- 1 - | NSULATED GATE BI POLAR TRANSI STOR -POANER MODULE BACKGROUND OF THE
| NVENTI ON Thi s invention relates to sem conductor 5 devi ce power nnduheé‘
and rore specifically relates to a novel power nodul e enpl oyi ng |nsulatéd
gate bipolar transistors ("I GBT") with self-cont@ained driver and control
circuits. Power nodul e sem conductor devices are well 10 known and are
generally multiple die packages for high power applications such as
uni nterrupti bl e power sup- plies, nmotor drive controls, sw tching power
supplies and high frequency wel ders. Such power nodules will typically
contain two or nore sem conductor device die 15 which may be diodes,
thyristors,. MOSFETs or Darlington- connected transistor die or conbinations
—of such a die which are connected in predetermned circuit relation- ships
such as hal f-wave bridges, full-wave bridges, parallel connectlons and the _
like. The die are usually 20 thermal Iy coupl ed to, g%t are e ectrﬂcally
isolated froma massive heat sink. The nodule then ¢© ﬁﬁsLiatpﬂsu- | ati on
housi ng for enclosing the die and theif connec- tions. Term nal connections
for a.c. or d.c. termnals and for confrol term nals are nade avail abl e at
the 25 surface of the housing. -2- A typical power nodule is disclosed
in International Rectifier Data Sheet No. PD-9.453B. which
INSULATED GATE BIPOLAR

TRANSISTOR POWER MODULE

BACKGROUND OF THE INVENTION _
This invention relates to semiconductor
5 device power modules, and more specifically relates to
a novel power module employing insulated gate bipolar
transistors ("IGBT") with self contained driver and
control circuits. ' _
Power module semiconductor devices are well
10 known and are generally multiple die packages for high
power applications such as uninterruptible power 'sup-
plies, motor drive controls, switching power supplies
and high frequency welders. Such power modules will
typically contain two or more semiconductor device die
15 which may be diodes, thyristors, MOSFETs or Darlington- B
connected transistor die or combinations of such a die o
which are connected in predetermined circuit relation-
ships such as half-wave bridges, full-wave bridges,
_ parallel connections and the like. The die are usually
20 thermally coupled to but'are-eiectrically isolated from
a massive heat sink. The module then contains an insu-
lation housing for enclosirng the die and their connec-
tions. Terminal connections for a.c. or d.c. terminals
and for control terminals are made available at the
25 surface of the housing.
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‘iklustrates a half-bridge-configuration consisting of two power MOSFETs
cég#ained within a common housing and 5 connected i-n good ther nal
rel"ationship to a nmassive heat sink. This Data Sheet appears in the "HEXFET
Power MOSFET Designer's Manual " published by Interna- tional Rectifier
Corporation, 4th Edition, dated 9/87, pages F-39 through F-44. The internal
construction of 10 such deviees is iklg@gstrated typically in U S. Patent
4,047,197. Power nodul es now require external driver circuits, externa
isolators to isolate control cir- cuitry fromthe power devices within the
housi ng and 15 appropriate control circuits designed for the power
nmodul es such as current-limting and current-tripping circuits which
respond to a fault or otRertynigahtpowesiinodnlechscdisglosediirput current.
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- tional Rectifier Corporation, 4th Edition, dated 9/87,
pages F-39 through F-44. The internal construction of
Y 10  such devices is illustrated typically in U.S. Patent
4,047,197. , . B '
Power modules now require external driver
circuits, external isolators to isolate control cir-

15 appropriate control circuits designed’for the powef
modules such as current-limiting and current-tripping
eircuits which respond to a fault or other current
condition sensed in the output current. Thus, consid-
erable external circuitry has to be designed or provid-
20 ed by the user of the module.
_ It has also been desirable to use IGBT die
in piace of, for example, bipolar Darlington transistor
St die in power modules particularly for motor drive ap-
plications. However, standard IGBTs generally have
25 only a feéew microseconds short-circuit capability where-~
as motor-drive applications require at least 10 to 20
microseconds short-circuit capabilityf. '
_ IGBT characteristics can be modified for
higher short-circuit ability but only at the expense of
30 ' other important device characteristics. '
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In accordance with a first. aspect of the present invention, it has been .- i
recogni zed that an | GBT device can be driven by relatively sinple, |l.ow x@!
power 5 consunptiondrive circuits as conpared, for exanple, to-the nore
conpl ex high power drive circuits needed by bipolar devices. In accordance
with the invention, individual snmall sized sem conductor chips containing
“integrated drive circuits including currdgnt-linmiting 10 and
current-tripping features are contained within the housing of the power.
nodul e. Electrical isolation of the externally applied drive signals: is
achieved via a small opto isolator or isolation transforner that can al so
be contalned_mﬁthln the housi ng of -t he power nod- 15 ule. . Thus, the user
of the power i BATILe

3
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housing of the power module. Electrical 1solat;on.of
the externally applied drive signals is achieved via a
small opto isplator or'isolatiOn.transformer that ¢an
also be contained within the'houéina of thé-power mod-

15 ule. Thus, the user of the power module is no longer
concerned with the need for auxiliary 1solat1on or
drive circuit design and can use the module simply by
connecting the,mddule'power_terminals to his power
circuit and_by interfacing the_isolated_input-terminals

20 on the module directly to_the user's control-logic-or
microprbceSsbfs or the like. The resulting module
will be extremely rugged and will be self-protected -
against'overCurrent and will have -an enhanced overall o/
system re11ab111ty.- s

25 . -~ .. As a further feature of the 1nvent10n, the -
..IGBT chip wh:l.ch is employed may be one containing current-
sensing features. Thus, it is known that power MOSFETS
which are multicellular devices can have a few of its
cells isolated from the main body of cells. A separate

30 source connect1on may. be made to the isolated cells, S0
the current through the 1solated cells will be propor-
tional to the total current through the chip.



'¢4¢¢CUrrent-sensing power MOSFETs of this type are shown and described in

| ng€r national Rectifier Application Note 959 contained at pages |-151

t hrough 1-156 of the aforementioned "HEXFET Power MOSFET 5 Desi gner'
Manual-" published by International Rectifier 9/87. | GBTs have the sane

mul ticellular structure as a power MOSFET but w || have a substrate which
is of a conductivity type opposite to thé&t ~of the epi- 10 taxially fornmed
| ayer which contains the nmulticellular structure defining the device.
Consequently, by sim ply isolating selected cells of an I GBT device in a

‘manner identical to that enployed I n the manufacture of current-sensing
MOSFETs, a sense term na

avai | abl %ﬁé h wll carry a smal
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becones p055|b enpl oy an evi ce h only a 25 fem1n1crosécond
short-circui /8 pablllty I n power drive appllcatlons such as notor drives,
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a conductivity type opposite to that of the epi-
10 - taxially formed layer which contains the multicellular
structure defining the device. Consequently, by sim-
ply isolating selected cells of an IGBT device in a:
manner identical to that employed in the manufacture
" of current-sensing MOSFETs, a sense terminal is made
15 available which will carry a small current which is
directly proportional to the total current flowing
‘through the IGBT main terminals.. A commercially avail-
able current-sensing IGBT device is the device type
.~ GSI525 of the General Electric Company. The sense
20 terminal can then be suitably coupled to the current-
monitoring circuits in the driver chip which is con-
tained in the same package with the main IGBT power
L die. By providing this current-measuring function, it
becomes possible to employ an IGBT device with only a
25 few microsecond short-circuit capability in power drive
applications such as motor drives, and to be sure of
-brotecting-the IGBT device and load against damage in
the event of a fault condition by immediately modulat-
ing the gate as soon as an excess current is sensed.
30 By way of example, the IGBT can be internally current
" limited to about twice the normal peak working current
so that IGBT power modules can be safely used in motor-
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30 By way of exanple, the I GBT can be internally current limted to about}.‘
twi ce the normal peak working current so that | GBT power nodul es can be s~/

safely used in notor- -5- drive appllcatlons wi t hout concern {or the -7
limted short-circuit capability of an IGBT. Qther features and advant ages
of the present invention will becone apparent fromthe follow 5 I ng

. description of the invention which refer® to the acconpanyi ng draw ngs.
BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 shows a top view of the package

outline of a typical power nodul e which can house the 10 | GBT and

sel f-contai ned drivers and isol ators of the invention Figure 2:is a plan
vi ew of the wer | e of F ure ure 3 | figc
cross-sectio éﬁ EéPP QBFQFEd gﬁ%ﬁhwe%f cell s of

an | GBT deV|@admtﬁuxnhu&tcuapsmilﬁepsoﬁganapshm |ty Figure 4 is a
schematic el ectrical. di agéﬁg of t ove&r%oggvar@géjég 8% It_plg i nvention
n

i ncorporat- ing current Figure 5is a
parti al crospmasantnmnventwomfwallubehemeeabpawmmu fafom theefobbomte for

the cir- gCuityp g d;é d%éll?lﬁl_zgﬁl L0 %I,ggﬁzhggh Qenl e FRANNGS JRef er 1 ng

first to Flgur own’ t ereln a typical power'
nodul e 10 wlcEPmRANYing draw1ngs.

.BRIEF DESCRIPTION OF THE DRAWINGS o
Figure 1 shows a top v1ew of the package

' OUtline-Of a typical power module. vhich can house the Q)
10 IGBT and self-contained drivers and isolators of the
invention. - ' x

F1gure 2 is a plan v1ew of the power module
of Figure 1. ’
o _ Figure 3 is a schematic cross-sectional-
15 view of a few cells isolated from the body of cells of
an IGBT device to produce current-sensing.capability.
. Figure 4 is a schematic electrical diagram
of the novel power module of the 1nvent10n incorporat-
ing current-sensxng devices. . : '
20 : " _Figure 5 is a partial cross-sectional view
of a further embodiment of a power module for the cir- .
cuit of Figure 4. - _ . = "

_ DETAILED DESCRIPTION OF THE'DRAWINGS o
Referrzng fzrst to Figures 1 and 2, there
25 -1s shown therein a typical power module 10 which con-
sists of a_heavy conductive base plate 11 which can be
bolted to a heat sink. An insulation housing 12 houses:
bare semiconductor die or junctions which are thermal-
- ly coupled to the base plaﬁe Il-and which are connected
30 to one another in predetermined patterns, for example,



Elsts of a heavy conductive base plate 11 which can be bolted to a heat
S|mkf An insul ation housing 12 houses bare sem conductor die or junctions
which are thermal- |y coupled to the base plate 11 and which are connected
30 to one another in predeterm ned patterns, for exanple, -6- as a
hal f bridge, full-wave bridge or the |like. For exanple, the housing of
Figures 1 and 2 is adapted to define a kagf-bridge configuration and will
contain two sem conductor chips in series with one ‘another having 5 t he
sanme junction polarity, with the outer ends of the series circuit defining
positive and negative term- nals, respectively, and the node between the
two de- vices defining an a.c. output |lead. Term nals on the exterior of

t he housi ng l2asar@e hakihcaridge p fthbl-i-vn'eeibridge or the dikeonmFose screw

termnals 13, ¢ 1% r a rmna
and a negatlvg te naI H%]e}gé;}legﬁé/%af}ﬁu 8%. ?I g}r}atg t%e%(pacs)dv%ﬁé@ %‘S
termnals 13 @e:fm a thalfnbrisge reoriiguration spdcwidd rﬂprstq)uuery of

control term a@nyckhddctor ]c?h?g%j g o Mf@s%?tﬁ' 8hk' hﬁ@ﬂﬁéﬁ%&d to

t he con- rolﬁ§!ectrode§ of di e whjch, may contal ned within the housing

12. The hBusi A& &MY cIYNERLION RAIITELE; rﬁ'}ﬁh thejepterofnds, Ofrdheona.
It has a totakedrde® cifcdit de@mmg r@é@in% &ndl heglatlive aepmi-h of

el Shon B Fegiect fed it K 0 So0a0BeRRIE The Bt ets wien
an on-resi st andees ddfinimPlan a.c. output lead. Terminals on the
exterior of the housing 12 are connected to the interi-
W 10 or die and comprise screw terminals 13, 14 and 15 which
define an a.c. terminal, a positive terminal and a
negative terminal, respectively. 1In addition to the
power module terminals 13 through 15, the housing sur-
7_face also contains a plurality of control terminals 16,
15 17 and 18 which are electrically connected to the con-
trol electrodes of die which may be contained within
the housing 12.
The housing package has an outline similar
to JEDEC Outline TO-240AA. It has a total length of
20 - approximately 92 millimeters, a width of approximately
20 millimeters and a height of approximately 32 milli-
‘ meters. Such devices will provide voltage outputs of
(% .about 500 volts with an on-resistance of about 200
milliohms and will have an output current of about 22
25 amperes. The current capability can be substantially
- increased by placing any desired number of power die in
parallel with one another.
B As will be hereinafter described, one
- aspect of the present invention lies in the recognition
30 - that a driver chip containing current-monitoring cir-
‘cuitry for an IGBT and an opto isolator chip or isola-
tion pulse transformer can be extremely small since IGBTs



mlliohns and will have an output current of about 22 25 anperes. The, . .
current capability can be substantially increased by placing any deswed\r
nunber of power die in parallel with one another. As will be hereinafter "
descri bed, one aspect of the present invention lies in the recognition 30
that a driver chip containing current-nonitoring cir- cuitry for an | GBT
and an opto isolator chip or isola- tiompulse transfornmer can be extrenely
smal | since | GBTs -7- have relatively |low drive power requirenments and,

t herefore, can be contained within the housing 12 of Figures 1 and 2 al ong
with the plural 1GBT die. Figure 3 illustrates a portion of an 1GBT 5
device to illustrate the manner in which a fewcells of ' the device can
be i sol at ed haveefrieﬁata.v‘eclryrdw shrisienpowdputedel rémehts - dhds, in Figure

3, the devi 5}

substrate 20 jareEStYy dn Be copiliRa IR, Ge BEGLTAS, fo, Bs, VR

| ar ge nunberFégUP-‘G§nﬂ-| ead aelall@l'@ withoijte A71usal | IGBTrdied, each of V\/ni ch

contains a respective s eqi ual Si gl an
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contai n sever.al thousan such s on a
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can be used thet Gevie %a%'b@ M@@ﬂEEéH‘%6“&é¥fﬁb|§t@ﬁﬁféhen§én$ fier
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u

gate segnent SY PrRigale sdBWSy s Eiqured, pﬁ"l!ﬁ'l%\ﬂlﬁPoﬁsconventlonal

gate - shown for an N channel IGBT which consists of a P type
~substrate 20 having an N(-) epitaxial layer 21 formed
10 thereon. A'large ‘number of identical cells 22'through " ‘;J_
27 is illustrated, each of which contalns a respectzve
- source region. In actuallty, a single die can contaln
. several thousands of such cells on a chip which may be
' approximately ¥ inch by 4 inch in area. An actual chip
15 size which can be used is the HEX 5 size MOSFET die
- sold by International Rectifier Corporation, but '
implemented as an IGBT. instead of a MOSFET.
.  Polysilicon gate segments including gate
segment 28 -are then provided atop conventional gate
20 . oxide layers and provide the means for controlling the o
IGBT turn-on and turn-off. A common emitter (or
. source) electrode 29 covers the major upper surface of

the die and is electrically connected to the various g
source regions of the device. | |
25 : _ In accordance with well-known technology,

it is possible to separate the sheet emitter electrode
and to form a small isolated segment 30 of the elec-
trode as shown in Figure 3. Electrode segment 30 can
be connected to a current-sensing-terminal-s in Figure
30 3 while the main body of the emitter electrode 29 is-
. connected to an emitter- term1nal and a terminal K, as
shown.



20..- oxide |l ayers and provide the means for controlling the | GBT turn-on
an&furn-off. A common enitter (or source) electrode 29 covers the mgjor
upper surface of the die and is electrically connected to the various

source regions of the device. 25 In accordance with
wel | - known technology, it is possible to separate the sheet emtter
el ectrode and to forma snall isolated-s@®ment 30 of the elec- trode as

shown in Figure 3. Electrode segnent 30 can be connected to a
current-sensing termnal S in Figure 30 3 while the main body of the
emtter electrode 29 is connected to an emtter termnal and a termnal K
as shown. In operation, when the device turns on, each cell carries its
share of the total curredﬁ(ﬁpe#ﬁtIQWIc%henbhbeqdewnpp turnsOonent carried

between the s&gﬁhngeﬂees&eéss?@%gnghh% @féx Yo fd £CELPEENE BE tfh'exed to
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| GBT device o{ gmﬁsent |n¥en§8 ure shogg ii £U|t di agr am
of the presen 1?ﬁ9eﬁ9| h REEPR 9K T d& oo 4Bu¥i € @onttat ned
within the nofiikedhprepogtidnselicthe tatal ynaﬁrmvuui-rlenlﬁtbeﬁwbene&hlen
Figure 4. 15

consi sts of - t%lF&gﬁ: 8?8°&6°§ﬁd \{Ea—“'nga?#c ;)fbagﬂ%e godule circuit of Figure 4

A current-sensing IGBT such as that of
“Figure 3 is advantageously used as the IGBT device of
\ 10 the present invention.

Figure 4 shows a circuit diagram of the
preSent invention wherein all components of the device
are contained within the module housing 12 schematical-

1y shown in dotted lines in Figure 4.
15 : The novel half-bridge ‘module circuit of
Figure 4 consists of two IGBT die 40 and 41, each of
-which contains terminals corresponding to those de-
‘scribed in Figure 3. Devices 40 and 41 are connected
from the positive terminal 14 of"housing 12 and nega-
20 tive terminal 15, respectively, and the node between
- the two is connected to the a.c. output terminal 13.
, - If desired, any number of parallel-connected IGBT die
N - can be used to increase the current rating of the de-
vice. o
25 Freevheeling diodes 42 and 43 are connected
in parallel with IGBTs 40 and 41, respectively, in a
known manner, where these diodes are preferably fast-
recovery diodes having the substantially same voltage
~and current rating as the IGBT. Diodes 42 and 43 are
30 - in die form and will be thermally coupled -.to and car-
ried on the same heat sink 11 of Figures 1 and 2 with
the power IGBTs 40 and 41l.



‘whi ch contains term nals corresponding to those de- scribed in Figure 3.
Devi ces 40 and 41 are connected fromthe positive termnal 14 of houslngtéé
and nega- 20 tive terminal 15, respectively, and the node between the two
is connected to the a.c. output termnal 13. If desired, any nunmber of '
paral |l el -connected | GBT die can be used to increase the current rating of -
the de- vice. 25 - Freewheeld rg di odes 42 and 43 are connected
in parallel with 1GTs 40 and 41, respectively, in a known nmanner, where
these diodes are preferably fast- recovery diodes having the substantially
sane voltage and current rating as the | GBT. D odes 42 and 43 are 30 in
die formand will be thermal]y coupled to and car- ried on the sanme heat
sink 11 of Figures.1l andt¥o vittegratedeircebtschiprsanddsand 45 @areTyo -

i ntegrated Cpfsvaaeathde%ménaSc@mmowm% tep HndeapNdregpeeal | GBTs
40 and 41, res I N response tq certal n Out&t currenl condi -

tions. Eachto eiﬁesé“@ﬁ%ﬁ?°€§ﬁ ko CeSitaHhOut ent CRAAL =i nt egr at ed

circuit fornthonst heEahhpocamhheem&tp@i osn ibé fmmeenéedamd ¢ergr can be
freely sus- e hou5| The driver cir- cuits
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"Hi gh- Speed, mélnhefowizhe the DGBTs 30 and frotE&tberfr&BIyBsudge

Qreuits” bypghaRaveyininiinet nbidnt 58 HEL IS, | SPRE' BF16RECHIYS 46 and
cuits can have the structure set forth in Application
Note AN-978 entitled "High-Speed, High-Voltage IC Driv- _

10 er for HEXFET or IGBT Bridge C1rcu1ts” by Sean Young, = \J
dated June’ 1988. _ '
o Two opto isolator czrcults 46 -and 47 of °
Lconventzonal form are also prov1ded for the driver
'chlps 44 and 45, respectively. The opto isolators,
15 each in its own housing, are contaihed within the mod- -
- ule housing 12,  Alternatively, small pulse isolation
transformers can be used in place of the optoisolators.
- The external control termxnals 16, 17 -and
18. in F1gure 4 correspond to an upper device control
20 termznal for IGBT 40, a lower devzce control term1nal
17 for IGBT 41 and a ground termznal 18. The.upper and
lower terminals 16 and 17 are connected to the LEDs of .
opto isolators 46 and 47, respectively. Each of termi- o/
nals 16, 17 and 18 can be connected to a user's control
25 . logic or microprocessor or the like.
: "As pointed out previously, a number of
_IGBTs can be connected in parallel to define a higher
rating. By way of example, six die can be connected
in parallel, each having an area of % inch by % inch
30 and operated_at 5 kilohertz to define a 600 volt, 150
- to 200 ampere power supply.



‘coaventional formare also provided for the driver chips 44 and 45,
redgectively . The opto isolators, 15 each in its own housing, are
contained within the nod- ule housing 12. Alternatively, small pul se

i solation transforners can be used in place of the optoisolators. The
external control termnals 16, 17 and 18 in Figure 4 correspond to an
upper device control 20 termnal for_I|¢&RT_40, a |ower device control .
termnal 17 for IGBT 41 and a ground term nal 18. The upper and | ower
termnals 16 and 17 are connected to the LEDs of opto isolators 46 and 47,
respectively. Each of term- nals 16, 17 and 18 can be connected to a
user's control 25 | ogi ¢ or m croprocessor or the |like. As pointed out
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to define a GoEsistor 580and Zeheanddodep Gier snpaldroppqure@aMUdﬁ power
for the driv S anpd ri cir t he

dr oppi ng res?és &?égohéﬁ eﬁérilﬁog ?% iﬁggr éﬂ%ni ?gg%s %%#gy have
a rating of dppraxledreppnecked: IGHT destiae. p%eeeredlgdnnéét o@ay G ...
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actual dissi- pation when using siX para connect ed eV|ces in
pl ace of the RabiPR Whencusing six parajlelreapnecteqd Iﬁgﬁt i¢®fer can

be derived frpmplaeecbfs¢nel ¥ingle devices 40 and 41. Alternative-
ly, control power can be derived from a power supply
s 10 such as the one disclosed in copending application
Serial No. 07/366,689, filed June 15, 1989, entitled
"CASCADED BUCK CONVERTER CIRCUIT WITH REDUCED POWER'
- LOSS"™ (IR-955) suitably modified with suztable current
control functions.: '
15 : - There is next provided a boot strap
capacitor 60 and diode 61 where capacitor 60 may have a
capacitance of 1-10 microfarads at 30 volts. The lower
IGBT 41 is provided also with a capacitor 62 which may
also have a capacitance of 1-10 mlcrofarads at 30
20 volts.
The operation of the boot strap circuit is
as follows: ’ o ' '
While device 41 is on, boot strap capacitor
60 is charged from the bias voltage produced by zener
25 diode 51 and through boot strap diode 61. As IGBT 41
turns off and IGBT 40 starts to turn on, the source
voltage of IGBT 40 rises, the voltage on capacitor 60
rises accordingly, reverse biasing boot strap diode 61,
and providing a floating bias supply referenced to the
30 source of IGBT 40. A low voltage buffer within driver
44 (not shown) is used to drive IGBT 40. Capacitor 60
is regularly recharged by turning on IGBT 41.



k)

lo such as the one disclosed in copending appllcatlon Serlal No.

07/ 366,689, filed June 15, 1989, entitled " CASCADED BUCK CONVERTER CIRCUh?f
W TH REDUCED PONER LOSS" (I R-955) suitably nodified with suitable current
control functions. 15 There is next provided a boot strap
capacitor 60 and di ode 61 where capacitor 60 may. have a capacitance of 1-10
-mcrofarads at 30 volts. The | ower | GBT 141- Is provided also with a
capacitor 62 which may al so have a capaC|tance of 1-10 nmicrofarads at 30 20
volts. The operation of the boot strap circuit is as follows: Wile device
41 is on, boot strap capacitor 60 is charged fromthe bias voltage produced
by zener 25 di ode 51 and through boot .strap diode 61. As IGT 41 turns

off and | GBT 40 starts tghéLgéh§@ céﬁ§a§9u6geeg@htagep@hjgﬂibzghdlses t he
vol tage on c aC|tor [ises accordln Y. reverse. biasing boot strap di ode
52, ' and provili 5 SOPRESERRy 1 Serdgs, Kikh.SRTAANY o8 tAECSS 0cgmAke of

| BT 40. A 'Fbw rehpegezbeﬂ.&er whiiichi,n ior ibhes mq ref sihewparaileded to
drive | GBT 4 I t plj N | GBT 41.
I° The coonk@btels F6and ot eRU He A MO UATRAE, 85, T Cer e
with sermi ngwewvldshave aoréﬁénQIOfr@§&§ﬁ|QM§)ﬂaﬂﬁnch in“the case of''six
paral | el - connected IGBTﬁx@tvafdé@Ioﬁeal bteBss*endGehsing Would

h ting of abou
ave a ra 9 sgstor Es funct&onally related to the total power

current through respective IGBTs-40. and 41 and a signal
proportional to that current is fed back to the control

10 circuits of .the driver-chipe'44;and;45¢ Typically the - -
chips 44 and 45 will be 30 volt driver chips with a
2 ampere output. Each of the driver chips is also
provided with timing capacitors 80 and 81, respective-
ly, each of which can be 0.001 microfarad devices at

15 30 volts. Each of the-driver.chipsehaS“an output elec- -

. trode connected to the gates of-IGBTS 40: and 41, re-

spectively, to control turn-on and turn-off of its
respective device. The driver chips 44 and 45 will
also contain short circuit current-limiting circuits

20  and current trip circuits which are responsive to the
signal measured across the sensing resistors 70 and
71. These circuits can be arranged in a manner well
known to any circuit designer to limit current to no
_greater than two times normal peak: working current by

25 regulating the gate signal when'the-sense current at-
tempts to exceed that value. They would also have an
internal current trip set to activate after about 10 to
15 microseconds (this time. 1s set - by the above timing
capacitors 80 and 81) if the current exceeds a nominal

30 current for that length of tlme.

: _ Figure 5 shows another embod:ment for

housing the circuit of Figure 4 in a power module, and



‘The.vol t age devel oped across the sensing resistor is functionally related.
tolyﬁe tot.al power current through respective | GBTs 40 and 41 and a signal
proportional to that current is fed back to the control 10 circuits of
the driver chips 44 and 45. - Typically the chips 44 and 45 will be 30 volt
driver chips with a 2 anpere output. Each of the driver chips is also
provided with timng capacitors 80 and-8f2 «espective- |y, each of which
can be 0.001 mcrofarad devices at 15 30 volts. . Each of the driver
chi ps has an output elec- trode connected to the gates of |1 GBTs 40 and 41,
re- spectively, to control turn-on and turn-off of its respective device.
The driver chips 44 and 45 will also contain short circuit current-limting
circuits 20 particulaeby shopsctheuinteriionh off eehespadslee tBhehe si gnal

measur ed ?‘Cf?&é?%&&ﬂﬂa”go@%h%h%saZ-%. "l%q:a}@ecg ﬁ{‘-e&?oc%ﬁ%&é&s can be
arranged in & nahner we no 0 any Ci rcui esigner t Imt current to
no greater tiRkARE®,tanpevasr devigeaplavekildd cqentaining 2the highl ating
L Ee gate si Q’Féw#f/‘ﬁa}{@,Sﬁﬁaeac%ﬁﬁ%lakiﬂ&ﬂ]% pidh&LELdcbhehindhye.
ey would al'so have an internal current trip set. to, aciivaje after “about
10 to 15 i crii@cHPMsPRVAF sCONEEOLS CORPOBRNtSe adbRiNGHE iR1RERaRPLSr < 80
and 81) if theowUré€Pangutaedbos 122, Ndped) at iy Bottem, tAefihesgt h of
Lime. F1ure cheRYSy 20 IEk BARSIRIEN chal IONEY LS b EeEl U ¢
modul e.  The 113 and 114 are on opposite sides of the bottom of the
‘housing. - _ '
W 10 . A printed circnit board 115, carrying the
various control components, is disposed in plane 111
and carries control components such as the gate drivers
- 44 and 45 and optocouplers 46 and 47 (Figure 4) and
" discrete parts associated with the low power control
15 circuit. The terminals 16, 17 and 18 of Figure 4 ex-
~ tend from the components on printed circuit board 115
and are accessible at terminals which extend through
housing 112, as shown for terminal 16 in Figure 5 which
defines a plug-in type terminal. :
20 The open bottom of housing 112 has a copper:
~ heat sink 120 fixed thereacross to complete the enclo-
) sure. Heat sink 120 can comprise two thin sheets of
— _ copper 121 and 122 with a layer 123 of insulation .
material that has copper 122 directly bonded thereto.
25 ' The direct bonded copper on layer 124 can
. be patterned as desired to receive and provide insulat-
ed electrode layers for various power devices. As an
exaniple, power devices 40, 41, 42, 43, 51 and 61, all
in die form, have their back surfaces soldered to insu-
30 lated conductive segments of layer 124. Their control
~ terminals are interconnected as desired. Plural devic-



- power nodul e conponents are located in twd spaced pl anes, -a power device, —
pl ane 110 contai ning the high power parts, and a control circuit plane 1T@}
containing 5 the | ow power control conponents. A single piece hol- low "~
rectangul ar box 112, open at its bottom defines the body of the housing.
one or nore nounting eyelets 113 and 114 are on.opposite sides of the
bottom of the housing. 10 . = 13A-printed circuit board 115,
carrying the various control conponents, is disposed in plane 111 and
carries control conponents such as the gate drivers 44 and 45 and

opt ocoupl ers 46 and 47 (Figure 4) and discrete parts associated with the

| ow power control 15 circuit The termnals 16, 17 and 18 of Figure 4
ex- tend fr8frt ROt RN SR P Usad iR Paratlebafari eschn@iathe

accessi bl e Qﬁan%magﬂftégﬂgﬁbﬁﬁiend t hr ough housing 112, ~as shown for
termnal 16 in"Figure 5 Mhﬁﬁh defines. a pl in t pe te inal. 20

The open bottom of housFABGYESORgsVAth 6Bp§g fRQ%d t her eacr 0ss
-to conpl et eshbwngnalake Vorhedisdn Sithecdh cmusmrne te® thien sheets of

comper 21, BMiphiy ol ek 11 100181 "BhGerohliie i £0EC"
| ayer 124 caanbbepEmmmeuﬁtdn;aktanmxhalsrk&@;vb&hndn¢rm32danﬂnsulat- ed
S0 an e, BYRIT FEpREIVE RO NAR 148 STaf AR TasR0lo Co o
sol dered to insu- 30 A&tbqugbnuhetpvesgagnsnﬂenﬁzqnnhas:been Their
control tergeBRribede in @GN Y iy RS &F . eltbdd Bhefl €Y there-
10 of, many other variations and mod1£1cat1ons and other g,
uses will become apparent to those skilled in the art.
It is preferred, therefore, that the present invention
be limited not by the specific dxsclosure herein, but
" only by the appended claims.



23 es, not shown, can be used in parallel for each of the single"
dey*ces shown Conductors within the housi ng 112, not shown, make
connection, through housing 112, to the 5 external_LeLn¥ﬂa+~nUr‘”I§'”14
and 15. Power conductors can be connected to terminals 130
and their respective pressure bars 133,. 134 and 135: \M‘m ent
i nvention has beéen described in relatinnlgo_particular S ﬂ ér e-
10 of, many other variations-and nodifications and other uses will becone
apparent to those skilled in the art. It is preferred, therefore, that the
present invention be limted not. by the specific disclosure herein, but
only the appended cl ai ns. Clains 1. A sem conductor device power
nDduIe conpri gidys+n conbi nati on: heat sink, a plurality of

power sem congductor die unt o] ve I ' ({th said
heat sink; 5 each of s pfgk#ﬂ%%%?@gﬁ{@agtggggk ﬁ’é’\'fgﬁgtﬂ{apca&ﬁ of main
power tern1rmwempmﬂsﬁngpnunobombnnamabnapeﬁable to turn hestrsdplstiave die
on and of f; ChECL e VA hsqf ower
Gesaid coR ForeLPEy PE Holeer: Bealechich¥edit AL hn€ER 10 sRUMAIOTE
and out put tc¢omductiveareglatipn: widhrisadsk of said conh?éF sipkait v

Se”‘CondQ§tOreﬂéﬂ'Gfssﬁfanﬁoﬁﬁﬁn%@h@%dﬂﬁﬂéﬁﬁkEﬂ1é€ﬁﬁﬁ1ﬁ§eaoﬁa§§|éfnaln
power ter- main power terminals and a control terminal operable to
turn its respective die on and off; a control circuit
semiconductor device for each of said power die; said
W control circuit semiconductor devices having input
10 terminals and output terminals; said output term1nals
of said control c1rcu1t semiconductor devices be1ng
connected between at least one of said main power ter-
" minals and said control terminal of their respective
power die; an isolation coupler device for each of said
15 control circuit semiconductor devices having isolated
- input and output terminals; said isolation coupler
device output terminals connected to said input termi-
nals of their respective control circuit semiconductor
device; a local power supply for each of said control
20 circuit semiconductor devices which is coupled between
and energized by selectéd power terminals of said power
semiconductor die; an insulation housing connected to
said heat sink and enclosing each of said
pover semiconductor die, said control circuit semicon-
25 ductor devices, said isolation coupler.devices and said
local power supplies and their interconnections; a
plurality of external pdwer connection terminals fixed
to the exterior surface of said insulation housing and
electrically connected to said main power terminals of
. 30 said power semiconductor die; and a plurality of exter-
nal control terminals fixed to the exterior surface of



m nals and said control termnal of their reggggLLMe~pomE”aT€’en |solat|eﬂ\
. coupl er device for each of said 15 <control circuit s “‘\ devi cesis
having isolated input and out put termnals; Sal“ang R“KE er device -
output termnals connected to said inpmm;term hetr tespective
control circuit sem conductor. device; a |ocal poVer supply for each of said
control 20 circuit seniconductor_ devices which is coupl ed between and
energi zed bygadsi einisdll Dol hcwiﬁgl &naf etectrpondl ysevmmuhsd otodi e; an
i nsul ati on housing connected to said heat sink and encl osing
each of sai ¢aid\empeti terminabe df csaidi isodation couplier sawioes. 25
ductor devices, said isolation coupler devices and said | ocal power
supplies and their interconnections; a plurality of external power
connection termnals fixed to the exterior surface of said insulation

housi ng and el ecd-ri ‘e yP%We@?@Hl?o°§aFHaﬁﬂl A phfEeiteedcinief fakd  said .

power sem conduct or d|e nd a Afear of _ext nal control termnals

fixed to t h@WETFY %Rﬁ UeEoB | S£P5t£ﬁ§hﬁﬁHQﬂFQNﬁEﬂqu%nd
VBRI TE st SIRCRE s R R e Tﬁﬁ?gﬁ % goRegAL 33" 3t poner BT
sen1conduct§%' é%éE%ﬁ%f‘E&réﬂsre&¥£§§€tbgﬁaabﬂgiksr 513 %&Qas an

out put curr gener-a proportiona current et Ween palr

mei N pover tpwaxnaéémfa&rwfeééhd fogaia' cbhtsht cigmaqnduct or devi ces

I ncl udi ng current-respon5|ve control. circuits and termnals therefor; said
semlconductor devices 1nclud1ng current-responsive
control circuits and terminals therefor; said : ' Q,)
current senSLng terminal of sald power semlconductor die -

being coupled to said current respon51ve control circult

of its respective control circuit semiconductor device.

3. The_moqule of claim 1 or 2 wherein each of said

power semiconductor die are IGBTs.

4. The modulelof claim.l, 2 or 3 which further.
includes a plurality of power diodes in die form; each
of sald power d;odes belng thermally coupled to sald
‘heat sink and-respectlvely.connected in parallel with
.respective ones of said power semicondutor die and

acting as_respectiﬁe freewheeling diodes.

5, The module of any preceding cdlaim wherein said

local power supp;y comprises a Zener'diode.

=



turrent -sensing ternmnal of said power sem conductor die being coupled to

sais/ current -responsive control. circuit of its re&peci_l—#e—eeﬁf-mr"crrcw t
sem conduct or device. 3. The nodule of claim1l or 2 wherei

power senmiconductor die are IGBTs. 4. The nodule o“m‘ “mM%H vvh| ch
further includes a plurality of power di o es in die sai d
power di odes being thermally coupled to said heat S|nk and respectively

connected in parakgl el pyet hoa@iReHE \néglyg:ﬁ?eésgdd?é dcrﬁgmr‘éﬁﬁ ?inglétiq di e

and acting as respective freewheel any

precedi ng | cl aéﬁw@aagl Botaird codnlc I BN A £ (I BEL 888 arZeRastdi ode.
* C L * 6. The nodul e of any precedi ng claimwherein said external

power COﬂnethQﬁsteéﬁahéle%dnﬂChU‘ée Hedrdafdld idSipred 66CeDdsd. and
termnals coupled to first and second power sem conductor die and an a. c.

term nal connseteddt powach semisanductor ddred et cntl powver teentinadduct or
di e, whereby said nodule defines at |least a half bridge structure. 7. The
nodul e of anycenseetiedgtol siawhwiodr giad & fiidginvand ssecenddpower die are

MOSFETs, | @GBTs, thyristors, Darlington-connected transistors or power
transi stors. semicondiuctor die, whereby said module defines at least t:

a half bridge structure.

7. The module of any preceding claim wherein said
N power semiconductor die are MOSFETs, IGBTs, thyristors,

Darlington-connected transistors or power transistors.




