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Overview

We implement a simple microprocessor where instructions are processed in one clock cycle.

We design an AXI14_Full interface for a small microprocessor (SM) peripheral.

We integrate this custom peripheral into an embedded system in Vivado.

We also create a software application in the SDK tool that can communicate with the peripheral.

The output is mapped to external outputs on the development board LEDs.



Methodology & Block Diagram
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VBC MultiRound

tb_uP_VBC_behav.wcfg*
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AXI4 Full SM LEDs
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Result & discussions



mySM ip OneRoundl

tb_mySM _ip_behav.wcfg*
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tb_mySM_ip_behav.wcfg*
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mySM ip  OneRound3

tb_mySM_ip_behav.wcfg

Q W & @

Name

- |
o%clock

[1

P T T

i D ot O W

e A S e O

P T T

i e D ot O W

o rst
> ®DI[31:0]
> ¥ DO[31:0]

By

18 owren

18 irden

8D

o C

ap

18 Lin

18 start

18 step

e ofull

'8 iempty
8T

0
00000000
0000000b
S2

0

-

o O O ©O O O O ©

i B B BB B EBEESESN

T

i E B B BB BB EESEBN

[m]

I
00000008

s7

I
00000009

s7

s8

0000000a

s7

oooooo00
I

I
s8 s9 s10

I
0000000hL

10000 ps




mySMfull vl O OneRound

tb_mySMAXI4Full_behav.wcfg*
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mySMfull [P Design
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mySMfull vl O LEDs OneRound

tb_mySMAXI4Full_LEDS_behav.wcfg*
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mySMfull vl O LEDs Delay OneRound

tb_mySMAXI4Full_LEDS_behav.wcfg
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mySMfull vl O LEDs Delay MultiRoundl

tb_mySMAXI4Full_LEDS_behav.wcfg
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mySMfull vl O LEDs Delay MultiRound?2

tb_mySMAXI4Full_LEDS_behav.wcfg
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mySMfull vl O LEDs Delay MultiRound3

tb_mySMAXI4Full_LEDS_behav.wcfg
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tb_mySMAXI4Full_LEDS_behav.wcfg
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18 s00_axi_awready
o s00_axi_wlast

le s00_axi_wvalid

18 s00_axi_wready

(¥

o »

00000000

0
00000000
S2

o O O O O O O 0 0o o o o

IS I P B (Y B B B

1,120 ns

FEN T I L S T I

1,140 ns

THY P Y B LY B P E

1,160 ns

[ ES E (R B LT L IR T I

1,180 ns

TR B B By 18 B P T

1,200 ns

[E (ST B LT P T

1,220 ns

Y O £ B LY N P

1,240 ns

ppeegeny [Paeegeny g

1,260 ns

IS I P B (Y B R BT

1,280 ns

FEN I I LT T T I

1,300 ns

THY P Y B LY B P E

1,320 ns

[ E ET (Y B LT L IR T I

1,340 ns

TR PO By L8 B P

1,360 ns

[E (ST I LT R T

1,380 ns

YT O £ B L0 N P

00000000
I I 1 I 1
8 9 a
I I 1 I 1
00000007 00000008 00000009
I I I 1 I
s7h s8 s? STh s8 s7
L L 1 L
2 4 5 6 7 % 8 9 0 1 2 3 5 7 8 9 0




mySMfull vl O LEDs Delay MultiRound5

tb_mySMAXI4Full_LEDS_behav.wcfg

Q H @ Q1| | I«

Name 1,420 ns 1,440 ns 1,460 ns 1,480 ns 1,500 ns 1,520 ns 1,540 ns 1,560 ns 1,580 ns 1,600 ns 1,620 ns

P T Y P T WVt L Kl Y 1 ! MO e 7 T 0 e T 1 T P T VTt v M vy YO W P e W P 1 T P 0 B P 1 R ‘e Y 1 Y Pt W K W 1t VPt P o o O T P G o T P e T Ut I v 1 Y e T B L T P T P s B o B

1,640 ns

1,660 ns

Y P T O T B

1,680 ns

L T 1 i P ] o P

18 s00_axi_aclk

18 s00_axi_aresetn 1

18 rst 0

00000000

Pl - s00_axi_wdata[31:0] 00000000
1 I I

> W LEDS[3:0] 0 a b
| > % s00_axi_rdata[31:0] 00000000 00000009

By s2 S7h s8 s7 STh s8

s2

I
0000000b

L \ 7 \ 7 L " 7 \ 7 L \ 7 \ 7 1 \ 7 \ 7 I \ 7 L L L
BQ b ¥ 3 x4 % 5 %6 F T x 8 4 9 ¥ 0

'8 orden

18 owren

s D

8 C

Bp

8 L.in

18 start

18 step

18 s00_axi_rready

18 s00_axi_rlast

o O O O O O 0O O 0 o o o

18 s00_axi_rvalid

(=}
o
(=
(=]

> ®¥ s00_axi_awaddr[5:0]

[=}
(=)

> ™ s00_axi_awlen[7:0]

| > W 500_axi_awsize[2:0]

> % s00_axi_awburst[1:0]

18 s00_axi_awvalid

18 s00_axi_awready

18 s00_axi_wlast

o s00_axi_wvalid

| 18 s00_axi_wready




mySMfull vl O LEDs Delay MultiRound6

tb_mySMAXI4Full_LEDS_behav.wcfg

Q H @ | Q|2 |« | 4|

2,038.700 ns

Name 1,780 ns 1,800 ns 1,820 ns 1,840 ns 1,860 ns 1,880 ns 1,900 ns 1,920 ns 1,940 ns 1,960 ns 1,980 ns 2,000 ns 2,020 ns 2,040 ns 2,060 ns

T IS il i o T P T P 1 P e o T Y A I o M1y 1 e T P 1 R I P 0 R P R Pt Vo ) T ) Y 1 L I P 1 o B P 0 o R P ot ] Bl T 1) LB T P | R P T R P o VTP B P Ve ] N P o 5 R R 10 A R (o] VT Vi T (A P 4 R 1 (T | EEa o - 0 (A ol Ve I o ol P I L4 i Bt

18 s00_axi_aclk 1

18 s00_axi_aresetn 1

18 rst 0

Pl - s00_axi_wdata[31:0] aaS5ffff 00000000 aa55§0 00000000

> ® LEDS[3:0] b b

I
> W s00_axi_rdata[31:0] 0000000b 0000000b
By S2 s2

1 I I I 1 I 1 I I I I I 1 1 1 1
e Q

0
18 orden

18 owren
8 D
8C
8pP

8 L.in

18 start

18 step

18 s00_axi_rready

18 s00_axi_rlast

o O O O O O O O O O o ©

18 s00_axi_rvalid

% s00_axi_awaddr[5:0]
> W s00_axi_awlen[7:0]
> W s00_axi_awsize[2:0]

> ® s00_axi_awburst[1:0]

v
e

0o

(=}
o

00 ,'\ 28

(=}
(=]
o
(=}

18 s00_axi_awvalid

o o o N

18 s00_axi_awready

.

18 s00_axi_wlast

-

8 s00_axi_wvalid

iy

18 s00_axi_wready




mySMfull vl O LEDs Delay MultiRound?7

tb_mySMAXI4Full_LEDS_behav.wcfg

Q) W & @

Name
8 s00_axi_aclk
18 s00_axi_aresetn

18 rst

bl ' s00_axi_wdata[31:0]

> W LEDS[3:0]
> W s00_axi_rdata[31:0]
8y
8Q
18 orden
18 owren
s D
8 C
8P
e L_in
18 start
18 step
18 s00_axi_rready
18 s00_axi_rlast
18 s00_axi_rvalid
% s00_axi_awaddr[5:0]
% s00_axi_awlen[7:0]
> W s00_axi_awsize[2:0]
®* s00_axi_awburst[1:0]
18 s00_axi_awvalid
8 s00_axi_awready
18 s00_axi_wlast
8 s00_axi_wvalid

|8 s00_axi_wready

= x
L8]

»

aaS55ffff

b
0000000b
S2

o O O O O O O O O O o ©

2,080 ns

P T W

2,100 ns

P T T T R

2,120 ns

FES ik o T A vt 1 B

2,140 ns

P S S S A R

2,160 ns

P S S T A

2,180 ns

P T T T W

2,200 ns

ISk o T R vt i T

2,220 ns

P S S S Y R

2,240 ns

P S T S

2,260 ns

S Tl e B

2,280 ns

PR T T T S A

2,300 ns

PR S T

2,320 ns

2,340 ns

P S A B

2,360 ns

i ey W VW W

O B N NN N

00000000

b

I
0000000b

1




mySMfull vl O LEDs Delay MultiRound8

tb_mySMAXI4Full_LEDS_behav.wcfg

Q W a @

Pl -’ s00_axi_wdata[31:0]

>

>

Name

© s00_axi_aclk
8 s00_axi_aresetn

18 rst

" LEDS[3:0]

®* s00_axi_rdata[31:0]
8y

8 Q

18 orden

8 owren

BD

8 C

8P

8 L_in

8 start

18 step

® s00_axi_rready

8 s00_axi_rlast

& s00_axi_rvalid

% s00_axi_awaddr[5:0]
% s00_axi_awlen[7:0]
% s00_axi_awsize[2:0]
" s00_axi_awburst[1:0]
18 s00_axi_awvalid

18 s00_axi_awready

8 s00_axi_wlast

18 s00_axi_wvalid

9 s00_axi_wready

| 1<

aaS55ffff

b
0000000b
S2

0
0
0
0
0
0
0
0
0
0
0]
0

’i

00000000
0 i 0 [ i i 0 I
b 4 5
I : bﬂﬂﬂﬂﬂﬂh : : 06000004 : :
: s7 I S7h I s8 s7 l I S7h l s IB s IT
L I T I I T s I
0 R 0 4 5 e 17 0
[ [
e T T k: T T I I T
1y 2 Y 3 0 1 2 0 1
— T 1 I I I I I
2
|
- |
I L | | [ | [—3 BN | I
00
C I I I I T T I
00
L T T I T T T T
2
L I I I I I I I
0




mySMfull vl O LEDs Delay MultiRoundS

tb_mySMAXI4Full_LEDS_behav.wcfg

QO W @ e

Name 2,660 ns 2,680 ns 2,700 ns 2,720 ns 2,740 ns 2,760 ns 2,780 ns 2,800 ns 2,820 ns 2,840 ns 2,860 ns 2,880 ns 2,900 ns 2,920 ns 2,940 ns 2,960 ns

ss0aiack |1 [ B B B B B B B B R B B B B B B B B B B ] B ] B

18 s00_axi_aresetn 1

18 rst 0

Pl - s00_axi_wdata[31:0] aaS55ffff 00000000

> % LEDS[3:0] b 5 6 7

1
> B s00_axi_rdata[31:0] 0000000b 00000004 00000005

! 1 I 1 1 1 1 1 1 I 1 1 I 1 I 1
By s2 s7 Sh s8 s7 s7b s8 s7

L I I s I I " I I I 1 L 1 I I I I I

8Q

18 orden

18 owren

8D
8 C
8 P

e Lin

18 start

18 step

18 s00_axi_rready

18 s00_axi_rlast

O O O O O O O O O o o ©
N
w
[

18 s00_axi_rvalid
> ¥ s00_axi_awaddr[5:0]
> ® s00_axi_awlen[7:0]

(=}
(=]
(=
o

(=]
(=]
(=
(=]

> % s00_axi_awsize[2:0]

> % s00_axi_awburst[1:0]

le s00_axi_awvalid

18 s00_axi_awready

18 s00_axi_wlast

- = O O O N

18 s00_axi_wvalid

18 s00_axi_wready




mySMfull vl O LEDs Delay MultiRound10

tb_mySMAXI4Full_LEDS_behav.wcfg

Q W @ @ 2 < I« )

Name

| Il I N BN NN ENN.

L Il B N NN EENENEN

18 s00_axi_aclk

18 s00_axi_aresetn 1

18 rst 0

Pl s00_axi_wdata[31:0] aaS55ffff 00000000

i i I i I i I i I i I i I i I i
> R LEDS[3:0] b 7 8 9

1 1
> W s00_axi_rdata[31:0] | 0000000b 00000006 00000007 00000008
! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
s7 S7h S8 s7 S7h s8 s7
L L L L 1 1 1 1 1 |

2 ¥ 3 ¥ a ¥ 5 ¥ 6 ¥ 7 ¥ 8 Y 9 Y 0

%]
N

By
BQ

18 orden

3 Y 4 ¥ 5 X6 Y71 X 8B Y 9 ¥ 0

|8 owren
8D
8 C
8P

18 Lin

8 start

18 step

18 s00_axi_rready

18 s00_axi_rlast

o O O O 0O 0O O 0O O O O o

i s00_axi_rvalid
> W s00_axi_awaddr[5:0]
% s00_axi_awlen[7:0]

> ™ s00_axi_awsize[2:0]
| > W s00_axi_awburst[1:0]

(=]
o
1=
o

v

(=]
(=]
(=
(=]

18 s00_axi_awvalid

o o o N
(=]

18 s00_axi_awready

18 s00_axi_wlast 1

18 s00_axi_wvalid 1

o s00_axi_wready




7’

>

v

Q W a @

Name

o s00_axi_aclk
8 s00_axi_aresetn

® rst

bl s00_axi_wdata[31:0]

% LEDS[3:0]

% s00_axi_rdata[31:0]
8y

8 Q

e orden

8 owren

8 D

8 C

e P

8 L.in

18 start

8 step

e s00_axi_rready

8 s00_axi_rlast

8 s00_axi_rvalid

% s00_axi_awaddr[5:0]
" s00_axi_awlen[7:0]
% s00_axi_awsize[2:0]
% s00_axi_awburst[1:0]
® s00_axi_awvalid

18 s00_axi_awready

8 s00_axi_wlast

8 s00_axi_wvalid

18 s00_axi_wready

tb_mySMAXI4Full_LEDS_behav.wcfg

» 1<

aaS5ffff

b
0000000b
S2

o O O O O O O O O o o ©

[= B =]
[= I =]

o o o N

=

4]

Ll

3,280 ns

T4 T B 1 et vl

3,300 ns

(T T T Ll bt )

3,320 ns

TR Tt =1 o] [ P el v

3,360 ns

P T 1 o b vl

3,340 ns

3,380 ns

3,400 ns

TS T =] it (o T el L

3,420 ns

P LTV T T W Vi B

3,440 ns

3,460 ns

IS 0 ot B Ll i T

3,480 ns

TP 1o e (o T b 1

3,500 ns

3,520 ns

T4 B 1 v Pt v

3,540 ns

3,560 ns

P I

H B NN e s e

Il B NN EEN

00000000

[T1 [
B
! []
I |
il BN e M | BN | B | AN | =1
EE |




tb_mySMAXI4Full_LEDS_behav.wcfg

Q W @@ Q | = I« >l & | [ &
3,787.700 ns ~l

Name Value 3,560 ns 3,580 ns 3,600 ns 3,620 ns 3,640 ns 3,660 ns 3,680 ns 3,700 ns 3,720 ns 3,740 ns 3,760 ns 3,780 ns 3,800 ns 3,820 ns 3,840 ns 3,860 ns

L il O 1 I S O 1o e S Lo L o VO K A T 1. G S T ks O 1 W N TN 0 N T O a1 WO . N o A St WO R i 1, WA I WO o Y Tt s Y e WO 1 I WO . e . WO o Y 1.t o PO A S W S T 13 ot O 1 W N VN e o G O Tt T WO o O Sy WO it i Bl s W L3¢ 1S

8 s00_axi_aclk 1

8 s00_axi_aresetn 1

18 rst 0
> W s00_axi_wdata[31:0] aaS55ffff 00000000 | AR5

I ( I I I L I L

1 1 1 1 1 1 1 1 1 1 1 1 1 1 K

> W s00_axi_rdata[31:0] 0000000a 0000000a
8y S2
8 Q

£0 00000000

( L L L L L L L L L L L L

0

e orden

8 owren

8D
8C
8P

8 Lin

8 start

18 step

o s00_axi_rready

8 s00_axi_rlast

o O O O O O O O O o o ©

18 s00_axi_rvalid
> W s00_axi_awaddr[5:0]
> % s00_axi_awlen[7:0]
> W s00_axi_awsize[2:0]
> W s00_axi_awburst[1:0]

18 s00_axi_awvalid

18 s00_axi_awready

o s00_axi_wlast

8 s00_axi_wvalid

18 s00_axi_wready




Conclusions & Future work

The control signal input data OXAAS5FFFF is provided to the designed.

The CPU operation is triggered by the FSM and start counting provided counter sequences.

The counter will count value from 0x04 to 0x0B and repeats the same counter if the state machine is triggered again.

The LEDs are used as external outputs of the Zybo board.

All over, this project was great learning from the class materials and also provides the platform to grow our skills in
related filed within industries.

We believe that this project work was very didactic to learn about real-world technology.

This design could be expanded into a more complex processor with a stack to allow for less reading and writing between
the software and hardware.

The instruction set could be expanded from a 3-bit to a 4-bit or higher set depending on the required project complexity.
The software can be used with more than two processors.

The reconfigurable partition can be designed to allow multiple configuration switches at run time.



Demo

* Project Demo Final.mp4 - Google Drive

* (Also provided with submission folder)


https://drive.google.com/file/d/17t5IecvRcfl-boO8UwQ6t9ypvWHgR9CT/view

Thank you !

Any Question?



