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Abstract:  To access degrees of freedom of optical cavities, it is often
advantageous to make material contact to the cavities #lgas We
present a cavity design which enables large numbers of cisntap to 62

in this work) to be placed in direct contact with waveguidgesvalls. By
exciting a superposition of modes with a particular raticaofplitudes, a
spatial field pattern with periodic nodes along the sidesvigllestablished.
We refer to this state as a Unidirectional Bloch Mode; cotstaataced

in the nulls of this mode introduce little scattering lossevizes were
fabricated by Micron Technology in a polysilicon DRAM prase We
present measurements of racetrack-type optical caviiidssas many as 62
silicon contacts. Quality factors are consistently meegto exceed 20,000.
Accounting for the independently measured polysilicors lo§ 10dB/cm,

Q factors of 30,000 are consistently observed with peak gaéxeeeding
40,000. SuchQ factors are sufficient for many photonic applications
including optoelectronics, optomechanics, and partielessg. The large
numbers of contacts give simultaneous access to ele¢tmeahanical, and
thermal degrees of freedom.
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1. Introduction

Many photonic systems rely on optical cavities to storetlagid/or control the density of optical
states. With the extensive interdisciplinary branchingludtonic subfields and the burgeoning
complexity of integrated photonic devices, technologib& enable access to degrees of free-
dom of the cavities—electrical, mechanical, thermal,,etenable experimentation with and
utilization of multiple coupled physical mechanisms. SaVeavity designs have been intro-
duced to deal with this challenge [1, 2, 3, 4]. Here we preaesiass of silicon photonic mi-
crostructures which superpose multiple guided modes to foterference patterns with nulls
where contacts can be made. We demonstrate racetrack t@soméh contacts made directly
to the waveguide sidewalls in the same lithographic and s that define the waveguiding
structures. Cavities with 62 contacts are demonstratdtimtitinsicQ factors across the C-band
averaging higher than 33,000 with peak values over 40,080&Rs of 507GHz. Structures
with 10 contacts and FSRs of 1.12THz are also shown to haniesit Qs higher than 40,000.

We anticipate utilizing such cavities for optical modulatin CMOS-to-DRAM optical in-
terconnects [8, 9]; however other applications will be di&sed throughout the text. In many
CMOS and DRAM processes, a partial etch is not availablehsgbpular ridge modulator
design [1, 12] is not feasible. In poly-gate CMOS procestespolysilicon can be patterned
above the body silicon to form a ridge waveguide, but thiggititon is often quite lossy. Due
to the gate oxide, this only allows carrier modulation inbleely silicon layer of the waveguid-
ing structure [9]. Such a cavity design gives rise to broadmances with small mode shifts. It
becomes advantageous to form contacts on optical cawviti@zsingle silicon layer without the
need for a partial etch.

To demonstrate the feasibility of this cavity for a micragtenics process, we partnered with
Micron Technology, a manufacturer of DRAM, to fabricateioak cavities in a native DRAM
polysilicon process in a 90nm fabrication node with one idiggmnt process modification: the
polysilicon was grown on a 18n oxide layer for low-index undercladding. In the next seati
we discuss the principles of design of these cavities, argeim 3 we present optical spectra



of the fabricated cavities. We conclude in Sec. 4. Additiadeta and discussion are in the
appendices.

2. Contacted cavity design

The central idea behind this multi-mode approach to coethetaveguiding structures is to
generate combinations of two or more modes which interfierspiace to form field nodes
where the waveguide can be touched without incurring sabataptical loss. To this end, we
seek appropriate waveguide widths to support the desirstbauof modes. For simplicity, we
begin with the two TE modes of largest effective index of aefron. Figure 1(a) shows the
effective index of refraction for the three lowest-order Bdes as a function of waveguide
width for a 225 nm silicon waveguide in an oxide cladding eowinent. We see that the 3E
mode emerges from the cutoff defined by the oxide claddingdtha of ~ 800 nm. To ensure
the T mode is not excited and does not disturb the field pattern, evead wish to utilize
waveguides wider than this.
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Fig. 1. (a) Effective indices of refractiomds = 3/ko) for TE;, TEp, and Tk modes as a
function of waveguide width. (b) Period of interferencevibe¢n modes TEand TE, as a
function of waveguide width for three wavelengths.

It also may be the case that a particular periodicity of coistas suitable for a given appli-
cation. Figure 1(b) shows the beat peridd= 217/ (B1 — 32), as a function of waveguide width
for three wavelengths. The similarity in beat periods ovéb@nm wavelength range indicates
the structures will have broad operating bandwidths, as vllesee in Sec. 3. With the aim
of designing a modulator consisting of two linear arms cated by 180° bends (a racetrack
configuration) we desire longer periodicities so that theetblinear regions of the cavity con-
stitute a greater fraction of the round trip length and tfa@eeachieve a larger mode shift with
voltage. To balance these constraints, we select an 800denduial-mode waveguide width.

Investigating the performance of such dual-mode waveguigde conduct FDTD [11] sim-
ulations in which a TE mode is launched into a waveguide with contacts spaced attigre
ference period. In Fig. 2(a) we observe that after propagdtirough only a few contacts, the
total field has formed into an interfering superposition afdes Tk and TE, which avoids the
contacts. We can write the input field as

Ei(r,t) =eu(r,t) O [agen(r t) +azep(r,t)] + [ar€ (1) — azex(r,t)]. 1)



This structure acts as a filter to eliminate the second tertimermbove expression for the initial
field. To see this, we record the fields between each pair atadj contacts in the FDTD sim-
ulation and overlap them with the TEnd TE modes to monitor the rati|@1/a2|2. The results

of this calculation are shown in Fig. 2(b). Initially, allwer is in the TR mode, but the power
in that mode quickly drops as the power in the,TfBode rises; the ratio of these two modes
stabilizes as a function of contact index, and the total pdess per contact becomes quite
low. The resulting low-loss optical mode is a unidirectibBeoch mode (UBM) arising from

the superposition of two co-linearly propagating waveguitbdes with differing propagation
constants.
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Fig. 2. (2) FDTD simulation of a TEmode launched in an 800nm Si waveguide. The
interference period between TBnd TE in this structure ig\ = 3.08um, and 10 periods of
contacts have been placed with this periodicity. After aiggtion through several periods,
it is evident that some energy has been transferred to thenidéle, and the resulting field
pattern avoids the contacts. (b) The power passing throughsa section between each pair
of contacts has been observed. Power is transferred fromtd’ EE,, and this results in
significantly reduced loss per contact. After propagatimgugh all 10 periods, the ratio of
amplitudes of modes TiEand TE, approaches a constant, and the low-loss UBM has been
established. (c) By utilizing a non-adiabatic taper, theirdel ratio of mode amplitudes can
be excited. Here we plot the ratio of amplitudes as well addks as a function of taper
length.

One would like to find a means to couple into the UBM by exciting appropriate ratio of
modes Tk and TE without incurring the loss seen at the left of Fig. 2(b). $8le excitation
of the two modes of differing symmetry is achieved with anmasyetric, non-adiabatic taper,
as shown in the inset of Fig. 2(c). Figure 2(c) shows the Gftthe TE and TE modes excited
as a function of taper length for a taper with sinusoidal gitaan shape from a single-mode
waveguide of width 400nm to a dual mode width of 800nm. Hawhgerved the optimal low-
loss ratio presentin the UBM, we now choose a taper lengtkdibeethis ratio. The location of
the first field node along the sidewall can be approximateciayyais of the continuous-wave
(CW) field pattern, as shown in the inset to Fig. 2(c), and th&l f)arameters can be fine tuned
in simulations of the complete structure. The chosen patenmiéor our designed structure are



listed in Table 1.

A CW simulation of excitation of and propagation through anpbeted UBM waveguide
section is shown in Fig. 3(a). The taper exciteds a field wlaebids even the first contact,
and the intensity after the contact array is very nearly #tahe input. An SEM image of the
excitation taper and first few contacts is shown in Fig. 3fbjnicroscope image of a UBM
cavity with 10 periods on each arm is shown in Fig. 3(c). We mpoaceed to quantify light
storage in these cavities.
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Fig. 3. (a) Light passes through an array of 21 contacts iredynssless manner enabled
by the excitation of a UBM. (b) An SEM image of a fabricated roavity. An excitation
taper as well as the first few contacts is shown. (c) A micrpscoage of a racetrack
resonator with 42 contacts.

Table 1. Chosen parameters for UBM waveguiding structutiog TE; and TE. The
first contact distance is measured from the end of the tapketmiddle of the first contact.
Parameter Value
Single mode width| 400nm
Dual mode width | 800nm
Contact period 3.08um

Contact width 260nm
Taper length 1.86um
First contact 560nm

3. Experimental results and analysis

We define the number of periods of contactd\Nasand the total number of contacts Hgt;

the total number of contacts on each resonatbkgs= 2(2Na + 1). Devices withNyt =10, 22,

34, 42 and 62 contactdNf =2, 5, 8, 10, and 15) were fabricated by Micron Technologies in
a 225nm polysilicon layer with oxide over- and under-clagdising a 90nm DRAM foundry.
The resonators are designed as described in Sec. 2 to opel&®0nm, and the structure pa-
rameters are listed in Table 1. At 1550nm, the polysilicaypagation loss is near 10dB/cm and
depends slightly on waveguide widt.factors near the intrinsic values were experimentally
ascertained with the loss ring method: several cavitiegl@ftical design are laid out along a
common through port bus, and each cavity is coupled to arpemident drop port of increas-
ing ring/bus gap. For each device, the more-strongly-caliphg/bus gaps are 290nm, and the
weakly coupled gaps are 400nm. The coupling bus widths &0arB6Qs are extracted for the



[9%)
(=

ﬂ

—Through]

-~ Drop I f--oooioeee e AR P & |
—_ —Drop 2 : : : : : :
e L R EEEE | ——————— ? ———————— ’ ————————— R .
P 3 3 | 3
g50F * """" ‘ """""""""""""""""""""" .
2 | ] | § | ”
S35 - I i ERCERRESY | ERRERS | (RRRISRS | EEFERTSRS RS .
5 | o \
5607"""""] """""""" ‘H’ """"""""""""""""""""""""""""""" .

N
wn

~
(=

~
D

1530 1535 1540 1545 1550 1555 1560 1565 1570 1575 1580

Wavelength [nm] N =15
A
, —N,=10
Sty o S S . N |=N=8
45 ® | | : : | | : |—N =5
“|FSR: 4.10nm, 507GHz 3 E 3 3 3 [|—N'=2
§3~51&SR5511éﬁm;541¢Hz"T """" J """" JJIL """" }LJ\ """" 1
=3 A A W s : N :
8 f f f f 5 f f f f
2 2.5(ESR: 5 80mm. 718¢ b R RELEREERRE e e | EERPRR I PR ] .
E +>80nm, 718GHz : : : : : :
R ‘ e ‘ ‘
~

—_
n

e e ———

Sesr-o.0mm, ot | A J """" o J """"" o k

j j j j i j j j j
1530 1535 1540 1545 1550 1555 1560 1565 1570 1575 1580
Wavelength [nm]

—_

(=]
i

Fig. 4. (a) Spectra from a cavity witkiy = 10. A through port spectrum is shown, as well
as a drop port spectrum from a structure with 290nm ring/lapsddrop 1), and a drop
port with 400nm gaps (drop 2). (b) Spectra from the secong gt of cavities with
Np =2—15.

least-loaded spectra which still rise sufficiently aboweerbise floor. Light is coupled onto and
off of the chip with grating couplers [16]. Resonant wavejtis are measured with a swept
laser in the through port, and this allows one to set the lasgelength to a resonance to align
a fiber to each cavity’s drop port. Spectra from the througt as well as two drop ports of
devices withNyt = 42 are presented in Fig. 4(a) (cavity shown in inset). Oneseanthat the
through port is weakly coupled to the device with the smali@eps and nearly uncoupled from
the device with larger gaps. Correspondingly, the first gsog has considerably less noise,
and the second drop port h@sfactors that are more indicative of the intrinsic cav@g. The
spectral response of the gratings gives rise to the envetaittgolying the heights of the peaks.
The large number of resonances with well-defined FSR andisityiin linewidths (quantified
in Table .1) demonstrates the wavelength-insensitivityhete devices.



Figure 4(b) shows spectra from the second drop port of strestwithNa =2, 5, 8, 10, and
15. All devices have higl® resonances, and the FSR is determined by the number of period
as well as the length of the racetrack bends. Because dttaiffend mode transitions have
significant loss [17], we employ gradual racetrack bends adtvature that transitions from the
straight waveguide section to that with a constant cureailo help ensure losses are dominated
by the UBM sections of the resonators, fairly largend minimum radius-of-curvature gradual
bends are utilized, and the length of each is 178G6,. To achieve larger FSRs, this radius
could be reduced, and/or the geometry of the gradual berid beumproved.

Coupled mode theory is utilized to quantify the observedmasces. The model is presented
in Appendix A. In the model for coupled counter-propagatimgdes, we find the resonances
split in frequency as well as i@ factor. We refer to the greater of the two sglitfactors as
Q- and to the lesser &3.. In the present study, we find that nearly all resonancesetterb
represented by the doublet model of Egs. A2-A4 than the sirggonance model of Eq. Al.
The resonances observed were quite consistent acrosdebenteC-Band with peak quality
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Fig. 5. Measured quality factors and resonance lineshapéfittach mode in the wave-
length range 1530-1580nm of & = 2 cauvity.

factors near the designed frequency of operation. Thisrsastrated in Fig. 5 where we show
the Q factors of all resonances between 1530nm and 1580nm fpan 2 cavity (it = 10).
The transmission spectrum is with respect to arbitranglinaits, and a magnified view of the
region containing each resonance is shown at the base opeakhWhile all resonances within
this bandwidth have higlp factors, those near the target wavelength of operationigreht.

In the case of thidNy = 2 cavity, the pealQ; measured in this spectrum was = 23,400
with Q- = 26,300. Accounting for the independently measured polysilipoopagation loss
of 10dB/cm, this corresponds to a UBM-loss-limited ca\@g}‘ = 35,300 for the total l0s,
andQ‘;1t = 42,500 for the highe® of the two split resonances.

The well-defined splitting in several of the resonances shimwFig. 5 is clearly observed
in cavities withNit = 22 as well, as is evidenced in Fig. 6. Figure 6(a) shows a rsécioe
image of arNp = 5 cavity. The spectrum from the first drop port is shown in Bigdp). Doublet
resonances are observed wigh = 18,100 which corresponds to an intrins{@‘;“ = 24,400

in the absence of polysilicon propagation loss. One canlseetcellent fit to a Lorentzian
doublet.
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Fig. 6. (a)-(c) Data from aiy = 5 cavity. (a) Microscope image of the cavity. (b) Close
up view of the resonance with the highest valu€pfn the device coupled to the first drop
port. One sees the necessity of fitting to a doublet modeT i{e)corresponding resonance
of the device coupled to the second drop port. This resonalscehas the highest value
of @ of all resonances in the spectrum. While the mode splitngeduced, the doublet
model of Eqs. A2-A4 still provides an excellent fit to the measl data. (d)-(f) Data from
anNp = 15 cavity. (d) Microscope image of the cavity. (e) Close uphefresonance with
the highest value o in the device coupled to the first drop port. Upon first glarhe,
data appear to have the shape of a single Lorentzian, likerthiae singlet model of Eq.
Al. However, comparison between the singlet and doubletetsagveals the superior fit
of the doublet model. The splitting is small compared to thewidth, but quantitatively
the passband is better fit to a narrowly split second-ordgtegy than the single Lorentzian
of afirst-order system. (f) The corresponding resonandedévice coupled to the second
drop port. The doublet lineshape is quite evident. (g) Dé&tncadjacent resonance in the
same spectrum as that shown in (e. Similar minimal splittngbserved, and again the
doublet model provides an excellent fit to the peak of themasoe.

In Fig. 6(c) we see the corresponding resonance in the dewi¢tke second drop port with
400nm ring/bus gaps. While more noisy, the doublet resamatracture is quite evident; the
measured factors are significantly highe@; = 23,300 withQ-. = 24,600. In the absence of
polysilicon loss, this correspondsf@@t = 38,100.

Figure 6(d) shows ah = 15 cavity, and resonances from drop port one and two devices
are shown in Figs. 6(e) and (f). The trends match those of fitmvementioned cavities. With
Niot = 62, the splitting is not as apparent, but Figs. 6(e) and (g)vghe discrepancy between
the fits of the doublet model of Eq. A2-A4 and the single-lozéan model of Eq. Al. Figures
6(e) and (g) display data from two different resonancesltstilate the consistency of the



observation, and in both cases the fit to a doublet model giv@gherr-squared value; the
spectral fit of the model near the top of the passband is gleaske accurate with the doublet
model. After accounting for the polysilicon loss, the datlihodel givexQ; = 20,700 and
Qi = 30,500 for the fit to this 290nm-gap drop port. For the 400nm dra gpectrum of Fig.
6(f), extracted intrinsic values a@" = 40,700 andQ"™ = 42, 300.

A more complete summary of the data is presented in Append&dicted and measured
Qs of cavities with various numbers of periods is presentetainie B.1. A summary of the
fit parameters which quantify the resonances in Fig. 6 isgotesl in Table B.2. It may seem
counter-intuitive that cavities with a given number of cris could have a comparable or even
higherQ than a cavity with fewer contacts. The point is addressedipehdix C.

One conclusion which we intend to emphasize with the breaflttata presented in Figs.
4-6 and Tables B.1 and B.2 is that UBMs present in these eawdtie robust, and the cavities
have a broad range of operation. Our results are not thoséewof laero devices; rather they are
present in each cavity across a broad range of frequendesad range of values &, and
across a number of chips taken from various regions of thewaf

4. Conclusions and outlook

Quality factors as high as those measured here are suffioilentany cavity applications in-
cluding modulators, detectors, optomechanical strusfuaed nonlinear light-matter interac-
tions. For such applications it is often necessary to aceksdrical, mechanical, or thermal
degrees of freedom. An exceptional aspect of a cavity witmh@2pendently addressable con-
tacts is that some can function to manipulate certain dsgrfeeedom leaving plenty for other
uses, thus enabling highly multi-physical optical caviggtems.

While the present work has developed the racetrack geonitatryvorth noting that circular
ring cavities making use of two whispering-gallery modes ftam a more compact contacted
cavity not requiring bends inaccessible by the contacts Rl8rnatively, it is possible to make
use of the fact that the mode is forced to the outer sidewadhénbending waveguide regions
to place contacts on the inner sidewall in those regionsjrfike the work of Watts et al[2, 3].
This would allow the entire optical mode volume to be accg$sephysical contacts, and the
number and purpose of the independent contacts could berl@sthe application at hand.



Appendix A: Coupled mode theory of single and double resonates

To model the resonances observed in this work, we utilizedp&al Mode Theory in time
(CMT)[14, 15]. The drop port response of a ring with one resae is given by

S P Ao
S| dw?+rE
wheredw = w— wp. In EQ. Al,r; = rj +ro+1y; the total loss rate is the sum of the loss due to
the input and output ports as well as all other losses, whieltantained i . The total cavity

lossQ is given byQ; = ayp/2rt.

(A1)

v N

s, s

-4
Fig. 7. Schematic of the ring/bus coupling model under atersition. The energy am-
plitudes of the two modes ary anday; each oscillates with eigenfrequenay in the
absence of coupling. The rate of input and output couplingedus waveguides argand
ro, respectivelyr; represents other loss mechanisms. The linear coupling rfinoate one
to mode two is represented Ipy». The drop port amplitude is given I8 /S ;.

In structures with sufficiently narrow linewidths, doublesonances of two coupled counter-
propagating modes are observed. A schematic of the confignrander consideration is shown
in Fig. 7. On the left we show a representation of the couptepagating modes of a single
resonator. To elucidate the relation of the parametersst@€MT model, we map the system of
two modes in a single cavity to the equivalent system of twaties each with a single mode
and a separate drop port. In this modml,anda, are the energy amplitudes of two counter-
propagating UBMs, anglj; is the linear coupling coefficient of modéo modej. We assume
exp(—iwt) time dependence, so the measured drop port response ofuthkedoesonances is
given by

S | —2,/Foi
S = 1000+ ry + Haaka1 (A2)
+ ET 5wt

The complex producioLp1 determines the magnitude and phase of the modal splittiry. W
write this product agtiopio1 = |H1opz1|exp(i L piopiz1) = p?exp(i@,). The CMT equations for
the coupled counter-propagating modes in the absence abagth or drop port leads to an
eigenvalue equation with eigenvalues corresponding tephieresonances of the system,

D

w_t:woiucos(%)—i [rt¢usin(7)], (A3)

with corresponding split quality factors,

_ —Re(w.) _ aytpucody) »
Qs 2Im(w:) Z{rtxusin(%)] (A9

The termucos(%) may be dropped in the numerator of Eq. A4 because it is mucHesritzan
wy. Depending on the magnitude and phase of the splitting, ytimeahe case that eith€, or
Q- has alarger value. For the larger (smaller) of the two, wecalie the symbdD-. (Q-).



Appendix B: Tabulated data

Here we present data from a number of different cavitiesleTabshows a summary of reso-
nances measured in cavitiesMf = 2,5,8,10, and 15. Table .2 shows more detailed informa-
tion on the resonances shown in Fig. 6.

Table .1. Measure@ values. For each entry, th@ values measured for each resonance
in the spectral range from 1530nm to 1580nm were averagedtton®. Qmax denotes
the largest of all measured and@t.. o is the standard deviation of that data <@t is

the average of the intrinsiQ factors of the same data set with the 10dB/cm polysilicon
propagation loss accounted fof.is the average of coefficients of determination of the fits
to the CMT model.7 is the cavity finesse calculated using the measured FSIQEBQ

Niot = | 10 22 34 42 62

Q= | 16,200 | 14,600 | 15,400 | 16,700 | 17,700
18,200 | 18,100 | 18,500 | 19,600 | 22,100
o= | 1390 1760 1690 1820 2470

r2= | 0.99981| 0.99986| 0.99966| 0.99913| 0.99980
Qn— | 21,100 | 18,600 | 19,800 | 21,900 | 23,900

Dro;i'lnt int = | 24,700 | 24,400 | 25,200 | 27,200 | 32,400

g"t— | 1750 2620 2410 2540 4040
5— | 22,000 | 19,900 | 19,900 | 20,000 | 22,900

26,300 | 24,600 | 25,300 | 24,300 | 30,600
o= | 2340 3260 2840 2990 3790

r>= | 0.99980| 0.97930| 0.97548| 0.94318| 0.96683
Qnt = 32,100 | 27,300 | 28,100 | 27,500 | 33,100

int 42,500 | 38,100 | 40,000 | 37,400 | 55,100

D int ' =
%" <M 13130 | 6010 | 4410 | 5510 | 6530
7 — | 249 173 150 125 146

Appendix C: Dependence ofQ and finesse oriNa

As we have seen in this work, it can be the case that cavitigsmare contacts can have larger
Q values. To see how this may arise, consider the relatiolstipeerQ and round-trip loss:

20mmglL

= Cil
)\oln(].O)LdB/n ( )

Q

Hereng is the group indexi. is the total length of the cavity, andjby is the loss in decibels
per round trip. In Eqg. C1, all factors are constant betweettiea of differingNx except the
ratioL/Lgg/r- Thus, if the addition of another period of contacts bringserength than loss,
it will raise theQ.

The round trip loss can be separated into a few components:

Neot
Lag/mt=2 <2|—taper+ Lbend+ Z Ln) . (C2)
n=1

In this expression, the taper loss and the loss through théugt bends are constant across
cavities of differingNa. We represent the loss due to the contacts as the sum ovevshe |
at each contact to allow for the general case in which thevasgs down the length of the



Table .2. Parameters extracted from fits to the data showrngin6k All three Q values

present in the model of Egs. A2-A4 are listed, as well as tlieesponding intrinsic esti-
mates obtained by accounting for 10dB/cm polysilicon pgapi@n loss, the? values of

the fits, and the resonance wavelength splittidy, measured in picometers.

Niot = | 22 62
= [ 16,485 | 20,725
int— | 21,593 | 29,624
Q. = | 18,080 | 21,125
Drop; Nt — | 24,415 | 30,447
.= | 15,148 | 20,340
r= | 0.99951| 0.99988

A = | 89.3 30.5
= | 23,308 | 25,583

it — | 35,023 | 40,666
Q. = | 24,638 | 26,626
Drop, it — | 38,114 | 42,316
.= | 22,114 | 24,971
r= | 0.98464| 0.99037
A= | 484 36.9

Eq AL Q0= 20,700

9 22— | |0.98430

VS. doub

Eq. A2 QU= 24,500
2= 0.98656

structure. For example, the loss will vary as a function aftact index if a ratio other than the
optimal UBM ratio is excited, or if the positioning of the firsontact is slightly errant and the
mode has to adjust it's phase.

The point here is that if j.varies withn, it is most likely to be reduced with. Thus, contacts
at the beginning are likely to be slightly more lossy. Chagsivell-informed values for the
terms in the model of Egs. C1 and C2, one can find sizeablensgibthe parameter space
whereQ grows withNx, and also where it does not. If the period of interference¢ivdepends
on wavelength) is slightly incommensurate with the peribthe UBM, the loss per contact
will outweigh the gain in length, and cavities with smalMx will have higherQ factors.

Perhaps it is also useful to consider the finesse. As we sesbie T, the averag® value as
a function ofNp is relatively constant. If we use this as our most indicatheasure of), we
conclude that the finesse is maximized in smallgrcavities where the FSR is maximized.



