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7.3

Programmable IC Technology — FPGA

* Manufactured IC technologies require weeks to
months to fabricate

— And have large (hundred thousand to million dollar)

initial costs
* Programmable ICs are pre-manufactured |
— Can implement circuit today gl(}&\t“{x

— Just download bits into device

— Slower/bigger/more-power than manufactured ICs
* But get it today, and no fabrication costs

* Popular programmable IC — FPGA

— "Field-programmable gate array"
* Developed late 1980s

* Though no "gate array"” inside
— Named when gate arrays were very popular in the 1980s

* Programmable in seconds
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_EPGA Internals: Lookup Tables (LUTSs)

* Basic idea: Memory can implement combinational logic
— e.g., 2-address memory can implement 2-input logic
— 1-bit wide memory — 1 function; 2-bits wide — 2 functions

* Such memory in FPGA known as Lookup Table (LUT)

F=xYy' +xy F =Xy +Xxy
4x1 Mem. 4x1 Mem. G =xy' | 4x2 Mem.
Xy F I—» rd T—» rd S T .
0 0 R I g 1 o 1- X Y ,—E---G!\I;' J—»rd 0 10'
R O B i 0 1 o U 1 0 1 00
1 0 | Orormmrfees 2™ 0 2 0 0 410 0 2 01
1 1| 2o 31 x=0| 3§ 1/ 1 0330 1. 3 10
x—=al —» al 1 1111 o1 X al
y—=a0 D — a0 [ : i y*a0 D1DO
y:O ; Te-emo-- ‘
Ve Vet vy

() ®) (c) @ (e)
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_EPGA Internals: Lookup Tables (LUTs)

 Example: Seat-belt warning k.| Beitwan k p s | w
: : 0 0 0f[fo!
light (again) o : w001l ol

010/ O
] ™ 01 1| 0}
= 10 0| o
(@) 10 1| o
8x1 Mem. i 1 2 ;
o ®
2| 0 / .
Programming
K a23 0 (seconds)
p5a14 0
smmmg0 S5 O
6 1 a
7 0 1 hs
(c) IC

=N lw)
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FPGA Internals: Lookup Tables (LUTs)

* Lookup tables become inefficient for more inputs
— 3 inputs = only 8 words
— 8 inputs - 256 words; 16 inputs - 65,536 words!
* FPGAs thus have numerous small (3, 4, 5, or even 6-input) LUTs
— If circuit has more inputs, must partition circuit among LUTs
— Example: Extended seat-belt warning light system:

Sub-circuits have only 3-inputs each
\

kpﬁ' 8x1 Mem. 8x1 Mem.

K BeltWarn K .
— — ~o0 0 o 0
B,—I— wo el 1l 0 1l 1
s ‘DOI o 2| o o 1
T T k —=|a2 0 X (a2 o —
b > \\\ p—-|al 4 0 —(a1 4 1
gb gb \\S — a0 5 0 |20 5 1
(a) 3 input ainputs A | S 6 1
a INputs INputs X5
. . . 1 output 1 output - o
S-input circuit, but 3-  x=kps’ w=x+Hd - D
. ] |
put LUTs available (b) g '
Digital Design Partition circuit into ©) w
Copyright © 2006 . . . -1
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FPGA Internals: Lookup Tables (LUTs)

* Partitioning among smaller LUTs is more size efficient
— Example: 9-input circuit

a—>
o 1o ) —! 3x1 — 512x1Mm.
—t c—
T d— >
?‘*D‘@‘* - ) paen ) iy
- A 8xipm.
A U I == ro I
=T ?_» 3x1 N
(@) (b) (@)
Original 9-input circuit ~ Partitioned among Requires only 4
3x1 LUTs 3-mput LUTSs

(8x1 memories) —
much smaller than

a 9-input LUT

Digital Design (512x1 memory)
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FPGA Internals: Lookup Tables (LUTs)

* LUT typically has 2 (or more) outputs, not just one
* Example: Partitioning a circuit among 3-input 2-output lookup tables

O 8x 2Mem. 8x 2Mem.
p—
c— 0 00 0 00
d F | 1|00 1 10
e 2l 00 2 00
(a) 3 00 3 10
s . a—| a2 a2

NP al 4 00 00

——
S h—— —-| a1 4
l c— a0 300 = a0 910
N d 00 6| 10
2 — F 7 o1 7| 10
~3 D1 DO

o o T:ﬁ»
WM s

_________ I DY
(b) t [ * *

(Note: decomposed one 4- . e F
input AND input two (c)
smaller ANDs to enable : .
partitioning into 3-input First column unused; Second column unused;
sub-circuits) second column . first column implements

Digifel Design implements AND AND/OR sub-circuit
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_EPGA Internals: Lookup Tables (LUTSs)

8x 2Mem. 8x 2Mem.

T+ 0O 10 g 00

1 01 1 00

2 00 2 10

-] a0 3 00 A 3 01

al 4 00 »! al 4 00

a0 900 > 209 00

6 00 g 00

7 00 7 00

[il [io < [il i)O

do d1 ot d2 d3

(by
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FPGA Internals: Switch Matrices

* Previous slides had hardwired connections between LUTs
* Instead, want to program the connections too

* Use switch matrices (also known as programmable interconnect)

— Simple mux-based version — each output can be set to any of the four inputs
just by programming its 2-bit configuration memory

FPGA (partial) Switch mat_rix
8x2 Mem. 8x2 Mem. 2-bit
memory
0 00 o[ 00 * *
1| 00 1| 00
mO .81 sO
T —1>—eil 4x1 loO
3| 00 3| 00 — : >
Pl1-+»{a2 — 2V 00 PG —%"-* 12 mux d
pP2-+»lal o [ ]oor™ a1 4 P77 —T 1113
P3#1a0 °L_ 9 | —p|mo—jo1a0 2|99
6 00 —m1l 6| 00 2-bit
7[00 ||[|[=ms  --|-1_ 7[ oo | memory
D1 DO Switch DIDO “MAr--~~ * *
matrix | — - iOsl sO
"l >P8 —il ax1 ol
P9 — 2 mux
P4 (i3
P5
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FPGA Internals: Switch Matrices

* Mapping a 2x4 decoder onto an FPGA with a switch matrix

FPGA (partial) Switch matrix
8x2 Mem. 8x2 Mem. 10
o[ 10 0 00
1] 01 1/ 00 o “s1 S0
2| 00 2| 10 —Tmi_ 1 i0
01— — P 00
11 4x
3| 00 3| 01 -3 —m2 T
O+ a2 — - V4 — 2 mux
i14e-la1 499 ojootfal 400 [ med2 -i3
6/ 00 — 6/ 00
— 11
71 00 M3 7| 00
D1 DO SWit(?h _ D1 DO js *1 *0
matrix [T----F_L—J|| ___ -~ ->iOS S .
. 1 I =
® 40 — |2 X
il L ol
i0
(@) (b)
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FPGA Internals: Switch Matrices

| K| Belt_\(_\{arn
* Mapping the extended seatbelt warning light onto an D;L— AT w
FPGA with a switch matrix sl P2
_ . . . . . . . t>' ..........
Recall earlier example (let's ignore d input for simplicity) e
—
FPGA (partial) Switch matrix
8x2 Mem. 8x2 Mem. 00
0| 00 0| 00 B
1| 00 1| 01
. s1 sO
2| 00 2| 01 *"m'“le >
0T | 3] 00 3[ o1 e 1L 0
k-+o{a2 E—F-, =W Aﬁv >i2 mux "
4| 00 4| 00 | —im3g > i3
p-»al (0nleer™ al -
s—+»|a0 2| 00 A L (a0 °| 00
6| 01 —|m} 6/ 00 10
7| 00 P 7| 00 o
D1 DO switch | [~ ~broo-rFh--"" v Y
matrix | E— \ ~ i051 sO
@ . — il 4x1 Ql._
o - L~ o e O
t —i3
0
(a) (b)
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FPGA Internals: Configurable Logic Blocks (CLBs)

* LUTs can only

. FPGA

implement

combinational logic = =
8x2 Mem. 8x2 Mem.

* Need flip-flops to ° 88 ° gg
implement sequential ol 2| 00 2|00
logic p1dda|a2 320 oo 320

: p24—e-fa1 4|00 g 00 ——=1a1 * 00
* Add flip-flop to each P3 »aOZ 88 =m0 [gg1°1 »aoz 88
LUT output 7[00 o |m2 I
; ; CLB D1 DO Switch D1 DO
" ey e e g I
oC - Ta
* LUT + flip-flops 1-bit [ [ | |
CLB 10 10 10 10
— Canprogram CLB  output ,,——EI'Z“ - ook
outputs to come o oy -t
from flip-flops or _—"" >3 -
from LUTs directly Ps
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FPGA Internals: Sequential Circuit Example using CLBs

e
a b c d FPGA
‘ ‘ CLB CLB
8x2 Mem:=-~._ 8x2 Mem.
ol 11 || 0| 00
:’ 10 ' 1] 01
0 01 |/ 2| 10
* ‘ ‘ * 0 »23‘.00/’ , 3
a v P}
wox y z a al 4 0y [10]0 (a1 4|00
(a) b >q0’5 00 I — >l50 5| 00
- 6| 00 - 6/ 00
S 7|00 s 7| oo
Left lookup table ! .
D1 DO SWIt(_:h D1 DO
a2 al a0 D1 DO [z S 3 matrix 7 S
0 a bfw=a x=b >( >( >(
0 0 O0f 1 1% | [ [ |
o 1 of o0 1/
o 1 1.0 0 | :>z/
below unused / ® \ :\)/(v
(b) c
d
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FPGA Internals: Overall Architecture

|
* (Consists of hundreds or thousands of CLBs and switch
matrices (SMs) arranged in regular pattern on a chip

Represents channel with Connections for just one
tens of wires ™~ CLB shown, but all
CLBs are obviously
7 connected to channels
CLB CLB CLB
SM SM
CLB CLB CLB
SM SM
CLB CLB CLB
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FPGA Internals: Programming an FPGA

FPGA
. . .
All configuration - =
memory bits are Pin 8x2 Mem. 8x2 Mem.
“ 111 o) il S o
connected as Pelk 1] 3 1l 00
] ] ol 2| edl 2 ~11-,
one big shift : 3ot 3[ <20
a2 a2
1 t a > al 4 \GO‘\ — a1 4 00:,
@) 6| 90. 6| 00-,
— Known as scan '/“'7‘"00’d P et B
i , |_D1 D . |D1 DO
chain | |
e, A
L ML £LAN | |
* Shift in "bit file e | A5 |
. . . | ;
of desired circuit e R
1 e
/ \ S -y
d 5 \ NB
0y ¢ ‘
Pin \ \
— Conceptual view of configuration bit scan chain
W is that pf a 40-bit shift register
c
Digital Design a (c) Bit file contents for desired circuit:@OlOllOOOOOOOOOl1&&0)010011010000000@
Copyright © 2006 This isn't wrong. Although the bits appear as "10" above, note that the scan 15/68
Frank Vahid chain passes through those bits from right to left — so "01" is correct here. s
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Other Technologies

11 12 13
: : R e e e T

* Simple Programmable Logic 575757 i
Devices (SPLDs) | o i

| i !

— Developed 1970s (thus, pre-dates | 11 A !
FPGAS) | j :

: . ¢ - :

— Prefabricated IC with large AND- : et |
OR structure | L :

— Connections can be "programmed" i IR } |

to create custom circuit i - |

* Circuit shown can implement any E ._': DI:l 5 :

3-input function of up to 3terms | || ¢ > |

- e.g.,F=abc+a'c E ¢ E !

T % PLD IC!

programmable nodes

Digital Design
Copyright © 2006 16/68
Frank Vahid

Embedded Systems, © 2008, James K. Peckol

o1




Programmable Nodes in an SPLD

* Fuse based - "blown" fuse removes
connection

* Memory based — 1 creates connection

pragmmable node
Fuse based

— N
| fuse )/

%Tﬁﬁﬁi

: %

4
4
L 4
'
<TIEI [][][][J[F >
e
=
5)
el
c
n
Md

: N~—__—
..a-ma—j_ : "unblyn" fuse "blen" fuse
@ [} I
¢ 1 |
¢t ' | Memory based

___________________ PLDIC,

K me mem

programmable nodes l___| @

(b) 1 <L
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PLD Drawings and PLD Implementation Example

i
+  Common way of drawing PLD ,_%37_'2__'3 ________________ |
connections: i / ired AND . i
| |3 ! |
— Uses one wire to represent all T H
inputs of an AND : — :
n,n . : N 01
— Uses "X" to represent connection | )5
* Crossing wires are not | |
connected unless "x" is present : PLDIC!
* Example: Seat belt warning Kp s
light using SPLD AVavav
k B=lt\am l s

> i——’(— | —

P w ——] | i
[} & e n i

e

Digital Design /7 TttTooomoommmomommeed
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PLD Extensions

g |

11 12 13 11 12 13

100 A (e ——
D_>§>§.01 %@T o 501
H- T e
M- L | e .

() (b) clk
Two-output PLD PLD with programmable registered outputs

Digital Design
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More on PLDs

* Oiriginally (1970s) known as Programmable Logic Array — PLA
— Had programmable AND and OR arrays
* AMD created "Programmable Array Logic" — "PAL" (trademark)
— Only AND array was programmable (fuse based)
* Lattice Semiconductor Corp. created "Generic Array Logic — "GAL" (trademark)
— Memory based
* As IC capacities increased, companies put multiple PLD structures on one chip,
interconnecting them

— Become known as Complex PLDs (CPLD), and older PLDs became known as Simple
PLDs (SPLD)

* GENERALLY SPEAKING, difference of SPLDs vs. CPLDs vs. FPGAs:
— SPLD: tens to hundreds of gates, and usually non-volatile (saves bits without power)
— CPLD: thousands of gates, and usually non-volatile

— FPGA: tens of thousands of gates and more, and usually volatile (but no reason why
couldn't be non-volatile)

Digital Design
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7.5

Technology Comparisons

TABLE 7.2. Sample % of new
impleme ntations in various
technologies. Total is more than 100%
due to overlap among categories.

® Full-custom
e : ® Standard cell (semicustom)
® Gate array (semicustom)

Technology G ® FPGA :
Standard cell 55% ¢ PLD |
-
Gate array 5% - ' -
System-on-a-Chip 30% Quicker availability <-— — Faster performance
T 0% Lower design cost ~e— — Higher density
W -custom ' — Lower power

CPLLVEPGA 10% — Larger chip capacity
Other 5% Easier design More optimized
Sowrce: Synopsys, DAC 2002 panel.

Digital Design
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Technology Comparisons

s
A
proe€ssor Moe optimied

Easier degn

| Poggmmable

Processor varieties

proessor ® (4) ®(3)
| | | | | -
PLD FPGA Gate $andad HRullcudom
amay cell

IC technologies

Digital Design
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(1): Custom processor in full-custom IC
Highly optimized

(2): Custom processor in FPGA

Parallelized circuit, slower IC
technology but programmable

(3): Programmable processor in standard
cell IC

Program runs (mostly)
sequentially on moderate-costing IC

(4): Programmable processor in FPGA
Not only can processor be
programmed, but FPGA can be programmed
to implement multiple
Processors/coprocessors

22/68




Key Trend in Implementation Technologies

* Transistors per IC doubling every 18 months for past three decades
— Known as "Moore's Law"

— Tremendous implications — applications infeasible at one time due to
outrageous processing requirements become feasible a few years later

— Can Moore's Law continue?
A

100,000 |-
10,000 |-
1,000 |-

& 100

10—
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Procesor i pamie¢ wbudowane w FPGA

* W strukturze FPGA mozna skonfigurowac

— Procesor
* np. open source picoBlaze (Verilog, VHDL)

— Pamiec¢ programu (ROM)
— Pamiec¢ danych

— Interfejsy

— Uklady we/wy

Instruction Path

B ddress Path

Data Paths

Digital Design
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uP based system

g |
Firmware Data
(Program Store) Memory
Memory
Input / OQutput
Device :
|
Microprocessor i
:
|
| Outside World
Input / Output | Signals
Device |
|
|
Real-Time i
Clock !
Input / Output |
Device
Hosting Application
Digital Design
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uC based system

e
Firmware Data
(Program Store) Memory
Memory
Input / Output
Devi
Microprocessor oy i -
|
Input / Output i
Device I Qutside World
i Interface
Real-Time i
Clock Input / Output |
Device v
Microcontroller
Hosting Application
Digital Design
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Addrass

Data Instruction

* * Bus
Conirol

*
= R

Control Instruction
' Memuqr
CPU .
DSP Core Register Array Timars
A A A A \ Data
Memaory
DA A A A
Control L L I y Address
3
L L . Data Data Bus
L | A i
Caontrol
Y S I M T I
e i Yy ;
________________ I
i A i Cutput Inpust E
I I
I I
Shifi 1
% : 10 Devices (ADC, DAC, elc.) i
I and High Speed 1O I
______________________________ J
Signals to Outside Signals from
World Outside World
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Poziomy sygnatow logicznych

VOH _, =2.5VDC VOL_ =04 VDC
' \ VIL_, =08 VDC
> \J y >
12
-+
7 01T 2 3 § 3 6 7
50V Vil
VOH
3.4V VOH
High-level noise margin | +5 VDC
25v VOH —> Logical 1 |—4>
20V VH,, °| > |>c i2¢ 450 {>|0
Inv2 |
LA Low-level noise margin Invi Driver i1 X i3 |
Vibpey 0.8 V - I N !
s |04V +— X
VOLywo2v voL % i —I>o—o[>— = N1 !
0oV i4 |

Inv1 Inv2 > >'
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Embedde

Poziomy sygnatow logicznych

Digital Design
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+5 VDC

Logical 1

i ¢ 450
Driver i1 Xy i3

N1

N — > |
e

+5 VDC

Logical 0

in ¢ 450
Driver i Xy i3

|> :4— |

N1
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Model i charakterystyki opornika z uwzglednieniem elementow
pasozytniczych

R

| %J _m ANV

e L =10 nH KC ‘
C=5pF

1000[—

Digital Design fol_ ¥
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Model i charakterystyki kondensatora z uwzglednieniem elementow

pasozytniczych
L
A R C
v _m ™ y
%d L=10nH
R =0.50hm
10 10
i e 2(w) s, 3 2(W) [T T .
_Ol> l g[> il e - il -
T — T e
10 | 10°
108 w 10° 10° w 10°

108

102
Digital Design L W L
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Potaczenia uktadow: modele z elementami pasozytniczymi
s

TR TR T
) @ 7

R H
J—jc il/ =0 ff

!} Digital Design
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Niewykorzystane wejScia bramek

™ 2
<

C
. |
in0_4 in0 ) out0 '
in1] ) outO in1

in f c2
c2

in0 — L

: )_outO =

in1 —4¢ ] in0 —

in1 )_ out0
Vce c1 I |
IC2

in0 — }—out0 = =
in1 ——

Vee

in0 }—out0
ini

< C1

—3

AY|
/7
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Potaczenia uktadow: modele 2 rzedu z elementami pasozytniczymi

0 t 1.10-3
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CPLD

i

Input / Qutput

il

Digital Design
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Interconnection
MNetwork

Logic Block

AND / OR
Array

Macrocell

Input / Cutput
el
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FPGA

Matrix
Switch

Contigurable Configurabie
g Logic Block Logic Block
€

.-

!

Configurabla Configurable
é Logic Black Logic Block
€

Configurable
Logic Block

Bl naiien B

Configurable Configurable
Logic Block Logis Block

| 11D Block

Digital Design
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Conligurabie
Logic Block

[
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Input
Signals

Dlgltal DeMEu
Copyright © 2006
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Xilinx CPLD

Input
Signals
20
Function
Block
- 1E"./
Input Switch 54, o |
Block At Function
atrix ia Block
- 1
if—h-
Function
Block
|- 18/
" —

Qutput
Block

Output
Signals
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Xilinx CPLD

QOutput

output enable

e
Configuration Global Global
Control Logic set / reset clocks
¢ \l
local set )
local polarity
1 — B\
. in 8 Q
Input 0—1
Signals —_— P b
)7 T
local clock register
* \
local reset )
local output enable

Digita
Copyright © 2006
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Altera FPGA
i *op " —> oe | [L1oe | [oe | [Lioe | [ o | [[woe | [toe | [0 | w0 | [ ok |
Lt
gag & &

Array Block Logic Array
] (EAB) .
I0E  ~—— II I0E
| —p i ;
| [T i _
log [— i : 0E |
: v i
I I
I I Logic Array
Column d 2. ! Binck (LAB)
Int t
n emsnneG\\':K. :
IOE  ~—— H : I0E
: : + E
| i ' : !
IOE ~— : : I0E
| |
Row Interconnect : I
i Eag |! ™N
I I Logic
: : Element
: — | -
I I
I b
| N R | . I
Lagic Array
Local
Embedded Interconnect
Array l l
10E IOE I0E ICE | | IOE IDE 10E IDE 10E IDE
Digital Design
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_ Altera FPGA

| oot B
t Global Si I Interconmect
ohEl SN Chip Wida
Fesel _'\ jj

A B
2.4, 8,16
B-.-“/-E--I ] 5 o) i it "I L
R
AR
2, 4,816
Column
Inferconnact
-—
\ HAM."?DM
T—c I:— (] 8 o e 3?3*2
=) mmil o [l
T_c\ ) N /"'_\
=R
y )
Digital Design lﬁﬂ%‘,ﬁ;t
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Altera FPGA

Dedicabed Inputs &
| Global Signals

Fiow

i N [

Local 16 4.} 5
Interconnect
4
LAB
Contral Signals éasmg Ii‘n
z
- .. ,t o} b
4
y d Column o Row
—_— LET Interconnect
£
LEZ
4 el
——
LE3
4 E—fr=- |
———
LE4 :
4 l 16
LES J, 8
d
g =< = g BN
+ _-. L.E.Ir Calumn
4 — Interconnect it
_—
» LEB
T 8 i
. . . f 2
Digital Design e Camylng
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Altera FPGA

To Input Register

—
To Output Register ®
Row / Column Interconnect Chip Wide
. — Output
Peripheral Control Bus OE[7..0] 1 — Enable )_
. O
Row - Column Interconnect OE Register S
00— \|
1 M l (s o
Row - Column Interconnect D Q ) Typical Output
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Xilinx FPGA na ptycie Nexys2
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Xilinx FPGA na ptycie Nexys2
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Table 1: Nexys2 Power Supplies

Supply Device Amps (max/typ

3.3V main IC6: LTC1765 3A/100mA

25V FPGA |IC7:LTC3417 1.4A/50mA

1.2V FPGA [IC7:LTC3417 | 1.4A/200mA
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3.3VUSB |IC5:LTC1844 | 150mA/60mA ), p"qpsion disconNEEH

Jumiper,
Digital Design o ]
Copyright © 2006 o 44/68
Frank Vahid

Embedded Systems, © 2008, James K. Peckol



Xilinx FPGA na ptycie Nexys2
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Xilinx FPGA na ptycie Nexys2
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Xilinx FPGA na ptycie Nexys2
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Xilinx FPGA na ptycie Nexys2
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Xilinx FPGA na ptycie Nexys2
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Xilinx FPGA na ptycie Nexys2
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Cypress PSoC
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Cypress PSoC - zestaw uruchomieniowy

g | Power Source Switch Adjustable Regulator
(3.3V/5.5V) Varicble Resistor LCD Module

P8: 40-Fin GFIO

Expansion Port

LCD Contrast
——P7:40-Pin GFIO

Expansion Port

AC Power Adapter

OV Power Adapter

RS232 Interface

PSoC Processor
Module Socket

Prototyping Breadboard
L P&:4&Pin GPIO

Expansion Port

LSB Interface

Wireless 12-Pin

Madule Interface

P5: 40-Pin GPIO

Variable Resistor/ Expansicn Port

Potentiometer CapSense™ Switches,

and LED 1/ Os

Digital Design
Copyright © 2006 52/68

Frank Vahid
Embedded Systems, © 2008, James K. Peckol




Cypress PSoC - moduty procesorow
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S0C, PSoC, & SoPC Design

* Design a single chip solution
* Recent option for Embedded Systems

* System on a Chip (SoC) — one chip replaces a embedded system
board

* System on a Programmable Chip (SoPC) is an SoC that uses a large
FPGA

* Intellectual Property (IP) cores are used to provide processors and
common hardware for SoPC designs. IP cores are drop in design
elements purchased from another vendor
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PSoC Design

* Programmable System on a Chip (PSoC)

* A small low-cost microcontroller with on chip memory, some
programmable logic, and mixed signal hardware (A/D)

* Tools provided to configure hardware and then write software in
assembly or C

* Also has a new Labview type development tool
* Limited to a just few K of memory — no OS

* PSoC is a trademark of Cypress

* PSoC Il coming soon — 32-bit ARM based?
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SoPC Design

* Use a large Field Programmable Gate Array (FPGA) with
a processor IP core

* In a Soft IP core logic elements from the FPGA are used
to build the processor.

* In aHard IP core a full custom VLSI layout for the
processor is placed in the FPGA

* Soft cores more flexible, but have slower clock rates
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Processor Cores for SoPC

 Soft Processor Cores for FPGAs
— NIOS Il - Altera
— Microblaze, Picoblaze, 8051 - Xilinx

* Hard Processor Cores for FPGAs
— ARM Altera
— PowerPC Xilinx
— S5 Tensilica Xtensa - Stretch

* Largest FPGAs can support several processors on one chip
* Cost as low as $.35 per processor
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Software for SoPC Design

* Traditional FPGA tools (VHDL & Verilog)

— FPGA also used to build additional hardware
* Processor Configuration Tool (Soft Cores)
* C/C++ Compiler for Processor Program Code
* Tools to debug code and load memories
* Optional OS support for Processor

* Board Support Package (BSP) provides OS I/O device
drivers for a specific board design
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FPGA-based SOPC CAD Tool Flow
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FPGA-based SOPC

7
FEATURES OF COMMERCIAL

SOFT PROCESSOR CORES

Feature Nios 3.1 MicroBlaze 3.2

Datapath 16 or 32 bits 32 bits

Pipeline Stages 5 3

Frequency up to 150 MHz up to 150 MHz

Gate Count 26,000—-40,000 30,000-40,000

Register File up to 512 32 general purpose
(window size: 32) and 32 special purpose

Instruction Word 16 bits 32 bits

Instruction Cache Optional Optional

Hardware Multiplier ~ Optional Optional

This clock speed is not achievable on all devices. Some devices limit the maximum frequency to as low as 50 MHz.
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SOPC Memory Organization

To PC
(via Serial Interface)

T
* FPGA

On-chip Memory
Processor > (Initialized with

Core bootloader)

Volatile Memory
(for Application —>
Program Execution)

Non-volatile Memory
(for Application >
Program Storage)

Non-volatile (Flash) Memory is used both to boot processor software at
power on and to configure the FPGA hardware
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Altera SoPC

Altera’s SoPC UP 3 board
contains a 200,000 gate
FPGA with Flash

and SRAM memory.

It can run a soft Nios || RISC
processor IP core
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Xilinx SoPC FPGA Board
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Xilinx SoPC FPGA Features

* Xilinx Virtex-2 Pro FPGA with 3M Logic Gates, 136 18-bit multipliers for DSP
applications, 2,448Kb of internal SRAM, and two PowerPC Microprocessors

* DDR SDRAM DIMM that can accept up to 2Gbytes of RAM
* 10/100 Ethernet port & USB 2.0 port

* Non-volatile Flash memory & Compact Flash card slot

* VGA Video port & PC Audio Codec

* Serial ATA, PS/2, & RS-232 ports

* High and Low Speed I/O expansion connectors with a large collection of
available expansion boards

* Low cost: Board is $299 for Universities
* Xilinx SOPC Development tools are free for Universities
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Newer Altera DE -2 board — A bit more I/O and
larger FPGA with hardware multipliers

wew.oltera.com °©

©ALTERA
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Conclusions

* SoPC is at the leading edge of electronic systems design

* Opportunities exist for innovative design approaches

using processors, memory, and programmable FPGA
logic

* New approaches and new tools are needed to explore
and develop designs
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Chapter Summary

7

* Many ways to get from design to
physical implementation

— Manufactured IC technologies s_,_‘|>@’

BeltWarn

:>__W>

7¢
Y

Y

IC
* Full-custom IC
— Decide on every transistor and wire (a) Digital circuit (b) Physical
design implementation

* Semi-custom IC
— Transistor details pre-designed

— Standard cell: Place cells and wire
them

— Gate array: Just wire existing gates

— FPGAs
* Fully programmable

— Other technologies
* Logic ICs, PLD, SoC, PSoC, SoPC
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