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NS16550A Universal Asynchronous Receiver/Transmitter

with FIFOsT

General Description

Tha NS16550A Is an Improvad version of the NS 16450 Uni-
varsal Asynchronous Recaiver/ Transmitter (UART). The im-
proved spocificalions ensure  compatbility wilh  the
NS532532 and other state-of-the-art CPUs. Functonalty
identical to the NS16450 on powerup (CHARACTER
mada)® the NS16550A can be put into an alternate mode
(FIFO mode) ta raliave the CPU of excessive saltwarg over-
head.

In this made internal FIFQOs are activated allowing 16 bytes
(plus 3 bits af error data per byta in the RCYR FIFO) to be
stored in both raceive and transmit modes. Al the logic is on
chip lo minimize system averhead and maximize system ef-
ficiency. Two pin funclicns have been changed 1o allow sig-
naliing of DMA transters.

The UART performs serial-to-parallel conversion on data
characters received from a peripharal davica or a MODEM,
and parallel-to-serial conversion an data characlers re-
ceived trom the CPU, The CPU can read the complete
status of the UART at any time during the tunctional opera-
tion. Status information reponed includes the type and con-
dition ol the transfer operations being performed by the
UART, as wall as any arror conditions (parity, avesrun, fram-
ing, or break interrupt).

Tho UART includes B programmable baud rate gonerator
that is capable of dividing \he timing relerenca clock inpul
by divisors of 1 to (218 —1), and producing a 16 X clock for
driving the internal transmitter logic. Provisions are also in-
cluded lo use this 16 X clack to drive Ihe receiver Jogic. The
UART has complete MODEM-conlrol capability, and a proc-
8ssor-intarrupt system. Interrupts can be programmed to
the user's requirements, minimizing the computing required
to handla the communications link.

The UART is fabricated using National Semiconductor’s ad-
vanced scaled N-channael siicon-gate MOS process, XMOS.

“Can alse be rasel 10 N§18450 Mode under saltware contol
tHote: This part has m patent panding.

Basic Configuration

Features

m Capable of running all existing 18450 softwars,

® Pin {or pin compatible with the exisling 16450 oxcopt
for CSOUT (24) and NC (29). The former CSOUT and
NC pins are TXADY and RXADY, respectively.
ARer raset, all registers ara identical to the 16450 reg-
ister setl
In the FIFO mode transmittar and receiver ars sach
bultered with 16 byla FIFQ's 1o reduce the number of
inlermupls presented to the CPU.
Adds or deleles standard asynchronous communication
bits (start, stop. and parity) to or lrom the serial dala.
Holding and shilt registers in the NS16450 Moda alimi-
nate the noed for precisa synchronization betwaen the
CPU and sanal dala.
Indepandently controlled transmil, receive, line status,
and data set interrupts.
Programmable baud generator divides any input clock
by 1 1o {2'8 — 1) and generates the 16 x clock.
Independent receiver clock input.
MODEM control functions (CTS, RTS, DSA, DTR, R,
and DCD).
Fully programmable serial-interface characloristics:
~— 5., 6-, 7-, or B-bil characlers
— Even, odd, or no-parity bit genaralion and detoction
— 1+, 1%-, or 2-slop bit generalion
— Baud ganeration {DC 1o 256k baud).
False stan bit detection.
Complets status reponting capabilities.
TRI-STATE® TTL drive for tha gata and contro! buses.
Line break generation and delection.
Intermal diagnoslic capabilities:
— Loopback conbals tor communications fink fault

isolation

— Break, panty, ovamrun, framing error simulation.
Full prioritized interrupt system conlrols.

TL/C/BE52-1
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1.0 Absolute Maximum Ratings

It Mtiltery/Asrospace specified devices a8 required,
contact the Natlonal Semlconductor Sales Oflice/
Distributors for avaliabllity and specifications.

Note: Maxumum ralings indicate limits boyond which porma-
nent damage may occur, Continuous operation a! these lim-
is s pot intended and should be limited 1o ihose conditions

Temperalure Under Bias oClo +70°C specified under DC electncal charactsnstics.
Storags Temperatura —65'Cto +150°C
Al input or Output Voltagas

with Respect to Vgg -0.5Vta +7.0v

Powar Dissipation w

2.0 DC Electrical Characteristics

Ta = 0°Clo +70°C, Voo = +5V £5%, Vgg = 0OV, unlass olherwisa spacified.

Qutput Low Voltage IgL = 1.6 mA on ali {Nota 1)
QOutput High Voltage for = —1.0mA (Note 1)

Icc({AV) Avg. Power Supply Ve = 5.25Y 160
Current (V) No Loads on output {Note 2)
SIN, DSR, DCO,
CTS, Rl = 2.0V 140
. Allotherinputs = 0.8V (Note 3)

Symbol

Vo = 5.25V,Vgs = OV
All other pins floating.
Vin = OV, 5.25Y

Input Leakage

Clock Leakage

TRI-STATE Leakage Voo = 525V, Vgg =

Vourt = 0V, 5.25V
1) Chip desalected
2) WRITE mode,

chip selected

MR Schmitt Vy_
MR Schmitt Vi

Clock Input Capacitance

Clock Output Capacitance
Input Capacitance
Qutput Capacitance

fe = V MHz
Unmeasured pins
returnad o Vgg




3.0 AC Electrical Characteristics 7, = o'Clo +70°C.vee = +5v 25%

Symbo! m Conditlons
s Address Sotup Time

e
o

s

csn

cow

'os

47100 pF loading (1ata 3

Ch‘lp Selact Hold Tima fiom
WR, wR

Baud Generator

Baud Divisor

Delay from RD, RD
{RD R8R/or RO LSRA)
to Reset inlarrupt

(Nota 2)

Nola 1: Applicable only when ADS 18 ued ow

Nole Z: In the FIFO mode (FCRO = 1] the tngger lavel nfermupty, the recentr dild v "abie v aton. the actrve AXADY inge ation and ING averrun S0t ke aLon
will be dofayed 3 ACLKS Sialut wxbcators (PE. FE, Bl) wil be oetayed 3 RCLKS aftar 11e rif Dyle has boon roconad For subsoquenily recoved bylus those
nocalors wil D8 updaled immedistely after ADRBRA gogs wucive Twneout ntomupt 13 dalared 8 ACLKS

Nots 3: Charga and diacharge ume 1s detsrmned by Vou. Yom and e dxternal l0aGng
Kote 4: In FIFQ mode AG * 425 A3 (Munumum) Darwoen reads of the recerss FIFO and the 32%Us regriéns [nforfupl Bontihc 210N (0g:3101 o ins StatULY 18 518r)
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3.0 ACElectrical Characteristics {Continued)
Symbo!

Transmitter

Dolay from WH. WA (WR THR) 100 pF Load
to Rasot Interrupt
Dolay from ﬁG,HD[HDIIRJ toc Resat 100 pF Load
Intorrupt {THARE)

Hote 1 Trvs dotey wali ba lengihened by 1 CNaracior bma, fremss the Last s

BAUDOUT
Cyclos
BAUDOUT
Cyclas
BAUDOUT
Cycles

BAUDCUT
Cycles

10D Drl i A he L ansmullar antserupt dotay cucwl s acive. (Soo FIFQ Inormupl Mads
Qporation).

4.0 Tlming Waveforms (an timings are refarenced 1o valid 0 and valid 1)

Extarnel Clock input (8.0 MHz Max ) AC Test Polnta

I-—'x[—-—,

TUC/B852-2
Hala 1: Tha 24V and 0.4V levels ara tha voltiget thal the inputs are devven lo dunng AC testing
Note 2: The 20V and 0 8V levals ars he voltages al whech the lreng lesls are mads.

BEAUDCOUT Timing
f———

g R RE SRR EaninEniph

WG =] pom
wo -~ —- v

—d [
— s " — l—\.\:-—f

o U Wy B B
-a
b o
—f f—ie o e | Y O |
f N T e WY o
—{ p— —] o120 I.-_—_j'--"-"mt'““
1IUTaaT I I ’__IJ'—_I—
" R>N
——— - rmem
5
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4.0 Timing Waveforms (continue)

Write Cycle

T
o s —beefran

) B

| st
ST C G —

s "
T —— ——————-—-i
S S G G
]

'
i ACTIVE
: : .

DATA ;
TULC/8652-5
|
|

oy-01
*Applicabla Only When ADS 18 Tied Low.

Read Cycle

S —
= ;

e
D GY) —
| S
e o |
—_—
| S,
I — ~
AR L -
— |
0, RO - i x ACTIVE
| | \ o
[

‘ x ACTivE ‘

DATA
0y- 0y TL/C/BES2-8

*Applicabie Oniy When ADS is Trod Low.




4.0 Timing Waveforms continusd)

Recelver Timing

SAMPLE 01K ——-————_—I L

N$18430 MOCL:

R ARNCD & =V
DALA {5-8) Yroe
sngaoo—A L LA LI L LT

LSt NTERRUPT

D, ro
{roRER)

RD., RO
(ROLSR)

Transmitter Timing

SEANAL

INTEAAYST
(Taai)

INtEARYPT

{RD bisa)
NOTE

Nota 1; See Wiile Cycle Timing :
Note 2: See Read Cycle Timing

O
. B rmwl

TLIC/8652-T

TL/C/8652-8

TL/Cr8652-0




4.0 Timing Waveforms (continued)
RCVR FIFO First Byte (This Sets RDR)

SIN
\ / DATA {3-8) X Yiror\ /
2
SAMPLE CLOCK _l_l—L J_I-L—l—.l—l——l—
(FIFo AT OR

TRIGGER LEVEL ABOVE TRIGGER LEVEL)

INTERRUPT (FIFO BELOW
(FCRE, 7=0,0) TRIGGER LEVEL)

LSI INTERRUPT

iD, RO
(ROLSR)

#D, RD
(RORSR)
|
|
RCVA FIFO Bytes Other Than the First Byte (RDRIs Alreidy Set)
|

TL/Cr8652-10

SN

sToP

|

1

|

SAMPLE CLOCK _.I_l—l—].—l.—l—— ‘
|

]

(FIFO AT OR
ABOVE TRIGGER LEVEL)

{FIFO BELOW
TRIGGER LEVEL)

TIMEQUT OR
TRIGCER LEYEL
INTERRUPT

TOP BYTE OF FifQ

"
LSl INTERRUPT == cossmaaa
. p—
{RDL5R)
RD, RO
{RDRBR)
PREYIOUS BYTE
READ FROM FIFQ TLAC/8652-11
Recelver Ready (Pin 29) FCRO=0 or FCR0 =1 and FCR3=(‘) {Mode 0}
RD, RD ——l
(RORBR) e,

{FIRST 8YIE) sToP
SA“PLE ELK _—I—_—J—

RXRDY

tom
NOTE 2 TLIG/BE52-12
Note 1: Thig is he reading of 1he tast byte i tha FIFO

Note 2: 1 FCRO = 1_1hen Ignt = 3 ACLKS For a bmeout Intermupt. lgint = 8 ACLKs.

8




4.0 Timing Waveforms (continued)

Receiver Ready (Pin 28) FCRO=1and FCR3 =1 (Mode 1)
RD, RO e
: {RORBR) g

SIH

) (FIRST BYTE THAT m
: . REACHES THE

TRIGGER LEVEL)
g SAMPLE CLK —I—I—

N RXRDY
i

TL/C/6652-13
H Note 1: This is the reading ol the lest byte in the FIFQ.

Note 2: f FCRO = 1, tgyr=3 ACLKS.

; Transmitter Ready {PIn 24) FCRO=0 or FCRO= d FCR3=0 (Mode 0)

WR, wR

(WRTHR)

]
TL/CrBBS2-14

: B WR, WR
! (WRTHR)
i - souT
i
i
: TXRDY FIFO FULL

~— twa |t
i TLIC/BES2-15
i
1
H
i
|
i'
i
H
f
i
i -
i




5.0 Block Diagram

INTERHAL
DhTi BYS

i

20
soepuy | Q290 o0

PT
£

RIGSTIR

INTERRUPT
L4
RECISTER

n
COMTROL
REGISTIR

Nots: Applicabie pinout number: ncludod wilhin parenthaua,

6.0 Pin Descriptions

Tha following describas the tunction of ell UART pins. Some
of thosa doscriptions ratoronce intarnal circuits,

In tha fallowing doscriptions, a low roprosonts a togic © (OV
naminal) and & high roprosants a logic 1 (+ 2.4V nominal).

6.1 INPUT SIGNALS

Chip Select {CS0, €S1, T52), Plns 12-14: When CS0 and
CS1 are high and C82 is low, the chip is selected. This
enables communication betwean the UART and the CPU.
The posilive adge of an active Address Strobe signal latch-
9s the docoded chip select signats, completing chip selec-
tion. 1 ADS is always low, valid chip selects should slabilize
according 1o the Icsw parameter.

RECEVIR
SHIFT
REGISTIR

WTLRRUPT
COHTROL
LOGC

TL/C/B852-18

Read (RD, AD), Pina 22 and 21: When RD is high or D Is
fow whila the chip is soloctod, the CPU can road status
Intormation or dala from the solocted UART roplster.

Note: Onky an actve RD or RD input Is requiied 16 Lanator data lrom the
UART gonng a rasd oparblon. Tharelora, lie eithar the RD Input per-
mananty low of Ine RO input permanentty high, when i is not used.

Write {(WR, WR), Pins 19 and 18: When WH is high or WR

is low while tha chip ig selected, tha CPU can writa control

words or data into tha selected UART register.

Mots: Only an acive WR of WR input I3 required L0 transfor daia 1o the
UARY dunng a writd operston, Theratora, tie aihsr the WR Input
pevaneatty tow of tha WA Input pormanently high, when It ls not
vsed |




¥
i
i

6.0 Pin Descriptions continusg)
Address Strobe (ADS), PIn 25: The posilive edga of an
aclive Address Stroba (ADS) signal lalches the Register Se-
lact (A0, A1, A2} and Chip Selact (CSO, CS1, CS2) signals,
teva KOS iny
a AUON Of & 980 OF wittd Operildn, If
notiequired, tie the A0S npul pecmanenty low,

Register Select (A0, A1, A2}, PIng 26-28: Address signals
connecled to these J inputs salect a UART registar for the
CPU 1o read from or wrile to during dala iranstar. A tabla of
registers and their addresses ls shown belaw. Note that the
stale of tha Divisor Latch Access Bit (DLAB), which is the
most significant bit of the Line Control Ragister, aflects the
selection of certain UART registers. The DLAB must be sat
high by the system software to access the Baud Generator
Divisor Latches.
Mastar Reset (MR), PIn 35: Whan this input is high, it claars
all the registers (except lhe Receiver Buifer, Transmittar
Holding, and Divisor Latches), and the control logic of the
UART. Tha states of various oulput signals (SOUT, INTR,
OUT 1, GUT 2, RYS, BTA) are affacted by an active MR
tnput (Rater to Table L) This input is buffered with 8 TTL-
compatibie Schmitl Trigger with 0.5V typical hysterasis.

REGISTER ADDRESSES

[Ao] _ Register |

Raceiver Bulfer (read),
Transmilter Holding
Registar (wnte)
Interrupt Enable
Interrupt Idantitication (read)
FIFO Control {write)
Line Control

MODEM Controt

Line Status

MODEM Status
Scratch

Divisar Latch

{least significant byte)
Divisar Latch

(most significant byte)

0
X
X
X
x
X
x
X
1

O ot ot m = ODOOO
IS PR Y
[ R -

o
o
-

Receiver Clock (RCLK), Pln 8: This inputis tha 16 X baud
ratg clock for the raceiver seclion of the chip.
Serfal {nput (SIN) Pin 10: Serial dala input lrom the com.
munications link {peripheral device, MODEM, or data sat).
Clear to Send (CT5), Pin 36; Whaen low, this indicatas that
the MODEM or data set is ready lo axchange data. The 5T5
signal is 8 MODEM status input whose condilions can be
tested by the CPLU reading bit 4 (CTS) of tha MGCDEM Status
Registar. Bit 4 is the complement of the TTS signal. Brt 0
(DCTS) of tha MODEM Status Ragister indicates whather
the TTS input has changed stale sinca the previous reading
of the MODEM Status Registor. £T5 has ne eftect on the
Transmittor.
Mo henever ihe CTS bit of Ing MODEM Statss Ragistar changes state,
n intarrupt is generaled f the MOOEM Status Inlemupt & enabied.
Data Se! Ready (D3R}, Pln 37: When low, this indicates
that the MODEM or data sat is ready to establish the com-
munications link with the UART, Tha D3R signal is a
MODEM status input whase condition can be lasted by the
CPU reading bit § {DSR) of the MODEM Status Aegister. Bit
§ is the complement of the DSR signat. 81l 1 (DDSAY of the
MODEM Status Register indicates whether the DBR

Input has changed state since tha previous reading of the

MODEM Status Register.

Note: Whenever the DSR b of the MODEM Status Regisier changas sai,
an inlemupt [ generaied H the MODEM Status inlerrupt Is snabled.

Data Carrler Detact {BTD), Pin 38: When iow, indicates

that the data carrier has been detacted by the MODEM or

data set. The DCD signal is a MODEM status inpul whosa
condition can be 1ested by the CPU reading bit 7 {DCD) of
tha MODEM Status Register, Bil 7 fa tha complemant of the

DCO signet. Bit 3 {DDCD) of the MODEM Status Register

Indicales whother the DTD input has changad siate sinca

tha previous reading of the MODEM Status Register. OCD

has no affect on the receiver,

Nolte: Whenever tha DCO bi of the MODEM Status Register changes siate,
#n intemup! hn geneatad if the MODEM Siatus (nlatupt Is enebled.

Ring Indicator (RI}, PIn 39: When low, this indicates thal a

talephone ringing signal has been received by 1ha MODEM

or data set Tha i signal is a MODEM status inpul whose
condition can be testad by the CPU reading bit 6 (A1) of lhe

MODEM Status Register. Bit 6 is the complement of the Al

signel. Bil 2 (TERI) of the MODEM Stalus Register indicatas

whather the Al input algnal has changed from a low 10 &
high slate sinca the provious reading of the MODEM Status

Register,

Note: Whenever the Rl bit of the MODEM Status Regisier ¢hanges rom e
Tegh to & krw sisle, an intemupl is generaied If tha MODEM Sisluy
Intarmupt 13 snabied

Vee. Pin 400 + 5V supply.

Vss, Pln 20: Ground (0V) refersnce,

6.2 QUTPUT SIGNALS

Data Terminal Ready (OTR), PIn 33: When low, this in-
forms the MODEM or data se! thal 1he UART is ready to
establish a communications link, The BTH output signal can
ba sat to an aclive low by programming bit 0 (OTR) of tha
MODEM Control Ragister 1o a high level. A Master Raset
operalion sets this signal to its inactive (high) state. Loop
mode operation holds this signal in its inactive state,

Request to Send {RTS), Pin 32: When low, this informs iha
MODEM or data set that the UART is ready 1o exchangs
data. The ATS output signal can be sel 1o an active fow by
programming bit 1 (RTS) of the MODEM Control Register. A
Master Resal operation sets this signal to its inactive {highy
state. Loop mods operalion holds this signal in its inactive
state.

Output 1(G 1), PIn 34: This user-designated output can
bae set 1o an active tow by programming bit 2 (QUT 1) of tha
MOGEM Control Roegister 1o a high lavel. A Master Rasat
operation 5ats this signal to ils inaclive {high) siate, Loop
mode operation holds this signal in its Inactiva state. in the
XMOS parts this will achieve TTL lavals,

Output 2 {OUT 2), Pin 31: This user-designated outpul that
can ba set 1o an aclive low by programming bit 3 (OUT 2) of
tha MODEM Control Registor 1o a high level. A Mastor Re-
5ot operation sels this signal to its inactive (high) state.
Loop mode operation holds this signal in its inactive state. In
the XMOS parts this will achieve TTL levels.

TXROY, RXRDY, Plns 24, 29: Transmitter and Recaiver
DMA signalting is avaifable through two pins (24 and 29).
When oparaling in the FIFQ moda, one of two typas of DMA
signalling per pin can ba salscted vin FCRJ. Whan operal-
ing as in tha NS16450 Mode, only DMA mode 0 Is allowsd,
Mode 0 supports singla fransler DMA whare a ransfer is
made batweon CPU bus cyclas. Mode 1 supports mult-




6.0 PiIn Descriptions (continueq)

transfer DMA whera multiple transfers are made continu-
ousty until the RCVAR FIFO has been emptied or the XMIT
FIFO has been filled.

RXRDY Mode 0: Whan In the NS16450 Moda (FCRO=0) or
Inthe FIFQ Mode (FCRO = 1, FCR3=0) and 1here Is at least
1 character in the RCVR FIFO aor RCVA holding registor, the
RXADY pin (29) witl be low active. Once it is activated the
AXADY pin will go inactive when thare are no more charec-
ters in the FIFQ or holding ragister.

RXADY Moda 1 In the FIFO Mode (FCRO=1) when the
FCR3=1 and tha trigger level or the timeout has been
reached, tha RXRDY pin wiil go fow activa. Once it is act-
vated it will go inactive when thera are no more characters
in the FIFQ or holding ragistar.

TXROY Mode 0: In tha NS16450 Moda (FCRO=0) or in the
FiFO Mode (FCRO=1, FCR3 =0) and there are no charac-
tors in tha XMIT FIFQ or XMIT holding register, the TXRDY
pin (24} will ba low active. Once it is activated the TXROY
pin will go inactiva aftar the first character is loaded into the
XMIT FIFO or holding register.

TXAODY Mode 1: in the FIFO Mode (FCRO=1) when
FCA3=1 and thera Is al least ana unfiled position in the
XMIT FIFQ. it will go low active. This pin will becoma inac-
tive whan tha XMIT FIFQ is completaly full.

Driver Disable (DDIS), Pin 23: This goes low whenever Ihe
CPU Is reading data from the UART. It can disable or cantrol
the duaction of a data bus transceiver between the CPU
and the UART.

Baud Out (BAUDQOUT), Pin 15: This is the 16 X clock sig-
nal from the transmitier section of the UART. Tha clock rate
is equal to the main reference ascillator frequency divided
by the spacified divisor in the Baud Generator Divisor Latch-
as. Tha BAUSOUT may also be used for the receiver sec-
tion by tying this output 1o the RCLK input of tha ¢hip.
Interrupt (INTR), Pin 30: This pin goes high whanever eny
ona of tha {ollowing interrupt types has an active high condi-
tion and is enabled via the IER: Receiver Error Flag; Re-
ceived Data Available: timeout (FIFQ Moda only); Transmit-
ter Haiding Register Empty; and MODEM Status. The INTR
signal is raset low upon the appropriata interrupt sarvice or
a Master Resat operation.

Sanal Output (SOUT), Pin $1: Composite serial data output
1o the communications link (peripheral, MODEM or data
set). The SOUT signal is set to the Marking {logic 1) state
upon a Master Reset operation,

6.3 INPUT/OUTPUT SIGNALS

Data {Dy-Dg) Bus, Pins 1-8: This bus comprises eight
TRI-STATE input/output lines. The bus provides bidiraction-
al communications betwesn the UART and the CPU. Data,
controt words, and status information are transferred via tha
D7-Dg Data Bus.

Externa! Clock Input/Output {(XIN, XOUT) Plns 16 and
17; Thasa two pins connect the main timing refarence (crys-
ta) or signal clock) 1o the UART.




7.0 Connection Diagrams

Chip Carrler Package
Dual-In-LIne Package

thirr1unuaw

saccaaa==~
TEITUE R AN S

MALELLEE R R

TL/C/BE52-18
Top Yiew

Order Number NS16550AV
TLIC/b882-47 Ses NS Package Number V44A
Top View

Crder Number NS18550AN
See NS Package Number N4OA

TABLE . UART Reset Configuration

Reglster/Signal Reset Control Reset State
Interrupt Enable Register 0000 0000 (Note 1)

Interrupt Identification Register 0000 0001
FIFQ Control 0000 0000
Lina Control Register Master Reset 0000 0COQ

MODEM Control Register 0000 0000
Lina Status Register 0110 0000
MODEM Status Register XXXX_ 0000 (Note 2)
sout High
INTR (RCVR Errs) Low
INTR (RCVR Data Flaady} Low
INTR (THRE) Low
INTR (Modem Status Changas) Low

Hignh

High

Hign

High
RCVR FIFO All Bits Low
XMIT FIFQ All Bits Léw

Hote 1: Boldface bits are permanently low.
: Biis 7-4 ara driven by the input signals.
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8.0 Registers

The sysiem programmaer may accass any of the UART rag-
isters summarized in Table i via the CPU. These registers
contiol UART operations including transmission and recep-
tion of data. Each register bit In Tabla Il has its nama and
resal state shown,

8.1 LINE CONTROL REGISTER

The systam programmer specifies tha farmat of the asyn-
chronous data communicatians exchangs and set the Divi-
sor Latch Access bit via the Line Control Registar (LCA).
The programmer can also read the conlents ¢l the Line
Control Registar. The read capabilty simplitias system pro-
gramming and efiminales the need for separate storage in
system memory of tha line characteristics. Tabla Il shows
the contents of the LCR. Details an sach bit lollaw:

Bits 0 and 1: Thesa two bits spacily the number of bits in
each transmilted or received serial character. The enceding
of bits 0 and 1 is as follows:

BIt 2: This bit specifies tha number of Stop bits transmitted
and recaived in each senal character, If bit 2 is g logic 0,
ane Stop bit is generatad in tha transmitted data. If bit 2 isa
logic 1 when g 5-bit word length ts selected via bits ¢ and 1,
one and a halt Stop bits are generated. It bit 2 is a logic 1
when either a 6-, 7-, or 8-bit word lengih is salacted, two
Stop bits are generated. The Racsiver checks (ha first Stop-

bit only, regardless of the number of Stop bils selected.

Bt 3: This bit is the Parity Enable bit. When bil 3 is alogic 1,
a Parity bit is generated (transmit data) or checkad (receive
data) betwaen the last data word bit and Step bil of the
serial dala. (The Parity bit is used to produce an even or odd
numbar af 13 when the data ward bits and the Panty bit are
summed.)

Blt 4: This bit is tha Even Parity Selact bit. Whan bitJise
iogic 1 and bit 4 is a logic 0, an 0dd number of logic 15 is
transmitted or checkad in tha data word bits and Panty bit
WhenbitJisalogic t andbit4is a logic 1, an even number
ol logic 1s I3 transmittod or checked.

BIt 5: This bit is the Stick Parity b:l. Whan bits 3, 4 and 5 are
Iogic 1 tha Parity bitis transmitted and checkad as a logic 0.
Ithits Jand 5 are 1 and bit4is a logic G then the Panty bit is
transmitted and checked as a logic 1. 11 bit 515 a logic 0
Suck Parity is disablad.

Blt 6: This bit Is the Break Contro! bit. It causes & break
condition to be transmitied 1o the racaving UART. When it
is set to a logic 1, the setial outpul (SOUT} is forced (o the
Spacing (legic 0) stata. Tha break is disabled by selting bit §
ta &8 logic 0. The Break Controf brl acls only on SOUT and
has no eltoct on the transmttar logic.
Note; This leglure anadley the CPY 1o aled & termnal v & COMputer com-
mumcatons systom. It the following saquence 13 IGHowed. na #Mone-

Oul of extrangous characlers will be Uansmitiad becausa of tha
broak

1. Load an 8il 01, pad character, in responye to THAE

2. Sot broak ator Ine nest THRE

3. Wait for tha Lansmittar 10 be le, (TEMT = 1) and claas bresk when
narmal transmission has ta be rastared

Dunng Ihe break. the Transmilter can be used g 8 ChareClar timer 10 Acou

rately astabsh 1he break duraton

BIt 7: This bit is the Divisor Lalch Access Bit {DLAB). It must
be sel high {logic 1) 1o eccess the Divisor Latches of the
Baud Generator during a Read or Wrile operation. It must
be sel iow {logic 0) to access the Rocoiver Bufler, tha

Teansmintar Holding Registar, or the Interrupt Enable Regis.
ter.

8.2 TYPICAL CLOCK CIRCUITS

Mei105504

ORivim
CATEANAL
[4%:133

LI LTTY
LLIJEY O5C_CLOCK TO

SPTIONA( BAUD CEN LDGIC

£L0Cx
ovikut

TLACIAB52-19

N3188504

o3t cLotx 1o
BAUD CEN LOGIC

TL/C/B652-20

Typical Crystal Osclilator Netwark
[CRVSTaL | |

1M 10-30pF | 40-60pF

Decimal Divisor Percent Ercor
Desired Used to Generate | Diffarence Between
Brud Rate 16 x Clock Deslred and Actual




8.0 Registers (continusd)

8.3 PROGRAMMABLE BAUD GENERATOR

Tha UART contains a programmable Baud Generator that Is
capable of 1aking any clock inpul trom DC to 8.0 MHz and
dividing it by any dvisor from 2 to 218—1. 4 MHz is the
mghasl input clock fraquency recommendad whan tha divi-
sor = 1. The output fraquency ot tha Baud Generator is 16
X tha Baud [dwisor # = (frequaencyinput) + (baud rate X
16)]. Two B.bit latches store the divisor in & 16-bit binary
format. Thesae Divisor Latches must ba loadad during initialt-
2ation to ensure propar opearation of the Baud Generalor.
Upon loading eithar of the Divisor Latches, a 16-bit Baud
counter is immediately loaded.

Tabtes 11, IV and V provida decimal divisors to use with
crystal frequencies of 1.8432 MHz, 3.072 MHz and 8 MHz,
tespeclively. For baud rates of 38400 and below, the arror
obtained is minimal. Tha accuracy cf the desired baud rate
is dependent on the crystal frequancy chosern. Using a divi-
sor of zero is not racommanded.

8.4 LINE STATUS REGISTER

This register provides status information to the CPU con-
cerning the data transter, Table Il shows the contents of the
Lina Status Register. Details on each bit follow.

Bit 0: This bit is the receiver Data Ready (OR) indicator. Bit
0is set to a logic 1 whenaver a complote incorming charac-
ter has been raceived and lranslarred into the Recerver
Bulter Register or the FIFQ, Bit O is resat to a logic O by
teading ail of the data in the Raceiver Bulfer Register or the
FIFO.

Bit $: This bit is the Ovarrun Error (OE) indicator. Bit 1 indi-
catas that data in the Receiver Bulfer Register was not read
by the CPU before tha next character was transferred into
the Receivar Buller Register, thaeraby destroying the previ-
ous character. Tha QE indicator is set to a logic 1 upon
datection of an ovarrun condition and resst whenaver tha
CPU reads the contants of the Line Status Register. If the
FIFO mode data continues to iill the FIFO beyond the trig-
ger gvel, an overrun arfor will occur only after the FIFQO is
full and ha next character has been completely received in
the shift register. OE is indicated to the CPU as soon as it
happans. Tha character in the shidt register is overwritlen,
bul i is not ransterred to the FIFO.

TABLE 1V. Baud Rates Using 3,072 MHz Crystal

Decimat Divisor Parcent Error
Used to Ganerate | Differance Between
16 x Clock Desired and Actual

Desired
Baud Rate

Bit 2: This bit is the Parity Error (PE) indicator, Bit 2 indi-
catas that the received dala character doas not have the
corfract even or odd parity, as sslecled by the even-parity-
select bit. Tha PE bil is set 10 a logic 1 upon detection of a
parity error and is resat 1o a logic 0 whenaver the CPU reads
the contents of 1he Line Slatus Register. In the FIFO mode
this error is associatad with the particular character in the
FIFO it epplies to. This arror is revealad to the CPU when its
gssociated charactar is at tha top of the FIFQ.

Bit 3: This bit is tha Framing Error (FE) indicator. Bit 3 indi-
cales that the received characier did not have a valid Stop
bit. Bit 3 is set 1o a logic 1 whansever the Stop bit following
tha fast dala bit or parity bil is detected as a logic 0 bit
(Spacing level). The FE indicator is reset whenever the CPU
reads tha contents of the Line Status Register. In the FIFO
maodea this error is associatod with the particular character in
tha FIFQ it applies to. This error Is revealed to tha CPU
when ils associaled character Is at the top of the FIFO. The
UART will try 10 resynchronize aftar & framing error, To do
this it assumas that the framing arror was dus to the next
start bit, 50 it samples this “start”’ bit twice and then takes in
the "data".

Bit 4: This bitis the Break Interrupt {Bl) indicator. Bit 4 is set
10 a logic 1 whenever the recaived data input is held in the
Spacing (iogic 0 state for longer than & full word transmis-
sion time (that is, tha total time of Start bit + data bits +
Parity + Stop bits). Tha Bl indicator is reset whenever the
CPU reads tha contents of the Line Status Register. In the
FIFO moda this error is associated with the particutar char-
acter in the FIFO it applies 1o. This error is revealed ta the
CPU when its associated character is at the top of the FiFO.
When break occurs only one zero character is loadad inlo
the FIFO. The next character lranster is enabled after SIN
goas 1o the marking state and receives the next valid start
bit

Note: 8as 1 thiough 4 ara the emor conditions thal produce a Receiver Line

Siatus intermupl whenever any ol the corresponding condilions are
datacied and the interrupl is enabled.

TABLE V. Baud Rates Using 8 MHz Crystal

Decimal Divisor Percent Error
Used to Generats | Difference Between
16 x Clock Deslired and Actuai

Deslred
Baud Aate

50
75
10
1345
150
300
600
1200
1800
2000
2400
3600
4800
7200
9600
19200
38400
56000
128000
256000




8.0 Registers continued)

TABLE VL. Interrupt Control Funetions

FIFO interrupt
Mode  Identlfication
Reglater

Prlarity
mm fnterrupt Typ‘

B
in Received Data Available

Sacond | Character Timeout
Indication
Third [ Transmitter Holding
Register Empty
Hnn T

BIl 5: This bit is the Transmilter Holding Registar Empty
(THRE) indicator. Bit § indicates that the UART is ready 1o
accept a new characler for transmission. In addition, this bit
causes the UART to Issue an inlarrupt 1o the CPU when the
Transmit Holding Regisler Empty Intecrupt enable is set
high. The THRE bit is set to a logic 1 when a character is
transferrad from the Transmitter Holding Register into tha
Transmittar Shift Register. The bit is reset to logic O concur-
rently with the loading of tha Transmitter Holding Registar
by the CPU. In the FIFO mods this bit is sat when the XMIT
FIFO is empty; it is cleared when at least 1 byta is written to
the XMIT FIFQ.

BIt 6: This bit is the Transmitter Empty {TEMT) indicator. Bit
6 is set 1o a logic 1 whenever tha Transmitter Holding Ragis-
ter (THR) and the Transmittor Shint Rogister {TSR) are both
empty. It is resel to a logic 0 whenever eithar tha THR or
TSA contains a data character, In the FIFOQ mode this bit is
5ot to one whanaver the transmitter FIFQ and shift tegistar
ara both empty.

Bit 7: In the NS16450 Mods this is a 0. In the FIFQ moda
LSRA7 is set when thera is &t laasl one parity error, Iraming
arror of break indication in the FIFO. LSR7 is cleared when
the CPU reads the LSR, if thera ara no subsequent errors in
tha FIFO.

Hote: The Line Status Regisier 1 inlandod for read OPOraLoNY Only Wnting

1a s rogistor 13 not rocommended as tha apde #LON 13 onky usad lor lactony
lasung

8.5 FIFO CONTROL REGISTER

This is a write only register at tha same location &s the IR
(the 1IR is a raad cniy registor). This tegistar is ysed 10 an-
abla the FIFQOs, claar tha FIFOs, set the RCVA FIFQ trigger
lavel, and select the type of DMA signailing

Bit 0: Writing a 1 to FCRO anables both the XMIT and RCVR
FIFOs. Resatting FCRO will ciaar all bytes in both FIFOs.

Interrupt Set and Reset Functions

Interrupt Source

Overrun Entor or Panty Error or
Framing Eror or Break Internupt

Receiver Data Available or Trgger
Level Reachsd

No Charactars Have Been
Removed From or Input lo the

RCVR FiFQ During tha Last 4 Char,
Times and There Is at L.east 1 Char.

in It During This Time

Transmitter Holding
Register Empty

Interrupt Reset Control

Reading tha Line Status
Registar

Reading lhe Receiver Bulter
Register or the FIFO Drops
Baolow the Triggar Level

Reading the Recsiver
Buller Aagister

Reading the IIR Ragister (il
source of intarrupt) or Writing

into the Transmitter Holding
Register

Clear to Send or Dala Set Ready or Reading the MODEM

Ring Indicalor or Data Carrier i
Detect Status Register

When changing from FIFQO Mode to NS16450 Mode and
vice versa, data is automatically cleared from the F!FOs.
This bil must ba a 1 when other FCR bils ara written to or
they wil not be programmad,

Blt t: Wnting a 1 to FCR* clears all bytes in the RCVA FIFO
and resels ils counter legic 1o 0. Tha shilt register is not
cleared. The 1 that is written to this bit position is self-clear-
ing.

Bt 2: Writing a 1 1o FCR2 clears all bytes in the XMIT FIFO
and resets s counter logic to Q. The shifl register is not
cleared. The 1 thatis written 10 this bit position is seif-clear-
ing.

BIt 3: Sotting FCR3 to a 1 will causa the AXRDY and
TXRDY pins lo changs from mode 0 to moda 1 it FCRO=1
(sea descripton of RXRDY end TXRDY pins),

Blt 4, 5: FCR4 to FCRS are resarved for future use.

Bt 6, 7: FCR6 and FCRT are used to sot the trigger level for
the RCVR FIFQ intemupt.

RCVR FIFQ
Trigger Leve! (Bytes)

01
04
08
14

8.6 INTERRUPT IDENTIFICATION REGISTER

In order 1o provide minimum software overhead during data
characier lransfors, tha UART priorntizos intorrupts into four
fevols and racords those in the intorrupt idantificalion Regs-
ter. The tour levels of intarrupt conditions in order of prionty
are Recever Ling Status; Received Data Ready; Transmil-
ler Holding Register Empty; and MODEM Stalus.




8.0 Registers (continuet)

When the CPU accessas tha IR, tha UART freezes all inter-
rupts and indicates the highest prionty pending intermupt 1o
\he CPU. While this CPU access is occurnng, the UART
racords new ntorrupts, but does not change is current indi-
cabion untd the access s complate. Table {1 shows tha con-
lents of tha IIR. Detaits on each bit faliow:

BIt 0: This bit can be used in & prionlized interrupt environ-
ment to indicata whathar an interrupt is pending. Whan bit 0
is a logic 0, &n intarrupt is pending and the IR contents may
be used as a pointer lo tha appropnate intarmupt service
routing. Whan bit 0 is a logic 1, no intermupt is pending.
Blis 1 and 2: Those two bits of the 1R ara used to Kenuty
the highsest prionity interrupt panding as indicated in Table
Vi

Bit 3: tn tha NS16450 Mods this bit Is 0. In the FIFO mode
this bit 15 set along with bt 2 when a timaout interrupt is
panding

Bits 4 and 5: Thesa two bits of the IR are abvays logic 0.
Blts 6 and 7: Those two bits are set when FCAQ=1.

8.7 INTERRUPT ENABLE REGISTER

This reqister enables the fiva types of UART interrupts
Each interrupt can incdimdually activate tha interrupt (INTR}
output signal. It is possible to lotally disable the interrupt
systam by resetting bits Q through 3 ol the Intarrupt Enable
Rogister (IEA). Similarly, sating its of tha IER ragisterto a
logic 1, enabtas 1ha salacted interrupi(s). Disabling an int
rupt prevents it from being Indicated as actve in the 1IR and
from actvatng the INTR output signal. All other systam
functions oparale in 1tharr normai manner, in¢cluding 1he set-
tng of the Line Status and MODEM Status Asgisters. Table
It shows tha contants of the IER. Dataiis on each bit 1ollow.
Blt 0: This bit enables the Recervad Data Available interrupt
{and tmeout interrupts in the FIFQ mode) when set to logic
1.

Bit 1: This bit enables the Transmitter Holding Registar
Empty Interrupl whan sat to logic 1.

Bit 2: This bit enables the Recener Lina Status Interrupt
when set 1o logic 1.

BIt 3: This bit enablas the MODEM Status Interrupt when
sot to logic 1

Elts 4 through 7: Those four bits are always logic 0.

8.8 MODEM CONTROL REGISTER

This register conlrols tha nterface with the MODEM or data

sel {or a pernpherat davice smulating a MODEM). The con-

\enls of tha MODEM Control Register are indicatad in Table

Il and ara descrbod below.

Bit 0: This bit controls the Data Terminat Raady (DTR) out-

put. When bit 0 is $et 1o a logic 1, the OTR oulput is lorced

10 a logic 0. Whan tit 015 reset to a logic 0, the DTR output

15 forcod 1o a logic 1.

Note: Tha DTA ooyl of ihe UART may be appiund ta an ELA irverung kne
drvor (3UCh a3 g D5 1468] 1o 0blan the propor pOlanty wpul al Ina
succooding MODEM or data tul

Bit 1: This bit conteols the Requast to Send (RTS) output

8it 1 aftects tha ATS output In a manner idenucal 1o that

dascribod above for bit 0.

Bit 2: Trus bit contrals tha Output 1 {OUT 1) signal, which s

an auxihary user-dosignated output Bit 2 aftacts the JuT

oulput 1n @ manner iduntical 1o that dascnbed above for bit

0

BIt 3: This bit controls the Output 2 (OUT 2) signal, which is
an auxliary user-designated output. Bit 3 affacts the OUT 2
output in & manner identical to that dascribed above for bit
0.

8it 4: This bil provides a local loopback feature for diagnos-
tic testing of the UART. Whan bit 4 is sel 10 logic 1, the
tollowing occur: the transmitter Serial Output (SOUT) is set
ta tha Marking (logic 1) state; the receiver Serial Input (SIN)
is disconnactad; the output of the Transmittar Shilt Register
is "looped back' into the Receiver Shift Register Input; the
tour MODEM Contral inputs (CT3, B3R, Ri, end DCO) are
disconnectad: and the four MODEM Control outputs (OTR,
AT, OUT 1. and OUT 2) are internally connacted to the
tour MODEM Contral inputs, and the MODEM Cantrol out-
put pins are forcad to their Inaclive state (high). in the diag-
nostic mods, data that is wransmitted is immediataly re-
carved. This teature 8llows the processor to venty the trans-
mil-and received-data paths ol tha UART.

In the diagnostic meda, the receiver and transmitter Inter-
rupts are fully operational. Thelr sources are external to tha
part. The MODEM Control Interrupts are elso operational,
but the interrupts’ sources ara now tha lower tour bits of the
MODEM Control Register instead of tha four MODEM Con-
trol inputs. The interrupts are still controlled by the Interrupt
Enable Regisler.

Bits § through 7: These bits are parmanently set to logic 0.

8.9 MODEMSTATUS REGISTER

This registar providas the current state of the control lines
from the MODEM (or peripheral device) to the CPU. In addi-
tion to this current-stale information, four bits of the MO-
DEM Status Register provide changs information. Thase
bits are set to a logic 1 whenever a control input from the
MODEM changes slate. They are resel 1o logic 0 whenever
tha CPU reads the MODEM Status Ragister.

The contents of the MODEM Status Register are indicated
in Table |l and descrnbed below.

BIt 0: This bit is the Delta Clear to Send {DCTS) indicater.
Bit 0 indicates that tha CT3 input to the chip has changed
state since tha last lime it was read by the GPU.

Bit 1; This bitis the Della Oata Set Ready (DDSR) indicator.

Bit 1 indicates that the DSR input 10 the chip has changed

state sinca the 1ast uma it was raad by tha CPU,

BIt 2: This bit is the Tralling Edge of Ring Indgicator {TERY)

delector. Bil 2 indicates that the Rl input 10 the chip has

changed from & low 10 & high state.

Blt 3: This bit is the Dolta Data Carrier Detect (DDCD) Indi-

cator, Bi 3 indicates that the DCD input 10 the chip has

changed stale.

Nole: Wheneves b 0. 1. 2. or 313 sel to logic 1, 8 MODEM Stalus Interrupt
15 Qenarated

git 4: This bil 1s the camplement of the Cloar 1o Send CTS)

inpul I bil 4 (loop) of the MCR is sot to a 1, this bit is

equivalont 1o RTS 1n the MCR.

BIt §: This it 15 tha comploment of the Data Se1 Ready

(O5R) nput. If bit 4 of the MCA is set to a 1, this bit is

equrvalent 1o DTR in the MCR.




8.0 Reglsters {Continued)

BIt 6: This bit Is the complament of tha Ring Indicator (RI)
fnput. ! bit 4 of the MCR i3 set to a 1, this bilis equivalent to
OUT 1 in the MCR,

BIt 7: This bit is the complement of the Data Carmier Detect
(BCO) input. If bit 4 of the MCR is set to & 1, this tit is
aquivalant 1o OUT 2 in the MCR,

8.10 SCRATCHPAD REGISTER

This 8-bit Read/Write Register does not control the UART
in anyway. Ilis intended g3 a scratchpad register to be used
by the programmer to hold data temporarity.

811 FIFO INTERRUPT MODE OPERATION

When the RCVR FIFO and rocaiver interrupts are enabled
{FCAG=1, IERO=1) RCVR intarrupts will occur as follows:

A. The receive data available interrupt will be issued 1o the
CPU when tha FIFQ has reachsd its pregrammed trigger
lavel; it will be cleared as soon as the FIFQO drops below
its prograrnmed trigger level.

B.The (IR receive dala available indication also occurs
when the FiFQ trigger leval is reached. and like the inter-
fupt it 13 clearad whan the FIFO drops below the tigger
level.

C. The receiver line status intarrupt (lIR=06), as befora,
has higher priority than the received data availabla
{ilR = 04) intarrupt.

D. The data ready bit (LSRO) is sel &3 soon as a character is
transterred from the shift register to the ACVA FIFO. It is
reset when the FIFQ is empty,

When RCVR FIFQ and recaiver interrupls are enabled,

RCVR FIFO timesout interrupts will occur as follows:

A AFIFO limeout interrupt will oceur, if the {ollowing condi-
tions exist:

— at least one character is in the FIFO
—the most racent seral character roceived was
longer than 4 continuous charactar times ago (i 2
stop bits are programmad lhe sacond ena is in-
cluded in this time dalay).
— the most recant CPU read of the FIFO was longer
than 4 continuous characler times ago.
This will cause a maximum characlar received ta intermupt
issued dalay of 160 ms a1 300 BAUD with a 12 bit charac-
tor.
B. Charactar times are calculaled by using the RCLK input

for a clock signal (this makas the delay proportional to
the baucrata).

C. When & timeout interrupt has occumed I is cloared and
the limer resel when the CPU reads one character from
the RCVA FIFO.

D. When a timeou interrupt has not occurred tha timaout
limer is resel after & new characler is raceived or atter
the CPU reads the RCVRA FIFD,

When the XMIT FIFO and transmitter interrupia are enabled

(FCRO=1,{ER1 w 1), XMIT Intarrupts will oecur as foliows:

A_The transmitter holding register Interrupt (02) occurs
whan the XMIT FIFO (s empty: it Is cleared as soon as
tha transmitter helding registar is written to (1 lo 16 char-
acters may ba wriltén to the XMIT FIFO whils sarvicing
this interrupt) or tha IIR is read.

. The transmitter FIFQ emply indications will be delayed 1
charactar time minus the last stop bit time whenever tha
following oceurs: THRE =1 and there have not been at
least two byles at the same time in the transmit FIFQ,
since the tasi THRE = 1. The first transmitter interrupt af.
ter changing FCRO will be immediate, if it is enabled,

Character timeout and RCVA FIFQ trigger lavel interrupts
have the same priorty as the current racaived data avail-
able interrupt, XMIT FIFO emply has the sama priorily as
the current transmitter holding register empty interrupt.

8.12 FIFO POLLED MODE OPERATION

With FCRO=1 resetting IERQ, IER1, IER2, IERT or all 10
2ero puts the UART in the FIFO Polled Mode of oparation
Since the RCVR and XMITTER are conirolleg saparately
either one or both can ba in the polled mode of opsration.
In this moda the user's program wilt check RCVR and XMIT-
TER stalus via the LSA. As stalad previousty:

LSRO will be set as long as there is one byta in the RCVR
FIFO.

LSR1 10 LSR4 will specity which error(s) has occurrad,
Character emor status is handed the same way as whan
in the intarrupt mode, the IR is not aflected since
IER2=0.

LSR5 will indicate when the XMIT FIFO is smpty.

L5R6 will indicala that both the XMIT FIFQ and shift reg-
ister are ampty.
LSR7 will indicate whether thers are any errors in the
RCVR FIFQ.
Thera is no trigger level reached or timeoul condition indi-
caled in the FIFO Polled Mode, howevar, the RCVR and
XMIT FIFOs are still fully capable of holding characters,




1Z2-2598/2111
(k3 FY) 1588

n
[T 4434.]

=28 E

N 300330
oL S330Y
102 50

T0MINGD T¥LX
EILLLEIN ]

Nd2 910ZESN U8 O) V05591 SN U8 jO SUCDBUUOS J{SE] SU] SMOUS ETUL
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9.0 Typical Applications (Continued)

Typical interface for a Typlcal Supply Current vs.
High-Capacity Data Bus Temperature, Normalized

aLcEvIn 15
DAL

MCROCOMeUT IR
tySTEM

SUPPLY CURRENT

e T 50 T
AMBIENT TEMPERATURE ['C}

Ti/Crees2-23 TLIC/8652-24

10.0 Ordering Information

NS16550AXX

/A% = A* RELIABILITY SCREENING

PLASTIC PACKAGE
PLASTIC LEADED CHIP CARRIER {pcC)

TLACIBB52-25

11.0 Reliability Informaticn
Gate Count 3,400
Transistor Count 10,300




The NS16550A: UART
Design and Application
Considerations

BACKGAROUND

UARTs like other system components have evolved for
many years to bacoma laster, mors integrated and tess ax-
pensive. Tha rise In popularity of the porsonal computar with
its focus and competition primarily centered on &n grchitec-
lure introduced by IBM®, has driven bath UART parorm-
ance and soltware compatibility issues. As transmission
ral8s have increased, the emount of time the CPU has for
other tasks while handling an active serial channal has bean
sharply raduced. One byts of dala recaived at 1200 baud
(8.3 ms) is recoived in Yaththe time at 19 2 kbaud (520 ps),
Sottware compatibility among the PC-based UARTs is crit-
ical due to the thousands of existing programs which use
the serial channel and the new programs continually being
oltered.
Highaer baud rates and cornpatibifity requirernents inflvence
new UART dasigns. Thesa two constraints result in UARTSs
that are capable of higher dals rates, increasingly indepen-
dent of CPU intarvantion and providing mora autonomous
teaturas, while maintaining software compatbility. Thesa
development paths hava baan brought together in a new
VART from  Nationat Semiconductar designaled the
NS1E550A,
The NS16550A has al| of the registers af its two predeces-
80r parts {INS8250 and NS16450), so it €an run all existing
IBM PC, XT, AT, RT and compatiple sona] port software. In
addition, it has a programmable mode which INCorporatas
new high-performance features. Of coursa, all of thase ad-
vancad leatures are useful in 80y asynchronaus serial com.
Munications appiication regardiess of the hast architecture.
The reader I3 assumed 1o be familiar wllhllhe standard fea-
tures of the NS16450, $o Ihis Paper will concantrate mainly
on the naw features of the NS165504 |1 tha reader is uynla.
miliar with these UARTS it is advisabla 1o slant by reading
their data sheets. v
The first section reviews same of the desigr considerations
and the operation of the NS16550A advanced {oatures. The
second saclion shows an NS16550A hplnzmion routing
writlan in 80286 assambly coda with an’explanation of the
routing. The third saction gives a detailed example of com-
munications drivers written tg interface two NS16550As on
indwidual boards, Thesa drivers ara writtan for use with Na.
lienal Semiconductor's DBA2Z032 evaluation boards, but can
be ported to any NS32032-basad Syslam containing an
NS32202 (1CUy.

1.0 Design Conslderations and
Operation of the New
UART Features

In order tg optimize CPU/UART data transactions, the
UART dasign takes into censidaration the following con.
stramnts:

1. TheCPUis usually much taster than the UART at rans-
fernng data, A high spaed CPU could transfer a byta of
data 1o/from the UART in a minimum of 280 ns. The
UART would 1ake over 1800 Umas longer 1o transmit/ra-
cefve this data serially if it were operating at 18,2 kbaud
Thers is a finite amount of wasted CPU time due to
sottwara overhead whan stopping its current task to
servica the UART (contaxt swilching overbead).

The CPU may be required 1o complata a certain porticn
of its current task in a mulitasking systam before servic-
ing the UART. This dolay is the CPU latency time asso-
cialed with servicing the Interrupt. The amount of time
that the raceiver can accept conlinuous data after it re-
quesls sarvica from the CPU constraing CPU latency
fime.
The design constraints listed above ara mal by adding two
FIFOs and speciahzed transmiller /raceiver suppon circuitry
to the existing NS16450 dasign. Tha FIFOs are 15 bytes
deap—ona holds data for the transmilter, the other for the
receiver (seo Figura 1 ). Similarity between the FIFOs stops
with their sizg, as each has been.customized for special
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FIGURE 1. Rx and Tx FIFOs
transmitter or receiver functions Each has support circuitry
1o minimize sottware overhedd when handling interrupts
The NS16550A recelver optimizes the CP UART data
ransaction viz the foliowing teatures;

1. The depth of the Raceivir (Rx) FIFO ensures that as
many as 16 characters wiil bg ready 1o transfer when
tha CPU servicos the Rx intorrupt, Thorelora, the CPU
Iransior rata js oltoctively bullered from the senal data
rata.

Tha piogram can selscl tha aumber of bytes requirad in
the Rx FIFO (1, 4, 8 or 14) betore the UART issuas an
intarrupt, Thig allows the scltwaro to modify tha interrupt
trigger lavols dopending on its current task or toading It
also ensures 1hat the CPU doesn' continueally waste
tme switching contaxt for only & law characters




3. The Rx FIFO will hold 16 bytes regardiess of which trig-
ger iovel the CPU selacts. This mekes aliowances for a
variety of CPU latency times, as the FIFQO continues to
11l atter the interrupt is issuad.

Tha NS16550A transmitter optimizes the CPU/UART data

transaction via tha lollowing featuras:

1. Tha dapth of the Transmitter (Tx) FIFO ensuras that as
many s 16 characters can pa transferred when \he
CPU services the Tx intarrupt. Once again, this effec-
tively bulfers 1he CPU transfer rate trom tha sedal data
rate. —

The Transmitter (Tx) FIFO Is similar in structure to
FIFOs the user may have previously setup in RAM. The
Tx depth aliows the CPU ta load 16 characters each
1ime it switches context to tha sarvice routine. This e~
duces the impact of the CPU tima lostin context switch-
ing.

Since & fima lag In sarvicing an asynchronous wansmit-
tar usually has no penalty, CPU tatency time is of no
concern 1o ransmitter operation.

TX AND RX FIFO OPERATION

The Tx portion of tho UART ransmils data through SOUT
as soon as tha CPU loads a byte inlo the Tx FIFO. The
UART will prevent loads to the Tx FIFO it it currently holds
16 characters. Loading 10 the Tx FIFO will again be anabled
as scon as the next characlar is transferrad to the Tx shit
ragister. These capabiltias account for the largaly autono-
mous operation of the Tx.

The UART starts tha above operations typically with a Tx
interrupt. The NS16550A issues a Tx intarrupt whenaver the
Tx FIFO is empty and the Tx intarrupt is enabled, except in
Ihe following instance. Assume that tha Tx FIFO is empty
and the CPU starta to load it. When tha first byta entars the
FIFO, the Tx FIFO emgpty interrupt will transition trom acive
1o inactive. Depending on the execution speed of the serv-
ice routine saltwara, the UART may be sble to transtar this
byte from the FIFO to the shift register before the cpPU
\oads ancther byte. It this happens, tha Tx FIFO will ba amp-
ty again and typically the UART's intarrupt line would tran-
sition to the active state. This could cause a system with an
imarrupt control unit to record a Tx FIFO emply condition,
even though tha CPU is currently servicing that interrupt.
Thaerelore, after the first byte has been loaded Inio the FIFO
\ha UART will walt one sarlal character transmission lima
before 1ssuing a new Tx FIFO empty Interrupt.

This gne character Tx interrupt delay will ramain actve until
at least two bytes have baen Icaded into tha FIFO, cancur-
rently. Whan tha Tx FIFQ empties after this condition, the
Tx intarrupt will be activated without a ona characler delay.
Rx support funclions and operation are quita differant from
Ihose described for the transmitter. The Ax FIFO recees
data untl the number of bytes inthe FIFQ equals tha salect-
od intarrupt trigger loval. At \hat tima if Ax inlerrupts are
gnablod, tho UART will Issue an intorrupt to the CPU. The
Rx FIFO will continue to store bytes until n holds 16 of tham
It will not accept any more data when it is full. Any moré

data entering the Rx shift registar wilt sel the Overrun Error
tiag. Normally, the FIFQ dapth and the programmable trig-
ger tevals will give the CPU ampla lima to empty the Rx
FIFO balote an overrun occurs.

One side-effact of having & Rx FIFO Is that the selected
interrupt trigger level may be above the data level in the
FIFO. This could occur when data at tha end of the biock
contains {ewer byles than tha trigger level. No interrupt
would be issusd to tha CPU and the data would remain in
the UART. To provent the software trom having to check for
this situation the NS16550A incorporates & timeout inter-
rupt

The timeocut Intermupt is activated whan ihare Is at least one
byte in the Rx FIFO, and neithar the CPU nor the Rx shitt
register has accessed the Rx FIFQ within 4 character times
of the last byte. The timeout Interrupt is clearsd or reset
whan the CPU reads the Rx FIFO of another character en-
tars it

Thesa FIFO related faatures allow optimization of CPU/
UART transactions and arg aspacially useful given the high-
or baud rate capability (256 kbaud). Howaver, in order to
liminate most CPU interactions. \he UART provides DMA
request signals. Two DMA modes are supported: single-
wranster and muili-ranster. These modes allow the UART to
intartaca to higher performance DMA units, which can inter
laave theit transfers betwean CPU cyclas or execuls multi-
pla byte transfess.

in single-Wransiar mode the receiver DMA request signal (Rx
ROY) goes ecliva whanever there is 81 least one character
int the Rx FIFO. It goas inactive whan the Rx FIFQ is emply.
The transmitter DMA regusest signal {Tx RDY) goes aclive
when there are no characters in the Tx FIFQ. It goas inac-
tive when there is &t least one character in the Tx FIFO.
Tharelore, in single-transier mode active and inactive DMA
signals are issued on a one byl basis.

In multi-transfer mode Ax RDY goes active whenever the
triggar level of tha timeout nas baen reached. it goes inac-
tive when the Rx FIFO is empty. Tx Y goes active whan
there is at least one unfilled position in the Tx FIFO. It goss
inactive when tha Tx FIFO is completely full. Therefore in
multi-trensier mode active and inactive DMA signals are is-
suad as the FIFO tills and empties, With 2 DMA chennels
(one for each Rx and Tx) assigned to it, the NS16550A
could run somawhat Indepandently of the CPU when the
DMA unit transiers data composed of blocks with check-
Sums.

SYSTEM OPERATION: THE NS16550A VS THE NS18450

Consider the typical systam interface block giagram In Fig-
wre 2. This is a simpla diagram, but it includes all of the
componaents that typically interact with a UART. The advan-
1ages of the NS18550A over the N516450 can ba illusirated
by comparng some of the system constraints whan each
UART is subsututed into this basic system,

Both RS-232C and RS5-422A intarfecos can be used with
aithot UART, howevor, the NS16550A can drive these intor-
taces up lo 256 kbaud. Ragarding the [5-422A specilica-




FIGURE 2. Typlcal System Interface

tion {max. 10 Mbaud) this is significantly faster than the
NS16450 (max. 56 kbaud},

The NS18450 has no DMA fequest signals, so the DMA unit
would nat interact with the NS16450. The NS16550A, how-
aver, has DMA request signals and two modes of data
transfer, as praviously described, lo interface with a vanety
of DMA units.

The greatast advantages of the NS16550A over the
NS16450 are saen when considaring the CPU/UART inter.
faca. Some characteristics of the lransactions occuming be-
tween the CPU and the UART were previously cited. How-
ovar, oplimizing thess transactions invalves two issuas:

1. Decreasing the amount of fima the CPU intaracts with
the UART,

2. Increasing the armount of data transferred between the
CPU and UART during their interaction ume.

These optimization critaria ere ditectly oppased to each oth-
er, bul various leatures on the NS16550A have improved
both.

One of tha more obvicus ways to dacrease the CPU/UART
interaction time is to decrease the lime it takes far the trans-
action 1o accur, The NS16550A has an access cycle time
that is aimost 25% shorter than the NS16450. In addition,
other timing paramelars were madae faster {o simplity high
spead CPU interactions.

Tha actual software required to transfer the dala between
the CPU and the UART is a small parcantage of that re-
quirad 10 support this transler, Howover, each tmo a trans.
fer occurs in the NS 16450, this support soltware foverhead)
must also be exacuted. With the NS16550A each tmo the
UART neads servica the GPU can theoretically transfer 16
bytas while only running through its overhead once. Tests
have shown hat this will incroasa the performance by a
factor of S at tha system level over tha NS16450.,

Another tima savings lor the CPU is a naw leature of the
UART interrupt structure. Unlika most other UARTS wilh Rx
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FIFOs, the NS16550A will issue an interrupt when there are
characlers below the interrupt triggor lavel after a presat
ume delay. This saves the extra tima spant by the CPU 1p
check for bytes that are at the end of a block, but won'
reach the interrupt lovel.

Since the NS$18550A registar set is idantical 1o the
NS16450 on powar-up, all axisting NS16450 softwara wil
fun on it. The FIFOs are only enabled under program con-
trol.

All of this added performance is not without some trade-
offs, Two of the NS1645¢ pins, no connect (NC) and chip
select out {CSOUT) have bean replaced by the RxADY and
TxADY pins. Most serial cards that currently use tha
NS16450 don't use these pins, 50 in those siluations the
NS16550A could be used as a plug-in upgrads. The soft-
wara drivers for the NS16550A operating in FIFO moda
need 10 ba a litlls mors sophisticated than for the NS 16450,
This will not cause a greal penalty in CPU operating time as
there is onfy one additional UART register 1o program and
one fo check during Ihe initiatization. One additional service
routine is required to handls Rx timaout interrupts. This rou-
line does not exacute, except during intermittent transmis-
sions or a5 described above,

All of these spead improvements and allowances for soll-
wara constraints will make the NS16550A an optimal U

for both mulli-tasking systems and multiport systems. Mul
tasking systems berelit from the increased time and {lexibil-
ity ofiered 10 the CPU during confaxt swilching. Multiport
systoms, such as terminal concontrators, banelit from the

on-board FIFOs ang rolativoly autonomous funclions of the
UART.

SYSTEM INTERRUPT GENERATION
As a preluda 10 thae topic ol tha next saction (B02B8TM.
based systam wilialization) g review of a typical PC hard-

ware interrupt path is given. This concerns only the interrupl
path between the UART and the CPU (se9 Frgure 3).
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FIGURE 4. NS16550A Initlalization and Driver Flowchart




HS165504

TL/C/9313-)

FIGURE 3. Typlcal PC Interrupt System Hardwares

In order 10 enablg inferrupts fram the UART 1o the CPU
sach hardware davice must ba carrectly initialized. Whils
infiahzing the hardware path, CPU interrupts are turned off
to avoid false interrupts from this path. This initializahon
should be as short as possible to avoid other devices
"stacking up™ intarrupts during this time.

Alter tha NS16550A is initialized the bits 0-3in the Intermypt
Enabla Register (IER) are set enabling all UART interneprs.
Also, bit 3 in the Modam Cantrol Register {MCR} is set to
enable tha butfer batwsen the UART and the ICU.

The ICU has bit 4 of its Interrupt Mask Ragistar {IMR)
cleared, allowing interrupts occunng on IRQ4 to ba trans-
forrad 10 the CPU via the group interrupt (INT). Finally, CPU
inferrupls are enabled agamn via tha ST| nsiruction,

The programmaer shauld be aware that the ICU will ba initial.
1zed for adge-tnggered interrupts and thal the UART aiways
produces lavel activa interrupts. This allows the systam 1o
get into & situation whera tha UART has multiple interrupts
panding (signaled via a constantly high INTR), but the ICU
lails to respond because it expacts an edge for aach pend-
ng interrupt. To avoid Ihis situation, the programmer should
isable alt UART interrupls via the IER whon antedng each
UART interrupt service routine and then reenable all UART
mlerrupts that are 1o be usad just before exiing each inter-
fupt service routina.

SUMMARY

Up 10 this point the featuras of the NS16550A have bean
dascribed, some of the design goals that resultad in thase
leaturas have been reviewed, and a compansgn has baen
gven between it and the NS16450. Increases in bus speed
and spaciahized funclions maka this part both faster from
the hardware paint of view and more afficient from the soli-
warg point of viaw,

2.0 NS16550A Initialization

This iniiahzation can ba used on any 80286-basad system;
It enables bolh FIFOs and all interrupts on the UART. Addi-
hional procedures would have to ba wnitten to actually trans-
ler data and service interrupts. Thesa procedures would be
similar in form to the 32000-based example in the naxt sac-
tron, but tha code would be different. The general flow of the
inttiahzation is shown in Figurs 4 and dascnbed below.

DETAILED SOFTWARE DESCRIPTION

Tho brst block in the inihahzaton ostablshas abbrewiations
lor the NS16550A ragrstors and assigns addraosses to them.
The noxt thres blocks astablish code and data segments for
the 80286. Aftor jumping to the cade start, the program dis-
ablas CPU intarrupts (CLIY unthi it has finished tha inmaliza-
ton routing Othor inlerrupls may bo achve whilo CPU intar-

npts are masked, so the section of code following CLI
should be as short as possible. The next block replaces the
existing COM1 interrupt vector with lhe address of
NS16550A intarrupt handler (INTH in this case).

Inibahzation of the NS16550A [s simifar to the NS16450,
oxcopt that there is one additional register to program which
controts the FIFOs (Refer to the datasheet for a complete
descnplion). Tha sequance shown here $6t3 bil 7 {DLAB) of
the hna contral 1egister {(LCR), which enables access 1o the
baud rale gereralor diwisor. The divisor programmed |s
0006 (19.2 kbaud) in Ihis example. Programming the LCR
again resets bit 7 (allowing access 1o the operational regis-
ters) and programs each frame for 7 data bits, one stop bit
and even panty. The adaitional 7agister that needs to be
programmed in the NS16550A is the FIFO control register
(FCR). The FCA data is 1100 0001. Bits 6 and 7 set the RAx
FIFO interrupt rigger lavel a! 14 characters. Bils 5 and 4 are
reserved. Bul 3 kasps the DMA signal linas in mode 0. Sel-
ting bits 2 and 1 clear the Tx and Rx FIFOs, but this is done
automatically when tha FIFOs are lirst enabled by setling bit
0. Bii 0 of the FCA should ALWAYS BE SET whenever
changes are 1o be made 1o the other bits of the FCR and the
UART is 1o remain in FIFO Meade. When the FIFQs on the
NS185504A ara enabled bits & &nd 7 in the Interrup! identifi.
calion Register are seot. Thus the program can distinguish
between an NS16450 and an NS185504, taking advantage
of lhe FIFQDs.

Sanding a OF 1o the Interrupt Enable Register anables all
UART interrupts. The next two register accesses, raading
the Line Status Register and the Modem Status Register,
are gplional. Thay are conservalively included in this initalj-
zation in order to dsfeat false intarrupt indications in these
registers caused by noise on the extarnal lines.

The next block of coda enables Ihe interrupt signal to go
beyond ihe UART through the system hardware, In many
popular 80286-based personal computers, an interrupt con-
trok unit (ICU) has s mask register at 1/0 address 21H. To
enable interrupts through this ICU for COM1 without disturb-
ing other interrupls, the Interrupt Mask Register (IMR) is
read. This data 1s combined with 1110 1141 via an AND
insfrucon to unmask the COM1 interrupt and then loaded i
back to the IMR. On thesa personal computers thera is alse
a bulfer on the interrupt hne between the UART and ICU.
This bufter is enablad by sotting the OUT2 bit of the MQ-
DEM Conirol Hogistor 1n tho UART.

Boloro enabling CPU interrupts {STI) pointer togistors 1o the
data bulters of each service rouline are loaded. Aller an-
abling CPU interrupts this program jumps to a holding loop
o wail for an interrupt, wherpas most programs would con-
binue mbalizing olher dovicas or Jump to the system loop




TITLE

550APP.ASM ~ NS18550A INITIALIZATION

;ESTABLISH NS18550A REGISTER ADDRESS/DATA EQUATES

A sssssesssn UART REGISTERS CELLE AL LR (AR ALY

rxd EQY
txd EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

3IF8H
3FEH
3F9H
3F8H
SFoH
3FAH
IFAH
3JFBH
3FCR
3IFDH
3JFEH
SFFH

:RECEIVE DATA REG
RARSUITT DATA REG
{INTERRUPT ENABLE REG

;:DIVISOR LATCH LOW

:DIVISOR LATCH HIGH
{INTERRUPT IDENTIFICATION REG
;PIFO CONTROL REG

:LINE CONTROL REG

:MODEM CONIROL REG

;LIKE STATUS REC

;MODEM STATUS REG

:SCRATCH PAD REG

sevenssssness DATA EQUATES tosvescssensesres

bufsize EQU
dasrout EQU
intnum EQU
fcumask EQU
¢ivace EQU
lowdlvy EQU
uppdiv EQU
dataspc EQU
firespe EQU
sstout2 EQU
ictmesk EQY

TCFH
254
acH

80H
06H
QOH
1AH
OC1H
O8H
OF

;IX AND RX BUPFER SIZE

:D0S ROUTINE SPECIFICATION

;INTERRUPT HUMBER [OCH = coxl)

;ICU INTERRUPT ENABLE MASK

:DIVISOR LATCH ACCESS CODE

;LOWER DIVISOR

;UPPER DIVISOR

:DLAB = 0, 7 BITS, 1 SIOP, EVEN

;:FIFOS ENABLED, TRIG = 14, DMA MODE = O
;SETTING OUT2 ENABLES INTRs TO THE ICU
:LART INTERRUPT ENABLE MASK

sesasssvees ESTABLISH CODE AND DATA SECUENTS evemersessrifsssss

v

cs8g SEGMENT PARA PUBLIC "coda®

ORG

ASSUME

PUSH
POP
JMP

100H

cs
LS
START

CS:cseg,DS:cseg

sesessees ESTABLISH DATA BUFFERS AND RAK REGISTERS sevesar

parlog DH

txflag DB

sbuf DB

thuf ;]

shufe EQU
rbufe EQU
H

START:

0
[}

bufsize DUP (°S°) ¢+ STRING BUFFER

bursize DUP (*R°) ;s RECEIVE BUFFER

sbuf + butsize . END OF SIRING BUFFER
rbuf + bufsizs ; END OF RECEIVE BUFFER

:>>> DISABLE CPU INTERRUPTS << <
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i#sesee LOAD NEW INTERRUPT SERVICE ROUTIME POINTER FOR COML =+

PUSH Ds

MoV
MOV

POP
MOV

PoP

EE T TR Y

AH,dosrout
AL,intnum
Ccs

Ds
DX,0FFSET
21H

Ds

;SAVE EXISTING DATA SEC
iDESIGNATE FUNCTION NUMBER
{DESIGNATE INTERRUPT
{ALIGN CODE SEG
sWITH DATA SEG

INIH ;SPECIPY SERVICE ROUTINE OFPSET
iREPLACE EXISTING INTR VECTOR
;RESTORE CURRENT DATA SEG

INITIALIZE NS16550A #4sesvesevecanvesusosaee

;This enables both FIFQs for data transfsrs at 19,2 xbaud using
i7 bit deta, 1 stop bit and sven parity. The Rx FIFO fnterrupt
itrigger level 13 set at 14 bytes.

MOV
KOV
out
MOV
MOV
ouT
Rov
Mov
ouT
MOV
MOV

MOV
MoV
ouT
MOV
MoV
our
MoV
IN

MOV
IN

AL,divace
DX,ler
DX,AL
AL,lowdiv
DX,d11
DX,AL
AL,uppdiv
DX,dlh

DX, AL
AL,dataspe
DX.lcr
DX,AL
AL,flifaospe
DX,fer

DX, AL

AL, intmask
DX, 1er
DX,AL
DX,1sr

AL, DX
DX,msr
AL,DX

i5ET-UP ACCESS TO DIVISOR LATCH

{LORER DIVISOR LATCH, 19.2 kbaud

;UPPER DIVISOR LATCH

iDLAB = 0, 7 BITS, 1 STOP, EVEN

:PIFOS ENABLED, TRIGGER = 14,
:DMA MODE = 0

(ENABLE ALL UART INTERRUPTS

(READ THE LSR TO CLEAR ANY FALSE
iSTATUS INTERRUPTS
{READ THE MSR TO CLEAR ANY PALSE
;MODEM INTERRUPIS

j**¥vevesecnesas DNARLE COML INTERRUPTS eeseswescessse

IN

AND
ouT
MOV
MOV
out

AL,21H
AL,lcumask
21H,AL
AL,setout2
DX.mer
DX, AL

ESTABLISH RUN

SI,OFFSET
DI,OFFSET
BX,0PFSET
BP,OFFSET

:CHECK IMR
jENABLE ALL EXISTING AND COM1

;SET OUTI2 TO ENABLE INTR

TIME BUFFER POINTERS IN REGISTERS #e#

sbut
rbur
sbur
rbuf

1>>> ENABLE CPU INTERRUPIS§ <<«
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3.0 Board to Board Communica-
tions with the NS16550A

Tha following saction describes the hardware and software
for a fulty asynchrenous two board apphcation The two
boards communicata simultaneously with each othar via the
NS16550As. Predetermined data i1s exchanged between the
NS16550As and checked by the sattware for accuracy. Any
data mismatches are flagged and stop the programs. Any
data errors (i.e. overrun, parity, framing or break) will also
stop the program. The NS16550A interface schematic, soft-
ware flow chart and saftware are provided.

HARDWARE REQUIREMENTS

Running this application requires two NS32032-based
boards. Each board must have one CPU, one ICU
(N532202), 256k of RAM (G00000-03FFFF), the capabllity
of running a monitor program (MON 32} and the capability of
interacing with a tarminal. If MON 32 is not available, the
display monitor service calls (SVC) must ba aitered o intar-
face properly to the available terminal driver routines. In ad-
dition to these requirements, the NS16550A is enabled
starting at addrass 0d00000.

U1td PINIT
Uti4 PIN12
Uti4d PINT3
Ut14 PiNLE
U114 P15
U114 PINIT
U114 PIN1S
U114 PR 18

U102 PIN19
U102 PIN 1§

The sysiem described above was implemented on two
DB32032 boards and used as an alpha site to test the
NS16550A during its development. An NS16550A and ap-
proprate decode logic ware wirawrapped to each board
(see Figure §). As shown, an 8 MHz crystal is used to drive
tha baud rate generator, but for baud rates at or below 56
kbaud a 1.8432 MHz crysta! can be substituted with chang-
s to the divisor. Once this hardwara is on both boards 5
connections between the NS16550As must ba made—SIN
to SOUT, SOUT to SIN, TS to ATS, ATS to CTS, and GND
to GND. Each DB32032 board has a port for attaching a
terminal and a port available for downloading coda. The ap-
pheanons software for these boards is downloaded from a
VAXTM running the GNXT™ debuggsr (V1.02). Once the
downloads are complata to both boards the program
DYAPPS.EXE is started, then D2APPS.EXE is started.

If a VAX or the GNX debugger is not available the code can
be loaded into PRCMs and run directly.

NS165504

BAUDOUT
XTALY
XTAL2
wR

U140 PINID N/

TL/C/9033-5

FIGURE 5. NS16550A and DB32032 Board Interconnections




SOFTWARE OVERVIEW

The programs shown at tha end of this application note are
tha assembiy hstings lor D1APPS.ASM and D2APPS ASM.
These can be assembled, linked and loaded to form the
exacutable (EXE) tlas. The flowchart shown belore them
illustratas both programs.

Both programs are interrupt driven. D1APPS EXE has its
transmittar amply intarrupt disabled untd il recewves its first
16 bytes from D2APRS EXE. This aliows the two programs
1o be started at ditferent times. Data flow is controlied ba-
twaen lhe programs via AT3 and TT8 handshakes.
D1APPS.EXE is started lirst and it Ioops untl the first data
from D2APPS EXE arnves. As D1APPS EXE exits its recerv-
o¢ interrupt routine, it enables its lransmitter inlerrupt and
begins to send bytes to D2APPS EXE,

Transmission of a block of 16 byles occurs when the Tx
FIFQ of tha NS16550A is empty, the Tx interrupt is enabled
and tha receiver aclivatas its clear to send (GT3) signal.
Each transmtter sends the next sequential block of data
from a 256 byta buffar. When the bottom of the bulter is
reached. the transmilter starts at the top of the buifer,
again. The data Wansmtted from DIAPPSEXE to
D2APPSEXE is 00 to FF snd from D2APPSEXE to
D1APPS.EXE is FF to 00. Since thesa are bench tast pro-
grams for the NS16550A. the receivar subroutines compare
tha data thay receive with tha data they expecl. Thisis done
on a block-by-block basis and any mismatchas resultin both
& messags sen! to the terminal and the program stopping

DETAILED SOFTWARE DESCRIPTION
Initialization begins by eguating NS16550A and ICU

(NS32202) registers to the addresses in mamory. The
equatas finish with a list of olfsels associated with the statc
base register, Those offssls give 1he staring locatons for
tha RAM areas assigned to be data bulters. Thesae include
tha UART interrupt entry offset (irfl_mod); the stnng (sbul),
receive (rbuf), compare {cbuf} bulfers and tha interrupt table
offsat (inable).

At the coda start (START:) the processor is put in 1he su-
pervisor moda so that the intarrupt dispatch table can be
transferred from ROM to RAM. This transfer is essential in
order lo change the starting address of the UART interrupl
sarvica routing. To do this the inlerrupl service routine offset
from the code start is calculated {isr-5tart). Combining s
with the module table address (set-up by lhe hnker, i e,
9020} results in the interrupt table descriptor entry for UART
interrupl service routing (isrent).

The next two sections of cods load the data to be transmit-
tad and compared into the RAM butfers sbuf and cbuf, re-
spectively. The two programs differ at this point—
O1APPS EXE transmuts 00 to FF and compares FF to 00
sequentially. D2APPS EXE transmits FF to 00 and com-
pares 00 to FF saquentally.

The NS16550A Initiahzation starts with satung the dwisor
latch accass bil, so the divisor can be loaded. it than deter-
mines the soral data format and disables efl UART inter-
rupts. The NS16550A initialization tinishes by enabling and
raselting the FIFOs and pragramming the receiver interrupt
lavel tor 14 bytes.

Next tha ICU interrupt registers are set-up and interrupts are
enabled. In program D1APPS ASM the initialization finishas
by enabling tha raceiva data and line status inerrupts. Sinca
the bansmiter FIFO empty interrupt is  disabled
D1APPS EXE will stay in its hold loop untl it receives dala
from D2APPS EXE. D2APPS EXE has its transmitter FIFO
empty intequpt enabled a! the and of ils imtialization, so it
witl send one block of 16 characters to D1APPS EXE imme-
diately.
When thera are no interrupts pending and no servica rou-
tines bemng exacuted. the programs run in a holding loop
until tha next interrupt.
Whenaver the CPU entars the sarvice routine (isr:) it checks
the interrupts identiication register (tIR) for the type of inter-
rupt panding and branchas to the approprials subroutine, if
tho IR value doasn't match & known interrupt condition, an
invalid interrupt mossage is sent to the terminel and the
program stops. Out of the five possible intarrupts, two (lina
status and recerver timeout) have simple routines that only
send a message to the terminal and then branch 1o the
recerver data avalable routine. Modem status intarrupts
send a mossage to the CRT and then siop the program.
Two robust interrupt service rgulinas axist—ons for 1ha rs.
cerver and ona lor the lransmillar.
The recerver inteTupt service routine {rdai'} does the folfow.
mg:
1. Disables the ATS signal which stops the transmitter on
the other board from sending mora dalta.
2. Translers all data from the UART Rx FIFQ 1o tha RAM
recerver buftar (rbuf).
Branches 16 the compara subroutine whan all dala is
transtatied from the RAx FIFO.
Enables Tx interrupts in D1APPS EXE,
Enablas the ATS signal which allows the transmitter on
tha other board 1o send another block of data.
The compare interrupt service routing {compare:) does the
following:
1. Aligns the recewve bufier pointer to the last character
taken in to \he receaive buller (rbuf).
Compares sach new byte in rbuf with tha axpactad val.
ua {data storad in cbuf).
S#nds a data mismalch message to the terminal and
stops 1he program it 1ha rbuf data fails lo malch the ¢cbul
data,
Returns 1o rdai. when ell of tha new data in rbuf has
compared successlully
The transmtier interrupt sesvice rouling (thrai'} doos the fol
lowing
1. Decrdes whether to send 16 or 15 bytes in a block of
data. Mote: Thus decision is for testing purposaes.
Sends ons byla of data.
Chocks for an achive CT8 condition. If it Is active then it
sands anolher byte ol data. Il continues to chack and
sand a byte ot dala untl all 15 or 16 bytes ara sent




DIAPPS.ASM Flow Chart

ESTABLISH REGISTER AND
£SS EQUATES FOR TRE NS165504 INMALIZATION
AND THE NS32202 {IV)

ESTABLISH STATIC 8ASE
STARTING LOCATIORS

SET UP INTERRUPT DXSPATCH
TABLE FOR THE 32032

LOAD RAM STRING BUFFER
FF 10 00 {NOTE)

HOLDLOOP::
TL/C/am3-7

diiters alighlly in O2APPS ASM




SAYE CPU
GEMERAL PURPOSE
REGISTERS

READ UART INTERRUPT
STAIUS RECISTER

IS5
LINE STATUS
INTERRUPT

15
A RECEVER
DATA AVAILABLE
INTERRUPY
7

IS ITA
RECEIVER TIMEQUT
INTERRUPT
?

IS
A TRANSNITTER
HOLDING REGISTER EMPTY
INTERRUPT
?

IS 1T &
MODEM STATUS
INTERRUPT

PRINT INVALID
INTERRUPT

INTERRUPT
SERYICE
ROUTINE

TL/C/R313.8

POPALL:

SEND MESSAGE

“LmE STaTUS
{NTERRUPT™

SAVE RLCEVER
STATUS REGISTER

SEND MESSAGE

“LINE STATUS
INTERRUPT"

SEND MESSAGE

“MODEM STATUS
INTERRUPT™

RESTORE CPU GENERA
PURPOSE REGISTERS

RETURN
FROM
INTERRUPT

JUMP TO
ROAL

JUMP TQ
RDAL

JUMP TO
POPALL:

TL/CrB313-9




CONTINUE:

DISABLE /RTS, SET-UP
RECEIVER POINTER BASE
ADDRESS AND OFFSET

STORE RECENVER BYTL
INCREWENT RECEVER OFFSET

LAST
POSMCR N RECEVER
BUFFER
?

NO

READ RECENVER STATUS
REGISTER IN UART

1
THERE
ANOTHER BYTE N THE
RECENVER
?

O

SAVE RX
POINTLR OFFSLIT

ENABLE /RTS
ENABLE TX INTERRUPTS
(NOTE)

POPALL

Nate: Thus pan ol 1he software diHers signtly in D2APPS ASM

REINTULIZE RECEVER
POINTER OFF:

TL/C/9312-10




i SET UP TRANSWITIER
! B POINTIR BASE ADDRESS
. . AND POINTER OFFSET

INMALIZE BYTE HTER TO
SEND 1 BLX OF 15BYTES

: "o

!

i ’ LOAD TRANSMITTER

! WITH 1 BYTE OF DATA
o INCREMENT
OFFSET Ri

\

£ND

; : OF TX BUFFER
” ?

16
SAVE TX R OC
PQINTER OFFSET BLOCK.S, Stht 10

POPALL

TLCHA1-11




SET UP COMPARE
COMPARE: BUFFER POINTER
BASE ADORESS

RECEVED
LOAD LAST BYTE POSITION QFFSET
i ATBL?;[gr Recens INTQ R ER BYTE POINTER

DOES
SET ERROR
BATA JATCH 0BE SIGN.

CALL SERVICE ROUTINE
10 DISPLAY
“DATA WISMATCH MESSAGE™;

INCREMENT TRANSMITTER o e
BUFFER COUNT c
BUFFER

7

RESET COMPARE No
BUFFER OFFSET
IKCREMENT COMPARE
QUFTER OFFSET

COMPARE BUFFER
OFFSET = TO THE RECEIVE
BUFFER OFFSET

TL/G/8313-12




'
1
¥
[l
1
'
'
]
]
1
]
t
]
]
]
1
]
'
]
t
[}
1

$2/30/87.....0LAPPS5.ASH JADAPTED ORIGINALLY PROM DIRONS6K.ASM

'

ITHIS PROGRAM RUNS USING 2 0P32000 BOARDS WITH 16550As ENABLED AT ADDRESS 0d0UOCO
JWIRE-WAAPPED ON THE B80ARDS. THIS SOFTHARE TRANSMITS THE DATA 00 THROUGH FE
FREPEATEDLY TO THE REMOTE UART AND EXPECTS TO REPEATEDLY RECEIVE THE DATA FF
STHROUGH 00 FROM THE REMOTE UART. IT SHOULD BE RUN IN CONJUNCTION WITH THE
JPROCRAM D2APPSC.ASM RUNNING OH THE OTHER DBI2000 BOARD. THE TX PIN OF

ITHIS L6550A SHOULD CONHECT TO THE RX PIN OF THE :16550A ON THE OTHER BCARD AND
IVICE VERSA. ALSO, THE CTS PIN OF THIS 16550A SHOULD BE CONNECTED TO THE ATS PIN
10F THE 16550A ON THE OTHER BOARD AND VICE VERSA. THIS WILL ENABLE THE

| APPROPAIATE HANDSHAKES TQ OCCUR.

1
ITO RUN THLIS PROGRAM YOU RUST:

1. CONNECT THE RX & TX OF THE 2 L6550Aa ON THE 2 DB320C0 BOARDS

2. CONNECT THE CTS5 ¢ RTS OF THE 2 16550Aa ON THE 2 0832000 BOARDS

3. DOWNLOAD DIAPPS.EXE TO THIS .BOARO VIA THE GNX DEBUGGER [REY 1.02]
4. DOWNLOAD DZAPPS.EXE TO OTHER BOARD YIA THE GNX DEBUGGER [REY 1.02]
5. START DLAPPS.EXE RUNNING ON THIS DB1200C BOARD

6. START D2APPS.EXE RUNNING ON THE OTHER D832C00 BOARD

PROGRAM DETAILS:

1SR contains the TX SERVICE ROQUTINE

TX OVERWRITES asrae PREVENTED by the ICU

TX FIFO 18 CLEARED before a transmission

DATA SENT 0O

DATA RECEIVED and COMPARED FF -= 00

BAUDRATE 128k WITH A 8.0 MHZ XTAL LNPUT TO THE 16550A

1
joomtmiee * ESTABLLSH 165%0A REGISTCR ADDRESSES #esereccocnconscecds
]
.glopt i8¢ [
.8aC rxd, 0x0400000 {Equace reglsters Lo thelr addcesses
.88t Cxd, Qx0d400000Q 1
«3eC ler, 020400004
.8el 31t 0x0d00008
.aeC fcr, 020400008
«BeC ler, 0x0d0000¢
~ae8L MCC, 0x0d0Q0i0
o8t lac, 0xQa000L4
.88C msceqg, 0xQe00Q018
.08 ACC, 0x0a0001c

Jeeaesssrvssssvresane ESTABLISH ADDRESSES FOR THE 32202 (LCU) <w=stververccrsctens
[}

.sec 20,4 tEscaclisn addresas alignment
icetween CPU andg ICU

.ast icu_hvct.0 $ICY ceqgiacer acddreases

.aet 1cu_svece,l '

.set icu_elge,2

.set ilcu_tpl.4

«8ec 1cu_1pnd.b

saeg jcu_lscv,8

TL/C/8d1I-1)




«28T 1C0 _1mak, 10
.86t 1cu_carc,12
-set 1cu_fpre,l4
-8et icu_mctl,lé
.sec icu ciptr,li8
«88C 1cu pdat,i9
~set icu_1ips,20
+5et 1cu_pdirc,2]
-set icu_ccti,22
".set 1icu_cictl, 23

icu_adadr,0xtffel0

LEE T werw g
FR-1.14
- sat
-3Sel
+ DO
«8et
’x-114
x-1.24
Y 14
.set

1rl mod, 1774
1Tl otf, 17%4+2
starcz, Ox0O
starcl, OxOa
txtlag, Ox14
abuf, Oxle
cbuf, Ox4die
cbuf, Ox6la
intable, Ox8le

jrtratsabtanbbo s nArenan SET UP DISPATCH
srarc:: bircpacw ${0x100}
movd $0x0c,r0

movd 50x055555555,«c1
addr 1ncable{adb},r2
mova $0xQ0c,r3

sve
sprd
mo vd

intbase.r2
isrent,irl_moa{r2)

prtrasesnansrcanrasner LOAD TRANSMITTER
senddac: addr

movd

movd

movb

addqw
addqw
Cmpw

bne

sbut{ab),cQ
$0,cl

$0sc2
r2,0{r0}{rl:0]
1,el

l,c2

£l,5256
sbutlaop

soufloop:

register addreas

TIC BASE STARTING LOCATIONS =#twwmwssawawawnnsnses

L}

1

1)

iThe following are static base varianles
fused as base pointers. Startl/2 = flaga
fextlaf = flag, sbuf = area used to
tatore data to be transmicred, rout =
faren used to store received data,

tcbuf = area used to store compare
tbuffer, intable = pase pointer to the
#interrupt table

¥

TABLE FCR THE 32032
]

iCleaar ince's

15et for monitor asve to move intbase
#fcom ROM to ram becauss you have
ito change the address for the
f#incerrupt service routine.

fActual svc for move

1Put case addr of intbase 1n c2

#Puc oftfsel ot isr into lst locacion
tof dispatch cablae

2

“ew

ErRNR AR

BUFFER (00 to FF)
L3

fRO containa string buffer ptr.
#R1l contains offset

$Inic data reqg.

#load char. to string buffer
tlnceement offsat prr,
#Increment data

ICheck for 256 chara.
PJump back 1f not done
)

loaded

frterswnveevarnrnnvernse [OAD COMPARISON BUFFER (FF TO OO)*werrterannanssnsncnss

addre
movd
movb
mavb
addqw
aubb
cmpw

cout{an), c0
50,rl
SOxOff,r2
£2,0(r0)[rt:p)
l,r1

S1,r2

£l,3256

compdat:

cbufloop:

t

IR0 contalns pointer

#A]l contains orffaset

#Init data reg.

#lcad char. to compare puffaer
Flncremant ptr. off=at
#Cecrement data

tCheck for 256 charsa. loaded
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i - bne cbufloop tJump back 4f not done

¢

* SET UP INTERRUPT SERVICE ROUTINE PARAMETERS * A
1

movd SOxOff,acart2(an} tinitialize compare

movd $0xOtf,staccti(ab) #Initialize Tecelver data intr

movd $16,blklbcnt 1Initlalize 16 byte block counter

mavd $0,soufcnt tinitialize string bufffec transmicrted
tcount

jrusssnnssranencnncennvnener 16550A INITIALIZATION *ovesrcnernenapasansinnnndnads

! . movb $0x080,lcr 1Set dlab = ) for divisor latch accese
H movb $4,txd {Low divisor latch 128k w/B.0 MHz xtal
movb 50,%1er tUpper divisor latch

movb SOx003,lcr {Dlap = 0, 8 bits, no parity, 1 stop
movb §$0,1er $Disable UART interrupts

; . movb $0x0c7,fce §IFito=> trigger = 14, reset & anable

'
prrrwsenensannuernnanansnnere [NITIALIZE 32202 (ICU) *
1

movd Sicu_addr,e0 fRO = 1cu addreas
movb SOxCE,xcu_mctl(IOJ §Set mode : 8 blt bus mode,
' freeze counters,
] dlsable inteccupts,
L] tixed prioricy.
movgb O,1cu_ccctlcO) fHalt the countacs
movgo -1,1cE_xpa(ru) 1Set all pina to intercupt source
movqo O,icu_carc(rc0) fNo caacaded tntercupta {low reg}
movqo O,1cu_cacc+alicQ) i (nigh reg)
movb SOx10,icu avct{r0) 1Set intercupt base vactor
H movgo -1,i1cu_elge(r0} tSet lesvel triggering mods {low creg)
i movqgo =l.,1¢u_elgc+alicd) ¥lhigh ceg}
: movgb $2,icu_tplic0) tSat level rtriggering mode (low reg)
: movqb O,icu_tpl+ad(c0O) t{high reg)
i movgb O,icu_fpre(rQ) 1Set highest priority to O (low reg)
i N movqb O,1cu_€prec+a0 1{nigh ceg}

H movqQb O,1cu i1arv(r0} 1Clear intr 1n-service cregs (low rag)

: movgb O,1cu_isrv+al{c0) 1{nigh teg)

; : movgb =l,1cu_tosk(z0) ftask all intc {low reg)

i movgb -l,icu_imak+20{c0) t{high rag}iH

sstctg (1] fEnable vectored intcep (I=l)

movd Sicu_addr,c0 1

H mavD sO:OI,icu_mctL(rO) 1Fixed mode, 8 DIC bus mode

: ’ movb 50x010,4cu_cecellr0) tSet to incecnal sampling

i movb $Oxfd,icu_1mak{rQ] 1Enable 1rl

movb $Oxtt,icu imak+aQlir0) iMask all other {nterrupta

; bispacw ${0x200) IEnable cpu intrc'a

! ]

! . movd $0,cl tInicislize transmitter buffer ottset

: ’ 'llll ENABLE 1655;A INTERRUPTS (A AR NN RS AEREERENRERNERREERE]
)

movd $2,mcC 1Clear outl, cuc2 and snablie rta
i endinlic: movh 50x05,Ter JEnable all buct modem status intercupts
i . fand t THRE s0 the DOACGA can be
i tscact

i
.lllllll-' sewmaswew ENN[LESS LOQP “AITING FOR INTERRUPTS A AR ENELEER RN ENY
: [

TS/




holdlocp: nop [}
be holdlooap ]

1]
grrrerreams s AR R TR Rt e s RNt nt TNTERRUPT HANDLER **#@voauttrutunerannhatauntnons

1
lar: aave (r0,¢l,c2,r3,r4,€5,6,c71
movb 1lc,ec0 $R0~- contalne 1ar
cmpb £0,50x0¢c6 $
Deq lsint $lina status intercupt
cmpb £0,50x20c4 i
beq cdal fRacelver interrupt
cmpb £Q,50x0ce . 1]
beq rtmout tRec timaout 1nteccupt
cmpb £0,50x0c2 ]
beq threi ETHRE interrupc
cmpb £0,50x0c0O 1]
bag msint iModem status interrupt
]
]
jreannan *xawr INVALID INTERRUPT ROUTINE #4wmuatnt o vt s theuthunannn

save (rO,ri,r2,r3}
movd 54,50

addr measagel,zl

movd S$21,c2

mava $Q,rc3

ave

restoce [r0,rl,c2,rl]

jump stop store all regiaterce
t
]
| Al RECEIVER TIMEOUT INTERRO ROUTINE wwmv¥ LA AAAA AL A
]

remouc: jump rcdat

¥
prrrruse *rawas RECEIVER INTERAUPT ROUTINE
+

#Thia portion of the program ia reached by & positive Cest for the received qata
favailable interrupt. Once in this routine sach byts ias removed from the FIFG,
tplaced 1n & designated sSCatic Dase wmemocy location and the LSR 15 teated to see
43f tne data ready (DR) bict is etill set. Data i{s removed from the FIFO and
iplaced in memory until the DR bit 18 no longer sec. Tne data sent will be
fcompared to known data, located in another designated atatic base location, by
icalling the compare subcoutin
]

cdat: moevb $0,mcr #iDisable RTS; astrtop transmission

addr rbuf{an),c4 §r4 containe rout vase addrees

movd rbufoff,ré #Put rbut offset runner inte rb
rderbr: movb £xd,0{r4)[c6:b} 15tcre a byte in the recelver buffer

cmpb 50x00,0({rd4)[ré:5) 4Ia ic the last character

addgw 1l,ré tlncrement offaet ptr.

addgw 1l,rbufoff iTrack ré

bne continve '

move $0.,£6 iResar poincer offset

movwe $0,rbufoff fReset rbufoft
continue: movh ler,rld tRead larc

ando s01,r3 iMask all obut biz O

cmpb §$0L1,2] ]
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rosnwannne

beq rdror

movd ré6,rbufoft
bar compace
movb 57,ter
movb $2,mcr
junp popall

{Batore the tcanamitter sands dat

Imamory for tcansmiaalon,

IRead rbr agaln 1! aet

tPut result of 6 back into sbutotf
1

1Turn on tranamitcer 1nteccupts
tEnabla rts

]

1

b . w&wes TRANSHIT ROUTINE *

the data has besn loaded INCO SCATIC base
The tranamitter routine 1a called to send data. (ie

#THREI 1s set) Dats ie sent as 16 Dlocks of 16 bytea and 1 block ot L5 bytes

fcontinuously,

NOTE:

fthe tecelver Lo ready.

thre

sundliS:
sandnaxg:

tinish:

eacandlb;

reload:

jreswsRTEsEataRRrURRRNT Y

lainc:

ponsanuner

addr abuf(sb).e0
movw xmitoft,cl
cmpd $0,blkléent
baq asnals

movd $0x10,r?
jump sendnext
movd $0x0f,c7?

movd O{r0){rl:bl,txd

adaqw l,c)

cmpw rl,$256

heq reload

save [e7)]

movb marsg,c?
ando $50x10,c7
cmpd $0,c7
restors [r7]

bag abort

subb $1,e7

cmpb $0,c?

bne aendnasxt
movw Tl,xmitotf
cmpd $0,blklécnt
beq setendlb
subb $l,blkiécne
juap popall

movd $16,blkl6cnt
jump popall

movd 50,cl

jump tinzah

save (rO,rl,c2,c3)
mavd
addr
movd
movd

ave

restore [£0,rl,22,r3}

movDd lac,k3

jump rdat

Belore transmission occurs /CTS is checked to enaure that

]

FRO contains bass poilnter

foetup xmit ptr offset

#Check t3 see 1t it 1a the 16th block *
tYes, sand only 15 bytes instead of 16 *
1Mo, asnd 16 bytes *

IJump around 15 pbyte load *

tLoad counter for 15 byte load *

fLoad a byts into the tranamittaer

)

{Are we one addresa paat end of table
iYes, reload ptr

FRead modem stactus reg
tMaak all bits except CTS (MSR4)
iCheck for disabled CT5

IHait for active CTS (MSR4=1)

{No, decresment counter and continuse
ils byte countar 07

tNo, awnd next byte

tsave xit ptr cftset in ram

iCnack to see 1f 1Lt i» 16th block *
iYes, reload block counter *
10ecrement block countecr *
tPintshed sending 16 bytes

tReload block countec *

irinished sending 15 bytes *

1Reset Otfaat

tGo back and faintish

]

INE STATUS INTERRUPT ROUTINE woswsrsrnunrmnranewiwwas

P L L L L )

. * MODEM STATUS INTERRUPT ROUTINE =enenensasunswrs LA
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]
save [rO,rl,rz,r3) t
movd 54,r0 t
addr massage?,rl [}
movd 526,r2 1
movd $0.c3 1
ave L]
movb O0x0d00018,c0 ]
twatore [r0,rl,r2,c3) []
3 pall
dewnons COMPARE DATA ROUTINE *8etsasnsnuunatnuandsdnthnnns
]
IThia subroutine i1s called by the recelver intectupt croutine which has set the
freceiver offast (rbutoft) to point at the last byte received. This subroutine
fuses the compare cftset (compoff) pointer as the pointer for both recalve
fbuffer data ana compare butfer data. Each location ia compacred to enaure data
fsent ta 1dentical to data receivad, This 1s dons until compoff egquale rpufoff
tstopping cthe process and ratucning fzom the 1nterrupt. NOTE: Data peing
iraceived is known cata and an exact copy is loaded into mamary priog to aAny
ttransmission.
1
compare: 4adr cbufl(abl,rl $Rl- Dase addcess of cbuf base
cmpd 50,r6 iCheck for potential invalid subtraction
beq zerort $Jump acound aubtraction
subd Sl,r6 ]
jump compbyte fJump aroumd subtraction fix
zerocb: movd SOxff,e6 t
compbyte: movd compoff,rS t
cmpb O(r1}{r5:0]1,0(c4)(eS:b) $Compare data sant to data raceived
tne wrong IBranch and aset outl if wrong

]
cmpo 50x00,0(r4)[r5:0]} #Check for end of buffer
brie notand fBranch and increment pointers .

jump reloadl iTeat for having comparad all bytes
4
notend: addd Sl,compoft fIncrement pointer
notendl: cmpd r5,c6 ]
beq bye ]
jump compbyte +
'
reloadl: addd Sl.sbufent tIncrement transmiter cnt
movd $0,compoff {Reload offset of pointer
jump notendl t
i
wrong: nop i
movb $O0x0c,mcr IS¢t out 2, for error satrobe
¢

freqrcntnansnansane *n® DATA MISMATCH MESSAGE ww+ LR T T

save {(rO,r1,r2,c3) Save register for supervisor call
movd $4,cQ tvalue required by ave call

addr message8.rl tHover address of meassage into rl
movd $17,ec2 iNumber of chacacters into r2

movd $0,c3 tYalue required by ave call

ave trcrual call

reatore [r0,rl,t2,c3] iRestore regiastera

nop ]

jump atop 1Test pointc
'
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bye: ret O

t
'

Josesserenscacieanascecnarsas RETURH FROM INTERRUPT *rewvessssessnssnssannasanns

1
popall: cestocre (c0,rl,c2,c3,04,¢5,¢66,c7)
¥

ret1

LR N N R FESeTETRS AN ANEE RIS RS R LEERERARN SRR
Maasages

messagel: .pytae
mensage: .byce
mesanagel: .byte
masaaged «DYC®
massage5: .byte
meéssageb: .byte
measage?: .byte
maasageB: .byte

13,10
12,10
13,10
13,10,
13,10,
13,10,
13,10,
13,10,

xmitotf: ,couble O
compoft: ,double O
blklécnc: ,doudla O
sbufcne: .double ©
tbufoff: .double O

isrtent: ,word 0x9020
.word isr-start

*Compere Complete™,13,.0

“Invalid Intecrupr™,13,10

“Raceiver Timeout",13,10

“Recelve data available Interrupt™,13,10
"THRE Interrupc®,13,10

"Line Scatus Intercupt®,13,10

"Moden Status Intercupt™,13,10

Data Mlismacch™,13,10

I%0d table
10tfset of sarvice routine for
iDtspatch table.
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$3/30/87.....02APPS.ASM.eeecces cADAPTED ORIGINALLY FROM DIRONSEX.ASM
]

$#THIS PROGRAM RUNS USING 2 DB3I2000 BOARDS WITH 16550Ae ENABLED AT ADDRESS
#0d00000 WIRE-WRAPPED ON THE BOARDS. THIS SOFTWARE TRANSMITS THE DATA FF
ITHROUGH Q0 REPEATEDLY TO THE REMOTE UART AND EXPECTS TO REPEATEDLY RECEIVE

ITHE DATA 00 THROUGH FF FROM THE REMOTE UART. IT SHOULD BE RUN IN CONJUNCTION
IWITH THE PROGRAM DLAPPS.ASM RUNNING ON THE OTHER DB32000 BOARD. THE TX PIN OF
4THIS 16550A SHOULD CONNECT TO THE RX PIN OP PHE 16550A ON THE OTHER BOARD AND
1VICE VERSA., ALSO, THE CTS PIN OF THIS 16550A SHOULD BE CONNECTED TO THE RTS PIN
tOF THE 16550A ON THE OTHER BOARD AND VICE VERSA, THIS WILL ENABLE THE

4 APPROPRIATE HANDSHBAKES TO OCCUR.

1

ITO RUN THIS PROGRAM YOU MUST:
CONNECT THE RX & TX OF THE 2 16550As ON THE 2 DB32000 BOARDS
CONNECT THE CTS & RTS OF THE 2 16550As ON THE 2 DB32000 BOARDS
DOWNLOAD D2APPS.EXE TO THIS BOARD VIA THE GNX DEBUGGER [REV 1,02}
DOWNLOAD D1APPS.EXE TO OTHER BOARD VIA THE GNX DEBUGGER [REV 1.02]
START DL1APPS.EXE RUNNING ON THE OTHER DB32000 BOARD
START DZAPPS.EXE RUNNING ON THIS DB32000 BOARD

PROGRAM DETAILS:

1SR contains the TX SERVICE RQUTINE

TX FIFO 1a CLEARED before a tranamission
DATA SENT FF ==-=u- Q0

DATA RECEIVED and COMPARED 0Q =====~ PF

BAUDRATE 128k WITH A 8.0 MHZ XTAL INPUT TO THE 16550a

’
grenensncesenurnnrannresr ESTABLISH 16550A REGISTER ADDRESSES *atmsstdutuntanttane
[}

.globl 180

.sst rxd, O0x0dQ0000 Equate registacrs to their addresses

.08t £xd, QxQd00000

<3eL lar, 020400004

.aet 11c, 0x 0400008

.aet fcr, 0x0400008

t lce, 0x040000¢

mce ., 0x0d00010

1lsc, 020400014

msreq, 0x0400018

ace, 0x0d0001c

ESTABLISH ADDRESSES FOR THE 32202 (ICU) *
1

.sat 80,4 #Establish address alignment
tbetwveen CPU and 1ICU

.sat icu_hvee,0 #ICU register addresses

.set icu _asvct,]

.cer 1cu_elgr,2

.sec icu_tpl,4 +al

.84t 1cu 1pnd,& *a0

.set icu_i1arcv,8 *al

.88t icu _imsk,10 *a0_

.8eC 1cu_csrc,l12 *ad
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icu _tpre,l14 *a0

i 1cu_mctl,16 *a0

i - i1cu_ciptr,18 *a0
; lcu_pdac,19 <*a0
lcu_1pa,20 *a0
icu_pdic,21 *a0
1cu_cetl, 22 =al
icu_cicrl, 23 *a0

Firat ICU reglster address
.8eC 1cu_addr.Oxft{e0Q

[} —
terNtesressasscncssnenn STATIC HASE STARTING LOCATIONS “tedévenaruncnssanunnns

: ]
. .oet 1rl mod, 1774 iDispacch cable offset for IRL entcy
+36¢C sbut, Oxle Isbuf = area used to
.oet roul, Qxdle Istore data to be tranemitted, rbuf =

.88C cbut, Cxfle lacea used t> stors received daca,
.08t inctaple, Ox8le {icout = arwa used to atore compace
foufter, tntabla = pase polntaer to the
Iintercupt table
t
jorsasssditnncenanerace SET UP DISPATCH TABLE FOR THE 32032 e+
[}

sract:: bicpecw ${0x100} fClear intrc's
movd $0xQc,cQ I1Set for monitor sve to mova incbaaae
movd $0x055555555,r1 H{com ROM to ram because you nave
addr 1ntanlel(sb),c2 {to change the address for the
movd $0xQc,cl iinterrupt service routine,
i ave - thctual ave for move
é . epcrd i1ncoase,r2 {Put Dase addr of intbase in r2
i mOvag tscent,lrl mod(r tPut offsec of 1ar inte lat location
i A - tof diapatch table
H [}

i f=srecemrerereareennse LOAD TRANSHITTER BUFFER (FF to Q0) #oscssnssarsessicevtny
]

senddsac: addr ebut{an),cQ IR0 containa string buffer prr,
maovd  50,¢l IRl containas oftset
| movb S$0x0tt,c2 1Inlc data rag,
sbufloop: movb €2,0{c0)(cl:b] Iload char. to string buffer
addgw L,rcl tIncreument otfasc ptr.
supb  Sl,c2 fIncrement data
cmpy  r1,5256 fCheck for 256 chaca. loaded
bna sbutloop 1Juocp back 1f not done
: t
; [ S*®*¢ LOAD COMPARISON BUFFER {00 TO FF) weesesvenvvsvercevres
H - [}
compdat: addr coullep}.r0 #RO containa polntec
. movd SO, Rl contains oftaet

movo $0,r2 tInit data reg.
cbufloop: movt €2,0{c0){c1:n} tLoad char., to compare buffec
addqw l,rc} tincrement ptr. offeat
addqw 1l,r2 t0ecrament daca
cmpw  £l,52%6 IChack tor 256 chars. loaded
: bne cbufloop tJump back 1f not donas

]
i 3 . ** SET UP INTERRUPT SERVICE ROUTINE PARAMETERS *esseatsacentvecons
i ]
movd §$l6,blkl6ente finitialize 16 byte block counter

w/eanI.n




frovrrsrenndnnanannenennerrn 16550A INITIALIZATION *Aawaanddvutsanomatbubrndntua

movk  54,txd tlow divisor lacch 56k w/8.0 xcal
movb $0,1er 1Upper divisor latch

movb $0x003,lcr §plap = 0, 8 vitas, no parity, 1 atop
movb $0,1ierc #D1sable UART intercupts

movb $Ox0c?,fer §Fifo=> trigqer = 14, reset & snable

movd $0x080,lcr {Set dlab = 1 for divisor latch accaass .

1
fraevencrnaen reevrwswwnnw INTTIALIZE 32202 (ICU) wwewxe rrar s e
t

]
movd $icu_addr, 0 fRO = 1cu address
mavo $Oxca,icu mctl(cQ) $Set mode : B8 bit bus mode,

- [] fresze countecs,

] disable interrupts,

] fi1xed priority.
movqo O,icu_cctl(r0) tHalt the counteta
movqab -1,icu_ipalc0O} $5et all pina to interrupt source
movqp O,1cu_cscel(cO) #No caacaded interrupts (low reg)
movgb 0,1cu csrc+aQ(e0) ¥ (high reg)
movd $0x10,1cu_svct{cO) #Set interzupt base vector
movgd -l1l,1cu _elge({r0) $Set level triggetring (low reg)
movgb #(hi1gh reag)
movgb $2,1cu_tpi(ro) iSet high polarity mods (low reg)
movqo O,icu tpl+al(c0) 1{nigh reg}
movqb O,scu:tprt(to) 15e¢t highest priority to O (low reg)
movgo O,icu_fpret+ald __ 1{nhigh reg}
movqb O,1cu_1arv{rQ) iClear inte in-service regs (low teg)
movgb O,icu_rarv+al(r0) #(high reg)
movgb =1,1cu_imak(r0) #mask ali intr (low reg)
movgb =1,icu_imak+a0{r0) t{high ceglH
eeccig [t] fEnable vectored intrp (I=1)
mova Sicu_adde, 0 ]
movb $0x02,1cu_mcrl(z0) ifixed mode, 8 bit bus mode
movb $0x010,1c0 ccel{r0) 1Set to internal sampling
movb $0xfd,icu_Imak({r0) tEnable irl
movb 50xff,1cu_imak+a0(r0) 1Mask all other intsrrupca
biapsrw ${0x800) tEnable cpu 1ntc’'s

1

grresnsrnnnennsrarnrrnnrranr ENABLE 165SOA INTERRUPTS " Foransananatrentnasnntnwny

movbh §$2,mer i1Clear outl, out2 and enable rcts
endinit: mavb $O0x07,1er $Enable all but medem atatus intecrupts

]
joensnence envmwenssns ENDLESS LOOP WAITING FOR INTERRUPTS **emsemnanwmwwaneene
1

holdloop? [ ]

nop
br holdlocp []

grenenee ermbmEd awsws TNTERR T HANDLER * R I T P T R R Y RN
[}
1ac: save [rO,rl,r2,c3,rd,c5,c6,c07)
movb 11T,c0 IR0~ contains iir
cmpb £0,50x0chd ]
bag laint iLine statua intecrupt
cmpb £0,50x0c4 1
beg rdai 4Receiver interrupt
cmpb £Q,$0x0cc 1
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beq rctmaut IRsc timeout intecrupt

cmpd r0,$0x0c2 ]

bag threl §THRE intarcrupc

cmpd c0,50x0c0 L]

Deq mainc #Moden atatus incerrupt
1

[]
drevressrmsranensirununnneen TNYALID INTERRUPT ROUTINE =w%w

save (vQ,rl,c2,c3}
movd $4,c0

addr mesoagel,rl

mavd $21,¢2

movd 50,r3

sve

restore (r0.cl,c2,c3)

jump stop Reatocre all raglaters

]
fronecnacnony * RECEIVER TIMEOUT INTERRUPT ROUTINE *
L]

rTmout: jump rdai
'
g LR TR L2 *eewes RECEIVER INTERRUPT ROUTINE #etecsancansncrsannsnnanes

$This portion of the program 1s reached when the received dats available
fintecrupt is accive, Once in this toutine each byte remcved from the FIFO
#1a8 placed in tha designated static baae memocy location (labellad rbuf).
iThe cata ready bit (DR} 1n the LSR 1s chackad bafore sach Dyte 18 cemoved
dtrom the FIFO. Data eent will be compaced to Xnown data In sanother designaced
#facatic base area (labnellad cobut) by calling the compare aubrouting.

t

rdai: movb $0,mcr iD1saple RTS; atop transmisalon
addr rbuf(sb),rd #r4 contains rbuf bass addreas
movd rbufoff,ch fPut rouf offset runner into 6
rdrbe: movb exd,0(rd)[c6:b] iIStore a Dyte in the receive buffer
cmpb $0xtt,0{cd4)[rb:b] d41a 1t the last characrer
addgw 1,cé fincrement offaset prr.
addqw l,cbufoff 1Track cé
bne continus [}
movw $0,c6 fRueset poincer offast
movw $0,rbufoft 1Resst rbufott
concinue: movb lar,cld $Read lsr
ande 501,r3 #Mask all but pic O
cmpb $Q01,r3 ]
bsq rdrbr IRsad ror again if aset
movd rH,routott 1Puc result of 6 back into rbutoff
bac compare )
movb §$2,mcr tEnable rta
jump popall ]

jresesacessaceernraansrasnnstnn PRANSHIT ROUTINE ;T:--t.t.t-n-.t'-tt."llll

L]
1The tranamitter sends asta previously loadsd into the static base memoOCy area
ilabelled sbut. Thids routine sends data as 156 blocks of 16 bytes and 1 block
fof 15 bytes, contlinuously, NOTE: Befors each block tranamiasion occucs /CTS
f1s checked to ensure that the tecelver ready.

]
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addc abuf{sd),r0 IR0 containas pass pointer
movw xmitoff,rd faetup xmit ptr offset
cmpd $0.blkléenc §Check to see 1f 1t is the 16th block
béeqg aendls iYea, sand only 15 bytes instead of 16
movd $0x10,c7 iNo, aend 16 bytea
jump asendnext #Jump around 15 byte load
sendlS: movd 50x0¢,¢c7 #Load counter for 15 byte load
sendnaxt: mavb O(e0)[rl:b],txd tLoad a byte into the transmitter
addqw 1l,tl ]
cmpw rl,5256 fAre we one addreas past end of table
beq raload ties, reload ptr
tiniah: save [r7]
movb mareq,r? tRead modem atatus reg
andb $0x10,c7 fMask all bits except CTS {M3R4)
copb $0,r7 $Cheack for disabled CTS
restore 71
baq abore tLeave on inactive CTS (MSR4=0)
subb $1,c7 iNo, decrement counter and continue
cmpb $0,£7 ila byre counter 07 :
bne sendnext 1o, send next byte
movw cl,xmigoff #save xmit ptr offaset in rcam
cmpd $0,blkléent fCheck to asee 1f 1t 18 16th bleck
beq Betsndl6 iYea, reload bdlock counter
sunb $1l,pikléene tDecremant block counter
jump popall {F1nished senaing i6 bytes
aacandlé: movd $16,blkléent {Relcad block councer
jump popall 4Finiahad sending 15 bytes
reload: movd $0,rl {Resec cffaec
jump fintan #Go back and tinish

i
] wrtanEmannan * LINE STATUS INTERRUPT ROUTINE *etemasansrsnwaneantnnns

lainc: save [r0,rl,r2.,c3]
wovd $4,c0
addr messageb,rl
movd $25,r2
novd $C,r2
Bsve
restore (c0,rl,c2,r3]
movb lac,c3 Read lar
jump rdai

1]
Jroassnssaestunannnsatante MODEM STATUS INTERRUPT ROUTINE *tasxmananmanmassaanannn

maint: save [r0,rl,r2,c3)
movd $4,r0
addc message’,zl
movd $26,c2
movd 50,3
sve
movb Ox0d000L8,20
restore {r0,rl,r2,c3)
opall
'. dvadanee COHPARE DATA ROUTINE \ARA AR AR S AR RN RSN EN]
]

1The receiver aubroutine Dranches to this subroutine aftec it has removed all of
fthe data from the Rx FIFO, The receive offsst (rbufotf) i1s changed to point to
fthe last byte received in rbuf. The compare offset (compoff) points to sach
ibyte 1in the raceive bulfer and its asaociated byte 1n the compare cegiscer.
iCompoff ia incremanted aftar each successful comparison and the compaAcisons
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jend whan
tio known

compare:

zecorb:
compbyte:

notend:
notendl:

realoadl:

wrong:

compo!lf equals roufoff. NOTE: Data being recelved by thia test program
data and a copy of it 1ls loaded into cbuf before tranamissions begin,

[]

agdr cbut(ab),rcl $R1- base addreas of cbuf base
cmpd $Q,56 iCheck for porential invalid sudbtraction
beq zZerorb §Jump around subtraction
subd $51,r6 ]
jump compoyte 1Jump around subtraction fix
movd $O0xtf,ré 1
movd compof{f,rS [}
cmpd O(cl){e5:0},0(c4)[r5:b) tCompare data sent to data ctecelved
bne wrong iBranch ana set outl 1f wrong

_ ]

1

copo $Oxft,0{r4}{r5:p) #Check for end of buffar

bns notend f1Branch and i1ncrement pointers

jump reloadl 1Test for having compared all bytesn
1

addd $l,compoff finccement pointar
cmpd £5,c6

beq bye

jump compbyca

adad $1,soufeng flncrement tranamiter cnt
movd $0,campott IRsload offaat of pointer
jump notendl L}

$
movb $0x0c,mcr #Sat out 2, for errer strobe

Jroevwarnrrananannn «*wwe DATA MISMATCH MESSAGE s*ssassane L R

stop:

Dye:

1
save [t0,cl,c2,x3) i5ave cegiastar for superviasor call
movd $S4,c0 I¥alue required by asvc call
addr massage8,rl ftover addreas of message into rl
movd $17,r2 INumber of characters into r2
movd $0.,r3 fvalue tequired by msve call
ave crual catl
reatoce (z0,rl,c2,rl) iRastcre registecs

4

nop 1

jump atop @AT poinc
|}

cet O 1

frrrasernansnnavannsaratranes RETURN FROM INTERRUDPT St esteuttetodnnsensnannnnnny

popall:

TR R L Heasages *=++¢

cestore [c0,cl,z22,r3,64,c5,16,r7])
[ 139
]

wdtumnpanns TramarsNAw

]
messagel: ,bytcs 13,10, *Compare Complece™, 13,10
messagel: .byte 13,10,"Invalid Inctecrupt™,13,10
messagei: .byte 13,10,"Recelver Timeout™,13,10
messaged4: .byte 13,10,"Receive data availlable Intecrupt™,13,10
messageS5: .byce 13,10,"THRE Incecrupt™, 13,10
message6: ,byte 13,10,"Line Ststus Intecrupt=,13,10
masaage7: .pbyte 13,10,"Modem Status Intercupt*,13,10
messageB: .byte 13,10,"Data Miamatch*,13,10

TLIC/H312-25




A Comparison of the
INS8250, NS16450 and
NS16550A Series of UARTs

National currently produces seven versions of the INSB250
UART. Functionally, thesa parts appear o be the sama,
however, there are dilferences that the designer and pur.
chaser nead to understand. For each varsiod, this docu-
ment provides a briaf overview of their distinct characlans-
tics, a detailed function and timing saction, a discussion of
soltware compatibility issues and the AC timing parameters.

1.0 Part Summary

The seven varsions currently produced are designatad
INS8250, INSB8250-B, INSB250A, NS16450, INS82C50A,
NS16C450, and NS16550A. Thase devicas are grouped be-
low by process type.

NMOS DEVICES

. INS8250: This Is the original version produced by Nation-
al. It is the sama part as the INS8250-B, but with faster
CPU bus timings. .

. INS8250-B: This is the slowar speed {CPU bus timing)
version of the INS8250. It is used by many popular B088.
based microcomputers.

XMOS DEVICES

1. INS8250A: This Is a revision of the INS8250 using the
more advenced XMOS procass. The INSB250A is batter
than lha atorementioned parts dus to tha redasign (com-
pare saction 2.0 to 3.0} and the following process charac-
teristics—closer threshold voltage cantrol, more reliably
implemented process tapography and finer conirol ovar
tha aclive area critical dimensions. XMOS and CMOS
paris should be used for 8ll new designs. This pan is
used in many popular 8066-basad microcomputers.

. NS16450: This is the faster speed {CPU bus timing) ver.
sion of tha INS8250A. it is used by many popular 80286-
based microcomputars.

. NS16550A: This is tha newest member of the UART fami-
ly. It powers-up In the NS16450 mode and is completely
compalibla wilh ali softwara written for the NS16450. it
has advanced features such as on-board FIFOs, a DMA
intarface, faster CPU bus timings and a much higher max-
imum baud rate than the NS16450. The NS16550A
should be usad for all new non-CMOS daesigns, including
those that were originally dona with tha NS16550. It is
usad in recent varsions of popular 80286-based, 80386-
based end ROMP-based microcomputers. Software wril-
tan for the NS16550 is completaly compatible with the
NS16550A. Saclion 5.0 doscribas how the soltware can
distinguish betwean tha NS16550 and the NSTE550A.

. NS16550: This part powers-up in the NS16450 mode and
is completely compauble with all software written for the

NS16450. It has advanced leatures, such as a DMA inter- .

face. Tha on-board FIFQs are essenhally non-tunctional.
This part was issued on a hmited basis. Any user that

wants this part should order the NS16550A. Section 5.0
describas the dilferencas between the NS16550 and the
NS18550A in delail;

CMOS DEVICES

1. INSB2C50A: This is & CMOS versign of the INS8250A. It
functions idontically and for most AC parameters has the
sama liming specification as the INS8250A (see Section
4.0). It draws approximataly 1/10 {10 mA) of tha maxi-
mum epsrating currant of the INSB250A,

. NS16C450:; This ts 8 CMOS verslon of the NS16450. It
functions identically and for most AC parameters has the
same liming spoecification a3 the NS16450 (see Sectlon
4.0). it draws approximately 1/12 (10 mA}) of tha maxi-
mum oparating current of the NS16450,

Nota: The XMOS and CMOS UARTS are not plug-in replacementa for tha
INS8250/IN58250-B when wsed with iCUs {hat are In the poputar
aage-1ngQered conlxuration. However, there are easily Imploment-
ed BUSIMANS 1 tha driving soltware or essociaied hardware that
will aliow these parls 1o ba & plug-in replacement (ses Section
60).

was
INFEREACT

TLIC/9320-1
FIGURE 1. Connection Diagram

2.0 INS8250 and INS8250-B

Functional Considerations

Designers using thase NMOS parts should be wait aware of

Iha Iollowing considerations,

t. Thao Modam Stalus and Line Status roglsiors are mastor-
slave ragistors which transfer data from tho master to the
slave only when tha INS8250, INS8250-B is not enablod.
Thus, it the UART is never disabled:

—The status registers are never updated.

—The character in the transmit holding register will ba
transmitied repeatedly.

—The CPU cannot read the current error status indica-
tion.




Racommandation: Diseble the INS8250, INS8250-8 be-
tween accesses.

. At power-on the UART will occasionally transmit a ran.
dom characler. This occurs after releass of the master
resel and before i receives data from the CPU. The
THRE and TSAE bits are unreliable at this ime, due to
their unpredictable state at power-on.

Recommandation A: Use the lollowing iniliatization rou-
tina: )
—Master raset.

—Enable loopback mode (ihis causas any randarnly sent
characters to be sent to the receiver).

—~Load baud rate ganerator and initialize line control reg-
istar.

~-Wail one character time and then clear the receiver
buller by reading it and claar any errors by reading the
line status and modem status registars.
—Disable the loopback mode.
The INS8250, INS8250-B is now Initializad for normat opara-
tion and the THRE and TSRE bits are relflable. This proce-
dure can be used with the INSB250A, NS16450 and
INSB2C50A, although it is unnecessary.
Racommendation B: Use one of the modam output fines 1o
gate the transmitter data line.

3. When tha transmitter interrupt is enabled, an interrupt oc-
curs immadiately regardless of the transmitter holding
register's state. Furthermore, the first valid intarrupt con.
dilion will probably be missed.

Racommandation: Use the following procedure 1o solve this

problem:

-—Wait for the transmitter holding register to empty.
—Disable microprocessor Interrupts.

—Write to the inlerrupt enable ragister. The fnterrupt indi-
calion that would normally appear at this time will be
cleared by a previously stored reset, il the IIR has been
read prior to this

Note: Whanaver the IiR register t5'108d 80d an actve THRE intamupt wil be

claarad. If no THAE Intamupt is actve then the first THRE interrupt
atiar the reading of 1IR wil be clearsd).
—Write ta the interrupt enable register, again. Since there
Is no read of the IIR belora this second writa 1ER, thera
will be no stored resat to cloar the normal THRE interrupt,
—Enable microprocessor interrupts.

4. I data is not valid before and atter WR or WH is active,
then the bits ol the internal register being addressed may
change unpredictably, This could tempararily change any
programmable UART function controlled by the ad-
dressed ragistar. This situation exists because the
INS8250, -B accepts data via fall-through latches that are
enabled by the WR or WR gaing active rather ihan
fatched on the trailing edge of WR or WA, Examples of
thig are glitches on the moadem conteo! linas or a tempo-
rary brogk on the sarial output line whita a command is
written to the MCR or the LCA ragisters.
Recommendalion A: To avoid these problems the data
must be valid just before, thraughout and jusl aftar activa-
tion of WA or WA.

When using an 8088, 8086, 6800 or 8048 microprocas-
sor, delay the leading edge aof the write strobe unul the
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dala is slable. The above procavlion Is unnaecessary
whan using 1he 8080, the NSCB00™™ or the ZBD micro-
processors. Designs using a 32016 or B0286 should use
the 16450, which avoids this problem by not having fall-
through latches (ses Section 3.0, llem 1),

Naote: Tha lemporary break caused by & spurious glitch on LCRS8 can slse
09 avinded by $8iting the loopback mode prior to wiiting Lo the line
£onUol Fag e,

5. The wansmittar generates start bits longer than the rest
of the data by approximataly 1 ps. This is due 1o a look-
ahaad circuil that sends the stan bit while data is being
transflerred from the transmitter holding register to the
transmitier shift register, At 56 kB this causes a 6.25%
errror.

Recommendation: Be aware that the last stop bit will be
reduced by an equivalent amount of time {approximately
1 ps).

. If tha CPU is slow in sarvicing the UART it could read
current status (LSR) and then the next data byts (RBR),
instead of the current data byte. An axample of this typs
of lailure woutd be losing a received character without an
ovamun indication, This occurs whan the CPU reads the
recaiver buffer when another character from the shift reg-
ister was bsing translered 1o it. UART registers are up-
dated as soon as tha received data is available (i.e., tha
receive bufler register is updated as soon as all of the
dala bits have been received, tha parity flag is updated as
soen as the parity bit is received, the overrun flag is up-
dated as scon 8s the stop bit is received, ete.).
Recormmendation: The CPU must read the buffer sooner.

7. The wansmitter character may be erronecus, if the
IN58250, -B ransmits with 5 data bits and 1 and ¥ stop
bits.

Recommendation: Use only 1 stop bit.

8. Writing a 1" 10 bit 1 of the Interrupt Enable Register
{IER1), when the Transmittar Holding Register is not
empty sels the THRE intarrupt, regardiess of the THRE
slatus bit condition.

Recommendation: Only set bit 1 in the interrupt Enable
Register (IER1) it the Transmilter Holding Ragister is
empty.

9. When multiple interrupts ars pending, the interrupt lina

(INTR) putses low aller each interrupt instead of remain-
ing high continuousky.
Recommendation: This will not cause problems in normal
operation, however, it is a condition nacessary for com-
patbility in some popular B088-based microcomputers
that use an edge-triggered ICU {saa Section 6.0).

10. Bit No. 6 {TSRE) of the line status register Is set as soon

as the transmitler shill register ampties whether or not
the transmitter holding register contains a character. Bit
No. 6 is then reset when the Iransmitter shitt register i
reloaded.
Recommendation: This will nat cavse problams In nor-
mal operation. However, it is & function tasted on soms
popular B08B-based microcomputer systems diagnostic
programs.

2.1 ADDITIONAL FUNCTIONAL CONSIDERATIONS

When using tha INS8250-B in full duplox operation with the
THRE interrupt snabled and either one or both of the higher

* priority interrupls enabled (Receiver Dala Avaitable, Receiv-




er Line Status), the THRE interrupt indication may be lost.
This is only possible it both data transmission and reception
are occurring simultaneously. To avoid this problem use one
of the three software aids listed below, Tha first two should
ba inserted in the Receiver Data Avaitable and/or Receiver
Ling Status service routinas, Tha last one should ba insert-
ed in the THRE service routing. Any of the lollowing will
rosult in successful operation given the above circum-
stanca,

SOFTWARE AIDS

1. White inside the higher order interrupt servica routines;
test the THRE bit, if itis 1 then sat IER1.

2. Whils inside the higher order interrupt service routines;
tost the THRE bit, if it is 1 then set a flag and service the
transmitter as soon as you exit tha routina,

3. Poll THRE (LSR5} instead of using the lIR.

3.0 INS8250A and NS16450
Function and Timing

Considerations

1. Chip select does not atfect data transfars trom the mas-
tar register to the slave register. Therafore, the UART
doesn’t have to be deselectad before it can oHer vatid
status updates to the CPU.

. The master reset (MR) input has a Schmitt Trigger circuit
added to it.

. A transmitter intarrupt occurs only if the transmitter hold-
ing register is empty when bit 1 of the Interrupt Enable
Ragister (IER) is set.

. The UARTSs latch data writtan to therm on thae trailing edge
of the WR or WR signal, so data does not nead to ba
valid for the total time write is aclive.

. Tha loopback diagnostic function sets the modem control
outputs RTS, DTR, OUT1 and QUT2 to thair inactive
state (logic “'1"), so they will sand no spurious signals.

6. A one byte scratch pad register is included at location
111. This register is not on the INS8250 or -B.

. Whan multiple intarrupts are pending the interrupt line re-
mains high rather than pulsing low aiter aach interrupt is
sarvicad. The INS8250A and NS16450 have level sensh
tive interrupts as opposed to edge-triggered interrupts.
This requires a changse in tha UART driver software or
associated hardware if the INSB250A, NS16450 is used
with some popular microcomputers, and their edge-trig-
gered ICUs (see Saction 6.0).

. Bit & of the line status register is set to 1 when both the
transmitter holding and shift register arg empty. This
causes tha INSB250A and NS16450 o be incompatible
with soma INS8250 software utitizing 1his bit.

ATIMING CONSIDERATIONS

. A start bit wilt be sent typically 16 clocks (1 bit time) after
the WRTHA signal goes active.

. The leading edge of WRATHR resets THRE and TEMT.

. All of the line status errors and the received data flag
(DR, data ready) are sat during the tima of the first stop
bit.

. TEMT is set 2 RCLK clock periods aiter the stop bit(s) are
sant.

. The modem control registar updates the modem outputs
on the trailing edge of WRMCRH,

3.2 CRYSTALREQUIREMENTS

There hava been raports that certain types of 1.8432 MHz
crystals have not been starting when used with the
INS8250s (excluding the INS82C50A). The problam is with
the smaller size versions of the crystel and their higher ESR
values. In order to overcome this problem the following cir-
cuit should be used.

5IN
\ START ! DATA BITS (5-8) '@ STOP \ /
DATA)

FIGURE 2. Serlal Data Timing

TL/CH320-2

' UART

15k XOUT:

L

TL/C/9320-3

FIGURE 3. The Osclilator Circuit
Crystal paramatar for the above circuil are:
type AT cut
resonance fundamental (parallel)
load capaciter 20pF — 32 pF
max. Rg 1k @ 1 MHz, 500 @ 5 MHz
cal. tolerance +0.005% & 25°C
dnift lolarance +0005% @ 0°C — +70°C
overall tolarance +001%
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2.3 ACDITIONAL FUNCTIONAL CONSIDERATIONS
Whan using eithar tho INS8250A or the NS16450 in tull du-
plex oparaton with tha THRE intorrupl enabled and aither
oneg or bolh of the higher prionty interrupts enable {Receiver
Data Aveifablo, Rocaver Line Status), tha THRE intemupt
indication may be lost. This is only possible if bath data
Iransmyssion and reception ara accurnng simuilaneously. To
avoid 1his problem use one of the three tollowing soitware
aida. Tho firsl two should ba inserted in the Receiver Data
Available and/or Rocoivor Lina Status sorvice routinos. The
iast ono should bo ingartod In tha THRE sarvce routing. Any
ol the following will result in successiul gperation given the
above circumslance.

SOFTWARE AIDS

1. Disable and then reenabla transmitter interrupts via IERT
after tha last tima tha IR is read in higher order intarrupt
senvice routings.

2. While inside tha hi r order interrupl service routings;
tast tha THRE bit, it itis 1 than set a ffag and servica the
transmittor as soon as you exit tha routine.

3. Poll THRE (LSR5) instead of using tha HIA.

4.0 INS82C50A and NS16C450
Function and Timing
Considerations

All of 1ha information prosonted in Sections 3.0 through 3.2
Is apphcable to tho CMQOS parts. In addition, the following
Homs specity diitarencas batwaon XMOS and CMOS parts.
They are applicable to the CMOS parts only:

. Anyime a reset pulsa is issuad 10 the INS82C30A or
NS16C450 the divisor latches must ba rewnttan with the
approprale divisors in ordor 10 51art the baud rate goner-
ator.

. t51is from 16 to 48 ACLK cyclas in langth

5.0 NS16550A and NS16550 Fune-

tion and Timing Considerations

All of the inlormation present in Sections 3.0 and 3.1 is ap-
plicable to tha NS1655CA and NS16550.

The pnmary diforence botweon these two parts is in the
oporatign of the FIFOs. The NS16550 will sometmas trans-
for oxtra charactors whan the CPU roads the AX FiIFQ. Due
ta the asynchronous nature of this failura there is no work-
around and the N516550 should NOT ba used in the FiIFO
mode. Tho NS16550A has no probloms operating in the
FIFO mode and should be used on all now dasigns.

The programmer should nots tha difference in the function
of bit 6 in the tnlerrupt Identfication Register (IIR6G). This bit
s permanently at logical 0 in tha NS18550. In the
NS16550A this bit wil be set to a 1 when ths FIFOs ara
anablod. In both parts tit 7 of the IR is sel to g 1 whan the
FIFQOs are enablad. Therefore, tha program can drstinguish
whon the FiFCs are enabled and whethor the part 1s an
NS16550A or an NS16550 by ¢checking thase two bils. In
order to enabla the FiIFO mode and sol IR6 and IR7 bit © of
tha FIFQ Controt Register (FCRO) should be sat. Remember

unless both bits HIRG6 and 1IR7 are set, the program should
not ransfor data via the FIFOs.

Tha {ollowing are improvemaents In the AG limings for the
NS16550A ovar the NS16450:

. tag changas rom 60 ns 1o 30 ns.

. ¢sw changes from 50 ns to 30 ns.

. tcsa changes from 50 ns 10 30 ns,

. RC changes irom 360 ns to 280 ns.

g chengas from 175 ns Lo 125 ns,

. 1ps changos from 40 ns 10 30 ns.

. 1on changes from 40 ns 1o 30 ns,

. Timing parameters specified by tg)yT will changa in some

cases when the FIFOs are enabled. Refer to the data
shaat of specific changes.

6.0 Software Compatibility

The frst parl produtad (INSB250-B) had soma llaws and
the first ravisien of that part (INSB250A) resolved thoss
flaws. Between tha time of the fius! part and tha fust revi-
sion, usa ol the INSB250-B in personal computars became
quite common, Two of the conditions present In the
INS8250-B are requrod in many ol those parsonal compul-
ers {sea ltams 9 and 10 in Section 2.0). Those two detoct
muttigla panding interrupts from the INS8250-8 and tas! tha
baud rate. Thesa two conditions ware eliminated m tha evi-
sion part and all parts thoreaftor. Thus, the more racent
UARTSs roquire thal ona of the 1ollowing recommondations
of & similar change-is mado 10 1ha largal system. Changing
the soltwara or hardwars allows t\ho more tecent UARTS 1o
replace the INSB250-B. If the target sysiem servicos the
UART via polling rather than interrupts, then ali of the more
rocont paris will bo plug-in foplacemaonta lor tha INSB250-8.
Note: The NS18550A has bwo ping with now lunclions {ses the d. no@t

lor ypocitics).

6.1 USING THE INSB250A, NS16450, INSB2C504,
HNS16C450 AND NS16550A WITH EDGED-TRIGGERED
ICUs

Using thesa UARTs with an edge-triggerod ICU as in some
of the popular microcomputers requires a signal edga on the
INTR pin for each pending UART interrupt. Othermse, when
myltiple intarrupts are pending tha interrupt hne wiil be con-
stanily high active and the edge-triggered ICU wili not re-
quost addiional servica for the UART.

6.2 CREATING AN INTERRUPT EDGE VIA SOFTWARE

This is done by disabling and then re-enabling UART inter-
rupts wia lhe Interrupt Enabte Register {IER) belota a speci-
ic UART inlarrupl handing routing (line staius errors, ¢e-
cerved data avalable, transmitter holding reg:ster ampty of
modem stalus} ts axited. To disable interrupts wrta H'00 to
the IER. To re-anable inlarrupts wrile a byte containing ones
to the IER bit positions whosa interrupts are supposed (o be
enablaed.

6.3 CREATING AN INTERRUPT EDGE IN HARDWARE
This is done externally 1o tha UART. One approach is 1o
connact the INTA pin of the UART 10 the input of an AND

gata. Tha other input of this AND gate is connected to a
signal thal wili always go low activa whon the UART is ac.




cossad (see Figura 4). The output of the AND gate is used 7.0 Acknowledgements

as tha interrupt to the ICU. R R -
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rupt being generated, 5o the softwars routing should e able to han- dasign and field applications engineers whose laboratory
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{FROM INSB250A, NS16450

OR NS1B550A} INTR
iNTR

(FROM 8288) 1OR

TLIC/BI20-4
FIGURE 4: Creating an INTR Edge In Hardware
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