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ThinPak Technology Shrinks
Power Modules, Power
Hybrids and Ultra-High
Speed Switching Devices

Vic Temple, Silicon Power Corporation

hinPak technology is used in the ARCP (Auxil-
1ary Resonant Commurtated Pole) module in
Figure I that contains a 1400V, 400A IGBT half
bridge, 1400V MCT (both p-type and n-tvpe

MOS Controlled Thyristor for simpler control), and 1400V,
800A auxiliary ac switch. This combination allows soft
switching to be accomplished through an ac MC'T" switch
leg that has one-fourth the silicon of the main IGBT due
to the MCT’s remarkable current handling capability while
maintaining current limiting with the IGBT main switch-
es. Unlike standard modules, the ARCP phase legs include
gate drives and liquid heat exchange. For Navy applications
a local bus and resonant LLC are added and the unit is test-
ed at 150°C and above maximum rated current and voltage.

Figure 1. ONR phase leg, application tested and ready to ship

Use of thinPak package technol-
ogy dramatically improves thermal
cveling capability while minimizing
package inductance and resistance.
Also, integrated liquid cooling
reduces die temperature by provid-
ing ultra-low thermal impedance.
These two innovarions vield an
ARCP PEBB system and a planned
automotive integrated power mod-
ule (AIPM) program for the DOE,
whose power device switch module
slashes production costs and multi-
plies operating lifetime. Although
the AIPM of Figure 2 is not built yet,
the only reason to expect a larger
volume and weight is if the on-
board bus capacitance needs to be
larger to support ripple current or if

(SPPB400DP14A0).

T'hinPak technology is a
new power semiconductor
packaging technique that

eliminates wire bonds,
results in near 100% power
module yields, reduces
parasitics by an order of
magnitude and simplifies
module manufacturing so
that it can be automated as

a simple pick and place

operation.

the bus and phase connectors need
special support.

ThinPak Decscription

In its simplest form, the thin-
Pak, as illustrated in Figure 3, is a
soldered assembly of a large power
device, usually at least a size 4, and
a thin ceramic lid. The lid is metal-
ized on the bottom side to mate to
large and small device electrodes
(gate, pilot, cathode, source, etc.)
that are connected by mertalized
vias to a more rugged, and conven-
ient pattern of top-side metal. If
the lid material is a good conductor
and/or if the lid vias are very dense,
then the thinPak lidded device can
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ThinPak Technology

be cooled from both sides or treated as
a flip chip device, but without the
usual limitations in achievable break-
down voltage. The low impedance,
small size and weight and rather large
mechanical tolerances one can have
on the top of the lid are convenient for
module applications where their pre-
testability leads to larger vields and
better device paralleling. This is
important when paralleling bipolar
devices with low forward drops like
MCTs and diodes. The ceramic lid
need not be the size of the power
device, in which case the lid proves a
good foundation for integrating gate
drivers. Figure 4 shows how much
smaller the size 6 and 8 thinPak pack-
ages are compared with commercial
plastic packaged devices.

ThinPak Capability
Innovative thinPak packaging tech-
nology accounts for at least a factor of
two reduction in power module size
and thereby a reduced material cost.
ThinPak technology seen in Figure 3
eliminates wire bonds, results in near
100% power module yields, reduces
parasitics by an order of magnitude
and simplifies module manufacturing
so that it can be automated as a sim-
ple pick and place operation. Once
thinPak is packaged it is 100% power
testable and can be handled like any
surface mount part. But the best news
is that modules where thinPak lids
replace bonds have a 40%
reduced mechanical stress leading to
orders of magnitude improved tem-

wire

perature cycling life. This is illustrat-
ed in figure 5, that shows the stress
reduction that occurs when the lid
acts as a counterbalance to the ceram-
ic base on which the device is mount-
ed.
ThinPak
opportunities for improved cooling,
including two-side cooling. The 3-D

packaging also offers

finite clement analysis of Fgure 6
shows nearly a 40% lower temperature
rise for the same thermal input. In
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The power device section can safely
dissipate 2 KW but is dwarfed by the filter,
sensors and controls which dissipate an order.

Electrical connections to the SPCO AIPM
are made on the upper surface, and
coolant connections are made on the side.

Pebb-based AIPM. Target volume: 0.1 cubic feet, target weight: 10 pounds

Figure 2. Proposed PEBB-based AIPM. Note that the power switches are dwarfed by the bus,
sensors and filter. The power device section’s small size is largely due to thinPak packaging.

ThinPak, a High Performance, Testable Package
ThinPak Advantages

Metalized
Ceramic Lid

Metalized Via

- Minimum package volume, size and weight

« Minimum stray inductance and resistance
(no wire bonds)

= Flexible power module component

- Surface mountable with no BV issues

- = Simplifies 2-side cooling

0.5 nH and 0.05
m-Chms . - Lid provides a convenient substrate for control circuit
from ah’ﬂg o ¥ Currit ‘pulled”outof * Lid increases die mechanical and electrical reliability
Bdg' o fopmetal  ©ach via niformly - ThinPak lidded device can be treated as known
distributes on botto good die
A size 8 ThinPak packaged . "
MCT weighs less than a gram Cost effective
and is only 0.6" x 0.4" x 0.05" (<02 cc)

Figure 3. The thinPak uses a two-side patterned ceramic lid to contact 90% of the power
device active area for a very low package impedance and an extremely high current capability.
Record to date: 14,800A for a 0.4 cn?® active area device in a 1400V n-type MCT.

this case the normally chosen alumina
lid is replaced by an aluminum nitride
lid. When two-side cooled, the junc-
tion-to-fluid temperature
reduced from about 62°C rto
38°C. In simulation, the front and
back-side package and heat exchange

rise is
about

elements were the same. The temper-
ature rise was not dropped by a factor
of two partly because the die-lid con-
nection area excludes the breakdown
voltage edge termination and partly
because it was purposely designed for

large mechanical tolerances.

Figure 7 shows a calculated result
where device dissipation is >4000W
peak for three successive 60Hz half-
sine pulses. This simulation is impor-
tant as this type of rating is a key
design factor for most industrial and
commercial drives. Many calculations
of this sort have been done to support
surge ratings for many types of appli-
cations. Here it was for a 60Hz MCT-
based ac switch in a power distribu-
tion circuit. figure 7 plots the hottest
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Figure 4. Comparison of thinPak and plas-
tic packages for size 8 (left) and size 6
(right) power devices. Note the differences
in size, weight and mount-down area.

points of the junction, case and heat
sink as a function of time for three
half-cycle 4250W peak sine waves.
The temperatures plotted, best to
worst, are for a wire bonded module
(one-side cooled) and thinPak pack-
aged module, also one-side cooled
and, finally, a thinPak packaged mod-
ule two-side cooled. The lower peak
temperatures are obviously the result
of the added mass of lid, thin copper
electrode (<10 mils to ensure compli-
ance under thermal cycling) and, in
the two-side cooled case, the added
thermal inertial of the upper part of
the module. Disregarding the two-
side cooled result for now
experimental, the impact of the lid
alone is a 30% higher surge current
rating for this pulse width. It is esti-
mated that for shorter pulses the
surge current capability will increase
by about 80%, roughly the active area
to die area ratio. Of course, even in
this calculation the assumption is that
the wire bonds are capable of large

4as too

currents when, in fact, wire bond
melting is often the limiting surge rat-
ing factor in standard modules and in
plastic packaged devices.

On the device level, MCTs are
packaged in plastic and thinPak pack-
ages, focusing first on the n-type
MCT. The first product line is a dis-
charge product line where the turn-off
capability of the n-type MCT is not
required to be very high. The ARCP
auxiliary switch of Figure 1 is such an
application and, in that application,
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Size 8 Device Module Stress Calculation, Wire Bond vs. ThinPak
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Figure 5. The thinPak lid counterbalances the base for a 40% lower stress assembly for ther-
mal cycling (from a joint CALCE/SPCO IMAPS99 paper.) In one experiment thinPak lidded die
mounted on a module base plate survived >100 times longer on thermal cycling than the same

devices unlidded.
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Temperature of Devices
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1-Side: 62C Delta-T at 1400W

than if the same die were two-side cooled.

ThinPak Packaging Simplifies 2-Side Cooling
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Figure 6. Simulations of half of the ONR ARCP PEBB main switch madule at 700W/cm? active
area dissipation. On the left the one-side cooled temperature rise is about 62° C, 24° C higher

compared to an IGBI] it accomplishes
the required 2X pulse amplitude of
the main switch with 25% of the sili-
con needed for an IGBT implementa-
tion and with 25% of the losses. In
that application the pulse width is
about 6usec and the frequency is
about 20kHz.

If the peak is higher and the pulse
narrower then the die comparison
with an IGBT favors the MCT even
more. Users have caused us to first
focus on this class of n-type MC'Ts
because it has been found to outper-
form arc discharge, previously the only
way to cost effectively achieve ultra-
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