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Embedded system on Altera FPGA

Goal :

 To understand the architecture of an
embedded system on FPGA

* To be able to design a specific interface

* To be able to construct a full system
based on a standard softcore bus in a
FPGA and using blocs modules

* To understand, use and program a
softcore processor
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Embedded system on Altera FPGA

Contents
* NIOS Il a softcore processor
« System On FPGA
* Avalon Bus

* Design of a specific slave programmable
interface on Avalon

» Reference:
http://www.altera.com/literature/lit-nio2.jsp
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NIOS Il

Softcore Processor from Altera

» A processor implemented with Logic Elements
(LUT+DFF) in a FPGA

» A processor synthesized by a compiler and placed &
routed on the FPGA

» A processor described by a HDL
langage(VHDL/Verilog/...)

» 32 bits Architecture
« 3 versions
« 256 instructions available for user implementation
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NIOS Il -

Embedded system NIOSII/Avalon Architecture

Note: The same principle§tarerasaiable for Altera, Xilinx, Actel or others FPGA
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AVALON Switch Fabric

Some Avalon specifications :
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Processor : Control
1 : DMA Controll
Q Multi-Master Tl ] | Reas e
y ; i ITA] [m]
Q Arbitrage « slave-side » e o)
Switch | AAAAl :
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NIOS Il Processor

3 processors architectures

Pipeline

Multiplier *

Branch Prediction

Instruction Cache

Data Cache

Nios Il /f Nios Il /s Nios Il /e
Fast Standard Economy

6 Stage 5 Stage None
1 Cycle 3 Cycle None
Dynamic Static None
Configurable Configurable None
Configurable None None
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NIOS Il Processor,
user instructions

e The ALU can be extended boy user own

Optional FIFO, Memory, and Other Logic

Instructions, until 256. ‘

: Nios || Embedded Processor

1

|

1
) dataa , dataa —,r-p-32 32
- Custom  result 32 Combinatorial
: datab Logic | datab=S<p result
: i Ok ——p
. 1 clk_en—yp .
A MNios Il | reset—p  Mult-Cycle stal
I +

: N —ip

L Qut 5
1 5= =—), S .
: . r : h_ﬁﬁ, Parameterized
1 ! ]
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NIOS Il Processor,
user instructions

* The instructions can be:
» Combinatorial, single clock cycle
» Multi-cycles, synchronized by clk and stall
»Parameterized

* They can have access to all the FPGA
resources

* They can use their own internal registers
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NIOS Il Processor,
hardware accelerator

* For cycles consuming operations, a
hardware accelerator can be
included/developed

* A Master unit which has access to
Memory and Programmable Interfaces for
accelerated operations or with hard real
time constrains
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NIOS Il Processor,
hardware accelerator

Processor

!

Avalon
Switch
Fabric

Program

Memory
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Computer architecture

» Classical architecture
»Processor
»Memories
» Input/Output (programmable) interface
»Address bus
»Data Bus (tri-state)
» General decoder
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Computer architecture on FPGA (Altera)

« SOPC architecture (Altera)

»Processor

»Memories

» Input/Output (programmable) interface
»Address bus

»Separated Data Bus In/Out 2> multiplexers
»Local decoder on the Avalon bus

»Bus transfers size adaptation is done at
Avalon bus level
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System on FPGA

example

Signals
to
off-chip
devices

<
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PCIl data
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Custom

| peripheral

Altera PLD

Off-chip
memaory

Custom
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Signals
to
on-chip
user
logic

User
logic
area

22
RB-P2012-2015

I P

éCGLE PFOLYTECHMICQLIES
“EDERALE DE LAUSANME]



Avalon Bus

To interconnect all the masters and slaves
inside the FPGA, an generated internal bus :

* Master/Slave modules

* Synchronous bus on clock rising edge
» Separate data in and data out

« Wait state by configuration or dynamic
* Hold / Set up available

* Actual version (>1.0) allows data path until
1024 bits (8, 16, 32, 64, 128, 256, 512, 1024)
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Avalon
« slave » main signals

Signal Type | Width | Direction | Required Description
Global clk for system module and Avalon bus
clk 1 In (No) modules. All transactions synchronous to
clk rising edge
nReset 1 In No Global Reset of the system
address 1..32 In No Address for Avalon bus modules
. Old .
ChipSelect 1 In ) Selection of the Avalon bus module
signal
read/ 1 In No Read request to the slave
read_n
8, 16, 32, ..
ReadData (1024) Out No Read data from the slave module
wr_lte/ 1 In No Write request to the slave
write_n
. 8, 16, 32, ..
WriteData (1024) In No Data from Master to Slave module
25
Irq 1 Out No Interrupt request to the master
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Avalon
« slave » signals

 The Address|n .. 0] is used to access a
specific register/memory position in the
selected module.

 An address is a word address view from
the slaves. A word has the width of the
slave interface: 8, 16, 32, 64, 128, 256,
512 or 1024 bits

* Only the minimum number of addresses is

necessary. Ex: a module with 6 internal registers
needs 3 bits of addresses (6< 2™*3)
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Avalon
« slave » signals

 The ChipSelect is generated by the Avalon bus and
selects the module, actually is included in read/write
signals. Thus it is deprecated

 The Read and Write signals specifies the direction
of the transfers and validate the cycle.
They are provided by a Master and received by the
slave modules

 The direction is the view of the Master unit

 ReadData(..) and WriteData(..) bus transfers the
data from (read)/ to (write) the Slaves
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Avalon
« slave » signals

 BE (Byte Enable) signals specify the
bytes to transfers.

» The number of BE activated are a power of 2
» They start at a multiple of the size to transfer

A master address is a byte address
* A slave address is a word address

* The Avalon make the addresses
translation and the multiple accesses if
necessary
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Avalon

byte enable (BE)
ByteEnable n[3..0] Transfer action

0000 Full 32 bits access
1100 Lower 2 Bytes access
0011 Upper 2 Bytes access
1110 Lower Byte (0) access
1101 Mid Low Byte (1) access
1011 Mid Upper Byte (2) access
0111 Upper Byte (3) access

Specify bytes to be transferred
Active low signals in this representation:
- byteenable_n

29 I P
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Avalon
Master to slave addresses : Master 32 bits, Slave 8 bits

Master BE BE BE BE Slave
Add 3 2 1 0 Add

BE

o+ [

Word = Byte

Byte (8 bits)

Address
30 |
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Avalon
Master to slave addresses : Master 32 bits, Slave 16 bits

Master BE BE BE BE Slave BE BE
Add 3 2 1 O Add 1 0

0x..0 - v

Np

e

Word = Doublet

Byte (16 bits)

Address
31 |
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Avalon
Master to slave addresses : Master 32 bits, Slave 32 bits

Master BE BE BE BE Slave @BE BE BE BE
Add 3 2 1 O Add 3 2 1 0

0x..0 —>

+—>

0x..4

AN

0x..8 2
Word = Quadlet
Byte (32 bits)
Address
32 I
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Avalon
Master to slave addresses : Master 32 bits, Slave 64 bits

Master BE BE BE BE  Slave BE BE BE BE BE BE BE BE
Add 3 2 1 O Add I 6 5 4 3 2 1 0

oo HEINIED o N T

N\ A J
Y

1 )

~ J

|
ox.4 N
~ J

|

oos NI N

Word = Octlet

Byte (64 bits)
Address
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Avalon

« slave » signals

Signal Type | Width | Direction | Required Description
- Assert by the slave when it is not able to
Wa_ltRequeSt/ 1 Out No answer in this clock cycle to read or write
WaitRequest n access
1,2, 4,
ByteEnable/ 8, .., In No The bytes to transfer
ByteEnable _n
128
BeginTransfer 1 In No I_nserted by Avalon fabric at and only at
first clock of each transfer
ReadDataValid/ 1 Out NG For read transfer with variable latency,
ReadDataValid_n means data are valid to master
BurstCount 1..11 In No Number of burst transfers
BeginBurstTransfer 1 In No First cycle of a burst transfer, valid for 1
clock cycle
34
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Avalon

« slave » signals

RB-P2012-2015

Signal Type | Width | Direction | Required Description
ReadyForData 1 Out No
DataAvailable 1 Out No
ResoReawestn | 1| Out | Mo
abterioen | 1| I | No
35 (L
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Avalon Bus

Slave view of transfers

» Transfers are synchronous on the rising
edge of the Clk

« Between CIk, the timing relation between
signals are NOT relevant
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Avalon (slave view)

Read transfer, 0 wait, asynchronous peripheral

This Example Demonstrates

Read transfer from an asynchronous peripheral
Zero wait states

Relevant PTF Parameters

Read_Wait_States = “0"

Zero setup Setup_Time ="“0"
’-l'"--"h‘
/\}” ‘\1
— - alk %,
’ %
Address | gn ¥ address, bytzenable_n =
sleris " S [— ‘E ®
- E :aa ml' E read_n [0 ‘E
% e ool 5 _g chipselect g:'%
gl 5,3 k=
@ mlé readdata o
o § =1 .
'i L1 ;‘
L
S % ]

,
+
r
L1
b
L]

A B C D E

ReadData available at
next rising edge of clk (E)

clk | : | ' [
address, byteenable_n address, h:.rteanatia_n

read_n I,

chipscioct Y

e
\

A4

37
RB-P2012-2015

T

éCGLE PFOLYTECHMICQLIES
“EDERALE DE LAUSANME]




Avalon (slave view)
Read transfer, 1 wait

Wait cycle specified by design

A B C D E
clk
address,byteenable_n [[NNEGEGEGEGE address, byteenable_n o
B
—— —
B T

y

" T
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Avalon (slave view)
Read transfer, 2 wait

- -
"J x‘.
| f\’f/ LY "\.
’ b1
Addrese | ¢y F |address, bytesnabls n o
® | Ehas | 3t (¥
E nc: — mlrE read_n | QL 12
: .
ol e chipselec: g'ﬂ-
lﬂ o Enntn:-l: E ‘g © I‘E
5 § ‘_:EllE ) readdata |00 o
o "t L - ’
\‘ I
| ‘ .
L) 4
N -

A B C D E F
Y e IR s I
address, byteenabla_n - address, byteenable_n

| —
\

onpsacc Y
———— e
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Avalon (slave view)
Read transfer, wait request generated by slave device

- N
f’ ‘1
L ik
¥
Address | gn F address, byteenable_n ]
— - ] e
©l 5 = L ®
> n'D_ m, = rezd_n | =
=l % q = chipselect | (=5
=AY o, = " &|'e
= | @ gontol | = O )
¥ " o waitrequest o
o= . =,
ﬁaﬂ { v L readdata
qu L
\1.‘. P
/\\_/ . e

-----

A B C D E F (=] H 1 J
— L L
address, byteenable_n _ address, byteenable_n |} \\  address, byteenable_
B \ §
R § i | —
wairoquest Y § § \ A

rescsare I (R oo

|
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Avalon (slave view)
Read transfer, 1 set up and 1 wait

- »
, LY
/\'fj’ *
AN
I %
\Address. s address, byleenable_n E
| | 31 OSh &
IE nn_: ﬂl% read_n;ﬁ_:IE
3 E Control 5 = :"IPEEIect; %:.%
| - v l o
E W Elg readdata |G ﬁ.:
o g >N ¥
<{ F;
%
v, .
4
L] -
/\J "'--..______,.-"'
A B C D E F G H

clk

address, byteanable_n _

chipsoioct Y
I

addrass, byteenable_n

Tsu I

read_n | \
readéata NI readdate

. T
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Avalon (slave view)
Read transfer, burst of 4 from Master A, 2 from master B

i 12 3 L4 5 6
clk | |

é__
o
=
g

address :IAD master .-'-‘&]!I Al

' ' 1 | I
I I | | I
read I'I I I III' | T
beginbursttransfer LI[—‘\_U—H : : :
I |
: I I I |
burstcount El 4 | 12 |
|

readdatavalid :

| |

Pipeline of master access

L —

ReadDataValid activated by slave for each data

2 T
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Avalon (slave view)
Write transfer, 0 wait

J"'l' s
o o
— r Tt m
= =l ﬂl
5la o, 2 ahd
| — ::g chipselect gllln_
2 % O 5 T E
-E 1] m"‘E writedata Eﬁfﬂ_
o= =
<< s
b ]
LY
i L
~ »
N ="

A B C
clk | I I I
address, byteenable_n NI acdress, byisenad
writedata [ writedata
write_n |,
chipseiect [N

" T
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Avalon (slave view)
Write transfer, 1 wait

"f '!“
rl‘ \‘
] /\r’/ ok %
I b
_ » m,f address, byteznable_n + Tﬂ
w | E ) Sy o [ |6 %
= | O oy = wrie_n |0 Q
Q| | pata =] - al 1<
=l s .:ll o chipsalect | g o
2 Flgonrar | O1 5 12V'S
E ﬁ " - m!E writedata w o
wait - i
o= %
L
L | %

g
¥
L]
*
b

A B C ] @
w1

address, byteenable_n [ address, byteenable_n
writedata _ wiritedata

wite_n I

——

ll

“ T
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Avalon (slave view)
Write transfer, wait request generated by slave

J” it
/\/' "
7 clk A
[
U1 7 |address, byteenable_n ‘I —
© | T |Address| 3 1 Wl ®
Ll O » m 'L _ ol B
@ | oL [} write_n | O
=1 1 =
L | = | Data c I-ﬂ ) =1
[« R o chipselzct g 1=
=@ =10 "Bl s
& g E-C'”m-?"; g E writedata . f.ﬂ"[ o
et | < “ waitrequest £
request P o
LY ‘l'
- r
/\/ ""l--.--""
A E C D E F G H [ J
clk ﬁ 5
address, byteenable_n _ addrass, byteenabla_n \,\ I\";Iaddress, byteenable_n
witocera \{wrtodata'
write_n [, ) \
cnipseicct Y \ _v_a
waiceques Y \ § |
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Avalon (slave view)
Write transfer, 1 set up, 1 hold, 0 wait

I’*l— -"‘\-
- LY
L clk
l" i
i address, bytesnakble_n -
E <+ |Address :"‘ = o
o » m' E write_n IE
E ﬂ’: Dala_;_ ::_g :"pselec‘t: [ f=
Q2 lcona | O1 ] 'E
e EH m! writedata
g = |wait = 'IE i o
T | o Y

.
¢
’
*
~
~

ﬁﬁﬁﬁﬁ

A B C D E

address, byteenable_n _

writedata - writedata
wie o IS\ |

wpsocc I .
1 su 1 hold

1 T
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Avalon (slave view)

Write transfer, burst transfer of 4, wait request generated by slave

clk

address - addr1
|

beginbursttransfer :;‘ l

burstcount - 4

write :,‘

writedata - data1

waitrequest -_\

47
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Avalon (slave view)
Read transfers with latency (ex. 2 cycles)

-
- L

N Wait request here means :
= tM‘*‘Eﬁ g'l" sddress, byteenable_n E
5| S | TS —— = GhS
ﬁgw o — - delay address cycle
R = Fixed latency (here 2)
Nl S
A B C O E F

e | | L [ [ [_]

aciross, [N adiress 1 ~(QEIedross

read_n f / \
chipselact J 4 ‘-,L \ ,."
waltreguest \

readdata data 1

data2 ) data3
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Avalon (slave view)
Read transfers with latency, and readdatavalid generated by slave

-,

-
‘,” \‘\‘
f\'é L
[ Uk" :
ﬁ.ddress wnt address, byteenable_n Y=
AR= 3, »5) O
E DD_ Eata m'l E read_n |0 :E
| = |conwal :: _g :"ip5elect: g [F=%
.Q _.'n_-! h OI c il E 'E
E EG PELS E"IIE L readdata |00 o
o | = [ques é | waitrequest |
padatz “ readdatavalid |,F
Bl .
- rd
/\/ "h.' .

- L

Readdatavalid specify when data are ready

e | | L[ [ ] | -~ [ I L1 1 [ [
adadress, byteenanie_n [ address 1address2) 7 ddress3 \ Yaddres=4\addressS (D
roadn —\ B B——

chipselect "III — [ L o R - -

waitrsquest [ J - S i ~——

adidata q hia 1) data2 | daia3 ) daias m
readdatavalid # 7

-
]
‘-————’

1 T
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Bus avalon

Master view
* The master start a transfer (read or write)

* |t provide the Addresses (32 bits on
NIOSII)

* It waits on WaitRequest signal to resume
the transfer
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Avalon
master signals (1)

Signal Type Width Direction | Required Description

olk 1 in yes Global clock signal for the system module and
Avalon bus module. All bus transactions are
synchronous to clk.

reset 1 in no Global reset signal. Implementation is peripheral-
specific.
address 1-32 out yes 2ddress lines from the Avalon bus module. All

Avalon masters are required to drive a byte
address on their addre== output port.

byteenable 0,2, 4 out no Byte-enable signals to enable specific byte lane(s)
during transfers to memeories of width greater than
B bits. Implementation is peripheral-specific.

read 1 out no Read request signal from master port. Not
required if master never performs read transfers. If
used, readdata must also be used.

readdata 8,186, 32 in no Data lines from the Avalon bus module for read
transfers. Not required if the master never
performs read transfers. If used, read must also
be used.

write 1 out no Write request signal from master port. Not
required if the master never performs write
transfers. If used, writedata must also be used.

5 I P
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Avalon
master signals (2)

Signal Type Width Direction | Required Description

writedata 8, 16, 32 out no Data lines to the Avalon bus module for write
transfers. Not required if the master never
performs write transfers. If used, write must also

be used.

waltrequest 1 in yes Forces the master port to wait until the Avalon bus
module is ready to proceed with the transfer.

irg 1 in no Interrupt request has been flagged by one or more
slave ports.

irgnumber 6 in no The interrupt pricrity of the interrupting slave port.

Lower value has higher priority.

endofpacket 1 in no Signal for streaming transfers. May be used to
indicate an end of packet condition from the slave
to the master port. Implementation is penpheral-
specific.

readdatavalid 1 in no Signal for read transfers with latency and is for a
master only. Indicates that valid data from a slave
portis present on the readdata lines. Required if
the master is latency-aware.

flush 1 out no Signal for read transfers with latency. Master can
clear any pending latent read transfers by
asserting £lush.

52 I P
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Avalon (Master view)

Basic fundamental transfers

clk

address
byteenable
read

write
waitrequest
readdata

writedata

Walit

Walit

93
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Avalon (Master view)
Read transfer, 0 wait

’ »
.’ ‘
Fa (t\\/ —
F] clk 1
‘r FAddress
—_ address o ol Tﬂ
= ’ [% @ S| 5
-qc)' o byteenable_n - d E Diata o =
D:- @ | read_n Oy T [m— ? %
b g » Q | control % 5
1 i 25t ok i
f]_i waitrequ 3 E o
| readdata ;
\‘ N r] —
"\
""’---"'
A B

clk | |

address, byteenavle_n |
read_n |
waltrequest [,

54 T

RB-P2012-2015 il s



Avalon (Master view)
Read transfer, wait generated by slave/Avalon bus

A B c Pule TS A G H /N
elk | | ' | / | Hﬁ, _ﬂ‘\ | \ ] I | \ I
address, byleenable_n LU, address, fyteanable_n 'l,'l, "5\, addrags, bytee nable_r] !_
read_n [N, I ) ) " | (N
waitrequest NN ) ) \ | .
readdata [ eacabia /I
\ |
< /

Wait tycles
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Avalon (Master view)
Write transfer, 0 wait

I‘ ‘\

i {‘\/ [

¢ |.clk 1

3
o l‘ address N é Address -

= . L - T
i . o bt
-;1:}:. n":'_ writedata . d S | pata nﬂ_‘ g
Cu| @ | byteenabie n | o © " @ o
i s g ls ©
D_‘ E 'nh_ﬂ g i . m u'

l‘ | waitrequest h

\‘ rl —

clk | | | | ¥ |
|
B = —————
— | wrtodata |
L}
wrie_n I
waitrequest .
| |
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Avalon (Master view)
Write transfer, wait generated by slave

A B Co» = = D E TN

Y s IS S IS o (Y § i wn SR
address, byteenable_n [N / address, byleenable_n | _
witocate. : e '
wite_n | \ : '
wairequest [NV 7\ |
' /
\

Wait tycles

. T
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Avalon (Master view)
Read transfers with latency, and readdatavalid generated by slave

@‘\\@_:,f‘; "x‘q‘\_/ _
?\“ Ef,g E"" 32 — .
\Z == ush :
O?‘ &= 35 Kill previous
\\ L § Read data

wailrequast

readdatavalig
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Avalon (Master view)
Burst Write transfers

ok | ] [ 1 L |

(¢ | : : : | )
= ~t:a-lglrs.l;mLm.t_-__ : 4 :____.._—_-—- =
wiite ___J | J | L
byteenable[3:0] -i | | l 4 - 2 | 3 | .
[

writedata - data , l dataZ - data3 l datad , -

Address and BurstCount available for the whole transfer
Write can be deactivated by the master
The number of burstcount needs to be generated

59 I P
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Avalon (Master view)
Burst Read transfer

7 N
N/ N2 '3

o LM F L LU LT
_

e |
read __ ! :\‘ : : l I“ : !

address # addrt —“_
W | I
readdata _- data 'l data2' ‘-dataSI[ data

Address and BurstCount available for the first cycle only
Read signal only for the first cycle

The number of burstcount ReadDataValid needs to be generated
The master could start a new transfer in 2
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Bus avalon transfers resume

« Separate :
»address, data in, data out

* Synchronous on clock’s rising edge
* Bus Internal or external wait request
* Transfers with latency available

* Multi-masters

 Arbitration at slave side
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Avalon Address view

o 2 different views of addresses from master and
slave, mode of decoding :

» Memory (dynamic bus sizing)

> Register (native transfers) < deprecated
 Example :

» Master 32 bits data

» Slave 8 bits data

Data bus seen on the Avalon Master side Data Bus seen on the slave side
Master 31..24 23..16 15..8 7..0 Slave
addresses addresses 7.0 Slave

addresses

0x....00 Ox...00
0x....04 Ox._ 01
0x....08 Ox_..02
0x....0C Ox.. 03
0x....10 Ox...04
0x....14 0
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Address view, Memory model

 Memory model, dynamic bus sizing :
» No hole in the master address space
» Need multiplexers on the data path
» Master byte address = Slave byte address

» 1 x 32 bits master transfer - 4 x 8 bits slave access by
Avalon switch

 BEX : ByteEnable x

] Data Bus seen on the slave
Data bus seen on the Avalon Master side

side
Master BE3 BE2 BE1 BEO | Slave 7.0 Slave
addresses | 31,24 | 23.16 | 15.8 7.0 |addresses addresses
0x....00 T 106 0x...00
-<<
0x....04 '&h—QA\ — 0x...01
0x....08 0x.-3 — 0x...02
0x....0C 0x....0C [ 0x...03
0x....10 0x....10 0x...04
OX....14 OX....14 | 0x...05
63 G\
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Memory model for Avalon memory slave

Avalon
Avalon Master
memory Slave
L Ck | Interface
Clk — — . A A A AS_ ‘8_
S S S - -
S I B . =l |5
= I ™, el A o © ©
el e 8 I = S Q )
A Sl 818 ST AR
%ﬁgggg% 2|8|§|§|&’|&’|
-O > G- | -
<§v§“§ z|z|z|z|<|2
TIT IO
\_/ \/ dec

Avalon Bus Switch
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Address view, Register model (deprecated)

* Register model, native transfer :

» Holes the master address space
» NO multiplexers needed on the data path to align data

» Master byte address # Slave byte address

Access by size of master bus (i.e. 32 bits), 8 bits available,
highest bits undefined

1 master transfer = 1 slave transfer

Data bus seen on the Avalon Master side

Data Bus seen on the slave

side
Master BE3 BE2 BE1 BEO | Slave 7.0 Slave
addresses | 31.24 | 23.16 | 15.8 7.0 | addresses addresses
0x....00 dom0) 0x...00
Ox....04 <«-0x 01 0x...01
0x....08 <« 0x..02 0x...02
0x...0C 5\§><>< i Y 0x...03
Ox....10 | > <«Jox 04 Ox...04
ox..14 | > > > 0x....05 0x...05
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Memory model for Avalon register slave

Avalon
Avalon Master _

register Slave

b Ck | Interface
Clk - S =
- IS Sl |© : =
A2l sl sl =l |5
—]Q ol 213 = g [
718 g1 1213 : al_|a
221 1811818 ST
ogLl 04 Nl EIZEID T
] K B B E SEEE kA
bd I 4 I b= >1 | S| S =| >
Vv v z| 2| z|2|<| 2

[ ] A[7..2]
8 > 32 undefined extension dec

Avalon Bus Switch
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Embedded System on FPGA (example)

SDRAM
64MB
16Mx32 FLASH UARTO| |UART1 JTAG
ALTERA CYCLONE EP1C12
Controleur Contréleur 7'430 /12'000 LE (61%)
SDRAM EPCS4 2 x UART JILA el 76'032/239'613 Mb  (31%)
1 2 PLL (50%)
SLAVE SLAVE SLAVE SLAVE MASTER
Instruction Cache 2k bytes
Data Cache 2k bytes
Cpu Clk 50 MHz
MASTER
=
DMA <
|
n
MASTER
SLAVE SLAVE SLAVE SLAVE SLAVE SLAVE SLAVE
CAMERA 12C capteurs | | MIOTEURS GPIO GPIO SO
PWM Dallas
—
Capteurs
CAMERA LCD Moteurs + MODULE
128 x 100 96 x 40 TRTS° | | odometrie | | RF HEVs LEDS DS2720
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FPGA Architecture, ex. EP1C12

EP1C12

Architecture of EP1C12 0
S

 12°000 logic Elements (LE) Logic Array
QO 52 x 4 Kbits RAM

0 2xPLLs PL—- 8] ]
0 180 10s on 4 bancs
O Proprietary Configuration Bus M4K Blocs .
Q JTAG Port

Quelques limites de fonctionnement T ..EEFFIEE ':;:;i Eii ;,Eii.. i
O multiplexor 16—>1  : fmax LE = 275 MHz no R
Q counter 64 bits . fmax LE = 160 MHz by

O memory . fmax M4K = 220 MHz i R

Q PLL . fmax PLL = 275 MHz a1

RiRRRRRR |
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Logics Elements (LE)

Function Generator

\ Carry In Preset
Data(3..0] L(%(;Egp Carry » LUT Chain |
(LUT) Chain Row, Col, Local Routing
y
D Q - Register Chain Out
Register Chain In Row, Col, Local Routing
Clock >
Enable » ENA
' |
Carry Out Clear
Register (T,D,JK,SR)
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Developments Tools from ALTERA

Quartus Il > Hardware Description

Upgrade Your Web Edition Software to an Altera®
Software Subscription

» Checking for Informational Updates

Regarding the Quartus® Il Design Software.
This May Take About 1 Minute. .
DUARTUSII
Ut

AN

Upgrade Benefits

= Full Stratix™, HardCopy™ & APEX™ 20KC Device Support
= LogicLock™ Block-Based Design Flow

= SignalTap® Il Logic Analyzer

= Chip Editor for Incremental Design Changes

 Schematic Editor, VHDL, ...
U Synthesis + placement routing

U Simulation (graphical éditor )
U Signal TAP

SOPC Builder - SOC NIOS lI

2011 /=) QSys

SOPC Builder
From Concept to System in Minutes
' PCI

Application
Logic

Altera SOPC Builder 4.1
Copyright ©1899-2004 Altera Corporation. All Rights Reserved.

Q Configuration + SOC generation
U Programmable Interface library
0 Own Programmable Interfaces.

U Generation SDK

NIOS Il IDE — NIOS Il Code

2010 |:> SBP

NiosIT o

I D INTEGRATED DEVELUPM.E&

ENVIRONMENT S
*
L J

O Project management
O Compiler + Link Editor
O Debugger

0 SOC Programmer
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Quartus //

4 Quartus II - C:/work/soc2/robot_cyclone/robot_cyclone - robot_cyclone_top - [robot_cyclone

ﬁ File Edit Yiew Project Assignments Processing Tools  window  Help

Developments Tools from ALTERA

=0l x|
=151 x|

” = |§ | & 2 | ) |k'? “robot_cyclone_top

s @@ |T|> 72X |5 8%

S|

Enfity
Campilation Hierarchy
b robot_cyclone_top

g o>

Project Navigator

Autres

Working processus

T
Hierarchyl Filesl & Design Unitsl @\
Bk 21,2
Moduls | Progress % | Time & | TeIeChargement
&% N
Ak = .
Py iz Compiler Tool 3=l
el — Analysis & Synthesis — Fitter Aszsembler Timing Analyzer EDA Metlist \wiiter—
de : o0z
I:I X :04: 00:00:03 00:00:13 00:00:00
o wS 25 BLeS | BB xBeel | e
™
P | 0008:41
ﬁ &2 Info: Mo new updates are available on the Quartus 1| support web site at this time i' g“af’tus II Tcl Console B Start

Processing

IMessage: Oof1

R -

Console Script

7] I

For Help, press FL

[ ®mEss[ dde [ [

@ Stap Fieport
Compilation
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Developments Tools from ALTERA

SOPC Builder (old) = Qsys

I® Altera SOPC Builder - uCtrl_Nios

File Module System View Tools Help

System Corterts | Nios I Mare "cpu_MIOS2F" Settings | System Generation

= Avalon Modules ¥
@ hios || Processor - Altera Corporation Board Glarelx (VI
i Bridges o Target: robot_cyclone_rev_k d clk 0.0 Memory Map
mmunication
Bus
Processor Developme: Arbitration
Ni I Development Boar Moclule MNarre Description Clock Bus Type  Base End IR
Nios ios Development Board Stratix Pro Bl cpu_HIOS2F Mios || Processor - Attera Corpora..|clk
+ EP2560 DSP Board Stratix Il Edition r—— instruction_master Master port avalon
+ EP2560 Hios Development Board Stratix 1l Ed p——t data_tnaster haster pott avalah RGO RG& 3
+ Ethernet fan_debug_module Slawe port avalon | 0x00000000| 0=000007FF)
+ Extra Utilities Eldma_o D, clk
= LSH Robot Cyclone read_master raster port avalan
® |=n_i2c wtite_master Master port avalon
+ Legacy Components =+ Cortrol_port_slave Slave port avalon | 0x00000D00| 0:x0000001F) | 0
£ — |- epcs_controller EPCS Serial Flash Cortraller ch avalon | 0x00001000 000001 7FF|[ 4
+ Other — sdram SDRAM Controller ik avalon | 0x04000000 0:07FFFFFF |
= User Logic o+ jtag_uart UTAG UART clk avalan 0x00002000| 0=00002007(] 2
@ cam_port uart_0 UART (RS-232 zerial port) clk avalan 0x00002200| 0:0000221F|] 3
+ AHB Modules v 1 porta PIC (Parallel 110 clk avalon | 0x00002400| 0:x0000240F |
Isn_iZ2e_0 Izn_i2c clk avalon 0x00003000| Ox0000300F| | 4
components |_|brary cam_port_0 cam_port clk avalon |
4
Interrupts
SOC
[ Add... ] [ @ Eheck ] & Move Up ] [ ¥ flove Down
7] epu_HIOS2F was generated with full capabilities and must be compiled in Quartus || with the same license.
Mext = ] [ Generate
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NIOS Il IDE (development)

. C/C++ Development - system. h - Nios Il IDE

Developments Tools from ALTERA

File Edit MNavigate Search Project Tools Run Window Help
BrEHE S5 EEEIE- RS Al Al @~ B # &
= || &2l Navigator o x || [Emanc X 82 cutine | e % x
S 1 hal_internal_ram [stand_alone_cpu]  ~ || 211 # _ SYSTEM_H_ ~
By = = Pelease 212 #define PORTA NAME "/dev/porth" # ALT_SYSTEM_NAME
% -2 0bj 213#define PORTA_TYPE "altera_ avalon_pio” # ALT_CPU_NAME
-l system _description Zl4#define PORTA BASE 0x00000800 # ALT_CPU_ARCHITECTURE
[€] alt_sys_init.c 215 #define PORTA DO TEST BENCH WIRING 0 # ALT_DEVICE_FAMILY
gererated_al.mk 2l6#define PORTR DRIVEMN SIM VALUE 0z0000 # ROBOT_CYCLONE_REV_B
generated_app. mk 217#define PORTA HAS TRI 1 # ALT_STDIN
generated.gdb 218 4define PORTA HAS OUT [ # ALT_STDOUT
generated.sh 219#define PORTA HAS IN D # ALT_STDERR
El generated.x ZZ0#define PORTA CAPTURE 0 # ALT_CPU_FREQ
[€] system.h Z2Z21#define PORTA EDGE TYPE "NONE" # ALT_IRQ_BASE
B crod 222 #define PORTA IRQ TYPE "NQNE" # NIOSZ_CPU_IMPLEMENTATION
B crn.o 223 #define PORTA_FREQ 50000 # NIOS2_ICACHE_SIZE
B libhal_in 224 Edition Windows > # NIOSZ2_DCACHE_SIZE
El make = 5/* # NIOSZ_ICACHE_LINE_SIZE
.cdlthy Project v+ epcs_controller configuration # NIOSZ_DCACHE_LINE_SIZE
.cdip . * # NIOSZ_EXCEPTIRMADDR
project Navigator _ g =/ # NIOS2_RESET_AD
application. stf 229 # NIOS2_HA
readme.txt 230 #define EPCS CONTROLLER NAME "/dev/epcs contrg # NIOS2_CH
system.stf 221 #dafina EPCS CONTROTTER TYPR "altera awAlmn s # MIASY FP
+-1a hal_rcv_20 [uct_Nios] xS 3 <
+-1a Mios II Device Drivers ¥/ Tasks (0 items) B 2L v x
+1a# test_affichage_led | ,| , |Descript0n
+ 12 test_camera
+Ta% test_lod
= test_sdram_revB
# = Debug
Lcdtbuid
-cdtproject messages
projact
applicaton. s
[€] main.c
niosz-gdb-server.exestackdump || & >
CfC++ Projects | Navigator Tasks C-Build Properties Search
Writable Insert 1:1
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Developments Tools from ALTERA

NIOS II IDE (debugger)

."Debug - main.c - Nios Il IDE

Debugging

B& Mios IT Terminal

File Edit Mavigate Search Project Tools Run  Windd
BDYHERE B (B R YR || S @~
:af %5 Debug Il 2 ] LA N 4 T E x| |[EE Memory 0 & || @ x ||8 Expressions v X
EEIE %% hal_internal_ram Mios I Hw configuration [Mios I Hardware] A | [Memory 1 |Memory 2 'Memory 3 ' Memory 4 £ == G
By = Mios II Elf Debugger (07.06.05 02:15) (Suspendad) Address: | 000 ——p— BY variable= 0x10
5 -8y Thread [0] (Suspended: Breakpoint hit) IS
o = 4 dma_on_sdram() at main.c:51 0=00000000 20 B0 00 00 1b 1b &
3 = 3 man) at main.c:173 QzO00oopoio Qo 0o 0O 28 0O 10

= 2 at_main() at at_main.c: 166 Oz00000020  3a e0 32 00 3a 60O

— Dxz0000003 5 98 40 c8 04 Oa

= 1 _start

- O. ) 0=z0000040 16 B
B <terminated> Mios II output (07,05.05 02:14) 0000 Variables

B rins2-Adheser Objects tree S
[ mainc
4]1void dma_done {(void* handle, wvoid* data) A~
424
43 dma_completed = 1 ;
44}
45
46int dma on sdram {1 e alt uB*source pnt,.x
474
48 alt_dma rxc
49 alt dma txchad
50 v
< >

sysfat_dmah
SDRAM_SIZE
SORAM_TST_BASE_ADDRESS
SORAM_TST_EMD_ADDRESS
SDRAM_TST_INIT_ADCIR_WALUE
TEST_BLOC_LENGHT

B Console [Mios I Terminal Window (07.06.05 02:147]

mBk~ia g

niosZ-terminal:
niosZ2-terminal:
niosZ-terminal:

"USBE-Blasgter [USE-0]",
starting in terminal mode

device 1, instance 0
{(Control-C exits)

connected to hardware target using JTAG UART on cable

Console
messages

Console | Tasks | C-Buid

74

RB-P2012-2015

I P

CCILE PFOLYTECHMICQLIES
EDERALE DE LAUSANMES



Conclusion

Some positives points of a softcore architecture

Fast implementation

Modular Architecture

Simplicity

Good documentation

Nice for teaching complex integrated embedded systems

Ease of development of our own programmable interface on
internal bus (i.e. Avalon in VHDL, Verilog)

O Full system on FPGA, easily adaptable
O Operating System included (uC/OS II)

Some negate points

COO0ODDOO

0 Quite big tools to develop a system
O Thus tools to learn
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