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MicroBlaze + Custom IP with Interrupt
What we’re building today
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What were doing Lab 3
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for Lab 3)
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Lab 2 — Architecture
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Hints on the Flag Register















































































AF How do interrupts work?
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m Polling versus Interrupts?

5 March 2021 Integrity - Service - Excellence



Interrupts GENER\C-

Interrupts are used when you want to your system to do more than one thing at a time. An interrupt service routine
(ISR) is a subroutine called by hardware. The following figure illustrates the process of "calling" and returning from
an ISH.

1: 2.3 main 4,5,E,TI | 15
8 14
isr I
9,10 111213

1. MCU powers up, jumps to RESET vector
2. MCU starts execution of main
3. Dynamic configuration
o configure hardware
o Clear hardware interrupt flag
o enable hardware interrupt
Event occurs which sets interrupt flag
MCU stops running main
MCU saves PC
MCU disables interrupts
Executes "GOTO ISR" at interrupt vector address
9. ISR: Poll interrupt flags
10. ISR Execute appropriate code in ISR
11. ISR: Clear interrupt flag
12. I3R! executes ried
13. Interrupts are enabled
14. PC is restored
15, MCU resumes running main

o = oo
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Lecl9.c

#include <xil_exception.h>
we isrCount =2 ) Gl
void myISR(void);

bal va FMMK

int main(void) {

microblaze register_handler((XInterruptHandler) myISR,

microblaze enable_interrupts();

stuff();

} // end main

void myISR(veoid) {
isrCount = isrfount + 1;
Xil Out8(countClearReg, @x@l);
Xil Out8(countClearReg, 0x08);

f 4 EO '
{void *) @);

// Clear the flag and then you MUST
// allow the flag to be reset later

5 March 2021
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AF MicroBlaze + Custom IP —

AR FORCE Workflow
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%( m Follow Lec19 Install_short_version.pdf see last sbide!

m The following slides are for reference

m The work flow has three main steps.

1. Define a new hardware design (MicroBlaze +
axi_uartlite) in Vivado IP Integrator (using the MicroBlaze
Tutorial from Lecture 17)

2. Create and package new custom IP (your custom
hardware) and import it into your Vivado design

3. Program the resulting hardware in the SDK environment.
m |ets start with the first step.

Integrity - Service - Excellence 12
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m This step requires that you start a new hardware design
(MicroBlaze + axi_uartlite) in Vivado IP Integrator in a new
project called Lecture_19.

m You will add a new Block Design with a MicroBlaze and
axi_uartlite following the MicroBlaze Tutorial.
H

m ***Deviation from Lecture 17 Tutorial***

m Do not include the MicroBlaze Interrupt Controller
check box.

m |f you do you could probably delete it from your design

Integrity - Service - Excellence


http://ece.ninja/383/hand/Nexys_Video_MicroBlaze_Tutorial.pdf

Xilinx Vivado - IP Integrator
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m This step requires that you start a new hardware design
(MicroBlaze + axi_uartlite) in Vivado IP Integrator in a new

p’ #- Run Block Automation

X

. Y1 the right.

@ | EHV] All Automation (2 out of 1 selected)

o = e

=1

i &

.**

Automatically make connections in your design by checking the boxes of the blocks to connect. Select a block on the left to display its configuration options on

/

Description

MicroBlaze connection automation generates local memory of selected size, and caches can be
configured. MicroBlaze Debug Module, Peripheral AXI interconnect, Interrupt Controller, a clock
source, Processor System Reset are also added and connected as needed.

Instance: /microblaze_0

Options
Local Memory: 32KB 0~
Local Memory ECC: | Mone

gachﬂagriatitn: 16KB -

Debug Moiule: Debug Only -

Enabled -
Interrupt Controller:

Clock Connection: New Clocking Wizard (100 MHz) ~

[ 0K ] [ Cancel

er

gn
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m Open IP Catalog Settings and click on Repository
Manager and add your IP Repo to your IP
Repositories

/[path_to_ip_repo/git_repol/ip_repo

¢ Project Settings

General
Simulation

&5

P
General” Repository Manager | Packager

dd directories to the list of repositaries. You may then add additional IP to a selected
pository. If an IP is disabled then a tool-tip will alert you to the reason.

IP Repositories
w Falkinburg/Documents fCourses /ECE383/Spr 17/ECE_383_Spring_2017fip_repo (Praject)

-
# [P Repositories

=

B B B H B B H T L==) e TR T T TR
H H H H H H H H H -~
edit_my_counter_ip_v1_0.ip_user_files
H H H H H : H EIISEFF_EEITI = . . -

P
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Edit/Create New IP Package
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m Edit Counter in IP Packager or create a new IP
package
m | chose to create a new package with a new version.

ZaDiagram ¥ | B Address Editor = | {F IP Catalog = R I R g

Cores | Interfaces Search:

-1

"D Mame AXI4 Status Licemse VLMY

Iﬁ_., EI = User Repository (c: /Users/Jeffrey. Falkinburg/Documents/Courses /BCE383/Spr17/ECE_333_Spring_2017/fip_repa) 2
|k AXI Perlpheral |
il my counter o vipee— s Induded |usafa.edu:Maj_Jeff_Falkinburd|
ﬁ == Vivado Repository -y TOpeTes-- Crl+E bl
E‘E . [ aliance Partners i [P Settings...

ﬁ --|.-—.- Automotive & Industria 4. Add Repositary. ..

3 [H-[= AXI Infrastructure I

"ﬁt';'.. --|.-—.' — é@ Refresh All Repositories 1

P —— i% CustomizeIP... I ;
Detais £ Editin IP Packager
Disable IP
- -~
Mame: my_counter_ip_v1.0 ¥ Delete IP Delete |'_':|
Version: 1.0 (Rev. ) i
& License Status
Interfaces: AXI4 - -
@ Compatible Families
Export to Spreadshest. .. I
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Edit/Create New IP Package

m Expose the Roll Signal to the Artix 7 (design_1)
block diagram by following the LED port maps

ZaDiagram ¥ | B Address Editor = | {F IP Catalog = R I R g

Cores | Interfaces Search:

-1

"D Mame AXI4 Status Licemse VLMY

Iﬁ_., EI = User Repository (c: /Users/Jeffrey. Falkinburg/Documents/Courses /BCE383/Spr17/ECE_333_Spring_2017/fip_repa) 2
e AXI Perlpheral |
il my counter o vipee— Induded |usafa.edu:Maj_Jeff_Falkinburd|
ﬁ == Vivado Repository -y TOpeTes-- Crl+E bl
E‘E . [ aliance Partners i [P Settings...

ﬁ --|.-—.- Automotive & Industria 4. Add Repositary. ..

3 [H-[= AXI Infrastructure I

"ﬁt';'.. --|.-—.' — é@ Refresh All Repositories 1

P —— i% CustomizeIP... ;
Detais £ Editin IP Packager
Disable IP
- -~
Mame: my_counter_ip_v1.0 ¥ Delete IP Delete |'_':|
Version: 1.0 (Rev. ) i
& License Status
Interfaces: AXI4 - -
@ Compatible Families
Export to Spreadshest. .. I
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AF Xilinx Vivado — Create and
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m 8. Add Custom IP to your design

m 8.1) In the project manager page of the original window,
click Open Block Design. This adds a block design to the
project.

m 8.2) Use the Add IP i¥ button to add our v2.0 of our Lec
10 Counter IP Core with the exposed roll signal.

Search: my_coun (2 matches)

L my_counter_ip_0
e 5500 ANT
- rodl
=00 _axi_aclk

i LED[7:0]
L= _axi_aresetn

my_counter_ip_v2.0 (Pre-Pro :Iu:tE D
Notice it is
f v2.0
[
I |
ENTER. to select, ESC to cance |, Ctrl+Q for IP details R 18
frtcegrieey - Service - Excellence
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Edit/Create New IP Package

m Click the ‘+’ sign by the MicroBlaze to connect the
Roll Signal to the MicroBlaze Interrupt input directly

i= Diagram ¥ | B Address Editor 3

] & design_1 »
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ext_reset_in
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=
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]

O X
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AXI Interconnect
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jﬁL________
L

ﬁ odule (MDM)

@

@I' _1ooM

< mb_reset
15_struct_reset[0:0]
eripheral_reset[0:0] m

Micro3laze »»>s|

- CDDR3 —
Sasan 2|l
- ui_clk_sync_rst
——Qsys_rst )
) ui_clk
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DLME 5 |||
B |||—

microblaze_0_axi_periph
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ACLK

M_AXI_DCep fif

ARESETN
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MicroBlaze
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m You should verify the addressing for all your design
components before continuing.

m Verify that the base addresses are the same
addresses used in the template C-code.

m Shouldje no changes at this time.

= Diagram X @
Q| cal Slave Interface Base Mame  Offs€t A Range  High Address
= E-4F microblaze_0
% —ﬂ Data (32 address bits : 4]
e ai_uartite_0 5_AXI Reg 64 ~ 0x4060_FFFF
-l n microblaze_0_local_memaoryfdimb_bram_if_cntr SLMB Mem 32 = 0x0000 7FFF
. == mig_Tseries_0 5_AxI memaddr 512M - 0Ox9FFF FFEFF
. = my_counter_ip_D S00_AXT 500_AXI_ri 64 v 0x44R0 FFFF
=I- Bl Instruction (32 address bits : 43
- == microblaze_0_local_memoryfimb_bram_if_cntlr  SLMB Mem 0x0000_0000 32 = 0x0000 7FFF
- mm mig_Tseries_0 5_AXI memaddr 0x&000_0000 512M - Ox9FFF_FFFF
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m You should verify the addressing for all your design
components before continuing.

m Verify that the base addresses are the same
addresses used in the template C-code.

m Should be no changes at this time.

ZaDiagram ¥ | [ Address Editor X

Q| cal Slave Interface Base Mame  Offset Address Range  High Address
= E-4F microblaze_0
% —ﬂ Data (32 address bits : 4]
ﬂ axi_uartlite_0 5_ANI Reg 0x4060_0000 Sd060_FFFF
et n microblaze_0_local_memaoryfdimb_bram_if_cntr SLMB Mem I:I:LCICII:IEI_EII:ICICICICI_TFFF
. == mig_Tseries_0 5 ANI memaddr 0x8000_0000 2 ®x9FFF_FFFF

¢ mmomy_counter_ip_0 S00_AXI S00_AXI_req Ox4420 0000 64, ~ Ox44R0 FFFF

-1- B Instruction (32 address bits : 4G
n microblaze_0_local_memaoryfiimb_bram_if_cntr  5LMB Mem 0x0000_000 00 _7FFF
“mm mig_Tseries_0 S_ANI memaddr 0x2000_0000 I ®xIFFF _FFFF
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AF Validate and Export Design
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1.
2.
3.

First click validate design_1
Regenerate the design_1 HDL wrapper.

Finally you need to generate the Generate Design
bitstream

Take a coffee break while it builds

Integrity - Service - Excellence
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AF SDK Project
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m Start with a “Hello World” project once in the SDK.

m Rename the hello_world.c to Lec19.c and use the given
Lec19.c code to get started

m Modify the code to handle the interrupt generated from

the counter and increment a counter variable for display.
4 COMA0:9600baud - Tera Term VT o ) |

File Edit Setup Centrol _ﬂinduw Help

COUNTER count up LEDs (hy x263%

c =
s~5: COUNTER startsStop counteyr
COUNTER load counter
COUNTER reset
Clear ISR counter

flush terminal

counter
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