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   Abstract — Microwave  photonic  processors  leverage
the modern  photonics  technique  to  process  the  mi-
crowave signal in the optical domain, featuring high speed
and broad bandwidth.  Based on discrete  optical  and mi-
crowave components,  different  microwave  photonic  pro-
cessors  are  reported.  Due  to  the  limitation  of  the  opto-
electronic components, most of the realized processors are
designed  to  serve  a  specific  demand.  With  the  booming
development  of  photonic  integrated  circuits  (PICs),  new
possibilities are  opened  for  the  implementation  of  integ-
rated microwave photonic processors.  By using the high-
precision  planar  fabrication  process,  on-chip  microwave
photonic  processors  are  enabled  to  have  unprecedently
full reconfigurability to perform multiple processing tasks.
An overview regarding our recent work on reconfigurable
microwave photonic  processors  is  presented  with  an  em-
phasis on silicon photonics integrated solutions.

   Key words — Integrated  microwave  photonics, Re-

configurable  signal  processor, Bragg  grating, Micro-disk

resonator.

 I. Introduction
Microwave photonic  signal  processing is  a  topic  of

interest  in  microwave  photonics  field  [1]–[4].  With  the
use of modern photonics, microwave signal is processed
in the optical domain, which opens up new possibilities
for overcoming the speed and bandwidth limitations in
conventional  electrical  signal  processors  [5]–[8].  In  the
past two  decades,  extensive  studies  have  been  conduc-
ted  and  various  demonstrations  have  been  reported.
Different signal processors including microwave photon-
ic filters [9], [10], photonic fractional-order temporal dif-

ferentiators  and  integrators  [11],  [12], Hilbert  trans-
formers  [13],  microwave  photonic  mixers  [14],  [15], mi-
crowave phase shifters [16], [17], pulse shapers [18]–[20],
and  true  time-delay  beamforming  network  [21]  have
been successfully demonstrated.

However, most  of  the  demonstrated  signal  pro-
cessors are implemented with the use of discrete optical
and microwave components, which leads to a poor sta-
bility and  large  power  cost.  Meanwhile,  these  pro-
cessors  were  designed  for  a  specific  signal  processing
task. To  reduce  the  cost  of  application-specific  pro-
cessors,  a  reconfigurable  signal  processor  that  can  be
field-programmed on demand for  different  tasks,  like  a
widely-used field-programmable  electronic  FPGA  sig-
nal processor,  is  highly  preferred.  With  the  rapid  ma-
turity and growth of development in the photonic integ-
rated  circuits  (PICs),  a  promising  approach  is  enabled
to  realize  chip-scale  integration  of  microwave  photonic
signal processors, which is becoming a hot research top-
ic  [22]–[25].  Thanks  to  its  high-density  and  high-preci-
sion integration offered by PIC technology, multiple dif-
ferent optoelectronic components can be integrated on a
single circuit  chip,  which  makes  a  reconfigurable  mi-
crowave  photonic  processor  possible  with  a  compact
footprint, high  stability,  and  high-precision  manipula-
tion capability.

The  first  on-chip  programmable  photonic  signal
processor was proposed by Zhuang and his colleague on
a silicon nitride chip, which has a two-dimensional mesh
network  consisting  of  a  grid  of  tunable  Mach–Zehnder
interference (MZI) couplers [26]. By controlling the MZI
couplers,  different  circuit  topologies  are  resulted  and 
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hence multiple  signal  processing  functions  are  per-
formed with  the  signal  processor.  Subsequently,  differ-
ent mesh structures, such as hexagonal and triangular-
shaped meshes, were also proposed on a silicon photon-
ic chip to realize the programmable photonic signal pro-
cessor [27]. However, since an MZI coupler usually has a
large size, to reduce the footprint of the processor, a re-
configurable  photonic  integrated  signal  processor  was
proposed with the use of three compact micro-ring res-
onators (MRRs) on an InP chip. With the currents in-
jected into the active components,  the signal  processor
can be  reconfigured  to  performing  different  signal  pro-
cessing functions. In the report [28], three functions in-
cluding  temporal  integration,  temporal  differentiation
and Hilbert  transformation  are  experimentally  demon-
strated.

By  leveraging  the  mature  and  monolithic  CMOS
process,  silicon  photonics  is  envisioned  as  a  promising
opto-electronic  integrated  platform.  In  this  paper,  we
will discuss  three  silicon-based  reconfigurable  mi-
crowave photonic  signal  processor.  Specifically,  a  pro-
grammable waveguide grating based on distributed PN
junctions  will  be  presented,  and the use  of  the  grating
in a  microwave  photonic  system for  reconfigurable  mi-
crowave signal  will  be  discussed.  To  realize  the  mul-
tiple channel  signal  processing,  an  on-chip  program-
mable multi-channel grating based on equivalent phase-
shifted  grating  technique  is  designed,  fabricated  and
demonstrated. In addition, to make a smaller size of the
microwave  photonic  processor  chip,  a  programmable
micro-disk resonator (MDR) array photonic signal pro-
cessor  is  also  presented.  Finally,  a  discussion  is  given
and the conclusion is drawn.

 II. Programmable Waveguide Bragg
Grating

Bragg gratings are created by introducing the peri-
odic variations of the refractive index along the optical
propagation,  which  enable  selective  reflection  of  the
lightwave signals.  In principle,  the spectral  response of
a  grating  depends  on  its  index  modulation  profile.  By
designing the profile,  the spectral response of the grat-
ings can be specified.  Since the invention of  the Bragg

gratings, owing to its easy fabrication and strong filter-
ing capability, Bragg gratings are widely used as versat-
ile  optical  filters  in  various  scientific  and  industrial
fields.

Fig.1 shows the  schematic  of  a  silicon-based  pro-
grammable  waveguide  grating,  which  is  divided  into
multiple uniform  Bragg  gratings  and  a  straight  wave-
guide  as  a  resonant  cavity  region  [29].  The  grating
structure  are  realized  by  etching  periodic  teeth  on  the
waveguide sidewall.  To realize the tuning of  the wave-
guide refractive index locally, multiple distributed later-
al  PN  junctions  are  incorporated,  and  each  junction
owns an independent electrode. When a bias voltage is
applied to a specific PN junction, the refractive index of
the silicon waveguide can be adjusted locally. Therefore,
by controlling  all  the  applied  voltages,  the  grating  in-
dex  modulation  profile  could  be  reconfigured,  which
makes the  grating  have  a  programmable  spectral  re-
sponse for various applications.

Fig.2 shows the fabricated chip image which is cap-
tured using  a  microscope  camera.  The  grating  is  de-
signed to have three regions: one uniform sub-gratings,
a  straight  waveguide  as  a  resonant  cavity  region  and
another identical uniform grating. Each region incorpor-
ates an independent lateral PN junction to tune the loc-
al waveguide refractive index. Fig.2(a) shows the image
of the  fabricated  entire  programmable  waveguide  grat-
ing.  The  optical  I/O  is  realized  with  three  grating
couplers, and a 3-dB Y-branch is used to collect the re-
flected  light. Fig.2(b)–(f)  presents  a  zoomed-in  view of
the grating coupler for the input optical signal coupling,
the 3-dB  Y-branch  for  collecting  the  optical  signal  re-
flection, the transmission and reflection grating couplers
for  coupling the optical  signal  out of  the chip,  the left
uniform sub-gratings with 2000 grating periods, the res-
onant cavity  waveguide  as  long  as  14.6  μm,  and  the
right  uniform  sub-gratings  with  2000  grating  periods,
respectively.  By  collaboratively  controlling  the  bias
voltages  on  the  PN junctions,  the  entire  grating  index
modulation profile can be reconfigured on demand, and
thus  its  spectral  response  can  be  tailored  for  different
applications.

With the fabricated programmable waveguide grat-
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Fig. 1. Schematic of a programmable waveguide grating.
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ing,  different  grating spectral  response  can be  realized.
First, in the static state, the existence of the FP cavity
in the middle  can introduce a phase shift,  which helps
the  fabricated  grating  to  be  a  phase-shifted  grating.
Fig.3(a) shows  the  measured  reflection  and  transmis-
sion spectra, in which a resonant window occurs within
the stopband in the transmission spectral (in red), and
a notch is located in the passband in the reflection spec-
tral  (in blue).  This  is  a unique feature of  a phase-shif-
ted  Bragg  grating.  When the  PN junctions  in  the  two
sub-gratings  are  synchronously  tuned,  the  notch
wavelength  is  shifted  as  shown  in Fig.3 (b).  According
to  the  free-carrier  plasma  dispersion  effect  on  silicon,
the concentration change of the free-carriers in the silic-
on  waveguide  gives  rise  to  the  change  of  the  silicon
waveguide  refractive  index,  which eventually  results  in
a  shift  of  the  Bragg  wavelength.  When  a  reverse  bias
voltage  is  used,  the  Bragg  wavelength  is  red-shifted;
when  a  forward  bias  voltage  is  used,  the  Bragg
wavelength  is  blue-shifted.  In  addition  to  the  notch
wavelength  shifting,  the  extinction  ratio  of  the  notch
can also be tuned by controlling the three bias voltages.
The blue-shift of the notch wavelength shift induced by
reverse  biased PN junction can be cancel  out with the
red-shift  by the forward biased PN junction,  while  the
different biased conditions of the three PN junctions in-
duce  a  different  roundtrip  loss  of  the  entire  grating,
which can be leveraged to tune the notch extinction ra-

tio. Fig.3(c) presents the measurement results of the ex-
tinction  ratio  tuning.  This  is  a  distinct  feature  to  be
employed in the microwave signal processing.

Thanks  to  the  increased  optical  absorption  loss
caused by  the  free-carrier  injection  into  the  PN  junc-
tion, the fabricated waveguide grating is  operated as a
single  uniform  grating  by  disabling  the  optical-confin-
ing capability of the resonant cavity. Fig.3(d) shows the
measured single uniform grating spectra when the right
PN junction is forward biased with a large voltage. Lots
of  free-carriers  are  injected  into  the  silicon  waveguide,
which  leads  to  a  heavy  optical  absorption  loss  in  the
waveguide  transmission.  As  a  result,  the  reflectivity  of
the right uniform sub-grating is heavily weakened, and
only  the  left  uniform  sub-gratings  work.  Moreover,  by
applying  a  bias  voltage  of  the  PN junction  in  the  left
uniform sub-gratings, the Bragg wavelength of the uni-
form sub-gratings could be shifted as shown in Fig.3(e).

In  addition  to  the  free-carrier  injection  into  the
right PN junction, the free-carriers can also be injected
into the PN junction of  the FP cavity,  which can also
produce  a  uniform  grating. Fig.3 (f) shows  the  meas-
ured  uniform grating  spectra  when the  PN junction  of
the  FP  cavity  is  forward  biased  with  a  large  voltage.
The  optical  spectral  presents  some uncommon features
which are difficult or impossible to realize with the use
of a traditional grating. This is definitely a distinct fea-
ture of the reconfigurable waveguide grating.
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Fig. 2. Images of the fabricated silicon-based programmable waveguide grating using a microscope camera. (a) Whole grating; (b)

Input region;  (c) Transmission and reflection output regions;  (d) Left uniform sub-gratings;  (e) Straight waveguide as a
resonant cavity region; (f) Right uniform sub-gratings.
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Thanks to the independent tuning of the two uni-
form  sub-gratings,  it  is  straightforward  to  implement
two uniform gratings when two PN junctions are biased
at different conditions.  For example,  when the left  PN
junction  is  reverse  biased,  the  left  grating  spectrum  is
red-shifted; meanwhile,  the  right  PN  junction  is  for-
ward  biased,  which  makes  the  right  grating  spectrum
blue-shifted.  Thus,  two  nonidentical  uniform  sub-grat-
ings  are  implemented. Fig.3 (g)  shows  the  measured
spectra  of  two  independent  uniform gratings,  in  which
two separate  main  reflection  peaks  can  be  seen  appar-
ently in  the  reflection  spectrum.  Furthermore,  by  cas-
cading  the  reflection  spectra  caused  by  each  uniform
sub-grating,  a  chirped  grating  is  produced. Fig.3(h)

gives  the  measured  spectral  response  of  the  realized
chirped  grating.  Compared  to  the  3-dB  bandwidth  of
the single uniform grating, the resulted chirped grating
has a much broader spectral. Supposing the reconfigur-
able grating has an increased grating periods and incor-
porate  more  uniform  sub-gratings,  the  resulted  chirp
grating  would  have  a  tunable  chirp  rate  and  group
delay.

When the  fabricated programmable  grating  is  em-
ployed in  a  typical  microwave  photonic  processor  sys-
tem,  a  reconfigurable  microwave  photonic  processor  is
enabled,  which  can  perform  multiple  signal  processing
tasks. For  example,  by  reconfiguring  the  grating  spec-
tra,  the  signal  processor  can  perform  different  single
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Fig. 3. (a) Static spectra of the fabricated waveguide grating; (b) Notch wavelength shifting of the notch; (c) Tunable notch ex-

tinction ratio; (d) Single uniform grating spectra; (e) Single uniform grating spectral shifting; (f) Another single uniform
grating spectrum; (g) Two uniform gratings spectra; (h) Chirped grating spectrum.
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processing tasks including fractional-order temporal dif-
ferentiation,  optical  true  time  delay,  and  microwave
photonic frequency identification [29]. In addition, with
the  use  of  the  proposed  grating,  other  tasks  including
microwave  filtering,  temporal  integration,  and  Hilbert
transformation  can  also  be  realized.  Furthermore,  by
having more independent uniform sub-gratings, the sig-
nal processor  can  fulfill  more  tasks  and  the  perform-
ance can also be improved.

 III. Programmable Multi-Channel
Waveguide Bragg Grating

With  the  explosive  growth  of  data  exchange,
wavelength-division  multiplexing  (WDM),  as  a  key
technology, has  been  extensively  leveraged  in  the  cur-
rent  optical  communications  networks  to  expand  the
communication  capacity.  In  a  WDM  optical  network,
multiple  channel  signal  processing  is  usually  required
for  ultrafast  signal  processing  and  characterization.
However, in  the  above-mentioned  programmable  grat-

ing, the channel number is always one. With the use of
nonuniformly spatial  sampling on a uniform waveguide
grating,  an  equivalent-phase-shifted  (EPS)  grating  is
resulted,  which  offers  a  potential  solution  to  have  a
multi-channel processing  capability.  When  the  nonuni-
form spatial  sampling  profile  is  tuned,  different  spec-
tral response of a high-precision EPS Bragg grating can
be realized [30].

Fig.4(a) gives  the  schematic  of  a  silicon-based  re-
configurable  EPS  waveguide  Bragg  grating  chip.  By
making the periodic corrugations on the waveguide side-
wall  with  a  grating  pitch Λ ,  the  grating  is  produced.
Fig.4(b) shows a zoom-in view of the gratings, in which
it is clear to be seen that a spatial sampling with a spa-
tial  sampling  period P  is  performed  on  the  uniform
Bragg grating. In the on-modulation grating region, the
gratings maintain; and in the off-modulation grating re-
gion, there is no grating but the waveguide. To have an
equivalent phase shift, an increase in the sampling peri-
od P  +  ΔL  locates  in  the  middle,  where ΔL  denotes
the increase in the sampling period. To have an equival-
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Fig. 4. (a) Schematic of a silicon-based reconfigurable EPS grating chip; (b) Grating design; (c) Lateral PN junction; (d) Grating

metal connection; (e) Image of the fabricated grating; (f) Image of the input region; (g) Image of the increased sampling
period ΔL; (h) Image of the output region.
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ent phase-shift  effect,  the sampling period increase ΔL
is  equal  to  half  of P .  By  introducing  the  spatial
sampling profile, a new degree of freedom is created in
the different grating implementation, which gives more
room in the grating spectral tuning and highly reduces
the fabrication tolerance.

To enable the proposed EPS grating electrically re-
configurable,  the  grating  incorporates  multiple  lateral
PN junctions.  In Fig.4(b), there exists a sampled grat-
ing region and non-sampled grating region in  a  spatial
sampling period, both of which are doped with an inde-
pendent  lateral  PN  junction.  To  avoid  the  electrical
crosstalk between neighboring PN junctions, an electric-
al insulator  is  added  with  the  use  of  a  length  of  un-
doped waveguide. Fig.4(c) gives the lateral structure of
the doped PN junction, in which the center of  the PN
junction  is  shifted  from  the  waveguide  center  for  high
tuning efficiency. Fig.4(d) shows the top-view of the de-
signed EPS  waveguide  grating,  in  which  the  PN junc-
tions located in the sampled regions are bridged to have
a common electrical contact, and the PN junctions loc-
ated in the non-sampled grating regions are bridged to
have a common electrical contact. Thus, with the use of
the bias voltages control,  the grating pitch Λ , the spa-
tial  sampling  period P  and the  sampling  period  incre-
ment ΔL  of  the EPS waveguide grating can be tuned,
which enables the full grating reconfigurability.

A programmable EPS waveguide grating is  fabric-
ated,  and Fig.4 (e)  shows  an  image  of  the  fabricated

grating, of which the grating pitch is chosen to be 310
nm for C-band operation, and the spatial sampling peri-
od is 255.75 μm. Fig.4(f) gives a zoom-in view of the sil-
icon grating coupler for input optical coupling. Fig.4(g)
presents  an image of  the sampling period increase ΔL,
which  is  equal  to  half  of  the  spatial  sampling  period.
Fig.4(h)  shows  the  transmission  and  reflection  output
regions.

Fig.5(a)  gives  the  static  reflection  spectra  of  the
fabricated grating. Thanks to the spatial sampling, the
EPS  grating  features  a  multi-channel  spectral.  And
moreover, the increased sampling period has an equival-
ent phase shift effect on the odd-order channel spectra.
It  is  clear  to  be  seen  that  a  passband  happens  in  the
transmission stopband and a notch exists in the reflec-
tion passband.  This  is  exactly  the  typical  spectral  fea-
tures  of  a  phase-shifted  Bragg  grating. Fig.5 (b)  shows
the zoom-in  view  of  the  grating  negative-order  chan-
nels  spectra,  in  which  the  odd-order  channels  present
EPS-resulted  spectral  features,  while  the  even-order
channels  feature  a  shallow  notch,  which  is  caused  by
the leaking loss when the even-order optical modes are
evanescently  coupled into the cladding modes. Fig.5(c)
shows  the  zoom-in  view  of  the  grating  positive  order
channels  spectra,  in  which  the  EPS-induced  spectral
features are apparently seen,

By controlling bias states of the PN junctions, dif-
ferent  spectral  responses  of  the  fabricated  waveguide
grating can be realized. Fig.5(d) gives the spectral tun-
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Fig. 5. (a)  Static  spectra  of  the  fabricated  grating;  (b)  Staci  spectra  of  the  grating  negative-order  channels;  (c)  Zoom-in  static

spectra of  the  grating  positive-order  channels;  (d)  Spectral  tuning  of  the  +3rd  channel  when  all  PN junctions  are  syn-
chronously tuned;  (e)  Extinction ratio  tuning and (f)  Phase jump tuning of  the +3rd channel  reflection notch with the
notch center maintains.
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ing  of  the  grating  +3rd  channel  when  the  two  bias
voltages are synchronously tuned. When reverse biased,
a  red-shift  happens  to  the  spectrum;  when  forward
biased,  a  blue-shift  happens.  In  addition,  the  spectra
wavelength shift caused by each junction could be can-
celed out with each other by independently tuning the
two PN  junctions.  Thus,  the  grating  wavelength  re-
mains  the  same,  while  the  phase  response  and  notch
depth are tuned, as shown in Fig.5(e) and 5(f), respect-
ively.

The  proposed  EPS  waveguide  grating  features  a
programmable  multi-channel  spectral  response,  which
paves the  way  for  simultaneous  manipulation  of  mul-
tiple wavelengths,  thus  enabling  reconfigurable  mul-
tichannel signal parallel processing. Especially, in a ex-
tensively-deployed  WDM  system,  an  EPS  waveguide
grating  with  a  channel  spacing  compatible  to  the
wavelength grid can be used to realize a programmable
multichannel signal parallel processing functions includ-
ing optical  filtering,  temporal  differentiation  and  Hil-
bert transformation.

 IV. Programmable Micro-Disk Resonat-
or Array Photonic Signal Processor
Compared  to  the  waveguide  grating  with  a  large

size, an optical ring or disk cavity offers unique advant-
ages including  small  footprint,  strong  wavelength  se-
lectivity  and  large  functional  flexibility,  which  are
highly preferred  by  high-density  and  large-scale  integ-
rated microwave photonic processor circuits.

Fig.6(a) shows an image of an 8×8 photonic integ-
rated field-programmable disk array (FPDA) signal pro-
cessor [31]. The proposed signal processor has a two-di-
mensional mesh network with 8 optical input ports and
8 optical output ports. In the mesh cell, two high-Q mi-
cro-disk resonator (MDRs) with the identical design are
employed to process, route and store optical signal. On
top of  each MDR, a  metallic  micro-heater  is  placed to
tune  the  MDR,  as  seen  in Fig.6 (b),  and Fig.6 (e)  gives
the grating coupler image for I/O optical ports. By pro-
gramming the voltages applied to the micro-heaters on
top of  each  MDR,  the  different  optical  circuit  topolo-
gies could be made to perform multiple tasks, and with
a scalable  configuration,  the  processor  could  be  up-
graded to have a strong parallel processing capacity, of
which each independent task is specifically assigned to a
dedicated region of the processor chip.

First,  thanks  to  the  wavelength  selectivity  of  the
MDR, it is straightforward to reconfigure the FPDA to
be  a  flat-top  optical  filter  by  cascading  two  MDRs  of
which  the  resonance  wavelengths  are  slightly  apart.
Fig.7(a) gives the measured spectral response of the op-
tical  filter,  and Fig.7 (b)  presents  the  measured

wavelength  tunability  of  the  filter  by  simultaneously
controlling the two MDRs. With more MDRs incorpor-
ated, a higher out-of-band rejection ratio could be pos-
sible.

Thanks  to  its  strong  light-confining  capacity,  an
MDR can store the optical signal to realize a delay line,
and by cascading more MDRs, a wideband optical delay
line  is  produced. Fig.7 (c)  presents  the  measured  group
delay  of  the  fabricated  FPDA as  an  optical  delay  line
consisting  of  8  cascaded  MDRs. Fig.7 (d)  shows  the
wavelength  red-shifting  of  the  delay  line  by  changing
the voltages applied to the micro-heaters on top of the
MDRs based on thermal-optic effect.

In addition, due to the multiple MDRs, the fabric-
ated FPDA can be used as  an all-optical  multichannel
temporal differentiator, capable of performing temporal
differentiation of  multichannel  signals  in  a  WDM  sys-
tem. Fig.7 (e)  gives  an  experimentally  differentiated
pulse  when  the  center  wavelength  of  the  input  optical
Gaussian  pulse  is  aligned  to  the  notch  wavelength  of
the third MDR (blue-solid line) and a theoretically dif-
ferentiated Gaussian pulse (red-dashed line) for compar-
ison. Fig.7 (f)  gives  an  experimentally  differentiated
pulse  when  the  center  wavelength  of  the  input  optical
Gaussian  pulse  is  aligned  to  the  notch  wavelength  of
the eighth MDR (blue-solid line) and a theoretically dif-
ferentiated Gaussian pulse (red-dashed line). The exper-
imental  results  show  that  the  experimental  results  are
close  to  the  theoretically  simulations,  which  confirms
the effectiveness of the device to realize fractional-order
temporal differentiation.

To  summarize,  by  controlling  the  MDRs,  diverse
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Fig. 6. (a)  Image of  an 8×8 photonic  programmable  signal
processor; (b) Image of a single mesh cell; (c) Zoom-
in view of the grating coupler for I/O optical coup-
ling.
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circuit topologies of the FPDA could be realized, which
could  be  used  to  perform  different  signal  processing
functions.  In  the  experimental  demonstration,  several
function including optical filtering, fractional-order tem-
poral differentiation, true time delay, optical beamform-
ing,  and optical  spectral  shaping  are  achieved.  Thanks
to the  small  footprint  and  strong  light-confining  capa-
city of the MDRs, the signal processor holds the key ad-
vantages in terms of high scalability, full reconfigurabil-
ity, strong parallel processing capability, and low power
consumption.

 V. Discussion and Conclusion
Silicon  photonics  is  an  excellent  material  platform

to  implement  the  on-chip  integration  of  microwave
photonic  systems  since  it  is  compatible  with  mature
CMOS technology. However, one key factor limiting the
silicon  for  monolithic  integration  is  the  lack  of  optical
sources  and  amplifiers,  since  silicon  is  a  non-direct
bandgap material. A potential solution is the heterogen-
eous  integration  which  can  integrate  III-V  optical
sources and amplifiers  on a  silicon chip.  The combina-
tion of  the InP-based and silicon photonic PICs would
significantly  boost  the  performance  of  microwave
photonic signal processor and opens up new avenues to-
ward real applications.

An overview regarding our recent work on on-chip
reconfigurable microwave  photonic  processor  was  dis-
cussed with an emphasis on silicon photonic implement-
ations.  With  the  high-speed  silicon  modulators  with  a
low  half-wave  voltage  [32],  [33] and  on-chip  Germani-
um  photodetectors  with  a  high  responsivity  [34],  [35]

fully developed, as well as heterogeneous integration of
III-V  materials  on  silicon  photonic  chips  [36], a  prom-
ising prospect to realize a single-chip reconfigurable mi-
crowave photonic processor is coming. 
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Fig. 7. (a)  Measured  spectral  response  of  the  flat-top  optical  filter;  (b)  Wavelength  tunability  of  the  flat-top  optical  filter;

(c) Measured group delay of the delay line; (d) Wavelength tunability of the delay line; (e) Experimentally differentiated
Gaussian pulse of the temporal optical differentiator; (f) Experimentally differentiated Gaussian pulse of another temporal
optical differentiator.
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