Laboratory 10
PWM Breathing Light
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Department of Electrical Engineering
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Purpose

% PYNQ-Z2 Board

7 2 PWM (Pulse Width Modulation)
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Outline

. Introduction to PYNQ-Z2
. Introduction to PWM

. Lab Problem

« Part1 - Behavioral Simulation
« Part 2 - PYNQ Board Implementation
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Computer Architecture and System Laboratory




FPGA (Field Programmable Gate Array)

o W= lab? APt dlerilogn i > FRAAWUTS L TR BRI GELBAH I o

248 £ & (Logic Synthesis) » £ #-T B igd 5 W F ¥ 2 £ %% ~ 2 (standard
cell)A]5¢ -
2. # mic# s (Place & Route) » #- 3 = h~ 2 ot fot 4 o

o WPV N VBIERLS] (Field Programmable Gate Array, FPGA) » &_d 3% % efilogic
blockfrizghie = NP B > B EET e FRBEDFR > RHEER L AP RIDTR o

o 3 2;-% ¥ Lab#ri® * emVivado @ "5 7 ¥ 1 ficHR ';"Jﬁ% ) ogic Block Interconnection
BARags g BF A RTRE ’*‘f‘—"ler’

453 FPGA - rAaRarara
hadbhdiJdid
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PYNQ-Z2 Board Connection Check

1. plug micro USB (Use USB port
as power supply)

2. Turn on power switch
3. Connect to device

4. Check hardware panel

Connect to device(Left down manual )

V 1
PROCRAMAND DEBTG - set_pn Hardware panel
Vi Generate Bitstream | curren - :
refres o TomEx
~ Open Hardware Manager " INFQ- Q = £ -3

: Name Status
ERROR: v 1)
DDEFI TEIrgEt ; I localhost(1) Connected
! ~ @ xiling_tcflXiling1234-tul4 (2) Open
Program De ﬁi’ Auto Connect & arm_dap_0 (0) MIA
= {8k xc7z020_1(0) Mot programmn

R
Add Configu

BaEES|F 108 BT Open Mew Target...
< >
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PYNQ Synthesis Procedure

Hardware 2 _ 0O %
a = = o
Mame Status
~ | localhost (1) Connected
~ B xilink_tcfiiKiling/1234-tuld (2) Open
w {88 arm_dap_0 (0} NIA
2 {8} xc7z020_1 (0) Mot programm
Hardware Device Properties..
7 Program Device...
WVerty Device... 8
~ PRO < ' Refresh Device

) Generate Bitstream

» Open Hardware Manager
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Q = - x
* PROGRAM AND DEBUG
IMFO: [1 Running synth_design Cancel . Synthesis Complete
¥5 Generate Bitstream INFO: [
Default Layout ~
open_pirc Default Layout ~
4 Open Hardware Mana ? X
update_« B - D .
Fall .4
5 < Open Target ? apen_tw_ usy one
Auto Connect
Program Di ) 6
Add Config Tcl

Open Mew Target...
I iR heiE e B4 7
R




Outline

. Introduction to PWM

Computer Architecture and System Laboratory




Duty Cycle

_ Ton
e Duty cycle : Ratio of cycle period is ON compared to the time is OFF Duty = Period T

50% duty cycle

3.3V
Ton g TorF ov
<< >
Period T
0
75% duty cycle _—

— OV

25% duty cycle

3.3V

ov
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Pulse Width Modulation

. PWM is the mechanism of representing analog signals
with digital signals by controlling the duty cycle of the

periods.
. Analog Signal : Continuous
. Digital Signal : Discrete e
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Analog signal Digital signal
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Pulse Width Modulation - Cont.

. Digital signal ACTIVATE/OFF represents switch
ON/OFF of the circuit, controlling the average current
of each period

e Ingeneral VL is zero; D iIs the duty; V,,,=D xV,

e The average value of the signal is directly dependent on

the duty cycle D

'; On ”fo;
VH -
Ve =DV, +(1-D)V, I' Duty “ I ‘
' VL Cycle (D)

~Period (T)
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Clock Divider - 1

Original Clock | ‘ l

Divided by 2 |

Divide clock frequency by 2

T trigger |
— [0

R
n rst |

reset o 1=~
div2

div

module dff_div(
input n_rst,
input trigger,
output reg div

)

always @(negedge trigger or negedge n_rst)begin
if(~n_rst)begin
div == 1'b8;
end else begin
div == ~diwv:
end
end

endmodule

12



Clock Divider - 2

Clock divide by 2™ (n DFF{[E &%)

Divided clock frequency
= 0 o g 125MHZ
0 L =gy D Q[ — freqY = —
reset 1 R 0 —-—0:}[w 2 }[u Q D 2
div2 — s R R (n=#DFF)
" dive ¥ .
div16 Y
Mame Value

top_thidre clkgs)]

top_thidiv_clkj4]

ftop thidiv clik]3]
o p _‘]_ hid v _C |k [:]

ftop_thidiv_clk]1]
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clk

[ reset

Ripple Counter

® § #Clock Divider ® 4% > # 14 * dffz
3 Fpropagateif»chk » #-% B 8 f&edff
A& — Bcounter ; % — B edividersh
output = LSB » @ & s - Bdff“output »

MSB -
dff dff
or : dift 1 [arr || i
B Lacf D 0 | . 4 F
. Ldp o & )
div2 . Rﬁ’ rR —PL ¢ D@ ==
: diva 9 R !
dive T i
div16 [V
LSB MSB

Cycle | dff5 dff4 dff3 dff2 dfflt | Value

1 0 0 0 0 0 0
2 0 0 0 0 1 1
3 0 0 0 1 0 2
4 0 0 0 1 1 3
5 0 0 1 0 0 4
6 0 0 1 0 1 5
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PWM Implementation

Modulation Wave

’ =
Analog : . : . x
Signal phaseO phasel phase2 phase3 phase4 _ Wave
| phase5 phase6 phase7 phase8 phase9 haSe
Discrete | _1 ” ﬂ E—I ,E, ; r p’
Sample : |_ LI
PWM | | 'L i | |_| " ﬂ
Signal ] . | , - | — d .
T =-n
Duty = 25%
| | L1 L1 —
| I 1T 1 1 1
] J
| Y
phase_trig n duty_trig T duty_trig phase_trig n+2

15
phase_trig n+1



S Simple PWM

S imple

3

-

@ l ok o o *tsysclkewi & 5 126MHZ > 3%
¥ =X T 71 P e N E

23 enable & rst f?j?'j?}Qka%}Vlderi* P E L

9 »  Clock Divider L M T aup

— | e % phases it | >t A PR fF ¥

CD [ . Y D B N RO - e

Q div (Ripple Counter Result) (X 540ms) o 7 ol Sk

= ! e Y TR

Q ———»  Phase Counter ° DU.tY ERE phase triggeri fs

o ‘ - set highecycles > ™ B« B

w HIsE g phase? ~ Bcycle > duty4 %] 5 4

< duty | . L . B :

%) l duty_trig Fr2 > F]¢t % Ephasesduty ratio

T J' i w5 50%4-25Y

— ——® PWM

QD Duty = 50% Duty = 25%

(@n

(@) l out

2 — -

5" Qutput signal to breathing light a

\:E Phase_triggern Duty=4 1lDuty=2

Phase_trigger n+1
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Simple PWM - Clock Divider

enable & rst

sysclk
125MHZ

: 3 Clock Divider

div (Ripple Counter Result)

Phase Counter

|
‘ phase_trig

d |
LT duty trig
> PWM

l out

Output signal to breathing light

module ripple_div(
input rst,
input sysclk,
output wire [31:0] div
);
//Implement your code
endmodule
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Simple PWM - Phase Counter

sysclk
125MHZ

enable & rst

iy Clock Divider

div (Ripple Counter Result)

v

————» Phase Counter

I
‘ phase_trig

d |
LT duty trig
— PWM

l out

Output signal to breathing light

module phase_counter(
input enable,
input [7:0] phase_shift,
input[31:0] div,
output wire duty_trig,
output wire phase_trig,
output wire [7:0] duty
);

//Implement your code

endmodule
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sysclk
125MHZ

enable & rst

I Clock Divider

div (Ripple Counter Result)

'

Phase Counter

I
phase_trig

d I
Ly duty trig

v v

—>» = PWM

l out

Output signal to breathing light
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Simple PWM - 8 bit phase PWM

module pwm(
input rst,
input enable,
input duty _trig,
input phase _trig,
input [7:0] duty,
output wire out
)i
reg[7:0] count;
assign out = ((count < duty) | phase_trig) & enable;
always@ (posedge duty_trig or posedge rst)begin
if(rst)begin
count <= 8'b0;
end else if(phase_trig)begin
count <= 8'b0;
end else if(duty_trig)begin
count <= count + 1,
end else begin
count <= count;

duty (Act as threshold)

end I L
end
endmodule

256 duty trigger
phase_trig

phase_trig

19
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Outline

. Lab Problem

« Part1 - Behavioral Simulation
« Part 2 - PYNQ Board Implementation
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g Configurati
S onfigurations
2 .
= e Behavioral Simulation e PYNQ Board Implementation
; 1. Disable top.v 1. Disable top_tb.v
= 2. Disable design_1_ wrapper.v 2. Enable top.v
=. 3. Enable top_tb.v 3. Enable design_1_wrapper.v
D ;
Q 4. Set top_tb.v as top 4. Set design_1_wrapper.v as top
E o Design Sources (4 Name Ve
= I
» @ . top_tb (top_tbv}(13) M rst 0
% v . Design Sources (2 v design_1 (d Source Node Properties...
% > @ top (top.v) (13) Copy All Files Into Project Gy | Bpsniie ]
\c<n > @ design_1_wrapper (deSiON_1_WIaPDE| s oo File fom Project. v (= DisabledSounl | Replace File...
—t v . Disabled Sources (1
b : . Copy All Files Into Project
3 : 3 + [ Constraints
— B Consiraints (1 Disable File T X Remave File from Project...
QD T Move to Simulation Sources [ PYNQ-Z2y
g > Simulation Source: Disable File Alt+Minus
— Utility Sources Move to Simulation Sources
3
=
<




1/O port of module

e |/O port of module dff div

O
o

=

o

c

—t

)

-

>

=

% Name /10 Width Description

—t

a n_rst Input 1 Active-low asynchronous reset signal
% trigger Input 1 Input clock

= div Output 1 Divided result

o

U) . ]

é e |/O port of module ripple_div

3

— Name /O Width Description

%J' n_rst Input 1 Active-low asynchronous reset signal
—

% sysclk Input 1 System clock ( 125 MHZ)

< div Output 32 Divided result
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1/O port of module

e |/O port of module phase counter

Name /O Width Description
enable Input 1 SWI0] | SW[1] on FPGA board
phase_shift Input 8 Offset of duty
div_clk Input 32 Ripple Counter Result
duty _trig Output 1 Trigger on every 256 cycles of sysclk
phase_trig Output 1 Triggered when the startup of phase ( every 256 duty trig cycles )
duty Output 8 Threshold of phase (Duty ratio)

e |/O port of module LUT _sin

Name I/O Width Description

phase_idx Input 8 Output of signal duty in phase counter ’s

data Output 8 Transform the threshold from linear to sine wave



1/O port of module

e |/O port of module pwm

Name /O Width Description
rst Input 1 Active-high asynchronous reset signal
enable Input 1 SWI0] | SW[1] on FPGA board
duty _trig Input 1 High every 256 cycles of sysclk
phase_trig Input 1 High when the startup of phase ( every 256 duty trig cycles )
duty Input 8 Threshold of phase
out Output 1 Switch ON/OFF of led on FPGA board
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Behavioral Simulation - Problem 1

o EF—MHBEIMN—EK GWMFHRERENEETZERAERE W NE) -

bl phase[7:0]
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+ 4= > Waveform Style > Analog
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Behavioral Simulation - Problem 2

o A LUT sinmodule EE—#1F5%
o AHMFBHRENUNEERZEFEBEEE U NE) -
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PYNQ Implementation - Breathing Light

A E S N .
vk eE e U
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o R4 kerexix
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PYNQ Implementation - Breathing Light

o EfFtop VIEEIFFIRIEER - ol{kFKIECL toptE = AN IFport nameE’JﬁB
(P~ ol {&ktop.v BIport name - K??’k ZERRR) - FES
Bitstream1g 1l (& A £|FPGANR -

e Note : FPGAALED4 ~ LED5AAAE —1&1EI/RGB LEDYE - OJB1THE - RBfE
FARoutputiR & 5015 2 top moduleN 3 - (Assign to 0) °

module top(
1nput svsclk,

input [1:0] sw,

1;;7\;”'_72 input [3:0] btn,
Top output wire [3:0] led,
swO (Complete your code output wire ledd b,
Inside this file) output wire ledd g,
swl output wire ledd_r,
output wire led>_b,

output wire led5 g,
output wire led5s r
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Behavioral Simulation

A A2 fER AR BIA A

7 s 18

PYNQ Board Implementation

T (R TG FAFREEE. )

N
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