DESIGNING FPGAS & ASICS \

FPGAS

Electrical & Computer Engineering

University of Tennessee

TEL: (865)-974-5444

FAX: (865)-974-5483 ARG
dbouldin@tennessee.edu i

e
. {5

BB BEBEEPEEEEEEEEEs
= : H HiH =
fljelielialialiahieli=iely

" I HIEIB LB EHTEIH i

5 L

SiEEEIBIEIEIE (]

& ! M |H

- ]

e e R
=S ':\: |||:
\T E ' !H!; :
[=] HIHHIH S

© 2010 -- Don Bouldin




-~

MAJOR FPGA VENDORS

e SRAM-based FPGAs
Xilinx — www.xilinx.com
Altera — www.altera.com
Atmel — www.atmel.com

Lattice Semiconductor
— www.latticesemi.com

e Antifuse and flash-based FPGAS
Actel — www.actel.com
QuickLogic— www.quicklogic.com

~
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FPGA MARKET SHARE

e Xilinx + Altera = 89%06 of the market
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/ XILINX FPGA ARCHITECTURE \

e FPGA floorplans consist of tiles of programmable logic
elements arrayed in two dimensions with interconnect
tracks that use programmable switches. Vendors differ
In the area devoted to logic and interconnect.
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% FPGA LOGIC \

e Programmable logic elements consist of LUTs with
MUXs and D flip-flops. Newer FPGAS replace these
4-input LUTs with higher capacity 6-input LUTs.
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1 LUT = 16 RAM Dbits

—D

LUTS CAN BE USED FOR LOGIC \
OR AS DISTRIBUTED RAM
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FPGAS ALSO CONTAIN
EMBEDDED BLOCKS OF RAM

~

 Multiple 18-kb blocks of RAM
can be grouped together as
needed for fast internal
access

— Synchronous read and write

e True dual-port memory

— Each port has synchronous read
and write capability

— Different clocks for each port

18-kb block SelectRAM
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Xilinx XtremeDSP DSP48A Slice

SOME FPGAS NOW INCLUDE
EMBEDDED MULTIPLIERS

BCOUT CARR::OLIT PC;?LIT
______________________________________________________ -
D:A:Bconcat 4% 48 :
/7 _ .
48-bit add I
pre-adder P=D:AB+C I
|
opmode[1:0] carry :
cascade :
1
|| |
|
AD REG opmode[6] opmode[4] Al REG X 0 P REG :
LH :
opniode[7] P
I
1
dedicated C-port “ ;
— ]
1
]
OpHode[3:2] opamidefs] :
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/ FPGA INTERCONNECT USING SRAI\/I\

e Interconnect tracks can be connected by
programming SRAM cells at their junctions.

Logic Cell | | T Logic Cell

— 1D /J/f

[
T

\ Logic Cell Logic Cell
E 1 %
Jf © 2010 -- Don Bouldin




% FPGA INTERCONNECT TRACKS \

e Tracks may be short, medium or long

CLB CLB CLB CLB CLB

length 1
WIres

length 2
wires

long
wires

CLB CLB CLB CLB CLB

e Wiring delays differ 30%26-50%6 depending on
\ which combination of tracks and “puddles” are

used for interconnect. /
‘E_J | @2010 -- Don Bouldin 10
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CLOCK DISTRIBUTION

Clock signhals must be distributed to all of the flip-flops

with a minimum of skew.

External | excik

Clock

c:lk3

gck Clock Distribution $ Q

Clock
Generation Gaters
clk, clk,
Clocked
Chip Elements
Cycle 1 | Cycle 2
olk, NBO ps 181 | /070 s
I I I
clk, & 960 ps/l early
| I I
0 500 ps desired 1000 ps
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K CLOCK MANAGEMENT \

FPGASs include multiple DCMs CLK, exclk (
— > refclk  Phase
iqi i D, = Locked ~ clkout 23"

(dlgltal clock managel’S) with »>——> ok ok  Loop -

D L \
PLL (phase-locked loop) T

. : -]

circuits to achieve low skew. < olck Distribution
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K Phase-Locked Loop /
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/FPGA CAPACITY HAS INCREASED WITI—N
IMPROVEMENTS IN FABRICATION

1st Gen

Xilinx Virtex Families

Virtex-11

2nd Gen

Virtex-4

Virtex-11 Pr

3rd Gen 4th Gen

© 2010 -- Don Bouldin

5th Gen

Virtex-6

40-nm
Virtex-5
65-nm

6th Gen

FEATURE SIZE

90-Nnm
130-nm
150-nm

180-nm

220-nm

s
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XILINX FPGA FAMILIES \

Low Cost
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XILINX VIRTEX-6 FAMILY

W\

Configurable Logic Manirmum
Blocks (CLBs) Block RAM Blocks Interface Transceivers | oo | prax
Device Logic DSP4sET MMCMs() | Blocks for | Ethernet Vo User
Cells Max Slices(2) Max PCl Express MACs(5) Banks'® | o
Slices!!! | Distributed DS P 18 Kb3| 36 Kb Kb p GTX GTH
RAM (Kb) (Kb)
XCBVLXT5T | 74,496 | 11,640 1,045 288 312 | 158 | 5,618 6 1 4 12 0 9 360
XCBVLX130T | 128,000 | 20,000 1,740 480 528 | 264 | 9,504 10 2 4 20 0 15 600
KCBVLX195T | 199,680 | 31,200 3,040 640 688 | 344 (12,384 10 2 4 20 0 15 600
XCBVLX240T | 241,152 | 37,680 3,650 768 832 | 416 |14,976 12 2 4 24 0 18 720
XCBVLX3B5T | 364,032 | 56,880 4,130 576 832 | 418 [14,976 12 2 4 24 0 18 720
XCBVLX550T | 549,888 | 85,920 6,200 864 1,264 | 632 | 22,752 18 2 4 36 0 a0 1200
XCBVLXTB0 | 758,784 | 118,560 8280 864 1,440 | 720 | 25,920 18 0 0 0 0 a0 1200
XCEVSXI15T | 314,880 | 49,200 5,090 1,344 1,408 | 704 | 25344 12 2 4 24 0 18 720
XCBVSXATET | 476,160 | 74,400 7,640 2,016 2,128 | 1,064 | 38,304 18 2 4 a6 0 21 840
KCBVHX250T| 251,904 | 39,360 3,040 576 1,008 | 504 | 18,144 12 4 4 48 0 8 320
XCBVHX255T | 253,440 | 39,600 3,050 576 1,032 | 516 | 18,576 12 2 4 24 24 12 480
XCBVHX380T| 382 484 | 59,760 4,570 864 1,636 | 768 | 27,648 18 4 4 48 24 18 720
XCBVHXE65T | 566,784 | 58,560 6,370 864 1,824 | 912 | 32,832 18 4 4 48 24 18 720
Notes:
1. Each Virtex-6 FPGA slice contains four LUTs and eight flip-flops, only some slices can use their LUTs as distributed RAM or SRLs.
Each DSP48E1 slice contains a 25 x 18 multiplier, an adder, and an accumulator.
Block RAMs are fundamentally 36 Kbits in size. Each block can also be used as two independent 18 Kb blocks. .
Each CMT contains two mixed-mode clock managers (MMCM). VIRTEX

e Bl S A

http://www.Xilinx

This table lists individual Ethernet MACs per device.
Does not include configuration Bank 0.
This number does not include GTX or GTH transceivers.

© 2010 -- Don Bouldin
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n/virtex-6.htm
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/ FPGAS CAN INCLUDE CPUS \

e CPU (hard or soft) can be
integrated inside the FPGA

— Replaces board with separate
CPU and FPGA packages

— Higher bandwidth and lower
latency

— CPU performs control functions

— CPU may lack floating-point
capability

— Programmable System-on-Chip
(SoC) Platform

— Can prototype ASIC SoC or an
embedded system

\ http://www.Xilinx.com
o~ /
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XILINX SPARTAN-6 FAMILY

Configurable Logic Blocks (CLEs) Block RAM Blocks
. Memo: Endpoint Maximum Total | Max
Device CLCIHIEIﬁ]' Max %EI'.P"'E 3]1 CMTs(5)| Controller | Blocks for GTP g | User
ells Slicesi2) | Flip-Flops | Distributed | =''“® 18 Kbl4 | Max (Kb) Blocks |PCl Express | Transceivers | Banks | 1/
RAM (Kb)

XCBsLx4 3,840 600 4,800 78 a 12 216 2 0 0 0 4 120
XCBSLXo 9,152 1,430 11,440 a0 16 32 576 2 2 0 ] 4 200
XCBSLX16 14,579 | 2278 | 18,224 136 32 32 576 2 2 0 0 4 |23
XCBSLX25 24,061 3,750 30,064 229 38 h2 936 2 2 0 ] 4 266
XCBSLX45 43,661 6,822 54,576 40 58 116 2,088 4 2 0 ] 4 358
XCBSLXT5 74,637 | 11,662 03,20e 692 132 172 3,008 & 4 0 0 [ 400
XCBsLX100 101,261 | 15,822 | 126,576 a7e 180 268 4,824 5] 4 0 0 6 480
XCBSLX150 147,443 | 23,038 | 184,304 1,355 180 268 4 824 & 4 0 ] B &70
XCBSLX25T 24,061 3,750 30,064 229 38 h2 936 2 2 1 2 4 250
XCBSLX45T 43,661 6,822 54,576 40 58 116 2,088 4 2 1 4 4 296
XCeSLX7aT 74,837 | 11,662 93,296 692 132 172 3,086 (5] 4 1 a 3] 320
XCesSLX100T | 101,261 | 15,822 | 126,576 a7e 180 268 4824 5] 4 1 a 6 490
XCeSLX150T | 147,443 | 23,038 | 184,304 1,355 180 268 4 824 & 4 1 a B 530
Notes:
1. Spartan-6 FPGA logic cell ratings reflect the increased logic cell capability offered by the new 6-input LUT architecture. §PARTAN’
2. Each Spartan-6 FPGA slice contains four LUTs and eight flip-flops.
3. Each DSP48A1 slice contains an 18 x 18 multiplier, an adder, and an accumulator.
4.  Block RAMs are fundamentally 18 Kb in size. Each block can also be used as two independent 8 Kb blocks.
5. Each CMT contains two DCMs and ong PLL.

4

\

\ http://www.xilinx.com/supportﬁwm htm
w 2010 -- Don Bouldin
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XILINX SPARTAN-3 FAMILY

\

\

W\

1. Logic Cell = 4-input Look-Up Table (LUT) plus a ‘D’ flip-flop. "Equivalent Logic Cells” equals "Total CLBs" x & Logic Cells/CLB x 1.125 effectiveness.
2. These devices are available in Xilinx Automotive versions as described in D8314 Spartan-3 Automotive XA FPGA Family.

LOW COST

SPARTAN

Wg XC3S50 costs $8.14 each

o

CLB Array
Equivalent | (One CLB =FourSlices) | pictributed | Block RAM Maximum
System Logic Total RAM Bits Bits Dedicated Maximum | Differential
Device Gates Cells' |Rows | Columns | CLBs (K=1024) (K=1024) | Multipliers | DCMs | Userl/O | /O Pairs
[XC3SH07 | GOK | 1128 | 16 | 12 102 12K 72K 3 2 124 56|
XC352002 | 200K 4,320 24 20 480 30K 216K 12 4 173 76
XC35400¢ | 400K 8,064 32 28 896 56K 288K 16 4 264 118
XC3510002 1M 17,280 48 40 1,920 120K 432K 24 4 391 175
KC3IS1500 | 1.5M 29 952 64 92 3,328 208K AT6K 32 4 487 221
XC352000 ZM 46,080 80 64 5,120 320K 720K 40 4 565 270
XC354000 4M 62,208 46 72 6,912 432K 1,728K 96 4 633 300
AC355000 aM 74 880 104 80 8,320 520K 1,872K 104 4 633 300
Notes:

http:/7/www.xilinx.com/support/documentation/spartan-3.htm

s
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/ FPGA DATA SHEETS

family.
— Absolute Maximum Ratings for VVdd, GND, etc.
— Recommended Operating Conditions
— Typical Quiescent Supply Currents
— Power Supply Ramp Time
— Input and Output Voltage and Current Levels

— Switching Characteristics for 1/0, etc.

e Details describing the electrical specifications of a
FPGA device can be found in the data sheets for the

i: X"_I NX® Spartan-6 FPGA Data Sheet:

DC and Switching Characteristics

DS162 (v1.1) August 26, 2009 Advance Product Specification
\ http://www.xilinx.com/support/documentation/data_sheets/ds162.pdf

~

E]f © 2010 -- Don Bouldin




— Device Reliability

— Packaging and Pinouts

— 1/0 Resources

— Clocking Resources

— Logic Resources

— Block RAM Resource  PeABA

— PCB Design Guide pevice Tvpe

Package

Speed Grade
Temperature Range

7 9 101112131415186

B
]

123 45687 8 91011121314156186

/ MORE FPGA DOCUMENTATION \

e FPGA documentation is available for the following:

AT FE AT ATMMAmOMNM® |,

| _— Mask Revision Code

\‘}/
(o] - ® ) g
OXILINX 3_/:,_ | — Fabrication Code
SPART - Process Code
XC3S1
FT256EGQ0525~ Date Code
D1234567A Lot Code
4C
il
LY g

\ http://www.Xilinx.com/support/documentation/spartan-6.htm /
20

D5088-1_04_050305
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ALTERA CPLD/FPGA FAMILIES

High-End FPGAS
Cyclone®™ & Stratx:

Series Series
¢ Built from the ground up for low cost * High-density, high-end FPGAs
® 50% faster than competing FRGAs * Integrated G transceivers variant
e Low power consurmnption e« Design entire systerns-an-a-chip
Cyclone® IIT Cwclone IT Cwelone Stratix® I Stratix 11T Stratix 11

Low-Cost Transceiver-Based FPGAs

Low-Cost CPLDs
Arria? Series

Series

o Lowest cost CPLD ever
# Lowest power for portable apps

e Midrange FPGAs with transceivers « Instant-on single chip solution

e Optimized for mainstream protocols up to 3,125
ishps

# Flip-chip packaging and fourth-generation
transceivers for excellent signal integrity

MaxE IT Max

\ Arria® II GX Arria GX www.altera.com

21
w\ © 2010 -- Don Bouldin
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PLD ARCHITECTURE \

from PIA Product Terms

PLD global routing increases exponentially with the
number of LABs, resulting in a die dominated by routing
that is cost-effective only for designs less than 8K gates.

LAR Local Array
D‘ Parallel Logic
I Expanders
. (from other
D macrocalls)
[
B <
— — L
i, e | i
Product- | = r
:>_ Tarm
Solact
:}_ Matrix
| - [
1=
L
}"i\--t.rx ZP.'.LP P Shared Logic
o Expanders
26 Signals 16 Expandar

Global Routimg

LAB = Logic Array Block
contains a macrocell with
AND-OR logic plus local
wiring.

http:/7/www.altera.com/literature/wp/wp_maxii_le.pdf /
22
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/ CPLD ARCHITECTURE \

CPLD routing between rows and columns of LABs
iIncreases linearly with the number of LABs, resulting in
an efficient die size for designs greater than 8K gates.

Staggered
liinnnnnn II0 Pads
| IIIllIIIl
ALTERA MAX-11 : MultiTrack
Interconnect
www.altera.com LABs
. lllIl
: il
JTAG & Control
Circuitry

\ User Flash Memory
Configuration Flash Memory ’3
u\ 1) 2010 -- Don Bouldin |
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CPLD LOGIC ELEMENT

Ten Logic Elements (LES)

of LUTs and FFs are sload sclear aload
) ) (LAB Wide) (LAB Wide) (LAB Wide)
contained in each
Logic Array Block (LAB) Register chain ‘
connection LY/]
addnsub (LAB Wide) {
ALD/PRE
T . ADATA o
data | _)— D
dataz - >
datas 4-Input EN&LHH
? - -Inpu
cin (from cout ]_ LuT
of previous LE) L~ clock (LAB Wide) ——
data4 ena (LAB Wide)
aclr (LAB Wide)

1.3 LEs in a CPLD corresponds to 1 macrocell in a PLD

\

www.altera.com

© 2010 -- Don Bouldin
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MAX-11 CPLD FAMILY

~

\

EPM240 | EPM570 | EPM1270 EPM2210

Feature EPM240G | EPMS706 | EPM1270G | EPM2210G | EPM240 | EPMS70Z
LEs 240 570 1,270 2210 240 570
Typical Equivalent Macrocells 192 440 980 1,700 192 440
Equivalent Macrocell Range 12810240 | 24010570 | 570101270 | 1,270t02,210 | 12810240 | 240t0 570
UFM Size (bits) 8,192 8,192 8,192 8,192 8,192 8,192
Maximum User 10 pins 80 160 212 272 80 160
teps (nS) (1) 47 5.4 6.2 7.0 75 8.0
four (MH2) (2) 304 304 304 304 152 152
tg, (ns) 1.7 1.2 12 1.2 2.3 2.2
o (nS) 43 4.5 46 4.6 6.5 6.7

http:/7/www.altera.com/literature/hb/max2/max2_mii5v1l_01.pdf

FLASH-based EPM240 costs $6.60 each

B

© 2010 -- Don Bouldin
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Logic Array

M4K Memory
Blocks

Top & Bottom
1/0 Elements with
Support for

\

I3 EIALGTR VLRI RGO L2200

CYCLONE FPGA ARCHITECTURES

LEEL

h..ﬂﬂarylﬂt.r"c.‘ '-;.-'--‘.1 o 1 B I e

CYCLONE-I11

o A e e e o e b e i

g Embedded
i Multipliers

e Cyclone-11 devices are made using a 90-nm process.
e Cyclone-111 devices are made using a 65-nm process.
e These are SRAM-based.

Side /0

Elements with

9'— Support for
1 PCUPCI-X
& Memory

1 Interfaces

Phase-Locked
'h-"liﬂop!

CYCLONE-I111

R IIII—'I-I.—-III .-I;IIIIRI —— X3

\

Phase-Locked Loops

MIK Memory Blocks
Logic Array

Embedded
18-bit x 18-bit
Multipliers

Side /0 Cell
with Support for
LVDS Signals
up to 875 Mbps

Top and Bottom
/O Cell for Memory

Interfaces Up to
/6

400 Mbps

B
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STRATIX-1V FPGA ARCH ITECTURE\

DLLs

e Stratix-1V devices are made using a 40-nm process.

I/O Banks
MIK Blocks
DSP Blocks

M144K Blocks
PLLs

ALMs/MLABs

High-Speed
Transceivers

Hard IP for
PCI Express

—rrrrvadteraeam

© 2010 -- D-on Boulciin
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STRATIX-1V FPGA FAMILY

e High performance, high capacity devices

\

Stratix IV GT Variants

Equivalent LEs 228,000  |531,200  [228,000  |291,200  |353,600 531,200
Adaptive Logic Modules 91,200 212,480  |91,200 116,480  |141,440 212,480
(ALMs)

Registers 182,400  [424,960  |182,400  [232,960  |282,830 424,960
MOK Memory Blocks 1,235 1,280 1,235 936 1,248 1,280
M144K Memory Blocks 22 64 22 36 43 64
Embedded Memory (Kbits) | 14,283 20,736 14,283 13,608 18,144 20,736
MLAB (Kbits) 2,850 6,640 2,850 3,640 4,420 6,640
18 x 18 Multipliers (1) 1,288 1,024 1,288 832 1,024 1,024
PCI Express Hard IP Blocks |0 0 0 1 1 1

EP4S with 530K logic elements costs $9,660
© 2010 -- Don Bouldin
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Low-Power FPGAs

ACTEL FPGA FAMILIES

Radiation-Tolerant Devices

IGLOO

ProASICIE

!

IGLOO® FPGAs
* |ndustny's lowest-power FPGAS
& With Flash*Fresze technology
* Available with Cortex™-t1-enabled processaor core

# |GLOOD Serigs Overview # [GLOO = |GLOOD nano  » IGLOD PLUS

ProASICE3 FPGAs
® | ow-power FPGAS
e Available with Flash*Freeze technology
& Offered with ARM-enabled processor cores

» ProfASIC3 Series Overview  » ProASIC3
# ProfAsical

# Prosslcd nano

Mixed-Signal FPGAs

L1 1]
&

L 11
FUSION

Actel Fusion® Mixed-Signal FPGA
e tiixed-signal FPGA based on proven Pro&SIC3 fabric with flash RaM
e Support for soft core ARME Cortex™-t1 and ARMT
e Embedded &/D converters and analog 1/ Qs

» Fusion

RTAX FPGAs
¢ High-reliability, radiation-tolerant, antifuse-based FPGAS
¢ Dezigned for space applications with greater than 350 MHZ system
performance
o Avyailable with embedded multiply-accumulate blocks far DEP applications

RTAY

» RTAK-S/SL » RTAK-DSP

RT ProASIC3 FPGAs
¢ Reprogrammable, nonvolatile, radiation-talerant, flash-based FRGAS
* For low-power space applications, requiring up to 350 &Hz operation
o MIL-3TD-883 Class B compliant

ProASICIE
]

# RT ProAsica

RTSX-SU FPGAs
o High-reliability, radiation-tolerant antifuse-based FPGAs
® 250 MHz system perfarmance
o Flight heritage established an many programs

XA

» RTSX-5U

www.actel.com

© 2010 -- Don Bouldin
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ACTEL FPGA ARCHITECTURE \

e Actel’s floorplan consists of VersaTiles of programmable
logic elements (MUXs) plus Flip-Flops arrayed in two
dimensions with interconnect tracks.

O0O0OO0DODOODODOOOOOOOOOOOOOOOOOOOOO0DOOOOOOOOOOOOog L CCC
= Il I I Il Il Il Il | || ! a RAM Block
s\ JC 11 1[_=H3——4,608-Bit Dual-Port SRAM
o o or FIFO Block
o o
o o
ul o
o o
o o
ul o
o =]
ul o
= O Pro 1/0s
o o
ul o
o o
a e VersaTile
o o
a =]
o o
o o
o | I I I Il Il Il I | || ||o RAM Block
a|| I I I Il Il Il I | [ == 4,608-Bit Dual-Port SRAM
g ISP AES Usar Nonvolatile Flash*Freeze Charge g or FIFO BlOEk
g Decryption® FlashRom Technology Pumps E
|_ O0O0OO0DODOODODOOOOOOOOOOOOOOOOOOOOO0DOOOOOOOOOOOOog J

RT-ProASIC3 /0
© 2010 -- Don Bouldin




/ ACTEL VersaTile LOGIC \

e Actel’s VersaTile logic consists of a collection of MUXs.

1]

&
-

8] ] FK:]
ata
xa“l—[\)’()*—ﬁ :;h Pin 1
T = - |
= , s f“‘T - ¢ oo >o-r
- 3 { » ‘
L

—_EII— .—LL—t—CI
/

r?/-l

l

— —* = —%
[ ir )
3 0

o T

e S

/

s
Y
!

\_

http:/7/www.actel.com/documents/RTPA3_HB.pdf

w\ © 2010 -- Don Bouldin




/ ACTEL INTERCONNECT ELEMENTS \

e Actel uses a one-time programmable anti-fuse or PLICE
(programmable logic interconnect element).

e Applying a current to the PLICE makes a permanent
connection with less RC delay than a SRAM connection.

e Actel also offers FLASH-based devices.

-
poly

Pobysilicon

OMO Layer

When the programming voltage is applied, the thin sandwich of ONO (oxide-nitride-oxide)
melts and the base wafer grows an epitaxial “bump” into the polysilicon, allowing diffusion
\ of the substrate n+ into the polysilicon to form a low-resistance path.

http:/7/www.actel.com/documents/RelGuide.pdf /2
w\ © 2010 -- Don Bouldin




/ ACTEL RADIATION-TOLERANT FPGAS\

e Actel’s RTAX family of FPGAs
includes flip-flops hardened
for protection against heavy iy

ion radiation which can cause Core Tie
SEUs (single event upsets). - |

Chip Layout 8 =R

e RTAX-DSP also includes E

SILIE]
LB lﬁiﬁ'lﬂ 78]

radiation-tolerant multiply-

accumulate blocks for digital
signal processing.

e Actel FPGAsS can be one-time H
programmable (PLICE) or
FLASH-based.

\ http://www.actel.com/documents/RTAX DSP-PB.pdf
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/ FPGA ARCHITECTURES AND DETAI LS\

A wide variety of FPGA architectures are available
which can be configured using SRAM, FLASH or
PLICE.

Configuration bit files can be located inside the
FPGA and/or another IC.

Extra capacity can be used for redundancy or
diagnostics.

FPGA vendors provide synthesis and simulation
tools with databases describing the internal
architectures and details of each device.

Portable HDL can retarget to multiple vendors to
select the best device.

Vendor-specific HDL can target almost any device

that vendor offers. /
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