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Memories — addressable RAM/ROM

class Memory(Special):
def init (self, width, depth, init=None, name=None):

get port(self,
write capable
async_read
has re
we granularity
mode
clock domain

False,
False,
False,

0,

WRITE FIRST,

”Syg”




Memories — example

init data = [
OxA, 0x11223344,
Ox0, 0x66998855,
Ox1, 0x00000000,
Ox4, 0x00000044,
Ox8, 0x00000000,
0x5, Ox0000000A,
0x1, OxFFOO0000

]

mem = Memory(32, len(init data), init=init data)
self.rport = rport = mem.get port(write capable=False)
self.wport = wport = mem.get port(write capable=True)
self.specials += mem, rport, wport

> Interface:

e rport.adr, rport.dat_r
« wport.adr, wport.dat w, wport.dat_r, wport.we




Memories — addressable RAM/ROM

class Memory(Special):
def init (self, width, depth, init=None, name=None):

/

Size of each word \/




Memories - get_port

get port(self,
write capable
async_read
has re
we granularity
mode
clock domain

False, » Port will have a dat_w and a
False, we signals if True

False,

0

WRITE FIRST,

il Sys il




Memories - get_port

get port(self,
write capable
async read
has re
we granularity
mode
clock domain

False, » Port will have a dat w and a

False, we signals if True
False, \ .
0 Read data are immediately

WRITE FIRST, available if async_read is

"Sys " True. If False, reads are
synchronous (value on the
next clock cycle).




Memories - get_port

get port(self,
write capable
async read
has re
we granularity
mode
clock domain

False, » Port will have a dat_w and a
we signals if True

False,
False, \ .
0 Read data are immediately

WI'%ITE FIRST, available if async_read is

"Sys T True. If False, reads are
synchronous (value on the
next clock cycle).

Port will have a re signal to
allow output data update (only
in synchronous mode) if True




Memories - get_port

get port(self,
write capable
async_read
has re
we granularity
mode
clock domain

False, » Port will have a dat w and a

False, we signals if True
False, \ .
0 Read data are immediately

WF'{ITE FIRST, available if async_read is

True. If False, reads are
synchronous (value on the
next clock cycle).

L] P, ~
SYS

Choose how many

Port will have a re signal to dat_w bits are
allow output data update (only masked by each we
in synchronous mode) if True bit




Memories — get_port

get port(self,
write capable
async read
has re
we granularity
mode
clock domain

False, » Port will have a dat_w and a
we signals if True

False,
False, \ .
0 Read data are immediately

WI;{ITE FIRST, available if async_read is

Neyg True. If False, reads are
synchronous (value on the
next clock cycle).

Chose which dat_r
value is given during
a write (ignored for
asynchronous ports)

Choose how many

Port will have a re signal to dat_w bits are

allow output data update (only masked by each we
in synchronous mode) if True bit




Memories - get_port

get port(self,
write capable
async read
has re
we granularity
mode
clock domain

Ports can have
different clock
domain

Port will have a re signal to
allow output data update (only
in synchronous mode) if True

False, » Port will have a dat w and a

False,
False,\\\\\\\\‘
0]

WRITE FIRST,

we signals if True

Read data are immediately
available if async_read is
True. If False, reads are
synchronous (value on the
next clock cycle).

Chose which dat_r
value is given during
a write (ignored for
asynchronous ports)

Choose how many

dat_w bits are

masked by each we

bit




Memories - get_port

get port(self, -
write capable = False, Read/Write behavior
async read = True, is always the same
has re False, (mode is ignored)
we granularity = 0,
mode WRITE_FIRST, dat_w writes are latched

\

clock domain = "sys"

Signals
Time 1188 ns 1268 ns 1308 ns 1468 ns 1568 ns
sys_clk= I I | I I I I I I
wport adr([3:0] B 1
wport dat r[31:0] 11111111 VBBEEEEE1 11223334 {BEEEEEEL
wport dat w[31:0] PEREEREE [PEEREERL
wport we |
rport_adr[3:0] ] i
rport dat r[31:0] 11111111 ‘PEERERR1 1122334 {PEAEEREL

dat_r changes as soon as adr changes /




Memories - get_port

get_port(self, The data read signal
erte_capable = True, keeps its previous

DG rEdl False, value on a write.

has re False,

we granularity = 0, _

mode NO CHANGE, After the write cycle, dat_r

lock d : i keeps its previous value,
SROER S = e then the written value

Signals Waves /

Time Ins 788 ns 200 ns 1186 ns 1200 n
sys clk=l I I I I I I
wport adr[3:0]= |@ 11
wport dat r[31:0]= |11111111 YpepEERE1
wport dat w[31:0] = |2e006066 [66606EE1
wport we=l

0] B i
f]= [11111111 11723344 Ypooeessl

rport_adr[3:
rport dat r[31:

dat_r is value from the old address 1 then /
the written value




Memories - get_port

get port(self,

: During a write, the
write capable

= True, previous value is

async_read

has re

we granularity
mode

clock domain

Signals

False,
False,

0

READ FIRST,
”SYSH

read

Time
sys clk
wport adr([3:0]
wport dat r[31:0]
wport dat w[31:0]
wport we

rport adr[3:0
rport dat r[31:0

]
]

I

11111111

111223344 (RGN

gepgeass

|BREEEEE1

[ 1

1

11111111

;11223344 | PBEDEEE1

dat_r is value from the old address 1 then /

the written value




Memories - get_port

get_port(self, The written value is
write capable = True, returned

async_read False,

has re False,

we granularity = 0,

mode WRITE FIRST,
clock domain = "sys”

Signals

Time

I I
8

sys clk

wport adr([3:0]

wport dat r[31:0] 11111111 |BEEEEREL
wport dat w[31:0] PEGEERER | EEEEEEE

wport wes=

rport_adr[3:
rport_dat r[31:

] ] 1
] 11111111 |B06REDE1

dat ris value from the /

the written value

B
B




Memories - FIFOs

> SyncFIFO — Same clock on both sides

» SyncFIFOBuffered - Same as SyncFIFO but
uses synchronous output

> AsyncFIFO - Different clocks on both
sides

> AsyncFIFOBuffered - Same as AsyncFIFO but
uses synchronous output

> They are Modules and must be added as submodules




Memories - FIFOs

» Parameters:

 width — data width in bits

* depth — number of data words

* fwift - First Word Fall Through (only for SyncFIFO)

> Interfaces:

e din - data input
we - write enable
writable - ‘1’ if the fifo is not full
dout - data output
re - read enable
readable - ‘1’ if the fifo is not empty
level — number of unread entries

replace - replaces the last entry written into the FIFO




Memories — SyncFIFO

def test(dut):
for i in range(5):
yield
yield from dut.write(0x11223344) FIFO classes have read

yield from d“t'Writeﬁgﬁggggg;‘g) and write methods for

yield from dut.write ) : )
yield <« | simulation
yield from dut.read() def read(self):

for i 1in range(3@); """Read method for simulation."""
ield value = (yield self.dout)
y yield self.re.eq(1l)
yield
main(): yield self.re.eq(0)

dut = SyncFIFO(width=32, depth=64, fwft=True) L N
run simulation(dut, test(dut), vcd name="sim.vcd")

The data is available immediatel
44//’/////// Y

Signals Waves
Time

188 ns 20

sys clk=0 reriririrrirtritritritritrtrtrtrtrtrtr
syncfifo din[31:0]=12345678 POBROEED (11273344 |AABBCCDD 12345678
syncfifo we=6 I N
syncfifo dout[31:0] =AABBCCDD Beeeseee 111223344 JAABBCCDD
syncfifo readable=1 |
syncfifo re=e [ 1

level[6:8] =2




Memories — SyncFIFO

def test(dut):

for i in range(5):
yield

yield from dut.write(0x11223344)
yield from dut.write(0Oxaabbccdd)
yield from dut.write(0x12345678)
yield
yield from dut.read() ] ]
for i in range(30): The data is available when

yaeld requested

main():
dut = SyncFIFO(width=32, depth=64, fwft=False)
run simulation(dut, test(dut), vcd name="sim.vcd")

Signals Waves
Time

188 ns 2

sys clk=0 reriririrrierteritritfritritritrtrtrtrtrtT
syncfifo din[31:0]=12345678 POBRORER (11273344 |AABBCCDD 12345678
syncfifo we=60 [ 1 L1 1
syncfifo dout[31:0]=11223344 geeeseee 111223344
syncfifo readable=1 |
syncfifo re=e 1

level[6:8] =2




Memories - SyncFIFOBuffered

def test(dut):
for i in range(5):
yield
yield from dut.write(0x11223344)
yield from dut.write(0Oxaabbccdd)

yield from dut.write(0x12345678) ]
yield Same as SyncFIFO with
yield from dut.read() fwft=True but with an extra
for i 1n range(30):
yield latency cycle

main():
dut = SyncFIFOBuffered(width=32, depth=64)
run simulation(dut, test(dut), vcd name="sim.vcd")

Signals Waves

Time 188 ns

sys clk=1 reriririririrtritftrtrtrtritrir

syncfifo din[31:0]=12345678 POBRORER (11273344 |AABBCCDD 12345678
syncfifo we=6 [ 1 L1 1
syncfifo dout[31:0] =AABBCCDD Beeeseee 111223344 JAABBCCDD
syncfifo readable=1 [ L

re=g

levell[G:8] =82




Memories — AsyncFIFO

def test write(dut):
for i in range(5):
yield
yield from dut.write(0x11223344)
yield from dut.write(Oxaabbccdd)
yield from dut.write(0x12345678)

For o AN cANGw(E0): Clock domains have to be renamed

yield

test read(dut):

for i in range(60):
yield

yield from dut.read()

yield from dut.read()

Lt o mangs e Same as SyncFIFO with
yield fot:True

main():
dut = AsyncFIFO(width=32, depth=64)
dut ClockDomainsRenamer({"write": "sys", "read" : "oclk"}) (dut)

generators = {
"sys" 1 test write(dut),
"oclk" : test read(dut)

}

run simulation(dut, generators, clocks={"sys": 1e9/10e6, "oclk" : 1e9/50 , vcd name="sim.vcd")

Signals Waves

388 ns BB ns 7688 ns 1188 ns 1288 ns 1388 ns

Time

sys clk=0 [ | | I [ | [ | [ | [ |
asyncfifo din[31:0] =12345678 BEEEEEEE 11773344 {AABBCCOD (12345678

asyncfifo we=0

oclk clk=1 LT e e e e e A e e e e e e e e e e e A A L
asyncfifo dout[31:0]=00000000 £0800609 (11223344 JaRB+ 1231 |poee0e0e
asyncfifo readable=0 I
asyncfifo re=e




Memories — AsyncFIFOBuffered

def test write(dut):

for i in range(5):

yield
yield from dut.write(0x11223344)
yield from dut.write(Oxaabbccdd)
yield from dut.write(0x12345678)
for i in range(30):

yield

test read(dut):

for i in range(60):
yield

yield from dut.read()

yield from dut.read()

yield from dut.read()

for i in range(30): Same as AsyncFIFO with
one extra cycle

yield

main():
dut = AsyncFIFOBuffered(width=32, depth=64)
dut = ClockDomainsRenamer({"write": "sys", "read" : "oclk"})(dut)

generators = {
"sys" 1 test write(dut),
"oclk" : test read(dut)

}

run simulation(dut, generators, clocks={"sys": 1e9/10e6, "oclk" : 1e9/50€6}, vcd name="sim.vcd")

Signals Waves

488 ns 1188 ns 1288 ns

Time

sys clk=1 | I I | I | | I | I | I I
asyncfifo din[31:08] =12345678 B0PEOEOE /11223324 AABECCDD 112345678
asyncfifo we=0

asyncfifo writable=1

oclk clk=1 M o e e i e e e e e e e e s
dout[31:0] =00E0BOEE BEE0EERE (11223344 VAAE+ 123+ |90860800
readable =0 |
re=e




Memories - Stream FIFO

> stream.SyncFIFO, stream.AsyncFIFO

> Sync/AsyncFIFOBuffered variant replaced by a parameter

> Data width is replaced by layout

> Ready/Valid signals replace readable/writable

* Sink - Ready while there is free space
e Source - Valid when the FIFO not empty

> They are Modules and must be added as submodules




Memories — SyncFIFO

from litex.soc.interconnect import stream

layout test = [
("testl"™; 16);

("test2", 8) The FIFO is full.
sink.ready goes low

]

def test write(dut):
i

def test read(dut):

. i When the source gets
¢ giini)étream.SyncFIFO(layoutitest, depth=38) tr]fe rEEEl(j)/ f;ig)r]fil
generg;grs T %testfwrite(dut), test read(dut)] (jéitEi (:Eir] t)EB EB)(tFEi()tEB(j

b From the FIFO

run simulation(dut, generators, clocks={"sys": 1e9/10e6}, vcd name="sim.vcd")

Signals Waves

Time i 1us

sys clk=1 i ririrtrririritrirtrirtrtrtrtrt T T

sink payload test1[15:0] =708D @+ [AGBD |3A7B JSABA E37C 74C9 )CBDZ |3DAB ,FF2B CABF D165 JF1AL 55D 3910

sink payload test2[7:0] =55 80|39 JAF B4 J4E JcC A8 DB JF1 92 197 e Joc  jg2
sink ready=1 I
sink valid=1 || |

source payload testl[15:0] =F1Al J3ATE GABA ESTC {7409 |T8D2

source payload test2[7:0] =80 JaF_ yB4  JaE  ftc A
source ready=1
source valid=1

level[3:08] =6




Memories — AsyncFIFO

from litex.soc.interconnect import stream

layout test = [
("testl", 16),
("test2", 8)

1

def test write(dut):
Hevem

def test read(dut):
#...

def nain(): Always use ready & valid

(
dut = stream.AsyncFIFO(layout test, depth=8)

dut ClockDomainsRenamer ({"write" : "sys", "read" : "oclk"})(dut)
generators = { as an acknowledge

"sys" 1 test write(dut),
"oclk" : test read(dut)

}

run simulation(dut, generators, clocks={"sys": 1e9/10e6, "oclk": 1e9/30e6}, vcd name="sim.vcd")

Signals Waves

i] 1 us

Time

sys_clk=1 ririririritririririrlirirtritrtrt it rirtT

sink payload test1[15:8]=45FC g+ ,1700 JEEB2 JFEBO }0C52 12584 JBEES /7931 |545F IF28D Jja41D 15BA JE6D1 ¢
sink_payload test2[7:0]=3E GO)F6 B4 @B JE7 85 Al }2%6 JBB JIE LI =T T
sink ready=1 I
sink valid=1 || | [

oclk clk=6 HHHHHHHHI'II'II'II'IﬂﬂﬂHI'II'II'IHﬂﬂﬂHI'II'II'IHﬂﬂﬂHI'II'II'II'II'II'IFII'II'II'II'II'II'II'II'IFII'IFII'II'IFII'II'IFII'IFI?

source payload test1[15:0] =E6D1 geee {1700 R aT0 3410 faseA i
source payload test2[7:0]=21 Be [F& S35555 5 T =l

source ready=1 |

source valid=0




Workshop - extra 1

100MHz ‘ 150MHz

Dual port readport to
writer —— stream.AsyncFIFO
memory Stream

> Create a stream clocked at 150MHz
> Data from an initialized memory

> Data can be updated from a writer port
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