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Cil prednasky

Specifikace

. “...ukazat, jak se dela navrh cislicového
ti"bloku zakaznického integrovaného E
=..obvodu pro hromadnou vyrobu

'« na pripadoveé studii skutecného Navhsysemy | <€

~_ navrhu senogran,_— 0

* + s pouzitim standardniho postupu .

1 né?vrhu (design flow) g d - = Inér
=« s pomoci RTL jazykd el —3 % e
* « krok po kroku vcetné potrebné Y

~  dokumentace atd. s %

- tézisté je v technické strance navrhu i :;

b podiiad T\
#:Bylo slozité najit dost jednoduchy blok, ™™=

“# aby se dal demonstrovat behem jedné % Vyrobeny ASIC o

+ ,pulpfednasky".

%2> Radu véci jsem musel upravit a Y

«+zjednodusit (na konci povim, co ©). \alio

-
e
f
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Specifikace Cipu a postup navrhu

« Zachycuje zameér zakaznika

++ Popisuje chovani ¢ipu z
pohledu uzivatele

- » Dulezitou soucasti miizou
byt ,,use cases"

- ,pripadové studie"
pouziti integrovaného
obvodu

« ulehcuji pochopeni

« Dokument

= je psan jako volny text

= jednoznacny

= bezesporny

= odsouhlaseny vsemi
zucastnénymi stranami

11 May 2022
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[ Navrh systému | <&
systémovy navrh @
( R
Kodovani navrhu .
(Design Capture) ==} [ RTL simulace ]
- @@
hotové RTL
constraints @
Syntéza
netlist
constraints @
(- = [Gate—level simulace]
Rozmisténi+propojeni
(FREe0 s s Staticka ¢asova

odklad

Digital design flow
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Kvalifikace
Validace
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bibumase =0 N\

analyza

)

Vyrobeny ASIC obvod
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specifikace
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Specifikace - komunikacni protokol

Navrh I2C slave rozhrani pro slozitéjsi systém

.+ Dvoudratovy sériovy komunik. protokol: data (SDA) a hodiny (SCL)
-+ Normalizovany komunikaéni protokol

'“«  komunikace nap¥f. mezi mikropoditacem a

11 May 2022

NXP I2C specifikace - priimyslovy standard pro
obousmeérnou komunikaci mezi vice radici (master)
a vice podrizenymi systémy (slaves) urcenymi svoji adresou
sdileni sbérnice-> Gspora plochy i nakladt
100 kHz; 400 kHz; 1 MHz; 3,4 MHz

senzory
LCD displeje

nevolatilni paméti (EEPROM, FLASH E—
hodinami realného &asu 1 IRp_12¢ rozhrani
pomalejsi DAC/ADC [ |
SMBus na PC Motherboardech UC ADC DAC

Master|| Slave || Slave

By en:user:Cburnett - Own work made with Inkscape, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=1472017
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Modelova situace - integrace do systému

. Navrh I2C slave rozhrani pro slozitéjsi obvod

Priklad: Sensor Fusion Coprocessor

11 May 2022

't AVDD 1 mikropocitac
! DVIO

i 47kD 4TKQS S4.7KD

I < «

i Magnetgmeter 10 IJFI IOJ WF 1.0 uF

1 e Set Host
it oy e Voo VCAP System
s GND SLAVE oD y

i - AGND 1w

e Accelerdmeter stwson rusidlt CoraoCHssON T

i 4 Vv SLAVE MASTER 2C rozrrani

" oo SCL +—Hl scm cLs S

i ¢ DVIO

B=3! +H GND SDA SDAM SRAS o SPA

i $+{ AGND DRDY SLAVE MASTER
b SAD

RES

o Voo

w DVIO

B} - GND

T.. AGND DRDY 2 2 2 XINT

. 'l‘

https://w'ww.pnicorp.com/sentral/

Digital design flow
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Btegrace do navrhu - pouziti bloku

18V
[ 2 PN V4 V4 7 = mgn /s =
Magnetometer e 4‘.i’lm:’I‘I: II°~1 WF H:.::: e ¢ OV I a d a n I J a ko u pe r I fe rl
| TTE e Host - \V &4 v
Hir= mikropocitace
| \V 04 - V4 - V4 v
L[ pecserometr « Pristup k interni registrove mape
1 110VvIO ry r
1 GND
pomoci I2C rozhrani
I Gyroscope V 4 y 4 V4 V 4 v 4
il « Ovladani systemu pomoci
i igzo DRDY L4 H )4 4 H (o]
! zapisu/cteni registru
55;;' ASIC top 12C interface
B - o g §  Host CPU
: internal register field 59
I-';" 8
W 0x00 address @ 12C
i o | 0x01 write Master
" Adresa Bity Poznamka
6 5 4 3 2 1 0 -
i jen ke ¢teni, vraci Ox data OUt < -og
.: JZa’p'i<s 1;pu;t|' mé;noi:;?plcfty na senzoru, bit je |2C Slave () %
;: ;‘?:;:;\,E?I'i;aozin;dr&i;:“ie systém nabéhl a je read (D ~
: for ke e, epots socdie 3 B data in
77777 jen ke &teni, teplota hornich 8 bitl
. ipro z4apis i ¢teni
i (Y=
il 0x7F
T S other digital blocks
; 11 May 2022 Digital design flow Page 6 .
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_ Pi‘iklad ovladani systému a registrové mapy
—pﬂklad ovladam merenl teploty pres IZC

Adresa ‘ Bity Poznamka

jen ke €teni, vraci Ox01

Zapis 1 spusti méfeni teploty na senzoru, bit je
vynulovdn na konci mé&feni

Bit RESET_DONE indikuje, Ze systém nabéhl a je
mozné vydavat pfikazy

jen ke ¢teni, teplota spodnich 8 bitQ

jen ke ¢teni, teplota hornich 8 bitd

pro zapis i cteni

Ox01 RFU

0x02
_0x03
0x05

- Obvod ovladame operacemi s registry pres I2C rozhrani

. Priklad (use case): host procesor chce spustit méfFeni teploty

'* 1. zapis 0x04 do registru na adrese 0x01 spusti mé¥eni teploty
' . az senzor dokonci méreni, bit START_T vynuluje

. uzivatel podle toho pozna, ze se méreni dokoncilo

2
3
4. vyslednou teplotu si pirecte z registrti TEMP_LSB a TEMP_MSB
5
6
7

B
Cy - V4 v
s . ve dvojkovem doplnku ASIC top 12C inteface
: : -
=WV v : : . o Host CPU
I . S rozlisenim 1°C / LSB i internal register field g8
| ; v 47 kQ 4.7k 1 47kQ 47kQ 0x00 address [ |2C
- — p— [ ! ~
7. nap¥. 0x054C = 135675 = 13,56/°C [}~ o T s
= Host , ; —
S P Voo VCAP System ata out < 8
| AGND DROY |— . ! 12C slave o
SEN I read n
Accelerometer SIS | .
1 Voo | data in
% T oo scL SCLM scLs scL
fhdeds W P SDA SDAM SDAS SDA
...-: H AGND orov|— | (| b o 0X7E
vavavavava o7
: S BEEEEEE w 1w
Voo sCL oo0 T T o0
28

v L pvio
oo L eno SDA 4‘[
_ b AGND DRDY

11 May 2022 i o
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Proteokol na sbérnici: Zapis do registru pres I12C sbérn
snaﬂ\' [ X X _ X X N/ I\ X X___ XX X

|
T
|
acknowledgement acknowledgement |
|

|
|
r
|

| I
| |
| | signal from slave signal from receiver
| | -

sCL  lsorsr | \_/1_\_/;\____ 7 8 9 _/:\_/;\_/-Stoa 9 | srorp |
L——J ACK ¥ ACK L——4
START or STOP or

repeated START byte complete, —— clock line held LOWY repeated START

condition interrupt within slave while interrupts are serviced condition

M 2aac867
from master to slave

START SLAVE ADDRESS |R/W|ACK| REGISTER ADDRESS!) ‘ACK DATA TO REGISTER(N) |ACK| DATATO REGISTEF{N+1)‘ ACK|STOP

S |me|As|a4]|A3|az|Aat]a0] o A7| A6|As| A4| A3| A2] A1] A0

D7| D6| D5| D4| D3| D2| D1] DO D7| D6| D5| D4| D3| D2| D1 DO P
[ [
T data transferred
0= writJ (n bytes + acknowledge)

0" = acknowledge
S = START condition
P = STOP condition

Qperace zapisu do reglstru - priklad: 0x04 na adr. 0x01
adresa mého zarizeni 0110011

odeslana sekvence:

S 01100110A 000OOOO1A P

e .. Gteni je analoaické. kvuli slozitosti vvnechano

“iaa EID n"-r.
-

=
I Dvio
47kQ3 347K 4 47KQ3 $47KQ _
- Magnetometer 10 i‘I Io-‘ uF 1.0 uF Adresa | |Poznéamka
- 1 Voo scL Host 7 6 5 4 3 2 1 0
faar- +—ovio s r— n
i —1GND SDA Vop VCAP System jen ke Cteni, vraci 0x01
 AGND DRDY f— Zépis 1 spusti méfeni teploty na senzoru, bit je
Accelerometer SEN RFU RFU RFU RFU | START_T| RFU RFU wynulovén na konci méfeni
S L = Bit RESET_DONE indikuje, Ze systém nabéhl a je
I £ L H ovio ScL SCLM scLs sc mozné vydévat piikazy
+—H GND SDA SDAM SDAS SDA jen ke ¢teni, teplota spodnich 8 bitl
= HASNO DRDY | ECRESEE jen ke &teni, teplota hornich 8 bitl
-+ Gyroscope ggoodos ::Z pro zapis i éteni
1111 Voo SCL 000 (ID T T o o0x05 | i | | i |
. L ovio | |
SDA
ww s - GND = -
s . L acnD DROY 222 XINT ZdI‘O]: IZC SpECIfI kace NXP

11 May 2022 M = —.gital design flow . p Page 8
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= Specifikace - dokumentace

1 I2C Interface

The I2C interface is compatible with the NXP I2C specification revision 6 (April 2014).

Supported

are standard, fast, and high speed modes.

The device address shall be 0110011.

Reg. Mapa do Device spécifikace patFi také.

I2C bus uses two wires (SCK, SDI) and supports single byte read, single byte write, (8 o ) e———
multiple byte read operations. "

Inic it
| 0x03 | jer hornich 8 bitu
.0x04_ | P

0x05_ | |

STOP

5|a4| A3[A2] A1] A0

R/W|ACK| REGISTER ADDRESSI)
0

A7|A6|A5| A4| A3 A2] At] A0

ACK| DATATO REGISTER(N) |ACK| DATA TO REGISTERN+1)|ACK
D7| Ds| D5| D4| D3| D2| D1| DO D7| Ds| D5| D4| D3| D2| D1| DO

T

0 =

r 11 May 2022

wriIJ

0" = acknowledge

1 |

data transferred
(n bytes + acknowledge)

S = START condition
P = STOP condition

Digital design flow

Page 9




www.asicentrum.com

L . ]
& Colda e OF THE ENAATICH GROLS

W———— Systémovy navrh (system design)
Ve System celek slozeny z
~« casti, které na sebe

. vzajemné plisobi

aee: Typicky postup:

Specifikace

,_T

- dekompozice do blokl - L “é‘“‘“sys‘é’““ | <
divide et impera systémovy navih_~~
r ] kaid? blok ma mit "jeden - [ RTL simulace ]
” - Zména
- dlivod své existence" o ATL speciface
(single responsibility SR ~ W\i
- - téz
. prInCIple) netlist ) yga
' u Pro jeantIiVé bIOky P (R . : ,\ [Gate—levelsimulace]
. definujeme (Place & Route) ==
.+ jejich funkce ooy L N\ e
« jejich rozhrani
. v Vyrobeny ASIC obvod
« komunikacni protokoly
i+ VsSe tak, aby byly naplné&ny v
pozadavky kladené na =3
& systém
11 May 2022

Digital design flow Page 10
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Jak dekomponovat systém do blokti?

www.asicentrum.com

clock, reset

dekompozice na Designed unit
1. Fadic o /ﬁ \
c FSM
2. datovou cestu =) =
© (| O L]
~ Radié £ \ | LO ]
konecny automat S
FSM, Finite State Machine = Cont
,vS$echno to tu Fidi, sdm nic negéla" signals
« Ovlada datovou cestu - Datapath
« povelovymi signaly do % _____
datové cesty (control S|gnRIs-)9 —————
« Rozhoduje Q_ “““ - -
« dle priznaki generovanych‘

datovou cestou (status signals) (vstupy)

Spousti jednotlivé operace
Dalsi vstupy a vystupy

« hodinovy a resetovaci signal (vstupy)

- dalsi ridici a stavoveé signaly (vstupy i vystupy), napr. ,,z venku"

Implementuje komunikacni protokol

« zde I2C protokol

11 May 2022

Digital design flow

y

Output data Output state signals

Page 11




w

R ]

i COkd W OB THE I‘mum:l-l GROR

Navrh radice: zapis do pameéti pomoci I2C - stavy

from master to slave

www.asicentrum.com

START SLAVE ADDRESS R/W | ACK REGISTER ADDRESS (N)

ACK

DATA TO REGISTER (N)

ACK

DATA TO REGISTER (N+1) |ACK

STOP

s |ae|as|a4]as|A2]at1]a0] o | o [a7]as]as|a4]a3]A2]A1]A0

0

p7|p6| D5 |D4| D3| D2] D1 DO

0

p7|D6|D5|D4[p3|D2[D1]|D0| 0

P

T

0 = write\

T

data transferred
(n bytes + acknowledge)

‘0" = acknowledge

Stavy automatu v radici zde
- .extrahujeme z ocekavaného
“* chovani systému.

- Postupné priradime stavy
jednotlivym komunikacnim

- fazim I2C protokolu, jak je

~znazornéno barevné.

Receive address bits

:

START condition

Device address
OK

" Zde Fadi¢ definuje protoket,

S = START condition
P = STOP condition

Repeated START condition

Receive address bits

RECEIVE
REGISTER
ADDRESS

ACK

12C interface TR BT
V4 o Vv V4 - gam 0 Vd . =
takeé muze byt specifikovan iemai register field 4% HostCRU
» S
datovou cestou. 0100 address 12C /
0x01 write Master
v - . , ! data out < RECEIVE
Cteni je analogicke, | = 12C slave 2% REGISTER | <
og= Vm - ’ V4 | - R
kvuli slozitosti neuvadime ! data in address increment
Ox7E Receive data bits
: Ox7F
11 May 2022 Page 12 I




Obecne paradigma
dekompozice na

1. radic

2. datovou cestu

' Datova cesta

© + realizuje konkrétni operace

..+ DataPath (DP)

.« soubor

« funkcnich jednotek
« registri

- propojenych pomoci
sbérnic a multiplexort

« vstupy a vystupy

- hodinovy a resetovaci signal

i Tk m!mmﬂm

Jak dekomponovat systém do blokti?

www.asicentrum.com

- datovy vstup a vystup

- priznaky pro Fizeni -

pro radic (vystupy)

- ovladaci signaly z radice (vstupy)

- '+ zde je zodpovédna za:
v « pFrijem dat
- vysilani dat

11 May 2022

Digital design flow

| clock, reset
Designed unit
B2
g FSM
< )
: O
= Control Status
o S
— Pdatapath N
©
'ES' _____ [
zo] e N |
0 D@
— \ —
\ /

Output data Output state signals

Page 13




wnanar acicrantriim cam

Sem— A . I ASIC top 12C interface
- . 74 S g & : <
ﬂ 3 R =t ( internal register field a8 Host CPU
0x00 address n = 12C
0x01 ;
e M
Datova cesta - funkce write —> | Vaster
' data out <G
| 12C slave 0g
prijem a vyslani bitd | e » =
. prevod paralelniho byte na | AR
sériovy datovy tok =
- prevod sériového datového toku OX7F

na paralelni byte

- pFiprava adresy registru a dat / /

« autoinkrement adresy registru = other digital blocks
komparace prijaté adresy proti
adrese zarizeni

+ signalizace shody prijaté adresy
zarizeni s adresou ocekavanou

signalizace
« start/stop podminky
- zpracovany cely byte - citani bitd v byte
- read nebo write operace z adresy zarizeni
vyslani ACK/NACK

from master to slave
START SLAVE ADDRESS |R/W |ACK REGISTER ADDRESS!) |ACK| DATA TO REGISTER(N) [ACK| DATA TO REGISTERN+1)] ACK|STOP

s |as|As|a4]A3]A2]Aa1]Aa0] o | 0 |A7|Ae|A5|A4][A3]A2]Aa1]A0] 0 |D7|D6|D5|D4| D3] D2| D1|DO| 0 | D7|D6|DS| D4| D3| D2[D1[DO| @ | P

3 3
T data transferred
0" = writ {(n bytes + acknowledge)

‘0" = acknowledge
S = START condition
P = STOP condition



device address

------ dev_addr_eq
PETEE : § : 3 : z
( e -~ L. rwn o--Datova cesta
SDA_in omm 0 0 : . SDA out
° Iizg}—— D QF 1 DQ ~T"""- 1 D Q E’! S [ - —
L4 N A N A ' : D Q — E y &
g ( data out 4\  L..e
SCL_n o D S I I i2c_ack
Ls 7 data_wr_en 1 4
: Pwe— addr_inc
data_in LbBitcounter | 4 :0 out wr en Lo | -
] \N' ) 1 D Q address
bit cnt_reset 'T ....... det bit 7 P
: ~: det bit 8
6! LN .
"""" addr_wr_en [ START/STOP |I°.™"
SDA_in Condition |+ L :
Detector | =====*
] ] i o istart l/stop
Ideové schema. Funkce datoveé cesty a prislusneé signaly:
1. detekce start a stop podminek (start/stop)
2. prevod sériového datového toku na paralelni byte (data_out_wr_en, data_.in,
"~ data_out), prijem a vyslani bitu (SCL, SDA_in, SDA_out)
‘3. komparace prijaté adresy proti adrese zafizeni (dev_addr_eq)
4. priprava adresy a dat (data_wr_en, addr_wr_en, addr_inc)
5. indikace read nebo write operace (r_wn)
_6. citani bitd v byte (bit_cnt_reset, det_bit_7,8)
7. vyslani ACK/NACK (i2c_ack)
from master to slave
START| SLAVE ADDRESS |RAW|ACK| REGISTER ADDRESS!) |ACK| DATA TO REGISTER(N) |ACK| DATA TO REGISTERN+1)| ACK|STOP

s |as|As|a4]A3]A2]A1]A0

0 | o |A7|as|As|Aa4]A3]A2]A1]A0

p7| 6| D5| D4| D3| D2| D1] DO

D7| D6| D5| D4| D3| D2] D1] DO

i i

i



from master to slave

START SLAVE ADDRESS | R |ACK REGISTER ADDRESS (N) |ACK| DATATOREGISTER (N) [ACK| DATATO REGISTER (N+1)|ACK |STOP
s [ns|as|ne]ns]a2]at]a0] o A7 |6 | A5 | a4 | 3] 2| At [A0 |0 |07 |p6 | 05| 04| D3| D2| D1 [ Do [0 07| D8] D5 | D4| D3| D2 D1 | DO P

| 0 =write \ \ : \
start _| S S 1 AN 1 :
stop — 4 4 L
det_bit 7 1 L | | '
Jev_addr_eq '
rwn [T
Jit_cnt_reset __| . :
i2c_ack . :
addr_wr_en |
. . ¢
addr_incr __ . - 3 \ [ 5 \ L ¢
address __ f : f : * ‘ | T , . L
: : : : : ‘ address A7-A0 : : aaaress+ : . 03
data_wr_en | y—§ T
data_out __ M L § _ ]
o wiite i S . [ L
’ 3 ‘ ’ : 1 * datawritten to the register map ' : :
. device address —
i il dev_addr_eq
fa 7 2 = r wn
E:. o o SDA_OUt
[ D Q- 1 D Q| — -~~~ 1 D Q F ] D)
-+ et -=-=---- [ ° K
My 1 ______ ) 1 D Q
ols data_out
i 2 e I 0 N S N i2c_ack
oy T data_wrs_en
b : ) addr_inc
¥ data_in L, Bitcounter | ... out wr _en 0 T address
LEl 1 D Q .
by bit_cnt_reset ¢ W det_bit_7
Bi2 det_bit_8
z addr_wr_en [ START/STOP
] SDA_in Condition
[ Detector

o start stop
11 Ma Page 16




from master to slave

START SLAVE ADDRESS R/\TV ACK| REGISTER ADDRESS (N) |ACK | DATATOREGISTER (N) |ACK| DATATOREGISTER (N+1)|ACK|STOP
S |A6|A5|A4[A3|A2|AT|A0| O A7 A6 | A5 | A4 [A3 A2 A1 |AD D7(D6|D5|D4|D3|D2(D1|DO D7 (D6 |D5|D4|D3|D2(D1|D0 P i
5 0=wite \ \ \ o
start __| S f f 1 f
stop _ . | | L
det_bit 7 —_ | — o
dev_addr_eq ' ,
rwn
bit_cnt_reset __| 1
i2c_ack __ ] mu
addr_wr en L |
: : : Lo
addr_incr | ] ; \l_| . ﬁ
address ‘ ‘ _ . . [o
data_wr _en ; address A7-A0 ’_¥ address+1 ’_& '3
_WI_ - L ®
. . . \l j
data_out __ A 1 Bl
write |_| :|—
data written to the register map : :
- \LSTART 2@ Receive address bits ASIC top 12C interface
- T2 i2c_acks : x
o Y %E * = internal register field a3 g Host CPU
50 - 8 RECEIVE 0x00 address 22 M
e
o _§ det_bit_7=1 AND ) : data out <
‘;*’L % dev_addr_eq=0 E%vAn21 det_bit_7=1 ! read |20 Sl ave 8 i.c‘i
' :- i2c_ack=1 : data in
:.." Reading handling;. . giatt_agnv:;:::ﬂ STE
o Iacf(\:lv: en= Ox7F
[
IE:.: write=1 (register map) / /
i : RFI‘EEG?S‘II'\I/EEK addr_inc=1 S other digital blocks
v DA Next register
Seob address increment

11 May 2022

Receive data bits
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Integrace radice a datové cesty do systému

\ ASIC_top

: digital_top 5
o
(&)
i
= 12C_slave
. vbD 4 vDD =
. g
[ pull up 5 data_in datapath Register
- @ device address map
f SCL
Bt O Jul *—>
v SCL data_out |
address
" O ® SDA —e— [T SDA in SDA out
0 I 2 C data_wr_en start
addr_inc stop
S . i2 Kk .
e interface addr wr_en det_bit_7.8
H data_out_wr_en dev_addr_eq
I bit_cnt_reset r_wn
FSM read
] write
:-_ >
SCL
- SDA out_en

a5
-

11 May 2022
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Design flow - Specifikace navrhu

+Mame systémovy navrh,
dekompozici, m|kroarch|tekturu,

e to musime predat navrhariim
+Specifikace zarizeni
enevhodna pro navrh

+chybi tam detaily

+Specifikace havrhu

11 May 2022

~design specification™
popisuje
= systémovou architekturu

= a prechod od systémové
architektury k
mikroarchitekture

piSe se v ,,pozadavcich"
~IEEE jazyk™

popisuje deta

ily
predchozich slid

z
G

Specifikace

L]

www.asicentrum.com

L Névrh systému <
systémovy névrh -~ @

(Design Capture) = [ RTL simulace ] -

O Y, mena
hotové RTL @ specifikace
constraints

Syntéza

netlist
constraints @

(- -\ => [Gate—level simulace]

Rozmist&ni+propojeni

(Place & Route) —> Staticka &asova
podklad N\ anelyee
W v

Digital design flow

aoononnnnnnnn

ogooooooooooo

4

Kvalifikace
Validace

Vyrobeny ASIC obvod
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device address

Specifikace navrhu - detaily, priklad dev_addr_eq
A 7 2 - r wn
SDA_in | | 0 0 SDA_out
i Li}fD Qr' 1 DQ ~~~~7° 1 D Q F - = —
el L1 oo ) 1 D Q —
1 data_out
SCL_n S — S—— i2c_ack
B T data_wrg_en
i ) addr_inc
data in U Bit counter data_out wr en 0 I addr;ss SO 5,
1 D Q
bit_cnt_reset IF ‘N’ det_bit 7
det bit 8 W[
addr_wr_en [START/STOP |
SDA in Condition
Detector
\Lstart \Lstc
.1-System Requirements

-Req SYS 1: The I2C slave shall accept any transaction with correct device address. Transactions with
rincorrect device addresses shall be refused.

'Req_SYS 2: The register address at the address output bus shall be extracted from the transaction
‘(see protocol waves, Fig. 1)

*2.1 Bitcounter Implementation

‘ReqI2C DP_ BC 1: The bit counter shall be a 4 bit counter counting received/transmitted bits.
fRegIZC DP_BC 2: The bit counter shall be reset to 0x00 when bit_cnt_reset = 1.

‘ReqI2C DP BC 3: The det_bit_7 shall be at 1 if the counter state equals to 7, otherwise shall be at 0.

11 May 2022 Digital design flow Page 20




reset

a8 & O
& ol T 08 THE BWATCH GROUS

: Kodovani navrhu
- Popis na arovni RTL

Register Transfer Level

clk

o
[9)

Q komb.
logika

Specifikace

BALN

komb.
logika

pomoci HDL jazykl

Hardware Description Language

VHDL, Verilog,
SystemVerilog

tzv. syntetizovatelna
podmnozina jazyka

standardizované konstrukce,

kterym rozumi syntéza
- ukazeme si ted’ par

prikladi

<+ Nastroje: textové editory

11 May 2022

Navrh systému

—

systémovy névrh @

=

www.asicentrum.com

<

RTL simulace ]

Zména
hotové RTL R @ specifikace
constraints

- ~
Syntéza
| J
netlist
constraints @
4 )\

podklad

pro vyrobu masek_~ @ \

Digital design flow

Rozmist&ni-+propojeni

(Place & Route)

&

aoononnnnnnnn

ogooooooooooo

4

Kvalifikace
Validace

) :>[ Staticka ¢asova }

—> [Gate—level simulace]

analyza

Vyrobeny ASIC obvod
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Bit counter

BEGIN

IF (i2c_res

bit_cnt :PROCESS (i2c_res,

bit_cnt_qg <=

L . ]

& Cola W OF THE EALKTIEH GRODLS

= Datova cesta: priklady navrhu na RTL Grovni

www.asicentrum.com

device address _)E—)
—Idev_addr_eq
5 ~ r_wn
scl_n) IR TAIRY D DH S o
— D IRT DHp
; A b data_out
‘ — i2c_ack
= 'l') THEN ﬁ ‘ ! =
: @-<=—— addr_inc
i @ data_ouyt_wr_en address
_ ' v . ) |
(OTHERS => 0 ) ’ bit_cntxeset | ¥ det_bit

"ReqI2C DP_BC 3: The det_bit_7 shall be at 1 if the

.counter state equals to 7, otherwise shall be at 0.

11 May 2022

det

bit cnt reset

Digital design flow

by ELSIF (scl_n'EVENT AND scl_n = 'l') THEN 8 START/STOP
it SDA_in Condition
o bit_cnt_g <= bit_cnt_d; isgf“e"tzrﬂop
END IF,;
END PROCESS bit_cnt;
. bit_cnt_d <= (OTHERS => '0') WHEN bit_cnt_reset = 'l\ ELSE bit_cnt_gq + 1;
det_bit_7 <= 'l' WHEN bit_cnt_q = "0111" ELSE '0'; 0x7
. det bit 8 <= 'l' WHEN bit_cnt_q = "1000" ELSE 'Q';

. D<< Ox1 .

. 0 — det_bit 7
2.1 Bitcounter Implementation 0x00 1 D Q == ==
.ReqI2C DP_BC_1: The bit counter shall be a 4 bit X D
.counter counting received/transmitted bits. det bit 8
‘Reql2C DP_ BC 2: The bit counter shall be reset to 0x00 SCL n et_bit_
“when bit_cnt_reset = 1. — =

Page 22
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Design flow - Fyzicky navrh

Specifikace

+Syntéza
sprechod na nizsi Groven
abstrakce E
*RTL prevedeno do tzv. , \
netlistu pomoci syntezatoru | Navhsystemu | <
+Synopsys DC Compiler systémovy névrh 4
... *Rozmisténi a propojeni KGdovanf navu -
sCadence Ill;,nop Js et | = _rriinias | Zména
\'/ \ J .
, . u . hotové RTL p @ specifikace
+Vystupem je popis obvodu na constans ; '
hradlove urovni a GDS | sy
*Ten potom dale simulujeme s, -0
+Staticka ¢asova analyza [ ‘:>[Gate—level simulace]
¢Formalni ovéreni spravného (Place & Route) :4>[ Staticka’éasova’]
casovani obvodu ookl ) {5 analyza
eCadence Innovus provwohu el n_u_n_n_n@_n_n_n_t! A
OSynopsys PrimeTime Vyrobeny ASIC obvod
+Soucasti je i podrobna kontrola logt
vsech nastrojt a vysvétleni vSech il
varovani ;=) a hlasenych chyb A
[ Kvalifikace ]
Validace
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¢ ASICentrum

. NN, T
& okt WY OF TEE IALATICH GROLE

Netlist, SDF: Popis obvodu na hradlové urovni

i2c_slave.v modul:
" module i2c_transmitter_top_limitl27_start_addressO_test_1
~(scl, sda, ...., i2c_in_data, ..... );
input scl;
input sda;

mx21dl ullé (.z(n42),
.10 (i2c_in_data[7])
.il (test_sol),
.s(i2c_data_wr_en))

4

dfc3d2s data_reg_in_q _reg_
; .cdn(p_2),
’ .cp(nll2),
.d(n42),
.se (OFD_NET_37_test_en),
.si (OFCH_NET_27_n7));

1 D Q —
data_out

(CELL i2c_slave.sdf ESCL n
(CELLTYPE "mx21d1") -
(INSTANCE i_spi_i2c/i_i2c_top/i_i2c_transmitter/ulle6)

(DELAY
(ABSOLUTE
(COND il==1'bl&&s==1'b0 (IOPATH iO z (0.123::0.123) (0.168::
(COND il==1'bO&&s==1'b0 (IOPATH iO z (0.123::0.123) (0.168::
(COND iO==1'bl&&s==1'bl (IOPATH il z (0.140::0.140) (0.194::
11 May 2022 (COND iO==1'bO&&s==1'bl (IOPATH il I2CSl§@=.dedign:0.140) (0.194::

data wr en

.168)))
.168)))
.194)))
.194))) Page 24
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= Design flow - Verifikace
«* Verifikace: proces, pri kterém
' roverujeme spravnou implementaci

“..obvodu proti pozadavkiim ve
specifikaci

© « 2zde simulaci

« Verifikacni plan

SN = co se bude verifikovat?
EEE‘ = jaké jsou priority?

i « kdo to bude délat?

'+ Nastroj: &islicovy simulator
GE = Cadence NCSim

Reirq Jazyky

= (VHDL)

) = SystemVerilog

_I ;1 May 2022

www.asicentrum.com
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Specifikace

3

r

Navrh systému ] <

systémovy ndvrh _~ @

hotové RTL
constraints

=

netlist
constraints

&
Syntéza

J

podklad

pro vyrobu masek @ \

Digital design flow

Vs

&

Rozmisténi+propojeni

~

(Place & Route)

— >
J :>

[

RTL simulace ]

G

Gate-level simulace] '

[

Staticka Casova J

analyza

aoononnnnnnnn

Vyrobeny ASIC obvod

ogooooooooooo

4

|

Kvalifikace
Validace

Zména
specifikace
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Verifikace pomoci simulace

a:uwuuimtul.mu:hcﬁ GROR

N
3
=

ASIC top

12C interface
| 2
internal register field 38 Host CPU
O
0x00 address = Nac
001 write g Master
! data out )
! 12C slave O®
| read nl
: data in
Ox7E

l S other digital blocks /

interface k registroyé mapé
RTL navrhu

9
9

OK/FAIL

modelu

i tb_top
clk
clk_ gen [—=
I res
38 reset_gen = vjstupy
DUT
vstupy I2C slave
’ ———————= navrh
; : : =
stimuli_gen _| scL
e I2C master - SDA
e model pa——
Stimuly jsou definovany
N ovéfovanym scénairem (tdstem)
Model I2C navrhu
= . " |sco DUT [
i | SPMmodel
—=

11 May 2022

interface k registrové mapé

Digital design flow

Page 26




a5
i-

11 May 2022

design specifikace
a dalsi ...

RS jednoznacna korespondence
' mezi testy a pozadavky

.« mohou byt i stovky testl

nutna automaticka kontrola
spravné funkce

"« navrhar nema verifikovat co si
sam navrhl

L . ]

& Cola W OF THE EALKTIEH GRODLS

e Design flow - Verifikace
.+ Testy pokryvajici
pozadavky specifikace
navrhu

pozadavky vyplyvajici z
normy I2C

pozadavky vyplyvajici z

Specifikace

3

r

systémovy ndvrh _~ @

hotové RTL
constraints @
p
Syntéza
|
netlist
constraints @

podklad

pro vyrobu masek_~ @ \

Digital design flow

r

Rozmist&ni-+propojeni
(Place & Route)

¢ J

aoononnnnnnnn

ogooooooooooo

4

Kvalifikace
Validace

Navrh systému ] <

www.asicentrum.com

e

I

N :L>

=

[ RTL simulace ]

[Gate—leve! simulace ]

Staticka Casova
analyza

Vyrobeny ASIC obvod

————n

Zména
specifikace
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E E=A ‘Centrum

a:mr-mm-mr:ﬂm

,/
‘Verifikacni plan

1 Sys”ceTReqmrements
Reg SYS 1: The I2C slave shall accept any transaction with correct
.device address. Transactions with incorrect device addresses shall be
-refused.

Req SYS 2: The register address at the address output bus shall be
'éxtracted from the transaction (see protocol waves, Fig. 1)

______

test_|2c Radi¢ vysila transakce s Pepa Hotovo Req_SYS_1
- _write nahodnou adresou zarizeni Req_SYS_2
- (prst. 0,9 spravné adresy),

zapisové transakce do registrd. | — RS
o Ctecimi transakcemi se LV BE |
i spravnou adresou ovéruje, ze e g& aster
data byla do registri spravné e | EORRE 33
zapsana e

- ... dalsi L |

 testy ... l / _—

-
I‘ﬂ-
L=

- 11 May 2022 ’ Digital design flow . Page 28
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www.asicentrum.com

_— 'Profotypové vyroba, kvalifikace, validace, produkcni testovani

V\’/-l:c_)_ba "engineering samples”

Kvalifikace

« bude navrh dostatecné robustni
pro seriovou vyrobu?

+  meéreni vSech parametrl navrhu
- systematicka méreni, které je
treba dobre zdokumentovat

~« casove narocne
"~ « corner wafers

Validace
. funguje vSe dle specifikace?
. kontrola integrace do aplikace

Produkcni testovani
e byl Cip vyrobeny bez poruch?

« nutno pripravit testovaci vektory

- vSechny vyrobené Cipy se testuji

11 May 2022

Specifikace

3

Navrh systému ] <

r

systémovy ndvrh _~ @
e [ RTL simulace ]

Zména
hotové RTL @ specifikace
constraints

Syntéza
netlist
constraints @
(Y= [Gate—level simulace]
Rozmist&ni+propojeni
L (Place & Route) —> Staticka &asova
- ’ analyza
podklad - N
pro vyrobu masek " =%
Vyrcheny ASIC obvod

Digital design flow

Kvalifikace
Validace
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: Mala omluva: Co jsem vam zatajil?

... “Ne vSechno se mi sem veslo, nékteré véci jsem v zajmu prehlednosti taktné zamicel.
" Pro ty zvidavéjsi, ktefi by si to chtéli sami vymyslet nasleduje jejich seznam:
s generovani resetu pro obvod
- systémovy reset, povoleni bloku, synchronizace, ...
detaily generovani hodin pro jednotlivé registry

« nékteré registry musi bézet na spadovou, jiné na nabéznou hranu SCL, aby to
vsSe spravné fungovalo

« casové pribéhy jsou do jisté miry ideové (obcas se systém "musi divat
dopredu")
« start/stop detektor
- detaily implementace a jeho Fizeni z radice (FSM) a integrace
< posuvny registr pro prijem a vysilani
+ detaily implementace, hrany hodin, pocitani bitd v bitcounteru je trochu
"symbolické" (automat obcas musi reagovat "o bit driv")
« detailni Fizeni padli, detekce High Speed moédu

+ dalsi I2C rezim (High Speed na 3,4 MHz), Fizeni "glitch filtrd" v padech s
proménnou rychlosti, zpracovani "master code", ....

* + watchdog I2C slave rozhrani
.. .° .. a jesté par dalSich drobnosti
Kdyby to mélo byt vSsechno, byli bychom tu mnohem déle!
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Dekuji za pozornost!

| Stale hledame nové kolegy:
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‘ /i ASIC

T, D-m-mn:unm

:entmm

Pouzité zkratky

« ASIC - Application Specific Integrated Circuit
. DUT - Design Under Test

e J2C - Inter-Integrated Circuit bus

.» LSB - Least Significant Bit

.+ MSB - Most Significant Bit

-+ RTL - Register Transfer Level

+ + RFU - Reserved for Future Use

.« SCL - Serial CLock

.+ SDA - Serial DAta
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