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(1. i�Æ`,�'��%r�'� 200030 � 2. i�Æ`,�gy3,�#o 100039)ie�:KKkK0;V���Kfq2�:KKkK0;V��o��ACK#O	a�Mv.?�ra=R��K(�.$��#|K=o�$Cfx�}4.�K�� P'�����H;V�."A	fq2�:KKkK0;V�t�98k�fx�_
{t�;mK0KB�5VWP[($U��x|h*4W^?\B��>B�:KW2z B��8B�jÆid:B�SSid:B�usKB���9Æ�K0�9n�g� �P:V�A'u
4xC�J9HKA-Æ���vx4wK}fq2�('2�KB�,�P:VHQ� PLL (Phase Lock Loop) � DLL

(Delay Lock Loop) ;V�
��9:KKkK0;V�
u
4>��4 < ���#|K.& ;V�:KKkK0��Y� TDC �P[B��>B��8B�id:B�SSid:Bm[.F5�P111; P127.1+1 ��� ℄`�SK�A
1 �
��k9JJjJ/:U8�Us=��MV-��n��p��9JJjJ/:U��~JsS (1 ps = 10−12 s) /6�J/:Up�nr�p�j4'�-#��"<n�-~J��&�&9�
�qJq��JQ��4 IC (Integrated Circuit) ->h�,*J/ (Jitter Mea-

surement) ��*MJ-% (Automatic Test Equipment, ATE) �|3�NhY1%eN
e%
(Demodulation of Angle Modulated Signals)Æ[�D>� (Digital Oscilloscope) �7$�~�I����z��pu4�GJQ�"~��'������z�Ffo��-4�*�=Gv:U�L���n��E�89JJjJ/:U�3�/ew�oN'�41^":5 VLSI

(Very Large Scale Integrated ) 7$��I��=3�/^S�p�J/9JJj�:U�� ICJC<53 TDC (Time-to-Digital Converter)�L� PTTI (Precision Time and Time Interval)j%Kj8_x~kTwB�L��E
℄+�p��zy�E�M*/�nr7aTv�<�p5��EZ�*�=�
℄:UTv [1] �A� Dassault ta�GU>9��p1z��� U1OM�2005-05-30 � 
7OM�2005-07-07
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1 ps �+�89JJjJ/:U�ew�+Z(�9JJjJ/:U��zz�~<5":�X\�:l�X��� Time Digitalizer 3
TDC �8�u� Time Interval Counter (TIC) ' Time Interval Meter (TIM) �|3 Time

Counter (TC) �~h TDC �\A	�{6�4MlB"9�&XGJy-�|��{Ty�
2 �))bm
2.1 TDC4 TDC h�X��vJU#�

(1) /` (measurement range ' dynamic range)�{J/�	�9JJj�P8��8�r�J�<CJ/":/&�vm	�J/9JJj�u{J/`�	~�Km":�/`����~�r�J��F�
(2) R4> (/�DZ) (LSB � quantization step ' resolution)�[�":hX�� ADC (Analog-to-Digital Converter)�
�TDCu�	F/�DZ�	p���� ADC �
��_J9J�v��8 ps �8� ps �
(3) y�9J (conversion time ' dead time).{J/J�	F9J���<C":��f4��F�J/9Je<5n�":E0�G6��":E0JQ�'�<�fJ/�9Ju{J dead time �
(4) J/p1 (uncertainty � random error � precision ' standard derivation)��91Æ,*��4�<CJ/h/��4J//R�Gl/R�X|7}JR�SC�:D�A� σ �
(5) 0�h1 (readout speed)WJ/b���":0�m��h1�GmI[8�ehJ/Æ101J (on the fly) �q�JC�nr�z���3RXJ/":�O9U (Nonlinearity) ���	 ,RO9U INL (Integral

Nonlinearity) ÆRRO9U DNL (Differential Nonlinearity) .mal�G.mal� ADC h� INL � DNL ��<n�~�&�I
 4.5 a�
2.2 �T=9P4J/�e:UJQ�GU>9JvmOXnr�al�5�J/:Uh�8J/Hph>|m3�e�r����9JJjJ/�~(/�zQU�89JJjJ/nX�9J(/uJ9JJj�J/�h>P8�'JGU�9JJj�GU>9al�	 f/��e�Gm*~�|-~J��(�--~�+>ÆF+>J�9JJj� Tτ �J���!;�

d =
Tτ

2
× c , (1)~h c �~h�



� 1 } D�i��fq2:KKkK0;V KB 3�!-~�+�r|� Ts(�:rJ/�p(r|) �� Tτ < Ts 9��|J/n��p(�S� 1(a) �� Tτ > Ts 9���H�v�9JJjJ/�{%	�ERp()6�� Tτ �7<��p()6�[^W<��S� 1(b) �

� 1 �.�K�($E��
(a) Tτ < Ts � (b) Tτ > Ts 	4	 GU>9��8�+>ÆF+>R;kTGUJ/�J/o��29�ep19��u{J4J/m TRi Æ TTi ��

Tτi = TRi − TTi , (2)Gp{e�3p(�9JJj��p(r|	��p()6*~�
3 �L1LC5���&�9JJjJ/B�I�}9��87j�~J/JAs�7`k�=�}	8�9JJj�=A��54�OZA�h
9A��|_Jl�E:��<5:U�9JJjJ/JA�
�|R�Zh�[�.���ZhJA'u� TDCnH��XrZ[y��` (A-D conversion) ��9JJj�=A (TI stretching) Æ9J – V1 (time-to-amplitude) y�A�[�JA-�XrZ[y��`��|<5}9J�[��V℄y����7A (Vernier method) �i
h
9A (tapped delay line method) �|3RRh
9A (differential delay line method) '\�7h
9A (Vernier delay line method) ���u��ZhJA�
41^":&<5�j~���:U�kDÆ[�"::U�^S�54[�JA.�.9T�G�jjJ��ZhJA8�v!17RVd����pNXr+ZZ



� 4 ���������#�^�l�>������� 24 ���y�9J���P�f�*
?�
|1^��z4Lu&1^� TDC ��}J| FPGA

(Filed Programmable Gate Array) �J| ASIC (Application Specific Integrated Chip) <5�v�-H�[�JA���,OZ�`�9JJjJ/JA��|R� 3 ���J�OZ�`��G�JA�Xr~>[���R9JZ5�fV℄y��[�/�p���J/`+ZF�
�OZ�`��u\�
OZA��<59�G�JAXr~>[��4p�9j��3��>9JJj[
:(mO[r|�<�J/�BÆbZtF�vmr|��/ekOZ�&�p�J/�p���4��|
9H�1�4/`ÆR4>.JQ�r���<'�I���Æ�7A�H��
�7�f��A�q�'#zQ��|/)R�v��n�J/JA (+�OZA�h
9A��=A��7A�) ��R�J�8��<C��h�����xA�vlJA�<J:lJAb�A��+�RRh
9A�pBH�3h
9�bu�u��3�7A�'#�b�
OZA��pr�~oJAb�A��uPJGm'���/r4g)~��J/JAT	�4g)v3OZA�(('#��E&��OZAJvl�&	[*nZ�JA�<49JJjJ/h�OZA℄�J�vm9JJjR�.ER�r|�O[$ER�R[ER��� 2 nD�O[ER}~>[�0m�R[ER�OZJ/�&0m�~[℄:D�3�
T = nTp + ∆T1 − ∆T2 . (3)

� 2 �P[B($E���� 2 �9JJj T �|R� 3 ER�� START �*�7}9j<6&4l� ∆T1 �� STOP �7}9j<6&4l� ∆T2 �|3�&Q.m&4lTJ�(}9jJj nTp �Xr℄m�J��h ∆T1 � ∆T2 H� STOP Æ START �<6�vm&4l�<4<CJ/":h�∆T1 �∆T2 ��H� STOP Æ START �<6��>m(}9j&4l�Jj�5�I�� ∆T1 � ∆T2 -Fvmr|�~b��H� (3) C�Gp���tJ�M^JjsF9�~>[�/ovmr|�u0PJjsF9��=A�9J –[�y�A	�+Z��O9U�9JJj�
Æ℄4-�OZA�JAu\^OZ'>6OZA�Gl
�+Z{6�z��"6OZ|3:6OZA [2] u�"��



� 1 } D�i��fq2:KKkK0;V KB 5�OZA	4��7Av����\� Baron method �<����=AÆ9J – V1y�A&����'\� Nutt method [3] �G.lJA~<-T�OZAHl�%�>[� SR620{JH� Nutt method �~	ep1�� 25 ps �
3.1 �l�9W' (direct counter method)��^	eh":�>[x>z�[ GHz �8�aS/6�R4>r���|H�/e9jx>N
kTV℄>[�GlJA�'#+ZO��	r<5 100 ps �R4>�~>[x>r�� 20 GHz �N
���>6�Gp�N
�j
|U2�}�Uu
|!R�<���RCI[I��4{�":h��<5��z�^	_JA_f��aS6�p1����GlJAu�vm���5_r�r�&�x�{�|<5+Z��/`�<C��h��|b�~oJAv����'�OZ'#�e�R4>���*~�~>[J/-J�GlJA��|_�V℄>[AJeR4>J/�vm(p�3Qg)�8lJA�-J'�OZ'#�4~J��aS6�(p&�<5sS/6R4>�J/�
3.2 �P::2Ej'9JJj�=A&?�z�84I�}9�{zs'�I���p4'#&{Avm9JN����vm"�gN"�q���� 3 nD����eeh�{����9) I1 459J T eg"���3�F�9) I2 N"��� I1 **�� I2 �GpN"9J Tr u{**��g"9J T ���
9JN�����

� 3 �:KKk�>B($E��zS I1 � I2 TJ�+(1[ K �{�|���=��9J Tr �<CR Jj T TJ�{1�
Tr = KT , (4)~h K =

I1

I2
�



� 6 ���������#�^�l�>������� 24 ���<���e4���nj�9JJj�=Az�(���_JA'�8vm"�gN"kTJ/�T�Zh�`�41^Luh
|H��<�#>��9)u
|<5���<C�9":�&%P"
wZ�!13���f�
?�n|Zh�`�O9U���e�
Nutt time-interval digitizer [3] Jvl>6OZF�=A�pH� 100 MHz x> (r|

T0 = 10 ns) � K = 104 ��{R4>�� 1 ps �	JGl":�,*-� 5 ps �9U/R�
10 ps �
3.3 �P: /$o6'9J –V1y�A�9JJj�=A`k<��p�Y39JJj�=Ay�9J�Z�O9U
|�e�*~�� 4 J9J – V1y�A�'#D��}� 4 |
m��9JJj�=A�
�9J – V1y�A�N""9) (S� 3) `^3vmeh A/D CONVERTERFvm\�":�

� 4 �:K – W2z B($E���� 3 <+�� 4 h� A/D �`��3N"�`�/��Q(3y�9J��� A/D y��`nX9J Tc �g"9J T (�{J4
vm[/6&�<�AN"9J Tr **��<CR Jj T �<�Gp�":(3vmN"�`�fxQ(p�O9U�'�5�eh� ADC �_A�|�� 1∼20 ps �R4> [4∼6] �u�&�_A-J�!$�U�<5��	nj�u��� ASIC ��!$�U��� ECL (Emitter-Coupled Logic)":q�A��Ap1�� 10 ps [6] � SR620 {�_A<53	e� 25 ps �R4>�9J – V1y�A�9JJj�=A-(�Zht#�`�T�u��J/JA�
3.4 �f�'�7A�~q�'#�
��7�f<�X�p(f&Jvl[��=A�G-9JJj T � START ��MN
�� STOP �{MN
�� START �*vmr|� T1 �K���� STOP �*vmr|� T2 �K���~h T1 A�� T2 ���8.m9jR;>[�G- T1 >[� n1 � T2 >[� n2 9.Fn� (�� 5 nD) �;�

T = (n1 − 1)T1 − (n2 − 1)T2 = (n1 − n2)T1 + (n2 − 1)r , (5)



� 1 } D�i��fq2:KKkK0;V KB 7�

� 5 ��8B($E��~h r = T1 − T2 �vl��7A<5�Lu�f4 312.5 MHz 3�� 50 ps �R4> [7] �8vl��7A<5�Lu�4 700 MHz ��℄x>3�� 2.3 ps �R4> [8] �kvD`k��WR4>|e� 1 ps �<r���ze�R4>�{TJ/Z!R.m��*K���ep1�e��U�G~�<����CU��~J4+ZZ�9JJjJ/h�i�#B&��7A�|
9��ep1Æ�/`�	��->&��
�~ep1��_f459Je!b��XW�7Ab�OZA�J/�8��ep1�n�MJ": (Coincidence Circuit) uJ<5p�J/��'��ER�%�� HP5370BJH��7AJ/� Q(��~J/p1�� 20

ps �J�i�^	��%�9JJj>[��	��HhÆLW*~�5z�U�
3.5 ��Zd�a'i
h
9A�RRh
9AJj~nj���Z1^":���<�=����i
h
9A�u\9hA�}al&_�p+ZO��48|��
s9�<5h
9�	J�3<5ep1J/�Xr[^q:�i
��<":p��A�Gm:U4�9,A���j~���:U��=�z;J��Z1^":��=�GlJA'yY�1^":&���bh���n�i
h
9�v�h
�&�^�#B&G�h
�&u=9h<��-� τ �<9JJj�J/{J��{MN
 STOP 8�MN
 START 4h
9h�u=kTHp<5��i
h
9A�bu:l:p�3Qg)~h 3 l�

� 6 �jÆid:B��wm
v



� 8 ���������#�^�l�>������� 24 ��� 6nDJvlO��h
9�O�h
9�v�h
� τ � LATCH�^�G% LATCH�"ys��<O1ls��9JJj T �B9� START ��3�e��&4l���Gm&4l4 LATCH h|h9 τ u=�V�JjbZ� STOP �e3��n� LATCH |t-'m&�S^�
!1>bu�Rm�Glbu�h
�&�Hp�&�>�v�4vm LATCH &
9<5h
ÆHp.msf�	Jj~9JJjJ/R4>�|e�GlJA{
|5�3��� LATCH �h
9J τ ��4aS6��fH�sS69JJjJ/�r��h
 τ ��F�&31�	k�R4>�� 7 Æ� 8 ;J�x��h
�&ÆHp�&<5i
h9A�8�.lbu�

� 7 �jÆid:B��?m
v

� 8 �jÆid:B��#m
v� 7 h�vmh
9J� τ ��&��Jq�vms�� FF (Flip-Flop) �G% FF J&4ls�<O"ys��9JJj T �B9 START �&4l4h
9hu=�bZ� STOP�&4l8s��kTHp�s���e�	e��d{�&3J/b�����F<5}9J�[��y��	r<5p�J/�R s��9j4� STOP N
�9g/Z�F�%�>[� HP5371A {H�_bu�~R4>�� 200 ps �Glbuu4 FPGA h�



� 1 } D�i��fq2:KKkK0;V KB 9��3<5�~R4>� 100 ps [9] �� 8 nD�bu�n3 FF h�9j4�[}48%�~obu�� 7 <
�<��vm:<��9j} CLOCK 48 STOP N
kTHp�Gp�<��4 STOP &4lT�Hp� FF `Rme"y�&Xi
h
9A� 3 lbu-fV℄<59J – [�y��J���hJ�Zh�`���0�9J�|'�A�;Om dead time {�� LATCH ' FF �\�9J��z�Gli
h
9A<5� TDC u\ short dead-time TDC 'F flash TDC �G 3 lbu-ZO��pNJ~o\1bu�(p�<C&��~J4 ASIC h�GJ((�bu��Xr PLL ' DLL �q��|<5e'&1�eEh
GP�"7 [9∼14] g)3((�i
h
9A�<"7 [15∼25] ;g)3� DLL(Delay Lock

Loop)� PLL(Phase Lock Loop)�i
h
9A��F��8�vmX\
GhNkA (pulse

shrinking method)�[26] �~h�� FPGA<5�((i
h
9A�R4>�� 100 ps [9] �H� ASIC <5�i
h
9A��BJ((��J� DLL ' PLL ��~R4>v�r+
FPGA e�4 0.7 � 0.8 µm � CMOS (Complementary-Metal-Oxide-Semiconductor)q�3�p�R4>�� 20∼30 ps [20] �
3.6 ��-d�a'RRh
9A�|_J�i
h
9Am3<���p�.�9h�2�R;�h
9u^���q�'#�
��7A�n|GlJAu\�7h
9A�� 9 nD�JRRh
9A�vlbu�p�v�9h� τ2 �h
9�8v�9h�
τ1 �s��u^�G%�s��
9�.m���vJh9 τ1 �>JRmHpb��Z�w��J�� 9 �� 8 ��;4��i��^&-�v�h
9Fv�s���	pN�":+℄JC�
�� 8 h� START R �h
9� STOP R �s���<� 9 ;<F�

� 9 �SSid:B��wm
vH�Glbu�	k1��R4>�
τ = τ1 − τ2 , (6)~h τ1 A�� τ2 �GlRRh
9A�eF+ZO��Hp STOP Gh��|��u%��vm�
!1>bu�Rm�5v+v 1 �Fv+v 0 �� 10JRRh
9A��>lbu���vlbu<+��>lbuH�.mx��h




� 10 ���������#�^�l�>������� 24 ��9�Fvms����~9h{1uH� (6) C��
�i
h
9A���s��9h��4aS/6�<h
99h���<5sS/6��3<5ep1J/��>lbu��:J�

� 10 �SSid:B��?m
vH� CMOS FPGA �RRh
9A�|<5 200 ps �R4>� 43 s �/` [14] ����|�� 100 ps �R4> [13] �<H� 0.7 µm CMOS q�� ASIC ��|<5 30 ps �R4> [24,25] �: 1 J&X 6 lJ/JA�+Z�� 1 6 n�H*(�?Y ℄ T  vt{�X_�℄D ℄� M2T5?`g��bT7�
�Æ���Q\D�*q;LLl�AD [i�r�Q\D {!;L[�Q;W��BY�;L – X3{!D [i + ADC �r�Q\D [iFTd~2_�Q;Wd~Do�9D ℄��r�Q\D Ytg)(3���+MÆ��gr3�p�NM$;�Iig�<W℄2k�je;D ℄��r�Q\D ��2_6℄�$;'��" PLL/DLL r�>6gr3M2TTje;D ℄��r�Q\D ��2_6℄�$;'�dw.k�je;D℄2
4 �-[!yD
4.1 �! �GgLC�G�{J/ (Single-shot Measurement)p1J8vmN
kTv{J/����<y�J/



� 1 } D�i��fq2:KKkK0;V KB 11�
(Averaging Measurement) p1;J8�n\N
kT:{J/3s[℄y������zp�p1�+�{J/p1e�[℄&��3{1�

σmax =
T0

2
√

N
, (7)

σav =
πT0

8
√

N
. (8)~h� σmax �	ep1� σav �y�p1� T0 �I�9jr|�N �J/{[�=2tC��S"7 [27]�u��Gl�A|eR4>�g) [28] ���J/N
�ERJ��n\��n|�{J/p1Jtr℄7�y�J/p1�����("h~3�p1-J℄�{J/p1�

4.2 �-�JgA$� 2 ahR;g)3R4>�p1�.F+Z��	�&E�R4>J℄W9JJj/���1�nfR4�	F3�/�u{J/�DZ�p1'��&1J℄<CJ/b��tR�p�3Q8ER�^�
(1) /�/R�[�1�/������&U�8�0RC�R 9JJj���/�/R�~y�p1�� (8) C�

σav =
πLSB

8
. (9)

(2) O9U���Z – [y��`h�9)��'&UÆh
9"Z1���0U�O9U/&�4�~GPI
 4.5 a�
(3),*�U2'��:����UeE91��E9jN
<��'&�|3")&>��GJ�f����9�%S^vm(�Z (floor level) �vm Q1��f� 10 ps RMS �,*�j~ TDC p1r���7|e�,*^3tr�/R�)�r->p1e� 10 ps �

TDC ���Cn,*JOr*~�
4.3 �R^LX�>��[�J/JAz^�t9�ep19JJjJ/�<5yq�:H���Z1^":�~�� FPGA � ASIC .l�"7hX| ASIC �t�u�(/� FPGA �

FPGA �55W�2`MN5�<8 ASIC �_�p�^(�,�<����n\2`���46`k�->9u�A ASIC `pr8-#N�0 �3e�	~R4>��e�4
100∼200 ps TJ�"7h�H� Xilinx � Virtex <5�i
h
9A [9] 3H� QuickLogic� pASIC1 <5�RRh
9A [12∼14,29,30] �G.F-�|�� 100 ps R4>�<N���:U��=%A FPGA h�((�&f�QF�":9h�7X���~<5� TDC �R4>u%D\|e�

ASIC �5x�Lu�~<5\1��jr�->F�":->JQ�sn�<�8���-#q�r�0 �3e�	
pH�i
h
9A'FRRh
9A�� ASIC ->�X�|��+ FPGA e�R4>�4 0.7 µm Æ 0.8 µm � CMOS q�&���� 20∼30 ps�R4>��vm+Z��`�-> [31] ��� RTL (Register-Transfer-Level) N���|4
FPGA &nR�<�4 ASIC &<5�+ZG.l<5JC�f
��4 ASIC &<5�R4>+ FPGA e�G�53 ASIC ��I�
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4.4 ��&N"�#pY��1�R4>��7|e�n��&t'd't (metastability) /�%m5��s���9j4 (C) t��I&4l9���z9s���[}4 (D �T �J �K) u4Gm9Jw^n�23��`IN
�V)Æ!b{%�2*~�U2�&t�8�sS/6�9JJjJ/�4R4>��8�sS9�Gl7t{
|0P�G%:^9hu=���&�As��|tu
|%>��{7t�0 wBÆI
"7 [32, 33] �
4.5 �,ab�=Ah�Z –[y��`h�9)�4�'&U�9J –V1Ah�ADC(/{�4O9U�<i
h
9AÆRRh
9Ah�h
9"Z1(/{��0�n|O9U4n
P�4O9UR0hX��.mal� INL Æ DNL �G.mal� ADC h�<
��X|�>JCJ/�pN�&��3�G-vm?dRC (9J&j+m5) �JM[5�~[^
N Jvm�x��[�R �JM TDC � M m/6h�#>|t3�Km/6J/��{[ (ns = N/M) Jvp��<<C& i /6�J/{[J ni �; DNL �

li =
ni − ns

ns
, (10)< INL �

LJ =

J∑

i=1

li
M

. (11)vm
��� TDC v�H� INLmax ≤ LSB �U;{r�<`k3��
?p1�O9U�fBZ�^R9��|�<��O9UGP�|ep1�5�E&Qal��>m INL �9����GP�/� r���PC ' MCU (Micro-Controller)h��_J/�/8J/[}kTGP [4,12∼14,24] ��vm Q����� 11 nD [14] �	GlJA�v&|8�_��r�!1�&9�G�<H���<p{6�JA�J	 DLL '
PLL �

� 11 �P:VHQ9q2�Æ� [14]

4.6 PLL g DLLH�i
h
9A'RRh
9A� TDC ��~JH� ASIC <5���:rH� PLL' DLL �|�Yh
99h�3��



� 1 } D�i��fq2:KKkK0;V KB 13�
PLL� Qbu�� 12nD�PLL m54I�}9��bi���I�tr���x>��Æ9j[}#\�1^ PLL�R)�U� PLL����
4� VCO (Voltage Controlled

Oscillator) ��� CMOS h<5
�h
9 (Voltage Controlled Delay Line, VCDL) +Z��� VCO u�|H�(� VCDL ��QK�� (Ring Oscillator) �
� 12 PLL 
vP�vl Q��QK���� 13 nD�p�h
9��[mF<�u^�RmV℄G$�R �8�vl��*�SK�� [11] �H�_bu�vlb6�SK���|<5 125 MHzK�x>�� LSB = 1 ns [34] ���vl(� PLL � ASIC -> [35] �pH�� 8 bu���SK��o6Rm��s���:<�9jR �

� 13 �wm!R��RL
�
v
DLL �bu<8 PLL O� (�� 14 nD) �p� VCDL �� VCO �	_f<5 180◦ |e�<�%O�	8 DLL '\�
Dh
9 (Synchronous Delay Line) [20] �Glh
9�vm��{"����>��F��:��e��vl TDC ->�pH�vm'\� TMC (Time

Memory Cell) �
�h
�&FvmF���<5Gl�e [15,16] ����pe�R4>��|H�vm DLL N5����m DLL �Gp5A�<
�q��uf|eR4> [17,18] �
� 14 DLL 
vP�



� 14 ���������#�^�l�>������� 24 ����~�� PLLÆ DLL ->�,+Z:� ASIC ->e��G%_f�vmOrg)�=2<5JAIS"7 [37∼39] �
5 �����("$z3 TDC �<5'#Æ8ltrJA�ug)3�ZhB[�y���I�|3j~���:U��=�TDCB1^��=�JB���pO�9JJjJ/:U8�M�s=V-��7Rn��Ffo��&%D\� */�A_:U�kvD�=��|%>�Gl�=%�3Q8mz��

(1) [�:U�t9�ZhJA�����H�[�"�:U<
|���
(2) _r\=&=D\�I�1^":&Uf��|kvDQF�`IH�h
9bu<5�1�R4>/&�|kvD|e�
(3) �O9UGPÆ PLL/DLL JA|ep1W^�{6H��:U�
(4) 8J/p1r��|e�%AsS6|3dsS6J/p1r�.�.XS�
(5) ,*W^�81��tr�C�p1r�4 10 ps |39�O4r�,*�e4 10 ps|e�G��fH�r��G{81��N
�OU|m3�e�r��
(6) J/h>r�.�.e��zGU>9�W^�9JJjJ/�e:U�t9��D\_�
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High-Precision Time-Interval Measurement Techniques and Methods

ZHANG Yan1,2, HUANG Pei-cheng1

(1. Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China; 2. Graduate

School of the Chinese Academy of Sciences, Beijing 100039, China)

Abstract: This is a review of time-interval measurement methods and techniques. The paper

begins with the definition of TDC or Time to Digit Converter. The interpolating principle,

which modern TDC with high resolution and large dynamic range bases on, is introduced in

the following. The mainstream time-interval measurement methods, including the direct counter

method, TI stretching method, time-to-amplitude method, Vernier method, tapped delay line

method and differential delay line method are described in detail. Detrimental factors, such

as nonlinearity and metasabilty, which undermine the high precision, are also presented. To

minimize these effects, the nonlinearity correction method, PLL and DLL techniques are given.

In addition, the future for time-interval measurement is prospected.

Key words: astronomical facilities and technique; time-interval measurement; review; TDC

(Time-to-Digital Converter); interpolating method; TI stretching method; Vernier method;

tapped delay line method; differential delay line method


