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SAMPLI NG s PHASE DETECTOR BACKGROUND OF THE | NVENTION 10 Field of the

| nvent | WO 2goPpesent i nvention relates to el ectrical aad/es2eestmesbc
circuits and systens. 15 More specifically, the present invention rel ates
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
comer ci al and defense applications. Typical conmercial applications include
frequency counting, network analysis, and in sanpling oscilloscopes to view
hi gh frequency waveforns. Typical defense applications include phase | ocked
| oops and as the heart of progranmabl e harnoni c phase conparators (PHPCs)
MC (Mcrowave 25 Integrated Crcuit) in the exciter units of FA-13, F15 and
other simlar airborne platfornms. The PHPC NEC in turn is a critical unit
of the Frequency Agile Mcrowave Reference (FAMR) unit that is part of the
exciter within a radar f , i | sub-harnonic
sanpl i ng phase det ecto@é@rﬂ%@ﬂ%m@ﬁgx{ﬁm neet the denands
of manys current applications. | PRASEDETECITOReNt I onal sub-harnonic

sanpl i ng phase detectors require the use of a balun and WD 211115H193945
PCT/ U S 211115/11117529 therefore tend to be too | arge and bul ky for many
current applications. Further, the overall performnce of conventional

sub- harnoni ¢ sanpling phase detectors tends to be

BACKGROUND OF THE INVENTION
10

Field of the Invention

The present invention relates to electrical and electronic circuits and systems.
15 More specifically, the present invention relates to sub-harmonic sampling phase

detectors.

Descnption of the Related Art

20 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

25 Integrated Circuit) in the exciter units of FA-18, F15 and other similar airborne
platforms. The PHPC MIC in tum 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
30 bandwidth limited to meet the demands of many cument applications. In addition,

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



I nadequate with regard to efficiency, power consunption, reliability, parts
count, 8 -ability and ease of integration. 5 Hence, a need exists in

t he ar?”ﬁgﬁgﬁﬁgﬁﬂ-harnnnic sanpl i ng phase detector t haPCTUS2ONMTFYY | nor e
conpact with a w der-operational bandw dth that offer inproved performance
Wi th respect to efficiency, power consunption, reliability, parts count,
produce-ability and ease of integration. 10 SUMMARY OF THE | NVENTI ON The
need in the art is addressed by the phase detector and nethod of phase
detection of the present invention. Generally, the inventive detector

. lud ; . fabri :
and & sanfIeraRaRRLR bE taf dukd B By BE s e bR nEli@heRn: SPita M sposed

on tC h_et su rbgér]guggexfoﬂnmnwsf QRS EntiBRERsubl PmbRR Yh2H1iAE PRisR (dRfecfRdiehBSioRTP! | ng
| ul

ricated on the substrate using grounded slotline technol ogy
and copl amadequatee guthdeegatll tte cdificibnayy . power naomsumptan, f rediabilityg dparesntauntt he
generator is a sl.atline inpulse generator wth a step recovery diode. In
this enboBN‘i’EFﬁ'?b‘gWeﬂ r?ﬁ?ﬂr%émﬁgﬁ Pt or further includes a coplanar
waveguide to slotline transition at an input port thereof and a slotline to
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the hybrid T junction and a grounded slotline coupled delay. In 2
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SUMMARY OF THE INVENTION

The need in the art is addressed by the phase detector and method of phase
detection of the present invention. Generally, the inventive detector includes a
15  substrate; an impulse generator fabricated on the substrate; and a sampling 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

20 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

25  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

30 phase bridge coupled to the hybrid T junction and a grounded slotline coupled delay. In



WD 211051993945 PCT/ US200511107529 t he specific enbodi nent, the sanpling
circuit also includes a broadband transition from coplanar wavegui de to
coupl edWO BIPHEES Preferably, the substrate is a nulti PCIVESR003al0B529 Na
structure. A video anplifier is coupled to the sampling circuit. 5 A
programmabl e sanpling phase detector is also disclosed. The inventive
programmabl e sanpli ng phase detector includes a phase detector; a power
anplifier coupled to an input of the phase detector; an analog to digital
converter coupled to an output of the phase detector; a processor coupled
to the analog to digital converter; and a digital to anal og converter
coupl ed t che bpecifrczmbaiimentn thetsamphing tirduitealso thOluBR} &BrdaEBE tPansitidn@For HE
DRAW NGS Figure 1 is a functional bl.ock di agram of a, sub-harmonic sanpling
phase  detGREBE FAFRRI S ForRRa Ot B e At e SHSHBRAE § GRURTINGE 15
Fig. 2is LAJr | 6§EH¥6 = t.c sanmpling phase
detector.zﬁfgbﬁgﬁPghgg |g§§§%¥%@ﬁgﬁépét |neqﬁ%%ﬁﬁ@gﬁggﬁ§pétor conprised of
CPWto slotline 20 transitions at the input and output ports and a slotline
hybrid T junction. Fig. 4 is an_equivalent circujt representation of the

i mpul sé gener atdrProgwmmatie spEpling phaserdejecter fss alfo gdisgiesemh s b IAYEMEVE ay out

bri dge. of ERESEI PR aR dRicblon e’ Bhie "acteBg ol Bl e
represent ajoupled @b ahfpdtFRe Phise WeteBior;ndanatog B HEtAUYaNEEFLbpled to an

output of the phase detector; a processor coupled to the analog to digital converter; and

a digital to analog converter coupled to the processor and the amplifier.

10
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a functional 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.



PCT/ U S 211115 /1111 7 5 2 9 Fig. 7 is a diagramshow ng a |ayout of an

I 11 ust ra}d {u%; 'M%IHement ation a fully integrated broadband sanpling phase
detector. Fi d Is a picture of the fully fabricated BEHASBYINOEANDI | ng
phase detector 5 using Alum na substrate. Fig. 9 is a diagramof the snart
sanpling phase detector. DESCRI PTION OF THE | NVENTION 10 Il lustrative

enbodi nents and exenplary applications wll now be described with reference
to the acconpanyi ng drawi ngs to di scl ose the advantageous teachi ngs of the
present invention. 15 Wiile the present invention is described herein with

reference to illustrative enbodi nents for. payticul ar. applications, it
shoul d be underlj;ég’o & %H&Sf%éhqwgﬁﬁﬁwti% ah lhﬂitrqt‘ivﬁilfr’é’gé)‘?%?t&rb‘? f“ﬂi'ose
havi ng orq},&?fa)( Srbhdbahd sii6lifY ss to the teachings provided
herein will ec%gni zeaadgli t@(l)rf’aﬁghagrrgg? | ggt i ons, applications, and

enbodi mrents w thin the scope thereof and additional fields in which the
present invention wuld_ be 20 of si?nificant utility. Figure 1 is a

functional bl odkSdP aRRistere of thefulby fabsisried hipdrband spmaling phasecdatestor

I mpl enent eq. | wi th conventional teachings. The conventi onal
phasenget'ggfdgA%gﬁﬁ%%ﬁgggg‘ a reference anplifier 12 and a sanpling phase
detector 14. 25 The sanpling phase detector 14 includes a step recovery

di ode (SRD) 16, hase bridge 18 and a video anplifier 20. In general, the
convent i onal s@g+£$Mﬁ§Mh¢ smarp brmplingephase detedtor. functions as a sanpl er
by taking a sanple of voltage controlled oscillator (VCO 30 signal fromthe
RF port at the rate of reference frequency (e.g. 93.1 MHz) via a local 4

DESCRIPTION OF THE INVENTION

10
Dllustrative embodiments and exemplary applications will now be described with
reference to the accompanying drawings to disclose the advantageous teachings of the
present invention.
15 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

20  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.

25  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)

30 signal from the RF port at the rate of reference frequency (e.g. 93.1 MHz) via a local

-



WD 20051093915 PCT/ US2005/ 007529 oscillator (LO port. The step recovery
diode 16 is placed across a balanced transm ssion line. The input reference
signal VO AM¥PP45%ed to a level that triggers the step PCAEGRBYNI28de 16.
The -generated train of inpulses, in turn, gates the phase bridge 18
creating a sanpling w ndow that sanples the VCO signal to produce a 5 video
band (I F) output. The resulting video output frequency is the difference

bet ween the VCO output signal and sonme harnonics of the reference (LO.
Wien a nmultiple of the reference and the RF input are identical in
frequency, a, zero beat results at the video (ll F) output via the video
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strobes (pul ses) In 20 turn, causes t e sanplin
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one half of the reference frequency (e.g., 46.55 MHz). This frequency occurs when the

RF is exactly midway between the harmonics of the reference.

As mentioned above, the typical deficiencies of the conventional sampling phase

15  detector 10 with respect to current and future applications include:

. limited bandwidth (2-3 GHz bandwidth);
. large footprint (2.0” x 0.7”);
. sub-optimum balun performance causing unequal strobes (pulses) which, in
20 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 LO and RF/IF ports leading to phase noise

G D -

degradation;
5. circuit complexxty (typically needing as many as 22 discrete components and
25 many wire bonds); and
2 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
30 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 ultra



30 inplenented in accordance with an illustrative enbodi nent of the
teachings of the _present invention. The inventive sanpling phase detector is
based dﬂoﬁl"?a?ﬁ'é{?‘“t‘echnol ogy by taking advantage of theP%ﬂﬁﬁﬁ@?"Uﬁr%fnced
properties of slotline, coupled slotline and hybrid T slotline together-

wi th broadband slotline to CPWtransitions. The inventive phase detector

i ncl udes several planar integrated conponents including an ultra 5 WO

2005/ 093945 PCT/ US2l H) 5/ 007529 wi deband grounded slotline hybrid T junction
(bal un), a phase bridge, a coupled grounded slotline delay (inpulse

sharpener) and finally, a broadband_grounded transition from CPWto coupled
slotline. bands Eroupdeds siotlmenbytrg, € glvnetaen zbaéwhmhasenbﬂ%ér@um U.S.

Pat ent Appl i O Li b2 2R, %g% it " . nd

Bal un, " fi gﬁgr%%, aélaglg(,lmé@s gsga a;ffgggﬁd gﬁg”){(ec%ggﬁ%ab%g E{?glggér?wanger
(Atty. Dochsitida frofdCPW\MJ doupléibslétiae: NCoglanaf andtbltin@ vavediedds pes Ricdéh by
reference herein. Thus, the inventive phase detector 140 1s shown in Fig. 2

with a sl ol thaeart. npigesV.S. 1Bateps ndprlicationt SerialaNoarif423263i ensidled “(Bunpast a

vi deo | Lfier 190, . Bot h..t he, i npul,S neratpr 160 and the .sampling circuit
180 ar ?Ta% olag%atnéd%ghuna %F&i‘ﬁp‘é&/g‘ %‘%ﬁ\ ?Pa}' lgelfﬁsﬁr%&?ag‘ (?‘Fﬁf %ngg?i’) ‘8si ng a
grounded SEQREAW#freR(AtgTSIENCPDIANR 72V @uElRgs 6GHRMh ard RRofREdEP! 0gY.

15 Thus, key novel elements of the inventive phase detector include the
grounded by wfdr¢nee/beRM.medi um i npul se generator 160, and the slotline/ CPW
medi um sanpling circuit 180. The sanmpling circuit 180, consists of an ultra
wi deband hybrid T junction (balun) 182, a phase bridge 184, a coupled

slotline del ay fmpule%ﬁvélpgé ?ﬁ&@ﬁétﬁ%@ﬁ;ﬁﬂg sﬁgwmﬁ%mtﬁmeﬁénk iBBuié om CPW

to coupled slotline. The nctiron o e conbi ned circulrts 1s to create

two di fof er gemeragdr 169pal seplihgreigait i18Q agd wr videg antplifiet )1 90heBethatbe irfiptiet t ky

di odes and therefoge sanpling the RF signal at .the rate of reference

f r equency. generator 160 and the sampling circuit 180 are fabricated on a multi-layer alumina
substrate (not shown) using a grounded slotline and grounded coplanar waveguide

(GCPW) line technology.

15 Thus, key novel elements of the inventive phase detector include the grounded
slotline/CPW medium impulse generator 160, and the slotline/CPW medium sampling
circuit 180. The sampling circuit 180, consists of an ultra wideband hybrid T junction
(balun) 182, a phase bridge 184, a coupled slotline delay (impulse sharpener) 136 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 teachings.

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

6



A video anplifier 190 is included per conventional teachings. 25 In the
preferred enbodi nent, the slotline inpulse generator 160 uses a step

recover ' D) to generate sub-nanosecond differ ' ' lses. Novel
broadban&P%@% g%§$ wavegui de (CPW to slotline transiti /§$mﬁﬁﬁ%ﬁ3rt) and
slotline to CPW (output ports) were included to maintain sharp inpul ses
wWth mninmumringing and inter-pulse distortion. 30 6 WD 2005/ 093945

PCT/ US2005/ 007529 An inportant elenment of the differential slotline inmpulse
generator 160 is the slot line T junction and its associ ated w deband
transitions. Such a mniature device acts as an ultra broadband (DC 20 GHz)

e, “When pover 18 regeih i b iE AR ot o B ESHRBLIBTIA Y

di vi der bygigr l%?juﬂ&ié\%dqfsfis%c‘?ﬂéd %isde(ﬁ%m fraRitAR8) Schd @l itattfe £H4lacts

anplitudes in the other two arns. shown in Figure 3, the SRD diode is
pl aced on dshan iltrp broziband {DCHE GHzdbhiuneTHe slotlimet T-gunctianrhad ja BequeuSedof t he
ultra broadband naturer of . thi_‘s bal un, th,et%%qrslftaﬁ_gri ty of the SRD pul ses is

i

mai nt ai nedPateq REPgertys That is, whepypaywsios fed i (Lhpuvdbagies ardifferental g
ma Nt 2l ne . 3] : y . ! i 4 ment
0 P he 31 b 87 prodiRIngEIY Bffrerchel CARCANGE ohdls 3F et AphRGKCABOC] TN

step recovgthst tdiocms. 1AL siwr mCE gured) tHecSR Drdiedesis [pddcedion théhpulen RRe 162 s
nounted closely.to the CPWslot transition. That is, the SRD sees a

grounded copiiandrivhetiang(Fael iBeeause okthe Hltrebrondband rateredely dis belinaie a
grounded sl %%Hbgtﬁgzg;ﬂglpg#%%gsodﬁe@%%{ae other. The hybrid T junction is

shown at 18 circuit representation of the inpul se

generator shown in Fig. 3. Inthe illustrative enbodinent, the SRD 162 is
excited by a source 161 of a
10 Fig. 3 is a diagram of a slotline impulse generator and hybrid T junction

implemented in accordance with an illustrative embodiment of the teachings of the
present invention. The generator 160 includes a step recovery diode 162 surface
mounted on a substrate 164. The SRD 162 is mounted closely to the CPW/slot
transition. That is, the SRD sees a grounded coplanar waveguide metallization 166 in
one direction and a grounded slotline metallization in the other. The hybrid T junction is

" shown at 182.

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

20 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

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

It 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.

30



20 reference signal (e.g. at 93.1 MHz). The reference signal causes the
junction capacitance of the SRD 162 to charge and di scharge during each
cycl e wfo tdosoywierence signal. The SRD di ode di schar geTids200580&2pI Ng action
whi ch produces a sharp pulse having duration in the range of 30-100 .

Pi co-seconds. This pul se propagates in the balanced slotline towards the
slotline hybrid T -junction 182 and then propagates as two 25 differenti al
pul ses along each armof the T -junction 168, 169. It is interesting to note
that in accordance with the present teachings, the slotline inpulse
generator 160 operates under a self-biased condition and therefore needs

only one conpgqery js fAbiaph skSwiad AMAyodt Jf! i 111%stré’t9!e7m§%r§9ﬁ5lﬁ&9§194é
PCT/ US200S/ 007529 Fig. 5is a di agram showi ng a | ayout of an illustrative

i mpl enent aybrhT gdnctibe andhihie phase bridge of the invantive pleaspdetsetobr i dge of t he
I nventive phase detector. Fig. 6 is an equivalent circuit representation of
t he phase bridge of Fig 5. As 5 illustrated in Figs. 5 and 6, the phase

bri dge 184 inc b d CE%Q 181 pand 183
has two parallel® ott Fl{:?an:tr"rpFilfi‘énu(f] P{e?ic g‘i" ang @as (Ii%g&;}ﬁa' %4 hol di ng
capaci § or sllu.fs‘.trataddn (Ex’lgsaﬁchnel G, ehmphm bﬁ@ger B8 fmichrdefktwo identicalnphrig, 181 and
respectively nounted across the -junction_ slotline. The slaotline

hybrid jud8%i &ach R%Ql%loﬁ\ﬁeﬁ%hatsmém@aﬁaﬂ@ﬂtswnmmﬂlﬂﬂ digdereRbpd 2 ando i nt o

bal I bal d
e SR

j uncti on, réspectivaRithoentéd apegahehybail T-\unchéh A0aRE. FItHefsﬁ&hﬁé hybmquiﬁ&loﬂf
opposite polarity and equal anplitudes. The two parts of the sanpling phase

bri dge shdda cpqunsg,he eum;p@ékheu impylse igereralior 169 dntpdio balgnced nuhs@s p®l Bor t
Ref nal ar al.l el rts 130

tna 141 7 Oy efon ik BRI L o bshelE SRR and i ChoRle- gheBREane

sl otline Thfter emerging from hybrid junction, the impulse propagates as two balanced pulses P;

and P, of opposite polarity and equal amplitudes.

The two parts of the sampling phase bridge shown in Fig. 6 appear in series with respect
15 tothe LO port (Ref. signal port and in parallel with respect to the RF and IF ports 130
and 131 respectively. This is due to the inherent 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.
20
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
25 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.
30



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

equi di slyanees/dosa the junction. 20 Also, as shown in prgnis8aRmnihe | F 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
t he bal anced pul ses, which gate the sanpling phase bridge, propagate in a
bal anced slotline node, the RF and IF signals travel in an unbal anced
grounded CPW 25 node. This leads to inherent isolations between LO RF and
LOIF ports. Fig. 7 is a diagramshowing a |layout of an illustrative

i npl enment ati on gfy i : e :

i npl enented in g@é%sgoamécgﬁﬁmﬂglﬂ}a?ﬁgq Sresen?lﬁg}gﬁi?&nggtagggg‘gg%%@}lé%MS
PCT/ 1JS200fbfitate® dndrinte gBatath sith aavided hmplifiatdndeats aspadared bidsiobisuind. t he act ual
device when fully fabricated and integrated with a video anplifier and its
associ ated bias circuits. The bandw dth of the sanpling circuit 180 is one
of the nost i [ 2 ' t i.nfl uenced. by the
duration and mﬁ% ?#Iecgg I y&gPe g‘.‘“ﬁ@{e’%ﬁ{ﬁﬁgﬁsgﬁggg oggﬁeeljpéftelc *oyr/[(ial hcgegtlggrrpul se
gener atpr fxﬁﬁm@afslml ishostphiiflubicedi WdgR- dudsticts bk e imégrith efl Efferehtinf t he
slotlines leads to a reflection of the propagating wave. The reflected wave
i nt er f er esPulpastgendrategyhe dmpulse geneaatomier [2atrls theoSchoglin dindes.n drdifstment

| ses. Th b ' f.the | hs..of th | ed | 86) ,
Phepui sesoufe R e ERRSs Bha’ BhueRtiohoae poPasEafilte” TRerERY oonce
estimati onwave FREAYrENWith the Yrbpdeatind Mt a0d 1DRRGL PIRsPEMhD dfthe GRMRY.I cat ed

since it is influenced by several factors and interdependencies, "i ncluding,
Thus, by adjustment of the lengths of the coupled slotlines (186), the pulses are

10  sharpened and the bandwidth is broadened.

Normally, exact estimation of sampling circuit (or sampling head) bandwidth is
complicated since it is influenced by several factors and interdependencies, including,
gating-time duration, pulse rise time, reflections, and high frequency effects such as

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

BW-~ 350/Tg (GHz)

20  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

25  section) to provide 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.

9



gating-time duration, pulse rise tinme, reflections, and hi gh frequency
effects such as 15 dispersion. However, an approxi mate bandw dth can be
det er mwgsndamsoB¥Y 350/ Tg (GHz) 20 where Tgis the gatigge/id BsdoPs0

pi co-seconds (ps). For example, in an illustrative inplenmentation, the SRD
162 has a nomnal transition of tinme 30-100 ps. To enhance the sanpling
bandwi dt h above 20 GHz operation, a bond wre my be used across the two
coupled slotline (the delay line 25 section) to provide a short circuit to
the incom ng pul ses. The reflected pul ses arrive at the hybrid junction
after a certain tine and each will be conbined wth the other incident

pul ses to r L on pul se. The width of the reflected pul ses
at the h>§3rﬁrgs%"ﬁﬁﬁ%gﬁ%%eﬁyétg&gg‘t by the propagation tinme through the
short-circuited delay line. 9 WD 2005/093945 Smart Sanpling Phase Detector:
PCT/US211115 /0 0 7 5 29 To detect and sense spurious signals or any

oscill ati ons gdRedaiecsingdi sensa spuriaus rsignals of apy osciPatiens generated aithima

i nt egr at ed. K e detector .chip. i,s _needed. .Such a.5.chi id |, be able
Lo ot f acuRl e £RRRE St MninBelie SRS eqtaR g g hidetiaen &1
thereby aggiprlltyeeabid @NRIf dsitse Pelebt/arl clinfifatd HRY uhivahted sPikidusisiglsfMEMRNCE.
Fig. 9 shows an illustrative inplenentation of a progranmnmabl e sub- har nonic
phase det ¢eraby assureithesianahiotegniy of thhamplifesssrmutpus petformance The pr ogr ammabl e
1.0 inplenentation 200 includes a sanpling head 280 inplenented in
accordance with conventional teachings wth the exception that an
attenuator 285rs j.ded: R r H@m [ ase
bridge 284. A \Ilslh?ieggg \é‘{seﬁgggﬁzw ggfﬁkég{l@%%t@ {))fu? u?éo Pﬁ:ggl\?it eoBaan i fier
290. The phasputderttor hin \dcderdantet evthorth@ 9gresentditegichinged Ty Pprograraimable t o

digital (AD converter .and input to a digifal sjgnal processor (DSP) 212.
Thgsel-o ( implementation 28{) m&udes sampl?ng headg 2§O 1mpieg1entedpm accordancc( w%h)

conventional teachings with the exception that an attenuator 285 is provided between an
RF port not shown and the phase bridge 284. A video detector 292 detects the output of
the video amplifier 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 that the DSP could be replaced with a general-purpose
microprocessor, 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
20  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

25  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,

30 electromagnetic (EM) simulation, and time and frequency domain analysis. Those
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15 skilled in the art will appreciate that the DSP could be replaced with a
gener al - purpose m croprocessor, discrete |logic or other suitable processor
wi t houtwgepesnivgsug from the scope of the present teachpagas2ii@0B 212
analyzes the output of the sanpling head and provides an error signal to a
power anplifier 230 via a digital to analog converter 214. The error signal
is anplified and input to the sanpling circuit 280 via the 20 attenuator

285. Thus, die inplenentation of Fig. 9 is well adapted to effect
tenperature conpensation of a sanpling circuit of conventional design. In

t he best node and nost general case, the programmbl e phase detector is

i npl enent edavhd Rrdii€y Pdkats @n ARE &t Ad @écetd® M pRIRENt RUSHThEO Wvilll &ted in
Figs. 2 - 7 _ﬁ% above. Thus, the present invention has been described herein
wi t h ref er eddigonad mpdifpeations; @pplicatinhoandembodiments ywighinitheiiseopeaherept aforon. The

i ti h d t b abri ted.i tional i
comput er - aPURPIR RS dBS HFEent deschiBet On GheTTPLTRERTY o rhiPagts ACERES, | o
and f requeﬂ&d&ogm@aslncl}ﬁ@@kms'eﬁheﬁﬁ@ﬁesxdﬁﬁbél&léﬁdsl&%ﬁa&oE , Ayﬁ?v%ﬁéééiso.lllrm

havi ng ordi nary ski in the art and access to the preseft teachings wi
recogni ¥e netdanited thetetoro diht i presenoieschimgsphay b¢ implementtdeimbatbemtechmlogi¢shi n t he
scope thereof. For .ex le, while t present teachings may be inplenented
in a highIV“%WﬁéGPﬂPBﬂ%%Hbﬁﬁﬁgﬁﬁﬁﬂ§e hip using either SiGe BICMOS or CMOS
technol ogy, the invention is 5 not limted thereto. The present teachings
may be inplenented in other technol ogies w thout departing fromthe scope
thereof. It is Ghisrébefereiintended bybiet dpperdedecidings ¢d aoner tny andedl] sugh and

all such applications, nodifications and enbodi ments within the scope of

t he presenfPRisaons; vadifications@pd gmbgdiments within the scope of the present invention.

10
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11 WD 21111511193945 EUROSTYLE CLAI M5 PCT/ US2005/ 007529 1. A phase detector
(100) conprising- a substrate (164); an inpul se generator (160) fabricated
on the WORPYUEES(164); and a sanpling circuit (180) op€Tais2@sahisyy coupl ed
to the generator (160) and 5 disposed on the substrate (164). 2. The
invention of Claiml wherein the substrate (164) is a nulti-layer alumna
structure. 3. The invention of Claim1l wherein the inpul se generator (160)
and the sanpling circuit (180) are fabricated on the substrate using ground
slotline technol ogy. 4. The invention of Claim1 wherein the inpulse
generator (160) and the sanpling circuit (180) are fabricated on the
substrate (164) using groundedEUROSTHYELE GBAENIS de technol ogy. 5. The
invention of Claim1 wherein the inpulse generator (160) is a slotline

i mpul se generator. 6. The invention of Caimb5 wherein the inpul se generator
(160) includes a step recovery diode (162). 7. The invention of Claim®6
wherein the inpulse generator (160) further includes a coplanar wavegui de

to slotline trdngiphassdeadctar(100)vomppising: t hereof . 8. The invention of Claim?7
wherein the inpul se generator (160) further includes a slotline to coplanar
wavegui de at ad s8R (1pdkt thereof. 12 WO 2005/ 093945 PCT/ U52005/ 997529

an impulse generator (160) fabricated on the substrate (164); and
a sampling circuit (180) operationally coupled to the generator (160) and
5  disposed on the substrate (164).

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



9. The invention of Caim1l wherein the sanpling circuit (180) includes a
slotline hybrid Tjunction (1S2). 10. The invention of Caim9 wherein the

juncti Oﬂfo(ﬂng%os}g% an ul traw deband grounded slotline r}ﬁ%lijzsc&;m;gﬂj"%gti on. 11.

The-i nvention of Claim9 wherein the hybrid T junction I's coupled to
the i mpul se generator (160). 12. The invention of Claim 11 wherein the
sanpling circuit (180) includes a phase bridge (184) coupled to the hybrid
T junction (182). 13. The invention of Caim 12 wherein the sanpling 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 inventig@nted ; ki i i £i it 8 her
i ncl udes a broadggndlﬁegrllssﬁ 'éb?on rgmq,g%% azgt{regm%lgg%icggﬁk o(léz@ug%leugyi%otl i ne.
16. The i nventigotliaé h@rid Thjunction (18). | ncl uding a video anplifier (190)
coupled to the sanpling circuit (180). 13

10. The invention of Claim 9 wherein the junction (182) is an ultrawideband

- grounded slotline hybrid T junction.

11. The invention of Claim 9 wherein the hybrid T junction (182) is coupled to

the impulse generator (160).

12. The invention of Claim 11 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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