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$EVWUDFW

,I�\RX�GHVLJQ�SURGXFWV�EDVHG�RQ
���DQG����ELW�PLFURFRQWUROOHUV�
WKLV�SUHVHQWDWLRQ�ZLOO�KHOS�\RX
JHW�\RXU�GHVLJQV�WR�PDUNHW
IDVWHU��7KLV�ZRUNVKRS�LQFOXGHV
H[WHQVLYH�KDQGV�RQ�WUDLQLQJ
XVLQJ�WKH�ODWHVW�WRROV�DQG
WHFKQLTXHV�WR�GHEXJ�PL[HG
DQDORJ�DQG�GLJLWDO�GHVLJQV
FRPPRQO\�IRXQG�LQ
PLFURFRQWUROOHU�EDVHG�V\VWHPV�

'XULQJ�WKH�SUHVHQWDWLRQ��\RX�ZLOO
OHDUQ�KRZ�WR�TXLFNO\�FDSWXUH�DQG
FKDUDFWHUL]H�PL[HG�DQDORJ�DQG
GLJLWDO�VLJQDOV�XVLQJ�D�PL[HG
VLJQDO�RVFLOORVFRSH�DQG�DQ
DGYDQFH�ORJLF�SUREH�

(YHQ�LI�\RX�GR�QRW�RZQ��RU�SODQ
WR�RZQ��WKH�SURGXFWV�\RX�ZLOO�EH
XVLQJ��ZH�EHOLHYH�WKDW�WKLV
ZRUNVKRS�ZLOO�EHQHILW�\RX�ZLWK
WLSV�RQ�XVLQJ�\RXU�FXUUHQW�VFRSH
DQG�ORJLF�DQDO\]HUV�WR�GHEXJ
PLFURFRQWUROOHU�EDVHG
GHVLJQV�

$XWKRUV�6SHDNHUV

-RKQQLH�+DQFRFN

&XUUHQW�$FWLYLWLHV�

-RKQQLH�+DQFRFN�LV�D�0DUNHWLQJ
3URJUDP�0DQDJHU�IRU�+HZOHWW�
3DFNDUG
V�(OHFWURQLF
0HDVXUHPHQWV�'LYLVLRQ��+H
EHJDQ�KLV�FDUHHU�ZLWK�+HZOHWW�
3DFNDUG�LQ������DV�DQ�HPEHGGHG
KDUGZDUH�GHVLJQHU��DQG�KROGV�D
SDWHQW�IRU�GLJLWDO�RVFLOORVFRSH
WULJJHULQJ���-RKQQLH�KDV�VLQFH
KHOG�YDULRXV�SRVLWLRQV�LQ
PDUNHWLQJ�LQFOXGLQJ�DQ
LQWHUQDWLRQDO�DVVLJQPHQW�WR
PDUNHW�RVFLOORVFRSHV�DQG�ORJLF
DQDO\]HUV�LQ�$VLD��,Q�KLV�FXUUHQW
SRVLWLRQ�DV�SURJUDP�PDQDJHU�
-RKQQLH�LV�UHVSRQVLEOH�IRU
GHYHORSLQJ�VDOHV�RI�WHVW
LQVWUXPHQWV�LQWR�WKH�HPHUJLQJ
PL[HG�VLJQDO��PLFURFRQWUROOHU�
EDVHG�GHVLJQ�PDUNHW�

$XWKRU�%DFNJURXQG�

-RKQQLH�JUDGXDWHG�IURP�WKH
8QLYHUVLW\�RI�6RXWK�)ORULGD�ZLWK
D�GHJUHH�LQ�HOHFWULFDO
HQJLQHHULQJ��,Q�KLV�VSDUH�WLPH��KH
HQMR\V�FURVV�FRXQWU\�UXQQLQJ
DQG�UHVWRULQJ�KLV���WK�FHQWXU\
9LFWRULDQ�KRPH�
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'HEXJJLQJ�0LFRFRQWUROOHU�%DVHG�'HVLJQV

:HOFRPH�WR�+HZOHWW�3DFNDUG
V�ZRUNVKRS�RQ
�'HEXJJLQJ�0LFURFRQWUROOHU�%DVHG�'HVLJQV���:H
ZRXOG�OLNH�WR�VKDUH�ZLWK�\RX�RXU�ODWHVW
LQQRYDWLRQV�LQ�KHOSLQJ�\RX�ZLWK�WKH�GHVLJQ��WHVW�
DQG�GHEXJ�RI�\RXU����DQG����ELW�PLFURFRQWUROOHU�
EDVHG�GHVLJQV��<RX�DUH�DOVR�HQFRXUDJHG�WR�DVN
TXHVWLRQV�DQG�VKDUH�\RXU�LQVLJKWV�ZLWK�XV��7KLV
ZRUNVKRS�KDV�EHHQ�VWUXFWXUHG�ZLWK�D�IRFXV�RQ
OHWWLQJ�\RX�XVH�WKH�+3�/RJLF'DUW�DQG�+3�����'
PL[HG�VLJQDO�RVFLOORVFRSH�WR�TXLFNO\�VROYH�VRPH
FRPPRQ�PHDVXUHPHQW�SUREOHPV�DVVRFLDWHG�ZLWK
���DQG����ELW�PLFURFRQWUROOHU�EDVHG�GHVLJQV�

:H�ZLOO�EHJLQ�E\�VKDULQJ�ZLWK�\RX�VRPH�LQVLJKWV
+HZOHWW�3DFNDUG�KDV�GLVFRYHUHG�DERXW�DQ
�H[SORVLRQ��LQ�GHVLJQ�DQG�SURGXFW�WHFKQRORJ\
EDVHG�RQ�PLFURFRQWUROOHUV��+3�KDV�GRQH�H[WHQVLYH
PDUNHW�UHVHDUFK�LQ�WKLV�ILHOG�WR�EHWWHU�XQGHUVWDQG
WKH�PHDVXUHPHQW�QHHGV�RI�GHVLJQHUV�RI����DQG����
ELW�PLFURFRQWUROOHU�EDVHG�SURGXFWV��:H�ZLOO�VKDUH
ZLWK�\RX�RXU�XQGHUVWDQGLQJ�RI�\RXU�XQLTXH
PHDVXUHPHQW�QHHGV��DV�ZHOO�DV�+3
V�XQLTXH
VROXWLRQV��%XW�WKH�IRFXV�RI�WRGD\
V�ZRUNVKRS�ZLOO
EH�WR�DOORZ�\RX�WR�PDNH�UHDO�KDQGV�RQ
PHDVXUHPHQWV�RQ�PLFURFRQWUROOHU�EDVHG�GHVLJQV�
:H�ZLOO�NHHS�WKH�OHFWXULQJ�WR�D�PLQLPXP�VR�WKDW
\RX�FDQ�JDLQ�SUDFWLFDO�PHDVXUHPHQW�H[SHULHQFH
WRGD\�

Debugging Microcontroller-
Based Designs

A hands-on waveform measurements workshop
for designers of microcontroller-based systems.

Presented by: Hewlett-Packard Company
                         Electronic Measurements Division

l The Electronic Explosion of the 90’s

l Understanding the Measurement Needs of the
   Microcontroller-based System Designer

l MCU-Based Design Debug Labs
  Lab #1: First-Level Hardware Debug
  Lab #2: Monitoring MCU  I/O Signals
  Lab #3: Analyzing the PWM Output
  Lab #4: Measuring the Power-Up Reset
  Lab #5: Using FFT to Discover More

 about the Clock (Optional Lab)
Lab #6: Take the Challenge!

l Wrap-Up

Debugging MCU-Based Designs

Agenda
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0LFURFRQWUROOHU�([SORVLRQ

+RZ�PDQ\�RI�\RX�DUH�FXUUHQWO\�ZRUNLQJ�RQ
GHVLJQV�ZKLFK�LQFOXGH�D�PLFURFRQWUROOHU"�,I�\RX
UH
OLNH�PRVW�V\VWHP�GHVLJQHUV��\RXU�GHVLJQ�SUREDEO\
LQFOXGHV�VRPH�W\SH�RI�PLFURFRQWUROOHU�DV�LWV�KHDUW
RI�FRQWURO��0LFURFRQWUROOHU�VKLSPHQWV�DUH�JURZLQJ
DW�VXFK�D�UDWH�WKDW�HYHQ�LQ�WKHLU�UHODWLYHO\�VKRUW
H[LVWHQFH�WKH\
YH�DOPRVW�VXUSDVVHG�WKH�WRWDO
QXPEHU�RI�0F'RQDOG
V�KDPEXUJHUV�HYHU�VROG�
7KDW
V�D�ORW�RI�EXUJHUV�IOLSSLQJ�RII�WKH�JULOO���DQG
WKDW
V�D�ORW�RI�PLFURFRQWUROOHU�EDVHG�SURGXFWV
VKLSSLQJ�RXW�RI�YDULRXV�SODQWV�DURXQG�WKH�ZRUOG�
,Q�IDFW��GLG�\RX�NQRZ�WKDW�WKH�DYHUDJH�SHUVRQ
FRPHV�LQ�FRQWDFW�ZLWK�PRUH�PLFURFRQWUROOHUV�WKDQ
SHRSOH�RQ�D�GDLO\�EDVLV��7KLV�H[SORVLRQ�LQ�WKH�XVH
RI�PLFURFRQWUROOHUV�LV�OHG�E\�WKH���ELW�YHUVLRQ�
7KHVH�GHYLFHV�DUH�XVHG�LQ�DOPRVW�HYHU\
FRQFHLYDEOH�DSSOLFDWLRQ�IURP�FRQVXPHU�SURGXFWV
WR�DXWRPRELOHV�WR�QXPHURXV�LQGXVWULDO
DSSOLFDWLRQV��$QG�FRPSHWLWLYH�IRUFHV�DUH�GULYLQJ
WKLV�WUHQG�WR�HYHQ�EURDGHU�XVDJH�

7KH�H[SORVLRQ�LQ�WKH�XVH�RI�PLFURFRQWUROOHUV�KDV
FDXJKW�+3
V�DWWHQWLRQ��2EYLRXVO\��ZH�ZRXOG�OLNH
WR�FDSWXUH�D�SLHFH�RI�WKLV�H[SORVLRQ�E\�SURYLGLQJ
EHWWHU�WHVW�VROXWLRQV�IRU�GHVLJQHUV�RI����DQG����ELW
PLFURFRQWUROOHU�EDVHG�GHVLJQV��6R�ZH�WDONHG�WR
WKRXVDQGV�RI�GHVLJQHUV�OLNH�\RXUVHOYHV�WR�EHWWHU
XQGHUVWDQG�\RXU�XQLTXH�GHVLJQV��\RXU�ZRUN
HQYLURQPHQW��DQG�\RXU�SDUWLFXODU�PHDVXUHPHQW
QHHGV��$QG�WKLV�LV�ZKDW�ZH�GLVFRYHUHG����

=

Did you know?...

Since the beginning of time, nearly as many microcontrollers
have been shipped as McDonald’s hamburgers have been served.

The Electronics Explosion

1970 1980 1990 2000
0

50

100

150

200

250

# of Microcontrollers

+RPH������

2IILFH�����

$XWR�����

3HUVRQDO����

Home 
l appliances
l telephones
l security systems
l smoke detectors
l garage door openers
l answering machines
l sprinkler controllers
l thermostats
l home computers
l stereos
l TV’s
l cable TV tuners
l VCR’s
l camcorders
l remote controls
l video games
l musical instruments
l sewing machines
l lighting control
l cameras
l exercise equipment
l electric tools

Office
l telephones
l computers
l security systems
l FAX machines
l microwaves
l copiers
l laser printers
l color printers
l TV’s
l VCR’s
l emote controls

Personal
l IC cards
l pager
l cellular phone
l entertainment
l notebook computer
l organizer (PDA)

Automobile
l trip computer
l engine control
l airbag
l ABS
l instrumentation
l security system
l transmission control
l entertainment
l climate control
l cellular phone
l keyless entry
l collision avoidance
l navigation
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�,�$P��WKH�'HVLJQ�7HDP

,I�\RX
UH�OLNH�PRVW�GHVLJQHUV�RI����DQG����ELW
PLFURFRQWUROOHU�EDVHG�SURGXFWV��\RXU�EUDLQ�KDV
MXVW�WKUHH�OREHV��$SSUR[LPDWHO\�KDOI�RI�\RXU�EUDLQ
LV�FRQVXPHG�ZLWK�VRIWZDUH�PDWWHU��,Q�RWKHU
ZRUGV��\RX�VSHQG�DSSUR[LPDWHO\�KDOI�RI�\RXU
GHVLJQ�DQG�GHEXJ�WLPH�IRFXVHG�RQ�VRIWZDUH
LVVXHV��7KH�RWKHU�WZR�OREHV�RI�\RXU�EUDLQ�GHDO
ZLWK�KDUGZDUH�LVVXHV��ERWK�DQDORJ�DQG�GLJLWDO�
$QG�RI�FRXUVH�\RXU�EUDLQ�QHYHU�KDV�WR�GHDO�ZLWK
SHUVRQDO�LVVXHV��VXFK�DV�IDPLO\�RU�KREELHV�
EHFDXVH�\RX�DUH�DOZD\V�XQGHU�D�WLPH�FUXQFK�WR
JHW�\RXU�GHVLJQ�ILQLVKHG��DQG�ZLWK�YHU\�OLWWOH�KHOS
IURP�RWKHUV��7KH�W\SLFDO�WLPH�WR�PDUNHW�IRU�DQ���
ELW�PLFURFRQWUROOHU�EDVHG�GHVLJQ�LV�OHVV�WKDQ��
PRQWKV��$QG�WKH�W\SLFDO�GHVLJQ�WHDP�FRQVLVW�RI
MXVW�RQH�RU�WZR�GHVLJQHUV��2IWHQ��<28�DUH�WKH
GHVLJQ�WHDP��<RX�GR�LW�DOO��DQDORJ�KDUGZDUH
GHYHORSPHQW��GLJLWDO�KDUGZDUH�GHYHORSPHQW�
VRIWZDUH�GHYHORSPHQW��PD\EH�HYHQ�PDUNHWLQJ�

JR�WR

LI�WKHQ

Load
store
jump
branch

101011001

Digital H/W Lobe
(30%)

 Software Lobe
(50%)

Analog H/W Lobe
(20%)

The Brain Anatomy of a Typical
MCU-based System Designer

The MCU-Based Design Team

Typical development time:
< 6 months

Typical design team size:
1 to 2 engineers
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7\SLFDO�0LFURFRQWUROOHU�%DVHG�'HVLJQ

7R�EHWWHU�XQGHUVWDQG�\RXU�PHDVXUHPHQW�QHHGV�
ZH�QHHGHG�WR�EHWWHU�XQGHUVWDQG�\RXU�SDUWLFXODU
GHVLJQV��:H�GLVFRYHUHG�WKDW�PRVW����DQG����ELW
PLFURFRQWUROOHU�EDVHG�GHVLJQV�FRQVLVW�RI�WKUHH
PDMRU�KDUGZDUH�EORFNV��7\SLFDOO\��0&8�EDVHG
GHVLJQV�VHQVH�VRPH�W\SH�RI�UHDO�ZRUOG�DQDORJ
SKHQRPHQD�ZLWK�VHQVRUV�RU�WUDQVGXFHUV��FRQYHUW
WR�GLJLWDO�IRU�SURFHVVLQJ�RU�GHFLVLRQ�PDNLQJ�E\�WKH
PLFURFRQWUROOHU��DQG�WKHQ�FRQYHUW�EDFN�WR�DQDORJ
IRU�WKH�SXUSRVH�RI�WDNLQJ�VRPH�W\SH�RI�UHDO�ZRUOG
DQDORJ�DFWLRQ��7KH�W\SH�RI�UHDO�ZRUOG�DQDORJ
SKHQRPHQD�ZH�DUH�WDONLQJ�DERXW�DUH�DFWLRQV�VXFK
DV��VRXQG��PRYHPHQW��WHPSHUDWXUH��SUHVVXUH��HWF�
$OO�RI�WKHVH�SKHQRPHQD�JHQHUDWH�UHODWLYHO\�ORZ
IUHTXHQF\�DQDORJ�VLJQDOV��+RZHYHU��WKH�0&8
EORFN�PD\�EH�FORFNLQJ�DW�VHYHUDO�PHJDKHUW]��7KLV
RIWHQ�FUHDWHV�D�PHDVXUHPHQW�SUREOHP�IRU�\RX��,I
\RX�ZDQW�WR�FURVV�FRRUHODWH�WKH�KLJKHU�VSHHG
GLJLWDO�FRQWURO�VLJQDOV�ZLWK�WKH�ORZHU�VSHHG�DQDORJ
DFWLRQ�VLJQDOV��KRZ�GR�\RX�FDSWXUH�DQG�YLHZ�ERWK
DW�WKH�VDPH�WLPH"�6R�ZH�NHSW�LQYHVWLJDWLQJ�DQG
DVNLQJ�DGGLWLRQDO�TXHVWLRQV�DERXW�\RXU
PHDVXUHPHQW�QHHGV��DQG�WKLV�LV�ZKDW�\RX�WROG�XV��
���
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0HDVXUHPHQW�7RRO�5HTXLUHPHQWV

)LUVW�RI�DOO��\RX�WROG�XV�WKDW�\RX�QHHG�D�JRRG
JHQHUDO�SXUSRVH�VFRSH�IRU�PRVW�RI�\RXU�GDLO\
PHDVXUHPHQW�QHHGV��,Q�IDFW��\RX�WROG�XV�WKDW�\RX
SUHIHU�XVLQJ�D���FKDQQHO�DQDORJ�VFRSH�EHFDXVH�RI
LWV�HDVH�RI�XVH��GLVSOD\�FRQILGHQFH��DQG�ORZHU
FRVW�

1H[W��\RX�LQIRUPHG�XV�WKDW�LQ�RUGHU�WR
VLPXOWDQHRXVO\�FDSWXUH�DQG�FRPSDUH�WKRVH
UHODWLYHO\�VORZ�DQDORJ�VLJQDOV�ZLWK�WKH�PXFK�IDVWHU
GLJLWDO�FRQWURO�VLJQDOV��\RX�QHHG��ORQJ�WLPH
FDSWXUH�FDSDELOLW\�ZLWK�KLJK�UHVROXWLRQ����+HZOHWW�
3DFNDUG�LQWHUSUHWV�WKLV�WR�PHDQ�WKDW�\RX�QHHG�DQ
LQVWUXPHQW�ZLWK�D�UHODWLYHO\�KLJK�VDPSOH�UDWH�DQG
GHHS�DFTXLVLWLRQ�PHPRU\�

<RX�DOVR�WROG�XV�WKDW�HYHQ�WKRXJK�\RX�UHO\�RQ�WKH
��FKDQQHO�VFRSH��ZKHQ�LW�FRPHV�WR�WHVWLQJ
PLFURFRQWUROOHU�EDVHG�GHVLJQV��WKH���FKDQQHO
VFRSH�ZDV�UXQQLQJ�RXW�RI�VWHDP�LQ�WHUPV�RI
QXPEHU�RI�FKDQQHOV�DQG�WULJJHULQJ�FDSDELOLW\��6R
ZH�DVNHG��ZK\�QRW�MXVW�XVH�D�ORJLF�DQDO\]HU"��<RXU
UHVSRQVH�WR�WKLV�TXHVWLRQ�ZDV���1R�WKDQNV��
7RGD\
V�ORJLF�DQDO\]HUV�DUH�WRR�GLIILFXOW�WR�XVH�DQG
FRVW�WRR�PXFK��$�ORJLF�DQDO\]HU�LV�W\SLFDOO\��RYHU�
NLOO��LQ�WHUPV�RI�WKH�PHDVXUHPHQW�SRZHU�QHHGHG
WR�WURXEOHVKRRW�D�W\SLFDO���ELW�PLFURFRQWUROOHU�
EDVHG�GHVLJQ�

Sense something
in the real world

Make a decision
Do something

in the real world

A

to

D

MCU

D

to

A

Action

Typical
Microcontroller-Based Design

Sound

Light

Pressure

Temperature

etc.̀

Real World Real World

l General-purpose scope

l Long time capture with high
   resolution

l Increased channel count

l Flexible triggering

l User-friendly controls

l Affordable

Measurement Tool Requirements
of MCU-Based System Designers



/DVWO\��\RX�WROG�XV�WKDW�QRW�RQO\�GLG�\RX�ZDQW�DOO
WKLV�PHDVXUHPHQW�SRZHU��EXW�WKDW�LW�KDG�WR�EH
HDV\�WR�XVH�DQG�QRW�FRVW�YHU\�PXFK��5HJDUGOHVV�RI
WKH�SRWHQWLDO�PHDVXUHPHQW�SRZHU�WKDW�DQ
LQVWUXPHQW�PD\�SRVVHVV��LI�D�SLHFH�RI�WHVW�JHDU�LV
IRXQG�WR�EH�KDUG�WR�XVH��WKHQ�LW�MXVW�ZRQ
W�JHW
XVHG���$QG�XQIRUWXQDWHO\�IRU�+HZOHWW�3DFNDUG�
\RXU�EXGJHWV�DUH�YHU\�WLJKW�

6R�\RX
YH�JLYHQ�XV�TXLWH�D�FKDOOHQJH��%XW�ZH
EHOLHYH�WKDW�ZH�DUH�XS�IRU�LW���6R�KHUH�LV�ZKDW
ZH
YH�FRPH�XS�ZLWK�WR�PHHW�WKH�PHDVXUHPHQW
GHPDQGV�RI����DQG����ELW�PLFURFRQWUROOHU�EDVHG
GHVLJQHUV������
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+3������'�0L[HG�6LJQDO�2VFLOORVFRSH

+3
V�VROXWLRQ"��:H�LQYHQWHG�WKH�ZRUOG
V�ILUVW
PL[HG�VLJQDO�RVFLOORVFRSH������WKH�+3������'��7KLV
SURGXFW�KDV�ZRQ�QXPHURXV�SURGXFW�LQQRYDWLRQ
DZDUGV�DQG�IHDWXUHV�

• 6XIILFLHQW�EDQGZLGWK�IRU�PRVW���ELW�DQG�PDQ\
���ELW�PLFURFRQWUROOHU�GHVLJQV

• ���FKDQQHOV�RI�ORJLF�WLPLQJ�DQDO\VLV
• 6RSKLVWLFDWHG�WULJJHULQJ�WKDW�\RX�FDQ�DFWXDOO\

XVH
• 'HHS�PHPRU\�WKDW
V�XVDEOH�EHFDXVH�RI�+3
V

H[FOXVLYH�0HJD=RRP�WHFKQRORJ\

+3
V�PL[HG�VLJQDO�RVFLOORVFRSH��RU�062��FRPELQHV
DOO�RI�WKH�EHQHILWV�RI�D�WUDGLWLRQDO�VFRSH��ZLWK
VRPH�RI�WKH�EHQHILWV�RI�D�ORJLF�DQDO\]HU��%XW
UHPHPEHU��LW
V�D�VFRSH�ILUVW��,W�ORRNV��IHHOV��DQG
UXQV�YHU\�PXFK�OLNH�\RXU�IDPLOLDU�DQDORJ�VFRSH�
$QG�\HV��ZH�UHPHPEHUHG�DERXW�\RXU�WLJKW
EXGJHWV�DV�ZHOO�

6OLGH����

7KH�+3�/RJLF'DUW

+HZOHWW�3DFNDUG
V�ODWHVW�LQQRYDWLYH�SURGXFW�IRU
WKH�PLFURFRQWUROOHU�EDVHG�V\VWHP�GHVLJQHU�LV�WKH
+3�/RJLF'DUW��7KLV�QHZ�SURGXFW�LV�WKH�ZRUOG
V
PRVW�DGYDQFHG�ORJLF�SUREH��/LNH�D�FRQYHQWLRQDO
ORJLF�SUREH��WKLV�KDQGKHOG�LQVWUXPHQW�LQGLFDWHV
ORJLF�VLJQDO�DFWLYLW\�ZLWK�EOLQNLQJ�/('
V��%XW�WKLV
LQVWUXPHQW�FDQ�DOVR�GR�D�ZKROH�ORW�PRUH�WR�KHOS
\RX�PRUH�TXLFNO\�GHEXJ�\RXU�GHVLJQV��)RU
LQVWDQFH��ZLWK�WKH�+3�/RJLF'DUW��\RX�FDQ�TXLFNO\
YHULI\�\RXU�V\VWHP
V�'&�SRZHU�VXSSOLHV��\RX�FDQ
PHDVXUH�WKH�IUHTXHQF\�RI�\RXU�V\VWHP
V�FORFN�
DQG�\RX�FDQ�HYHQ��VHH��XS�WR�WKUHH�ORJLF�WLPLQJ
ZDYHIRUPV�RQ�WKH�LQVWUXPHQW
V�/&'�GLVSOD\��,Q
DGGLWLRQ��WKLV�LQVWUXPHQW�FDQ�PDNH�VRPH�EDVLF
UHVLVWDQFH��FRQWLQXLW\��DQG�GLRGH�PHDVXUHPHQWV�

6R�OHW
V�EHJLQ�XVLQJ�WKHVH�SRZHUIXO�0&8�EDVHG
GHVLJQ�GHEXJ�LQVWUXPHQWV�LQ�RXU�KDQGV�RQ
ODEV�

The HP 54645D Mixed Signal Oscilloscope
l 2 Channels at 100 MHz
l 200 MSa/s sample rate
l 16 Logic timing channels ---
   seamlessly integrated
l Sophisticated triggering
l MegaZoom technology

À Deep memory (1 Meg)
À Responsive display and controls
À Pan and zoom

l 5 ns peak detect
l Affordable

HP’s Response to the Needs of the
MCU-Based System Designer

The Hewlett-Packard LogicDart
A handheld advanced logic probe for quick & easy turn-on and debug.

Logic Activity Indicator (LED/Beeper)
l Measures volts & frequency
l Resistance, Continuity & Diode
   tester
l 3 Channels of logic timing analysis
l Autoscale
l Flexible triggering
l Delta time cursor measurements
l New fine pitch probing system
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%$6,&�6WDPS�,,�&RPSXWHU�IURP
3DUDOOD[��,QF�

)RU�RXU�IRXU�KDQGV�RQ�ODEV�WRGD\��ZH�DUH�XVLQJ
WKH�3DUDOOD[�%DVLF�6WDPS�,,�&RPSXWHU�DV�WKH
GHYLFH�XQGHU�WHVW��'�8�7����7KH�%$6,&�6WDPS�,,�LV
D�PLQLDWXUH�PLFURFRQWUROOHU�EDVHG�VLQJOH�ERDUG
FRPSXWHU��,I�\RX�DUH�LQWHUHVWHG�LQ�SRVVLEO\�XVLQJ
WKLV�LQWHJUDWHG�FRQWURO�GHYLFH�LQ�\RXU�IXWXUH
GHVLJQV��\RX�FDQ�FRQWDFW�3DUDOOD[�\RXUVHOI�XVLQJ
WKH�LQIRUPDWLRQ�WKDW�ZH�KDYH�SURYLGHG�LQ�\RXU
KDQGRXW�

6OLGH����

+DQGV��Q�/DE�7DUJHW�6\VWHP

:H�ZLOO�LQLWLDOO\�XVH�WKH�+3�/RJLF'DUW�WR�YHULI\
SURSHU�RSHUDWLRQ�RI�WKH�SRZHU�VXSSOLHV��V\VWHP
FORFN��DQG�FKHFN�IRU�ORJLF�VLJQDO�DFWLYLW\�DW�YDULRXV
QRGHV��:H�ZLOO�WKHQ�XVH�WKH�062�WR�DQDO\]H�WKH
VLJQDO�LQ�PRUH�GHWDLO�

7KH�VFRSH
V�FKDQQHO���LQSXW�ZLOO�PRQLWRU�D
FRPSOH[�EXUVW�VLJQDO�JHQHUDWHG�E\�WKH�0&8
V
3:0�RXWSXW��7KLV�VLJQDO�LV�WKHQ�UXQ�WKURXJK�D
ORZ�SDVV�ILOWHU�DQG�ZLOO�EH�SUREHG�DW�WKLV�SRLQW�E\
WKH�VFRSH
V�FKDQQHO���LQSXW��$QG�ILQDOO\��ZH�ZLOO
PRQLWRU�WKH�RXWSXW�RI�WKH�0&8
V�,�2�SRUW�XVLQJ��
ORJLF�FKDQQHOV�RI�WKH�062�

6OLGH����

7KH�PDLQ�SXUSRVH�RI�WKLV�ODE�LV�IRU�\RX�WR�EHFRPH
IDPLOLDU�ZLWK�KRZ�WR�XVH�WKH�+3�/RJLF'DUW�WR
TXLFNO\�SHUIRUP�ILUVW�OHYHO�KDUGZDUH�GHEXJ��<RX
ZLOO�FKHFN�SRZHU�VXSSO\�YROWDJHV��PHDVXUH�WKH
V\VWHP�FORFN�IUHTXHQF\��DQG�WKHQ�PRQLWRU�YDULRXV
,�2�VLJQDOV�IRU�ORJLF�DQG�WUL�VWDWH�DFWLYLW\�

PIC16C57

CH 1
Test
Point

PWM
Output

~
CH 2
Test
Point

Low-pass
Filter

I/O PORT
RB0 - RB7

8

Program

5 Volt
Regulator

9 Volt
Battery

20 MHz
Oscillator

Hands-on Lab Target System

l Miniature PICmicro-based single-board computer

l Easy-to-learn PBASIC programming language

l 16 - I/O lines

l PWM Output

l 20-MHz clock speed

l 4000 instruction/sec

l Optional carrier board

l Low-cost development tools

Parallax Toll Free Sales: (888) 512-1024, Outside the US: (916) 624-8333
Fax: (916) 624-8003
FaxBack: (916) 624-1869
URL: http://www.parallaxinc.com

BASIC Stamp II  Computer from
Parallax, Inc.

Initial Turn-on of MCU-Based Designs

First-Level Hardware Debug

l Verifying power supply voltages

l Checking the system clock frequency

l Monitoring I/O signal activity

l Checking for tri-state conditions

Lab #1



/DE���
)LUVW�/HYHO�+DUGZDUH�'HEXJ

)LJXUH����

/DE���

���,QVWDOO�D��9�EDWWHU\�LQ�WKH�%$6,&�6WDPS�,,
PLFURFRQWUROOHU�ERDUG�

�����3UHVV�WKH�5(6(7�EXWWRQ�RQ�WKH
PLFURFRQWUROOHU�ERDUG�����$IWHU����PLQXWHV��WKH�%$6,&

6WDPS�,,�ERDUG�ZLOO�DXWRPDWLFDOO\�SRZHU�GRZQ��3UHVV�UHVHW

DJDLQ�ZKHQ�WKLV�KDSSHQV��

����&RQQHFW�SUREH��ZLWK�EURZVHU��WR�&+��VRFNHW
RQ�WKH�/RJLF'DUW�

���&RQQHFW�WKH�SUREH�JURXQG�OHDG�JUDEEHU�WR
JURXQG�ORRS��)LJXUH������QHDU�WKH�ERWWRP�RI�WKH
6WDPS�,,�ERDUG�

���3UHVV�WKH�/RJLF'DUW������ON��������NH\

���3UHVV������������ ���WR�VHOHFW��,QYHVWLJDWH��PRGH�

���0HDVXUH�WKH�EDWWHU\�'&�YROWDJH�
9�%DWW� �BBBBBBBBB��

���0HDVXUH�RXWSXW�OHYHO�RI�YROWDJH�UHJXODWRU
DW�9GG�SLQ��ILJXUH��������9GG� �BBBBBBBBBBB�

����0HDVXUH�WKH�V\VWHP�FORFN�IUHTXHQF\�
�3UREH�RQ�OHIW�VLGH�RI�607�FDSDFLWRU��
&ORFN�IUHT� �BBBBBBBBBBBBB

����'RHV�WKH�/RJLF'DUW�GHWHFW�FORFN�DFWLYLW\
�EOLQNLQJ�/('
V�"���BBBBBBBBBBB

����3UHVV�����Auto ������WR�YLHZ�WKH�V\VWHP
�������FORFN�ZDYHIRUP�

����3UREH��,�2�SLQ�3���DW�VROGHU�SRLQW�RQ�K\EULG�
DQG�WKHQ�SUHVV �����Auto���WR�YLHZ�ZDYHIRUP�
3��IUHT� �BBBBB�

����3UREH�WKH��UHG��WHVW�SRLQW�DQG�WKHQ�SUHVV
Auto����1RWLFH�WKH�WUL�VWDWH�GLVSOD\�RI�WKLV
ZDYHIRUP��

����3UHVV ��DQG� WR�FKDQJH
7,0(�',9�VFDOLQJ�RI�WKLV�GLVSOD\�

����3UHVV�� ��WR�PRYH�;�PDUNHU�WR�VHFRQG
ULVLQJ�HGJH�����3HULRG��;�2�� �BBBBBBBB��

����:KLOH�SURELQJ�WKH�UHG�WHVW�SRLQW
SUHVV SHIFT DQG�WKHQ�VHOHFW�&203$5(
PRGH�

��� 6HOHFW�WKH�1(:�VRIWNH\�DQG��WKHQ�SUHVV
���Auto����WR�VWRUH�D�UHIHUHQFH�ZDYHIRUP�LQ�WKH
FRPSDUH�UHJLVWHU�

����3UHVV���Single ���DQG�QRWH�ZKHUH�WKH�WZR
ZDYHIRUPV�GLIIHU�DV�VLJQLILHG�E\�WKH�YHUWLFDO�EDUV�

����3UHVV�����SHIFT ���DQG�WKHQ�&217,18286�WR
YLHZ�XSGDWHG�ZDYHIRUPV��1RWH�WKH�DUHDV�RI
GLIIHUHQFH�

����3UHVV���Single ��WR�VWRUH�ZDYHIRUPV�RQ�VFUHHQ
IRU�DQDO\VLV�

����3UHVV �WR�VHOHFW�WKH
',2'(�&217,18,7<�PRGHV�

����,I�',2'(�PRGH�DSSHDUV�RQ�VFUHHQ��SUHVV�WKH
&217�VRIWNH\�

����3UREH�966��,V�WKLV�SLQ�VKRUWHG�WR�JURXQG"
BBBBBB

����3UHVV���System���DQG�WKHQ�XVH� ��������DQG
VRIWNH\V�WR�FKDQJH�XVHU�SUHIHUUHG�RSWLRQV�

Reset

Clock

V Batt
V DD

Ground

P7

LogicDart Probe Points



6OLGH����

,Q�WKLV�ODE��\RX�ZLOO�EHJLQ�XVLQJ�VRPH�SRZHUIXO
FDSDELOLWLHV�RI�+3
V�PL[HG�VLJQDO�RVFLOORVFRSH�WR
KHOS�\RX�PRUH�HIILFLHQWO\�GHEXJ�\RXU
PLFURFRQWUROOHU�EDVHG�GHVLJQV��<RX�ZLOO
H[SHULHQFH�KRZ�HDV\�LW�LV�WR�VHW�XS�WKH�VFRSH�WR
YLHZ�PXOWLSOH�DQDORJ�DQG�GLJLWDO�,�2�VLJQDOV�RI�DQ
0&8�EDVHG�GHVLJQ��$QG�WKHQ�XVLQJ�WKH�VFRSH
V
SDWWHUQ�WULJJHU��\RX�ZLOO�V\QFKURQL]H�WKH�VFRSH
V
DFTXLVLWLRQ�DQG�GLVSOD\�RQ�D�XQLTXH�RXWSXW�ZRUG
RI�WKH�0&8
V�,�2�SRUW�

6OLGH����

+3������'�0L[HG�6LJQDO�2VFLOORVFRSH
)URQW�3DQHO

%HIRUH�ZH�MXPS�LQWR�WKH�KDQGV�RQ�ODEV�XVLQJ�WKH
062��OHW
V�TXLFNO\�UHYLHZ�WKH�IURQW�SDQHO�OD\RXW�RI
WKH�+3������'�PL[HG�VLJQDO�RVFLOORVFRSH��+3�KDV
GRQH�H[WHQVLYH�UHVHDUFK�FRQFHUQLQJ�WKH
LPSRUWDQFH�RI�IURQW�SDQHO�FRQWUROV��2XU
FXVWRPHUV�KDYH�LQIRUPHG�XV�WKDW�WKH\�ZDQW
GLJLWDO�VFRSHV�WKDW�ORRN�DQG�IHHO�PRUH�OLNH�DQDORJ
VFRSHV��:H�EHOLHYH�WKDW�ZH�KDYH�GRQH�D�SUHWW\
JRRG�MRE�ZLWK�WKH�������VHULHV�RI�VFRSHV��$V�\RX
FDQ�VHH�IURP�WKLV�IURQW�SDQHO�OD\RXW��WKHUH�DUH��
PDMRU�EORFNV�RI�FRQWUROV�ZKLFK�VKRXOG�ORRN�YHU\
IDPLOLDU�WR�\RX��,Q�WKH��$QDORJ��VHFWLRQ��\RX�FDQ
FRQWURO�WKH�YHUWLFDO�VFDOLQJ�RI�\RXU�ZDYHIRUPV�
MXVW�OLNH�\RX�ZRXOG�ZLWK�\RXU�DQDORJ�VFRSH��(DFK
FKDQQHO�KDV�LWV�RZQ�LQGHSHQGHQW�VHW�RI�FRQWUROV�
:LWK�WKLV�VFRSH��ZH�GR�127�PXOWLSOH[�WKH
FKDQQHO���DQG�FKDQQHO���FRQWUROV�LQWR�D�VLQJOH�VHW
RI�FRQWUROV��OLNH�VRPH�RWKHU�'62
V�RQ�WKH�PDUNHW�

:LWK�WKH��+RUL]RQWDO��VHFWLRQ�RI�FRQWUROV��\RX�FDQ
FRQWURO�WKH�WLPHEDVH�VFDOLQJ��MXVW�OLNH�WKH�DQDORJ
VFRSH��$QG�LQ�WKH��7ULJJHU��VHFWLRQ��\RX�FDQ�HDVLO\
FKDQJH�WKH�WULJJHU�OHYHO�RU�KROGRII��DJDLQ��MXVW�OLNH
\RX�ZRXOG�ZLWK�\RXU�DQDORJ�VFRSH�

7KH�RWKHU�PDMRU�EORFNV�RI�WKLV�VFRSH
V�IURQW�SDQHO
ZLOO�DOORZ�\RX�WR�FRQWURO�WKH�GLJLWDO�LQSXWV��DV�ZHOO
DV�WDNH�DGYDQWDJH�RI�WKH�GLJLWDO��SRZHU��RI�WKLV
LQVWUXPHQW��VXFK�DV�PDNLQJ�DXWRPDWLF�SDUDPHWULF
PHDVXUHPHQWV�RU�SHUPDQHQWO\�VWRULQJ�ZDYHIRUPV
DQG�VHWXSV��'XULQJ�WKH�QH[W�WKUHH�KDQGV�RQV�ODEV�
\RX�ZLOO�JHW�D�FKDQFH�WR�XVH�VRPH�RI�WKLV�GLJLWDO
SRZHU��6R�OHW
V�EHJLQ�RXU�VHFRQG�ODE�

Lab #2

Monitoring MCU-Based I/O Signals

Unleasing the Power of a
Mixed Signal Oscilloscope

l Setting up the MSO to view 10 channels
   of microcontroller I/O signals

l Triggering on an RB port output word

HP 54645D Mixed Signal Oscilloscope
Front Panel

Brightness
  Control

Calibration
Output Power Analog Channel

Inputs/Controls

Horizontal
Control

Digital Channel
Inputs/Control

Display
Measurement

Keys
Storage

Keys

Trigger
Keys



/DE���
0RQLWRULQJ�0LFURFRQWUROOHU

,�2�6LJQDOV

)LJXUH����

$� 3URELQJ�WKH�0&8�%DVHG�6\VWHP�ZLWK
WKH�062

���,QVWDOO�D��9�EDWWHU\�LQ�WKH�%$6,&�6WDPS�,,
PLFURFRQWUROOHU�ERDUG�

����3UHVV�WKH�5(6(7�EXWWRQ�RQ�WKH
PLFURFRQWUROOHU�ERDUG�

�$IWHU����PLQXWHV��WKH�%$6,&�6WDPS�,,
ERDUG�ZLOO�DXWRPDWLFDOO\�SRZHU�GRZQ�
3UHVV�UHVHW�DJDLQ�ZKHQ�WKLV�KDSSHQV��

���&RQQHFW�FKDQQHO���SUREH�WR�WKH��EOXH��WHVW
SRLQW��3:0�RXWSXW��

���&RQQHFW�FKDQQHO���SUREH�WR�WKH��UHG��WHVW�SRLQW
�5&�ILOWHUHG�RXWSXW��

���&RQQHFW�ERWK�VFRSH�JURXQG�FOLSV�WR�WKH��ODUJH�
ORRS�WHVW�SRLQW�

���&RQQHFW�ORJLF�FKDQQHOV���WKURXJK���WR�WKH�SLQV
ODEHO�3��WKURXJK�3���5%�,�2�SRUW��UHVSHFWLYHO\�RQ
WKH�PLFURFRQWUROOHU�ERDUG�DV�VKRZQ�LQ�)LJXUH�����

���&RQQHFW�WKH�ORJLF�SUREH�JURXQG�OHDG��EODFN��WR
�966��RQ�WKH�PLFURFRQWUROOHU�ERDUG�

���3UHVV����Setup�����LQ�WKH�6DYH�5HFDOO�VHFWLRQ�RI�WKH
RVFLOORVFRSH�IURQW�SDQHO�

���6HOHFW�'HIDXOW�6HWXS�XVLQJ�WKH�PHQX�VRIWNH\V
XQGHU�WKH�VFUHHQ�

)LJXUH����

%��6HWWLQJ�8S�7KH�062�)RU�0L[HG�6LJQDO
0HDVXUHPHQWV�RI�DQ�0&8�%DVHG�6\VWHP

���3UHVV���������������WR�REWDLQ�D�GLVSOD\�VLPLODU�WR
)LJXUH�����

���5RWDWH���������������DQG

�1RWH�WKH�IDVW�GLVSOD\�XSGDWH�UDWH�DQG
UHVSRQVLYHQHVV��

���5RWDWH���������������DQG

�1RWH�KRZ�WKLV�VFRSH�RSHUDWHV�VLPLODU�WR
DQ�DQDORJ�VFRSH��

Mixed-Signal Display

Auto-
Scale

Time/Div

Delay

Volts/Div
Position

Reset

D0 - D7

Ch 2

Ch 1

Ground

Ground

MSO Probe Connections



)LJXUH����

&��7ULJJHULQJ�RQ�D�8QLTXH�'LJLWDO�3DWWHUQ�RI
WKH�0&8
V�,�2�3RUW

���3UHVV������������������DJDLQ�

�����&KDQJH������������������WR���PV�GLY�

���3UHVV����������������LQ�WKH�7ULJJHU�VHFWLRQ�RI�WKH
IURQW�SDQHO�

���6HOHFW�WKH�1RUPDO�VRIWNH\�
�1RWH��7R�WULJJHU�RQ�D�VORZ�UHSHDWLQJ
WULJJHU�HYHQW��WKH�1250$/�WULJJHU�PRGH
PXVW�EH�VHOHFWHG�WR�SUHYHQW�DXWR�
WULJJHULQJ��

���3UHVV����������������������

���5RWDWH����������������FORFNZLVH�XQWLO�WKH�6RXUFH
���VRIWNH\�LQGLFDWHV�'��ELW���

���3UHVV�WKH�/�VRIWNH\�

���5RWDWH����������������FRXQWHU�FORFNZLVH�XQWLO�6RXUFH
LQGLFDWHV�'��ELW���

���3UHVV�WKH�/�VRIWNH\�DJDLQ�

����&RQWLQXH�WKLV�SURFHVV�RI�HQWHULQJ�DOO��ORZV��IRU
ELWV�'��WKURXJK�'���)LJXUH������XQWLO�\RX�KDYH
WKH�IROORZLQJ�GLJLWDO�WULJJHU�SDWWHUQ�FRQGLWLRQ
VSHFLILHG�DQG�KDYH�ORFNHG�RQ�WR�WKH�UHSHDWLQJ
GLJLWDO�SDWWHUQ�

3DWWHUQ� 
$��;;�$���'����;;;;�;;;;�////�////�'�

6OLGH����

3:0�RXWSXWV�DUH�RIWHQ�YHU\�FRPSOH[�ZDYHIRUPV�
<RX�ZLOO�XVH�WKH�062
V�3HDN�'HWHFW�PRGH�WR�PRUH
FOHDUO\�YLHZ�QDUURZ�SXOVHV�ZLWKLQ�WKH�3:0
RXWSXW�GDWD�VWUHDP���$QG�WKHQ�XVLQJ�+3
V
H[FOXVLYH�0HJD=RRP�WHFKQRORJ\��\RX�ZLOO
H[SHULHQFH�IRU�\RXUVHOI�KRZ�HDV\�LW�LV�WR��]RRP�LQ�
DQG�DQDO\]H�WKLV�FRPSOH[�VHULDO�RXWSXW�VLJQDO��<RX
ZLOO�WKHQ�KDYH�DQ�RSSRUWXQLW\�WR�XVH�VRPH�RI�WKH
VFRSH
V�DXWRPDWLF�PHDVXUHPHQWV�WR�FKDUDFWHUL]H
VRPH�RI�WKH�SXOVHV�ZLWKLQ�WKH�3:0�RXWSXW�SXOVH
WUDLQ�

Pattern Triggering

Auto-
Scale

Time/Div

Mode
Coupling

Pattern

Select

Select

l Peak detecting narrow PWM pulses

l MegaZooming on the PWM output

l Triggering on a unique PWM pulse

l Characterizing the PWM pulse train

Analyzing the PWM Output

Lab #3



/DE����
$QDO\]LQJ�WKH�0LFURFRQWUROOHU

3:0�2XWSXW

$��8VLQJ�3HDN�'HWHFW�7R�6HH�1DUURZ�3XOVHV
ZLWKLQ�WKH�3:0�2XWSXW�RI�WKH�0&8

���:LWK�WKH�062�WULJJHULQJ�RQ�WKH�,�2�SRUW�DV
GHVFULEHG�LQ�ODE�����QRWLFH�WKH��DSSDUHQW�
LQWHUPLWWHQW�SXOVHV�GLVSOD\HG�RQ�FKDQQHO���

���3UHVV

���6HOHFW�3HDN�'HW�XVLQJ�WKH�PHQX�VRIWNH\V�WR
PRUH�FOHDUO\�VHH�WKH�QDUURZ�SXOVHV�DQG�EXUVWV�RQ
FKDQQHO���

%��8VLQJ�0HJD=RRP�WR�$QDO\]H�'HWDLOV�RI
WKH�0&8
V�3:0�6HULDO�3XOVH�7UDLQ�2XWSXW

���3UHVV��������������WR��VWRS��WKH�VFRSH�

���8VH��������������DQG ���������

WR��SDQ��DQG��]RRP�LQ��RQ�WKH�QDUURZ
SXOVHV�RI�WKH�SXOVH�ZLGWK�PRGXODWHG
�3:0��VLJQDO�RI�FKDQQHO���

��+LQW��)LUVW�XVH�WKH�'HOD\�NQRE�WR�SRVLWLRQ�D
SXOVH�RU�EXUVW�DW�FHQWHU�VFUHHQ��WKHQ��]RRP�LQ�
XVLQJ�WKH�7LPH�'LY�NQRE��

)LJXUH����

&��7ULJJHULQJ�RQ�D�*OLWFK�ZLWKLQ�WKH�3:0
2XWSXW�6LJQDO

���3UHVV ���������������������

���3UHVV���������������LQ�WKH�7ULJJHU�VHFWLRQ�RI�WKH
IURQW�SDQHO�

���6HOHFW�*OLWFK�XVLQJ�WKH�PHQX�VRIWNH\V�

���3UHVV�WKH�6RXUFH�VRIWNH\�XQWLO�LW�LQGLFDWHV
$��VFRSH��

���3UHVV�WKH�3RODULW\�VRIWNH\�XQWLO�LW�LQGLFDWHV� ���������

���3UHVV�WKH�4XDOLILHU�VRIWNH\�XQWLO�LW�LQGLFDWHV�

���5RWDWH

XQWLO�WKH�WLPH�TXDOLILFDWLRQ�LQGLFDWHV�������
PV�DQG�\RXU�GLVSOD\�ORRNV�VLPLODU�WR�)LJXUH
����

���&KDQJH

WR������PV�GLY�WR�PRUH�FOHDUO\�REVHUYH�WKH
QDUURZ�SXOVH�WULJJHU�HYHQW�DW�FHQWHU�
VFUHHQ�

Display

Run
Stop

Delay

Time/Div

Glitch Triggering

Trigger Event

Advance

Auto-
Scale

Entry

Time/Div



)LJXUH����

'��0DNLQJ��7LPH��&XUVRU�0HDVXUHPHQWV

�� 3UHVV

LQ�WKH��0HDVXUH��VHFWLRQ�RI�WKH�IURQW�SDQHO�

�� 5RWDWH

WR�SRVLWLRQ�WKH�W��FXUVRU�RQ�WKH�ULVLQJ�HGJH
RI�FKDQQHO���DV�VKRZQ�LQ�)LJXUH�����

�����6HOHFW�W��XVLQJ�WKH�PHQX�VRIWNH\V�

�� 5RWDWH

WR�SRVLWLRQ�WKH�W��FXUVRU�RQ�WKH�IDOOLQJ�HGJH
RI�FKDQQHO���

�����&KDQQHO���SXOVH�ZLGWK� ��BBBBBBBBB

)LJXUH����

(��0DNLQJ��9ROWDJH��&XUVRU�0HDVXUHPHQWV

���6HOHFW�9��XVLQJ�WKH�PHQX�VRIWNH\V�

���5RWDWH

WR�SRVLWLRQ�WKH�9��FXUVRU�DW�WKH�ERWWRP�RI
&KDQQHO���DV�VKRZQ�LQ�ILJXUH����

�����6HOHFW�9��XVLQJ�WKH�PHQX�VRIWNH\V�

�� 5RWDWH

WR�SRVLWLRQ�WKH�9��FXUVRU�DW�WKH�WRS�RI
&KDQQHO���

�����&KDQQHO���9S�S� ��BBBBBBBB�'9�$��

��7R�PHDVXUH�YROWDJHV�RQ�FKDQQHO����\RX�PXVW
ILUVW�VHOHFW�WKH�6RXUFH�DV�$���WKHQ�UHSHDW�WKH
DERYH�SURFHGXUH��

)��0DNLQJ��'LJLWDO��&XUVRU�0HDVXUHPHQWV

���&KDQJH��������������WR������PV�GLY

����6HOHFW�W��XVLQJ�WKH�PHQX�VRIWNH\V�

���3UHVV�WKH�5HDGRXW�PHQX�VRIWNH\�XQWLO�LW
LQGLFDWHV�%LQDU\�

���5RWDWH������������WR�PHDVXUH�ELQDU\�SDWWHUQV�DORQJ
WKH�GLJLWDO�ZDYHIRUPV�

���:KDW�LV�WKH�ELQDU\�SDWWHUQ�DW�FHQWHU�VFUHHQ"
BBBBBBBBBBBBBBBB

*��0DNLQJ��$XWRPDWLF��3DUDPHWULF
0HDVXUHPHQWV

���3UHVV����������������LQ�WKH��0HDVXUH��VHFWLRQ�RI�WKH
IURQW�SDQHO�

���6HOHFW�9S�S�XVLQJ�WKH�PHQX�VRIWNH\V���9S�S�� 
BBBBBBBBBBBBB�

���7U\�D�IHZ�RWKHU�DXWRPDWLF�SDUDPHWULF
PHDVXUHPHQWV�

Time Cursor Measurements

Cursors

Entry

Entry

Voltage Cursor Measurements

Entry

Entry

Time/Div

Entry

Voltage



6OLGH����

0HJD=RRP�YV��WKH��.�6FRSH

:KDW�GLG�\RX�WKLQN"��:HUH�\RX�H[SHFWLQJ�WKDW
GHDOLQJ�ZLWK���0�RI�DFTXLVLWLRQ�PHPRU\�ZRXOG�EH
GLIILFXOW�DQG�VORZ"��:LWK�+3
V�H[FOXVLYH
0HJD=RRP�WHFKQRORJ\��ZH�EHOLHYH�WKDW�ZH�KDYH
PDGH�XVLQJ�WKH�GHHS�PHPRU\�LQ�WKLV�VFRSH�WR�EH
HIIRUWOHVV�DQG�SDLQOHVV��$QG�EHLQJ�DEOH�WR�FDSWXUH
DQG�YLHZ�WKH��ELJ��SLFWXUH�DORQJ�ZLWK�WKH
�GHWDLOHG��SLFWXUH�FDQ�RIWHQ�VLPSOLI\�WKH�WDVN�RI
FRUUHODWLQJ�IDVW�GLJLWDO�FRQWURO�VLJQDOV�ZLWK�WKH
W\SLFDOO\�PXFK�VORZHU�DQDORJ�DFWLRQ�VLJQDOV��,Q
DGGLWLRQ��MXVW�KDYLQJ�WKH�DELOLW\�WR�FDSWXUH�D�ORQJ
WUDFH�FDQ�RIWHQ�KHOS�\RX�GHEXJ�HOXVLYH�GHVLJQ
SUREOHPV�

,I�\RX�FRPSDUH�0HJD=RRP�WHFKQRORJ\�WR�D
WUDGLWLRQDO�VFRSH
V�DFTXLVLWLRQ��WKH�UHVXOWV�KDYH
SUHWW\�GUDPDWLF�LPSOLFDWLRQV�IRU�WKH�DPRXQW�RI
WLPH�VDYHG�WU\LQJ�WR�DQDO\]H�D�SUREOHP��8VLQJ�D
����06D�V�PD[LPXP�VDPSOH�UDWH��WKH�GLJLWL]HG
SRLQWV�DUH���QV�DSDUW��:LWK�WKH�+3������'�PL[HG
VLJQDO�RVFLOORVFRSH�DQG�LWV���0HJ�RI�PHPRU\�\RX
FDQ�GLVSOD\���QV�WLPHV�����������SRLQWV�RU���PV�RI
ZDYHIRUP�LQIRUPDWLRQ�IURP�D�VLQJOH�VKRW
DFTXLVLWLRQ�

&RQWUDVW�WKLV�ZLWK�D�W\SLFDO��.�PHPRU\�VFRSH
ZKHUH�\RX�JHW���QV�WLPHV�������SRLQWV��RU�RQO\��
�V�RI�LQIRUPDWLRQ�DW�WKH�GHWDLOHG�OHYHO��2U�\RX�FDQ
FKRRVH�WR�VFDOH�WKH�VKDOORZ�PHPRU\�VFRSH�WR
FDSWXUH�DQG�YLHZ�WKH��ELJ��SLFWXUH��EXW�ZLWK�ORVW
ZDYHIRUP�GHWDLO�EHFDXVH�RI�D�UHGXFHG�VDPSOH
UDWH��%XW�\RX�FDQ
W�JHW�ERWK�SLFWXUHV
VLPXOWDQHRXVO\�DV�\RX�FDQ�ZLWK�0HJD=RRP��:LWK
0HJD=RRP��\RX�FDQ�FDSWXUH������WLPHV�WKH
ZDYHIRUP�LQIRUPDWLRQ�RI�D
��N�VFRSH�

6OLGH����

=HURLQJ�,Q�2Q�*OLWFKHV

<RX
YH�FRPH�IDFH�WR�IDFH�ZLWK�VRPH�RI�WKH�LVVXHV
LQYROYHG�LQ�XVLQJ�PHDVXUHPHQW�WRROV�WR�JHW�D�FOHDU
SLFWXUH�RI�ZKDW
V�JRLQJ�RQ�LQ�\RXU�GHVLJQ���,I�ZH
GHILQH�D�JOLWFK�DV�DQ\�XQZDQWHG�QDUURZ�SXOVH�WKDW
KDV�WKH�DELOLW\�WR�FDXVH�XQZDQWHG�RSHUDWLRQ�LQ�WKH
V\VWHP�XQGHU�WHVW��LW�FDQ�EH�LPSRUWDQW�WR�NQRZ
KRZ�WR�WUDFN�RQH�GRZQ�

/HW
V�WDNH�D�FORVHU�ORRN�DW�WKH�WHFKQLTXHV�IRU
]HURLQJ�LQ�RQ�QDUURZ�SXOVHV��SHDN�GHWHFW�DQG
JOLWFK�WULJJHU��3HDN�GHWHFW�OHWV�\RX�6((�WKH
QDUURZ�SXOVH�RQ�WKH�GLVSOD\�EHFDXVH�LW�XVHV�PRUH
LQIRUPDWLRQ�DERXW�ZKDW�RFFXUV�EHWZHHQ�VDPSOH
FORFNV�WR�UHFRQVWUXFW�WKH�ZDYHIRUP��$QG�JOLWFK
WULJJHULQJ�DOORZV�\RX�WR�75,**(5�21�DQ
XQZDQWHG�SXOVH�WR�GHWHUPLQH�ZKHQ�LW
V�KDSSHQLQJ
DQG�ZKDW�PLJKW�EH�FDXVLQJ�LW�

MegaZoom vs. the 1K Scope
See the big picture, zoom-in on
detail, and pan through your data.

Pick your viewing mode,
THEN gather your data.

1000
detailed
windows

1  Sustained sample rate lets you see more signal detail
2  More data at once

no detail available

or

ONE of these at a time

Zeroing In On Glitches

 Glitch Detection Tools

l Use Peak Detect to SEE narrow pulses

l Use Glitch Trigger to TRIGGER ON them
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6DPSOH�5DWH�YV���7LPH�'LY�YV���0HPRU\

)LUVW�RI�DOO��OHW
V�GLVFXVV�ZK\�WKH�3HDN�'HWHFW
PRGH�LV�QHFHVVDU\�LQ�RUGHU�WR�YLHZ�QDUURZ�SXOVHV�
$V�WKLV�JUDSK�VKRZV��WKHUH�LV�D�GLUHFW�UHODWLRQVKLS
EHWZHHQ�D�GLJLWDO�VFRSHV�VDPSOH�UDWH�DQG
WLPHEDVH�VHWWLQJ��%HFDXVH�DOO�VFRSH
V�KDYH�D
OLPLWHG�DPRXQW�RI�PHPRU\��WKH\�ZLOO
DXWRPDWLFDOO\�UHGXFH�WKHLU�VDPSOH�UDWH�LI�D�ORQJ
WLPHEDVH�VHWWLQJ�LV�VHOHFWHG�E\�WKH�XVHU��%XW
ZKHQ�WKH�VFRSH
V�VDPSOH�UDWH�LV�UHGXFHG��QDUURZ
SXOVHV�FDQ�EH�PLVVHG��2QH�ZD\�WR�VROYH�WKLV
SUREOHP�LV�WR�LQFUHDVH�WKH�PHPRU\�GHSWK�RI�WKH
VFRSH��$V�\RX�FDQ�VHH�IURP�WKH�JUDSK��WKH
+3������'
V���0%�RI�PHPRU\�DOORZV�WKLV�VFRSH�WR
PDLQWDLQ�LWV�PD[LPXP�VDPSOH�IRU�PXFK�ORQJHU
WKDQ�PRVW�'62V��%XW�HYHQ�WKLV�VFRSH�PXVW�UHGXFH
LWV�VDPSOH�UDWH�ZKHQ�YHU\�VORZ�UDQJHV�DUH
VHOHFWHG��$QRWKHU�VROXWLRQ�WR�WKLV�SUREOHP�LV�WR
XVH�WKH�VFRSH
V�3HDN�'HWHFW�PRGH�

6OLGH����

3HDN�'HWHFW�'LVSOD\�0RGH

,Q�WKH�1RUPDO�GLVSOD\�PRGH�WKH�+3������'
PL[HG�VLJQDO�RVFLOORVFRSH�ZLOO�GLVSOD\�LWV�GLJLWL]HG
ZDYHIRUP�XVLQJ�RQO\�WKH�VDPSOHG�YDOXH�DW�HDFK
VDPSOH�SRLQW�WR�IRUP�D�SLFWXUH�RI�WKH�VLJQDO��$OO
GLJLWL]LQJ�VFRSHV�KDYH�PHPRU\�OLPLWDWLRQV�L�H�
WKHUH�DUH�RQO\�VR�PDQ\�WLPH��EXFNHWV��WR�ILOO�ZLWK
LQIRUPDWLRQ��\HV��OLPLWV�H[LVW�HYHQ�ZLWK���0�RI
PHPRU\�����$V�D�UHVXOW��LQIRUPDWLRQ�FDQ�EH
�PLVVHG���EHWZHHQ�VDPSOHV�

,Q�WKH�3HDN�'HWHFW�GLVSOD\�PRGH��WKH��PLVVHG�
LQIRUPDWLRQ�LV�FROOHFWHG�E\�KDYLQJ�WKH�VDPSOHU
DOZD\V�UXQ�DW�PD[LPXP�VSHHG������06D�V���EXW
RQO\�VWRUH�WKH�PLQ�DQG�PD[�H[FXUVLRQ�YDOXHV�IRU
HDFK�WLPH��EXFNHW���,Q�RWKHU�ZRUGV��UDWKHU�WKDQ
VWRULQJ�DOO�VDPSOHV��LQ�WKH�3HDN�'HWHFW�PRGH�WKH
VFRSH�VHOHFWLYHO\�VWRUHV�WKH�PRVW�LPSRUWDQW
ZDYHIRUP�LQIRUPDWLRQ��7KLV�LQIRUPDWLRQ�LV�WKHQ
XVHG�LQ�GHYHORSLQJ�D�EHWWHU�SLFWXUH�RI�WKH
ZDYHIRUP��%\�WKH�ZD\��WKHVH�QDUURZ�SXOVHV�DUH
RIWHQ�FRPSOHWHO\�LQYLVLEOH�RQ�WUDGLWLRQDO�DQDORJ
VFRSHV��VR�WKLV�LV�RQH�DGYDQWDJH�RI�WKH�GLJLWL]LQJ
WHFKQRORJ\�

Peak Detect "Sees All"

Sample Clock

Sample Clock

Without Peak Detect

With Peak Detect

Sample Rate vs, Time/Div vs, Memory
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+3������'�*OLWFK�7ULJJHULQJ�2SWLRQV

3HDN�'HWHFW�LV�YHU\�SRZHUIXO�IRU�YLHZLQJ�JOLWFKHV
DQG�QDUURZ�SXOVHV��%XW�ZKDW�LI�WKH�JOLWFK�LV
LQWHUPLWWHQW"�7ULJJHULQJ�RQ�WKH�QDUURZ�SXOVH�PD\
EH�WKH�ULJKW�FKRLFH��7KH�+3������'�PL[HG�VLJQDO
RVFLOORVFRSH�DOORZV�\RX�WR�WULJJHU�RQ�SXOVHV�ZKLFK
ODVW�IRU��OHVV�WKDQ��D�VSHFLILHG�DPRXQW�RI�WLPH�
6RPHWLPHV�SXOVHV�FDQ�EH�WRR�ZLGH�DQG�FDXVH
SUREOHPV��,I�WKLV�LV�WKH�FDVH��\RX�FDQ�VSHFLI\�IRU
WKH�VFRSH�WR�WULJJHU�LI�LW�GHWHFWV�D��JUHDWHU�WKDQ�
WLPH�YLRODWLRQ��<RX�FDQ�DOVR�VSHFLI\�D�WLPH�UDQJH�
7KLV�FDQ�EH�YHU\�XVHIXO�LI�\RX�DUH�DWWHPSWLQJ�WR
V\QFKURQL]H�WKH�VFRSH�RI�D�XQLTXH�SXOVH�

6OLGH����

1RZ�WKDW�\RX�DUH�IDPLOLDU�ZLWK�WKH�EDVLF�XVH�RI
WKLV�VFRSH��OHW
V�WU\�D�YHU\�SUDFWLFDO�KDQGV�RQ�ODE�
,Q�WKLV�ODE�\RX�ZLOO�VHW�XS�WKH�VFRSH�WR�WDNH�D
VLQJOH�VKRW�DFTXLVLWLRQ�RI�WKH�SRZHU�XS�F\FOH�RI
WKH�WDUJHW�V\VWHP��<RX�ZLOO�WKHQ�XVH�0HJD=RRP�WR
�]RRP�LQ��DQG�PHDVXUH�WKH�V\VWHP
V�UHVHW�WLPH�

HP 54645D
Glitch Triggering Options

l Trigger if Pulse "Less Than”
   Specified Time Duration

l Trigger if Pulse "Greater Than”
   Specified Time Duration

l Trigger if Pulse "Within”
   Specified Time Duration

Lab #4

Measuring Power-Up Reset

Capturing the MCU Reset
Sequence

l Setting up for a single-shot acquisition

l Zooming-in to analyze the results

l Measuring the "reset time"



/DE�����
0HDVXULQJ�3RZHU�8S�5HVHW

)LJXUH����

���7R�EHJLQ�WKLV�ODE��VFRSH�SUREHV�PXVW�EH
FRQQHFWHG�DV�GHVFULEHG�DW�WKH�EHJLQQLQJ�RI�ODE
����
DQG�DV�VKRZQ�LQ�ILJXUH�����DERYH

���3UHVV�����������������

�1RWH��,W�LV�LPSRUWDQW�WKDW�\RX�SHUIRUP�WKLV�VWHS
EHIRUH�PRYLQJ�WKH�FKDQQHO���SUREH��

���6HW���������������DW�����PV�GLY�

���0RYH�&KDQQHO����$���SUREH�WR�WKH�SLQ�ODEHOHG
5(6�RQ�WKH�GHPR�ERDUG�DV�VKRZQ�LQ�)LJXUH���
�1RWH��'R�127�SUHVV�$XWRVFDOH�DJDLQ��

���3UHVV�����������������LQ�WKH��7ULJJHU��VHFWLRQ�RI�WKH
IURQW�SDQHO�

)LJXUH����

���6HOHFW�1RUPDO�WULJJHU�PRGH�XVLQJ�WKH�PHQX
VRIWNH\V�

�7R�FDSWXUH�WUXH�VLQJOH�VKRW�HYHQWV��\RX�PXVW
XVH�WKH�1RUPDO�WULJJHU�PRGH��

���3UHVV�WKH�5HVHW�VZLWFK�RQ�WKH�GHPR�ERDUG�DQG
KROG�LW�GRZQ��� �/('�ZLOO�H[WLQJXLVK�

���3UHVV ����������������RQ�WKH�VFRSH�ZKLOH�WKH�5HVHW
VZLWFK�LV�GHSUHVVHG�

��7KH�VFRSH�VKRXOG�QRZ�EH�VHWXS�WR�WDNH�D
VLQJOH�DFTXLVLWLRQ�RQ�WKH�QH[W�WULJJHU
HYHQW��

���5HOHDVH�WKH�5HVHW�VZLWFK�RQ�WKH�WUDLQLQJ�ERDUG�

��7KH�/('�ZLOO�OLJKW�XS�DQG�WKH�VFRSH
ZLOO�WDNH�D�VLQJOH�DFTXLVLWLRQ�RI�WKH�UHVHW
VHTXHQFH�RI�WKH�GHPR�ERDUG�DQG�\RXU
GLVSOD\�VKRXOG�ORRN�VLPLODU�WR�)LJXUH
�����

����5RWDWH�����������������ERWK�GLUHFWLRQV�WR��]RRP�LQ�
DQG��]RRP�RXW��RQ�WKH�VWRUHG�ZDYHIRUP�

����5RWDWH����������������ERWK�GLUHFWLRQV�WR��SDQ��OHIW
DQG�ULJKW�WKURXJK�WKH�VWRUHG�ZDYHIRUP�

����0HDVXUH�WKH�WLPH�IURP�ZKHQ�WKH�UHVHW�OLQH
�FKDQQHO����JRHV�KLJK�XQWLO�WKH�DQDORJ�VLJQDO
�FKDQQHO����EHJLQV�VZLWFKLQJ�RQ�FKDQQHO���
5HVHW�7LPH� ���BBBBBBBBBBB

6OLGH����

Auto-
Scale

Time/Div

Mode
Coupling

Single-Shot Capture

Single

Time/Div

Delay

Reset

D0 - D7 Ch 2

Ch 1

Ground

Ground

MSO Probe Connections

RES

Lab #5

Using FFT to Discover
More about the Clock

n Use FFT to characterize the
    system clock in the frequency
    domain

n Measure the fundamental and 2nd

   harmonic using the cursors

n Compute the total harmonic
    distortion



/DE���
8VLQJ�))7�WR�'LVFRYHU
0RUH�DERXW�WKH�&ORFN

)LJXUH����

7KLV�ODE�UHTXLUHV�DQ�RSWLRQDO�+3������%�PRGXOH�
7KLV�PRGXOH�KDV�EHHQ�LQVWDOOHG�DW�WKH�EDFN�RI�WKH
062�

���3UHVV������������������LQ�WKH�6DYH�5HFDOO�VHFWLRQ�RI
WKH�RVFLOORVFRSH�IURQW�SDQHO�

���6HOHFW�'HIDXOW�6HWXS�XVLQJ�WKH�PHQX�VRIWNH\V
XQGHU�WKH�VFUHHQ�

���'LVFRQQHFW�DOO�WKH�SUREHV�DQG�GLJLWDO�FKDQQHOV
IURP�WKH�GHPR�ERDUG�

���&RQQHFW�SUREH�JURXQG�OHDG�JUDEEHU�WR�WKH
JURXQG�ORRS�QHDU�WKH�ERWWRP�RI�WKH�GHPR�ERDUG�

����5HPRYH�WKH�KRRN�WLS�IURP�FKDQQHO�$��SUREH�

���8VH�WKH�SUREH�WLS�WR�FRQWDFW�WKH�ULJKW�VLGH�RI
WKH�ZKLWH�607�FDSDFLWRU�

���3UHVV������������������WR�REVHUYH�WKH�VLJQDO�

���3UHVV�������������������WR�VWRS�WKH�VFRSH�

1RZ�\RX�FDQ�UHPRYH�WKH�SUREH�WLS�IURP�WKH
607�FDSDFLWRU��5HVWRUH�WKH��KRRN��WLS�EDFN�WR
FKDQQHO�$��SUREH�

���'R�\RX�WKLQN�WKH�VLJQDO�LV�D�SXUH�VLQH�ZDYH"
BBBBBBBBBBBB

����3UHVV��������������������LQ�WKH��0HDVXUH��VHFWLRQ�

����6HOHFW�)UHT�LQ�WKH�VRIWNH\�PHQX���:KDW�LV�WKH
IUHTXHQF\�RI�WKH�VLJQDO"�BBBBBBBBB

����3UHVV��������������������LQ�WKH��$QDORJ��VHFWLRQ�

����6HOHFW�2Q�XQGHU�)XQFWLRQ���

�����6HOHFW�0HQX�XQGHU�)XQFWLRQ���

����3UHVV��2SHUDWLRQ�VRIWNH\�XQWLO�LW�VKRZV�))7�

�����3UHVV�))7�0HQX�VRIWNH\��3UHVV�$XWRVFDOH
))7�VRIWNH\�

����&KDQJH���������������������WR�����QV�GLY��

����3UHVV������������������WZR�WLPHV��LQ�WKH��$QDORJ�
VHFWLRQ�WR�WXUQ�RII�WKH�WLPH�GRPDLQ�GLVSOD\�

1RZ�\RX�DUH�VHHLQJ�WKH�IUHTXHQF\�VSHFWUXP
RI�WKH�VLJQDO�

����3UHVV��������������������LQ�WKH��0HDVXUH��VHFWLRQ�RI
WKH�IURQW�SDQHO�

����6HOHFW�)LQG�3HDNV�RI�WKH�VRIWNH\�PHQX�

5HFRUG�I��)��� �BBBBBBB��7KLV�LV�WKH
IXQGDPHQWDO�IUHTXHQF\�RI�WKH�VLJQDO�

5HFRUG�I��)��� �BBBBBBB��7KLV�LV�WKH��QG
KDUPRQLFV�RI�WKH�VLJQDO�

1RZ�LW�LV�FOHDU�WKDW�WKLV�VLJQDO�LV�QRW�D�SXUH
VLQH�ZDYH�

)XUWKHU�LQWHUHVWV�

,I�WLPH�LV�DOORZHG��ILQG�RXW
���WKH�WRWDO�KDUPRQLF�GLVWRUWLRQ�7+'�RI�WKH
VLJQDO��DQG
���WKH�G\QDPLF�UDQJH�RI�WKH�062�

KLQWV� ����WRWDO�KDUPRQLF�GLVWRUWLRQ

7+'� 

���ZKHUH�����9L� �UPV�YDOXH�RI�LWK�KDUPRQLF
����9I� �UPV�YDOXH�RI�IXQGDPHQWDO

���G\QDPLF�UDQJH� �WKH�GLIIHUHQFH��LQ
G%��EHWZHHQ�WKH�ODUJHVW�VLJQDO�DQG�WKH
QRLVH�IORRU

Setup

Auto-
Scale

Run
Stop

Time

+
-

Time/Div

A1

Cursors



6OLGH����

,Q�WKLV�ODE��ZH�DUH�FKDOOHQJLQJ�\RX�WR�SHUIRUP
YDULRXV�VHW�XSV�DQG�PHDVXUHPHQWV�XVLQJ�WKH
+3������'�ZLWKRXW�WKH�DLG�RI�GHWDLOHG��KRZ�WR�
LQVWUXFWLRQV�DV�LQ�WKH�ILUVW�IRXU�ODEV��8VH�ZKDW
\RX
YH�OHDUQHG�WRGD\�WR�PDNH�WKHVH
PHDVXUHPHQWV��*RRG�OXFN�

/DE���
7DNH�7KH�&KDOOHQJH�

)LJXUH����

5HFRQQHFW�DOO�SUREHV�DV�RXWOLQHG�LQ�/DE����DV
VKRZQ�LQ�)LJXUH������DQG�WKHQ�SHUIRUP�WKH
IROORZLQJ�VHW�XSV�DQG�PL[HG�VLJQDO
PHDVXUHPHQWV�XVLQJ�WKH�+3������'�PL[HG
VLJQDO�RVFLOORVFRSH�

���6HW�XS�WKH�VFRSH�WR�WULJJHU�RQ�WKH�ORQJHVW�]HUR
WLPH�RI�WKH�0&8
V�3:0�RXWSXW���+LQW��WUHDW�LW�DV
D�ZLGH�QHJDWLYH�JOLWFK��

���:KDW�WULJJHU�FRQGLWLRQ�GLG�\RX�VSHFLI\"
BBBBBBBBBBBBBBBBBBBB

���0HDVXUH�WKH�3:0�&\FOH�7LPH�
�+LQW��+RZ�RIWHQ�GRHV�WKH�3:0�VLJQDO
UHSHDW�RQ�FKDQQHO��"�7KLV�LV�DOVR�WKH
H[HFXWLRQ�WLPH�RI�WKH�0&8
V�ILUPZDUH
SURJUDP���3:0�&\FOH�7LPH� 
BBBBBBBBBBBBBBBBBBBBB

)LJXUH����

���:KDW�LV�WKH�GLJLWDO�ELQDU\�SDWWHUQ�RI�GLJLWDO
LQSXWV��'����'���GXULQJ�WKH��VW�EXUVW�DIWHU�WKH
WULJJHU�HYHQW��ILJ�����"BBBBBBBBBB

���6HW�XS�WKH�VFRSH�WR�WULJJHU�GXULQJ�WKLV�3:0
EXUVW�

���:KDW�WULJJHU�FRQGLWLRQ�GLG�\RX�VSHFLI\"
BBBBBBBBBBBBBBB

���:KDW�LV�WKH�GXW\�F\FOH�RI�PRVW�RI�WKH�SXOVHV
GXULQJ�WKLV�EXUVW"���+LQW��=RRP�LQ�RQ�WKH�EXUVW�
BBBBBBBBBBBBBB

���)XOO\�FKDUDFWHUL]H�WKH�ODVW�SXOVH�RI�WKLV�EXUVW�WR
GHWHUPLQH�WKH�IROORZLQJ�SDUDPHWHUV�

3XOVH�:LGWK� �BBBBBBB
5LVH�7LPH� �BBBBBBB
)DOO�7LPH� �BBBBBB
9S�S� �BBBBBBBB

���$VVLJQ�ODEHOV�WR�WKH�062�LQSXWV�XVLQJ�WKH
GHIDXOW�ODEHOV��3:0�	�5%
��IRXQG�LQ�WKH�/$%(/6
PHQX�

1st Burst

Characterizing the Burst

Lab #6

Take The Challenge!

Use what you’ve learned today to
set up the MSO to perform various
mixed analog & digital measurements
without the aid of "how to" instructions.

Reset

D0 - D7
Ch 2

Ch 1

Ground

Ground

Connections for “Challenge”



6OLGH����

$GYDQFHG�3DWWHUQ�7ULJJHU

,Q�WRGD\
V�IRXU�062�KDQGV�RQ�ODEV��\RX�RQO\
WRXFKHG�WKH�VXUIDFH�LQ�WHUPV�RI�XVLQJ�WKH�IXOO
SRZHU�RI�+3
V�PL[HG�VLJQDO�RVFLOORVFRSH��%HVLGHV
WULJJHULQJ�RQ�SDWWHUQV�DQG�JOLWFKHV��\RX�FDQ�DOVR
VHW�XS�WKH�VFRSH�WR�WULJJHU�RQ�D�VHTXHQFH�RI
HYHQWV��RU�HYHQ�D�WLPH�GXUDWLRQ�RI�D�SDWWHUQ�

,Q�DGGLWLRQDO�WR�PRUH�DGYDQFHG�WULJJHULQJ��WKLV
VFRSH�DOVR�KDV�PRUH�DGYDQFHG�PHDVXUHPHQWV�WKDW
\RX�GLG�QRW�H[HUFLVH�WRGD\��:LWK�WKH�RSWLRQDO
0HDVXUHPHQW�6WRUDJH�,�2�PRGXOH��WKLV�VFRSH�FDQ
SHUIRUP�))7�PHDVXUHPHQWV��DV�ZHOO�DV�DXWRPDWLF
SDVV�IDLO�PDVN�WHVWLQJ�

,I�\RX�DUH�LQWHUHVWHG�LQ�REWDLQLQJ�DGGLWLRQDO
LQIRUPDWLRQ�DERXW�WKLV�VFRSH��DV�ZHOO�DV�RWKHU�WHVW
	�PHDVXUHPHQW�SURGXFWV��WDON�WR�D�+HZOHWW�
3DFNDUG�UHSUHVHQWDWLYH�

6OLGH����

:RUNVKRS�6XPPDU\

,Q�WRGD\
V�KDQGV�RQ�ZRUNVKRS�\RX�KDG�WKH
RSSRUWXQLW\�WR�XVH�+3
V�/RJLF'DUW�WR�TXLFNO\
YHULI\�IXQFWLRQDO�RSHUDWLRQ�RI�D�PLFURFRQWUROOHU�
EDVHG�GHVLJQ��<RX�WKHQ�XVHG�+3
V�PL[HG�VLJQDO
RVFLOORVFRSH�WR�YLHZ�DQG�DQDO\]H�D�FRPSOH[
FRPELQDWLRQ�RI�PL[HG�DQDORJ�DQG�GLJLWDO�VLJQDOV
XVLQJ��SDWWHUQ��DQG��JOLWFK��WULJJHULQJ��DQG�+3
V
H[FOXVLYH�0HJD=RRP�WHFKQRORJ\��:H�KRSH�WKDW
\RX�IRXQG�WKDW�+HZOHWW�3DFNDUG
V�062�LV�QRW�RQO\
EH�D�YHU\�SRZHUIXO�LQVWUXPHQW��EXW�LV�DOVR�D
UHODWLYHO\�HDV\�DQG�LQWXLWLYH�SLHFH�RI�JHDU�WR�XVH�
:H�EHOLHYH�WKDW�+3
V�QHZ�OLQH�RI�LQVWUXPHQWDWLRQ
IRU�WKH�PLFURFRQWUROOHU�EDVHG�GHVLJQHU�ZLOO
LPSURYH�\RXU�GHEXJ�SURGXFWLYLW\�DQG�HQDEOH�\RX
WR�JHW�\RXU�SURGXFWV�WR�PDUNHW�IDVWHU�

Advanced MSO Triggering

Summary

Debugging
Microcontroller-Based Designs

l HP’s LogicDart = quick MCU-based design debug 

À HP’s MSO = powerful MCU-based measurements
mixed analog & digital display

À Complex triggering capability
À Easy-to-use
À "Usable deep memory" with MegaZoom 

technology

l HP’s measurement tools = improved design 
productivity



6OLGH����

:H�KRSH�\RX
YH�HQMR\HG�\RXU�KDQGV�RQ�DGYHQWXUH
WRGD\�ZLWK�WKH�ZRUOG
V�RQO\�0L[HG�6LJQDO
2VFLOORVFRSH�DQG�WKH�ZRUOG
V�PRVW�DGYDQFHG
KDQGKHOG�ORJLF�SUREH��7KDQN�\RX�IRU�SDUWLFLSDWLQJ
DQG�VKDULQJ�\RXU�WKRXJKWV�ZLWK�XV��:H�LQYLWH�\RX
WR�JLYH�XV�IXUWKHU�LQSXW�E\�FRPSOHWLQJ�WKH
ZRUNVKRS�VXUYH\��%HFDXVH�+HZOHWW�3DFNDUG�LV
FRPPLWWHG�WR�DQ�RQ�JRLQJ�SURFHVV�RI�SURGXFW
LPSURYHPHQWV�WR�EHWWHU�PHHW�\RXU�PHDVXUHPHQW
QHHGV��ZH�QHHG�DQG�DSSUHFLDWH�\RXU�KRQHVW
IHHGEDFN�

Debugging
Microcontroller-Based Designs

Thanks for attending Hewlett-Packard’s presentation today!
Please complete the evaluation form before leaving.

Presented by: Hewlett-Packard Company
                         Electronic Measurements Division


