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What is Direct Memory Access?

Feature that enables some hardware ( DA Request (" A
subsystems to access primary DA Acknowledge o)
memory independent from the CPU.

o CPU Data Bus DMAC
From the CPU’s perspective, it:
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does other tasks while the

) , Peripheral
transfer is ongoing Memory Device
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waits for the DMAC to interrupt it when the
operation is complete

* DMAC = Direct Memory Access Controller



AXI = Advanced eXtensible Interface
Communicates using 5 independent channel sets:
* Read Address channel (AR)

* Read Data channel (R)

System with AXI4-Lite

e Write Address channel (AW)

* Write Data channel (W)

* Write Response channel (B)
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AXI4-Lite Transaction

Read Cycle Write Cycle

CLK E cLK E

RESETN / RESETN /

[31:0] ARADDR X X M » S [31:0] AWADDR X
ARVALID / \ M » S AWVALID /
ARREADY / _\ M « S AWREADY
[31:0] RDATA X X M » S [31:0] WDATA X
RREADY / \ M » s [3:0] WSTRB X
[1:0] RRESP X X M » S WVALID /
RVALID / \ M « s WREADY
M » S BREADY /
M « S [1:0] BRESP
i s




Mm-S
Mm-S
M-<mms
M S
M S
M S
M-<@mms
M S
M-<mms
M-S

Vivado Simulation for AXI4-Lite Write Handshaking
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Read signals
(don't care now)
A

RESETN
M » S [31:0]AWADDR X X
M » s AWVALID / \
M « s AWREADY / \
M » s [31:0] WDATA X X
M » s [3:0] WSTRB X X
M » s WVALID / \
M « s WREADY / \
M » s BREADY / \
M « s [1:0] BRESP X X

M « s BVALID / \
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Vivado Simulation for AXI4-Lite Read Handshaking
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RESETN
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ARVALID _ | _ _ | _ |
ARREADY _
[31:0] RDATA MK iy T oa7afedc b
RREADY 4'—'7
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Write signals
(don't care now)
) ¢

RESETN J
[31:0] ARADDR X X

ARVALID / \

ARREADY /_ _\

[31:0] RDATA X X

RREADY / \

[1:0] RRESP X X

RVALID / \
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Crossbar Switch

v'"Needed when there are multiple masters or multiple slaves.

master_1 ) master_1 ) ) slave 1 ) slave 1
module AXI AXI module
master_2 master_2 © slave 2 slave 2
modue [€ 2] axi_ [€ @ 1 A € module
o]
master_3 master_3 5 slave_3 slave_3
modue [€ 2] axi_ [€2 = [€ axi [€ modue
. . >< . .
<
mas’Eer_n — mas’Eer_n - — slavé_m ) slavé_m
module AXI AXI module
control_signal J
request
l control
g ter 1 X ter 2
master_ o master .
o CPU 2L a7 § [P a2 0WC
o I 2 2 I 1 DﬁA
n slave_. o slave
- SRAM 1€ AXI > 5 [ AXI > Register
= AN
x slave 3 - Peripheral
< |E ) AXI 01




Interrupt Service Routine (ISR)

Part of the CPU
Peripheral(s) A 2101 AataeD ! ] ) )
_[:g]d:;ar:: * Receives 6-bit service request from the
¢ T pbladdR Interrupt Handler

! ¢ \ I:'I i—axi_enable—)i
Interrupt Handler A L K « Sends 2-bit status to the Interrupt
2 Handler
T e A .
- * Gets DMA status directly from the DMAC
M 1
a;s\t;r‘ <}:>Cr033bar « Sends data and address to the DMA
," Register module when suitable
- AN J
& e Controls the crossbar
< [ ey e
'y ‘\‘ < busy I
v <€—rd_busy
| E—valid

DMAC ——or



continued (ISR) ...

— Status (00: ready to receive request, DMAC is also free;
01: packets are being sent to DMAC from ISR;
1 10: ready to receive request, but DMAC is busy)

[5:0] reques

L L1 L—enDirection (1: Peripheral wants to write;
0: Peripheral wants to read)
———& Data Length (00/01: Word;

10: Halfword;

11: Byte
# Priority (1: don't care if DMA busy;

0: wait if DMA busy)

& Peripheral ID (00: No request;

01/10/11: valid ID)

Three packets to be sent to DMAC (via DMA Reg) from
ISR:

mode: encapsulates the 6-bit request from the
Interrupt Handler

init addr: the starting address of the SRAM
available for the DMAC to read or write

range: how many transaction the DMAC would do
with the SRAM

With appropriate request, the ISR:

Turns on the

Sends 32-bit at address
©x0000 ABCD

Sends 32-bit at
address Ox0000 ABCD + 1

Sends 32-bit at
address ©x0000 ABCD + 2

Turns off the




continued (ISR) ...

250,000 ns S00.000 ns 520.000 n: 350, 000 ns
PRI T T T N T T T T T Y T 1 PN T T T T T |

clk
reset_n
ISR <@ Handler [5:0] request :
ISR»MLaxi (to DMAC) [31:0] data 0ODDO0ED BOCE0E0S
ISR»MLaxi (to DMAC) [31:0] addr 0ooooo74 00DDabee BO002be T
[1:0] status &
dma_busy
M1_axi_wbusy
M1_axi_rdbusy

axi_stb

O New is LN Latch the LN Load into LN Load LN Load LN is now busy.
coming from ID: 2 m . . into . . 00

; : o Send as
(‘b10_0600) via is free to Load Load Load ‘bloto

write. 0x0000_ABCD into 0x0000_ABCD+1 0x0000_ABCD+2
into . into . at next

P to load
repare to loa vosedge

and at Send as Wait until
next posedge k. ‘bo1l. is free to write. Stop accessing

Wait until . Al e
is free to write. > posedge




DMA Register

<€—[1:0] sequence
DMAC <€—[31:0] data
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DMA Register

\

_/

% ——[31:0] data—
\ ——[31:0] addr—
“‘i—reg_enable—)i

 Verifies the address (0x0000 ABCD)
from ISR

e Transfers , ,
packets from ISR to DMAC

* Sends 2-bit info to DMAC for
discerning those three 32-bit packets



continued (DMA Reg) ...

ISR Handler

ISR M1_axi

ISR M1_axi

DMA Reg <@l S1_axi
DMA Reg <@l S1_axi

DMA Reg > DMAC
DMA Reg B DMAC

LN Valid

clk

reset_n

[5:0] request
[31:0] data
[31:0] addr
[31:0] data
[31:0] addr
[31:0] data
[1:0] sequence

LN Copy

220,000 ns

213
fEbF37a]
0ODOO0A 74

s Telslelelole
GOOOO000

from

N Valid

280, 000 ns

|

QEQ0RGZE0 EoOoR00s0

CoOCOabce
QEIO00Z0

EOG0abcd

UU:UJL;J
fbbF37a1 VOGO, . .
ﬂﬁﬂﬂﬂn_é Gooooono
QOGGHGHEE :

g

Copy

300,000 ns

oao. .
QO0OC00G0A

LRG0

from
to

COL000a0

I
OD03abce
I

LN Valid

350, 000 ns 350,000 ns

DE0O0COS
COO0abe T
Qea. . . OEIE00E5 Bea. .
DOO00C00

QOO00QGO0 coe0abcf

QORI 0 COEEGEES

3

N Copy from

O (0x0000 ABCD+2)

to

LN
™N (0x0000 ABCD+1) m
detected from Tell

0 (9x0000_ABCD) to
detected from Tell this is the

15t packet.

detected from Tell this is the

3" packet.

this is the
2" packet.
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ISR (CPU)

y >

—DMA_bus

\
_/

DMAC

-
\

——i31:0] data=—>

—[1:0] sequence=>»

DMA Register

i—[31 0] data—>»
—[31 0] addr—)‘

l_aXI enable—)-

—[2 Olaxi_op—>»

Master_2
AXI

'(—[31 0] data—'

\ f( busy
v €——rd_busy
\ i —valid

DMAC

<:>crossbar

* Has 3 registers to save
packets from DMA

’

Register module

e Starts transacting with SRAM after
saving all three packets

* Keeps HIGH  during
transaction with SRAM

* Continuously polls if the priority bit
(within ) is HIGH



continued (DMAC) ...

250,000 ns 280,000 n=s SO0, 000 ns 220, 000 ns =40, 000 ns =260.000 ns S20, 000 ns 400, 0ac
| )Y TN S Y N N Y N Y N A Y N N N N N N [ S Y N (Y N N Y N A S |
clk
reset_n
DMAC ‘DMA Reg [31:0] packet [RECKMEElEEl BOBOOEZ0 OBG0000 DEOBOBES
DMAC <@@IDMAReg  [1:0] sequence g 1 ' e

[31:0] mode BO0G0600 BO060620 '
|
[31:0] init_addr GO000000 BO0000E0

1
[31:0] range 00000000 DDDDD0ES

local
variable

&)
<
>
(@]
w
Py,

dma_busy

o Input 5 Save the o Input S Save the L Input 5 Save the

N N B into [ ™ is | into [ ™ is | into

‘dl, so the var. ‘d2, so the ‘d3, so the var.
Assert the

must be must be must be

mode. init addr. range.

> > > high.




continued (DMAC) ...

400,000 ns 420,000 ns 440,000 ns
P T

clk

reset_n

[31:0] mode
. [31:0] init_addr
[31:0] range

DMAC WP ISR dma_busy
DMAC B> M2_axi  [31:0] addr
DMAC <@@M2_axi  axi_rdbusy

DMAC I M2_axi

GOo00000

QEO00000 Q000G0E4

axi_stb

is ready to access is free to read.
. Output
is high.

is free to read.

LN
Q) |oad

™ 5x0000 0060+(4) at
next posedge

Load
OXx0000 0060 at next
posedge

o

But why increment by 4 (instead of 1)?

o

520.000 ns
I T -

450,000 ns S00.000 ns 540,000 ns
Ll Ll

Q0000020
le[eleleletelSTe]
DOOOBoOGS
[eleelelelele

[elelelelelesots Q00000EC

Repeat for
LM 9x0000_0060+(4x3),
LN O0x0000 0060+(4x4),
Lﬂ\ 0Xx0000_ 0060+(4x5)

is free to read.

Load
0Xx0000 0060+(4x2)
at next posedge

o o

560,000 ns

S80.000 ns
Ll

Q000EO74 [eleceleleeTele]

is free to read.

But is
exhausted.

Assert the
low at next posedge

Stop accessing
at next posedge




SRAM Wrapper

JEeoge— o Encapsulates 4 banks of SRAM block,
4 Y = each sized 16x32x8
SRAM_1
Sl 2
crossbar<:> o ) SRAM_2
= SRAM_3
L P \[_SRam 4 ]

__________________

——31:0] data—>»
——[31:0] addr—!

1
\ F——mem_enable=»
1



Overall Hierarchy

9. test
® DMAC : top_RTL (¢ / N - \
< @ dummyP : axi_wrap_proc axi_wrap_proc.sv axi_wrap_dma.sv \
® I5R: dummyProcessor (_) 9
® master: axi_master dummyProcessor.sv j[€=P»]axi_master.sv axi_master.sv [€&»{ dma_ctrl.sv
® dmacC : axi_wrap_dma
® dmaControl : dma_ctrl \ S/ \ A /
@ master: axi_master / \ 5,
® dmaREG : axi_wrap_dmareg I ’ (mem interface.sv\ E ( )
@ slave : axi_slave _ 2 DAY axi_slave.sv [€&»{dma_reg.sv
® dmaReg : dma reg sram_compiled.sv 3 .
» @ SRAM : axi_wrap_mem sram_compiled.sv| [€>] axi_slavesv | lg 5 S \. axi_wrap_dma.sv /
@ slave : axi_slave
- sharedmem : mem_interface_dmem sram_compiled.sv
@ genblkl[0).dcell : sram_compiled_array sram_compiled.sv
» @ genblkl[1).deell : sram_compiled_array k

® genblkl [2).dcell ; sram_compiled_array & axi_wrap_mem.sv j top RTL sv

» @ genblkl[3].deell : sram_compiled_array
@ »barCentral : crossbar




CPU writes to SRAM

DMAC reads from SRAM

clk

reset_n

. [31:0] addr
=¥ [31:0] data

- [31:0] data

clk

reset_n

) [31:0] addr
DMAC » M2_axi ,
- axi_stb
) [31:0] data
DMAC « M2_axi o
axi_valid

DATA we wanted [31:0] data

ARooC

Q0000000

SRAM Transactions

(eleleeelelele

500,000 ns

510. 000




Upcoming Plans

»Add cycle-stealing mode

* We've only introduced burst mode.

» Attach three dummy peripherals
e with the Interrupt Handler

» Complete the physical layout
e with partitioning



Questions?
Comments?
Concerns?



