T 2205718 QUADRATURE AMPLI TUDE MoDULATR O 8
SW TCHED "CAPACI TOR FI LTER BACKGRQUN OF THE I NVENTION. 1. FI ELD OF THE
I‘NVENTI ON This invention relates to the field of nodulators for use in

signal transm ssngmo RATURE "AMPL 2TUDE MOBMLKFEROUBENG BT ICRER IDAPACITOR F B TER A
processing and data (rans &Eﬁéﬂ?@ ﬁFI 1JE .8 zﬁg ®e5| red to transmt dat a

si gnal s fromatransmttl < 2 ===Rg station. In practice,

t he d,aja Si gylﬁansm' ssion and denodul ated on reception.

Exanptes in sions, (including AMand FM and

tel ephone line tmmmmn FeIates/to ke sheXd) of Smddulhtors mnﬁiaﬁi
whet-her in anal og or digital format, is known as a "base band signal"”
K -a-ggu@na

Tpical |y, PESYMRS.SLitable for transmission in an
efficient ner ppé I In order to facilitate transm ssion of such
i nf or mati on,*bas grat s nust be shifted to high fregencies suitable

for efficient trInselectromic signal Qrdemihy and viaty transmigsion,dit yshase or
frequecy (or conbinations of these) of i gh frequency carr.ier vvave in
accor dance vPthen; Womﬁﬂ"c'b ‘BE‘t!a‘:!'Png ﬂfé‘?&

rgong\lj: ﬁ;l ?Re‘?&r@"r’?e#\r/va\i;gd pr ocgglsml;el ?‘%ovmlégsnugé‘m@gaﬁgt |qoiﬁoI by
Si ngl e uni tsuil:putua fok M-Mummm« _
C(r)r;(rjgsr,rgondl nclﬂwg ot h gm)dul gt or a nd demﬂw and Wg\rf\mugz
has | ncrease&a RelBiNecl {0\ eriRiisaiON) The rav data which is to be
'\/ transnitted, whether in analog or digital format, is known as a
"base band signal". Typically, base band signals are not
- suitable for transmission in an efficient manner, if at all. In
order to facilitate transmission of such information, base band
signals must be shifted to high frequencies suitable for
efficient transaission. This is done by varying the npl.tiud.,
phase or freguency (or cembinations of these) of a high freguency
carrier wvave in accordance with the information to be
transmitted. This is known as "modulation®. In order to receive
the information, it must be decodsd by removing the carrier wave,
| this process being Xnown as "demodulation®.
~ - 8ingle units capable of both transmitting and receiving data
cporrespondingly include both a modulator and demodulator and are
known as "modems". The use of modems has increased in recent
years as computer use has increased. A moden allows data from
one computer terminal to de transmitted through telephone lines
and received by one or mors computer tonlui_..



one coputer ternminal to be transnitted through tel ephone lines.and received
"by one or nore conputer term nals. -2- In the past, nost nodul ator's have
beest inplenented in digital integrated circuit format.  For exanple, A
didgitized data is digitally nodul ated and fed to a nulti<bit (8-10) digital
to analog (D/A) converter and the resulting signal is transmtted. Mdens

and associ ated nodul ators are typi cz‘all§ controlled by a mcroprocessor .

under the commandrmiena gadk, HostOfsaulatold hatedBbah dnp1snbrBde RNt ed 'nyﬁg |

digital format, code space in the mcrocontroller nust be dedicated to The
modul at or. | Aiaienk iogegratadcdyenit Formatyui Fornpkanple,adigitized datatal to

oxpenge. and apoREIRE Seduatalcend Bad 18 HnbioR1€! GRaph G al R G &
hi gh speed npdgrog i(D/hy &Wertak! snd Tndchesatingbogtal 18PELGMmA1IEEA.

multiple bits of data. One popul ar nmethod of nodul ating data to provide
such mul ti bﬂpdmlﬂ%&;@ﬂa!eﬂl&mm!wGMG&lH icontrelded- byna

quadrature agpli Il at i | | ati 6, Rai nts, i,s defined
whi ch can beggé*%gedqgggf%dr&gﬂg %&pﬁi}l‘ﬁolr’%a't -%ﬁﬂ%‘l&}ls"e"%%éndﬁda 2 is
converted t omba@létoyAs! Smpldkantedsindigital Feimabyndede spllcé i /afeat ure
channel. Each channel represents two bits of information so that 16 points

can be defi nadcrezantrefinramat be dedicasednte) tihe: aeduintori| tIn afddtion, to
transm ssi ON4n Imﬁ'fg‘ra@gegfrcdi@ ':l.ﬁgfmo'rﬂgtfom, a digital 1:9 analog

converter requires a large amount of silicon area, adding to the _
expense and size of the integrated circuit. ' _ K_)

Further, in order to provide a high speed modem, it is '
desireable to define “symbols" representing multiple bits of
data. One popular nathdé-o: modulating data to provide such
multi bit symbols is quadrature ﬁmplitude'nbdulation (QAM). In
quadrature amplitude nodﬁlatiou, a constellation of 16
points is defined which can be selected by four bits of
information. Base band data is converted to two channels,
known as an inééhgse-channcl and a quadraturo channel. Each
channel represents two bits of information so that 16 points
can be defined. Each channel must then be modulated and -
filtered prior to transmission. Thus, modems implementing a _ (,J-
QAM scheme require iwo npdulating channels, taking up
additional silicen space. |

In order to overcome these disadvantages, it is desired to
provide a modulator implamﬁhtod in complete analog tornat.and_'
which requires less silicon area to 1mp1¢n§nt than digital
modulators. It is furthér desired that a sihglé analog modulator
be used for modulation of two data channels.

Therefore, it is an cbject of the present 1nven£ion to



dAM schene require two nodul ati ng channels, taking up additional silicon
space. |n order to overcone these di sadvantages, it is desired to provide a
lﬁ)dul‘lator inmplenented inh conplete anal og format and which requires |ess
silicon area to inplement than digital nodulators. It is further desired
that a single anal og nodul ator be used for nodul ati on of two data channel s.
Therefore, it is an object of the~présent=invention to provi de an anal og

nodedjigt or for nodem applications, .If is, another object, of the present

i nvefition to rﬁ’(?\ﬁg]% &E'&HSP%Q‘MB#%Y&W\H ngﬁt%ﬂ'rched_ capaci t or
circuitry and requitefs ladotner | dieBt a6 £ e BRederto inPaIH 88 pidiue! an
inplementation. It is yet another object of the present invention to

provi de an anaradogomeduiaser\whish sapldays switcheshcepacitar girewificy and
operational anplifier and b sed with tw data channels. -4- SUWARY OF
THE PRESENT | ASRTFER, T0an, STL4cen adpn ity o Srenpabdind A193EaY nase band,
finite imul senprsnentstiion.t er (BBF) and bal anced nodul ator with a single

- operational anplifier. The anal og nodul ator has particular application in
voi ce band nodem a@pl :Lg;atq‘toggom object of the present invention to provide

an analog modulator which may be implemented with a single

operational amplifier and be used with two data channels.



requires little or no m croprocessor code space. Sinplified sine and cosine
functions are inplenented such that the output of only one base band filter
is{required at any one time. In this manner, a single Operational anplifier
may be utilized to inplement the nodul ation of two data channels. The use

of switched capacitor technol ogy and a single operational anplifier results
in less silicon area dedicated to the anakog nodul ator than for e
corresponding digital nodul ators. BRI EF DESCRI PTI ON OF THE DRAW NGS ‘7

Figure 1 is a circuit di agStMMARY QE_tMerMrmdul ator. Fi-gur e"”"f
is atinmng diagramillustrating the sinplified cosine and sine functions
utilized in the present invention. Figure 3 is a circuit diagram

illustrating theasyitdid eapacitod ciFelIRpPéndlitsCh bie mahpngﬂiéul at or

of the present invention. Figure 4 is a circuit diagramillustrating the
gener ati on cimpulsecrespensegfillter (BBFheand bslancest modylatex3wikhgure 5 is a

“nvent i on. Sinsye BpasheisRab ettt tne A B I e NN
particular application in voice band modem applications and
requires little or no niéroptoe-spor code space. Simplitied'sine
and cosine functions are 1ﬁpienqntod lueh_that the output of
only one base band filter is required.at ah& one time. 1In .
this manner, a single operational amplifier may be utilized
to implement the modulation of two data channels. The use
of switched capaeitcr technology and a singlo'opgrational
amplifier results in less silicon area dedicatad to the

analog modulator than for corresponding digital modulators.



An " anal og nodul ator inplenented in switched capacitor circuitry is
descri,bed. :In the follow ng description, nunmerous specific details are set

. forth,. such as nunber of capacitors, sine and cosin function,, etc. to
provi de a nore thorough description of the present invention. It will be
obvi ous, however, to one skilled in The art, that the present invention may
be practiced w thout these sgeci fic details. In other instances, well

~ knowi_f eat ures have not hERHEERESCRIETION, OF THE er not to

- unnétessarily obscure the present "invention. Referring to figure 1, a
typical. prior art nodulator is illustrated. A data input 10, having a real
(i n-phase) conpordgureil imd eirduiggdingram( flinstrating ghpetyr eagtponent 11i,
is inputted e band filters (BBF) 12r and 12i respectively. The out put
32 of base ba rTteér 12r is inputted to nultiplier 13 where it is

nul tiplied by cosriguent2 s antimitigoaligrae D1TustFatidd ehehaimp1izyaa 33, of
base band filter 12i. is inputted to nultiplier 14 where it is nultiplied by
- sin w(c)t £9sipe andpsine: fungtionsutilizedrin the present inventions ;s

coupl ed to band filt 1 e t aalal. {*g% u nd
filtered data sign ._‘Ié\"?;gc??'%%,q%tﬁg HCﬁhﬂJ&?'#l r ql‘lﬂs&‘éggd to
provi de quadicapaéfect Rhpldidatatibd o e @niidg mdaubste o €hé Prakent SUCh
nodul ators are typically coded on a general  purpose m croprocessor or
di gital signd®VeRede®ssor. This requires the dedication of code as well as
silicon area. Th gﬁe ted QV ' 'fg&e:gge i3a nmodul at or whi ch
i npl ements the sie'r; andpc"ods?ngﬁrr%%l% Iers g%ﬁsvm tg%]éuﬁndul ators. The
i nput data i tysasfation bbawitching isigndlefornthe circuit of figure 3. '

</ '

' Figure 5 is a block diagram illustrating the two data

input chennels of the present invention.



- 7 - control the switches of the swtching nodulator. Figure 2 is a timng
diagramillustrating the nodulating signals utilized to replace the sine

and cosine multipliers of prior art nodulator circuits. The cos w(c)t 18 is P
repl aced wi th nodul ating signal 20. Mdul ating signal 20 is a three |evel
signal which is at zero at alternate clocks. - sin w(c)t 19 is repl aced
with signal 21 of figure 2. Signat 2l is also a three |evel nodulating  _
signal which is zero on alternate clocks. Mdul ating signals 20 and 21 ages
non- over | appi ng suc BETARGED, DESCRIPTIONSOF, {PHE; PRESEN® INVENEION, c| ock.
Therefore, only one output of the base band filters inplenenting the

modul ating signals is required at any one tine. By nultiplexing the data
channel inputs, xnlanalogimaiviabes cinplnsentdd din/ switdiaidotapscitozui red,
saving sili cxn area W thout sacrifi ci n erformance. The preferred

enbodi nent GREEMERY; égeﬂ?‘mti & ith W&Seﬁ‘?‘?ﬁ?ﬂ;ﬂ?e nymergys,
channel s 115 d{’té’é'do@ﬂfl U?Uféﬁﬂ tﬂuﬂ?'u@’n&ﬂﬁs Hggiéilﬂ&s in the

preferred e ana '0g 'S registers. By way o fn figure
3, only a suﬁgbenmdocgncriﬁuctﬂ.eg;.stcﬂ:c.ZQous:athhustmdxcdthbtwgber it is.

under st ood t hat shift register is prow ed for ch data channel with the
outputs of Pf G‘Efm“f"‘rgﬁ @ pregant, inygp f 'taxé&!’ 1, k¢ ABY4PYsse band

filter/ mduhglgved| tohens yaaxlzkhua "HeCdrt) éu.%uené pﬂ.kheumamon
nmultiplexing circuitry is not illustrated
may be practiced without these specitic details. In other
instances, well known f.ea'l_:ur;a_s have not been described in detail .
in order not to unnecessarily ob_stﬁre the present invention. o/

Referfing to tig\n_':o 1, a typical prior art mc_»dulator is '
illustrated. A data input 10, having a rg_all (in-phase)
component llr and an imaginary (quad_ratun phase) component
11i, is inputted to base band filters (BBF) 12r and 12i
respectively. ‘I‘ho output 32 of base band filter 12r is
inputted to nultiplier 13 where it :I.l multiplied by cos
w(e)t 18 and outputted to summer 15,

The output 33 of base band filter 121 is 1n§utted to
muitiplier 14 where it is multiplied by - sin w(c)t 19 and
inputted to lmér 15. The output of summer 15 is coupled to
band pass filter 16 whose output 17 is the nodulatcd and filtered
data signal. :Iirl practice, the circuit of figure 1 is used to
prcvidé 'quadraturc amplitude modulation (QAM). As noted
previocusly, s\;ch nodﬁlators are typically coded on a general
purpose microprocessor or digital lign_al processor. This
requh‘u the dedication of code as well as silicon area.

The present invention mplments. an analog modulator which
implements the sine and cosino multipliers as iwitching.

modulators. The input data itself and the modulation frequency



in figure 3, any suitabl e neans for alternating the input of data channels
JIr and 11ic to the circuitry of figure 3 may be utilized such as is shown
hn Figure 5 Analog shift register 22 is conpri sed of a two bit/cel

digital shift register followed by a2 bit D/A converter. In the preferred
enbodi nent the first three cells 22A - 22C and the | ast three cells 22D

- 22F-are shown as representative exanﬁl es. The_ qutput of each cell is
coupled to tFROEESY Ehes syitqhas, of the syitching MRAWLRROI:. o3r espectively. The

gat&s of transisg 318 £ VInth dayPie 1118500309 PP Ratl Halgng si gnal
39. Transistors 23A - 23F.are drﬁ‘é?n coupled to transistors 24A Ei’!q24F
respecti-vel ywighads sukildssd dfo treplases the sinesand rains aaulddpl ters ©2gr ound.

The gates of_t,ransistors. 24A - 24F are coupl ed sg A (PA) ¢l i ng
Sional 5. s BHE WERLEGR S1RERIR) o T BoR oIt BR e, Rapladed WIEKL "D,
preferred enfilitiig W1Gnst .2t gsadlktifg slghslido MsOd €hHr@dr fevel The drains
of transt 23A - 23F and 24A - 24F are coupled to one term nal of

capaci tors 26lgnal2@sicledgecnt iasypyat pltexnater clogks.nal s of capacitors 25A -
27 The nonti nvert PG HUSShia% A8 Fektaeha s Bindl, 2308 HisBP8 20 e ©
out put of angignallera?isal#eae thfed 1evel HoAULaEinY Gigr#) iWhiekols @apaci t or
30 and N channel transistor 31 in parallel. The gate of transistor 31 is
on alternate clocks. Modulating signals 20 and 21 are
n;.m-worlapping such that one of the signals is zero at each
S ‘celock. Thersfore, only one output of the base band filters
izplementing the modulating signals is required at any one time.
By multiplexing the data channel inputs, only & single base band
filter/modulator is required, saving silicon area without
sacrificing performance. '

The preferred enbodiment of the present invention is
illustrated in figure 3. Data channels 11r and 111 are each
inputted to delay lines comprising, in the preferred embodiment,
analog shift registers. By way of example, in tigur. 3, only a
shgh analog shift register 22 is illustrated. However, it is

understood that a shift register is provided for each data |
channel with the outputs of the shift registers being multiplexed
to a single base band filter/modulator of the type illustrated in
figure 3. Although the multiplexing circuitry is not illustrated
in figure 3, any suitable means for alternating the input of data
channels 11r and 11i to the circuitry of figure 3 may be
utilized such as is shown in Figﬁré 5.

Analog shift register 22 is comprised of a two bit/cell
digital shift register followed by a 2 bit D/A converter. In the
preferred embodiment the first three cells 22A - 22C and the last



coupl ed to phase one (Pl) clock signal 34. The base band filter of the
preferred enbodi nent of the present invention is |linear so the inpul.se-
resppnse is synmetric. The 24 point igmplse reaponse of the preferred: -
enbodi ment thus requires only 12 input capacitors, generating one-half of

t he synmetthree;¢nlliss22d osafiare shown msoraprgsentativendxuipleges THe a bit

rate of 2 |t n | gt .or o] filter sanples at. _
9600 hertlzgglQ h‘Z’ grgé?}??gdg‘e 0 }%% g#.t e p?'es"gg PR on. 4 bits Qb+
dat a groupsdnsinfzirisc2ini- 28R fudPeleiviedyband rate are split into two two b

signals 11r a 11i . respectively. - 9 - Prior to_inputting to the
appropri ate shit® 9akes e?,"‘?ﬂé‘&ﬁ! 230~ A age  FARled o pbase RNt al

encoder wipey éNRMING dighis $o.LLerdivlstite (3KE- VAR G5 Ohril o1 g NUS 1

and plus or mnus 3 to ine a 16 point QAM signal constellation. As noted

previ ous| o transistoos SUA[+ 34Fgrespactivelys cThersanrdesfof digital bits per
cell foll 2.0t converter. Transistors 23a - 23f and 24a - 24f
act as switc egytc?%ﬁt?ﬁ I’eg‘ﬁf? gﬂ"ﬂt}l‘ﬁnﬁ" hcﬁ&fgﬁ'ﬁh"ﬁz in the

pref erred tpahafitint 240 LUS4r G Ghipled €0 Dhase®A @A &1b d-&lﬁ%ge“

ground and shift register 22. The switching of capacitors 25A IS
control | e@8sy BA 3Skand B8 39| arePnos®venlamengoclatk: ségaalmwhiclrin gener at ed

b LN 01 G hideuhad lofsdent’ o puRaba 6 By *bnd S et B o el ©! 001 19
4. - . - |

The drains of transistors 23A - 237 and 24A - 247 are
coubhdtomtmm;ote_apaeitmzn-zsr _ u
respectively. The other terainals of capacitors 2s5A - 257
are coupled to node 26, the invarting input of operational

amplifier 27. The non-inverting input of amplifier 27 is
coupled to ground. The output of amplifier 27 at node 29 is
coupled to node 26 through capacitor 30 and N channel
transistor 31 in parallel. The gats of transistor 31 is
coupled to phase one (P1) clock signal 34.

The base band filter of the preferred embodiment of the
present invention is linear so the impulse- response is . ‘
symmstric. The 24 point impulse response of the preferred
eabodiment thus requires only 12 input capacitors, generating
one-half 'of the symmetric lnpnlu'ro'spm.. _

The incoming data x(n) changes at a bit rate of 2400 bits
per second. The modulator/base band filter samples at 9600 hertz
in the preferred embodiment of the present inventicn.

4 bits of data grouped together at the 600 herts band rate
are split into two two bit -1;5:1- 1lr and 114 :upoétivoly.



four tinmes the carrier frequency (i.e. the frequency of sine and cosine

a pr%l matirons 20 and 21) .. Counter 40 outputs.a least significant bit (LSS)
a nost significant bi t (MBB) 42. MBB 42 is coupled as an input to

AND gates 44 and 47. The other input of ARD 5ate 47 is a phase one (P1)

signal 34. The other input of AND gate 44 is %&ase two (P2) signal 35. Pl
34 and P2 38¥ieE %mmiagp 'ngﬂu SERTOPrintS & F‘a’ﬁié&ﬂ‘émf}“o At I Hz.

MSB 42 is i B¥ekid Bl ?)T@aﬂ %gt d:ﬂf' and 46.
The "6t her |%ut of AN gate %fl ‘f ot her |nput of D gate
46 is P2 SSMhnbm.tnm-Mngakea- Adnamd Aﬂda@hu:owpthlu(a R gate 48.

The out put s of AND at es 46 and are cou |ed .to ate 49. The output of
OR gate 48 th 9_ ﬁ?"tj’&?% H‘Q"PB‘;’?} no%e circuitry of :
figure 4 ispy Bﬁ.%% A $ 19%.3‘5:@9%&13:39.3 0 2P2 35) for
two cl ock cycles % fﬁ? &twoc l ock cycl'es in which PAis

equal to P2daigita¥dits mmhnctmwumelez Dbiks DA smonvester.di scussed, the
data channels 1 1i e coupled tqQ.the dul ator/b band filter
circuitry of fié‘ﬁﬁ‘é‘_‘g‘é‘ﬁh- Brh %‘Bycl’g‘g ?ﬁ il er, the +1, -1
2 and éia%a‘?“%ﬁ@?%ﬁ%f’?ﬁgfﬂ*{‘%?'t%' %ﬁh’????fe?‘.’*’s'?ﬁcipi’ he base band
filter is | preferrad embodinent. Thus, capacitors 25a - 25f are
| switched batveen ground and shift register 22. The switching of
capacitors 25A - 25F is cont:oi:_lcd by clocking signals PA 38 and
w PB 39. These signals are gcnirﬁtad by the circuitry of figure 4.
A two bit counter 40 is coupled to a clocking signal 30 which h.
four times the carrier frequency (i.e. the frequency of sine and
cosine app:éxiutiou’ 20 and 21). Counter 40 cutputs a least
significant bit (LSB) 41 and a most significant bit (MSB) 42.
MSB 42 is coupled as an input to AND gates 44 and 47.
The other input of AND gate .47 is a phase one (Pl) signal
34. The other input of AND gate 44 is phase two (P2)
signal 35. P1 34 and P2 35 are nonovcrlapéing clock signals
at a frequency of 9600 Hz. .
MSB 42 is inverted through inverter 43 and eoﬁplod to
-/ AND gates 45 and 46. The other input of AND gate 45 is P1
34 while the other input of AND gate 46 is P2 35.
The outputs Of AND gates 44 and 45 are coupled to OR
gate 48. The outputs of AND qam 46 aad 47 are coupled to
OR gate 49. The output of OR gat. 48 is PA 38. The
output of OR gate 49 is PB 39. |
The circuitry of figure 4 is lueh that PA 38 is egual
o P1 34 (and PD 39 = to P2 35) for two clock cycles



mul tiplication of the input by a positive or negative.one is the sane as
mul tiplying the output by positi ve or negative 1. A positive 1 ‘

mul € pl i cation is acconplished wkgn PB 39 is equal to P1 34 and PA 38 is
equal to P2 35. A negative one multiplication is acconplished when PB 39 is
equal to filldbed ity ews [AVPRNEYc1Payi°AhIBhi PA A§Uaqud10 tB1lp2 JdnaAS previously
di scussed_the real, and imaginary parts of the data x(n) take val ues of pI us
or mi nus @ AfdeHats g Phie B ‘?he%%#ﬂb%&“ﬁ%vé#%%%%ﬁt ed by aw
vol tage Cinandgis Qrragnd qt;he&&laohab&@tsew ghgla? | nput s of
different values is shown at cells 22a and 22e o t regi st er 22. A
nunber off4l%eredncuityye ofhSignzmoAt on Mlternats wibck. cyldhm/erxn this he
preferre nt, of .the |nvent 0 is not stored in the
regi ster L'&%F% %%’ i ﬂ’pm‘l% % I&ZEY é% Iléc‘!‘ dnly to non
zero cel Isival ih coiaéa pPEBxhdaonM hﬁdtﬂeaﬂ Ofe jgte, there
are only two non zero values in the shift regi ster 22 at a tlrre The
circuit dihe base dapd tiltexs Bincei the bepe band ei}tms dsbhirmaranthé i | ter and
nodul at Ol of t un npl ene tion ree | evel waveforns in
pl ace of ‘Si ng Pté |‘T£%ﬁrﬁl’é§ &&\k?”gég‘ﬁwﬁf’e ﬁﬁ?g'l"ﬂe?f‘%dﬁl e/ base
band fil isameCa® sl by Pebitive bmmy.dpt aachannels. The
out put of the base band |Iter he present invention- i n given by t he
equat i on:Pasitiys 1 sultiplicatiqn PPWB}MM [PB 39 is equal to

P1 34 and PA 38 is equal to P2 35. A negative one nu].tiplieation

is accuplishod vhen PB 39 is equal to P2 s and eo::upondingly _

m:suoqnntonu. ' _

As pmv:lmly dhcusud, the real and :I.nag:l.nuy pu-t- of the

data x(n) take values oz plus or ::I.xms 1 and plus or minus 3.

These input levels may be generated by a voltage divi,dor or any

other suitable Rmeans. Example of data inputs of different values

is shown at cells 22a and 22e of shift register 22.

: Amborotthomhmlhmcontainiugaomm.

However, in the preferred embodiment of the present matlon.

Zero is not stored in the register. nathor, the input eapac.{to:s

25&-25£mcouphdonlytomzmunmmatwm .

tine. mtothcscoonznnpung rate, thers are only two - \)

mammminth.mztmhtorzz at a time.

The circuit of figure 3 acts as a finite impulse mpoau
bln band filter and modulator. Because of the unique
implementation of three level waveforss in place of sine and
cosine. carrier m, a single combined modulator/base band
£ilter can be used for both the real and imaginary data chaf:mh.

The cutput of the base band filter of the present invention

i(



M= 1 where Cm = the capacitance of selected capacitors 25A - 25F and CFB =
Capagi tance of capacitor 30 X(n) - input data (11r or 11li of figure 1)

Thus\. an anal og nodul ator utilizing a single sunming anplifier and .

i npl enented in swtched capacitor technol ogy has been descri bed. -12-
CLAIMS 1. . A circuit for shaping and nodul ating at -1 east first and
second data signals conpromi sing: first and second storage neans for .
storiag said first and second.date signals respectively; filter neans

sel ectively coupled to said first and second storage neans for shaping said
first and second data signals and nultiplying said first and second data
signals by first and second carrier signals respectively, said first and
second carrier signals coupled to said filter nmeans; said first and second
carrier signals being nonoverl apping three |l evel step functions such that
only one of said first and second carrier signals is non zero at any one
time; whereby the output of said Miltesr neans

is given by the equation:

24 .
Out(n) = - Z [(Cw)/CFB)) [xX(n-m)]

M=]

vhere Cm = the capacitance_of selected capacitgrs
25A - 25F and - |
CFB ? Capacitance of capacitor 30
X(n) - input data (11r or 11i of figure 1)
Thus, an analog nodﬁlator utilizing a single cunning
anmplifier and implemented in switched capacitor technology has

been described.



id first and second data signals:. 2. - The
CIrCUIt 0 mhereln said first data signal conprises an i'n phase
”lll “‘U{lﬂ@m gnal and said second data signal repfesents a quadrature
S|gnal. 3. The circuit of claim?2 wherein said
flrst and second storage neans each conprise an analog shift register. 4.
The circuit of claim3 wherein said filter nmeans conprises a swtching

nmeans coupled to said shift register and_gqplurality of input capaC|tor54 H
said switching neans sel ectively coupli n% said capacitors to said shift~

register, said filter means furthe ding an operational anplifier
coupled to said capacitorg.circuil8-£&r sha 1ngTé'de Cthé&twlétﬂfngCé@l Tedst
wherein said svgtchl n tgeans [ ri ses, a f rst?ﬁl ur a, of transistors and.
a second pl ur ali¥5FHfARY FRFWE @t Ao %T ality of

transistors coupled to ongivdt sand |smn¢a|sa.ora_g1as meahns o foxi dstsdring
register, each fli S foe ol PR 1ddcéadflRL SLOLSe COLPLEY, L0 One Of

sai d |nput capaC| ors ‘and groun sard ran ors fng gate
coupled to a first clock Eiles¥ meAnS @%&@W%lﬁnsq?@ml%dbet%g said

first and second storage means for shaping said first
and second data signals and multiplying said first and
second data signals by first and second carrier signals
respectively, said first and second carrier signals
coupled to said filter means; ' .
said first and second carrier signals being \/
nonoverlapping three 1level step functions such that
only one of said first and second carrier signals is
non zero at any one time; _ '
whereby the output of said filter means
comprises a sum of said first and second data signals.

2. The circuit of claim 1 wherein said first
data signal comprises an in phase portion of a QAM
signal and said second data signal represents a
quadrature portion of said QAM signal.

3. The circuit of claim 2 wherein said first and

second storage means each comprise an analog shift
register. ' '
4. The circuit of claim 3 wherein said filter

means comprises a switching means coupled to said shift

register and a plurality of input capacitors, said

switching means selectiveiy coupling said capacitors to

said shift register, said filter means further_
including an operational amplifier coupled to said
capacitors.



‘gat e coupled to a second.clock signal, said first and seceﬁd—ﬁ%ﬁtk—srgﬁa%s—~—
‘beirng nonover |l apping. 6. The circuit of claimb5 wher

and Zﬁcond clock signals are outputted by a control CIrCUIt il "“"
third and fourth clock signals such that said first- clock

to said third clock signal and said secggg clock signal is equal to sald

fourth clock signal, and said first clock’Signal is equal to said fourth
cl ock signal and second clock signal is equal to said third clock S|gna

for™al ternate sonsecutlvihgygkgﬁugg S3F A1t a%@g ?ﬂwg;fa<yyg

respectlvely rcurt shapi gﬁ atin eas flrst
and second duganschmrdsewmfaimqwpl,nr imr@fnsgﬂaséstoaesendb@d

with referenggeonO plit'el PEFOBFANYLRASHIEBVEBYS eddWSof2 818 first
plurality of transistors coupled to one of said input
capacitors and to said shift register, each of said
second plurality of transistors éoupled to one of said
input capacitors and to ground,

' said first transistors being gate coupled to
'a first clock signal and said second transistors being
" gate coupled to a second clock signai, said first and

second clock signals being nonoverlapping.

6. The circuit of claim 5 wherein said first and
second clock signals are outputted by a control circuit
- coupled to third and fourth clock signals such that
said first clock signal is equal to said third clock
" signal and said second clock signal is equal to said
~ fourth clock signal, and said first clock signal is
equal to said fourth clock signal. and second clock
signal 1is equal to said third clock signal for
alternate consecutive cycles of said third and fourth
clock signals respectively. '

i 7. A circuit for shapiﬁg and modulating at least
~ . first and second data signals substantially as
hereinbefore described with reference to the

accompanying drawings, Figs. 2 to 5.




