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8cISNõI[Ñ3ï�aq�êâ?n²�§~X{ICASPER (Collaboration for

Astronomy Signal Processing and Electronics Research) �O� iBOB (Interconnect Break-

Out Board) ²� [1] Ú ROACH(Reconfigurable Open Architecture Computing Hardware)

²� [2]
§î³ JIVE (Joint Institute for VLBI in Europe)�O�Uniboard²� [3]
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FPGA �êâ?n²�§2�±p� ADC§�¤�êâæ8�?n²�"iBOB Ú ROACH

Ñ´±ü¡ FPGA ��$�ü�§�k�î�ä��Ú Z-Dok ��§�ö^u ADC �ë

�¶ Uniboard 8¤
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kp�pë§Ó��k�î�ä��"

ÂvFÏµ2011-11-23¶ ?£FÏµ2012-02-09

]Ï�8µI[g,�ÆÄ7 (11103066)



2Ï Á<#§�µ�>U©p�êâæ8�?n²���O�A^ 2372Ï Á<#§�µ�>U©p�êâæ8�?n²���O�A^ 2372Ï Á<#§�µ�>U©p�êâæ8�?n²���O�A^ 237

þ°U©�gÌïu��>U©p�êâæ8�?n²��´|^p�ADC ò8I&

Òþz§2(Ü FPGA SÜ´L�]ïá��@äkêâ?nUå�M�²�"

8c�3ï��þ° 65 m �>"�º´�ep°Ýõ^å�"�º§ï¤�§ò¬^

uëYÌ!óÀ(!©fÌ�!VLBI!�/ÿþ±9�1ì�l�õ«*ÿ"�©¤�9�

p�êâæ8�?n²�§��âÙØÓ�I�§3�Ó�M�²�þ§¢y�gØÓ�

�{"

2 ²�(�95U

�©¤ï���>p�êâæ8�?n²�d�� cPCI o��ü�O�ÅÚ�¬½õ

¬&Ò?n�±9���|¤"z¬&Ò?n�þk 5 ¡ Xilinx úi Virtex4 X�� FPGA

Ú�¡p� ADC ) AT84AD001B ±9	�9Ï>´"Ù¥�¡.Ò�XC4VFX fX�

� FPGA Si POWER PC§��ü�O�Å�&Ò?n��ë�xù§KI� cPCI o�

Ï&±9é ADC ���Ú,	 4 ¡ FPGA ���",	 4 ¡.Ò� XC4VLX fX��

FPGA ^u&Ò?n"(�µãXã 1 ¤«"

ã 1 �>U©p�êâªà(�µã

ã¥kü^o�§�^´ cPCI o�§dü�O�Å��§&Ò?n�þXC4VFX fX

� FPGA Si� PPC ���� PCI ��§��Ï&¶,�^´ÊÏ�êâ//�o�§d

PPC ��§Ùeë�
 4 ¡ XC4VLX fX� FPGA§ù 4 ¡ FPGA SÜk�g�êâ�

m§�ø PPC �¯"XC4VFX Ú XC4VLX ü«fX� FPGA þ��âXÚ��!$�E

,§Ýkõ«ÀJ§¦��²�35UÚ¤��m?1²ï"

2.1 æ�þz�¬

æ�þz�¬´XÚ�cà��?�¬§KIò�[&Ò=z�êi&Ò§�=Ï~¤

`� A/D C�"
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T�¬�Ø%Ü�æ^�´E2V úi�AT84AD001BVÏ�p�æ�ì [4]
§Tì�k

I!Q ü�ÕáÏ�§zÏ��pæ��¨� 1 GHz§8  °Ý§ÑÑàkõ´©)ì§�ò

þz��êâ©)¤õ´ÑÑ§±ü$ÑÑ�¨�Ç"Tì�ó��ªkõ«§Ø
ÊÏ�

VÏ�Õáæ�	§�|±�Oæ��ª"3�Oæ��ªe§I!QÏ��æ��¨Óª�

�§ü´�¨�Ó�^u I Ï�êâ§��uæ�Ç\�§�æ��¨� 1 GHz �§ÏLù

«�{¢Sæ�Ç�±�� 2 GHz§�¢yé 1 GHz �°&Ò�æ�"

æ��¬�5UÌ�� ADC ��I§ADC �Ì�5Uëê�)µæ�Ç!k�

 ê ENOB (Effective Number Of Bits)!&D' SNR (Signal-to-Noise Ratio)!&D�ý

' SINAD (Signal-to-Noise Plus Distortion Ratio)!Ã,ÑÄ��� SFDR (Spurious-Free

Dynamic Range) Úo�Å�ýTHD (Total Harmonic Distortion) �"~^�ÿÁ�{´é

æ�êâ?1 FFT§3ª�éADC?1Ä�5Uµ�§3ùp§·�^ENOBÚ SFDR 5

ïþ ADC �5U§Ù§5U�I�±ÏLùü��I��¼�"

ã 2 ¥� (a) Ú (b) ©O� 1 024 MHz Õáæ�ÚVÏ��Oæ��ª (��uüÏ�

2 048 MHz æ�) eé ENOB Ú SFDR �¢ÿ(J§Ñ\&Ò©O� 128 MHz(Õáæ��

ª) Ú 256 MHz(VÏ��Oæ��ª)�÷Ì�u&Ò"lãþ�±wÑ§.DÄ��±3

−70 dBc �m§SFDR U�� −55 ∼ −54 dBc§ENOB 3 6.5∼6.7 �m"

ã 2 ü«�ªe� ENOB Ú SFDR

2.2 êi&Ò?n�¬

&Ò?n�¬^u?næ�þz��êi&Ò"T�¬d 4 ¡?é� FPGA |¤ 4 �

Õá�$�ü�§=ã 1 ¥� FPGA0 ) FPGA3"L 1 �Ñ
�øÀJ� 5 ± FPGA S

Ü]§̂ r��â8IA^�O�E,Ý?1ÀJ"z¡ FPGA ó��¨ªÇ�p��

500 MHz§�¿1/é ADC ÑÑ�&Ò?1¢�?n"��Nþ� FPGA ¹k 96 �¦\

ì (Xtreme DSP Slices ])§3���¨±ÏS§�±Ó��¤ 96 g¦\$�§(Ü¡S

�þ�Ü6�ü�§±9Xilinx úiJø�õ« IP Ø§��¤E,�Ü6Ú$�"

FPGA � ADC �ë�§��Ñæ^¿é(�§=ADC �ÑÑÓ�°Äõ¡ FPGA �
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L 1 êâ?n�¬ FPGA .Ò9SÜ] [5]

Device Name
XC4V XC4V XC4V XC4V XC4V

LX40 LX60 LX80 LX100 LX160

Package FF1148

Configurable

Logic Blocks

(CLBs)

Array
128 @ 36 128 @ 52 160 @ 56 192 @ 64 192 @ 88

Row×Col

Logic Cells 41 472 59 904 80640 110592 152 064

Slices 18 432 26 624 35840 49 152 67584

Max Distributed
288 416 560 768 1056

RAM /Kb

Xtreme DSP Slices 64 64 80 96 96

Block RAM

Blocks

18 Kb Blocks 96 160 200 240 288

Max Block
1 728 2 880 3 600 4 320 5 184

RAM /Kb

DCMs 8 8 12 12 12

PMCDs 4 4 8 8 8

Total I/O Banks 13 13 15 17 17

User I/O 640 640 768 768 768

Ñ\§Xã 3(a) ¤«"�²�%æ^
Gé(�§= ADC �ÑÑ�°Ä1�¡ FPGA§

�Y FPGA dc�¡ FPGA °Ä§Xã 3(b) ¤«§æ^ù«(���ÏI�lADC �K

1Uå�Ä"

ã 3 ADC � FPGA �é��ª

ADC �ÑÑ>N� 15 pF§°Ä>6 ID � 12 mA[4]
§FPGA +��K1>N� 10 pF§

O� ADC �ÑÑ>{� [6]
µ

RO =
VCCO − VOH

ID

=
2.25 V − 2 V

12 mA
≈ 20.83 Ω . (1)

�ÑÑl$>²=�p>²�§K1>N�¿>~ê�µ

TRC = RO × CL , (2)
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Ù¥ RO � ADC �ÑÑ>{§CL � ADC ÑÑà�N5K1§TRC ´ÑÑà>Øl$>²

G�,�p>²� 63% ¤I�m§,�p>² 90% ��m´ TRC �ü�õ�:"��{ü

RC >´� 10%∼90% þ,�m´ RC ¦È� 2.2 �§=µ

T10%∼90% = 2.2TRC . (3)

æ^Gé(��§ CL = 10 pF + 15 pF = 25 pF ;

æ^¿é(��§ CL = 4 × 10 pF + 15 pF = 50 pF .

�\ (2)!(3) ª§��µ

æ^Gé(��§ T10%∼90% = 2.2 × RrmO × CL = 2.2 × 20.83 Ω × 25 pF ≈ 1.15 ns ;

æ^¿é(��§ T10%∼90% = 2.2 × RrmO × CL = 2.2 × 20.83 Ω × 55 pF ≈ 2.52 ns .

ADC ÑÑ�¨� 256 MHz§êâæ^DDR(Double Data Rate) �ª§=3�¨þ,÷

Úeü÷þkêâ§z�'Aêâ�±Y 1.45 ns(256 MHz �¨���±Ï)§¤±¿é(�

�þ,�m� 2.52 ns§�u 1.45 ns§ÏdØ·^uTXÚ"

dd��§Gé(�k�/£;
ADC K1°ÄUå�¯K§{z
°Ä>´¶Ó�§

G1� 4 ¡ FPGA q�±¦ 4 �$�ü�äkõ«ØÓ�êâ?n�ª—— ¿1�ª!?

é�ª±9·Ü�ª"�,§":�´w´��§Ò´êâ��z¡FPGA ��m´ØÓ

�§ØLù�":�±ÏLFPGA SÜ�êâò�5;�"

(1) ¿1�ª

3¿1�ªe§�©êâ6�gÏL$�ü�§4�$�ü��±Ó�é�©êâ?1

�Ó½öØÓ�{�?n§Xã 4(a) ¤«§·^u�{�é{ü§]Ó^�é��§�ê

âþ���A^"d�ªe§��ü�$�ü�¥��©êâ¬�3ò�§I?1ÓÚ?n"

(2) ?é�ª

3?é�ªe§z�$�ü��¤ØÓ�$�§Xã 4(b) ¤«§c�?�¤�(Jx�

��?§����?�Ñ\UY$�"ù«�ª·^u�{�E,§]Ó^�õ�A^"

(3) ·Ü�ª

·Ü�ª´cü«�ª�(Ü�A^§ã 4(c) �Ñ
���~§cü�$�ü�3?é

�ªe?1$�§$�(Jx��ü�$�ü�?1¿1$�"

2.3 ���¬

���¬�±ò&Ò?n�¬�?n(Jux��?à��½¦^ö"���¬�z�

$�ü�þk 32  êâ°Ý�Ônë�§�¬SÜ�±éù
êâ?1ÀJ5ÑÑ"$�

ü�3òêâx�e�?��ÿ§Ó���±ò$�(Jx�ÑÑ�¬"

���¬|±U©þAk�VSI-H IO§̂ uÚMark5B P¹ªà���§k;^�

��>C§ü� VSI-H ���êâDÑ�Ç�p��� 2 × 109 bit/s§Ó�ý3
Ï^�

10/100/1000 ±����§ù«���ä¢^5§�^u���êâ��"�Ä�8��

Mark5C!M�
��p�P¹��pé§�î���ÑÑ�¬�3ïu¥"
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ã 4 êâ?n�ª

2.4 Ì��¬

Ì��¬��¡é^r§JøûÐ�<Å.¡§�â^r�I¦§�)�A�·-Úë

ê§é��¬?1��§Ó��é��¬?1G�iÀ§l��¬¥£Ö¿w«�«�

êâ"

Ì��¬�Ø%´ü�O�Å§ PPC K´Ì��¬ÚÙ¦�¬�m�xù�Ý�§

Xã 1 ¤«"��¡ PPC �� PCI ��§!13 cPCI o�þ¶,��¡§q©O�æ�þ

z�¬!&Ò?n�¬ÚÑÑ�¬�ë§Ù¥�æ�þz�¬�ë�´ÏLA½�n���

(�¨!êâ!¦U)§Ù¦�¬KÏLêâ//�o�ë�§êâ//�o�þ��¬§SÜþ

k�g�/��m§¤k/��m¢1Ú�Ï�"SiPPC � FPGA§Ó���â��Ü

6�E,Ý!é IO ÚI¦�§ÀJØÓNþ!ØÓ�^+�ê��¡§L 2 �Ñ
�øÀJ

� FPGA .Ò9SÜ]"

3 A ^

TM�²���éØÓU©A^�OØÓ��{§�â�{�E,§ÝÚ(�§3�¡

½õ¡ FPGA S¢y"±e�Ñ
 3 «A^§k�®²^u¢S*ÿ§k��3ïu¥"



242 U © Æ ? Ð 30ò242 U © Æ ? Ð 30ò242 U © Æ ? Ð 30ò

L 2 ���¬ FPGA .Ò9SÜ] [5]

Device Name XC4VFX20 XC4VFX40 XC4VFX60

Package FF672

Configurable

Logic Blocks

(CLBs)

Array
64 @ 36 96 @ 52 128 @ 52

Row×Col

Logic Cells 19 224 41904 56 880

Slices 8 544 18624 25 280

Max Distributed
134 291 395

RAM /Kb

Xtreme DSP Slices 32 48 128

Block RAM

Blocks

18 Kb Blocks 68 144 232

Max Block
1 224 2 592 4 176

RAM /Kb

DCMs 4 8 12

PMCDs 0 4 8

Total I/O Banks 8 12 12

User I/O 320 352 352

3.1 VLBI êiÄ�=�ì

Ä�=�ì (BBC§Base Band Convertor) ´õ�+�~^��«ò&Òlpªã

=£�$ªã���§¿�Ñk�g��°!ª:�¦"3 VLBI (Very Long Baseline

Interferometry) *ÿ¥�~^��ª´±�Ó�°Ó�éõ�ª:?1*ÿ§Ä�=�ì�

?ÖÒ´©Oòù
ª:NC�&Ò²L·ª!ÈÅ�§=£�Ä�"8c¥IVLBI ��

�� CDAS (Chinese Data Acquisition System) XÚ [7]
§�´ÄuTM�²��¤êi&Ò

?nO��"ã 5 � CDAS ��{(�§3T��¥§z¡ FPGA æ^ DDS+LPF �ª§

�¤��¥%ªÇ�·ªÚÈÅ§ÑÑ��Ä�&Ò§z¡?n�þ�ÑÑ 4 ´Ä�&Ò§

�õ¬�Ó�?n�§�ÑÑ�õ�Ä�&Ò"ã 6 ´ CDAS � ABBC (Analog Base Band

Converter) 3&D'�¡�é'"êâ5uUTC �m 2009 c 9 � 6 F?1��g�è

� d0906p �þ°)&²Ä�VLBI *ÿ§*ÿé�´à	�>OJ287"duæ^
êi

z�?n�{§¦�æ���&Ò§Ø2�ABBC @�§́ Éì�D(!§ÝCz�)��

�5�K�§lãþ�±wÑ§CDAS' ABBC &D'pÑ 25∼30 dB"&D'��u�Â

Å�(¯Ý§&D'��§̀ ²CDAS XÚéf&Ò?nUå�r"

TêiÄ�=�ì®3þ°ëì!�®��!&²Ú¿°7àHì 4 � VLBI *ÿÕ�

~$1§¿3���Òÿ;?Ö¥u�
��^"

3.2 óÀ(ªà

óÀ(u��Ë�&Ò²L(S0���*ÿU��L§¥§�3ÚÑ�A§T�A�

�k�½�°óÀ&Ò�ØÓªÇ¤©��U��mkò´§K�éóÀ(�*ÿ [8]
"

�ÚÑEâ´óÀ(*ÿ�'�Eâ§§éóÀ(*ÿXÚ�(¯ÝÚ*ÿ°Ý�'
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ã 5 êiÄ�=�ì(�µã

ã 6 êi!�[Ä�=�ì&D'é'

�"óÀ(�ÂÅ�Ì�õUÒ´�¤�ÚÑ?Ö"§é*ÿ&Ò?1Nyquist æ�§¿^

Fp�C�òæ�êâC��ª�§2�(S0�Chirp ¼ê�¦§¤�(J2�C�£�

�ÑÑ§d�=���Z�ÚÑ��óÀ(&Ò [9]
"

óÀ(&ÒÏ~�©�f§ÏdIé�ÚÑ¤�(J?1òU§=UìóÀ(±Ï?1

\\§±Jp&D'§Ó�ÏLòU�¼�½�²þÓ+"ã 7 �Ñ
óÀ(ªàÄuT

²���«¢y�ª§¿3T²�þ?1
�n5�y"

3.3 g�'ªÌ¤

g�'ªªÌ¤´ 20 V 60 c�m©§̂ u©fÌ�*ÿ�ªàXÚ�� [10]
"ù«

XÚ©EÇp§Ó��BuUC©EÇ§�3©�ÅÚf�Åã��2�A^"&Ò�æ�!

þz!ò´§,�x�¦{ì§O�Ñg�'¼ê§2?1Fp�C�§��&Ò�õÇÌ"
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ã 7 óÀ(ªàêâ?n(�µã

e FPGA Nþv
�§�æ�¿1?n�ª§±Jp©Û�°"

4 o (

�>U©p�êâæ8�?n²�´·IU©ªàêiz��g�ÿ}Á§3êizª

àEâuÐ�¡kX�¿Â"�X�ÆÚEâ�?Ú§��¡é*ÿ�ª��¦�5�õ

�z§é°Ý��¦�5�p§éªà��¦�k¤ØÓ¶,��¡��5U!(¹5�3

�A/ØäJ,§ªu�Åõ^"ü�¡�pr?§QU÷v�Æ¢��8�§qU¦��

Õ�����±{z§Jp��|^Ç"T²�3U©ªà+��då§k�u?�Úmu

Ú|^"

ë�©zµ
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The Design and Application of High Speed Data Acquisition

and Processing Platform for Radio Astronomy

ZHU Ren-jie, XIANG Ying, WU Ya-jun, LUO Jin-tao, ZHANG Xiu-zhong

(Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China)

Abstract: Different applications need different equipments. The constructions of these

equipments are mostly similar while parameters are different. So it is possible to design

a general purpose hardware platform for these applications. After that we only need to

download different software according to the application.

The platform described in this paper is designed for multi-purpose. It is based on cPCI

bus interface and composed of a broadband ADC which can achieve 2G samplings per second

and several high performance FPGAs used for controlling and data processing. Considering

the capability of the driver, a special construction is adopted between the ADC and FPGAs

responsible for data processing. Also the theoretical analysis of the reasons is made in the

paper.

Several applications are described in the paper, such as CDAS (Chinese Data Acquisition

System) used in VLBI, pulsar receiver and autocorrelation spectral analyzer used in single

dish applications. One of them is applied and others are developing now. These applications

are just for example but not limited to.

Key words: radio astronomy; general; broadband; high speed


