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DESCRIPTION

The Signetics SCN68562 Dual Universal
Serial Communications Controller
(DUSCQC) is a single-chip MOS-LSI
communications device that provides
two independent, multi-protocol,
full-duplex receiver/transmitter channels
in a single package. U supports
bit-oriented and character-oriented (byte
count and byte contral) synchronous
data link controls as well as
asynchronous protocols. The
SCN68562 interfaces to the 68000
MPUs via asynchronous bus control
signals and is capable of
program-polled, interrupt driven,
block-move or DMA data transfers.

The operating mode and data format of
each channel can be programmed
independently. Each channel consists of
areceiver, a transmitter, a 16-bit
multifunction counterftimer, a digital
phase-locked loop (DPLL), a parity/CRC
generator and checker, and associated
control circuits. The two channels share
a common bit rate generator (BRG),
operating directly from a crystal or an
external clock, which provides 16
common bit rates simultaneously. The
operating rate for the receiver and
transmitter of each channel can be
independently selected from the BRG,
the DPLL, the counterftimer, or from an
external 1X or 16X clock, making the
DUSCC well suited for dual-speed
channel applications. Data rates up to
4Mbits per second are supported.

The transmitter and receiver each
contain a four-deep FIFO with appended
transmitter command and receiver
status bits and a shift register. This
permits reading and writing of up to four
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Pin Function Pin Function

1 IACKN 27 CSN

2 A3 28 RWN

3 A2 29 DONEN

4 Al 30 D3

$ RTxDAKBN/ 31 D2
GPi1BN 32 Dy

6 JRQN 33 Do

7 NC 34

8 RESETN 35 CTSANACAN

9 RTSBN/ 36 TxDRQAN/
SYNQUTBN GPO2AN/ATSAN

10 TRxCB 37 RTxDRQAN/

11 RTxCB GPO1AN

12 DCDBN/ 38 TxDAKAN'
SYNIBN GPI2AN

13 NC 39 TxDA

14 RxDB 40 RxDA

15 TxDB 41 NC

16 TxDAKBN! 42 DCDAN.
GPi2BN SYNIAN

17 ATxDRQBN/ 43 RTxCA
GPO1BN 44 TRxCA

18 TxDRQBN/ 45 RTSAN/
GPO2BN/RTSBN SYNOUTAN

19 CTSBN.LCBN 46 X2/IDCN

20 D7 47 X1.CLK

21 D6 48 RTxDAKAN/

22 DS GPIAN

23 04 49 As

24 DTACKN 50 A5

25 DTCN 51 A4

26 GND 52 Vpp

characters at a time, minimizing the
potential of receiver overrun or
transmitter underrun, and reducing
interrupt or DMA overhead. In addition,
a flow control capability is provided to
disable a remote transmitter when the
FIFO of the local receiving device is full.
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Two modem control inputs (DCD and
CTS) and three modem control outputs
(RTS and two general purpose) are
provided. Because the modem control
inputs and outputs are general purpose
in nature, they can be optionally
programmed for other functions.
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FEATURES

General Features

® Dual full-duplex synchronous/
asynchronous receiver and transmitter

® Multiprotocol operation

— BOP: HDLC/ADCCP, SDLC. SDLC loop,

X.25 or X.75 link level, etc.
~ COP: BISYNC, DDCMP
— ASYNC: 5-8 bits plus optional parity

® Four character receiver and transmitter
FIFOs

® 0 to 4MHz data rate

® Programmable bit rate for each receiver
and transmitter selectable from:
— 16 fixed rates: 50 to 38.4k baud
~ One user-defined rate derived from
programmable counter/timer
— External tX or 16X clock
— Digital phase-locked loop
® Panty and FCS (frame check sequence
LRC or CRC) generation and checking
® Programmabie data encoding/decoding:
NRZ, NR2i, FM0, FM1, Manchester

® Programmable channel mode: full- and
half-duplex, auto-echo, or focal loopback

® Programmable data transfer mode: polled,
interrupt, DMA, wait
©® DMA interface
— Compatible with the Signetics
SCB&8430 Direct Memory Access
Interface (DMAI) and other DMA
controllers
- Single- or dual-address dual transfers
— Half- or full-duplex operation
— Automatic frame termination on
counter/timer terminal count or DMA
DONE
® |nterrupt capabilities
- Daisy chain option
— Vector output (fixed or modified by
status)
- Programmabie internal priorities
— Maskable interrupt conditions
® Multi-function programmable 16-bit
counter/timer
— Bit rate generator

- Count received or transmitted
characters

— Delay generator

~ Automatic bit length measurement

® Modem controls
— RTS8, CTS, DCD, and up to four general
1/Q pins per channet
— CTS and DCD programmable
autoenables for Tx and Rx
— Programmable interrupt on change of
CTSor DCD

® On-chip oscillator for crystal
® TTL compatible
@ Single +5V power supply

Asynchronous Mode Features
® Character length: 5 to 8 bits
@ Odd or even parity, no panty, or force parity

® Up to two stop bits programmable in
1/16-bit increments

® 1X or 16X Rx and Tx clock factors
® Parity, overrun, and framing etror detection
® Faise start bit detection

@ Stant bit search 1/2-bit time after framing
error detection

® Break generation with handshake for
counting break characters

@ Detection of start and end of received
break

® Character compare with optional interrupt
on match

® Transmits up to 4Mbs and receive up to
2Mbps data rates

Character-Oriented Protocol
Features

® Character length: 5 to 8 bits

® Odd or even parity, no parity, or force parity
® | .RC or CRC generation and checking

© Optional opening PAD transmission

® One or two SYN characlers

® External sync capability

® SYN detection and optional stripping

- Event counter
ORDERING INFORMATION
Vce = +5V 5%, Ta = 0°C to +70°C
DESCRIPTION Serial Data Rate = Serial Data Rate =
2.5Mbps Maximum 4Mpbs Maximum
48-Pin Plastic DIP SCN68562C2N48 SCN68562C4N48
52-Pin PLCC SCN68562C2A52 SCN68562C4A52
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® SYN or MARK linefill on underrun
® |die in MARK or SYNs

® Parity, FCS, overrun, and underrun error
detection

BISYNC Features

— EBCDIC or ASCI header, text and
control messages

- SYN, DLE stripping

— EOM (end of message) detection and
transmission

- Auto transparent mode switching

— Auto hunt after receipt of EOM sequence
(with closing PAD check after EOT or
NAK)

— Control character sequence delection for
both transparent and normal text

Bit-Oriented Protocol Features
® Character length: 5 to 8 bits

@ Detection and transmission of residual
character: 0-7 bits

® Automatic switch to programmed character
length for 1 field

@ Zero insertion and deletion
® Optional opening PAD transmission

® Detection and generation of FLAG,
ABORT, and IDLE bit patterns

® Detection and generation of shared (single)
FLAG between frames

® Detection of averlapping (shared zero)
FLAGs

® ABORT, ABORT-FLAGS, or FCS FLAGs
linefill on underrun

® ldle in MARK or FLAGs

® Secondary address recogaition including
group and global address

® Single- or dual-octet secondary address
® Extended address and control fields
® Short frame rejection for receiver

@ Detection and nolificaton of received end
of message

® CRC generation and checking
® SDLC loop mode capability
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PIN DESCRIPTION

In this data sheet, signals are discussed using the terms 'active’ and 'inactive’ or ‘asserted’ and ‘negated' independent of whether the signal is active
in the High (logic 1) or Low (logic 0) state. N at the end of a pin name signifies the signal associated with the pin is active-Low (see individual pin
description for the definition of the active level of each signal.) Pins which are provided for both channels are designated by A/B after the name of
the pin and the active-Low state indicator, N, if applicable. A similar method is used for registers provided for both channels: these are designated
by either an underline or by A/B after the name.

DIP

MNEMONIC PIN NO. TYPE NAME AND FUNCTION

Al - A6 4-2, | Address Lines: Active-High. Address inputs which specify which of the internal registers
45-47 is accessed for read/write operation.

DO - D7 31-28, o Bidirectional Data Bus: Active High, 3-State. Bit O is the LSB and bit 7 is the MSB. All
21-18 data, command, and status transfers between the CPU and the DUSCC take place over
this bus. The data bus is enabled when CSN is Low, during interrupt acknowledge cycles
and single-address DMA acknowledge cycles.

R/'WN 26 | Read/Write: A High inputindicates a read cycle and a Low input indicates a write cycle
when a cycle is initiated by assertion of the CSN input.

CSN 25 | Chip Select: Active-Low input  When Low. data transfers between the CPU and the
DUSCC are enabled on DO - D7 as controlled by the R/WN and At ~ A8 inputs  When
CSN is High. the DUSCC is isoiated from the data bus {except during interrupt acknowi-
edge cycles and single-address DMA transters) and DO ~ D7 are placed in the 3-State
condition.

DTACKN 22 o} Data Transfer Acknowledge: Active-Low, 3-State. DTACKN is asserted on a write cycle
to indicate that the data on the bus has been latched, and on a read cycle or interrupt ac-
knowledge cycle to indicate valid data 1s on the bus. The signal is negated when comple-
tion of the cycle is indicated by negation of the CSN or IACKN input. and returns to the
inaclive state (3-State) a short period after itis negated In a single address DMA mode,
data is latched with the falling edge of DTCN. DTACKN is negated when completion of the
cycle is indicated by the assertion of DTCN or negation of DMA acknowledge inputs (whi-
chever occurs first), and returns to the inactive state (3-State) a short period after it is ne-
gated. When negated, DTACKN becomes an open-drain output and requires an external
puil-up resistor

IRQN 6 (o] Interrupt Request: Active-Low, open-drain. This output is asserted upon occurrence of
any enabled interrupting condition. The CPU can read the general status register to deter-
mine the interrupting condition(s), or can respond with an interrupt acknowledge cycle to
cause the DUSCC to output an interrupt vector on the data bus.

IACKN 1 ! Interrupt Acknowledge: Active-Low. When IACKN is asserted. the DUSCC responds by
placing the contents of the interrupt vector register (modified or unmodified by status) on
the data bus and asserting DTACKN If no active interrupt1s pending. DTACKN is not
asserted.

X1/CLK 43 | Crystal or External Clock: When using the crystal oscillator, the crystal 1s connected
between pins X1 and X2 If a crystal is not used, and external clock is supplied at this
input. This clock is used to drive the internal bit rate generator, as an optional input to the
counter:timer or DPLL, and to provide other required clocking signals

X2/IDCN 42 Vo Crystal or Interrupt Daisy Chain: When a crystal is used as the timing source, the crys-
tal is connected between pins X1 and X2. This pin can be programmed to provide and
nterrupt daisy chain active-Low output which propagates the IACKN signal 1o lower priority
devices, it no active interrupt is pending. This pin shou!d be grounded when an external
clock is used on X1 and X2, is not used as an interrupt daisy chain output.

RESETN 7 ! Master Reset: Active-Low. A low on this pin resets the transmitters and receivers and
resets the registers shown in Table 1 Reset in asynchronous, i.e , no clock is required.

RxDA, RxDB 37,12 | Channel A (B) Receiver Serial Data Input: The least significant bit is received first. If
external receiver clock is specified for the channel, the input is sampled on the rising edge
of the clock.

TxDA, TxDB 36,13 (o} Channel A (B) Transmitter Serial Data Output: The least signifiicant bit is transmitted

first. This outputis held in the marking (High} condition when the transmitter is disabled or
when the channel is operating in local loopback mode. If external transmitter clock is spe-
cified for the channel, the data is shifted on the falling edge of the clock

RTxCA, RTxCB 39, 10 o] Channel A (B) Receiver/Transmitter Clock: As an input, it can be programmed to supply
the receiver, transmitter, counter/imer, or DPLL clock As an output, can supply the coun-
ter/timer output. the transmitter shift clock (1X), or the receiver sampling clock (1X). The
maximum external receiver/transmitter clock frequency is 4MHz.
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PIN DESCRIPTION (Continued)

MNEMONIC

DIP
PIN NO.

TYPE

NAME AND FUNCTION

TRxCA, TRxCB

40,9

o]

Channel A (B) Transmitter/Recelver Clock: As an input, it can supply the receiver,
transmitter, counter/timer, or DPLL clock. As an output, it can supply the counter/timer
output, the DPLL output, the transmitter shift clock {1X), the receiver sampling clock {(1X),
the transmitter BRG clock {(16X), The receiver BRG clock {(16X), or the internal system
clock (X1/2). The maximum external receiver/transmitter clock frequency is 4MHz.

CTSA/BN, LCA/

32,17

o

Channel A (B} Clear-To-Send Input or Loop Control Output: Active-Low. The signal
can be programmed to act as an enable for the transmitter when not in loop mode. The
DUSCC detects logic lavel transitions on this input and can be programmed to generate an
interrupt when a transition occurs. When operating in the COP loop mode, this pin be-
comes a loop control output which is asserted and negated by DUSCC commands. This
output provides the means of controlling external loop interface hardware to go on-line and
off-line without disturbing operation of the loop.

DCDA/BN,
SYNIA/BN

38, 11

Channel A (B) Data Carrier Detected or External Sync Input: The function of this pin is
programmable. As a DCD active-Low input, it acts as an enable for the receiver or can be
used as a general purpose input for the DCD function, the DUSCC detects logic level
transitions on this input and can be programmed ta generate an interrupt when a transition
occurs. As an active-Low external sync input, it is used in COP modes to obtain character
synchronization without receipt of a SYN character. This mode can be used in disc or
tape controller applications or for the optonal byte timing lead in X.21.

RTxDRQA/BN,
GPO1A/BN

34,15

Channel A (B) Receiver/Transmitter DMA Service Request or General Purpose
Output: Active-Low. For half-duplex DMA operation, this output indicates to the DMA
controller that one or more characters are available in the receiver FIFO (when the receiver
is enabled) or that the transmit FIFO is not full {when the transmitter is enabled). For
full-duplex DMA operation, this output indicates to the DMA controller that data is available
in the receiver FIFO. In non-DMA mode, this pin is a general purpose output that can be
asserted and negated under program control.

TxDRQA/BN,
GPORA/BN,
RTSA/BN

33,16

Channel A (B) Transmitter DMA Service Request, General Purpose Output, or Re-
quest-to-Send: Active-Low. For full-duplex DMA operation, this output indicates to the
DMA controller that the transmit FIFO is not full and can accept mare data. When notin
full-duplex DMA mode, this pin can be programmed as a general purpose or a Request-to
-Send output, which can be asserted and negated under program control (see Detailed
Operation).

RTxDAKA/BN,
GPI1A/BN

44.5

Channel A {B) Receiver/Transmitter DMA Acknowledge or General Purpose Input:
Active-Low. For half-duplex singie address DMA operation, this input indicates to the
DUSCC that the DMA controller has acquired the bus and that the requested bus cycle
(read receiver FIFO or load transmitter FIFO) is beginning. For full-duplex single address
DMA operation, this input indicates to the DUSCC that the DMA controller has acquired the
bus and that the requested read receiver FIFO bus cycle is beginning. Because the state
of this input can be read under program control, it can be used as a general purpose input
when not in single address DMA mode.

TxDAKA/BN,
GP12A/BN

35,14

Channel A (B) Transmitter DMA Acknowledge or General Purpose Input: Active-Low
When the channel is programmed for full-duplex single address DMA operation, this input
is asserted to indicate to the DUSCC that the DMA controller has acquired the bus and that
the requested load transmitter FIFO bus cycle is beginning. Because the state of this input
can be read under program control. it can be used as a general purpose input when not in
full-duplex single address DMA mode.

DTCN

23

Device Transfer Complete: Active-Low. DTCN is asserted by the DMA controller to indi-
cate that the requested data transfer is complete.

DONEN

27

1o

Done: Active-Low, open-drain. See Detailed Operation for a description of the function of
this pin.

RTSA/BN,
SYNOUTA/BN

Channel A (B) Sync Detect or Request-to-Send: Active-Low. I programmed as a sync
output, it is asserted one bit time after the specified sync character (COP or BISYNC
modes) or a FLAG (BOP modes) is detected by the receiver. As a Request-to-Send mo-
dem control signal, it functions as described previously for the TxDRQN/RTSN pin.

Voo

48

+5V + 10% power input.

GND

24

Signal and power ground input

October 30, 1990
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ABSOLUTE MAXIMUM RATINGS?

SYMBOL PARAMETER RATING UNIT
Ta Operating ambient temperature? 0to +70 °C
Tsta Storage Temperature -65 1o +150 °C
Vee Voltage from Vg to GND? 0.5t0+7.0 v
Vs Voltage from any pin to ground® -0.5to Ve +0.5
NOTES:
1. Stresses above those listed under Absolute Maximum Ratings 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 the operation section of this specification is not
impiied.

2. For operating at elevated temperatures, the device must be derated based on +150°C maximum junction temperature and thermal resis-
tance of 40°C/W for plastic DIP and 42°C/W for PLCC.

3. This product includes circuitry specifically designed for the protection of its internal devices from damaging effects of excessive static charge
Nonetheless, it is suggested that conventional precautions be taken to avoid applying any voltages larger than the rated maxima

DC ELECTRICAL CHARACTERISTICS' 2 5T, = 010 -70°C, Ve = 5.0V + 5%

LIMITS
SYMBOL PARAMETER TEST CONDITIONS Min Typ Max UNIT
Vi Input low voltage:
All except X1/CLK 08 \
X1/CLK 04 v
Vi Input high voltage:
All except X1/CLK 20 \
X1/CLK 2.4 Veo Y
VoL Qutput low voltage:
Ali except IRQN, DONEN lop = 5.3mA 05 Vv
IRON, DONEN loL = 88mA 05 v
Qutput high voitage:
Vo (Except open drain outputs) low = -400pA 24 v
huxa X1/CLK input low current® Vin =0, X2 = GND 55 0.0 mA
hx1 X1/CLK input high current* Vin = Vee, X2 = GND 1.0 mA
lixa X2 input low current* Viy=0. X1 = open -100 pA
linxz X2 input high current® Vin = Ve, X1 = open 100 pA
e Input low current
DTCN, TxDAKA/BN, RTxDAKA/BN V=0 -40 pA
I Input leakage current ViN =010 Voo -5 5 MA
lozn Qutput off current high, 3-State data bus Vin = Vee 5 HA
lozL Output off current low, 3-State data bus Vin=0 -5 HA
jooL Open drain output low current in off Vin=0
state: DONEN -120 -25 HA
IRQN, DTACKN -5 HA
loon Open drain output high current in off Vin = Ve
state: DONEN, IRQN, DTACKN 5 HA
lec Power supply current Vo =0to Ve 275 mA
Cin Input capacitance? Vee = GND = 0 10 pF
Cour Output capacitance?® Vec =GND =0 15 pF
o input/output capacitance? Vee =GND =0 20 pF
NOTES:

1. Parameters are valid over specified temperature and voltage range.

2. Alt voltage measurements are referenced to ground (GND). For testing, all inputs except X1/CLK swing between 0.4V and 2.4V with a transi-
tion ime of 20ns maximum. For X1/CLK, this swing is between OV and 2.8V. All time measurements are referenced at input voltages of 0.8V
and 2.0V and output voltages of 0.8V and 2.0V, as appropriate.

. These values were not explicitly tested; they are guaranteed by design and characterization data

. X1/CLK and X2 are not tested with a crystal installed.

. This specification applies to revision C, revision E and later revisions.

oW
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AC ELECTRICAL CHARACTERISTICS! 234 T, - 5510 +110%, Vgg = 5V + 10%

LIMITS
NO. FIGURE PARAMETER Min Typ Max UNIT
1 12 RESETN puise width 1.2 us
2 13,15 A1 - A6 set-up time to CSN Low 10 nS
3 13.15 A1 - A6 hold time from CSN High 0 nS
4 13,15 RWN set-up time to CSN Low o] nS
5 13,15 RWN hold time to CSN High [ nS
6 13,15 CSN High pulse width* 160 nS
7 13.16 CSN or IACKN High from DTACKN Low 30 nS
7A 16 IACKN High to DTACKN High 200 nS
8 13,16 Data valid from CSN or IACKN Low 300 nS
9 13 Data bus fioating from CSN High? 100 nS
10 15 Data hold time from DTACKN Low® 0 nS
1 13,16 DTACKN Low from read data ready 0 nS
12 13,15 DTACKN Low from CSN Low 560 nS
12A 15 CSN Low to write data valid 50 nS
13 13,15 DTACKN High from CSN High 150 S
14 13,16 DTACKN high impedance from CSN High 185 nS
15 16 DTACKN Low from IACKN Low 550 nS
16 17 GPl input set-up time to CSN Low 20 nS
17 17 GPl input hold time from CSN Low 100 nS
18 17 GPO output valid from DTACKN Low 300 nS
19 18 IRQN High from:
Read RxFIFO (RxRDY interrupt) 450 nS
Write TXFIFO (TXRDY interrupt)® 450 nS
Write RSR (Rx condition interrupt)® 400 nS
Write TRSR (Rx/Tx interrupt)® 400 nS
Write ICTSR (port change and CT int.)® 400 nS
20 19 X1/CLK High or Low time 25 nS
X1/CLK frequency 20 [ 147451 46 MHz
CTCLK High or Low time 100 nS
CTCLK frequency 0 4 MHz
RxC High or Low time 110 nS
RxC frequency (16X or 1X)° 0 4 MHz
TxC High or Low time 110 nS
TxC frequency (16X or 1X) 0 4 MHz
21 20 TxD output from TxC input Low (1X) 240 nS
(16X) 435 nS
22 20 TxD output from TxC output Low 50 nS
23 21 RxD data set-up time to RxC High 50 nS
24 21 RxD data hold time from RxC High 50 nS
25 22 JACKN Low to daisy chain Low 200 nS
26 24 Data valid from receive DMA ACKN 300 nS
27 23,24 DTCN width 100 nS
28 23,24 RDYN Low to DTCN Low 80 nS
29 24 Data bus float from DTCN Low” 200 nS
30 23,24 DMA ACKN Low to RDYN (DTACKN) Low 360 nS
31 23,24 RDYN High from DTCN Low 230 nS
32 23,24 RDYN High impedance from DTCN Low 250 nS
3 24 Receive DMA REQN High from DMA ACKN Low 325 nS
34 24 Receive DMA ACKN width 150 nS
35 23,24 Receive DMA ACKN Low to DONEN Low 250 nS
36 23 Data set-up to DTCN Low 50 nS
37 23 Data hold from DTCN Low® 50 nS
38 23 Transmit DMA REQN High from ACKN Low 340 nS
39 23 Transmit DMA ACKN width 150 nS
40 23 Transmit DMA ACKN Low to DONEN Low output 250 nS
40A 23 DTCN Low DONEN output High 260 nS
41 25 CSN Low to transmit DONEN Low output 300 nS
42 25 CSN Low to transmit OMA REQ negated 400 nS
43 25 CSN Low to receive DONEN Low 300 nS
44 25 CSN Low to receive DMA REQ negated 400 nS
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NOTES:
1

. Parameters are valid over specified temperature range.
2. All voltage measurements are referenced to ground (GND). For D.C. and functional testing, all inputs except X1/CLK swing between 0.4V

and 2.4V with a transition time of 20ns maximum. For X1/CLK, this swing is between 0.4V and 4.4V All time measurements are referenced

atinput voltages of 0.2V and 2.4V for ali inputs. Output levels are referenced at 1.5V.

3. Testconditions for outputs: C = 150pF. except open-drain outputs. Test condition for open-drain outputs: C, = 50pF to GND, R, = 2.7kQ to
Vce except DTACKN whose RL - 8200 1o Ve and C, = 150pF to GND and DONEN which requires C_ = S0pF 1o GND and RL = 1kQ to

Ve

©ENO U A

REGISTERS

The addressable registers of the DUSCC are
shown in Table 1. The following rules apply to
all registers:

1. Aread from a reserved location in the
map results in a read from the 'null regis-
ter'. The null register returns all ones for
data and results in a normal bus cycle. A
write to one of these locations results in a
normal bus cycle without a write being
performed.

2. Unused bits of a defined register are read
as zeros, unless ones have been loaded
after master reset.

3. Bits that are unused in the chosen mode
but are used in others are readable and
writable but their contents are ignored in
the chosen mode.

4. All registers are addressable as 8-bit
quantities. To facilitate operation with the
68000 MOVEP instruction, addresses are
ordered such that certain sets of registers
may also be accessed as words or long
words.

The operation of the DUSCC is programmmed
by writing control words into the appropriate re-
gisters. Operational feedback is provided via
status registers which can be read by the CPU.
The contents of certain control registers are ini-
tialized on RESET. Care should be exercised
if the contents of a register are changed during
operation, since certain changes may cause
operational problems, e.g., changing the chan-
nel mode at an inappropriate time may cause
the reception or transmission of an incorrect
character. In general, the contents of registers
which control transmitter or receiver operation,
or the counter/timer, should be changed only
when they are not enabied.

The DUSCC registers can be separated into
five groups to facilitate their usage:

1. Channel mode configuration and pin de-
scription registers.

2. Transmitter and receiver parameter and
timing registers.
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3. Counter/timer control and value registers.
4. Interrupt control and status registers.
5 Command register.

This arrangement is used in the following de-
scription of the DUSCC registers.

Channel Mode Configuration and
Pin Description Registers

There are five registers in this group for each
channel. The bit format for each of these regis-
ters is contained in Table 2. The primary func-
tion of these registers is to define configuration
ofthe channels and the function of the program-
mable pins. A channel cannot be dynamically
reconfigured. Do not write to CMR1 or CMR2
if the receiver or transmitter is enabled.

Channel Mode Register 1
(CMR1A, CMR1B)

[7:6] Data Encoding — These bits select the
data encoding for the received and transmitted
data:

00 It the DPLL is set to NRZ! mode (see
DPLL commands), it selects positive
logic (1 = High, 0 = Low). If the DPLL
is set to FM mode (see DPLL com-
mands), Manchester (bi-phase level)
encoding is selected

o1 NRZI. Nen-return-to-zero inverted.

10 FMO. Bi-phase space.

1 FM1. Bi-phase mark

[5] Extended Control (BOP) —

0 No. A one-octet control field follows
the address field.

1 Yes. A two-octet control field follows
the address field.

{5] Parity (COP/ASYNC), Code Select

(BISYNC) —

0 Even parity if with parity is selected by
[4:3) or a 0 in the parity bit position if
force parity is selected by (4:3]. In BI-
SYNC protocol mode, internal char-
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. This specification will impose maximum 68000 CPU CLK to 6MHz. Higher CPU CLK can be used if repeating bus cycles are not performed.
Execution of the valid command (after it is latched) requires three falling edges of X1 (see Figure 14).

. in single address DMA mode write operation, data is latched by the falling edge of DTCN.
These values were not explicitly tested, they are guaranteed by design and characterization data.
. These timings are from the falling edge of DTACKN (not CSN rising).
X1/CLK frequency must be at least four times the receiver serial data rate.

acter comparisons are made using
EBCDIC coding.

1 QOdd parity it with panty is selected by
[4:3] or a 1 in the parity bit position if
force parity is selected by {4:3]. in Bl-
SYNC protocol mode, internal char-
acter comparisons are made using
7-bit plus odd parity ASCHl coding.
{Note: The receiver should be pro-
grammed for 7-bit characters,
RPR{1:0] = 11, with no parity,
CMR1[4:3] = 00.)

[4:3] Address Mode {(BOP) — This field con-
trols whether a single octet or multiple octets
follow the opening FLAG(s) for both the receiv-
erandihe transmitter. This fieldis activated by
selection of BOP secondary mode through the
channel protocol mode bits CMR1[2:0] (see
Detailed Operation).

00 Single-octet address.

01 Extended address.

10 Dual-octet address.

" Dual-octet address with group.

{4:3] Pairty Mode (COP/ASYNC) — This field
selects the parity mode for both the receiver
and the transmitter. A parity bit is added to the
programed character length if with parity or
force parity is selected:

00 No pairty. Required when BISYNC
protocol mode is programmed.

01 Reserved.

10 With parity. Odd or even parity is se-
lected by [5].

1" Force parity. The parity bitis forcedto

the state selected by [5].

[2:0] Channel Protocol Mode — This field se-
lects the operational protocol and submode for
both the receiver and transmitter:

000 BOP Primary. No address compari-
son is performed. For receive, all
characters received after the opening

FLAG(s) are transferred to the FIFO.
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001 BOP Secondary. This mode acti- commands are used to cause the normally be terminated with an EOM
vates the address modes selected by DUSCG to go on and off the ioop. followed by an echo of the marking
[4:3]. Exceptin the case of extended Normally, the TxD output echos the RxD line so that secondary stations
address ([4:3] = 01), and address RxD input with a two-bit time delay it turther down the loop can append
comparison is performed to deter- the transmitter is enabled and the ‘go their messages to the messages from
mine if a frame should be received active on poll’ command has been as- up-loop stations by the same process.
Refer to Detailed Operation for details serted, the transmitter will begin If the ‘go active on pell' command is
of the various addressing modes. Ifa sendingwhen an EOP sequence con- not asserted, the transmitter remains
valid comparison occurs, the receiver sisting of a zero followed by seven inaclive (other than echoing the re-
is activated and the address octets ones is detected. The DUSCC ceived data) even when the EOP se-
and alt subsequent received charac- changes the last one of the EOP to quence is received.
ters of the frame are transferred to the zero, making it another FLAG, and o1 BOP Loop without address compar-
receive FIFO. then operates as describedin the De- son Sar:e as normal loop modgex»

010 BOP Loop. The DUSCC acts as a talleq Operation section. The loop cept that address field comparsons

s sending status bit (TRSR[6]_ is as- ) .
secondary station in a loop. The serted concurrent with the beginning are disabled All received frames are
GO-ON-LOOP and GO-CFF-LOOP of transmission. The frame should transmitted to the CPU

Table 1. DUSCC Register Address Map

. AFFECTED

ADORESS BITS ACRONYM REGSITER NAME MODE

RESET
c00000 CMR1 Channel Mode Register 1 RW Yes—00
¢c00001 CMR2 Channel Mode Register 2 RW Yes—00
c00010 S1iR SYN 1/Secondary Address 1 Register RW No
c00011 S2R SYN 2/Secondary Address 2 Register RW No
¢c00100 TPR Transmitter Parameter Register RW Yes—00
c00101 TR Transmitter Timing Register RW No
c00110 RPR Receiver Parameter Register RW Yes—00
c00111 RTR Recsiver Timing Register RW No
c01000 CTPRH Counter/Timer Preset Register High RW No
c01001 CTPRL Counter/Timer Preset Register Low RW No
c01010 CTCR Counter/Timer Control Register RW Yes—00
c01011 OMR Output and Miscellaneous Register RW Yes—00
c01100 CTH Counter/Timer High R No
c01101 CTL Counter/Timer Low R No
c01110 PCR Pin Configuration Register RW Yes—00
cO1111 CCR Channel Command Register RW No
c100XX TxFIFO Transmitter FIFO w No
c101XX RxFIFO Receiver FIFO R No
¢c11000 RSR Receiver Status Register RW*™ Yes—00
ct1001 TRSR Transmitter and Receiver Status Register RW™ Yes—00
¢c11010 ICTSR Input and Counter/TImer Status Register RwW** Yes
d11011 GSR General Status Register R/W** Yes—00
c11100 IER Interrupt Enable Register RW Yes—00
c11101 Not used
011110 IVR Interrupt Vector Register— Unmodified RW Yes—OF
111110 IVRM Interrupt Vector Register— Modified R Yes—OF
011111 ICR interrupt Control Register RW Yes—00
111411 Notused

NOTES:
* ¢=0for Channel A, ¢ = 1 for Channel B.

d = don't care — register may be accessed as either channel.
x = don't care — FIFOs are addressable at any of four adjacent addresses to allow them to be addressed as byte/ward/long word with the

68000 MOVEP instruction.

** A write to this register may perform a status resetting operation.

100

101

COP Dual SYN. Character sync is
achieved upon receipt of a bit se-
quence matching the contents of the
appropriate bits of S1R and S2R
(SYN1-SYN2), including parity bits if
any.

COP Dual SYN (BISYNC). Character
sync is achieved upon receipt of a bit
sequence matching the contents of
the appropriate bits of S1R and S2R
(SYN1-SYN2). In this mode, special
transmitter and receive logic is acti-
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110

vated. Transmitter andreceiver char-
acter length must be programmed to
8 bits and no parity (see Detailed Op-
eration).

COP Single SYN Character sync is
achieved upon receipt of a bit se-
quence matching the contents of the
appropriate bits of S1R (SYN1), in-
cluding parity bitif any. This mode Is
required when the external sync
mode is selected (see description of
RPR[4], BOP/COP).
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m

Asynchronous. Start/stop format.

Channel Mode Register 2
(CMR2A, CMR2B)

[7:6] Channel Connection — This field se-
lects the mode of operation of the channel The
user must exercise care when switching into
and out of the various modes. The selected
mode will be activated immediately upon mode
selection, even if this occurs in the middle of a
received or transmitted character.
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00

[o}]

10

1

Normal mode. The transmitter and
receiver operate independently in ei-
ther half- or full-duplex, controlled by
the respective enable commands.
Automatic echo mode. Automatically
retransmits the received data with a
half-bittime delay (ASYNC, 16X clock
mode) or a two-bit time delay (all other
modes). The following conditions are
true while in automatic echo mode

1. Received data is reclocked and

retransmitted on the TxD output.

2. The receiver clock is used for the
transmitter for ASYNC 16X clock
mode. For other modes the
transmitter clock must be
supplied.

3. The receiver must be enabled,
but the transmitter need not be
enabled.

4. The TxRDY and underrun status
bits are inactive.

5. The received parity and/or FCS
are checked if required, but are
not regenerated for transmission,
i.e., transmitted parity and/or
FCS are as received.

6. In ASYNC mode, character fram-
ing is checked, but the stop bits
are retransmitted as received. A
received break is echoed as re-
ceived.

7. CPU to receiver communication
continues normally, but the CPU
to transmitter link is disabled

Local loopback mode. In this mode:

1. The transmitter data output and
clock are internally connected to
the receiver.

2. The transmit clock is used for the
receiver if NRZ! or NRZ encoding
is used. For FM or Manchester
encoding because the receiver
clock is derived from the DPLL,
the DPLL sourcs clock must be
maintained.

3. The TxD output is held High.
4. The RxD input is ignored.

5. The receiver and transmitter
must be enabled.

6. CPU to transmitter and receiver
communications continue nor-
mally.

Reserved.
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[5:3) Data Transfer Interface — This field spe-
cifies the type of data transfer between the
DUSCC's Rx and TxFIFOs andthe CPU. Allin-
terrupt and status functions operate normally
regardless of the data transfer interface pro-
grammed. Refer to Detailed Operation for de-
tails of the various DMA transfer interfaces.

000 Half-duplex single address DMA.
001 Half-duplex dual address DMA.
010 Full-duplex single address DMA.
on Full-duplex dual address DMA.

100 Wait on receive only. In this mode a
read of a non-empty receive FIFQ re-
sults in a normal bus cycle. However,
if the receive FIFO of the channel is
empty when a read Rx FIFO cycle is
initiated, the DTACKN outputremains
negated until a character is received
and loaded into the FIFO. DTACKN
is then asserted and the cycle 1s com-
pleted normaily.

101 Wait on transmit only. In this mode a
write to a non-full transmit FIFO re-
sults in a normal bus cycle. However,
if the transmit FIFO of the channel is
full when a write TxFIFO cycle is initi-
ated, the DTACKN outputremains ne-
gated until a FIFO position becomes
available for the new character.
DTACKN is then asserted and the
cycie is completed normally.

110 Wait on transmit and receive As
above for both wait on receive and
transmit operations.

m Polled or interrupt DMA and wait
function of the channel are not acti-
vated. Data transfers to the Rx and
TxF!FOs are via normal bus read and
write cycles in response to polling of
the status registers and/or interrupts

[2:0] Frame Check Sequence Select— This
field selects the optional frame check sequence
(FCS) to be appended at the end of a trans-
mitted frame. When CRC is selected in COP
then no pairty and 8-bit character length must
be used The selected FCS is transmitted as
follows-

1. Following transmission of a FIFOed char-
acter tagged with the *send EOM' com-
mand.

2. If underrun control (TPR[7:6]) is pro-
grammed for TEOM, upon occurrence of
an underrun.

3. If TEOM on zero count or done (TPR[4])
is asserted and the counter/timer is count-
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ing transmitted characters, after transmis-
sion of the character which causes the
counter to reach zero count.

4. In DMA mode with TEOM on zero count
or done (TPR[4]) set, after transmission of
a character it DONEN is asserted when
that character was loaded into the TxFIFO
by the DMA controlier.

000 No frame check sequence.
001 Reserved

010 LRCE Divsior = x8 + 1, dividend pre-
setto zercs. The Tx sends the calcu-
lated LAC non-inverted. The Rx
indicates and error it the computed
LRC is not equal to 0. Valid for COP
modes only.

011 LRCB8 Divisor = x8 + 1, dividend pre-
setto ones. The Tx sends the calcu-
lated LRC non-inverted. The Rx
indicates an error if the computed
LRC is not equal to 0. Valid for COP
modes only.

100 CRC16. Divisor - x'6 + x5 + x2 + 1,
dividend preset to zeros. The Tx
sends the calculated CRC non-in-
verted. The Rx indicates an error if
the comuted CRC is not equal to 0
Not valid for ASYNC mode.

101 CRC16: Divisor = x1® + x5 + x2 + 1,
dividend preset to ones. The Tx
sends the calculated CRC non-in-
verted. The Rx indicates an error it
the computed CRC is not equal to 0.
Not valid for ASYNC mode.

110 CRC-CCITT. Divisor = x'6 + x'2 + x5
+ 1, dividend preset to zeros. The Tx
sends the calculated CRC non-in-
verted. The Rx indicates an error if
the computed CRC is notequal to 0
Not valid for ASYNC mode

111 CRC-CCITT: Divisor = x'8 + x'2 + x5
+ 1, dividend preset to ones. The Tx
sends the caiculated CRC inverted.
The Rx indicates an error if the com-
puted CRC is not equal to H'FOB8'
Not valid for ASYNC mode.

SYN1/Secondary Address 1
Register (S1RA, S1RB)

[7:0} Character Compare — In ASYNC mode
this register holds a 5- to 8-bit long bit pattern
which is ocmpared with received characters. if
a match occurs, the character compare status
bit (RSR([7}) is set. This fieldis ignored it the re-
ceiver is in a break condition.
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In COP modes, this register contains the 5- to
8-bit SYN1 bit pattern, right justified. Parity bit
need not be included in the value placed in the
registerevenis parity is specifiedin CMR1[4:3].
However, acharacter received with parity error,
when parity is specified, will not match. In
ASYNC, or COP modes, if parity is specified,
then any unused bits in this register must be
programmed to zeros. In BOP secondary
mode it contains the address used to compare
the first received address octet. The registeris
not used in BOP primary mode or secondary
modes where address comparisons are not
made, such as when extended addressing is
specified.

SYN2/Secondary Address 2
Register (S2RA, S2RB)

[7:0] — This register is not used in ASYNC,
COP single SYN, BOP primary modes, BOP
secondary modes with single address field, and
BOP secondary modes where address com-
parisons are not made, such as when extended
addressing is specified.

In COP dual SYN modes, it contains the 5- to
8-bit SYN2 bit pattern, right justified, Parity bit
need not be included in the value placed in the
register even if parity is specified in CMR1{4:3].
However, a character received with parity error,
when parity is specified, will notmatch. If parity
is specified, then any unused bits in this register
mustbe programmedto zeros. In BOP second-
ary mode using two address octets, it contains

the partial address usedto compare the second
received address octet.

Pin Configuration Register
(PCRA, PCRB)

This register selects the functions for multipur-
pose /O pins.

(7] X2/IDC — This bitis defined only for PCRA.
Itis not used in PCRB.

0 The X2/IDCN pin is used as a crystal
connection.
1 The X2/IDCN pin is the interrupt daisy

chain output.

[6] GPO2/RTS — The function of this pinis pro-
grammable only when not operating in full-du-
plex DMA mode.

Table 2.  Channel Configuration/Pin Definition Registers Bit Formats
CHANNEL MODE REGISTER 1
BIT7 | BIT 6 BIT5 BIT 4 l BIT3 BIT 2 BIT 1 BITO
Extended Channel Protocol
Data Encoding Control Address Mode (BOP) Mode
00 — NRZ/Manchester BOP only 00 — 8-bit 000 — BOP primary
(CMR1A, [0t —NR2ZI 0—no 01 — extended address 001 — BOP secondary
CMR1B) |10 — FMO 1 —yes 10 — 16-bit 010 — BOP loop
1 —FM1 11 — 16-bit w/group 011 — BOP loop — no adr. comp.
Parity* Parity Mode (COP/ASYNC)
0 — even 00 — no parity 100 — COP dual SYN
1 — odd 01 — reserved 101 — COP dual SYN (BISYNC)
10 — with parity 110 — COP single SYN
11 — force parity 111 — asynchronous
NOTE:
* In BISYNC protocol mode, 0 = EBCDIC, 1 = ASCII coding.
CHANNEL MODE REGISTER
BIT7 BIT 6 BITS [ BIT 4 l BIT3 BIT 2 l BIT 1 1 BITO
Channel Connection Data Transfer Interface Frame Check Sequence Select
00 — normal 000 — half-duplex single address DMA 000 — none
(CMR2A, |01 — auto echo 001 — half-duplex dual address DMA 001 — reserved
CMR2B) | 10 — local loop 010 — full-duplex single address DMA 010 — LRCB8 preset Os
11 — reserved 011 — full-duplex dual address DMA 011 — LRCS8 preset 1s
100 — wait on Rx only 100 — CRC 16 preset Os
101 — wait on Tx only 101 — CRC 16 preset 1s
110 — wait on Rx or Tx 110 — CRC CCITT preset Os
111 — polled or interrupt 111 — CRC CCITT preset 1s
SYN1/SECONDARY ADDRESS REGISTER 1
BIT7 BIT6 l BITS | BIT4 BIT3 BIT 2 ] BIT 1 | BITO
(S1RA ASYNC — Character compare (5 — 8 bits)
S1RBi COP — SYN1 (5 — 8 bits)

BOP — First address octet

October 30, 1980
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Table 2. Channel Configuration/Pin Definition Registers Bit Formats (Continued)
SYN2Z/SECONDARY ADDRESS REGISTER 2
BIT7 ] BIT6 | BITS ] BIT4 ] BIT3 J BIT 2 | BIT1 BITO
ASYNC — not used
‘gggg; COP — SYN2 (5 - 8 bits)
BOP — Second address octet
PIN CONFIGURATION REGISTER
BIT?7 BIT 6 BITS5 BIT 4 BIT3 BIT 2 BIT 1 BiTO
X2/1DS GPO2/RTS | SYNOUT/RTS RTxC Pin TRxC Pin
(PCRA, . 0 — GPO2 0 — SYNOUT | 00 — input 000 — input 100 — TxCLK 16X
PCRB) 0— X2 t—RTS 1 —RTS 01 —C/T 001 — XTAL/2 101 — RxCLK 16X
1—IDC 10 — TxCLK 1X 010 — DPLL 110 — TxCLK 1X
11— RxCLK 1X 011 —C/T 111 — RxCLK 1X
NOTE:
* PCRA only. Notusedin PCRB.
] The TxDROQN/GPO2N/RTSN pinisa 10 Thepinis anoutputforthe transmitter  Transmitter and Recelver Param-
general purpose output. It is Low shift register clock i
when OMR[2] is a 1 and High when . _ eterand Timing Registers
OMR[2)is a 0. n Thle pin is an output for the receiver  This set of five registers contains the informa-
. The oin i 5 shift register clock. tion which cantrols the operation of the trans-
e pin is a request-to-send output i i
(sbe pDe!aiIed O:eralion). The Iogi'ca:al [2:0] TRXC — mitter and receiver for each channel. Table 3
state of the pin is controlled by 000 The ol ) | oo shows m$hblt map form?t rf]or each of these re-
" e pin is an input. It must be pro-  gisters. The registers of this group are:
OMR{0] When OMR[0] is set, the grammed for input when used as the i )
output is Low. input for the receiver or transmitter 1. Transmitter parameter and timing regis-
[5] SYNOUT/RTS — clock, the DPLL, or the C/T. ters (TPRA/B and TTRA/B)
.. 001 The pin is an output from the crystal 2. Receiver parameter and timing registers
(o] The SYNOUTN/RTSN pin is an ac- f o ,
tive-Low outputwhich is asserted one oscillator divided by two (RPRA/B and RTRA/B)
bit time after a SYN pattern (COP 010 The pin is an output for the DPLLout- 3. Qutput and miscellaneous register
modes) in HSRH/HSRL or FLAG put clock. (OMRA/B}.
(BOP modes) is detected in CCSR. o )
The output remains asserted forone 01 The pin is an oulput for the counter/  The first and second group of registers define
receiver clock period. See Figure 1 timer. Referto CTCRA/Bdescription.  the transmitter and receiver parameters and
for receiver data path. 100 The pinis an output for the transmitter  timing. Includedin the receiver timing registers
1 The pin is a request-to-send output BRG at 16X the rate selected by TTR  are the progrfamming parameters for the DPI_.L.
(see Detailed Operation). The logical [3:0). The' last register pf the group._OM_Fl ooma!ns
state of the pin is controlled by 101 The pin is an output for the receiver additional transmitter and receiver information
OMRI0] when OMR(0] is set, the out- BRG at 16X the rate selected by RTR and controls the logical state of the output pins
put is Low (3:0]. when they are not used as a part of the channel
configuration.
[4:3] RTxC — 110 The pin is an output for the transmitter g
00 The pin is an mput. It must be pro shift register clock A channel cannotbe dynamicaily reconfigured.
: N . Do not write to the RPR if the receiver is en-
grammed for input when used as the 111 The pin Is an output for the receiver ; _ i
input for the receiver or transmitter shift register clock i:'ni dr':"ed d;ggtwme o the TPRif the Irans
clock, the DPLL, or the C/T na
01 The pin is an output for the counter/

timer. Referto CTCRA/B description.
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Table 3.  Transmitter and Receiver Parameter and Timing Register Bit Format
TRANSMITTER PARAMETER REGISTER
BIT7 I BIT 6 BITS BIT 4 BIT3 BIT 2 BIT 1 BIT0
TEOM on
q:gg; Underrun Control Idle Zero Cnt é:"::’fl Em(i:l;i Tx Tx Character Length
or Done
00 — FCS-idie 0—~MARKs |0—no 0—no 0—no 00 — 5 bits
cop 01 — reserved 1 — SYNs 1—yes 1 —yes 1—yes 01 — 6 bits
10 — MARKs 10 — 7 bits
11 — SYNs 11 — 8 bits
TEOM on
Underrun Control Idle Zero Cnt
or Done
00 — FCS-FLAG-idle 0-—MARKs |[0-—no
BOP 01 —reserved 1 —rLAGs 1—yes
10 — ABORT-MARKs
11 — ABORT-FLAGs
Stop Bits Per Character
9/16to 1,17/16t0 1.5,25/16to 2
ASYNC programmable in 1/16-bit increments
TRANSMITTER TIMING REGISTER
BIT? BIT6 l BIT5 BiT4 BIT3 BIT 2 BIT1 BIToO
(ESIB‘; Es):,tzzzzl Transmitter Clock Select Bit Rate Select
0— RTxC 000 — 1X external one of sixteen rates from BRG
t — TRxC 001 — 16X external
010 —DPLL
011 — BRG
100 — 2X other channel C/T
101 — 32X ather channel C/T
110 — 2X own channel C/T
111 — 32X own channel C/T
RECEIVER PARAMETER REGISTER
BIT7 BIT 6 BITS BIT 4 BIT3 BIT 2 BIT 1 BIT 0
(RPRA, not used not used not used Rx RTS Strip DCD Rx Character Length
RPRB) Control Parity Enable Rx
0—no 0—no 0 —no 00 — 5 bits
ASYNC 1 —yes 1—yes 1—yes 01 — 6 bits
FCSto Auto Hunt Strip 10 — 7 bits
cop SYN strip FIFO &PadChk | ExtSyne Parity 11 — 8 bits
0—no 0—no 0-—-no 0 —no 0—no
1 —yes 1—yes 1—yes 1t —yes 1-—yes
not used FCSto Overrun not used All Parity
FIFO Mode Address
0—no 0 — hunt 0—no
BOP t—yes 1 —cont 1-—yes

October 30, 1990
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Tabie 3. Transmitter and Receiver Parameter and Timing Register Bit Format (Continued)
RECEIVER TIMING REGISTER
BIv? BIT6 | BITS | BIT4 BIT3 BIT2 | BT1 | BITO
ihe | ‘oaomel Recelver Clock Select Bit Rate Select
0 —RTxC | 000 — 1X external one of sixteen rates from BRG
t— TRxC | 001 — 16X external ASYNC
010 — BRG protocol
011 — C/T of channel mode only
100 — DPLL, source = 64X X1/CLK
101 — DPLL, source = 32X External
110 — DPLL, source = 32X BRG
111 — DPLL, source = 32X C/T
OUTPUT AND MISC REGISTER
BIT7 l BIT6 ] BITS BIT4 BIT3 BIT 2 BIT 1 BITO
(OMRA, TxRDY RxRDY
OMRB) Tx Residual Character Length Activate Activate OouT 2 OouT 1 RTS
000 — 1 bit 0 — FIFO 0— FIFO Bit Pin Bit Pin Bit Pin
001 — 2 bits not full notempty 0—H 0—H 0—H
010 — 3 bits 1 — FIFO 1— FIFO 1—1L 1—L 1—L
011 — 4 bits empty full
100 — 5 bits
101 — 6 bits
110 — 7 bits
111 — same as TPR[1:0}
Transmitter Parameter Register [5] Idle —In BOP and COP modes, thisbitse-  Table 4.  Stop Bits —
(TPRA, TPRB) Iect.s the transmitter oulpu! during idle. Idle is Transmitted Character
defined as the state following a normal end of -
[7:6] Underrun Control — In BOP and COP  message until receipt of the next transmitter [7:4] SCEI';?!I aff;gﬁin
modes, this field selects the transmitter re-  command
sponse in the event of an underrun (i.e, the . o 0000 1.063 0.563
TXFIFO is emply). 0 Idle in marking condition. 0001 1125 0625
o 1 Idle sending SYNs (COP) or FLAGs 0010 1.188 0.688
00 Normal end of message termination. (BOP). 0011 1.250 0.750
In BOP. the transmitter sends the FCS 0100 1313 0.813
(if selected by CMR2{2:0]) followedby  [4] Transmit EOM on Zero Count or Done — 0101 1.375 0.875
a FLAG and then either MARKs or  |n BOP and COP modes, the assertion of this 0110 1.438 0.938
FLAGS, as specified by {5]. In COP, it causes the end of message (FCS in COP, o1 1.500 1.000
the transmitter sends the FCS (if se-  FCS.FLAG in BOP) to be transmitted upon the 1000 1.563 1.563
lected by CMR2[2:0]) and then either following events 1001 1.625 1.625
MARKSs or SYNs, as specified by [5]. 1010 1.688 1.688
01 R d 1. lf the counter/timer is counting transmitted 1011 1.750 1.750
eserved. characters, after transmission of the char- 1100 1.813 1.813
10 In BOP, the transmitter sends an acter which causes the counter to reach 101 1875 1.875
ABORT (11111111) and then places  zero count. (DONEN is also asserted as e roos oo
the TxD outputin a marking condition an output if the channel is in a DMA oper-

until receipt of further instructions. In
COP, the transmitter places the TxD
output in a marking condition until re-
ceipt of further instructions.

In BOP, the transmitter sends an
ABORT (11111111) and then sends
FLAGS until receipt of further instruc-
tion. in COP, the transmitter sends
SYNs until receipt of further instruc-
tions
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ation.)

2 If the channel is operating in DMA mode,
after transmission of a character if DO-
NEN was asserted when that character
was loaded into the TxFIFO by the DMA
controller

[7:4] Stop Bits per character — in ASYNC
mode, this field programs the length of the stop
bit appended to the transmitted character as
shown in Table 4.

Stop bitlengths of9/16to 1and 1-9/16 to 2 bits,
in increments of 1/16-bit, can be programmed
tor character lengths ot 6, 7, and 8 bits. Fora
character length of 5 bits, 1-1/16 to 2 stop bits
can be programmed in increments of 1/16-bit.
The receiver only checks for a "mark’ condition
atthe center of the first stop bit position {one bit
time after the last data bit, or after the parity bit
it parity is enabled) in all cases.
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If an external 1X clock (or a 2X clock for coun-
ter/timer) is used for the transmitter, [7] = 0 se-
lects one stop bit and {7] = 1 selects two stop
bits to be transmitted. 1f Manchester, NRZI, or
FMdata encodingis selected, only integral stop
bit lengths should be used.

[3] Transmitter Request-to-Send Control —
This bit controls the deactivation of the RTSN
output by the transmitter {see Detailed Opera-
tion).

0 RTSN is not affected by status of
transmitter.
1 RTSN changes state as a function of

transmitter status.

[2] Clear-to-Send Enable Transmitter — The
state of this bit determines if the CTSN input
controls the operation ofthe channel's transmit-
ter (see Detailed Operation). The duration of
CTS level change is described in the discus-
sion of ICTSR[4].

0 CTSN has no affect on the transmit-
ter.

1 CTSN affects the state of the trans-
mitter.

[1:0] Transmitted Bits per Character — This
field selects the number of data bits per charac-
ter to be transmitted. The character length
does notincludes the start, panty, and stop bits
in ASYNC or the parity bit in COP. In BOP
modes the character length for the address and
control field is always 8 bits, and the value of
this field only applies to the information (1) field.
exceptforthe lastcharacter of the | field, whose
length is specified by OMR[7:5).

Transmitter Timing Register
(TTRA, TTRB)

{7] External Source — This bit selects the
RTxC pin or the TRxC pin of the channel as the
transmitter clock input when [6:4] specifies ex-
ternal. When used for input, the selected pin
must be programmed as an input in the PCR
[4:3} or [2.0].

[ External input form RTxC pin.

1 External input from TRxC pin.

[6:4] Transmitter Clock Select — This field
selects the clock for the transmitter.

000 External clock from TRxC or RTXC at
1X the shift (baud) rate.

001 External clock from TRXC or RTxC at
16X the shift rate.
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010 Internal clock from the phase-locked
loop at 1X the bit rate. it shouid be
used only in half-duplex operation
since the DPLL will periodically re-
sync itself to the received data if in

tull-duplex operation.

on Internalclock from the bitrate genera-
tor at 32X the shiftrate. The clock sig-
nalis divided by two before use in the
transmitter which operates at 16X the
baud rate. Rate selected by [3.0].

100 Internal clock from counter/timer of
other channel. The C/T should be
programmed to produce a clock at 2X

the shift rate.

101 Internal clock from counter/timer of
other channel. The C/T should be
programmed to produce a clock at
32X the shift rate.

110 internal clock trom the counter/timer
of own channel. The C/T should be
programmed to produce a clock at 2X

the shift rate

11 Internal clock from the counter/timer
of own channel. The C/T should be
programmed to produce a clock at
32X the shift rate.

[3:0] Bit Rate Select — This field selects an
output from the bit rate generator to be used by
the transmitter circuits. The actual frequency
output from the BRG is 32X the bit rate shown
in Table 5 With a crystal or external clock of
14.7456MHz the bit rates are as given in Table
5 (this input is divided by two before being
applied to the oscillator circuit).

Table 5. Receivet/Transmitter
Baud Rates

{3:0] |BITRATE | [3:0] |BIT RATE
0000 50 1000 1050
0001 75 1001 1200
0010 110 1010 2000
0011 1345 1011 2400
0100 150 1100 4800
0101 200 1101 9600
0110 300 1110 19.2K
0111 600 11 38.4K

3

Receiver Parameter Resgister
(RPRA, RPRB)

[7]1 SYN Stripping — This bit controls the
DUSCC processing in COP modes of SYN
‘character pattems' that occur after the initial
character synchronization. Refer to Detailed
Operation of the receiver for details and defini-
tion of SYN ‘patterns’, and their accumulation
of FCS.

o} Strip only leading SYN ‘patterns’ (i.e
before a message).

1 Strip all SYN ‘patterns’ (including all
odd DLE's in BISYNC transparent
mode)

[6] Transfer Received FCS to FIFO — in BI-
SYNC and BOP modes, the assertion of this bit
causes the received FCS to be loaded into the
RxFIFO. When this bitis set, BOP mode oper-
ates correctly only if a minimum of two extra
FLAGS (without shared zeros) are appended to
the frame. f the FCS is specified to be trans-
ferred to the FIFO, the EOM status bit will be
tagged onto the last byte of the FCS instead of
to the last character of the message.

0 Do not transter FCS to RxFIFO.
1 Transfer FCS to RxFIFO.

[5] Auto-Hunt and Pad Check (BISYNC) — In
BISYNC mode, the assertion of this bit causes
the receiver to go into hunt for character sync
mode after detecting certain End-Of-Message
{EOM) characters. These are defined in the
Detailed Operations section for COP receiver
operation After the EOT and NAK sequences,
the recewver also does a check for a closing
PAD of four 1s

0 Disable auto-hunt and PAD check.
1 Enable auto-hunt and PAD check.
[5] Overrun Mode (BOP) — The state of this
control bit determines the operation of the re-
ceiver in the event of a data overrun, i.e., when

a character is received while the RxFIFQO and
the Rx shift register are bath full.
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0 The receiver terminates receiving the
current frame and goes into hunt
phase, locking for a FLAG to be re-
ceived

1 The receiver continues receiving the
current frame. The overrunning char-
acter is lost. {The five characters al-
ready assembled in the RxFIFO and
Rx shift register are protected).

[4] Receiver Request-to-Send Control
{ASYNC) — See Detailed Operation

0 Receiver does not contrel RTSN out-
put.
1 Receiver can negate RTSN output.

{4] External Sync (COP) — In COP single
SYN mode, the assertion of this bit enables ex-
ternal character synchronization and receipt of
SYN patterns is not required. In order to use
this feature, the DUSCC must be programmed
to COP single SYN mode, CMR 1[2:0] = 110,
which is used to set up the internal data paths.
In all other respects, however, the external
sync mode operation is protocol transparent.
A negative signal on the DCDN/SYNIN pin will
cause the receiver to establish synchronization
on the next rising edge of the receiver clock.
Character assembly will start at this edge with
the RxD input pin considered to have the sec-
ond bitofdata. The sync signal can then be ne-
gated. Receiptof the Active-High external sync
inputcauses the SYN detect status bit(RSR[2])
to be set and the SYNBOUTN pin to be as-
serted for one bit time. When this mode is en-
able, the internal SYN (COP mode) detection
and special character recognition (e.g., IDLE.
STX, ETX, etc.) circuits are disabled. Charac-
ter assembly begins as if in the |-field with char-
acter length as programmed in RPR{[1.)].
Incoming COP frames with parity specified op-
tionally can have it stripped by programming
RPR[3). The user must wait at least eight bit
times after Rx is enabled before applying the
SYNIN signal. This time is required to flush the
internal data paths. The receiver remains in
this mode and further external sync pulses are
ignored until the receiver is disabled and then
reenabled to resynchronize or to return to nor-
mal mode. See Figure 2.

0 External sync not enabled.
1 External sync enabled

Note that EXT SYNC and DCD ENABLE Rx
cannot be asserted simultaneously since they
use the same pin
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[3] Strip Parity — In COP and ASYNC modes
with parity enabled, this bit controls whether the
received parity bit is stripped from the data
placed in the receiver FIFQ. itis valid ony for
programmed character lengths of 5, 6, and 7
bits. If the bitis stripped, the corresponding bit
in the received data is set to zero.

0 Transfer parity bit as received.
1 Stop parity bit from data.

[3] All Parties Address — In BOP secondary
modes, the assertion of this bit causes the re-
ceiver to ‘wake-up’ upon receipt of the address
H'FF or H'FF, FF', for single- and dual-octet ad-
dress modes, respectively, in addition to its nor-
mal station address. This feature aliows ail
stations to receive a message

0 Don't recognize all parties address.
1 Recognize all parties address

[2] DCD Enable Receiver — If this bit is as-
serted, the DCON/SYNIN input must be Low in
order for the receiver to operate. If the inputis
negated (goes High) while a character is being
received, the receiver terminates receipt of the
current message (this action in effect disables
thereceiver). IfDCDis subsequently asserted,
the receiver will search for the start bit, SYN
pattern, or FLAG, depending on the channel
protocol. (Nate that the change of input can be
programmed to generate an interrupt; the dura-
tion of the DCD level change 1s described in the
discussion of the inputand countertimer status
register (CTSR[5]).

0 DCD not used to enabled receiver.

1 DCD used to enabled receiver.

EXT SYNC and DCD ENABLE Rx cannot be
asserted simultaneously since they use the
same pin.

[1:0] Received Bits per Character — This
field selects the number of data bits per charac-
ter to be assembled by the receiver. The char-
acter length does not include the stant, parity,
and stop bits in the ASYNC or the parity bit in
COP. In BOP modes, the character length for
the address and control field is always 8 bits,
and the value of this field only applies to the in-
formation field. If the number of bits assembled
for the last character of the I-field is less than
the value programmed in this field, RCL not
zero (RSR{0]) is asserted and the actual num-
ber of bits received is given in TRSR[2'0].

312

Receiver Timing Register (RTRA,
RTRB)

[7] External Source — This bit selects the
RTxC pin or the TRxC pin of the channel as the
receiver or DPLL clock input, when [6:4] speci-
fies external. When used for input, the selected
pinmustbe programmedas aninputinthe PCR
[4:3] or [2:0].

0 External input form RTxC pin.

1 External input form TRxC pin.

[6:4] Receiver Clock Select — This field se-
lects the clock for the receiver

000 External clock from TRxC or RTxC at
1X the shift (baud) rate.

External clock fromTRxC or RTxC at

16X the shift rate. Used for ASYNC
mode only.

001

010 Internal clock from the bitrate genera-
tor at 32X the shift rate. Clock is di-
vided by two before used by the
receiver logic, which operates at 16X
the baud rate. Rate selected by [3.0}
Used for ASYNC mode only.

internal clock from counter/timer of
own channel. The C/T should be pro-
grammed to produce a clock at 32X
the shiftrate Clock is divided by two
betore use in the receiverlogic. Used
for ASYNC mode only.

Internal clock from the digital phase-
locked loop. The clock for the DPLL
is a 64X clock from the crystal oscilla-
tor or system clock input. {The input
to the oscillator is divided by two).

o1

101 Internal clock from the digital phase-
{ockedloop. The clock for the DPLL is
an external 32X clock from the RTxC

or TRxC pin, as selected by [7)

10 Internal clock from the digital phase-
locked loop The ciock for the DPLL
is a 32X clock from the BRG. The fre-

quency is programmed by [3:0].

111 Intemal clock from the digitail phase-
locked loop. The clock for the DPLL
is @ 32X clock from the counter/timer

of the channel.

[3:0] Bit Rate Select — This field selects an
output from the bit rate generator to be used by
the receiver circuits  The actual frequency cut-
put from the BRG is 32X the bit rate shown in
Table 5
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Output and Miscellaneous Regis-
ter (OMRA, OMRB)

[7:5] Transmitted Residual Character

Length - In BOP modes, this field determines

the number of bits transmitted for the last char-

acter in the information field This length ap-

plies to:

— The character in the transmit FIFO accom-
panied by the FIFOed TEOM command.

- The character loaded into the FIFO by the
DMA controller if DONEN is simultaneously
asserted and TPR[4} is asserted

— The character loaded into the FIFO which
causes the counter to reach zero count
when TPRI[4] is asserted.

The length of all other characters in the frame's
information field is selected by TPR{1:0]. If this
fieldis 111, the number of bits in the last charac-
ter is the same as programmed in TPR[1:0].

[4] TxRDY Activate Mode —

0 FIFO not full. The channel's TxRDY
status bit is asserted each time a
character is transferred from the
transmit FIFO to the transmit shiftreg-
ister )f not reset by the CPU, TxRDY
remains asserted until the FIFO1s full
at which time it is automatically ne-
gated

1 FIFO empty. The channel's TxRDY
status bit is asserted when a charac-
ter transfer from the transmit FIFO to
the transmit shift register causes the
FIFO to become empty. If not reset
by the CPU, TxRDY remains as-
serted until the FIFO is full, at which
time itis negated.

If the TxRDY status bit is reset by the
CPU, it will remain negated regard-
less of the current state of the transmit
FIFO, until itis asserted again due to
the occurrence of one of the above

conditions
[3] RxRDY Activate Mode —
0 FIFO not empty. The channel's

RxRDY status bit is asserted each
time a character is transferred from
the receive shiftregister to the receive
FIFQ. i notresetby the CPU, RxRDY
remains asserted until the receive
FIFQis empty, atwhich time itis auto-
matically negated.

1 FIFOfull. The channel's RxRDY sta-
tus bit is asserted when a character
transfer from the receive shiftregister
to the receive FIFO causes the FIFO
o become full. 1t not reset by the
CPU. RxRDY reamins asserted untit
the FIFO is empty, at which time itis
negated.
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The RxRDY status bit will also be as-
serted, regardiess of the receiver
FIFO full condition, when an
end-of-message character is loaded
in the RxFIFO (BOP/BISYNC), when
a BREAK condition {(ASYNC mode} is
detectedin RSR[2], orwhen the coun-
ter/timer is programmed 1o count re-
ceived characters and the character
which causes it to reach zero is
loaded in the FIFO (all modes} (Re-
fer to the Detailed Operation of the re-
cewver.)

Ifreset by the CPU. the RxRDY status
bit will remain negated, regardless of
the current state of the receiver FIFO,
untilitis asserted again due to one of
the above conditions

[2] General Purpose Output 2—This general
purpose bit is used to control the TxXDRQN/
GPO2/RTSN pin, wheniitis used as an output.
The output is High when the bitisaQ and is Low
when the bitis a 1.

[1] General Purpose Output 1 — This bit is
used to control the RTxDRQN/GPO 1N output,
which is a general purpose output when the
channelisnotin DMA mode The outputis High
when the bit1s a 0 and s Low when the bitis a
1.

[0] Request-to-Send Output — This bit con-
trols the TxDRQN/GPO2N/RTSN and SYN-
OUTN/RTSN pin, when either1s used as a RTS
output The output is High when the bitis a 0
and is Low when the bitisa 1.

Countet/Timer Control and Value
Registers

There are five registers in this set consisting of
the following.

1 Counterdtimer control register (CTCRA/B)

2 Counter/timer preset Highland Low regis-
ters (CTPRHA/B, CTPRLA/B).

3. Counter/timer (current value) High and
Low registers (CTHA/B, CTLA/B)

The format of each of the registers of this setis
contained in Table 6. The control register con-
tains the operational information for the coun-
tertimer. The preset registers contain the
countwhich s loaded into the counter/timer cir-
cuits. The third group contains the current val-
ue of the counter/timer as it operates

Counter/Timer Control Register
{CTCRA/CTCRB)

{7] Zero Detect Interrupt — This bit deter-
mines whether the assertion of the C/T ZERO
COUNT status bit (ICTSR[6]) causes an inter-
rupt to be generated.
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0 Interrupt disabled.

1 Interrupt enabled if master interrupt
enabled (ICR{1] or ICR[0]} is as-
serted.

[6] Zero Detect Control — This bit determines
the action of the counter upon reaching zero
count.

0 The countertimer is preset fo the val-
ue contained in the counter/timer pre-
setregisters (CTPRL, CTPRH) at the
next clock edge

1 The counter/timer continues counting
withoutpreset. The value at the next
clock edge will be H'FFFF

[5] Counter/Timer Output Control — This bit
sefects the output waveform when the counter/
timer is selected to be output on TRxC or RTxC

1 The output is a single clock positive
width pulse each time the C/T reach-
es zero count. (The duration of this
pulse is one clock period )

0 The output toggles each time the C/T
reaches zero count. The output is
cleared to Low by either of the preset
counter/timer commands.

[4:3] Clock Select — Ths field selects whether
the clock selected by (2:0} s prescaled prior to
being applied to the input of the C/T.

00 No prescaling.

01 Dwvide clock by 16.
10 Duvide clock by 32.
" Divide clock by 64

[2:0] Clock Source — This field selects the
clack source for the counter/timer.

000 RTxC pin. Pin must be programmed

as input

001 TRxC pin Pin must be programmed
as input

Q10 Source is the crystal oscillator or sys-

tem clock input divided by four.

o1 This selects a special mode of opera-
tion. In this mode the counter, afterre-
ceiving the ‘'start C/T" command,
delays the start of counting until the
RxD input goes Low. It continues
counting until the RxD input goes
High, then stops and sets the C/T zero
count status bit. The CPUcan usethe
value in the C/T to determine the bit
rate of the incoming data. The clock
is the crystal oscillator or system clock
input divided by four.

100 Source is the 32X BRG output se-
lected by RTR[3:0] of own channel

101 Source is the 32X BRG output se-
lected by TTR([3 0] of own channel.
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10 Source is the internal signal which causes the count to go to zero is on zero count or done control bit
loadsreceived characters fromthere- loaded into the receive FIFO. (TPR[4]) is asserted, the FIFOed
ceive shift register into the receiver 11 Source is the internal signal which send EOM command will be automat-
FIFO. When operating in this mode, wansfers charact fon? the data ically asserted when the character
the FIFOed EOM status bit (RSR[7]) t:a : h e_rsF”r__o Wh which causes the count to go to zero
shall be set when the character which us into the transmit . vhen op- is loaded into the transmit FIFO.

erating in this mode, and if the TEOM

Table 6. Counter/Timer Control and Value Register Bit Formats

COUNTER/TIMER CONTROL REGISTER

BIT7 BIT 6 BITS BIT 4 ] BIT3 BIT 2 BIT 1 BITO
(CTCRA, Zero Zero Output
CTCRB) Detect Detect Con?r ol Prescaler Clock Source
Interrupt Control
0 —disable |0 — preset 0 — square 00 —1 000 — RTxC pin
1 —enabled |1 —continue |1 — pulse 01 — 16 001 — TRxC pin
10 —32 010 — X1/CLK divided by 4
11 —64 011 — X1/CLK divided by 4 gated by RxD
100 —- Rx BRG
101 — Tx BRG
110 — Rx characters
111 — Tx characters

COUNTER/TIMER PRESET REGISTER HIGH

BIT7 ] BIT6 BITS J BIT 4 BIT3 BIT 2 BIT1 BITO
(g;:g'_‘HBA)‘ Most significant bits of counter/timer preset value
COUNTER/TIMER PRESET REGISTER LOW
BIT7 BIT 6 BITS BIT 4 BIT3 BIT 2 BIT1 BITO
(g{_l’::t_é\), Least significant bits of counter/timer preset value
COUNTER/TIMER REGISTER HIGH
BIT7 BIT 6 BITS J BIT 4 BIT3 BIT 2 BIT 1 BITO
(g;::)’ Most significant bits of counter/timer.
COUNTER/TIMER REGISTER LOW
BIT7 | BIT6 | BITS BIT4 | BIT 3 | BIT2 1 BIT1 | BITO
(g].,rtBA)' Least significant bits of counter/timer.

Counter/Timer Preset High Regis-
ter (CTPRHA, CTPRHB)

[7:0] MSB — This regsiter contains the eight
most significant bits of the value loaded into the
counter/timer upon receipt of the load C/T from
preset regsiter command or when the counter/
timer reaches zero count and the zero detect
control bit(CTCRI[6})is negated. The minimum
16-bit counter/timer preset value is H'0002".
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Counter/Timer Preset Low Regis-
ter (CTPRLA, CTPRLB)

[7:0] LSB — This register contains the eight
least significant bits of the value loaded into the
counter/timer upon receipt of the load C/T from
preset register command or when the counter/
timer reaches zero count and the zero detect
control bit{CTCRI6))is negated The minimum
16-bit counter/timer preset value 1s H'0002'.
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Counter/Timer High Register
(CTHA, CTHB)

[7:0] MSB — A read of this 'register’ provides
the eight most significant bits of the current val-
ve of the counteritimer. Itis recommended that
the C/T be stopped via a stop counter com-
mand before itis read in order to prevent errors
which may occur due to the read being per-
formed while the C/T is changing. This count
may be continued after the register is read.




Philips Components—Signetics Data Communication Products

Product Specification

Dual universal serial communications controller (DUSCC)

SCN68562

Counter/Timer Low Register
(CTLA, CTLB)

[7:0] LSB — A read of this ‘register’ provides
the eightieast significant bits of the current val-
ue of the counter/timer. Itis recommended that
the C/T be stopped via a stop counter com-
mand before itis read, in order to prevent errors
which may occur due to the read being per-
formed while the C/T is changing. This count
may be continued after the register is read.

Interrupt Control and Status Reg-
isters

5. Interrupt Vector Register (IVR) and Modi-
fied Interrupt Vector Register (IVRM).

6. Interrupt control register (ICR).
7 General status register (GSR)
See Table 7 for bitformats and Figure 3 for table

relationships.

Interrupt Enable Register (IERA,
IERB)

This register controls whether the assertion of
bits in the channel's status registers causes an
interrupt to be generated. An additional condi-

[5}] TRSR 73 —

0 Interrupt not enabled

1 Interrupt generated if bits 7, 6, 5, 4 or
3 of the TRSR are asserted.

[4] RxRDY —

[ Interrupt not enabled

1 Interrupt  generated i RxRDY

(GSR[0} or GSR[4] for Channels A
and B, respectively) is asserted.

{3] RSR 76 —

: ) ) lion for an interrupt to be generated is that the  © Interrupt not enabled.
This group of registers define mechanisms for channel's master interrupt enabled bit, ICR[O] if bi
communications between the DUSCC and the or ICR{1}, be asserted P ' t l’:r;ge‘;ruptgeneratid ifbits 7 or 6 of the
processor and contain the device status infor- ! : are asseried.
mation. Four registers, available for each chan- [7} DCD/CTS — [2} RSR 54 —
nel, and four common device registers
comprise this group which consists of the fol- o] Interrupt not enabled 0 Interrupt not enabled.
lowing: 1 Interrupt generated if {ICTSR{4] or 1 Interrupt generated if bits 5 or 4 of the
1. Interrupt Enable Register (ERA/B). ICTSR(S] are asserted. RSR are asserted.
2. Receiver Status Register (RSRA/B) (6] TxRDY — (1] RSR 32—
3. Transmitter and Receiver Status Register 0 {nterrupt not enabled. 0 interrupt not enabled.
(TRSRA/B). 1 Interrupt ~ generated if TxRDY 1 Interrupt generatedif bits 3 or 2 of the
4 dc i s Reai (GSR[1] or GSR{5] for Channels A RSR are asserted.
: (rllgflj'tSEIanA/B)éumer imer Status Register and B, respectively) is asserted.
Table 7.  Interrupt Control and Status Register Bit Format
RECEIVER STATUS REGISTER
*BIT7 BIT6 BITS BIT4 BIT3 BIT 2 BIT1 BITO
(RSRA, RSRB) # Char RTS Overrun not BRK end BRK start # Framing # Parity
ASYNC compare negated error used detect detect error error
corP # EOM PAD Overrun not not Syn # CRC # Parity
detect + error + error used used detect error error
BOP # EOM Abort QOverrun Short Idie Flag # CRC # RCL not
detect detect error frame detect detect detect error zero
LCOP # EOM AborVEQOP Qverrun Shert Turn-areund Flag #CRC # RCL not
detect detect error frame detect detect detect error zero
NOTES:
# Status bitis FIFOed.
+ COP BISYNC mode only
* Al modes indicate character count complete
TRANSMITTER AND RECEIVER STATUS REGISTER
BIT7 BIT6 BITS BIT 4 BIT3 BIT2 BIT1 BIT 0
({TRSRA, TRSRB) | Transmitter CTS not Send DPLL not not not
ASYNC empty underrun used break ack error used used used
CcOP Transmitter CTs Frame Send SOM DPLL not Rx hunt Rx xpnt
empty underrun complete ack etror used mode mode
CTS Rx Residual Character Length
underrun
BOP Transmitter Loop Frame Send SOM/ DPLL 000 — O bit 100 — 4 bits
empty sending” complete abort ack error 001 — 1 bits 101 — 5 bits
010 — 2 bits 110 — 6 bits
011 — 3 bits 111 — 7 bits
NOTE:
*  Loop mode only.
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Table 7.  Interrupt Control and Status Register Bit Format (Continued)
INPUT AND COUNTER/TIMER STATUS REGISTER
BIT7 BIT 6 BITS BIT4 BIT3 BIT 2 BIT 1 BITO
(ICTSRA, cIT C/T zero Delta Delta
ICTSRB) running count DCD CTSILC DCo CTSILC GP12 GPI
INTERRUPT ENABLE REGISTER
BIT7 BIT & BIT 5 BIT4 BIT3 BIT 2 BIT 1 BITO
({IERA, IERB) DCD/CTS TxRDY TRSR {7:3] RxRDY RSR[7:6] RSR [5:4] RSR [3:2) RSR [1:0]
0—no 0—no 0—no 0 —no 0-—no 0—no 0—no 0—no
1 —yes 1—yes 1 —yes 1 —yes 1—yes t —yes 1 —yes 1—yes
INTERRUPT VECTOR REGISTER AND INTERRUPT VECTOR MODIFIED REGISTER
BIT7 BIT 6 BIT S BIT 4 BIT3 BIT 2 BIT 1 BITO
(IVR, IVRM) 8-bit interrupt vector
GENERAL STATUS REGISTER
BIT7 BIT6 I BITS I BiT4 BIT3 l BIT 2 BIT 1 BITO
(GSR) Channel B Channel A
External External
or C/T RuTx TRDY RxRDY or G/T R TXRDY RxRDY
Status status
INTERRUPT CONTROL REGISTER
BIT7 l BIT 6 BITS BIT4 BIT3 BIT 2 BIT 1 BITO
: Vector Channel A | Channel B
(ICR) Inli:"raum:el!'r?c/a?lt Vector Mode 52;:,; Inciudes Master int { Master int
P Y Status Enable Enable
00 — Channel A 00 — vectored
01 — Channel B 01 — vectored 020 0—no 0—no 0—no
10 — interleaved A 10 — vectored 1—42 1—yes 1—yes 1—yes
11 —interleaved B 11 — non vectored
[0] RSR 10 — spectively. Unless otherwise indicated, as- read), the FIFOed status bits are logically
0 Interrupt not enabled serted status bits are reset only be performing  ORed with the previous contents of the corre-
P ’ a write operation to the status register withthe  sponding bits in the status register. This per-
1 Interrupt generatedifbits 1orOofthe  bitsto be resetbeing ones in the accompanying  mits the user to cbtain status either character
RSR are asserted.

Receiver Status Register (RSRA,
RSRB}

This register informs the CPU of receiver sta-
tus. Bits indicated as 'not used' in a particular
mode willread as zero. The logical OR of these
bits is presented in GSR{2] or GSR[6] (ORed
with the bits of TRSR) for Channels Aand B, re-
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data word, or when the RESETN input is as-
serted, or when a ‘reset receiver’ command is
issued.

Certain status bits are specified as being Fl-
FOed. This means that they occupy positions
in a status FIFO that correspond to the data
FIFO. As the data is brought to the top of the
FIFO (the position read when the RxFIFO s
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by character or on a block basis. For character
by character status, the SR bits should be read
and then cleared before reading the character
data from RxFIFO. For block status, the status
register is initially cleared and then read after
the message is received. Asserted status bits
can be programmed to generate an interrupt
(see Interrupt Enable Register)
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[7] Character Count Compilete (All Modes),
Character compare (ASYNC), EOM (BI-
SYNC/BOP/LOOP) — f the counterttimer is
programmed to countreceived characters, this
bit is asserted when the character which
causes the count to go to zerois loadedinto the
receive FIFO. Itis also asserted to indicate the
following conditions:

ASYNC The character currently at the top of
RxFIFO matched the contents of
S1R A character will not compare if
it is received with parity error even if
the data portion matches.

BISYNC The character currently at the top of
the FIFO was either a text message
terminator or a control sequence re-
ceived outside of a text or header
field. See Detailed Operation of COP
Receiver. If transter FCS to FIFO
(RPR[8]) is set, the EOM will instead
be tagged onto the last byte of the
FCS. Note that if an overrun occurs
during receiptofa message, the EOM
character may be lost, but this status
bitwill still be asserted to indicate that
an EOM was received. For 2 byte
EOM comparisons, only the second
byte is tagged (assuming the CRC is
not transferred to the FIFO).

BOP,
LOOP

The character currently at the top
of the FIFO was the last character of
the frame. f trnasfer FCS te FIFO
(RPR[6)} is asserted, the EOMwill be
tagged instead onto the last byte of
the FCS. Note that if an overrun oc-
curs, the EOM character may be lost.
but this status bit will still be asserted
toindicate thatan EOMwas received

This bit will not be set when an abort
is received.

[6]) RTS Negated (ASYNC), PAD Error (BI-
SYNC), ABORT (BOP) —

ASYNC The RTSN outputwas negated due to
receiving the startbitof a new charac-
ter while the RxFIFO was full (see
RPR[4]).

BISYNC PAD error detected (see RPR[5)).
LOOP An ABORT sequence consisting of a
zero followed by seven ones was re-
ceived after receipt ot the firstaddress
octet but before receipt of the closing
FLAG. The user should read RxFIFQ
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until it is empty and determine if any
valid characters from a previous
frame are in the FIFO. ifno character
with a tagged EOM detect ({7]) is
found, all characters are from the cur-
rent frame and should be discarded
along with any previously read by the
CPU. An ABORT detect causes the
receiver to automatically go into
search for FLAG state. An abortdur-
ing a valid frame does not cause the
CRC to reset; this will occur when the
next frame begins

Performs the ABORT detect function
as described for BOP without the re-
striction that the pattern be detected
during an active frame A zero fol-
lowed by seven ones is the
end-of-poll sequence which allows
the transmitter to go active if the 'go
active on poll' command has been in-
voked.

LOOP

[5] Overrun Error (All Modes) — A new char-
acter was received while the receive FIFC was
tull and a character was already waiting in the
receive shift register to be transferred to the
FIFO. the DUSCC protects the tive characters
previously assembled (four in RxFIFO, one in
the Rx shift register) and discards the overrun-
ning character(s). After the CPU reads the
FIFO, the character waiting in the RxSR will be
loadedinto the available FIFO position. Thisre-
leases the RxSR and a new character assem-
bly will start at the next character boundary In
this way, only valid characters will be as-
sembled,i e., no partial character assembly will
occur regardiess of when the RxSR became
available during the incoming data stream.

[4] Short Frame (BOP/LOOP) —
ASYNC Notused
CcoP

BOP, A closing flag was received with
LOOP missing fields in the frame. See de-
tailed operation for BOP receiver

Not used

[3} BREAK End Detect (ASYNC), IDLE

(BOP), Turnaround (LOOP) —

ASYNC 1X clockmode: The RxD inputhas re-
turned to the marking state for atleast
one perod of the 1X receiver clock af-
ter detecting a BREAK.
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16X clock mode: The RxD input has
returned to the marking (High) state
for a least one-half bit time after de-
tecting a BREAK. Ahalf-bittimeis de-
fined as eight clock cycles of the 16X
receiver clock.

CcOoP
BOP

Not used

An IDLE sequence consisting of a
zero followed by fifteen ones was re-
ceived. During a valid frame, an abort
must precede an idle. However, out-
side of a valid frame, an idle is recog-
nized and abort 1s not

LOOP A turnaround sequence consisting of
eight contiguous zeros was detected
outside of an active frame. This
should normally be used to terminate
transmitter operation and return the

system to the ‘echoing RxD' mode

[2] BREAK Start Detect {ASYNC), SYN De-
tect (COP), FLAG Detect (BOP/LOOP) —

ASYNC An all zero character, including parity
(if specified) and first stop bit, was re-
ceived. The receivershall be capable
of detecting breaks which begin in the
middle of a previous character. Only
asingle all-zero character shall be put
into the FIFO when a break is de-
tected Additional entries to the FIFO
are inhibiteduntil the end ot break has
been detected (see above)anda new
character is received.

A SYN pattern was received. Refer
to Detailed Operation for definition of
SYN patterns. Set one bit time after
detection ot SYN pattern in HSRH,
HSRL See Figure 1 for receiver data
path.

A FLAG frequency {01111110) was
received. Setone bit time after FLAG
1s detectedin CCSR. See Figure 1for
recelver data path.

[1] Framing Error (ASYNC), CRC Error
(COP/BOP/LOOP) —

ASYNC Atthe first stop bit position the RxDin-
putwas in the Low (space) state. The
receiver only checks for framing error
at the nominal center of the first stop
bit regardless of the number of stop
bits programmed in TPR[7:4]. Thisbit
is not set for BREAKS.

copP

BOP.
LOOP
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ASYNC

COP In BISYNC COP mode, this bit is set
upon receipt of the BCC byte(s), if
any, to indicate that the received BCC
was in error. The bit is normally FI-
FOed with the last byte of the frame
{the character preceding the first BCC
byte). However, if transfer FCS to
FIFO (RPR[8]) is asserted, this bit is
FIFOed with the last BCC byte. The
value of this bit should be ignored for
non-test messages or if the received
frame was aborted via an ENQ. In
non-BISYNC COP modes. the bit is
setwith each received character if the
current value of the CRC checker is
not equal to the non-error value (see
CMR2[2:0]).
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BOP,
LOOP

This bit is set upon receipt of the
FCS byte(s), ifany, to indicate that the
received FCS was in error. The bitis
normally FIFOed with the last byte of
the | field (the character preceding the
first FCS byte) However. if transfer
FCS to FIFO (RPR[6]) is asserted,
this bit is FIFOed with the last FCS
byte

COP

[0] Parity Error (ASYNC/COP), RCL Not Zero
(BOP/LOOP) —

ASYNC The parity bit of the received charac-
terwas notas expected. A parity error
does not affect the parity bit put into
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the FIFO as part of the character
when strip parity (RPR[3]) is negated

The parity bit of the received charac-
terwas notas expected. A parity error
does not affect the parity bit put into
the FIFO as part of the character
when strip parity (RPR|[3]) is negated

A SYN or other character received
with parity error is treated as a data
character. Thus, a SYN with parity er-
ror received while in SYN search state
will not establish character sync.
Characters received with parity error
while in the SYN search state will not
set the error bit.
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BOP,
LOOP

The last character of the | field did not
have the character length specified in
APAR{1.0]. The actual received char-
acterlength of this byte canbereadin
TRSR[2.0]. This bit is FIFOed with
the EOM character but TRSR[2:0] is
not. An exception occurs if the com-
mand to transfer the FCS to the FIFO
is active. Inthis case, the bitwill be Fi-
FOed with the last byte of the FCS,
i.e., with REOM. In the event that re-
sidual characters from two consecu-
tive frames are received and are both
in the FIFO, the length in TRSR{2:0}
applies to the last received residual
character.

Transmitter/Receiver Status
Register (TRSRA, TRSRB)

This register informs the CPU of transmitter
and receiver status. Bits indicated as notused
ina paritcular mode will read as zero, except for
bits [2:0], which may not be zero. The log-
ical-OR of bits [7:3] is presented in GSR([2] or
GSR[6] (ORed with the bits of RSR) for chan-
nels AandB, respectively. Unless otherwisein-
dicated, asserted status bits are reset only:

1. By performing a write operation to the sta-
tws register with the bits to be reset being
ones In the accompanying data word
[7:3].

2. When the RESETN input is asserted.

3. For[7:4], when a 'reset transmitter’ com-
mand is issued.

4. For [3:0], when a 'reset receiver' com-
mand is issued

5. For[2:0], see description in BOP mode.

Asserted status bits in [7:3] can be pro-
grammed to generate an interrupt  See IER

[7] Transmitter Empty — Indicates that the
transmitshiftregister has completed serializing
acharacter and found no other character to se-
rialize in the TxFIFO. The bitis not set untif at
leastone character fromthe transmit FIFO (not
including PAD characters in synchronous
modes) has been serialized. The transmitter
action after transmitter empty depends on op-
erating mode:

ASYNC The TxD output is held in the MARK
state until another character is loaded
into the TxFIFO. Normal operation
then continues

COP Action is specified by TPR[7 €].
BOP,  Action s specified by TPR[7 6].
LoorP
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[6]CTS Underrun (ASYNC/COP/BOP), Loop
sending (LOOP) —

ASYNC, This bitis set only if CTS enable Tx

COP, (TPR[2])is asserted. Itindicates

BOP  that the transmit shift register was
ready to begin serializing a character
and found the CTSN input negated.
In ASYNC mode, this bit will be reas-
sertedif cleared by the CPU while the
CTSN input is negated.

LOOP Asserted when the go active on poll
command has been invoked and an
EOP sequence has been invoked and
an EOP sequence has been de-
tecled, causing the transmitter to go
active by changing the EOP to a
FLAG (see Detailed Operation of
transmitter)

[5] Frame Complete (COP/BOP) —
ASYNC Notused

COP  Assertedatthe beginning of transmis-
sion of the end of message sequence
invoked by which is either a TEOM
command, or when TPR[4] = 1, or
TPR[7:6] = 00. The CPU can invoke
the TSOM command after this bit is
setto control the number of SYNs be-
tween transmitted frames.

BOP Assertedatthe beginning o transmis-
sion of the end of message sequence
which is invoked by either a TEOM
command, or when TPR[4] = 1, or
TPR[7'6) = 00. The CPU can invoke
the TSOM command after this bit is
set to control the number of FLAGs
between transmitted frames

In COP/BOP modes, the frame com-
plete status bit is set during the
next-to-last bit (on TxD pin} of the last
characterin the data/information field
In BOP mode, f a 1-bit residual char-
acter I1s selected through OMR|7 5],
then this bit s set dunng the
next-to-last bit (on TxD pin) of the last
fulllength character otthe information
field

[4] Send Break Ack (ASYNC)Send SOM
ACK (COP)/Send SOM-Abort Ack (BOP —

ASYNC Set when the transmitter begins
transmission of abreak in response to
the send break command. If the com-
mand Is reinvoked, the bit will be set
again at the beginning of the next
character time The user can control
the length of the break by counting
character imes through this mecha-
nism
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COP  Set when the transmitter begins
transmission of a SYN pattern in re-
sponse to the TSOM or TSOMP com-
mand. If the command is reinvoked,
the bit will be set again at the begin-
ning of the next transmitted SYN pat-
tern. The usercan control the number
of SYNs which are sent through this
mechanism

BOP Set when the fransmitter begins
transmission of a FLAG/ABORT in re-
sponse to the TSOM or TSOMP or
TABRK command. {fthe commandis
reinvoked, the bit will be set again at
the beginning of the next transmitted
FLAG/ABORT. The user can control
the number of FLAGs/ABORTs which
are sent through this mechanism.

[3] DPLL Error — Setwhile the DPLLis operat-
ingin FM mode to indicate that a data transition
was not detected within the detection window
for two consecutive bits and that the DPLL was
forced into search mode. This feature is dis-
abled when the DPLL is specified as the clock
source for the transmitter via TTR{6:4].

[2:0] Received Residual Character Length
(BOP) —

BOP This field should be examined to de-
termine the length of the last charac-
ter of the I field {character tagged with
REOM status bit) if RSR[0]is set toin-
dicate that the length was notequal to
the character length specified in
RPR[1:0]. This field is negated when
a reset receiver or disabled receiver
command is issued, or when the first
control character for the next frame of
datais in HSRL (see Figure 1). Care
must be taken to read TRSR[2-0] be-
fore these bits are cleared

[1] Receiver in Hunt Mode (COP) —

coP This bitis asserted after the receiver
is reset or disabled. It indicates that
the receiver 1s in the hunt mode,
searching the data stream for a SYN
sequence to establish character syn-
chronization. The bit is negated auto-
matically when character sync is
achieved.

[0] Receliver in Transparent Mode (BISYNC)

COP Indicates that a DLE-STX sequence
was received and the receiver is oper-
ating in BISYNC transparent mode.
Set wo bit times after detection of
STX in HSRL. See Figure 1 for re-

ceiver data path. Transparent mode
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operation is terminated and the bit is
negated automatically when one of
the terminators for transparent text
mode is received (DLE-ETX/ETB/
ITB/ENQ).

Input and Counter/Timer Status

Register (ICTSRA, ICTSRB)

This register informs the CPU of status of the

counter/timer and inputs. The legical-OR of

bits [6:4] is presented in GSR{3] or GSR[7} for

Channels A and B, respectively. Unless other-

wise specified, bits of this register are reset

only:

1. By performing a write operation to the sta-
tus register with the bits to be reset (ones
in the accompanying data word for bits
[6:4] only).

2. When the RESETN input is asserted (bits
{7:4]) only.

[7] Counter/Timing Running — Set when the
C/Tis started by start C/T command and reset
when itis stopped by a stop C/T command.

[6] Counter/Timer Zero Detect — Set when
the counter/timer reaches zero count, or when
the bit length measurement is enabled (CTCR
[2:0] = 011) and the RxD input has returned
High. The assertion of this bit causes an inter-
rupt to be generated it ICTCR[7] and the chan-
nel's master interrupt enable (ICR[ 1] or ICR[0])
are asserted.

[5] Delta DCD — The DCDinputis sampled ap-
proximately every 6.8|Ls using the 32X, 4800
baudoutputfrom the BRG. After synchronizing
with the sampling clock, at least two consecu-
tive samples at the same level are required to
establish the level. As a consequence, a
change of state at the DCD input, fasting at
least 17Lus, will set this bit. The reset circuitry
initializes the sampling circuits so thatachange
is not falsely indicated at power on time The
assertion of this bit causes an interrupt to be
generatedif[ER[7] and the channel's masterin-
terrupt enable (ICR[1] or ICR[0]) are asserted

[4] Delta CTS/LC — When not in loop mode,
the CTS input is sampled approximately every
6.814s using the 32X, 4800 baud outputform the
BRG. After synchronizing with the sampling
clock, at least two consecutive samples at the
same level are required to establish the level.
As a consequence, a change of state at the
CTSinput, lasting atleast 17[1s, will set this bit
The reset circuitry initializes the sampling cir-
cuits so that a change is not falsely indicated at
power on time. The assertion of this bit causes
an interrupt to be generated if IER[7] and the
channel's master interrupt enable (ICR[1] or
ICR[0]) are asserted.

October 30, 1990

In SDLC loop mode, this bit is set upon transi-
tions of the LC output. LC is asserted in re-
sponse 1o the ‘go on-loop’ command when the
receiver detects a zero followed by seven ones,
and negated in response to the 'go off-loop’
command when the receiver detects a se-
quence of eight ones.

[3:2] State of DCD and CTS — ICTSRx{3] re-
flects the state of the DCDxN input pin, while
ICTSRx[2] reflects the state of CTSxN. When
the bits are O, the inputs are High, when they
are 1, the pins are Low.

[1:0] Current State of GPI2 and GPI1 —
These fields provide the current state of the
channels general purpose input pins. The bits
valve are latched at the beginning of the read
cycle

Interrupt Vector Register (IVR)
and Modified Vector Register
(IVRM)

[7:0] Register Content — If ICR[2] = Q, the
contentof IVR register is output on the data bus
when the DUSCC has issued an interrupt re-
quest and the responding interrupt acknowl-
edge (IACKN) is received. The value inthe IVR
is initialized to H'OF on master reset I ‘vector
includes status’ is specified by ICR[2] = 1, bit
[2:0) or [4 2] (depending on ICR[3}). of the vec-
tor are modified as shown in Table 9 to indicate
the highest priority interrupt currently active
The priority is programmable through the ICR
This modified vector is stored in the IVRM
WhenICR[2] = 1, the content of the IVRMis out-
puton to the data bus on the interrupt acknowl-
edge. The vector s notmodified, regardless of
the value of ICR[2], if the CPU has not written
an initial vector into this register

Either the modified or unmoditied vector can
also be read by the CPU via a normal bus read
cycle (see Table 1) The vector value is locked
at the beginning of the IACK or read cycle unti
the cycle is completed |t no interruptis pend-
ing, an H'FF' is output when reading the IVRM
or the IVR

Interrupt Control Register (ICR)

[7:6] Channel A/B Interrupt Priority —
Selects the relative priority between Channels
A andB. The state of this bitdetermines the val-
ue of the interrupt vector (see Interrupt Vector
Register). The priority within each channel,
from highest to lowest, is as follows:
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0 Receiver ready.

1 Transmitter ready

2 Rx/Tx status.

3 External or C/T status.

00 Channel A has the highest priority.

The DUSCC interrupt priorities from
highest to lowest are as follows: A{0),
A(1), A(2). A(3). B(0), B(1), B(2). B(3).

01 Channel B has the highest priority.
the DUSCC interrupt priorities from
highest to lowest are as follows: B(0),
B(1), B(2), B(3), A(0), A(1), A(2), A(3).

10 Priorites are interleaved between
channels, butChannel A has the high-
est priority between events of equal
channel priority. The DUSCC inter-
rupt priorities from highest to towest
are as follows: A(0), B(0), A(1), B(1),
A(2), B(2), A(3), B(3)

" Priorities are interleaved between
channels, but Channel Bhas the high-
est priority between events of equal
channet priority. The DUSCC inter-
rupt pricrities from highest to lowest
are as foliows: B{0}, A(0), B(1), A(1),
B(2), A(2), B(3), A(3)

Table 8.  interrupt Status
Encoding
‘[‘;,F:]';", HIGHEST PRIORITY
(42] INTERRUPT CONDITION
000 Channel A receiver ready

001 Channel A transmitter ready

010 Channel A Rx/Tx status

on Channel A external or C/T status
100 Channel B receiver ready

101 Channel B transmitter ready

110 Channel B Rx/Tx status

111 Channel B external or C/T status

{5:4] Vector Mode — The value of this field de-
termines the response of the DUSCC when the
interrupt acknowledge (IACKN) is received
from the CPU.

00 Vectored mode. Upon interrupt

or acknowledge, the DUSCC locks its
01 current interrupt status until the end
or of the acknowledge cycle. {fithas an
10 active interrupt pending, it responds

with the appropnate vector and then
asserts DTACKN. If it does not have
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an interrupt, it propagates the ac-
knowledge through its X2/iDCN out-
put if this function is programmed in
PCRA[7]. Otherwise, the IACKN is ig-
nored. Locking the interrupt status at
the leading edge of IACKN prevents
a device at High position in the inter-
rupt daisy chain from responding to
an |ACK issued for alower priority de-
vice while the acknowledge is being
propagated to that device.

1 Non-vectored mode. The DUSCC ig-
nores an {ACK if one is received:; the
interrupt vector is not placed on the
databus. Theinternal interrupt status
is locked when a read of the IVR or
{VRMis performed. Exceptfor the ab-
sence of the vector on the bus, the
DUSCC performs as it does in vec-
tored mode — the vector s prioritized
and modified if programmed.

[3] Vector Bits to Modity — Selects which bits
ofthe vector storedin the [IVR are to be modified
to indicate the highest priority interrupt pending
in the DUSCC. See Interrupt Vector Register.

0 Modify bits 2:0 of the vector.
1 Modify bits 4:2 of the vector.

[2] Vector Includes Status — Selects wheth-
er the modified (includes status) {IVRM) or un-
modified vector (IVR) is output in response to
an interrupt acknowledge (see Interrupt Vector
Register).

[¢] Unmodified vector.

1 Modified vector.

[1] Channel A Master Interrupt Enable —

0 Channel A interrupts are disabled.

1 Channel A interrupts are enabled.
[0] Channel B Master Interrupt Enable —

0 Channet B interrupts are disabled

1 Channel B interrupts are enabled.
General Status Register (GSR)
This register provides a ‘quick look' at the over-
all status of both channels of the DUSCC. A
write to this register with 1s at the correspond-
ing bit positions causes TxRDY (bits 5 and 1)
and/or RxRDY (bits 4 and 0) to be reset. The

other status bits can be reset only by resetting
the individual status bits that they point to.

[7] Channel B External or Coutnet/Timer
Status — This bit indicates that one of the fol-
lowing status bits is asserted: ICTSRB([6:4]
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{6] Channel B Receiver or Transmiltter
Status — This bit indicates that one of the fol-
lowing status bits is asserted: RSRB[7:)},
TRSRB[7:3].

{5] Channel B Transmitter Ready — The as-
sertion of this bit indicates that one or more
characters may be loaded into the Channel B
transmitter FIFQ to be serialized by the transmit
shiftregister. See description of OMR[4]. This
bit can be asserted only when the transmitter is
enabled. Disabling or resetting the transmitter
negates TxRDY.

{4] Channel B Receiver Ready — The asser-
tion of this bit indicates thatone ormore charac-
ters are available in the Channel B receiver
FIFO to be read by the CPU. See description
of OMR[3]. RxRDY is initially reset (negated)
by a chip reset or when a ‘reset Channel B re-
ceiver’ command is invoked.

[3] Channel A External or Counter/Timer
Status — This bitindicates that one of the fol-
lowing status bits is asserted: ICTSRA[6.4].

[2] Channel A Recelver or Transmitter Sta-
tus— This bitindicates that one of the following
status  bits is asserted: RSRA[7.0],
TRSRA([7:3].

[1] Channel A Transmitter Ready — The as-
sertion of this bit indicates that one or more
characters may be loaded into the Channel A
transmitter FIFO to be serialized by the transmit
shift register. See description of OMR[4]. This
bit can be asserted only when the transmitter is
enabled. Disabling or resetting the transmitter
negates TxRDY.

[0] Channel A Receiver Ready — The asser-
tion of this bitindicates that one or more charac-
ters are available in the Channel A receiver
FIFQ to be read by the CPU  See description
of OMR[3]. RxRDY s initially reset (negated)
by a chip reset or when a ‘reset Channel A re-
ceiver’ command is invoked

Channel Command Register (CCRA,
CCRB) — Commands to the DUSCC are en-
tered through the channel command register
The format of that register is shown in Table 9
A read of this register returns the last invoked
command (with bits 4 and 5 setto 1).

Transmitter Commands

0000  Resettransmitter. Causes the trans-
mitter to cease operation immediate-
ly. The transmit FIFQO is cleared and

the TxD output goes into the marking
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0001

0010

0011

0100

state Also clears the transmitter sta-
tus bits (TRSR(7:4]) and resets the
TxRDY status bit (GSR[1] or GSR[5]
for Channels A and B, respectively)
The counter/timer and other registers
are not affected.

Resesttransmit CRC. This command
is appended to and FIFOed along with
the next character loaded into the
transmit FIFO. itcauses the transmit-
ter CRC generator to be reset toits ini-
tial state prior to beginning
transmission of the appended charac-
ter.

Enabletransmitter. Enables transmit-
ter operation, conditioned by the state
of the CTS ENABLE Tx bit, TPR[2]
Has no eflect if invoked when the
transmitter has previously been en-
abled.

Disable transmitter. Terminatestrans-
mitter operation and places the TxD
outputin the marking state at the next
occurrence of a transmit FIFO empty
condition. All characters currently in
the FIFO, or any foaded subsequently
prior to attaining an empty condition,
will be transmitted.

Transmit start of message. Used in
COP and BOP modes to initiate trans-
mission of a frame after the transmit-
teris firstenabled, prior to sending the
contents of the FIFO. Can also be
used to precisely control the number
ot SYN/FLAGSs at the beginning of
transmission or in between frames.

When the transmitter is first enabled,
transmission will not begin untill this
command (or the transmit SOM with
PAD command, see below) s issued.
The command causes the SYN
(COP) or FLAG (BOP) pattem to be
transmitted SEND SOM ACK
{TRSR[4))is setwhen transmission of
the SYN/FLAG begins. The CPU
may then reinvoke the command if
multiple SYN/FLAGs are to be trans-
mitted. Transmission of the FIFO
characters begin when the command
is no longer invoked. if the FIFO is
empty, SYN/FLAGs continue to be
transmitted until a character is loaded
into the FIFO, but the status bit
(TRSR[4]) is not set. [nsertion of
SYN/FLAGSs between frames can be
accomplished by invoking this com-
mand after the frame complete status
bit(TRSR(5]) has beenassertedin re-
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0101

0110

o

sponse to transmission of the end-of
message sequence.

Transmit start of message with open-
ing PAD. Used in COP and BOP
modes after the transmitter is firsten-
abled to send a bit pattern for DPLL
synchronization prior to transmitting
the opening SYN (COP) or FLAG
(BOP). the SYN/FLAG is sent at the
next occurrence of a transmit FIFO
empty condition. All characters cur-
rently in the FIFO, or any loaded sub-
sequently prior te attaining an empty
condition, will be transmitted. While
the PAD characters are transmitted,
the character length is set to 8 bits,
(regardiess of the programmed
length), and parity generation (COP),
zero insertion (BOP) and LRC/CRC
accumulation are disabled SEND
SOM ACK (TRSR[4]) is set when
transmission of the SYN/FLAG be-
gins. The CPU may then invoke the
transmit SOM command i multiple
SYN/FLAGS are io be transmitted.

The TSOM/TSOMP commands, de-
scribed above, are sampled by the
controller in alternate bit times of the
transmitter clock. As a consequence,
the first bit time of a COP/BOP frame
wilt be transmitted on the TxD pin, af-
ter a maximum of three bit times, after
the command is issued. (The addi-
tional 1-bit delay in the data path is
due to the data encoding logic.)

Transmitend-of-message. This com-
mand is appended to the nextcharac-
ter loaded into the transmit FIFO. it
causes the transmitter to send the
end-of message sequence (selected
FCS in COP modes, FCS-FLAG in
BOP modes) after the appended
character is transmitted. Frame com-
plete (TRSR(5)) is set when transmis-
sion of the FCS begins. This
command is also asserted automati-
callyifthe TEOMon zero countorone
control bit (TPR([4]) is asserted, and
the counter/timer is programmed to
count transmitted characters when
the character which causes the count
togo to zerois loadedinto the transmit
FIFO. TEOM is not recognized if the
transmitter FIFO is full.

Transmit Abort BOP/Transmit Break
ASYNC. In BOP modes, causes an
abort (eight ones) to be transmitted
after transmission of the character
currently in the shift register is com-
pleted. The transmitter then sends
MARKSs or FLAGs depending on the
state of underrun control (TPR([7:6]).
Send SOM/abortack (TRSR[4])is set
when the transmission of the abort
begins. If the command is reasserted
before transmission of the previous
ABORT is completed, the process will
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1000

1001

1010

1011

be repeated. This can be used to
sendtheidle sequence. The ‘transmit
SOM' command must be used to initi-
ate transmission of a new message.
In either mode, invoking this com-
mand causes the transmit FIFO to be
flushed (characters are not trans-
mitted).

In ASYNC mode, causes a break
(space) to be transmitted after trans-
mission of the character currently in
the shift register is completed. Send
break ack (TRSR[4]) is set when the
transmission of the break begins. The
transmitter keeps track of character
times. If the command is reasserted,
sendbreak ack will be set again atthe
beginning of the next character time.
The user can use this mechanism to
control the length of the break in char-
acter tme multiples. Transmission of
the break is terminated by issuing a
‘reset Tx or ‘disableTx' command.

Transmit DLE. Used in COP modes
only. This command is appended to
and FIFOed with the next character
loaded into the transmitter FIFO. It
causes the fransmitter to send a DLE,
(EBCDIC H'10", ASCI H'10') prior to
transmitting the appended character.
If the transmitter is operating in Bl-
SYNC transparent mode, the trans-
mitter control logic automatically
causes a second DLE to be trans-
mitted whenever a DLE is detected at
the top of the FIFO. In this case, the
TDLE command should not be in-
voked. An extra (third) DLE, however,
will not be sent if the transmit DLE
command is invoked.

Go active on poll. Used in BOP loop
mode only Causes the transmitter, if
it is enabled, to begin sending when
an EOP sequence consisting of a
zero followed by seven ones is de-
tected The last one of the EOP s
changed to zero making it another
FLAG, and then the transmitter oper-
ates asdescribedin the detailed oper-
ation section. The loop sending
status bit (TRSR[6]) is asserted con-
current with the beginning of trans-
mission.

Reset go active on poll. Clears the
stored 'go active on poll' command.

Go on-loop. Used in BOP loop made
to control the assertion of the LCN
output. This oulput provides the
means of contralling external loop in-
tertace hardware to go on-loop and
oft-loop. When the command is as-
serted, the DUSCC will look forthe re-
ceipt of a zero followed by seven
ones, at which time it will assert the
LCN outputand setthe delta DCD/LC
status bit ({ICTSR[4]}) This allows the
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1100

1101

DUSCC to break into the loop without
affecting loop operation. This com-
mand must be used to initiate loop
mode operation.

Go off-loop. Used in BOP loop mode
to control the negation of the LCN out-
put. This output provides the means
of controlling external oop interface
hardware to go on-loop and off-ioop.
When the command is asserted, the
DUSCcwill ook for the receipt of eight
contiguous ones, at which time it will
negate the LCN output and set the
delta DCD/LC status bit (ICTSR[4]).
This allows the DUSCC to get off the
loop operation. This commandis nor-
mally used o terminate loop mode
eperation.

Exclude from CRC. This command is
appended to and FiIFOed along with
the next character loaded into the
transmit FIFO. it causes the transmit-
ter CRC generator to be disabled
while the appended characteris being
transmitted. Thus, that character is
not included in the CRC accumula-
tion.

Receiver Commands

0000

0001
0010

Reset Receiver. Causes the receiver
to cease operation, clears the receiv-
er FIFO, clears the data path, and
clears the receiver status (RSR(7.0},
TRSR[3.0], and either GSR[0] or
GSR{4] for Channels Aand B, respec-
tively). The counter/timer and other
registers are not affected.

Reserved.

Enable receiver. Causes receiver op-
eration 1o begin, conditioned by the
state of the DCD ENABLED Rx bit,
RPR{2] Receiver goes into START,
SYN, or FLAG search mode depend-
ing on channel protocol mode. Has no
effect if nvoked when the receiver
has previously been enabled.

Disable receiver. Terminates opera-
tion of the receiver. Any character
currently being assembledwill belost.
Does not affect FIFO or any status.
While in COP mode, disabling the re-
ceiver does not clear the data path; in
all other cases, it does.

Counter/Timer Commands

0000

0001

Start. Starts the counter/timer and
prescaler.

Stop. Stops the counter/timer and
prescaler. Since the command may
be asynchronous with the selected
clock source, the counter/timer and/
or prescaler may count one or more
additional cycles before stopping.
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0010  Presetto FFFF. Presets the counter the value 15 and the clock outputwill 0001 Disable DPLL. Disables operation of
timer to H'FFFF' and the prescaler to be forced Low. The counter will be the DPLL.
its initial value. This command disabled unlil a transition on the data
causes the C/T output to go Low. line is detected, at which point it will 0010 ?’?A' ihgdhgog?o:;t:ﬁ?: ?)Zé‘:j’ 2;2‘:
0011 Presetirom CTPRH/GTPAL. Trans- start incrementing.  Adter the countar FMO, FM1, or Manchester (NMRZ) is
fers th L value in th ter/ reaches a count of 31, it will reset to solected by CMR1[7:6]
t?r;ser e ;:"er:;? v?e;?sgrs e fgun:,re zero and cause the clock output to go 4 -
. from Low to High. The DPLL wilithen 0011 SetNRZI Mode. Sets the DPLL tothe
:Il;r:t?;n::"ei;i:n? prlizels_rt:; zgii continue normal operaton. This al- NRZI mode of operation, used when
nd S tﬁ Vé/.r | Ut t lows theDPLL to be iocked onto the NRZ or NRZI is selected by
E‘a causes the LT oulpul 1o go data without pre-frame transitions. CMR1[76].
OW. This command should not be used if 0100  Reserved for test
N i |
Digital Phase-Locked Loo the DPLL is programmed to supply
Cc?mmands P the dlock far the transmitter is active. 0101 Reserved for test.
0000  Enter Search Mode. This command
causes the DPLL counter to be setto
Table 8. Command Register Bit Format
CHANNEL COMMAND REGISTER
BIT?7 I BIT6 BIT S BIT4 BIT 3 BIT 2 BIT 1 [ BITO
(CCRA, CCRB) Transmitter Command
0000 — reset Tx
0001 — reset TxCRC"
0010 —  enable Tx
0011 — disable Tx
0100 — transmit SOM (TSOM)
0101 —  transmit SOM with PAD (TSOMP)
00 = don't don't 0110 —  transmit EOM (TEOM)~
Transmitter CMD care care 0111 —  transmit ABORT/BREAK (TABRK)
1000 — transmit DLE (TDLE)*
1001 — go active on poll
1010 —  reset go active on poll
1011 —  go on-loocp
1100 —  go off-loop
1101 —  exclude form CRC*
Receiver Command
0000 — reset Rx
01 = don't don't 0001 — reserved
Receiver CMD care care 0010 — enable Rx
0011 — disable Rx
Counter/Timer Command
0000 —  stant
10 = don't don't 0001 — stop
C/T CMD care care 0010 — presetto FFFF
0011 —  preset from CTPRH/CTPRL
DPLL Command
0000 —  enter search mode
0001 — disable DPLL
1= don't don't 0010 — set FMmode
DPLL CMD care care 0011 — set NRZI mode
0100 — reserved for test
010t — reserved for test

October 30, 1990

323




Philips Components—Signetics Data Communication Products

Product Specification

Dual universal serial communications controller (DUSCC)

SCN68562

DETAILED OPERATION

Interrupt Controt

A single interrupt output (IRQN) is provided
which is activated upon the occurrence of any
of the following conditions:

Channel A external or C/T special condition
Channel B external or C/T speciat condition
Channel A Rx/Tx error or special condition
Channel B Rx/Tx error or special condition
Channel A TxRDY

Channel B TxRDY

Channel A RxRDY

Channel B RxRDY

Each of the above conditions occupies a bitin
the General Status Register (GSR) I ICR[2]
is set, the eight conditions are encoded into
three bits which are inserted into bits [2:0] or

[4-2] of the interrupt vector register. This forms

the content of the IVRM during an interrupt ac-

knowledge cycle. Unmodified and modified
vectors can read directly through specifiedreg-
isters. Two of the conditions are the inclusive

OR of several other maskable conditions:

— External or C/T special condition: Delta
DCD, Delta CTS or C/T zero count
(ICTSR[64]).

~ Rx/Tx error or special condition: any condi-
tion in the Receiver Status Register
(RSR([7:0]) or a transmitter or DPLL condi-
tion in the Transmitter and Receiver Status
Register (TRSR[7:3]).

The TxRDY and RxRDY conditions are defined
by OMR[4] and OMR[3], respectively. Also as-
sociated with the interrupt system are the Inter-
rupt Enable Register (IER). one bit in the
Counter/Timer Control Register (CTCR). and
the Interrupt Control Register (ICR).

The IER is programmed to enable specified
conditions ar groups of conditions to cause an
interrupt by asserting the corresponding bit A
negated bit prevents an interrupt from occur-
ring when the condition is active and hence
masks the interrupt. In addition to the IER,
CTCR(7] could be programmed to enable or
disable an interrupt upon the C/T zero count
condition. The interrupt priorities within a chan-
nel are fixed. Priority between channels is con-
trolled by ICR[7:6]. Refer to Table 8 and
ICR[7:6].

The ICR contains the master interrupt enables
for each channel (ICR[1] andICR[0]) which
must be set if the corresponding channel is to
cause an interrupt. The CPU vector mode is
specified by ICR[5:4] which selects either vec-
tored or non-vectored operation. It vectored
mode is selected, the content of the IVR or
IVRM is placed on the data bus when IACK i1s
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activated. If ICR[2]is set, the content of IVRM
is output which contains the content of IVR and
the encoded status of the interrupting condi-
tion

Upon receiving an interrupt acknowledge, the
DUSCC locks its current interrupt status until
the end of the acknowledge cycle. Ifithas an
active interrupt pending, it responds with the
appropriate vector and then asserts DTACKN

Ifitdoes nothave an interrupt, it propagates the
acknowledge through its X2/IDCN output if this
functionis programmed in PCRA[7); otherwise,
the IACKN is ignored. Locking the interrupt sta-
tus atthe leading edge of IACKN prevents ade-
vice at a High position in the interrupt daisy
chain from responding to an IACK issued for a
lower priority device while the acknowledge is
being propagated to that device.

DMA Control

The DMA control section provides the interface

to allow the DUSCC to operate with an external

DMA controller. One of four modes of DMA can

be programmed for each channel independent-

ly via CMR2{5"3]:

— Half-duplex single address. In this mode, a
single pin provides both DMA read and
write requests Acknowledgement of the
requests is via a single DMA acknkowledge
pin. The data transfer is accomplished in a
single bus cycle — the DMA controller
places the memory address of the source
or destination of the data on the address
bus and then issues the acknowledge sig-
nal, which causes the DUSCC to either
write the data into its transmit FIFO (write
request) or to output the contents of the top
of the recieve FIFO (read request). The
cycle is completed when the DTCN inputis
asserted by the DMA controller This mode
can be used when channel operation is
half-duplex (e g.. BISYNC) and allows a
single DMA channel to service the receiver
and transmitter. The recewver and trans-
mitter should not be enabled at the same
time when half-duplex mode is pro-
grammed

Half-duplex dual address. In this mode, a
single pin provides both DMA read and
write requests. Acknowiedgement of the
requests is via normal bus read and write
cycles. The data transfer requires two bus
cycles — the DMA controller acquires the
data from the source {memory for a Tx
DMA or DUSCC for a Rx DMA) on the first
cycle and deposits it at the destination
(DUSCC for a Tx DMA or memory for a Rx
DMA) on the second bus cycle This mode
1s used when channel operation is hal{-du-
plex (e.g.. BISYNC) and allows a single
DMA channel to service the receiver and
transmitter.
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— Full-duplex single address. This mode is
similar to half-duplex single address mode
but provides separate request and ac-
knowledge pins for the receiver and trans-
mitter.

— Full-duplex dual address. This mode is
similar to half-duplex dual address mode
but provides duplex dual address made
and provides separate request pins for the
receiver and transmitter

Figures 4 through 7 describe operation of the
DUSCC in the various DMA environments.
Table 10 summanzes pins used for the DMAre-
quest and acknowledge function for the trans-
mitter and receiver for the different DMA
maodes.

The DMA request signals are functionally iden-
tical to the TxRDY and RxRDY status signals
for each serial channel except that the DMA re-
quest signals are negated on the leading edge
of the acknowledge signal when the subse-
quent transfer causes the FIFO to become full
{transmitter request} or empty (receiver re-
quest)

Innon-DMA operation TxRDY and RxRDY sig-
nals are automatically negated only after the
transfer is completed. The DMA read request
can be programmed through OMR[3] be as-
serted either when any character is in the re-
ceive FIFO or only when the receive FIFO is
full. Likewise, the DMA write request can be
programmed through OMR[4] to be asserted
either when the transmit FIFO is not full or only
when the transmit FIFO is empty (The transmit-
ter must be enabled fora OMA requesttobe as-
serted) The request signals are automatically
negated when the respective data transfer
cycle is completed and the FIFO becomes full
{transmitter request) or empty (receiver re-
quest) f atransferis completed andthe FIFO
15 not left full (transmitter) or empty (receiver),
the request stays Low. Therequestmay be ne-
gated by the CPU with a status reset write
cycle. {Although DONEN terminates all DMA
transfers, it has no effect on the requests. The
requests are a function of the FIFO status, but
they can be negated by writing into the GSR.)
When the serial channel is not operating in
DMA mode, the request and acknowledge pins
for the channel can be programmed for other
functions (see Pin Descriptions).

DMA DONEN Operation

As an input, DONEN s asserted by the DMA
controller concurrent with the corresponding
DMA acknowledge to indicate to the DUSCC
that the character being transferred into the
TxFIFQis the lastcharacter of the transmission
frame Insynchronous modes, the DUSCC can
be programmed through TPR([4] to automat-
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cally transmit the frame termination sequence
{e.g..FCS-FLAG in BOP mode) upon receiptof
this signal.

As an output, DONEN is asserted by the

DUSCC under the following conditions:

a. Inresponse to the DMA acknowledge for
a receiver DMA request if the FIFOed RE-
CEIVED EOM status bit (RSR[7]) is set
for the character being transferred

b. inresponse to the DMA acknowledge for
a receiver DMA request if the counter/tim-
er has been programmed to count trans-

mitted characters and the terminal count
has occurred.

Block Transfers Using DTACK

The DTACKN line may be usedto synchronize
data transfers to and from the DUSCC utilizing
a‘wait’ state. Either the receive or the transmit-
ter or both may be programmed for this mode
of operation, independently for each channel,
via CMR2{5:3].

In this mode, if the CPU attempts a write to the
transmit FIFO and an empty FIFO position is

not available, the DTACKN line will remain ne-
gated until a position empties. The data will
then be written into the FIFO and DTACKN will
be asserted to signify that the transfer is com-
plete.

Similariy, a read of an empty receive FIFO wilt
be held off until data is available to be trans-
ferred. Potentially, this mode can cause the mi-
crocomputer system to hang up if, for example,
a read request was made and no further data
was available

Table 10. DMA REQ and ACK Pins for Operational Modes
HALF DUPLEX HALF DUPLEX FULL DUPLEX FULL DUPLEX
FUNCTION SINGLE ADDR DUAL ADDR SINGLE ADDR DUAL ADDR
DMA DMA DMA DMA

RCVR REQ RTxDRQN RTxDRQN RTxDRQN RTxDRQN

TRAN REQ Same as RCVR REQ Same as RCVR REQ TxDRQN TxDRQN

RCVR ACK RTxDAKN Normal read RCVR FIFO | RTxDAKN Normal read RCVR FIFO
TRAN ACK Same as RCVR ACK Normal write TRAN FIFO | TxDAKN Normal write TRAN FIFO

Timing Circuits

The timing block for each channel consists of a
crystal oscillator, a Bit Rate Generator (BRG),
a Digital Phase-Locked Loop (DPLL) and a
16-bit Counter/Timer (C/T) (see Figure 8).

Crystal Oscillator

The crystal oscillator operates directly trom a
crystal (normally 14.7456MHz i the internal
BRG is to be used) connected across the
X1/CLK and X2/IDCN pins with a minimum of
external components. Ifan external clock of the
appropriate frequency is available, it may be
connected to the X1/CLK pin. This signal is di-
vided by two to provide the internal system
clock.

Bit Rate Generator

The BRG operates from the oscillator or exter-
nal clock and is capabie of generating 16-bit
rates. These are available to the receiver,
transmitter, DPLL, and C/T. The BRG outputis
at 32X the base bitrate Since all sixteen rates
are generated simultaneously, each receiver
and transmitter may selectits bit rate indepen-
dently. The transmitter and receiver timing reg-
isters include a 4-bit field for this purpose
(TTR([3:0], RTR[3:0)).

Digital Phase-Locked Loop

Each channel of the DUSCC includes a DPLL
usedin synchronous modes to recover clock in-
formation from a received data stream. The
DPLL is driven by a clock at nominally 32 times
the data rate. This clock can be programmed,
via ATR|7:4], to be supplied from an external in-
put, from the receiver BRG, from the C/T, or di-
rectly from the crystal oscillator.

The DPLL uses this clock, along with the data
stream to construct a data clock which may
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then be used as the DUSCC receive clock,
transmit clock, orboth. The outputof the DPLL
is a square wave at 1X the data rate. The
derived clock can also be programmed to be
outputon a DUSCC pin; only the DPLL receiver
output clock is available at the TRxC pin. Four
commands are associated with DPLL opera-
tion: Enter search mode, set FM mode, set
NRZI mode, and disable DPLL. The com-
mands are describedin the Command Register
Description. Waveforms associated with the
DPLL are illustrated in Figure 9.

DPLL NRZI Mode Opetation — This mode is
used with NRZ and NRZI data encoding. With
this type of encoding, the transitions of the data
stream occur at the beginning of the bit cell
The DPLL has a six-bit counterwhich is increm-
ented by a 32X clock The first edge detected
during search mode sets the counter to 16 and
begins operation. The DPLL output clock then
rises at a count of 0 and falls at 16. Data is
sampled on the rising edge of the clock. When
atransition in the data stream is detected, the
count length is adjusted by one or two counts,
depending on the counter value when the tran-
sition oceurs (see Table 11). A transition detec-
tion at the roll-over point {third column in Figure
11) is treated as a transition occurring at zero
count.

The count length adjustments cause the rising
edge of the DPLL output block to converge to
the nominal center of the bit cell. In the worst
case, which occurs when a DPLL pulse is ¢coin-
cident with the data edge, the DPLL converges
after 12 data fransitions.

For NRZ encoded data, a stream of alternating
ones and zeros should be used as a synchro-
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nizing pattern. For NRZ! encoded data, a
stream of zeros should be used.

Table 11. NRZI Mode Count
Length
COUNTER
counT when | GOUNT. | “peseT
TRANSITION | LENGTH | apTER
peTecTeD | ADIIST | count
REACHES
0—-7 -2 29
8— 15 -1 30
16 — 23 .1 32
24 — 30 .2 33
None detected 0 31

DPLL FM Mode Operation — FM operation is
used with FMO, FM1, and Manchester data en-
coding. With this type of encoding, transitions
in the data stream always occur at the begin-
ning of the bit cell for FMO and FMt, or at the
center of the bit cell for Manchester. The DPLL
6-bit counter is incremented by a 32X clock
The first edge detected dunng search mode
sets the counter to 16 and begins operation.
The DPLL receiver clock then nises on a count
of 8 and falls on 24. (The DPLL transmitter
clock output falls on a count of 16. It rises on
acountofQif atransition has been detected be-
tween count of 16 and 23. For other cases, it
rises 1/2 count of the 32X input clock sooner.)
This provides a 1X clock with edges positioned
at the nominal centers of the two halves of the
bit cell. The transition detection circuit is en-
abled between counts of 8 and 23, inclusive.
When a transition is detected, the count length
is adjusted by one, depending on when the
transition occurs (see Table 12)
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If a transition is not detected for two consecu-
tive data bits, the DPLL is forced into search
mode and the DPLL error status bit (TRSR[3])
is asserted. This feature is disabled when the
DPLL output is used only as the transmitter
clock.

To prevent the DPLL from locking on the wrong
edges of the data stream, an opening PAD se-
quence should be transmitted. For FMO, a
stream of atleast 16 ones should be sentinitial-
ly. For FM1, a minimum stream of 16 zeros
should be sent and for Manchester encoding
the initial data stream should consist of alter-
nating anes and zeros

Table 12. FM Mode Count

Length
COUNTER
CounTwHeN | COUNT | “gesET
TRANSITION ADJUST- AFTER
DETECTED MENT COUNT
REACHES
8 — 15 -1 30
16 — 23 +1 32
24—7 Disabled
None detected 0 31
Counter/Timer

Each channel of the DUSCC contains a Coun-
ter/Timer (C/T) consisting of a 16-bit down
counter, a 16-bit preset register, and asso-
ciated control circuits. Operation of the coun-
ter/timer is programmed via the Counter/Timer
Cantrol Register (CTCR). There are also four
commands associated with C/T operation, as
described in the Command Description sec-
tion.
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The C/T clock source, clock prescaling, and op-
erating mode are programmed via CTCR[2:0}.
CTCRI[4:3]. and CTCR[6], respectively. The
preset register is loaded with minimum of 2 by
the CPU and its contents can be transferred
into the down counter by a command, or auto-
matically upon reaching terminal count if
CTCR[6] is negated. Commands are also
available to stop and start the C/T and to preset
it to an initial value of FFFF. Counting is trig-
gered by the talling edge of the clocking input.
The C/T zero count status bit, ICTSR[6], is set
when the C/T reaches the terminal count of
zero and ICTSR(7] indicates whether the
counter is currently enabled or not.

An interrupt is generated upon reaching zero
countif CTCR[7] and the channel's master in-
terrupt enable are asserted. The output of the
C/T can be programmed to be output on the
channel's RTxC or TRxC pin (via PCR[40)) as
erther a single pulse or a square wave. as pro-
grammedin CTCR[5] The contents ot the C/T
canbe read atany time by the CPU, butthe C/T
should normally be stopped before this is done

Several C/T operating modes can be selected
by programming of the counter/timer control
register. Typical applications include

1. Programmable divider. The selected
clock source, optionally prescaled, is di-
vided by the contents of the preset regis-
ter. The counter automatically reloads
itself each time the terminal count is
reached. In this mode, the C/T may be
programmed to be used as the Rx or Tx
bit rate generator, as the input to the
DPLL. or it may be output on a pin as ei-
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ther a pulse or a square wave. The C/T
interrupt should be disabled in this mode

2. Periodic interrupt generater. This mode is

similar to the programmable divider mode,
except that the C/T interrupt is enabled,
resulting in a periodic interrupt to the
CPU.

3 Delay timer The counter is preset from

the preset register and a clock source,
optionally prescaled, is selected. An in-
terrupt is generated upon reaching termi-
nal count The C/T continues counting
without reloading itself and its contents
may be read by the CPU to allow addi-
tional delay past the zero count to be de-
termined.

4, Character counter. The counter is preset
to FFFF by command and the clock
source becomes the internal signal used
to control loading of the Rx or Tx charac-
ters. This operaton Is selected by
CTCR{[2.0]). The C/T counts characters
loaded into the RxFIFQ by the receiver or
loaded into the transmit FIFO by the CPU
respectively. The current character count
can be determined by the CPU by reading
the contents of the C/T and taking its
ones comptement. Optionally, a preset
number may be loaded into the counter
and an interrupt generated when the
count is exhausted. When counting Tx
characters, the terminal count condition
can be programmed through TPR{4] to
cause an end of message sequence to be
transmitted. When counting received
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characters, the FIFOed EOM status bit is
asserted when the character which
causes the count to go to zero is loaded
into the receive FIFO. The channel's 're-
set Tx’ or ‘reset Rx' commands have no
effect on the operation of the C/T.

. External event counter. The counter is
preset to FFFFF by command and an ex-
temal clock source is selected. The cur-
rent count can be determined by the CPU
by reading the contents of the C/T and
taking its ones complement. Optionally, a
preset number may be loaded into the

counter and an interrupt generated when
the count is exhausted.

. Bitlength measurement. The counter is

preset to FFFF by command and the
X1/CLK/4 clock input gated by RxD mode
(optionally prescaled) is programmed.
The C/T starts counting when RxD goes
Low and stops counting when RxD goes
High. At this time, ICTSR[6] is set and an
interrupt (if enabled) is generated. The
resulting count in the counter can be read
by the CPU to determine the bit rate of

the input data Normally this function is
used for asynchronous operation.

Communication Channels A

and B

Each communication channe! of the DUSCC is
a full-duplex receiver and transmitter that sup-
ports ASYNC, COP, and BOP transmission for-
mats. The bit rate clock for each receiver and
transmitter can be selected independently to
come from the bit rate generator, C/T, DPLL, or
an external input (such as a modem generated
clock).

TRANSMITTER AND RECEIVER STATUS REGISTER A (TSRSRA)

crs
UNDER| FRAMH]
Non [UNDER] ok ppLL | x X x
AUN
INPUT AND C/T STATUS REGISTER A (IGTSRA) RECEIVER STATUS REGISTER A (RSRA)
A A
et | o7 |oco | oco| « « . OVR [sHORT
RUNN| -0 ERAQAFRAME
—
]
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icTsRal7 3,0R
GENERAL STATUS REGISTER rADYB|RROYB['CISAAIZ J0R) tRoval AROYA
- - Co - °
l 32 0
4 —_— -

ictsre|  |icTsRe TRSRB asrB | Rsme | Rsra | RsrB | |icTsral |icTsRa TRSRA RsRA | Rsra | AsAa | RsAa
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ENC ooR w2 ] VECTOR
10 CPU

Figure 3. Interrupt Control and Status Register
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Figure 4. TransmitterDMA Request Operation —
Single Address Mode
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TRANSMITTER

Transmitter TxFIFO and TxRDY

The transmitter accepts paralle! data from the
data bus and loads it into the TxFIFO, which
consists of four 8-bit holding registers. This
datais then movedto the Transmitter Shift Reg-
ister (TxSR) which serializes the data accord-
ing to the transmission format programmed.
The TxSRis loaded from the TxFIFO, from spe-
cial character logic, or from the CRC/LRC gen-
erator. The LSB is transmitted first, which
requires right justification of characters by the
CPU. TxRDY (GSR[5] or GSR[1]) and under-
run (TRSR[7)) indicate the state of the TxFIFO.
The TxFIFO may be addressed at any of four
consecutivelocations (see Table 1) to allow use
of multiple bytework instructions Awrite to any
valid address always writes data to the next
empty FIFO location.

TxRDY is set when the transmitter is enabled
and there is an empty position in the TxFIFO
{OMRI[4] = 0) or when the TxFIFO becomes
empty (OMR[4] = 1). The CPU may reset
TxRDY through a status resetwrite cycle. !f this
is done, itwill not be reasserted until a character
is transferred to the TxST (OMR[4] = 0) or when
the TxFIFO becomes empty again (OMR[4] =
1). The assertion of TxRDY, enabling of the IER
[6]andthe enabling of the channel masterinter-
rupt ICR[0] or [ 1} allow an interrupt to be gener-
ated.

It DMA operation is programmed, either
RTxDRN (half-duplex) or TxDRQN (full-du-
plex) follows the state of TxRDY if the transmit-
ter is enabled. These operations differ from
normal ready in that the request signal is ne-
gated on the leading edge of the DMA acknowl-
edge signal when the subsequent transfer
causes the transmit FIFO to become full, while
the TxRDY signal is negated only after the
transter is completed. Underrun status TRS|7)
set indicates that one or more data character
(not PAD characters) have been transmitted
and the TxFIFO and TxSR are both empty.

In"waiton Tx', awrite to a full FIFO causes the
write cycle to be extended until a FIFO position
is available. DTACKN is asserted to acknowl-
edge acceptance of the data. In non-wait
modes, if an attempt is made to load data into
a full TxFIFO, the TxFIFO data is preserved
and the overrundatacharacter(s)is fost Anor-
mal DTACKN will be issued, and no indication
of this occurrence is provided. The transmitter
is enabled by the enable transmitter command.
When the disable transmitter command is is-
sued, the transmitter continues to operate until
the TxFIFO becomes empty. The TxRDY does
not become valid until the transmitter is en-
abled. Characters can be loaded into the FIFO
while disabled. However, if the FIFO is full
when the transmitter is enabled, TxRDY is not
asserted.
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TxRTS Control
If TXRTS CONTROL, TPRI3], is programmed,
the channel's RTS outputis negated 5-bit times
after the last bit (stop bitin ASYNC mode) of the
last character is transmitted. RTS is normally
asserted and negated by writing to OMR[0]
Setting of TPR([3} causes RTS to be reset auto-
matically (if the transmitter is not enabled) after
all characters in the transmitter FIFO (it any)
are transmitted and five bit times after the ‘fast
character' is shifted out. This feature can be
used to automatically terminate the transmis-
sion of a message as follows:

— Program auto-reset mode: TPR[3] = 1.

— Enable transmitter.

— Assert RTSN: OMRI[0} = 1.

— Send message.

— Disable transmitter after the last character
is loaded into the TxFIFO.

— The last character will be transmitted and
OMR(0] will be reset five bit times after the
last bit, causing RTSN to be negated. The
TxD output will remain in the marking state
unti the transmitter is enabled again.

The ‘lastbit in ASYNC is simply the last stop bit
of the character. In BOP and COP, the last
character is defined either explicitly by either
appending it with TEOM or implicitly through
the selection of the frame underrun control se-
quence, TPR[7:6] (Transmitter Parameter
Register). Table 13 summarizes the relation-
shipofthe selected underrun sequence andthe
protocol mode

Tx CTS Operation

1t CTS enable Tx, TPR[2], is set, the CTSN in-
putmustbe asserted for the transmitter to oper-
ate. Changes in CTSN while a character is
being transmitted do not affect transmission of
that character. However, if the CTS input be-
comes negated when TPR[2] is set and the
transmitter is enabled and ready to start send-
ing a new character, CTS underrun, TRSR[6].
is asserted and the TxD output is placed in the
marking (High) state. in ASYNC mode, opera-
tion resumes when CTSN s asserted again. In
COP and BOP modes, the transmission of the
message is terminated and operation of the
transmitter will not resume until CTS is as-
sertedand a TSOM or TSOMP command s in-
voked. Prior to issuing the command and
retransmitting the message, the transmitter
must be reset After a change-otf-state STS is
established by the input sampling circuits (refer
to the description of ICTSR[4), it is sampled by
the Tx controller 1-1/2 bit tmes before each
new character is serialized out of the Tx shift
register (Thisis 2-1/2bits before the LSB ofthe
new character appears on the TxD pin, there 1s
an additional 1-bit detay in the transmitter data
path due to the data encoding logic )
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Tx Special Bit Pattern Transmission
The DUSCC provides features transmit special
bit patterns (see Table 14).

The TxD pin is held marking after a hardware
reset, areset Tx command, when the transmit-
ter is not enabled, and during underrun/idie, it
this feature is selected through TPR[7:5]. The
TxD pin is also held marking if the transmitter
isenabled, and the TxFIFOis empty (ASYNC),
or it a TSOM or TSOMP command has not
been issued (SYNC modes)

The following command bits can be appended
to characters in the TxFIFO: TEOM, TDLE, ex-
clude from CRC, andreset TxCRC. Aninvoked
command(s) is appended to the next character
loaded into the TxFIFQO and follows the charac-
ter through the FIFO until that character is
ready to be loaded into the TxSR. The transmit-
ter for the various protoeols.

Tx ASYNC Mode

Serialization begins when the TxFIFO data is
loaded into the TxSR. The transmitter first
sends a start bit, then the programmed number
of bits/character {TPR[1,0]), a parity bit (if spe-
cified), and the programmed number of stop
bits following the transmission of the stop bits,
if a new character is not available in the TxFI-
FO. the TxD outputgoes to marking and the un-
derrun condition (TRSSR([7]) is set.

Transmussion resumes when the CPU loads a
new character into the TxFIFO orissues a send
break command. The send break command
clears the TxFIFO and forces a continuous
space (Low) onthe TxD outputatter the charac-
terin TxSR (if any) is serialized. A send break
acknowledge (TRSR{4))is returned to the CPU
to facilitate reassertion of the send break com-
mand in order to send an integral number of
break characters The send break condition is
cleared when the reset Tx or disable Tx com-
mand is issued.

Tx COP Modes

Transmitter commands associated with all
COP modes are: transmit SOM (TSOM, trans-
mit start of message), transmit SOM with PAD
(TSOMPO, transmit EO (TEOM, transmitend of
message), reset TxCRC, exclude from CTC,
and transmit DLE

ATSOMorsend TSOMP command mustbe is-
sued to start COP transmission. TSOM (with-
out PAD) causes the TxCRC/LRC generator to
be inalized and one or two SYN characters
from S1R/S2R to be loaded into the TXSR and
shifted out on the TxD output. A parity bit, if
specified, is appended to each SYN character
after the MSB. Send SOM acknowledge
(TRSR[4))is asserted when the SYN output be-
gins The user may reinvoke the command to
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cause multiple SYNs to be transmitted. If the
command is not reinvoked and the TxFIFQ is
empty, SYN patterns continue to be transmitted
untii the TxFIFQ is loaded. If data is presentin
the FIFO, the first character is ioaded into the
TxSRand serialization of the data begins. Note
thatthe TxFIFO may be preloaded with databe-
fore the TSOM is issued.

The TSOMP command causes all characters in
the TxFIFO (PAD characters) to be loaded into
the TxSR and serialized if the Tx is enabled.
Unlike the transmit SOM without PAD com-
mand, data (non-PAD characters) cannot be
preloaded into the TxFIFO. While the PAD is
transmitted, parity is disabled and character
length is automatically set to 8 bits regardless
ofthe value in TPR[1:0]. When the TxFIFO be-
comes empty after the PAD, the TxCRC/LRC
generator is initialized, the SYN character(s)
are transmitted with optional parity appended,
and send SOM acknowledge asserted. Opera-
tion then proceeds in the same manner as the
TSOM command; the user has the option to in-
voke the TSOM command to cause multiple
SYNs to be transmitted.

After the TSOM/TSOMP command is ex-
ecuted, characters in the TxFIFO are loaded
into the TxSR and shifted out with a parity bit,
if specified, appended after the MSB. If, after
the opening SYN(s) and at least one data has
been transmitted, the TxFIFQ is empty, a data
underrun condition results and TRSR[7] is as-
serted. The transmitter’s action on data under-
run is determined by TPR[7:6] and the COP
protocol. If TRP[7:6] = '10’, the transmitter line
fills with MARK characters until a character is
loaded into the FIFO. | TRP[7:6] and the COP
protocol. If TPR{[7:6} = '11' is selected, the
transmitter line fills with SYN, SYN1-SYN2, or
DLE-SYN1 for monosync, dual sync, and BI-

SYNC transparent modes, respectively. If
TPR([7:6] = '00', the BCC characters are trans-
mitted and frame complete (TRSR(B]) is set.
TxD then assumes the programmed idle state
(TPR5]) of MARKs or SYN1/SYN1-SYN2.

Operation resumes with the transmission of a
SYN sequence when a TSOM command is in-
voked. A TSOMP command is ignored unless
the transmitter is disabled and then reenabled.

Anappended TEOM commandalso terminates
the frame as described above. It occurs after
transmission of the character to which the
TEOMis appended. The TEOMcommand can
be explicitly asserted through the channel com-
mandregister. If TPR[4] ='1", the TEOM is au-
tomatically appended to a character in DMA
mode, if the DONEN input is asserted when
that character is loaded into the TxFIFQ, or if
the counter/timer is counting transmitted char-
acters when the character which causes the
counter to reach zero count is loaded.

The TDLE commandwhen appended to achar-
acter in the TxFIFO, causes the DLE character
to be loaded into the the TxSR and serialized
before the TxFIFO character is loaded into the
TxSR and serialized. This feature is particular-
ly usefut for BISYNC operation. The DLE char-
acter will be excluded from the CRC
accumulation in BISYNC transparent mode
(see below), but will be included in all other
COP modes.

In BISYNC mode, transmission of a DLE-STX
character sequence (either via a send TDLE
command appended to the STX character, or
via DLE and STX loaded into the TxFIFQO) puts
the transmitter into the transparent test mode of
operation. In this mode, normally restricted
character sequences can be transmutted as
‘normal bitsequences The switch occurs after

transmission of the two characters, so that the
DLE and STX are included in the BCC accumu-
lation. !f the DLE-STX is to be excluded from
the CRC, the user should issue a 'reset CRC’
command prior to loading the next character.

Another method of excluding the two charac-
ters from the CRC is to invoke the 'exclude from
CRC’ command prior 1o loading the charac-
ter(s)intothe FIFO. Whilein transparentmode,
the transmitted line fills with DLE-SYN1 and au-
tomatically transmits an extra DLE if it finds a
DLE in the TxFIFO (‘DLE stuffing’). The trans-
mitter reverts to non-transparent mode when
the frame complete status is set in TRSR(5).

CRC/LRC accumulation can be specified in all
COP modes; the type of CRC is specified via
CMR2{2.0]. The TSOM/TSOMP commands
setthe CRC/LRC accumulator to its initial state
and accumulation begins with the firstnon-SYN
character after the initial SYN(s} are trans-
mitted. PAD characters are not subjectto CRC
accumulation. Innon-BISYNC or BISYNC nor-
malimodes, all transmitted characters except i-
nefill characters (SYNs or MARKS) are subject
to accumulation. In BISYNC transparent
mode, odd (stuffed) DLEs and the DLE-SYN1
linefill are excluded from the accumulation.
Characters can be selectively excluded from
the accumulation by invoking the ‘exclude form
CRC' command prior to loading the character
into the FIFO.

Accumulation stops when transmission of the
firstcharacter of the BCC begins. The CPUcan
setthe accumulator to its initial state prior to the
transmission of any character by using the ap-
pended reset CRC command. The CRC gen-
erator is also automatically initialized after the
EOM is sent.

Table 13.  Abort Sequence — Protocol Mode
TPRA[7:6] PROTOCOL LAST CHARACTER

00 BOP FLAG following either FCS {(if selected) or last data character
CcoP Last byte of FCS before line begins SYN or MARKing

10 BOP Abort sequence (11111111} prior to MARKing
COP Last byte of FCS before line begins SYN or MARKing

11 BOP Abort sequence (11111111) prior to FLAG
COP First SYN of SYN sequence
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Table 14. Special Bit Patterns

PROTOCOL BIT PATTERN
ASYNC-BREAK An all 0's character including parity bit (if specified) and stop bits. Used for send break command.
COP-SYN Containedin S1R (single SYN mode) or in $1R/S2R (dual SYN modes). Used for TSOM and TSOMP
commands and for non-transparent mode linefill and IDLE.
COP-DLE Used for TDLE command and for BISYNC transparent made linefill and to generate BISYNC control
sequences.
COP-CRC 16/8 bits from the CRC/LRC accumulator used for TEOM command or for auto-EOM modes.
BOP-FLAG ?l: 111110. Used for TSOM, TSOMP, and TEOM commands, for auto-EOMmodes, and as an IDLE line
il
BOP-ABORT 11111111, Used for send ABORT command or during TxFiFO underrun.
BOP-CRC 16 bits from the CRC accumulator used for TEOM command or for auto-EOM modes
BOP/COP MARK All 1's pattern on data line.
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TxBOP Modes

Transmitter commands associated with BOP
modes are TSOM, TSOMP, TEOM, and trans-
mit ABORT (TABRK). The TSOMand TSOMP
commands are identical to COP modes except
that a FLAG character (01111110) is used as
the start of message sequence instead of the
SYNs, and FLAG(s) that continue to be sentun-
tif the TxFIFQis loaded. There is no zero inser-
tion (see below) during transmission of the PAD
characters, and they are not preceded by a
FLAG or accumulated in the CRC. Character
length is automatically set to 8 bits regardless
of TPR({1:0].

The first characters loaded into the TxSR from
the TxFIFO are the address and control fields,
which have fixed characterlengths of eightbits

The number of address field bytes is deter-
minedby CMR1[4:3]. If extended address field
is'specified, the field is terminatedif the firstad-
dress octet is H'OQ' or if the LSB of the octetis
a 1. The number of control field bytes is se-
lected by CMR1[5). If any information field
characters follow the control field (forming an
field), they are transmitted with the number of
bits per character programmed in TPR[1:0].
The TEOM command can be appended to the
lastcharacter whether explicitly or automatical-
ly as described for COP mode. When the char-
acter with the appended TEOM is loaded from
the TxFIFQ, itis ransmitted with the character

length specified by OMR[7.5]}. In this way, are-
sidual character of 1 - 8 bits is transmitted with-
out requiring the CPU to change the Tx
character length for this last character.

After opening the FLAG and first address octet
have been transmitted, an underrun occurs
(TRSR([7] = 1) if the TxFIFQO is empty when the
transmitter requires a new character. The un-
derrun control bits (TPR([7:6}) determine wheth-
er the transmitter line fills with either
ABORT-MARKs, ABORT-FLAGs (see below),
or ends transmission with the 'normal’ end of
message sequence.

EOMonunderrun s functionally similar to EOM
due to an appended TEOM command. if the
EOM is due to underrun, the normal character
length applies to the last data character. After
the last character is transmitted, the FCS (in-
verted CRC) and closing FLAG are sent, frame
complete (TRSR([5)) is set, and the TxCRC 1s
initialized. If the TxFIFQis empty after the clos-
ing FLAG has been sent, TXD will assume the
programmed idle state of FLAGs or MARKSs
(TPRIS)) and wait for a character to be loaded
into the FIFO or for a TSOM command to be is-
sued. {f the TXFIFO is not empty at that time,
the TxFIFO data will be loaded into the TxSR
and serialized. In that case, the dosing FLAG
is the opening FLAG of the next frame.

The user can control the number of FLAGs be-
tween frames by invoking the TSOM command
after frame complete is asserted. The DUSCC
then operates in the same manner as for trans-
mission of multiple FLAGs at the beginning of
aframe. When the command is no fonger rein-
voked, transmission of the TxFiFO data will be-
gin. {tthe FIFO is empty, FLAGs continue to be
transmitted.

The DUSCC provides automalic zero insertion
in the data stream to prevent erroneous trans-
mission of the FLAG sequence. All data char-
acters loaded into the TxSR from the TxFiFO
and characters transmitted from the CRC gen-
erator are subjectto zeroinsertion. For this fea-
ture a zero is inserted in the serial data stream
each time five consecutive ones (regardless of
character boundaries) have been transmitted.

A send ABORT command clears the TxFIFO
and inserts an ABORT character of eight ones
(not subject to zero insertion) into the TxSR for
transmission after the current character has
been serialized. A send abort ack (TRSR{4])
facilitates reassertion of send abort by the user
to guarantee transmission of multiple abort
characters. This feature can be used to send
the 15-ones idle sequence.

TxAFO

DATA FIFO

COMMAND AFO

SPECIAL CHARACTERS:

lse]l]

LLlsr ]}

FLAG, ABORT, DLE,
BREAK, ETC.

MUx

DLE, STX DETECT

TRANSMITTER SHIFT REGISTER

TO Tx CONTROLLER

COP/BOP

Tx LRC/CRC

COP/ASYNC

PARITY GENERATOR

BOP

> ZERO INSERT

INTERNAL RxO (NRZ) —— ™

DATA ENCODER
(1-BiT DELAY)
NRZ, NRD,

TxD PIN

FMO, FM1,
MANCHESTER

xS

INTERNAL TxD 4————

Figure 10. Transmitter Data Path
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The transmitter sends either marks or FLAGs
after the abort character(s) has been trans-
mitted, depending on TPR[7:6]. Operation re-
sumes with the transmission of a FLAG when
a TSOM commandis invoked. A TSOMP com-
mand is ignored unless the transmitter is dis-
abled and then reenabled.

CRC accumulation can be specified in all BP
modes. The type of CRC is specified via
CMR2[2:0], and is nomally selected as
CRC-CCITT preset to ones, although any op-
tion is valid. Note that LRC8 option is not al-
lowed in BOP modes.

The TSOM/TSOMP command sets the CRC
accumulatortaits initial state and accumulation
begins with the first address octet after the ini-
tial FLAG(s). Accumulation stops when trans-
mission of the first character of the FCS begins
The CPU can set the accumulator 1o its initial
state prior to the transmission of any character
by using the appended reset CRC command
and can exclude any character tfrom the accu-
mulation by use of the exclude from CRC com-
mand, but these features would notnormally be
used in BOP modes. The CRC generator is
also automatically initialized after the EOM or
an ABORT are sent.

TxBOP Loop Mode

The foop modes are used by secondary sta-
tions on the loop, while the primary station oper-
ates in the BOP primary mode. Both the
transmitter and receiver must be enabled and
should be programmed 10 use the same clock
source. Loop operation is initiated by issuing
the 'go on-loop’ command. The receiver looks
for the receipt of seven contiguous ones and
then asserts the LCN output to cause external
loop control hardware to put the DUSCC into
the ioop, with the TxD output echoing the RxD
input with a 2-bit time delay. The echoing pro-
cess continues untii a Go Active on Poll (GAP)
command is invoked. The DUSCC then looks
forreceiptofan EOP bit pattern (a zero followed
by sevenones, 11111110} and changes the last
one of the EOP into a zero making itan opening
FLAG. Loop sending (TRSR{6])is asserted at
thatsametime. The action of the transmitter af-
ter sending the initial FLAG depends on the sta-
tus of the transmit FIFO

If the transmit FIFO is not empty, a normal
frame transmission begins. The operation is
then similar to normal BOP operation with the
following differences:

1. An ABORT command, an underrun, or
receipt of the turnaround sequence (H'00')
or FLAG cause the transmitter to cease
operation and to revert to echoing the
RxD input with a 2-bit time delay. A new
transmission cannot begin until the GAP
command is reinvoked and a new EQP
sequence is received.
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2. Subsequent to sending the EOM se-

quence of FCS-FLAG, the DUSCC ex-
amines the internal GAP flip-flop. Ifitis
not set (having been reset by the 'reset
GAP' command, the DUSCC reverts to
echoing the received data. If the internal
GAP flip-flop is sfill set, transmission of a
new frame begins, with the user having
control of sending multiple FLAGs be-
tween frames by use of the ‘send SOM'
command. If the FIFO is emply at this
time, the DUSCC continues to send
FLAGSs until the data is loaded into the
FIFO or until GAP is reset. if the latter
occurs, it reverts to echoing RxD.
When the DUSCC reverts to echoing RxD
in any of the above cases, the last trans-
mitted zero and seven ones will form an
EOP for the next station down the loop

Ifthe TxFIFOis empty whenthe EOP isrec-
ognized, the transmitter continues to send
FLAGs untit there is data in the FIFO. Ifa
turnaround sequence or the reset GAP
command is received before the FIFO is
loaded, the transmitter switches to echoing
RxD without any data transmission. Other-
wise a frame transmission begins as above
when a character is foaded into the FIFO.
The mechanism provides time for the CPU
to examine the received frame (the frame
preceding the EOP) to determine if it should
respond or not, while holdingiits option to ini-
tiate a transmission.

Termination of operation in the loop mode
should be accomplished by use of the ‘go
off-oop’ command. When the commandiis in-
voked, the DUSCC looks for the receipt of eight
contiguous ones. [tthen negates the LCN out-
putto cause the external loop control hardware
toremove the DUSCC from the loop without af-
fecting operation of other units remaining on the
loop.

RECEIVER

The receiver data path includes two 9-bit hold-
ing registers, HSRH and HSRL, an 8-bit char-
acter comparison register, CCSR, two
synchronizing flip-flops, a receiver shift regis-
ter, RxST, the programmable SYN comparison
registers, S1R and S2R, and BISYNC charac-
ter comparison logic. The DUSCC configures
the circuitry and utilizes it according to the op-
erational mode selected for the channel
through the two mode registers CMR1 and
CMR2. For all data paths, character datais as-
sembledaccording to the character bitcount, in
the RxSR, and is moved to the RxFIFO with any
appended statuses when assembly is com-
pleted. Figure 1 depicts the four data paths
created in the DUSCC for the previous proto-
cols
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Recelver RxFIFO, RxRDY

The receiver converts received senial data on
RxD (LS8 first) into paraliel data according to
the transmission format programmed. Data is
shifted through a synchronizing fiip-flop and
one or mare shift registers, the last of which is
the 8-bit receiver shift register (RxST). Bits are
shifted into the AxSR on the rising edge ofeach
1X receive clock until the LSB is in RxSR{0].
Hence, the received character is right justified,
with all unusedbitsin the RxSR cleared to zero.
Areceive character length counter generates a
character boundary signal for synchronization
ofcharacterassembly, character comparisans,
break detection (ASYNC), and AxSR to RxFI-
FO transfers {except for BOP residual charac-
ters). During COP and BOP hunt phases, the
SYN/GLAG comparison is made each receive
bit time, as abart, and idle comparisons in BOP
modes.

Aninternal clock from the BRG, the DPLL orthe
counter/timer, or an external 1X or 16X clock
may be used as the receiver clock in ASYNC
mode. The BRG or counter/timer cannot be
used directly for the receiver clock in synchro-
nous modes, since these modes require a 1X
receive clock that is in phase with the received
data. This clock may come externally from the
RTxC or TRxC pins, or it may be derived inter-
nally fromthe DPLL. Receiveddataisinternally
converted to NRZ format for the receiver cir-
cuits by using clock pulses generated by the
DPLL.

When a complete character has been as-
sembled in the RxSR, itis loaded intc the re-
ceive FIFO with appended status bits. The
most significant data bits of the character are
set 10 zero if the character length is less than
eight bits. In ASYNC and COP modes the user
may select, via RPR{3], whetherthe datatrans-
terred to the FIFO includes the received parity
bitornot. The receiver indicates to the CPU or
DMA controller that it has data in the FIFO by
asserting the channel's RxRADY status bt
(GSR{4] or GSR[0] and, if in DMA mode. the
corresponding receiver DMA request pin

The RxFIFO consists of four 8-bit hoiding regis-
ters with appended status bits for character
countcomplete indications {(all modes), charac-
ter compare indication (ASYNC), EOM indica-
tion (BISYNC/BOP), and parity, framing, and
CRC errors. Data is loaded into the RxFIFO
from the RxSRand extracted (read) by the CPU
or DMA controller via the databus. AN RxFIFO
read create an empty RxFIFO position for new
data from the RxSR.

RxRDY assertion depends on the state of
OMR[3}:
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1. If OMR[3] is 0 (FIFO not empty), RxRDY
is asserted each time a character is trans-
ferred form the receive shift register to the
receive FIFO. Ifitis not reset by the
CPU, RxRDY remains asserted until the
receive FIFO becomes empty, at which
time itis automatically negated. Ifitis re-
set by the CPU, it will remain negated,
regardless of the current state of the re-
ceive FIFO, until a new character is trans-
ferred from the RxSR to the RxFIFO.

2. IfOMR[3]is 1 (FIFO full), RxRDY is
asserted:

a. When a character transfer from the re-
ceive shift register to the receive FIFO
causes it to become full.

b. When a character with a tagged EOM sta-
tus bit is loaded into the FIFO (BISYNC or
BOP) regardless of RxFIFO full condition

¢. When the counter/timer is programmed to
count received characters and the charac-
ter which causes it to reach zero count is
loaded into the FIFO (ICTSR[6]).

d. When the beginning of break is detected
in ASYNC mode regardless of the RxFi-
FO full condition.

Ititis notreset by the CPU, RxRDY remains as-
serted until the FIFO becomes empty, at which
time itis automatically negated. Ifitis resetby
the CPU, it will remain negated regardless of
the current state of the receive FIFQ, until itis
asserted again due to one of the abave condi-
tions.

The assertion of RxRDY causes an interrupt to
be generatedifIER[4] and the channel's master
interrupt enable (ICR[0] or ICR[1]) are as-
serted.

When DMA operation is programmed, the
RxRDY status bitis routed to the DMA control
circuitry for use as the channel receiver DMA
request. Assertion of AxRDY resuits in asser-
tion of RTxDRQN output.

Several status bits are appended ta each char-
acter in the RxFIFO. When the FIFO is read,
causing it to be ‘popped’, the status bits asso-
ciated with the new character at the top of the
RxFIFO are logically ORed into the RSR.
Therefore, the user should read RSR before
readingthe RxFIFOinresponse to RxRDY acti-
vation. lf character-by character status is de-
sired, the RSR should be read and cleared
each time a new character is received. The
user may elect to accumulate status over sev-
eralcharacters or over aframe by clearing RSR
atappropriate times. This mode would normal-
ly also be used when operating in DMA mode.
it the RxFIFO is empty when a read is at-
tempted, and wait mode as specified in
CMR2(5:3}, is not being used, a H'FFis output
on the data bus.
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In all modes, the DUSCC protects the contents
of the FIFO and the RxSR from overrun. If a
character is received while in FIFQ s fulland a
character is already in the RxSR waiting to be
transferredinto the FIFO, the overrunning char-
acter is discarded and the OVERRUN status bit
(RSR[5]) is asserted. Ifthe overruning charac-
teris anend-of-message character, the charac-
teris lost but the FIFOed EOM status bit will be
asserted when the character in the RxSR is
loaded into the FIFO.

Operation of the receiver is controlled by the
enable receiver command. When this com-
mand is issued, the DUSCC goes into the
search for start bit state (ASYNC), search for
SYN state (COP modes), or search for FLAG
state (BOP modes). When the disable receiver
commandis issued, the receiver ceases opera-
tion immediately. The RxFIFO is cleared on
master reset, or by a rest receiver command.
However, disabling the receiver does notaffect
the RxFIFO, RxRDY, or DMA request opera-
tion.

Receiver DCD and RTS Controls

If DCD enable Rx, RPR[2], is asserted, the
DCD input must be asserted and the sampling
circuit detects that the DCD input has been ne-
gated, the receiver ceases operation immedi-
ately. Operation resumes when the sampled
DCD is asserted again. A change of state de-
tector is provided on the DCD input of each
channel. The required duration of the DCD lev-
el change is described in the discussion of
ICTSR[5}]. The user may program a change of
state to cause an interrupt to be generated
(master interrupt enable ICR[0] or [1] and
IER[7] must be set) so that appropriate action
can be taken.

In ASYNC mode, RPR[4] can be programmed
to control the deactivation of the RTSN output
by the receiver. RTSN can be manually as-
serted and negated by writing to OMRI[0]. How-
ever, the assertion of RPR[4] causes RTS to be
negated automatically upon receipt of a valid
startbit if the channel's receive FIFO is already
full.  When this occurs, the RTSN negated
status bit, RSR([6], is set This may be used as
a flow control feature to prevent overrun in the
receiver by using the RTSN output signal to
control the CTSN input of the remote transmit-
ter. The new character will be assembledin the
RxSR. but 1ts transfer to the FIFO will be
delayed until the CPU reads the FIFO, making
the FIFO position available for the new
character.

Once enabled, receiver operation depends on
channel protocol mode. The following de-
scribes the receiver operation for the various
protocols.

RxASYNC Mode
When first enabled, the receiver goes into the
search for start bit state, looking for a
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High-to-Low (mark-to-space) transition of the
start bit on the RxD input. If a transition is de-
tected, the state of the RxD pin is sampled
againeach 16X clock for 71/2 clocks (16X clock
mode) or at the next rising edge of the bit time
clock (1X clock mode). If RxD is sampled High,
the start bit is invalid and the search for a valid
start bit begins again.

1fRxD is still Low, a valid start bit assumed and
the receiver continues to sample the input at
one bit time intervals (16 periods of the 16X Rx
clock; one period of the 1X Rx clock) at the
theoretical center of the bit, until the proper
number of data bits and the parity bit (if speci-
fied)yhave beenassembled, andthe first stop bit
has been detected.

The assembled character is then transferred to
the RxFIFOwith appended parity error (if parity
is specified) and framing error status bits. The
DUSCC can be programmed to compare this
character to the contents of StR.  The ap-
pended character compare status bit, RSR[7],
is setif the data matches and there is no parity
error.

After the stop bit is sampled, the receiver will
immediately look for the next start bit. Howev-
er, itanon-zero character was received without
a stop bit {i.e., framing error) and RxD remains
Low tor one-half of the bit period after the stop
bitwas sampled, then the receiver operates as
it a new start bit transition had been detected at
thatpoint {one-half bittime after the stop bitwas
sampled).

Ifa break condition is detected (RxD Low foren-
tire character time including optional parity and
first stop bit), only one character consisting of
all zeros will be oaded into the RxFIFO and
break start detect, RSR[2], will be set. The RxD
input must return to a High condition for atleast
one half of a bit time (16X clock mode) or for
one bit time (1X clock mode) before the break
condition is terminated and the search for the
nextstartbitbegins. Atthattime, the break end
detect condition, RSR{3], is set. Note that the
maximum speed in the receiver when in
asynchronous mode must not exceed 2Mbs.

Rx COP Modes

When the receiver is enabled in COP modes,
itfirst goes into the SYN hunt phase, testing the
received data each bit time for receiptof the ap-
propriate SYN bit pattern, Plus parity it speci-
fied, to establish character boundaries.
Receipt of the SYN bit pattern terminates hunt
phaseand places the receive inthe data phase,
in which all leading SYNs are stripped and the
RxFIFQ begins to load starting with the first
non-SYN character. In COP single SYN proto-
col mode, S1R contains the SYN character re-
quired to establish character synchronization.
In COP dual SYN and BISYNC protocol
mades, S1R and $2R contain the first and sec-
ond SYN characters, respectively, required to
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establish character synchronization. The SYN
character length is the same as the character
length programmed in RPR{1:0], plus the parity
bit if parity is specified. SYN characters re-
ceived with a parity error, when panty is speci-
fied, are considered invalid and will not cause
synchronization to be achieved.

In COP mode, resetting the receiver clears the
receiver data path, while disabling the receiver
does not. If not reset, partial sync pattermns re-
maining in the receiver will be recognized when
itis enabled.

If external synchronization is programmed
(RPR[4] = 1), the internal SYN detection and
special character recognition logic are disabled
and receipt of SYN characters is not required.
A pulse on the SYNI input pin will establish
character synchronization and terminate hunt
phase. The SYNI pin is ignored after the first
inputon the SYNIN pinis received. The receiv-
er must be disabled and then reenabled to re-
synchronize or to return to normal mode. This
must be programmed in conjunction with
CMR1[2:0] = 110. Refer to the descnption of
RPR[4] for further details

The SYN detect status bit RSR|[2], is set when-
ever SYN1, SYN1-SYN2, or DLE-SYN1 is de-
tected for single SYN, dual SYN/BISYNC
normal, and BISYNC transparent modes, re-
spectively, and the SYNQCUT pin will go active
for one receive clock period one bit time after
SYN detectionin HSRH/HSRL. After character
sync has been attained, the receiver enters the
data phase and assembles characters in the
RxSR, beginning with the first non-SYN char-
acter, with the least significant bit received first.
it computes the BCC if specified, checks parity
it specified, and checks for overrun errors.

The operation of the BCC (CRC/LRC} logic de-
pends on the particular COP modeinuse. The
BCC is initialized upon first entering the data
phase. For non-BISYNC modes, all received
characters after entering data phase are in-
cluded in the BCC computation, except for
leading SYNs and SYNs which are specified to
be stripped by RPR{[7]. As each received char-
acter is transferred from the RxSR to the FIFO,
the current value of the BCC characters is
checked and the CRC ERROR status bit
(RSR[1)]) is setif the value of the CRC remain-
der is not the expected value. RSR[1] gets set
when the character reaches the top of the
FIFO. The EOM status bit, RSR[7], is not set
since there is no defined end-of-message char-
acter. The receiver computes the BCC for test
messages automatically when operating in BI-
SYNC protocol mode.

BISYNC Features

The BUSCC provides support for both BISYNC
normalandtransparentoperations. The follow-
ing summarizes the features provided. Both

October 30, 1990

EBCDIC and ASClitext messages can be han-
dled by the DUSCC as selected by CMR1[5].
The receiver has the capability of recognizing
special characters for the BISYNC protocol
mode (see Table 15).

All sequences in Table 15, except SOH and
STX, when detected explicitly cause a status to
be affected. The following describes the condi-
tions when this occurs.

The first character received when entering data
phase for a header or text message shouid be
an SOH, an STX, or a DLE-STX two-character
sequence. Receipt of any of these initializes
the CRC generator and starts the CRC accu-
mulation. The SCH places the receiver in
headermode, receiptof the STX places itin text
mode, thereceiptofthe DLE-STX sequence {at
any time) automatically places the receiver in
transparent mode and sets the XPNT mode
status bit, TRSR[0]. There is no explicit status
associated with SOH and STX. If any charac-
ters are received when entering the data phase,
the message is treated as a control message
and will not be accumulated in CRC.

Afterthe dataphaseis established, the receiver
searches the data stream for an end of mes-
sage contral character(s):

Header field: ENQ, ETB, or ITB
Normal text field: ENQ, ETX, ETB, or ITB

Trangparent text field: DLE-ENQ, DLE-ETX,
DLE-ETB, or DLE-ITB

Control message field” EOT. NAK, ACKO,
ACK1, WACK, RVl or TTD

Detection of any one of these sequences
causes the EOM status bit, RSR{7], to be set
Also if RPR[5] is set and the receiver does not
detect a closing PAD (four 1's) after the ‘EOT'
or ‘NAK', the PAD error status bit, RSR[6), is
set.  When the abort sequence ENQ or
DLE-ENQ is detected, the character is tagged
with an EOM status and transferred to the
FIFO, but the appended CRC error status bit
should be ignored. For the other EOM control
sequences, the receiver waits for the next two
bytes (the CRC bytes) to be received, checks
the value of the CRC generator, and tags the
transferredcharacter with a CRC error, RSR[1],
ifthe CRC remainder is not correct. See Figure
11 for an example of BCC accumulation in vari-
ous BISYNC messages

The CRC bytes are normaily not transferred to
the FIFO, uniess the transfer FCS to FIFO con-
trol bit, RPR[6], is asserted. In this case the
EOMand CRC error status bits will be tagged
onto the last byte of the last FCS byte instead
of to the last character of the message. After
detecting one of the End-Of-Message (EOM)
character sequences and setting RSR[7], the
receiver automatically goes into auto hunt
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mode for the SYNC characters and PAD check
if RPR[S5] is set.

SYN Pattern Stripping

Leading SYNs (before a message) are always
stripped and excluded from the FCS, but SYN
patterns within amessage are treated by there-
ceiver according to the RPR{7] bit. SYN char-
acter patterns are defined for the various COP
modes as follows:

COP single SYN mode — SYN1

COP dual SYN mode — SYNt, and SYN2
when immediately preceded by SYN1.

BISYNC normal mode — SYN1, and SYN2
when immediately preceded by SYN1. SYN1
is always stripped, even if it is not followed by
SYN2 when stripping is selected.

BISYNC transparent mode — DLE-SYN1,
where the DLE is the last of an add number of
consecutive DLEs.

0 Strip only RPR(7] leading the SYN
and do not accumulate in FCS.
1 Strip all SYNs. Adduitionally, stnp odd

DLEs when operating in BISYNC
transparentmode. Do notaccumulate
stripped characters in FCS.

Processing of the SYN patterns is determined
by the RPR{7] bit. the COP mode. and the posi-
tion of the pattern in the frame. This is summa-
rized in Table 16.

The value of the RPR[7] field does not affect the
setting of the SYN DETECT status bit, RSR[2],
and the generation of a SYNOUT pulse when
a SYN pattem is received.

RxBOP Mode

In BOP protocol mode, the receiver may be in
any one of four phases: hunt phase, address
field (A) phase, control field (C) phase, or infor-
mation field (1) phase. The characterlength for
the A and C phases is always 8 bits. The | field
character length is specified in RPR[1:0].

Note that if the residual character length is not
zero, the unused most significant bits in the re-
ceiver FIFO are not necessarily zero. the un-
used bits should be ignored, this will not cause
a CRC error.

After an enable receiver commandis executed,
the receiver enters hunt phase, in which a com-
parison for the string (01111110) 1s done every
Rxbittime. The FLAG delineates the beginning
{and end) of a received frame and establishes
the character boundary. Each FLAG match in
CCSR causes the FLAG detect status bit
(RSR[2]) to be setand SYNOUTN pin to be ac-
tivated one bit time later for one receive clock
period. FLAGSs with an overlapping zero will be
detected. All FLAGs are deleted from the data
stream.
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Table 15. BISYNC Features
BISYNC — Single-Character Sequences

Sequences ASCIl EBCDIC Description
SOH HOo1 HO1 Start of header
STX H02' H02 Start of text
ETX H'83 H'03 End of text
EOT H04' H37 End of transmission
ENQ H'8§" H2D' Enquiry
DLE H'10" H10° Data fink escape
NAK H1§ H3D’ Negative ack
ETB H97 H26° End of transmission block
ITB H'1F H1F End of intermediate transmission block

BISYNC — Two-Character Sequences

Sequence ASCIl EBCDIC Description
ACKO H10,B0’ H'10,70" Acknowledge 0
ACK1 H'10,31° H'10,61" Acknowledge 1
WACK H'10,38" H'10,68" Wait before transmit positive ack
RVI H'10,BC" H'10,7C Reverse interrupt
TTD H'02,85' H'02,2D" Temporary text delay

BISYNC — (Transparent Text Mode) — Two-Character Sequences

Sequence ASCII EBCDIC Description
DLE-ENQ H10,85° H'10,2D Enquiry
DLE-ITB H10,1F" H'10,1F End of intermediate transmission block
DLE-ETB H'10,97 H10,26 End of transmission block
DLE-ETX H10,83' H'10,03' End of text
DLE-STX H10,02' H10,02' Start of transparent text mode

1 SYN SYN SOH

BLOCK 1

NOTES:

Opening SYNs will be stripped by the receiver.

DLE SYN | DLE

The BCC accumulator is stopped after the end of message character sequence 1s accumulated. All shaded areas are accumulated.
ENQ (DLE - ENQ; in a text massage shouid be treated as an abor

Figure 11. Example of BCC Accumulation in Varlous BISYNC Messages

October 30, 1980
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Table 16. SYN Pattern
Processing
RPR | LEADING | WITHIN A
MODE 171" | "syNs | MESSAGE
BISYNC ¢ |noFCS no FCS
no FIFO Pattern into
FIFO
1 no FCS no FCS
no FIFO no FIFO
COP ¢ no FCS Accumulate
in FCS
no FIFO Pattern into
FIFO
1 no FCS no FCS
no FIFO [ no FiIFO

Once a FLAG has been detected, the receiver
will exit hunt phase and enter address phase.
The handling of the address field is determined
by the values programmed in CMR1[2:0],
which selects one of the BOP modes. The BOP
secondary address modes are selected by
CMR1[4:3] and function as in the description
that follows.

Single-Octet Address

For receive, the address comparison for a sec-
ondary station is made on the first octet follow-
ing the opening FLAG. A match occurs it the
first octet after the FLAG maitches occurs if the
firstoctet after the FLAG matches the contents
of S1R, or if all parties address (RPR[3)) is as-
serted and the first octet is equal to H'FF".

Dual Octet Address

For receive, the address comparison for a sec-
ondary station is made on the first two octets
following the opening FLAG.

A match occurs if the first two octets after the
FLAG match the contents of S1R and S2R re-
spectively, or if all parties address (RPR[3]) is
asserted and the first two octets are equal to
H'FF, FF.

Dual Address with Group Mode

For receive, the address comparison for a sec-
ondary station is made on the first two octets
following the opening FLAG. A match occurs
for one of three possible conditions. If the first
two octets after the FLAG match the contents
of StRand S2R, respectively, or if the first octet
is H'FF' and the second matches the contents
of S2R (group mode}), or when all parties ad-
dress (RPRI[3]) is asserted and the first two oc-
tets are equal to H'FFFF. The second
condition {group mode) aliows a selected group
of stations to receive a message.

Extended Address Mode

Extend address field to the next octetif the LSB
of the current address octet is zero. Address
field is terminated if the LSB of the address is
aone. The address field will be terminated after
the first octet if the null address H'0Q' is recei-
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ved/transmitted as the first address octet. For
this mode the receiver does not perform an ad-
dress comparison (alt received characters after
the opening FLAG are transferred to the FIFO)
but does determine when the address field is
terminated.

The length of the A field may be a single octet,
a dual octet, or more octets, as described
above. A primary station or an extended ad-
dress secondary station does not perform an
address comparison, and all characters in the
A, C, and | fields after the flag are transferred
to the FIFO. Although address field compari-
sons are not performed, the length of the ad-
dress field is still determined by CMR1[4:3].
For the other secondary address modes, if
there is a match, or the received character(s)
match either of the other enabling conditions
(group or all-parties address), all characters in
the A, C, and | field are transferred to the FIFO.
1t there is no match, the receiver returns to the
FLAG hunt phase.

C phase begins after A phase is terminated.
The receiver receives one or two control char-
acters, CMR1[5]. After this phase is termi-
nated, the character length is switched
automatically from 8 bits to the number of bits
specified in RPR[1:0] and the information field
phase is entered.

The frame is terminated when a closing FLAG
is detected. The same FLAG can also serve as
the opening FLAG of the next frame. The 16
bits received prior to the closing FLAG form the
frame check sequence (if an FCS is specified
in CMR2[2:0)). All non-FLAG characters of the
frame are accumulatedin the CRC checkerand
the resultis compared to the expected remain-
der. Failure to match will cause a CRC error.
EOMdetect RSR[7], RCL not zero RSR[0}, and
CRC error RSR[1] are normally FIFOed with
the last character of the | field. RCL not zero
RSRI0] is set if the length of the last character
of the | field does not have the length pro-
grammedin RPR({1:0). The residual character
length in TRSR[2:0] is also valid at that time

The CRC characters themselves are normally
not passed to the RxFIFO. However, if the
transfer FCS to FIFO control bit RPR[E] is as-
serted, the FCS bytes will be transferred to the
FIFO. In this case the EOM, CRC error, and
RCL not zero status bits will be tagged onto the
last byte of the CRC sequence instead ofto the
last character of the message

If the closing FLAG is received prior 1o receipt
of the appropriate number of A field, C field as
programmed in CMR1[5°3), and FCS field oc-
tets, a short frame will be detected and RSR([4]
wilt be set. The | field need not be presentin a
valid frame. An abort (11111110) comparison
is done after an opening FLAG has been re-
ceived and up to receipt of the closing FLAG
A match causes the abort detect status bit
(RSR[6)) to be set. The receiver then enters
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FLAG searchmode. The abortis stripped from
the received data stream.

if a zero followed by 15 contiguous ones is de-
tected, the idle detect status bit RSR[3] is set.
This comparison is done whenever the receiv-
eris enabled. Therefore, it can occur before or
after a received frame.

Zerodeletion is performed during BOP receive.
A zero after 5 contiguous ones is deleted from
the data stream regardless of character bound-
aries. Deleted zeros are not subjectto CRC ac-
cumulation. FLAG, ABORT, and IDLE
comparisons are done prior to zero deletion

It external synchronization is programmed
(RPR{[4] - 1), the internal FLAG detection and
address comparison logic is disabled and re-
ceipt of FLAGs is notrequired. In this arrange-
ment, a pulse on the SYNI-N input pin will
establish synchronization and terminate hunt
phase. The receiver will then go immediately
into the |-field mode with zero deletion disabled,
assembling and transferring charactersinto the
FIFO with the character length specified in
RPR[1:)). The SYNI-N pin is ignored atfter the
first input on the SYNI-N pin is received. The
receiver must be disabled and then reenabled
to resynchronize or to return to normal operat-
ing mode.

This mode must be programmed in cenjunction
with CMR1[2:0} = 110. Refer to the description
of RPR(4] for further details.

BOP Loop Mode

Operation of the receiver in BOP loop protocol
mode is similar to operation in other BOP
modes, except that only certain frame formats
are supported. Several character detection
functions that interact with the operation of the
transmitter commands are added:

1. When the ‘go on-loop’ command is in-
voked, the receiver looks for the receipt of
a zero followed by seven ones and then
asserts the LCN output

2. When the ‘go off-loop’ command is in-
voked, the receiver looks for the receipt of
eight contiguous ones and then negates
the LCN output.

3 The TxD output normally echoes the re-
ceive input with a two bit time delay.
When the 'go active on poll' command is
asserted, the receiver looks for an EOP (a
zero followed by seven ones) and then
switches the TxD output line to the normal
transmitter output. Receipt of an EOP or
an ABORT sets RSR[6].

4. Receipt of a turnaround sequence (eight
contiguous zeros) terminates the transmit-
ter operation, if any, and returns the TxD
output to echoing the RxD input. RSR(3]
is setif a turnaround is received

See transmitter operation for additional details.
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SUMMARY OF COP FEATURES

COP Dual SYN Mode

SYN detect
Linefill

SYN stripping

Excluded form FCS**

SYN1-SYN2
SYN1-SYN2

SYN1-SYN2 used to establish character sync, i.e., leading SYNs. Subsequent to this (after receiving
first non-SYN character), SYN1 and SYN1-SYN2 if stripping is specified by RPR([7].

SYN1 and SYN1-SYN2 before beginning of message, i.e., leading SYNs and, if SYN stripping is speci-
fied by RPR[7] anywhere else in the message for the Rx; linefill SYN1-SYN2 for Tx regardiess of
RPR{7]. (f SYN stripping is not specified, then SYNs within a message will be included in FCS by Rx.)

BISYNC normal mode

SYN detect
Linefill
SYN stripping

Excluded from FCS

SYN1-SYN2
FYN1-SYN2

SYN1-SYN2 used to establish character sync, i.e., leading SYNs. Subsequent to this (after receiving
first non-SYN character), SYN1 and SYN1-SYN2 if stripping is specified by RPR[7].

All SYNs either before or within a message, regardless of RPR[7], plus additional characters as required
by the protocol.

BISYNC transparent mode

SYN detect

Linefill

SYN/DLE stripping
Excluded from FCS

*DLE-SYN1

*DLE-SYN1

*DLE-SYN1 and odd DLEs if stripping is specified by RPR([7]

*DLE-SYN1 and odd DLEs, regardless of RPR[7] plus additional characters as required by the protocol.

COP single SYN mode

SYN detect
Linefill
SYN stripping

Excluded from FCS**

SYN1
SYN1

SYN1 used to establish character sync, i.e., leading SYNs Subsequent to this, SYN1 if stripping is
specified by RPR{7).

SYN1 before beginning of message, i.e., leading SYNs, and if SYN stripping is specified by RPR[7],
anywhere else in the message for the Rx; linefill SYN1 for Tx regardless of RPR{7]. {If SYN stripping is
not specified, then SYNs within a message will be included in FCS by Rx.)

NOTES:

DLE indicates last DLE of an odd number of consecutive DLEs.

.

In non-BISYNC COP modes (single or dual SYN case), if SYN stripping 1s off, i.e., RPR[7] = 0, then SYNs within a message will be in-

cluded in FCS by receiver. Therefore, the remote DUSCC transmitter should be careful not to let the TxFIFO underrun since the hnefill
SYN characters are not accumulated in FCS by the transmitter regardless of RPR{7]. Letting the TxFIFO underrun will result n a CRC

error in the receiver.

AESETN

Figure 12. Reset Timing
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Figure 13. Bus Timing {Read Cycle)
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Figure 14. Command Timing
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Figure 15. Bus Timing (Write Cycle)
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Figure 16. Interrupt Cycle Timing
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Figure 17. Port Timing
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Figure 18. Interrupt Timing
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Figure 19. Clock Timing
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Figure 20. Transmit Timing
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Figure 21. Receive Timing
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Figure 22. Interrupt Daisy Chain Timing
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Figure 23. DMA Transmit Write Timing — Single Adress DMA Mode
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Figure 24. DMA Receiver Read Timing — Single Address DMA Mode

-

October 30, 1990

346




Philips Components—Signetics Data Communication Products Product Specification

Dual universal serial communications controller (DUSCC) SCN68562

DONEN
(OUTPUT)
CSN /
DTACKN \
OONEN
(INPUT)
TxDRQN /

TRANSMT DUAL ADDRESS DMA MODE
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Figure 25. Dual Address DMA Mode Timing
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