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Modem Jodem "ﬂ‘-jﬂ UART (Universal Asynchronous Receiver / Transmitter).
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Universal
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Send and Receive Equipment - ﬂU"?Pﬁ NS TN

ANKRN Q102 N*''apn’? NIV TR AWNNAN NMIVY 7 aana -
- Parallel-to-serial conversion out of the computer and then Serial-to-parallel conversion at the other end.

- LS circuits do one of 3 types of tasks: :0*2*7nN 3 NN TNr 0'yxan LS| aion n'7ayn -

+ Asynchronous framing only  T2'72 NIIN21'OX NINAON
+ Synchronous framing only 7272 NI1IN22'0 NINAON
+ Both N7 DAl AT DA
Universal Asynchronous Receiver and Transmitter UART jgnn
Universal Synchronous/Asynchronous Receiver and Transmitter : USART jpna
UART performs: :y¥xan UART [pna
+ Serial to Parallel conversion - “»%apn® *mw 7mn
+ Frame generation and checking - nmaen Y@ ap 721 1
+ Programmed for 5, 6, 7, 8 bit characters - ina / 70 3% n»av0 5,6,7,8 May niswnn

+ Parity: even, odd, none. - 213 X 3-8 27 IAPNT NPT
+ Line bit rate using an external clock. (50 to 9600 bps or higher) - snen nwwa wisw TIn P2 AP0 23

parallel | 0 ° 0oLl 0 0LLL Serial to

to Serial time | Parallel

Computer 1 wire Computer 2
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UART Block Diagram - UART @ 2°12%1» nBaRaan>?

Parallel Data - 2°°972p% 271101

Parallel Data - 279937 831103

Transmitter Buffer Receiver Buffer
Register Register
|~—————— Control
Control Register St

1. While one character is being transmitted from the transmission register, the next character can be loaded
into the buffer register, i.e. continuous transmission is possible.

Serial
Data Output

Serial
Data Input

2. Once data is in transmission register, a start bit is sent followed by the character bits, shifted out one bit at
atime. A stop bit is sent after the last character bit.

3. A new character is then loaded from the transmission buffer.
Data bits 12v

“q»

0 8
Stop bit start bits

Input sampled when counter reaches zero. UART clock rate = 16 x bit rate, e.g. for 300 bps a 4800 Hz clock is used. Start bit +V

edge starts a counter of 8 decrementing (half bit time), then the levels checked when counter = 0. If +V level, then it must be start

bit, then set counter = 16 and retake level every time counter = 0 ( and reset counter to 16).

NN MMM 53 —awnn mawn S1p Ry ginT
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UART 8250

MIYPN 7 190 7w D' TIEn D'9PWN NI D2NY ni7 [0 170 °
2?1100 WD T NMIK N7V 1IN0 Tavnn 'R .RS232 nnio

OK, lets say we understood the previous slides. How does the CPU send signals through the serial port?
awnnn v Tavnn T 9 NN |[pnn Xinw UART |pnna o'wnnwn

.NIy 00N yixa?
A UART (Universal Asynchronous Receiver/Transmitter) is used. The UART is a device that the CPU
programs to perform tasks for it.

8250-n .m1vn wwa V7YY 1'wonn Kin 8250 UART-n n7w mpna «
.0"nKI,16450 ,16550, 8250B -n n'7'onw nnown 7w [IUxIN

In our case the UART 8250 is the device that controls the serial port. The 8250 is the first of a family that
contains the 8250B, 16450, 16550 and others.

N0 w2 n'n 'KTN7 2N 17w awnnn 2, XP-PC-n oy axin 8250-n
17'8D MdN7 0713 NNIX D7 ,0'KNN K'D NINK TIPS 7D 72K .nwrTn
.8250 n7 v

The 8250 was introduced with the XT PC, so your computer probably has a later version. But all are
backward compatible, so we can program as though we have a 8250.

2006 1anan 07 'w'hw ot MR MMM 5O —apnn mowvn Sap kY 10 -9,
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Universal Asynchronous Receiver/Transmitter - UART

InTn NIX'7 Y¥a'M Tayn MNYNY Tnifn 7ayn

UART % nu"oxn

Xx86 aion awnn 12y *7ajn V79/V%7 WY K1
{(Rx) no*sz (TX) WT'w *22un ‘750 *
(BUSY/READY - ERROR :%ayn) 2¥n Maix 7on ¢
11727 22100 UART - nixaw 1aio »

Framing error - NNA0N NK'AY *

Invalid start bit received - 12 72PNNY 'M7NNN N'A'O *
Parity error - NI'AITN N'2'0] NXR'AY *

Single bit data error detected - TTI2 N'2'02 NN'AY '17°2 *

INOA'T — AN — "INOA'T MIYIN
Digital Data Communications

011001
N N >

720 MIYEN YNy

Overrun - NW'72 NRAY 1172 * 011001
Stop bit not found - NXXN1 X7 DI'O N'A'0 NX'AY '1712 * >
Most UART's use a dedicated 16x clock - 16X 2100 [IV¥ 7¢ NIX D'UNNYN UART 270 217 *
1200 bps (n"wY niraro) — 19.2 kHz clock signal (jlvwin nix)

Each bit divided into 16 “time slices” - "7 7w ni10N" 16-2 77inn na'o 7 ¢
922707 *uon (nna) 9'7nn Rx 7ayn - *u0% *2nn (nna) 9'7nn TX 7aun ¢
. PISO/SIPO pmaix 227w

2006 7anan 07 'w'yw ot MMy MMM D —arnn mowvn Yap Mxy 1197, 2006 1anan 07 'w'yw o MMy MMM D —arnn mown Yap Mxy 12 :97.
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D"NOVA'T NINIX 7¥ NNRYSI1 N19¥N
Encoding and Decoding digital signals

Transmitter (TX) TYUn e
Input : stream of binary numbers - D" XA 190N YW NNT (VYR —

DINX 07NN 72WN NN D'RNN,DUA17R NINIR 79 N7 079 —
Output : stream of analog signals suitable for transmission over long distances

Receiver (RX) U'Tr"] O
Input : stream of analog signals - NIMAIZXIX NINIX 7¥ N7 077 —
generated by transmitter - Y7 TWN 'T* 2V xm
distorted by transmission channel - N12YN YNV *T* 72V NIy

07NN DTV NIFY 071! 'Y DINIX 72 DY DNIRD V9P 75 Dwn

NIYN V7P XIN 72PNNY NIR DT'R
Compares each input signal with all signals which could have been transmitted and decides
from which one the input is a distorted image.

TN 0777 D1 TN 9TV DN DI90N YW NNIT V7D —
Output : stream of binary numbers, preferably identical to the input of the transmitter

2006 1anan 07 'w'w ot NN MMM 53 —apnn mavn Saip Ry 13 -97.

UART NTIT'Y

D"IL NIfA'o YW ANt 1|n'1 n1o "1'1.'".\ 0" \9In *
Convert internal parallel byte into a stream of serial bits.

Byte (from processor)
Start l

Shift
clock

To channel

Parity generation - N19A1T77 NO290 NT9XS e

From T Channel
shift register ‘
XOR
Initial
value
2006 1anan 07 'e'yw oir NMNY MMM 53 —apnn mavn S1p Ry 14 -9

UART TNTIT'Y

nira% 715' Tayna v nw UART-w nyo : 10 (shift) 'n'w 2001

.qon v on pPim UART-w nnixn
Single shift register:
Once the UART has sent a byte, the processor can be signaled that the UART is ready to transmit another byte.

T N7 TR 7w l l l l l l l l ) )
Time Processor UART Channel LT 11 [ T T 1 Holding register
[TIIIIIr
1 supplies byte to UART Idle - ni'von nawn ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
2 shifts data bits Active - 2y Shift register
3 shifts data bits Active
nI'on N i i
shifts dath bits Active Time ‘ Processor ‘ Hold Reg. ‘Shlft Reg. ‘ Channel
. 1 supplies byte to H 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 H empty shifts data bits| ~ Active
11 Shifts data bits Active 5 data shifts data bits| ~ Active
12 shifts data bits Active 6 supplles bytes to SR| shifts data b!ts Act!ve
7 signals processor | shifts data bi Active
2006 1anan 07 'w'yw ot MM MMM 5O —awnn mowvn Yap iRy 15 97, 2006 1anan 07 'w'yw o MR MMM 5O —apnn mowvn Sap kY 16 97,

Double Buffering - n'719) nx'¥n

UART =577 1925 720057 192 2p1nn |, 770 90301 920 938 210 3N @
A second register, a Transmit holding register, is placed between the processor and the UART.

Byte (from processor)

UART T Oy

A% nnn 1" ma (mark ) ayian nawm axna ynyaw pra nir'von navin UART e

UART is in an idle receive state while the channel is in an idle (mark) state.
na'o v ™Ina nx yaip UART ,("0"-7 "1" ,nin"% nix ) mnwn yny ax¥n v 1727 1y

.DAIT (YY1 Yynnun ,0'7 a0 p'nima Ynyan nifa'o X ™1 a7nnan
Upon detection of a channel state change (Mark to Space), UART determines the center of the start bit and then reads bits e
from the channel at regular intervals using a sampling clock.

The bits are assembled in a shift register - F7TT77 931N 2920K1 N30T ©
Bits in the register are shifted to the right at each clock tick. T13%& Bw NIX B33 7MY NI MR @

.72pR% N2 X7 Nan ,Y1IAR INPI NP2en b WK @
When all bits have been read from the channel, the resulting byte is supplied to the processor.

- ‘ ‘Sh‘iftr‘egist‘er‘ ‘ ‘
RN

‘ ‘ ‘ ‘ ‘Holdingregister

PITTT 1T

Byte (to processor)
MMy NMom %5 —arnn mowvn Yap Xy 17 -9,
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=5 UART 7T O

:N7NNAN N0 7W TOINA NX NX'¥NY? DNMIAZRD o
The algorithm to find the center of the start bit:

1. Wait for a mark-to-space transition. - "0"-7 "1"-n 7ayn? Mnn 1
NI'on NIT'W 2 7w 0y 16 7w 2x7 ' 7V 17N NX DAT ,12VNN K¥N1 WK .2
2. When a transition has been found, sample the line at 16 times the bit rate.
1N DX DAIT (Mo Yw ar 1/2) o'pimpn 8 N .3
After 8 ticks (1/2 bit time), sample the line:
.N'2'0 |NT7 DY DATI NI 22 1Rl n'7nnin nao ntpw nain L ("0") NN k¥ma DX -X
- if space (0) is found, a start bit is assumed and the line can be sampled once per bit time.
.NNATAN NIX D'WOII 7109 N7NNK N0 k¥ma ,("1") Iy X¥m) DX -2
- if a mark (1) is found, a false start bit was found, and the line sampling can be abandoned.

LTOTIR NP250 2P TWH 22900 BYPRY TR D NPTISY AN e

Underlying assumption: transmitter and receiver agree to a common bit rate.

2006 1anan 07 'w'yw ot MR MMM 5O —apnn mowvn Sap kY 18 -9,
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17X0121IN "INDI'OX LN 1 TYUN UART - COM1 nmio ax'x' nNTan

NIX'X2 Ynwni NIV DIT? YT 'nn 7ayn e e —
FFée A =nE
PC UART - nimiv

Commsnications Port {COMY] Praperties

[T —— e —
Communieatians ort [COM1] Mraperiies

(Mo ww ) TNk UART nino? oy oion roiorw PC » * dmasaini o] ot g |Gt Pt
201N v 8250 UART nx omxin PC 7w UART an -+ e e e s CE—
:N2N (Q¥n) 01UXKVON DY Tawn? NNIKY? Y15 UART “_”w —— =
Data ready (in receive buffer) (0777 YXINQ) |2 [IN] — - ..;;24:}:'“""" - s 1 "
(overrun, parity, framing) v7p NIy — it .
.(Mm7¥ maon? "0" a¥na) Nryy axn 7 — : = B | Lo
Transmit shift register empty 7' MT'W? TN MAIN — =
Transmit holding register empty 7' I T'Y YXIN MAIN — d
[ &= ][ ceed ]
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U4 1 pcD
0—2 cso outt 10 o 8 DsR 2
C—7 ¢s1 ouT2 P31 ol 2 RXD
——d cs2 INT [~ 7 RTS
. THD
D%C‘plav% o L1 Oi g cTs o1 won 2 o | o—] o won FE o
i RDUAR I R1S D350 ST S —El e 0 | P o —El e
| W —— TR OZ 5 GND D_4 0z pon TD D_4 oz Ocho Tﬂ
28 O—— D3 O&E [H2 | B—F5{ D02 OSE [ O
o ) 0 0—i-D4 T R0 | o—3 4 TTS 20
o2 % 56D P O0—— O5 _WE O | B D8 MR Hg0
; DSR P3E—01 C— D6 OUT] =0 | B—5 0 0Tl o
00— Do cTs P3—E i D—B—g o7 OTE [33 5 D07 OIE —3'3—‘:'32
D_Di o RIP=O\@ — Diata cartier detect ] E}%K ﬁ 512 | S E}ED'-K ﬁ 31 -
o2 1ps g FO—— Data set ready i out: M2 | E1i S T o
D_D(; e S 20— Receive data D—}%— Ietn] HE _%%_E‘ D—}QL Csn RRROY —%g—n
O—&{ D6 % |7 O0——— Request to send O £at #0 o | B Lt N
| 24 |/ A0—— Tranzmit data T a—— D el B s — Al g
CSOUT P51 o o1& 6 | o158 L28 o
022 ADs oDIs [0 & 30— Clear to send 16 gm—'DUUT KI‘% 0% o6 | ngDUUT A 35
D RESET NC =@ 4 o—— Data terminal resd Y, 24 = | o7 T
© B iolied 1 kouT CsOuT Ao 15 EouT THROY |52
D2 XTAL1/CLK = | 90— Ring indicator D—}-g— Wl nos —%%—D i W DOIS 55
C——{ XTAL2 ] A C—— Signal ground O—-| R ED 572 | Bz | Wk BD 57 ¢
o—2 ReLk BAUDOUT |52 e WS RO N \1":5350 RO a
T Protective around il
2006 1anan 07 'w'yw ot MM MMM 5O —awnn mowvn Yap iRy 21 -7 2006 1anan 07 'w'yw o MR MMM 5O —apnn mowvn Sap kY 29 -7
W0 ninix awvnn? UART-n 11a'n
Taynn T g2 m o P —
— = rrpTlLIRG4 or IRG3 RS-232 Level Converters
% SouT Almost all digital devices which we use require ¢ither TTL or CMOS logic levels. Therefore the
— SE N o7 RTS ElA first step to connecting a device to the RS-232 port is to transform the RS-232 levels back inte 0 and §
or OR_O DTR [ Volts. As we have already covered, this is done by RS-232 Level Converters.
J SIN [e——] driver
OR TOR CIs Two common RS-232 Level Converters are the 1488 RS-232 Driver and the 1489 RS-232
oW TOW ng ” Receiver. Each package contains 4 inverters of the one type, either Drivers or Receivers. The driver
N RI ffe—i requires two supply rails, 7.5 to +15v and -7.5 to -15v. As vou could imagine this may pose a problem
AD A0 in many instances where only a single supply of +5V is present. However the advantages of these 1O
Al Al yxin are they are cheap.
NIAIMD N1YoN A2 A2 o'
A3 * _ BAUDOUT »-‘
A4 ,— cs2
N cso RCLK-
ALd Vee o 5 OUTH | for non-RS232
AEN Reset WR —> ouT2 |{not used in PC) TR2OUT
Xin Xout
(ALE) -
’ .C. Above: (Figare €) Paouss for dhe MAN-232,
18.432 MHz - . RS-232 DriverReceiver,
Oscillator y 1.8432 MHr i e
2006 1anan 07 'w'yw ot MM MMM 5O —awnn mowvn Yap iRy 23 -7 2006 1anan 07 'w'yw o MR MMM 5O —apnn mowvn Sap kY 24 -q1
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2006 1anan 07 'w'w ot NN MMM 53 —apnn mavn Saip Ry 25.91 2006 7anan 07 'w'w it NMNY MMM 53 —apnn mavn S1p Ry 26.91
—_—
P | [— S | o L .
or-one——+] sueren ~ecenen il N Zaun are
RN e comeas ] ASEEE Lo ™~ P
17| [=—— 16550 Www
o - —=
L — e [=gath
] Laren e _ e ————————
Y = L
UART .
-2 7T p— o w
Ry v ol | I it ; BICEIA
a2 '— FIGURE 2. TYPICAL CRYSTAL OSCILLATOR CIRCUIT
:::: e — ; :j TABLE 8. TYPICAL CRYSTAL OSCILLATOR CIRCUIT
= e gl PARAMETER
) il =il Frequancy 1.0 to 10MHZ
e —2) e P
[ = Type of Cperation =arallel Resonant, Fundamenta
Mode
— |'—‘ ] === - Load Capasisancs (CL) | 20or 32pF (Typ)
— = == Ropmes (Max) 10MHZ, CL = 32pF)
10MHZ, CL = 20pF})
2006 1anan 07 'w'w o MM MMM 5O —awnn mowvn Yap iRy 27 g7 2006 1anan 07 'w'yw o MR MMM 5O —apnn mowvn Sap kY 2807
|:1|'n NN Reqgister Types - D"MAIX '210
MICROPRGCESIOR INTERFACE |
::“3 :: 26 CROUT PIPO - Parallel Input Parallel Output - *7'aj7n 079 ,*7apn v
= S UART
—_— NTERRLUPT a0 INTRPT L}
ADZ 36, EHRBLE, [
a0 =5 1D, & CONTROL
Al a7 UART -
Az 8 | 0 2 SIPO - Serial Input Parallel Output - *7apn V79 M1V VYR
we_ 36, REcEVER [V ALK
DISTR_ 22 15 BAUDOUT
—+ DIVIEORLATCH [ — . * 000
DIETA_ 21 A s | anD sauE RaTE |08 aTALY
DOITR 18 8:!50 cenerator [ amain
DOITR 18 | TRAKSMITTER ﬁ PISO - Parallel Input Serial Output - "0 V79 a0 V7
g:‘ ‘2 MODEM T T cee
[H EM _ F] O
= - MODEM CONTROL = —
4B 5 a8 CT
D M a7 D17 . X
BB T MODEM 2TATUS a DCD SISO - Serial Input Serial Output - 1V V79 10 LR
o7 B a8 R _,l |_>
2006 1anan 07 'w'hw o1t MNAY NS D —2rnn MOwWR Yaip Ry 2997} 2006 1anan 07 'w'hw o1t NN MMM 5D —awnn MmN S2p Ry 30:07]
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PC16550D UART

Transmit Functionality - WT'W2 NI'TIZON
Receives 1 byte from processor - Taynan Tnx na 1apn (1
Converts to serial form (PISO register) - "V n1an7 (2
Adds start, stop and parity bits - 7772 nrrato 9iom (3
Clocks data out serially (Possible rates are 0-256 kbps) - 77702 DYV 21N Q'0In (4

Receive Functionality - n0™pa NI*TIZON
Receives serial frame from device - jznan niv n1on 71apn (1
Converts to parallel form (SIPO register) - *#2a7n n1an% nnn (2
Checks for errors (framing, parity, overrun) - nixae nz'1a (3
Stores received byte for processor access - T2UNN *T* 7y nwa? 7apnaw nan jonxn (4

UART 8250-n nidn

.00 DMAIRND

.8250-0 MAIX 7¥ NAMdI AR T 72V Yy¥ann ndNn

Supported I/O control schemes - N2 V'29/V'77 NINdo

Polling (parallel) - a7mo (1
Interrupts - nizroo (2
DMA - a7 e awa (3

NS8250/8251 — 16540 :n*7aynn 7w quna xin 16550D -2 297
.(Com2-1Com1 :awnn %% 2 773 7772) 10 W 737 16550 TnX 227 w2
.16550s nr7'n* 2 72130 TnX 22w Yina 21 X1 NPC16552D ania

2006 2anan 07 'wihw oi

NN MMM 53 —apnn mavn Saip Ry 24 -0

0'02 NaImd axn .17}
Base Address Mode Name
+0 (DLAB=0) | Write : amd> Transmitter Holding Buffer THR
+0 (DLAB=0) Read : xy Receiver Buffer RBR
+0 (DLAB=1) Rd/Wr iama/xap | Divisor Latch Low Byte DLL
+1 (DLAB=0) Rd/Wr iaims/xaj | Interrupt Enable Register IER
+1 (DLAB=1) Rd/Wr iama/xap | Divisor Latch High Byte DLM
+2 Read Np Interrupt Identification Register IR
+2 Write amd FIFO Control Register FCR
+3 Rd/Wr iama/x1p | Line Control Register LCR
+4 Rd/Wr iama/x 7 | Modem Control Register MCR
+5 Read N Line Status Register LSR
+6 Read Xy Modem Status Register MSR
+7 Rd/Wr iamd/xp | Scratch Register SCR

2006 7anan 07 'w'w it NMNY MMM 53 —apnn mavn S1p Ry 29 .o

REGISTER REGISTER /T NUMEBER .
MHEMONIC BITT EITE BITE EIT& BIT3 BIT2 BiT1 EITO
R e e e e e e e (Registers) pnaix? nw'a
= [ cmerT [ omEs | GmEs | omEie | e | DT | owmerT | om e
o G
- wee == BT =3 3 i NI T 72v y¥ann 079/0%7 17nn7 nwa 80x86 nvpu> XA »
oo =i A =T T B A =s
= 7 T 3 5 e I W MYY7 Ny ,0UT -1 IN NIXIZI NITIReN .079/0%77 7w nITnIm
toen | R | T -0'79/0%p
el | I e O el | s nn nYx,1/0O space nwa niamd n'pm vYs/vYe Yw nnywn .
Interupt. I I
TR T T 7 g 7 A | e S | T .079/0%7 PN 7 (DMVO'AN) DMAINA D1ID DT NIAMD
(Read Oniy) Bit (1) Bit i) ::L:::::
== N e ey e R = T P B 7K DYYYWY ,0"I0N D'PYNNY DYONTIVO DWW YW AWNNYT ¢
e vty | Ry oot | e ers
Laicn Seimct | Enane | orowe | Lengm NWPa7 DRI D'X2N DY 90n7 0'omn on .Com1-4 ninwn
Actase fr Pt s
= 1 .(Interrupt Request) nj7'0o
MCH a [ =] Loop Ot 2 Cut 1 RTS) {DTR}
Reguest Cata
o Send Terminal
] _ _ _ __ Feady oY WYA NaImd IRQ
LR a (TEMT) {THRE) (B} {FE) (PE) (OE) =50
Transminer | Transmiter Ereak Framing Farty ovemun Data COM 1 3F8n 4
Emoty -lnlclnnr Infemut Esror Emar Emor Ready
= COM 2 2F8H 3 (100 Mdyn 7 M)
= Caa A Cea Gew | 'osa | Tamma | ‘oem | ‘oo COM 3 3E8H 4
| T A | she | e | e | em S COM 4 2F8n 3
Detect Indicator Ready Send
BEE BitS BE4 Bit3 BEZ Bit 1 BED
- mnnmw NM2m %3 —aynn mowvn Yap MRy 33 o7 2006 1anan 07 'w'hw ot MR MMM 5O —apnn mowvn Sap kY 34 -7

0N DXNNA TIPOSN1 NIAIND
UART Port Addresses and Functions

lww | 2ww N2N37 VO v
Port1 | Port2 | Address Offset Uses
0x3F8 0x2F8 Base address + 0 Transmission Register Buffer
Receive Register Buffer
Line Speed (LSB)
0x3F9 0x2F9 Base address + 1 Interrupt Enable
Line Speed (MSB)
Ox3FA | Ox2FA Base address + 2 Interrupt Identification Register
0x3FB | O0x2FB Base address + 3 Line Control Register
0x3FD | O0x2FD Base address + 5 Line Status Register

2006 2anan 07 'whw oit
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8250/16450/16550 UART
Registers Addresses — D"MAIXY AW NRIMD

DLAB | A2

=

| Description
| Receive buffer register for read, transmitter holding register for write |
\Interrupt enableregister |
Interrupt identification register (readonly) |
Line contro| register (data formatregister)
|MODEM control register ___
Line status register
MODEM status register
Scratch register _
Divisor laich register (LSB)

1 Divisor latch nEé er EMS B)

MMy NMom %D —arnn mown Yap Xy

== o o = o

I
L
|

1
i

ol =|l=lool—|— ol
—c-—-a—:c_»—cl-—-clg

oo = =
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ART 8250-1 Tiiom W7 awn? ndIn yop
U 8250-i p) Getting the Port Addresses

#include <stdio.h>
#include <dos.h>
void main(void)

P2 mMan 2 2100 02 n UART 8250 20072 winvw;y s10h e
.NIPDI0 NP0 150N NPT NP0 720 97

NYW W "m0 23R W Apon 70 xrn UART 5w pa mrn e
DN NWA MW N0 16 Yw (divisor) manna (1.8432 MHz) {
2P M e

AP 9w CTIONT MR 2Ry 16 KT 2N XY T e

unsigned int far *ptraddr; /* Pointer to location of Port Addresses */
unsigned int address,a; /* Address of Port */
ptraddr=(unsigned int far *)0x00000400;

Divi H Line Speed for (a=0; a<4;at+){
ivisor (Hex) ine Spee address = *ptraddr;
0x0900 %0 if (address == 0)
WEEY Sty printf("No port found for COM%d \n",a+1);
0x0060 1200 |
0x0030 2400 else
printf("Address assigned to COM%d is %Xh\n",a+1,address);
0x000C 9600 *ptraddr++; }}
2006 1anan 07 'w'w ot NN MMM 53 —apnn mavn Saip Ry 27 -0 2006 7anan 07 'w'w it NMNY MMM 53 —apnn mavn S1p Ry 3801}

Accessing the Registers - D"MAIX? NYUA

BIOS ROM -n 1 %y nnTam COM-n 7w pnywn namd ¢

Real vs. Protected Mode

Ty 0x400 :naumbdn (Basic /O System Read Only Memory) QUKD QwWNNn 7w nxM ax¥nn 0T (jam axn) Protected mode ¢
 0x408. niwio (XP na) NT-1 UNIX nipayn .00 o'wnnwna qinn? 1y
.NTavm N

20M00" wa ! . o )

R L axn) privileged-mode Ix single-user mode Ix Real mode
:(0UT) v%1 (IN) V77 NiTIPe? C Nowa pwnn o7 * .079/077 'PYNNY NN'W' NWA N7Y9N N>R N2 2¥NA AT (MR
int inp(unsigned short port); ,(0"X7-12) T2 ndawn on Win95/Win98 .nt axna 7wis DOS
// read a byte from the port rImn ynn'? ' DOS-2 wnnwa X MmN a¥ni himam |2

int outp(unsigned short port, int val); aion (07''9n1p) 1TAN DY DFTAY TWKRD NI outp -1 inp NITIpD  *
// write a byte to the port nnmx Visual C++ (_inp and _outp) 7¢ nnitnnn .BorlandC

.0N2 WnNwNY? X7 7NN NI7pn nna?
19> DNIVO0'AN7 NWA7 MYON N7RN NITIFON MY D'YNNWN DX *

:amd7 0'x LRC-n Nk XNj77 Ywn? .0'mTipn 0'9pwa N TANY . Protected mode is the mode that the computer runs in when it has to support multiple
= n users. UNIX and NT run only in protected mode. A regular user can’t access the 1/O ports.
int Val ’ + Real mode (or singl mode, or pri de) is the mode used by the OS to access I/0
Val = i np(OX3F8 + 3) o // or i np(OXSFB) o devices. DOS runs in real mode. W95/98 is a hybrld 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/0 ports.
Visual C++ BorlandC. 7w nOTyn NNaina NI'Xj190 NITIPo2A Onon e = inpand outp work when compiled with BorlandC, the Visual C++ versions (_inp and _outp) might
create problems, try it out.
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Transmission Rate - MT'WY 2Xp Transmission Rate - WT'Y 2Xp?
T'Y a¥p TTM DM NI — bps - wTw axp — BAUD
.D'nin'o

IIT'Y 2¥7 7Y D'MINA NXVIAN NIFAYZ 2712 NIV MIYEN 79 Anayan nnan

.(baud rate) mixa 7w axp Ix (bit rate ) niraro Coding Data in Signals:

(bit/second) nmwa nira'oa 1T (data rate - bit rate ) niraro T axy Two symbol set ==> Tx as 2 different voltages
TR MY NNTIYNA NIRon Nind YW AT - (bit per second) bps x or Tx as 2different frequencies

omyon 19on .baud -2 TMa WTWA nix NN '1'w v axpn .Baud Rate

STAR Nf'on N 21737 713 nfawa mnwn nnnaw amvh
Baud Rate: The rate of changes of signal

mart
8 values of voltage (0..7); each value conveys 3 bits, ie, number of bits = Il092:’/ For binary: Baud rate = bit rate.
) o UANR) For others: Assume we use 8 voltage levels to represent
.bit rate = log2V * baud rate adata“ 0,1,2,....,7"
Jra. Therefore:

, . , — 3-bit are enough to represent the data
11 0 nm1 NN ) NN 2 DA NIXD DX .NIRY-NINN 2X¥a7 710' nikn Baud-a axpa —=> that is: bit rate is 3 times the

X% a1 . Baud rate = bit rate nT napna . TNX Nraroa 9xm NIt 713 mon ™~ ( baud rate
.Mna Tan
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Transmission Rate - MT'W 2Xp?

Baud Rate (con’t) Example:
For two bits:

Signal rate = 1000/20
=50 Baud

Information transfer rate =50 X 2 = 100 Bps

M“
—— t

20 msec

Example 2:
Your modem speed = 14400 bits per second (=14.4 Kbps)

Telephone Line Baud Rate = 2400 symbols per second
One symbol can represents : 14400/2400 = 6 bits of data
Therefore, one symbol represents 26 different levels

2006 1anan 07 'w'w ot NN MMM 53 —apnn mavn Saip Ry 43 91

Electrical Signaling - DI"'TMYN NINIX
10Base-T

.A'7Y-m7a X' Manchester maoxn no'w e

.N"MW1 axn "' 7w Mwor Nind XIinBaud Rate amx> —
100 |91X2 7'2ann DYIAN KN Baud rate —
. 10 Mbps ni7w'7 15 20 Mbaud —

8 possible

transitions
—

4 bits 1 1 [ o ] 1

2006 7anan 07 'w'w it NMNY MMM 53 —apnn mavn S1p Ry 44 -91

(Baud Rate) UART-2 WIT'w axp

¥ a¥ v 7va K0 8250 UART-n .BPS-1 nnayn 7w axpn
N nt,16-2 ywin nix nx #'7nn UART-n .(yanan) 1.8432 MHz
.115,200 BPS 7w a7n (baud-1) nin'nn

N1 axpn 27 ,0M'WON NNdY7 T N Y IR TN QYN 7aR e
.o

0"y ,(bps).0.9.2 2400-2 WwpnnY D¥N 1INIX DRY MNI7 [N ©
¥ NX Mwn? 16-1 79310 190N T 7V IVWn QX7 DX 2707
("o TIXA"N) baud rate X1 Nt 190NN XN

2400 = 1.8432*10%/(baud rate * 16) : nYw npna p7

The baud rate = 1.8432*106/(2400 * 16) = 48 = "TiNa"n axp *

n'7'nn 197 DLM-1 DLL nmaixa jonixn (baud rate) "mixa"n axp »
AImwn
,LSBs (Least Significant Bits) :NI'10'N Nira'on 8 nx 7'on DLL ~aixn
.MSBs (Most Significant Bits) :NI'7XAWN NI'a'on 8 NX 7on DLM naikn
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Sending aWord - UART 31T n'7'n ni7un

D'TYXN (WTYUNI 077N) D'TTYA Y T 2V 1AWN] NNEY? DAYN N7 NYY T .
. D'Nan

DLM/DLL 7w nxwor awtn =1+ 7y (baud rate) Nimwn axp nx vap ¢

.(arR/aiT X9/ 2w9n) Mipran na'o M ¢

.(5-8 bits) n'7nn Ik TN ¢

.DI'0N NIY'0 NIND NNTan. *

TSR~k )Y niva (niraro 8 7w n'7n nm) 1t n'r'm .THR-7 ntm niwn «
,TNR-TNX (shift) nia'on nrrn y¥an TSR-n .(Transmit Shift Register)
.TD 177 Dnix YTWNI

TD

17w RBR-2 mnwii 07n T¥a RD 1 v nom nin «

2006 1anan 07 'w'hw ot MR MMM 5O —apnn mowvn Sap kY 46 .97

Line Control Register (LCR) = ;7N JT1|71'7 NAIXR

¥ DMAIRD 72 1Nd) nifaro 8 7w Mk KiIn LCR -n
.RD-1 TD p*njza n"auyn piman nxX pana (8250

D7 | D6 | D5 | D4 | D3 | D2 [S{sES{=sli]
DLAB|Break |Parity| Parity|Parity | Stop |[BEJEBEBETE]

World Length
Select
0 =5 Data Bits
1 =6 Data Bits
0 =7 Data Bits
1=

..... qUnn 9T

= Stop Bit Select
Stick Parity Select (5) 0 =1 Stop Bits
0 = Stick Parity Disable 1 =1.5 (5 Data
1 =When Parity is Enable Bits) or

Forces the transmission and 2 Stop Bits

(0]
0
1
1

8 Data Bits

Checking of a Parity bit of a
Known State. Parity Bit

Parity Enable (3)
0 = Parity Disable

Forced to a Logic “1” if
LCR(4)=0 or to a Logic “0” if

Even Parity Select (4)
0 = Odd Parity when Enable

1 = Parity Enable
(Generated &

Line Control Register (LCR) = ;7N JT1|71'7 NAIXR

v DMaIxn '3 nd) niraro 8 W Nak Nin LCR -n
.RD-1 TD p'na nmaiyn pniman nx pana (8250

D7 | D6 | D5 | D4 | D3 | D2 [S{sES{=slo)
DLAB|Break |Parity| Parity|Parity | Stop |[BEJEBEETE]

: Break Control

==/ 0 = Break Disable

1= Break Enable
The Serial Output (SOUT)
is Forced to the Spacing
(Logic “0”) State

Divisor Latch Access Bit (DLAB)

0 = Must be Low to access the Receiver Buffer. Transmitter Holding Register or
the Interrupt Enable Register

1 = Must be High to Access the Divisor Latches DLL and DLM of the Baud Rate

LCR(4)=1 1 = Even Parity when Enable Checked
“) J ) Generator (Line Speed divisor Register, ports 0x3F8 and 0x3F9) During a
Read or Write Operation
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Line Control Register (LCR) = I}7nN ]'n|71'7 NAIXR
LCR-n nid>n? nnait

0,1,2,6,7 nra'o mmn - (LCR) = 7N ]']W|73.'7 NAIX

NX Y7ann (8250 7¢ nMaixn 75 nd) nifaro 8 7w aIx Kin LCR-n qmxd
:0n niaron .RD-1 TD n'ipa n"aiyn 0imn

.(word length) niaro 8-7 5-n A'7na NIX NX NI*Tan - 0,1 nifa'o ¢

#define DLABon 0x80

#define DLABoff ~ 0x00 00 =5 bit nrao 59w nm, "0" =1 nao, =0nawo -
#define BPS96k 0x0c 01 =6 bit nia'o 6 5w aym, "0" =1 nao, " 0nao —
#define SEVENBIT  0x02 7 6 5 4 3 2 10 10=7 bit nrao 7 9w am , "" =1 naro, "0"=0na0 —
#define STOPBITS  0x00 11=28bit nrao 8 'wwatn,"1"=1na0,"0"=0n20 —

#define PRTYENA  0x08
#define EPS 0x10

.DI'0N NA'0N IX DX 1'TAan — 2 N0 °
.n1a'o 177ka orro nro ,"0" Xin NN oX —
1: 1.5 bit length if 5 bit word selected, 2 bit length if 6,7,8 bit word selected —

\ Word length

, Number of stop bits
Parity enable

Even parity select

#define DIVLTCHLSB 0x3F8
#define DIVLTCHMSB 0x3F9
#define LCR 0x3FB

.(break control) nxyn napgn nfaro Nk YTan - 6 nao ¢
.(space) "0" 7y oy yiag M7 TD wTwY 1pn 1 Xin nraron YUXD

initialize()

{
outportb(LCR, DLABon); .DLAB (Divisor Latch Access Bit) :nwran nfa'o nx v*1an — 7 na'o  ©
outport(DIVLTCHLSB, BPS96K);

0: enables access to RBR, THR, and IER. —
outportb(LCR, DLABoff+SEVENBITS+STOPBITS+PRTYENA+EPS); 1: enables access to DLL and DLM (to set the baud)
} : .-
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nraitn nra'o mman - (LCR) = 17N JT1|73|7 NAINR Line Status Register (LSR) - ;7N ax¥n<? "X

NIAIT NPT N0 NIYOX — 3 N0 » D7 D6 D5 | D4 | D3 D2 D1 skl
Tnn

T nao o'n7w X7 =0 — Data Ready
oox [ 0 [TEMT|THRE BI | FE | PE [BeJ=8 DR "
DTN 7w naroonw =1 — o - - - o I;dlcatgr
. f H : H = Reset
JAIT'R IR AIT MR N0 A DNl -4 nno Transmitter Shift Reg Empty Y

reading the data
in the Receiver
Buffer Register
1 = Data Ready
to be Picked Up

0 = data on THR/TSR
1=THR & TSR Empty

QIT'R KIN NN DX .2'7N2 1 '1 M191o nd>wnn arK ' % nrairn'o =0 —
NI AN N0 TX 2T KIN NiNdN DX ,(set) "1"-3 1 Tam mipaan naro ™
.(clear) "0"-> " Tam

TR 2IT XIN NINdN DX .07 1’0 nvio noann . air ' w nrairnaro = 1 —
ATAIN NMIPRAN N'A'0 TR 'AIT'R KIN NINdN DX ,(set) "1"-5 7Tam mipaan na'o
.(clear) "0"->

MIPAN N0 DX TX .DFTNX 7w TR Nind n'2va 11001011 a7 twn —
MiIP'a na'o D TYN L, (AR n'o A Tan) 0 = 4 narol (3 na'o ) WoIRN
.MIFan n2'oa 1 Xixn'7 N9¥NI DIMIN DX PITan v7pnr "1"

Transmitter Holding Reg Empty

0 = processor starts loading a
byte into the THR.

1 = Tr. Holding Register Empty

Borrrereeom Overrun Error (1)

0 = Reset when
CPU reads the
data in the
Receiver Buffer

Parity Error (2)
0 = Reset when
CPU reads the

Break Interrupt Detected (4)
0 = Reset when CPU reads the Line
Status Register

ntoan .("sticky") yiag [9Ixa nazan nfaro nX '1an — 5 nfao ¢ 1 = Break Interrupt Occurred Line Status e
.("low") "0" x ("high") "1" 7 ImIx TN X2 Framing Error (3) . _R‘;eg[fteé 1 = Overrun Error
N0 N7'AN T Y ATAm Miizan N0 =0 — 0 = Reset when CPU reads = Parity Error Occurred
nqn nan B ; Occurred
na'o ox "1" Xin Mipan na'o ,1 xin 4 naro ox "0" NI MIpAn N0 =1 — the Line Status Register
."1" yiap xin 6 n'2'o T 73 n'T'an NXTn naonn .0 xin 4 1 = Framing Error Occurred
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Line Status Register (LSR) - I} ax¥n<? "X Line Status Register (LSR) - I} ax¥n<? "X

« The LSR shows the current status of communication, errors in < Bit 5: Transmitter Holding Register Empty (THRE) indicator.

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.

2006 1anan 07 'w'yw ot MM MMM 5O —awnn mowvn Yap iRy 53 -q7
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When set it is possible to write another byte into the THR. The
bit is set when the byte is transferred from the THR to the
TSR. The bit is reset when the processor starts loading a byte
into the THR.

Bit 6: Transmitter Shift Register Empty (THRE) indicator.
When set indicates that the TSR is empty. It is reset when a
word is loaded into it from the THR.

Bit 7: Unused. Permanent 0.
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Interrupt Enable Register - NI2'09 NMYONY? "NAIX

D7 D6 | D5 | D4 | D3 D2 KN DO
0 0 0 0 IN | Error [ME]=} RXxRDY

Low Power (16750) fe=

Received Data

Available
Sleep Mode (16750) - Interrupt
nj7'097 DA

[N y'an AUNd

Enable MODEM | ..........}
Status Interrupt

Receiver line Status Interrupt

Transmitter Buffer empty

Transmitter Holding

Register Empty Interrupt

17 2XWUn TUKRD -'\.'l'o!)'l Dl
NINwn v7ENN
A
0 = mask / Disable

1 = Enable - niwan

2006 2anan 07 'wihw oi
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Interrupt Identification Register - NI2'09 DT MR

D7 | b6 | D5 D4 | D3 | b2 RN Do Priority
nio' Ty
0 o[ of of o

D2 | D1 |DO| P Interrupt
0|0 1| x None
1 1 0|0

Serialization
error or Break

0 0 1 Received data
0 1 0|2

Transmitter
buffer empty

0 0 0 3 | MODEM status

INTERRUPT IDENTIFICATION INTERRUPT SET AND RESET FUNCTIONZ
FRIGRITY SNTERRUFT
sr2 | ar1 [ &mo LEVEL INTERRUPT FLAB | INTERRUPT 20URCE RESET CONTROL

® * 1 Nane

1 1 o Frm Receiver Lne S _aA Reag

1 [l o secand Recehed Dam Amalatie RER Read

o 1 o Tnra THRE IR Read F THRE 5 e

imsupt Source or THR Wime

[ o [ Fourth Mogem Sibes TTE, OER, W, 0TD MR Read

2006 7anan 07 'w'w it NMNY MMM 53 —apnn mavn S1p Ry 5691}

DTINN 7V 72 NAIX
The Modem Control Register (MCR)

The MCR is a read-write 8-bit register that controls the flow control lines (offset +4)
D7 D6 | D5 | D4 | D3 | D2 D1 el
0 0 0 | Test |Out2|Out 1 [Nz8EN DTR

LOOP TEST

0 = Loop Disable (nmaya)
1=Loop Enable (mjp*12%)

Data Terminal
Ready

0 = Inactive (out high)
1 = Active (out low)

OUT 2 (auxiliary) Request to Send

0 = Inactive (output high)
1= Active (output low)

0 = Inactive (output high)
1 = Active (output low)

OUT 1 (auxiliary)
0 = Inactive (output high)
1 = Active (output low)
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DTIND 7¥ (OILXLO) 2¥N MAIX
The Modem Status Register (MSR)

The MSR is a read-only register that shows the current status of the control lines
(offset +6).
D7 D6 | D5 | D4 | D3 | D2 D1 | el

DCD| RI | DSR|CTS |Delta| DeltafisEli=} Delta

DCD| RI [IeEjEY CTS

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 read. Is reset when the MSR is read.

Bit 1: Delta Data Set Ready (DDSR) indicator. Is set if there was a change in the DSR
since the last time the 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.

Bit 3: Delta RD Line Signal Detect (DRLSD) indicator. The same as the DCTS and
DDSR, not used by us.

Bit 4: Shows the status of the CTS line.

Bit 5: Shows the status of the DSR line.

Bit 6: Shows the status of the Rl line (unused by us).

Bit 7: Shows the status of the CD line (unused by us)..

The above bits
aren’t effected by
reading the MSR

2006 2anan 07 'wihw oit
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Divisor Register - VTN NI7NY? MAIN

‘Table 9-7: Baud Rates and Divisors for 18432 MHz

Baud Rate Divisor (Decimal) | Divisor (Hex)
110 1047 0417
300 384 0180
600 192 00Co

1200 9 0060
2400 48 0030
4800 24 0018
9600 12 000C

(Repriaied by pemassion of NaDogal Stseconducka, Copyright Nalooa Semcocdenior 1990)
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UART T ITY

- 0x3F8 transmission holding register

Main()

char ch;

/* initialize UART */

for (ch = ‘A’; ch <="Z"; ch++)
outporth(0x3F8, ch);

- not all of the bytes will be sent because the processor
is faster than UART.
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npo no'wa UART NTIT'Y npgo no'wa UART T U'?.'I
UART Transmission by Polling UART Reception by Polling

#define TXR 0x3F8
#define LSR 0x3FD

#define THRE 0x20 #define RCVR  Ox3F8
main( ) #define LSR 0x3FD
{ #define DA 0x01
char ch; main()
/* initialize UART */ {
for (ch=‘A’; ch <="Z"; ch++) /* initialize UART */
for(; ;)

while ((inportb(LSR) & THRE) == 0)
; while ((inportb(LSR) & DA) == 0)

outportb(TXR, ch); H

printf(“%c \n”, inportb(RCVR));
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1Y NIR'oO9 P2 2D NIDN

UART Interrupts- pynni Nnipz'oo
UART Interrupts

- Polling wastes processing power.
- UART generates 4 types of interrupts (interrupt enable

H T 8259 interrupt control mask register
EEE)L - 8259 initialization: - 4
- UART IER initialization: 76543210 |
y o Bbobd 8l #define INT_MASK ox21
#define IER 0x3F9 i
#define DATA AV 0x01 Data available #define CLKENA OXFE UART 2
#define TX HR MT 0x02 Tx holding reg. empty #define KEYENA 0xFD UART 1
- Recelve Line Status #define SPLIENA OXEF
#define RVC_LS 0x04 Modern tatus change #define SP2ENA OxF7
#define MDM_CHG  0x08 S (A O
uart_init() void initialize( )
/* other initialization statements */ /* other initialization statements */
outportb(IER, DATA_AV+RCV_LS) outportb(INT_MASK, CLKENA & KEYENA & SP1ENA &SP2ENA, PPENA);
} B B }
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Web & Net Dgsignj System Anal).tsc %
UART Interru ptS_ I-’wnnn nlp'OD 5 Computer Engineering Teach Advice L4

. R&D Advisers

J‘ff\ ¥ | rl”l/ﬁ

- Interrupt identification register indicates the cause
of the interrupt.

Interrupt identification register

Interrupt pending
Interrupt id (b0)

IIR Interrupt Interrupt id (b1)

6 Receive line status (overrun, parity error, etc.)
4 Received data available
2 TX holding Reg. empty
0 Modem status change
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