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BALANCE COMPANDED DELTA CONVERSION
FOR HOMODYNE RECEIVER

EIELD OF THE INVENTION:

5 - The present invention relates to delta conversion for a- homodyne receiver,
and more particularly to a balance delta-modulation analog digital conversion
‘circuit.

BACKGROUND OF THE INVENTION:

10 The present invention is directed toward a new technique for digitization
of analog speech or radio signals which: is not based on noise shaping but rather
on companding (COMpressing the volume of a signal at one point and restoring
it through exPANsion at another point) such as companﬂed delta-modulation.
The most well-known companded delta-modulation principle is called

15  Continuously Variable-Slope Delta or CVSD modulation, and has been employed

| in applications where low bit rate delta-modulation was the final coding form in
which the speech was desired for transmission or storage.
U.S. Patent No. 5,241,702 discloses a homodyne receiver in which dc
" offset from the zero intermediate frequency down converters is removed by the

20" differentiation inherent in the use of delta-modulation conversion. The inherent
differentiation can then be removed later by reintegrating the converted results
numerically in the digital domain. Furthermore, the possibility of achieving a
wide dynamic range is disclosed by using companded delta-modulation
conversion havihg a variable step size.

25 A variable step size may be achieved through varying the current
magnitude delivered by a current source or charge pump which is used by the
delta-modulator to increment or decrement the voltage on a capacitor to follow
the source.;—U:S. Patent Application 08/120,426 which is incorporated herein by
reference further discloses that the signal to be converted by delta-modulation can

30 advantageously be applied in series with this principal integrator capacitor, the
other end of which is connected to the charge pump and a comparator input.
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to the charge punp betdreen curngnbievelsrofitheopull-up and pull-down charge pump devices causes
an error in the signal conversion which manifests itself as an ascending or
10  descending slope on the reintegrated signal. One method of alleviating the slope
problem is described in U.S. Patent Application No. 08/401,127, entitled “Slope,
Drift and Offset Compensation In Zero-IF Receivers®, filed March 9, 1995,
which estimates the slope and adds a correction term in the reintegration process
to compensate it. The correction term may need to be dynamically changed in
15 response to the programming of the charge pump current magnitudes. In another
method, digital step size values can be stored and adapted separately to
.eorrespond to the charge pump’s pull-up and pull-down current levels in order to
+  ensure that the digitally reintegrated signal accurately eorrespondé to the analog
" integration of charge performed by the principal integrator capacitor. However,
20 it may be necessary in this method to have a plurality of adapted values
corresponding to different charge pump current levels which is a complication.
These deficiencies in the prior art can be alleviated by using the improved

balanced delta-modulation conversion according to the present invention.

25  SUMMARY OF THE DISCLOSURE:

It is an object of the present invention to overcome the deficiencies cited
above by disclosing a balanced delta-modulator comprising two, bipolar charge
pumps which are enabled in opposite directions to charge or discharge two
similar capacitors in different directions. According to the present invention, the

30 voltage on one capacitor is pulled down while the voltage of the other capacitor
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The advantage of this arrangenent is that both the conparator input and the
charge punp out put operate at nearly constant voltages which sinplifies

their desi gn and inproves their perfornmance. However,
practical limtations can arise when attenpting to programthe 5 current
magni tudes of a charge punp over a wide range. The upper current

level is Iimw&i"’%”?he size of the punp transistors used, WHGTEPHE2PHwer
limt is limted by | eakage current fromthe |large tansistors. In
addi ti.on, m smatch bet ween current |evels of the pull-up and

pul | -down charge punp devi ces causes an error in the signal

conversion which manifests itself as an ascending or 10 descendi ng sl ope
on the reintegrated signal. One nethod of all®viating the slope

problemis described in U S. Patent %pl ication No. 08/401, 127, entitled
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in the reintegration process to conpensate It. e correction term
may need to be dyrmeadesdzinopderite keenithe yoltage on the two capacitors as close together as
possible. Since the change in voltage difference caused by enabling the charge
5  pumps always involves a pull-up current on one side and a pull-down current on
the other side, the present invention is insensitive to mismatch between pull-up
and pull-down devices. _
This insensitivity is further encouraged by use of a separate common
mode sensor which senses the mean voltage of the two capacitors, and controls
10  leakage current adjustment sources on each charge pump such that the common
' mode voltage is held at approximately mid rail. In this way, the lowest useable
current magnitude to which the charge pumps can be programmed is not limited
by the leakage current but by a difference in leakage which is at least an order of
magnitude less. In this way, a delta-modulation conversion having an improved
15  dynamic range is provided. |
According to one embodimént of the present invention, a balanced delta-
modulation analog-to-digital conversion circuit is disclosed. A first integrator
. means produces a first output signal which rises when a first control signal is
generated and falls when a second control signal is generated. A second
20  principal integrator means produces a second output signal which falls when the
first control signal is generated and rises when the second control signal is
generated. A differencing means responds to the differenées between the first
and second output signals and generates the first and second control signals.
According to another embodiment of the present invention, an improved
25  homodyne radio receiver is disclosed. Quadrature downconversion means
receives a radio signal using an antenna and produces in-phase and quadrature
components of the signal in phase-inverted I and Q components. First balanced
delta-modulator conversion means has an input for an I component and an
inverted I component for producing a first sequence of up/down commands at a
30  regular clock rate. Second balanced delta-modulator conversion means has an



15 response to the progranm ng of the charge punp current nmagnitudes. In
anot her nmet hod, digital step size values can be stored and adapted
separately to corrgspond to The tharge punp s pull-up and pul | - down
current levels in order to ensure that the digitally reintegrated
signal accurately corresponds to the anal og I ntegration of charge
perfornmed by ™WO96(288%3ci pal integrator capacitor. However, 20 PCF’PSW%‘Se
necessary in this nmethod to have a plurality of adapted val ues
corresponding to different charge punp current |evels which is a

conpl i cati on. These deficiencies in the prior ar can be alleviated by
using the inproved bal anced del t a- nodul ati on conversi on according to
t he present invention. U S. Patedt No. 4,896, 156 discloses a

differential delta-sigm nodulator 25  of switched-capacitance type is
operated with a t hinputfonas component andhan inveried @ component\for producing @ seeondThe

FTses whi e the oulept s Vdol @icis & 8GR cidtk sale Compandin e 1"
and second cont r ol respahidsto the firsnandosecond uprand/davwen cemmand seqdénces to produce a
step size value for controlling the first and second delta-modulators. A first
5  reintegrator means responds to a first up/down sequence to add or subtract the
step size from an I accumulator. A second reintegrator means responds to the
second up/down sequence to add or subtract the step size from a Q accumulator.

BRIEF DESCRIPTION OF THE DRAWINGS:

10 | The present invention will now be described in more detail with reference
to preferred embodiments of the invention, given only be way of example, and
illustrated in accompanying drawings, in which:

Fig. 1 illustrates a prior art delta-modulation input circuit;
Fig. 2 illustrates a balanced companded delta-modulator with common-

15  mode adjustment according to one embodiment of the present invention;

Fig. 3 illustrates a connection of an active microphone to the inventive
balanced convertor;

Fig. 4 illustrates an alternative circuit for providing supply noise rejection
in Figure 3; and

20 Fig. § illustrates a homodyne receiver according to one embodiment of
the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS:
_ Fig. 1 illustrates a prior art delta-modulator input circuit arrangement as
25  disclosed in U.S. Patent Application No. 08/120,426, which is incorporated
| herein by reference. A signal voltage source 11 having an instantaneous voltage
output Vs is connected to one end of a principle integrator 12 which has a
voltage charge Vc opposing the voltage source 11. The difference voltage Vs
minus V¢ appears on the other end of the capacitor 12 and is connected to one
30 input of a comparator 13 and the output of a charge pump circuit 15. The other
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comparator input is connected to a fixed reference voltage which may
conveniently be midway between the supply rails and a voltage of Vec/2. If the
comparator 13 senses that the difference voltage Vs minus Vc is greater than the
reference Vec/2, the comparator outputs a high level or binary "1". However if
the comparator 13 senses that the difference voltage is less than the reference
Vcc/2, the comparatoi' outputs a low level or binary "0". This output value is
sampled at regular intervals into a d-type flip flop 14 triggered by means of a
regular clock pulse. If the sample output from the flip flop 14 is high, then the
charge pump 15 decreases the voltage difference Vs minus V¢ by issuing a pull-
down current. However, if the sample output from the flip-flop 14 is low, then
the charge pump 15 decreases the voltage difference by issuing a pull-up current.
In this way, the voltage difference Vs minus Ve is maintained as close as
possible to the reference voltage Vee/2 at which the input of the comparator 13
and the output of the charge pump 15 operate most favorably.

When the input voltage Vs is not changing, it is desired for the output of
the flip flop 14 to alternate between high and low or 1 and O in the sequence
101010101..., which is known as the idling pattern. The idling pattern causes

. the-charge pump to alterhétely hold the charge Vc on the capacitor 12 higher and

lower such that the voltage difference Vs minus V¢ hovers around the reference
voltage Vcc/2. However, this will only occur if the pull-up and pull-down
currents are exactly equal, but more accurately if the charge pulled out of the
capacitor during the pull-down period exactly equals the charge added in the
pull-up period. However, exact equality will not in practice be attained.
Therefore, an idling pattern 10101010... will be accompanied by a slow drift of
the voltage difference Vs minus Vc in one of the directions such that sooner or
later an extra 1 or 0 will be needed to correct the drift. Thus, idling patterns
such as 101010110101011010... or 1010100101010010101001... can arise.
When these sequences are applied to an up/down counter or digital integrator to
reconstruct the signal voltage by digital reintegration as described in U.S. Patent
No. 5,241,702, the reintegrated value will not oscillate around a constant voltage



3 Is pulled up or vice versa. The difference in the voltage on the
capacitors is sensed with a conparator to determ ne which direction a
charge/ di scharge is ~Tieeded imorder to keep the votrtage on the two
capacitors as close together as possi bl e. Since the change in voltage
di fference caused by enabling the charge 5 punps al ways involves a
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between the first pypyp, the charge pump 24 is caused to pull-down and vice-versa. The

10  inequality in pull-up and pull-down currents is expected to apply equally to both
sides since both circuits will probably be almost identically constructed on the
same integrated circuit substrate. Thus, any tendency of the voltage on the
capacitor 21 to drift during a 10101010... idling pattern would be matched by an
equal tendency for the voltage on the capacitor 22 to drift such that the difference

15  sensed by a differential pair 29 would not be perceived to drift. The amplified
and drift-corrected voltage from the differential pair 29 is applied to the inputs of
a normal comparator circuit such as the one illustrated in block 3 of Fig. 1, the
output of which is clocked by a flip-flop such as flip-flop 4 to determine whether
the charge ﬁumps 23 and 24 shall reverse their current flow directions or not.

20 Although the two capacitors 21 and 22 have equal drift direction
tendencies, their voltages cannot be allowed to drift in the same direction
indefinitely. Thus, as well as sensing the difference voltage using the difference
amplifier 29, the common voltage is also sensed and provided to a common
mode feedback circuit 30 which adjusts current sources 25 and 27 or 26 and 28

- 25  depending upon the drift direction needed in order to maintain the common mode
voltage within a reasonable range. In addition, an input signal source 20 does
not necessarily need to have balanced outputs. A single-ended signal source may
be connected to one side of the balanced delta-modulator wherein the other side
is connected to ground or a reference potential.
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when used in connection with a balanced signal source to achieve cancellation of
common mode noise that can occur within integrated circuit chips or picked up
on external connections. Figure 3 shows how existing, 2-terminal, active,

5  microphone transducers can be used to produce a balanced signal source to the
convertor. A piezo-electric element 31 is typically connected to a Junction-FET
transistor amplifier 33 having a drain load resistance 35. By addition of an equal
resistance 34 in the ground lead A of the device, balanced antiphase output
signals are obtained at terminals A and B that may be connected via principal

10  integrator capacitors C11, C12 to the inventive balanced Delta-modulation circuit
of Figure 2. _

The alternative arrangement illustrated in Figure 4 may be used to achieve
improved cancellation of supply noise on the Vcc line, by choosing the resistors
R1, R2, and R3 such that supply noise appears equal-and in phase at points A

15 and B. This common mode signal is then suppressed by the balanced convertor
circuit. The actual values of R1, R2, and R3 can be determined by one of
ordinary skill in the art by using analog circuit simulation programs and setting a

. first approximation of the value of R3 equal to 1/Gm, where Gm is the
transconductance of the FET, and R2 is set equal to R1-1/Gm to provide

20  balanced signal outputs.

Tt will be obvious to one of ordinary skill in the art that the present
invention may be combined to produce the improved companded deita-modulator
and the advantages of such a device for I and Q digitization in a homodyne

‘receiver. The present invention fnay be advantageously combined with the

25  techniques disclosed in U.S. Patent No. 5,241,702 and with the multi-mode
signal processing techniques described in U.S. Patent Application No.
07/967,027 which is incorporated herein by reference to provide a receiver for
either analog or digitally modulated radio signals as illustrated in Figure 5.

Figure 5 shows an antenna 41 for receiving a signal and a filter 42 for

30 excluding strong out of band signals and for preventing such signals from
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I nput for a Q conponent and an inverted Q conponent for producing a second
sequence of up/down commands at a regul ar clock rate. Conpandi ng neans .
responds to the first and second up™and down comrand Sequences to produce a
step size value for controlling the first and second delta-nmodul ators. A
first 5 rei ntegrator neans responds to a first up/down sequence to add
or subtract th3V096/28893 step sjze froman | accumul ator. A secoRgT/US96/02995

rei ntegrator neans responds to the second up/ down sequence to add or
subtract the step size froma Q accunul at or. BRI EF DESCRI PTI ON OF
THE DRAW NGS: 10 The present invention will now be described in
nore detail with reference to preferred enbodi nents of the

i nvention, given only be way of exanple, and 8 illustrated in
acconpanyi ng draw ngs, in which: Fig. lillustrates a prior

art del t a- nodul at i osaturaging adew-ngise amplifier 43. The amphﬁgd signal |from thedowsnaise
gglcgpgtaﬁgc?gpgﬂgegng&hl W% the \q esent | nvent | gﬁd 4%%%E%ture
illustrates a connehtenboscdlatmmma cantrolish by @ fmquuiw synthesizer 1@ be centered
For provi di ng- suppi §° A desiepd sigpet frgendy. | UntioF EEURR of Weisbplof Gigha &' !
Fig. 5 illustratses theumemis4d representsccoherent inerfegerice withethe wantkdrsignal arid is a
the present invention. alreason why the outputs of the quadrature mixers 44 and 45 will exhibit
DC offsets that can be orders of magnitude greater than the wanted signal.
These offsets are removed by differentiation during the process of analog to
digital conversion by application of the technique disclosed in U.S. Patent No.
10 5,241,702, followed by re-integration in the digital domain in either blocks 50,
51 or block 52. The inventive balanced delta-modulator is an improved method
of accomplishing differentiation during the A-to-D conversion process, and is
performed by blocks 47 and 48 which each can be arranged in accordance with
Figure 2. U.S. Patent No. 5,241,702 discloses a common step-size companding
15  circuit 49 for simultaneously controlling the step-size of the I convertor 47 and
the Q convertor 48. The determined step-size is then employed in respective
" delta-PCM convertors 50 and 51 that reconstruct binary representations of the
1,Q signals using the principles disclosed in U.S. Patent Application No.
" 08/120,426 which is incorporated herein by reference. The digitized binary 1,Q
20  signals may be processed to extract either an analog frequency modulation
according to the AMPS format or a digital modulation according to U.S. digital
cellular standard 1S54 according to the technique disclosed in U.S. Patent
Application No. 07/967,027. Alternatively, the multi-mode signal processing can
extract signals according to the GSM digital cellular standard. This would only
25  require that balanced low-pass filters 53 and 54 be provided with appropriate
bandwidth and that sampling rates are appropriately chosen. A suitable sampling
rate for I and Q at the output of convertors 50 and 51 is for example 80 KHz for
AMPS, 194.4 KHz for IS54, and 270.833 KHz for GSM.
The present invention includes the further option of independently
30 controlling the otherwise identical common mode adjustment current sources 25



Fig. 1 illustrates a prior art delta-nodulator input circuit arrangenent as
25 disclosed in U. S._Patent Application No. 081120,426, which is

i ncor por at ed herein by reference. A signal voltage source 11 having
an instantaneous vol tage output Vs is connected to one end of a

principle integrator 12 which has a vol tage charge Vc | t he
vol t age sourc 9%/288PR e i fference vol tage Vs m nus w"é‘%ﬁ%’i{"gﬁﬁn

the other end of the capacitor 12 and is connected to one 30 i nput of a
conparator 13 and the output of a charge punp circuit 15. The ot her

WD 96/ 28893
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and 27 or 26 and 28 in order to compensate for differences in the pull-up/pull-
down current mis-match for the charge pumps 13 and 14 respectively and for
differences in their leakage currents, which limits the lowest usable current
magnitude. This can be performed, for example, during periods when the driver
S5  circuit 31 enables neither charge pump wherein leakage current is known to
prevail.. The illustrated optional feedback line from the comparator may then be
used by the common mode adjustment circuit 30 to adjust current sources 26 and
28 or 25 and 27 unequally so that both common mode and differential mode drift
due to leakage current mismatch are compensated. Even without this refinement
10  however, the present invention offers at least an order of magnitude reduction of
the aforementioned circuit drift and dynamic range limitations.

While a particular embodiment of the present invention has been
described and illustrated, it should be understood that the present invention is not
limited thereto since modifications may be made by persons skilled in the art.

1S  The present application contémplates any and all modifications that fall within the
spirit and scope of the underlying invention disclosed and claimed herein.
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5 conparator input is connected to a fixed reference voltage which.
may conveniently be m dway between the supply rails and a vol tage of
Vce/ 2. 1If the conparator 13 senses that the difference vol tage Vs
mnus Vc is greater than the reference Vcc/ 2, the conparator outputs
a high level or binary "1". However if 5 the conparator 13 senses that
the differencwomssse is | ess than the reference Vcc/ PET/PHRsn2995
conparator outputs a low | evel or binary "0". This output value is

sanpl-ed at- regular intervals into a d-type flip flop 14 triggered by neans

of a regul ar clock pulse. If the sanple output fromthe flip flop 14
I's high, then the charge punp 15 decreases the voltage difference Vs
m nus Vc by issuing a pull- 10 down currentjp However, if the sanple
output fromthe flip-flop 14 is low, then t he charge punp 15
decreases the vol tE@DAIMBf f erence by issuing a pull-up current. In

this way, the voltage difference Vs mnus Vc is maintained as cl ose as
possible to the reference voltage Vcc/2 at which the input of the

conparator 13 ang] t hea dalanesd delta-nivelulation gralpgHpdigialapaversion wixstit
favorably. 15 .. Wen the input voltage Vs is not changing, it is
desired for the oufQRANSHE: the flip flop 14 to alternate between high
and low or 1 ard 0 in the segffppAncipal integrhfdr (Ahs for. produtfingCd first oitpursigha
the idling pattern. The idling pattern causes t he. charge punp.to
alternately hol d twhichirisesywhen a disstoentrel signal {sgenetated Hiqef?ﬁ%tﬁ'& a'second| ey

such that the vol tmoflkl%hiﬁg?%&ﬁﬁ‘édm nus Vc hovers around the reference 20

vol t age Vcc/ 2. However, r]’l y occur if the pull-up and pull-down
currents are exactly equal, @sacorbprincipal intagretoy means for RrAdUCRE  sAcPRE oBLPUL of

the signal which falls when said first control signal is generated and rises when said
10  second control signal is generated; and
differencing means for responding to the difference between said
first and second output signals and generating said first or second control signals.

2. A balanced delta-modulation analog-to-digital conversion circuit
according to claim 1, further cbmprising: :

15 common mode control means for maintaining the mean value of
said first and second output signals within a desired range.

' 3. A balanced delta-modulation analog-to-digital conversion circuit
+ according to claim 1, wherein said first and second prmc:pal integrators each
comprise a capacitor connected to a current source controlled by said control

20  signals.

4. A balanced delta-modulation analog-to-digital conversion circuit
according to claim 3, wherein another terminal of at least one of said capacitors
that is not connected to said current source is connected to an input for the signal
to be analog-to-digital converted.

25 S. A balanced delta-modulation analog-to-digital conversion circuit
according to claim 3, wherein the terminals of said capacitors not connected to
said current sources are connected to a balanced signal source having an inverted
and a non-inverted output.

6. A balanced delta-modulation analog-to-digital conversion circuit

30 according to claim 1, wherein one or both of said first and second principal
[ —
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capacitor during the pull-down period exactly equals the charge added in
t he pul | -up period. However, exact equality will not in practice be

at t al ned. Theretore, an idling pattern I0I0IT0I0. .. w |1 be
acconpanied by a slowdrift of 25 the voltage difference Vs mnus Vc in
one. of the directions such that sooner or | ater an extra 1 or O will
be needed to WOPEMP3 the drift. Thus, idling patterns 192995

| Ol Ol Ol 01 010101 01010... or 1010100101010010101001... can ari se. When
t hese sequences are applied to an up/down counter or digital integrator to
reconstruct the signal voltage by digital reintegration as described in

U S Patent 30 No. 5,241,702, the reintegrated value will not oscillate
around a constant voltage 11

7 However, the bal anced convertor provides the best .
per f or mance when integrator ougput signals alsedependswpen an inma sigaal do degnalogdodigitel t o
achi éve cancel | ati éted common node noi se that can occur ‘within
integrated circuit chips or picked up

7. A balanced delta-modulation analog-to-digital conversion circuit

according to claim 2, wherein said ‘common mode control means comprises

5  auxiliary current sources connected respectively to said first and second principal
.integrators and controlled in current magnitude and direction so as to stabilize
common mode drift.

8. A balanced delta-modulation analog-to-digital conversion circuit
according to claim 7, wherein said auxiliary current sources are also controlled

10 to prevent drift of the difference between said first and second output voltages
due to leakage current inequalities. _

9. A balanced delta-modulation analog-to-digital conversion circuit
according to claim 8, wherein said difference drift control is adjusted when
neither said first or second control signal is applied to said integrators.

15 10. A balanced delta-modulation analog-to-digital conversion circuit
according to claim 9, wherein said difference drift control operates independently
on said first or second control signal.

. 11. A balanced delta-modulation analog-to-digital conversion circuit,
comprising:

20 a first principal integrator means for producing a first output signal
which rises when a first control signal is generated and falls when a second
control signal is generated;

a second principal integrator means for producing a second output
signal which falls when said first control signal is generated and rises when said

25  second control signal is generated; and .

common mode control means for maintaining the mean value of
_____ said first and second output signals in a desired range.

12. A balanced delta-modulator circuit according to claim 11, further

comprising:

W L]




on external connections. Figure 3 shows how existing, 2-termnal, active,

5 m cr ophone transducers can be used to produce a bal anced signal source
to the convertor, A piezo-efectric elenment 31 is typitally connected
to a Junction-FET transistor anplifier 33 having a drain | oad

resi stance 35. By addition of an equal resi stance 34 in the ground

| ead A of the WW9628893bal anced anti phase out put si gnal sPGk/BS9682%8F ned
at termnals A and B that may be connected via principal 10 i nt egrator
capacitors Cl1, Cl2 to the inventive balanced Delta-nodulation circuit

of Figure 2. The alternative arrangenent illustrated in
Figure 4 may be used to achieve | mproved cancel | ati on of supply
noi se on the Vcc line, by choosing the resistqgs R1, R2, and R3 such
that supply noise appears equal and in phase at points A 15 and B. This

common node signal is then sulifferenningimeansiforrdspondingoto the differance between said
circuit. The actual ﬁﬁf : t lm’ qsg of
ordinary skill in tﬁr\eé?%w%um g‘%”%ﬁggp@r‘%%?‘tﬂp%‘%uﬂlﬁu on prn%ﬁog’%l and
setting a fi rsignatgopr oxi mati on of the value of R3 equal to 1/Gn where
Gnis the transconguctance of the FET: and R2 .is set equal .to Rl-1/Gn
to provide 20  bal ancegﬁlsji g?fgﬁlml modyhe radio receiver megs; FOMPRISIAE; ous ¢ o
one of ordinarysskill in the quadratifétow Convefsioiineans for recéivingtd Adio'dyndle
conbined to produce the inproved conpanded del t.a- nodul at or and the

advant ages of such WSiRged% aieqngand e A A6 guadratuge QLAMPEAGAts of said
receiver. The preseﬂhd’l%@gﬁw%mlpe()%mgaﬁ@&eousl y conbined with the 25
In U 5,24

techni ques di scl ose . Patent No. 1,702 and with the nulti-node
si gnal processing techni ques firstsalanged;delta-mpdulatorcanversiapmeaps having mp input

for an 1 component and an inverted I component for producing a first sequence
10  of up/down commands at a regular clock rate;
second balanced delta-modulator conversion means having an input
for a Q component and an inverted Q component producing a second sequence
for up/down commands at a regular clock rate;
companding means for responding to said first and second

15  up/down command sequences to produce a stepsize value for controlling said first

and second delta-modulators;
' first reintegrator means for responding to said first up/down
+  sequence to add or subtract said stepsize from a I/Q accumulator; and
second reintegrator means for responding to said second up/down
20  sequence to add or subtract said stepsize from a Q accumulator.
14.  An improved homodyne radio receiver, comprising:

quadrature down conversion means for receiving a radio signal
using an antenna and producing in-phase and quadrature components of said
signals;

25 first balanced delta-modulator conversion means having an input
for said I components and producing a first sequence of up/down commands at a
regular clock rate; and

second balanced delta-modulator conversion means having an input
for said Q components and producing a second sequence of up/down commands

30  at a regular clock rate. \
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07/ 967,027 which is incorporated herein by reference to provide a receiver
for ei ther analog or digitally nodul ated radio signals as illustrated

in Figure 5. - Figure 5 shows an antenna 41 for receiving a
signal and a filter 42 for 30 excl udi ng strong out of band signals and

for preventi ignals from WO 96/ 28893
PCT/ US96/ 0298@@9’%’? PCT/US96/02995

However, the inventive bal anced convertor provides the best perfornance
when wused in connection with a bal anced signal source to achieve
cancel l ati on of common node noi se that can occur within integrated
circuit chips or picked up on external connections. Figure 3 shows
how exi sti ng, 2-termnal, active, 5 n cr opBone transducers can be used
to produce a bal anced Sllsgnalmsi?ﬁjgrg\?edtfon%og?me receiver according to claim 14, wherein
said balanced delta-modulators employ a variable stepsize. '
16.  An improved homodyne receiver according to claim 13, wherein
said balanced delta-modulators include common mode control means.
5 17.  An improved homodyne receiver according to claim 14, wherein

said balanced delta-modulators include common mode control means.
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convertor. A piezo-electric element 31 is typically connected to a
Juncti on- FET transi stor anplifier 33 having a drain | oad resistance

35. By addition of an equal resistance 34 1n the ground Tead A of

t he devi ce, bal anced anti phase out put" signal s are obtained at
termnals A and B that may be connected via principal 10

capacitors CMO%B¥3 5 the inventive bal anced Delta- nodul ati 8&’8’%&2@#

of Figure 2. The al ternati’¥e arrangenent illustrated in
Figure 4 may be used jp_achlLeve i mproved cancel | ation of supply

noi se on the Vcc Iine>§/e9§)g§| ng the resistors "~ Rl, R2, and R3 such
t hat supply noi se appea;_sﬁ&tl and in phase at points A 15 and B. This
common node signal is ressed by the bal anced convertor

circuit. The actualgv ?e %1 R2, and R3 n be determ ned by one of
ordinary skill in the‘aﬁ“by’ &Sl ng anal og circdit sinulation,prograns and
setting a f i s~ approyi metrom ot -the e of R3 equﬁ 2o 1/ Gm
where Gnis the ' t ransqondyct ance of ;t ﬂ#ET and R2 I‘.-B Set equal to
R1-1/Gmto provi de120 bal ayxedssi gnal outyp

obvi ous to one of (:)I’dl nary sHill {in the art| h?lt t he present

i nvention nmay be cmnbl ned tes procu‘pe the |nrp ved conpanded dglta- m)N] at or
and the advant ages.ot\,sucb,a devifce for dnd igitization |n a hgmogyne
recei ver. The ges £= ay abe advant ageously conbi ne
techni ques di s€l osed"I etV 241, 702 and with th
signal processing techn ques

1t will be

Re2cri bed in Q. S. Patent, Applicaji
07/ 967,027 which i$ |ncrpnorat ¢d herein by lIreferencéSto provi
f or ei ther anal o ¥VMVurgitally m)dullated radig signal s
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Figure 5 shows an antenna 41 for
excl udi ng strong out of band signals and for

receiving a signa

and a filter 42 for

30
preventing such signals from

9 and 2/ or 20 and 26 1 n order to corrpesﬁsate Tor ditfrerences I n the

pul | -up/ pul | - down current ms-match for the charge punps 13 and 14

respectively and for
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node drift

this refinement 10
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the aforenmentioned circuit drift and dynami c range limtations.
10 CLAI VE: 1. A bal anced del t a- nodul ati on

anatrog-to-digital conversion circult conpri si ng: 5

a first principal integrator means (21) for producing a first output

signal which rises when a first control signal is generated when
a secOMA 9g28¥ ol signal is geneéfgted; ?’Q‘quseéédzg’escond
princi pal integrator nmeans (22) for pr cipg a second out put si gnal
which falls when said first control signal ¥s generﬁt ed and rises 10 when
said second control signal is generateg o
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said first and segwpd Dy Bl $§ and generating said first or second
contr ol - sidgndls. \ ~ 400" 2. A bal anced del t a- npdal ati on
anal og-to-digital fopverdMert tircdjt\ 15 according to claimi1, further

conpri si ng:

anal og-to-digital

pn node control neans (30) for

said first and second output signals
: 3. A bal anced del t a- nodul ati on
conversion circuit adording to claim1, wherein

said first and segond rind?fhl%ii ntegrators, (21, 22) 20 each conprise a

capaci t or connect €f #yaglage,©

si gnal s.
conversion circui

agpngement ,1het ol the spmparagor input er ol

dﬁﬁze'ptﬂn%ggtgﬁtdéﬁééﬁ? apdedl) s AROHIAEE RLEANATAR D ¢ 2!

t arm -3, n anot her*term nal of

at | east one of sdesignendduiproves their perfarmancd.s not connected to said current
source is connected to.an input for.the.signal 25 to be anal og-to-digital
convert ed. Oﬁcwg\(er. pragticg limita Bnﬂ‘antﬁpﬁmm&ng ts Program the

anal og-to-di g§t al

cuFfeRty MiaghiBitles of & thirge pump GVes @IWidB Fadge. CT #ppr cihedtei n

the termnals of said capacitors not connected to sai d Current

sources are conndgyalds ligited by the size of thp-pymp sertBomsasehgvhile theewertmit is
and a non-invert egy Qi Bi'ieakage current from the large transistors. In addition, mismatch

15

20

30

between current levels of the pull-up and pull-down charge pump devices causes
an error in the signal conversion which manifests itself as an ascending or
dcsoending slope on the reintegrated signal. One method of alleviating the slope
problem is described in U.S. Patent Application No. 08/401,127, entitled "Slope,
Drift and Offset Compensation In Zero-IF Receivers”, filed March 9, 1995,
which estimates the slope and adds a correction term in the reintegration process
to compensate it. The correction term may need to be dynamically changed in
tesponse to the programming of the charge pump current magnitudes. In another
method, digital step size values can be stored and adapted separately to
correspond to the charge pump’s puil-up and pull-down current levels in order to
ensure that the digitally reintegrated signal accurately corresponds to the analog
‘integmion of charge performed by the principal integrator capacitor, However,
it may be necessary in this method to have a plurality of adapted values
corresponding to different charge pump current levels which is a complication.
These deficiencies in the prior art can be alleviated by using the improved
balanced delta-modulation conversion according to the present invention.

U.S. Patent No. 4,896,156 discloses a differential delta-sigma modulator
of switched-capacitance type is operated with a three-phase cycle rather than a
two-phase cycle. The patent does not disclose that an output signal of a first
integrator rises while the output signal of the second integrator falls when a first
and second control signal is generated, and vice-versa,

AMENDED SHEET



6. A bal anced del t a- nodul ati on anal og-to-digital conversion circuit
according to claim1l, wherein one or both of said first and second :
pr.i nci pal ' i ntegrator output signals al so depends upon an input signal

to be anal og-to-digital converted. 5 7. A bal anced
del t a- nodul ati on anal og-to-digital conversion circuit according to
claim 2, wherein said common node control A®ans conprises auxiliary

current sources connected respecti vely to said first and second princi pal
integrators and cBUMMARNIOQRTHE DISGLOSIIRE! ude and direction so as to

el ta modul at i on' anal 0§ 8 5% PR o ik Bresem nysption do gsrobind B Giifingien citd,
claim7, wherein afové byudibdiosing/a bum&mtdewaem&r@mﬁrs aeol bipolae dharge

to prevent drift of the difference between said firs sec doutput
vol t ages QuBBTES Whieh 5 CRAbled A OPANR TS oo charge o dischargeqwo”

bal anced del t 8- no I3 c?ll&&& co
according to cI ai %ﬁﬂéﬁf fg‘?}ﬁ lﬁs)gf%&éaf erennge g‘\rﬁﬁ?‘ ('gon?:lreoq}%eisn %"(?jc%ns%né
when neit hevolmvabnfones:apmqunﬂuddwm\mhﬂesihg rvaltagesofhe othed capacitart d

integrators.
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10. A bal anced del t a- nodul ati on anal og-to-digital conversion circuit

according to | W@Qf*ﬂ"wﬁai d difference drift control operates
i ndtependent | ym}\ glﬂ{%lr st or second control signal. 20
11, A honodyng radi o recejverj neans according to claim1:

quadr at ure doywn| c@ueAR ®97nelan (44, 45) for receiving a radio si gnal
usi ng an antepn@a and produci | n-phase | and quadrature Q conponents

of said signal —amg—pnhase Tnvergfed |, Q conponents;

first bal anceqq del t a- nodul at or _ronversi on neaffs (47) having an 25 I nput
for an | conponent and an i1inverted | conponent for producing a first
sequence of up/down corngwenerathebalaaead convertargrovidesthe best performance when

For o Q component ed i EHHeeA s w8 LBl o BA Iovt 18 piler daithtation of | "P!
sequence for up/ dosummanmmde soisé it cayutour wither intdgdted circuit chips or picked up
on external connections, Figure 3 shows how existing, 2-terminal, active,

5  microphone transducers can be used to produce a balanced signal source to the
convertor, A piezo-clectric element 31 is typically conuected to a Junction-FET
wansistor amplifier 33 having & drain load resistance 35, By addition of an equal
resistance 34 in the ground lead A of the device, balanced antiphase output

signals are obtained at terminals A and B that may be connected via principal
= 10  invegrator capacitors C11, C12 to the inventive balanced Delta-modulation circuit
of Figure 2.

The alternative arrangement illustrated in Figure 4 may be used to achieve
improved cancellation of supply noise on the Vee line, by choosing the resistors
R1, R2, and R3 such that supply noise appears equal and in phase at points A

15 and B. This common mode signal is then suppressed by the balanced convertor
circuit. The actual values of R1, R2, and R3 can be determined by one of
ordinary skill in the art by using analog circuit simulation programs and setting a
first approximation of the value of R3 equal to 1/Gm, where Gm is the

‘ transconductance of the FET; and R2 is set equal 1o Ri-1/Gm to provide

20 balanced signal outputs.

It will be obvious to one of ordinary skill in the art that the present
invention may be combined to produce the improved compahded deita-modulator
and the sdvantages of such a device for I and Q digitization in 2 homodyne
receiver, The present invention may be advantageously combined with the

25  rechniques disclosed in U.S, Patent No. 5,241,702 and with the multi-mode
signal processing techniques described in U.S. Patent Application No.

07/967,027 which is incorporated herein by reference to provide a receiver for
either analog or digitally modulated radio signals as illustrated in Figure 5.

Figure 5 shows an antenna 41 for receiving a signal and a filter 42 for

30  excluding strong out of band signals and for preventing such signals from

4
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12 . conpandi ng nmeans (49) for responding to said first
and second up/ down conmand sequences to produce a stepsize value for
controlling said first and second del t a- nodul at ors;

first reintegrator neans (50) for responding to said first up/down 5
sequence to add or:- subtract said stepsize froma I/Q accunul ator; and
second reintegrator neas (51) for responding to said second up/ down
sequence to add or subtract said stepsize fro§1 a Q accunul at or.

12. A honodyne radi o receiver according to €laim1:

quadrature down ¢ ; %51'11( a radi o gnal
usi ng an antenna %%%r%?am ng i n- %ﬁgsté%ﬁk%ﬁ foitq\#f ﬂ&rﬁ‘é‘oﬁw “ﬁ

sai d signals: down current ms-matchfmrﬁlb cbﬁdgelpuﬁ@sd@md m@sﬁaﬁm @A Y& Si on

means (47) having t for said | conmponents_ and produm ng a
first sequence of%’fﬂﬁ% thekr le %ﬁﬁﬁ?ﬂ@tbtwgckéﬁﬂﬁépe&%k“ﬁblw 15

second bal anced dedapainitad UTHIS @an B8 PEROHThLA] 8&1“&? ePi?g? ut
for said Q co onerﬁgg and produ0| n a secon seqtfﬁn'ce 0 When the d_ﬁ&?
conmands at a3 eg@itenit 31 grablesoneither charge pump wheredn leal-:agemmvmdcmmeuover

according to clai r rmdul ators e oy
a variabl e stepsi @J@D% iﬂﬁﬂra&% (fpﬁlonal tﬁ“ﬁ%ﬁ%%ﬁgr k:bé" rtllben%?
claim 11, wherei nusediby the comniom mmmjdmmmlmsbrfd \kﬂf‘%ﬁh‘&ﬁ sﬁﬁt‘EBPFG riﬁﬂ'e
control neans. 15. A honodyne recei-ver according to clai
12, wherein said 480r25and 27 uznequally so that both common mode and differential mode dnft
due to leakage cutrent mismatch are compensated. Even without this refinement
S 10 however, the present invention offers at least an order of magnitude reduction of

the aforementioned circuit drift and dynamic range limitations.
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bal anced del t a- nodul ators i nclude conmmon node control neans. WO
96/ 28893 .

gﬁr‘{ grsgﬁé?ﬁg% E“!lu‘ l““é “)H“‘ng to the difference I

first and sec i1 gnal*s to produce either saj

control S|gnals 13. An | nprovep

receiver neans, conprising: 5 guadr rgi on
means for receiving a radi o signal usinH)an a .nna angﬁﬁﬁg i ng

I n-phase | and quaétghuge ‘Q conponents of said . : $
inverted |, Q conpanents;. first

del t a- nodul ator conversi on means haV|ng an i nput
1. A balanced delta-modulation analog-to-digital conversion circuit
comprising: _
5 a first principal integrator means (21) for producing a first output
signal which rises when a first control signal is generated and falls when a
second contro] signal is generated;
, -a second principal integrator means (22) for producmg a second
e output signal which falls when said first control signel is generated and rises
= 10  when said second control signal is generated; and
differencing means (29) for responding to the difference between
said first and second output signals and generating said first or second control
signals. |
2. A balanced deita-modulation analog-to-digital conversion circuit
15 according to claim 1, further comprising:
common mode control means (30) for maintaining the mean value
of said first and second output signals within a desired range.
3, A balanced delts-modulation analog-to-digital conversion circuit
accordmg to claim 1, wherein said first and sccond principal integrators (21, 22)
20 " each comprise a capacitor connected to 8 current source controlled by said
control signals. | '

4. A balanced delta-modulation analog-to-digital conversion circuit
according to claim 3, wherein another terminal of at least one of said capacitors
that is not connected to said current source is connected to an input for the signal

25  to be analog-to-digital converted.

3. A balanced delta-modulation analog-to-digital convarsion circuit
according to claim 3, wherein the terminals of said capacitors not connected to
said current sources are connected to a balanced signal source having an inverted
and a non-inverted output.



for an | conponent and an inverted | conponent fqF—pf ] b
sequence 10 of up/down commands at a regul ar cl (R@?Lm EI\?[@HEET
setond bal anced delta-nodul at or conver si on neans |hdving an i nput for

For. upy down comm NN IR QUDRIICCr ook s oFe " [ PogeRewsPatelee

conpandi ng neans f*or ‘respohdi®ng*to said first and sLeeﬁd-iS"-UﬁTdcmn
command sequences to produce a stepsize value, forjcontrolling sai i rst

and second del t a- nodul at or s; 11 TSt relntegrator nmeans

for responding to said ir'st g 3 t
said stepsize froma I./.é} accu%#g%\grham moodulaﬁgﬁ“iﬁﬁgft&&gﬁﬁdco%cé'ég cq%ﬁﬁ
rei ntegrator neansadkordisgtopesiti howhereimaind oz dothnef utd ﬂmmncﬂ%condspﬂnﬁpue to

add or subtract sajd ste SI ze f_r Q accurrul at or,

quadr ature down co %ﬁ&pn rreans for recel Vi ng a radio si gnal usi ng
an ant enna and pro ucrng in-phase and quadrature conponents of said
signals; 25 7. Ammedmmmwwm taaalogrmjdxgitdrmmnsmmt
nmeans haV| ng an i nput conponents . a rodu0| nc a,first
sequence of up/ dov&‘@ﬂ% ,awgc dm Smdrfé’% W‘&é FRinprises
second bal anced d wy@géreﬁt%uﬁeﬁa&ﬁxsaaﬁr aselwlsm fait dnaBUéond hprincipai or
sai d Q conponents- an ucing a second sequence” of up/down conma 30

at a regular cloc kmmm;ors and controlled in current magnitude and direction so as to stabilize
E common mode drift.
~ 10 8. A balanced delta-modulation analog-to-digital conversion circuit
according to claim 7, wherein said auxiliary current sources are also controlled
to prevent drift of the difference between said first and second output voltages
due to leakage current inequalities. '
9. A balanced delta-modulation analog-to-digital conversion circuit
15  according to claim 8, wherein said difference drift control is adjusted when
neither said first or second control signal is applied to said integrators.
10, A balanced delta-modulation analog-to-digital conversion circuit
according to claim 9, wherein said difference drift control operates independently
_ on said first or second control signal.
. 20 © 11, A homodyne radio receiver means according to claim 1:
quadrature down conversion means (44, 45) for receiving & radio
signal using an antenna and producing in-phase I and quadrature Q components
of said signal and phase inverted 1, Q components;
first balanced delta-modulator conversion means (47) having an
25  input for an I component and an inverted I component for producing a first
~ sequence of up/down commands at a regular clock rate;
second balanced delta-modulator conversion means (48)having an
input for 8 Q component and an inverted Q component producing & second
sequencs for up/down commands at a regular clock rate;
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13

15¢ An inproved honodyne receiver according to claim14, wherein

sai d bal anced del talemmm/ulﬁsmmy a vari abl e stepsi ze. 16.
An i nmproved honodyn ing to claim13, wherein sai d

bal anced del t a- modul at of s i ndl ude: Common node control neans. 5

17. An i nproved honodyne receiver according to claim 14, wherein
sai d bal anced del t a- nodul ators i ncl ude conmon ode control neans.

15

20

companding means (49) for respondmg to said first and second
up/down command sequences to produce a stepsxze value for controlling said first
and second delta-modulators; _
first reintegrator means (50) for responding to said first up/down
sequence to add or subtract said stepsize from a I/Q accumulator; and
second reintegrator means (51) for responding to said second
up/down sequence to add or subtract said stepsize from a Q accumulator.
12 A homodyne radio receiver accofﬁing to claim 1:
quadrature down conversion means (44, 45) for receiving a radio
signal using an antenna and producing in-phase and quadrature components of
said signals; | . |
- first balanced delta-modulator conversion means (47) having an
input for said I components and producing a first sequence of up/down
commands at a regular clock rate; and
second balanced delta-modulator conversion means (48) having an
input for said Q components and producing a second sequence of up/down
commands at a regular clock rate.
. 13. A homodyne receiver according to claim 12, wherein said
balanced delta-modulators employ a variable stepsize.
4, A homodyne receiver according to claim 11, wherein said
balanced delta-modulators include common mode control means.
15. A homodyne receiver according to claim 12, wherein said
balanced delta-modulators include common mode control means.

REPLACEMENT SHEET

0 3 MAR 1997

AMENDED sH



AP0k 300 T

PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau
INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(51) International Patent Classification 6 : (11) International Publication Number: WO 96/28893
Al
HO3M 3002 (43) International Publication Date: 19 September 1996 (19.09.96)
(21) Internationsl Application Number: PCT/US96/02995 | (81) Designated States: AL, AM, AT, AU, AZ, BB, BG, BR, BY,

(22) Internationsl Fiting Date: 1 March 1996 (01.03.96)
{30) Priority Data:
08/401,124 9 March 1995 (09.03.95) Us

(71) Applicant: ERICSSON INC. [US/US]; One Triangle Drive,
P.O. Box 13969, Research Triangle Park, NC 27709 (US).

(72) Inventor: DENT, Paul, W.; Stchags Prastgard, S-240 36 Stehag
(SE).

(74) Agents: GRUDZIECKI, Ronald, L. et al; Bums, Doane,
Swecker & Mathis, LL.P,, PO Box 1404 Alexandria, VA
22313-1404 (US).

CA, CH, CN, CZ, DE, DK, EE, ES, HF, GB, GE, HU, IS,

KE, KG, KP, KR, KZ, LK, LR, LS, LT, LU, LV, MD,
MN, MW, MX, NO, NZ, PL, PT RO, RU, SD,
81, SK, TJ, TM.TR TT, UA, UG, UZ, VN, ARIPO
pa (KE LS, MW, SD, SZ, UG), Eurasian patent (AM,
AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent (AT,
BE, CH, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC,
NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA,
GN., ML, MR, NE, SN, TD, TG).

Published
Wish international search report.
Before the expiration of the time limit for amending the
claims and i0 be republished in the event of the receipt of
amendments.

(54) Title: BALANCE COMPANDED DELTA CONVERSION FOR HOMODYNE RECEIVER

BALANGED
+5 T
SOURCE
) @ ’
Yo
2 N: !
EARMGE - ] 2
'+ [ m (I.U ‘w m P
o v
= LT 1 — ___fll ) ke SIE -
3 ' ) -
L 'R.,".:s‘,i o o AR g
‘ NODE bl
Lol SENSOR e ~a ,
coMMON l
HODE
FED-0ACK
_":Lg
FEEORACK FRON COMPARATOR
p p— o= (0PTINAL)
| o [ Emme
it DRIVERS »-
s ] @ * ENABLE
T FEEDBACK FRON CONPARATOR

(57) Abstract

A balanced delta-modulation analog-to-digital conversion circuit is disclosed. A first principal integrator produces a first output signal
which rises when a first control signal is generated and falls when a second control signal is gencrated. A second principal integrator
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The first and second control signals are then generated based upon the differences between the first and second output signals.




