WO } 004/ 038922 PCT/ US2003/ 033748 ADVANCED DI G TAL ANTENNA MODULE BACKGROUND
OF THE INVENTION 5 Field of the Invention: The present invention relates to
el ect romaﬁgngti c _communi cations systens. Mdire specificall t he present

i nventi oV P&I408%22 5 direct digital synthesis (DDS) andP&ITIUSEY0303d8¢i zati on
of radio frequency (RF) signals. 10 Description of the Related Art: For
current and future applications, space based radars will require high
performance at |ightweight and small volunme. For exanple, by the year 2008,
such 15 systens will be expected to handle multiple tasks such as Synthetic
Aperture Radar (SAR), G ound Mwving Target Indication (GMIl), Airborne

Movi ng Target | ndi cat iSRVANGED DIGIJIATa ANBENNAMOBYAE on Det ecti on
(DTED), and other nulti- intelligence ([NT) functions. Current systens tend
to be stove piped, narromy focused and single functioned. In addition,

payl oads for these systenms will be 20 required to have wei ght densities on
the order of 4 kg per square neter (3 tinmes |ighter than today's systens)
and vol une conpaction of about 1500:1 (typical conpaction ratios are
currently between 3 and S5SBAC HGROWNPOFA'HE INVENTBONave al so stressed a
need for all of these inprovenents at a | ower cost than can be achieved
today (in light of shrinking budgets). WO 2004/038922 PCT/ US2003/ 033748
Current space based radar systens incorporate consolidated receivers and
exciters. These solutions are adequate for systens that do not require | arge
nunber s sof i ndepelddEMe Phagpneenters (typically less than 8), do not need
to performnulti-INT mssions, do not need to weigh |ess than 12 Kg per
square neter, do not need ultra

\ The present invention relates to electromagnetic communications systems. More
specifically, the present invention relates to direct digital synthesis (DDS) and direct
digitization of radio frequency (RF) signals.

10
Description of the Related Art:

For current and future applications, space based radars will require high

performance at lightweight and small volume. For example, by the year 2008, such

15  systems will be expected to handle multiple tasks such as Synthetic Aperture Radar
(SAR), Ground Moving Target Indication (GMTTI), Airborne Moving Target
Indication (AMTI), Digital Terrain Elevation Detection (DTED), and other multi-
intelligence (INT) functions. Current systems tend to be stove piped, narrowly
focused and single functioned. In addition, payloads for these systems will be

20  required to have weight densities on the order of 4 kg per square meter (3 times lighter
than today’s systems) and volume compaction of about 1500:1 (typical compaction
ratios are currently between 3 and 5 to 1). Potential customers have also stressed a
need for all of these improvements at a lower cost than can be achieved today (in light

of shrinking budgets).



5 wi de bandwi dths, etc. Furthernore, current solutions for today's receiver
functions tend to cost about $1M per channel (for space qualified hardware)
whi ch woul d be unacceptable for systens requiring over 32 independent.

recei ver swioomogsanpl e. Thus, current hardware i s expenspepusiwbiis;ssheavy, '
relatively specialized and not suitable to neet tonorrow s needs. 10 Hence,
a need exists in the art for an inproved systemor nethod for receiving and
exciting el ectromagnetic signals which is snmaller, lighter, and |ess
expensive than current systens. 15 SUMMARY OF THE | NVENTI ON The need in the
art is addressed by the novel anal og-to-digital converter (ADC) 20 and
direct digital synthesizer (DDS) architectures of the present invention. The
novel ADC architecture includes a first circuit for receiving an input
signal; a second Qirfedtibpace badedseddrisyiends peopetars sometdaedrbrtivels ahlir eshol ds
using a predeterm ned nunber of preanplifiers with weighted unit current
sources in eXefersfIhesesqiuiéons e adegnate fRrsystems dhad dogiof Fquire darge pymbery pf
conparing t i resh . oye LVe. 0 d 25 of
t he present Qﬁ# gt%#:'l (t)hﬂ?sé 2183[\%1}5% ( ééak? %Sf ﬁlﬁlg Sg’oalnos’!foég%%gggos%e&' Hﬁl ;%mml/i' t he
resistive |midslefis, @b noomeednd mf%i led¥in BIK gRepyddeSnictte, dbhdtinkyd digaeasi |y
trimindividual thresholds w thout the need for trimmble resistors. In the
preferred ernddbamdwidthsieic. Rxtharmere, earsent solutiand or dedays eceiven fins§ons\D

2001/ 038922 ,PCT/ US2003/ 48 .Jn t best no he A f. .the npresent

“nvent i on_ | G} BAPR BOuERYE s stBetBrniRn R e b ARt U b hpar at or
i ncl udes sphinhcdep@i@ld B8 bystedisSrel@irind 6V &Aand&Rnd &R Fedetidrs R ekhffFleaths! educe
the regeneration tine constant, emtter follower buffers on the latch pair

transi st or s cugentdwadeare itexpapsive, thiuly, hoaml miptivelyispeciakizpdradact sitablsde, and

meet tomorrow’s needs.

10
Hence, a need exists in the art for an improved system or method for receiving
and exciting electromagnetic signals which is smaller, lighter, and less expensive than
current systems.
15

SUMMARY OF THE INVENTION

The need in the art is addressed by the novel analog-to-digital converter (ADC)
20  and direct digital synthesizer (DDS) architectures of the present invention. The novel
ADC architecture includes a first circuit for receiving an input signal; a second circuit
for setting a predetermined number of thresholds using a predetermined number of
preamplifiers with weighted unit current sources in each of the preamplifier outputs; and
a third circuit for comparing the input to the thresholds. The novel active offset method
25  of the present invention removes the R-C time constant associated with the resistive
ladder of conventional ADCs and provides the ability to easily trim individual
thresholds without the need for trimmable resistors. In the preferred embodiment, the

ADC includes trimmable current sources.



5 cascode transistors coupled to the load resistors to elimnate the out put
| oading effects fromthe regeneration node. Al of these inprovenents all ow
a faster acquisition tine and regeneration time constant to be on the order
of the fadYQasw/oss9dhsit time in the transistor, which i $CT/YRLFHS37T48al
limt. 10 When inplenented as an Advanced Digital Antenna Mddul e (ADAM for
recei ving and exciting el ectromagnetic signals, the ADAM Application
Specific Integrated GCrcuit (ASIC) may integrate a conplete
receiver/exciter function on a nonolithic silicon germanium (Si Ge) devi ce,
enabling direct digital-to-RF (Radio Frequency) and RF-to-digital
transformati ons. Thus, the teachings disclosed herein 15 provide for

i nproved anal og-to-digital converter (ADC) operation via a novel active
of f set conpari sohlthébmmﬂggbemoﬂbﬂmesmswanm neerporaesapampenYed t he

exi sting accur acy nverter

on of ¢ al oe%
(DA0) st uctiiPaeor syl ThRbS b po g Rop 5% i ahsat iy Crnt al
nonlinearit hﬁi{us‘i’ﬁonttﬂﬁe SRNYAICE $e reféiftrdtiofRidd donstahtgbrnter ?dlgﬁs?ér”oﬁﬁ&s 8he

i mpl ement ed ich address the |imtations that transistor self-heating has
had on convéretlach ngmmamsmtqrawgedudmewwlﬁ%bzangcﬁﬁhdszQﬁetzﬁﬂmmée aBlRl EF
DESCRI PT| ON OF &Oétr DRAW N

anal og- t - dFHCPL TRFRIE OUP egggﬂﬁi%eiglsrpﬁstgrg?%lé@gixg%ﬁﬁ Wpflﬁpota%gteg%ﬁ% ngs of

the present ﬁ'oﬂxvtﬁé‘%éo@ribrathanod@aAﬁ*H?‘ﬂ‘?esé oV NSRS ek %Ecilﬂs!ﬁoﬁ fihea 3-bit
ADC. Fig. 2b shows“an offset current source for the preanplifier in Fig. 2a.

10 Fig. 2c shbrgenemtion ftisetcoosiautdn be oo tireordaiof khel forveard ittagsit funeid te t he

preanplifier in i s a di agram of a preanplifier designed in
accor dance RSt ?rh‘é(ﬁ’lcgé%ﬁhﬁ%‘%uca%

10 When implemented as an Advanced Digital Antenna Module (ADAM) for
receiving and exciting electromagnetic signals, the ADAM Application Specific
Integrated Circuit (ASIC) may integrate a complete receiver/exciter function on a
monolithic silicon germanium (SiGe) device, enabling direct digital-to-RF (Radio
Frequency) and RF-to-digital transformations. Thus, the teachings disclosed herein

15  provide for improved analog-to-digital converter (ADC) operation via a novel active

offset comparison methodology.

The novel DDS architecture overcomes the existing accuracy and dynamic
limitations of digital-to-analog converter (DAC) structures through the ability to
20  digitally trim out differential nonlinearities of the converter. Additionally, digital
algorithms are implemented which address the limitations that transistor self-heating has

had on converter dynamic range.



15 of the present invention. Fig. 4 is a diagramof an offset current source
designed in accordance with the teachings of the present invention. 20 Fig.
5 shows an offset current source with linearity trimin accordance with the
t eachi ngs )Ma ) Q{Zesent invention. Fig. 6 shows a trimpegySheossrscuit for
the curreWP ¥OUPE 2 th linearity trimof Fig. 5 25 Fig. 7 shows a '
conparator designed in accordance with the teachings of the present
invention. Fig. 8 shows the receiver section of the ADAM ASI C i ncl udi ng the
matched 30 filter and decimation circuit. WO 2004/038922 PCT/ US2003/ 033748
Fig. 9a shows the front end of a direct RF synthesized exciter subsection
desi gned in accordance with the teachings of the present invention. Fig. 9b
shows the back end of a di rect RF synt hesi zed exciter subsection 5 designed

in accordance with the t I !UHWFI{DRES Fig. 10
illustrates the DDS si ne up Wt fgnﬁrgglfy@%? ital-to-anal og converter.
10 DESCRI PTI ON OF THE | N\/EI\FI'I ON Il lustrative enbodl ments and exenpl ary
applications will now be described with 15 reference to the acconpanyi ng
drawi ngs to disclose the advantageous teachings of the present invention.
VWil e the present v r

illustrative eano1 Plnlgﬁibg&godrﬁ%%gﬁ?% Qﬁ?ogf}% cﬁ?&é}é@%@e?&%ﬁ@ﬁ&% d be

under st 06d tdeadrdirve withvBetdachingsSofithd present mventlon

Fig. 2a shows the front-end architecture for a 3-bit ADC.

Fig. 2b shows an offset current source for the preamplifier in Fig. 2a.
10
Fig. 2c shows an offset current source with linearity trim for the preamplifier in
Fig. 2a.

Fig. 3 is a diagram of a preamplifier designed in accordance with the teachings

15  ofthe present invention.

Fig. 4 is a diagram of an offset current source designed in accordance with the

teachings of the present invention.

20 Fig. 5 shows an offset current source with linearity trim in accordance with the

teachings of the present invention.

Fig. 6 shows a trim resistor circuit for the current source with linearity trim of
Fig. 5.
25
Fig. 7 shows a comparator designed in accordance with the teachings of the

present invention.

Fig. 8 shows the receiver section of the ADAM ASIC including the matched

30 filter and decimation circuit.



20 limted thereto. Those having ordinary skill in the art and access to the
t eachi ngs provided herein will recognize additional nodifications,

appl i cations, and enbodiments w thin the scope thereof and additi onal
fields i.nWEHi0eHOIBIRZ present invention woul d be of signiHGEBSR003QI3T48t y. 25
The present invention is an Advanced Digital Antenna Mddul e (ADAM which
integrates a conplete receiver/exciter function on a nonolithic Si Ge device,
enabling direct digital-to-RF (Radio Frequency) and RF-to-digital
transformati ons. The receive function includes an inproved flash

anal og-to-digital converter (ADC) with a novel active offset nethod and an
i nproved hi gh-speed conparator. 30 WD 20111/038922 PCT/ US2003/ 033748 The
recei ver section of the ADAM ASI C consists of a 5-bit flash ADC 10 fol | owed
by a true di git alFig.i9ashaoled thy front End& apdiraceRB|synthesizedexditgr subsedtiont er and
deci mation sectiqn 80, and a]@ et o ,drifv%rs for | aser nodulators. Fig. 1 is
a bl ock di agesEnedmm perordapgs Wity the feackingsaf the RESABIVESINLs a differenti al

i nput using two single-ended sanple 5 and hold (S/H) circuits 12 and 14.
Each sanpler has a wide input bandwidth to mnimze gain roll-off over the
desi red frequencyig @bghows thetbhek pddfer disdt RFisgathavindd excatar sutpestioad di ode
bridge sanpling gate architecture is used to achieve this performnce. 10
The 5-bi? ASESEerds ascorhneriyiin Eedeachings obihg PriseliiReRtitRe 16 to achi eve the
hi gh i nput bandw dth. The front-end architecture 16 includes an active

of fset block 18 and a conparators bl ock 20. The novel active offset

techni que splits Rifdodilgstates itid DDBNirde losiep wtiea angndigifabyuehsaléhat are

sanpl ed by 2N-i hi gh-speed conparators, where Nis the nunber of bits. In
t he preferr €@MeHsHdi nent, N = 5, resulting in 31 conparators. It 15

el i m'nates the passive reference resistor |adder skew and the bandwi dth
limtations that exist in older straight flash and fol ding/interpolating
architegpures. An inproved high-

DESCRIPTION OF THE INVENTION

Nustrative embodiments and exemplary applications will now be described with
15  reference to the accompanying drawings to disclose the advantageous teachings of the

present invention.

While the present invention is described herein with reference to illustrative
embodiments for particular applications, it should be understood that the invention is not
20  limited thereto. Those having ordinary skill in the art and access to the teachings
provided herein will recognize additional modifications, applications, and embodiments
within the scope thereof and additional fields in which the present invention would be of
significant utility.

25 The present invention is an Advanced Digital Antenna Module (ADAM) which
integrates a complete receiver/exciter function on a monolithic SiGe device, enabling
direct digital-to-RF (Radio Frequency) and RF-to-digital transformations. The receive
function includes an improved flash analog-to-digital converter (ADC) with a novel
active offset method and an improved high-speed comparator.

30



speed conparator architecture achieves the required acquisition tinme and
regeneration tinme necessary to neet the clock conversion rate. 20 An
optional latch 22 and error correction 24 following the conparators 20 is

I nserted he bit error rate (BER). Follow ng t ection
24, a pi%§1%ﬁggﬁ§%%y encoder 26 is inplenented instead EETE&%@%ggihénboder
to mnimze code dependent errors. Latches 28 and drivers 30 follow the
gray encoder 26, and the output 1is sent to a digital delay, matched filter
and decimation circuit 80 (shown in Fig. 8. 25 In the illustrative

enbodi nent, the ADC 10 of the present invention further includes a
linearity trimcircuit 40 for mnimzing differential and integral DC errors
in the conparator threshold paths. In the preferred enbodi nent, the

linearity trimci i s %@ Qi feal it onverters
32. A control 34 %@t%%eﬁgfgefhé&géﬁgg?\?% e %g%s%rogt@i%l%ﬁ’g%@?@g 1t%)hrough a
di gi tal ser ifallowsd gy 4 feedifiBdbtinedelagwdthed? mresdhition), 8 défital\ltetGind Hecdtatan

PCTI US20031033748 link ROM 38. In the preferred enbodi nent, the digital
serial interseeion Spandsa set phylriessforlassr madyinarantia hisa Moek diagsamyef the

sem conduct o : ' i - - | M 0

t echnol ogy. %Délj&g%éh{gﬁ% i‘éﬁﬁ@g}aé‘s‘* ?@%ﬁﬁéﬁaﬁpm@?%&éyc% %%lg%%%?di res a
reference sigaabld (SRETiRNE BRedS 4] BatipsanpiBiHagha vidi@mpatbardwadtk tBi ases
circuit 44. The Master Bias and Block Biases circuit 44 provides the bias

signal s r equiingezp gainpell-offiguer thy deskred freguenayxangs.olnthe preafertad aphodimentock

Buf fer 46 and .Ti G eui ' upplies.a cl.ock ,si | to the
circuit bloc ép%ﬁgﬁéo#ﬁ%g%v%%p%%gﬂe %ﬁ@?T Fﬁsczlfsﬁgg%a%{néd'i%gﬁlér enti al
quanti zer wideffoanaieéel active offset nethod for conparators. For a typical

N-bit flash ADC, there are 2N-1 thresholds or quantization or Q| evels.
Each of the 2N-1 thresholds is set by zero-crossings at one

10 The 5-bit ADC 10 uses an advanced front-end architecture 16 to achieve the
high input bandwidth. The front-end architecture 16 includes an active offset block 18

and a comparators block 20. The novel active offset technique splits the signal into 2~-1
separate signal levels that are sampled by 2"-1 high-speed comparators, where N is the
number of bits. In the preferred embodiment, N = 5, resulting in 31 comparators. It

15  eliminates the passive reference resistor ladder skew and the bandwidth limitations that
exist in older straight flash and folding/interpolating architectures. An improved high-
speed comparator architecture achieves the required acquisition time and regeneration

time necessary to meet the clock conversion rate.

e

20 An optional latch 22 and error correction 24 following the comparators 20 is
inserted to reduce the bit error rate (BER). Following the error correction 24, a
pipelined gray encoder 26 is implemented instead of a binary encoder to minimize code
dependent errors. Latches 28 and drivers 30 follow the gray encoder 26, and the output
is sent to a digital delay, matched filter and decimation circuit 80 (shown in Fig. 8).

In the illustrative embodiment, the ADC 10 of the present invention further
includes a linearity trim circuit 40 for minimizing differential and integral DC errors in
the comparator threshold paths. In the preferred embodiment, the linearity trim circuit
40 includes trimmable digital-to-analog converters 32. A control 34 extemally controls

30 the calibration DACs 32 through a digital serial interface (DSI) 36 and an on-chip laser



T

of the 2N-1 conparator inputs. The input signal is conpared to each of these
t hreshol ds 15 sinmul taneously and encoded into a digital word dependi ng on
where the signal was conpared to each 2N-1 conparator references. Previous
ADCs haveyoeesdgskgned either with a single ended i nputpcaingk2ddNiobs74s
conparator references set by a static resistor divider |adder, or
differential inputs with a 20 dynamic differential series resistor |adder.
The singl e-ended approach has a di sadvant age because it is difficult to
handl e common node vol tage variations. The differential input |adder,
however, is slower because of the R-C tine constant of the input through
the series resistor |adder. The novel approach of the present invention
elimnates the R-C problemwhile still maintaining a differential input. 25
Fig. 2a showsk ROM BE.OR the préfdfeaRidbRaintng tHbdibRil Rrid-iRlekfaddX6 i th 8
preanplifiers and conparators (1 for saturation detection). The
di f f er ent i almplamented Bsdosipdementary hietal naide demicondudtert(GMOH) t heancentipe,
differenti si gnal cqnnects he,inputs of 2N-1 preanmplifiers 60 in
paral l el . TH®V¢ ’é%‘?}ﬁﬂ@? rt%Ci\&)éB%?thg@ht ed unit offset current sources 64
or 66 30 (shown in Figs. 2b and 2c) in each of the 2N-1 preanplifier
out puts, which divided by WO 2004/ 038922 PCT/ US2003/ 033748 the preanplifier
gai n ef feectivel y ThaADG10alkd mchudes aeamplifien 42 ithed) anipliBescreiference sigarly. 2b
shows an of current, soyrce 64, a Fi.g..2c shows ap. offset_current
source V\/ithf\’ilﬁ'}ltF P45 1t 105 %?I%M@%P@%est%u}t%ut EMH'SFB&?I?&"H es, the
out put of CRERIRATBIO £ profiedtAE bils HehlIeteliired BY BTk Bidis  TheaDe! d. The
preanplifier outputs drive one 5 conparator each, and the signal is then
digitally eieodedchated QgphBuffee 46 andEinsing Qadcuit 48 whidheduppBestacclodkesignal
preaiplifier output states. The novel active offset method of the present
i nvent i on w9 e gireEtblA¢Sher bandwi dths to the ADC while still maintaining a
differepjial signal. To achieve high 10 input bandwi dths in an ADC, a
single ended input with dc references is nore desirable

The improved flash ADC 10 includes a differential quantizer with a novel active

offset method for comparators. For a typical N-bit flash ADC, there are 2"-1 thresholds

or quantization or Q levels. Each of the 2N-1 thresholds is set by zero-crossings.at one
of the 2-1 comparator inputs. The input signal is compared to each of these thresholds
15  simultaneously and encoded into a digital word depending on where the signal was

compared to each 2"-1 comparator references.

Previous ADCs have been designed either with a single ended input and 2-1
comparator references set by a static resistor divider ladder, or differential inputs with a
20  dynamic differential series resistor ladder. The single-ended approach has a
disadvantage because it is difficult to handle common mode voltage variations. The
differential input ladder, however, is slower because of the R-C time constant of the
input through the series resistor ladder. The novel approach of the present invention
eliminates the R-C problem while still maintaining a differential input.
25
Fig. 2a shows the front-end architecture 16 for a 3-bit ADC with 8 preamplifiers
and comparators (1 for saturation detection). The differential input resistor is eliminated
from both inputs and the diﬁ'erential signal connects to the inputs of M1 preamplifiers
60 in parailel. The thresholds are set by weighted unit offset current sources 64 or 66
30 (shown in Figs. 2b and 2¢) in each of the N1 preamplifier outputs, which divided by



than a differential input with differential series resistor |adders that set
the reference levels. This invention naintains the differential input but
elimnates the need for a series resistor |adder to generate the different
t hr eshol dgyd flsbiksconparators. Instead, a dc offset ispbpgdsRToRtid he

out put of every 2N-1 preanplifier. 15 Fig. 3 is a diagramof a preanplifier
60 designed in accordance with the teachings of the present invention. The.
differential inputs VINP and VINN are input to the bases of transistors QLO
and @, respectively. The collectors of QIO and @ are connected to the
emtter of B4 by a resistor R18. The base and collector of @4 are 20
connected to a bias signal PS PA. The emtter of @ is connected to the base
of @6 and to the collector of B by a resistor Rl4. The emitter of QLO is
connected t %&Cgﬁaﬂ;gﬁﬁer &fin GBR1i98¢ phiS adlFer GRIARL B s at Bcrp@, FRSEt Or RE1.
The bases of and (B are connected to bias signal- VB 1P1 and the emtters
are connect elows aivhiffsdscurrertisotroe 64, R63 FigaAcl stiRiws anasffsetdurseat sourcBhdtheni tt er s of

@3 and b6 are.cqnne tg the collector qf QL 25 by resisjors and
Do, 1 os pect iy Wb niheicTofe, ihs Pt sanek aeety oMK BE S0k PIERBLR 1 1 er

I S connecte | -4@& [~ ggig ' nnected to

t he coll ect S?G%F\ég?lfggﬁt{jﬁt%hgﬂoggﬁ te?hog@'eTQgef)ﬂ%'?eﬁbgfg’?ﬁu r o?’ﬁ‘%l gi S connect ed
to a sighal cohPBidtangPdack,cant yheaaionat s dlen digitdllyiencaded besed wponmterede oign#h6. The
col |l ector of, 6.1is connected to the collector of Q40 and the emtter of
Q0. The eni tif Bathie )it preampliiics ARBELSEES: 0 a signal | OSP supplied by an
offset or trimcurrent source. The coll ector W 2004/ 038922

PCT/ US2003/ 033748 of Q2 is connected to the base of @, and to the emtter

of Q26 by a resi sThendRel astive offset deettod.of the présenpimeétionedilledibediighent , t he
diode DI is a Schottky diode. The_  invention, however, is not limted to th

use of SchotiRgWiithytedhe AR whilgsill myptamangydifferentiglsagnal. oFo achieyedighy e '

o ana o' (FERSAROVRRN in BAISC SRl i i SEARERREE ol Pe e e

than a differential input with differential series resistor ladders that set the reference

levels. This invention maintains the differential input but eliminates the need for a
series resistor ladder to generate the different thresholds for the comparators. Instead, a
dc offset 1s induced at the output of every 2N preamplifier.

15

Fig. 3 is a diagram of a preamplifier 60 designed in accordance with the

teachings of the present invention. The differential inputs VINP and VINN are input to
the bases of transistors Q10 and Q9, respectively. The collectors of Q10 and Q9 are
connected to the emitter of Q34 by a resistor R18. The base and collector of Q34 are

20  connected to a bias signal PS_PA. The emitter of Q9 is connected to the base of Q56
and to the collector of Q3 by aresistor R14. The emitter of Q10 is connected to the base
of Q53 and to the collector of Q8 by a resistor R61. The bases of Q3 and Q8 are
connected to bias signal VB1P1 and the emitters are connected to VNS by resistors R53
and R1, respectively. The emitters of Q53 and Q56 are connected to the collector of Q1

25 by resistors R36 and R38, respectively. The base of Q1 is connected to VB1P1B and
the emitter is connected to VNS by resistor R30. The collector of Q53 is connected to
the collector of Q41 and the emitter of Q2. The emitter of Q41 is connected to a signal
IOSN supplied by an offset or trim current source 64 or 66. The collector of Q56 is
connected to the collector of Q40 and the emitter of Q0. The emitter of Q40 is

30 connected to a signal IOSP supplied by an offset or trim current source. The collector



collector of 26 are connected to PS PA. The collectors of Q4 and @ are
connected to PS PA by a resistor R51. The emtter of 4 is connected to the
base and collector of 5. The enmitter of G is connected to the base and
col | ect orwof20@Q488922he enmitters of 45 and Q46 are conneRaRUSWEB/MCR8and VON,
respectively. The bases of QO and @ 10 are connected to the enmitter of @5
and the collector and base of @B7. The base and «collector of @5 are
connected to the emtter of Q6. The emitter of @7 is connected to a diode
D2 followed by a resistor R62 connected to the collector of 28. The bases
of Q40 and 41 are connected to the collector of @28 by R62. The emtter of
Q@8 is connected to VNS by R55. The bases of @8, @1, and @2 are
connected to VB1P1. 15 The emtter of Q1 is connected to VNS by parallel
resi st ors R®%QAnscdBBcted hethe vagetaf 1Q6, arfd tQRR éngittenoi @26 byialr@iStdleOtayxdpar al | el

t R5,7 d 8 T |1 f CP by R50 d
the ool | ect GHBDYpB tePEGHIRETEaLTST iR yemlols BB pote Hioach
preanmpl i fi efiyjeqtigh f %V&}’ls%oghﬁx{t&; Rhthe &tefo%sr:h&wcﬁaqes(Aqgl}h@a@qncla&&ng@sp) in

t he | oad reS|stor o the preanp ler. The preamplifier
(zero-cross |trag81stbhlrﬂsdlodiej®)nnmtrenp¢ah$)emddy Thvieplle@diR)f QAR coﬁnecteﬁ&b the?l R,

31R, th lif | oad tor RO
R3, andS) 8 0t (e SRRl RBRDY & Foordnend g b BT D33 f st
cur T ent. Sourgc idor oK £ Boiliss AfpS PACSHR Bl ordh SEIOF e EQHERLES 1O

the emtter o sistor are connected in paral sets are {R3,

R9, R7, Q OBS mey a fedietor RE1, Tm&mue{ﬁm 1s®6ﬁmecf&ﬁp tkglifgse afdREollectB63f R62,
QL7), {R64, RG6, R65, q:ﬁ} R67, R69, {(R70, _R72, R71 QL81,
(R73. R75, @¥Pa Thepmitter; f@ﬁlsm@ecwwth@@%e an@R‘?’éeC%Df Q4ggdihe epmfers'ofg .

I N o e e T

of each Iget drsconnadted torrtle ¥RitROOAQS&RARe E¥llbctdDand BARIT QBY. The bMsandThe base
of each tranS| stor is connected to VREF. The collectors of transistors QL0,

Q5, @8, arf@lleper of(Bunprewresd toths gpitteppb@iei Rhe smitisr PERP7 Jsppnnertad

collectors 4, diode D2 followed by a resistor R62 connected to the collector of Q28. The bases
of Q40 and Q41 are connected to the collector of Q28 by R62. The emitter of Q28 is
connected to VNS by RS5S5. The bases of Q28, Q21, and Q22 are connected to VB1P1.
15  The emitter of Q21 is connected to VNS by parallel resistors R59 and R60. The emitter
of Q22 is connected to VNS by parallel resistors R57 and R58. The collector of Q21 is
connected to VOP by R50 and the collector of Q22 is connected to VON by R49.

The output of each preamplifier is offset by a different offset current (IOSN and
20  IOSP) in the load resistor of the preamplifier. The preamplifier outputs (zero-crossing
thresholds) are offset by -3IR, -2IR, -IR, 0, +IR, +2IR, +3IR, and +4IR for saturation. R

is the preamplifier load resistor RO or R33, and 1 is the unit offset current.

Fig. 4 is a diagram of an offset current source 64. Sixteen sets of 3 resistors in
25  series connected to the emitter of a transistor are connected in parallel. The 16 sets are
{R3,R9, R7, Q10}, {R12,R10, R11, Q15}, {R58, R60, R59, Q16}, {R61,R63, R62,
Q17}, {R64, R66, R65, Q20}, {R67, R69, R68, Q19}, {R70,R72, R71, Q18}, {R73,
R75,R74, Q21}, {R76,R78,R77,Q22}, {R79, R81, R80, Q23}, {R82, R84, R83,
Q25}, {R85,R87,R86, Q24}, {R88, R0, R89, Q26}, {R91, R93, R92, Q27}, {R%4,
30 R96, RIS, Q28}, and {R97, R99, R98, Q29}. The first resistor of each set is connected



of transistors QL7, QR0 and 27 are connected to |I3P, producing a current
+31. The <collectors of transistors QL9 and QL8 are connected to 12P,
producing a current +21. 5 The collector of transistor @1 is connected to
UP, produgignghodvosygss ent +1. The collector of transistorpQRRishézeeipected to
| IN, producing a current -I. The collectors of transistors @3 and 25 are
connected to I 2N, producing a current -21. The collectors of transistors
QL6, R4 and @26 are connected to 13N, producing a current -31. In the
preferred enbodi nent, the currents are really negative in val ue, but

dependi ng on which 10 input they go to (IOSN, 10SP), they can create +/-
offsets. In addition to renoving the R C tine constant associated wth the
resistive |adder of conventional ADCs, the active offset nmethod of the
present i nvepivQ, Tht BAE of Eﬁh tﬁaﬁ@ist%pis%bﬁﬂécfeﬁ tGIRERY THel dBIbREEs\Of Hddistors

t hreshol ds without the need for trimmable 15 resistors. For the ideal ADC,
the 2N-1 thr@éﬁ;d}kﬁs QéBmx@éDZQaﬂeeqmmbﬂegttcsIﬁBmddm@@ turadnt oil. Tievellectorsn

t t tch
o be. akenoUeera S Gt Ot fotretted s Sieche & St ok Wil 0 |
currents arecoldsBl AtafSstofse19 Cetgffiez?ré éélﬂéétﬁcﬁ@ EPdpxﬁéécthgﬁE&?erR&%”D' ifier

60 to nove the zero crossing threshold in the output o e preanplifier.
20 Fig. B s h’m“hescoélnctof 6 fteansistor Q2itis somected toill P, prodveang & gurtent ﬂﬂ GEhel n

accordance wt t eachi ngs of the Pr ent i nventi on. ﬁ/n in Fig
each transisf °Pﬁ° amsigior Q4 1s eopneeipd tod fRIQ WAD%?CWH“ B éf’gd at
the emtter [ Fi
6 shows a tr%r%s{ragbsr?é??’%@ cu It E%é&@our SI s (?l%}eg{er%iegﬁ?%%ﬁz g

and R23} ar eummmc@d@mmzﬂ?&eamhesfédtoﬂm pﬂﬂusmgra&msetlhshe[ R4 and /
R10} are connected in _parallel wth four resistors in series {Rl2, R 1, {
R13, and R14prefergd smgadiment dhesquentsiare msallyi negativein valiegbut dependimepn which R19 -

R21, andjf2 Z}npt?tethgyefﬁo %@QﬁOSP), they can create +/- offsets.

In addition to removing the R-C time constant associated with the resistive
ladder of conventional ADCs, the active offset method of the present invention allows
for the ability to easily trim individual thresholds without the need for trimmable

15  resistors. For the ideal ADC, the 2"-1 thresholds are set at equally spaced quantization
levels. In practice, however, there are non-linearities due to mismatches. These errors
can be taken out using a novel linearity trim approach. Small trimmable currents are
used across the load resistors RO and R33 in the preamplifier 60 to move the zero

crossing threshold in the output of the preamplifier.

20
Fig. 5 shows an offset current source with linearity trim 66 in accordance with
the teachings of the present invention. As shown in Fig. 5, each transistor in the offset
current source 64 of Fig. 4 is connected at the emitter to an additional resistor and trim
resistor circuit 68.
25

Fig. 6 shows a trim resistor circuit 68. Four resistors in series {R25, R26, R24
and R23} are connected between RE and RT. Two resistors in series {R4 and R10} are
connected in parallel with four resistors in series {R12, R11, R13, and R14} and eight
resistors in series {R17, R18, R16,R15,R20,R19,R21, and R22} between RE and

30 VNS_TRIM.



30 VNS_TRIM WO 21)1)4/038922 PCT/ US2003/ 033748 This small offset divided
by the preanplifier gain effectively noves zero crossing at the input to
renove .or mnimze the non-linearity error. In this design, the preanp

zer o- Cr oW€ 2004/038pa2t error can be mnim zed by i nduci ng RCT/USF088€33248 t he
output of the preanplifier in the opposite direction fromthe input offset
times the gain of the 5 preanplifier. The trimcurrent i is on both
preanplifier | oad resistors RO and R33 through cascode transistors 41 and
A0. In this invention, the current i changes as the resistance changes
when laser |ink fuses opened up. This trimcurrent can al so be acconplished
using resistors connected to CMOS 10 switches in the current sources (a
current DAC). These switches are addressed through a digital control

i nterface that \ithd sinal dffeat diwiyiiedbyﬂm@rédmnlﬂiﬁeogaiubffeﬁéfetymemabnbs (as shown
in Fig. 1). For e| her nethod, the, change i delta i |pI| d by the
preanpl i f i &FOSHEA! the SguLogFmRVE P%@%@Z&%%@%@W%@@roh@a desten,
preanplifi arTe he

I nput offs ag#g%grl% %él%]mbﬁbéﬁ; ?E’ﬂﬁge] pr esgg:b%{}l&\?lgﬁitgr%;gfgkg%?l nclu eg a
novel corrpathapmmplﬂﬁémwletopp@slte diteetionaifore sl input offs et thesAREgaih ofthem t ed by
the acquisition _and regeneration speed of the conparators. This novel

conpar aPor RApERRLSEt Ih%ﬂphmbsls GB(S’H"W%"J’PRM@T loed mesisiers ;0d R33r i npr oved
speed perf %‘ﬁgfri]@asc%% tfahgistoz @ ¢ ORAL AR &E ﬂ%eéﬁﬁﬂf}dﬁ{]&ﬂ%ei‘ggﬁ dance

wi th the teach |nvent|on e I nput's NN are
connect ed tlesrsitlaﬁ;etchatg&swhert h@&“rﬂjnktfoses opédedapd (B, respectively. The enitters
of QO and @B are connected to the collector of @1. The base of Bl is

connected to VB 1P1B, and the emtter is connected to VNS by 25 resistor

R57) The col I ectp, of; G dPc£ONRR6! ok SidhRe u8RY FsRicts Bl WEMSP- The

10  switches in the current sources (a current DAC). These switches are addressed through

a digital control interface that would allow digital calibration of the thresholds (as shown
in Fig. 1). For either method, the change in i, delta i, multiplied by the preamplifier load
resistor R creates a delta voltage offset at the preamplifier output which is referred back

to the input to counter the input offset error.

15
The ADC of the present invention also includes a novel comparator architecture.
The conversion rate of ADCs is imited by the acquisition and regeneration speed of the
comparators. This novel comparator architecture improves upon previous architectures
for improved speed performance.
) 20

Fig. 7 shows a comparator 62 designed in accordance with the teachings of the

present invention. The inputs VINP and VINN are connected to the bases of transistors
QO and Q3, respectively. The emitters of Q0 and Q3 are connected to the collector of
Q51. Thebase of Q51 is connected to VB1P1B, and the emitter is connected to VNS by

25  resistor R57. The collector of QO is connected to the emitters of Q54 and Q55. The
collector of Q3 is connected to the emitters of Q1 and Q2. The collectors of Q1 and
Q55 are connected to the emitters of Q61 and Q62. The collector of Q61 is connected to
the emitter of Q64 by R26 and R25 in series. The collector of Q62 is connected to the
emitter of Q119 by R49 and R24 in series. The collectors of Q64 and Q119 are



collector of @B is connected to the emtters of @ and . The collectors of
Q and 5 are connected to the emtters of @1 and 2. The coll ector of
Q@1 is connected to the emtter of QB4 by R26 and R25 in series. The

col | ect orygh, connected to the emtter of Q 19 R4 in
seri es. 8 mgﬁ'?ec ors of Q4 and QL19 are WO 2004/ OSBQ%Tﬁél%?‘%@gﬁg%/ 033748
connect ed to VPS7P5 by R13 and R14, respectively. The collector of B4 is .
connected between R26 and R25. The collector of @ is connected between R49
and R24. The bases of 4 and 2 are connected to the emtter of QL17. The
bases of 5 b5 and QL are connected to the emtter of QL18. The base of

QL17 is connected to CLKN and the base of QL18 is connected to CLKP. The
collectors of Q 17 and Q118 are connected to the emtter of QLO9 by R44.

The b d col | d i Lier .of 003 . Th
pase and colTERYEN o oS SIS e st BRPEE Smefeadlorfi b PSRt 17 i <
connect ed t petivBén RO6 bRFRDY. THe c@l&:t&h’oﬂ%’zﬁs cdhRcRAbetvidon RUOQIMd®LYS 'S

connected to the collector of Q78 by R16. The emitter of Q79 is connected
to VNS by R22. The emitter of Q78 is connected to VNS by R21. The coll ector

f 1 to t f T | ect f [ ted
2o the base of S bifotEi4 8RR tre Ghrhisstpd fo R terts QA e bAses 8Tt ho 15
enitter of Q83 Jhy Mﬁe&ap@t@mmﬁe&mgn@r ’erb@e?oﬁﬁ?lﬂgwﬁ%ﬁeﬁtéo VPS7P5.

The emtter of B7 is connected to th ase and col |l ector of QL15. The
enmtter of CBEN and thohaseof ©di18 5 cohmeckide CLKP. ciel ticctorsaff QU IGnd Gé8eni tt er

f QL15 ted tq th d tt f QL16
o GLIo 12 RMEEk e e it SERROBRIE Whchek Sl SR TP S
connect ed t et o) et 6f QRBOTR. 6 &diBEioP r BT alevopchangect ed to the

col l ector of . The emtters of (B9 d B6 are connected to VNS by R,
and R2, resN@SﬂPS/elee enfitter df@]dg 1sa¢or@E@¢d QABe colizetor ah Q7086 RiSe ”J&mmmmred to

VBI P T(p © bfa afISS 1S cm%ecteg to the cg'l?ec of &9@ y(ill%d Tthg e%nrllger orpd7t9 1S connec g by R

and
to VNS by R22. The emitter of Q78 is connected to VNS by R21.

The collector of Q61 is connected to the base of Q87. The collector of Q62 is

connected to the base of Q85. The collectors of Q87 and Q85 are connected to the

15  emitter of Q92 by R9. The base and collector of Q92 are connected to VPS7P5. The
emitter of Q87 is connected to the base and collector of Q115. The emitter of Q85 is
connected to the base and collector of Q116. The emitter of Q115 is connected to the
base and collector of Q98. The emitter of Q116 is connected to the base and collector of
Q97. The emitter of Q98 is connected to the collector of Q89. The emitter of Q97 is

20  connected to the collector of Q86. The emitters of Q89 and Q86 are connected to VNS
by R1 and R2, respectively. The bases of Q79, Q78, Q89, and Q86 are connected to
VBI1P1.

The bases of Q64 and Q119 are connected to the emitter of Q65 by R11 and
25  R42,rtespectively. The base and collector of Q65 are connected to VPS7PS. The
emitter of Q65 is connected to the base and collector of Q101 by R43. The emitter of
Q101 is connected to the base and collector of Q67. The emitter of Q67 is connected to
the base and collector of Q68. The emitter of Q68 is connected to the base and collector
of Q69. The emitter of Q69 is connected to the collector of Q108. The emitter of Q108
30  is connected to VNS by R3.



25 R42, respectively. The base and coll ector of Q65 are connected to VPS7P5.
The emtter of G5 is connected to the base and collector of QL01 by R43.
The emi'tter of QLO1 is connected to the base and collector of Q7. The
enitter WP 2B#H7038822connected to the base and col | ect or RET/UBBO3/MFi@&d8eni tt er
of B8 is connected to the base and collector of Q9. The emtter of Q9 is
connected to the collector of QL08. The enmitter of Q08 30 is connected to
VNS by R3. WO 2004/038922 PCT/ US2003/ 033748 The collector of B4 is
connected to the base of 6. The collector of QL19 is connected to the base
of 7. The collectors of (66 and b7 are connected to VPS7P5 by R12. The
emtter of 66 is connected to the base and collector of QL00. The emtter
of b7 is connected to the base and collector of 9. The emtter of QLOO0 is
connected 5 to tThe dolledtord@6da$ tanmeeied tsf thoba® of . dihietcoBecterfof QId 9iis

ted to th d l.ect f T it f i
connect od comiseiadt Sttt ffPliofont iss Qe tdinedd BYRstS
connect ed tR ¥1e HREHiARDICBb LI REE] t0hOBase HRE cgﬂ@'cwr%ﬁf G100 PhO8miteer

connected t0 VON and the base and collector of Q70. The emtter of QLO2 is
connect ed taf QfGAs aomhettaéd tdths basandd caldctrindQo8f THE smitknef D0 isconnécted’0 i s

connected 10 to the collecto f 8. The itter of Q75 I s.connected to the
Col l ector dF yise Eeollerion 9 Dot et ot Q59 18 PR B HEBSRIRINS by R7
and R8, r e%%ﬁ&étbx"@ﬂ%lr04g;l%ﬁ%§tﬁe? PfQIlOQ’s%nﬂééél’ to%ﬂé’ba@%@?cﬁle%?@?éﬁgﬂ to

VB1P1l. The conpar at as 3 features that enhance perfornmance e | oad
resi stors, TheSenpterof (ROE i cnheoted toubkehasaand BAbectordf QAD2.s TR dmitiec df ve node)

and R49 are_ split so urj acqui sition, the in of QO and rough
cascodes @Ql(gﬂé C@Dep@gtt%ﬁﬁgle@dgﬁ% bassaﬂwlippwr%?&ﬁc&esswefe%b?@ase t he
acquisitio j i [ -] e -4 pair
1 and QBZQ: O%Cda@éf%gnda%%?%/kgtagggo%zﬁé%?@&gﬁg&| ve?’?@g i (lgbr?(&:lr@ggi]e t he
regeneriat i ao tispedidetor efQe ThHeentitegai€)7atis oomrietted te thesbHeutgr.of AH6t fide 20
advantage is the addition of emtter foqllower buffers @5 and _(B7 on the

| at ch pair oers of Q58 and Q59 are connected to VNS by R7 and RS, respectively. The bases

of Q108, Q58, and Q59 are connected to VB1P1.

The comparator 62 has 3 features that enhance performance. The load resistors,

15  pairs R25 (active mode) and R26 and pairs R24 (active mode) and R49 are split so
during acquisition, the gain of Q0 and Q3 through cascodes Q54 and Q2 is reduced but
bandwidth is increased to increase the acquisition time. During latch time, the gain is
increased in latch pair Q61 and Q62 (R25 and R26 active and R24 and R49 active), to
increase the regeneration speed (reduce the regeneration time constant). Another

20  advantage is the addition of emitter follower buffers Q85 and Q87 on the latch pair Q61
and Q62 that reduces the capacitive loading on the regeneration node (collector of Q61
and Q62). Lastly, the output loading effects are eliminated from the regeneration node
and taken out over cascodes Q64 and Q119. All of these improvements allow a faster
acquisition time and regeneration time constant to be on the order of the forward transit

25  time in the transistor, which is a theoretical limit.

The novel active offset trims and the improved comparator allow the ADC to
operate in a given technology at higher input frequencies and still have the optimum

clock rate and optimum performance.



and B2 that reduces the capacitive | oading on the regeneration node
(collector of @1 and B2). Lastly, the output |oading effects are
elimnated fromthe regenerati on node and taken out over cascodes Q64 and
QL19. Al hw@hotiasss, i nprovenents allow a faster acqui si t |

regeneration tinme constant to be on the order of the fotrpgg{bc?%or@gﬁgi‘ 25
time in the transistor, which is a theoretical Ilimt. The novel active
offset trins and the inproved conparator allow the ADC to operate in a

gi ven technol ogy at higher input frequencies and still have the optinmum
clock rate and optinmum performance. 30 WD 2004/ 038922 PCT/ US2003/ 033748 The
output of the 5-bit ADC 10 is a parallel data streamat 36 GS/s. This data
streamrepresents the sanpled RF and would norrmally be input to a high-speed
signal  processofne biypht thE SHRATRE 16 EOMATRNHata 3rORP S FHGBR! FhillRdts hed ‘
filter and deci mattei:o]!ri\]tp capability 1s 1ncluded ail% tﬁdg‘?ADAM ASI C chip to help
reduce the greamaspresgntd thadampldd BFpnd wiodkl rormely bsinput to/aigh-syeed signdut put )
path. Fig. 8 shows the receiyer section 100 of the ADAMASIC.including the
mat ched fipﬁoe?ssarn&ng&arﬁ%fr% ABPFLRIERYy aB@ng%bI?)FH%FE’)‘G%@tﬁf BAeeingen st r eam
that is de hithe% ek udeat; ' ' t ' ‘%ﬂ’g iqf t

regi ster. Egég%h@lkfé\?\ﬁﬁeﬁnﬁﬁ%ﬁélﬁ@%&gﬁ?gﬁrcg%%?gﬁgééﬂg pgoacr%p lﬁﬁr@.d Li ke
sanpl e t5 neprofiletaheaistit I/O6)inmit ogpidthpatied i nto 16 5-bit registers that are

then multiplied in a weighted conpl ex phaser. This process provides the
initial steps of a matched filtering/ basebanding/FIR (Finite I npul se

Response) filtegi L.on: : I 1 ex
nunber represent ggﬁgﬁﬂﬁg?‘%é%sveg%gu%’%%ﬁar y; : ;bslgﬁ{nmiﬁgﬂ%ﬁg&fﬂghunber S
and the Q nfittreind detihetidb cilewi $tatThivygrbvilesa $-b data soeamltiedt édienaniiblexedonpl ex

word (7 bits real, 7 bjts imaginary). i s. created representing, one baseband
sanpl e. Bot Ht BEersgrgs dmwvmq;arﬁa%glmﬁ regpRieroEaghy it “(A%%thsrf'@%l tiplexed

into a f55 Gfesdil g ShfEAMd 3 iRAEp fifies (1 through 16) are gathered into 16 5-bit

registers that are then multiplied in a weighted complex phaser. This process provides

the initial steps of a matched filtering/basebanding/FIR (Finite Impulse Response)
filtering operation. The output of the multiply is a complex number represented by I
(real) and Q (imaginary). By summing the I numbers and the Q numbers, the

15  decimation/filtering is completed, and a complex word (7 bits real, 7 bits imaginary) is
created representing one baseband sample. Both the real and imaginary portions of the

word are multiplexed into a 4.5 GHz data stream to save pins.

The direct RF synthesized exciter subsection 200 of the ADAM ASIC is

20 characterized in Fig. 9. Fig. 9a shows the front end 200a of the direct RF synthesized
exciter subsection, and Fig. 9b shows the back end 200b. The first function of the
direct digital synthesizer (DDS) 202, the frequency accumulator 204, provides the
initial integration required for the generation of frequency versus time from a ramp
rate input. This is fed to the phase accumulator 206 which provides the second

25 integration needed to generate phase and phase modulation (needed for Quadrature
Phase Shift Keying {QPSK}, biphase modulation, etc.). The output of the phase
accumulator 206 feeds the SINE lookup function 210. This function generates the sine
wave points and feeds the decoding blocks 212, which translate these codes into
digital signals for the digital-to-analog converter (DAC) 214 (phase to amplitude

30 conversion). The carry/sum format for the frequency/phase accumulators (204, 206)



The direct RF synthesized exciter subsection 200 of the ADAMASIC is 20
characterized in Fig. 9. Fig. 9a shows the front end 200a of the direct RF
synt hesi zed exciter subsection, and Fig. 9b shows the back end 200b. The
first fuwexiconoxsh2z he direct digital synthesizer (DDS)p@9as2dobesshigequency
accunul ator 204, provides the initial integration required for the
generation of frequency versus tine froma ranp rate input. This is fed to
t he phase accumul ator 206 whi ch provides the second 25 integration needed to
generate phase and phase nodul ati on (needed for Quadrature Phase Shift
Keyi ng {QPSK}, bi phase nodul ation, etc.). The output of the phase

accunul ator 206 feeds the SINE | ookup function 210. This function generates
the sine wave points and feeds the decodi ng bl ocks 212, which translate

t hese codeglsbMa®thetedbitdf grégRatauchmy thé h%itdl' dtdudtry heedtad adplememahé er ( DAC)
214 (phase to anplitude 30 conversion). The carry/sumformat for the
frequency/ pirstienascsulimg it lowsr power andgaRrlluzwez¢.0389 ATV DEPES 372033748

al so has the henefit of. greatly re i he digital circuitry needed to
i mpl ement tr?f8ﬁ'e‘flm1?:?%l,° #’@E‘Eﬁdﬁdﬂa(t&ﬁ‘é‘sg%r power and smal | er chip size. The
carry/sumoutputs are resolved in a carry |ook-ahead adder (CLA) 208. 5 In

accordance with the teachings of the present invention, the DAC unary
current§ are trimeeadrdancewith sl toachiigsof the prasenthevenbondbe DAGwearabove. This

trinmi t echni t he. i ff tial..and, int L.
non! | near i ERES AR & Hrblonum e igr deSiriRl dbette M Bimming gni ng « ne
ADAM DDS i 3edARMut ehinikllz 3G BURdiffttehtial G infizrd aBANhSAtiRes 6f thelDiaget di gi tal

synt hesis while nmaintaining high spur-free dynam c range (SFDR). The
dynamic nonlinearities of DACs in conventional DDSs Iimt their usable

dynam ¢ range at_high c ersion rates;. Even . h f. Linearity,
sgl f- heati ng of Lr_éﬁel ?ﬁtfzgﬂgaﬂgm;ggpweme& %Fﬂqgﬁﬁ?mﬂb%&ﬁ%wﬁé ansi Ien%/
per f or ﬁ@nc%cfﬁfev%ﬂhi-@fze&ﬂ%@%idélﬁi il rdggétrzﬂgm eydthediORnild BdikkRinbhigPpr oach of

t he present 1nvention inproves using a novel sine | ookup and
spur-free dynamic range (SFDR). The dynamic nonlinearities of DACs in

conventional DDSs limit their usable dynamic range at high conversion rates. Even
with excellent DC linearity, self-heating of circuits and parasitics will limit the
dynamic transient performance of high speed DACs, degrading their SFDR. The DDS
15  approach of the present invention improves SFDR by using a novel sine lookup and
decoder design described more fully in Attormey Docket No. 01W 185 entitled,
“DIGITAL-PHASE TO DIGITAL AMPLITUDE TRANSLATOR WITH FIRST BIT
OFF PRIORITY CODED OUTPUT FOR INPUT TO UNIT WEIGHTED DIGITAL
TO ANALOG CONVERTER,” to be filed, the teachings of which are incorporated
20  herein by reference. The objective is to achieve nearly a bit-wise 50% duty cycle so

that the self-heating and parasitic responses are nearly constant for each output cycle.

Fig. 10 illustrates this design and supporting waveforms by overlaying the
unary amplitude digital traces with the ideal DAC sine wave output. This digital
25  solution for DAC distortion enables direct digital synthesis at X-Band with SFDR

performance previously achievable only at L-Band.

While this approach is most effective for the unary current switches, high
resolution DACs typically require segmentation to reduce the size of the decoder. The
30 DAC of the present invention divides the converter’s lower bits into binary and R-2R



decoder design described nore fully in Attorney Docket No. 01 W 185
entitled, "Dl G TAL-PHASE TO DI G TAL AMPLI TUDE TRANSLATOR WTH FIRST BI T
OFF PRIORI TY CODED OUTPUT FOR I NPUT TO UNIT WEI GHTED DI A TAL TO ANALOG
CONVERTER/o iled, the teachings of which are inc herein.
by refer&%é‘?ﬁ/‘?%gz%bj ective is to achieve nearly a bit- \?\A&E&S@g@%&?y cycle
so that the self-heating and parasitic responses are nearly constant for
each output cycle. Fig. 10 illustrates this design and supporting waveforns
by overlaying the unary anplitude digital traces with the ideal DAC sine
wave output. This digital 25 solution for DAC distortion enables direct
digital synthesis at X-Band with SFDR performance previously achievabl e
only at L-Band. Wile this approach is nost effective for the unary current

sSwi tches ﬁﬁkﬂ# #Hn?tﬁxlz @ﬁ%&ﬁ ditheguce the -
si ze of theé enggof ﬁﬂqﬁg“‘\g}?}w t eégm{gg%ﬁftlélﬁlﬁ\%gntl [ VI t){)ﬁbg
converter' sarl atieiviseilérgz R12ROndoworks ﬁh&mdttl&g&&é/ﬂ;&ﬁi@tﬁ&&&&?ﬁ’er%ﬂﬂlédsm%/ 033748
segnents to mnimze the RC tine constants (improving the settling time and
fidelity) ofynthgsis g xdtand ath igher epakfidelitior k. This settling time inprovenent
further enables synthesis at X-Band with higher signal fidelity. 5 The
digital conplexity of the DDS is also a challenge for 12 bits of sine
anplitude, 32 biTlke difits)bampledity of tha DIDSAS alsb bshalfenbe dspuirtsit ofsine running at a

48 GHz clock rate (for synthesis at X-band). The conplexity is mnimzed in
part by an @nplitadep bltﬂéfaﬁlaéma}a Red e 91t5(q:€cﬁsaqu§mﬁélatwwpgatgé$ GHm and a

car ! oum { 0L Rl @f SRy PhAR SPRNIIALAL S nfl SOHSRRA, AL RAQUE! V. The

carry/ sum ou § rare’resol véd |"00Kk- In the

preferred eRbaaotDrn?Memdry\mODs%uﬁn@ompmoﬁm m@mmﬂ/gmfmdfdr@mow oduce the
48 GHz data streamto the DAC and develop RF up to 12 GHz. It WI|| t hus

reduce ri skpipyageemmlajors s Hiscriged previansly @nprfsgglagﬂwté Areqesalyed inzhi s
ar chi t egf ur €, 815%ahead adder (CLA).

In the preferred embodiment, two DDSs are time division multiplexed to
produce the 48 GHz data stream to the DAC and develop RF up to 12 GHz. It will thus
reduce risk by nearly doubling the allowable propagation delays. This architecture also

15  provides a band select mode where one DDS is enabled and the other is disabled to
reduce power when operating at frequencies between 0.2 and 9 GHz. Furthermore, to
maintain an amplitude flatness of +0.6 dB over the entire exciter range, an amplitude
control of only 2 bits is required. These bits are static corrections for the inherent sine x-
over-x roll off.

20

In the preferred embodiment, the ADAM ASIC receiver subsection has four
independent receive channels. This is based upon several important technical reasons.
First, both radar and communication systems require significantly more receive
capability than transmit capability. For example, a reconnaissance radar system would

25  typically require over eight independent channels to perform Electronic Counter Counter
Measures (ECCM) cancellation, but require only one transmit channel. In addition,
satellites requiring simultaneous multi-INT (i.e., radar, Signal Intelligence [SIGINT],
Electro-Magnetic Intelligence [ELINT], communications) capability will require even
more independent receive channels due to antenna/functional partitioning. Taking into

30  account such factors as: (1) using the International Business Machines (IBM) Next



15 provi des a band sel ect node where one DDS is enabled and the other is

di sabled to reduce power when operating at frequencies between 0.2 and 9
GHz. Furthernore, to mamintain an anplitude flatness of 0.6 dB over the
entire eXOi20&W038RAge, an anplitude control of only 2 BIGRBUSNOIESIUST ed.
These bits are static corrections for the inherent sine x- over-x roll off.
20 In the preferred enbodi nent, the ADAM ASI C recei ver subsection has four

i ndependent receive channels. This is based upon several inportant technical
reasons. First, both radar and comuni cation systens require significantly
nore receive capability than transmt capability. For exanple, a

reconnai ssance radar systemwould 25 typically require over eight

i ndependent channels to perform El ectronic Counter Counter Measures (ECCM
cancel | at i diepetation Tegsisioe MWGTY pronesst(Rpyisidivs. dibaizaebnsideratiuhgj @) Hatero-
satellites requircin [ mul.t an mul.ti-| L.e., .r .~ ahal
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communi cat igeRgty, foRPainhéll ¥ Webive WRREh6&nTY 88 incBRIcBatb M RRANEE AD AMCel Ve
channel s due t0 antenna/functional partitioning.” Taking into 30 account such
factors as:ASIC) using the International Business Machines (1 BM Next WO

2004/ 038922 PCT/ US2003/ 1133748 Ceneration Transistor (NGT) process, (2)
yield vs. die size considerations, (3) Hetero- Junction Bipolar Transistor

(HBT) density, aggy 115 (ﬂ?ln W 9@t i f channel s of
recei ve were chosen‘l{cf%l 1ged3’?£njg%r por a%he t hi P\ the eﬂ%ﬁ:@]é ckéfléqug
Addi ti onal |gpantihgtiemereors fqibioth thd IADTE andnite DAC. [Ihisiditherihgdah be gafemedel ate t he

guanti zation errors for _both the ADC and the DAC. .This dithering can be
per f or med %i%bwggﬁéwtﬁﬁﬂ:@ﬂdpﬁﬁ%}té‘@?“ g delgt MU ¢ he s gnal

del ays in NeLE di- ek i nown in the
art 3 he Ouaﬁﬁlt. ?g&pr Oﬂé%r?;ﬁgt tjg?hnﬂh% GrediNEloWAdn HRCAN TR GHNAREpidBask off
10  dithering, large active antenna arrays can achieve, through processing gain, effective
dynamic ranges that are several orders of magnitude improvement over the dynamic

range of an individual antenna element.

Thus, the present invention has been described herein with reference to a
15  particular embodiment for a particular application. Those having ordinary skill in the art
and access to the present teachings will recognize additional modifications, applications

and embodiments within the scope thereof.
It is therefore intended by the appended claims to cover any and all such
20  applications, modifications and embodiments within the scope of the present invention.

Accordingly,

WHAT IS CLAIMED IS:



10 dithering, |large active antenna arrays can achi eve, through processing
gain, effective dynam c ranges that are several orders of magnitude

i nprovenent over the dynami ¢ range of an individual antenna el enent. Thus,
t he present invention has been described herein with reference to a 15
particul ar enbodi nent for a particular application. Those having ordinary
skill in the art and access to the GrAMNt teachings will recognize

addi tional nodifications, applications and enbodinments within the scope
thereof. It is therefore intended by the appended clains to cover any and
all such 20 applications, nodifications and enbodi nents within the scope of
the present invAnenadag-to-Aigitl gomgityr (HARGeGsdIVED |S: CLAIMS 1. An

anal og-to-digital converter( 10) characterized by: a first circuit (12, 14)
for receiving fas direplti(13i1gh&dr;receisiag andnpit igdall (18) for setting a

predet erm ned nunber of thresholds wherein said second circuit (18)

i ncl udes a pyg EEHW Lﬁ’fgpﬁ’éttu o BERBHRLIEA LSEOM ihbigs egehrﬁ]ed uni t
TQUY €S

d
Crenits ”;3 S ot (19,5t prbd e%‘%"?m“fh (o pethatitieiers (W0odin"shi g third
Ci 1 oui ¢ WEEbYed Y SRR SouFesdBELin AR AT G ﬁ%@m&k L GHBHEs (62) connect ed

to one preanplifier (60%3 each, wherein each of said predeterm ned nunber of
conpar at ors @6l2)yd cirergl (28¢ éor copiparing said i iossand §1,1'e%halcﬁswm$lr(a’¢d thiid node)
and R26caadt (28) rslR24 a (pasdetarminadode)beanficddPgratoat (GB) parrectedanshst ors Q61 and
QG2 conpeahptifieo(60¢sict omsrdi? Bachrd sidGredetaapeat inmeheyr of ehibhtors (42) ower

buf f er sifBydeand BS on the latch pair transistors 1 and

split load resistors, pairs R25 (active mode) and R26 and pairs R24 (active
mode) and R49,

latch pair transistors Q61 and Q62 connected to resistors R26 and R49,
respectively, ‘

emitter follower buffers Q87 and Q835 on the latch pair transistors Q61 and
Q62, respectively, and

cascode transistors Q64 and Q119 connected to resistors R25 and R24,
respectively.

2. The invention of Claim 1 wherein said input is a differential input.

3. The invention of Claim 1 wherein said analog-to-digital converter (10) further

includes a fourth circuit (40) for trimming said thresholds.

4. The invention of Claim 3 wherein said fourth circuit (40) includes trimmable

currents sources (66).

5. The invention of Claim 3 wherein said fourth circuit (40) includes a

trimmable digital-to-analog converter (32).



@2, respectively, and cascode transistors B4 and QL19 connected to
resistors R25 and R24, respectively. 2. The invention of Claim1l wherein
said input is a differential input. 3. The invention of Claim1 wherein said
analog to-digital converter (10) further includes a fourth circuit (40) for
trimmng said thresholds. 4. The invention of Claim3 wherein said fourth
circuit (40) includes trinmable currents sources (66). 5. The invention of

Cl ai m 3 wher ei ai.d fourt I [ Ui 40). . ncl udes,. a_,trimmab

0 i Lol -t b el a3 atyroBPh bf Chib Whert dhia ATLRE R VIR L) et v s
anal og-t Qn@lh@éstmkhé%qmpmd%rn-oﬁ-éeareédéﬁt(ir@rfon{bvwﬁ%uﬁa&mlr@tcﬁ&ﬁs_(1(03.2) and error
correction (24) followng said third circuit (20). 7. The invention of Caim

1 wherein said anal og-to-digital converter (10) further includes a
ui t The

pi pel i ned gray. coder .(26) .foll.ow ng sai.d third cir 20).... 8.
i nvention of O 'Eﬂlﬁlﬁv% ?8? ﬁIaéréh 1dwfé%%98§‘dta8§1836?%‘ta 6R% Ealoég Per gper at es
at 36 GS/ifielndes alpifelindl Gy MBodr (58)3b1M in¥REH @ity SiRiugk @0R! 0g- t o- di gi tal
converter1 %%Osaigs)ﬁean& %E%}}t a?lalr(gg-)t o- di Sl"t al converte(r@. 2

8. The invention of Claim 1 wherein said analog-to-digital converter (10)

operates at 36 GS/s.

9. The invention of Claim 1 wherein said analog-to-digital converter (10) is a 5-

bit analog-to-digital converter.





