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These slides outline the FPGA design flow used in
this class

Upon completion: You should be able to describe
each step of the design flow and identify the
appropriate tools used in each step
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* Design Entry

Design
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System Simulation I

| SystemC | C/C++ | Matlab

MegaWizard
NIOS Il

p '
HDL Code
HE2)
"

* Text entry
* Hardware Description Language

 VHDL, Verilog, System C, ...
* Hierarchical instantiation of blocks

“count: process(i_clk, 1i_rsth)

begin
if(i_rstbh = '0"') then
cnt_sig <= (others => '0');
elsif(rising_edge(i_clk)) then
if(i_dir = '0') then

cnt_sig <= cnt_sig + 1;
else
cnt_sig <= cnt_sig - 1;
end iTf;
end if;

end process;

e Schematic entry

* /Quartus Block Editor
* Create bdf schematic files

\ Quartus Symbol Editor
* “Create / modify symbols-for the block editor (bsf file)
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* RTL Synthesis

Design
Requirements

System Simulation
SystemC | C/C++ | Matlab

Rl st i ;;:::S:::; |
* Processing -> Analyze Current File / el
* Finds syntax errors st
* Does not check for synthesizability tmeecons
e Analysis and Elaboration S
* Processing -> Start -> Start Analysis and Elaboration
* Finds syntax errors
* Check for synthesizability
* Creates RTL

* Check for errors — especially unintended latches
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* RTL Synthesis
* What is RTL

Register Transfer Level

Set of design abstractions (primitive elements) and the rules that
govern input/output relationships

Describes the operation of registers and intermediate logic
between registers

Abstractions range from NAND/NOR gates through
adders/subtractors to memories

It is NOT a physical implementation

* An adder primitive is a mathematical model used to describe the action
of addition

* Itis not tied to any circuit implementation



* RTL Synthesis
* View RTL

* Tools-> Netlist Viewer -> RTL Viewer
 Does this make sense?

e \View State Machines
 Tools-> Netlist Viewer -> State Machine Viewer
e Does this make sense?
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* RTL Synthesis
* View RTL

* Up down counter

i_clk[ > cnt_sig[7..0] o_cnt[7.0]
i_dir[ > )

C’T 1'h0 cn  Add1 cnt_sig~[7..0] 8‘hO>CLK Q

I~ A[B..m QUT[8.0] —SCLCRLRN

9'n1fd B[8..0 1 ;
17'h0 cn AddO )
A[‘/’..m QUT[7..0]
8'h1 B[7.0
i_rstb| >
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* RTL Synthesis

* View State Machine
* Branch predictor

& State Machine Viewer - C:/Tir/GDrive/MSOE/EE3921/ProjectsHW/DesignFlow/DesignFlow - DesignFlow
File Edit View Tools Window Help =)

State Machine:| |BranchPredict_2b|state_current - Qﬁ §{> R = & & ,_J: o

Source State Destination State Condition

X

(llast_predict)
(last_predict)
(llast_predict)
(last_predict)
(llast_predict)
(last_predict)

o @ 9O o0 P @

(llast_predict)

[= I (T R U
L S v IR o TR o T == R =+ s R =}

C (last_predict)

State Table

Transitions J/\,_Encodin

100%

00:00:01
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 Functional Simulation

System Simulation
SystemC | C/C++ | Matlab

' '

|Megawizard| ’l HDL Code |

NIOS I Schematics pehienah

e ModelSim via Quartus
e Tools -> Run Simulation Tool-> RTL Simulation

* ModelSim stand alone

Assembling &
Programming

sssssssssss S

e RTL simulations uses the mathematical abstractions
supported by the tool to simulate the actions of the circuit

* There is NO defined circuit information in these simulations
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| System Simulation I

e Gate Level Implementation

* Analysis and Synthesis . ! *
e | e |

* Processing -> Start -> Analysis and Synthesis
* Maps the RTL to non-specific FPGA blocks

e Partition and Merge

Assembling &

S ProceSSing -> Sta rt -> Pa rtition and Merge Programming
* Allows for incremental synthesis

* Optional Gate Level Simulation
* ModelSim via Quartus
e Tools -> Run Simulation Tool-> Gate Level Simulation
* New work directory: gate_work
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e Gate Level Implementation

* Technology Map Viewer — Post Mapping
* Up/Down Counter

cout gl dél

il [ asei B caars glglf-d i Blgh -
L coung aigfii-14
I -— -
Bl 1175 : | ﬂ: |

::::

[

::::

::::
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* FPGA Implementation

* Timing Constraints
* Load via TimeQuest

* Fitter
* Processing -> Start -> Start Fitter
 Maps the generalized gate level logic
to specific FPGA blocks
* Accounts for loading and timing constraints

e Chip Planner
* Tools -> Chip Planner
* View the physical implementation
* Cross Probe via Locate -> Locate in ...
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* FPGA Implementation
* Fitter — Resource Usage

Q Compilation Report - MyFirstCounter lzl

@ =<Filters:

o

N

Flow Status

Cuartus Prime Version
Revision Marme
Top-level Entity Mame
Farnily

Device

Successful - Thu Sep 07 09:05:24 2017
16.1.0 Build 196 10/24/2016 SJ Lite Edition

MyFirstCounter
MyFirstCounter
A 10
10MS0DAFA34CTG

Tirning Models

To C elernents
Total registers

Total pins

Total virtual pins
Total mermory bits

Total PLLs
LIFM blocks

hm\

Embedded Multiplier 9-bit elements

41 /49,760 (<1 %
32

12/ 360(3 %)

0
0/1,677,312 (0 %)
0/288(0%)
0/4(0%)
0/1(0%)
0/2(0%)
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* FPGA Implementation
* Technology Map Viewer — Post Fitting

* Up/Down Counter

i

CELCEEET
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@ Chip Planner - C/Tirmn/GDrive/MSOE/EE3921/ProjectsHW/DesignFlow/DesignFlow - DesignFlow - O X
A Fle Edit View Toos Window Hep 5
() F P G A I m p | e m e n ta t I O n _|[. %8 %] coordnate: Edting Mode: |ECO - EPZC20F484C7 | [Properties rEX
= ( BEENENN NORNED BERENE BEN S =
G -~ General
* Chip Planner 3
y)
o
L"})
)
Coordinate: (50, 2) Editing Mode: |ECO - EP2C20F484C7 - R4
el
5
4
" T=1\_Logic Resource(s) J ~
£ + U
51
L\)) ﬁ .
J I Properties Layers Settings Color Legend
& x| Timing Located Objects
& J [-— = g
2 ! :
=5 - =
' p— o= k
4=
—
= 4
iy
[ (50, 2)
g Block utiliza
4 ;
O
W
X|| InputPort MName Signal Mame Inverted Cutput Port Name
2| v Register ' Reaqister >
a ENA <Disconnected = False IL
ko SCLR <Disconnected> False ~ Combinational | T2l Timin
£ IACLR IUDcounter |SW01 True cout lupd]
] SDATA <Disconnected = False COMBOUT  |uDd|
< NATATM I M inter lennint cinl 3 eei4 Falea &7
ol € >
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* FPGA Implementation

Design
Requirements

System Simulation
SystemC | C/C++ | Matlab

'

 Static Timing Analysis

HDL Code
Schematics

Processing -> Start -> Start TimeQuest Timing Analyzer

Run automatically with the fitter

Results are saved in a report file

* myDesign.sta.rpt

* Runs across process, temperature and voltage
variations

* Fast/typ/slow process

* High/typ/low temp

» High/typ/low voltage
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* FPGA Implementation
e Static Timing Analysis |z o rome e s

| DesignFlow.sta.rpt - Motepad - O x
9 P P

; clock 58 ; 1.666 ; ©.808 ; A

* Positive Slack - good
* Negative Slack — bad T — :

; Slow Model Minimum Pulse Width Summary ;

TR - o e +
; Clock ; Slack ; End Point TNS ;
TR - o e +
; clock 58 ; B.889 ; ©.0808 ;
TR - o e +
+ ______________________________________________________________________________
; Slow Model Setup: 'clock 5@°
H---mmmm- e R PP D et T e Hmmmmmmmmmmm o
; Slack ; From Node ; To Node ; Launch Clock
- o e o Hmmmmmmmm oo
; 11.888 ; count_sig[3] ; LEDR[3] ; clock 58
; 11.818 ; count_sig[5] ; LEDR[5] ; clock 58
; 11.818 ; count_sig[6] ; LEDR[6] ; clock 50
; 11.816 ; count_sig[2] ; LEDR[2] ; clock 58
; 11.817 ; count_sig[@] ; LEDR[@] ; clock 58
; 11.822 ; count_sig[4] ; LEDR[4] ; clock 58
; 11.822 ; count_sig[7] ; LEDR[7] ; clock_58
; 11.836 ; count_sig[1] ; LEDR[1] ; clock_58
; 14,234 ; SW[1] ; count_sig[7] ; clock_58
3 14,424 ; SW[1] ; count_sig[4] ; clock_58
3 14,771 ; SuW[1] ; count_sig[6] ; clock 58
5 14.832 ; sSW[1] ; count_sig[2] ; clock 58
L
< >
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Design
Requirements

| System Simulation I

SystemC | C/C++ | Matlab

* FPGA Implementation
i '

MegaWizard
NIOS I Schematics

e Assembler
| v ¥

(RTL)

* Processing -> Start -> Start Assembler
Simu\ftion

Gate Level
Synthesis

* Creates the programming file
* Prepares for additional power analysis i, w0 | 252

Static Timing

Technology Files
Assembling &
Programming
| ——

)

* Programming
e Tools -> Programmer
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* FPGA Implementation

* Assembler
* Processing -> PowerPlay Power Analyzer Tool
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» Compilation Report - MyFirstCounter [£) PowerPlay Power Analyzer Tool
PowerPlay Power Analyzer Summary
&, <<Filterss

PowerPlay Power Analyzer Status
CQuartus Prime Version

Revision Mame

Top-level Entity Mame

Family

Device

Power Models

Total Thermal Power Dissipation

Caore Dynamic Therrnal Power Dissipation
Core Stafic Therrnal Power Dissipation
I/ Thermmal Power Dissipation

Power Estimation Confidence

Successful - Thu Sep 07 09:09:08 2017
16.1.0 Build 196 10/24/2016 5J Lite Edition
MyFirstCounter

MyFirstCounter

MAX 10

10M50DAF434CT G

Final

100,73 mw

1.08 mw

89.95 mw

9.70 mw

Low: user provided insufficient toggle rate data
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* FPGA Implementation
* Programmer

» Programemer - C:/Tirm/GDrive/MSOE/8_Q1_EE3921/Projects/ClassMotes/ClassMotes - ClassMotes - [Chainl.cdf]*

File Edit View Processing Tools Window Help

—
@ware Setup... |USB-Blaster [USB-0] > Mode:

[ Enable real-time ISP to allow background programming when available

wh geart

'l Stop ‘:output_filEfClassNote..>1OM50DAF484 0027FD14 0027FD14

/\
M Auto Detect >
v

File Device Checksum

Verify  Blank-
Check
n u

¥ Delete
U pdd File..
= Change File... <

4 save File
# Add Device.. R
i Up LE 4 i
" n
g Down F_;.u.uu.n.-._:i
10M50DAF454

TDO

i
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* FPGA Implementation
* Programmer

TDO

i

» Programemer - C:/Tirm/GDrive/MSOE/8_Q1_EE3921/Projects/ClassMotes/ClassMotes - ClassMotes - [Chainl.cdf]* — O =
File Edit View Processing Tools Window Help tera.com |e
; Hardware Setup... |USB—Blaster [use-0] Mode: | JTAG i Progress:
[ Enable real-time ISP to allow background programming when available
Wb gt File Device Checksum Usercode Program/  Verify  Blank- Examine
Configure Check
b 5top output_files/ClassNote.. 10M50DAF484 0027FD14  0D27FD14 || ] |
M Auto Detect
X Delete
" add File
= Change File... <
4 save File
- Add Device._ r'H'I'I'I'I'I’H'I'I".‘I
L] -
0 TDI E H
| =
u -
L] -
L]
o Down El_:.n.ll.lll:.n.lu._:
TOM50DAF454
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