Tektronix:

Serial Triggering and Analysis
3 Series MDO, 4/5/6 Series MSO Applications Datasheet

Screen images shown in this datasheet are from the 5 Series MSO.

On a serial bus, a single signal often includes address, control, data, and
clock information. This can make isolating events of interest difficult.
Optional serial applications transform the oscilloscope into a robust tool for
debugging serial buses with automatic decode and analysis for I2C, SPI,
I3C, CAN, CAN FD, LIN, FlexRay, SENT, RS-232/422/485, UART, USB
2.0, Ethernet, SPMI, MIL-STD-1553, ARINC 429, I2S, LJ, RJ, and TDM.

Key features

e Automated Serial Decode and Analysis Options for 12C, SPI, I3C *,
CAN, CAN FD, LIN, FlexRay, SENT ', RS-232/422/485, UART, USB
2.0, Ethernet?, SPMI', MIL-STD-1553, ARINC 429, I°S, LJ, RJ, and
TDM

* Trigger on all the critical elements of a serial bus such as address,
data, etc.

¢ Decode all the critical elements of each message. No more counting 1s
and Os!

¢ Search through long acquisitions with user-defined criteria to find
specific messages

* Event Table shows decoded serial bus activity in a tabular, time-
stamped format for quick summary of system activity

Serial Triggering and Analysis Applications

The serial applications support automatic trigger and decode for 12C, SPI,
CAN, CAN FD, LIN, FlexRay, SENT, RS-232/422/485, UART, USB 2.0,
Ethernet, SPMI, MIL-STD-1553, ARINC 429, I2S, LJ, RJ, and TDM buses,
making it easier to locate, analyze, and debug events of interest.

1 Not available for 3 Series MDO.

Serial triggering

Trigger on packet content such as start of packet, specific addresses,
specific data content, unique identifiers, etc. on popular serial interfaces
such as I2C, SPI, CAN, CAN FD, LIN, FlexRay, SENT, RS-232/422/485,
UART, USB 2.0, Ethernet, SPMI, MIL-STD-1553, ARINC 429, IS, LJ, RJ,
and TDM.

Bus display

The bus display provides a higher-level, combined view of the individual
signals (clock, data, chip enable, and so on) that make up your bus, making
it easy to identify where packets begin and end and identifying sub-packet
components such as address, data, errors, and so on.

Bus decoding

Tired of having to visually inspect the waveform to count clocks, determine
if each bitis a 1 or a 0, combine bits into bytes, and determine the hex
value?

Let the oscilloscope with a serial application do it for you! Once you've set
up a bus, the oscilloscope decodes each packet on the bus, and displays
the value in hex, binary, ASCII, or decimal (certain buses only) in the bus
waveform.

Results table

In addition to seeing decoded packet data on the bus waveform itself, you
can view all captured packets in a tabular view much like you would see in
a software listing. Packets are time stamped and listed consecutively with
columns for each component (Address, Data, and so on).

Wave Inspector® search

Serial triggering is very useful for isolating the event of interest, but once
you've captured it and need to analyze the surrounding data, what do you
do?

In the past, users had to manually scroll through the waveform counting
and converting bits and looking for what caused the event. With a serial
application, you can enable the oscilloscope to automatically search
through the acquired data for user-defined criteria including serial packet
content. Each occurrence is highlighted by a search mark. Rapid navigation
between marks is as simple as pressing the <— and — arrow buttons on
the oscilloscope front panel or the Search badge. The 3 Series MDO uses
the arrows in the Search badge to navigate.
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Datasheet

Characteristics

I2C characteristics Bus trigger and search options

Bus setup options

Characteristic

Description

Characteristic

Description

Trigger and/or Search On

Start

Repeated Start
Stop

Missing Ack
Address (7 or 10 bit)
Data (1-5 bytes)
Address and Data

Bus decode

Characteristic

Description

Maximum Clock/Data
Rate

Up to 10 Mb/s (automatic selection)

12C Sources Analog channels
(Clock and Data) Digital channels
Active Math channels 2
Active Reference channels?
Thresholds Per-channel thresholds
Recommended Probing | Single-ended
Include R/W in Address | Yes or No
Address/Data Formats Hex
Available Binary
Display modes
Characteristic Description
Bus Bus only

Decode Display

Bus and Waveforms

Simultaneous display of bus and digital waveforms

Start (green bar)

Address (yellow packet)

Data (cyan packet)

Missing Ack (! symbol in red box)
Stop (red bar)

Results Table

Decoded packet data in a tabular view

File Edit Utility Help

Waveform View

12€

| P
- -

Data:00h

{_Addr:50h:Write =

Color-coded 12C bus display, using hexadecimal display format.

2 Not available on 3 Series MDO
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{_Addr:50h:Read )=

New New New  DVM AFG
Math Ref | Bus

Data:10h

Horizontal
Add || Add 20 ps/div
SR: 125 MS/s
RL: 50 kpts

Add New...

(e

Measure  Search

Results
Table

Trigger Acquisition

400 pis Auto, Analyze
8 nsipt High Res: 16 bits
30% single: 1/1




File Edit Utility

Help
Waveform View

{_Addr:50h:Write )

Ch 1 Ch2

Bus 1
600 m/div | 600 m/div
Ll Ll

12¢
50 MHz B ] 50 MHz B

Triggering on a specific address value on the I°C bus.

Data:00h

{_Addr:50h:Read )

3 Series MDO, 4/5/6 Series MSO Serial Triggering and Analysis Applications

Add New...
Cursors |~ Note
Measure  Search
Results
Table

Plot

TRIGGER

SETTINGS

s ST
sl 2

10-Bit Binary Hex |
]
L

[ Binary
0000 0000

Data:10h

MODE & HOLDOFF

o0 S

Horizontal
Add Add  Ads

i Acquisition
d 40 ps/di 400 @&D
us/div us 2 Auto, Analyze
SRR MGl sk 125 Msis snsipt | Address &Data High Res: 16 bits
RLiSOkpts M 40% 493 Acas
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Datasheet

SPI characteristics

Bus setup options

Characteristic

Description

Bus trigger and search options

SPI Sources
(Clock, Data, and Slave
Select)

Analog channels

Digital channels

Active Math channels 3
Active Reference channels?®

Thresholds

Per-channel thresholds

Recommended Probing

Single-ended

Decode Configuration:

Characteristic Description

Trigger and/or Search On | SS Active (3-wire SPI)
Start of Frame (2-wire SPI)
Data (1-16 bytes)

Bus decode

Characteristic Description

Maximum Clock/Data
Rate

Up to 10 Mb/s (automatic selection)

Decode Display

Start (green bar)
Data (cyan packet)
Stop (red bar)

Framing Slave Select (3-wire SPI), Idle Time (2-wire SPI)
Clock Rising or Falling Edge
Slave Select Active High or Active Low
Data Active High or Active Low
Word Size 4 - 32 bits
Bit Order Most Significant (MS) First, Least Significant (LS) First
Formats Available Hex
Binary
Display modes
Characteristic Description
Bus Bus only

Bus and Waveforms

Simultaneous display of bus and digital waveforms

Results Table

Decoded packet data in a tabular view

3 Not available on 3 Series MDO.
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File Edit Utility Help
Waveform View Add New...

Cursors = Note
Measure  Search

Results
Table || Pt

o NENATRNRERNALE

Display  Label Position
I [ Set )
on | |ism ‘ odwsHm”

Bus Type Framing
| 55 e |

Source Threshold Polarity
SCLK. | ]
> | vl N\
ss | Active | Active |
input ‘Ch ez H ”V‘, High | Low |
SDA | Active | Active | p =
input ‘C" 103 H 1av G | Ao ( Data:11101001b
Word Size Display Format
‘ 8 bits| Bus
Bit Order Decode Format

s First ‘ LS First ‘

=) == Horizontal Trigger

Add || Add !

New New | DM| AFG | [HAcu SPI . Analyze

Rof || Bus SR:6.25Gsls 160 psipt | 55 Active ample: 8 bits
RL:625kpts & 35%

SPI bus, captured with digital channels, showing binary display format of the color-coded SPI bus decoding.

File Edit Utility Help
Waveform View Add New...

Cursors~ Note
Measure | Search

Results
Table || Plot

i~ [ OO

TRIGGER ©)

SETTINGS

Trigger Type Source
@ ‘ Bus 1 (sPI)

Trigger On
Data

Data Words

Data:01010100b

selects digit(s)
sets its value

MODE & HOLDOFF

e— Horizontal Trigger ‘Acquisition

Add || Add 10 ps/div 100 ps SPI Auto, Analyze

New |New | DVM| | AFG b AT

o e SR:6.25GS/s 160 ps/pt [ Data sample: 8 bits
RL625kpts ¥ 60% 259 Acas

Triggering on a specific data value on the SPI bus.



I3C characteristics 4

Bus setup options

Bus search options

Characteristic

Description

Characteristic

Description

I3C Sources Analog channels
(Clock and Data) Digital channels
Active Math channels
Active Reference channels
Thresholds Per-channel thresholds
Speed High Speed (480 Mb/s)

Full Speed (12 Mb/s)
Low Speed (1.5 Mb/s)

Search On

Start

Repeated Start

Address

Data

I3C SDR Direct Message
I3C SDR Broadcast Message
I3C DDR Message
Errors

Hot-Join

Direct Message End
Stop

HDR Restart

HDR Exit

Bus decode

Characteristic

Description

Recommended Probing | Single-ended
Formats Available Hex
Binary
Mixed Hex
Display modes
Characteristic Description
Bus Bus only

Maximum Clock/Data
Rate

Up to 12.5 Mb/s (automatic selection)

Bus and Waveforms

Simultaneous display of bus and digital waveforms

Results Table

Decoded packet data in a tabular view

File  Edit  Applications  Utility
Bus Decode Results

Bus 1 (13C)

Help

Decode Display

Start (green bar)
Address (yellow packet)
Commands (cyan packet)
Data (cyan packet)

Parity (purple packet)
Stop (red bar)

Tektronix

Add New...

12FA34EB S6DC 78CD 123331
12FA 34EB 56DC 78CD 123331

00110111100 02
01110111100 17

K -376.8613ns  BroadcastENTHDRO —
2 8.403202ps  BroadcastENTHDRO —

Waveform View

B:ENTHDRO )

Broadcast Address:7Eh

Horizontal Trigger
1 Vidiv 1 Vidiv r;\:\‘i r;\:\‘i r;\:: ow arc | [T 405 Auto, Analyze
625655 | 62565k Yl i SR 625GS/s 160 psipt Sample: 8 bits
DDR_Writ. DDR_Writ. RL: 250 kpts 15% 0Acqs

The Protocol Decode Results Table provides a time-stamped, tabular view of all captured packets on the 13C bus.

4 I3C s not available on 3 Series MDO.



File Edit

Waveform View

Ref 1

1 Widiv
6.25 GSfs
DDR_Writ

Applications  Utility

3.4 ps
Ref 2 [Bus1 |
1vidiv I

6.25GS/s

DDR_Writ.

Searching on a specific data pattern on the I3C bus and automatically searching on Sync.

Help

3 Series MDO, 4/5/6 Series MSO Serial Triggering and Analysis Applications

Slave Address:

@ _Tektronix

Add New...

ﬂ Cursors | | Note

Search 1
Bus: 13C
Search: Bus
Events: 2

Binary
001 1000

py Se:
Settings to

1h (PDW:2h  Data Words:12FAh

‘Q
Horizontal r Acqui .
4 ps/div A0 ps Auto,  Analyze

SR 6.25GS/s 160 ps/pt Sarmple: 8 bits
RL: 250kpts B 15% 0Acgs

4.1 s
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Datasheet

RS-232, RS-422, RS-485, UART characteristics

Bus setup options

Characteristic

Description

Bus trigger and search options

Sources, RS-232, UART

Analog channels

Digital channels

Active Math channels ®
Active Reference channels®

Sources, RS-422, RS-485

Analog channels
Active Math channels®
Active Reference channels®

Characteristic Description

Trigger and/or Search On | Start
End of Packet
Data (1 - 10 bytes)
Parity Error

Bus decode

Characteristic Description

Maximum Clock/Data
Rate

Up to 15 Mb/s
For 3 Series MDO: Up to 10 Mb/s

Bit Rate Selection

300 b/s

1,200 b/s

2,400 b/s

9,600 b/s

19,200 b/s

38,400 b/s

115,200 b/s

921,600 b/s

Custom (All but 3 Series MDO: 50 b/s - 15 Mb/s
Custom (for 3 Series MDO): 50 b/s - 10 Mb/s

Decode Display

Start (green packet)
Data (cyan packet)
Parity (purple packet)
Parity Error (red packet)

Polarity Normal (RS-232)
Inverted (UART, RS-422, RS-485)
Parity None
Odd
Even
Recommended Probing, | Single-ended
RS-232, UART
Recommended Probing, | Differential
RS-422, RS-485
Number of Bits 7-9
Formats Available Hex
Binary
ASCII
Packet View
Display modes
Characteristic Description
Bus Bus only

Bus and Waveforms

Simultaneous display of bus and digital waveforms

Results Table

Decoded packet data in a tabular view

5 Not available on 3 Series MDO.
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Waveform View Add New...

Cursors = Note

Measure  Search

Results
Table || Pt

Display  Label Position
I [ Set )
on | ||ms2 odwsHm”

Bus Type Bit Rate

Source Threshold Polarity
Normal | Inverted |

‘C“ ‘ ov | iy (High=1)

Data Bits Parity

‘ 7 ‘ 8 | 9 ‘ ‘Nene odd ‘ Even‘

Packet View Display Format

— = Horizontal Trigger Acquisition

Add | Add 2 ms/div 20 ms Auto, Analyze
AL RRCA Rl s 125 Miss 8 nsipt High Res: 16 bits
RL:25 Mpts ¥ 50% single: 1/1

RS-232 bus setup and ASCII display, showing assignment of source signal, digital threshold, and polarity.

File Edit SEARCH 1

Waveform View P@% Add New...
v

Cursors | Note

[ I ROV T Y SO OO I ‘On‘]

- Measure  Search

Search T, < Results
earch Type ource RESHTE) (Tpioe

Bus Bus1 (RS 232)

Search 1
Mark When Bus: R5232

Events: 2
@ Data Bytes
Data
Binary

0161 0100 0110 0101
011e 1011

L] N A G GO R S G GG 1 G GG S| ) 1

i v—y

selects digit(s)
sets its value

32 — ——
Copy Trigger Copy Search

.Tektronix.. = .Enabling.Innovation.. = .Tektronix.. s to Search | | Settings to Trigger |

m 140 160+ 180 ms
Bus 1 e— Horizontal Trigger ‘Acquisition
RS232 ﬁg‘f\" ﬁg;’l IPRPNRER 20 msiciv 200 ms RS232 Auto, Analyze
o e SR:625Ms/s 16nspt [ Data High Res: 16 bits
25Mpts B 5% Single: 1/1

RS-232 bus shown in Packet View format, with the Wave Inspector search automatically searching for the data string "Tek".



Datasheet

CAN characteristics

Bus setup options

Characteristic

Description

Source for CAN_H,
CAN_L, Rx, or Tx (single-
ended probing)

Analog channels

Digital channels

Active Math channels ©
Active Reference channels®

Source for Diff
(differential probing)

Analog channels
Active Math channels®
Active Reference channels®

Thresholds

Per-channel thresholds

Recommended Probing:
CAN_H, CAN_L, Rx, Tx
Diff

Single-ended
Differential

Bus trigger and search options

Characteristic

Description

Trigger and/or Search On

Start of Frame

Type of Frame (Data, Remote, Error, Overload)
|dentifier (Standard or Extended)

Data (number of bytes 1-8, trigger or search when =,
#,<,5,>,2)

|dentifier and Data

EOF

Missing Ack

Bit Stuff Error

Symbolic bus search options

Characteristic

Description

Bit Rate Selection:
Predefined list of rates

10 kb/s - 1 Mb/s

Message

As defined by the .dbc file 8

Message and Signal

As defined by the .dbc file &

Bus decode

Custom All'but 3 Series MDO: 1 kb/s - 1 Mb/s
3 Series MDO: 10 kb/s - 1 Mb/s
Sample Point All'but 3 Series MDO: 0% - 100% of bit period of unit

interval
3 Series MDO: 5% - 95% of bit period of unit interval

Characteristic

Description

Formats Available

Mixed Hex

Hex

Binary

Symbolic (.dbc)®

Maximum Clock/Data
Rate

Up to 1 Mb/s (automatic selection)

Display modes

Decode Display

Characteristic

Description

Start of Frame (green bar)

[dentifier (yellow packet)

Data Length Control (purple packet)
Data (cyan packet)

CRC (purple packet)

End of Frame (red bar)

Errors (red packet)

Bus

Bus only

Bus and Waveforms

Simultaneous display of bus and digital waveforms

Results Table

Decoded packet data in a tabular view

6 Not available on 3 Series MDO.
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File Edit

utility

Help

3 Series MDO, 4/5/6 Series MSO Serial Triggering and Analysis Applications

Bus Decode Results

Bus 1 (CAN)

Al
1 -102.0722ps  205.943us 00BEBEBE 4 7B7E9A9C 37EE
2 211.9255us 307.9232us 100 0 380A
3 313.9261us 441.9245us 101 2 0103 562D
4 447.9272us 665.9479us 10000001 5 1122334455 6A65
5 671.9305us 0.93393ms 12345678 8 1122334455667788 04c2
6 0.939933ms  1.209933ms  1597EEB2 8 FFFFO000EEEE1111 216E
7 1.215935ms  1.367935ms 519 4 42696C6C 7744
8 1.373938ms  1.643938ms  1597EEB2 8 AE4FFFF10272DF6B 2180
9 1.649941ms  1.799939ms  0527DE32 1 11 7F3D
10 1.805942ms  1.989941ms 00140014 3 112233 5EDC
11 1.995944ms  2.211944ms 00160016 5 1122334455 3911
12 2.217947Tms  2.475947ms 18181818 7 F1F2F3F4F5F6F7 5F9B
13 2.48195ms 2.77595ms 00000000 8 0000000000000000 3DAF

2.781952ms  2.873972ms 0

EOF:7Fh

15:00140014h ) bLc3h |

Data:112233h

Add Add Add
New New New
Math Ref

Add New...

Cursors = Note
Measure  Search

Results
Table | Pt

CRC:SEDCh EOF:7Fh 1D:00160016h

Horizontal

1 ms/div 10ms
SR: 125 MS/s 8 nsfpt
RL: 1.25 Mpts 30%

Trigger Acquisition
(D) ~ 9984mV J Auto, Analyze
High Res: 16 bits
single: 1/1

DVM AFG

Protocol Decode Results Table provides a time-stamped, tabular view of all captured packets on the CAN bus.

File Edit Utility

Waveform View

(@}

Help

ID:18181818h

Source

Ch 1 Bus 1

7h DEICHAL] Data:F2h ) Data:F3h )

Add  Add
New New
Math | Ref

Add Ney

Cursors | Note

Measure  Search
Results
Table Plot

TRIGGER

wee
\ o

1 1000 0601 1000
0601 16600 6801
1000

18 18 18
1

Data:F6h ) Datsibih CRC:5F9Bh

MODE & HOLDOFF
i EERE

Trigger
1 msfdiv 10 ms Auto,
SR:125Ms/s 8 ns/pt

Horizontal

Analyze

DVM| | AFG High Res: 16 bits

380 mVv/div | CAN
Lo}
50 MHz B

Triggering on a specific extended Identifier value on the CAN bus.

RL: 1.25 Mpts 50%

Single: 1/1
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Datasheet

CAN FD (ISO and non-ISO) characteristics

Bus setup options

Characteristic

Description

Source for CAN_H,
CAN_L, Rx, or Tx
(single-ended probing)

Analog channels

Digital channels

Active Math channels
Active Reference channels’

Source for Diff
(differential probing)

Analog channels
Active Math channels”’
Active Reference channels’

Bus trigger and search options

Characteristic

Description

Trigger and/or Search On

Start of Frame

Type of Frame (Data, Remote, Error, Overload)

FD Bits (Bit Rate Switch bit, Error State Indicator bit)
|dentifier (Standard or Extended)

Data (1-8 bytes, trigger or search when =, #, <, <, >,
2)
|dentifier and Data

End of Frame

Error (Missing Ack, Bit Stuffing Error, FD Form Error,
Any Error)

Predefined list of rates
Custom

Thresholds Per-channel thresholds
Recommended Probing:
CAN_H, CAN_L, Rx, or Tx| Single -ended
Diff Differential
Version ISO
non-ISO
SD Bit Rate Selection:

10 kb/s - 1 Mb/s
All but 3 Series MDO: 50 kb/s - 10 Mb/s
3 Series MDO: 10 kb/s - 1 Mb/s

Symbolic bus search options

Characteristic

Description

Message

As defined by the .dbc file”

Message and Signal

As defined by the .dbc file”

FD Bit Rate Selection:
Predefined list of rates

All but 3 Series MDO: 1 Mb/s - 16 Mb/s
3 Series MDO: 1 Mb/s - 7 Mb/s

Custom All but 3 Series MDO: 500 kbl/s - 16 Mb/s
3 Series MDO: 500 kb/s - 7 Mb/s
Sample Point All but 3 Series MDO: 55% - 95% of bit period of unit

interval
3 Series MDO: 15% - 95% of bit period of unit interval

Formats Available

Mixed Hex

Hex

Binary

Symbolic (.dbc)”

Bus decode
Characteristic Description
Decode Display Start of Frame (green bar)

|dentifier (yellow packet)

Data Length Control (purple packet)
Data (cyan packet)

CRC (purple packet)

End of Frame (red bar)

Errors (red packet)

Display modes

Characteristic

Description

Bus

Bus only

Bus and Waveforms

Simultaneous display of bus and digital waveforms

Results Table

Decoded packet data in a tabular view

7 Not available on 3 Series MDO.
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3 Series MDO, 4/5/6 Series MSO Serial Triggering and Analysis Applications

File  Edit  Utility  Help
Bus Decode Results AL
Bus 1 (CAN) Cursors| | Note

-684.0389us X 1 0 32 0001 02 03 04 05 06 07 08 09 0A 0B OC OD OE 5F OF OF OF OF OF 15D6EB - Measure | Search
OF OF OF 12 34 56 78 9A BC DE FO

Results
-513.0269us 32 00 01 02 03 04 05 06 07 08 09 OA 0B OC OD OE 5F OF OF OF OF OF 15D6EB - Table || Plot
OF OF OF 12 34 56 78 9A BC DE FO
-342.0188us 32 000102 03 04 05 06 07 08 09 0A 0B OC OD OE 5F OF OF OF OF OF 15D6EB
OF OF OF 12 34 56 78 9A BC DE FO

-171.0069us 0001 02 03 04 05 06 07 08 09 OA 0B OC OD OE 5F OF OF OF OF OF 15D6EB
OF OF OF 12 34 56 78 0A BC DF FO

Waveform View

GAN FD
Data:06h

463 s
ch1 Horizontal Trigger Acquisition
500 mv/div | can @"f‘ de‘ 200 ps/div.-~ 2ms Auto, Analyze
1MQ Mathl| Ref| . SR:3.125 GS/s 320 ps/pt High Res: 12 bits
500 MHz * ; RL: 6.25 Mpts_¥ 50% single: 1/1

Protocol Decode Results Table provides a time-stamped, tabular view of all captured packets on the CAN FD bus.

Edit  Utility  Help
Waveform View Add New...

he | . | I o i - . Cursors| | Note

Measure | Search

Resul\fs Plot
e

Tabl

Bus 1 (CAN) v
o
1)

Id & Data v
L]
il

Binary
000 0000 0000

Binary
0000 0000 0000
0001 0000 0010
0000 0011

Ch 1 Bus 1 AFG: Arbitrary Horizontal Trigger Acquisition
500 mV/div | CAN Freq: 5.8476 kHz 200psidiv. - 2ms CAN Auto, Analyze
1M0 Amp: 4.44 Vpp SR:3.125 GS/s 320 ps/pt il Id & Data High Res: 12 bits
500 MHz B Offset: 20 mv. RL: 6.25 Mpts 50% 1.129 kAcgs

Triggering on a specific Identifier value and data pattern on the CAN FD bus and automatically searching on the same data pattern.

www.tek.com 13



Datasheet

LIN characteristics

Bus setup options

Characteristic

Description

Bus trigger and search options

Characteristic

Description

Trigger and/or Search On

Sync

Identifier

Data (number of bytes 1-8, trigger or search when =,
# <, <, >, 2, Inside Range, Outside Range)

ID and Data

Wakeup Frame

Sleep Frame

Error (Sync, ID Parity, Checksum)

LIN Source Analog channels
Digital channels
Active Math channels &
Active Reference channels®
Thresholds Per-channel thresholds
Recommended Probing | Single-ended
Polarity Normal
Inverted
Bit Rate Selection:

Predefined list of rates
Custom

1.2 kb/s - 19.2 kb/s
All but 3 Series MDO: 1 kb/s - 100 kb/s
3 Series MDO: 800 b/s - 100 kb/s

Bus decode

Characteristic

Description

Maximum Clock/Data
Rate

Up to 100 kb/s, by LIN definition up to 20 kb/s (for
automated decoding of bus)

Decode Display

Start of Frame (green bar)
Sync

Identifier (yellow packet)
Data (cyan packet)

CRC (purple packet)
Errors (red packet)

Sample Point All'but 3 Series MDO: 0% - 100% of bit period of unit
interval
3 Series MDO: 10% - 90% of bit period of unit interval
LIN Standard V1.x
V2.x
Both
Include Parity Bits with ID | Yes
No
Formats Available Hex
Binary
Mixed
Display modes
Characteristic Description
Bus Bus only

Bus and Waveforms

Simultaneous display of bus and digital waveforms

Results Table

Decoded packet data in a tabular view

8  Not available on 3 Series MDO.
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File Edit

utility  Help

Bus Decode Results Add New...

Bus 1 (LIN) Cursors ~ Note

Measure  Search

1 -107.4613ms  -100.3323ms  3C 00 80 FF FF FF FF FF FF FF 80 Checksum: Checksum, calculated 07h

2 -760.8545us  3.411407ms 00 10 2F45C3 920 Checksum: Checksum, calculated 2Fh RTeasgllés Plot
3 105.8623ms  112.936ms 01 11 1E AF 74 99 E2 45 8C 83 2A

4 133.1646ms  133.428ms

5 212.5379ms  219.6142ms 02 11 54 43 A8 2E C6 B6 81 2F A0 Identifier: Parity

6 319.2824ms  324.6193ms 03 00 12488116 14 c9 Checksum: Checksum, calculated FFh

7 425.9819ms  429.0045ms 04 11 3F FB Sync: Invalid sync field

8 532.6003ms  536.7754ms 05 10 98 1D E7 DC

9 639.3519ms  643.5739ms 06 00 67 23 6F

746.0544ms  751.3855ms DC 2C 34 BE EB Checksum: Checksum, calculated 04h

‘Waveform View

{ Data:7dh v Data90h v Data:E2h - Data:dSh y—( DBCh - Data:83h )

— = Horizontal Trigger Acquisition
Add| Add  Add ;

New (New |New | DVM AFG ;:f’]’g‘;d,&’y o b e _'I*Z"Z!Yle
Math| | Ref || Bus A\ g ns/pt ample: 12 bits
RL 125 Mpts ¥ 20% single: 1/1

File Edit Utility Help
Waveform View T Add New...

\ | || 0

O BRI I A ——" i et i G| e
el it oy A i sl it Yol o

Measure| | Search

Results
Table || Pt

CAN Signal

10'ms

=r=—y=—— Horizontal Trigger ‘Acquisition
Add| Add  Add "
New  New | New | DVM |AFG | | [FNpAAIE a0 i, B
Math Ref Bus - s 1.6 ns/pt ample: its

RL: 12.5Mpts ¥ 20% Single: 1/1

Display of multiple LIN and CAN buses, showing timing between the buses.



Datasheet

FlexRay characteristics

Bus setup options

Characteristic

Description

Bus trigger and search options

Bit Rate Selection:
Predefined list of rates
Custom

2.5 Mbl/s, 5 Mb/s, 10 Mb/s
1 Mbl/s - 10 Mb/s

Formats Available

Hex

Binary

Mixed Hex (Decimal: ID, Len, and Count; Hex: Data
and CRCs)

Characteristic Description
ﬁour'ce for Dlﬁerentlal Ane}log channels 9 Trigger and/or Search On | Start of Frame
robing (Bdiff) Active Math channels ) .
Active Reference channels? Indicator Bits (Normal, Payload, Null, Sync, Startup)
Cycle Count (when =, #, <, <, >, 2)
Source for Single-ended | Analog channels Header Fields (Indicator Bits, Identifier, Payload
Probing (BP, BM) Digital channels Length, Header CRC, and Cycle Count)
Active Math channels ® Identifier (when =, #, <, <, >, 2)
Active Reference channels® Data (when =, #, <, >, <, 2)
Source for Single-ended | Analog channels Identifier and Data ,
Probing (Tx, Rx) Digital channels End Of Frame (Static, Dynam|c) .
Active Math channels® Error (Header CRC, Trailer CRC, NULL Frame in
Active Reference channels? Static, NULL Frame in Dynamic, Sync Frame in
Dynamic, Start Frame No Sync)
Thresholds:
Bdiff High and Low thresholds
BP, BM (analog channels) | High and Low thresholds
BP, BM (digital channels) | Single threshold Bus decode
Tx, Rx Single threshold
Recommended Probing: Characteristic Description
Bdiff, BP, BM Differential Maximum Clock/Data Up to 10 Mb/s (for automated decoding of bus)
Tx, Rx Single-ended Rate
Channel Type A Decode Display TTS (purple box)
B Start (green bracket)

Frame ID (yellow box)
Payload Length (purple box)
Headers (purple box)

Cycle Count (yellow box)
Data (cyan box)

CRC, DTS, CID (purple box)
Stop (red bracket)

Display modes

Characteristic

Description

Bus

Bus only

Bus and Waveforms

Simultaneous display of bus and digital waveforms

Results Table

Decoded packet data in a tabular view

9 Not available on 3 Series MDO.
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File Edit Utility Help

Waveform View Add New...

Cursors |~ Note
Measure  Search

Results
Table | Pt

FlexRay
: - PL4 | HCRC:111h 1 \ y={_05h )=( 14h )=( COh )= 4Eh )=( BCh )= 3Eh )= ) Frame CRC:B92E66h

8 s 10 ps
Bus 1
Add| | Add || Add
FlexRay New| New| New | DVM  AFG
50Q Math Ref | Bus
50 MHz &

Decoded FlexRay bus, with the acquisition triggered on a specified identifier value.

File Edit Utility Help SEARCH 1
Waveform View Add New...

VVVY VvV VY V v V"V wY W vV v VY WY WVVVVY VvV VvV V¥ 4
Display Cursors| | Note

e

Search 1

200 ps 200 ps 600 s 800 ps Mark On

500.00 ns/div.

Data

I
FlexRa:
B> Header CRC:30Eh Cycle Counter:1 { Data:2Ch ) { Data:28h ) { DEYERE ) { DEVEH I

41150 s 24 412,50 is 413.50 15 u 414.50 15 415 s 415.50 15
Ch 1 Bus 1 —\[— Horizontal

Add || Add
;mv Fleiay New |New | DvM | Arc | [ugie

Ref | B
50 MHz B e

2ms
125 MS/s 8 nsipt
RL: 250 kpts ¥ 20%

Decoded FlexRay bus, with all data values in a specific range marked with pink brackets.




Datasheet

SENT Characteristics °

Bus setup options

Bus trigger options

Characteristic Description
Characteristic Description Trigger On Start of Packet
SENT source Analog channels Fast Channel(s) (Status/Communication, Data)
Digital channels Slow Channel (Message ID, Data)
Active Math channels CRC Error (Fast channel, Slow channel)
Active Reference channels
Thresholds Per-channel thresholds
Recommended Probing | Single-ended Bus search options
Polarity Normal Characteristic Description
Inverted
- Search On Start of Packet
Clock Tick 1ps - 300 ps Fast Channel(s) (Status/Communication, Data)
Tick Tolerance 1% - 30% Slow Channel (Message ID, Data)
Pause Pulse (Number of Ticks)
Fast Data Channels for2 Error (Frame Length, Fast channel CRC, Slow channel
Data Nibbles 3, 4, or 6 nibbles CRC)
(1 Fast Data Channel)
Channel Widths (C1/C2) | 12/12, 14/10, or 16/8 bits
(2 Fast Data Channels) Bus decode
Pause Pulse Yes
No Characteristic Description
Slow Channel None Maximum Clock/Data Up to 10 Mb/s (for automated decoding of bus)

Enhanced w/ 4-bit ID
Enhanced w/ 8-bit ID

Rate

Decode Display

Sync (green packet)

Fast Channel Status (purple packet)

Slow Channel Message ID (yellow packet)
Data (cyan packet)

CRC (purple packet)

Pause (purple packet)

Errors (red packet)

Short
Formats Available Mixed Hex
Binary
Hex
Mixed Decimal
Display modes
Characteristic Description
Bus Bus only

Bus and Waveforms

Simultaneous display of bus and digital waveforms

Results Table

Decoded packet data in a tabular view

10 SENT is not available on 3 Series MDO.
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File Edit

Utility

Add New...

Bus Decode Result: Waveform View

Bus 1 (SENT) Cursors | | Note
Al Y 1
44 -13.23838ms 01 00 BSE 4F5 B = - = Wbt Bl
|45 -12.38638ms 01 00 282 4co 5 Results| [\ 0
46 -1153438ms 10 00 978 1A2 3 fiabic
47 -10.68238ms 11 00 0EC FE 2
8 .0.830377ms 1000 604 182 3 10 ms 20ms 30ms 0'ms
49 -8.078379ms 01 00 B66 3BF 3
50 8.126378ms 10 00 95D A54 C
51 -7.274379ms 10 00 0BE FaA D
52 6.422379ms 10 00 E48 083 0
53 -5.570378ms 10 00 41A DCB F
|54 -4.718377ms 10 00 508 FD7 F
|55 -3.866378ms 11 00 1F7 0ES 2
56 -3.014378ms 00 00 3c1 3BC 0
|57 -2.162378ms 00 00 F08 305 5
58 -1.310377ms 00 00 A97 4n9 F
|59 -458.378us 00 00 F06 DFB 6
60 393.6206us 00 00 27F cn2 (s
|61 1.245621ms 01 00 532 FB3 A
62 2.097622ms 01 00 BSE 4F5 B
|63 2.949623ms 01 00 282 4co 5
64 3.801621ms 10 00 978 1A2 3
|65 4653623ms 1100 0EC FE 2
66 5.505623ms 10 00 604 482 3
|67 6.357621ms 01 00 B66 3BF 3
68 7.200623ms 10 00 95D As4 c
|69 8.061621ms 10 00 0BE FaA D
70 8.013622ms 10 00 E48 083 0 Data:075h
In 9.765623ms 10 00 41A DCB F ]
72 10.61762ms 10 00 508 FD7 F
|13 11.46962ms 1100 1F7 0ES 2 ;
74 12.32162ms 00 00 3c1 3BC 0

ch1 Bus 1 il AFG: Arbitrary Horizontal Trigger Acquisition
340 mv/div | sENT "‘\‘“ "‘\“d Freq: 10 Hz 10 ms/div 100 ms (D ~ 707.2mv  [§ Auto, Analyze
ekl Amp: 2.211 Vpp SR: 125 MS/s 80 ns/pt Sample: 12 bits

il Math | Ref 5
500 MHz % Offset: 783 mV RL: 1.25 Mpts ¥ 50% single: 1/1

Protocol Decode Results Table provides a time-stamped, tabular view of all captured packets on the SENT bus.

File Edit Utility Help
Add Ne

Waveform View
v

Cursors | Note

T T Il \ ==

| L I
Al H L \IIIWIIMII\II i i i Il,ﬂll\HM I T T

100.00 us/div

900 mv.
600 mv
300 mv.

-ov
300 mv

600 mV/

Channel 1:27Fh X Channel 2:C b Pause:63
Data:075h

Ch1 Bus 1 PR R : it Horizontal Trigger Acquisition

300 mV/div | SENT ﬁg‘z r‘u\gvt\‘: Freq: 10 Hz 10 ms/div. 100 ms SENT Auto, Analyze

1MQ Amp: 2211 Vpp SR: 125 MS/s 80 ns/pt Fast Channel Sample: 12 bits
Math | Ref

500 MHz *

Offset: 783 mv RL: 1.25 Mpts ¥ 50% Single: 1/1

Triggering on a specific Fast Channel Status and data pattern on the SENT bus and automatically searching on the same data pattern.



Datasheet

MIL-STD-1553 characteristics

Bus setup options

Bus trigger and search options

Characteristic

Description

MIL-STD-1553 Source

Analog channels
Active Math channels
Active Reference channels

Polarity Normal
Inverted
Thresholds Single-ended: Per-channel thresholds

Differential: High and low thresholds

Recommended Probing

Single-ended or differential

Bit Rate

1 Mb/s per the standard

Response Time 2 ps-100 ps
Formats Available Mixed Hex
Mixed ASCII
Hex
Binary
Display modes
Characteristic Description
Bus Bus only
Results Table Decoded packet data in a tabular view

Characteristic Description
Trigger and/or Search On | Sync
Command (Transmit/Receive Bit, Parity, Subaddress /
Mode, Word Count / Mode Count, and RT Address =,
# <, <, >, 2, Inside Range, Outside Range)
Status (Parity,
Bit 9 - Message Error,
Bit 10 - Instrumentation,
Bit 11 - Service Request,
Bit 15 - Broadcast Command Received,
Bit 16 - Busy,
Bit 17 - Subsystem Flag,
Bit 18 - Dynamic Bus Control Acceptance,
Bit 19 - Terminal Flag,
and Data =, #, <, <, >, 2,
Inside Range, Outside Range)
Data (Parity, and Data =, #, <, <, >, 2,
Inside Range, Outside Range)
Time (RT/IMG) (> Maximum, < Minimum, Inside
range, Outside Range)
Error (Parity Error, Sync Error, Manchester Error
(trigger only), Non-contiguous Data)
Bus decode
Characteristic Description

Maximum Clock/Data
Rate

Up to 1Mb/s (for automated decoding of bus)

Decode Display

Start (green bar)

Sync (purple packet with Word Type identified)
Address (yellow packet)

RIT (purple packet)

Word Count (purple packet)

Data (cyan packet)

Parity (purple packet)

Errors (red packet)

Stop (red bar)
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3 Series MDO, 4/5/6 Series MSO Serial Triggering and Analysis Applications

File Edit Utility

Bus Decode Results Add New...

Bus 1 (MIL- Cursors | | Note

STD-1553)
Measure | Search

81 -1.170807ms  Data - - - - - - 0001 - Nonce

Results

ble Plot

Table

82 -1.142805ms Data = = = - - - 0002 - -
83 -1.106808ms Command 10 Receive 29 - - 2 - - -
84 -1.086805ms Data = = = - - - 5445 - -
85 -1.066802ms  Data - - - - - - 4B54 - Incom
86 -2.8084us Command 3 Receive 29 = -~ 2 - = =
87 17.104us Data - - - . - = 0005 = -
88 37.1972us  Data = - - - - . 0006 = -
89 65.1016ps  Status 3 - - - 000-000-00000  -- - - .
90 101.1924ps Command 17 Transmit 1 - - 3 - - -
91 120.1924ps  Status 17 - - - 000-000-00000  -- - - .

149.1972ps  Data - - - - - - 0000 - -

Waveform View

MIL-STD-1553
EYERET))

—— AFG: Arbitrary Trigger Acquisition

el e i MILsTD-1553 [ Auto, Analyze

New New : 800psipt [ Sync High Res: 13 bits
i 125 Mpts % 50% Single: 1/1

500 MHz B

Protocol Decode Results Table provides a time-stamped, tabular view of all captured MIL-STD-1553 packets.

Edit  Utility

Waveform View Add New...

Cursors = Note
Measure | Search

Results
Table || Plot

e

TRIGGER

| x Jow| 1o ]
-

Binary  Hex Decimal [MfBinary  Hex Decimal
6 0011 63 63 11101 10 29

Binary  Hex Decimal
X XXXX XX X

Data:0005h 1| Data

MIL-STD-1553

MODE & HOLDOFF >

—— AFG: Arbitrary Horizontal Trigger Acquisition
600 mV/div Freq: 500 Hz i MILSTD-1553 [ Auto, Analyze
1M0 Amp: 5 Vpp b, 800 ps/pt [l Command High Res: 13 bits
500 MHz B Offset: -45 mv RL: 12.5 Mpts 50% Single: 1/1

Triggering on a specific command pattern on the MIL-STD-1553 bus and automatically searching on the same pattern.
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Datasheet

ARINC 429 characteristics

Bus setup options

Characteristic

Description

ARINC 429 Source Analog channels
Active Math channels
Active Reference channels
Signal Type Differential
Polarity Normal
Inverted
Thresholds High and low thresholds
Recommended Probing | Differential
Bit Rate Selection:

Predefined list of rates
Custom

12.5 kbrs, 100 kb/s
10 kb/s - 1 Mb/s

Data Format Data (19 bits)
SDI+Data (21 bits)
SDI+Data+SSM (23 bits)

Formats Available Mixed Hex

Hex
Binary

Display modes

Characteristic Description

Bus Bus only

Results Table

Decoded packet data in a tabular view

File Edit Utility Help
Waveform View

o e pmmm

TR G S—" D -

50.00 us/div

Bus trigger and search options

Characteristic Description

Trigger and/or Search On | Word Start
Label (when =, #, <, <, >, 2, Inside Range, Outside
Range)
Data (when =, #, <, <, >, 2, Inside Range, Outside
Range)
Label and Data (Label value and Data =, #, <, <, >, 2,
Inside Range, Outside Range)
Word End
Error (Any Error, Parity Error, Word Error, Gap Error)

Bus decode

Characteristic Description

Decode Display Start (green bracket)

Label (yellow box)

Source Destination Identifier (yellow box)
Data (cyan box)

Sign/Status Matrix (purple box)

Parity (purple box)

Stop (red bracket)

Error (red box)

" DataisA3CEh

Add New...

Cursors  Note

Measure  Search

Results

Table | Flot

TRIGGER

M R

Qmm—m—%—m—w—m—w—u—u}—w—#—u—w—u—w—w—w—m—w—m—w—n—m—w—#—u—u—u—u—n——m—”—m um: "

it R R ]

Binary Hex octal
1111 1111 FF 377

__ ARINC429
1

Label:3770 Data:5A3C5h Label:2570

MODE & HOLDOFF

ch1 u — — AFG: Arbitrary Horizontal Trigger Acquisition

130 mv/div ﬁgﬁ ﬁf\i‘, Freq: 1.2999 kHz 100 ps/div.- 1ms ARINC429 Auto, Analyze
1MQ Mot | Rof Amp: 1.056 Vpp SR:3.125 GS/s 320 psipt [l Label High Res: 12 bits
500 MHz % Offset: 0V RL: 3.125 Mpts ¥ 50% 152 Acas

Decoded ARINC 429 bus, with the acquisition triggered on a specified label value.
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3 Series MDO, 4/5/6 Series MSO Serial Triggering and Analysis Applications

Edit  Utility  Help
Waveform View

T R R LR R R R R L LR

)L e

N MR p LR L I R AT R Y

b—n»w#—m—#—uﬂ#%—h—n—p mmmww—u—pmu—u—w—mw—www—n—u—mw—h—n—#aw—-—vm

I I PN

240 us
Label:2570 X ... X Data:5B2D1h

AFG: Arbitrary

TR I s @I e e (e fhe

Label & Data v

Binary
1010 1111

® Add New...
Cursors  Note
Measure  Search

Results | | oo,

Bus 1 (ARINC429) ~

octal
257

Binary Hex
101 1011 0010 XXXX XXXX 5 B2 XX

Binary Hex
XX

Copy Trigger
Settings to Search

{__Label:3770

Horizontal
1 ms/div 10ms
SR: 1.25GS/s 800 ps/pt
RL: 125 Mpts_¥ 50%

Binary Hex
10 2
X

Copy Search
Settings to Trigger

Data:5A3C5h

Trigger Acquisition

ARINC429 Auto, Analyze

Label High Res: 13 bits
Single: 1/1

ch1
Add| | Add| | Add

130 mv/div | ARINC429 New| New New DVM

1M0 Amp: 1.056 Vpp
Math | Ref | Bus

500 MHz ™ Offset: 0V

Decoded ARINC 429 bus, with all data values in a specific range marked with pink brackets.
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Datasheet

Audio characteristics

Bus setup options

Characteristic

Description

Bus trigger and search options

Signed Decimal

. : Characteristic Description
C\fodrlg SS;ZL?BS:) Clock, g?;:g?cchgﬂrgf Trigger and/or Search On | Word Select (12S, LJ, RJ only)
, Active Math channels ! Frame Sync (TDM only)
Active Reference channels " Data (when =, #, <, >, <, 2, Inside Range, Outside
Range; Left, Right, or Either Word)
Thresholds Per-channel thresholds
Bit Clock Polarity Rising Edge
Falling Edge Bus decode
Word Select Polarity Normal
Invert Characteristic Description
Data Polarity Active High Maximum Clock/Data All'but 3 Series MDO: Up to 10 Mb/s (for automated
Active Low Rate decoding of bus)
Word Size 4-32 bits 3 Series MDO: Up to 12.5 Mb/s (for automated
. decoding of I2S/LJ/RJ bus)
Formats Available H?X 3 Series MDO: Up to 25 Mb/s (for automated decoding
Binary of TDM bus)

Display modes

Decode Display

Left Channel Data (I2S, LJ, RJ) (yellow box)
Right Channel Data (12S, LJ, RJ) (cyan box)
Channel 1 Data (TDM) (yellow box)
Channel 2 - N Data (TDM) (cyan box)

Characteristic

Description

Bus

Bus only

Bus and Waveforms

Simultaneous display of bus and digital waveforms

Results Table

Decoded packet data in a tabular view

11 Not available on 3 Series MDO.
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File Edit Utility Help
Waveform View R Add New...

v Cursors || Note
Measure | Search

Results
Table || Pt

TRIGGER

ETTINGS.

‘ } E
Trigger Type Source
’75 ‘Bus 1 (Audio )

Trigger On

]
IIATRIARIITL

Data

Trigger When Word

"Eimer Left Rigm“

Data
Binary Decimal
0000 0001 +001

Audio

MODE & HOLDOFF
4ps
— = — Horizontal Trigger ‘Acquisition
Add| Add  Add " .
New| (New |New | DVM AFG :RHS:CZIY;MS/ o Arlo e {‘:;'z?e
Math| | Ref || Bus i s 8nsfpt A figh Res: 16 bits
RL: 5 kpts 50% single: 1/1

Decoded I2S bus, with data values displayed in signed decimal format, and the MSO triggered on a specific data value.

File Edit Utility Help

Bus Decode Results Add Ner

Bus 1 (Audio) Cursors | | Note

1 0255120 03 0 Measure | Search
2 -2.85512ps 01 FF Restlts) (e
3 3.54488us  FF 01
4 0.94488us  FD 03 Search 1
5 16.34488us  FB 05
6 22744884 F9 07
7 29.14488us  F7 09
8 35.54488us  F5 0B
9 41.94488us  F3 oD
10 48.34488us  F1 OF
11 54.74488us  EF 11
12 61.14488us  ED 13
13 67.54488us  EB 15
73.94488ys

Waveform View

| |
Ty M O

VY vy ey —y

Audio

h (FBh ;(05h }( F9h  07h ) F7h ) 09h ) F5h y 0Bh } F3h ; 0Dh X J(CEFh ) (... ¥13h 'EBh Y 15h }'E9h ¥ 17h

—— Horizontal Trigger Acquisition
Add || Add i i
10psdiv 100 s Auto, Analyze
New|New | [DVM| AFG | ETSEpTVEE Lo High Res: 16 bits
RL:125kpts ¥ 15% Single: 1/1

Decoded I2S bus, with data values displayed in hex and Results Table format, and the Wave Inspector automatic search marking all occurrences of the data values equal to 0X hex.



Datasheet

USB 2.0 Characteristics

Bus setup options

Characteristic

Description

Bus Search options

Characteristic

Description

USB 2.0 Source(s) Analog channels
Digital channels (single-ended)
Active Math channels
Active Reference channels
Thresholds Per-channel thresholds
Speed High Speed (480 Mb/s)

Full Speed (12 Mbl/s)
Low Speed (1.5 Mb/s)

Search On

Sync

Reset

Suspend

Resume

End of Packet

Token (address) Packet

Data Packet

Handshake Packet: ACK, NAK, STALL, NYET (HS
only)

Special Packet: PRE (FS only), ERR, SPLIT, PING,
Reserved

Error: PID check, CRC5 or CRC16, Bit stuffing (LS and
FS only)

Bus decode

Characteristic

Description

Recommended Probing, | Single-ended
LS and FS
Recommended Probing, | Differential
HS
Formats Available Mixed Hex
Hex
Binary
Mixed ASCII
Display modes
Characteristic Description
Bus Bus only

Bus and Waveforms

Simultaneous display of bus and digital waveforms

Results Table

Decoded packet data in a tabular view

Decode Display

Start of packet (green bar)
Sync (green packet)

PID (yellow packet)

Token (address) (yellow packet)
Data (cyan packet)

CRC (purple packet)

Error (red packet)

End of packet (red bar)

Bus trigger options

Characteristic

Description

Trigger On

Sync

Reset

Suspend

Resume

End of Packet

Token (address) Packet

Data Packet

Handshake Packet: ACK, NAK, STALL, NYET (HS
only)

Special Packet: PRE (FS only), ERR, SPLIT, PING,
Reserved

Error: PID check, CRC5 or CRC16, Bit stuffing (LS and
FS only)
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File Edit Utility Help

Bus Decode Results A B

Bus 1 (USB) Cursors| | Note
16 Ur Ar Lo U3 Lo 69 40 24 16 0D /4 24 14 45 3B EE UF 6C CL FE
FF FF 83 7C 2414 01 7F 19 8B 44 24 2C 8B 4C 24 18 8B 40 14 2B
C1 8B 4C 24108941 0CE9 69 040000 8B 54 24 6833 DB 33
C9 89 5C 2440 8B42 4089 4C 244489442414 33C08944 24
48 3B F3 C6 44 24 60 04 89 5C 24 18 OF 8E 91 03 00 00 8B 44 24
70 8B 6C 24 18 3B E8 7C 1E 8D 04 40 8D 75 01 D1 F8 3B FO 7E
02 8B C6 50 8D 4C 24 70 E8 A9 F1 FF FF 89 74 24 74 EB 40 3B F5
7F 3C 8B 3D 34 3B 09 10 6A 00 8D 4C 24 34 FF 15 54 3B 09 10
8B 4C 24 6C 50 C6 44 24 64 05 8D 0C F1 FF D7 8D 4C 24 30 C6
44 24 60 04 FF 15 D0 3A 09 10 46 3B F5 7E D1 8D 55 01 89 54 24
74 8B 44 24 6C 8B 0D BO 3C 09 10 8B 15 B4 3C 09 10 89 4C 24
20 8D 34 E8 80 3A 00 74 2B 8B 0D 6C 30 09 10 8B 3D 14 30 09
10 8D 44 24 20 68 FO 4F 0B 10 50 68 EOQ 4F 0B 10 FF D7 8B C8 FF
157030 09 10 8B C8 FF D7 EB 06 8B 3D 14 30 09 10 A1 DC 3A
09 108B 1042 89 10 8B 46 04 85 CO 89 44 24 24 74 0B 8B 48 04
41 8948 04 8B 44 24 24 88 0D B4 3C 09 10 80 39 00 74 1B 85
C0 7417 8B 0D 6C 30 09 10 68 FO 4F 0B 10 6A 01 FF 15 4C 30 09
10 8B C8 FF D7 8D 54 24 4C 8D 4C 24 20 52 C6 44 24 64 06 FF
15 FO 3A 09 10 8B FO 8B 46 04 C6 44 24 60 07 85 CO

Measure  Search

Results

Table || Plot

3 12.37105us  NYET -
16.17729us  PING 4

Protocol Decode Results Table provides a time-stamped, tabular view of all captured packets on the USB bus.

File Edit Utility Help

Waveform View

Bus 1
250 mv/div | USB

Data:02h

Add || Add | Add
New| New| New| | |[DVM| |AFG
Math | Ref || Bus

(_PID:NYET

Add || Add | Add
New| New| New | |DVM
Math | Ref || Bus

Triggering on a specific data pattern on the USB 2.0 bus and automatically searching on Sync.

Data:COh ) Data:04h ) Data:85h ( ...

Horizontal Acquisition
4 ps/div 40 s UsB Auto, Analyze
SR:3.125GS/s 320ps/pt [ Data Packet High Res: 12 bits
RL: 125 kpts ¥ 50% Single: 0/1

Add New...

Cursors  Note

Measure  Search

Results
Table

Plot

750 mv

500 mv

Horizontal i Acquisition
4 ps/div 40 s Auto, Analyze
SR:3.125GS/s 320ps/pt [ Data Packet High Res: 12 bits
RL: 125 kpts _§ 20% Single: 1/1




Datasheet

Ethernet characteristics 2

Bus setup options

Characteristic

Description

Bus search options

Characteristic

Description

Search On

Start Frame Delimiter
MAC Addresses

Q-Tag Control Information
MAC Length/Type

IPv4 Header

TCP Header

MAC Data

TCP-IPv4 Client Data

Idle

End of Packet

Frame Check Sequence (CRC) Error

Bus decode

Characteristic

Description

Ethernet Source(s) Analog channels
Active Math channels
Active Reference channels
Thresholds Per-channel thresholds
Speed 10BASE-T
100BASE-TX
Recommended Probing | Differential
Formats Available Mixed Hex
Hex
Binary
Mixed ASCII
Display modes
Characteristic Description
Bus Bus only

Bus and Waveforms

Simultaneous display of bus and digital waveforms

Results Table

Decoded packet data in a tabular view

Bus trigger options

Characteristic

Description

Trigger On

Start Frame Delimiter
MAC Addresses

Q-Tag Control Information
MAC Length/Type

IPv4 Header

TCP Header

MAC Data

TCP-IPv4 Client Data

Idle

End of Packet

Frame Check Sequence (CRC) Error

Decode Display

Start of Packet (green bar)
Preamble (purple packet)
SFD (purple packet)
Address (yellow packet)
EtherType (yellow packet)
IP packet (purple packet)
Data (cyan packet)

IPv4 packet (pink packet)
TCP packet (white packet)
Frame Check Sequence (yellow packet)
Error (red packet)

End of packet (red bar)

12 Ethernet is not available on 3 Series MDO.
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File Edit Utility Help
Bus Decode Results Add New...

Bus 1 (Ethernet) Cursors| | Note

1 -626206us 00:22:BD:B8:39:C5 08:00:11:1D:2B:47  IPv4 1346271175 13462711 0800 1C 7D 55 E0 00 00 00 00 90 93 04 05 06 07 08 09 0A 0B - Measure | Search
0CODOEOF101112131415161718 191A 1B1C 1D 1E 1F
202122 23 24 25 26 27 28 20 2A 2B 2C 2D 2 2F 30 31 32 33 Results | [ oy 0
34353637 MiGHE

Waveform View

i ] |
1 umnwwmmlnmn O T A B e ATy BT
L. R .l A X0 L AL e

20'ps 307ps 40°ps 0'ps 70 ps

TR

Ethernet

Preamble ... {_MACDA:00:22:BD:B8:39:C5 ) MACSA:08:00:11:1D:2B:47 ) ET:IPv4 > ..~ IPTL:84 - 35E9h

10'ps

—|—— Horizontal Trigger Acquisition

Add || Add || Add i

Nowr| [Mowr| [Riowr| | [ovm] [ are| | IR 100 s Ethernet Auto, ~ Analyze

Math | Ref || Bus SR:3.125 GS/s 320 ps/pt Start of Frame High Res: 12 bits
RL: 3125 kpts ¥ 10% Single: 1/1

Protocol Decode Results Table provides a time-stamped, tabular view of all captured packets on the 10BASE-T Ethernet bus

File Edit Utility Help

Bus Decode Results Add New...

Bus 1 (Ethernet) Cursors| | Note
1 -635.1746ns  00:22:90:ED:45:C5 08:00:1LFF:01:CA  IPv4 0054 1346274162 134.62.74.1 0800 17 A2 06 A3 00 00 6B OB 6E AF 00 00 00 00 00 000000  — Measure | Search
0000 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
0000 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 Results | [~ oo
0000 00 00 Table ©
2 0.604915us  00:22:90:ED:45:C5 08:00:11:FF:0L:CA 0088 -
Bus: Ethernet
3 10.84485us  00:22:00:ED:45:C5 08:00:11FF:0L.CA 0054
4 30.08472us  00:22:00:ED:45:C5 08:00:11FF:01:CA  IPv4 0054 1346274162 134.62.74.1 0800 17 A2 06 A3 00 00 6B OB 6E AF 00 00 00 00 00 00 00 00
0000 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 66
5 40.32477us  00:22:90:ED:45:C5 08:00:1LFF:01:CA  IPv4 0054 1346274162 134.62.74.1 - 0
6  50.56483us  00:22:00:ED:45:C5 08:00:1LFF:0L:CA  IPv4 0054 1346274162 134.62.74.1 = 2048 M

A A A

A

—

Ethernet

[sP SFD (MACDestAddr:00:22:90:ED:45:C5X MAC Src Addr:08:00:11:FF:01:CA }(_ ET:IPvd )..."... ... IPTL:84  IP1:0000h 0000h ) 64 .. 998%h 134.62.74.162

[X] [ ——— Horizontal Trigger Acquisition

i Add || Add || Add i
500 mv/div | Ethernet e el laad | lovad) | ara| | I 100 s Ethernet Auto, ~ Analyze
500 Math | Ref || Bus SR:3.125GS/s 320 psipt [ Start of Frame High Res: 12 bits
1GHz RL: 312.5 kpts ¥ 10% Single: 0/1

Triggering and automatically searching on the 100BASE-TX Ethernet bus.
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SPMI characteristics °

Bus setup options

Characteristic

Description

Bus search options

SPMI Sources (Clock and
Data)

Analog channels

Digital channels

Active Math channels
Active Reference channels

Characteristic

Description

Thresholds Per-channel thresholds
Recommended Probing | Single-ended
Formats Available Mixed Hex
Hex
Binary
Display modes
Characteristic Description
Bus Bus only

Bus and Waveforms

Simultaneous display of bus and digital waveforms

Results Table

Decoded packet data in a tabular view

Search On

Sequence Start Condition (SSC)
Reset

Sleep

Shutdown

Wakeup

Authenticate

Master Read

Master Write

Register Read

Register Write

Extended Register Read

Extended Register Write

Extended Register Read Long
Extended Register Write Long
Device Descriptor Block Master Read
Device Descriptor Block Slave Read
Register 0 Write

Transfer Bus Ownership

Parity Error

Bus trigger options

Bus decode

Characteristic

Description

Characteristic

Description

Trigger On

Sequence Start Condition (SSC)
Reset

Sleep

Shutdown

Wakeup

Authenticate

Master Read

Master Write

Register Read

Register Write

Extended Register Read

Extended Register Write

Extended Register Read Long
Extended Register Write Long
Device Descriptor Block Master Read
Device Descriptor Block Slave Read
Register 0 Write

Transfer Bus Ownership

Parity Error

Decode Display

Arbitration Start (yellow bar)
Connect Bit (purple packet)
Master ID (purple packet)

Alert Bit (yellow packet)

Slave Request Bit (yellow packet)
Master Priority Level (gray packet)
SSC (green bar)

Command Frame, including Byte Count ' (yellow
packet)

Address (yellow packet)

Data (cyan packet)

Parity (purple packet)

Ack/Nack (purple packet)

Parity error (red packet)

End of packet (red bar)

13 SPMI is not available on 3 Series MDO.

14 The actual decimal Byte Count is displayed in Mixed Hex format, but the raw value is shown in Binary and Hex formats.
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File Edit
Bus Decode Results

Bus 1 (SPMI)

Utility

Help

3 Series MDO, 4/5/6 Series MSO Serial Triggering and Analysis Applications

Add New...

Cursors

Note

Measure | Search

Al
00 D6
EC 04
6 2.2555ms  Master Read Address 2 EB - B1
7 2.7755ms Master Write Address 0 01 - B6
8 3.2635ms  Register Read 3 01 - D8
9 3.6555ms Register Write A OF - 38
10 4.0555ms Extended Register Read C 0E 3(4) 97 28 91 69
11 4.7355ms Extended Register Write 3 B5 1(2) 87 BC
12 5.2555ms  Extended Register Read Long F 4744 6(7) 49 CE B7 57 12 CE 1C
13 6.2395ms Extended Register Write Long 9 D5 8D 1(2) 71BA
14 6.8315ms Device Descriptor Block Read Master Address 3 - 03 C3 CFFD 01AD CE13B6 13
15 7.8875ms  Device Descriptor Block Read Slave Address 8 26 5B 8F EC 23 34 FO E1 8C CE
16 8.9035ms Register 0 Write 8 25
17 9.2875ms  Transfer Bus Ownership - 50
18 Q RQSEmM<  Rocof A

Waveform View
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Horizontal

2 ms/div 20 ms
SR:62.5 MS/s 16 ns/pt
RL: 1.25 Mpts % 0%

Data:BCh

Auto, Analyze
Sample: 12 bits
0Acas

Results
Table

Protocol Decode Results Table provides a time-stamped, tabular view of all captured packets on the SPMI bus.

File Edit

Waveform View
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Copy Search
Settings to Trigger

9.70 ms
Trigger
) 7 ov

Acquisition
Auto, Analyze
Sample: 12 bits
0Acas

Plot

Add New...

Cursors

Results
Table

Automatically searching the SPMI bus for the Transfer Bus Ownership command

Note

Measure | Search

Plot
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Ordering information

To add to an instrument at
purchase

Serial bus
type

3 Series MDO
Option

4 Series MSO
Option

5 Series MSO
Option

6 Series MSO
Option

Description

12C, SPI

3-SREMBD

4-SREMBD

5-SREMBD

6-SREMBD

Embedded Serial Triggering and Analysis (1°C,
SPI). Enables triggering on packet-level
information on 1°C and SPI buses as well as
analytical tools such as digital views of the
signal, bus views, packet decoding, search
tools, and packet decode tables with time
stamp information.

13C

4-SRI3C

5-SRI3C

6-SRI3C

I3C Serial Decoding and Analysis. Enables
decoding and searching on packet-level
information on MIPI 13C buses with analytical
tools such as digital views of the signal, bus
views, packet decoding, search tools, and
packet decode tables with time stamp
information.

CAN, CAN
FD, LIN,
FlexRay

3-SRAUTO

4-SRAUTO

5-SRAUTO

6-SRAUTO

Automotive Serial Triggering and Analysis
(CAN, CAN FD, LIN, FlexRay). Enables
triggering on packet-level information on CAN/
CAN FDI/LIN/FlexRay buses as well as
analytical tools such as digital views of the
signal, bus views, packet decoding, search
tools, and packet decode tables with time
stamp information.

SENT

4-
SRAUTOSEN

5.
SRAUTOSEN

6-
SRAUTOSEN

Automotive Sensor Serial Triggering and
Analysis (SENT). Enables triggering on packet-
level information on SENT buses as well as
analytical tools such as digital views of the
signal, bus views, packet decoding, search
tools, and packet decode tables with time
stamp information.

RS-232/422/4
85, UART

3-SRCOMP

4-SRCOMP

5-SRCOMP

6-SRCOMP

Computer Serial Triggering and Analysis
(RS-232, RS-422, RS-485, UART). Enables
triggering on packet-level information on
RS-232/422/485 and UART buses as well as
analytical tools such as digital views of the
signal, bus views, packet decoding, search
tools, and packet decode tables with time
stamp information.

MIL-
STD-1553,
ARINC 429

3-SRAERO

4-SRAERO

5-SRAERO

6-SRAERO

Aerospace Serial Triggering and Analysis (MIL-
STD-1553, ARINC 429). Enables triggering on
packet-level information on MIL-STD-1553 and
ARINC 429 buses as well as analytical tools
such as digital views of the signal, bus views,
packet decoding, search tools, and packet
decode tables with time stamp information.

%S, LJ, R,
TDM

3-SRAUDIO

4-SRAUDIO

5-SRAUDIO

6-SRAUDIO

Audio Serial Triggering and Analysis (1S, LJ,
RJ, TDM). Enables triggering on packet-level
information on serial audio buses as well as
analytical tools such as digital views of the
signal, bus views, packet decoding, search
tools, and packet decode tables with time
stamp information.
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3 Series MDO, 4/5/6 Series MSO Serial Triggering and Analysis Applications

Serial bus 3 Series MDO | 4 Series MSO | 5 Series MSO | 6 Series MSO | Description

type Option Option Option Option

USB 2.0 3-SRUSB2 | 4-SRUSB2 5-SRUSB2 6-SRUSB2 USB 2.0 Serial Triggering and Analysis (LS,
FS, HS). Enables triggering on packet-level
information on USB 2.0 buses as well as
analytical tools such as digital views of the
signal, bus views, packet decoding, search
tools, and packet decode tables with time
stamp information.

Ethernet 4-SRENET | 5-SRENET | 6-SRENET Ethernet Serial Triggering and Analysis
(10BASE-T, 100BASE-T). Enables triggering
on packet-level information on Ethernet buses
as well as analytical tools such as digital views
of the signal, bus views, packet decoding,
search tools, and packet decode tables with
time stamp information.

SPMI 4-SRPM 5-SRPM 6-SRPM Power Management Serial Triggering and
Analysis (SPMI). Enables triggering on packet-
level information on SPMI buses as well as
analytical tools such as digital views of the
signal, bus views, packet decoding, search
tools, and packet decode tables with time
stamp information.

Serial options | 3-BND - - Adds all serial analysis options and the power

bundle analysis option available for an instrument.

To upgrade an already purchased | Serial bus ' 3 Series MDO Node- | 4 Series MSO Node- | 5 Series MSO Node- | 6 Series MSO Floating/
instrument Locked License ' Locked/Floating Locked/Floating Floating License
License License
IC, SPI SUP3 SREMBD SUP4-SREMBD SUP5-SREMBD SUP6-SREMBD
SUP4-SREMBD-FL SUP5-SREMBD-FL SUP6-SREMBD-FL
13C SUP4-SRI3C SUP5-SRI3C SUP6-SRI3C
SUP4-SRI3C-FL SUP5-SRI3C-FL SUP6-SRI3C-FL

CAN, CAN FD, LIN, SUP3 SRAUTO SUP4-SRAUTO SUP5-SRAUTO SUP6-SRAUTO

FlexRay SUP4-SRAUTO-FL SUP5-SRAUTO-FL SUP6-SRAUTO-FL

SENT SUP4-SRAUTOSEN SUP5-SRAUTOSEN SUP6-SRAUTOSEN

SUP4-SRAUTOSEN-FL | SUP5-SRAUTOSEN-FL | SUP6-SRAUTOSEN-FL

RS-232/422/485, UART | SUP3 SRCOMP SUP4-SRCOMP SUP5-SRCOMP SUP6-SRCOMP

SUP4-SRCOMP-FL SUP5-SRCOMP-FL SUP6-SRCOMP-FL

MIL-STD-1553, SUP3 SRAERO SUP4-SRAERO SUP5-SRAERO SUP6-SRAERO

ARINC 429 SUP4-SRAERO-FL SUP5-SRAERO-FL SUP6-SRAERO-FL

128, LJ, RJ, TDM SUP3 SRAUDIO SUP4-SRAUDIO SUP5-SRAUDIO SUP6-SRAUDIO

SUP4-SRAUDIO-FL SUP5-SRAUDIO-FL SUP6-SRAUDIO-FL

USB 2.0 SUP3 SRUSB2 SUP4-SRUSB2 SUP5-SRUSB2 SUP6-SRUSB2

SUP4-SRUSB2-FL SUP5-SRUSB2-FL SUP6-SRUSB2-FL
Ethernet SUP4-SRENET SUP5-SRENET SUP6-SRENET

SUP4-SRENET-FL SUP5-SRENET-FL SUP6-SRENET-FL
SPMI SUP4-SRPM SUP5-SRPM SUP6-SRPM

SUP4-SRPM-FL SUP5-SRPM-FL SUP6-SRPM-FL
Serial analysis bundle 7 | SUP3 BND

15 Software is supplied with the instrument firmware. Always download and install the latest version of the firmware. Option documentation is part of the application Help.
16 3 Series MDO option license names do not have a dash in the option number.

17 All serial bus and power analysis options that are available for an instrument.
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Recommended probes
adapters.

ASEAN / Australasia (65) 6356 3900

Belgium 00800 2255 4835*

Central East Europe and the Baltics +41 52 675 3777
Finland +41 52 675 3777

Hong Kong 400 820 5835

Japan 81 (3) 6714 3086

Middle East, Asia, and North Africa +41 52 675 3777
People's Republic of China 400 820 5835

Republic of Korea +822 6917 5084, 822 6917 5080
Spain 00800 2255 4835*

Taiwan 886 (2) 2656 6688

* European toll-free number. If not accessible, call: +41 52 675 3777

Tektronix is registered to ISO 9001 and ISO 14001 by SRI Quality System Registrar.

Product(s) complies with IEEE Standard 488.1-1987, RS-232-C, and with Tektronix Standard Codes and Formats.

Product Area Assessed: The planning, design/development and manufacture of electronic Test and Measurement instruments.

Austria 00800 2255 4835*

Brazil +55 (11) 3759 7627

Central Europe & Greece +41 52 675 3777
France 00800 2255 4835*

India 000 800 650 1835

Luxembourg +41 52 675 3777

The Netherlands 00800 2255 4835*
Poland +41 52 675 3777

Russia & CIS +7 (495) 6647564

Sweden 00800 2255 4835*

United Kingdom & Ireland 00800 2255 4835*

Please refer to www.tek.com/probes for further information on the recommended models of probes and any necessary probe

Balkans, Israel, South Africa and other ISE Countries +41 52 675 3777
Canada 1 800 833 9200

Denmark +45 80 88 1401

Germany 00800 2255 4835*

Italy 00800 2255 4835*

Mexico, Central/South America & Caribbean 52 (55) 56 04 50 90
Norway 800 16098

Portugal 80 08 12370

South Africa +41 52 675 3777

Switzerland 00800 2255 4835*

USA 1800 833 9200

For Further Information. Tektronix maintains a comprehensive, constantly expanding collection of application notes, technical briefs and other resources to help engineers working on the cutting edge of technology. Please visit www.tek.com.
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