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BBenenne

* FPGA (Field Programmable Gate Array) = ILJIMC(ITporpammupyemast
JIOTUYECKasi MHTerpajbHas cxema - 6osiee KOPPEeKTHO MCIOb30BaTh 10
otHomenuio k CPLD) = IIIIBM(IIporpamMmmupyemast rosib30BatesieM
BEHTWIbHASI MAaTPUIIA)

* Hapsany ¢ mukpokonTposiepamu 1 CBMC(ASIC) mmpoko ucnoss3yercs B
CUMTBHIBAIOLIEN JIEKTPOHUKE B 9KcriepuMeHTax PIY.

* Disclaimer: mixed language design below.
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FPGA
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Pre
interconnect
point (PIP)

Routing channels

* CocToUT U3 KOH(PUTYPUPYEMBIX JIOTHYECKUX OJIOKOB

(CLB) 1 Matpuiisl MaxcoeuHeHui (interconnect

array).

* [IyTem KOH(pUrypauuu MOXHO CO3AaTh

MMPOU3BOJIBHYIO JIOTUYECKYIO CXEMY.

s lakslslslanissil

Oooo
i )

* PesynbraTom cuHTe3upoBaHus (synthesis, aHaior

ey ey ey ey aat =at aat

g e

KOMITWJISILIUK B OOBIYHOM MPOTPAMMUPOBAHUM )

iy

saBisgeTcs netlist - cxeMa U3 JOrMYeCKUX BEHTHUJICH.

Logic blocks
1/O blocks



CPU+FPGA=SoC(SystemOnChip)

SoC FPGA
-
5 2P Dual ARM Cortex-A9 MCU
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- . o
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Application Specific Integrated Circuit (ASIC) =
MHTEerpaJibHasi CXeMa Clel[UaIbHOIO Ha3HAYCHHSI
= cBepxOonbinas unrerpaibHas cxema (CBUC).

Gate-array design - 1u3aiiH Ha OCHOBE Ga30BBIX
MaTpUYHBIX KpUcTauioB. Cxema
KOHCTPYUPYETCS U3 MPEJOCTABISIEMbIX 3aBOJOM
JIOTMYECKHX OJIOKOB, 3aKa34UK Pa3BOJUT
COCJJMHEHHUE MEXK1y HUMH.

Full-custom design - cxema CTpOUTCS HA OCHOBE
TPAH3UCTOPOB U NEMEHTOB aHAJIOTOBOM
3NIEKTPOHUKH.

Standard cells - nocTpoeHue qu3aiiHa Ha OCHOBE
" OUOIMOTEYHBIX "KOMIIOHEHTOB 151 JIOTUYECKUX
BEHTHJICH, TPUTTEPOB U MPOUMX JIEMEHTOB.




ASIC: design flow

Specification > Floorplan

Architectural Design Placement

RTL Design

Clock Tree Synthesis

RTL Verification

Signoff & Fabrication

Gate Level Simulation Post Silicon Validation

Design For Test «—




MCU vs FPGA vs ASIC

MCU FPGA ASIC
Cost low moderate high
Speed low high high+
Power low moderate low
Flexibility low high none
Development time low moderate high
Entry threshold low moderate high

Programming language c/c++ Verilog/VHDL Special EDA, Verilog, VHDL
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Look-Up-Table (LUT)

Required function Truth table Programmed LUT
a )
& n y SRAM cells
b:]:)]___\ :"" 0001 :‘,> ‘:\
- |1 y-y 001|0 5
C—WJ 010(1 o)
0111 = L, §
=(@a&b)|lc S Transmission gate
y=( ) 1 g ﬁ] g E b" Sed 125 (active low)
110(1 © |
1111 2 ’4 <] Transmission gate
— >‘ (active high)
abc e H >
SRAM /{7 F
i — Y
cells J
* Look-Up-Table = Tabauiia noucka / ™ < it
K 15
cripaBovHast Tabjmia / Tadamia Lo] : s
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MO/ICTAaHOBOK. ] N
Fq
 [To3BossieT 3a1aTh IPOU3BOJIBHOE |
I I I
JIOTMYECKOE BBIpaKEHUE. c b a

* MoxeT CJIy’KUTb JIEMEHTOM XpaHCHUA

JIAHHBIX.



Synchronous(sequential) logic

Data Normal
Qff—
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D Flip-Flop Master-Slave circuit

C nomouipio TabJIuIl MOKCKa ¥ D-TpUITepoB MOKHO
€Oo3/1aTh J00YI0 HHU(PPOBYIO CXEMY.
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Output change

Timing diagram for a D flip-flop

DFF + Combinatorial logic = Sequential logic
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Programmable logic block (PLB)

mux

flip-flop




FPGA: Routing

Dedicated long distance connections
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FPGA: Routing configuration

Logic Cell ‘ | te Logic Cell
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FPGA: Configuration
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Configuration data in—

Configuration data out™
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Other components inside FPGA
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Most significant vendors

Xilinx & XILINX.

e First company to produce FPGAs in 1985
e About 45-509, market share, today
e SRAM based CMOS devices

Intel FPGA (formerly Altera) . \
e About 40-45% market share |ntel FPGA
¢ SRAM based CMOS devices

Microsemi (Actel)

e Anti-fuse FPGAs CMiCI'OSGmi
e Flash based FPGAs (Formerly 'Actel
® Mixed Signal ro s

Lattice Semiconductor
o SRAM based with integrated Flash PROM EEATTICE

. e |pw power




FPGA: design flow

Register

transfer level

RTL

Gate-level

Logic
Synthesis

Mapping
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Hardware description languages (HDL)

* Hardware description language — sI3bIK ONMcaHus anmapaTyphbl.
* Vcnonp3yloTces 17151 ONMCAHUS JIOTUYECKHUX CXEM.

* B omyinune OT A3BIKOB IPOrPaMMUPOBaHKS, KOTOPBIE TPAHCIUPYIOTCS B
MAILMHHBIA KOJ - MHCTPYKLIUHU [TOCJIeA0BaTEBHO BbinoaHsAeMble LIITY, HDL
TPAHCJUPYETCS B CXEMY U3 JIOTMYECKUX BeHTWIel u D-Tpurrepos.

e Ocnosubsie HDL:

e VHDL - ajantipoBaHHbIi s13bIK porpammupoBanust ADA, Obit paspadoran B 1983r.
10 3aKa3y MUHHCTepcTBa 000poHbl CIITA

¢ Verilog/System Verilog — pa3zpadoran B 1984r. B komnanuu Gateway Design.

* AHDL - s3bik omvicanusi armaparypel, pazpadoranHbiii ¢pupmoii Altera, u
MCTIOB30BABIIHICS TOJBKO AJIs X ycTpoitcTB. COBpEMEHHBIMH IIPOT pAMMaMH
pa3paboTku Oosiee He MOAEPKUBACTCS, HO BCE €Ille UCTIONb3YeTC s, HallpUMep, Ha
KM]I-3.
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library ieee;

use ieee.std logic  1164.all;

MoaknoyeHHble
6nbnunoTekn

entity dff is

port(
clk: in std_logic;
d: in std logic;
q: out std logic);

end dff;

architecture behavioral of dff is
begin
process (clk) begin
if rising edge(clk) then
q d;
end if;
end process;

end behavioral;

"Llokoneska"
KOMMOHEHTAa, onncaHne
nopToB BBOZa/BbIBOAA

D Q

1=

Q

ApXMTEKTYpA - BHYTPEHHSAS
cxema KOMMOHEHTa

MocnepoBarensHO
"NCNONHSAEMbI" G/10K,
CMHTE3MPOBaHNe NPUBOANUT
K CO34aHuio
KOMOUHATOPHOI CXeMbI C
D-Tpurrepamu Ha BbIxoge

HDL trivial example
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VHDL trivial structural example

architecture structural of two_ dff is

signal ql : std logic :
begin

dff 1 : entity work.dff

port map(

clk clk,

d - din,

q ql
);

dff 2 : entity work.dff

port map(

clk clk,

d - ql,

q qgout
)

end structural;

'U';

MpomMeXxyTouHbIl "curHan”, Moxet
CNYXUTb TM60 COEANHUTENBHBIM
"nposogom" nMbo pernctpom

dff 1
din signal g1
PN
Qi
clk
—>
dff 2
gout
»—D
Qi
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HDL/Schematics

Graphical State Diagram

\

Textual HDL

When clock rises
s ==0)
theny = (a &b) | c

elsey=c&d* ek

Top-level /
block-level
», schematic L

Graphical Flowchart

Block-level schematic
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Conclusion

* B o6nacTit TpaAUIIMOHHOTO MPOrpaMMHUPOBaHUS (PU3UKH 1aBHO
"MMIIOPTO3aMECTWIIM ' TIPOTPAMMUCTOB. B MHOCTpaHHBIX IpyMIax UaeT
IpoLecC NEPeHNMaHM 3aJa4 IPOIKTUPOBAaHUS U(PPOBOM JIOTUKY (PU3UKAMU
y cepTU(UIMPOBAHHBIX UHKEHEPOB.

* HecMOTps Ha MEHBINYIO MHTEJUIEKTYAIBbHYIO CIOKHOCTh B CDABHEHUU C
BBIYMCJIEHUEM MATPUYHBIX 3JIEMEHTOB, IPUCYTCTBYET KPUTUUECKUIA AUPUIUT
KaJIpoB KaK B HAY4YHOH cepe, Tak U B IPOMBIIUIEHHOCTH.
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