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Abstract

In this paper, we introduce an integrated

SoC front-end design & verification environ-

ment which can be practically used in the
embedded 32-bit processor-core SoC VLSI
design. Our introduced SoC design & veri-
fication environment integrates two most
important flows, such as the RTL power
estimation and code coverage analysis,
with the functional verification (chip
validation) flow which is used in the con-
ventional simulation-based design. For
this, we developed two simulation-based in-
house tools, RTL power estimator and
code coverage analyzer, and used them to
adopt them to our RTL design and to
increase the design quality of that. Our
integrated design environment also includes
basic design and verification flows such as
the gate-level functional verification with
back annotation information and test vector
capture & replay environment.
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< 71&9] %’i} 7% (Functional Verification)
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{32 1> SoC Front-end & 4A/7#= 373

{Fig. 1> Integrated SoC Design & Verification
Environment

o] A1 ABoA Al AF ,
AA2EH e FEdlA dstedd & e A
Edojd ZAu] 7\Hiet o8 FRe BAE
(Analysis) 7H-d] A8 A% oS3 F=9|
£ He B8 ¥A= 523 A ol47 (Design
Issue)7t H3 ot AF7RA9] AEH] A7
oA A ATi= AOE FF olsle] dAllA
F2 =9 7 Eo|l oy, AA) AMLEHE A
olE o] At T 7Y B3/ oSk
ACIE FEolAe] AY LB dF dAE @A
2E AF A Bo] 2ok sh= A o]
27 HAt AR 2H WE 7Y A GA
A vlg] AA chip®] ¥ AEE 531 Fd
g O8-2 sk¥ gkew, 23 ¥4 (Logic Syn-
thesis) @A o]FoAof HH AR FAHS
L8t A HA A A FEoE Eobe

- BAIE ok sk T, ALA e AA 4

of W A7k H]-§ SHoA el e Be &3
g o4 5 k.

F=o] Hg e B4 g4 X =E As 5
oAl AA/AF T8 uE e A&
9] shteltt 39 HFel AHE-H HZE I=
(Test = . C Codes or Assembler Codes)
7t deit SskA dAE ] AAE HAEE T
AEAE APz PN YHOE HEF
HA2E AE 759 AFo A8 HXE 9
El7} A0|E o] HFnte] oplel H EHlA
E AT A H8H1 IS5 ARtE B o,
AR~ HE dAelA vlg] Z=of A& He
TS S =Y avkE S48 HAE I=F
THE F e, olF o83t 2 AW
(Coverage) & z= HIZE 9E, &3] 52 4
Zol| o] €& 5= Qli= HE]Y AAde] 7hs3it
2 =2 7189 AR % AT 49
97 87, 5 AlEelelAd 7Rkt #HA|2H
A% 759 A AL 23 F=9] XL Y9
FAe FA T 5 JdEE TR SoC

A

Front-end 474 &7-&

O

(1004)



20034 98 EFLHEE $308 IR 99

. RTL Power Estimation
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{Fig. 2) Automated Progress of deriving a com-
ponent power model equation
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{Fig. 3> Comparison between gate-level power
consumption and RTL power estimation

A Lw7} s 2o A9 AAS 23 ¢
&S HojFEr,

HAd 23] 9o, WEe (Memory)Y Z&
A Zo] (Processor Core), ADC(Analog to
Digital Converter), DAC(Digital to Analog
Converter), 22|22 PLL (Phase Locked Loop)
I 2L 32 (Macro) 52 Zizle] 8 Ax
Td mE A H4Y A8 S ol gsle] AR
A8 E ulgo R H)43k whHel 37 Mo
2 33l dY AR 2d 74 2 549 ge|u
A2 A4S A Fot dA) stoldx vk e
0.6 um/0.5 um/0.35 um/0.25 um/0.18 um
Standard Cell Libraryel] tisle] stg] glo]r
g7t FH|EHY flow, o]FA FHEolZ #A|
2H HE 7Y 7Y HolByg o83t

< RTL Verilog Descriptions
v
Hardware Mapping
Probe Function Injection

Annotated Descriptions
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Coefficients of
v
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{Fig. 4> RTL Power Estimation Flow
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CE 1) 38 29

3 27

{Table 1> Power Modeling Results

Module Size # Coef. Error Module Size # Coef. Error
8 19.6% 8 19.3%
RCA 16 2 16.3% AM 16 4 16.5%
32 12.7% 32 16.0%
8 18.6% 8 4.3%
3 Stage
RBS 16 2 13.6% 16 4 7.9%
PipeAM
32 11.9% 32 9.7%
8 7.1% 5 8 4.6%
4 Stage
E.Comp 16 3 5.3% . 16 4 5.7%
""" | PipeAM
32 8.9% 32 7.6%
8 19.7% 4 9.2%
M.Comp 16 2 12.7% 1,\1,4;;2( 3 8.1%
32 12.9% 16 9.7%
Register N 3 0.0% Logic N 2 0.8%
Unit

(E 2> AY 2% 4% 47
{Table 2) Power Estimation Results

Circuit | #Gates | Gate-level RTL Error
GCD 283 7.695mW | 7.557mW | -1.8%
AM2901 1549 | 13.045mW |12.533mW | -3.9%

RS-ECC | 20882 | 71.472mW |58.348mW |-18.4%

L(.:D 14238 1.403mW | 1.107mW -21.1%
Driver
DSP 87393 | 24.746mW | 22.705mW | -8.2%

e e whiog YRAE AE FEelAel
g AR 2% F33. (Y o AT
50| veht ot

94 Fdo) 7Pse shesllo] 71 ol (HDL:
Hardware Description Language, Verilog
or VHDL)Z #AA¥ #AA2H df 759 &
2 F=(Source Code . Test-bench #¢{) 7}
S0l A =¥ o|& M) (Parsing) 3t} z+ #A)
2 A% £29 7|% (Description) & #A
28 A% F29 m¢ ojrrt 7R A
= 7 4 84 t=go] €9 (Hardware

Mapping) & @t} o] AL AA) #x=E 2
% $xo F= Ao PI(Procedural Inter-
face)® 8 %< PLI(Programming Lan-
guage Interface) ¥FE HEE Y
(Annotation) 2.2, Z+ 74 84 ¥ PLI i
= 3 BAoz Sl ¢hEoinl 39 2ds
Wasla glon PLI §558 G2 #ALE
Ag o] FSE 043 57 7HFo] M
= 2ot ojn] &Y ¥4 golneE ARSS)
o] RTL A8 42722 d=g FAd YA
Het & D, & 2F delyd29] 0.25um,
2.5V standard cell libraryE AFS3 9] &
da Anl olZ 283 dAAH WE £
Ao AY A% o e BRAFH.

(FE 209 282 B9, ACE FEdAy A
2 Ano| H|ale] YxzE HE oM A
8 ARV o Fe e RYS & F Utk A
ol FEoME F¢ Ed F4(CTS: Clock
Tree Synthesis)dll ¢J3te] Ae 29 Egl9,
49 2 Hellr 2= FA (Glitch)

Sof olgh 71191 WY A% agle] siek. (E

rl
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204 #Gatess 2-input NAND Gate= 3
At AlPlE 2 teket = vlAZ (Hard-
macro . compiled memory, ADC, DAC,
PLL, ARM core )58 AT &5 #Ax=
B AE gFolA A" Z=RRe nEgk g
ojr}.

dutror 2E HAE FFo HY 2w
A5 o5 22 olfE gt 74 (Gate-
level 2= P&R) o]F9} *Jolgt A3E RolA
H BYgw ARG Y A% B (Tend-
ency) 4o t] 2 ¢u|E zh=t}

- 5¢] 29 2A7F 9A3kA] Ralot
- 34 (Synthesis) #HES AXE B tiR
Rol 212 A3} (Optimization) H3&
A A A},
- 22 /29 Eg T4 Sl AIe %
o] W (Buffer)E°] Addrt.
=

Hog o]0 AFEH Y == (Node)
SollMe] 259 7]27] (Slope)S s}
AR 2E AF FEAAME o1& 28377}
o]},

- ACE FFEAME Be %o Fx
(Glitch) 7} AF & ot HA 28 A%
FEolXE ol9] me7t oy},

- 91¢9] golregEs FX 5 A= (Driv-
ing Size) & ZtE ACEES o]gsle] gt
EQ7] wZel, Al AelE 5 FEHAA
o] ekt 5 Alo|=E Hkd ] of@r},

IV. Code Coverage Analysis

F=o] 28 1 4 (Code Coverage Analy-
sis) 2 AAE 32X HAF FAEE Tug
T A= F8 AE (Index)EN F2HoE A
A/A%<] 2 (Quality of Design & Verifica-
tion)2 EY F U+ 3L AT

5y ¥ =Rold 27hels 47 B B
o Qe L=e} g Wel BA BFolt),
2 84 9o dRaE A% 2o

8 AT dF 3504 73 PI(Procedural
Interface) 9] 4Z<1, PLIY Verilog® T4
VPIE ARESte] REEQITE o7 #A 28 A

——
mrusx Sute T ¢ eriog HDL Cote

Code Coverage Analyzer H Verilog Simulator I

< Best Test sequencs e Test Suite Optinizer |

rCoverage Result \ﬁew;l

- &3 Coverage Cala
(OB 5y == A8 9wy By 58
{Fig. 5> Code Coverage Analysis Flow

Lroes
W EeaEaIoN
 prag)

ARG

Sorting/i N :
Resuit :

Statement Expression FSM Toggle Source FSM Source
>

el

(33 6) =& 2§ e 84 Z3 1) § oA
{Fig. 6) Code Coverage Analysis Result Viewer
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& T%¢ IF=(VHDL == Verilog) 22
Toggle, Statement, Event, Expression,
Branch, 28]3 FSM ARE FE3l, A&
AREEEEL QE H2E Fe mis wE7}F H"s)
A g FE5e A 949 (Range) S AZstn
UEAE A 2 8748 des] 28wy
RS Fashs Ao] ol BAE AnE
Ao g A o] WEE AMgsle] &2 A7L
&l w2 A8 He| £ (Coverage) & I&
T J=E Hl2E W] (Test Vector: Test Suite)
o HE £AME 2] FE HAE WE HF
3} (Test Suite Optimization) 7|5 % &7 %
At} kol B4 AAE 44 olsE 4
ULE Tcl(Tool command language)/Tk
(Toolkit) & ©]&3te 2Hd¥ GUI(Graphical
User Interface) $739] 23 27] (Result Vie-
wer) €& 37 Z] dgch ¥ 6y GUI &
3o A3 By §& HojFEd)

oh _])‘
o

rlo

3% olgle] 71Ee) B 4F 95
dolde A} FA ZEo) g w9
2% P A% 5 AR A5 Ham
e vel A $98 42 F slen)
HIERO 2 HAE F& = NE
o] A7 /4% ;‘a’(Quahty)% w5

>
A r}m

I

A

T‘:{

L
» il

30,
o’

] IZP'E“O] &2t %?C’ﬂ /\F%t‘} *l 101"3_011

7N AA 873e e olgele, gl
A FEN WY 2me oﬂ~o SAES
£ YAE YT F e 352 el olg
71&9} SoC Front-end 74]/7qz 85l S

stod B84 dA/AFe] 7FsslnE s
w2t 71Ee] 2 AZUS A 34, F A
AoATHE o83 e wo] A5 7)o dixx
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B AE FEolAe] AY AR oF Ex 359
HE Y 34 Y N%E W HE se
o] 458 ‘%Wﬂ Hlwsted, 71Ee HEAQ A
A /7% 87 (Simulation Based)®l <143k A
ARFECl AA AT F e 3HYS B &
o}. SUN UltraSparc(CPU : 200MHz, Main
memory . 525MB) I AHoJAE  ALg-e]
Tt R HAE A Algdeld Azt
w 2A A0l FEHY e wHA2Y HE £

S

~
Fo AY Av o33t == 5§ wel RS
W o183 Wl Wt Ae v A
e,

E 49 2= FHE HY B4 FAzA
Count A% (Measure)& A HRA2E A%

F58 A=A 7+ FE (Toggle, Statement,

Event, Expression, Branch, 1#]12 FSM A
HollA State/Transition)Eo] A E2F A=

{# 3> RTL Power Estimation 4% ¥
{Table 3) RTL Power Estimation Result

GCD 0.1S 0.25
AM2901 1.28 19.3S
RS_ECC 14.3S 116.1S

LCD Driver 58.2S 290.1S

DSP 12.8S 55.78

(& 4> Code Coverage Analysis 2% v
{Table 4> Code Coverage Analysis Result

S Verilog-XL+
Benchmark | Verilog-XL Code Coverage Analysis
LCD Binary 578
. 398
Driver Count 2078
Bi 23S
DSP16gl 165 nary
Count 58S
Bi 258
RS_ECC 125 kit
Count 68S
MP3 .
Decoder 1298 Binary 2058
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S AAHE FFE BT 712319 24 #~E HHE QYFeke 7I5E I 7K1 Qe
< sh= AA9 AFe|i, Binary A 7 3 AA/ A B0l

A= FEEo] 3 HAT Zﬂi A5 ¢ o] 2 T 8738 A3l SoC VLSI 449
A= 3+ 71534 @v IS st 3 WS DA BA2E A FEeA e A/
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