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invention relates to electrical and electronic
circuits and systens. 15 More specifically, the
present invention relates to sub-harnonic sanpling
phase detectors. Description of the Related Art 20
Sub- har noni ¢ sanpling phase detectors or sanpling
circuits are used in both comercial and defense
applications. Typical commercial applications include
frequency counting, network analysis, and in sanpling
osci |l oscopes to view high frequency waveforns.

Typi cal defense applications include phase | ocked

| oops and as ~C phase
conpar at or s (M@Wﬁ%?ﬁ%@d
Circuit) in the excitePHASEPBTEEAQR F15 and ot her
simlar airborne platforms. The PHPC MC in turn is a
critical unit of the Frequency Agile M crowave

Ref erence (FAVMR) unit that is part of the exciter
within a radar system Unfortunately, conventional

sub- harnoni ¢ sanpling phase detectors are too 30
bandwi dth |i m t BACKGROUND OKFHINVENTEOYY current
applications. In addition, conventional sub-harnonic
sanpl i ng phase detectors require the use of a bal un
and WO 2005/ 093945 PCT/ US2005/ 007529 therefore tend
to be too large and bul ky for many current

appl i c#icldpnfthefnvantien, the overall perfornance of
conventional sub-harnoni c sanpling phase detectors
tends to be inadequate with regard to efficiency,

pover q@psHERh ARentlodl B! tb iYoctRAI hifd ERMEnic circuits and systems.

More specifically, the present invention relates to sub-harmonic sampling phase

detectors.

Description of the Related Art

Sub-harmonic sampling phase detectors or sampling circuits are used in both
commercial and defense applications. Typical commercial applications include
frequency counting, network analysis, and in sampling oscilloscopes to view high
frequency waveforms. Typical defense applications include phase locked loops and as
the heart of programmable harmonic phase comparators (PHPCs) MIC (Microwave
Integrated Circuit) in the exciter units of FA-18, F15 and other similar airborne
platforms. The PHPC MIC in turn is a critical unit of the Frequency Agile Microwave
Reference (FAMR) unit that is part of the exciter within a radar system.

Unfortunately, conventional sub-harmonic sampling phase detectors are too
bandwidth limited to meet the demands of many current applications. In addition,

conventional sub-harmonic sampling phase detectors require the use of a balun and



produce-ability and ease of integration. 5 Hence, a
need exists in the art for a sub-harnonic sanpling
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wi der - operati onal bandw dth that offer inproved

performance with respect to efficiency, power

consunption, reliability, parts count,

produce-ability and ease of integration. 10 SUMVARY OF

THE | NVENTI ON The need in the art is addressed by the

phase detector and nmethod of phase detection of the
pthessdore temd/embé te. la@snandabulry ferhmany, penent \appligstiens. o Further, the

includes_a 15 bstrate: an. inpulse gener r

S e amoncs e el Ep P BF i SRR R detsgps ends o e
ORAAGHuaRN JithY reg@dP le dfficReriche pERBE Cahsumpliba, &ilBplisgdpat count,
the substrate. In the best node, the inpulse generator
apepdu¢eeabihifyphd aggeof ndegraticay e f abricated on the

substrate using grounded slotline technol ogy and

copl anar wavegui de 20 technology. In nore specific

enbodi PRALS a eb® cASH & BeQdit foF adublhatrhome samplitigshase detector that
generator with a step recovery diode. In this

efsbemilirenmore lsempagiuvisle agavidaraperational thsadwidie thateaffer improved

copl.anar wavegui de. to tlin ansi.tion at g
RO PRErE SR 17 shidHncls Botb o aapho reibitiP s count.
aBroAutNABiliQInt AR @égratddie i nventive inpul se
generator has inherent anplitude and phase
Sifferential properties that are nost useful for the
esign 25 of a mgpy i hase
detector. In thenﬁ&Pﬁ@ﬁ#@?ﬁ@@ﬁgﬁgggvﬁgﬂ?hyggepsanpling
circuit further includes a slotline hybrid T
junction. In accordance with the present teachings

the jufdeinsad i thinartiis addresaed by dhel PhrsS etrstPrsang; hpthad of phase

hybrid T jupct;i | 4 | It ; .
i ﬁﬁﬁc t.aoég Ogutgf) Pﬁ??sggte?l{}’%pgggp Cdgg%regly, tctgé tlﬂ(ééf{ﬁ{\;g?(?eéec_%or includes a
| witsstiaRn afnighpulse’ @nedes faboddiednen abeiphistratielangl. a kampling circuit

operationally coupled to the generator and disposed on the substrate.

In the best mode, the impulse generator and the sampling circuit are fabricated
on the substrate using grounded slotline technology and coplanar waveguide
technology. In more specific embodiments, the generator is a slotline impulse generator
with a step recovery diode. In this embodiment, the impulse generator further includes a
coplanar waveguide to slotline transition at an input port thereof and a slotline to
coplanar waveguide at an output port thereof. The inventive impulse generator has
inherent amplitude and phase differential properties that are most useful for the design

of a miniature broadband sampling phase detector.

In the illustrative embodiment, the sampling circuit further includes a slotline
hybrid T junction. In accordance with the present teachings, the junction is an ultra-
wideband grounded slotline hybrid T junction. The sampling circuit further includes a

phase bridge coupled to the hybrid T junction and a grounded slotline coupled delay. In
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coupled slotline. Preferably, the substrate is a

mul ti-layer alumna structure. A video anplifier is

coupled to the sanpling circuit. 5 A progranmabl e

sanpl i ng phase detector is also disclosed. The

i nventive programuabl e sanpling phase detector

i ncl udes a phase detector; a power anplifier coupled

t ﬂleapedlfi@embodmtehe thehasplide tieatitolso iacludesad bgadimnd transition from

gi.tal converter couple ut of
ettty rWAVEEE ées%%wﬂéoﬂ?fﬁlgﬂ ey qbatg it gplti-layer
COfEhd &fuctddA v?deglda i@ibr eo@m&i @Qh&%&é:ﬂfn%%[rcﬁi@ upl ed

to the processor and e anplifier
DESCRI PTI ON OF THE DRAWNGS Figure 1 is a functional

bl ock di f b-.h
5 et ect d PROBABRENE HBHNG PEBRASHEIOIS Ao RGaTed-onthe inventive
b?%l :rntg§ble Jsgrn qlng%rgﬁas'esde@kcﬁﬁ Qfdudhs a0 pRI¥e RRMIRIa Power amplifier

band nic sanpling phase detector. Fig.

'—y._

3 cd)usplea;l i agmant of the phasstdetentor; amparalng igehigitad converter coupled to an

CPWto slotline rapsition
i HB ot 3o Blp i o SRt coflet o BepBRdp Hathlonverter; and
1ﬂaP{<‘) anaog coflydr@r 8dupRAUb UR! fRfesdor bditHe amplifier. _
representatl n of the |npulse generator shown in Fig.
10 3. 25 Fig. 5 is a diagramshow ng a | ayout of an

illTustrative iJmle ' [ ~dnct i on
and the phase™ '%ﬁwlﬁméﬁ@W%gsect or.
Fig. 6 is an equivalent circuit representation of the
phase bridge of Fig. 5. 3 WO 2005/093945

PCT/ USFi0B¢ 0052 dunctional block diagram of a sub-harmonic sampling phase

detector implemented in accordance with conventional teachings.

15

Fig. 2 is a block diagram showing a broadband sub-harmonic sampling phase

detector.

Fig. 3 is a diagram of a slotline impulse generator comprised of CPW to slotline

20  transitions at the input and output ports and a slotline hybrid T junction.

Fig. 4 is an equivalent circuit representation of the impulse generator shown in

Fig. 3.

25 Fig. 5 is a diagram showing a layout of an illustrative implementation of the

hybrid T junction and the phase bridge of the inventive phase detector.

Fig. 6 is an equivalent circuit representation of the phase bridge of Fig. 5.
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of the fully fabricated broadband sanpling phase

detector 5 using Alum na substrate. Fig. 9 is a

di agram of the smart sanpling phase detector.

DESCRI PTION OF THE I NVENTION 10 Illustrative

enbodi nents and exenpl ary applications will now be
described with reference to the acconpanying draw ng

to di sFigo3ds alingsate showiggoukayewad mnrlesterive h@Pk"&iﬁ‘@&«”é&ﬁ’P a fully

i nvent.i t he sent invention is described
h’élfee%rﬁe‘ﬁﬁlioﬁ&l?aé‘\f/i\g%lﬁg %ﬁe%ﬁﬁg&c’? ‘ative enbodiments for
particul ar applications, it should be understood that
the invention is not limted thereto. Those havin

or di naFig. §di lal pipthre ﬁ%th&rf!ﬂlarf@br@@@éégo"@@aﬂﬁ Sapphink Pﬁ% detector

provi ded her ebstr recogni ze addi ti onal
nBH$ PCHEPE AL gé\enpl i cations, and embodi nents within

t he scope thereof and addltlonal fields in which the
present invention would be 20 of significant utility.
Fi gur eFig. Pds adipgrsen plothasmprt sarpimsphasaigiectar
sub- harnoni ¢ sanpl i ng phase detector inplenented in
accordance with conventional teachings. The

conventional phpESCRIPTION OFCTHEINVENTIONef er ence
anplifier 12 and a sanpling phase detector 14. 25 The
sanpl i ng phase detector 14 includes a step recovery

di ode ﬁ&s eimb%dﬂn&%e?nﬂ{xﬁ Eg%%)ﬁ?&imﬁxs Wil 88w be described with

anpl i f n genera I onal

S Weleide@he a@o@fﬁiﬂah}’iﬁg dradegsetdaiae thdadvianageausrisachimgs of the
a sanpl er by taking a sanple of voltage controlled
opaseNtVEALgN/CO) 30 signal fromthe RF port at the
rate of reference frequency (e.g. 93.1 MHz) via a
| ocal 4

While the present invention is described herein with reference to illustrative

embodiments for particular applications, it should be understood that the invention is
not 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.

Figure 1 is a functional block diagram of a sub-harmonic sampling phase
detector implemented in accordance with conventional teachings. The conventional
phase detector 10 includes a reference amplifier 12 and a sampling phase detector 14.
The sampling phase detector 14 includes a step recovery diode (SRD) 16, a phase
bridge 18 and a video amplifier 20.

In general, the conventional sub-harmonic sampling phase detector 10
functions as a sampler by taking a sample of voltage controlled oscillator (VCO)

signal from the RF port at the rate of reference frequency (e.g. 93.1 MHz) via a local
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signal is anplified to a level that triggers the step
recovery diode 16. The generated train of inpulses, in
turn, gates the phase bridge 18 creating a sanpling

wi ndow t hat sanpl es the VCO signal to produce a 5

video band (I F) output. The resulting video output
frequency is the difference between the VCO out put

s iogeiHton (@O opert-h dhenotiert geasivershaliadef &6 eiscpla¢edOacroghen balanced
a,.multi Ieof ence .and .t he RE input. ar
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an I ndication that the reference signal is sanp
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mithewsterense wad thetR¥S inpai 370 meegcaéﬂn frﬁmleney, @rzerpceat ggults at the video

g'gﬁ:é gﬁﬁﬁug p{gﬁﬁ H‘Bﬁ g Pé’ilég i e sgfsl @1{%%}}03111@ at thf, %eference signal is

I @spfilg tHe KB alttaéx@lti ther Ama rﬂé‘nﬂbfﬂféSRF@ HdBomlsample t
limt dgband sdg‘h ( C(§'—l|z band\;l.\lnmdtlh) : Iairéé1 omsampE 10

f @@mplm hhe pghgs't vxde@ o;utgut f@qumg:ﬁ.fm ﬁhmsﬁnm;mg phase detector will be
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urn, causes

PRF ik ¥xadti§aeingy bawsfiehs dhrmdiharof eheseRicge. i n the
respective RC networks; 4. poor RF isolation between
the LO and RF/IF ports |eading to phase noi se

gg 9 :ng %s‘ rﬁ&glé)ggd g%dévg,?ﬁéé C@?JEP éleq’f& etn}ﬁleg éy @15 gglll\le}ﬁtl&%? gérﬂlghn g phase

b@l@l@Stbr 100gth @espbitad caesit aﬂtﬂﬂltdr@‘ﬂpp‘lﬁawiﬁrﬁqmﬂﬁdmg yi eI d
due to the above limtations

1. limited bandwidth (2-3 GHz bandwidth);

2. large footprint (2.0” x 0.77°);

3. sub-optimum balun performance causing unequal strobes (pulses) which, in
turn, causes the sampling diode bridge to perform poorly, leading to unequal
charge storage in the respective RC networks;

4, poor RF isolation between the 1O and RF/IF ports leading to phase noise
degradation;

5. circuit complexity (typically needing as many as 22 discrete components and
many wire bonds); and

6. high cost and low manufacturing yield due to the above limitations

Fig. 2 is a block diagram showing a broadband sub-harmonic sampling phase detector
implemented in accordance with an illustrative embodiment of the teachings of the
present invention. The inventive sampling phase detector is based on planar technology
by taking advantage of the unique balanced properties of slotline, coupled slotline and
hybrid T slotline together with broadband slotline to CPW transitions. The inventive

phase detector includes several planar integrated components including an ultira



Fig. 2 is a block diagramshow ng a broadband
sub- harnoni ¢ sanpling phase detector 30 inpl enented
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teachings of the present invention. The inventive
sanpl i ng phase detector is based on planar technol ogy
by taki ng advantage of the uni que bal anced properties
of slotline, coupled slotline and hybrid T slotline
toget her with broadband slotline to CPWtransitions.
The inventive phase detector includes several planar
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Kenneth. A Essenwanger (Atty. Docket . PD-01W72,
t th refereape heyeinef whi ch are incorporated by reference
herein. Thus, the inventive phase detector 140 is
shown in Fig. 2 wwth a slotline inpulse 10 generator

160, aThagrhd Redivehhde d@RtorN40 & Hb@A BIP R ivfitted sid@Be impulse

Both the inpulse generator 160 and the _s_anplln%3 .
10 cigerainter 160 apampling ¢icaitekPOomdan iviflepiamplifier 180.uriaila the impulse

T L L L

15ubshu®, (oeshowie bsieg enBidbsdedf sibilife i and eftbhnted PdvpSRar waveguide

det ector include the grounded slotline/ CPW nedi um
i AEGEYO lgerieshaglesy.160, and the slotline/ CPW medi um
sanpling circuit 180. The sanmpling circuit 180,
consists of an ultra w deband hybrid T junction

15 (bal unrhti§ Xey aopslagendits o0te 18vkntide pluspldedcdt aidiideahe grounded

del ay (inpul se sharpener) 186 and a broadband
t p@ﬁgeﬁ(ﬂ%\?{

Ofirb e 1660 e rggﬁilpling circuit 180, consists of an ultra wideband hybrid T junction

medwndmpniss gertippe #0G japd thendotline(ePMW) meadjusm sampling

(balun) 182, a phase bridge 184, a coupled slotline delay (impulse sharpener) 186 and a

broadband transition from CPW to coupled slotline. The function of the combined

20  circuits is to create two differential impulses for gating (turning on/off) the quad

Schottky diodes and therefore sampling the RF signal at the rate of reference frequency.

A video amplifier 190 is included per conventional teachingé.

25 In the preferred embodiment, the slotline impulse generator 160 uses a step

recovery diode (SRD) to generate sub-nanosecond differential impulses. Novel

broadband coplanar waveguide (CPW) to slotline transition (input port) and slotline to

CPW (output ports) were included to maintain sharp impulses with minimum ringing

and inter-pulse distortion.

30
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reference frequency. A video anplifier 190 is

i ncl uded per conventional teachings. 25 In the

preferred enbodi nent, the slotline inpul se generator

160 uses a step recovery diode (SRD) to generate

sub- nanosecond differential inpulses. Novel broadband

copl anar waveguide (CPW to slotline transition (input

port) amdingloghiti elemen of GR\d{ftanerpiat sloting Sinpulkse egenerator 160 is the

ot iR L Borae B Gttt Tt Piatur deviceacts
2Q0%4 AR39%8adbatd 0P GRAY %gﬁn T §101AE Tephckde AR uﬁ’lﬁue field
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power iis fed intoits arm (1), it will act as a
diloflize éhjunatiors (atinv il Becdnge of dslchmlitnag)ro&dbadd ipewre of itk balun, the
(antl- al s of | anplitudes in the other

ﬁ%ﬁ?‘ié |snm?’in§?ﬂe§' 3, the SRD diode is

pI aced on the input armof the slotline T -junction
(arm 1) Because of the ultra broadband nature of this
bal un, Ig1e3 i§ atdiggiamyobh sleiinSRMpplse @gera@r readnindirided. junction

10 H i.s a di,agram.of a.slotline n
PRGBSt api Ln e Srie BBieaF S5 SRk of e
aBrdsédt Usbdroh Y €T) ﬂéraﬂ@fltléofm&lhsest gagdp nesvel dib& 162 surface
present invention enerator 160 includes a ste

p
rawu@dyord mow@stm«? léérf b@ SRy U2 ad Boumed glpselyaoethe CPW/slot

LAY AR e 920 TRk BBty biiuitebfndiagon 166 in

W@M@ giiceion BRd @giduﬁaéd Q&llﬂ@ﬁletaﬂlzllﬁorpﬂﬁhéi bihee The hzmwlT unction is
grounded slotline netallization in the other.

hylwriatt82uncti on i s

Fig. 4 is an equivalent circuit representation of the impulse generator shown in
Fig. 3. In the illustrative embodiment, the SRD 162 is excited by a source 161 of a
reference signal (e.g. at 93.1 MHz). The reference signal causes the junction
capacitance of the SRD 162 to charge and discharge during each cycle of the reference
signal. The SRD diode discharge is a snapping action which produces a sharp pulse
having duration in the range of 30-100 Pico-seconds. This pulse propagates in the
balanced slotline towards the slotline hybrid T-junction 182 and then propagates as two

differential pulses along each arm of the T-junction 168, 169.

1t is interesting to note that in accordance with the present teachings, the slotline
impulse generator 160 operates under a self-biased condition and therefore needs only

one component, an SRD, as shown in Fig. 3.



shown at 182. Fig. 4 is an equivalent circuit
representation of the inpul se generator shown in Fig.
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excited by a source 161 of a 20 reference signa

(e.g. at 93.1 MHz). The reference signal causes the
junction capacitance of the SRD 162 to charge and

di scharge during each cycle of the reference signal.

The SRD di ode di scharge is a snapping action which

produces a sharp pulse having duration in the range

of 30- ) Piscodmgraandisowinfiaslayout ©F aprilipagave smplnichetion of the

bal anced slotli wards the s|lotline hybidT
- h‘é‘ﬁé‘%ﬁ%@? a%fﬂg‘etpﬁ%ﬁ? b5idap aihe HyeniaveRfigse datector.
differential pulses along each armof the T -junction

168, 169. It is interesting to note that in accordance
with t Hf‘dg.rﬁ'issaﬁrdqutmbnhbmﬁt, repiegensdtioh | af e phasp biriglge of F1g. 5. As

g?ﬂﬁ}f&attgaélﬂ 1160 peé@t §m§i1aseo sel fﬁng?g,ethc]%%%llct garts 181 and
S fi@@“ Ehéh 1%91813and3&3 89%11@%%86@? £H§§ RO D42% D2 and

I's a |agrams ovmn ayout “of
[ ID?uatdr]am hﬁédmgph}mmnnse@]l aml G2 ahdha tbtyrhnatdlg‘lie;nslnc Ricen and Riermp,

Frgreave TR Achas &k mRRA e OBy 26w AYE hy i juncton
phg? Qoer@d9R: Bhip Eﬂ &k th@ 1m?§136 %eﬁéritHﬁw(ﬁfn%i & bglaﬁc%d pulses and it

6, the phase brid i'ncludes two identical
papersted dasedneh thbaﬁmcﬁli@ lof paralant @l singld ah8 Tobpledtshmline. Therefore,

b AhSsergige i, PopE RS U iphhe SRt SRR gulses P
I @&d P} & opBb&if éﬁoléﬂgzu% &fudBamplit@RRECt i vel y nount ed
across the hybrid -Junctlon slotline. The slotline

hybrld junction 182 converts t he out put of the

) (rﬁglu S eB%ES %{ﬁ% %ﬂd\é%lfﬂ%ﬁgf%eg 6%%’%%3’% gé‘nes 'With respect

S't@ﬂiei@@@rt@élﬂ)lsi%ﬂ Z;Jo@tt Aﬂdriﬁ parlIET Wit kpect # HRYRFE and IF ports 130
energing fromhybrid junction, the i rrpul se propagates

agnd g1 wespaeitvety. pdhisels dvie to the mherent properties of E-plane slotline T-

junction that has the properties of a series T-junction, where the two arms electric

fields are equal in amplitude but in anti-phase at points equidistance from the

junction.

Also, as shown in Figure 6, the IF RC network is designed to act as an IF low
pass filter with a 3-dB cut-off frequency of less than half of the Ref. signal at LO port.
Note that while the balanced pulses, which gate the sampling phase bridge, propagate in
a balanced slotline mode, the RF and IF signals travel in an unbalanced grounded CPW
mode. This leads to inherent isolations between LO/RF and LO/IF ports.

Fig. 7 is a diagram showing a layout of an illustrative implementation of the
integrated broadband sampling phase detector implemented in accordance with the

present teachings.
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I F ports 130 and 131 respectively. This is due to the

i nherent properties of E-plane slotline T- junction

that has the properties of a series T -junction, where

the two arns electric fields are equal in anplitude

but in anti-phase at points equidistance fromthe

j unct i dnig.82honls sam, ilbistrathewimpleméttafione of the hetudlFddR@e when fully
network is desi d to act as | F l.ow pass. filter .
e S ERE R ity o Gen BobRer inaiiesdt R bas i

Ref. signal at LO port. Note that while the bal anced

pul ses, which gate the sanpling phase bridge,

pr opagakhe bandwalthaf the senpigeitduitel 80dsiene vftheRRos muipdFant design

TiitBreleryaty & mieas SnfRpl By i dirdietnaih Mecybgerdin gt differential
L Qulsks péHetdted by the iﬁ)lpiu!%e ReRlirAsF A fgﬁﬁ%’[ﬁ%%c‘ﬁo{tl%y Qiégleé?f Adjustment

an illustrative inplenentation of t i ntegrate

brof ghetdamgih ohtheIslatines eade tadretedicttion df sl propagativg imave. The reflected

accordance wi t.h the resent teachi.ngs., 30 8 WO.

Sotsr BRgss" el bmoBiEE58 yve ARG §%i1a.i0 <Spening of the pulses.
| TS HtadiSiheiR | SETBBIBAIN 0P fthd BEuREd YRS V(186), Whe Dulses are
fully fabricated and integrated with a video anplifier
arstarpenedzed dis tandwidsh sdreddenadh t s. The bandwi dth of the
sanpling circuit 180 is one of the nobst inportant

design 5 paraneters and is nostly influenced by the

dur at i Qqoraaty,tdxacti Rti@atidr of ampth ERESNOr BAmpltd §RE) bandwidth is
generated by the inpul se generator for gating the

Senowlirafedisioercl is Mijugncedent severpl fagiors aninkerdépentiencies, including,
\?\g%}ﬁé-{iﬁé clruge%}(@ttpggg rs€ ftljrr(lee(,:trcla e%tiglfls, talqg kgéhoPr%gL?etnL:)r/] Ufects such as

dispersion. However, an approximate bandwidth can be determined as:

BW-~ 350/Tg (GHz)

where Tgis the gating time in pico-seconds (ps).

For example, in an illustrative implementation, the SRD 162 has a nominal
transition of time 30-100 ps. To enhance the sampling bandwidth above 20 GHz
operation, a bond wire may be used across the two coupled slotline (the delay line
section) to prdvide a short circuit to the incoming pulses. The reflected pulses arrive at
the hybrid junction after a certain time and each will be combined with the other
incident pulses to form a shorter duration pulse. The width of the reflected pulses at the

hybrid T-junction is set by the propagation time through the short-circuited delay line.



wave interferes wth the propagating wave and | eads to
a sharpening of the pulses. Thus, by adjustnment of

wo b@slogrgt hs of the coupled slotlines (186), tPeT/patossan7s29
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30

are 10 sharpened and the bandwi dth is broadened.
Normal |y, exact estimation of sanpling circuit (or
sanpling head) bandwidth is conplicated since it is
i nfluenced by several factors and interdependenci es,
including, gating-tine duration, pulse rise tine,
reflections, and high frequency effects such as 15
dSapet Sampling Phssedeted@or:appr oxi mat e bandwi dt h can be
determi ned as: BW. 350/ Tg (GHz) 20 where Tg is the
gating time in pico-seconds (ps). For exanple, in an

i Il usteati i,apl nt.atd on, . 162 J DAl
tranei SPoietEr i SHEALEGRE sigh)E oAy AEilAEnE sBAREE within a
bainchid, dé.rn pdveer anilifies;lan impeatad smart phadealetbetnir chipnmyledaied. Such a
used across. the two coupled slotline (the delay I|.ine,

2Ship i libsrﬁlfﬂette SpH gtsefe d%re%tr?afitehmaéw(y Yryvanfrd SPHEYS Signals and

p %He?e%? assUBEHE @ifghﬁciﬁé?d@[blf ﬁfesanﬂﬂﬁfgy g g@tﬁutﬁe?ﬁn@éﬂe[ d

junction after "a cerfarn time an
conbined with the other incident pulses to forma

;E?;teg%%ggj Lé{ : Iwg nwbl:]p' lglgf?éﬁvg}}glﬁ ! %E;Eltigyfé og 21? prrggrfam%al eCtb?éj sub-harmonic
o gatd ti hbhe i e

PHARES TR T ol G, Sl progammti
Simplemeagta@®imr 260 Detledss ar sanding etiead t288nidipde@nededs puacapodance with
signals or a osci |l | ations nerated within. a .

c PG Rona At BB e HARnPH L A a5 Prayidsd between an
g&??%rtq{?ﬁ St arfe th® phete BRELLIR4. RIGHAed detectb29® dirdcks ttH@ output of

to self assess, detect and elimnate any unwanted
s ther videssangplifiea290.afitie ottipet efiilie sislsodetecthe2%) igriagitized by an analog

i ntege.i f the amplif.ier's oytput .perfornmance '

ot el Y4B conSeRRPIg npiiD etk iBipl drogposor DSP) 12, Those

PLRYER®RE |aﬁ_v$1ﬂth{pgéﬁiﬁé thét the DRPERRT @&fegfacéd"with a general-purpose

accordance with e present teachings. The

pnogopuoneshdre discrete logic or other suitable processor without departing from the
scope of the present teachings. The DSP 212 analyzes the output of the sampling head
and provides an error signal to a power amplifier 230 via a digital to analog converter
214. The error signal is amplified and input to the sampling circuit 280 via the
attenuator 285. Thus, the implementation of Fig. 9 is well adapted to effect temperature

compensation of a sampling circuit of conventional design.

In the best mode and most general case, the programmable phase detector is
implemented with the phase detector of the present invention illustrated in Figs. 2 — 7

above.

Thus, the present invention has been described herein with reference to a
particular embodiment for a particular application. The inventive phase detector may be
fabricated in a conventional manner using computer aided (CAD) design,

electromagnetic (EM) simulation, and time and frequency domain analysis. Those

10



10 inmpl ementation 200 includes a sanpling head 280
i npl emented in accordance with conventional teachings

WOWRas/003ves excepti on that an attenuator 285 is peDVSZIOsH007529

10

between an RF port not shown and the phase bridge

284. A video detector 292 detects the output of the

video anplifier 290. The output of the video detector

292 is digitized by an analog to digital (A/D

converter and input to a digital signal processor

(DSP) 212. Those 15 skilled in the art will appreciate

t Hevingherd8R skilll uh the arephdceckswito tha pgsadr @hehpngspade recognize
m c rocessar,.discrete logic o t her sui.table

or B0 RO Rions capliFHiong d BRbpdtaments ogfin dhe sage thereof. For
Pr&seble. t hiLag I dlf&y ptp :

thez{ sgtr?blv?%% %hga%esegﬂge%rﬁgﬁgég?agg 1e ror si g%gla %ﬁghg'f intograted
pdwatogameius ChigrusigQeithen StGalBEIMEIS arcC MM eghmdogse theeinvention is
214, . The ror si,gnal is anplified and jnput .to the i

S difp i dhorelty (TBagessnd icAHlngsomaY P HaBEBienisdn offeg dechnologies
t heithouPB&yaR M I heQkopd tlered. | S Wel | adapted to effect
tenperature “conpensation of a sanpling circuit of
conventional design. In the best node and nbst genera

case, the proaranmable.phase detector. is _inplenmented

with t #E Ispﬁ}g%%{fef endsd q’&fﬁ’Fh@pﬁ?cg’geﬂ?lWSnWeﬁ Yegrfny and all such
I | dppRdatishs ehddiidati®iss and embbdingentsARRME theTéaH\:?e ofttR€present invention.
present invention has been described herein mntﬁ

reference to a particular enbodiment for a particul ar
applicq%&:ﬂﬁ The i nventive phase detector may be

fabri cat®d 1'% conventional manner usi ng comput er

ai ded (CAD) design, 30 electromagnetic (EM

simulation, and tinme and frequency domai n anal ysis.

Those 10 WD 2005/ 093945 PCT/ US2005/ 007529 havi ng

ordinary skill in the art and access to the present
teachings will recognize additional nodifications,
appl i cati ons and enbodi nents within the scope thereof.

For exanple, while the present teachings may be

i mpl enmented in a highly integrated honbgeneous chip

using either Si Ge BICMOS or CMOS technol ogy, the

invention is

11



5 not limted thereto. The present teachings may be

i npl emented in other technol ogies wthout departing
wo c@si0vives scope thereof. It is therefore inteneeriub3005/007529

t he appended clains to cover any and all such

appl i cations, nodifications and enbodi nents within the

scope of the present invention. 10 Accordingly, 11 WO

2005/ 093945 PCT/ US2005/ 007529 EURCSTYLE CLAIMS 1. A

phase detector (100) conprising: a substrate (164);

an inpul se generator (160) fabricated on the substrate

(164); and a sanpl i ngEURQ@STYLEIGRAINi:r ati onal |y

coupled to the generator (160) and 5 disposed on the

substrate (164). 2. The invention of Caim1l wherein

the substrate (164) is a multi-layer alum na

structure. 3. The invention of Caim1l1 wherein the

i mpul sk Aypinse detoctof (160) canmmtistrige  sanpl i ng circuit

(180) ar fabr ted on the substrate using ground

sl ot | i HEWOPE 42’ 4. The invention of Caiml1l

wher ei g, f(ﬁlb%wergehera@r O?faﬁh@a[tec( amz sitthafci®6Hasm i ng

circuit 0) Tare fabricated on the substrate (164)

usi ng grsamptiegl ciropit (#80) opertigallyieconpledniol gy gerBratam €160) and

|nvent on_of Cla wherei n the inpul se generator

( Qng‘e@%ﬁniaen@%‘lrnpul se generator. 6. The

invention of Claimb5 wherein the inpul se generator

(160) includes a step recovery diode (162).
2. The invention of Claim 1 wherein the substrate (164) is a multi-layer alumina

structure.

3. The invention of Claim 1 wherein the impulse generator (160) and the

sampling circuit (180) are fabricated on the substrate using ground slotline technology.
4. The invention of Claim 1 wherein the impulse generator (160) and the
sampling circuit (180) are fabricated on the substrate (164) using grounded coplanar

waveguide technology.

5. The invention of Claim 1 wherein the impulse generator (160) is a slotline

impulse generator.

6. The invention of Claim 5 wherein the impulse generator (160) includes a step

recovery diode (162).

7. The invention of Claim 6 wherein the impulse generator (160) further includes

a coplanar waveguide to slotline transition at an input port thereof.

8. The invention of Claim 7 wherein the impulse generator (160) further includes

a slotline to coplanar waveguide at an output port thereof.

12



7. The invention of Caim6 wherein the inpulse
generator (160) further includes a coplanar wavegui de

WO 2008l0gd9ki ne transition at an i nput port ther ep€T/UB2005/007529

The invention of Caim7 wherein the inpul se generator

(160) further includes a slotline to coplanar

wavegui de at an output port thereof. 12 WO 2005/ 093945

PCT/ US2005/ 007529 9. The invention of Claim1 wherein

the sanpling circuit (180) includes a slotline hybrid

T junction (182). 10. The invention of Claim9 wherein

t he j ulciThennyendon of Claim ) whesgird dtsasranpliggotirraid(180) includes a

S oL OO 0, 1L, The,p et ion o i

the inmpul se generator (160). 12. The invention of
Claim1ll wherein the sanplin i ncl udes a

ircuit (180
phase B El@?'ln(vi]gw @fo@k&lfé& Wgeéﬁé&g;wq(t@nﬁ?%@t anoltrawideband
gé[%n%lfldedjs%otlig%l&b'%iﬂ\(ﬁi@&t%%_ of aim12 wherein the

ing cir I'hcludes a slotline coupled
delay line (186). 14. The invention of Caim 13

wherein the coupled delay line (186) is a grounded

sl ot | i hb Hheiigyentipn of Fhaim % yereinothe bybrig ’a“iJﬁm%@n\m&%)elﬁ goupled to
the . ' ' it (180) further includes a

b?‘géﬁl@g}r‘%g rgageél{@&c?h from copl anar wavegui de to

coupled slotline. 16. The invention of Claim1l further
including a video anplifier (190) coupled to the )

sanpl i k& ‘Ehe g]lyp@uo(nl%?l_alqgll wherein the sampling circuit (180) includes a

phase bridge (184) coupled to the hybrid T junction (182).

13. The invention of Claim 12 wherein the sampling circuit (180) includes a

slotline coupled delay line (186).

14. The invention of Claim 13 wherein the coupled delay line (186) is a
grounded slotline delay.

15. The invention of Claim 13 wherein the sampling circuit (180) further

includes a broadband transition from coplanar waveguide to coupled slotline.

16. The invention of Claim 1 further including a video amplifier (190) coupled

to the sampling circuit (180).
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