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ELE 3510

* M9K Fixed Memory Blocks

* Functional configurations

e Single-port

e Simple dual-port

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

e ROM

* FIFO buffers

* Memory Based Multiplier
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e MOK Fixed Memory Blocks

* Data width (word) configurations

B19Z x 1

4096 » 2

2048 x 4

1024 = 8

Configurations (depth = width) 1024 % 9

&

<«

512x 16

512x18 4

256 x 32

256 = 36

 Packed Mode

* Single Port configuration

g

% Parity used as memory

* Each M9K block can be broken into 2 independent memories
* 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

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

i{}><a1><a2><a3><a4><35><aﬁ

dn1 X dn X X

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

X din-2 >< din-1

X din >< {’O“‘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

* Byte Enable
* SRAM only
e 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]
|I'.:I| =1 |T"|:I' [E:D] TI'.:I |3:I'.]:
|1| =1 |l:'-: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
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* M9K Fixed Memory Blocks
* Byte Enable — 16b example

Figure 2-2: Byte Enable Functional Waveform
el Al avavavtas
wen /S
rden 4
address an yooal W oal ¥ a2 X a0 ¥ al X a2 X
data 000 ¥ ABCD Y XX
byteena KK X 10 ¥ 01 (X 11 X XX
contents at a0 FFFE X \\ \\ \\A\BFF
contents at al FFFF b 5 \\ 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
* 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] —\t[

.

register
[

addressstall "_
dlock

address]i]

address[N]

Src: MAX 10 Device Handbook
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* M9K Fixed Memory Blocks
* Address Clock Enable - read

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

ndok /NN N\ NS\

rdaddress f\ al ¥ (al ¥ a2 X a} X, a4 X a5 X ab

den  _/
N ——

\
I@t{hedaddreasl AN G al W ad o a5 X

\
doutn-Ty, dnutn\;\f doutl0 ) douty doutl ¥ doutl ¥ doutd),
doutn’ dout0 ¥ doutl) doutl doutl ) doutd) douts

Src: MAX 10 Device Handbook

q (asynch)
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ELE 3510

* M9K Fixed Memory Blocks
e Address Clock Enable - write

Figure 2-5: Address Clock Enable Waveform During Write Cycle
inclock m T S S S
wraddress X \*3'3' X \E‘I A R X \34 X a5 X a6
mm}{\m};m‘_ﬂz}i,m?{m*;inﬁ}qnﬁ
Wren A \ / / \\
addressstall ¢ \ \ ‘/\ \ \ \
latched address | / \/ \
(inside memaory) aN Elt}\R"\ \\ \&l\ (a4 X_ a5 %
contentsatad X0 N\ N\
contents at a1 Ly /IP‘ 01 XP‘ X ‘\ 03
contents at a2 XX \\
contents at a3 WY \\
contents at a4 XX A)‘ 04
contents at as i X 05
10 Src: MAX 10 Device Handbook
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 M9K Fixed Memory Blocks
* Clock Modes

Description Simple | Single-
Dual- | Port
Port
— — Yes —

Independent | A separate clock is available for the following Yes

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.

« Aninput clock controls all input registers to
the memory block, including aat a, asaress,
byteena, wren, and rden registers.

» An output clock controls the data-output

registers.

Read or Write |, \gK 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 dock controls the data inputs, write
address, and write enable registers.

Single-Clock | 4 gingle clock, together with a clock enable, Yes Tes Yes | Yes Tes
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
e Clears the output data register if present
* No clear for the input data register

* Read/Write
» Several variations depending on mode
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ELE 3510

* M9K Fixed Memory Blocks

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

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

e Read-during-write — old data

e Single port, true Dual Port
* Old data is provided to the output

13
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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} NG A >< B >< ( >< D >< [ >< Figure 3-3: 5ame Port Read-During-Write: Old Data Mode

||I N |Il "n |'I IIl ! k1 .'I I.I \

f / /
(I k - d _ / | S — L S S L

i
!

!
wren_a — .-

Write complete data_a > A X B XD X E XCF X

w A X B Doaanyd D X E )
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