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INTEGRATED CIRCUITS HI-3717 Evaluation Board
March 12, 2015 Software Application Note

Introduction:

This application note provides an overview of the demo software provided in the Holt HI-3717 ARINC
717 Evaluation Kit. The main sections of this application note are:

e Demo software overview
e Low level HI-3717A driver functions

e Demo Project setup with Freescale CodeWarrior™.

A Quick Start Guide and a complete User’s Guide for HI-3717 evaluation kit can be found on the CD-
ROM. Use these guides to become familiar with the board setup and operation of the demo software.
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Demo Software Overview Block Diagram
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The program enters the mode selected by the mode configuration DIP switches. To restart into a
different mode, reconfigure the mode switches and reset the board.

MCU Clock and SPI Frequencies
The Freescale MC9S12XDT512 (MCU) on the main board uses a 4MHz crystal for operation. The built-in
PLL multiplies this by 20 to achieve an 80MHz system clock. This system clock is divided by two for a

40MHz Bus Clock used internally for the MCU peripherals.

The PLL is programmed to multiply by 20 by this line of code in the Peripherals.c module:

SYNR = 9; // 80Mhz PLL system clock

The SPI frequency is set by this line of code in the Peripherals.c module:
SPIOBR = SPI1_5MHZ; // SP1 CLK = 5MHz (see “Peripherals.c” for other

// rates)

The maximum SPI frequency for the HI-3717A is 10MHz.

Timing and Delay Functions

Timer_ISR Delay100us(delay)

Reload for next interrupt 4
Decrement g_count100us tick G_count100us=delay;
Y <
L secong N & Flash LED7 4
——————P
handler? If g_ledFlashBool
imeout delay
finished?
_ No

v
return
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These functions provide the basic timing for the program. The Delay100us() can be used anywhere an
accurate delay is needed in the program .

The global g_count100us variable is decremented at the 100us timer rate. This variable is used by a
general delay function which can be called with a specified number of delay intervals. The g_count100us
variable is a 16-bit integer so the delay ranges from 100us to 6.5536 seconds.

/) — e
// General timer tick 100us for delays

void DelaylOOus(unsigned int delay){
g_countl00us=delay;
while(g_countl00us);

}

A number of predefined constants are defined which can be used by calling the function with these

constants.
#define K_1MS 10 // 1lms
#define K_10MS 100 // 10ms
#define K_100MS 1000 // 100ms
#define K_1SEC 10000 // 1 second

Usage: DelaylO0Ous(K_1SEC); // delay for one second

A one second interrupt handler in the TIMER_ISR is provided. Any code placed here automatically
executes every second.

if(Tcountl00us)
{ // 1 second scheduler
countlOOus = K _1SEC;
if(ON==g_ledFlashBool) // Flash the LED7 if enabled
LED7 ~= TOGGLE; // Alive 1 second blink
}
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GPIO interrupt Handlers

AN-171

An interrupt handler manages most of the interrupts from the HI-3717A.

interrupt 56 void PORTP_ISR(void)

Pins that can generate interrupts from the HI-3717A are shown below. The MATCH pin is the only

interrupt demonstrated in the code.

MCU Port Pin HI-3717A CONNECTOR
PPO RFIFO J10-2
PP1 MATCH J10-14
PP2 ROVF J910
PP3 TFIFO J9-8
PP7 TEMPY J10-20

CAUTION: if code added to the interrupt handlers accesses the SPI interface, then any SPIl access in the
foreground code must be made atomic by first disabling interrupts then re-enabling interrupts after the
SPl is accessed. Failure to protect foreground SPI access will most likely cause corrupted data on the SPI
interface. There are some test instructions in the handlers which pulse the PP4 MCU pin (MISO2) J7-1
on the main board a number of times as a debugging tool. By viewing these pulses on an oscilloscope,

the interrupt handler can be identified. This test code can be removed.

PortP_ISR

Set PP4 High

Yes
Match Pin?

Turn on LED4

A
Set PP4 Low

return
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SPI Driver Functions

These three primitive SPI functions make up the basic read and write functions to access the SPI

interface of the HI-3717A. There are slightly more complicated functions to perform multi-byte reads or
writes which are basically derivatives of these three simpler functions. All HI-3717A SPI driver functions
are included in the 3717Driver.c module and its 3717Driver.h header file. The MCU /SS pin is connected

to the HI-3717A /CS pin.

W_Command(cmd)

A
Reconfigure /SS as GPIO
Set /SS low

A

Clear SPI status reg
Load SPI data reg with cmd

Wait for
transmit
ompletion?

Yes

Clear SPI status reg
Load SPI data reg with cmd

return

R_Register(char)

Reconfigure /SS as GPIO
Set /SS low

!

Transmit the Opcode

Wait for
transmit
ompletion?

Yes

Transmit dummy byte to
receive data

No

Received byte?

Yes

h 4

Clear SPI status reg
Load SPI data reg with cmd

h 4

Return R_Reg
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Special handling of the /SS SPI signal:

All HI-3717A SPI Op-Codes require the /CS to remain low for the complete duration of the data transfer
including multi-byte reads and writes. Refer to figures 3, 4 and 5 of the data sheet for timing diagram
examples.

To achieve this, the default SPI slave select line /SS in the Freescale MCU must be reconfigured as a GPIO
and controlled by code in the function. This technique is common for devices requiring the /CS line to
remain low during multi-byte transfers. The first positive SCK edge must occur after /CS is asserted low;
the last falling SCK edge must occur before the /CS is negated high as shown in the following diagram:

SCK

o T LTI I 111

|

HEEE

High Z

SO

Op-Code Byte Data Byte 0 Data Byte 1

=]

There are functions that read a single byte from the HI-3717A SPI port, write a command to the HI-
3717A SPI port and a few others which read or write a command plus a multiple number of bytes. For
example the function below is the basic function that writes a command plus one byte of data to the HI-
3717A SPI port.

// Write SPI

Command with a Value to HI-3717

void W_CommandValue (uint8 cmd, uint8 value){

uint8 dummy;

SP10CR1
SP10CR2
SP10_nSS = 0;

dummy = SPIOSR;

SPIOCR1 & ~SPIOCR1_SSOE_MASK;

SPIODR = cmd;

while (ISPIOSR_SPIF);
dummy = SPIODR;
dummy = SPIOSR;

SPIODR = value;

while (ISPIOSR_SPIF);
dummy = SPIODR;
SPI0_nSS = 1;

SPI10CR1
SPI0CR2

SPIOCR1 | SPIOCR1_SSOE_MASK;
SPI0CR2 | SPI10CR2_MODFEN_MASK;

Default

}

// disable auto /SS output, reset /SS Output

SPIOCR2 & ~SPIOCR2_MODFEN_MASK; // disable auto /SS output, reset SPI0 Mode

// assert /SS low
// clear SPI status register
// SP1 command

// read Rx data in Data Reg to reset SPIF
// clear SPI status register
// Reset values

// read Rx data in Data Reg to reset SPIF
// assert /SS high

// enable auto /SS output, set /SS Output
// enable auto /SS output, set SPI0 Mode

HOLT INTEGRATED CIRCUITS
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This function transmits a command byte followed by one 16-bit data word, writing one ARINC message
to the FIFO.

/) —

// Transmits the Message Command and data contained in the passed array pointer
// Transmit cmd + 16 bits for 2 byte transmit commands

// Valid data range is 00-OXFFFF

void TransmitCommandAndDatal6(uint8 cmd, unsigned int TXBuffer)

uint8 static dummy;

SPIOCR1 = SPIOCR1 & ~SPIOCR1_SSOE_MASK; // disable auto /SS output, reset /SS
SPIOCR2 = SPIOCR2 & ~SPIOCR2_MODFEN_MASK; // disable auto /SS output, reset SPIO
SPI0_nSS = 0; // assert /SS low

dummy = txrx8bits(cmd, 1); // Transmit the whole message, ignore return values

// Transmit upper 8 bits

dummy = txrx8bits((unsigned char)((TXBuffer>>8) & OxFF),1);

// Transmit lower 8 bits

dummy = txrx8bits((unsigned char)(TXBuffer & OxFF),1);
SPIO_nSS = 1; // assert /SS high

SPIOCR1 |= SPIOCR1_SPE_MASK|SPIOCR1_SSOE_MASK;
SPIOCR2 |= SPI10CR2_MODFEN_MASK;

}

This example shows a very simple SPI driver function which issues one Opcode then
reads back one byte. This is used for fetching single byte status” from the SPI.

/>
/ Read HI-3717 Register Read Function
Argument(s): Register to read

Return: 8-bit Register Value
*/

unsigned char R_Register (char Reg) {
unsigned char R_Reg;

SPIOCR1 = SPIOCR1 & ~SPIOCR1_SSOE_MASK; // disable auto /SS output, reset /SS
SPI0OCR2 = SPIOCR2 & ~SPI10CR2_MODFEN_MASK; // disable auto /SS output, reset SP10 Mode
R_Reg = txrx8bits(Reg,1l); // send op code (ignore returned data byte)
R_Reg = txrx8bits(0x00,1); // send dummy data / receive Status Reg
SPIOCR1 = SPIOCR1 | SPIOCR1_SSOE_MASK; // enable auto /SS output, set /SS Output
SPIOCR2 = SPIOCR2 | SPIOCR2_MODFEN_MASK; // enable auto /SS output, set SPI0 Mode
Fault
return R_Reg;

}
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This read function fetches a 16 bit word from the FIFO into the array. The Op code is passed by the
caller.

/)

// This function reads the number of 16 bit words into the array by pointer
/) -

void FetchFIFOWordsWithCmd(uint8 cmd,uint8 count,unsigned int *passedArray)
{

static uint8 WordCount;

unsigned int dummyl6;

CS_HLQ:
dummy16 = SPIOSR; // clear SPI status register
SPIODR = cmd; //0xF6; // Send the 3717 SP1 command

while (ISPIOSR_SPIF); // wait for SPIF flag assertion
dummy16 = SPIODR; // read/ignore Rx data in Data Reg, resets SPIF
for (WordCount=0; WordCount<count; WordCount++) {

dummy16 = (unsigned char)txrx8bits(0x00,1); // fetch d16-d8 uppper word

dummy16 = dummyl6 << 8; // position to upper bits

dummy16 |= (unsigned char)txrx8bits(0x00,1); // fetch d7-0 lower word and combine

passedArray[WordCount] = dummy16; // load word into array

3
SPIO_nSS = 1; // assert /SS high
PIOCR1 = SPIOCR1 | SPIOCR1_SSOE_MASK; // enable auto /SS output, set /SS
SPI0CR2 = SPI0OCR2 | SPI10CR2_MODFEN_MASK; // enable auto /SS output, set SPIO

Mode Fault

}

The Init3717() function initializes the HI-3717A with three passed parameters (test, wordRate and rxsel)
and uses these values to set the corresponding bits in the Control 1 and Control O Registers. Finally, the
Control Register 0 is read back and checked for the expected value that was written. If the calling
function does not receive this expected value, the program turns on the red LED, transmits an error
message on the console and enters a dead loop.

/*
Initialize the HI-3717

RETURNS: O if successful, OxOF if failed

INPUT PARMS

test: 1=test mode. O=normal mode

wordRate: 0-7 = words/sec per 3717 data sheet
wps32: 1=32 WPS (overrides wordRate selections)
rxsel: 1=BPRZ, 0=HBP

*/

/)

uint8 Init3717(uint8 test, uint8 wordRate, uint8 wps32, uint8 rxsel )
{

unsigned char cmd=0;

// Write control-1 register
W_CommandValue(W_CTRL1, test); // Initialize the test mode if parm set

// Write control-0 register last
cmd = rxsel;
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iT(wps32)

{
cmd |= WPS32;

} else

{ _
cmd |= slewRate[wordRate] << 1; // Select slew rate based on bitrate
cmd |= wordRate << 4; // Select the actual word rate

3

// Initialize the Control O register
// if parms are passed: WPS32, Slew Rate and word rate
W_CommandValue(W_CTRLO, cmd);

// Perform a check to see if writing the word to the 3717 is correct?

if(R_Register (R_CTRLO) != cmd) // Did 3717 receive write ok?
return INIT_FAIL; // fail

else
return O; // ok

3

See the 3717Driver.h header file for the options available in the define statements.

Uart.c Serial Port (RS-232)

The drivers to support the serial port (Console) are contained in this module. There are some function
drivers to allow messages to be sent and received on the UART. This is useful to log status or data
messages on Windows HyperTerminal or any other terminal program. It currently uses polling to
determine when the data receive or transmit registers can be read or written.

GPI and GP2

These two pins on the main board are connected to the HI-3717A to TFIFO and ROVF respectively.

LEDs LED1-LED8

These LEDs are controlled by a function in the program. LED1-LED4s and LED8 are active-low logic and
LED5-LED7s are active-high logic. Using this support function allows a universal way to turn the LEDs on
and off from the program. The Freescale MC9S12DT part uses pins PE5, PE6, PE7 for configuration
sensing during reset, so the logic on these three pins needs to be reversed so the MCU sees a low at
reset time.

S —
// Control LED1 - LEDS

// ledNumber: LED 1,LED 2,LED 3,LED 4....LED 8 [1-8]

// OnOFF: 1=ON, O=OFF

void LED_CTL(uint8 ledNumber, uint8 OnOFfF){
#iF NEWBOARD
if(ledNumber>4 && ledNumber<8)// LEDs 5-7 have reversed HW logic so invert

these 3
#else
if(ledNumber>4) // 0ld board.
#endif

HOLT INTEGRATED CIRCUITS
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OnOff = ~OnOff;
switch (ledNumber){
case 1: LED1=OnOff; break;

case 2 LED2=0OnOff; break;
case 3 LED3=0OnOff; break;
case 4 LED4=0OnOff; break;
case 5: LED5=OnOff; break;
case 6: LED6=0OnOff; break;
case 7: LED7=0OnOff; break;
case 8 LED8=0OnOff; break;
1t:

defau : break;

+
}

Usage examples:

LED_CTL(LED_1,0FF); // turns off LED1
LED_CTL(LED_1,0N); // turns on LED1
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HI-3717 Demo CodeWarrior™ Software Project

The software project is built with Freescale CodeWarrior™ version 5.9.0 using the free, limited 32K

version. The demo program size is approximately 7-8K. The main functions are in main.c and the low

level HI-3717A drivers are in the 3717Driver.c file. The software project “HI-3717 Demo xx” will

normally be distributed in a zip file on a CD-ROM with the same name. To develop, debug and

download this software into the board, a debug cable is necessary. It is not provided in this kit. To

purchase this cable, go to the PE Micro website or purchase it from Digi-Key.

Project Files

Source Files
main.c
3717Driver.C
Peripherals.c
BoardTest.c
Uart.c
datapage.c

Include Files
Main.h
3717Driver.h
Peripherals.h
BoardTest.H
Uart.h
Common.h
Derivative.h
Mc9s12xdt512.h

Main code

Low level SPI drivers for the HI-3717A

GPIO, PLL frequency setup and SPI configuration
Board Test functions

Low-level UART drivers

Freescale™ IDE support file

Low level HI-3717 SPI driver header file

Uart header file

Common defines for the project
Freescale™ IDE support file
Freescale™ IDE target part support file
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CodeWarrior™ and Software Project Setup:

1. Download and install the CodeWarrior™ IDE from the Freescale website. The download links are

provided below.
2. Unzip the HI-3717 zip file into the directory you plan to use for your project.

3. Navigate to the HI-3717 project folder and double click the HI-3717 Demo.mcp project file to
launch this project with CodeWarrior. The IDE should open with the project files on the left side
of the window.

4. Click Make from the Project menu to rebuild the project. The project should build without
errors. Install the PE Micro USB Multilink Interface cable per the PE Micro instructions.

5. Plug the USB Multilink 6-pin debug cable into the J9 debug connector and power up the board
with 3.3V.

Plug the P&E debugger ribbon cable with the 6-pin connector to the evaluation board observing
the location of pin-1 indicated by a Red wire. Align the Red side of the connector so it connects
to the pin-1 side of the connector on the board. Pin-1 is near the J9 silk-screen on the board and
is also noted with a small white square.

6. Download the program by clicking Debug from the Project menu. The first time the program is
downloaded, the debugger needs to be configured for the USB Multilink cable. After
downloading is complete, the debugger window should be displayed with the first line in main.c
highlighted. Press the green arrow button to run the program. Since the program has been
loaded, you can power down the board and re-power the board; the program should run
automatically without the debugger.

7. Note: All program console output references to HI-3717 apply to HI-3717A in this version.
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Holt HI-3717 project loaded into CodeWarrior™ 5.9.0

reescale CodeWarrior

File Edt View Search Project ProcessorExpert Device Inkialzation Window Help

) BN L:] BEhs@E®R
=Ixt ~
i @ main. -
HI-3717 Demo 0.mcp I ML EIEX
b= {} - M~ [ - d' - Path C\Documents and Settings\wiliamyMy Documents\HIZ71 7 DemoB oardDesignyHI-3717 Demo CodevHI-3717 Dema 0045 ourceshmain o
D PaE butick /Cyclones P~ | {8 {2 97 B g B OD
s Hain.c g
Fiss | Link Orcler | Targets| = Holt HI-3717 ARINC 717 Demonstration Program =
* =
b2 2| *
g"e E“;dsg Dg;ﬁ* - This file demonstrates a simple ANSI C program structure for |
-E!.ﬂ it e . :'ll_ * the initializing and using a Holt HI-3717 dewice
B [msnd . ®
. ggeuugga\tsc g?g g . :'Il * Tool: Codewsrrior 5.9.0 (huild 2836)
B BoardTeste . *
EUanc 411 5. = HOLT DISCLAIMER
B datapagec 545 0. =
@ 37170niver.c 723 3. * THE SOFTWARE IS PROVIDED “A5 IS". WITHOUT WARRANTY OF ANY KIND.
£ E3 Includes 0 ] = EXPRESSED OR INPLIED, INCLUDING EUT HOT LIMITED TO WARRANTIES
T manh 0 ] = OF MERCHANTAEILITY, FITNESS FOR A PARTICULAR FURFOSE AND
; h o 0 = HONTNFRINGEKENT
! Ezsmﬂcﬁ po5 3 * TN HO EVENT SHALL HOLT, INC BE LIABLE FOR ANY CLATM. DAMAGES
B el 2k E ¢ m * OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR
@ rercheralsh o ¢ m - OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION VITH THE
@ peripherals = SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTUARE
@ BoardTestH 0 0= M
@ Usth a oo * Copyright (C) 2009 — 2010 by HOLT. Inc
EEIE 37}?!{:’8"4 43 g :'Il * 41l Rights Reserved
= oect 2ettings v =
© £3 Startup Code 4 6« B Revision 1.0 WS
[ 49 6« =
= ELinker Fies 0 0o
“ ) bumer bl na nla *
@ Frojectpm wa nfa = .
L Praject. /i Ja
-egun? rarstmep e You may see compiler warming like these and they sze consider normal:
B el i1 2 1 e . Vewming © C12056: SF debug info incorvect because of optinizaticn or inline sssembler
B ansivsilib 7520 2018 o
/% This change wss made to the Project.prm file to gsin access to snother 4k SRAM space:
12K SRAK is aot awailable.
non—page
RAK = FEAD_VRITE DATA NEAR 0=2000 TO  Dx3FEF; Was
RAK = READ_VRITE DATA_NEAR 0=1000 TO  O=3FFF: Hodified to
x5
e Definitions of the LEDs and the Dip Switch
IEDL - flashes to indicate a sync vord was loaded into the TX FIFO
IED? — flashes to indicats a sync vord or data word that happens to match a syne vord is recsived
IED3 - flashes to indicats any word is received from the RE FIFO
IED4 — Turns on when the word count matches the valus in the match register.
IEDS — On indicates Receiver FIFO Full
IEDS - On indicates Transmitter FIFO Full
IED? - Prossssor running indicator flashes st 1 sscond
IEDE - Red to indicate HI-3717 failed to initialize or to indicatc vhen a data conpare does not match -m
20 fles 15430 11288 | | : 3

Freescale™ MC9S12XDT512xxx Development Tools

The Freescale™ microcontroller data sheet and other documentation can be found at this link:

http://www.freescale.com/webapp/sps/site/prod summary.jsp?code=S12XD&tid=16bhp

If these links become out of date go to: http://www.freescale.com/ and search for information on
“S12XD: 16-Bit Automotive Microcontroller”.

A Free 32K limited version of the CodeWarrior™ IDE from Freescale™ is available:

http://www.freescale.com/webapp/sps/site/prod summary.jsp?code=CW-HCS12X&fsrch=1

The US Multilink debugger cable used for this project is:
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http://www.freescale.com/webapp/sps/site/prod summary.jsp?code=USBMULTILINKBDM&parentCod
e=512XD&fpsp=1

http://search.digikey.com/scripts/DkSearch/dksus.dl[?Detail&name=USBMULTILINKBDME-ND

Summary

This Software Application Note provids an overview of the demo software provided in the HI-3717
evaluation kit. The complete Codewarrior™ software project is contained on the CD-ROM. To use the
demo program, refer to the AN-170 Users Guide or the Quick Start Guide contained on the CD-ROM.
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REVISION HISTORY

P/N Rev

Date Description of Change

AN-171 NEW 08/18/11 Initial Release

A
B

1/8/14 Added Mode 6. New debugger connector photo.
3/12/15 Change some HI-3717 references to HI-3717A.
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