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Design flow — What is designed?

Specifikace

- ASICs
= Standard products @E

= Turn-key solutions 2 spacikacs
= IC qualified for mass production

\”;
 Target technologies Qv HAHG
&

= ASIC (65 nm and below, 150 nm, /

180 nm, 250 nm, 350 nm, ... and I LS
—— > | LINT-stat. kontrola

Oprava constraints, Gprava syntézy

OtheI‘S CMOS) Caonstraints @
- FPGA Syntéza

Dodatecné

1

constraints : :
) F PGA fﬂozmistenhpmpojeni hrad%@
" emu Iato rs (Place & Route) —
M
= development tools ﬁ\
» hardware-software codesign ~
Vyroba .y [ Proces J ( Simulace ]

= prototyping
= firmware validation
= ASIC - FPGA conversion

Vy robeny ASIC

i
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- somebody gives an assignment
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Design flow — Specification

- Customer’s business case
 Device specification
= standard text

Specifikace

Zmena specifikace

L
j

= device description from user’s Navrh systému

point of view
» how shall it behave? (Docon Gorey | Cpravanavny
= shall be unambiguous L é>
= all stakeholders shall agree on =>> ([Nt o)

- Should be accompanied by Sonern T P Tl
Device use cases Dodstecrs 0 |

= Somebody wants to do o) == ([htesor ] = (radipiisar |

something to achieve goal. ‘P'a"e;‘m”m) <>

&
S
Wobe o aea (e ) (s )
Vyrobeny ASIC

g gy

I<:

Validace
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Device specification - scope of the design

Window Help

Edit View Document Tools

File

12 Asescar i @ ) seo [T s @ [[ & - D0 Bor - @ [52-[ @nee- ]l vm] [ mymcostor et |
] 4
8.1.1 Memory organization overview
The 80251 has three memory spaces: Von Neumann memory space, SFR space, and a register file.
The memory space has the following properties:
e Linearly addressable range from 0x000000 — OXFFFFFF (24 bits, 16 MB of addressable space). The
architecture has no segment registers,
e Memory mapping is defined by the Figure below,
Memory locations 0x000000 — 0x00001F are remapped to the register file:
o register bank 0 is mapped to the address range 0x00 — 0x07
o register bank | is mapped to the address range 0x08 — 0xOF
o register bank 2 is mapped to the address range 0x10 - 0x17
o register bank 3 is mapped to the address range 0x18 — Ox1F
Available addressing modes are as follows: H
o locations 0x000000 — 0x000007 are addressable as RO - R7,
o locations 0x000000 — 0x00001F are addressable as registers,
o locations 0x000020 — 0x00007F (96 bytes) are bit addressable,
o locations 0x000020 — OxO0FFFF (65535 bytes) are directly addressable,
o whole memory address range is addressable indirectly with possible displacement.
E The register file has the following properties:
; e There are 32 bytes in the register file, addressed 0x00 — Ox1F,
: ¢ Register bank 0 is mapped to the address range 0x00 — 0x07; however, which register bank is visible
) in this address range is defined by PSW RS field.
L_ o Addresses 0x08H — 0x 1FH are nonylated with 24 hvtes of recisters -
ENE [1d dfsoarss  » BI[O ©] ER= 5 i
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Design flow — Specification

Specifikace

 Device specification
= unsuitable for design
= missing details necessary for both

= design and Navrh systému | ~ &

= verification

[

<:]I

Kédovani navrhu
{Design Capture)

i

Caonstraints

U

RTL kédy

@I

« Design specification
= internal document Dodatecné

constraints

Syntéza

1

www.asicentrum.cz

Zmena specifikace

Oprava navrhu

A

RTL simulace

LINT-stat. kontrola

Oprava constraints, Gprava syntézy

» system architecture to [— -
microarchitecture description R .
= requirement style 4 AN

u IEEE Ianguage Pedklady pro

vyrobu

Vyroba —~

=

L

OO OO RO0n 0D

Netlist, SDF

Staticka casova
analyza

m— Simulace na
hradlové Urovni

g gy

I<:
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Fle Edit View Document Tools Window Help

Design specification — how to build it?

2 Elsecacon = @ P serer Eﬂp o

[&- TEJekr- @2 -[@ns-[vm]

i Pages™§ Bookmarks |

1 | comments “§_Atiachments
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MMU Design Spe

2.3 DESCRIPTION OF ATTRIBUTE ADDRESSING

SectionMMU 2 Attribute addressing

RegMMU. 2.1 Attribute array shall be accessed if DBS32K.SHOW_ATTRIBUTE is set to '1'. Main memory shall
be accessed otherwise.

RegMMU. 2.2 Address remapping for attribute array:

RegMMU. 2.2.1 Each address in the format 0xXXX00 shall be remapped to 0xXXX00 to address the first tag
byte for the selected word line.

RegMMU. 2.2.2 Each address in the format OxXXX01 shall be remapped to 0xXXX80 to address the second tag
byte for the selected word line. In both cases, the NVM access shall be done.

RegMMU. 2.2.3 Accessing any other address shall generate DOB event, no access to NVM shall be done.
RegMMU. 2.3 It shall not be possible to initiate a code fetch from the attribute area.

Note: According to the previous figure, one attribute is composed of 2 bytes.
To simplify the software, the first byte of attribute will be addressed with @[7:0]= 00h and the second one with @[7:0]= O1h.
The MMU is in charge to map correctly this address to the Flash IP:
1) Software presents 0000h, MMU re-maps into 0000h
2) Software presents 0001h, MMU re-maps into 0080h to address the second byte of TAG array
3)
4)

a

14 April 2020
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Digital Design Process - school homework approach \\<\\\\\\\

« somebody gives an assignment
- constraints:

 to meet the deadline

« with 1 worker

« fulfill assignment at 100%
- rather fixed goal usually without potential to negotiate about it

14 April 2020 Digital design flow Page 10
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Project constraints

« What is project?
« Not always known from the
beginning what is needed

« Optimization in three

Hd00S

dimensions
« Usually we shall observe Time
To Market
R - Pareto rule - take care only of
pmemn  —— what which makes substantial
et T — difference

Source: Wikipedia
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Digital Design Process - school homework approach

- somebody gives an assignment

« constraints: to meet the deadline with 1 worker, 100%, no
negotiation

14 April 2020 Digital design flow Page 12
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Design: a great team adventure

www.asicentrum.cz ¢

A typical larger digital project design team is composed of
« project manager

maintains specifications
can do design

 designers designing device
- verification leader

maintains verification plan
can write testcases

- verification engineers

write testcases

- software engineers

 a designer responsible for synthesis, STA
« a specialist on place and route and backend, DFT, ...

technical leader/system architect

« software for collaboration is a must

14 April 2020

email
SVN - source code sharing
project tracker

teleconferencing, screen sharing

instant messaging...

Digital design flow
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Digital Design Process - school homework approach

- somebody gives an assignment
« constraints: to meet the deadline with 1 student, 100%, no negotiation
« shall be done by the student her/himself

 since the goal is to learn

14 April 2020 Digital design flow Page 14
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Standing on the shoulder of giants

Reuse
« Time to market
Risk reduction
= reuse whatever you can!
« Digital common blocks
- Embedded software
« Verification environment
= clock, reset generators
= models of blocks, interfaces
= verification IPs
« Script templates
= what can be scripted, shall be scripted
= synthesis scripts, PnR environment
« Know-how
= designers’ presentations
Reuse whatever makes you faster...

14 April 2020 Digital design flow Page 15
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Digital Design Process - school homework approach

- somebody gives an assignment

« constraints: to meet the deadline with 1 student, 100%, no
negotiation

« should be done by student itself
« no upfront planning

 no continuous monitoring

« low risk

14 April 2020 Digital design flow Page 16
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Planning (simplified ©)

+ Significant risks need to be addressed

« Proper Planning Prevents Poor Performance (5P’s)

planning is a response to risks

« Important inputs

scope, expected timeframe, expected cost

« Planning outputs

Work Breakdown Structure
Allocation of resources
Schedule

Budget

Risk analysis, ...

\ 4

 Project approval
« Tracking

14 April 2020

management by difference to plan

weekly meetings (status presentation)

Digital design flow
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Progress tracking (weekly basis)

|2 Bsvecn = @ W

57 One POE, many files. ]

100.0%

70.0%
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50.0%

40.0%

e Covered Requirements
== Passing TCs
= Designed Requirement,
¥ Covered Registers

>
L]

wm Overall Stats
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Digital Design Process - school homework approach

- somebody gives an assignment
« constraints: to meet the deadline with 1 student, 100%, no negotiation

« should be done by student her/himself

 no upfront planning, no continuous monitoring
« mostly design works

« waterfall model

14 April 2020 Digital design flow Page 19
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Design flow — Design Capture

Spiral Model
= parallel/concurrent dev
= rework because
= spec changes
= bugs in design/system
Tools
= Nedit
= DVT (Eclipse)

Specifikace

Constraints

-

www.asicentrum.cz @@

Zmena specifikace

Navrh systému

Kédovani navrhu
{Design Capture)

&

RTL koay

Oprava navrhu

RTL simulace

p—
—

%,

LINT-stat. kontrola

I

RTL level description
u VH D L Dodatecné

Oprava constraints, Gprava syntézy

Syntéza

!

= PSL for assertions
= Verilog (mostly for external

. |:‘ S Simulace na
Netlist, SDF | hradlové Urovni I

Staticka casova
analyza

Rozmisteni+propojeni
(Place & Route)

Il

b
Jil

I PS ) Podklady pro
vyrobu Produkt
Behavioral level description b ——1 B )

= System Verilog + SVA
= C/C++
= VHDL (legacy testbenches)

14 April 2020 Digital design flow
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Digital Design Process - school homework approach

- somebody gives an assignment

« constraints: to meet the deadline with 1 student, 100%, no
negotiation

« should be done by student her/himself
 no upfront planning

- mostly design works, waterfall model

« minimal verification (eyemetric)

14 April 2020 Digital design flow
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Design flow - Verification

- Tools Specifikace
= Cadence NCSim @
. LINT, CDC (SpyGlass, HAL) NS
= Formal verif. (Jasper Gold) ([ nanoyoms ] e
« Verification plan - the first step Kémjnéwhu
= what is to be verified? et~
« priorities - é[—]
= who is going to do what N > [ UNT-stat. konrola
. Verification [ — } Oprava ~onstraints, pr=.a syntézy |
= testcases covering Sonehaims p— — D —
= requirements e Place & Four) _— T 4
= customer’s scenarios 0N & ,
= standards - requirements
- FPGA prototyping Vioba ( Fwm ) (e )
- Software simulator | Vyrobeny ASt0

g ey =y

- Reviews

I<:

Validace
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Design flow - Verification tests and regression

« Unambiguous correspondence
- testcases <~ requirements
- Only self-checking testcases

« Verification designer should not
design the features s/he verifies

« Regression runs
 regular runs
« e.g., hightly execution

° wW i t h an au to m at i c ema i I i n g to [ — J Oprava ~onstraints, Upr#".a syntézy

the design team

- Usage of coverage
« which types of coverage do
you know?

www.asicentrum.cz @@

Specifikace

IQQE,

Zmena specifikace

\H/

Kédovani navrhu .
{Design Capture) Oprava navrhu

::j> RTL simulace
RTL kédy

> | LINT-stat. kontrola

Caonstraints @

—

Dodatecné
canstraints @

f =="-| Netlist, SDF — > [ Simulace na

eyt s hradlové Grovni
Rozmisteni+propojeni
':D‘ Staticka casova
analyza

(Place & Route)
U \ |
Podklady pro

M b@ [ Proces J ( Simulace ]

aleEslcEclalclz el el el

i Vyrobeny ASIC

g ey =y

L
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Design flow - Physical Design

« Synthesis
= RTL conversion to netlist
= ASIC-FPGA conversion
= Tools
= DC Compiler
= (Vivado)
 Place and Route
= Cadence Innovus
= exciting process ©

= conversion of abstract netlist

into concrete silicon
- STA

= Cadence Innovus
= Synopsys PrimeTime

A COMPANY OF THE SWATCJ-I GFICIUP

.. BTW: We are looking (among others) for a
PnR engineer, or a student who would like to
learn this exciting job ©

14 April 2020

Digital design flow

Specifikace

IQQE,

Zmena specifikace

\H/

Kédovani navrhu .
(Design Capture) Oprava navrhu
::> RTL simulace
RTL kody

T > | LINT=stat. kontrola
Constraints -~~~

r— Oprava constraints, Gprava syntézy
Syntéza j(
Q=

Dodatecné @

canstraints & - I—'
Fa r :‘ = ; |:‘ = Simulace na
T - } Netlist, SDF hradlové Urovni
Rozmisteni+propojeni cE e
Place te 3 7
{5 1ace & hiautsy =% Staticka casova
@ analyza
Sa— \
Podklady pro

M b@ [ Proces J ( Simulace ]

aleEslcEclalclz el el el

i Vyrobeny ASIC
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Digital Design Process - school homework approach

- somebody gives an assignment

« constraints: to meet the deadline with 1 student, 100%, no
negotiation

« should be done by student her/himself
 no upfront planning

- mostly design works, waterfall model

« minimal verification (eyemetric)

« no mass production

14 April 2020 Digital design flow Page 25
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Qualification

Is the device ready for mass production?

- measurements for all of the parameters of the device
« systematic, well-documented measurements

« cooperation with the customer

« time consuming

- atleast 7-10 devices to be measured

« under all feasible conditions (min/max/typ)

« corner wafers

... and what if there is a bug?

14 April 2020 Digital design flow
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And after qualification?

« Mass production and happy customers ©
« However, Mass production needs testing against faults
* ... test program must be prepared in advance

« to have well testable device, we have already in the design phase
to insert DFT structures

- for logic, basic:
« scan vs ad-hoc approach
« combination of both
« Test pattern quality is measured in terms of fault coverage

Any questions?

14 April 2020 Digital design flow Page 27
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Modelovani Cislicového systému

Proces navrhu

« tvorime postupné se zpresnujici model

- ten prevadime mezi Grovnémi abstrakce
- Cim vyssi Groven abstrakce, tim

Specifikace

- potifeba mit vétsi rezervy =
« méné detaild [Cramoms | e
« Modely na vyssi trovni abstrakce L
- se snaze implementuji e
« simulace bézi rychleji & é>
. umoziuji rychleji nalézt chyby o
- nékdy je pouzivame jako modely pro " (o e acomerain ooy
verifikaci modell na nizsi Grovni abstrakee: T |
+  Abstraktné&jsi model ot = — )= ottt ]
- nezachycuje Fadu detaild! T ?
- nékteré typy chyb nelze detekovat :]
- Prechod na nizsi aroven abstrakce R C ™ eravioral lovel
- detaily pridava, zvysuje slozitost modelu }meemsm
&

« zpomaluje simulaci

« narocnéjsi implementace

« ovSem model je blize realité

- zprFesnéni odhadl parametrd systému

Validace

Gate level

« pokud mozno automaticky

/ Transistor level \
/ Physical level \

14.04.2020 Simulace ¢islicovych obvod
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Typicka podoba navrhu v simulatoru

tb_top
testbench top

E———

"model vseho, co je na cipu"

www.asicentrum.cz

Zakaznicky obvod

stimuli_gen

vdd_low_en
vdd_ext j =
regulator
| vdd
por vdd vdd2  Digitalni jadro
reset_gen el
dig_top
0sSC_en
‘E clk_gen 0sc
Jem, y
N Navrhovany
E tepl. senzor —= ADC CISIIC,OVY
2 systém
2
DUT

Design Under Test

\\\\\ vystupni rozhrani

DUT

model

(prediktor)

CK/FAIL

14.04.2020

Simulace ¢islicovych obvod
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Hierarchie navrhu a arovneé abstrakce

tb_top
testbench top
Behavioral level "model vseho, co je na cipu”
Zakaznicky obvod strukturni popis
vdd_low_en
vdd_ext .
regulator
RTL } vdd
level por
vasBL gan vdd vdd2  Digitalni jadro
0sC_en dig top ” 0sC
< clk_gen 0sc g
Gate level § g
= =
. S| |tepl. senzor |—={ ADC Qo
/ Transistor level \\ - 7
2 ES Y,
/ Physical level \ stimuli_gen |——~ puT
,/ Design Under Test
OK/FAIL
= >

, 3 DUT

Analogove bloky - p g model

z - - dikt

navrh na tranzistorové (predkion

arovni (... layout)

Vyssi rovné abstrakce

jsou vhodné pro

modelovani - ovéreni
14.04.2020 Simulace ¢islicovych obvodu sprévné funkce. Stranka 31
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Behavioralni Groven
Priklad: popis obvodu pro secteni Cctyr Cis¢
e=a+b+c+d

Je to jeden radek kodu.
Popis chovanim

- algoritmus v programovacim jazyce
- jeden radek koédu = i tisice hradel

- pr. délicka je implementovana

operatorem déleni

Obvykle

« nepracujeme s hodinami, FSM

- volné nakladame s pameéti (halda, zasobnik)
Lze odladit spravnou funkci algoritm@ (pr. DSP)
Jazyky - C++, Matlab, SystemVerilog nebo VHDL
casté pouziti slozitych datovych typu

14.04.2020 Simulace ¢islicovych obvod Stranka 32
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RTL uroven (Register Transfer Level)
Popisuje mikroarchitekturu navrhovaného systému

- jako registry propojené kombinacnimi bloky .....
. jeden Fadek kédu = desitky az stovky hradel[ |
- pF. délicka = sekvencni obvod
« Lze odladit
- implementaci mikroarchitektury systému
- oveérime, zda je systém funkcneé spravneé )
- Simulace nerespektuje realna zpozdéni -

- ale je velmi rychla
* Nelze odladit

- korektnost interniho ¢asovani ]
... zpozdeni na kombinacnich prvcich, apod.

- Pouzivame a popisujeme
 hodiny a reset, FSM
- kombinacni operatory
- strukturni popis
- uz ne velké pameéti \
« Obvykle VHDL, Verilog nebo SystemVerilog 5 bitu
« Pouzivané datove typy
- logické arovné modelovany jako 1,0 (XZHLWU-
- obcas pouziti slozenych typuli (record, array) ¢bu

clk
res

14.04.2020 Simulace ¢islicovych obvod Sudiikd 53
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Jednoduchy obvod, ktery realizuje

y:

x(0) OR x(1) OR x(2) OR x(3) OR x(4)

zaplni i nékolik slajdut.

Vice za chvilku...

x_IBUF[3]_inst 12 o]

clk_IBUF_inst clk_IBUF_BUFG_inst
k[ ID g ID 0
IBUF BUFG
x_IBUF[D]_inst Specifikace
x(4:0) [D—p* 2 -

IBUF ”-f\/-\l | RN
x_IBUF[1]_inst E 4

1 I 0 _ - - Zmena specifikace

| : G ) <

IBUF el I
x_IBUF[Z]_inst y_i_]_ =>C " Kodovani navrhu

2 1 0 10 cE f V_OBLCJ)F_InSt {Design Gapture) Oprava navrhu

—F o>y S
IBUF —I1 CLR
IS OBUF - Sl

pr [0 13

IBUF 14
x_IBUF[4]_inst LUTS
I 0 res_IBUF_inst
0

IBUF I~_0

A\ S

L B
res[ > IBUF
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0
—

FDCE Constraints

Dodatecné
constraints

b

[ Netlist, SDF ] :

Simulace na
hradiove drovni

)

Staticka casova
—>

i
Vyrobeny ASIC

J

Validace

Simulace ¢islicovych obvod

Stranka 34



www.asicentrum.cz &

ﬂ: ASICentrum’ @ em microelectronic
THE SWATCH cROUS A COMPANY foul

« &
OF THE SWATCH GROUP

Tranzistorova uroven (transistor level)

~Analogové"™ schéma obvodu
Simulator pracuje s obvodovymi
velicinami (U-I)
- resSi soustavy diferencialnich
rovnic
- vyssi presnost
- vyznamné zpomaleni
- misto logické 0/1 - cela skala
analogovych hodnot
Pouzivame analogové simulatory

Lze odladit napr.

« chyby v rozhranich mezi
analogovymi a cCislicovymi bloky
v systému

- chovani ,,za cCislicovou abstrakci"

Simulace ¢islicovych obvod Stranka 35
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Fyzicka aroven

- Podklady pro vyrobu masek
- GDS format
 Graphics Database System
- GDS obsahuje popis layoutu v
geometrické podobeé

14.04.2020 Simulace ¢islicovych obvod
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Hradlova aroven (Gate Level) \\\\\

Specifikace

BELN

Z nastroju, které ma digitalni navrhar k

Zmena specifikace

dispozici, simulace na hradlové Grovni Nawh sysieny | <€
nejlépe odrazi realné chovani cCislicového J@

V4 Kadovani navrhu i
|1 a V I" h U n {Design Caplure) Oprava navrhu

&
Jak se k ni dostaneme: >
« Model na hradlové Grovni nepiseme s KNFESBE o
rucné
* Vystup Docaters —
- syntézy z RTL koédu
- nasleduje rozmisténi a propojeni
« "Rucni" prace na této Grovni
« pr. ECO zmény navrhu

Oprava constraints, Uprava syntézy

——
S

= [h Simulace na

radlové arovni

)

Netlist, SDF

\n/ =
Rozmisteni+propojeni
‘ (Place & Route) I Staticka =
e taticka casova
@ \ analyza

/—> @ Proces

. Vyrobeny ASIC

Vyroba

Validace
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Hradlova Garoven (Gate Level)
« Simulujeme finalni podobu obvodu
- prace s element. logickymi bunkami (NAND, ...)
« Navrh je popsan jako
« schéma obvodu + informace o zpozdénich
« nepiseme ,rucne", vystup syntézy z RTL a PnR
- nékolik radkd kédu = i jen jedno hradlo
- pr. délicka implementovana
- jako sekvenéni obvod realizujici déleni DI%:Z«: - e
- véetné vsech hradel, buffer@, atd. . |
Modelujeme realna zpozdéni na prvcich,
Lze presné urcit a odladit parametry navrhu
Obvykle Verilog netlist nebo VHDL netlist + SDF
Pouzivané datové typy
- jen logické urovneé

14.04.2020 Simulace ¢islicovych obvod Stranka 39



ﬂ ASIantrum @ em mlcroelectronlc www.asicentrum.cz - @

THE S\NATCH GFICIUP

Motivace: procC simulaci na hradlové urovni?
Co ziskame od simulace na hradlové Grovni:
- simulace realnych zpozdéni na obvodovych prvcich:
kontrolu dodrzeni casovych parametri registrii béhem simulace
- mtizeme odladit problémy, které na RTL Grovni nevidime
- Zname casové parametry klopnych obvod{?
validace vystupu statické casové analyzy
- vime, co je STA?
verifikace spravného chovani navrhu
* po resetu
- po pripojeni napajeciho napeti
moznost odhadu dynamické spotreby elektrické energie
obvodem
lepsi pocit navrhare z navrhu: jasné vidime, ze ,to funquje".
* ... a dalsi, viz citace v doporucené literature
Simulace je ovSem jen tak dobra, jak dobré jsou stimuly!

Nevyhody:

- Nastavit a rozbehnout simulaci na hradlové arovni da praci
- musime odladit verifikacni prostredi
- simulator bézi pomaleji, nez na RTL drovni

14.04.2020 imulace cislicovych obvodu Stranka 40
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Automatické kontroly casovych parametru

klopnych obvodt....?

> ok i lem fox o
| |

| setup | hold

Co kdyz porusime ...?

clk1

DFF1/d

14.04.2020

CLR

www.asicentrum.cz

DFF

BECHE —

Q |
CLK :

SR

S
recovery

CLR \

removal

CLR \

CLR
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Vstupy pro simulaci a jeji vystup

SDF = Standard Delay File

. T-file
K0m pl Iace Seznam vypnutych
kontrol ¢casovych

parametrd - typicky na
registrech predstih,

SDF soubor presah

Zpozdéni na bunkach, spojich a =

Eas:vé plaram:try hoancJI'ln Kom pllace A
obvodt pro kontrolu za béhu Elaborace Simulace
simulace

Tech. knihovna
Modely vSech bunék (, hradel“) v KOm pilace

prislusné technologii (nap¥F.
TSMC, 180 nm)

Testbench Kompilace

Log simulatoru:
SYSTEM SETUP: RC_OSC_FREQ=4.73934MHZ Time: 0 ns
INFO: STARTING simulation. Time: 0 ns

Generate reset: power-off + 800 ns + power-up Time: 0 ns
Warning! Timing violation
$setuphold<setup>( negedge CPN &&& SI_DEFCHK:2780 PS, negedge SI:2480 PS, 0.94 : 940 PS, 0.00 : 0 Fs));
File: /work/demo/wrk/regression/src/stdcells/dff2 res.v, line = 24641
Scope: :I_DUT TOP.IDIGITAL TOP.IDIG_TOP.i_test top.i_res sync.res_sync_reg 1
Time: 2780 PS
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Hradlova aroven - priklad netlistu

y = x(0) OR x(1) OR x(2) OR x(3) OR x(4);

IBUF \x IBUF[0] inst

clk_IBUF _inst clk_IBUF_BUFG_inst
ok [>—— >0 i (.I(x[0]},
IBUF —IEJFGr -0(x IBUF([0])};
, JLIBUEIO] Jost ... vynechané podobné instance
x[4:0] OBUF y OBUF inst
IBUF = =
x_IBUF[1]_inst (.I(y OBUF},
\ IP~_0 - -0y} );
IBUF y_reg LUTS #/(
2 Ix_IBUS[Z]_J’nst C  OBUF. jnst .INIT(32' hFFFFFFFE) )
CE I~._0 y i 1
IBUF CLR Q‘—‘| T >v¥ -
. b OBUF {.I0(x IBUF[2]),
x_IBUF[3]_inst D -
3 I~ 0 .I1(x IBUF[O0]),
TBuF oce .I2(x_IBUF[1]),
Ix_IBU(I;[4]Jnst .I3(x_IBUF[3]),
" .I4 (x_IBUF[4]),
IBUF
.0 da)) ;
res[ > {F_ ))
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UUR

Hradlova Groven - anotace zpozdéni (SDF)

(CELL
(CELLTYPE "BUFG")
(INSTANCE clk_IBUF_BUFG_inst)

//Popis zpoZdéni registru
(CELL
(CELLTYPE "FDCE")

(DELAY
(INSTANCE y req)
- (PATHPULSE (50.0))
(DELAY (MIN:TYP:MAX)
(ABSOLUTE
(ABSOLUTE 021, 120

(IOPATH I O (77.0:81.0:81.0) (77.0:81.0:81.0))

(IOPATH C Q (229.0:285.0:285.0) (229.0:285.0:285.0)

759.4 - 870.0 ps 1604.1 - 1692.8ps 77 - 81ps
) clk_1BUF_inst clk_IBUF_BUFG_inst
I~ 0 I~ O
) clk D L_// |///
1BUF BUFG
x_IBUF[0]_inst N
x[4:0) O—p2 >0 w©
25
[3s3
737.8 - p63.4 or = -
: B¢ IBUF[1]_inst ~ S
1 1 o] Y e _
'@ ?r re
IBUF . = S
w
x_TBUF[2]_inst 8 - R oS
S FL2). g _ yil FE y_OBUF_inst
>—| == c I 0
sl | _84ps 105ps o = [y
OBUF
x_IBUF[3]_inst 2 o D 2
31 0 - S 2184.8-2352.3ps
//BAnotace zpozdéni na spojich > o =0 FDCE o
1BUF 14 3
(CELL x_IBUF[4]_inst LUTS I
(CELLTYPE "or_block") 4 r[: 0 s TBUF._int &
I~ O =
(INSTANCE ) IBUF | >
(DELAY res D | IBUF
(ABSOLUTE

(INTERCONNECT x IBUF\[O\] inst/O v i 1/I1 (1035.7:1242.7:1242.7) (1035.7:1242.7:1242.7))
(INTERCONNECT yv i 1/0 v req/D (72.0:90.0:90.0) (72.0:90.0:90.0))
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Nameéty k dalsimu studiu
- Webové stranky
http://minimizedlogic.sweb.cz
- Soucasné trendy v navrhu a verifikaci )
 Wilson verification study [online, vid. 23. dubna 2019]

- https://blogs.mentor.com/verificationhorizons/blog/2018/1
1/19/part-1-the-2018-wilson-research-group-functional-
verification-study/

- https://blogs.mentor.com/verificationhorizons/
. Detallnejl a do veétsi hloubky o simulaci

- Stastny, Jakub. Simulace Cislicovych obvodii: serial pro DPS
Elektronika od A do Z, dostupny na
http: //m|n|m|zedlog|c sweb.cz

- Proc délat simulace na hradlové urovni
- Dan Joyce on gate level simulations (DeepChip)
« http://www.deepchip.com/items/0569-01.html
e http://www.deepchip.com/items/0569-02.html
- Tipy na knihy na dalsi studium

- Janick Bergeron, Writing Testbenches: Functional Verification
of HDL Models. Springer, 2nd edition, 2003

- Jakub Stastny. FPGA prakticky. Praha : BEN-technicka
literatura, 2011. 200 s.
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Pouzité zkratky

- FSM — Finite State Machine

« INT — INTerrupt

- IP - Intellectual Property

« PSL — Property Specification Language
« RTL — Register Transfer Level

« SDF — Standard Delay File

- STA — Statical Timing Analysis

- UVM — Universal Verification Methodology
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