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Design of Digital Frequency Multiplier for Near Infrared
and Visible Light Fourier Transform Spectrometer

SHENG Hao, HUA Jian-wen, XIA Xiang, LI Tao

(Shanghai Institute of Technical Physics, Chinese Academy of Sciences, Shanghai 200083, China)

Abstract: A near infrared and visible light Fourier transform spectrometer needs to use a multiplied

reference laser interfere signal as its sampling signal. Since a phase-locked loop frequency multiplier is

not suitable for low frequency non-periodic signals and the traditional digital multiplier method may

generate a large error, an improved algorithm based on the traditional digital multiplier method is put

forward. The algorithm is simulated and verified. The result shows that when the improved algorithm is

used, the non-uniformity error of output waveform is improved from the range of –2% to +1.6% to the

range of –0.82% to +0.4%. The non-uniformity error is improved greatly.

Key words: Fourier transform spectrometer; near infrared and visible light; digital multiplier

0 +Q
%���
��	�	��
��
��

��
���	��
������

��


��	�����&�����'	����


���� (�!�
�"	#$�%�&

�
�"���'�����(���))�

'�����
�"�*(�	+,����

'��������*�(��	)��
��

����*(�� ����'���-��

��+�
�"�*�'��(��.�&!

���'	"+��/��#$�%0,*�

(�	&(�����*(���'
�"�*

�+/�*	#$!� 1�
�("�)2	

&)��
��
��'�*!��(��	

-./0�2014–04–02

1234�R, (1991-) �S�5TUVW�XYZ[\�Æ]6^_`a7bcdefghijklmnZ[3
E-mail: shenghao sitp@163.com

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.35, No.5, May 2014



30 � � 2014 - 5 .

�4�(�"5"
8!��5"*!,+(

���'�(�#6$9	,%:���
�

"(� [1] �

-7��
��
��'�'����8

(�&
,+5"
8	)+&
9./'�'

�(�:	�
!�0��'�*!��4'�

�5"&
�;:+ 0.6328 µm �)*&
�.

�%���+1��

��	�	,+1 –�

-
��

��2��;<Æ3=.>�"

/04�(��1�;	�+(��5"&


�;:?5.=	<6��-
;:2 400 nm

��@	.�)=;:+ 100 ∼ 200 nm�03>

1&
�<45789�)2	:3
�A?;

B36<789"+5"&
;:/C=$D

7�(�8=�

1 @o/p
1.1 ABCDE

:;8��><B3EFG�(�?	Æ

7!-�	�=H"�FA>?@AA>I@

G%��'	?	Æ��&("JB��	A"

	B� ��K�C;�

C/DDHL�

EM�G%�?	Æ�$NIE�	A�

�

JFFM�JBG7JDDHL��GO3	

f
o
%1H�5"3	 f

i
��� 	!��&%

	B"	)H�("AD
G2("ADG<

K�C;�	,%G�G<DDHL��DK

GIP	��
' f
o
% f

i
L��3	"MIJ

JN<MQK�
OP	R?	ÆS+?�QK

�		B� ��L&GIPL���L&3

	#$��.���	B"�*!�� 1+?	

ÆA>�$NM��

?	ÆB32+��2�/GN��H&

?	Æ�GOP%TOPL�	M� 2 2N�T

O 1 PQPUQVR�O

O 2 PQPWRUQ

OP/X0��JB+,3	
	B%GIP

	@�*!���N��HBGI*!	#$&

GOP+,:3�B3GO*!�

&Æ>?�L%		B� �LP�GI

*!3		�	2

fi =
fo

N
⇒ fo = Nfi (1)

RGI*!�3	��/1�	���?

	ÆB3�)*!��YS?B3	�
'�

0�Z,	$/�!�.1�(" [2] �.�R

GI*!�3	�� S (T 1) �	?	Æ

B3��[&
RS��

(1) )3	��S�*!�YS�  U	

Æ>�VW���� :�T��)+K3*

!�?�\HXU	2�B3�/�?�GI

*!	#$]TGO*!�3	�+	)/0

��)2	B3�&K3<�/�^/�YU!

�3V	
<+WF&K3��FV8Z,�

(2) %GI*!�3	��/1�	�	?

	ÆB3�)3	�� 1��3*!�YS

� � K�RGI*!�3	_����	Æ

>�/X0��JW�)�GO3	G�S+

`0K	#$]TYS("�!��

(3)2YS�*!�&Æ>'!�	B" [3] �

&��
��
�����(���'	

5"&
aX�%�A*!3	/�.�	.�

� 3VX.�	2
?	ÆB3^/Y��

1.2 YZDE[\]^

"+LZ?	ÆB3EF/�Y�+��


��
��	[Z:3_\]N�=(��

FB3��B3EF�

� 3 +�FB3��IE���'	GI*

!+ fi 	���`+ fc 	GO*!+ fo �GI

*!25"&
*![�W\L%	aX�%

3		@ (�+ f
i
) �E;��� FPGA L%)

Infrared (monthly)/Vol.35, No.5, May 2014 http://journal.sitp.ac.cn/hw



� 35 ��� 5 � � � 31

���B3	+,GO*! f
o
�&B3��+

K 	ÆGO*!�3	+

f
o

= K · f
i

(2)

O 3 ^aWR]VR�O

��b9�` f
c
&^&b_LF)[�N

���^&GI*!��N�	+,�N�c

+

N =
f

c

f
i

(3)

�`*![� K �3%	N��)���

N�	^G N/K &��b9�`#6\`+�

&GO*!b_�&abc=("	ÆOPGO

*!�3	+

f
o

= K · f
i
= K · f

c

N
=

K

N
· f

c
(4)

	H0	GO*!b_ T
o
%��b_ T

c
L��

d�+

T
o

=
N

K
· T

c
(5)

.�N/K /���&W�	)2G�!�("�

Me/)���SE	cd-("/e)^&

b_*!��% � 1�_`	$f5�!

�("gN�

� 4+B3��A>����W�GGI*

!X�+3		@�E;*!	,%)���

f�3SE�f�3�,�MR� (1) �
,+

DK*!!-W&b_���
 (2) �
ag"

GI;�/)hD7�("	#$b���b

_�9% [4] ���]dLh?[�	�
i

i"+�>N��jcN��%	Bdj$e

k��("�

^&�AVTKAVb_��=f%G�

+,N�c N �N �al2ghk�h?[�

O 4 WR]VUQO

'?[�M� 4 2N	N���Z,*!??[

��mn*!"GI�`?�`�i�jI@

DK�&R�&�`b_,7L�	Gk�h?

[�'� N cg,kfh?[�	@�)k�

h?[���mn�k�h?[��mnZ,

?5&R�&N�b_,7L;#%�

N�c�l9%�_`�FB3��GO

*!� �N�c�9% "^mGI*!�

KAVL�i���YS� 29��"�I

E�;	&okN��p	G���&�`b_

���("	2��("+ ±1 �

2 q0@orst1ue
2.1 ]fgh

�FB3���l!-EFMLB2Z�

ÆiN�� �dq�&)GI*!�@b_

��N��)2!��("��DK�

�`)GI*!�@b_��N�%+

,�

N = T
hi

/T
c
⇒ f

c
= N · 2f

i
(6)

m'	 T
hi
+GO*!�@b_�

) T
hi
��N��I)�	GO*!^[�

@& T
o
���mAVnX
&)�&GIb_

��N�	Æ:G+,�N�cg
 8 	+OG

O@b_�N�c�"+j��O1c+ 7 	�

�(" 1
$fGI*!^/��&n��

*�b_*!	%W&GIb_	�	@b_*

!;�\J�)2
@b_+:b��f�3

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.35, No.5, May 2014



32 � � 2014 - 5 .

%:,SE	)�+,�GO*!G�\o,

+GI*!�

:bGO+pB3	G N g
 4 	]+,

�Æ+ X 	j�+ Y 	2

N/4 = X + Y/4 (7)

Me/)j� Y ��SE	$�G X &�

��`#6\N%�&GO*!�@b_	Æ

�!�("gN�)2	&GO*!�kp&G

O�@b_'HL Y 	GO*!�@b_o+

T
ho

= (X + Y ) · T
c

(8)

+,GO3	�

f
o

=
1

2T
ho

=
f

c

2(X + Y )
=

N · 2f
i

2(X + Y )
= 4f

i
·X + Y/4

X + Y
(9)

O%�("+

4fi ·
X + Y/4
X + Y

− 4fi

4f
i

=
3Y/4

X + Y
(10)

Y �O1c+ 3 	p�O1("+
9

4(X + 3)
�

2.2 klgh

&N�#%L%	"rGj� Y q�% Y

& 1 	^�rG�H,;s Y &GO*!�@

b_L	+,�GO*!@b_o+

T
ho

= (X + 1) · T
c

(11)

f
o

=
1

2T
ho

=
fc

2(X + 1)
=

N · 2fi

2(X + 1)
=

X + Y/4
X + 1

· 4f
i

(12)

("+

X + Y/4
X + 1

· 4f
i
− 4f

i

4f
i

=
1 − Y/4
X + 1

(13)

m'	Y �O1c+ 3	p�O1("+ 3/[4(X

+1)]�"2�-	s�qF�("m+IkqF

� 1/3 �

"+GOb_" 2 &GO�@b_G%	

Rj�+ 2�	�
Gj��rH,k�&?k

E&GO�@b_L	
��QJJGO;�

�`�*/�

3 vwx2y FPGA 3zvw
3.1 ]fgh\nopq

tr;s�EtNq	" 50 MHz �`�r
) 150 kHz GI*!�KAV?�AV (2GI

*!�@b_) ��N��"+��("�[
&	N G+ 166 T 167 �&trIkqF	Æ+
,� X + 41 	2&"^&GI@b_!�� 4

&GO@b_'	;E&GO@b_��`N�
c+ 41 � Y + 2 T 3 	2&"^&GI@b_
!�� 4&GO@b_'	kp&GO@b_�
�`N�c+ 43T 44�N;�GO*!�b_
" 2&GO�@b_G%	)2N�� 41+41�

41+43 � 41+44 2 82 � 84 � 85 )E=���
EtL	O%�GO3	H-+

50
82

MHz �
50
84

MHz�
50
85

MHz	2 609.7 kHz�595.2 kHz�588.2

kHz �

GIkqF�rRs, FPGAuL(���
�*!_��!� 150 kHz GI*!	& FPGA

F!� 50 MHz �`*!	^&N;�LvwG
O*!�

� 5 2N+#N;�'u �xs;��
�'	;� 2 7yGI*!	;� 1 7yGO*

!
*!3	&tRvUN�
� 5 '#L$R� 3 t;���GO3	

�r+ 588.1 kHz� 595.2 kHz? 609.8 kHz	%E
tNqc$N�T	2GO3	& 588.1 ∼ 609.8

kHz L�;��%EtL#$�*�GO*!
�3	c 600 kHz 	�	-GO3	�("+

−2% ∼ +1.6% �

3.2 klgh\uvwnopq
uv	&NqwL�� Modelsim SE w<)

s�qF��zx	+,� 6 2N�;����

'	k��;�+�`GI*!	kf�+�A
V{B*!	kE�+GI*!	kp�+GO

*!�#zx;�'�
xO	"GI*!+,
y +#z�pB3GO*!�

Gs�qF�rRs, FPGAuL(���
�*!_��!� 150 kHz GI*!	& FPGA

F!� 50 MHz �`*!	^&N;�LvwG
O*!�

Infrared (monthly)/Vol.35, No.5, May 2014 http://journal.sitp.ac.cn/hw



� 35 ��� 5 � � � 33

O 5 x{yyV|zO 1

O 6 }z|z

� 7 2N+#N;�'u �xs;��

�'	;� 1 7yGI*!	;� 2 7yGO*

!
*!3	&tRvUN�

�� 3.1 BNq�+ X + 41 � Y + 2 T{

3 	)2s�qF%GO*!3	�EtcH+

595.2 kHz ? 602.4 kHz �

� 7 '#L$R� 2 t;���GO3	

�r 595.1 kHz ? 602.4 kHz 	%EtNqc$N

	~	�("+ −0.82% ∼ +0.4% �

!��3%�GO3	& 600 kHz |t;

��&)!�(��GO*!3	��:��

vw%	��y^�&b_�3		+,y� 8

2N����

O 7 x{yyV|zO 2

O 8 {�||R}

� 8 '�~}b7yjc���GO*!

b_�r�	~}b7yGO*!�3	
}C

7yIkqF�GO*!�3	c	!C7y

s�qF%�GO*!3	c�#� 8'�
X

UxO	s�qF%�GO*!3	�("X

UJJ	$f`�*/~+,y�'s��

4 {|4
,+��
��
��'�_3�Æ	*

!(���)
����% ��_3_`�

�+,+1�-
;<���

��:3)

5"&
���%B3	)+B3��% �

(}5~ 41 �)

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.35, No.5, May 2014


