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Introduction

Due to their spectral properties and their high emission power, Quantum Cascade Lasers (QCLs) are nowadays robust and powerful sources for mid-infrared radiation. QCLs are available in
various modifications concerning the laser type. External Cavity-QCLs (EC-QCLs), e.g., are optimized for a tuning range of several hundred wavenumbers and are therefore well suited for
liquid phase spectroscopy (broad absorption bands). For application to physiological samples the strong absorption bands of H,0 in the carbohydrate region (around 1000 cm™) [1] and the
protein region (around 1640 cm?) require high emission power levels, rather than mode-hop free continuous wave operation.

Moreover, signal handling and data processing are both crucial parts for achieving measurement results with sufficient reproducability. One way of improving such an experimental setup is,
e.g., to increase the tuning range and/or the laser’s intensity which usually means the acquisition of a new laser. A way to circumvent this rather costly undertaking to a certain extent is to
optimize the peripheral devices and the software.

Here we report on the development of two EC-QCL based mid-IR sensor systems comprising a transmission based sensor and a novel slab-waveguide sensor for robust and sensitive
measurements in physiological solutions. The employed EC-QCLs offered a tuning range of 145 cm in the protein region and 200 cm™ in the carbohydrate region at an emssion power of
800 mW and 350 mW respectively.

EC-QCL No.1: Transmission sensor 8.12 —9.77 um EC-QCL No.2: Waveguide sensor 5.78 — 6.3 um

The EC-QCL laser beam was coupled into the slab waveguide by grating couplers. This enabled stable

_/\ Proprietary Connection RMS noise < 0.3 mAU at an optical pathlenght of 135 um and efficient coupling conditions. A thermoelectrically cooled MCT detector (Vigo Systems, Inc.)
_/"\ RS-232
. 0.005 — . served as detector.
_/7 "\ Teflon Tubing ] — Modified Boxcar system J
\ / EC-QCL 0.004 Triggered ADC |;J.
Ringer Flow Cell —TI 1 — 0,003 - /I
Ethanol V‘LI ® - J .I
Waste 14-Ways-Valve —\ Waste ° ° . E 0'002__ \ |
. _,0_,_9 0.001 2 B
Sample 1 Holding CO:IDGteCTO Laser-Driver c . La Sser
Sample 2 8 R
Sample 3 —/ g =001 ]
N\ S oo detector
Digital Board < T
-0.003 4
-0.004 ° . . 12 12 12
\Syringe-pua . sl | | | We used a single modg waveguide offering Togspm | 1 050 um | L o25um
1250 1200 1150 1100 1050 high depths of penetration of the evanescent 8 " 8 8
W. b K . . .
venumperfem ) field into the sample. The actual waveguide 3, g 3
material was SiN; which was deposited on a 4 ‘ :
. . . . . 2 2 2
The fully automated sampling system supplied the transmission cell with the blood serum samples; MgF, substrate. G G | G
. . . . . . 40 20 0 -40 20 0 -40 20 0
all involved devices, including the tunable QCL were controlled by the user-friendly server/client- posion / ym position /um posiion ym
based software control ATLAS (Advanced Total Lab Automation System) which was developed in
house [2] | angle of incidence |
0
( A
0.150 4 \j
Standard data acquisition is done either by | ot 30 mefdL glucose _ 1700 oyroelectric or MCT detector
. . . — 200 mg/dL
a triggered ADC (single shot detection) or a 012591 500 mgrdL = ~ ] -l
. . | e 400 mg/dL ~
Boxcar |ntegrat0r (gated detect|on) 0100 ---- pure glucose in Ringer solution: 100 mg/dL B l
We chose a new approach with a modified £ = 1650 , The coupling efficiency of the mid-IR laser
Boxcar system using a sample/hold S oors g depends on the coupling angle and the
element. A comparison of the 100% lines . o emission wavenumber. The upper image
reveals an improved performance < | = 1600 shows the simple setup for the
compared to a triggered ADC (16 bit) 0.025 determination of the coupling efficiency.
I I - 15 20 25 The results are plotted in the left graph.
1240 1220 1200 1180 1160 1140 1120 1100 1080 1060 Coup“ng angle / ©

Wavenumbers (cm™)

QELVEREREES —> High sensitivity due to high pathlength (QELVEIREREES — Robustness
- The whole sample is probed — Fast and easy sampling
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