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TINH TOAN ANH HUONG CUA HIEU UNG NARCISSUS
TRONG CAC THIET BI ANH NHIET CO LAM LANH

Nguyén Quang Hiép”

Tém tit: Bai bao trinh bay co s¢ Iy thuyét va cdch tinh todn anh hwéng ciia hiéu iing
Narcissus toi chdt lwong tao anh ciia thiét bi anh nhiét (TBAN) ¢6 1am lanh. Duwa trén dai
lwong hiéu nhiét do do hiéu vng Narcissus gay lén (NITD - Narcissus induced temperature
difference) va ing dung phan mém Zemax ¢ ché do non-sequential, anh hwong cua hi¢u
ung Narcissus da dwoc tinh toan dinh luong cho ting bé mdt va todn hé quang. Két qud
tinh todn cho mét hé quang tiéu biéu cho thdy NITD dat téi c& 280 mK, 1om gdp nhiéu lan
do nhay ciia ddu thu, lam anh hudng 16n t6i chdt lwong dnh ciia TBAN. Phirong phdp tinh
toan nay cho phép phan tich anh hwdng ciia hiéu g Narcissus ngay trong qud trinh thiét
ké TBAN.

Tir khéa: Thiét bi anh nhiét ¢ lam lanh; Hé théng quang hoc; Hi¢u tng Narcissus; NITD.
1. MO PAU

Ngay nay, thiét bi anh nhiét (TBAN) néi chung va TBAN duoc 1am lanh ndi riéng dugc sir
dung ngay cang nhiéu trong cac linh vuc khac nhau, dic biét 1a trong cac hoat dong quan su do
cac uu diém dic biét cua chung nhu: Tang kha nang phat hién cac muc ti€u c6 d chénh léch
nhiét d6 nho; Tang cy ly quan sat muc tiéu trong cac diéu kién khac nhau nhu dém t6i, suong
mu, khoi bui,...; Tang d6 chinh x4c ngdm ban,... Bén canh cac wu diém do6, do trong két cau cua
minh, cdic TBAN c6 lam lanh st dung dau thu birc xa héng ngoai dugc lam lanh (nhiét d6 lam
viéc trong khoang tir 70 K dén 110 K) nén hiéu tng Narcissus xuat hién 1am giam chét lugng tao
anh cua chung. Hiéu tmg Narcissus 14 hién tugng trén ddu thu birc xa quang hoc ¢ su phan bd
khong dong déu ciia birc xa do chinh dau thu va khung vat kinh birc xa ra va dugc phan xa trén
céc bé mit quang hoc trong hé thong quang hoc cia TBAN quay trd lai dau thu [1-4]. Biéu nay
dan dén trén man hinh hién thi cia TBAN xuét hién su chénh léch nhiét do gia (khong tuong
thich véi thuc té) gilta cac ving khac nhau trong thi gi6i, thuong duoc goi 1a hiéu nhiét d6 do
hiéu tng Narcissus gay ra (NITD). Hiéu tmg nay can phai duoc kiém soat va han ché nham dam
bao chit lugng tao anh ciia TBAN c6 lam lanh. Hiéu g Narcissus va cic phuong phap xéac dinh
NITD da duogce cac tac gia ngoai nude nghién ctru [1-5]. Tuy nhién, chiing dugc trinh bay kha so
lugc, mot sé phuong phap chi Xac dinh mot cach dinh tinh anh huong cua hiéu ung Narcissus
[3], mot s& phuwong phap tinh khac kha phuec tap, can c¢6 phan mém bo sung trong Code V [5].
Hon nira, ¢ trong nudce hién chua c6 cong bd nao vé hiéu tmg ndy. Bai bao nay sé& trinh bay cu
thé co s¢ tinh toan va cach dung phan mém thiét ké quang hoc Zemax & ché d6 non-sequential dé
xéc dinh thong s6 dic trung cua hiéu tng 1a NITD.

2. TINH TOAN ANH HUONG CUA HIEU UNG NARCISSUS

2.1. Co sé tinh toan anh hwéng ciia hiéu wng Narcissus

Nhu ching ta da biét, bat ky bé mit nao c6 nhiét do 1én hon 0K déu phat ra btrc xa. Trén hinh
1 thé hién chim birc xa tir pixel trung tdm (hinh 1a) va tir pixel ngoai ria dau thu buc xa (hinh
1b) sau khi dién day thiét dién cua cold shield (S trén hinh 1c) va di vé phia cac bé mit quang
hoc trong hé théng quang hoc cua vat kinh anh nhiét va dugc phan xa tai mot bé mat quang hoc
nao do. Sau khi phan xa, mot phan chum tia d6 c6 thé quay lai bé mat dau thu (phan nay dién day
thiét dién S (hinh 1c)), phan con lai s& dén cac bé mat khac, & ddy 1a khung vat kinh (housing).

Néu quan sat cac chum burc xa duge phat ra tir khung vat kinh la noi ¢6 nhiét do cao, gia su,
bang v6i nhiét @ moi truong lam vige cua TBAN (c& 300 K) va tur déu thu birc xa (detector) la
noi c6 nhiét do rat thap (c& 77 K) thiy rang, véi cac pixel ¢ vi tri khac nhau trén miat phang dau
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thu, luwgng buc xa dén tir dau thu va tur khung vét kinh, sau khi phan xa tai mot bé mat quang hoc
nao do, sé khac nhau. Tai cac pixel trung tdm, ty 1€ burc xa nhan dugc tir dau thu sé& 16n hon so
véi cac pixel ngoai ria, ddng thoi vai do, ty 1é lugng birc xa nhan dugc tir khung vat kinh s& nho
hon so v6i cac pixel ngoai ria.
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Hinh 1. S phdn xa ciia chim tia bire xa tir dau thu va khung vdt kinh
trén mot bé mdt quang hoc trong hé quang.

Nhu vay, twong Gng vai cac pixel khac nhau trén bé mat déu thu, luong buc xa do dau thu va
khung vét kinh birc xa ra sau d6 dugc phan xa trén cac b€ mat quang hoc va quay tro lai dau thu
1a khac nhau. Do sy chéch 1éch nhiét do rat 16n gitta ddu thu va khung vt kinh (so voi hiéu nhiét
d6 gitra phong nén va muc tiéu can phat hién) nén dan dén sy khac nhau vé thong luong biic xa
ma cac pixel & cac vi tri khac nhau trén mit phang dau thu s& nhan dugc, tirc 12 gay nén sy phan
bb khong dong déu vé luong birc xa thu dugc trén mit phang dau thu. Piéu ndy din dén su xut
hién tin hiéu vé hiéu nhiét do gia gilra cac Vung thi gioi tuong ng vai cac vung tao anh khac
nhau trén dau thu. Tin hiéu vé hiéu nhiét do gia nay co thé 16n hon va che lap di tin hiéu vé hiéu
nhiét d6 thuc t& gitra myc tiéu va phong nén néu chung nim chung trong vung thi gidi ctua khi
tai. Pay chinh la can nguyén ctia hi€éu tng Narcissus va hiéu nhiét d¢ gia d6 thuong duoc dac
trung boi dai lugng hiéu nhiét do do hiéu ing Narcissus giy nén. Diéu nay ciing giai thich vi sao
hi€u mg Narcissus Xuét hién mot cach rd nét trong caic TBAN dugc lam lanh. bdi véi cac
TBAN khong 1am lanh, do sy chénh 1€ch nhiét do gitra dau thu va khung vat kinh la khong dang
k& va do nhay nhiét nho (gia tri 16n) nén hiéu ing Narcissus hoan toan co6 thé bo qua.

Nhu phan tich & trén (hinh 1), S 14 thiét dién cua cold shield, S thé hién phan thiét dién cua
cold shield dugc dién déy boi chum tia xuét phat tur dau thu sau khi phan xa trén mot bé mat
quang hoc j cia hé théng quang hoc quay tro lai dén duoc pixel i cua dau thu. Phan thiét dién
con lai cta cold shield (S-Sj) dugc dién day boi chum tia xudt phat tir khung vat kinh sau khi
phan xa trén bé mit quang hoc j ctia hé théng quang hoc dén dugc pixel i trén mit phang dau thu.

Thong lugng birc xa tdi pixel tht i ciia dau thu dugc tinh theo cong thirc:
Dy =Dy + Dy, Q)
Trong do6: @4 - Thong lugng bic xa tir déu thu sau khi phan xa trén bé mit quang hoc j dén
duoc pixel i; @y, - Thong lugng birc xa tir khung vat kinh sau khi phan xa trén bé mit quang hoc
J dén dugc pixel i.
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Chung dugc xac dinh theo cac cong thic sau [6]:

A A
A A
Trong d6: 1 1a hé sd truyén qua trung binh tinh tir ddu thu dén bé mat quang hoc j; pj 1a hé sd
phan xa trung binh trén bé mit quang hoc j; k 1a hr:ing sb phu thudc vao khoang cach tur cold
shield dén mat phang dau thu va kich thude pixel cta dau thu; Tg va Th 1a nhigt do cua dau thu va
nhiét d6 cua khung vat kinh; L(4,T4) va L(4, Th) 1;‘1 mat d0 pho do choi nang lugng cia dau thu va
khung vt kinh (coi chiing la cac vat den tuyét d6i); A1 + A2 1a ving pho lam viéc cua dau thu buc
xa quang hoc.
Tir d0, thay (2) vao (1) ta dugc:

A A
@, =7 p)kS; [[LAT) ~LAT,)]dA+23pkS [ L(AT,)d 2 @3)

A A
Nhan thiy ring, sb hang thtr hai trong cong thirc trén 14 thanh phan khong déi, twong tng voi
thong Iugng buc xa dén pixel ma tai d6 chi nhan cac birc xa tir khung vat kinh phat ra va phan xa
trén bé mit quang hoc. Cac pixel nay 1a cac pixel & mép thi gidi. Do su phan bd thong lwong buc
xa ndy 1a dong déu nén sau khi hiéu chinh s& khong con giy ra hiéu nhiét d6 gia. Hiéu nhiét do
gia chi duoc tao ra boi su chénh 1éch giita théng lugng birc xa dén cac pixel trung tim thi gidi va
thong lugng birc xa dén cac pixel & mép thi gioi. Do d6, thong luong birc xa giy ra tin hiéu gia

(hiéu nhiét d6 gid) tai pixel i dugc x4c dinh theo cong thic sau:

4
A®; =7} pikS; [[LAT) - L(AT,)]dA )
A

Su chéch 1éch vé thong lugng birc xa dén céc pixel khac nhau do hiéu tmg Narcissus gay nén
tuong duong véi su thay doi cua thong lugng buc xa tir muyc tiéu khi nhiét do cia né thay dbi
mot luong ATy nar (hodic khi gitra phéng nén va muc tidu c6 sy sai khac nhiét do 1a ATjj nar), hay
con goi la hiéu nhi¢t do do hi¢u ung Narcissus gy nén tai pixel i NITDjj. Do do, 4®; duoc xac

dinh nhu sau [6]:

2
AQ; =KSAT, LD gz

ij Nar

Z
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Trong do6: T 1 hé sb truyén qua trung binh cta ca hé théng quang hoc; T 1a nhiét do trung
binh ctia phong nén va muc tiéu.

Tur d6, suy ra hi€u nhiét do twong duong do hi€u trng Narcissus tao ra tai pixel i do sy phan xa
trén bé mat quang hoc j dugc xac dinh theo cong thirc sau:

A
72p.S; J-[L(/I,Td)— L(A,T,)]dA

NITD; = A (6)
ij PR
oL(A,T)
s{ e L ¥

Hiéu nhiét d6 twong duong do hiéu tng Narcissus gay ra tai pixel i do su phan xa trén tat ca
cac bé médt quang hoc trong hé quang dugc xac dinh theo cong thirc sau:
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A
(ZTJZPJSij)J'[L(/LTd)—L(/”t,Th)]dﬂ,
NITD, =— -
s I&L(i Dy,

Ty 1¢ S;; /'S dugce tinh gan ding bang cach str dung mot ludi cac tia sang c6 sd lugng 1on cach
déu nhau trong khong gian cosin chi phuong, phat xa ra tir pixel i trén dau thu dién day thiét dién
ctia cold shield dén bé mit phan xa j dang xét va Xac dinh sb luong cac tia duoc phan xa tré lai
qua cold shield dén bé mat dau thu. Goi M 1a tong s tia tir pixel i trén dau thu phét ra va dién
day thiét dién cia cold shield; mjj 1a sb luong tia (trong tong s6 M tia ban d4u) sau khi phan xa
trén bé miat quang hoc j di qua cold shield quay tro lai dén dau thu. Khi do Sij/S~my /M .Mco

gia tri cang 16n thi d6 chinh xac cua ty 1¢ nay sé cang cao. Viéc tinh toan ty sd nay co thé duoc
thyc hién theo duong truyen tia c4n tryc hay tia thyc [2, 4, 5]. Trong bai bao nay, ty s trén duoc
xac dinh bang cach ding phin mém Zemax trong ché do non-sequential.

Nhu vay, cong thirc trén duoc viét lai nhu sau:

2y
(ZTJZPJ' m; )J.['—(Md )—L(A4,T,)]dA

NITD, = — A ®)
' %
MIaL(A,T)M
]t

Nhan théy réng, NITD tai mat phzlmg dau thu s& ty 1€ thuan véi sy chénh 1éch vé nhiét do gilra
khung v6 vét kinh va mit phiang dau thu. Didu ndy gii thich vi sao hiéu ung Narcissus thé hién
13 nét & TBAN c6 1am lanh, con trong ca&c TBAN khong lam lanh hiéu Gmg nay hoan toan c6 thé
b6 qua. Bén canh d6, NITD ciing ty 1& thuan voi hé s6 phan xa trén timg bé mit va ty sd gitra sd
luong tia bt xa tir dau thu sau khi phan xa trén cac bé mit quang hoc quay trd lai dén bé mait
dau thu va tong s lugng tia birc xa do du thu buc xa ra va dién day thiét dién cold shield. Ty sb
nay phu thudc vao cac théng sb két cdu cta hé thong quang hoc, dic biét 1a vi tri va ban kinh
cong cuia cac bé mit quang hoc trong hé quang.

2.2. Xac dinh hi¢u nhiét d9 do hiéu wng Narcissus gy nén

Dé khao sat anh hudng cia hi¢u tng Narcissus, ta s€ thuc hién tinh todn NITD do sy phan xa
tai tirng bé mat trén hé quang gy ra va NITD do toan bo hé théng quang hoc giy ra dbi voi mot
hé quang cu thé trong TBAN c6 lam lanh. Thong s6 két cdu ciia hé quang va hinh dang cta n6
dugc thé hién trong bang 1, bang 2 va hinh 2 [7]. Cho ring, hé quang lam viéc trong diéu kién:
nhiét d6 khung vat kinh va nhiét @6 méi truong Tn = T = 300 K, nhiét d6 dau thu T = 77 K, hé s
phan xa trung binh tai mdi bé mit quang hoc 14 0,5%, bo qua sy hap thu trong cac thau kinh,
vung phd 1am viéc cua hé quang 1a (3 = 5 um). PAu thu va khung vét kinh duogc coi 1a cac vat
den tuyét dbi. Trong ché d6 non-sequential cia Zemax, tir mot pixel i nhat dinh tinh tir trung tAm
déu thu theo phuong huéng tim trén mat phang déu thu phat ra M tia (Analysis Rays) dugc phan
b6 déu theo cac hudng khac nhau va dién day thiét dién cold shield S; mj; 12 tong s6 tia quay trd
lai dau thu va dugc Zemax tu dong xac dinh (Detector Viewer — Total Hits). Sb luong tia M
dugc lya chon bang cach ting dan dén khi sai 1éch ty sb m; /' M gifta cac M lién tiép khac nhau
nho hon 103%. Do chiéu cao cac bac ciia CAC mit binary chi ¢& vai micromet va sé lugng bac
khong nhiéu trén toan bé mit thiu kinh nén ta c6 thé 1dy gan dung c4c bé mat do theo bién dang
dudng bao cia chiing. Theo cac diéu kién trén, két qua tinh toan NITD duoc thé hién trén hinh 3.
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Bing 1. Théng s6 két cau ciia hé thong quang hoc trong TBAN c6 lam lanh.

Surf:Type Radius Thickness Glass Semi-Diameter Conic Diffract Order
CBJ| Standard| Infinity Infinity | Infinity 0.000000
1| Standard|128.210000 6.000000 SILICON| 40.288465 0.000000|
2| Binary 2|194.711000| |149.687000 39.487€52 0.6le428 1.000000
3| Standard|-14.429000 4.000000 SILICON| 6.300924 0.000000|
4| Standard|-17.273000 17.760000 7.844410 0.000000
5| Binary 2| 37.940000 4,000000 SILICON| 13.594847| |-1.268600 1.000000
6| Standard|159.010000 0.000000 13.214544 0.000000
7| Standard| 16.214000 4.000000 SILICON| 11.422756 0.000000|
8| Standard| 13,332000 9.319000 §.11031% 0.000000
9| Standard| Infinity 2.500000| | GERMANIUM €.108527 0.000000|
10| Standard| Infinicy 3.000000 5.817907 0.000000
S5TO| Standard| Infinicy 19.775000 3.750000|U| 0.000000
12| Standard| Infinity 0.300000| | GERMANIUM 6.148983 0.000000|
13| Standard| Infinity 0.000000 6.168006 0.000000
IMA| Standard| Infinity - %.480000|0( 0.000000
Bing 2. Théng sé cua 2 bé mat binary trong hé thong quang hoc.
Surf:Type Maximum Term # Norm Radius Coeff. on p~2 Coeff. on p~4 Coeff. on p*é&
OBJ Standard
1 Standard)
2 Binary 2 3 50.000 -87.056 13.679 -1z.416
3 Standard
4 Standard
5 Binary 2 3 25.000 -197.100 63.299 -131.655

cold shield

\

Hinh 2. Hé thong quang hoc ciia vit kinh trong TBAN c6 lam lanh.
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Hinh 3. NITD do sw phdn xa trén ting bé mdt (a) va do ca hé thong quang hoc (b)
gay nén tai mat phang dau thu.
Tu dd thi (hinh 3a) ta théy,‘NITD do ca hé théng quang hoc gy nén tai bé mat dau thu chu
yeu la do sy phdn xa trén cdc bé mat 3 va 4. NITD do cac bé mat nay gay ra c6 gié tri 16n nhat va
phan bo khong dong déu nhat trén mit phing dau thu. Sau khi hidu chinh nhiéu nén bang phuong
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phap dién tir hodc k¥ thuat s6 dé loai bo (quy khong) NITD tai cac pixel ving bién thi gidi thi gia
tri 16n nhat NITD do hé thong quang hoc gay ra vao khoang 280 mK va chi yéu tap trung tai cac
pixel ving trung tim dau thu, tirc 13 tai trung tam thi gidi (hinh 3b). Gid tri ndy 16n hon rat nhiéu
so v&i do nhay nhiét (NETD) cua cac dau thu duoc lam lanh (khoang 20 + 25 mK). Do d6, hi¢u
nhiét d6 gia do hiéu mg Narcissus trong TBAN s& lam giam chat luong tao anh, giam kha ning
phat hién ciia TBAN, dac biét trong vung trung tam thi gidi cia nd.

3. KET LUAN

Bé‘mg cach st dung ph?m mém ZEMAX dé tinh toan hiéu ung Narcissus cho mdt hé quang cu
thé trong TBAN c¢6 lam lanh, thiy rang, sau khi d& hiéu chinh thi NITD do hé quang d6 gy ra &
trung tam thi gidi 1a 280 mK, 16n hon rat nhiéu so v&i do nhay nhiét cuia TBAN d6 (25 mK). Nhu
vay, hi€u tng Narcissus anh hudng truc tiép dén chat lugng tao anh cua hé théng quang hoc va
dén kha nang phat hién cia TBAN, dic biét 1a cac TBAN dugc 1am lanh. Viéc xac dinh NITD
dua vao ché do non-sequentital trong Zemax khong qué phtrc tap va co thé dung dé danh gia hiéu
g nay ngay trong giai doan thiét ké hé thng quang hoc. Py 1a diéu rat can thiét nham kiém
soat va dua ra cac phuong an thay ddi ban thiét ké dé han ché & muc t6i da anh hudng cta no.
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ABSTRACT

CALCULATION OF THE INFLUENCE OF NARCISSUS EFFECT
IN COOLED THERMAL IMAGING DEVICES

In this paper the theorical basics and the calculation method of the influence of
Narcissus effect in cooled thermal imaging devices are presented. This effect was
calculated quantitatively for each surface and the whole optical system based on the NITD
parameter and Zemax software application working in the non-sequential mode.
Calculation results for a typical optical system show that the spurious temperature
difference is about 280 mK, many times greater than the sensitivity of the detector, greatly
affecting the image quality of cooled thermal imaging devices. This calculation method
allows to analyze the influence of the Narcissus effect during the design of the cooled
thermal imaging devices.
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