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Temperature Impact on AHR Spectrometer Optical Bench
Author: Yan JiaBing i3 5

1 Introduction
In this test, we study the wavelength drift of AHRO2 influenced by temperature.

AHRO2 cover 190nm-1100nm, it has approximately 1nm resolution with 25um slit.

AHR series spectrometer is optimized to have negligible temperature impact on the
wavelength and resolution.

Spectrometer is very sensitive to temperature change. We know that CCDs have
higher noise when temperature increases. For example the dark current of CCD
sensor is temperature dependent. One can partially remedy this by save the dark
current and subtract the dark current from the signal, as long as the signal is above
the dark noise. Temperature has strong impact on the optical bench as well on
wavelength stability and resolution. When the material expands or shrinks, the
wavelength drift and resolution changes. In some designs, the fasteners holding the
optics in place lack good elasticity and the wavelength calibration does not return to
the initial condition after temperature cycles. The error will accumulate over time and
one needs to recalibrate the system after some time.

Every material has thermal expansion characteristic defined as Coefficient of Thermal
Expansion (CTE).

Material Linear CTE (ppm/C)
Aluminum 22.2
Steel Stainless Austenitic (316) 16.0
Epoxy, cast resins & compounds, unfilled 45— 65
Soda Lime Glass 8.6
Borosilicate Glass 3.3

To summarize the issues:

1. Impact of material CTE on the optical path.

2. Movement of Fastener holding the optical components.

3. Elasticity of the entire system during temperature cycle.

To minimize the temperature dependency, each issue is taken into consideration
during the optical design. Numerous experiments were performed to find the optimal

solutions. The design is patented.

In this document, we will performance temperature cycle test (10-50C) on three

units.
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2 Experiment Procedure

We use environment chamber HZ-2004A Programmable Temperature and Moisture
environment chamber made by HengZun Instrument. Spectrometers were wired
through the rubber outlet and readings were taken while spectrometers are in the
environment chamber.

Temperature cycle range: 10C — 50C
Units under test:

AHRO02, 190-1100nm, Serial 02-3616
AHRO02, 190-1100nm, Serial 02-3618
AHRO03, 190-550nm, Serial 03-3618

Each spectrometer has gone through numerous temperature cycle test before
this test.

Temperature is changed 10C per 20min, it is stabilized for 10min at 10C, 20C,
30C, 40C, 50C, and measurement taken at the last minute.

Mercury calibration light is used to study the wavelength drift.

AL AIMNBIRIEHRHT | BEERTAETFRERTIES |, =6EE
SEEA 10°CE 50°C, A2 T AHRO2 (RERESSEE] 190-1100nm ) . AHRO3
( 190-550nm ) BISEE(TE 10°CEl 50°CRETMAT X ERAIRNE. ZMike
BEHEEN = &Y e/ , 879 AHRO2 BUYLE(N FFIE 02-3616 , AHRO2
RUSEEFSIS 02-3618 , LK AHRO3 f9F5115/49 03-3618,

B CERTORMSREERR.
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INIELREREE] 10°CARERTE 10 SEIE  AFTFHE 20 DEFHE] 20°C
{RiE 10 PHNE , SHIR 10°CERMAYE 20 29 (R 10 o8, BIEERE—
SiEETT. HISHBEM 10°CHHA8 EFHE 50°C , LIEAT 10°CEI 50°CEE
10°CIRIF—IREUE , LARANSETECIBIEINFREFENE | FRRFEIEIR IR E
REATIGL.

2.1 Thermal Wavelength Drift Data from AHR02 02-3616. Y£TE{Y 02-3616 SZIGETHE
wALiil

%1 F5IE 02-3616 7ESLIHIER ( 30°C ) FIERENT RIE R EXS N 958t
=

==

Hg-Ar Peaks before Experiment Ambient 30C

Theoretical Peak ( nm ) Measured ( nm) Resolution ( nm)
253.65 253.66 0.88
296.73 296.75 0.89
404.66 404.66 0.88
435.84 435.85 0.88
546.07 546.07 0.89
576.96 576.94 0.93
579.07 579.05 0.90
763.51 763.52 0.92

LAEZRE 1 PRIRIENRENT PR LA EERE , NEHA EREH—ER
P iRIEIE LN ERIEIRHEI T,

Table 1 listed the Hg-Ar calibration lamp peaks and resolution before
experiment. We will monitor the peak shift during experimentation.

R 2 LIHPAEIRE FRBAT TR
Peak wavelength reading at different temperature
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Am?ient 10°C 20°C 30°C 40°C 50°C Amftzient
I(Bi:: (nm) (nm) (nm) (nm) (nm) q’estr
(nm)

253.66 | 253.71 | 253.69 | 253.67 | 253.64 | 253.60 | 253.69
404.66 | 404.71 | 404.69 | 404.66 | 404.64 | 404.62 | 404.69
546.07 | 546.11 | 546.08 | 546.07 | 546.05 | 546.03 | 546.10
763.52 | 763.54 | 763.54 | 763.52 | 763.49 | 763.49 | 763.55

*3 LISLRe=ER

25° CNEEHEAEME | (RS BRI EEENR

Use reading before the test as reference, we calculate the shifted amount

Aén?ient 10°C 20°C 30°C 40°C 50°C Ar:ft;ient
efore er
(hm) (nm) (nm) (nm) (nm) (nm) (hm)
253.66 0.05 0.03 0.01 -0.02 -0.06 0.11
404.66 0.05 0.03 0 -0.02 -0.04 0.09
546.07 0.04 0.01 0 -0.02 -0.04 0.08
763.52 0.02 0.02 0 -0.03 -0.03 0.05
RIBLA_ERVEIESREE | 1Z(ESRER 10°CRl 50°CTFEY , BETEAE

0.11nm, B 0.44pixel.

From the above test, the maximum temperature drift from 10C to 50C is
0.11nm, Corresponding to 0.44pixel in TCD1304 with 8um pixel period.

THERAZNRIEE 10°CE 50°CZBIEETY, | SRIETDNE :

Below is the actual 253.65nm peak recorded at different temperature.
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2.2 Thermal Wavelength Drift Data from AHR02 02-3618 Measured Environment Data
FIB{L 02-3618 SLIEHE T

&4 FHIS 02-3618 SEENAESLINAIZIR ( 30°C ) MUER®ATRIERERS

Hg-Ar Peaks before Experiment Ambient 30C

Theoretical Peak ( nm)

Measured ( nm)

Resolution ( nm )

253.65 253.67 0.88
296.73 296.77 0.90
404.66 404.66 0.92
435.83 435.81 0.93
546.07 546.06 0.90
576.96 576.95 0.90
579.07 579.05 0.89
763.51 763.53 0.81

% 2 S HPARIEE FRENTSEMRIK

Peak wavelength reading at different temperature

Aén?ient 10°C 20°C 30°C 40°C 50°C Ar:ft;ient
(e;:qr;: (nm) (nm) (nm) (nm) (nm) (nnfr)
253.67 253.76 253.73 253.70 253.66 253.63 253.68
435.85 435.91 435.89 435.87 435.84 435.82 435.86
546.09 546.15 546.12 546.10 546.08 546.0 546.11
763.50 763.55 763.52 763.50 763.50 763.49 763.5

&3 LALIERAIER 25°C

[

WELHIEAEE , ERLIPIEERIKEZNER

Use reading before the test as reference, we calculate the shifted amount
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Aén?ient 10°C 20°C 30°C 40°C 50°C Arxftzient
efore er
(hm) (nm) (nm) (nm) (nm) (nm) (nm)
253.67 0.09 0.06 0.03 -0.01 -0.04 0.01
435.85 0.06 0.04 0.02 -0.01 -0.03 0.01
546.09 0.06 0.03 0.01 -0.01 -0.02 0.02
763.5 0.05 0.03 0 0 -0.01 0
RIELA_ERYEIERDE | 1Z(ESERERE 10°CRl 50°CTFRMY |, BETERE

0.13nm, BP 0.51pixel.

From the above test, the maximum temperature drift from 10C to 50C is
0.13nm, 0.51pixel.

THBERAZNRIER 10°CE 50°CZEiBET L | IRIETADNE !

Below is the actual peak recorded at different temperature.
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Thermal Wavelength Shift of Hg Line
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2.3 2 Thermal Wavelength Drift Data from AHRO3 03-3618 Y% 34X 03-3618 SZIGETHE
pALiiT
x 1 K55 03-3618 fELIRHIZ=IR ( 30°C ) FUERFITIRIE R EX NS HE

Hg-Ar Peaks before Experiment Ambient 30C

Theoretical Peak ( nm) Measured ( nm) Resolution ( nm )
253.65 253.65 0.38
296.72 296.72 0.36
313.15 313.16 0.35
365.01 365.01 0.35
404.66 404.66 0.35
435.83 435.83 0.36
546.07 546.07 0.49

LA EZRIE 1 hAliRIEARENT PR EERIE , TEANEERES—EB
P iRIEI RSN ERIEIRHI T,
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Table 1 listed the Hg-Ar calibration lamp peaks and resolution before

experiment. We will monitor the peak shift during experimentation.

% 2 TR RERE FRETEIRE

Peak wavelength reading at different temperature

Aén?ient 10°C 20°C 30°C 40°C 50°C Alﬂftiient
erore er
(hm) (nm) (nm) (nm) (nm) (nm) (nm)
253.65 | 253.67 | 253.67 | 253.65 | 253.64 | 253.62 | 253.64
296.73 | 296.75 | 296.74 | 296.72 | 296.71 | 296.71 | 296.71
435.83 | 435.84 | 435.83 | 435.83 | 435.83 | 435.82 | 435.83
546.08 | 546.07 | 546.06 | 546.07 | 546.07 | 546.08 | 546.07
=3 LIACIERI=IR 25°CUESUR AEE | RSB R EENER
Use reading before the test as reference, we calculate the shifted amount
Aén?ient 10°C 20°C 30°C 40°C 50°C Arxft;ient
erore er
(hm) (nm) (nm) (nm) (nm) (nm) (hm)
253.65 0.02 0.02 0 -0.01 -0.03 -0.01
296.73 0.02 0.01 -0.01 -0.02 -0.02 -0.02
435.83 0.01 0 0 0 -0.01 0
546.08 -0.01 -0.02 -0.01 -0.01 0 -0.01
TRELA ERUEUERER | iZ(ESREAE 10°CE 50°CTEY | IR eEfE

0.05nm, B} 0.0.51pixel.

From the above test, the maximum temperature drift from 10C to 50C is
0.05nm, 0.51pixel.

THIERAZNKIETE 10°CE 50°CZERERY | IRIEZTLSTNE

Below is the actual curve recorded at different temperature.
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Thermal Wavelength Shift of Hg Line
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If we only observe the shift of the each point in all the peak profile, we notice zero
shift in the horizontal direction but some changes in the Intensity (Y) direction.

There are different ways to measure the horizontal shift. The simplest way is to
study the shift of the highest point. In our software, peak is calculated using
Gaussian peak curve fitting. If the intensity changes, the peak from numerical
approximation can change as well.

The reasons for intensity change:

1. Optical path variation due to CTE. Using our patented
technology, the path variation is minimized. It only
caused intensity variation but no lateral changes.

2. CCD responsivity vary with the temperature,

The peak intensity profile variation leads to some delta when calculating the peak
position using the Gaussian Peak curve fitting numerical algorithm.

CONCLUSION

From the environmental test, we see the wavelength drift is within 0.5pixels for
temperature range of 10-40C using Gaussian Peak Fitting algorithm. More accurately,
we observed no lateral shift of the spectrum, but only intensity variation.

RS B HAEURHITOHT . AHR RFGEERESEE/ 10°C-
50°CjE)Zs ﬂﬂEJ‘ IR ERAETETE 0.5pixel £ (IRLEMERE 3648pixel ) |
RIS ATt BEEIMNERES T 1°C |, (EERKEE ""‘H’,T 0. 0125p|xel =t
BEREMGERBEER , MhaEEREEE REAEER e
HEEnE | ERE %ﬁ%ﬁﬂ? xEIEVE, MX ETL)\EHJHZ?@B% = E
BIFERFIUEERENR , CIERT —YSinYEE. FEXHEEIBEEK
e,
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