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Revision History

Date Version Description
Dynamic BSRAM Usage and Capture Utilization in the Standard/Lite
06/17/2021 | 2.4E Mode GAO window can display the maximum amount of BSRAM
supported by the device.
® The shortcuts for Start, Auto Run, Force Trigger, and Stop added
in waveform capture window, and they are F1, F2, F3, and F4 in
order.
® The shortcuts for Zoom In, Zoom Out, and Zoom Fit modified to
11/02/2021 2. 5E F8, F7, and F6 in order in waveform capture window.
® Trigger signals and capture signals that do not exist in the netlist
are highlighted in red in the configuration window.
® \Waveform color can be modified.
® The description of importing ved to ModelSim added.
12/16/2022 | 2.51E GWU2X added in Cable option in GAO capture window.
® (GWU2X updated to Gowin USB Cable (GWU2X) in Cable option in
05/25/2023 | 2.5.2E GAO capture window.
® "Save As" function added in GAO capture window.
® The default Cable in GAO Capture Window updated from FT2CH
to GWU2X.
® The same signal can not be added repeatedly in Trigger Ports and
Capture Signals.
08/18/2023 | 2.6E ® The Value of Match Unit supports right-click menu, including the
values X, 0, 1, R, F, B, N.
® Bar chart and line chart display of waveform supported.
® The right-click menu of the signals on waveform interface support
the display in ASCII, Real, and Signed Magnitude formats.
® GAO capture interface supports automatic recognition of Cable
type.
® When selecting "Dynamic" for "Expression", SSRAM and REG
implementations added.
® SSRAM and REG added in "Capture GAO Implementation".
11/30/2023 | 2.7E ® GAO configuration interface's Capture Signal right-click menu
supports enabling and disabling signals.
® GAO Programmer supports specifying the frequency for tck when
Cable is FT2CH.
® "Long Name", "Short Name", "New Divider", and "Delete Divider"
options added in signal right-click menu on GAO capture interface.
® "Save" and "Save As" buttons removed from GAO capture window
toolbar, and these two functions added to the "Export".
® 4, 8,16, 32, 64, 128 depths added to Standard GAO Storage Size.
02/02/2024 | 2 8E ® "Windows Numberf‘ updated to "Segments Number", with the
value range changing from 1~8 to 1~Storage Size/4.
® Standard GAO supports capturing trigger events occurring after
the device is programmed or reset but before GAO is manually
started.
® \When GAO capture interface waveform contains multiple
03/29/2024 | 2.9E segment§, each segment is updated from cpuntmg fromOtoa
consecutive count from the end of the previous segment.
® A cursor will be generated at the left mouse click position in the




Date Version Description

waveform.

® GAO capture interface has new function buttons for waveform
operations, and the difference between markers can be displayed
at the bottom of the waveform.

06/28/2024 | 3.0E Joint debugging with GAO and GVIO supported.

® "WINUSB" added in the "Cable" option in GAO capture interface.

10/25/2024 | 3.1E ® Descriptions of using the command line to start the GAO capture
interface added.

11/08/2024 | 3.1.1E Descriptions of Capture Signals Configuration modified.

12/31/2024 | 3.2E Remote programming and debugging supported.

02/28/2025 | 3.3E Descriptions of the Target Jtagserver configuration updated.

® The "Search Nets" interface optimized.

06/27/2025 | 3.4E ® The l"New.GAQ Wizard" dialog _box suppor.'ts the selection of the
configuration file path and provides an option to add the
configuration file to the current project.

The Figure 4-3 Launch the GAO Capture Interface via Command Line

08/29/2025 | 3.4.1E added in Section 4.1.1Start GAO in Standard Mode.

In section 4.1.1 Start GAO in Standard Mode, the command-line

12/31/2025 | 3.4.2E parameter for launching the GAO capture interface updated from

-family to -series.
03/09/2026 | 3.4.3E Updated "Row Height Settings" in Section 4.1.2 Run GAO to "Analog

Settings", supporting the configuration of the Y-axis range.
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1 About This Guide 1.1 Purpose

1 About This Guide

1.1 Purpose

This manual describes Gowin Analyzer Oscilloscope (GAO). It
introduces GAO configuration file (.gao) and GAO usage so as to improve
the efficiency of design analysis. The software screenshots in this manual
are based on V1.9.12.02. As the software is subject to change without
notice, some information may not remain relevant and may need to be
adjusted according to the software that is in use.

1.2 Related Documents

The latest user guides are available on our Website
www.gowinsemi.com:

® SUG100, Gowin Software User Guide

® SUG918, Gowin Software Quick Start Guide

® SUG1189, Gowin Virtual Input Output User Guide
® SUG502, Gowin Programmer User Guide

1.3 Terminology and Abbreviations

Table 1-1 shows the abbreviations and terminology that are used in
this manual.

Table 1-1 Terminology and Abbreviations

Terminology and Abbreviations | Meaning

AO Core Analysis Oscilloscope Core

BSRAM Block Static Random Access Memory
FPGA Field Programmable Gate Array

GAO Gowin Analyzer Oscilloscope

GVIO Gowin Virtual Input Output

JTAG Joint Test Action Group

REG Register

SSRAM Shadow Static Random Access Memory

SUG114-3.4.3E 1(59)
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1 About This Guide 1.4 Support and Feedback

1.4 Support and Feedback

Gowin Semiconductor provides customers with comprehensive
technical support. If you have any questions, comments, or suggestions,
please feel free to contact us directly by the following ways.

Website: www.gowinsemi.com

E-mail:support@gowinsemi.com

SUG114-3.4.3E 2(59)
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Introduction

GAO is a digital signal analyzer that is designed in-house by Gowin. It
helps you more easily analyze the signal timing, quickly perform system
analysis and fault location so as to improve design efficiency.

The GAO operates on the following basic principle: When operating,
FPGA saves the signal in real time to memory according to the trigger
conditions set by you. It reads the signal and displays it on the software
GUI via JTAG. GAO includes the signal configuration window and
waveform display window. The signal configuration window is mainly used
to configure location in the design, and the location is based on the
sampling clock, trigger unit, and trigger expression. The waveform display
window connects to Gowin Software and target hardware via JTAG.

GAO supports RTL-level and post-synthesis netlist signal capture, and
provides Standard Mode and Lite Mode. Standard Mode GAO can support
up to 16 AOs, each of which can be configured with one or more trigger
ports, supporting multi-level static or dynamic trigger expressions, and
capturing trigger events that occur between the time the device is
programmed and the time the GAO is manually activated. Lite Mode GAO
is easy to configure, and you do not need to set trigger conditions. Lite
GAO can also capture the initial value of the signal, which is convenient for
you to analyze the state of power on.

The GAO has the following features:

Supports up to 16 AOs

Each AO supports one or more port trigger

Each AO supports one or more trigger levels

Each trigger port supports one or more match units
Each match unit supports six types of trigger match
Supports static or dynamic trigger expressions setting
Can capture signals before or after RTL synthesis

AO uses segment capture, which supports one or more segment
captures

Supports four kinds of waveform file: csv, vcd, prn, and gwd

3(59)
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® Uses data ports to save resources

SUG114-3.4.3E 4(59)




3 GAO Config File 3.1 GAO Config File in Standard Mode

3 GAO Config File

The GAO consists of two parts: Control Core and AO Core. The
Control Core is the communication controller of all AOs and JTAG scanning
circuits. AO Core is used for configuring trigger signals, capturing and
storing data. The Control Core connects the master and the AO Core. It
receives instructions and sends them to the AO Core during configuration.
It also transmits the data captured by the AO Core to the master. The AO
Core directly communicates with Control Core, receives instructions from
Control Core, captures and transmits data according to the instructions.

GAO Config window is used to configure AO Core and the Control
Core. It helps you quickly and easily analyze data signals after synthesis,
placement and routing. For a simple GAO example, see SUG918, Gowin
Software Quick Start Guide.

3.1 GAO Config File in Standard Mode
3.1.1 Start Standard Mode GAO

To launch the Standard Mode GAO configuration window, a
configuration file (.gao/.rao) must first be created or loaded. The Standard
Mode GAO creation types include "For RTL Design" and "For
Post-Synthesis Netlist".

® The "For RTL Design" is used to capture RTL signal before synthesis,
and the generated configuration file extension is .rao.

® The "For Post-Synthesis Netlist" is used to capture the netlist signal
after synthesis, and the generated configuration file extension is .gao.

The configuration procedures for the above two Standard Mode GAO
types are similar. The following section introduces the configuration
process for the "For Post-Synthesis Netlist" type of Standard Mode GAO
configuration file only. Any differences will be noted in the text where
applicable.

Create GAO Config File in Standard Mode
The steps are as follows:

1. Inthe "Design" view, right-click and select "New File...". The "New"
dialog box will open, as show in Figure 3-1.

SUG114-3.4.3E 5(59)
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3 GAO Config File 3.1 GAO Config File in Standard Mode

2. Select "GAO Config File" and click "OK". The "New GAO Wizard"
dialog box opens, as shown in Figure 3-2. select "Standard", and then
click "Next".

3. Enter the config file name in "Name" editing box, select an appropriate
path in the "Create in" path selection box, then click "Next", as shown
in Figure 3-3.

4. Check the GAO config. file mode and path, as shown in Figure 3-4.
Click "Finish". You can see the config file in "GAO Config Files" view.

Figure 3-1 Create a GAO Config File in Standard Mode

wr New ? .

L:;. Timing Constraints File ()
L:;. GowinSynthesis Constraints File

L:;. User Flash Initialization File

|_s GAO Config File

| GVIO Config File

| GPA Config File

L‘;-;, Memory Initialization File w

Create a Verilog HDL file.

Figure 3-2 New GAO Wizard (Standard Mode)

{4 New GAQ Wizard x

GAO Setting

E>» GAO Setting
GAO Configure File Type
Summary (O For RTL Design

@) For Post-Synthesis Netlist

Mode
(® Standard
O Lite

For RTL Design, analyse rtl design.

For Post-Synthesis Netlist, analyse post-synthesis netlist.

Next = Cancel

SUG114-3.4.3E 6(59)




3 GAO Config File 3.1 GAO Config File in Standard Mode

Figure 3-3 File Name

W New GAQ Wizard e

. GAO Configure File
GAO Setting

E» GAO Configure File Enter a name for your GAO configure file.

MName: |standard| | .gao

Create in: |E:,-"GAO,-"test,-"src | Browse...

Add to current project

= Back MNext = Cancel

Figure 3-4 GAO Config File Mode and Path (Standard Mode)

W New GAQ Wizard e
Summary
GAQ Setting
GAO Configure File GAO
IE> 5 GAD: Post-Synthesis GAO, Standard
ummary Name: E:/GAO/test/src/standard.gao
= Back Finish Cancel

Load Standard Mode GAO File
The steps are as follows:

1. Inthe "Design" view, right-click and select "Add Files...", the "Select
Files" dialog box opens.

2. Select the config file (.gao) and load it to the project.
Start Standard Mode GAO

Double-click the configuration file (.gao) in the "Design" view. The
"GAO Config View" will open, as shown in Figure 3-5. If the project has not
synthesized, double-clicking on the .gao configuration file will bring up a
warning box. GAO configuration window includes AO Core, Trigger Options,
and Capture Options.

SUG114-3.4.3E 7(59)




3 GAO Config File

3.1 GAO Config File in Standard Mode

Figure 3-5 Gowin GAO Window (Standard Mode)

R standard.gao E@

Ao Core Core 0

Core 0 Trigger Options  Capture Options

Trigger Ports Match Units Expressions

Trigger Port 0 Match Unit Trigger Part
Trigger Part 1

Made:  Static o

Trigger Part 2
Trigger Part 3
Trigger Part 4
Trigger Part 5
Trigger Port 6
Trigger Port 7
Trigger Port 8
Trigger Part 9
Trigger Port 10
Trigger Part 11
Trigger Part 12
Trigger Part 13
Trigger Port 14
Trigger Port 15

~D0O0o0DooDoooooooooogan

3.1.2 Standard Mode GAO Configuration

SUG114-3.4.3E

GAO includes AO Core, Trigger Options, and Capture Options.

AO Core Configuration

The AO Core is used to display and configure the number of AO used

by current project, as shown in Figure 3-6. The AO Core only includes
Core0 by default, and it can support up to 16 cores. The following
operations can be performed:

1. Right click anywhere in the AO Core view and click "Add" to add new
AO Core.

2. Select and right click a core in AO Core view and click "Remove" to
remove core.

3. When a core is deleted, the subsequent core number decreases
successively, and the core number increases continuously.

4. Select a core, and the core configuration view will be displayed on the
right, as shown in Figure 3-7. For example, when Core2 is selected in
AO Core, on the right is the Core2 configuration.

Note!

® \When there is only one core in the AO Core, it is not allowed to delete it. If you select
the core and click "Remove", the prompt will pop up.

® 16 cores are supported at most. When there are more than 16 cores, an error prompt

will pop up.

8(59)




3 GAO Config File

3.1 GAO Config File in Standard Mode

Figure 3-6 AO Core View

Ao Core

Core O

Figure 3-7 Select a Core

W standard.gao

Ao Core

Core O
Core 1
Core 2
Core 3

Core 3

Trigger Options Capture Options

Trigger Ports

Match Units

Trigger Part 0
Trigger Port 1
Trigger Port 2
Trigger Port 3
Trigger Port 4
Trigger Port 5
Trigger Port 6
Trigger Port 7
Trigger Port 8
Trigger Port @
Trigger Port 10
Trigger Port 11
Trigger Part 12
Trigger Port 13
Trigger Port 14
Trigger Port 15

Match Unit

~O00O0O0DOooooooooooOogao

Trigger Port

Expressions

Maode: | Static

(=S o )

Trigger Options

Trigger options are used to configure signal trigger conditions, as

shown in

® The upper-left corner displays the currently configured AO Core.

Figure 3-8.

® The "Trigger Ports" view is used to configure the trigger ports of the
functional core.

® The "Match Units" view is used to configure the trigger match units, and
the "Expressions view" is used to configure the trigger expressions.

SUG114-3.4.3E
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3 GAO Config File 3.1 GAO Config File in Standard Mode

Figure 3-8 Trigger Options View

Ao Core Core 0
Core 0 Trigger Options  Capture Options
Trigger Ports Match Units Expressions
Trigger Part 0 Match Unit Trigger Part Mode: [Sat »

Trigger Port 1

Trigger Port 2
Trigger Port 3
Trigger Port 4
Trigger Port 5
Trigger Port 6
Trigger Part 7
Trigger Port 8
Trigger Port 8
Trigger Port 10
Trigger Port 11
Trigger Port 12
Trigger Port 13
Trigger Port 14
Trigger Port 15

~A0D0DOo0DoooDoooOooDoooOoogaoao

Trigger Ports Configuration

The Trigger Ports is used to configure the AO trigger ports; there are
16 trigger Ports (Trigger Port 0 ~ Trigger Port 15), and each trigger port
width range is from 1 to 64. The steps are as follows:

1. Double-click on trigger port. The dialog box will pop up, as shown in
Figure 3-9.

2. Click M and the "Search Nets" dialog box opens. Click "Search", as
shown in Figure 3-10. The signals grayed out are not available.

3. Select the trigger signals. As shown in Figure 3-10, the left side shows
the filtered signals, and the right side displays the selected signals. You
can use the "Add" or "Add all" buttons to move signals from the left to
the right. Click “OK” to complete the trigger signal selection.

After the netlist is updated, if the signal that has been selected in the
"Trigger Port" dialog box does not exist in the netlist, the trigger signal is
highlighted in red, and this function is currently only supported in For
Post-Synthesis Netlist GAO, not in For RTL Design GAO.

SUG114-3.4.3E 10(59)
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3.1 GAO Config File in Standard Mode
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Figure 3-9 Trigger Port Dialog Box

W Trigger Port ? >
out[7:0] b=B
=N
&S
—
LSE
et
Note!

MSB and LSB in Figure 3-9 indicate the most and least bit of the trigger port.

You can perform the following operations:

You can select signals by left-click, shift+left click, Ctrl+left to delete
them by clicking "|\§]
You can select signals by left-click, shift+left click, Ctrl+left to sort by
dragging.

The same signal may not be added repeatedly in the same Trigger Port,
and the rule is:

If an individual signal is added repeatedly, the addition fails.

If a sub signal of a Bus signal has already been added, when this Bus
signal is added again, the added sub signal is deleted and the Bus
signal is retained.

If a Bus signal has already been added, the addition fails when its sub
signal is added.
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Figure 3-10 Search Nets Dialog Box

iy Search Nets ? >

Name: | | . Search

® MNormal O Wildcard O Regular Expression [ Case Sensitive
[] Advanced Filter

nl2.1
131
nl4_7

n7_1
nd 1 ==
n9_1
==
out[7:0]

out_d[7:0]
your_instance_name/GND
your_instance_name/VCC

your_instance_name/clk

OK Cancel

Normal, Wildcard, and Regular Expression are mutually exclusive.

® "Normal" means searching in a normal way. Click "Search" to match
the string in "Name" text box, as shown in Figure 3-11.

® "Wildcard" means searching with wildcard. Click "Search" to match the
string in "Name" text box. The string contains wildcards (*,? ), as
shown in Figure 3-12.

® "Regular" expression means searching with a regular expression. Click
"Search" to match the string in "Name" text box. The string contains
regular expression, as shown in Figure 3-13.

® [f "Case Sensitive" is checked, the case-sensitive rule will be applied
during signal matching. The signals area in the "Search Nets" dialog
box supports left-click, Shift + left and Ctrl + left.

12(59)




3 GAO Config File

3.1 GAO Config File in Standard Mode

SUG114-3.4.3E

Figure 3-11 Normal Mode

U Search Nets

? x

MNare: |C|k

| ) Search

® Mormal (O Wildcard () Regular Expression

[ Case Sensitive

— [ Adwvanced Filter

clk
clk_d

==

==

OK Cancel
Figure 3-12 Wildcard Mode
U Search Nets ? 4
Mame: |c|k_?| | ) Search

(O Mormal ® Wildcard () Regular Expression

[ Case Sensitive

— [ Adwvanced Filter

clk d

==

==

OK Cancel
Figure 3-13 Regular Expression Mode
{4y Search Mets ? X
Name: |c[nm|r|]k | "/ Search

() Normal () Wildcard @) Regular Expression

[ Case Sensitive

— [ Advanced Filter

clk

==

==

OK

Cancel
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Select the "Advanced Filter" to further define filter conditions to search
the required signals more specifically. Among them:

® The "Net Owner" is used to set the type of module where the signal
belongs to. You can select a module or all. Note that this feature is not
supported in the "For RTL Design" type GAO configuration interface

® The "Pin Directions" is used to set whether the signal is "Output only",
"Input only" or "All Directions". Note that this feature is not supported in
the "For RTL Design" type GAO configuration interface.

® The "Search In" is used to set which module to filter signals from.

® The "Include Subentries" is used to set whether to filter the signal from
the submodule.

® Hierarchy View is used to display signals in hierarchical structure.

As shown in Figure 3-14, the "Net Owner" selects |O_Buffer, "Pin
Directions" selects "Output Only", "Search In" selects "top", and selects
"Include Subentries" and "Hierarchy View". Click "Search" to display all
output signals associated with I0_Buffer in top modules and their
sub-modules in hierarchical structure.

Figure 3-14 Advanced Filter

) Search Nets ? 4
MName: | | Search
® Normal ) Wildcard (O Regular Expression [] Case Sensitive
Advanced Filter
MNet Owner |10 Buffer ~ Pin Direction | Output Only ~
Search In | ©¥top v
Include Subentries Hierarchy View
clk d
out[7:0]
OK Cancel

Match Units Configuration

The match units option is used to configure the match unit of trigger
ports. There are up to 16 trigger match units, which range from M0-M15.
Match unit is the minimum unit required by GAO to achieve trigger
conditions. AO processes the trigger port signals designed by the user by
the match unit and realizes the trigger if the trigger signal port signals meet
the requirements.

A trigger port can use one or more trigger match units, but a trigger
match unit can only belong to one trigger port. The number of Match Units
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that can be used is related to the trigger expression. Select "Static" in
"Expressions", up to16 trigger match units can be used; and select
"Dynamic" in "Expressions", up to10 trigger match units can be used.

1. In Match Units view, check the "Match Units" to the select trigger match
unit, as shown in Figure 3-15.

Figure 3-15 Match Units View

Mateh Units

Match Unit Trigger Port Match Type Function Counter

<)

Oo0ooooobooooooomoE o

A

1 3

2. Double-click one match unit to open "Match Unit Config" dialog box
and configure the trigger conditions, as shown in Figure 3-16.

Figure 3-16 Match Unit Config Dialog Box

{Ar Match Unit Config ? *

Match Unit 0

On Trigger Port: |Trigger Port0 ¥ Match Type: Basic -

out[7:0] Function: |:: hd

Value

® BIN O oCT () DEC () HEX

out[7:0] [11111111

[ Counter
Width: |2 > Count |2 e

Continuous

15(59)




3 GAO Config File

3.1 GAO Config File in Standard Mode

SUG114-3.4.3E

3. Click "On Trigger Port" drop-down list and select the trigger port.

Select the match type and function from the "Match Type" and
"Function" drop-down lists respectively. The details are as follows:

® Basic: Execute "= =" and "! = "operations, which are used for
general signal comparison, and it save resource.

® Basic w/edges: Execute "= =" and "! = "and the jump test
operations for control signal jump.

® Extended: Execute ”

” ” ”

>7, ">=

” \="
Al - Al

” ”

< . and/l<=/l

operations for the value of address or data signal.

® Extended w/edges: Execute "==".

” //'_//
TN

7 ”

” ” ” _” ” ”

N < N NS

and jump test operations for the value of address or data signal or
signal jump.

® Range: Execute "==
range detection operations for the value of specific address or data
signal.

® Range: Execute "==
range detection and jump test operations for the value of specific
address, data signal and signal jump.

” ” ” ”

” ”
' A A >= N

” ' 7 ” ” ” ”

A

” ”

L > A} >= N <

” ” ”

. “<="in/out of the

” ”

<="_ in/out of the

Value is used to set the bit value that correlates with the match type,
as shown in Table 3-1. The bit value currently supports binary, hexadecimal,
and octal forms.

Table 3-1 Match Type Supported By Trigger Match Unit

Type Bit Values Matching Function Description
Used for general
Basic 0,1, X =)= S|gngl comparison,
and it can save
resource.
sasic 0,1,X,R,F,B,N | === jump detection | -5ed to control signal
w/edges jump.
Extended 0.1.X —= )= > =< <= Used for the value_: of
address or data signal.
. Used for the value of
=== = =
E;(tznded 0,1, X,R,F,B,N deélec’ti>(;: <)<, Jump address or data signal
wiedges and jump signal.
: Used for the value of
=== = =
Range 0,1, X 722 <, m/put address or data signal
of the range detection. | . .
in specific range.
. Used for the value of
==1=,>>= <<=, infout .
R/an dge 0,1, X,R,F, B, N | of the range detection, %dgriifﬁgrrgﬁtaes;%r&al
wiedges jump detection N Sp Ang
jump detection.
Note!
In Bit Values:

® "0"means low level.
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U eeeee0 e

"1" means high level.

"X" means either of them.

"R" indicates rising edge 0->1.

"F" indicates falling edge 1->0.

"B" indicates rising or falling edge transition.
"N" means no logical level transition.

If selecting "Range" or "Range w/edges" in "Match Type", and selecting
in range or not in range in "Function®, the value in the "Minimum" is the
lower limit value, and the value in "Maximum" is the upper limit value,
as shown in Figure 3-17. If the minimum is greater than the maximum,
the "Value Invalid" prompt will pop up.

When the cursor is hovering over the "Value" input box, the Value
range will be displayed, as shown in Figure 3-17.

Figure 3-17 Minimum/Maximum in/not in Range

{7 Match Unit Config ? *®

Match Unit 0

On Trigger Port: | Trigger Port 0 ~ Match Type: Range e

out[7:0] Function: in range ~

Value

® BIN O OCT O DEC O HEX

Minimum:

out[7:0] 1111111

Maximum:

out[7:0] 00001111
00000000~1111111

[ counter

Width: |2 > | Count: |2

Continuous

Cancel

The rule for configuring Value are as follows:

There are three types of signals: Bus, sub signal and single signal. Bus
is the signal of Bus, sub signal is the sub signal of Bus signal, and
single signal is the separate signal not belonging to sub signal.

Bus, sub signal and single signal add right-click menu, including seven
values X, 0, 1, R, F, B, N.

For Bus, single signal, you can enter values via right-click menu or
manually, while for sub signal, you can only enter values via right-click
menu.

The value selected by the right-click menu for Bus signals is valid for all
sub signals.

Each trigger match unit has a counter for sampling data after the trigger
conditions are met N times, where N is the counter value.
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® Check "Counter" to set and use the counter. If the counter is unused,
capture data after matching 1 time by default.

® Check "Counter" and enter value in "Width", and modify or add/remove
data in the box by clicking the up and down buttons on the right or
using the mouse wheel.

® The range of the counter width is [1, 16], which determines the
maximum value of the counter.

® If the counter width is set to 3, the maximum value is 23.

® Enter nin "Count". This triggers after matching n times. If the check
"Continuous" is checked, enter value n in the "Count". This triggers
after matching n times.

Note!

® |f the error prompt pops up, click the "Show Details" to show the details.

® \When config file (.gao) is saved, if the number of signal trigger unit changes, but the
match unit is not modified accordingly, the error prompt box will open, as shown in
Figure 3-18.

® If the trigger port belonging to the match unit is not configured, the error prompt box
will open when the .gao is saved, as shown in Figure 3-19.

Figure 3-18 Error Prompt

W Error ot

I-’e-l Your settings contain some errors,

OK Hide Details...

AOQ 0: Length of MO is not equal to trigger port 0

Figure 3-19 Prompt

i Error b4

'8' Your settings contain some errors.

Ok Hide Details...

AQ O Trigger port 1 for MO is not available
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Trigger Expressions Configuration

Expressions are used to set the trigger expressions. An AO has 16

trigger expressions at most.

In the "Expressions" view, the trigger expressions are sorted in order

from Expression0O~Expression15.

The related operations are as follows:

Select "Static" from the Mode drop-down list, and the number of Match
Unit used is 16, but it cannot dynamically modify the trigger expression.

Select "Dynamic" from the Mode drop-down list, and the number of
Match Unit used is10. It can dynamically modify the trigger expression
without re-synthesis and PnR. When the "Dynamic" type is selected,
the implementation type of the trigger expression can be selected from
the Implementation drop-down list, including BSRAM, SSRAM and
REG, and the SSRAM option will not be displayed when there is no
SSRAM resource in the device used.

Double-click any trigger expression to edit.

Right-click anywhere in Expressions, and select "Add" to add
expression.

The Expression dialog box will open, as shown in Figure 3-20. You can
configure the trigger expressions in the dialog box. If the wrong syntax
exists in the expression, the error will pop up when you click "OK" to
save.

Select the expression that you need to delete, right-click and select
"Remove" to remove the trigger expression.

Figure 3-20 Expression Dialog Box

WA Expression 7 *

MO M1 M2 M3 — C

M4 M5 M6 M7 & |

nMa M9 M10 | | M11 ! "

Cancel

When "Static" is selected, the number of match unit that can be edited

is 16, that is, MO~M15. When "Dynamic" is selected, the number of match
unit that can be edited is 10, that is, MO~M9, and the M10~M15 are grayed
out, as shown in Figure 3-20.

SUG114-3.4.3E
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Expression 0 ~ Expression 15 correspond to Level 0 ~ Level 15. When
setting the AO trigger conditions, the minimum trigger Level is one (Level 0),
and the maximum is 16 (Level O to Level15). The trigger level corresponds
to the number of trigger expressions. If the trigger level is N and the first
level trigger condition is met, the second level trigger condition will be
estimated, and so on, until the Level. The final trigger signal is generated,
and AO begins to capture data.

Trigger expressions can logically combine one or more trigger match
units, which follow these rules:

® Supports &, | and !. Supports logical operators, and "()".

® Trigger expression can only logically combine the selected trigger
match units.

® The same trigger match unit can be used one or more times in a trigger
expression.

® The logic combination that triggers match unit between different trigger
expressions is not affected, and the same trigger match unit and
operator can be used.

® Different expressions can call the same trigger match unit, or the same
number or a different number of trigger match units.

For example, if you set eight match units M0-M7, for each level of
trigger expressions, any number of the match units from these eight can be
logically combined. For example:

MO&M1
IM4&(M3|M6)

Configure an expression by double-clicking the text box in the
expression dialog. Click "OK" to finish.

If "Dynamic" is checked, the resource usage of the triggering
expression will change according to the Implementation, for example, when
BSRAM is selected for the Implementation, BSRAM Usage will be
displayed; when SSRAM is selected, SSRAM Usage will be displayed. As
shown in Figure 3-21, it indicates that the Dynamic Expression occupies 2
BSRAM resources.
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Figure 3-21 Select Dynamic

Expressions

Maode: | Dynamic -

Implementation: | BSRAM -

BSRAM Usage : 2/26

]
M1

Note!

® \When the configuration file (.gao) is saved, the prompt will pop up if the unselected
match units are used in expressions, as shown in Figure 3-22.

® An AO can add up to 16 expressions. If more than 16 expressions are added, an error
prompt will pop up.

Figure 3-22 Error Prompt

W Error =

I-’e-l Your settings contain some errors,

OK Hide Details...

AQ 0: M1 in expression "M1" is not enable

Capture Conditions Configuration

As shown in Figure 3-23, the Capture Options is mainly used to
configure the following items.

® Sample clock

Capture depth

Storage mode of sampled signals (GAO Implementation)
Trigger Position

Sampling FPGA data during the initial power-up stage based on trigger
conditions (Capture Initial Data)
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® Clock edge selection for some registers inside the GAO IP driven by
TCK (Force Trigger by Falling Edge)

® Sampling information of capture data signals and other signals, and
displays the number of resources required to store the Capture Signals
data of the current AO Core.

Figure 3-23 Capture Options

Ao Core Core 0

Core 0 Trigger Options  Capture Options
Sample Clock Capture Signals
Clock: Add Add From Trigger| = Remove
Sample On: @ Rising () Falling out_d[7:0] MSE
Capture
Storage Size: 1024 ~
Segments Number: 1 ~
Capture Amount: 1024 ~

GAO Implementation: | BSRAM ~

Trigger Position:

[ Capture Initial Data

[] Force Trigger by Falling Edge

Capture Utilization

BSRAM Usage : 1/30
o / LSE

Sample Clock Configuration

You can select the clock in the user design or other clocks as the
sample. The sample clock frequency should be double or above the
frequency of the configured expression and the sample data signal; it is
recommended that the configured expression and sample data signal
belong to the same clock domain. The sample clock supports sampling on
rising edge and falling edge.

You can employ the following two methods to add sample clock
signals:

® Enter the sample clock name in the "Sample Clock" text box.

® Click the "[.-- |" next to the "Sample Clock" text field and the "Search
Nets" dialog box will pop up to select the sample clock signal, as shown
in Figure 3-24. Click "OK" to add the signal.
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Figure 3-24 Search Nets Dialog Box (Standard Mode)

W Search Nets ? *
MName: |c||< | . Search
@® Normal (O Wildcard () Regular Expression [] Case Sensitive
[] Advanced Filter
clke cle d
clle d
>
e
=
=z
Note!

® If the configured sample clock does not exist when the configuration file (.gao) is
saved, the error prompt box will appear, as shown in Figure 3-25.
® |[f there is no sample clock, the error dialog box, an error prompt will appear, as shown

in Figure 3-26.

Figure 3-25 Error Prompt

i Error

oK

Your settings contain some errors.

Hide Details...

AQ : The specified sample clock does not exist

Figure 3-26 Error Prompt

“',; Error

OK

Your settings contain some errors,

Hide Details...

AQ 0: No sample clock specified
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Storage Configuration

As shown in Figure 3-27, it is mainly used to configure the "Storage
Size", "Segments Number", "Capture Amount”, "GAO Implementation”,
"Trigger Position", and "Capture Initial Data".

Figure 3-27 Capture Configuration

Capture

Storage Size: 1024 ~

Segments Number: 1 ~
Capture Amount: 1024 v
GAQ Implementation: | BSRAM w

Trigger Position:

[ Capture Initial Data

® "Storage Size" is the memory address depth for data capture. Click the
"Storage Size" drop-down list and select the required size: 4, 8, 16, 32,
64, 128, 256, 512, 1024, 2048, 4096, 8192, 16384, 32768, 65536.

® "Segments Number" is the number of capture segments. AO uses the
segment capture mode. The capture buffer is divided into one or more
segments that have the same or multiple sizes. Each AO supports
Storage Size/4 segments at most, and one segment at least. Select the
number of segments number from the drop-down list.

® Capture Amount: The address depth of the memory being used on
each capture buffer segment. Each capture segment has the same
capture amount, and the total capture amount can not be more than
the configured storage size. Select the capture amount from the
drop-down list.

® GAO Implementation: Means sampled signal data storage method.
Sampled signals can use BSRAM, SSRAM or REG resources to store
the data, and you can select through the drop-down list. It should be
noted that REG can be selected only when Storage Size*(Capture
Signals + 1)<=512.

® "Trigger Position" is the capture data position in memory when
triggering. Enter or select the required value in the "Trigger Position"
text box. The address starts from 0.

® Capture Initial Data: After FPGA configuration is completed and the
device enters the user logic running stage, the system automatically
captures a segment of initial data with the specified capture depth
when the trigger condition is met for the first time, before the "Start"
button in the GAO capture interface is clicked manually.

Force Trigger by Falling Edge Configuration

When Force Trigger by Falling Edge is checked, you can modify some
internal registers in GAO IP driven by the rising edge of the TCK clock to be
driven by the falling edge, which is used to improve the timing of the TCK,
and the default is unchecked.
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Capture Signals Configuration

The "Capture Signals" in Figure 3-28 can be used to configure capture

signals. The data port signal is the input signal of the data port specified in
the user design.

Figure 3-28 Capture Signal

Capture Signals

4dd | [Add From Trigesr| | Zemove

4 out[7:0]

MSE

out[7]
out[6]
out[5]
out[4]
out[3]
out[?]
out[1]
out[0]
cntl_1[4]
cntl_1[3]
cntl_1[2]
cntl 1[1]

LSE

"Add" is used to select the signal. click "Add", and "Search Nets" dialog
box pops up, then 