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Abstract    
In this paper, we demonstrate a compact broadband on-chip radio-frequency (RF) termination based on pure titanium thin-
film  resistors  integrated  into  coplanar  waveguide  (CPW)  structures.  The  terminated  transmission  lines  exhibit  good
impedance matching,  with simulated reflection coefficients  below −20 dB over 100 GHz bandwidth and experimentally
measured reflections below −10 dB up to 65 GHz. Additional measurements evaluate the stability and power-handling be-
havior of the Ti resistors. The results show that thin-film titanium can operate as an effective on-chip RF termination in in-
tegrated CPW structures, maintaining stable RF performance over repeated measurements. Such terminations are relevant
for high-speed photonic platforms where compact integration and reduced packaging complexity are desirable, including
dense modulator architectures.

Keywords   Traveling-wave  electrodes  (TWEs) · Broadband  impedance  matching · DWDM  systems · Coplanar  wave-
guide (CPW) · On-chip radio-frequency (RF) termination

 1   Introduction

The increasing demand for high-speed, broadband commu-
nication systems has driven the development of  integrated
microwave and photonic components capable of operating
efficiently  at  frequencies  exceeding  tens  of  gigahertz.
Among  these,  coplanar  waveguide  (CPW)  structures  have
emerged  as  a  preferred  transmission  line  geometry  due  to
their  planar  nature,  ease of  integration with optoelectronic
devices,  and  compatibility  with  standard  Silicon  fabrica-
tion processes.

In high-speed, radio-frequency (RF) and microwave sys-
tems,  impedance  matching  is  essential  to  ensure  efficient
signal  transmission  and  suppress  reflections  that  degrade
performance.  A  50  Ω  termination  is  commonly  used  to
match  the  characteristic  impedance  of  transmission  lines
such  as  coaxial  cables  or  coplanar  waveguides  (CPWs).

Without proper termination, reflected signals interfere with
the  incident  wave,  causing  standing  waves,  signal  distor-
tion, and loss of modulation fidelity. These effects become
increasingly critical at frequencies above 10 GHz [1]. This
principle  is  especially  important  in  electro-optic  modula-
tors,  which  often  employ  traveling  wave  electrodes
(TWEs) to apply RF signals across the modulating region.
To preserve signal integrity over a wide bandwidth, the RF
line must be terminated with a matched load at the end of
the electrode. Traditionally, this is achieved using external
50 Ω terminators, connected via RF probes or wire bonds.
However,  as  photonic  integration  scales,  particularly  in
wavelength division multiplexing (WDM) systems [2],  IQ
modulators,  dual-polarization  modulators  [3],  or  modula-
tor  array  [4],  external  termination  becomes  increasingly
impractical.

To  address  the  challenges  of  scaling  broadband  RF  ter-
minations  in  high-speed  photonic  systems,  particularly  in
dense  modulator  arrays  for  DWDM  applications,  on-chip
RF  termination  resistors  have  become  an  attractive  ap-
proach.  These  terminations  are  integrated  directly  at  the
end of traveling-wave electrodes and are commonly imple-
mented  using  thin-film  metals  such  as  nickel–chromium
(NiCr) [5] or titanium nitride and related alloys (TiN) [6,7].
Both materials are well established in silicon photonics and
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CMOS-compatible  platforms  due  to  their  relatively  low
temperature  coefficients  of  resistance  and  documented
long-term stability under controlled fabrication process.

Pure  titanium  on  the  other  hand,  is  more  widely  em-
ployed  in  integrated  photonics  as  a  DC  resistive  element,
for example in microheaters and thermo-optic tuning struc-
tures [8–11] and has been less explored as a broadband RF
termination  material  with  detailed  scattering-parameter
characterization.  A practical  motivation for considering Ti
in  this  context  is  the  potential  to  co-integrate  RF termina-
tions  and  DC  resistive  elements  within  a  single-metal
lithography and lift-off process, enabling both functions to
be implemented using the same material system and fabri-
cation sequence.

From a process point of view, Ti thin films are simple to
integrate. They can be deposited by standard e-beam evap-
oration  or  sputtering  and  patterned  by  lift-off,  without  the
need  for  reactive  gases  or  tight  control  of  alloy  composi-
tion,  and  its  resistivity  is  predominantly  dependent  on  de-
position  rate  and  ambient  oxygen  [12].  This  motivates  in-
vestigating whether pure Ti can also be used effectively as
an  RF  termination  resistor,  enabling  high-speed  termina-
tions  and  thermo-optic  heaters  to  share  the  same  simple
process module - a prospect as advanced photonic integrat-
ed circuits require both high-speed drive and thermal bias-
ing at the same time.

A central materials consideration is that titanium sponta-
neously  forms  oxide  when  exposed  to  air.  Recent  surface
and materials studies show that this native oxide is relative-
ly  thin  and  predominantly  TiO2.  XRD  and  XPS  measure-
ments on pure Ti indicate that air exposure produces a na-
tive  titanium  oxide  layer  with  thickness  below  ~10  nm,
while the metallic Ti substrate still dominates [13–15]. To-
gether,  these  observations  support  the  commonly  adopted
picture  of  a  rapidly  formed  but  self-limiting  TiO2-based
film  of  only  several  nanometers  thickness  under  ambient
laboratory  conditions,  with  the  underlying  Ti  remaining
metallic.  The  further  growth  of  such  oxide  films  over
longer  periods  is  usually  slow.  Classical  metal  oxidation
theory and more recent unified models show that as the ox-
ide becomes thicker, the effective parabolic rate constantly
decreases, and the growth rate drops with time [14,16].

Within this materials context, the aim of the present work
is to evaluate the RF and microwave behavior of thin-film
Ti used as an on-chip RF termination resistor in high-speed
photonic platforms. We investigate broadband RF termina-
tion using pure Ti thin-film resistors integrated into realis-
tic  coplanar-waveguide  (CPW)  transmission  line  environ-
ment. Full-wave electromagnetic simulations (ANSYS HF-
SS)  are  used to  optimize  the  CPW geometry  and quantify
conductor and substrate losses. The designs are implement-
ed  on  high-resistivity  silicon  wafers  using  a  two-step

lithography and lift-off process. The devices are air cladded
with  no  passivation  layer.  Experimental  characterization
with a vector network analyzer (VNA) shows good agree-
ment  with  simulation,  with  low reflection (S11 < −20 dB)
and  moderate  transmission  loss  (~5.5  dB/cm)  over  a  100
GHz  simulated  bandwidth  and  up  to  65  GHz  in  measure-
ment.  The  electrical  and  RF  characteristics  remain  stable
across repeated measurements performed about two weeks
after fabrication and again after four months of storage un-
der ambient laboratory conditions. Under continuous small-
signal RF excitation of over 100 GHz and DC power dissi-
pation  of  roughly  25–70 mW for  more  than  one  hour,  we
do not observe a significant drift in the reflection response.
A further detailed study of extended long-term accelerated
aging,  and  lifetime  reliability  under  extended  electrical  or
thermal stress remain interesting topics for future investiga-
tion, though these results indicate that native-oxide forma-
tion on thin-film Ti does not prevent stable high-speed RF
termination over the time scales examined here.

 2   Design and simulation

The  design  and  simulation  of  the  coplanar  waveguide
(CPW) transmission line with integrated titanium (Ti) thin-
film  termination  resistors  were  carried  out  using  ANSYS
HFSS, a full-wave electromagnetic solver for high-frequen-
cy structures. The objective was to realize a broadband ter-
mination  matched  to  the  characteristic  impedance  of  the
CPW.

The CPW is  modeled as  a  two-port  structure with wave
ports,  and  the  simulation  domain  is  enclosed  by  radiation
boundaries to emulate an open environment. Material prop-
erties  are  assigned  using  standard  conductivity  values  for
gold (σ ≈ 4.1 × 107 S/m), while the high-resistivity silicon
substrate  is  treated as  lossless  over  the  simulated frequen-
cy range. A frequency sweep up to 120 GHz is performed
to extract the S-parameters and characteristic impedance of
the  line.  The  simulated  cross-section  and  representative
electric  field  magnitude  at  60  GHz  are  shown  in Fig. 1a,
and  the  corresponding  characteristic  impedance  and  S-pa-
rameters  of  the  reference  two-port  CPW  structure  are
shown in Fig. 1b. In this simulation both wave ports are de-
fined  with  a  50  Ω port  impedance  to  represent  a  matched
measurement  environment  rather  than  a  physical  termina-
tion. This configuration represents a baseline transmission-
line model used to evaluate the CPW impedance and trans-
mission behavior prior to introducing the on-chip termina-
tion. The simulated transmission line length is 10 mm, and
the  resulting  S21 corresponds  to  approximately −5.5  dB
transmission  over  this  length,  which  is  equivalent  to  a
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propagation loss of about 5.5 dB/cm.
To implement the on-chip termination, the second port is

replaced  by  a  Ti  thin-film resistor  bridging  the  signal  and
ground  electrodes,  as  illustrated  in  the  three-dimensional
view  in Fig. 1c.  Titanium  is  modeled  using  an  effective
conductivity  consistent  with  the  fabrication  process  (σ ≈
5.5  ×  105 S/m).  The  resistor  geometry  is  defined  by  its
length (14 µm), width (w), and thickness (100 nm), and the
nominal  resistance  is  estimated  using  the  sheet-resistance
relation:
 

R =
ρ ·L

A
=

1
σ
· L

w · t .

The ground electrode is smoothly tapered toward the sig-
nal  electrode  to  minimize  discontinuities  and  associated
parasitic reflections. The integrated structure is then simu-
lated  to  evaluate  the  reflection  coefficient  and  broadband

impedance matching. Figure 1d shows the simulated S11 for
different resistor widths, indicating increased reflection for
geometries  deviating  from  the  nominal  design  due  to
impedance mismatch at the termination.

 3   Fabrication and characterization results

 3.1   Fabrication

The devices were fabricated on 4-inch high-resistivity sili-
con  wafers  (>  10  kΩ·cm)  using  standard  optical  lithogra-
phy  and  lift-off  processes.  The  layout  includes  two-port
CPW transmission lines with lengths ranging from 300 µm
to 10 mm and one-port terminated structures incorporating
integrated  Ti  resistors.  The  Ti  resistor  width  was  varied

 

s

 

Fig. 1   (a) Cross-section of the simulated traveling-wave electrode (TWE) and electric field magnitude distribution at 60 GHz. (b) Characteris-
tic impedance and corresponding S-parameters of the two-port CPW reference structure with the second port terminated by 50 Ω. (c) Three-di-
mensional view of the CPW termination region showing the integrated Ti thin-film resistor bridging the signal and ground electrodes. (d) Simu-
lated reflection coefficient S11 for different Ti resistor widths, illustrating the effect of termination geometry on broadband impedance matching.
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from 2  µm to  10  µm to  account  for  fabrication  tolerances
and to study the effect of geometry on termination perfor-
mance.

A  3  µm-thick  SiO2 layer  was  deposited  by  plasma-en-
hanced chemical vapor deposition (PECVD) to electrically
isolate  the  metal  structures  from  the  silicon  substrate  and
reduce RF substrate losses. The Ti resistors were defined in
the first lithography step using a 1.5 µm-thick image-rever-
sal photoresist, followed by electron-beam evaporation of a
100  nm  Ti  film  and  lift-off.  The  second  lithography  step
defined the CPW signal and ground electrodes, followed by
deposition of a Ti/Au metal stack (5 nm/600 nm) and lift-
off. At the termination region, the CPW signal electrode is
smoothly tapered to match the width of the Ti resistor, pro-
viding a gradual impedance transition and minimizing dis-
continuities. An overview of the processed wafer, represen-
tative two-port CPW structures, and the one-port terminat-
ed transmission lines with integrated Ti resistors are shown
in Fig. 2a–d.

 3.2   Characterization

The fabricated CPW transmission lines and titanium-termi-
nated  structures  were  characterized  using  an  Anritsu

37397D  Lightning  Vector  Network  Analyzer  (VNA)  with
100-µm  pitch  ground-signal-ground  (GSG)  probes  from
GGB Industries. The measurement setup was calibrated to
the  probe  tips  using  a  CS5 calibration  substrate  also  from
GGB  Industries.  Both  two-port  and  one-port  configura-
tions  were  evaluated  to  extract  scattering  parameters  and
validate the simulation results.

To  evaluate  the  performance  of  the  fabricated  CPW
transmission  lines,  S-parameters  were  measured  up  to  65
GHz. Devices with lengths ranging from 50 µm to 10 mm
were probed at both ends using the GSG probes. The short-
est line (50 µm) served as a reference to verify calibration
of system-level losses such as probe contact resistance and
cable  attenuation.  As  shown  in Fig. 3,  the  50  µm line  ex-
hibited  negligible  insertion  loss  after  calibration,  confirm-
ing the effectiveness of the measurement setup and calibra-
tion.

As the line length increased, the transmission coefficient
(S21) gradually decreased, reaching approximately −5.5 dB
at 65 GHz for the 10 mm long CPW. This trend is consis-
tent  with simulation results  and corresponds to a propaga-
tion loss of ~5.5 dB/cm at 65 GHz as mentioned in simula-
tion results in Fig. 1b, primarily due to conductor losses in
the gold electrodes and minor substrate effects. The reflec-

 

 

Fig. 2   (a) Four-inch wafer after fabrication, showing the CPW transmission line layout.  (b) Optical microscope image of representative two-
port CPW transmission lines. (c) and (d) Optical microscope image of one-port terminated transmission lines with integrated Ti thin-film resis-
tors.
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tion coefficient (S11)  was slightly higher than predicted by
simulation, with peaks reaching around −10 dB. This devi-
ation  is  attributed  to  fabrication  tolerance,  specifically,  a
reduction in electrode width and an increase in the signal-
to-ground  gap  caused  by  lithographic  and  lift-off  limita-
tions.  While  these  variations  impact  impedance  matching,
the  results  were  consistent  across  the  wafer,  indicating
good process uniformity. It is important to note that the re-
flection  behavior  observed  in  this  two-port  configuration
with the second port connected to an external calibrated 50
Ω load,  serves  as  a  baseline  for  comparison with  the  one-
port structures employing on-chip titanium resistors. To aid
the  comparison,  transmission  line  parameters,  Z0 (charac-
teristic  impedance)  and γ = α +  jβ (complex  propagation
constant)  were  extracted from the  measured S-parameters.
The  extraction  is  based  on  the  L-2L  method  reported  in

Ref. [17] using the transmission line lengths of 500-µm for
L and 1-mm for 2L.

As  shown  in Fig. 4a,  the  extracted  characteristic
impedance of the CPW line is approximately 67 Ω, which
explains  the  elevated  reflection  levels.  This  impedance
mismatch  highlights  the  sensitivity  of  the  system to  small
geometric  deviations  and  underscores  the  importance  of
precise fabrication for achieving optimal termination. Some
dispersion in  the  extracted characteristic  impedance is  ob-
served above approximately 40 GHz. This could simply be
an artifact stemming from the assumption of a shunt capac-
itance,  series  inductance  second-order  lumped  model  for
the  pad  structures  assumed  during  the  L-2L  extraction
method  (see  Ref.  [17]  for  details).  Imaginary  components
of  the  characteristic  impedance  is  also  reported.  The  ex-
tracted imaginary part  remains  small  compared to  the  real
component across the measured bandwidth, indicating that
the line behavior is well described by a low-loss CPW ap-
proximation and that the observed reflection levels are pri-
marily  governed  by  the  real  impedance  mismatch  rather
than by reactive loading at the termination.

εeff

√
f

The  effective  dielectric  constant, ,  is  extracted  from
the imaginary part of the complex propagation constant, γ,
and plotted in Fig. 4b. The effective dielectric constant re-
mains  relatively  constant  at  approximately  3.5  across  the
measured  frequency range,  indicating  that  the  longest  line
used for the L-2L extraction corresponds to approximately
0.4λ at  65  GHz.  The  attenuation  constant, α,  is  extracted
from the  real  part  of  the  complex propagation constant, γ,
and  is  also  plotted  in Fig. 4b.  The  extracted  attenuation
constant (in dB/mm) exhibits a  dependence, where f is
the  frequency.  This  is  consistent  with  the  previous  state-
ment  that  conductor  losses  in  the  gold  electrodes  are  the

 

 

Fig. 3   Measured S parameters of transmission lines of varying length.

 

 

εeff =

(
β

β0

)2

β0 = 2π f /c α ∝
√

f

Fig. 4   Extracted transmission line parameters showing (a) characteristic impedance Z0 versus frequency and (b) attenuation constant in dB/mm

as well as effective dielectric constant  with . The dashed line in (b) represents a  fit.
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main loss mechanism in the fabricated transmission lines.
To evaluate the performance of on-chip RF termination,

one-port  CPW  structures  incorporating  titanium  thin-film
resistors were characterized by measuring the reflection co-
efficient  (S11)  over  a  frequency range from 0.5 GHz to 65
GHz.  In  this  configuration,  only  one  port  of  the  VNA  is
connected  to  the  input  of  transmission  line  using  a  GSG
probe.  Devices with Ti  resistor  widths ranging from 3 µm
to  10  µm  were  fabricated  and  tested  to  assess  impedance
matching.

As shown in Fig. 5a, the 3 µm wide Ti resistor exhibited
the  lowest  reflection  across  the  measured  frequency band,
with  S11 remaining  below −15  dB  from  0.5  GHz  to  65
GHz. This indicates good impedance matching to the 50 Ω
system reference. The optimal width differed slightly from
simulation  predictions,  which  suggested  a  5  µm width  for
ideal  matching.  This  discrepancy  is  attributed  to  a  lower-
than-expected  resistivity  of  the  deposited  Ti  film,  likely
due to reduced oxidation during e-beam evaporation. Such
variations  are  common  and  highlight  the  importance  of
process control in achieving precise impedance targets.

To further validate the effectiveness of the 3 µm wide Ti
resistor, we fabricated a series of one-port CPW structures
with  varying  transmission  line  lengths,  ranging  from  300
µm to 10 mm. As shown in Fig. 5b, all devices demonstrat-
ed  reflection  coefficients  below −10  dB  across  the  mea-
sured frequency range,  confirming that  the on-chip Ti  ter-
mination  performs  comparably  to  an  external  50  Ω  load.
This result underscores the scalability and robustness of the
integrated  termination  approach,  even  for  long  transmis-
sion lines.

Notably, the reflection curves for longer lines exhibit pe-

riodic peaks and dips, a behavior characteristic of standing
wave formation in distributed transmission lines. These os-
cillations  arise  when  the  physical  length  of  the  line  ap-
proaches or exceeds half the guided wavelength (λ/2), lead-
ing  to  constructive  and  destructive  interference  (separated
by an integer multiple of λ/4) between incident and reflect-
ed waves. So, the periodicity of these features is governed
by  the  effective  wavelength  in  the  CPW  structure  [1].
Based  on  simulation  results  and  the  observed  trend  of  in-
creasing loss with frequency, it is reasonable to expect that
the  Ti-terminated  structures  will  maintain  effective
impedance  matching  even  at  higher  frequencies.  The
smooth frequency response and strong agreement with sim-
ulation  suggest  that  the  termination  behavior  remains  sta-
ble  over  100  GHz  regime,  making  this  approach  suitable
for next-generation high-speed photonic systems.

To examine the effect of natural aging on the Ti thin-film
terminations,  the  same devices  were  re-measured approxi-
mately  four  months  after  fabrication,  following  the  initial
characterization  performed  two  weeks  post-processing,
while stored under ambient laboratory conditions.  The ex-
tracted  DC  resistance  and  broadband  RF  response  re-
mained  unchanged  within  measurement  uncertainty,  indi-
cating that  the formation of a native surface oxide did not
produce  a  measurable  impact  on  the  termination  perfor-
mance over this timescale (Fig. 6a).

The  current-handling  capability  of  the  Ti  resistors  was
evaluated  using  DC I–V measurements  with  the  current
compliance set to 100 mA and the voltage swept from 0 to
3 V with  a  settling interval  at  each step to  ensure  thermal
stabilization.  For  100  nm-thick  Ti  resistors  with  a  fixed
length of 14 µm and widths ranging from 3 µm to 10 µm,

 

 

Fig. 5   Reflection coefficient (S11) of one-port CPW structures: (a) Ti resistor width sweep (3–10 µm) on 300 µm long transmission lines show-
ing optimal 50 Ω matching at 3 µm width, (b) length sweep (300 µm to 10 mm) with 3 µm wide Ti resistor demonstrating effective on-chip ter-
mination with S11 below −10 dB.
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failure occurred at dissipated powers between approximate-
ly  25  mW  and  70  mW,  with  wider  resistors  exhibiting
higher  power  tolerance  (Fig. 6b).  This  trend  is  consistent
with reduced current  density and improved heat  spreading
in wider films. Since the resistance scales with the ratio of
length  to  width  for  a  given  sheet  resistance,  the  geometry
can  be  adjusted  to  maintain  a  target  resistance  while  in-
creasing  the  cross-sectional  area  to  accommodate  higher
power dissipation.

In  RF  practice,  termination  loads  are  commonly  speci-
fied by power rating. For typical modulator or CMOS driv-
er levels, a few volts peak-to-peak into a 50 Ω load corre-
sponds  to  power  dissipation  in  the  order  of  tens  of  milli-
watts (e.g., 3 Vpp ≈ 1.06 Vrms, corresponding to ~22 mW in
50  Ω).  The  measured  DC failure  range  therefore  suggests

that,  within  the  scope  of  typical  RF  drive  conditions  en-
countered  in  high-speed  photonic  modulators,  the  demon-
strated Ti terminations operate below their current-density-
limited  regime.  For  traveling-wave  Mach–Zehnder  modu-
lators,  a  significant  fraction of  the RF power is  also dissi-
pated  along  the  transmission  line  itself  due  to  conductor
and dielectric  losses,  further  reducing the power delivered
to the terminal load.

To  assess  stability  under  combined  electrical  stress,  a  3
µm-wide Ti termination was operated under continuous DC
bias  corresponding  to  approximately  20  mW  dissipation
while simultaneously driven with a small-signal RF excita-
tion up to 110 GHz using a bias-tee for more than one hour.
The RF stimulus was provided by the VNA with an output
power  of  approximately −17  dBm,  corresponding  to  a

 

 

Fig. 6   Stability and power-handling characterization of the fabricated Ti RF terminations. (a) Comparison of measured reflection for a 3 µm-
wide Ti termination approximately two weeks after fabrication and after ~4 months of storage under ambient conditions (two identical 2 mm
long CPW). (b) DC failure current and power dissipation for Ti terminations with varying widths and CPW with 0.5 mm length; arrows indicate
the electrical failure. (c) Combined RF–DC stress test of a 3 µm-wide Ti termination, showing the S11 response at the start of the test and after >
1 h of continuous operation under DC bias and small-signal RF excitation for 1 cm long CPW. (d) Comparison of reflected power for an intact
termination and a resistor driven beyond its failure point for a chosen 2 mm long CPW and 3 µm-wide Ti.
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small-signal  excitation  level  that  does  not  significantly
contribute  to  device  heating.  The  S11 response  of  a  1  cm-
long-terminated  transmission  line  was  monitored  through-
out  this  period  and  showed  no  significant  drift  in
impedance or reflected power (Fig. 6c). For comparison, a
resistor intentionally driven beyond its failure point exhib-
ited  a  pronounced  increase  in  reflection  across  the  mea-
sured  bandwidth,  consistent  with  the  loss  of  effective  ter-
mination behavior (Fig. 6d). For clarity, a moving-average
filter  was  applied  to  these  measured  data  to  reduce  high-
frequency measurement noise and better visualize trends in
the response.

 4   Discussion: broadband matching and
packaging in DWDM PICs

Dense WDM transmitters concentrate many traveling-wave
modulators  and  drivers  on  a  single  die  or  co-packaged
module, which pushes RF interfaces to their limits. In prac-
tice,  the  electrical  fan-out  around  the  chip  perimeter,  the
bond-pad  real  estate,  and  the  RF  path  from  the  driver  to
each modulator all become system bottlenecks that cap us-
able  bandwidth and induce inter-channel  coupling.  Recent
multi-channel  demonstration  acknowledges  these  packag-
ing-driven  limits  and  the  need  for  architecture  that  mini-
mizes the electrical path and is well terminated as channel
counts  scale  [18].  A central  culprit  is  the  bond-wire  inter-
connect.  In  a  16-channel  co-designed  silicon  transmitter,
the authors compare a lane operating alone with neighbor-
ing  lanes  transmitting  concurrently  and report  only  a  ~0.1
dB change in optical SNR; they conclude that the remain-
ing  crosstalk,  reflections,  and  bandwidth  degradation  are
primarily  caused  by  bond-wire  inductance,  and  note  that
shortening or eliminating the bond wires mitigates these ef-
fects [18].

Wire-bonds in the RF path act like small inductors in se-
ries.  Even  short,  millimeter-scale  bonds  add  enough  reac-
tance  to  upset  a  50  Ω  match,  which  detunes  the  load  and
shifts  resonances.  In  an  experimental  study,  ignoring  the
wire-bond led to about 6 dB worse input return loss, a no-
ticeable  resonance  shift,  roughly  5  dB  less  output  power,
and  a  large  efficiency  drop,  showing  that  the  bond  can
dominate the interface if left in the signal path [19]. At the
module level, even carefully designed CPW feed networks
that  must  taper  down  to  wire-bond  pads  show  bandwidth
ceilings  and  resonance  features,  once  bond-wires  are  in-
cluded  in  the  RF  chain,  illustrating  how  the  edge-bonded
interface  itself  becomes  a  throughput  limiter  as  channels
multiply [20]. Termination quality at the modulator load is
equally consequential for system-level bandwidth and flat-
ness. Compact electro-optic models validated against mea-

surement  show  that  matching  the  load  impedance  to  the
traveling-wave  line  roughly  doubles  the  3  dB  EO  band-
width,  while  source  matching  alone  yields  a  smaller  im-
provement; the load side dominates because it  governs re-
flection build-up along the electrode [21].

Interfacing 50 Ω drivers with traveling-wave modulators
whose electrode impedance is lower than 50 Ω, requires an
impedance-transforming  interconnect  and  a  termination
matched  to  the  line’s  characteristic  impedance.  Co-de-
signed tapers and matching networks that bring the modu-
lator port toward its target impedance and present a proper-
ly  matched  load  can  flatten  the  electro-optic  transfer  and
raise  the  electro-optic  (E/O)  3  dB bandwidth  (reported  up
to ~63 GHz), but they add circuit/layout complexity and re-
main  sensitive  to  small  packaging  parasitics  from  pads,
wire-bonds,  vias,  and  process  spread;  modest  deviations
from the intended impedance can erode the achieved band-
width and passband flatness  [22].  Incorporating the termi-
nation  at  the  device-plane  reduces  the  transformation  bur-
den  on  the  interconnect  by  removing  series  bond-wire  in-
ductance at the load.

These  observations  motivate  the  termination  physically
onto  the  photonic  die,  close  to  each  modulator  port.  On-
chip  terminations  in  InP  platforms  have  been  designed,
measured,  and  incorporated  into  co-design  models.  With
appropriate resistance and sufficient shunt capacitance they
reproduce the broadband behavior of an ideal load over the
band  of  interest  while  avoiding  the  extra  inductive  loop
area  and  stubs  inherent  to  off-chip  returns  [22].  In  direct
comparison,  introducing  1  mm  wire-bonds  at  both  the
source  and  the  termination  reduces  the  modulator’s  3  dB
EO bandwidth  from 30  GHz to  14  GHz for  a  50  Ω inter-
face, and from 65 GHz to 18 GHz when the source and ter-
mination are matched to the ~22 Ω electrode, underscoring
the  penalty  of  off-chip  connections  [22].  Together,  this
body  of  evidence  supports  an  architectural  direction  in
which each channel’s RF path is terminated on-chip and re-
turn currents locally, reducing bond-wire inductance in the
load  path,  suppressing  reflections  that  accumulate  along
traveling-wave  electrodes,  and  easing  layout  pressure  on
the  chip  perimeter  as  channel  counts  increase  in  DWDM
systems.  Within  that  context,  the  titanium  thin-film  CPW
termination  demonstrated  here  is  a  step  toward  DWDM-
scale  arrays:  it  supplies  a  compact,  broadband,  well-
matched load at the point of use, simplifying packaging, re-
ducing  sensitivity  to  driver-modulator  impedance  mis-
matches.

 5   Conclusion

This  work  investigated  the  use  of  pure  titanium  thin-film
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resistors  as  on-chip RF terminations integrated into copla-
nar  waveguide  (CPW)  transmission  lines  for  high-speed
photonic platforms. Full-wave simulations and experimen-
tal measurements were used to evaluate the termination be-
havior  and  transmissionline  performance.  The  fabricated
CPW  structures  exhibited  propagation  losses  of  approxi-
mately  5.5  dB/cm at  65  GHz,  and  the  integrated  Ti  resis-
tors  provided  effective  termination  within  the  measured
bandwidth, with reflection coefficients below −10 dB up to
65  GHz.  Stability  tests  performed  over  repeated  measure-
ments and under combined RF–DC stress showed no mea-
surable  change  in  the  RF  response  within  the  examined
time  scale.  Within  the  scope  of  the  presented  fabrication
and  measurement  framework,  these  results  indicate  that
thin-film titanium can function  as  an  on-chip  RF termina-
tion in integrated CPW structures. Such termination is rele-
vant  for  photonic  platforms  where  compact  integration,
simplified  fabrication  and  reduced  packaging  complexity
are  desirable,  including  high-speed  modulator  architec-
tures.
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