Cariboulite « overview
FPGA / SMI  « Architecture

* Firmware <& Software
* Firmware top level

* SMI I/F
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Portable
SDR?

Small and self-contained SDR

RF
(SDR Front-End)
We wanted to make a
portable RF board that @ Some “communication”
connects to an existing
compute unit A popular Tiny computer

(SDR Baseband)

>70% of the RF board
(the front-end) should
be RF components!
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Portable
SDR?

The platform problem

e We want to focus on
RF, not Compute

 So, which is the best
platform?

Labs

TEENSY 4.1

+++ Cheap
++ Popular
+ NXP-FlexIO

--- Performance
--- No Linux
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++ Performance

+++ Popular
(community)

+++ Cheap - Affordable

-1/Q ce?

Jetson Nano

+++ Performance
++ Popular
+ Al

- Expensive
-- 1/Q Interface?
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Top
Structure

'f __________________________________________________ I
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* FPGA mediates between ! <—> :
LVDS and SMI L jp VRS 77 wly 0 =

* SPI—controlling FPGA E ) .. ICE40 AT86RF215 E
functionality ! !

* FPGA programming — i i
done by RPI (Lattice SPI) e e e s e e )
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RASPBERRY PI

FiIrmware
&

Software

CMAKE
Vs 7 e j2/2 727 72 77 Z
FPGA Firmware CariboulLite Raw Driver ' Device Tree Overlay
‘ = [
| IceStorm Toolchain for ICE40 user-mode / libCariboulLite } Device-Tree Compiler

|
v v v

static library gr-cariboulite shared object

e

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

 Verilog — Yosys + NextPNR =» code blob in C/C++

| n teg ra t | O n * Device tree — DTC =» code blob in C/C++

* One CMAKE project = SoapySDR, GnuRadio, static-lib

e Allinside Raspberry Pi
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TO MODEM (LVDS)

P

A
r;: cc £ 1
" 555 s
IrMmware
B EE ii‘
253 oo
"—------------- L R B B N N N l--------------—\
[op-Level ' :
| _ 4 i_glob_clock
| - ) O_rx_h x|
' LVDS CLOCK g orx_h tx Ib
: DISTR. § o_tr_vct
] g o_trvci b
| § o_tr_vc2
. # o_shdn_tx_|
* Three controllers with bus L ) ¥ oshinncia
. i smi_addr[3:1]} 4 : 0_mixer ey
¢ SYS‘CtrI i_smi_soe se ! & 1o mixer im _J
|_sm|_swe_srwd . = _fm,
- 0 smi read re
* 1/0-Ctrl «0_smi_write_rel 2 /0 CTRL :i button B
_ iO_Smi data[7: B L} i_Conﬁg[?):O]
« SMI-Ctrl P L :
: 1 0_led0 N
R \ e pmod7)
I_mosi -
. i_sck : Nz !
* SPI I/F controlling all s K
0_miso '
_ : SPII/F SYS CTRL :
. . ] \ } :
* Digital clock: 125 MHz : .
INT. BUS
: LOGIC VEC,I :
| —205 ,  EXTBUS CaribouLite FPGA !
|
\ !
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SMI Signals

* Two operation modes
* Mode-80
* Mode-68

* Cariboulite uses:

8-bit data (out of 16)
3-bit address (out of 6)
Read-Req. / Write-Req.
Mode-80 signaling

BCM2835/6/7 | BCM2710A1 /

Data[15:0]
Addr[5:0]
>
« Read Req or
«Write Req } Data16/17
OE / Enable

A\ A 4

WE / Direction

BCM2837A0/B0 / BCM2711
AXI
BUS
>

ARM
CORE INT SHl

DReq

MODE-80/68
Thank you,
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SM

Performance

e Standard configuration:

SOE strobe: Ty strope = 2 CC
Bus Freq.: F;,, = 125 MHz
Data Len.: L;,;, = 8bit
Potential:

P wnN e

=95 =
BUT:

S = Fbus/(Tsoe,strobe+1) * Laata

5
* 8 = 333 Mbit/sec

Read and write share Data[7:0]
Channel config takes time (address)
We use only 8-bit data!

Next => 16-bit data
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Data[15:0]

Addr[5:0]

A

Read Req or
Write Req } Datal6/17

A

OE / Enable

Yy Y

WE / Direction

\
BCM2835/6/7 | BCM2710A1 /
BCM2837A0/B0 / BCM2711
AXI
BUS
>
ARM
CORE “INT o
DReq
MODE-80/68
Y,
Thank you,

* van Loo et.al., 2017, Secondary Memory Interface (SMI)

» Lean2, 2020, https://iosoft.blog/2020/07/16/raspberry-pi-srviis
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SMI Performance

DSLogic U3Pro3: ~ '\\\ 1.15min ~ @ 250MHz ® @ N/ / I L o]
15 e

USE 3.0 Options

“‘”‘I o — 322,088 +77 s+ s 47 4 Vs 779233200 ks 77923l 2 s 47 4us  +7792324.00ps 47792324, 16ps Measurement
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DEnahIE flo

E
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* Actual speed can be software-scalable to control EMI
* Faster?

* FPGA (DPRAM) reaction time dependent
Creative Commons Attribution-ShareAlike 4.0 International License. * Next evolution — 16 bit = 666 Mbit/sec
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Data-Path

e Dual-port RAM
* Complex-Numbers queue.
* Back pressure

* Two clock regions —
* LVDS from modem
* Digital from RPI side
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smi_read_req

<

smi addﬂ3:1 3
smi_data[7:0

smi_soe n

o
,_smi_write_req

smi_swe n

o
ioc [4:0]

>
data [7:0]

>
fetch N
load :
clock

w

FIFO RX 0.9GHz

PIO and FIFO I{F

N empty smi_addr—'000 RX
< full N
pull push
: 4096 bits . .
< out_data[31:0] 128 dwords < in_data[31:0]
read_clock write_clock .
pe P = - AT
E LVDS DATA 0.8GHz
FIFO RX 2.4GHz w
t smi_addr="001" ;
4 il - full |
_ 4096 bits , _ ]
< out_data[31:0] 128 dwords < in_data[31:0]
read_clock . " write_clock 7
Ll . g gl gl E
\ 4
LVDS Clock
64 MHz DDOR
X
FIFO TX
’ full smi_addr="100"
N Smpty » | LVDS DATA
push pull
. i 4096 bits :
in data[31:0] > 128 dwords . out data[310] | § h‘i VDS CLK
[ write_clock read clock ” y
PIO and FIFO I/F
TX
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