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/1 end for
14. 1 // end while

Similarity of Lab2 FSM with HW8b?

hile(1) {
while(REQ == 0);

Vi end if


George York


George York









AF . esson Outline

AIR FORCE
ACADEMY

B TARERDY!

m MicroBlaze + Custom IP

(A)r\')\'t CUC\{‘.?
R-CM; eUcL{ 4

Integrity - Service - Excellence


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York


George York

































































































































UNITED STATES

AIR FORCE
ACADEMY
Lecture: 18
Homework HW #10
Status : Complete
Handout hand158.docx
Code lec18.vhdl
. lec18.xdc
.‘L\

\{C\q cb&‘ ¥ my_counter_ip_v1_0_S00_AXI vhd (User Logic/AXI Interface)
my_counter_ip_v1_0.vhd (Counter Top Level Interface)
lec1s.c

Lesson Slides and Tutorial ECE_383 Lec18.ppix

ECE_383_Lec18_2018.pptx
Lec18_Install_short_version. pdf
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UNITED STATES

MicroBlaze + Custom IP
what you are building today

AIR FORCE
ACADEMY (15t without the “roll”’; then add “roll” in HW#10)
@PGA design 1 \ ;ﬁ
(design_1) axi_uartlite_0 @ 40600000 RX —{RX —"082
X ™)X —1—
T8
=
—
" MicroBlaze ) @y_counter_ip_vl_o.vhd @ 0x44a00000 N\ |z
T 2
(" Leci8c ) axi_lite]  (my_counter_ip_v1_0_S00_AXI.vhd ) || 2 N
clk R4
G4
4 ) reset n F——
. S_AXI_ACLK Clkecm-Vhd — )
S_AXI|_ARESETN :I: T15
] resetn T16
— ctrl g | Uit
32 slv_reg0 X V15
\_ Y, Q/D ©  |wie
32 siv] reg2 I T WS
| N J 3 Vi
< LED |—
\_ 8~ J
- J i
\_ >4
What does this have to do with Lab3??? 6
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exWrAddr exWen exSel
[ | | (switch)
LabZ_dp Counter 10 l ¢ e ™\
— btn . cw ==l cw i .
=1 %" Audio_Codec_ ) (unsigned) " vo Video
: clk —»f clk Process —‘ tr_volt
dk Wrapper 1043FF 104 write_cntr reset_n —»] reset_n
k g clk btn btn
n —= ct: reset_n SwW ‘ clk —»{ clk Process -—"ﬁ” 20 tr_time
‘rkl - :irlmdk Compare —> Mux exSel reset_n - reset_n -
< | btn btn
a P ac_adc_sdata(In) o read | “ tmds
a < ac_dac_sdata(Out) Sim_live [« *y exLBus ’SIOI L( BRAM_SDP A dsb
k < ac_bclk ready —» sw ™ ex>e WRADDR — ch1 (switch) —»{ ch1 tmas
Ik| f N acl_lrclk L_bus_in "8L_bus_in o B i g i ENB b= ch2 (switch) —%f ch2
cl < P sc R_bus_in R_bus_in ] ] <+
dl ) - - - - by x
a < P]sda L_bus_out fesllp L bus_out =PiD -2 Ql é S [=»] Din column row 0 row
R_bus_out > R_bus_out & Eo T RDADDR (O =T column
L mn of— D p—
TR
Clock_Wiz_1 i el
ac_m g J
clk cIk_outl-Tk_b50 triggerVolt i DOUT readL
et clk  clk_out2 f—» exWen —{1 103 10*row
r —»] resetn Compare | G § wrENB
cw —»10 set
K ) m D |~ Compare E [—» chl
c
ready Register —> sw \ ) /&3
flag register  set
sw cw L_Bus Out R_Bus_Out exLBus exRBus tr_volt tr_time Q clear
\. | 4 | | 4 4 | | | [}
3 3
swW cw 16 16 16 16 8 8
Lab2_cu sw Few Q [
ok L_Bus_Out R_BusOut  exlBus  exRBus tr_volt  tr_time clear
reset_n

ﬂabz

-




m Hook up 32 32-bit registers gy - ‘52
How many address bits do we need?
Xz ___
Default code setup to read/write
slv_regO to slv_reg31

Base address: ( 0x44a00000 - slv_reg0
What address is slv_reg3?

Bk A8 e gao\L Hex
L word adbes ol ey Jx 44 2000 00
32-bit wrd = bufes s |\ Oxdd 2 000
bt 4o addregr \ MI Oxd4d «O°0 __
. \,—Q;{I) Ox4qd a0o0

WJA Oxdd| al00 __

3 March 2021
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AF MicroBlaze + Custom IP —
AIR FORCE Workflow
ACADEMY

m The work flow has three main steps.

1. Define a new hardware design (MicroBlaze +
axi_uartlite) in Vivado IP Integrator < HW#9!

2. Create and package new custom IP (your custom
hardware, which is a my_counter) and import it into your
Vivado design

3. Program the resulting hardware in the SDK environment.

m We will assume you did the last part of HW#9, and
called the project Lecture 18 (at least to step #11,
validate design)

Follow next 70 screen shot slides? or

Follow 5 page Lecl18_Install short_version.pdf instead?

Integrity - Service - Excellence



Xilinx Vivado — Create and

Package Custom IP (my counter)

m 1. Open your Lecture_18 Vivado pfoject
m Go to Tools~~Create and package IP

VIVADO/

This wizard will guideQou through the process of creating a new Vivado IP using source files and

information from #Our Oxgrent project, block design or specified directory.
Create a AX14 Peripheral

This wizzrd will guide you throdgh the process of areating a new AXI4 peripheral which indudes
HOL Ariver, software test applcatjon, IP Integrator BFM simulation and debug demonstration

g Lecture 18 - [C:.n"l_lsersﬂeFﬁ'ey.FaIkinhurngDcumanDursestgE’!BEf
File Edit Flow | Tools | Window Layout View Help /
Eik‘l i oA % Repart / k
Flow Navigator | & Create and Package Mew IP... / |
. Create Interface Definition..
g
Enable Partial Reconfigypétion. ..

4 Peniact Manad Run Td Scrip

XILINX

ALL PRHOGRAMMANLE.

10
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AF Xilinx Vivado — Create and

UNITED STATES

AIR FORCE PaCkage Custom IP

ACADEMY

m 2. Createyour custom IP project
m 2.1) Select Create a new AXI4 peripheral and click Next

Packate IP or Package a Block Design
Please select one of the followixg

Packaging Options

Package your U oject

& the pre »—-l ! source for creatig a new IP g’mu‘.‘wv
P.otc: All sources t c.k_a d must beNg

ﬂa:z a block d \;nfro m the current proyd
\"h a block design as the or @

'S Podeoeemeoﬁeddvectorv
~ Choose a directory as the source for ffeating & new P Definition.

Create AXI4 Peripheral

(@ Create a new AXI4 peggheral
~ Create an AXI4 TP, ¢ , software test application, IP Integrator\aXI4 BFM simulation and debug demonstration
design,

11









AF Xilinx Vivado — Create and
AIR FORCE Package Custom IP

ACADEMY

m 2.2) Input “My_Counter_IP” in the name field and

click Next \

¢ Create and Package New IP\ %

Peripheral Details
Specify name, version and description¥or the new peripheral

MName: my_counter_ip
Version: 1.0

Display name: | my_counter_jp_v1.0
Description: | My new Lec 18 Counter AXI IP
IP location: C:fUsers/Jeffrey.Falkinburg/Documents Coufses/ECE3R3/Spr 17/ECE_383 Spring_2017/Lecture_18/..fip_repo E]

[] Overwrite existing

| T e 12
\ A










AF Xilinx Vivado — Create and

UNITED STATES

AIR FORCE PaCkage Custom IP

ACADEMY

m 2.3) Change the number of Registers to 32 on the AXI

Interface and\click Next
'r‘ Create and Package New IP \ -—— - / Iﬂ

Add Interfaces
Add A¥I4interfaces supported by your peripheral

[] Enable Interrupt Suppart

Mame S00_AXI

Interface Type Lite -

Interface Mode Slave -
LI Data Width (Bits) 32 -

Memory Size (Futecl il

rnber of Reqgisters |32 >[4..513

N\

N W 13

1| =500_AXI

my_counter_ipA1.0










AF Xilinx Vivado — Create and

UNITED STATES

AIR FORCE PaCkage Custom IP
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m 2.4) Select.Edit IP and click Finish

VIVADO

(") Verify peripheral IP using AXI4 8FM

) Verify peripheral IP using JTAG interface

XILINX

Integrity - Service - Excellence 14









AF Xilinx Vivado — Create and
AIR FORCE Package Custom IP

ACADEMY

m 3. Designing the IP core

m 3.1) A new instance of Vivado will open up for the new IP

core. Expand the top level file My Counter IP_v1 O.
Then double-cli _Counter_IP_v1l 0 _S00 AXIto

-~ ghi n:u:uunter |EE 1III I:nehawcnr
. EHE IP-XACT |
+-i—1 Constraints

4 | 10 3

Hierarchy | Libraries | Compile Order

Integrity - Service - Excellence 15









AF Xilinx Vivado — Create and

UNITED STATES

AIR FORCE PaCkage Custom IP

ACADEMY

m 4. Add the Lec 10 Counter to theMy Counter IP_ vl O
m by “Add Sources” = lec18.vhd file
m Your counter will not yet be gonnected to the top level design

Project Manager - my Aoukter_ip_v1 0 project

Sources T 0O’ =
Dol 1
AT & -::ﬂ* ?
; DeSign Sources (2 -
'.'h.". my_counter_ip_v1_0 - h_imp [/ nter_ip_w1_0.

= vh my_counter_ip_w1_0_500_AXI_inst - my_ n:u:uunter dp_wl0_:
(i n:u:nunter lec10 - behavior Nec 15, vhdl]
: S IP-XACT |

3] | Consfraints
P I 3

Integrity - Service - Excellence 16









AF Xilinx Vivado — Create and

UNITED STATES

AIR FORCE PaCkage Custom IP
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m 4. The lecI8.vhd file does not need to be modified

m 5 The My Counter IP_ vl 0 800 AXIl.vhd file needs to
be modified with the changes seen in the Ninja version to
support your counter(line-humbers from Ninja version)

m Lines 20, 112-122, 671, 759-766

m 6. The My _Counter IP_vi 0.vhd file needs to be modified
with the changesseen in thewversion on Ninja

m Lines 19, 59793

m The following slides, diagrams, and werksheet are intended
to teach you what these modifications mean...

m |nstallation resumes on slide titled “Packaging the IP core”

Integrity - Service - Excellence 17









AF Part 1a: Hardware Questions/

UNITED STATES

AIR FORGE Notes related to handout

ACADEMY

m Note: the truth ounter IS In the comments.

Integrity - Service - Excellence 18









AF MicroBlaze + Custom IP
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(Artix 7 (design 1) — . S——
- axi_uartlite 0 @ 40600000 RX 1 g
TXFTX —T1—
-
"
4 MicroBlaze ) &y_counter_ip_vl_o.vhd @ 0x44a00000 \ E{:
i Lec18.c B axi_lite (ny_counter_ip_vl_O_SOO_AXI.vhd\ g i R4
alk =
o I ) reset n |
S_AXI_ACLK ecl18.vhd — 1.4
S AXI ARESETN ok :’: T15
— freset n T16
# C’[I’l _8 Ulé
32 slv reg0 - V15
> Q/D ©  |wie
o W15
LED p—
\_ v \ ) L 8 _
X P L
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Lecl8.vhdl — Lec 10 Counter

AIR FORCE
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I N R Nl al el el el vl el el

o R T I - . - -
—— LLEl. J=0ola J1=1NCTEMETT 10=Load Li=re3et

entity lecld is

generic{ N : integer := 4);
port{ clk : in 3TD _LOGIC;
reset n : in 3TD LOGIC;
ctrl : in std leogic vector (1 downto 0);
D » in unsigned (N-1 downto 0);
2 : cut unsigned (H-1 downto 0));

end leclO;
architecture behavior of lecld is
3ignal proce33(: ;

bkegin
procesa {clk)
begin
if (rising edge(clk)) then
if (reset_ n = '0") then
processld <= ;
elaif (ctrl = "01™) then
processd <= ;
gelaif (ctrl = "10™) then
processd <= ;
glaif (crtl = "11™) then
processld <= ;
end if;
end if;
end proces3s; —

0 <= process{d;
end behavior:

20



AF Part 1b: Hardware Questions/

UNITED STATES

AIR FORGE Notes related,to handout

ACADEMY

m Q: Inumy counter_ip vl 0 S00_ AXIl.vhd, what do the
generics».AXI_DATA_WIDTH{ ..AXlI_ADDR_WIDTH do?

m Q:Inmy counter ip vl 0/S00 AXl.vhd, what two roles is
slv_regO serving?

m Q: In my counter_ip>¢1 0 SO0 AXl.vhd, what roles does
slv_regl serve?

m Q:Inmy counter ip vl 0 SO0 AXl.vhd, slv_reg0O is on
the left and right-hand side of an assignment. ldentify the
two lines'where this happens.

m Q: Infmy_counter_ip_vl 0 S00_AXl.vhd;on line 62, what
IS the role does X"000000" serve?

Integrity - Service - Excellence 21









AF MicroBlaze + Custom IP

UNITED STATES

AIR FORCE
ACADEMY
(Artix 7 (design 1) — . S——
- axi_uartlite 0 @ 40600000 RX 1 g
TXFTX —T1—
-
"
4 MicroBlaze ) &y_counter_ip_vl_o.vhd @ 0x44a00000 \ E{:
i Lec18.c B axi_lite (ny_counter_ip_vl_O_SOO_AXI.vhd\ g i R4
alk =
o I ) reset n |
S_AXI_ACLK ecl18.vhd — 1.4
S AXI ARESETN ok :’: T15
— freset n T16
# C’[I’l _8 Ulé
32 slv reg0 - V15
> Q/D ©  |wie
o W15
LED p—
\_ v \ ) L 8 _
X P L
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ACALC32
33
34
35
36
a7
38
39
40
41
42
43
44
45
46
a7
47
49
a0
3l
52
33
a4
a5
a6
a7
S8
39
&0
a6l
62
63
a%i ]
s 5

il

67

my counter_ip vl 0 S00 AXI
vhd — User Logic

use ieee.nmumeric std.all;

entity my counter_ip vl 0 500 _AXT is

generic |
—— Width of 5 AXT data bus
C_5 AXT DATA WIDTH : integer = 34
—— Width of 5 AXI address bus
C_5 AXT ADDE_WIDTH : integer =7
[
port |
—— Users to add portas here
LED : out gtd leogic wector({7 downtoc Q)7

—— Uaer ports ends
—— Do not modify the porta beyond this line
—— Global Cleock Signal
3 B¥T ACLE : in std legic:
—— Glokbal Beset Signal. This Signal iz Active LOW
5 _M¥T BBEESETH : in 3td logic;
— lota of octher atuff _);
architecture arch_imp of my counter ip w1l 0 500 &¥T is
———— Signals for user logic register 3space example
component lecld is
generic (M: integer := 4);
Port ( clk: in STD_LOGIC;
reget_n : in STD_LOGIC:
ctrl: in 3td leogic wecteor(l downtoc 0);
D: in unsigned (N-1 downto 0);
Q: out unaigned (N-1 downto 0)):
end component:

signal : unaigned (7 downto 0);



my counter_ip vl 0 S00 AXI
AIR FORCE vhd — User Logic

ACADEMY

vt begin

69 -— Bddress decoding for reading regisaters

70 loc_addr := axi araddr(LDDR L5E + OPT_MEM ADDE BITS downto ADDE LSE) ;
71 cage leoc addr is

72 when bB"00000"™ =>

73 reg data ocut <= X"000000™ & std legic wector(Q):

74 when bB"00001"™ =>

75 reqg data out <= 3lv regl;

76 when b"00010™ => B

77 reg _data out <= 3lv_regi;

78 . lots more stuff here

79 end caze;

a0 —— BAdd user logic here

al counter:

a2 generic map | )

a3 port map( clk =» ]
a4 reset n =» '
B85 ctrl =» 3lv_regl(l downtc 0),

86 D =>» unsigned({slv_reg0 (7 downte 0)),
a7 Q = ) :
28 LED <= 3td lecgic wector(Q):

89 —— Taer logic ends

Integrity - Service - Excellence



AF Xilinx Vivado — Create and
AIR FORCE Package Custom IP

ACADEMY

m 5. Modifying My Counter IP_v1l 0 S00 AXI axi bus
Interface file

32 -—————
33 —— File: my counter ip w1 0 500 RXT.vhd

3y -—-—
35 use ieee.numeric atd.all;

36

37 entity my counter ip vl 0 3500 BXT is

38 generic |

39 —— Width of 5 _R¥I data bus

40 C 5 B¥I DATA WILDTH : integer = 32;
41 —— Width of 5 AXI address bus

42 C 5 R¥TI RDDE WIDTH : integer 1= 7

43 ) :

44 port |

45 —— TUaers to add porta here

46 LED : out std legic wecteor(7 downto 0);

a7 -— User ports ends

48 — Do not modify the ports beyond this line

49 —— Global Clock Signal

a0 S L¥I ACLK : in atd legic:

51 —— Glcbal Beset Signal. This Signal is Active LOW
52 5 AXI ARESETN : in std legic:

23 .. lota of other stuff ..);:

Integrity - Service - Excellence 25



AF Xilinx Vivado — Create and

UNITED STATES

AIR FORCE PaCkage Custom IP

ACADEMY

m 5. Modifying My Counter IP_vl 0 S00 AXI axi bus
Interface file

m Add the counter declaration and a signal for Q before
begin in the my_counter _ip vl 0 SO0 AXI architecture:

24 architecture arch imp of my counter ip w1 0 3500 RXI is
% e

36 -——— 5Signals for user logic register 3pace example
=  —_———————————————_——_———_———————————————————
58 component lecld is

a9 generic (M: integer := 4);

G0 Port | clk: in STD LOGIC;

61 reaet n : in STD LOGIC:

62 ctrl: in std legic wecter(l downtec 0);

63 D: in un3signed (N-1 downto 0);

64 Q: out unsigned (N-1 downto 0)):

65 end component;

66

67 3ignal : un3igned (7 downto 0);

Integrity - Service - Excellence 26
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81
82
83
84
85
86
87
88
89

AF Xilinx Vivado — Create and

UNITED STATES

AIR FORCE PaCkage Custom IP

ACADEMY

m 5. Modifying My Counter IP_v1l 0 S00 AXI axi bus
Interface file

m Add the counter implementation and connect the wires
within the my_counter_ip_vl 0 S00_AXI architecture:

— DA rrmee e e

" T Hm it L L. LN §

COUNter :

generic map | )

port map( clk => ]
reset n => ;
ctrl => 3lv_regl(l downto 0),
D =x> unsigned (3lv_reqgl (7 downto 0)),
Q => I

LED <= 3td logic_wector(Q) :

R Too = o Ee S

i o i e . ——h et

Integrity - Service - Excellence 27
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Xilinx Vivado — Create and

AIR FORCE Package Custom IP

ACADEMY

63
63

70
71

72

73
74

75
76

78

m 5. Modifying My Counter IP_v1l 0 S00 AXI axi bus
Interface file

begin

Connect the counter implementation Q output signal to
slave register 0 (slv_reg0) in the
my_counter_ip_vl 0 S00_ AXI architecture:

loc addr := axi araddr(ZDDE L3BE + OPT MEM ADDR BITS downtc ADDR L3B):
case loc addr is
when b"00000™ =>
reg_data out <= X"000000"™ & 3std_logic wector(Q):
when b"00001"™ =>
reqg data out <= 3lv regl;
when b"00010™ => N

reg data out <= 3lv regi;

P
-t

] _—i —_—t oL —_— e e T

1 = LT Y =gy T =

. e e [y LT A HIE | I -

Integrity - Service - Excellence
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AF Part 1c: Hardware Questions/
AIR FORCE Notes related to handout

ACADEMY

m Q: If you wanta signal to go outside the Artix 7 chip...
m What files must it appear on the entity description?
m What other files must contain information about the
signal?
m Q: If you want a signabto go to the MicroBlaze...
m What files must itappeax on the entity description?

m |n order for the"MicroBlaze\to read the signal, what must
you do?

m |n orderfor the MicroBlaze to wiite to the signal, what
must'you do?

Integrity - Service - Excellence
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(Artix 7 (design 1) — . S——
- axi_uartlite 0 @ 40600000 RX 1 g
TXFTX —T1—
-
"
4 MicroBlaze ) &y_counter_ip_vl_o.vhd @ 0x44a00000 \ E{:
i Lec18.c B axi_lite (ny_counter_ip_vl_O_SOO_AXI.vhd\ g i R4
alk =
o I ) reset n |
S_AXI_ACLK ecl18.vhd — 1.4
S AXI ARESETN ok :’: T15
— freset n T16
# C’[I’l _8 Ulé
32 slv reg0 - V15
> Q/D ©  |wie
o W15
LED p—
\_ v \ ) L 8 _
X P L
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My Counter IP vl 0O.vhd -
AIR FORCE Top Level

ACADEMY

20 T o
21 -- my counter ip vl O._vhd
92 T

93 use iese.mumeric std.zll;
24 entity my counter_ip vl 0 is

g5 generic |

26 C 500 R¥T DATR WIDTH : imteger = 3E;
= C _S00 BR¥T ADNDR WIDTH : integer =17
28 b7

o9 port |

100 -- Users to add |

101 LED : out Etd_ln:-;in:_

102 -— User ports ends
103 -— Do not modify the ports beyond this line
104 -— Ports of Bxi Slave Bus Interface 500 BXT

105 =00_axi_aclk : in std logic;

106 =00 axi aresetn : in std logic;

107 .. lots of other stuff _);

108

109 architecture arch_imp of my counter ip wl 0 is
110 -- component declaration

111 component my counter ip vl 0 S00 AT is

112 generic |
113 C 5 BANT DATE WIDTH : integer = 3E;

114 C 5 BR¥T RDDR WIDTH : integer =17

115 I

116 port |

117 LED : out std logic wector(7 downto 0);

118 5 B¥T ACLK : in std logic;-- Instantistion of Rxi Bus Interface 500 _AXI
119 .. lots of other stuff ._.);
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UNITED STATES

AIR FORCE
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My Counter IP vl 0O.vhd -
Top Level

109 architecture arch imp of my counter ip wl 0 is

110

—= pomoonent declaration
-= L =l\—————_‘——-

111 component my counter ip wl 0 S00 AT is
112 generic |

113 C S BT DATR WIDTH : integer = 3Z;

114 C S BT ADDR WIDTH : integer = T

115 i

116 port |

117 LED : out std logic_wector(7 downto 0);
118 5 BT ACLE : in std logic;-- Instantiation of Axi Bus Interface 500 RHT
119 . lots of other stuff _);

120

121 my counter ip vl 0 500 AXT inst - my counter ip vl 0 500 AXT
122 port mapi s M{I P.”'LI{ =» 5 BT RCLE,

123 =] P.}[I P.'RESEI'H—} 5 .FL}[I LAEESETH,

124 =] P.}[I I'FD.FLI'.FL => 5 .P.}{I_I'TDP.I'R

125 lots of other stuff _);my counter ip vl 0 S00 AXT inst :
126 my counter ip vl I:' _ 500 BXT

127 generic map |

128 C S5 AXT DATA WIDTH => C S00 AXI DATA WIDTH,
129 C 5 _AXT ADDR WIDTH => C_S00 BT ADDR WIDTH }
130 port map |

131 LED => LED,

132 S RNI ACLE => s00 axi aclk,

133 5 R¥I RBESETN=> =00 axi aresetn,

124 lots of other stuff _J);

Integrity - Service - Excellence
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Xilinx Vivado — Create and
Package Custom IP

m 6. Modifying My _Counter_IP_v1 Otop level file

m Add a port for the LEDs in the my_counter_ip_v1l 0 entity
between the comments to expose it to externally:

33
34
33
36
37
38
39
40
41
42
43

46
47

43
49

20

ugse ieee.numeric atd.all;

entity

my counter ip vl 0 1is

generic |

port

C_500 AXT DATA WIDTH : integer = 3&;
C_500 AXT ADDE WIDTH : integer = 7
I :
LED : out std legic wector (7 downto 0);
—— Porta of Axi 5lave Bus Interface 500 AXT
300 _axi_ aclk : 1n 3td logic:
300 _axi_aresetn : in 3td_logic;
lotas of other atuff _);

Integrity - Service - Excellence
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AF Xilinx Vivado — Create and

UNITED STATES

AIR FORCE PaCkage Custom IP

ACADEMY

m 6. Modifying My _Counter_IP_v1 Otop level file
m Add a port for the LEDs in the
my_counter_ip_vl 0 S00_AXI component declaration:
port (
LED : out std_logic_vector(7 downto 0);
S AXI_ACLK :instd logic;

51 architecture arch imp of my counter ip vl 0 is
52 —— component declaration

53 COmponent rg;ﬁnunter_;p_yl_D_SDD_LRI iz

54 generiec |

55 C 5 AXT DATHR WIDTH : integer = 3z

56 C 5 AXT ADDR WIDTH : integer =7

7 }

5B port |

59 LED : out std logic wvector(7 downto 0);

60 5 A¥T ACLE > in std logic;-- Instantiation of Axi Bus Interface S00 AT
61 .. lots of other stuff _);

b2

Integrity - Service - Excellence
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AF Xilinx Vivado — Create and
AIR FORCE Package Custom IP

ACADEMY

m 6. Modifying My _Counter_IP_v1 Otop level file

m Add a port map for the LEDs in the
my_counter_ip_vl 0 S00_AXI component instantiation:

port map (
LED => LED,
S AXI_ACLK =>s00 axi_aclk,

63 my counter ip vl 0 500 BXT inst : my counter ip wl 0 S00 A¥T

64 port map (5 AT ACLE => 5 AT ACLE,
65 S BXT ARESETH=> & L¥T ARESETH,
66 S ANI WDATA => 5 AXT WDATA,
67 . lots of other stuff _};
68 my counter ip vl 0 500 AXTI inst : my counter ip wl 0 500 A¥T
69 generic map |
70 C S AXT DATA WIDTH => C S00 AXT DATA WIDTH,
71 C 5 AXT ADDR WIDTH => C_S00 AXI ADDR WIDTH )
72 port map |
73 LED => LED,
74 5 AXT ACLE => =00 axi aclk,
m—5 5 BRI RRESETN=> =00 =xi aresetn, —
76 .. lots of other stuff .); 35



AF Packaging the IP core

UNITED STATES

AIR FORCE
ACADEMY

m /. Packaging the IP core

® Now that we have written the core, it is time to package up
the HDL to create a complete IP package.

m /.1) Now click on Package IP in the Flow Navigator and
you should see the Package IP tab.

m Select Compatibility (under Packaging Steps) and make
sure “Artix7” are present. If those are not there, you can
add them by clicking the plus button. The Life Cycle does
not matter at this point.
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AF Xilinx Vivado — Create and

UNITED STATES

AIR FORCE PaCkage Custom IP

ACADEMY

m /. Packaging the IP core

¥ Project Summary X | Package IP - my_counter_ip X

Packaging Steps £ Compatibility
o Identification 'I: Family  Life Cyde
p— artix? Pre-Production
+ Compatibility ®
T
+" File Groups 1

+ Customization Parameters
1) Ports and Interfaces

+" Addressing and Memary
+ Customization GUI

Review and Package

Integrity - Service - Excellence 37



AF Xilinx Vivado — Create and

UNITED STATES

AIR FORCE PaCkage Custom IP

ACADEMY

m /.2) Select Customization Parameters and select the
line for Merge Changes from Customization
Parameters Wizard. This will have the My Counter_IP
parameters from the top file.

¥ Project Summary ¥ | Package IP - my_counter_ip X O & =
Packaging Steps < Customization Parameters ?
%" Identification L Name Description Display Mame Value
' Compatibility E = : ! EI:IStDI'I'IiZEﬁDI‘.l Parameters . . .
] o C_S00_ANI_DATA_WIDTH Width of 5_AXI data bus C 500 AXI DATA WIDTH 32
' File Groups - C_S00_ANI_ADDR_WIDTH Width of S_AXI address bus C 500 AXI ADDR. WIDTH 7
E"'E C_S00_AXI_BASEADDR. C 500 AXI BASEADDR.  OxFFFFFF
+ Customization Parameters + -4 C_SD0_AXI_HIGHADDR C 500 AXIHIGHADDR.  0x0000000
) Ports and Interfaces
%
%" Addressing and Memory
o Customization GLI
Review and Package
Fl 1] 3
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Xilinx Vivado — Create and
AIR FORCE Package Custom IP

ACADEMY

m /.3) Select Customization GUI. This is were we get to
change our graphical interface. No changes at this time.

% Project Summary X || Package iP - my counter ip X!

Packaging Steps ECe Customization GUI

o Identification Layout Preview
G i :

+ Compatibility b L @ 'h = DShaw disabled ports Component Name |my_counter_ip_0
[ window -

+ File Groups L4} Component Name C 500 AXI DATA WIDTH | 32
=13 Page 0 C 500 AXT ADDR WIDTH |7

+ Customization Parameters 5 C 500 AXI DATA WIDTH

C 500 AXI ADDR WIDTH
;i C 500 AXI BASEADDR C 500 AXI HIGHADDR | 0x00000000
S} C 500 AXI HIGHADDR

[[] Hidden Parameters

C 500 AXI BASEADDR. | OxFFFFFFFF

') Ports and Interfaces
+/ Addressing and Memory
+ Customization GUI

Review and Package

T



AF Xilinx Vivado — Create and

AIR FORCE Package Custom IP
ACADEMY

m /.3) Select File Groups. and select the line for Merge
Changes...

Integrity - Service - Excellence
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AF Xilinx Vivado — Create and

UNITED STATES

AIR FORCE PaCkage Custom IP

ACADEMY

m /.4) Now the core should be complete so select Review
and Package and click the Re-package IP button.

T Project summary % || Package i my counter ip ¥ [ a4
Packaging Steps e Review and Package 7
+ Identification .,g) 1warning 2 info messages

+ Compatibility Summary

Display name: my_counter_ip_v1.0
Description: My new Lec 18 Counter AXI IP
+ Customization Parameters Root directory: c:/Usersfleffrey.Falkinburg/Documents {Courses[ECE383/Spr 17/ECE_383_Spring_2017/ip_repo/my_counter_ip_1.0

+ File Groups

1) Ports and Interfaces
+ Addressing and Memory
+ Customization GUI
Review and Package
After Packaging

o An archive will not be generated. Use the settings link below to change your preference
o Project will be removed after completion

edit packaging settings

: Re-Package IP :
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AF Xilinx Vivado — Create and

UNITED STATES

AIR FORCE PaCkage Custom IP

ACADEMY

m /.5) A popup will ask if you want to close the project,
Select Yes.

#§ Close Project ﬁ

Finished packaging 'my_counter_ip_v1.0' successfully.
Package IP Location: c:/lUsers/leffrey.Falkinburg/Documents [Courses /ECE383/Spr17/ECE _
383 _Spring_2017/fip_repo/my_counter_ip_1.0

Do you want to dose the project?
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AF Xilinx Vivado — Create and

AIR FORCE Package Custom IP
ACADEMY

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 your my_counter

Search: my_counter {1 match)

my_counter_ip_0

4= S00_AXI
s00_axi_aclk LED[7:0]
s00_axi_aresetn

my_counter_ip_v1.0 (Pre-Production)

ENTER. to select, ESC to cance I, Ctrl+Q for IP details | Service - Excellence 43




AF Xilinx Vivado — Create and

UNITED STATES

AIR FORCE PaCkage Custom IP

ACADEMY

m 8. Add Custom IP to your design

m 8.3) Right click on your my_counter output pin LEDs and
select Make External and then run Connection
Automation

my_counter_ip_0

4]“51]3 AXI
ﬁﬂﬂ axi_acli LED[7:0]
s00_axi_aresetn

my_counter_ip_v1.0 (Pre-Production)

L= Diagram X [ Address Editor X

*[] &, system

¢ (¢s Designer Assistance available. Run Connection Automation

%
oY
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UNITED STATES

AIR FORCE PaCkage Custom IP

ACADEMY

m 8. Add Custom IP to your design

m 8.5) Your custom IP should now be connected. Now you
need to add a constraints file to add the LED net to the
pins on the Artix 7 chip by adding the following lines to the
Lec18.xdc file.

Add sources - add or create constraints

## LEDs

set_property -dict { PACKAGE_PIN T14 IOSTANDARD LVCMOS25 } [get_ports { LED[OQ] }]; #10_L15P_T2 DQS_13 Sch=led[0]
set_property -dict { PACKAGE_PIN T15 IOSTANDARD LVCMOS25 } [get_ports { LED[1] }]; #/O_L15N_T2 DQS 13 Sch=led[1]
set_property -dict { PACKAGE_PIN T16 IOSTANDARD LVCMOS25 } [get_ports { LED[2] }]; #1O_L17P_T2 13 Sch=led[2]
set_property -dict { PACKAGE_PIN U16 IOSTANDARD LVCMOS25 } [get_ports { LED[3] }]; #/0_L17N_T2 13 Sch=led[3]
set_property -dict { PACKAGE_PIN V15 IOSTANDARD LVCMOS25} [get_ports { LED[4] }]; #10_L14N_T2_SRCC_13 Sch=led[4]
set_property -dict { PACKAGE_PIN W16 IOSTANDARD LVCMOS25} [get_ports { LED[5] }]; #l10_L16N_T2_13 Sch=led[5]
set_property -dict { PACKAGE_PIN W15 IOSTANDARD LVCMOS25} [get_ports { LED[6] }]; #10_L16P_T2_13 Sch=led[6]
set_property -dict { PACKAGE_PIN Y13 IOSTANDARD LVCMOS25} [get_ports { LED[7] }]; #10_L5P_T0_13 Sch=led[7]
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UNITED STATES

AIR FORCE
ACADEMY
(Artix 7 (design 1) — . S——
- axi_uartlite 0 @ 40600000 RX 1 g
TXFTX —T1—
-
"
4 MicroBlaze ) &y_counter_ip_vl_o.vhd @ 0x44a00000 \ E{:
i Lec18.c B axi_lite (ny_counter_ip_vl_O_SOO_AXI.vhd\ g i R4
alk =
o I ) reset n |
S_AXI_ACLK ecl18.vhd — 1.4
S AXI ARESETN ok :’: T15
— freset n T16
# C’[I’l _8 Ulé
32 slv reg0 - V15
> Q/D ©  |wie
o W15
LED p—
\_ v \ ) L 8 _
X P L
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AF Updating Custom IP

AIR FORCE
ACADEMY

m For initial class demo: skip to slide titled “validate
design.”

m For Homework#10, when you need to add the “roll” to
your custom hardware, follow the next few slide on
“‘updating Custom [P’

Integrity - Service - Excellence



Updating Custom IP

UNITED STATES

AIR FORCE
ACADEMY

m click on My_Counter block, right-click, and click Edit In
IP Packager if you want to modify! (like adding “roll”)

o Diagram X | B Address Editor X 7 0O 0 X
i P | B

21l % desian_{ ' Edit in IP Packager il

O 1 -

Choose a project name and location for editing,

Project name: my_counter_ip_v1 0 _project

Project location: | 1/DocumentsCourses/ECE353/Spr17/ECE_383_Spring_2017/Lecture_18/Legh

Edit IP project will be created at: C:f... Lecture_18.tmp/my_counter_ip_w1_0_project

in kM PO [ 9

£ AddIP... Crl+]
Add Modyle. .. 3
P = T - {% Customizd Block... b
[
i2.1 - auto_cc e :f
xbar - Orientans K
-] 0 i [P Settings... [r—
w10 _L@uv..?‘liditegesignb < 1o L F& -

leposlvvJ—uoluvvo



Xilinx Vivado — Create and
AIR FORCE Package Custom IP

ACADEMY

® Now that you updated the core you need to re-
select Review and Package and click the Re-package

L Project Summary % |7 Package i - my counter ip X! [ a4
Packaging Steps e Review and Package 7
+ Identification .,g) 1warning 2 info messages

+ Compatibility Summary

« File Groups Display name: my_counter_ip_v1.0

Description: My new Lec 18 Counter AXI IP
+ Customization Parameters Root directory: c:/Usersfleffrey.Falkinburg/Documents {Courses[ECE383/Spr 17/ECE_383_Spring_2017/ip_repo/my_counter_ip_1.0

1) Ports and Interfaces
+ Addressing and Memory
+ Customization GUI
Review and Package
After Packaging

o An archive will not be generated. Use the settings link below to change your preference
o Project will be removed after completion

edit packaging settings

: Re-Package IP :
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Updating Custom IP

AIR FORCE
ACADEMY

m click Show IP Status (on yellow bar in block design)
m Select my counter block

m Click Upgrade Selected (box at bottom of screen)

m Ok, and Generate

Block Design - design_1

@ IP Catalog is out-of-date. Refresh IF Catalog

Design T 0O o Diagram X | [ Address Editor X S
O &=
s & g‘:' 3], design_1 »
--@ microblaze_0_axi_periph 2l o
@ microblaze_0_local_memory e
-4F microblaze_0_xlconcat (Concat: 2. 1) ac
-4k mig_7series_0 (Memory Interface G 7 Series): 4. o . - in O
; . _ my_counter_ip_0
(=8 R my_counter_ip_0 (my_counter_ip_\ L "L_)_\' r 4 l .
~flb S00_AXI =| ¥4 o0
& LED b ___ SUU_AA
- s00_axi_ack = W 500_axi_aclk LED[7:0]
44 Sources~, | Design Signals | @ Board i~ 500_axi_aresetn
Block Properties 7 _0O0r X - my r_l!.l_mter ip_v1.0 [F-'r'e-F-‘r'r_:d!_'!l_tu:.n )
IP Status - ip_status T 0O

Q [ 10ther [] 16 Up-to-dates

e a1

4 Saurce File IP Status Recommendation  Changelog  IP Name Current Version ~ Recommended Version  License  Current Part
[==]

=4 =, design_1 (1)

@ “{F fmy_counter_ip_0 IP definition ‘my counter ip v1.0 (1.0)' changed on disk Upgrade IP my_counter_ip_v1.0 1.0 (Rev. 1) 1.0 (Rev. 1) Induded xc7a200tsbg4

Upgrade Selected

I 2
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UNITED STATES Ver i fy DeS i g n

AIR FORCE
ACADEMY

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  Offs4T A Range  High Address
E =I-4F micrablaze_0
% —ﬂ Data (32 address bits : 4G]
¢ mmoaxi_uartlite_0 S_AXI Req 64 = 0Ox4080_FFFF
i . == microblaze_0_local_memory/dimb_bram_if_cntlr SLMB Mem 3%~ 0x0000_TEFEF
. == mig_Tseries_0 5_ANI memaddr 512M ~ 0x9FFF_FFFF
. =m my_counter_ip_0 500_AXI 500_AXI_rda 649 ~ 0x44R0 FFFF
=B Inetruction (32 addrezs bits : 4G
n microblaze_0_local_memoryfimb_bram_if_cntr  SLMB Mem 0x0000_0000 32 = 0x0000_7FFF
L um mig_7series_0 5_AXI memaddr 0x2000_0000 512M - Ox9FFF_FFFF
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AF Validate and Export Design

AIR FORCE
ACADEMY

1. First click validate design_1 (click the check mark)

2. Regenerate the design_1 HDL wrapper.
- Right click design_1 - “create VHDL wrapper” - OK

3. Finally you need to generate the Generate Design
bitstream

4. Take a coffee break while it builds

One MIG error is okay (more is not okay)

m apply_bd_automation -rule xilinx.com:bd_rule:mig_7series -config {Board_Interface "ddr3_sdram”
} [get_bd_cells mig_7series_0]

m [BD 41-1273] Error running apply_rule TCL procedure: can't read "board_if": no such
variable ::xilinx.com_bd_rule_mig_7series::apply_rule Line 48
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AIR FORCE
ACADEMY

Export Design

m Exporting Hardware Design to SDK...be sure to include
the bitstream... (File->Export Hardware)

&

File Edit Flow Tools Window

Layout View Help

Hellow_World - [C:/vivado_projects/Nexys4DDR_Microblaze_MIG/Hellow_World/Hellow_World.xpr] - Vivado 2014.3 - 0

‘i} % o B @ » "h | @ % E & | 23 Default Layout R & | ® write_bitstream Complete
Flow Navigator « | | Project Manager - Hellow_World X
L W o - | Sources o B o B s % Project Summary X B ES
AT wak BIE = o)
Language Templates A s = @l |5 = Project Settings Edit 4
e TAItrees - =]
ﬂ 1P Catalog & esign Sources (2 ; | Project name: Hellow_World
) Configuration Files (1 N Projectlocation:  C:/vivado_projects/Nexys4DDR_Microblaze_MIG/Hellow_World
4 1P Integrator = 3
%g ) [#-4 Constraints Product family: Artix-7
““; Dt Bock Deson Fe: i Smuabion Souwrces (1) Project part: Nexys4 DDR (xc7a100tcsq324-1)
5/ Open Block Design Top module name: design 1 wrapper
533 Generate Block Design = ’ : n
Hierarchy | IP Sources | Libraries | Compile Order = Export Hardware F
4 Simulation & %)
£ Sources | 7 Templates
£ A 3 £ o CEeEsETee Export hardware platform for software development
@ Simulation Settings tools ‘ | ddri1.1
= : 5 Properties SRR
(u_ﬂll Run Simulation P 3/data /boards/board_parts
" ity R
Vlir exysd
4 RTL Analysis
5 Open Elaborated Design Export to: | 57 <Local to Project> v
2 Implementation A
4 Synthesis v
@ Synthesis Settings OK | Cancel
Design Runs = a2 X
@ Run Synthesis 5
3 A 3 X | Name Constraints WNS  TNS WHS THS  TPWS Failed Routes LT FF BRAM DSP Start Elapsed Status Progress
[@¥ Open Synthesized Desigr =
i | -V synth_1 constrs_1 14.35 10.53 13.33  0.00 12/8/144:45PM  00:07:09 synth_design Complete!
4 Implementation %g + impl_1 constrs_1 1.13  0.00 0.01 0.00 0.00 0 13.58 6.81 13.33  0.00 12/8/144:52PM  00:03:37 write_bitstream Complete!
% Implementation Settings 3
[» Run Implementation |4
Ef’ Open Implemented Desic »
4 Program and Debug «
. . %
@ Bitstream Settings '.(
=
&q Generate Bitstream e > g
v = - 1
33 Open Hardware Managa@ |5 Td Console | ( Messages | [ Log | ) Reports®, 3> Design Runs

Export a hardware description file for use with the SDK

53
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AIR FORCE
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-_&Go to File and

Fle Edt Flow Tools Window Layout View Help

Launch SDK

select Launch SDK and click OK.

Hellow_World - [C:/vivado_projects/Nexys4DDR_Microblaze_MIG/Hellow_World/Hellow_World.xpr] - Vivado 2014.3

- a8

P i X|® D XS K| T @ 2 oefautiayout - X | ® write_bitstream Complete
Flow Navigator « | Project Manager - Helow_World X
Q& Sources R m T LRE S L Project Summary X o2 x
A= = 5 8 ol 0
e e—— Syt Implementation %
45 Project Settings 7 status: «f Complete Status: +f Complete
3% Add sources Messages: 5 warnings Messages: 1) 86 warnings
pes ts 5
) Language Templates ‘Smulation Sources (1) Part: Xc7a100tcsg324-1 Part: XC7a100tcsq324-1
LF 1p Catalog Strategy:  Vivado Synthesis Defaults Strategy: /ado Implementation Defauits
Incremental compile: None
4 P Integrator
g Summary | Route Status
¥ Create Block Design
5% Open Block Design DRC Violations Timing - Post-Implementation 2
3 Generate Block Design
Summary: @ 0 errors Worst Negative Slack (WNS): 1.128 ns
4 Simulation ) 0 aritical warnings
Total Negative Slack (TNS): ~ Ons
1 Smulation Settings D 5 warmings Number of Failing Endpoints: 0
e @ 0 advisories Total Number of Endpoints: 27928
Implemented Timing Report
4 RTL Analysis
[5% Open Elaborated Design Setup | Hold Pulse Width
i Hierarchy | IP Sources | Libraries | Compile Order (= Launch SDK E Post-Synthesis., Post-Implementation
4 Synthesis =
& Sources | Templates
- Launch software development tool.
3 Synthesis Settings e — Utilization - Post-Implementation o P Power 2
> Run Synthesis Topetlies Al
{5% Open Synthesized Design Resource \ Utiization % Total On-Chip Power: 0.982W
FF q ||| Eoctediocaton: | @8 docal oProject>, » 651 Junction Temperature: 205
4 Implementation Lt & 13.58 Thermal Margin: 55.5 °C(12.0W)
5 Implementation Settings ;'}eomnrv LU I | workspace: [ <Local to Project> v 2‘; ;: Effective 01A: 46°CW
[ Run Implementation BRAM 13.33 Power supplied to off-chip devices: 0.633W
{5% Open Implemented Design BUFG ¢ = 1875 Confidence level L
MMCM i 33.33
4 Program and Debug PLL c v 1667
5 Bitstream Settings
¥ Generate Bitstream
{@? Open Hardware Manager
Graph | Table
Post-Synthesis | Post-Implementation Summary | On-Chip
v
Td Console LI
= Finished scanning sources ~
as| | INFO: [IP_Flow 19-234] Refreshing IP repositories
b INFO: [IP_Flow 19-1704] No user IP repositories specified
i INFO: [IP_Flow 19-2313] Loaded Vivado IP repository 'C:/Xilinx/Vivado/2014.3/data/ip’.
| ¢ open_project: Time (s): cpu = 0 33 ; elapsed = 00:00:16 . Memory (MB): peak = 892.250 ; gain = 291.559
nY n] :/vivado_projects/Nexys4DDR_Micrcblaze MIG/Hellow_World/Hellow_World.sdk
x‘ file copy -force C:/vivado_projects/Nexys4DDR_Microblaze MIG/Hellow World/Hellow_World.runs/impl 1/design_1_wrapper.sysdef C:/vivado_projects/Nexys4DDR Microblaze M: 1d/Hellow_World.sdk/design_1_wrapper.hdf
v
< >

15 Tel Console | © Messages | [ Log | 3 Reports | 3 Design Runs

Launch Hardware
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New SDK Project

AIR FORCE
ACADEMY

MNew Project

m File > New - Application Project|r ———
Application Project
. lee It a name 9 NeXt Create a managed make application project.

Project name: Lecture_lEi_c-:uunterI

Use default location

| ChUsershJeffrey.FalkinburghDocuments\ Courses\ECE3S

default

Target Hardware

Hardware Platform ’Lecture_lE_hw_pIatform

Processor ’ microblaze_0
Target Software
05 Platform [standalone

l Language @ C O Cesr

Board Support Package @) Create Mew  Lecture 18_counter_hs

Use existing

Integrity - Service - E:
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UNITED STATES

AIR FORCE

ACADEMY Mew Project

New SDK Project

Templates

Create one of the available termplates to gene
application project,

Available Templates:

Peripheral Tests Need tO d
SREC Bootloader

World ter

generates

header fil

rate a fully-functioning

A blank C project.

o0 the Hello
nplate so it
the platform
es!

=

Cancel
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AF New C Source File

AIR FORCE
ACADEMY
C/C++ - Lectu . -
File Edit Sour MNew b | % Project..
=4 v Go Into ,_{,:' Eile
I-_\D Project Explo Open in New Window __“'.} File frem Template |
2 Copy ChrlsC "% Folder L
4 =5 Lecture Paste Ctrl+V | & Class l
©[m Inclul 32 Delete Delete E Header File
= : Source b | € SourceFile
4 @ Lecture ! =
. 1 BSPI Move... A% Source Folder
= Ir'.rlj:lnzr Rename... F? @ C Project ]
ibge
I_I Iil::ée g Import.. i C++ Project it
3
L@ Make 23 EBxport... =% Other... Ctrl+M
_ b, syste Ruild Proiect I
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New C Source File

AIR FORCE
ACADEMY
Mew Source File =] 2
Source File
Create a new source file, C |
Source folden  Lecture 18_counter | Browse... |
Source files rmain.c
Template: Default C source template '-'| | Configure... |
@:l [ Einish ] | Cancel
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WO o o=l m N s pa

T N e el =l e~ el el i =
v R R Rl N =R v A SN e el i =

FF e e e e e
-- Mame: Maj Jeff Falkinburg

-- Date: Feb 16, 2817

-- File: lecli.c

-- Event: Lecture 13

-- Crs: ECE 383

-- Purp: MicroBlaze Tutorial that implements a custom IP to microBlaze.
-- Documentation: MicroBlaze Tutorial

-- Academic Integrity Statement: I certify that, while others may have
-- assisted me in brain storming, debugging and wvalidating this program,
-- the program itself is my own work. I understand that submitting code
-- which is the work of other individuals is a wviolation of the honor

-- code. I also understand that if I knowingly give my original work to
-- another individual is also a violation of the honor code.

ek cecheck sk shechodhe ek ook dedhooh sk ok sk : Seodedeci dedese ook sk cheske e sk e b ek e sk o

/ Include Files /
include "xparameters.

# lude " t h"

#include “"stdio.h"™

#include "xstatus.h™

#include “platform.h”

#include “"xil printf.h" // Contains xil_printf
#include <xuartlite_1.h> // Contains XUartLite_ RecwvByte
#include <wxil io.h> f/ Contains Xil Out8 and its wvariations

f************************** Constant DEfiﬂitiDﬂS ****************************f

f*
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Lecl8.c

29
30
3l
32
33
34
35
36
a7
38
39
40
41
42
43
44
45
a6
a7
48
49
a0
3l
a2
a3
o4
a5
a6
a7
28

H************************** Constant DEfiﬂitiDﬂS ****************************f

* The following constants define the slave registers used for our Counter PCORE

// B L5Bs of slv_regl read=0Q, write=D
// 2 L5Bs of slv _regl are control
/f 1 LSBs of slv_reg2 for roll

/f The control bits are defined in the WHDL
// code contained in lecl8.vhdl. They are
/f added here to centralize the bit wvalues in

H*

*/
#define countQReg Ex44 280008
#define countCtrlReg Exdd a00 004
#idefine countRollReg ex44a00003
H*

* The following constants define the Counter commands

*f
#define count_HOLD exea
#define count COUNT exe1
#idefine count_ LOAD exe2
#define count RESET exe3

#define printf xil printf

#define uvartRegAddr ex4a600000

// a single place.
/* A smaller footprint printf */

// read <= RX, write =» TX

f************************** Fuﬂctiﬂﬂ PrDtDtFPES ****************************ﬁ

H************************** Uﬂriﬂhle DEfiﬂitiDﬂS **************************f

H*

* The following are declared globally so they are zeroed and so they are

* easily accessible from a debugger

*/
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Lecl8.c

60
61
62

63
64
65
wli]
&7
o2
69
70
7l
72
73
74
73
76
77
78
79
80
81
a2
823
84
85
]
ar
— 58
89
a0

int main()

1

unsigned char c;

init_platform();

print(“"Welcome to Lecture 18%Wn\r");

while(1) {

c=XUartlLite RecvByte(uartRegiddr);

switch(c) {

L

printf("--

printf({"

printf({"--
printf("?:
printf{"o:
printf({"c:
printf{"s:
printf({"1:
printf("r:
printf({"f:

break;

------------------------ Arhn™)

count Q@ = ®\rin",Xil_Inle(countQReg));

help menulrin®);

kvrin™};

COUNTER count up LEDs (by x26)%r\n");

COUNTER start counter’rin");

COUNTER load counterhrin");

COUNTER reset counteririn”);

flush terminallrin"); —
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91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115

break;

Xil Out8(countCtrlReg, count_COUNT) ;

Xil Out8(countCtrlReg,count HOLD);
break;

Xil Out8(countCtrlReg,count COUNT);

break;
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Lecl8.c

117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143

case 'S':

break;

case 'l':
printf{"Enter a ©-9 value to store in the counter: ");
c=XUartlite RecvByte(uartReghAddr) - @x3@;
Xil Out8(countQReg,c); // put value into slv regl
Xil Out8(countCtrlReg, count LOAD); // load command
printf({"%ch\rin", c+ox30);
break;

Xil Out8(countCtrlReg, count RESET); // reset command
break;
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Lecl8.c

144
145
146
147
148
149
130
151
152
133
154
135
156
157
153
139
160
161
162
163
164
165
166
167

* Clear the terminal window

case 'T':

break;

printf{ “unrecognized character: Xch\rin",c);
break:;
} // end case

}

cleanup platform();
return 8,

+ // end main
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AF Part 2: Software Questions/

AIR FORCE Notes related to handout
ACADEMY
m Why doesn't the 'c' command cause the counter to count up

by 17?
m On line 130, why

m After loading the co
done that is missing.

m \What line of VHDL code }
"activated" when line

m What line of VHDLCode in my _counter _ip_ vl 0 S00 AXl.vhd Is
"activated" when line 141 executest

m What line of VHDL code in lec18.vhdl
141 executes?

m What appears to be the naming convention-for hardware
registers?

Id | subtract 0x30~
ter on line132, something should be

y_counter_ip_vl 0 SO0 AXl.vhdis

ctivated" when line

Integrity - Service - Excellence
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AF MicroBlaze + Custom IP

UNITED STATES

AIR FORCE Now add “roll” for HW#10
ACADEMY
@rtix? design 1 \ ;ﬁ
(design_1) axi_uartlite_0 @ 40600000 RX —{RX —"082
TX [~ TX —
T8
X
—
" MicroBlaze ) @y_counter_ip_vl_o.vhd @ 0x44a00000 N\ |z
T 2
(" Leci8c ) axi_lite]  (my_counter_ip_v1_0_S00_AXI.vhd ) || 2 N
C —
G4
4 ) reset n F——
5_AXI_ACLK [ lecl8vhd ) oy
S_AXI_ARESETN :I: T15
— reset_n T16
32 slv_reg0 X V15
. Y, Q/D ©  |wie
32 siv] reg2 oll § WS
| N J LEID Y13
\ ) L 8~ Y,
- J L
\_ >4
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Add C code to Source File

Integrity - Service - Excellence

67



AF Xilinx Software Development
AIR FORCE Kit - SDK
ACADEMY

m In the SDK environment, you program the hardware built
In the previous step.

m The key concept here is that the peripheral defined In
Vivado design are accessible through the slave reqgisters
as memory mapped devices.

m Verify your my counter _ip vl 0O Base Address In
system.hdf file is assigned to be 0x44a00000.

m Inthe my counter ip vl 0 SO0 AXl.vhdl file, |
(arbitrarily) assigned counter ports to slave register
according to the table below.

Signal direction Slave Register Address

D Input slv_reg0O(7 downto 0) 0x44a00000
ctrl Input slv_reg1(1 downto 0) 0x44a00004
Q Output slv_reg0O(7 downto 0) 0x44a00000
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Increase Stack and Heap Size

® You may have to add more Stack and Heap to your

m C/C++ - Lecture_18/src/lscript.ld - Xilinx SDK

File Edit Mavigate Search Project Run
5~ | > |~ -1

[75 Project Explorer 53

> [y = drivers
|5 = design_1_wrapper.hit
=5 design_1_wrapper.mmi
|5y > download.bit
|57 = system.hdf
4 E'_ﬁ » Lecture 18 [ECE_383_S5pring_2017 master]
. ;;-? Binaries
> [t Includes
> = Debug
A [y > SIC

> Eﬂ, pla@orm_cenfig.h

Te Iscript.ld

4 1L}

Xilinx Tools
=N ul- K
= %|¥ v =0

o

4 E > design_1_wrapper_hw_platform_0 [ECE_ 383 _Spring_2

_383_Spring_2017 master]

Window Help
Zﬁs\ - 0 - 9:' -

|, system.mss [£] Lecld.c

Linker Script: Iscript.ld

T Iscriptdd 22 | [ xilio.h

<‘.:lv

|- system.hdf

A linker script is used to control where different sections of an executable are placed in memaory.
In this page, you can define new memery regions, and change the assignment of sectionsto memony gegions.

Awailable Memory Regions

-
Mame Basze Address rac
microblaze_(flocal_memory_ilmb_bram_if_cntlr_Mem_microbl... 0x50 0x7FBO
mig_7sergt 0_rmemaddr 0xB0000000 Q30000000
e —

Stack and Heap Sizes

Stack Size 0x400
Heap Size (0800

Section to Memory Region Jpping

~—— —
Section Mame Memory Region
et mig_7series_0_memaddr
Jinit mig_7series_0_rmemaddr
fini rig_7series_0_remaddr

4|

Summary | 5ource

L
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Build and Export to FPGA

-
m Program FPGA

[

Program FPGA

Hardware Configuration

Specify the bitstream and the ELF files that reside in BRAM memory

Software Configuration
Processor

microblaze 0

Hardware Platform: [design_l_wrapper_hw_platform_ﬂ v]

Connection: [Local v] ’ Mew ]

Device: Auto Detect

Bitstrearn: design_1_wrapper.bit ’Search...] [Browse..]
[] Partial Bitstream

BMM/MMIFile:  design_L_wrapper.mmi | Search... | | Browse. |

ELF/MEM File to Initialize in Block RAM
bootloop

@

[ Program J’ Cancel I

70
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AF Test program using UART

AIR FORCE
ACADEMY

m  Run Configuration Settings for STDIO Connection

m  From the Project Explorer panel, right click on the Lecturel8 counter project folder. At the
bottom of the drop down list, select Run As and then select Run Configurations.

m  The Run Configurations window is divided into two main sections. In the left panel, under Xilinx
C/C++ application(GDB), select Lecturel8 counter.elf or Lecturel8 counter Debug

m COM Port Selection for STDIO Connection

m  Port name should be the correct UART port. For me it showed up as COM4. Select Baud
Rate as 9600. Have the Connect STDIO to Console box checked. (uncheck if you want to
use another terminal emulator)

m  Now click on Apply and Run.
m “Welcome to Lecture 18” will be displayed on the Console tab
m  Type “?” to see list of commands to control the counter and LEDs
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AF MicroBlaze + Custom IP

UNITED STATES

AIR FORCE Now add “roll” for HW#10
ACADEMY
@rtix? design 1 \ ;ﬁ
(design_1) axi_uartlite_0 @ 40600000 RX —{RX —"082
TX [~ TX —
T8
X
—
" MicroBlaze ) @y_counter_ip_vl_o.vhd @ 0x44a00000 N\ |z
T 2
(" Leci8c ) axi_lite]  (my_counter_ip_v1_0_S00_AXI.vhd ) || 2 N
C —
G4
4 ) reset n F——
5_AXI_ACLK [ lecl8vhd ) oy
S_AXI_ARESETN :I: T15
— reset_n T16
32 slv_reg0 X V15
. Y, Q/D ©  |wie
32 siv] reg2 oll § WS
| N J LEID Y13
\ ) L 8~ Y,
- J L
\_ >4
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Now try HW#10
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m Hints

lec18.vhd
-- entity will need “roll” signal added
-- architecture will need to set “roll” to ‘1’ when Q is the maxCount.
Since the counter size is Generic based on size N, to create maxCount, | added....
signal maxCount: unsigned (N-1 downto 0);

/A

and CSA... /A _ Cow else O -
_ <"1, - \/\/ @ - M“y own

maxCount <= (others =>'1'"); \ro\\,ﬂ“ a2 \ L*N\ >

My_Counter_IP_v1_0_S00_AXIl.vhd
-- need to update counter’s entity with new roll signal... (around line 116)
-- need an internal wire signal created to hook up to roll... | called this roll_sig (around line 122)
-- your microblaze will be reading “roll”, not writing to it. Your current design reads “Q” vector on
slv_reg2, so you need to modify this to read “roll” bit on slv_reg2. So in the last line below, slv_reg2 will
need to be replaced with a way to read roll_sig.
(near lines 673-679)
case loc_addr is
when b"00000" =>
reg_data_out <= X"000000" & std_logic_vector(Q);
when b"00001" =>
reg_data_out <=slv_regl;
when b"00010" =>
reg_data_out <=slv_reg2; -- here is where we hook up roll_sig
-- need to update counter’s entity where it is instantiated, with new roll signal... (around line 767), and
connect “roll” to roll_sig
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Now try HW#10

m More Hints

HelloWorld.c or Lec18.c or main.c

-- the register location for “roll” is defined for you
#define countRollReg 0x44a00008 // 1 LSBs of slv _reg2 for roll

-- need to add code to read the roll countrolireg register. Could add it as a printf under the “?”

command similar to
printf ("

reading the Q count value:
count Q = %$x\r\n",Xil Inl6 (countQReg));

See other hints in the HW#10 assignment
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