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TOSHIBA ) TMPE2514

PROGRAMMABLE COMMUNICATION INTERFACE

TMPEZ5TAP

1. GEMERAL DESCRIPTION
The TMF&E2ZR1AP is the industry standard Universal Synrarononsfdayneheronons
ReceiverTransmitter (USART) that is fabrieated using N-channel silicon gate MOS

technelogy.
The TMPEZG1A 13 mainly used [or &-bit micrccomputer exteneion Eystems, which

reguire serial data communications.
The TMPB2Z51AT is packaged in the 28pin stendard Dual Inline packape.

FEATLIRES
] Synchoronous:

0-8 Bil Charuacters

Internal or External Charascter SBynehronization
Single or Double Charactor Svachronization (Internal)
Autornatic Syore Insercion

» Acynchronons:

5-8 Bit Characters

Clock Rate - 1, 16 or 64 Times Transfer Raie
Break Characler Generation

L, 115, or 2 Btop Bits

False Start Bit Detection

Automztic Rreak Detect and Ilandiing

L Tracefer Bate DC to 4K bps (Synchronous)
DT to 19.6K bps [Agynchronoug)
] Full-Duplex, Double-Buffered, Transmitter and Reeeiver
. Error DetectionParity, Ovarrun and Framing
* Fingle +3V Supply
. Compatibls with Intel’s 8251 A/82657
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TOSHIBA TMPE2514A
7. PIN COMNECTIONS (TGP VIEW)
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TOSHIBA TMPEZ51A

4.

PIN NAMES AND PIN DESCRIPTIONS
INTERFACE SIGMNALS TO WPU [(MAIN SYSTEW)
» By} iInprOnatpat)
Thizs 3-state bidirectional, 8-bit buller ia used to interface the #2514 to tae
syelem Dava Bus. Dala is Lransmilied or recelved through the buffer upon

exevubion of Input or Qaipul Insuruclions of the MPTT,  Conlrol Woerds, Command
Words and Statas Information are alse transflered througk the Date Bus Buifer.

« WHinpou

A Yiow” lewel signal on this input infcrms the 82514 that the MIPPO is Writing
Data or Control Words to the 8231 A,

] LD i Inpu-:

A “low" level signal on this input informs the 82514 that she MPVU iz Keading
Data or Status Inlormation from the 82514,

»  CSilnput)

A Flow" lewel signal on chis input selecis the 8252A. Ne reading or writing
operation will accur unless the deviee is solectod. When 03 is “high™ the Data Bus
is in the floating state and RIF ard WR have no effeetl on the chips.

L] G iloput)

Thiz irput signai, in conjunetion with the WR and RTY inpuis, informe the
52514 Lhsl Lhe word on Lhs Dawa Bus is either a Dava Characler, Contmel Word ar
Status Information, A “high™ level signal means Conerel or Statue, a “low” lavel
signal means Dela.

oo Ri3 WK s
a u} 1 il E251A Seivwe ODATA Ruller = Daia Bus
0 H [ | E2514 Transmil DA™ A Burfer — Daza Bus
K [ 1 d B2AL1A Status A LA Buffer  »Data Bus
H O ] 22514 Command JATA Buffar« - Data Eus
1 1 i} NATA Busisin floating state.
= = 1 £
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TOSHIBA _ TMPE251A

4.2

CLEK (Input)

The (LK inpur is used to generule ibernsl device timing. No external input or
ontput is referenced Lo CLKE, but the frequency of CLK must be greaier than 30
times tke Receiver o Transmitter Dala Bit Rates (RaC or TxC) ‘n Synchronous
Omperation, and greater than 4.5 limes the Receiver Dula Bil Rated iRxC) in
Arynchroneus Operation.

REJET (Input)

A “high” level sigaal on this input ferces tne 8251A into an "Idle” mode, The
deviee will remain al “Idel” untill a new sel of Control Words is written irto the
B251A Lo program its functional definition. Minimum RESET pulse width is 6 tey.

MODEM CONTROL SIGNALS

DER (loput)

The TSR input signal is a generat purpese, I-bit inverting input porl. [ts
eonditien cen be tested by the MPL using & Status Besd Operation. The D3R
input = normlaly used Lo test MODEM condizions sueh as Data Set Ready signal.

DTE. (O atputt
The DTR output signal is & general purpose, 1-bil inverung outpat sort. It can
be set “low™ by programming the appropriate hit in the Command Instsruetion

Word. The DTR output signa. is nermally wsed for MCDEM control such as Data
Terminal BEeady or Rare Belect signal.,

FTE (Output,

The RIS output signal is a gencral purpose, 1-bit inverting eutput port. It can
he sat “low” by programming the appropriate bit in the Command lostruclion
Word. The BETH ouwput signal is normally used for MODEM control anch as
Request to Send signal.

TS [Inputh

A “low” level signal oo this input ecables the 82514 (o lransmit serial data, if
the Tx Inable Bt in the Command Byte is setio 8 “one” (TaEN =1} If either a Tk
Enahle off (TxEN=0) or CTS off {CT8=1) conditicn veeurs while the Ta is in
pperalicn, the Tx will transmit all the data in the USART, written prior to Tx
Disable Command before shutting down.
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TOSHIBA TMPE251A

4.3 TRANSMIT CORTROL SKGHNALS
®  TxCilnput}

The Transmitter Clock Conlrols the rate at which the rharacter g to bhe
‘Tansmitted. Tn the Syncluronous Transmission Maode, the transfer rate (1x) ia
equal to the TxC frequency. In Asynchronous Transmission Mode, the transfer
rale ig a fraction of the actnal TxC frequency. A poriton of the Mode [nstrostion
selects this factar; it can be 1, Lijg or Ligg the T,

For Example:
If transfer rate equals 170 bps,
TxC=110 Hza (1x)
TxC=1.76 KHz (16x]
Te(=7.04 Kz (64x)

Tha falling edge of Tx{ zhifts the serial dats ont of the 82514,
» T[> (Oxtonat)

Thiz line ke used lo bkransmit the serial data. Berial outpat data om TxD is
changed from paralled data to seria’ data in accordancae with the furmat specifi=d
by the Contral Words.

TxI> line will be hald in the marking state {'1" Jevel}immediately on one of the
fellowing.s

= Mbinster Reset ¢ Tw Disable (TxEN =0]

¢ CTSsignalis high (OTS=1) ¢ TrEMPTY signal is high (TxEMPTY =1}

» TxRD¥Y {Cutput)

This output infarms che ML that ike transmitter is ready io aecepl a Data
Charaeter. The TxBLY aniput pin can be nsed a5 an interrapt to the syaiem, sinee
it is maskzd by Tx Disakle (TxEN =1}, or, for polled Operasion, the MPU can check
TxRDY using a Status Read Operaiton. TxRBDY is automalically reset hy the
trailing edge of WE when a Data Character is leadad from the MPU. The Tx RDY
pin output status (Tw RTY (pind iz dilferent from the TxRDY slatus bil status
(TxRDY rstatus bit)) as follows,

THRDY istatus bit }={Transmit Data Buffer Emptay

TxRDVY (pin} ~Transmil Dats Buller Empty) - (CTS =01 - i(TxEN =1}

. TxEMPTY (Qulputi}

The TxZMFTY output will go “high” when the 89514 has v cheracters to send.
It resets apon receiving as character [rom the MPU if the trapsmitter is enabled.
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TOSHIBA TMFE251A

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 COMTROA SIGMUAS
. RxC {lnput)

The Receiver (lock controla the rate at which the charaeter iz to be received. In
Synehronous Mode, the Transfer Rate (1x! is crual ta the actual frequency of BxC.
In Asynchrenons Mode, the Transler Rate 1s & fraction of the actual KzC
frequeney. A portion of the Mode Instrucilon selects this faetar; 1, 1/¢ or Ligg the
(.

For Example:
if Transfer Rate pouals 2400 Lps,
ExC =24 KHz {ix}
FxC =584 KHz (16x}
RxC=153.4 KHz ifidx)

Dizts is scampled inta the 82314 on the rising edge of Rax(.
. BxDilnput}

This Lne is used to roceive the serial data. Serial input date on this line ig
changed to parallel date in accordance with the format specified by the Contrel
Worde, and thew translered 1o the Receive Data Buffer.

» RxEDY {Tusput)

This 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 structire of the
MPLU, or, for Polled Operation, the MTT ean cheek the conéition of FxBDY using &
Btatus Heady (peraiton.

Bx Enable off boih masks and helds RxBEDY in the Reset Condilion,
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TOSHIBA TMP3251 4

45

SYNDET/BD {[(nput/Dutput)

This pin is used for SYNDHET in Synchronous Mode and may be used as eigher
fmput or onrput, programmable threugh the Contorl Word, I is reset to output
mode “low” upor RESET. When used a2 an Qutpat (Tntarnal Syre Mode), the
SYNDEL pin will ge “high” io indicate that the 82514 s programmed to use
SYNC Character in the Receive Mods. 17 the 8251A is programmed to use Double
Syne Characters then SYWDET will go “hiph” in the midéle of the last bit of the
second 8YNC Character. SYNDET is auntomalieally reset upon a Status Read
Operation. When used as an 'nput (External Sync Mode), a positive going signal
will cause the B261A 1o start assembling Data Characters on the rising cdge of the
next Kxll,

In Asynrhronous Mode this pin is eeed for BD. Thir eutaut witl go “high”
whenever the receiver remains “low™ through twa tonsecutive Staop Rit Bequences
{inclading the Start Bits, Dats Bits, and Parity Bits), Break Detoct may also be
read a5 2 Btams Bit. It is reset only upon a Master Chip Reset or Kx Data
refurning to a “one” state, But, il the Bx dats relurne to a “one” State during the
last it of the next character after the Break, Broak delect does not always reset.

FOWER SUPFLY

Vo (Power)
L5 Volt supply

GND . Power)
0 ¥oltsupply
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TOSHIBA THMPAZ51A

5. ELECTRICAL CHARACTERISTICS
51 MAXIMUM RATINGS

STYMBOL ITEM RATING
Wee Poweer Supply Voltage {with respect 1o GHND) — 0.5V to 7OV
_.'\';lm Input Vallage fwith respect 1o GND) -8V to 7.0V
Yoy :::I-u'tpu‘t Wnitage i-.-.-ith respect to GO - 0.5V e 7.0V
Po - Power Dissipatian (Ta= ?CI“C]- T
Tealder | Seldering Temperaturs {10 sedd TR0°C
Tste. - Brorage Temporature - ':%S“C to 1505C
_.-TQF.- | Dperating Temperature U;c to TOMG

5% D.C. CHARACTERISTICS
Tapr=0°C to 70°C, Voo =5V ¢ 544, SHD = 0V, Unless otherwise noted.

SYMEOL FARAMETER TEST C{MNIMTIONS MIM. | T¥P. | MAK LT
W Irput Low Waoltage =05 - 1.8 i
_I;F|H Imput H.i-gh Voltage _P. g - "u'c.:_ W
W, Qutput Low Voliage lg_=2.2mA - - 045 W
Yo Dutpus Hign Ve tage. bop= —2ConA ?-ﬂ - - W
[Fa]0 If‘.luL.npu-. Leak Current 045 = VT3 Nes - - 10 BA
I - inpul Leak Currert 045V E W = Voo " - - 10 po
I Penwer Supply i:I:JFFEFIt All Owiputs = "High” | ... .- lin] I mA_

£3 &L CHARACTERISTICS
Topr =07C to F0OC, Mor = 5V 5%, GND =0V, Unless otherwise noted.

5.3.1 Bus Read Cycle Timing  Mote 1

SYRBOL PARGMLTIR ! TEST COMRITIONS | MIM, | TYE | MAK | LINIT
LAk 5, ¢/ Seteup Time for RO : .50 - - g
1oz, s, /0 Hold Time for RO 50 - - ns
tre FD Pulse YWidth 230 . - - ns
tro Diata Dulay Time for HD. “ole 2] . =1500F . wote 2 - - 25D s
toF .l..'fS, 2D set up ime for A0 b - . 1000 ns

MPEIZ5-6R




TOSHIBA TRFE25TA

5.2.2 Bus Write Cyde Timing  MNote 1)

3 HWEBOL | FaR&4METER TEST COMDITIING Tlih. TYP. | MaAX. | LT
taw | TB € setup Time for WR : 50 - - ns
oA, €5, €0 Hod Trve Tor WR 50 - - ns
Law WR Pulsa Width - Dormn | - - ns
1[.;.1,.-.;.- B I.:.:l-at.a-b-e-i-{l.p_-‘-l'irne far W . 160 - . - ns
A Data Hold Time for WHR G H - - ns
'-R'-.-'. - -R-P._r.; ;:y;;‘uﬁ netwean WRITFS | Mews 4 & - - Toyc
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TOSHIBA TMPE251A
£33 Gther Timing
SYMEQL P RamMETER M. | TYP. hl B URIT
tope Clock Period hote &), 6] 320 - 1320 ns
W Clock High Levei Width 180 | - iye-90 | ms
| N Clotk Low Leve Width 0] - - ns |
tr, tF Clock Rise ane Fall Time - - 20 ns
TsD Jelay Time fremFalling fdge of ]
o7 - - ne
TxC )
1x, &1n Baud Rate D - =% ]
1 ITransmnter Input 16 Baud Rate [l - 10 kK=
I F ney - -
Clack Frequency I« Baud Rate De | . E15
Transmitter Input 1: Baud Rate 12 - - "
1eH Clock High Level s Bad Pate 1 - - e
Tramsmitter mpat 1x Baud Rate 15 - - .
1 Lavel - YT
tr Clock Lowr Lav Gax Baud Aate 3| - _
1x Baud Rate ] - B4
-~ Tansmitterirput  [yp g4y saud e DG | - 310 | ke
Ik F ne, -
Clock Frequenty [dx Baud Rate e - b15
" Transmitter Input 1% Baud Rate 12 - - 1
i i | — Lown
o i En}?sthlgh Leve : BAx Baud Rate 1 - -
Trarsmter Input 1x 3aud Rate 15 - -
tap. VChack bow Lewve towe
videh ) E4x Baud Rate 3 - -
T«ADY Pin Delay Timne from Centar of g o Nota T
TeROY Last Bil ] ~ T e
: !
T«ROY Crear Delay Time from Tra: ing i 5 tege | Note 7
tRaRY CLEAR Edge of (7R
.= - — - - |
_— R 2B Fin Delay Time from Center of _ . 24 ! tepe |Note 7
' Last Bit N
RaiDy Clea.r-:helay Tirne frorm Leading .
TRaRY C_zAR e - - E toy: | Mote 7
kdge o7 il
Irterral 3¥NDET Delaya Time from
1 _ d - - 4 'Lg:rl; Flate 7
Rising Edge of 3aC
< YHOE Set-tp Tire fore
. Exzernal bYMo e 4] g _ _ tepe | tuote 7
Es Falling Edye of Ral
Tx“MP 7Y Dheiiy Tirte from Center of
tTeEWPTY Lact Bit 2C - - top | Mote 7
- Coﬂo Delay Time from Rising Edge g B ~ ey | Note?
’ of WR {TxEN, DTR, R1S) ~
i MR, TT8 Ser-llp Tame tor RO p1y - - | Lo | Note ¥
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TOSHIBA TMPB251A

Doote :
1) ACTest Cond tivns:  Quiputmeasuring Foint Von=2.0V, VoL=0LEV
Inpudl supply ievel Vo =24, V=043V
o) Arsomes that Address iz valid before the flling edye of BD.
% 0, mepas load copacitances.
4] This recovery tiine is delZned only for Made Tntislizatior,
Wirile Dlala s allowsd vnly when T2ROY =1, Rapowery Time between Writes for Asynehronous
Meade is 5 tey and for Synchronouve Mode is 16 1oy,
51 The TxC and RxC freqrencies have the fullowing limitsbions with regper to CLE:
For 1x [ranafer Kate, fre or fi, = 10 130ty
For 186x and Sdx I'ransfer Bate, fry or Mke= 17 74 floy)
By Minimure Hezel Pulse Width is 6 toy. Sy=tem Clock muet be ronning during Reset.
Ty Btatus op dala cas have 3 maximum delsy of 28 ok pericds from the svent alceting the
staine.

MPLES- 1




TOSHIBA TMPR251A

b. TIMING WAVEFORMS

—tE

k. — P__L
Lw

figure 6.1 Systemn Clock

- treL treH .
T+C (1400 DEﬁ A X rd %
T E,MGDEWMWW
=—toT =tttk
TxD I . x K

Figure 6.2 Transmitter Clock and Data

R transfer caunter starts hore.

RxD _\,Lf STARTBIT / DATA BIT
I
LN LApH
ReC (1XMODE)
3 J k A
8RxC PEAIDDS | TER+C PERIOIDS -
RxC [162MODE] {(16xMODE) {16xMODE)

INTERMAL ‘br ,ﬂ‘
SANPLING

BLULSE L_ X
o n

Fiqure 6.3 Rereiver Clack and Data
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TOSHIBA
TxRDY Vi \
-— LTuROY CLEAR
- Ty
WR
N
Lo o
DATA RS DON'| CARE - DATA FEDATING
{INPUT DATAJ S DaTasTABLE o
Lo e
ofls) \ 's
1
Taw tyva
s LY 4
Figure 6.4 Write Data Cycle [MPU—=82514)
RxRO~ / b’
ReRDY CLEAR
RD [} b .
B 4
',_‘t-'m N TDF .
DaATA FLOATING N " DATA FLOATING
DATA BLS of DoTeusliDy [ =
IQWTPUT DATA)
tar ~ TR
'C.I'E 'h\ {
|
tar tha
[s3 b i

Figure 6.5 Head Data Cycle (R251AMPLU)
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TDS_HIBA TMPE251A

DTR, RT3 b
Lo b o T
WE |
I,-‘_-I-.--":EﬂI t"u".er
DATA BUS DGN'T CARE TSI DGM'T CARE

QINPUT DATA) S DATASTABLE

Taww -+ YY)
/D / 3

Taw —e — . Tuuis
s 3 £

Figure 6.6 Write Contorl or Output Port Tyele (MPU—82251A)
o tem t2r L
ﬁ.ﬁ ‘u’
L tRD Joges t
DATA BUS DATA FLOATING dorvaio 4 DATAFLOATING
(OUTRPUT DATA) ‘ F
tag =T tor
oD Fi h,
L tra,
s X 4

Figure 5.7 Read Contre: or Input Port Cycle (B25 1.4 —MPLU)
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TOSHIBA TMPE251A

=xEMPTY ! 1‘_‘ A J i_i

TxRDY
ETaTiileT

L
r f

e T
i

s\ o — N A

VR DATAD WR DATAS WADATEE | Y fommmun | sy LWE DATLS
w_k U\\ Il

hasR kMG cals J4Th SN L aamA maTa MaTKING  JRSak  MGPEING  DATA =Y CAARAT

STATE FHAT21 FH&J&1 [FARZ' Trafa?  CHERAT  FaaTad LTaT: TA™E CHAEDL S CHaRad
LXANPLE TDRMMA™ S BIT CHARL&CTER WITHPARITY 2 E¥NL CHARALTERS

Figure 6.8 Transmtter Control and Flag Timing (SYNC Mode}
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TOSHIEA TMPB25tA

EXTERMAL
SYMDET

o INTERRAL 3'YHE .i JI [ SYNcrl. .rll.

*VL s
SN DET '1 1 1 h

e |

STATULRM I
. ) L
DE
sramsi o2 £33
RzRDY
[PIN] ‘-n 3 - I
h L 3
ol R X AR | ] W
WERH R~ E WHER WREF
WR 1 Rof | sl \f AD RD AD
DaTAY  STAFLE ROSYNC CH1 f-p Fra Tzt CATA
m f
Y

SR 3255351 EE

LM femc DATE  D&TE  DATR  SWhe TR DaTa  DATA

H ] [ gL}IAﬂﬁ.' | CHERAD , CHAEAT F_H_|1M1 y fmokap HARAT | CHaRAD |,

l_ CHAR, &35 7 HIGING |
e T i

EXIT 4T kI

b v - }

EX “ HUN~ MDDE SYNDETY

SET STYMCET |STATIISRIT) TaTv s it

EXAMPME FORMAT:  SBIT CHARACTER WITH PARITY I & YNC CHAS RALCTERS.

Figure 5.2 Receiver Controla nd Flag Timing (SYNC Mode)
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TMPB251A

o\

|| LT2ERIPTY
TrEMFT I I i J
3
TYRIY f [
IS TATLE: ! N B E' 1 ! !
L tTxA DY |r— F'_-
I[F-m] .._I_U_ﬁ i \% , \
ROATA Y WRDATAZ | WROHIAD  wR Death d
b / !{ AN Yo v [
WRTxEN i WRSBRK
i U
\\"-\_____‘Hr
.‘\' LS
o ! mi SO
* 005 e 139 o 02 T R ) o TR,
LATA DATA 2 DATA 3 CAaTa 4
ZXANPLE FOAMAT - FE " CHAHACTZR & 2 STOPEITS
Iobg: IaHI2T UAN] = 3 ragsanal Data Bulfer ig erapty) - (TXEXN = - (CTS—AD
TxW T (R TATE S BT — (Lranaion Data Bolfer 3 ecngry?
Figura .10 Transmitter Contral and Flag Timing (SYNC Made)
B (FINTE 4 iI-
h
DE
FEh
=1 tRERDY j_--k r
RxRD L i ; |
4 3pDATAT P RO BATAS I
N ) RN LY
WRREE WUR R WEil=E
w
= \/ \/ ;
|
01t 0a a0 i WO D

EXAMILE FORMA™

DATA BaTA 7

DT 3

FHIN CHARALIER B 2 %1009 d1IE,

Figure €11 Receiver Control and Flag Timing [ASYMNC Mode)]
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TOSHIBA TMP8251A

7. OUTLINE DRAWING (Dual Inline Package)

DIP2B-P-600
Unit: mm

1

r4,0+0.2
||5.24

Fx 2

N LT L i L e Ty e o1 7 -'__‘L\—‘R'
14

31.0z0.2

5.0£0,1

1.540.3

Nota: Lepd piiok {8 2,540 and to Jeranee is £25-0m sgganal theoretical cemter of each losd that 16 obtainad on the
by of Mol and Mo.Z8 leads.
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