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Introduction to Serial Communication

Serial communication transmits of one bit of information at a time.
One bit is sent, a time delay occurs, next bit is sent.
Used to interface to printers, keyboards, scanners, etc.

® & ¢ ¢

Universal asynchronous receiver/transmitter (UART) is the interface chip
that implements the transmission.

@ A serial channel is collection of signals (or wires) that implement the
communication.

@ Data terminal equipment (DTE) is the computer.
@ Data communication equipment (DCE) is the modem.
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Modem
Main
computer DCE
Sertal channel
UART {—— =
DTE q
— Interface
CMOS Level | RS232 Level RS422 Level
True/Mark +5V TxD=-12V | (TxDt -TxD™)=-3V

False/Space +0.1V TXD=+12V | (TxDT -TxD™) = +3V
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False

True

Idle Parity Stop

[N~ LTd

Sigit data

Stop
@ A frame is a complete and nondivisble packet of bits.

@ Includes both information (e.g. data, characters) and overhead (start bit,
error checking, and stop bits).

@ Parity is generated at the transmitter and checked at the receiver to help
detect errors in transmission.

@ Even parity makes number of 1s even (data+parity).
@ Odd parity makes number of 1s odd (data+parity).
@ Bit time is the time between each bit.
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Bandwidth SCI versus SPI

@ Baud rate is total number bits transmitted per time.
@ Information is data user wishes to transmit:

@ Characters to be printed.
@ Overhead is bits added to achieve transmission:

@ Start bit(s), stop bit(s), parity, etc.

information bits/frame

Bandwidth = X baud rate

total bits/frame
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Computer Asynchronous Computer
] sc1 TxD TxD sci :
RxD RxD
DTE DTE
B -k
e — L |
Computer Synchronous Computer
I 2
SPI MOSI MISO  SPI
MISO MOSI
T — |

Chris J. Myers (Lecture 14: Serial I/O Devices) = ECE/CS 5780/6780: Embedded System Design 6/69



—

sal

Simplex scl

Serial
bus

Various Serial Channels A Desktop Network

e

Cmnlpumr Tx[klla-D—\_D. Com7pmer 6811/6812 SCI SCI 6811/6812
RxData % | TxD o—— TxD 4

+5 +5
GND GND §
L I RxD RxD

DWOM=1
—— | 1 or
UART Full duplex UART SCI WOMS=1 SCI

Cnmlpulcr TxData TxData Cum7pulcr 681 lj'_) 6812 TxD TxD 681 I;hfil]
RxData RxData E +5 +5
RxD) § —é RxD

GND GND
g li s | e—————
= = Half duplex SCI SCI

UART (17407 7407,| UART 6811/6812 6811/6812
Computer D X X ATXD Computer 3 TxD +5 5 TxD 6
1 45 Open +5 2 §
RD collector RD RxD# g RxD
GND GND e

—— |
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RS232 Cables RS232 DB9 Pin Assignments
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DB25/RS232 DBY/EIA-374 RI4S/EIA-561
Pin | Signal Description True DTE DCE
1 DCD Data Carrier Detect +12 In Out
2 | RxD Receive Data —12 In Out
3 | TxD Transmit Data —12 Out In
Grounding 4 | DTR Dgta TerminalRdy 412 Out In
Tewisted wiie 5 | SG Signal Ground
Computer \1 ¢ Computer 6 | DSR Data Set Ready +12 In Out
7 | RTS Request to Send +12 Out In
Txl)-{ —_— RxD
SCI RxD-q— <D SCI 8 | CTS Clear to Send +12 In Out
GND GND 9 | RI Ring Indicator +12 In Out
1. .
= Ground shield
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RS232 Interface More RS232 Interface Chips

DBY Female
+5V 20 . 17 :
e % | v | B MC145407 .+ : ’:"
0.1uF = 8] 2 - 3.6 OpF 20V -
Microcontoller T mrsm iy ] o 9 20V ’T% Vee ‘NL- +5V MC145406
= = 4 2 ! -
A RxD il ~] |77 sin ) P .
6811 PDO & | O, 1 Gnd 12 15 2
SHPS0| mup 3 ™[5 Sout S +[ I = i |
gaens » 9 10pF T e
’ 20V
16 < 3 D 13 4
Y ; R
- 15 6 5
n.mrI D " Dc R g 12 DD 5
= ] & 0.1uF I 4 S i 2
n.luF% VB ';'?m\ I'4 ! :< 7 1 11 1 |6 ;
g § DBY Female i a | _,
4 s -0v 13 § 7 2
+ W )
o 5| i!%"' Vo Lo i ;>c = 1l D‘: 7
Microcontroller 3 pe o, 9 A 12 /’W 9 2 16 1
SCI —0, 1 O ear A
) RD 9] ~] I8 sin 3 ~ —1+5V +I12V —
(1bv] 1 Pl?ﬂ "\I 3
SRRSO 1 10] N7 Sout % 11 10
6811 PDI » ), 9 3
6812 PS| e —°) —Gnd -12VpF——
5L —5o ¢
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RS232 Specifications RS422/RS423/RS485 Specifications

Must withstand
Short 1o ground T % . P .
Shoet o oy ol Transiton tmes Specification RS232D RS423A RS422  RS485
Operating range Mode of operation Single-ended  Single-ended  Diff. Diff.
Trie =15 SNy, S =5V . .
False +5 €V, S+15V Drivers on one line 1 1 1 32
Maximum output voltage Receivers on one line 1 10 10 32
~25 €V, <425V )
Short circuit current Max distance (ft) 50 4,000 4,000 4,000
Loy S05A ] Max data rate 20kb/s 100kb/s 10Mb/s 10Mb/s
Transition (—3 to 3) range time < 4% Max driver output o5V +ev L0.25/+6YV  -7/+12V
T Receiver input +15V +12v +7v -71+12V
AV, /dt < 30V/us
Operating Range - %
True —15<V;, < -3V S0l SP301 " " SP301 sCl
Translation —3 <V, <+3V R, P ; >— : r\
False 43 <V, <+15V cp TxData V> B =5 B :I/ RxData
Input Resistance z
3000Q < Ry, < 7000Q2 B, = /1 A -« A g
Input Capacitance including cable RxData \L B' B TxData
C;y < 2500pF = <
Input open circuit voltage
Ep=2v Ground Optional Ground
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Current Loop Serial Channel

USB Type A USB Type B
@ Single host computer controls the USB. 3Cl Current loop LED/LST SOl
@ Host controls all transactions using a token-based protocol. ; ’
@ Uses atiered star topology with host at the center. I
@ Up to 127 devices can be connected to one USB bus. TxData RxData
@ Plug'n’play implemented with dynamically loadable/unloadable drivers. |
@ Host detects new devices and loads appropriate driver. *
@ Can operate at high (480Mb/s), full (12Mb/s), or low (1.5Mb/s) speeds.
Pin Color  Function Ground Not connected Ground
1 Red VBUS (5V)
2 White  D-
3 Green D+
4 Black  Ground
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Optical Channel

Modem Serial Interface

SCI MODEM SCI Fib .
\ 1ber oplics
TxData—> ¢oq 6860 [ RxData = | 7
Phone TxData == Light Sensor —+{RxData
or or
RxData = (862 6862 TxData Two optic cables
RxData = Sensor Light &= TxData
Ground Not connected Ground
: _ Ground Not connected  Ground
Logic Originate  Answer
True 1270Hz 2225 Hz
False 1070Hz 2025 Hz
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Digital Logic Channel Serial Communication Interface

Simple Digital Logic
6811/ peAp 6811/
6812 TxD » RiD 6812
RxD TxD @ Most embedded microcomputers support SCI.
Ground Ground @ Common features include:
@ A baud rate control register used to select transmission rate.
) @ A mode bit M used to select 8-bit (M=0) or 9-bit (M=1) data frames.
Computer H = Computer @ Each device can create its own serial port clock with period that is integer
| 000 IR ) multiple of the E clock period.
SCI i
RxD

4
05 %
Txb-b
. L
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Transmitting in Asynchronous Mode Control Bits for the Transmitter

@ Common features in the transmitter:

@ Transmit Enable (TE), set to 1 to enable transmitter.
@ TxD data output pin, with TTL voltage levels.
@ 10- or 11-bit shift register, not directly accessible. @ Send Break (SBK), set to 1 to send blks of 10 or 11 0s.

@ Serial communications data register (SCDR), write only, separate from @ Transmit Interrupt Enable (TIE), set to arm TDRE flag.
receive reg. though same address.

: ) @ Transmit Complete Enable (TCIE), set to arm TC flag.
@ T8 data bit for 9-bit data mode.
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Status Bits Generated by the Transmitter Figures for Transmission

@ Transmit Data Register Empty flag (TDRE), set when SCDR empty, clear
by reading TDRE and writing SCDR.

@ Transmit Complete flag (TC), set when transmit shift register done
shifting, cleared by reading TC flag then writing SCDR.

TxClk

Idle

TxD Start bit

Chris J. Myers (Lecture 14: Serial I/O Devices) = ECE/CS 5780/6780: Embedded System Design Chris J. Myers (Lecture 14: Serial I/O Devices) = ECE/CS 5780/6780: Embedded System Design




Receiving in Asynchronous Mode

Pseudo Code for Transmission Process

TRANSM T Set TxD=0
Wait 16 clock times

Qutput start bit
Wait 1 bit tine

Set n=0 Bit counter @ Common features in the receiver:
TLOOP Set TxD=bn Qutput data bit @ RxD data input pin, with TTL voltage levels.
Wait 16 clock times Wait 1 bit tine @ 10- or 11-bit shift register, not directly accessible.
Set n=n+1 @ Serial communications data register (SCDR), read only, separate from
Goto TLOOP if n<=7 transmit reg. though same address.
Set TxD=T8 Qutput T8 bit @ R8 data bit for 9-bit data mode.
Wait 16 clock times WAt 1 bit tine
Set TxD=1 Qutput a stop hit

Wait 16 clock times Wait 1 bit tine
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Control Bits for the Receiver Status Bits Generated by the Receiver

@ Receive Data Register Full flag (RDRF), set when new data available,
clear by reading RDRF and SCDR.

@ Receiver Enable (RE), setto 1 to enable receiver. @ Receiver Idle flag (IDLE), set when receiver line is idle, clear by reading
@ Receiver Wakeup (RWU), set to 1 to allow a receiver input to wakeup the IDLE, then reading SCDR.

computer. @ Overrun flag (OR), set when input data lost because previous frame not
@ Receiver Interrupt Enable (RIE), set to arm RDRF flag. read, clear by reading OR and SCDR.

@ Idle Line Interrupt Enable (ILIE), set to arm IDLE flag. @ Noise flag (NF), set when input is noisy, clear by reading NF flag, then
reading SCDR.

@ Framing error (FE), set when stop bit is incorrect, clear by reading FE,
then reading SCDR.
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Figures for Receiving Pseudo Code for Receive Process

RECEI VE Goto RECEIVE if RxD=1 Wit for start bit
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Wit 16 clock tines
Set R8=RxD

. Stop 76543210 S SRRRRRRRRRRR ; X X A,
S I‘RX| = |0 - FEyEbb bbb Vi t 8 clock times Wit half a bit tinme
clock ' : Goto RECEIVE if RxD=1 False start?
Set n=0

Read SCDR RLOOP  Wait 16 clock times Vit 1 bit time

s R R Set bn=RxD Input data bit

1234567 | 12345678910012131415 Set n=n+1

{ 222
le HHHl#H 2RRR] 4HH1 Goto RLOCP if n<=7
xClk U " M _ ¢

Wait 1 bit tinme
Read R3 bit

RxD Start bit

m.mT\ nk.mj oo Bl N Vit 16 clock tines Vit 1 bit time
ReD $1->SCDR - $31->shifireg OVRN=1 Set FE=1 if RxD=0 Framing error if
et (OO X RDRF = |

no stop bit
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MC9S12C32 SCI Details MC9S12C32 SCI Details (cont)

@ One SCI port using Port S bits 1 and 0.
@ Least significant 13 bits of SCIBD register determine baud rate.

E

SClBaudRate = ———
16 % SCIBD

@ SCICR2 register contains control bits for SCI (see Table 7.11).
@ SCICR1 register contains other miscellaneous SCI control bits.
@ LOOPS: disconnects receiver from RxD pin.
@ RSRC: when LOOPS=1, RSRC=0 connects receiver to transmitter
internally while RSRC=1 connects receiver to TxD.
@ WAKE: 0 wakeup on IDLE line, 1 wakeup on address mark.
ILT: determines if idle line count starts from start or stop bit.
@ SWAI: setting this bit causes SCI to shutdown and pause any
communication.
@ PE: setting this bit enables parity checking.
@ PT: 0is even parity while 1 is odd parity.

(3

(3

Flags in SCISRL1 register can be read but not modified by software.

©

The error conditions are also reported in the SCISR1 register including
parity flag, PF, set on parity errors.
The SCISR2 register contains two mode control and one status bit.

@ BRK13: break character is 13 or 14 bits when 1 and 10 or 11 bits when 0.
@ TXDIR: specifies direction of the TxD pin in single-wire mode.
@ RAF: 1 when frame is being received.

©

©

The SCIDRL register contains data transmitted and received.
The SCIDRH register contains the 9th data bits.

©
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Input and Output Interrupts on the SCI SCI Software

Simultaneous input and output requires two FIFOs.

RxFifo passes data from InSCI handler to main thread.

TxFifo passes data from main thread to OutSCI handler.

Since TxFifo initially empty, transmit interrupts initially disarmed.
When main thread calls OutChar, transmit interrupts armed.

¢ & ¢ ¢ ¢ ¢

Interrupt handler disarms transmit interrupts when TxFifo becomes empty.

Read data
from SCDR

Not full Disarm

TaFifo_Put> | Write data] [P
10 SCDR

Arm output

Lost data
-
—

Zt )
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SCI Interface Ritual SCI Interface ISR

void SCl _Init(void){

asm sei
RxFifo_lnit(); // enpty FIFOs
TxFifo_Init();

SCI BD = 26; /1 9600 bits/sec

SCICRL = 0; /1 MO, no parity

SCICR2 = 0x2C;, // enable, arm RDRF
asmcli /1 enable interrupts

}
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/1 RDRF set on new receive data
/] TDRE set on enpty transnit register
interrupt 20 void SciHandl er(void){
char data;
i f(SCISRL & RDRF){
RxFi fo_Put (SCIDRL); // clears RDRF
}
i f ((SCl CR2&TI E) &&( SCI SR1&TDRE) ) {
i f(TxFifo_Get(&data)){

SCIDRL = dat a; Il clears TDRE

}

el sef
SCI CR2 = 0x2c; /1 di sarm TDRE

}

}
}
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SCI In/Out Character Serial Port Printer Interfaces

/1 Input ASCI| character from SCl

Il spinif RxFifo is enpty @ Printer bandwidth may be less than the maximum bandwidth supported
char SCl _InChar(void){ char letter; by the serial channel.
while (RxFifo_Get(&etter) == 0){}; © Special characters may require more time to print.
return(letter); @ Most printers have internal FIFOs that could get full.
} © The printer may be disconnected.
// Qutput ASCI| character to SC @ The printer may be deselected.

Il spinif TxFifois full © The printer power may be off.

void SCl _Qut Char(char data){ @ Flow control is needed to synchronize computer with variable rate output
while (TxFifo_Put(data) == 0){}; device (ex. DTR or XON/XOFF).
SCI CR2 = OxAC; // arm TDRE

}
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SCI Simplex Interface with DTR Handshaking Serial Output Using DTR Synchronization Ritual
+5V
. | void Printer_Init(void){
"rluFI o asm sei
= : 0.14F TxFifo_Init(); // enpty FIFGCs
- omax SCIBD = 52;  // 9600 bits/sec
0.IMF =TS IR il 10V —— SCICRL = O; /1 MEO, no parity
: 6 -10V T SCICR2 = 0xOC; // enable di sarm TDRE
anﬂ: LOHF v —o\ TIOS &~0x08; // PT3 input capture
R~ F e DDRT &=-0x08; // PT3 is input
WA i ’ = o, TSCRL = 0x80; // enable TCNT
i Busy 9 ’Q s bR [ % TCTL4 |= 0xCO; // both rise and fall
6811 PAD O, _ .
6812PT3 | n o .__.1..07 TIE | = 0x08; /I A‘bm |1 C3
asi1 b1 — { T 0, TFLGL = 0x08; // initially clear
ks 5L A % asmcli /1 enable interrupts
= | )
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Serial Output Using DTR Synchronization ISRs Serial Output Using DTR Synchronization
/| TDRE set on enpty transnmit register
interrupt 20 void Sci Handl er(voi d){ voi d checkl C3(voi d){
char data; i f (PTT&0X08) [/ PT3=1if DTR=-12
i f((SCl CR2&TI E) &&( SCI SR1&TDRE) ) { SCICR2 = 0xOC, // busy, so disarm
i f(TxFifo_Cet(&data)){ el se
SCIDRL = data; // clears TDRE SCICR2 = Ox8C, // not busy, so arm
} }
el sef _ /1 Qutput ASCI| character to Printer
SCICR2 = 0x2c; // disarm TDRE /1 spinif TxFifois full
11} void Printer_QutChar(char data){
/1 1C3 interrupt on any change of DIR while (TxFifo_Put(data) == 0){};
void interrupt 11 | C3Han(void) { checkl C3(); -
TFLGL = 0x08; // Ack, clear C3F }
checkl C3(); // ArmSCl if DTR=+12
}
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Use of XON/XOFF to Interface a Printer Synchronous Communication Using the SPI

Microcomputer £ Printer
ata
D! RxD
sl XON/XOFF scl
RxD —(]—(:— XD
ND GND
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A Synchronous Serial Interface

Microcomputer Interface logic Microcomputer
SPI _Emble | N | SPI
S§| SS
SPDR Mis0) Data MISO
Mosi N —D,  ClmosiSre
Clock
Master 5CK-‘| >—i>' SCK Slave
GND| GND
T R T R
Sck

\
Lo Y |

available
lRDSU l \ IRDH

Data
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@ Two devices communicating with SCI operate at same frequency but have
2 separate (not synchronized) clocks.

@ Two devices communicating with SPI operate using the same
(synchronized) clock.

@ Master device creates the clock while slave device(s) use the clock to
latch data in or out.
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Chris J. Myers (Lecture 14: Serial I/O Devices)
SPI Fundamentals

@ Motorola SPI includes four I/O lines:
@ SS - slave select, used by master to indicate the channel is active.
@ SCK - 50% duty cycle clock generated by the master.
© MOSI (master-out slave-in) - data line driven by master.
@ MISO (master-in slave-out) - data line driven by slave.
@ Transmitting device uses one edge of clock to change data, and receiving
device uses other edge to accept data.

@ When data transfer occurs combined 16-bit register is serially shifted
eight bit positions (data exchanged).
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SPI Fundamentals (cont) Pseudo Code for SPI Communication

@ Common control features of the SPI module include:
@ A baud rate control register
@ A mode bit in the control register to select master versus slave, clock
polarity, clock phase.
© |Interrupt arm bit
@ Ability to make outputs open-drain.

@ Common status bits for the SPI module include:

@ SPIF, transmission complete
@ WCOL, write collision
© MODF, mode fault

TRANSM T Set n=7

TLOOP On fall of Sck, set Data=bn
Set n=n-1
CGoto TLOOP if n>=0
Set Data=1

Bit counter
Qutput bit

I dl e out put

RECEI VE
RLOOP

Set n=7

On rise of Sck,
Set bn=Data
Set n=n-1

CGoto RLOOP if n>=0

Bit counter
read data
I nput bit
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Synchronous Serial Modes MC9S12C32 SPI Details

CPOL=0. CPHA=0

H @ Uses four pins, PM3 =SS, PM5 = SCLK, PM4 = MOSI, and
Mi(Master) or SI(Slave) > PM2 = MISO.

@ If 6812 is master, set DDRM to make PM5, PM4, and PM3 outputs.
@ Can be in run, wait, or stop mode.

CPOL=1,CPHA=0  ¢ry g

MO(Master) or SO(Slave) 4 MHz 24 MHz
AN o il SPR2 SPR1 SPRO Div Freq Bit Time Freq Bit Time
ss | 0 0 0 2 2 MHz 500 ns 12 MHz 83.3ns
CPOL=0, CPHA=1 gy ¢ — 4 1 MHz 1 s 6 MHz 166.7 ns
MOXMasien) or SOSHve) N 8 500 kHz 2 s 3 MHz 333.3ns

16 250 kHz 4 ps 15MHz  666.7 ns
32 125 MHz 8 s 750 kHz 1.33 ps
64 62.5 kHz 16 ps 375 kHz 2.67 s
128 31.25kHz 32 s 187.5kHz  5.33 s
256  15.625kHz 64 s 93.75kHz  10.67 s

MI(Master) or SI(Slave) 5 2
S8 —‘

CPOL=1,CPHA= oy

P RRPRROOO
PR OORRO
P OROROLR

MO(Master) or SO{Slave)

MI(Master) or SI(Slave)

ss | [
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MC9S12C32 SPI Details (cont) Mode Selections

MODFEN SSOE Master Mode (MSTR=1) Slave Mode (MSTR=0)
. o ) 0 0 PM3 not used with SPI PM3 is SS input
@ SPIDR is 8-bit register used for both input and output. 0 1 PM3 not used with SPI PM3 is SS input
@ SPICRL1 register species SPI mode of operation. 1 0 PM3 is SS input WMODF ~ PM3 is SS input
@ SPE: enables the SPI system. 1 1 PM3is SS output PM3is SS input
@ SPIE: arms interrupts on the SPIF flag.
@ SPTIE: arms interrupts on the SPTEF flag.
@ LSBF: if 1 transmits least significant bit first. Pin Mode MSTR SPCO BIDIROE MISO MOSI
@ SPISR register contains flags for the SPI system. Normal 1 0 X Master In Master Out
@ SPIF: indicates that new data is available to be read. Bidirectional 1 1 0 MISO notused Master In
@ SPTEF: indicates that SPI data register can accept new data. 1 Master I/O
@ MODF: mode error interrupt status flag. Normal 0 0 X Slave Out Slave In
Bidirectional 0 1 0 Slave In MOSI not used
1 Slave 1/0
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SPI Modes in the 6812 Digital-to-Analog Converter
Embedded DACSM3 Vg
Master mode (MSTR=1) Slave mode (MSTR=0) microcompuler g = =

SPI §§—iD i

. MO T Sl CLK —CLK
Serial out —D—- PM4 Serial in |gm—————PM4 Reg

Normal
mode

o |[SP DDRM4 SPI ; ;LSRN [
SPCO0 1™ i infe——1L-PA12 | | Serial outi—>—0- P2 T T

DDRM2
Serial out M“W» PV

14 Serial in|« PM4 L
SPI BIDIROE SPI 5081 58 LD SPIF set SPFsell]
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SPI Interfacing Issues Initialization for D/A Interface Using the SPI

@ Word size - need to transmit 12 bits to DAC, send 16-bits, first 4 bits will
be ignored.

@ Bit order - DAC8043 requires most significant bit first.

@ Clock phase/polarity - DAC8043 samples on rising edge, so SPI must
change data on falling edge.

@ Bandwidth - DAC8043 has mininum clock low width of 120ns, so shortest
SPI period is 250ns.

void DAC_ Init(void){ // PMB=LD=1
DDRM | = 0x38; // PM=CLK=SPI cl ock out
PTM | = 0x08; // PM4=SRI =SPI master out

/* bit SPICRL

7 SPIE =0 nointerrupts

6 SPE =1 enable SPI

5 SPTIE= 0 no interrupts

4 MSTR =1 naster

3 CPOL = 0 output changes on fall,

2 CPHA =0 clock normally |ow

1 SSOE =0 PM3 regular output, LD

0 LSBF = 0 nost sign bit first */
SPICR1L = 0x50;
SPICR2 = 0x00; // normal node
SPIBR = 0x00;} // 2MHz
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D/A Interface Using the SPI Analog-to-Digital Converter

#define SPIF 0x80

voi d DAC out (unsigned short code){

/'l better inplenmentation using SPTEF

unsi gned char dummy;
whi | e((SPI SR&SPTEF) ==0); // wait for transmt enpty
SPIDR = (code>>8); /'l nsbyte
dumy = SPI DR, /1l clear SPIF
whi | e(( SPI SR&SPTEF) ==0); // wait for transmit enpty
SPIDR = code; Il Isbyte
dumy = SPI DR; /I clear SPIF
Ti mer _Wait(10); /1 wait for SPI output conpletion
PTM &= ~0x08; /| PMB=LD=0
PTM | = 0x08; /1 PMB=LD=1

}
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SPI Interfacing Issues Initialization for ADC Interface Using the SPI

@ Word size - need to transmit 8 bits to ADC, then receive 12 bits back.
MAX1247 sends it as 2 8-bit transmissions.

@ Bit order - MAX1247 requires most significant bit first.

@ Clock phase/polarity - MAX1247 samples on rising edge, so SPI must
change data on falling edge.

@ Bandwidth - MAX1247 has maximum SCLK frequency of 2 MHz, so
shortest SPI period is 500ns.
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void ADC Init(void){ // PMB=CS=1
DDRM | =0x38; // PMs=SCLK=SPI cl ock out
DDRM &=~0x04; // PM2=DOUT=SPI nmaster in
PTM | = 0x08; // PM4=DI N=SPI master out
/* bit SPICRL
7SPIE=0 nointerrupts
6 SPE =1 enable SPI
5 SPTIE= 0 no interrupts
4 MSTR = 1 naster
3 CPOL = 0 output changes on fall,
2 CPHA =0 clock normally |ow
1 SSCE =0 PM3 regular output, LD
0 LSBF =0 nost sign bit first */
SPI CR1 = 0x50;
SPI CR2 = 0x00; // normal node
SPIBR = 0x00;} // 2MHz
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ADC Interface Using the SPI

unsi gned short ADC in(unsigned char code){
unsi gned short data; unsigned char dumy;
PTM &= ~0x08; /1 PMB=CS=0
whi | e(( SPI SR&SPTEF) ==0); // wait for transmit enpty

SPI DR = code; /1 set channel, node
whi | e((SPI SR&SPI F)==0); // gadfly wait
dumy = SPI DR, /1 clear SPIF

SPIDR = 0; [l start SPI

whi | e((SPI SR&SPI F)==0); // gadfly wait
data = SPIDR<<8; // nsbyte of ADC
SPIDR = 0; Il start SPI

whi | e((SPI SR&SPI F) ==0); // gadfly wait

data += SPIDR /'l 1sbyte of ADC
PTM | = 0x08; /1 PMB=CS=1
return data>>3; // right justify

Chris J. Myers (Lecture 14: Serial /O Devices) = ECE/CS 5780/6780: Embedded System Design

Temperature Sensor/Controller

Relay Room
+5V
\ V(1) Heater
U
Teom
Trow = Data T
6812 Clock > DS1620
Thion = Resel >
= ____|

Chris J. Myers (Lecture 14: Serial /O Devices) = ECE/CS 5780/6780: Embedded System Design

DS120 Code Comments

DS120 Ritual
Il I_nterface betwe_en N[B_SlZCSZ and D61§20 usi ng _the SPI voi d DS1620_Init(void){ // PMB=RST=0
/1 bit status Configuration/Status Register meaning - . P
; . . DDRM | = 0x38; // PMb=CLK=SPI cl ock out
/1 7 DONE 1=Conversion done, O=conversion in progress . . _ - .
i - PTM &=~0x08; // PMA=DQ=SPI bidirectional data
/1 6 THF 1=tenperature above TH, O=tenperature bel ow TH .
/* bit SPICRL
/15 TLF 1=tenperature bel ow TL, O=tenperature above TL ~ .
. 7 SPIE=0 nointerrupts
/1 1 CPU 1=CPU control, O=stand al one operation _
. . . 6 SPE =1 enable SPI
/1 0 1SHOT 1=one conversion and stop, O=continuous conversions _ .
C. . J 5 SPTIE= 0 no interrupts
Il tenperature digital value (binary) digital value (hex) _
4 MSTR = 1  master
I1°+125.0 C 011111010 S0FA 3 CPOL =1 output changes on fall
Il +64.0 C 010000000 $080 _ P g . i
TR 000000010 $002 2 CPHA =1 and input clocked in on rise
' 1 SSCE =0 PM regular output DS1620 RST
I/l +0.5 C 000000001 $001 _ S . ; N
0 LSBF =1 least significant bit first */
11 0C 000000000 $000 _ !
SPICRL = 0x5D;
Il -0.5C 111111111 $1FF _ ' - .
SPICR2 = 0x01; // bidirectional node
/1°-16.0 C 111100000 3180 SPIBR = 0X01:} // 1Mk could be 2M
I/ -55.0 C 110010010 $192 '

DS120 Output Routines DS120 In8

#define SPIF 0x80
voi d out8(char code){ unsigned char dumy;
/1 assumes DDRM bit 4 is 1, output
whi | e( (SPI SR&SPTEF) ==0); // wait for transmt enpty

SPIDR = code;
whi | e((SPI SR&SPIF)==0);  // gadfly wait for SPIF
dummy = SPIDR;} Il clear SPIF

voi d out9(short code){ unsigned char dumy;
whi | e((SPI SR&SPTEF) ==0); // wait for transmt enpty

SPIDR = code; /'l 1sbyte
whi | e( ( SPI SR&SPI F) ==0) ; Il gadfly wait for SPIF
dumy = SPI DR; /I clear SPIF

whi | e((SPI SR&SPTEF) ==0); // wait for transmt enpty

SPI DR = (code>>8); /1 nmshyte
whi | e((SPI SR&SPIF)==0); // gadfly wait for SPIF
dumy = SPIDR } Il clear SPIF
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unsi gned char in8(void){ short n; unsigned char result;
DDRM &=~0x10; // PMA=DQ i nput
whi | e( (SPI SR&SPTEF) ==0); // wait for transmt enpty
SPIDR = 0; Il start shift register
whi | e((SPI SR&SPI F)==0); // gadfly wait for SPIF
result = SPIDR; /I get data, clear SPIF
DDRM | = 0x10; /1 PMA=DQ out put
return result;}
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DS120 In9 DS120 Start/Read

voi d DS1620_Start (void){

short in9(void){ short result; PTM | = 0x08: // RST=1

DDRM &=~0x10; // PM4=DQ i nput .
whi | e( (SPI SR&SPTEF)==0); // wait for transnit enpty out 8( OXEE) ;

. . PTM &=~0x08; } /'l RST=0
SPIDR = 0; Il start shift register . ' . . .
. ' N . unsi gned char DS1620_ReadConfig(voi d){ unsigned char val ue;
whi | e((SPI SR&SPI F)==0); // gadfly wait for SPIF PTM | = 0X08; 11 RST=1

result = SPIDR; /1 get LS data, clear SPIF )
whi | e((SPI SR&SPTEF) ==0); // wait for transmt enpty out8(0>£A§), )
. . . value = in8();

SPIDR = 0; /1l start shift register PTM &=~0x08: /] RST=0
whi | e((SPI SR&SPIF)==0); // gadfly wait for SPIF retur; val ué'} -
IfESSPLﬂ?&?);Oéz(FFOO' H ggt alvisvgat a, clear SPIF unsi gned short DS1620_ReadT(void){ unsigned short val ue;
ol s ' g PTM |= 0x08;  // RST=1

result &=~0xFF0O0; /I positive out 8(0XAA) ;

value = in9();
PTM &=~0x08; /1 RST=0
return val ue;}
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DS120 Write

voi d DS1620_WiteConfig(char data){
PTM | = 0x08; /1 RST=1
out 8( 0x0C) ;
out 8(dat a);
PTM &=~0x08; } /1 RST=0
voi d DS1620 WiteTH(short data){
PTM | = 0x08; /1 RST=1
out 8( 0x01) ;
out 9(dat a);
PTM &=~0x08; } Il RST=0
voi d DS1620_WiteTL(short data){
PTM | = 0x08; /1 RST=1
out 8(0x02) ;
out 9(dat a);
PTM &=~0x08;} // RST=0

DDRM | = 0x10; // PM4=DQ out put
return result;}
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