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2 (57) Abstract: Apparatus for reducing DC offset in a signal path of a conversion system comprising a front end circuit for providing
~ an input signal having an a DC offset; an amplifier system coupled to the front end circuit to receive and amplify the input signal; a
multi-bit sigma delta modulator for receiving the input signal from the amplifier system and providing a first bit quantizer; a DC adapt
circuit coupled to the sigma delta modulator for receiving the first bit quantizer from the sigma delta modulator and for providing
an operation to reduce DC offset; a digital to analog converter (DAC) coupled to the digital DC adapt circuit to provide an analog

(10)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT CQOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publieation Date
14 February 2002 (14.02.2002)

PCT

OO

(10) International Publication Number

WO 02/13473 Al

(51) International Patent Classification” HO4L 25/06

(21) International Application Number:  PCT/EP(1/08156

(22) International Filing Date: 16 July 2001 (16.07.2001)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
00402234.9 4 August 2000 (04.08.2000) EP

(71) Applicant (for all designated States except US): MO-
TOROLA INC. [US/US]. 1303 E. Algonquin Road,
Schaumburg, TL. 60196 (US).

(72) Inventors; and

(75) Toventors/Applicants (for US onlp): KHLAT, Nadim
[FR/FR]; 24, rue Pierre de Fermat, F-31270 Cugnanx (FR).
DOREL, Frangois [FR/FR]; 25, chemin du Martinet,
F-74200 Thonon-les-Bains (FR).

(74) Agent: WALKER, Neville; Motorola European Intellec-
tual, Property Operations, Midpoint, Alencon Link, Bas-
ingstoke, Hampshire RG21 7PL (GB).

(81) Desiguated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA,BB, BG, BR, BY, BZ, CA, CH, CN, CR, CU, CZ,
DE, DK, DM, DZ, EE, . GB, GD, GE, GH, GM, HR,
HU, ID, IL, IN, IS, IF, KE, KG. KB, KR, KZ, LC, LK. LR,
1S, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ,
NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, T1, T™,
TR, TT. TZ, UA, UG, US, UZ, VN, YU, Z4, ZW.

(84) Desiguated States (regionalj: ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian
pateni (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), Buropean
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE,
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BI, CF,
CG, CL, CM, G4, GN, GW, ML, MR, NE, SN, TD, TG).

Published:

—  with international search report

—  before the expiration of the time limit for amending the
claims and 1o be republished in the event of receipt of
amendments

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: APPARATUS FOR REDUCING DC OFESET IN A RECEIVER

FREQUENCY
SYNTHESIZER

signal 1 of the DC offset

0 the input of the amplifier system, wherein the digital DC adapt circuit and the

DAC form a feedback path originating at the first bit of the multi bit sigma delta modulator to the input of the amplifier system.
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APPARATUS FOR REDUCING DC OFFSET IN A RECEIVER

FIELD QF THE INVENTION

This invention relates to radio receivers and more
specifically to DC offset correction in direct conversion
or digital very low IF receivers that require relatively

short DC adapt periods.
BACKGROUND OF THE INVENTION

A direct conversion receiver (DCR) is a type of radio
receiver that does not use an intermediate freguency (IF).
DCRs and digital very low IF receivers ({(DVLIF) are becoming
common in cellular telephone handsets. A common problem
with DCRs is that different components of the receiver may
cause a DC offset voltage to be added to a received input
signal. The DC offset voltage affects the operation of the
receiver in a manner similar to interference. However,
unlike interference, the DC offset voltage is generated
internally to the receiver.

FIG.1 illustrates, in block diagram form, a receiver
10 in accordance with the pripr art. Receiver 10 includes
a low IF front end 12 and a base band receiver 14. Front
end 12 includes a low noise amplifier 16, a coupler 18, a
mixer 20, a divider 22, and a frequency synthesiser 24.
Baseband receiver 14 includes amplifier 30, active low pass
filter 32, baseband sigma delta modulator 34, decimation

filter 36, digital quad mixers 38, digital filter 40,
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digital integrator 42, and digital-to-analog converter
{DAC) 44.

Each of the components of front end 12 may contribute
to the DC offset voltage. For example, leakage from
frequency synthesiser 24 may leak back into front end 12
through the antenna and may be mixed back into the signal
path via mixer 20. Also, changing the gain of low noise
amplifier 16 may change the level of leakage and DC offset.

Prior art receiver 10 uses a feedback path to reduce
the DC offset. The feedback path starts at the output of
digital filter 40 and feeds back into the signal path at
the input of amplifier 30 via DAC 44. This type of
feedback path is known as a mixed mode approach, where a
digital signal is converted to an analog signal and
provided at the input of base band receiver 14. A problem
with this approach is that it requires a relatively long
period of time to remove the DC offset because of the
number of components in the feedback path that contribute
to the delay.

Typically, in a cellular telephone system the DC
offset is removed during a time period that is prior to the
time period used for processing the input signals. In some
applications, such as for example, Global System Mobile
(GSM) , the receiver may need to be powered up from standby
mode as early as 400 microseconds prior to processing the
received signals in order have enough time to reduce the DC
offset. This significantly reduces standby time and
increases power consumption.

European Patent Application EP-A~0 709 970 (General

Electric Company) describes a DC correction arrangement for
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an analog-to-signal converter (ADC). The arrangement uses
a single bit guantizer and has an accumulator in the
feedback correction path.

United Kingdom Patent Application GB-A-2 328 353 (NEC)
describes a correction system for use with a baseband
receiver having two channels. A feedback signal for the DC

offset estimation is provided at a second filter.

Therefore, a need exists for performing DC offset
corrgction in a DCR or a DVLIF receiver that requires a

shorter DC adapt period.
BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will now be more fully
described, by way of example, with reference to the
drawings, of which:

FIG. 1 illustrates, in block diagram form, a radio
frequency receiver in accordance with the prior art;

FIG. 2 illustrates, in block diagram form, a radio
frequency receiver in accordance with one embodiment of the
present invention;

FIG.3 illustrates the digital fast DC adapt circuit of
FIG.2 in more detail; and

FIG.4 illustrates a timing diagram of various signals

of the receiver illustrated in FIG.Z.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

JP 2004-506384 A 2004.2.26
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Generally, the present invention provides a DCR 50
that uses a multi-bit sigma delta modulater in a fast
coarse adapt feedback path for reducing the DC offset
voltage. The digital fast DC adapt circuit 62 reduces the
DC offset to an acceptable level without reducing the
dynamic range of the analog-to-digital converter. The
feedback originates at the first bit of the multi-bit bangd
pass sigma delta modulator 60, where the first bit contains
the input information for the feedback path. The digital
fast DC adapt circuit 62 includes a one bit accumulator 80
and a first order digital low pass filter 82. By reducing
the number of components in the feedback path, and thereby
reducing the number of delays, the DC offset can be reduced
in less time than with prior art receiver 10 of FIG.1

FIG.2 illustrates, in block diagram form, radio
frequency receiver 50 in accordance with one embodiment of
the present invention. Receiver 50 includes front end 52
and base band receiver 34. Front end 52 functions
similarly to front end 12 of FIG.1l, and will not be
described in more detail. Base band receiver 54 includes
an amplifier having automatic gain contxol 56, an active
low pass filter 58, a band pass multi-bit sigma delta
modulator 60, digital gquad mixers 70, digital filter 72,
digital fast DC adapt circuit 62, multiplexer 63, DAC 64,
fast DC adapt control 66, and serial peripheral interface
{SPI) 68. In the illustrated embodiment, front end 52 is
implemented on a single integrated circuit. The coupler is
a transformer that is formed on the same integrated circuit

as front end 52. Likewise, recelver 54 is integrated on a

30 single integrated circuit. In other embodiments, front end
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52 and receiver 54 may be implemented on a single
integrated circuit or as a combination of multiple
integrated circuits.

Amplifier 56 bas a pair of input terminals for
receiving a differential analog input signal from front end
52. Before being received by amplifier 56, the signals
from front end 52 pass through post mixer amplifier 53 and
filter 55. Differential outputs of amplifier 56 are
coupled to input terminals of active low pass filter 58 and
outputs of low pass filter 58 are coupled to inputs of band
pass sigma delta modulator 60. 1In the illustrated
embodiment, band pass sigma delta modulator 60 has two
output terminals. However, in other embodiments sigma
delta modulator 60 may have two or more output terminals.

A one bit quantiser signal from sigma delta modulator 60 is
provided to an input terminal of fast DC adapt circumit 62
as it contains the DC cffset content.

The operation of fast DC adapt circuit 62 is
controlled by fast DC adapt control 66. Fast DC adapt
control 66 has an input terminal for receiving a chip
enable signal labelled CE, and a second input terminal for
receiving a control signal labelled RXACQ. 1In response to
these signals DC adapt control 66 provides an output signal
labelled ADAPT_DIGITAL to a second input terminal of
digital fast DC adapt circuit 62. The signal calléd
ADAPT_DIGITAL is used for starting and stopping the
operation of the feedback path to remove the DC offset
voltage. Also, in response to receiving the one bit
quantiser signal from sigma delta modulator 60, adapt

circuit 62 accumulates and then low pass filters the one

JP 2004-506384 A 2004.2.26
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bit quantiser to produce a six bit output signal labelled
DACINP. These six bits are then provided to an input
terminal of DAC 64, which converts the digital signal to a
differential analog signal which is coupled to the inputs
of amplifier 56.

In operation, an input signal having a DC offset is
received at the input terminals of amplifier 56. The input
signal is then amplified, low pass filtered, and then
provided to sigma delta modulator 60. Bach of these
elements or components can add or contribute to the amount
of the DC offset. To remove the DC offset only one bit
from the band pass sigma delta modulator 60 is fed back
through fast DC adapt circuit 62 and DAC 64 to reduce the
amount of DC offset without significantly decreasing
dynamic range. For example, if the input signal provided
to amplifier 56 has a one volt peak-to-peak signal and a
300 millivolt offset, digital fast DC adapt circuit 62 will
reduce the DC offset to about 30 millivolts, providing a
dynamic range of about 970 millivolts remaining for the
useful signal. The 30 millivolt DC offset is then entirely
digitally filtered by digital high pass filters for DCR, or
by complex notch filters in DVLIF receivers. This process
is called fine DC offset correction. Because there are
fewer components in the feedback path and less delay, an
adapt period in accordance with the embodiment illustrates
in FIG.1 will be only 40 microseconds long. The 40
microsecond time period is accomplished without sacrificing
the stability of the feedback loop.

Any offset caused by DAC 64 will be corrected by the

feedback loop. The one bit guantiser of band pass sigma

JP 2004-506384 A 2004.2.26
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delta modulator 60 is chosen as the feedback point in order
to reduce noise introduction into the feedback path when
receiver 50 is in receive mode. Because the DC offset is
chosen to be reduced rather than eliminated, DAC 64 is only
providing a coarse offset correction and does not need to
be very accurate. As illustrated in the present
embodiment, DAC 64 is implemented in six bits. The type of
DAC used for DAC 64 is not important, except that DAC 64
needs to be monotonic.

Most of the open loop gain and phase response of
receiver 50 is due to active low pass filter (LPF) 58.

When using the DC offset feedback path, sigma delta
modulator 60 has a very limited effect in the open loop
gain phase response of the feedback path for a stability
analysis.

The output of digital fast DC adapt 62 is also
provided to an input terminal of SPI 68. The output
terminals of SPI 68 are coupled to input/output (I/0)
terminals of a microprocessor (not shown). The value of
output signal DACINP from digital fast DC adapt circuit 62
can be written through SPI 68 to a register in, for
example, a microprocessor and reused as an input to DAC 64
when a gain setting that has been already used in a prior
adapt mode. This eliminates the need to run the feedback
path before receiving an input signal for a known gain
setting. A control signal labelled ADAPT_EN is provided to
multiplexer 63 and to fast DC adapt control 66 and is used
to select whether a DC offset correction is provided by SPI
68 or by the feedback path circuit 62. When signal
ADAPT_EN is asserted to use a prior DACINP signal, the READ

JP 2004-506384 A 2004.2.26
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path from SPI 68 is selected and fast DC adapt control 66
disables the feedback loop by asserting control signal
ADAPT_DIGITAL.

FIG.3 illustrates, in block diagram form, fast DC
adapt circuit 62 in more detail. Fast DC adapt circuit 62
includes adders 90, 94, and 100, delay elements 92 and 96,
digital multipliers 98 and 104, registers 102 and 86, and
twos complement to ones complement conversion logic 84. An
accumulator 80 includes adder 20 and delay element 92. Low
pass filter 82 includes adders 94 and 100, delay element
96, digital multipliers 98 and 104, and register 102.

An input of accumulator B0 receives the one bit
quantiser signal from the ocutput of sigma delta modulator
60. An output of accumulator 80 comprising 9 bits is
provided to an input of low pass filter 82. An output of
low pass filter 82 is provided to an input of conversion
logic 84. Conversion legic 84 converts the output of low
pass filter 82 into a ones complement form that can be used
by DAC 64. Register 86 is user writable to provide the
ability to test DAC 64.

Accumulator 80 performs two functions. The first
function of accumulator B0 is to filter noise received from
sigma delta modulator 60. The second function is to
perform an integration. For example, if the DC offset is
positive, the output of accumulator 80 increases. If the
DC offset is negative then the output of accumulator 80
decreases. The low pass filter 82 is used to filter the
guantisation noise from accumulator 80. Low pass filter 82
provides an additional filtering function and may not be

necessary in some embodiments depending on how much of the

JP 2004-506384 A 2004.2.26



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(19)

WO 02/13473 PCT/EP01/08156

20

30

DC offset is to be removed. Low pass filter 82 has an
input for receiving a clock signal labelled HIGH CLOCK and
a second input terminal for receiving a clock signal
labelled LOW CLOCK. The clock signal BIGH CLOCK operates
at the over sampling frequency of sigma delta modulator 60
and the clock signal LOW CLOCK operates at the same
frequency as DAC 64. Block 106 receives both HIGH CLOCK
and LOW CLOCK and functions to enable the clocks or disable
the clocks based on the state of control signal
ADAPT_DIGITAL from fast DC adapt control 66. The amount of
time that the feedback path operates to reduce the DC
offset is predetermined based on the particular
application.

The corner of low pass filter 82 is adjusted by
changing the coefficient of digital multiplier 98 to
accommodate different modes such as for example GSM and
NADC.

FIG.4 illustrates a timing diagram of various signals
of receiver 50 of FIG.2. Note that the various waveforms
of FIG.4 axe not drawn to scale and are not intended to
illustrate any voltage levels relative to the other
signals. FIG.4 is only intended to illustrate a timing
relationship between the various signals. Between times t0
and tl, the waveform at the top of FIG.4 illustrates an
ipput signal at the input of sigma delta modulator 60
having a differential offset of about 60 millivolts. Note
that a 60 millivolt offset is chosen for illustration
purposes only. Control signal CE is a logic high and
control signal RXACQ is a logic low. At time tl1, control

signal CE 1s asserted as a logic low to begin the fast

JP 2004-506384 A 2004.2.26
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adapt time period between tl and t2 and to start the
feedback path DC offset correction. After time tl, it can
be observed that coarse DC offset correction has been
activated and the DC offset is being reduced to about 0
volts. The time between tl and t2 is a predetermined time
period after which control signal RXACQ is asserted as a
logic high. When RXACQ is asserted as a logic high, signal
ADAPT_DIGITAL is applied to block 106 of FIG.3, stopping
the HIGH CLOCK and the LOW CLOCK which causes digital fast
adapt circuit 62 to stop operating and to enter a hold
mode. MNote that in the illustrated embodiment, the time
between tl and t2 is approximately 40 microseconds. In
contrast, the time required to remove the DC offset using
the prior art circuit illustrated in FIG.1 is approximately
400 microseconds which is significantly longer. After time
t2 the input sigma delta differential input signal has a 0
millivolt DC offset. A predetermined time after time
period t2 control signal CE is reset to a logic high.

The circuitry illustrated in FIG.2 and FIG.3 contain
control signals (not shown) that are used to bias and to
provide a quick start up of the system. One problem noted
with the start up control and bias signals is a slightly
increased DC offset occurring just prior to time tl in
FIG.4 {not shown}. The DC offset was observed to
momentarily increase before beginning a reduction to 0
millivolts.

By using the system as described herein, the DC offset
can be reduced relatively faster than can be accomplished
by prior art circuits. Also, because the DC offset is

being reduced rather than being eliminated, the DAC 64 can

JP 2004-506384 A 2004.2.26
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be simpler with reduced bits and reduced resolution. Also,
a simple integrated structure is used that receives only
the one bit guantiser signal from the multi-bit sigma delta
modulator. Therefore, the feedback loop can continue to
operate even though the sigma delta modulator is
overloaded. In addition, the feedback loop can be easily
programmed for various modes and for various adapt time
periods by programming the open loop gain of digital
multiplier 104 and by controlling the assertion and
deassertion of signals CE and RXACQ. The amount the DC
offset to be corrected can be improved even further by
lowering the bandwidth and by changing the co-efficient of
digital multiplier 98. This has the effect of improving
the DC offset at the cost of lowering the frequency,
lowering the speed, and increasing the DAC resolution.
Also, the present embodiment has a hold mode with 0 hertz
high pass corner which means there is no drift and the

offset value DACINP can be held indefinitely.

JP 2004-506384 A 2004.2.26
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CLAIMS:
1. Apparatus (50) for reducing a DC offset in a signal

path of a conversion system comprising:
5 a front end circuit ({50) for providing an input
signal;

an amplifier system (56) coupled to the front end
circuit to receive and amplify the input signal;

a multi-bit sigma delta modulator (60) for

10 receiving the input signal from the amplifier system
and providing a first bit quantizer;

a DC adapt circuit (62) coupled to the sigma
delta modulator for receiving the first bit quantizer
from the sigma delta modulator and for providing an

15 operation to reduce a DC offset in said signal path;

a digital to analog converter (64) coupled to the
digital DC adapt circuit to provide an analog signal
representative of the DC offset correction to an input
of the amplifier system, wherein the digital DC adapt

20 circuit and the digital to analog converter form a
feedback path originating at the first bit of the
multi bit sigma delta modulator to an input of the

amplifier system.

25 2. The apparatus (50} as claimed in claim 1 further
comprising a DC adapt control (66} coupled to the
digital DC adapt circuit (62) for controlling the
starting and stopping of the operation of the DC adapt

circuit to reduce a DC offset in said signal path.

JP 2004-506384 A 2004.2.26
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The apparatus {50) as claimed in claim 2 wherein said
DC adapt control {66) receives an adapt enable signal
and has a first input for receiving a chip enable
signal, a second input for receiving a DC control
signal, and an output for providing a starting and
stopping signal to an input of said DC adapt circuit
{62) for starting and stopping the operation of the
feedback path.

The apparatus (50} as claimed in claim 3 further

comprising a serial peripheral interface coupled to
the DC adapt circuit (62) to provide an input signal
for a known gain setting to the digital to analogue

converter (64).

The apparatus (50) as claimed in claim 4 further
comprising a multiplexer (63) receiving the adapt
enable signal and coupled to the serial peripheral
interface (62) and the DC adapt circuit (62) to
selectively provide a signal from the serial
peripheral interface and the DC adapt circuit to the

digital to analogue converter (64).

The apparatus (50) as claimed in any preceding claim
wherein the DC adapt circuit (62) comprises an
accumulator (80) to filter noise generated from the

sigma delta modulator (60} and to perform integration.

The apparatus (50) as claimed in claim 6 wherein the

DC adapt circuit (62) further comprises a low pass

JP 2004-506384 A 2004.2.26
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filter {82) coupled to the accumulator (80) for

filtering noise originating from the accumulator.

The apparatus (50) as claimed in any preceding claim
wherein said amplifier system (56) comprises an
amplifier (56) having automatic gain control and an

active low pass filter.

2 method for reducing a DC offset in a signal path of
a conversion system comprising the steps of:

providing an input signal from a front end
circuit;

amplifying the input signal in an amplifier
system coupled to the front end circuit to receive and
amplify the input signal;

passing the input signal through a multi-bit
sigma delta modulator for receiving the input signal
from the amplifier system to provide a first bit
quantizer;

reducing a DC offset in said signal path wherein
a DC adapt circuit is coupled to the sigma delta
modulator for receiving the first bit quantizer from
the sigma delta modulator and for providing an
operation to reduce a DC offset in said signal path,
wherein a digital to analog converter coupled to the
digital DC adapt circuit provides an analog signal
representative of the DC offset correction to an input
of the amplifier system, wherein the digital DC adapt
circuit and the digital to analog converter form a

feedback path originating at the first bit of the

JP 2004-506384 A 2004.2.26
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multi bit sigma delta modulator to an input of the

amplifier system.

10. The method as claimed in claim 9 further comprising
5 the step of controlling the operation of the DC adapt
circuit with a DC adapt control coupled to the digital
DC adapt circuit for controlling the starting and
stopping of the operation of the DC adapt circuit to

reduce a DC offset in said signal path.
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