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Safety Notices

Review the following safety precautions carefully before operating the instrument
to avoid any personal injury or damage to the instrument or products connected to
it.

To avoid potential hazards, use the instrument in a manner only as specified by this
user manual.

The instrument should be serviced by qualified personnel only.
To avoid fire or personal injury

* Use proper power cord.
Only the dedicated power cord of the products approved by the State should be
used.

Connect and disconnect accessories properly.
Do not connect or disconnect probes or test leads while they are connected to a
voltage source.

* Ground the instrument

This generator is grounded through the protective earthing conductor of the power
cord. To avoid electric shock, the grounding conductor must be connected to earth
ground. Make sure the instrument is properly grounded before connecting the input
or output terminal s.

Observe all terminal ratings.

To avoid fire or shock, observe all ratings and marks on the instrument. Follow the
user manual for further rating information before making connections to the
instrument.

Do not operate without covers.
Do not operate your generator with covers or panels removed.

* Use proper fuse.
1] © 2008 RIGOL Technologies Inc.
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Only use the fuse type and rating specified for this product.

Avoid circuit or wire exposure.
Do not touch exposed connections or components when they are on.

Do not operate with suspecte d failures.

If you suspect damage with this product, have it inspected by qualified service
personnel before further operations.

Provide proper ventilation.

Do not operate in wet/damp conditions

Do not operate in an explosive atmosphere

Keep product surfaces clean and dry

NOTE: Items with * are for the host machine of DG3000 Series Function/Arbitrary
Waveform Generator.

© 2008 RIGOL Technologies Inc. 1
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Safety Terms and Symbols

Terms in this manual. These terms may appear in this manual:

WARNING: Warning statements identify conditions or practices that
could result in injury or loss of life.

é CAUTION: Caution statements identify conditions or practices that could
result in damage to this product or other property.

Terms on the product: These terms may appear on the product:

DANGER indicates an injury hazard that may be immediately accessible.
WARNING indicates an injury hazard that may be not immediately accessible.
CAUTION indicates that a potential damage to the instrument or other property

might occur.

Symbols onth e product: These symbols may appear on the Instrument:

/N N S R

Hazardous Refer to Protective Grounding Test
Voltage Instructions Earth Terminal Terminal Grounding
of Chassis Terminal
[\ ©_2008 RIGOL Technologies Inc.
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Logic Signal Output Module ata Glance

RIGOL companyd &ogic Signal Output Module which has 16-channel data outputs
and 2-channel clock outputs, making DG3000 series practical and meaningful Mixed
Signal Generator (MSG) The logic outputs can be configured according to userd s
needs for specific timing of digital signals. The outputs can be used as logic circuit
signal sources, for testing and analysis of the logic circuit designs. General digital
signal protocols can be constructed easily; in conjunction with the analog channels,
real life mixed signals can be produced.

The Logic Signal Output Module has the following function features:

Modul e operation can ;be turned AONO or
Two operation modes: ADependod and Al ndependo;
Two trigger modes: Auto, Burst;

Four protocols: RS234 1°Ca SPR PO

User-defined protocol output based on PO protocol;

A variety of code pattern outputs: All ®) All 6 1 6, turd OEEB standard
pseudorandom sequence;

Online data editing of protocols;

Arbitrary output rate inthe i D e p eworlt iode;

User-defined channels output, including data and clock lines (choose from
16+2);

Digital channel and analog channel outputs and respectively setting of
channels output or not;

Provide TTL, LVTTL, CMOS, LVCMOS and useefined output voltage;

Remote configuration;

Embedded help.

© 2008 RIGOL Technologies Inc. V
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Expression s in this manual:

The expressiors of buttons in this manual are the same as those on the front panel.
The operation buttons are surrounded by a textbox, such as the , and texts
with shadow, such as Edit Digital W, indicate the operation menu of editing digital
waveform in function. The five menu keys at the right side of the LCD are
labeled as F1, F2, F3, F4 andF5 from top to bottom.

NOTE:
The DG3000 modelswhich are interoperable with the L ogic Signal Output Module
are: DG3121A DG3101A and DG3061A.

VI © 2008 RIGOL Technologies Inc.
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Chapter 1 Quick Start

This chapter introduces the connections and user interfaces of the module, and
leads users to get familiar how to use the module.

This chapter is divided into the following sections:
A Ports of the module

A To connect the module

A User interface

© 2008 RIGOL Technologies Inc. 1-1
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Ports of the Module

When you get a new DG3000 Logic Signal Output Module, first be familiar with the
ports and markings on it. There are three main ports: port connected to DG3000, a
digital logic output and an analog logic output, as shown in Figure 1-1.

Indicator light of the digital logic output

Cagtit Lot Oudpur

Connect to DG3000

IRICAOIL

1z ]

! T lebe 86666 ]
» /

Dol
(=)

v

Indicator light of the digital logic output

Figure 1-1 Port instruction of the module

1-2 © 2008 RIGOL Technologies Inc.
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As shown in Figure 1-2, to use the module, please connect this port to the
ADI GI TAL ¢bnediolat the rear panel of DG3000 with the provided cable
as describedAMin AAppendi x

F/K -

b

Figure 1-2 Port used for connecting to DG3000

The analog logic output port and the pin definitions are shown in Figure 1-3. To
use it, please connect the provided logic analyzer testing wires to this port;
connecte the other ends of the testing wires to the input of a logic analyzer which
will verify the output signal of the module. The logic analyzer testing wires can also
be used to transform the analog logic output.

—

CLK1 A15A14A13A15A11 A10A0 Ag GND Az AsAs A4 Az A AL Ag CLKO
T ya N T T Va N 4
[t e s \ IJ:|
OO0 0 DOdodagDopoadDopagaonaaaonaoan
(e [t e R e | e R e ot o (e [t e [t o [ Rt [ e [ o ol e [ e gt e e O] o 8 el o e e |
\ /
GND
Figure 1-3 Port instruction of the analog logic output
© 2008 RIGOL Technologies Inc. 1-3

User 6 s Gaogic 8ignal Datput Module



RIGOL

The digital logic output port is shown below in Figure 1-4. The outputs are located
at the two sides of the module. The module provides 16 digital channels (D" Dss)
+ 2 clock output channels (DCLKQ DCLK1).

Dg Dg D19 D3 D13 D13 D14 D15 DCLK1

DCLKO D; Dg Ds D, D3 D, D; Do

Figure 1-4 Ports instruction of the digital logic output

1-4 © 2008 RIGOL Technologies Inc.
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To Connect the Module

The Logic Signal Output Module is an optional accessoy of the DG3000 Series
Function/Arbitrary Waveform Generator. Connect the module to a DG3000 as

shown in Figure 1-5. Make sure that the power is off before and during the
connection. Power up the instrument, the DG3000 will confirm if the module has
beensucessfully installed by displaying the
Otherwise, repeat the above setup process until the screen shows the success
message.

Figure 1-5 Connectthe module to DG3000

A WARNING When connecting the module to a DG3000, the power must
be turned off.

© 2008 RIGOL Technologies Inc. 1-5
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DG3000 provides a switch function to control the power modes of the module.
Press A Output Setup A Digit-Modu, as shown in Figure 1-6, there are

two power states: iPowerrOnoa n dPower-Offo .

The module supports two work modes: fDependo and findependa

Atthe iDependo mode, al | t hpat ae disabledgthe watpute f or ms

rate and phase of digital output will have not limit.

At the Al nd e p e n d both the dnedule and DG3000 can works normally.
However, the output rate and phase of module will have fsome limito (See the

following prompt message).

LITILITY

|'|r|

STar‘T Data Werif y StopBits =
Shits Ol 1hit Wiork-mode

DoOME

Figure 1-6 Choosefil ndependao

Examples in this manual use the

mo de

Al ndependod

operation methods of the module, as shown in Figure 1-6 Choosefil ndependo
mode, the button will blink indicating that the modified settings have not

been activated, Press again to execute.

Limit of the outputra te
InfAl n d e p wankdndde, the output rate has the following limit:
RS232 (100MBps/120MBps) / (2xN), ( N=1, 2, 3, &)
SPL (100Mbps/120Mbps) / 2xN), ( N=1, 2, 3, &)
[IC: (100Mbps/120Mbps) / (BxN), ( N=1, 2, 3, &)
. PO (100Mbps/60Mbps) /N, ( N=1, 2, 3, &)
1-6 © 2008 RIGOL Technologies Inc.
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User Interface

DG3000 Series Function/Arbitrary Waveform Generators provide users clear and
easy-to-use graphical displays for: Communication Protocol Interface, and Data
Editing Interface.

Communication protocol interface allows users to configure the system:

5

Select digital communication protocols

Select multifarious code patterns or user-defined patterns
Set the data output length

Select data transmission rate or user-defined rate output
Set trigger mode and trigger level

Configure output channels with various signal line.

Data Editing Interface allows users to:

B

Edit data in hexadecimal or binary form
Store the waveform data in non -volatile memory,
Recall and edit stored data.

© 2008 RIGOL Technologies Inc. 1-7
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Communication Protocol Interface

Press A Edit Digital W, to enter the communication protocol interface as
shown in Figure 1-7. The upper-left is Status bar, from left to right are: current
protocol, digital voltage, analog voltage, data transmission manner and
configuration state. Below the Status bar is a Figure shape of the protocol; consists
of data transmission rate, configuration of data-line and clock-line; then the
Protocol format. Below the Protocol format is the basic Parameter settings. The
right side of the screen is the Operation Menus.

CIGIT

Status bar

Figure shape

of protocol
Protocol Data Verify  [StopBits operation
format Bhits el 1hit Code Pat
[ o1
P BEE
Parameter it o Y fr Edit
settings =
Figure 1-7 Communication protocol interface
PROMPT
., foadedd i n d thatathe ecsrrent output is the current configuration,

whi Urdoadd i n dthat #he carsent output is the last configuration.
Parameters ma r k e d *@iriditate thét they have been modified.

The blinking button indicates that the modified setting has not been
implemented, press again to execute.

Press to complete change of the configuration, or switch to arbitrary
wave mode if no parameter is changed.

1-8 © 2008 RIGOL Technologies Inc.
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The operation menus and description are shown in the following figure s and tables.
Figure 1-8(2) is for SPIa lICa PO protocol, and Figure 1-8(3) is for RS232protocol.

Figure 1-8(1) Table 1-1(1) Operation menu description

DIGIT Menu Setting Description
_Protocal Rggf’z To set protocol type, use the
[tRS232 Protocol Ic knob to choose the protocol
Bratocal PO and press F1 again.
Setting Protocol To set the parameters for the
Setting protocol.
Code Pat
|H"|+ ALLO
= ALL1
Data 01
Edit Code Pat 8PRBS To set common code pattern
12 16PRBS
32PRBS
User To set user-defined pattern
Data A shortcut of editing the output
Edit data.

Figure 1-8(2) Figure 1-8(3) Table 1-1(2) Operation menu description

OlIT DT

Menu Setting Description
202 Output To set the data output
L Length length.
Cutput Cutput To set the data transmission
Length Length # Rate/ rate.
— Baud To set the Baud rate. (In
Rate lL RS232protocol)
GR00
Trigger Trigger Trigger To display the trigger mode.
|. Aot | Auto .
Channel To configure the output
Chanmel Charmgl Setting channel.
Setting Setting
© 2008 RIGOL Technologies Inc. 1-9
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Data Edit Interface

User data editor provides abundant data outputs. A DG3000 has a 56k (1k=1024)
Bytes of data space. Arbitrary digital waveform s can be generated by editing the
data.

Press A Edit Digital W A Data Edit, to enter the iDATAEDIT0 i nt asr f ac e
shown in Figure 1-9. The interface is divided into three parts: the upper-left side is

the Data space, below the Data space is the Input area. The right side of the

screen is the Operation Menus.

RIGOL T |
Ad A DATAEDIT
Data space aA4 A
AEAl 4
4541
JEES Operation
Menus
Input ar ea
Figure 1-9 User data editing interface
1-10 © 2008 RIGOL Technologies Inc.
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The DATAEDIT operation menus and description are shown in the following figure s

and tables.

Figure 1-10(1)
DATAEDIT

[rput Type
[ HEX

SELECT

Figure 1-10(2)

DATAEDIT

DOME

Table 1-2(1) Operation menu description

Menu Setting Description
Addresg Address To edit the address or data.
Data Data
Inout Tvpe HEX To choose hexadecimal or binary
put Typ BIN form to input user data.
SELECT Press_ this menu to confirm the
seleding.
Volatile Data stored in volatile space.
ArbWavel
DataSource| ArbWave?2 | Data stored in non-volatile space.
ArbWave3
ArbWaves

Table 1-2(2) Operation menu description

Menu Setting Description
DataPage
UpCross Turn to the last page.
DataPage
DNCross Turn to the next page.
Store user data in non-volatile
Save memory or U disk.
Recal Recall data from non-volatile
memory or U disk to edit.
DONE Store aII_the changes and return
the previous level menu.

© 2008 RIGOL Technologies Inc.
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Chapter 2 To Edit Digital Waveform

This chapter shows how to edit digital waveforms with respect to the pro tocol

settings. It is divided into the following sections:

A Protocol setting

b=

To set the code pattern

A  To set the data output length

A To set the data transmission rate

A To set the trigger mode

A Channel setting

A Digital waveform calibration

© 2008 RIGOL Technologies Inc. 2-1
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Protocol Setting

Protocol Setting is to configure the format and parameters of the protocol. At
present, the DG3000 Logic Signal Qutput Module supports 4 communication
protocols: RS232 (Recommended Standard232), SPI (Serial Peripheral Interface),
IIC (Inter-Integrated Circuit) and PO (Parallel Por). The PO is a parallel
communication protocol and the other three are s erial communication protocols.

2-2 © 2008 RIGOL Technologies Inc.
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To Set RS232Protocol

Press A Edit Digital W A Protocol. Use the knob to choose fRS232 Press
F1 againt o s eRISZ3 &s stiown in Figure 2-1.

DIET

W—s SG6BEEDs

DA Ta

e Setting
Ztart Data Veprify _
B Ghits O] PO Code Pat

CI

Data
Edit

172
—-

Figure 2-1 ChooseRS232protocol

PressProtocol Setting, to enter the protocol setting menu as shown in Figure 2-2.

RIGOL

Jerify
|’4 [-lone

# StopBit

[t Thit

Triglnt

DorME

Figure 2-2 RS232protocol setting interface

© 2008 RIGOL Technologies Inc. 2-3
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The RS232 protocol setting menu and operation description are shown in the
following figure and table.

Figure 2-3 Table 2-1 Operation menu description
Menu Setting Description
5bits
6bits To set transmission data length
#Data .
7bits per frame.
’ 8bits
Mare None None
ORI Odd Odd
':_'t'j'_F"E"t. Verify Even Even
[ it Fixed0 Fixed0
: Fixedl Fixedl
Triglnt 1bit
#StopBit 1 5bits To set the stop bit of the
. character frame.
DORE 2bits
Trigint 05~305 T(_) set the trigger interval in auto
trigger.
DONE Store aII_ the changes and return
the previous level menu.

____________________________________________________________________________________________________________|
Terms Explanation

To make the setting of AVerifyd more flexible for users, two fverifyo types: AFixed00
and fFixed10 are included.

Fixed0: Always st the fiverifyd bit to f0a

B

Fixed 1: Always set the fiverifyd bit to fila

2-4 © 2008 RIGOL Technologies Inc.
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To Set SPI Protocol

PressA Edit Digital W A Protocol. Us e t he knob t BressHloose
again to selectFigu8®24.0 as shown in

DT
Protocol

L%

p— 1.000,0kbps

Code Pat

Figure 2-4 Choose SPI protocol

PressProtocol Setting, to enter the protocol setting menu as shown in Figure 2-5.

RIGOL
[~ R o M=E

j—s 1.000,0kbps
w T L . JUL L
N e Clock Pol
— [0

Clock Pha

Figure 2-5 SPI protocol setting interface

© 2008 RIGOL Technologies Inc. 2-5
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The SPI protocol setting menu and operation description are shown in the following

figures and tables.

Figure 2-6(1) Table 2-2(1) Operation menu description

Menu Setting Description

SPB To set the SPI type, use F1 or

SPIType SPR the knob to switch the opt ions.
0 To set the clock polarity, use F2
Clock Pol 1 or the knob to switch the

options.

0 To set the clock phase, use F3 or

Clock Pha 1 the knob to switch the option s.
CSLevel High Level | To set the CS level| use F4 or the

Low Level | knob to switch the option s.

Figure 2-6(2) Table 2-2(2) Operation menu description

TFS
[(Fs_L

Triglnt

DoOrME

Menu Setting Description
1Byte To set transmission length of
#Data 2Byte each data frame, use the knob to
3Byte switch the options.
To set the TFS typé
FS_ L .
- Front Sync, Low level effective
FS_H . )
— Front Sync, High level effective
TFS LD L .
B Last Sync, Low level effective
LD _H . .
NONE Last Sync, High level effective
Do not the TFStype
Trigint 0s~30s T<_) set the trigger interval in auto
trigger.
DONE Store all the changes and return

the previous level menu.

Terms Explanation

5

SPI Type: The difference between SPI3 and SPI2 isto set the CS level or not.

Users do not want to choose the CS line could select SPI2.

TES: Transmit Frame synchronization Signal The frame synchronization signal

is used for data synchronization. It indicates the start of the data block.

2-6
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To Set IIC Protocol

PressA Edit Digital W A Protocol. Us e t he knob tBescHloose
again to sel ectFigire2-TCo as shown in

RIGOL

ii T s CIGIT

Praotocal

W—H 1.000,0kbps

ID: User 0
Trigint: 10ms

Figure 2-7 Choose IIC protocol

PressProtocol Setting to enter the protocol setting menu as shown in Figure 2-8.

RIGOL
[T 0 B

— 1.000,0kbps

01 5D&

Cutput: 1 Byte Triglnt

O Wirite

DoME

Figure 2-8 IIC protocol setting interface

© 2008 RIGOL Technologies Inc. 2-7
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The operation menu and description of User-defined IIC address are shown in the
following figure and table.

Figure 2-9 Table 2-3 Operation menu description
Menu Setting Description
User Enable or disable the Address of
Address ;
None the slave or host chip.
User 0-127 Set the Address of the slave or
host chip.
. Write .
Operation Read To set the operation mode.
I Trigint 05~305 Tc_) set the trigger interval in auto
riglrit trigger.
DONE Store aII' the changes and return
DOME the previous level menu.
2-8 © 2008 RIGOL Technologies Inc.
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To Set PO Protocol

PressA Edit Digital W A Protocol Us e t he knob tRestHiloose
again to sel ectFighr2210. as shown i n

%"‘7 DIGIT

Protocol

Code Pat
[f o1
Data
Edit
152
.

Figure 2-10 Choose PO protocol

PressProtocol Setting, to enter the protocol setting menu as shown in Figure 2-11.

F'Il.1l IL

DoOrME

Figure 2-11 PO protocol setting interface

© 2008 RIGOL Technologies Inc. 2-9
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The PO protocol setting menu and operation description are shown in the following
figure and table.

Figure 2-12 Table 2-4 Operation menu description
Menu Setting Description
None None: No Mask Channel.
Mask | DO DO~ D15:
Channel | - Select the appointed channel as
D15 the Mask Channel.
None None: No Tri-state Channel
Tri-state | DO DO~ D15:
Channel | - Select the appointed channels as
D15 the Tri-state Channels.
Vgt Select Select Select or Deselect Mask Channel
CANCEL or Tri-state Channel.
OioME . . .
Trigint 05~305 T(_) set the trigger interval in auto
trigger.
DONE Store aII' the changes and return
the previous level menu.
Keypoints:
Mask Channel

Data in the Mask Channel can be edited in the user space (refer to AUser
Data Editor ). In the data editing area, starting from the address 00000000,
every two addresses store 16 bits of data which correspond to the mask
channel DO~D15 respectively. For example, for the data 1840, 0x40
corresponds to D7° DO and 0x18 corresponds to D15 D8. i 0 a the Mask
Channel, indicates the corresponding Tri-state Channel output is not high Z
(normal output), while filo indicates the corresponding Tri-state Channel
output is high Z (2).

Tri-state Channel

Tri-state Channel is the channel to be fimaskedad The Tri-state Channel output
depends on the correspondingdata i 1 6 a nindMas$k Clkiannel, high Z, and
not high Z respectively.

2-10 © 2008 RIGOL Technologies Inc.
User 6 s Gaogic 8ignal Datput Module
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Example:

Mask Channel Data:10011001010101200 0 O 1 0 O 1 O
Tri-state ChannelData 0 1 0 1 0 1 0 1 0 1 0 1 0 1
Actual Output of Tri-sate Channel:z 1 0 zZz Z 1 0 zZ 0 Z O

|
NOTE

Only one of the channels (DO~D15) can be chosen as the Mask Channel.
The selected channel turns azury on the screen (See page 2-42, Figure
2-45 Channel marks).

Users can choose one or more channel as the Tri-state Channel. The
selected channelsturn bolarious on the screen (See page 2-42, Figure 2-45
Channel marks).

Both the opening (yellow on the screen) and the closed (white on the
screen) channek can be chosen as the Mask Channel or the Tri-state
Channel. The difference is that the opening channel can output but not the
closed channd. To know how to open or close the channel, see page 2-43,
Table 2-12(1) Operation menu description.

© 2008 RIGOL Technologies Inc. 2-11
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To Set the Code Pattern

Code Pattern setting generates the output code patterns. It includes common
patterns such as i A0b ] @ A | AiFRBS(Pseudo Random Binary Sequencg and
user-defined codes.

Common Code Pattern

Press A Edit Digital W A Code Pat Choose common code pattern such as:
AlI02AII1a01a8PRBS 16PRBSA 32PRBS Use the knob to choose the required code
pattern and then press F3, as shown in the Figure 2-13.

RIGOL

[FO I [ DIGIT

Praotocal
—s 1.086,5kbps HT

Protocal
Setting

0|

Pat: 5 Out|5THEe Data
: - Edit

112
—p-

Figure 2-13 Choose the common code patterns

Table 2-5 Description of the Common Code Pattern

Code Pattern Description
Allo All A 0siquence
Alll All filo sequence
01 i A lalternate sequence
8PRBS PRBSgenerated by an 8 bits linear shift register
16PRBS PRBSgenerated by a 16 bits linear shift register
32PRBS PRBSgenerated by a 32 bits linear shift register
2-12 © 2008 RIGOL Technologies Inc.
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User Defined Code Pattern

Pressm A Edit Digital W A Code PatA User Scrollunti AiUs er 6 appear
the menu bar as shown in Figure 2-14. Users can set the data output offset as

needed.

DIGIT

Protocal

Figure 2-14 Set the output offset

When fUsero is selected, the outputs of the generator will be the user edited data
(See the next section fUser data editord). The fOffsetd setting is convenient for
users to choose the starting position of output data.

Note: Setting the offset does not change the mask channel data under PO protocol.
The first mask is always the data stored in the address 00000000 and
corresponding to the mask channel set by users. For example, when the mask
channel is D30 and the data in the address 00000000 is f0x400 (01000000), the
first mask is 0a

© 2008 RIGOL Technologies Inc. 2-13
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User Data Editor

Edit Address and Data

1. Edit address

Select Address or Data to edit; press F1 to toggle the two options. Select Address
as shown in Figure 2-15.

RTGOL

_l':_. [ Iy B v |

Figure2-15Sel ect fAAddresso to edit

When editing address, use the left or right direction key to select the address bit.
Use the knob to choose the numeric or letter on the displayed keyboard. Press
Select to confirm the selection.

PROMPT

Address can only be set to an even number, or an error will appear.

2-14 © 2008 RIGOL Technologies Inc.
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2. Edit data

PressF1 and select Data, and then modify the data on cur rent highlighted position.
There are two kinds of input types: Hexadecimal and Binary. Use the left or right
direction key to select the data bit for editing. Use the knob to choose the numeric
or letter on the displayed keyboard. Press SELECTto confirm the selection. The
input format of Hexadecimal and Binary are shown in Figure 2-16.

RIGOL PO
B4 DATAEDIT

4 A1z

1

4

Total 256K

1 2575

RIGOL DATAEDIT

Add

Input Type
Bir |

Total 256K

Figure 2-16(b) Edit data (Binary)
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Edit Stored Digital Waveform

The currently editing data is in the volatile memory, and the stored data in the
non-volatile memory can be imported as shown in Figure 2-17.

RTGOL

1546 J

o e

Figure 2-17 Select data source

Press DataSource Repeat pressing this key or use the knob to select the storage
location of digital waveform: Volatilea ArbWavela ArbWave2a ArbWave3 or
ArbWaved.

PROMPT

Only the location which has stored digital waveform will appear in the
DataSource option.

The currently editing data is always located in the volatile memory. When
choosing data from the non-volatile memories: ArbWavela ArbWave2a
ArbWave3 or ArbWave4 data will be copied to volatile memory for editing,
and those stored in non-volatile will not be changed.
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Data Browse, Store and Recall

1. Data browse

Press F5 and switch to the second page as shown in Figure 2-18. Press DataPage
UpCrossto display data in the previous page, press DataPage DnCrossyou will see
data in the next page.

RIGOL

1
4]

Tatal:

M1l

Figure 2-18 Switch the data page

Below the Data Space, it shows the total data length and the current page. If users
want to edit data on any page; switch to that page by pressing DataPage UpCross
or DataPage DnCross Press F1 to return the upper level menu, and then edit data
as introduced before.

© 2008 RIGOL Technologies Inc. 2-17
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2. Save and Recall

Users can store data in the non-volatile memory or a U disk, and recall them into
the volatile space for editing.

PressSave Recallto enter the save and recall interface as shown in Figure 2-19.

RIGOL STORAGE

File Tiype

Local (Co] =
.

Figure 2-19 Save and recall interface

The Save/Recallmenu and operation description are shown in the following figures
and tables.

Figure 2-20(1) Table 2-6(1) Operation menu description
STORAGE Menu Setting Description
Data Arbitrary Waveform files

File Type All File All kinds of files
State The Setting of the generator

Directory | o6t petween Directory, Path
Browser Path :
File and file

Save digital waveform data to

Save the appointed place

Recall the waveform or Setting
Recall information in the specific
position in the memory.

2-18 © 2008 RIGOL Technologies Inc.
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Figure 2-20(2) Table 2-6(2) Operation menu description
STORAGE Menu Setting Description
Delete the selected waveform
Delete ;
file.
CANCEL Cancel the current operation and

return the previous level menu.

CAMNCEL

File type selection
PressF1 repeatedly to toggle between the file types.

To use the Browser
Press R repeatedly to toggle betweenfi Di r ect or y o, iPat ho and

© 2008 RIGOL Technologies Inc. 2-19
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(1) Save

Press Save to enter the data saving interface. Enter a filename by using the
displayed keyboard. The instrument supports both Chinese and English inputs.

Chinese input

Example: Toentert he f i |l ena@&ame i
Press F1 to selectChn_S

RTGOL

; STORAGE
File Mame

[Fput Type

[ Chn_s

SELECT
0.shu

145 2BF 3fE 444 o1 630 Delete

End ¥

Stare

CAMCEL

Figure 2-21 Input Chinesefilename

Use the knob t o SEhEJots enfifinsthe ;selegtione Repeat

with Aho and Auod; the input field wildl d
characters. Use the directiom lkey sthomwhnoadlk
Figure 2-21. Pr e s s thefikdypad bnnthe front panel of the DG3000.

Repeat the above praceési8Td odelngptuea & charac
direction key to select it and then press Delete. When finished, press

End/Store to end the storage.
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English input

Example: To enter the f iFgeea22the Adi gital 0 ac
Press F1 to selectEn.

RIA0L CSTORAS
: STORAGE
File Mame

[Fput Type
di :;]i’[ al I | =

SELECT

Delete

End §

Store

Figure 2-22 Input Englishfilename

Use the knob t o SEbECSHs @mnfifndhe selegioneRepeat until
Adigital o completed. To delete a character
then press Delete. When finished, press End/Store to end the storage.

The final results after the examples above are as shown in Figure 2-23.

Figure 2-23 Save and recall interface
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(2) Recall

BN

As shown in Figure 2-24,t her e i s a f i linethe manivadatle Igcationgi t al o
ARB2

RIGOL STORAGE

Local (6]

Figure 2-24 Recall a stored digital waveform

Press F2 toswitch the browser and s e | e ¢ t Usditkeiup anaddown direction key
to select f AR B 2 ta | @resg Recall to recall the file. The screen will display a
prompt as shown in figure 2-24.

NOTE

There will be an error when trying to read analog waveform to

digital storage space.

When you enter the STORAGE menufom fiuser dat adigitald
waveform can be read. If try to read an analog waveform, an error
message willbegiven( See t he HAgeENr sr.cMé D %A

There will be an error when trying to read digital waveform to
analog storage space.

When you enter the STORAGEmMenu by pressing on the front
panel of DG3000, only analog waveform can be read, if try to read a digital
waveform, an error message will be given ( See t he i gerq
section).
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(3) Delete

Enter the second page of the STORAGE menu as shown inFigure 2-25; use the
knob and direction key to select the file you want to delete, and then press Delete.

RIGOL

Local (Co)] AREBL.
AREZ: digita

Figure 2-25 File delete
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Output User Data

When Code Patis set to flUs e,thé protocol will output the user-defined data, and
users can set the value of fiOffseto to select the start data location.

The communication protocols have specified transmission sequence of data. For
example, RS232 usesALSB) SPI and IIC use AMSHE) but for PO, both ALSB and
fMSB) can be used. Therefore, the output sequence of user data depends on the
choosen protocol.

LSB:

Least Significant Bit, for binary sequence 00001111, LSB is the most right bit filo.
MSB:

Most Significant Bit, for binary sequence 00001111, MSB is the most left bit 00,

In the following Example 1 and Example 2 we will introduce how to output
user-defined data.

RIGOL DATAEDIT

P R ey I I v |
o0

9

Total 2

1 L]

Figure 2-26 Output user data

Example 1:

Use RS232 protocol, data per frame=8bits, output data length=1 Byte, data
line=D1, Offset=1, the other parameters use default value, output user data as
shown in Figure 2-26.

Explanation:
Offset=1 indicates the first data fil8400 would not be output. As data transmitting

through line D1, it will output 8 bits (1 Byte) in the 8 data start from 044Aa The
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data storage is shown in the following table.

Table 2-7 Data Storage

Address Data ( D15~D0 )

00000002 044A(0000010001001010)
00000004 0222(0000001000100010)
00000006 1104(0001000100000100)
00000008 0180(0000000110000000)
0000000A 0000(0000000000000000)
0000000C 4084(0100000010000100)
0000000E 2012(0010000000010010)
00000010 0000(0000000000000000)

Output:

1. According to the above table, the output data wouldbe: 11000010;

2. For RS232protocol, the output sequence is ALSH) then the output should be:
01000011;

3. For RS232 protocol is negative logic output, in the output figure, M0 is
represented by high level and il0 is represented by low level as shown in the
figure below:

Note: For RS232protocol, -15V° -5V is logic fi 1alnd +5V° +15V islogicii 0 0

Example 2:
Use PO protocol, output data length=4Bytes, data line= All, Offset=0, the other
parameters use default value, output user data as shown in Figure 2-26.

Explanation:

Offset=0 indicates the first data fil8400 would be output. As data transmitting
parallel from the 16 channels each channel will output 2 bits (total is 32 bits=4
Bytes). The data storage is shown in the following table.
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Table 2-8 Data Storage (4Bytes)

Address Data (D15~D0)
00000000 1840(0001100001000000)
00000002 044A(0000010001001010)

The output is shown in the following figure :

SCLK
0 0
Dis
0 0
Dia
0 0
Dis
1 0
D12
1 0
Du
0 1
Dio
0 0
Do
Ds 0 0
D7
Ds
0 0
Ds
0 0
Da
0 1
Ds
D2
D1
Do 0 0
2-26 © 2008 RIGOL Technologies Inc.
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To Set the Output Data Length

PressA Edit Digital W A F5,toent er the se®OGHdPrgsage of
Output Length to set the output data length as shown in Figure 2-27.

RIGOL .
BFT 0o A-- v  mE . DiET

W—H 1.6688,Akbps

Chtput
Lenaoth

Figure 2-27 Set the output data length

Keypoints:

Under RS232 protocol if t he# Diat a0 ( dat asetpsdass tHam thene )

mi ni mum value 1lbyte (8bits) of the AOuUt piI
dropped in the output. For example, if i# Dat ad i s teeelt(inkold) 7 bi t s
is not output when outputting the data 0x08 (00001000).

Under SPI protocol, if the output data length set is not a natural multiple of

fi # D a (datedper frame), the output uses zero padding mode. For example, if

A#Dat aod Bbyte ane autput aata length is set to 5 byte, 1 byte of 00

are added to add the data t o 6byte before outputting. Then, the data is output

in 2 frames with each frame outputting 3byte.
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]
PROMPT

Output Length : To define the output data length (Byte). Different protocols
have different upper limit.

If the current output code is User code, then User code plus User offset can
not exceed User space andthe upper limit of protocol output, in addition, not
to exceed 256k Bytes.

RS232 output upper limit: 35k Bytes; SPI output upper limit: 40k Bytes; IIC
output upper limit: 10k Bytes; PO output upper limit: 128k (1k=1024) Byte.
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To Set the Data Transmission R ate

Different protocols have different data transmission rate settings. RS232refers to
"Baud per secondg while SPI, IIC, PO refer to set fbits per second (bps)a

1. Baudrate Setting

Press A Edit Digital W A F1 A RS232A F5, to enter the second page of
i O5ITO  me Prass Baud, it would display as shown in Figure 2-28.

Dutput
Length

. Baud
4 oR00 |

Tricer
[ Auto

Figure 2-28 Set the Baud rate

Baud setting provides transmission rate options: 2400, 4800, 9600, 19.2k, 38.4K,
57.6k, 115k, and the default is 9600.

Besides the above options, the RS232 also provides userdefined output rate as
shown in Fgure 2-29.
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CIGEIT

-

Cutput
Lenath

L E: E ) EI |';'|T E

H—H *lser {688, BkBps Bl

DA T kKBps

“tart Data =topBits
la} Shits 1kit

MBS

Figure 2-31(b) Input user-defined output rate

Term s Explanation

Baud rate : Code elements transmission per second. The unit is Bps (Bauds
per second).

Bit rate : Binary bits transmission per second. The unit is bps (bits per
second). Bit rate is an important specification of digital communication
system. When the channel is fixed, the higher the information transmission
rate is, the better the effectiveness will be.
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2. Rate Setting

Press A Edit Digital WA F1A ' SPI A F5, to enter the second page of
i D1 GPrassRate, it would display as shown in Figure 2-30.

RIGOL
[5PT
Dutput

Lenoth

Rate |

Tricier
[ Auto

Figure 2-30 Transmission rate setting

© 2008 RIGOL Technologies Inc. 2-31
User 6 s Gaogic 8ignal Output Module




RIGOL

To Set the Trigger Mode

The module provides 2 trigger modes: Auto and Burst, the default is Auto mode.

1. Auto trigger

Press A Edit Digital W A F5 A Trigger, to enter the interface as shown in
Figure 2-31. The default trigger mode is fAutod under which users can set the
trigger interval (refer to fiProtocol Setting ). To change the trigger mode; turn to

mode.

::IFI.JI”L— CIGIT

Dutput
Length

Figure 2-31 Set Auto trigger mode

2. Burst mode trigger

Burst trigger includes 3 modes with respect to different trigger sources: Internal,
External and Manual. In Burst mode, the screen will also display the current
protocol in use and the related parameters.

1) Internal trigger

Press A Source A Internal, to enter the interface as shown in Figure
2-32.
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RIGOL BLURST

Burst Period

Source
_Internal |
12

~P-

Figure 2-32 Chooseinternal source

PressF5, to enter the secondpage o f i B laRsidwd in Figure 2-33. Select a
rising or a falling edge through the Trig Out option, or you can choose
disable the trigger output.

RIGOL BURST

Twpe W Cycle
Trig Cut
i

Figure2-33Set the Atrig outo signal
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2) External trigger

Press A Source A External, to enter the following interface as shown in
Figure 2-34.

RIGOL BURST

Twpe M Cycle

Figure 2-34 choose external source

PressF5toent er t he second page Figufe2-85BaniRselédcdo as sh
a rising or a falling edge through the Slope option.

RTGOL

Figure2-35Set the Atrig outo signal
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3) Manual trigger

Press A Source A Manual, to enter the interface as shown in Figure 2-36.
The function key on the front panel will turn bright when Manual is
selected.

RIGOL BURST

Twpe W Cycle

=

Figure 2-36 Choose manual trigger

Press F5,t0 enter the second pageof ABURSTO &igure®-B70 Selecta n
rising or a falling edge through the Trig Out o pt i on, or you can <ch
disable the trigger output.

Type N Cycle
Trig Cut
off |

Dlesf Frot

§.000,0 s

| Delay

1.000k

Figure2-37Set the Atrig outo signal

When finishing the trigger mode setting, press to return the fDIGITO
interface.
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Channel Setting

The module provides 16 data output lines and 2 clock lines. Users can selectany of
them as in need, and set the channel output voltage. This section introduces the
channel settings of each protocol.

Channel Setting for RS232Protocol

Press A Edit Digital W A RS22 A Channel Setting, to enter the interface
as shown in Figure 2-38.

LB . CHAMNMEL

T

W—H User 1.688,6kEps |1 O

DoOrME

Figure 2-38 Channel setting of RS232
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The Channel setting menu of RS232 protocol and operation description are shown

in the following figure and table.

Figure 2-39

CHAMMEL

Analo-valt
[ on

DOME

Table 2-9 Operation menu description

Menu Setting Description
DO
D1
TX 8 Select data line of RS232.
D14
D15
On
Analo-volt off Set analog channels voltage.
DONE Store all the changes and return

the previous level menu.

PROMPT

Since RS232 voltage is negative logic and has negative voltage. While digital
channel cannot output negative voltage, just enable analog voltage and always
close digital channel.

© 2008 RIGOL Technologies Inc.
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Channel Setting for SPI Protool

Press A Edit Digital W A SPI A Channel Setting to enter the interface as
shown in Figure 2-40.

RIGOL

g 3 5 53 - CHARNMEL

W—H 1.000,0kbps

Figure 2-40 Channel setting of SPI

The Channel setting menu of SPI protocol and operation description are shown in
the following figure s and tables.

Figure 2-41(1) Table 2-10(1) Operation menu description

CHAMMEL Menu Setting Description
DO
SCLK Q Select clock line of SPI.
D15
DO
SDA Q Select data line of SPI.
D15
DO
CS Q Select CS line of SPI.
D15
DO
TFS Q Select TFS line of SPI.
D15
2-38 © 2008 RIGOL Technologies Inc.
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Figure 2-41(2) Table 2-10(2) Operation menu description

CHAMMEL Menu Setting Description
1.8V
2.5V Set digital channels voltage. The
- 3.3V default is 3.3V.
Digit-Y¥alt Digit-Volt 4.0V
T User User-defined mode (1.4V" 4.2V)
Analovalt off Turn off digital voltage output.
Ad0-Y0
[ on Analo-Volt 8; Set analog channels voltage.
DONE Store all the changes and return

the previous level menu.

DoME

NOTE

When setting SCLK SDA CS and TFS selected DO D15 cannot be double
set. For example, SCLK has set to be DQ SDA cannot be assigned to DO,
unless SCLK being set to another ine.

SPI, IIC, PO protocols provide both analog and digital channel voltage
output. Users can configure them individually.

When analog voltage is higher than 4.2V, digital voltage will automatically
adjust to be 3/8 of analog voltage.

© 2008 RIGOL Technologies Inc.
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Chanrel Setting for 1IC Protoc ol

Press A Edit Digital W A 1IC A Channel Setting to enter the interface as
shown in Figure 2-42.

- CHANMNEL

W— 1.000, 0kbgs

Output: 1 By
Oper: Wi

DOME

Figure 2-42 Channel setting of [IC
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The Channel setting menu of IIC protocol and operation description are shown in
the following figure and table.

Figure 2-43

CHAMMEL
SCLE

[ Do

s0A

[t D1

Digit-Yolt

Analo-valt

[ On

DoME

Table 2-11 Operation menu description

Menu Setting Description
DO
SCLK Q Select clock line of IIC.
D15
DO
SDA Q Select data line of IIC.
D15
1.8V Set digital channels voltage. The
2.5V default is 3.3V.
. 3.3V
Digit-Volt 4.0V
User User-defined mode(1.4V" 4.2V)
Off Turn off digital voltage output.
Analo-Volt 82 Set analog channels voltage.
DONE Store all the changes and return

the previous level menu.

NOTE

When setting SCLK SDA, CS and TFS selected DO° D15 cannot be double set.
For example, SCLK has set to be DO; SDA cannot ke assigned to DO, unless SCLK
is being set to another line.

© 2008 RIGOL Technologies Inc.
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Channel Setting for PO Protool

Press A Edit Digital W A PO A Channel Setting, to enter the interface as
shown in Figure 2-44.

Crataline

[CET

Close

DyCoyDfD)D b DD DfDDyD =
112)13(4|5 7 18|11)12|15|14(15 | —

Cutput: 1 Byte
Tri 2
Trigint: 10

Figure 2-44 Channel setting of PO

PO is a parallel protocol. Users can choose multiple channels and settheir output
status (ON or OFF). As introduced in page 2-9 "To Set PO Protocolg the protocol
can set Mask channel and TriState channel. These channels can be identified with
different colors as the following figure shows.
:‘:Iﬂ”L[Hi CHAMNNEL
Bolarious: . DatalLine White:

Tri-State Channel Do not output

Dpen

Yellow:
Azury: SOLK Output
Mask Channel ' '
Figure 2-45 Channel marks
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The Channel setting menu of PO protocol and operation description are shown in
the following figure s and tables.

Figure 2-46(1) Table 2-12(1) Operation menu description

CHAMMEL Menu Setting Description
Dataline DO
[ a1 : Q .
DataLine D15 Select data line of PO.
Cloze ALL
To confirm whether output the
SCLK selected channel or not.
R Open
[ co Close Open denotes output.
Close denotes do not output.
_ Fhase _
[« 0 co
112 SCLK c1 Select clock line of PO.
—~— 0
Phase 90 Select the clock phase
180 '
270

Figure 2-46(2) Table 2-12(2) Operation menu description

CHAMMEL Menu Setting Description
1.8V
2.5V Set digital channels voltage. The
- 3.3V default is 3.3V.
Digit-volt Digit-olt | "4y
| User User-defined mode (1.4V" 4.2V)
= mcnal Off Turn off digital voltage output.
| on Analo-Volt 8; Set analog channels voltage.
DONE Store aI_I the changes and return
the previous level menu.
DOME
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Digital Waveform Calibration

Digital Waveform Calibration is used to calibrate the output vol tage of the module.
When users connect the digital module with different DG3000s or connect a
DG3000 with different modules, the calibration should be performed.

Press A Cal Digital W to enter the interface as shown in Figure 2-47.

RIGOL LITILITY

Hgh Level:
Low Level:

Crefault

[ put

0.000 V

End
Cal

Figure 2-47 Digital waveform calibration interface

Figure 2-48 Table 2-13 Operation menu description
UTILITY Menu Setting Description
Calibrate Calibrate Select the High Level to be
High wolt High volt calibrated.
Calibrate Select the Low Level to be
Low volt calibrated.
Siel o Setto Restore to default calibration.
Diefault Default
o YES Press the button to complete the
= selected calibration item.
End Finish the calibration.
Cal
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1. Calibration method

Turn on the digital waveform calibration function, use the logic analyzer testing line
or probe of the oscilloscope and connect the output signal of the analog channel to
an oscilloscope ora multimeter.

2. Calibration step
(1) High level calibration

Press Calibration High volt and read the DC voltage level from the oscilloscope or
the multimeter when the output is high level of 7.5V, input the value to DG3000
and press YESto finish the calibration.

(2) Low level calibration

Press Calibration Low volt, and read the DC voltage level from the oscilloscope or
the multimeter when the output i s low level of -4V, input the value to DG3000 and
press YESto finish the calibration.

If there are input errors or other cause and results in error of the output voltage
after the calibration, press Set to Default to restore the level to factory defau It.
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Chapter 3 Examples

This chapter provides users application examples of digital waveform generation.
They are:

A

A

b~

>

b=

Example 1. To generator a RS232 digital waveform
Example 2: To generator a SPI digital waveform
Example 3: To generator an IIC digital waveform
Example 4: To generator a PO digital waveform

Example 5. To generate an lIC digital waveform using the PO protocol
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Example 1: To Generate a RS232 Digital Waveform

To generate a RS232 protocol digital waveform: 8 bits per frame of data
transmission, Odd verification, 1 Stopbit, i 0 1ade pattern, 1 Byte of output data
length, 9600Bps of baud rate, Auto trigger mode, data lines DO, analog voltage
output of 2.0V.

Operation steps:

1.

3-2

Press A Edit Digital W, to initiate the digital waveform editing
interface.

Press Protocol, and use the knob to choose i R S 2. Pr2s3 the softkey again
to selecti RS 2.320

PressProtocol Setting, for the menu of RS232protocol settings.

1) Press#Data; use the knob to choose f8bi t. Bréss the softkey again to
selectbi t. s 0

2) Press Verify; use the knob to choose AOdda Press the softkey again to
select fi0dda

3) Press#StopBit; usethe k nob t o bihtBoess the shftkey again to
sel elmtt on 1l

4) PressDONEto complete the RS232 protocol settings.

Press Code Pat and use the knob to choose fi 0 .1Pgess the softkey again to
s el T &oded

PressF5to go to the next page.

Press Output Lenth, and use the keyboard input 1. Press Enter, (or use the
direction key and the knob to input the value) the output of data length is set
to be 1 Byte.

Press Baud, and usethe k nob t o ¢ h oRres®thes&tked &gain to
select 9600Bps.

Pressirigger, t he def a ul(You casnot8eAthe tigger mode through
this menu. To understand the other trigger mode, please refer to the section
of @ Toe STerti gtgher ModEkO i n chapter 2.

PressChannel Setting, for the menu of channel settings.
1) PressTX usethek nob t o DOdfrono gponafiDO~D15. Press the
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softkey agabOm. t o select i

2) PressAnalo-volt; use the keyboard to input r“12c‘) and choosfe/ofi he u
then the output analog voltage is set to be 2.0V 0

3) PressDONEto complete the channel settings.

10. Presstheblinkingbutton. Al modi fi ed parameters
wi || be i mplemented. The A*0 signtuswi | | d

willchangefrom AUnLoado to ALoadedo.

After all the above steps are finished, the screen display will be shown as in Figure
3-1.

DIET

H— SEBAED:

i
STar"r Data Verify =topBits
chits Odd lhit B |||_1|-' -|t

4« 01

Figure 3-1 RS232protocol output
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Example 2: To Generate a SPI Digital Waveform

To generate a SPI protocol digital waveform: SPI3 type, O clock polarity, O clock

phase, low CS lene DO, dvel, 2 Bytes per frame of data transmission, TFS type FS_L,
010 c ode2Byes bftoputrd ata length, 1 kbps of data transmission rate,

Auto trigger mode, clock liata line D2, CSline D1, Start-stop mark line D3, digital

voltage output of 3.3V.

Operation steps:

1. Press A Edit Digital W, to initiate the digital waveform editing
interface.

2. Press Protocol, and usethe k nob t o ¢ h Bress the sdftkey hgain to
select ASPI 0.

3. PressProtocol Setting, for the menu of SPI protocol settings.
1) PressSPIType; use the softkey or the knob to select ASPI13a
2) PressClock Po| use the softkeyorthek nob t o sel ect A00O.
3) PressClock Pha use the softkeyorthek nob t o sel ect #fA00.
4) PressCSlLevel, use the softkeyorthek nob t o sel ect ALow Le\
5) Press F5 to enter the next page.
6) Press#Data; use the keyboard to input i2a
7) PressTFS usethe knob t o c¢ h o oRess the B@tkey again to
select AFS_LO.
8) PressDONEto complete the SPI protocol setting.

4. PressCode Pat usethek nob t o c hPoessshe sofikéylagain to select
010 code.

5. PressF5to go to the next page.

6. Press Output Lenth, and use the keyboard input 2. Press Enter, (or use the
direction key and the knob to input the value.) the output of data length is set
to be 2 Bytes.

7. PressRate, and use the keyboard to input fild Choose the unit of fi k b.pThed
data transmission rate is set to be 1 kbps.

8. PressTrigger, t he def a Youcannda setfibe triggerdmode through
this menu. To understand the other trigger mode, please refer to the section
of ATo Set the Trigger Moded in chapter 2.
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9. PressChannel Setting, for the menu of channel settings.
1) Press SCLK use the knob to choose fi D& Press the softkey again to
select ADOO.
2) PressSDA usethek nob t o c hPRoessshe sofikBy2again to select

AD20o.

3) PressCS usetheknob t o ¢ hRvessstte sditdeyl apain to select
AD10o.

4) PressTFS usethek nob t o c¢ hPRoessshe softkBy3again to select
AD30.

5) PressF5to go to the next page.

6) PressDigit-Volt; usethek no b t o 3BWdress the softkey again to
s e | 63.8\a Please observe that the softkey Analo-volt i s  fiaBd\has
been automatically set to be 3.3V.

7) PressDONEto complete the channel settings.

10. Presstheblinkingbutton.AII modi fied parameters (
wi || be i mplemented. The A*0o sign wil/l d

willchangefr om fAiUnLoado to ALoadedo.

After all the above steps are finished, the screen display will be shown as in Figure
3-2.

RIGOL
[SPT iR [ MSE

— 1.868, Bkbps

Code Pat
Data
Edit

Figure 3-2 SPI protocol output
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Example 3: To Generate a n [IC Digital Waveform

To generate an IIC protocol digital waveform: User address 10, Write operation
modeAllOOA code pBsteést & rontput data length, 1kbps of data
transmission rate, Auto trigger mode, clock line DO, data line D1, digital voltage
output of 3.3V.

Operation steps:

1. Press A Edit Digital W, to initiate the digital waveform editing
interface.

2. PressProtocol, and usethe k nob t o cChkPressthe sdftkely again to
select All CO.

3. PressProtocol Setting, for the menu of IIC protocol setting s.
1) PressAddress use the softkey or the knob to choose AUsera
2) Press User, use the knob to change the address to be filO OPress the
softkey again to finish the setting.
3) Press Operation; ¢ h 0 0 s e . PMAs ithe saltkey again to finish the
operation mode setting.
4) PressDONEto complete the IIC protocol setting s.

4. PressCode Pat andusethe k nob t o AtlOhoBress the sdftkey again to
s e | &l tcodd.

5. Press F5 togo to the next page.

6. Press Output Lenth, and use the keyboard input 2. Press Enter, (or use the
direction key and the knob to input the value. ) the output of data length is set
to be 2 Bytes.

7. PressRate, anduse the keyboaChdotse itmputurnme o of Ak
data transmission rate is set to be 1kbps.

8. PressTrigger, t he def aYoucannda setfibe triggerdmode through
this menu. To understand the other trigger mode, please refer to the section
of ATo Set dlkéd Tmi ghamptMdas 2.

9. PressChannel Setting, for the menu of channel settings.
1) PressSCLK and use the knob to choose fi Da Press the softkey again to
select i Da
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2) PressSDA and use the knob to choose fi DA Press the softkey again to
select iD1a
3) PressDigit-Volt, and usethe k nob t o c¢ h oRyessethe fsddtkey V 0
again to s.eHease bbsefivethe3ioment you will see the
softkey Analovolti s A ONO and has been automatic
4) PressDONEto complete the channel settings.

10. Press the blinking button .AI I modi fied parameters (
wi || be i mplemented. The A*0o sign wil/l d
will change from AUnLoado to fiLoadedo.

After all the above steps are finished, the screen display will be shown as in Figure
3-3.
DIGIT

Praotocal

[

Pat: £
IC: 16
Trigint: 10ms

Figure 3-3 IIC protocol output
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Example 4: To Generate a PO Digital Waveform

To generate a PO protocol digital waveform: Mask Channel of DO, TriState Channel
of D3 and D4, f8 PRB® code pattern, 2 Bytes of output data length, 1k bps of data
transmission rate, Auto trigger mode, MAlI0 data line, clock line C1, 90 phase, turn
off digital voltage output and output analog voltage of 1.8V.

Operation st eps:

1.

3-8

Press A Edit Digital W, to initiate the digital waveform editing
interface.

Press Protocol, and usethe k nob t o c¢ hRresstee séitkepdgain to
select APOO.

PressProtocol Setting, for the menu of PO protocol settings.

1) PressMask Channej use the knob to choose fD0a Press F3 to select it.

2) Pressri-state Channel, use the knob to choose fD3a Press F3 to select it,
use the same way to select D4.

3) PressDONEto complete the PO protocol settings.

PressCode Pat andusethe k nob t o 8PRB& s thé softkey again
t o s eBPRB&®t ciode.

Press F5 togo to the next page.

Press Output Length, and use the keyboard input 2. Press Enter, (or use the
direction key and the knob to input the value.) the output of data length is set
to be 2 Bytes.

PressRate, andus e t he keyboaChdotse it rpkb fusiiet 60 o f
data transmission rate is set to be 1 kbps.

PressTrigger, t he def a (Youcanna setfthe triggerdnode through
this menu. To understand the other trigger mode, pl ease refer to the section
of ATo Set the Trigger Moded in chapter

PressChannel Setting, for the menu of channel settings.

1) PressDataline, and use the knob to choose fAlld Press the softkey again
to select fAlla

2) Press F2 and choose ifOpend to select the channel. (Line in yellow
denotes that it is selected, line in white is not. )
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3) PressSCLK and use the softkey or the knob to select fiC1a

4) PressPhasge and use the knob to choose 0°a Press the softkey again
to set the phase to be 90 degree.

5) PressF5to go to the next page.

6) Press Digit-Volt, and use the knob t 0 ¢ h @®fids Rressfthe softkey
again t offcsel ect i

7) Press Analo-volt, and use the keyboard to input and fil.80 and choose the
unit of AVOto set the analog voltage to 1.8V.

8) PressDONEto complete the channel settings.

10. Press the blinking button .AI I modi fied parameters (
wi || be i mplemented. The A*0o sign wil/l d
will change from AUnLoado to fLoadedo.

After all the above steps are finished, the screen display will be shown as inin
Figure 3-4.

DT

Protocol

Figure 3-4 PO protocol output
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Example 5: To Generate an IIC Digital Waveform Using
the PO Protocol

Operation steps:

1. Refer to Example 3 above, and usethe default setup to output the 1IC protocol
timing sequence as shown in the diagram below:

= | [T UUy U
h LB

Start Stop

Figure 3-5 Time sequence of IIC protocol

From the above Figure 3-5, where SDA jumps from high to low whe n SCLK=1
indicates the i s t aof theddata output, and then; Address (0x00), Write
operation (0), response bit (High Z), 1 Byte data (01 code pattern), response
bit (High Z). The data output stops when SDA jumps from low to high when

SCLK=1.

2. In PO protocol, set D00 as SCLK fD10 as SDAand the code pattern asii Us.er 0
Through editing the data in the user space it can generate an IIC protocol
digital waveform.

1) First the SCLKdata, because SDA jumpswhen SCLKtransits from high or
low, SCLK data should not be set as 0101 Q angl it should be
001100120011¢

2) Since the IIC protocol has thigh Zo6 output, the Mask Channel and the
Tri-state Channel should be set D1 is the Tri-state Channel for data
output, and D2 is the Mask Channel

3) Datain DO and D1 can be edited with reference to Figure 3-5. While D2
is the Mask Channel, setting the corresponding bits of D1 (Tri-state

3-10 © 2008 RIGOL Technologies Inc.
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Channel) t o filo wi lal Highp Z owputc e and t he
Therefore, the binary data in the three channels should be shown as
below:

DO: 11 00 11 00 11 00 11 00 11 00 11 00 11 00 11 00 11 00 11 00 11 00 11
0011001100110011001100 11001100 11001100

D1: 11 11 10 00 00 00 0O 00 00 00 OO 00 00 00 00 00 00 00 00 00 00 00 00
011110000111100001111000011110000001 11

D2: 00 00 00 00 00 00 00 00 00 00 OO 00 00 00 00 00 00 00 00 01 11 10 00
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 01 11 1000

In the user space, each data has 16 bits (D15~D0). The first data bits of D2, D1,

DO are: 0, 1, 1, so the first data should be i 0 0 QaBdthe other data are shown
below:

00000000 0003 0003 0002 0002 0003 0001
0000000C 0000 0000 0001 0001 0000 0000
00000018 0001 0001 0000 0000 0001 0001
00000024 0004 0004 0005 0005 0000 0000
00000030 0001 0001 0000 0000 0001 0001
0000003C 0000 0000 0001 0001 0000 0000
00000048 0001 0001 0000 0OOOO 0001 oOO0O01
00000054 0000 0000 0001 0001 0000 0002
00000060 0003 0003 0002 0000 0001 oOOO01
0000006C 0000 0002 0003 0003 0002 0000
00000078 0001 0001 0000 0002 0003 0003
00000084 0002 0000 0001 0001 0000 0002
00000090 0003 0003 0002 0000 0001 0005
0000009C 0004 0004 0005 0003 0002 0002

Judging from above, the total data length is 168 Bytes. The Generator will output
the edited data the same way as the default configuration of IIC protocol. Users
can adjust the output rate as needed.

© 2008 RIGOL Technologies Inc. 3-11
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Chapter 4 Prompt Message& Troubleshooting

Prompt Message

Common Prompt Message

1. Digital module is installed, Please wait, press help key to reset A
Power-on prompting message 1. It prompts users that digital module has been
connected.

2. Need Help? Press and hold down any key. Selected interface is USB.
Mobile disk is moved. Not detect a digital module. Digital output will
be closed.
Power-on prompting message 2. It prompts users that the setting has been
restored; users can operate the instrument normally. When power-on, the
system detects the current setting and USB interface has chosen; prompts not
USB deviceis detected; and prompt that digital modu le has not connected.

3. Need Help? Press and hold down any key. Selected interface is USB.
Mobile disk is moved. Detected a digital module.
Power-on prompting message 2. It prompts users that the setting has been
restored; users can operate the instrument normally. When power-on, the
system detects the current setting and USB interface has chosen; prompts not
USB device is detected and prompt that digital module has been connected.

4. The function is optional. Please connecting digital module to fulfill the
per formance. Getting more help, please visit www.rigol.com .
If digital module has not been connected, press A Output Setup A
Digit-Modu, when trying to choose fPower-Ong this message will appear to
prompt users digital module should be connected first.

5. Press fiArbo to complete change of configu
arbitrary wave mode if not change any parameter.

Connect digital module, press A Edit Digital W, this message will appear,

© 2008 RIGOL Technologies Inc. 4-1
User 6 s Gaogic 8ignal Datput Module




RIGOL

10.

11.

12.

13.

14.

15.

16.

4-2

It prompts usersto use to finish the output.

Restor e all instrument settings to factory defaults?
Press A System A Set to Default; this message will appear.

All setting s are restored to factory defaults.
Press A System A Set to Default, all the data and settings will
restore to default.

Success to save file.
When succeeded to store the digital waveform; this message will appear.

Success to read file. Complete. Digital waveform data of user space

have been changed.

When succeeded to recall the stored digital waveform ; this message will
appear.

The output of digital logic module is under some limit ; please refer to
the user Guide.
When choosefi | n d e p e n;dhis messadjeewill appear.

The output function of analog wave is disabled. The digital logic
output range of speed and phase is extend ed. Please refer to the user
Guide.

When choose A Dthipmessdge wilrepukar.

Wave file will cover**!
When store a digital waveform in a location where a waveform file already exist,
press Save this message will appear.

Cover the file?
When store a digital waveform in a location where a waveform file already exist,
press End/Store; this message will appear.

Delete the file?
Choosea file you want to delete, press Delete; this message will appear.

Just displays the trigger mode. I't will be change d when burst mode is
used.

Press Edit Digital WA F5A Trigger; this message will appear.

Digital logic module is triggered.

Press SourceAfManual 0, an dtormp on the=froift

panel of the instrument; this message will appear.

© 2008 RIGOL Technologies Inc.

User 6 s Gaogic 8ignal Datput Module



RIGOL

17. Trigger Source of Digital Logic Signal has been changed to Manual.

Press SourceAfl nt er na I onetlge dront panel of the

instrument; this message will appear.

18. Set the rate by bit per second (bps).
Press Edit Digital WA RS232A Baud, choose the AUyYshisro op
message will appear.

19. High level has been calibrated.
Press Cal Digital WA Calibration High volt, input the measured value,
and press YES this message will appear.

20. Low level has been calibrated.
Press Cal Digital WA Calibration Low volt, input the measured value,
and press YES this message will appear.

21. Please measure A0 channel, then input the value.
Press Cal Digital WA Calibration High volt, (Calibration Low volt); this
message will appear.

22. Voltage calibratio n coefficients are restored to factory defaults.
Press Cal Digital WA Set to Default; this message will appear.

23. Please choose calibration item.
Press Cal Digital WA Set to DefaultA YES this message will appear.

24. No changes.
When you are changing certain parameter, and press CANCEL this message
will appear to prompt users that there is not changed.

(**denotes the content will vary according to the setting)
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Error Message

1. Please select a valid File. You are trying reading analog wave into
dig ital space ; please confirm you are working under analog space.
When users recall analog waveform at digital waveform editor interface; this
message will appear.

2. Please select a valid File. You are trying reading digital wave into
analog storage space, or p lease confirm you are working under the
analog waveform edit it.
Press W, enter the STORAGE menuy and choose a stored digital
waveform to re call; this message will appear.

3. Invalid operation. Digital logic output module is under co -operation
wo rking with DG series.
I f the current wo,rakalognaerm is slisabldd.ePpessrany O
function key of analog wave; this message will appear.

4. Invalid operation. Digital logic output module is power off.

If the digital module is power-off, pressing Output SetupA F5A F3
(Work- mode); this message will appear.

5. Please power on the digital logic module
If the digital module is power-off, press , choose Edit Digital W and press

again; this message will appear.

6. The address of 16 bits data must be even.
When edit the address, you can not select an odd address.
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Data Overflow

1. Data length upperlimit  ** Bytes =** k Bytes
RS232: Data length upper limit 35840 Bytes=35k Bytes
SPI: Data length upper limit 40960 Bytes=40k Bytes
[IC: Data length upper limit 10240 Bytes=10k Bytes
PO: Data length upper limit 131072 Bytes=128k Bytes
When userd setting exceeds limit, the system will automatically adjust it to the
corresponding upper limit.

2. Data length lower limit 1 Byte

The data length lower limitis1 Byt e for all the protocol s.

lower than 1 Byte, the system will automatically adjust it to be 1 Byte.

3. ** Mbps
It denotes the transmission rate upper limit.
RS232: 60 Mbps
SPI: 60 Mbps
IIC: 30 Mbps
PO: 100Mbps
Wh e n u sting éxseeds kimit, the system will automatically adjust it to the
corresponding upper limit.

4. 1bps
It denotes the transmission rate lower limit.
The transmission rat e | ower Il i mit i s

setting is lower than 1 bps, the system will automatically adjust it to be 1 bps.

5. Off set Upper limit output overflow user space!
When the code pattern is i U s,eanddhe sum of Offsetd and the output length
exceeds the upper limit of current protocol output length; this message will
appear.

6. Off set Lower limit O
When the code pattern isiUser 6 and the offset set
this message will appear.

7. Voltage upper limit ~ ** V
Analog voltage:
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RS232: 4.5V or -2.0V according to the type of the instrument.

SPR lICa PO 9.4V

Digital voltage:

RS232 Off

SPR lICa PO 4.2V

When the set voltage exceeds the upper limit, the system will automatically
adjust it to the corresponding upper limit.

8. Voltage lower limit  ** V
Analog voltage:
RS232: 2.0V or-4.5V according to the instrument type.
SPR lICa PO 1.4V
Digital voltage:
RS232 Off
SPR lICa PO 1.4V.
When the set voltage exceeds the lower limit, the system will automatically
adjust it to the corresponding lower limit.

9. Data Number per frame Upper limit 3 Byte
In SPI protocol setting, the upper limit of transmission data per frame is 3 Byte,
if the specified value is higher than 3 Byte, the system will automatically adjust
it to be 3 Byte.

10. Data Number per frame Lower limit 1 Byte
In SPI protocol setting, the lower limit of t ransmission data per frame is 1 Byte,
if the specified value is lower than 1 Byte, the system will automatically adjust
it to be 1 Byte.

11. 1IC Address upper limit 127
In 1IC protocol setting, when the user-defined address exceeds 127 this
message will appea.

12. 1IC Address lower limit O
In IIC protocol setting, when the user -defined address is lower than 0; this
message will appear.

(** denotes the content will vary according to the setting )
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Troubleshooting

1. If digital module do es not work after DG3000 poweri ng up, please
follow the steps below:

(1) Turn off the instrument, check if the connection cable is correctly connected.

(2) Turn on the instrument, check if the Digit-Modu option has set to be
fiPower-Ona

(3) Ifit does not work correctly, contact RIGOL for our service.

2. If all the settings are correct, but no waveforms output, please follow
the steps below:
(1) Check if the SMBto-SMA RF coaxial lineor logic analyzer testing lines you are
using are correctly connected.
(2) Set the Power On option to be Last when all the above steps have been
finished.
(3) Restart the instrument.
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Chapter 5 Specifications

All these specifications apply to the logic signal output module of DG3000 Series
Function/Arbitrary Waveform Generator unless otherwise specified. To reach these
specifications, two conditions must be met first:

The instrument must have been operating continuously for more than 30
minutes within the specified operating temperature.

changes by more than 5 °C.

Specifications

Must perform the Test/Cal (Calibrate) operation if the operating temperature

Public Specification

Digital voltage range

1.4" 4.2V (Typical and user-defined) (except RS232)

Trigger mode

Auto, Burst mode trigger

Code pattern

Al 1afAd daffil0d Bseudorandom codea User data

User space 256k bytes online-edit, 2M bytes output (UltraWave)
PO

Analog voltage range 1.4 9.4V

CLK Caa C1

Clock phase 0% 90a 180% 270°

Data line DO D15

Transmission rate

1lbps’ 100Mbps

Data output range

1Byte’ 128k Bytes

Mask Channel None, DO' D15
Tri-state Channel None, DO" D15
lIC

Analog voltage range 1.4° 9.4V

Bit sequence MSB

CLK DO D15
Data line DO D15

Transmission rate

lbps’ 15Mbps

Data output range

1Byte’ 10k Bytes

Optional output address

Nonea 7bits address

Operation

\Write, Read

© 2008 RIGOL Technologies Inc.
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SPI

lAnalog voltage range 1.4 9.4V
Bit sequence MSB

CLK DO D15
Data line (SDA) DO D15
TFS DO D15
CS DO D15

Transmission rate

1lbps’ 60Mbps

Data output range

lbyte' 40k bytes

SPI type SPI2, SPI3

Clock polarity oail

Clock phase oail

CS level High levela Low level

#Data 1" 3Bytes

TFS FS HA FS 1A LD_Ha LD_L or NONE
RS232

lAnalog voltage range 2.0V 45V -45VvV -2.0V

Bit sequence LSB

Data line (TX) DO D15

Transmission rate

1Bps’ 60MBps

Data output range

1Byte” 35k Bytes

HData

5" 8bits

verification mode

Supports Nonea Odda Evera FixedO and Fixed1.

#StopBit

Supports 1bita 1.5bit and 2bits

5-2
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Chapter 6 Appendix

Appendix A: Accessories

DG3000 Logic signal Output M odule provides the following s tandard
accessories:

A connection cable between DG3000 and thelogic signal output module
9 SMBto-SMARF coaxial lines

20 logic analyzer testing lines

20 logic analyzer testing clips

A Usr® Guide
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Appendix B: Warranty

RIGOL Technol ogi es, l nc. warrants its product
materials and workmanship within the warranty period. Within the warranty period ,

RIGOL guarantees free replacement or repair of products which are proven

defective.

To get repair service or obtain a copy of the whole warranty statement, please
contact with your nearest RIGOL sales and service office.

RIGOL does not provide any other warranty items except the one being provided
by this summary and the warranty statement. The warranty items include but not
being subjected to the hint guarantee items related to tradable characteristic and
any particular purpose.

RIGOL will not take any responsibility for cases of indirect damages, improper use
and ensuing damages.
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Appendix C: Maintenance

General Care

Do not store or leave the instrument in the place where the LCD display will be
exposed to direct sunlight for long periods of time.

CAUTION: To avoid damage to the instrument, do not expose them to
sprays, liquids, or solvents.

Cleaning

Check the Instrument frequently according to the operation conditions; follow the
steps below to clean the exterior surface of the instrument:

., Remove loose dust on the outside of the instrument with a lint- free cloth.
Take care to avoid scratching the clear plastic display filter.

,  Please disconnect the power. Use a soft cloth dampened with water to clean
the instrument. To avoid damage to the surface of the instrument, do not use
any abrasive or chemical cleaning agent.

A WARNING : Before restarting the instrument, make sure that the
instrument is dry to avoid any short -circuit or body damage
because of the moisture.
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Appendix D: Contact RIGOL

If you have any problem or requirement occurs when using our products, please
contact RIGOL Technologies, Inc. or the local distributors.

Domestic: Please call
Tel: (86-10) 8070 6688
Fax:(86-10) 8070 5070
Service & Support Hotline: 800 810 0002
9:00 am 15: 00 pm from Monday to Friday

Or by e-mail:
service @rigol.com

Or mail to:

RIGOL Technologies, Inc.

156# CaiHe Village, ShaHe Town, ChangPing District, Beijing, China
Post Code: 102206

Overseas: Contactthe local RIGOL distributors or sales office.

For the latest product information and serv ice, visit our website: www.rigol.com
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