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BACKGROUND OF THE INVENTION 5 Field of the Invention: The present invention
relates’ . ghetic comuni cations systens. More_ specifically, the
present’ﬁﬁggﬁﬁﬁ%ﬁﬁgglates to direct digital synthesis (BB ﬁﬁawamarw%ct
digitization of radio frequency (RF) signals. 10 Description of the Rel ated
Art: For current and future applications, space based radars wll require
hi gh performance at |ightweight and small volunme. For exanple, by the year
2008, such 15 systens will be expected to handle nultiple tasks such as
Synt hetic Aperture Radar SAR), Ground Moving Target Indication (GMI),

Ai rborne Moving Tar get APHANGED M GIEME ANTENNAMOBULE n El evati on

Det ection (DTED), and other multi- intelligence (INT) functions. Current
systens tend to be stove piped, narrowmy focused and single functioned. In
addi tion, payloads for these systens will be.20 required to have wei ght
densities on the order of 4 kg per square neter (3 tines lighter than
today's systens) and vol une conpaction of about 1500:1 (typical conpaction
ratios are currently bet vBACKGROUND OF THE PNVENTEONcuUst oners have al so
stressed a need for all of these inprovenents at a | ower cost than can be
achi eved 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

syst ens3t hat do Fiedd of thguhvemtibmr ge nunbers of independent phase centers
(typically less than 8), do not need to performmulti-INI mssions, do not
need to weigh less than 12 Kg per square neter, do not need ultra

. The present invention relates to electromagnetic commumications 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, sp'ace 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) which woul d be wunacceptable for systens requiring over 32

i ndependemeir@dyers for exanple. Thus, current har dREFESHY3BIFEsi ve,
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
the present invention. The novel ADC architecture includes a first circuit .
for receiving afuirspspacsibpsed radar systews incorpasgie congodidated redeiygrseand
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T Bgener at Ik HGRaRLS SKPeistn PukY Heu SraTvaby fksl LB A ndt SRR & ®

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.



the latch pair transistors to reduce the capacitive | oading on the
regenerati on node, and 5 cascode transistors coupled to the |oad resistors
to elim ég the output |oading effects fromthe regeneration node. Al of
t hese i mB'? UHEA22al | ow a faster acquisition time andPCIGERMBABIEH tine
constant to be on the order of the forward transit time in the transistor,
which is a theoretical Iimt. 10 Wien inplenented as an Advanced Digital
Antenna Module (ADAM for receiving and exciting el ectromagnetic signals,
t he ADAM Application Specific Integrated Crcuit (ASIC) may integrate a
conpl ete receiver/exciter function on a nonolithic silicon germani um

(Si Ge) device, enabling direct digital-to-RF (Radio Frequency) and
RF-to-digital transforpations. Thus,. the teachings, disclosed herein 15
provi de for irrprg\}g‘a WG@-W%AE%?Q@‘FP‘@%ﬁ#\‘/@l@%@’{‘ﬂﬁ@@@fﬁéﬁﬁ@ﬁwvﬂa a
novel actiVemehlisedircht PR h&%ﬂcéﬁ%ﬁ}ﬂgpﬁgﬂl& S:Ealﬁ'?%da8¥&list&9?o ARl fSt ure
overcones the ‘existing accuracy and dynam Co1 Pt At i ons. o

di gi t al -t o- ayaistpncmmeaadireducé DRGegaikratioh tinkohdtatyighitieh liabier bifers 6n 20
digitally tri ut . differential nonlinearities of the converter.

Addi ti onal | FT%E? YfransiglogioiTedies the@praiprelapding o Hisiregenseation sede, ped

range. Vo 205305158985 Th AR Bl AR e e AR E SRR bR R s
Fig. 1 is afrbindhkregdémegtiamnode. aAll afi tleswinippovkingintsadllooonfastet Sdquititiongided in 5
accordance i\{vlr'&ith t he teachings of the present invention. 10 Fig. 2a shows

the front - efRf TEBORIAfAR fimesongtant fo be on the grster of thg foryyard Hansit time B¥theet cur r ent

source for fhe.preaipl i ' 9 2a. Fig. 2c shows an offset current
so.ce with |nS£H§’r| ty %Sra;ﬂr% otébafh:gntprearrpl ifier in Fig. 2a.

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
meonolithic 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.




Fig. 3 is a diagramof a preanplifier designed in accordance with the
15 of the present invention. Fig. 4 is a diagramof an offset

t eachi ngs
t eachi ngs of the, present

current source designed in accordance with the .
i nvent i o¥0 203/058932 5 shows an of fset current source w PRTAUSHEHPIXYB trimin
accordance wth the teachings of the present invention. Fig. 6 shows a
trimresistor circuit for the current source with linearity trimof 25 Fig.
5. Fig. 7 shows a conparator designed in accordance with the teachi ngs of
present invention. 0 O Fig. 8 shows the receiver section of the ADAM

t he

ASI C including the matched 30 filter and decimation circuit. WO

1004! 038922 PCT/ US2003/ 033748 Fig. 9a shows the front end of a direct RF
synt hesi zed exciter subsection designed in accordance with the teachings
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Fig. 1 is a block diagram of an analog-to-digital converter designed in

accordance with the teachings of the present invention.
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.

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

of the present invention.

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

teachings of the present invention.

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.

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
filter and decimation circuit.

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 O converter.
Il'lustrative enmbodi nents and exenpl ary applications will now be descri bed

10 DESCRI PTI ON OF THE | NVENTI ON

*



15 reference to the acconpanyi ng drawi ngs to discl ose the advant ageous
teachlngs of the present invention. While the present invention is
descrlbeqwﬁg]&%Ps i,th reference to illustrative enbodinents for particular
appl i cationsg oul d be understood that the inventiofGTUSEB03IHS| | ni t ed
thereto. Those having ordinary skill in the art and access to the teachings
provi ded herein will recognize additional nodifications, applications, and
enbodi ments w thin 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 Mddul e (ADAM which integrates a
conpl ete receiver/exciter function on a nonolithic Si Ge device, enabling

direct digital-t Radl 0 Frequency)..and RF-to-digital transformations.
The receive fung’cg*g‘h h%l%ggmeﬁﬁl d;oh3/dirselcR¥ syshesized ey euer subsegtion|

ﬁ?g\ﬁi;g;d(c ar at%ﬁé‘r %%ﬂg@&%&ﬁ%@ﬁﬁ%ﬁs@%gg ISrSmEI'ﬁ\ée?ecei ver

section of the ADAM ASI C consists of a 5-bit flash ADC 10 followed by a
true digital ti 28 ps resolutlon a digital filter and
deci mation sect ﬁng@%‘ Bacg‘eft ee‘&’%smﬁhcw&&w%&&b%acm Fig. 1

is a bl rrdgﬁiwﬁﬁ)ﬁh 0 has a differential

i nput u?::ng eglmnglt:0 en sa @1 ]ﬁggan regﬁ?@%ﬁoé rcuits 12 and 14.

Each sanpler has a w de i nput bandvm dth to mnimze gain roll-off over the

desired frequency, ran . In the preferred enbodi ment, an inproved di ode

bri dge sanpling stesthe IAS sine leokfun with anagedighals Jo-agalogor nance. 10

The -bi t é% uses an advanced front-end architecture 16 to achieve the
i nput ban dth. The front-end architecture 16 includes an active

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

t echni glue splits the signal into 2N-1 separate signal levels that are

sanpl e 0oy 2N-1 hi gh-speed conparators, where Nis the

DESCRIPTION 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.




nunber of bits. In the preferred enbodinment, N=5, resulting in 31
conparators. It 15 elimnates the passive reference resistor |adder skew
and the bandwidth imtations that exist in older straight flash and
f ol di ngMP2UHBHI3E i ng architectures. An inproved high-P§ ”é@&l‘“'&’ﬂ?ﬁﬁéﬁ at or
architecture achieves the required acquisition tine and regeneration tine
necessary to neet the clock conversion rate. 20 An optional latch 22 and
error correction 24 following the conparators 20 is inserted to reduce the
bit error rate (BER). Following the error correction 24, a pipelined gray
encoder 26 is inplenmented instead of a binary encoder to mnimze code
dependent errors. Latches 28 and drivers 30 follow the gray encoder 26, and
the output is sent to a digital dela rratchedfllter and deci mation .
circuit 80 (shomreﬁelmrgect@}wfﬂlsw%ésl G consistsafia b | " the ADC 10
of the preggn By 40 for
PT Eg #v grﬁlue angﬁ]i[l ntfegadlr 1{&? &8?%58‘1&&{‘%%%3‘{ ﬁitélj Made ﬁﬂhif‘-%

mnimzing ntla errors ara reshol d -

paths. In éd&ﬁoﬂ)B@faﬁﬂlé@do@ﬂﬁ%ﬂé fiie Mser thbdulatbise Fig. tl\is hfbld%kﬁllaremﬂm bfthd0 i ncl udes
trimmabl e digital-to-anal og converters 32. A control 34 externally controls

30 the cal 1Q. ohs sheww, the bYibas adiffergntiallinpu using twa sagleraded s38ible 36 and

or o7 or Foct IR Ry FHE A i L i Stple Pt Ko B i d MRl o e i

conpl enent finimiet diin mldiﬁm&emb@eﬁfbd(ﬁeqﬁedc@b@e TR préfeeed émlodim@ayever, is
not limted to CMOS technol ogy. 5 The ADC 10 al so includes, an anplifier 42
that anpl i # Eepraveddiedednidge M%BWR@J@%I@éH@tP@C@éve&h%ster Bi as and
Bl ock Bi asges.Ci raﬁéut 44. The Master Bias and Block Biases circuit 44
provi des th é'ft{ as signals required by the other blocks. The ADC 10 al sc.
i ncludes a Clock Buffer 46 and Timng Crcuit 48 which supplies a clock
si gnal

J 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 2N.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.

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. &).

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 (DS} 36 and an on-chip laser




to the circuit blocks. 10 The inproved flash ADC 10 includes a differenti al
quanti zer with a novel active offset nmethod for conparators. For a typica
N-bj t fl%?Bi@H? 8gmere are 2N-1 thresholds or quantization or | evel s.
Each. of ‘t'he P¥¥r eshol ds i s set by zero-crossings at KiéUSH#sMAES2N- 1
conparator inputs. The input signal is conpared to each of these thresholds
15 simul taneously and encoded into a digital word dependi ng on where the
signal was conpared to each 2N-1 conparator references. Previous ADCs have
been designed either with a single ended input and 2N-1 conpar at or
references set by a static resistor divider |adder, or differential inputs
with a 20 dynamc differential series resistor ladder. The single-ended
approach h d ta it fflcult t o, handl e comopn node
vol t age vaafugfa}lg’ﬁéig ﬁ’gtﬂ B%?W&Wﬁpg'fﬂe%&ﬁ gual senal IgTRRFai0 1S s s| ower
because of n@mﬁﬁh h esi stor
| adder. The no?g? ap%g%% h ofEﬂigﬁ%ﬂ%%@%féﬁﬁggﬂ#szegﬂ?$%$%%?é§ﬁﬁw% R-C
pr obl em whi hewveier,|i$ notdinniteditm CMD S tedhddlegyent i al i nput. 25 Fig. 2a shows the
front-end architecture 16 for a 3-bit ADC with 8 preanplifiers and
conparators (1 for saturation detection). The differenti al input resi stor
is elimgpated fiponpet cts to the
i nputs OSP 2N- 1 pirrganpl |¥O%]§H§HEI§ %%{w a?ﬁ{aﬁ'ﬁ%btﬁﬁresh%?és eﬁset by
wei ght ed unVREEfmdeendsmmaMasmmmdmomBﬁﬁeswc(mI449V\ﬁﬁh¢MaEﬂegBlasahd and 2c)
in each of 1 reanpllfl utputs whi ch djvided b MD 2004/038922
PCT/ uszooy%@&lféa@?ﬁ Wfqu dhe bjas sigaaly gy bspthsefbgrﬁ TheehpC
zero- ¢1 0SSi NP138 ir il | pm&kﬁuﬁb%%ﬁnﬁﬂ&%@ s 28 Wit ﬁe%atclo%ﬁggg%a 64,
a ig. 2c s ows an offset current sourc i near y tr

fore 'mshehmmnmmmm35|gnal changes, the output of each preanplifier 60
has a fferent zero-crossing threshold. The preanplifier outputs drive one
5 conp Ot or 62 each, and the signal is then digitally encoded based upon

where the signal 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 2V-1 thresholds

or quantization or Q levels. Each of the 2V-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 2 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 paraliel. The thresholds are set by weighted unit offset current sources 64 or 66
30  (shown in Figs. 2b and 2c) in each of the 2N-1 preamplifier outputs, which divided by




Is relative to the preanplifier output states. The novel active offset

nmet hod of the present invention will allow higher bandw dths to the ADC
while still maintaining a differential signal. To achieve high 10 input
bandwi di¥@ 200/08892ADC, a singl e ended input with dc refBF@ﬂ@@g*W§”ﬂbré,
desirable than a differential input with differential series resistor

| adders that set the reference levels. This invention maintains the
differential input but elimnates the need for a series resistor |ladder to
generate the different thresholds for the conmparators. Instead, a dc

of fset is induced at the output of every 2N-1 preanplifier. 15 Fig. 3 is a
di agram of a preanplifier 60 designed in accordance with the teachings of

the present invention. The differential inputs VILNP and VI NN arﬁ i nput to
the bases &% preamulifisr gaig etisciivalyputse diferspleera-wrossing atvachBPre %P8 of QLO

and Q@ ar e%]%o%eoﬁsgpaﬁf%g{ Q%Ic%%%ﬁl}ﬁ(rglgbgﬁéw?%l e?é@f%%o%eswith-rhe base and

col | ector onnecte I'as si gnha e emtter of QO -

I S connect Hfleakify trite 66.aTBereford abthe aipilt $igndl bRanpes, lteciutputof 408 phsanmplifiesi st or
R14. The emtter of QLO is connected to the base of 3.and to the
col | ector 69 hage gijferent sespwrespingiiresholit, The preamphfier gty days Ace  connect ed

L0125 L8Rl 7L U LB RRBER R SRV Sk

espec‘t‘l ve ers are connected to the

col l ector @freldivefo thY pfeafiplifiercutfdB&atend R38, respectively. The base of Q
I's connected to VB1P1B and the emitter is connected to VNS by resistor
R30. The collector of B3 is connected to the collector of Q41 and the

emitter of Q2 Yhecolbiere BheOilnlFobROBRLLR TR SIONRM mbGBN Suppl i ed

by an offset or TrimcCurrent source e col l'ector

6 i
connect ed bgndwigthe @ the ADC wiile SN0maithitifg a ditfdrérttial fndl0 Tohlidewrhigh er of go

I's 30 connected to a signal | OSP supplied by an offset or trimcurrent

sour cel0 Thénpabbanswidths imanPConsingls suded it MikXisosiernges)g more desirable
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 is induced at the output of every 2M-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 9, 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  byresistors R36 and R38, respectively. The base of Q1 is connected to VBIP1B 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




of Q2 is connected to the base of B, and to the emtter of @6 by a
resistor, RO and diode DL. In the preferred enbodinent, the diode D1 is a
Schot t ky .dj.qde. i nvention, however, is not limted to the use of
Schottky‘gbggggpégﬁy di ode, including a transistor in XCA/ER3EOSHHECt i on
can be used. The collector of Q) is connected to the 5 base of 4, and to
the emtter of 26 by a resistor R33 and diode D 1. The base and collector
of @26 are connected to PS PA. The collectors of 4 and Q are connected to
PS PA by a resistor R5 1. The emtter of 4 is connected to the base and
collector of 5. The emtter of Q6 is connected to the base and coll ector
of Q46. The emtters of 45 and Q46 are connected to VOP and VON,

respectivel he bases. of an 10 are .connected to the_emtter of
Q35pand t hexﬁggﬁ%‘iﬁ%}?&%{? th%%)%“GB? Q%af‘.d terHie YEeE A fR6 byd resisiopR0Oard (85 are
connect ed 1 @iolB D1 Th tereRiredeinodAent ik ok 1'is ShEnbdliof@BAC e Lo 2

di ode D2 fol |l owed by a resistor connecte ector of 8. The
bases of Qu¥entieh, Paveards notrlineitdddd themse b£Schnttkp dicdes. cAnyBiddd) yncRGRng I he

emtter of 8.is . connected to VNS by R55. The bases of @8, 1, and Q2
are connect SOVl qdeefgnqqqgo%m P"e?‘/seg‘f %@iolf%ct‘%’%%d\? EenDege By

paral | el5regisiy® | Lok - 0 0 VNS by
paral |l el resi stop?" %@o%a@%o@%@%{e@%{o&ﬂ% dlééﬁcﬁ;'ﬁﬁﬁé%%gg to VOP
by R50 and téllecoobf Q26 are wineial th PSCBANThe eollectory/eINb undRQB . are’chnidtgedtat put

of each pre |fier is S by .a different offset current (I1OSN and 20
| OSP) in thgg%&yraégﬁlsé?fg&lof fiereof 115 penmected g the basgamdicellestorfit put s
(zero-crosspig, i ek 88063 &%’b : ¢ Orne'defRttess R

+ , and +%aR for satur a%zi on?on%wti&:%t e%%gédrr%ﬂjle %?f oa'dTlrleeS| g gr%fRO or
R3® and | {45 ahdQdfiate ahhsued toWOR atd VONg resedtively. dha daseziodQ0and Qif set
current_ source 64. eii xteen sets, of 3.resi ﬁtors in 25 series connected to

the eni 1 er 2§comnscted iQ the qitter of Qi and thesolipgtorandhase pf QFpeThedasemd are (R3,
R9, R7, QlOsnef : , . , R62,
2 ¥ A s i B il 90, B P
{R73, R75, toRirdipd<R2 fpllovfddty, a 1e5iStor REZ confBded to{tRE Solldedt of BRS., TEPBdses { R82,
%g l&?% 1 %{O a&ﬁ%ﬁl atssbhnecid to 81%@011&%3%%()2@%% Rgf 9The%;gsi¥tér o %%%’is 93,

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 RS9 and R60. The emitter
of Q22 is connected to VNS by paralle] 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 (JOSN 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 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, R8O, Q23}, {R82, R84, R83,
Q25}, {R85, R87, R86, Q24}, {R88, R90, R89, Q26}, {R91, R93, R92, Q27}, {R94,
30 R96,R95, Q28}, and {R97,R99, R98, Q29}. The first resistor of each set is connected




30 R96, R95, @8}, and {R97, R99, RI98, QR9}. The first resistor of each set
I s connected WO 201) 4/038922 PCTI US20031033748 to VNS. The base of each
transistor is connected to VREF. The collectors of transistors Q15,
@8, an¥WARPWH83882%onnected to | 4P, producing a cur r ent PGHYSZON3/p33 'B‘I | ect ors
of transistors QL7, QRO and 27 are connected to 13P, producing a current
+3l. The <collectors of transistors QL9 and QL 8 are connected to | 2P, '
producing a current +21. 5 The collector of transistor 1 is connected to
|1 P, 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 I 2N, producing a current -2I. The collectors of

transi stors ‘%6 @4 and 26 are connected to 13N, producing _a current -31. -
In the prefe 8dmﬁb@gpmumﬁ$0wmm@déﬁwalwCﬁﬂafé?ﬁwéwlwﬁue but

of Peets. 1 S0l Ras ind Qb bifpee B 1 p prpliting £Binten AEHEAIBASE. B, 1|
resistive of@aﬂi@fm@@wwﬁ qmre &bkscted ﬁqsaqﬁom]@aaﬁmnmmeof t he

present invention al'l ows for the ability to easily trimindividual

t hr eshol ds colieciornf tranzistars<l % and Q18 arpegymectedto I2B; @rpé\a@ng FewTeh a2k deal ADC,
the 2N-1 t | d | |
et | hERRERofihsREy P £ SRRl BRTE SIMAN d dBtarblr BRYEI D 1

errors CaBolhetoir ai(@a‘imm& Qi Gormettod &I T1N| maﬁomga t:mmwppﬂmnectcﬁﬁaf I
trimmble currents are used across the | oad resistors R4 and R33 in the

preanpl i f i &ANSELOTS QZM@QZﬁ@rezmectWeéBﬂ rrjodusigshaireent 21t ke epliepiars off t he

preanplifi L CSrrdhd AL I rity trim
6_6 in accoﬁ&%“l%oem@lﬁh()%%ﬁ@z g‘% %y fbgélgn a'|C°nven‘{ ?o’nﬁ] shown g
Fig. 5, ea@fbférfea%ﬁib‘é&ﬁient Rhd ﬁﬁeﬁ&faﬁﬁ%ﬂlﬁggéﬁfﬁmms&t%ﬁdﬂ@@wﬂm S
connected at the emtter to an additional resistor and trim resistor

ci r cui 10 68 inpbthey go togIQRNWOSP): theywanesegats ofr offfefcui t 68. Four resistors in
series {R25, R26, R24

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 R0 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 frim
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.



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 '“@ﬂﬂﬁgight resistors in series {Rl7, R18, R16, R15, R20, R19,
R21, -and efWween RE and 30 VNS TRIM S i WD 2004/ 0PEIAIBE2003/033748

PCT/ US2003/ 033748 This small offset divided by the preanplifier gain
effectively noves zero- crossing at the input to renove or mnim ze the
non-linearity error. In this design, the preanp 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 load resistors RO

current i changedPReueH etsr 2Ened iR be BrAmGULe RS GERY RS Fi%es. bpened
up. This trbesﬁHﬁﬁﬁHéinEﬁ‘ﬁo%rﬁ@veQﬁ nﬂﬁ&ﬁmﬂe%t%ﬁ%ua{nryggg%sﬂﬁqiﬁﬁésiggﬂiée“ ed to

CMOS 10 switches in the current sources (a curre ese”sw t ches

ar e addr ess preamprzoxggirossingi igput troccant beahinimized bymduting tn vffsdt dt thk boyutsfyi t al
calibration_of the thresholds (as. sho in Fig, . JFor either_method, the
change in i,thecPé?atmaplﬁH,]e“ﬁ-}F? PRROSIEAIFSPUOR, °B]rtgﬁfﬁ§1%f ‘P@F s the gawefdheyr R
creates 51 dpfcoplink! T4 nith ibndls SO pRAMPIE 914 RS iFR3is referred
back to thg ingut to counter theS i nputbo etéﬂelgé oxcré.EE %EQ%@‘%&%% ADC of

t he present throyghmaseode thnsistorn €40 des Qi0n by thiis inventiansthe cument b chagtsusehe The
conversion rate of .ADCs i.s i mﬁlﬁg@g%/sqtphe cqui sition and regeneration

speed of t hEESISEBfpehianecsdenigser ¥Pat or architecture inproves upon
previ ous architectures for inproved speed perfornance.

. This trim current can also be accomplished using resistors connected 1o CMOS
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 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
Q0 and Q3, respectively. The emitters of Q0 and Q3 are connected to the collector of
Q51. The base of Q51 is connected to VB1P1B, and the emitter is connected to VNS by

25  resistor R37. 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




Fig. 7 shows a conparator 62 designed in accordance with the teachings of
the present invention. The inputs VNP and VINN are connected to the bases
of transistors and B, respectively. The emtters of %D and are
connect PO AWM, 0l | ector of QB1. The base of b1 i sPCHVAHE Y, vBL1PI B,
and the emtter is connected to VNS by 25 resistor R57. The collector of QO
Is connected to the emtters of 4 and 5. The collector of B is
connected to the emtters of QL and . The collectors of Q and 5 are
connected to the emtters of Q1 and @B2. The collector of Q1 is connected
to the emtter of Q64 by R26 and R25 in series. The collector of B2 is
connected to the emtter of QL19 by R49 and R24 in series. The collectors
of B4 and Ql19 are WD 2004/ 038922 PCT/ US2Q03/ 033748 co ted to VPS7P5 by -
RI 3 and Reaimested jsc¥RS RS by RPiaad S wereshvaly. EBoqliecioph st iroriisioan Ro6

B4 and ooarEBARRRRE (R Lo S BRI A0Sl EPe. (e ana 1

are connected to the emtter of Q 18. The base of QL17 is connected to
CLKN and the base of Q 18 is connected to CLKP. The call Sgt grs of QL17 and
QL18 are connedhebasewof Qi andiQd ae commecied o thy cputier of (M 15548 §3¥S @b | ect or

of QL09. ar cLe e or of @3
are consnecﬁgagﬁ@)&%g%gg’ﬁh&éfﬂg em 1@2{0@11@?}1@2&0% @g?gg"@g&ﬁ? col | ector
of Q79 by BLEN &itethebast b£Q119isebnfidtied to SLEM rEetoetledtorsioli @1dPlahd Q108 of Q78

by R16. The emtter of Q79 is connected to VNS by R22. The emtter of Q78
i's connecté@09@113645@51t@ﬁlemt.tef?ﬁ@%wwof{h6bas@¥gF%ll@éﬂﬁﬁ-é(&lgga{eo t he base

of 7. The collector ' +q The
col |l ector sc%rfneﬁﬁg%aﬁa e%%@g%omﬁggﬁf%l%ﬁgf ﬁ@g%a?tcgiﬁmf%%ﬁ 2 by RO. e
base and cHlpSgRs.OTheémi@BPofadH 7docsimetted td the Y%EiD of QTR by RSt (The emitteRB7 |

connected to the base and col |l ector of %15. The er_n't';ozr of (B5 is
connect@®d b Keistsanrecied fo thicpliestasof G788y ReL6. ke caniteriod Q78rs egnpected,

ot o0 v YA 07 e g o1 of QL0 1
connected to the collector of @B9. The emtter of Q7 is
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 379, Q78, Q89, and Q86 are connected to

VBIP1.

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.




20 connected to the collector of B6. The emtters of (B9 and B6 are
connected to VNS by R and R2, respectively. The bases of Q79, Q78, @89,
and QB6° ghnected to VBIPL1. The bases of Q4 and QL19 are connected to
t he ers’wig"ﬁﬂﬁg’ngy R11 and 25 R42, respectively. Th@TALRBHUB3ITBI | ect or
aof Q65 are connected to VPS7P5. The emitter of Q65 is connected to the base
and collector of QL01 by R43. The emtter of QLO1l is connected to the base
and collector of Q7. The emtter of Q7 is connected to the base and
collector of Q8. The emitter of B8 is connected to the base and col | ector
of 9. The emtter of QB9 is connected to the collector of QL0O8. The
emtter of QLO8 30 is connected to VNS by R3. 0 S WD 1004/ 038922

PCT/ US2003/ 033748, The_ col | r of B4 is connected to the base of B6. The
col | ector of 01 18hF SICHRALOPEl Paneied th echas obs6. Thecaliseipst Q1L 81 o6

and (b7 ar e;&RRBRE S ﬁ)g%e\é@gﬁgl‘hg%lﬂﬁm Eﬂ;@s@ %& g‘; m%fco@&tédst? é@@?@gt ed to

t he base and col |l ect or he emtt I'S connec 0 the
base and cobyBdRofThetmii@dof Qfteiseoniected to the@hbPandcallectoecf @U0®H The dnfigetbase

and col l ecto .QL05. The emtter, of 9 | s connected to the base and

col | ect or o‘F’f %%IP%W@Q}P&GEMWG@QSC%@ ebheanifter ofi{a1 (95 sonpseted
collecty o ' f o L nd

col | ector oﬁo %g%e aﬁgﬁgﬁéﬁfﬂtrzo’ie'réﬁ%’. %%%%%oﬁtgﬁgsﬁoe 1.'%%/@% l%%%g?‘ﬁe base
and col | ect calleotor QF Q10X hEhessmitterasf QIf05 @ Bdhniested ¢othiadasecthdicolladtd? APIOBhe base
and col | ect of .Qr5, The emtter O{bpg;gqis connected 10 to the caqllector

of QB8. The lBHFR{EF obRLe cpmegts Bdiqbeciar of21QGy Tdre epter ofhe
emtters of nih8;ANAnERY B3R : ivel y.
T ases O QIIOS, QS%I, ééﬁ) c}e %&g%?c%ﬁﬁgyﬁé%?@@%%ﬁé co%)%grlgét or 62
ha3¥3 f eat ucamettedto ¥0Rand tefiasd andoatieetor diH@73. JRik ¢ntisteséfaD T is cdimepriir s R25
(et vey o0 2050 5% o s PR S of G5} oSt Ve afeGor o8 He °°
emitters 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.




during acquisition, the gain of QO and B through cascodes (b4 and 2 is
reduced but bandwi dth is increased to increase the acquisition tine.
During latch tine, the gain is increased in latch pair %Pl and (62 (R25
and R26 VH@2¥ME3MAY R24 and R49 active), to increase t RETUEHWHBIEAES on. speed
(reduce the regeneration tine constant). Another 20 advantage is the ]
addition of emtter follower buffers @5 and B7 on the latch pair @1 and
Q@2 that reduces the capacitive |oading on the regeneration node (collector
of @1 and @B2). Lastly, the output |loading effects are elimnated from

t he regeneration node and taken out over cascodes (B4 and Q119. All of
these inprovenents allow a faster acquisition tinme and regeneration tine

constant to be on the order _of the forward transit 25 té@p in éa?e .
transi stor, whi dheputpit ofiibesbitiAL 19 s paralieh data siyeam alci6 Go/s KIS ¢ ri s and

t he inprov 0 e ?E‘Qc | Y, ol ogy at

hi gher i npggeaﬁfé%%%@g%an té/g Il @%\%ﬁ%@%# ﬁ]ﬁ%ﬁogﬂlg@%ﬁ? g(élgﬂnd opti mum-
per f or manc grocéoN\In2ROgre 3G 2Abotihedt] SpHRRniaFld thaldhed Giteruntl defintatien 5- bi t
ADC 10 is a parallel data stream at This data str_e%m [ epresents

36 GS/s.
the sanpl e6amRbilint inguded 1ndhedPAM ASIG fam'mtos help zeduee the prressping lgpand

processpgr. .1 he ptef ' , a programmable matched filter and
deci mt?onpiocgé&ﬁ;%ﬁe%ﬂ%ﬁq{%@%@?%ﬁéﬁi he ADAM ASI C chip to hel p reduce the
processing load and 5 provide a realistic I/O (input / output) path. Fig. 8

shows the receiver sectign 100 of the ADAM ASIC i ncl uding.the matchgnd
filter and deci Mg iSshows theapeergpsection L04pidhs ADAM APICHneluding theapatehed, t hat

is denmul ti i I e [ I | I 16 gi ster.
Each it wili it deetidioh fEuie ) Al AL A/05 48 didabiind llsclD <) @
(1 t hr ough irk6 Yinfer Rrigedaie wetlsiviv D16L6it Shift irégistere @ash bit svithivathe aggistérhen
multiplied in a wei ghted, conpl ex phaser. Thi S@ﬁr gcess provides he initial

steps &P aremEtsERiEd srIplediong ke sampiniemeaylrhroughl o) 4@ spthgrae Lo K3P¥nse)
filtering Qgggyt&% 0P are Hhéh RHEBHE B2 Wedight S Edrh by phater® THOVHbESs BrAVRIGE

represente
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 sumnung 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)




(real) and Q (imaginary). By sunmng the | nunbers and the Q nunbers, the
15 deci mation/filtering I's conpleted, and a conplex word (7 bits real, 7

bi ts i magi nar is created representi ng one baseband sanple. Both the real
and i magith@ry 46’é¥{2?ons of the word are nultiplexed i nt PCI/US2B03@74dat a
streamto save pins. 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 synthesized exciter subsection, and Fig. 9b shows

t he back end 200b. 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 the phase accumrul ator 206 whi ch provi des the second
25 integr atalsmhasébdbmetfm oggweﬂmedupngﬁs digital pireuitrymedddditoi iomplefueatthed f or

out put of O SEeRa i Y dthsives ol e SPRGioey Nebe HBRBPIURAS R 210

This functilggblmr 166@ah%h&'§dde¥"§(‘?l§&)%8nt5 and feeds t he decodi ng bl ocks
212, which translate these codes into ‘digital signals for the

digital -to-anal og converter (DAC) 214 (phase to arrpl I tude 30 conversion).
The carry/sumf mat for th ency/phase lat 04, 206) 0 0 WO
20041038922 PCT/ B %é%ﬁﬁ’a‘fha?“ggmﬂ%&@ B’rej%‘{‘ V4G uci ng t he
digital ci r&yfeafsxar@&ﬁﬁ&ﬁédmfﬁ&bﬁ%ﬂh%%%&%a%@%&lﬁmmgow
power and smaller chip size. The carry/sumoutputs are resolved in a carry

| ook- ahead tachhique(@ininizedthe IBC diffezantialrauid imtegral ndmlinbagities af HiedysC.of t he
present invention, the DAC unary currents are trimed in a fashion simlar
he ADC descri bed above. This triming technique mnimzes the DC
di™erenti al a“%é‘ﬁﬁ@ﬁ&iﬂl&%%&%ﬁﬁélﬁhﬁ% Qésigriey MRADAMBIPRhowNB! | €ngi ng
requi rement in designing the how t o
10  achieve multi-GHz of bandwidth for direct digital synthesis while maintaining high

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 Attomey Docket No. 01 W185 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




10 achieve nmulti-Giz of bandwidth for direct digital synthesis while

mai ntai ning high spur-free dynam c range (SFDR). The dynam c
nonlinearities of DACs in conventional DDSs |imt their usable dynafc
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self-heating of circuits and parasitics will |limt the dynam c transient
performance of hi gh speed DACs, degrading their SFDR The DDS 15 approach
of the present invention inproves SFDR by using a novel sine |ookup and
decoder design described nore fully in Attorney Docket No. 01WL85 entitled,
"Dl A TAL- PHASE TO DI G TAL AVPLI TUDE TRANSLATOR WTH FIRST BIT OFF PRIORITY
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be filed, the teachings of which are incorporated 20 herein by reference.
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output. Thi's digital 25 solu on for di stortion enables direct digital
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L-Band._VWhile this.. roac ffetlv or h nar rrent

swi t ches, high ﬁ%@%‘?ﬁf?@ﬂ%%b CRE 56%%3&&6% O%(lsi%ﬁ to reduce
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for 12 bitS of sine anplitude, 32 bits of phase data, and 48 bits of

frequelty datydookahreadgdder (6LAB GHz clock rate (for synthesis at X-band).
The conplexity is mnimzed in part by an efficient Read Only Menory (ROV
sine | ookup algorithmand a carry/sumformat for single

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 wouid

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 chanmels due to antenna/functional partitioning. Taking into

30  account such factors as; (1) using the International Business Machines (JBM) Next




pi pe accunul ators, as di scussed previously. The carry/sum out puts are
resolved in a 10 carry | ook-ahead adder (CLA). In the preferred enbodi nent,
t wo EEE%\@@@mfh 28l vision multiplexed to produce the 48 Gz data stream
to the DAG ANd deval op RE up to 12 GHz. It will thus r dEIESRYS nearly
doubling the all owabl e propagati on delays. This architecture also 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 nmmintain an anplitude flatness of LO.6 dB over the
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 p . nbadi ,_the AM.ASI C.recei ver, subsection has four
i ndependent @é%é‘#@&%ﬁ%ﬁ% : P%es?’iBG&%lgHS' OHZE EQnsiderations, 113)( gigro-
techni cal r gt Bipokir Trinsiske((HBT daisitAnAd (0 Bipbiaf EMOR (ﬁmmg ghtequire
significantly nore receive capability than transmt capability. For

exanpl e, a fensndeirchanrals ofxgeaivesyere s td bt iRGorPyTtesawithinithaADAM over

ei ght i ndepgg?gnt channel s to perform El ectroni c Counter Counter Measures
(ECCM canc tion, but require only one transmt channel. In addition,
satellitges requiring sinultaneous nmulti-INT (i.e., radar, Signal
Intelligence [SIGNT], Electra-Mignetic Intelligence [ELINT],

communi cat i ons) Adgidlonaliy, dynanit dipitgl ditherimyeam bermiilized tuidgpeotkdate theecei ve

cuch T act or e AEnOR L BOhAE BbchiaehAP s ibtundprhenaomigly Nex: s
WO 2004/ 0388teidP b/ IR fiad OBRkAd:, G 85ed nbPpht Aths st %é%fbgr ges. (2)

yidAd vs. die size considerations, (3) Hetero- Junctio r “Transi st or

( H®) densi p3th. Bigse dithenpp teshaqueMpsweBkanasin thaed. Thiengh the préassofchannel s

Of 1eceiy® Whfefing 1248 % e SRR U hcHir?! b pRSccsing sain, etective

dynamic ranges that are several orders of magnitude improverent 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 15 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:




5 Additionally, dynamc digital dithering can be utilized to de-correlate
the quantization errors for both the ADC and the DAC. This dithering can
be perforned outside the bandwi dth of interest, and does not act 't he

si gnal 0 #0383 he signal path. These dithering tecﬁ%T’Hﬁ@@J’%r‘T‘g‘“\/\ell
known in the art. Through the process of 10 dithering, |arge active antenna
arrays can achi eve, through processing gain, effective dynam c ranges that
are several orders of magnitude inprovenent over the dynam c range of an

i ndi vi dual antenna el enment. Thus, the present invention has been descri bed
herein with reference to a 15 particular enbodi nent for a particul ar
application. Those having or dERRROSEXLEI CLAIMS art and access to the
present teachings will recognize additional nodifications, applications

and enbodi nents 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 invention. Accordingly,
WHAT |'S CLA Al E. Rnlahalof@-A0Hl &ﬁ&&iﬂ? (RO Thiss2e08d033748 EUROSTYLE CLAI MS 1.
An anal og-to-digital converter 2, characterized by- a first circuit (12,
14) for recei vﬂ%&téﬁcmhﬁm 145)|f31h§Fe‘ @g%WHbSIS?#’CUIt (18) for setting a

pr edet er m ned g'ﬂg&r i cﬁ&a& Q%ﬁ@é‘%tﬂ?g X\?eanp édihlﬁn&?‘b? Bffechblds WHereinl 8)

i ncl udes a prede m ne |ers (60) with 5 weighted unit

current S@ﬂﬂ@ﬁﬁm&Gﬁc}mt(rlB)?mclmdes‘apﬂa&etﬂrmmdpiummeof preampplifiers 660 with t hi rd
circuit (20) for conparing said | nput é sai d H_Jlreshol ds. 2 The invention
of O ad m werghéadanii CHEERE SORISES ﬁﬁéﬂheﬂﬁli‘f’ ?rrfﬁllfﬁu‘s :#dThe jnyvention of

Cl aim 1 wherei i det er m ned number of
conpar at ors (G%tﬁlg%%ﬁéggt(g@tg%éon ngggﬁpﬂﬂﬁ Ier (60)Sh6elg§h .

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




4. The invention of Claim1l wherein said anal og-to-digital converter (10)
further includes a fourth circuit (40) for trinmmng said thresholds. 5.
The i nvegtd odaim4 wherein said fourth circuit (4Q)._includes

tri mmbl'gtdg@#@;ésr{gs sources (66). 6. The invention of C?éiT’MSﬁ‘"’\iﬁéVé’fn sai d
fourth circuit (40) includes a trimmuble digital-to-analog converter (32).
7. The invention of Caim3 wherein said conparator (62) includes: split

| oad resistors, pairs R25 (active node) and R26 and pairs R24 (active
node) and R49; latch pair transistors Q1 and Q62 connected to resistors
R26 and R49, 5 respectively; emtter follower buffers @7 and B85 on the

| at ch pai rardr@6®s rspativelghand WO 20041038922 PCT/ U S 2003/ 033748 and 62,
respectively; and cascode transis S 4 and 9 connected tqQ.resistors
Ro5 and Roa r o pecs (I TSRS ATl L9FoBReR P STt s 1 82

anal og-to-g'%-@gy.converter (10) further includes |atches (22) and error
correction % 9 f]ollovm' ng said third circuit (20). 9. The invention of
Claim 1 wherein said analog-to-digital converter (10) further includes a

i pelined d .26) . foll ow said third ci it (20), .10. The
e 1o 0 Rkl s S ) ™
operates aj cﬁﬁes@cﬁes @%)ra%ngk%ﬁg%{ﬁél%bﬁ @é‘??‘g%%"f‘d M‘ﬂrcﬁféﬁltiﬂi

hd
anal og-to-digifal con a 0g-'t o- |g|t3] converter. 0O

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.






