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Abstract

The fabrication of a thin-rib PN junction Mach-Zetem
modulator is presented. Design and process optiiniza
have led to a modulation efficiency of 1.7VcnmiMt with
insertion losses in the range of 1dB/mm and antrédet
bandwidth larger than 26GHz. NRZ modulation up4&6ps
is demonstrated.

1. Introduction

Modulators are key components in photonic transgsivor
datacenter interconnects and telecommunicationsicapp
tions. In the O-band, the free carrier dispersifface is the
most practical way of achieving high-speed phag&ess for
modulators in silicon. This effect can be obtaiméth either
a capacitive structure, a carrier-injection or ieardepletion
device [1]. Among these structures, carrier-deptetype
phase shifters in Mach-Zehnder configuration aneeggly
used for high-speed silicon modulators.

In this paper, we report the integration of a thlmPN junc-
tion modulator. Extensive characterization of thevide,
from DC parameters to modulation tests, is presente

2. Device design and process Optimization

A PN junction depletion mode phase shifter is irdéed in

CEA-LETI's 200mm silicon photonic platform. Thisctenol-

ogy has already been described in [2]. The crosseseof a
standard half-etched-rib phase shifter, designedOfdand
applications, is shown in Figl. Such structuresshasen ex-
tensively studied, generally achieving 25Gbps NR#lata-

tion. Fig2 presents the static response of thigcedém a 2mm-
long Mach-Zehnder modulator (MZM) configuration fab
cated using our platform. Modulation efficiencylé.cm for

a reverse bias voltage of -2V, whereas losses.aodBImm.

A thin slab, in the range of 65nm is also availdblthe tech-
nology. This feature was originally introduced &fide small
radius ring modulators. Recently, it has been shibnaha thin
rib can improve the static performance of a linphase
shifter due to better light confinement within tivaveguide
[3-4]. This has proved to be the case using oufgta (Ta-

ble 1): modulation efficiency is improved with atestion of

the slab thickness, optical losses are unchangedeah the
electrical frequency bandwidth is reduced due tinarease
of the access resistance. In order to improve émelWidth of
the thin-rib based device, additional slab impléatasteps
were introduced (see Fig3). Optimization of theidgpon-

ditions and design rules were carried out. Varising con-
ditions were evaluated as well as the distance detvthe
doped slab and the waveguide. TCAD simulation tesare
presented in figure 4, illustrating these desigd arocess
variations. It is worth noting that in the caseaaflab doping
distance of Onm, the hard mask remaining on tdhefvave-
guide acts as an implantation mask leading toad&jfiment

of the implantations. In this particular case, dewice is in-
sensitive to the misalignment of the lithograptgpstused for
the slab implantations.

3. Characterization

Wafer level electro-optical characterizations haeen per-
formed in order to identify the best device as rcfion de-
sign (i.e. Slab implantation location) and prodgss implan-

tation dose). All the other parameters, in partictihe P and
N type implantations defining the junction remained-

changed compared to the standard process. Moduletic

ciency, insertion losses and electrical bandwidth pre-

sented in figures 5, 6 and 7, respectively. Efficieis im-

proved by increasing the slab doping density addaimg the
distance with the waveguide. On the other handgriimn

losses increase only in the case of the self-aligmplanta-
tion and are worse when the doping level is highbese ef-
ficiency/loss variations show that the slab dopaffgcts the
modulator junction when the distance is at its munin. As

expected, the frequency bandwidth increases whersltb
doping area is at its maximum tested value, reachihGHz
for the lowest doping level. Meanwhile, in the cas@igher

doping levels, the bandwidth remains limited, ptapalue

to the increase of the junction capacitance relttegroxim-
ity of the slab doping.

Modulation tests have been done on the best peirfigrm
device (self- aligned slab doping with condition Kye dia-
grams for various NRZ modulation data rates andaeted
parameters are presented in Fig 8 and Fig.9. 64 GiRYZ
modulation is demonstrated with an extinction rd&®) of
4.6dB and signal noise ratio (SNR) larger than inalfy,
28GB PAM4 is also demonstrated (Fig.10). All modiola
tests have been carried out in a push-pull condiimm using
an SGS probe and a pair of phase matched moddiaters.
For NRZ modulation, we used the maximum availalieed
amplitude (6.0Vpp) as measured at the driver outidatv-
ever, the RF probe loss is significant at frequesn@bove
30GHz leading to a strong decrease in the driveliardp
seen by the modulator, especially for the 56GbpGaiGGbps
signals. This reflects in the Extinction Ratio loé toutput op-
tical eye diagrams.

4. Conclusions

The fabrication of a thin-rib PN junction Mach-Zetem
modulator is presented. From the design and praxaasi-
zation, a self-aligned doped slab is introducedrder to im-
prove the dynamic behavior of the device. Modulaidfi-
ciency of 1.7Vcm, insertion losses in the rangd d8/mm,
electrical bandwidth larger than 26GHz and modaiatip to
64Gpps were demonstrated.
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. Parameters  Units  Mid-rib  Thin-rib |
Tisi2 T Vrln @ -2V V.cm 2.01 L7
\ A E Losses dB/mm 1.2 1.15
* : : : e j‘: BW @ -6dB (V=2V) GHz 215 19
8 I g ¢
L ry 1P 3 3 Tablel: 2mm-long half-etched-rib and thin-rib
150nm  le—p 8 MZM parameter comparison. Device are
400nm measured on the same wafer. Static performanes

_ i _ O il are improved with reducing the rib thickness.
Fig.1: Standard half-etched-rib phase shifter cross- On the other hand. electrical bandwidth is

section. For O-band, the waveguide width is 400nifig.2: Static Response spectra of a 2mm-longeduced due to higher access resistance penalty.
and its height is 300nm. half-etched rib MZM at different voltages.

21 3 21 —E—‘
. 20_; Dist to WG
\ 3 0.60.40.2 0
P = l9-§ s
'é ; 184 \ \ \ J ; ]
! : :
o r 173 ; 173
Slab doping distance to WG E —% Cond b 3
LA L . 12 16 = 16 C
Fig.3 Thin-rib phase shifter (@ E (b) . ( 2
cross-section with additional 2 ; 1S e e (15 e T
15 1 05 gk 05 1 15 04 08 12 16 2 24 28 0 04 08 12 16 2 24 28

slab doping. Optimization pa-
rameter if the doping distance
to the edge of the WG

Fig.4: Thin-rib phase shifter TCAD simulations with SilsAthena. Device cross-section (4a), doping lelahg the
structure obtained with 3 implantation conditiod®)(and doping profile with various slab dopingtaiee to wave

guide (4c).
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Fig.5: Modulation efficiency variations vs. the slabFig.6: Optical losses vs. the slab doping distanc€ig.7: Electrical bandwidth vs. the slab doping
doping distance to the waveguide for various doge the waveguide for various doping conditionsdistance to the waveguide for various doping

ing conditions. conditions.
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Fig. 9: Signal noise ratio and Extinction ratio measuredheneye diagrams
of figure 8.
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Fig. 8: Eye diagrams for different data rates in push-paotfifiguration Fig. 10: 28GB PAM4 modulation eye diagram

Acknowledgment References
The research leading to these results has reckineihg from  [1] G.T. Reed et al, Nature photonics,Vol.4, Aug1@
the French national program 'programme d’Investissgs [2] B. Szelag et al, Photonics Europe ConferenB&52Proc. SPIE 9891

[3] D.Perez-Galacho et al, Optics express, Vol.N¥s, 10, May 2017 |

d’Avenir, IRT Nanoelec' ANR-10-AIRT-05 [4] B. Szelag et al, SSDM Conference, 2017

- 496 -



