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A Dewar vacuum lifetime estimate based on Langmuir adsorption model
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Abstract: The main factor affecting the vacuum life of the infrared detector Dewar is the internal material outgassing.

The Langmuir adsorption model outgassing equation is used to calculate the vacuum lifetime, considering the outgas-
sing mechanism and the long-term degassing procedure of the Dewar. An innovative method of changing the tempera-
ture at the end of the degassing procedure was proposed to obtain the outgassing activation energy. The outgassing rate
was measured at different temperatures while simultaneously removing the influence of coverage on the outgassing rate.

The outgassing rates at storage temperature and the rule of outgassing rate changing over time were deduced. The differ-
ence among the three Dewar outgassing activation energies obtained in different conditions was 8. 8%. The heat load of
the Dewar was tracked for two years to verify the method. The estimated error of Dewar's vacuum lifetime was 7. 2%.

It is a non-destructive testing estimation method for the vacuum life of small and diverse Dewar.

Key words: infrared detector, Dewar, vacuum lifetime, outgassing, activation energy
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Fig. 1 The configuration diagram of Dewar sample
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the star shape data is the ion current after the temperature rise

B, Wb ke L AR S AL A SR A AR R R

943 T 29 5 2 8 A4 2% , B2 W A3 ] IR i A< A
di L2 98% . MR 4HE 3. 2 Hh AR AT B IS e L LA HE
BRI E 0, AU (5) AT R 3AE 31 23 °C
BRI as A%, i 2 (3) 15 2L BLAE A R 74
] (4 1 A0, AR AR I SOk BC H 98 % 1 <A i
AT, AT AR A O 25 B . DA b1 R, HES
SEHHE, B TS, T pA, BRI MBRE TR 0.3
WA, SEPR A 8. 4 wA HRIE 3. 2 15 B (K3 g L TS
B %R 23 CHF, W IA OB E IR L,=1. 2E-3
wA . XF R SN ¢,,=SP=SI/K=4. 2E~11 Pa-m/s.
il FH =X (3) 4R A5 Hh 0% i B 1) A2 Ak i 2% 0 14T R
g3 AR 2. 1R BORE S T R A BT eI A ok BT IR
L TCIA BN, P PR SR A 80 SOk FUAAR R
153 FL2s PE R [ AR AL G 2R

FE VU A FE U AT i — B st (] 2 J5 #E 47 #1 LI B
K A EL WIS 5 B 0 A5 -2 A 6 20K 656
mW , IR 2 PV N 41 mV, b1-b4 ] T EL23 JF 725
A R IR B AL WL 3R 2 F 5 — AT o 6 2 AR
b1-b4 HE A A ARAS AAAH I ] 15545 2 09 77 i
S ELAS FE R AR AR e B S BB 2 S
L

T FC Y 28 B8 AR AU B B 2800 % 1 O 2R AT
VLI o AL LS5 #) S TAE IR B AT 0 . R4 4+
34 H R S R EL P b e J2 R S K v R AT 1
FEES KN Z L B A BO N B2 40 IR L AS TR LS
1R FLZS S AANARIRES, 43 5 B AR Y 4
S AT RIS SR T A IR A R A B P e R AR
e e an il 5 S £ iR, W46 = LS RARTT #A i
BT LRSS, A A R oy SR A g, 5
ARG AR ANE S U5 TR o bl-bd i
V-S4 TS R TSRS B A L A AR b ok 1) R AR 4
AR 22 Z 5, 5 SR Y 15 22 29y SR
7. 2%, T LA H SR A0S B AT A TR
If o WERLLO. 1 PafE R FEFL I B 25 il ak A,
AU b1-b4 (1 25 i L3R 3.

F1 al-a3 KRG FRIES FREE R ITES 898 HHEsE

Table 1 The state of the sample al—a3, the ion current before and after the temperature rise, and the calculated

outgassing activation energy

P HEAUR ] /day AR C Tl e i B C THERTES Ti/wA  THREE T0/pA  30EGE (KJ/mol)
al 12 60 70 1.68 9.2 161
a2 12 70 80 1.99 8.4 145
a3 21 60 70 0. 84 5.2 172
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Table 2 The ion current of the sample bl-b4 at the
end of degassing procedure, the storage time
and the heatload at the end of storage, the
calculated outgassing rate at the beginning
of storage, the pressure and the increased
heatload at the end of storage

Sample bl b2 b3 b4
HA AR T ii/pA 8.7 7.7 3.4 2.5
WIEI SRR /Pa-m®s  4.2E-11 3.7E-11 1.6E-11 1.1E-11
AT E] /day 799 678 747 746
# )5 s /Pa 0.3 0.23 0.1 0. 07
A B e /mW 356 289 142 102
S A/ mW 1100 872 847 702
MBI ymW 444 216 191 46
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141 = measured —
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Fig. 5 The curve is delta heatload VS pressures in Dewar ob-
tained by structure, the spots are tested delta heatloads
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Table 3 The vacuum lifetime of bl-b4 calculated with
the outgassing activation energy and the state
of samples at the end of degassing procedure

B bl b2 b3 b4
HEAT ] (day) 3 6 12 22
FAS F7 (day) 266 302 721 1016
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