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C H A P T E R  F O U R :  Understand and Manage Waveforms

In this chapter, see how

½ To learn how waveforms are structured

½ To inspect waveform contents

½ To transfer waveforms rapidly
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C H A P T E R  F O U R  Understand and Manage Waveforms

Know Your Waveform

$�ZDYHIRUP�FDQ�EH�VDLG�WR�KDYH�WZR�PDLQ�SDUWV��7KH�ILUVW�LV�LWV�EDVLF�GDWD�DUUD\��UDZ�GDWD�YDOXHV�IURP�WKH
RVFLOORVFRSH·V�$'&V��$QDORJ�WR�'LJLWDO�&RQYHUWHUV��REWDLQHG�LQ�WKH�ZDYHIRUP·V�FDSWXUH��7KH�VHFRQG�LV�WKH
GHVFULSWLRQ�WKDW�DFFRPSDQLHV�WKLV�UDZ�GDWD��WKH�YHUWLFDO�DQG�KRUL]RQWDO�VFDOH�RU�WLPH�RI �GD\��IRU�H[DPSOH�
QHFHVVDU\�IRU�D�IXOO�XQGHUVWDQGLQJ�RI �WKH�LQIRUPDWLRQ�FRQWDLQHG�LQ�WKH�ZDYHIRUP�

<RX�FDQ�DFFHVV�WKLV�LQIRUPDWLRQ�E\�UHPRWH�FRQWURO�XVLQJ�WKH�INSPECT?�TXHU\��VHH�SDJH������ZKLFK�LQWHUSUHWV
LW�LQ�DQ�HDVLO\�XQGHUVWRRG�$6&,,�WH[W�IRUP��$QG�\RX�FDQ�UDSLGO\�WUDQVIHU�WKH�LQIRUPDWLRQ�XVLQJ�WKH
WAVEFORM?�TXHU\��VHH�SDJH������2U�ZULWH�LW�EDFN�LQWR�WKH�RVFLOORVFRSH�ZLWK�WKH�WAVEFORM�FRPPDQG��SDJH
����

<RXU�:DYHUXQQHU�RVFLOORVFRSH�FRQWDLQV�D�GDWD�VWUXFWXUH��RU�WHPSODWH��VHH�$SSHQGL[�,,���ZKLFK�SURYLGHV�D
GHWDLOHG�GHVFULSWLRQ�RI �KRZ�ZDYHIRUP�LQIRUPDWLRQ�LV�RUJDQL]HG��$OWKRXJK�D�VDPSOH�WHPSODWH�LV�SURYLGHG�ZLWK
WKLV�PDQXDO��ZH�VXJJHVW�\RX�XVH�WKH�TEMPLATE?�TXHU\�WR�DFFHVV�WKH�:DYHUXQQHU�WHPSODWH�LQ�WKH�RVFLOORVFRSH
LWVHOI ��WKH�WHPSODWH�PD\�FKDQJH�DV�\RXU�RVFLOORVFRSH·V�ILUPZDUH�LV�HQKDQFHG��

<RX�FDQ�DOVR�VWRUH�ZDYHIRUPV�LQ�SUHIRUPDWWHG�$6&,,�RXWSXW��IRU�SRSXODU�VSUHDGVKHHW�DQG�PDWK�SURFHVVLQJ
SDFNDJHV��XVLQJ�WKH�6725(�DQG�6725(B6(783�FRPPDQGV��$OVR�VHH�&KDSWHU�����´8VH�:DYHUXQQHU
ZL WK�3&�µ�RI �WKH�2SHUDWRU·V�0DQXDO�

LOGICAL DATA BLOCKS

(DFK�RI �\RXU�ZDYHIRUPV�ZLOO�QRUPDOO\�FRQWDLQ�DW�OHDVW�D�ZDYHIRUP�GHVFULSWRU�DQG�GDWD�DUUD\�EORFN��+RZHYHU�
RWKHU�EORFNV�PD\�DOVR�EH�SUHVHQW�LQ�PRUH�FRPSOH[�ZDYHIRUPV�

Waveform Descriptor block (WAVEDESC): 7KLV�LQFOXGHV�DOO�WKH�LQIRUPDWLRQ�QHFHVVDU\�WR�UHFRQVWLWXWH�WKH
GLVSOD\�RI �WKH�ZDYHIRUP�IURP�WKH�GDWD��LQFOXGLQJ��KDUGZDUH�VHWWLQJV�DW�WKH�WLPH�RI �DFTXLVLWLRQ��WKH�H[DFW�WLPH�RI
WKH�HYHQW��NLQGV�RI �SURFHVVLQJ�SHUIRUPHG��\RXU�RVFLOORVFRSH�QDPH�DQG�VHULDO�QXPEHU��WKH�HQFRGLQJ�IRUPDW�XVHG
IRU�WKH�GDWD�EORFNV��DQG�PLVFHOODQHRXV�FRQVWDQWV�

Optional User-provided Text block (USERTEXT):�8VH�WKH�WFTX�FRPPDQG�WR�SXW�D�WLWOH�RU�GHVFULSWLRQ�RI
D�ZDYHIRUP�LQWR�WKLV�EORFN��DQG�WKH�WFTX?�TXHU\�IRU�DQ�DOWHUQDWLYH�ZD\�WR�UHDG�LW��7KLV�WH[W�EORFN�FDQ�KROG�XS
WR�����FKDUDFWHUV��'LVSOD\�WKHP�DV�IRXU�OLQHV�RI ����FKDUDFWHUV�E\�VHOHFWLQJ�´Text & Timesµ�IURP�WKH�VWDWXV
PHQX��XVLQJ�:DYHUXQQHU�IURQW�SDQHO�FRQWUROV��VHH�WKH�2SHUDWRU·V�0DQXDO��

Sequence Acquisition Times block (TRIGTIME):�7KLV�LV�QHHGHG�IRU�VHTXHQFH�DFTXLVLWLRQV�WR�UHFRUG�WKH
H[DFW�WLPLQJ�LQIRUPDWLRQ�IRU�HDFK�VHJPHQW��,W�FRQWDLQV�WKH�WLPH�RI �HDFK�WULJJHU�UHODWLYH�WR�WKH�WULJJHU�RI �WKH
ILUVW�VHJPHQW��DV�ZHOO�DV�WKH�WLPH�RI �WKH�ILUVW�GDWD�SRLQW�RI �HDFK�VHJPHQW�UHODWLYH�WR�LWV�WULJJHU�

Random interleaved sampling times block (RISTIME):�7KLV�LV�UHTXLUHG�IRU�5,6�DFTXLVLWLRQV�WR�UHFRUG�WKH
H[DFW�WLPLQJ�LQIRUPDWLRQ�IRU�HDFK�VHJPHQW�
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First data array block (SIMPLE or DATA_ARRAY_1):�7KLV�LV�WKH�EDVLF�LQWHJHU�GDWD�RI �WKH�ZDYHIRUP��,W
FDQ�EH�UDZ�RU�FRUUHFWHG�$'&�GDWD�RU�WKH�LQWHJHU�UHVXOW�RI �ZDYHIRUP�SURFHVVLQJ�

Second data array block (DATA_ARRAY_2):�7KLV�LV�D�VHFRQG�GDWD�DUUD\��QHHGHG�WR�KROG�WKH�UHVXOWV�RI
SURFHVVLQJ�IXQFWLRQV�VXFK�DV�([WUHPD�RU�))7�PDWK�IXQFWLRQV�

E X T R E M A F F T

DATA_ARRAY_1 5RRI �WUDFH 5HDO�SDUW

DATA_ARRAY_2 )ORRU�WUDFH ,PDJLQDU\�SDUW

NOTE: The Waverunner template
also describes an array named DUAL.
But this is simply a way to allow the
INSPECT? command to examine the
two data arrays together.

INSPECT WAVEFORM CONTENTS

8VH�WKH�INSPECT?�TXHU\�WR�H[DPLQH�WKH�FRQWHQWV�RI �\RXU�ZDYHIRUP��<RX�FDQ�XVH�LW�RQ�ERWK�RI �WKH�PDLQ
ZDYHIRUP�SDUWV��,WV�PRVW�EDVLF�IRUP�LV��INSPECT? “name” ��WKH�WHPSODWH�JLYLQJ�\RX�WKH�QDPH�RI �D
GHVFULSWRU�LWHP�RU�GDWD�EORFN��7KH�DQVZHU�LV�UHWXUQHG�DV�D�VLQJOH�VWULQJ��EXW�PD\�FRYHU�PDQ\�OLQHV��6RPH�W\SLFDO
GLDORJXH�IROORZV�

4XHVWLRQ C1:INSPECT? “VERTICAL_OFFSET”

5HVSRQVH C1:INSP “VERTICAL_OFFSET: 1.5625e −03”

4XHVWLRQ C1:INSPECT? “TRIGGER_TIME”

5HVSRQVH C1:INSP “ TRIGGER_TIME: Date = FEB 17, 1994, Time =  4: 4:29.5580”

<RX�FDQ�DOVR�XVH�,163(&7"�WR�SURYLGH�D�UHDGDEOH�WUDQVODWLRQ�RI �WKH�IXOO�ZDYHIRUP�GHVFULSWRU�EORFN�XVLQJ
INSPECT? “WAVEDESC”��$JDLQ��WKH�WHPSODWH�ZLOO�JLYH�\RX�WKH�GHWDLOV�IRU�LQWHUSUHWDWLRQ�RI �HDFK�RI �WKH
SDUDPHWHUV��8VH��WRR��INSPECT? “SIMPLE” WR�H[DPLQH�WKH�PHDVXUHG�GDWD�YDOXHV�RI �D�ZDYHIRUP��)RU�DQ
DFTXLVLWLRQ�ZLWK����SRLQWV��IRU�H[DPSOH�

INSPECT? “SIMPLE”
C1:INSP “

0.0005225 0.0006475 −0.00029 −0.000915 2.25001E −0 0.000835
0.0001475 −0.0013525 −0.00204 −4E−05 0.0011475 0.0011475

−0.000915 −0.00179 −0.0002275 0.0011475 0.001085 −0.00079
−0.00179 −0.0002275 0.00071 0.00096 −0.0003525 −0.00104

0.0002725 0.0007725 0.00071 −0.0003525 −0.00129 −0.0002275
0.0005225 0.00046 −0.00104 −0.00154 0.0005225 0.0012725
0.001335 −0.0009775 −0.001915 −0.000165 0.0012725 0.00096

−0.000665 −0.001665 −0.0001025 0.0010225 0.00096 −0.0003525
−0.000915 8.50001E −0 0.000835 0.0005225
“
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7KH�QXPEHUV�LQ�WKH�WDEOH�DERYH�DUH�WKH�IXOO\�FRQYHUWHG�PHDVXUHPHQWV�LQ�YROWV��:KHQ�WKH�GDWD�EORFN�FRQWDLQV
WKRXVDQGV�RI �LWHPV�WKH�VWULQJ�ZLOO�FRQWDLQ�D�JUHDW�PDQ\�OLQHV�

'HSHQGLQJ�RQ�WKH�DSSOLFDWLRQ��\RX�PD\�SUHIHU�WKH�GDWD�LQ�LWV�UDZ�IRUP��ZLWK�HLWKHU�D�%<7(����ELWV��RU�D
:25'�����ELWV��IRU�HDFK�GDWD�YDOXH��,Q�WKDW�FDVH��XVH�WKH�UHODWLRQV�INSPECT? “SIMPLE”,BYTE ZLWK
WAVEFORM?��7KH�H[DPLQDWLRQ�RI �GDWD�YDOXHV�IRU�ZDYHIRUPV�ZLWK�WZR�GDWD�DUUD\V�FDQ�EH�SHUIRUPHG�DV
IROORZV�

INSPECT? “DUAL” � WR�JHW�SDLUV�RI �GDWD�YDOXHV�RQ�D�VLQJOH�OLQH

INSPECT? “DATA_ARRAY_1” � WR�JHW�WKH�YDOXHV�RI �WKH�ILUVW�GDWD�DUUD\

INSPECT? “DATA_ARRAY_2” WR�JHW�WKH�YDOXHV�RI �WKH�VHFRQG�GDWD�DUUD\�

INSPECT?�KDV�LWV�OLPLWDWLRQV��LW�LV�XVHIXO��EXW�DOVR�ZRUG\��$V�D�TXHU\�RQO\��INSPECT?�FDQQRW�EH�XVHG�WR�VHQG
D�ZDYHIRUP�EDFN�WR�WKH�RVFLOORVFRSH��,I �\RX�ZDQW�WR�GR�WKLV�DQG�\RX�ZDQW�WKH�LQIRUPDWLRQ�TXLFNO\��\RX�VKRXOG
LQVWHDG�XVH�WAVEFORM��:LWK�WAVEFORM_SETUP�LW�LV�SRVVLEOH�WR�H[DPLQH�MXVW�D�SDUW�RI �WKH�ZDYHIRUP�RU�D
VSDUVHG�IRUP�RI �LW��6HH�WKH�IROORZLQJ�SDJHV�

,I �\RX·UH�D�%$6,&�XVHU�\RX�PLJKW�DOVR�ILQG�LW�FRQYHQLHQW�WR�XVH�INSPECT?�DQG�WAVEFORM?�WRJHWKHU�WR
FRQVWUXFW�ILOHV�FRQWDLQLQJ�D�YHUVLRQ�RI �WKH�ZDYHIRUP�GHVFULSWRU�WKDW�ERWK�\RX�DQG�%$6,&�FDQ�UHDG��8VLQJ�D
VWRUHG�ZDYHIRUP��WKLV�FDQ�EH�GRQH�LQ�D�IRUPDW�VXLWDEOH�IRU�UHWUDQVIHU�WR�:DYHUXQQHU�ZLWK�MC:INSPECT?
“WAVEDESC”;WAVEFORM?��DQG�WKHQ�SODFLQJ�WKH�UHVSRQVH�GLUHFWO\�LQWR�D�GLVN�ILOH�

USE THE WAVEFORM QUERY

8VH�WKH�WAVEFORM?�TXHU\�WR�WUDQVIHU�ZDYHIRUP�GDWD�LQ�EORFN�IRUPDWV�GHILQHG�E\�WKH�,(((�������VWDQGDUG�
<RX�FDQ�WKHQ�GRZQORDG�WKH�UHVSRQVH�EDFN�WR�\RXU�:DYHUXQQHU�E\�XVLQJ�WKH�WAVEFORM�FRPPDQG��$OO�\RXU
ZDYHIRUP·V�ORJLFDO�EORFNV�FDQ�EH�UHDG�ZLWK�WKH�TXHU\�C1:WAVEFORM? &RPSOHWHQHVV��DV�ZHOO�DV�WLPH�DQG
VSDFH�DUH�WKH�DGYDQWDJHV�RI �WKLV�DSSURDFK�ZKHQ�\RX�KDYH�WR�UHDG�PDQ\�ZDYHIRUPV�ZLWK�WKH�VDPH�DFTXLVLWLRQ
FRQGLWLRQV��RU�ZKHQ�\RX�DUH�LQWHUHVWHG�RQO\�LQ�ODUJH�DPRXQWV�RI �UDZ�LQWHJHU�GDWD��0RUHRYHU��\RX�FDQ�FKRRVH
DQ\�VLQJOH�EORFN�IRU�UHDGLQJ�ZLWK�D�TXHU\�VXFK�DV�C1:WAVEFORM? DAT1��6HH�3DUW�7ZR�IRU�WKH�YDULRXV�EORFN
QDPHV�

<RX�FDQ�SODFH�WKH�ELQDU\�UHVSRQVH�WR�D�TXHU\�RI �WKH
IRUP�C1:WAVEFORM?�RU�C1:WAVEFORM? ALL
LQ�D�GLVN�ILOH��WKHQ�GXPS�LW�XVLQJ�WKH�*3,%�EXV��'R
WKLV�ZLWK�GHIDXOW�VHWWLQJV�WR�VKRZ�WKH�KH[DGHFLPDO
DQG�$6&,,�IRUP��DV�RQ�WKH�IROORZLQJ�SDJH�

NNOOTTEE:: A waveform query response can easily be
a block containing over 16 million bytes if  it is in
binary format, and twice as much if  the HEX
option is used.
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BY T E  O F F S E T

N U M B E R
B I N A RY CO N T E N T S I N  HE X A D E C I M A L

ASCII  T R A N S L A T I O N

(.... = U N I N T E R E S T I N G)

C1:WFALL,#90000
00450

     WAVEDESC...
.....LECROY_2_2.
................
................
................
.LECROYLT344....

0
16

32
48
64
80
96
112
128
144
160
176
192
208
224
240
256
272
288
304
320
336
352

367
368
384
400
416
432
448
464

0
11
27
43
59
75
91
107
123
139
155
171
187
203
219
235
251
267
283
299
315
331

0
1
17
33
49
65
81
97

43 31 3A 57 46 20 41 4C 4C 2C 23 39 30 30 30 30
30 30 34 35 30

               57 41 56 45 44 45 53 43 00 00 00
00 00 00 00 00 4C 45 43 52 4F 59 5F 32 5F 32 00
00 00 00 00 00 00 01 00 00 00 00 01 5A 00 00 00
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
00 00 00 00 68 00 00 00 00 00 00 00 00 00 00 00
00 4C 45 43 52 4F 59 39 33 37 34 4C 00 00 00 00
00 37 84 09 40 00 00 00 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00 34 00 00 00 34 00 00 00
32 00 00 00 00 00 00 00 33 00 00 00 00 00 00 00
01 00 00 00 00 00 00 00 01 00 00 00 01 00 00 00
00 34 83 12 6F 3A 0D 8E C9 46 FE 00 00 C7 00 00
00 00 08 00 01 32 2B CC 77 BE 6B A4 BB 51 A0 69
BB BE 6A D7 F2 A0 00 00 00 56 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 53 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 00 00 00 00 40 3B 00
00 00 00 00 00 17 0A 05 02 07 C8 00 00 00 00 00
00 00 00 00 00 00 00 00 01 00 0E 00 04 3F 80 00
00 00 0A 00 00 3F 80 00 00 3A 0D 8E C9 00 00

                                             11
00 13 00 04 00 FA 00 09 00 16 00 0B 00 F3 00 E8
00 08 00 1B 00 1B 00 FA 00 EC 00 05 00 1B 00 1A
00 FC 00 EC 00 05 00 14 00 18 00 03 00 F8 00 0D
00 15 00 14 00 03 00 F4 00 05 00 11 00 10 00 F8
00 F0 00 11 00 1D 00 1E 00 F9 00 EA 00 06 00 1D
00 18 00 FE 00 EE 00 07 00 19 00 18 00 03 00 FA
00 0A 00 16 00 11 00

471 �7HUPLQDWRU� 0A

$ERYH � �7R � L O O X V W UD W H � WK H � F RQ W H Q W V � R I � WK H � O RJ L FD O � E O R FN V� � WK H � U H O H YDQW �SDU W V �KDYH � E H H Q � V H SDUD W HG � �7R
PDNH� F RXQW L QJ � HD V L H U � � W K H � F R U U H VS RQG LQJ �%\ W H �2I I V H W � QXPEH U L Q J �KD V �E H HQ � U H V W DU W HG � HD FK � W LPH �D �Q HZ
EOR FN�E HJ L Q V � �7KH �$6&,, � W UDQ V O D W L RQ � � RQ O \ � SDU W � R I �ZK L FK � L V � VK RZQ � �KD V �E H HQ � V LP L OD U O \ � VS O L W �DQG
K LJK O L JK W HG � � VK RZLQJ �KRZ� L W V �SD U W V � F R U U H VS RQG� W R � WK H �E L QDU \ � F RQ W H Q W V �
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On the facing page...�7KH�ILUVW����E\WHV�WUDQVODWH�LQWR�$6&,,�DQG�UHVHPEOH�WKH�VLPSOH�EHJLQQLQJ�RI �D�TXHU\
UHVSRQVH��7KHVH�DUH�IROORZHG�E\�WKH�VWULQJ�#9000000450��WKH�EHJLQQLQJ�RI �D�ELQDU\�EORFN�LQ�ZKLFK�QLQH
$6&,,�LQWHJHUV�DUH�XVHG�WR�JLYH�WKH�OHQJWK�RI �WKH�EORFN������E\WHV���7KH�ZDYHIRUP�LWVHOI �VWDUWV�LPPHGLDWHO\
DIWHU�WKLV��DW�%\WH�����7KH�YHU\�ILUVW�E\WH�LV����DV�LW�LV�IRU�WKH�ILUVW�E\WH�LQ�HDFK�EORFN�

7KH�ILUVW�REMHFW�LV�D�'(6&5,3725B1$0(��D�VWULQJ�RI ����FKDUDFWHUV�ZLWK�WKH�YDOXH�WAVEDESC�

7KHQ�����E\WHV�DIWHU�WKH�EHJLQQLQJ�RI �WKH�GHVFULSWRU��DW�%\WH�����ZH�ILQG�WKH�EHJLQQLQJ�RI �WKH�QH[W�VWULQJ��WKH
7(03/$7(B1$0(�ZLWK�WKH�YDOXH�LECROY_2_2�

6HYHUDO�RWKHU�SDUDPHWHUV�IROORZ��7KH�,167580(17B1$0(��LECROYLT344�����E\WHV�IURP�WKH�GHVFULSWRU
VWDUW��%\WH������LV�HDVLO\�UHFRJQL]DEOH��2Q�WKH�SUHFHGLQJ�OLQH�����E\WHV�DIWHU�WKH�GHVFULSWRU��%\WH������D�IRXU�E\WH
LQWHJHU�JLYHV�WKH�OHQJWK�RI �WKH�GHVFULSWRU��:$9(B'(6&5,3725� �����������$��KH[�� �����

$W����E\WHV�IURP�WKH�GHVFULSWRU�VWDUW��%\WH�����ZH�ILQG�DQRWKHU�IRXU�E\WH�LQWHJHU�JLYLQJ�WKH�OHQJWK�RI �WKH�GDWD
DUUD\��:$9(B$55$<B�� ��������������KH[�� �����

$QG�DW�����E\WHV�DIWHU�WKH�GHVFULSWRU��%\WH�������\HW�DQRWKHU�IRXU�E\WH�LQWHJHU�JLYHV�WKH�QXPEHU�RI �GDWD�SRLQWV�
:$9(B$55$<B&2817� �������������KH[�� ����

1RZ�ZH�NQRZ�WKDW�WKH�GDWD�ZLOO�VWDUW�DW�����E\WHV�IURP�WKH�GHVFULSWRU·V�EHJLQQLQJ��%\WH�������DQG�WKDW�HDFK�RI
WKH����GDWD�SRLQWV�ZLOO�EH�UHSUHVHQWHG�E\�WZR�E\WHV��7KH�ZDYHIRUP�KDV�D�WRWDO�OHQJWK�RI ������������ZKLFK�LV�WKH
VDPH�DV�WKH�$6&,,�VWULQJ�LQGLFDWHG�DW�WKH�EHJLQQLQJ�RI �WKH�EORFN��7KH�ILQDO��$�DW�%\WH�����LV�WKH�1/�FKDUDFWHU
DVVRFLDWHG�ZLWK�WKH�*3,%�PHVVDJH�WHUPLQDWRU��1/!�(2,!�

$V�WKH�H[DPSOH�ZDV�WDNHQ�XVLQJ�DQ�RVFLOORVFRSH�ZLWK�DQ�HLJKW�ELW�$'&��ZH�VHH�WKH�HLJKW�ELWV�IROORZHG�E\�D��
E\WH�IRU�HDFK�GDWD�SRLQW��+RZHYHU��IRU�PDQ\�RWKHU�NLQGV�RI �ZDYHIRUP�WKLV�VHFRQG�E\WH�ZLOO�QRW�EH�]HUR�DQG�ZLOO
FRQWDLQ�VLJQLILFDQW�LQIRUPDWLRQ��7KH�GDWD�LV�FRGHG�LQ�VLJQHG�IRUP��WZR·V�FRPSOHPHQW��ZLWK�YDOXHV�UDQJLQJ�IURP
−������ �������KH[��WR������� ��)))��KH[���,I �ZH�KDG�FKRVHQ�WR�XVH�WKH�%<7(�RSWLRQ�IRU�WKH�GDWD�IRUPDW�
WKH�YDOXHV�ZRXOG�KDYH�EHHQ�VLJQHG�LQWHJHUV�LQ�WKH�UDQJH�−���� �����KH[��WR����� ��)��KH[���7KH�$'&�YDOXHV
DUH�PDSSHG�WR�WKH�GLVSOD\�JULG�LQ�WKH�IROORZLQJ�ZD\�

½ ��LV�ORFDWHG�RQ�WKH�JULG·V�FHQWHU�D[LV

½ �����%<7(�IRUPDW��RU��������:25'�IRUPDW��LV�ORFDWHG�DW�WKH�WRS�RI �WKH�JULG

½ −�����%<7(�IRUPDW��RU�−��������:25'�IRUPDW��LV�ORFDWHG�DW�WKH�ERWWRP�RI �WKH�JULG�

INTERPRET VERTICAL DATA

.QRZLQJ�QRZ�KRZ�WR�GHFLSKHU�WKH�GDWD��\RX�PD\�ZLVK�WR�FRQYHUW�LW�WR�WKH�DSSURSULDWH�PHDVXUHG�YDOXHV��7KH
YHUWLFDO�UHDGLQJ�IRU�HDFK�GDWD�SRLQW�GHSHQGV�RQ�WKH�YHUWLFDO�JDLQ�DQG�WKH�YHUWLFDO�RIIVHW�JLYHQ�LQ�WKH�GHVFULSWRU�
)RU�DFTXLVLWLRQ�ZDYHIRUPV��WKLV�FRUUHVSRQGV�WR�WKH�YROWV�GLY�DQG�YROWDJH�RIIVHW�VHOHFWHG�DIWHU�FRQYHUVLRQ�IRU
WKH�GDWD�UHSUHVHQWDWLRQ�EHLQJ�XVHG��7KH�WHPSODWH�WHOOV�XV�WKDW�WKH�YHUWLFDO�JDLQ�DQG�RIIVHW�FDQ�EH�IRXQG�DW�%\WHV
����DQG�����DQG�WKDW�WKH\�DUH�VWRUHG�DV�IORDWLQJ�SRLQW�QXPEHUV�LQ�WKH�,(((����ELW�IRUPDW��$Q�$6&,,�VWULQJ
JLYLQJ�WKH�YHUWLFDO�XQLW�LV�WR�EH�IRXQG�LQ�9(5781,7��%\WH������7KH�YHUWLFDO�YDOXH�LV�JLYHQ�E\�WKH�UHODWLRQVKLS�
YDOXH� �9(57,&$/B*$,1�×�GDWD�−�9(57,&$/B2))6(7��ZKHUH�



P A R T  O N E :  A B O U T  R E M O T E  C O N T R O L

40 ,668('��)HEUXDU\����� /7;;;�5&0�(�5HY�$

VERTICAL_GAIN �������H−���IURP�WKH�IORDWLQJ�SRLQW�QXPEHU���������I �DW�%\WH����

VERTICAL_OFFSET ��������IURP�WKH�IORDWLQJ�SRLQW�QXPEHU��$�'��(&��DW�%\WH����

VERTICAL_UNIT 9� �YROWV�IURP�WKH�VWULQJ����������DW�%\WH����

7KHUHIRUH�

VLQFH�GDWD>�@� � )$��� �������IURP�WKH�KH[DGHFLPDO�ZRUG�)$���DW�E\WH������2YHUIORZV
WKH�PD[LPXP�����ELW�YDOXH�RI ��������VR�PXVW�EH�D�QHJDWLYH�YDOXH��8VLQJ
WKH�WZR·V�FRPSOHPHQW�FRQYHUVLRQ������−���� �−����

YDOXH>�@� −���������9�DV�VWDWHG�LQ�WKH�LQVSHFW�FRPPDQG�

,I �WKH�FRPSXWHU�RU�WKH�VRIWZDUH�DYDLODEOH�LV�QRW�DEOH�WR�XQGHUVWDQG�WKH�,(((�IORDWLQJ�SRLQW�YDOXHV��XVH�WKH
GHVFULSWLRQ�LQ�WKH�WHPSODWH�

7KH�GDWD�YDOXHV�LQ�D�ZDYHIRUP�PD\�QRW�DOO�FRUUHVSRQG�WR�PHDVXUHG�SRLQWV��),567B9$/,'B317�DQG
/$67B9$/,'B317�JLYH�WKH�QHFHVVDU\�LQIRUPDWLRQ��7KH�GHVFULSWRU�DOVR�UHFRUGV�WKH�63$56,1*B)$&725�
WKH�),567B32,17��DQG�WKH�6(*0(17B,1'(;�WR�DLG�LQWHUSUHWDWLRQ�LI �WKH�RSWLRQV�RI �WKH
WAVEFORM_SETUP�FRPPDQG�KDYH�EHHQ�XVHG�

)RU�VHTXHQFH�DFTXLVLWLRQV�WKH�GDWD�YDOXHV�IRU�HDFK�VHJPHQW�DUH�JLYHQ�LQ�WKHLU�QRUPDO�RUGHU�DQG�WKH�VHJPHQWV
DUH�UHDG�RXW�RQH�DIWHU�WKH�RWKHU��7KH�LPSRUWDQW�GHVFULSWRU�SDUDPHWHUV�DUH�WKH�:$9(B$55$<B&2817�DQG
WKH�68%$55$<B&2817��JLYLQJ�WKH�WRWDO�QXPEHU�RI �SRLQWV�DQG�WKH�QXPEHU�RI �VHJPHQWV�

)RU�ZDYHIRUPV�VXFK�DV�WKH�H[WUHPD�DQG�WKH�FRPSOH[�))7�WKHUH�ZLOO�EH�WZR�DUUD\V�³�RQH�DIWHU�WKH�RWKHU�³�IRU
WKH�WZR�RI �WKH�UHVXOW�

CALCULATE A DATA POINT’S HORIZONTAL POSITION

(DFK�YHUWLFDO�GDWD�YDOXH�KDV�D�FRUUHVSRQGLQJ�KRUL]RQWDO�SRVLWLRQ��XVXDOO\�PHDVXUHG�LQ�WLPH�RU�IUHTXHQF\�XQLWV�
7KH�FDOFXODWLRQ�RI �WKLV�SRVLWLRQ�GHSHQGV�RQ�WKH�W\SH�RI �ZDYHIRUP��(DFK�GDWD�YDOXH�KDV�D�SRVLWLRQ��L��LQ�WKH
RULJLQDO�ZDYHIRUP��ZLWK�L� ���FRUUHVSRQGLQJ�WR�WKH�ILUVW�GDWD�SRLQW�DFTXLUHG��7KH�GHVFULSWRU�SDUDPHWHU
+2581,7�JLYHV�D�VWULQJ�ZLWK�WKH�QDPH�RI �WKH�KRUL]RQWDO�XQLW�

Single Sweep waveforms: [>L@� �+25,=B,17(59$/�×�L���+25,=B2))6(7��)RU�DFTXLVLWLRQ�ZDYHIRUPV
WKLV�WLPH�LV�IURP�WKH�WULJJHU�WR�WKH�GDWD�SRLQW�LQ�TXHVWLRQ��,W�ZLOO�EH�GLIIHUHQW�IURP�DFTXLVLWLRQ�WR�DFTXLVLWLRQ
VLQFH�WKH�+25,=B2))6(7�LV�PHDVXUHG�IRU�HDFK�WULJJHU��,Q�WKH�FDVH�RI �WKH�GDWD�VKRZQ�DERYH�WKLV�PHDQV�

+25,=B,17(59$/� �H−���IURP�WKH�IORDWLQJ�SRLQW�QXPEHU����E�FF���DW�%\WH����

+25,=B2))6(7� −�����H−���IURP�WKH�GRXEOH�SUHFLVLRQ�IORDWLQJ�SRLQW�QXPEHU�EH�E�D�EE
��D����EE�DW�%\WH����

+2581,7� �6� VHFRQGV�IURP�WKH�VWULQJ����������DW�%\WH����

7KLV�JLYHV�� [>�@� −�����H−���6
[>�@� −�����H−���6�
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Sequence waveforms:�DUH�UHDOO\�PDQ\�LQGHSHQGHQW�DFTXLVLWLRQV��VR�HDFK�VHJPHQW�ZLOO�KDYH�LWV�RZQ�KRUL]RQWDO
RIIVHW��7KHVH�FDQ�EH�IRXQG�LQ�WKH�75,*7,0(�DUUD\�

)RU�WKH�Q·WK�VHJPHQW��

[>L�Q@� � +25,=B,17(59$/�×�L���75,**(5B2))6(7>Q@�

7KH�75,*7,0(�DUUD\�FDQ�FRQWDLQ�XS�WR�����VHJPHQWV�RI �WLPLQJ�LQIRUPDWLRQ�ZLWK�WZR�HLJKW�E\WH�GRXEOH
SUHFLVLRQ�IORDWLQJ�SRLQW�QXPEHUV�IRU�HDFK�VHJPHQW�

RIS (Random Interleaved Sampling) waveforms:�DUH�FRPSRVHG�RI �PDQ\�DFTXLVLWLRQV�LQWHUOHDYHG�WRJHWKHU�
7KH�GHVFULSWRU�SDUDPHWHU���5,6B6:((36�JLYHV�WKH�QXPEHU�RI �DFTXLVLWLRQV��7KH�L·WK�SRLQW�ZLOO�EHORQJ�WR�WKH
P·WK�VHJPHQW�ZKHUH�

P� �L�PRGXOR��5,6B6:((36��ZLOO�KDYH�D�YDOXH�EHWZHHQ���DQG��5,6B6:((36�−��

7KHQ�ZLWK� M� �L�−�P

[>L@� �[>M�P@� � +25,=B,17(59$/�×�M���5,6B2))6(7>P@�

ZKHUH�WKH�5,6B2))6(7V�FDQ�EH�IRXQG�LQ�WKH�5,67,0(�DUUD\��7KHUH�FDQ�EH�XS�WR�����HLJKW�E\WH�GRXEOH
SUHFLVLRQ�IORDWLQJ�SRLQW�QXPEHUV�LQ�WKLV�EORFN��7KH�LQVWUXPHQW�WULHV�WR�JHW�VHJPHQWV�ZLWK�WLPHV�VXFK�WKDW�
5,6B2))6(7>L@�≅�3,;(/B2))6(7����L�−������×�+25,=B,17(59$/�

7KXV��WDNLQJ�DV�DQ�H[DPSOH�D�5,6�ZLWK��5,6B6:((36� �����+25,=B,17(59$/� ���QV��DQG
3,;(/B2))6(7� ������ZH�PLJKW�ILQG�IRU�D�SDUWLFXODU�HYHQW�WKDW�

5,6B2))6(7>�@� �−����QV 5,6B2))6(7>�@� �����QV

5,6B2))6(7>�@� �����QV 5,6B2))6(7>�@� �����QV

5,6B2))6(7>�@� �����QV 5,6B2))6(7>�@� �����QV

5,6B2))6(7>�@� �����QV 5,6B2))6(7>�@� �����QV

5,6B2))6(7>�@� �����QV 5,6B2))6(7>�@� �����QV

DQG�WKHUHIRUH�

[>�@� � 5,6B2))6(7>�@� �−����QV

[>�@� � 5,6B2))6(7>�@� ������QV
���
[>�@� �� 5,6B2))6(7>�@� �����QV

[>��@� � ��QV�×�������−����� �����QV

[>��@� � ��QV�×���������� ������QV
���
[>��@� � ��QV������������ ������QV

[>��@� � ��QV���������−����� ������QV�
���
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USE THE WAVEFORM COMMAND

:DYHIRUPV�\RX�UHDG�ZLWK�WKH�:$9()250"�TXHU\��SDJH����
FDQ�EH�VHQW�EDFN�LQWR�\RXU�:DYHUXQQHU�RVFLOORVFRSH�XVLQJ
WAVEFORM�DQG�UHODWHG�FRPPDQGV��6LQFH�WKH�GHVFULSWRU
FRQWDLQV�DOO�RI �WKH�QHFHVVDU\�LQIRUPDWLRQ��\RX�QHHG�QRW�EH
FRQFHUQHG�ZLWK�DQ\�RI �WKH�FRPPXQLFDWLRQ�IRUPDW�SDUDPHWHUV�
7KH�RVFLOORVFRSH�ZLOO�OHDUQ�DOO�LW�QHHGV�WR�NQRZ�IURP�WKH
ZDYHIRUP�

TTIIPP:: Because waveforms can only be sent
back to Waverunner memory traces (M1,
M2, M3, M4), consider removing or
changing the prefix (C1 or CHANNEL_1)
in the response to the WF? query. See
Part Two for examples.

7R�HQVXUH�WKDW�WKH�GHVFULSWRU�LV�FRKHUHQW��KRZHYHU��ZKHQ�\RX�V\QWKHVL]H�ZDYHIRUPV�IRU�GLVSOD\�RU�FRPSDULVRQ
UHDG�RXW�D�ZDYHIRUP�RI �WKH�DSSURSULDWH�VL]H�DQG�WKHQ�UHSODFH�WKH�GDWD�ZLWK�WKH�GHVLUHG�YDOXHV�

+HUH�DUH�DPRQJ�WKH�PDQ\�ZD\V�WR�XVH�WAVEFORM�DQG�LWV�UHODWHG�FRPPDQGV�WR�VLPSOLI\�RU�VSHHG�XS�ZRUN�

Partial Waveform Readout: 8VH�WAVEFORM_SETUP�WR�VSHFLI\�D�VKRUW�SDUW�RI �D�ZDYHIRUP�IRU�UHDGRXW��DV
ZHOO�DV�WR�VHOHFW�D�VSDUVLQJ�IDFWRU�IRU�UHDGLQJ�HYHU\�Q·WK�GDWD�SRLQW�RQO\�

Byte Swapping: 7KH�COMM_ORDER�FRPPDQG�DOORZV�\RX�WR�VZDS�WZR�E\WHV�RI �GDWD�SUHVHQWHG�LQ����ELW�ZRUG
IRUPDW��LQ�WKH�GHVFULSWRU�RU�LQ�WKH�WKH�GDWD�WLPH�DUUD\V��ZKHQ�VHQGLQJ�WKH�GDWD�YLD�*3,%�RU�56�����&�SRUWV�
'HSHQGLQJ�RQ�WKH�FRPSXWHU�V\VWHP�XVHG��WKLV�ZLOO�DOORZ�HDVLHU�GDWD�LQWHUSUHWDWLRQ��)RU�,QWHO�EDVHG�FRPSXWHUV�
\RX�VKRXOG�VHQG�WKH�GDWD�ZLWK�WKH�/6%�ILUVW��WKH�FRPPDQG�VKRXOG�EH�CORD LO��)RU�0RWRUROD�EDVHG
FRPSXWHUV��VHQG�WKH�GDWD�ZLWK�WKH�06%�ILUVW��CORD HI��³�WKH�GHIDXOW�DW�SRZHU�XS�

NNOOTTEE:: Data written to Waverunner hard disk or floppy drive, or to the optional PC memory card
drive, will always remain in LSB first, the default DOS format. Thus you cannot use the CORD
command in these cases, as it is only for data sent via the GPIB and RS-232-C ports.

Data Length, Block Format, and Encoding��COMM_FORMAT�JLYHV�\RX�FRQWURO�RYHU�WKHVH�SDUDPHWHUV�
,I �\RX�GR�QRW�QHHG�WKH�H[WUD�SUHFLVLRQ�RI �WKH�ORZHU�RUGHU�E\WH�RI �WKH�VWDQGDUG�GDWD�YDOXH��WKH�%<7(�RSWLRQ
ZLOO�HQDEOH�\RX�WR�VDYH�E\�D�IDFWRU�RI �WZR�WKH�DPRXQW�RI �GDWD�WUDQVIHUUHG�RU�VWRUHG��,I �WKH�FRPSXWHU�\RX�DUH
XVLQJ�FDQQRW�UHDG�ELQDU\�GDWD��WKH�+(;�RSWLRQ�DOORZV�D�UHVSRQVH�IRUP�LQ�ZKLFK�WKH�YDOXH�RI �HDFK�E\WH�LV�JLYHQ
E\�D�SDLU�RI �KH[DGHFLPDO�GLJLWV�

Data-Only Transfers��COMM_HEADER OFF�HQDEOHV�D�UHVSRQVH�WR�WF? DAT1�ZLWK�GDWD�RQO\��WKH�C1:WF
DAT1�ZLOO�GLVDSSHDU���,I �\RX�KDYH�DOVR�VSHFLILHG�COMM_FORMAT OFF,BYTE,BIN��WKH�UHVSRQVH�ZLOO�EH
GDWD�E\WHV�RQO\��WKH�#90000nnnnn�ZLOO�GLVDSSHDU�³�VHH�SDJH�����

Formatting for RS-232-C Users: 7KH�&200B56����FRPPDQG�FDQ�DVVLVW�E\�VSOLWWLQJ�WKH�YHU\�ORQJ�:)"
UHVSRQVH�LQWR�LQGLYLGXDO�OLQHV�
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Transfer Waveforms at High Speed

<RX�PXVW�WDNH�VHYHUDO�LPSRUWDQW�IDFWRUV�LQWR�DFFRXQW�LI �\RX�ZLVK�WR�DFKLHYH�PD[LPXP��FRQWLQXRXV�GDWD
WUDQVIHU�UDWHV�IURP�\RXU�:DYHUXQQHU�RVFLOORVFRSH�WR�WKH�H[WHUQDO�FRQWUROOHU��7KH�VLQJOH�PRVW�LPSRUWDQW�RI
WKHVH�LV�WR�OLPLW�WKH�DPRXQW�RI �ZRUN�GRQH�LQ�WKH�FRPSXWHU��7KLV�PHDQV�WKDW�\RX�VKRXOG�DYRLG�ZULWLQJ�GDWD�WR
GLVN�ZKHUHYHU�SRVVLEOH��PLQLPL]H�RSHUDWLRQV�VXFK�DV�SHU�GDWD�SRLQW�FRPSXWDWLRQV��DQG�UHGXFH�WKH�QXPEHU�RI
FDOOV�WR�WKH�,�2�V\VWHP��7R�GR�WKLV��\RX�FDQ�WU\�WKH�IROORZLQJ�

½ Reduce the number of  points to be transferred and the number of  data bytes per point.�7KH�SXOVH
SDUDPHWHU�FDSDELOLW\�DQG�WKH�SURFHVVLQJ�IXQFWLRQV�FDQ�VDYH�D�JUHDW�GHDO�RI �FRPSXWLQJ�DQG�D�ORW�RI �GDWD
WUDQVIHU�WLPH�LI �HPSOR\HG�FUHDWLYHO\�

½ Attempt to overlap waveform acquisition with waveform transfer.�7KH�RVFLOORVFRSH�LV�FDSDEOH�RI
WUDQVIHUULQJ�DQ�DOUHDG\�DFTXLUHG�RU�SURFHVVHG�ZDYHIRUP�DIWHU�D�QHZ�DFTXLVLWLRQ�KDV�EHHQ�VWDUWHG��7KH�WRWDO
WLPH�WKDW�:DYHUXQQHU�WDNHV�WR�DFTXLUH�HYHQWV�ZLOO�EH�FRQVLGHUDEO\�LQFUHDVHG�LI �LW�LV�REOLJHG�WR�ZDLW�IRU
WULJJHUV��OLYHWLPH��

½ Minimize the number of  waveform transfers by using Sequence mode WR�DFFXPXODWH�PDQ\�WULJJHUV
IRU�HDFK�WUDQVIHU��7KLV�LV�SUHIHUDEOH�WR�XVLQJ�WAVEFORM_SETUP�WR�UHGXFH�WKH�QXPEHU�RI �GDWD�SRLQWV�IRU
WUDQVIHU��,W�DOVR�VLJQLILFDQWO\�UHGXFHV�RVFLOORVFRSH�WUDQVIHU�RYHUKHDG��)RU�H[DPSOH��\RX�FRXOG�XVH
ARM; WAIT;C1:WF? �ZDLW�IRU�WKH�HYHQW��WUDQVIHU�WKH�GDWD��DQG�WKHQ�VWDUW�D�QHZ�DFTXLVLWLRQ���<RX
FRXOG�DOVR�´ORRSµ�WKLV�OLQH�LQ�WKH�SURJUDP�DV�VRRQ�DV�LW�KDV�ILQLVKHG�UHDGLQJ�WKH�ZDYHIRUP�


