeltiaside
the IPM the inputs ITRIP and /ERRIN of all half dge
drivers are connected to each other, i.e. all dsiveceive the
same external error requests. Also the open dEERROUT
pins are connected. In this manner a wired ORrisiéd. By
the connection of the bidirectional /RESET pinsidasthe
IPM a bus system can be built up between the driviarthis
way an easy initialization and the exchange ofustaignals
are possible. The inputs are compatible to TTL &V
CMOS-logic. The driver outputs provide a peak ottpurent
of approximately 1.4A for source and sink at 15\ppy
voltage and room temperature. The typical signapagation
delay between input and output is about 300ns
VDIDC GNIDC

|

input
interface:

/ERROUT
4

SPS and
hardware
input interlock
interface " TOP/BOT

—>

signal
reconstruction,
filter

d
turn onjoff =0V side

e b e
BOT_IN —| 9 ToP

input error bandgap

/ERRIN——>; i
interface  management latch driver -
input glas _ Top
JRESET +}—> 1 RESET out
interface
. POR
driver core
ITRIP ——> load current uvLO delay

matching

|

level shifter
BOT

monitoring V.

CcE”
monitoring

error
management
V -monitoring I

HVIC 1

driver

DESAT_| BOT

caf’

Vegor BOT_OUT Vs gor DESAT_TOP Veror  VsTop

Figure 3. Block circuit diagram of the two-chip 1200V SOl hiatidge gate
driver

V. MODULE TOPOLOGY ANDDBC-LAYOUT

The circuit topology of the IPM is shown in Fig. K.
ontains a three phase inverter consisting of thB&T half
idges. Each half bridge is driven by a separ2@0¥ SOI
half bridge gate driver. Furthermore a temperageesor is
integrated. Fig. 5 shows the layout of the DBC #alys with
all assembled devices. The power semiconductors thad
temperature sensor are back side soldered on the &l
contacted with thick Al bond wires on the frontesid he gate
driver IC dies are assembled with conductive glirectl on
the DCB, which leads to an extreme low thermaktasice [7]
and a high output current capability.

C



Fig 6 shows the enlarged view of the 1200V halidei driver
integrated on the DBC. The contacts between thead> and
the DBC copper conducting paths are realized by kand
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R at inductive load. The switching losses of the MB80A IPM
e B with integrated driver ICs are compared to an ealei
3 A N th integrated d IC dt vt
b e o] —_— inverter module (1200V/50A IGBT 4 Trench Fieldstath
om ac fo Re n,{}m CAL 4 free wheeling diodes) in the MiniSKiiP packagnd
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e —— - e [ e external hybrid driver (see TABLE I.). Fig. 7 ancsiBow the
o oo |2 turn on and the turn off behaviour of a BOT-IGBT6&0V
0 b,
o o o] DC link voltage.
LW SKIC 21203AA
2T B 15K kos TABLE . COMPARISON OF THE SWITCHING LOSSES CE200V/50A
e v o s IGBT/FWD CHIPSETS WITH HYBRID(AC) AND INTEGRATED DRIVER(IPM)
p— Em o ?k ﬂgﬁ%}”" Conditions: AC IPM
"o 5 w2 =i e Vpe=600V; Inom=50A; (hybrid driver) (driver IC)
2w oo 2 o
ccmece R A1 same cidtquy | P07 | T0° | BOT | ToP
—temperature sensor \GBT Eop, [md] 33 56 76 58
N . ; . .
U ﬂ IGBT Eoft [mJ] 4.1 4.2 4.5 4.6
Diode B, [mJ] 2.9 2.8 2.6 2.7

Figure 4. Circuit diagram of the 1200V/50A IPM

Because of the high driver output capability of the
| : integrated drivers thedg, E; and Ep (only TOP) values are
IGBT X =Pt " in the same range like the hybrid driver. Only By of the

J

half brid
T BOT-IGBT is remarkable higher with integrated driv&his

Temperature Sen . L . ; .
St X0 is due to parasitic inductances and resistancelseiremitter

eI branch of the BOT-IGBT. This leads to a voltagepddoiring

1 turn on which reduces the effective gate-emittdtage

(negative current feedback) and extends the turtinos (see
Fig. 7). A low-resistive connection of the BOT dv
terminals to the emitters of the BOT-IGBTs directly the
DBC can improve the switching behaviour. This cam b
realised with an other ground concept, where drivere
ground (GNDC) and bottom driver groundspgbr are not
connected anymore. The voltage drop over the p&rasi
elements is not eliminated thereby, but occurshia level
shifter of the BOT channel inside the gate driver.

Tek Run: 1.00GS/s Sample im
L e} 1

1A 568 V

A 425ns

J@: 20V
C1 Max
3.68V

C2 Max
598V

C3 Max
A gh

1 M1 Area
1 392.01uvvs

TT0V ™ 250ns Chi 7 2.94V 14 Nov 2008
10:33:22

Chi so00mv
Ch3 5.00V
Math1 500 vV 250ns

Figure 6. Two-chip 1200V SOI half bridge gate driver on thB® Figure 7. Turn on characteristics §6=600V, loa=50A, Tj=150°C,
Eon=7.6mJ)



The much lower measuredyElosses for the TOP-IGBTs
confirm that such a ground concept leads to afsignit faster
switching. (The auxiliary emitter of the TOP-IGB3 directly

connected to the Mropterminals of the corresponding high

side driver.)

\%

Figure 8. Turn off characteristics (3¢=600V, }oad=50A, Tj=150°C,
Eof=4.5mJ)

double pulse measurement with inductive-resistivad | for
the TOP-IGBT at maximum DC link voltage of 1200Vdaat

voltage subdivision across the HV transistors & 1200V
level shifter as well as the low-inductive assembligh a
maximum overvoltage peak of 1280V ai#¢1200V.

Figure 9. Double pulse measurement of the IPM (TOP-IGBT dvétt
with resistive-inductive load, p=1200V Tj=25°C)

VIl. POWERINVERTERTEST

The three phase power inverter test of the 1200% Was
performed under lab conditions. The load was forigd -
connected inductors (L=170uH). The branch curremse

regulated sinusoidal and with 120° phase shifattheother by [10]

PWM. Fig. 10 shows as an example the regulateddoaent
(50A/50Hz) of phases U and V for several periodd re
output voltage waveform yof the U phase at 800V DC link
voltage and 3kHz PWM frequency.

Figure 10. Three phase power inverter test (Chl: 30A/@iu3: 30A/div;

: 300V/div, Vbe=800V, ky=50A, fou=50Hz, f,=3kHz)

VIIl. CONCLUSION

A new intelligent power module (IPM) for medium and

high power in MiniSKiiP package is presented. A ustb
1200V SOI half bridge driver with an innovative é&\shifter
concept overcomes the technological limits forliheakdown
voltage and is able to drive the IGBTs with higliatality and
low losses. With the presented concept the IPM lnadent
range can be extended to approximately 100A. Tioelkent
. . cooling of the power semiconductors and the drivaiews
Exemplarily for the reached performance Fig. 9 $hOwigh operating temperatures and a long lifetimeer&fore the
gate driver and the package are also well suitedhfgh
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1 . ; temperature operating of SiC devices [10].
nominal current. This measurement confirms the dstea P P g [10]
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