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(57) Abstract

An improved voltage clamp for operating with wireless commu-
nication input circuits over the RF band. The clamp provides for sym-
metrical clamping for excessive positive and negative input voltage ex-
cursions. The clamp does not exact a current penalty when operating
in the non-excessive positive and negative input voltage regimes. The
clamp is comprised of an input node, a capacitor, a MOS transistor, a

diode and a ground potential node.

100
INPUT
10 50
30
40
20




AL
AM
AT
AU
AZ
BA
BB
BE
BF
BG
BJ
BR
BY
CA
CF
CG
CH
CI
CM
CN
CuU
Cz
DE
DK
EE

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.,

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus
Canada

Central African Republic
Congo
Switzerland
Cote d’Ivoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
FI
FR
GA
GB
GE
GH
GN
GR
HU
IE
IL
IS
IT
Jp
KE
KG
KP

KR
KZ
LC
LI

LK
LR

FOR THE PURPOSES OF INFORMATION ONLY

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Ireland

Israel

Iceland

Ttaly

Japan

Kenya
Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
Nz
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
SZ
TD
TG
TJ
™
TR
TT
UA
UG
us
Uz
VN
YU
w

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




10

15

20

25

30

WO 00/27012 PCT/US99/24634

POSITIVE AND NEGATIVE VOLTAGE CLAMP FOR A WIRELESS
COMMUNICATION INPUT CIRCUIT

This invention relates generally to wireless communication input circuits in
semiconductor devices. Specifically the present invention relates to clamping the input
voltage which may be induced in the presence of strong RF fields for the purpose of
preventing damage to electronics connected to the input circuit.

A wireless communication input circuit has two desirable characteristics. First,
a high impedance input is needed so that power is not dissipated in the input circuit.
Second, a low impedance over-voltage clamp is required so that electronic circuitry
downstream of the input circuit is protected from high voltages which are induced in
the presence of strong RF fields.

The current state of the art describes voltage clamps which are implemented by
means of zener diodes. While there are numerous limitations to zener diodes, a primary
concern are controlling fabrication parameters in RF input circuits which are
implemented on a single, monolithic integrated circuit. Zener diodes also are
characterized by difficulty in creating symmetrical clamping for positive and negative
voltages.

Therefore, a need existed to provide a voltage clamp that will provide
symmetrical positive and negative voltage clamping.

It is an object of the present invention to provide a voltage clamp for wireless
input circuits which operate over the radio frequency domain.

It is another object of the present invention to provide a voltage clamp that
clamps both positive and negative voltages.

It is another object of the present invention to provide a voltage clamp that
clamps input voltage symmetrically in the positive and negative directions.

It is another object of the present invention to provide a symmetrical voltage
clamp for both positive and negative voltages that is implemented on a single,
monolithic integrated circuit.

In accordance with one embodiment of the present invention, a positive and
negative voltage clamp for an input circuit is comprised of an input node, a node
connected to ground potential, a MOS transistor, a diode and a capacitor which is

coupled to the input node and to the control electrode of the transistor.
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In accordance- with another embodiment of the present invention, the MOS
transistor is a P-channel transistor.

The foregoing and other objects, features, arid advantages of the invention will
be apparent from the following, more particular, description of the preferred
embodiments of the invention, as illustrated in the accompanying drawings.

Figure 1 is an electrical diagram of the present invention.

Figure 2 is the transfer characteristics of the input voltage versus the gate
voltage with and without a diode and for positive and negative potentials.

Figure 3 is the transfer characteristic of input voltage versus current conduction
of the P-channel device.

Referring to Figures 1, a positive and negative voltage clamp for an input circuit
100 (hereinafter clamp) is shown. The clamp 100 is comprised of an input node 10, a
node connected to ground potential 20 (hereinafter Vgs), a MOS transistor 30, a diode
40 and a capacitor 50 which is coupled to the input node 10 and to the control electrode
(hereinafter gate) of the transistor 30. The capacitor 50 is within the range of 0.1
picofarads to 10 picofarads.

In the preferred embodiment, the MOS transistor 30 is a P-channel transistor in
an alternative, embodiment, the MOS transistor 30 is a N-channel transistor and the
anode/cathode orientation of the diode 40 is reversed from the circuit of figure 1.

The purpose of the P-channel transistor 30 is to limit the positive and negative
voltage excursion in relatively strong RF fields by acting as a bypass switch which
conducts current and limits voltage. The capacitor 50 is used to couple the voltage at
the input node 10 to the gate of the P-channel transistor 30. The purpose of the diode
40 is to expedite clamping by the P-channel device with in positive voltage excursion.
In the preferred embodiment, all of the above components of the clamp are fabricated
on a single, monolithic integrated circuit.

In the ideal case, the capacitance 50 is approximately equal to the parasitic
capacitance of the P-Channel transistor 30. The parasitic capacitance of the P--channel
device 30 comprises a number of different capacitances inherent to MOS devices.
However, for the purposes of the present invention, these several inherent capacitances
can be consolidated to a parasitic capacitance between the control electrode and Vss.
Thus, the circuit may be viewed, in part, as a simple capacitor divider. If this were the

case, then the gate voltage Vg would be one-half of the input voltage Vv and
2
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symmetrical clamping is achieved because the threshold voltage of Vgs would occur at
the same Vi (in terms of absolute value) operating in the negative and positive
regimes.

However, in practice, the parasitic capacitance is highly dynamic over positive
and negative input voltage swings. The result is that the parasitic capacitance is
unpredictable and thereby leads to a non-linear gate voltage as the input voltage varies
between positive and negative. Thus, in the preferred embodiment, the capacitor 50 is
made significantly larger than the parasitic capacitance of the P-channel device 30 such
that the capacitor 50 dominates the capacitor divider equation. The result of this
implementation is that VG more closely tracks V.

The operation of the clamp may be explained by analyzing three cases:
excessive positive voltage excursion, excessive negative voltage excursion and non-
excessive positive or negative voltage excursion.

For the case of the excessive positive voltage excursion, as the voltage Viy at
the input node 10 increases the gate voltage Vg of the P-channel device 30 couples up
to the input node 10 through the capacitor 50. Referring to figure 2, Vg is shown
slightly lagging Vv due to the dominance of the capacitor 50 as compared to the
parasitic capacitance. Thus, in the absence of the diode, the differential in gate-source
potential is slow to develop.

The diode 50 will limit the positive potential at the gate to Vgg. As Vi
continues to climb, a Vgg, which is equal to the difference of Vinyand Vgg, is applied to
the P-channel device 30. When Vg is equal to the threshold voltage of the P-channel
transistor 30, the P-channel transistor 30 will turn on.

Referring now to figures 2 and 3, once on, the P-channel device 30 will conduct
current, which in turn will clamp the input node 10 from increased positive voltage as
indicated by V¢;. If the diode 40 were not present the gate potential would not be
limited to Vgg. Instead the gate potential would he VG as shown in figure 2. Thus,
without the diode 40, Vy would have to ramp up to a higher potential to establish the
gate-source differential needed reach a threshold voltage to turn on the P-channel
device 30, as indicated by VGg's. This would result in the circuit 100 clamping at a
higher voltage as indicated by V¢, in figure 2. However, note that the threshold voltage
for the P-channel device 30 with the diode 40 present, i.e. Vs, is equal to the threshold
voltage without the diode, i.e. VGg's.

3
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For the case of excessive negative voltage excursion, as the voltage Vi, at the
input node 10 goes negative the gate voltage VG of the P-channel device 30 couples to
the input node 10 through the capacitor 50 and pulls the gate voltage of the P-channel
device 30 negative. Referring to figure 2, in the negative direction, Vg is again shown
slightly lagging Vi, due to the dominance of the capacitor 50 in relation to the parasitic
capacitance of the P-channel device 30. However, in this case, note that Vg is created
between the gate of the P-channel device 30 and Vss 20. Referring to figure 3, when
Vgs reaches the threshold voltage of the P-channel device 30 it will turn on. Once on,
current flows from Vs to the input node 10, thereby clamping the negative voltage at
the input node 10 at V3.

In the final case, for non-excessive positive and negative voltage excursions,
Vgs does riot reach the threshold voltage of the P-channel device 30 and therefore it
will not turn on. With the P-channel device in the off state, there is no current flow,
and Vi is passed unclamped with respect to the remainder of the circuit. With non-
excessive voltage excursions Viy is unclamped which fulfills the high impedance
requirement that the input node 10 riot take power from the rest of the circuit.

The presence of the diode 40 also plays a critical part in achieving symmetrical
clamping when the capacitor 50 is significantly larger than the parasitic capacitance.
The diode 40 serves to establish a reference point at Vpg, rather than at Vg, from
which to apply Vgs in the case of the positive excursion. The result is that the positive
threshold Vgs is reached at virtually the same absolute value Viy as is the negative
threshold Vgs. Thus, the positive clamping voltage with the diode V¢, is approximately
of the same magnitude with opposite sign as the negative clamping voltage Vc;.

The present invention of symmetrical clamping over positive and negative input
voltages is effective over a wide variety of the RF spectrum. A conventional definition
of the RF spectrum is from 10 KHz, at the low end of the VLF (Very Low Frequency)
band to 100 GHz, at the high end of the EHE’ (Extremely High Frequency band) The
present invention has application approximately from 50 KHz on the low end to
approximately 100 MHz on the high end. Preferred embodiments require operation at
62.5 KHz, 125 KHz, and within a band of 10-15 MHz, preferably 13 MHz.

Although the invention has been particularly shown and described with

reference to a preferred embodiment thereof, it will be understood by those skilled ml

4
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the art that changes in form and detail may be made therein without departing from the

spirit and scope of the invention.

5
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WHAT IS CLAIMED IS:

1. A positive and negative voltage clamp for an RF input circuit,
comprising:

an input node;

a MOS transistor coupled to the input node;

a ground potential node coupled to the MOS transistor;

a diode coupled to the control electrode of the MOS transistor and further

coupled to the ground potential node; and

a capacitor coupled to the input node and further coupled to the control

electrode of the MOS transistor.

2. The clamp in accordance with Claim 1 wherein the MOS transistor is a
P-channel transistor.

3. The clamp in accordance with Claim 1 wherein the MOS transistor is a
N-channel transistor.

4. The clamp in accordance with Claim 1 wherein the clamp is
implemented on a single, monolithic integrated circuit.

5. The clamp in accordance with Claim 1 wherein the capacitor has a range
of 0.1 picofarad to 10 picofarads.

6. The clamp in accordance with Claim 1 wherein the clamp operates over
a frequency range of 50 kHz to 100 MHz.

7. The clamp in accordance with Claim 1 wherein the clamp operates at
approximately 62.5 KHz.

8. The clamp in accordance with Claim 1 wherein the clamp operates at
approximately 125 KHz.

9. The clamp in accordance with Claim 1 wherein the clamp operates over
a frequency range of 10 MHz to 15 MHz,

10.  The clamp in accordance with Claim 1 wherein the clamp operates at
approximately 13 MHz.

11.  The clamp in accordance with Claim 1 wherein the clamp functions to
provide a clamping voltage in response to an excessive positive input voltage.

12.  The clamp in accordance with Claim 11 wherein the input voltage is

coupled to the control electrode of the MOS transistor by the capacitor.
6
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13.  The clamp in accordance with Claim 12 wherein the input voltage is
greater than a voltage at the control electrode of the MOS transistor.

14.  The clamp in accordance with Claim 13 wherein the voltage at the
control electrode of the LIOS transistor is approximately equal to a threshold voltage of
the diode.

15.  The clamp in accordance with Claim 14 wherein the difference between
the input voltage and the voltage at the control electrode is greater than the threshold
voltage of the MOS transistor.

16.  The clamp in accordance with Claim 11 wherein the clamp functions to
provide a second clamping voltage in response to an excessive negative input voltage.

17.  The clamp in accordance with Claim 16 wherein the input voltage is
coupled to the control electrode of the MOS transistor by the capacitor.

18.  The clamp in accordance with Claim 17 wherein the input voltage is less
than the .voltage at the control electrode of the MOS transistor.

19.  The clamp in accordance with Claim 18 wherein the voltage at the
control electrode of the MOS transistor is less than ground potential.

20.  The clamp in accordance with Claim 19 wherein the difference between
the ground potential arid the voltage at the control electrode is greater than the
threshold voltage of the MOS transistor.

21.  The clamp in accordance with Claim 16 wherein the first clamping
voltage in response to the excessive positive input voltage is symmetrical with respect
to the second clamping voltage in response to the excessive negative voltage.

22.  The clamp in accordance with Claim 16 wherein an absolute value of the
first clamping voltage is approximately equal to an absolute value of the second
clamping voltage.

23.  The clamp in accordance with Claim 1 wherein, the clamp functions
without providing a clamping voltage in response to non-excessive positive input
voltages.

24.  The clamp in accordance with Claim 1 wherein the clamp functions
without providing a clamping voltage in response to non-excessive negative in put

voltages.
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