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Téng hop luan Iy vi mach

Gidi thiéu mdén hoc
* No6i dung:

— Gi6i thigu vé thiét ké vi mach
— Bién doi tv cac géc ta ng(“)nZ ngdr HDI; o
— Nam quy trinh tdng hop, kiém tra, kiém th&r cac mach 2
’Ié’p va nhiéu I&p
* DOi twong:
— Sinh vién cao hoc
— Sinh vién dai hoc nam 3-4
* Danh gia
— Tiéu luan: 30%
— Trinh bay: 30%
— Kiém tra cubi ky: 40%

Gidi thiéu

« Mén hoc: Téng hop luan ly vi mach
—Ma sé:
— S6 tin chi: 3

« Giang vién:
— Dr. Tran Ngoc Thinh
* Email: tnthinh@cse.hcmut.edu.vn
» Phone: 8647256 (5843)
« Office: A3 building,
« Office hours: Tuesdays, 9:30-11:00

N&i dung mén hoc

« Téng quan vé thiét ké luan ly vi mach
« Mach t6 hop 2 mirc

« Téng hop mach t6 hop 2 mirc

« Kiém thtr mach t6 hop 2 mirc

Mach t6 hop nhiéu merc

« Téng hop mach t6 hop nhiéu mirc
Kiém thtr mach t& hop nhiéu marc




Tai liéu tham khao

Keutzer

Giovanni De Micheli

[1]. Logic Senthesis — Srinivas Devadas, Abhijit Ghosh, Kurt

[2]. Synthesis and Optimization of Digital Circuits —

Téng quan

« Mach sé tich hop

Phwong phap thiét ké IC

B tri murc transistor

Mtrc cdng

Initial use of Logic Optimizaion

Emergence of Synthesis-Base Design
A Logic Synthesis Design Methodology

Chwong 1: Gii thiéu tbng quan
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> Tbng quan

»Mach té hop 2 mirc
»Mach té hop nhiéu mirc
> Kiém tra (verification)

> Kiém thir (testing)
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System Level

» Abstract algorithmic description of high-level behavior
— e.g. C-Programming language

Port*
compute_optimal_route_for_packet(Packet_t *packet,
Channel_t *channel)

static Queue_t *packet_queue;

packet_queue = add_packet(packet_queue, packet);

3
— abstract b&i vi né khéng chira bat ctv hién thwc chi tiét ndo cho thoi
gian hoac data
— Hiéu qua dé& dat dworc mdt mé hinh thye thi rat gon & giai doan dau
tién cla thiét ké
— Kho khan dé duy tri sy xuyén sudt dw an bai vi khong lién két dén
phan hién thyc
s
Gate Level

* Model on finite-state machine level

— Nhirng md hinh chirc nang trong luéan ly Boolean
st dung registers va gates

— Cac mo hinh delay khac nhau cho gates va wires

ﬁz::§;>y1ns
@%5 @ 4ns

B RTL Level

» Cycle accurate model

modulle mark1l;

reg [31:0] m[0:8192];
reg [12:0] pc;

reg [31:0] acc;

reg [15:0] ir;

always
begin
ir = mlpc];
if (ir[15:13] == 3b”000)
pc = m[ir[12:0]1];
else if (ir[15:13]==3"b010)
acc = -m[ir[12:0]1];

end
endmodule

“close” to the hardware

implementation

— Nhirng kiéu di liéu bit-
vector va cach hoat déng
duworc trivu twong hoa tw
hién thwc bit-level

— Céu tric tuan tw (e.g. if - _
then - else, while loops) dé
ung hé mé hinh dong dieu
khién phurc tap.

o
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Transistor Level

* Model on CMOS transistor level
— Puwoc dung trong kiém tra sw twong duwong chive

— Hoac phan tich chi tiét vé timing




Layout Level

* Transistors va wires dwoc dat nhw cac
polygons trong cac I&p khac nhau nhw
diffusion, poly-silicon, metal, etc.

™

Design Challenges

+ Systems dang tr& nén I&n hon, thoi gian thiét ké ngay cang
phai rat ngan
— > 100 Mio gates cang phd bién cho ASICs
— > 0.4 Mio dong ciia C-code dé& mé ta hanh vi hé théng
— > 5 Mio dong cta RLT code

+ Design teams rat I&n cho nhirng projects I&n
— Vai tram nguoi
— Ky nang khac nhau
— Lam viéc déng thei & nhidu mirc khac nhau
— Vléc quan ly d6 phirc tap va lién lac thiét ké 1a rat kho khan

+ Design tools dang ngay cang phuc tap hon nhwng van chwa
dap wng yéu cau
— Théng thudng nguwoi thiét ké phai chay khodng 50 tools cho méi
component

— tools cé nhiéu 16i, interfaces chwa than thién etc.

Design of Integrated Systems
- Design phases overlap to large degrees
- Parallel changes on multiple levels, multiple teams
© - Tight scheduling constraints for product
[e]
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Design Challenges

* Quyét dinh vé design point 1a rat khé
— performance / costs / time-to-market

- Quyét dir]h phéi dwoc thyc hién 2-3 years trwdc khi hoan
thanh thiét ké before design finished

— Céc thoi diém thiét ké rat kho doan trwéc néu khong lam
that sw

— Xé&c dinh vong ddi san pham

* Functional verification

— M6 phéng van la cong cu chinh cho kiém tra chirc nang
nhwng khéng du béi vi kich thuwdc cia khdng gian thiét ke
— Céc I8 trong released hardware thi rat dat dé khéc phuc

(khac voi software)
__ e




s Design Challenges

 Tradeoffs co ban gitra cac mrc moé hinh héa khac
nhau:

— modeling detail and team size to maintain model
« high-level models c6 th& dwoc kiém soat bdi 1 hodc 2 ngudi
« detailed models can duoc phan hoach ma két qua la sw kho khan
trong viéc lién lac gitra cac khoi
— modeling accuracy versus modeling compactness

+ compact models bd qua c&c chi tiét va dua ra chi nhitng wéc
lwong so khai cho hién thuc

+ detailed models thi kéo dai va kho khan dé thich nghi véi nhiing
thay ddi trong thiét ké
— simulation speed versus hardware performance
+ high-level models c6 th& mé phéng nhanh nhwng khéng thé hién
thwre hiéu qué voi nhirng phwong tién ty dong
oy « low-level models c6 thé hién thuwc nhanh chéng nhwng khé mé

o ¥ phng __am

s Full Custom Design Flow

Logic Synthesis ‘ ISA Specification }—» Simulation
RTL Spec Simulation
‘ Gate Level Netlist Formal
Equivalence
@ Checking
Transistor Level Circuit Circuit Simulation
ﬂ — Extract&Compare
‘ Layout
Manual or Design Rule Checker
semi-automatic
Design
[ ]

o Full Custom Design Flow

« Application: nhirng thiét ké hiéu suét cuc cao
— general-purpose processors, DSPs, graphic chips, internet
routers, games processors etc.
+ Target: thi trwdng I&n va lgi nhuan cao
— e.g. PC business
+ Complexity: rat cao va doi héi lab hién dai
— Doi ngii 16N, dau tw cao va rii ro ciing cao
» Vai tro Logic Synthesis:
— Han ché chi cho components khéng chuén héa vé hiéu
suat hoac co thé thay doi sau dé trong chu trinh thiét ke
* non-critical data paths logic va control logic

— Mot Iu’o’n,g Ié:n data-path components vé,fast control logic
[ o duoc thiét ké tha cong dé téi wu hiéu suat

= ASIC Design Flow

+ Application: thi trwdng IC théng dung

— peripheral chips in PCs, toys, handheld devices etc.

Target: thi trwong trung binh va nhd, thoi gian thiét

ké han ché

— e.g. consumer electronics

Complexity of design: kiéu thiét k& chuan, doan

trwdc dwoc

— standard flows, standard off-the-shelf tools

Vai tro Logic Synthesis:

— Puwoc st dung ti 1é cao trong thiét ké ngoai trir nhirng khéi
dac biét nhw RAM’s, ROM’s, analog components




= AsicC Design Flow

Logic Synthesis ‘ Informal Specification
RTL Spec Simulation
Gate L u|N tist Formal
ate Level Netlis Equivalence
il Checking
Modifies Gate Level Netlist k Static Timing Analysis
Manu_al Qh_anges ﬁ Test Logic Insertion
to fix timing ASIC Foundry ‘

s What is Logic Synthesis?

Given: Finite-State Machine F(X,Y,Z, , J) where:

X: Input alphabet

Y: Output alphabet

Z: Set of internal states
A

J

: XxZ —Z (next state function)

: XxZ —Y (output function)

Target: Circuit C(G, W) where:

G: set of circuit components g  {Boolean gates,
flip-flops, etc}

W: set of wires connecting G

[ o

o What is Logic Synthesis?

* Definition: To design a logic circuit such that it
meets the specifications and can be
economically manufactured:

« Performance — dat nhirng yéu ciu vé delay ho&c tbi
thiéu delay.

+ Cost — dung hardware it nhat, dién tich chip nhé nhét,
s6 lwong gates hoac transistors nhé nhat.

» Power — dat cac yéu cau vé power, tiéu thy power it
nhat.

« Testablility — khéong cé dw thira logic va dé kiém tra.

ELEC2200-002 Lecture 6
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s Muc tiéu cia Synthesis

* Minimize area
— sb lwong cell, register, etc.
* Minimize power
— Hoat ddng chuyén mach trong individual gates, deactivated circuit
blocks, etc.
* Maximize performance
— Téi wu clock frequency ctia synchronous systems, throughput ctia
asynchronous systems
+ Két hop cac giai phap trén
— Két hop v6i nhirng trong sb khac nhau
— Coéng thirc héa nhw mot van dé rang budc
* “minimize area for a clock speed > 300MHz"
* More global objectives
— feedback from layout
|I$I « actual physical sizes, delays, placement and.routing

s Brief History of Logic Synthesis

* 1960s: first work on automatic test pattern generation used
for Boolean reasoning
— D-Algorithm
* 1978: Formal Equivalence checking introduced at IBM in
production for designing mainframe computers
— SAS tool based on the DBA algorithm
* 1979: IBM introduced logic synthesis for gate array based
main frame designed
— LSS, next generation is BooleDozer
+ End 1986: Synopsys founded
— first product “remapper” between standard cell libraries
— later extended to full blown RTL synthesis
* 1990s other synthesis companies enter the marker
[ — Ambit, Compass, Synplicity. Magma, Monterey, ...

o Constraints on Synthesis

+ Given implementation style:
— Hién thyc hai mic (PLA, CAMs)
— Hién thwc nhiéu mirc, FPGAs

» Given performance requirements
— Yéu cau tbi thiéu cta clock speed
— Yéu céu tbi thiéu latency, throughput

* Given cell library
— Téap cac cells trong cell library

— fan-out constraints (t6i da s gates dwoc néi véi gate
khac)

=

&= Why learning about Logic Synthesis?

* Logic synthesis la hat nhan cua cac CAD tools
ngay nay cho thiét ké IC va system.
— Bao gdm nhiéu giai thuat st dung réng rai trong
CAD tools
— Co ban cho céc ky thuat ti wu khac, e.g.
embedded software
— Co ban cho cac ky thuat kiém tra chirc ndng

« Phan I&n giai thuat [a kho tinh toan




2010

Phwong phap thiét ké IC

« Hai tham sé rang budc qua trinh thiét ké IC:
— Chét lwong ctia mach
— Thoi gian dwa san pham ra thi truéng

Sales

2010

Mach t6 hop 2 mirc

« C6 nhiéu dang mach logic 2 murc:
— Sum-of-Product (AND-OR)
— Product-of-Sum (OR-AND)
— NOR-NOR
— NAND-NAND
— AND-XOR

Mach s6 tich hop

* Integrated circuit
» Transistor-level
— Silicon compiler
« Gate array va standard cell
— Mét tap céc transitor va cac két ndi dwoc cu hinh
trong mét IC
— Nor cell
» Gate-level
—BPuwoc st dung ttr nhirng nam 1970

~
dce .
Wo-LeveI AND-OR Implementation
* Technology-independent circuit.
C
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= NAND-NAND Implementation

C
F1
A
F2
B
D
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<g Mach t6 hop nhiéu mac

+ Thwong duoc st dung nhidu hon cac mach té6 hop 2 mirc
« Nhanh hon va nhd hon so véi viéc hién thwe cta mach 2
murc
+ Mach té hop nhidu mirc thwerng dwoc thé hién & dang mang
nhiéu mirc clia cac cdng (multi-level networks of logic gate)
Cho phép tu do hon trong viéc thiét ké
— Téi wu dién tich
— Delay
— Thoa man cac rang budc (vi du: cac yéu cau vé thoi gian trén cac
dwdng xuat nhap khac nhau)
+ Nhuoc diém
— Khé mé hinh hoéa va téi wu mang nhiéu mrc (multi-level networks)

deg Mach t6 hop 2 mirc

« Uu diém cta mach 2 mirc

—PLAva mac;h quic 2 [nL'rc cé thé hién thuc hiéu
qua cac khai diéu khién logic.

— Viéc téi wu dang Sum-gf—Product thwong dugc st
dung trong giai doan dau tién clia qua trinh tbng
hop nhieu mac

« Nhwoc diém:
— Nhiéu ham quy t&c c6 chung mét dang téi gian 2

mirc
— C6 kich thwédce tang theo cép sb nhan khi tang sb
PN ngd nhap
¥ Kiém tra

« Kiém tra tinh chinh xac cta ban thiét ké
— Bbuwoc thwe hién béi qua trinh moé phdéng
(simulating) hodc kiém tra hinh thirc (formal
methods)
— Mb phéng la mét ky thuat thwdng dung nhét cla
qua trinh kiem tra
« Kiém tra tinh consistency gitra dac ta hanh vi
va dac ta RTL




= kiém thar

« Nguyén nhan: Qua trinh san xuét san xuat
phtrc tap va khéng hoan hao

* Muc dich:
— Phat hién 16i ciia mach
— Phan loai chét lwong trede khi dwa vao thi tredng
— Phét hién nhirng kiém khuyét trong qua trinh san

xuat

« Cac loai kiém thir:
— Fault detection
— Fault Diagnosis

o

= Kiém thee
« Cac mé hinh 16i (fault model): cac md hinh
duwoc st dung trong qua trinh sinh mau kiém
thir:
— Static fault model: single stuck-at, multiple stuck-
at, bridging fault
— Dynamic fault model: gate delay fault, transistor
stuck-open fault, path delay fault
- Comprehensivg fault model: cac mé hinh c6 chi
dinh vi tri cla I6i.
+ Debug 16i mach
+ Stra (fix) 16i quy trinh san xuét

| dce [ S
Kiém thw
* Quy trinh: S& dung cac mau kiém thr va so
sanh ket qua
« Cac loai I16i
— L&i vat ly (physical fault):

« L&i tinh (static/logic fault)
+ L&i dong (dynamic/parametric fault)

”
 dce] .
Tham khao
* Chapter 1, Logic Senthesis — Srinivas
Devadas, Abhijit Ghosh, Kurt Keutzer
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