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A possibility of an application of the femtosecond Ti-Sa lasers for a measuring of the amplitude-frequency char-

acteristics (AFC) of the wide-band photodevices is considered. The results of the measuring of the AFC in a fre-
quency range 1.5 GHz for a high-speed photodiode S5972 of the firm “Hamamatsu” are presented.
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A progress in a creating of the wide-band photode-
vices is driven by the needs in such areas as the optical
communication systems, the study of the fast processes,
a creating of the highly informative systems. In this
regard, a great importance has a knowledge of the am-
plitude-frequency characteristics (AFC) for such the
photodevices. A femtosecond Ti-Sa lasers can solve this
problem most simply. The presence in the consumer
market of the lasers generating the pulses with a dura-
tion shorter than 50 fs gives on principle possibility of
the study of the ultra-wide band photodevices in a fre-
guency range up to 50-10" Hz. However, the real use of
the femtosecond lasers for this purpose requires of an
investigation of some the features associated with the
realization of the proposed methodology.

The method is based on the following suppositions.
The laser operates in mode-locked longitudinal modes
TEMgon (Fig. 1). The net instantaneous intensity at which
the photodevice responds in the case of mode-locked with
same amplitudes of the electric field Eq is on the form [1]:
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where mq — average frequency, N — number of generated
longitudinal modes, Q — pulse repetition frequency
equal to the intermode interval:

Q=Af=c/2L, 2
where ¢ — speed of a light in vacuo, L — length of the
laser cavity.

A mixture of the optical signals frequencies is in the
photodevice, this signals can be given off in the output
current i(t) of the photodevice by a band-pass filter
tuned to the beat signals with radio frequencies Af, 2Af,
3Af, ..., (N-1) A f, the instantaneous values which are on
the form:
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where E; — the amplitude of the electric field i-th mode
for the case when the amplitudes of the of the electric
fields of the different modes are different, D — the trans-
formation factor of the photodevice.

The method of the measuring of AFC of the wide-
band photodevices is based on the use of the beat sig-
nals at the difference frequencies of the modes TEMgon
registrated at photodevice within its bandwidth and then
measured by a spectrum analyzer.
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It should be noted that the positive fact of the using
femtosecond Ti-Sa lasers to measure the AFC of the
wide-band photodevices that under the condition of the
full mode-locking power output fluctuations Ti-Sa la-
sers do not exceed 1...2% [2] under an extremely low
value of the frequency intermode interval Af fluctua-
tions [3].

The specificity of the application of the Ti-Sa lasers
to measure the AFC of the wide-band photodevices is
connected with either the fact that the emission spec-
trum of this laser has a Gaussian shape or the form
sech?. Itis known that it is necessary to give at the input
of the investigated photodevice the signals of the equal
amplitudes within the investigated frequency range for
the standard method for measuring AFC of any receiv-
ers, include photodevices.

We consider inserting a limit on the measurement
AFC of the wide-band photodevices the shape envelope
of the emission spectrum Ti-Sa laser.

Let Ti-Sa laser generates pulses whose shape is
sech? and the emission spectral width at half of the level
is 41 nm, width corresponds to the frequency range
AF =18.97-10"? Hz. Calculations made on the basis of
the measured spectral characteristics of the laser radia-
tion (Fig. 2) show that the greatest slope of the spectrum
envelope amplitude of its spectral components differ by
2% in the frequency range of 200-10° Hz.

Therefore, the applying of Ti-Sa laser for measuring
AFC of the wide-band photodevices with the error 2%
in this frequency range satisfies to the demand of the
standard method for determining AFC of the receivers.

Another feature of this method is reducing the num-
ber of components in the summary signal of the beats
with the increase of the difference frequency. It is clear
from the formula (3). For example, the number of the
components of the beat signal for the value of the inter-
mode interval Af= 100 MHz in the frequency within the
generation band AF = 10*® Hz will be the value 10°. And
the number of the components of the beat signal for the
value of the intermode interval Af = 1000 MHz in that
frequency will be nine less than Af = 100 MHz. This
will give the difference of the number of the beat signal
at these frequencies on the value of 0.009%. Therefore,
the methodical error will be equal to the value 0.009%,
when measuring AFC of the photodevice with a band-
width 1000 MHz.

The calculation show that the methodical error 2%
will correspond to the measuring of AFC of the photo-
device in the frequency range of about 200 GHz.
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Thus, the use of the femtosecond Ti-Sa lasers for the
measuring AFC of the wide-band photodevices gener-
ates the wide research prospects in an extremely wide
range of the frequencies.

The Ti-Sa lasers can be tunable on the frequency in
the range of about 50 MHz for a more detailed research
of AFC in the frequency range of interest areas. This
can be accomplished by the changing of the cavity
length L (2).

The practical realization of the method illustrated on
the block-scheme in Fig. 1.
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Fig. 1

Ti-Sa laser 1 generated longitudinal modes TEMgoy.
The linearly polarized laser beam passed through a po-
larizer 2, which served as an adjustable attenuator, and
fell on the investigated wide-band photodevice 3. The
intensity of a radiation at the input of the photodevice
was controlled and maintained at a certain level. The
output signal from the photodevice 3 enters to the input
of the spectrum analyzer 4. This analyzer measures am-
plitudes and frequencies of the beat signals.

The Ti-Sa laser developed at IPENMA NSC KIPT
was used in the experiments. It generated the pulses at a
wavelength 782 nm spectral width at half that level was
18.97-10% Hz (41 nm). The fluctuations of the laser
output power did not exceed 1.5%. The frequency sta-
bility of the intermode frequency interval was no worse
than 10°. Fig. 2 shows the laser spectrum.
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The high-speed photodiode S5972 firm "Hamamatsu"
used as investigated wide-band photodevice. A feeding
voltage was 15 V. The measurements were performed at
ambient temperature 20°C.

The signals detected at the photodevice output by
the spectrum analyzer C4 - 27 with 50-Ohm input.

Fig. 3 shows the results of the combined measuring
for the AFC of the photodiode S5972 with taking into
account on it the influence of the coaxial cable and con-
nectors.
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That combined AFC extends closely to 1.4 GHz. It
can be seen from Fig. 3 (see curve 1). Its irregularity is
probably caused by the losses and the re-reflections in
the coaxial cable and connectors. AFC was measured at
frequencies which are multiple to the intermode interval
Af = 85.86 MHz for the resonator length of the Ti-Sa
laser 174.7 cm and at the frequencies which are multiple
to the intermode interval Af = 94.5 MHz for the resona-
tor length of the Ti-Sa laser 158.7 cm. The connecting of
the photodevice without the concordant coaxial cable to
the spectrum analyzer is illustrated in Fig. 3 (see curve 2).
The investigated photodevice S5972 was connected to the
spectrum analyzer by the short (2 cm) conductors. The
uniformity of AFC of the spectrum analyzer in the meas-
urements was controlled by the generator G4-67A.

Thus, the grounding of the possibility of the using of
the femtosecond Ti-Sa lasers to measure the AFC of the
wide-band photodevices in the frequency band up to
200 GHz with a methodical error not exceeding 2% is
presented.
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MNPUMEHEHWUE ®EMTOCEKYHJHBIX Ti-Sa-TA3BEPOB JJISI U3BMEPEHUSI AMILINTY IHO-
YACTOTHbBIX XAPAKTEPUCTUK HIUPOKOITIOJIOCHBIX ®OTOINPUEMHUKOB
A.B. Bacunves, B.11. 3aiiyes, B.I1. Jlewienxo, A.H. Iloepo3zun
PaccmorpeHa BO3MOXHOCTH TpUMeHEHUS (eMTOCeKyHIHBIX T1-Sa-mazepoB mis W3MEpEeHHs aMIUTUTYIHO-
YaCcTOTHBIX XapakTepucTuK (AUX) MHPOKOMONIOCHBIX (OTONPHEMHUKOB. [IpencTaBieHbl pe3yinbTaThl U3MEPEHUS
AYX B quanasone 1,5 T uist BeIcOKOCKOpocTHOTO doTtonuoaa S5972 dupmsr “Hamamatsu”™.

3ACTOCYBAHHA ®EMTOCEKYH/IHUX Ti-Sa-JIA3EPIB JIJIs1 BAMIPIOBAHHSI AMILIITY IHO-
YACTOTHUX XAPAKTEPUCTHUK ®OTOITPUMMAYIB 3 IIIUPOKUM AIATIA3OHOM ITPUMMAHH 1
A.B. Bacunwves, B.I1. 3aiiyes, B.IL Jlewenko, A.\. ITosposin

Po3risiHyTO MOXIMBICTH 3acTOCyBaHHS (eMTOceKyHAHMX Ti-Sa-nmasepiB Uit BHUMIPIOBaHHSA aMILTITYIHO-
4acTOTHUX XapakTepucTuk (AYUYX) ¢dorompuiimMadiB 3 MMpPOKUM Jiama3oHOM mNpuiiManHs. HaBemeHo pesynbraTh
BuMiproBaHHs AUX y mexax 1,5 I'T1y s BucokomBuakicHoro goromioga S5972 dipmu “Hamamatsu”.
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