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Processing System

PS Side 512MiB DRAM
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Global Interrupt Controller |[——>> Arm-Cortex A9 CPU
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RUREBEM Bicubic IP BAZELRIZ

1.

AR

PS #1¥R1C&1E 1P

PS 538 xilffs £ BEFRENGEAX SD card 1R

PS RABNEEEARTER AR VDMA #FE&EA Bicubic IP
Bicubic IP EH5E—1{@ frame Z&HE IRQ

PS EFT:EEE. R VDMA BY frame buffer address

Bicubic IP #tH 52
1. RIESRBTEREH VDMA BB E A frame buffer
2. VDMA B ERGEEHZRKXE] HDMI SRR IP
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Pixel Clock Domain
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VDMA )| n\l:l

VDMA Lt
= 1 DMA — BN IECIERRER » B4 frame BEMEIEMRBE
= MM2S 1 S2MM EMEFILEE ° VDMA REE1TERIE CDC &

Frame Buffer
= 1£ PS-side BLE DRAM ZEf » AU HLEEME] VDMA & read/write channel 2EX
= B F Triple Buffer > write channel BFT&& * read channel EitH A%

GenLock
= B write/read channel [EFRFFENE—1E frame buffer MiEAEEHIH
= write/read channel BY frame rate REIZHF > BENLL skip/repeat H75



Frame Synchronization

EEMFEPH metadata AJETE AXI4-Stream handshake » S EMEHZ fsync pin :
= AXI4-Stream handshake : m_axis_mm2s_tuser[0] / s_axis_s2mm_tuser [0]

= External pin . s2mm_fsync / mm2s_fsync

vdma_high_resolution

“:|+ S_AXI_LITE

bicubic2x_axis_0

bicubic2x_axis_v1_0

- =+ S_AXIS > s_axis_s2mm_tdata[31:0]
m_axis ==

ack > s_axis_s2mm_tkeep[3:0] e
frame_done_irq M_AXI_MM2S =i
9 aresetn > s_axis_s2mm_tlast M
M_AXI_S2MM =i
< s_axis_s2mm_tready B
M_AXIS_MM2S =

|AXI4-Stream Data Width Converter]

axis_dwidth_converter_0

o

-—a

S_AXIS_S2MM

> s_axis_s2mm_tuser{0:0]

mm2s_frame_ptr_out(5:0
> s_axis_s2mm_tvalid SUEULECT R
©mm_frame_ptr_out[5:0]
s_axi_lite_aclk
mm2s_introut m——
m_axi_mm2s_aclk
amm_introut m—

m_axis_mm2s_aclk
m_axi_s2mm_aclk
s_axis_s2mm_aclk
axi_resetn

AXI Video Direct Memory Access



GenLock Synchronization

& VDMA read/write channel [EIFRFBIEIE > master/slave & EEIEARZIIA frame
buffer pointer » ¥ [ERF{ZEVAENR] frame buffer 1S = IR ©

*frame_ptr_out

Write/Read
Genlock Master

*frame_ptr_in

Y

*frame_ptr_in

Write/Read
Genlock Slave

*frame_ptr_out




B ¥ Frame Buffer Address

£ frame done BT EFEERENTER R VDMA BY frame buffer EEZA{IIIL :

Xil_Out32(LQ_VDMA_BASE + VDMA_MM2S_START ADDR + slot * 4u, addr);
Xil Out32(LQ_VDMA_BASE + VSIZE REG OFFSET, (u32) IN H);



First Frame Transaction

First Frame Transaction

qvoma mase £111111111IIIII00
G _____J

+ VDMA_MM2S_START_ADDR | address of frame 1 ]<————— Frame Pointer
[ address of frame 2 ]
r address of frame 3 ]




Second Frame Transaction

Second Frame Transaction

R SR
CIIIIID

+ VDMA_MM2S_START_ADDR [ address of frame 4

)
[ address of frame 2 ]% Frame Pointer
)

[ address of frame 3




Third Frame Transaction

Third Frame Transaction

LQvoMA BASE C___________ "0
C______________.2

+ VDMA_MM2S_START_ADDR [ address of frame 4 )
[ address of frame 5 ]

[ address of frame 3 ]-(—— Frame Pointer




Fourth Frame Transaction

Fourth Frame Transaction

SRR S——
Co .2

+ VDMA_MM2S_START_ADDR [ address of frame 4 ]4(— Frame Pointer
[ address of frame b ]

[ address of frame 6 ]




m{E VDMA BYIHAE

EIEREIRERZ 589 VDMA
= 3EEY 960 x 540 BIMRPER &
» REA AXI-Stream X ZF| Bicubic IP

RIESERITEREN VDMA
= ERIE Bicubic IP #iHAY 1920 x 1080 KPEF G

= Write Channel ##&fRE A frame buffer
= Read Channel #8&HE frame buffer :BEXEEE HDMI SEEIE IP
» RIBEIA frame rate F#EH frame rate REZHIREE



SRES S ER LIRS

k8 DVI 1.0 1920 x 1080 60 Hz FARFAEINT :
= Horizontal Pixel 2200 (1920 active)
= Vertical Pixel 1125 (1080 active)
= Pixel Clock = 2200 x 1125 x 60 = 148.5 MHz



TMDS Encoder # Serializer

g% RGB REFEELSE TMDS 4R 2 B F516EE !
= Pixel Clock 148.5 MHz
= Serdes Clock 148.5 x 10 = 1485 MHz

TMDS Transmitter Cable TMDS Receiver

. 8b/10b .
Display Display
Controller Encode Controller
TX RX
(Graphics card) (Display)

Pixel PLL
Clock

—

Data _b
—»

p=

) 9.9.9.




Clocking Wizard $siH58= _FR

Clocking Wizard B8 PLL/MMCM #0 Buffer 485K :
= PYNQ-Z2 B9 FPGA % speed grade -1
= By DS187: Fuyax_piL = Frax_mmicw = 800 MHz
= By DS187: Fmax_surc = Fmax_surn = 464 MHz

BUFR
IBUFG (CC)

CLKIN1
CLKIN2

GT

BUFH

Local Routing

(not recommended) PLL

{— BUFG
BUFH
CLKFB

CLKIN1
CLKIN2

1T

| MMCM |~ BUFG
BUFH

CLKFB
woa72.c2.01 05281
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AMD /Xilinx, PG020: AXI Video Direct Memory Access v6.3 LogiCORE IP Product Guide.
https://docs.amd.com/r/en-US/pg020_axi_vdma

AMD/Xilinx, DS187: Zyng-7000 SoC (Z-7010, Z-7015, Z-7020) DC and AC Switching
Characteristics.
https://docs.amd.com/v/u/en-US/ds187-XC7Z010-XC7Z020-Data-Sheet

Digital Display Working Group, Digital Visual Interface (DVI), Revision 1.0, 1999.

Digilent, vivado-library: rgb2dvi IP.
https://github.com/Digilent/vivado-library


https://docs.amd.com/r/en-US/pg020_axi_vdma
https://docs.amd.com/v/u/en-US/ds187-XC7Z010-XC7Z020-Data-Sheet
https://github.com/Digilent/vivado-library
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