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SEERRDOBZ EE Rl

m £FEEEE (LSl Large Scale Integration)

SDEYDPC, HHFEFE. 13— yb, TVEEDRHREEE FHEFDT
1% 5B am

m 1948F EEXESFERIN DR FDFEHA
N SR, SIERE. EOX bk
m 19594 EFEMBDFEHA (FILE—) — TL—F it
EDNSUTURESTF (BRIERGR) -HRAENDPC(LSI)
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tEEEIC K BHLSID 5 5E

m @ dh =

HMIELSI: w4/ 07atvy . DSP

AEILSI: RAM (DRAM, SRAM) . ROM(FlashAE!))

7F+Aa4gLSl: ADC.DAC., 43— T2

RIBLS: /oo 70twyS (PC. 7—OXRT—3> > DOAIELSI)
FRERAOGS (TOTIL)IZLERST,. TORILEESEETS
SRHEE 255 T700015. 185 A TC2{E (AT IV L—7 DA
SOy ERE: 255 T7001E

AE!JLSI:
DRAM(AYEaA—42DEEIE) . 4FETHRENAE
SRAMEFHEZE DT —IAE))  Flash(TEF, T HA)

77 Aa4gLSI:
EERDIGREED AV F—T7—X (IFRNETAHLY)
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m MOS LS|
CMOS : b Eik. KFEEN. &FE. KIRE
m Bipolar LSI

CMOS&YEREIZENME

Si-Ge (NTANAR—FTr) : BERKET/N\A R (tEIE. RF)
m {EEYFER(GaAs) LSI

LSIELTIEZCMOSIZE»THRbh ot

DVDRADHENFTAA—F1E  RFBEEETEALANILTEM
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m O E1—A3VRT A
LSID#ESHEELIZE I AU
KBV E1—42(IBMASYIL—L) >WS—PC—/—FPC
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AEYERFREDEVREREBET ST /NI RATH S,
FHRAE:
aVEa1—2MFEEE (DRAM)
TARTUADEREEZ HTL—LAE!) (DRAM)
EREENYTIINNYITYT)DIT—IAE (SRAM)
HBEE D CacheAE!) (SRAM)
PCOBIOS#%E . BIROFFRFIZHT—A2% 1%+ (Flash)
FTORIHAASDEEREE. AX—kAT 47 . SDA—K (Flash)
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RAM., ROM., REF M AE!), FIFO
EPROM (4 MET—1EEE) . EEPROM(BERMIICEE & TAT S L)
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EV:7RLR, T—4. #lfH, TR
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RAM: SRAM. DRAM

m SRAM:
B{KEL TR K T4M-16Mbit
ASICIZHE NS (AP vy 7O ATENDS) L EREATE!)
O v 70X TIE6Tr. SRR ELES4Tr+2R

JERIEA— R HASRAM
m DRAM:
1Tr+1C
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DRAM—SDRAM

m ASICZERETT DD L ., SN BDIPEFESIZLIZES,
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ROM: ¥ XZROM,PROM

m YAYROM:
LR EHRZTEEBIETEST AL >XG6. 6
2722V NOROM, ;EFFONT, BIOS
m PROM:Programmable ROM
EEEROTOT S L (EFESE. WindowsCE)
BIOS (Eifit)
ETMZ e CHE T EES) PROMZEPROM
s EFEEALT. VthZHITTITOYS LA
n BNRERHLTETOEFERHESETHESE
ERMIZEZHZ AIEEPROM: EEPROM
n HETS—MIEEETIOIS L
s FLAVIRDERIEIEDOR RILERTHEHE
FlashAE!)
s JOYIHPLEYNEEBERMITHEE
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TORIIXIEHREAEVICERETETLNT, EAGHFRNIESRE
HIZEIHRTEA>MPEG. TR IILBIELER

m [FHRELEDLGWNSG T EEEIE
T7HOJESNECHRRERBES (fo) D2ELUETH TG
FThIE. FRIETEDODNENS>FAEAND YT T EIR

m = FIEIZKYEFIE/ A XHDS
BEIZCIGLEFEYREANE
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m SOCTIETORILIAINEANER
FIRZAILA, b RIN— )LD JLA
RIJMLORFETHY ., EENETEEAAATHY ., REERNG
ALIE

m PLL(Phase locked loop)
TORNT—ATHRELEBEEZEGRKBOEREBNEHTES,
BIEDIERDFELE, v(/OT Ay DUV FE
(R =) d E
VCO(voltage controlled oscillator)
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FPGA (Field Programmable Gate Array)

m O3 L (BER)AIRET ORI AT L
m FERER M
EARER &
s HAEHEEE
n JYyT JOyJ
GEICE > TREIN S KAES F
s FBEBZ (KRBRGHEAEHEREER)
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s CPU
JR45 57T ILERR
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v FPGA (field programmable gate array)
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HASHHEE E%(Combinational logic)

A —> — f
ARFSHILES § — CL HATFSRILES
—> —> g
: _Huj_ EE 2(fg) MANEES (AB,CD) DIEEHTRETELDHNEAEH
s ThHbhL. UTFOLSICEKELTESTES

f="fu nc1(A, B, C,D)
g = func2(A, B, C, D)

m fAAEHLEERREIE. ASIZT)yvTI7AvTDEIBAE)ZEEELL

m )y TELNGLTEH ETIL—THEETHEATINERINDS
BENHD

0 ﬂ%ﬂ%%AbﬁlﬁlﬂﬁliNOT, NAND, NOREDEARS —FTEET HEMNT
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Clocked D LATCH

T

O U

CLK ¢

Z 6

m NOR O/ ORJL—TT1EVHEEIELRZEIR
m When CLK=1, Q =D, /Q=not(D)
m When CLK=0, Q [T —4% &

CIRCUIT SYMBOL:

D Q
CLK

TFTAORI AT LE%ET2010

When CLK="1’

D Q
] Q

When CLK='0’

=
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Example of Circuit Synthesis

R |

Synopsys Design Analyzer

Setup File Edit View Attributes Analysiz Tools

Current Design: AWG4

Left Button: Select

Middle Button: Add</Modify Select - Right Buttoni Menu

Schematic Yiew

FASHILY AT LFE2010
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" S
XILINX FPGA

m Field Programmable Gate Array

TAVRIVO AT LE%EH2010
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" S
XILINX XC3000 Family 1/0

FULL-UP CONTROL4S

INVERSION CONTROLE

TRI CONTROL 4C

WEC

) ——
/i
VEE
PROTECTICN
DIODES
H M
INVERSION CONTROL ¢ 2 |[\ ¢)in PAD
ouT ¢ i 0 \)
out cLiéé CLK 7
14
N
GLOBAL RESET 4
PROGRAMMABLE =
ML L DELAY LINE . < CMOS OR TTL THRESHOLD
CLE
1
IN CLK
INFUT[CDMB)gi

TFTAORI AT LE%ET2010

ANFFEBIERERKR
AN T7
ABIZFFRHY . %L
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XILINX XC3000 Family CLB

DATA M €6
ox - h b
A g B
& LOOK-UP TABLE )
DRG
0 &
E &
Qv G ¢ E <
®
——h E ] 0
= LK
/ T
CLOCK ENABLE - }
&
{1y ENABLE CLOCK &6 /
b
=
5]

cLock<d Dﬁ

DIRECT RESET <

nUx

() INHIBIT &

GLOBAL RESET (¢

TFTAORI AT LE%ET2010

m CLB: Configurable
Logic Block

m  Look-up table for
combinational logic

m D-Flip-Flops
m Look-up Table = RAM
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XILINX XC4000 Family CLB

Cicd q/

7 @ \_.,L ~ \Euir/ @7 m Two Stage Look-up

Table
\

=Y

LS
0.)({ LLLLLLLLLL
g

N

B L
B &— Loox-vp raLE

R
B

|
NN AN
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XILINX VIRTEX FAMILY ARCHITECTURE

DLL I/0 BUFFER3 DLL

PROGRAMMAELE S IGHMNAL ROUTING

5 o

= =

H H

= =

= =

o O

T &

[

3 | = e 2
ip: = =) i = |
o & B lim
=1 H he CLES he H | &
Sl o g Dol

s &
= = =S
B 0 2| q
= =
2 | & = | <

i, i,

5] T

s s

i, i

Ly (=5

FROGEAMMABLE SIGMNAL ROUTING
DLL I/0 BUFFERS DLL

TFTAORI AT LE%ET2010

CLB: Configurable
Logic Block

Many 4Kbit RAM
BLOCK RAM

DLL (Delay-Locked
Loops) to provide
controlled-delay clock
networks

Multiplier (18b x 18b)
Macro also supported
(not in figure)

27



" S
XILINX VIRTEX FAMILY CLB

CARRY OUT .
. m CLB: Configurable
< Logic Block
W .
& | m  Many 4Kbit RAM
Ggi LOOK-UP TAELE [N CARRY/CONTROL p A BLOCK RAM
G2
6146 o K m DLL (Delay-Locked
A o .
. T 'I Loops) to provide
controlled-delay clock
e networks
22 | o
175 LOQK-UFP TABLE || CARRY/CONTROL ] E
B —clk 0 /=
F1 (¢
le EM E
B <
CLRRY IN
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XILINX VIRTEX FAMILY I/0O

M

o

WEAK
KEEPER

{110 PAD

TRI CONTROL <& D
CLK 0
TRI ENABLE - EN &
74
SETVRESET<S
ouT<S: 0
CLK @
QUTRUT CE < BN b

NV
S
/

INPUT (LATCHED) <<

PROGRAMMABLE 5
DELAY LINE - ————VREF

CLK
INPUT (CUMB]%

INPUT CE

TFTAORI AT LE%ET2010

Electronic Static
Discharge Protection

CMOS, TTL input

Registered /Non
Registered I/O

29



ALTERA CPLD

m Complex Programmable Logic Devices

m Altera uses less routing resource than
Xilinx
m Altera’s Logic Array Block (LAB) is more

complex than Xilinx’'s CLBs. Then fewer
LABs in on chip than Xilinx's CLBs.

TFTAORI AT LE%ET2010
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ALTERA FLEX8000 ARCHITECURE

I0E

IO0E

LOGIC ELEMERT L0G1C ELEMENT
LOGIC CLEMENT LoGIC ELEMENT
e e
b LOGIC ELEMENT i LOGIC ELEMENT
gﬁ LOGIC ELEMEST gﬁ LOGIC ELEMENT
o5 o
aha |  LosIC ELEWEN & | LOGIC CLEMNT
: LOGIC ELEMENT 5 L0610 ELEMENT
LOGIC ELEMENT L0GIC ELEMENT
LOGIC ELEMENT L0GIC ELEMENT
10E
L0510 ELEMENT L0GIC ELEMENT
LOGIC ELEMENT LOGIC ELEMERT
b LOGIC ELEMERT H LOGIC ELEMENT
%5 LOGIC ELEMENT gﬁ LOGIC ELEMENT
5 o
Gk LOGIC ELEMERT uR LOGIC ELEMENT
5 LOGIC ELEMENT £ LOGIC CLEMENT
LOGIC ELEMENT LOGIC ELEMENT
LOGIC ELEMENT LOGIC ELEUENT
10E

10E

TFTAORI AT LE%ET2010

m Each LAB has eight
LEs (Logic Elements) .
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ALTERA FLEX8000 Logic Element (LE)

CARRY IN CASCADE IN
DATA1 o]
& g {LE QUTRUT
DATAZ < LOOR-UP TABLE | [ CARRY/CONTROL | CASCADE CHAIN Lo e
DATA 3¢ CLK &
DATA 444 g
LAB{:TRL1<< CLEAP\J’ PRESET
LABCTRL24E: LOGIC
LABCTRLAE }
=
=
LABCTRLACG
o7
CARRY OUT CASCADE COUT

m CARRY, CASCADE signals
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CLKE PLL

"
ALTERA APEX 20K ARCHITECTURE

I0E

IOE

I0E

LOOK UP TABLE

LOOK UP TABLE

LOOK UP TABLE

I0E

PRODUCT TERM

PRODUCT TERM

PRODUCT TERM

MEMORY

MEMORY

MEMORY

LOOK UFP TABLE

LOOK UP TABLE

LOOK UP TABLE

IOE

PRODUCT TERM

PRODUCT TERM

PRODUCT TERM

= MANY RAMs
m Large Number Input combinational logic such as Multiplier

MEMORY

MEMORY

MEMORY

m Phase Locked Loop for Advanced Clock generation

TFTAORI AT LE%ET2010
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How to Design your Digital System

using Hard-Macro Blocks

m White Blocks might be available (Hardware pre-designed Blocks)

Multiplier

I/O circuit

SoftWare
for
CPU
ROM AT ©

RAM

RAM ROM

TAORIDRT LEEET2010

CPU
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Hardware Description Languages (HDLSs)

m HDL is a software programming language used to model
the intended operation of a piece of hardware.

m Two level of modeling
Abstract behavior modeling
Hardware structure modeling:

Input to Circuit Synthesis

m Two kinds of Language

VHDL: Very High Speed Integrated Circuit hardware description
language
s Similar to Pascal Programming language

Verilog HDL.:
s Similar to C Programming language

FALRILY AT LEEET2010 35



HALF _ADDER example

VHDL

Verilog HDL

library IEEE;
use IEEE.std_logic_1164.all;

entity HALF_ADDER is
port (A, B :in std_logic;
S, C : out std_logic );
end HALF_ADDER;

architecture STRUCTURE of HALF_ADDER is
begin
S <= A xor B;
C <=AandB;

end STRUCTURE;

TFTAORI AT LE%ET2010

module HALF_ADDER (
A, B,
S, C
);

input A, B;
output S, C;

assign S = A7 B;
assign C = A & B;
endmodule




Moving Average Filter by VHDL

library IEEE;
use IEEE.STD_LOGIC_1164.all;
use IEEE.STD_LOGIC_ARITH.all;

INFUT

entity AVG4 is
port(CLK :in std_logic;
FMINPUT : in std_logic_vector(7 downto 0);
AVGOUT : out std_logic_vector(7 downto 0)); CLE
end AVG4;

architecture RTL of AVG4 is

signal FF1, FF2, FF3, FF4 : std_logic_vector(7 downto 0);
signal SUM : std_logic_vector(9 downto 0);

begin

-- SHIFT REGISTER
process(CLK) begin
if (CLK'event and CLK = "1") then
FF1 <= FMINPUT,;
FF2 <= FF1;
FF3 <= FF2;
FF4 <= FF3;
end if;
end process;

TFTAORI AT LE%ET2010

)

C

Qf»0UTPUT

L J

- SUM
SUM <=signed(FF1(7)&FF1(7)&FF1)+signed(FF2(7)&FF2(7)&FF2)
+signed(FF3(7)&FF3(7)&FF3)+signed(FF4(7)&FF4(7)&FF4);

-- DIVIDE BY 4 (SHIFT 2 bit), OUTPUT REGISTER
process(CLK) begin
if (CLK'event and CLK="1") then
AVGOUT <= SUM(9 downto 2);
end if;
end process;

end RTL;
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Simulated Waveform

—

Virsim — Waveform — 5IM — AutoGroupi

|

File Edit Zoom Display View Window

Help

== @ E & - £ |

EGroup0|| %, |SIM|
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d Circuit

Synthesize

Synopsys Design Analyzer

setup File Edit Miew RAttributes Bnalysiz Tools

R -

>

b

Boeny
et

=

=
==0

o=
| [

(] |
I

(1=}
Hi gEE

Il EE

EREY

] |

T e —

)

o S
e

~J

Current Designi AYGY

Left Button: Select

Middle Button: Add<Modify Select -

Schematic View

Right Button: Menu
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XILINX VP70 FLOORPLAN

# Hilinx Floorplanner — system.fnf

File Edit Miew Hierarchy Pattern Floorplan  MWindow Help
DEMSLR | EHIeDF 21 ERHRRAT/HAQAATQR
- |Box] &

system.fnf Place ment for xc2wvp?

i bbp dp “Bbp ds” [19 BLE

i si param “siparam” [1

-

Ul | o
S(=]E3

IBUFDS 8/5LAVEBUF.DIFFIN
CLK CTLAOBUF SLAVE/SLAVEBUF.DIFFO 4~
COBUFDS 8/5LAVEBUF.DIFFOUT
COBUFDS6/SLAVEBUF.LIFFOUT
OBUFDS_7/SLAVEBUF.DIFFOUT

COBUFDS 0/5LAVEBUF.CIFFOUT

OBUFDS1 /SLAVEBUF.DIFFOUT

COBUFDS 2/5LAVEBUF.DIFFOUT
COBUFDS3/5LAVEBUF.LIFFOUT

OBUFDS 4/5LAVEBUF.DIFFOUT

OBUFDS 5/5LAVEBUF.CIFFOUT

IBUFDS 6/SLAVEBUF.DIFFIN
IBUFDS_?/SLAVEBUF.DIFFIN

IBUFDS 0/SLAVEBUF.DIFFIN
IBUFDS1/SLAVEBUF.DIFFIN
IBUFDS2/SLAVEBUF.DIFFIN

IBUFD3 3/SLAVEBUF.DIFFIN J_
IBUFDS 4/SLAVEBUF.DIFFIN

TRIHFNS R A2 AVERIIF RTFEFTH hd
B [ ¥ b

HEBv200 MM
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HW3

m UTOFREICHLTEZLR— EERE L

n FEAEE(EBIZHLTAY IR—CREBEDLR—MEERE L)
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