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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy.
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SEMICONDUCTOR DEVICE, VERTICAL POWER TRANSISTOR,
CIRCUIT AND METHOD

Field of the Invention

This invention relates to semiconductor devices and particularly but not
exclusively to vertical power transistor devices.

Background of the Invention

Vertical power transistors such as vertical MOS (Metal Oxide
Semiconductor) transistors are high power devices having source and gate
terminals at the top of the device and a drain terminal incorporated in the
base of the device. However, the vertical flow of current through the device
prevents monolithic integration of transistors with electrically separated
drains on a single semiconductor die.

In prior art arrangements, the device is typically mounted on a metal lead
frame which is part of a conventional IC package. Bond wires connect the
source and gate terminals at the top of the device to the individual leads
which form the pins of the package. These leads are designed to be as
conductive as possible, so as to reduce Rds on which is the ‘on’ resistance
across the drain and source terminals. This resistance has an adverse
effect on both power efficiency and thermal regulation of the device, since
even a small resistance will convert electrical energy to heat energy, an
unwanted result in an integrated circuit.

In applications such as automotive components, where car manufacturers
are seeking to replace mechanical relays with silicon power transistors,
the efficiency and heat problems are further compounded by the need to
provide at least four power transistor devices to replace one relay. Since the
discrete transistors cannot be integrated on a single semiconductor die
because of electrical shorts between the devices, the overall cost of such
arrangements, taking into account extra heat sinks and the amount of
current required, is prohibitive.
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This invention seeks to provide a semiconductor device and a vertical power
transistor which mitigate the above mentioned disadvantages.

Summary of the Invention

According to a first aspect of the present invention there is provided a
semiconductor device comprising: a semiconductor die having first and
second opposing faces, the first and the second face having first and second
sets of electrodes respectively; and first and second printed circuit boards
having respective first and second conductive pads connected to the first
and second sets of electrodes respectively.

According to a second aspect of the present invention there is provided a
vertical power transistor comprising first and second conducting
electrodes and a control electrode and formed on a semiconductor die; the
first conducting electrode and the control electrode being formed on one
face of the semiconductor die and the second conducting electrode being
formed on a second face of the semiconductor die, opposite the first face,
wherein the first and second faces are arranged for bonding to first and
second printed circuit boards respectively.

According to a third aspect of the present invention there is provided a
circuit comprising a plurality of semiconductor devices, each device
comprising first and second sets of electrodes formed on first and second
faces of each semiconductor device, wherein the first and second faces are
bonded to first and second printed circuit boards respectively.

Preferably the circuit further comprises bridge elements bonded between
the first and second printed circuit boards, and a further semiconductor
device coupled to only one of the first and second printed circuit boards.

The plurality of integrated circuits are preferably four transistors arranged
as an H-bridge driver circuit, the transistors being preferably formed in
MOS technology.
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According to a fourth aspect of the present invention there is provided a
method for producing a semiconductor device comprising the steps of:
preparing areas on a first side of a semiconductor die corresponding to first
electrodes of the semiconductor device; preparing areas on a second side
the semiconductor die corresponding to second electrodes of the
semiconductor device; metallising the prepared areas of the first and
second sides of the semiconductor die to form pads; forming bumps on the
pads of the first and second sides; and, bonding the first and second sides of
the semiconductor die to first and second printed circuit boards
respectively, via the bumps.

Preferably the first and second printed circuit boards are bonded with an
anisotropic thermoplast. The bumps are preferably formed with a nickel-
gold electroless deposition process.
In this way a power transistor is provided which improves efficiency and
mitigates heat problems, whilst positively impacting the overall cost of
producing such a transistor.

D iption in

An exemplary embodiment of the invention will now be described with
reference to the drawings in which:

FIG.1 shows a prior art power transistor mounted on a metal lead frame.

FIG.2 shows a vertical power transistor in accordance with a first aspect of

the invention.
FIG.3 shows a circuit in accordance with a second aspect of the invention.

FIG.4 shows a circuit in accordance with a third aspect of the invention.
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Referring to FIG.1, there is shown a prior art vertical power transistor
having gate, source and drain electrodes 15, 30 and 40 respectively, formed
in MOS technology. A silicon die 10 incorporating the vertical power
transistor is mounted on a flag 50 of the metal lead frame 20. The interface
between the die 10 and the flag 50 provides connectivity of the flag 50 to the
drain electrode 40. Source electrode 30 and gate electrode 15 are coupled to
leads 51 and 52 of the lead frame 20 via bond wires 35 and 45 respectively.
The leads 51 and 52 and flag 50 thus form electrically isolated source, gate
and drain pins of the integrated circuit package.

The bond wire 35 is designed with a suitable size and length to adequately
convey current between the lead 51 and the electrode 30. However, the
inherent impedance of the leads and the bond wires contributes to the
overall Rds on the ‘on’ resistance across the drain and source terminals.
In this way the bond wire 35 negatively impacts the overall power efficiency
of the transistor, and furthermore significantly affect thermal efficiency.

Referring now to FIG.2, there is shown an MOS vertical power transistor
device 100, comprising an n-type silicon die 110 which includes p, p+ and
n+ wells, and a n+ sub layer. The p, p+ and n+ wells are arranged to
define first and second source terminals 130 and 131 respectively and one
gate terminal 140 at the top of the die. A nickel-gold bump 135 is
electrolessly deposited to the first source terminal 130. Similarly nickel-
gold bumps 136 and 145 are electrolessly deposited on the second source
terminal 131 and to the gate terminal 140.

A drain terminal 115 is effectively formed in the n+ sub layer. A series of
nickel bumps 120, 121, 122 and 123 are electrolessly coupled to the n+ sub
layer.

A first PCB (printed circuit board) 150 is coupled to the nickel bumps 135,
136 and 145 at the top of the silicon die 110. The first PCB 150 has isolated
tracks and regions (not shown) arranged in conjunction with the relative
positions of the nickel bumps 135, 136 and 145, such that source and gate
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terminal paths in the PCB 150 connect exclusively to the source and gate
terminals 130, 131 and 140.

Similarly the second PCB 160 has isolated tracks and regions (not shown)
arranged in conjunction with the relative positions of the nickel bumps 120,
121, 122 and 123. In this way a drain terminal path within the second PCB
160 is exclusively coupled to the drain terminal 115.

Referring now also to FIG.3, there is shown an integrated circuit
arrangement 200 of first and second PCB'’s 210 and 220. A double sided
MOS device 230 according to the invention has nickel bumps 235 bonded to
both sides of the device. A conventional MOS device 240 has nickel-gold
bumps 245 bonded to one side of the device. The MOS device 230 and the
conventional MOS device 240 are then mounted on the first PCB 210 in a
flip-chip fashion, along with bridges 250, which also have nickel bumps on
both sides.

Then the second PCB 220 is bonded to the nickel bumps 235 on the exposed
face of the MOS device 230, and to the nickel bumps on the exposed faces of
the bridges 250. This then forms a PCB sandwich. The first and second
PCB’s 210 and 220 may be bonded with an anisotropic thermoplast, which
also serves as an underfilling material.

Referring now also to FIG.4, there is shown an exemplary embodiment of
an H-bridge driver circuit 300 comprising two PCB’s 320 and 330 arranged
as a flip-chip sandwich. Four MOS vertical power transistors 301, 302, 303
and 304 are arranged as an H-bridge, and bonded to each PCB 320 and 330,
as are a number of bridge elements. An integrated circuit 310 is bonded to
the PCB 320 only. A DC motor 340 and a bus connector 350 are also bonded
to the PCB 320. The PCB 320 contains a number of interconnects (not
shown) which connect the devices bonded thereto. The integrated circuit
310 comprises control logic for controlling the circuit and communication
logic for sending and receiving control signals to and from the bus
connector 350. In this way the driver circuit 300 is able to drive the DC
motor 340 in response to signals received at the bus connector 350, without

the need for a relay circuit or similar prior art arrangement.
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It will be appreciated by a person skilled in the art that alternative
embodiments to the one described above are possible. For example, the
vertical power transistor could be replaced by any vertical semiconductor
element. The n-epi die 110 could be replaced by a p-epi die, with
corresponding changes to the wells and other regions. The H-bridge
arrangement of FIG.4 is exemplary, and other arrangements of power
transistor circuits, such as a full bridge driver circuit having six
transistors to implement three branckes together with suitable logic are

envisaged.
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Claims

1. A semiconductor device comprising: a semiconductor die having
first and second opposing faces, the first and the second face having first
and second sets of electrodes respectively; and first and second printed
circuit boards having respective first and second conductive pads connected
to the first ard second sets of electrodes respectively.

2. A vertical power transistor comprising first and second conducting
electrodes and a control electrode and formed on a semiconductor die; the
first conducting electrode and the control electrode being formed on one
face of the semiconductor die and the second conducting electrode being
formed on a second face of the semiconductor die, opposite the first face,
wherein the first and second faces are arranged for bonding to first and
second printed circuit boards respectively.

3. A circuit comprising a plurality of semiconductor devices, each
device comprising first and second sets of electrodes formed on first and
second faces of each semiconductor device, wherein the first and second
faces are bonded to first and second printed circuit boards respectively.

4. The circuit of claim 3 further comprising bridge elements-bonded
between the first and second printed circuit boards.

5. The circuit of claim 3 or claim 4 further comprising a further
semiconductor device coupled to only one of the first and second printed
circuit boards.

6. The circuit of claim 3, 4 or 5 wherein the plurality of integrated
circuits are four transistors arranged as an H-bridge driver circuit.

7. The vertical power transistor of claim 2 or circuit of claims 3, 4, 5 or 6
wherein the transistors are formed in MOS technology.

8. A method for producing a semiconductor device comprising the

steps of:
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preparing areas on a first side of a semiconductor die corresponding to first
electrodes of the semiconductor device;

preparing areas on a second side the semiconductor die corresponding to
second electrodes of the semiconductor device;

metallising the prepared areas of the first and second sides of the
semiconductor die to form pads;

forming bumps on the pads of the first and second sides; and,

bonding the first and second sides of the semiconductor die to first and
second printed circuit boards respectively, via the bumps.

9. The method of claim 8 wherein the first and second printed circuit
boards are bonded with an anisotropic thermoplast.

10. The method of claim 8 or claim 9 wherein the bumps are formed
with a nickel-gold electroless deposition process.

11. A semiconductor device substantially as hereinbefore described and
with reference to the drawing of FIG 2.

12. A circuit substantially as hereinbefore described and with reference
to the drawing of FIG 3.

13. A circuit substantially as hereinbefore described and with reference
to the drawing of FIG 3.



P Thet
Ofthce
il

Application No: GB 9603186.9 Examiner: SJ Morgan
Claims searched: 1-10 Date of search: 12 April 1996

Patents Act 1977
Search Report under Section 17

Databases searched:

UK Patent Office collections, including GB, EP, WO & US patent specifications, in:
UK Cl (Ed.O): HIK(KPAX KRLX,KPJ)
Int Cl (Ed.6): HOIL
Other:

Documents considered to be relevant:

Category| Identity of document and relevant passage Relevant
to claims
X US 5 426 263 (MOTOROLA) See whole document. 1-10
Y | US 5237203 (TRW) See figure 2a. 5
X,Y | US5 166 773 (GENERAL ELECTRIC) See figure 14 and X:1-4,7-10
lines 58-60, column 2. Y:5
X US 4 984 358 (M&C TECHNOLOGY) See lines 22-36, column 6
1-3,5,8,10
and figure 14.

X  Document indicating lack of novelty or inventive step A Document indicating technological background and/or state of the art.
Y  Document indicating lack of inventive step if combined P  Document published on or after the declared priority date but before
with one or more other documents of same category. the filing date of this invention.
E Patent document published on or after, but with priority date earlier
&  Member of the same patent family than, the filing date of this application.

An Executive Agency of the Department of Trade and Industry



