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TheDueProLogic (DPL)and its integrated development and distinctive runtime
environment has been specifically designed for Electrical Engineering students,
hobbyists, and entrepreneurs prototyping/developing/running projects involving logic,
with the added opportunity, of readily mating with a widely used microprocessor board,
the Arduino Due, and other ARM Cortex compatibl&se combination of FPGA
programmable logic anaimicrocontroller is unbeatable in an educational student
learning setting and in many other projects where each can bring its strength.

TheDPL FPGAdevelopment system provides a convenient,-frssmdly work flow by
connecting s e amQuarsisHrimsofiniare Theusddmill eavedop the
codein the Quartus environment on a Windows Personal Comptheprogrammable
logic code is loaded intthe FPGAusing only the Quartus Programmer tool and a
standard USB cabl@he Active Host SDK provides a highly configurabie
directionalcommunications interface between Arduino &odt.It connects
transparently with the Active Transfer Library in thRGAcode. This Active
Host/Active Transfer combination eliminates the complexity of designing a USB
communication system. No scheduling USB transfers, USB driver interface or inf file
changes are needékthe EPTFPGAdevelopment system is a unique combinatibn
hardware and software.

Circuit designs, software and documentation are copyrig?26, Terranologi¢ Inc

http://www.terranologic.com/
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1 Introduction and General Description

TheDueProLogic gives learners the opportunity to have a hamtspproach when
learning logic, exploring different iterations of schematic/code designs and the
operation of those circuits.

With theD P L BP&A, projects cabheeasily be attempted which rely on asynchronous,

exceedingly fast, and even multiple separate concurrent logic structures operating in

parallel. Logic circuits are implemented within the FPGA atf@amosecond gate

speeds and highly parallel in operation, effectively a few hundred MHz. Programmable

l ogic is todaybés technol ogy OPballowsthegi ¢ | ear ne
learner to be more productive and better focus on the underlying logic and integration

with the nonlogic aspects of notrivial projects.

TheTerranologicFPGAdevelopment systeimardware consists of a High Speed (480
Mb/s) USB toSerialbuschipandan FPGA The USB interface provides both
Configurationof theFPGAand aSerialtransfer pathThe software consists die

Active HostSDK for the PCThe firmwarencludes théActive Transfer Libraryhich

is usedn theFPGAto provide advanced functions for control and data transfer to/from
the Arduino.

FPSA CYCLONE 1V

|- EPTAFES-AF
‘-
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The DueProLogicFPGADevelopment Systemllows users to write HDL codeither
Verilog or VHDL) that will implement any digital logic circuit. The uéeHDL code is
compiled and synthesized and packaged into a programming fil@rdgemmindile

is programmed into th€onfiguration Flaslusingonechannel of the USB to Serial
chip,theFT2232H.TheActive Host SDKcontainsCOM Port functionsvhich

maintains device connection, polling, writes and includes a unique receive mechanism
that automatically transfers data fr@®L when data is ready. It also alerts the user
code when th€ OM Porthas stored the transfer and the data is available spftveare
GUI (graphical user interfageUsers do not need to interface with the USB Host Driver
or any Windows drivers. They need only to include the Active BBd€ in their

projects. The Active Transfer Libraries must be included iFtP@Aproject to take
advantage of the configurability of the Active Host SDK. All of the drivers, libraries,
and project source code are availablenatv.terranologic.com
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1.1 Test Driving the Active Host Test Application

The DueProLogitoard comes prwadedwith the EPT Platform DemoHDL project
in theFPGA This pioject allows the user to test out the functions of the Active Host
API and the board hardware.

To test drive the applicatigrronnect th®PL to the Windows PC usingUSB-C
cable.Loadthe driver for the board&ee the sectiofEPT Driver® for instructions on
loading theDPL driver. If the USB driver fails to load, the Windows OS will indicate
that no driver was loaded for the devittethe case of the failed USB driver, try
rebooting the PC and following the steps in the EPT Drivers section of this User
Manual.
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Next, en a Windows Explorer browser.

Browse to the

Projects_ActiveHo3EPT Platform DemdEPT_TransferDemdbin\X64\Debug

folder on theDUEPROLOGIC_USB FPGA PROJECTx.x_DVD.

w, ) = | C\olly\Products\Earth People Technology\DUEPROLOGIC_USB_FPGA_PROJECT_5.0_DVD\Projects_ActiveH

File Home  Share  View
% Cut 17 New item = -+ [ selectall
* 0 L B ¥ v
W Copy path 1] Easy access ~ Edit Select none
Pinto Quick Copy Paste Move Copy Delete Rename  New Properties =
access @ Paste shortcut - to- - folder - lgHistory o Invert selection
Clipboard Organize New Open Select
« v Earth People Technology > DUEPROLOGIC_USB_FPGA_PROJECT_5.0.DVD > Projects_ActiveHost > EPT_Platform_Demo » EPT_Transfer Demo > bin > x64 > Debug vt
DUEPROLOGIC_USB_FPGA_PROJECT_5.0_DVD * O Name Date modified Type Size
Pacumertation I & EPT Transfer_Demo.exe 5/17/2024 1:04 PM Application 556 KB
Drivers ¥) EPT_Transfer_Demo.exe.config 2015 7:51 PM XML Configuratio. 1K8
Projects_ActiveHost & EPT_Transfer_Demo.pdb Program Debug D. 132 KB
EPT_Data_Collector W EPT_Transfer_Demo.vshost.exe 5/ 9 Application 23k8
EPT_Platform_Demo ) EPT_Transfer_Demo.vshost.exe.config 10/6/2015 7:51 PM XML Configuratio. 1K8

Vs
EPT_Transfer_Demo
bin
Debug
Release
x64
Debug
Release
obj
Properties
Resources
Projects_Arduino
Projects_HDL
Quartus_24.1_Prime

Tutorials

Double click on th&ePT_TransferDemaexe. The application should load with a

Windows form.
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s EPT_Platform_Demo - a X
(I Open 50| DsComected LED Corros
TR i i
Sen Byte: [ 25] O Y Rt | 528 I I [ | |
= FEEEEE
Mutiple Byte: 255 Shift Right @@@@@ Side Swich xd” ?de
: ot Lo El=lz]E]=]=] e
ot n [E1[E2E3[EX E3 | EX
Static Load EPT Image
Enter Timer Value Rst EPT | | TiWave
GPIO Controls
- N - N e St T L ) mEes
i x ) y G 2% 8 i, il
! 1 e 1822 el
] 30)
O Infinite _:1% z
-
® Snge ’;a

e
(=

ir

i e
o 1A
ﬁ?:',v'l"l“l

e

OK Cancel

With the application loaded, select tRRGAboard(EPT Serial Communications x)

from the dropdown combo box and click
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sl EPT_Platform_Demo

|" Open |

Byte

PT JTAG Blaster
TIEPT Serial Communications 0

Send Byte:

Address Receive Byte

LoopBack

Multiple Byte: 255

Muilti Byte

GPIO Controls

Start

O Infinite

@ Single

Wh e n

cr‘mr's'o-

e

ol

the EPT Pl atform Demo

Close

1¢ PR,

Dis-Connected LED Controls
LED's
Random
Shift Left
Shift Right
Shift Up
| Shift Dn

Static

L L
KA
KK
EE
[=][:
ElE

bEnlefTunerVahe Rst

I“"J" UHLE LT
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a5l EPT_Platform_Demo

IEPT Serial Communications 0 vl Open ddse ontrols
D's

Transfer Controls
Send Byte: Address Receive Byte Random | Co
CBe [Ttk S
Muliple Byte: [255 | St Riht
'M@Wei Rt }mw !i
swon |

.V s‘aﬁc V —
Enter Timer Value | Rst |

GPIO Controls

ke | 1 X101 : X103 E
| | ) T~ aanaaan
Start 4 Ooooooaoun.‘o t !’(“
; ! : . \ c4 :“ (K & b‘

\ A .

A

2

) JBCEC

O Infinite A (o (a2 B e swanges o] | NOY JROgC
@ Single 3 C
- T e R, DR 0E0%0

I n the ATr ansf eave tiAddtesssdtioo the@raastempContrbls

Group.

To exercise the Single Byte Transfer EndTerm
Transfer Controls group. Type in several numbers separated by a space and less 256

into the Multiple Byte textbox. Then hit the Multi Byte button. The numbers appear in

the Receive Byte textbox.
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o) EPT_Platform_Demo

IEPT Serial Communications 0 vl Open \Gg ‘ Device Connected Controls
' LED's -1 2
Transfer Controls - |:
Send Byte. [ 255 Address [1]  Receive Byte [, 255,255, 255, . | Random | e

[oe] e T8 [ 3
Muitiple Byte: [255 1 | | Shit Right [ ][0
b | [ snrp | [=][=

[[sin | ElE2
| Satic |

Enter Tmer Value | 65635] |Rst | |

20

GPIO Controls
T - el [ 01 X101 210_3

i A Oooooeauunamongnun ]!A‘JJ

AU | i (=

O Infinite

@® Single

Under LED Controls, preskeA EPTO butt on under the ALoad EP’
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ol EPT_Platform_Demo

IEPT Serial Communications 0 vl Open ’ Oqse Bl Device Connected ' Controls

" OEGIEEE =

Transfer Controls - -
Send Byte: Address [1]  Receive B [,255,255. 255, | Random | [9][10]

Y i
Mutiple Byte: W‘ ‘7§“@“ﬁ\ @ Slide

(o] st | [=|[=][z][=][=][=]
| swon | [ [ ][=][=][=]x] -

‘ Static ‘ gad FPT Image

e Tmervee [ 558] [7e| [[ 7| [Tt

GPIO Controls SeeLl e
CEEEEEEEEE DEEEEEEE
] 01 ¥o_1 g x10_3
Start 2 j Oooooae'uunamaoanun]
' A ,:‘n: = T | =
i t"'lﬁfl'_mlgi .
O Infinite i | 2 S\Cieve, 2 4e0 suABLES
@® Single

The characters AEPTO will be d
be displayed at once, so the @
all characters.
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|EPT Serial Communications 0 v |

Transfer Controls
Send Byte: Address
[ LoopBec |
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| MubiByte |
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Open

Receive Byte

| Gose |
. LED's

255, 255, 255, | Random |
255 -

Device Connected ' Controls

I‘S'IRLeﬂ

Shit Right |

| shift Up

| ShitDn |

0
a

o

DEEE
EEEEEE
EEEEEE
EEREEE
FEEEEE

Load EPT Image

Enter Tmer Vaue [ 65635| Rt | | EPT | | TaWave |

Page
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a-;:.t 1968 m

~

TECHNODLOGY
~ INTEL FPGA CYCLONE 1V

piE EPT_ACES-AF

Next press any of the numbered buttons in t
the corresponding LED in the 6x6 LED Array. It performs this operation as a Block

Write. So,an entire LED frame will be transferred to the DueProLogic each time a

button is pressed.
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ol EPT_Platform_Demo

|EPT Serial Communications 0 v| Open [E‘ Device Connectsd {Controts
LED's 3 Switt
Transfer Controls El E II' S:m:
Send Byte: Address Receive Byte [, 255, 255, 255, [ Random | [9]
255 -

Y i
Muttiple Byte: W‘ | i Rght | @ Siide
| MiBre | , sty | El=]z]=z]=z]=]

| stic ~ LoadEPTimage
et TV [ 5] [F| €T | | T

0
@
w

GPIO Controls
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SR R R

L TR
] : -
nminn

FPGA CYCLONE IV,

=~ EPT-4CE6-AF
= T

To exercise the Block Transfer EndTerm, <clic
group. TheDueProLogic will sample the state of selected Input pins of the FPGA that is

connected to a board edge connector. The Transfer Test Window will display the results

of each pin, Hi or Lo
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8 EPT_Platform_Demo - o X
EPT Serial Communications 0 | Oper Close Device Connected /Controle
S— I
S Bye: [255] Addess [ 1] Feceve Be i | 2N NN O
- = = EEEEEE
MatpleBye: 55 | Shit Right @‘E@ Side Swich %d” ?deehZ
Wt Bt s ElzlFE]=]=] .
S Gzl 0E]0]
Static Load EPT image
Enter Timer Value | 65535 |Ret | | EPT | | TrWave
GPIO Controls
. N i 1T L
d g el [lei BE
O Irfinte 120, SwABLLs 70 : :
@© Single

TR

£, [

oo

The results of each pin are displayed next to the image @fuderoLogic in separate
buttons.
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#/ EPT_Platform_Demo - (=] X
EPT Serial Communications 0+ | per Close Device Connected Controls
B OECIEEE] e
Send Byte: Address [1]  Recewe Byte | Random EEI
=
= = o I
a5 ] s Rgt ClEEIERE] s s s
ot B e ot Uy EFlElEEEE] o e
Snt n COEIEIEE]E]
Static Load EPT Image

Enter Timer Valve | 65535 |Rst | | EPT | | Ti-Wave

GPIO Controls
nAAMAARAAn AaAanaAaaAan

W —4 1 o1 el L8 1o 3 1 L
Sat ﬁ'- | Geoouuuuunnmummc.‘.n [ !’(“j i
M s HGss 85 8 o
Ll = - R G | e 5 y
Y
O Irfinte 110 SHABLES b
U
® Snde S0
i

.
Ny

OK Cancel

Each input at the board edge connector is floating, it has no solid connection to +3.3V
or Ground. So, a mixture of Hi and Lo indications is normal.

Next, cl i eNavem thhuda tir iunder .t he LED Contr ol
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Transfer Controls
Send Byte: | 255 Address [ 1]
Bfe LoopBack
Mutiple Byte: [255
Muti Byte
GPIO Controls

[ " 01 1o 1 % | "o 3 1 N
ﬂ" ] GOUQOUuuuDQuuuut.n.n; ‘!
) Rt ~ . I 5

A ) - |
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Open Close Device Connected Controls
LED's

Receive Byte Random

Static

100 TNABLES

OK

Page

4444

L L0

K | I [ |
2 I | I [ |
(]G] [s (e ]G] e ]
e[ ](z][z][= ][]
[Fl=]z][=]=]=]
N33 [EYET | E3

Load ERLin
Enter Timer Value 65535| | Rst EPT

. uPe-L

si=]

AT ST

.—'L

Ble =3
3010

-

Switch Controls

Slide Switch

Siide Siide
Switch 1 Switch 2
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2l s
S35 |
gr it
L3 £ |

=
9

=
N N
g | .
RSB B
- X,
3 .

.
= =

=
L
).

Then, click on the Al nfinited Radio button i
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a5 EPT_Platform_Demo - [m]
EPT Serial Communications 0 Open | | Close | Device Connected LED Controls
LED's Switch Controls
Transfer Controls Syiches Rt |
Send Byte: Address Receive Byte | Random | -
: ; ‘ m— =
[EBye | LoopBack | | ShftLeft |
|
Vil Bt £ XN Sdosuch Sde S

s o EEREEE o
) Lrllz]l=]l=]l=]=] o
[ saic | o Load EPT Image
e TV [ 6558] [

EPT | | TiWave |
GPIO o e e -
| Ll 2 0 0 0 T T O

AR
Al L

EIE IR

EIE]
a

3

EIE]

E I I |

&
tg} =

Then, click on the AStarto Button.
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a5l EPT_Platform_Demo - [m] X

| U
T | e OEEIEIGIE] o

Swtch
Sobpe: [B5) A [1]  ecoebe ] CEIGIelEE] ™
o o [ | N I | e [
Ve e £ IEEEEIE] o s s
- . e EEEEEE .
£ e .
| satc | Load EPT Image -
Enter Tmer Valve | 65535 |Rst | | EPT | [ ToWave |

GPIO Controls - T ——
ARl AARARAARRAn

in 01 101 q 110 %
St GOOOQO-HUHBQQQ‘.QQ‘L-B|
at L H
= = L

— 10

@ Infinite

=1 |
g T

O single

Notice that the GPI O6s attached to the LEDS
of Hi.
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8! EPT_Platform_Demo

EPT Serial Communications 0+ Open

Transfer Controls

| Close il Device Connected

LED Controls
LED's

Receive Byte

Send Byte: paress [ 1]
Be | [ LoopBack |

T

| Muti Byte | A

GPIO Controls

Sz ’“'x

g

@ Infinite

O single

Cl i

he

on t

AShi

Enter Timer Value

ft L

Page
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[l e e ][] [2 ]

[ (= ][z [z][z ][]

(=][=][=z][z=][=][x]

03 EX [ EX | 3
Load EPT Image

(Rt | [ EPT | [ TiWave |

Switch Controls -
Switches ! Rst |

Slide Switch  Slide Slide
Switch 1 Switch 2

-

Y

5 T

- E 45 U

aaaa aaEn aaaE &@aa
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sl EPT_Platform_Demo

o | | Close | Device Connected LED Controls
(EAEEEE s
Transfer Controls Switches | Ret
i ————— S & oo 0 i
e | ]
Muitiple Byte: LS Roht Loz 0z)z02] s Sde | Side
— wite
e | = o Elz|==]=] | -
[ snton | E1E2EXE1 [ E3— -]

Static Load EPT Image

Enter TlnerValue {M EPT J | TiWave |

GPIO Controls
Stop.
: - IS
@ Infinite m
O Single

Notice the GPI O6s connected to the LEDs wi

image shifts.
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a5 EPT_Platform_Demo - O X

Coo | Close | Device Connected LED Controls
Transfer Controls - EI [=1Ce] :::z:;mmls Rst
Send Byte: Address Receive Byte Random - III
= i —_
Mutiple Byte: SR [2] Side Switch  Side  Side
ke ST EFlEEFEERE o T
son FEEEEE]

Static Load EPT Image

Enter Timer Value 65535 |Rst | | EPT Tri-Wave

GPIO Controls _ R
AR RAAR ARAARARan

B Ml 44447
[lek s EE .

@ Infinite

O Single

oo aEaa aaaa aaaa
daaa amEa aaaa aaaa

oK | Cancel |

The user can also connect +3.3V or Ground us
board edge connector. Be sure NOT to connect +3.3V to a Ground pin or Ground to a
+3.3V pin. Consult the Data Sheet for the location of the Inputs on the connectors.

1.2 Hardware Description

TheDueProLogidboard is equipped with an AlteEP4ACEGE22CE&PGA whichis
programmed using the Altef@uartus Primsoftware.The FPGAhas6672Logic
Elementsand 276480 Total RAM BitAn on board 66 MHz oscillator is used by the
EPT Active TransferLibrary to provideserial transfer using the UART methdxifty
Four |/ O&RGAé&re attanhetb bixeseparate user connectoféie user
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connectors are organized to fit the Due Arduino platform. There is a sep@ate
dual row connector at the rear of the board arranged to mate with standard Bread
boards.There are86 greenUserL E D,&ws Slide Switcheand two Push Buttons that
are controllable by the user codéehardware features are as follows
AlteraEPACEGFPGAwith 6272 Logic Cells

Dual Channel High Speed USB FT2232H

66 MHz oscillator for driving USB data transfers and users code

100MHz oscillator for scaling up/down for users needs

Standard SD Card interface for memory expansion

54 user Input/Outputé+3.3V only)

36 Green LEDArray accessible by the user

Two PCB switches accessible by the user

Two Slide switches

Two PMOD Connectors

=4 =4 =4 -8 _8_49_9_°5_4°_-2
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DueProLogic Block Diagram

A
36 PIN
{ ARDUINO CONNECTIONS. |
DUEPROLOGIC BLOCK DIAGRAM [ /| HEADER |
12 MHZ
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S 4 B I A\
X SENSOR CONNECTIONS | 8PIN
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hoeeee | Maspa0 [N EADER
(conmesionas | T (T —
| ‘ —EE0y rogm \ ¥ ARDUINO CONNECTIONS | ;&'::'R | e
TO HOST/PC S| yspom | USB INTERFACE | FT2A5 BUS | [ V 8PIN
| CONN e—20M v I HEADER
vBus . f ARDUINO CONNECTIONS | | T
* EEPROM { ‘F
2 =l T v i SD CARD
| / SD CARD CONNECTIONS I - 1 CONNECTOR
L ) | ||
| |_. ( T \
| ' | HEADER | 8PIN
I ARDUINO CONNECTIONS HEADER
I 5VT03.3v 5VT0 1.2V ‘ NN L
POWER POWER | osciaTor L | TO ARDUINO
SUPPLY SUPPLY ‘ T
| YT S E— 1 ) |
POWER 0 i PMOD CONNECTIONS | g
suppLy | ALTERA | /| HEADER |ppop
100MHZ 4CE6 FPGA | | HEADER
—_—
e ATOR (C PMOD CONNECTIONS l
| SWITCHES 33v
o — —\/\/V‘—];.sv
Lo
E— VWA p_]
017X T —)
CONNECTOR ——————
33v LED SELECTION o

‘il )
i I3

TTTTTTTT

LEDS
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DueProLogic
Hardware

PMOD 1

SLIDESWITCH1  SLIDE SWITCH 2 CONNECTOR
1/0 CONNECTORS CYCLONE IV FPGA

USER PUSH BUTTON 1 \ / ERRAED ARRAYI/O CONNECTORS
(

e e e [ }M“Jv?:‘
&< |

ON BOARD JTAG PROGRAMMER (S o

AND DATA CONNECTION

1
USB MICRO B CONNECTOR

BARREL
CONNECTOR FOR
POWER

USER PUSH BUTTON 2 1/0 CONNECTORS

100MHZ

66MHZ OSCILLATOR OSCILLATOR

PMOD 2
CONNECTOR

1.2.1 Host PC Connection

The DueProLogic includes an LED that signifies the connection of the board with the
Host PC. The connect LED has the word ACONNE

This LED will only light up once the Host PC has correctly enumerated the USB
device (FT2232HQ chip). When this LED is lit up it can tell the user three things:

1 Power has been applied to the DueProLogic via USB

1 The FT2232HQ chip is working properly

1 The Host PC has found the appropriate driver and will communicate with the

DueProLogic

Page
28




S

_\_._\,

N

—

TERRANOLOGIC

FPGA Development System User Manual

CONNECT LED

USB C CONNECTOR

1.2.2 CONF DONE LED
The CONF_DONE LED is connected directly to the FPGA CONF_DONE signal.
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CONF_DONE LED

€

01 X0 1 a2 X10_3) ") _
[doooordennldaaaaaanll ‘!!A‘
s ii %5

- 5

44 ] 7

USB C CONNECTOR

When this LED is lit, it signals to the user that the FPGA has been correctly configured
from the configuration flash or the JTAG connection.
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1.2.3 Jumper Settings

There are six jumper selections on the DPL. These jumper selections will set up the
DPL for proper operation and also some optional settings.

1.2.3.1IJMP6

The jumper setting JMP6 is used for proper operation of configuring the on board flash
for the FPGA.
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r

JMP6 is used to allow DCLK to pass from FPGA to the configuration fladghb.

jumper must have a shunt install on pins 1 and 2 for proper operation of the
configuration flash and FPGA.

FT Ao <>
FT_AD3
FT_ADG
FIAD7
FTADT
33 FT_ADS
“ FT_ADT |
U3 —l
I U4
8 vee cs - 10_B1_13/ DATAD CONFT 4%"
7 2 37| 10_81_6/ DIFFIO_LIN/ DATA1 ASDO s
RESET pouT 753 | 10_B8_132/ DIFFIO_T10N/ DATA2/ DQIT MSELO o5
3 5 7371 10_B8_133/ DIFFIO_T10P/ DATAY DQIT  MSEL! {57
WP DN T35 10_88_137/ DATAS/ DQ1T MSEL2 T
4 6 FT_ADO -1 10_88_138/ DATAG! NCE 77
GND CLK - 103 NCONFIG
=T %0 | '0_B6_103/ DIFFIO_R3P/ CLKUSR NSTATUS 5
——7 10_86_99/ DIFFIO_R4P/ CRC_ERROR TCK Fs—
) ——¢5 10_85_87/ DIFFIO_R7P/ DEV_CLRN 10! [—
M25PXB0_SOSN-8 ——5| 10_85_86/ DIFFIO_R7N/ DEV_OE T00
= 5 10_81_8/ DIFFIO_L2P/ FLASH_NCENCSO ™S
= ———107-] 10_86_98/ DIFFI3_R4N/ INIT_DONE
1 10_86_101/ DIFFI3_R3N/ NCI
JMPE
e
2
3
F—x
Lo
JUMPER_100_MIL_3X1
TCTY
I DCLK I
| P—

When using the JTAG only operation of the FPGA (using the *.sof file to program the
FPGA), this jumper should be removed.
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1.2.3.2JMP3

JMP3 provides@aul | up/ pull down to the ANCONFI GO0 sign
the configuration flash to configure the FPGA,

Do Not Add a jumper. When programming the FPGA using JTAG, connect a jumper
bet ween pins 1 and 2 to add a pullup to the

1.2.3.3JMP4

JMP4 provides a pullup/pulldown to the ACONF
using the configuration flash to configure the FPGA,
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Do Not Add a jumper. When programming the FPGA using JTAG, connect a jumper
bet ween pins 1 and 2 to add a pullup to the

1.2.3.4IMP5
JMP5 provides a pulldown on the EN signal of the 1.2V Power Supply.
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us

1 2
1wz
2 1
VIN vBsT 0AuF
7

. 2 0 1 3 2 . . .
r20 VTR EN sw 2501
E] 5 2
- S5 e mar W\iaa _ _ | css

5 5 4

a5 cio VREGS 2 GND 5 c51 csz

TouF T owr _ ‘_ o our o 1ooF o o

c43 a7 2] R22

TPS54229_PDSO0-8 = 226K
D 47UF s

ca4
10uF

i——
i
|||—zg

This jumper should remain unconnected for proper operation of the FPGA.
Only use this jumper if the configuration flash file has become corrupted and the only

method to load a new configuration flash file is to disable the FPGA. For further
instructions on the use of this jumper please eirailanologiadirectly.

Page

35



.—/_ _\Q

TERRANOLOGIC

FPGA Development System User Manual

support@earthpeopletechnology.com
sales@earthpeopletechnology.com

1.2.3.5JMP1 and JMP2
JMP1 and JMP2 are used to add pullups to the 12C communication signals.

3 w3
": ":
u32 R2% R30
1 UB46 274K 274K
10_B1_1 10_B5_76/ RUP3 —_—
i 3e: 08577 RON3 i — 2 2
10 19 |
19781710/ DEFID_ L4P DGSOLICRILOPCLKD
—1T oTB1T117 BiFFIOLL X 7 : :
3 10_82_32/ RUPY I
10782733/ RON1 10_B5_84/ DIFFRD_} —_—
2 10_B5_85 DIFFIO_RF/ DOS1RICO1R®DPELKS [ o0 . §
3y '0_B2_28/ DIFFIO_LEN 100 UB33
33| I0_B2_30/ DIFFIO_L&P/ DQSILICATLADPCLK1 10_B8,_100 [4gq——[jEsg | 1 !
10782 10_B5_104/ DOSOR/ICAIRDPELKS 1ps ——————gze ]
i 108343 PLLI_cLkouTR 10-Pe. 108/ DIFFIOFIN |
10_B3_4 LKOU
] loTBaad PLLIZCLKEUTH 10_87_114/ RUP DQIT (12 i) o5
I0ZB77115( RDN4/ DQIT
T \CI E.S E DFF\D B1P
H BIN 10_B7_112/ PLL2_CLKOUTN | H§ —ji%\
35 o 1EICQ1E#.DPCLKZ 0BT 113 PLL2_CLKOUTP |
0 ormo 897/ DQIE 110 27

\ )_B! DIFFIO_BSN/ D18 10_B7_110/ DIFFIO_T21 CP DQSOT/CQ1T. DPCLK 177 UBZE
B2 | 10_B3, | OFF\O I\DP DO1B o, 87

331 10283752/ DIFFIOB11 ]

— \0 53 X DFF\D IHN

£5- 10_84_e81 RUP2 DatE
{ 10_B4_67/ RONZ/ DQ1B

o B7 125
"

DIFFID_; T|2N —————————

CRtH | 7 UB16

54 DIFF

55| I0_B4_54/ DIFFIO_B12P W uenr

54| I0_B4_55/ DIFFIO_B12N 10_88_128/ DIFFIQ_TA1N 55

£ I0_B4_58/ DIFFIO_B15PI DQ1B 10_B8_ 128/ DIFFIO_T11P |35 W

§0-| I0_B4758/ DIFFIO_B16P/ D218 1088135/ DIEFIO_Teh DAIT | qf ——— s

54| I0_B4760 DFFIO_B16N/ DalB 0_B8 141/ DIFFIQ_TSP |5 ————————jg;—]
—pg 10784 10_85_132) OIFFI0_T281 008 n' caiTH upcua e
—5g] 10 EJ_ o DIFFI0_B20N/ DQSOBICQIB,DPCLK3 19_B3_143/ DFFI0_TIN/ DQIT gz ——————— s
—yg 1084769 10783 144 D\FFD IR/ nmr—\

711 10 EJ: 0/ DIFFI0_B21P
73 I0ZB4T1/ DIFFIOB21N
10 B4 72/ DIFFIO_B22P

If signals UB2 and UB3 are needed for 12C signals SDA and SDC, connect a shunt to
the jumpers to provide the 2.7K Ohm pullup resistors.

1.2.4 Inputs and Outputs
Do not connect a 5Volt device to the DPL

There aréb4 Inputs/Outputs which ar€3.3Volt only. TheFPGAI / O6s ar a or gani ze
separate pins and connect to the Arduino conneatatseparate connectoEsachl/O

must be defined as input or outpaithe user coddzach pin of the connectors can

behave as either input or outpRefer to the DueProLogic Data Sheet for exact pinout

location.
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J20
10PIN
HDR

J10
10PIN
HDR

1T

J21
8 PIN
HDR

J8
8 PIN
HDR

i

J5
8 PIN
HDR

17
PMOD
HDR

Each Header includes a Power and Ground connection which allows an easy way to

DUEPROLOGIC INPUTS OUTPUTS
AT BOARD EDGE HEADERS

ARDUINO CONNECTIONS

J11

UBS3....UB22 36 PIN UBS3....UB22

HDR

ALTERA CYCLONE IV FPGA

UBGS.....UB60

PMOD CONNECTIONS

power sensors or bread boards directly from the DPL.

1.2.5 FPGA Configuration

TheCyclone IVFPGA is configured for operation when the power is applied to the
board. A dedicated Configuration Flash chip is includechemtueProLogidor the
purpose of configuring the FPGa# power up. The DPluses the second channel of the
FT2232H chip as a dedicatéthshprogramming portThe Configuration Flasitan be

Page

117
8 PIN
HDR

13
8 PIN
HDR

J9
PMOD
HDR

37




S

_\_._\,

N

—

TERRANOLOGIC

FPGA Development System User Manual

ON BOARD JTAG PROGRAMMER
AND FLASH CONFIGURATION

USB C CONNECTOR

CONFIGURATION FLASH

M25PA0 e RIAL PROGRAMIMING SIGNALS
FLASH [\

USB DP

FT2232H

usB USB INTERFACE
CONN USB DM |

8 BIT PARALLEL BUS TO FPGA ALTERA EP4CE6E22

v

=,

programmed directly frorQuartus Priméy using theEPT-Blasterdriver. Follow the
instructions in the fAEPFHRollolthe irsguct®rs inshe
section ASetting up the ProjorthaDPA nd

1.2.6 FT2232H Dual Channel USB to Serial Chp

TheDueProLogiccontains aFTDI 2232H duathannehigh speed480 Mb/s)USB to
FIFO (first infirst out) integrated circuit tonterfacebetween thédostPC and the
FPGA The FT2232Hprovidesa means of data conversion from USB to skpatallel
data and serifdarallelto USB for data being sent from tRRGAto the PCChannel A
is configured as &lash ConfiguratiotousandChannel B is configured asserialbus
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FPGAProgranming commands are transmitted via ttteannelA interface Channel B
has one dual port 4Kbyte FIFO for transmission from Host PC tBRIB it also has
one dual port 4Kbyte FIFO for receiving data from ERGAto the Host PC.

The serial communications pathway is used to send and receive data to/from the Host

PC.The pathway comprises the USBConnector, USB to Serial chip and the Cyclone

IV FPGA. The USB driver from FTDI is required for the FT2232H chip. Please see the
section AEPT Driverso for instructions on dr

SERIAL COMMUNICATIONS PATH

/‘l‘ \\\ P 1
—l =N
UART BUS
P
—USBOP 8 pro30H
usB USB INTERFACE CYCLONE IV FPGA
CONN < UsSB DM
JTAG SIGNALS
e |

The serial communications pathway between host and FPGA is transparent to the user.
The Active Host API allows users to easil;r/_irpglement a data read/write in software.

DUEPROLOGIC 1

USER APPICATION HOSTOS |

USER APPLICATION TRIGGER
ENDTERM I

Cit WINDOWS FORM

4CE6 FPGA

ACTIVE USER CODE
R ASTer 1—-‘ TRIGGER ENDTERM l"’

LIBRARY

|
|
|
|
ACTIVE |
TRANSFER usB AN L BOARD
ENDTERM ":'f DRIVER [\o2BBYS fRali-rER ENDTERRS [FPGAIO ) connecToRrs
|
I
|
|
|

= — ——

BLOCK ENDTERM

BLOCK ENDTERM 1

(R —

- e o 0 O 8 |

Pl ease see the section fAcfoihowtoudettet Appl i cat
Active Host API to build an application for data read/write between Host and DPL.
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1.2.7 SD Card Interface

The DPL includes a standard SD Card Interfa¢te SD connector is on the bottom of
the DPL. This interface allows the user to add expansion memory or the standard SD

interface.

P ~ ‘
A Ay e

SD CONNECTOR
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Y

L ~»50_DAT2 2

=30_COVDATZ 2

E 5D CMD 2

[FUR S ]

_|

=350 CLK 2

[&1]

7 —=5D DATD T

(=T I = (]

8 =50 DAT1 2

- =
S| ¥| sSD-CARD-CSHELL SMD-12

SD Card Connector

1.2.8 SD Card Protocol

There's a ton of information out there on using the MMC/SD SPI protocol to access
SD cards but not much on the native protocol. This page hopes to rectify that with
information helpful to those implementing a SD host or trying to understand what
they're seeing on an oscilloscope.

1.2.8.1References

A The full MMC Specification is available as JESD84A44 from the  JEDEGwebsite
A The SDSimplified Specification from the SD Card Association covers most of
the protocol
A The full SD specification is available after joining the SDCard Association
Page
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1.2.8.2Compatibility

MMC, SD, and SDHC cards are broadly compatible at the electrical and framing
level. A properly designed controller should be able to handle them all. Some
differences are:

A MMC cards are available in both High Voltage (2.7 - 3.6 V) and Dual Voltage
(2.7 - 36and1.70 - 1.95V)

A MMC is designed to support multiple cards on the same bus

A During initialisation MMC cards are clocked at 400 kHz or less

A MMC, SD, and SDHC all have different initialisation sequences

1.2.8.3Protocol

The protocol is a strict master/slave arrangement where data is clocked
synchronously from the host to the card or from the card to the host over digital
lines. Commands are sent from the host to the card and all commands have either
no response, a 48 bit response, or a 136 bit response. Some commands may also
start a data transfer to or from the card.

There are three types of signal:

A CLK, carrying the clock signal from the host
A CMD, carrying commands from the host and responses from the
card
A DAT, carrying data from the host or data from the card
There may be 1, 4, or 8 DAT lines. SD Cards can run at 0 - 25 MHz in Default Mode

or 0 to 50 MHz in High - Speed Mode. MMC cards come in different grades that can
run at up to 20, 26, or 52 MHz. No matter what all cards start up in 3.3 V, single

DAT, and low speed mode with any other features negotiated during the

initialisation.

1.2.8.4Physical layer

All communication are at 3.3 V logic levels with 3.3 V being a high and 0 V being a
low. CLK comes from the host and idles low. CMD and DAT are bidirectional and idle
high. All are driven in a push/pull mode for speed.
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Data is clocked into the host or card on the rising edge of CLK and changes on the
falling edge. This is equivalent to the SPI (0, 0) mode.

1.2.8.5Framing

The framing is a bit unusual. It feels like it was written by a embedded software
engineer instead of a hardware or protocol engineer as the framing and use of
CRCs is unusual and inconsistent. The advantage is that the framing maps through
to a software only implementation pretty well.

All transfers start with a zero start bit and finish with a one stop bit. A card may
signal that it is still working on the response by keeping the CMD line high until the
response is ready.

All commands are 48 bits (6 bytes) long and all responses are either 48 bits (6
bytes) or 136 bits (17 bytes) long. The 48 bit transfers can be thought of as an 8
bit message ID, 32 bit argument, and 8 bit checksum.

Bytes are transferred most significant bit first. Words are transferred most
significant byte first.

1.2.8.6Commands and Responses
A command or response has the following format:

Bit # Value Name

a7 1 0 Start bit

46 1 1 for commands, O for responses Transmitter bit

45-40 | 6 Command ID

39-8 32 Argument

7-1 7 CRC

0 1 1 Stop bit

The CRC is a 7 bit CRC with polynomial x 7+ x 3 + 1. A table driven form can be
found in the Linux kernel under lib/crc7.c . Bitwise forms may be generated

using pycrc with the parameters
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-- width=7 -- poly=9 -- reflect -in=0 -- reflect -out=0 -- xor-out=0 -- xor-in=0

generate c -- algorithm=bit - by- bit -fast
such as

for (int b =0; b<38; b+td

{
uint bit = crc & 0x40;
if ((data & 0x80UL != 0)
{
bit "= 0x40;
}
data <<= 1;
crc <<= 1;
if (bit != 0)
{
crc "= 0x09;
}
}

Note that the final CRC must be ANDed with Ox7F.

The CRC seed is zero and is calculated over the start, transmitter, command ID,
and argument fields. The resulting CRC is compared for equality with the CRC from
the message.

Some examples are:

An APP_CMD (55) command that prefixes a SD specific command
Bytes: 0x770000000065

Bits: 0 1 110111 00000000000000000000000000000000 0110010 1
Fields:

A Start bit=0
A Transmitter = 1
A Command = 55 (decimal)

Page

44



x _/—.
~— —_

TERRANOLOGIC

FPGA Development System User Manual

A Argument = 00000000
A CRC =0x32
A Stop bit = 1

The CRC can be generated by feeding 0x77, 0x00, 0x00, 0x00, 0x00 into the CRC
function above.

The response to the APP_CMD
Bytes: 0x370000012083

Bits: 0 0 110111 00000000000000000000000100100000 1000001 1
Fields:

A Start bit =0

A Transmitter = O (this is a response)
A Response = 55 (decimal)

A Argument = 00000120

A CRC = 0x41

A Stop bit=1

The response to CMD3 SEND_RELATIVE_ADDR
Bytes: 0x03B368050019

Bits: 0 0 000011 10110011011010000000010100000000 0001100 1
Fields:

A Start bit =0
A Transmitter = O (this is a response)
A Response = 3 (decimal)
A Argument = 0xB3680500
A CRC =0x0C
A Stop bit=1
Note that this cards Relative Card Address (RCA) is 0xB368

1.2.8.7Data

Data has the following format:
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Bit # Value = Name
4113 1 0 Start bit
4112 -17 512*8 Data bits
16-1 16 CRC

0 1 1 Stop bit

Note that this is for a typical transfer of a block of 512 bytes. The host knows from
the command that was sent how many bytes to expect back. There is no other way
of knowing the message length.

The CRCisisthe ITU -T V.41 16 bit CRC with polynomial 0x1021. A table driven
version can be found in the Linux kernel under lib/crc -itu-t.c . Note that there is no
such thing as 'the' CRC16 so make sure you get the right one.

Unlike the commands or responses the CRC is calculated over all of the data bytes

and does not include the start bit. The calculated CRC is checked for equality with

the received CRC.

PENDING: Add an example data message with CRC.

1.2.8.8Handover

The CMD and DAT lines are bidirectional. Handover occurs at the end of a command
where both the host and the card switch to input mode for two clocks before the

card starts driving in push/pull mode. Some commands must be responded to in a
fixed number of clocks but most allow an arbitrary time before the response must
start.

1.2.8.9Initialisation

To initialise a SD or SDHC card, send the following:

A Write 74 clocks with CMD and DAT high

A Write CMDOGO _IDLE_STATH his will reset the card.

A Write  CMD8SEND _IF_CONIfor 3.3 V parts. If any SDHC cards are

present then you will get a wired -OR response with Ox3F as the command and OxFF
as the CRC and stop bit. Note that this must be sent or SDHC cards will not respond
to the following steps
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A Write  CMD55APP_CMD

A Receive a 55 response

A Write ACMD41SD_SEND_OP_COND

A Expect a wired -OR response with Ox3F as the command and OxFF as the
CRC and stop bit

A Check the ready bit in the previous response. If the card is not

ready then repeat the CMD55/ACMDA41 until it is

Write  CMD2ALL_SEND_CID

Expect a wired -OR response with Ox3F as the command and OxFF as the
CRC and stop bit

A Write CMD3SEND_RELATIVE_ADDR
A Expect a 3 response. The upper two bytes of the argument is the

Relative Card Address (RCA) which is used in the next step

A
A

A Write CMD7SELECT_CARWBIith the RCA
A Expect a 7 response

The card is now selected and ready to transfer data. See Figure 4 -1'SD Memory
Card State Diagram' in the simplified spec for more information.

See section 4.7.4 'Detailed Command Description' in the simplified spec for more
information on the commands and responses.

MMC cards are initialised using a similar but different method.

An example flow captured from Linux on a SC2440 is:

Phase Command Response Notes
40000000009
CMDO 5 None
77000000006
CMD55 5 370000012083
ACMD41 69001000005 Card is
SEND_OP_COND F 3FO0FF8000FF busy
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77000000006
CMD55 5 370000012083
Card is
69001000005 still
ACMDA41 F 3FO0OFF8000FF busy
77000000006
CMD55 5 370000012083
ACMD41 69001000005 Card is
SEND_OP_COND F 3F80FF8000FF ready
42000000004 @ 3F1D4144534420202010A0400BC10088A
CMD2 ALL_SEND_CID D FF
RCA
CMD3 of
SEND_RELATIVE_ADD @ 43000100007 0xB36
R F 03B368050019 8

Note the missing CMDS8 as this controller does not support SDHC. | didn't capture the final
CMD?7.

1.2.8.10 Reading
Once initialised reading from a card is straight forward.

To read a single page:

A SendCMD17 READ_SINGLE_BLOCKwith the offset to read from as the
argument
A Receive on the DAT lines

A SendCMD12 STOP_TRANSMISSIOMNNce the block has been received
To read consecutive pages:

A SendCMD18 READ MULTIPLE_BLOCKwith the starting offset as the
argument
A Receive as many blocks as you want on the DAT lines

A SendCMD12 STOP_TRANSMISSIONNce the done
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Note that there will be a response to these commands and the response may be
interleaved with the data. See Figur8:3Multiple) Block Read Operation for more
information.

On SDHC cards the offset is in terms of 512 byte blocks. On SD cards the offset is in
bytes and the number of bytes received depen@8/@16 SET BLOCKLEN

1.2.9 LEDs

The DueProLogic includes a 6x6 Green LED array. Each LED is sinked to an
individual pin on the FPGA. Each LED is current limited to 6mA. The total current
consumed for all 36 LEDs is 216mAs. The FPGA can easily sink this current. So,
individually sinking all 36 LEDs makes easy control for User Code. The DueProLogic
also contains a method to turn on/off the LEDs in four unit blocks. A jumper is used to
control the state of each LED block.

CYCLONE IV FPGA

LED GROUP SELECTION
6X6 LED ARRAY

| 01 Xio_I 8 Tl | | R DR 3
|[eveeeeoeqnlaaaaaann [ }
L 3% )
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LED Power Controbllows a group of four LEDs to be powered by one jumper. When
the jumper is connected, the LEDs are powered by +3.3V. When disconnected, the
LEDs will not light up and the 10 pin in the appropriate Board Edge Connector can be
used without an LED.
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+3.3V

S I LED POWER
CONTROLS

LEDS POWERED IN
GROUPS OF FOUR

CYCLONE IV FPGA

INPUTS ¢
o —
1.2.10 Pushbuttons

The DueProLogic includes two pushbuttons that can be used in a way the user would
like. They are both attached to separate debounce circuits. These pushbuttons were
designed to use as little PCB are as possible. The switch is engaged by the plunger

which is directed off the PCB.
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USER PUSH BUTTON 1

USER PUSH BUTTON 2

The switches will momentarily provide a ground connection to the appropriate pin on
the FPGA. When lIdle, the signals are pulled high through a 10K Ohm resistor.
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1w
les

R83
10K

UBG6

3
SW1

4

) SW_TACTILE_MICRO
I{ e}

C74
0.1uF

-

UB[71..0]
V3
1
Rg94
10K
2
. UBG7.
3
SW2 i
I{O SW_TACTILE_MICRO c100
§|: 0.1uF
. =
Push Button Switches
Component Net Name Pin on Cyclone IV
SW1 UB66 91
SW2 UBG67 90
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1.2.11 Power Options

There are two power options for the DueProLogic
1 USB-C Connection to a PC (+5VDC)
1 Barrel Connector (+5VDC to +12VDC)
The USB Micro B Connector is a the standard connector specified by the USB SIG.

The Barrel Connector is thecated on the front of the board. It has 2.0mm inner

diameter and 5.5mm outer diameter. The inner male connection is the positive
connection and the outer connection is the ground. This connection can accept between
+5VDC and +12VDC power. However, great care must be used when using this
connection. This power is applied to several pins on the 1/0O headers. Consult the Data
Sheet for these connections.

BARREL
CONNECTOR FOR
POWER

+1.2V POWER SUPPLY +2.5V POWER SUPPLY

+3.3V POWER SUPPLY
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1.2.12 Clock Domains

There are two clock domains external to the Cyclone IV FPGA, 66 MHz and 100 MHz.

The 66 MHz oscillator is a +3.3VDC device that provides a high speed clock to the

FPGA. It is a CMOS device that provides a stable 66 MHz at £50 ppm. This clock can

be used directly in the user code or use it
FPGA. It is intended that this clock will drive the logic of the user code. If a different

clock frequency is required in the user code, use the PLL scale up/down to produce the

desired clocking.

The 100MHz oscillator is a +3.3VDC device that provides a stable source for high
speed clocking. This oscillator can be usedhigher speed functions such fast
communications, memories and control

Both oscillators have an enable signal that are individually controlled by the FPGA. The
oscillators are operational when the enable signal is high. The oscillators enable signals
each have 10K pullups to keep them on at all times

Component Signal Name FPGA Pin
Y2 (66MHz Oscillator) 66MHZ CLK 23
Y3 (100MHz Oscillator) | 100MHZ_CLK 88
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