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POWER TRAIN PARTITIONING FOR
10 HORSEPOWER MOTOR CONTROLLER

CROSS REFERENCE TO RELATED APPLICATION

Under the provisions of 35 U.S.C. §120, this
application claims priority to related United States
Provisional Application No. 60/015,839, filed April 18,
1996 and entitled POWER TRAIN PARTITIONING FOR 10
HORSEPOWER MOTOR CONTROLLER.

BACKGROUND OF THE INVENTION

The present invention relates to electronic
control circuitry, and more particularly to a motor
controller with an improved power train partitioning
layout.

Particularly with high volume products, the
desirability of providing circuits which require less
circuit board space and which can be packed in smaller
and preferably modular packages that can be adapted to a
diverse range of requirements is self-evident.

The present invention is directly concerned
with power train circuits for motor controllers and the
like which incorporate surface mounted power devices
(SMDs) and insulated metal substrate (IMS) support . boards
which are more compact, more efficient to build and
maintain and, importantly, have a reduced part count.

SUMMARY OF THE INVENTION
A key object of the present invention is to

provide a power module for such applications as motor
drivers which requires fewer electrical components and
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this application clains priority to related United States

which is modularly constructed and%more easily adaptable
to different requirements. :

The foregeing and other pbjects of the
invention are realized by a power module which carefully
lays out and allocates its variousg componants between an
insulated metal substrate (IMS) bhoard and a printed
cireuit board (PCB). The partitioning of elements
between the IMS and the PCB optimiées electrical
connections, so that connections are provided as much as
possible through the PCB. The partitioning of the
circuit elements reduces the IMS sgize and therefore costs

~and results in a more standardized power module in which

customer application-specific differences reside in the
PCB.

The power module of the present invention, in
accordance with a preferred embodiment thereof, includes
only the inverter (comprising six SMD10 Copaks), an input
rectifier (comprising six SMD diodes in a T0220 style
package) and a thermistor on the IMS board. Also
inocluded are plural vertical connectors to the driver
PCB, which is located averhead.

The SMD10 copak consiste of an IGET die and a
fast recovery diode mounted in a common surface mount
package. The overall IMS/PCB combiﬁation eliminates ten
{10) large M5 terminals and four (4h current transformers °
from the IMS board. :

The foregoing is combined with additional
circuit optimization including a single gauge package or
a dual gauge package, which reduces the IMS substrate
size from about 36.5 square inches to: 1) 18.9 square
inches for an IMS with single gauge backages (for a 52%
saving) or 2) 14.7 square inches (40% circuit board
saving) for an IMS with dual gauge péckaqes. It also
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_Provi' i onal Appllcatlon No. 60/015,839, filed Aprll 18, 1996 and entitled
"PONER TRAI N PARTI TI ONI NG FOR 10 HORSEPOVWER MOTOR CONTROLLER BACKGROUND

OF THE | NVENTI ON The present invention relates to electronic
control circuitry, and nore particularly to a notor controller with an
‘i mproved power train partitioning |ayout. Particularly with high

vol ume products, the

reduces the IMS module height from 1.000 inch to 0.320

inches. Finally, with a reduced size the invention

obviates the need for conventional potting compound

usually needed for such assemblies, relying instead on a
5 thin surface coating.

Other features and advantages of the present
invention will become apparent from the Ffollowing
description of the invention which refers to the

- acconpanying drawings.

10 RI o W3
Fig. 1 is an assembly drawing of an IMS board
in accordance with a first embodiment of the invention
for a single gauge surface mount device.
Fig, la shows the IMS board of Fig. 1, as seen
15 along lines la-la.
Fig. 2 is an assembly drawing of the PCB board.
Fig. 3 is an assembly of the IMS board in
accordance with a second embodiment of the present
invention for a dual gauge surface mount device.
20 Fig. 3a shows the IMS board of Fig. 3, as seen
along lines 3a-3a thereof.
Figs. 4a-4b; 5a-54; 6a-6e and 7a-7b are further
assembly drawings for different embodiments of the
invention.

25

With reference to the figures, there is
disclosed a printed circuit board which is intended to
. provide custom drivers, current sensing circuits and
connections to another board which éampriseé the power
30 board that houses the AC and motor terminal block and the

controller connector. Figs. 1 and 2 collectively
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ﬁﬁgsrrabrllty of prOV|d|ng CIrCUItS which require |ess CIrCUIt board space
“and which can be packed in smaller and preferably nodul ar packages that can
be adapted to a diverse range of requirenents is self-evident.

The present invention is directly concerned with power train circuits for
motor controllers and the |ike which incorporate surface nounted power
devices (SMDs) and insul ated netal substrate (IMS) support boards which are
nore conpact, nore efficient to build and maintain and, inportantly, have a
reduced part count. -4 -

illustrate an SMD/IMS/PCB power-delivering assembly 10
for a 10 horsepower motor controller comprising an IMS
board or assembly 12 and a PCB 14. The IMS assembly 12
conprises (Fig. la) a heatsink 17, an SMD/IMS substrate
5 18, driver and partition circuitry 20, two series linked
capacitors, and an optional snubber capacitor.
_ With further reference to Figs. 1 and la, the
IMS assembly 12 is & 10 horse power SMD/IME module which
provides a power inverter, a ractifier and a thermistor,
10 realized with transistors Q01-Q6 and diodes D1-D6. The
transistors Ql-Q6 may be new singlé gauge or dual gauge,
down leads components. The diodes D1-D6 may be SMD 220
conponents. The area of the IMS, which measures 5.1 by
3.7 inches, is 18.9 inches sgquare. As shown in Fig. 1a,
15 the height of the assembly with the components 20 is
about .320 Iinches. |
With reference to Fig. 2, four current
transformers are provided in conjunction with three MOvVs,
a softstart resistor and a softgtart relay. The
20 connector to the controller is illustrated together with
a connector strip for AC lines 13 and motor lines 15.
Element 17 is a heat sink. Also included is a brake
‘module 30; IGBT, FRED (fast recovery diode) and resistor
(optional)
25 The advantages of the component layout of the
present invention derive from:
1. a smaller and less expensive IMS substrate;
2. elimination of potting compounds;
3. lower inductance; :
30 4. standard 10HP IMS substrate; and
5. @& circuit which is easily customized to
customer reguirements at the PCB level (including

SPEC\191806
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R§bﬁ&#ﬁ$ "ef NEES aENTT N T A key object of the present invention is

“to provide a power nodul e for such applications as notor drivers which
requires fewer electrical components and

drivers, protection, MOV, softstart, snubber, brake,
capacitor and external bonnectors;and brake).

The concept of the present invention is
essentially based on a novel partitioning of the power

5 and contreol componentry and allocétion of the same to the
IMS 12 and PCB 14. The invention also provides, in novel
manner, the use of vertical 100 mil center connectors to
carry power and signal from the bottom IMS level to the
top PCB (control) level, which is used for signal only

i0 and the power connectors. Note, all connectors are
identical. _ _

In Fig. 1, Q1-0Q6 represent new singlé gauge oY
dual gauge with down leads transistors. D1-Dé comprise
SMD 220s. Again, the overall IMS area is 18.9 square

15 inches, as the IMS measures 5.1 by 3.7 inches. The
height of the substrate is .120 inches without the
components. The correspending dimensions of the PCB 14
are 7.3 by 5.9 inches. Note the module 24, which
measures 4.9 by 3.0 by 0.3 inches. .

20 In the emboediment of Fig. 3, Q1-06 comprise
dual gauge with up leads (emitters down) components. The
size of the PCB is 4.9 by 3.000 inches, resulting in a
smaller IMS area of only about 14.7 square inches, The
height'of the IM8 board with its components 20 is shown

25 in Pig. 3a. '

The remaining Pigs. 4a-7b are assembly and
related drawings of various embodiments and requirements
of the pfesent invention. More specifically, Fig. 4a
shows the IME substrate assembly for a one horse

30 power/SMD design measuring 2.750 by 2.100 inches.
Further dimensional information is piesented in Pig. 4b.
Electrical components which can be used in connection
with the embodiment of Fig. 4a are listed below.
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R whi ch sis nodularly constructed and nore easily adaptabl e

-6 -
f— - :
Element Part No. | Identification Description Vendor
401 IRGBC30KD2-8 Ql to Q6 SMD-220 IGBT IR
402 IRGBC40K-S Q7 SMD-220 IGBT IR i
403 | LMS0C Q8 SOT-23 Single Supply National l
Centigrade Temp- Semi-
Sensor* Conductor
5 404 20ETS16S DitoD6 SMD-220 Diode IR
405 10BF60 D7 SMB Diode IR
406 6179-6 JltoJ4 Jumper, Brass with Sn/Pb Zeirick
407 RW2RODAROS0F | Rl & R2 SM Resistor .050 OHMS, Ohmite
or 2 Watts 1% or 5% Tol.
RW2RODARO050J
408 50281-2-68 CN1 Connector, Surface Mount- | Comcon
34 Pins Double**
10 409 50281-1-30 CN2 Connector, Surface Mount- | Comcon
30 Pins Single**
410 1KS821KT THI1 : Thermistor* Thermo
Disc
411 X43-9256 . Substrate, IMS
412 SN62RM92BASSS Solder Paste, Multicore
Sn62/Pb35.7/2 Ag/0.3 Sb
* Use only elements 403 or 410. In other words,
5 these items are interchangeable.
*% Unwanted pins must be removed prior to
assembly.
The area of the IMS board of Fig. 4a is 11.275
square inches.

20 Fig. 5a is a further assembly drawing of an IMS
embodiment which is operable to 600 volts. Further
details of the dimensional parameters of the base plate
of the device of Fig. 5a are shown in Fig. S5b. Fig. 5c
is the conductor pattern of the device of Fig. 5a and -

25 Fig. 5d shows the solder resist layout thereof. Further
attributes of the IMS board of Fig. 5a are noted below.
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to different requirenents. The foregoing and ot her objects of the
invention are realized by a power nodul e which carefully lays out and

al l ocates its various conponents between an insulated netal substrate (1 M)
board and a printed circuit board (PCB). The partitioning of elenents
between the I M5 and the PCB optim zes electrical connections, so that
connections are provided as nuch as possible through the PCB. The
partitioning of the circuit elements_rgduces the I MS size and therefore
costs and results in a nore standardi zed power nodule in which

1. Dimensions are shown in inches [millimeters] unless
otherwise specified.
2. Controlling dimension: inches, unless otherwise
specified.
5 3. Baseplate:
' 3.1) Material is aluminum AS5052H34.
3.2) Thickness .118 + .004 {3.00 + 0.l1lmm]
3.3) Burrs around holes .006 [0.15mm] maximum.
4. Insulation film:
10 4.1) Dielectric strength 3KV AC for 1 minute.
4.2) Thickness .005 + .001 in. [125 + 25 uM].
4.3) Thermal conductivity 8.4 x 10° CAL/°C x CM-SEC.

MIN.
4.4) Peel strength 1.3 KG/CM minimum at 25°C after
15 exposure to 260°C for 60 minute.

4.5) Dielectric constant 7.7 (100 KHZ @23°C).
4.6) Specific resistivity 1 x 10' OHM-CM @ 23°C.
5. Conductor metalization:
5.1) Material is copper OFHC.
20 5.2) Thickness .0041 + .0004 [105 + 10uM].
5.3) Line definition + .012 in. [+ 300uM].
5.4) Flatness in solderable pads .006 [0.04mm].
5.5) Surface must be solderable with 62Sn/36Pb/2Ag
with RMA flux at 200°C.

25 Fig. 6a is the assembly of another IMS board
which is designed for 10 horsepower 600 volt or 1200 volt
use. It measures.5.3 by 3.7 inches for a total area of
19.61 square inches. The base plate, conductor, solder
resist (600 volts) and solder resist (1200 volts) are

30 respectively shown in Figs. 6b, 6c, 6d and 6ée. Other
parameters of this embodiment are noted below.

R
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cust omer appl i cation-specific differences reside in the The
power nodul e of the present invention, in accordance with a preferred
enbodi ment thereof, includes only the inverter (conprising six SMD10
Copaks), an input rectifier (conprising six SMD diodes in a T0220 style
package) and a therm stor on the I M5 board. Al so included are plural
vertical connectors to the driver PCB, which is | ocated overhead.

The SMD10 copak consists of an | GBT Qi@ and a

1. Dimensions are shown in inches [millimeters] unless
otherwise specified.
2. Controlling dimension: inches, unless otherwise
specified.
5 3. Baseplate:
3.1) Material is aluminum A5052H34.
3.2) Thickness .118 + .004 [3.00 + O0.l1llmm].
3.3) Burrs around holes .006 [0.15mm] maximum.
4. Insulation film: (600V)
10 4.1) Dielectric strength 3KV AC for 1 minute.
4.2) Thickness .005 + .001 in. [125 + 25uM].
4.3) Thermal conductivity 8.4 x 10?% CAL/°C x CM-SEC.

MIN.
4.4) Peel strength 1.3 KG/CM minimum at 25°C after
15 exposure to 260°C for 60 minute.

4.5) Dielectric constant 7.7 (100 KHZ @23°C).

4.6) Specific resistivity 1 x 10'® OHM-CM @ 23°cC.
5. Insulation film: (1200V)

5.1) Dielectric strength 5KV AC for 1 minute.

20 5.2) Thickness .007 + .001 in. [170 + 30uM].
5.3) Thermal conductivity 8.4 x 10° CAL/°C x CM-SEC.
MIN. |

5.4) Peel strength 1.3 KG/CM minimum at 25°C after
exposure to 260°C for 60 minute.
25 5.5) Dielectric constant 7.7 (100 KHZ @23°C).
5.6) Specific resistivity 1 x 10'¢ OHM-CM € 23°C. -
6. Conductor metalization:
6.1) Material is copper OFHC.
6.2) Thickness .0041 + .0004 [105 + 10uM].
30 6.3) Line definition + .012 in. [+ 300uM].
6.4) Flatness in solderable pads .006 [0.04mm].
6.5) Surface shbuld be solderable with 62Sn/36Pb/2Ag

with RMA flux at 200°cC.
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fast

current transfornmers fromthe | MS board.

conbi ned with additional
package or a dua
about 36.5 square inches to:

T
recovery di ode nounted in a common surface nount package.

| M5/ PCB conbi nation elimnates ten (10) large Mb term nals and four

The over al

(4)

The foregoing is

circuit optimzation including a single gauge
gauge package, which reduces the I M5 substrate size from
1) 18.9 square inches for an IMS with single

gauge packages (for a 52% saving) or-2y 14.7 square inches (40%circuit

board saving) for an M5 with dual

gauge packages.

It al so

A power train assembly for a 10 horsepower,

1200 volt application is illustrated in Fig.

7a.

Production and feature criteria for this assembly are

shown in Fig. 7b.

Further specifications of this

5 embodiment are indicated below.
Element Part No. Identification Description Vendor il
701 | X43-9249-2 Substrate, IMS, Denka/Mitsui
10HP13-
702 Ql to Q6 SMD10/Mark II IR
CoPAK IGBT-7/FRED
51
703 20ETS16S D1 to D6 SMD220 Diode .180 x | IR |
.180
10 704 50335-2-26 CN1 Connector, 24 Pins Comcon
' Double
705 50335-1-18 CN2 Connector, 30 Pins Comcon
Single
706 50335-2-18 CN3 Connector, 25 Pins Comcon
Double
707 50335-2-16 CN4 Connector, 10 Pins Comcon
Double
708 1KS821KT Tl Thermistor MCTA "
15 (. 709 | LMS5O0C Q7 Temp Sense SOT-23 ‘National
(Optional to Semi-
Thermistor) Conductor
710 Stand-off
711 SN62RM92BASSS Solder Paste, Multicore
Sn62/Pb36/2Ag
712 ECCOCOAT- Conformal Coating, Grace
S$7013 Silicone
The concept of the present invention makes it
.20 possible to realize an IMS board with only the inverter
diodes)

(6 SMD 10 copaks), input rectifiers (6 SMD 220

e
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and a thermistor on the IMS substrate. A central
vertical connector provides connectivity to the PCB
located overhead. The invention eliminates 10 large M5
terminals and four current transformers from the IMS

5 substrate. This combined with the use of new single
gauge package or the dual gauge package reduces the IMS
substrate size from the conventional 36.5 agquare inches
to: 1) an IMS with the single gauge -~ 18.9 squafe inches
(50%); or 2) an IMS with the dual gauge - 14,7 square

10 inches (40%).

Although the present invention has been
described in relation to particular embodiments thereof,
many other varjations and modifications and other uses
will become apparent to those skilled in the art. It is

15 preferred, therefore; that the present invention be
limited not by the specific disclosure herein, but only
by the appended claims. :

s
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-3-7 reduces the | M5 nodul e height-from 1. 000 inch to 0.320 inches.
Finally, with a reduced size the invention obviates the need for
conventional potting conpound usually needed for such assenblies, relying
instead on a thin surface coating. Q her—features—and—advant ages

of the present This Sheet Has Been Replaced

o WU

WHAT IS CLAIMED I1S:

1. A power train assémbly for delivering
electrical power to a driven device, the assembly
comprising:

' an IMS (insulated metal substrate) board
5 for carrying and electrically interconnecting power
components and a PCB (printed circuit board) for holding
control and drive components; the IMS board having
mounted thereon exclusively power transistors for forming
a power inverter circuit, input rectifier diodes, a
10 thermistor and a connector for providing connectivity to
the PCB, thereby realizing a standardized IMS board of
comparatively smaller substrate area;
the PCB comprising said control and drive
components which components include drive elements, a
i5 - current sense, a connector to the IMS board, and '
terminals for effecting electrical connections to the
driven device; and
the PCB being mountable directly above the
_ IMS board, and the respective connectors of the IMS board
20 and the PCB mating with one another vertically.

2. The power train assembly of claim 1, in
which the components on the IMS board are exclusively
surface mounted components.

3. The power train assembly of claim 2,
further comprising a heat sink for drawing heat away from
the power train assembly and for dissipating the heat
into the environment.

SPEC\191806
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i nvention will

invention which refers to the acconpanyi ng draw ngs.

THE DRAW NGS

accordance with a first enbodi nent of the |nvent&9
la shows the

surface nount

becone apparent fromthe foll owi ng description of the

BRI EF DESCRI PTI ON OF

Fig. 1 is an assenbly dramrﬁg—e#—an_LNE_bQ__d in

devi ce.

seen along lines | a-1la.

SPEC\191806

4.

which the PCB

capacitors.

5.
which the PCB

6.
which the PCB
transformers.

7.
which the PCB
8.
which the PCB
9.
which the PCB
10.
which the

Fi g.

The power
components

The power

components

The power

includes a

The power

includes a

The power
includes a

The power

includes a-

The power

12

S|ngle gauge

/-

in

train assembly of claim 3,
include two series link

train assembly of claim 3,!in

include a snubber capacitor.
train assembly of claim 3, in
plurality of current

train assembly of claim 3, in -

plurality of MOV’s.
train assembly of claim 3, in
soft-start resistor.

train assembly of claim 3,
soft-start relay.

train assembly of claim 3, in

terminals for effecting connection to the

driven device comprises a connector strip for AC lines

and motor lines.

11.
which the PCB

12.
which the IMS
operation.

The power
includes a

train assembly of claim 3, in

brake module.

The power train assembly of claim 3, in

board is standardized for a 10 horsepower

I
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R@f & llégﬁrs an asser?bl y 'r'évﬁ—r'l'g of the PCB board. - EI g. —3-|-; -érr—__
" assenbly of the I M board in accordance with a second enbodi nent of the
present invention for a dual gauge surface nount device. ~Fig. 3a

shows the I M5 board of Fig. 3, as seen along |i'nes _3a-3a-thereof
Fi gs. 4a-4b; 5a-5d; 6a-6e and 7a-7b are further. assenblxidéawkgiﬁafor

fferent efbodi rencs o che 1 nventon AR

13. The power train assembly of claim 3, in
wvhich the IMS board is free of potting compound and
instead comprises a thin surface coating on the
components therson. ‘

14. The power train assembly of claim 3, in
which the IMS board has a surface arca of about 19 sguare
inches, thereby realizing more thaP a 50% reduction in
board surface size. i

15. The power train assembly of claim 3, in
which the IMS board has a surface area of about 15 square
inches, thereby raalizing more than a 40% reduction in
board surface size. :

16. The power train asse?bly of claim 3, in

which the IMS board has height dimension on the order of
about .50 inches. :

LA
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DETAI LED DESCRI PTI ON OF EMBODI MENTS OF THE | NVENTI ON Wth
reference to the figures, there is disclosed a printed circuit board which
is intended to provide customdrivers, current sensing circuits and
connections to anot her board which conprises the power board that houses
the AC and notor term nal block and the controller connector. Figs. 1 and 2
col l ectively

- 14 -

IR-1248

POWER TRAIN PARTITIONING FOR
10 HORSEPOWER MOTOR CONTROLLER

-ABSTRACT OF THE DISCLOSURE

A power train assembly for delivering
electrical power to a driven device such as a motor is
constructed of an IMS board and a PCB. A considerably
smaller and standardized IMS board is obtained by’
limiting the components on the IMS board to include only
inverter transistors, input rectifiers and a thermistor.
The only other component is a connector for effecting a
simple vertical connection to the overhead printed
circuit board which contains the device control and drive
components. The power train assembly realizes surface
board savings on the order of between 40% to 50% in the
IMS. The height of the IMS is also reduced, which makes
it possible to replace the usual potting compound with a .
thin surface coating.

This Sheet Has BeenReﬂlaced
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il lustrate an SMD/ | M5/ PCB power -delivering assenbly 10 for a 10 horsepower
nmot or controller conprising an | M5 board or assenbly 12 and a PCB 14. The

| M5 assenbly 12 conprises (Fig. la) a heatsink 17, an SMD/ | M5 substrate 18,
driver and partition circuitry 20, two series |linked capacitors, and an
optional snubber capacitor. Wth further reference to Figs. 1 and
la, the IM5 assenbly 12 is a 10 horse power SMD I MS nodul e which provides a
power inverter, a rectifier and a therm stor, realized with transistors
Ql- @ and di odes Dl1-D6. The /0
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transistors QL- Q6 may be new single gauge or dual gauge; down | eads
conponents. The di odes D1-D6 may be SMD 220 conponents. The area of the

| M5, which neasures 5.1 by 3.7 inches, is 18.9 inches square. As shown in
Fig. la, the height of the assenmbly with the conponents 20 is about .320

I nches. Wth reference to Fig. 2, four current transfornmers are
provided in conjunction with three MOVs, a softstart resistor and a
softstart relay. The connector to the controller is illustrated together

with a connector strip for AClines 13 and notor |ines 15.

3a.
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El enent 17 is a heat sink. Also included is a brake nodule 30: |GBT, FRED

(fast recovery diode) and resistor (optional). The advant ages of
t he conponent | ayout of the present invention derive from 1. a
smal l er and | ess expensive | M5 substrate; 2. elimnation of
potti ng conpounds; 3. |l ower inductance; 4. standard
10HP I M5 substrate; and 5. acircuit which is easily custom zed

to custoner requirenents at the PCB | evel (including
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drivers, protection, MY, softstart, snubber, brake, capacitor and external
_connectors and brake).

The concept of the present invention is
"essentially based on a novel partitioning of the power
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and control conponentry and allocation of the same to the I'MS 12 and PCB
14. The invention also provides, in novel manner, the use of vertical 100
"m | center connectors to carry power and signal fromthe bottom | M | evel
to the top PCB (control) level, which is used for signal only and the power
connectors. Note, al#e Ct connectors are identical. pm) In Fig. 1, Q-6

represent new singl e;g@ge or dual gauge with downd egds transistors. DI1-D6

conprise SMD 220s. Aghih, the overall IMS area is I8 square inches, as
the | M5 neasures 5.1 by 3.7 inches. The . 2 S
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hei ght of the substrate is .120 inches w thout the conponents. The
correspondi ng di nensions of the PCB 14 are 7.3 by 5.9 inches. Note the
nodul e 24, which nmeasures 4.9 by 3.0 by 0.3 inches. - In the
enbodi mrent of Fig. 3, QL-Q6 conprise dual gauge with up leads (emtters
down) conponents. The size of the PCBis 4.9 by 3.000 inches, resulting in
a smaller IM5 area of only about 14,7 square inches. The helght of the IM5
board with its conponents 20 is shown in Fig. 3a. The renai ni ng
Figs. 4a-7b are assenbly and
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rel ated drawi ngs of various enbodi nents and requirenents of the present

i nvention. Mre specifically, Fig. 4a shows the I M5 substrate assenbly for
a one horse power/SMD design nmeasuring 2.750 by 4.100 inches. Further

di rensional information is presented in Fig. 4b. Electrical conponents

whi ch can be used in connection with the enbodi nent of Fig. 4a are listed
bel ow.
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El enment Part No. I dentification ~ Descri ption Vendor 401

[ RGBC30KD2- S QL to B SVMD- 220 | GBT IR 402 | RGBCA0K- S
SVMD- 220 | GBT IR 403 LM6OC 0] SOT- 23 Single
Suppl y Nat i onal Centi grade Tenp-
Sem - Sensor * Conduct or
404 20ETS16S D1 to D6 SMD- 220 Di ode | R 405 10BF60
D7 SMB Di ode I R 406 6179-6 J1 to J4

Junper, Brass with Sn/Pb Zeirick

7

3.300 -t . 4X R .100
X .250 ~— 4.800 /
r ™
Qe - 7
! | l PATTERN
| l THIS SIDE
| l .
: CENTER
! '6} ! [ PLANE ,
oo 3.200 | | | —
! ! |
! | | 2.000
! !
. l | »i
| ! :
T S— &
W y
. 7 5 009 |
2.695 - . 006
EE

CONVEX SYMMET

RICAL TO

CENTER PLANE A & DATUM B

Fie. 6b
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407 RWPRODAROS0F Rl & R2 SM Resi stor .050 OHMS, Ohmite

or 2 Watts 1%or 5 % Tol. RW2 RODARO50J

408 50281- 2- 68 CNl Connect or, . Surface Munt- Conton 34

Pi ns Doubl e** 409 50281-1-30 CN2 Connect or, Surface Munt-
Conton 30 Pins Single** 410
1KS821KT TH1 Ther m st or* Ther no

D sc 411 X43- 9256 Substrate, | M

{

1
1
.550 t .005 .420

} N J
- 885 2X @ .040

Fi¢. 6c
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412 SN62RVD2BASSS Sol der Past e, Mul ticore

Sn62/ Pb35.7/2 Ag/0.3 Sb - * Use only elenents 403 or 410. I n

ot her words, these itens are interchangeabl e. **

Unwant ed pi ns nust be renoved prior to assenbl y. The
area of the I M5 board of Fig. 4a is 11.275 square inches. Fig.

5a is a further assenbly drawing of an | M5 enbodi nent which is operable to
600 volts. Further

.560

FIG. -¢d
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details of the dimensional paranmeters of the base plate of the device of

Fig. 5a are shown in Fig. 5b. Fig. 5c is the conductor pattern of the
device of Fig. 5a and Fig. 5d shows the solder resist |ayout thereof.
Further attributes of the I M5 board of Fig. 5a are noted bel ow.
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-7- 1.
speci fi ed.

D mensions are shown in inches [mllineters]
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2. Control ling dinension: inches, unless otherw se specified. 3.

Basepl at e: 3.1) Material is alum num A5052H34. 3.2) Thickness
.118 [err] .004 [3.00 O.11m 3.3) Burrs around holes .006 [0.15nmm
maxi mum 4, I nsulation film 4.1) Dielectric strength 3KV AC for 1
m nut e. 4.2) Thickness .005 + .001 in. [125 25 uM. 4.3) Thermal

conductivity 8.4 x 10[err]

CAL/[err] C x CM SEC.

M N.

(5.300)
@ .20 ' S%‘S%‘%‘%um "'3 §3"' §¢:‘ (-~ CONNECTOR CLEARANCE
tmusimss\ ..'.:..'..'..-..-..'..'.: PR BOTTOM f;ﬂf oY
3.450 —- Cesse oooo Y 3 Y. 3.530
| Y, cnt T T — T — e —Ee—— % 3.350
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4.4) Peel strength 1.3 KGCM mninmum at 25[err]C after leeu' g
~to 260[err] C for 60 m nute. 4.5) Dielectric constant 7.7 (100
@S[err]C) 4.6) Specific resistivity 1 x 10[err] OHWCM @ZS[E%

: Conductor netalization: ~ 5.1) Material is copper OFHC 5.2)
Th| ckness .0041 [err] .0004 [105 10uM. 5.3) Line definiti on [err]

.012 in.. [ 300uM. 5.4) Flatness in sol derapte REPEA f =annnn
5.5) Surface nust be sol derable with 62Sn/ 36Pb/2|T CEME %‘*%’J@ | §¢

f
\,E'Descnptlon age (O
> orer e pg ..... to paged .\.%
[err] JF Claim(s) : paged ] l.to paged.[3 .
& Drawing(s) : paged ..).. to paged 14
J& Abstract  : paged I¥, to paged ..

POWER TRAIN PARTITIONING FOR
10 HORSEPOWER MOTOR CONTROLLER
-
CROSS R CE TO R D APPLICATION .

Under the provisions of 35 U.S.C. §120, this
application claims priority to related United States
Provisional Application No. 60/015,839, filed April 18,
1996 and entitled POWER TRAIN PARTITIONING FOR 10
HORSEPOWER MOTOR CONTROLLER.

BACKGROUND OF THE TINVENTION

) The present invention relates to electronic
control circuitry, and more particularly to a motor
controller with an improved power train partitioning
layout.

Particularly with high volume products, the
desirability of providing circuits which require less
circuit board space and which can be packed in smaller
and preferably modular packages that can be adapted to a
diverse range of requirements is self-evident.

The present invention is directly concerned
with power train circuits for motor controllers and the
like which incorporate surface mounted power devices
(SMDs) and insulated metal substrate (IMS) support boards
which are more compact, more efficient to build and
‘maintain and, importantly, have a reduced part count.

SUMMARY OF THE INVENTION
A key object of the present invention is to

provide a power module for such applications as motor
drivers which requires fewer electrical components and

This is the replacement sheet
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Fig. 6a is the assenbly of another |IM board which is designed for 10

hor sepower 600 volt or 1200 volt use. It nmeasures 5.3 by 3.7 inches for a
total area of 19.61 square inches. The base plate, conductor, solder resist
(600 volts) and sol der resist (1200 volts) are respectively shown in Figs.
6b, 6c, 6d and 6e. O her paraneters of this enbodi nent are noted bel ow

.which is modularly constructed and more easily adaptable
to different requirements. :

The foregeoing and other objaects of the
invention are realized by a’ power module which carefully
lays out and allocataes its various components between an
-insulated metal substrate (IMS) board and a printed
circuit board (PCB). The partitioning of elements
between the IMS and the PCB optimiéos electrical
connections, so that connections are provided as much as
possible through the PCB., The partitioning of the
circuit elements reduces the IMS size and therefore costs
and results in a more standardized power module in which
customar application-specific differences reside in the
PCB.

The power module of the present invention, in
accordance with a preferred embodiment thereof, includes
only the inverter (comprising six SMD10 Copaks), an input
rectifier (comprising six SMD diodes in a T0220 style
package) and a thermistor on the IMS board. Also
included are plural vertical connectors to the driver
PCB, which is locatesd overhead.

The SMD10 copak consiste of an IGBT di= and a
fast recovery diode mounted in a common surface mount
package. The overall IMS/PCB cambiéation eliminates ten
(10) large M5 terminals and four (4ﬁ currant transformers °
from the IMS board. ;

The foregoing is combined with additional
circuit optimization including a single gauge package or
a dual gauge package, which reduces the IMS substrate
size from about 36.5 square inches to: 1) 18.9 sguare
inches for an IMS with sinqle gauge backages (for a 52%
saving) or 2) 14.7 square inches (40% circuit board
saving) for an IMS with dual gauge péckaqes. It also

’Thi.s is the replacement sheet
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reduces the IMS moadule height from 1.000 inch to 0.320
inches. Finally, wﬁth a reduced size the invention
obviates the need for conventicnal potting compound
usually needed for such assemblies, relying insteazd on a
" thin surface coating.

Other features and advantages of the present
invention will become apparent from the following
description of the invention which refers to the
acconpanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Pig. 1 is an assembly drawing of an IMS board
in accordance with a first embodiment of the invention
for a single gauga surface mount device.

Fig. 1a shows the IMS board of Fig. 1, as seen
along lines la-lia.

Fig. 2 is an assembly drawing of the PCB board.

Fig. 3 is an assembly of the IMS board in
accordance with a second embodiment of the present
invention for a dual gauge surface maunt device.

Fig. 3a shows the IMS board of Fig. 3, as seen
along lines 3a-3a thereof.

Figs. 4a-4b; Sa~5d; 6a-6e and 7a-7b are further
assembly drawings for different embodiments of the
invention.

F {»] O
With reference to the figures, there is
disclosed a printed circuit board which is intended to
. provide custom drivers, current sensing circuits and
connections to another board which comprises the power
board that houses the AC and motor terminal block and the
controller connector. Figs. 1 and 2 collectively

Th&istherepmpementsheei
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1. D mensions are shown in inches [mllinmeters] unless otherw se

specified. 2. Controlling dinmension: inches, unless otherw se specified.
3. Basepl at e: 3.1) Material is alum num A5052H34. 3.2)
Thi ckness .118 + .004 [3.00 + 0.11mm. 3.3) Burrs around hol es .006
[0.15nm maxi num 4. I nsulation film (600V) .

- 4 -

illustrate an sSMD/IMS/PCB power-delivering assembly 10
for a 10 horsepowar motor centroller comprising an IMS
board or assambly 12 and a PCB 14. The IMS assembly 12
comprises (Fig. la) a heatsink 17, an SMD/IMS substrate
18, driver and partition circuitry 20, two series linked
capacitors, and an optional snubber capacitor.

. With further reference to Figs. 1 and 1a, the
IMS assembly 12 is a 10 horse power SMD/IMS module which
provides a power inverter, a ractifier and a thermistor,
realized with transistors Q1-Q6 and dicdes D1-Dé. The
transistors Qi1-Q6 may be new sinqlé gauge or dual gauge,
down leads components. The diodes D1-D6 may be SMD 220
components. The area of the IMS, which measures 5.1 by
3.7 inches, is 18.9 inches square. As shown in Fig. 1a,
the height of the assembly with the components 20 is
about .320 inches.

With reference to Fig. 2, four current
transforrpers are provided in conjunction with three MOVs,
a2 softstart resistor and a softstart relay. The
connector to the controller is illustrated together with
a connector strip for AC lines 13 and motor lines 15.
Element 17 is a heat sink. Also included is a brake
module 30; IGBT, FRED (fast recovery diode) and rasistor
(optional).

The advantages of the component laycut of the
presant invention derive from:

1. a smaller and less expensive IMS substrata;

2. elimination of potting compounds;

3. lower inductance;

4. standard 10HP IMS substrate; and

5. @& circuit which is easily customized to
customer reguirements at the PCB level (including

This is the replacement sheet
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4.1) Dielectric strength 3KV AC for 1 m nute. 4.2) Thickness .005 +
001 in. [125 [err] 25uM. 4.3) Thermal conductivity 8.4 x 10[err]

" CAL/[err]C x CM SEC. M N. -4.4) Peel strength 1.3 KG CM
m nimum at 25[err] C after exposure to 260[err]C for 60 m nute.
4.5) Dielectric constant 7.7 (100 KHZ @3[err]C). 4.6) Specific
resistivity 1 x 1016 OHM CM @ 23[err] C. 5. Iinsul ation film (120[err]V)
5.1) Dielectric strength 5KV AC for 1 mnute. 5.2) Thickness . 007
[err] .001 in. [170 [err] 30uM.

-5 -

drivers, protection, MOV, softstart, snubber, brake,
capacitor and external Connectors;and brake) .

The concspt of the present inwvention is
essentially based on a novel partitioning of the power
and control componentry and allocation of the same to the
IMS 12 and PCB 14. The invention also provides, in novel
manner, the use of vertical 100 nil center connectors to
carry power and signal from the bottom IMS level to the
top PCB (control) level, which is used for signal only
and the power connactors. Note, all connectors are
identical. .

In Fig. 1, Q1-Q6 represent new single gauge ox
dual gauge with down leads transistors. D1-Dé comprise
SMD 220s. Again, the overall IMS érea is 18.% sguare
inches, as the IMS measures 5.1 by 3.7 inches. The
height of the substrate is .120 inches without the
components. The correspending dimensions of the PCBR 14
are 7.3 by 5.9 inches. Note the module 24, which
measures 4.9 by 3.0 by 0.3 inches. .

In the ambcdiment of Fig. 3, Ql-Q6 comprise
dual gauge with up leads (emitters down) components. The
size of the PCB is 4.9 by 3.000 inches, resulting in a
snaller IMS area of only about 14.7 square inches. The
height of the IMS board with its components 20 is shown
in Fig. 3a. .

The remaining Pigs. 4a-7b are assembly and
related drawings of various embodiments and reguirements
c¢f the piesent invention. More spacifically, Fig. 4a
shows tha IMS substrate assenmbly for a one horse
power/SMD design measuring 2.750 by 4.100 inches.
Further dimensional information is piesented in Fig. 4b.
Electrical components which can be used in connection
with the ambodiment of Fig. 4a are listed below.

This is the repiacement shee
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'5.3) Thermal conductivity 8.4 x 10[err] CAL/[err]C x CM SEC
strength 1.3 KGCM m ninum at 25[err] C after

_5.4) Peel

"to 260[err]C for 60 m nute.

@3[err] Q).

6. Conduct or
Thi ckness .0041 + .0004 [105 10uM.

300uM .

M N.
exposure
- 5.5) Dielectric constant 7.7 (100 KHZ
5.6) Specific resistivity 1 x 10[err] OHMCM @ 23[err] C.
metal i zati on: 6.1) Material is copper OFHC. 6. 2)
6.3) Line definition + .012 in. |

6.4) Flatness in sol derabke_pads .006 [0.04m].

—
Element Part No. Identification Description Vendor

401 IRGBC30KD2-§ Ql to Q6 SMD-220 IGBT IR

402 IRGBC40K-S Q7 SMD-220 IGBT IR

403 LMS0C Qs SOT-23 Single Supply National
Centigrade Temp- Semi-
Sensor* Conductor

404 20ETS16S Dl to D6 SMD-220 Diode IR

405 10BF60 D7 SMB Diode IR

406 6179-6 JltoJa Jumper, Brass with Sn/Pb Zeirick

407 RW2RODAROSOF | RI & R2 SM Resistor .050 OHMS, Ohmite

or 2 Watts 1% or §% Tol.
RW2RODARO050J

408 50281-2-68 CN1 Connector, Surface Mount- | Comcon

- 34 Pins Double**

409 50281-1-30 CN2 Connector, Surface Mount- | Comcon
30 Pins Single**

410 IKS821KT TH1 Thermistor* Thermo

Disc

411 X43-9256 Substrate, [MS

412 SN62RM92BASSS Solder Paste, Muiticore
Sn62/Pb35.7/2 Ag/0.3 Sb

'—'—-——-—_——-————______——______

* Use only elements 403 or 410. In other words,
these items are interchangeable.

* % Unwanted pins must be removed prior to
assembly.

The area of the IMS board of Fig. 4a is 11.275
square inches. _

Fig. Sa is a further assembly drawing of an IMS
embodiment which is operable to 600 volts. Further
details of the dimensional parameters of the base plate
of the device of Fig. 5a are shown in Fig. Sb. Fig. Sc
is the conductor pattern of the device of Fig. 5a and
Fig. 5d shows the solder resist layout thereof. Further
attributes of tpe IMS board of Fig. 5a are noted below.

This is the replacement sheet
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6.5) Surface should be sol derable with 62Sn/ 36Pb/ 2Ag w th RVA
Jflux at 200[err]C.

1. Dimensions are shown in inches [millimeters] unless
otherwise specified. _
2. Controlling dimension: inches, unless otherwise
specified.
3. Baseplate:
3.1) Material is aluminum A5052H34.
3.2) Thickness .118 + .004 [3.00 + 0.1lmm]
3.3) Burrs around holes .006 [0.15mm] maximum.
4. Insulation f£ilm:
4.1) Dielectric strength 3KV AC for 1 minute.
4.2) Thickness .005 + .001 in. [125 + 25 uM].
4.3) Thermal conductivity 8.4 x 10° CAL/°C x CM-SEC.
MIN. .
"4.4) Peel strength 1.3 KG/CM minimum at 25°C after
exposure to 260°C for 60 minute.
4.5) Dielectric constant 7.7 (100 KHZ @23°C).
4.6) Specific resistivity 1 x 10! OHM-CM @ 23°C.
5. Conductor metalization:
5.1) Material is copper OFHC.
5.2) Thickness .0041 + .0004 [105 + 10uM].
5.3) Line definition # .012 in. [+ 300uM].
5.4) Flatness in solderable pads .006 [0.04mm].
5.5) Surface must be solderable with 62Sn/36Pb/2Ag
with RMA flux at 200°cC.

Fig. 6a is the assembly of another IMS board
which is designed for 10 horsepower 600 volt or 1200 volt
use. It measures 5.3 by 3.7 inches for a total area of
19.61 square inches. The base plate, conductor, solder
resist (600 volts) and solder resist (1200 volts) are
respectively shown in Figs. 6b, 6c, 6d and 6e. Other
parameters of this embodiment are noted below.

This is the replacernent sheet
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A power train assenbly for a 10 horsepower, 1200 volt

.application is illustrated in Fig. 7a. Production and feature criteria for
"this assenbly are shown in Fig. 7b. Further specifications of this

1.

Dimensions are shown in inches [millimeters] unless

otherwise specified.

2.

Controlling dimension: inches, unless otherwise

specified.

3.

Baseplate:

3.1) Material is aluminum A5052H34.

3.2) Thickness .118 % .004 [3.00 + 0.llmm].

3.3) Burrs around holes .006 [0.15mm] maximum.

Insulation film: (600V)

4.1) Dielectric strength 3KV AC for 1 minute.

4.2) Thickness .005 + .001 in. [125 + 25uM].

4.3) Thermal conductivity 8.4 x 103 CAL/°C x CM-SEC.
MIN.

--4.4) Peel strength 1.3 KG/CM minimum at 25°C after

exposure to 260°C for 60 minute.
4.5) Dielectric constant 7.7 (100 KHZ @23°C).
4.6) Specific resistivity 1 x 10 OHM-CM @ 23°C.
Insulation film: (1200V)
5.1) Dielectric strength SKV AC for 1 minute.
5.2) Thickness .007 #+ .00l in. [170 + 30uM].

5.3) Thermal conductivity 8.4 x 10° CAL/°C x CM-SEC.
MIN.

'5.4) Peel strength 1.3 KG/CM minimum at 25°C after

exposure to 260°C for 60 minute.
5.5) Dielectric constant 7.7 (100 KHZ @23°C).
5.6) Specific resistivity 1 x 10 OHM-CM @ 23°C.
Conductor metalization:
6.1) Material is copper OFHC.
6.2) Thickness .0041 + .0004 [105 + 10uM].
6.3) Line definition + .012 in. [+ 300uM].
6.4) Flatness in solderable pads .006 [0.04mm].
6.5) Surface should be solderable with 62Sn/36Pb/2Ag

with RMA flux at 200°C.

This is the replacement sheet
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enbodi nent are indi cated bel ow. El enent Part No.

_ldentification Descri ption Vendor 701 X43-9249-2
" Substrate, 1M, Denka/ M t sui 10HP13- 702
Ql to @ SMD10/ Mark 11 IR

CoPAK | GBT- 7/ FRED

A power train assembly for a 10 horsepower,
1200 volt application is illustrated in Fig. 7a.
Production and feature criteria for this assembly are
shown in Fig. 7b. Further specifications of this
embodiment are indicated below.

S ——
Element Part No. Identification Description Vendor

701 | X43-9249-2 Substrate, IMS, Denka/Mitsui
10HP 13-

702 Qi to Q6 SMD10/Mark II R
CoPAK IGBT-7/FRED
51

703 20ETS16S - D!l to D6 SMD220 Diode .180 x | [R
.180 ,

704 | 50335-226 CN1 Connector, 24 Pins Comcon “
Double

708 50335-1-18 CN2 Connector, 30 Pins Comcon
Single

706 50335-2-18 CN3 ) Connector, 25 Pins Comcon
Double

707 50335-2-16 CN4 Connector, 10 Pins Comcon
Double

708 1KS821KT Ti Thermistor MCTA

709 LMS50C Q7 Temp Sense SOT-23 National
(Optional to Semi-
Thermistor) Conductor

710 Stand-off

71t SN62RM92BASSS - . Solder Paste, Multicore
Sn62/Pb36/2Ag

712 ECCOCOAT- Conformal Coating, Grace

S7013 Silicone .

The concept of the present invention makes it
possible to realize an IMS board with only the inverter
(6 SMD 10 copaks), input rectifiers (6 SMD 220 diodes)

Thig is the replacement sheet
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703 20ETS16S D1 to D6 SMD220 Diode .180 x IR

:, 180 704 50335- 2- 26 CNl Connector, 24 Pins
Conton Doubl e 705 50335-1-18
CN2 Connector, 30 Pins Conton Singl e
706 50335-2-18 CN3 Connector, 25 Pins Conton
Doubl e

- 10 =~

and a thermistor on the IMS substrate. A central
vertical comnector provides comnectivity to the PCB
located overhead. The invention eliminates 10 large M5
terminals and four current transformers from the IMS
substrate. This combined with the use of new single
gauge package or the dual gauge package reduces the IMS
substrate size from the conventional 36.5 square inches
to: 1) an IMS with the single gauge ~ 18.9 sguare inches
(50%); or 2) an IMS with the dual ‘gauge - 14.7 square
inches (40%).

Although the present invention has been
described in relation to particular embodiments thereof,
many other variations and modifications and other uses
will become apparent to those skilled in the art. It is
preferred, therefore, that the present invention be
limited not by the specific diseclosure herein, but only
by the appended claims. .

This is the replacement sheet
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.707 50335-2-16 CN4 Connector, 10 Pins Conton

. Doubl e 708 | KS821KT T1 Ther m st or
" MCTA 709 LM60C Q7 Tenp Sense SOT- 23
Nat i onal (Optional to Sem -
Ther m st or) Conduct or 710
St and- of f
-11_

WHAT IS CLAIMED IS:

1. A power train assembly for delivering
electrical power to a driven device, the assembly
comprising: |

an IMS (insulated metal'substrate) board
for carrying and electrically interconnecting power
components and a PCB (printed circuit board) for holding
control and drive components; the IMS board having
mounted thereon exclusively power transistors for forming
a power inverter circuit, input rectifier diodes, a
thermistor and a connector for providing connectivity to
the PCB, thereby realizing a standardized IMS board of
comparatively smaller substrate area;

the PCB comprising said control and drive
components which components include drive elements, a
current sense, a connector to the IMS board, and
terminals for effecting electrical connections to the
driven device; and

the PCB being mountable directly above the
IMS board, and the respective connectors of the IMS board
and the PCB mating with one another vertically.

2. The power train assembly of claim 1, in
which the components on the IMS board are exclusively
surface mounted components.

3. The power train assembly of claim 2,
further comprising a heat sink for drawing heat away from
the power train assembly and for dissipating the heat
into the environment.

This is the replacement sheet
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711 SN62RVD2BAS88 Sol der Past e, Mul ticore
Sn62/ Pb36/ 2Ag 712 ECCOCQAT- Conf ormal Coati ng,

* race S7013 Silicone The

concept of the present invention nakes it possible to realize an I M5 board
with only the inverter (6 SMD 10 copaks), input rectifiers (6 SVMD 220
di odes)

- 12 =

4. The power train assembly of claim 3, in
which the PCB components include two series link
capacitors.

5. The power train'assembly of claim 3,‘in
which the PCB components include a snubber capacitor.

6. The power train assembly of claim 3, in
which the PCB includes a plurality of current
transformers.

7. The power train assembly of claim 3, in
which the PCB includes a plurality of MOV’s.

8. The power train assembly of claim 3, in
which the PCB includes a soft-start resistor.

9. The power train assembly of claim 3, in
which the PCB includes a soft-start relay.

10. The power train assembly of claim 3, in
which the terminals for effecting connection to the -
driven device comprises a connector strip for AC lines
and motor lines.

11. The power train assembly of claim 3, in
which the PCB includes a brake module.

12. The power train assembly of claim 3, in
which the IMS board is standardized for a 10 horsepower
operation.

This is the replacement sheet
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13. The power train assembly of claim 3, in
which the IMS hoard is free of potting compound and
instead comprises a thin surface coating on the
compenents therason.

l14. The power train assembly of claim 3, in
which the IMS board has a surface area of about 19 square
inches, thereby realizing more thaF a 50% reduction in
board surface size. i

15. The power train assembly of claim 3, in
which the IMS board has a surface area of about 15 square
inches, thereby raalizing uwore than a 40% reduction in
board suxrface size.

18. The power train assehbly of claim 3, in
which the IMS board has height dimension on the order of
about .50 inches.

/

IUGIREE e s e votcament e

‘Date: - _-4 JuL 997



.10 - and a thermistor on the IMS substrate. A central vertical
connector provides connectivity to the PCB | ocated overhead. The invention
“elimnates 10 large Mo ternminals and four current transfornmers fromthe I MS

- 14 -

IR-1248

POWER TRAIN PARTITIONING FOR
10 HORSEPOWER MOTOR CONTROLLER

CT O E DISCLOSURE
A power train assembly for delivering

electrical power to a driven device such as a motor is
constructed of an IMS board and a PCB. A considerably
smaller and standardized IMS board is obtained by
limiting the components on the IMS board to include only
inverter transistors, input rectifiers and a thermistor.
The only other component is a connector for effecting a
simple vertical connection to the overhead printed
circuit board which contains the device control and drive
components. The power train assembly realizes surface
board savings on the order of between 40% to 50% in the
IMS. The height of the IMS is also reduced, which makes
it possible to replace the usual potting compound with a
thin surface coating.

FIG. 1

This is the replacement sheet
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Substrate. This conmbined with the use of new single gauge package or the

. dual gauge package reduces the I M substrate size fromthe conventi onal
36.5 square inches to: 1) an IMs with the single gauge - 18.9 square inches
(509 ; or 2) an IMS with the dual gauge - 14.7 square inches (40%.

Al t hough the present invention has been described in relation to partlcul ar
enbodi ments thereof, many other variati,ons. and nodifications and ot her uses
wi |l becone apparent to those skilled /'é?gue art. It is preferred,
therefore, that the present invention
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1 i~m'ited not by the specific disclosure herein, but only by the appended

cl ai ns.
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:MHAf IS CLAIMED | S: 1. A power train assenbly for delivering
~electrical power to a driven device, the assenbly
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sconprising: : an I M5 (insulated nmetal substrate) board for
~carrying and electrically interconnecting power conponents and a PCB
(printed circuit board) for holding control and drive conponents; the |INMs
board havi ng nmounted thereon exclusively power transistors for formng a
power inverter circuit, input rectifier diodes, a thermstor and a
connector for providing connectivity t PCB, thereby realizing a
standardi zed | M5 board of conparative |l er substrate area,;

the PCB conprising said control and drive
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sconponent s whi ch conponents include drive elenents, a current sense, a

_connector to the IMs board, and termnals for effecting electrical
connections to the driven device; and t he PCB bei ng

nount abl e directly above the I M5 board, and the respective connectors of

the I M5 board and the PCB mating with one another vertically.

2. The power train assenbly of cl ai!igi n whi ch the conponents on the
| M5 board are excl usively
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ssurface nounted conponents. 3. The power train assenbly of
.claim?2, further conprising a heat sink for drawing heat away fromthe
power train assenbly and for dissipating the heat into the environnment.
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4. The power train assenbly of claim3, in which the PCB conponents

_include two series |ink capacitors. 5. The power train
assenbly of claim3, in which the PCB conmponents include a snubber
capaci tor. 6. The power train assenbly of claim3, in which

the PCB includes a plurality of current
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. transf or mers. 7. The power train assenbly of claim3, in
whi ch the PCB includes a plurality of MOV s. 8. The power
train assenbly of claim3, in which the PCB includes a soft-start resistor.
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,9: The power train assembly of claim3, in which the PCB includes a

soft-start relay. 10. The power train assenbly of claim3, in
which the termnals for effecting connection to the driven device conprises
a connector strip for AC |lines and notor |ines. 11. The power

train assenbly of claim3, in
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.whi ch the PCB includes a brake nodul e. 12. The power train
_assenbly of claim3, in which the I M5 board is standardized for a 10
hor sepower operati on.
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.13. The power train assenbly of claim3, in which the IM board is free of
potting conpound and instead conprises a thin surface coating on the

" conponent s t hereon. 14. The power train assenbly of claim3, in
which the I M5 board has a surface area of about 19 square inches, thereby
realizing nore than a 50% reduction in
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. beard surface size. 15. The power train assenbly of claim3, in
which the | M5 board has a surface area of about 15 square inches, thereby
realizing nore than a 40%reduction in board surface size. 16.
The power train assenbly of claim3, in which the 1M board has height

di nensi on on the order of
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