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Virtex FPGA RAM Memory

LUT RAM Block RAM
module ram16x1(q, a, d, we, clk); - |WEA
output ¢  RsT
input d; | SCLKA DOA#:0] |
input [3:0] a, ———| ADDRA[#:0]
input clk, we; . DIA[#:0]
reg mem [15:0];
~  WEB
always @(posedge clk) begin | synchronous .
if(we) Write >CLKB POB#0]
mem[a] <= d; —— | ADDRB[#:0]
end —| DIB[#:0]
_ Asynchronous
assign g = mem|a];
anq 2] Read Synchronous ~ Synchronous
endmodule Write read

http://www-inst.eecs.berkeley.edu/~cs150
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Waveform Viewer Timing (2)

Sync WRITE Sync READ
Clk /N N\ N\

Reg MAR ( )' ( )' timing figures
Reg MDR ( ) (MEM - ) > without delay
, (Ideal case)
FSM = \WE :
| MEM_wR L ] MEM_RD: 1_ |
-
Reg MAR { ° ) 4 °)
timing figures
Reg R I\\/I/\I/D: { °) B (_MEM = ) © with delay
FSM y. | :
MEM_WR : I\/IEM_RD.._ )
unintended MEM_RD :
write cycle! One cycle ahead

Microprogramming (3A) 4 Young Won o



Waveform Viewer Timing (3)

Sync READ Async READ
Clk /N N\ VA Y A S

Reg MAR ( ). ( ) timing figures
(MEM = ) (VMEM = »  without delay
ESM (Ideal case)
= WE Jwewmcro: [ ] memro: [ /
Reg MAR ( ° ) ¢ )
. timing figures
FSM (MEM = ) (MEM = ) "~ with delay
= WE II\/IEM_RD: | II\/IEM_RD: |

_/

unintended MEM_RD :
write cycle! One cycle ahead
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LUT as a combination logic block

Xy z F

o 000]0
-1 001[29 )"

2 010|0 Dl
=3 011[1])" F
-4 100[2d)"

5 1010

6 110|0

71110

Sum of Product

Microprogramming (3A)

Input 1-bit Data

3-bit
Address ‘
Memory Unit

{x,y, z}
2°words
1-bit per word

I}

/

Output 1-bit Data
F

Read  »
Write ™
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LUT : Async Read

Async READ

Address : Inputs
Data : Outputs

The outputs available in the
same cycle where the inputs
are applied

Combinational Logic Block :
A set of Boolean Functions
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LUT Data Write
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Memory Unit
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Block RAM as a sequencer
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LUT as a next state logic
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Block RAM as a sequencer
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Examples
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Examples
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