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ABSTRACT |

1t is nowadays remarkably known that any kind of communication

has took an important role in the society. We have applied it largely
in industry,medical treatment, engineering, and so on. The project of
RS 232/422 CONVERTER will convey the method of transmission of
information which will be in the link of operation of the computer and
MPF-~I-Plus. This type of transformation is the 1:32 type which is to
be applied through RS 232-C. However, it is limited in view of short-
distance capability. As a result,in order to upgrade the transmission
of information, we change the signals from RS 232 through és 422 to

develop the capability of transmisstion in longer distance.
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Data bit : 5,6,7,8
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 of .-
Parity bit: @,A, 1NN
Stop bit :1,1.5,2
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i X
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transmit data
data terminal ready
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request to send
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DSR
RTS
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Rl
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direction

input
output
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input
output
input
input
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5 CB clear to send

6 cC data set ready
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CE
CH/CI
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transmit signal element timing
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4, 8250 UART
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- THE INTERRUPT IDENTIFICATION REGISTER: 93U 4.3 uasm1ine 4.4

- THE  LINE CONTROL REGISTER: Lﬁuﬁwﬁﬁiﬁunww INITIAL 8250 %Qﬂ?”11ﬂﬂﬁﬁuﬂ
RNy 4.4

_ THE MODEM CONTROL REGISTER: wfuAnfladaunisraunmniifuuaznivds s
NITONTUAERINTY 4.5

. - THE LINE STATUS REGISTER: 14 REGISTER 3a1u11ntfanqanﬁuzjawibgaﬁ%b

d g3y 4.6

- THE MODEM STATUS REGISTER:,ﬁﬁﬂﬁ?ﬂl%ﬂﬂ@ﬂﬂﬂu:ﬂﬂﬂﬁTUﬁ?ﬂ@” MODEM @31 4.1
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register tegister FIGURE 4.1

' REGISTERS AND

tine § Modem
Status and errors <

—_— Status registers FUNCTIONS OF
Line & Modem THE IBM SERIAL
Lo Patnmolers »
Conuol tegisters
COMMUNICATION
Teansmittor Tiansmittel
Dasia = hotding - shift « Output
1epistor 1egistor
Intefrupl fnlerrupt
Parameters o | enabls 10 = Ouipul
1eyistor 1egister '
5 I
aud tate I
genetatol
L S ]
TABLE 4.1
. RLSS
INTERNAL REGISTER REGISTER | PORI ADD
NEGISTER NAME CODE =] - - - | FUnCHion
NAME COMt | CON2
MAPPING OF SERIAL
Transmitier holding regisiet THiR JreH 2fFBi4 Outpul
Receiver dala regrster npA 7| 3F8H | 2FBHL | Input
COMMUNICATION —— : i
Baud 1ate divisor {LSB) BRDL 3ren 2FeH Output
Baud rale divisor (1458} BiROH 3F9H 2F9H Oulput
Imerniupt enable register IER 379 2F9H Output
Interrupl 1D register o . ra 2r kit gt
Line controt register LCn 3r i 2FBi{ ] Outpul
tlodern coniol registes MOC f 3ICRK 2rCiH | Ouiput
Ling status tegister LST 3OH | 2ron | pot
Modern stalus tegistel 1ASA IFEH “ 2rEH ] tnput
TABLE 4.2 N
HEGISIER HNENNaL | SERIAL
REGISTER NAME :
INTERNAL REGISTER SECISTER A Sf’,‘ié MOLEM | POnT FUNCTION
MAPPING OF THE _Lansmated holdug registar} TR BT 2ru Outjn
Receives data regoter _] RDAR 3784 1 2ret Inpul
8250 UART Baut 1ate dnisor G S1) I phabL | laren e Ou_l{_ml —_
Baud rate Oivrsor (SHS) BROH KIRIIE] 2rsu Output
Intertupt enabie register It KIRSIE] —éﬁ)ll ’ Output -
Interup n')crg-slrr | ) _:s_i.;.u M AT Inpa
Lire control register | Lcn | arin 2FDi Oviput
tiodem contiol reapsier WMNHe arcy -'Z—FE!T"“ Output I
Ling statos 1rgssier LST :S.FT‘;.l—— - Q'H;l-{——. - l:‘pui_.—
fAoaem stalus regester SR i areu 1 ?rEil_—— Inpo T

tHote: Uihe POanteinal nuadiem is ingialied, the senal proth s gt ally COM2
aad the aadians COMY Warh no mindens, the sotal port s COAL,
Inalee PCpthe senat poit’s base aduiess iz idways 2i 811,
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)

CLOCK SPEED, 1.7095 Mit2

PCp

CLOCK SPLED., 1.6432 IaH:
BAUD o NP _
RATE DOy Hex s EInXOn © LA CMAL HEX | LY
50 2304 woHt | 0 2337 88011 | 008
7€ 1536 | 600t | O 1491 50311 | 017
110 1047 <1741 | 026 1017 3F9H | 023
1345 857 359+ | 050 832 34011 | 034
150 766 | 3001 | 0 746 26a1 | 0%
300 364 veort 1 0 373 17501 | uso
600 152 | cot |o 166 GAH | 218
1200 o5 coH | 0 01 sOH | 218
1820 | o4 ot 1o 62 3tn | 218
200 | o8 Tanin | eeo 5 3gH | 140
2100 <8 ETEE 47 2FI1 | Ass
T 3607 32 201 |0 \\| Y e | 218
4800 z1 1814 | 0 23 | 1291 }
7200 | 16 101t | o - NOT RECOMIAENDED -
Tevm | a2 Cii lo - 10T RECOMPAF NDED -
Twmoo ] 6 64 10 - HOT RECOMIMCNGED -

TABLE 4.3 DIVISOR VALUES FOR PROGRAMMING THE BAUD RATE GENERATOR
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Interrupt Enable Regisler
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- -~- | = Enable receved dala
avadable inlequpt

— == | = Enable iansmitter holding

—ee l .
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Enuble receiver line status interupt

1 = Enable modem stalus inferrupt
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[3,)

Wl C

110
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Controller
Interrupt 1D Register
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Serial Communications
Controller

716{s[4f{3l2]1]0 Line Contio! Reyister

Vord length select bits |
R {bits pe: characler) I
.. 00=5bils 0l = 6bils
0 = 7bus 11 = 8bils
tiumber of stop bits
e oo 0w tstop bl
1 = 1 5step Lils with 5:-bit word,
else 2 slop bits
Parity eneblo
<o - 1= pontly enaliled
0 = no parity.bit
Patity seleet (1 bt 3 = 1)
c—- 1 = paitly even
_0_= paniy oud
ek pmlw (L3 = i)

—_——1 paul, bitisloyrcal D, 4f DIt 4 = |
0 = patity bitistogical 1,11 b 4 = 0 !
* Scel-break onsble {disable senal hine}
L.-- 1 = serial oulpulis forced to spacing
0 = sel et disoblud
Divisor talch sccoss bh (OULAR)
- 1 = 2ccess 10 the baud rate diviser registers
0 = access 1o the kansmitier holging teqisier,
the receiver dala reqpster, and the inleriupt
enable register

FIGURE 4.4 THE LINE CONTROL REGISTER

0 0 0 \
N B Serial Communications
Conlroller
716 (54413 [21%1]0 Iodem Contiol Registor

Date formhinot ready
== ==~V = DTN acivo
0 = Dlltinactive

Requestfo send
Livemiame ) 2= 1S #Clive
D = RIS insctlive

Oultput 1 {cpare signal)
-—— 1 = QUT 1ictive
0 = OUIT 1inaclive

Output 2 intetrup! vnable signal)
-1 = Cummunications inletupt active
0 = Communicslions intenup! inactive

Loopbachk feoture {Uingnostic lusling)

= 'haqsmiﬂar output looped back 10
teceivec reqister

0 = Normal operslion

FIGURE 4.5 THE MODEM CONTROL REGISTER
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) Serial Communicalions
Contiolier
61541312110 Line Status Reyisler
l_ - .-~V = Datorcadyinihe
receiver data regisiet
t = Overtun etror (Qala-nol
reroved in e from RDAY
t = Parlty eniorintead dala
(reset by reading LST)
t = Traming ertor {nd valid stop
titin received character)
cme wee 1w Dreatk Inlenupl Indicator
(recr um(' line in sracmg s1ate}
- 1 = Tiansmitter holding regltter emnply
[Cordtutler reedy Jot new chataclor.
will genceale interupt it bt 1ol
IRs set, see Fugare 7.4)
= 1 = Transmitier holding reygister and Lansnutier
ctulbregiter are hath empily
0 = Lansautier shult regester contims data
FIGURE 4.6 THE LINE STATUS REGISTER
L]
' » Serigl Communications
Conlrofier
GI5f4}31211}0 Modem Status Regisier
1 l - -sw-=- | v Dolla tlear jo send

~--= 1 = Inverlod 1ing Indicstor

{CTS kine chianged state}
== == 1 = Delia dale selrondy
: {OSR line changeo stats)
-+ o~ 1 = Tralling edge ting Indicsior
. {Rlline changed sialv})
©=r == { = Della data cutrler detect
. . (CO hine changed state)
-— =—— 1 = Invertod cloar 1o sond
{Opposite 10 bit )
== 1 = Iaveriod dote setready
: (Oppusite to bat 1)

{Opposite 1o bil 2)

—~ 1 = Invorted cartlar detect

{Opposite 1o bit 3)

FIGURE 4.7 THE MODEM STATUS REGISTER
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intel

- <" 8251A o] ‘
PROGRAMMABLE COMMUNICATION INTERFACE-
a Synchronous and Asynchronous m Asynchronous Baud Rate—DC to
Operstlon L. 19.2K Baud
. . Synchrono‘us 5-8 Blt Charscters; = Full-Duptex, Double-Buffered
Internal or Exlernal Characler - Transmitier and Recelver .
Synchronlzetion; Automatic Sync ® Erior Delection—Parlity, Overtun and
Insestlon . Fiaming X
. s Asynchronous 5-8 Bl Chareclers; . = Compallible with an Extended Range
Clock Rate—1, 16 or 64 Times Baud of inlel Microprocessors
. Rale; Break Character Generalion; @ 28-Pln DIP Package '
1, 113, o1 2 Stop Blis; False Starl Bl Alll tout ITL !
Detectlon; Automalic Break Detect t Clclm?:;ll;;nd Oupputs are'|T
' snd Handfing ' = Available In EXPRESS
. Syncthnous Baud Rale—DC o —Siandatd Tempereture Range
64K Baud

—Extended Temperaluie Range

" The Intel® 8251A Is the enhanced version of the induslry standard, intel 8251 Universal Synchronous/
Asynchronous Receiver/Transmitler (USART),designed for data communications with lntel's microptocessor
families such as MCS-48, 80, 85.andlAPX-86.88 The 8251Ais used as a peripheral device andis programmed

* by the CPU to operalé using virtually any serial data hansmission technique presentlyin use (including IBM
“bi-sync”). The USART accepls data characters from the CPU in paraliet format and then converts themintoa
continuous serial dala stream for transmission. Simultaneously, it can receive serial data streams’and convert
them injo parallel data characters for the CPU. The USART will signal the CPU whenever it can accepl a new
character for transmission or whenever il has received a character for the CPU. The CPU can read the
complete status of the USARTat any time. These include dala lransmission efrors and control signals such as
‘SYNDET. TxEMPTY. The chip is fabrigated using N-channel silicon gate technology. o )
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8251A ’ :

FEATURES AND ENHANCEMENTS

The B251A Is an advanced dasign of the industry
standard USART, the Intel® 8251, The 8251A
operates with an extended ranga of Intel
microprocessors and maintains compalibility with
the 8251 Familiatization time is minimal bacause o!
compalibility and involves only knowing the addi-
tionai features and enhancements. and teviewing

« theAC and DC specilications of the B251A. °

The-8251A Incorporales all the key features ol the
8251 end has the following additional features and
enhancemenls:

s B251A has double-bulfered data paths with sepa-
“rate /O registers for control, status, Data In, and
Data Oul., which considérably simplifies control
programming and minimizes CPU overhead.

In asynchronous operations, the Receiver dehwcls
and handles “break” aulomatically, relieving the
CPU of this task.

A relined Rx initialization prevents the Receiver

from starting when in “break” stale, preventing -

. unwantedinlerrupts from a disconnecied USART.

At the conclusion of a lra-nsmlssion_.TxD line will
. always return to the marking state unless SBRK is
programmed.

+ Tx Enable logic enhancement prevents & Tx Dis-
able command from halting transmission until all
dals previously written has been transmitted. The
logic also prevents the transmitler from turning
off in the middle of a word.

When External Sync Detecl is programmed. Inter-
nal Sync Detect is disabled, and an External Sync

Detect slatus Is provided via a Mip-flop which -

clears itself upon a status read.

Possibility of false sync detect is minimized by
ensuring that il double character sync is program-
med, the characlers be conliguously detected and
also by clsaring the Rx register to all ones
whenever Enter Hunt command is issued in Sync
mode.

s As long as the 8251A Is not selected. the RD ond,

WR do no!l alfect the inlernat operetion of the
device.

The 8251A Status can be read at any time but the
status updata will be inhibite J during status read.

The 8251A is free from exiraneous glitches and
has enhanced AC and DC charactetristics, provid-
Ing higher speed and beller operating margins.

¢ Synchrohous Baud rale from LT to 64K.

FUNCTIONAL DE

SCRIPTION

-, +
.

General .,

The B251A is a Universal Synchronous/Asynchto-
nous Receiver/Transmillgr designed for 8 wide
tange of Inlel microcompulers such as 8048, 8080,
8085, 8086 and 8088. Like other YO devices in a
microcomputer sysiem, its lunctional configuration
is programmed by the system’s software for maxi-
mumm Nexibility. The B251A can suppor! most serlal
da'la techniques In use, Intluding IBM “bl-syne.”

.

In 8 communication snvironment an interface
device mus! convert parallel format system datainto
serial lormat for transmission and.convert incoming
serial formal data into parallel systemdata for recep-
tion. The Interface device must aiso delets or insert
bits or characters that are functionally unique to the
communication technique. In essence, the interface
should appear “lransparent” to the TPU, a simple
inpul or output of byte-oriented system data.

Data Bus Buffer ’ '

This 3-state, bidirectional, 8-bit butler Is used to In-
terface the 8251A fo the system Data Bus. Data is
transmitted or received by the bulfer upon execution
of iNput or OUTput instructions of the CPU. Conlrol
words, Command words and Status Information are
also transferred through the.Peta Bus Bufter. The
Command Status, Data-in and Dats-Out registers
gre separate, 8-bli registers communicaling with the
system bus through the Data Bus Buller.
. ! . {

L]
This funclional block atcepts inpuls from the system
Conlrol bus and generates control signals for overall
device operation. It contains the Control Word Reg-
istor and Command Word Register that store the
various conliro} formals lor the device functional

delinllion.; :
. ¢ H

]
v
‘ ; ;
]
[

’
oy H

i

RESET (Resel).

A f'high"on this input forces the 8251A into an “Idle”

mode. The device will temain at “idie” until a new se!

of control words is writleninto the 8251A to program

its ‘functlonal detinition. Minimum RESET pulse

width is 6 gy (clock must be tunning). :
[ K

v

- A command reset operalion also puts the device into

the “idle” state.
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CLK (Clock)

The CLK input is used to generale interns! device
timing and is normally connécled 1o the Phase 2

-{TTL) outpyt of the Clock Generator. Ho external

Inpuls or outpuls ara relerenced 1o CLK but the
freauency of CLK must be greater than 30 times the
Receiver or Transmitter data bit rales.

WR (Write)

A "low™ on this inpul informs the 8251A that the CPU
Is writing dala or control words to the 8251A.

RE (Read)

A "low™ on this Input informs the B251A that the CPU
Is teading deta of stalus information from the 825 1A.
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Figure 3. 8251A Block Diagrem Showing Data
Busg Butler and Read/Wille Loglc

Functlions

cb RD Wwn S
[} 0 t 0 8251A DATA =~ DATA BUS
(] 1 0o o DATA BUS ~ 8251A DATA
1 [} 1 [} STATUS ~ DATA BUS -
1 1 [ DATA BUS - CONTROL
X 1 1 0 DATA BUS = I STATE
X X L] DATA BUS = 3 STATE

C/D (Control/Dala)

This Input. in conjunclion with the WR and RD in-
puls, Informs the 8251A thal the word on the Dats
Bus is eithar 8 data characler, control word or status
information.

1 = CONTROL/STATUS;.0.= DAIA.
CS (Chip Select)

»

A"low  on thisinputselecis the 8251A. Noreading or
writing will occbr unless the 'device- is selecied,
When C38 is high, the DataBus is inthe lloat state and
BD and WA have no effect on the_ chip.

Modem Control

The B251A has a sel of control inputs and outputs
thal can be used to simplify the Interlace {0 almost
any modem. The modem control signals are general
purposs In nature and can be used for lunctions
other than modem control, il necessary.

DSR (Data Set Ready)

The BSA input signal Is a general-purpose. 1-bit In-
verting input port Uls condition can be lesled by the
CPU using 3 St3tus Read operalion. The DSA tnput
1s pormally used to test modem condilions such as
Data Set Ready.

DTR (Data Terminal Ready)

The DTA output signal is a general-purpose, 1-bit

inverling output port. It can be set "low” by pro--

gramming the appropriate bit in the Commatid In-
struction word. The DTR outpul signal is normally
used for modem conlrol such as Data Te@ninal
Ready. \

RTS (Request to Send)

The RIS output signal is a general-purpose, 1-bit
inverting oulput port. It can be set "low” by pro-
gramming the appropriaie bit In the Command In-
struction word. The RTS oulput signat Is normatly
used for modem control such as Request to Send.

CT5 (Clear 1o Send)

A "low" on this input enaules the 8251A to transmit
sarial data Hf the Tx Enat "8 bit in the Command byte
is sot to a “one.” i either 8 Tx Enable ol or CTS olf
condition occurs while the Tx is in operation, the Tx
will transmit all the data in the USART, weitten prior
to Tx Disable command belfore shutling down,
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SYNDET (SYNC DetetV/
BRKDET Break Detect)

This pin Is used in Synchronous Mode Tor Y.
OET and may be used as either inpul or output,
programmable through the Contro! Word His reset

1o oulput mode tow upon RESET. When used as an,

oulput {(internal Sync modo). the SYNDET pin witl go
"high™ 1o indicale that tho 8251A has localed the
SYNC character inthe fleceive mode. H the 8251Ais
programmed to use double Sync characters (bi-
sync), then SYNDET wifl g "high” in the middle of
the last bit of the second Sync character. SYNDET is
automalically seset upon a Status Read operation,

When used as aninput (external SYNC detect mode),
a positive going signal will cause the B251A to starl
assembling data characlers on the rising edge ol the
next R¥C. Once In SYNC, the "high™ inpul signal can
be removed When Extdrnal SYNC Delect is pro-
grammed, Internal SYNC Detecl is disabled.

BREAK (Async Mode Only)

This output will go high whenever the receiver
remains low through two conseculive stop bit se-
quences (including the stdrt bits. data bits, énd
parily bits). Break Detect may also be read as a
Status bit. It is reset only upon a maste! chip Reset or
Rx Data returning to a "one" stale.

DETAILED OPERATION DESCRIPTION

General

The complete functional definition of the 8251A is
programmed by.the system’s soliware A set of con-
trol words must be sent put by the CPU to initlalize
the B251A to supporl the desired communications
format. These control words will program the: BAUD
RATE. CHARACTER LENGTH, NUMBER OF STOP
BITS, SYNCHRONQOUS or ASYNCHRONOUS OPER-
ATIOH, EVEN/ODD/OFF PARITY, etc. In the
Synchronous Mode, options are also provided o
select either internal or exfernal character
synchronization.

Once programmed, the 8251A is ready to perform lts
cemmunication funclions. The TxROY oulput is
raised "high” to signal the CPU that the B251A is
ready to receive a dala characler from the CPU. This
outpul (TxRDY) is resel automatically when the CPU
wtites a characler into the 8251A. Onthe other hand,
the B251A receives serial dala from the MODEM or
IO device Upon receiving an entire character, tha
RxRDYoutputisraised "high” to signal the CPU that
the B251A has a complele character :eady for the
CPU to fetch RxRDY is reset aulomallcaﬂy upen the
CPU data read operation.

The B251A cannot begin transmission until the Tx
Enable (Transmitter Enable) bit is sel in the Com-
mand Instruction and it has received a Clear To Send
(CT5) input The TxD output will be held In the mark;
Ing state upon Resel.
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Recelver Control

This functional block manages ali teceivar-related
aclivities which conslisls of the foliowing features

The RxD inilialization circuit prevents the B251A
from mlslaknng an unused mpv! line for an aclive
low data line in the "break ,cpndluon. Before
starlihg lo receive serial characters on the RxD
line, a valid "1” must first be detected afler a chip
master Resel. Once this has been determined, a
ssarch for a valid low (Start bit) Is enabled Thig
feature Is only active in the asynchronous mode,
and Is only done once for each master Neset.

The Fatse Start bit detectlon circuit prevents (alse
slaris due lo a translent noise spike by lirst delec!-
Ing the lalling edge 8nd then strobing the nominal
center of the Start bil {RxD = low).

Parity error detoction sels the corresponding
sialus bit.

The Framing Error status bit Is set if the Stop bitis
absent al the end of the dala byte (asynchronous
mode).

RxRDY (Recelver Ready)

This oulputindicates that the B251A contains a char-
acler thatisready to be inputtothe CFU. RxRDY can
be connecled to the interrupt structure of the CPU
or, for polled operation, the CPU can check the con-
dition of RxRDY using a Status Read operation,

RxEnable, when ofl, holds RxROY In the Reset Con-
dition. For Asynchronous mode, to sel RxRDY, the
Receiver must be enabled to sense a Start Bitand a
complele character 'mus! be assembled and trans.
ferred to the Data Qutput Register. For Synchionous
mode, to set RxRDY, the Receiver must be enabled
and a character must {Inish assembly and bo trans-
lerred to the Dals Oulpul Reglster.

Failure to read the received characler from the Nx
Data Output Register prior to the assembly ni the
next Rx Data character will set overrun condition
error and the previous characler will be written over®
and lost. If the Rx Data is being read by the CPU
when the internal transler is occurring, overrun er-
ror will be set and the old characler will be lost.

RxC (Recelver Clock)

The Rocelver Clock controls the rate st which the
character is to be recéived. In Synchronaus Mods,
the Baud Rate {1x)is equal to the actyal frequency of
AxC In Asynchronous Mode, the Baud Rate is a
fraction of the actual ixC hoquéncy A porNon ‘of
the mode instruction selects this factor: . 1/16 of
1i64 the AxC.

For example:

Baud Rale equals’'300 Baud. it ¥
FixC equals 300 Hz In the 1x mode:

BxC equals 4800 Hz in the 16x mods;

RxC equals 19.2 kHz in the 64x mode.

Baud Rale equals 2400 Baud.

AxT equals 2400 Hz in the tx mode:
RxC equals 38.4 kHz In the 16x mode;
RxC equals 153.6 kHz In the 64x mode.

Data is sampled into the 8251A on the tising edge of
1xC.

NOTE: in most communications systems, the 8251A
will be handling both the transmission and reception
operations of a single link Consequently, the
Receive and Transmit Baud Rates will be the same.
Both 1xC and RxC will tequire identical frequencies
for this operalion and can be tied logether and con-
necled to 3 single frequency source (Baud Rate
Generalor) to simplify the intertace.
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Transmitier Bulfer

The Transmitler Buller accepts paralte!l datatromthe
Data Bus Buller, converts it to a serial bil stream,
Inserts the Appropriate characters or bils (based on
the communication technique} and oulpuls a com-

" posite serial stream of data on the TxD output pin on
the talling edge of TxC. The transmilter will begin
fransmission upon being enablad If TTS = 0 The
TxD line will be held in the marking state immedi-
ately upon 8 master Reset or whenTx Enable or CT5
Is off or the transmitter is emply.

Transmitter Conlrol

The Transmitter Control manages all activities asso-
clated with the transmisslon of sarial dafa ttaccepts
snd issuos signols both externally and Internally to
accomplish this function.

TxRDY (Transmitter Ready)

This cutput signals the CPU thal the transmitter is
ready lo accept a data charatlor. The TxRDY output
pin can be usad as 2ninterruptto the system, sinceiil
is masked by TxEnable: or, for Polled operation, the
CPU can chock TxRADY ysing a Status Read opera-
tion.'TxRDY is aulomalically reset by the leading
edge of WR when a dala chatacter is loaded from
the CPU.

Note thal when using the Folled operation, the
TxRDY stalus bitis nof masked by TxEnable. but w:ll
only indicale the Empty/Full Status of the Tx Data
input Register.

TxE (Transmitter Empty)

When the 8251A has no characlers to send, the
TxEMPTYoutput will go “high.” lt rese!s upon receiv-
Ing & character from CPU il the transmitler is en-
sbled. TXEMPTY remains high when the transmitier
Is disabled. TXEMPTY can be used to indicate the

- end of a transmission mode, so thatthe CPU “knows™
when to “turn the line around™ In the hs!f-duplex
operational mods.

in the Synchronous mode, a “high™ on this outpul
indicates thal a character has not been loaded and
the SYNC characte? or characlers are aboul to be or
aro belng transmitled sutomalically s “fillers.”
TxEMPTY does not go low when the SYNC charac-
ters are being shifted out.
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Flgure 4. 8251A Block Disgram Showing Modem
snd Transmitter Buffer and Control
Functions

TxC (Transmltter Clock)

The Transmitter Clock controls the rate at which the
characler is o be transrilted. in the Synchronous
transmission mode. the Baud Rale (1x) is equa! to
the TxC frequency. In Asynchronous transmission
mode, the baud rale Is a fraction ol 4he actual TxC
frequency. A portion of the mods instruction selects
this factor; it can be-1, 1736 or 1/64 the TxC.

For Example:

|l Baud Rate equels 110 Baud,

1xC equals 110 Hz in the 1x mode.
TxC equals 1.72 kHz in the 16x mode.
1xC equals 7.04 kHz In the 64x mode.

The 1alling edge of TxC shifts the serlal data out of
the B251A.

Recelver Bulfer

The Receiver accepts serial data, converts this sorial
tnput to parallel format, checks for bits or characters

that are unique to the commurﬂcntjon technique

and sends an "assembled” cheracter to the CPU.

Serial data is input to RxD pin, and Is clocked in on,

the rising edge of RxC.
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Programming the 8251A

Prlor to slarting data transmission or recoption, the
8251A must be loaded witlr a set ol conirol words
generaled by the CPU. These conlrol signals defing
the complete funclional definilion of the 8251A and
must immedialely follow a Rese! operation (internal
or external).

The control wotds ate split Into two formals:

1. Mods Instruction
2. Command Instruclion

Mode Instruction

This Instruction delines the general operational
characteristics of the B251A It mus! lollow a Resel
operation (internal or external). Once the Mode In-
struclion has been wrillen into the-8251A by the
CPU, SYNC characters or Command Instructions
may be written.

Command Instruction \

i
Thisinstruction defines a word thatis used to contro!
the sctual operation of the 8251A, ’

Both the Mode and Command Instruclions muslt
conform 1o 8 specilied sequence for proper device
operatlon {see Figure 7). The Moda Instruction must
be writlen Immedistely following & Reset
operatlon, prior to using the B251A tor dala
communicalion.

o
All contro! words wrillen Inlo the B251A aller the
Mode Instruction will load the Command Instruc-
tion. Command Instructions can be writlen Inlo the
8251A gt any time in the dala block during the opera-
tion of the 8B251A. To retuin to the Mode Instruction
format, the masler Resot bil In the Command In-
slructlon word cen be setto Initiate anintornal Noset
opsration which aulomatically places tho 8251A
back Into the Mode fnstruction formal. Command
Instiuctions must follow the Mods Instructions or
Sync characlers.

Mode Instruction Delinition

The 8251A can be used lor elther Asynchronous or
Synchronous data communication. To understand
how the Mode Instruclion delines the funclional
operation of the 8251A, the designer can bes! view
the device as two separate componen!s, one
Asynchronous and the other Synchronous, sharing

L4

the same package. The format delinition can be
changed onty after a mastor chip Resel Forexplana-

* ion puiposcs the Iwo lormals will bo isolated.

NOTE: When parily is enabled it Is not considered
as one of the dala bits for the purpose of program-
ming lhe word fength. The actual parity bit received
on the Ax Data line canno! be read on the Dala Bus.
Inthe case ofa programmed characlerlength ol less
than 8 bits, the leas! signilicant Data Bus bits wiil
hold the data; unused bils are “don’t care” when
wriling data lo the B251A, and will be “zeros" when
teading the data lrom the 8251A.

Asynchronous Mode (Transmission)

Whenever a data characler is sent by the CPU the
8251A aulomatically adds a Stasl bit {low level) fol-
lowed by the.data bits (least signilicant bitdirst), and
the programmed number of Stop bits lo each char-
acter. Also, an even or odd Parity bit is inseried prior
to the Stop bil(s). as defined by the Mode Instruc-
tion. Tho character Is then transmitied as a sotlal
data stream on the TxD oulpul. The serial data (s
shifind out on the falting edge ol TxC at a rate equal
to 1, 1/16, or 1/64 thal of the TxC, as definnd by the
Mode Instruction BREAK characlers can be contin-
vously sent to the TxD if commanded to do so.

When no data characters have been loaded into the
8251A the TxD oulput reamins “high™ (marking) un-
less a Break (conlinuvously fow) has been
programmed.
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Asynchronous Mode (Recelve)

The RxD line is normally high. A falling edge on this
line triggers the boginning ol a START bit The
validity of this START bt is checked by agnin strob-
ing this bilat its nominal ceriter (16X or 64X mode

‘only). ta lowis detecled again .l1savalid START bit,

and the bil counler willstart counting The bitc- un-
ler thus locales the cenlor of the data bits, the parily
bit (il it exists) and the stop bits. i paritly error oc-
cuis, the parity error flag is sel. Data and parity bits
are sampled on the RxD pin wilh the rising edge of
RxC. it a tow lavel is detecled as the STOP bit, the
Framing Error flag will be set. The STOP bil signals
the end of a characler Nols thal the receiver te-
quires only one stop bil, tegardiess of the number o!f
slop bils programmed This character is thenloaded
Into the parallsl VO buller of the B251A. The RxRDY
pin Is raised to signal the CPU thal a characler is
ready to be fetched. | 8 previous character has not
been fetched by the CPU, the present character
replaces it in the VO bufler, and the OVERRUHN Error
ltag Is raised (thus the previous character is lost) All
ol the error flags can be resol by an Error Roset
Instruction. The occurience.of any of these etrors
will not aflec! the operation ol the 8251A.

Cinimatio

TRANAMLT TER OUTPUT Do Dy-cna Do oY BILIA

l f1amy I I PanITY I $10e l
TeD MARGWNG 2y Dats gi18 "t pirs
4

OULS WOt APPAR
DpDyr=-~-De ONTIHIDATA QUS

RICHIVEA PrUT

o ]

Dat
— e
PACGRAAVWED
HamactIn
AL R
TRAWDEIION FORWAT

CrusYIf ity LOALS L0d)

l OataC™anALTiR ]

Py

ATV IO YTRaL DATA OUTPUT IT.DY
et PapIty 1.
[ » 1 paracHssacren ] » l 0y I

ALCEIvE PORMATY

StMAL DATE NPyt R0

grany L ramity gy l
ot l DataCHansCm ] it l P

COrUSTIT (30 R 13°Crenm

'
l DATA CHARACHIN ]

'

QTR W CRARACHIRLENGIH I NIINID ALS O8N P
DU THE UNUSED DV ARt 31T YU JERD
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Synchronous Mode (Tranemission)

The TxD output is ¢ontnuously high until the CPU
sonds its fisst charatler to the 8251Awhich usually is
8 SYNC character When the TTS line goes fow, the
tirst characler is serially lrahsmitled out. All charac-
ters are shilled out on'the falling edge ol TxC. Data is
shifted out at the same r1ate as the TxC.

Once transmission has slarled, the dala slream al
the TxD oulput must continue at the TxC rate. If the
CPU does not provide the 8251A with a data charac-
ler belore the B251A Transmiller Buflets become
empty, the SYNC characlers (or character ifin single
SYNC character mode) will be automatically id-
sarted in the TxD data stream. In this case, the
TxEMPTY pinis raised high to signal that the 8251A
is emply and SYNC tharaclers are being sent out.
TxEMPTY.does not go low when the SYNC Is being
shilted oul! (see ligure below) The TxEMPTY pin |s
internally resel by a data character being wrillen
into the 8251A,

AUTOMATICALLY INSIATED BY ULART
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Synchronous Mode (Receive)

Inthis mode, characler synchronizatiop can be Inter-
naily or externally achieved. If tho SYNC mode has
been progiammed, ENTER HUNY command should
be included in the lirst command Instruction word
written. Dala on the RxD pin Is then sampled on
the rising edgo ol iixC. The content of the Rx bufler
is compared at every bil boundary with the first
SYNC character until @ malch occurs. If the B251A
has been programmed for two SYNC charactars, the
subsequent received charactar is also compared;
whan both SYNC characters have boen detected,
the USARTends the HUNT modoe and is in character
synchronization. The SYNDET pin is then set high,
and is resel automatically by a STATUS READ. if
parity is programmed. SYNDET will not be set until
the middle of the parlly bil instead of the middlic of
tho tast data bil.

In the exlernal SYNC mode, synchronization Is
achiovod by applying a high level on thoe SYNDET
p'n, thus forcing the B251A out of the HUNT mode.
Tho high lavel can be removed nlter one HxC cycle.
An EHTER HUNT command has no elfect In the
asynchronous mode of operation.
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Farlly error and overrun error are both chocked In
the same way as In the Asynchronous Rx modo.
Peiity is checked when not In Hunt, regardless of
whether the Receiver is enabled or not.
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Flgure 10. Mode Instruction Format,
Synchronous Mode

The CPU can command the receiver 1o enter the
HUNT mode I synchronization is lost. This will aiso
set all the used character bits In the buller to a
“one,” thus preventing & possible false SYHDET
caused by data thal heppens 1o be In the Rx Bufier at
ENTER HUNT time. Note thatl the SYNDET F/F is
reset al each Sialus Read, 1egardloss ol whothar
inlarnal or exlernal SYNC has beon programmed.
This dces nof causn the 8251A 1g telurn 1o the HUNT
mode. When In SYNC mode, but not In HUNT, Sync
Detection Is stift functional, buy! only occurs at tho
“known" word boundarles. Thus, If one Status Naad
Indicates SYNDET and a second Status Rond olso
Indlcates SYNDET, then the programmed SYNDET
characters hive been recelved since the previous
Slatus Read. (f double characler sync has bean
programmed, then both sync characlors have bran
contiguously recelved to gate a SYNDET indication )
¥/hen extarnal SYNDET mode !s soloctad, Internal
“Sync Detect Is disabled, and lhe SYNDET F/F may bo
sol al any bit boundasy.
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Figure 11. Data Format, Synchrono Mode

COMMAND INSTRUC 1ON DE INITION

Once the functional delinltion of the B251A has been
programmed by the Mode Instruction and the sy ¢
characters sre foaded (if In Sync Mode) ths the
device s ready to be used for date communication.
The Command Instruction controls the actual opera-
tion of the selecled format Funclions such ss:
Enable TransmiVReceive, Error Reset énd Modem
Conlrols are provided by the Command In*truction

Onca the Mode Instruction hag boen veritten Into the
B251A and Sync cheracters Insorted, If necessary,
then all further “control writes” (C/D = 1) will load a
Command Instruction. A Aesetl Opsration ({internal
or external) will return the 8251A to the Mode In-
struction format,

Note: Intornal RNesel on Power-up

When powa s flist applied, the 8251A may come up
In the Liode. Sync characlor or Command format. To
guniantec that the device Is In the Command In-
struction format belorc the Reset command Is Is.
sued, It is salest to execule the worst-case
Initintizatlon sequence (sync mode with two sync
characters). Loading thien 00Hs consncullvnly into
the dovice with C/D = 1 contigures sync opnration
and writes two dummy O0H sync charactars. An In-
larmal Resetl command {ACH) may then be issted to
returh the device to the “Idle” slale.
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STATUS READ DEFINITION

In dala communicalion systems it is offan necessary
to examine the "stalus”of the aclive device to ascer-
18in If errors have occurted or other conditions that
require the procassors sttention. The B251A has
tacilities that allow the programmer lo “read” the
slatus of the device at any time-during the func-
liona! operstion. (Stalus update is inhibited during
slatus read.)

A nprmsl “read” command is Issued by the CPU with
C/D = 1 10 accomplish this function.

Some of the blis in the Sialus Read Format have
Identical moanings to external oulput pins so thal
the 8251A can be used In a completely polied or
Interrupt-driven environment. TxRDY Is an
exceplion.

Mole that status update can have o maximum dolay
of 28 clock periods lrom the actual event gllocling
the slatus.
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Figure 13. Stalus Read Format
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8251A

ABSOLUTE MAXIMUM RATINGS®

Amblent Temperature Under Bias ... ....
Storsge Tempetglure . ............... -65°C to +150'C
Voltege On Any Pin

With Respect To Ground  ............. -05Vio +7V
Power Dissipation ......... PR 1 Wail

"NOTICE: Stresses above those listed under “Absolufe
Maaximum Retings™ may cause permanent damage lo the
device. Thisls a stress rating only and functional operation
ol the device at these or any other conditions ebove those
Indicatod in the operstionsl soclions of this specification
is notimplied. Exposure (o absolule maximum rating con-
ditions for extended periods mey aflect device reliabllity.

D.C. CHARACTERISTICS (To=0"C1070°C.Vcc = 50V £ 5%, GND = 0V)°

Symbol Parsmeter Min. Max. Unit Test Condltions
VL input Low Voltago 08 o8 v
Vin Input H—i;h Voltage - ;;‘_ Vece v
Vo Output Low Voitage 045 V HoL=22mA
Vou Output High Voltage 24 v log = -400 uA
lofL Output Floal Leaknge 210 #A |Voyr = Ve TO 0 45V
W Inpul Leakage =10 pA |ViNy = Ve TO 0.45V
Ice Power Supply Current 100 mA 1Al Qutputs = High
CAPACITANCE (T, = 25°C.Vcc = GND = 0V)
Symbo! Parameter Min. | Max. | Unit Test Conditions
Cin Input Capacitance 10 pf = 1MHz
Co VO Cepacitance 20 pF jUnmeasured pins returned
to GND

A.C. CHARACTERISTICS (1o = 0°C 10 70°C. Vo = 5.0V 210%, 6HD = OV) *

Bus Paramelers (Note 1)

READ CYCLE
Symbol Parameter Min. | Msx. | Unlt Test Condltions
Y Address Stable Before READ (CS, C/D} 0 -ns |Note 2
tax Address Hold Time for R (E‘ c.D) 0 ns [Note 2
RA READ Pulse Width 250 ns -
tap Dala Detay from READ 200 ns |3.C = 150 pF
oF READ 1o Data Floating 10 100 ns
WRITE CYCLE
Symbol! ) Paremeter Min Max. Unit Test Condtlons
Aw Address Stable Belore WHITE 0 ns
twa Address Hold Time | + WRITE 0 " ns
tww WRITE Pulse Width 250 ns
tow Dsis Set-Up Time for WHITE 150 ns
‘wp Dn_.- —‘:.l;—l:f‘f\l‘ tor WRITE - s ns
lry Recovery Time Batweon WRITES I 6 [ ey lNole 4
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8251A
A.C. CHARACTERISTICS (Continued)
OTHER TIMINGS ' :

Symbol Farameter Min. Max. Unht Tast Conditions
ey Clock Period ] 320 | 1350 | ns |Noless.6
" Clock Nigh Pulse Width 120 | tcy-90 | na
g Clock Low Pulse Width 90 ns
in, '¢ Clock Rise and Fall Time 20 ns
'D1x - Tx0 De'ay trom Falling Edge ol TxC 1 ne
frx Transmitter Input Clock Frequency )

1x Baud Rate (o]0} 64 k2

16x Baud Rate oc Jio kM2

€4x Baud Ante oC 615 kHz
pw Transmitter Inpyt Clock Pulse Width )

1v Baud Rate 12 Icy

16x snd 64x Baud Rate > 1 fcy
1pD Transmilter Input Clock.Pulse Delay

1x Bsud Rate 15 oy

16x and 64x Baud Rato 3 fcy
fax Recelver inpul Clock Frequency

1x Baud Rale DC 64 kHz

16x Basud Rate bC 310 kHz

64x Baud Rate (0]04 615 kHz
tapw Recelver Input Clock Pulse Width

1x Baud Rate 12 ey

16x end 64x Baud Rate 1 ey
rPD . Receiver Input Clock Pulse Delay

1x Baud Rale 15 tcy

16x and 64x Baud Rale 3 ey
1xROY TxRDY Pin Delay from Center of Last Bit 14 Icy |Hote7
'1xRDY CLEAR {TXADY | trom Leading Edge of WR 400 ns [Hote?
'RxRDY RxROY Pin Delay from Center of Last Bit 26 fcy |Hote?
laxADY CLEAR |RXRDY | from Leading Edge of D 400 ns [Note?
Yis Internal SYNDET Delay trom Rising

Edge of RxC 26 tcy |Note7?
'es Externat SYNDETY Sr.!_l-Up Time Alter

Rising Edge of iixC 18 fcy |Nole?
IrxempryY TxEMPTY Delay from Contor of Last Bit 20 fcy [Note7?
twe Controt Delay lrom Rising Edge of

. WRITE (TxEn, DI, RTS) .8 Icy [Note?
ca Control to READ Set-Up Time (3R, CT3) | 20 tcy |Note?
. *
*NoTE:

1. For Extended Tempersture EXPRESS. use MB251A slectrice! parameters.




"Tte[ 8251A T

A,

C. CHARACTERISTICS (Continued) T

NOTES: -

1.
2.
d.
4.

5.

- B

TYPICAL A OUTPUT DELAY VS. A CAPACITANCE {pF)

AC timings measured Vo = 20 Vg = 20,V = 0B, and with load circult of Figuse 1.

Chip Select (CS) and Command/Data (C/D} are considered as Addresses.

Assumes that Address is valid bafore Rpl.

This recovery time Is for Mode Inilialization only. Wiite Data Is sllowed only when TxRDY = 1. Recovery Yime between
Writes for Asynchronous Mode is 8 tcy end lor Synchronous Modae is 16 tey

TheTxC and RxC frequencies have the following limitatlions with respect 1o CLK: For 1x Baud Rate, fyg0tlp, < 1I(3b
tcy)

F%r 16x and 64x Baud Rale, 11, or tp, < 1/(4.5 1-y).

. Resel Pulse Widlh = 6 1y minimum; System Clock must be running during Resel.
. Statlus updale can have a maximum delsy of 28 clock periods from the event allecling the stsius.
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WAVEFORMS (Conlinued) i

WRITE CONTROL OR OUTPUT PORT CYCLE (CPU — USART)
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WAVEFORMS (Conlinued)

RECEIVER CONTROL AND FLAG TIMING (ASYNC MODE)
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5-3 Link Adapter AL004-(P)E

Power Fuse Power supply Ground terminals

Indicater (034 ’B'""“a"[ (LaFG) CTS selector switch
s
| = @ ® @E}@ Mounting holes
— & i) : : 45
52.5 e = : =
l ' g ]
120 O G : % A : ]
: £ : 10 di
% : a,
Per>c | nd
== ] — =
164 63
- j : Approx. 140 —
188 . . 03
APF/PCF connector  RS-232C connector  RS-422 connedctor ::]Zzgfl;:ri\t :;zsnstance
(main or branch fine)  (main line) {maln or branch line)
Interfadng pin e ccemem i . Intertacing pin
numbaer : ' number
Pin] Syrbal :
1 1 FG ~1
2 2] so = X
3 3 RD Switching
O, 4] BS | nCTS sslector | SrcviL
Main line § 5| cs
@4 ¢ DR External
7 7 SG {
Cn> s} co 3—1 4] I
2| ER
ov ov
IS
S [ Tranm minsion —&
klaiIOf -? \\
branch liné -U"\ [: b1}

sanccancanana

----------------------------------------------------------------- -

Switch Settings

CTS Selector Set to O V to have the clear-to-send (CTS) signal always ON. Set o exiernal
to receive an external CTS signal.

Termination Resistance When set to ON, connects the built-in termination resistance (220Q2); when
set to OFF, disconnects #t. Turn ON the termination resistance of the last Link
Adapter at each end of each Subsystem.
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System Conﬁguration _ Section 1-2

Example 2
Parallel Multiple-link System with Optical Fiber Cable

Host computer

RS—422C or RS-232C cable
Link Adapter
ALO04—P)E
 — Optical fiber (APF/PCF)
RS—422
1. A 3. d4
Link Adapter Link Adapter Link Adapter Link Adapter
ALO04—(P)E ’T ALO04—(P)E AL0Q4-(P)E ALOO1 /
' *RS—-422 or
: *RS-232C RS-232C — RS—422
: or RS—422 RS—2:?20
{
i
C-series PC C-series PC C-series PC C-series PC C-series PC
with Host Link with Host Link with Host Link || with Host Link with Host Link
Unit Unit Unit Unit Unit

/ Note *When using ALO04—(P)E Link Adapters, the connections can only include
the following: one optical fiber, one RS-232C, and one RS—422. As the Host
Link Units can only be connected to either RS-232C or RS—422 cables (de-
pending on the model), the rest of the System must be configured according
to these restrictons. To meet these limitations, and having AL004—(P)E mod-
els as the first three Link Adapters, the rightmost Link Adapter in the above
System would need to be an AL00O1 with three RS=422 cable connections,
and the corresponding Host Link Unit would need to be an LK202-EV1 mod-
el. (Other configurations are possible, e.g., if the top Link Adapter was
omitted, the cable between Link Adapters 1 and 2 would need 1o be optical
fiber, and this would affect the available connections for the remaining Units.)
See Appendix B or a Link Adapters Manual for further information.

The above example uses ALO04—(P)E Adapters to connect the Units in paral-
lel. These Link Adapters bypass any Host Link Unit not properly connected

) so that the rest of the system can operate normally. Even if a power failure

. occurs in a Host Link Unit connectc d to a branch line of a Lmk Adapter, sig-
nals are still transmitted to the other Host Link Units.

n



UNIT RS_232;

INTERFACE

FUNCTION Hex(Hextodec : byte):string;
procedure initial8250;

procedure disableinterrupt;

procedure calcFCS({( command:string;var fcs : string);

IMPLEMENTATION
procedure initial8250;
var LSB,MSB : byte;

begin
LSB := $00;
MEB := $30;
port{[$3FBl:= $80;
port{$3F8l:= LSB;
port{$3F9]):= MSB;
port[$3FB):= $1E;
port[$3FCl:= $03;

end;

procedure Disablelnterrupt;

begin
port{$3F91:= $00;

end;

Function Hex(HextoDec : byte):string;

var LSB,MSB :byte;

buffer :char;
Hexbuf :char;

procedure Convert (HextoDec : byte; var Hex .« char);

begin
case HextoDec of
0..9 :Hex :
10..15:Hex
end;

char (HextoDec + 48);
char (HextobDec + 55);

non

end;
begin
LSB HextoDec mod 16;
MSB HextoDec div 16;
Convert (LSB,Hexbuf);
buffer := Hexbuf;
Convert (MSB,Hexbuf);
Hex := concat(Hexbuf,buffer);

won

end;
function CalcFCSDec(Var command : string):byte;
var len,buffer,count : integer;
e ch : char;
begin .
len := length(command);
buffer := 0;
count:=1;
while count <= len do
begin .
buffer := ord(command[count]) xor
count := count+l;
end;
calcFCSDhec := buffer;
end; {CalcFCSDhec}
procedure calcfcs(command: string;var fes:string);

buffer;



var fcsdec:integer;

begin
fcsdec:= calcfcsdec(command);
fcs := hex(fcsdec);

end;{ calcfcs}

END.

&

g
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program readfile;
uses crt,dos,rs_232;
var fp :file of string;
data : string;
filename : stringll2];
i : integer;
dec : byte;
procedure initialB8250;
var lsb,msb :byte;
begin
msb :=$00;
1sb :=$30;
port[$3FB]:=$80;
port[$3F8]):=1sb;
port[$3F3]:=msb;
port[$3FBl:=81F;
port[$3FC}:=$03;
end; ~
procedure convert(data:string;var dec:byte);
var i,x : integer;

+

a : char;
mb,buffer : integer;
begin
for i := 1 to 2 do
begin
case datalil of
'0': x:=0; '8': x:=8;
t1': x:=1; 19': x:=9;
' : x:=2; Y A x:=16;
'3': x:=3; 'B': x:=11;
T4': x:=4; tCl: x:=12;
vH " o Kiteb '‘D': x:=13; )
'6': xX:=6; 'E': x:=14;
v7': x:=7; Py x:=15;

end; {case}
case i of
1l : mb := x*16;
2 : buffer := x;
end; {case}
end; 3
dec := mbt+buffer;
end; {convert}
procedure transmit(data:byte);
const Txdelay = 50;
var linestatusregister:bvte;
modemstatusregister:byte;
begin
repeat
modemstatusregister:=port[$3FE];
until (modemstatusregister and $10) <> 0 ;
while (modemstatusregister and $10) <> 0 do
begin
linestatusregister :=port($3FD];
modemstatusregister :=port[$3FE};

writeln(" - ',hex(modemstatusregister));
if (linestatusregister and $20) <> 0 THEN
begin

delay(txdelay};



port[$3F8):=data; 75
writeln(i,' : *,hex(i) ' ' ,hex(data));
end;
modemstatusregister:=port[$3FE];
end;
delay(txdelay);
end; {transmit}
begin
initial8250;
write('filename ? ');
readln(filename);
assign(fp,filename);
reset(fp);i:=1;
while not eof(fp) do
begin
read(fp,data);
convert(data,dec);{writeln(i,' : ',hex(dec));}
transmit(dec);
ir=i+1;
end;
close(fp);
end.
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program new;
uses crt,rs_232;
var No,command,address,fcs,tprotocall,rprotocall :string;
. prepro,rfcs,newdata,data:string;
answer:boolean;
respond :char;
i,CALFCS,finish,fin:integer;
receivedataregister,linestatusregister:byte;
procedure initial8250;
var LSB,MSB :byte;
BEGIN
MSB :=$00; ,
LSB :=%$30; ¢
PORT[$3FB] :=$80;
PORT[$3F8] :=LSB;
PORT[$3FS] :=MSB;
PORT[$3FB] :=$1E;

END;
procedure Disablelnterrupt;
begin )

port[$3F8] := $00;
end;

PROCEDURE Transmit(tprotocall : string);
const Txdelay =100;
var len,count,LineStatusRegister : byte;
begin
len :=length(tprotocall);
count := 1;
while count <= len do
begin
‘linestatusregister:=port[$3FD];
if (linestatusregister and $20 )<> 0 then
begin
delay(Txdelay);.
port[$3F8] := ord(tprotocalllcount]);
writeln(HEX(ord(tprotocalllcount])));
count := count + 1 ;
1inestatusregister:=port[$3FD];
end;
end;
delay(Txdelay);
end; {transmit}

procedure Receive(var rprotocall : string);
var ReceiveDataRegister : byte;
chrpro:char;
begin "
rprotocall := '’;
chrpro:=" ’;
while chrpro <> 'x' do
begin
ReceiveDataRegister := port[$3F8];
chrpro := chr( ReceiveDataRegister );
rprotocall := concat(rprotocall,chrpro);
end;
end; {Receive}
begin{main}
initial82560;
Disablelnterrupt;
repeat

77

write(’input unit number :’); readln(No);if No='#' then halt;

write(’MW/MR :');readln(command);
write(’Input address :’);readln(address);
write('input data :');readin(data);



.
g

newdata:="";
fin:=ord(datal0]);
for i:=1 to fin do

begin 78
if data[i] <> #32 then .
begin
newdata:=concat(newdata,data[i]);
end;
end; -

prepro::concat(’@’,No,command,address,newdata);
calcfcs(prepro,fcs);
tprotoca]]t:concat(’@’,No,command,address,newdata,fcs,’*CR’);
WRITELN(TPROTOCALL);
repeat
respond:=' ';
while respond <> ’T’ do
begin
transmit(tprotocall);
delay(2000);
linestatusregister:=port[$3FD];
if (linestatusregister and $1E) <> 0 then
begin
writeln(’error’);
end; ,
receivedataregister:=port[$3F8];
respond:=chr(receivedataregister);
end;
answer:=true;
if command ='MR’ then
begin
receive(rprotocall);
finish := ord(rprotocall[0]);writein(’finish =’,finish);
CALFCS:=0;
for i := 1 to finish-3 do '
begin
calfcs:=calfcs xor ord(rprotocali[il);
WRITELN(I,’ :’,HEX(CALFCS));
end;
writeTn(’calfcs =’,calfcs); .
rfcs := concat(rprotoca]][finish—Z],rprotoca11[finish-1j
writeln(’rfcs =’,rfcs);
if HEX(calfcs) <> rfcs then answer:=false
else answer := true;
if answer = true then
hegin
WRITE(ADDRESS,’ :');
for i := 1 to finish-3 do
begin
write(rprotocall[il);
- end; ) o,
writein;
end;
end; {command= MR} -
until answer = true;
until 1=2;
end. {main}
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AL 8251
AL 82%3

SR

IF IT HAS A DARTD
CALL SUBRQUTINE
J INTERRUPT

! -
. ‘—__N_—/
‘ DELAY=0
\ 1
[+34

-

UNIT NO. ACCORDV

-

B

‘\\\\\T/<:”

(),

N

/r/ N
Q @7 | JP ERROR
\____

JP CLEAR

- ~ N
HEAD ACCORD? JP ERROR

O

FIND mCR? JP ERROR

"~

Y

-

écs ACCORD? JP ERROR

\\

X
SEND T=CR

CP HERD=MW 7 JP MEM_RD

/
.
\[/.Y

JP MEM_KR
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RE_START

ORG
LD
CPD
JP
LD
ouT
LD
ouT
LD
ouT
LD
ouT
LD
ourT
LD
LD
IM

80

2000H
BC,300H

PE,RE_START
A, 40H ;RESET 8251

(11H),Aa

A, OFAH ;MODE WORD TO 8251
(11H), A

A,37H ; COMMAND WORD TO 8253
(33H),A

A,50H ;LOW VALUES

(30H),A

A,00H ;HIGH VALVUES

(30H),A

HL, OFEOOH :

D, (HL) ;KEEP UNIT_NO. TO REG_D
1

;********************************)\‘******************************

MAIN:

NO_DATA
DE_L

CP_ALFA

LD
LD
LD
LD
LD
LD
LD
LD
ouT
EI
LD
DEC
LD
OR
Jp
LD
CP
Jp
DI
LD
CP
JP
Lb
INC
LD
CP
Jp
LD
cPp
Jp
LD
INC
CALL
CpP
JP
INC
LD
CP

A,D
(OFEOOH), A

HL, INT

(OFFO1H), HL

E, 00H

HL,OFDOOH

SP, OFEAOH

A,15H ; COMMAND WORD TO 8251
(11H),A

BC,DELAY
BC

2,C

B

NZ,DE_L
A,E

00H
Z,NO_DATA

AE
FAULT

Z,ERROR

HL, OFCFFH

HL

A,L

OFFH

Z,ERROR

A,40H

(HL)

NZ,CP_ALFA

E,L ;@_RIGHT

HL

HIGH_LOW

D ; COMPARE_UNIT NO.
NZ,CLEAR

HL

A, 4DH

(HL) ; COMPARE_M



CP_END

CHK_FCS

Jp
INC
LD

CcP
Jp
cp
Jp
INC
CALL
LD
INC
CALL
LD
PUSH
EX
popP
INC
LD
DEC
LD
cp
Jp
LD
cP
Jp
DEC
LD
cp
JP
DEC
LD
cp
Jp
DEC
DEC
LD
LD
CALL
LD
DEC
DEC
DEC
LD
LD
XOR
LD
DEC
LD
CP
Jp
INC
LD
CP
Jp
LD
CALL

NZ, ERROR
HL
A, (HL)

52H

7 ,ANT
57H
NZ,ERROR
HL
HIGH_LOW
B,A

HL
HIGH_LOW
C,A

BC
(sP),IX
BC

HL

HL, OFDFFH
HL

A,L

00H

7, ERROR
A,52H
(HL)
NZ,CP_END
HL

A,43H
(HL)

NZ, ERROR
HL

A, 2AH
(HL)
NZ,ERROR
HL

HL

A, L

(OFDFFH) ,A

HIGH_LOW
B,A
HL

HL

E
c,00H
A, (HL)
C

C,A
HL

A,L

E

NZ,CHK_¥FCS

E
a,C

B

NZ, ERROR
HL, HONDA
SEND

; COMPARE_R

; COMPARE_W

;REG_IX KEEP ADD

;CP_R

;CP_C

; TEST FCS

;REG_B KEEP FCS

;FCS ERROR
; SEND T*CR
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LD H, OFDH

LD A,04H
ADD AE

LD L,A

LD A,52H

cP (HL) '
Jp NZ,MEM_WR

JP MEM_RD

,-*****************************************t***********’X*********
MEM_RD:

LD H, OFDH

LD A,09H

ADD AE

LD L,A

CALL HIGH_LOW

LD E,A

LD c, 00H

LD HL, OFDO2H

LD (HL),ODH
RRE_1 LD A, (IX+00)

LD IY,0FDOOH

LD HL, OFDO3H

CALL READ

INC IX

DEC E

Jp NZ,RRE_1

LD 7=

LD IY,0FDOOH

LD HL, OFDO3H

CALL READ

LD HL, BMW

CALL SEND

Jp MAIN

'v****************t************'k*********************************
MEM_WR:

LD H, OFDH
LD A,09H
ADD AE
LD L, A

DATA LD A, (OFDFFH)
CP L
Jp Z,MAIN
CALL HIGH_LOW
LD (IX+00),A
INC IX
INC HL
JP DATA

AR RSS2 RS RSS2 RS S s E E XS TS 2 R R R R YT
ERROR:

LD HL, BENZ
CALL SEND ; SEND F*CR
CLEAR LD B, OFFH
LD HL, OFDOOH
LD A, OFFH
DIRTY LD (HL), A

INC HL



DJNZ
JP

DIRTY
MAIN

L

RIS 22 SR s s R s e ey I T T
,FUNCTION CONVERT ASC II CODES TO CORRESPONDING

HIGH_LOW:

HEN
FOX

CAT

PUSH
LD
Cp
Jp
SUB

LD
SLA
DJINZ
PUSH
INC
LD
CpP
JP
SUB
AND
LD
POP
ADD
POP
RET

HEXADECIMAL VALUES.

BC
A, (HL)
41H
¢, HEN
07H

B,04H
A

FOX
AF

HL

A, (HL)
41H

¢, CAT
07H

. OFH

C,A
AF
A,C
BC

PRE KRR R R R R R K KRR R R R A AR KK AR A R A I AT AR AR AAA I AN KA R KA RR AR A KA X
;FUNCTION: CONVERT HEXADECIMAL VALUES TO CORRESPONDING

READ:

COow

RAT

LD
LD
AND
RLD
CP
JP
ADD
ADD
LD
XOR
LD
INC
DJINZ
LD
CALL
RET

ASC 11 CODE AND SEND OUT.

B,02H
(HL), A
OFH

0AH
C,RAT
A,07H

A, 30H
(IY+G0),A
c

C,A

IY

cow

HL, OFDOOH
SEND

RIS EE SRS EE SR AR SR SRR R R RS A SRS S SRS R SRS SRS LS SR SR ELEEEERELERL L]

SEND:

OUTT

TESTT

LD
ouT
LD
ouT
IN
BIT
Jp
LD

2, 31H
(11H),2
A, (HL)
(10H),A
A,(11H)
0,A
Z,TESTT
B, OFFH

;OUTPUT CHARACTER TO TX
;sREAD STATUS REGISTER
;TEST BIT DO=1

; BUFFER NOT EMPTY
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"

DE_LAY DINZ DE_LAY
- INC HL
LD A, (HL)
cp ODH
Jp NZ,OUTT
LD -  A,10H
OUT (11H),A

RET
-***************************************************************
’

; SUBRUTINE FOR THE INTERRUPT MODE 1 WHEN HAS RX_RDY INTO

IN A, (10H)

LD (HL),A

INC HL

LD A,H

cp OFEH

Jp NZ,EXIT

LD BC,0001H

LD E,FAULT

RETI -
EXIT LD BC,DELAY

LD E,MESSAGE

EI

RETI

;***************************************************************
BENZ DB 'FXCR!

DB ODH
HONDA DB LPROR !

DB ODH
BMW DB 1%CR!

DB ODH
DELAY EQU OFFFFH
INT EQU 219EH
FAULT EQU ODDH
MESSAGE EQU OAAH

END



Do

(L
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1l
Lt
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yEEE

b

R
180D

CHFUT
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fa
1]

WILLINM

Pl
LRI o

FFi

T

i
s
b

T8l

1Y

L
oo

RTSTHL
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RO L.
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5 L3m
ol 3
o Ny

}:.
RET

et o BN O (s 1 & N

.
Y i

r [re R i RS
[ R S T S
IS I I T 0 I I R




ﬂ?ﬁ&ﬂ!ﬂ?”

1. 780 ASSEMBLY LANGUAGE PROGRAMMING,Lance A.leventhel

2. uwn:gwuﬁwn?unw:ﬁaawsiaqa.ﬁa%n o Tansom. umA i e

a ‘BQ v ﬂ'
1N ANWILADTTAY AUWN B2
v { a {
34 n111ﬁ01u ZBO,quHﬂﬁHWﬂDUW?lﬂai

4, msdonrTiowa 1iu suinTiol %y, fiung in /



findnTTHyTENIN

Vo (4 a ¢ ¢ ' o
ﬂuzqwnnﬁﬁan11umauqu 81817y QW11u qau1uﬁu ua:nn1n15nqnn1u»nnzu1

4 - 5 o [-¥1-¥% 4 ol
HUSUN URSIHAMIINMITN NN NNBA uRsUQUNNIBR tdNaN -

87





