Driving a Seven Segment Display
with the Neuron® Chip

January 1995 LONWORKS® Engineering Bulletin

Introduction

This engineering bulletin describes how the Neuron Chip can be used to drive a
seven-segment display controller chip, the Motorola MC14489. This device is used
in Echelon's Gizmo2 and Motorola's Gizmo 3 multi-function 1/0 devices. The
MC14489 can control up to five LED digits, each consisting of seven segments and a
decimal point. No external current limiting resistors or drive transistors are
required. The chip has a Serial Peripheral Interface (SPI), allowing for easy
connection to the Neuron Chip's Neurowire port. This port can drive devices
conforming to Motorola's SPI device interface and National Semiconductor's
Microwire” device interface. The engineering bulletin also presents software drivers
written in the Neuron C programming language that display decimal numbers from
binary data.

Schematic

The MC14489 can be connected to the Neuron 3150° or 3120xx° Chips as indicated in
the following schematic. The Neuron Chip's Neurowire port in master mode uses
pin 1 O_8 as the clock pin, and | O_9 as the serial output data pin. In this case, pin

| O_2 is used as the enable pin for the MC14489 display controller, but any of pins

| O_0 through I O_7 could have been chosen, with the appropriate modification to
the driver software.
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Figure 1. Seven-segment LEDs controlled by the Neuron Chip

€ ECHELON



LONWORKS Engineering Bulletin Driving a Seven-Segment Display

The MC14489 is connected to four common-cathode seven-segment LED display
devices. These are available from most manufacturers of opto-electronic devices,
such as General Instruments, Hewlett-Packard, Industrial Electronic Engineers and
William J. Purdy. The value of the current-limiting resistor connected between the
Rx pin and ground depends on the application. If more than five digits are desired,
several MC14489 devices may be connected in a cascade configuration, with the
serial data being shifted out of one device into the next. See the Motorola MC14489
data sheet for more details. Other SPI or Microwire devices may be connected at the
same time to the Neuron Chip's Neurowire port, provided each device has its own
Enable pin.

Programming

The MC14489 has two write-only device registers controlled by the software on the
Neuron Chip. The eight-bit configuration register shown in figure 2 contains bits
that affect the decoding of the data in the 24-bit display register.

- Ce|C5 | C41C3|C2|cC1|cCO config_reg

C6 =1 CO0 =0 blank display

C7=1 CO0 =1 normal display
digit 0
d!g!t L =0 hexadecimal decode
digit2 _ 1 special decode
digita 5P
digit 4

Figure 2. MC 14489 configuration register

The display register contains bits that define the display pattern of the LED digits and
the decimal points as defined in figure 3.

digit 4 data
- -

D23 D22 D20 |D19|D18|D17|D16| display reg[ 0 ]

D23 = 0dim LEDs
D23 =1 bright LEDs
No Decimal Points
DP - digit 0

DP - digit 1

DP - digit 2

DP - digit 3

DP - digit 4

DP - digits 0 and 1
DP - all digits
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digit 3 data digit 2 data
- >y

D15| D14 (D13 D12|D11 |D10| D9 |D8 display_reg[ 1 ]

digit 1 data digit O data
- >y

D7| D6 | D5 D4 | D3 |D2 D1 [DO | display_reg[ 2 ]

Figure 3. MC14489 display register

For the purposes of this application, there are two modes in which the data can be
displayed. In hexadecimal mode, the four bits of data displayed in each digit are
decoded as the hexadecimal digits 0, 1, 2, 3,4,5,6,7,8,9, A,B,C,D,E,and F. In
special mode, certain other characters such as a space and a minus sign can be disp-
layed. The table in figure 4 shows the patterns displayed in the two modes for all
possible values of the data in the digit.

digit | hex | special
data |decode| decode

0 |

1 [ C

2 = H

3 - [l

4 H L/

5 5 L

6 = —~

7 1 =]

8 H E

9 = =

A | H L/

B = L

c [ L =)

D = —

E [ E =

FIlF [ =

Figure 4. MC14489 display decoding

The software uses the Neurowire (SPI) function of the Neuron C programming
language to write data to these two registers. When the application program issues
ani o_out () function call to the Neurowire device, the system software activates
the chip select pin (in this case | O_2), and then clocks the data out on pin 1 O_9,
using pin | O_8 for the clock. The default rate of this serial data clock is 20kbps when
the Neuron Chip input clock is 10MHz. When eight bits of data are clocked into the
MC14489, these data bits are written to the configuration register. When 24 bits of
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data are clocked in, they are written to the display register. The software drivers
presented in listings 1 and 2 always write both the configuration and the display
register sequentially.

Software

Two listings are presented here. The first listing is for a simple decimal display
function for positive numbers. Leading zeroes are not suppressed, so that, for
example, the number 123 is displayed as 0123. There is also no error check for
numbers that are out of range of the display. The built-in Neuron C library function
bi n2bcd() performs the actual data conversion.

The function DspDi spl ayNunber (nunber, dpDi git) displays unsigned decimal
numbers with a decimal point to the right of the specified digit. Note that the
special values NO DP and ALL_DPS may be used as the digit number to illuminate
none or all, respectively, of the decimal points.

Listing 1. Seven-segment display driver for positive numbers
[HEEEEEErrrrrrll SEVEN SEGVENT DI SPLAY DRIVER [/ 1111 TTTTTTTETTTT
/1 This Neuron C #include file contains code to drive the Mtorola MC14489
/1 seven-segnment display controller chip, interfaced to the Neuron Chip

/1 using Neurow re master output node.

/1 Pin 108 is the Neurowire clock, pin 109 is the serial output data
/1 Pin 102 is the chip select (nmay be nodified).

/1 The function display_nunber( ) displays unsigned nunmbers
/1 with | eading zeroes

(EEEEEEEErrr il DECLARATIONS [/ /11t iirrri
IO 8 neurowi re master select(10_2) ioSevenSeg;

IO 2 output bit io7SegSel ect = 1;

#pragma i gnore_notused i 07SegSel ect

struct bcd dspDat aReg; /1 24 bits for 7-seg display reg
unsi gned dspCf gReg; /1 8 bits for 7-seg config reg

(rrrrrrrrrrr b rrrrrrrirfl D SPLAY DECI MAL NUMBER /111 THETTTETTEETTTT

voi d DspDi spl ayNunber (unsi gned | ong nunber, int dpDigit) {

dsoCf gReg = 0Oxcl; /1 Decimal decode all digits
bi n2bcd( nunber, &dspDataReg ); /1 Convert binary to deci nal
dspDat aReg. d1 = 0x80 + dpDigit + 1; /1 Set Ms nibble for dec. pt.
io_out (ioSevenSeg, &dIspCfgReg, 8 ); /1 Update device registers

i o_out( ioSevenSeg, &dspDataReg, 24 );
}

#define NODP -1
#define ALL_DPS 6
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The second listing is for a more user-friendly decimal display. It handles positive,
negative and out-of-range numbers, it suppresses leading zeroes where appropriate,
and it allows the caller to specify the rightmost digit position. There is also a
function to display strings consisting of the characters shown in Fig. 4, and a
function to display temperatures values.

Before using this code, make sure that the number of digits in your display is
specified correctly by the NUM DI Gl TS parameter. For the display in the Gizmo 2
Multifunction 1/0 device, NUM DI Gl TS should be set to 4. For the display in the
Gizmo 3, set NUM DI Gl TS to 5.

The software functions are divided into three groups; low-level functions, display
image update functions, and high-level functions.

Low-level functions
The first group of functions provides low-level access to the display controller chip.

The function DspCl ear | mage() clears a RAM copy of the configuration and display
registers (the variables dspCf gReg and dspDat aReg) to a state that displays all
blank characters. It does this by setting all digits to special decode mode, and writing
the data for the blank character to all digits.

The function DspUpdat eDi spl ay() uses the Neurowire 1/0 device to write the
contents of the RAM copy of the configuration and display registers to the actual
MC14489 device registers. The Neurowire device is full-duplex, so that the

i o_out () operation which updates the hardware registers in the MC14889 also
causes data to be shifted in from pin 1 O_10 and stored in the RAM variables.
Therefore a local copy of these variables is used for the i o_out () operation, so that
DspUpdat eDi spl ay() may be called repeatedly without having to refresh the RAM
copy of the variables.

Display image update functions

The second group of functions are routines that write into the RAM copy of the
configuration and display registers. They do not update the hardware device
registers.

The function Dspl nsertData(i nt digitNunber, int data, boolean

i sNumeric) writes the data nibble into the specified digit position in the RAM copy
of the display register. Digits are numbered from right to left, with digit 0 being the
rightmost (units) digit. If i sNumeri c is TRUE, numeric display decode is enabled for
that digit.
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The function Dspl nsert Deci mal (i nt digitNunmber, int nunber) writes the
specified decimal (0 - 9) into the specified digit position in the RAM copy of the
display register.

The function Dspl nsert Deci mal 2(int rightDigit, unsigned nunber) writes
a two-digit decimal number (00 - 99) into the specified digit positions in the RAM
copy of the display register.

The function Dspl nsert DP(i nt di gi t Nunmber) writes the appropriate bit in the
RAM copy of the display register to illuminate the decimal point to the right of the
specified digit.

The function Dspl nsert M nus(i ny digitNunmber) writes the appropriate values
in the RAM copy of the display register to illuminate the minus sign (segment G) in
the specified digit.

The function Dspl nsert Char (i nt digitNunber, char ch) writes the data value
for an ASCII character in the RAM copy of the display register. If the ASCII character
does not appear in Fig. 4, nothing is written, leaving the display blank for that digit.

The function Dspl nsert Nunber (I ong nunber, int dpDigit, int

ri ght Di gi t) updates the RAM copy of the display register to display a signed
decimal number. The function illuminates a decimal point to the right of the
specified digit. If the dpDi gi t parameter is NO_DP, no decimal point is illuminated.
If the dpDi gi t parameter is ALL_DPS, all decimal points will be illuminated. The
caller also specifies the right-most digit position of the displayed number. Display
data to the right of this position are unchanged. If the number to be displayed does
not fit in the specified field, all digits are set to the minus character.

High-level functions

The third group of functions forms complete display images and updates the display
hardware.

The function DspDi spl ayBl anks() clears the display.

The function DspDi spl ayString(const char * pString, int dpDigit)
causes the first 4 or 5 ASCII characters in the specified string to be displayed. Four
characters are displayed for a Gizmo 2, and five characters are displayed for a Gizmo
3. The letters available in upper case are "A, C,E,F, H, I,J,L, O, P, S, U, Y, Z" and in
lower case "b, ¢, d, h, I, n, 0, r, u, y". Digits 0-9 are displayed, as well as the space ' ',
degree "', minus '-', and equals '=' special characters. If other letters, or more
elegant letters are desired, an alphanumeric display should be used instead of a
seven-segment display.
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The function DspDi spl ayNunber (1 ong nunber, int dpDigit, int

ri ght Di gi t) displays positive or negative decimal numbers with a decimal point
to the right of the specified digit, with suppression of leading zeroes. The special
values NO DP and ALL_DPS may be used as the decimal point digit number to
illuminate none or all, respectively, of the decimal points. The parameter

ri ght Di gi t indicates the digit position for the least significant digit of the displayed
number. Numbers that do not fit into the specified field are displayed as all minus

characters '----- .

Table 1 shows some examples of the display produced by different input values with
a four-digit display.

DspDi spl ayNunmber (123, 0 ,0) => 12 3.
DspDi spl ayNunber (123, 1 ,0) => 12.3
DspDi spl ayNunmber (123, 2 ,0) => 1.2 3
DspDi spl ayNunber (123, 3 ,0 => 0.1 2 3
DspDi spl ayNunber (123, NO_DP , 0) => 123
DspDi spl ayNunber (123, ALL_DPS ,0) => .1.2. 3.
DspDi spl ayNumber (-123, 0 ,0) => - 12 3.
DspDi spl ayNunber (-123, 1 ,0) => - 12.3
DspDi spl ayNunber (-123, 2 ,0) => - 1.2 3
DspDi spl ayNunber (-123, 3 ,0) => -.12 3
DspDi spl ayNunber (-123, NO_DP , 0) => - 123
DspDi spl ayNunmber (-123, ALL_DPS ,0) => -.1.2.3.

Table 1. Display produced by various input parameters
to the DspDisplayNumber function.
The function DspDi spl ayTenp(SNVT _tenp tenp, bool ean dspFahrenheit)
displays temperature values in either Celsius or Fahrenheit, with one decimal place.
For more details on the Standard Network Variable Type SNVT _t enp, see the SNVT
Master List and Programmer’s Guide. As an example, DspDi spl ayTenp( 2940,
FALSE) displays '20. 0C, and DspDi spl ayTenp(2940, TRUE) displays '68. OF'.
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Listing 2. General-purpose seven-segment display driver
/1 DI SPLAY.H -- Display handler for Gzno 2 and G zno 3 LED di spl ays

// Date |last nodified: 29-Dec-94

/1 Driver for the Mdtorola MC14489 seven-segnent display controller chip
/!l on the Gznmp 2 and G zmo 3

FHEEEELE il Itnclude Files 110000 HETETEETTETETEITETETTTTT]
#i ncl ude <stdlib. h>

THEETELEEEEE bl 110 Gojects 111 HHTTTEEEETEEEEEEETTEEEEEETn
IO 8 neurowire master select(10 2) ioSevenSeg;

IO 2 output bit io7SegSel ect = 1; /1 Initially unsel ected

#pragna i gnore_notused i 07SegSel ect

FEEEErrrrrrr bbb rrrir il Constants [0 TEEEEEEEEEEEEEEEEETErrHrrry

/1 The constant NUM DI A TS depends on the display.
/1 Gzmo 2 has 4 digits, Gznp 3 has 5 digits.
/1 The rightnost digit is nunbered O. The default device is Gznm 3

/1 #define NUMDIATS 4 /1 uncoment this line for Gznmo 2

#i fndef NUM DA TS
#define NUMDIGA TS 5 /1l for Gzm 3
#endi f

/1 The followi ng constants may be used as the dpDigit argument for
/1 DspDi spl ayNunber( ) and DspDi spl ayString( )

#define NODP -1 /1 display nunber without decimal point
#define ALL_DPS -2 /1 display nunber with all decimal points

FEErrrrrrrrr bbb rrri il G obal Variables (/7010 HHETETEEEEETTTEEELETTT

unsi gned dspCf gReg; /1 8 bits for 7-seg config reg
unsi gned dspbDat aReg| 3] ; /1l 24 bits for 7-seg display reg

FEEEEEEErrrr b rr bbbl Runctions (/0000 0HEEEEEEEEEEEEEr i irrnnd
/1 DspUpdat eDi splay( ) -- update device hardware registers

voi d DspUpdat eDi spl ay(void) {
static unsigned cfgRegCopy;
static unsigned dataRegCopy[ 3];

cf gRegCopy = dspCf gReg;

nmencpy(dat aRegCopy, dspDataReg, 3); /1l copy inmages
i 0o_out (i oSevenSeg, &cfgRegCopy, 8); /1 shift out

i o_out (i oSevenSeg, dataRegCopy, 24);
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NN NN NN
/1 DspClearlnmage( ) -- clear inmage of device registers to all blanks

voi d Dspd ear | nage(void) {
dspDat aReg[ 0] 0x80; /1 max brightness

dspDat aReg[ 1] = O0; /1 blanks on all digits
dspDat aReg[ 2] = O;
dspCf gReg = OxFF; /1 special decode on banks 1-5, normal node

FEEEEEEE bbb bbby
/1l DsplnsertData( ) -- insert a nibble (0-F) in specified digit
voi d DsplnsertData(int digitNunber, int data, boolean isNuneric) {
dspDat aReg[ 2 - digitNunmber / 2] |= /1 insert nibble
(digitNunmber & 1) ? (data << 4) : data;
if (isNuneric)
dspCfgReg &= ~(1 << (digitNunber + 1)); /1 set numeric decode
}

FHEEEEEE bbb bbb bbb bbb rrrry
/1 DsplnsertDecimal ( ) -- insert a decimal nunber (0-9) in specified digit
voi d DsplnsertDecimal (i nt digitNunmber, int nunber) {
Dspl nsert Dat a(di gi t Nunber, nunber, TRUE);
}
FEELPTEL L rrrirrrirr
/1 DsplnsertDecinmal 2( ) - insert a two-digit deci nal nunber (00-99)
voi d Dspl nsertDecimal 2(int rightDigit, unsigned nunber) {
Dspl nsert Deci mal (ri ght Di gi t ++, nunber % 10);

Dspl nsert Deci mal (rightDigit, number / 10);
}

#pragma i gnore_notused Dspl nsert Deci mal 2
NNy
/1 DsplnsertDP( ) -- insert a decimal point to right of specified digit
voi d DsplnsertDP(int digitNurber) {

} dspDat aReg[ 0] |= (digitNunber + 1) << 4; /1 set DP bit
NNy

/1 DsplnsertMnus( ) -- insert a nmnus sign in specified digit

voi d DsplnsertM nus(int digitNunmber) {
Dspl nsert Dat a(di gi t Nunber, O0xD, FALSE);
}
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NNy,
/1 DsplnsertChar( ) -- insert a character fromthe G zno character set

voi d Dspl nsertChar (int digitNunber, char ch) {
/1 Table of ASCII characters that nmay be displayed in 7 segnents

typedef struct {

unsi gned char Code : 4;
unsi gned i sNurmeric : 1;
char asci i Char;
} char Tabl e; /1 G znmo character set table

static const charTabl e CHAR TABLE[ ] = {

/1 Sorted in ASCII collating sequence. '% is displayed as a degree sign
{ O0x0, FALSE, ' ' }, { OxF, FALSE, '% }, { OxD, FALSE, '-' },
{ 0x0, TRUE, '0" }, { Ox1, TRUE, '1' }, { Ox2, TRUE, '2' },
{ 0x3, TRUE, '3'" }, { Ox4, TRUE, '4' }, { Ox5, TRUE, '5' },
{ Ox6, TRUE, '6' }, { Ox7, TRUE, '7' }, { Ox8, TRUE, '8' },
{ 0x9, TRUE, '9'" }, { OxE, FALSE, '=' 1},
{ OxA, TRUE, 'A }, { OxC, TRUE, 'C }, { OxE, TRUE, 'FE 1},
{ OxF, TRUE, 'F }, { Ox2, FALSE, 'H }, { Ox1, TRUE, 'I' },
{ Ox4, FALSE, 'J' }, { Ox5, FALSE, 'L' }, { O0x0, TRUE, 'O 1},
{ 0x8, FALSE, 'P" }, { Ox5, TRUE, 'S 1}, { OxA, FALSE, 'U 1},
{ OxC, FALSE, 'Y }, { Ox2, TRUE, 'Z }, { OxB, TRUE, 'b' },
{ Ox1, FALSE, 'c' }, { OxD, TRUE, 'd' }, { Ox3, FALSE, 'h' },
{ Ox1, TRUE, 'I' }, { Ox6, FALSE, 'n' }, { Ox7, FALSE, 'o' },
{ 0x9, FALSE, 'r' }, { OxB, FALSE, 'u' }, { OxC, FALSE, 'y' }

b

const charTabl e *pLow, *pHi gh, *pHalf;

char tabl eChar;

pLow = CHAR TABLE; /1 set up for binary search

pH gh = CHAR TABLE + sizeof (CHAR TABLE) / sizeof (char Tabl e);
while (pH gh > pLow + 1) {
pHal f = pLow + (pHigh - pLow) / 2; // probe the m d-point
t abl eChar = pHal f - >asci i Char;
if (ch == tabl eChar) {
Dspl nsert Dat a(di gi t Nunber, pHal f->char Code, pHal f->i sNuneric);
return,

}
if (ch > tableChar) pLow = pHal f;
el se pHi gh = pHalf;

}
FEEEEEEEEE iy

/1 DsplnsertNunber( ) -- insert signed decinmal nunber

voi d Dspl nsert Nunber (I ong nunmber, int dpDigit, int rightDigit) {
static const struct rangeTable { /1 mn and max di spl ayabl e nunbers
| ong m nNum
| ong max Num
} RANGE_TABLE[] = {

€ ECHELON 10



LONWORKS Engineering Bulletin Driving a Seven-Segment Display

{ 0, 9}, /1 1 digit
{ -9, 991, /1 2 digits
{ -99, 999 }, /1 3 digits
{ -999, 9999 }, /I 4 digits
{ -9999, 32767 } /1 5 digits

const struct rangeTabl e *pRange;
Dspl nsert DP(dpDigit); /1 display deciml point

pRange = &RANGE_TABLE[NUM DIG TS - 1 - rightDigit];
i f (nunmber > pRange->maxNum || nunber < pRange->m nNum {

while (rightDigit < NUM D ATS) /1 display "----- " for overrange

Dsplnsert M nus(rightDigit++);
return;

}

dpDigit = max(dpDigit, rightDigit);

if (number < 0) {
Dsplnsert M nus(NUMDIGA TS - 1); /1 leading mnus sign
nunber = - nunber; /1 get absol ute val ue

if (dpDigit == NUMDIGTS - 1) dpbDigit--; /1 allow -.xxxx format

while (nunmber || rightDigit <= dpDigit) {
/1 convert binary to decimal with | eading zero suppress
Dspl nsert Deci nmal (rightDigit++, (int)(nunber % 10));
nunber /= 10;

}

NNy

/1 DspDisplayNunber( ) -- display signed deci mal nunber

voi d DspDi spl ayNumber (1 ong nunber, int dpDigit, int rightDigit) {

DspCl ear | mage() ; /1 clear imge of display registers
Dspl nsert Nunber (nunber, dpDigit, rightDigit); /1 convert nunber
DspUpdat eDi splay() ; // update hardware

}
#pragma i gnore_notused DspDi spl ayNumber

NNy

/1 DspDisplayTenp( ) -- Display a tenperature in Fahrenheit or Cel sius
/1 For Gznp 2, range is -9.9 to 99.9 degrees
/1 For Gznp 3, range is -99.9 to 999.9 degrees
voi d DspDi spl ayTenp(SNVT_tenp tenp, bool ean dspFahrenheit) {
| ong val ue;
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value = tenmp - 2740; /1 tenths of degrees C
i f (dspFahrenheit) /1 display in tenths of degrees F
value = value * 9/ 5 + 320;
DspCl ear | mage();
Dspl nsert Nunber (val ue, 2, 1); [ xxx.xX
Dspl nsert Dat a(0, dspFahrenheit ? OxF : 0OxC, TRUE); /1 display F or C
DspUpdat eDi spl ay() ;
}

#pragma i gnore_notused DspDi spl ayTenp
NNy,
/1 DspDisplayString( ) -- display first NUM DI QTS characters of a string

voi d DspDi spl ayString(const char *pString, int dpDigit) {
i nt digitNunber;

DspCl ear | mage() ; /1 all non-displayable chars show as bl ank
for (digitNunmber = NUMDIGATS - 1; digitNunber >= 0; digitNunber--)
Dspl nsert Char (di gi t Nunber, *pString++);

Dspl nsert DP(dpDigit); // display decinmal point
DspUpdat ebDi spl ay() ; /1 update hardware
}

#pragma i gnore_notused DspDi splayString
FEEEEEEE bbb bbb bbby
/1 DspDisplayBl anks( ) -- display all blanks

voi d DspDi spl ayBl anks(void) {
DspCl ear | mage() ;
DspUpdat ebDi spl ay() ;

}

#pragma i gnore_notused DspDi spl ayBl anks
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