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I NVENTI ON The present invention relates to a denmodul ator for de”DdNP@DdE}
an -anpl i tude-modul ated carrier signal, such as a carri nodul at E
by anplitude-shift keying. Anplitude- Shlft K bﬂﬁe&% d ASi9gé s a
nodul ati on system enpl oyed in various mnreleﬁ&S ding certain
digital nobile comrunication systenms. A binary ASE tter, for
exanple, transmts a radio- frequency (RF) er signal having a | arge

ampl tude for ane, SARLON e A% ok s Tokke AERL{ gl o7 the

transmtted for one value and not transmtted for the other val ue.
BACKGROUND OF THE INVENTION

The present invention relates to a demodulator for

demodulating an amplitude-modulated carrier signal, such as
a carrier signal modulated by amplitude-shift keying.

Amplitude-shift ke&ing (abbreviated ASK) is a
modulation system employed in various wireless systems,
including certain digital mobile communication systems. A
binary ASK transmitter, for example, transmits a radio-
frequency (RF) carrier signal having a large amplitude for
one binary value (e.g. '1'), and a small amplitude for the
other binary value (e.g. '0'). Alternatively, the carrier
signal is transmitted for one value and not transmitted for .
the other value.

A receiver equipped with a conventional ASK demodulator
receives the RF carrier signal, down-converts the received
signal to an intermediate frequency (IF), performs automatic
gain control (AGC), then detects the envelope of the IF
signal to produce a baseband signal, and decides from the
amplitude of the baseband signal whether each transmitted
bit of information is a one or a zero.

The high speed of recent digital communication systems,
however, requires an AGC loop with fast tracking capability,
in order to maintain the proper levels in the baseband
signal. This, in turn, requires complex and expensive AGC
circuitry.

Moreover, mobile systems in particular often transmit
data in bursts. If the time constant of the AGC loop is set
long enough to maintain steady 'l' and '0' levels, there is
a period at the beginning of each burst in which the AGC
loop is unsettled and data errors become likely. If the
time constant of the AGC loop is shortened to avoid this
situation, the danger exists that the AGC loop will
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A receiver equipped with a conventional ASK denodul ator receives the RF
carrier signal, down-converts the received signal to an interprdi ate
frequency (IF), perfornms automatic gain control_ (AG pedltlect s the
envel ope of the |F signal to produce a basebahgyi® &n
the anplitude of the baseband signal whether ¢ach tRENey
information is a one or a zero. The hi gh speed—e scent digital
comuni cati on systens, however, requires an AGC | oop with fast tracking
capability, in_qrder to maintain the proper levels in the baseband signal
This, in tQeR1l84E Ads TESROPEL &Hdae%ﬁ&%???eoﬂGéSc?P@upﬁry. Mbr eover ,

nobi | e systems in particular often transmt data in bursts. If the time
constant oL \iarAH R 'RvERTION

It is accordingly an object of the present invention to

provide a low-cost demodulator for an amplitude-modulated
signal.

Another object of the invention is to avoid data errors
at the beginnings of communication bursts.

The invented demodulator receives an amplitude-
modulated RF or IF carrier signal. The demodulator
comprises a limiting amplifier that limits the amplitude of
the carrier signal to produce an output signal with a
constant amplitude, and also produces a received signal
strength indicator signal. The received signal strength
indicator signal is used as a baseband signal from which the
information represented by the modulated amplitude is
recovered.

The invented demodulator is low in cost because it has
no AGC loop, and also avoids the data errors that were
caused by AGC loop instability at the beginning of
communication bursts in conventional demodulators.

BRIEF DESCRIPTION OF THE DRAWINGS

In the attached drawings:

FIG. 1 is a block diagram of an ASK receiver embodying
the invented demodulator;

FIG. 2 shows one example of the structure of the code
decision circuit in FIG. 1; ‘

FIG. 3 shows another example of the structure of the
code decision circuit in FIG. 1;

FIG. 4 shows yet another example of the structure of
the code decision circuit in FIG. 1;

FIG. 5 shows a received signal with a 100% modulation
factor;
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| ong enough to maintain steady '1' and 'O levels, there is a period at the
begi nning of each burst in which the AGC Ioop I s_unse lsand data errors
becone likely. If the tinme constant of the=ACCl: § ened to avoid
this situation, the danger exists that thg¥AC oscif{pg€ in
response to a pattern of is and Gs. SUMVAR N It 1Is

accordi ngly an object of the present invention to prOV|de a | ow cost

denodul ator for an anplitude-nodul ated signal. Another object of the

'nvention is tOFlaCY.OI(Q s aév?s e{ﬂgrgorresponding received signal strength
indicator signal;

FIG. 7 shows a received signal with a 50% modulation
factor;

FIG. 8 shows the corresponding received signal strength
indicator signal; and

FIG. 9 is a block diagram of an ASK receiver embodying
a conventional demodulator.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the invention will be described with
reference to the attached illustrative drawings.

FIG. 1 is a block diagram of an ASK receiver having a
demodulator of the invented type. The receiver receives an
ASK signal in, for example, the 5.8-gigahertz band from an
antenna (which is not visible). The receiver comprises a
bandpass filter (BPF) 1 that rejects unwanted frequency
components outside this band, an RF amplifier (AMP) 2 that
amplifies the filtered signal, another bandpass filter 3
that again rejects unwanted frequencies, and a mixer 4 that
mixes (multiplies) the resulting signal with a signal
generated by a local oscillator (0SC) 5, thereby down-
converting the signal to an intermediate freguency band such
as the 70-megahertz band. The down-converted carrier signal
is pre-amplified by an IF pre-amplifier 6, then fed into a
limiting amplifier 7.

The conventional function of a limiting amplifier is to
convert an input carrier signal to an output carrier signal
of constant amplitude. Limiting amplifiers are commonly
employed in receivers for frequency-modulated (FM) signals,
and signals modulated by frequency-shift keying (FSK), to
simplify frequency detection. A limiting amplifier
generally operates by employing the saturation
characteristic of an active element such as a transistor.
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at ‘the begi nni ngs of communication bursts. The invented denodul at or
receives an anplitude- nodulated RF or IF carrier signal The denodul at or

conprises a limting anplifier that |injis the—an of the carr|er
signal to produce an output signal vmthl aHtSOSHEHnF‘Aﬁr%%Aude ang

produces a received signal strength indkcatorpgildfBD. Th FECEIVE& 5|gna
strength indicator signal is used as a rarrt—STgnal from which the
information represented by the nodul ated anplitude is recovered The

i nvent ed denDduIator is low.in_cost hec i.t .has no AGC and al so

Lot ds. t he. dat a SR FOIIRRE g BXad ety ABITDs FREASPER, PRDduRe
begi nni ng bbthoaneonsdantr alpldtaden outpuentignall dadodulraternsed

signal strength indicator signal, or RSSI signal. If the

limiting amplifier operates by amplifying the input signal
until the output signal saturates, the RSSI signal can be
derived as a current signal responsive to the gain at the
saturation point. The limiting amplifier 7 employed in the
present embodiment is of this type.

The RSSI signal is conventionally used to control the
gain of another amplifier. In certain hand-held information
terminals, for example, the RSSI signal (or e signal
obtained by smoothing the RSSI signal) is used to control
the gain of a transmitting power amplifier. The RSSI signal
may also be used to control the gain of another amplifier in
the receiving circuits.

The usage of the limiting amplifier 7 in the present
invention differs from the conventional usage. The
constant-amplitude carrier signal produced by the limiting
amplifier 7 is not used at all; the output lead for this
signal may be left unconnected, or grounded. The RSSI
signal is used, not for amplifier gain control, but to
obtain the information carried by the received signal.

Since the RSSI signal is a current signal, it is fed to
a current-to-voltage (I-V) converter 8 and converted to a
voltage signal, referred to below as the voltage RSSI signal
(VRSSI) or baseband signal.

The mixer 4, IF pre-amplifier 6, limiting amplifier 7,
and I-V converter 8 can be combined into a single integrated
circuit. Integrated circuits of this type are available
from several manufacturers, for use in FM and FSK systems.
One example is the SA626 integrated circuit manufactured by
the Philips Corporation in The Netherlands.

The voltage RSSI signal output by the I-V converter 8
is fed to a code decision circuit 9. This circuit can be |
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BRF EF DESCRI PTION OF THE DRAWNGS In the attached drawings: FIG 1 is a

bl ock di agram of an ASK recei ver enbo denodul ator; FIG 2
shows one exanple of the structure of| RS SHEE HAR circuit in FIG 1;
FIG 3 shows another exanple of the siructuggPLACED he cofe deci si g giar cui t
in FIG 1; FIG 4 shows yet another e Structure of the code
decision circuit in FIG 1; FIG 5 shows a received signal with a 100%
nodul ation factor; 2

configured in various ways: three examples will be
described next.

Referring to FIG. 2, in one example, the code decision
circuit 9 comprises an analog comparator 10 and a paif of
resistors R1 and R2. Resistors R1 and R2 are coupled in
series as a voltage divider between a power-supply terminal
and a ground terminal, and produce a threshold voltage which
is supplied to the inverting input terminal of the analog
comparator 10. The voltage RSSI signal (VRSSI) is supplied
to the non-inverting input terminal of the analog comparator
10. The analog comparator 10 produces a high or low logic-
level output signal depending on whether VRSSI is greater
than or less than the threshold voltage.

Referring to FIG. 3, in another example, the code
decision circuit 9 comprises an analog comparator 11, a pair
of resistors R3 and R4, and a capacitor C. The voltage RSSI
signal is coupled through resistor R3 to the non-inverting
input terminal of the analog comparator 11, and through
resistor R4 to the inverting input terminal of the analog
comparator 11. One terminal of the capacitor C is coupled
to a point between resistor R4 and the inverting input
terminal of the analog comparator 11. The other terminal of
the capacitor C is coupled to ground. Resistor R4 and
capacitor C form an integrating circuit that smoothes the
voltage RSSI signal, the smoothed voltage providing a
threshold signal with which the voltage RSSI signal is
compared.

Referring to FIG. 4, in yet another example, the code
decision circuit 9 comprises an npn transistor Q, a load
resistor R5, a base resistor R6, and an inverter 12. The
emitter of transistor Q is coupled to ground. The collector
of transistor Q is coupled to the input of inverter 12, and
through load resistor R5 to a power-supply terminal. VRSSI
is coupled through base resistor R8 to the base of
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FIG 6 shows the correspondi ng recelved.signal.strength indicator signal;
FIG 7 shows a received signal wij{THISxSHEES MASUBEEN bn factor; FIG 8 shows

t he corresponding received signal streRrgpAcEmdi catpr signal; and FIG 9 is
a bl ock diagram of an ASK recei ver= VAR entional denmogitagor.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON Enbodi nents of the invention wll be
described with reference to the attached illustrative drawings. FIG 1l is a
bl ock di agram of an ASK receiver having a

transistor Q. The output of inverter 12 is high or low
depending on whether VRSSI is greater than or less than the
cut-in voltage of transistor Q, the cut-in voltage being a
voltage in the range from about 0.6 volts to about 0.7
volts.

Next, the operation of the invented demodulator will be
described.

The amplitude of the RF signal received from the
antenna takes on two values A and B, corresponding to bit
values of '1l' and '0.' The modulation factor is defined by
(A - B)/(A + B). FIG. 5 shows an idealized example in which
the carrier frequency is 5.8 gigahertz (GHz), the modulation
factor is 100%, and the data rate is one bit per microsecond
(xs), or one megabit per second.

' The IF carrier signal output by the IF pre-amplifier 6
differs in frequency and amplitude from the received RF
carrier signal, but has the same type of envelope. The RSSI
signal produced by the limiting amplifier 7 is related in a
substantially linear manner to the upper envelope (or lower
envelope) of the IF carrier signal, or to a moving average
of this envelope level. The Vpggy signal produced by the I-
V converter 8 is accordingly similar to a signal that would
be produced by envelope detection of the received RF signal,
or the IF signal.

For the idealized example indicated in FIG. b5, VRSSI
takes on two values (a and b) as shown in FIG. 6. The
vertical axis in FIG. 6 represents voltage, while the
horizontal axis represents time.

FIG. 7 shows another example of a received signal
waveform, in which the modulation factor of the received
signal is only 50%. FIG. 8 shows the corresponding VRSSI
waveform, which again takes on two voltage values (a and b).
The vertical and horizontal axes in FIG. 8 have the same
meaning as in FIG. 6.
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denodul ator of the invented type. The_receiver receives an ASK signal in,

for exanple, the 5.8-gigahertz band fy iR@EnGwWhi ch is not visible).
The. recei ver conprises a bandpass ffil tgps ' ASTB rej ects unwant ed )
frequency conponents outside this Bl ifier (AVP) 2 &haks

anplifies the filtered signal, another bandpass filter 3 that again rejects
unwant ed frequencies, and a mxer 4 that mxes (nmultiplies) the resulting

signal with a signal generated by a local oscillator (GSC) 5, thereby down-
converting the signal to an internedi ate frequenc b%nd such ag thi
70- megahertz bafbe tHe yoMyagsnverussd & endr Pdi ghaltles Vpssiafpeified by an

| F pre-anpkihbigh 6e hamefted cialliy ailkpoistidngnaopbbkiiee §idéseoformhent i onal

function of a lim.ting anplifier is t . . .
threshold voltage of the c&%e decision circuit 9. In the
circuit configuration shown in FIG. 2, this 1is achieved by
selecting resistors R1 and R2 that produce a threshold
voltage substantially equal to (a + b)/2. In FIG. 3, this
is achieved by selecting the time constant of the
integrating circuit comprising resistor R4 and capacitor C
so that in the presence of an input signal like that in FIG.
5 or FIG. 7, the threshold voltage is again substantially
equal to (a + b)/2. 1In FIG. 4, this is achieved by
selecting a limiting amplifier 7 with characteristics such
that the two Vpggy values (a and b) are symmetrically
disposed on opposite sides of the cut-in Voltage'of
transistor Q.

These selections of resistor and capacitor values, oOr
limiting amplifier characteristics, can be made without
concern for the frequency of the received signal, because if
this frequency chaﬁges, due to motion of the receiver, for
example, the RSSI signal is scarcely affected. It was this
observation that led to the present invention.

Given appropriate selection of these characteristics or
values, for the received signal in either FIG. 5 or 7, the
output of the code decision circuit 9 will be a string of
bits with values '0 1 010 ...."

The invented demodulator comprises the mixer 4, IF pre-
amplifier 6, limiting amplifier 7, I-V converter 8, and code
decision circuit 9 in FIG. 1. As noted above, the mixer 4,
IF pre-amplifier 6, limiting amplifier 7, and I-V converter
8 are available in a single integrated circuit, but if
necessary, the I-V converter 8 can be provided separately; a
simple circuit comprising a resistor suffices. The code
decision circuit 9 can be configured from a few simple,
inexpensive electronic components, as shown in FIGs. 2 to 4.

7
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convert an input carrier signal to an output carrier signal of constant
anplitude. Limting anplifiers are commonly enployed in receivers for
frequency-nodul ated (FM signpals.and. signals podul ated by frequency-shift
keying (FSK), to sinplify fredqid$SHEERtHASIBERN | A |imting anplifipgkgg
general |y operates by enployiing thpgmagppati onf characteristic of an active
el ement such as a transistor. tially available limting
anplifiers produce both a constant-anplitude output signal and a received

st gnal strengtthng%%%%leogna%IgorgRS hws gnreceaverh%mploylng a

conventional demodulator circuit. The bandpass filter 1, RF
anmplifier 2, bandpass filter 3, and local oscillator 5 are
similar to the corresponding elements in FIG. 1. The mixer
14 and IF pre-amplifier 16 are also similar to the
corresponding elements in FIG. 1, although not necessarily
combined into the same integrated circuit. The signal
output by the IF pre-amplifier 16 is amplified by an IF AGC
amplifier 17, then fed to an AGC control circuit 18 and
envelope detector 19. The AGC control circuit controls the
gain of the AGC amplifier 17. The output of the envelope
detector 19 1s fed to a code decision circuit 20.

As noted earlier, an AGC control circuit 18 capable of
coping with high-speed ASK transmissions is complex and
expensive, and the existence of an AGC loop between the IF
pre-amplifier 16 and envelope detector 19 is a potential
source of problems related to the AGC time constant. These
problems are eliminated in the invented demodulator, which
has no AGC loop. For the same reason, the invented
demodulator is lower in cost.

The invented demodulator is particularly advantageous
in receiving high-speed burst transmissions. The absence of
an AGC circuit enables accurate code decisions to be made
even at the beginning of a burst.

In FIG. 1, the received signal was down-converted once
before being input to the limiting amplifier 7, but this is
not a restriction. The received signal may be down-
converted more than once, for example, or the received
signal may be fed directly to the limiting amplifier 7,
without down-conversion.

The demodulation of a binary ASK signal was descfibed
above, but the invented demodulator can also be used for M-
ary ASK, where M is an integer greater than two. The
invented demodulator can also be applied to the demodulation
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limting anplifier operates by anplifying the input signal until the output
signal saturates, the RSS|I signal cpga.he_derived as.g current signal
responsive to the gain at the saturpTHISnSHEETNHAS BEENI|i ni ting anpl i fi er 7
enpl oyed in the present enbodi nent S of HmﬂﬁCE 'pe. Tthe RSSI sig
conventionally used to control the lifier. In certain
hand-hel d infornmation termnals, for exanple, the RSSI signal (or a signa
obt ai ned by snoothing the RSSI signal) is used to control the gain of a
transnittin% power anplifier. The RSSI signal may al so be used to control
the gain of aﬁSFﬁ€ﬁla#EﬁﬂP8eﬁmPA1FHQer@8€P&ﬁﬁ§dcKAM&l g480#kE -usage of the

limti n%}_harml i f Tee {nventhe Aeasantatoventi aptdifihetedf temukbe igonventi onal
usage. e

wireless communication systems; it can be employed in
wireline systems as well. In optical communications, for
example, an intensity-modulated lightwave signal is
converted by a photodetector to an electrical signal of the
binary (or M-ary) ASK type. The invented demodulator can be
used to demodulate this electrical signal.

Those skilled in the art will recognize that further
variations are possible within the scope claimed below.
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constant -anplitude carrier signal produced by the linmiting anplifier 7 is
not used at-atl;-the-output-lead for this signal may be | eft unconnected,
or grounded ignal is used, not for aoplifier—gain control, but
to obtain tHM,ﬂEm!'M“mrrl ed by thETisceBEIdHAS JEEN.| Since tl‘@?GBSQ
signal is a xiit is fed tp a cuigpgRCED O- vollt age (I -
converter 8 and converted to a voltage & T 0o bel ow as the
vol tage RSSI signal (VRssl) or baseband signab. The nlxer84, IFb i ed
re-anplifier 6, limting anplifier_7, and |-V _converter can be conbi ne
Fnto gpsingle I nt egrated circuhhA%lﬁ;eaﬁéEMEDciﬁcuits of this type are
avai l abl e from several manufacturers, for use in FM and FSK systens. One

exanpl e isjthe §Aﬁaﬁohﬁ&§Q6?t%grch@ﬁghhlgggﬂgag5uQE%l?%ude—modulated

carrier signal to obtain a baseband signal, comprising:

a limiting amplifier (7) receiving said amplitude-
modulated carrier signal as an input signal, converting said
amplitude-modulated carrier signal to a signal of constant
amplitude, and also producing a received signal strength
indicator signal responsive to an amplitude of said
amplitude-modulated carrier signal; wherein

sald received signal strength indicator signal is used
as said baseband signal.

2. The demodulator of claim 1, wherein said received
signal strength indicator signal is a current signal,
further comprising a current-to-voltage converter (8) for
converting said received signal strength indicator signal to
a voltage signal.

3. The demodulator of claim 1, wherein said amplitude-
modulated carrier signal is modulated by amplitude-shift
keying.

4, The demodulator of claim 3, further comprising a code
decision circuit (9) for detecting, from said received
signal strength indicator signal, bit values of said
amplitude-modulated carrier signal.

5. The demodulator of claim 4, wherein said code decision
circuit (9) comprises:

a pair of resistors (R1, R2) coupled in series, for
dividing a power-supply voltage to produce a threshold
voltage; and

an analog comparator (10) for comparing said received

10 e e meea e e mem e s e S s e =
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the -Philips Corporation in The Netherl ands. The voltage RSSI si gnal out put
by the |-V converter 8 is fed to a code decision circefd\9. This circuit

can be 4 conflgured in_ v us ways: N | be described
next. Referri “ M“gne exanpl e, t e~ A0ON Cirgyirka9
conprises an 10 and a, S S™sp+87rs RL and %Z.

Resistors Rl ant are coupled in seri & age divider between a

power -supply term nal and a ground term alunf;d produce a threshold
vol t age whi ch '

signal strength indicator signal with said threshold
voltage.

6. The demodulator of claim 4, wherein said code decision
circuit (9) comprises:

an analog comparator (11) having a first input terminal
and a second input terminal;

a first resistor (R3) coupled to said first input
terminal, said received signal strength indicator signal
being supplied through said first resistor to said first
input terminal;

a second resistor (R4) coupled to said second input
terminal, said received signal strength indicator signal
being supplied through said second resistor to said second
input terminal; and

a capacitor (C) coupled between said second input
terminal and a fixed potential, for smoothing said received
signal strength indicator signal to produce a threshold

. voltage with which said analog comparator (11) compares said
received signal strength indicator signal.

7. The demodulator of claim 4, wherein said code decision
circuit (9) comprises:

a bipolar transistor (Q) having an emitter, a
collector, and a base, said'emitter being coupled to a first
fixed potential;

a load resistor (R5) coupled between said collector and
a second fixed potential;

a base resistor (R6) coupled to said base, said
received signal strength indicator signal being supplied
through said base resistor to said emitter; and

an inverter (12) coupled to said collector.

8. A method of demodulating an amplitude-modulated carrier
11
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i s-supplied to the inverting i nput termnal of the anal og conparator 10.
The voltage RSSI signal (VRssl) is supplied to the non-inverting input

t erami nal of thﬁlmlﬁﬂmﬂmum 10. The anal og co at.or 10 produces a
high or lowlo si gnal ¢epshsd ) r VRssé}5§6_
greater than or | e5s 'thdn the*threshol d NS 2HE err| ny t I n
anot her exanple, the code decision circdit 9 BE"? is 3 analog conpar at or
11, a pair of resistors R3 and R4, and d-eapacitor C. The vol t age RSSI I
signal is coQu d through resistor R3 tgo the non-inverting input termna
of gt he anaﬁbggegnﬁﬁr 8863@1? SagePAREUEHEPEL ) SEBRPRESLBSY %Bel AVYEPEI RS i nput
ternminal of thesapallggngospadateplitudenmotialateal catribe sapasaitae @ni S
coupl ed toiﬁpﬁ%'ﬂ&gggﬁw%gnarﬁﬁhﬁ 1ngR%m% gf&@% k?Ye hh@gcbﬂeg%ts said

amplitude-modulated carrier signal to a signal of constant

amplitude, and also produces a received signal strength
indicator signal responsive to an amplitude of said
amplitude-modulated carrier signal; and

using said received signal strength indicator signal as
said baseband signal.

9. The method of claim 8, wherein said received signal
strength indicator signal is a current signal, further
comprising the step of:

converting said received signal strength indicator
signal from a current signal to a voltage signal.

10. The method of claim 8, wherein said amplitude-modulated
carrier signal is modulated by amplitude-shift keying.
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terminal of the anal og conparator 11. The other terminal of the capacitor C
is coupled to ground. Resistor R4 and capacitor C forman integrating
circuit that snoothes the voltage RSSI signal, the.-smgothed voltage

providing a threshol d ygnalwthmh‘rﬂ;ﬁ EMOHRBGBEER si gnal
0 gegp! e,

conpared. Referring to FIG 4, in ye the code d&¢P$ion
circuit 9 conprises an npn transisto - R5, a base resistor
R6, and an inverter 12. The emtter of transistor Qis coupled to ground.
The collector of transistor Qis cougl % 8 the input of inverter 12, and
through | oad resistor R5 to a power fernminal . VRSSI is coupl ed
t hrough base resistor R6 to the base of 5

An amplitude-modulated carrier signal is demodulated by

passage through an limiting amplifier that converts the
amplitude-modulated carrier signal to a signal of constant

amplitude, and also produces a received signal strength
indicator signal. The received signal strength indicator
signal is used as the demodulated signal.

Selected drawing: FIG. 1
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transistor Q The output of inverter 12 is high or | ow dependi ng on whet her
V¥RSSI is greater than or less than the cut-in voltage of transistor Q the
cut-in voltage being a voltage in the range fromabout 0.6 volts to about
0.7 volts. Next, the operation of the invented denodul ator will be
described. The anplitude of the RF signal received fromthe antenna takes
on two values A and B, correspondi ng L bit values of '"1' and 'O ' The
nodul ation factor is defined by (A - ﬁ(A + B FIG 5 shows an idealized
exanpl e in which
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the carrier frequency is 5.8 gigahertz (GHz), the nodulation factor is
100% and the data rate is one bit per mcrosecond (U s), or one negabit
per second. The IF carrier signal output by the IF pre-anplifier 6 differs
in frequency and anplitude fromthe received RF carrier signal, but has the
sane type of envel ope. The RSSI signal produced by the limting anplifier 7
is related in a substantially |inear 2/dnner to the upper envel ope (or |ower
envel ope) of the IF carrier signal, or to a noving average of this envel ope
| evel . The VRssl signal produced by the I- V converter 8 is accordingly
simlar to a signal that would be produced by envel ope detection of the
received RF signal, or the IF signal__ Fgor the idealized exanple indicated
in FIG 5, VRSS Fléz

10
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FIG.3
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takes on two values (a and b) as shown in FIG 6. The vertical axis in FIG
6 represents voltage, while the horizontal axis represents tinme. FIG 7
shows anot her exanple of a received signal waveform in which the

nodul ation factor of the received signal is only 50% FIG 8 shows the
correspondi ng VRSSI waveform which again takes on two voltage values (a
and b). The vertical and horizontal ags in FIG 8 have the sane neaning as
in FIG 6. 6 The two voltage values (a and b) of the VRSSI signal

FIG.5
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shoul d be symmetrically di sposed on opposite sides of the threshold voltage
of the code decision circuit 9. In the circuit configuration shown in FIG
2,.this is achieved by selecting resistors RL and R2 that produce a
threshol d voltage substantially equal to (a + b)/2. In FIG 3, this is
achi eved by selecting the tine constant of the integrating circuit
conprising resistor R4 and capacitor4d so that in the presence of an input
signal like that in FIG 5 or FIG 7, the threshold voltage is again
substantially equal to (a + b)/2. In 64 this is achieved by selecting

alimting anplifier 7 with characteri|stiz#s} such that the two VRSSI val ues
(a and b) are synmmetrically disposed qn @ppsite sides of the cut-in
vol tage of transistor Q 8~ w L
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These sel ections of resistor and capacitor values, or limting aﬁﬂllfﬁéﬁéﬂ?"éé
characteristics, can be made without concern for the frequency of th&g¢ Copy
recei ved signal, because if this frequency changes, due to nmotion of the "~
receiver, for exanple, the RSSI signal is scarcely affected. It was this
observation that led to the present invention. G ven appropriate selection

of these characteristics or values, for the received signal in either FIG

5 or 7, the output of the code decision circuit 9 will be a string of bits
with values 'O 1:001 0 ...." The invented denodul ator conprises the m xer

deci si onoi r our PR RpR, ROk REPEET b iGpdateY CRRNEER SSpevaflt TO o,
6, limting anplifier 7, and |-V converter
BACKGROUND OF THE INVENTION

The present invention relates to a demodulator for
demodulating an amplitude-modulated carrier signal, such as
a carrier signal modulated by amplitude-shift keying.

Amplitude-shift keying (abbreviated ASK) is a
modulation systém employed in various wireless systems,
including certain digital mobile communication systems. A
binary ASK transmitter, for example, transmits a radio-
frequency (RF) carrier signal having a large amplitude for
one binary value (e.g. '1'), and a small amplitude for the
other binary value (e.g. '0'). Alternatively, the carrier
signal is transmitted for one value and not transmitted for
the other value.

A receliver equipped with a conventional ASK demodulator
receives the RF carrier signal, down-converts the received
signal to an intermediate frequency (IF), performs automatic
gain control (AGC), then detects the envelope of the IF '
signal to produce a baseband signal, and decides from the
amplitude of the baseband signal whether each transmitted
bit of information is a one or a zero.

The high speed of recent digital communication systems,
however, requires an AGC loop with fast tracking capability,
in order to maintain the proper levels in the baseband
signal. This, in turn, requires complex and expensive AGC
circuitry.

Moreover, mobile systems in particular often transmit
data in bursts. If the time constant of the AGC loop is set
long enough to maintain steady 'l' and '0' levels, there is
a period at the beginning of each burst in which thé AGC
loop is unsettled and data errors become likely. If fhe
time constant of the AGC loop is shortened to avoid this
situation, the danger exists that the AGC loop will

1



8 .are available in a single integrated circuit, but if necessary, the |-V
converter 8 can be provided separately; a sinple circuit conprising a
resistor suffices. The code decision circuit 9 can be configured froma few
si npl e, inexpensive electronic conmponents, as shown in FIGs. 2 to 4. 7

For conparison, FIG 9 shows a receiver enploying a conventi onal

denodul ator circuit. The bandpass filter 1, RF anplifier 2, bandpass filter
3, and local oscillator 5 are simlar to the corresponding elenments in FIG
1. The mxer 14 and |IF pre-anplifier 16 are also simlar to the

osclllate in response to a pattern of 1ls and Os.

SUMMARY OF THE INVENTION

It is accordingly an object of the present invention to
provide a low-cost demodulator for an amplitude-modulated
signal.

Another object of the invention is to avoid data errors
at the beginnings of communication bursts.

The invented demodulator receives an amplitude-
modulated RF or IF carrier signal. The demodulator
comprises a limiting amplifier that limits the amplitude of
the carrlier signal to produce an output signal with a
constant amplitude, and also produces a received signal
strength indicator signal. The received signal strength
indicator signal is used as a baseband signal from which the
information .represented by the modulated amplitude is
recovered.

The invented demodulator is low in cost because it has
‘no AGC loop, and also avoids the data errors that were
caused by AGC loop instability at the beginning of
communication bursts in conventional demodulatoré.

BRIEF DESCRIPTION OF THE DRAWINGS

In the attached drawings:

FIG. 1 is a block diagram of an ASK receiver embodying
the invented demodulator;

FIG. 2 shows one example of the structure of the code
decision circuit in FIG. 1;

FIG. 3 shows another example of the structure of the
code decision circuit in FIG. 1;

FIG. 4 shows yet another example of the structure of Q
the code decision circuit in FIG. 1; |

FIG. 5 shows a received signal with a 100% modulatioh
factor; ' '



corresponding elements in FIG 1, although not necessarily conbined into
the sane integrated circuit. The signal output by the IF pre-anplifier 16
is.anplified by an IF AGC anplifier 17, then fed to an AGC control circuit
18 and envel ope detector 19. The AGC control circuit controls the gain of
the AGC anplifier 17. The output of the envel ope detector 19 is fed to a
code decision circuit 20. As noted earlier, an AGC control circuit 18
capabl e of coping w th high-speed ASK transm ssions is conplex and
expensi ve, and the . existence of an AGC | oop between the IF pre-anplifier 16

S £rvel e SRS 8 shbos® AR s s s et e
denodul at dndigeitor isdgnad ;AGC | oop. For the sane reason, the invented
FIG. 7 shows a received signal with a 50% modulation
factor;
FIG. 8 shows the corresponding received signal strength
indicator signal; and
FIG. 9 is a block diagram of an ASK receiver embodying
a conventional demodulator.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the invention will be described with
reference to the attached illustrative drawings.

FIG. 1 is a block diagram of an ASK receiver having a
demodulator of the invented type. The receiver receives an
ASK signal in, for example, the 5.8-gigahertz band from an
antenna (which is not visible). The receiver comprises a
bandpass filter (BPF) 1 that rejects unwanted frequency
components outside this band, an RF amplifier (AMP) 2 that
‘amplifies the filtered signal, another bandpass filter 3
that again rejects unwanted frequencies, and a mixer 4 that
mixes (multiplies) the resulting signal with a signal
generated by a local oscillator (0SC) 5, thereby down-
converting the signal to an intermediate frequency band such
as the 70-megahertz band. The down-converted carrier signal
is pre-amplified by an IF pre-amplifier 6, then fed into a
limiting amplifier 7.

The conventional function of a limiting amplifier is to
convert an input carrier signal to an output carrier signal
of constant amplitude. Limiting amplifiers are commonly
employed in receivers for frequency-modulated (FM) signals,
and signals modulated by frequency-shift keying (FSK), to -
simplify frequency detection. A limiting amplifier |
generally operates by employing the saturation
characteristic of an active element such as a transiétor.

3



denodul ator is lower in cost. The invented denodul ator is particularly
advant.ageous in receiving high-speed burst transm ssions. The absence of an
AGC circuit enabl es accurate code decisions to be nade even at the

begi nning of a burst. In FIG 1, the received signal was down-converted
once before being input to the limting anplifier 7, but this i.s not a
restriction. The received signal nay be down- converted nore than once, for
exanple, or the received signal my be fed directly to the limting
anplifier 7, w thout down-conversion. The denodul ati on of a binary ASK

T e e SR G Aty e AL CERE R A Bsals oo
both a constant-amplitude output signal and a received
signal strength indicator signal, or RSSI signal. If the
limiting amplifier operates by amplifying the input signdl
until the output signal saturates, the RSSI signal can be
derived as a current signal responsive to the gain at the
saturation point. The limiting amplifier 7 employed in the
present embodiment is of this type.

The RSSI signal is conventionally used to control the
gain of another amplifier. In certain hand-held information
terminals, for example, the RSSI signal (or a signal
obtained by smoothing the RSSI signal) is used to control
the gain of a transmitting power amplifier. The RSSI signal
may also be used to control the gain of another amplifier in
the receiving circuits.

The usage of the limiting amplifier 7 in the present
invention differs from the conventional usage. The
constant-amplitude carrier signal produced by the limiting
'amplifier 7 1s not used at all; the output lead for this
signal may be left unconnected, or grounded. The RSSI
signal is used, not for amplifier gain control, but to
obtain the information carried by the received signal.

Since the RSSI signal is a current signal, it is fed to
a current-to-voltage (I-V) converter 8 and converted to a
voltage signal, referred to below as the voltage RSSI signal
(VgRssy) or baseband signal.

The mixer 4, IF pre-amplifier 6, limiting amplifier 7,
and 1-V converter 8 can be combined into a single integrated
circuit. Integrated circuits of this type are available
from several manufacturers, for use in FM and FSK systems.
One example is the SA826 integrated éircuit manufactured by
the Philips Corporation in The Netherlands.

The voltage RSSI signal output by the I-V converter 8
is fed to a code decision circuit 9. This circuit can be
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I nvent ed denodul ator can al so be applied to the denodul ation 8 of

general anal og anplitude-nodul ated (AM signals. The invented denodul at or
is.not limted to use in wireless comunication systens; it can be enpl oyed
in wireline systenms as well. In optical conmunications, for exanple, an

I ntensity-nodul ated |ightwave signal is converted by a photodetector to an
electrical signal of the binary (or Mary) ASK type. The invented

denodul ator can be used to denodul ate this electrical signal. Those skilled
in the art will recognize that further

configured in various ways: three examples will be
described next.

Referring to FIG. 2, in one example, the code decision
circuit 9 comprises an analog comparator 10 and a pair of
resistors R1 and R2. Resistors Rl and R2 are coupled in
series as a voltage divider between a power-supply terminal
and a ground terminal, and produce a threshold voltage which
is supplied to the inverting input terminal of the analog
comparator 10. The voltage RSSI signal (VRSSI) is supplied
to the non-inverting input terminal of the analog comparator
10. The analog comparator 10 produces a high or low logic-
level output signal depending on whether Vgss1 1Is greater'
than or less than the threshold voltage.

Referring to FIG. 3, in another example, the code
decision circuit 9 comprises an analog comparator 11, a pair
of resistors R3 and R4, and a capacitor C. The voltage RSSI
signal is coupled through resistor R3 to the non-inverting
input terminal of the analog comparator 11, and through
‘resistor R4 to the inverting input terminal of the analog
comparator 11. One terminal of the capacitor C is coupled
to a point between resistor R4 and the inverting'input
terminal of the analog comparator 11. The other terminal of
the capacitor C is coupled to ground. Resistor R4 and
capacitor C form an integrating circuit that smoothes the
voltage RSSI signa;, the smoothed voltage providing a
threshold signal with which the voltage RSSI signal is
compared.

Referring to FIG. 4, in yet another example, the code
decision circuit 9 comprises an npn transistor Q, a load
resistor R5, a base resistor R8, and an inverter 12. The
emitter of transistor Q is coupled to ground. The collector
of transistor Q is coupled to the input of inverter 12, and
through load resistor R5 to a power-supply terminal. VRsSI

. 1s coupled through base resistor R6 to the base of
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variations are possible within the scope clainmed bel ow. VWHAT | S CLAI MED
IS 1. A denodul at or for denodul ating an anplitude-nodul ated carrier
si.gnal to obtain a baseband signal, conprising: a limting anplifier (7)
receiving said anplitude- nodul ated carrier signal as an input signal,
converting said anplitude-nodul ated carrier signal to a signal of constant
anplitude, and also producing a received signal strength indicator signa
responsive to an anplitude of said anplitude-nodul ated carrier S|gnal
wherein said recei.ved signal strength indicator signal is used

transistor Q. The output of inverter 12 1s high or low
depending on whether VRsst 1s greater than or less than the
cut-in voltage of transistor Q, the cut-in voltage being a
voltage in the range from about 0.6 volts to about 0.7
volts.

Next, the operation of the invented demodulator will be
described.

The amplitude of the RF signal received from the
antenna takes on two values A and B, corresponding to bit
values of '1' and '0.' The modulation factor is defined by
(A - B)/(A + B). FIG. 5 shows an idealized example in which
the carrier frequency is 5.8 gigahertz (GHz), the modulation
factor is 100%, and the data rate is one bit per microsecond
(rzs), or one megabit per second.

The IF carrier signal output by the IF pre-amplifier 6
differs in frequency and amplitude from the received RF
carrier signal, but has the same type of envelope. The RSSI
signal produced by the limiting amplifier 7 is related in a
'substantially linear manner to the upper envelope (or lower-
envelope) of the IF carrier signal, or to a moving average
of this envelope level. The Vrgsy signal produced by the I-
V converter 8 is accordingly similar to a signal that would
be produced by envelope detection of the received RF signal,
or the 1IF signal.

For the idealized example indicated in FIG. 5, VRssI
takes on two values (a and b) as shown in FIG. 6. The
vertical axis in FIG. 6 represents voltage, while the
horizontal axis represents time.

FIG. 7 shows another example of a received signal
waveform, in which the modulation factdr of the received
signal is only 50%. FIG. 8 shows the corresponding Vpggy
waveform, which again takes on two voltage values (a and b).
The vertical and horizontal axes in FIG. 8 have the same
meaning as in FIG. 8. '



as sai d baseband signal. 2. The denodul ator of claim1l, wherein said
received signal strength indicator signal is a current signal, further
conprising a current-to-voltage converter (8) for converting said received
signal strength indicator signal to a voltage signal. 3. The denodul at or
of claim1, wherein said anplitude- nodul ated carrier signal is nodul ated
by anplitude-shift keying. 4. The denodul ator of claim3, further
conprising a code decision circuit (9) for detecting, fromsaid received
signal strength indicator signal, bit values of said anplitude-nodul ated

i | 4. wherein sald code deci si on
carrier SlgnalThe tongglggggd%E hgg ?f & Slgs of ﬁe VeRsst Signal

should be symmetrically disposed on opposite sides of the
threshold voltage of the code decision circuit 9. 1In the
circuit configuration shown in FIG. 2, this is achieved by
selecting resistors R1 and R2 that produce a threshold
voltage substantially equal to (a + b)/2. In FIG. 3, this
is achieved by selecting the time constant of the
integrating circuit comprising resistor R4 and capacitor C
so that in the presence of an input signal like that in FIG.
5 or FIG. 7, the threshold voltage is again substantially
equal to (a + b)/2. In FIG. 4, this is achieved by
selecting a limiting amplifier 7 with characteristics such
that the two VRss1 values (a and b) are symmetrically
disposed on opposite sides of the cut-in voltage of
transistor Q.

These selections of resistor and capacitor values, or
limiting amplifier characteristics, can be made without
concern for the frequency of the received signal, because 1f
‘this frequency changes, due to motion of the receiver, for -
example, the RSSI signal is scarcely affected. It was this
observation that led to the present invention.

Given appropriate selection of these characteristics or
values, for the received signal in either FiG. 5 or 7, the
output of the code decision circuit 9 will be a string of
bits with values '0 1 0 1 0 ...."

The invented demodulator comprises the mixer 4, IF pre-
amplifier 6, limiting amplifier 7, I-V converter 8, and code
decision circuit 9 in FIG. 1. As noted above, the mixer 4,
IF pre-amplifier 6, limiting amplifier 7, and I-V converter
8 are available in a single integrated circuit, but if
necessary, the I-V converter 8 can be provided separately; a
simple circuit comprising a resistor suffices. The code
decision circuit 9 can be configured from a few simple,
inexpensive electronic components, as shown in'FIGs. 2 to 4.
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circuit (9) conprises: a pair of resistors (Rl, R2) coupled in series, for
di viding a power-supply voltage to produce a threshold voltage; and an
anal og conparator (10) for conparing said received 10 signal strength

i ndicator signal with said threshold voltage. 6. The denodul ator of claim
4, wherein said code decision circuit (9) conprises: an anal og conpar at or
(11) having a first input term nal

"For comparison, FIG. 9 shows a receiver employing a
conventional demodulator circuit. The bandpass filter 1, RF
amplifier 2, bandpass filter 3, and local oscillator 5 are
similar to the corresponding elements in FIG. 1. The mixer
14 and IF pre-amplifier 16 are also similar to the
corresponding elements in FIG. 1, although not necessarily
combined into the same integrated circuit. The signal
output by the IF pre-amplifier 16 is amplified by an IF AGC
amplifier 17, then fed to an AGC control circuit 18 and
envelope detector 19. The AGC control circuit controls the
gain of the AGC amplifier 17. The output of the envelope
detector 19 is fed to a code decision circuit 20.

As noted earlier, an AGC control circuit 18 capable of
coping with high-speed ASK transmissions is complex and
expensive, and the existence of an AGC loop between the IF
'pre-amplifier 16 and envelope detector 19 is a potential
source of problems related to the AGC time constant. These
problems are eliminated in the invented demodulator, which
‘has no AGC loop. For the same reason, the invented
demodulator is lower in cost.

The invented demodulator is particularly advantageous
in receiving high-speed burst transmissions. The absence of
an AGC circult enables accurate code decisions to be made
even at the beginning of a burst.

In FIG. 1, the received signal was down-converted once
before being input to the limiting amplifier 7, but this is
not a restriction. The received signal may be down-
converted more than once, for example, or the received
signal may be fed directly to the limiting amplifier 7,
without down-conversion.

The demodulation of a binary ASK signal was described
above, but the invented demodulator can also be used for M-
ary ASK, where M 1s an integer greater than two. The
invented demodulator can also be applied to the3dehodulafion
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and a second input termnal; a first resistor (R3) coupled to said first
input termnal, said received signal strength indicator signal being
supplied through said first resistor to said first input termnal; a second
resistor (R4) coupled to said second input termnal, said received signa
strength indicator signal being supplied through said second resistor to
said second input termnal; and a capacitor (C) coupl ed betwen said second
input termnal and a fixed potential, for snoothing said received signal
strength indicator.signal to produce a threshold voltage with which said

anal 09 coppaLahetal 4hai8tPan5111Rhd-h8aG1 HELa* (AT sTLhERGLN 1 nli cator

The invented demodulator is not limited to use in
wireless communication systems; it can be employed in
wireline systems as well. In optical communications, for
example, an intensity-modulated lightwave signal is
"converted by a photodetector to an electrical signal of the
binary (or M-ary) ASK type. The invented demodulator can be
used to demodulate this electrical signal.

Those skilled in the art will recognize that further
variations are possible within the scope claimed below.



7. The denodul ator of claim4, wherein said code decision circuit (9)
conprises: a bipolar transistor (Q having an emitter, a collector, and a
base, said emtter being coupled to a first fixed potentlal a | oad

resi stor (R5) coupled between said collector and a second fixed- -potenti.al ;

a base resistor (R6) coupled to said base, said receyﬂmw strength
I ndi cator signal being supplied through said base re ‘ﬂ m#m,”mtter
and an inverter (12) coupled to said collector. 8. A nmt

denodul ati ng an anplitude-nodul ated carrier

WHAT IS CLAIMED IS:

1. A demodulator for demodulating an amplitude-modulated
carrier signal to obtain a baseband signal, comprising:

a limiting amplifier (7) receiving said amplitude-~
modulated carrier signal as an input signal, converting said
amplitude-modulated carrier signal to a signal of constant
amplitude, and also producing a received signal strength
indicator signal responsive to an amplitude of sald
amplitude~modulated carrier signal; wherein '

said received signal strength indicator signal is used
as said baseband signal.

2. The demodulator of claim 1, wherein said received
signal strength indicator signal is a current signal,
further comprising a current-to-voltage converter (8) for
converting said received signal strength indicator signal to
a voltage signal.

3. The demodulator of claim 1, wherein said amplitude-
modulated carrier signal is modulated by amplitude-shift
keying.

4, The demodulator of claim 3, further comprising a code
decision circuit (9) for detecting, from said received
signal strength indicator signal, bit values of said
amplitude-modulated carrier signal.

5. The demodulator of claim 4, wherein said code decision
circuit (9) comprises:

a pair of resistors (R1l, R2) coupled in series, for
dividing a power-supply voltage to produce a threshold
voltage; and

an analog comparator (10) for comparing said received

10



C L M S signal to obtain a baseband signal, conprising the steps
of : supplying said anplitude-nodul ated carrier signal as an input signal to
“a.limting anplifier (7) that converts said anplitude-nodul ated carrier

signal to a signal of constant anplit Fuces a received
signal strength indicator signal respaﬁﬂlﬂmlmmmﬂm tude of said

anpl i tude-nodul ated carrier signal; a i Ng saidsrecei ved signal strength
i ndi cat or signal as said baseband signal. 9. The net hod of claim 8,

wherein said recei.ved signal strength indicator signal is a current signal
further(§¥Eﬁﬁf“§¥¥éﬂgiﬁnfﬂhfgator signal with said threshold

voltage.

6. The demodulator of claim 4, wherein said code decision
circuit (9) comprises:

an analog comparator (11) having a first input terminal
and a second input terminal;

a first resistor (R3) coupled to said first input
terminal, said received signal strength indicator signal
being supplied through said first resistor to said first
input terminal;

a second resistor (R4) coupled to said second input
terminal, said received signal strength indicator signal
being supplied through said second resistor to said second
‘input terminal; and

a capacitor (C) coupled between said second input
terminal and a fixed potential, for smoothing said received
signal strength indicator signal to produce a threshold
'Voltage with which said analog comparator (11) compares said
received signal strength indicator signal.

T. The demodulator of claim 4, wherein said code decision
circuit (9) comprises:

a bipolar transistor (Q) having an emitter, a
collector, and a base, sald emitter being coupled to a first
fixed potential;

a load resistor (R5) coupled between said collector and
a second fixed potential;

a base resistor (R6) coupled to said base, said
received signal strength indicatbr signal being supplied
through said base resistor to said emitter; and

an inverter (12) coupled to said collector.

8. A method of demodulating an amplitude-modulated carrier

11



converting said received signal strength indicator signal froma current
signal to a voltage signal. 10. The nethod of claim@8, wherein said
anpl i tude- nodul ated carrier signal is nodulated by anplitude-shift keying.

” R
* C L M S *

signal to obtain a baseband signal, comprising the steps of:

supplying said amplitude-modulated carrier signal as an
input signal to a limiting amplifier (7) that converts said
amplitude-modulated carrier signal to a signal of constant
amplitude, and also produces a received signal strength
indicator signal responsive to an amplitude of said
amplitude-modulated carrier signal; and

using said received signal strength indicator signal as
said baseband signal.

9. The method of claim 8, wherein said received signal
strength indicator signal is a current signal, further
comprising the step of: _

converting said received signal strength indicator
signal from a current signal to a voltage signal.

10. The method of claim 8,.wherein said amplitude¥modulated
carpier signal is modulated by amplitude-shift keying.
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DEMODULATOR FOR AMPLITUDE-MODULATED CARRIER SIGNAL
ABSTRACT

An amplitude-modulated carrier signal is demodulated by
passage through an limiting amplifier that converts the
amplitude-modulated carrier signal to a signal of constant
amplitude, and also produces a received signal strength
indicator signal. The received signal strength indicator
signal is used as the demodulated signal.

Selected drawing: FIG. 1
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