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DUAL ASYNCHRONOUS COMMUNICATIONS
INTERFACE ADAPTER (DACIA)

R65C52

PRELIMINARY

DESCRIPTION

The Rockwell CMOS R65C52 Dual Asynchronous Communica-
tions Interface Adapter (DACIA) provides an easily implemented,
program controlled interface between 8-bit microprocessor-based
systems and serial communication data sets and modems.

The DACIA has an internal baud rate generator. This feature elim-
inates the need for multiple component support circuits, a crystal
being the only other part required. The Transmitter baud rate can
be selected under program control to be either 1 of 15 different
rates from 50 to 38,400 baud, or at 1/16 times an external clock
rate. The Receiver baud rate may be selected under program con-
trol to be either the Transmitter rate, or at 1/16 times the external
clock rate. The DACIA is programmable for word lengths of 5, 6,
7 or 8 bits; even, odd, or no parity; and 1 or 2 stop bits.

The DACIA is designed for maximum programmed control from
the microprocessor (MPU) to simplify hardware implementation.
Dual sets of registers allow independent control and monitoring
of each channel. The DACIA also provides a unique, program-
mable Automatic Address Recognition Mode for use in a multi-
drop environment.

The Control Register and Status Register permit the MPU to
easily select the R65C52’s operating modes and determine
operational status.

The Interrupt Enable Registers (IER) and Interrupt Status
Registers (ISR) allow the MPU to control and monitor the interrupt
capabilities of the DACIA.

The Control and Format Register (CFR) permits selection of baud
rates, word lengths, parity and stop bits as well as control of DTR
and RTS output signals.

The Status Register (SR) gives the MPU access to the state of
the modem control lines, framing error, transmitter underrun and
break conditions.

The Compare Data Registers (CDR) hold the data value tobe used
in the compare mode and the Transmit Break Register (TBR)
commands a Transmit Break and provides for parity/address
recognition, for Automatic Address Mode.

The Transmitter Data Register and Receiver Data Register are
used for temporary data storage of input and output data.

FEATURES

« Low power CMOS N-well siticon gate technology

« Two independent full duplex channels with buffered receivers
and transmitters.

« Data set/modem control functions

* Internal baud rate generator with 15 programmable baud
rates (50 to 38,400)

* Program-selectable internally or externally controlled receiver
rate '

* Programmable word lengths, number of stop bits, and parity
bit generation and detection

* Programmable interrupt control

 Programmable control of edge detect for DCD, DSR, DTR,
RTS, and CTS

« Program-selectabie serial echo mode for each channel
 Automatic Address Recognition Mode for multi-drop operation.
* Up to 4 MHz host bus operation

s 5.0 Vdc +5% supply requirements

» 40-pin plastic or ceramic DIP

e Full TTL or CMOS input/output compatibility

e Compatible with R6500 and R65C00 microprocessors and
R6500/* microcomputers.

ORDERING INFORMATION

Part Number:
R65C52 _

Temperature Range (T to Ty):
Blank =  0°Cto +70°C
= -40°Cto +85°C

Frequency Range:

2 = 2MHz
4 = 4 MHz

-— Package
C = Ceramic
P = Plastic

Document No. 29651N68

Product Description Order No. 2165
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Dual Asynchronous Communications Interface Adapter (DACIA)

R65C52
J—
i ﬁg —" ~ 40 3 Vcc
t N/C 2 39 7 CS
XTALI 13 38 [ J RIW
XTALO T 4 37 3 RS2
CLKOUT (5 36 1 RS1
N/IC T 6 35 J RSO
DSR2 (7 34 [ N/C
DCD2 (8 33 [ DSR1
CTs2 .9 32 3 DCO1
RTS2 T 10 3 3 Crs1
IRG2 T N 30 3 RATS1
RxD2 12 29 T3 IRQ1
DTR2 ] 13 28 [ RxD1
TxD2 ] 14 27 [ DTR1
T™xC 15 26 (J TxD1
D7 16 25 J RxC
D6 17 24 3 Do
D5 18 23 [ Dt
D4 [ 19 22 3 D2
Vss (120 21 [ D3
Note: N/C indicates no connection

Figure 1. R65C52 Pin Configuration

INTERFACE SIGNALS

Figure 2 shows the DACIA interface signals associated with the
microprocessor and the modem.

DATA BUS (D0-D7)

The DO-D7 pins are eight data lines that transfer data between
the microprocessor (MPU) and the DACIA. These lines are bidirec-
tional and are normally high-impedance except during READ cycle
when the DACIA is selected.

REGISTER SELECTS (RS0, RS1, RS2)

The three register select lines are normally connected to the proc-
essor address lines to allow the MPU to select the various inter-
nal registers. Table 1 shows the internal register select coding and
identifies the abbreviations (ABBR) used throughout the text for
each register.

READ/WRITE (R/W)

The R/W input, generated by the micraprocessor, controls the
direction of data transfer. A high on the R/W line indicates a read
cycle, while a low indicates a write cycle.

CHIP SELECT (CS) ,

The chip select input is normally connected to the processor
address lines either directly or through decoders. The DACIA
latches address and R/W inputs on the falling edge of CS and
latches the data bus inputs on the rising edge of CS.

RESET (RES)

During system initialization a low level on the RES input causes a
RESET to occur. At this time the IER's are set to $80, the DTR and
RTS lines go to the high state, the RDR register is cleared,
the TBR is set to $OF, the compare mode is disabled, and the CTS,
DCD, DSR flags are cleared. No other bits are affected.

TRANSMIT DATA (TXD1, TXD2)

The TxD outputs transfer serial non-return to zero (NRZ) data to
the data communications equipment (DCE). The data is trans-
ferred, LSB first, at a rate determined by the baud rate generator.

RECEIVE DATA (RXD1, RXD2)

The RxD inputs transfer serial NRZ data into the DACIA from the
DCE, LSB first. The receiver baud rate is determined by the baud
rate generator.

) _ TS|
ACIA1 le———— DCD1
REGISTERS | [«———— DSR1
AND -—————— RxD1 ACIA
IRQ1 <e———— | INTERRUPT LOGIC —————% DTR1
LOGIC ™ RTSi
RIW ———— ACIA1 BAUD
_CS ———={ | VO CONTROL RATE SELECT
RES ~—— AND
R6500, : REGISTER AXC
R65C00, RSO ————> SELECT - XTALI
or RSt —— LOGIC CLOCK - CLKOUT
Al RS2 ~————— LOGIC
R6500/. . > XTALO
<————— TxC
.. DATA
¥ ‘BUS pATA BAUD
- - 110 ACIA2 .
| | _BUFFERS . MUX RATE SELECT
' | aome TS
{RG2 <e——— | INTERRUPT ACiA2 - .| p—— DTR2
: - LOGIC REGISTERS | H——.TxD2 ACIA -
AND — Axd2 CHANNEL 2
i “ conTrOL | | DSR2
- B " Loeic | (e DCD2
f¢———— CTS2

Figure 2. DACIA Interface Signals
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Dual Asynchronous Communications Interface Adapter (DACIA)

CLEAR TO SEND (CTS1, CTS2)

The CTS control line inputs allow handshaking by the transmitter.
When CTS is low, the data is transmitted continuously. When CTS
is high, the Transmit Data Register empty bitin the ISR is not set.
The word presently in the Transmit Shift Register is sent normally.
Any active transition on the CTS lines sets the CTS bitin the
appropriate ISR. The CTS status bit in the CSR reflects the cur-
rent high or low state of CTS.

DATA CARRIER DETECT (DCD1, DCD2)

These two lines may be used as general purpose inputs. An active
transition sets the DCD bit in the ISR. The DCD bit in the CSR
reflects the current state of the DCD line.

DATA SET READY (DSR1, DSR2)

These two lines may be used as general purpose inputs. An active
transition sets the DSR bit in the ISR. The DSR bit in the CSR
reflects the current state of the DSR line.

REQUEST TO SEND (RTS1, RTS2)

These two lines may be used as general purpose outputs. They
are set high upon reset. Their state may be programmed by set-
ting the appropriate bits in the CFR high or low. The state of the
BTS line is reflected by the RTS bit in the CSR.

DATA TERMINAL READY (DTR1, DTR2)

These two lines may be used as general purpose outputs. They
are set high upon reset. Their state may be programmed by set-
ting the appropriate bits in the CFR high or low. The state of the
DTR line is reflected by the DTR bit in the CSR.

INTERRUPT REQUEST (IRQ1, IRQ2)

The IRQ lines are open-drain outputs from the interrupt control
logic. IRQ1 is associated with ACIA1 and TRQ2 is associated with
ACIA2. These lines are normally high but go low when one of the
flagsin the ISR is set, provided that its corresponding enable bit
is set in the [ER.

Table 1. DACIA Register Selection
REGISTER SELECT CONTROL AND FORMAT
HEX LINES REGISTER BITS REG REGISTER ACCESS
ADDR RS2 RS RSO CFR-7 CFR-6 ABBR WRITE READ
00 L IER1 INTERRUPT ENABLE INTERRUPT STATUS
L L - - ISR1 REGISTER 1 REGISTER 1
0 CFR1 CONTROL STATUS
- SR REGISTER 1 REGISTER 1
01 L L H
FORMAT
1 — CFR1 REGISTER 1 INVALID
COMPARE DATA
» — 0 CDR1 REGISTER 1 INVALID
02 L H L .
TRANSMIT BREAK
— 1 TBR1 REGISTER 1 INVALID
03 L H H _ _ TOR1 TRANSMIT DATA RECEIVE DATA
RDRA1 REGISTER 1 REGISTER 1
04 H L L _ _ IER2 INTERRUPT ENABLE INTERRUPT STATUS
ISR2 REGISTER 2 REGISTER 2
0 - CFR2 CONTROL STATUS
SR2 _ REGISTER 2 REGISTER2
05 H L - H
- - - FORMAT
1’-.’ — CFR2 REGISTER 2 INVALID
o ' COMPARE DATA
o7 0 | CPRZ '~ REGISTER?2 INVALID
06 H H S T — .
‘ . ; - | .- TRANSMIT BREAK i
- - ) 1 TBR2 " REGiSTER2 | INVALID
07 s H H S : - TDR2 * | - - TRANSMIT DATA RECEIVE DATA
T R T B RDR2 REGISTER 2 REGISTER 2
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R65C52 Dual Asynchronous Communications Interface Adapter (DACIA)

FUNCTIONAL DESCRIPTION INTERRUPT LOGIC

Figure 3 is a block diagram of the DACIA which consists of two The interrupt logic causes the IRQ lines (IRQ1 or IRQ2) to go low

asynchronous communications interface adapters with common when conditions are met that require the attention of the MPU.

microprocessor interface control logic and data bus buffers. The There are two registers (the Interrupt Enable Register and the

individual functional elements of the DACIA are described in the Interrupt Status Register) involved in the control of interrupts in

following paragraphs. the DACIA. Corresponding bits in both registers must be set to
cause an IRQ.
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Figure 3. DACIA Block Diagram -
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Dual Asynchronous Communications Interface Adapter (DACIA)

DATA BUS BUFFER

The Data Bus Buffer is a bidirectional interface between the
system data lines and the internal data bus. When R/W is low
and CS is low, the Data Bus Buffer writes data from the internal
data bus to the system data lines. When R/W is high and CS is
low, data is driven into the DACIA from the system data bus.
Table 2 summarizes the Data Bus Buffer states.

Table 2. Data Bus Buffer Summary

3 Control Signals

! —

i R/W cs Data Bus Buffer State

L L Write Mode — Tri-State
ﬁ H L Read Mode — Output Data

TRANSMIT AND RECEIVE DATA REGISTERS

These registers are used as temporary data storage for the DACIA
Transmit and Receive circuits. The Transmit Data Register is
characterized as follows:

* Bit 0 is the leading bit to be transmitted.

* Unused data bits are the high-order bits and are “'don’t care”
for transmission.

¢ Write-only register.

The Receive Data Register is characterized in a similar fashion
as follows:

+ Bit 0 is the leading bit received.

* Unused data bits are the high order bits and are 0" for the
receiver.

* Parity bits are not contained in the Receive Data Register,
but are stripped off after being used for external parity check-
ing. Parity and all unused high-order bits are “‘0"".

¢ Read-only register

Figure 4 shows an example of a Parity Mode single transmitted
or received data word. In this example, the data word is format-
ted with 8 data bits, parity, and two stop bits. Figure 4 also shows
a single character transmitted or received in Address/Data Mode.
In this example, the address or data word is 8 bits, there is no

PARITY MODE
I of1]|2|3la|s5]|6|7]|P|1S|2s
l L \- - JT \_"’_J
START DATA PARITY STOP
BIT BIT BITS
ADDRESS/DATA MODE
l of{1]|2(3|a]|s5]|e|7 [Ap|is|2s
]
START ADDRESS 1 STOP
BIT OR BITS
DATA 0
I

Figure 4. Typical Character
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parity bit. and there are two stop bits. The 10th bit (normal parity
bit) is an address/data indicator. A 1 means the 8 bits are an
address and a 0 means the 8 bits are data.

CLOCK CIRCUIT

The internal clock oscillator supplies the time base for the baud
rate generator. The oscillator can be driven by a crystal or an
external clock, or it can be disabled, in which case the time base
for the baud rate is generated by the Receiver External Clock
(RxC) and Transmitter External Clock (TxC) input pins. Figure 5
shows the three possible clock configurations.

Crystal (XTALI, XTALQ)

These pins are normally connected to an external 3.6864 MHz
crystal used as the time base for the baud rate generator. As an
alternative, the XTLI pin may be driven with an externally
generated clock in which case the XTALO pin must float.

Receiver Clock (RxC)

This pin is the Receiver 16x clock input when the baud rate gen-
erator is programmed for external clock. Figure 15 shows timing
considerations for RxC.

Transmitter Clock (TxC)

This pin is the transmitter 16x clock input when the baud rate
generator is programmed for external clock. Figure 16 shows tim-
ing considerations for TxC.

Note

When RxC and TxC are used for external clock input,
XTAL! must be tied to ground (Vss) and XTALO must
be left open (floating).

Clock Out (CLK OUT)

This output is a buffered output from the 3.6864 MHz crystal
oscillator. It may be used to drive the XTALI input of another
DACIA. This allows multiple DACIA chips to be used in a system
with only one crystal needed. CLK OUT is in phase with XTALI.

15-20 pF
XTALI EXTERNAL 6| yral;
3.6864 MHz '.L;i CLocK
CRYSTAL[ ]
OPEN
XTALO CIRCUIT > XTALO
15-20 pF
PPI INTERNAL EXTERNAL
CLOCK CLOCK
RECEIVER XTAL!
EXTERNAL =, lp.c
CLOCK .
TRANSMITTER o 1,c
EXTERNAL
. cLOCK r—°— XTALO
OPEN  EXTERNAL
CIRCUIT CLOCK

Figure 5. DACIA Clock Generation
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Dual Asynchronous Communications Interface Adapter (DACIA)
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CONTROL AND FORMAT REGISTER (CFR)

The Control and Format Register (CFR)isa dual-function, write-
only register which allows control of word length, baud rate, con-
trol line outputs, parity, echo mode, and compare/TBR access.
When the CFR is written to with bit 7 = 0, the CFR functions as
a Control Register. When the CFRis written towith bit 7 = 1, the
CFR operates as a Formal Register.

Control Register (CFR Addressed with Bit 7 = 0)

7| s 5 | 4 | 3 2 1 0
NO.
0 |TBR/CDR| STOP | ECHO BAUD RATE SELECTION
BITS
Bit7 Control or Format Register
0 Control Register
Bit 6 TBR/CDR
1 Access the Transmit Break Register (TBR)
0 Access the Compare Data Register (COR)
Bit 5 Number of Stop Bits Per Character
1 Two stop bits
0 One stop bit
Bit 4 Echo Selection (ECHO)
1 Echo activated
0 Echo deactivated
Bits 3-0 Baud Rate Selection
3210 Baud Rate
0 000 50
00 0t 109.2
0 010 134.58
00 1 1 150
01 0 0 300
01 0 1 600
0110 1200
01 1 1 1800
1 0 0 0 2400
1.0 0 1 3600
1 0 1 0 4800
101 1 7200
11 0 0 9600
11 0 1 19200
1 1 1 0 38400
Tt 111 External TxC and RxC Clocks
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Format Register (CFR Addressed with Bit 7 = 1)

776 s 4 3, 2 - 1 | 0o
' i I ] . 1
1 gléMoiii  PARITY |PARITY OTA | ATS |
airs SELECTION 1 ENABLE | CONTROL }CONTROL!
Bit 7 Control or Format Register
1 Format Register
Bits 6-5 Number of Data Bits Per Character
6 5 No. Bits
00 5
01 6
10 7
11 8
Bits 4-3 Parity Mode Selection
4 3 Selects
00 QOdd Parity
01 Even Parity
10 Mark Parity
11 Space Parity
Bit 2 Parity Enable
1 Parity as specified by bits 4-3
0 No Parity
Bit 1 DTR Control
1 DTR high
0 DTR low
Bit 0 RTS Control
1 RTS high
0 RTS low

INTERRUPT ENABLE REGISTER (IER)

The Interrupt Enable Register (IER) is a write-only register that
allows each of the possible IRQ sources to be enabled, or dis-
abled, individually without affecting any of the other interrupt
enable bits in the register. IRQ sources are enabled by writing
to the IER with bit 7 set to a 1 and every bit set to a 1 that cor-
responds to the IRQ source to be enabled. IRQ sources are
disabled by writing to the IER with bit 7 set to a 0 and every bit
settoa 1 that corresponds to the IRQ source to be disabled. Any
bit (except bit 7) to which a 0 is written is unaffected and remains
in its original state. As an example, writing $7F to the IER will
disable all IRQ source bits, but writing $FF to the IER will enable
all IRQ source bits. A hardware reset (RES) clears all IRQ
source bits to the 0 state. Bit assignments for the IER are as
follows:

7 6 5 4 3 2 1 0
. | FRM
CLEAR/ | TDR | == | === | ==g | PARITY | OVR | RDR
SET | EMPTY CIES P:éD D|SER ERROR { BRK | FULL
BITS IE ' IE CPR| IE
) IE
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Dual Asynchronous Communications Interface Adapter (DACIA)

INTERRUPT STATUS REGISTER (ISR)

The Interrupt Status Register (ISR) is a read-only register that
identifies the current status condition for each DAC!Ainternal IRQ
source. Bits 6 through 0 of the ISR are setto a 1 whenever the
corresponding IRQ source condition has occurred in the DACIA.
Bit 7 identifies it any of the IRQ source status bits have been set
in the ISR.

7| 6 5 a 3 2 1] o
ANy ! o FRM
BIT ‘ TOR CTS DCD DSR | PARITY | OVR | ROR
| EMPTY | TRANS | TRANS | TRANS | ERROR BRK | FULL
SET |
i CPR
Bit 7 Any Bit Set
1 Any bit (6 through 0) has been settoal
0 No bits have been setto a1
Bit 6 Transmit Data Register Empty (TDR EMPTY)
1 Transmit Data Register has been transferred to
the shift register
0 New data has been written to the Transmit Data
Register
Bit 5 Transition On CTS Line (CTS TRANS)
1 A positive or negative transition has occurred on
CTS o
0 No transition has occurred on CTS, or ISR has
been Read
Bit 4 Transition On DCD Line (DCD TRANS)
1 A positive or negative transition has occurred on
DCD o
0 No transition has occurred on DCD, or ISR has
been Read
Bit 3 Transition On DSR Line (DSR TRANS)
1 A positive or negative transition has occurred on
DSR .
0 No transition has occurred on DSR, or ISR has
been Read
Bit 2 Parity Error : -
1 A parity error has occurred in received data:
0 No parity error has occurred, of the Receive
Data Register (RDR) has been Read
Bit 1 Frame Error, Overrun or Break (FRM, OVR,
BRK, CPR)
1 A framing error, receive overrun, or receive
break has occured, or, in Compare Mode
0 - No error, overrun, break has occured, RDR has
been Read, or not in Compare Mode
Bit0 Receive Data Register Full (RDR FULL)
1 Shift register data has been transferred to
Receive Data Register
0 Receive Data Register has been Read
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CONTROL STATUS REGISTER (CSR)

The Control Status Register (CSR) is a read-only register that pro-
vides I/0 status and error condition information. The CSRis nor-
mally read after an IRQ has occurred to determine the exact
cause of the interrupt condition.

K s | 5 | 4 | 3 |2 1 0
FRAMING TRANS| CTS | DCD | DSA | REC | DTA. | ATS [
" ERROR ; UNDR |STATUS STATUS | STATUS |BREAK|STATUS STA%
Bit 7 Framing Error
1 A framing error occurred in receive data
0 No framing error occurred, or the RDR was
Read
Bit 6 Transmitter Underrun (TRANS UNDR)
1 Transmit shift register is empty and TDRE bits
in IER and ISR are set
0 A write to the TDR has occurred
Bit 5 CTS Status
1 A low-to-high transition occurred on CTS line
0 A high-to-low transition occurred on CTS line
Bit 4 DCD Status
1 A low-to-high transition occurred on DCD line
0 A high-to-low transition occurred on DCD line
Bit 3 DSR Status
1 A low-to-high transition occurred on DSR line
0 A high-to-low transition occurred on DSR line
Bit 2 REC Break
1 A Receive Break has occurred
0 No Receive Break occurred, or RDR, was read
Bit 1 DTR Status
1 A low-to-high transition occurred on DTR line
0 A high-to-low transition occurred on DTRline
Bit 0 RTS Status
1 A low-to-high transition occurred on RTS line
0 A high-to-low transition occurred on RTS line
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TRANSMIT BREAK REGISTER (TBR)

The DACIA has two Transmit Break Registers which are write-
only registers. Only two bits of these registers are used; one dur-
ing the Receive mode to command a Transmit Break and the
other to provide for Parity/Address recognition. Writing a 1 to bit 1
of the TBR causes a continuous Break to be transmitted by the
ACIA associated with the register. Writing a 0 to this bit allows
normal transmission to resume. Writing a 1 to bit 0 of the TBR
commands the value of the Parity bit to be sent to the Parity Error
bit (bit 2 of the ISR). Writing a 0 to this bit allows normal Parity
Error recognition to be in force. When an RES is received by the
DACIA, both of these bits are reset to 0. The bits format for the
TBR are as follows:

—
L’j 6 5 4 3 2 1 0
I TRANS PAR/
|
| NOT USED BRK AODR
Bits 7-2 Not used (don’t care)
Bit 1 Transmit Break (TRANS BRK)
1 Transmit continuous Break until disabled
0 Resume normal transmission
Bit 0 Parity/Address Recognition (FAR ADDR)
1 Send value of parity to 1SR bit 2
0 Return to normal Parity Error recognition mode

COMPARE DATA REGISTER

The Compare Data Register (CDR) is a write-only register which
can be accessed when CFR bit 6 = 0. By writing a value into
the CDR, the DACIA is put in the compare mode. In this mode,
setting of the RDRF bit is inhibited and the FRM/OVR/BRK/CPR
bit (bit 1) on the ISR is set until a character is received which
matches the value in the CDR. The next character is then
received and the RDRF bit is set. The receiver will now operate
normally until the COR is again loaded.

SUMMARY OF REGISTERS

Table 3 shows the control and status registers associated with
the DACIA in a single summary table. Each of the ACIA’s has its
own set of these seven registers.

OPERATION

The following paragraphs describe ten modes (or conditions) of
operation of the DACIA. The modes described are:

» Continuous Data Transmit

¢ Continuous Data Receive

¢ Transmit Underrun Condition

» Effects of CTS on Transmitter
e Effects of Overrun on Receiver
« Echo Mode Timing

* Framing Error

e Transmit Break Character

* Receive Break Character

* Automatic Address Recognition

Table 3. Control and Status Registers Format Summary

REGISTER BIT NUMBERS REGISTER | | RES
7 6 5 N 3 2 1 0
TOR — — — PARITY | FRM, OVR RDR INTERRUPT
CLEARSET | ewery o oep OSR | emmom | BRK, CPR FULL ENABLE $80
IE IE IE IE REGISTERS
Ay TOR cTs bco GSR | PARITY | FAM, OVR RDR R
SET EMPTY TRANS | TRANS | TRANS | ERROR BRK, CPR FULL S EGISTERS
FRAMING TRANS CTS DCD DSR REC DTR RTS STATUS
ERROR UNDR STATUS | STATUS | STATUS | BREAK STATUS STATUS REGISTERS | | ~
TBRI NO. CONTROL
0 COR séT'gsp ECHO BAUD RATE SELECTION EEGISTRRS
AND . -
; NUMBER OF PARITY PARITY BTA . aTs FORMAT
DATA BITS 'SELECTION ENABLE- | CONTROL | CONTRoL | | REGISTERS
TRANS PAR/ TRANSMIT
NOT USED BRK ADDR BREAK $OF
REGISTERS
MPARE
COMPARE BITS (ADDRESS RECOGNITION) SST Ap A B
REGISTERS
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CONTINUOUS DATA TRANSMIT

In the normal operating mode, the TDRE bit in the ISR signals
the MPU that the DACIA is ready to accept the next data word.
An IRQ occurs if the corresponding TDRE IRQ enable bit is set
in the IER. The TDRE bit is set at the beginning of the start bit.

When the MPU writes a word to the TDR the TDRE bitis cleared.
In order to maintain continuous transmission the TDR must be
loaded before the stop bit(s) are ended. Figure 6 shows the rela-
tionship between IRQ and TxD for the Continuous Data Transmit
mode.

CHAR #n CHAR #n + 1 CHAR 4n + 2 CHAR #n + 3
| i ! L
T"ﬂ } B, | B, By| P T }|Bo| B Byl P k. By | B4 Byl P 'L By | B, By| P } L
| START o STOP |START STOP| START STOP| START STOP!
| | ! | |
] i
k PROCESSOR MUST
\ LOAD NEW DATA
PROCESSOR PROCESSOR IN THIS TIME
INTERRUPT READS INTERVAL OTHERWISE,
(TRANSMIT DATA ISR, CAUSES CONTINUOQUS *“MARK”
REGISTER EMPTY) IRQ TO CLEAR IS TRANSMITTED

Figure 6. Continuous Data Transmit

CONTINUOUS DATA RECEIVE

Similar to the continuous data transmit mode, the normal receive
mode sets the RDRF bitin the ISR when the DACIA has received
a full data word. This occurs at about the 9/16 point through the

stop bit. The processor must read the RDR before the next stop
bit, or an overrun error occurs. Figure 7 shows the relationship
petween IRQ and RxD for the continuous Data Receive mode.

CHAR #n CHAR #n + 1 CHAR #n + 2 CHAR #n + 3
I | | L
- - - - / P -— -
By | B B Byl B Bn| P By | B By| P By | B By| P
RXD—‘io1__NP/t o[ B Bw T o B O ‘l L I I /I_
START STOP! START STOP, START STOP, START STOP|
| ' |
iRQ |_
. —J
IRQ PROCESSOR
INTERRUPT OCCURS
ABOUT 9/16 INTO
LAST STOP BIT PROCESSOR MUST READ
PARITY OVERRUN, PROCESSOR READS RECEIVER DATA IN THIS
AND FRAMING ERROR - ISR, CAUSES TIME INTERVAL, OTHERWISE
UPDATED ALSO IRQ TO CLEAR OVERRUN OCCURS

Figure 7. Continuous Data Receive
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TRANSMIT UNDERRUN CONDITION

If the MPU is unable to load the TDR before the last stop bit is
sent, the TxDline goesto the MARK condition and the underrun

flag is set. This condition persists until the T DR isloaded with a
new word. Figure 8 shows the relation between IRQ and TxD for
the Transmit Underrun Condition.

CHAR #n CONTINUOUS “MARK" CHAR #n + 1 CHAR #n + 2
L 1 !

| . - . -
:noJT } |8 |8 Bul P |4 t BB B Pyt Bo | B By
‘ STOP I START STOP ‘SITART STOP| START o

iRQ i
' & ;
: WHEN PROCESSOR FINALLY LOADS
\ PROCESSOR NEW DATA, TRANSMISSION STARTS 1
i INTERRUPT PROCESSOR READS IMMEDIATELY AND INTERRUPT '[
| FOR DATA UNDERRUN BIT ISR, CLEARS IRQ OCCURS, INDICATING TRANSMIT

EMPTY SET DATA REGISTER EMPTY

[ —!

Figure 8.

EFFECTS OF CTS ON TRANSMITTER

The CTS control line controls the transmission of data or the hand-
shaking of datatoa “busy" device (such as a printer). When the
CTS line is low, the transmitter operates normally. Any transition
on this line sets the CTS bit in the ISR. A high condition inhibits
the TDRE bit in the ISR from becoming set. The word currently

Transmit Underrun Condition Relationship

in the shift register continues to be sent but any word in the TDR
is held until CTS goes low. At the high-to-low transition the CTSbit
in the ISR is again set. Figure 9 shows the relationship of IRQ,
TxD, and CTS for the effects of CTS on the transmitter.

NEXT CHARACTER IS SENT IMMEDIATELY
UPON CTS GOING LOW IF PROCESSOR
CHAR #n CHAR!#H +1 HAS ALREADY LOADED NEW DATA,
TxD : CONTINUOUS MARK ~ OTHERWISE IT WAITS FOR NEW DATA.
- - \ 1 ‘ 27
B, By| P b | Bo | B By ([P NEXT t b [Bo| B
o STOP|START sTop| CHARACTER START "
IS NOT SENT
TORE IS NOT SET MPU WHEN PROCESSOR
FINALLY LOADS
CLEARS NEW DATA,
. IRQ AGAIN  yRANSMISSION STARTS
RQ \ﬂ IMMEDIATELY AND
A/
\ \ \ INTERRUPT OCCURS,
< ©75  INDICATING TRANSMIT
. MPU e DATA REGISTER EMPTY
— _TO- IRQ
cTs CLEAR-TO-SEND 1S CLEARS
IRQ iRG

Figure 9. EffectsofC
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EFFECTS OF OVERRUN ON RECEIVER

If the processor does not read the RDR before the stop bit of the ing data is lost. The receiver will return to normal operation when
next word, an overrun error occurs, the overrun bitis setin the the RDR is read. Figure 10 shows the relation of IRQ and RxD for
ISR, and the new data word is not transferred to the RDA. The the effects of overrun on the receiver.

RDR contains the last word not read by the MPU and all follow-

CHAR #n CHAR #n + 1 CHAR #n + 2 CHAR #n + 3
! ! |
> -- -- -
RxD_l T B, | B, By| P T B, | B, lBN P T By | B, By| P /4 4 1Bo | B By

STOP| START o smp] START o sropl START lsrop] START

| I
IRQ

PROCESSOR ~~ X CHAR #n + 2

INTERRUPT MPU DOES MPU READS IRQ.

FOR RECEIVER NOT READ ISR CHAR #n + 1

DATA REGISTER RDR. OVERRUN CLEARS IRQ IS LOST

FULL BIT SET

Figure 10. Effects of Overrun on Receiver
ECHO MODE TIMING
In the Echo Mode, the TxD line re-transmits the data received on underflow flag would be set and continuous Mark transmitted. if
the RxD line, delayed by 1/2 of a bit time. An internal underrun Echois initiated, the underflow flag will not be set at end of data
mode must occur before Echo Mode will start transmitting. In nor- and continuous Mark will not be transmitted. Figure 11 shows the
mal transmit mode if TDRE occurs (indicating end of data) an relationship of RxD and TxD for Echo Mode.
END OF
STOP START STOP START STOP DATA

RxD I I L By L Byl P ‘
CONTINUOUS MARK
/ IF NOT ECHO MODE
B

VALYV
?93 By

] e
VA
} |8 |8

TxD il o| By P 1 n| P t l
STOP START o STOP START - sTOPw
) \ IF ECHO MODE,
. NO UNDERFLOW,
THEREFORE NO
CONTINUOUS MARK

Figure 11. Echo Mode Timing
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FRAMING ERROR

Framing error is caused by the absence of stop bit(s) on received
data. The framing error bit is set when the RDRF bit s set. Subse-

quent data words are tested separately, so the status bit aiways

reflects the last data word received. Figure 12 shows the relation-
ship of IRQ and RxD when a framing error occurs.

RxD

(EXPECTED)

RxD

(ACTUAL)

NOTES: 1. FRAMING ERROR DOES NOT
INHIBIT RECEIVER OPERATION.

IRQ

2. IF NEXT DATA WORD IS OK,
FRAMING ERROR IS CLEARED.

STOP STOP START STOP STOP START
12 1 2 /
T T
Bg| P \ f Y| By|B,|B;|By{Bs|Bs|Bs| P Y B,
STOP  gToP START STOP | STOP START
1 2 / 1 'Az
: L
Bg| P 4 Bo|By|By|By|By|Bs|Bg| P \ ! By
1
MISSING
ngTOP PROCESSOR
INTERRUPT,
FRAMING
ERROR
BIT SET

TRANSMIT BREAK CHARACTER

A Break may be transmitted by storing a value of $00 in the IER.
After storing zero in the |IER the Break is transmitted immediately.
Care should be exercised so that a character in transmission is
not disturbed inadvertently. The Break level lasts until other than

Figure 12. Framing Error

$00 is stored in the IER at which time a stop bit is sent and

transmission may resume. At least one full word time of Break
will be sent regardless of the length of time between starting and
stopping the Break character. Figure 13 shows the relationship
of IRQ and TxD for a Transmit Break character.

\ / N\ / ——

D B Byl P B
x__lf ? Bo | B Bu| P T an"lBh__LB”lPl?JJ L T } B N T 4 !
STOP |START STOP | START STOP' /‘srop START sroplsrAm

-~ ¢
. AR
IRQ PERIOD DURING
4 WHICH PROCESSOR \ /
" — SELECTS POINT AT WHICH
CONTINUOUS PROCESSOR PROCESSOR
““BREAK" MODE SELECTS INTERRUPT
NORMAL NORMAL TO LOAD
INTERRUPT TRANSMIT TRANSMIT
MODE DATA

Figure 13. Transmit Break Character

2-327




p

R65C52

Dual Asynchronous Communications Interface Adapter (DACIA)

RECEIVE BREAK CHARACTER

in the event that a Break character is received by the receiver,
the Break bit is set. The receiver does not set the RDRF bit and
remains in this state until a stop bit is received. At this time the

next character is to be received normally. Figure 14 shows the
relationship of IRQ and RxD for a Receive Break Character.

B CONTINUOUS “*BREAK" STOP,
RxD B By| P A B, B By P VY | 4]Byf8B By| P B
| 1__ N | 0 1—_INL 1,/4—{‘,—1 | i 0 1__ N T ol By
\ STOP] START STOP. START STOP| START
(
o J —F T Ir !
(R
IRQ Lo
4
|
‘ :I?)R—E: NO INTERRUPT ‘
SINCE RECEIVER.
PROCESSOR INTERRUPTS  njSABLED UNTIL e
INTERRUPT PROCESSOR RECEIVER
FOR INTERRUPT FIRST STOP BIT INTERRUPT
RECEIVER WITH BREAK AND FRAMING ERROR BIT SET.
DATA REGISTER EVEN PARITY CHECK WILL ALSO GIVE A PARITY
FULL ERROR BECAUSE ALL ZEROS (CONTINUOUS
BREAK) REPRESENT EVEN PARITY.
Figure 14. Receive Break Character

AUTOMATIC ADDRESS RECOGNITION

The DACIA offers a unique solution to the standard problem
associated with multi-drop environment UARTs and communica-
tion interface controllers. In the standard configuration used by
other devices, the slave CPU must be constantly interrupted to
analyze incoming characters on the communications net to deter-
mine if an address word is present and if so, does that address
match the address assigned to the siave UART. This CPU inter-
rupt scheme can become intolerable in very large multi-drop net-
works because every slave on the communications net must
“wake-up”’ it's CPU for every character sent down the network
by the master. The end result is that the CPUs on the communica-
tions net are constantly being interrupted for the mundane task
of address recognition.

2-328

To avoid this constant CPU interrupt problem, the DACIA has
been designed to do address comparison and recagnition inter-
nally without the need for CPU intervention. Therefore, the slave
CPU is not interrupted until the DACIA has deterniined that the
character sent over the communications net by the master was
an address and the address matched the address stored in the
DACIA Compare Register. At this point the DACIA interrupts the
CPU, goes out of Compare Mode, and receives the string of
characters being transmitted by the master, (i.e., the data
characters). When all data has been received by the slave, it's
CPU must again write the slave address into the DACIA Compare
Register which automatically puts it back into the Compare Mode,
waiting for another address character.
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GENERATION OF NON-STANDARD BAUD RATES

Divisors

The internal counter/divider circuit selects the appropriate divisor
for the crystal frequency by means of bits 0-3 of the CFR Control
Register, as shawn in Table 4.

Generating Other Baud Rates

By using a different crystal, other baud rates may be generated.

These can be determined by:

Divisor

Baud Rate =

Furthermore, it is possible to drive the DACIA with an oft-chip
oscillator to achieve other baud rates. In this case, XTALI (pin 3)
must be the clock input and XTALO (pin 4) mustbe a nonconnect.

Table 4. Divisor Selection

‘ Control ‘_\
i Register Divisor Selected Baud Rate Generated Baud Rate Generated
| Bits For The With 3.6864 MHz With a Crystal ‘
_'3 2 1 0 internal Counter Crystal of Frequency (f)
}’_—0 0 0 0 73,728 (3.6864 x 10°)/73,728 = SO /73,728 ‘
L'O 0 0 1 33,538 (3.6864 x 10%)/33,538 = 109.92 {133,538
| 0 0 1 0 27,408 (3.6864 x 10%)/27,408 = 134.58 £127,408
‘ 0 0 1 1 24,576 (3.6864 x 10°)/24,576 = 150 {124,576
0 1 0 0 12,288 (3.6864 x 10°)/12,288 = 300 f/12,288

0 1 0 1 6,144 (3.6864 x 10')/6,144 = 600 /6,144

0 1 1 0 3,072 (3.6864 x 10%)/3,072 = 1,200 /3,072

0 1 1 1 2,048 (3.6864 x 10°)/2,048 = 1,800 f/2,048

1 0 0 0 1,536 (3.6864 x 10%)/1,536 = 2,400 /1,536

1 0 0 1 1,024 (3.6864 x 10%)/1,024 = 3,600 f/1,024

1 0 1 0 768 (3.6864 x 10)/768 = 4,800 f/768

1 o] 1 1 512 (3.6864 x 10%)/512 = 7,200 f1512
[ 1 0 0 384 (3.6864 x 10%)/384 = 9,600 11384

1 1 0 1 192 (3.6864 x 10%)/192 = 19,200 /192

1 1 1 0 96 (3.6864 x 10%)/96 = 38,400 /96

1 1 1 1 16 TxC/16 = Baud Rate or AxC/16 = Baud Rate
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} 16 CLOCK PULSES

me | L [ [ ]

| INTERNAL ‘
+ 16
RxS (¢

| |
RxD :><@ LATCH “ DATA ;F( O X

77/
@ TRANSFER DATA TO SHIFT REGISTER

X

Figure 15. DACIA External Clock Timing — Receive Data

} 16 CLOCK PULSES |

) ( RERERE )—1 B
INTERNAL )
5% N (s N
i t !
TxD N}/\ TRANSMIT DATA K

Figure 16. DACIA External Clock Timing — Transmit Data
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AC CHARACTERISTICS
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TRANSMIT/RECEIVE TIMING
Characteristic Symbol Min Max Unit
Transmit/Receive Clock Rate tcey 250 — ns
Transmit/Receive Clock High Time tew 100 — ns
Transmit/Receive Clock Low Time teL 100 — ns
XTALI to TxD Propagation Delay too — 250 ns
XTALI to IRQ Propagation Delay tor - 250 ns
CTS, DCD, DSR to IRQ ten - 150 ns
IRQ Propagation Delay (Clear) g - 150 ns
RTS, DTR Propagation Delay touy — 150 ns
Note:

1. All times are in nanoseconds.

le—— tor —J r

XTAL!
ten

teey

TxD

e tpp ™

Pt—— ‘m ——

pe————— tCTl —————e tIl:!Q —

toy

RTS, BTR - 4 ‘ ><

DACIA Transmit/Receive Timing
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e

ABSOLUTE MAXIMUM RATINGS”

e

“parameter ‘ Symbol Value Unit \
AR ]
Supply Voltage Vee -03t0 +70 Vdc

“nput Voltage Vi | -0310Vee +03 - Vdc
“Output Voltage Vour | -03toVee +0.3  Vde
Operating Temperature T, | °C

Commercial ] Oto +70 i
Industrial \ -40to +85 i
" storage Temperature Tsto ‘l -55t0 +150 | °CJ
OPERATING CONDITIONS
Parameter Symbol Value
Supply Voltage Vee 5V £5%
Temperature Range Ta
Commercial 0° to 70°C
Industrial -40°Cto +85°C
DC CHARACTERISTICS

*NOTE: Stresses above those listed may cause permanent
damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above
those indicated in other sections of this documentis not implied.
Exposure to absolute maximum rating conditions for extended

periods may affect device refiability.

(Voo = 5.0V +5%, Vgg = OV, Ty = T to Ty, unless otherwise noted)

Characteristic Symbol Min Typ Max Unit Test Conditions
Input High Voltage Vin Y
Except XTALI and XTALO +20 - Vee + 03
XTALI and XTALO +2.4 — Vee + 0.3
Input Low Voltage ViL Vv
Except XTAL! and XTALO -03 - +0.8
XTALI and XTALO -03 — +0.4
Input Leakage Current N 10 pA Viy = 0Vto Ve
R/W, BES, RSO, RS1, RS2, RxD, CTS, DCD, DSR, RxC, — 50 Ve = 5.25V
TxC,CS
Input Leakage Current for Three-State Off lrsi Viy = 0.4Vi0 2.4V
Do-D7 — 2 10 pA Vee = 5.25V
Output High Voltage Vou +2.4 - — v Vee = 475V
D0-D7, TxD, CLK OUT, RTS, DTR 1.5 — — loap = —100 pA
Output Low Voltage VoL - - +04 \ Vee = 475V
DO-D7, TxD, CLK OUT, RTS, DTR lloap = 1.6 MA
Ou_tp_ut Leakage Current (Off State) loer Ve = 5.25V
IRQ — t2 +10 #A Vour = 0t0 2.4V
Power Dissipation Pp — 10 mW/MHz
Input Capacitance Cin Ve = 5.0V
Except XTALI and XTALO —_ - 5 pF Viy = OV
XTAL! and XTALO - - 10 pF t = 2MHz
- T, = 25°C
Output Capacitance Cour - - 10 pF

Notes:
1. Alt units are direct current (dc) except for capacitance.

2. Negative sign indicates outward current flow, positive indicates inward flow.
3. Typical values are shown for Vec = 5.0V and T = 25°C.
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e ———

PACKAGE DIMENSIONS

I
40-PIN CERAMIC DIP

T MILLIMETERS] INCHES

p) L B DIM[ MIN [ MAX | MIN | MAX
A | 5029|5131 |1980]2020
B [1486(1562[0585/0615
T e C [ 254 419]0100]0165

0| 03a8] 053]0015/0021
A F | 076! 140[0030]0055
G | 2548SC | 01008SC
:]*—F ‘ H | 076 178[0030][0070
. I — = J [ 020] 033]o008[0013
— . — —— - —1 C K | 254 4190100(0.165
L {1460 (1537]0575]/08605
H*t“... K N | 051 152]0020/0.060
D G+J ;—» I

40-PIN PLASTIC DIP MILLIMETERS] INCHES
NDOANDADNDOANABANAANANAN DIM| MIN | MAX | MIN { MAX
A [s1.28[5232]2040{2.060
v {1372 1422 [0540]0560
C | 355 5.08]0.140{0.200
D | 0.36] 0.51[0014[0.020
F | 1.02] 152]0.040[0060

G | 2.548SC | 0.100 BSC
BUUUUUUUUUUUUUUVUUUU H 1.65 2.16 |0.065]0.085
' he——L > J | 0.20] 0.30]0.008[0.012
c K | 305 356]0.120[0.140

N L | 1524 BSC | 0600 8SC

_}_ M 70 T [ 72 Thoe
T f N | os1] 102]0020[0040

~H—]a F-rfp Keflem
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