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Infrared Imaging Systems Tending towards High
Definition and Digitization
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Abstract: High definition infrared imaging systems are those thermal imagers that have higher spatial

resolution without sacrificing thermal sensitivity and generate video signals according to the high defini-

tion television standards (1280×1024, 1920×1080 or 1280×720). The higher the spatial resolution is, the

smaller the detectable target is and the farther the target is from. The improvement of spatial resolution

means that the number of detector pixels is increased, the pixel pitch is decreased and the signal-to-noise

ratio in each pixel is enhanced. Digitization involves the incorporation of an analog-to-digital converter

(ADC) into a readout integrated circuit (ROIC). Analog-to-digital conversion can be implemented with

a high speed ADC at the chip level or be implemented with multiple medium speed ADCs at the column

level or be implemented with multiple low speed ADCs at the pixel level. Because only digital data need

to be transferred, the ADC at the pixel level is helpful to the reduction of system noise and is suited

for implementation in the standard digital CMOS process. The recent advances and trends of infrared

imaging systems in the aspects of high definition and digitization are presented.
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? 1 @ABCDEFGH

%� �#� ��&

CGA 320×200 16 : 10

QVGA 320×240 4 : 3

�"� VGA 640×480 4 : 3

#�� SVGA 800×600 4 : 3

%� XGA 1024×768 4 : 3

SXGA 1280×960 [3] —

SXGA 1280×1024 [4] 5 : 4

PAL 720×576 5 : 4 � �!$!%��&& ''( 4 : 3

��" PAL/VHS 320×576 —

�%� NTSC 720×480 3 : 2 � �!$!%��&& ''( 4 : 3

NTSC/VHS 320×482 —

NTSC 648×486 4 : 3

D-2/NTSC 720×540 �!$!%
  "� PAL 720×486 —

%� D-1/PAL 768×576 [4] �!$!%
HDTV/1080i (#)) 1920×1080 16 : 9

HDTV/1080p (!)) 1920×1080 16 : 9

HDTV/720p 1280×720 16 : 9

(�! 3840×2160 16 : 9
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3 ]UXYIPVJ ADC

�K��Æ����������BL

���
��'N*� ADC ���
�

J�������� ADC ����.#

���8KD����
��
�'��O*3

��E>�< (ROIC) :4�P���<L.%

0
� ADC ;:)�EQO�BL@�:�


BFD� (Digital-to-Analog Converter, DAC) �

�70�=4RF��
'1�� �'1CG

� ADC 
GF��/HPF($�#)��

ADC =4�����8H��S0Q-�"�

MRIGKL ADC 
GF�A������

�/ CMOS 7G
 ROIC TS�6"/��<

TM [16] �ADC 
GFIU-A�3/�-&�

�V=N�9D
IJ
W0-J��X�

� 2)>�����

 6�MK [17] �Y

K��� 2�
N 4M�N 5MJO6� ROIC�

��	���T�M� ADC D�� ROIC �

%0
��	:��� ROIC [18−21] �'6

� (:) 4� ADC [15] �� ROIC�($�#)

�&��� (
�) ($�#) [22−26] ����

��&�T�M/O�'���P�9L
H

PF���L0������ – MZ – +PN

(Detector-Dewar-Cooler, DDC) 
O�0�D�

� ROIC 4�&8�� DDC (D3C) [27] �

? 2 KLMNOPF 6 QRS

  PQ!RM PN$QQ
1 URR[SS VTST�USTU

2 "UVV \W�XWVY R[\W�XW

3 "URV pn X

4 "U – "]OW XYY'ZZ^Z[PW[ÆP\$]\�
– Q^_�
– "XRV]\�
– SUTY CMOS VQ"[

5 `_]` a^"[ (ROIC)

6   P � OW� (ADC)

ADC
��G';:_M�1��`\�6

�]a`\b+ (Pulse Code Modulation, PCM)�

)��6������X
%0��^��
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07_
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8"_`AN	8/d[8 [28] �"�22�

�Ad���">��
�e�)/�AA1�

b�'����A>� 100 µs ,c`*d��	

\��.� 10 ms 1. [29] �"����fIG
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7 n �
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���U*��UA��-�

*�c^d
�B [35] ��������
�g

lP (DR) &h� (2) F.�

DR = · · · =
NΔλ

· Aoτoτa · IFOV · D∗
Δλ√

A
d
Δf

n

(2)

���NΔλ
� Δλ=+,��U�SÆhX�


EemfÆ�&hegh&�F.Æ Ao �1

164�-Æ τ
o
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6��Æ τ

a
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d
�19��-ÆΔf

n
���

�
�I^dA!��D [35]�����.'�

i���G4�c+� (2) &�.>�

DR = · · · = 1.639 × 103 = 1639

�*)�glPB4%0���IJ	=4

11 7
 ADC (210=1024, 211=2048)�
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H'&��8�;�H�-�;�

H�G1h [36] �4� ADC 
nF4.�

-�dÆ >12 7��GF�8�;�H <0.5LSB
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>
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�glP�=43
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dÆ
AN����^d
aXic�Æ��

��&���H'&��K���
4� ADC

,` [38] �*
E>�03k�E> ('j7)

^d [28] ���� 50 ∼ 1000��&���&��

�m_M�(A� [17,28] ��*E>^d:@

��IJ&�� 15 ∼ 16 7
dÆ�4�%0

�� [5] ��D�9�
 ADC dÆ� 8 7 [30] �
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l
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N
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3.1 TUV ADC [7,30,42]
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�� ADC
_M��"�&�_��� ADC�

O&��*1�� ADC 
Oa70,/��

�� ADC 
I*�
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�C7ea (Multi-Channel-Bit-
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 ADC [32] �_�91b+
�_

MF ADC�_� MCBSN:
 ADC
Uh4i

���&���
j_M�`�l*�gl

P [41] ��D [30]����� 8 7 ADC N:�Æ

_� Nyquist ���n�?F�;�n.�
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�[
�Oa ADC N:&�%0!� 1000 Hz
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�. ADC &�%0�
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mUp

m��	ke_��_MA�^d�l��g

lP�9�
�
�e.#'/ [32] �_��_

MN:
 ADC )-����
�� 1 7 DAC �

�n=��L��Æ�,#���/-�F

N:���i��jFD��� (]a!Æ) �

�G4��n=���Ta.#4/�

�B�

)/ ADC ��
�����
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no1.�q
�. ADC �GF��-
4.

;�op�&�+_5r� ('� 4 � [24,43]) 


�0��L��s����� ADC��D [43]B

C�JR�a 4 ��=
�0��L�s��W

E>����-��A��M.#3/-��

A9D� 6 ∼ 10 9ÆE>�12/��o�

	6)/q@�E>���
�;���.

#G'
D�r-�����D [44]�����

��s3��@��sN:<��e-��&�

A��=:4
�-�

 2 �
o0.(���o0t+ ADC
[31] ����3�K�.(�1�sFD�i

>7s�a��
�;:���/.-t+�

���o0��lg
&`��.#���

Æ&��/tpg
 ADC ���� 2 �
j

�FD�mpMRTS


��
�. ADC

�(�)�(����-FD��%0BF

D
��,#��qd�i�
BL�FD

����G4�F����FD��1�

�#b����� ADC 
���Au&�V

b9D�'4_M��'@`:i>����

�4.
K-]a�
!Æ�"�j�FD

ADC�g<��a���Æ��(�����)

. ADC �	)���$�
[Oa
�. ADC
[32,41] �

3.2 WV ADC [18]

)/
�. ADC �7G���
%0rÆ

U*�). ADC0�:4�-�GF��<�Æ

� ADCdÆ�"�
��no [37] �&��a�

)
�k8�� ADC �O�Oa��-p)<

� ADC �q��Æ
4.��A��&�/�

�� ADC�). ADC&����n� ADC�m

n� ADC �pgq� ADC ��_M ADC ��

�i��&�3���
 ADC N:�(��Æ

83:4rsu8/�Dj[�

3.3 XYV ADC

�/:4. ADC ��q�($�#)3

��� ADC �	6ÆR*
_�������

GF
s+� ADCN: [36] ����a�
�


i>346�) ADC�&���n� ADC'.

( ADC%0��i�� ADC�-)`f*b

+�(�� ADC 
���8A
*GF��

2008 ���
�D��Uv ADC GF+$�-
[17] � 1 ∼ 2 mW/MHz/12 7� 3 ∼ 4 mW/MHz/14

7� 3 mW/100 kHz/16 7����($�#)�

ADC ��4i
�BL��)&:7�8D

�v�^d�3��H'`�AN�

���
c����,2+1*�	

6�)'j@�"���
��j@��3�

tHV(Z,/�(1
����� [1] �(

$�#)
,2+�&��	�

,2+�=
�×\�×7 (3)
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'���/��\�� 60 Hz � ADC i>� 14

7
 1280×720 �($�#)���,2+

��

1280×720×60×14=774144000=774×106

= 774 Mbps = 0.77 Gbps

��� bps �	as&4i
7� 30 ∼ 60 Hz

\��/@��	�6:@� [15] �1�tu=

w�tutDp���4.\�� 300 Hz �

� [22] ��%B7,2+���5r� Gbps�

)�&'8q�>
IJ9D�rs�x�1

m-��4i4� ADC 
i>��&�T�

MA�^drt�GF [36,40] �

4 ]U ROIC JZW
�K��Æ��� ROIC �]	���

� IC ��7Gyu��
?F�+rrs�z

]/;�dT
 IC ?F7� (�,��?F7

����3�����) � ROIC 
G'$$`

+/?F-
,
/�2
���?@
ub

H [17] �?F�(��o�+�[�+�v��

�����o�+��?F�hs���[�+
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��
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µm [36,45] � 0.35 µm [30,44] � 0.18 µm [7−18,23] ��

�!�A�O�Æ�����3:4�&Aw


�0@�	�
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CMOS7G�NJ�&�� 288×4/sty /ROIC
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