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ELE 3510

* Functional configurations
* Single-port
e Simple dual-port
True dual-port (bidirectional dual-port)
Shift register
* ROM
FIFO buffers
* Memory Based Multiplier

Available via the Mega-Wizard tool
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ELE 3510

* M9K Fixed Memory Blocks

e ROM - Single Port
 SRAM with memory pre-loaded from a MIF file
* Single Port
* Read only

Single Clock

In/Out Clock

atidress]]

addressstall a

-y

rden

dock

wily

clkzn

inac I

ot I

address[]

addressstall a

rden
wly

inclock

inclocken

outclock

outclocken

inaclr

ot I
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* M9K Fixed Memory Blocks

* ROM — Dual Port
 SRAM with memory pre-loaded from a MIF file

e Dual Port
* Read only
Single Clock
q_a]
address _al] _D_ D
g_bf)
nden a —
address_b] ’—D_
nden b ﬂ
addressstall a
addressstall b
dock
enahble

In/Out Clock

address_al]

rden a

address b

rden b

addressstall a

sjails

addressstall_b

_DJ_au
_:D_EI_'JL

incliock

inclicken
putcliock

outchocken

A/B Clock

atdress_a[]

rden a

atdress_b]

rden b

afdressstall a

sl

addressstall b

D q_al)
| D q_bf)

ok a

enable_a
dock b

aut_ aclr

enable b
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* M9K Fixed Memory Blocks
* Single Port RAM

Single Clock Dual Clock
datal} _ [ datal] — — 4l
WIEn _,l': s — -
address[] ’_,I': address[] —
addressstall_3 r—|-_ addressstall a | —
rden _ rden —
dock - indlock -
dken indocken
outcock
= oufrocken =
= z
Src: MAX 10 Device Handbook
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* M9K Fixed Memory Blocks
 Single Port RAM - write

Write addr captured

wron ST\ /

address an-1 X gn X

a{}><a1><a2><

a3><

a4><a5><aﬁ

() _an1 X dn X X X XX XXX AKX XXX

n4 X dins ding

q (synch) X din-2 ><>\dlﬂw<5 din ><

dout0>< douti >< dout2 X\ dﬁw\mm\

dout1 >< dout2 >< dout3 X\ ding X * dins

X \
q (asynch) X }Wﬁ X\ din \X douto ><
\

ELE 3510

Async data flow through
with delay

\
Sync data flow through
with 1 clk + td delay

Src: Cyclone Il Device Handbook
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* M9K Fixed Memory Blocks
* Single Port RAM - read

Read addr captured

inclock

wren

address

data (1)
g (synch)

q (asynch)

X

Ny S S S S

/

a1 X an X

meXazXasXaa,XaaXae

dn1 X dn X X

KX XL XX K XX X X dns X dns X dne

X din-2 >< din-1

X din >< {’““‘DX douti >< doutEX dout3 >< din4

X din-1 X din X/v dout0 >< \dﬁuHX dout2 >< dOUtSX din4 X dins
\

ELE 3510

Async read
with delay

\ Src: Cyclone Il Device Handbook
Sync data read
with 1 clk + td delay
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* M9K Fixed Memory Blocks
e Simple Dual Port RAM

e Separate read and write addresses
e Simultaneous read and write
e Data in and out ports do not have to have matching widths

ELE 3510 8 © tj



* M9K Fixed Memory Blocks
e Simple Dual Port RAM

Single Clock

datal)

WIET

wraddress]

rdaddress]]

rden

byteena_af]

wr_addreszsiall

Slalaa] s

rd addressstall

dock

enable

adr

R/W Clock

data[]

wraddress[]

WIED

rdaddress[]

rien

byteena al]

bl L

wr_addresssiall

rd_addresssiall

wiclock

wrclocken
roclock

ELE 3510

roclocken
rdinclocken
rioutclocken

_ il adr

In/Out Clock

data

wraddress||

|

WTEN

rdaddress]]
rden

byteena afl

aTaanara

wr_addressstall

rd_addressstall

inclock

inclocken
putclock

purtclocken

in_acle

i

ot adr
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ELE 3510

* M9K Fixed Memory Blocks
e Simple Dual Port RAM

wrelock _/_\_/_\_/_\_/_\_/_\_/_\_ _\_/_\_/_

\
wraddress an-1 X n X a0 X at X a2 X 24 X as >< a6
caa() _dn1 X dn X X XXX XX XXX XX X dne X dns X ains

rden
rdaddress bn X bo b b2 X b3
g (synch)  doutn-2 >< doutn-1 % doutn douto
g (asynch) doutn-1 doutn douto

Src: Cyclone Il Device Handbook
10
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* M9K Fixed Memory Blocks

 True Dual Port RAM

» Supports 2 reads, 2 writes, Read/Write
e Multiple clock options
e Data in and out ports do not have to have matching widths

ELE 3510 11 © tj



* M9K Fixed Memory Blocks
* True Dual Port RAM
e Multiple R/W Ports

Single Clock

data a

address_a]

|

WIEn a

Fien a

data_bf]

address |bj

Wwren b

rien b

byteena_af]

addressstall a

55559550

addressstall b

dock

__Dﬂ

:D_q_ﬂl

enable

X
S~
=
@)
(@]
(@)
=~

data a

address a[]

|
;

WIEN a

rien a

data B[]

address b

wren b

rien b

byteena_af]

addressstall a

05555555

addressstall b

it

indock

adi

inclocken
outchock

ELE 3510

outclocken

A/B Clock

data_a[)

atidress af]

WIED d

rden a

data_b[]

atidress b

wren b

rden b

byteena_a]

afdressstall a

HEEEL DO

atdressstall b

dock a

enable_a
dock_b

out_acl

12

enable b




* M9K Fixed Memory Blocks
* True Dual Port RAM

wren_a N
address a  an-f )’ an ){ a0 ;f' ai ‘,{ a2 ‘)( a3 5( ad S( a5 )(\ af
dataaf  dnd X dn X X N X X X X X X X X X X dne X dns X diné
q_a (synch) }( din-2 K din-1 X din X dout0 f dout X dout2 ){ dout3 X dind

q_a [asynch) K din-t )(\ din >\ doutD f’r d-:un}( dout? }( dout3 X dind ‘>< din5

ko /N ;N\ SN SN /-

wren_b
address b b Y b0 /< b }( b2 ){ ba
a_b (synch) doutn-2 ::-:: dowstn-1 ;‘-/ doutn ; doutd >< doutt

q_bv (asynch) doutn-1 X doutn >< doutl X dowti ’:.' dout2

Src: Cyclone Il Device Handbook
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 M9K Fixed Memory Blocks
* Mixed Port Configurations

M9K Block Mixed-Width Configurations (Simple DuaI-Port HAM}

8192 x 1 s Tes

496 x2 | Yes Yes Yes Yes Yes Yes — — —
W48 x4 | Yes Yes Yes Yes Yes Yes — — —
1024 x & |Yes Yes Yes Yes Yes Yes — — —
512x 16 |Yes Yes Yes Yes Yes Yes — — —
256 % 32 | Yes Yes Yes Yes Yes Yes — — —
10249 | — — — — — — Yes Tes Yes
512x18 | — — — — — — Yes Yes Yes
256 36 | — — — — — — Yes Yes Yes

M9K Block Mixed-Width Configurations (True Dual-Port RAM Mode)

- === @@ ]
mmmmm

B192 % 1 Yes Yes

4096 x 2 Yes Yes Yes Yes Yes — —

2048 x 4 Tes Tes Tes Tes Tes — —

1024 x & Yes Yes Yes Yes Yes — —

512 = 16 Yes Yes Yes Yes Yes — —
1024 = 9 — — — — — Yes Yes
512 % 18 — — — — — Yes Yes

ELE 3510 14 Src: MAX 10 Device Handbook

Ot



* M9K Fixed Memory Blocks

e Multi-tap Shift RAM
* Multiple M9K blocks can be cascaded

shirft_in(]
dock

ilken
adr

shiftout]]
taps(]

w = m x n Shift Register
m-Bit Shift Registar
w, W, A
7 ra \
1
|
|
m-Bit Shift Register
We We
L4 r g
|
|
IIII
\
> 0 Number of Taps
/
IIII
m-Bit Shift Register |I
W Wy
4 rd
m-Bit Shift Register |
J
W, W |
= ’I -
Src: Cyclone Il Device Handbook
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ELE 3510

* M9K Fixed Memory Blocks
* FIFO

e Separate read and write clocks available
e Separate read and write data widths available

 Empty and Full signals

— data(]

— rdreg
L1 ok

qll

full
almest_full
emipty
almost_empty
usedw()

—1 silr
— adr

16

data[|
WITEL

wrdk

wriull —
wWrempty —
whnsedw(]

rdreg
rdclk

':l: -

rdfull —
rdempty —
rdusedw(] F—

aclr

Ot



* M9K Fixed Memory Blocks
* Memory Based Multiplier

| 5.8 | .0
qsﬁgﬁrﬁ ME%H (Un:E::lnE[d, LSE)
. _— S
BN [ [ [ [ [ 1] 'neutis.0
X AAAATAAANAL  Gosficient [9.0]

2 P77 55 Pariet Product 1170

MSE Partial Product [25_.8]

TI||IIIIIIII||III|IIII||III|HuH-F'-!EultE»[EE--ﬂ]

Sum MSE & LSE
Partial Product Results
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ELE 3510

* M9K Fixed Memory Blocks
* Memory Based Multiplier

ADDAESS | MULT_RESULT
DOOHOGH0 o
O000001 [
DO00001 0 2uiC
DO0O001 1 AxC
11111110 2uC
11111111 -1xC

® 8 ;ﬁ I;IF:“LI'"H [N T
Inpat [15..0] ==pp—pifite BEEx 18
MSE [MSE)
o
28
l Output [26.0]
P
& 4K RAM | a
—p Black {LUT) -
258« 18
LEB {LS8)
ADDAESS | MULT _RESULT
0000000 Ju]
CODOD0 C
0000010 2uC
0000011 dulC
11111110 264 x T
11111111 2_55!{:
18

Ot



* M9K Fixed Memory Blocks
* Memory Based Multiplier

data_in[] result]]
coefi_in[] load done
sload coeff

|

dock

ELE 3510 19 © tj
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