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Abstract — A state of the art of the modeling of 
microwave photoswitching devices is exposed.  A new 3 D 
electromagnetic modeling allows the design of an 
optically-controlled microwave phase shifter microwave 
starting from the traditional circuit of a microwave 
photoswitch. Measurements of the parameters S of this 
optically-controlled microwave phase shifter attests the 
function of this circuit by optical way and highlights the 
interest of the integration of this new type of microwave 
phase shifters in systems of antennas arrays. A new 
optically-controlled microwave phase shifter with a 
patented structure is under development. 

I. OPTICALLY-CONTROLLED MICROWAVE SWITCHING

PRINCIPLE

The optical control of microwave signals makes 
possible the design of new ultra high frequencies 
systems with a large bandwidth. We thus propose here 
a new microwave phase shifter with an external optical 
command whose operation rests on the photoswitching 
of microwave signals by photoconductive effect. 

The photoconductive effect intervenes in a 
semiconductor material submitted to an optical 
excitation at an optical wavelength included in its 
spectral band of absorption. During the illumination, a 
plasma layer of electron/hole pairs, characterized by a 
photoconductance Gg equivalent to a photoresistance 
Rg, is generated on the level of the illuminated area, 
modifying locally the conductivity of the 
semiconductor material. 

The insertion of this effect in a device in integrated 
technology (Fig. 1) can be carried out by a simple 
circuit consisting of a transmission line discontinuity 
on a semiconductor substrate. The resulting optically-
controlled microwave photoswitch leads to the optical 
control of the propagation of a microwave signal 
crossing the interruption of line, in amplitude and in 
phase. The microwave photoswitching device is then 
characterized by a complex quantity called ON/OFF 
ratio (1). 
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II. ELECTRICAL AND 2.5 D ELECTROMAGNETIC

MULATIONS OF A MICROWAVE PHOTOSWITCHING

DEVICE

 Classical Electrical Modeling 

 the darkness (OFF state), the equivalent electrical 
el of an optically-controlled microwave 
oswitch comprises a series capacitance Cg and two 
t capacitances CP, according to the model of Gupta 
At ON state, illumination is synthesized by a 
uctive layer with a thickness de (3) and a 
uctivity m corresponding to the conductivity 
th in the illuminated substrate area induced by 
. This plasma layer is equivalent to a Rg 
oresistance (2), in parallel on the Cg capacitance. 

expression of Rg depends on the physical 
meters of the optical beam and the semiconductor 
rial, according to a model developed by W Platte 
B Sauer [2]. This model is only valid for a constant 
ination. However it does not take into account the 

l variation of the permittivity of the semiconductor 
trate due to illumination. For an optical excitation 
ulated in magnitude, it is necessary to use a 
inear electric modeling of the photoconductive 
t depending on time, parameters of the 

iconductor substrate and dynamics of the carriers 
is substrate [3]. 

 Classical 2.5 D Electromagnetic Modeling 

e laser illumination of the substrate at continuous 
al power can be modeled artificially by a finite 
uctive layer defined like a metalized hole with a 
ness de. A planar mesh of the traditional 
oswitching circuit with rectangular electrodes 
s to simulations results by the method of the 
ents, close to measurements, in the case of a 
tant illumination [4]. 



 
Fig. 1: Photoconductive microwave switch description in 

microstrip technology. 
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III. OPTICALLY-CONTROLED MICROWAVE PHASE 

SHIFTER DESIGN FROM 3D ELECTROMAGNETIC

SIMULATIONS

To carry out an optically-controlled microwave 
phase shifter starting from the classical structure of a 
photoswitching device (fig. 2a), the geometry of the 
planar microwave circuit was optimized in order to 
perform only a phase shift of the microwave signal 
feeding the system by optics.  A tapered discontinuity 
geometry is selected (Fig. 2b). In this configuration, 
illumination takes place only on the edge of one of the 
electrodes forming the discontinuity in order to locally 
modify its impedance. Thus an improvement of the 
microwave magnitude is prevented since the position 
of the optical beam at ON state does not affect the 
existing coupling between the two tapered electrodes at 
OFF state. 

A new 3D electromagnetic modeling of illumination, 
by extension of the previous 2.5 D modeling, allows 
microwave behavior prediction in frequency domain of 
the optically-controlled microwave phase shifter 
according to the position of the optical beam, its 
diameter and incident power Popt. The absorption of the 
laser optical beam is represented by a plasma layer 
with the same permittivity as the semiconductor 
substrate, a thickness de and a conductivity 
corresponding to the conductivity growth m.  This 
conductivity can be also to be variable in magnitude, in 
the plane of the microwave circuit, in accordance with 
the Gaussian profile of the power of the applied optical  
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. 2. Photographs (Top views) of optically-controlled 
wave photoswitching devices on GaAs substrate with a 
tangular and (b) tapered electrodes geometry  

al. Compared with the preceding one, this 
eling, based on the finite element method, brings 
bility in use as well as possibility of simultaneous 
metric simulations. 
ne of the advantages of this new method of 
lation adapted to optically-controlled microwave 
ces, is to be able to predict the behaviour of these 
its for an illumination with a tuneable space 

tion. Electromagnetic simulations become a 
ssary tool to study the influence of an illumination 
ing the establishment of the photoconductive 
t, which could be not centered at the middle of the 
owave transmission line discontinuity. These 
lations also show the interest of the development 
 microwave photoswitching device with tapered 
trodes under an illumination with a spatial offset 
 the center of the device top face, in order to 

gn of a photo phase shifter working by 
oconductivity.  Indeed, by considering a Cartesian 
dinates system (x, y, z) as indicated on figure 2, a 
lacement of illumination along x  and/or y  allow 

ntrol and a reduction of the microwave coupling 
een the two electrodes constituting the 

ontinuity.  In this case, a tapered geometry of 
trodes leads to the single benefit on a microwave 
e shift, by comparison with a traditional electrode 
etry which induces a more significant reflection 

e optical signal by the metal rectangular electrode 
nd discontinuity. 

Magnitude (dB) Phase (°) rodes 
etry

10 GHz 20 GHz 10 GHz 20 GHz 

ctangular 
ssique)

2.79 1.92 14.0 10.2 

pered 
timized) 

0.90 0.59 24.2 12.1 

E I: Measured ON/OFF Ratio of  an optically- 
led microwave phase shifter (tapered electrodes) 
ed to results from a classical microwave photoswitch 
gular electrodes).
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Fig. 3 : Spatial profile of optically-induced substrate 
conductivity related to a Gaussian optical beam (single 
mode case) 

Table II gathers in a matrix representation, simulated 
ON/OFF ratios in magnitude and phase obtained at a 
microwave frequency of 20 GHz, for several spatial 
offsets of illumination in the xOy plane, by steps of 10 
µm.  It highlights the importance of the position of the 
optical excitation to privilege a single phase shift of the 
microwave signal by optics, in particular by the 
illumination of only one electrode.  For example, an 
illumination intervening at a distance of 30 µm and 10 
µm along x  and y  axis respectively from the center 

of the discontinuity introduces a phase shift of  20° of  
the microwave signal with a very low change of 
magnitude of  0.88 dB.  The particular spatial offset of 
illumination along x  axis from the center of the 
discontinuity induces a decrease of the isolation 
between the two working ON and OFF states in 
amplitude with a considerable phase shift of the 
radiofrequency wave. 

In simulation, the optical command modeled by a 
plasma layer is adapted in terms of diameter of cross 
section, conductivity and thickness whose values are 
extracted by identification with microwave 
measurements results carried out on existing samples 
with a traditional discontinuity and which are used as a 
reference.  This stage of calibration in the modeling 
procedure then helps for the evaluation of the focus 
state of the incidental optical beam at the air/substrate 
interface, and also for the study of the effect of the 
optical beam cross section dimension on the 
microwave ON/OFF ratio value of the device.  

Finally, laser illumination can be detailed spatially 
by various concentric layers defined by variable 
conductivity and identical thickness values, according 
to a Gaussian profile in the plane of the microwave 
circuit (Fig. 3). For example, intensity of a single mode 
optical beam is expressed as in equ. (4) in Cartesian 

coordinates system where '
/Air SCz  defines a fixed z-

position of the optical fiber end from the top of the 
optically-controlled MMIC. Substrate conductivity 
change is then calculated from (4) at a spatial point 
(x,y,z).
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BLE II:  Magnitude (dB)/Phase (°) of  simulated 
FF  ratios at a microwave frequency of 20 GHz for 

us positions of the optical beam compared to its central 
ion (middle of the microstrip discontinuity) - Optical 
r of 140 mW - Diameter of beam of 70 um 

. MICROWAVE MEASUREMENTS OF AN OPTICALLY-
CONTROLED MICROWAVE PHASE SHIFTER

parameters measurements of the optically-
rolled microwave phase shifter realized on GaAs 
trate with UMS technology process have been 
uted under microwave probes in a 0.05-40 GHz 
owave frequency range. These experimental 
lts reveal phase shifting associated to a quasi-
tant magnitude of the microwave signal thanks to 
ptical signal at a wavelength of 671 nm and an 
ent optical power of 140 mW. Measured ON/OFF 
s of the optically-controlled microwave phase 
er and  a traditional optically-controlled 
owave photoswitch with the same technology are 
red in Table I. The results from 3 D 

tromagnetic simulations of the optically-controlled 
owave phase shifter are in conformity with 
surements and enable the extraction of physical 
acteristics such as the position, the diameter and 
power of the optical beam at the surface of the 
it. 
r example, an increase in the microwave signal 
e shift of 10° at a frequency of 10 GHz feeding the 
owave photoswitching device with tapered 
trodes is obtained thanks to optics, compared to a 
ce with rectangular traditional electrodes.  In terms 
nsertion losses, it becomes necessary to improve 
new type of microwave optically-controlled phase 
er.  Optimizations of this system have been studied 
ontinuity with measurements obtained from a 
nted structure [5]. New samples are under process 
aAs substrate. 

V. OPTIMIZATIONS OF THE MICROWAVE PHASE

SHIFTING DEVICE

 order to optimize the photoswitching device in 
s of insertion losses and phase shifting, the planar 
owave device topology must be refined. The first 
n uses design optimizations performed from a 

nted topology which has to be reconfigured with 
red electrodes [5].  

0 um 10 um 20 um 30 um 

um 1.23 / 42.1 1.90 / 47.0 1.25 / 40.3 0.7 / 11.9 

 um 1.82 / 36.8 2.02 / 32.0 1.78 / 26.3 0.88 / 20.4 

 um 2.26 / 27.1 2.54 / 26.5 1.84 / 23.4 1.39 / 19.2 

 um 2.42 / 22.7 2.28 / 21.5 1.88 / 19.4 1.24 / 16.4 

x



The second choice could consist of reducing the line 
discontinuity length to maximize transmission coupling 
which does not affect the ON/OFF phase shifting.  

The third possibility concerns the substrate material 
used. By adopting a low permittivity substrate with a 
local semiconductor patch suitable for photoswitching 
operation, insertion losses are minimized with a 
guaranteed ON/OFF ratio. 

 All these optimizations are in study. 

VI. CONCLUSION

A state of the art of the modeling of 
photocommutateurs microwaves is exposed.  A new 
3D electromagnetic modeling allowed the design of a 
optically-controlled microwave phase shifter starting 
from the traditional circuit of photoswitching.  The 
frequency domain S-parameters measurements of this 
optically-controlled microwave phase shifter attest the 
function of this circuit by an optical command and 
highlight the interest of the integration of this 
optically-controlled microwave phase shifter in 
systems of antennas arrays in integrated technology 
thanks to optics.  A new optically-controlled 
microwave phase shifter with a patented structure is 
under development. 
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