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PhD candidate @ U-Tokyo

Amateur FPGA programming, RISC-V,

PCB design, ZYNQ, Maker Faire, etc

2.124920][

S 2.160567]
3.667140] [
3.692300](
-762849]

B 7.297400](
7.330510]
29.232354]

Y 29.292467](
29.292467](
29.324626](
29.324626][
30.521493](
40.972442](

& 43.275265]

20 -319761]|
209.346633][

Printk: bootco,

start

end pl
] del

ator

disableq

itialized
€. jiffies:

mask: OXFFFfFfes max_
tab1.e entries: 256 (order: 0, 71

¢ console
ootcons

R
0 and lin ¢ 1 rey_task ¢y giounting Iproc
(0 bits) S A

cycles: oxfree,
68 bytes,

e riscv_(locksource
ns

=30 Max_order=14 bucket_order:e
egistered 2

L at mM10 0x93606000 (irg = g, base_ba
bled

[ttyuLe] enableq
ole [sbi0] disableq

nsole [sbie] disabled
plist test

ist test
VM_pgtable:
isabling unu:

[debug_vn_pgtabie

sed clocks

Je Validating archi tecture

"en) memory: 5844K

ting shell -
/S:/‘sr\? €an't access tty; job control turned o
/#s
jst
¢
helloworld
u/ # uname -a

5
DrOaB~Foom

b




Table of Contents

- Open-source FPGA toolchains
- Now Zynq (demo)
-  What does this mean

- Future



Open-source FPGA
Toolchains



From iCE40 to Kintex 7

- lcestorm for Lattice iCE40, in 2015
- PrjTrellis for Lattice ECP5

- Project Apicula %$ for Gowin

- F4APGAfor Xilinx 7 Series

- OpenXC7 supports Kintex 7

ice40hx8k, 8K LE
Ife5u-85f, 85K LE
gw?2ar, 20K LE
xc/a200t, 200K LE
xc/k480t, 480K LE




- PicoRV32, UberDDR3, Quasi SoC (No-MMU), KianRiscV, SD Card, HDMI, MMCM,
IOSERDES 9 Angelo Jacobo - 1=

Digital IC Design Engineer | Top #1 in EC---
Imo G)

- Spartan 7/Artix 7/Kintex 7, Zynq 7000 PL, GTP, Artix 7 PCle

UberDDR3 now runs on OrangeCrab ECP5 FPGA §8
The open-source journey continues! ---more

o Hans Baier @hansfbaier@fosstodon.org & B

@hansfbaier

. Avyear's worth of work and headache. Being stuck 95% of the time.
Ru ns on A R M M ac h Ines Finally the first square wave coming out of the Kintex7 GTX transceiver,

gvnUeoYOYYYY
using openXC7 the full open source FPGA toolchain.

(Apple M1 included)

Runs in Docker




Now Zynq!



Double trouble?

- “Unique” PS + PL structure
Zynq PS

GP Ports |

2x ARM A9, DDR3 (32 bit) X
ETH/USB/...

Flexible pins e
Boot (64 bit) s
Linux / RTOS O e
(64 bit)
GPIO
(2x 32 bit)

https://pyng.readthedocs.io/en/latest/overlay_desi
gn_methodology/pspl_interface.html

FPGA fabric,
HDMI/ETH/LED/...

S
S
M
M
M
M
M
M

Custom Logic
bitstream

=




Are you confident...

Building a Zynq BOOT.BIN firmware by yourself?

- How long does it take?

§ bit bit
Q PL Bitstream FSBL

PS Configuration PS7-initc User App

xparameters.h

fsbl.elf
UserApp.elf

Hundreds of mouse clicks!



ps7/_init.c
- 100+ reg writes

- Zynqg 7000 SoC Technical Reference Manual (UG585) s

- PLLs

- Clock Fregs

- DDR(TODO)
- MIO MUXs ENIT MASKWRITE(

- Peripherals

EMIT_MASKWRITE(

- Debug (???)

EMIT_MASKWRITE(




OpenXC7 + GenZ

- BOOT.BIN in 5 minutes

- Awesome through 2035
OpenXC7
. Antmicro
PL Bitstream zyng-mkbootimage
(Pure Verilog)
Xilinx
GenZ — - Embeddedsw + fsbl.elf
ps7_init.c GCC UserApp.elf
i Xxparameters.h
PS Configuration FSBL

(Text conf) User App




What does this mean?



Enjoy RP2040? How about Zynq!

RP2040 Zynq 7010
“pPS” 2x Cortex MO+ @ 133 MHz 2x Cortex A9 @ 667 MHz
264 kB SRAM 256 kB OCM + DDR
UART, SPI, etc UART, SPI, SDCARD, etc
USB 1.1 USB 2.0, 1Gbps ETH
“PL" 8x Programmable 1/Os Modules 28K+ LE
/O 30 GPIOs 80+ HR I/Os
Price <€5 €10 - €200
Toolchain Cross platform, FOSS x86 Win/Linux only, Proprietary
@pico-sdk-ZJ.O.tar.gz &, Vivado HLx 2019.1: All OS installer Single-File Download
23 MB Nov 25, 2024 (TAR/GZIP - 21.39 GB)
U.S. Government Export Approval




Enjoy RP2040? How about Zynq!

RP2040 Zynq 7010

“pPS” 2x Cortex MO+ @ 133 MHz 2x Cortex A9 @ 667 MHz
264 kB SRAM 256 kB OCM + DDR
UART, SPI, etc UART, SPI, SDCARD, etc
USB 1.1 USB 2.0, 1Gbps ETH

“PL" 8x Programmable 1/Os Modules 28K+ LE

/O 30 GPIOs 80+ HR I/Os

Price <€5 €10, €60 - €200

Toolchain Cross platform, FOSS Cross platform, FOSS

@pico-sdk-2.1.0.tar.gz
2.3 MB Nov 25, 2024

docker pull regymm/openxc?

git clone https://.../GenZ
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- Boards are available

shop.trenz- electronlc de Poal) S
p. Similar Product

ZyngBerryZero, ~€100

Trenz eIectronlc

- Upcycled boards set price at €10
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Possibilities unlocked

- #1 No DDR SD Boot

- Not supported officially, was not convenient

OxFFFFFFFF  FSBL Memory Map

DMA OXFFFF_FFFF
OxFFFF_0000

OXFDFF_FFFF

Bitstream

0xFCO0_0000
0x0003_0000

0x0000_0000

Simplest Solution
OxFFFFFFFF  Memory Map (OCM)

?E'-

>
r
2}

SDCard

OXFFFF_FFFF

OxFFFF_0000

0x0003_0000

0x0000_0000

https://xilinx-wiki.atlassian.net/wiki/spac
es/Alpages/2418900993/Zynq+7000+T
ipstand+Tricks




Possibilities unlocked

- #2 Overclock &

+cpu_mult_template='EMIT_MASKWRITE\(OXF8000100, 0x0007F000U ,0x000XX000U\), "
+cpu_mult_find="\s'"${cpu_mult_template/XX/(..)}"

- hz12o0 pensou rce/ | I b reSd r +ddr_mult_template='EMIT_MASKWRITE\(OXF8000104, 0x@007F000U ,0x000XX000U\), "
+ddr_mult_find="\s'"${ddr_mult_template/XX/(..)}"

- Genz z7000_ps_param_900 = {
"freq' : { 'crystal' : 33.333333333,
'apu’ : 900.0
}
}



#3 PL bitstream built on PS itself
It’'s an ARM anyways

: SA placement time 1.90s

: Max frequency for clock 'FCLK_CLK_buffered[0]': 145.50 MHz (PASS at 12.00 MH

legend: * represents 1 endpoint(s)
+ represents [1,1) endpoint(s)
76460, 76788) |**x*
76788, 77116) |*
77116, 77444) |*%*
77444, TTT72) |**
77772, 78100) |**
78100, 78428) |**
78428, 78756) |**
78756, 79084) |*
79084, 79412) |***
79412, 79740) |** P
79740, 80068) |**
80068, 80396) |**
80396, 80724) |**
80724, 81052)
81052, 81380) |***
81380, 81708)
81708, 82036)
82036, 82364) |*
82364, 82692) 2120 xilinx
82692, 83020) |** 1706
: Checksum: Ox05ea868f 2106 xilinx
: Running post-placement legalisation... 814
: Tieing unused PS7 inputs to constants... 1
: Routing global clocks... 1341
routing clock 'FCLK_CLK_buffered[©0]' 1445
: Running router2. F1 F2;
: Setting up routing resources...

OpenXC7runson 1 GB mem HEEEaeess

https://www.youtube.com/watch?v=XkAzzpYiAUg



https://www.youtube.com/watch?v=XkAzzpYiAUg

- 2Zynq 7030, 7035, 7045, 7100 now supported by OpenXC7 + GenZ
- Would have transceivers and PCle blocks, DDR3 on PL, ...

AX7Z100B, alinx.com



Future



- DDR3? PetaLinux? More |IP cores?

- More IP cores w/ Open Source Toolchains?

Start here! Name FPGA Part Backend Top Module ‘What mode do you want?
basys3 Auto (xc7a35tcp Auto (openxc7) top GitHub Project

Verilog source file

1 // Basys3 test
2 /] by petergu 2023.4.23
3

Constraint file
1 ## This file is a general .xdc for the Basys3 rev B board =
2 ## To use it in a project '
3 ## - uncomment the lines corresponding to used pins timescale 1ns / 1ps
4 ## - rename the used ports (in each line, after get_ports) according to 4
5 5 module top(
input CLK100MHZ,
output [15:0]LED,

6 # Clock signal 6
7 set_property PACKAGE_PIN WS [get_ports CLK100MHZ] 7
8 set_property IOSTANDARD LVCMOS33 [get_ports CLK100MHZ] 8 input [15:0]sw
9 #create_clock -add -name sys_clk_pin -period 16.00 -waveforn {6 5} [get_ 9 %

6 reg [31:0]cnt = 6;

11 # Switches always @ (posedge CLK16OMHZ) begin

12 set_property PACKAGE_PIN V17 [get_ports {sw[0]}] 12 ot <= cnt + 1;

13 set_property IOSTANDARD LVCMOS33 [get_ports {sw[1}] 13 end

14 set_property PACKAGE_PIN V16 [get_ports {sw[11}] 14 assign LED[7:0] = cnt[31:24];
15  set_property IOSTANDARD LVCMOS33 [get_ports {sw[11}] 15  assign LED[15:8] = sw[15:8];
16 set_property PACKAGE_PIN W16 [get_ports {sw[2]}] 16 endmodule

17 set_property TOSTANDARD LVCHOS33 [get_ports {sw[2]}] 17 .
18 set_property PACKAGE_PIN W17 [get_ports {sw[3]}] 18 O n | I n e S e If— h Osta b | e
19 set_property IOSTANDARD LVCMOS33 [get_ports {sw[3]}] ’

20 set_property PACKAGE_PIN W15 [get_ports {sw[41}]

21  set_property IOSTANDARD LVCMOS33 [get_ports {sw[4]}] "
ot - FPGA dev platform

No reply from server.

Fetch & Show Log Download Log Program Bitstream.... Download Bitstream

‘WebUSB programmer log

loader initial

Compilation log

1o loaded

https://caas.symbioticeda.com/

release on CrowdSupply soon”

PlutoSDR/Openwifi:
Why only on Xilinx FPGAs?



https://caas.symbioticeda.com/
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Thank you!

- github.com/regymm/GenZ

- github.com/openXC7


http://github.com/regymm/GenZ
http://github.com/openXC7/

