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Synchronous and asynchronous operation

Synchronous 5-8 bit characters; internal or external
character synchronization; automatic synchronization

Asynchronous 5-8 hit characters; Clock Rate - 1, 16,
or 64 Times Baud Rate; break character generation; 1,
1.5, or 2 stop bits; false start bit detection; automatic

Synchronous baud rate - 1 to 64K baud
Asynchronous baud rate - 1 to 19.2K baud
Full-Duplex, double-buffered transmitter and receiver
Error detection - parity, overrun and framing errors

Radiation-hardened process and design; total dose
iradiation testing to MIL-STD-883 Method 1019
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O Packaging options:
- 36-lead Flatpack
- 68-lead Flatpack
O 5.0and 3.3 volt operation
a
- QML Q and V compliant part
a

Available as core IP for ASIC applications
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INTRODUCTION

The UT82CRH51A is an enhanced version of the industry
standard, Universal Synchronous/Asynchronous Receiver
Transmitter (USART), designed to provide data
communications between subsystem. The UT82CRH51A

USART is built using UTMC’s Commercial RadHard™
epitaxial CMOS technology and isideal for space applications.
In a communication environment an interface device converts
paralel format system data into serial format for transmission,
and convertsincoming serial format data into parallel system
datafor reception. The UT82CRH51A is used as a peripheral
device and is programmed by a host CPU to operate using
virtually any serial datatransmission technique. The USART
accepts data characters from the CPU in a parallel format and
then converts the data into a continuous serial data stream for
transmission. Simultaneously, the UT82CRH51A receives
serial data streams and converts the datainto a parallel data
character for the host CPU. The USART signals the CPU
whenever it accepts a new character for transmission or
whenever it has received a character for the CPU. The CPU
reads the complete status of the USART at any time. These
include data transmission errors and control signals such as
SYNDET/BRKDET, TXEMPTY.
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Figure 1. UT82CRH51A USART Block Diagram
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Figure 2. UT82CRH51A Pinout (36)
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Figure 3. UT82CRH51A Pinout (68)
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1.0 Functional Description

The UT82CRH51A is designed for a wide range of
microcomputers. Like other 1/O devices in a microcomputer
system, its functional configuration is programmed by the
system’ s software for maximum flexibility. The UT82CRH51A
can support most serial data techniquesin use.

In a communication environment an interface device must
convert parallel format system data into seria format for
transmission and convert incoming serial format data into
parallel systemdatafor reception. Theinterface device must also
delete or insert bits or characters that are functionally unique to
the communication technique. Therefore, the interface should
appear "transparent" to the CPU, asimpleinput or output of byte-
oriented system data (figure 7).

1.1 DATA BUSBUFFER

Thisthree-state, bidirectional, 8-bit buffer isused tointerface the
UT82CRH51A to the system Data Bus. Datais transmitted or
received by the buffer upon execution of INput or OUTput
instructions of the CPU. Control words, Command words and
Status information are also transferred through the Data Bus
Buffer. The Command Status, Data-1n and Data-Out registers
are separate, 8-hit registers communicating with the system bus
through the Data Bus Buffer.

Thisfunctional block acceptsinputsfrom the system Control bus
and generates control signals for overall device operation. It
contains the Control Word Register and Command Word
Register that store the various control formats for the device
functional definition.

1.2 READ/WRITE CONTROL LOGIC
1.2.1 RESET (Reset)

A "high" on thisinput forces the UT82CRH51A into an "Idle"
mode. The deviceremainsat "ldle" until anew set of control
wordsiswritten into the UT82CRH51A to program its function-
al definition. Minimum RESET pulsewidthis 6ty (clock must
be running).

A command reset operation also puts the device into the "Idl€"
state.

1.2.2 CLK (CLOCK)

The CLK input is used to generate internal devicetiming and is
normally connected to the Phase 2 (TTL) output of the Clock
Generator. No external inputsor outputsarereferenced to CLK,
but the frequency of CLK must be greater than 30 times the Re-
celver or Transmitter data bit rates.

1.2.3WR (Write)

A "low" on thisinput informs the UT82CRH51A the CPU is
writing data or control words to the UT82CRH51A (figure 4).
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Figure4. UT82CRH51A Block Diagram Showing Data BusBuffer
and Read/Write Logic Functions

1.2.4 RD (Read)

A "low" on thisinput informs the UT82CRH51A the CPU is
reading dataor status information fromthe UT82CRH51A (fig-
ured).
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1.2.5CID (Control/Data)

Thisinput, in conjunction with the WR and RD inputs, informs
the UT82CRH51A the word on the Data Bus is either adata
character, control word or status information.

1= CONTROL/STATUS; 0=DATA
1.2.6 CS(Chip Select)

A "low" on thisinput selectsthe UT82CRH51A. No reading or
writing will occur unless the device is selected. When CSis
high, the Data Busisin the float state and RD and WR have no
effect on the chip.

1.3 MODEM CONTROL

The UT82CRH51A has a set of control inputs and outputs that

can be used to simplify the interface to almost any modem. The
modem control signals are general purposein nature and can be
used to functions, other than modem control, if necessary (figure
5).

1.3.1 DSR (Data Set Ready)

TheDSR input signal isageneral -purpose, 1-bit inverting input
port. Itscondition can betested by the CPU using a Status Read
operation. The DSR input is normally used to test modem con-
ditions such as Data Set Ready.

1.3.2DTR (Data Terminal Ready)

The DTR output signal isageneral-purpose, 1-bit inverting out-
put port. It canbeset "low" by programming the appropriate bit
in the Command Instruction word. The DTR output signal is

normally used for modem control such as Data Terminal Ready.

1.3.3RTS (Request to Send)

The RTS output signal is ageneral-purpose, 1-bit inverting out-
put port. Itcanbeset "low" by programming the appropriate bit
in the Command Instruction word. The RTS output signal is
normally used for modem control such as Request to Send.

1.3.4 CTS(Clear to Send)

A "low" on thisinput enables the UT82CRH51A to transmit se-

rial dataif the TxEnable bit in the Command byteis set to a

"one". If either aTxEnable off or CTS off condition occurs

while the Tx isin operation, the Tx transmits al the datain the

gSART written prior to TxDisable command before shutting
own.

1.4 TRANSMIT BUFFER

The Transmit Buffer Accepts parallel datafrom the Data Bus
Buffer, convertsit to a serial bit stream, inserts the appropriate
characters or bits (based on the communication technique) and
outputsa composite serial stream of dataon the TxD output pin
onthefalling edge of TxC. Thetransmitter begins transmission
upon being enabled if CTS=0. The TxD linewill beheldinthe
marking state immediately upon a master Reset or when TxEn-
able or CTSis off or the transmitter is empty (figure 5).

1.5.TRANSMITTER CONTROL

The Transmitter Control manages all activities associated with
thetransmission of serial data. It acceptsand issuessignalsboth
externally and internally to accomplish this function (figure 5).

1.5.1 TXxRDY (Transmitter Ready)

This output signals the CPU the transmitter is ready to accept a
data character. The TXRDY output pin can be used as an inter-
rupt to the system sinceit is masked by TxEnable; or, for Polled
operation, the CPU can check TXRDY using a Status Read op-
eration. TXRDY isautomatically reset by the leading edge of
WR when a data character is |oaded from the CPU.

Note: When using the Polled operation, the TXRDY status bit
is not masked by TxEnable, but will only indicate the Empty/
Full Status of the Tx Data Input Register.

152 TXEMPTY (Transmitter Empty)

When the UT82CRH51A has no charactersto send, the TXEM P-
TY output will go "high". It resets upon receiving a character



from the CPU if the transmitter isenabled. TXEMPTY remains
low when the transmitter isdisabled evenif it isactually empty.
TXEMPTY can be used to indicate the end of atransmission
mode, so the CPU knows when to turn the line around in the
half-duplex operational mode.

In the Synchronous mode, a"high" on this output indicates that
acharacter has not been loaded and the SY NC character or char-
acters are about to be or are being transmitted automatically as
"fillers'. TXEMPTY does not go low when the SYNC charac-

ters are being shifted out.
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Figure5.UT82CRH51A Block Diagram ShowingM odem
and Transmitter Buffer and Control Functions

1.5.3 TxXC (Transmitter Clock)

The Transmitter Clock controlsthe rate at which the character is
to be transmitted. In the Synchronous transmission mode, the
Baud Rate (1x) isequal to the TxC frequency. In Asynchronous
transmission mode, the baud rateis afraction of the actual TxC
frequency. A portion of the mode instruction selects thisfactor;
itcanbel, 1/16 or 1/64 the TxC.

For example:
If Baud Rate equals 110 Baud,
TxC equals 110 Hz in the 1x mode
TxC equals 1.72 kHz in the 16x mode
TXC equals 7.04 kHz in the 64x mode

The falling edge of TXC shifts the serial data out of the
UT82CRH51A.

1.6 RECEIVE BUFFER

The Receiver accepts serial data, converts this serial input to
parallel format, checks for bits or characters that are unique to
the communi cation technique and sends an "assembled" charac-
ter to the CPU. Serial dataisinput to RxD pin, and is clocked
in on therising edge of RxC (figure 6).

1.7 RECEIVER CONTROL

This functional block manages all receiver-related activities
which consists of the following features (figure 6).

» The RxD initiaization circuit prevents the
UT82CRH51A from mistaking an unused input line for
an active low dataline in the "break condition". Before
starting to receive serial characters on the RxD line, a
valid"1" must first be detected after achip master Reset.
Once this has been determined, a search for avalid low
(Start bit) isenabled. Thisfeatureisonly activein the
asynchronous mode, and is only done once for each mas-
ter Reset.

 The False Start bit detection circuit prevents false starts
dueto atransient noise spike by first detecting thefalling
edge and then strobing the nominal center of the Start bit
(RxD = low).

« Parity error detection sets the corresponding status bit.

» The Framing Error status bit is set if the Stop bit is absent
at the end of the data byte (asynchronous mode).

1.7.1 RxRDY (Receiver Ready)

This output indicates the UT82CRH51A contains a character

ready to beinput to the CPU. RxRDY can be connected to the
interrupt structure of the CPU or, for polled operation, the CPU
checks the condition of RXRDY using a Status Read operation.

RxEnable, when off, holds RxRDY in the Reset Condition. For
Asynchronous mode, to set RXRDY/, the Receiver must be en-
abled to sense a Start Bit and a complete character must be as-
sembled and transferred to the Data Output Register. For
Synchronous mode, to set RXRDY/, the Receiver must be en-
abled and a character must finish assembly and be transferred to
the Data Output Register.

Failure to read the received character from the Rx Data Output
Register prior to the assembly of the next Rx Data character will
set overrun condition error and the previous character will be
written over and lost. If the Rx Datais being read by the CPU
when the internal transfer is occurring, overrun error will be set
and the old character will be lost.

1.7.2 RxC (Receiver Clock)

The Receiver Clock controlstherate at which the character isto
bereceived. In Synchronous Mode, the Baud Rate (1x) isequal
to the actual frequency of RxC. In Asynchronous Mode, the
Baud Rateis afraction of the actual RxC frequency. A portion
of the mode instruction selects this factor: 1, 1/16 or 1/64 the
RxC.

For example:

Baud Rate Equals 300 Baud, if

RxC equals 300 Hz in the 1x mode
RxC equals 4800 Hz in the 16x mode
RxC equals 19.2 kHz in the 64x mode

Baude Rate egquals 2400 Baude, if

RxC equals 2400 Hz in the 1x mode
RxC equals 38.4 kHz in the 16x mode
RxC equals 153.6 kHz in the 64x mode

Datais sampled into the UT82CRH51A on the rising edge of



RxC.

NOTE: In most communications systems, the UT82CRH51A
handles both the transmission and reception operations of asin-
glelink. Consequently, the Receive and Transmit Baud Rates
will bethe same. Both TxC and RxC requiresidentical frequen-
ciesfor this operation and can be tied together and connected to
asinglefrequency source (Baud Rate Generator) to simplify the
interface.
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Figure 6. UT82CRH51A Block Diagram Showing
Receiver Buffer and Control Functions

1.7.3 SYNDET (SYNC Detect/BRKDET Break Detect)

Thispinisusedin Synchronous Modefor SYNDET and may be
used as either input or output programmabl e through the Control
Word. Itisreset to output modelow upon RESET. When used
as an output (internal Sync mode), the SYNDET pin goes high

to indicate that the UT82CRH51A has located the SYNC char-

acter inthe Receivemode. If the UT82CRH51A isprogrammed
to use double Sync characters (bisync), then SYNDET goeshigh
in the middle of the last bit of the second Sync character. SY N-
DET automatically resets upon a Status Read Operation.

When used as an input (external SYNC detect mode), apositive
going signal causes the UT82CRH51A to start assembling data
characters on the rising edge of the next RxC. Oncein SYNC,
the "high" input signal can be removed. When External SYNC
Detect is programmed, Internal SYNC Detect is disabled.

1.7.4 BREAK (Async Mode Only)

This output goes high whenever the receiver remains low
through two consecutive stop bit sequences (including the start
bits, data bits, and parity bits). Break Detect may also be read
asa Status bit. It isreset only upon a master chip Reset or Rx
Datareturning to a"one" state.

S ADDRESS BUS S
Ao
S CONTROL BUS S
TOR |TTOW|RESET | O
(TTL)

RESET CLK

UT82CRH51A

Figure 7. UT82CRH51A Interface to Standard
System Bus



2.0DETAILED OPERATION DESCRIPTION
2.1 General

The complete functional definition of the UT82CRH51A ispro-
grammed by the system’ s software. A set of control words must
be sent out by the CPU to initialize the UT82CRH51A to sup-
port the desired communications format. These control words
will program the: BAUD RATE, CHARACTER LENGTH,
NUMBER OF STOPBITS, SYNCHRONOUS or ASY N-
CHRONOUS OPERATION, EVEN/ODD/OFF PARITY, etc.
In the Synchronous M ode, options are also provided to select ei-
ther internal or external character synchronization (figure 8).

Once programmed, the UT82CRH51A isready to perform its
communication functions. The TXRDY output israised "high"
to signal the CPU the UT82CRH51A is ready to receive a data
character from the CPU. Thisoutput (TXRDY)) isreset automat-
ically when the CPU writes acharacter into the UT82CRH51A.
On the other hand, the UT82CRH51A receives seria datafrom
the MODEM or I/O device. Upon receiving an entire character,
the RXRDY output israised "high" to signal the CPU the
UT82CRH51A has completed character ready for the CPU to
fetch. RXRDY is reset automatically upon the CPU data read
operation.

The UT82CRH51A cannot begin transmission until the TxEn-
able (Transmitter Enable) bit is set in the Command Instruction
and it hasreceived aClear to Send (CTS) input. The TxD output
isheld in the marking state upon Reset.

cD=1 MODE INSTRUCTION

D= SYNC CHARACTER 1
cb=1 SYNC

_ MODE
cb=1 SYNC CHARACTER 2 ONLY*
cb=1 COMMAND INSTRUCTION
CcD=0 DATA

— —

cb=1 COMMAND INSTRUCTION

Q
lw]
I
o
—

DATA L

COMMAND INSTRUCTION

NOTE: Thesecond SYNC character is skipped if MODE instruction has programmed
the UT82CRH51A to single character internal SYNC Mode. Both SYNC charactersare
skipped if MODE instruction has programmed the UT82CRH51A to ASYNC mode or
External SYNC mode.

Figure 8. Typical Data Block

2.2 Programming the UT82CRH51A

Prior to starting data transmission or reception, the
UT82CRH51A must be loaded with a set of control words gen-
erated by the CPU. These control signals define the complete

functional definition of the UT82CRH51A and must immediate-
ly follow a Reset operation (internal or external).

The control words are split into two formats:

1. Mode Instruction
2. Command Instruction

2.2.1 ModeInstruction

Thisinstruction defines the general operational characteristics
of theUT82CRH51A. It must follow aReset operation (internal
or external), once the Mode I nstruction has been written into the
UT92CRH51A by the CPU, SY NC characters or Command In-
structions (figure 8).

2.2.2 Command Instruction

Thisinstruction defines aword that is used to control the actual
operation of the UT82CRH51A.

Both the Mode and Command Instructions must conform to a
specified sequence for proper device operation (see Figure 8).
The Mode Instruction must be written immediately following a
Reset operation prior to using the UT82CRH51A for data com-
munication.

All control wordswritten into the UT82CRH51A after the Mode
Instruction loads the Command Instruction. Command Instruc-
tions can be written into the UT82CRH51A at any timein the
datablock during the operation of the UT82CRH51A. Toreturn
to the Mode I nstruction format, the master Reset bit in the Com-
mand Instruction word can be set to initiate an internal Reset op-
eration which automatically placesthe UT82CRH51A back into
the Mode Instruction format. Command Instructions must fol-
low the Mode Instructions or Sync characters.

2.2.3 Mode I nstruction Definition

The UT82CRH51A can be used for either Asynchronous or
Synchronous data communication. To understand how the
Mode Instruction defines the functional operation of the
UT82CRH51A, the designer views the device as two separate
components, one Asynchronous and the other Synchronous,
sharing the same package. The format definition can be
changed only after amaster chip Reset. For explanation purpos-
es the two formats will be isolated.

NOTE: When parity isenabled it isnot considered as one of the
data bits for the purpose of programming the word length. The
actual parity bit received on the Rx Data line cannot be read on
the Data bus. In the case of a programmed character length of
lessthan 8 hits, theleast significant Data Bus bits holds the data;
unused bits are "don’t care" when writing data to the
UT82CRH51A and will be"zeroes" when reading the datafrom
the UT82CRH51A.

2.2.4 Asynchronous M ode (Transmission)

Whenever a data character is sent by the CPU the
UT82CRH51A automatically adds a Start bit (low level) fol-
lowed by the data bits (least significant bit first), and the pro-
grammed number of Stop bits to each character. Also, an even
or odd Parity bit isinserted prior to the Stop bit(s) as defined by



the Mode Instruction. The character is then transmitted as a se-
rial datastream onthe TxD output. The serial datais shifted out
on thefalling edge of TxC at arate equal to 1, 1/16, or 1/64 that
of the TxC as defined by the Mode Instruction. BREAK char-
acters can be continuously sent to the TxD if commanded to do
S0.

When no data characters have been loaded into the
UT82CRH51A the TxD output remains"high" (marking) unless
aBreak (continuously low) has been programmed (figure 9).
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Figure9. Mode and Command I nstruction Format,
Asynchronous Node

2.2.5 Asynchronous M ode (Receive)

The RxD lineis normally high. A falling edge on thisline trig-
gersthe beginning of aSTART bit. Thevalidity of thisSTART
bit is checked by again strobing this bit at its nominal center
(16x or 64x mode only). If alow isdetected again, itisavalid
START bit, and the bit counter starts counting. The bit counter
thus locates the center of the data bits, the parity bit (if it exists),
and the stop bits. If parity error occurs, the parity error flag is
set. Dataand parity bits are sampled on the RxD pin with the

rising edge of RxC. If alow level is detected as the STOP hit,
the Framing Error flag sets. The STOP bit signals the end of a
character. Note: Thereceiver requires only one stop bit regard-
less of the number of stop bits programmed. This character is
then loaded into the parallel 1/0 buffer of the UT82CRH51A.
The RXxRDY pinisraised to signal the CPU that a character is
ready to befetched. If aprevious character has not been fetched
by the CPU, the present character replacesit in the I/O buffer,
and the OVERRUN Error flag is raised (thus the previous char-
acter islost). All of the error flags can be reset by an Error Reset
Instruction. The occurrence of any of these errorswill not affect
the operation of the UT82CRH51A (figure 10).

2.2.6 Synchronous Mode (Transmission)

The TxD output is continuously high until the CPU sendsits
first character to the UT82CRH51A which usually isa SYNC
character. When the CTS line goes low, the first character is se-
rially transmitted out. All characters are shifted out on the fall-
ing edge of TxC. Dataisshifted out at the samerate asthe TxC.

Once transmission has started, the data stream at TxD output
continues at the TxC rate. If the CPU does not provide the
UT82CRH51A with adata character before the UT82CRH51A
Transmitter Buffers become empty, the SYNC characters (or
character if in single SYNC character mode) will be automati-
caly inserted in the TxD data stream. In this case, the TXEMP-
TY pinisraised high to signal that the UT82CRH51A is empty
and SYNC characters are being sent out. TXEMPTY does not
go low when the SYNC is being shifted out (seefigure 11). The
TXEMPTY pinisinternaly reset by adata character being writ-
ten into the UT82CRH51A.

AUTOMATICALLY INSERTED BY USART

/)

TxD | DATA | DATA |SYNC1|SYNC2| DATA |------
FALLSUPON CPU
WRITING A
CHARACTER TO
AT THE USART
TXEMPTY J

NOMINAL CENTER OF LAST BIT

Figure 11. Synchronous Mode
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Figure 10. Asynchronous M ode

2.2.7 Synchronous Maode (Receive)

In this mode, character synchronization can be internally or ex-
ternally achieved. If the SY NC mode has been programmed, an
ENTER HUNT command should be included in the first com-
mand instruction word written. Data on the RxD pin is then
sampled on therising edge of RXC. The content of the Rx buffer
iscompared at every bit boundary with thefirst SYNC character
until amatch occurs. If the UT82CRH51A has been pro-
grammed for two SY NC characters, the subsequent received
character is also compared; when both SYNC characters have
been detected, the USART endsthe HUNT mode and isin char-
acter synchronization. The SYNDET pinisthen set highandis
reset automatically by a STATUS READ. If parity ispro-
grammed, SYNDET will not be set until the middle of the parity
bit instead of the middle of the last data bit.

In the external SY NC mode, synchronization is achieved by ap-
plying a high level of the SYNDET pin, thus forcing the
UT82CRH51A out of the HUNT mode. The high level can be
removed after oneRxC cycle. ANENTER HUNT command has
no effect in the asynchronous mode of operation.

Parity error and overrun error are both checked in the same way
asin the Asynchronous Rx mode. Parity ischecked when notin
HUNT, regardless of whether the Receiver is enabled or not
(Figure 12).

The CPU can command the receiver to enter the HUNT mode if
synchronizationislost. Thiswill also set all the used character
bits in the buffer to a"one", thus preventing a possible false
SYNDET caused by data that happensto bein the Rx Buffer at
ENTER HUNT time. Note: The SYNDET F/F isreset at each
Status Read regardless of whether internal or external sync has
been programmed. This does not cause the UT82CRH51A to
return to the HUNT mode. When the SYNC mode but not in
HUNT, Sync Detection is still functional, but only occurs at the
"known" word boundaries. Thus, if one Status Read indicates
SYNDET and a second Status Read also indicates SYNDET,
then the programmed SYNDET characters have been received
since the previous Status Read. (If double character sync has
been programmed, then both sync characters have been contig-
uously received to gate a SYNDET indication.) When external
SYNDET modeis selected, internal Sync Detection isdisabled,
and the SYNDET F/F may be set at any bit boundary (figure 13).



D; Dg D Dy D3 D, D; Dy

SCS| BS |EPIPE| Lz | L1 | O | O | GHARACTERLENGTH

) 0 1 0 1

L | O 0 |1 |1

5 6 7|8
BIT |BITS |BITS[BITS

PARITY ENABLE

L 1=ENABLE
0=DISABLE

EVEN PARITY
- GENERATION/CHECK
1=EVEN 0= ODD

EXTERNAL SYNC DETECT
- 1=SYNDET ISAN INPUT
0=SYNDET ISAN OUTPUT

SINGLE CHARACTER SYNC
. 1=SYNGLE SYNC
CHARACTER
0=DOUBLE SYNC
CHARACTER

Figure 12. Mode I nstruction Format, Synchronous M ode

CPU BYTE (5-8 BITSICHAR)

DATA CHARACTER

ASSEMBLED SERIAL DATA OUTPUT
(TxD)

,
1 F

SYNC SYNC
CHAR1 | CHAR?2 DATA CHARACTER

RECEIVE FORMAT

ASSEMBLED SERIAL DATA OUTPUT
(RxD)

[ L
SYNC SYNC L
CHAR 1 CHAR 2 DATA CHARACTER
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CPU BYTE (5-8 BITS/CHAR)

DATA CHARACTER

17 f

Figure 13. Data Format, Synchronous Mode

3.0 COMMAND INSTRUCTION DEFINITION

Once the functional definition of the UT82CRH51A has been
programmed by the Mode Instruction and the sync characters
are loaded (if in Sync Mode) then the deviceis ready to be used
for datacommunication. The Command Instruction controlsthe
actual operation of the selected format. Functions such as En-
able Transmit/Receive, Error Reset and Modem Controls are
provided by the Command Instruction.

Once the Mode Instruction has been written into the
UT82CRH51A and the Sync charactersinserted, if necessary,
then al further "control write" (C/D = 1) will load a Command
Instruction. A Reset Operation (internal or external) returnsthe
UT82CRH51A to the Mode Instruction format. Note: Internal
Reset on Power-Up

When power isfirst applied, the UT82CRH51A may comeupin
the Mode, Sync character or Command format. To guarantee
that the device isin the Command Instruction format before the
Reset command isissued, it is safest to execute the worst-case
initialization sequence (sync mode with two sync characters).
L oading three 00Hs consecutively into the device with C/D = 1
configures sync operation and writes two dummy O0H sync
characters. An Internal Reset command (40H) may then beis-
sued to return the device to the "Idl€" state (figure 14).

D; Dg Ds D, D3 D, D; Dg
‘EH ‘ IR ‘RTS‘ER ‘SBR‘RXE‘ DT ‘TXE‘

TRANSMIT ENABLE
1=-enable

0 =disable

DATA TERMINAL
READY
— “high" will force DTR out-
put to zero

RECEIVE ENABLE
P 1=enable
0 =disable

SEND BREAK CHARACTER
e 1="forces TxD "low"

0 = normal operation

ERROR RESET
L p» 1=reseterorflagsPE, OF, FE

REQUEST TO SEND
P "high" will for RTS output to zero

INTERNAL RESET
P "high" returns UT82CRH51A to
Mode Instruction Format

ENTER HUNT MODE
P 1 = enable search for Sync
Characters

Note: Error Reset must be performed whenever RxEnable
and Enter Hunt are programmed.

Figure 14. Mode I nstruction Format,
Synchronous Mode



4.0 STATUSREAD DEFINITION

In data communication systemsit is often necessary to examine
the "status" of the active device to ascertain if errors have oc-
curred or other conditions requiring the processor’ s attention.
The UT82CRH51A has facilities that allow the programmer to
"read" the status of the device at any time during the functional
operation. (Status update isinhibited during status read.)

A normal "read" command isissued by the CPU with C/D = 1to
accomplish this function.

Some of the bitsin the Status Read Format have identical mean-
ingsto external output pins to that the UT82CRH51A can be
used in acompletely polled or interrupt-driven environment.
TxRDY isan exception (figure 15).

Note: Status update can have a maximum delay of 28 clock pe-
riods from the actual event affecting the status.

10

D, Dg Ds D, D D, D; Dy
DSR |SYN-| FE | OE | PE | Tx- |RxR | TxRD
DET/ EMP- | DY | v

\—b Note 1

>
SAME DEFINITIONASI/O PINS

PARITY ERROR
The PE flag is set when a parity error
isdetected. Itisreset by the ER bit of
P the Command Instruction. PE does
not inhibit operation of the
UT82CRH51A

OVERRUN ERROR

The OE flag is set when the CPU
does not read a character before the
next onebecomesavailable. Itisre-
L g setby the ER bit of the Command
Instruction. OE does not inhibit op-
eration of the UT82CRH51A how-

ever, the previously overrun
character islost.

FRAMING ERROR (Async only)
The FE flag is set when avalid Stop
bit is not detected at the end of every
character. Itisreset by the ER bit of
the Command Instruction. FE does

not inhibit the operation of the
UT82CRH51A

DATA SET READY
> Indicates that the DSR is at azero
level.

Note: TxRDY statusbit has different meaningsfrom the TXRDY output pin.
The former is not conditioned by CTS and TXEN; the latter is conditioned by
both CTS and TXEN.

i.e TXRDY status bit = DB Buffer Empty

TxRDY pin out = DB Buffer Empty + (CTS-0) + (TXEN-1)

Figure 15. Status Read For mat



5.0 APPLICATIONS OF THE UT82CRH51A

Figures 16 thru 19 are examples of UT82CRH51A application ADDRESS BUS
environments. g

g ADDRESSBUS g

( CONTROL BUS

( CONTROL BUS g

T DATA BUS
|
DATA BUS g 8
> . \/ \/
g |
|
\ / v | RxD |« SYNCHRONOUS
TERMINAL OR
fATo | — UT82CRH51A TXD »  PERIPHERAL
RXD [¢—— TTL CON ' | TERMINAL DEVICE
— RxC
| RxC
UT82CRH5IA  Typ — » VERT | B
(OPT) ™ &
RxC +
BAUD RATE SYNDET >
TxC |, GENERATOR

Figure 17. Synchronous I nterfaceto Terminal, or
Peripheral Device

Figure 16. Asynchronous Serial Interfaceto CRT
Terminal, DC-9600 Baud
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S ADDRESSBUS S S ADDRESS BUS g

CONTROL BUS 5

S; CONTROL BUS g

DATA BUS S

g; DATA BUS %
8

\/ \/ .
TxD 4 < %
RxD 1« N m
@ RxC pet— @ 1
D = = =
X oz X be—1 @m g
[0} X
s 2 3 ° g ?
DSR pe— | 2 - T SYNDET || =
< ] < O — &
0 DTR = > o N CTS =
2 DTR y u °,5° D 9
8] 2 RIS b—» @
N CTS he—0
5 DSR 34_.
RTS b—) DTR |,
TXC he—— BAUD RATE
T*C GENERATOR Figure 19. Synchronous I nterfaceto Serial Bus

Figure 18. Asynchronous Interfaceto Serial Bus
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RADIATION HARDNESS SPECIFICATIONS !

PARAMETER LIMIT UNITS
Total Dose 300 krad(Si)
SEL Latchup >120 MeV-cm?/mg
Neutron Fluence? 1.0E14 n/cm?

Notes:
1. Logic will not latchup during radiation exposure within the limits defined in the table.
2. Not tested, inherent of CMOS technol ogy.

ABSOLUTE MAXIMUM RATINGS!

SYMBOL PARAMETER LIMIT (Mil only) UNITS
Vio Voltage any pin -5t0+7 \Y
Tsre Storage Temperature range -65to +150 °C

T, Maximum junction temperature +175 °C
Pb Maximum power dissipation 1 w

Note:
1. Stresses outside the listed absol ute maximum ratings may cause permanent damage to the device. Thisisastressrating only, functional operation of the device at
these or any other conditions beyond limitsindicated in the operational sectionsis not recommended. Exposure to absol ute maximum rating conditions for extended

periods may affect device reliability and performance.
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6.0 DC ELECTRICAL CHARACTERISTICS (Pre/Post-Radiation)*
Vpp = 5.0V £ 10%; Tp = -55°C t0 125°C, GND = 0V)

SYMBOL PARAMETER CONDITION MINIMUM MAXIMUM | UNIT
ViL Low-level Input Voltage -0.5 0.8 \
ViH High-level Input Voltage 22 Vee \%
VoL Low-level Output Voltage oL = 2.2mA 0.45 \
VoH High-level Output Voltage lon = -400mMA 24 \
lorL Output Float L eakage Vout = Ve to 0.45V +10 mA

e Input Leakage VN = Ve to 0.45V +10 mA
lcc Power Supply Current All Outputs = High 100 mA
CiN Input Capacitance fc=1MHz 10 pF
Cio |/O Capacitance gr’:lnseawred pins returned to 20 pF

Notes:

* Post-radiation performance guaranteed at 25°C per MIL-STD-883.
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7.0 AC CHARACTERISTICS (Post-Radiation)
(Vpp = 5.0V £5%; T, =-55°Cto 125°C, GND = 0V)

SYMBOL PARAMETER MINIMUM MAXIMUM UNIT
tey Clock Period™2 200 - ns
toLk Clock High Pulse Width 100 - ns
terk Clock Low Pulse Width 100 ns
tr tp Clock Rise and Fall Time 20 ns
toTx TxD Delay from Falling Edge of TxC 1 ns
frx Transmitter Input Clock Frequency kHz

1x Baud Rate 1 64
16x Baud Rate 1 310
64x Baud Rate 1 615
trew Transmitter Input Clock Pulse Width tey
1x Baud Rate 12
16x and 64x Baud Rate 1
treD Transmitter Input Clock Pulse Delay tey
1x Baud Rate 15
16x and 64x Baud Rate 3
frx Receiver Input Clock Frequency kHz
1x Baud Rate 1 64
16x Baude Rate 1 310
64x Baude Rate 1 615
trRpw Receiver Input Clock Pulse Width tey
1x Baude Rate 12
16x and 64x Baude Rate 1
trRPD Receiver Input Clock Pulse Width tey
1x Baude Rate 15
16x and 64x Baude Rate 3
trxrRDY TXRDY Pin Delay from End of Last Bit3 35 ns
trxRDY CLEAR | TXRDY falling from Leading Edge of WR 3 50 ns
RxRDY RXRDY Pin Delay from Center of Last Bit® 26 tcy
RxRDY CLEAR | RXRDY falling from L eading Edge of RD 3 400 ns
tis Internal SYNDET Delay from Rising Edge of 26 tey
RxC 3
tes External SYNDET Set-Up Time After Rising 18 tey
Edge of RxC 3

traemery TXEMPTY Delay from Center of Last Bit 3 20 - tcy

tye Control Delay from Rising Edge of WRITE 8 - tey
(TxEn, DTR, RTS)®
ter? Control to READ Set-Up Time (DSR, CTS)3 20 - tcy

15




Note:
* Post-radiation performance guaranteed at 25°C per MIL-STD-883 Method 1019 at 300 krad(Si).

1. The TxC and RxC freguencies have the following limitations with respect to CLK: For 1x Vaude Rate, f1, or frx < 1/(30 tcy). For 16x and 64x Baud Rate, f1

or fRX < 1/(45 tcy).
2. Rest Pulse Width = 6 tcy minimum. System Clock must be running during Reset.

3. Status update can have amaximum delay of 28 clock periods from the event affecting the status.
4. Guaranteed by simulation, not tested.

AC CHARACTERISTICSREAD CYCLE (Post-Radiation)!
(Vpp =5.0V £ 5%; T, =-55°C to 125°C, GND = 0V)

SYMBOL PARAMETER MINIMUM MAXIMUM UNIT
tar’ Address Stable Before READ (CS, C/D)? 0 - ns
tra? Address Hold Time for READ (CS, C/D)? 0 - ns
tre” READ Pulse Width 20 - ns
trD Data Delay from READ 3 - 30 ns

C, =150 pF
tor READ to Data Floating 18 45 ns
Note:
* Post-radiation performance guaranteed at 25°C per MIL-STD-883 Method 1019 at 300 krad(Si).
1. ACtiming measured Vo = 2.0, Vg =0.8.
2. Chip Select (CS) and Command/Data (C/D) are considered as addresses.
3. Assumesthat addressis valid beroe READ falling.
4. Guaranteed by simulation, not tested.
AC CHARACTERISTICSWRITE CYCLE (Post-Radiation)l
(Vpp = 5.0V £5%; T, =-55°Cto 125°C, GND = 0V)

SYMBOL PARAMETER MINIMUM MAXIMUM UNIT
taw Address Stable Before WRITE 0 - ns
twa Address Hold Time for WRITE 0 - ns
tww3 WRITE Pulse Width 20 - ns
tow’ Data Delay from WRITE 15 - ns
twp DataHold Time for WRITE 5 - ns
try° Recovery Time Between Writes? 6 - tcy

Note:

* Post-radiation performance guaranteed at 25°C per MIL-STD-883 Method 1019 at 300 krad(Si).
1. ACtiming measured Vg = 2.0, Vo =0.8.

2. Thisrecovery timeisfor Mode Initialization only. Write datais allowed only when TXRDY = 1. Recovery time between writes for Asynchronous Mode is 8 tcy

and for Synchronous Mode is 16 tcy.
3. Guaranteed by simulation, not tested.
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tcy
«— —» e —
te tr teLk A—tCLK—*

CLOCKf

Figure20. SYSCLOCK

o [——trpw ————trep —
TxC (1x Mode) \ / \ / \
TxC (16x Mode)
toTx toTx
Tx Data | X X X |
Figure21. Tx CLOCK And DATA
(Rx BAUD COUNTER STARTS HERE)
Rx Data  \ ; Start Bit / Data Bit X Data Bit
l——/
—trpw —¢——tgpp —

RxC (1x Mode)
16 RxC PERIODS (16x MODE)

» 8 RxC PERIODS (16x MODE)

RxC (16x Mode)

’| If’:g:K " [ 3tcy
A\

INT SAMPLING PULSE A\

Figure22. Rx CLOCK And DATA
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TxXRDY /
thRﬁ)Y CLEAR

—tww
WR
. |<——tDW —><—>| twh ‘
DATA IN (D.B)) Don't Care (—_ Daavaid ) Don't Care
_ —taw — “tya ¥
C/D | \ /
_ —taw — “tya
cs \ /
Figure 23. CPU To USART WR DATA
RXRDY /
‘—JtRxRDY LEAR
_ N —RR 4’1:
RD /
N trp [ “—tor
DATA OUT (D.B)) Data Float {__ DamOutvaid ) Data Float
_ *tag [ —tpp —
CD | \ /
_ *tar ¢ —tgp —
cs \ /

Figure 24. USART To CPU RD DATA
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DTR,RTS?! |

—tyw T twe —*
WR
: T tow ——1ftwp ,
DATA IN (D.B.) Don't Care { Daavaid ) Don't Care
_ et — .t
C/D | \
—_ |‘_tAW - <_tWA "’
CS \ /
Figure 25. WR CONTROL
DSR, CTS? | )
_ ——ter——M—tpp———
RD /
" tro [ “—tor
DATA OUT (D.B.) Data Float (__DaaOutvaid ) Data Float
_ Htar [ —tga —
C/D | / \
_ Atar [ —tpa —]
cS \ /

Figure 26. RD CONTROL

19



CTS '\

N s
TXEMPTY —T tTXEMWY_"[; t /—

A
TXREADY (STATUSBIT) A /A /A /
e tr, DY v
TXREADY (PIN) /X /A \. / |
_ 1 Wi Datal Wr|Data2 Wr|Data 3 Wr|Data4
co [/ N/ \|/ \| / \| /
__ WR[TxEn \L/ Wr SBRK
WR L/ LA \ AN v
v v
TXDATA
01234567 Data Char 2 Data Char 3 Data Char 4

Stop Bit
EXAMPLE FORMAT =7 BIT CHARACTER WITH PARITY & 2 STOPBITS

Figure27. Tx CONTROL-FLAGSASYNC

BREAK DETECT 4
A
FRAMING ERROR (STATUSBITy A
OVERRUN ERROR (STATUSBIT) / Data‘\
A
Char 2
*+ trerpy LS;
RXRDY /A kA /A A
N Rd DATA A
co[_/ '\ \| / / X / \
WR RxEn WRERR Rst
WR \_/ \_A (WA WA
n
RD L/ L/ L/
RDATA — \ 0000000\ 000K X
DaaChar1 DaaChar2  DaaChar 3 Bk BE B 0 RXEn ErrRes

it

[}

Pari

2 0d =

[ @

g 28 &

[ 'Slﬁ
a

Example Format = 7 Bit Character with Parity and 2 Stop Bits g
Figure 28. Rx CONTROL-FLAGSASYNC
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CTs 4 \

TXEMPTY A VAR / /
A A A
TXREADY \ / 'y
(STATUSBIT) A A A
TXREADY _ Y 2 A y
(Pl N) y WR COMS’%%QD
Cc/D \ / \ / / \/ \\
R RS CRRE wRommanc AL WERATS
WR /N L/
SYNC SYNC DATA DATA DATA SYNC
MARKING CHAR1 CHAR 2 CHAR3 CHAR 4 CHARS CHAR1
STATE v ETC.
TXDATA AO0R0 ) ) ) POEECONEDNE
PAR PAR PAR PAR PAR PAR PAR
MARKING MARKING
STATE STATE
EXAMPLE FORMAT =5BIT CHARACTER WITH PARITY AND 2 SYNC CHARACTERS ’ SPACING STATE

Figure29. Tx CONTROL-FLAGS SYNC
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SYNDET
m '

(PIN) Note 1 / ]§ /]\ NOTE2 \
t l Tf— tes—pl [4—
SYNDET (SB) / A A 4
A A A A
OVERRUN -
ERROR (SB) PAIRSaR2 A /A
A A
RXREADY |
(PIN) A/ A A \
A A y
RD STATUS WR ERR Rst RD STATUS
CD [/ % VAR / [ emer=\ \ |/ ]
RD DATA RD DATA RD SYNC RD DATA
CHAR 1 CHAR3 CHAR 1
R | \J
RD L/ L/ /Y \/ \ |

DONT SYNC DATA DATA DATA SYNC SYNC DON'T DATA DATA
L CARE| LCHARl } CHAR?2 ‘ CHAR1 LCHARZ LCHARS |‘ CHAR1 L CHAR?2 L CARE CHARL ||  CHAR2
| [N | ETC.
TXDATA M@ MOMM @MM 0000 BEAEEEEENAECO0C
CHAR ASSY

CHAR ASSY BEGINS /BEGINS
RXC Il Ul

EXIT HUNT MODE EXIT HUNT MODE f
SET SYNC DET SET SYN DET (STATUSBIT) SET SYN DET (STATUSBIT)

NOTE L INTERNAL SYNC, 2 SYNC CHARACITERS, 5BITS, WITH PARITY

NOTE 2: EXTERNAL SYNC, 5BITS, WITH PARITY

Figure30. Rx CONTROL-FLAGSSYNC
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PACKAGING

E L
PIN11.D. = 0.700 + 0.015 ——=1-0.330 MIN.
(GEOMETRY OPTIONAL)

b
0.016 + 0.002

e

w

I
I
I
I
I
D I
1.000 + 0.025 !
I
I
I
I
I
I

TOP VIEW
¢ +0.002
0.007 _0.'001
A \L I 1 \L ¢
0.130 MAX. r T )
! o i
0.070 + 0.010
(AT CERAMIC BODY)
END VIEW

Notes:

1. All package finishes are per MIL-PRF-38535.

2. Itisrecommended that package ceramic be mounted to a heat removal rail located on the printed
circuit board. A thermally conductive material such as MERECO XLN-589 or equivalent should be
used.

3. Letter designations are for cross-reference to MIL-STD-1835.

Figure 31. 36-pin Ceramic Flatpack
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D/E

2.070 SQ. MAX.

L
0.589 MIN.
TYP.

2.756 0,015

4x 2,217 10025

(@) @ﬂ&j

4x 1,984 REF.

O O

x45

3x 0.020 REF. °

60

@ ¥e)

= 4x 0.197 REF.

0] el
= 1. 339 (34.00mm) SQ. *0.013 [-A- ] -

|
i
i
e

0.019685 (0.50mm)|TYP.

(AT TIE BAR)

Dz

(AT TIE BAR)

N

/E2
1.161 (29.50mn) =

o

0.040 REF

)

@

« x 45°

@
d

o

I
|

| |

b

0
|

Q)QEF

132 X 0.011 +0.002

7]0.005

A1
0.145 MAX.

A
0.128 MAX.

—C—

DARK CERAMIC

A\ <

0.030 (W] ¢

c
A @IB @‘ 0.006 10.002J

0.005 (V)| c

otes:

PRF-38535.

0.018 MAX.

O

J 0.065 MAX.

(AT

DETAIL A
(SCALE NONE)

4x 0.035 #0.005 —

/A\[0-040]5)

0.009 #0.003
CERAMIC EDGE)

VN

1. All exposed metalized areamust be gold plated over nickel plating per MIL-

2. Lead finish is in accordance with MIL-PRF-38535.
3. Lidiselectrically connected to VSS.
4. Letter designations are to cross-reference to MIL-STD-1835.

Lead true position tolerances and coplanrity are not measured.
Dogleg geometries optional within dimensions shown.

Figure 32. 68-pin Ceramic Flatpack
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ORDERING INFORMATION

UT82CRHS51A USART:

UT82CRH51A *  -** * * =

-|_— Lead Finish:

(A) = Hot solder dipped
© Gold

X) Factory option
(gold or solder)

L Screening:
(C) = Military Temperature Range flow
(P) = Prototype flow

Package Type:
(68W) = 68-lead Quad Flatpack
(36W) = 36-lead Flatpack (Dual-in-Line)

Access Time:
Not applicable

Device Type Modifier:
(C) = CMOS-compatible I/O level

Device Type:
UT82CRH51A USART

Notes:
7. Lead finish (A,C, or X) must be specified.
8. If an“X” is specified when ordering, then the part marking will match the lead finish and will be either “A” (solder) or “C” (gold).



UT82CRH51A: SMD

5962 - _00505_*** * *
-I—— Lead Finish:
(A) = Hot solder dipped
(C) = Gold
(X) = Factory Option (gold or solder

Case Outline:
(TBD) = 68-lead Quad Flatpack
(TBD) = 36-lead Flatpack (Dua-in-Line)

Class Designator:

(Q = QML ClassQ
(V) = QML ClassV

Device Type
01 = UT82CRH51A USART

Drawing Number: 5962-00505

Total Dose
(R) = 3E5rad(Si)

Federal Stock Class Designator: No Options

Notes:
1. Total dose radiation must be specified when ordering. QML Q and QML V not available without radiation hardening
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