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Trong bdi canh cong nghé ban dan ngdy cang phat trién nhu hién nay, yéu cau vé cic
hé théng tich hop véi hiéu suit cao va ning luong tiéu thy thip dang rat duoc cha
trong. Mot trong nhirng xu hudng thiét ké tién tién dé dap ung nhimg nhu cau nay la
k¥ thuét két ndi Die-to-Die, cho phép ghép ndi nhiéu dies (khdi silicon) trén clng
mot package. Kién tric nay giup cai thién hiéu suét, téi vu chi phi va linh hoat hon
trong san xuat so vdi thiét ké monolithic (chip don 1¢) truyén théng. Trong mot hé
thong str dung nhiéu dies, dé dam bao su phoi hop hiéu qua gitta cac dies, khong chi
can mot giao thuc truyén dir liéu chinh ma con phai c6 mot kénh phu dé trao doi tin
hiéu diéu khién, trang thai va cu hinh. Kénh nay thuong duoc goi 1a sideband, dong
vai tro hd trg va dam bao su dong bo gitta cac dies trong hé thong.

Viéc thiét ké mot Sideband adapter phu hop dong vai trd quan trong trong viéc dam
bao kha ning mo rong cua hé thong, giam do tré giao tiép va t6i wu hoa tiéu thu ning
luong. Pidu nay dic biét quan trong dbi véi cac Gmg dung doi hoi bing thong cao, do
tré thap nhu AL, HPC (High-Performance Computing), mang truyén thong va cac hé
théng nhung phtc tap.
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LOI NOI PAU

Vi sy dong ¥ cua Khoa Pién, nhém chiing toi dd dugc nghién ciru vé dé tai: “Nghién
ctru va thiét ké Sideband Adapter cho hé thdng die-to-die trén chip”.

Dé hoan thanh dd 4n nay, ching t6i da nhan duoc su chi bao, hudéng din 4n can ti mi
cta thay gido hudng din: TS. Nguyén Khanh Quang cing véi sy hudng dan cua anh
Trinh Khéc Duy thudc cong ty Synopsys.

Qua thoi gian 1am viéc v6i thdy va anh huéng din, toi thdy minh trudng thanh nhiéu
va hoc hoi thém duoc nhiéu kién thire méi dé c6 thé ap dung ngay trong cong viéc.
Thay va anh khong nhiing d3 huéng dan cho chiing t6i trong chuyén mon ma ciing
con cd phong céch, tac phong lam viéc cia mdt nguoi ky su vi mach.

Chung t6i xin chan thanh bay té 1ong cam on sau sic ciia minh ddi véi sy giup do
quy bau d6 cua thay gido hudng dan. Toi ciing xin cam on cac thiy, cd gido trong
Khoa Dién cung anh huéng dan thudc cong ty Synopsys di cho tdi nhitng kién thirc
nhu ngay hom nay.

T6i hiéu rang hoan thanh mot nghién ctru, mot dd 4n tot nghiép k¥ su khong chi doi
hoi kién thire da hoc duoc trong nha truong, sy nhiét tinh, cham chi trong cong viéc.
Ma con 14 ca mot sy chuyén nghiép, kinh nghiém trong nghé. Téi rit mong duoc sy
chi bao thém nira ctia cac thiy, c6 ciing nhu cic anh thudc cong ty Synopsys.

Thot gian 5 ndm hoc tai truong Pai hoc da két thuc va sau khi hoan thanh do an tbt
nghiép nay, sinh vién chung t6i s& 1 nhitng k¥ su tré phat trién nganh vi mach vimng
manh. TAt ca nhung kién thtrc d3 hoc trong 5 nam, dac biét 1a qua trinh tham gia dd
an tot nghi¢p da tao cho chling to1 su tu tin dé co thé bat dau cong viéc cua mot ky su
thiét ké vi mach trong tuong lai. Nhirng kién thirc d6 ¢ duoc 1a s huéng dan va chi
bao tan tinh cta cac thay gido, c¢d gido cling nhu cac anh thudc cong ty Synopsys.

To6i xin chan thanh cam on!



LOI CAM POAN LIEM CHiNH HQC THUAT

T6i xin cam doan rang dd 4n tot nghiép véi dé tai “Nghién ctru va thiét ké Sideband
Adapter cho hé théng die-to-die trén chip” 1a nghién ciru doc 14p cua chung toi véi
su hd tro tir giang vién huéng dan TS. Nguyén Khanh Quang va cong ty Synopsys.
Chung t6i xin cam doan toan bo s lidu dugc cung cip tir béo cao déu la cua cong ty
va day 12 két qua nghién ctru hoan toan trung thuc, khéng sao chép tir bat ki mot cong
trinh nghién ctru khac nao. Nhitng tai liéu trich dan déu da duogc ghi 16 ngudn gdc.
Chung t6i xin chiu hoan toan trach nhiém néu co bat ky su sao chép, gian doi két qua
nao trong san pham do an nay.

Sinh vién thuc hién

Hoang Lé Nhat Truong
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Nghién cieu va thiét ké Sideband Adapter cho hé thong die-to-die trén chip

MO DAU

1. Muc dich thyc hién dé tai:

Hién nay, c6 nhiéu phuong phap dé thiét ké kénh sideband trong hé thong die-to-
die, mbi phuong phap déu c6 dic diém riéng vé hiéu suat, do tin cay va kha ning mo
rong. Mot sd giai phap phd bién bao gdm viée sir dung giao thirc giao tiép ndi tiép
nhu 12C, SPI dé truyén dit liéu diéu khién giita cac die. Trong d6, I2C 1a mét lya
chon don gian, d& trién khai nhung c6 bang thong thip, phi hop cho cac tin hiéu ciu
hinh. SPI cung cip téc dd cao hon va kha ning truyén dit liéu song song nhung yéu
cau nhiéu day tin hiéu hon. Mot sd giao thirc lién két chiplet ciing tich hop kénh
sideband dé hd trg truyén tin hiéu diéu khién va giam sat. Chang han, trong PCle,
kénh SMBus/I2C dugc sir dung dé truyén thong tin quan 1y, trong khi cac hé thong
sir dung giao thirc lién két chiplet khac c6 thé co kénh sideband riéng biét dé diéu
khién trang thai lién két hodc trao doi thong tin diéu khién giita cac die. Ngoai ra,
mot s6 phwong phéap sir dung tin hiéu GPIO don gian dé trao ddi tin hiéu trang thai
nhung bi han ché vé sé luong tin hiéu c6 thé truyeén.

Duya trén cac giai phap hién c6, du 4n nay dé xuat thiét ké mot sideband adapter
gitip hai dies c6 thé giao tiép hiéu qua ma khong tiéu ton qua nhiéu tai nguyén. Giai
phap ndy sé& sir dung mé hinh truyén dir liéu ti vu voi co ché quan 1i ngudn thong
minh, dam béo tinh mé rong cho hé théng.

2. Muc tiéu ciia dé tai:

Muc tiéu cua du an nay 1a thiét ké mot khéi sideband adapter, gitp cac adapter &
dies c6 thé néi chuyén véi nhau. Gom c6 cac chirc ning sau:

e Trao d6i quyén truy cap thanh ghi tir Adapter dén Adapter hodc 1a Adapter

dén PHY cuc b (bao gdm ca 1énh doc va ghi thanh ghi).

e Trao d6i cac goi message tir Adapter nay sang Adapter kia.

e Bio 16i néu mot quyén truy cap thanh ghi phan hdi qua cham (time out), kiém

tra 101 va cac ché do giam sat khac.
3. Pham vi va ddi twong nghién ciru:

Déi twong nghién ctru:

e Sideband adapter va cac dac diém ky thuat cua no.

e CDC, 4 ways hand shaking, arbiter, FIFO.

Pham vi nghién ctru:

o Thiét ké Sideband adapter dép g tiéu chuan cong nghiép, dam bao céc tinh

nang cua no.
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e Ap dung cac cong cu va ngdn ngit mo ta phan cing (HDL) nhu System
Verilog.
e Sir dung cac phan mém mo phong ctia Synopsys nhu Verdi, Spyglass, Design
Compile Ultra va DFTMAX.
4. Phwong phap nghién ciru:
Pé danh gia hiéu qua cﬁa,sideband adapter, cac phuong phap nghién cuu s€ tap
trung vao churc nang, hi€u suat va do tin cay.

V& chirc ning, adapter can dam bao thuc hién day du cac nhiém vu bao gdm trao
d6i quyén truy cap thanh ghi, truyén message giita cic adapter va co ché bao 15i khi
truy cap thanh ghi phan hdi qua cham. Viéc kiém tra duoc thuc hién thong qua
testbench mo phong dé xac nhan rang tit ca cac chirc niang hoat dong dung nhu thiét
ke.

Vé hiéu suat, cac chi s6 danh gid bao gdm d¢ tré khi truyén 1énh truy cap thanh
ghi va message, bang thong tdi da cua kénh sideband ciing nhu murc sir dung tai
nguyén phén cung khi trién khai. Viéc do luong hi¢u suat duoc thuc hién thong qua
mo phong timing, kiém tra tai giao tiép trong diéu kién thuc té va phén tich két qua
tong hop phan cing.

Vé d¢ tin cdy, can danh gia kha nang phat hién 13i, ty 1¢ 1 bit khi truyén dit liéu
va kha nang phuc hoi khi xay ra sy ¢6. Phuong phép kiém tra bao gdm mo phong 15i
(fault injection) dé xac minh co ché phat hién 16i va kiém tra hé thdng vé6i dir liu bi
nhiéu dé danh gia tinh 6n dinh.

Vf’)i viéc tap trung nghién curu cac tiéu chi nay, viéc phétwtrién sideband adapter
c6 thé dam bao tinh chinh xac, hi€u suat cao va hoat dong on dinh trong h¢ thong
die-to-die.

5. Céau tric ciia do an tot nghiép:

e NHAN XET CUA NGUOI HUONG DAN

e NHAN XET CUA NGUOI PHAN BIEN

e TOM TAT

e NHIEM VU PO AN TOT NGHIEP

e PHIEU KIEM SOAT TIEN DO LAM PO AN TOT NGHIEP

e LOINOIPAU

e CAM DOAN

e MUC LUC

e DANH SACH CAC BANG, HINH VE

e DANH SACH CAC KY HIEU, CHU VIET TAT

e MO PAU

e CHUONG 1: TONG QUAN VE SIDEBAND ADAPTER
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e CHUONG 2: THIET KE SIDEBAND ADAPTER

e CHUONG 3: KET QUA THUC NGHIEM VA PANH GIA
e KET LUAN VA HUONG PHAT TRIEN

e TAILIEU THAM KHAO

e PHULUC

Sinh vién thuc hién: Hoang Lé Nhat Truong GVHD: Nguyén Khanh Quang



Nghién cieu va thiét ké Sideband Adapter cho hé thong die-to-die trén chip

Chuong 1: TONG QUAN VE SIDEBAND ADAPTER

1.1. Giéi thiéu
Chuong ndy cung cip mot cai nhin tong quan vé hé thong die-to-die trong quy

trinh san xudt chip hién dai, bao gdm cac budc chinh trong quy trinh du an tir khoi dau
dén hoan thién, nhan manh vai tro cua viéc tdi wu hoa két ndi va tuong tac gitra cac die
dé ning cao hiéu suit va do tin ciy ciia san pham. Ddng thoi, chuong con trinh bay cac
yéu cau cu thé ddi voi Sideband adapter trong thuc té, nhu kha ning truyén dit liéu 6n
dinh, pht hop voi tiéu chuan truyén thong cao cp, ddng thoi dam bao tich hop linh hoat
va dé bao tri dé dap tmg cac tiéu chi vé hiéu sudt va do bén trong moi trudng san xuat
tién tién.
1.2. H@ thong die-to-die

Céc két ndi giira cac chip trong cung mot goi (die-to-die interconnects) danh dau
bude tién quan trong trong cong nghé ban dan, cho phép giao tiép hiéu qua giita nhiéu
chip silicon trong mot gbi duy nhat. Sang kién nay giai quyét nhitng thach thirc cia thiét
ké chip don khéi truyén thong bang cach cung cap hiéu suit cai thién, chi phi hop Iy va
kha niang mo réng cao. Tiéu chuan UCIe dong vai tro then chét trong linh vyc nay, gitp

két ndi bang thong cao gitta cac chiplet da dang vé chirc nang [1][2].

Died ' O
SoC €—»  Adapler ﬁ:‘ > | PHY e > Adagter  l¢——P» SoC
1 1 |

Hinh 1.1: Vj tri adapter trong hé théng die-to-die

Nhu ciu vé cac két ndi giira cac chip trong cing mot goi (die-to-die interconnects)
duoc thiuc déy bdi mot sb yéu t5 chinh.

Thir nhét, nhu ciu ngay cang ting vé bang thong cao hon, can thiét cho cac hoat
dong nhu xem phim 4K truc tuyén va choi game truc tuyén, doi hoi téc do truyén dir
liu cao ma céc két ndi die-to-die cung cip, dam béo trai nghiém sdng dong cho ngudi
dung.

Thir hai, khi dinh luat Moore gén dat gidi han vat ly cua nd, nhiing thach thuc vé
quy md truyén thong budc phai c6 nhiing giai phap sang tao, cac két ndi die-to-die gitip
nang cao hiéu suat ma khong bi giéi han boi quy mo truyén thng.

Hon nira, khi cac cong nghé san xuat tién tién tré nén dat d6 hon, viée phan chia

céc chip ASIC 16n thanh cac thanh phan nho hon gitp t6i uu hoa chi phi, nang cao hi¢u
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sudt va str dung silicon hiéu qua hon. Phuong phap thiét ké theo mo-dun nay con giap
tang tinh linh hoat dé thich ing v6i nhu cau thi trudng va thic ddy phat trién cong nghé
nhanh hon. Ngoai ra, cac két ndi die-to-die cung cap kha ning truyén dit liéu cao va do
tré thap can thiét cho cac ing dung doi hoi cao nhu cic multi-terabit Ethernet switches
va tich hgp quang hoc.

Cudi cung, nd luc cua cac td chirc trong viée thiét 14p cac tiéu chuin nganh cho
cac giao dién die-to-die 1a rat quan trong dé dam bao kha ning twong tac va tdi da hoa
hiéu suit trén cac hé thong khac nhau [3].

Khi nganh cong nghiép ban dan hudng toi nang cao hiéu suat va tiét kiém ning
luong, cac két ndi gitra cac chip trong cing mot goi (die-to-die) dong vai trd quan trong
dé dat duoc nhitng muc tiéu ndy. Cac cong ty 16n nhuw ARM, Meta, Intel va Samsung da
ap dung phuong phéap nay dé cai thién cac giai phap ban din cia minh. Bang cach cung
cAp mot giao dién tidu chuan, UCIe giup dé dang twong tac lién mach gitta cac chiplet
tir cac nha cung cdp khac nhau, thac day chién luoc thiét ké da chip linh hoat va mo

rong theo mo-dun [2].

AMDA COI'Mm ﬁf ASE GROUP

Google Cloud 00 Meta

M Microsoft Qualcomm

SAMSUNG

Hinh 1.2: Cac cong ty st dung die-to-die

Khi két ndi 2 chip véi nhau, dit liéu toc d6 cao duoc truyén thong qua cac nhom
dudng truyén goi 1a mainband. Loi ich ctia nhom nay 1a né c6 bang thong cao dé phuc
vu truyén dir liéu 16n. Tuy nhién, nhém nay yéu cau dugc dao tao dé lam viéc binh
thuong, do d6 nd doi hoi sy gitp dd tir cac nhom duong truyén khac goi 1a sideband.
Nhom Sideband ciing phuc vu trao ddi tham s6 va cac muc dich cdu hinh khac, s& dugc
giai thich trong phan sau. Cac duong sideband véi téc do thap va thong thudng chi c6
mot sd céng. Bang thong cta sideband la thép, nhung c6 thé chép nhan duoc vi viéc s

dung cac lan ndy dang trao d6i dit liéu khong yéu cau toc do [1].
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Hinh 1.3: Két ndi Die-to-die

Chu y: Phy 1a mot cay cau két ndi 2 die truc tiép. Maic du Adapter thuc hién nhiém vu

truyén dir liéu, nhung n6 khong két ndi truc tiép véi giao dién cua chip. Adapter c6 kha

nang diéu khién PHY hoat dong & ché d yéu cau, truy cap vao thanh ghi ciia PHY la

mot phan chirc nang cta no.

1.3. Thong sb cia giao dién

Sideband adapter twong tac voi nhiéu giao dién khac nhau, bang duéi day sé mo ta

chi tiét cac giao dién do:

Bang 1.1: Thong so giao dién

Pin Name Direction | Clock Frequency Description

CTL control port

clk in - 2GHz Clock.

sclk in - 20MHz Clock.

rst n in Async | - Asynchronous reset,
active low.

init in clk - Sync init, active high.

Sideband Interface

pl data[15:0] in clk - Data from PHY to the
Adapter.

pl valid in clk - Inform the data
Phy2 Adapter is valid.

pl crd in clk - Credit from PHY to
the Adapter.

Ip_data[15:0] out clk - Same above but

Ip valid out clk - direction from Adapter

Ip_crd out clk - to PHY.

CSR control

csr_addr[11:0] out clk - Address to access.

csr wdata[31:0] out clk - Write data.

csr_rdata[31:0] in clk - Read data.

csr_ce out clk - Enable to access CSR.
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CSI we out clk - Write enable, valid
when csr_ce=1
e (Read
operation
o 1 Write
operation
csr_done in clk - Read operation
Mailbox info
mb req valid gst in Async | - Mailbox register

access operation
request to remote
Adapter. This is 4
ways handshaking
signal with
mb_resp valid.

mb_req addr gst in Async | - Address of the register.
mb_req we_gst in Async | - Write operation.
e (ORead
operation
o 1 Write
operation
mb_req data gst[31:0]  in Async | - Write data.
mb resp valid out clk - Response valid.
mb_resp_sts out clk - Status of the operation.

e 0 Error (see
response in
mb_resp data)

e [ Done

mb_resp_data[63:0] out clk - Full sideband packet
that is responded from
the Remote Adapter or
from the local PHY.
Parallel message interface

msg_p2s_req in out - Parallel data to send to
msg p2s data[65:0] in out - sideband.

msg p2s ack out out -

msg_s2p _req out out - Sideband data that is
msg s2p data[65:0] out out - converted to parallel
msg_s2p ack in out - interface.

Error signals

op_e out clk - Operation error, check

status bits. Only clear

with sync init.
op_e_sts[N] out clk - Error status, each bit

represents 1 error.
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Defined by implement
solution.
Scan
scan_rst[1:0] in Asyn - Scan Reset.
1.4. Giao thirc Sideband
1.4.1. Giao thirc cua giao dién
« Ip_*: Tin hiéu tir 16p logic sang 16p vat 1y, duoc gui tir Adapter dén PHY.
« pl_*: Tin hi¢u tir 16p vat 1y sang 16p logic, dugc guri tir PHY dén Adapter.

Khi tin hi¢u valid hop 1€, dit li¢u trén giao dién 1a dir li¢u hop 1€ va 1 doan dugc gui trén
1 chu ky ddng hd. Tin hiéu valid hop 1 nén duoc giit cao cho dén khi tat ca cac giai

doan cua goéi da dugc guri. Cac goi back-to-back dugc cho phép. Sau do, c6 2 gbi back-

to-back v1 2 doan dugc gui.

S6 lugng pha dugc ma hoa trong trudng opcode & bang opcode.

lp_data|15:0] X[*Imsu%’hu.»'ux['I'mm:%‘]mm%"nn't care X’hnv‘cl}([’lmau:m‘hnm%’hdsvxﬂﬂntmru:

i

1

1

. * 1 L] :
Ip_valid ' . '
i i 1 i i 1 i i i

: i ' { i . : H i

[ 1 ' T [} ] [ - & 1

' ' i ‘ ' ' ' i . ' ] H '

i i i i i i ; i 1 i i i i

i [ i i ] i L i i [} i L] i

i ' ‘ i i : ' ' . i

Hinh 1.4: Giao thuac sideband

pl_crd/lp_crd duoc giri khi khdi nhan da giri thanh cong 1 goi tin.

1.4.2.

Sau khi dat lai, mic dinh credit 13 2. Nghia 1a Adapter/Receiver co thé giri 2 goi
tin lién tuc ma khong lo léng PHY s€ bi tran va nguoc lai.

PHY trd lai pl_crd (Adapter tra lai Ip_crd) khi guri thanh cong go6i tin (4 doan
hoic 2 doan) va san sang giri goi tin moi.

Adapter nén c6 mot bd dém dé dém sb luogng credit trong PHY. N6 chi giri goi
tin khi bd dém 13 khong phai 0.

Gdi tin truy cdp thanh ghi

Béang dudi day dudi dy cho thay dinh dang ctia géi tin yéu cau truy cap thanh ghi:

Béang 1.2: Thong tin goi tin truy cép thanh ghi

Byte 3 2 1 0

Bits 15 14| 3] 12|11/10]/9/8]7]6|5]4]3]2]1]0
Header/Data Header

Phase 0 srcid[1:0] | tag[1:0] |ecr \ Reserved (all 0) \ opcode[3:0]
Phase 1 cp |dp |dstid[1:0] addr[11:0]
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Header/Data Data
Phase 2 data[15:0]
Phase 3 data[31:16]

Opcode khdp véi thao tac ghi hodc doc bd nhd trong phan 1.4.5. Tai mot thoi diém, chi
¢ 2 gobi yéu cau truy cap ding ky dugc phép. Diéu dé c6 nghia 1a adapter can chd goi
tin hoan thanh tir cai die khac trudce khi giri cai moi.

Adapter c6 credit 1a 4 khi dat lai, day 1a credit tdi da ctia Adapter. Luu ¥ rang credit ny
khong phai 1a credit cua giao dién sideband. Mbi lan yéu cau duoc gui di, mot credit s&
duoc su dung.

Trudng "cr" trong goi tra vé 1 credit cho remote Adapter.

Khi Adapter nhan dugc yéu cau, n6 s& xtr 1y 1énh va tra vé thong bao hoan tat truy cp
Register.

Bang 1.3: Thong tin goi tin tra vé

Byte 3 2 1 0

Bits 15143 12]11]/10]/9/8]7]6/5[4]3]2]1]0
Header/Data Header

Phase 0 srcid[1:0] | tag[1:0] |ecr ‘ Reserved (all 0) ‘ opcode[3:0]
Phase 1 cp ‘ dp | dstid[1:0] Reserved (all 0) status[2:0]
Header/Data Data

Phase 2 data[15:0]

Phase 3 data[31:16]

Bang dudi day cho thay cac truong ciia goi tin:
Bang 1.4: Cac truong cua gobi tin
Field | Description

srcid See other tables
dstid See other tables

opcode ' See other tables

cp Even parity bit for header

dp Even parity bit for data

addr Write/Read register packet: Address to write or read
tag Tag to match the completion with request.

status | Completion packet: Status of the request
e (00b: Completion Success (CS) the request is completed sucessfully.
This status returns with or without data, depends on the request.
e (01b: Unsupported Request (UR). This status always returns with
data. The data contains the header of the request. It raises in cases:
o Address not in range
o Write to read only register
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status e 10b: Completion Aborted (CA). This status always returns with
data. The data contains the header of the request. It raises in cases:
o CP, DP error
o Timeout
o Any other errors

e 11b: Stall (ST). When a completer needs more time to complete the

request, it can send back Stall status for the requester resets its’
timer.

data Payload. Always 32bits in this design. This segment are available in Write
request packet, Read Completion or Completion with UR or CA status.
cr Credit for Adapter to Adapter request.

Dia chi phai ndm trong pham vi dugc xac dinh nhu bén duéi hodc goi tin tra vé phai
phan hoi vai trang thai UR nhu trong bang dudi:
Bang 1.5: Céc vung dia chi
Address Range Location

000h-00Fh Adapter

010h-01Fh PHY

020h-02Fh Adapter & PHY (LSB of data is in Adapter,
MSB is PHY)

Other Reserved. Send back UR if Adapter sees request

within this range.

Néu Adapter nhan dugc goi Register Access Request co dia chi trong ving Mixed
(Adapter & PHY), n6 phai thyc hién cac budc sau:

« Chuyén tiép hoan thanh dén bo diéu khién thanh ghi ndi bo.

« Chuyén tiép yéu cau dén PHY. Luu y rang goi chuyén tiép can dugc cip nhat srcid va
dstid.

« Gop két qua tir bo diéu khién thanh ghi noi bd va hoan thanh tir PHY cuc bo sau do
gri hoan thanh dén remote adapter.

« Luu y khi nhan dugc hoan thanh, Adapter phai kiém tra truong "tag" dé khop voi yéu
cau ctia n6 thay vi str dung "srcid" va "dstid".

1.4.3. Goi tin message

Bang dudi day thé hién dinh dang ctia goi tin message:

Bang 1.6: Thong tin goi tin message

Byte 3 2 1 0

Bits 15| 4| 3] 12|1u]10]9]8|7]6]5[4(3]2]1]0
Header/Data Header

Phase 0 srcid[1:0] | Reserved | MsgCode[3:0] ‘ Reserved opcode[3:0]
Phase 1 cp ‘ dp | dstid[1:0] Msglnfo[7:0] MsgSubCode
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Header/Data Data
Phase 2 data[15:0]
Phase 3 data[31:16]

Béang dudi day thé hién cac truong trong goi tin:

Bang 1.7: Céc truong trong goi tin message

Field Description

srcid See other tables

dstid See other tables

opcode See other tables

cp Even parity bit for header
dp Even parity bit for data

MsgCode[3:0]
MsgSubCode[3:0]
Msglnfo[7:0]

data

Message Code. See other tables
Message Sub Code. See other tables
Message Info. See other tables
Payload. Always 32bits in this design.

Tai mdt thot diém, c6 4 goi yéu cau duge phép. Co 2 loai goi tin nhan, cé dir liu va

khong c6 dir liéu.

Béng bén dudi hién thi thong tin cho tin nhan khong c6 dit lidu:

Bang 1.8: Thong tin cia tin nhin khong c6 dir lidu

Message MsgC | MsgSubc = MsglInfo Description
ode ode
{NOP.Crd} Oh Oh Oh: No credit No Operation message
return with credit for register
lh: 1 credit access command.
return
2h: 2 credit
return
3h: 3 credit
return
4h: 4 credit
return
{LinkMgmt.Acti | 1h Oh Reserved Request Adapter to
ve.Req} move to following
{LinkMgmt.LP. lh states:
Req} - Active
{LinkMgmt.Retr 2h - Low power
ain.Req} - Retrain
{LinkMgmt.Acti | 2h Oh Oh: Response Response to the request
ve.Resp} Fh: Stall if Msglnfo = Oh.
{LinkMgmt.LP. lh If Msglnfo = Fh, is
Resp}
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{LinkMgmt.Retr 2h received, the timeout
ain.Resp} timer reset to zero.

Béng bén dudi hién thi thong tin cho tin nhan c6 dir lidu:

Bang 1.9: Thong tin ciia tin nhin c¢6 dit lidu

Message Msg  MsgSu Msg Description
Code | bcode  Info

{AdvCap. | Oh Oh Oh Advertise Adapter Capability. The data field
Adapter} 1s copied from CSR register.
The request and response are the same for
this packet.

Trong thiét ké nay, Adapter chi chuyén tiép tin nhan, né chi tip trung vao viéc luu trix
tin nhin va chuyén tiép dén dung nguoi nhan.
1.4.4. Timeout

Tat ca cac goi yéu cau sideband co thdi gian cho 13 8ms, néu bén hoan thanh khong
thé hoan thanh yéu cau dung han, bén nay phai giri lai phan hdi “Tam dimg” dé bén yéu
cau thiét 1ap lai bo dém thoi gian cia minh.

1.4.5. OPCODE, SRCID, DSTID

Bang dudi day thé hién cac truong opcode, srcid va dstid:
Bang 1.10: M6 ta opcode, srcid va dstid
Field Description
srcid Source ID
- 00b: From local adapter
- 01b: From local PHY
- 10b: Reserved
- 11b: From remote PHY
dstid Destination ID:
- 00b: Reserved
- 01b: To local PHY

- 10b: To remote adapter
- 11b: To remote PHY

Bang 1.11: Thong tin gidi ma opcode

e(zf(f:i)i(:leg Packet type

450000 No data packet

4'b0001 Memory Write

4'b0010 Memory Read

450011 Completion without
data

4'b0100 Completion with data
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Nghién ciru va thiét ké Sideband Adapter cho hé thong die-to-die trén chip

410101 Message without data
40110 Message with data
Other Reserved

1.5. Giao thirc giao dién Adapter
1.5.1. Giao dién Parallel message
Dt li¢u giao dién song song dugc su dung dé trao di dit liéu ndi bdo nham don gian hoa
viéc truyén dir liéu. Adapter dugc yéu cau dé chuyén ddi giao dién nay sang giao thirc
sideband nbi tiép. Dir liéu cta giao dién nay c6 66 bit:
* Dt 1i¢u 64 bit cho 4 doan
« 2 bit cho s doan
Theo yéu cau, dir lidu dugc giit cho dén khi tin hiéu xac nhan tir dit liéu 1én 1 (trong 1
chu ky).

req

data< >< Valid data >< Valid data >< >

ack

Hinh 1.5: giao thtrc request va acknowledge

1.5.2. Giao thirc diéu khién CSR
Giao dién diéu khién enable (csr_ce) va done (csr_done) hoat dong giéng nhu req/ack
cua giao dién parallel message.

1.5.3. Yéu cau tir mailbox

Trong du an ndy, adapter chi giri va nhan goéi Register Access Request dén remote
adapter bang cach st dung yéu cau mailbox tir thanh ghi CSR  tryc tiép.

Theo yéu ciu ciia mb_req valid gst, adapter giri yéu cau va hoan tit quy trinh dé cap
nhat mb resp valid. 2 tin hiéu str dung giao thirc 4 ways handshaking dé trao ddi dir
liu.

1.5.4. Giao thirc 4 ways handshaking

Déi voi dir liéu khong dong bd, co ché 4 ways handshaking req/ack duogc sir dung dé
khic phuc su ¢d xung nhip giira cac mién.

Sinh vién thuc hién: Hoang Lé Nhat Truong GVHD: Nguyén Khanh Quang
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lelk | | | | | | | | | !
: i i i i : i i i
req ! : ; : ! ; : :
_ | : : i - - : :
Liam< >< Valid data >< >
ack . : | : | | ' i i
A i I 1 1 1
e e A
Hinh 1.6: Giao thtrc 4 ways handshaking
1.6. Quy trinh thiéet ke
Design
requirsment
smclﬁul_m':_r 3
pro— ¢
Archicture
specibcation
| .
-/ Acchictore
Specilication review Specication
\ ==
"?:::2," ——»  Dosign simulation |+ | — -{ RTL design l j Design synthesis }-
chNM‘sl_\ T ' 5 - — . —— -
’ 4 ] l Design for test z A
i | PN i | v - — < Paas? >
— < Pass? > o At SPY GLASS KL
I Tastbanch | 7 v } ’ ’L (4 [
i : + ' '
Codle raview =,
v
RTL code
| Design Venfication | RTL design Design implementation

Hinh 1.7: Quy trinh thiét ké

Dic ta yéu cau thiét ké: Day 1a yéu cau tir khach hang hodc cac nhom khac, mo ta chirc
nang va dac diém (téc do, dién tich, ...) cia san phém.

Dic ta kién trac: Thiét ké kién trac cua san phém, chia thanh cac khéi nhé hon va chuec
nang cho tirng khoi.

Thiét ké RTL: Chuyén ddi kién trac tir dang vin ban sang ngdn ngit mo ta phan cing
(HDL) nhu Verilog hoic SystemVerilog. Budc ndy c6 thé yéu cau thiét ké kién tric &
quy mo nhé hon, duoc goi 1a thiét ké khdi hodc thiét ké kién triic vi mo.

Sinh vién thuc hién: Hoang Lé Nhat Truong GVHD: Nguyén Khanh Quang
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Nghién cieu va thiét ké Sideband Adapter cho hé thong die-to-die trén chip

Xéc minh thiét ké: X4ac minh xem ma RTL c6 khop véi dic ta hay khong. Budc nay

cling st dung Verilog/SystemVerilog v6i cac cong cu md phong dé xac minh thiét ké.

Checklist: Bao gém cic muc dé xac minh thiét ké.

Testbench: Mbi truong dé xac minh thiét ké.

Mo phong thiét ké: Pua ma RTL vao mdi trudng va chay mé phong dé xac minh
thiét ké.

Trién khai thiét ké: Chuyén d6i ma RTL thanh cac 6 logic va tao co s& dit lidu vat Iy dé

san xuat.

1.7.

Synthesis: Chuyén d6i ma RTL thanh cac 6 logic. Két ndi va chirc ning ciia cac
6 van dugc viét bang cu phap Verilog va duoc goi 1a netlist cap cong (GLN). Sau
giai doan nay, c6 cac bai kiém tra dé dam bao netlist va ma RTL khép v6i nhau
hoic thiét ké co thé dap ing yéu cau vé hiéu suat, ...

Thiét ké cho kiém thir (DFT): Dé xac minh thiét ké trong thé gidi vat 1y (khi dugc
san xuat), phai bao gom cac chirc nang thir nghiém bén canh cac chic ning thong

thuong. Budc nay thém cac chirc nang vao thiét ké.

Két luan

Chuong nay gitp chiing ta hiéu rd khai niém die-to-die va vai trd quan trong cila

n6 trong cong ngh¢ san xuat chip hién dai, dong thoi cung cap cai nhin toan dién vé quy

trinh thiét ké chip tir nhitng budc khai dau cho dén khi hoan thién san pham, nhdn manh

su phoi hop chat ché gitta cac giai doan dé dam bao chat luong, hi€u suat va téi uu hoa

két ndi giita cac die trong hé thong tich hop cao.

Sinh vién thuc hién: Hoang Lé Nhat Truong GVHD: Nguyén Khanh Quang
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Nghién ciru va thiét ké Sideband Adapter cho hé thong die-to-die trén chip

Chuong 2: THIET KE SIDEBAND ADAPTER

2.1. Gié6i thi¢u

Sideband adapter 1a mot lién két truyén thong dic biét cho phép hai dies (hoic chip)
trao doi thong tin va phdi hop véi nhau thong qua mot khédi didu khién riéng biét. Khoi
nay xtr 1y ba chirc ning chinh lién quan dén truyén dit liéu, gitip dam bao hai chip hoat
dong cung nhau mdt cach tron tru va hiéu qua:

« Adapter chi giri va nhan goéi truy cdp thanh ghi t&i adapter ¢ die khic bang

mailbox request tir CSR direct access.

« Trao d6i goi tin message tir adapter nay sang adapter ¢ die khéc.

« Nhan va xt li yéu cau truy cép thanh ghi tir mot die khac giri dén.
Duéi day 1a so d6 dé xuat ban dau:

Blocks with asvine signal

Blocks with sy slyma

R.u.g‘,q., r access controdler
Renote
Credit

Danager

Tt
Timer

Remote

Reguasser

Remmwste
P Al(rss €

control Recelver Message

controller

Packet router

[ Parity Fache |

Opcosde Decoder

=N
‘ sap sS2r s 25
Completion Normal ompletion Normal
‘ FIFO FIFO FIFO FIFO

v ¥

L 0
Interface Cred
\ Opcode Decoder / \ P25 Arbiter / I eracn e
manager

Hinh 2.1: Dé xuat thiét ké
Chuong nay sé& trinh bay khai quat vé cac khdi c6 trong hé thong. Riéng khdi Remote
access requester, Remote credit manager va Timeout Timer s€ dugc trinh bay chi tiét vé
nguyén ly hoat dong, dang song cta ting khoi nhé vi dé 1a phan ma t6i ddm nhié€m thiét
ke.

Sinh vién thuc hién: Hoang Lé Nhat Truong GVHD: Nguyén Khanh Quang
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Nghién ciru va thiét ké Sideband Adapter cho hé thong die-to-die trén chip

2.2. Khdi Remote access requester

2.2.1. Téng quan

- Khi co yéu cau duoc guri tdi, tin higu va dir li¢u s€ dugc gui téi thong qua mot
mailbox.

- Yéu ciu nay sé& dugc xtr 1y trong khdi Remote access requester, nd sé kiém tra
credit va giri tin hiéu dé cap nhét s6 luong credit trong khdi Remote credit
manager, cung lic d6 n6 s& guri tin hiéu dé kich hoat bo dém thoi gian va guri goi
tin yéu cau toi khéi tiép theo.

- Khi 6 goi tin tra vé tir giao dién parallel, khéi Remote access requester ndy s&
tién hanh kiém tra credit dé giri vé khéi Remote credit manager va trang trai ciia
g6i tin phan hoi dé phan hoi vé lai mailbox.

clk incr_cre_recei
rst_n Remote credit  [*
init manager incr_nop
B
A= A
3 18 |s
I N
e @ 3
@ I
mb_req_we_gst L v
— rac_req_p2s_data [65:0]
mb_req_addr_gst >
rac_req_p2s_valid
. Ll
mb_req_data_gst[31.0 ) rac_req_p2s_ack
. _ <
mb_req_valld_qst: cDC req_valid rac._req_s2p_ack .
. ck _ >
rst n Remote access requester | rac_req_s2p_valid
= -
init < rac_req_s2p_data [65:0]
P mb_resp_valid sit error
h = >
>, mb_resp sts wrong_cmpl_errar o
- »
mb_resp_data[63:0]
€
| =
| 5
215 |2 3
o | = I-%' g
= 2 %
=
rst_n R @
init
cDC
sclk
h,
timer_en_syn timer_init_syn| g
- o]
3 1 =
¥ ;r %
| o
3 =
Timer = a
rst n o

Hinh 2.2: M5 ta tong quan khdi Remote access requester
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Nghién ciru va thiét ké Sideband Adapter cho hé thong die-to-die trén chip
2.2.2. Théng sé va so do chi tiét ciia khoi
Bang dudi diy mo ta day du cac thong sb cia khoi:

Bang 2.1: Thong so cua cac giao dién Remote access requester

Pin name Direction | Clock | Size Description

Remote access requester interface ports

CTL control port

2GHz clock.
Asynchronous reset, active low.
Sync init, active high.

clk Input
rst n Input async
it Input
Mailbox info
mb _req we gst Input async Write operation.

mb req addr gst Input async = 12 | Address signal of register.
mb req data gst Input async | 32 | Write data.

— [ U

mb_resp valid Output clk 1 | Response signal to mailbox.
mb resp sts Output clk 1 | Status signal to mailbox .
mb_resp_data Output clk 66 | Data bus response from the Remote

access requester block.

Parallel interface .

rac_req_p2s_ack Input clk 1 | Response signal from parallel
interface after send request.
rac_req s2p data Input clk 66 | Data bus signals of completion from

parallel interface.

The size is 66

rac_req s2p valid Input clk 1 | Valid signal of completion from
parallel interface.
rac_req_p2s_data Output clk 66 | Data bus from the Remote access
requester block to parallel interface.
The size is 66

rac_req p2s_valid | Output clk 1 | Valid request signal to parallel
interface.

rac_req_s2p_ack Output clk 1 | Ack valid respond to parallel
interface.

Remote credit manager Interface Ports

up_cre Input clk 4 | Number of credit in Remote credit
manager.

incr_cre Output clk 1 | Increase credit signal to Remote
credit manager block.

decr cre Output clk 1 | Decrease credit signal to Remote
credit manager block.

CDC Interface Ports

timeout Input clk 1 | Time out signal from timer.

timer init done Input clk 1 | Timer init acknoledge signal.

timer_init Output clk 1 | Reset timer signal.

timer en Output clk 1 | Enable timer signal.

Sinh vién thuc hién: Hoang Lé Nhat Truong GVHD: Nguyén Khanh Quang
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Nghién ciru va thiét ké Sideband Adapter cho hé thong die-to-die trén chip

req valid

Input

clk

Valid request signal after synchrnous

from CDC block.

 Error Interface R

rac_req_s2p_cata (G304

stt_error Output clk 1 | Error signal in operation.
wrong _cmpl_error | Output clk 1 | Error signal when do not send
request yet but receive completion.
Dudéi day 1a so do chi tiét cuia khoi:
t ta
EREA
NP SN Remote Access Requester »
mb_meq_we_qst! » T0C_rog_p2s_data |65 0]
mi_req_addr_qst, ez *9% B5% 1. chock oreom < ; 8c_1eq_p2s_ack
mb_req_oala_gsi[31 t,‘ l :‘
:
roq_valid ; T check_done l 1 send_req ot dona
- SH_ermo l I _Ta_er1or > oL .
wrong_cir o _error e Checkatstus | ¥ fac_req slp vai
« FSM stal
~« ml‘_‘r'.r.- s , Imegul_emor :
: mb resp vahd " e x
T T 1
| S 3 sl
|rb_r(‘.p_1.xL:"fi:‘.‘ 0 < > 3 ~
< -k : Doty processor ._.l__,_. _*JQ;’:?L"[
T | nimeout_sinal
;rm ' f ' > 2D ¢
— e o T — ent et e OO |
FRERE! 5
s "s v3 g

Hinh 2.3: M6 ta chi tiét kh6i Remote access requester

Khoi Remote access requester bao gdom cac khoi con sau:

Khéi header dung dé tao gbi tin yéu cau tir tin hiéu va dit liéu tir mailbox.

Khéi check credit dung dé kiém tra sb luong credit trong Remote credit manager

va gui tin hi¢u dé cap nhat s6 lugng credit c6 trong Remote credit manager.

Khoi check status dung dé kiém tra trang trai ctiia goi tin trd vé va guri cac tin hiéu

trang thai t6i cac khoi FSM va data processor.

Khoéi FSM dung dé diéu khién va giam sat trang thai cua khoi Remote access

requester.

Khéi data processor dung dé tao goi tin phan hoi vé lai mailbox.

Céc khéi nay twong tac v6i nhau dé van hanh va xur 1y goi tin mot cach tdi wu va chat

ché. FSM dong vai tro nhu trung tdm cuia khdi, tao diéu kién thuan lgi cho viéc hiéu va
trién khai cac hé théng phire tap bang cach chi dinh cac trang thai, chuyén tiép va hanh
dong dau ra [4].

Sinh vién thyc hién: Hoang Lé Nhat Truong
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2.2.3. Khéi FSM

Khoi nay diéu khién va gidm sat khi nao gtri goi tin yéu cau va nhan goi tin tra ve, cho

biét cac trang thai cia hé thong.

u sl

Ao

Hu

¢ . 4 - send_req
req_valid timer_en
‘ e
» ‘ stall
mb_resp_valid j—
timer_init
mb_resp_sts FSM ‘ 1
—e ur_ca_error
st1_error
- ‘ cs_done
- e sl Al
wrong_cmpl_error | check done
-« =
g -
3 2 |8 8
[ -] | '
- g e g
2y 1 g 3
IR
e o :
- = v

Hinh 2.4: Khbi FSM cua Remote access receiver

Béang dudi ddy mo ta chi ti€t cac thong so6 cua khoi:

Bang 2.2: M6 ta chi tiét thong sb cua khdi FSM

Pin name Direction Clock | Size Description

clk Input B 1 | 2GHz clock.

rst n Input | Async| 1 | Asynchronous reset, active low.

init Input clk 1 | Sync init, active high.

stall Input clk 1 | Reset signal from check status block.

ur_ca_error Input clk 1 | Error signal when status of
completion is error.

cs_done Input clk 1 | Done signal when status of
completion is done.

check done Input clk 1 | Acknowledge signal from
check credit block when send req is
operate done.

req_valid Input clk 1 | Valid signal from mailbox after
synchronous.

timeout_error Input clk 1 | Time out error signal from Check
status block.

timer init done Input clk 1 | Reset timer acknowledge signal.

mb_resp_sts Output clk 1 | Status of operation respond to
mailbox.

mb_resp valid Output clk 1 | Valid signal respond to mailbox.
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timer init Output clk 1 | Reset signal send to timer.

timer en Output clk 1 | Enable signal send to timer.

send _req Output clk 1 | Send request signal to check credit
block.

op_done Output clk 1 | Done signal send to data processor
block to process data.

op_error Output clk 1 | Error signal send to data processor
block to process data.

stt_error Output clk 1 | Operation error when status bit is
error.

wrong cmpl_error | Output clk 1 | Error signal when do not send

request yet but receive completion.

So d6 dudi ddy mo ta cac trang thai ciia FSM:

req_vald
.’/'l..‘
P X
/ \
req_vahd — IDLE |\
2 \. N\ \
Y4 Ny — \ G
___,_J/____;» "\,I \\
/ g N \ "“ "
/ \
{ oc o ) \ .
\ SEND_REQ .‘I \ N
N P \ NG
SRR ‘I \\.\
| lreq_vald
| N\
check_done \
| I \
'l — e SECRy Iyl
/t N Vil \"\\ |
/ ass \ / ) \
(WAIT_COMPLE) ( DONE ) ,
.\. / \ 4 / [
j N S 'T-."— i —-—_"\"~—--"'.J- ‘n:-'* valid
ol ,"( »7| \ cs_done i
5 / / \\ /
&/ // | \ /
e Sa |\ /
f‘é pd é \ \r ca_erfor /
Jﬁt — ,/ ylI ~ e S /
78 N \\u""/ RROR QTT\\. /
(RESET TIMER) \ \ERRORCSTY o e
\ / \ . / e ——
"\_~_.< _’___,/ -\ T ____zy‘_.
tﬂecurXor ,.r‘ times_wst_done
- s I
\ /.--’ ‘\\

“WTIMEOUT_STT)

Hinh 2.5: M6 ta cac trang thai cia FSM
FSM hoat dong theo nhiing trang thai sau:
- IDLE: Pay la trang thai ban dau ctia FSM.
 SEND REQ: Khi c6 tin hi¢u req_valid tir mailbox, FSM s¢€ gtri tin hiéu send _req
t&i khoi check credit dé kiém tra credit, sau khi kiém tra xong FSM s& nhan dugc
tin hiéu check done va chuyén sang trang thai tiép theo 1a WAIT COMPLE.
«  WAIT _COMPLE: O trang thai nay, FSM sé& chd goi tin tra vé.

Sinh vién thuc hién: Hoang Lé Nhat Truong GVHD: Nguyén Khanh Quang
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- Néu FSM nhan dugc gbi tin véi tin hiéu stall, nghia 1a phia bén nhan yéu cau
can thém thoi gian dé xtr 1y va FSM s& gui tin hiéu dén bo dém thoi gian dé
reset thoi gian.

- Néu FSM nhan dugc goi tin v6i tin hiéu cs_done, nghia 1a gbi tin tra vé da
hoan thanh va chuyén sang trang thai DONE.

- Néu FSM nhén duogc gbi tin v6i tin hiéu ur_ca_signal, nghia 1a goi tin tra vé
bi 16i va chuyén sang trang thai ERROR.

- Néu FSM nhan dugc goi tin véi tin hiéu timeout_error_signal, nghia 13 da qua
thoi gian ma khong nhan duoc goi tin tra vé va chuyén sang trang thai
TIMEOUT.

« RESET TIMER: Néu bén phia nhan yéu cau khong xur 1y kip, FSM sé& nhan duoc
tin hiéu stall dé reset bo dém thoi gian.

 TIMEOUT: Khi c6 tin hi¢u timeout_error, FSM s¢€ g1 tin hi¢u dé reset bo dém
thoi gian. Khi reset xong, né s& chuyén sang trang thai ERROR.

 ERROR: Khi ¢6 tin hi¢u ur_ca_error hodc timer init_done, FSM s¢€ gtri tin hi¢u
phan hdi vé lai cho mailbox va tin hiéu op_error cho khéi data_processor dé xtr

Iy gbi tin tra vé.

« DONE: Khi ¢6 tin hiéu cs_done, FSM s& giri tin hiéu phan hoi vé lai cho mailbox
va tin hiéu op_done cho khdi data_processor dé xur 1y gdi tin tra vé.
Chu ¥: Khi ¢ trang thai IDLE, tirc 14 chung ta chua gui goi tin yéu cau. Néu FSM nhéan
dugce goi tin tra vé lic nay, tic 1a day 13 goi tin 16i. Luc ndy FSM sé& giri tin hiéu
wrong_cmpl_error dén giao dién Error.
Duéi day 1a dang séng cua khoi:

) . [ ‘ ‘ ‘ | x ) ¥ ' ' ) 1\ ) ) . ' ‘ ¥
|

req_vaha
send_req
heck _done |
Lmer_en
stal
bmey _int_gdone
\w_ca_errar
current_state X - RO M | A o | |e=zrrwes | vaccoss ) DorE | o= ) N0, 360 [ T coass
Hinh 2.6: Dang song cua khéi FSM
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2.2.4.

Khéi kiém tra credit

roq_gst [B5:0

send req

k_done

z a |
o > ~
I v J

Check credit

rac_req_pZs_vald
— - 5

e _cre ey
— >

decr_cre_req

pres dys ber o

1_ x
£
)

PR un

Hinh 2.7: Khéi kiém tra credit

Khoi nay s€ kiém soat 1ic nao s€ guri goi tin yéu cau. BDong thoi nd s€ gui tin hi¢u dén

khoi Remote credit manager dé cap nhat credit. Khi ndé nhan dugc tin hi¢u send req, nod

s€ kiém tra credit trong khoi Remote credit manager, néu con credit thi méi duge gui

g6i tin yéu cau. Cung luc d6 né ciing s& giri tin hiéu check done vé lai cho khdi FSM.

Bang 2.3: Mo ta chi tiét thong sb ciia khdi kiém tra credit

Pin name Direction Clock | Size Description
Check credit Ports

clk
rst n

req qst
rac_req p2s_ack

up_cre

cmpl crd
rac_req_s2p_valid

send req

rac_req p2s_data
rac_req p2s valid
check done

decr cre req

incr_cre_req

Input
Input
Input
Input
Input

Input
Input

Input
Output
Output
Output

Output

Output

Asglnc
clk
clk
clk

clk
clk

clk
clk
clk
clk
clk

clk

Sinh vién thyc hién: Hoang Lé Nhat Truong
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1
66
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66

2GHz clock.

Asynchronous reset, active low.
Data bus signals from the header.
Response signal from parallel
interface after send request.
Number of credit in Remote credit
manager.

Credit bit of completion.

Valid signal of completion from
parallel interface.

Send request signal to operate
check credit block.

Remote access request send to
parallel interface .

Valid signal of remote access request
Acknowledge signal send to FSM.
Decrease credit signal to Remote
credit manager block.

Increase credit signal to Remote
credit manager block.
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Duéi day 1a dang séng cua khoi:
i O O e Ot I
wae | 0100
req ot | | o1
-y
chack_dane

rec_req s dats
250] A

Hinh 2.8: Dang song cua khoi kiém tra credit

2.2.5. Khoi kiém tra trang thdi

cmpl_stt {2:0]

init

rst_n

clk
_ >

timeout

mb_resp_valid n
A A =Ny

Check status

unvalid_stt_error
stall
ur_ca_error
cs_done
rac_req s2p_ack
timeout_error

timeout_signal

ur_ca_signal

Hinh 2.9: Khéi kiém tra trang thai

Khéi ndy duge sir dung dé kiém tra trang thai ctia goi tin tra vé. C6 4 trang thai: goi tin

tra vé thanh cong, gdi tin tra vé bi loai bo, yéu cau khong duoc hd tro va ding lai.

Néu trang thai 1a 000, khdi Check status s& giri tin hiéu cs_done.

Néu trang thai 1a 010 hodc 001, khdi Check status s& giri tin hiéu ur_ca_error va

ur_ca_signal.

Néu trang thai la 011, khdi Check status s& gui tin hiéu stall.

Néu goi tin tra vé khong phan hoi kip thoi (sau 8ms), khéi Data processor s& nhan

tin hiéu hét thoi gian tir by dém thoi gian trong mién xung nhip khac. Khi nhan

duogc tin hi€u timeout syn, khoi nay s€ gui tin hi¢u timeout error dén FSM va

tin hiéu timeout_signal dén khéi Data processor.
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Bang dudi diy mo ta chi tiét cac thong sé cua khbi:

Bang 2.4: M6 ta chi tiét thong sb ciia khdi kiém tra trang thai

Pin name Direction = Clock | Size Description
clk Input B 1 | 2GHz clock.
rst n Input | Async| 1 | Asynchronous reset, active low.
it Input clk 1 | Sync init, active high.
timeout Input clk 1 | Timeout signal from timer.
cmpl_stt Input clk 3 | Status bit of completion.
rac_req s2p valid | Input clk 1 | Valid signal of completion from

parallel interface.

send _req Input clk 1 | Send request signal send to operate
check credit block.
mb _resp_valid n Input clk 1 | Valid signal respond to mailbox.
stall Output clk 1 | Reset timer signal send to FSM.
ur_ca_error Output clk 1 | Error signal send to FSM when
status of completion is error.
cs_done Output clk 1 | Done signal send to FSM when
status of completion is done.
timeout_signal Output clk 1 | Time out error signal send to
data_processor block to process data.
ur_ca_signal Output clk 1 | Ur_ca error signal send to

data_processor block to process data.

rac_req_s2p ack Output clk 1 | Acknowledge signal of completion
request send back to parallel
interface.

Duéi day 1a dang séng cua khoi:

»_tz_wre

,,,,,,,

Hinh 2.10: Dang song ctia khéi kiém tra trang thai

Sinh vién thuc hién: Hoang Lé Nhat Truong GVHD: Nguyén Khanh Quang
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2.2.6. Khoi xir Iy di¥ ligu

ur_ca_signal

—————,‘

timeout_signal

rac_req s2p_data

rac_req

_p2s_data

—pug )

auop do
e do

mb_resp data [63:0]

Data processor |~ - "0

Hinh 2.11: Khéi xtr 1y dir liéu ciia Remote access requester

Khéi nay duoc st dung dé xir 1y dit liéu phan hdi dén mailbox.

*  Neéu n6 nhan dugc tin hi¢u op_done, di€u do c6 nghia la goi tin tra vé thanh cong

sau do chuyén goi tin tra vé dén mailbox.

+ Néu né nhan duoc op_error, diéu dé c6 nghia 1 géi tin tra vé 1a 161, sau d6 no sé

tao gobi tin tra vé véi dir liéu dugce yéu cau va chuyén dén mailbox.

Go1 tin tra veé 101 ¢6 2 loat:

« Loai thir nhat 1a do goi tin tra vé c6 trang thai bi 16i 1a UR hodc CA.

* Loai thr 2 1a do khong nhan dugc goi tin tra vé, nhan duoc tin hiéu timeout va

hé thong tu tao goi tin 161 dé guri vé mailbox.

Béang dudi day mo ta chi tiét cac thong so cua khoi:

Bang 2.5: Mo ta chi tiét thong s6 khoi xir Iy dir liéu ctia Remote access requester

Pin name Direction Clock | Size DescriEtion
Data processor Ports

timeout_signal

ur ca_signal
rac_req s2p data
rac_req p2s_data
op_done
op_error

mb_resp data

Sinh vién thyc hién: Hoang Lé Nhat Truong

Input
Input
Input
Input
Input
Input

Output

clk

clk

clk

clk

clk

clk

clk

1 | Timeout error signal from check
status block.
1 | Ur_ca error signal from check status
block.
66 | Data bus signals of completion from
parallel interface.
32 | Remote access request send to
parallel interface.
1 | Done signal send from FSM to
process done data.
1 | Error signal send from FSM to
process error data.
64 | Data bus response from the Remote
access requester.

GVHD: Nguyén Khanh Quang
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Duéi day 1a mé ta vé nguyén 1y hoat dong cua khéi

op_done
S50
ac_reg s2p data | %
[530] u 1 mb_resp_data |63 0]
a_sgnal
— — 0
op_eraf {rac_req_p2s_data 210§~
L) 1ac_req _s2p datali1 0]}
| »
umeout signal — e “ ’ " 0
(rec_req_pds daea [31.0] -
rae_teq_s2p_daa31.28) 900 6010, [
rac_req_pls_datal15 9]
: - . 1
rac_req_p2s_data ;
3ro] 0

rac_teq s2p data —

185 0}
A >

Bang 2.6: Nguyén ly hoat dong cua khéi xtr Iy dit liéu
2.2.7. Khoi header

mb_req_we_qst

—_—

mb_req_addr_gst req_gst [65:0]
—_—

header »
Ll

mb_req_data_qst[31.0
—

req_valid T

Hinh 2.12: Khdi header

Khéi header dung dé tao gbi tin yéu cau tir tin hiéu va dit lidu duoc gui tir mailbox.

Bang duéi day mo ta chi tiét cac thong s cua khoi:
Bang 2.7: Mo ta chi tiét thong s6 cua khdi header

Pin name Direction Clock Size Description
Header Ports
mb req we gst = Input | async 1 Write operation.

mb req addr gst Input | async 1 Address signal of register.

mb req data gst  Input async 32 | Write data.

req gst Output | clk 66 | Packet request from mailbox.

req valid Input | clk 1 Valid request signal to generate request.

2.3. Khoi Remote credit manager

Adapter c¢6 s luong credit 1 4 khi khoi tao, né ciing 1a s credit tdi da cua
Adapter. Khi guri mot yéu clu, s& c6 mot credit bj tiéu thy. Trudng “cr” trong gobi tin
phan hoi s& cong lai mot credit cho khdi nay.

Sinh vién thuc hién: Hoang Lé Nhat Truong GVHD: Nguyén Khanh Quang
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2 b |

u sl
nul

incr_cre_req .
incre_nop

>
>

decr_cre_req

4

Remote credit manager

up_cre

Y

incr_cre_rec

»
»

Hinh 2.13: Khéi Remote credit manager
Dudi day 1a bang mé ta chi tiét cac chan ciia khoi:

Bang 2.8: Mo ta chi tiét thong sd cta khbi Remote credit manager

Pin name | Direction | Clock | Size Description

incr_cre_req Input clk 1 Increase credit signal from Remote
access requester block.

decr cre req Input clk 1 Decrease credit signal from Remote
access requester block.

Incr_cre_rec Input clk 1 Increase credit signal from Remote
access receiver block.

clk Input B 1 2GHz clock.

rst n Input | Async 1 Asynchronous reset, active low.

incr_nop Input clk 3 Number of credit send from PHY to
Remote credit manager block.
up cre Output | clk 3 Number of credit in Remote credit

manager.

Khéi remote credit manager quan 1y credit trong goi tin, khbi nay thyc thi khi nhan dugc
tin hiéu incr cre req, decr cre req tir khdi remote access requester hodc incr_cre rec
tr khdi remote access receiver. Khi nhan duogc céc tin hiéu nay, n6 s€ cap nhat gia tri
trong bién up_cre.

Ngoai ra n6 con nhan tin hi¢u tang credit incr_nop tir phia message, incr_nop nay co gia
trj t6i da 1a 4. Khi nhan dong thdi nhiu tin hiéu mot lac, gid tri ctia bién up_cre ¢ thé
vuot qua gia tri téi da ctia né 1a 4. Dbi voi trudong hop nay, ta s& dit bién up_cre bang 4.
Viéc gia tri ti da cua bién up cre 1a 4 1a vi trong truong hop truyén goi tin tir adapter
nay dén adapter kia, c6 lac bén phia adapter kia khong xt 1y kip va khong tra credit vé.
Néu ta truyén tiép s& mat ludn goi tin. Vi vay s& c6 mot luong credit gidi han cho mdi
khéi remote credit manager.

Sinh vién thuc hién: Hoang Lé Nhat Truong GVHD: Nguyén Khanh Quang
28



Nghién ciru va thiét ké Sideband Adapter cho hé thong die-to-die trén chip

R hhfnnn

rstn I

E” po | .¥§|. ';‘ ":‘I E|' . ',E " -." \ f .:v
up_cre ] 1!5 ¢ .?'-, 3 }lk ¢ ,'?'. 3 L‘ 3 ng‘ 4 /K. - P ..I. ‘
decr_cre_req
Incre_cre_req
mer_cre_rec ( i | l
ncr_nop o |): o .:( 2 :Z 0 'i 0 YI( 3 i 0 \“1 0 ):
! -+ JA i\ A A / \ .

Hinh 2.14: Dang song ctia kh6i Remote credit manager

2.4. Khéi Timer va khdi CDC
2.4.1. Khéi Timer

Chung ta can mot bo dém dé dém 8ms cho thiét ké nay. Tuy nhién, néu dém trong

mién dong ho clk (2GHz) s& can rat nhiéu chu ky déng hd dé dém du 8ms. Vi vay, chiing

ta can sir dung bo dém nay trong mién dong ho sclk (20MHz) dé dém 8ms. Khéi ndy s&

thyc thi khi nhan tin hi¢u en_timer tor FSM trong Remote access register. Khi dém du

8ms, didu ndy c6 nghia 1a da khong phan hoi géi tin dung thoi gian quy dinh.

init
sclk timeout
rst_n - )
_ Timer
timer_en_syn N timer_init_ack
timer_init_syn
Hinh 2.15: Khéi Timer
Duéi day 1a bang mé ta chi tiét cac chan cua khoi:
Bang 2.9: M6 ta chi tiét thong sb ctia khdi Timer
\ Pin name  Direction | Clock = Size | Description ’
Timer Ports
timer en_syn Input | sclk 1 Enable timer signal from CDC block.
timer nit syn | Input | sclk 1 Init timer signal from CDC block.
sclk Input 1 20MHz clock.
Sinh vién thuc hién: Hoang Lé Nhat Truong GVHD: Nguyén Khanh Quang
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rst n Input | async 1 Asynchronous reset, active low.

init Input | clk 1 Sync init, active high.

timeout Output = sclk 1 Done signal when timer counter is max.
timer init ack | Output sclk 1 Init ack signal respond to FSM.

Duéi day 1a dang séng cta khoi:

pigiglgipipipkplg)igigh

J 4" ‘,""
. : \ H AN
4 " | . 0o
Bmer_int_synt

trmer_inet_ack ' : ! {

brmeoul

1 : |-A - A\ | i
\y Y 1t 1/ \/ IR Y
), o/
ot 150390 ( 150998 ‘ LT | 159440 X 100§ 1seed { ! | 0
H I A ¥ {/ 1! J

Hinh 2.16: Dang séng cua timer
2.4.2. Khéi CDC

Trong thiét ké, tin hiéu tur hop thu (mailbox) dén Remote access register hodc tu
Remote access register dén bo dém timer c¢6 cac mién clock khac nhau. Diéu nay dan
dén ton tai trang thai bat 6n dinh vi xuat hién sy vi pham dinh thoi (timing) giita cac tin

hiéu dén va tin hiéu xung clock gy ra hién tuong dao dong.

Trang thai bat 6n dinh dé cap dén céc tin hiéu khong xéc dinh cac trang thai 0 hodc
1 6n dinh trong mot thoi gian tai mot s6 diém trong qua trinh hoat dong binh thudng cta
mot thiét ké. Trong thiét ké co nhiéu clock, trang thai bat 6n dinh khong thé tranh nhung

nhirng tac dong bat loi cua trang thai bat 6n dinh ¢6 thé duoc trung hoa [5].

'
5 7?)?&'"0 F.‘} ~ dataA_ //{I/ \\
clka __L b ok E‘
— ' 1 |

' 1

' |‘

metastability "

Hinh 2.17: Minh hoa hi¢n tuwong metastability
Sinh vién thuc hién: Hoang Lé Nhat Truong GVHD: Nguyén Khanh Quang
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Giai phap cho van dé nay 1a sir dung phuong phap mé — 14y miu cac tin hiéu bang bd
ddng bo (synchronizer) dé dong bd hoa céc tin hiéu diéu khién gitta sclk va clk. Tic 1a
su dung 2 flip flop.

Hinh v& dudi ddy mo ta qua trinh dong bo 2 flip flop:

signal_in

@ |signal_out

’ﬂ > Gk I,A) oLk
2 sclk

ST S s N N

Hinh 2.18: Dang song ciia phuwong phap dong bo 2 flip flop

clk

Mot flip-flop dau tién 1y mau tin hiéu bat dong bo vao mién clock méi va chd mot chu
ky clock day du dé cho phép bat 6n dinh cua tin hiéu dau ra cta giai doan 1 giam di, sau
d6 tin hiéu cua giai doan 1 duoc ldy mau boi cing mot dong hod vao flip-flop thir hai,
v6i myc tiéu 14 tin higu ctia giai doan 2 hién da on dinh va hop 1¢, dd dugc dong bo hoa
va san sang phan phdi trong mién clock méi [5].
Dudi day 1a bang m6 ta chi tiét cac chan cuia khoi:

Bang 2.10: M5 ta chi tiét thong sb khdi CDC

Pin name | Direction | Clock | Size Description
timer _en Input | clk 1 Enable timer signal from Remote access
requester block.
timer_init Input | clk 1 Init timer signal from Remote access
requester block.
timeout Input | sclk 1 Time out signal from timer.
mb_req Input | asyn 1 Valid signal from mailbox.
valid gst
init Input | clk 1 Sync init, active high.
sclk Input _ 1 20MHz clock.
clk Input _ 1 2GHz clock.
Sinh vién thyc hién: Hoang Lé Nhat Truong GVHD: Nguyén Khanh Quang
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Enable timer signal from Timer block.
Init timer signal from Timer block.
Timeout signal after synchronous.
Valid signal from mailbox after
synchronous.

timer en syn | Output | sclk
timer init syn @ Output | sclk
timeout syn Output = clk
req valid Output = clk

| ek |k |

2.5. Khdi Remote access receiver
2.5.1. Tgng quan

Khéi Remote Access Receiver s& nhan géi tin tir Bo dinh tuyén géi tin (Adapter to
Adapter), n6 nhan géi tin yéu cau gdm 66 bit chtra 12 bit pham vi dia chi véi 3 truong
hop vi tri: Adapter, Adapter & PHY, PHY hoic cac trudng hop khac (16i). Sau d6, khi
Adapter nhan yéu cau, nd xtr Iy 1énh va tra vé gdi tin tra vé Register. Khéi nay ciing
kiém tra tinh hop 1¢ ciia goi tin, néu khong hop 18, géi tin s& bi b qua va cho goi tiép
theo.

........................................................

rac_rec_p2s_valid

Ik_2GH
ok 2G Z—._, ¢ rac_rec_p2s_data[65:0]
rst_n ' \ﬁ
— > S i rac_rec_p2s_ack
nt
4 : o Error
< csr_addr{11:0] | ‘ signals
csr_wdata[31:0]; Remote Access Receiver :
' Vincr_cre_rac_rec | Remobe
CSR  <«— e . > Credit
Control cSr we ' | manager
Interface < - i rac_rec_s2p_vald
; i rac_rec_s2p_data(65:0)
csr_rdatal31:0] ) -
: ' rac_rec_s2p_ack

csr_done |
:

Hinh 2.19: So d6 tong quan Remote Access Receiver

2.5.2. Théng so6 va so do chi tiét ciia khoi
Bang duéi ddy mo ta day du cac thong s6 ctia khoi:

Béang 2.11: Thong so cua cac giao dién remote access receiver

\ Direction \ Clock \ Size \ Description
CTL control ports

\ Pin name

clk Input - 1 | Clock.
rst n Input | Async 1 | Asynchronous reset, active low.
1nit Input clk 1 | Sync init, active high.

Remote Access Receiver Ports
rac_rec s2p valid  Input clk 1 | Inform the data from Packet Router
to Remote Access Receiver is valid.

Sinh vién thuc hién: Hoang Lé Nhat Truong GVHD: Nguyén Khanh Quang
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rac_rec_p2s valid

rac_rec_s2p data
[65:0]
rac_rec_p2s data
[65:0]
rac_rec_s2p ack

rac_rec_p2s_ack

oincr_cre rac_rec
op_e

csr_addr[11:0]
csr wdata[31:0]
csr_rdata[31:0]
csr ce

CSr_we

csr_done

Dudi day 1a so d6 chi tiét ciia khoi:

Output
Input
Output

Input

Input

Output
Output

Output
Output
Input
Output
Output

Input

VT

CIR Handle "

Sdsbana CTL

clk

clk

clk

clk

clk

clk
clk

clk
clk
clk
clk
clk

clk

REMOTE ACCESS RECEIVER

1

66

66

12
32
32

Inform the data from Remote Access

Receiver to Packet Router is valid.

Data to the Remote Access Receiver.

Data from the Remote Access

Receiver.
The acknowledgment signal confirms

that data has been successfully
received, and the system is ready to

receive the next data.
The acknowledgment signal confirms

that data has been successfully
received, and the system is ready to

receive the next data.

Credit from PHY to the Adapter
Operation error, check opcode bits.
Only clear with sync init.

Address to access CSR.
Write data.

Read data.

Enable to access CSR.

Write enable, valid when csr_ce=1

0 Read operation
1 Write operation

Operation done.

Faw

Hinh 2.20: Mo ta chi tiét khdi Remote access receiver

Sinh vién thyc hién: Hoang Lé Nhat Truong
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Tt van dé€, chung ta s€ can cac khoi sau:

Khéi Xu 1y Dit liéu (Data Processor) s& giai mi opcode tir giao dién song song va
tra vé gia tri opcode, xac dinh xem d6 1a yéu cau hay hoan tit. Néu opcode khong
hop 1¢, goi tin s& bi bd qua va tin hiéu 13i s& duoc Xuét ra.

Khéi FIFO s& nhén dit liéu yéu cau tir khéi Xir Iy Dit liéu dé xt 1y tirng yéu cau mot.
Khéi Diéu khién FIFO doc (Read FIFO CTL) s& kiém so4t viéc doc dit liéu tir FIFO
va kiém tra tin dung trong goi tin.

Khéi Giai md Hoan tit (Completion Decode) s& kiém tra trang thai trong goéi hoan
tat.

Khéi Giai ma Pia chi (Address Decode) s& giai mi va cung cap trang thai dia chi.
Khéi RAC TYPE sé xir Iy opcode va tao ra 1énh tuong tGng.

FSM s& kiém soat trang thai ctia thiét ké véi ba trang thai: Adapter, Adapter & PHY,
va Ldi, ciing voi trang thai IDLE khi hé thong khong hoat dong.

Khéi Xt Iy CSR (CSR Handler) sé& trao doi thong tin véi giao dién Diéu khién CSR.
Khéi Diéu khién Sideband (SB_CTL) s& xir 1y cac goi tin tra vé hodc gbi tin yéu cau
(dén PHY cuc bo) trude khi xuat ra dua trén sb_type.

2.5.3. Khéi xir Iy dir liéu

Khéi xtr 1y dir liéu chiu trach nhiém phan loai cic goi tin thanh hai ludng: yéu cau va

hoan tat.

Data Processor

Control Logic

opcode [3:0]

. W % >
irac_rec_s2p_data[65:0] 2. |
A ~J]
' —

ifull

>

—H i N _./4—‘

irac_rec_s2p_valid ocmpl [63:0]
—t—
_ Iblock_cmpl
orac_rec_s2p_ack > L1 yowen
T ocmpl_valid
< : //'\ _ = Pl
oop_e A |

Hinh 2.21: Khoi xtr 1y dir liéu cua remote access receiver

Sinh vién thuc hién: Hoang Lé Nhat Truong GVHD: Nguyén Khanh Quang
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Néu géi tin c¢6 opcode thudc loai yéu cau va FIFO chua day, goi tin s& duoc ghi vao
FIFO.

Néu FIFO day, h¢ thong sé bao 161 néu goéi tin nhan dugc van l1a goi yéu cau. Doi véi

cac goi hoan tat, s€ kiém tra vdi tin hiéu block cmpl (ngdn chan viéc nhan hai goi

hoan tat lién tiép).

Néu block cmpl bang 0, goi hoan tat duoc coi 13 hop 18. Nguoc lai, hé théng s& bao
16i.

«  Néu opcode khong thudc hai loai nay, hé théng ciing s& bao 15i vé opcode.

Bang dudi diy mo ta day du cac thong sb cua khoi:

Bang 2.12: Mo ta chi tiét thong s6 khdi xtr 1y dit liéu cia Remote access requester

Pin Name Direction | Clock ' Size Description

clk Input - 1 | Clock

rst n Input | Async| 1 | Asynchronous reset, active low.
init Input clk 1 | Sync init, active high.

Data Processor Ports

irac_rec_s2p_valid Input clk 1 | Inform the data from Packet
Router to Remote Access
Receiver is valid.

irac_rec_s2p_data[65:0] Input clk 66 | Data to the Remote Access
Receiver.

orac_rec s2p ack Output clk 1 | The acknowledgment signal
confirms that data has been
successfully received and the
system is ready to receive the

next data.

oop_e Output clk 1 | Operation error, check opcode
bits. Only clear with sync init.

ifull Input clk 1 | Signal full of FIFO.

oW _en Output clk 1 | Write enable.

orac req w [63:0] Output clk 64 | Write request data to FIFO.

ocmpl [63:0] Output clk 64 | Completion data.

ocmpl valid Output clk 1 | Inform the completion data is
valid.

iblock cmpl Input clk 1 | Block case completion packet
be error.

2.5.4. Khéi FIFO ciia Remote access receiver

Trong thiét ké, chi cho phép tbi da 2 goi 2 Register access request cung lic, nghia

12 Adapter phai cho nhan goi hoan tat tir die khac trude khi giri goi méi. Bé quan 1y diéu

Sinh vién thuc hién: Hoang Lé Nhat Truong GVHD: Nguyén Khanh Quang
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nay, mot FIFO c6 dg sau 2 1a can thiét dé€ luu trit cac goéi yéu cau, nham dam bao hé

théng hoat dong hiéu qué va tranh tran bo dém khi xir 1y cac yéu cau dong thoi.

FIFO ofull

oempty
-
e — <«

irac_req_w [63:0]

orac_req_r [63:0]

Hinh 2.22: Khdi FIFO cta remote access receiver

FIFO duoc ghi bang cac gbi tin dau vao 64-bit tir mo-dun Xir 1y Dit liéu va doc ra
cac goi tin 64-bit dau ra téi khdi didu khién FIFO doc. FIFO gitip git lai cac goi tin da
guri dé xur 1y sau ndy trong truong hop bd Remote access receiver chura hoan thanh xur 1y
g6i tin trude d6. Dit liéu dugc ghi vao FIFO ¢ mdi chu ky ddng ho khi tin hiéu kich hoat
ghi (write enable) hoat dong (Arbiter c6 goi dé gui) va FIFO khong day, con trd ghi s&
ting sau mdi lan ghi thanh céng. Dit liéu co thé doc ra tir FIFO ¢ mdi chu ky dong hd
khi tin hiéu kich hoat doc (read enable) hoat dong va FIFO khong tréng, con tro doc s&

tang sau moi1 lan doc thanh cong.

Bang 2.13: M5 ta chi tiét thong s6 khdi FIFO ctia Remote access receiver

\ Pin Name \ Direction \ Clock \ Size \ Description \
clk Input - 1 | Clock.
rst n Input Async | 1 | Asynchronous reset, active low.
init Input clk 1 | Sync init, active high.
FIFO rec Ports
ifull Output clk 1 | Signal full of FIFO.
iw_en Input clk 1 | Write enable.
irac_ req w [63:0] Input clk 64 | Write request data to FIFO.
ir_en Input clk 1 | Read enable.
oempty Output clk 1 | Signal empty of FIFO.
orac req r[63:0] Output clk 64 | Read request data from FIFO.

2.5.5. Khéi Read FIFO CTL

Khéi diéu khién FIFO doc (Read FIFO CTL) quan 1y viéc ldy cac gbi tin 64-bit tir
FIFO, gtri chiing dén bd xir Iy CSR va cac block Sideband CTL dé xtr 1y, dong thoi
truyén cac tin hiéu yéu cau hop 1¢ (request valid) t6i FSM. N6 kiém soat viéc doc trong
hai truong hop:

Sinh vién thuc hién: Hoang Lé Nhat Truong GVHD: Nguyén Khanh Quang
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Dau tién, khi cac block tiép theo xac nhan di hoan thanh xur 1y va FIFO khong
tréng.

Tht hai, khi cac block d6 dang trong trang thai IDLE va c6 goi tin mdi san sang
trong FIFO. Cung v6i mdi goi tin dugce truyén di, tin hiéu hop 1 (valid) ciing dugc kich
hoat dé thong bao dir liéu truyén di 1a hop 16, dam bao qua trinh truyén dit liéu dién ra

chinh x4c va hiéu qua trong hé thong.

oopcode [3:0]
<

oincr_cre_rec

B
ireq_ack Il —
Read or_en
oreq [63:0 FIFO »
< g CTL
oreq_valid irac_req_r [63:0]
» .

oreq [27:16
- q ] /\

Hinh 2.23: Khoi diéu khién FIFO doc

Bang dudi diy mo ta day du cac thong sb ciia khoi:

Biang 2.14: Mo ta chi tiét thong s6 khoi xir 1y dit liéu cia Remote access receiver

Pin Name Direction Clock @ Size Description
CTL control Ports

clk Input - 1 | Clock.

st n Input | Async 1 | Asynchronous reset, active low.

init Input clk 1 | Sync init, active high.

or_en Output clk 1 | Read enable.

iempty Input clk 1 | Signal empty of FIFO.

irac_req r Input clk 64 | Read request data from FIFO.

oincr_cre_rec | Output clk 1 | Increase credit.

oreq_valid Output clk 1 | Inform the request data is valid.

oreq[63:0] Output clk 64 | Request Data.

oreq[27:16] Output clk 12

oopcode[3:0] | Output clk 4

ireq_ack Input clk 1 | The acknowledgment signal confirms that
data has been successfully received, and
the system is ready to send the next data.

Sinh vién thuc hién: Hoang Lé Nhat Truong GVHD: Nguyén Khanh Quang



Nghién ciru va thiét ké Sideband Adapter cho hé thong die-to-die trén chip
2.5.6. Khéi gidi ma hoan tit

Khéi giai ma hoan tat (Completion Decode) s& kiém tra trang thai trong goi tin tra

vé, cac trudng hop 16i da duoc giai thich trong trudng trang thai.

icmpl_ack
ocmpl_stt D
i | valid
ocmpl_phy_valid Completion Smpi_vai
Decode
i_cmpl [63:0]
ocmpl_phy [63:0] —
«— A

Hinh 2.24: Khdi giai ma hoan tat
Bang dudi diy mo ta day du cac thong sb cua khéi:

Bang 2.15: M0 ta chi tiet thong s6 khoi gidi ma hoan tat cua Remote access receiver

Pin Name Direction Clock Size Description

Completion Decode Ports
ocmpl phy valid | Output clk 1 | Inform the data from PHY is valid.

ocmpl phy Output clk 64  Completion data from PHY.
[63:0]
icmpl ack Input clk 1 | The acknowledgment signal confirms

that data has been successfully
received, and the system is ready to
receive the next data.

icmpl [63:0] Output clk 64  Completion data from PHY.

ocmpl_stt Output clk 1 | Status of completion data with 1 is
true and 0 is error.

icmpl valid Input clk 1 | Inform the completion data is valid.

Duéi day 1a dang song ctia khéi:

Waveform

o RS EREEERERERE N

i_ompd_walid | | 1
i_cmpt [83:0] e DA(emar status) W ¥ - rj\
o_cmpl_sh |

o_crmpl_phy_valid |

|
|
a_cmpl_phy [63:0] X, D1 X A D2 X

iempl_ack |
Hinh 2.25: Dang song ctia khoi giai ma hoan tat
Sinh vién thuc hién: Hoang Lé Nhat Truong GVHD: Nguyén Khanh Quang
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2.5.7. Khéoi FSM

FSM s& diéu khién cac trang thai ctia khdi voi cac trang thai: Adapter, Adapter &
PHY, Error.

ireq_valid
icmpl_done
_——
oreq_ack
osb_type([1:0] >
¢t——
iaddr_stt[1:0]
oreq_sb_valid P R S—
e FSM
isb: ack icmpl_stt
oreq_csr_valid icmpl_phy valid
s — s nauit e
__icsr ack | _ocmpl f’ik,

Hinh 2.26: Khdi FSM ctia Remote access receiver
Bang dudi diy mo ta ddy du cac thong sb cia khoi:

Bang 2.16: MO ta chi tiét thong s6 khdi FSM ciia Remote access receiver

Pin Name Direction | Clock | Size Descriition

ireq_valid Input clk 1 | Inform the request data is valid.
iaddr stt[1:0] Input clk 2 | Status of address.
oreq_ack Output clk 1 | The acknowledgment signal confirms

that data has been successfully
received, and the system is ready to
receive the next data.

icmpl phy valid  Input clk 1 | Inform the data from PHY is valid.

icmpl_stt Input clk 1 | Status of completion data with 1 is true
and O is error.
ocmpl ack Output clk 1 | The acknowledgment signal confirms

that data has been successfully
received, and the system is ready to
receive the next data.

oreq csr valid Output clk 1 | Inform the request data to CSR is valid

icsr_ack Input clk 1 | The signal confirms that request CSR
has been completed.

oreq_sb_valid Output clk 1 | Inform the request data to Sideband
CTL is valid.

osb type[1:0] Output clk 2 | See below.

isb_ack Input clk 1 | The signal confirms that request PHY
packet has been transmitted.

icmpl done Input clk 1 | The signal confirms that completion

packet has been transmitted.

Sinh vién thuc hién: Hoang Lé Nhat Truong GVHD: Nguyén Khanh Quang
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osb_type[1:0] co6 4 loai

Req phy (2'b00)
cmpl_csr (2'b01)
cmpl _mix (2'b11)
cmpl_error (2'b10)

So dd duéi ddy mé ta cac trang thai cia FSM:

Sinh vién thyc hién: Hoang Lé Nhat Truong

2

'<

H

g

= SB_CMPL

! req_valid 8 -

o

]

L

2

=

3 o)

e o =0

v B85
st "b \6‘“
4"”’.\’:&;::,
SB_ERROR cmpl-

Hinh 2.27: So dd trang thai FSM ctia Remote access receiver

FSM hoat dong qua céc trang thai sau:
IDLE: Trang thai mac dinh ciia mo-dun nay.
CSR_REQ: Trong trang thai nay, khoi FSM sé& gui req_csr_valid dén Bo xir 1y
CSR va cho csr_ack dé truyén trang thai.
CSR_SB: Trong trang thai nay, khoi FSM s& giri req_csr_valid dén B xir Iy CSR
va giri req_sb_valid cung véi sb_type[1:0] = 2°b00 (req PHY) dén khdi Piéu
khién Sideband.
SB_ERROR: Trong trang thai nay, khéi FSM s& giri req_sb_valid vasb_type[1:0]
=2’b11 (15i) dén khéi Piéu khién Sideband.
SB_CMPL: Trong trang thai nay, khoi FSM s& gtri req_sb_valid va sb_type[1:0]
=2’b01 (cmpl_csr) dén khdi Diéu khién Sideband dé tao géi hoan tat véi dir liu
tir CSR hoic girireq sb_valid vasb_type[1:0]=2b11 (cmpl_mix) dén khéi Didu
khién Sideband dé tao gdi tin tra vé vé6i dit liéu, trong d6 byte thap (LSB) nam
trong Adapter, byte cao (MSB) nam trong PHY.

GVHD: Nguyén Khanh Quang
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Nghién ciru va thiét ké Sideband Adapter cho hé thong die-to-die trén chip

2.5.8. Khoi CSR Handler

Khéi CSR Handler nhin yéu cau hop 1é (req_csr_valid) tir FSM va sau d6 tach goi

yéu cau (64 bit) dé phu hop véi giao dién diéu khién CSR. Khi nhin dugc tin hiéu

csr_done va dir liéu (ddi véi yéu cau dir liéu doc), CSR Handler s& lay dir liéu va gui
dén khéi Diéu khién Sideband, dong thoi guri tin hiéu csr_ack trd lai FSM. Sau khi khoi

Diéu khién Sideband hoan tat xir 1y, n6 s& giri tin hiéu cmpl_done dé bao hiéu qué trinh

da hoan tat va s€ tat tin hi€u csr_ack.

ocsr_addr{11:0]

ireq[63:0]

<

ocsr_wdata[31:0]
—

CSR Control 2S¢
Interface ocsr_we
icsr_done

>

icsr_rdata[31:0]
>

CSR Handler i

AN

iaddr_stt[1:0]

o L
< ”

rac_cmd

ireq_csr_valid

ocsr_ack

.
»

ocmpl_csr_data[63:0]
—>

icmpl_done

<
<

Hinh 2.28: Khdi CSR Handler

Bang dudi diy mo ta ddy du cac thong sb cia khoi:

Bang 2.17: Mo ta chi tiét thong s6 khdi CSR Handler

\ Pin Name \ Direction \ Clock \ Size \ Description \

clk Input - 1 | Clock.
rst n Input | Async| 1 | Asynchronous reset, active low.
init Input clk 1 | Sync init, active high.

CSR Handler Po

rts

ireq_csr_valid Input clk 1 | Inform the request data to CSR is
valid.

ireq[63:0] Input clk 64 | Request data.

icsr_ack Input clk 1 | The signal confirms that request
CSR has been completed.

ocsr addr[11:0] Output clk 12 | Address to access CSR.

ocsr wdata[31:0] Output clk 32 | Write data.

icsr rdata[31:0] Input clk 32 | Read data.

oCsr_ce Output clk 1 | Enable to access CSR.

ocsr_we Output clk 1 | Write enable, valid when

csr_ce=1
e (0 Read operation

e 1 Write operation

Sinh vién thyc hién: Hoang Lé Nhat Truong
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Nghién ciru va thiét ké Sideband Adapter cho hé thong die-to-die trén chip

ocmpl csr_data[63:0]  Output clk 64 | Completion data with data from
CSR Control.

icmpl_done Input clk 1 | The signal confirms that
completion packet has been
transmitted.

csr_we: Write enable, bat 1én khi csr_ce =1

* 0: Hoat dong doc khi opcode = Memory read

* 1 :Hoat dong ghi khi opcode = Memory write
Néu addr = Adapter&Phy, no sé& che di bit dir liéu MSB va giri yéu cau vdi bit dit liéu
LSB.

Waveform
' . . ‘ ’ ‘ ‘ ‘ L] . . | ' . | ‘ . ‘ | ‘
; | 1 l _
s_»
-l .
I | | .
et vk ‘ ! i
— — = e e A—— ——t — =
%) 0o X C A ‘L e
t N ¢ —
oo _pooy M O X T3k » Adepiey X | 0 N = Adaw T = 390 * Alagtm AN Y
LY 3 E |
wa)1 11 X ey X { Tt 12 et vm X
Nt — Frem—", -l e N —
o - - - -
= = f
e
o e f
o _raws{y1 9] W reea0 Y bones Y vt ¥ Derft cwe K restas Y Ooeme
- - -
o s
arpl o Awjed | X i) X Donl e X da) X 0o care X e |
}
Cmpd_oone

Hinh 2.29: Dang song ciia CSR Handler
2.5.9. Khéi diéu khién Sideband

Sldsnand CTL irac_rec_p2s_ack
osb_ack 7
-« orac_rec_p2s_valid
\ — cvt_req >
‘ocmpl_done P . req_sb_valid
) \ cvt_cmpl A
orac_rec_p2s_data[65:0]
icmpl_csr_data[63:0] cVT >
. > oblock_cmpl
icmpl_phy[63:0] i >
ireq[63:0] B icmpl_stt
irac_cmd
sb_type[1:0]
Hinh 2.30: Khdi diéu khién Sideband
Sinh vién thuc hién: Hoang Lé Nhat Truong GVHD: Nguyén Khanh Quang
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Khéi Diéu khién Sideband nhan yéu cau Sideband hop 1¢ tir FSM cing véi sb_type

dé xac dinh loai dit liéu can xir 1y. Dya trén sb_type, n6 sé chuyén dbi dit liéu thanh dau

ra (giao di¢n song song vdi 66 bit). Khi nhan dugc tin hiéu xac nhan (acknowledge) tu

bd phan phbi, khéi s& tit tin hiéu hop 16 va giri sb_ack hodc cmpl done tré lai cac khoi

tuong tng dé bao hiéu rang dir liéu da duoc xtr Iy va chuyén thanh cong.

Bang dudi diy mé ta ddy du cac thong sb cia khoi:

Bang 2.18: M0 ta chi tiét thong s6 khoi diéu khién Sideband

Pin Name Direction | Clock | Size Description
CTL control Ports

clk
rst n

nit

1
1

1

Clock
Asynchronous reset, active
low.

Sync init, active high.

Sideband CTL Ports

ireq[63:0]
oreq sb valid

osb_type[1:0]

icmpl phy [63:0]
icmpl_stt
icmpl_csr_data[63:0]

orac_rec_p2s_valid

orac_rec p2s_data[65:0]
irac_rec_p2s_ack

osb ack

ocmpl done

Input -
Input | Async
Input clk
Input clk
Output clk
Output clk
Output clk
Input clk
Input clk
Output clk
Output clk
Input clk
Output clk
Output clk

The "sb_type[1:0]" c6 4 loai:
« req (2'b00) > Piéu khién SideBand s& che mat dudi cia dit liu yéu cau, dat
tag[1:0] = 2'b01 va gtri yéu cau dén PHY cuc b.

Sinh vién thyc hién: Hoang Lé Nhat Truong

64
1

2
64
1
64
1

66
1

Request data.

Inform the request data to
Sideband CTL is valid.

See below.

Completion data from PHY.
Status of completion data with
1 is true and O is error.
Completion data with data
from CSR Control.

Inform the output data packet
1s valid.

Output data packet.

The acknowledgment signal
confirms that data has been
successfully received and the
system is ready to receive the
next data.

The signal confirms that
request PHY packet has been
transmitted.

The signal confirms that
completion packet has been
transmitted.

GVHD: Nguyén Khanh Quang
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Nghién ciru va thiét ké Sideband Adapter cho hé thong die-to-die trén chip

« cmpl_csr (2'b01) © Diéu khién SideBand nhan dit liéu CSR va sau d6 tao goi
hoan tt dé guri di.
« cmpl_mix (2'b11) ©> Diéu khién SideBand nhén dit 1iéu CSR va chd cac yéu cu
dir liéu hoan tit, sau d6 hop nhét chiing va giri di.
« cmpl _error (2'b10) > Diéu khién SideBand s& tao mot goi hoan tat 18i voi dit
liéu 1a Header ctia goi tin yéu cau va gui di.
2.6. Khoi Packet TX Router (Khdi dinh tuyén géi tin truyén di)
2.6.1. Tong quan
Khéi nay s& nhan cac goi tin theo dang song song tir khdi Remote access requester,
khéi Remote access receiver va b diéu khién message, st dung mot bo phan xir (arbiter)
dé cho phép cac gbi tin 1an luogt vao.
« Khéi nay ciing s& tinh toan lai gia tri parity cta goi tin do.
* Sau do, goéi tin dugce luu trir trong FIFO dua trén opcode, trude khi dugce truyén
dén PHY thong qua mot bo phan xir khac.

clk rst_n init
rac_req_p2s_valid —>

rac_rec_p2s_valid ——p

msg_p2s_valid ——p ———— inf_crd_value

rac re 2s a
creapet «—  Pgcket Router

rac_rec_p2s_ack <—— ———— Ip_data[15:0]
msg_p2s_ack €—— TX
rac_req_p2s_data [65:0] —— ——— |p_valid

rac_rec_p2s_data [65:0] ———pi
msg_p2s_data [65:0] ———

Hinh 2.31: So d6 khdi — khéi dinh tuyén géi tin truyén di
2.6.2. Théng soé va so do chi tiét ciia khoi
Bang dudi ddy mo ta day du cac thong s6 ctia khoi:

Bang 2.19: Thong so cila cac giao dién khoi Packet TX Router

Pin name Direction Clock | Size Description

CTL Control Ports

clk Input _ 1 | 2GHz clock.

rst n Input Async 1 | Asynchronous reset, active low.
Sinh vién thuc hién: Hoang Lé Nhat Truong GVHD: Nguyén Khanh Quang
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YN —
L

init Input clk 1 | Sync init, active high.
Parallel Interface
rac_req_p2s_valid Input clk 1 | Request signal from the Remote
Access Requester block.
rac_req p2s_data Input clk 66 | Data bus signals from the Remote
Access Requester block.
rac_rec_p2s_valid Input clk 1 | Request signal from the Remote
Access Receiver block.
rac_rec_p2s_data Input clk 66 | Data bus signals from the Remote
Access Receiver block.
msg_p2s_valid Input clk 1 | Request signal from the Message
Controller.
msg_p2s data Input clk 66 | Data bus signals from the Message
Controller.
rac_req_p2s_ack Output clk 1 | Acknowledge signal to the Remote
Access Requester block.
rac_rec p2s ack Output clk 1 | Acknowledge signal to the Remote
Access Receiver block.
msg_p2s_ack Output clk 1 | Acknowledge signal to the
Message Controller.
Sideband Interface
Ip_data [15:0] Output clk 16 | Data from the Adapter to PHY.
Ip_valid Output clk 1 | Inform the data Adapter2Phy is
valid.
Duéi day 1a so d6 chi tiét cta khoi:
T J e e | L e T
wp o | | Lkl o

Arziter apc_aw
 0f

;;;;;;;
Wi

5 ¥ 0

| rew rit on
| Meemat PO fo——f Mermal RO

| ReadCTL b ekt

Artater

Hinh 2.32: M6 ta chi tiét khéi dinh tuyén goi tin truyén di
GVHD: Nguyén Khanh Quang
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Nghién ciru va thiét ké Sideband Adapter cho hé thong die-to-die trén chip

Khéi dinh tuyén géi tin truyén di bao gdm céc khdi con sau:

«  Khéi parallel arbiter giup cho cac goi tin di qua mét cach lan luot tranh xung dot
13n nhau khi c6 nhiéu goi tin mudn truyén di.

«  Khéi recalc parity dung dé tinh lai gia trj parity ctia géi tin sau khi khéi tao hodc
duoc cap nhat.

« Khéi TX data controller dung dé phan loai géi tin va luu trit chung vao FIFO
tuong ung.

«  Khéi parallel to serial dung dé chuyén goi tin tir dang parallel sang dang serial.

«  Khdi count packet FIFO 1a noi luu trit cac goi tin trude khi chiing duoc truyén
di.

« Khéi FIFO read CTL dung dé doc cac goi tin tir FIFO.

« Khéi P2S arbiter dung dé phan xtr cac goi tin di ra tir 2 FIFO, tranh tinh trang

xung dot khi truyén goi tin.

2.7. Khdi Packet RX Router (Khéi dinh tuyén go6i tin nhan)
2.7.1. Téng quan

Khéi ndy s& nhan cac gdi tin theo dang ndi tiép tir PHY, cac goéi tin duge luu vao
FIFO tuong tmg dya trén opcode. Cac FIFO nay s& giri yéu cau dén arbiter dé thong bao
rang c6 mot goi tin can duge truyén di.

Sau do, goi tin s& duoc chuyén ddi sang dang song song va kiém tra tinh chin 1é.
Cubi cung, cic goi tin nay s& duoc dinh tuyén dén dich tuong tng thong qua khdi

destination decoder.

clk rst_n it

L]

ey (BC_10Q_S2p_req
—_— 3 1ac_rec_s2p_req
Ip_credst —_— —» msg_s2p_req
el —
—————rac_req_s2p_ack
pl_vahd
———— rac_rec_s2p_ac
Packet RX Router Fac_FeC.32p.acK
pLOsa LI ———————] [ ¢——————msg_s2p_ack
p——————— rac_req_s2p_data [65 0]
> rac_rec_s2p_data [65.0]
> msg_sZp_data [65.0]
Hinh 2.33: Khoi dinh tuyén goi tin nhan
Sinh vién thuc hién: Hoang Lé Nhat Truong GVHD: Nguyén Khanh Quang

46



Nghién ciru va thiét ké Sideband Adapter cho hé thong die-to-die trén chip

2.7.2. Théng soé va so do chi tiét ciia khoi

Bang dudi diy mo ta day du cac thong sb cia khoi:

Bang 2.20: Thong so cia cac giao dién khdi Packet RX Router

Pin name

Direction Clock | Size Description

Interface Ports

clk

rst n

pl valid

pl data

Ip_credit
rac_req_s2p valid

rac_req s2p data

rac_rec_s2p valid

rac_rec_s2p data

msg_s2p_valid

msg s2p data

rac_req_s2p_ack

rac_rec_s2p_ack

msg s2p ack

Input
Input
Input
Input
Output
Output

Output

Output

Output

Output

Output

Input

Input

Input

Async
clk
clk
clk
clk

clk

clk

clk

clk

clk

clk

clk

clk

1

1

1
16

66

66

66

2GHz clock.

Asynchronous reset, active low.
Inform the data Phy2Adapter is valid.
Data from PHY to the Adapter.
Credit from PHY to the Adapter

Request signal to the Remote access
requester block.

Data bus signals to the Remote
access requester block.

Request signal to the Remote access
receiver block.

Data bus signals to the Remote
access receiver block.

Request signal to the Message
Controller.

Data bus signals to the Message
Controller.

Acknowledge signal from the Remote
access requester block.

Acknowledge signal from the Remote
access receiver block.

Acknowledge signal from the
Message Controller.

Khoi dinh tuyén goi tin nhan bao gom cac khoi con sau:

« Khéi RX data controller ding dé phan loai géi tin nhan duoc va luu trit ching

vao FIFO tuong ung.

+ Khébi count packet FIFO 1a noi luu trir cac goi tin nhan duoc
« Khdi FIFO read CTL dung dé doc cac géi tin tir FIFO.
« Khoi S2P arbiter diung dé phan xir cac géi tin di ra tir 2 FIFO, tranh tinh trang

xung dot dam bao cac goi tin s€ dugc xur 1i mot cach lan luot.

Sinh vién thyc hién: Hoang Lé Nhat Truong
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«  Khéi serial to parallel dung dé chuyén géi tin tir dang serial thanh sang parallel.

«  Khéi check parity dung dé kiém tra tinh toan ven ctia goi tin, néu sai thi goi tin
s€ dugc bd qua.

«  Khéi destination decoder dung dé dinh tuyén cac goi tin nhan dén cac khéi xu li
tiép theo twong Ung.

Dudéi day 1a so do chi tiét cuia khoi:
Packet RX Router

—
Dt
—of CorEroler vl » ot - -
- Nemal
S N BFD - IO s
Meaacm ¢ ——

v | Dewnaien o

S — 8§27 Arvemt wy I sicrect parmy "0 pecnger
.

- Ul P

Corgraten - ‘

i AFO S N
Saadon LR

»

| COMpNnaS syl i v
w [

Hinh 2.34: Mo ta chi tiét kh6i dinh tuyén goi tin nhan

2.8. Khoi Interface credit manager

Adapter nén c6 bo dém dé dém sb luong credit trong PHY — goi 1a Quan 1y Tin
dung Giao di¢n (Interface Credit Manager). Sau khi dat lai, credit mac dinh la 2. Adapter
chi guri g6i tin méi khi bd dém khong bang khong. Piéu ndy c6 nghia 14 bo chuyén doi
c6 thé giri lién tiép 2 goi tin ma khong lo PHY bi tran.

PHY s& tra vé pl_crd khi da xir Iy mot goi tin (4 pha hodc 2 pha) va san sang cho
g6i tiép theo.

clk —_—

rstn  ———

Interface Credit

init — — inf_crd_value

Manager

Ip_valid —

pl_crd ——=

Hinh 2.35: Khdi Interface Credit Manger

Sinh vién thuc hién: Hoang Lé Nhat Truong GVHD: Nguyén Khanh Quang
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Bang dudi diy mo ta ddy du cac thong sb cia khoi:

Bang 2.21: M5 ta chi tiét thong sb cua khoi Interface Credit Manager

Pin name  Direction Clock Size Description
CTL Control Ports
clk Input B 1 2GHz clock.
rst n Input | Async 1 Asynchronous reset, active low.
init Input clk 1 Sync init, active high.

FIFO Interface

. Inform the Ip_data sent from Adapter
Ip_valid Input clk 1 to PHY is valid.
pl crd Input clk 1 Credit from PHY to the Adapter.
inf crd value | Output clk 2 Number of credits in the PHY.

Duéi day 1a dang séng cta khoi:

- [ LJ L L L L] L |

pikt_send \[ \f \/ /
(adapter -> PHY) 1\ gon care \ el X | mrz | PRTI
/ / N\ | |
| |
I
b_vald ‘ ' 1
- | —
| |
|
oy _od '
| !
| |
pl_cd | |
] |
| |
mcrs_crd | |
| |
| ] |
\ f .l{ \/ \f T
nd_crd_value ) 2 1 { 2 | 1

\ \ j\. }.'L

Hinh 2.36: Dang song cua Interface credit manager

Khi tin hiéu hop 1é (valid) duoc kich hoat (cho biét mét goi tin méi da dwoc chuyén tir
Adapter sang PHY), gié tri cia inf_crd_value s€ gidm di 1. Khi PHY da xtr Iy xong mot
g6i tin va pl_crd duoc kich hoat, gia tri cta inf crd value s& ting thém 1. Dé quan 1y
qua trinh ting va giam nay, hai bién tam thoi, ders_crd va incrs_crd da dugce tao ra. Cac
bién nay phat hién khi ndo can cép nhat gia tri cta inf crd value va kich hoat tin hiéu

cap nhat phu hop.

2.9. Kétluan

Qua chuong nay, ta da thiét ké xong tat ca cac khdi dé thuc hién cac chirc ning
theo yéu cau cua thiét ké. Pé kiém chimg thiét ké c6 hoat dong dung v6i mong mudn
khong, ta s& tién hanh thuc nghiém & chuong 3.
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Chuwong 3: KET QUA THU'C NGHIEM VA PANH GIA

3.1. Gioi thiéu
Dé dam béao chat luong va do tin cay cua thiét ké phan cing, quy trinh danh gia duoc
thuc hién qua ba giai doan chinh:

e Xac minh thiét ké (Design Verification).

e Tong hop logic va phan tich thoi gian tinh (Synthesis & STA).

e Thiét ké cho kiém thir (Design for Testability — DFT).
Chuong nay trinh bay quy trinh thuc nghiém va danh gia cua thiét ké.
3.2. Xdc minh thiét ké
Design verification (x4c minh thiét ké) 12 qua trinh kiém tra va danh gia dé dam bao
rang mot thiét ké dap ung cac yéu cau ky thuit, tiéu chuan va muc tiéu ban dau dé ra,
qua d6 xac nhan rang san pham hodc hé thong di dugc thiét ké dung cach trude khi tién
hanh san xuét hodc trién khai thuc té.
3.2.1. Méi trwong kiém thir
Pé xac minh thiét ké, moi truong xac minh thiét ké 13 can thiét. Trong phan nay, mot
moi trudng don gian s& dugc xdy dung bao gom:
+ Thiét ké phan tir s6 (digital top design).
+ Céc md hinh hanh vi cua cac khdéi CSR truy cap truc tiép, diéu khién CSR, bo diéu
khién tin nhan va mé hinh PHY.
+ Giao dién dé két ndi DUT véi cdc md hinh.
+ Céac muc kiém thtr theo danh sach kiém tra xac minh thiét ké.
+ Moi truong téng thé bao gom tat ca cac thanh phan trén.

Dudi day 14 hinh anh md ta moi trudng ciia xac minh thiét ké:

DUT

INTERFACE
INTERFACE
.

INTERFACE

0

PHY MODEL

Hinh 3.1: Ciu triic mdi truong kiém thir
Sinh vién thuc hién: Hoang Lé Nhat Truong GVHD: Nguyén Khanh Quang
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3.2.2. Cdc truwong hop xdc minh
Béang dudi day 1a tong hop tat ca cac truong hop xac minh:

Bang 3.1: Danh sach céac truong hop kiém tra

Tinh nang Tinh niang phu Tinh nang phu 2 T&i,:;g
Message controller giri message Hoan
c6 dir lidu té61 PHY thanh
Message controller giri message Hoan
khong c6 dir liéu té1 PHY thanh
Message controller nhan message = Hoan
co dir liéu tir PHY thanh

Message CTL
Message controller nhan message = Hoan
khong c6 dir liéu tr PHY thanh
Xir ly goi tin
tu Adapter
dén PHY Message controller guri ngau \
A N 11A e 1A gh Hoan
nhién c6 va khong co dir liéu dén thanh
PHY
Message controller nhan ngau ;
A N 11A e 1ea gk Hoan
nhién c6 va khong c6 dir liu dén thanh
PHY
Reset/Init Reset/Init khi guri géi tin i
sute thanh
CSR. Direct écc?s > CSR Direct Access giri yéu cau Hoan
(Mailbox) giri g1 tin 1 400 1o adapter bén kia thanh
thong thuong dén PHY | P
Sinh vién thuc hién: Hoang Lé Nhat Truong GVHD: Nguyén Khanh Quang
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tir Phy dén
Adapter

Nghién cieu va thiét ké Sideband Adapter cho hé thong die-to-die trén chip

CSR Direct Access
(Mailbox)

nhan géi tin 16i tir
PHY

Remote adapter guri
g6i tin yéu cau voi dia
chi thudc vung
Adapter

Remote adapter gui
g6i tin yéu cau voi dia
chi thudc vung
Adapter+Phy

Sinh vién thyc hién: Hoang Lé Nhat Truong

CSR Direct Access gui yéu cu
viét cho adapter bén kia

CSR Direct Access nhan goi tin
completion tr PHY vdi trang thai
la stall d¢ yéu cau reset timer

CSR Direct Access nhan goi tin
completion tr PHY véi trang thai
1 stall dé yéu cau reset timer. Sau
d6 nhén goi tin voi trang thai 1a
done

CSR Direct Access nhén goi tin
completion tr PHY (trudc do da
gt request doc/ghi) tr PHY voi
status la Completion Success

CSR Direct Access nhan goi tin
trd v€ voi trang thai 161

CSR Direct Access gui t6i PHY
v6i1 chire ndng doc dir liéu nhung
khong nhan dugc goi tin tra vé dé
kiém tra timeout > 8ms

4 ways handshaking

Géi tin ghi dir licu

Go61 tin doc dir liéu

Goi tin ghi dir licu

GVHD: Nguyén Khanh Quang
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Hoan
thanh
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s . 1eA Hoan
G61 tin doc dir licu thanh
A A Hoan
Opcode khong hop 1€ thanh
: 1A n Hoan
Dia chi khong hop 1€ thanh
Sideband interface guti o . .
gdi tin 131 Nhén goi tin tra veé trong khi Hoan
khong guri goi tin yéu cau thanh
Goi tin tra vé v6i trang thai 10i \
ri dén khoi Remote access i
g e thanh
receiver
Adapter nhan nhiéu Hoan
loai gai tin thanh
Adapter nhan va gui Hoan
g0i tin tr nhi€u nguon thanh
Adapter nhan goi tin Hoan
%&; vé tu PHY vdi tag thanh

3.2.3. Phadt hién 16i

Khi tién hanh thyc nghiém céc trudng hop xac minh & muc 3.2.2. Khi phat hién
16i ta s& quay lai budc dau tién dé sira 1a sira code RTL ctia nhitng khoi 16i. Sau d6 kiém
tra Spyglass roi tién hanh xac minh lai 1dn nita. Ta s& cap nhat code cho t6i khi nao
khong con 16i nao thi s& chuyén sang bude tiép theo 1a Synthesis va STA. Két qua cudi
cung cua giai doan xac minh nay 13 1 t8p chira tit ca dudng dan cua cac tép RTL cua
thiét ké dé phuc vu cho qua trinh téng hop.
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Tir két qua cua cac truong hop kiém thir, ta rat ra duoc bang sau:

Bang 3.2: Danh sach 16i duoc phat hién
STT L6i phat hién

Khi timer dém hon 8ms nhung mb_req_valid va
mb_resp_valid khong giong waveform mong doi.

csr_we bi vO hi€u hoa trong qua trinh ghi bd nhé, do do6
Remote access receiver khong thé ghi dir liéu vao by nhé

Count Packet FIFO trong Packet Router chi co thé luu trix 6
3 gdb1 tin dau tién vi giéi l}an trén cia DEPTH FIFO chua duoc
dat khi cap nhat bién dém

FIFO trong Remote access receiver khong thé xtr Iy khi wr_en

4 \ ~ . ~e ol \e e R
vard en lén 1 cung mot thoi diém
csr_we kich hoat trong qua trinh doc b nhd, vi vay Remote

5 - . A ~ - A \ ~ 14
access receiver khong doc dugc dir liéu tir bd nhd

6 Remote access receiver khong thé xir 1y 2 géi tin lién tiép dang
hon hop

7 Trong khdi Packet router, dir liéu P2S Completion FIFO duoc
doc cung voi lp_crd.

g Khi nhan nhiéu géi tin 16i lién tuc, cd 16i chi bao mét 1an duy

nhit cho goi tin dau tién

3.3. Tong hop logic va phén tich thoi gian tinh

Trong quy trinh thiét ké hé théng s6, sau cong doan xac minh thiét ké, thiét ké
RTL s& dugc chuyén sang budc tong hop. O budc niy, netlist RTL dugc chuyén doi
thanh cac cong logic. Cac rang budc thiét ké (dva trén dic ta ki thuat) va thu vién chuyén
dung s€ dugc stir dung dé xac dinh cach cong cu anh xa va tdi wu hoa thiét ké. Két qua
sau qua trinh tong hop can dugc phan tich va danh gia.

Phan tich thoi gian tinh (STA) 1a mot trong nhiing k¥ thuat pho bién dugc sir
dung dé kiém tra thoi gian trong thiét ké s6. Néu xay ra vi pham thoi gian (nhu vi pham
thoi gian thiét 1ap hodc thoi gian giir), chip sau khi ché tao c6 thé khong hoat dong dung
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chtrc nang nhu mong mudn. Trong quy trinh thiét ké sb, STA duoc sir dung dé xac minh
réng thiét ké c6 thé hoat dong chinh xac sau khi dugc san XUAt.

Khéac véi phan tich thoi gian dong (dynamic timing analysis), STA khong phu
thudc vao gia tri dir li€u cu thé tai cac chan dau vao. Thay vao do, STA thuc hién phan
tich mot cach tinh bang cach lan truyén cac do tré qua cac cong logic. Nguyén 1y chinh
ctia STA 14 cOng thoi gian dén cua tin hiéu véi do tré cia ting cong logic, sau d6 tim gia
tri 16n nhat trong s6 cac thoi diém dén tai mdi nat (net). Toan bd thiét ké s& duoc phan
tich mot 1an, va tat ca cac dudng truyén va kich ban co thé xay ra s& duoc kiém tra dé
dam bao dap Gmg cac yéu cau vé thoi gian [6].

3.3.1. Cac rang bugc

Viéc thiét lap cac thong sb6 nhu tan s6, chu ky va do bat dinh (uncertainty) cho
cac clock giup cong cu tong hop (synthesis) va phan tich timing (STA) hiéu rd yéu cau
vé thoi gian ctia hé thong. Nho do, cong cu o thé toi wu hoa, kiém tra va dam béo thiét
ké dap tmg dung céc tiéu chi vé timing, gitip mach hoat dong 6n dinh ¢ cac tan s mong
mudn. Pay 1a budc quan trong dau tién trong qua trinh thiét ké vi mach sb.

Dudi day 1a cac bang rang budc cho qua trinh téng hop:

Bang 3.3: Synthesis — cac thong s6 dé rang budc

SDC clock name ‘ Clock domain Frequency Period (ns)
CLK clk 2 GHz 0.5
SCLK sclk 20 MHz 50

Bang 3.4: Synthesis — clock uncertainty

Clock uncertainty ‘
SDC clock name

Setup Hold ‘
CLK 0.025 0.025
SCLK 2.5 2.5

Bang 3.5: Synthesis — d6 tré dau vao va dau ra

. . Value (ns)
Type Post direction
clk

o Input 0.100
Minimum delay

Output 0.100

) Inout 0.330
Maximum delay

Output 0.330
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3.3.2. Két qud tong hop logic va phan tich thoi gian tinh

Trong thiét ké nay, chung t6i chi tip trung vao duong dan reg2reg. Cac duong dan
con lai con c6 mot s6 han ché va s& duoc cai thién trong tuong lai. DPéi véi duong dan
reg2reg bén trong thanh ghi Remote access requester, cic dau vao duoc kich hoat boi
clk va cac thanh ghi s& 1dy mau boi sclk. Viéc st dung cac mién clocks khic nhau da
dan dén khong thé dong bd hoa chinh xac cac dudng dan nay vé mit thoi gian.

Duéi day 1a bang két qua cia giai doan Synthesis va STA

Bang 3.6: Két qua Synthesis va STA

Start End
. point . point Path
Start point clock Endpoint clock class Status
domain domain
Mailbox inputs | asyn RAC _REQ register clk ;Ielz Exception
Message inputs | clk PA.CKET—TX—ROUTER clk in2 Met
registers reg
Phy inputs clk PA.CKET—RX—ROUTER clk in2 Met
registers reg
CSR inputs clk PA.CKET—TX—ROUTER clk in2 Met
registers reg
RAC _REQ clk RAC_REQ registers sclk reg2 Exception
register — reg
RAC_REQ oIk PACKET_TX_ROUTER oIk reg?2 Met
registers registers reg
PACKET RX ree?
ROUTER clk RAC_REQ registers clk reg Met
register &
PACKET RX ree?
ROUTER clk RAC_REC registers clk reg Met
register &
PACKET TX read
ROUTER clk Phy outputs clk O‘iﬁ Met
registers
RAC _REQ clk Mailbox outputs asyn reg2 Met
registers out
RAC _REC clk CSR outputs clk reg2 Met
registers out
PACKET RX reg?
ROUTER clk Message outputs clk 0?1% Met
registers
Sinh vién thuc hién: Hoang Lé Nhat Truong GVHD: Nguyén Khanh Quang
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e Bao cao area:
Téng cell area cia thiét ké 1a 5688.92 um?

Number of ports:

Number of nets:

Number of cells:

Number of combinational cells:

Number of sequential cells:

Number of macros/black boxes:

Number of buf/inv:

Number of references: 13

Combinational area: 1858.985864
Buf/Inv area: 147.813118
Noncombinational area: 3829.932151
Macro/Black Box area: 0.000000
Net Interconnect area: undefined (Wire load has zero net area)

Total cell area: 5688.918016
Total area: undefined

Hinh 3.2: Bao céo area

e Bdao cdo power:

Hinh 3.3: Bao cao power

Cell leakage power rat thap (khoang 378,9969 nW), gop phan khong dang ké vao
tong tiéu thy nang luong, cho thay thiét ké RTL di duoc t6i wu héa tot dé giam ro ri, phu

hop véi muc tidu thiét ké tiét kiém ning lugng va hidu qua.

3.4. Thiét ké cho kiém thir

DFT la mét k¥ thuat dugc ap dung trong qua trinh thiét ké mach s6, nham thém
vao cac mach kiém thir bén trong mach chinh. Cac mach bo sung nay cho phép thuc
hién viéc kiém thir toan dién va dé dang sau khi san xuat, ma khong phu thude vao chuc
nang cu thé cia thiét ké. Qua trinh san xuat khong thé dam bao rang tat ca cac chip dugc

tao ra déu dat chat lugng va khong c6 18i. Cac 18i nay thuong 1a 16i vat Iy phat sinh trong

Sinh vién thuc hién: Hoang Lé Nhat Truong GVHD: Nguyén Khanh Quang
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qua trinh ché tao, chtr khong phai 131 chirc ning hay 15i logic do thiét ké sai. Trong du
an cua chang t61, ky thuat scan insertion thugoc DFT duoc ap dung dé chén cac mach b
sung. K¥ thudt nay gitp ting kha niang diéu khién va quan sat bén trong mach, tir 6
nang cao do bao phu kiém thir va kha niang phat hién 15i.
Yéu ciu ddi v6i DFT:

« Tat ca cac thanh ghi trong thiét ké déu dugc dwa vao chudi quét.

« Tat ca cac chudi quét sir dung phuong phap quét tiéu chuan.

« Tat ca cac chudi quét déu c6 lockup latch tai du ra ciia chung (trudc cong ra

scan_out).

« Tat ca cac chudi quét c6 do dai chudi quét tdi da dudi 200.

3.4.1. DFT Design Rule Check (DRC)

Pay 1a tom tit cho quy trinh chén scan:

Test-Ready Pre-DFT Post-DFT

RTL D Synthesis D Check D Insert Scan D Check

Hinh 3.4: Quy trinh chén scan
Pre-DFT DRC: 1a giai doan kiém tra thiét ké truéc khi chén DFT nham dam bao rang
thiét ké hién tai:
«  Pap tmg day du cac yéu ciu cho viée chén DFT.
« Khéng tdn tai cac 18i logic, cu tric hodc kién trac can trd qua trinh DFT vé sau.
Duéi day 1a két qua cta pre-DFT DRC sau khi chay tool:

Pre-DFT DRC enabled

Hinh 3.5: Két qua pre DFT
Sinh vién thuc hién: Hoang Lé Nhat Truong GVHD: Nguyén Khanh Quang
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Chén DFT: Thém cac phan tir kiém thir vao thiét ké.

Trong k¥ thuét nay, tit ca cac flip-flop théng thudng trong thiét ké s& duoc chuyén ddi
thanh scan flip-flop, ngoai trir nhitng flip-flop bi loai trir boi k§ su thiét ké hodc nhitng
flip-flop vi pham céc quy tic kiém tra DFT (DFT DRC violations). Viéc chuyén dbi nay
gitip ting kha ning kiém soat va quan sat cac tin hiéu bén trong mach, tir d6 cho phép
phat hién hiéu qua céc 16i nhu stuck-at-0 hodc stuck-at-1 trong qua trinh kiém thir sau

san xuat.

Mormal FF Scan FF
SE
—1In ol—
oLK ﬂ___
— e =1 ] Q—
1
CLK L ol

Hinh 3.6: Chuyén flip-flop thong thuong thanh scan flip-flop

Céc scan flip-flop sau khi duoc chén vao thiét ké s& dugc két ndi voi nhau dé tao thanh
cac chudi scan (scan chains). M&i chudi scan 1a mot day cac flip-flop dugc ndi tiép
nhau, cho phép dit li¢u kiém thtr duoc dich chuyén tuan tu qua toan bo chudi. S6 luong
chudi scan trong mot thiét ké phu thude vao nhiéu yéu tb ky thuat trong dac ta DFT,
chang han nhu d6 phirc tap ctia mach, yéu cau vé thoi gian kiém thi, va kha nang diéu
khién/quan sat tin hiéu bén trong mach.

Scan_path Len ScanDataIn ScanDataOut ScanEnable MasterClock S

[}

6 scan_in[@] scan_out[@
6 scan_in[1] scan_out[1
6 scan_in[2] scan out[2] scan shift[@] clk
6 scan_in[2] scan_out[3] scan_shift[@] clk

] scan_shift[@8]
]
1
]
6 scan_in[4] scan_out[4] scan_shift[8] clk
1
1
]
1

scan_shift[8]

(ol

[}

6 scan_in[5] scan out[5] scan _shift[@] clk
6 scan_in[6] scan out[6] scan shift[@] clk
6 scan_in[7] scan_out[7] scan_shift[8] clk
6 scan_in[8] scan out[8] scan shift[@] clk
scan_in[9] scan out[9] scan shift[8] clk
scan_in[18] scan_out[18] scan_shift[@] clk
scan_in[11] scan_out[11] an_shift[e] clk
an_chain 12 ! scan_in[12] scan _out[12] an_shift clk
in_13 | scan_in[13] scan_out[13] clk
1lk_scan_chain_14 ! scan_in[14] scan_out[14] an_shi clk
clk scan _chain_ 15 : scan_in[15] scan_out[15] clk
sclk_scan_chain_@ 26 scan_in[16] scan_out[16]

3

[n

W owm wmwm W\ wm wm W wmwm W w|mowmowmon
[} (nl

[l

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Hinh 3.7: Bao cao chuoi scan
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Téng sb logic tuan tir sau tong hop 1a 2835 cells. So sanh véi tong sb cells trong 17
chudi quét ciing 1a 2835 cells, diéu ndy c6 nghia 1a tit ca cac flip-flop trong thiét ké da
dugc chuyén doi thanh flip-flop quét va duoc thém vao cac chudi quét.

Coverage: Do ludng mirc d6 ma cac 13i tiém ning trong thiét ké c6 thé dugc phat hién
boi cac vector kiém thir.

Pattern Summary Report

#internal patter

Information: The test cove
than the real test
protocol and t

Hinh 3.8: B4o c4do d6 bao phu
Post DFT DRC: Kiém tra lai thiét ké sau khi da chén cac phan tir DFT.

(TEST-222)

Hinh 3.9: Két qua post DFT

Sinh vién thuc hién: Hoang Lé Nhat Truong GVHD: Nguyén Khanh Quang
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3.4.2. Kiém tra formality cho Post DFT

Trudc khi kiém tra formality cua thiét ké sau khi thém chudi quét, cac tin hi¢u scan_shift

can dugc kéo ve 0 dé vo hi¢u hoa logic quét da duge thém vao sau khi chen chudi quét.

Bang 3.7: Cau hinh cho kiém tra post DFT fomality

Netlist type Design type Constraint Ports

RTL Reference set constant 0 scan_shift [0]
RTL Reference set constant 0 scan_shift [1]
SCAN Implemented set constant 0 scan_shift [0]
SCAN Implemented set constant 0 scan_shift [1]

Formality 13 mot cong cu ctia Synopsys dung dé so sanh tinh twong dwong chirc ning
(formal equivalence checking) giita hai phién ban thiét ké s6: ¢ day 1a RTL (Register
Transfer Level) va netlist sau khi DFT. Muc dich 1a ¢dam bao rang qua trinh tong hop
va DFT khong 1am thay doi chirc ning logic cua thiét ké.

FEEEiskkkEEEad ks bRk eeassnesisx \orification Results ##sssssssssssssssssbrssssssssisss
Verification SUCCEEDED
ATTENTION: synopsys auto setup mode was enabled.
See Synopsys Auto Setup Summary for details.
ATTENTION: RTL interpretation messages were produced during link
of reference design.
Verification results may disagree with a logic simulator.

Reference design: ref:/WORK/top
ementation design: imp:/WORK/top
Passing compare points

Matched Compare Points BBPin BBNet

Constant reg
Don't verify
unr

Hinh 3.10: Két qua kiém tra fomality

3.5. Kétluan
Sau qua trinh tién hanh cac thir nghiém mo phong mot cach ki ludng va cé hé thong,
chung ta da thu thap duoc cac dir lidu va két qua can thiét dé tong hop va phan tich thong
qua cac quy trinh:

 RTL.

«  Xac minh thiét ké.

«  Tong hop logic va phan tich thoi gian tinh.

»  Thiét ké cho kiém tht.

Sinh vién thuc hién: Hoang Lé Nhat Truong GVHD: Nguyén Khanh Quang
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Tt d6 rat ra bang danh gia sau:

Bang 3.8: K&t qua cac phan thiét ké

Tinh nang Tinh nang phu Két qua
Thiét ké RTL Kiém tra chirc ning Gidng vé6i yéu cau thiét ké
Kiém tra Spyglass Khong co 16i
Xac minh thiét ké | Checklist D3 kiém tra tat ca chirc ning
D9 bao phu 100%
Synthesis/STA Synthesis & STA Khong co 16i
Kiém tra formality Khong c6 16i
DFT Chén SCAN Tat ca scan cell d3 duoc thém vao
chudi SCAN

Dua trén két qua cua bang danh gia, thiét ké cua ching ta di dap Gmg va vuot qua
céc tiéu chuan thuc té dé ra, khong con ton tai 15i vé logic va chirc ndng sau khi thuc
hién cac phuong phéap thir nghiém thuc nghiém, chirng t6 tinh kha thi va do tin cay cua

giai phap dé xuat.
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KET LUAN VA HUONG PHAT TRIEN

Két luin

Nhém d3 nim rd duoc kién thirc co ban vé quy trinh thiét ké vi mach sd, nim 13
dugc timg quy trinh c6 c6 vai trd gi trong quy trinh thiét ké.

Thiét ké thanh cong Sideband Adapter tir nhitng yéu ciu ban dau, dya trén cc giao
thire va k¥ thuat hién c6. Khéi Sideband Adapter d3 c6 thé thyc hién nhirng chtrc ning
theo mong muén 13 truyén nhan va xir Iy goi tin. C6 thé tu xur Iy va bao 151 khi gip cac
van dé 16i. Khéi ndy duoc mé ta chi tiét cac thanh phan, dang séng va nguyén 1y hoat
dong cua tig phan. Giup hiéu rd hon vé Sideband Adapter.

Mot ké hoach xac minh da duoc xay dung dé xac dinh céc tinh nang can kiém tra.
Ké hoach nay tap trung vao viéc mo phong va kiém thir xem khdi Sideband Adapter c6
thé nhan va xir 1y goi tin dugc hay khong. Bé phuc vu cho qua trinh xac minh, mot moi
truong kiém thir hoan chinh da duoc phat trién, bao gdm cac thanh phan nhu Phy model,
CSR direct access, CSR control, message controller va giao dién (Interface) dong vai
tro két ndi giira moi truong mé phong va khbi DUT.

Han ché

O phan Synthesis van con mot s6 timing path bi 16i, cht yéu 13 ¢ dudng in2reg va
reg2reg. Nguyén nhén 1a do phan thiét ké RTL van chua t6i wu, gy 18i timing & mot sb
duong nhu da noi.

Huwéng phat trién

Trong tuong lai s& tién hanh tdi wu RTL dé khong con céac 16i timing & budc
Synthesis. Ngoai ra s& phat trién thém nhiéu chirc ning dé cé xtr Iy dugc nhiéu loai goi

tin hon.

Sinh vién thuc hién: Hoang Lé Nhat Truong GVHD: Nguyén Khanh Quang
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PHU LUC

Phu luc nay trinh bay danh sach cic mach logic cip cong (netlist) sau khi hoan tat phan
thiét ké cho kiém thtr (DFT), thé hién két ndi chinh x4c cua cac té bao tiéu chuin
(standard cell) va md-dun, sin sang dé ban giao cho nhom thiét ké vat 1y thuc hién bd
tri mach va ché tao chip. Netlist da duoc téng hop dua trén mo hinh RTL da dugc xac
minh cta khdi Sideband Adapter, st dung céng cu Synopsys Design Compiler, dong
thoi phan anh tit ca cac toi vu hoa vé chirc ning va cac rang budc da duoc ap dung trong
qua trinh tong hop dé dam bao hiéu suit tbi wu cho thiét ké.
I T
// Created by: Synopsys DC Ultra(TM) in wire load mode
// Version : W-2024.09-SP5
// Date  :Tue May 20 17:50:03 2025
I T
module
sideband adapter P DWIDTH66 P PKT DWIDTH64 S DWIDTH16 FF DWIDT
H18 OPCODE4 PHASE OPC2 DEPTH24 PACKET6 CMPL DEPTH8 CMPL P
ACKET2 BIT INSRT2 FF CNT2 COUNT4 SRC3 CREDIT2 test 1 (
clk, rst n, init, rac_req p2s valid, rac_req p2s data, rac req p2s ack,
rac_rec_p2s valid, rac_rec p2s data, rac rec_p2s ack, msg p2s valid,
msg p2s_data, msg p2s ack, Ip data, Ip valid, pl crd, test sil6,
test sil5, test sil4, test sil3, test sil2, test sill, test silO,
test si9, test si§, test si7, test si6, test siS, test si4, test si3,
test si2, test sil, test sol6, test sol5, test sol4, test sol3,
test sol2, test soll, test sol0, test s09, test so8, test so7,
test so06, test so3, test so4, test so3, test so2, test sol, test se );
input [65:0] rac_req p2s_data;
input [65:0] rac_rec_p2s_data;
input [65:0] msg p2s data;
output [15:0] Ip_data;
input clk, rst_n, init, rac_req_p2s_valid, rac_rec_p2s valid, msg_p2s_valid,
pl crd, test sil6, test sil5, test sil4, test sil3, test sil2,
test sill, test silO, test si9, test si§, test si7, test_sio6,
test_siS, test si4, test si3, test si2, test sil, test_se;

output rac_req p2s_ack, rac_rec_p2s ack, msg p2s_ack, Ip_valid, test sol6,



test sol5, test sol4, test sol3, test sol2, test soll, test sol0,
test s09, test so8, test so7, test so06, test _so3, test_so4, test so3,
test so2, test sol;

wire nm_req, cmpl req, \tx top/counter[1], \tx top/counter[0] ,
\inf crd manager/lp valid prev , \tx_top/tx_control/nl§,
\tx_top/nm_ft/count[2] , \tx_top/nm_ff/count[1],
\tx_top/nm_ ft/count[0] , \tx_top/nm_ff/rd ptr[4],
\tx_top/nm_ft/rd ptr[3], \tx_top/nm_ft/rd ptr[2],
\tx_top/nm_ff/rd ptr[1], \tx_top/nm_ft/rd ptr[0],
\tx_top/nm_ft/fifo[65] , \tx_top/nm_f{f/fifo[64],
\tx_top/nm_ ft/fifo[63] , \tx_top/nm_ff/fifo[62] ,
\tx_top/nm_ft/fifo[61] , \tx_top/nm_{f/fifo[60] ,
\tx_top/nm_ ft/fifo[59] , \tx_top/nm_f{f/fifo[58],
\tx_top/nm_ ft/fifo[57] , \tx_top/nm_{f/fifo[56] ,
\tx_top/nm_ ft/fifo[55] , \tx_top/nm_ff/fifo[54] ,
\tx_top/nm_ ft/fifo[53] , \tx_top/nm_{f/fifo[52] ,
\tx_top/nm_ ft/fifo[51] , \tx_top/nm_{f/fifo[50] ,
\tx_top/nm_ ft/fifo[49] , \tx_top/nm_{f/fifo[48],
\tx_top/nm_ft/fifo[47] , \tx_top/nm_{f/fifo[46],
\tx_top/nm_ ft/fifo[45] , \tx_top/nm_ff/fifo[44],
\tx_top/nm_ ft/fifo[43] , \tx_top/nm_f{f/fifo[42],
\tx_top/nm_ft/fifo[41] , \tx_top/nm_{f/fifo[40],
\tx_top/nm_ ft/fifo[39] , \tx_top/nm_{f/fifo[38],
\tx_top/nm_ ft/fifo[37] , \tx_top/nm_{f/fifo[36] ,
\tx_top/nm_ ft/fifo[35] , \tx_top/nm_ff/fifo[34],
\tx_top/nm_ft/fifo[33], \tx_top/nm_ff/fifo[32],
\tx_top/nm_ft/fifo[31], \tx_top/nm_{f/fifo[30],
\tx_top/nm_ ft/fifo[29] , \tx_top/nm_ff/fifo[28],
\tx_top/nm_ft/fifo[27] , \tx_top/nm_{f/fifo[26],
\tx_top/nm_ ft/fifo[25] , \tx_top/nm_ff/fifo[24],
\tx_top/nm_ ft/fifo[23] , \tx_top/nm_ff/fifo[22],
\tx_top/nm_ft/fifo[21], \tx_top/nm_{f/fifo[20],
\tx_top/nm_ft/fifo[19], \tx_top/nm_ff/fifo[18],
\tx_top/nm_ft/fifo[17] , \tx_top/nm_f{f/fifo[16],
\tx_top/nm_ft/fifo[15], \tx_top/nm_f{f/fifo[14],
\tx_top/nm_ft/fifo[13], \tx_top/nm_ff/fifo[12],



\tx_top/nm_ft/fifo[11], \tx_top/nm_ ft/fifo[10],
\tx_top/nm_ ft/fifo[9] , \tx_top/nm_ff/fifo[8],
\tx_top/nm_ ft/fifo[7] , \tx_top/nm_ff/fifo[6],
\tx_top/nm_ ft/fifo[5] , \tx_top/nm_ff/fifo[4],
\tx_top/nm_ ft/fifo[3] , \tx_top/nm_ff/fifo[2],
\tx_top/nm_ft/fifo[ 1], \tx_top/nm_ff/fifo[0],
\tx_top/nm_ft/wr ptr[4], \tx_top/nm_ff/wr ptr[3],
\tx_top/nm_ft/wr ptr[2], \tx_top/nm_ff/wr ptr[1],
\tx_top/nm_ft/wr ptr[0], \tx_top/cmpl ft/count[1],
\tx_top/cmpl_ft/count[0] , \tx_top/cmpl ff/rd ptr[2],
\tx_top/cmpl_ft/rd ptr[1], \tx_top/cmpl ff/rd ptr[0],
\tx_top/cmpl_ft/fifo[65], \tx_top/cmpl ff/fifo[64],
\tx_top/cmpl_ft/fifo[63], \tx_top/cmpl ff/fifo[62],
\tx_top/cmpl_ft/fifo[61], \tx_top/cmpl ff/fifo[60],
\tx_top/cmpl_ft/fifo[59], \tx_top/cmpl ff/fifo[58],
\tx_top/cmpl_ft/fifo[57], \tx_top/cmpl ff/fifo[56],
\tx_top/cmpl_ft/fifo[55], \tx_top/cmpl ff/fifo[54],
\tx_top/cmpl_ft/fifo[53], \tx_top/cmpl ff/fifo[52],
\tx_top/cmpl_ft/fifo[51], \tx_top/cmpl ff/fifo[50],
\tx_top/cmpl_ft/fifo[49], \tx_top/cmpl ff/fifo[48],
\tx_top/cmpl_ft/fifo[47], \tx_top/cmpl ff/fifo[46],
\tx_top/cmpl_ft/fifo[45], \tx_top/cmpl ff/fifo[44],
\tx_top/cmpl_ft/fifo[43], \tx_top/cmpl ff/fifo[42],
\tx_top/cmpl_ft/fifo[41], \tx_top/cmpl _{f/fifo[40],
\tx_top/cmpl_ft/fifo[39], \tx top/cmpl ff/fifo[38],
\tx_top/cmpl_ft/fifo[37], \tx_top/cmpl_ff/fifo[36],
\tx_top/cmpl_ft/fifo[35], \tx_top/cmpl _ff/fifo[34],
\tx_top/cmpl_ft/fifo[33], \tx_top/cmpl _ff/fifo[32],
\tx_top/cmpl_ff/fifo[31], \tx_top/cmpl_ff/fifo[30],
\tx_top/cmpl_ff/fifo[29] , \tx_top/cmpl _ff/fifo[28],
\tx_top/cmpl_ff/fifo[27] , \tx_top/cmpl_ff/fifo[26] ,
\tx_top/cmpl_ff/fifo[25] , \tx_top/cmpl_ff/fifo[24],
\tx_top/cmpl_ft/fifo[23], \tx_top/cmpl _ff/fifo[22],
\tx_top/cmpl_ff/fifo[21], \tx_top/cmpl_ff/fifo[20],
\tx_top/cmpl_ff/fifo[19], \tx_top/cmpl ff/fifo[18],
\tx_top/cmpl_ff/fifo[17], \tx_top/cmpl _ff/fifo[16],



\tx_top/cmpl_ft/fifo[15], \tx_top/cmpl ff/fifo[14],
\tx_top/cmpl_ft/fifo[13], \tx_top/cmpl ft/fifo[12],
\tx_top/cmpl_ft/fifo[11], \tx_top/cmpl_ff/fifo[10] ,
\tx_top/cmpl_ft/fifo[9] , \tx top/cmpl_ft/fifo[8],
\tx_top/cmpl_ft/fifo[7] , \tx_top/cmpl_ft/fifo[6],
\tx_top/cmpl_ft/fifo[5] , \tx_top/cmpl_ft/fifo[4],
\tx_top/cmpl_ft/fifo[3], \tx top/cmpl_ft/fifo[2],
\tx_top/cmpl_ft/fifo[1], \tx_top/cmpl_ff/fifo[0],
\tx_top/cmpl_ft/wr ptr[2], \tx_top/cmpl ff/wr ptr[1],
\tx_top/cmpl_ft/wr ptr[0], \tx_top/nm_ctl/n4,
\tx_top/nm_ctl/phase opc q[1], \tx top/nm_ctl/phase opc q[0],
\parralel arbiter/u parallel arbiter/grant idx[1],
\parralel arbiter/u parallel arbiter/grant idx[0],
\p2s_arbiter/u_ tmp462/n6 , \tx_top/cmpl ctl/n9 ,
\tx_top/cmpl_ctl/n5 , \tx_top/cmpl ctl/n4 ,
\tx_top/cmpl_ctl/phase opc q[1], \tx_top/cmpl_ctl/phase opc q[0],
HDBLVTI14 AN2 1 U728 (.Al(\rac_req_inst/top_remote access_requester 1/n3),
A2(n457), . X(n513));
HDBLVTI14 AN2 1 U729 (.Al(rac_req p2s_data[28]), .A2(n457), .X(n514));
HDBLVTI14 AN2 1U730 (.Al(rac_req p2s_data[15]), .A2(n457), .X(n515) );
HDBLVTI14 AN2 1U731 (.Al(rac_req p2s_data[14]), .A2(n457), .X(n516) );
HDBLVTI14 AN2 1 U732 (.Al(rac_req p2s_data[13]), .A2(n457), . X(n517));
HDBLVTI14 AN2 1 U733 (.Al(rac_req p2s_data[12]), .A2(n457), .X(n518));
HDBLVTI14 AN2 1U734 (.Al(rac_req p2s_data[10]), .A2(n457), .X(n519) );
HDBLVTI14 ND2 1 U735 (.Al(rac_req_p2s_data[0]), .A2(n457), .X(n448) );
HDBLVTI14 ND2 1 U736 (.Al(mb req we gst), .A2(n449), .X(n458));
HDBLVTI14 ND2 1U737 (.Al(rac_req p2s_data[1]), .A2(n457), .X(n451) );
HDBSVT14 INV_0P5 U738 ( .A(mb_req_we_gst), .X(n450) );
HDBLVTI14 ND2 1 U739 (.A1(n450), .A2(n449), .X(n455) );
HDBLVTI14 ND2 1U740 ( .Al(rac_req p2s data[11]), .A2(n457), .X(n452) );
HDBLVTI14 ND2 1U741 (.Al(rac_req p2s data[29]), .A2(n457), .X(n454) );
HDBLVTI14 ND2 1 U742 ( .Al(rac_req p2s_data[64]), .A2(n457), .X(n456) );
HDBLVTI14 ND2 1 U743 (.Al(rac_req p2s_data[65]), .A2(n457), .X(n459) );
HDBLVTI14 LDNQ 2 LOCKUP ( .D(n534), .G(sclk), .Q(scan_out[16]) );
HDBLVT14 TIE1 4 U321 (.X(n236));
HDBLVTI14 TIEO 4 U322 (.X(n238));
HDBSVT14 ND2 CDC _0P5 U326 ( .A1(n738), .A2(n292), .X(n728) );



HDBLVTI4 INV_16 U335 ( .A(init), .X(n729) );

HDBLVTI14 INV_16 U346 ( .A(init), X(n730) );

HDBLVT14 BUF S 20 U383 (.A(n736), .X(n731) );

HDBLVT14 OR2 4 U500 ( .A1(n736), .A2(n747), X(n732) );

HDBSVTI14 ND2_CDC_0P5 U540 ( .A1(n266), .A2(n306), .X(n733) );

HDBSVTI14 OAI21 1U545 (.A1(n746), .A2(n292), B(n745), X(n734));

HDBLVT14 AN2 4 U548 (.A1(n306), .A2(n253), .X(n735));

HDBLVT14 AN2 4 U561 (.A1(n306), .A2(n253), .X(n736) );

HDBLVT14 A022 1 U563 (.A1(n739), .A2(n268), .B1(n737), .B2(n276), .X(n279)
);

HDBLVTI14 INV 16 U564 ( .A(n738), .X(n737));

HDBLVT14 NR2 MM 16 U579 ( .A1(n735), .A2(n747), .X(n738) );

HDBSVT14 AN2 0P5 U744 ( .A1(n745), .A2(n733), .X(n739));

HDBLVT14 OR2 4 U745 (.A1(n731), .A2(n740), .X(n304) );

HDBLVTI14 OR2 4 U746 ( . A1(n288), .A2(n741), .X(n740) );

HDBLVTI14 INV 16 U747 ( .A(n300), .X(n741) );

HDBSVT14 OAI21 1 U748 (.A1(n746), .A2(n292), .B(n745), .X(n742) );

HDBLVTI14 AN2 4 U749 ( .A1(n730), .A2(n749), .X(n743) );

HDBLVTI14 AN2 4 U750 ( .A1(n729), .A2(n749), .X(n744) );

HDBLVTI14 ND2 MM 16 U751 ( .A1(n743), .A2(n253), .X(n745) );

HDBLVT14 OR2 4 U752 ( .A1(n736), .A2(n747), .X(n746) );

HDBLVT14 INV 16 U753 ( .A(n744), .X(n747) );

HDBLVT14 AN2 4 U754 ( .A1(n748), .A2(n749), .X(n306) );

HDBLVTI14 INV 16 U755 ( .A(init), .X(n748) );

HDBLVTI14 INV 16 U756 ( .A(\rac_req_inst/timer_init_syn ), .X(n749) );

HDBLVT14 OR2 4 U757 ( .A1(f err), .A2(n750), .X(n751) );

HDBLVT14 INV 16 U758 ( .A(n752), .X(n750) );

HDBLVT14 NR2 MM 4 U759 (.A1(n239), .A2(n751), .X(n241) ),

HDBLVT14 INV 16 U760 ( .A(n246), .X(n752) );

endmodule



