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Photo-Injection p-i-n Diode Switch for High-Power
RF Switching

E. W. Jacobs, D. W. Fogliatti, H. Nguyen, D. J. Albares, C. T. Chatgmber, IEEEand C. K. Sun

Abstract—The high RF power-switching properties of the RF
photo-injection p-i-n switch (PIPINS), an optically controlled
RF switch, are investigated. Proper functioning of a PIPINS
as a low insertion-loss RF switch requires that it operates as a
photoconductor, where the photo-injected charge is much greater
than the RF sweep out charge. Insertion loss using 650-mW optical
power was<0.4 dB at RF (VHF-UHF) power in excess of 200 W,
and devices successfully standoff 200-W incident RF power with i
the series isolation being determined by the device capacitance _}
(e.g., 225 fF). PIPINS hot-switching measurements are reported
for the first time, with output RF power up to 180 W at low  SFTICAL o
duty cycle, rise times of 1us, and fall times for a series shunt FIBER
switch of =2.5 us. The RF power for hot switching a PIPINS is
limited by a latch-on effect, which is dependent on a variety of
parameters, including duty cycle and repetition period, consistent
with thermally generated carriers contributing to the latch-on
effect. The switching properties of PIPINS make them a candidate g
for high RF power applications such as reconfigurable antennas,
where electromagnetic isolation of the switch and control lines are

Schematic, photograph, and circuit representation of a PIPINS.

critical. RF switch configurations have been demonstrated, which meet
Index Terms—Optical switches, optolectronic devices, RF some subset of these requirements. These devices include
diodes, RF switches. photoconductors, phototransistors, surface-depleted optical
FETs [4], photovoltaically biased FET (PV-FET) switches
l. INTRODUCTION [4], [5], electrically biased p-i-n diode switches [6], photo-

voltaically biased p-i-n diode (PV-PIN) switches [7], and the
PTICALLY controlled electrical switches are of interesp|p|NS [3]. The performance characteristics of these optically
for applications that require electromagnetically isolategbntrolled semiconductor switches are generally similar to their
control. In addition to eIeCtromagnetiC iSOlation, Optoelectron@ectrica”y controlled CounterpartS, where some performance
(OE) RF semiconductor switches possess switching times affhrovement is gained by the optically isolated control. The
reliability of semiconductor RF switches, and are controlled ViagT-pased OE switches are limited to switching only a few
lightweight low-loss optical fiber, thereby making them wellyatts of RF power, though they have the advantage of requiring
suited to applications of reconfiguring antenna radiating elgttle (<1 mw) optical control power. Compound FET switches
ments, feeds, and tuning circuits [1], [2]. In this paper, high Rghere the RF voltage swing is distributed across several FETs
power-switching properties of the photo-injection p-i-n switcfh series enables significantly increased RF power capability
(PIPINS) [3] are reported for both cold and hot switching.  [8], though no optically controlled version of this type of device
RF switching applications generally require low on-rehas been reported. The PV-FET and PV-PIN use indirect
sistance Ron < 5 £2), low capacitance for high-frequencyoptical control wherein photovoltaic cells located near the
isolation, and a minimum of optical control power. Switchingwitching elements provide charge to the switching elements
time requirements can vary from milliseconds to nanosecongg isolating chokes or resistors. PV-PINs can be expected to
and RF power requirements vary up to kilowatts. Several Qfandle more RF power{100 W) than the PV-FET at the cost
of increased optical power, e.g., in [7], a series switch with
Manuscript received October 10, 2000; revised March 2, 2001. This work whss = 25 W, P, = 200 mW, andRR,,, = 32 was demonstrated.
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These properties make the PIPINS particularly attractive for a 1
tenna applications such as reconfigurable antennas [2]. Ele 3
tromagnetically transparent optical fibers would deliver contrc 0.9
signals from remote laser sources to PIPINS positioned on t

antenna structure. With selective switching of the PIPINS, ar & 08 ]
tenna length or shape could be adjusted to improved wide-ba § o7 [l

performance, or different antenna elements within the same fc

rsion e

print could be activated or made transparent. Small inducto -

connected in parallel with the PIPINS forming a tunei cir- g o0 [ it L

cuit could be employed to increase switch isolation overasp 8 g5 [ ! [ .

cific frequency range. | % % -
In [3], PIPINS broad-band insertion-loss data at low RF 0.4 L !

power, and insertion-loss data between 300-400 MHz up

20-W RF power was reported. For transmitting and jammin 0.3

o . : . 0 100 200 300 400 500 600 700 800
applications, higher RF power properties of the switch becon Optical power (mW)

important. In this paper, insertion loss (IL) and standoft

measurements are performed in excess of 200-W RF powl—%{]’. 2. Optical conversion efficiency as a function Bf. The mean and

thiS power being "mited b)_’ the power amplifier instrumentastandard deviation for measurement of five PIPINS with= 200 xm (),
tion. This was achieved with 650-mW optical control powegnd three PIPINS with; = 100 pm () are shown. The; = 200 xm data

representing a significant gain as defined by the ratio of tifgints are shifted to 5 mW largdt, for clarity.
switched RF power to the optical control power. In addition,

“hot” switching (where the device is switched in the presenggyq a 1004m core with NA= 0.36. By the definition used
of the RF signal) properties of the PIPINS, are reported for th@yre 1, accounts for the quantum efficiency of the device and
first time. the optical coupling efficiency from the optical fiber to the de-
vice. Due to the back-to-back p-i-n diode configuration of the
[l. MEASUREMENTS PIPINS, the dc photocurred} was measured as follows. First,

The PIPINS devices were made, as shown in Fig. 1 El)}efiber was positioned to minimize the RF IL. Measurements
soldering together the P contacts of two mesa-type silicSfFTe not sensitive to slightly increasing the distance from the
p-i-n diodest The epitaxially grown intrinsic layer (carrierend of the fiber to the device, even for the case of the thinner

concentration~10'2/cn?) was either 50- or 10@m thick, i = 100 zm devices. The RF source was then removed, the
depending on the device, and the mesa diameter Was;Lm:”;O PIPINS was dc biased in each direction, and the dc photocur-
The N-type die was squ,are 934n on a side, with carrier "€NtS in each direction were added. The bias voltage was 30V,

concentration~6 x 10'°/cm?. The P-layer doping concen-Which provided an electric field well in excess of that needed to

tration was~8 x 101%cm?, where the P-layer thickness wassaturate the measurdg for even the highest,. The resulting

~4 um and the doping profile from the P region to the | regioH'Ot of conversion effl_uen_cy as a function of optical power OL_Jt
was a stepe3-um wide. The reverse bias leakage current cﬁf the fiber is shown in Fig. 2. The mgan and_sta_ndgrd dgwa—
the diodes was low<(1 ;:A) and the forward bias*80 mA) tion of 5, are shown for three PIPINS with total intrinsic region

resistance was © measured at 100 MHz. The dc reverse biagicknesg; = 100 um, and five PIPINS with; = 200 xm. The
break down for 5Q:m intrinsic layer diodes was=350 V., decrease im; asP, increases can be attributed to increased re-

and for 100xm intrinsic layer diodes+450 V. For the 50«m combination due to the high density of charge carriers. The low
intrinsic layer diodes( ~ 700 fF, and for the 10Q:m intrinsic  OPtical power values of, in Fig. 2 correspond to a responsivity
layer diodesC' ~ 450 fF, both measured at 100 MHz. Thel»/Fo = 0.5 A/W, a typical value for p-i-n photodetectors.
PIPINS were mounted on 50-microstrip transmission lines Figs. 3 and 4 show low RF power (0 dBm) isolation and IL
on aluminum-nitrite substrates. The substrates were attacH@gn for a series PIPINS, as measured with an HP8753C net-
with silver epoxy to brass fixtures with SMA flange-mount tatvork analyzer. Thes21 measurements were calibrated against
connectors. an identical package with a straight through transmission line.
The PIPINS were characterized for conversion efficiency dine 521 data in Figs. 3 and 4 is shown for a PIPINS with
photons to charge carriers, the isolation at low RF power &s= 100 pm, and a PIPINS with; = 200 zm. At the high-fre-
a function of frequency, and the low RF power IL as a fun@iuency end of this data, the capacitance and the off-state series
tion of frequency and optical power. The conversion efficiendgsistance (at the interfaces of the intrinsic and doped regions)
for a p-i-n diode under high reverse dc bias is givenjpy= contribute to the isolation of the device. A capacitance of 380 fF
(I,/9)/(P,/(hv)) = (I,/P,) x 1.24/), wherel,, is the pho- for thet; = 100 um PIPINS, and 225 fF for thg = 200 xm
tocurrent,P, is the optical power out of the fiber, andis the PIPINS, with a series resistance of 10@ields a reasonable fit
wavelength of light measured in micrometers [9]. For the melg this data.
surements in this papek = 0.81 um, and the optical fiber  The IL data in Fig. 4 is also shown as a function/of Mea-
surements on these devices at higher frequency shows that the

1The diodes used in these experiments were custom made by the Metell!cgem_ains essentially flat up to at .IeaSt 6 GHz. Th_e increased
Corporation, Sunnyvale, CA. ripple in the data ag’, decreases is due to reflections at the
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Fig. 4. IL as a function of frequency for PIPINS with = 100 pm (solid
lines) and200 xm (dashed lines) wit.; = 0 dBm andP, as a parameter. In ] ] .
increasing order of ILP, was 706, 166, 15.3, and 2.3 mW. With the switch in the off state, RF standoff voltage measure-

ments were performed. For these measurements, the reflected

PIPINS caused by impedance mismatch, the shape of the ppwer was monitored (via the third port of the circulator located
ples being highly dependent on the cable lengths employed.between the RF power amplifier and PIPINS), as was the signal

High RF power IL measurements are shown in Fig. 5. Thaapacitively coupled through the PIPINS. A PIPINS can exhibit
RF signal was provided to the PIPINS by an HP8645A signaélf-turn-on, i.e., the PIPINS will switch from the off state to the
generator driving an Ophir GRF5041 RF (200-W power) amplon state in the absence of optical illumination at high enough in-
fier. The signal was attenuated after the PIPINS (with attenu@dent RF power. Standoff measurements at 333 MHz were per-
tors rated at 1000 W to minimize error caused by the changeformed without self-turn-on, and were limited (by the RF ampli-
attenuation due to heating) before the RF power was measufiedand loss in the circulator) to 52.5-dBm incident RF power at
with an HP 436A RF power meter. As with the low power meahe device-under-test for most measurements. In one case, this
surements, the high RF power measurements were calibrgpedver was pushed to 200 W, also indicating no self-turn-on.
against a package identical to the PIPINS package, but with aApplications where switching occurs only when the RF
straight through transmission line. This data was taken withsggnal is off or at low power (cold switching) require spec-
t; = 200 um PIPINS (as were the remainder of the data in thification of the steady-state IL and standoff measurements
paper) withf = 30,88, and 333 MHz and P, = 650 mW. presented above. For applications that require switching in
The maximum RF power levels measured were limited by thilee presence of the high-power RF signal, the hot-switching
RF power amplifier. Systematic mean time to failure data f@roperties of the switch must be understood. Hot switching
PIPINS in continuous on state was not undertaken in this studgquires reliability through the on—off transition states in the
though no failures were observed for PIPINS at the maximupnesence of the high-power signal, therefore, the hot-switching
attainable RF power levels wherein devices were routinely power capability of a switch is typically significantly less than
this state for 5-10 min. indicated by steady-state IL and standoff measurements. Fig. 6
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Fig. 7. RF envelope for hot-switched PIPINS as a function of frequency wiffd- 8. RF envelope for a hot-switched series-shunt PIPINS with
P, = 650 mW, ., = 50 usT = 5 ms. P, = 650 mW to each PIPINSf = 333 MHz, t,, = 50 pus, and
T = 90 ms.
shows data for a hot-switched PIPINS, where the envelope i 51 . . . .
the 300-MHz RF signal is plotted. The PIPINS was illuminatec s
with P, = 650 mW during thet,, = 50 us on period, and 50 - w o ° g 1
the repetition period wa$ = 30 ms. The output voltage was £ o °
measured across 50, therefore the output power during the pryn J
on state for this measurement was 180 W. Also shown in Fig. é @
is hot switching with 15.5-W output power during the on state. £ s b o i
The fall time of the series PIPINS RF envelope is governe s
by charge carrier sweep out and recombination in the PIPIN g b i
As a result, in addition to being dependent on the material ar &
geometric properties of the PIPINS, the fall time is also deper ™ o
dentonP,, P.r, and RF frequency. Fig. 7 shows hot switching aor 1
as a function off. The envelope of &,y = 2 W signal at 2, 10,
. - 45 1 1 1 1
75, and 250 MHz is shown. _At 2 M_Hzl?o is large enough to i 50001 5,007 501 o1 ”
saturate the on-state IL, but immediately atigr = 50 1S, the Repetition period (seconds)

signal amplitude starts dropping. The total fall time measured
from the end oft,, is 22 us for the 2-MHz case, and 37s Fig._9(.j Ii}flgowegarlglat(\:/r\ll-on&/vith SQ%d'\lAJa/cycle as afunction of the repetition
when f = 250 MHz. A set of similar curves can be obtained a8®"°¢ WithF’> = 650 mW and = : z

a function of ;¢ (Fig. 6) andP,, where the fall time decreases ) ) )
as a function of increasing,; and decreasing,. allowing for higher pulse power operation than the data shown

The rise time of a series PIPINS follows the rise time dp Fig. 9. The threshold for latch-on is abrupt as demonstrated

the optical control signal. The rise time of the optical contrdl! @ Measurement where a device was switchefi,20.2 dB
signal, as measured with a fast photodiode, wag:8,%nd its P€IOW Hlacc for 30 min without latch-on ever occurring.
fall time was 0.2s. For applications where a fast fall time is 11 linearity in the on state of the PIPINS was studied with
required and where a ground plane is present, a series-sHijfft tone intermodulation measurements with upiip= 50 W
PIPINS circuit can be utilized, wherein the fast turn-on time &t €ach fundamental frequency. For the= 200 xm PIPINS,
the shunt PIPINS is used to achieve a fast fall time for the switcHith £z = 50 W at each fundamentaf{ = 44 MHz and /> =
Fig. 8 focuses on the rising and falling edges of a hot-switchdd MH?2), the third-order intermodulation product at 54 MHz
series-shunt PIPINS indicating a rise time of approximatelg 1 Was 60 dB down from the fundamental.
and a fall time of 2.5:s. For this dataP, = 650 mW, ¢t,, =
50 ps, T = 90 ms, andP.; = 170 W at the output. Ill. DiscussION

The maximum P; that a PIPINS can handle in the In this section, IL, rise and fall times, and latch-on of a
hot-switched mode is limited by a latch-on effect, i.e., theIPINS are discussed. The conduction in a PIPINS is governed
switch remains in the on state after the optical control signaj, the storage and sweep out of the photo-generated charge
turns off. The RF power at latch-orP(.1,) is dependent on carriers, and is dependent on the material and geometric
several parameters. For example, Fig. 9 plats., as a func- properties of the diodes, and the operational parame?grs
tion of the repetition period” when the duty cyclél = t../T" P, and f. The charge supplied to the diode by the control

is 50%. Latch-on is also dependent on the duty cycle, as candiftical powerP, of wavelengthi (in micrometers) is
seen by comparing the data in Figs. 6 and 8 to that of Fig. 9.

The duty cycle was considerably less than 50% in Figs. 6 and 8 Qp = I,7 = Pomyrq/hv = Py Ar/1.24 1)
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wherer is the effective charge carrier lifetime. This can be conis associated with high/G or high@,,/(Q./2), or in terms of
pared to the charge modulation caused by the RF signal durygerational parameters, hidgh, high f, and lowP,;. Similarly,
half an RF cycle high IL is expected with lowP,, low f, and highF,;, where RF
. carrier sweep out becomes appreciable.
0.5/ f /
Q. :/ / I; x sin(2n ft) dt = I _ V2P /2 2) The photocurrent is estimated to tig ~ 191 mA for a
0 mf mf PIPINS with P, = 650 mW at\ = 0.81 ym with a mea-

where I, is the amplitude of the RF current. During half arfuredn: = 0.45. The highest; lowest f data in Fig. 5 has

RF cycle, the stored charge on the forward-biased diode will bet = 224 W and f = 30 MHz, corresponding to a cur-
increased due to carrier injection from the average valyeo €Nt gain ofG =~ 16 and a phase angle ~ 396 rad, or in
Q,+Q./2, while the charge on the reverse biased diode will B§MS Of charge storage and sweep QU2 ~ @, /25. For the
reduced taQ, — Q,/2 due to carrier sweep out. The IL of thePIPINS hot-SW|tch|ng. curve with lowegtin .Flg. 7,Pe=2W,
PIPINS is determined by the less-conductive diode, therefore= 2 MHz, and again}, = 650 mW, which corresponds to
Q, > Q,/2 is needed for low IL, and a§),/2 approaches an estimate of7 ~ 1.5 and@ ~ 26. In terms Qf c.harge storag.e
Q. the PIPINS IL will increase. For a low RF frequency (or &1d sweep out), /2 =~ Q,,/18. Therefore, this simple analysis
dc bias) where), > Q,/2 is not satisfied, the PIPINS behavedS consistent with the measured low IL results. o

like a reverse-biased p-i-n photodetector, the photocurrent beind” designing a PIPINS, high isolation, low IL, fast switching
proportional to the optical power and insensitive to the reverséles, and high RF power capability are all desired properties.
biasing voltage and device thickness. This is the case for thaé underlying physical parameters dictate a compromise be-
measurement of, in Fig. 2, where it is seen tha was only tween these properties, e.g., increasing the device thickness im-
weakly dependent on thg, and where the reverse bias of 30 \Proves isolation at the cost of IL, decreasing the device width

was well large enough to saturate the measuremeht. of improves isolation at the cost of power-handling capability, and
When@, > Q,/2, conduction in a PIPINS approximatesdecreasmg the carrier lifetime improves the turn-off time at the
that of a photoconductor. For a photoconductor, cost of IL.
2
Ry, = ti 1 2R, (3) A Rise and Fall Times
Qppt

The rise time for a hot-switched PIPINS Bt = 170 W,
wherey is the sum of the electron and hole mobilities, @d as shown in Fig. 8, is Ls. Since theRC device time constant

is the contact resistance of a single diode. The IL as measuie@egligible, the transit time across the intrinsic region is fast,
in Fig. 4 is related taR,, by and the conductivity of the PIPINS is a function of the carrier
) concentration, which is dependent 8Y), the PIPINS rise time

(4) should be close to the rise time of the optical control signal. The
rise time of the optical control signal, as measured with a fast
response photo diode, was Q5.

There are two periods of the PIPINS total fall time, the first
when the charge carrier concentration in the PIPINS is high
enough that the contact resistance dominaigs This period
is essentially a turn-off delay time because, as seen in the higher
. . : frequency curves in Fig. 7, the RF signal remains close to full
this case is estimated from (3) to be= 2.1 ps, wherey, = amplitude even after,,, has ended. The second period is when

1830_ cn?/Vs andy, = 0.45 (from Fig. 2) are used. The Valuethe charge carrier concentration has dropped enoughfiifat
of 7 is parameter dependent. For example, for larger volume.

‘ devi the lifetime i edto d |ﬁ3£0|ongerdominated by the contact resistance, at which point
surtace area devices, the filetime 1S expected 1o Increase due, eILincreasesappreciably.Inthefollowing,thetotal fall time

reduced impact of surface recombination [10]. Also, as Char%emeasured from the time the light is turned off to 10% of the
carrier density increases, the valuesoflecreases [11]. Both

h froct b by calculai 3) and (4) for th on-state RF amplitude. The fall time of the optical control signal
ese efiects can be seen by calcula om (3) and (4) for ' was 0.2us, relatively fast as compared 19 in which case the
other curves in Fig. 4. In the discussion that follows, the estim

. . . %ecal fall time for a series PIPINS is a function of charge storage,
of 7 = 2.1 psis used to analyze Figs. 6-8 85 = 650 MW 5\ 00 ot and recombination. From the previous discussion,
and¢; = 200 um for these data. the total fall time of a series PIPINS will decrease with in-

In_order _to operate a PlPI.NS properly as a low IL phOtogo%'reasinggs associated with hig¥;; and low f, and decreasing
ductive switch @, > Q,/2 is needed for the less conductive associated with low?, and shortr. The dependence of the
diode under a RF reverse-bias half cycle. Making uses of (1) aﬁ time on P and canobe seen in Figs. 6 and 7. In Fig. 6, the
(2), the photoconductive condition is rewritten as total fall timerfor the higher poweP,; = 180 W, f = 300 MHz’

o fr > 1,/1,. (5) data is 11us, \{vhile the tota! fall time i; 17 for the Iowe_r
15.5-W curve in the same figure. In Fig. 7, the total fall time
Here, the ratio of RF current amplitude to dc photocurrent when f = 250 MHz and P,y = 2 W is 37 s, as compared
I, is defined as the current gatt = I, /1, andf = 2« f7 is to 22 us for the 2-MHz curve in the same figure. The total fall
the RF phase angle over the carrier lifetime.ow PIPINS IL time for the PIPINS used in [3] made from diodes fabricated by

ROII
IL=20x1log| 1
><0g< +2Z0

whereZ, = 50 2. The PIPINS contact resistane&.. is the
minimum R, and is estimated to bef1from (4) and the lowest
IL (0.09 dB) P, = 706 mW curve in Fig. 4. TheP, = 706
mW curve for thet; = 200 pm PIPINS in Fig. 4 yields an
estimation from (4) ofR,, = 1.5 §2. The carrier lifetime for
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M/A-COM,2 was two to three times longer than the data prelamage to the device when the latch-on state is maintained for
sented in this paper. These PIPINS had a measured).3, and longer than a few seconds. The damage is manifested by de-
7 = 4.7 us derived from lowF,; IL data similar to that of Fig. 4. creasingPl.ic, and increasing IL. The values &i;, for the
From (1), depends on the product of the device paramejersdiodes studied here were significantly greater tfag., for the
andr. At high optical power, this product is1.5 times larger PIPINS in [3], whereP,;.., == 20 W at low duty cycle was ob-

for the PIPINS of [3] compared to the Metelics PIPINS useskerved. The loweP,,;.1, can be attributed to the smaller mesa
in this paper, consistent with the longer total fall times for thdiameter (30Q:m, as compared to 76@m) resulting in higher
former. current density in those PIPINS. In addition, self-turn-on was

It can be concluded that more RF sweep out will result in@served for those PIPINS &200 W.
faster turn-off process; however, the valueldf/(()./2) does  The latch-on effect has been studied in high pulse power
not completely determine the fall time since turning off thdl-V photoconductive switches [12]-[14]. Much of the interest
PIPINS involves the diode characteristics themselves, which @melatch-on with high pulse power IlI-V photoconductive
not photoconductive. Itis interesting that the fall time of a seriesvitches is to take advantage of the effect to achieve a high
PIPINS can be much greater thanCharge storage and sweegmain device (where gain in this context is the ratio of electrical
out dynamics, diode characteristics, charge injection at devieeergy transferred to the load to the optical trigger energy).
interfaces, charge trapping both surface and bulk, and sepakealanche carrier generation has been suggested as the mech-
tion of electrons and holes in the presence of a RF electric filddism for latch-on in GaAs photoconductive switches [13].
likely play a role in the long fall times of the PIPINS. FurtheiSilicon photoconductive switches have also been studied for
study is required to quantitatively understand the mechanishigh pulse power applications though latch-on is not observed
that govern the fall time in these devices. in the silicon devices [13].

Fast fall-time switches are linked with short carrier lifetimes. In measurements performed here, latch-on is observed in
Since longr is required for the low-loss operation of a PIPINSRF-biased silicon-based PIPINS with periodic optical pulsing.
achieving fast fall times at the device level is problematic. Fast€he dependency ofF., On repetition period, duty cycle,
fall times can be achieved at the circuit level by using a seriemnd diode mesa diameter, and the slow onset of latch-on are
shunt switch, as is shown in Fig. 8, where the fall time measurednsistent with thermal effects being responsible for latch-on.
from 90% to 10% is 2.3us. The series-shunt configuration als®8ecause of the complex charge carrier dynamics in these
has the advantage of greatly improved isolation, but only can tevices, charge injection and displacement currents may also
done in cases where there is a ground plane present, and is duag a role in the latch-on effect.
at the cost of increased IL due to the capacitance of the shunt
switch, and increasing the optical power requirement. IV. CONCLUSION

B. Latch-On The measurements performed show that proper PIPINS op-

In the hot-switching mode, during the on—off transitions, th((—:-eratlon is consistent with a photoconductive model, where the

power dissipated in the PIPINS is greater than either the low PhOto_mJeCted charge is much greater than the RF sweep out

sistance on state or the reflective off state. As a result, the mgx_arge. The results show that PIPINS can be utilized for high-

imum P,¢ that the PIPINS can handle is less than that obtainggwer RF switching applications. For application that do not re-

for steady-state measurements. The maxiniyynthat a PIPINS glng FNhSOtCZV::)Ch;g{éhf Ikoagslzt:;d; gfol:nv?/a;gre:lvsgrtslzsgro;v thlit
can handle in hot-switching mode is limited by a latch-on effect P b P ' bp

, : cations that require hot switching, 180-W RF power switching
where Bac, is dependent on several parameters includig at low repetition rate and duty cycle has been demonstrated
T, and the duty cyclel = t.,/7". In Fig. 9, Py is plotted P ycy '

as a function of the repetition peridd, wheret,,, is varied to though the maximum RF power level is limited by a latch-on

maintaind — 50%. The data shows a maximum latch-on poweerffeCt’ and can be significantly less at higher repetition rate and

level of 107 W when the repetition period is 10 ms. At short dgg’_;ﬁ'g' ;Ii-?aﬁsceo:tl?or; Rol\:/vep:)vrveernreesselﬂ;[?nwzr; %?ftiignetd gvs\;g?
repetition periods, thé.:.1, level decreases. This is the resul P P ep 9 9 P

of resistive heating during the frequent switching transitions al ﬁm' The IL of PIPINS with double the intrinsic layer thickness

; . L w only a moderate increase in IL, due to longer carrier life-
the long fall times that results in the PIPINS remaining on we o y oderate ; , due 9 €
) . . .. times for larger diodes resulting from reduced surface recom-
into the off-state period whe® is small. At longer repetition

periods, a small decrease M.y, is observed, likely due to bination. Scaling up the size of the PIPINS will allow for even

: . . . -~ higher RF power switching at the expense of higher optical con-
heating during the relatively long on periods. The data in F'gigol power. The PIPINS have rise times limited by the rise time

can be compared to the 180-W hot-switching data in Fig. 6 W'o the optical control signal. Long fall times, much greater than

d = 50 us/30 ms= 0.17%. In this case, the low duty cycle Lo . .

; : : the charge carrier lifetime, are associated with charge storage
and short,,, enabled higher power operation without Iatc:h—onr.nuch reater than charde sween out
The onset of latch-on has been observed to be a relatively slow g g pout.
process, e.g., df.:.1, the tail of the RF envelope begins to grow
and may take several seconds before the devices is fully latched
on. It is observed that latch-on in PIPINS results in irreversible The authors would like to thank R. Nguyen and K. Nguyen,

for preparing PIPINS samples, and R. Hunt for his comments.
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