TOSHIBA i THMPE2Z51A

PROGRAMMABLE COMMURNICATION INTERFACE

TMPE251APR

1. GEMNERAL DESCRIPTION
The TMFB2R1AF is the industry standard Universal SynnnronousfAsynehoronons
ReceiverTransmitter (USART) that is fabricated using N-channel silicon gate MOS

technclogy.
The TMPEZSG1A iz mainly used [or 8-bit microcomputer exteneion systems, which

raguire serial data commumnications.
The TMPBZ51ATD" is packaged in the 28pin stendasd Dual Inline packape.

FEATLIRFS
L] Synchoronous:

5-8 Bil Characters

Internal or External Charscter Synehrontration
Bingle or Douhle Charastor Svechronization {Internal)
Auternutic Syne Insertion

> Asynchroncus:

5-8 Bit Characters

Clock Rate - 1, 16 or 64 Times Traosier Ruie
Break Characler Generation

1,115, o1 2 Stop Bits

False Start Bit Detection

Autemstic Break Detect and Ilandling

L Transfer Rate DC to A4K bps (Synchronous)
DT to 19.6K bps [Agynchronoug)
] Full-Dplex, Iouble-Buffered, Transmitter and Recejver
. Error DetectionParity, Overrun and Framing
* Bingle + 3V Supply
L Compatiblz with Intel’s B251A/82657
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2. PIN COMMNECTIONS (TOP VIEW)
o 1~ @z
Wz |:|2 2?: ety
RxCr (13 26 = WD
oMl 4 25 [0 FHxl
e 05 x4 [0 OTR
> 08 221 FT:
Dg O7 220 DER
oy C2 210 RESET
™wE 9 00 ek
WH L1e wC Teb
s N 18 o T<EMPTY
ch J2 17[a e
RD -5 16 0 SYMDET/BD
ReRDY L2014 15 0 TROY
3. BLOCK DIAGRAM
M — S — . 1
(A RECEIWZDATE | /1_"_|__r TRANEMN
: BLIF=EY <,J— EL “FEFR —+ TxD
D = I (PG
g; S Satgsnaa - o
i ELFFER . —_— .
- - M Ikemstarr 1 TRRDY
Gy = 'r" 1 — TaLMPTY
L IRANSWIT [ TaA —'-—"\ contral  fre— Tal
b = | BLIFFFR __.....'/ —
Oy = -—*'
* commaeoaTe ) A RECE WEBLFER
EJFFER = ;
IV —V] :'\l— [Pet) - R
RESET — - -— RxRDY
b E ! __
CLK ] FTaA YR T | S = . = S¥MDET/ED
_ CONTROL CONTROL Riuc
GBI T Loek ™
R - {-——q - S
WE — L] — — RT%
o —— _WL _ I (TS 5
- / <—v> COMTROL L+ OTR
WL — - L1 , _ R
GHD —— INTERNAL L
DA TE BUS
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4.

PIN NAMES AND PIN DESCRIFTIONS
INTERFACE SIGNALS TO VIPU (MMAIN SYSTEM)
» Dg~—[37 iInprUntput)
Thiz 3-atate bidirecticnal, 8-bit buller is used to interface the H251A to tae
syslem Dia Bus. Dala s Lransmilied or received through the bulfer upon

exevulion of Input or Qaiput Insuruclions of the MPTT,  Conlrol Woerds, Command
Werds and Status Information are alse transflered througl the Data Bus Bulfer.

« WEilnpct
A Yiow” level signal on this input inferma the 82514 thal the BIIMD is Writing
Data or Control Words to the 8231 A,
[ LT Inpu-:
A “low” lewel signal on this input informs the 8251 A chat the MPLU iz Reading
Data or Status Inlormation rom the 82514,
s  CSilnput)

A “Iow™ level signal on —his input selecis the 82524, Mo reading or writing
operation will ecentr anless the deviee ie aolected. When O3 is “high™ the Dala Bos
iz in the floating state and RTF ard WR have no effeel on the chips.

L] G iloputy

This iTput signai, in conjunction with the WR and BT inpuia, informe the
52514 Lhsl Lhe word on Lh2 Duca Bus is silther a Data Charaeler, Contrel Word or
Status Infermation. A “high™ level signal means Cobtrol or Statwe, a “low”™ level
signal means Dela.

cin Ri3 W s

4] ] 1 fi EX51A Secinwe DATA Buller — Data Bus

| i ¥ i B231A Transmi, DA™ A Burfer «— Daza Bus

K o 1 1] B2 1A Siatus A LA Buffer »Dats Bus

B H o 1] 82514 Cammand 2&TA Buffar« - Data Eus
x 1 1 i} N&~A Busisin floating state.

x = x 1 ¢
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4.2

CLK (Input)

The (LK inputis used to generale iolernal devieo timing. No external input or
output is referenced Lo CLK, but the frequency of CLK must be greater than 30
times tke Receiver gr Transmitter Dala Bit Rates (RxC or TxC) ‘n Synchronous
Omeration, and greater than 4.5 limes the Receiver Duls Bil Rated (RxC) in
Asynchroncus Uperation.

REJET (Input)

A “high” level sigaal on this input forces tne 8251A into an “Idle” mode. The
device will remain al "Idel” untill a new sel of Control Words is written into the
8251A to program its functional definition. Minimum RESET pulse width is 6 ey,

MODEM CONTROL SIGNALS

DER (lnput)

The TSR input signal iz a general purpose, [-bit ipverting input porl. Itz
eonditicn cen be tested by the MPU using a Blatus Eead Operation. The DSR
input iz normlaly used Lo test MODEM condizions sueh as Data Set Ready signal.

DTE. (Catputh

The DTR owtput signal is a general parpose, 1-bil inverling cutpat vort. It can
be sct “low™ by programming the appropriate hit in the Command Instsruciion
Word. The DTR output signa. is nermally vsed for MODEM control such as Data
Terminal Beady or Rate Select signal.

RTE {Qutput;

The RIS vutput signal is a gencral purpose, 1-kit inverting eutpuet port. It can
be rat “low” by wrograteming the appropziate oit in the Command lostruclion
Word. The BTS output signal is normally used for MODEM control anch as
RBequest to Send signal.

CTS ilnput)

A “low” level signal on this input ecables the 8251 A (o lransmit scrial data, if
the Tx Inable Bt in the Command Byte is set lo 8 "ene” (TaEN =1}, If either a Tx
tnable off ITXxEN =0 or 0TS off iCTE=1} conditien veeurs while the Ta is in
operalion, the Tx will transmit all the data in the USART, written prior to Tx
Dizable Command before shutting down.
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4.3 TRANSMIT COMTROL SKGMNALS

TxC ([nput}

The Transmitter Clock Coolrols the rate at whick the rharacter s to he
‘Tansmitted. Tn the Synchronous Transmission Mode, the transfer rate (1x) ia
equal to the TxC freguency. In Aeynchronous Transmission Mode, the tranafer
rale is a fraction of the actnal TxC frequency. A poriton of the Mode [nstruetion
selects this factar; it can be 1, Lijg or Lgg the T,

For Examnle:
If transfer rate aquals 170 bps,
TxC=110 Ha (1)
TxC=1.96 KHz (16x)
TeC=7.014 KIlz 154x)

The falling edge of Txl! shifts the serial dats ont of the 8251 A,
T [ { Oaxtpnt)

Thiz line k& used lo transmit the serial data. Berial outpat data om TxD ig
changed from paralled data to seria data in accordancae with the format specifi=d
by the Cantral Werds.

TxD line will be held in the marking state {'1" evelbimmediately ¢n one of the
fellowing.s

= Mastur Reset ¢ Tx Disuble (TxEN =0)

¢ CTSsignalis high (OTS=1) ¢ PxIEMPTY stgnal ig high (TxEMPTY =1)
TxRIVY {dutpat]

This output infarms the MPU that the transmitter is ready ic aecepi a Data
Charseter. The TxBEDY aniput pin can be nsed as an interrupt to the system, since
it is masked by Tx Disakle (IxEN =}, or, or polled Operation, the MPU can check
TzRDY using a Status Read Operaiton. TxRDY is automalically reset hy the
trailing edge of WE when & Data Character iz leadad from the MPT. The Tx RDY
pin cutput status (Tw RTVY i(piad} is dilferent from the TxRIDY slatus bil status
(TxRD'Y (status bit)) as follpws,

THRRLDY i(status bit '={Transmit Data Buffer Empty?

TxBIY (pim} < (Tranramil Dats Buller Empty) - (CTS =01 - iTxEN=1}
TxEMPTY (Qulpul)

The TxZMFTY autput will ga “high” when the 82514 has no chetacters to send,
It resets apon receiving as character from the MPU if the transmilter is enabled.
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Ir Syachronous Mode, a®high™ levcl signal on this eutput indicates that a
Character has not been loaded and the $YNC Character or Characters are about to
he or are being transmitted automatically as “fillers”. Tx EMPTY does not zo
“ aw” when the 3YNC characters are being shifted out.

A4 RECENE COMTRO SIGMUAS

R=C (lnput)

The Receiver (lsck controls the rate at which the character is to be received. In
Synchronows Mode, the Transfer Rate (1x! is crual to the actual frequency of B,
In Asynchrenons Mode, the Transler Rate 1s & fraction of the actual KxC
Irequency, A portion of the Mode Instrucilon gelecis this factar; 1, 1i¢ or Vg the
R

For Rxample:
if Transler Rate pouals 2400 Lps,
FaC=2.4 KHz (Ix)
BxC=38.4 K1z (16x)
RxC=152.4 KHz (f4x)

Dzts is sampled inta the 825 LA on the rising edge of BxC.
BxDiInput}

This Loe is used to roceive the serial dnta, Berial input date on this line i3
changed tn parallel data in accerdance with the format specified hy the Control
Words, and then translered 1o the Receive Data Buffer.

RxEDY {Dutput)

Thizs output indicates that the 82514 contains a Data Character thal is ready to
be input to the MPU. RxRDY can be connected to the interrupt siructure of the
MPLI, or, far Palled Operation, the MIT can check the condition of BxBDY using a
Status Heady Operaiton.

Bx Enahle off bath masks and helds RxHOY in the Reset Candiliomn,
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4.5

SYNDET/BD {[nputOutput)

Thig pin 18 used for SYNDET in Svnchronous Mode and may be used as eigher
mput or surput, programmable through the Contorl Word., I is reset to ontput
mode “low” upor RESET. When used az an Qutput (Tntarnal Syre Mode), the
SYNDEL pin will ge “high” io indicate that the 82514 is programmed to use
SYNC Character in the Receive Mode. 17 the B251A is programmed to use Deuble
Syne Characters then SYNDET will go “hiph” in the middle of the last bit of the
second 8YNC Characier. SYNDET is automalically reset upon 8 Status Read
Operation. When used as an "npul (Externsl Sync Model, a positive going signal
will cause the 82514 la start assembling Data Characters on the rising edge of the
next Rxll,

In Asyochronous Mode this pin 35 eeed Tor BI). Thir sutput will go “high”
whenever the receiver remajns “low™ through twa roasecutive Stap Rit Sequences
{inclading the Start Bats, Data Bils, and Parity Bits), Break Detpct may also be
read a5 2 Btams Bit. It is reset only upon a Master Chip Reset or Hx Data
refurning toa “one” state. But, il the Bx dats relurne to a “one” Stete during the
last it of Lhe next character afier the Break, Broak detect does not always reset.

POWYER SUPPLY

YVon (Power)
L5 Vol supply

GND Power)
0 Volt supply

MPUBS-£7
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5. ELECTRICAL CHARACTERISTICS
5.1 MAXIMUM RATINGS

SYMBOL ITERA RATING
Wee Poweer Supply Voltage {with respect e GND) — 0.5V to 7.0V
_.'u;m Ineut Waltage fwith respect 1o GHOY — [ 5 ta 7.0V
Yoy ;Ju'tpu‘t Voltage ;-.-.-ith respect to GMOY = 0.5V 1o 7.0V
Po - Poyrer Disipatian (Ta = ?CI“C]- kLY
Tealder | Soldering Temperature {10 sed) 2e0°C
Tste, : Grorage Tomporature - ':%S“C to 15050
_.-TQF.. | Dperating Tamperatune U;C o 7O

52 D.C CHARACTERISTICS
Topr = 0°C to 70°C, Voo =5V £ 5%, GND =0V, Jnless athenwise noted.

LYMEOL FARAMETER TEST C{MIIMTIONS MIM. | TYP. | Max. LT
Vi Input Low valtage =05 - 1.8 W
_|;.|r||-| Input H.i-gh Voltage 22 - Voo W
W, Qutput Low Voliage lo_=2.2mA - - - 13.-15- W
You Qutpu Hign Ve tage. bor= — MICaA E‘.-f-l - - W
bar C;-L.rtput Leak Cwrrent 045 = VT3 Vs - - 10 RA
I - inpul Leak Currert 0.ASY & W = Yoo s - 110 R&
Ice Power Supply Cu:;rrent All Ouiputs = "High” | .- .- 100 I rTI.ﬂ._

£3 & CHARACTERISTHCS
Topr=07C to FCOC, Wir = 5V 1 5%, GND = 0V, Unless otherwise ngted.

5.3.1 Bus Read Cycle Timing  Mote 1

SrRBLIL PARAMLTIR ! TEST COMDITIONS | MIM. | TYF. | MAX [ LINIT
AR 5, o0 Setup Time for RO : . &0 - - a5
e, s, =D Hold Time for RD 50 - - ns
trr FD Pulse Width 250 . - - ns
trp Ciata Dulay Time for HD. yole 3 C;=180oF . wote 3 - - 250 ns
toF 'f':s, D set-up Vime for AR 10 - 'wu ns

RAPELIZ5-B8
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532 Bus Write Cyde Timing  Kote 1)

S MWEBOL i FaR&4FMETER TEST COMDITHING LU TYP. | WAk | LN
oy ' T8, /0 Set-up Time for WR : 50 - - ns
e 5, £/ Hoid Trvae Tor WR 50 - - ns
Larwe WR Pulse Wadth - oo - - s
1[.;.1,.-.;.- B aaté-agi-ﬁ.;-i'ime far VR . 160 - . - ns
1y Data Hold Time for Wi ELE - = ns

" "Ry. N -RF‘_I'.; -:y?;’uﬁ netwean WRITFS | Nere 4 G - - teye

MPLES-84



http://www.pdffactory.com

TOSHIEA TMPE251A
£33 Gther Timing
SYMEL PiaRabETER MM | TYP. E URIT
toge Clack Period hate 5), 6) Jan | - 1350 ns
" Clock High Lave Width 120 | - =90 ms
| N Clock Law Leve Width a0 | - - ms |
tr, I Clock Rise ane Fall Time - - 20 ns
TeD Delay Time frem Talling Tdge of 1
L het - - us
Tl )
1x, 61a Baud Rate | D& - 4
1  Transmitter Input [ 5, gayg Rare De | - 10 | kHz
I F ey - -
Clack Freguensy I Baud Rate pe |- E15
T Transmitter Inpuot 1z Baudd Rate 12 — - ;
. i I - - oW
tTPH an:r?ﬂhngh Lewve 16, 6= Baud Rate 1 - - ¥
Transmitter mpat 1x Baud Rate 15 - - .
1 Lavel - ot
teL Llock 1ovr Lave G4 Gaud Aate il - -
1x Baud Rate D - B
Fro Transmitterrput - [yg G4y saud Rave 0C | - 30 | ke
Ik F e, -
Clock Frequenty [ax Baud Rate e - G15
‘ Transmitter Input 1% Baud Rate 12 - - 1
RAPFH iock High Lewel — bkw
gt O L g Baud Rate 1| - -
Trarsmier Input 1x 3aud Rate 15 - -
tap. VClack | ow Leve Loy
VWidth ) B4x Baud Rate E - -
TxAD™ P:n Delay Timne from Centar of g o Note 7
‘TeROY Last Bil ] | ”
. !
t T«RDY Creir Dalay Time from Tra: ing i g tege | Note?
Faf o CLEAR Edge of (VR
oy FaREFY Pin Delay Time from Center of _ . 24 tey: | Note 7
' Last Bit ]
: . Rxiby Cliar Selay Time from Leading ) ) e te: | Note 7
RaRDY 28R |\ s of AT .
Irteral 3¥MOET Delaga Timea from
1, _ g - - 24 .I.I;:rI: Fate 7
! Rising Edge of Tt
T TROE Set-tp Tirme f
s Exzernal avM2 _I! p Tirme farg ‘a ) _ tepe | note 7
Falling Edge of RaT
TxMP 7Y Dy Tire from Center of
tTeEWPTY Lact Bit bl - - tope | Mote 7
oo Cuﬂo Drelay Time from Rising Edge g B _ e | Note?
’ of WR [TXEN, DTR, R4
teg k. TT8 Ser-lp Tame tor RO b1y - - Dol | Noee 7
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Dot :
1) ACTest Cond tivng:  Qutputmeasuring Point Von=2.0V, YoL=0EY
Inpul supply level Ve =24V, WL =0.45V
2y Agsumes that Address iz valid belvre the falling edie of BED.
% 2, messs load copacitancs.
4]  This recovery tiine is delZned only for Made Tntdslization,
Wirile Dlala s allowsd vnly when T2aROY =1, Racovery Time between Writes for Asynehronous
Meode 15 8 tox and for Synchronous Mode is 16 1oy,
53! The TxC and RxC frequencies have the fullowing mitations with regpecs; o TLE:
For 1lx [ransfer Rate, frs or fii, = 1 (30t0y)
For 16x and Sdx I'ransfer BEate, firy or My 17 74 Rloy)
G Minimumn Hessl Polse Width 15 6 toy. System Clock muet be ronning during Reset.
Ty SBialus up dala can have 3 maximum delay of 28 Jdock periods from the event ofecting the

atae.

MPUES- 1
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b. THVING WAVEFORMS

—tF

LK : [—...L

Loy

Figure 6.1 Systern Clock

- trRL ttPH .
T+C (1400 DuE.j--'-lI A X rd N
T 1 s:mauewwmuw
| tom —r——t—tpTx
TxD X . i X

Figure 8.2 Transmitter Clock and Data

R transfer caunter starts hare.

RxD —y START BIT / DATA BIT
I
Izp, tApH
R [ 1xMODEY
3 F kY 7
BRxC PERIODS T6RxC PERICHDS -
AxC [16xMODE) {16xMODE) {1annIODE)

Meye

INTERMAL -b( M\
SANMPLING

BLILSE _4J__ 'th

Fiqure 6.3 Receiver Clock and Data
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TOSHIBA
TeRI¥Y Vi \
-— LTaROY CLEAR
_ Ty
WR
N
i o
DATA RLUS DON'| CARE - DATA FEOATING
ANPUT DATA] S DaTaSTARLIE
Lo Eil YA
'ols) 1 's
1
Loy taia
. L8 4
Figure 6.4 Write Data Cycle (MPU—=B8Z514)
RxRI~ / b’
RkRDY CLEAR
75 e 1RR ol
;' f
',_‘t-'.—,[: i TIDF
bDAaTA FLOATING - " DATA FLOATIMNG
DATA BLS o Don T2 WALIDY L =
{OUTPUT DaTA)
tar ~+ tre
'CJ'E' ",» {
|
tar TR,
[ b ;

Figure 6,5 HRead Data Cycle (251 AMPU)
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DTR, RT3 X
Ty e
WR |
!-s—l-l--tﬂﬂf twp
{"E} :S_T‘ﬁ' [f‘ ;fm DONT CARE < DPTASTAELL [ DCN T CARE
Taw B [SFIYY
<D / R
| Tew — ——=— Wi
& X £

Figure &6 Write Cantord or Qutput Port Cyele [(MPU—=BZ251A)

L tem [ tam N
I__LHD._ Joe t
1 T o7
CATA FLOATIMNG
DATA BLS DaTa FLOATING —IGATAVALD] b
[OUTPUT DATA) J
tag = tos
oD Fi 3
taR tra
s X f

Figure 5.7 Read Contrz: or Input Port Cycle (B251A—MPU)
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} n

=EMPTY ! 1’_' ! J i J

TERDY
ETaTale

1
=y

VI e Va8 | l
i

o W P i

MR DATAZ WR DATAI WADATEE | Y Fommaun | oeneans FWE DATLS

WE U\\ j'|

haaRE MG =T3P OaTR SYNC LN AT maTa MLIKING  FRSak  MAPKING  DATA SYWC CAARAT
HTATE FHA3A1 CH&4dal [F&RZ' Trafa?  CHARaT  Faathd LTaT: tTa=E CHEROL St CHARLS
CHANPLE TORMA™ EBRIT CHARACTER WITHRPARITY 2 E¥NL CHARACTERS

Figure 8.8 Transmrtter Control and Flag Timing (8YMNC Mode}
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I

X EXTERMAL
SV e i S
L 1Es
SYN DET 1 4 1
{STATUS BTy !
L L
[n 3
eransEm — Ml 4°%4
.
RxRDy
[PIN] ...n 3 - I
h L 3
; r
o [\ It Al lr [ V4
WERH R»E WHRER WREH
R U RDY Lk RD RO AD
DaTAY  ETAFUS RDSYNG CH1 f-p FTaT CaThA*
™ 'fj
¥ i
A A R e AR AT ol
v N P A R e .
LM S¥nC DaTL DTy DmTA, SVng TR Dot T DATA |
LCHREAY | rhafas | HARA | CHRRAD | CHAKAT , CHakal | Ceoka) | HARAT | CHERA]D |,
CHAR &3S Y HELIMS |
1 EXIT ST ACTE J—
HETay I "{ T
EX < HUN- MODE ST NDET
SET SYMCET |STATLS BIT) ETaTeE T

EXARMPLE FORMAT:  SBIT CHARACTER WITH PARITY I &TMC CHA RALTERS.

Figure £.2 Receiver Controla nd Flag Timing (SYNC Mode)
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=

=

TxEMPT g
X
T¥R2Y
1TATLS: ! !
: s
TxR23Y TTxADY F'_ .
(FIN) ....._I_U_ m} i‘
B OATA Y WWR DATA 2 A1 WRSATAA
b / !{ \ M\ S \ v oS [
WRTEN _ WRSBRK
i | \“-\__
—
- 4
v oD LY
e e e 000 S 1T Ca TR
BaTA A DATAZ DATAd DATH &
THANPLE FORMAT : FE ~CHAHACTER & 2 STOGPEITS
fobg: I'sHIT UPIN] = D ramanal Data Bulfer (s erapty) - (TXEX = - (CTS—1AD
Tal 137 SR ATU S BRI — ('caseacol Data Boffer 3 ELpLy )
Figure .10 Transmitter Contral and Flag Timing {(SYNC Made)
B (FINT} J il
h
DE ||'_'
MTaTus BT *' }LAJ'?E [1
tReROY j—"l, ]
RRDv ; |
{ 3pDATAL | RDpaTA 3 I
—_ 1
oo f bl L BAErA o
WRRAeE VR AxE: R AxE
w
o i/ v/

FxD0

DaTA waTA [PATA T EOL1545RPSTP

EXAMPLE ORMAT @ JHIT ZHARALIER B 2 %101 9114,

Figure €11 Receiver Control and Flag Timing [ASYNC Mode]

LEARE LR L me |
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7. OUTLINE DRAWING (Dual Inline Package)

DIF2E-P-600

Fa] L

14,0+0.2
||5.24

II_II._Il_]i_IL..}i_IJ_.]I_.]I_II_II_II_II_I -
14

|

5.010,3

1.540.1

Nota:  Lepd piich {8 2,540 and o Jerence is £25:0m sgganst theoretical cemter of each Lol that i obtained on the
bruieit < Mo, 1 wrd M2 leads.
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