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( US Patent 2,981,877 filed July 1959, granted 1961 )
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Moore’s Law:

o --- Min. transistor feature size decreases by 0.7X
every three years

o --- True for at least 30 years!
Jo AR R E RN LAY Fig BV AR e R i ) A e -
0 L2R2~3FEFH—A;

RFIERSE: 0.7x, RREREX2,

@E 2X
o BRAERE =
0 A BT IDNRERNANO.TXIF,  FAAT AR i ~$4/cm?
o WHEAE (LICPUANNER) B TAEMR I =H2130% .
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PIV

Pentium® Pro
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10 -
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i486

i386

80286

8086

Pentium®lll
Pentium®ll

Source: Intel
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Transistors

Per Die
1012

109_
108+
107_
1064
1054
10+
103.
102..
101-

100.4<

@ 1965 Actual Data

m MOS Arrays A MOS Logic 1975 Actual Data
1975 Projection
Memory

A Microprocessor

1960 1965 1970 1975 1980 1985 1990

16 26

256M 512M
128M Itanium™
Pentium® 4
Pentium® Il

Pentium®ll
Pentium®

1995 2000 2005

4G

2010
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Feature Size
(microns) Examples

100 Human hair, 100 pm

Amoeba, 15 um

Red blood cell, 7 um
=& |ntel [update 5/20/02]

VIrus, }.lm N

‘l\.

0.01

60 '65 70 ‘75 ‘80 ‘85 90 95 00 05 10
——

Projected

Buckyball, 0.001 um

** Planar Tranglstor; remaining data points are ICs.
Source: Intal, post ‘96 trand data provided by SIA
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cost:
¢-per-transistor

1
0.1

0.01

Fabrication capital cost per transistor (Moore’s law)

0.001 -—---—o—-- $10 Per Million Transistors = ==
0.0001 —----------- $10 Per 10 Million Transistors _______________ _________+
0.00001
0.000001
0.0000001

1982 1985 1988 1991 1994 1997 2000 2003 2006 2009 2012

Chapl P.31

W&
X
&
x\q
o
Iy




BE /R o o — [N
10000

N—

-
=t o
o o
o o

Frequency (Mhz)

0.1 o~ —
1970 1980 1990 2000 2010
Year

Chapl P.32




I e — DIHG

\pr
7
2k

100
PIV

w =

% 10 ‘t“““

=3 s 2EHE TR0

5 vl 386

5 1 80 o

= 8008 8‘0'

4004 .
0.1 ear

1971 1974 1978 1985 1992 2000

Lead Microprocessors power continues to increase
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L T S .
1970 1980 1990 2000 2010

Power density too high to keep junctions at low temp
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Pentium llI
Playing DVD

105.5°C
221.9°F

e T F F

Crusoe Processor
Playing DVD

48.2° C
118.8° F
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1. £E: TSR, 5K, B/RERE

2. FHMERS: JeZIge X B B/ DL&/MOSHIL, 0.8um, 0.6um,
0.35um, 0.25um, 0.18um, 0.13um, 90nm, 65nm, 45nm;

2~3EMR, Vx0.85/f%, Lx0.7/4%
3. BEERAEE) : 67, 87(200mm), 12" (300mm)
4. PERE: Pm(EERE. BE). WIR(IZHFE. 4H8), mSOCKRE
5. FE IR 5 & A
MR fG: =mRICH, FEFHRD,.
RERE: 20109, FHK42001470, BELIE50% (&5 HFHI3~4
%), MILAm>475;
6. &M T: DesignHouse. Foundry. Testing. Packaging
T (085): TSMC(45.2%); UMC; chartered; SMIC
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T B AL PS5 P2 Y 4
DU EERHL G (Digital 1IC)
S TR R TIZ E G CPU, DSP, R4l
giﬁiﬁl‘]ﬁnﬁmﬁ%ﬁaﬂﬁﬂﬁ%, #Es, #Ffies, RAM/ROM

:‘ﬂf%;M%EEEEE% (Analog IC)

i, HEbEAY, ERFERY, ey, DC-DC, filkds, 7
e B0 A

o BER AR (Mixed Signal 1IC)

BEAL 2R PlIC, N HEFIC, AD/IDA, Z¥umiihik, b
A 4(SOC);

B — ARG w2 Na1E, BIAK A,
PBLAU I — B 2. RN ARA, s AR Ak

_

\) g%iﬁﬁ;\?ﬁfé 7-?_%,_%’% Chapl P.39




1.2 ICHI 73R (25)

FERE R 25 1 - RS A vl 43 A

0 XA RS (Bipolar I1C)

o MOSEZER - (MOS IC)

o Mk — CMOSE AL  (Bi-CMOS IC)

o ke (GaAs) =i i ik

2 R FEL IR 10 P 1 4

0 WHIC: CPU, 7T4&%IC, 54RMIC, {FfEss,
DSPZE;

o LHIC (ASIC) : HIHEL H A, ML R B,
s [ L F A
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1.2 ICHI 73R (25)

RV VAR 71 A

o 4= i (Full-custom);

CPU. DRAM. HEH0LHL 45

- 52 1l (Semi-custom);
*T/ﬁﬁjn/lﬂ@ﬂ%ﬁ% KZHASICHLEE

o 1 g a3 (Programmable Logic Device,
PLD);

PLA. PAL. GAL. FPGA. CPLD%: 8844,
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Mirrored Cell
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Cell height 12 metal tracks

Metal track is approx. 31 + 34
Pitch =

repetitive distance between objects

Cell height is “12 pitch”

182))
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Cell boundary
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TFES) (Gate Array) v 712
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BTN A Tasl, W2 R A
HIE, W18 AN E e, IRt se kb fL
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A FEAR P IT (4% FT)

Polysilicon gate for pMOS  Polysilicon gate for nMOS

p* for source/drain n* for source/drain

i /ﬂ p-tab
\wﬁ'\\“‘“ .ft'-f'{k,é?f .-".-"/g'% S : o

ﬁx. . Wfﬁ
5/ ’;/// 7 NN
f '.‘be' .H. = \\ e .,.--'.-':"-" ! A

n substrate /‘
n* for Vy, p* for V,,

FIGURE 43.2 A cell of CMOS gate array. ( Courtesy of Fujitsu Ltd. With permission. )
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(a) NAND gate. Vi
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S
]
l Vis

(b) The connections consist of Vi Vi,

two metal layers shown o i %

in (c) and (d). x - S
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[=] | fo]

X
{c) First metal connection = [ %
layer. _ 4@——| 6
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1.4 W5 ML EDA)FORT K RE
EDA: Electric Design Automation

VSRR B )l L e v AR AR R S AN T BB . 4 2R
VLA BB O e V1A SR Ben] LA T LA T Be vt iy i
A2, B AR L R 2 S PG O, IS SR B
FEL I e T 2 T TS A L B v R S I
20207044, BERBIVHSE AL L A7 [ CADEX
(TR R BT TR), IXEHAAN AT,
AT IR] BB AZ R Rl 2 A 2

198344t /E | 55— & TARuh v 5411 5 Apollo, 80%:
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EDAF AR K JE

SOFARCADIIAZLr: JEFRE B TH. B 57 B B SR
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WA JEDA/A ). Cadence, Synopsys, Menter
Graphicss;

JRELE Bl i T IC v B S AL
0 A E R BT T B R A LIRS B AR B ) e E )

0 %?%F{z\ TRAEAG TR . B SRS IR B dh % BT
Tk 8 S (VHDL. Verilog HDL):

a uﬁIES’Z%E’Jufr@iﬁUﬁjﬁi_i‘Hﬂ% Glame, ZEREA, R
Mg LS, LTS AR A B TR

ﬁ%ﬁfﬁﬁ ln:.(HDL) LEZEE A% 0 I Top-Down 7

o VHDL/Verilog&i &rifiths, Bbesdem Ll I
o SystemC/SystemVerilog%s 58 /5 = X WHE S
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Hﬁu, T ENU BB 4 S T H LT3 TVLSISR T il s BE ) 2%

IR, T L2 MBS AR A, At R T A O R I8 BRATTRR
‘zﬁEDAéﬁfxﬁD:

a0 TERKAUTSUPREM-IV) . #4EH (Medici);

o L& B (HSPICE/Spectre/PSPICE/SMARTSPICEZ:);

o JRH ¥ 1 (Composer. IC Station. cosmos. Sedit&s)

0 WK (Verilog/VHDLYG 4% . formal Check);

o i K gm AR i (Virtuso.  Ledit. LakerZ%);

o A1 i 2 1T H(Silicon Ensemble. SoCEncounter. Astro. Magma
+);
0 56 1 H(Design Compiler. Ambit. Synplicicy. LEONARDO);

o i B EGIE M S B3 E (Dracula/Diva/Assura. Calibre. Hercules.
StarRCXT);

EDA% A/~ 7). Cadence. Synopsys. Mentor Graphic. Magma
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entity adder4 is

S<:a+b- port (a,b :in std_logic_vector (3 downto 0);
]

c :in std_logic;
RTLQXZ S :out std logic_vector(3 downto 0);

co : out std_logic );
Si:(ai@bi)@ci end adder4;

_ Architecture behavioral of adder4 is begin
Ci+1_aibi t Ci(ai_l-bi) process(a, b, c)

i:O’ 1, 2, 3 variable vsum: std_logic_vector(3 downto 0);
variable carry: std_logic;
begin
carry:.=c;

for i=0to 3 loop
vsum(i):=(a(i) xor b(i)) xor carry;
carry:= (a(i) and b(i)) or (carry and (a(i) or b(i)));
end loop;
s<=vsum; co<=carry;
end process;
End behavioral;
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entity adder4 is
port (a, b :in std _logic_vector (3 downto 0);
c :in std_logic;
S :outstd logic_vector(3 downto 0);

co :out std logic); carry(1) carry(2) carry(3)
end adder4; ‘S(O) ‘S(l) ﬂs(z) ‘5(3) ‘CO
Architecture structure of adder4 is adder adder adder adder
component
port(a, b, ¢ :in std_logic; L] N N [ ]
S, €O : out std_logic); ¢ a(0) b(0) a(1) b(1) a(2) b(2) a(3) b(3)
end component; U0 o7 e 58 25 g [
signal carry : std_logic_vector(1to 3);
begin

a0: adder port map ( a(0), b(0), c, s(0), carry(1));
al: adder port map (a(1), b(1), carry(1), s(1), carry(2));
a2: adder port map (a(2), b(2), carry(2), s(2), carry(3));
a3: adder port map (a(3), b(3), carry(3), s(3), co);

end structure;
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entity adder is
port(a, b, c:in std_logic;
co,s .out std logic);
end adder;
Architecture rtl of adder is
begin
s<=(a xor b)xor c;
co<=(a and b)or(a and c)or(b and c);
end rtl;
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Architecture structure of adder is 'z T
component xorg is . L
port(inl,in2:in std-logic; outl:out std-logic); . ) ooy
end component; T
component andg is A,
o | M)

port(inl,in2:in std-logic; outl:out std-logic);
end component;
component org is
port(inl,in2:in std-logic; outl:out std-logic);
end component;
signal xorl-out,andl-out,and2-out,or2-out:std-logic;
begin
xorl:xorg port map(inl=>a,in2=>b,outl=>xorl_out);
xor2:xorg port map(inl=>xorl out,in2=>c,outl=>s);
andl:andg port map(inl=>a,in2=>b,outl=>and1_out);
orl :org port map(inl=>a,in2=>b,outl=>0rl_out);
and2:andg port map(inl=>c,in2=>orl_out,outl=>and2_out);
or2 :org port map(inl=>and2_out,in2=>and1 _out,outl=>co);
end structrue;
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SUBCKT nand2 VDD VSS inl in2 outl

MN1 11 in2 VSS VSS NMOS W=8u L=1u AD=8p AS=8p
MN2 outl inl I1 VSS NMOS W=8u L=1u AD=8p AS=8p
MP1 outl in1 VDD VDD PMOS W=8u L=1u AD=8p AS=8p
MP2 outl in2 VDD VDD PMOS W=8u L=1u AD=8p AS=8
C1 outl VSS 100PF

C2 11 VSS 20PF

Cinl in1 VSS 50PF

Cin2 in2 VSS 50PF
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