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5 S . Backeground
1)  Field of the Invention. |
The invention relates to methods and apparatuses for the realization
of frequency band-stop, band-pass and low pass filters as integrated circuit -
elements on a silicon chip for use in a quadrature inodulatbr which can
10 generate eomplex modulated radio signals.

2)  Discussion of Related Art.

The prior art for the construction of frequency selective filters
includes: (1) passive mductor-capacxtor filters; (2) passive resxstor—capacnor
filters; (3) active RC filters; (4) dxstributed RC fiiters; (5) gyrator-capacitor

15 filters; (6) transmission line or wavegmde tilters, (7) switched capacitor
filters; and (8) digital filters, each of which is dxseussed below.

The construction of mductor-capaextor filters on a silicon ehxp is
constrained by the very small inductance values that can be _aclneved with
splral metallization patterns within a frequency range above about 2 GHz.

20 Passive resistqr-capacitor filters can only synthesize a limited subset
of the possible frequency responses that might be required, and at low
frequencies are limited by the available RC product that can be made while
also being limited at high frequencxes by stray (parasmc) capacitance and
resistance.



15 filters; (6) transmssion |line or waveguide filters; (7) swtched

capaci tor filters; and (8) digital filters, each of which is
di scussedwideesss The construction of inductgbﬁﬁgﬁﬂﬁijr

. filters on a silicon chip is- constrai ned by the very sna
I nduct ance val ues that can be achieved with spiral metallization
patterns within a frequency range above about 2 GHz. 20 Passi ve
resistor-capacitor filters can only synthesize a |limted subset of

t he possi bl e frequency responses that m ght be required, and at |ow
frequencies are limted by the avail abT_@‘RC product that can be nade while
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Gyrator-capacitor filters use an active impedance inverting circuit to ‘
10 make a capacitor function as an inductor, so that LC equivalent filters may
be built. These circuits are useable for bandpass filters up to a few
megahertz. The Gyrator-Cépacitor filter can be classed as a form of active
RC fiter. s '
Transmission line or waveguide filters require elements that are
15 typically a quarter wavelength long so their construction on a chip is limited
to the micro-wavelengths above 2 GHz. . I
Switched capacitor filters opergté according to a number of different
 principles, but all require transistor switches to operate at a very much
higher frequency than the operanngfrequency range of the filter. This
20  restricts their use to a few hundred kilohertz. Moreover, the dynamic range
of switched-capacitor filters is limited by their high noise levels.
Digital filters are very flexible in the frequency response repertoire
they can realize, and have the advantage of no tolerances. On the other
hand, the signal to be filtered must first exist in digital form and the required
25 analog-to-digital convertors restrict both the dynamic range and speed.
Digital logic power consumption is also a factor which restricts such filters

to the 300 kHz region or below in practical applications.
| The frequency range upon which the present invention focusses is the
0.3 MHz to 300 MHz region. This is above the range of most of the
30 techniques mentioned while being below the range for transmission line
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solutions. Hitherto there has been tical silicon-integrable solution
for t hese three decades of %cy, whi ch enconpass vi rtual ly the
entire radio The present invention relates to methods and apparatuses for the -

realization of frequency band-stop, band-pass and low pass filters as
10 integrated circuit elements on a silicon chip.

The inventive method allows the manufacture of continuous-time,
analog filters in frequency ranges not conveniently covered by other, known
techniques. Such filters are typiéauy' required in the generation of complex-

" modulated radio signals with the aid of digital signal processors and
15  quadramre modulators. The inventive filters are aimed to be suitable for
construction as part of integrated circuits for analog or mixed analog/digital
radio communications signal processing applications. '
_ In the present invention, new distributed RC filter structures and -
applications are disclosed, and in particular, means to overcome the
20 problems created by manufacturing tolerances in the resistive and dielectric
layer properties. The distributed RC filter structure include means for
selectively switching in and out of the circuit incremental RC lines and for
sélectively switching in and out of the circuit incremental nulling resistors.
Several embodiments are disclosed. B



comuni cations frequency spectrum Accordingly, the present invention
was conceived to address this inportant range of frequencies. The present

5 | NWddimeesBkes use of concepts of the distributed RerngBAiayes
ment i oned above. '

Sunmary The present invention relates to nethods and

appar atuses for the real i zati on of frequency band-stop, band-pass
and low pass filters as 10  integrated circuit elenents on a silicon
chi p. The inventive nethod all ows the manufacture of

conti nuous-tine, anal og fil texd=in frequency ranges not
conveniently covered by other nown, techni ques. Such filters are
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applicgtions; | el , ' | 5 to overcone the 20
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i nclude neans for _ selectively switching in and out of the circuit
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10 | Figure 3 is a schematic diagram of a prior art quadrature modulator
arrangement for synthesizing an arbitrary modulated signal;
' Figure 4 is a schematic diagram of a quadrature modulator
arrangement in accordance with the present invention;
Figure 5 is a schematic diagram showing prior art Gilbert mixers as
- 15 balanced modulators; - o |
Figure 6 is a schematic diagram of a section of a balanced filter in

accordance with the present invention; |
Figure 7 is a schematic diagram of a complete balanced filter in
accordance with the present invention; |
20 Figure 8 is a schematic diagram of a stepwise-adjustable RC line in

accordance with the present invention;
Figure 9 is a schematic diagram of a switched nulling resistor
combinable with the switched RC line of Figure 8 in accordance with the

present invention; : - . _
25 Figure 10 is a schematic diagram showing the use of an adjustable

notch filter according to the present invention in a feedback loop for
obtaining an adjustable bandpass amplifier response;

Figure 11 is a schematic diagram of a preferred arrangement ofa
switched-tunable RCypy, device in accordance with the present invention;

|



-4 Bri ef Description of the Draw ngs

The invention will now be described with reference to the

acconpany wo9siesses ngs i n whi ch: - Figure | a isperpgdsitiods v
schematic diagram of the structure of a 5 distributed RC line in
accordance with the present invention; Figure Ib is the
circuit synbol for a distributed RCline filter such as shown in
Figure |a; Figure 2 is a schematic diagramof a prior art
distributed RO err] devi ce; 10_ -~Figure. 3 is a schematic
diagram of a prior art quadrature rmdul ator . arrangenent for
synthesi zi ng an aiFjiredf2/is'Bie Poddible -adjustable nullipg res:stoll:f&%g 41s a
schenmatic diagram of a quadr ature noddl at o Frangement

accor dance vvmth theswitched-tunable\RG iy 0 device showanlgure lFuxgntEoerd'aucs a
schematic di %vci atrﬂeshovm n vprl or art Glbert mxers as 15 bal anced
nodul at or s; %re 6 is a schematic diagramof a section of

2 bal anced 11 Lef Tl 13 s 8 cREORSCaGRAIGE | il E38Hni BPY O

accor dafdce mmpw&a@umm:ng qedistonforiSe with the switched-tugiabile KCy5;, 2

schematic di amof a, st‘. ie .adj ustabl e RCline in accor dance
with the pre?&ﬂF PﬁRf’éﬁH pé?ne in accordance with thepressnt inventioms@pdt i ¢ di agr am
of a swi tched nul r t | na hed RC i ne
of Figure 8 in ac?o@%gr}??%%pﬁﬁfmmm e éﬁf%h@e ﬁﬁ?roﬁm :
Figure 10 i sFigwelfermati c di agram show ng the use of an adjustable

notch filter according to the present invention in a feedback Ioop for

obtai ning an adj ustabl e bandpass anpl i f I er: response o Fi gure
11 is a schematic di agy QB DEscBbS , .Of

10 The inventive filter construction includes a distributed RC ine as
shown in Figure 1a which utilizes the sheet-resistivity properties of deposited
conductive films such as a polysilicon film resistive filter 10, and the
ca_pacitance-per-unit‘-am properties between the resistive filter 10 and a
conductive plate 14 (connected to a common by a connection point 14a) with

15 a thin dielectric layer 12 interposed between the layers 10 and 14. The
resistive fiiter 10 includes an input connecnon pomt 102 and an output
connection point 10b. '

7

In order of the layers’ appearance from substrate to top level, the
filter is composed of a substrate 13 comprising, e.g., silicon, alumina,

20 gallium arsenide, sapphire or polyamide, an insulating film 11 comprising
silicon dioxide, alumina_, gallium arsenide, sapphire, polyamide, etc., a
conductive plate 14 of heavily doped polysilicon, aluminum, gold or the like,
a thin film dielectric layer 12, and a resistive filter 10 composed of
polysilicon or the like.

25 ~ Resistors formed by the polysilicon film 10 are treated as distributed
over and insulated from a capacitor plate 14 and, thus, as a distributed RC
line that may be described by the resistance per unit length, capacitance per
unit length, and length.

The circuit symbol for a distributed RC line is shown in Fxgure 1b.
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Figure 12 is one possible stepw se-adjustable nulling resistor for use

~with the switched-tunable RC err] device shown in Figure 11 in accordance

with the present invention; Figure 13 is a schematic
di agram of a preferred arrangenent of a 5 st epwi se- adj ustabl e nul |l ing
resistor for use with the swtched-tunable RC[err] . device shown in .

Figure 11 in accordance with the present "invention; and
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Enbodi ment s fift attenuates hxgherTi‘BQuﬂiﬁiﬁDbuvﬂlefdut-bﬁfﬂsQ'ﬂnstgm CSharpe! udes a
distributed RC line as . shown i.n Fi gure | a which utilizes the

sheet - r esi st ¢utroff Iqw-pass, filters generally achievetheir charactesisties with the idiofis such as

E.aponS|I|co filter 10, and the
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lines, the notch is complete when the resistor connected to ground has the
approximate value 0.056 times the total through-resistance Rtot of the
10 resistive filter 10°, and the notch frequency is approximately 11.2/RC
radxanspersecondwhereRtot:sthetotalthrough—res:stanceanansthe
total distributed capacitance. . : . .
Once a complete or partial notch can be formed, other frequency
responses can be synthesized, such as bandstop, or bandpass, the latter by
15  inciuding the notch device in the feedback loop of an amplifier such as
shown in Figure 10, discussed below.
According to a first aspect of the invention, matched, balanced, low-
. pass filters are pro\nd_ed in conjunction with a so-called quadrature modulator
for the purposes of synthesizing an arbitrarily modulated radio frequency
20 signal. : B S
~ According to a second aspect of the invention, means to overcome the
high production process spreads (i.e.,; deviation from ideal values on
resistive and dielectric layer properties) are provided. In some processes,
typical spreads on the sheet resistivity and capacitance per unit area
25 parameters can be up to 15% on capacitance and as much as 100% max/min
ratio on sheet resistivity. Without the inventive means, the notch frequency
given by the RC product could not be guaranteedito within an octave. The
inventive means can be used to bring the notch frequency within a desired
tolerance when such processes are used. The present invention achieves this



‘filter is conposed of a substrate 13 conprising, e.g., silicon, alumna, 20
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i ke, athinfilmdielectric layer 12, and a resistive filter 10
conposed of ' polysilicon or the |ike. 25 Resi stors
formed by the polysilicon film.10 are treated as distributed over
and insulated froma capacitor plate and, thus; "as a distributed RC
line that may be described by the resi‘stance per unit |ength, capacitance
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Such RC lines have an_inherent_ | ow pass type of frequency response

that attenuates Higyrme3 shows adrior ast anmangement of 2 quadrature modulatordont | e.
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frequency |s approximately 11.2/RC radi ans &er second where Rtot is

the total igtderModulated {AM)sigmals or Phase Modulated (PM) signals can be

10 generated, or signals comprising both, the result of which is generally known
as complex modulated signals. The numerical samples calculated by the
DSP 30 are transferred to 2 pair of Digital-to-Analog (D-to-A) convertors 31
that convert each numerical sample pair into a pair of analog voltages known
as I (In-phase) and Q (Quadrature) signals. A sequence of such numerical

15  samples generates I and Q waveforms but in a stepwise fashion.

The steps in the waveforms cause undesirable spectral components
that would interfere with adjacent radio channels unless suppressed. Some
techniques for D-to-A conversion provide interpolation between samples
giving sloping waveforms between adjacent sample values, which reduces

20 but does not sufficiently eliminate the undesired components. Conseguently,
1 and Q smoothing filters 32 are necessary. These are low-pass filters that
pass all modulation spectral components of interest but suppress the higher
frequency components of the spectrum associated with the stepwise or
piecewise linear I, Q waveforms from the D-to-A convertors 31.

25 " 'The smoothed I, Q waveforms are applied to a pair of balanced
modulators 33 together with cosine and sine carrier frequency signals, this
arrangement being known as a quadrature modulator. The arrangement
described so far and illustrated in Figure 3 belongs to the well-known prior
art.
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of an I or Q waveform cannot be defined to be zero voltage, but must be
10  defined to be some positive reference voltage such as half the supply voltage.
Then when an I or Q waveform swings below this reference voltage it will
be interpreted as negative, and positive when it swings above.
Unfortunately, it is difficuit to generate a reference voltage from the
DSP 30 that is exactly equal to the voltage the D-to-A convertors supply
15  with an input numerical value of zero. This problem is overcome in the
inveation by use of the balanced configuration shown in Figure 4, which
uses special D-to-AconverswntechnmnestogencmelandQs:gnalsasweu
asthexrcomplememslandQ _ —
Inaccordancethhthepresentmvennonas shown in Figure 4, the
20 momerical T and Q signals from DSP 30’ are transferred to a delta-sigma (A-
L) convertor 41. This device is built according to known art to generate a
high bitrate stream of binary-*1’s and *0’s having a short-term average value
proportional to the numerical input value. With a maximum possible
numerical input value the bit stream produced would be 11111 ... (the
25 voltage of a *1’ condition being equal to the chosen supply voltage) while the
minimum numerical mput value will generate the bit pattern 00000 .... A
half-scale numerical input will produce the bit stream 1010101010 ... having
an average voltage equal to half the supply voltage. - According to an aspect
of the present invention, extra invertor gates 42 are provided at the output of
30 each delta-sigmé convertor 41 to additionally generate the complementary




synt hesi zing an arbitrarily nodul ated signal. A digital signal processor 5
(DSP) 30 calcul ates tine-spaced sanples of the real and imaginary parts of
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modul ators 33 together with cosine and sine carrier frequency signals, this

arrangd@ent prpresgnied am ba positive oF negative eyven With 8 single,Rositive YBge nt
descrbed 50ty i dd et g pELfS GecbrlBh" S bk it k"o
PCT/ US95/ 1174%g and 43b are therefor provided with balanced, two-wire inputs rather than
single-ended inputs, that are responsive to the difference in the signals on the
two wires and unresponsive to the absolute or common-mode voltage (sum
15 | of the voltages) on the two wires.

High bitrate delta-sigma modulation bitstreams are simply converted ..
to the analog voltage they represent by forming the moving average voitage
over a large number of bits. This may be done using a continuous-time,
low-pass filter having a bandwidth which is 2 small fraction of the bitrate,

20  but still sufficient to pass all desired modulation components. For the
balanced signal configuration developed in this invention, balanced filters 44
are interposed between the delta-sigma convertor outputs and the I, Q
balanced modulators 43. - -

_ The balanced modulators 43 may. include so-called Gilbert mixers 43a

25 and 43b such as shown in Figure 5. As shown in Figure 5, the balanced I
orQinputsSOaandSOboftheGilbertmixetsis'appliedtothebasesoftwo '
transistors 51a and 51b. The emitters of the two transistors 51a and 51b are
commonly connected through respective resistors 52a and 52b to a common
bias current source 53. Each of the collectors to the two transistors 51a and

30 51b are respectively connected to a pair of commonly connected emitters of
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%‘P‘i%gb inventi 8& as shognm’l n F‘Eg%re 7&t he 28 (qthﬁrnurrerl cal

t to

npeeted: o erie-side-pfa epsine oo ine gignal generatar 56, with theDstheO t hat i s

oM Fulbe s, 435, Pkt O P8 Hoael B an M g e M

i nvent§ on ”’“E?“O ofil W@Qbe@ﬂ{et@me%f'wm 55&6%4 whi ch

uses speci al

and

shor t - t er mcammontecontected to the othcmompwlineonmsecbaldneemmmam i nput. val ue. ‘

Wth maxi_nu 0SSi nurrerl al .J nput. val ue he bit stream
: prodt}@e g]egg"ﬁ‘?]‘flmem‘f bE‘FP%e‘ IS ondi ti on bei ng

to the chqpg agﬁg&j uneri cal
i nput value w || gengr at e the bit patter nr%g'g%ﬁm 43b og\ﬁmwhal f-scale
added: togethér by onladdert43e, h:resnltnmamﬂﬁldi]xﬁmlﬁted radibavi ng :

equal

nuneri cal

15

20

30

~ The balanced I or Q input signals swing around a mean voltage of
half the supply (e.g., around 2.5 volts for a 5 volt supply) but the amplitude
of the peak-to-peak voltage excursions should be somewhat less, for

example, +/-250mV. The delta-sigma convertor output, however, can at its
extremes swing between 0 and 5 volts on each output line or its complement,

and therefore a 1/20 attenuation of the balanced mode signal is called for
while no attenuation of the common mode voltage (2-5 volts) is required in

A basic filter section 44 according to the invention which
accomplishes the appropriate attenuation of the balanced mode signal is
shown in Figure 6. Two identical RCyyy, devices 61, 62 provide a low-pass
filtering action to both balanced (push-pull) and common mode signals, with
a notch in the frequency response. |

Thebalancedﬁltermcludestwomputtermmalsforl IorQ,Qand _

two output terminals 50a and 50b, and a common terminal connected to
ground. A series resistor Rs is.connected between an input terminal I or Q
and an output terminal 50a, and an identical resistor Rs is connected between

¥



an average voltage equal to half the supply voltage. According to an.aspect
- of the present invention, extra invertor gates 42 are provided at the

.out put ofw@0es/0886sach delta-si gma convertor 41 to addltlonabbymggymﬂste t he
conpl enent ary WO 96/ 08865 _

PCT/ US95/ 11745 ' -9 -

bitstreans. That neans when delta-signa convertors 41 produce a bi t

stream 100100100100 ... having a nmean of 1/3 the supply voltage, the
conplementary bit streamw || be 011014p11011 ... havi ng.a nean of 2/3rds

t he supply vol tage. The di fference between these two is 1/3 2/3 = -1/3 of 5

the supply vapgécags R %&{i ving a
mean of +3/4 of the suppl y VO tage%%en t he cg;r'r&pl enentary’ si gnaﬁii
000100010001theresmors|Rmambc formed Dy dhpdsmng)atpaaemtdfa'esisﬁeanmml is 3/4-1/4

+ 1/2 su equent | y using the difference between the
convert or re%gt! #B%MW@%’&P&W FiHlagee iChas | or O

signal, the gaknGinlE Fﬂw&&) even with a
si-ngl e positive vol tguref supp no re#erence voﬁSiasgg need. be

gener at&®d. 'ﬁmtennandlﬂmobmdnmveplate 43a and 43b are therefor provided

wi t h bal anced, \32 W.Ire mgqsts rat her than si ngl e-ended inputs, that
are responsive t {TREStar OF %Nmt%“g% tedbegyeangach of the { wo wires and

\tjglrte;ggg)y \c/)n the W rclte‘,"sJhﬁ Mmﬁ%%@% pg?;_g%mt he

modul ati on  tortbuth.c rshunt eesistorRp is connected Getween the btpah@nai@lsoer ato! t age
t hey represent by form n the rmV| ng aver age vol tage
east one of the hen cascaded, asdxscussed below with
10 - reference to Figure 7).

~This filter 44 has a common mode attenuation of unity at direct
current and low frequencies, as there is no resistance to ground. In other
words, the pair of balanced, lowpass filters attemmate to a different degree,
or not at all, the common mode signal defined as the sum of the voltages on

15 the two input lines or two output lines, compared to the balanced mode
defined as the difference of the voitages on the two input or output lines. In
the balanced mode, the attenuation is Rp/(2Rs+Rp) due to the resistor Rp
connected between the output terminals. This may be set to 1/20 or other
desired value less than unity by choice of the shunt resistor Rp relative to

20 resistive filter Rs. The desired value is defined as the difference in voltages
between the two input lines or the two output lines.

Another effect of the shunt resistor Rp is to emphasize the high
frequency response in the balanced mode relative to the low frequency
response, as the high frequency attenuation tends to unity. This has the

25 desirable effect of sharpening up the rate of cutoff. The rate of cutoff may
be further sharpened by exponential tapering of the RC line.

A complete filter design consisting of a cascade of such balanced
sections is shown in Figure 7. A series of balanced RCyyy,, devices 70, 71,
72, 73, each characterized by a starting line width, an exponential tapering
30 = factor MAX/MIN width ratio), a total resistance Rtot and a total capacitance



over a large nunber of bits. This nmay be done using a continuous-tine, d
| ow- pass filter having a bandwi dth which is a small fraction of the
bitrate, ®®oossest still sufficient to pass all desired nogdiraisboI¥745

L

conmponents. For the bal anced signal configuration developed in this
i nvention, balanced filters 44 are interposed between the
del ta-sigma convertor outputs and the I, Q . bal anced nodul at ors 43.

The bal anced nodul ators 43 may include so-called G lbert mxers 43a 25
and 43b such as shown in Figure 5. As i%om in Figure 5, the balanced I
or Qinputs 50a and 50b of the G| bert Xers is applled to the bases of

t wo Sh&dad éﬂlﬂl:@t@? Eﬁs%ggﬁ _ ) transi stors
. "51a and 51b gri(gr&é ecorrm)n y g&éﬁ roug% respg% I Ve resistors 52a

" and 52b to are3istive patterns deposited:overs comuctive plate Gikr apdnlervehinghe col | ectors

to the two transistors 5la and 30 51b are respectiyvely connected to a
pair of commielegtricflm oncsubsiratecsuchas shown in Figure\d. oShurig gesistors

~ PCT/ US95/ 117 10-
- two pairs ofﬁg}’aﬁgztpg ,SRgﬁgre ‘?XB‘%%%"%‘%"‘”%“‘R‘A‘ tegmnglsoqfegﬁ% transi st or

54a, 55§ frOﬁBcﬁﬁﬁ'bg mgﬁaaaedmuonrsms%oﬁndn&ﬁaﬁmm:&mnly
connected to one side_of a cosine or sine signa ?enerator 56, with the
58@(:@9

ot her | balanned gnede isiset tor the desirest valum these, syt resistensansi fst OL

i 4
ol e or o1 i theredis 2 copifindt] of SR g5 W@?@ﬁ@?@ﬁsﬁﬂ&%ﬁ%} BEECor of
each of the ﬁmemout pu?f alP a#térinafididin sectﬁii‘.ﬂ!ﬁﬁ A8 GptiEHD thaggon! y

connected to on [ine 57a, wt h the ot her collectors of one

FET of each mmonmmcmmmbgmw casbetfound)by trial and
10 error using computer simulation which gives the sharpest rate of cutoff.
Likewise, an optimum set of line widths and tapers can be found within
constraints-onminim_tﬁn line width and maximum allowed filter area that
. gives the sharpest rate of cutoff. The values of a near optimum design for a
cutoff frequency of 150 kHz are shown in Table 1 and its resulting
15 ﬁ:qmnnyrmmumwisﬂbwninlﬁmue14.



commonly connected to the other output |line. These bal anced nodul ators 10
can be fornmed in the sane substrate as the bal anced | ow pass filters.

~The out putwoeéesses bal anced nodul ators 43a and 43b of Fi gurfcfmggﬁl" 5
added together by an adder 43c, to result in a conplex nodul ate rad‘

si gnal . The bal anced | or Q input signals swing around a
mean vol tage of 15 hal f the supply (e.g., around 2.5 volts for a 5 volt
supply) but the anplitude of the peak-to-peak vol tage excursions
shoul d be sonewhat |ess, for exi?pl e, +/-250nV. The delta-sigm
convertor output, however, can at its - extrenmes swi ng between 0 and
5 volts on each output line or its C%@‘i and therefore a 1/20
attenuation of the bal anced node sig called for 20  while no

attenuati on ¢f,at he nmon ! [1S) 1S reqgurreg. rn
this enbodi mpi. | Vwwen %%ﬁé’(ﬁﬁq{ ect.?&wﬁomespusn to the
I nvention whijch e 2 AREIEING FACTFORB 0 20100000 _at t enuati on off t he
bal anced nod¢ si gngR.i TOTAISREWR Aqq,gur % §368¥VI& |dent ical Rfferr]
devi ces 61, 62 pr e a |l py HA S e ¢l anced
(push-pul 1) §nd c SHada-aPA S3474.8Fch 0 ihe equency
r esponse. Rauwrn T1NUI&ILINGCE$ISTOR&F ISHMSSWEQ two input tegmnals
for I, | or  Q and . b [ 4Elg and 50b and a conmmon
term nal conhecte éo rect ed
bet ween an i pit—t ' - did ISTOR and an
I dentical registor Rs is connect ed bet ween WO 96/ 08865
PCT/USSS/ 117891 | Wy | LINE WIDTH AT THICK END=  1.01000 MICRONS
| TAPERING FACTOR=__ 1,010000
Rege TOTAL RESISTANCE=_ 271.01572 k0
Cown | TOTAL CAPACITANCE= 5.47452 pF
Ry NULLING RESISTOR=  15.22687 kQ
ATTENUATION FACTOR= 2 82820
Rex ] ATION RESISTOR=__ 194 20894
72 Wansn LINE WIDTH AT THICK END=  1.01000 MICRONS
TAPEEIN.G.EACI'QL'_LQIM
| Ryory | 71.40543
&n_wF
Ryvun NULLING RESISTOR=  9.63032 k2
ATTENUAIIQN_EAMO
Ren. N RESI 3 98187

5 73 Wiwaas | LINE WIDTH AT THICK END=  1.01000 MICRONS
' TAPERING FACTOR=___ 1.01000
Reor: TA T 98.96096 kQ

_%_MWI )3
Ryiurize NULLING RESISTOR=  5.56007 k2

ATTENUATION FACTOR=___1,25000
Rene SHUNT ATTENUATION RESISTOR= 692.78949 k@




- 11 - a second input termnal Qor Q and a second output term nal

50b. Each of the resistors Rs can be fornmed by depositing a
pattern olwo e¢¢ssés ve materi al over respective condaerngdde/plagt €s
with an intervening dielectric |ayer, such as shown in Figure 1,
to provide distributed capacitance between the resistive 5 pattern and
the conductive plate. A resistor or resistors Rerr] are
connect ed between each of the - conducting plates to the common
termnal, or between the conducting plo‘?t es, or both. A shunt
resistor Rp is connected between the~oftput term nals of at | east

one of the filter, sect.i rg,ioéIMe.n cascaded, ,as di scussed below with 10

reference to Fi gd} BraHC em is how to confio] in mass PROAUCHARARE 5 conmpn node
attenuati O”tékfistiﬁ’tir %io%ﬂ&i eﬁ" 44 f 5@#3 ies, as
there is noresis tatt'}\rfl.ctgé‘ti 'grouﬁgl.'s fonb%t er tg% &P&tmlvgiyaé eq%air of

bal anced, | dwpdesig i Iftthe sesistivity vaties,tthe whiié frequenty tesponse. scales . or not
at all, the compn node, si gnal defi'ged as.the,sum of the voltages on 15
the two i npRfoRoryenally, Tor,sXamp lewtdonblecthe resistyify svould halve haewelied rode

- defineg as ¢ ' e et . m Pp ohildE adubfe ; .out put |ines.
In 3 %ﬁ%nﬁ%{fée ce ?&&ﬁ%ﬂé%&% enuati g’n |sd%¥gsﬁ%%é)%§8'e to the
resi stor Rpln the case wherenprattival produetion tdleraacsspuse tdcewidenolpermiththes nay be set

to 1/20 or aqther desired value | ess than unity by choice of the

shunt r esi- sfiEAUSREY TeSPHRY limits,f the seqondgispestof thesi red val ue
I s defined L her | DN QI en. . I nput

| i nes or th@t‘%&bﬂﬁg&? _ ﬁgdstd &Jwﬁﬁwmﬁﬁﬁhﬁw he shunt (
resi stor Rpafiér ingmffagtiresi TRisti$\dofe by means of an fifiventive fidasisofoponse in the

bal anced node relative to_the;low frequency ' ‘response, as the high
frequdficy astepwisevatiation-ofithe:inedangth. This has the 25 desirabl e ef fect

Fur ther shar pencd B Efmind ictoloind B pifhel ol titbod Batown  7¢
conpl ete fi i Piguses] dpis@rte widendood that diesciriit off Figure'8 &l replacel

sections is shown in Figure 7. A series of balanced RClerr] devices 70, 71,
72, 73, eacanyphresistive linesjofthe balanged nupll deviges 0.d11h 7223 showndmt i al

t aperi ng- 30g. zact or (I\/AX/I\/I N width ratio), a total resistance Rtot and a
t ot al capacﬁ%‘ﬁ% : _ R _
15 The step-wise-adjustable line or notch frequency filter includes at

least one input 70a, at least one output 70b and a common terminal 70c. A
mumber of resistive elements 80, 81, 82 and 83 may be formed as thin films
deposited over a comspondmg number of cbnduc_tinQ‘p_lat_es with an
intervening dielectric layer, such as shown in Figure 1. The resistive

20 elements are connected in series between the input 70a and cutput 70b

A mumber of switches 85, 87, 89 are arranged to be able to

selectively bypass or shortout a respective resistive element. A
corresponding number of switches 84, 86, 88 are arranged to be able to

25  selectively connect together respective conducting plates with resistive
elements which have not been bypassed and hence through a resistance
conhécwd to common terminal 70c. The v‘alne of the series connected
resistances is changed according to which of.the resistive elements is
bypassed.
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Lot are wassmasssconnect ed by dep05| ting di st ri but ed RC | i mexnisos/imimgs
resistive patterns deposited over a conductive plate over an intervening
dielectric filmon a substrate, such as shown in Figure 1. Shunt resistors
Rpl, Rp2, Rp3, Rp4 are connected between the out put termnals of each 5
section to provide graduated attenuation. The total. attenuation in the

bal anced node is set to the desired vaﬂg.:e by choi ce of these shunt
resistors, but there is a contT’mum of ways to do the ranging from

all attenuation i hhﬁfxz% E{l#ﬁﬁ ion in the
| ast section Rp4Ahk@gmtm| ﬁ%ofalfo 3 bu%rﬁnﬁfﬁtdﬁwgaéu i on

bet ween t he cireuit, while other RC hmsrﬁil mz,tselaﬂlemﬂs Ifor examplep1/2)s1/4g conput er
simul ation ch gives the shar t rate of cutoff. Li keW| se, an

opti num set ‘F‘? g Msb%m éF@f ouhofeireuit by, switching selected
Gives. ¢ he <Rl B Bwitbils'san 5ying, 87,8 88407, Thd et e eBEIET o1 1 or
a 5 cdiusfbe swieched besweeh tﬁé@alhbizl,al 425 0\25, 137R14. 8, 1.625.01.755
resulting 15 frequency response is shown in Figure 14, WO
96/ 08865  and 1.875 in this éxample. - Since increasing the length increases bathhe 1745
~ total through-resistance and capacitance, the RC product follows the square
of these values, and thus is controlled over almost a 4:1 range.
If it is only desired to vary the RC product over a 2:1 range, the
10  maximum line length need only be root(2) = 1.414 times the minimum line
length and this is achievable with switched sections of length 0.207, 0.1035,
0.052 units, etc. With only three such switched sections, 5% line-length
steps corresponding to 10% frequency steps are achievable, and if the
nearest frequency step to a desired value is selected, the error is only +5%.
15 To create a tunable notch filter with the above arrangement, the
resistor from the capacitor plate to ground is also varied to maintain a
“certain fraction (e.g., 0.056) of the through-resistance. Thus, a switched
resistor to ground is also used, such as shown in Figure 9 for example. It is
to be understood that the switched nulling resistor circuit of Figure 9 can
20 replace one or more of the resistors Ryypyz through Ryyryz of Figure 7.
As shown in Figure 9, the switched nulling resistor usable in
conjunction with the circuit of Figure 8 includes a first, non-switchable null
resistor 90 with a relative value Ryyy,, to which is connected one end of
three series connected null resistances 91, 92, and 93. The three mull
25 resistances 91, 92, 93 having relative values of, e.g., 1/2 Ryyrr, 1/4 Ry,
and 1/8 Ry, respectively. The three resistances 91, 92 93 are selectively
switchable into and out of the circuit by parallel connected switches 94, 95
and 96.

While the circuits shown in Figure 8 and Figure 9 may be
30 mamufacturable using field effect transistor switches, there can be problems



- 13 - TABLE. 1 70 Werr]

LINE W DTH AT THI CK END= 20. 00000 M CRONS TAPERI NG
FACTOR: A9090/66is Rlerr]  TOTAL RESI STANCE= 1p@p@sésiizdd er ']
Clerr] TOTAL CAPAC TANCE= 47. 53474 pF Rlerr] — NULLI NG

RESI STOR= 3. 16380 k[err] ATTENUATI ON FACTOR= 1, 41410
Rlerr] SHUNT ATTENUATTON RES| STOR= 286. 97623 K[ err] 71 Werr]
LI NE W DTH AT THI CK END= 1. 01000 M CRONS TAPERI NG
FACTOR=  1.010000 Rlerr]q TOTAL RES| STANCE= 271.01572 k[err]
Rlerr] NULLI NG RESI STOR= 15. 22687 ° |
ATTENUATI ON_EACTOR= 2, 82820 ATT ON RESI STOR=
194, 20894 k[vé‘ﬁ} “Pa““‘%m resiseanes °f“’(:'| a5 Wil s {imiasARs.on 1 01000

M CRONS namic
it 171 40543gmrer r] ﬁf\% %ﬂ%&%posed bjﬁ'gf Rerr]

TOTAL RESI STANCE= _
CAPAC TANCEsthshmﬁStotharactensucs ‘Rer r] ‘NULLI NG RESI STOR= 9. 63032

SHONT. ATTENUATI bR SFis impleiesisnin %E pAbIE notch flier in accordance < © |}
5 with the present invention, such as shown in Figures 11 and 13, largely
eliminates these prob!ems and glves a notch filter that can operate with a
rail-to-rail signal swing. : -
Itwﬂbeapprecmtedthatonceanotchﬁlterunbeformed ona

desired frequency, low-pass filters can be constructed by the cascade

10 connection of such dewces to position notches in the stop band so that all
frequencies above a certain range are suppressed to a desired extent. - Such
filters may not have the same sharpness of cutoff as, for example, LC filters, -
but the present invention does allow practical and useful filters to be made in
the frequency range 0.3 to 300 MHz, and such a filter has been successfully -

15 fabricated that passes frequencies up to about 3 MHz with little attenuation
but has high attenuation at 12 MHz and above by the positioning of notches
at 12.5 MHz, 35 MHz, 52 MHz and 300 MHz. Because tolerances on the
higher frequency notches further away from the passband have little effect on
the passband, it was determined that in this instance they did not need to be

20  tunable, and that only the filter having its notch frequency nearest the
passband had to be tunable to remove the effect of process spreads.

Figure 10 shows how an adjustable notch filter can be used to obtain

a bandpass amplifier response suitable for frequency-selective, intermediate
frequency amplification in radio systems of appropriate bandwidth. A

25 tunable notch device 102 according to the invention is connected as the
feedback path around an amplifier 101 such that the gain is suppressed
outside the notch frequency when the filter 102 allows a strong, negative
feedback signal through, while the gain is high around the notch frequency
when the negative feedback effect is reduced. A cascade of such tunable

30 selective amplifiers can be used to form an integrated circuit intermediate



5 73 Werr] LINE WDTH AT THI CK END= 1.01000 M CRONS

TAPERI NG FACTOR= ~ 1. 01000 . Rerr] TOTAL RES| STANCE=
98. 96096 M{®96/18865 err] TOTAL CAPACI TANCE= HCRO§Bh17E
R err] NULLI NG RESI STOR= 5. 56007 k[err]

ATTENUATI ON FACTOR= 1. 25000 Rlerr] - SHUNT ATTENUATI ON
RESI STOR= 692. 78949 k[err]" - WO 96/ 08865.

PCT/ US95/ 11745 o - 14-

A practical problemis how to control ig mass production the
resistivity of the deposited fllms to i “equal to the target value assuned

i f th wh
Irgsponse scaﬁ%g'g"eha'%H-’p1= : PPP r@d éﬁ‘a“ - h,e p i Jﬂ’é’ eg;:gt ivity
woul d hal ve jFiguré Q(Dfrefeﬁto conﬂ%[‘ﬁgﬂklk'wlﬁél?%ﬁ%'ﬁv‘i}cﬁ@ét h brt he

resistivity would doub frequenci es e case mhere
practical prBiguee ﬂ.bmnddﬂa-d&&@ﬁfxgure 1800 wide to pernit the

frequency respons to be heI d W|th deswed imts second aspect of
t he mven& {emﬁ%ﬁa d9esnothonse to be

_within 5Imt§1fferlossofm n&k&rW| il engs of an

i nventive neans for 10 step se varlatlon of

A first confbelawati on according to this aspect the invention is shown

in Figure 8. It ig. o0 beugﬁrstoogﬁthat the circuit of- Figuré 8 can

repl ace %9 ? guengy is provided by means,pf 2 devi ces 70, 71,

72, 73 showngkgivise adjustable line length using an advantageous, inventive
| configuration. This is used with a matching stepwise adjustable resistor to
10 form the adjustable notch deme | :
' Apreferred implementation of the adjustable RC line is shown in
Figure 11. - A main, permanently in-circuit line section 110 is cascade- _
connected with switchable sections 111, 112, 113, 114 on either side. Two -
* switchable sections 111, 112 on the left hand side as shown in Figure 11
15 have linelengths that are a first fraction dL of the main line length L. The
two switchable sections 113, 114 on the right hand side have fractional
lengths 3dL. Thus, various effective line lengths can be achieved by
switching by corresponding switches 115, 116, 117, 118, 119, 130, 131, 132
the switchable sections in or out of circuit in the following combinations:

20 111 112 113 114 Effective line length
out out out out L
out in out out L+dL -
in in out out L+2dL
: out out in out L+3dL
25 out in in out L+4dL
in in in out L+5dL
out out in in L+6dL
out in in in " L+7dL
in in in in - L+8dL
30 | An important feature achieved by the above arrangement is that the

line sections switched into circuit are always contiguous, i.e., no



‘Figure 7. 15 The step-w se-adjustable Iine or notch frequency
filter includes at | east one input 70a, at |east one output 70b and
a comongifyeissidl 70c. A nunber of resistive el enparauss§izgd, 82
and 83 may be ormed as thin filns deposited over a correspondi ng

- nunber of conducting plates with an I ntervening dielectric |ayer,
such as shown in Figure 1. The resistive 20 el ements are connected in
series between the input 70a and output 70b term nal s.

A nunber of switches 85, 87, 89 are arranged to be able to

sel ectively bypass or shortout a respé§r|ve resistive el enent.

correspondlng nunber of, SmAtChe§ 84, .85, 88. arg .ar ed be, able to 25
sel ect i vel ycabinaue g HUED A% Simcoutiin o isRsady ﬁmﬁﬁ $up ﬁﬁ?ﬁmpe5|st|ve

glﬁ)ﬁgggi de?éfﬁlgm&hﬁg?ﬁbﬁgbe%?ﬁppv$ue O? ﬁ?e seri ES COﬂ:’lZE}tagge

resi st ancesgyiichetia Maestherowords, the sivitcking d thetebyhsimplified @s iteis @nbnent s i s
bypassed. * WD 96/ 03865
PCT/ US95/ 1 1mesgssary to switch the capacitor plate terminais of the line sections, and not ;5 _

o oui 8. o oieh RIS Yo Sl e SOROHL o SALH RIS "), ),

1/8, etc., paid Enéfen 1@% aiteelpiate isrconnéctsd tocthe jtoy phaté of theng sel ect ed

w

pari s of swi t ches 84, ; 87 and 88, 89. The erfective line length may
5 thus teainsline (%84 bwmbruﬁhe'r@apramibe hnqmon addingtothe; 1 5
1.625, 1.75

main line length, its capacitor plate is either left unconnected or connected to .
ground (e.g., by switch 119) The switched out sections therefore appear as

10 separate, short RC lines or series resistors that are in cascade with the device
and not additive to the effective main line length L. Thus, when the main
line terminal is connected to ground via the nuiling resistor of Figure 13, for
instance, thefrequencytothemﬂlmthefrequencyresponsesocreatednsnot
affected by the switched-out secuons _ : -- :

15 To provide a matching, stepwise-adjustable nulling resistor, the:
arrangement of Figure 12 could in principle be used. This has a main
resistor Rygy,, 123 of nominal value 0.056 of the resistance of the main RC
line total resistance. Two switchable sections (126, 127) of fraction dL/L
times the main mulling resistor Ry, and two switchable sections (124, 125)

20  of value 3dL/L are provided, enabling the same control signals that select
the line sections to be used to select corresponding switchable parts of the

* nulling resistor of Fxgure 12.

A disadvantage ofthe arrangemcntofFlgure 12 is that the resistance
of the switch transistors that can be fabricated on a silicon chip is

25 appreciable compared to the switched resistance. Thereforé, the improved
arrangement of Figure 13 i is disclosed. | '

In Figure 13, adjustment of the total effective resistance Ris
accomplished by switched shunt resistors of high value instead of switched
series resisfors of low value. The main resistor value R in Figure 12 is now

30 shown in Figure 13 divided into a fraction aR and a fraction (a-1)R. In

|



and 1.875 in this exanple. Since increasing the-length increases both the
total through-resistance and capacitance, the RC product follows the square
«of these wa)démmgesand thus is controlled over alnost a 4:1 ner9es9s/1745

If it is only desired to vary the RC product over a 2:1 range, the 10

maxi mum | ine | ength need only. be root(2) = 1.414 tines the mninmumline
length and this is achievable with switched sections of length 0.207,

0. 1035, 0.052 units, etc. Wth only three such sw tched sections,
5% | ine-1ength st eps. 'corresondlkrlqg to 10% frequency steps are
achievable, and if the i. near est” equency step to a desired value is

sel ected, the e ror |s, only 5% c,reate a tunabl e notch

filter with P %%ﬁﬁﬂ&@?ﬁﬁﬂ aRtﬂ'S connectedtwoegppg RiagdhRAhe capacitor

plate to gr okwﬁj? e &ﬁﬁhl on
(e.g., 0.056 H‘?h roug re5| S an %auanséstqsrsml?ghie%@ wai resi stor
to ground Ismksmmmm§MQMuwvmaelaRﬁM wheredReixeqmdiao It is

to be understoog that the switched nulli ng resi stor circuit of Figure 9 can

20 r epl ac @R){6aRnRi)y while switehing in do iV®f Figure

Gsabl o B valoe KD AR, FkhRY e @%ﬂfﬁ“ﬂ%@%&ﬁ?@'%ﬁg&ﬁhi?;

first, non- seaﬂ@beahﬁparuuelto(l-a)k aﬁ&ﬁ*zﬁéhiblegﬂtd’\hﬁd”'o@ dfeh@cirvisit vl ue Rlerr]

to Whl ch is connected one end hree series connected null

resi stances ®8Q muowmwmésvhlﬁmw M&meﬁ-bllbm&mz 93

Rer ], 1 eopls e DR-YER f (oot fRoham, o Thus gl taues ot Bistyoce S R ey,
swi t chabl e 'Rtﬁmﬂﬂs@bg opidgmgém%(py paral l el connected sw tches 94,

95 le the circuits shown in Flgure 8 and
Fi gure10 may be 381nce thmndnumoﬁlﬂsmghmgowwﬂd direction, the yabiexafor :

e, P BnG i Rirfaflybe st ' BdR ohms highe than in Figare 13, and the

switching transistors 135-138 must be operated by inverse control signals to
those of the switches 115 to 118 of Figure 11. The value of the fraction "a"
may be chosen so that smallest of the four switchable resistors R1, R2, R3

15 and R4 is as great as possible in order to minimize the influence of series
switch resistance. If "a" is too small, then R1 and R2 will be unnecessarily
small while R3 and R4 are large, and vice versa if "a" is too large.
Therefore, an optimum exists that can be found by caiculation.

The construction of the notch filters and adjustable notch filters and

20 their applications has been described here under the assumption that
integration on a silicon integrated circuit is the aim, but one skilled in the art
can readily adapt the invention to other forms of fabrication or applications,
such adaptations nevertheless being considered to be within the scope of the
invention as set forth in the claims. The above discussion of the exemplary

25  embodiments is for purposes of explanation and not limitation. The scope of
the invention should be determined by reference to the appended claims.



- 16- wi th the capacitance and resistance of the swi tches, as well

as limtations on the dynam c range of signal voltage sw ng

t hrough tyh@oémdsker | nposed by the swi tch transi st g¢rwses/11745
characteristics. The preferred inplenentation of a tunable -
notch filter in accordance 5 with the prese%wwras shown
in Figures 11 and 13, largely eliminates these problens and gives a

notch filter that can operate with a ' raili mmmum i ng.

It will be appreciated that once a notch filter caftisg ﬂ'm“"r\n
desired frequency, |owpass filters c@ e construct ed by t'he Scagcade 10
connecti on i)f such devices to position notches in the stop band so that all

frequenci es §i38e a certain range are suppressed to a desired extent. Such
filters may not have the same sharpness of cutoff as, for exanple, LC

filters, but the present invention does allow practical and usef ul
filters to be mage inA quadrature Moddlas 6 &g %eﬂ@ﬁﬁoﬁ)o?céxﬁ 80 Mz, and such
a filter has been successfully 15 fabricated that pasges frequenci es up

to-about 3 Medulatedisignals, comprisingiat i on - but -has hi gh.attenuation at
12 MHz and above by t]e. i 110Nl not ¢hes 12. 5 , 35 MHz,
52 Mz and 300 M. BE?A@@Z%?&%‘%-W“ 53‘1“"“_-‘%3%%?3‘? quency

not ches furydlae wresﬁémﬁ RSB rdaf Rd irhh d:ﬁ?' %«Sdt%éagg' n the
passband, it vvag determned that inthis instanéce"' hey did not need to be

20 t unabwavefomms; t hat only the filter having its notch frequency nearest
the passba_nd Q to, be tunabl e to,renove, the, effect of process

spreads. _ %edﬁ'@% %measﬁaﬁ&wnﬁspéh filter can (
??egﬁggc;?slse%?twgeqcﬂ gﬁwwiﬁmmam'%ca : gnf |O;1 radi o
systenms of wpyeform and @ Highn bitirdierstream>Q representiap (saidrimiaginarjevi ce 102
25875, S, S o S L U e SR 2 011
Sl gral ¢ e oaBredd D beigthe oS Q.0 TG DIt oh frequency ok
a pair of balanced, low-pass filters each having two inputs
accepting said bitstreams I, T and Q, Q respectively and each having two
output lines providing balanced, filtered I and Q signas;
15 ~ a first balanced modulator having a first, balanced input
including two lines connected to said balanced, filtered I signals, and a
second input connected to a cosine carrier frequency signal generator;
a second balanced modulator having a first, balanced input
including two lines connected to said balanced, filtered Q signals, and a
20 second input conneﬁt,ed to a sine carrier frequency generator; and
an adder for adding said first and second balanced modulator
outputs together.

‘2. A quadrature modulator according to claim 1 wherein each of
~ 'said first and second balanced modulators is responsive to a difference in
25 voltages presented to the two lines of its said balanced iput and
unresponsive to changes in the sum of said voltages.



when the negative feedback effect is reduced. A-cascade of such tunable 30
sel ective anplifiers can be used to forman integrated circuit internediate
MO 96/ 083w 96/08865 | _ PCT/US95/11745

PCT/ US95/ 11745 ey -17-

frequency strip for small, portable radi o recelvers The "tuning bits"

shown in Figure 10 refer to control S|g svmtches
125- 132 of . Figure 11 and 140-143 of Fig r“I i ﬁﬂmr
preferred arrangenent for an adjustable notch filster t atn oes *not

suffer loss of dynanic range due to th@lt¥ansistor switches is descrl bed
bel ow. Adj ust ment of the notch frequency is provided by

means of a 3. st efwAvadrature wodujator |acmdingrtgtdlamsl mj!emmazidzpairageous

2l ustabl o r gLpupnel oded 8iBS: adtiihee § & Sty ?a&%%e#s%dﬁt o se

A preferred sxgﬁlebemgaieﬁﬁéﬂﬁtﬂe*‘tﬁfﬁt&wél@%l& betwen 's2idtWo

Figure 11. A.nain, perrranent ly in-circuit line sect I on 10 IS cascade-
connect ed wi HRESQF twehomspet undwgttem;ate to rodiffetedy degpeecm net ahall asi de. Two

have | Bel ongREopAgde gl el e e st o hE maltages o0 YR gt L.

The ' mmm@g@%ps 113, 114 on the right hand si-de have
fractional | engths 3dL. Thus, various effective line |engths can be
achi eved by swi tching by correspondi ng switches 115, 116, 117, 118,
119, 130, 131, 13 the switchable sections.in or out of circuit in
the fol l owi ng conbi nat o&v.ﬁato rtﬁng to claim 3 wherein said

balanced, low-pass ﬁlters are compnsed essenually of resistive and

capacitive elements.

10 5. A quadrature modulator according to claim 3 wherein said pair

of balanced, low-pass filters include resistive and capacitive elements formed
by depositing resistive and dielectric films on a substrate.

6. A quadrature modulator according to claim 5 wherein said
substrate is formed of a material selected from the group consisting of
15 silicon, alumina, gallium arsenide, sapphire, and polyamide.

7. A quadrature modulator according to claim 5 wherein said
substrate is a semiconductor material and said balanced modulators are
constructed on said substrate using transistors formed in said semiconductor
material.

20 8. A quadrature modulator according to claim 3 wherein said
balanced, low-pass filters are constructed by use of distributed RC lines

having a resistive pattern deposited over a conducting plate with an
mtervemng dielectric layer.



20 111 112 113 114 Effective line length

out out out out L - out in out out
L+dL WO 96/08865 in in out out PCTIUSES/L1745

out out in out - L+3dL 25 out in in
out L+4dL In out

out I out out Tn i HIIIIIHHIHIIIM "

out in in in . L+7dL "ﬂl”,

L+8dL 30 An inportant feature athi® By the* above

arrangenment is that the'

al ways contiguous, i.e - WD 96/ 08865
PCT/ US95/ 11745 9. A quadramre ‘modulator according to claim 8 wherein said - 18 -

Sl 111 car Fgpuetly el 20%%%%%“%“%?9%%}3%3%5%& es only

of the | negoe ifithefilti? frequency response. -

10

15

20

10. A quadrature modulator according to claim 8 wherein said
conducting plate of one RC line is connected through a resistance to said

conducting plate of another RC line.

11. A quadrature modulator according to ciaim 9 wherein a
number of said frequency notches are formed by a corresponding number of

~ RC lines having resistances connected between ground and respective

conducting plates.

12. A quadrature modulator according to claim 8 wherein an
effective product of a total resistance with a total distributed capacitance of
at least one of said distributed RC lines can be adjusted to a desired value
after formation of said distributed RC lines.

13. A quadrature modulator according to claim 9 wherein an -
effective product of a total resistance with a total distributed capacitance of -
at least one of said distributed RC lines can be adjusted to set a notch
frequency to a desired value after formation of said distributed RC lines.

14. A quadrature modulator according to claim 8 wherein at least
one of said distributed RC lines is tapered.

15. A quadrature modulator according to claim 14 wherein said
taper is exponential. -

| i ne s@2t-i ons sw tched |nto circuit are-

in



"switched. In other words, the switching is thereby sinplified as it is only
necessary to swtch the capacitor plate termnals of the |ine sections, and

chot 5 wWoO9dmB86series resistive part. To switch a |line secrmussaums 3dL to
add to the main line.length, its capacitor plate is connected to
the capacitor plate of the main line (e.g., by switch 115). To

E;S\égin: o'; hSI lalt gei zeg}[ ![ ﬁgr aﬁgi‘ ?guhgomgct ed ;M“ﬂmmmmmhgt " tar ound

(e.g., by switch 119). The sw tched oz{s sectiorfs tthefefdre appear as 10
separate, short RC lines or series reSfstors that are in cascade with the

devi ce ampg no d gth L. Thus,
when the main i‘@l. %@g&#bem%r'@ge %n%@%%omd;%hﬂ%&& the nulling
resi stor of circuds,) compaisingor i nstance, the frequency to the null in

the frequency response so created is not affected by the
swi t ched- out ~ sect i ons mymber Of filter sections,eashdiaving Gvoninpuhierminals

could 1 pr ML Y gl tetniis s08 o fdthemoh fominal, each BUEARIRET" 0 ) 153 of
nom naf val gemprisig of the re5|stance of the main RC line total

resi stance. Two sw tchable sections (126, 127) of fraction dL/L
tinmes the main nul | i ng setiesirssiger cprnected hesweanoa Sirstiiaputemnisalandohs (124,

that sel ect A8 otfbub ergitat of B o8P ke oo aaﬁ@éﬁﬁf%ﬁfﬁe@@%%%@poﬁh?ﬂg' )
e m a second kaﬂwstﬁolﬂf@ﬂt he reS| St ance

A di sadvantage of the arrange

of Figure 12 is th
of the swtmdfﬂtanmomeachmtsmdansmrsngcfm tmdepcsiﬁngcmnamp is 25
appreghabl e red Swi t esi tan refore the inproved
arrana ment°€¥e Eeféf’%“cﬁ%%ﬁg nd?.\cﬁng qnﬁwlspﬂlgre- 13,

adj ust ment  gfeg &P baijaditsrte Between said resis@¢€onpl i shed by
re&gé slﬂ{))f hi gh val ue mstea?e

swi t ched shunt of sw tche series
resistors opattmmsalécondmnmphtc;e5| stor value Rin Figure 12 is now 30

shown in Figure 13 di VI de%vl nto_a f%%&&a&%haffuﬁct Inauct{nag DR In
plates to said common terminal, or connected between said conducting
15 plates, or both;
aresistorconmctedbetweentheoutputteminalsofatleast
one of said filter sections, '
saxdﬁlmrsecnonsbemgcascade-connectedsuchthatthe
output terminals of one section are connected to the input terminals of the
20 next.

17. A low-pass filter according to claim 16 wherein at least one of
said resistive patterns is tapered. '

18. A device according to claim 17 wherein said taper is
exp |.'l-. .

25 19. A device according to claim 16 wherein a product of a value
of said series resistor with a total of said distributed capacitance of at least

— CAWEU LN ——
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paral | el wodsnobsss first fraction aR are connected two resi pcanssiizand R2
switchable into and out of the circuit by tw transistors 135, 136.

Swi t chi ng in RL will reduce the effective value aR to aR-dR where
dR is equal to - (aR[err]/(aR+R1l), while sM“ﬂ!‘"&"’Hﬂﬂrﬂ“ Rl and R2
will reduce the effective 5 value aR to aR-2 u
additional resistors R3 and R4 connected in paratl el to ¢1- a)R and -
switchable into and out of the:circuit ‘by . two additional

transi stors 137 138 al.l ow t he r S|stanc 1 re ced to
(a DR 3th ‘f?"&ﬂ??s a%%sg’sﬁ‘)ﬁﬁﬁ qr&%"s mth omR to
- in s Eex%??f@? i nce e adj ust nen
of Ris mthe%vvna/a I rection, ﬂ?ﬁgmva?vgepag?ﬁlter. R nust initially be

set to 8dR ohns higher than‘in. F| gure 13, and the - : switching:
transistors 135- 8 ét bé.:o ii g.eerse control sjignals to

those of the swit stepwisead q:?éﬁh quency{i tevspmensmzt he fraction
"a" may be ch m¥e q resistors
Rl, R2, R3 15 andch?{zﬁfg asag?eai as possﬁﬁ% I'n on i .clll%%lam ze the

i nfl uerfce ofa greund:terminal;: :© Swi tch resi stance. "a" is too snall, then Rl
and R2 wll be unnecessarlly jrrall whi | e R3 and R4 are Iarge and
vice versa if "a" is ft g)gresmve ements:censgueted 35 i dilMsm exi sts t hat

- can be foun Eb@%go ¥ely of the notch '
filters and utE?aQF}e not-c ?mwers angfﬁwﬁ?igﬁr a‘ﬁ. cations has been ,

descri bed hdmerveniiugrdxelbmcdsjercpsmd)resistiae elements being togieeded 4n seriesa SI I i con

integrated circuit js the aim but one skilled in the art
readi |y adapetweea saidatleashang mnpyt Ard said atleastrone gutput tesminal of said) i cat i ons,

such %apt ahlln%}s neverthel ess being considered to be within the scope of
t he ention as set forth in the clains. The above di scussion of

the exenplary 25 amﬁmmfmmww%mowmmbmﬁnd not
limtation. The scope of .
certain of said resistive elements;
acorrespondmgmxmberof'sv'vitchesmgedtobeableto
selectively connect together certain of said conducting plates associated with
15 unbypassed reslsnve elements and to a common terminal whxch is connected
througharesxstancemsaxdgmundtermmal and
meanstochangethevalneofsmdresnstancedependmgon

which of said resistive elements are switch-bypassed.

21. A stepwise-adjustable notch frequency filter comprising:
20 - at least one input terminal and at least one output terminal and
a common terminal;

a fu'st number of resistive elements constructed as thin films
deposited over a correepondmg number of conducting plates with an
intervening d:elecn'xc layer, said resistive elements being connected in series

25 betweenanmputandanoutputtermmalofsaldﬁlter

a second number of switches arranged to selectively connect
certain of said conducting plates together to a resistance connected to said
common terminal; and |

| — CANCEUED —



“the invention should be determ ned by reference to the appended cl ai ns.
WD 96/ 08865

PCT/ US95WKi 96418865 ' PCT/US9IS/1 73S -

“1 claim 1. A quadr at urw gener ation
of conpl ex . nodul atéd signals, conprising: a
digital sanple generator producing a sequence mu‘ L val ue
pairs respectivel y representing a real and i mam‘ml-‘m
wavef orm : a del tya-si grma conver tor "ci fcuit converti ng -
sai d sequence of pairs of nurre |caI vaI ues to a high bit rate

stream | repr esenti ngnﬁhgl rate st ream
Q representing said inmagl nary ?Sethe vvave orm ang gé F %Py a bitstream
| being thewhmhptbﬁemdmonduchngphtsaresthch-cmnesmdetarsa@ﬂeasﬁagcﬁ.he conpl enent

of Q a pair of balanced, | owpass filters each
having two inputs_ accepting said bltstreams I, I and Q Q

respectively andsgach t bal anced,
filtered I and Si gnéa{] l%a&wdmgto claim 21 mrelg iﬁﬁsssvﬁ@é g‘h@ nmodul at or
having a flbpémt:&&b%ﬂﬁﬁtkﬂ&téd co! dgphﬁs%ﬁﬁhbﬂ?tbsﬁﬂ%dﬂﬁﬁﬂﬁ ed to
sai d bal anced, filtered | signals, second i nput connected to
a cosife caterminal or sirough Wﬂlmﬁéﬂ@tmﬂl@tﬁm - a second

bal anced nodul at or having a first, bal anced i nput

23." A device according to claim 21 wherein said switches can be
operated independently to select each conducting plate to be connected either
to said common terminal through a separate resistance for each plate or to be
connected to a common resistance connected to said common terminal.

10 24. A device according to claim 21 wherein said switches are
operated only to select conducting plates associated with sequentially
contiguous resistive elements to be connected together.

25. A device according to claim 22 wherein said switches are
operated only to select conducting plates associated with sequentially
15 contiguous resistive elements to be connected together.

26. A device according to claim 23 wherein said switches are
operated only to select conducting plates associated with sequentially
contiguous resistive elements to be connected together.

27. A device according to claim 20 wherein the lengths of said

20  switch-selectable resistive elements are in the binary ratios 1 : 1/2 : 1/4
...1/2%, where n is equal to the number of resistive elements minus one.

— CHNcHE/ED —



including two lines connected to said balanced, filtered Q signals, and a
20 second i nput conneced to a Si frequency generator; and

an adder lﬂﬁ_gﬂﬁf@' ng said f| bal anced nodul atpenmuses/11745
out put s ?{)ge er "miﬂmlﬂﬂf@»j uadr at ure nodul at or accordi ng

to claim1 wherein each of * . L sal t and second bal anced

nodul ators is responsive to a dlfference in 25 vol tages presented to
the two lines of its said balanced input and - unresponsive to
changes in the sumof said voltages. 26 - WD 96/ 08365

PCT/ US95/ 11745 B - 21 -

gf bal Qngggdrfagw ass #%@%g'?WLﬁ%w SI r&%e(f%%kg Zinzzed node

signal, bei pgmiiditd Refermindnlly ifli difcaitand the femmnewesmaeesim said two input
lines or two output 1ines, and attenuate to a different degree_ or not at

all a 5 elementmarerswitchsselpatable andi haye destathn catioa dn arhinasy pregressien.y ol t ages
on said two i nput lines or two output |ines. 4,
A quadrature nodul ator according to claim3 wherein said bal anced,

| ow-pass filters e CQUBYicE 3oRding b chlith)24OWhérei el ofSsaitl'éonductor
capaC| tive el enments.
5 plates is permanently connected to permanently connected to said common
terminal and the remamde,r of said conducting plates can be selectively

switch-connected to said common terminal.

30. A device according to claim 29 wherein said remainder of
conducting plates being switchable are disposed on each side of said
10 permanently connected plate as dispersed on a semiconductor substrate.

31. A device according to claim 30 wherein said switchabie plates
disposed on one side of said permanently connected line have associated
resistive elements of length one unit increment and the switchable plates
disposed on the other side have associated resistive element lengths equal to

1S N+1 unit increments where N is the number of switchable plates disposed
on said first side.

—  CanCENED —



v 10 5. A quadrature nodul ator according to claim3 wherein

said pair ' of bal anced, |owpass filters include resistive and

.. capaci ti wp od/esgesit s f or ned by depositing resistivePCRIUSISNEI4ECtricC
films on a substrate. 6. A quadrat ure nodul at or
according to claim5 wherein said bstrate Is formed of a materia
sel ected fromthe group consisting of 15 S|I|con alun1na, gal I'i um
arseni de, sapphire, and polyan1dez:"""" : A quadrature
nodul at or according to claim5b er b substrate s a ‘
sem conductor material and said alanced nDduIators are construct ed
on said sulstrate using transistors forned in said sen1conductor OUT

material. ©o=26
3 wherein said 2. bal 4
di stributed Rd4hines
conducting plate

96/ 08865
PCT/ US95/ 11

18. _|0q A quadrat uj@ nodul ator p ~-e+@i m
eed, | owpass filters are cqn q@ cted by use of

SRR ek posi ted over .
v'///////////////////, Nl -
ARREENRNRTNRRNNNR \\\\\\\\\\\\\\\\\\\\\
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‘9. A quadrature nodul ator according to claim8 wherein said .
conducting plate is connected to ground through a resistance so as to form
<a woobossesn the filter frequency response. PCT/US95/1174%). A

+ quadrature nodul ator according to claim8 wherein said 5 conducti ng
plate of one RC line is connected through/a’ resi stance to sai d

conducting plate of another RC |ine. A quadrature
nodul at or according to claim9 wherein a f said frequency
notches are fornmed by a correspondi ng nunber of OS(U%C | i nes havi ng
resi stances connected between ground and respective 1(Q conducti ng

pl at es. 12. A quadrat ure nodul at or jaccordin 4(§‘3to claim8
wherei n an effective prg uct of a total resistjance wAN"a total

di stri buted cgpacitance of at | east_one ef—sat —d-l-s-éal-bu-t-ed-,RC
lines can be/adjusted to a desirgd val ue; Tlafte ea-0f Isai d
di st ri bufed*Re &E PARY

according to clai

resi stan IOUTRU Df
said dis : y
to a desired val ud

14. A q
one of sald d| strlbuted RC | i ne

x4 SIN (ut)

PRIOR ART
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"15. A quadrature nodul ator according to cl ai m-14 wherein said

taper is exponential. WO 96/ 08865

PCT/ US95/ WO'9d#08865 PCT/US9SA D745

16. A lowpass filter SU|tabIe for construction on an integrated

circuit, conprising: a nunber of filter sections each
havi ng tmn I nput termnals and tw@/autput termnals and a comon
termnal, each filter section rising: a
series resistor connected betmeiz 6ﬁﬁut termnal and a

first output t®hninal difasai d fi |r€'§r| and a substanti a%jby I denti cal
resi st or nnect gd bet gﬁyond | nput term nal a second

sai d t section, each of saJd resistors

being fornmed by depwysiti gg_a nattern 10 of resistive terial over

respective conducting plates w th.an interveni ng di el ectric |ayer
to provide distgibuted c paC|ta ce be en sgf4l registive
and said conduéh I g¥f ¢ resisti
connect ed bet ween
termnal, or con
a resistor conne
of said filter sgctions,

output termnal o

Sla ' 5lb
524 52b

93

0a

(62)  Rs 50b
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*said filter sections being cascade-connected such that the out put
termnals of one section are connected to the input termnals of the 20

. 17. Aveusebess filter according to claim 16 wherein at pemesosarpsof

said resistive patterns is tapered. _ 18. A devi ce
according to claim 17 wherein said taper is exponenti al . 25
19. A devi ce according to claim 16 whetel n a product of a val ue

of said series resistor with a total of said distributed capacitance of at
| east WD 96/ 08865 - a

PCT/ US95/ 11745 & = : — S - 24-

one of said sectiﬂgcan be adjusted to a desired value ¥n order to

det erm ne notch frequency after formation ofysaid | ow pass
filter. -20. A st epw se-adj ustabl e hotch frequency
filter conprising: at | east one}input termnal and
at | east one output f#lerm nal and =
. o
MV
=
$=Q: 2
-
= 2
-, o=
O
a=
A AA,
. el -
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+ 5 a ground term nal; = a nunber of resistive
el ements constructed as thin filns deposi ted over a correspondi ng

_ nunber olo@gMsessti Ng plates with an i nterveni ng dPETASIYIIF4S ayer ,

' said resistive elenents being connected in series bet ween said at
| east one input and said at | east one outpyt termnal of said 10 ~ filter;
a nunber of switches arranged to be abl eS? sel ectively bypass

certain of sai ' enent s; a correspondi ng
nunber of swit P_raq).g to be able to sel ecti vel y connect '
together certéin of safd conducting plates associ aged with 15

unbypassed resistive el enents and tgo¥a comon ter al whi cyfs connect ed

through a resistance to said grg erm nal ;

means to change the val ue of_sai Lstance ing onl *, whi ch of

said resistive elenents arefsw i eq. P1 A

st epwi se-adj ustabl e notch f}equ ﬁr conprrstng: 20

at | east one input a*oerm' nal | and atalleast one out Pgh te 'naI83and a
comon terminal; / ’ refistiye el enents

constructed as thin fil ns ’ deposi tled over’ a cor ndi ng}{ nunber of
L -—t_dep: q ovey g

.

affifrst n er Jo
r
|
t
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*- 25- means to change the val ue of said resistance

dependi ng on whi ch of said conducting plates are sw tch-connected
10 said rpaieshses e 22. A devi ce accor dpopUSes/al4s m 21
wherein said sw tches can be operated to connect sel ected
conducting plates alternatively to said coomon 5 term nal or through
sai d resistance to said common terminal. 8/7 23. A devi ce
according to claim21 wherein ' Liche an be oper at ed

i ndependently to sel ect each C,Zﬁgzc p_I‘Z_fe to be connected either :
to said common terminal throudh @ sepafate resistance for each plate or to
be connect ed to a commn resi stance connect ed to sal d comon
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‘contiguous resistive elements to be connected together.

27. A devi ce according to claim?20 wherein the | engths of said 20

SW t ch- sewogicmbses resi stive elements are in the binary ratipexubys/ifrds 1/ 4
1/2[err], where n is equal to the nunber of resistive elenments m nus

one. WD 96/ 08865
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28. A devi ce according to claim?20 wherein one of said resistive

el enents is permanently in circuit and the renmai nder of said resistive

el enents are switch sel ectable and have Iength ratios in a binary

pr ogressi ong o — s g ei n
one of sai d condyct plates is gdermangntly ¢onnected tg pernnggntly
connected t ' term ngl and|the ré¢mai nder of |said ' :
conduct i ng ECTTVElY ST ToneEret—to—sarg SSomon
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A quadrature modulator for gener- v
ation of complex modulated signals in-
cludes a unique pair of balanced, low-pass 11
filters which, through a switching arrange- Al 4 S g
ment for into and out of the cir- i 7/ / /. /
cuit distributed RC line sections and cor- pedemmg peofomy pecbenn  peme-e “==-q
responding ground resistances are able to i — it I I s S :
redress problems associated with manufac- A%yl ! .'
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