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Topological Protection () i

Topological Protection: Approaches that exploit topological properties of the phase space of a
system can offer stability and robustness to the system of interest from external disturbances
such as scattering, decoherence etc.
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* Need to create a topological transition to affect the system.

» Non-trivial topological system can provide new ways of control in electronics and
photonics. (Eg. Loss-less unidirectional, scatter-free transport )

L. Lu, J. D. Joannopoulos, and M. Soljacic, "Topological photonics," Nat Photon 8, 821-829 (2014).
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Outline ®

»Pseudo spin based all dielectric topological structure
» Fabrication approach
» Silicon-on-insulator fabrication

» Approaches for llI-nitride based active PTI

» Summary




Topological Photonics Spin Hall in Dielectric PC gz
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Modified honeycomb lattice of hexagonal cylindrical dielectric rods
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Calculated with FDTD (Lumerical ®) 6




Circular Hole Array Honeycomb Lattice Photonic Crystal U=
Compressed lattice a/R = 3.1
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Circular Hole Array Honeycomb Lattice Photonic Crystal W=

Expanded lattice a/R=2.9
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Circular Hole Array Honeycomb Lattice Photonic Crystal (i) &,

Hole radius ‘r’ dependence Membrane thickness
Compressed a/R = 3.1 h’=0.25a
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Reasonable operational bandwidth possible at the telecom frequencies




Unidirectional Edge State Propagation () s,

Zig-zag interface
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Waveguide System
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Demonstrating Topological Behav
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» Can observe the bandwidth of top. behavior



Fabrication on Silicon on Insulator (SOI) - Membrane ()&=,

Coat with e-beam resist Ebeam Lithography Pattern
Reactive ion etching Wet etch SiO,
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Fabrication on Silicon on Insulator (SOI) - Membrane ()&=,

« For A~ 1500 operation a ~ 840nm
* Hole radius r'=0.13*840= 110nm or ‘d’ ~ 220nm

» Typical feature sizes at the necks ~ 30-50nm

After pattern write in resist ____ AllSr GRS FEnsian

Issues with ‘necking’ of adjacent holes - addressed with SiO2 hard mask




Fabrication on Silicon on Insulator (SOI) - Membrane ([,
Pattern transfer to Si

« ~350 nm SiO2 is used as hardmask for pattern transfer
Highly selective HBr based RIE for Si etch

10202 %% %
020202020 %0% 0% o 0% %0 ®a®e %"
*{"-Cﬂ’?'\"}ﬂ % FORFORROR
%e % 'H’}\"H

ETD | SE 10.00 kV | 28.7 pm



Fabrication on Silicon on Insulator (SOI) - Membrane ()&=,
Release etch for membrane

 Wet etch in buffered oxide etchant for 15-20min : 1.6 to 1.8 um deep

Narrow bridge necks + Si epi stress causes some challenges
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Topological edge state in honeycomb lattice structure iz

Nitride

Band Structure

Modeling

Spin-down state

a/A =0.618

OKN\NS

Spin-up state

a/A = 0.60




Fabrication procedure in GaN ®

Ni evaporation and lift-off

EBL pattern in
PMMA

KOH bse wet tch




Topological/Trivial lattice interface structure in I11-Nitrid@) 2

Ongoing ...

 Main challenges
 Deeper etching



Topological structure in active material systems ™

PhC nanrod array have shown excellent light emission behavior

Photonic Crystgl Laser Pixels

Demonstration of Lasing from PhC Array

Sandia

Pump Spot

J. B. Wright et,al., Sci. Rep. 3, 2982 (2013).
Fabricated by using a top
down approach from a
planar GaN with InGaN
Multiple quantum wells

Light sources with topological charges?
A. Kodigala, et.al," Nature 541, 196-199 (2Q17).




Summary ®

= Hole array honey comb lattice structure for photonic

pseudo spin

= Fabrication in Silicon/SOI

= Next ... Optical measurement

= Active topological structures based on IlI-N




Thank you for your attention!
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Quantum Dot based Helical Sources L2

Barik, S., et al. (2018). "A topological quantum optics interface." Science 359(6376): 666.

e Create a quantum dot inside the structure

* Apply high B field to split energy level as well as helicity
e Unidirectional propagation of single photon source

* Bandwidth difficult to demonstrate

What about a passive structure to manipulate light incident from elsewhere?

26




7
- By .
b4 ¥ g
Sy *y Ty
- g L g o,
+ gt b .y o
a By Sy ' ey
.,.v.".ﬁﬁ forchs
o .u"urs..".."._" ¥
i R iy
“..“.w. rely
5
Hl‘.“;.ﬁ“lb‘. lﬂ”l‘,ﬂ.l‘“‘“‘.
. v."..u.:n s.r.w.r: :
lla.vlu.un l.!at »
“..u.ﬁ.m.r.r.m.r :
!ii‘lhl 0“."
L oy Ty L L “
£l ol | er ¥ ¥
R furelyt
| *a 'y *a! v
w.ﬂ ﬂ_ai“.‘l".'&.?
d“’l?
t
*a iy
!

e
By L
*at o,
et ettty ,
“ay S ¥
!sti&.vuh._—.‘.’lh.ﬂnﬂ“ﬂ o,
o
e R :
& - ' ". ¥,
* oy _—& L
: :.u..._u..
g .-0. L
i Lo
L ik
ey
*a i, o 5!
A g ‘6 L
st it
*a' , ®,
] F oty ]
Bt e
o2 4&
¥it
o

‘ QQﬁ””{‘
== +l
i
Eak el
£ ».

EoAnE
i
3
s
Gt
mn.u

.
-
By

.

L

H

--_..
i

l’l *y!

-l-

l'll

L]

o

IPII-.&

Ql Fg®

-

N
Ch
4
i

5
r‘-l,l»
o

*

Ty

Ay

¥ "ol

Py By L O

Ay - 5

* e by

Py oy *, Ty !

Ay e o o

....A.n..ﬂ...»nm.ﬂ.r"

.--i .Ha-n-ananh

w L LI L3 - "t »

By Byl Ty Py Ty "ate

-unu.- -raugnn

" Wy L3 w iyt L

2t .u..u.." ety

rhr- i e L

..Jﬂ;“.-u..n #-uu .
- g L oy =

"w"m.m"w fehists

H

' Ll L ‘l

Hi- e w

T L e

L vl

r.n.

i
!
S
w
iy
+
o
g
o
b
Tl
Ay
o
g
!

¥
Ay
A Ay
e e t
H
iyl u._-“v..“
iy g A g aty
ghebod MR
", Ey o
a e
kol yulg ”y
g g gt pude *ita g
e
o uf By ety 't
' By’ Sy g o B, iy
g By g g L ot iy g o
L -‘thll Qllﬂ-‘lv
«nquua*... u-.v»il‘.-»
'l‘l" .'ii !Qﬂh.-ﬂh‘h
g Fa! » 4.‘.5 ey By - o efy i
g Al a.\ua gt gy Sy ! L T |
.I-am.iu e 3.-..-:9.
.ra- by By i i By CH ..v.::.
n-l-aa ...r.-..av.u-ii.
h.tﬁ.n!..! f)lllﬁ*!!!!ll .r.-
ikt kel bty i S Lty
hicd -, - L3 > bl gy
_ﬂuﬂ us By .n..n» -u.H »;.ﬂ.n .u-.n
L ilb.-n. gt Py t L Ty Ty oy
L
b ’, %y H ¥
4 ¥ ety o A nw- wn»-nv&..u
L iy oy A gl g By e’ ! Ay Ty b i B,
;ima .:.i g By Oy By e !-_-.- -
!ﬁn.ilu.\-l iw " U..tw..na.v.iﬂ
!.-‘_n-.. _-__. L ..avuq!..cl
lﬁ._-.niﬁ! &.il ﬁ.aa.-.l!ﬂ 1-. *
u.aicc vn:tu...-.% By
Ty P ' - L ] Py Ty » g Ty
lﬂﬂ! l' !llhl‘-' I.G'tl
Tty n--=.a1-14u ;vvku
L" arat aq.-.._..f..-u -..ZI.
iy gyt Ey by Pyl Ty o P T ! c\aa
[~ v.-maqv (5 \..i-z‘: -!.4
n.' Iid?t!! ' ’!ﬂll ',
Aty ! ..v.v-.v vum g ..lm-.- ﬂaq rus
u...a-u......_u .z.u-,..:a t.u..
By Ty i.li By gy il.hl' -,
Hy Ay iy -v-_.-_.-!.. ..uw 5 ]
!‘1.. L] -Q.’-.?!Mﬂli!lb 1!9'!!
.....i-..umlr.i Li-n acw M Ey L
Ay v..-!_:.-. B -,.va
uqu nua-vv_,. ar.vs..a-w:..q
" lré oy ‘,-'.0.. ll llh.r?l!& -
fade Ay ¢-n- .y g B By a*a .
u,r-rnj..-.. ar!._u..iz«v-i
9!5# ‘ﬂﬁu L Iibl!'l
8 gl il.!l Py Ll L » Flhla a H
v..-qa_..aui. -in-.r.-_..:
#sm- .aa-.w -..-ﬁ-rp.i
iaﬂ‘l1l - Il - . Iﬂ..‘ b 3 g -.EVAI
ﬁ.vl‘iir{l!iﬁt.u. !Iil!t ..U!'
.vlﬂll %-l'm!‘.. li ! .-.b
...u... »mnr..z_. = » ot -
-ll}l‘llin&! Hilliﬁ 1! "!
B, llib'. -..tl‘. o Pﬁ"lﬂt’-
ity !asﬁl-qa Py 1 !nr_I bR
H =
Ha by un..,.o.uvf 3 H nv».-.n-.na-
o o ...u!. A - .-vn-_..-
H
3 Fy v.-u o *y P;u.um-u-a
¥l ¥ . » L L ol
*U“ilb!ﬂlﬁt" UI.I
- ', e L i oy g LM
i ‘.1: vy ¥y
.pk.z-a._.. L3
' ..._.,:_5 -.-E
-G Ay tl....
H ..J..f.n..
LM » o
By by
iuhs E
¥ g
»
-4

27



Fabrication on Silicon on Insulator (SOI) - Membrane ()&=,

1pm

mm




Fabrication on Thick Si using deep etch ™
Ebeam Lithography Pattern

Deep reactive lon etch

This can be challenging fabricate and may not always be compatible with typical Si
photonics designs.



Motivation: Topological Systems in Electronics (g i

Laboratories

Electronic Topological Insulators : Systems exhibiting Quantum Hall Effect > 2DEGs

Time reversal symmetry is broken by applying magnetic (B) field

» Discrete highly degenerate Landau Levels
« Conducting edge states within insulator gap

F. Duncah Halane

-« Topologically protected “one way” electronic transport (Physics Nobel Prize (2016) )
Conducting edges Landau Levels ( lj heB
E =|n+—|—
m
2 E
5 i _ B
LI L om
Insulating inside T T T B
Density of States

It tu.s out appropriately designed photonic structures can exhibit

opolog|ca| properties too! F. D. M. Haldane and S. Raghu, Phys. Rev. Lett.
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