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These slides review the implementation of memory
on the MAX10 FPGA

Upon completion: You should be able to describe
and evaluate the memory structures available on
MAX10 FPGA
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 M9K Fixed Memory Blocks

* Functional configurations

e Single-port

* Simple dual-port

* True dual-port (bidirectional dual-port)
* Shift register

* ROM

* FIFO buffers

* Memory Based Multiplier
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 M9K Fixed Memory Blocks

* Data width (word) configurations

B192x 1

4096 x 2

2048 « 4

1024 = 8

P

Configurations (depth x width) 10n4=9 < / Parity used as memory
512 x 16

S12x18 4

1636 A

* Packed Mode
* Single Port configuration
e Each M9K block can be broken into 2 independent memories
e Each memory must be less than % the full block size
e 18 bit word size maximum ??
* Each memory has only single clock support
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 M9K Fixed Memory Blocks
* Single Port RAM - write

Write addr captured

N\ /

address an-1 X g X a0 X a X a2 X a3 X a4 X A5 X a6

=D G % 00 0.00 0000000 &V E-NE-
q (synch) X din2 XA\dmwé dn ¥ douto X' doutt ¥ dout2 X\ dﬁw\mm\
4 (asynch) X g Y X din \{( douto X doutt ¥ dout2 ¥ douta X\ dina ) Vs

Src: Cyclone Il Device Handbook

Sync data flow through

Async data flow through with 1 clk + td delay
with delay
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 M9K Fixed Memory Blocks
* Single Port RAM - read

Read addr captured

\ /
TS G S 1 I G S L G 6
data () i1 X din X XX X XIX X X X X X X X dina X dins X dins
g (synch) X dn2 X odint]| X din ¥ kimumx doutt ¥ doutz X' douts >< din4
4 (asynch) X dn1 Y din Y, douto ) \<GUH>< dout2 ¥ douts )} dina ¥ dins

Src: Cyclone Il Device Handbook

Sync data read

A read
S with 1 clk + td delay

with delay
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 M9K Fixed Memory Blocks

* Byte Enable
* SRAM only
* Multi-byte words can be masked

Table 2-1: M9K Blocks Byte Enable Selections

Affected Bytes. Any Combination of Byte Enables Is Possible.

byteena[3:0]
soan 1
|I'.:I| =1 |T"|:I' [E:D] [T'I'.:I' |3:':|:
|l] =1 |15:S] [I'F:E'] |15:S] |1?:9]
[2] =1 — —_ [23:16] [26:18]
[3] =1 — — [31:24] [35:27]
Src: MAX 10 Device Handbook
EE 3921 7 © tj



 M9K Fixed Memory Blocks
* Byte Enable — 16b example

Figure 2-2: Byte Enable Functional Waveform

ndock /" N/ N/ N . S .

wen /S
rden 4
address an yooal W oal ¥ a2 X a0 ¥ al X a2 X
data 000 ) ABCD X XX
byteena AKX X 10 ¥ 01 X 11X X
contents at a0 FFFE X\ \\ \\A\BFF
contents at al FFFF b s \\ FFCD
contents at a2 FFFF X \\ ABCD

q (asynch} ¥ doutn ) ABFF ) FRCD ) ABCD ¥ ABFF ' FRCD % ABCD

Src: MAX 10 Device Handbook
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 M9K Fixed Memory Blocks
e Address Clock Enable

* Holds the previous address input until enabled
* Clock gate
* Implemented as a Stall

Figure 2-3: Address Clock Enable Block Diagram

| address[i]
N register

address]N]

address[N] —\_»[

-

register
}

addressstall "_
dodk

address]i]

address[N]

Src: MAX 10 Device Handbook

EE 3921 9
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 M9K Fixed Memory Blocks
e Address Clock Enable - read

Figure 2-4: Address Clock Enable Waveform During Read Cycle

ndok /NN N\

rdaddress f\ al ¥ (al ¥ a2 X a3 X, a4 X a5 X a6

den  _/
N ——

\
Iatthedaddres-s] HBAEING a1 W at W a5 X
\
doutn-Ty, dnutn\;\f doutl ) douty doutl ¥ doutl ¥ doutdy,
doutn’y dout0 ¥ doutl) doutl doutl ) doutd) douts

Src: MAX 10 Device Handbook

q (asynch)

EE 3921 10 © tj



 M9K Fixed Memory Blocks

e Address Clock Enable - write
Figure 2-5: Address Clock Enable Waveform During Write Cycle

inclock

NSNS NN S S

wraddress }'{\ﬂ[’ X \E‘I A XX X \34 X35 X a6

data
Wren

addressstall

latched address
(inside memaory)
contents at a0

contents at al
contents at a2
contents at a3
contents at a4
contents at a5

EE 3921

\WF{ N}fnﬂl}iﬂii{ ‘H}i 05 X_ 06

/

OO

D OC_ N\ \1‘ et a5 X

\

xx;z&\\wn
X

w0 e X\ ®
KX \
N\
XX \
XX )3‘ 04
XX Y05
11 Src: MAX 10 Device Handbook
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 M9K Fixed Memory Blocks

* Clock Modes
Dual- Dual- Port
Port Port
Yes — — Yes —

Independent | 4 separate clock is available for the following
Clock Mode ports:

» Port A—Clock A controls all registers on the
port A side.

« Port B—Clock B controls all registers on the
port B side.

Input/Output Yes Yes Yes Yes —

Clock Mode

M9K memory blocks can implement input
or output clock mode for single-port, true
dual-port, and simple dual-port memory
modes.

- An input clock controls all input registers to
the memory block, including aata, address,
byteens, wren, and rden registers.

« An output clock controls the data-output

registers.

Read or Write |, Mgk memory blocks support independent - Tes - - Tes

Clock Mode clock enables for both the read and write
clocks.

« A read clock controls the data outputs, read
address, and read enable registers.

« A write clock controls the data inputs, write
address, and write enable registers.

Single-Clock | 4 single clock, together with a clock enable, Yes Yes Yes | Yes Yes
Mode controls all registers of the memory block.

Src: MAX 10 Device Handbook
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 M9K Fixed Memory Blocks
e Additional Control Signals

* Clock Enable
* Enables the clock
* If no clock is enabled — no memory activity

e Asynchronous Clear
* Clears the output data register if present
* No clear for the input data register

 Read/Write
» Several variations depending on mode

EE 3921 13
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 M9K Fixed Memory Blocks

e Data flow-through model
* All inputs are registered
e QOutputs can be synchronous or asynchronous
e 2 flow through options

* Read-during-write — new data
* Single port, true Dual Port
* Write data flows through to the output

e Read-during-write — old data
* Single port, true Dual Port
* Old data is provided to the output

14
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 M9K Fixed Memory Blocks
e Read during Write

Figure 3-2: Same-Port Read-During-Write: New Data Mode

ck_a

/
wren_a —/

I
rden a —/

address_a >< a0 >< al ><:
s s XX IO
q_a {a S}’ﬂ(h} = A >< B >< ( >< D >< [ >< Figure 3-3: 5ame Port Read-During-Write: Old Data Mode

—, ) I — —
i i1 I

!

f ] /
C I k - d | S — W R S L

i
I}

!
wren_a — .-

address:a }< 0 \< al >C
Write complete dataa > A X B X C D X E XCF X

w A X B Doaany D X E D
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 M9K Fixed Memory Blocks

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

Single Clock

atidress]]

addressstall a

-y

rden

dock

wily

tlk=n

inac I

it I

EE 3921

In/Out Clock

address[]

addressstall a

rden
wly

inclock
inclocken

outclock

outclocken

inacle

auta I

16
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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]
atdress_al] _D_ D
g_bf)
rden a —]
address_b[) ’—D_
rden b ﬂ
addressstall a
addressstall b
ok
enable

In/Out Clock

address_al]

rden a

address B[]

rden b

addressstall a

slese

addressstall_b

inclinck

__D_[I_ﬂll
_:D_EI_'JL

incliacken
putclock

adr

outclocken

adress_a[]

rden a

atdress_h]

rden b

addressstall a

addressstall b

dok a

enable_a
dock b

aut_ aclr

enable b

EE 3921

A/B Clock

r

adr b

Xl a



 M9K Fixed Memory Blocks
* Single Port RAM

Single Clock Dual Clock
data] — [ data[} — ] all
WIEn _,l': WIEN =i
address[} *—L: address]] =
addressstall_a o addressstall a [
rren - ren — |
clock = inchock [
dken indocken
outchock
= outdocken =
E e

Src: MAX 10 Device Handbook
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 M9K Fixed Memory Blocks
* Single Port RAM - write

Write addr captured

N\ /

address an-1 X g X a0 X a X a2 X a3 X a4 X A5 X a6

=D G % 00 0.00 0000000 &V E-NE-
q (synch) X din2 XA\dmwé dn ¥ douto X' doutt ¥ dout2 X\ dﬁw\mm\
4 (asynch) X g Y X din \{( douto X doutt ¥ dout2 ¥ douta X\ dina ) Vs

Src: Cyclone Il Device Handbook

Sync data flow through

Async data flow through with 1 clk + td delay
with delay
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 M9K Fixed Memory Blocks
* Single Port RAM - read

Read addr captured

\ /
TS G S 1 I G S L G 6
data () i1 X din X XX X XIX X X X X X X X dina X dins X dins
g (synch) X dn2 X odint]| X din ¥ kimumx doutt ¥ doutz X' douts >< din4
4 (asynch) X dn1 Y din Y, douto ) \<GUH>< dout2 ¥ douts )} dina ¥ dins

Src: Cyclone Il Device Handbook

Sync data read

A read
S with 1 clk + td delay

with 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
* Data in and out ports do not have to have matching widths

EE 3921 21 © tj



 M9K Fixed Memory Blocks
e Simple Dual Port RAM

Single Clock

data[]

WIEN

wraddress]

rladdress/]

rien

byteena_af]

Slaiala]as

wraddreszsiall

rd addresssiall

clock

enable

adr

R/W Clock

datal}

wraddress[]

WIEN

roiaddress]]

rieEn

byteena a]

wr addresssiall

ST

mil_addresssiall

wiclock

wrclocken
roclock

EE 3921

riclocken
rdinclocken
rioutclocken

| _adi

In/Out Clock

data

wraddress(]

I

WTET

rdaddress[]
rden

byteena a[]

wr_ addressstall

aTaaTaTa

rd_addressstall

inclock

inclocken
outclock

putclocken

in_acle

i

ot ad

22
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 M9K Fixed Memory Blocks
e Simple Dual Port RAM

weosk /- \_/ N/ ./ ./ S\ S
wren \

wraddress an-1 >< an X a0 >< a1l X a2 X a3 X a4 X a5 >< a6
VD GED 000000000000 &0 &S &

rden

rdaddress bn X bo >< b1 X b2 X b3
q(synch)  doutn-2 >< doutn-1 % doutn X\ dout0

q (asynch) doutn-1 >< doutn >< dout0

Src: Cyclone Il Device Handbook
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 M9K Fixed Memory Blocks

 True Dual Port RAM

» Supports 2 reads, 2 writes, Read/Write
* Multiple clock options
* Data in and out ports do not have to have matching widths
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 M9K Fixed Memory Blocks
* True Dual Port RAM
e Multiple R/W Ports

Single Clock

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

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

:Dﬂ

enable

data a

address a[]

i
1

WIEn a

rien a

data B[]

address bf}

Wren b

rien b

byteena_a]

addressstall a

555559555

addressstall b

it

indodk

adi

indiacken
outcock

EE 3921

outcocken

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

ot acl

25
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 M9K Fixed Memory Blocks
* True Dual Port RAM

wren_a “

addross a  an-1 }f’ an ){ a0 ;{ ai ‘,x" a2 S{ a3 ‘;{ ad ‘)( a5 X a6
dataar) ani X dn X X X X X X X X X X X X X dna X ains X dins
q_a (synch) }( din-2 K din-1 ‘;( din X doutd ) doutt X dout2 }{ dout3 X dind
q_a {asynch) ¥ din-t )(‘ din >\ doutDd f” :I-jun}{ dout? }( dout3 }4: dind \: din

ao /N /N / N/ N/

wren_b
address b b Y b0 /< b )q: b2 /z’ b3
q_b (synch) doutn-2 ::-:: doutn-1 ;‘-/ doutn ; doutd >< doutt

q_b {(asynch) doutn-1 X doutn >< doutl X diowtd ’:.' 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 x 9 — — — — — Yes Yes
512x 18 — — — — — Yes Yes

EE 3921 27 Src: MAX 10 Device Handbook
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 M9K Fixed Memory Blocks

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

w xm = n Shift Register
m-Bit Shift Register
w, W, ),
7 = \
1
|
|
m-Bit Shift Register
We W,
rd 7
|
|
IIII
)
0 Number of Taps
i
IIII
m-Bit Shift Register |I
W Wy
I rd
m-Bit Shift Register |
J
W, W |
= ’I -
Src: Cyclone Il Device Handbook

shift_in[]
dock

dken
adr

shiftout]]
taps[]
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 M9K Fixed Memory Blocks
* FIFO

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

* Empty and Full signals

— datal]

— rdreg
| diock

qll
full
almest_full

Emply
almost_emipty

usedwi]

— silr
— adr

EE 3921

29

data[|
WITEL

wrdk

wriull —
wWrempty —
whnsedw(]

rdreg
rdclk

':l: -

rdfull —
rdempty —
rdusedw(] F—

aclr
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 M9K Fixed Memory Blocks
* Memory Based Multiplier

Imput]15.. E%l Input{7..0
(Elgned BMSH) {Unsigned, L5B]
o P
NN [ [ [ [T neutirs.0
X AAAATAAANAL  Gosficient [9.0]

« 222 AN A S8 Pariial Product[17..4]
+ VPP I PP PP PP PP TP Td < chiit 8 Bits  MSB Partial Product [25..8]

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

Sum MSE & LSE
Partial Product Results
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 M9K Fixed Memory Blocks
* Memory Based Multiplier

16
Inpaut [15..0] ==pi=

EE 3921

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

g M"““: [L“"“'"un il
e 28Ex 18
MSE [M=E)
28
l Outpud [26.0]
L
a KMK RAM | s
Black (LT} "
= 58 18
LEE L58)
|
ADDAESS | MuLT RESULT
O0ODOD0 0
000000 C
000010 2xC
D000 1 Txl
11111110 2_54 =
11111111 2_55!':
31
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 M9K Fixed Memory Blocks
* Memory Based Multiplier

data _in[] result]]
ooefi_in[] load done
sload coeff

scir

dock
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EE 3921

e User Flash Memory
* Nonvolatile

Coacy

Endurance Read and write counts up to 10,000 cycles

Data retention = 20 years at 85°C
« 10 years at 100 =C

Maximum operating frequency « Serial interface: 7.25 MHz
« Parallel interface: 116 MHz

Data length Stores data of up to 32-bit length

pEfEEclu' Total User Hash Total Configuration

WWWWW oy | et

10M50 'ESSE 10752

f

available for User Flash in some configurations
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e User Flash Memory
e Parallel Mode Operation

altera_onchip_flash

dodk > < dock
reset_n > UFM . reset_n
Block I/F UFM
addfx0] ) <«—»  Block addr
read Avalon-MM Slave | Parallel Interface Avalon-MM Slave read
P readdata[31:0] > Parallel Controller Controller readdata[31:0] >
write > (Data) (Control) write
writedata[ﬂ:[]lh read/ p writedata[31:0]
:::Idtﬁ:g:ltid in’rnarnal1||L'E'_'EI Control Register 4L"te extemal
burstmunt[x:ﬂ]b internal | WITtEy Status Register | read ol oy ternal
34
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e User Flash Memory
* Parallel Mode Operation - WRITE

clock

| LA N ] anw

{ addr K

address

write

burstcount { 1 :(
writedata data X
waitrequest
Write UFM Programming UFM Reset
address Max 305 pis Max 250 ps
to UFM
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e User Flash Memory
* Parallel Mode Operation - READ

clock —|
read |

write
address { addr

burstcount : 1

waitrequest

writedata

readdatavalid |
readdata ] datall |

EE 3921 36 © tj



e User Flash Memory
e Parallel Mode Operation — BURST READ

dock | | | | | | | | | | | | | | | | | | | | | | | |
read | |

write
address

burstcount

waitrequest
writedata

readdatavalid

readdata

EE 3921

I_ datad | data$ : datab K data? j

: datal :( datal {datal_ data3
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e User Flash Memory
* Serial Mode Operation

altera_onchip_flash

dock dock
reset_n ] UFM b reset_n
> Block /F|  UFM <
addfx0] | «—»  Blok addr
read Avalon-MM Slave | Serial Interface Avalon-MM Slave |~ raad
P readdata »| Serial Controller Controller readdata[31:0]
write (Data) (Control) write 9
writedata read/ < writedata[31:0]
waitrequest : read : write
internal external
eaddatavalid 1* Control Register 44—
thﬂEﬂUﬂt[Iiﬂ]h internalﬂh Status Register Lﬂ'[Ih-E*}c’rernaI
38
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e User Flash Memory
* Serial Mode Operation - WRITE

dock {[|[ILULLUUULUUUULUUULOUUTY

address | addr }
write
burstcount 32 ]
writedata 31 | ]@@@E *ee “ 3 EEI: !
waitrequest
Write address to UFM Serial Write 32 bits Data

EE 3921

39

to UFM (32 Cycles)
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e User Flash Memory
* Serial Mode Operation - READ

dock  [[LIILTUTULTUTEUTUTHTUHHUITU Ui p i yuuut « e o FUTHTUL

read

Write

address addr

32

burstcount

waitrequest

writedata

readdatavalid L

W | 1 1 ] 1
readdata \ [ifanfsfsfrfs) @ @ @ [sfefzf2f 1o}
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e User Flash Memory

e Serial Mode

Operation — BURST READ

ook || [JUNUTUTUUITUULIHU U T U e o o HUUUTNL

read

write

address

addr

burstcount

waitrequest

writedata

readdatavalid

readdata

) el o o o puiafadrs]

EE 3921
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