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Abstract: This paper will introduce a novel power
packaging technology developed by International
Rectifier. This new packaging technology breaks
ground in reducing package related losses and thus
allowing designers to develop power supplies capable
of meeting the demands of Ilatest generation
processors.

|.INTRODUCTION

Ever increesing demands for processing power
has seen companies such as Intd and AMD relentlesdy
sdf-obsoleting themsdves with faster and more powerful
processor chips. These advances have, in generd, been
made through increases in the density of transistors that
can be made on a gven aea of slicon. Consequently
each successve processor generation employs millions
more transstors than the previous. Whilst this boosts the
number of operations that can be caried out every
second, it also means that the current required by the
processor to do this must increase. Current requirements
for processors have increased exponentidly over the last
45 years and will soon be exceeding 100Amps in a
number of processor gpplications.

The chdlenge has been lad firmly a the door
of the designers of the power supplies that service the
processors.  The common gpproach being taken is to
employ multiphase converters to achieve the escaating
curent levels For example, a four-phase converter
running 25A per phase will supply 100A totd. By
running a phessd converter and dso incressng the
operating frequency to satisfy the fast trandent response
required by processors running at higher clock speeds it
is possible to reduce the size of the passve components
used. This helps to ensure that the converter does not
have to increase in size proportionally to the increase in
current. However, this does mean that power densties on
boards are increasing and the issue of cooling the power
components within the converter is becoming a mgor
issue.

Reducing the losses exhibited and consequently
power disspated in the power components, eg., the
MOSFETSs, has therefore been the focus of power supply

designers and component vendors aike. The evolution of
power MOSFET sdlicon has radicdly cut both on-state
and switching losses. However, power packaging is now
becoming the limiting factor with the losses tributed to
the packaging in some cases being greater than the losses
from the silicon itsdf. Over the last ouple of years there
has been a move to reduce these package related losses.
This paper introduces a new packaging technology,
DirectFET &, targeted for processor power converters.
This new technology radicaly cuts conduction losses,
whils  facilitating improved cooling regimes to enable
the current and power levels required by the next
generation of processors. The paper will describe this
new technology and illustrate the advances made with
examples from in circuit evauations before addressng
the expected rdiability of this plaform. This new
package is shown in Figure 1.0 below.

FGURE 1.0 DRECTFET & TECHNOLOGY

Il. DIRECTFET& TECHNOLOGY

DirectFET & technology has been designed and
devel oped with the following objectivesin mind:

1. Reduce the dectricd resistance of the
package to a levd indgnificant rddtive to
the MOSFET Rds(on)-

2. Reduce the therma impedance of the
package, both junction to boad and
junction to topside of the package for dua
side cooling applications.
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3. Fadlitte smplified board
paralding of devices.

4. Endble the use of exiging surface mount
assembly lines and technology.

layout and

In order to achieve points 1 and 2 above, the
desgn of DirectFETa technology has rationalised some
of the concepts and materids that are commonly used in
power packaging. This smplified approach is shown as a
cross section in Figure 2.0.
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FGURE 2.0 — CROSSSECTION OF DIRECTFET & T ECHNOLOGY

The cross section in Figure 20 shows a
MOSFET die with the source face of the die soldered
drectly to the printed circuit board. The drain connection
is then made from the back of the die to the board
through the use of a copper ‘can’ into which the die has
been bonded. The facilitetor in this scheme is a new
proprietary passivation system developed by
Internationd Rectifier. This passvation is gpplied to a
wafer that has a solderable top meta stack (rather than
an duminium top meta commonly used for wirebonded
devices). It is then patterned to open out solderable areas
on the surface of the de for the source and the gae
connections. This dlows the shape of the solder joints
between the dlicon and the circuit board to be closdy
controlled. The passivation has two very important roles

to play:

1. The passvation itself is unsolderable. This
means that whilst dlowing close control of
the shape of the solder joints it dso prohibits
solder shorting between the gate and source
contacts during the board mount process.

2. The pasdvation provides  environmentd
protection for the termination structure and
gate busses on the die. It is resistant to
moigture and ionic contamination that may be
found on the board or in the solder flux, etc.

With this passvation applied, the gae and source
connections can be made directly between the circuit
board and the die without any unnecessary leedframe or
wirebonds in series with the conduction path. Since the

congruction of the MOSFET slicon used in DirectFET
devices is not tha of a flipchip, ie not al the
connections are on a single side of the die, the dran does
require a ‘leadframe connection’ to complete the
eectricd circuit. The die is bonded into a copper clip or
‘can’ usng a dlver filled epoxy and the finished, fully
tested device can be board mounted in the same way as
any conventiona surface mount component.

111. CONDUCTION PERFORMANCE

The rationdised  approach  taken  with
DirectFET&  technology has greatly reduced the
conduction path through the package and removed the
high resstance dements. Figure 3.0 shows a comparison
of the conduction paths of this new technology versus
odar S0-8 and newer Copperstrgpa SO-8 packages.
The comparison shows that DirectFET technology hes
eiminated conduction paths and maerid interfaces
which dl add resgance in series with the dlicon die
The effect & that the die free package resistance has been
reduced to less than 200mW\, a reduction of 86% over the
SO-8 & approximately 74% over the Copperstrapa SO
8. This reduction in the series resigance means that in an
SO-8 outlinetypical Rygonvalues of 2mW are achievable.

T

FGURE 3.0 CONDUCTION PATHSFOR SO-8 (TOP), COPPERSTRAPE SO
8 (MIDDLE) AND DIRECTFET & TECHNOLOGY (BOTTOM)

IV. THERMAL PERFORMANCE

Whilgt advances in conduction performance are
key to incressing the current density in power converters,
the issue of how to most effectively extract the heat from
these converters and thus increase power densty dill
applies. The direct nature of the coupling of the slicon to
the board means that DirectFET technology has reduced
the therma resstance to the boad. The thermd
resstance from junction to board of a sandard SO-8
packege is of the order of 20°C/W. However
DirectFET & technology reduces this to 1°C/W as the
theemd resistance peath runs through the top metal and
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the board attach solder only. This more effective cooling
to the board increases the amount of power that can be
disspated for a given junction temperature. However, as
power dendties increase there comes a point beyond
which it is not possble to disspate any more power into
the board as it effectivdly becomes saturated. In order for
power densties to increase further it is necessary to teke
the heat away from the power device but not through
conduction into the board. Most surface mount
components cater only for heat transfer into the board
with minima additional heat transfer to the ambient
through radiation and convection. The congruction of
DirectFET technology has radicaly reduced the heat
conduction path to the top sde of the package. The
therma resigtance from the juncton of the MOSFET to
the top of the package is 3°C/W compared to 25°C/W for
a S0-8. Predominantly this reduction is borne from the
lack of moulding compound. This now means that dud
sded cooling can redidicdly be employed in order to
pull even more hest out of the device and increase the
amount of power that can be safdy disspated. Duad
sided cooling can take a number of different forms three
of theseareshownin Figure 4.0.
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FGURE 4.0n — EXAMPLES OF DUAL SIDED COOLING
FORCED AIR — NO HEATSINK

FGURE 4.(8— EXAMPLES OF DUAL SDED COOLING
FORCED AIRWITH ADDED HEATSINK

FGURE 4.0c— EXAMPLES OF DUAL SDED COOLING
SINKING TO CHASSIS THROUGH GAP-FILLING PAD

By usng dua Sded cooling it is possble to
reduce the totd therma resstance from junction to
anbient to less than 12°C/W. This figure, when

=h5.0C

*20.0°C

combined with the low conduction losses, means that it
is possble to conduct greater than 30A with a single SO-
8-outlined DirectFET technology device The following
section describes the results of in circuit evauations that
show the performance gains from the combined thermd
and eectrical improvements.

V. IN CIRCUIT EVALUATION RESULTS

In circuit performance evauations have been
caried out compaing the theema and conduction
performance of DirectFET technology to an SO-8 device
utilizing the same silicon technology.

The thema imeges in Figure 60 show a
compaison of a 30Vn SO-8 (IRF7822) and a DirectFET
technology device (IRF6603) both in the synchronous
FET socket in a synchronous buck converter, running at
fsv=300kHz. In both cases the FETs are conducting 18A.

i
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FGURE 6.08 — THERMAL |MAGES OF SO-8 RUNNING AT 300KHZ, 18A —
TIMEASURED AT 125°C IN SYNGBUCK QIRCUIT
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FGURE 6.08 — THERMAL IMAGES OF DIRECTFET TECHNOLOGY
RUNNING AT 300K Hz, 18A — TIMEASURED AT 75°C IN SYNC-BUCK
CIRCUIT
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The comparison shown in Figure 6.0 is with no
dual sided cooling, hest only being transferred into the
board. The SO-8 image shows the heat contours
concentrated closdly aound the device, which means
that minima heat is being disspated into the boad
leading to a high junction temperature. Conversdy the
DirectFET  technology image shows the contours
soreading more widdy aound the device showing more
heat being transferred into the board. Consequently for
the same current the DirectFET device is running 50°C
cooler than the SO-8. In gpplication this would either
mean that the DirectFET device could be run cooler than
the SO-8 and hence greater reliability could be expected
or more likdy a grester curent would be conducted for
the same junction temperature. A set of evauations were
conducted to determine the maximum current which
could be conducted for a pesk board temperaure of
105°C, a temperaure commonly used as a limit in
converter agpplications on FR4 substrate. The evduations
investigated cooling to board, 200 linear feet per minute
arflow (no additiond s€nk) and cooling to a chasss
subgtitute. The results are shown in Table .

SO, DirectFET, Y%ege
IRF7822 in IRF6603 in increase
SyncFET SyncFET incurrent
socket socket
No topside cooling 18A 20A <)
Constant 200LFM 20A 26A 3%
Heatsnk to chassis
substitute 28 2A 4%
TABLE | — MAXIMUM MEASURED CURRENT FORDIFFERING COOLING
SOLUTIONS

In every case the DirectFET technology
conducted at least 30% more current than the equivaent
footprint SO-8 for the same cooling conditions. In fact,
the DirectFET device case with the minima cooling
conditions conducted more current than the SO-8 with
the best sinking solution.

VI. EFFICIENCY M EASLREMENTS

Improvements in  both the themd and
conduction performance bring with them gans in
converter efficiency. Measurements of efficiency were
made for eech of the cooling solutions shown in Table
10 for varying load current. The efficiency curves for
DirectFET technology parts in both the synchronous
FET socket and the control FET socket, both cooled and
uncooled versus uncooled SO-8 devices are shown in
Figure 7.0.

—+— IRF6603/IRF6604 (200LFM, heatsink)
—— IRF6603/IRF6604 (still air,no heatsink)
—4— IRF7822/IRF7811W (still air, no heatsink)

Efficiency [%)]

70 105°C max board temp reache\
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36
Load Current [A]

FIGURE 7.0 — EFFICIENCY CHART COMPARING DIRECTFET
(IRF6603/4) wiTH SO-8 (IRF7822/11) IN SYNCRONOUS RECTIFIER
CIRCUIT AT300KHz

The messurements in Figure 7.0 show the
converter efficiency versus load current. In al cases the
measurements were stopped a a current level where the
maximum board temperature of 105°C was reeched. It
can be seen thet a 18A the uncooled DirectFET devices
give a four percentage point improvement in converter
efficency over the uncooled SO-8s. By heatsinking the
DirectFET devices to a chassis subdtitute a further one
percentage point improvement in converter efficiency
was achieved a 18A. Alternatively the load current
could be increesed by 55A for the same converter
efficiency, an increase of 30%. An additiond point to
note is tha the improved cooling means that the
converter could be run to 35A before the board
temperature reached the 105°C limit. It is also important
to note that the circuit used here was optimised for SO-8
devicess. Namey, optimisng the circuit for the
DirectFET & devices (eg., usng a high current inductor)
would render noticegbly higher efficiency a high current
levels.

VI. CQURRENT DENSITY INCREASES

The in circuit evauations have shown that 30A
is achievable usng a dngle DirectFET technology pair
(synchronous and control FET) whils maintaining a
maximum board temperature of 105°C. In order to
achieve 30A it would be necessry to pardld two or
more SO-8 devices in each of the synchronous and
control FET sockets. Table Il below shows a DirectFET
technology versus SO-8 comparison of required board
aea and the resulting ampsirf for 30A per phase
converters. To make a far comparison it is assumed that
both the DirectFET devices and the SO-8s are heatsinked
to a chasss. In practice it would not be sengble to sink
the SO-8 to a chasss in this application as the
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performance gain through doing so would 4ill not mesan

board @out the point where the device is mounted.
Continuous monitoring of gate leskage & gate threshold
voltage dlows the point of falure versus deflection to be
determined. A photograph of the setup is shown in
Figure 8.0.

that asingle device could be used.

Power Supply Solution Area [in’] Amps/in?
SO8 2phasesolution 554 10.82
SO-8 4phasesolution 10.45 11.48

DirectFET 2 —-phase solution 2.77 21.67

DirectFET 4 —phase solution 4.9 24.49

TABLE Il. CURRENT DENSITIESFORA 30A/PHASE SYNCHRONOUS BUGK
CONVERTER

Table Il shows that in both the two phase and
the four phase solutions the current density has been
doubled through the use of DirectFET technology. Also,
as power is a function of current, the power densty is
dso doubled in the converters usng the DirectFET
devices whilst ill not exceeding the specified 105°C
maximum board temperature.

VII. RELIABILITY

New technologies that appear to be different to
those tha have preceded them sometimes cause concern
over rdiability. Consequently DirectFET technology has
undergone extensive rdiability teting to ensure that
there will be no issues when it is working in applications
in the fidd. The testing completed has included those
tests that are commonly undertaken on power MOSFET
components, as wel as additiona teting to show
ruggedness and fitness for use.

In order to ensure that materia sets used do not
interact badly with the dlicon die and that they also
protect the die from the environment, bias testing is
undertaken. High temperature reverse bias, temperature,
humidity and bias, and high temperature gate bias have
dl been completed on lage sample sizes (greater than
200) for 1000 hours with no falures. Additiondly,
theemd cyding tests including temperature cycling on
board (-40 to +125°C) for 500 cycles and power cycling
to 8000 cycles have been completed with zero failures.
These tests are the standard tests that are completed by
most vendors to qualify new power components. Further
work has been underteken to dlay any mechanica
strength concerns.

Vlla Bend strength measurements

An example of the additionad testing that has
been completed is bend drength  measurement.
Comparisons have been made with ceramic capacitors in
order to determine how DirectFET technology compares
to other components that it is likey to share a board
with. There are standard tests to determine the strength
of ceramic cgpacitors and these have been used on
DirectFET devices. In dl cases ceramic capacitors have
aso been tested as a control.

Bend drength messurements are dmple in
methodology - mount a device onto a board of pre-
determined dimensons and then deflect and bend the

SN
FIGURE 8.0. BEND STRENGTHMEASUREMENT SETUP (DIRECTFET
DEV ICE ON UNDERSIDE OFBOARD)

This testing was completed on DirectFET
technology, investigating:
orientation of device on board
device on front and back of board
thickness of board
thickness of board attach solder
composition of board attach solder

YV VVYVYY

In dl cases the ceramic capacitors falled (based on a 20%
shift in cepecitance) a a lower deflection than the
DirectFET devices. This is shown in the set of mortality
curves shown in Figure 9.0.

" 7~ Hex3.0 DirectFET(L) The shaded area signifies

— * Hex3.0 DirectFET (T) the point at which the boards
1812 Ceramic Capacitor failed. No components
— —Hex3.0 DirectFET (Front Side) survived beyond this.
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FIGURE 9.0 — MORTALITY CURVES COMPARI NG DIRECTFET TEC
HNOLOGY WITH CERAMIC CAPACITORS
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In most of the tests the DirectFET devices did not fall
catastrophicaly until the boards themselves snapped.

VIIb Compression resistance

In specifying that the device can be used in systems using
dua sded cooling it is necessary to determine its fitness
for this purpose. It was therefore necessary to investigate
DirectFET technology’s resistance to pressure. This was
to ensure that heat sinking that applies a force to the top
of the package would not result in damage. The testing
again utilised continuous monitoring of gae leskage and
gate threshold voltage whilst an incressing force was
agoplied to the top of the package. No shifts in the
monitored variables were observed beow 500N. This
figure is wdl above any force that would be used for
mounting a heat sink. Typicaly these would not exceed
100N.

VIII. SUMMARY AND CONCLUSION

This paper has presented DirectFET technology,
which is targeted a facilitating the current and power
dendties required by future power supplies for next
generation  microprocessors.  Improvements  in therma
and dectricd conduction have been made through the
rationdization of packaging design and tailoring it to the
exiging and future requirements of the synchronous
buck converters used for processor power. These
converters need to supply greater than 100A to the
processors that they support. Multiphase converters
endble these high currents dthough each phase is dill
required to supply grester than 25A. Through in-dircuit
evauations this paper has shown that the use of
DirectFET technology facilitates greater than 30A per
phase usng a single device in each of the synchronous
and control FET sockets in the converter. Alternate
packaging plaforms (eg. SO8) would require the
pardlding of devices Compared to exiging best
peforming SO-8  devices DirectFET  technology
achieves double the current and power density whilst
proving to be areliable platform with fitness for purpose.



