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Goal

Substantially lowering the minimum power
requirement for self-referenced femtosecond
optical pulse characterizations.

wWhy low-power?
* Monitoring of telecommunication systems: <1 m\V average power

* Nonlinear material characterizations: <1 fJ pulse energy

Why self-referenced?

» Reference pulse is unavailable

« Overall power requirement is limited by reference-free method used
to measure reference pulse
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Outline

Review of sensitive pulse measurement
techniques

Second-harmonic generation (SHG) and phase
matching (PM) engineering

Chromatic dispersion monitoring

Intensity autocorrelation (IA) measurement

Frequency-resolved optical gating (FROG)

Summary
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" TADPOLE (Spectral Interferometry)
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D. Fittinghoff, et. al., Opt. Lett., 1996
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» Spectrometer

Require synchronized and precisely characterized reference pulse
Overall sensitivity is limited by reference pulse measurement
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‘ Linear Spectrogram Technique
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EAM provides 30-ps “electric” gating, very sensitive (-40 dBm)
Limited time resolution: >2.7 ps
Require clock recovery and high-speed (> 10 GHz) electronics
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‘ Our Scheme: Self-optical-gating by SHG
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Entirely reference-free
Can measure intensity and phase of femtosecond pulses
Only require slow (kHz) electronics
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SHG for Continuous Waves
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High efficiency requires:

Small beam cross-
sectional area A

Long interaction
length L

Compensate wave-
vector mismatch Dk
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SHG for Short Pulses
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Phase-matching Spectra of PPLN & A-PPLN
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Chirping the QPM period can controllably broaden the PM BW

The PM spectral area (nonlinear efficiency) does not change with
period chirping
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Characterization of PM Tuning Curves

waveguide modes
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‘ Chromatic Dispersion Monitoring -
Concept

Chirpless ” V W 172
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_ peak-power sensitive
Chirped SHG yield

Bit-rate transparent
Only require slow electronics (average power measurement)
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Chromatic Dispersion Monitoring -
Experiment
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S. -D Yang, et. al., Electro. Lett., 2005
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‘ Intensity Autocorrelation Measurement

Intensity
autocorrelation
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Broad PM BW: G,(£)= 1(t)#(t-7) / 1%(t)
Narrow PM BW: |G'\(9)|>=| a(t)a(t-¢) / a(t) | (New!)
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Result - Record Low-power Measurement
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Minimum coupled pulse energy: 52 aJ (400 photons, 1.3-nW avg. power)
Sensitivity S=3.2" 107 mW? (previous record: 1.5 104 mW?2)

S=PcaiPayg Of minimum detectable input
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Result - Effects of PM BW on
Autocorrelation Traces
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Narrow PM BW is insensitive to odd-order spectral phases
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' Interferometric SHG FROG by A-PPLN
Waveguide - Difficulties
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Interferometric fringes: phase wyt, 2wt
Signal background: a2(t)+a?(t-£)" exp[{2u!]
PM spectral distortion: H(w)
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' Interferometric SHG FROG by A-PPLN
Waveguide - Solutions
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Delay dithering: averaging out the interferometric fringes
Background removal: subtracting a spectrum taken at large delay

Frequency marginal correction: using distorted trace and\(u)[? to removeH(w)
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‘ Result - Record Low-power
Measurement
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Sensitivity: 2.7° 105 mW? (vs. 0.2 mW?)
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Result - Pulses of Cubic Phases

Chirpless, g»0

9=0.93" 1072 ps3
(1.19" 102 ps?d)

9=1.90" 102 ps®
(2.13° 102 ps?d)
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Result - Pulses distorted by PMD

(H. Miao, A.M. Weiner, S.-D. Yang, C. Langrock, R.V. Roussev, M.M. Fejer, Ultrafast Phenomenon, 2006)
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Sensitivity Comparison

Measurement scheme Sensitivity (mW?) | Ref.

|A: BBO bulk, SHG ~1

|IA: INGaAsP laser diode, TPA 1.5 104 [1]
IA: A-PPLN waveguide, SHG 3.2 107 [2]
FROG: BBO bulk, SHG ~500

FROG: 22-km DSF, FWM 0.2 3]
FROG: A-PPLN waveguide, SHG |2.0" 10® [4]

1P, Cacoun, et AL, Opt. Lot 2002, (415D, Yang, ot AL OBt Lot 2005
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Summary

We demonstrated IA and FROG measurements by
using A-PPLN waveguide. The sensitivities are 0.32
mAN? and 2 n\W?, about 3 and 5 orders better than
the previous records, respectively.

FROG by A-PPLN waveguide can successfully
retrieve complicated spectral phases, and is useful
In ultrafast signal processing.
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