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(57)  Aninterface pad circuit configured for conveying
an electrical signal from a semiconductor chip compo-
nent to a component external to the semiconductor chip
component, the interface pad circuit includes: a control
circuit; a plurality of semiconductor elements, the semi-
conductor elements having respective bulk terminals and
being controlled by the control circuit; and a connection
pad; wherein at least two of the semiconductor elements
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are configured for providing a plurality of non-zero logic
voltage levels to the connection pad; and wherein the
control circuit is configured to apply a voltage level to the
bulk terminals of the at least two of the semiconductor
elements providing the non-zero logic voltage levels, the
voltage level applied by the control circuit corresponding
to the highest voltage level of the plurality of non-zero
logic voltage levels.
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Description
FIELD
[0001] This disclosure relates to hearing aids. More

specific, it relates to hearing aids comprising multiple in-
tegrated electronic circuits.

BACKGROUND

[0002] A contemporary hearing aid comprises elec-
tronic circuits of very large scale integration in order to
accommodate the circuits necessary to perform the de-
sired functionality of the hearing aid while keeping the
physical size of the hearing aid as small as possible. This
means that the chip or die containing the semiconductor
components of the hearing aid also has to be as small
as possible in order to fit within the hearing aid housing.
At the same time the circuit needs to be optimized to use
as little power as possible in order to prolong the life of
the battery powering the hearing aid.

[0003] Due to a number of practical issues, it is often
necessary to distribute the circuit on several silicon dies
and provide interconnections between the parts of the
circuit residing on different silicon dies or chips, e.g. in
the form of bonded electrical connections from one chip
to another. Interface terminations for these bondings are
provided on each chip as larger, metalized areas denoted
pads. During assembly, the pads of different chips on the
same substrate are interconnected by bonding wires, e.g.
by soldering or ultrasound-welding the bonding wires to
the pads forming electrical connections between the wire
ends and the pads. The wires and the pads used in the
assembly process are usually made from gold or other
noble metals resistant to corrosion. Transferring digital
signals reliably between individual chips usually con-
sumes a lot of power on the chip, mainly because of the
parasitic capacitance introduced by the interfacing pads
and the associated components and connections. Since
the semiconductor elements present on the chips are
typically MOSFET ftransistors sensitive to electrostatic
discharges (ESD), the inclusion of special ESD protec-
tion circuits are also mandatory when connecting chips
to other chips or to peripheral components. However, the
ESD protection circuits also contribute to the parasitic
capacitance of the interface pad circuit.

SUMMARY

[0004] A digital hearing aid circuit may beneficially be
capable of operating at more than one logic voltage level,
e.g. during a power-on reset event, where the pads may
temporarily provide electrical communication at a higher
initial logic voltage level than the logic voltage level used
for nominal operation. When all parts of the circuit is op-
erating nominally, the voltage level provided by the pads
may beneficially be lowered, e.g. to half the voltage of
the initial voltage level. Thus, the interfacing pads have

10

15

20

25

30

35

40

45

50

55

to be capable of conveying these voltages to the circuits
connected thereto whenever needed. Logic voltage lev-
els for hearing aid circuits may range from 0.5 volts to
approximately 3 volts.

[0005] An interface pad circuit adapted for conveying
an electrical signal from a semiconductor chip compo-
nent to a component external to the semiconductor chip
component is devised, the interface pad circuit compris-
ing a control circuit, a plurality of semiconductor elements
and a connection pad, each semiconductor element of
the plurality of semiconductor elements having a bulk
terminal and being controlled by the control circuit and
adapted for providing a logic zero voltage level and a
plurality of specific, non-zero logic voltage levels to the
connection pad, wherein the highest voltage level of the
plurality of the provided logic voltage levels is applied to
the bulk terminal of each of the semiconductor elements
providing the non-zero logic voltage levels.

[0006] This configuration gives the chip an enhanced
drive strength and the capability of providing a plurality
of different, non-zero logic voltage levels. In one or more
embodiments of the interface pad circuit, a set of three
semiconductor elements in the form of MOSFET transis-
tors is controlled by a logic control circuit in order to pro-
vide either a higher voltage level or a lower voltage level
to the interface pad according to requirements. A first
PMOS transistor controls the higher voltage level, an
NMOS transistor controls the logic "zero" voltage level
(i.e. 0 volts), and a second PMOS transistor controls the
lower voltage level. The NMOS transistor and the first
PMOS transistor both have their bulk terminals perma-
nently connected to their respective source terminals in
order to preserve the threshold capabilities of the tran-
sistors. However, the second PMOS transistor has its
bulk terminal connected to the higher voltage level. All
three transistors have their drain terminals connected to
the pad output terminal in order to provide the desired
logic voltage to external components connected thereto.
[0007] If the second PMOS transistor providing the
lower voltage level were to have its bulk terminal con-
nected to its source terminal in a fashion similar to the
first PMOS transistor, this configuration would lead to a
situation where the drain-bulk diode present in the sec-
ond PMOS transistor would conduct a current whenever
the first PMOS transistor was turned on and the second
PMOS transistor was turned off due to the voltage differ-
ence between the lower and the higher voltage levels
exceeding the threshold voltage V of the second PMOS
transistor. Therefore, the bulk terminal of the second
PMOS transistor needs to be connected to the higher
voltage in order for the voltage difference between the
drain and bulk terminals to be smaller than the threshold
voltage. However, this arrangement leads to a degrada-
tion of the threshold voltage of the second PMOS tran-
sistor.

[0008] In order to counteract the degradation of the
threshold of the second PMOS transistor following from
the higher bulk voltage potential, this embodiment needs
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to utilize a specially designed PMOS transistor due to
the fact that the bulk voltage is now higher than the source
voltage of the transistor. When the threshold of the sec-
ond PMOS transistor is degraded, the transistor has to
be made physically much wider (up to fifteen times wider
in worst cases) in order to keep the drain-source on-re-
sistance Rpg of the transistor below its maximum allow-
able value.

[0009] The dynamic power requirement of a switching
circuit is given by:

Payn=V*f-C (1)

[0010] HereV denotes alogic "1" voltage level, fis the
switching frequency and C is the capacitance of the
switching circuit. In this context, the term ‘circuit’ may
cover single semiconductor elements as well as large,
complex circuits. From equation (1) it will be obvious that
the voltage level V should be as low as possible in order
to minimize the dynamic power dissipation in a transistor
since the dynamic power increases with the voltage
squared. In other words, since both the capacitance of
the second PMOS transistor is larger due to the larger
physical width and the threshold voltage V is higher than
the nominal voltage of the rest of the hearing aid circuit,
as discussed in the foregoing, this design ends up taking
up more space on the chip and costing a lot of dynamic
power.

[0011] If the drain-source on-resistance of the second
PMQOS transistor is too high it will put a limitation on the
current that can be provided by the transistor, and con-
sequently, the drive strength of the interface pad circuit
will be too low. In this embodiment, this may only be al-
leviated by utilizing a wider transistor design at the cost
of an increase in the area used on the chip by the tran-
sistor and an increase in dynamic power due to the larger
parasitic and gate capacitances as a consequence of
using the physically larger transistor.

[0012] Thus, a need exists for an interface pad circuit
design where these problems are reduced or eliminated.
In order to keep the dynamic power requirement of the
interface circuit pad low, an alternative embodiment ca-
pable of utilizing a smaller transistor design is described
in the following.

[0013] Further, aninterface pad circuit is devised, said
interface pad circuit further having the control circuit
adapted for selectively providing one of the plurality of
non-zero logic voltages to the bulk terminal of each one
of the semiconductor elements, wherein at least one of
the voltages provided to the bulk terminal of a particular
semiconductor element is substantially equal to the logic
voltage level provided by that particular semiconductor
element, and at least another of the voltages provided to
the bulk terminal of the same semiconductor element is
substantially equal to the highest logic voltage level pro-
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vided by any semiconductor element feeding the inter-
face pad.

[0014] As used in this specification, the term "substan-
tially equal” or similar terms, such as "substantially the
same", etc., refers to two items that do not differ by more
than 10%. For example, if a voltage or voltage level is
described as being "substantially equal to" or "substan-
tially the same as" another voltage or voltage level, that
means the two voltages or the two voltage levels do not
differ by more than 10% (e.g., the two voltages or voltage
levels may differ by 9%, 5%, 3%, 1 %, may be equal, etc.).
[0015] In this interface pad circuit, the bulk terminal of
each semiconductor element is thus provided with one
of two bulk biasing voltages. If the semiconductor ele-
ments are embodied as MOS transistors, the drain-bulk
diode of the MOS transistors remains closed when the
bulk bias voltage is applied, i.e. no excess current is
drawn, and the on-resistance Rpg of the MOS transistors
remains sufficiently low, thus eliminating the need to uti-
lize a wider transistor. This allows for smaller transistor
devices to be used for providing the desired logic voltage
levels on the chip while maintaining the desired drive
strength of the output pad. As stated in the foregoing, a
smaller MOS transistor also has the added benefit of a
smaller inherent capacitance and therefore a lower dy-
namic power requirement.

[0016] Inanexemplary interface pad circuit, the control
circuitis adapted to apply the non-zero logic voltage level
being substantially equal to the voltage level provided by
a particular semiconductor element to the bulk terminal
of that particular semiconductor element when that par-
ticular semiconductor element is providing its associated
non-zero logic voltage level to the interface pad, and to
apply the highest logic voltage level provided by any sem-
iconductor element feeding the interface pad to the bulk
terminal of the particular semiconductor element when
any other semiconductor element of the interface pad is
providing its logic voltage level to the interface pad.
[0017] This embodimentallows foran arbitrary number
of non-zero logic voltage levels to be provided by the
interface pad circuitwhile maintaining high drive strength,
low dynamic power consumption and a modest physical
space requirement on the silicon chip.

[0018] The subject disclosure also relates to a method
of operating an interface pad of a microelectronic inte-
grated circuit, said method involving the steps of provid-
ing the microelectronic circuit, said circuit comprising a
plurality of semiconductor elements each controlling a
logic voltage level, wherein each semiconductor element
of the plurality of semiconductor elements is provided
with one of two bulk biasing voltages, the first bulk biasing
voltage being substantially equal to the logic voltage level
provided by that particular semiconductor element, and
the second bulk biasing voltage being substantially equal
to the highest logic voltage level provided by any semi-
conductor of the interface pad, and wherein the first of
the two bulk biasing voltages is provided to the bulk ter-
minal of the particular semiconductor element when that
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particular semiconductor element is controlling the logic
voltage level corresponding to that semiconductor, and
the second of the two bulk biasing voltages is provided
to the bulk terminal of the particular semiconductor ele-
ment when any other semiconductor element of the in-
terface pad is controlling the logic voltage level corre-
sponding to the other semiconductor.

[0019] Thus, a method of operating an interface pad
of a microelectronic circuit is devised, enabling the inter-
face pad to drive inputs on other microelectronic circuits
at a plurality of logic voltage levels by controlling the bulk
biasing voltage to each semiconductor. The method is
therefore of particular interest in operating electronic cir-
cuits in hearing aids. By providing each semiconductor
element with a selection of two different bulk biasing volt-
ages, leakage current of the particular semiconductor el-
ement may thus be minimized when the interface pad is
configured to provide logic voltages different from the
logic voltage provided by that particular semiconductor
element. Each semiconductor element of the interface
pad may also be made smaller as a consequence of this
arrangement, thus reducing the dynamic power require-
ments of the interface pad. The method is of particular
relevance to interface pads of microelectronic circuits in-
tended for use in hearing aids, where physical space and
available power are severely restricted.

[0020] An interface pad circuit configured for convey-
ing an electrical signal from a semiconductor chip com-
ponent to a component external to the semiconductor
chip component, the interface pad circuit includes: a con-
trol circuit; a plurality of semiconductor elements, the
semiconductor elements having respective bulk termi-
nals and being controlled by the control circuit; and a
connection pad; wherein at least two of the semiconduc-
tor elements are configured for providing a plurality of
non-zero logic voltage levels to the connection pad; and
wherein the highest voltage level of the plurality of the
provided logic voltage levels is applied to the bulk termi-
nals of the at least two of the semiconductor elements
providing the non-zero logic voltage levels.

[0021] The control circuit may be configured to apply
a voltage level to the bulk terminals of the at least two of
the semiconductor elements providing the non-zero logic
voltage levels, the voltage level applied by the control
circuit corresponding to the highest voltage level of the
plurality of Optionally, at least one of the semiconductor
elements is configured to provide a logic zero voltage
level.

[0022] Optionally, the control circuit is configured for
selectively providing a first non-zero logic voltage or a
second non-zero logic voltage to the bulk terminal of one
of the semiconductor elements, wherein the first non-
zero logic voltage is substantially equal to the logic volt-
age level provided by the one of the semiconductor ele-
ments, and the second non-zero logic voltage is substan-
tially equal to the highest logic voltage level provided by
another one of the semiconductor elements.

[0023] Optionally, the control circuit is configured to
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apply the first non-zero logic voltage to the bulk terminal
of the one of the semiconductor elements when the one
of the semiconductor elements is providing its associated
non-zero logic voltage level to the interface pad; and
wherein the control circuit is configured to apply the sec-
ond non-zero logic voltage to the bulk terminal of the one
of the semiconductor elements when another one of the
semiconductor elements is providing its associated logic
voltage level to the interface pad.

[0024] Optionally, the voltage level applied by the con-
trol circuit is the same or substantially the same as the
highest voltage level of the plurality of non-zero logic volt-
age levels.

[0025] Optionally, the interface pad circuit further in-
cludes a first switch configured to supply a first bulk bi-
asing voltage to the bulk terminal of one of the semicon-
ductor elements controlled by the control circuit.

[0026] Optionally, the interface pad circuit further in-
cludes a second switch configured to supply a second
bulk biasing voltage to the bulk terminal of the one of the
semiconductor elements controlled by the control circuit.
[0027] Optionally, a first control signal for the first
switch and a second control signal for second switch are
mutually exclusive.

[0028] Optionally, first switch and the second switch
are microelectronic switches embodied in the interface
pad circuit.

[0029] Optionally, the semiconductor elements com-
prises one or more MOS transistors.

[0030] Optionally, the control circuit has a logic input
terminal, a pad level control terminal, and a plurality of
output terminals for controlling the semiconductor ele-
ments.

[0031] Optionally, the control circuit is configured to
provide mutually exclusive control signals to the plurality
of semiconductor elements.

[0032] A method of operating a microelectronic inte-
grated circuit, the microelectronic circuit comprising a
plurality of semiconductor elements each providing a log-
ic voltage level, the method includes: providing one of
the semiconductor elements with a first bulk biasing volt-
age or a second bulk biasing voltage, the first bulk biasing
voltage being substantially equal to the logic voltage level
provided by the one of the semiconductor elements, and
the second bulk biasing voltage being substantially equal
to the highest logic voltage level provided by another one
of the semiconductor elements; wherein the first bulk bi-
asing voltage is provided to the bulk terminal of the one
of the semiconductor elements when the one of the sem-
iconductor elements is providing its corresponding logic
voltage level; and wherein the second bulk biasing volt-
age is provided to the bulk terminal of the one of the
semiconductor elements when another one of the sem-
iconductor elements is providing its corresponding logic
voltage level.

[0033] Optionally, the semiconductor elements com-
prise MOS ftransistors.

[0034] Optionally, the microelectronic integrated cir-
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cuit is configured for use in a hearing aid.
[0035] Other and further aspects and features will be
evident from reading the following detailed description.

DESCRIPTION OF THE FIGURES

[0036] The disclosure will now be described in further
detail with reference to the drawings, where

fig. 1 is an exemplary schematic diagram of an em-
bodiment of an interface pad circuit,

fig. 2 is a functional timing diagram of the control
signals for the embodiment shown in fig. 1,

fig. 3 is an exemplary schematic diagram of an al-
ternative embodiment of an interface pad circuit with
controlled bulk voltage connections,

fig. 4 is a functional timing diagram of the control
signals for the embodiment shown in fig. 3, and

fig. 5 is a schematic diagram of an embodiment of
an interface pad circuit capable of handing three dif-
ferent logic voltage levels.

DETAILED DESCRIPTION

[0037] Various features are described hereinafter with
reference to the figures. It should be noted that the figures
may or may not be drawn to scale and that the elements
of similar structures or functions are represented by like
reference numerals throughout the figures. It should be
noted that the figures are only intended to facilitate the
description of the features. They are not intended as an
exhaustive description of the claimed invention or as a
limitation on the scope of the claimed invention. In addi-
tion, an illustrated feature needs not have all the aspects
or advantages shown. An aspect or an advantage de-
scribed in conjunction with a particular feature is not nec-
essarily limited to that feature and can be practiced in
any other features even if not so illustrated or if not so
explicitly described.

[0038] Fig1isaschematic diagram showing the major
parts of an interface pad circuit 1 of a microelectronic
chip for a hearing aid according to a first embodiment.
The interface pad circuit 1 comprises a control circuit 2,
afirst PMOS transistor 3, an NMOS transistor 4, a second
PMOS transistor 5and aninterface pad 7. The first PMOS
transistor 3 comprises a gate terminal 16, a source ter-
minal 17, a drain terminal 18 and a bulk terminal 19, the
NMOS transistor 4 comprises a gate terminal 20, a
source terminal 21, adrain terminal 22 and a bulk terminal
23, and the second PMOS transistor 5 comprises a gate
terminal 24, a source terminal 25, a drain terminal 26 and
a bulk terminal 27. The gate 24 of the second PMOS
transistor 5 is connected to the control circuit 2 via a first
control line 11 carrying the control signal PM,_ . (assert-
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ed LOW), the gate 16 of the first PMOS transistor 3 is
connected to the control circuit 2 via a second control
line 12 carrying the control signal PM; ., (asserted
LOW), and the gate 20 of the NMOS transistor 4 is con-
nected to the control circuit 2 via a third control line 13
carrying the control signal NM, (asserted HIGH).
[0039] The bulk terminal 19 and the source terminal
17 of the first PMOS transistor 3 are connected to a first
voltage node 28 carrying a first logic voltage Vpp4, the
bulk terminal 23 and the source terminal 21 of the NMOS
transistor 4 are connected to a common node, the source
terminal 25 of the second PMOS transistor 5is connected
to a second voltage node 29 carrying a second logic volt-
age Vppy, and the bulk terminal 27 of the second PMOS
transistor 5 is also connected to the first voltage node
28. In the circuit in fig. 1, the voltage Vpp4 of the first
voltage node 28 is larger than the voltage Vpp, of the
second voltage node 29. The voltage Vpp, is thus pro-
vided to the bulk terminals of both the first PMOS tran-
sistor 3 and the second PMOS transistor 5. The drain 18
of the first PMOS transistor 3, the drain 22 of the NMOS
transistor 4 and the drain 26 of the second PMOS tran-
sistor 5 are all connected to the interface pad 7 via an
interface output line 15. The control circuit 2 also com-
prises a logic signal input terminal 8 and a Vppy enable
terminal 9 for controlling the behavior of the interface pad
circuit 1. The logic signal input terminal 8 of the control
circuit 2 receives a logic input signal from other parts of
the chip (notshown), the logic input signal being intended
for components (not shown) external to the chip via the
interface pad 7 as a logic voltage Vpp4 or Vpp,, respec-
tively, suitable for driving external components.

[0040] The purpose of the interface pad circuit 1 shown
in fig. 1 is to convey digital voltages from the silicon chip
comprising the interface pad circuit 1 to adjacent chips
on the same substrate in e.g. a hearing aid via electric
bondings or wires connected to the interface pad 7. Due
to different needs of the external components at various
points in the startup procedure of the hearing aid, the
interface pad circuit 1 must be capable of delivering digital
signaling atdifferentlogic levels, i.e. 0 volts, representing
a digital "0", and Vpp4 and Vpp,, respectively, represent-
ing a digital "1" at two different logic levels.

[0041] The control circuit 2 outputs three mutually ex-
clusive control signals, NM, PMy o and PMy oy, re-
spectively. If a (positive asserted) control signal NMgtq
from the third control line 13 of the control circuit 2 is
received on the gate terminal 20 of the NMOS transistor
4, the voltage level of the interface pad 7 is 0 volts, i.e.
adigital "0". Ifa (negative asserted) control signal PM4 .
from the second control line 12 of the control circuit 2 is
received on the gate terminal 16 of the first PMOS tran-
sistor 3, the voltage level of the interface pad 7 is Vpp,
volts, i.e. a digital "1" of the higher logic level. When a
(negative asserted) control signal PM, ., from the first
control line 11 of the control circuit 2 is received on the
gate terminal 24 of the second PMOS transistor 5, the
voltage level of the interface pad 7 is Vpp, volts, i.e. a
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digital "1" of the lower logic level.

[0042] The reason that the bulk terminal 27 of the sec-
ond PMOS transistor 5 is not connected to the source
terminal 25 of the second PMOS transistor 5 in the same
manner as the first PMOS transistor 3 and the NMOS
transistor 4 is that if the voltage level of the interface pad
7 is above the lower logic level plus the threshold voltage
V7 of the second PMOS transistor 5, the intrinsic diode
present between the drain terminal 26 and the bulk ter-
minal 27 of the second PMOS transistor 5 would conduct
a current even if the gate 24 of the second PMOS tran-
sistor 5 was intended to be OFF, leading some of the
current delivered by the first voltage node 28 directly to
the second voltage node 29 instead, thus wasting power
which could otherwise be used to drive the interface pad
7. This would be the case when the first PMOS transistor
3is ON, since

Vbp1>Vbp2 (2)
and
PMOS; (ON)=Vpap>Vpp, +Vey,  (3)
[0043] Thus, the drain-bulk diode of the second PMOS

transistor 5 would conduct. In order to counteract the
problems associated with this configuration, the interface
pad circuit 1 of the prior art has the bulk terminal 27 of
the second PMOS transistor 5 connected to Vpp instead
of Vppy.

[0044] This configuration does, however, create other
problems. Since the voltage Vpp4 present on the bulk
terminal 27 of the second PMOS transistor 5 is higher
than the voltage Vpp, present on the source terminal 25
of the second PMOS transistor 5 whenever the second
PMOS transistor 5 is ON, the threshold voltage V of the
second PMOS transistor 5 is degraded due to the bulk
effect, thus:

Vrp=Vro+y(y/Vss+295-/295) (4)

[0045] Here, V1yis the threshold voltage when a sub-
strate voltage is present, V1 is the value of the threshold
voltage when the voltage difference between source and
bulk is zero, i.e. Vgg=0, and y and ¢g are PMOS device
parameters. As may be shown by equation (4), if the bulk
potential on a PMOS transistor relative to the source po-
tential on the PMOS transistor goes up, then the thresh-
old voltage Vg also goes up because of the bulk effect.
One way to counteract this phenomenon and compen-
sate for the higher ON-resistance Rpg resulting from the
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degraded threshold level is to make the second PMOS
transistor 5 physically significantly wider. This has two
detrimental effects on the interface pad circuit 1. Firstly,
a wider transistor occupies a greater area on the chip,
leading to higher production costs, secondly, the result-
ing increased parasitic capacitance and gate capaci-
tance associated with a physically larger transistor will
lead to an increase in dynamic power consumption by
the transistor, cf. equation (1).

[0046] Fig. 2 is a functional timing diagram showing
significant voltage levels and mutual timings of the inter-
face pad circuit 1 in fig 1. First from the top down through
the timing diagramis the binary, digital input signal driving
the control circuit 2, then the Vpps enanie Signal (asserted
positive), the control signal NM forthe NMOS transistor
4 (asserted positive), the control signal PM; , control-
ling the first PMOS transistor 3 (asserted ne_gative), the
control signal PM, ., controlling the second PMOS tran-
sistor 5 (asserted ﬁegative) and the voltage level present
on the interface pad 7. As stated in the foregoing, Vpp1
is the higher logic "1" output level and Vpp, is the lower
logic "1" output level of the interface pad 7. In the follow-
ing, the functional timing diagram is referenced from left
to right.

[0047] On the first digital "0" from the left in fig. 2, the
NMOS transistor 4 is turned ON and the two PMOS tran-
sistors 3 and 5 are both turned OFF. The voltage of the
interface pad 7 is zero. On the first digital "1", the NMOS
transistor 4 and the second PMOS transistor 5 are both
turned OFF, and the first PMOS transistor 3 is turned
ON. The voltage level present on the interface pad 7 is
Vpp1 due to the fact that the Vpps enaple Signal is still
OFF. The second digital "0" has the same effect as the
first digital "0". On the second digital "1", however, the
Vbp2 enable Signal is ON, the NMOS transistor 4 and the
first PMOS transistor 3 are both OFF, and the second
PMOS ftransistor 5 is ON. The voltage present on the
interface pad 7 is therefore Vpp,. Thus, the interface pad
circuit 1 is capable of providing two different, logic "1"-
levels for driving external circuitry.

[0048] Even though the interface pad circuit 1 of fig 1
performs its intended function, it has less-than-ideal per-
formance parameters due to the problems of the bulk
voltage potential on the bulk terminal 27 of the second
PMOS transistor 5 being higher than the voltage potential
on the source terminal 25 of the second PMOS transistor
5, as discussed in the foregoing. A more effective and
optimized design for an interface pad circuit for a micro-
electronic circuit is described in the following.

[0049] An alternative design for an interface pad circuit
1’ is disclosed in fig. 3. The interface pad circuit 1’ shown
in fig. 3 has features similar to the circuit 1 of fig. 1 apart
from the following features: The control circuit 2 has a
first bulk biasing control terminal 33 and a second bulk
biasing control terminal 34 for controlling the bulk biasing
voltage level delivered to the bulk terminal 27 of the sec-
ond PMOS transistor 5. The first bulk biasing control ter-
minal 33 carries the signal BVpp4 and the second bulk
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biasing control terminal 34 carries the signal BVpp,. The
higher bulk biasing voltage Vpp4 is applied to the bulk
terminal 27 of the second PMOS ftransistor 5 via a first
voltage-controlled switch 35 controlled by the signal from
the first bulk biasing control terminal 33, and the lower
bulk biasing voltage Vpp, is applied to the bulk terminal
27 ofthe second PMOS transistor 5 via a second voltage-
controlled switch 36 controlled by the signal from the sec-
ond bulk biasing control terminal 34. The voltage-con-
trolled switches 35 and 36 are shown in fig. 3 as plain
switches for clarity, but are in fact embodied on-chip as
MOS transistors controlled by the control circuit 2. The
signals BVpp4 and BVpp, from the bulk biasing control
terminals 33 and 34 of the control circuit 2 are mutually
exclusive.

[0050] The effect of this embodiment is that it is pos-
sible to control the bulk biasing voltage level applied to
the bulk terminal 27 of the second PMOS transistor 5 of
the interface pad circuit 1’ in a convenient and simple
manner. By controlling the bulk biasing voltage level ap-
plied to the bulk terminal 27 of the second PMOS tran-
sistor 5, several benefits are obtained. One benéefit is that
the problem with the drain-bulk diode of the second
PMQOS transistor 5 conducting unintentionally is eliminat-
ed completely, since the voltage potential of the output
pad 7 is never allowed to exceed the voltage potential
present on the bulk terminal 27 of the second PMOS
transistor 5, and the condition of equation (3) is therefore
not fulfilled. Another benefit is that the degradation of the
threshold voltage V of the second PMOS transistor 5 is
also eliminated, since the voltage potential on the bulk
terminal 27 of the second PMOS transistor 5 is now high-
er than the voltage potential on the source terminal 25
only when the second PMOS transistor 5 is OFF, and
equal to the voltage potential on the source terminal 25
when the second PMOS transistor 5 is ON. In fact, this
permits the second PMOS transistor 5 to be made con-
siderably smaller physically, thus reducing the area on
the chip occupied by the semiconductor device, conse-
quently reducing the corresponding capacitance of the
second PMOS transistor 5, which in turn reduces the
dynamic power consumed by the device, thus saving en-
ergy.

[0051] Fig. 4 is a functional timing diagram showing
voltage levels and mutual timings of the interface pad
circuit 1’ in fig. 3. The timing diagram in fig. 4 is similar
to the timing diagram shown in fig. 2 apart from the fact
thattimings for the control signals of bulk biasing voltages
BVpp1 and BVpp, are also shown in fig. 4. The control
signal for the low bulk biasing voltage terminal BVpp,
follows the control signal Vppy enapie closely, and the
control signal BVpp is complementary of that, being OF F
whenever the control signal BVpp, is ON, and vice versa.
In other words, when the high logic "1" voltage level is
used, the high bulk biasing voltage Vpp4 is provided to
the bulk terminal 27 of the second PMOS transistor 5,
and when the low logic "1" voltage level is used, the low
bulk biasing voltage Vpp, is provided to the bulk terminal
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27 of the second PMOS ftransistor 5.

[0052] Inoneembodiment,the physical size of the sec-
ond PMOS transistor 5 in the interface pad circuit 1’ may
be reduced on the chip to about 6-7% of the size of the
second PMOS transistor 5 in the interface pad circuit 1
without compromising on the ON-resistance Rpg. If a
hearing aid chip comprises e.g. four interface pads of the
kind shown in fig. 3 for connection to other circuits, this
configuration contributes considerably to the smaller
size, higher efficiency and low current consumption of
the whole chip. In typical embodiments, there may be
eight or more interface pads available on-chip without an
excessive amount of power being drawn by the circuit.
[0053] In another alternative embodiment, the inter-
face pad circuit may be capable of driving external com-
ponents at three or more different logic voltage levels all
selected by the control circuit 2. One such embodiment
is shown in fig. 5, where an interface pad circuit 1" further
has a third PMOS transistor 6 providing a logic voltage
Vpps to the interface pad 7 via a third voltage node 30.
In other respects, the interface pad circuit 1" has features
similar to the interface pad circuit 1’ shown in fig. 3. Both
the voltage level Vpp, and the voltage level Vpps are
lower than the voltage level Vpp4. The third PMOS tran-
sistor 6 is controlled by the control circuit 2 via a fourth
control line 14 providing the control signal PM3 ;. Abulk
terminal of the third PMOS transistor 6 is connected to a
node shared by a third voltage-controlled switch 37 and
a fourth voltage-controlled switch 38. The control circuit
2furtherhasaVpps ¢napie iNPUtterminal 10 for controlling
the provision of the logic voltage Vpps to the interface
pad 7 and a control terminal 32 carrying the control signal
Bypp3 for controlling the fourth voltage-controlled switch
38. The purpose of the fourth voltage-controlled switch
38 is to provide the logic voltage V5 to the bulk terminal
of the third PMOS transistor 6 whenever the logic output
voltage Vpps is to be utilized by the interface pad 7. The
purpose of the third voltage-controlled switch 37 is to
provide the highestlogic voltage Vpp to the bulk terminal
31 of the third PMOS transistor 6 whenever either Vpp4
or Vpp; is utilized by the interface pad 7.

[0054] When the logic output voltage Vpp is provided
by the interface pad 7, the first PMOS transistor 3 is ac-
tivated by the control circuit 2 via the second control line
12. In this case, the bulk biasing voltage on the bulk ter-
minal of the second PMOS transistor 5 and the third
PMOS transistor 6, respectively, is set to Vppy, i.e. the
highest bulk biasing voltage, by closing the first voltage-
controlled switch 35 and the third voltage-controlled
switch 37.

[0055] When Vpp, is provided by the interface pad 7,
the second PMOS transistor 5 is activated by the control
circuit 2 via the first control line 11. In this case, the bulk
biasing voltage on the bulk terminal of the third PMOS
transistor 6 is set to Vpp4 by closing the third voltage-
controlled switch 37, and the bulk biasing voltage on the
bulk terminal of the second PMOS transistor 5 is set to
Vpp2 by closing the second voltage-controlled switch 36.



13 EP 2 955 938 A1 14

[0056] When Vpp; is provided by the interface pad 7,
the third PMOS ftransistor 6 is activated by the control
circuit 2 via the fourth control line 14. In this case, the
bulk biasing voltage on the bulk terminal of the second
PMOS transistor 5 is set to V4 by closing the first volt-
age-controlled switch 35, and the bulk biasing voltage on
the bulk terminal of the third PMOS transistor 6 is set to
Vpps3 by closing the second voltage-controlled switch 38.
[0057] Inanother embodiment, the interface pad circuit
comprises a plurality n of PMOS transistors being adapt-
ed for providing one of n corresponding logic voltage lev-
els Vpp, to the interface pad 7. The control circuit 2 is
then adapted for applying the highest bulk biasing voltage
Vpp1 to the bulk terminals of each of the n PMOS tran-
sistors if another logic voltage level than the logic voltage
level Vpp, supplied by the n’th PMOS transistor is pro-
vided to the interface pad 7, and applying the bulk biasing
voltage Vpp,, to the bulk terminal of the n’th PMOS tran-
sistor if the logic voltage level Vpp,, is supplied.

[0058] A simple and effective design for an interface
pad circuit for an electronic circuit, such as a microelec-
tronic circuit for use in a hearing aid, may hereby be re-
alized. Although the interface pad circuit is described
herein with reference to specific configurations and em-
bodiments, the interface pad circuitis by no means limited
to these embodiments but may be realized in many other
ways without deviating from the limitations provided by
the claims.

[0059] Although particular features have been shown
and described, it will be understood that they are not in-
tended to limit the claimed invention, and it will be made
obvious to those skilled in the art that various changes
and modifications may be made without departing from
the spirit and scope of the claimed invention. The spec-
ification and drawings are, accordingly to be regarded in
an illustrative rather than restrictive sense. The claimed
invention is intended to cover all alternatives, modifica-
tions and equivalents.

Claims

1. Aninterface pad circuit configured for conveying an
electrical signal from a semiconductor chip compo-
nent to a component external to the semiconductor
chip component, the interface pad circuit comprising:

a control circuit;

a plurality of semiconductor elements, the sem-
iconductor elements having respective bulk ter-
minals and being controlled by the control circuit;
and

a connection pad;

wherein at least two of the semiconductor ele-
ments are configured for providing a plurality of
non-zero logic voltage levels to the connection
pad; and

wherein the highest voltage level of the plurality
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of the provided logic voltage levels is applied to
the bulk terminals of the at least two of the sem-
iconductor elements providing the non-zero log-
ic voltage levels.

The interface pad circuit according to claim 1, where-
in at least one of the semiconductor elements is con-
figured to provide a logic zero voltage level.

The interface pad circuit according to any of the pre-
ceding claims, wherein the control circuit is config-
ured for selectively providing a first non-zero logic
voltage or a second non-zero logic voltage to the
bulk terminal of one of the semiconductor elements,
wherein the first non-zero logic voltage is substan-
tially equal to the logic voltage level provided by the
one of the semiconductor elements, and the second
non-zero logic voltage is substantially equal to the
highest logic voltage level provided by another one
of the semiconductor elements.

The interface pad circuit according to claim 3, where-
in the control circuit is configured to apply the first
non-zero logic voltage to the bulk terminal of the one
of the semiconductor elements when the one of the
semiconductor elements is providing its associated
non-zero logic voltage level to the interface pad; and
wherein the control circuit is configured to apply the
second non-zero logic voltage to the bulk terminal
of the one of the semiconductor elements when an-
otherone of the semiconductor elements is providing
its associated logic voltage level to the interface pad.

The interface pad circuit according to any of claims
3-4, wherein the voltage level applied by the control
circuit is the same or substantially the same as the
highest voltage level of the plurality of non-zero logic
voltage levels.

The interface pad circuit according to any of the pre-
ceding claims, further comprising a first switch con-
figured to supply a first bulk biasing voltage to the
bulk terminal of one of the semiconductor elements
controlled by the control circuit.

The interface pad circuit according to claim 6, further
comprising a second switch configured to supply a
second bulk biasing voltage to the bulk terminal of
the one of the semiconductor elements controlled by
the control circuit.

The interface pad circuit according to claim 7, where-
in afirst control signal for the first switch and a second
control signal for second switch are mutually exclu-
sive.

The interface pad circuit according to any of claims
7-8, wherein the first switch and the second switch
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are microelectronic switches embodied in the inter-
face pad circuit.

The interface pad circuit according to any of the pre-
ceding claims, wherein the semiconductor elements
comprises one or more MOS transistors.

The interface pad circuit according to any of the pre-
ceding claims, wherein the control circuit has a logic
input terminal, a pad level control terminal, and a
plurality of output terminals for controlling the semi-
conductor elements.

The interface pad circuit according to any of the pre-
ceding claims, wherein the control circuit is config-
ured to provide mutually exclusive control signals to
the plurality of semiconductor elements.

A method of operating a microelectronic integrated
circuit, the microelectronic circuit comprising a plu-
rality of semiconductor elements each providing a
logic voltage level, the method comprising:

providing one of the semiconductor elements
with a first bulk biasing voltage or a second bulk
biasing voltage, the first bulk biasing voltage be-
ing substantially equal to the logic voltage level
provided by the one of the semiconductor ele-
ments, and the second bulk biasing voltage be-
ing substantially equal to the highest logic volt-
age level provided by another one of the semi-
conductor elements;

wherein the first bulk biasing voltage is provided
to the bulk terminal of the one of the semicon-
ductor elements when the one of the semicon-
ductor elements is providing its corresponding
logic voltage level; and

wherein the second bulk biasing voltage is pro-
vided to the bulk terminal of the one of the sem-
iconductor elements when another one of the
semiconductor elements is providing its corre-
sponding logic voltage level.

The method according to claim 13, wherein the sem-
iconductor elements comprise MOS transistors.

The method according to any of claims 13-14, where-
in the microelectronic integrated circuit is configured
for use in a hearing aid.
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