WD 2004/ 038922 PCT/ US2003/ 033748 ADVANCED DI G TAL ANTENNA MODULE
BACKGROUND OF THE INVENTION 5 Field of the Invention: The present

i nvent i onwioetoad/@389120 el ectromagneti c communi cati ons SyStREITBUS2MBI033748
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 |ightweight and snall

vol une. For exanple, by the year 2008, such 15 systens will be expected to
handl e nmul ti pl e tasks sSUPVANCEDDICITALAPRTENNA ROBDULK SAR), G ound

Movi ng Target Indication (GMI), Airborne Mving Target |ndication (AMI),
Digital Terrain Elevation Detection (DTED), and other multi- intelligence
(I'NT) functions. Current systens tend to be stove piped, narromy focused
and single functioned. In addition, payloads for these systens will be 20
required to have weight densities on the order of 4 kg per square neter (3
times lighter than twayﬁAéKﬁlﬂﬁﬁN]ﬁOﬁ‘T@hﬁmﬂ‘ﬁéﬁi on of about 1500:1
(typi cal conpaction ratios are currently between 3 and 5 to 1). Potenti al
custoners have also 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

i ncor porat e conspleidatigd veagéner s and exciters. These solutions are
adequate for systens that do not require | arge nunbers of - independent
phase centers (typically less than 8), do not need to performnul ti-INT
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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 (GMTI), 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

har dwar e) wahioe4i0380221 d be unacceptabl e for systens requiRGINGS2008433 38

i ndependent receivers for exanple. Thus, current hardware i s expensive,
bul ky, heavy, relatively specialized and not suitable to neet tonorrow s
needs. 10 Hence, a need exists in the art for an inproved system or nethod
for receiving and exciting el ectromagnetic signals which is smaller,

| ighter, and | ess expensive than current systens. 15 SUWARY 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

t he present i nverffiromf speice baspdehdar ApGney inborperatagamsolidatediesseivers andt circuit
for receivin n input signal; a second circuit. .for setti a
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enbodi ment, the ADC includes trimmable current sources. WO 2004/ 038922
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transistﬁys to reduce the capacitive | oading on the regeneration node, and

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 fextmo4/@sopri sition tinme and regeneration tine OPUS2N3/A38748€ on
the order of the forward transit tinme in the transistor, whichis a
theoretical limt. 10 Wen inplemented as an Advanced Digital Antenna

Modul e (ADAM for receiving 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- thyilgibgsttraddes AP € of theADSpntapeantion Mgoxpozates andmprovadt i ve

of fset conparison, net hodol.ogy. .The novel. ar.chi tect.ure overcongs the

exi sting ac chm@g;to(gﬁﬁc%g%%vey ‘iompfﬁ?%"%? S%‘}Ctg?"‘thFéﬁ SRS e BRver t er
(DAC) st r uctidp@sitibhiiRedhd fa8ceBb kddederhifon t2Re iriah@ bmttdr Folova bullbd ber ent i al
nonlinearities of the converter. Additionally, digital algorithnms are

i mpl ement ed thlatch pald deesigons fieradies thacipserive ladingroatks weeneraionmodeandng has
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anal og- t o- difgirh &le re@R¥atibehiodde N1DbRHese implovates slisie & fstdr Acduigtidremabi ngs of
the present invention. Fig. 2a shows the front-end architecture for a 3-bit

ADC. Fig. 2bménesraeratiridine eanstagt odwtongbueider gidhe forsargaasipiimeinthei n Fig.

2a. 10 Fi g'tra%gist%g%chglga?@o?e%%%ﬁﬁﬁﬁ.em. source with linearity trimfor the
preanplifier Th i'g. Za. HQ. I'sa diagram of a preanplifier designed in
accordance with the teachings

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 Fi g. Swshmwsozmm2offset current source with |inearity RaT/US2008/B8878r dance
with the teachings of the present invention. Fig. 6 shows a trimresistor
circuit for the current source with 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 ASIC
including 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 designed in accordance with the teachings of the present
invention. Fig. 9b showsBRHeF PESCRIRTIGIN OKTHEDRAWINGShesi zed exciter
subsection 5 designed in accordance with the teachings of the present
invention. Fig. 10 illustrates the DDS sine | ook-up with a unary
digital-to-analog converter. 10 DESCRI PTION OF THE INVENTION Il lustrative

enbodi ments and exenpl ary applications will now be described with 15
reference to the Fé&ddﬁﬁh%ykﬁgﬁmﬂfﬁﬁg@ab@-tdid@ﬂab@mwm desigaettiageous

t eachi ngg of,.t 'm@gt' whil.e the present invention is
descri bed heafe(?ﬁan\?mggxﬁﬁ?lggftgéen O;fg{%i Sﬁ%ttl?‘é %% enbodi nents for parti cul ar
applications, it should be understood that the invention is not

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. 2¢ 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 teachings provided herein will recogni ze additional nodifications,

appl i cat i wos200a08392nbodi nents w thin the scope thereof PaTdUS2dEB/B3BTARAI
fields in which the present invention would be of significant utility. 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 (Radi o 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 WO 2004/ 038922 PCT/ US2003/ 033748 The
recei ver secti on Rif. 9showDMMiAGEL End of wsdisdes REfsyathesitrdt extltastubgdoGod 0 f ol | owed
by a true digital tinme delay. with 28. ps sol ution, digital filter and
deci mati on e8GR 2¢5H! ‘géﬁedx’ghg’&te??%m@ﬁ P@@P?@?}F Ve pdul ators. Fig. 1
is a block diagramof the ADC 10. As shown, the ADC 10 has a differenti al

i nput using two single-ended sanple 5 and hold (S/H) circuits 12 and 14.
Each sanpl er has Rig.Wbadbowsthetbablaaothpr dirgcd RFrsiynthedizesl axaiter subbdctionf over the
desired frequency, .range, In t referred.enbodinent. an inproved diode
bri dge sanpldeHgn Pé‘“g’m?ﬁi’et@ggﬁ}egte‘fcm8gth98re§@ﬁiné‘(?8ﬁ?rhi s performance. 10
The 5-bit ADC 10 uses an advanced front-end architecture 16 to achi eve the
hi gh i nput bandw dth. The front-end architecture 16 includes an active

of fset bl ock 18 FagdOdllestratesitbe BPS sineolork-2p withreeunssy digitaktoranalags f set
technique splits the signal into 2N-1 separate signal levels that are
sampl ed by ZRMYTHgh- speed conparators, where Nis the nunber of bits. In
the preferred enbodinment, N =5, resulting in 31 conparators. It 15
elimnates the passive reference resistor |adder skew and the bandw dth
limtatil@ns that exist in older straight flash and fol ding/interpolating

architectures. An inproved i dRypTION OF THE INVENTION

Iustrative 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

opti onal Watmwh4/@B92nd error correction 24 foll ow ng the roavmpseo@siEs®s20 i s
inserted to reduce the bit error rate (BER). Followi ng the error correction
24, a pipelined gray encoder 26 is inplenented instead of a binary encoder
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 cdﬂpawcatwrsebﬁwresﬂ”tbéADfdﬂh%SICImmiﬁeoméfofetrﬂaehiAQﬂ)b@Ji ment, the

linearity trimcifrcuit cludes tri bl e | -t nal verter
32. A co%tr pl W%Wﬂ‘@?ﬁﬁwﬁﬁ?]g %‘Oz%ées(?g}%iog {ﬁ %éfaﬁ ‘g‘%c F58gh aS
di gital serisalijohmoeid@ret bfophvbrsIbr 1@&@ nﬁﬂu%r@ hir g 1 ﬁ%eﬂoama@g%/o@%@ﬂ
PCT/U82003/033748 link ROM 38. In the preferre nbodi ment, the digital

serial i nterfl2Ca03@siskowi, sl AREidts aldlf&memiabmehttlansg tretsiiglosided Sample

duct Th h £l
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circuit 44. The Master Bias and Block Biases circuit 44 provides the bias
signal s requiniwgrayyd diede bridgsrsabpbieggate abitestues ispgediogshieriethitles a O ock
Buffer 46 and ;Timng Crcuit 48 which supplies a clock signal to the
circuit bl oc?i?%fmi %he i mproved flash ADC 10 includes a differenti al
quantizer with a novel active offset nmethod for conparators. For a typical
N-bit flash ADC, there are 2N-1 thresholds or quantization or Q. evels.

Each of 10he 2N 1 TherSekihdDPEs!0 usesan adypnoed feont-prkarhifpstuzg 1 oipeachieve 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 2N-1
separate signal levels that are sampled by 2N1 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.

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).

25

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 externally controls

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



of the 2N-1 conparator inputs. The input signal is conpared to each of

t hese threshol ds 15 sinmultaneously and encoded into a digital word

dependi ngwarzossiease22t he signal was conpared to each 2N PPCIOUS2803AL38T48
references. Previous ADCs have been designed either with a single ended
input and 2N-1 conparator references set by a static resistor divider

| adder, or differential inputs with a 20 dynamc differential series

resi stor | 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-Ctinme constant of the input
through the series resistor |adder. The novel approach of the present

i nvention dink ROMLt3Es Inﬁerﬁf@rqdremtdiodhnwhj thedigital deriglaintatfadeiong a
differential, 25 Fi front -end ifecture 16 for a

S bi ¢ ADC wiEHEB Bl e ap R B e aropae CHOR i deafice

det ection). nhRevd het gRlitdlo dNMOBLedh8Slogy.Or is el imnated fromboth inputs
and the differential signal connects to the inputs of 2N-1 preanplifiers

60 in parallel The thresholds are set by weighted unit offset current

sources 64 or 1 gs.  2b d in C t he 2N—1

preanmplifier out ﬁ?éﬁ%%ﬁ c@}dg%@g?p%rfg%a@ggggs %36](%?033748
the preanpl VREF agbdendet teshiavel BiapaicBRcEBidsey @ttt zmr Qh@ Vst Biisahd each
input. Fig. 2b shows an offset current source 64, and 2c shows an

of f set cur r &lecksBiasessirgnit #t providesihe bias sighals muu’%by @ﬁ@ﬁhﬁr %b?ffkft hiehej ARGt
i gnal ch |
eroccr oo g A RanER by RR AR RS FATPE CuleRl o8 M BofiE A B HlaL o 6,

each, and t hetsicgailk bloskd hen digitally encoded based upon mhere the signal
IS relatlve to the preanplifier output states. The novel active offset
met hod &P the present invention will allow higher bandw dths to the ADC

while still mai m’%@n&%ﬂw@d ﬁlaﬁfhfﬁégb dﬁélucfeh?%éf?rﬁ&% Jﬁ'{&é&%\?ﬁ Qﬁ'oveigctfv@pm

bandwi dt hs in an a singleen erences Is nore
desirabl e 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 2N-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 differential signal connects to the inputs of 2"-1 preamplifiers
60 in parallel. The thresholds are set by weighted unit offset current sources 64 or 66
30  (shown in Figs. 2b and 2¢) in each of the 2N1 preamplifier outputs, which divided by



than a differential input with differential series resistor |adders that
set the reference levels. This invention maintains the differential input
but el i m wat we4/038e22need for a series resistor | adder te@ersnesis3tdte
different thresholds for the conparators. Instead, a dc offset is induced
at the output of every 2N-1 preanplifier. 15 Fig. 3 is a diagramof a
preanplifier 60 designed in accordance wwth the teachings of the present
invention. The differential inputs VINP and VINN are input to the bases of
transistors QL0 and @, respectively. The collectors of QIO and @ are
connected to the emtter of (B4 by a resistor R18. The base and coll ector
of B4 are 20 connected to a bias signal PS PA. The emtter of @ is
connect ed t dh¢ preatnplerghinQEfctivetdpitoa diferand rérectrassingfat @eh inpuh Figsdbst or R14.

The emtter of QL0 LS. connected t bas of and to the | I ector of
@ by a resisgf’?ﬁ %ﬁ?et%e“gég%%e %‘?aégﬁgn% %W§%§f§%ﬁﬁgﬁqtéﬂmf%w§ﬁas si gnal
VB1P1 and t hg g idi@res. amercasne eledfipit QigdNIhhNgds bk shiplifofRach p 1Rer

respectively. The emtters of (B3 and 6 are connected to the collector of

QL 25 by redi0dsrdifRgent zaw-@esingiisihold. | Thel preanmiidiep gutpuisfrign oies connect ed
to VBL1P1B and _th itter s connected .to VNS b 2si st or 0. .The

ol ot oporeomBa Sshife apd lresRRRE R glefaly ghedtied B35 idln VRGe ik fimal o
Q. The emi tit filatRe t6khE préansstifResied stasa si gnal 1 GSN supplied by an of f set
or trimcurrent source 64 or 66. The collector of B6 is connected to the

collector of Q40 and the emtter of Q. The emtter of Q40 is 30 connected

col Fect or o 2004 53R 55 iR o B BePEhe S e iR SR bl BT Bigndh®, e base
of @6, and than&RRIteND tieADOwIRRG i nainthiaRizs! differB@iaABignaldiTodehiBts high t he

preferred enbodi nent, the diode Dl is a Schottky diode. The inventjon,
however ,10; s ippit bepdividiy i an ARC, g siaglsrendpdipputiyitiydorpgencapis megre desirablsc| udi ng

Comecreo"t SRl BABIRapY S R e e O PR 0

and di ode DilevelieTHi@B®emtivth 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 is induced at the output of every 2~-1 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 QO 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  byresistors 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 RS 1. The emtter of 4 is connected to
t he base wokoogbisert or of 45. The emitter of Q6 i s corrEatRAINB314REe base
and collector of Q46. The emitters of 45 and Q46 are connected to VOP and
VON, respectively. The bases of QO and @2 10 are connected to the emtter
of @5 and the coll ector and base of B7. The base and collector of @35
are connected to the emtter of 6. The emtter of @B7 is connected to a
di ode D2 followed by a resistor R62 connected to the collector of 8. The
bases of Q40 and 41 are connected to the collector of 28 by R62. The
emtter of 28 is connected to VNS by R55. The bases of 28, 21, and 22
are connect edf Q2ds vBietted 16thEhaseanfiQd, end tofth@mtfﬁmfﬁ%bm EQSIS’CO@) RONSd by

parall el res 0., The em.tt ed to VNS by
paral | el res‘il%‘{ 3:51:' lggge gmﬁ 68{;}}’[ éﬁ?dc?rﬁ{ﬁs%f ted to VOP
by R50 and tifieenGieh|RGe9ér, Bfno%th&oq}f?@ﬁ&(‘dfgﬁhétﬂl:yMeBYAﬁﬁ81od3_hﬁclﬁ’dﬁlh@Ut of

each preanplifier is offset by a different offset current (1OSN and 20

| OSP) in t herangister imesdigdeeonnectionecapbe angsl. ﬂfhe@pllemr@f&%la@pmneﬁﬁeéto bat put s

V1R and st oiPh a0 T B kaRie o o8 By ail i e Gk e 8, R0 o

R33, and | i®llkdi6r af26 £E teivkctsdid BNPA. FlE. coﬂedt@rs@f@amﬂ@a @& canmeartd wet
current source 64. Sixteen sets of 3 resistors in 25 series connect ed to

the emtter R PA byauesisior BS1.albe emiitveeh @4isicanprgted) tp #ie bayp andigplls@derofar e

2 "2 b e B e et Bl R0, Sy, 0
Qi8}, {R73, QR¥ind @764’& e QBdrjected RY GOPRAS VON, fespelidjely. {’RYeg)asR&jf QORBA Q@Z 3}

R82, R84, RB3, R85, R87, R86, @4}, {R88. ROQ, 6
{R93 Ro2L0 qoerg con{nR@a e Figter RHQ3S @@?‘gﬁi‘?ﬁto% PégirbasméQWegghe %ﬁg%md The

first resist &%gg Et(a 919%/ 3748
to VNS. The ‘%glgée%&o C%Q%?ﬂél%gf%s? F@ﬂtg }é\ﬁ} (égé)%dﬁ) %R{f}é‘E %H% F%gt ors of
transi stors to @lﬁbde@ﬁfoll%d ban des@ﬂ Rée eommeoted ¢d d@d cotiectd?f Q8o dihe baggs a
current +41. The cqll ecto

of Q40 and Q41 are connected to the collector of Q28 by R62. The emitter of Q28 is

connected to VNS by R55. 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  TOSP) 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 I 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, R90, R8I, Q26}, {R91, R93, R92, Q27}, {R94,
30  R96,R95,Q28}, and {R97,R99, R98, Q29}. The first resistor of each set is connected



of transistors QL7, QRO and 27 are connected to 13P, producing a current
+31. The <collectors of transistors QL9 and QL8 are connected to | 2P,
produci ngw® mo4/e3ot2 +21. 5 The coll ector of transistor @I/URo@ossasted to
| 1P, producing a current +1. The collector of transistor 22 is connected
to 11N, producing a current -1. The collectors of transistors 23 and @5
are connected to | 2N, producing a current -21. The collectors of

transi stors QL6, 24 and 26 are connected to 13N, producing a current -31.
In the preferred enbodiment, the currents are really negative in value, but
dependi ng on which 10 input they go to (1OSN, 10SP), they can create +/-
offsets. In addition to renoving the R C tine constant associated wth the
resistive |tadiNS. Tie hasmmch ualadlstdeCSQﬂnbcbted ‘aDcVREE ohé sallectoes ¢fdmsistotshe

Phreshol de. vilholls RAS e CrB s ik, soBanesren! iy Thielifien aoc
the 2N-1 thrashplidss3®, QQOaﬁ(‘lQ@qle@doﬁne%&@QGQBP]ﬁé?dmb&gta'c‘aﬂenﬂﬂ‘%‘le'me I'n

practice, however, theré are non-linearities due to msmatches. These
errors can dvdledtens of transistars Qi@ and AY Y ate donnesiadi tpﬁR,rpmduamgmu‘nnt%I I

t ri mmabl Upren ar 0SS t stors RO al 3 in the
preanpl | |er I&f il‘f‘) t‘?@g % @ﬂ)ls cg%eéedﬁ%?&h %ﬁfléacﬁrr?lﬁ OE but of the
preanpl i fi ergolidfofdiBransists QRS istdnAécdsuab IO pr&NticingQueRnIMLL Thé tdIRAbIstaf trim
66 in accordance with the teachings of the present invention. As shown in

Fig. 5, eachiransigiess @3%and Q2% #ve cofesied to BN produciag acuaeg 42l fIhgicgllectors of

connected at, the e dd|t| 0 i resj st or
circuit 68. %Slﬁo nag]éé %;%v%ld z}re cornéxgcf ecito Igﬁ réglili 13%% Jrgé&?rﬂrgls#lgt ors in
series {R25, prtiRfred EMBodimBSL, ﬁi@%}lﬂéﬁ%&@éﬁﬂ?@l&@ﬁvbﬁim@@bﬁﬁi@%&@on Wwieh

resistors |n series {R”4 and RlO)} are connected in parallel wth four
resistord ntlél’dilfé’go{tRﬂ@SI‘ﬁlloﬁP ey campigaiRIAJofBAE. ei ght resistors in
series {R1l7, R18, R16, R15, R20, R19, R21, and R22} between RE and

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 2004/ 038922 PCT/ US2003/ 033748 This small offset divided by
the preanplifier gain effectively noves zero crossing at the input to
renove Or witi 20041938822t he non-linearity error. In this desirgiT/us2hes/o3pT4@anp
zero-crossing input error can be mnimzed by inducing an offset at the
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 |l oad resistors RO and R33 through cascode transistors 41 and
A0. In this invention, the current i changes as the resistance changes
when | aser |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). ThéeBs swiltaffsetdizided by thequeamplifier gaig hifeciiveliygnaewss zetont r ol
interface that wou al | digital calibration.of .the t hal ds s shown
D) ot fhe BB RemERarg R ietri R el R AedEn B by e

preanmpl i fi erpbf@slzers-8k hgjfnpﬁi GFRNEBe RirRlided by Hdude af bifsetat fle dulpit of

preanplifier output which is referred back to the input to counter the

i nput of f setthepreamplifi ithe oppiBitefdire¢tiongrams thetinput pEpat itisres dhesgein olchedes a
novel conparator chitecture. . The conversion | I rmted b
t he acquirggi th?)ar]inIg r'?@b%ﬁﬁ%%egw 1583&8 é?ewgl%eE%%%]éer%%%@%ﬁ a#%%zléhnovel Y
conpar at or ahfiih EatoHelranSROAMBS] AICD4N R \hio edidh iHe@0trafitdTharfges ad hpr oved
speed performance. 20 Fig. 7 shows a conparator 62 designed in accordance
wi th the tedetistaeps chingepwherplages dink fuses epaucdap- The i nputs VINP and VINN are
connected to the bases of transistors QO and B, respectively. The
emtters of QO and @B are connected to the collector of @1. The base of
b1 is connected Tis ividl RikBnt eanchi$d e ®Bdrhiplished SsigrbisiLbnhectdNS CMO85

resistor R57. The collector of QO is connected to the emtters of B4 and
Q65. Thd0  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 limited 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. The base of Q51 is commected 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 QL and @5 are connected to the emtters of 1 and Q62. The coll ector
of Q61 i swomngaeser to the emtter of B4 by R26 and RPET/us20@xi3es8 The
collector of B2 is connected to the emtter of QL19 by R49 and R24 in
series. The collectors of QB4 and QL19 are WD 2004/ 038922 PCT/ US2003/ 033748
connected to VPS7P5 by RI 3 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 B4 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 CLIP.
The col | ect apsnated® VPSR bOR1S andiRé4,aespeeittelsd The collectamifiQSdris ofnngated by

R44. The base and _col | r,of 09 a .connected to t en r of 3.
The base an e%quM&ngg#zgﬁgge8‘??%0@6%@33%‘&?“?8‘:e ?@Q%@rgeé{‘l}ft er of Q117
is connected to the collector of Q79 by R15. The emtter 10 of @ 18 is

connected to the collector of Q78 by R16. The emtter of Q9 is connected
to VNS by R22. THEhedmidstof Q54 Rnd)X8 arscannestetiodhe emittoNsy Q11 /RHhe basgs oadol | ect or

of @Bl is co cted.to the base,of 7. cal l.ecto 2 1S nnect ed
Po the bise W aad1 4 eorPRETHS smitper a5 T Phgliit Lol L RS ephGieid  he 15
emitter of @2xKanRthe bhREAREIR idBchneted RECOKPOThEBAB08s SRDTIEHNEM) 118
VPS7P5. The emtter of B7 is connected to the base and col l ector of QL15.

The enitter asf ca@8ctpdto thoemisier efQt QP yhR4%h aEle basriensdaiolleetornef Q¥09@1a6. The

emtter of 15 i s, ,connected t base ,an ol | f The emtter
of o116 1s Commetel MRRRE e’ Aq vad e Pttt B e Bt 010" o (o
i s connect edypI7Hsherhe@ites beQ107 is@@Bneclddao €18 dolledtoraft @9yl B1 X OTleendiget ed t o

the collector of B6. The emtters of %g and (?6 are connected to VNS by
R and B9, raf§ydais camngetediipdhgrpdisstopel @by Rir®, Tirgpamittgief QEbis sprncsisdnect ed

to VBLPL. ThenbaseRoo! riPnRiri s BbmeERARPIRGD @1t he emitter of Q85 by

R 1 and

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, respectively. The base and collector of Q65 are connected to VPS7P5. 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 collector of Q65 are connected to
VPS7P5. The emtter of Q65 is connected to the base and collector of QLO1
by R43. Th® mnd/e3ser2 of QLO1 is connected to the base amtTus2b@suser4sof Q67.
The emitter of Q67 is connected to the base and collector of (8. The
emtter of QB8 is connected to the base and collector of Q9. The emtter
of Q69 is connected to the collector of QL08. The emtter of QL08 30 is
connected to VNS by R3. WO 2004/038922 PCT/ US2003/ 033748 The col |l ector 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 &7 are connected to VPS7P5 by
R12. The emtter of B6 is connected to the base and collector of QL00. The
emitter of 567 iEheomiineot &@Qddds tormetiad to thalasealf IQ56t dhe odllacid of A& &mi tt er

@91 s conneePr Lo diebaEet IS AN ate St GO a8 T FR BRI IS 8505 | s
connect ed t Gyl bARSnARE: &q%q%&ﬁw&éd Q]tﬁé)’base-gﬁ@ cSlBciok 8f Q‘POO @l%m&er
connected to’the base and collector of QL02. The emtter of

connect ed t oo\ iandnrehied butbe baasdnd odllastsr of Q99 @@eﬁﬂtﬂ@éO%@i ®Q 1@1001@}160@02 is

connecte OP_and base, ec Q70 is
connect eg 13 t'\ébelﬁsl%al?: ‘qulgﬁtf’{)?f@b%qcs@ee eré’ﬁ@??%?coé’fle to{ﬁg lt% eé:t ed to
the coll ect %11@&tom&g1oﬁh%e@ﬂ%ﬁar@fgloi 13%&1@&@ 1R b@@@mmme&ble@mmsws by
R7 and R8, respectivel The bases of QL08 8, and 9 are connect ed to

VBLPL. The cBreramitieint @h4rneonpeqteditoihekase bad cadlenioneEQpe: f Brammitier ofThe | oad
t d
R e R R T S A R

cascodes b4oanéttédoiVOP aatiitie Badelahd c@l@d@ﬁiwoﬁQhSI Thé aaltraseQ70 i dontdcesdse t he
acquisition time. Durin % | atch time, the gainis_ increased in _ latch pair

Q61 and 1862 tortpscoligeto 3% t Theeomifier o880 S dneprmadiedtorthe egllectos of Qﬁ%r@h%e t he
Lvant age | STHESLEGEHE b O doRRERR NIt R B R BRkhval A R

latch pair @108, 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.

30



and B2 that reduces the capacitive | oading on the regeneration node
(collector of @1 and B2). Lastly, the output |oading effects are

el i m nat e 0082 r egenerati on node and taken out oveCTERo@GUAB374864 and
QL19. All of these inprovenents allow a faster acquisition tine and
regeneration tinme constant to be on the order of the forward transit 25

time in the transistor, which is a theoretical limt. 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

cl ock rate and optinmum performance. 30 WO 2004/ 038922 PCT/ US2003/ 033748
The output of the 5-bit ADC 10 is a parallel data streamat 36 GS/s. This
dat a stream r epr éBemutput héthedryt ABCRIO is agarabel datariieamlat 36 G8/s Bhigdateo a

hi gh- speed si gnal rocessor. .l he, preferre nbodi. nent. . a _progr bl e
mat ched f i1 CUPRRAEPTERSR S ?%Wledg%%%&ﬂ‘f}‘i“ﬁ%n%nﬁ A ATER e et D
to hel p redyggeckite. B B6 PssFerivd dnitddindnel aPprogrombdBleandtetaddi fitet endldRingdtidvaut /
output) path. Fig. 8 shows the receiver section 100 of the ADAM ASIC

i ncl udi ng t mapahalityheicluded insthe ARAM SSIwhipda helprrednce tigrproqussing fpadwndies a
5-bit data stregamthat..i emul tiplex into tine-series data words via a
16-bit sl‘?i f tPTPEGF &{% 1§t1‘:E]Z(8ﬂmBPE/O\% ?ipﬁ he register 10 represents a sanple
time. Like sanple tinmes (1 through 16) are gathered into 16 5-bit

registers that are then multiplied in i ght ed conpl ex phaser. Thjs

a wei
process provi des Figheshomistthareceye section 180 ﬁﬁ&léHgEiAM Kgg?mﬁ dpgdbamahedy FI R
(Finite Inp 3 i ri 10 : tiply
o 8 compl xR SRRRTh oichlt s T pRREIEh sl ol St Bl s QbGP Y
t he | nunberigstoafifle-kdiizs Qatatwoéy wa a 1l 6-&it Bhifidegistent Eavh/bit witlen ihegegisteconpl et ed,

and a conplex word (7 bits real, 7 bits ipaginary) is reegt,ed repr.esenting
one baseWanderEsise sapgplhtimee Liks spmpls gmes gl 16) e gatheregrintp 18 S-Bibr d ar e

mul ti pl exed Bt Ans-ave HEK nflRighied i £307:hR24 S8¥iFleR pBSser. This process provides
the initial steps of a matched filtering/basebanding/FIR (Finite Impulse Response)

=

H

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 20exeisp2r subsection, and Fig. 9b shows the lraakusena/@608. The
first function of the direct digital synthesizer (DDS) 202, the frequency
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 wake hpoilrtenafittbifeeedly redeingahodigiitgl ditcotksne@d@] tovibiptdmant gies| at e

these codes into digital signals for the digit.al-t0-analog converter (DAC)
214 (phase tBICHRB Iief‘ﬁH’ég 56108’%59%‘?’% aaﬂ)sr_naﬁﬁ 'hg’as?l?‘il/tj?ﬁﬁafl@f S 0“?93\\{5 e
frequency/ pt}g%g,e&?;y bBk-3hdA%dder?EEN) YR 2004/ 038922 PCT/ US2003/ 033748

It o [

al so has the bene greatly reducing the digital circuitry needed to
i npl ement the function, resulting in | ower power and smaller chip size.

The carry/sum outputs are resolved.in carry.look-ahea der (CLA) 208.
5 In accerdance W B Cﬁ‘@"‘?%’ ﬁfeﬁa%cg’é‘gs ?ﬁge B’Feégnémveflﬁ%ﬁﬁe?%%e DAC unary
CUTT ents ar ulitiiRdrinfhed i 8 HRhRA sihifkl kithe WDC HescARG spver Tietinabiage. Thi s
trimmng technique mnimzes the DC differential and integral

nonl i near i t itedhnigfze ttiein{ieg. therRE differentinhand iategrahgonlegaitiesred the PACdesi gni ng
the ADAM DDS is how to 10 achieve multi-GHz of bandwi dth for direct
digital synthesis while maintaining high spur-free dynam c range (SFDR).

The dynam ¢ nonl iMRankds: tRAleaEinPASHuilementCiaMésiBhing fied ADASE DDSishdehii r usabl e
dynam c range at high conversion rates. Even wth excellent DC |inearity,

sel f - hed¥i ngebievenubirGH: effranduidds for directwigital pynhesis Weile myinainies bignsi ent
0 the prescRt- T QRERER s fRRF Sl iRt Sleies o PACKR, 50\ 0 and
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 Attorney Docket No. 01W185 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. 01WL85 entitled,
"Dl G TAL- PHASE TO DI G TAL AVPLI TUDE TRANSLATOR WTH FIRST BIT OFF PRIORITY
CODED QUTRONR0p63shAIPUT TO UNI T WEI GHTED DI G TAL TO ANAFOG/ICCAEBIER, " t o
be filed, the teachings of which are incorporated 20 herein by reference.
The objective is to achieve nearly a bit-w se 50% duty cycle so that the
sel f-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 achievable only at

L- Band. Whi |segthéritstoanipimize theiRC tiostconstinte fiinprovingrthe sritling dinye and fideliy) of

swi tches, high_ resol ution_ DACs jcall]y require se pntation. to reduce
the size of Bglr?@ea‘@’éf)lfé'g:l{'%é@%ﬁ%ﬁ@s 8#%5@1 rlg?é%vten%ﬁ& PRI des t he
converter's donelic Nt BahdWvith Bighef daRfddftgR WO 2004/ 038922

PCT/ US2003/ 033748 segnents to mnim ze the RC time constants (inproving
the settling tine and fidelity) of an otherwi se long R 2R network. This

ttling tine i t furt. t hesi -Band with high
o onal | Poel vy i Aol fEs 5 BRSES st ¥ PR 12 R R b ol enee”
for 12 bits @pliaidess2 Bmfiphbdiataddnddd KitsQf fiphdmey dab tunndiitbt4A8IGHS Of

frequency data running at a 48 GHz clock rate (for synthesis at X-band).

The conpl exidaekirate ffonsymthesig at X-Ysad) The camplexity is reipimized fupahbyaneiheiest ( Row)
i ne | ook | gorit d . ; i ' . | ators,
2" soussedant SANERDRGRuTE ¥ I B0l 4l BRI LRRRTARRTY 2100

| ook- ahead aggtedcchrehiors, bdishiRsdlREesistd Tikady/sRntbutpuardRSslved @ 4 | me
division multiplexed to produce the 48 GHz data streamto the DAC and
devel op 1RF wpsrry dpokaheadzaddet (GAX t hus  reduce risk by nearly doubling the
al | owabl e propagation delays. This architecture al so

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. Furtweros/e389120 naintain an anplitude fl atness of KTAUSEBI3M38T48t he
entire exciter range, an anplitude 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 enbodi nent, the ADAM ASI C recei ver subsection has four
i ndependent receive channels. This is based upon several inportant

techni cal reasons. First, both radar and comruni cati on systens require
significantly nore receive capability than transmt capability. For

exanpl e, a reconnai ssance radar systemwould 25 typically require over
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comuni cations) capability will require even nore i ndependent receive
channel s dueAbl§. ant enna/ f unct i onal partitioning. Taking into 30 account
such factors as: (1) using the International Business Machines (1 BM Next
WO 2004/ 038922 PCT/ US2003/ 033748 Ceneration Transi stor (NGI) process, (2)

yield vs. die sizgiGansilgesabin® s taﬁa}théfﬁa Rb@be diiletit® Be-BbrpslhtakheTr ansi st or
(HBT) density, and (4) Bi pol ar Cl\& Dﬁ{ ate density, four channels
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signal delays in the signal path. These dithering techniques are well

known i nl& hedithering, THEDYINC ERER BEays sangAchieve, 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 mpr ovenewo muge3shize dynam ¢ range of an individual antrrmes2edszserss. Thus,
t he present invention has been described herein with reference to a 15
particul ar enbodi nent for a particular application. Those havi ng ordinary
skill in the art and access to the present teachings wll 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, nodi fpOROSISLETI.AMNISdi nents within the scope of
the present invention. Accordingly, WHAT IS CLAIMED I S: WD 2004/ 038922
PCT/ US2003/ 033748 EURCSTYLE CLAIMS 1. An anal og-to-digital converter (10)
characterized by: a first circuit (12, 14) for receiving an input signal;
a second circuit (18) for setting a predeterm ned nunber of threshol ds
wherein said SGEORHaﬁlé%t&digi&all%bn‘m@fu@y&la@acwrﬁe@bﬁrm' ned number of
preamplifiers (60) with 5 werghted unit current sources (66) in each of the
preanplifier outdlimsteircaidl2,d4] foirrepetvingan ppYts@nak or conparing said input to

said thresholds._ 2. The i tol f i . } o g IS a
differential i np?ﬁe.con .Hc'lllﬁgfélaggﬁ%{tﬁlgna%ggde%n%ﬁ%h%grr(Zfiadﬁggljzﬁwﬁr? circuit
(20) i ncl udgsd @codd et 18)imBEes U phrktenhine® Mpabatod preafphfiesdb)editted t o one

preanplifier (60) each. 4. The invention of Claim1l wherein said
anal og- t%- divgightafl unibeveant equrges §96)in eadhet the preanydidier QuiPBisT 4 circuit (40)

for Crimming sal def i asobPro SomTlid ANENLLAD, 88 uitdbla vhorein sald

fourth circuit ( i'nc rents sources (66).

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

3. The invention of Claim 1 wherein said third circuit (20) includes a

predetermined number of comparators (62) connected to one preamplifier (60) each.

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

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

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

currents sources (66).

6. The invention of Claim 4 wherein said fourth circuit (40) includes a

trimmable digital-to-analog converter (32).

7. The invention of Claim 3 wherein said comparator (62) includes:
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,
5  respectively;

emitter follower buffers Q87 and Q85 on the latch pair transistors Q61



6. The invention of Claim4 wherein said fourth circuit (40) includes a
trimmabl e digital -to-anal og converter (32). 7. The invention of Claim3
wher ei n swiokooomsazzat or (62) includes: split | oad resi StRITSYS2p@/03374R25
(active node) and R26 and pairs R24 (active node) and R49; l|atch pair
transistors Q1 and Q62 connected to resistors R26 and R49, 5
respectively; emtter follower buffers @7 and @B5 on the latch pair

transi stors Q61 WD 2004/ 038922 PCT/ US2003/ 033748 and 62, respectively;
and cascode transistors 4 and QL19 connected to resistors R25 and R24,
respectively. . 8 Loyention of Claim1l wherein said anal og-to-digital
converter (%)@U;rlé?ﬁegwéi?’n%}:lfludes | at ches (22) and error correction (24)
foll owi ng sai d third dasdode trndis26s Q62.and IQH 19 nvrerttcd o whisCraR2 andR2t,ei n sai d
anal og-to-digital converter (10) further includes a pipelined gray encoder
(26) foll ovﬁewc%‘{filk{ third circuit (20). 10. The invention of Caim1l
wherein said analog-to-digital converter (10) operates at 36 GS/s. 11. The
invention of Claim1 wherein said anal og-to-digital converter (10) is a 5-
bit anal og-t o- di §iThainventionesit@nim 1 wherein said analog-to-digital converter (10) further

includes latches (22) and error correction (24) following said third circuit (20).

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

includes a pipelined gray encoder (26) following said third circuit (20).

10. The invention of Claim 1 wherein said analog-to-digital converter (10)
operates at 36 GS/s.

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

bit analog-to-digital converter.



