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MASTER

UAR/T: UNIVERSAL ASYNCHRONOUS RECE]VER/TRAMSMITTER
FEATURES

OTL and TTL compatibie==no interfacing circuits
required—drives one TiL load

- Fully Double Buffered-—ei{iminaTes need for system

synchronization, facilitates high—-speed cperation

- Ful!l Duplex Operation-=can handle muitiplie bauds
(receiving-transmitTing) simultanecusly '

~ StarT BIT VeriticaTion——decreases error rate with
centTer sampling

-~ Receiver center sampling of serial input; 46%
distor+tion immunity

-~ Hign Speed Operation

- Three-StaTe OuTpuTs—bus sTructure capabiliTy

Low Powar--minimum power requiremenTs

- input Protected—eliminates handling probiems

- Single Supply Operaticn: +4,75V 7o +5,25V

- 1 1/2 stop 2iT moce

- Exvernal resaT of all regisTers excepv conirol
2iTs regisvter

- N-cnannel jon lmplanT Process

-0 7o 25K baud

- Pull=up resisTors 7o Voo OO afl inpuTs

DESCRIPTION -

The Universal Asynchronous Receiver/TransmitTer
(UAR/T) Is an LS| subsystem which accepTs binary
characters from either 2 <Terminal devicas or a
computer and receives/{ransmits This character with
2pended control and error detecting bitse All
cnaracters contain a start bit, 5 fo 8 data biTs,
1, 1=1/2, o 2 stop bit capabillty, and el+ther odd/
even parity or no parity. In order to make The

PIR CONFIGURATION |
4 LEAD DUAL IN LINE !

TOP VIEW
Voot +5V) [ @ o
N.C. ]2 390 25
eNod 3 383 N8BT ,
ROEQ 4 37ONE2 |
rRo8C 5 363758 |
RO7C 6 =5ONP
RO6C 7 34[3CS |
RDSC 8 330 DEs :
RD4 0 9 320087 5
resd 10 310088 |
RD2] 11 opoes |
RO1C 12 290 D84 |
Ped 13 230 083 |
FEC 14 27002 ‘
_o_ag 15 283081 |
SWerl 16 250 50 :
R 17 26D € |
TAC 18 23053 3
DAVG 19 2203 TEMT j
ks 210 R

UAR/T universal, +the baud, bits per word, pariTy
mode, and the numper of sTop biTs are externally
selectable. The device is consiTucted on 2 singise
monol Ithic chipe All  lnputTs and ouTputs are
direct!y compatibie with TTL/DTL/CMOS logic witThout
the need for I(nterfacing components. All stTrobed
outputs are three-staTe logic.
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IN FUMCTIONS
Pin No. Name (Symboi) Functioa
1 Yog Power Supply (Veg) +5Y Supply
2 NG (Not Connected)
3 Ground ’ Ground
4 Recsived Data Enanle (RDE) A logic ™" on the recsiver enable llne places the
racaived data onto +the output |lness
5=12 Recaived Data Bits (RD8-RD1) ' Thesa ars the 8 data cutput !ines. Recsived characters
are right Jjustified: the LSB always appears on ROT.
These |ines have tri-state cutputs; i.es, they have the
normal TTL ocutput characteristics when RDE is ™" and a
high impedance sTate when RDE Is ™", Thus, *he data
| output lines <an be bus structurs orientads
1
| 13 Parity Error (PE) ' This line goes to a logic "I" If The recsived character
parity does not agree wiTth The salecTad paritye.
Tri-state.
14 Framing Error (FE) This line geces To a legic ™I™ |if +he received character
has no valld sTop dite Tri-starte,
15 Qver-un (CR) This llne goes 7o a lcgic ™I™ (f tThe previously
recalved characTer is noT reag (LAY line not resaT)
‘ befere The prasenT characTar is “Transterred 70 tThe
i recsiver holding ragistTer. Tri-sTaTa.
i6 StaTtus Word Znaole (SWE) A logle ™M™ on This line jlacaes The sTaTus word 2iTs
(PE, FZ, CR, DAY, TSMT) on7o the ouTout |lnes,
17 Recsiver Clock (RGP This line w#ill contain a clock wnosa fequency Is 16
Times (16X) The desirsd racsiver Saud.
18 Resat Data Availanle (RDAY) A logic M" will rasetr the DAY lines The DAV F/F Is
the only Thing ThaT is reseT.
19 Oata Availadle (DAY) This line geces T 2 legic ™1™ wnen an enTire characTer
has been recaived and Transferred To The racaiver
holdling register. Tri-sTata Fige 8.
XD Serial lnput (Si) This line accspTs +he serial YiT inpuT sTream A
marking (logic "1") *o scacing (legic ™M) Transivion
is required for initiaticon of daTta racsoticn. Fig. 7, 8.
21 External Resat (XR) ‘ ResaTs all registTers. Sevs S0, &C, and TEMT o a legic
min, Rasats DAY, and error flags to M"., Clears input
data butfer. MusT S8 Tied ™ legic ™" wnen not in use.
22 Transmi TTer Buffer EmpTy (TEMT) The transmitrer Suffer amoTy flag goes ™ 2 legic ™Iv
| when the data Sits "olding regisTer may e loaded with
another characTer, . ri-sTaTs. See Fig. 14, 16.

JST0005A-3
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PIN FUNCTIONS

Pin No. Name (Symbol) Functiom

23 Data Strobe (DS) A strobe on this line will entar the data bits Into the
data bifs holding register, Initial data transmission
Is Initiated by the rising edge of DS. Data must ba
stable during entire strobe.

24 End of Character (EOC) This line goes To a logic "I each tTime a full
character Is transmitteds It remains at this level
until the start of transmission of the next character,
See Flg. 13, 15, '

25 Serifal Qutput (3SQ) This llne will serially, by bit, provide the entirs
Transmitted character., |t will remain at a logic "7
when no data s being Transmitted.

-

26=33 Data 31t |nputs (DB1-088) Thére ars up *o 8 data bit inpuT llnes aviaiable.

34 Control Strobe (CS) A logic "1™ on this lead will enfter tThe control bits
' (EPS, NB1, NB2, TS8, ™P) into *the control bits hoiding
register. This line can be sirobed or hard wired *o a
fegic "1 level.

No Parity (MNP) A fogic ™1™ on This lead will aliminate The parity DbitT
frem the fransmittea and recsived <character (no PE
indication). The svco bit(s) wilt immegiaTaly follow
The last daTa Si™. 1 £ noT useq, This lead mus™t te Tled
o a logic ™",

A
w

-
to e appended immegiately artter The parity bit. A
logic ™™ will inserT | stoo diT ana a logic "1 will
inserT 2 stoo biTse The comoined salection of 2 stop

bits and 3 oiTs/cnaracter will produca | /2 stop DiTs

1 z8 Numpber of Stop 3its (738) This lead will salect The numger of stop DiTs, ! or

37-38 Numter of 8its/Charac¥er (NBZ, NB1) These iwo leads will be internally deccded 7o salecT
aither 5, 6, 7 or 8 data bivs/characTer,

NE2 NB1 3its/Charactar
Q 0
0 1
! Q
1

1

@W N Ow

w
O

Qdd/2ven Parity Select (EPS) The logic level on This pin selects the type of parity
which will be apoenged immediaTely after The daTa DbiTs.
I+ also deTermines *he pariTy that will be cnecked oy
the receiver, A logic 0" will insert odd parity and a
logic "1™ will inserTt sven parity.

<0 Transmitter Clock (TCP) This llne will ccontain a clock whose frequency is 16
+imes (16X) the desiread transmitTer baud.

) DS700Q 54




GTMERAL

INSTRUMENT AY-3=10 150

ELECTRICAL CHARACTERISTICS
Maximum Ratings® *cxceeding tThese ratings c<ould causa permanent
VYog (with Respact 10 GND)eeeceasasees  =1.3V o 46V damage to The davics. This Is a stress rating only
Storage Temperaturecesescescsscsse =55°C To +150°C and functional operation of this device at thess
Lead Temperature (Soldering, 10 S8CJeceeses +3X°C conditiens Ts not Implied-operating ranges ara

i specifled In Standard Conditions. Exposura to
Standard Conditions (uniess aotherwise notaed): apsolute maximum rating condltions for extaended
Yo = HJ75V 1o +5,25V periods may affect device rallapility.

Operating Temperature (T,) =0°C fo +W°C
. Data labeled "typical™ Is presented for design
guidance only and Is not guaranteed,

DC CHARACTERISTICS

Characteristic Min Typ Max Units Conditions

put Logic Laveis (AY-3=1015) . ! .
Logic O Q - 0.8 Yolts
Logic 1 2.4 - Vee*t3e3 Vaolts Has [nTternal pull-uo resistors " Yoo
input CapacitTancs
All inputs - - D pr Q voits aias, f== IMHz
Cutput impedancs
Tri=-3tate Qutputs Ted - - M ohms
Cata Output Lavels
->gic 0 - - 0.4 Yolts Iop = l.8mA (sink)
Lxgic ! 2.4 - - Yolts loy = =0DuA (sourcel—atT Yoo = +5Y
Cutput Capacitanca - 0 15 of
Power Supply Curteat
o aT ¥pn = 5V - 0 15 mA

Standard Comditicas (unless otherwisa notad)

AL CHARACTERISTICS

Charactaristic Min | Typ | Max | units | Conditions
Clock Frequency oc - 400 xHZz atT Yap = 4TSV
3aud 9 - 25 kbaud at Vog = +4.73V
Pulsa Width
Clock Pulse 1.0 - - us See Fig. 3
Zontrol Sirope 200 - - ns Sae Figs 11
Sata Sirobe D0 - - ns See Fig, 10
IxTernal ResaT 20 - - ns See Figs 9
Status Word Enable 2a - - ns Ses Fig, 17
Sesat DaTa Availanle 20 .- - ns See Fig. 18
Recgived DaTta Znaple 200 - - ns See Fig. 17
Sat Up & Hold Time
input Data Bitfs D - - as See Fic. 0
input Cantrol 2its pe) - - ns Sea Fig, I
Cutput Propagation Delay _ .
“rCo - - 200 ns Ses Figs 17
o1 - - 20 ns Sae Fig. 17
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s ] |noTe 3 |
T || 1 | | |
' - — | NQTE2 ' L

- '----‘-_——- —-—- —_-7-— . — S —— T_-_-
so o | DATA 1 DATAZ  DATA 3DATA 4DATA 5 DATA 8 DATA TDATA 3 PARITYISTCP 1 STOP 2| START DATA 1
NGTE 1—1'——-@— BIT TIME

NOTZ: SEZ FIGURES 2, 3, 4 FOR DETAILS

TransmitrTer initially assumed inactive at DETAIL:

Tart of diagram, Shown for 8 level code

and parity and two sTopse DATA j
1: Bit Time = 16 Clock cycles. STROBE I }

| f fransmitter s inactive the starT pulse

will appear on line 1 T 2 clock c¢ycles CcLCCK l l l

after the data strooe occurs. See detail, * - ' ;
3: Since Transmitter is double buffered another SO’ START ‘

data sirode can occur anywheras ddring Trans-

mission of characver 1| after TBMT goes hign

[N

Fige 1 UAR/T - TRANSMITTER TIMING

TRANSMITTZZ INACTIVE TRANSMITTZR ACITVE
TRANSMIT ZSUFFEZR LOUDED MHEN 2CC HIGH TRANSMIT SUFFIR LCADED #HENM 2ZIC LW

NQT A TEST POINT

f
[
|
|
! l 1 [ [ :
DS ‘ }—-’ - 0S Pl } |
> p‘ R U > R i |
X ! ! . ‘1 I i
so START BIT, | so o [ISTRT . |
i f ! [ ! 1 i
I
TBMT 5 TEMT L i [ ;
] {
EOC 1o E0C I_f f
! |
|
i
!
!
Fig. 2 TRANSMITTER AT START SIT Fige 3 TRANSMITTER AT START 8IT l
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TIMING DI AGRAMS
e
=
= T30 T4T57—T7._1p-—_—_rﬁ_
So o _112,3;4,5,8,7.8!P sTOP 15TOP 2 MAXMUM * s ML
*
DUTY CYCLE
DS | REFER TO NOTE #1 —_—
* K
I MaNUM *:#-—-{——-—— Tus MM
l DUTY CYCLE : L
DA l ’ A
l _ —_
= )
_=aAl LLECGAL TO USE CS ‘LE‘G.AL 50% DUTY
cs cs CYCLE ——

NOTE 1: 0S 2nd CS may cccur
simultTaneously wnen
Transmi tTrer inacTive

NOTzZ: Cantral strobe may te hardwirad to "nin
in That z3sa, conTral data biTsS musT
e sTaole during "fllegal C3" Time.

Fige 4 ALLOWABLE POINTS TO USE CONTROL STRCEE

1

Any 2ulsa wigth wnicn meeTs

accve critaria is allcwanie

Figde 5 ALLCNABLE TCP, RCP

0ST005 A-7
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R START DATA 1DATA2 DAT \3DATA4 DATA 5 DATA @ DATA 7 DATA 8 PARITY STCP 1 STOP2 START DATA1
3 I 1 1 ! | i 1 1 ) MSB i |r r
- et I SN SIS RS ARUIUSGSIIS RpIR SPEESRI PP !__1.____
NTERAL I N N N A IS S N A N |
SANMPLES
.~ PARITY mlE1_j
ERRCR
NOTE 1 ]
FRAMNG )
ERACA j 1CcLocX
. DATA NOTE 2 —|
AVALLABLE ' l
" NOTE {1 ——
CVER AN ]
NOTES: -
l« This is +he time whsn tThe errcr con- 4, Above shown for 3 level <ode pariTy and
di*ions are indicatsd, if error occurs. Two sTOO. For no parity, sTop DiTs
| 2. Data avallable is set only when The follow caTz.
recasived data, PSS, FE, CR has Gteen Se For all level ccae, The data In The
+ransferrad to the holding regisTers. holding register is rignT jusTifisg;
(Sea recaiver block diagraml. +hat is, 'S8 aiways appears in ROi
3. All information Is goad in holaing (PIN 121,
registers unTi| data availacle TTies "o
saT for nexT characTar.
Flge A UMAR/T =~ SECTIVER TIMING .
TAUE RCVR CENTEAR SAMPLING DAV AND STCP SIT CNE
1 I__z 3 4 5 8 7 3 |
| 1 b—w _‘_l
Vo ] POINT ;
o ; aop U LT LT UL t_r'ﬂ_w_ﬂf
mam 8 SO0 - NTERNAL o]
o , SAMPLE T
7 CLCCXS —d i
[ ¥ ADRD3 !
! ‘ | PEFECR i
| | i |
o I e / // ///
P i g , ///‘
b . _ DAV CFF
! ! {f 10 transiTion of
| | starT BitT occurs hare,
_Then /
Samp le PointT will be here
/
Internal Sample Pulise i
Fige 7 . Fige 8 RECSIVER CURING 1sT STOP 8IT

DSTTCO5 A3
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41N D1AGRAMS

- START DATA 1DATA 2 DATA 3 DATA4 DATA 5 DATAS DATA 7 DATA 8 PARITY STOP 1 STOR 2 START DATA

=] i | ; T
L3 l ! M8 |
'_.._. _L___.L_.__J____..IL__._A___.L___L____L____} l___:._.__

SALPLES
NCTE 1 —-
PARITY \
ZFACR
NOTE 1 __.]
FRAIING ]
ERACR —-‘r-1c:.oc:<
DATA MTEZ_.JJ
vAL aaE [
' .‘00"!":'.‘1—-7r
CVET AN = .
NOTES: : -
le This is the tTime when The srror c<on- 4, Abgve snown fzr 3 level code fariTy 2nd
di+lons are indicated, if errcr occurs. TWG  STCO. fzr no parity, sToo 3iTsS
2. Data availaole is seT only =wnhen The follcw carta.
rscsived data, 'PE, FI, (R nas teen Sa Sor atl lavei <zga, Thne gate In The
Transferraed To The noldlng regisTars. nolafag register is rignT v‘usﬂfieq;
(Sea recaiver block diagraml. +nat is, LSB  21wavs acgears in  FO01
3. All Information s good in n1ciging (8N 2.
raqisTers unTi! data availazlas Tries ™
saT for aexT characTar,
Fige A UAR/T = SECTIVER TIMING .
THUE HCVR CINTER SAMPLNG DAV AND STCRP ST ONE
- inlinlin N
_ N
. L_I—L_..L.. L,J;[—L_ lmwm
= | s..._.Sﬁu‘ﬂE "
) i | PORNT ! . -
o i or o LT LY m_mﬁ f'"L_fTJ'UT_! U
o SAMPLE T
o 7 QLS — !
[ . RDHRDS l !
o ! PEFECR :
| | | !
| | |
DAVCH
o ’ //// ////////// I
i | i
' [ . ) . DAY CFF
! ) |f 1-J transition ot
| i starT DiT occurs herae, :
_Then /
Sampie PointT will te here
Intarnal Sample Puisa
Fige 7 . Fige 8 RECTIVER CURING Ist STOP B8IT
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TIMING DIAGRAMS

—_——— e A e
VH -~ —_—— e ——_——
S
500ns
bk VH £ — ——— % — T [ppm— mp—
When not [n use, XR must be DATA NP, TSBNB2,
Id at GND. ! - LEPS -
20ms 20008 __ 20ms
R resats every rsgistar ML MR, MIN . 20008 __ 20ns
oxcapT the control registar, : M, l MIN
30, TEMT EOC are raset to i
3V al! other outtuts resat Control bi+s mus™ De sTaole
o JV. for last 2D0ns of CS3.
Fige 9 R PULSE Fige D D3 Fige 11a CS
YH — e — — ' o JRSTApup— R
cs o]
VH L —— E—— VM — = - T —— — L
NP ETC,
NP ETC. | 200ns .
— 200N | % | MIN.
MIN, | Leading edge of contral daTta is noT
Control strope and controi critical as long as “Tailing eage and

Fig. 11b

bits must be D0ns minimum

* 20ns MIN.

pulsa widTh spgecs ars coserved.

Fige 12

0sS70005A-3
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TIMING DIAGRAMS

TCP VH— £ = DS TcP |
! . :
viL— — —_—— VI, VIL —— b — — —
VOH = — 4 — — TBMT | ECC [ |
EQCC VOL —{o— — L - — yoL— — —_ —
TYP. TR, '
Fige 15 EDC TURN-ON Fige 14 TBMT TURN—OFF Flge 15 EDC TURN—OFF

—— 200ns
MINL

:

—

RDA \ /
Al \ /
Vs B J__._.._:z__
i :
|

DAV

1

YOL—>—__

— S00ns MAX, —_—

]

vou
— 150y ——
TYe.
|
!
Fige 16 TEMT TURN—ON Fige 17 RDE, SWE Fig. 18 RDAY (
I
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L./T: Universal Asynchronous Recniver/Transmittec

TRANSMITTER OPERATEION

1s Turn Power On
Z. Puise ExTernal Reser
3o Selecr Caug - 18 x CIX
Y
TEMT = |
EDC = 1
SO = 1 (Steo B3I
i)
{Ser Controi 81Ts - Puise &3 K

Set Jara 3lts *‘i 1

Shit+ AegrsTer
Ty ?

Laad TransmiTTee ShitT JeqiaTer |
Q=3 (Starr 3T
I =)

o

ShitT 1 3iT RignT in
Transmitree SNitT Qegistar |

i
[

Traasait Starr 3T, Jata
3iT3, SeiecTed Fartty Yoda,
Ang Sroo 3if(s)

Has
The LastT
Stco 3IT 3esn Ca The
Line For 3T

Tos

L e e Ysc-r

-

SNSTRUMENT Ar=-3=1 15D
{nitiaiizing
Power [s applled, external reset Is enabled and

clock pulse is applied having a fraqueancy of 16
times the desired baud, The above conditfons will
set TEMT, ECC, and SO +to legic ™1" (line is
markingle

Aftar ‘user may sat

control
sa{ecTion
sal{ection,

fnitializing Is compieted,
bits and data bits with control bits
normally occurring befora data bits
However, one may set both DS and C3
simuiteneously 1f minimum pulse width specifica-
tions ares followed. Onca Data Strobe (DS) Is
puised the TEMT signal will change from a logic ™in
@ a logic ™" Indicating that the data bits
hoiding register s fliled with a previous characg-
+er and Is umabdle Yo recsive new data bits, and
iTansmitter shift registar s transmitting pre—
viously loaded data, TEMT w#ill raturn to a legic
When “ransmitrer shif+ reggs‘."ar Is empty,
data bits In *he holding regisTer arse immediately
loaded The iransmitter shift register ‘for
Transmission. The snifting of infcrmaTion from “Re
halding raglisTar *o the ‘Tansmitrar snift register
will be followed %y 30 andg geing T a logic
mn, TEMT will go "© 2 icgic 71" ingica-
Ting The snifving coeravion is comoleted ang
That Nolding regisTer is
accaoT new data.
characTear Time is ncw availaole for lcading o+
loss of transmission

n "".

nto

Tale
L)

and alsao
+hat
The data bits
[+ snould ze

~=2aqy o
rememgcered ThaT cne
full
The nexT characTar
steed due To double buffering (saparaTe data bits
Nofding register and *ransmitrer snif+ regisvar),

wi+Thout

Oatz transmission Is Tnitiataed wi*h *Tansmission of
2 svarT bit, data bits, parity bit (1f desired) and
SToo biPt(s)e When The last sTop bit has Seen on
line for one it time, ZIC will go +o a legic miv
indlcating *hat new characrar is ready for frans-
This new characTer will be +ransmitred
enly if TEMT fogic ™" as was praviously
dlscussad,

mission,
is a

0ST00SA=i1




FRESE T T VAR T T l s s -

RECEIVER QPERATION

<

le Tarm Power =

1. Muine fxrervas Ntoser
3o Sedour Sews ~ 8 x QX
4 Sew Coamvees 35TS

z
[ PN |

oae STart 3T inTo
Amrnivar SHEFr thayisree

JR6PT ree Lowe SXTR diP
| ey Jammpevar (N FP TantaTwe

——
y&w'v!w Yroe |

legisTwr "a Q |

it ver dum |
JeqisTer "3 1

I

Shét? PemiaTme Ta Cars

3ty rmiding feqisTer

L.
* lrawater Carm 3iTY From
—_—

[ O

la Stroms iTarus <are Twetae
2. iMroes JaTa inseie

P2
' Lt e N

L
[Feawr Tarm reattasie v <

Initializing

Power is applled, extarnal raset is enabled, and
clock pulsa is applled having a frequency of 16
+imes the desired baud. The previous condit{ons
will set data available (DAV) *to a logic "M,

After initlalizing is cmpletod, ussr should note
+hat one set of control bits will be used for both
reciavaer and transmitter making indlvidual coatrol
bit safTing unnecsssary. Data reception starts
when serial Input signal changes from marking
{logic ™1") To spacing (leglc MM") which Initiates
start bi+. The start bit is valld if, afTer trans-
I+lon from logie """ *o logic ™", the Si line
continues to be at logic '"3", when canter sampled,
8 clock puises latTer. ¥, nowever, line is at a
logic "1" when center sampllng occurs, the starT
bit veriflcation process will be resat. [f Tha
Serfal japut !line transitions frem a legic "1" T¢
logic ™" (marking Tc spacing) when the 16x clock
is In a logic "1™ stats, The it Time for canter
sampiing will Segin wnen The clock !lne transitions
fran a logic "1" *o a logic M" state,  Aftfer
veriflcation of a genuine star+ bit, data bit
racsption, parity b5lt receoT!ion and sTop Jit(s),
recapticn procseds in an crderiy manner,

While recaiving parity and stoa 2iT(s), The racsiver
wil| ccmoare Transaitted pariTy and sTop bit(s)
#ith contral data 5i+s (zariTy 2nag numoer of sToD
Bits) praviocusly seT anc ingicaTe an errcr by
changing T™e pariTy srrsr flio floo and/or The
framing errcr flip flop To 2 legic "', IV snoulid
be noted ThaTt if The No 2ariTy Meda is salecTed,
+he PE (pari*+y errar) will Ze unconaitionally seT
to a logic ™",

Onca a full cnaracTer is recegiveaq, inTernal logic
looks aT The data availaoclie (CAV) signal To deTer-
mina if daTta has 2een rsad cut. [f The DAV signal
is ar a logic ™", The racaiver will assume
data has not 3een read cuT ang the aver run flip-
flop of *he staTtus word nolding regisTar will De
set To a logic ™M, I¢# the DAV signai is at a
logic ™™, The racesiver will 2ssume TthaT data nas
tean read out. AfTsr DAV goes To a logic "17, The
raceiver shifT register is now ready 7o accaptT The
next characTar and has one full characTer Time TO

remove The recsiveg characwar.
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