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It is common to use a serial system for data communication in a measurement system. =

A serial system uses a single line to transmit data in sequential bits, either in asynchronous or in =
synchronous formats.

With asynchronous transmission, the receiver and the transmitter each use their own clock signals. =

With synchronous transmission, the receiver and the transmitter have a common clock signal. =
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Data is transmitted

Transmission is Data may be

possible in one direction at a transmitted
only in one time but the simultaneously in
direction. direction can be both directions.
changed.
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End-to-End Modem-based DC

PROCESSES PROTOCOLS AND
STANDARDS
Computer Character encoding ASCII, EBCDIC, UNICODE,
to 15010646

Modem

Serial transmission Physical interfaces vs. transmission
protocols, RS-232, RS422, RS-423,

RS-449, RS-485, RS-530, V.35

Parallel transmission Physical interfaces vs. transmission

protocols Centronics interface, DB-25

Seriallparallel conversion Universal Asynchronous

Receiver/Transmitter (UART)

Within
the
Modem

Data transmission Digital vs. analog transmission

Carrier wave characteristics
amplitude, frequency, phase

Modulation/Demodulation

Modulation techniques. Amplitude modulation, frequency shift
keying, phase shift keying, quadrature

amplitude modulation

Manchester encoding, NRZ-L, B8Z5
synchronous transmission,
transmission

Digital encoding and
ransmission

Modem to RU-11 phone jack Phone service Two-wire vs. Four-wire, full-duplex vs.

Phone transmission half-duplex, echo cancellation

Services
Phone services Analog vs. digittal services, dial-up vs.
alternatives leased line services, bandwidth
differentition of services.
RU-11 phone jack
pc
T
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Serial Communication Interface
0'02 AWNn .'w IIO 'n The most popular serial interface is RS-232.

RS-232 standard was defined by the American Electronic
Industries Association (EI1A) in 1962.

The standard relates to data terminal equipment (DTE) and
data circuit-terminating equipment (DCE).

RS-232

Sadiessiug Serial *RS-232 (ANSI/EIA-232 Standard) is the serial connection found
Port Card Port Card on IBM-compatible PCs. It is used for connecting a mouse,

printer, or modem, as well as industrial instrumentation.

*RS-232 is limited to point-to-point connections between PC
serial ports and devices. RS-232 hardware can be used for
serial communication up to distances of 50 feet. (=~ 15 m).

The maximum data rate is about 20 kb/s.

UART
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Serial Interfacing - N0 NMIYEn

RS232 : 1apnin hannn man
.0'7Tn 25 18 9 2 D-type aion Xin 1annn
9 |2 D-type ai0n 12'n D7 NRNNKD DY DNXIMD D'AYNNa
Nalira il o Signal Designation Mo Signal Designation
D- a1on 7annn (1998 19%) naya N¥I'y n''w'Rn Davnnnn 7702 1 Protecive ground 14 Secondary ransmit data 8
019 25 |7|.’3 type 2 Transmit data 15 Transmit clock (DCE) ’l\)
3 Receive data 16 Secondary receive data [6)]
27207 na'on . 127 0T 9 07w D'PTNN 19001 7TanN NNnY © Remesttosons o Rmerzm -,
1P'NN 12NAN DX VTN NIpnaw RS-232C j7na n'ixn 0'PTRn 190N s Ceartosend 18 Recsiverdibitdock ‘3"
.0 25 ]2 1annd 6 Datasetready 19 Secondaryrequestiosend Q)
7 Signal ground 20 Data terminal ready @
8 Carrier detect 21 Signal quality detector
9 Positive DC test voltage 22 Ring indicator
10 Negative DC test voltage 23 Data signal rate selector
11 unassigned 24 Transmit clock (DTE)
12 Secondarycardr detct 5 Busy
13 Secondary clear to send
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Transmit Data YR NPY TXD N> 3 2
Receive Data ¥R NOYP RXD noM 2 3
Py NPYY nupa RTS oYy 7 4
Numbr Slgnal Designation Request to Send
1 Carnier dolec]
NPY NN CTS no3 8 H
2 Receive data Clear to Send
3
3 Transmi data Data Set Ready 199 01N DSR noNd 6 6
4 Ciala tenmunal seady (0IN) NN GND ™3 PR 5 7
; Protective
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NUN 92 90t DCD N 1 8
1 Data set riady Carrier Detect
i Ruguisst 10 send : o1 3uhn DTR —~ T 3 0
e d Data terminal
§r Chaseiay Ready 21858 1Y RI 99 9 22
a Ring indicates Ring Indicator
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Pin | Signal Description 110
1 | CD | CarrierDetect |In Electrical Specifications*D"'"]Un 01Nl
2 RD Receive Data In
3 TD Transmit Data | Out
4 | DTR | Data Terminal |Out ° |2 nimikn N v1anDTE 2% DCE.
Ready
5 | 5 | SonaiGromd |- * TImp nV'wa wawn NRZ-L.(n'2?2w npai?)
nqw — H
3 iiz RData STttRfslad); g t E | Dista cartier detect —-"1"Voltage < -3V = binary 1
eiest o Send out ey R e e —-"0"Voltage > +3V = binary 0
8 | CTS | CleartoSend |in i | 20— Receive data g ry
9 RI Ring Indicator | In g TW: ?Eﬂqnuﬂer%tli?a‘tsﬂend ® =N NV NNON '\I:LV<20KbpS -1 <15M
Serlal £ Sio———— Clear to SEI‘ld —'0OIN'N |9IX2 DN o'Im [a b N {7]] o'Ima N o'pnn
= 4o Drata terminal reacly .D'DN RPN IN? 728 ,0MWON
: : & 90— Ring indicatar
transmission E B C—— Siignal gravnd
Stan d ar d S Protective ground
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Y1240k | n'Jia24'0 naleph Asynchronous Transmission
:N1N2Y'0 MIYPN
AWUKD VA NIT'Y 2¥PA N0 INK N12'0 ¥ 1TYUNAN N TIVUN YTNa Data frame Data frame
V77001 ITYNAY NINIX NIXT .07700 78 NIF'ON DY TN 12N [IYWA 1T
VWA 3TN INIX T %Y DA DdIoN [TTTTTTTITT LITTTTTITTITT
bata frame bata frame 1aie Sart Data bits S Late Sert Data bits I e
T LOITIITITII T LTI o _
o sop Stane stop In asynchronous transmission, the receiver needs to
e it bata bits bit 1de it bata bits bit 1die know when a word (or data string) starts or stops.
- 1 1 - -
LrneEna ISR A data frame is necessary for each transmitted data
N30 |'RY DIYN NKXT NI'A'0 7W DDINX D'OX) 1TYY? 0'YIN VZENAI YTYND word to carry its own start and stop bits so that it is
ATIVNA YT'NA AT Mpna. Nana IT? DRI NN7IYY aTn A X' ible f h . Il wh d
n%771> N1aon '3 WWURd TNX N2 Y 7TIAa frames ,yT'n nnaon 77inn possible Tor the receiver to tell where one wor
,AYTN Naon n'2'nn NX nnon Start nfaro .Stop ntarol Start naro StOpS and another starts.
NNTIYN NIfA% NIYN 'R VTR NNA0N .ANni‘o NI Ninon Stop nwarol
IY@2 NN I'RY [IDA ,0MIY AT 'NIAN
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*RS-232 Signals (Asynch)
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transmitting receiving
modem modem

Serial Port Resouices

Error check Calculated Error check Recalculated
calculated error check recalculated error check
basedon [— > andactual [— > basedon [— > comparedto
actual data data received transmitted error
transmitted data check

 |/O addresses and IRQ

GOLDMAN: DATACOMM
FIG. 03-06

Com Port 1/0 Address IRQ

Telephane COM 1 3F8-3FF 4
3

4

3

Mal= DB25 Female DE25

COM 2 2F8-2FF
COM 3 3E8-3EF
----- == cCoM 4 2E8-2EF

Data Data
Terminal Growtteminating
Equiprnent Equipmert

200652107 A7 2170011 NMNY MMM 53 - arnn MR Sp XY Slide 27

MM MMM %2 - arnn mowyn 5ap kY

EIA RS-232 Serial Interface Standard Th .
e Control Lines
Computer — . .
EA Electronie Indueiry Assodiat lﬂ BRI * DTR (Data Terminal Ready) - Indicates to
. — Electronic Industry Associates o
- First RS-232 Standard in 1969 for:  [e= g @:@‘m‘g \> the mode.m Wit Gl ead o
+ CPU to Terminal DTE DCE communicate.
'(T:‘;’S“t'c‘)a'cg’Je’"“”a' A e + DSR (Data Set Ready) - Indicates to the
+ Initially Assumed Phone Lines used with Modems at Each End UART that modem is ready to communicate.
+ Latest is EIA232E in 1991 (no longer RS, but everyone still calls it that) e RTS (Request To Send) - This line informs
the modem that the UART has data to be
Data Den_a Data Data Sent
caupment o] compment e ome e L et fe222 | cqupmen « CTS (Clear To Send) - Indicates that the
2 2L L 2L modem is ready to exchange data.
2006 Ya10gIx 17 "oty or NN MMM 53 —apnn mawn Sip Ry 2997 2006 ya10gIx 17 'w'yw or MM MMM 5D —awnn mMown S2p Ry 30 971
Control Signals Standard Connector Pinouts
Rx - Data DTE Recnnos
T Data DTE Transmits Leoking Into the DCE Device Connectar Lacking Into the DTE Device Connector
RTS - Requestlo Send Dala (DTE wanls to Transma) Sl DO T i e dmnmi "B,.*..E*/v-m-
CTS - Reply {DCE indicates # is OK lo Racaiva) N T f(’ I SanA T = '.-'v"»e-"w'?w'\ hp-Fiii
DTR - Data Terminal Raady (DTE device is present and raady) ""::;‘:::: -~ c,}’ i te “'“"“'"-:t: ﬁ e s
DsSR - Datar Set Ready {DCE device is present and ready) mmhd"“ A ot e Trina ":: it ."- e
DCD - Data Carrier Detect ot rny L o s g Tl T s
RI - Ring Indicator S Tt cnr e e .,LW.: n::h:.; y
GND - Cormmon for All Above Signals = "i ;::”"““’ e n--dr—;jn: i*ﬂ-— n-d:vhm
) e et o ]
T ...._Mm./p}l" ?"?':twu- gt s+ B
% -

el < (7

o A ./‘1’ N

— 4 Teardoke

Rx
RTS DY Femabe

e
oo
CTs Phone Line ) ~ ] gl Grrnnd J—
| MODEM Trarnrtind Cabe gy 1 DE Py -
L “ o e {0 S
UART DTR [ET— "y cleattaend e et et
DSR e mmr— 7 3 - rm—— [ 8 e e

St G == g matsevzr Pt i o Datet =~ . BCE Ready
s
pep
ol e b T ke PR -
- Tarmtt e O e
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Interfacing Non-Modem Peripherals Frame Example

10 bits 7E1

+ Can Interface Two DTEs
+ Must “Cross” Tx and Dx Signals (a Null Modem) |1|1 0 0|1|1|0|0|1|1|0|1 1|1|

Txd St —start bit 66h = “i~ — ASCIl Character " - stop bit - a “mark”

DTE DCE P — even parity bit
Rxd ol

When Receiver “sees” a Start Bit (high to low transition):

[ 1L

( ) Common Ground ( )

Sg Sg

1) Local Timer Starts

2) Each bit sampled at midpoint in time (+ % clock tolerance)
. . . . 1

. Syncronlzatlon Accompllshed by the Asynchronous Frame Bits 3) Maximum tolerance is + ¥z of 1 hit time interval over 10 intervals

i.e. the Start and Stop bits =(¥)10=5%

DOB 0KV 01 JfE[5 2006 9310 DY 01 Slide 34

SA[10:0]
SD(7:0]

{ = souTA
— siNA

—= DTRAS
> RTSAS
{—» DCDA#
— DsRas
— cTsas
—— Riaz

Serial A
1o |e—wl Intertace

AEN ——]

PEETTTH

RSTDRV ——={  Host
TC ———ei Interface

—= SOUTE

Serial B
le—s| imt=rtace

Master/Slave

x10sC—1
Yz —1

H

EINRRETEANNNNR R ERANNED!

ISA Bus

PO{7:
STROBES <—|
AUTOFDS =—|
Serial Port A «—s rt—s- Parallel Port haTE -
SELECTING =—|

SELE

Floppy
Disk
Parallel ntarface

1 —— D
CT —|—»| Interface

-

-

Serial PortB+— AP e—s Floppy Disk Drives (up to 4) BUSY —| | —» FDMECAMEENS
| = FoSOmmDSOR
|+ Fometmmsens
|~ Fos14mMDS1#
[ — bswcwa

- 1:0]

FAUL
IDE Interface +— — Game Port Chip Select PERROR —1
a2

Figure 2. Block Diagram of the 82091AA on the [SA Bus —» IDECS[1:0]8

—» DEN®
Setect Interface | |+ HENW
— o182

Game Port

g

2006 ya1vgix 17 'whw o NN MMM 53 —apnn mawn Sip Ry 35.97 2006 V210712 Figure 5. B2091AA Signals 36

Index Address: 0zh
Delauit Valua Depands upon hardware sirap
Alinbule Raad/Wrla
Sezo 8 bits.
The APCFGY Register anables/disables mastor clock crcuilry for power mansgemenl, enables/disables
accoss lo tha configuration ragistors, and solacts the B2091AA configuation moda. This rogister providos S ]eciﬁca
Stalus for cortain hardwaro conliguration Saloctions—tho 62081AA clock raquency. powar supply vollago, and I
address assignment for the configuralion regslors (address locations of the INDEX and TARGET Ragislers).
7 & 5 4 3 3 1 o m wxnropn pnan
s x| xx |x[min]o]omm [a 100kES] [a 1kBs) [a 100kBs]
10 MBs 100 kBs 10 MBs
Clock ot (RAw) “xN'oPN NN 20 kBs
=AIP Powered OFf [max 10m] [max 10m] [max 10m]

et 17 a10 | single-ended || differenziale || single-ended || differenziale
T eimconaary Addraas (2av25n tor s and amaynnn | £3V =225 | 2V o468V | 23,6V < 16V | 21,5 - 6%
avaniazen for SA Bus)

oA By e AT nean 3V 200 200 200
Configuration Mode Select (R/W) L

o1 Sottware Aadin Murnera Trasmettitori 1 1 1 32
Supply Voltags (RO) Murmera Ricewitar 1 10 10 32
et

20005 -7

NOTES:
"33V cosralion s avalabie oly in Ihe S2001AA.
X=vake is delermined by herdware Sirazoing oions 8 descried in Seclion 1.2, Hardwars Configuralion.

Figure 7. AIF Configuration 1 Register
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DCE MODEM

20 ) S6 - Signal
22 ! Ground

Minimum configuration
of RS-232 connections

2006 107K A7 e o MNP DM 90 - apnn mayn Yaip iRy Slide 40)

Figure 17-8. DTE and DCE Connections with Handshaking

2006 107 A7 e o MR DM 90 - apnn moyn Yaip iRy Slide 39!

Solution: TxD : C TxD
CUMPUTER | COMPUTER 2
DESCRITTION  PIN N IRSCR (a) This drawing shows the minimum connection needed. RxD)| RxD
AT ATA s T TRANSAIT IATA One can use what is called a break-out box to connect
x‘/— two COM ports or use a null modem cable. RTS| RTS
ATA | — 1 RECEIVEIY DIATA
(b) The following steps need to be coded in the program: CTS] [ cTS
RTS . — s WIS (1) Check for key press and if a key has been pressed,
x get it and write it to the COM port to be transfered. DSR DSR
; — 3 s = Also check for ESC to exit.
: (2) If there is no key pressed, go check the status of the DTR| DTR
1%k N /—- v ¥ . COM port, If a character has been received, read it
) ) ) and display it on the screen. GND| GND
o W — B o (3) Go to step (1).
‘ PC #1 PC #2
o . To test this ex_ample connect two PCs and run the program PC to PC Connection
- on the following page on both of them.
20065107101, MMAY MMM Y - awnn MR Yap Yiky Slide 41 2008 1IN 7wl IR MO 93 - apnn MR 5 Ny Slide 42!

Full Handshake NULL Modem The Modem Control Register (MCR)

» The MCR is a read-write 8-bit register that controls

10— the flow control lines (offset +4). Its bits are:
%’ b = \ = . B_it 0: Controls the DTR (Data Transmit Ready)
E T € signal
= 3‘ N\ g ~ 0:Set DTR to 0
m| 4 WO 5 — 1:Set DTR to 1
Q|90 A _ o » Bit 1: Controls the RTS (Request To Send) signal
" — 0:SetRTSt0 0

« The RTS and CTS are cross-connected. Setting the = FEakgie

RTS on one side sets the CTS on the other side. * Bits 2,3: Auxiliary outputs (unused by us).
« The DTR and DSR are likewise cross-connected. * Bit 4: Loopback mode (should be 0).
« As are the TD and RD. * Bits 5,6,7: Reserved.
2006 12u0@Ix 17 '@ it mMMnY Mo 53 - ann MR SAp SIRY R 2006 12107IX 17 "W DIt mMMnY Mo 53 - ann MR Sap SIRY .
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The Modem Status Register (vsr) The MSR (cont.)

Bit 4: Shows the status of the CTS line.
Bit 5: Shows the status of the DSR line.

* Bit 0: Delta Clear to Send (DCTS) indicator. Is set if there

was a change in the CTS since the last time the MSR was Bit 6: Shows the status of the Rl line
read. Is reset when the MSR is read. (unused by US)

* Bit 1: Delta Data Set Ready (DDSR) indicator. Is set if . .
there was a change in the DSR since the last time the Bit 7: Shows the status of the CD line
(unused by us).

» The MSR is a read-only register that shows the current
status of the control lines (offset +6).

MSR was read. Is reset when the MSR is read.
« Bit 2: Trailing Edge Ring Indicator (TERI) indicator. The

same as the DCTS and DDSR, not used by us. » The above bits aren’t effected by reading
» Bit 3: Delta RD Line Signal Detect (DRLSD) indicator. The
same as the DCTS and DDSR, not used by us. the MSR
2006 YavgIx 17 'wi7e ot NMNY MMM 53 —apnn mavn Sip Ry 4597 2006 YavgIx 17 'wi7e ot NMNY MMM 53 —apnn mavn Sip Ry 4697
Connecting Between PC and Modem Modem Communication Protocol
L » This protocol is sender-oriented. The DTE must perform a
* When communlcatlng between 2 PCs, through apalf)g “handshake” with the DCE in order to start sending. The DCE
(phone) lines, there are 3 phases of communication: can send data to the DTE as soon as it (the DTE) sets the
— DTE to DCE: The processor transfers data to the modem. DTR line. The stages are:

— DCE to DCE: The modems transfer data between themselves.
— DCE to DTE: The modem transfers data to the processor.

N

. The DTE starts communication be setting the DTR to 1.

The DCE detects this and sets the DSR to 1. A connection has been
established between DTE to DCE. Both lines will remain set (1) until the
end of communication. If the DTR is reset (if the computer is shut off, for
example) the DSR will be reset as well.

. The DTE sets the RTS and waits for the DCE to set the CTS.

N

* We will concentrate on the DTE to DCE phase and simulate
this in software. The sender will be the DTE and the receiver
will be the DCE. The DCE will have a buffer of limited size,

w

nce it is full it must signal the DTE to st nding data until 4. While CTS is set the DTE can send data. When the DCE can no longer
@IUEE i (5 u L l‘!s Slgjel une @ Eie]p Sty CElE Und accept data (full buffer, no connection to the remote DCE etc.) it resets the
the buffer is emptied. CTS until it can accept more data. When it can accept more data it sets the
» The next slides show the complete protocol. RTS again.
2006 1a10gIx 17 'wi7w o MMy MMM D —arnn mown Yap Mxy 47 91 2006 Ya10gIx 17 'wi7w o MR MMM 51 —apnn mowvn Sap iRy 4897

Modem Communication Protocol Cyclic Redundancy Check (CRC)

(2)  Error detection using parity is simple but has it’s flaws.

5. If the DTE want’s to stop transfer it resets the RTS, causing the A 2 bit error can’t be detected using 1 bit of parity.
2SS , « In order to complement the parity check a CRC check

6. Connection is severed (cut) by having the DTR reset. 1S USEEL

7. When a remote DCE initializes the connection the local DCE .
will set the RI (Ring Indicator). The DTE will then instruct the * The Cyclic Redundancy Check takes a block of data
local DCE to “answer”. The local DCE will set the CD (Carrier and computes a signature. This signature is sent after
Detect) line to indicate that connection has been established the data. The receiver computes its own signature and
with the remote DCE (you don't have to implement this part of compares it to the signature sent. If they don’t match
the protocol). an error has occurred.

8. Only when all 4 control lines are set can data be transferred

from the DTE to the DCE. » The most simplest CRC technique is to XOR the

values of the block together. This creates a signature
of 1 byte.

2006 1aiogix 17 'wi7w o NN MMM 5 —apnn MmN S2p Ry - 2006 q2vgIx 17 'w'ye orr MRy MMom %5 - avnn movn Yap iy B0Lkay
S ———— 4997 |
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DB9 Loopback Connector ‘210

A loopback connector usually consists of a connector without a

cable and includes internal wiring to reroute signals back to the

sender. This DB9 female connector would attach to a DTE Pin | Signal Pin | Signal

device such as a personal computer. When the computer 1 cD 1 cD

receives data, it will not know whether the signals it receives

come from a remote DCE device set to echo characters, or 2 RD 2 RD

from a loopback connector. Use loopback connectors to 3 | 1D 3 | 1D

confirm proper operation of the computer's serial port. Once 4 | DTR 4 | DTR

confirmed, insert the serial cable you plan to use and attach 5 | s 5 | sG
:her:oopback_lfo the eng of the serial cable to verify the cable. 6 | DSR 6 | DSR

n this case, Transmit Data joins to

Received Data, Request-to-Send joins to 7| RTS 7_| RIS

Clear-to-Send, and DTE-Ready joins to 8 | CTS 8 | CTS
DCE-Ready and Received Line Signal 9 | RI 9 RI

Detect.

? '™ Dy DNann M
52 Maiopix 17 'whw or

2006 Ya1ogix 17 'wyw or NMNY MMM 53 — apnn mMIIYn 521p XY 51 -7 2006

Any Questions

n"o Mivpna OXRNnN
UART

Universal Asynchronous
Receiver/Transmitter
8250 - 8250B — 16450 - 16550

Y21p kW Saul Coval Computer Systems
2006 AR T DI MM MMM 5O —arnn movn Sap kY A

Serial Communication Hardware UART 8250

» OK, lets say we understood the previous slides. How
does the CPU send signals through the serial port?

o Data within a DTE is usually stored and moved in a parallel * A UART (Univers_al Asynchronous . .
fashion. Receiver/Transmitter) is used. The UART is a device

o Data sent across the channel is generally sent serially. that the CPU programs to perform tasks for it.

o The parallel/serial conversion of data is done by a device « In our case the UART 8250 is the device that
known as UART (Universal Asynchronous Receiver / . . .
Transmitter). controls the serial port. The 8250 is the first of a

family that contains the 8250B, 16450, 16550 and

Output ——> .
(from CPU) : ——— Serial output others.
) : UART » The 8250 was introduced with the XT PC, so your
ool —— «—— Serial input computer probably has a later version. But all are
Conditions backward compatible, so we can program as though
we have a 8250.
2006 1a10gIx 17 'wi7w o MM MMM 5O —awnn mowvn Yap iRy 55.01] 2006 1a10gIx 17 'wi7w o MR MMM 5O —apnn mowvn Sap kY 56097
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Universal Asyn. Receiver/Transmitter

UART

Special circuit that relieves processor from executing timing loops

UART Characteristics
« Appears as a Parallel I/O Port to the x86
« Contains both Rx and Tx circuits

- 1200 bps — 19.2 kHz clock signal
- Each bit divided into 16 “time slices”

« Rx circuit converts Serial to Parallel — Tx converts Parallel to Serial
- Combination PISO/SIPO registers

2006 YavgIx 17 'wi7e ot NN MMM 53 —apnn mavn Saip Ry
L

UART Transmission

o Convert internal parallel byte into a stream of serial bits.

Byte (from processor)
Start

- Contains status registers (BUSY/READY and ERROR conditions) To channel
« Types of errors UART can detect ‘ ‘ ‘ ‘ ‘ ‘

- Framing error - Invalid start bit received Shift

- Parity error - Single bit data error detected

- Overrrun - Stop bit not found . .
* Most UARTS use a dedicated 16x clock signal ° Parlty generation Channel

From f
shift register

Initial
value

Saul Coval Computer Systems

87 -0 2006 YavgIx 17 'wi7e ot NMNY MMM 53 —apnn mavn S1p Ry 5891}
UART Transmission Double Buffering
o Single shift register: Once the UART has sent a byte, the o A second register, a Transmit holding register, is placed
processor can be signaled that the UART is ready to transmit between the processor and the UART.
another byte. Byte (from processor)
Time Processor UART Channel l l l l l l l l . .
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ Holding register
1 supplies byte to UART Idle l l l l i l l l To channel
2 shifts data bits Active ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
3 shifts data bits Active Shift register
i shifts data bits Active Time  Processor Hold Reg.  Shift Reg. Channel
. . . 1 supplies byte to HR empty empty Idle
9 signals completion 2 supplies bytes to SR empty Idle
to processor Idle 3] signals processor  shifts data bits ~ Active
10 supplies byte to UART Idle 4 supplies byte to HR empty shifts data bits ~ Active
11 shifts data bits Active 5 data shifts data bits ~ Active
12 shifts data bits Active 6 supplies bytes to SR shifts data bits ~ Active
7 signals processor  shifts data bi Active
2006 q2vgIx 17 "w'ye or MMy MMM D —arnn mowvn Yap Mxy 5997 2006 Ya10gIx 17 'wi7w o MMy MMM D —arnn mown Yap Mxy 60.91
UART Reception UART Reception
e UART is in an idle receive state while the channel is in an idle (mark) 5 . 5
state. e The algorithm to find the center of the start bit:
. Upon_ detection of a channel state_ change (Mark to _Space), UART 1. Wait for a mark-to-space transition.
determines the center of the start bit and then reads bits from the channel > Wh ition has been found le the li 16 1i
at regular intervals using a sampling clock. . er_\ a transition has been found, sample the line at 16 times
o The bits are assembled in a shift register. the bit rate.
o Bits in the register are shifted to the right at each clock tick. 3.After 8 ticks (1/2 bit time), sample the line:
» When all bits have been read from the channel, the resulting byte is - if space (0) is found, a start bit is assumed and the line can be
supplied to the processor. sampled once per bit time.
- if amark (1) is found, a false start bit was found, and the line sampling
Shift register can be abandoned.
channel l 1 l | l | l | l | l | l | eUnderlying assumption: transmitter and receiver agree to a
) ) common bit rate.
l‘l‘l‘i‘l‘l‘l l‘ Holding register
Byte (to processor)
2006 hatogix 17 'wrhw oit TMNAY NS 5D —2rnn MR Yaip Ry 61.97 2006 1a1ogix 17 'wi7w o MMNY MMM 55 —aynn movn Sap ik 62 07
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PC UART Register Types

* PIPO - Parallel Input Parallel Output

« Atypical PC is supplied with at least an UART (serial port).
* Most PC UARTSs are compatible with Intel 8250 UART.
* The 8250 UART is programmable and permits:
- A variable word size (5-, 6-, 7-, or 8-bit words).
- A variable number of stop bits (1, 1.5, 2).
- A choice of parity (none, mark, space, odd, or even).
- A choice of line speeds (50 to 9600 bps or higher).
« UART can signal the processor with the following status: e
- Data ready (in receive buffer).
- Reception errors (overrun, parity, framing).
- Break condition (in the Space state for one complete frame) detected.

* SIPO - Serial Input Parallel Output

* PISO - Parallel Input Serial Output

- Transmit shift register empty. * SISO - Serial Input Serial Output
- Transmit holding register empty. _,|:|_>
2006 12uvgIx 17 "w'ye o MM MMM %1 - awnn movn Yaip ik 63 -1 2006 YavgIx 17 'wi7e ot MM MMM %1 - awnn mowvn Yaip ik B4 9T

PC16550D UART Programming the UART 8250
Transmit Functionality g g

1) Receives 1 byte from processor * Programming is done by reading and writing registers of the

2) Converts to serial form (PISO register) 8250. The registers are:

3) Adds start, stop and parity bits Base Address  Mode Name

4) Clocks data out serially (Possible rates are 0-256 kbps) +0 (DLAB=0) Write Transmitter Holding Buffer THR
Receive Functionality +0 (DLAB=0)  Read Receiver Buffer RBR

1) Receives serial frame from device +0 (DLAB=1) Rd/Wr Divisor Latch Low Byte DLL

2) Converts to parallel form (SIPO register) +1 (DLAB=0) Rd/Wr Interrupt Enable Register IER

3) Checks for errors (framing, parity, overrun) +1 (DLAB=1) Rd/Wr Divisor Latch High Byte DLM

4) Stores received byte for processor access +2 Read Interrupt Idendification Register IIR
Supported I/O control schemes +2 Write FIFO Control Register FCR

1) Polling (parallel) +3 Rd/Wr Line Control Register LCR

2) Interrupts +4 Rd/Wr Modem Control Register MCR

3) DMA +5 Read Line Status Register LSR
Successor of the NS8250/8251 and 16540 i Read Modem Status Register MSR
Need 1 16550 per Serial Port (typically 2 per PC since COM1 and COM2) +7 Rd/Wr Scratch Register SCR
NPC16552D is Single Package Device Containing Equivalent of 2 16550s

2006 1a10gIx 17 'wi7w o MMy MMM D —arnn mowvn Yap Mxy 65.01] 2006 Ya10gIx 17 'wi7w o MMy MMM D —arnn mown Yap Mxy 6607

Accessing the Registers Getting the Port Addresses

#include <stdio.h>
» On the 80x86 architecture I/O devices are accessed using

special I/O instructions. These instructions called IN and #include <dos.h>

OUT, access I/O Ports. void main(void)
* |/O Ports are addresses in what's called 1/0 space, these are {
addresses that when accessed using the special 1/0 unsigned int far *ptraddr; /* Pointer to location of Port Addresses */
instructions access the registers of I/O devices. unsigned int address,a; /* Address of Port */
« The PC has standard ports for the serial interfaces, these ptraddr=(unsigned int far *)0x00000400;
ports are called COM1 - COM4. They are mapped to the for (a=0;a<4;a++){
following port numbers and IRQ (Interrupt Request) lines. address = *ptraddr;
Name Port address IRQ if (address == 0)
COM 1 3F8 4 printf("No port found for COM%d \n",a+1);
COM 2 2F8 3 (usually the serial mouse) o
COM3 3E8 4 printf("Address assigned to COM%d is %Xh\n",a+1,address);
COM 4 2F8 S *ptraddr++; }}
2006 hatogix 17 'wrhw oit MNAY NS D —2rnn MOwWR Yaip Ry 67 97 2006 nalogix 17 'wrhw oit MR MMM 55 —awnn mayvn Saip Sy 6807
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Accessing the Registers

* The port addresses for the COMs are defined in the BIOS
(Basic I/0O System) ROM (Read Only Memory) from
addresses 0x400 to 0x408.

* OK. So how do we access the registers?

* Thereis a C interface to the IN and OUT instructions:
int inp(unsigned short port);

// read a byte from the port
int outp(unsigned short port, int val);
// write a byte to the port

« Using these two instruction is is possible to access the
registers defined in the previous slides. For instance to read
the LCR we have to write:
int val;
val = inp(Ox3F8 + 3); // or inp(Ox3FB);

« Look at the functions descriptions in the help manuals of

Visual C++ or BorlandC.
2006 2aivpix 17wy oi

NN MMM 53 —apnn mavn Sip Ry 69:97] 2006 talogix 17 'wi7w o

Real vs. Protected Mode

* Protected mode is the mode that the computer runs in when
it has to support multiple users. UNIX and NT run only in
protected mode. A regular user can’t access the I/O ports.

* Real mode (or single-user mode, or priveleged-mode) is
the mode used by the OS to access I/O devices. DOS runs in
real mode. W95/98 is a hybrid (n''x'7>-]2) between real and
protected mode. We will use DOS in order to run are
programs, but try W95 to see if you can access the I/O ports.

= inp and outp work when compiled with BorlandC, the Visual
C++ versions (_inp and _outp) might create problems, try it
out.

NMNY MMM 53 —apnn mavn S1p Ry 70 -0

Baud Rate

* The rate of transfer is in BPS. The UART 8250 has a clock
that's rate is 1.8432 MHz. The UART divides the clock signal
by 16, giving a maximum baud of 115,200 BPS.

» But this rate might be to fast for some devices, so the rate is
controllable.

* Lets say we want to communicate at 2400 BPS. We have to
divide the clock rate by a number multiplied by 16 to get the
desired rate. This number is called the baud rate.

« Thus in our case 2400 = 1.8432*10%/(baud rate * 16).

» The baud rate = 1.8432*10%/(2400 * 16) = 48

* The baud rate is stored in the DLL and DLM before
transmission starts. The DLL Contains the 8 LSBs (Least
Significant Bits) and the DLM contains the 8 MSBs (Most
Significant Bits).

MMy NMom %5 —arnn mowvn Yap Xy 1 -

2006 2aiogix 17 'wthw oir
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RS-232C Waves

» So far we have introduced RS-232 Communications in
relation to the PC. RS-232 communication is asynchronous.
That is a clock signal is not sent with the data. Each word is
synchronized using it's start bit, and an internal clock on each
side (defined by the baud rate) reads the data.

+5V

Stop
ov

* Tne signal Is In the logical 1 state (also called "mark”), a start
bit which is in logical state 0 (also called "space") signals that
data is about to be sent. Then 8 bits of data are sent (this can
be changed), a parity bit is optional (not shown here) and the
a stop bit (or bits) is sent. This is called a frame (naon). The
data is framed between a stop and start bit.

Logic '1'

o1 [2]s]4] s 6]

Logic ‘0

* The above waveform is relevant to the TD and RD lines only.

NN MMM 53 —apnn mawn S1p Ry 90T

The Line Control Register (LCR)

» The LCRis a 8-bit register (as all 8250 registers) that controls the data
that goes on the TD and RD lines. lts bits are:
Bits 0,1: Select the word length, from 5 to 8 bits.
— 00: 5 bit word
— 01: 6 bit word
— 10: 7 bit word
— 11: 8 bit word
Bit 2: Sets the length of the stop bit.
— 0: 1 bit length
— 1:1.5bit length if 5 bit word selected, 2 bit length if 6,7,8 bit word selected
Bit 6: Sets the break control bit. When this bit is set to 1 the TD line is
permanently set to 0 (space).
Bit 7: Sets the DLAB (Divisor Latch Access Bit).
— 0: enables access to RBR, THR, and IER.
— 1: enables access to DLL and DLM (to set the baud).

2006 q2vgIx 17 "w'ye orr MMy MMM D —arnn mowvn Yap Mxy
S ————
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The LCR Parity Bits

« Bit 3: Parity enable bit.
— 0: no parity bit sent
— 1: parity bit sent
* Bit 4: Chooses between odd and even parity.

— 0: odd parity. The number of '1's in the word is counted. If odd the parity
bit is set, if even it isn't set.

— 1: even parity. The number of '1's in the word is counted. If even the
parity bit is set, if odd it isn't set.

— For instance the word 11001011 has odd parity. So if parity is enabled
(bit 3) and bit 4 is 0 (odd parity), the parity bit sent will be 1 and the
receiver will check the data and expect to find a 1 in the parity bit.

« Bit 5: Sets the "sticky" parity bit. The parity bit is always the
same value, "high" (1) or "low" (0).

— 0: The parity bit is set by the input word.

— 1: The parity bitis 0 is bit 4 is 1, the parity bit is 1 if bit 4 is 0. This setting
is permanent as long as bit 6 is set.

NN MMM 53 —apnn mawn S1p Ry 4 a7
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Sending a Word

* In order to send a word the following steps must be taken on
both sides (sender and receiver).

» Set the baud rate by computing it and loading DLL and DLM.

» Set the parity (enabled on/off, odd/even).

» Set the word length (5-8 bits).

» Set the number of stop bits.

»  Write a word to the THR. This word (lets assume 8-bit words) is written
into the TSR (Transmit Shift Register). The TSR then shifts the bits out
one by one and transmits them on the TD line.

» The word is received by the RD on the receivers side and stored in the

The Line Status Register (LSR)

* The LSR shows the current status of communication, errors in
transmission will be written into the register.

» Bit 0: Data Ready (DR) indicator. When set it indicates that a byte is ready
to be read from the RBR. Reading from the RBR sets the DR bit to 0.

» Bit 1: Overrun Error (OE) indicator. When set indicates that a new byte
has been received before the current byte in the RBR has been read. The
OE is reset (set to 0) when the LSR is read.

= Bit 2: Parity Error (PE) indicator. When set indicates that a parity error has
occurred. Is reset by reading the LSR.

= Bit 3: Framing Error (FE) indicator. Is set whenever the received word
doesn't have a valid stop bit. The stop bit following the last data bit or
parity is detected as a 0 instead of a 1.

» Bit 4: Break Interrupt (Bl) indicator. Is set whenever the RD line is held in
the space state for longer than it takes to send a word.

RBR register.
2006 Ya1ogix 17 'wyw or MM MMM D - arnn mMown S2p Ry 78 -1 2006 Ya1ogix 17 'wyw or MM MMM D —arNn MmN S2p Ry 76 91
U4
Th LSR t 0—2 cso outt P30
e Con . DT Cs1 ouT2 Dwﬂ
O0——q cs2 INT (1
. . . . L —2d rp
+ Bit 5: Transmitter Holding Register Empty (THRE) indicator. o184 wr Txp (01
When set it is possible to write another byte into the THR. The 2Ae| R RIS Pas /
bit is set when the byte is transferred from the THR to the o280 o ® 1
g q . 27 10 [ i
TSR. The bit is reset when the processor starts loading a byte SEH I 20 _D:gga | o : 1
into the THR. 1 DSR P35 o
) . ) ) . . D—2 DO CTS 3—D39 | ®
» Bit 6: Transmitter Shift Register Empty (THRE) indicator. =2 R === ® o1
When set indicates that the TSR is empty. It is reset when a S—a{ b3 O
. ) ) C—5 D4 — ®
word is loaded into it from the THR. 0—=2- D5 | o ® T
Bit 7: Unused. P t0 57 b I
» Bit 7: Unused. Permanent 0. o7 24 —® o |
o—221 ADs “Yoa P2 o —o ¢
e NG 220 o :::
D% XTAL1/CLK —e® o1
C—— XTAL2 ®
o—2 ReLk BAUDOUT |20 1
8250
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Theas signals
8250/16450/16550 UART N e
mrrpr [RGAOIRAS
o R821
Table 9-4. 8250A Register Add ,;,"Po;_, ElA a
[ H T BIN j——| driver 3
_DLAB ' A2 Al A0 Description ST " lrscaer [{8
.0 0 ;0 | 0 Receivebufferregister for read, transmitter holding register for write mﬁ':? E Ez
| 0 1.0 0| 1 Tnteruptenable register — Recain
[.x__ 0 1 ! 0 |Interrupt identification register (read only)
- L ad - a —
X 01 1 [Linecontrol register (data formatregister) | a "‘"::'m’]
~x__1.0 0 |MODEMcontolregister N & i
X ___1_ 0 __ | |Line status register A |, ourt | for non-RS232
x| 11 0 |MODEM stamsregister Aen ® i xou |7 VTRl ieotusednpel
x 1 I I 1 Scratch register - ] ’ ] i
11 0| 0 | 0 Divisorlaich register (LSB) AT M UART in PC
: S—— S— Caclllator 1.8432 MHr
1 0 | 0 . 1_I|Divisor latch register (MSB)
(Reprinted by permision of National Semiconductcs, Copyrigh Mationsl Semieceductar 1990} [Figure 9-10. 8250 Connection to the IBM PC Buses
2006 YavgIx 17 'wi7e ot NN MMM 53 —apnn mavn Saip Ry 8197 2006 YavgIx 17 'wi7e ot NMNY MMM 53 —apnn mavn S1p Ry 82 -1
Registers Registers
» Transmitter holding register « Interrupt identification register
Receiver buffer register
* Interrupt enable register .
34 2 o oo o P b
D o
D? D6 D5 D4 D3I D2 D1 DO | e | | ‘ I o [ 0 | F ]
o | o [ o [0 |IN [Emwr|TBE |ReRDY 2 — ™t |—| |J’_]
N R O I B | e
1 ¥ '
recaivad data svaiabis 1 ? o o Mmmmw Broax.
—— . 890 2 Taum
— e ! 006 3 MODEM sty ey
——— .o Figure 9-12. Intemupt Identification Register
MODH 2 (Reuinterd by permission of Nabesal Sersiconductor, Copyrigh National Semicondustae 1990}
Fa:mm';mg;,‘fgiﬂuﬁﬁﬂm Sogiater Copyright X 1990 -r-::..:?‘\...t
2006 1a10gIx 17 'wi7w o MM MMM 5O —awnn mowvn Yap iRy 83 -q7 2006 Ya10gIx 17 'wi7w o MR MMM 5O —apnn mowvn Sap kY 84 91

Line Control

D7 D& D& D4 D3 D2 D1 (]
|[)1.AB]B|WkJPwihr|PﬂritylEadty]Slﬂp Iom Io;na |

[ Bmak Conirol 1 Whan ftis sl 11, T sevisl outgast (Soul] s Rorced
o irve spacing (logic 0} stat. Tha breaik control bt acts only on SouL

Figure 8-13. Line Controt (Data Format) Register
F Nisticaa] Sornis Copyrghl National Semiconducior 1990)

MMy NMom %5 —arnn mowvn Yap Xy
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Modem Registers

o7 D& D5 D4 D3 o2 o
| 0 [ 0 [ 0 |'I‘m |OU‘I‘2IOUT‘IRTS IUI'R |

1= 1 assats DTR
if = 1 assars ATS
—
[ Aoriary v 0
| Audiary user-desgrwied outpu 2
{ Lol v |

Figuro 9-14. MODEM Control Register

Copyraghn 1990

Dr D6 D05 D4 D3 D2 D1 DO
OCD | Rl |DSR [CTS |Delta | De'ta | Delta | Delta
DCD | RI_|DSR | CTS

Figure 8-15. MODEM Status Register iMSR?

Copyright Nacxonal 19
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Line Status Divisor Register
D7 D& 05 D4 D3 Dz D1 DO
[o [temr]THRe] BI | FE | PE [ OE | DR |
if = 1 cata reacy 1o be i ] . ’
=t s s iesity | Table 9-7: Baud Rates and Divisors for 1.8432 MHz
1 recuiver bufTer rogishor) H
" ikl ! Baud Rate Divisor (Decimal) _ Divisor (Hex)
¥ 1 80 OVBITUR $TOF oocurmed;
(18 rBamt when G reacts racaiver buffer rogsier) 110 1047 ] 0417
_"::;m.gummnmmWJ 7“__ ——— - 384 0180
@ = 1 8 Famng error oocued, ] 600 192 : 00C0
(s revat whan CPU reads line status rgister)
#f = 1 a boak interrupt Boruad; 1200 96 0060
y i resat whan CPU mads ine stitus 2400 48 mo
(T T oo o —_
[ —— 450 S SR LR
[#= 1 wansmitier naing )
| fis reast when sither TSR or THR contping dats) pemissicn of Mationl Sesni Copyright National Semi 1950
Figurs 8-16, Line Status Registar
(Reeprinted by permision of National Sem Copyright Naci : L990)
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1 D UART
Sl 1 Programming the UART

o The line speed, word size, parity, and the number of stop
« UART - Universal Asvnchronous bits must be written to the UART before it can be used.
R - itt y e The UART’s line speed is generated by dividing its internal
ey | T clock rate (1.8432 MHz) by a programmable 16-bit divisor

— support chip for serial I/O in x86 architectures (saved in the two line speed registers).
« Original device was 16550, the 16550D #The value resulting from the division is 16 times the actual
contains two 16550s (‘D’ stands for Dual) line speed.
« Function is send and receive data via the 0dee (2 Line Speed
: 0x0900 50
asynchronous serial protocol 1800 500
0x0060 1200
0x0030 2400
0x000C 9600
2006 1a1ogix 17 'wi7w o MM MMM D —awnn mown S2p Ry 8907} 2006 q2vgIx 17 "w'ye o MmNy MMom %3 - avnn movn Yap iy 9097

UART Port Addresses and Functions Line Control Register
o If bit 7 of LCR is set, ports 0x3F8 and 0x3F9 can be
Portl Port2  Address Offset Uses accessed as the line speed divisor registers.
0x3F8 0x2F8 Base address + 0 Transmission Register Buffer * The word size, parity, and stop bits are also initialized
Receive Register Buffer through LCR.
Line Speed (LSB) 7 6 5 4 3 2 1 0
0x3F9 0x2F9 Base address + 1 Interrupt Enable
Line Speed (MSB) ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
Ox3FA  Ox2FA Base address + 2 Interrupt Identification Register l l
O0x3FB  0x2FB Base address + 3 Line Control Register Word length
Number of stop bits
0x3FD  0x2FD Base address + 5 Line Status Register Parity enable
Even parity select
Stick parity
Set break
Divisor latch access
2006 hatogix 17 'wrhw oit MNAY NS D —2rnn MOwWR Yaip Ry 91.97 2006 nalogix 17 'wrhw oit MMNY MMM 55 —aynn movn Sap ik 92 01
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Line Control Register

bit1 bit0 word Length
0 0 5
0 1 6
1 0 7
1 1 8

bit 2 word Length #stop bits

0 any length 1 l l
1 5 15 Word length
1 6,78 2

Number of stop bits
Parity enable

Even parity select
Stick parity

Set break
Divisor latch access

LCR Example

#define DLABon 0x80
#define DLABoff ~ 0x00
#define BPS96k 0x0c
#define SEVENBIT 0x02

#define STOPBITS  0x00
#define PRTYENA  0x08
#define EPS 0x10

#define DIVLTCHLSB 0x3F8 Parity enable
#define DIVLTCHMSB 0x3F9 . I
#define LCR 0x3FB Even parity select

initialize()

{

outportb(LCR, DLABon);

outport(DIVLTCHLSB, BPS96K);

outportb(LCR, DLABoff+SEVENBITS+STOPBITS+PRTYENA+EPS);

}

\ Word length
Number of stop bits

Saul Coval Computer Systems

2006 YavgIx 17 'wi7e ot NN MMM 53 —apnn mavn Saip Ry 93 -7 2006 YavgIx 17 'wi7e ot NMNY MMM 53 —apnn mavn S1p Ry 94 -1
- 0x3F8 transmission holding register
Main() 7 6 5 4 3 2 10
char ch;
/* initialize UART */ ‘ ‘ ‘ ‘ ‘ ‘ ‘ | ‘
for (ch = ‘A’; ch<="Z"; ch++) l Data Ready
outportb(0x3F8, ch); O T
. Parity error
- not all of the bytes will be sent because the processor Framing error
is faster than UART. Break detected
Transmit holding register empty
Transmit shift register empty
0
2006 q2vgIx 17 "w'ye or MMy MMM D —arnn mowvn Yap Mxy 9597 2006 q2vgIx 17 "w'ye o MMy MMM D —arnn mown Yap Mxy 96097
GEMRRR  (CER #define RCVR  OX3F8
#define LSR 0x3FD .
#define THRE  0x20 GEMBLER  GEAD
. #define DA 0x01
main( ) .
main()
char ch; I
/* initialize UART */ gr"Z'_“‘f')'ZE AR
for (ch = ‘A’; ch<="Z"; ch++) v
while ((inportb(LSR) & THRE) == 0) WAL (PR LR & ) =)
outponb(TXI’R, ch); printf(“%c \n”, inportb(RCVR));
} }
2006 hatogix 17 'wrhw oit MNAY NS D —2rnn MOwWR Yaip Ry 97 .91 2006 1a1ogix 17 'wi7w o MMNY MMM 55 —aynn movn Sap ik 9897
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UART Interrupts

- Polling wastes processing power.

register).
- UART IER initialization:

/* other initialization statements */
outportb(IER, DATA_AV+RCV_LS),

2006 YavgIx 17 'wi7e ot NN MMM 53 —apnn mavn Saip Ry
L

fdefine IER 0x3F9 [LTTTTTT]
#define DATALAV  0x01 l !
#define TX_HR_MT 0x02

#define RVC_LS 0x04

#define MDM_CHG 0x08

uart_init()

- UART generates 4 types of interrupts (interrupt enable

Data available

Tx holding reg. empty

Receive Line Status

Mode status change

UART Interrupts

- 8259 initialization:

8259 interrupt control mask register

#define INT_MASK 0x21 vy 6 54 3 210
#define CLKENA OxFE

#define KEYENA OXFD UART 2
#define SPIENA OXEF UART 1

#define SP2ENA OxF7

#define PPENA Ox7F

void initialize( )

/* other initialization statements */
outportb(INT_MASK, CLKENA & KEYENA & SP1ENA &SP2ENA, PPENA);

2006 YavgIx 17 'wi7e ot NMNY MMM 53 —apnn mavn S1p Ry 100 -91

Example: PC telephone utility

- whatever is typed on one terminal also appear on the other

- Each screen is divided in half, with upper half showing local
input and lower half showing remote input.

- Two PCs are connected via their serial ports.

- When a character is entered, it should be displayed on the local
half screen and also transmitted. Characters received from
serial port are displayed at remote half screen.

- End-of-session is indicated by Crtl-C.

- Once a half screen is filled, it is cleared.

MMy MMM D —arnn mown Yap Mxy 102 -1

p1cdlk nlrz?dn

nTan y¥a? n' PIC-d natya 1o nivpn YWoN? '
:DMAIX 2-2 DRIY D'VND

RCSTA

niazdnd enen
YN 6 dp 210y

104 'on n'oipw

- Interrupt identification register indicates the cause
of the interrupt. .
terminal.
Interrupt identification register
IIR  Interrupt T e s 48210
6 Receive line status (overrun, parity error, etc.) l
. R Interrupt pending
4 Received data available Interrupt id (60)
2 TX holding Reg. empty Interrupt id (b1)
0 Modem status change
2006 12u07IX 17 'whw or N1MAY NMOM $ —2wna MR H31p NkY 10107 2006 2a10pix 17 'wihw or
Implementation
KEYIH 11—
do_lcl_scr()
XMITDONE do_pt2pt()
SPxIH D]I
— —— []]]—ridormtscrQ nixzdad even
Y?IN 23'€ 2]3Y
2006 12107IX 17 'w'w o MM MMM %2 —apnn mown Sp kY 103 07 2006 1auvpix 17 'wthw o
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RW-0  RW-0  RW-O  RW-D U0 RWO  R1 RWMAD
[ csrc | Txo | TXEN | SYNC | — | BRGH | TRNT | TX9D |
bit 7 bit 0

RW-O__RWO RW.O RW-O RWO RO R0 Rex
| seen | Rxs | srew | cren [ aopen | FerRr | cERr | RxeD |
bit 0

1Md1'OX MY N "
. n'2107 Dign o%7mn yTn T nIa'o 9 Dy VTN Y N

109 — N0 nipn
Mjpna n'w'wn nrato 9 NI'09 Dy MoK —"1" :
Mpna ny'wn

nrro 9 Low Speed —"0" 9 y1nn ymal nrrao 8-"0 [ - h .
yIma 1

niao 8 11220 WY — IV LIID WYX 1122'0X XN MY N nrao

NITIYN MAon 7TIA High Speed

NdoX WTY - "0" X120 TY NWONR —
Half-Duplex 7w axna g1 " qqxu ATY 710

Master Mode — AYDIRN ITY

Slave Mode — AWoINN XY WITY

21122'0 2¥N 1A N

Master n'n PIC Ywxd 0
Master Mode —"

Slave Mode - "

105 'on n'oipw 106 'on n'oipw
2006 nalopgix 17 'w*hw orr 2006 natopgix 17 'w*hw orr

2enn £e 9292 'l p'adlk

. o 8 17w TXREG 1000 1IN onyin 1 TUY? D'¥NY yTnn
- DilaBus .TX9D nijm% 011N 9-n naron ,niraro 9 7w XA WT'WAI ATNA

| TXRES Register | *

18
- EE] [ YXIN d1nnY) TSR -0 1Ak 1M n'72apn AniXa 1avim 797 ynn

e 0 _.I o i } ]
and e L .(h¥Inn xx1' yT'MAY 9% nnt

TSR Register

CBITXICK pin|

A
Interrupt
Ko | Saudfial CLK El .UTN YT o'ynY? [nti ' TXREG 1aix ' ninon — TXIF
EN
I| SPERG [] .TXIF = 1 -1 TXREG 121X X'7nnav njpna aj'od Wwoxn — TXIE
Baud Rate Generator | 19 2N XN TN 2Xp DR Yalp - SPBRG

.SPBRG -7 nwox |nn — TXEN

107 'on n'oipw 108 'on n'oipw
2006 1auvpix 17 'wthw o 2006 1auvpix 17 'wthw o

6fpn fe 1hnoo ngan 6fpn de a2pa 11pl pradik

x84 Baud Rate CLK _ e .RSR -n M2x y1ma v%7 apnav yTna

= e v

Baud Rate Generator |-% ] 8 171w RCREG -n MaIx 7m7 n'7'apgn a1i¥a 1ayin 'y ymnn
T 9-n n1aron 01dN ,niaro 9 2ya n'a V%A YyTNAI TN NIro
>(_ | Pin Butter o .RX9D nipn qm?

and Centrol
i

| sPEN | in-n: RCREG Register - VT'n nuYi Nwox nfaro — CREN

| Imerrupt  ~— " Data Bus

109 'on n'oipw 110 'on n'oipw
2006 1auvpix 17 'wthw o 2006 1auvpix 17 'wthw o
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nioro 8 fe xn alzre — kKNCI?

:10110010 yT'n 2TWU? n1Myn
TXREG naixa [onIX! WIT'wn 197 AT yTn *
TXREG TX9=0 naro " omn
L8 [a]+]a]
MSB

™ granvnn K7

110010 y1'n vI77"7 DMIYN
RX9=0 na'o»orman e

RSR 2nt yxina 1w yTnn ¢

111 'on nroipw
2006 nalopgix 17 'w*hw orr

2/7'€ 23p

TV axp - BAUD
qT'Y Q¥ TTN) DM NIT'R* — bps
wTN W v X wr (1200 bps 8narT?) "X WITY 2¥p Yiag? nain by ¢
.SPBRG 1aix 1% *m'x1oi7n 190n 'y yap' Iywn 1y . Ndwna |1ywY
-q9miaxpa Ix BRGH = 1 - aniaa axpa nira'? o't PIC -2 pimwn »

ININAN NIXNONA MTYa Wyl SPBRG - naiw'n .BRGH = 0
SPBRG = (Fosc/(16 x Baud rate)) - 1, BRGH=1— High Speed

SPBRG = (Fosc/(64 x Baud rate)) - 1, BRGH=0 - Low Speed

113 'on nroipw
2006 1auvpix 17 'wthw o

SPBRG ’29¥ 2/2¥ nlkda6

Fosc = 4 MHz Fosc = 4 MHz

SPBRG " SPBRG

P
% value

value
kBAUD ERROR  yeciman kBaup ERROR

0.300 0 207
1.202 1 1.202
2404 017 2 2404
8.929 5 9615
20833 ¥ 18.231
31.250 2 27798
- 35714
62.500 62,500
0.244 - 5 0.977
62.500 - 250.000

115 'on nroipw
2006 1auvpix 17 'wthw o
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nioro ¢ fe yan a1ve — kNCI?

:110010110 yT!m 1TWY? DfMaIyn
Jonixn (MSB) n'v'wnn n2aror TXREG yxina nonix' (LSB) nia'o 8
yT'n ni'o 9 7w NImw qwoxna 12T .TX9D nnt hama

=1 naoDoyman

13 Tonien

112 'on n'oipw
2006 natopgix 17 'w*hw orr

SPBRG a¢lkn pa¥ sle'n — KNCI?

12 SPBRG- 0 M2 niva? W'y "mxTa 1Wn NN Aawn
.qim axpa 1200 kbps v Baud axp 7277

AIT'Y 112y 2IY'N NIXNINA ANOIA N2 D IXY

:Low Speed -a

SPBRG = (4MHz/(64x1200))-1= 51.08

.SPBRG =51 — p'n1 0%wn p7nd NX 21 121X DIv1)

114 'on n'oipw
2006 1auvpix 17 'wthw o

RSR232 =/ USART e nz7/a¥ 'y119kN

USART
IX VIT'YUY YT'RN NRXID X7
.USART
a1 x? 70 5 -1 0 p'nNNa 0'wnnwn USART -2 nimixn

J—l_ il ninn

2071 D'YNNYN yT'nn no*

-5 - n 0IN D'NNNA YNNYN AIT'Y 7171019 2'a — RSR232
1170 XN AWK DALY DN X X7 071 +5 - n naal

.NINA 'NNNY% 190 NI

=l

2006 1auvpix 17 'wthw o

116 'on n'oipw
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MAX323 Driver/Receiver =hlN2 pkhN

AWK 01 21 grola? v awnna X PIC -nn T iy

NNN NINY DI WWOKR' DI RS232 71710192 NIT'Y y¥a? "WON!
0210 Y DTN 97w 1'KWY '9d) awnnn 17 PIC - o a
.(Mny nNn niNM2 D'YNnYn

.MAX232 nin1 DXNN 'Y "WONNN NN NN DIN'
1w 721 5V ¥ aTR natan wioa ,uIwS AN 1'a — MAX232

DR ATAN D'MRNN

117 'on noipw
2006 nalopgix 17 'w*hw orr

219'h 1h212 MAX232

yT'na NN
XXIn 7annn | W7 NN
USART -a : e

(hmwna yTnn) -7 o'xInnn
RS232

119 'on n'oipw
2006 1auvpix 17 'wthw o
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'hN2o0 2JdN = MAX232

118 'on noipy
2006 natopgix 17 'w*hw orr

219'n 1h212 MAX232

yana y
avnnan

yTIna nin
W7 Ninin
D'YTN D'NNN
-7 omximna
USART

ATIYNA yTN
avnnan

120 'on n'oipw
2006 1auvpix 17 'wthw o
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