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1.1 The Pluto family

Pluto Pluto-3 Pluto-lix Pluto-XC6 |Pluto-lIx7

FPGA EP1K10 EP2C5 or XC3S50A or XC6BSLX9 XC7825
EP2C8 XC3S200A

FPGA datasheet ACEX 1K Cyclone 1l Spartan-3A Spartan-6 Spartan-7
HDMI no no option yes yes
Serial interface TXDI TXDI or USB-C |USB-C USB-C USB-C
Logic cells 576 4608 or 8256 1584 or 4032 9152 23360
10 pins (note 1) 41 65 48 or 36 (HDMI) |62 32
LEDs (note 2) 1 2 1or2 5 2
Boot-PROM (note 3) |- 4Mbit 4Mbit 8Mbit 16MBit
External clocks Upto2 Upto4 Upto4 Upto 8 Upto7
On-board oscillator 25MHz 25MHz 25MHz 25MHz 25MHz
Dimensions 58 x28 mm |58 x 41 mm 58 x 28 mm 58 x 41 mm 58 x 28 mm

Note 1: Pluto-lIx boards with HDMI have less |Os available.
Note 2: Boards with USB-C port have an additional LED that shows the USB TxD activity.
Note 3: Minimum boot-PROM size shown here. Actual product may use a higher capacity boot-PROM.

The Pluto boards are controlled through a serial port (USB-C or TXDI). The serial port allows FPGA configuration, and
after configuration host/PC <« FPGA communication.

Pluto boards with USB-C use an CH340 interface chip and appear to the PC as a COM port.
Pluto boards with TXDI require a small CH340 adapter board.

Get your Pluto board from https://www.knjn.com/ShopBoards Pluto.html

1.2 Essential downloads

Once your order has shipped, download the “startup-kit” from your KNJN order summary page. It includes utilities and
example source code.

Then download the FPGA vendor software from one of the links below. The software may require creating a free license.

Board Software

Pluto Quartus Il Web Edition 9.0 SP2 (1.3GB)
Pluto-3 Quartus II Web Edition 13.0 SP1 (4.4GB)
Pluto-11x ISE WebPACK 14.7 (see note below)
Pluto-XC6 ISE WebPACK 14.7 (see note below)
Pluto-11x7 Xilinx Vivado (100GB+)

Note that ISE WebPack 14.7 comes in two versions:
o ISE Design Suite for Windows 10 (virtual machine)
Use this on Windows 10 or Windows 11.

o ISE Design Suite (native Win32/64 or Linux)
Use this on Windows 10 or Linux.
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2 FPGAconf

2.1 FPGA configuration

FPGAconf is a utility provided in the startup-kit and is
used to manually configure Pluto’'s FPGA.

1. Select your board.

2. Choose an FPGA bitfile (click on the browse
button “...”).

3. Click “Configure FPGA”.

For your convenience, sample FPGA bitfiles are
provided in the startup-kit. In particular, try “LEDblink”
and “LEDglow”.

2.2 FPGA boot-PROM

The boot-PROM is a serial flash memory that configures
the FPGA at power-up.

If the boot-PROM is empty or its content is invalid, the
FPGA stays un-configured and ready for manual
configuration.

The boot-PROM can be programmed, verified and
erased.
e To program the boot-PROM, click on the
“Program boot-PROM” button.
o To verify or erase the boot-PROM, right-click on
the button and use the drop-down menu.

2.3 Auto configuration mode

¥ FPGAconf

(=] e |

Boards | Tool:  Options
Pluta

Exit!

@ PFlute-I
Pluto-3
Pluto-P

s

Saxo

Program boot-PRORM

Saxo-L

Hylo

Hylo-LALM

p
Hy FPGAconf

B |

—

Boards Tools Options

Exit!

|Iedg|0w.rbf

Configure FPGA ‘

=

m baot-FRM

[ Auta

™ Auto L\\) Verify boot-PROM
Erase boot-PROM
Pluta-3 FPGA |
Pluto-3  |COMa Always erase before programming

v Verify after programming
v Auto re-configure FPGA from boot-PROM after proc

When the “Auto mode” is enabled, FPGAconf takes action each time the bitfile is updated. Useful for example if you want

to re-configure the FPGA automatically after each compilation.

i -
& FPGAconf ==
Boards Tools Options Exit!
|lediglow.rbt B |
| Corfigure FPGA | | Program boolPROM
v Autg [~ Auto
Pluto-3 FPGA | Clear LOG
Pluto-3  |COM4
A\
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3 FPGA project for Pluto/Pluto-3

Pluto and Pluto-3 are configured from SOF or RBF files generated by Altera’s Quartus-Il software.

3.1 Create a new project
1. Run Quartus-Il, and click on menu — File — New Project

Wizard New Project Wizard: Family & Device Settings [page 3 of 5]
2. Select the project location, choose a project name, and click el the ami and device you vant o torge for compiaon
N eXt Device family Show in 'Available device' list
. . . . Eami clone - ackage: Y -
3. Choose files to add to the project. Just click next if you don't o i = RO &
have _flle_s to add now. _ — N e
4. Now is time to choose the device (you can also do that later © o devioe selzced by he Fier ¥ St
USIng menu — ASSlgnmentS — DeVICe) + Specific device selected in ‘Available devices' list r
a. For Pluto, choose family “APEX1K” and device gaiebls dovios: | | | ‘ ‘
“ ” Mame Coie v. LEs b emor. FLL ~
EP1 K1 0TC1 00'3 . EF1C3T10048 1.8/ 290 59904 1
b. For Pluto-3, choose family “Cyclone-II” and device Ericor oy 15 o S
“EP2C5T144C8". : ' 2910 53904
. .. EPIC3T14448 15/ 2910 53304 1
5. Click Finish. EPILHT 4407 is o smn
. . . . EF1C3T144C8 15/ 2910 53304 1
A graphical work-through is also available on this fpga4fun page. FRIIST1447 TR R 1 v
. =
3.2 A simple start -

Here’s a simple Verilog file:
module LEDblink (
input clk,
output LED

< Back Next > Frsh | Cancel |

)

reg [31:0] cnt;
always @ (posedge clk) cnt <= cnt + 1; // 32 bits counter

assign LED = cnt[23];
endmodule

Add it to the project and select it as the top-level design. Next make the correct pin assignments in Quartus-lIl menu —
Assignments/Pins or “Pin planner” (using the info from paragraph 5.1). This project uses only 2 pins, so it should be fast.

You also want to specify the outputs and what happens to unused pins.

1. Select menu — Assignments — Device

2. Click on “Device & Pin Options...”
a. Go to the “Programming Files” tab, select “Raw Binary File (.rbf)".
b. Go to Unused Pins”, select “As inputs, tri-stated” or “As inputs with weak pull-up”.
c. Click “OK”.

3. Click “OK”.

Option 2.a makes sure RBF files are generated (used for serial FPGA configuration). Otherwise only SOF files are
generated (used for JTAG).

Option 2.b prevents the FPGA from driving pins that are not used in your project. Otherwise, Quartus-II drives all the
unused pins to ground, which may create IO contentions.
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4 FPGA project for Pluto-lix/Pluto-XC6/Pluto-lIx7

The Pluto-lIx, Pluto-XC6 and Pluto-IIx7 boards are configured from “.bit” files generated by Xilinx software.

4.1 Create a new project ~ New Project Wizard
. . (€ Project Settings
Run ISE or Vivado and create a new project. Spedfy device and project aroperties.
1. For Pluto-lIx, select the “Spartan3A and Spartan3AN” e e ceves s fon o e ot
family and the device on your board (XC3S50A or Evaenton esopmentod o .
XC3S200A) in VQ100 package. Product Cateqory Al v
Fareity SpatordAondSpetaniaN |9
2. For Pluto-XC6, select the Spartan-6 family, then the - — -
XC6SLX9 device in TQG144 package. Spee ] 7
3. For Pluto-lIx7, select the XC7S25 in CSGA225 package. ToaLevel Source Tyme 1
Synthesis Tool XST (VHDL/Verilog) w
You can now create or add source files in the project. e enauene ey ~
Property Specification in Project File | Store all values v
H Manual Compile Order 1
4.2 A s'mple Start VHDLSnur(E:nalvsisStandard VHDL-93 v
Here’s a simple Verilog file: Enable Message Fiftering |
module LEDblink (
input clk,
output LED More Info <Back Cancel
)i
reg [31:0] cnt;
always @ (posedge clk) cnt <= cnt + 1; // 32 bits counter
assign LED = cnt[23];
endmodule
Add it to the project and select it as the top-level design in your project.
With ISE, add a UCF file to the project. For example, use this for a Pluto-IIx
NET "clk" LOC = P40;
NET "LED" LOC = P29;
and right-click on “Generate Programming File”, choose s Ryica e i1 P e (Tl | x |
“Process Properties”, then click on “Enable BitStream s
. » « . » « ” ategor Switch Name Property Name Value
Compression” and allow “Unused IOB Pins” to “Float” or General Gptfans e ot [Coniputon ot ; -
“Pu"—up". gtzr:,:?uuéa:t?;n?ptms -gProgPin:  Cenfiguration Pin Program Pull Up v
zeadba;l:m?pktingsf -gDonePin:  Configuration Pin Done Pull Up v
i i . . uspend/iake Lptions -gTekPin:  JTAG Pin TCK Pull U v
With Vivado, add an XDC file to the project (examples are -gTdPin  JTAG Pin TDI puuui v
provided in the startup-kit). -gTdoPin:  JTAG Pin TDO Pull Up v
-g TmsPin: JTAG Pin TMS PullUp v
-g UnusedPin: Unused I0B Pins Flex M
-g UserlD: UserlD Code (8 Digit Hexadecimal) | 0xFFFFFFFF
Property display level: |Standard || [¥] Display switch names Default
Cancel Ap Help
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5 FPGA connections

5.1 FPGA pins

The main FPGA signals are:

Pin name |Pluto |Pluto-3 Pluto-lix |Pluto-XC6 |Pluto-lix7 |Direction Comment

CLKO 91 17 40 127 M9 FPGA input 25MHz on-board SMD oscillator
CLK1 18 51 FPGA input Optional DIL8 oscillator

CLK2 88 FPGA input Optional SMD oscillator

LED1 7 28 29 59 R3 FPGA output [LED (active high)

LED2 25 58 P3 FPGA output |LED (active high)

RxD 77 21 21 61 R5 FPGA input FPGA receives from PC

TxD 78 24 30 62 R4 FPGA output |FPGA transmits to PC

PB 9 FPGA input Push-button (active low)

The RxD and TxD pins are used as an asynchronous serial port and allow communication with the PC. Many other IO
signals are available on unpopulated headers, see the chapter 9. For HDMI, check the demo project in the startup-kit.

5.2 Boot-PROM connection
The boot-PROM is a W25Q or similar SPI flash.

SPI flash  |Pluto-3 Pluto-lix |Pluto-XC6 |Pluto-lix7
pin FPGA pin |FPGA pin |[FPGA pin |[FPGA pin
Clock 15 53 70 F5

Data In 1 46 64 H14

Data Out |14 51 65 H15

nCS 2 27 38 L11
nHOLD 8 31 69 J1

5.3 Secondary connector

This 4-pins connector is located on the side of the board. It can be easily soldered (available as KNJN item#1804 or from
DigiKey). It has 2 power pins and 2 10s.

Pin |Pluto Pluto-3 Pluto-lix Pluto-XC6 Pluto-lIx7 |Comment

1 |VCC-unreg (1) |VCC-unreg (1) |3.3V 5V N/A Power

2 |FPGAIOpin8 |FPGAIO pin 30 [FPGAIO pin 43 |[FPGAIO pin 34 |N/A RxD or serclk or other use
3 |FPGAIO pin 96 |FPGAIO pin 31 |FPGA IO pin 44 |FPGA IO pin 35 |N/A TxD or serdata or other use
4 |GND GND GND GND N/A Ground

(1) VCC-unreg is +5V when using USB, otherwise it is the voltage used to power your FPGA board with, typically +5V to +10V.

5.4 Power header

This 3-pins header provides access to the board power signals. It is often used as an output (to power other boards) but
can also be used as an input (to power the Pluto board).

5.5 JTAG connection

Board JTAG

Pluto JTAG is not available.

Pluto-3 Pluto-3 has a full-size Altera-style 10 pins header. A matching shrouded connector must be added to the board, like KNJN items 2450
or 2451, so that an Altera or compatible JTAG cable can easily be used.

Pluto-lIx The JTAG signals are accessible on pin headers next to the FPGA.

Pluto-XC6 The JTAG signals are accessible on pin headers on the bottom side of the board (below the FPGA).

Pluto-1Ix7 JTAG is not available.
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6 Flashy boards

With an optional Flashy ADC board, the system becomes a digital oscilloscope.

6.1 FlashyMini design

FlashyMini is provided with full source code (HDL + C). It shows how to get data from Flashy and can be used as a
skeleton to develop your own acquisition system.

6.2 FlashyDemo design

FlashyDemo is provided in binary form. It is a showcase of Flashy possibilities, implementing features found in digital
oscilloscopes like pre-trigger acquisition and equivalent-time-sampling.

To run FlashyDemo:

1. Mount Flashy on the Pluto board, and power it up.
2. Configure the FPGA with the FlashyDemo bitfile.
3. Go to Menu — Tools — Flashy Oscilloscope (or press CTRL-F).

ﬁ Flashy digital oscilloscope — T

Options — Close
Time per div

853 nzddiv
1.71 uzddiv
341 wsddiv
B B.83 us/div

Ly 137 usAdiv
. 273 usddiv
546 uz/div
109 uz/div
218 uwsddiv
437 usddiv
ard us/div
1.75 metdiv
380 metdiv
£.99 ms/div
14.0 metdiv

- Display
Trace brighthess

Trigger Mode Channel A Channel B ﬂ J ﬂ

" Auto Trace persistence

~ Womal v g:ow real-.timle tra.c:e l. [v Show real-time trace ﬂ »
o o equivalent-time sampling trace

f* Single _Am . 3 5 (A [ Show frame number

[~ Show frequency

Trigger slope . .. Data
{* Rizing edge Rizsiel ﬂ J ﬂ Rzl ﬂ J ﬂ [ Filter input data

(" Failing edgs W-range ﬂ L4 W-range ﬂ J ﬂ [~ Save dataintao file

Note that there are actually four kind of Flashy boards available (Flash, Flashy, FlashD and FlashyD).
Here's the compatibility table.

Flash Flashy FlashD |FlashyD |LCD (2)
Pluto Limited (1) |Limited (1) |No No No
Pluto-3 Yes Yes Yes Yes Yes
Pluto-lIx Yes Yes No No Yes
Pluto-XC6 |Yes Yes Yes Yes Yes
Pluto-lIx7 |Yes Yes No No No

(1) Pluto's FPGA cannot hold all the FlashyDemo functionality at once, so two FlashyDemo bitfiles are provided. Each covers a different
set of features.
(2) The KNJN color LCD item#5300 option can work as a FlashyDemo external display.

For more information, check the Flashy acquisition board page.
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7 FPGA configuration

In case you don’t want to use FPGAconf.

7.1 Pluto/-lix/-XC6/-1Ix7 FPGA configuration

Set the baud speed at 115200 bauds for TXDI and 3000000 bauds for USB-C, and run the following C pseudo-code:

For each byte of the bitfile, do:
for (7=0; j<8; J++) serial.write (~(bufbyte >> j & 1 ~ 1)); // for Altera (LSB first)
or

for (j=0; j<8; j++) serial.write (~ (bufbyte >> (3°7) & 1)); // for Xilinx (MSB first)
A complete example for Altera could be:

FILE *fpIn = fopen("LEDblink.rbf", "rb");
char buf[0x1000007];

int len = fread(buf, 1, sizeof(buf), fplIn);
fclose (fpIn);

OpenCom (“COM3”, 115200) ;
SetCommBreak (hCom); Sleep(50); ClearCommBreak(hCom); // un-configure FPGA

for(int i=0; i<len; 1i++)
for (int j=0; j<8; Jj++)
WriteComChar (~(buf[i] >> j & 1 ~ 1));

CloseCom() ;

See also the chapter 8 for some extra source code.

7.2 Pluto-3 FPGA configuration

Pluto-3's configuration scheme is even simpler. To configure the FPGA, just send the RBF binary content through the
serial port at 115200 bauds in 8-bits mode. To un-configure the FPGA (before sending the RBF), send a “break” condition
(a high signal) for about 50ms.

On Linux, a script can be used:

#!/bin/bash
#

# pluto3configure :: send an rbf file to a Pluto-3 FPGA board
#

SERIAL=/dev/ttyUSBO

if [ ! -f "s1" ]

then
echo "Usage: $(basename $0) filename.rbf" >&2
exit 1

fi

(stty 115200 raw cs8 -cstopb -parenb -ixon -crtscts 0<&l ; sendbreak; dd "if=$1" bs=1k) > S$SSERIAL
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8 Sample C code for serial Win32 send & receive

#include <windows.h>
HANDLE hCom;

void ExitOnError (char*message)

{
printf ("%s error", message);
exit (1) ;

}

void OpenCom (char* COM_name)
{

DCB dcb;

COMMTIMEOUTS ct;

hCom = CreateFile (COM name, GENERIC_READ | GENERIC WRITE, 0, NULL, OPEN EXISTING, FILE ATTRIBUTE NORMAL, NULL);
if (hCom==INVALID_ HANDLE_ VALUE) ExitOnError (COM_name); // can't open COM port
if (!SetupComm (hCom, 4096, 4096)) ExitOnError ("SetupComm") ;

if (!GetCommState (hCom, &dcb)) ExitOnError ("GetCommState");

dcb.BaudRate = 115200;

( (DWORD*) (&dcb)) [2] = 0x1001; // set port properties for TXDI + no flow-control
dcb.ByteSize = 8;

dcb.Parity = NOPARITY;

dcb.StopBits = 2;

if (!SetCommState (hCom, &dcb)) ExitOnError ("SetCommState");

// set the timeouts to 0

ct.ReadIntervalTimeout = MAXDWORD;
ct.ReadTotalTimeoutMultiplier = 0;
ct.ReadTotalTimeoutConstant = 0;
ct.WriteTotalTimeoutMultiplier =
ct.WriteTotalTimeoutConstant = 0;
if (!SetCommTimeouts (hCom, &ct)) ExitOnError ("SetCommTimeouts");

0;

}

void CloseCom /()

{
CloseHandle (hCom) ;

}

DWORD WriteCom(char* buf, int len)
{
DWORD nSend;
if (!WriteFile (hCom, buf, len, &nSend, NULL)) exit(l);

return nSend;

}

void WriteComChar (char b)
{

WriteCom (&b, 1);
}

int ReadCom(char *buf, int len)

{
DWORD nRec;
if (!ReadFile (hCom, buf, len, &nRec, NULL)) exit(1l);

return (int)nRec;

char ReadComChar ()
{
DWORD nRec;
char c;
if (!ReadFile (hCom, &c, 1, &nRec, NULL)) exit(l);

return nRec ? ¢ : 0;

void main ()

{
OpenCom ("COM1:") ; // change that to use a different COM port
WriteComChar (0x41) ;
CloseCom () ;
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9 Board dimensions and IO pin assignment

9.1 Pluto
TXDI
connector
®
e We We el =
(-] m
GND TxD RxD VCC-unreg d
o8
Y
55
2
| 1o & 2.188
gt 2 2008 |5 fis)
- 175 o a g | —— 1.988
_g [+4]
s 1
3 3
@ 1
o
z
I [0
GND 7 +2,5U+3.3U 81 79 78 75
9 (3]
@ zZ
{] 8 +2.8U 94 GND+3.3U 88 77 76 ]
N 0
(4] [+3]
3 N
& R
0 2
© g 0.000 g et 2,000
B.180 L | al
0 3 B.2B0
by 8
N 8
)|
i ¢ 88
© © & -
~ + o® «f
{] 22 GND 3@ 233 GND+3.3U 48 GND [
2 IS}
o 0
28 29 31 38 39 +3.3U 47 49
IN® GCLK @j

All 1Os use 3.3V powered banks and are 5V input tolerant.

Pluto has 39+2 10s available (the +2 are one clock and one dedicated input). Pin 39 is a dedicated clock input. Pin 38 can
also be used as a clock input.

Check the ACEX family datasheet for more details.
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9.2 Pluto-3

\4

TXDI
1) connector
|2 ws | I g g
- GND_+3.3V. GND GND TxD RxD unreg 8 g
@j B s = m B ) 3
< Q o -
1" 'l |
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B P ® 1) Push
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72 70 67 64 60 58 55 52 47 44 42 40 GND
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DPCLK DPCLK

@j 73 GND 79 87 GND +33V 93 GND 97 99 101 GND 114

@ 475 86 88 89 +33V 92 94 96 GND 100 103 104 [8
CLK CLK

0.100

0.000
1.500

All IOs use 3.3V powered banks and are not 5V tolerant.
The main oscillator (pin 17) is always enabled.

Many pins can be used as additional clocks: CLK6 (pin 89), CLK7 (pin 88), DPCLK2 (pin 47), DPCLK4 (pin 64), DPCLK6
(pin 87), DPCLKY (pin 93), DPCLKS (pin 119), DPCLK10 (pin 136). Also CLK3 (pin 22) is available on a pad.

Check the Cyclone-Il device handbook for more details.
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https://cdrdv2-public.intel.com/654376/cyc2_cii5v1.pdf

9.3 Pluto-lIx / HDMI

o] L
= =
= =
N USB-C - - 2 USB-C - = -
N9 N9 NP o )
&
) ) NE ) 2108
GND 5U™ - GND 5U™ 2000 B @ .
E : & =] | 1850
o serial 2 serial i
e 1S RxD=21 - RxD=21 >
EN . s TxD=30 8 TxD=30 8
& 3 B I B
e ® <] O <]
| & L!E_F!S 5 . PROG_B
Optional
DIL8
oscillator
0000 s g 1000
0125 a a 0200

 DECI DGR

O—

3 ]77 GND 84 86 GND3.3U 94 GND[ -~
q D
2178 83 85 88 89 3.3u93 98fw

3.3V

G—O— O—0—0
77 GND B84 86 GND3.3U 84 GND| +
q D
78 83 B85 88 89 3.3U83 98| w
34

0.108
0.000
0.900

4 . o
O
oVl GND % ? ; All dimensions in inches (1" = 25 4mm)
N N A\ j e — A\ j The grid is drawn using 0.1" steps (2.54mrm).

All 10s use 3.3V powered banks and are not 5V tolerant.
The main oscillator (pin 40) is always enabled.
LHCLK pins 9, 10, 12, 13, 15, 16, RHCLK 59~62, 64, 65, and GCLK 83~86, 88, 89 can be used as additional clocks.

Check the Spartan-3A user guide for more details.
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http://www.xilinx.com/support/documentation/user_guides/ug331.pdf

9.4 Pluto-XC6 HDMI
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All 1Os use 3.3V powered banks and are not 5V tolerant.
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The main oscillator (pin 127) is always enabled by default but it can be disabled under pin 5 control if a wire jumper or a

small value resistor is added at the bottom of the board (see mark “osc OE”).

Many pins can be used as additional clocks: pins 14~17, 21, 24, 51 (optional DIL8 oscillator), pin 88 (optional SMD

oscillator at the bottom of the board), pins 92~95.

The USB signals are available on a 2mm pitch header below the USB-C connector.

An extra secondary connector header with 3.3V power is available at the bottom of the board below the FPGA.

A few extra 10s are available on SMD test pads around the FPGA.

Check also the Spartan-6 family overview and the Spartan-6 datasheet.
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https://docs.xilinx.com/v/u/en-US/ds162
https://docs.xilinx.com/v/u/en-US/ds160

9.5 Pluto-lIx7 HDMI
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All 10s use 3.3V powered banks and are not 5V tolerant.

The main oscillator (pin M9) is always enabled.

Pins H1, A13, A14, B13, B14, B15, C15 can be used as additional clocks.

Check also the Spartan-7 family overview and the Spartan-7 datasheet.
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https://docs.amd.com/viewer/book-attachment/oVHz~1I6rgqFNP8477hHlQ/WAdfDCzSYeqScDYeWd~Zaw
https://docs.amd.com/v/u/en-US/ds180_7Series_Overview

