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UAR/T: UNIVERSAL ASYNCHRONOUS RECEIVER/TRANSMITTER

FEATURESS

OTL end TIL compatible--no interfacing circuits
required--drives one TilL load

Fully Double Buffered--eliminates need for system
synchronization, fecilitates high--speed opera-
tion

full Duplex Operation--can handle multiple bauds
(receiving--transmitting) simultaneocusly

Start Bit Verificetion--decreases error rate with
center sempling

Receiver center sampling of serial input; 46%
distortion immunity

High Speed Operstion

Three-State Outputs--bus structure capability

Low Power--minimum power requirements

Input Protected--eliminates handling problems

Single Supply Operastion: +8.75V to +5.25V

1 1/2 stop bit mode

External reset of sll registers except control
bits register

N-Channel Ion Implant Process

0 to 12.5K baud

Pull-up resistors to Vpe on all inputs

DESCRIPTION

The Universal Asynchronous Receiver/Transmitter
(UAR/T) is a&n LSl subsystem which accepts binary
characters from either a terminal device or a
computer and receives/transmits this character with
appended control end error detecting bits. All
characters contain a stert bit, 5 to 8 data bits,
1, 1-1/2, or 2 stop bit cspability, and either odd/
even parity or no parity. In order to make the
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UAR/T universal, the baud, bits per word, parity
mode, and the number of stop bits are externslly
gselectable. The device is constructed on e single
monolithic chip. All inputs and outputs are
directly compatible with TTL/DIL/CMOS logic without
the need for interfecing componente. All strobed
outputs are three-state logic.
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PIN FUNCIIONS
Pin No. Naze (Symbol) Function

1 Vg Power Supply (VCC) +5V Supply

2 N.C. (Not Connected)

3 Ground Ground

4 Received Dsta Enable (RDE) A logic "0" on the receiver enable line places the
received date onto the output lines.

5-12 Received Date Bits (RDB-RD1) These are the 8 data output lines. Received characters
sre right justified: the LSB slways appears on RD1.
These lines have tri-state outputs; i.e., they have the
normal TTL output characteristics when RDE is "0" and @
high impedance state when RDE is "1". Thus, the dste
output lines can be bus structure oriented.

13 Parity Error (PE) This line goes to & logic ™1" if the received character
perity does not agree with the selected parity.
Tri-state,

14 Framing Error (FE) This line goes to s logic "1" if the received character
has no valid stop bit. Tri-stete.

15 Over-Run (OR) This line goes to & logic "i" if the previously
received character is not reed (DAV line not reset)
before the present character is transferred to the
receiver holding register., Tri-state.

16 Status Word Enable (SWE) A logic "0" on this line pleces the status word bits
(PE, FE, OR, DAV, TBMT) onto the output lines.

17 Receiver Clock (RCP) This line will contain a clock whose frequency is 16
times (16X) the desired receiver baud.

18 Reset Data Available (RDAV) A logic "0" will reset the DAV line. The DAV F/F is
the only thing that is reset. -

19 Data Availeble (DAV) This line goes to & logic "1" when an entire character
tiss been received and trensferred to the receiver
holding register. Tri-state. Fig. B.

20 Serial Input (SI) This line accepts the serisl bit input stream. A
marking (logic "1") to epecing (logic "0"], transition
is required for initistion of date reception. Fig. 7, 8.

21 External Reset (XR) Resets all registers. Sets S0, EOC, end TBMT to a logic
®"{". Resets DAV, and error flags to "0". Clears input
date buffer. Must be tied to logic "0" when not in use.

22 Transmitter Buffer Empty (TBMT) The transmitter buffer empty flag goes to a logic ™"

when the data bits holding register may be losded with
another character. Tri-state. See Fig. 14, 16.
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PIN FUNCTIONS

Pin No.

Name (Symbol)

Function

23

24

25

26-33

34

35

36

37-38

39

40

Date Strobe (D5)

End of Character (EQOC)

Serial OQutput (SO)

Date Bit Inputs (DB1-DBS)

Control Strobe (CS)

No Parity (NP)

Number of Stop Bits (TSB)

Number of Bits/Character
(NB2, NB1)

Odd/Even Parity Select (EPS)

Trensmitter Clock (ICP)

A strobe on this line will enter the date bits into the
dets bits holding register. Initial datg transmission
is initisted by the rising edge of DS. Data must be
stable during entire strobe.

This line goes to @ logic "1" esch time @& full
character is transmitted. It remains st this level
until the start of trsnsmission of the next charscter.
See Fig. 13, 15.

This line will serislly, by bit, provide the entire
trensmitted character. It will remain at & logic "1"
when no date is being trensmitted.

There ere up to B date bit input lines svialable.

A logic "1" on this lead will enter the control bits
(EPS, NB1, NB2, TSB, NP) into the control bite holding

register. This line can be strobed or hard wired to @
logic ™1™ level.

A logic ™" on this lead will eliminate the parity bit
from the transmitted end received character (no PE
indication). The stop bit(s) will immedistely follow
the last dsta bit. If not used, this lead must be tied
to 8 logic "0".

This lead will select the number of stop bits, 1 or 2
to be sppended immedistely sfter the parity bit. A
logic "0" will insert 1 stop bit and e logic 1" will
insert 2 stop bite. The combined selection of 2 stop
bits end 5 bits/character will produce 1 1/2 stop bits.

These two leads will be internally decoded to select
either 5, 6, 7 or B data bits/cheracter.

NB2 NB1 Bits/Character
0 5

- -0

0 6
1 7
1 8
The logic level on this pin selects the type of parity
which will be eppended immedistely after the data bits.
It elso determines the parity thst will be checked by

the receiver. A logic "0" will insert odd perity end e
logic "1" will insert even parity.

Thie line will contein e clock whose frequency is 16
times (16X) the desired transmitter baud.
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ELECTRICAL CHARACTERISTICS

Maximum Ratings*

Vee (with Respect to GND)evsveevnasnn
-65°C to +150°C

Storage Tempereture...cesececccess
Lead Temperature (Soldering, 10 8eC)ecsscs.

Standard Conditions (unless otherwise noted):

Vee © +4,75V to +5.25V

Opersting Temperature (1) = <55°C to

DC CHARACTERISTICS

0.3V

+125°C

to +6V

+330°C

GENERAL

INSTRUMENT AY-3-1015DHR

*txceeding these retings could cause permanent
damage to the device. This is a stress rating only
and functionsl operation of this device at these
conditions is not implied-opersting ranges
specified in Standerd Conditions. Exposure to
sbsolute meximum rating conditions for extended
periods may effect device reliability.

are

Data labeled "typicsel" is presented for design
guidance only and is not gusrenteed.

Charscteristic Min Typ Meax Units Conditions
Input Logic Levels (AY-3-1015)
Logic O 0 - 0.8 Volts
Logic 1 2.4 - Vee+0.3 Volte Has internal pull-up resistors to Vpp
Input Capacitsnce
All inputs - - 20 pF 0 volts bias, f = 1MHz
Output Impedance
Tri-State Outputs 1.0 - - M ohms
Dats Output Levels
Logic O - - .5 Volts Ig, = 1.6mA (sink)
Logic 1 2.4 - - Volte Igy = -80uA (source)--at Vpp = 45V
Output Cepacitance - 10 15 pF
Power Supply Current
Icc at VCC = 45V - 10 26 mA
Standard Conditions (unless otherwise noted)
AC CHARACTERISTICS

Characteristic Min Typ Max Units Conditions
Clock Frequency DC - 200 kHz at Vpp = +4.75V
Baud 0] - 12.5 kbaud at Voo = +4.75V
Pulse Width
Clock Pulse 1.0 - - us See Fig. 5
Control Strobe 200 - - ns See Fig. 11
Date Strobe 200 - - ns See Fig. 10
External Reset 500 - - ns See Fig. 9
Status Word Enable 500 - - ns See Fig. 17
Reset Data Available 200 - - ns See Fig. 18
Received Data Enable 500 - - ns See Fig. 17
Set Up & Hold Time
Input Dsta Bits 20 - - ns See Fig. 10
Input Control Bits 20 - - ns See Fig. 11
Output Propsgstion Delay
1PD0 - - 500 ns See Fig. 17
PD1 - - 500 ns See Fig. 17
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TIMING DIAGRAMS
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TIMING DIAGRAMS
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TIMING DIAGRAMS
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Fig. 6 UAR/T - RECEIVER TIMING
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TIMING DIAGRAMS

When not In use, XR must be
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TIMING DIAGRAMS
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GENERAL INFORMATION
UAR/T: Universal Asynchronous Receiver/Transajtter

TRANSMITTER OPERATION

1o Turn Power On
2. Pulse Externa! Reset
3. Select Bavd -~ 16 x CiX
[ 2
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¥
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v

Transmlt Start Bit, Deva
Bivs, Selected Parity MNocde,
Ang Strop Bitts)

nas
The Last
Stop 81t Been On The
Line For BiY
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Initislizing

Power is applied, external reset is ensbled and
clock pulse is applied heving & frequency of 16
times the desired baud. The above conditions will
set TBMT, EOC, end SO to logic "1™ (line is
marking).

After initielizing is completed, user may set
control bits sand data bits with control bits
selection normally occurring before data bits
selection. However, one may set both D5 and CS
simultenecusly if minimum pulse width specifica-
tions ere followed. Once Data Strobe (DS) is
pulsed the TBMT signal will change from a logic "1"
to 8 logic "0" indiceting that the data bits
holding register is filled with e previous chsarac-
ter and is unsble to receive new data bits, and
transmitter shift register is transmitting pre-
viously loaded dats. TBMT will return to a logic
®*in,  when transmitter shift register is empty,
data bits in the holding register ere immedistely
loaded into the transmitter shift register for
trensmission, The shifting of information from the
holding register to the transmitter ehift register
will be followed by SO and EOGC going to a logic
"g", and TBMT will also go to & logic "1" indica-
ting thet the shifting operstion is completed and
thet the data bits holding register is ready to
accept new data. It should be remembered that one
full cheracter time is now available for losding of
the next character without loss of transmission
speed due to double buffering (separate dsta bits
holding register and transmitter shift register).

Data trensmission is initiated with transmission of
8 stert bit, dets bits, parity bit (if desired) end
stop bit(s). When the last stop bit has been on
line for one bit time, EOC will go to & logic "1"
indicating that new charscter is ready for trans-
mission. This new character will be trensmitted
only if TBMT is & logic "0" es was previously

discussed.
r 4
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RECEIVER OPERATION
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GENERAL INFORMATION

Initislizing

Power is applied, external reset is enabled, and
clock pulse is spplied having a frequency of 16
times the desired baud. The previous conditions
will set data aveilable (DAV) to e logic "0".

After initializing is completed, user should note
that one set of control bits will be used for both
reciever and transmitter msking individual control
bit setting unnecessary. Date reception starts
when serial input signal changes from marking
(logic "1") to spacing {logic "0") which initistes
start bit. The start bit is velid if, efter trans-
ition from logic "1" to logic "0", the SI line
continues to be st logic "0", when center sampled,
8 clock pulses lster. If, however, line is 8t 8
logic "1" when center sempling occurs, the start
bit verificetion process will be reset. If the
Serial Input line transitions from a logic "1" to s
logic "0" {merking to spacing) when the 16x clock
is in 8 logic "1" stste, the bit time for center
sampling will begin when the clock line transitions
from a logic ™" to e logic "0" setate. After
verification of 8 genuine start bit, date bit
reception, parity bit reception and stop bit(s),
reception proceeds in en orderly manner.

While receiving parity snd stop bit(s), the receiver
will compare transmitted parity and stop bit(s)
with control data bits (parity end number of stop
bits) previously set and indicate en error by
changing the parity error flip flop and/or the
framing error flip flop to a logic ™i". It should
be noted that if the No Parity Mode is selected,
the PE (parity error) will be unconditionally set
to 8 logic "0".

Once e full character is received, internal logic
locks et the data evailable (DAV) signal to deter-
mine if date hes been read out. If the DAY signal
is et 8 logic ™", the receiver will assume
date hss not been read out end the over run flip-
flop of the status word holding register will be
set to a logic ™i". If the DAV signal is st a
logic "0", the receiver will assume that date hss
been read out. After DAV goes to e logic "1", the
receiver shift register is now ready to eccept the
next character and has one full character time to
remove the received character.
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