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Assignment 8

21.1. Consider a detector with an idealized spectral response as shown in Fig 1. The blackbody
s(\)

Aum)
Figure 1: Spectral response for Problem 1.

detectivity D%, is found to be 9 x 10'° cm-Hz'/2.W~! when measured with a 500K blackbody.
a. Calculate the conversion factor 1/¢.
b. Calculate the value of D7,

c. Sketch a plot of D*(\) vs. A for this hypothetical detector.

Solution: a. We want to compute the conversion factor 1/€.
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10.2.

(Note: My evaluation of the definite integrals in the denominator was done using a blackbody
slide-rule.) You should have used the Fig. 19.4 on page 283.

b. The value of D;k is found from

1
Dy = : - Dig = (10.2)(9 x 10'1) = 9.18 x 10* cm - Hz'/2- WL, (2)
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Figure 2: Spectral D*(\) for Problem 1lc.

¢. The plot of D*(A) is seen in Fig. 2.

21.2. Consider a 1 mm x 1 mm detector that is tested with a 500K blackbody source with a 1 cm?
emitting aperture. The source-to-detector distance is 1 m. The detector produces 8 nV of output
noise voltage into a 1 kHz bandwidth and 40 nV of output signal (rms) voltage.

a.Calculate the on-axis rms irradiance if a square-wave chopper is used at 800 Hz.
b. Calculate the detector responsivity.

c. Calculate the noise equivalent power,

d. Calculate the noise equivalent irradiance.

e. Calculate the detectivity D.

f. Calculate D7 of the detector.

Solution: a. The rms irradiance H is

0.450T* A, (0.45)(5.67 x 10712)(500)*(1) 6 9
= = = J. ] B - O . [y
H 7 10072 5.08 x 107° W - ¢m (3)
b. The detector responsivity R is
Vi 40 x 107°
R=—"= =0.787 V- W, 4
HA;  (5.08 x 1076)(1 x 10-2) )
¢. The NEP of the detector is
HA : 107%)(1 x 1072
Ngp = HAa (508 x W)U X 1077y 416 1075 w | (5)

Vi 40 x 1079
Vi 8 x 10—°
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d. The NEI of the detector is
NEP  1.016 x 10-8

NET = = =1.016x 10 W-em™2.
A T 10-2 016 x 107> W - cm
e. The D of the detector is
1 7 =1

f. The D{g of the detector is

VA Tx 10-2)(1 < 10°
Dy = D/AgE = YD VO X O XA0Y gy s 12wt

NEP 1.016 x 106

21.3. An infrared detector and its test setup have the following properties:

Parameter Value

n 90%

fchop 10 kHz

Size 1 mmx1mm

B 500 Hz

Dip 3x10% em-W—1 .- /7

(8)

When irradiated by a constant-power beam, the measured voltage signal-to-noise ratio is 10 dB.
Calculate the irradiance of the beam at the chopper (assuming that the detector is located immediately

behind the chopper in the experiment).

Solution: We begin by finding the converted signal-to-noise ratio,

Vs 10
— — 1020 = 3.16.
v 0 3.16

The formula for D can be inverted to solve for Hyys,

- () (22

Vn H rms Ad

SO

- () (2

Vo) \ DipAa

) =236 x 1072,

The dc irradiance in front of the chopper is then found as

HI'ITIS
H o= s
0.45

=524 x10°W-m2=0.524 W-cm 2.

(10a)

(10b)

(11)



