Digital design lab 4B




Digital design lab 4B

e Outline:
* SR latch
» 8-bit register
* D flip-flop
e Counter with D flip-flops
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e SR-latch: cross-coupled NOR gates

e Recall:
* S=1, R=0: Q=1
* S=0, R=1: Q=0

e S=0, R=0: Q holds its value
e S=1, R=1: oscillation!

—)

1

Q
0

R (reset)

SR latch
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e Launch Xilinx ISE

* Create new project

 |5E Project Mavigator (P.20131013)

gl Edit  iew Project  Source  Process  Tools

Mew Project.. | 5 | ¥

Open Project... w08 x
Open Example..,
Project Browser.., )esign Suite
Copy Project.,

Close Project e ..
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* N a m e : D i g i ta |—d e S i g n—l a b—4 B Enter a name, locations, and comment For the project
° WO r k O n d rive D : Marne: Diigital_design_lab_46

Location: D:\pigital_design_lab_4E

Warking Directary: | D:i\Digital_design_lab_46

* P re S S N eXt Description:

Select the byvpe of top-level source For the project

Top-level source tvpe:

HDL hd

Mare Infa Cancel
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* Verify settings:

* Family
* Device
* Package

* Speed

* Press Next
* Press Finish

Property Mame

Evaluation Dewvelapment Board
Product Cateqary

Farmily

Device

Package

Speed

Top-Lewel Source Type
Senthesis Tool
Hirnulator

Preferred Lanquage

Property Specification in Project File

kanual Compile Order
YWHOL Source Analkysis standard

Enahle Message Filtering

Mare Info

Malue

Mone Specified
Al

Spartan3k
HC35250E
TO144

-4

HDL

HET (WHDLMerilog)
|Sire (WHDL erilog)
Werilog

Store all values

[
YHDL-23

[

= Back

Cancel
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* Right click on the label, and select New Source...

 |5E Project Mavigator (P.201371013) - CaUsershcloudhDigital_design_lab_4B\Digital_de

File  Edit ‘“fiew Project Source Process Tools  Window Layout  Help
OEF| | dpbEX|wa| »:foRR 2R
|Design =+ 07 X|
D Yiew: (@) {ﬁ:&} Implementation () @ Simulation
5| | Hierarchy e
Fal =R # xc3s250e-dtgl144
d B Mew Source...
Empty ¥ie
e mpty ¥ L] Add Source...
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Select Verilog module
Name: SR _latch

Do not modify Location
Check “Add to project”
Press Next

a Mew Source Wizard

select Source Type
Select source bype, file name and its location,

IP {CORE Generator & Architecture Wizard)
| Schematic

=] User Docurnent
Werilo g hadule
Werilog Test Fixture
Mg WHOL Module

I WHDL Library

P WHDL Package

) WHOL Test Bench
. Embedded Processar

Mare Info

File name:;
SR_latch
Locakion:

CrhDigital_design_lab_46

Add ko project

Zancel
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* Leave the table blank, press Next, then Finish

a Mew Source Wizard

“Define Module

Specify ports For module,

Module name | SR _lakch

Port Mame

Direction

Cinput

input
input
input
input
input
input
input
input
input
input

Bus

SHEH<H<H<U=U<PU<HU<H=

N O O Y O R

kA SE

L=B

Mare Info

< Back.

Zancel
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* Add the following source code
» #10 after the assign introduces some delay to simulate the behavior

Of real gates 21 module SR latchi
22 input S,
23 input R,
24 output ¢,
25 output 9O n
26 )7
27
28 assign #10 Q = ~(R|Q n);
29 assign #10 Q0 n = ~(5|Q);
30

31 endmodule

* Press Save =
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e Switch to simulation mode

a0 |5E Project Mavigator (P.201371013) - Chlsers’\clowdWDigital_des
File Edit ‘“iew Project Source  Process  Tools Wi

D |--‘il ] ﬁ | [a15] . b8 | ) o | »
Diesign 08 X | G
;_‘I Wiew: () ﬁi} Implementation (®) Simulatiu:un y -

* Right click on the label, and select New Source...

Design

B Wiew: () I!':.::!:E Implementation (@) Sirnulation

CEEJ Behavioral

------

+08 X

b

Hierarchy

SR_latch (SR _latch,

" Mew Source..,

| Add Source...
HIEJ Add Copy of Source..,

Lo 0 ] Oy

// Create
// Design
// Module
// Projec
| Target
- Tool v

—
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 Select Verilog Test Fixture
* Do not modify Location
select Source Type
Check ”Add to project” Select source bype, file name and its location,

BRAM File
E2 ChipScope Definition and Connection File

o P reSS N eXt E,; Implernentation Constraints File

J |P {CORE Generator & Architecture Wizard)
MAEM File
4+ Schematic
=] User Docurnent
Yerilog Module
M erilo g Test Fidure
Mg WHDL Madule
I wHOL Library
|| WHDL Package
My WHDL Test Bench
Embedded Processar

Mare Info

File name:
SR_lakch_tf

Location:

CUsersicloudiDigital_design_lab_46

Add to project

Cancel
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* Select SR _latch on the next window, and press Next, then press Finish
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* Add the following code after the “Add stimulus here” part

// Add stimulus here
#100; 1; R
#100; ;
#100;
#100;
#100;
#100;

iy o o o o o
TR T I TR T
L R A R
W m o w w
T T I TR T
ooy

f

L]
¥
r
r

* Press Save I
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e Left click on the test fixture file

R .
;_.I Yiew: () ﬁi} Implementation (#) Simulatiu:un
-(EJ Behavioral L

\[EIEJ Hierarchy
—| - & Digital_design_lab_4B

s | B B wc3s250e-dig14d
g 'SR_latch_tf (SR_latch_tfas

£l

* Then open the submenu under “Isim Simulator”, right click on
“Simulate Behavioral model”, and select “Rerun all”

a1
P | ) MNoProcesses Running
" e
'?t' Processes: SR_latch_tf
a6 | 2% 1Sim Simulator 53
— P2  Behavioral Check Syntax 54
Eri: ,5?:' ‘Simulate Behawvioral Model -
— '?;t Fun
. Rerun All
=1, Stop
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* Press the Zoom to full view button

[
[m]
(m]
3
b= 4]
-
=
=
m
=

 Study the waveforms:

 Study the effect of the Set, Reset inputs on Q, and the effect of
switching from SR=11 to SR=00.

e Close the simulator
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* Registers:

* Register. multiple flip-flops sharing clock signal

— From this point, we’ll use registers for bit storage
* No need to think of latches or flip-flops
« But now you know what’s inside a register

|;3: |I2 |i| ||0
L t—bit register | | | |
D D D 312 1110
Q Q Q Q 4
> > > > > reg)
ok | [ [ [ [ Q3 Q2 Q1 QO
[T 11

Q3 Q2 Q1 Q0
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* Switch back to implementation mode

a |5E Project Mavigator (P.20137073) - ChlsershcloudyDig
File  Edit ‘“iew Project Source Process  Toc

D2 HP| ¥ X|o | »
De=ign + 0O 5 X

B Yiew: (@) ﬁi} Implementation () Simulatil:un
[Z| | Hierarchy _
& *fj Digital_desian_lab_48 "

 Right click on the label and select New Source

 |5E Project Mavigator (P.20131073) - ChUsershclowd\Digital_design_lab_4B
File  Edit ‘“fiew Project Source Process Tools  Window La

LDFEHPIL| KT X|wa| »: 2R R
Design + 08 X 4= 3 ?

;_.I Yiew: (@) Eﬁ}lmplementatiun O Simulation =
2] | Hierarchy —| 38

_design_lab_48 - | 35

. L2l Add Source.., '
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Name: Register 8
Don’t modify Location
Check Add to project
Press Next

sgelect Source Type
Select source bype, file name and its location,

ERAM File

4 Chipicope Definition and Connection File
EJ Implermentation Constraints File
J |P{CORE Generator & Architecture Wizard)

Mare Info

File name:
Reqisker_&
Locakion:

i sersicloud\ Digital_design_lab_4B e

add to project
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* Leave the table blank, press Next, then press Finish

“pefine Module

Specify ports For module,

Module name | Reqister 5

Part Mame

Direction

input

input
input
input
input
input
input
input
input
input
input

Bus

Ooooogooggn

K4 ES B9 EY K9 BT Y EY EY B

rSE

L5E

Mare Info

< Back

Zancel
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* Add the following code

* Press Save

5

21 module Register &

22 input [7:0] I,

23 input clk,

24 output reg [7:0] Q

25 )

26

27 always @ (pozedge clk)
g QO <= 1I;

29

30 endmodule
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* Right click on the label, and select New Source

o |5E Project Mavigator (P.20131073) - ChUsershcloud\Digital_design_lab_4B%Dig
File Edit ‘“iew Project Source Process  Tools  Window  Layou

D |? = = | dh . |£’j ‘3| » t = & X
Design o - H|:| g x 1 time
[T | Migws Irnplementation =1 Simulakion &
= 2 /1)
E Hierarchy e fo

i
HI:J = Dlgltal design_lab_4B 3 ""! ""f
— | & B // En
| ] Regiter EfHEfEM /
; ﬂﬁﬁ SR latch ':SF E Add Saurce.., f c .
[z] Add Copy of Source... / De
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Select Verilog Module

Name: Top

Don’t modify Location

Check “Add to project”
Press Next

select Source Type
Select source bype, file name and its location,

BRAM File
4 ChipScope Definition and Connection File
Ea Implerentation Constraints File

0 IP {CORE Generator & Architecture Wizard)
KAERA File
| Schematic
=] User Docurnent
‘Werilog Module
Werilog Test Fixture
g WHOL Module
I WHDL Library
P WHDL Package
| WHDL Test Bench
Ernbedded Processor

Mare Info

File name:
Top

Locakion:

ChUsersicloudiDigital_design_lab_46

Add to project

Cancel
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* Leave the table blank, press Next, then press Finish

pefine Module

Specify ports For module,

Module name | Top

Part Marme

Direction

input

input
input
input
input
input
input
input
input
input
input

Buis

SHEH<H<H<U<U<H<U<HUCH=

Ooodoooooon

hASE LZE &

Mare Info

« Back
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* Add the following source to the Top module:

21 module Top |

v input [0:0] bt,

23 input [7:0] sw,

! coutput [7:0] 1d

25 V7

26

27 Fegister 8 Reg3(.I(sw[7:0]}), .clkibt[O]), .Q{1d[7:0]1));
28

29

30 endmodule

* Press Save -
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* Now we will implement and download the module to the FPGA
board. A file has been prepared for this purpose, you can download it
using the following link: download

* If the browser opens the file instead of displaying the download
dialog window: right click, and select “Save as...”

 Download the file, and save it to the current working directory of
your project (D:\Digital_design_lab_4B).

* If you are not sure, you can check it in the title bar of the ISE (top of
the ISE window)



http://home.mit.bme.hu/~rtamas/Logsys/LOGSYS_SP3E.ucf
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* Go back to the ISE, right click on the
,XCc3s250e-4tq144” label and select
,Add copy of source”

o |5E Project Mavigator (P.20131013) - ChUsers\cloud\Digital_desig
File  Edit ‘“fiew Project Source Process  Tools  Wine

2 | db L e | »

Design +0O 8 x 5

B Yiew: (@) IﬁE Implementation () Simulation

,\._EEJ Hierarchy ‘ — &
: R Digital_design_| =

| & 3 xeds2ale-dtqiad [ New Source..

e SR_latch (SR 5] Add Source...
=]
- | et Top (Top 2

Add Co [y of Source..,

Fanual Compile Order

— P Implerment Top Module
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* Browse the file you have downloaded, select it and press Open:

Marme Date rmodified Type Size
_Hrmsgs 29,10, M. 1626 File folder
ipcare_dir 2M910.M. 134 File folder
izecanfig 201910, M, 1340 File folder
isirm 201910, 0. 106 File falder
xst 201910, M., 1@25 File folder
| | BCD.nge 201910, M. 127 MGC File 4 kB
| | BCDw 201910, 0. 1&26 WFile TKE
| | BCD_tfw 201910, M, 1@z WFile 2FKB
| | LOGEYS_SP3E.ucf 201909, 1971219 LICF File 6 KE
v
le narme: |LOGSYS_SP3E.uct wo || Sourcest Mk Yarhd Yochd] Y ]

Open Cancel
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* The following window appears:
* Press OK

* If you have difficulties,
ask for assistance

# Adding Source Files,.,

The following allows wou bo see the status of the source files being added ko the project, It

also allows vou bo specify the Design Wiew association, and For WHOL sources the library, For
sources which are successfully added ta the project,

2
3

File Marme

1 () LOGE¥S_SPIEucf] Implementatio « | wark

Azsociation Library

Source file already in project directory, Itwas not necessa,.,
path: LOGEYE SP3Eucf

Adding files ko project: _ 1 aof 1 files (0 errors)
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* Now open the previously added file. Uncomment the bt<0> signal
first: select the line, right click and select Uncomment-> Line(s)

16 # 4 darabk aktiv magas nyomégonk, balrdl jobbra sz

17 #NET "bt<3>" Loc = "pP12%;
18 #NET "bt<2>" LOC = "pz4";
18 #NET "bt<lz" LOC = "P3g";
20 #NET "bt<0>" LOC = "Pp38";

) Undo Ctrl+Z
2 1 (d Redo Ctrl+4
22 # 8 kapcsold, balrdl Jobbray ow Ctlax
23 #NET "sw<T7>" LOC = "P47" ;D Copy cl+C
24 #NET "sw<6>"  LOC = "P4B";y poo .
25 #NET "sw<5>"  LOC = "P§9"; .

26 #NET "sw<4>"  LOC = "p78" ;S

Indent

27 #NET "sw<3>" LOC = "PE4";  comen

=y ;
Selection

AR A T B
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* In addition, add the following setting to the end of line in order to use
bt<0> as a clock signal:
| CLOCK _DEDICATED ROUTE = FALSE;

19 #NET "bt<l>" LOC = "P36";
20 NET "bt<0>" LOC = "P38" | CLOCK DEDICATED ROUTE = FALSE;
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* Uncomment the sw inputs:

22 # 8 kapcscld, bkalrél jobbra szamozva

23 #NET "sw<7>" LOC = "p47";

24 #NET "sw<io>" LOC = "p48";

25 #NET "sw<b>" LOC = "Pgo";

26 #NET "sw<d>" LOC = “pig":

27 #NET "sw<3>" LOC = "[..° o

28 #NET "sw<Z>" LOCE=SSE e

29 #NET Nop<]>" LOC = "B copy Chrl+C

30 #NET "sw<0O>" LOC = "Ex:__jz; o

31 Comment 3

37 # & LED, halral jﬂbb]’:a Uncomment = Linefs)
Y 12 Selection

272 HNWTETTM M AT en T — np o Indent
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* Uncomment the Id signals:
32 # 8 LED, balrél jobbra szamozva

33 #NET "1d<7>"_ bn ez 43"
34 #NET "1d<6>" o Redo culsy HOM 2
35 #FNET "1d<b5z>" & cw crled 51
36 #NET "1ld<4>" " ™ o B2n;
37 #NET "1d<3>" x pelete bl 3" ;
38 #NET "1d<2>" comment » 54" ;
35 #NET " 1a< 1> I ey
A0 #NET "ld<0>" EEM : P

* Press Save -
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* Left click on the Top module

a0 |5E Project Mavigator (P.201371013) - ChUsershclowdWDigital_design_
File  Edit ‘“fiew Project Source Process Tools  Windo

OEHP| | DD X0 | »
Design +0 &8 x| | 2 O ]_'\
B Yiew: (@) I!':i:!:EImplementatiDn ) Simulatiu:un b
[Z] | Hierarchy o 2 1

- =] Digital_design_lab_48 -
H—_J = B wc3s250e-dtq144 2 2 :.'é
B SR_latch (SR _latch.ad

=8 [ Top (Top.) o 23

%] Reqf - Register_8 (Register 8.0 2 4 I
) LOGSYS_SP3E.ucf 4

B | M |

* Then right click on “Generate Programming File”, and select “Rerun
All”

iy rr’rFr 'u' i ile | as
!1_‘@ Cnnflgure Tarngri: Fun

@ Analyze Design ReRun

Rerun All
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* You will see the following warning after the generation: “A clock I0B /
clock component pair have been found that are not placed at an
optimal clock IOB / clock site pair. ...."

+- B3 1y Implement Design
PAC) Generate Programming File
0. Eh M ranfinnre Taraet Mevirs

* You can ignore this one, in case of any other errors or warnings, ask
for assistance.
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* If the program file was generated
successfully, you can connect the FPGA
board to the PC

* Mind the orientation of the JTAG
connector!
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* Launch the Logsys GUI application

_I Macimurm Yalue: i
[ ]Logta file...

+5-...-,:,,_,|::u Mairurn Walue: (500 5 mi
Ijcref: w Critical Yalue: |90 [2|es

ITaGref: 'u' Samples/Second: 10 =
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* On the right side of the screen, select JTAG download:

Loz o

Info Configur ation

LOESYS development cable 1TAG Download
([ Tgetel

* Press the ,,Query JTAG chain” button

JTAG .. .
Devices in the JTAG chain:

Cuerny JTAG chain HCISZE0E [iline) e

Clear Log

* Then press ,,Configure the Selected Device”

Devices in the JTAG chain:
WCASZR0E [ilire) ~ | Configure the selected device. . |
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'l Open b4
ol <« Local Disk (C) » Users » cloud » Digital_design_lab_4B v | 0 Zearch Digital_design_lab_48 2
* Browse the
d f. | R Organize = Mew folder = T @
ge n e rate I e I n circle " Mame Date modified Type Size
you r Work| ng Digital_design_|z _ngo 2019,10.19, 1405 File folder
. Digital_design_lz _xmsgs 2019, 10. 19, 1405 File falder
d Irecto ry b music ipcore_dir 2019,10.09. 1645 File folder
) izeconfig 209,10, 09, 16:44 File folder
s OneDrive . i
isirm 209,10, 09 1706 File folder
= This PC wlree_auto_0_xdhb 29 10,19, 14045 File folder
# 3D Objects wst 2019, 10,19, 13:53 File falder
I Desktap | | top.hit 2019, 10,19, 105 EIT File 166 KB

[=] Dacuments

[ ) Press Open 3 Downloads

‘b hALzic

= Pictures

B ideos

= Local DiskiCa ™

File name: |top.bit wo |8l configuration files (Mauf, b

Open Cancel
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* Now set some random input combinations on the switches, and press
the BTO button for the rising edges on the clock input of the register.

* The input should appear on the LEDs after the rising edges.
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e Up-counter with D flip-flops:

FFO FF1

LK 3 | CK

CK

ol

I"'D Q I'D Q

ol
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* Open the ISE, right click on the label and select New Source...

v |5E Project Mavigator (P.20131073) - Calsers\clowdWDigital_design_lab_4B\Digital
File Edit ‘“iew Project Source Process  Tools  Window  Layout  F

D.?__.|| db L= .-'-'.|-='}\=l|» £ 2 0 O _e

Design —+[ 8 X
L

[ | Miew (w) ﬁi}lmplementatinn O Simulath:nn 1 # LOG’“
E Hierarchy — 2 # A f é

s =] Digital_design_lab_4B - . _
E S8 ¥ oc35250e-dtq1dd 3 # inak
e SR_latch (SR_latcha) |1 SRS
= = “ﬁ“ Top (Top.) ﬂ Add Source.., [y
= Reg8 - Register_8 (R k:
T B0 LOGSYS SPIE.uck =] Add Copy of Source.., =
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Name: D FF

Don’t modify Location
Check “Add to project”
Press Next

select Source Type
Select source bvpe, file name and its location.

ERAM File
&4 Chipicope Definition and Connection File

E,; Implementation Constraints File
;P (CORE Generatar & Architecture Wizard)

Werilog Test Fixture
WHOL Module
WHOL Library
WHOL Package

Mare Info

File name:
D_FF

Location:

CUserstcloud)Digikal_design_lab_46

Add ko project

Zancel
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* Leave the table blank, press Next, then press Finish

a Mew Source Wizard

<Define Module

Specify ports For module,

Module name |D_FF

Part Marme

Directian

- input

input
input
input
input
input
input
input
input
input
input

m
pul
L

Ooodoooooon

SHEH<H<H<U=U<H<UHU<HS

hASE

LZE

Mare Info

« Back

Cancel
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* Add the following code to the module

21 module D FF ¢

22 input D,

23 input clk,

24 output reg Q,
22 ocutput reg Q n
26 )i

27

28 always @ (posedge clk)
29 begin

30 0 <= D;

31 Q0 n <= ~D;
32 end

33

34 endmodule

* Press Save I
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* Open the Top module, delete the Reg8 register

* Modify the inputs and outputs of the module: add clk, remove the
switches and bt[0:0]:

21l module Top |

22 input clk,

23 output [7:0] 1d
24 )7
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e Add the following source to the module:
21 module Top |

22 input clk,

23 output [7:0] 1d

24 )7

25

26 wire On0O, ©Onl, ©n2z, on3; // wires connected to the @ n outputs of the Flip-flops
27

28 D FF DO{.D{On0O), .clkiclk), .Q{(1d[O]]}, Q n{Qnd));
29 D FF D1{.D(Gnl), .clk(onO), .Q(1d[1]}, .@ n{Qnl));
30 D FF D2{.D{gn2), .clki9nl), .Q{ld[Z2]}, .Q ni{Qnz));
31 D FF D3{.D{Qn3), .clkignzZ), .Q(1d[3]), Q n{Qn3));
32

33 assign 1d[7:4] = 4'hO;

34

35 endmodule

* Press Save =
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* Open the LOGSYS SP3E.ucf file

* Comment the bt<0> and sw lines by inserting a # character to the
beginning of each line:
21 #NET "bt<0z>" CLOCK DEDICATED ROUTE = FALSE;

22

23 # 8 kapcsold, balrdl jobbra szamozva
24 #NET "sw<7>" LOC = "p4di";

25 #NET "sw<o>" LOC = "p4dg";

26 #NET "sw<b>" LOC = "Pe9";

27 #NET "sw<4>" LOC = "P78";

28 #NET "sw<3>" LOC = "pg4";

29 #NET "sw<2>" LOC = "PpP8o9";

30 #NET "sw<l>" LOC = "po5";

31 #NET "sw<0>" LOC = "P101";
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 Uncomment the clk signal at the beginning of the file

10 # LOGSYS Fejlesztdékabel GUI wvezérld és kommunlkaclds jelek

11 #NET "mosi™ LOC = "P120";
12 #NET "miso™ LOC = "p143";
13 NET "clk" LOC = "p129"™ | PULLDOWN;
14 #NET "rst" LOC = "p119"™ | PULLDOWN;

* Press Save =
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* Regenerate the programming file, and upload the new binary to the
FPGA board

* Now the circuit requires to add a system clock input for the circuit
* First set the value of the clock frequency to 1 Hz
* Press the Set button

Conkrol _onnunication

e Click into the CLK checkbox RST EitEiang 10
* Note: on Windows 10 the tick might LK UART
not appear, but it should be fine ! Hz USRT
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* You should see the counter counting up, 1/sec.

* If you want to increase the speed of the counter, modify the clock
frequency.

* The counter can count up to 15. Try to increase the maximum value
to 255. How many bits do you need in order to reach 2557

 Hint: What is the relation between the maximum value and the
number of D flip-flops?



