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Description

The uPD72001 advanced multiprotocol serial controller
(AMPSC) is a high-performance, single-chip, serial
communications controller designed to meet a wide
variety of communications requirements. The AMPSC
contains two independent full-duplex channels, which
can be configured to transmit and receive data in either
asynchronous protocol or one of two synchronous
protocols: character-oriented protocol (COP) or bit-
oriented protocol (BOP). The COP and BOP synchro-
nous protocols include cyclic redundancy check (CRC)
generation and checking.

The AMPSC has several interrupt modes, including
vectored and nonvectored. Separate direct memory
access (DMA) requests are available for the transmitter
and receiver on each channel, allowing high speed
operation. The AMPSC is easily interfaced to most
microprocessors with a minimum of logic.

The uPD72001 AMPSC is an upgraded CMOS version of
the uPD7201A MPSCC with the following additions: four
internal baud rate generator (BRG)Aimers, two digital
phase-locked loops (DPLL), two crystal oscillators, and
the capability of synchronous data link control (SDLC)
loop operation. The BRGs can be used as independent
timers when they are not being used as baud rate
generators. Each timer generates its own zero count
interrupt. These features simplify design requirements
and at the same time enhance the fiexible architecture
of the uPD7201A.

Features

O Advanced version of the uPD7201A
O Functional superset of industry standard 8530

g CMOS technology

O Multiprotocol
— Asynchronous
— Synchronous
Character-oriented (BISYNC/MONOSYNC)
Bit-oriented (SDLC/HDLC)

8 Two independent full-duplex channels

O Versatile host-system interface
— Software polling
— Interrupt
—DMA

O Interface to a majority of microprocessors
— V-Series, 8080, 8085, 80X86/88, and others

0 Dc to 2.5-Mb/s data rate at 12.5 MHz
0 Modem control signals

© NRZ, NRZI, and FM encoding/decoding,
Manchester decoding

O Digital phase-locked loop per channel

O Two baud rate generatorftimers per channel
— Receive and transmit

Crystal oscillator per channel

Loopback test mode

SDLC loop mode

Mark idle detection

Short frame detection

Single + 5-V power supply

Standby mode for reduced power consumption

11-MHz, 12-MHz, or 125-MHz system and input
data clocks

O Available in DIP, PLCC, and QFP packages
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Ordering Information

Part No. Package Type Max Clock Speed
HPD72001 C11 40-pin plastic DIP 125 MHz
uPD72001GC11 52-pin plastic QFP

MHPDT2001L11 52-pin plastic leaded

chip carrier (PLCC)
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Pin Configurations
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Pin Identification

Symbol Function
B/A Channel B or channel A select input from host
computer
c/D Control/data input select from host computer
CLK System clock input from host computer
CTSA Clear-to-send input for channel A
CTSB Clear-to-send input for channel B
DCDA Data carrier detect input for channel A
DCDB Data carrier detect input for channel B
DTRA/DRQTXE  Data terminal ready output for channel A or DMA
request output for transmit channel B; determined
by control register CR2A
DTRB/DRQRxB  Data terminai ready output for channel B or DMA
request output for receive channel B; determined
by control register CR2A
DRQRxA DMA request output for receive channel A
DRQTXA DMA request output for transmit channel A
Dr-Dg System data bus
INT interrupt request output to host computer
INTAK interrupt acknowledge input from host computer
PRI Priority input, interrupt daisy chain control
PRO Priority output, interrupt dalsy chain control
RD Read control input from host computer
RESET System reset input from host computer
RTSA Request-to-send output for channel A
RTS8 Request-to-send output for channel B
RxDA Recsive data input for channel A
RxDB Receive data input for channel B
TRxCA Transmit-receive clock input for channel A
TRxCB Transmit-receive clock input for channel B
TxDA Transmit data output for channel A
TxDB Transmit data output for channel B
wWhR Write control input from host computer
XHA/STRXCA  External crystal connection for channel A or
transmit-receive clock source input for channel A
XI2ASYNCA External crystal connection for channel A or
synchronization input for channel A
X1B/STRXCB  External crystal connection for channel B or
transmit-receive clock source input for channel B
XI2B/SYNCB External crystai connection for channel B or
synchronization input for channel B
GND System ground
Voo +5V (typical)

PIN FUNCTIONS
CPU Interface

B/A (Channel Select). The input to this pin selects the
channel to be accessed for a write or read operation. A
low input selects channel A; a high input selects chan-
nel B.

C/D (Control/Data Select). The input to this pin selects
the type of data on the data bus during a write or read
access. A low input selects data; a high input selects a
control or status register.

CLK (System Clock). This input supplies the clock for
the internal operation of the device. It is separate from
the data clocks. The system clock input must be more
than five times the serial data transfer rate.

INT (Interrupt). The interrupt request output signal at
this pin goes low if an interrupt cause occurs within the
AMPSC. The output is an open-drain transistor and
requires a pull-up resistor.

INTAK (Interrupt Acknowledge). An active-low input
signal at this pin is used in response to an interrupt
request. In the Vector mode (CR2A bit D7=1) it causes
the interrupt vector to be placed on the data bus. The
output vector mode determines the number of cycles of
INTAK toggling that are required for each interrupt
acknowledge cycle (see CR2A bits D3-D5). In the Non-
vector mode (D7=0), this pin must be pulled high. if
unused, this pin must also be pulled high.

PRI (Priority Input). The PRI signal controls interrupt
request generation and interrupt vector output. The pin
is the input for the interrupt priority daisy chain that
determines how interrupts from muitiple devices are
resoived. A high level prevents the AMPSC trom pre-
senting an interrupt vector during the INTAK sequence.
A low level allows the vector to be presented. If unused,
this pin must be tied low.

PRO (Priority Output). This is an output to the inter-
rupt priority daisy chain. it controls interrupt requests
from lower-priority devices. it indicates the existence of
a higher-priority interrupt, either within the AMPSC or, if
no internal interrupt exists, the condition of the PRI
input.

RESET (Reset). Applying a low signal continuously for
two or more ciock cycles (tcy) to this pin resets the
AMPSC (system reset) and places it in Standby mode. A
system reset disables the transmitter, receiver, inter-
rupt, and DMA functions and sets the TxD and general-
purpose output pins to high. it also resets all bits of the
control registers.
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RD (Read). The active-low RD input signal causes
status or receive (Rx) datato be read out of the AMPSC.
The data is presented on pins Dg-D7. The values are
dependent on the state of the B/A and C/D inputs and
the internal state of the device.

WR (Write). The active-low WR input signal causes
control words or transmit (Tx) data to be written into
the AMPSC. The data written is input on pins Dg-D7
(data bus). The destination of the data is determined
by the state of the B/A and C/D pins and the value of the
internal register pointer.

D+-Do (Data Bus). These pins constitute a three-state,
8-bit, bidirectional data bus. The bus is connected to
the host processor's data bus to transfer control words,
status information, and send/receive data.

Channel Interface

RxDA, RxDB (Receive Data). Receive data enters the
AMPSC on these pins.

TxDA, TxDB (Transmit Data). Transmit data exits the
AMPSC on these pins.

DRQTxA, DRQTxB (DMA Transmit Requests). These
active-high outputs for channels A and B are DMA
requests to the DMA controller. The pin is set to high
when the Tx buffer is emptied. The conditions under
which this occurs depend on the status of control
register CR1 bit D2. (DRQTxB and DTRA are dual func-
tions of the same pin.)

DRQRxA, DRQRxB (DMA Receive Requests). These
active-high outputs for channels A and B are DMA
requests to the DMA controller. The pin is set to high
when the receiver enters the Rx Character Aveilable
state. It is reset when received data is read out of the
channel. (DRQRxB and DTRB are dual functions of the
same pin.)

TRxCA, TRxC B (Transmit/Receive Clock). If bit D2 of
control register CR15 is zero, these pins are transmit or
receive clock inputs. Also, they are inputs if bits D5 and
D6 or D3 and D4 are set to one and zero, respectively,
overriding the state of bit D2.

f none of the conditions above are true, the pins
function as outputs with the source selectable between
the crystal oscillator, the BRG, the DPLL, and the
transmit clock. Selection is made with bits DO and D1 of
CR15.

STRxCA, STRxC B (Clock Source). These pins are the
transmit or receive clock source inputs for channels A
and B, respectively. They can be routed internally to the
transmitter, receiver, BRG's, or DPLL. An alternative
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function as an external crystal connection point (XI) is
selected by control register CR15 bit D7.

XI1A, XI2A and XI1B, XI2B (Crystal Connections).
These two pin pairs may be connected to external
crystals that control the internal oscillators for chan-
nels A and B, respectively. (See STRxCA and STRxCB.)

Modem Control

RTSA, RTSB (Request to Send). These are general-
purpose outputs usable, as an example, for modem
control. Pin status is set by CR5 bit D1 and Auto Enable
bit status (CR3 bit D5).

CTSA, CTSB (Clear to Send). These are general-
purpose inputs usable, as an example, for modem
control. A status change on CTSA or CTSB affects E/S
bit latch operation. If E/S INT is enabled (CR1 bit DO set
to 1), an E/S interrupt occurs. If the Auto Enable mode
is selected (CR3 bit DS setto 1), CTSA and CTSB can be
used with the Tx Enable bit (CR5 bit D3) to control
transmitter operation.

DCDA, DCDB (Data Carrier Detect). These are
general-purpose inputs usable, as an example, for
modem control. A status change on DCDA or DCDB
affects E/S bit latch operation. If E/S INT is enabled
(CR1 bit DO set to 1), an E/S interrupt occurs. If the Auto
Enable mode is selected (CR3 bit D5 set to 1), DCDA
and DCDB can be used with the Rx Enable bit (CR3 bit
DO) to control receiver operation.

DTRA, DTRB (Data Terminal Ready). These are
general-purpose active-low outputs controlied by con-
tro! register CR5A bit D7. (DRQTxB and DRQRxB have
dual pin functions with DTRA and DTRB.)

SYNCA, SYNCB (Sync Input or Output). In accor-
dance with the settings of control register CR4 bits
D7-D2, and with CR15 bit D7 = 0, the three functions of
these pins are as follows.

(1) Asynchronous mode: general-purpose input that
functions like DCD and CTS.

(2) External sync mode: active-low input indicates to
the AMPSC that synchronization has occurred.

(3) Internal sync mode: active-low output indicates
when synchronization is detected by the AMPSC.

An alternative function as an external crystal connec-
tion point is selected by CR15 bit D7.
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CRYSTAL RECOMMENDATIONS

The crystals used with the yPD72001 internal crystal
oscillators should be paraliel resonant, fundamental
mode, with an AT cut. For frequency stability, two
capacitors can be added from the pins of the crystalto
ground (figure 1). The value of the capacitors can be
calculated by the following formula:

puPD72001
ELECTRICAL SPECIFICATIONS
Absolute Maximum Ratings
Ta =+25°C
Power supply voltage, Vpp -05t0 +7.0V

Input voitage, V, -0.5toVpp + 0.5V

-05toVpp + 0.5V

Output voltage, Vg

CixC, Operating temperature, Topr ~10 to +70°C
CL=m1%2 4 Cg
Ci+ G Storage temperature, Tstg ~65 to +150°C
C_ is the load capacitance of the crystal and Cg is all c ita
stray capacitance in parallel with the crystal. The Cs apac .anE ov
value should incfude the input capacitance (Cio and A= 2C: Voo
Cin) of the uPD72001 and any wiring or socket capaci-  Parameter Symbol  Max  Unit  Conditions
tance. Input Cn 10 pF fc = 1 MHz;
capacitance unmeasured pins
Figure 1. Crystal Configuration Circuit VO capacitance  Cp 20  pp  returnedto0V.
XN
‘ (o8] uPDT2001
C1
:[ P— x12
C2
+ I
- - £3-005111A4
DC Characteristics
Ta=-10t0 +70°C;Vpp = + 5V =10%
Parametsr Symbol Min Typ Max Unit Conditions
Input low voltage Vi -0.5 +0.8 All pins except CLK
Vie -05 +0.6 v CLK pin
input high voltage Viy +2.2 Vpp + 05 v All pins except CLK
Vine +3.3 Vpp + 05 v CLK pin
Output low voltage VoL +0.45 v loL = 2.0mA
Output high voltage Vou 0.7Vpo v loy = —400 uA
Output leakage current, high Ion +10 HA Vour = Vpp
Output leakage current, low oL -10 HA Voyr =0V
Input leakage current, high ILin +10 MA VYN = Vpp
Input leakage current, low e -10 HA V=0V
Vpo supply current lpp 20 40 mA All cutputs at high level; tcy = 90 ns
Standby current oot 1 20 HA faxc ™ frec = fok = OC
1 mA Standby mode
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AC Characteristics
Ta = -10t0 +70°C; Vpp = +5.0V 210%

11 MHz 12 and 12.5 MHz
Parameter Symbol Min Max Min Max Unit Conditions
Clock
Clock cycle (Note 2) toyk 90 2000 83 (12 MH2) 2000 ns
80 (12.5 MHz)
Clock high-level width WKH 40 1000 35 1000 ns
Clock low-level width WKL 40 1000 35 1000 ns
Clock rise time, 1.5t0 30V txn 10 10 ns
Clock fall time, 3.0 to 1.5 V F 10 10 ns
Read Cycle
Address setup time to RD ¢ tsAR 0 0 ns
Address hold time from RD t “tHRA 0 ns
AD pulse width WRL 120 90 ns
Data output delay time from address tpaD 100 100 ns
Data output delay time from RD { toRD 100 95 ns
Data tioat delay time from RD ¢ teRD 10 40 10 40 ns
Write Cycle
Address setup time to WH { tsaw 0 o ns
Address hold time from WR ¢ tHwA 0 ns
WR pulse width Wwi 120 . 85 ns
Data setup time to WR t tspw 100 75 ns
Data hold time from WR ! tHwD 0 0 ns
Read/Write Cycle
RDAWR recovery time (Note 3) tav 140 125 ns
Transmit or Recelve Cycle
Transmit/receive data cycle teyn 5 5 toyk
STRxC, TRxC input clock cycle tove 80 83 (12 MH), ns
80 (12.5 MHn)
STRxC, TRxC input clock pulse
High-tevel width WCH 40 35 ns
Low-level width Wwel 40 40 ns
Transmit Cycle
TxD delay time from STRxC i, TRXC ¢
x1 mode toteTon 100 90 ns
x16, x32, x64 mode torero? 300 150 ns
iNT delay time from TxD toTDiR 4 6 4 6 tcyxk  TxINT mode
DRQTx delay time from TxD oTODG 6 4 6 oYK Tx DMA mode
Receive Cycle
RxD setup time to STRxC t, TAXC t tRDRC o 0 ns
RxD hotd time from STRxC t, TRXCt  tyacro 120 80 ) ns
INT delay time from RxC t (Note 4) toacia 7 1" 7 1 toyk  Rx INT mode
DRQRXx delay time from RxC 1 tpRcDG 7 1 7 1 tcyk  Rx DMA mode

{Note 4)
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AC Characteristics (cont)
11 MHz 12 and 12.5 MHz

Parameter Symbol Min Max Min Max Unit Conditions
DMA Request Control
DRQRx | request delay time from RD ¢  tpapa 120 85 ns
DRQTXx 4 request delay time from WR ¢  tpwpo 120 85 ns
Interrupt Control
INTAK low-level width fWIAL 120 75 ns
PRO delay time from PRI topirO 50 25 ns
PRI eetup time to INTAK 4 tspra 0 0 ns When vector
PRI hold time from INTAK t . 20 10 ns  Outputis selected
Data output delay time from INTAK { ton 120 80 ns
Data float delay time from INTAK ? tFAD 10 40 10 40 ns
Modem Control
CTs, DCD, 5YNC pulse

High-level width WMH 2 2 toyK

Lowslevel width WML 2 2 teyk
INT delay time from C1S, DCO, SYNC  touiq 2 2 tevk
Sync Control
SYNC delay time from STRxC 1, toTRCSY 0 2 ] 2 tcyk  COP external
TRxC * synchronization
Crystal Oscillator
X11 input cycle time teyx 90 2000 83 (12 MHz), 2000 ns

80 (12.5 MHz)

Reset
RESET puise width WhSL 2 2 toyk
Notes:

(1) The AC Characteristics (11, 12, 12.5 MHz) apply to the F-step and
later revisions of the 72001-11 only. The F-step revision of the
72001-11 uses 1.2-um design rules and is a die shrink version of
the 8-MHz 72001 (1.5 umj).

(2 In all modes, the system clock frequency must be more than five
times the maximum data rate.

(3) For all operations except TxWRx data transter.

{4) RxC = STRxC or TRxC.
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Timing Waveforms

Clock Input Test Points AC Test Load Circuit
3.3 . 33
06  estpoints 0.6 D.UT.
83-0042064
CL = 100 pF
I/O Waveform Test Points I [includes jig capacitance)
24 —Xz.z Test points 2.2 830042874
est poin x
0.45 o8 98
83-004285A
Clock Timing
tcyx
twKH twkL
cLK . c
7/ N 7 \
83-0042888
Read Cycle
c/b, B/A X
K
tSAR twRL tHRA
p y
AD S;
tFRD
torD
"4
D7-Do %L
tDAD
83-004289€
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Timing Waveforms (cont)

Write Cycle
c/b, B/A % X
| tsaw fo— twwi ' tHWA ——l
w-a i
tHwD
tsow
s '
v, S

D7-D

0 X v,

Read/Write Cycle (for all operations except Tx/Rx data transfer)

C/D,B/A \

/

I

7, WA \
83-0042918
Transmit Cycle
} tcye
' twel | | twWeH
STRxCA/B / L\L y
TRxCA/B \
L— tDTCTD tevo
4
TxOA/B >< x
tpTDIQ
i d \
-
L—— \DTODO e
Y
DRQTsA/B

83-0042928
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Timing Waveforms (cont)

Receive Cycle

tcyc
| ||

-
|
|

twelL twCH
I #

STRXCA/B \ -
TRxCA/B \
tSRDRC -’t {HRCRO ! tcyp —
RxDA/B >¢ $< L(
tDRCIO
W N
\
[*—— tDRCDQ —
/(
DRQRxA/B
83-0042938
DMA Request Control
DRQTxA/B

_/

X

DROAxXA/B
tDRDQ —»|
RO /
towpQ—|
wR /
83-0042948
Modem Control
WML I e waH |
CTSA/B,
DCDA/B,
SYNCA/B N
tomio |
INT l
83-004296B
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Timing Waveforms (cont)

interrupt Control

PRI

INTAK s
RO /
|

je——twiaL

—» tsPHIA tHIAP!

_/—\k

~— toriPo

~+| tDIAD IFIAD 4’

i
83-0042958

Sync Control

Last Bit of

1st Bit of

SYNC Character Data Character tDTRCSY
*SYNCA/B
*SYNCA/B input must be set to 0 at the rising edge of AxC after two clock cycles
following the last bit of SYNC character.
83-0042978
Crystal Oscillator Reset
i ol .
X —
tev RESET \
y
1
X twRSL

83-004208A 83-004299A
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FUNCTIONAL DESCRIPTION

Refer to the uPD72001 AMPSC block diagram (figure 2)
for an overview of the four major functional blocks of
logic listed below.

e System clock control
e Interface control

e Transmitter

e Receiver

System Clock Control

The system clock control fogic receives and manages
the system clock (CLK), which operates the internal
circuitry of the uPD72001. The system clock and inter-
nal circuitry must be operating in order for the trans-
mitters and receivers of the uPD72001 to function. In
standby mode, the system clock is blocked by the clock
control circuitry and the transmitters and receivers can
not operate. In clocked operation, the system clock
can be used as the source for the data clock, which is
used by the transmitters and receivers. The internal
registers of the uPD72001 are static in nature and do
not require the system clock to retain their contents.

Interface Control

The interface control logic contains the signals usedto
controi the transter of data and status information
between the host CPU and the AMPSC. This logic block
has four types of interface lines. The read/write and
control lines (RD, WR, C/D, B/A) select what data is to
be transferred and the direction of the transter. The
reset line (RESET) which is part of this group, resets the
internal state of the uPD72001 when held active. The
interrupt control line (INT) sends a signal to the host
CPU when the AMPSC requires attention. The interrupt
acknowledge line (INTAK) signals the uPD72001 when
the host CPU is ready to service its request for atten-
tion. The interrupt priority lines (PRI, PRO) are used to
form the interrupt priority daisy chain, which arbitrates
the interrupt service priority.

The DMA control lines (DRQRxA, DRQTXA, DRQRxB,
DRQTxB), inform the DMA controller when adata trans-
fer is ready. The data bus buffer provides temporary
storage of the data (D7-D0) being transferred from the
internal registers of the uPD72001 to the host CPU.

Transmitter

Each channel's transmitter accepts parailel byte data
and sends it out serially. The data is sent out at a rate
determined by the transmit data clock (TxCLK). The
source of this clock is determined by the clock control
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multiplexer. Bytes are loaded into the transmit buffer.
When the transmit shift register is empty, the contents
of the transmit buffer are loaded into the transmit shift
register. ,

Thetransmitter is also responsible for the transmit CRC
calculation and sending flags and SYNC characters.
The transmitter can be made to send breaks and aborts
using commands from the host CPU.

The internal loopback feature connects the transmitter
to the receiver and disconnects the receiver from the
RxD pin.

The echo loop feature connects the receiver to the TxD
pin and disconnects the transmitter.

The Baud Rate Generators (BRGs) divide down the
selected clock source to produce data clocks that can
be used for the transmitter and receiver. The clock
multiplexer selects the clock sources for them. By
selecting the correct value for the BRG count, the BRG
can be used as atimer with a wide dynamic range. The
clock source for the timer can be selected from the
system clock, the data clock, an external source, or a
crystal.

Receiver

The receivers in the AMPSC accept serial data into the
receive shift register, which in turn assembies this seriai
data into parallel characters (byte). The assembied
byte is transferred into the receive buffer (FIFO), which
can contain up to three bytes. The receive status of
each byte is transterred along with it through the
receive buffer. In this way, the status reported by the
uPD72001 is always current for the byte that is about to
be removed from the FIFO.

The receive shift register also checks for flags and
SYNC characters in the synchronous modes. Flags are
automatically removed from the data stream, while
SYNC characters have the option of being retained.
This is determined by a CPU command.

The receiver in synchronous modes, calculates the
received CRC and checks it against the CRC that is
received with the data. A difference is reported to the
host processor.

The digital phase-locked loop (DPLL) is used to sepa-
rate the data from the clocking information in the NRZI,
FM, and Manchester encoded received bit streams. It
locks in on the received data and provides an accurate
and stable clock for the receiver.
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Standby Mode

The uPD72001 enters the standby mode after a hard-
ware reset or by issuing the standby command (CR13
bit D0O). In standby mode, the system and data clocks
are blocked internally by the clock multiplexer. This
shuts down the AMPSC and reduces power consump-
tion greatly. System power requirements can be further
reduced by externally stopping the input clock transi-
tions.

In standby mode, the uPD72001 retains all register
values, but no internal functions operate and read
operations of the AMPSC will not transfer any data.

To release the standby mode, a write cycle must be
performed to CRO. To resume normal operation with-
out affecting the internal state of the device, a zero can
be written to CRO.

SYSTEM CONFIGURATION EXAMPLE

In the system configuration example {figure 3), the
uPD72001 is used as a high-speed interface to a mo-
dem. It controls the modem interface and serial data
flow. The AMPSC is used with a direct memory access
controller (DMAC), such as the yPD71071 in order to
speed the data transfer and reduce the host CPU
overhead. The puPD72001 directly interfaces with the
host CPU, without requiring an interrupt controller,
such as the yPD71059. Extra hardware is not required,
since the AMPSC can generate its own interrupt vec-
tors.

The interface between the uPD72001 and the host CPU
is not very complex. It requires only address decoding
logic for I/O operations. A multiplexer can be used to
decode DMA acknowledge signals. However, it is not
necessary with DMA controllers, such as the uPD71071,
which are able to do their own I/O addressing.

The AMPSC's flexible interface to a variety of host
processors makes connection simple.

PROGRAMMING THE AMPSC

Software programming the AMPSC utilizes separate
data and command/status paths. The data path uses
an 8-bit register The command/status path has a set of
8-bit registers structured for efficient and compilete
control with a minimum of interaction from the host
processor.

The internal registers (table 1) are divided into control
registers (CRs) and status registers (SRs). Also, unless
otherwise noted in table 1, each channel has its own set
of registers; for example, CR1A and CR1B are the CR1
control registers for channels A and B.

The control and status registers for a given channel are
all accessed through the same /O address. The differ-
ent registers are selected by using the register pointer
in CRO (bits D0-D2). The register pointer is reset to zero
after each register operation. For example, to write to
CR2, a two is initially written to the control address
(C/D pin set high). After this the value to be written into
CR2 is also written to the control address. To read from
SR2, atwo is written to the control address, and then a
read cycle at the control address reads the value in
SR2. A zero is not required to be written before CRO and
SRO are accessed. Control registers (figure 4) set up
the device operation mode or control device opera-
tions. The host processor writes control words into

these registers.

Status registers (figure 5) hold device status informa-
tion. The host processor can sense the AMPSC device
status by reading these registers.

Frequently used information is retained in control reg-
ister CRO and status register SR0. This information can
be sent or received by writing or reading a single byte.
In normal operation, CRO is initially loaded with a
command to reset the AMPSC. Next, CR2 is loaded to
set the interface mode. This is followed by the remain-
ing registers, beginning with CR4 to set the protocol

type.

13
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Figure 2. aPD72001 AMPSC Block Diagram

Channel A
;> »RTSA
,-- CRS L, —» DTRA
SR1 pe-
— . _TxAXx Clock
~7
Tx BRG | Tx BRG I
| |
RAx BRG Rx BRG], i .
:>*_, ML |D TxRx Ly TxCLK
<-_ l Clock | RxCLK
SR12-15 I opLe Control] 7]
! |
| T1 |
1 t I + TRXCA
i l XI1A/STRXCA
I Osc |
| } X{2A/SYNCA
| P PR i
System
Clock }
<:> e CTSA
crs-¢ K :)
Cloc| SRB8-9 e DCDA
CLK——# Standby TxRx |
Control Control
K | sro, 3,| sri-4 K K - RxDA
+_. . SR10-11 <
<: Rx A 1] Receiver
|| Buffer (. i
A cr3 |
interface l—q—u—'
Control
L~
DRORXA @—1 — CR6-7 »TxDA
ORQTxAe—— DMA
DRQRxB «+——] Controj | }
DRQTXB +——
) A CR4-S M Transmitter
NTe—(q
INTpekl_(—OC interrupt
——>g Control | —>n
— - Tx ..__‘>'
PRO 9 Bufter
Dat —
a
CE e BTN a—
o Control
Channel B O-»RTSB
o—+DTRB
_F_g—-——oc o~ TRxCB
:’ls—’c wr‘h".’ pe—X118/STAXCE
8/A—=| Control <—X128/SYNCB
RESET —*1 e TTSE
p<—BCHB
le—RxDB
F—>TxDB
4PM 000146

14




NEC

pPD72001
Figure 3. System Configuration Example
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Table 1. AMPSC Internal Register Configuration
Control CRO Status SRo
Registers CR1 Registers SR
CR2 Functions differ for CR2A and SR2B No register SR2A
CR2B SR3
Ch3 SR4A No register SR4B
CR4 :
SRS, SRS, No registers
CRS SR7
CR6 SR8
CR7 SR9
CR8, CR9 Registers for each channel are SR10
used Iin pairs: CRSBA/CR9A; SR11
CR8B/CRSB
CR10 SR12, Registers for each channel are
SR13 used in pairs: SR12A/SR13A;
CR11 SR12B/SR13B
CRi12 Tx/Rx BRG registers are loaded SR14, Registers for each channel are
by setting bits 0 and 1 of CR12 SR15 used in pairs: SR14A/SR15A;
CR13 SR14B/SR15B
CR14
CR15
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Figure 4. Control Register Bit Functions '
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Figure 4. Control Register Bit Functions (cont)
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0 NRAZ Data Encoding
1 NRZI Data Encoding
0 FM1 Data Encoding
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1
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1
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0 0 THxC Source is XTAL
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TAXC is Outpunt
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1
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49M-000151
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Figure 5. Status Register Bit Functions
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DH; Residue Code
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Reserved, State Unknown

O —a—

Note:
{1] Residue Codes that Indicate No Residue:

Bits per Data Byte Residue Code
5 Bits/Character 100

6 Bita/Character
7 Bits/Character
8 Bits/Character

-X-X-J
Y.
- O

Tx Underrun/End of Message

Status Register 4A

[5+[os [os [oa os [ oe [ o+ [ o0]

Channel B External/

Status Interrupt Pending
Channel B Tx interrupt Pending
Channel B Rx Interrupt Pending
Channel A External/

Status Interrupt Pending

Channel A Tx interrupt Pending

Channel A Rx Interrupt Pending

Ch ! 8 Speciai Ax
Interrupt Pending

Status Register 8

Channel A Special Rx
interrupt Pending

[ o7 6| s D4fD3fD2]|D1]D0]

Status Register 9

BRr O

Bit 1

Bit 2

Bit 3 | Tx Data Length
Bit 4 | Counter, Low Byte
Bit S

Bit 6

Bt 7
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Status Register 10

Bit 8

Bit9
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Bit 11| Tx Data Length
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Bi 13
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Bit 18

[5:[oe [os [oe [ os [ oe]ox T oo]
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——Tx Synchronized/On Loop
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Sending On Loop
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DPLL Missing Two Clocks
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Status Register 11

[o2[oeTos o 2oz [ o+ [oo]

BRG Interrupt Enabled

idie Detect Interrupt Enabled
AH Sent interrupt Enabled
DCD Interrupt Enabled

Sync/Hunt interrupt Enabled

CTS Interrupt Enabled

Tx Underrun/EOM
interrupt Enabled

Break/Abort/GA
interrupt Enabled

49M-0001 82
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Figure 5. Status Register Bit Functions (conf)
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CONTROL REGISTER CRO
CRC Control (D7-D6)

These bits are valid when the COP or BOP mode is
selected. They are not used in the asynchronous mode.

No Operation (00).This command has no effect.

Initialize Rx CRC Calculator (01). This command
initializes the receiver (Rx) CRC calculator. The com-
mand should be issued before data reception starts.
However, before this command is issued, the initial
value of the Rx CRC calculator must be set by the value
of CR10 bit D7.

This command is not required in the BOP mode, since
the CRC calculator is automatically initialized upon
receipt of a flag according to the value of CR10 bit D7.

Initialize Tx CRC Calculator (10). This command
initializes the transmit (Tx) CRC calcuiator. it should be
issued before data transmission is started. However,
before the command is issued, the initial value of the Tx
CRC calculator must be set by the vaiue of CR10 bit D7.

inthe BOP mode, if CR10 bit D7 is set to one, the Tx CRC
calculator is automatically initialized to one when a
flag is loaded into the transmit shift register within the
AMPSC.

Reset Tx Underrun/EOM Bit (11). This command re-
sets SR1 bit D6 (transmit underruryend-of-message bit)
from one to zero. If data is not loaded into the transmit
buffer before the transmit shift register begins trans-
mitting its last bit, the AMPSC enters the Tx Underrury

20

EOM state. At this point, the AMPSC checks to see if a
CRC or SYNC/Flag is to be sent, which depends on the
value of SR1 bit D6 and the operating mode. Therefore,
SR1 bit D6 must be reset before transmission of the last
byte starts, in order to enable transmission of the CRC.
At the occurrence of a Tx Underrun, the CRC or the
SYNC character/flag is sent when SR1 bit D6 is azero or
one, respectively. SR1 bit D6 is set when the CRC byte
is written to the Tx shift register by the AMPSC. In the
BOP mode, bit D6 of SR1 is automatically set to zero
when the first data byte of a frame is written into the
AMPSC.

Command (D5-D3)
These bits control the state of the device.

No Operation (000). This command has no effect.

High Polnter (001). This command is used in conjunc-
tion with CRO bits D2-D0 (Register Pointer) to access
status registers 8 through 15. For example, to access
SR11, bits D5-DO of CRO are set to 001011.

Reset E/S Bit Latches (010). This Reset External/
Status Bit Latch command is issued when an E/S bit
(any bit of SR1) latch operation has occurred. it opens
the E/S latches and prepares for the latching of a new
E/S bit status change. If the E/S interrupt is enabled, an
E/S interrupt will occur and the latches will latch when
an E/S bit's status changes. Not all state transitions
will cause latching and an interrupt to occur. See the
description of SR1 for detaiis. New status will not be
available in SR1 until this command is issued.
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Channel Reset (011). This command resets an AMPSC
channel. It performs a function similar to the RESET
pin. Executing the channel reset command halts chan-
nel operation. After a channel reset, three system clock
periods (tcy) should elapse before any further com-
mands or data are sent to the channel.

Enable Next Rx Character Interrupt (100). This com-
mand is valid only when the First Rx character mode
(CR1 bits D4-D3 = 01) is selected. Itis issued at the end
of a message to request an additional Rx interrupt for
the first received byte of the next message. The addi-
tional Rx interrupt occurs when the next data byte is
received after the command is issued. This command
has no effect when the First Rx INT mask is on (CR1 bit
D5 = 1), even if the First Rx INT mode is selected.

Reset Tx interrupt/DMA Pending (101). This com-
mand is used to clear a pending Tx interrupt request or
Tx DMA request while the Tx buffer is empty (SR0 bit D2
= 1). It is typically used to clear a Tx interrupt or Tx
DMA request caused by the Tx buffer empty state that
occurs after the last byte is written into the AMPSC.

Error Reset (110). This command is used to reset the
pertinent bits (SRO bits D7-D3) if a Special Rx Condition
has occurred. If it occurs when the First Rx INT mode is
selected, any data that is subsequently received is not
transferred to the last stage of the AMPSC internal Rx
buffer, but will remain in the first and second stages
until this command is issued.

End of Interrupt (111). This command is used so that
the AMPSC can recognize the end of interrupt service
processing. it should be issued when interrupt service
for the AMPSC is compieted. Command execution
resets the internal interrupt service latch and re-
enables lower priority interrupt requests. This com-
mand is required when the start of interrupt service has
been indicated by either conducting an INTAK cycle, or
by reading SR2B.

Register Pointer (D2-D0)

These bits specify which AMPSC register number is to
be accessed. The bits are reset to 000 when system
reset is executed or when the AMPSC is accessed after
a Register Pointer value is specified. For registers
numbered 8 and above, the High Pointer command
(D5-D3 = 001) is used in conjunction with the Register
Pointer to access them.

CONTROL REGISTER CR1
Short Frame Detect (D7)

Valid only in BOP mode, this bit detects short HDLC
frames (frames that are less than 32 bits long).

Short Frame Detect Disabled (0). Short frame detec-
tion is disabled.

Short Frame Detect Enabled (1). Short frame detec-
tion is enabled. If a short frame is received, SRO bit D3
(Short Frame Detect) is set to 1, causing a Special Rx
Condition interrupt.

Overrun Error (D6)
This bit selects the timing of overrun error detection.

Normal Mode (0). In this mode, a special Rx condition
interrupt indicating “Rx Overrun Error” occurs when
the received datathat caused the erroris transferred to
the last stage of the Rx FIFO.

Special Mode (1). In this mode, a special Rx condition
interrupt indicating “Rx Overrun Error” occurs imme-
diately when the AMPSC detects the overrun error. The
received datathat caused the overrun error may not be
the byte at the last stage of the Rx FiFO.

Receive Interrupt on First Character Mask (D5)

This bit is enabled only if the First Rx INT mode (CR1
bits D4-D3 = 01 ) is selected. It is used to mask Rx
interrupts caused by received data. Setting this bit to 1
causes all first receive interrupts to be masked. It does
not mask Special Rx Condition interrupts. it is used in
data transfers when no interrupt service is desired or
required, such as DMA only data transfer.

Receive Interrupt Mode (D4-D3)

These bits set the Rx INT mode. They specify the way
received data is managed.

Disable Mode (00). This mode is used to accept re-
ceived data using status polling, or to disable the
receive interrupt request.

First Rx Character Mode (01). In this mode, which is
typically used with DMA data transfer, an Rx interrupt
occurs only when the first byte is received. This inter-
rupt occurs when the receiver is enabled after initial-
ization or after the Enable Next Received Character
interrupt command is issued.

21



pPD72001

NEC

All Receive-1 Mode (10). This mode causes a receive
interrupt to be generated for each byte received. in this
mode, a parity error causes a Special Rx Condition
interrupt.

All Receive-2 Mode (11). This mode is the same as the
All Receive-1 mode, except that a parity error does not
cause a Special Rx Condition interrupt.

First Transmit Interrupt/DMA Enable (D2)

This bit determines whether a transmit interrupt or
DMA request is generated immediately after the trans-
mitter is enabled. It is valid when Tx INTTDMA is enabled
(CR1 bit D1 = 1). Atransmit interrupt or DMA request is
issued if bit D2 is 1 when the transmitter is enabled, but
not if the bit is 0. Regardless of the state of bit D2, an
interrupt or DMA request is generated when the Tx
buffer makes the full-to-empty transition.

Transmit Interrupt/DMA Enable (D1)

This bit enables the transmit interrupt or DMA request.
Each time a Tx Buffer Empty condition exists and
provided bit D1 is set, an interrupt or DMA request is
generated.

External/Status Interrupt Enable (D0)

It bit DO is set, a change in state of the external/status
bits causes an interrupt to occur. The current state of
the external/status bits is latched. The latches must be
reset with the Reset External/Status Bit Latches com-
mand (CRO bits D5-D3), before subsequent interrupts
can occur.

CONTROL REGISTER CR2A
Vectored Interrupt Enable (D7)

This bit determines the handling of the interrupt vector.
Ifthe bit is set, the interrupt vector is placed onthe data
bus during the INTAK cycle by the AMPSC . If the bit is
reset, the vector is not placed on the bus; it can be read
by the host processor from status register SR2B. Inthis
mode, the INT signal is released after the host proces-
sor reads SR2B or clears the interrupt condition.

Interrupt Status Affects Vector (D6)

This bit determines if the value of an interrupt vector is
modified depending on the source of interrupt. If the bit
is set, the vector is modified as specified by bits D5-D3,
If the bit is reset, the vector is not modified and the
cause of interrupt must be determined by reading SR0
and SR1.

Interrupt Vector Mode (D5-D3)

These bits determine the interrupt vector operation
and select which bits of an interrupt vector are to be
changed when the Interrupt Status Affects Vector is set
(CR2A bit D6 = 1). For details of how the vector is
modified, refer to the description of register SR28.
Table 4 shows the vector operation determined by bits
D5-D3.

Interrupt Priority Select (D2)

This bit selects the priority of interrupt requests within
the AMPSC. The priority does not apply to DMA trans-
fer.

If bit D2 = 0, the priority from high-to-low is RxA, TxA,
RxB, TxB, E/S A E/S B.

If bit D2 = 1, the priority from high-to-low is RxA, RxB,
TxA, TxB, E/S A, E/S B.

Interrupt/DMA Mode (D1-D0)

These bits select the data transfer mode for each
channel. The E/S, Rx, and Special Rx Condition inter-
rupts can be enabled in both modes. The Tx interrupts
are disabled on any channel in DMA mode. The three
modes are as follows:

Bits D1-DO Mode
00 Both channels interrupt
o1 DMA on channel A, interrupt on
channel B
10 DMA on both channels
CONTROL REGISTER CR2B

Bits D7-D0 of CR2B set the initial value of an interrupt
vector.
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Table 4. Interrupt Vector Operation Throughout INTAK Sequence
Data Bus Status (INTAK response of AMPSC)

CR2A
Ds D4 D3 Mode PRI INTAK Cycte D7 D6 Ds D4 D3 D2 D1 Do
0 0 ¢] At Low 1st 1 1 0 0 1 1 0 1
Low 2nd v7 vé V5 M4 M3 M2 V1 Vo
Low 3rd 0 0 0 0 o 0 0 o]
X 1st 1 1 0 0 1 1 o] 1
High 2nd High impedance
High 3rd High impedance
0 0 1 A2 X 1st High Impedance
Low 2nd \24 ve A4 M4 M3 M2 \2] Vo
Low 3rd 0 0 0 0 0 0 0 o
b 1st High Impedance
High 2nd High impedance
High 3rd High impedance
o] 1 0 A3 X 1st High Impedance
Low 2nd \'24 Ve V5 M4 M3 M2 Vi Vo
Low 3rd 0 0 0 0 0 0 0 0
x 18t High Impedance
High 2nd High Impedance
High 3rd High Impedance
0 1 1 Bt Low fst - High impedance
Low nd v7 vé V' v4 V3 M2 M1 Mo
X 1st High iImpedance
High and High impedance
1 o} 0 B2 x 1t High impedance
Low and V7 vé V5 v4 v3 M2 M1 MO
x 1st High Impedance
High 2nd High Impedance
Notes:

(1) x = Don't care. (3) Modes A3 and B2 ignore the state of PRI. They are siave modes
{2) When the Interrupt Status Affects Vector (bit D6 of CR2A) is set, for use with an interrupt controller such as the uPD71059.
the M data bits are modified to indicate the interrupt source.
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CONTROL REGISTER CR3
Receive Character Bit Length (D7-D6)

These bits determine the number of bits per character
in the received data.

Bits D7-D6 Bits/Character
00 5
01 7
10 6
11 8

in COP mode, the number of bits in the SYNC character
must be equal to the bit length of the received charac-
ter. Parity must be enabled or disable (CR4 bit DO)
depending on the selection of the received character
bit length in order to make the SYNC character length
match the received character bit length.

Auto Enable Mode (D5)

Bit D5 enables and disables the auto enable mode. In
this mode, the CTS and DCD pins control operation of
the transmitter and receiver, respectively. If the input
pin is high, the transmitter or receiver is disabled. The
RTS pin outputs the current transmitter status. In asyn-
chronous mode with bit D5 = 1, the pin remains low
during trans- mission and returns high only after all
characters have been sent.

In auto enable mode, any status change on the CTS or
DCD pins is latched and an external/status interrupt is
generated. The auto enable mode is enabled by setting
bit DS to one and disabled by resetting bit DS to zero.
With bit D5 = 0, CTS, DCD, and RTS function as normal
inputs and outputs.

Enter Hunt Phase (D4)

valid in COP or BOP mode, bit D4 set to 1 forces the
AMPSC to enter the Hunt Phase. In the Hunt Phase, the
uPD72001 searches the received data stream for either
a SYNC character or flag before it begins loading data
into the Rx FIFO. When synchronization is established,
this bit is set to zero automatically.

Receive CRC Calculator Enable (D3)

valid only in COP or BOP mode, bit D3 determines
whether or not a CRC calculation is to be performed on
the received data. In COP mode, the CRC is calculated
8 bit times after a byte is transferred into the receive
FIFO. If bit D3 is reset before this time, the byte will not
be inciuded in the CRC calculation. The bit must be set
again after the next byteis received to resume the CRC
calculation.

24

Address Search Mode Enable (D2)

Valid only in BOP mode, bit D2 determines whether or
not the address field value of a received frame is to be
compared with the value set in CR6. If the bit is set to
one, Address Search is enabled and the AMPSC checks
the first byte of the frame. If the byte matches CR6 or
the global address (FFH), the frame is received. If the
byte does not match, the AMPSC enters the Hunt mode
again, and the byte and the rest of the frame are

blocked and not received. If Multicast mode is enabled

(CR3 bit D1), only the four most significant bits (CR6,

bits D7-D4) of the address byte are compared.

When enabled, Address Search mode limits abort de-
tection to only frames in which an address match has
occurred.

Sync Character Load Inhibit/Multicast
Enable (D1)

valid only in COP or BOP mode, bit D1 has a different
meaning in each mode. in COP mode, setting bit D1 to
one enables the Sync Character Load Inhibit function.
This prevents any byte that matches the value in CRé
from being loaded into the Rx FIFO and from being
included in the CRC calculation. However, if the Rx
FIFO is full, and an overrun occurs with the SYNC
character being the character which causes the over-
run, this function is invalidated. The SYNC character
will be transferred into the first stage of the Rx FIFO,
but no overrun error is reported by the AMPSC.

In BOP mode, bit D1 enables the Multicast function. In
this mode, which is a modified form of the address
search mode, only the most significant four bits of the
received address are compared with the identical bits
of CR6. Frame acceptance will function inthe same way
as in the address search mode.

Receiver Enable (D0)

This bit enables and disables the receiver. Setting bit DO
enables the receiver, resetting it disables the receiver. If
the auto enable mode is selected (CR3 bit D5 = 1), the
signal applied to the DCD pin also controls receiver
operation.
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CONTROL REGISTER CR4
Clock Rate (D7-D6)

Bits D7 and D6 select the clock rate divisor. They are
ignored in the internal synchronous modes. In the
external synchronous mode, only the x1 and x16 selec-
tions are valid. In asynchronous mode, the foliowing
values apply:

Bits D7-D6 Divisor
00 x1
o1 x16
10 x32
11 x64

The divisor value is the factor by which the supplied
data clock is greater than the data rate for the trans-
mitter and receiver. The data clock source is selected
by the clock multiplexer. It can be set to any of the BRG,
DPLL, or external clock sources. The divisor deter-
mines the number of times that the received data is
sampled per bit time by the receiver. Also, it determines
the composition of the transmitter output.

Protocol Mode (D5-D4)

Bits D5-D4 select the synchronous protocol, which are
used when the synchronous mode is selected with bits
D3-D2

Bits D5-D4 Mode

00 Monosync, character synchronous

o1 Bisync, character synchronous

11 External Sync, character synchronous
10 HDLC, bit synchronous

Tx Stop Bits/Sync Mode (D3-D2)

Bits D3-D2 select the number of stop bits sent after
each byte in Asynchronous mode, or they select the
Synchronous mode.

Bits D3-D2 Mode

00 Sync mode

01 Async mode, 1 stop bit
10 Async mode, 1.5 stop bits
11 Async mode, 2 stop bits

Parity Select (D1)

Valid in Asynchronous and COP modes, bit D1 selects
the parity type: 0 = odd and 1 = even. It is used only
when the Parity Enable bit DO of CR4 is set to one.

Parity Enable (D0)

Bit DO enables the parity bit calculation on transmitted
data and parity checking on received data. Setting bit
D0 enables parity; resetting bit DO disables parity. If the
length of the received character is 7 bits or less, the
parity bit can be read in the received data byte. If parity
is disabled, no parity bit is transmitted and none is
expected on receipt.

CONTROL REGISTER CR5
DTR Control (D7)

This bit controis the DTR pin status: 0 = highand 1 =
low. The DTR pin function is disabled if channel B is
operating in the DMA mode (CR2A bits D1-DO = 10)

Transmit Character Bit Length (D6-D5)

These bits specify the bit count per character in trans-
mitted data.

Bits D6-D5 Bits/Character
00 5 or fewer
01 7
10 6
11 8

If the bit count per character is 6 or 7, only the low-order
bits of the byte are valid and the most significant bit(s)
are ignored. If the count is 5 bits or lower when writing
into the transmit data register, refer to the data format
that is shown in table 5.

Table 5. Parallel Data Format for One to Five
Bits per Character

Bits D7 D¢ oS D4 D3 D2 D1 Do
1 1 1 1 1 0 0 DO
2 1 1 1 0 0 D1 Do
3 1 1 0 0 0 D2 D1 Do
4 1 0 0 0 D3 D2 D1 DO
) 0 0 ] D4 D3 D2 D Do

Dn = Valid data bit

Send Break/Abort (D4)

Bit D4 controls the break or abort transmission accord-
ing to the selected operation mode. In asynchronous
mode, bit D4 controls sending the break signal (TxD set
to spacing (0) condition). Setting bit D4 to one begins
sending the break signal; resetting it to zero returns the
transmitter to normal operation.
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In BOP mode, setting bit D4 to one causes eight 1-bits
(abort sequence) to be sent. Depending on the preced-
ing serial data, a total of up to thirteen 1-bits can be
transmitted by the AMPSC when this command is
issued. When the Abort is transmitted, the data in the
Tx buffer is invalidated. After completion of the mes-
sage, bit D4 is reset automatically and the transmitter
returns to the idle state.

Transmitter Enable (D3)

Disable. Setting bit D3 to the zero state disables the
transmitter function. If the transmitter is currently send-
ing a character, the AMPSC waits until the character is
completed before setting TxD to the marking (1) state.
if bit D3 is reset during transmission of a CRC charac-
ter, a SYNC character or flag is sent in place of the CRC
character.

1f D3 is reset inthe COP or BOP mode, the Tx Underrury
EOM bit (SR1 bit D6) is set.

if the AMPSC is in the SDLC Loop mode (refer to CR10)
or Echo Loop Test mode (refer to CR14), the TxD pin is
connected to RxD, and is not set to marking.

Enable. Setting bit D3 to the one state enables the
transmitter to start transmission. If the Auto Enable
mode is selected (CR3 bit DS = 1), the signal applied to
the CTS pin then controls transmitter operation.

CRC Polynomial (D2)

This bit selects the polynomial used for CRC calcula-
tion. it is valid only in COP or BOP mode. Only the
CCITT polynomial is used in BOP mode. Bit D7 of CR10
sets the initial value of the CRC caiculatot

D2 = 0 (CRC-CCITT): The generating polynomial ex-
pression is X16 + X12 + X5 + 1.

D2 = 1 (CRC-16): The generating polynomial expres-
sionis X16 + X15 + X2 + 1.

RTS Control (D1)

Bit D1 controls the RTS pin. Setting bit D1 to zero
causes RTS to be high; setting it to one causes it to go
low. If Auto Enable mode is selected in Asynchronous
mode, RTS operates differently. If the bit remains at
zero from the start of transmission through to the end,
RTS will stay high. If it is set to one from the start of a
transmission, it remains low. If it starts setto one and is
then set to zero while transmitting, RTS will not go high
until all data is transferred out of the Tx shift register.
(Al Sent bit D2 of SR1 = 1).
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Transmit CRC Calculator Enable (D0)

Valid only in the COP or BOP mode, bit DO determines
whether or not transmitted data is included in the CRC
calkculation. If bit DO is set when the byte is transferred
into the Tx shift register, the byte is included in the Tx
CRC calculation. Bit DO should be set or reset before
loading a data byte into the AMPSC.

In BOP mode, since all transmit data is included in the
CRC calculation, this bit should remain set to one.

CONTROL REGISTER CR6

Valid only in the COP or BOP mode, this byte (bits
D7-D0) specifies the SYNC character pattern or ad-
dress value.

In Monosync or External Sync mode, D7-D0 holds the
Tx SYNC character. in Bisync mode, the low-order byte
of the SYNC character is set in D7-DO.

In Monosync or External sync mode with the SYNC
character length selected as six bits (CR10 bit DO = 1),
bits D1 and DO must be duplicated in bit positions D7
and D6 of CR6.

In BOP mode with the Address Search Enable mode set
(CR3 bit D2 = 1), this byte is the secondary address.
With the Multicast bit set (CR3 bit D1 = 1), only the four
most significant bits are used.

CONTROL REGISTER CR7

Valid only in the COP or BOP mode, these bits specify
the SYNC character or flag.

In Monosync mode, D7-D0 holds the Rx SYNC charac-
ter. in BISYNC mode, the high-order byte of the SYNC
character is set in D7-D0Q. These bits are not used in
External Sync mode.

In Monosync mode with the SYNC character length
selected as 6 bits, bits D7-D2 of CR7 contain the Rx
SYNC character.

in BOP mode, the flag pattern (01111110) is set in bits
D7-DO.

CONTROL REGISTER CR8

Valid only in the BOP mode, CR8 bits D7-D0 hold the low
byte (bits 7-0) of the transmit data length. Register pair
CR8 and CR9 must be loaded before the Tx Data Length
Counter Enable bit (CR13 bit D1) and Tx Enable bit
( CRs bit D3) are set. The transmit data length register
(TxDLR) is used to automate the sending of HODLC
frames. See the description of CR13 bit D1 for detailed
information.
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CONTROL REGISTER CR9

Valid only in the BOP mode, CR9 bits D7-D0 hold the
high byte (bits 15-8) of the transmit data length. Regis-
ter CR9 is paired with CRS.

CONTROL REGISTER CR10
Initial CRC State (D7)

Valid only in the COP or BOP mode, bit D7 specifies the
initial state of the CRC calculation circuit. Setting this
bit to zero causes the CRC to be initialized to zero when
the Initialize Tx/Rx CRC command (CRO bits D7-D6) is
performed. Setting this bit to one causes the CRC to be
set to all ones. This bit is normally set to one for HDLC
operation and to zero for COP operation.

Data Format (D6-D5)

These bits specify the serial data format and enable the
corresponding encoder/decoder.

Bits D6-D5 Format
00 NRZ
01 NRZ!|
10 FM1
11 FMO

With NRZ format, it is possible to decode Manchester
encoded data by setting the DPLL mode to FM (CR14
bits D7-D5 = 110).

Auto Tx on Sync/Tx on Loop (D4)

Bit D4 is valid only in the COP or BOP mode. in COP
mode, bit D4 provides the Auto Tx on Sync function to
synchronize receiver and transmitter operation. (nBOP
mode, it controls SDLC loop operation. The bit is valid
only when CRI10 bit D1 (Auto Tx/Loop Enable) is set to
one. Bit D4 should be set before the transmitter or
receiver is enabled.

in COP mode, operation is as follows:

(1) D4 = 0.The Auto Tx on Sync function (CR10 bit
D1 = 1) is disabled.

(2 D4 =1. i CR10 bit D1 is also set to one, the
transmitter is disabled and the receiver enters the
Hunt Phase. When the SYNC character is de-
tected, character synchronization is established,
the transmitter is enabled, and data transmission
can begin. The state of character synchronization
can be determined from the state of the Tx
Sync/on loop bit (SR10 bit D1).

Once synchronization is established after this bit is set
to 1, resetting the bit to 0 does not affect synchroniza-
tion.

In BOP mode, bit D4 set to one enables or bit D4 set to
zero disables the Tx on Loop function. It is used for data
transmission during the SDLC loop operation.

(1) D4 =0.The Tx onLoop Functionis disabled (CR10
bit D1 = 1). in SDLC Loop mode of operation,
once the AMPSC forms a loop and starts transmis-
sion, bit D4 must be reset to zero. This allows the
CRC and flag to be automatically transmitted if a
Tx UnderruryEOM occurs and allows the AMPSC
to be subsequently placed in Loop mode with a
1-bit delay. Bit D4 must be reset before the CRC
transmission is completed.

(20 D4 = 1. SDLC Loop operation is selected (CR10
bit D1 = 1). In SDLC loop mode, the RxD input is
connected to the TxD output within the AMPSC to
form a loop. The GA (Go Ahead) pattern detection
is initiated. If the GA pattern (11111110 = FEH) is
detected, a 1-bit delay is inserted between RxD
and TxD and the GA pattern detection is contin-
ued. At this point, the transmitter remains dis-
abled, but the receiver can be enabled. Subse-
quently, if the GA pattern is detected, the
transmitter is enabled. At this point, the GA pat-
tern is automatically transformed into a flag so
that any data in the Tx buffer may be transmitted
following the flag. Once transmission is started,
bit D4 must be reset before the end of the frame.

Idie Condition (D3)

Valid only in BOP mode, bit D3 determines the type of
information to be transmitted following a closing flag
or completion of the Send Abort command. If bit D3 is
zero, flags will be sent; if it is a one, continuous marks
(ones) will be sent.

Transmit Condition on Underrun (D2)

Valid only in the BOP mode, bit D2 determines trans-
mitter action when a Tx Underrun condition occurs. If
bit D2 is reset, either the CRC followed by a flag or just
a flag is transmitted depending on the state of the Tx
Underrun/EOM bit (SR1 bit D6) and the Tx CRC enable
bit (CR5 bit DO). If the CRC is disabled or the Tx
underrun bit is a one, only flags are sent. Otherwise, the
CRC is sent followed by flags. If bit D2 is set, the Abort
message is sent followed by fiags regardiess of the
state of the Tx Underrur/EOM bit or the Tx CRC enable
bit.



pPD72001

NEC

Auto Tx/Loop Enable (D1)

Valid only in the COP or BOP mode, bit D1 enables the
operation that is set with bit D4. This bit should be set
before the transmitter or receiver is enabled.

in COP mode, if bit D1 is set to zero, the Auto Tx on Sync
function is disabled; if bit D1 is set to one, the Auto Tx
on Sync function is enabled.

In BOP mode, bit D1 controls SDLC Loop operation. If
bit D1 is set to zero, the loop operation is disabled. If
this bit is set to zero after the AMPSC has entered loop
operation, the RxD input is disconnected from the TxD
output inthe AMPSC as soon as a GA pattern has been
received, disabling SDLC Loop mode. If bit D1 is set to
1, Loop operation is enabled.

SYNC Character Length (DO)

Valid only in the COP mode, bit DO determines the
number of bits per SYNC character. Setting bit DO to
zero gives a character length of 8 bits in Monosync and
16 bits in Bisync. With bit DO = 1, the character length
is 6 bits for Monosync mode. Bit DO must not be set to
one in Bisync mode.

CONTROL REGISTER CR11

Each bit of CR11 controls E/S interrupt request gener-
ation by the AMPSC due to the E/S interrupt sources. An
interrupt is generated if the E/S interrupts are enabled
(CR1 bit DO = 1). For the causes of interrupts assigned
to each, refer to the description of SR1. Setting each bit
to one enables it as a source of interrupts.

Break/Abort/Go Ahead Interrupt Enable (D7)

In Asynchronous and COP modes, bit D7 enables
interrupts at the beginning and end of each detected
break condition (a null character plus a framing error).

In BOP mode, when not in SDLC loop, bit D7 enables
interrupts at the beginning and end of each received
abort condition (seven or more consecutive 1-bits). in
SDLC loop mode, bit D7 also enables interrupts for
detecting the GA pattern (11111110 = FEH).

Transmitter Underrun/End of Message Interrupt
Enable (D6)

Valid only in the COP or BOP mode, bit D6 enables
interrupts caused by Tx Underrun and Tx End of Mes-
sage detection.

Clear to Send Interrupt Enable (D5)

Bit DS enables interrupts caused by a change of state
on the CTS pin.

SYNC/Hunt Interrupt Enable (D4)

Bit D4 enables interrupts caused by a change in the
SYNC/Hunt state.

Data Carrier Detect Interrupt Enable (D3)

Bit D3 enables interrupts caused by a change of state
on the DCD pin.

All Sent Interrupt Enable (D2)

Valid only in the Asynchronous or BOP mode, bit D2
enables interrupts generated by the All Sent condition.

Idle Detect Interrupt Enable (D1)

Valid only in the BOP mode, bit D1 enables interrupts
caused by a change in the Idle Detection condition.

BRG Interrupt Enable (D0)

Bit DO enables interrupts caused by one of the baud
rate generatorftimers (BRG) counting down from one
to zero. Also, each of the BRGs must be enabled in
CR12 bits D3-D2

CONTROL REGISTER CR12
BRG Select for TRXC (D7)

When BRG is selected as the source of the clock at the
TRxC pin (CR15 bits D1-D0 = 10), and the TRxC pin is
set to output (CR15 bit D2 = 1), bit D7 selects TxBRG
(one state) or RxBRG (zero state).

BRG Select for DPLL (D6)

Bit D6 selects the source (TxBRG or RxBRG) for the
DPLL. Itis valid when the BRG is selected as the source
for the DPLL circuit (CR14 bits D7-D5 = 100). Setting bit
D6 to one selects TxBRG and setting it to zero selects
RxBRG.

Transmit BRG Interrupt Enable (D3)

Bit D3 enables an E/S interrupt when the TxBRG counts
down from 1 to 0. it is valid only when the BRG IE bit is
set (CR11 bit DO = 1).
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Receive BRG Interrupt Enable (D2)

Bit D2 enables an E/S interrupt when the RxBRG counts
down from 1 to 0. It is valid only when the BRG IE bit is
set (CR11 bit DO = 1).

Transmit BRG Register Set (D1)

Bit D1 is used to write the time constant value into the
TxBRG register. When D1 is set to one, the next two
bytes written to the AMPSC are assumed to be the time
constant value. The lower byte is written in the first
write cycle and the upper byte in the second write
cycle. Bit D1 is automatically reset after the register is
loaded.

The time constant value is calculated by using the
following formula

Source clock frequency (Hz)

2 x (Data clock rate (BPS)) 2

Time constant

The data clock rate is the transmitted or received data
rate muitiplied by the clock factor specified in CR4 bits
D7-D6. For example, if the system clock is selected as
the BRG source (CR14 bit D2 = 1) at 8 MHz and the BRG
is the transmitter source (CR15 bits D4-D3 = 10) with a
clock factor of x16 (CR4 bits D7-D6 = 01) and data rate
of 9600 bits per second, the calculation would be as
follows. '

8 x 106
2x (9600 x 16)
The loading sequence in hexadecimal for the TxBRG
would be; 0C, 02, 18, and 00.

If data is being written while the BRG is running, the
value will not be loaded into the BRG until it counts
down to zero.

Receive BRG Register Set (D0)

Bit DO is used to write the time constant value into the
RxBRG register. It operates in the same manner as bit
D1 for the TxBRG register.

- 2= 24.04 = 0018 (hex)

CONTROL REGISTER CR13
Transmit Data Length Counter Enable (D1)

Bit D1 enables the transmit data length counter
(TxDLC) that determines the end of atransmitted frame
and is valid only in BOP mode. When bit D1 is setto one,
the TxDLC (SR8-SR9) is incremented each time a Tx
interrupt or DMA request is generated, and the value is
compared with the value in the transmit length register
(TxDCR CR8-CR9). if the two values are equal the
subsequent Tx Buffer Empty status is masked and no

interrupt or DMA request is made. This results in a
transmitter underrun condition. The AMPSC then gen-
erates an External/Status interrupt with the TX
Underrun/EOM bit set. The AMPSC then sends the CRC
followed by a closing flag; once the closing flag has
been sent, as E/S interrupt with the All Sent Bit set is
generated.

If the transmitter underruns and the TxDLC and TxDLR
values do not match, then the AMPSC generates an E/S
interrupt with the TX underrun/EOM bit set. The AMPSC
then sends an Abort followed by a flag; the Sending
Abort bit (SRO bit D1) will be set. Once the flag is sent,
an E/S interrupt with the All Sent bit set is generated.

The TxDLC value (SR8-SR9) can be compared with the
frame length to determine if correct transmission oc-
curred. In either case the Tx DLC enabile bit must be set
to 1 again in order to generate new TX interrupts/DMA
requests.

Standby Mode Set (D0)

Setting bit DO to one places the AMPSC in the Standby
mode. This mode consumes very little power but saves
all internal register values. The transmitter and receiver
remain disabled once standby mode is released even if
both were enabled when the AMPSC was placed in
standby mode. Greater power reduction is possible by
not toggling any of the AMPSC inputs. in this mode, the
system clock (CLK) and the data clocks are not circu-
lated within the AMPSC.

The AMPSC enters the Standby mode automatically
after RESET. Writing 00H to CRO restores normal oper-
ation. Table 6 lists the status of the pins in standby
mode. ‘

During Standby mode, the WR and RD pins must be
held high and the CTS, DCD, and SYNC pins can not be

toggled. Read cycles that are conducted will not resuit
in data being driven onto the bus.

Table 6. Pin Status in Standby Mode

Pin Symbol Input/Output Pin Status

WR tnput Unchanged

RD input Unchanged

B/A input Unchanged

ci input Unchanged

0+-Dp input/Output High impedance

INT Output Retains the current state
INTAK Input Unchanged

PRI Input Unchanged

PRO Output Depends on PRI
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Table 6. Pin Status in Standby Mode (cont)

Pin Symbol input/Output Pin Status

DRQTxA Output Retains the current state
DRQRxA Output Retains the current state
DTRA/ Output Retains the current state
DRQTxB

DTRB/ Output Retains the current state
DRQRxB

TxDA, Output Retains the current state
TxDB

RxDA, Input Unchanged

RxDB

TRxCA, Input/Output High impedance

TRxCB

STRxCA Input Unchanged

XHA

STRxCB input Unchanged

Xus

XI2A/ Input/Output High impedance

SYNCA

X2/ Input/Output High impedance

SYNCB

RTSA, Output Retains the current state
RTSB

CTSA, Input Unchanged

CTsB

DCDA, Input Unchanged

OCDB

CONTROL REGISTER CR14

DPLL Command (D7-D5)

These bits control the digital phase-locked loop (DPLL).
After reset, the DPLL is disabled, the STRxC pin is
selected as the source clock, and the NRZI mode is
selected. The DPLL commands corresponding to the
eight states of bits D7-D5 are described below.

No Operation (000). This command causes no opera-
tion.

Enter Search (001). This command causes the DPLL to
start the detection of edges in received data. Circuit
operation depends on the data format.

Reset Missing Clock (010). Valid when FM mode is
selected, this command resets the Missing Clock bits
(SR10 bits D7-D6).

Disable (011). This command stops DPLL operation
and resets the Missing Clock bits.

Source BRG Select (100). This command selects one
BRG as the clock source for the DPLL. Selection of
TxBRG or RxBRG is determined by CR12 bit D6 (BRG
Select for DPLL).

Source Xtal/STRxC Select (101). This command is
used when the crystal-controlled oscillator or a clock
applied to the STRxC pin is to be the source clock for
the DPLL. Selection between the crystal oscillator and
the STRxC input is specified by CR15 bit D7 (Xtal
Select).

FM Mode (110). This command is used when received
data is to be treated as FM format. Setting the data
format to NRZ (CR10 bits D6-DS = 00) allows the
uPD72001 to decode Manchester encoded data

NRZI Mode (111). This command is used when re-
ceived serial data is to be treated as NRZ| format.

Local Self Test (D4)

When bit D4 is set to one, the transmitter output is
directly connected to the input of the receiver within
the AMPSC. Signals applied to the RxD pin will be
ignored. In this mode, Auto Enable cannot be used to
control the transmitter or receiver.

Echo Loop Test (D3)

When bit D3 is set to one, the RxD input pin is con-
nected to the TxD output pin in the AMPSC, so that the
received data is echoed back to the remote sender for
line testing. The AMPSC transmitter is disabled. In this
mode, Auto Enable cannot be used to control the
transmitter.

BRG Source Select (D2)

Bit D2 selects the source clock for the BRGs. The
selected source clock is shared by the TxBRG and the
RxBRG. If D2 is set to one, the system clock is used as
the source clock. If D2 is set to zero, the source clock
can either be the crystal oscillator (CR15 bit D7 = 1) or
the STRxC input (CR15 bit D7 = 0).

Receive BRG Enable (D1)

Setting bit D1 to one starts the RxBRG, which takes two
clocks to begin operating.

Transmit BRG Enable (D0)

Setting bit DO to one starts the TxBRG, which takes two
clocks to begin operating.
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CONTROL REGISTER CR15
Crystal Select (D7)

If bit D7 is set to one, the on-chip crystal oscillator is
enabled and a crystal can be connected across pins
X1 and XI2. If bit D7 is zero, the oscillator is disabled
and the pins become SYNC and STRxC.

Receive Clock Select (D6-D5)
These bits select the source for the receive data clock.

Bits D6-D5 Receive Clock
Source
00 Clock applied to STRxC pin
01 Clock applied to TRxC pin (CR15 bits
D2-DO are invalid)
10 RxBRG output
11 DPLL output

Transmit Clock Select (D4-D3)
These bits select the source for the transmit data clock.

Bits D4-D3 Transmit Clock Source
00 Ciock applied to STRxC pin
01 Clock applied to TRxC pin (CR15 bits
D2-DO0 are invalid.)
10 TxBRG output
11 DPLL output

TRxC Input/Output (D2)

Bit D2 determines whether the TRxC pin will be an input
or an output. It is an input if bit D2 = 0 or if the pin is
specified as an input by bits CR15 D6-D5 or D4-D3.

TRxC Source Select (D1-D0)

When the TRxC pin is selected as an output, these bits
determine the output source. Refer to the preceding
descriptions for D6-D5, D4-D3, and D2 to determine
when the TRxC pin is an output.

Bits D1-DO Output at Pin TRxC
00 Onchip crystal oscillator (i
enabled)
o1 Transmit data clock
10 TxBRG or RxBRG as selected by
CR12 bit D7
1 DPLL output

STATUS REGISTER SRO
End of Frame (D7)

Valid only in the BOP mode, bit D7 indicates if reception
of a single frame is complete. When this bit is one, a
complete frame has been received and the CRC Error
bit (SRO bit D6) and Residue Code (SR3 bits D2-D0) are
valid. The EOF condition causes a Special Rx Condi-
tion interrupt. The Error Reset command resets this bit.

CRC/Framing Error (D6)

In the asynchronous mode, bit D6 indicates a framing
error. It is set to one if a zero is detected at the stop bit
position. it generates a Special Rx Condition interrupt.
Bit D6 is reset by an Error Reset command or reception
of a normal data byte.

in the COP or BOP mode, bit D6 set to one indicates a
CRC error. Bit D6 set to zero indicates no CRC error.

Inthe COP mode, bit D6 is valid 20 bit times subsequent
to the last bit of the second CRC byte that is input at the
RxD pin, or 16 bit times after the second CRC byte is
transferred to the Rx buffer.

In the BOP mode, bit D6 is valid when the End of Frame
bit (SRO bit D7) is set to one.

A CRC error does not generate a Special Rx Condition
interrupt.

Recelve Overrun Error (D5)

A one in bit D5 indicates an Rx Overrun error. This error
occurs each time the AMPSC attempts to transfer an
additional byte from the Rx shift register to the Rx FIFO
and the FIFO is already full. '

An Rx Overrun error causes a Special Rx Condition
interrupt. The timing of the Rx Overrun Error and the
resulting Special Rx Condition interrupt will differ de-
pending on the setting of the Overrun Error INT bit (CR1
bit D6). For more details, refer to the description of
control register CR1.

The Rx Overrun Error bit is reset by the Error Reset
command.

Parity Error (D4)

valid only in the Asynchronous or COP mode when
parity is enabled (CR4 bit DO = 1). A one in bit D4
indicates that a parity error occurred in a received byte.
The Parity Error bit is reset by the Error Reset com-

mand.

In the All Receive INT-1 mode (CR1 bits D4-D3 = 10), a
parity error causes a Special Rx Condition interrupt.

31
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Short Frame Detect (D3)

Valid only in the BOP mode when Short Frame Detect
Enable is selected (CR1 bit D7 = 1), bit D3 is set when
a short frame is received and is reset by the Error Reset
command. A short frame has less than 32 bits between
two flags.

Detection of a short frame causes a Special-Rx Condi-
tion interrupt.

Transmit Buffer Empty (D2)

A one in bit D2 indicates that the Tx buffer is empty and
can be loaded with the next Tx byte. Bit D2 is zero when
the Tx buffer contains a byte that has not been trans-
ferred to the Tx shift register. Bit D2 is also zero in the
COP or BOP mode during CRC transmission.

Sending Abort (D1)

Valid only in the BOP mode, a one in bit D1 indicates
that the AMPSC is sending an abort sequence.

Bit D1 is reset by the Error Reset command. Status
changes in bit D1 do not cause an interrupt.

Receive Data Available (DO)

A one in bit DO indicates the presence of valid received
data in the Rx butfer of the AMPSC.

STATUS REGISTER SRt

This register consists of external status bits that indi-
cate the causes of E/S interrupts. If the E/S INT is
enabled (CR1 bit DO = 1) and an interrupt by an specific
E/S bit is enabled, the changes in the pertinent E/S bit
states are latched and cause an E/S interrupt. if the E/S
interrupt is disabled, changes in the E/S bit status will
not be latched.

Break/Abort/Go Ahead Detect (D7)

Bit D7 is valid only in the Asynchronous or BOP mode.
In the Asynchronous mode, a one in bit D7 indicates
that a Break (character in which the start, stop, and
data bits are all zeros) has occurred. Data received
during the Break (all zeros) are not loaded into the Rx
FIFO.

In the BOP mode, bit D7 indicates the reception of an
abort (seven or more consecutive ones). In SDLC Loop
mode, bit D7 indicates reception of the Go Ahead
pattern (11111110 = FEH), or the reception of an abort.

Transmit Underrun/End of Message (D6)

Valid only in the COP or BOP mode, a one in bit D6
indicates that all transmit data has been transferred to
the Tx shift register. CRC transmission, when the trans-
mitter underruns, can be controlied by manipulating
this bit.

if CRC transmission is desired when the transmitter
underruns, bit D6 must be reset to zero by the Reset Tx
Underrun/EOM command bit (CRO bits D7-D6 = 11).
Before this command is issued, the transmitter must be
enabled and at least one byte must have been trans-
ferred to the Tx buffer,

In the BOP mode, bit D6 is automatically reset to zero
when the first byte is transferred after transmission is
enabled. A status change from one to zero in this bit
does not cause an E/S interrupt.

Clear To Send (D5)

- Bit D5 indicates the inverted state of the CTS pin. Any

change causes an interrupt.

Sync/Hunt (D4)

in the Asynchronous or External Sync mode, bit D4
indicates the inverted state of the SYNC pin.

In the internal sync COP or BOP mode, bit D4 indicates
the AMPSC synchronization state. A zero in bit D4
indicates that synchronization is established. A one
indicates that the AMPSC is in the Hunt Phase or that
the receiver is disabled

Any change in state generates an interrupt.

Data Carrier Detect (D3)

Bit D3 indicates the inverted state of the DCD pin. Any
change generates an interrupt.

All Sent (D2)

Valid only in the Asynchronous or BOP mode. Bit D2 set
to one indicates that all the transmit data within the
AMPSC has left the Tx shift register The one to zero
state transition of this bit does not generate an inter-
rupt.

idie Detect (D1)

Bit D1 set to one indicates detection of the Idle state (15
or more consecutive 1's) in BOP mode. The one to zero
state transition of this bit does not generate an inter-
rupt. ’
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BRG Zero Count (D0)

Bit DO set to one indicates that one of the BRG's has
counted down to zero. Bits D4-D3 of SR3 determine
which BRG counted out. The one to zero state transi-
tion of this bit does not generate an interrupt.

STATUS REGISTER SR2B

This register indicates the value of the interrupt vector.
It can only be read from the B channel. The value
depends on the state of CR2A bit D6 (Status Affects
Vector bit). If bit D6 is zero, SR2B will always equal
CR2B. If bit D6 is one, the value of SR2B is modified by
the cause of the highest priority interrupt source within
the uPD72001.

The bits of SR2B that are affected depend on the
Output Vector Type setting. Bits V4-V2 are affected for
Type A vectors, and bits V2-VO for Type B vectors. All
other bits remain unchanged. Table 7 gives the value
returned for the various types of interrupts.

RxBRG Zero Count (D3)

Bit D3 is valid when RxBRG is enabled (CR14 bit D1 = 1).
A onein bit D3 indicates that the RxBRG counted down
to zero. This bit functions in the same manner as bit D4.

Residue Code (D2-D0)

Valid only in the BOP mode, bits D2-D0 indicate the
number of valid bits in the last data byte received in a
frame. The meaning of these bits depends on the
number of bits per data byte. The previous character
refers to the last character read before the end of
frame, and so on. See Table 8. Figure 6 is an example of
a residue code of 000 and a character length of 8 bits.
It indicates that bits zero and one in the last byte are
valid.

Example of Valid Bits in the I-Field
(Residue Code = 000)

Figure 6.

MsB LSB

prJE:Egl 7 l 6 ] Is I s [ I3 ] 2 ] It ] o II-Field

Table 7. Vector Values in SR2B
Second 5F
V4, V2 V3,Vi  V2,V0  Channel  Condition p,.v..,.,.Ic,oIc, '|°12l°13l°1 ‘[c1 5 H J ° ].c.?ﬁfd
0 0 0 B Tx buffer empty Byte #
0 0 1 Externalstatus ”"Vg’y'“'.[ Cs | €9 [c10[c11[c12]cr3]cra|ct 5| cre-Fiea
0 1 0 Rx data available
0 1 1 Special Rx condition FB";:” Co I 4 [c2 ] c:’l Ca I Cs l Cs ] °7I
1 0 o] A Tx buffer empty
1 0 1 Externalstatus Third Second
. ' ' Previous ¢ Previous ' Previous ! Final
1 1 0 RAx date available " ' Byte ' Byts ' Byte ' Byt '
1 1 1 Special Rx condition §] to----t7 [ to----17 [lon|erc 1| enc s crcz [\
! Bytes received from the left ’
A9M-000154

When interrupts are available inthe non-vectored mode
(CR2A bit D7 = 0), SR2B is read in order to indicate to
the uPD72001 that interrupt service has started. This
clears the interrupt request (INT) and prevents lower
priority interrupts from being generated until the End
of Interrupt command (CRO) is issued.

STATUS REGISTER SR3
TxBRG Zero Count (D4)

Bit D4 is valid when TxBRG is enabled (CR14 bit DO = 1).
A one in bit DO indicates that the TxBRG counted down
to zero. This bit in conjunction with the SR1 bit DO,
causes an external/status interrupt and is latchedon a
transition from zero to one. The transition from one to
zero does not cause an interrupt.
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Table 8. Residue Codes rupt. Otherwise, it is zero. Although this register can be
Previous Character  2nd Previous Character read only on channel A, its function is shared by both

D2 D1 DO MSB LSB MSB Lsg  channels.

8 Bits per Character Bit Chan Description

0 00 C ccCceccc c c cccccD D — .

D7 A Special Rx condition; INT pending
©c 01 C ccccccc c cpbpoDD D D6 B Special Rx condition; INT pending
0 1t 0 C ccceccecc € ccecbDDD D D5 A Rx INT pending
0 11* ¢c ccccccc D DDDDDD D 84 A TxSlNTpending

3 A E/S INT pending
1 00 C CCCCCC C € ccccDD D

D2 B Rx INT pending
it 01 C CCCCCC C Cc DDDDDD D D1 B Tx INT pending
1t {1 6 C cCcccccCcC C cCDDDD D Do B E/S INT pending
1 11 CcC cccccc D D DDDDDD O
7 Bits per Character STATUS REGISTER SR8
0 00 X cccccc D X DbDDDD D Valid only in the BOP mode, bits D7-D0 of SR8 are the
0 01 X ccCCCC C X CCDDDD D lsogv order bytelof thede D:ta Length counter. Register

8 is normally used to determine if frame transmis-
0 1 0 X ccceccce ¢ ccccppD D .

- X ° sion completed correctly. If the value of CR8/CRS does

o _t 1~ X €cccccc C X DDDDDD D  pot equal the value of SRE/SR when the transmitter

i1 00 X CCcCCCC C X cCccccD D underruns, the AMPSC automatically transmits an

1 01 X cececccc CcC X ¢cODODDD D Abort. Registers SR8 and SR9 are cleared by a reset or

T 1 0 X cccccc C X cccppDpD D when the TxDLC enable bit (CR13 bit D8) is set to one.

6 Bits per Charactor STATUS REGISTER SR9

0 00 X XCCCCC C X XDDDDD D ' ) )

5 0 1 X XcocCc ¢ x Xxcocpbpp D Yalnd only in the BOP mode, bits D7-D0 of SR9 are the
high order byte of the Tx Data Length counter. Regis-

0 1 0 X XCCCCC C X XCCCCD D  tors SRA and SRY are used in conjunction with each

1 00 X XCCCCC C X Xccceccc D other.

1 01 X XccecCc C X XcCDDDD D

1 10 x xcccccc x xcccop o STATUS REGISTER SR10

5 Bits per Character One Clock Missing (D7)

0 00 X XXCCCC C X XXCDDDO D  This bit indicates if a transition has been detected in

0 01 X XXCCCC C X XXCCOD D the received data. It is valid when the FM data format is

0 1 0 X XXCCCC C X XXCCCC D selected and the DPLL is in operation. With FM data
format, a transition (rising or falling) must occur within

o cccec ¢

1 00 X XXCCCC C X XX one bit time at a bit boundary or center. The DPLL uses

1 1 0 X XXCCCC C X XXCCCD D  thistransition as a reterence for clock generation.

C= CR_C bit If no transitions occur, the DPLL clock generation may

2':‘"“"_:‘“ not operate properly. The DPLL detects transitions

= jnvalk

* = No residue (boundary of the lest received data matches the
boundary between one byte and the CRC).

STATUS REGISTER SR4A

Each bit of this register indicates whether or not a
corresponding cause of interrupt exists within the
AMPSC. A bit is set to one when its matching interrupt
is being serviced or if a lower-priority interrupt is
pending during the servicing of a higher-priority inter-

34

every 2 bits.

A one in bit D7 indicates no transition was detected in
the received data. This bit is latched, and is reset by the
Reset Missing Clock command (CR14 bits D7-D5 = 010)
or the Enter Search command (CR14 bits D7-D5 = 001).

Two Clocks Missing (66)

Bit D6 indicates that two consecutive transitions in the
received data were missed.
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Sending on Loop (D4)

Bit D4 set to the one state indicates that the AMPSC is
in the SDLC loop connection and is transmitting. It is
valid only in the BOP mode when the SDLC Loop is
selected (CR10 bits D4, D1 = 1,1).

Tx Sync/On Loop (D1)

Bit D1 is valid only in the COP or BOP mode. in the COP
mode, a one in bit D1 indicates that the transmitter and
receiver are synchronized (SYNC character detection
on the receiver has been completed) and transmission
is enabled for the device after both the Auto Tx on Sync
and the bit D4 Enable bits (CR10 bits D4,D1) were set.

This bit is also set to zero when the Auto Tx on Sync bit
(CR10 bit D4) or the D4 Enable bit (CR10 bit D1) is reset.
A zero in bit D1 indicates that the receiver is not
synchronized with the transmitter.

In the BOP mode, a one in bit D1 indicates that a GA
pattern was detected and a 1-bit delay was inserted
between the RxD input and the TxD output. Bit D1
remains a one during the time that the SDLC loop is

formed.
When bit D1 is zero, the TxD and RxD lines are con-

nected without the delay in loop mode. Bit D1 is also
zero when the AMPSC is not in the Loop mode.

STATUS REGISTER SR11

This register directly indicates the value set in CR11 for
interrupt enables. The host processor can use SR11 to
read the interrupt enable states for the various inter-
rupt sources within the AMPSC.

STATUS REGISTER SR12

This register indicates the lower 8 bits (bits 7-0) of the
value set in the Rx BRG.

STATUS REGISTER SR13

This register indicates the upper 8 bits (bits 15-8) of the
vatue set in the Rx BRG.

STATUS REGISTER SR14

This register indicates the lower 8 bits (bits 7-0) of the
value set in the Tx BRG.

STATUS REGISTER SR15

This register indicates the upper 8 bits (bits 15-8) of the
value set in the Tx BRG.
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PACKAGE DRAWINGS

40-Pin Plastic DIP (600 mil)

ftem Millimeters Inches
A 53.34 max 2.100 max
B 15.24 [TP] .600 (TP}
C 13.2 520
D 5.72 max - 225 max 40 .
E 4.31 max .170 max Do n oot ooomnnooann
F 3.6103 1421012
G 2.54 max .100 max
H 2.54 [TP] .100 TP} n —_
[ 1.2 min 047 min f
J 0.51 min .020 min
K 0.5040.10 020 £.004 R [ 5 0 5 o 0 g 8
+0.10 +.004 1 20
L 025 "o '0s 010 T oon . .
M 0.25 010
| o]

\‘/ L \,/

0~ 18 /\L

P4OC-100-800A 8IO-61408 (6/89)
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PACKAGE DRAWINGS (cont)

52-Pin Plastic QFP (1.8-mm leads)

item Millimesters Inches
A 176 £0.4 693 £.016
+.009
B 14.0 £0.2 .5581 - 008
+.009
c 14.0 £0.2 551 % 008
D 17.6 £0.4 .693 +.016
F 1.0 .039
G 1.0 .039
+.004
H 0.40 £0.10 .016 - 005
| 0.20 .008
J 1.0 (TP) .039 (TP)
+.008
K 1.8 £0.2 iral _ 009
+.009
L 0.8 £0.2 031 ¥ e
+0.10 +.004
M 0.15 Z5p5 006 _‘g4q
N 0.15 .006
P 2.7 .106
Q 0.1 £0.1 004 +.004
R 0.1 £0.1 004 £.004 Enlarged detait of lead end
S 3.0 max 119 max
s (P g
| >&=\\=
Q R
PI2GC-100-186 49NR 4908 (5291
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PACKAGE DRAWINGS (cont)

52-Pin Plastic Leaded Chip Carrier (PLCC)

{

[ O

Lty

nonnondonnnon ——F

Dot —————
oo AL G s o g i 4

O

Q

l

ULJUULJULJUUULJUU__;_

hom Millimeters Inches
+.008
A 20.1 £0.2 791 - 008
B 19.12 .753
C 19.12 763
+.009
D 20.1 £0.2 791 — 008
+.007
E 1.94 +0.15 .076 - 006
F 0.6 024
+.009
G 44 £0.2 A73 — 008
+.009
H 28 +0.2 110 — 008
| 0.7 min .028 min
J 3.6 142
K 1.27 (TP) 050 (TP)
L 0.7 .028
+.004
M 0.40 £0.10 016 T poe
N 0.12 .005
+.009
P 18.04 £0.20 710 X 5o
Q 0.15 .006
) 1.0 .040
T 0.8 rad 031 rad
+0.10 +.004
v 020 _pp5 008 _ ‘002

4ONR-7148 (3/30)
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