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The TMS 6011 JC, NC is an MOS/LSI subsystem DR 19 22 vere
designed to provide the data interface between a At 20 121 mA e
seriat communications tink and data processing "
equipment such as a peripheral or a computer. The .
device is often referred to as an asynchronous data 3
interface or as a wuniversal asynchronous A
receiver/transmitter {UART).

The receiver section of the TMS 6011 will accept serial data from the transmission line and convert it to parallel data.
The serial word will have start, data, and stop bits. Parity may be generated and verified. The receiver section will
validate the received data transmission by checking proper start, parity, and stop bits, and will convert the data to
parallel.

The transmitter section will accept parallel data, convert it to serial form, and generate the start, parity, and stop bits.

The TMS 6011 is a fully progr circuit allowing maximum flexibility of operation, defined as follows:

® The receiver and transmitter sections are separate and can operate either in fuli-duplex {simultaneous
transmission and reception) or in half-duplex mode (alternate transmission and reception).

® The data word may be externally selected to be 5, 6, 7, or 8 bits long.
®  Baud rate is externally selected by the clock frequency. Clock frequency can vary between 0 and 200 kHz.

® Parity, which is generated in the transmit mode and verified in the receive mode, can be selected as either odd
or even, It is also possible to disable the parity bit by inhibiting the parity generation and verification.

® The stop bit can be selected as either a single- or a double-bit stop.

® Static logic is used to maximize fiexibility of operation and to simplify the task of the user. The date holding
registers are static and will hold a data word until it is replaced by another word.

® Asynchronous operation allows the use of a single transmission line. The clock period has to be within +4% of
1/16 of the time for one bit for the transmitter and/or receiver but no phase relationship is required.

To aliow for a wide range of possible configurations, three-state push-pull buffers have been used on all outputs except
Transmitter Output (TO) and Transmitter Register Empty (TRE}. They allow the wire-OR configuration.
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ASYNCHRNNOUS DATA INTERFACE (UART)

description {continued)

The TMS 6011 can be used in a wide range of data handling equipment such as modems, peripherals, printers, data
displays, and minicomputers. By taking full advantage of the latest MOS/LS| design and processing technigues, it has
been possible to implement the entire transmit, receive, and format function necessary for digital data communicaticn
in a single package, avoiding the cumbersome circuitry previously necessary.

P-channel enhancement-type low-threshold technology permits the use of standard power supplies (5 V, —12 V) as well
as direct TTL interface. No external components are needed.

The TMS 6011 is offered in both 40-pin dual-in-line ceramic (JC suffix) and plastic (NC suffix} packages designed for
insertion in mounting-hole rows on 60G-mil centers. The device is characterized for operation from —25°C to 85°C.

operation
The operation can be best understood by visualizing the TMS 6011 as three ions: 1)

control, 2) transmitter, and 3) receiver. The transmitter and receiver sections are independent while the control
section directs both receive and transmit.

common control section
The common control section wilt direct both the receiver and the transmitter sections.

The initialization of the TMS 6011 is performed through the Master Reset (MR) terminai. The MR terminal is strobed
to a high level after power turn-on to reset all status and transmitter registers and to reset Transmitter Output {TO} 102
high tevel. The Receiver Outputs {RO1-R08) are not controlled by the MR terminal.

Status flags Parity Error, Framing Error, Overrun Error, Data Ready, and Transmitter Buffer Register Empty are
disabled when the Status Flags Disable (SFD) is at a high level. When disabled, the status flags float (three-state buffers
are in the high-impedance state). The Transmitter Register Empty (TRE) status flag is not a three-state output.

The number of bits per word is controlled by the Word Length Select 1 (WLS1) and Word Length Select 2 (WLS2}
inputs. The word tength may be 5, 6, 7, or 8 bits. Selection is as fotlows:

WORD LENGTH WLST wLS2
5 Low Low
6 High Low
7 Low High
8 High High

The parity to be checked by the receiver and generated by the transmitter is determined by the Parity Seloct {PS) input.
A high level on the PS input selects even parity and 2 low fevel selects odd parity.

The parity will not be checked or generated if a high level is applied to Parity Inhibit (P1); in this case the stop bit or
bits will immediately follow the data bit.

When a high level is applied to Pl, the Parity Error {PE) status flag is brought to 2 low level indicating a no-parity error
because parity is disregarded in this made.

To select either one or two stop bits, the Stop Bitls) Select (SBS) terminal is used. A high level at this terminal wifl
result in twao stop bits while a low ievel will produce only one.

To load the control bits {(WLS1, WLS2, PS, Pl, and SBS) a high level is applied to the Control Register Losd (CRL}
terminal. This terminal may be strobed or hard wired to a high level.
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TMS 6011 JC,NC
ASYNCHRONOUS DATA INTERFACE (UART)

operation (continued) .
transmitter ssction

The transmitter section wilt accept data in parailel form, then serialize, format, and transmit the data in seriat form.

Paraliel input data is received through the Transmitter Inputs (T11-Ti8). g .
1.
Serial output data is transmitted from the Transmitter Output {TO} terminal. ¢
i
Input data is stored in the transmitter-buffer register. A low level at the Transmitter Butfer Register Load (TBRL) l;
command terminal will load a word in the transmitter-buffer register. The length of this word is determined by Word ‘;
Length Select 1 (WLS1) and Word Length Select 2 (WLS2). If a word of length greater than this appears at T18 through L
TI1, only the least significant bits are accepted. The word is justified into the jeast significant bit, TIM. N
The data is transferred to the transmitter register when the TBRL terminal goes from low to high. The loading of the i
transmitter register is delayed if the transmitter section is presently transmitting data. In this cese the loading of the &
transmitter register is delayed until the transmission has been performed. £
1
Qutput serial data (transmitted from the TO terminal) is clocked out by Transmitter Clock (TC). The clock rate is 16 §

times faster than the data rate.

The data is formatted as follows: start bit, data, parity bit, stop bits (t or 2). Start bits, parity bits, and stop bits are
generated by the TMS 6011. When no data is transmitted the output TO remains at a high level.

The start of transmission is defined as the transition of 0O from a high to a low logic fevel.

:
)
¥
i

Two fiags are provided. A high fevel at the Transmitter Buffer Register Empty (TBRE} flag indicates that a word has
been transferred to the transmitter/receiver and that the transmitter buffer register is now ready 1o accept a new word.
A high level at the Transmitter Register Empty {TRE) flag indicates that the transmitter section has completed the
transmission of 8 complete word including stop bits. The TRE flag will remain at a high level until the start of
transmission of a new word.

Both the transmitter buffer register and the transmitter register are static and will perform long-term storage of data.

receiver section

The data is received in serial form at the Recsiver Input (R1). The data from R} enters the receiver register at a point
determined by the character length, the parity, and the number of stop bits. RI must be maintained high when no data
is being received. The data is clocked by the Receiver Clock {RC). The clock rate is 16 times faster than the dats rate.

Data is transferred from the receiver ragister t©0 the receiver buffer register. The output data is then presented in parallel
form st the eight Receiver Qutputs (RO1 through ROB). The MOS output buffers used for the eight RO terminels are
three-state push-pull output buffers that permit the wire-OR configuration through use of the Receiver Output Disable
{ROD) terminal. When a high tevel is applied to ROD the RO outputs are floating. | the word fength is less than 8 bits,
the most significant bits will be at a low level. The autput word is right justified. RO1 is the teast significant bit and
ROB8 is the most significant bit.

UART

A low level appiied to the Data Ready Reset {(DRR) terminal resets the Data Ready {DR) output to a low level.

Severat flags are provided in the raceiver section. There are three arror flags (Parity Error, Framing Error,and Overrun
Error) and a DR flag, These status flags may be disabled by 8 high leve! at the Status Flags Disable (SFD) terminal.

A high level at the Parity Error {PE) terminal indicates an efror in parity.

A high fevel at the Framing Error {FE) termipal indicates a framing error that is an invalid or nonexistent stop bit in the
received word.

TEXAS INSTRUMENTS 188
IN(DRPONAYED
soBT ORFICE SOX 8012 + DALLAS. THXAS 78222

B

This Material Copyrighted By Its Respective Manufacturer



TMS 8011 JC.NC
ASYNCHRONOUS DATA INTERFACE (UART)
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operation (continued}

A high level at the Overrun Error {OE) terminal indicates an overrun. An overrun occurs when the previous word hes
not been resd, i.e., when the DR output has not been reset before the present data was transferred to the receiver
buffer register.

A high level at the DR terminal indicates that a word has been received, stored in the receiver-butfer register and that
the data is available at outputs RO1 through ROB. The DR terminal can be reset through the BAR terminal.

functional block diagram
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TMS 6011 JC.NC
ASYNCHRONOUS DATA INTERFACE (UART)

absolute maximum ratings over operating fres-air teamperaturs range (unless otherwise noted)*

Supply voltage, VDD (ses Nots 1) FE R . -20Vt003V
Supply voltage, VGG (see Note 1) T . . —20Vt03V
input voltage (any input} (see Note 1) e e e e e e e ~20V 1003V
Operating free-air tamperature range . . - - - C e e e e —25°C to 85°C
Storage temperature range . . L e e . —B5°C to 160°C

NOTE 1: Under sbsolute maximum ratings, « with respect to the normally most positive suppiy, Vs (substrate). Throughout
the remainder of this date sheet voitage vaiues are with respect to VDD-

*Stresses beyond thosa listed under '‘Absolute Maximum Ratings’’ mey cause permansnt damage to the device. This ls e strese rating only and

functions! operation of the device at these or any other bayond those ted 1 the -] [ '

sction of this speclfication is not Imphled. Exp o tec for od periods may stfect davice retiabliity-

recommended operating conditions

[ PARAMETER [ wn NOM____MAX | UNIT
Supply voltage, VDD [ \
Suppty voltege, VGG - 11.6 -12 ~12.8 \J
Supply voltage, VsS | 4.75 [ 5.25 V
High-level input voltage, all inputs. Vip (sse Notes 2 and 31 vgs —1.6 Vgg +0.3 v
Low-leve! input voltage., oil inputs, V[y_{see Notes 2and 3} -12 0.8 v
Clock 2.5 us
T i butfer register load 400 ns
Control register fosd 250 ns l
pulse width, tw hviw inhibit (see Nates 4 and 5) | 400 ns
Parity sshect (ses Notes 4 and B} [ 300 n |
Word length select and stop bit salect (see Notes 4 and 6) | 300 L.l
Master resst | 1.6 us
[ Data roady resst 1 280 [
Dsta setup time, tyu(da) ns
Dets hold time, th(da) ns
Clock frequency, fg (see Note 6} [ 200 kHz
frea-sir L TA -26 85 °C

NOTES. 3. All duts, clock, end command inpute have Tmtermal pull-up revistors to sliow direct clocking b any TTL elrcutt.
3. The slgebraic convention where the mast negative Jimit is designsted as minimum Is used in this data ¢t tar logic voitage |
only.
inputs to Pl. PS, WLS1, WLE2, and SBS ere normalty static signals. A minimum pulse width hes beer Indiceted for possible pulsed
operation.

5. All control signal pulses should be centered with respect to CRL to snsure maximum setup and hold time.
6 Clock frecusncy Is 16 times the baud rate.
41 The srrow Indicates the adge of the FEFAL pulse used for refarence: 1 for the rising edge, ¢ for the falling edge.

>

slectrical characteristics over full ranges of recommended operating conditions {unless otherwise noted)

[ vanameren | TEST CONDITIONS
(VoL Towlewal outpwt vottom___]
WIH High-lavel input current, sll inputs
e Low-iavel input current, #ll inputs
1GG Supply currant from VGG

S5 All inputs st & high level

[ Supply current from V.
Pp Power dissipation All inputs at @ high 1ave!
i input cepacitance. all inputs [ Vitvss,  fmimwe ]

TAll typice! values sra st Ta = 26°C and nominal volteges.

All inputs st 8 high Tovel
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TMS 6011 JC,NC
ASYNCHRONOUS DATA INTERFACE (UART)

switching characteristics over fult ranges of recommended operating conditions {unless atherwise noted)

PARAMETER TEST CONDITIONS MIN TYet | MAX  |UNIT
— Propagation delay timu,_hi_w-miluw 800 1000 N
tevel DR output from DRR N
Propegation detay time, high-to-dow
Jevel TBRE output from TBRL 800 1000 ‘ n
tpZx Er.ublc time, receiver output from ROD 1 Series 74 TTL load 300 500 ny
Dissble time, recsiver output from RCD 300 500 ns
wzx Enabls time, outputs PE, FE, O, DR, or 300 500 ﬂ
TARE from SFO
Disabie time, outputs PE, FE, OE, DR, or
1PXZ 300 6500 nj

TBRE from SFO

T Al typical valuss are 8t T = 26°C and nominal voltages.

voltage waveforms
Vin
INPUT ROD OR SFD )
VL 1
— tpxz —™ le—— tpzx — ™
VOH
OUTPUT RO OR FLAGS
Vou HI-Z STATE
ENABLE AND DISABLE TIMES
Vin 2w ——>

inpuT DRA OR TBRL
Vi

ja——— e —

VoH 1
OUTPUT DR OR TBRE |

Vou
PROPAGATION DELAY TIMES
ViH
iNeUT TBHL 50% 50%
viL | |
————ty ™
—Hl o tou(da) “""‘ hide)

Vin
INPUTS TI-TI8

viL

DATA SETUP AND HOLD TIMES

NOTE: Al ansble, diseble, and propagation delay timas are referanced 1o the 0% or 10% points. All pulse widths are reforenced to the 50%
points.
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TMS 6011 JC,NC
ASYNCHRONOUS DATA INTERFACE (UART)

operation timing diagram

RL

TRANSMITTER TIMINGT

| | See Nots 3 |

TBRE (3-STATE} u Sae Note 4 l

7O {NOT T T r——— ——r =TT T _-—— i

3STATE} L Stert_!Data 1| Dats 2 2 \Data 3!Data 4 [Dats 5 [Data 6 Dats _1]Deta 8 8 |Parity jStop 1 Stop 2 | StartjData 1
—>| fe— BIT FIME (00 Note 1} wmse

TRE (NOT 3STATE} (% CLOCK CYCLE) —.l‘—

t Transmitter initially assumed inactive at start of disgram, shown for 8 tevel code and parity and 2 stops.

NOTES

1. Bit time 13 16 clock cycles.
11 transmitter 1 snactive the start pulse will sppesr on 1ine within one clock cycle of time data sirobe occurs {ses detait below)

2
TBAL
cLOCK LU f
-— 116 8T
o START
3. Becsuse transmitter iz doudle buffered. another dta strobe can occur any during i of B

4. TBRE goes to a low for a pariod of spproximately one clock cycie fotlowing a TBRL pulse.

RECEIVER TIMING

H Start Deta 1 _Data 2 Dats3 Datad Data5 Data 8 Dets 7 D-ul P-mv Stop 1 Stop 2 Start D-ni
- -1

Ri (see Note 3} _"—\ T - '-_'__‘
L L“J__4__4__4__J.__l__4."s°'_J '_.__

INTERNAL
DATA SAMPLING

ruu.ssh-uma)ll'll‘ll"“lJ_

PE

FE

See Note 1 _ﬂ
4 CLOCK CYCLE

— 1/16 BIT TIME
RO1-RO8 Ses Nots 2

See Note 1 —_:’!

OE
NOTES: 1. This is tha point at which the error candition is detected. if srror occurs.

2. A high-to-low transition on the OR pin indicates thst the contents ot the recsiver register has been transterred to the receiver
butfer register and that the thres error fiag signals are valid. Output dats comains valid unti) the next word is iransferred into the
receiver buffer register.

3. The RI waveform ilustrates an sight-bit word with pasity and two stoP bits. If parity is inhibited, the stop bits #mmadiately follow
the tast data bit. For all word lengths, 1he dats in the butfer register must be right justified, i.e. RO1 (pin 12) is the least significant
bit.

4. Data sampling occurs at the centar of ssch data bit (8 clock cycles after the baginning of the bith.
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