I
The expenience of giving birth 1 a chip

Making better links
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| 11e experience of giving birth oachlp

Personal experience

- 1992

CAD
- 1992~1994

- 1994
Chip-Set
- M 1535 Project-L eader
- 2002
- M4301A Project-Leader
- Now, anew project’s
Product Manager
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| 11e experience of giving birth 0 a chf

.

Gentleman : Let’ s start to incubate a chip.
- Focus on digital design.

- Process

- EDA Tools

- Design

- Chip’s Complication




| Lhe expenience of giving birtn 0  chuy
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et Conclusion g bt s




Il. Environments Evaluating

e Qutside Environments
- Marketing, Fab., Package consideratior

e |nside Environments
- In-house Capability

Making better links

RAUINX




Il. Environments Evaluating
e Qutside Env.

BN
- Marketing : m /=2

~ Compsetainadry si s

~ Cusd omeequ '386 Embedded SySteE
#1595 '
B =l

ALINX




Il Environments Evaluating(cont.)

- Fab & Fab’s process decision :
| ~An example for UMC O.

Making better links

ALINX




Il.

Environments Evaluating(cont.)

- Package technology suitable for using:
~ QFP

~ BGA

Making better links



Il. Environments Evaluating(cont.)

Making better links




Il. Environments Evaluating(cont.)

- Consider about the essential devices :

Y,
o

Making better

/AL I/?X



Il Environments Evaluating(cont.)

Inside Env.

- DesgnFlow oz
=
- IP =
]
1
]
- Software Supporting =
1
]

- Testability Analysis

DDDDDDDDDDDD

- I -

JTAG

‘ USE
DSE
A/D

EIEI:IDDDEIEIEIEIEIEI

1 D1 NP1 1 r 1 r1.7"17 0171010

Making better

ALINX



|2. SPEC. & Arcn. Defining
Firm the chip’s specification

Well defining the chip’s architecture

AUNX




|2. SPEC. & Arcn. Defining

FirmtheChip’S: DDDDDDDDDDDDDD

1 S L1

- Process - -

3 MPEG4 -

. . ]

- pIN-out 1 =

L TsE [

- feature g JTAG DSP g

For example: O J s m
000000000000

~ Power by Battery ?
~ Working Temperature ?

- power consumption requirement.

~ Under the system’ s point of view.




|2. Spec. & Archn. Derining (cont.)

Come out the chip’s architecture

ol

Network :

MAC-PHY I/F

MA

O

PAY

Making better links

ALINX




|2. Spec. & Arch. Defining (cont.)

Come out the chip’s architecture

PC/Microprocessor/SOP : s | PN

%/ a4
Z
# | [l
Lol
. AGP S /DDR 266 MHz
-«sj NN ‘

Link Bus
Ultra DMA 66/1( TJ Hyper-Transport Technolo gy Fuexface

ﬁ ual ghannef | 3 :IT-m-PCI

; TISB L1/ | AC 97| Legacy! |2 | Inierfaca|

a Mil Netdrid - I— P ine | USB20 Aullof |Lbc| |5 | Pl |
-~ % T % 3 ..E_ @.l_ | .
o - G - HT o o T ;WS i
B k3 Foaan gl
e — |
- __/\ e
-

IIIIII




|3. Chip-Level Planning & I mplementing
The Designs

Simulation & Synthesis
Link to Layout

Tape Out
[ACINX




IB. Chip-Level Planning & | mplementing

Design reuse, upgrade or new Implement

- Hard macros:
1). Memory
~ Full Custom
~ RAM/ROM Compiler
~ Mask ROM
=> without bist supporting
~ Hip-Flops/Latches
~1-T SRAM

Making better links

ALINX




3. Chip-Level Planning & I mplementing(cont

2). Analog blocks : AD/DA, PLL etc...
~ Pin-out & Pin-location
~ Interface timing & loading
~ Frame view
~ gpecification review & check §

aking better links

RLINX




. Chip-Level Planning & I mplementing(cont

-RTL :

1). New coding
~HDL : VHDL vs. Verilog

~ Coding Style

2). Modifying
~ Bug Solving

~ Spec. upgrade :
P P9 USB1.1->USB 2.0

=> New verson of spec. 5~ 55 o, PCI-Express
=> Performance, Bandwidth enhancement.  cp-Rw 8X 20X ...

=> Power save requirement.  power Saving €-> Risk
Making better links

ALINX




3. Chip-Level Planning & I mplementing(cont

Simulation & Synthesis
- RTL & Gate-Level S mulation:

~ Recently tools support co-ssmulation :

=> Veilog-RTL, VHDL-RTL, Ce wand Gatelkevel
/\F::rg“[(;?O] queue; 4@%@% stdogcvﬁ / D r———

component AND3X4

Reg [2:0] index; (_7 dowr_1t00); _ B ( Al 3
----------- signal index : std logic vector B - I n sfrb
aways @ (2 downio 0); C : 1In )
begn ] e vy - Oout st b
""""" po_c%s(.) end component ;
queuefindex] <= 1'b1; begin
ed ] e
queue(conv_integer(index)) <= I 19 : AND3X4
Ik Port Map ( A=>I|CP
end process >LDT_MODEL _CMD |

B =
C=>COMMAND _FI NI $HI
Y =

. A ) \>ALLF.N.SH)@\ . )
=> Modelsim, NC-Verilog ... HL InX




3. Chip-Level Planning & I mplementing(cont

- Simulation env., Timing check & (DFT)

Design for Test:
~ Used Way .

Watchers
MMMMMMM é&

Models \
: - Checkers

Function Patterns
ad000o0o0o00n

Making better links

EETIE ALINX

RAM

ouoooogopid

pooogoooooog




. Chip-Level Planning & I mplementing(cont

=> Only do partial paths' Timing-check by function patterns.

goodopooooaoi

MMMMM

DD@DDDDD

goooooodopdo

Making better links

ALINX




3. Chip-Level Planning & I mplementing(cont

Models

=> On the tester’ s final-testing relays on function patterns.

RYVE

googooon

%ood Di
000

MREGY

‘ Function Patterns I

IVEREagaguguj: juj magn

OCOo000po0oon

ao0aoa0oooan

oan

Making bé&tter links

ALINX



|3. Chip-Level Planning & | mplementing(cont

~ Today’s more efficient Way

GGGGG

‘ Random Tests I

P Function Patterns still needed.
P STA (Static Timing Analysis)
p DI_—I— (DeS| gn fOI’ TeSt) Making better links

by Inserting scan-chain n L I' nX




3. Chip-Level Planning & I mplementing(cont

b STA (Static Timing Analysis)

Path 1

Path 2

Setup & Hold

o From Criher FEs

S B =

\"u.'l.lcl combo m.ug.u

setup limit _ hold limit

e S

violation region E

n =l — Waveform: Path from US/OUTPUT _regfl 21/CP to U2 ficare/ DATAL12]1" | -
-I sicgian _u W La. Feep-uﬂs Wn u..' . Wawvetorm  View  Window  Help
BEda ude - R LS T oo B & e
Encpoes | B =TT [ = ] ;
. (AM2910) Endpoint Slack T T g |
LAY o Fin {LoremU ZOU T
:’.T'Tﬂz“'l” " e :: : o kR 39,768 ddow - 1 BE96E
U2 aRCATA ) -~z
|
Fin €L Ao AT 2]_1 3
S0.RI6 slew = 1 ERAES
o arrival
= alack
- 21 H .
2 A 5
2 o omhe
= 9.0 _"
; i Fecir e :
. 1y
= ey :
] 1 L g Exsl %
sl ram 000 mEs a7 158 CLOGH (L2 s DATAN 2113 55 i
&
Sk dq| | 1
Py ] [ F“ﬂ
1



|3. Chip-Level Planning & I mplementing(cont

P DFT
Design without Scan

5

j 1. Use Scan—CeIIsj

Design with Scan /

3. ATPG to gen.
tester patterns

ALINX

|:2. |nsert Scan to build scan chain




. Chip-Level Planning & I mplementing(cont

- Synthesis with Power Compiler:

» set clock gating style

e elaborate -gate clocks <design name=
D in F L D out
EN n
elabnrat> o ‘I'tlESM

D_In ];I Eg _Du
EI
FSM Lal
elaborate -gate clock CLK

Ei: Clock Gated Cdlls

Making better links

RAUINX

Always @ (posedge CLK)
if (EN)
D out =D in




|3. Chip-Level Planning & I mplementing(cont

b Architecture of CTS changes to be more complex.
EI . Leaf Gated Cells
F| : Flip-Flops

- > _ .
CI OCk net arCh|teC‘ture Making better links

ALINX




3. Chip-Level Planning & I mplementing(cont

Link to Layout

- STA SOURI S L setup limit __hold limit

T
CLK =
I i
1
R —— »
violation region :
B
‘-.falid combo range
Startpoint: I DATA PATH/Cprnd A regl[&]
{rising edge-triggered flip-flop clocked by Clk) | | | | | | | | |
Endpoint: I_ALU/Zrc Flag_reg
(rising edge-triggered flip-flop clocked by div_clk)
Path Group: div clk
Path Typs: max
Point Incr Path
clock Clk (rise edge) 4.00 4.00
clock network delay (propagated) 0.85 & 4.85
I DATA PATH/Oprnd A reg([6] /CLK (£dmflcé) 0.00 4.85 r
I DATA PATH/Oprnd A reg(6] /ON (fdmflcs) 0.64 & £.49 £
I DATAR PATH/Oprnd A[6] (DATA PATH test 1) 0.00 5.49 f
I_ALU/Oprnd A[6] (ALU test_1) 0.00 5.49 £
I ALU/add 75 plus 172 dp I65/C01 (facs3al) 0.16 & E.65 1T
I ALU/add 75 plus 172 dp U25/Y (clkla3) 0.28 & 5.93 r
I ALU/U411/Y (ordad) 0.29 & 8.18 £
I ALU/U302/Y (and2c9) 0.15 & 8.33
I RLU/Zro_Flag _reg/D0 (fdesflaz) 0.00 & B.33 r
data arrival time 8.33
clock div_clk (rise edge) 2.00 a.00 - ! !
clock network delay (propagated) 1.53 & 9.53 H .
I RLU/Zro_Flag req/CLK (fdesfla2) 9.53 r nﬂakrng better links
library setup time -0.33 & 9.20
data regquired time 9.20

. g
data required time 9.20
data arrival time -8.33
slack (MET) 0.87




|3. Chip-Level Planning & | mplementing(cont

-CTS
_ Qoo onnnn
- DFT : Scan Chan ALY &

Partition KB LN L -

. ) oFTmu

S
D NT PLL_CAK
\ REG._
I
AL
DAD :
Bl I8

JTAG Dsp |
i DFT MBX |

0000000000

pO

i

ODO0B00BPO0O0MRg O

OO0

Making better links

ALINX




- Floor Planning, PAD Sequence, PAD and Core

Chip-Level Planning & | mplementing(cont
Power/Ground Assignment

™M
B

aking better links

RALINX

¥,

e direction

* layer
e shape

pins

NAND 1

IR Drop Analysis!



3. Chip-Level Planning & I mplementing(cont

- IR Drop Analysis

B LU Faas Y S |

i

Making better links

ALINX




|3. Chip-Level Planning & I mplementing(cont

- Link bac
| 1]

~ STA (St

~ Post S imulation

~ Formal Check (Gate vs. Gate-Level) nL i n X

atic Timing Analysis)

K tO FrOnt-End after P& R Physical Route

Driver
.||_|

Making better links



. Chip-Level Planning & I mplementing(cont
Tape Out

~ Database Backup

P~

~ Send GDSfile to Fab.

-~

Maki gbett links

ALINX




. Verifying & Maintaining
Many Boards

Yield-Rate Analysis
Instruments/ FIB / EMM|
ECO

Customer Supporting

AUNX




. Verifying & Maintaining

Many Boards
- Sorting Board Sortl ng chips & Debuggmg

—

- Demo Board : Performance verifyi
Customer & Magazine Demo




. Veritying & Mal ntalnlng(cont)

Many Boards
- Probe Card : Chip probing on tester

______ , » Patterns
N\ /7% | 8 (DFT+DFT
=a\V/ &7~ compensatior

& Bad
Die/Chi

Die/Chip

Making better links

ALINX




. Veritying & Maintaining(cont.)
Yield Rate Analysis

NN ERREN R EREY RN

Statistics Result

‘ 18.9%

32% 1.9%

CODEC I 1.120/0I

1.12% | | 0.88%
2.9%

dooogooonon

SOOO000

goooogooooool

- Process Is-sue?
—>Design Quality Issue ?

9-IS-h&;tcilgsv(I;(;rslgi/t i(c;?/(l,r%(?ce)n?strain n L I n X

Making better links




\Veritying & iVMiaintaining(cont.)

|nstruments for debugging, probi ng
and measuring '

Making better links

/AL I/?X




. Veritying & Maintaining(cont.)
FIB (Focused lon Beam

Making better links

RAUINX




. Veriying « Malntalnlng(cont)

Logical View




. Veritying & Maintaining(cont.)
ECO (Engl neer Chan.qe...Qrder )

.

Customer Supporting

Making better links

- Design-In -> Design-Win -> Win-Win y
[RUNX




0. Conclusion

Team-Work Is basically essential.

Training yourself to be a --
“high-EQ technical manager”

Making better

E-Mail Address: nL InX




