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Mode of operation B

Cyclone V 5CSEMA4U23C6 FPGA

RST

v

v

NIOS I

Performance-optimized = s = = & =

soft core 32-bit RISC
processor

TRDB-D5M controller
+ DMA controller

To be done by a diffent team

DDR3 SDRAM HPS I/F
< 5

32-

bit

SW On-chip RAM

ILI9341 driver I/F
+ DMécontroller

LT24 daughter card

240RGBx320 ==

a-Si TFT LCD module

LCD data and control interface

D driver

2 x4Gb
DDR3
SDRAM

S43TR16256A-
15HBL

LCD controller IP by Marcos Oliveira in January 12th, 2017.

Slide: 5




Cconstraints

18.3 AC Characteristics
18.3.1 Display Parallel 18/16/9/8-bit Interface Timing Characteristics (8080- I system)

« Control signals

e ,{ synchronous with Avalon
to | [N . le [=] )
= I o clock -> 50 MHz
=<1 - Writing cycles should last 4
Wrie) y X
R — clock cycles fo meet the
. v min twc of 66 ns.

B e —— E— « Read cycles should last at
== =r=e=r least 9 cycles to reach the
" EE Wiite Cantrol pulsa L duration ?E EE — trCfm Of 450 nS'

[ | cememein a0 [ o [ m .

| — 8 « Dummy data in read cycle
o e—w « Handled in SW as performance

g Ea e i e not important for read accesses

Note: Ta =-30t0 70 T, VDDI=1.65V to 3.3V, VCI=2.5V fo 3.3V, VSS=0V

: _ 50 MHz  __
Maximum frame refresh rate: I1x240<320 16276 HZ.
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Freatures

LCD controller IP features
A: Processor writes data to ILI9341
B: DMA engine writes data to 1LI9341

IL19341 write access Yes
IL19341 read access Yes

Modes of operation

Multiple buffering Implemented in SW
Number of buffers Not limited by the IP (limited by off-chip memory)
Max Frame rate 162.76 Hz

Minimal interval

configurable by PUSHBUTTONS / SW
between frames

Frame receiveid Ack  Accessible by the Arduino interface DO pin

FIFO size 256 words (1 M4K)

StartAdress configurable by SW

EndAddress configurable by SW

DMA Request Mode New request only after current is finished
DMA burst length configurable by SW (2-256) (could be 1024 if FIFO up)
FIFO threshold configurable by SW

IRQ support Yes

IRQ masking configurable by SW

DMA sync rst set by SW

Debug LCD FSM Yes

Debug DMA FSM Yes

Debug DMA Addr Yes

Debug DMA RX DATA Yes
Debug Pushbuttons Yes
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Register Map

Table 1: LCD controller IP Register Map

32-bit word offset Byte offset Type Register Name (W / R) Default Value
0= 00 Ox00 W SendCommand [ - 00
(01 Ox04 RW SendData / ReadsData 0x0
002 008 RW LCDOn 00
003 0x0C RW LCDResetN 00
004 (10 RW -/ DataReadFromILI9341 -
005 Ox14 RW MaskIRQ)(1) 00
005 Ox14 RW ForceIRC)(0) 00
RIS (x18 RW DmalrqAck / LCDFSMState 00
007 0x1C RW DmaSyncHst(1) / DmaFSMState(1) 0x0
007 0x1C RW DmaFire(0) / regDmaFSMState(0)  0x0
(08 020 RW DmaStartAddr /DmaAddr 00
009 Ox24 RW DmaEndAddr/ DmaRxCount 00
(c0A (28 RW DmaBurstCount 0x0
(0B Ox2C RW DmaFifoThreshold (0
(OC (30 RW OpMode (0
(0D (34 R -/ KEY_N -
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LCD controller IP

&II{

LCD controller_inst

clochk

AS_Address[3..0]

d5

cli

address
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waitrequest
read

Write
readdata
writedata

exponrsx
exportcsy
exportdex
exportwr
exportrdy
exportd
exportlcd_on
exportkeyn
exportirgack

reset_n

irg

address

read
waitrequest
readdata
readdatavalid
hurstcount
hyteenable

Interrupt_sender
AS_IRQ|

avm_m0
AM Address[31..0

AM Read]

Al WaitReques

AM ReadData[31..0]

AM ReadValid]

AM_BurstCount[10..01]
AM_ByteEnable[3. O]

LCD _controller
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ILI9341 <-> LCD controller IP

Cyclone V 5CSEMA4U23C6 FPGA

Software Processor : 2x20 pins ILI9341

System GPIO_O a-Si TFT LCD driver

D[15:0]
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LCD controller IP block diagram
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PS: KEY_N and IRQAck are not shown here, and some of the pin names maybe slightly different
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LCD control
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Avalon Slave Signals

|- Read Waveforms

clk [ L LI [T
read / 1\

write

chipselect / 1\

waitrequest ,_l" \ /

address K 20 A

readdata X oo X

|~ write waveforms

clk S [ [ G

read

wirite _;'r 1'\ Jlr 1|L
chipselect _f 1\ J'r 1'L
waitrequest j—‘\ f 1|I. .Ilr
address :Im Ja ) e X
writedata :H Do fo X joz X
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DMA IN -
e n g I e -— default wvalues
AM Rddress <= (others => '0');

M ByteEnable <= (others => '0");
AM BurstCount <= (others => '0"});

LM Read <= 10';
dma irg <= '0';
case dma s is
when walting => -- walting for firing the whole DMA frame transfer
if regDmaFire = '"1' then
dma = <= avalon;
dma addr <= regDmaStarthddr;
end if;
when avalon => —— digsuing DMA burst transfer
&M Address <= std logic vector (dma addr);

AM ByteEnable <= (others => '1'});
AM BurstCount <= std logic vector (regDmaBurstCount):

clk LM Read <= '1";

__j————————q if AM WaitRequest = '0' then -- the command was successfully =sent?
e dma_s <= transfering;
waitrequest __j 1 ! dma:Ix_cnt <= (others =» '0');
address :IM | end if;
EOThEET :Ia I when transfering =>
if dma rx cnt »>= regDmaBurstCount then -- transfer receiwved
byteenable ::]BE I if unsigned(fifo wrusedw) < regDmaFifoThreshold then -- there is space?
reacddatavalid f \ f H if dma addr >=_IegDmaEndAddr then -- is the whole frame finished?
readdata oo X Jor Yoz | dma_s <= irgreq:
else —— frame not finished, new transfer then
dma = <= avalon;
dma addr <= dma addr + regDmaBurstCount;
end if:;
end if;
elsif dma rx d = '1l" then -- if transfer not complete and data comes
dma rx cnt <= dma_ rx cnt + 1;
end if;
when irgreq => —— izzuing interruption regquest
dma irg <= "'1';
if reghmalrgick = '1' then ——= iz the interruption acknowleged?
dma s <= waiting:;
end 1f;
when others => null;

end case;

-- delaying cnt wvalue for aligning with fifousedw
dma rx d <= AM ReadWValid;

—-— zync reset DMA

if regDmaSyncRst = '1' then
dma = <= waiting;
end if:;
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Asymetric FIFO

fifo * Quartus IP
* Asymetric FIFO

k— data[31..0] « WIDTH IN = 32 bits

k— wrreq « WIDTH OUT = 16 bits
F—wrclk  wrusedw[7 0] « Show-ahead synchronous
k—{rdregiack) q[15..0]= LWRUsegWworn ﬂag
klrdelk  rdusedw[8_.0]F— * RD used word flag

32 bits x 256 words
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IRQ Interface

|~ Block Diagram | \ [ Parameters
Associated addressable interface: |z |
interrupt_sender Bridged receiver offset: 0
interrupt_sender Bridges to receiver: none vi
. AS_IRQ
irg
|~ waveform
null

S T o O O
irg J’ 1l_

PS: According to Avalon Interface Specification, IRQ Acknowledge has to be implementation
specific, that is implemented by the user.

0x06 0x18 RW  DmalrqAck
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Modelsim Simulation Write Cycle

fled_top_tb/nReset

fled top tb/AS Address ¥.0 Yi o i Yo
fled_top_tb/AS_ChipSelect ~| [ | ] [T
/led top tb/AS WaitRequest | |
fled_top_tb/AS_IRQ

fled_top_th/AS_Read [ e
fled_top_tb/AS_Write ™| ]

flcd_top_tb/AS_ReadData 00000000

fled_top_to/AS_WriteData ~}-00000000 Y 0000..._{ 00000000

fled_top_th/Clk | | | | |

fled_top_th/CSx

fled_top tb/DCx [

fled_top tb/WRx |

fled_top_tb/RDx

fled _top tb/DUT/led control_1/D_tri |

Nled_top_tb/D {008 }
/led_top_th/DUT/led_control_1/ReadFSM [T
Nled_top_tb/DUT/led_control_1/WriteFSM [ | ]
/lcd_top_tb/DUT/led_control_1/state ~ IDDLE YWRITE (WR]. YEDG.. YFINl. YTDDLE {READ Y READ [ WA
fled top tb/DUT/led control 1/ent @ il
lled top tb/DUT/led_control_1/ReadDataFSM — 0000000000000000
fled _top tb/DUT/led control_1/D_in {0000000070007000 }

fled_top_tb/DUT/LCD_ON
fled_top_tb/DUT/RSx _|
fled_top_th/Clk |
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Modelsim Simulation Read Cycle

fled_top_th/nReset
fled_top_tb/AS_Address O
flecd_top_th/AS_ChipSelect

1
1
/lcd_top_tb/AS_WaitRequest |
1

{0

Nled_top_tb/AS_IRQ
flcd_top_tb/AS_Read |
Ned_top_th/AS_Write

fled_top_tb/AS_ReadData — 00000000
fled_top_tb/AS_WriteData TU&DDDDO

fledtopto/Clk | [T [ L [ | [ LT L[ LT LT] L rrrr LI
]
1

/lcd_top_tb/CSx

fled_top_th/DCx

fled_top_th/WRx

fled_top_tb/RDx
lled_top_th/DUT/led_control_1/D_tri
/led_top_th/D
fled_top_th/DUT/led_control_1/ReadFSM
fled_top_th/DUT/led_control_1/WriteFSM

flcd_top_tb/DUT/lcd_control_1/state  TDIDLE Y RE.. [ READ_L WAIT YE.
fled_top_th/DUT/led_control_1/ent 0 Y1 Y2 3 Yé HE] I 7 8 J {10 111 112 13 | K] Y15
/led_top_th/DUT/led_control_1/ReadDataFSM —0000000000000000 —

Nled_top_tb/DUT/led_control_1/D_in
fled_top_tb/DUT/LCD_ON
fled_top_tb/DUT/RSx

fledtopto/Cl | [T [ L [ L [ LT L[ LT LT] LI L
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Modelsim Simulation DMA Engine

fled_top_th/Clk [ TTTTLIITTUUTUUUU U TUUUUTUUUTUUUrUUurirpuiu ooy uo gy

fled_top tb/DUT/AM_Address ~0000... [{ 00... ¥ 00000000 Y - 00000000 { - 00000000

fled_top_tb/DUT/AM_ByteEnable "0 [{F ¥ 0 (Y0 (1o

lled_top tb/DUT/AM_BurstCount ~ 000 {004 Y000 f{ ¥.000 { J.000
{lcd_top_tb/DUT/AM_Read [ [ [

fled_top_tb/DUT/AM_WaitRequest = | ]

led_top_tb/DUT/AM_ReadValid ninininl nEnEnEE niipiinin
fled_top_tb/DUT/dma_rx_d LT LT L T T LTI

/led_top_tb/DUT/AM_ReadData —0000000 0000 (Y 0000 ¥ ¥ ¥ ¥} )-}-000000p0

{led_top_th/DUT/regDmaFire [

fled_top tb/DUT/regDmaStartAddr 0000010

fled_top_tb/DUT/regDmaEndAddr "{.00000108
/lcd_top_tb/DUT/regDmaBurstCount .. 004

{led_top_tb/DUT/regDmaFifoThreshold ... Y 10

fled_top_th/DUT/regDmalrgAck [

fled_top_th/DUT/regOpMode

/led_top_th/DUT/dma_addr ~00... 00000100 00000104 Y 00000108

fled top te/DUT/dmairg | L

s

lled_top_tb/DUT/dma_s wai... Y[a... ¥ transfering Y ¥.transfering { ¥.transfering Y irgrég ¥ whiting
lled_top_tb/DUT/dma_rx_cnt 000 Y Xy yooo Y. (. fuod
fled_top_th/DUT/fifo_wrreq LTI LT
/led_top_tb/DUT/fifo_data ~ 0000000 Y)Y }-)}- 000000

fled_top th/DUT/Hifo rdclk

/led_top tb/DUT/fifo_rdreq

fled_top_tb/DUT/Hifo_g 0000 ¥ 0200
lled_top_tb/DUTHifo_rdusedw 000 yroYJy.yooe Y.y ..y..Yoto 018
fled_top_tb/DUT/fifo_wrusedw 0D | S S ) L A O oC
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Logic Analyser

Start a i ¥ Annotations
00 LCD_ON  &x 4/%»

01 RESET_N x

¥ Analyzers

¥ Decoded Protocols

O= Capture
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