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PREFACE

This User’s Guide provides the user with configuration, system architecture, and programming infor-
mation for the SBC-11/21 single-board computer. The configuration requirements are described in
Chapter 2, and the system architecture is presented in Chapter 5. The programming techniques are
described in Chapter 6, and the instruction set is listed in Chapter 7. Operational theory is presented in
Chapter 8, and the schematics are in Appendix E. The Macro-ODT option is described in Chapter 4,
and the listing is in Appendix D. Options for use on the LSI-11 bus are listed in Chapter 3, and the
module bus requirements are described in Chapter 9. An example of software development is covered
by Appendix C. Appendix A summarizes the instruction timing, and Appendix B compares the SBC-
11/21 to other LSI-11 microprocessors.

NOTE
This User’s Guide is for use with the SBC-11/21
module, M8063 Revision D and subsequent revisions
only. This revision is identified by the circuit board
#501448D-XX located on the module as described in
Figure 1-1. Use manual EK-KXT11-UG for Revi-
sion C modules.
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CHAPTER 1
INTRODUCTION

1.1 INTRODUCTION

The KXT11-AA (M8063-BA) module, called the SBC-11/21 single-board computer, is shown in Figure
1-1. It is a complete computer system on an 8.5 X 5.2 inch printed circuit board that executes the well-
known PDP-11 instruction set (see Appendix B). The SBC-11/21 module contains 4Kb (kilobytes) of
RAM, sockets for up to 32Kb of PROM or additional RAM, two serial I/0O lines, twenty-four lines of
parallel I/O, and a 50 Hz, 60 Hz, or 800 Hz real-time clock. In addition, the SBC-11/21 supports the
complete LSI-11 bus interface that enables it to communicate with most of Digital’s large family of
modules (see Chapter 3) described in the Microcomputer Interfaces and Microcomputers and Memo-
ries handbooks.

The SBC-11/21 computer features the following:

A powerful processor running the PDP-11 instruction set.

Direct addressing of 32K, 16-bit words or 64K, 8-bit bytes (K = 1024).

Efficient processing of 8-bit characters without the need to rotate, swap, or mask.
On-board 4Kb of static read/write memory.

Sockets for up to 32Kb of PROM for a wide range of memory types from many vendors.
Additional RAM can also be installed in these sockets.

Hardware memory stack for handling data, subroutines, and interrupts.
Direct memory access for high data rate devices.

Eight general-purpose registers for data storage, pointers, and accumulators; two are dedi-
cated: stack pointer (SP) and program counter (PC).

Fast on-board bus for high throughput when external memory access is not needed.

LSI-11 bus structure that provides position dependent priority for peripheral device inter-
faces connected to the bus.

Fast vectored interrupt response without device polling.
A powerful set of instructions.

Two serial 1/0 interfaces, compatible with EIA RS-232C and EIA RS-423, with software
programmable baud rates over the range of 300 to 38,400 baud.
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e  One parallel I/0 interface with two bidirectional 8-bit input/output ports and one 8-bit con-
trol port.

e Real-time clock that can be set by the user to 50 Hz, 60 Hz, or 800 Hz.

e  Jumper-selected operating modes, including four memory maps, exception handling, start
and restart addresses, parallel I/O configurations, and real-time clock frequency.

e Optional PROM resident Macro-ODT containing module diagnostics, bootstrap programs
for mass storage devices (TUS58, RX01, and RX02), console communications, and on-line de-
bugging facility.

1.2 SPECIFICATIONS
The SBC-11/21 module specifications follow:

1.2.1 Physical

Height 13.2 cm (5.2 in)

Length 22.8 cm (8.9 in)
(includes module handle)

Width 1.27 cm (0.5 in)
Weight 360 g (12 0z) maximum

1.2.2 Power Requirements
Power Supply:
+50V £ 5% 2.5 A (typical), 2.8 A (maximum)
+12.0V £ 5% 60 mA (typical) used by on-board circuitry, 1.1 A (maximum)
includes current provided to outside interface through pin 10 of
the serial I/O connector
Battery Backup:
+50V £ 5% 170 mA (typical), 260 mA (maximum)
NOTE |
The +12.0 V typical current is measured with no
connections at pin 10 of the serial I/O connectors
(fused line).

1.2.3 Bus Loading

AC Loads 2.4
DC Loads 1.0
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1.2.4 Environmental

Temperature:
Storage —40° C to 65° C (—40° F to 150° F)
Operating 5° C to 60° C (41° F to 140° F)

NOTE
The module must be brought into the operating tem-
perature environment and allowed to stabilize before
operating.

Relative Humidity:

Storage 10% to 90% (no condensation)
Operating 10% to 90% (no condensation)
Altitude:

Storage Up to 15 km (50,000 ft)
Operating Up to 15 km (50,000 ft)

(90 mm mercury minimum)

NOTE
Lower the maximum operating temperature by 1° C
(1.8° F) for each 300 m (1,000 ft) of altitude above
2.4 km (8,000 ft).

Environment: Air must be noncaustic.

Airflow (operating): There must be enough airflow to limit the input to output tem-
perature rise across the module to 5° C (9° F) when the input
temperature is 60° C (140° F). For operation below 55° C
(131° F), there must be enough airflow to limit the input to
output temperature rise across the module to 10° C (18° F)
maximum.

/ NOTE
These are design limits. Lower temperature limits
will help increase the life of the product.

1.3 BACKPLANE PIN IDENTIFICATION

Table 1-1 lists backplane pin connections for the SBC-11/21 module, pin identification and signal
names unique to the SBC-11/21 module, and standard LSI-11 bus backplane names assigned to each
pin. Although the signal names may differ, the module is completely LSI-11 bus compatible with the
exception of bus refresh transaction (BREF) which is not performed by the SBC-11/21. Signals STOP
L, SRUN L, and START L are not used on the LSI-11 bus. These are TTL level signals unique to the
SBC-11/21.
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Table 1-1 SBC-11/21 Module Backplane Pin Identification

Backplane SBC-11/21 LSI-11 Bus
Pin Signal Function Signal Name
Side 1 (Component Side)

AA1 Bus terminator BIRQS L
ABI1 Bus terminator BIRQ6 L
ACl1 Bus terminator BDALI16 L
ADI1 Bus terminator BDALI17L
AEl STOP L SSPAREI1
AF1 SRUNL SSPARE2
AHI1 Not connected SSPARE3
AlJl GND GND

AKl1 Not connected MSPAREA
ALl GND MSPAREA
AM1 GND GND

ANI1 BDMR L BDMR L
AP1 BHALT L BHALTL
ARI1 Bus terminator BREFL
AS1 Not connected +12B

ATI1 GND GND

AUl Not connected PSPAREI1
AV1 +5 VB (battery) + 5B

BAl BDCOK H BDCOK H
BB1 BPOK H BPOK H
BCl1 Bus terminator SSPARE4
BD1 Bus terminator SSPARES
BE1 Bus terminator SSPAREG6
BF1 Bus terminator SSPARE7
BH1 STARTL SSPARES
BJ1 GND

BK1 Not connected MSPAREB
BL1 Not connected MSPAREB
BMI1 GND

BNI1 BSACK L BSACK L
BPI Bus terminator BIRQ7 L
BR1 BEVNT L BEVNT L
BS1 Not connected +12B

BT1 GND GND

BU1 Not connected PSPARE2
BV1 +5V +5V
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Table 1-1 SBC-11/21 Module Backplane Pin Identification (Cont)

Backplane SBC-11/21 LSI-11 Bus
Pin Signal Function Signal Name
Side 2 (Solder Side)

AA2 +5V +5V

AB2 Not connected —12V
AC2 GND GND

AD2 +12V +12V
AE2 BDOUT L BDOUT L
AF2 BRPLY L BRPLY L
AH2 BDIN L BDIN L
AJ2 BSYNCL BSYNCL
AK2 BWTBT L BWTBT L
AL2 BIRQ4 L BIRQ4 L
AM?2 Not connected BIAKI L
AN2 BIAKO L BIAKO L
AP2 BBS7 L BBS7 L
AR2 Not connected BDMGI L
AS2 BDMGO L BDMGO L
AT2 BINIT L BINIT L
AU2 BDALOL BDALOL
AV2 BDALLI L BDALIL
BA2 +5V +5V

BB2 Not connected —12V
BC2 GND GND

BD2 +12V +12V
BE2 BDAL2L "BDAL2 L
BF2 BDAL3 L BDAL3 L
BH2 BDAL4L BDAL4 L
BJ2 BDALSL BDALSL
BK2 BDAL6 L BDAL6 L
BL2 BDAL7L BDAL7L
BM2 BDALS L BDALS L
BN2 BDAL9L BDALY9 L
BP2 BDALI10OL BDALIOL
BR2 BDALI1L BDALI1L
BS2 BDALI2L BDALI2L
BT2 BDALI13 L BDALI3 L
BU2 BDALI14L BDALI4L
BV2 BDALISL BDALISL
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1.4 RELATED DOCUMENTS
This User’s Guide is the primary reference document for the SBC-11/21. Important information about
other LSI-11 bus compatible products may be found in the publications listed in Table 1-2.

Table 1-2 Related Documentation

Title Document Number
Microcomputers and Memories Handbook, 1982 Edition EB-20912-20
Microcomputer Interfaces Handbook, 1980 Edition EB-20175-20
PDP-11 Bus Handbook, 1979 Edition EB-17525-20

These documents can be ordered from:

Digital Equipment Corporation
Printing and Circulation Services
444 Whitney Street

Northboro, MA 01532

Attention: Communications Services (NR2/M15)
Customer Services Section
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CHAPTER 2
INSTALLATION

2.1 INTRODUCTION
The installation of the SBC-11/21 single-board computer module is discussed in this chapter. The fol-
lowing five items, which are an integral part of the installation procedure, are covered in detail.

NOTE
It is best to leave the factory configuration as is until
module performance has been verified.

1. Installing jumpers to select operational features.

2. Selecting and mounting an LSI-11 bus-structured backplane and adding any required LSI-11
bus options.

3. Selecting and connecting an appropriate power supply.

4. Providing appropriate cables to connect external devices to the serial line and parallel 1/0
interfaces.

5. Verifying operation of the module.

2.2 SELECTING OPERATIONAL FEATURES

The module has sixty-five wirewrap pins with which the user configures the module for the operating
modes necessary to meet any requirements. This is done by either installing or removing jumper wires
between the wirewrap pins. The locations and identification numbers of the wirewrap pins are illus-
trated in Figure 2-1. Table 2-1 defines the wirewrap pins, and Table 2-2 lists the pin functions by the
features they support. The selectable features are battery backup, power-up, starting address, inter-
rupts, parallel I/O buffers, and memory maps. Detailed requirements for each of these configurations
are described in the following paragraphs. The standard factory configuration is described in Table 2-3.

2.2.1 Battery Backup

The user can select the battery backup mode to maintain a + 5 Vdc battery supply to the 4Kb of static
RAM and, if needed, to the two 28-pin sockets that are defined as socket set A. The +5 Vdc battery
supply is provided through the LSI-11 bus via pin AV1. A maximum of 260 mA is required. This sup-
ply is connected to wirewrap pin M16. To enable battery backup of 4Kb of static RAM, the jumper
wire between M1 and M15 is removed, and a jumper wire is installed between M16 and M15. To pro-
vide backup for socket set A, the jumper wire between M7 and M1 is removed, and a jumper wire is
installed between M15 and M7.
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Table 2-1 Configuration Pin Definitions

Schematic

Sheet
Pin Number Description
M1 1 System +5 V power
M2 1 Clock system input
M3 3 System GND
M4 3 Wake up circuit diode, anode side
M5 3 Receive side of BHALT line transceiver
M6 3 Wake up circuit diode, cathode side
M7 5 Socket set A, pin 26, high and low byte
M8 3 BHALT interrupt request input (edge sensitive)
M9 1 Interrupt acknowledge (—IAK) output
MI0 3 —CTMER interrupt request input (edge sensitive)
MIl1 1 Clock oscillator output
Mi12 3 High logic level (+3 Vdc)
M13 3 — CTMER interrupt enable
Mi14 3 Time-out error (TMER) output
Mi1s 1 +5 Vdc power distribution to support static RAM
Mi6 1 Battery backup +5 Vdc power source
M17 6 Serial line unit (SLU) 1 BREAK detect, interrupt request output
M18 2 High logic level (+3 Vdc)
M19 6 60 Hz real-time clock output
M20 6 Transmit side of BHALT line transceiver
M21 2 Memory map select (MSB)
M22 1 Start address control (TDAL 15)
M23 6 Transmit side of BEVNT line transceiver
M24 6 System GND
M25 2 Memory map select (LSB)
M26 1 Start address control (TDAL 14)
M27 6 50 Hz real-time clock output
M28 6 800 Hz real-time clock output
M29 1 System GND
M30 1 Start address control (TDAL 13)
M31 5 Read strobe (READ)
M32 5§ Socket set B, high and low byte, pin 20
M33 5§ Socket set B, high byte, pin 27
M34 S Socket set B, chip select, (—CSKTB)
M35 5 Socket set B, low byte, pin 23
M36 5 Address line 13
M37 5 Socket set A, low byte, pin 27
M38 5 Socket set A, high and low byte, pin 20
M39 5§ Socket set A, high byte, pin 27
M40 5 Socket set A, low byte, pin 23




Table 2-1 Configuration Pin Definitions (Cont)

Schematic

Sheet
Pin Number Description
M4l 5 Socket set A, chip select, (—CSKTA)
M42 5 Socket set B, high and low byte, pin 2
M43 5 Socket set A, high and low byte, pin 2
M44 5 Address line 12
M45 5 Address line 11
M46 5 High logic level for PROMs
M47 5 Socket sets A and B, high and low byte, pin 21
M48 5 Socket set B, low byte, pin 27
M49 7 Port B buffer direction control
M50 2 High logic level (+3 Vdc)
M5t 7 System GND
Ms2 7 Port A buffer direction control
M53 7 Port C buffered output, to J3 pin 7
M54 7 Port C PC6 output (8255A-5 pin 11)
MSS 5 System GND
MS6 5 High byte write strobe (— WHB)
M57 S Low byte write strobe (—WLB)
M58 7 Port C PC4 output (8255A-5 pin 13)
M59 3 +5 Vdc voltage level
M60 5 Socket set A, high and low byte, pin 22
M61 5 Socket set A, high byte, pin 23
M62 5 Socket set B, high and low byte, pin 22
M63 S Socket set B, high byte, pin 23
M64 5 Read strobe (—READ)
M65 7 Port C buffered output, to J3 pin 5
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Table 2-2 Configuration Pin Functions

Pin  Function Description
Clock oscillator
M2 Clock system input
M1l Clock oscillator output
Battery backup
M1 System +5 V power
Mi15 + 5 Vdc power distribution to support static RAM
Mi16 Battery backup +5 V power source
M7 Socket set A, pin 26, high and low byte
Nonmaskable interrupt
and trap to the restart
address
M10 —CTMER interrupt request input (edge sensitive)
Mi14 Time-out error (TMER) output
Mi3 —CTMER interrupt enable
M9 Interrupt acknowledge (—IAK) output
M3 System GND ‘
Mi12 High logic level (43 Vdc)
Serial line unit (SLU) 1
M24 System GND
M20 Transmit side of BHALT line transceiver
M17 Serial line unit (SLU) 1 BREAK detect, interrupt request output
Power-up
M6 System +5 V power, wake up circuit diode, cathode side
M4 Wake up circuit diode, anode side
Serial line unit (SLU) 2
M23 Transmit side of BEVNT line transceiver
M27 50 Hz real-time clock output
M19 60 Hz real-time clock output
M28 800 Hz real-time clock output
Memory map decoder
Mi18 High logic level (43 Vdc)
M25 Memory map select (LSB)
M21 Memory map select (MSB)
M29 System GND
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Table 2-2 Configuration Pin Functions (Cont)

Pin  Function Description

Start address
(mode register)

M30 Start address control
M26 Start address control
M22 Start address control
M18 High logic level (+3 Vdc)

BHALT interrupt
(level 7, maskable)

M3 System GND

M5 Receive side of BHALT line transceiver

M8 BHALT interrupt request input (edge sensitive)
Memory

M45 Address line 11

M46 High logic level, for PROMs

M61 Socket set A, high byte, pin 23

M33 Socket set B, high byte, pin 27

M43 Socket set B, low byte, pin 27

M38 Socket set A, high and low byte, pin 20

M63 Socket set B, high byte, pin 23

M32 Socket set B, high and low byte, pin 20

M62 Socket set B, high and low byte, pin 22

M35 Socket set B, low byte, pin 23

M40 Socket set A, low byte, pin 23

M43 Socket set A, high and low byte, pin 2

M42 Socket set B, high and low byte, pin 2

M36 Address line 13

M34 Socket set B, chip select, (—CSKTB)

M37 Socket set A, low byte, pin 27

M39 Socket set A, high byte, pin 27

M44 Address line 12

M55 System GND

Mé64 Read strobe (—READ)

M31 Read strobe (READ)

M57 Low byte write strobe (—WLB)

M56 High byte write strobe (— WHB)

M41 Socket set A, chip select, (—CSKTA)

M60 Socket set A, high and low byte, pin 22

M47 Socket sets A and B, high and low byte, pin 21

MS59 +5 Vdc voltage level
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Table 2-2 Configuration Pin Functions (Cont)

Pin  Function

Description

Parallel input/output

M49 Port B buffer direction control
MS51 System GND
M65 Port C buffered output, to J3 pin 5
MS53 Port C buffered output, to J3 pin 7
M58 Port C PC4 output (8255A-5 pin 13)
M54 Port C PC6 output (8255A-5 pin 11)
M50 High logic level (43 Vdc)
M52 Port A buffer direction control
Table 2-3 Standard Factory Configuration
Jumpers
Installed
Function Between
Standard LSI-11 bus power M1 and M15
(No battery backup) M1 and M7
Wake up circuit enabled No jumpers
System clock M2 and M11
Start address* M30 and M26
Start address 10000 M26 and M29
Restart address 10004 M22 and M18
Memories:
Memory map 0 M25 and M21
M21 and M29
2K X 8 INTEL EPROM M61 and M40
MS59 and M61
M41 and M38
M45 and M47
M63 and M35
M59 and M63
M60 and M62
M34 and M32
Mé64 and M62

27



Table 2-3 Standard Factory Configuration (Cont)

Jumpers
Installed
Function Between
Interrupts:
Time-out traps to restart address M9 and M13
except during LSI-11 bus TAK M14 and M10
SLUI1 BREAK asserts BHALT and it M20 and M17
is received as level 7 interrupt MS5 and M8
(vector 140)
SLU2 60 Hz real-time clock M19 and M23
asserts LSI-11 BEVNT '
Parallel I/O in mode 1: M49 and M51
Port A receive data, with STROBE A M50 and M52
on PC4 M65 and M58

Port B transmit data

No connection to pins:
M3, M4, M6, M12, M16, M24, M27, M28, M31, M33, M36, M37, M39, M42, M43, M44, M46, M43,
MS53, M54, M55, MS6, M57

*Before use with Macro-ODT, the start address must be changed to 172000 as described in Table 2-4.

2.2.2 Wake Up Circuit

The module has an on-board power wake up circuit designed for use in systems without the LSI-11 bus
power sequencing protocol. This circuit holds the BDCOK line negated until one second after +5 V
power is applied. When the module is used in an LSI-11 backplane that has a power sequencing routine,
the module wake up circuit must be disabled. To do this, a jumper wire is installed between M6 and
M4. The jumper wire is removed when using power supplies without power sequencing. The module
requires the +5 Vdc and + 12 Vdc power supplies to have a rise time of less than 50 ms.

2.2.3 Starting Address

The user selects the starting address for the microprocessor via wirewrap pins. When the module is
powered up, the microprocessor loads this value into R7 (program counter) as the first fetch address.
The wirewrap pins are M22, M26, M29, M30, and M18, and are defined in Table 2-1. The user can
select from eight available starting addresses. Table 2-4 lists these available addresses and the jumper
connections required for each address. The restart address is always the start address incremented by
four. The wirewrap pin locations are shown in Figure 2-1.

2.2.4 Interrupts

The SBC-11/21 implements a multilevel interrupt system that has eleven separate interrupts. See
Table 5-3 for a complete list of system interrupts. Three interrupts, CTMER, BKRQ, and REVNT, are
user configurable by means of jumper wires as shown in Figure 2-2 and are discussed here.
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Table 2-4 Mode Register Configuration

Start Restart Connect Connect Connect
Address Address M22 to M26 to M30 to
000000 000004 Mi18 M29 M18
010000* 010004 M18 M29 M29
020000 020004 M29 M18 M18
040000 040004 M29 M18 M29
100000 100004 M29 M29 Mi18
140000 140004 M29 M29 M29
172000 172004 M18 M18 M18
173000 173004 M18 M18 M29

*Factory setting. The start address should be selected in conjunction with the memory map configuration. Figure 2-6 shows
how the available start addresses fit into the memory maps.

The CTMER interrupt is at the highest level (nonmaskable). It is caused by a time-out, that is, a failure
to detect RRPLY during a fetch/read, write, or IAK transaction. For the factory configuration, —IAK
is connected to the D input of flip-flop E7 via M9 to M13 jumper. This prevents setting that flip-flop
and inhibits CTMER for time-outs occurring during IAK transactions. Such a condition could occur
only if the peripheral that caused the interrupt failed to return BRPLY during the vector reading oper-
ation. See Chapter 8 for a discussion of external interrupts. To help the user evaluate the advantages
and disadvantages of this jumper option, Figure 2-3 describes the sequence of events that takes place
during the TAK time-out.

A time-out during IAK causes a zero vector to be read in by the microprocessor. This occurs in both
examples described in Figure 2-3. If CTMER is allowed to set, this causes the second stacking of PC
and PSW followed by a jump to restart.

The other two interrupts the user can select are BKRQ and REVNT. Their vectors and priorities are
described in Table 5-3. All jumper combinations, which are “electrically correct” as described in Fig-
ure 2-2, are legal.

A description of some typical configurations follows to familiarize the user with the different com-
binations available.

Install jumpers between =~ M14 and M8
M13 and M12
M10 and M17
M24 and M20
M23 and M28

This arrangement allows the SLU1 BREAK input to set the —CTMER nonmaskable interrupt and
trap to the restart address. The time-out (TMER) input sets the BKRQ level 7 maskable interrupt. The
BHALT L bus signal is ignored. The SLU2 800 Hz line time clock and the BEVNT L bus signal enable
the REVNT interrupt.
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Figure 2-2 Interrupt Configurations
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LSI-11 BUS INTERRUPT
(BIRQ4)

PROCESSOR RETURNS IAK

I

M13 CONNECTED TO M9 (-1AK) M13 CONNECTED TO M12 (+3 VDC)
TIME-OUT DURING IAK TIME-OUT DURING IAK
NO CTMER CTMER SET
PC AND PSW PUSHED ON THE STACK PC AND PSW PUSHED ON THE STACK
PC AND PSW LOADED FROM VECTOR AND VECTOR +2 PC AND PSW LOADED FROM VECTOR AND VECTOR +2
(VECTOR IS 0 BECAUSE NOTHING IS DRIVING TDAL) (VECTOR IS 0 BECAUSE NOTHING IS DRIVING TDAL)
JUMP TO NEW PC NEW PC AND PSW PUSHED AGAIN

RESTART ADDRESS —+PC
340 —>PSW

JUMP TO NEW PC

MR-7516

Figure 2-3 Time-out During LSI-11 Bus Interrupt Acknowledge

Install jumpers between  M10 and M5
M17 and M8
M13 and M12
M20 and M24
M23 and M24

This arrangement allows the BHALT L bus signal to set the —CTMER nonmaskable interrupt and
trap to the restart address. The SLU1 BREAK input sets the BKRQ level 7 maskable interrupt, and
only the BEVNT L bus signal enables the REVNT interrupt.

Install jumpers between = M14 and M10
M13 and M12
M17 and M20
MS5 and M8
M23 and M12

This arrangement allows the time-out (TMER) to set the —CTMER nonmaskable interrupt for all
time-outs. The SLU1 BREAK or the BHALT bus signal set the BKRQ level 7 maskable interrupt, and
the BEVNT L bus line is clamped low and therefore, no interrupts can be generated by BEVNT L.

2.2.5 Parallel 1/0

The parallel I/O is implemented with the 8255A-5 programmable peripheral interface (PPI) and con-
nects to the user’s interface through the J3 connector. Figure 2-4 illustrates the wirewrap pins used for
the configuration of the parallel I/O. (These pins are defined in Table 2-1.) The dash lines in Figure 2-4
represent the factory configuration jumpers installed. (The wirewrap pin locations are shown in Figure
2-1.) The directions of port A and port B transceivers are dependent on the logic level connected to
M49 and MS52. Wirewrap pin 52 connects to port A through a 200 ns minimum rise time edge delay
circuit. When M50 (+3 Vdc) is jumpered to pins M49 and M52, port A and port B buffers are inputs
to the PPI from the J3 connector. When M51 (GND) is jumpered to pins M49 and M52, port A and
port B buffers are outputs from the PPI to the J3 connector.
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Figure 2-4 Parallel 1/O Configuration

The direction of port A and port B can also be controlled by a user’s program. To make this possible,
M58 and M54 must be jumpered to M49 and M52. The data outputs via port C will control the voltage

levels at the direction control inputs to ports A and B. The software required to do this control is dis-
cussed in Chapter 6.

Wirewrap pins M65 and M53 can be jumpered to M49 and M52 to allow the user to control the direc-
tion of the transceivers via J3 connector pins 5 and 7. When not using wirewrap pins M58 and M65 or
M54 and M53 to control the direction of ports A and B, jumpers connected between M58 and M65 and
between M54 and M53 allow PC4 and PC6 to be used as inputs to the PPI from the J3 connector.

NOTE
If pins M65, M53, M58, or M54 are used for pro-
gram control of port A or B, the user must ensure
that the PPI and the buffer do not contend as driver
output to driver output. If this condition is allowed
to occur, damage to both drivers may result.

The programmable peripheral interface can function in three modes selected by software. The jumper
configurations and the handshake signals for each of these modes are shown in Table 2-5, Table 2-6,
and Table 2-7. See Chapter 6 for programming information.

2.2.6 Serial 1/0

The jumper options relating to the serial I/O determine the interrupt response of the system and were
explained in Paragraph 2.2.4. All responses to the BREAK detection by SLUT1 are listed in Table 2-8.
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Table 2-5 Mode 0 Buffer Configuration (No Handshake)

PP1 To Act To Act Program Control
Element as Input as Output via Port C
Port A M52 to M50 M52 to M51 M52 to M54 or M58
Port B M49 to M50 M49 to M51 M49 to M54 or M58
PC7 Never an input Always an output
PC6 M54 to MS53 Never an external
output
PC5s Never an input Always an output
PC4 M358 to M65 Never an external
output
PC3 Never an input Interrupt A
(vector 134)
Always an output
PC2 Always an input Never an output
PCl1 Never an input Always an output
PCO Never an input Interrupt B

(vector 130)
Always an output
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Table 2-6 Mode 1 Buffer Configuration (Strobed 1/0)

[

PPI To Act To Act Program Control
Element as Input as Output via Port C
Port A M52 to M50 M52 to M51 N/A
Port B M49 to M50 M49 to M51 M49 to M54 or M58
PC7 Never an input Indicates
buffer A full
PC6 M54 to M53 Never an
(Acknowledge A)* external output
PC5 Never an input Indicates
buffer A full
PC4 M58 to M65 Never an
(Strobe A) external output
PC3 Never an input Interrupt A
PC2 Strobe B Never an output
in input mode
Acknowledge B in
output mode
PC1 Never an input Buffer B full
on input or output
PCO Never an input Interrupt B

(vector 130)

*User’s hardware acknowledges receipt of data output by port A.
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Table 2-7 Mode 2 Buffer Configuration and Handshake

PPI Element Input Signal Output Signal

Port A Bidirectional bus If M52 to M54 to M53
Port B Not used in mode 2 Not used in mode 2
PC7 Never an input Output buffer A full
PC6 Acknowledge A Never an output
PC5 Never an input Input buffer A full
PC4 Strobe A (if M65 to M58) Never an output
PC3 Never an input Interrupt A

PC2 Always an input Never an output
PCl1 Never an input Always an output
PCO Never an input Always an output

Table 2-8 SLU1 BREAK Detection

Jumper Connection*

BREAK Response

M17 to M20
MS5 to M8

M20 to M24
M5 to M8

M8 to M17
M20 to M24

M10 to M17
M20 to M24
M13 to M12

BHALT L signal to the LSI-11 bus
and BKRQ interrupt (vector 140)

No response
BKRQ interrupt (vector 140)
(no BHALT L to bus)

CTMER interrupt
(HALT trap) through restart

*Refer to Figure 2-2.
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2.2.7 Memories

The memory system for the module is the LSI-11 bus, 4Kb of local RAM, and four 28-pin sockets that
accept either 24-pin or 28-pin industry standard +5 V memory chips. These chips are provided by the
user and can be either EPROMs, PROMs, ROMs, or static RAMs. The sockets will accept 1K X 8,
2K X 8, 4K X 8, and 8K X 8 PROMs/EPROMs, or 2K X 8, 4K X 8, and 8K X 8 static RAMs.

There are two socket sets: set A which is controlled by —CSKTA and set B which is controlled by
—CSKTB. Each set has a high byte socket and a low byte socket that are interconnected as shown in
Figure 2-5. The wirewrap pins used to configure the memory are shown in Figure 2-6 and described in
Table 2-1. The standard factory configuration of the installed jumper wires is represented by the dash
lines in Figure 2-6. In addition to configuring the sockets, the user must configure the decode memory
address chip to select one of the four memory maps available.

NOTE

The SBC-11/21 contains semiconductor devices
that may be susceptible to damage by electrostatic
charges. When handling the board and configuring
the wirewrap pins, the board should be kept on a
grounded conductive plane. Also, wrist straps in con-
tact with the skin should be used to keep the oper-
ator at the same ground potential.

2.2.7.1 Memory Maps — Figure 2-7 shows the four memory maps available. The module can be con-
figured to select the one that meets the user’s requirements. Wirewrap pins M18, M21, M29, and M25
are used to select the memory map. The jumper requirements are listed in Table 2-9.

2.2.7.2 PROMs/EPROMs - The 28-pin sockets accept 24-pin and 28-pin PROMs or EPROMs. If 24-
pin chips are selected, caution must be observed to ensure that pin 1 of the chip is placed into socket
hole 3. The configuration requirements of some industry compatible PROMs/EPROM:s are described
in Table 2-10 and Table 2-11. The user may select chips from other vendors, however, the pin con-
figuration must be compatible with the sockets provided. A 250 ns maximum output enable time is also
required, and the maximum access time for compatible PROMs/EPROM:s is 450 ns. The maximum
output enable time is defined as the time from the assertion of TDIN or TDOUT by a bus master to the
time the module asserts valid data onto the bus.

The user installs a jumper wire from the pin referenced by the chip type to the socket pin described in
the tables. Figure 2-6 provides a reference for all signals and the socket pins associated with the wire-
wrap pins. These interconnections are listed separately under socket set A and socket set B, and some
jumper wires are common to both socket sets. Some devices may not require a connection or installation
of a jumper wire and are designated by an ‘NC’ in the tables. The wirewrap pin locations are shown in
Figure 2-1.

2.2.7.3 RAMs - The 28-pin sockets can also accept 24-pin static RAM chips, and caution must be
observed to ensure that pin 1 of the chip is installed into socket hole 3. The configuration requirements
of some industry compatible RAMs are described in Table 2-12 and Table 2-13. The user may select
chips from other vendors, however, the pin configuration must be compatible with the sockets provided.
The selected RAMs are required to meet the maximum output enable time and the maximum access
time specified for the PROMs.

The user installs a jumper wire from the pin referenced by the chip type to the socket pin described in
the tables. Figure 2-6 provides a reference for all signals and the socket pins associated with the wire-
wrap pins. These interconnections are listed separately under socket set A and socket set B, and some
jumper wires are common to both socket sets. Some devices may not require a connection or installation
of a jumper wire and are designated by an ‘NC’ in the tables. The wirewrap pin locations are shown in
Figure 2-1. '
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Figure 2-5 Socket Sets A and B Interconnection
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— PIN 21 HIGH BYTE SET A

Ap17 M45 M47 |—— PIN 21 LOWBYTE SET A
M44D O —— PIN 21 HIGH BYTE SET B
AD12 —{1 L—— PIN 21 LOWBYTE SET B
M59
+5VNCR —F — — — — — ™ 'D_Z_ PIN 23 HIGH BYTE SET A
l— —Cl-——— PIN 23 LOW BYTE SET A
M
-WHB —iau .-—-n-—— PIN 23 HIGH BYTE SET B
M57
-wLs —{1 L—«D&— PIN 23 LOW BYTE SET B
M36 M43 PIN 2 HIGH BYTE SET A
AD13
—4a D_{: PIN 2 LOW BYTE SET A
M46 M42 PIN 2 HIGH BYTE SET B
+3vde —O
D_C PIN 2 LOW BYTE SET B
u—:a'z—?——— PIN 27 HIGH BYTE SET A
D——— PIN 27 LOW BYTE SET A
W31 u——-—PlN 27 HIGH BYTE SET B
READ —O D——— PIN 27 LOW BYTE SET B
M64 M60 PIN 22 HIGH BYTE SET A
-READ —F-— — —— ——D——C
T PIN 22 LOW BYTE SET A
M55 M62 PIN 22 HIGH BYTE SET B
e 5 R
v PIN 22 LOWBYTE SET B
_cskTAa M4 _DMCPIN 20 HIGH BYTE SET A
PIN 20 LOW BYTE SET A
_cskTE M4y __ —D—'ﬂ[: PIN 20 HIGH BYTE SET B
PIN 20 LOW BYTE SET B
Dﬂ-[: PIN 26 HIGH BYTE SET A
PIN 26 LOW BYTE SET A
VL M25
BV —-_> ,Q——- DECODE

MEMORY

anp M2 CI—M2 ADDRESS
NOTE:

M7 IS USED TO PROVIDE BATTERY
BACKUP POWER TO SOCKET SET A
WHEN THIS OPTION IS INCORPORATED.

MR-7513

Figure 2-6 Memory Configuration
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(177776)
(173000)
(172000)
{170000)

(160000)

(140000)

(120000)

(100000)

(60000)

(40000)

(20000)
(1.0000)

(NOTE4)

MAP 0 MAP 1 MAP 2 MAP 3
64KB TS 64KB 64KB 64KB
) (NOTE 3) (NOTE 3) (NOTE 3)
2KB (NOTE 1)

KB LOCAL RAM 4KB LOCAL RAM 4KB LOCAL RAM 4KB LOCAL RAM

(NOTE 2) (NOTE 2) (NOTE 2) (NOTE 2)
56KB 56K8 56KB 56KB
48KB 48K B 48KBA 48KBA

LSI-11 BUS LSI-11 BUS LSI-11 BUS LSI-11 BUS
40KB 40KB- 40KBA 40KBA
32KB 32KB 32KBH 32KB
24KB- 24KBA 24KB- 24KB4 16KB SOCKET A
16KB~ 16KB- 16KB 16KB
8KB SOCKET A
8KB— 8KB 8KB 8KB- 16KB SOCKET B
4KB SOCKET A
8KB SOCKET B
4KB SOCKET B

0KB 0KB OKB 0KB

NOTES:

1. SOCKET SET A IS MAPPED OVER SOCKET SET B AND IS
THEREFORE LIMITED TO USING EITHER SOCKET A OR

SOCKET B, BUT NOT BOTH TOGETHER.

2. ADDRESSES 160000 THROUGH 160007 ARE ASSUMED TO
RESIDE ON THE LSI-11 BUS.

3. THIS SECTION CONTAINS THE LOCAL I/O0 ADDRESSES FOR
THE SLUs AND PPI. ALL UNASSIGNED ADDRESSES ARE
ASSUMED TO RESIDE ON THE LSI-11 BUS.

4. UNDERLINED ADDRESSES ARE JUMPER-SELECTABLE START
ADDRESSES, ACCORDING TO TABLE 2-4.

Figure 2-7 Memory Maps
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Table 2-9 Memory Map Configurations

Map Selection Jumper M25 to Jumper M21 to
Map 0 M2l M29
Map 1 Mi18 M29
Map 2 M29 M18
Map 3 M21 M18

Table 2-10 Socket Set A Configuration for EPROM/PROM

Connect Referenced
Pin to Socket A Pin

Vendor Parts Pins Size M40 M37 M43 Mé61 Me60 M38 M39 M47
EPROMs
INTEL 2758 24 IK X 8 MS9 NC NC M359 Mé64 M4l NC MS5S
INTEL 2716 24 2K X 8 M59 NC NC M39 Mé4 M4l NC M4S
2716-1 24 2K X 8
2716-2 24 2K X 8
INTEL 2732 24 4K X 8 M44 NC NC M44 M64 M4l NC M45
2732A 24 4K X 8
INTEL 2764 28 8K X 8 M44 M46 M36 M44 M64 M4l M46 M45
TI TMS2508 24 1K X 8 M59 NC NC M359 M64 M4l NC M46
TI TMS2516 24 2K X 8 M59 NC NC M59 M64 M4l NC M45
TMS2516-35 24 2K X 8
TI TMS2564 28 8K X 8 M36 M55 Mé64 M36 M4l M44 MS5 M4S
Mostek ~ MK2716 24 2K X 8 M59 NC NC M59 M64 M4l NC M45
Mostek ~ MK2764 28 8K X 8 M44 NC M36 M44 M64 M4l NC M4S5
PROMs
INTEL 3628 24 1K X 8 M4l NC NC M4l Mé64 M46 NC M46
Signetics 82LS181 24 1K X 8 M41 NC NC M4l M64 M46 NC M46

NC - requires no con

nection.

2-20



Table 2-11 Socket Set B Configuration for EPROM /PROM

Connect Referenced Pin
to Socket B Pin

Vendor Parts Pins Size M35 M48 M42 M63 M62 M32 M33 M47
EPROMs
INTEL 2758 24 1K X 8 M59 NC NC M59 M64 M34 NC M55
INTEL 2716 24 2K X 8 M59 NC NC MS59 M64 M34 NC M4S
2716-1 24 2K X 8
2716-2 24 2K X 8
INTEL 2732 24 4K X 8 M44 NC NC M44 M64 M34 NC M4S5
2732A 24 4K X 8
INTEL 2764 28 8K X 8 M44 M46 M36 M44 M64 M34 M4o6 M4S
TI TMS2508 24 1K X 8 M59 NC NC M59 M64 M34 NC M4o6
TI TMS2516 24 2K X 8 M5S9 NC NC M59 M64 M34 NC M45
TMS2516-35 24 2K X 8
TI TMS2564 28 8K X 8 M36 MSS5 M64 M36 M34 M44 MSS5 M4S
Mostek ~ MK2716 24 2K X 8 MS9 NC NC M59 M64 M34 NC M4S
Mostek  MK2764 28 8K X 8 M44 NC M36 M44 M64 M34 NC M4S
PROMs
INTEL 3628 24 1K X 8 M34 NC NC M34 M64 M46 NC M46
Signetics 82LS181 24 1K X 8 M34 NC NC M34 M64 M46 NC M46

NC - requires no connection.
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Table 2-12 Socket Set A Configuration for RAM

Connect Referenced Pin
to Socket A Pin
Vendor Parts Pins Size M40 M37 M43 Meél Me6e0 M38 M39 M47

Mostek ~ MK4802 24 2K X 8 M57 NC NC M56 M64 M4l NC M45

Toshiba TMM2016P 24 2K X 8 M57 NC NC M56 M64 M4l M54 M45
TMM2016P-1 24 2K X 8

Hitachi HM6116P 24 2K X 8 M57 NC NC M56 M64 M4l M54 M4S

NC - requires no connection.

Table 2-13 Socket Set B Configuration for RAM

Connect Referenced Pin
to Socket B Pin
Vendor Parts Pins Size M35 M48 M42 Me63 M62 M32 M33 M47

Mostek ~ MK4802 24 2K X 8 M57 NC NC Ms6 M64 M34 NC M45

Toshiba TMM2016P 24 2K X 8 M57 NC NC M5S6 Mé64 M34 NC M45
TMM2016P-1 24 2K X 8

Hitachi HM6116P 24 2K X 8 M57 NC NC M56 M64 M34 NC M45

NC - requires no connection.

2.3 SELECTING BACKPLANES AND OPTIONS

A number of different LSI-11 bus compatible backplanes and boxes are available from Digital. The
choice is defined by system requirements such as the number and type of options (described in Chapter
3), environment conditions, and packaging considerations. A list of all available backplanes and boxes is
provided in the Microcomputer Interfaces Handbook.

24 POWER SUPPLY

The choice of power supply is controlled by the size of the system and packaging requirements. An
important consideration is the performance of the supply during power-up and power-down. All Digital
power supplies listed in the Microcomputer Interfaces Handbook are compatible with the LSI-11 bus
protocol which allows dependable operation with no loss of data when using battery backed-up memo-
ries. Any user-designed power supply must agree with the LSI-11 bus protocol.

2.5 EXTERNAL CABLES

The module has a 30-pin connector (J3) for an external interface with the programmable I1/0 interface
and two 10-pin connectors (J1 and J2) for the external interface of the serial line units (SLUs). The
location of these connectors on the module is shown in Figure 2-1. The requirements to interface with
these connectors are defined in the following paragraphs.
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2.5.1 Parallel 1/0 Interface (J3)

The module connector is a 30-pin AMP MODU connector with the /0O signals defined by Figure 2-8.
The I/O signals are buffered and are capable of driving up to 50 feet (maximum) of flat ribbon or
round cable with a 30-pin AMP contact housing at each end. The following list of connectors is com-

patible with the module connector.

AMP MODU polarized or nonpolarized contact housings for crimp snap-in pin and receptacle contacts:

Latching, polarized
housings:

Nonlatching, polarized
housings:

Nonlatching, nonpolarized
housings:

Receptacle contacts:

Mass termination connectors for flat cables:

Separate parts:
(nonpolarized)

Separate parts:
(polarized)

Connector and cover Kkits:
(nonpolarized)

Connector and cover kits:
(polarized)

Separate parts:

Latching connectors and covers:
(polarized)

Mass modular connector system:

2-87631-6 no strain relief
87733-6 strain relief

1-87977-3 no strain relief
1-102184-3 strain relief

2-87456-6 no strain relief
2-87832-7 strain relief

87045-3 for 30 to 26 AWG
102098-3 for 32 to 27 AWG

1-88378-1 connector
1-86873-2 cover
1-88340-1 strain relief cover

1-88392-1 connector
1-86373-2 cover
1-88340-1 strain relief cover

1-88379-1 no strain relief
1-88476-1 with strain relief

1-88393-1 no strain relief
1-88478-1 with strain relief

1-88392-1 connector
1-86873-2 cover
1-88340-1 strain relief cover

1-88423-1 no strain relief
1-88479-1 with strain relief

1-102393-3 housing for 30-26 AWG
1-102396-3 cover

1-102392-3 kit

1-102398-3 housing for 26-22 AWG
1-102396-3 cover

1-102397-3 kit

Connectors can be terminated to discrete wire in sizes 30-26 AWG, 26-24 AWG, as well as jacketed

cable and bonded ribbon cable.
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2.5.2 Serial Line Interfaces (J1 and J2)

Each serial line unit (SLU) is compatible with EIA RS-232C and EIA RS-423 serial type interfaces.
SLUI interfaces through J1, and SLU2 interfaces through J2. When a 20 mA current loop device is
needed, the DLV11-KA option must be used. The option has an EIA cable (BC21A-03) that connects
the converter box to the module. The box has an 8-pin Mate-N-Lok™ connector that mates with the
standard 20 mA cable. The option does not support the reader run strobe and the 110 baud rate and
therefore, the LA-33 or similar devices cannot be used.

The user installs a slew rate resistor determined by the operating baud rate defined in Table 2-14. The
slew rate resistor is identified as R6 and its location on the module is shown in Figure 1-1.

The SLU connectors showing the signals assigned to the connector pins are illustrated in Figure 2-9.
The user provides the interconnecting cables. The following list describes some standard Digital cables
and also provides some information to help the user design cables.

Digital cables for the SBC-11/21:

BC20N-05 5-foot EIA RS-232C null modem cable to directly interface with the EIA RS-232C ter-
minal (2 X 5 pin AMP female to RS-232C female; see Figure 2-10).

BC21B-05 5-foot EIA RS-232C modem cable to interface with modems and acoustic couplers (2
X 5 pin AMP female to RS-232C male; see Figure 2-11).

BC20M-50 50-foot EIA RS-422 or RS-423 cable for high throughput transmission (19.2K baud)
between two SBC-11/21 computers (2 X 5 pin AMP female to 2 X 5 pin AMP fe-
male).

When designing a cable for the SBC-11/21, the user should consider the following points:

1. The receivers on the SBC-11/21 have differential inputs. Therefore, when designing an RS-
232C or RS-423 cable, RECEIVE DATA — (pin 7 on the 2 X 5 pin AMP connector) must
be tied to signal ground (pins 2, 5, or 9) in order to maintain correct EIA levels. RS-422 uses
both RECEIVE DATA+ and RECEIVE DATA —.

2. Todirectly connect to a local EIA RS-232C terminal, it is necessary to use a null modem. To
design the null modem into the cable, a user must switch RECEIVE DATA (pin 2) with
TRANSMITTED DATA (pin 3) on the RS-232C male connector as shown in Figure 2-10.

3. To mate to the 2 X 5 pin connector block, the following parts are needed.

Cable receptacle AMP PN 87133-5
DEC PN 12-14268-02

Locking clip contacts AMP PN 87124-1
DEC PN 12-14267-00

Key pin (pin 6) AMP PN 87179-1
DEC PN 12-15418-00

™Mate-N-Lok is a trademark of AMP, Inc.

2-25



Table 2-14 EIA Slew Rate Resistor Values

Baud Rate Resistor R6 (ochms)
38,400 22 kQ*

19,200 51 kQ

9,600 120 kQ

4,800 200 kQ

2,400 430 kQ

1,200 820 kQ2

600 1 MQ

300 1 MQ

*Factory installed value.

SLU
CONNECTOR

BAUD RATE LOOPBACK
CLOCK OUTPUT  __ | | 1 TEST CONNECTOR
(16 X BAUD) JUMPER WIRES
TRANSMIT DATA + —{ 3 3
INDEXING KEY —]6 6
RECEIVE DATA+ —] 8 8 —
RECEIVE DATA- — 7 7
+12 VDC FUSED — 10 10

2 2

4 4

GND
= 5 5
9 9
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9 7 5 3 1

o|lo|O|O]|O
]

O| O OO0

0 8 6 4 2
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Figure 2-9 10-Pin Serial Line Unit Connector
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2.6 VERIFYING OPERATION
The SBC-11/21 single-board computer can be field tested to verify its functional operation. The
Macro-ODT option and the loopback connectors support the testing of the module.

2.6.1 Macro-ODT Option

The Macro-ODT option (part # KXT11-A2) has two 24-pin, 2K X 8 PROM chips that contain the
Macro-ODT code and module diagnostic programs. The Macro-ODT code is used to create commu-
nication between the module and the user via console commands. The use of ODT commands is de-
tailed in Chapter 4. The module diagnostic programs verify that the parallel I/O and serial line unit
interfaces will function with commands from the microprocessor.

2.6.2 Loopback Connectors
The loopback connectors can be made by the user for the module diagnostic tests. The 30-pin connector
with the loopback jumper wires installed (shown in Figure 2-8) is used with the parallel 1/O connector
J3. The serial line unit connector with the loopback jumper wires installed (shown in Figure 2-9) is used
with the SLU2 connector J2.

2.6.3 Verification Procedure
The module must be restored to the standard factory configuration for the test to be valid, however, the
start address must be 172000 not 10000. The module can be verified using the following procedure.

1. Set the start address to 172000 as shown in Table 2-4.

2. Insert the high byte ODT ROM into socket set A, high byte socket E54. Make sure pin 1 is
inserted into socket hole 3.

3. Insert the low byte ODT ROM into socket set A, low byte socket E44. Make sure pin 1 is
inserted into socket hole 3.

4.  Insert the 30-pin loopback connector (see Paragraph 2.6.2) into the module parallel I/O con-
nector J3.

S.  Insert the 10-pin loopback connector (see Paragraph 2.6.2) into the SLU2 connector J2.

6. Install the module into the LSI-11 backplane with the power turned off. An external power
supply may be used to provide +5 Vdc to finger pins BV1, BA2, and AA2, +12 Vdc to
finger pin BD2, and ground to finger pins BJ1, AJ1, AT1, AC2, BC2, AM1, and BMI1.

7.  Connect an external terminal (printer or video). The terminal must be capable of generating
a 7-bit ASCII code with odd parity or 8-bit ASCII code with no parity, and baud rates of
300, 600, 1,200, 2,400, 4,800, or 9,600. The terminal is connected to SLU1 connector J1
using a Digital BC20N-05 cable or equivalent. Turn the terminal on and on-line.

8.  Turn on the backplane power or enable the +5 Vdc and + 12 Vdc sources. Monitor the mod-
ule LED; it should light and then return to the normal off state. If the LED stays lit, there is
a fault in the SLUI circuits or the on-board RAM memory.

9.  After the backplane power is turned on, press the RETURN key (carriage return) on the
terminal to have the module synchronize its baud rate to that of the terminal. The module
responds with the prompt character ‘@’.

10.  To start the module diagnostic programs press the ‘X’ key. The diagnostic test will exercise
the module including the parallel I/O and SLU2. The results of the test are printed out on
the terminal. The error results are listed in Table 2-15 and indicate what area of the module
contains a fault. The error code ‘000000’ indicates a good module.
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Table 2-15 Diagnostic Fault Indicators

Parallel I/O Internal Serial* External Serial**
Printout Loopback Test 1/0 Loopback Test 1/0 Loopback Test
000000 Passed Passed Passed
000001 Failed Passed Passed
000010 Passed Failed Not performed
000011 Failed Failed Not performed
000100 Passed Passed Failed
000101 Failed Passed Failed
000110 Not used Not used Not used
000111 Not used Not used Not used

*  The internal serial I/O loopback test exercises the parallel-to-serial conversion, the serial-to- parallel conversion, and the
baud rate. This test can be performed without the loopback connector.

**  The external serial 1/O loopback test exercises the above functions as well as the drivers, receivers, and the external
signal paths.
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CHAPTER 3
OPTIONS

3.1 INTRODUCTION

The SBC-11/21 is a complete single-board microcomputer that operates on the LSI-11 bus or in a
stand-alone configuration. In some applications, it may be desirable to add optional modules to the
SBC-11/21 to extend its function beyond that provided by the module itself. Paragraphs 3.2 and 3.3 list
all options available. For more information, see the documents listed in Paragraph 1.4 of this guide.

3.2 SUPPORTED OPTIONS

The following options are functionally compatible with the SBC-11/21. Software diagnostics for these
options run on a SBC-11/21 equipped with a mass storage device (TUS58, RX01, or RX02) and the
Macro-ODT option. To order diagnostics, contact your Digital sales representative.

TUS8

AAV11-C

ADV11-C

AXV11-C

The TUS8 is a low-cost mass memory device that is used with the SBC-11/21 by attach-
ing it to one of the serial I/O lines. TU58 offers random access to block-formatted data
on pocket-size cassette media. It is ideal as a small computer systems device, as in-
expensive archive mass storage, or as a software update distribution medium. A dual
drive TUS8 offers 512Kb of storage space, making it one of the lowest cost complete
mass storage subsystems available. For mounting flexibility, the TU58 is offered both as
a component level subsystem and as a fully powered 5-1/2 inch rack-mount subsystem.
The TUS8 interfaces with the microprocessor over an RS-423 serial line interface.

The AAV11-C is a 4-channel, 12-bit digital-to-analog converter module that includes con-
trol and interfacing circuits. It has four D/A converters, a dc-dc converter that provides
power to the analog circuits, and a precision voltage reference. Each channel has its own
holding register that can be addressed separately and provides 12 bits of resolution. Bits
0, 1, 2, and 3 of the fourth holding register are brought out to the I/O connector so that
they can be used as a 4-bit digital output register.

The ADV11-C is a 12-bit successive approximation analog-to-digital converter that sam-
ples analog data at specified rates and stores the digital equivalent value for processing.
The multiplexer can accommodate up to sixteen single-ended or eight quasi-differential
inputs. The converter uses a patented auto-zeroing design that measures the sampled data
with respect to its own offset and therefore, cancels out its own offset error.

Three reference signals are provided for self-testing any channel input. These signals con-
sist of two dc levels and one bipolar triangular waveform. This output can be used with
Digital diagnostic software to produce a data base for precise analog linearity testing.

The AXV11-C functions like the ADV11-C, but also has two 12-bit digital-to-analog con-
verters similar to those on the AAV11-C module.



DLVII-E

DLV11-F

DLV11-J

DPV11-DA

DRVI11

DRVI11-B

DRV11-J

The DLVI11-E is an asynchronous line interface module that interconnects the LSI-11
bus to standard serial communications lines. The module receives serial data, converts it
to parallel data, and transfers it to the LSI-11 bus. It also accepts parallel data from the
LSI-11 bus, converts it to serial data, and transmits it to the peripheral device. The mod-
ule has jumper selectable or software selectable baud rates (50-19,200) and jumper sel-
ectable data bit formats. The DLV11-E offers full modem control for EIA/CCITT inter-
faces.

The DLV11-F is an asynchronous line interface module that interconnects the LSI-11
bus to several types of standard serial communications lines. The module receives serial
data, converts it to parallel data, and transfers it to the LSI-11 bus. It also accepts paral-
lel data from the LSI-11 bus, converts it to serial data, and transmits it to the peripheral
device. The module has jumper selectable or software selectable baud rates (50-19,200)
and jumper selectable data bits. The DLV11-F supports either 20 mA current loop de-
vices or EIA standard lines, but does not include modem control.

The DLV11-J contains four independent asynchronous serial line channels that are used
to interface peripheral devices to the LSI-11 bus. Each channel transmits and receives
data from the peripheral device over EIA data leads (lines that do not use a control line).
The module can be used with 20 mA current loop devices if a DLV11-KA adapter is
used. The DLV11-J has jumper selectable baud rates from 150 to 39.4K baud.

The DPV11-DA is a single-line, program-controlled, double-buffered communication de-
vice designed to interface the LSI-11 bus to a serial synchronous line. This self-contained
unit can use a wide range of protocols including bit-oriented protocols (SDLC, HDLC,
ADCCP, and X.25) and byte-oriented protocols (DDCMP and BISYNC).

The module is used for high-speed synchronous lines such as remote batch, remote data
collection, remote concentration, and communication networking. The module, com-
patible with EIA RS-232 and CCITT V.28 interface standards, is also compatible with
EIA RS-423 and 422 electrical standards and thus, provides low-cost, local commu-
nications capability.

The DRVI11 is a parallel interface module used to interconnect the LSI-11 bus with gen-
eral-purpose parallel line TTL or DTL devices. It allows program-controlled data trans-
fers at rates up to 40K words per second and uses LSI-11 bus interface and control logic
to generate interrupts and process vector handling. The data is handled by sixteen diode
clamped input lines and sixteen latched output lines. There are two 40-pin connectors on
the module for user interface applications.

The DRV11-B is an interface module that uses direct memory access (DMA) to transfer
data directly between the system memory and an I/O device. The interface is program-
med by the processor to move variable length blocks of 8-bit or 16-bit data words to or
from specified locations in the system memory. Once programmed, no processor inter-
rupts are required. The module can transfer up to 250K 16-bit words per second in the
single cycle mode and up to SOOK 16-bit words per second in the burst mode. The module
also allows read-modify-restore operations.

The DRV11-J provides sixty-four input/outut data lines on a double-height module for
the LSI-11 bus. The DRV11-J also includes an advanced interrupt structure with bit in-
terruptability up to sixteen lines, programmable interrupt vectors, and program selection
of fixed or rotating interrupt priority within the DRV11-J. The DRV11-]J bit interrupts
for real-time response make it especially useful for sensor 1/O applications. It can also be
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used as a general-purpose interface to special devices, and two DRV11-Js can be con-
nected back-to-back as a link between two LSI-11 buses.

DUVI11-DA The DUV11-DA synchronous line interface module creates a data communication line

DZV11-B

IBVI1I-A

KWV11-C

MCV11-D

MRV11-C

MSV11-D

between the LSI-11 bus and a Bell 201 synchronous modem or equivalent. The module is
programmable to sync characters, character length (up to 8 bits), and parity selection.
The receiver logic accepts serial data for the LSI-11 bus. The transmitter logic converts
the parallel LSI-11 bus data into serial data for the transmission line. The interface logic
converts the TTL logic levels to the EIA voltage levels needed by the Bell 201 modems
and also controls the modem for half-duplex or full-duplex operation.

The DZV11-B is an asynchronous multiplexer interface module that interconnects the
LSI-11 bus with up to four asynchronous serial data communications channels. The mod-
ule provides EIA interface voltage levels and data set control to permit dial-up (auto an-
swer) options with full-duplex modems such as Bell models 103, 113, 212, or equivalent.
The DZV11-B does not support half-duplex operations or the secondary transmit and re-
ceive operations that are available with some modems such as Bell 202. The module has
applications in data storage and collection systems where front-end systems interface to a
host computer and for use in a cluster controller for terminal applications.

The IBV11-A is an interface module that interconnects the LSI-11 bus with the device
bus described in IEEE standard 488 1975, Digital Interface for Programmable Instru-
mentation. The IBV11-A makes a processor-controlled programmable device system pos-
sible. The module can accommodate up to fifteen IEEE-488 devices.

The KWV11-C is a programmable real-time clock/counter that provides a means of de-
termining time intervals or counting events. It can be used to generate interrupts to the
processor at predetermined intervals or to establish timing between input and output
events. It can also initialize the ADV11-C analog-to-digital converter by a clock counter
overflow or by firing a Schmitt trigger. The clock counter has a resolution of 16 bits and
can be driven by any one of five crystal-controlled frequencies (100 Hz to 1 MHz), from
a line frequency input, or from a Schmitt trigger fired by an external input. The module
can operate in any of four programmable modes: single interval, repeated interval, exter-
nal event timing, and external event timing from zero base. ’

The MCV11-D is an on-board battery-backed CMOS memory that supports 22-bit ad-
dressing. The MCV11-DA is an 8Kb module, and the MCV11-DC is a 32Kb module.
The module incorporates two nickel cadmium batteries for backup in case of a power
failure.

The MRV11-C is a flexible, high-density ROM module used with the LSI-11 bus. The
module contains sixteen 24-pin sockets which accept many of the user-supplied ROM
chips. The module accepts masked ROMs, fusible link PROMs, and ultraviolet erasable
PROMs. It accepts several densities of ROM chips up to and including 4K X 8 chips.
Using these high-density chips gives the module a total capacity of 64Kb. The contents of
the module can be accessed directly or window-mapped. Direct access provides total ran-
dom access to all ROM locations on the module. Window-mapping provides two 2Kb
windows of memory address space to access 2Kb segments of the ROM array. The seg-
ments that are seen through each window can be changed by program control.

The MSV11-D module has either 8K, 16K, or 32K X 16 bits of MOS memory. The
module has an on-board memory refresh and performs the necessary LSI-11 bus cycles.
The memory addressing is selected by the user by configuring switch positions. The mod-
ule can use a battery backup system to maintain data when primary power is lost.
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MXV11-A

RXV21

The MXV11-A is a dual-height multifunction option module for the LSI-11 bus. It con-
tains a read/write memory, provisions for read only memory, two asynchronous serial line
interfaces, and a 60 Hz clock signal derived from a crystal oscillator. Read /write memo-
ry is provided with either 8Kb or 32Kb (4K or 16K words). Two 24-pin sockets are pro-
vided for 45 V read only memories. 1K X 8, 2K X 8, or 4K X 8 ROMs may be used.
The sockets may also be used for 256 words of bootstrap code. The two asynchronous
serial lines transmit and receive EIA-423 signal levels from 150 baud to 38.4K baud. 20
mA active or passive current loop operation at 110 baud may be used with the DLV11-
KA EIA to 20 mA converter option. The serial lines will not support the reader run func-
tion of the DLV11-KA option. The serial lines provide error indicator bits for overrun
error, frame error, and parity error, but do not have modem controls. Serial line 1 may be
configured to respond to a BREAK signal. The serial lines have signal level interrupt
logic. Serial line 1 and serial line 0 may be used with any of many standard types of serial
communication devices. The 60 Hz clock signal can be selected by a wirewrap jumper to
provide real-time clock interrupts on the bus.

The RXV21 floppy disk option is a random access mass memory device that stores data
in fixed-length blocks on a preformatted, flexible diskette. Each diskette can store and
recover up to 512K 8-bit bytes of data. The RXV21 system is rack mountable and con-
sists of an interface module, an interface cable, and either a single or dual RX02 floppy
disk drive. The interface module converts the RX02 I/O bus to the LSI-11 bus structure.
It controls the RXO02 interrupts to the processor, decodes device addresses for register
selection, and handles the data exchange between the RX02 and the processor via DMA
transfers. Power for the interface module is provided by the LSI-11 bus.

3.3 UNSUPPORTED OPTIONS
A list of LSI-11 bus options that are not guaranteed to be functionally compatible with the SBC-11/21
and are unsupported follows. Their diagnostics are not available.

AAV11-A LAVII
ADVII-A LPVI1
BDV11-AA/BA MRV11-AA/BA/VA
DA11-MS/QQ/QU MSV11-E/P
DAVI1-A/B NCV11-A
DRL11-SN REVI11

DUVI11-E/F RKV11

DUV25 RLVII

DW11 RLVI2

DWV11-A RXV11

FEPTC-BA TEV11

FPF11 TRVI11

IPV12 TSVI1

KDI11-F VMVI11-A
KD11-HA VK170
KDF11-AB/AC/BB VSVi1
KDF11-BC/P VTVO1-A

KPV11-A VTV30-H



CHAPTER 4
MACRO-ODT

4.1 INTRODUCTION
The Macro-ODT is the KXT11-A2 option available to users of the SBC-11/21 single-board computer.
The option has a complete listing of the firmware and two 24-pin, 2K X 8 PROM chips that contain
the Macro-ODT firmware. The chips are installed on the module using the PROM sockets.
Macro-ODT allows the user to:

1.  Examine and deposit data in memory or general registers.

2. Examine or change the processor status word (PSW).

3. Start the execution of the program.

4. Restart the execution of a halted program.

5. Bootstrap programs from a mass storage device (TUS58 cassette, RX01 floppy disk, or RX02
floppy disk).

6. Run a diagnostic test for on-board devices.

4.2 INSTALLATION AND CONFIGURATION
The installation and configuration of the KXT11-A2 option is described in detail in Chapter 2 of this
User’s Guide, and the user should refer to it for installation and startup instructions.

4.3 ENTRY CONDITIONS
Macro-ODT is entered:

1.  On power-up.

2. Via the BREAK key on the console terminal.

3. On execution of a HALT instruction.

4.  On assertion of the BHALT L signal on the LSI-11 bus.

5. When accessing nonexistent memory (i.e., a bus time-out).

4.3.1 Macro-ODT Input Sequence

When entering Macro-ODT, the RBUF register is read using a DATI, and the character present in the
buffer is ignored. This is done so that erroneous characters or user program characters are not inter-
preted by Macro-ODT as commands.
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The input sequence for Macro-ODT follows.
1. Read and ignore character in RBUF.
2. Output a <CR> <LF> to the terminal.

3. Output contents of PC (program counter R7) in six digits to terminal if ODT is entered via a
BREAK, BHALT, or HALT instruction or trying to fetch an instruction from nonexistent
memory. Output a ‘?” to the terminal if ODT is entered via a bus time-out.

4.  Output a <CR> <LF> to the terminal.
5. Output the prompt character (@) to the terminal.

6. Enter a wait loop for terminal input. The done flag, bit 7 in RCSR, is tested using a DATI. If
it is zero, the test continues.

7. If RCSR bit 7 is a one, the low byte of RBUF is read using a DATI.

4.3.2 Macro-ODT Output Sequence
The output sequence for ODT follows.

1. Test XCSR bit 7 (done flag) using a DATI and, if it is a zero, continue testing.

2. If XCSR bit 7 is a one, write character to low byte of XBUF using a DATI followed by a
DATO (high byte is ignored by interface).

4.4 MACRO-ODT COMMANDS

Table 4-1 lists the Macro-ODT commands. The commands are a subset of ODT-11 and use the same
command character. The Macro-ODT internal states are listed in Table 4-2. Only specific characters
are recognized as valid inputs for each state; other inputs produce a ‘?’ response.

The parity bit, bit 7, on all input characters is ignored by Macro-ODT, and if the input character is
echoed, the state of the parity is copied to the output buffer (XBUF). Output characters internally
generated by ODT (e.g., <CR>) have the parity bit equal to zero. All input characters are echoed.
Only uppercase command characters are recognized.

NOTE
The use of ODT commands creates a dialogue be-
tween the user and the microcomputer. All the char-
acters typed by the user are underlined and the sys-
tem response is not underlined in the examples given
in this User’s Guide.

4.4.1 / (ASCII 057) Slash

The /> command is used to open an on-board module address, LSI-11 bus address, processor register,
or processor status word and must normally be preceded by other characters that specify a location. In
response to ‘/’, Macro-ODT prints the contents of the location (i.e., six characters) and a space (ASCII
40). After printing is complete, Macro-ODT waits for either new data for that location or a valid close
command (<CR> or <LF>). The space character is issued so that the location’s contents and pos-
sible new contents entered by the user are legible on the terminal.
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Table 4-1 Macro-ODT Commands

Command Symbol Function

Slash / Prints the contents of a specified location.

Carriage return <CR> Closes an open location.

Line feed <LF> Closes an open location and opens the next location. This command

cannot be used with the general registers.

Internal register R Opens a specific processor register.
designator
Processor status S Opens the PSW; must follow R command.

word designator

Go G Starts the execution of a program.

Proceed P Resumes the execution of a program.

Boot from device D Loads and runs programs from floppy diskettes or TUS58 cassettes.
Execute diagnostics X Runs SBC-11/21 module verification diagnostics.

Example: @001000/12525<SPACE>

where:
@ = Macro-ODT prompt character.
001000 = octal location in the LSI-11 bus address space wanted by the user (leading
zeros are not required).
/ = command to open and print contents of location.
012525 = contents of octal location 1000.
<SPACE> = space character generated by Macro-ODT.

If the user issues a ‘/’ immediately after a prompt character, the system prints ? <CR> <LF> be-
cause a location is not open.
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Table 4-2 Macro-ODT States and Valid Input Characters

Example of
Terminal
State Output Valid Input
1 @ 0-7
P
X
D
2 @R 0-7
S
3 @1000/ 0-7
123456 <CR>
4 @R1/123456 0-7
<CR>
<LF>
5 @1000 0-7
/
G
6 @R1 or @RS /
7 @1000/ 0-7
123456 1000 <CR>
<LF>
8 @R1/ 0-7
123456 1000 <CR>
9% @DY 0
1
<CR>
10* @DX 0
1
<CR>
11* @DD 0
1
<CR>

*Do not enter zero or one followed by <CR>.



4.4.2 <CR> (ASCII 15) Carriage Return

The <CR> command is used to close an open location. If a location’s contents are to be changed, the
user should precede the <CR>> with the new data. If no change is needed, <CR> closes the location
without modifying its contents.

Example: @R1/004321 <SPACE> <CR> <CR> <LF>
@

Processor register R1 was opened, and no change was needed so the user issued <<CR>. In response to
the <CR>, Macro-ODT printed <CR> <LF>@.

Example: @R1/004321 <SPACE> 1234 <CR> <CR> <LF>
@'_‘ .

In this example, the user wanted to change R1. The new data, 1234, was entered before issuing the
<CR>. Macro-ODT deposited the new data into the open location and then printed <CR> <LF>
@. Macro-ODT echoes the <CR> entered by the user before it prints <CR> <LF> @.

Example: @1000/012525<SPACE> 1234 <CR> <CR> <LF>
@

where:

first line = new data, 1234, entered into location 1000. The location is closed with <<CR>.

4.4.3 <LF> (ASCII 12) Line Feed

The <LF> command is used to close an open location and then open the next contiguous location.
LSI-11 bus addresses are incremented by two. If a processor register is open and an <LF> command
is issued, the register is closed and any data that was typed in before the <LF> will not enter the
register. ODT prints the error message <CR> ? <CR> <LF>. If the open location’s contents are
to be changed, the new data should precede the <LF>. If no data is entered, the location is closed
without being modified.

Example: @1000/123456 <SPACE> <LF> <CR> <LF>
@1002/054321 <SPACE>

In this example, the user entered <LF> with no data preceding it. In response, Macro-ODT closed
location 1000 and then opened location 1002.

4.4.4 R (ASCII 122) Internal Register Designator
When followed by a register number, 0 to 7, or PSW designator, ‘S’, the R designator will open that
specific processor register.

Example: @R0/054321 <SPACE>
or

@R7/000123 <SPACE> 456 <CR> <CR> <LF>
@ S

If more than one character is typed (numeral or ‘S’) after the ‘R’, Macro-ODT uses all the characters
as the register designator.

Example: @R00007/000123 <SPACE> <CR> <CR> <LF>
@



4.4.5 S (ASCII 123) Processor Status Word (PSW)
The S designator opens the PSW and must be used after the user has entered the R register designator.

Example: @RS/100377<SPACE> 0 <CR> <CR> <LF>
@RS/000010<SPACE>

The T-bit filter prevents the user from setting the T-bit via Macro-ODT. The T-bit can be cleared by
any write to the PSW. When the filter is disabled, the T-bit can be set by loading the PSW to set bit 4
to a one. This is normally not considered desirable. The T-bit filter can be disabled by setting bit 15 of
location 167772 to a one.

The PRIORITY 7 filter prevents the user from setting a priority level of 7 via Macro-ODT. Operation
at priority level 7 masks out (disables) the BREAK interrupt and makes it impossible to return to
Macro-ODT. This operation is normally unacceptable. If required, the PRIORITY 7 filter can be dis-
abled by setting bit 7 of location 167772 to a one. With the filter disabled, a priority level of 7 is se-
lected by writing 340 into the PSW.

4.4.6 G (ASCII 107) Go
The G command is used to start program execution at a location entered immediately before the ‘G’ in
the command string.

Example: @200G
The Macro-ODT sequence for a G command, after echoing the command character, follows.

1. Load R7 (PC) with the entered data. (In the previous example, R7 is equal to 200 and that is
where program execution starts.)

2. The PSW is cleared to zero.

3. The LSI-11 bus is initialized by the processor’s asserting BINIT L for 17 us minimum and
then negates BINIT L.

4. The user program starts execution at the location specified.

The user is warned that the G command clears the PSW to permit clock interrupts to be acknowledged.
Failure to load the address of the clock service routine into the clock vector address (100) may cause
unpredictable results.

4.4.7 P (ASCII 120) Proceed
The P command is used to restart execution of a program. No programmer visible machine state is
changed using this command.

Example: @P

Program execution restarts at the address pointed to by R7. After ‘P’ is echoed, Macro-ODT exits, and
the program restarts execution.

4.4.8 DD, DX, DY Bootstraps

The D command is used to bootstrap a stand-alone program or XXDP+ diagnostics from an RXO01 or
RXO02 floppy diskette or a TUSS8 tape cassette. The next character after the D command determines the
type of device being booted. A numerical character, either zero or one, is used to specify a selected
drive or unit of the device being booted. If <CR> is typed instead of zero or one, unit O is assumed.
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Examples: Boot unit 0 of TUS58 device:

@DD<CR>

Boot unit 1 of RXO01 device:
@DX1

Boot unit 0 of RX02 device:
@DY0

NOTE
Do not type both unit number and <CR>.

To boot a diskette drive, ODT expects the RXV11 or RXV21 controller CSR address to be configured
for 177170. To boot the TUSS, it must be connected to SLU?2 and the baud rate set for 38,400.

Any error detected during the execution of a boot command will cause a halt at one of many addresses
in the boot section of the ROM, with the PC contents printed on the console. The actual addresses and
the specific errors they represent are given in the listing provided with the option.

Some errors, however, are not reported. If a TUS58 is not connected to SLU2 or if baud rates are in-
compatible, no error indication is given after using the DD command, and the program waits forever.
This is also true when booting from floppy diskettes when the drive power is off. In either condition, the
user can use <BREAK> to return to ODT prompt level (@).

The D command performs the following operations.

1.

If there is no RAM memory at address 0, the D command will cause a halt.
The command initializes the LSI-11 bus by asserting BINIT L for 17 us minimum.

It reads block O (the first 512 bytes) from the selected mass storage device into memory loca-
tions 000-777.

It reads location 0 and if it is 240, it loads R1 register with the CSR address of the booted
device, loads RO register with the selected unit or drive number, and jumps to location 0.

If the content of location 0 is 260, the mass storage device contains a stand-alone program.
Macro-ODT interprets the contents of locations 2, 4, and 6 as a RADIX-50 encoded six char-
acter file name. Macro-ODT assumes that the mass storage device is an RT-11 file struc-
tured volume and searches the directory of the volume for the file name provided by loca-
tions 2, 4, and 6. When the file is found, the complete file is loaded into contiguous memory
starting at location 0. The RO register is loaded with the number of the unit or drive, and the
R1 register is loaded with the CSR address of the booted device. The stack pointer (SP) is
loaded with the contents of location 42 and the program counter (PC) is loaded with the con-
tents of location 40. The program starts execution.

If the content of location 0 is not 240 or 260, the device does not contain a valid boot block.
The boot command is aborted, and the SBC-11/21 is initialized as if a power-up occurred.
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4.4.9 X (ASCII 130) Diagnostics
After typing the letter ‘X’, there is a three-second delay before an octal number is displayed. This com-
mand is described in detail in Chapter 2.

4.5 INITIALIZATION

When it is necessary to reinitialize the system without removing power, the user enters 173000G from
the console in response to the ‘@’ prompt. After a delay, the user types a carriage return to resynchro-
nize the terminal as shown in the following example.

Example: @173000G
After a delay of at least one second, the user types <<CR>> to resynchronize.

4.6 WARNINGS AND PROGRAMMING HINTS
The following warnings and programming hints are provided to help the user operate Macro-ODT.

4.6.1 Error Decoding

When an ‘@’ appears unexpectedly, it is good practice for the user to examine the word at 167774. This
is an error word that indicates the cause of entry to ODT. A HALT instruction, BREAK, or trying to
fetch from nonexistent memory will appear as 100000. Other attempted bus transactions to nonexistent
memory will appear as 000200, or, if accessed by the stack pointer R6, as 000201.

4.6.2 ODT Stack Warning

While performing its various functions, Macro-ODT requires two words of user stack. It will push and
pop internal information there. Therefore, it is necessary that the user always provide two more words
than those necessary for the correct execution of the application program. If desirable, these two words
can be given back when the program is completely debugged and operating within its own ROMs with-
out ODT.

For correct program operation, R6 should always contain a valid even RAM memory address. Failure
to observe this rule will cause unpredictable results.

4.6.3 Addresses to Avoid
Because the firmware uses the top of the SBC-11/21 on-board RAM as its scratchpad, the user should
not write to any address above 167642 unless specifically defined in this User’s Guide.

The vector at 140 controls the BREAK interrupt. Changing locations 140 and 142 could result in the
inability to suspend program execution.

4.6.4 CPU Priority

When the PSW is set to 340, the BREAK key will have no effect and will not invoke Macro-ODT.
Running at a level 6 priority (PSW set to 300) is acceptable for most programming needs. This will
disable all interrupts except for BREAK.

4.6.5 Terminal Related Problems
Macro-ODT echoes every character typed in response to the ‘@’ prompt. Some intelligent terminals
also respond to control characters as commands. The results may include loss of communication.

4.6.6 Spurious Halts
When the last word of an instruction is all zeros and causes a bus time-out, Macro-ODT will interpret it
as a HALT instruction and print the contents of PC on the terminal before issuing the ‘@’ prompt.



4.6.7 Serial I/0 Protocol

The Macro-ODT operates the serial line interface in full-duplex mode, and each character is echoed by
the microprocessor to the terminal. Programmed 1/O methods are used instead of interrupts. When the
Macro-ODT firmware is busy printing a multicharacter message using the transmit side of the inter-
face, the firmware is not monitoring the receive side for incoming characters. Any characters coming in
at this time are lost. The interface may set the overrun error bit, but the Macro-ODT does not check
this bit, and those characters are not recognized. All peripherals communicating with the Macro-ODT
through this interface must observe this protocol.

4.6.8 Interrupt Vector Initialization
On power-up, Macro-ODT initializes the LTC interrupt vector (REVNT at 100) and the BREAK inter-
rupt vector (BKRQ at 140). Other vectors are not initialized and may contain erroneous data.






CHAPTER 5
SYSTEM ARCHITECTURE

5.1 INTRODUCTION

This chapter describes the architecture of the microprocessor, memory organization, and power-up
method. The microprocessor architecture describes the registers, hardware stack, interrupts, and direct
memory access (DMA) mechanism. The memory organization describes byte or word addressing and
memory mapping. The power-up procedure and initialization are also described.

5.2 MICROPROCESSOR ARCHITECTURE

The SBC-11/21 microprocessor executes a subset of the PDP-11 instruction set. It has eight high-speed
general-purpose registers that are used as accumulators, address pointers, index registers, and for other
special functions. The microprocessor executes single and double operand instructions using either 16-
bit words or 8-bit bytes. The direct memory access (DMA) function transfers data directly from the
LSI-11 bus to the on-board I/O devices and memory while the program continues to run.

5.2.1 Registers
As shown in Figure 5-1, the microprocessor contains a number of internal registers that are used for
many purposes. The registers are divided into two groups:

1. General
2. Status

5.2.1.1 General Registers — The microprocessor contains eight 16-bit general-purpose registers that
can perform many functions. These registers operate as accumulators, index registers, autoincrement
registers, autodecrement registers, or as stack pointers for temporary storage of data. Arithmetic oper-
ations can be performed from one general register to another, from one memory location or device reg-
ister to another, or between memory locations or a device register and a general register.

Registers R6 and R7 are dedicated. R6 is the stack pointer (SP) and contains the location (address) of
the last entry in the stack. Register R7 is the processor program counter (PC) and contains the address
of the next instruction to be executed. It is normally used for addressing purposes only and not as an
accumulator.

5.2.1.2 Status Register - The PSW contains information on the current processor status. This informa-
tion includes the current processor priority, the condition codes describing the arithmetic or logic re-
-sults of the last instruction, and an indicator for detecting the execution of an instruction to be trapped
during program debugging. Figure 5-1 shows the PSW format; Table 5-1 lists status word bit descrip-
tions. Certain instructions allow programmed control of condition code bits and loading and storing
(moving) the processor status. Not all instructions affect the condition codes in an obvious way. See
Chapter 7 for details on specific instructions.
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Figure 5-1 Registers and Processor Status Word

5.2.2 Hardware Stack

The hardware stack is part of the basic design architecture of the SBC-11/21. It is an area of memory
used by the programmer or by the operating system for temporary storage and linkage. It is controlled
on a LIFO (last in/first out) basis; items are recovered in the reverse of the order they were stored. The
stack starts at the highest location reserved for it (376 octal at power-up) and expands linearly down-
ward to a lower address as items are added to the stack.

It is not necessary to keep track of the actual locations into which data is being stacked. This is done
automatically through the use of the stack pointer. Register R6 always contains the memory address
where the last item is stored in the stack. Instructions associated with subroutine linkage and interrupt
service automatically use R6 as the hardware stack pointer. For this reason, R6 is often referred to as
the system SP. The hardware stack is organized in full word units only.

5.2.3 Interrupts

Interrupts are requests, made by peripheral devices, that cause the processor to temporarily suspend its
present program execution to service the requesting device. A device can interrupt the processor only
when its priority is higher than the processor priority indicated by PSW<7:5>, as shown in Table 5-2.

SBC-11/21 supports a vectored interrupt structure with priority on four levels. In addition, it supports
two nonmaskable interrupts: power fail and HALT.
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Table 5-1 Processor Status Word Bit Descriptions

Bits Name Description

15-08 N/A These bits are not accessible to the programmer and contain no valid
information.

07-05  Priority These bits define the current priority level of the microprocessor pro-
gram, and only interrupts with a higher priority are recognized by the
microprocessor. Table 5-2 describes the microprocessor interrupt levels
as functions of bits 5-7.

04 Trace When set, this bit allows the microprocessor to trap to locations 14 and
16 after an instruction is executed. It can only be set by executing an
RTI or RTT instruction with the correct PSW on the stack. The trace
bit allows programs to be single stepped and is useful for debugging.

03 Condition code N This bit is set when an instruction causes the result to be negative.

02 Condition code Z This bit is set when an instruction causes the result to be zero.

01 Condition code V This bit is set when an instruction causes an overflow condition.

00 Condition code C This bit is set when an instruction causes a carryout of the most signifi-

cant bit.

Table 5-2 PSW Interrupt Levels

Microprocessor Interrupt Levels PSW Bits
Priority Acknowledged 7 6 5
Level 7 Nonmaskable interrupt 1 1 1
Level 6 7 1 1 0
Level 5 7,6 1 0 1
Level 4 7,6,5 1 0 0
Level 0-3 7,6,5,4 0 X X
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Every interrupt except HALT is associated with an interrupt vector. The interrupt vector is a pair of
words: the next PC (address of that device’s service routine) and the next PSW (priority with which the
routine must be executed). Upon interrupt, the current PC and PSW are saved on the stack, and the
new PC and PSW are loaded from the vector address.

Up to sixty-four vectors may reside in the first 256 memory locations (octal 374 is the highest vector
location). The vector address is provided by the interrupting device (external vector address) or gener-
ated internally by the microprocessor.

NOTE
The power fail interrupt uses interrupt vector ad-
dress 24. The HALT interrupt is not associated with
a vector. It pushes the PC and PSW on the stack
and immediately goes to the restart address with
PSW 340.

The SBC-11/21 has eleven interrupt sources. Nine of these are maskable; two are nonmaskable. An
interrupt request can occur at any time, but it is not acknowledged until the completion of the current
instruction. This lets the microprocessor execute a program until the interrupt occurs and then vector to
the service routine for the interrupt. After the service routine is completed, a return from interrupt
instruction (RTI) is executed. The microprocessor then pops the top two words, the original PC and
PSW, from the system stack, and the interrupted program is continued.

Table 5-3 lists the eleven interrupt sources with their priorities. For a device to be serviced, its priority
level must be higher than the current microprocessor level. When two devices with equal priority num-
bers request an interrupt at the same time, the device nearest to the top of the table is serviced first.

When an interrupt is requested by several LSI-11 bus devices at the same time, the device electrically
nearest to the SBC-11/21 is serviced first.

5.3 DMA (DIRECT MEMORY ACCESS)

DMA allows the programmer to implement block transfers by specifying the direction of transfer, the
starting address in memory, the number of words, and any additional parameters that an external de-
vice requires. SBC-11/21 does not have an on-board DMA interface but it can support DMA transfers
for external devices via the LSI-11 bus interface. A typical device using the DMA mechanism is the
RXO02 double-density floppy diskette. User-designed devices can also be connected to the SBC-11/21
DMA facility. See Chapter 9 for more information.

5.4 MEMORY ORGANIZATION
The SBC-11/21 memory uses on-board memory and LSI-11 bus memory. The memory map con-
figurations and the types of on-board memory chips are described in Chapter 2. The memory maps are

described in Figure 5-2. Addresses from O to 376 octal are reserved for vector locations, and addresses
from 60Kb to 64Kb are reserved for I/O devices.

The address space of the SBC-11/21 module is 64Kb. A 16-bit word is two 8-bit bytes with bits 0-7
representing the low byte and bits 8—15 representing the high byte. Words are always addressed by even
numbers. The bytes are addressed by either even or odd numbers. The high bytes are stored in the odd
numbered locations, and the low bytes are stored in the even numbered locations.

5.5 POWER-UP/POWER-DOWN FACILITY

The SBC-11/21 has facilities for an automatic program startup when power is turned on and for orderly
shutdown, without loss of data, when power is turned off or lost. This is done with a combination of
hardware features and software.
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Table 5-3 SBC-11/21 Interrupts

Interrupt Control Priority Vector
Source Signal Level Address**
HALT —CTMER nonmaskable *

Power fail —PFAIL nonmaskable 24

LSI-11 bus BKRQ 7 140

signal BHALT

LSI-11 bus REVNT 6 100

signal BEVNT

SLU2 REC RDL2 5 120

SLU2 XMIT XDL2 5 124
Parallel I/O B PBRQST 5 130
Parallel /O A PARQST 5 134

SLU1 REC RDL1 4 60

SLU1 XMIT XDL1 4 64

LSI-11 bus IRQ4 4 Read from
signal BIRQ4 LSI-11 bus

* The microprocessor jumps directly to the restart address with a PSW priority level 7. (RESTART is loaded into
PC and 340 into PSW.)

**  All vectors defined in this table are internal vectors supplied by the microprocessor except for the BIRQ4 inter-
rupt which is read from the bus.

Hardware features:

e  Two signal lines in the LSI-11 bus, BDCOK H and BPOK H, are used only for power-
up/power-down protocol. These signals are usually generated by the power supply.

e  One signal line in the LSI-11 bus, BINIT L, that resets the system.
e The vectoring on interrupt facility of the SBC-11/21.
e  Battery backup connections:

Software features:

The programmer must provide power-up and power-down routines and store their addresses at the
jumper-selected start address for power-up and at location 24 for the power-down routine.

For a detailed description of the power-up/power-down protocol, see Chapter 9.
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Figure 5-2 Memory Maps
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CHAPTER 6
PROGRAMMING INFORMATION

6.1 INTRODUCTION

The SBC-11/21 has three on-board interfaces: one parallel I/O line and two serial I/O lines. These
interfaces contain many programmable features that allow the user to change their operating character-
istics. This chapter explains how this is done.

The SBC-11/21 also has hardware that enables the microprocessor to operate in a controlled sequence
when the power is turned on and off. This hardware requires software to make it work. The basic prin-
ciples of this programming are described in Appendix C.

6.2 ASYNCHRONOUS SERIAL LINE UNITS

The two serial line units (SLUs), shown in Figure 6-1, provide the means of transferring data between
the microprocessor and two user connectors, J1 or J2. The user interfaces support the EIA RS-232C
standard and RS-423 protocol at baud rates from 300 to 38,400.

Each SLU has four addressable registers. These four registers are listed in Table 6-1 and illustrated in
Figure 6-2; their functions are described in Table 6-2, Table 6-3, Table 6-4, and Table 6-5. The registers
can be accessed by the microprocessor or any DMA bus master. SLU1, with the correct software han-
dling, can be used as a system console and is capable of initiating a hardware interrupt when BREAK is
detected. The SBC-11/21 can be configured for the BREAK to cause a level 7 interrupt with an inter-
nal vector of 140, to enable the BHALT interrupt, or to request a HALT trap to the restart address.
SLU2 provides three line time clocks at 50 Hz, 60 Hz, and 800 Hz, which can be wire-jumper con-
figured to enable the BEVNT level 6 interrupt. See Chapter 2 for details on how to configure the
SLUs. .

6.2.1 Data Baud Rates

The serial line units transmit or receive data serially by bit and by character. Each character has ten
bits; a start bit, eight bits of data, and the stop bit. Split-speed operation of the receiver and transmitter
for the SLU is not supported, and the user cannot supply an external baud rate clock to the SLU. Dur-
ing power-up or reset, the outputs are disabled, and later, the baud rate defaults to 300.

Baud rates are programmable for 300, 600, 1,200, 2,400, 4,800, 9,600, 19,200 or 38,400 when bit 1 of
the transmitter control and status register (TCSR) is set to a one. The baud rate is then selected by
programming bits 5-3 of the TCSR.

The bits used for the baud rate selection are level sensitive and do not latch. Therefore, the software in
control of the TCSR must use bit set and bit reset type instructions after the baud rate is written into
the SLU. Each SLU provides an output at TTL levels to pin 1 of its connector (J1 or J2) at sixteen
times the baud rate selected for that SLU.

The Macro-ODT option has the autobaud feature that enables SLU1 to adjust itself to the terminal’s

baud rate between 300 and 9,600 baud. The autobaud feature operates only when Macro-ODT is run-
ning on the system.
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Table 6-1 Serial Line Unit Register Addresses

Register Description Address AD2 AD1
SLU1
RCSR Receiver control and status 177560 0 0
RDBR Receiver data buffer 177562 0 1
TCSR Transmitter control and status 177564 1 0
TDBR Transmitter data buffer 177566 1 1
SLU2
RCSR Receiver control and status 176540 0 0
RDBR Receiver data buffer 176542 0 1
TCSR Transmitter control and status 176544 1 0
TDBR Transmitter data buffer 176546 1 1
RECEIVER CONTROL AND STATUS REGISTER
% 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
RCV RCV | RCV
0 0 0 0 |acr| © 0 o |ponel 1 0 0 0 0 0 0
SLU 1 ADDRESS 177560
SLU 2 ADDRESS 176540
RECEIVER DATA BUFFER REGISTER
1 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
T T T T T T 1
OR | FR REC
ErR | 2r | err | © |ere | © 0 0 | ]RECEIIVEDDIATABLIJFFERI |
SLU 1 ADDRESS 177562
SLU 2 ADDRESS 176542
TRANSMITTER CONTROL AND STATUS REGISTER
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
XMIT| xmIT| PBR | PBR | PBR PBR | XMT
oo jpojojpo 00 O lRov |ie |seL2|seLt|seco MAINT| eng | BRK
SLU 1 ADDRESS 177564
SLU 2 ADDRESS 176544
TRANSMITTER DATA BUFFER REGISTER
s 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

0 0 0 0 0 0 0 0

T

T T T

TRANSMIT DATA BUFFER

L

| 1 1

T T

I |

SLU 1 ADDRESS 177566
SLU 2 ADDRESS 176546

Figure 6-2 Serial Line Unit Register Bit Maps
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Table 6-2 Receiver Control and Status Bit Descriptions

Bits Name Direction Function

12-15 Not Read Reserved for future use.
used only

11 Receiver Read This bit is set to a one by the start bit and is cleared to a zero by the
active only stop bit at the end of each byte. It is also cleared to a zero on the

power-up.

08-10 Not Read Reserved for future use.
used only

07 Receiver Read This bit is set to a one when the byte received is transferred into the
done only RCYV data buffer. It is cleared to a zero when the RCV data buffer is

read. It is also cleared to a zero on power-up.

06 Receiver Read/ This bit is set to a one under program control. When set, it allows an
interrupt write interrupt request to be initiated whenever the receiver done bit is set.
enable It is cleared to a zero by reset, power-up,or under program control.

Refer to Chapter 2 for interrupt jumper configuration.
00-05 Not Read Reserved for future use.
used only
Table 6-3 Receiver Data Buffer Bit Descriptions
Bits Name Direction Function
15 Error Read The bit is set to a one when the overrun error or the framing error bit
only is set. It is cleared to a zero when the error producing condition is
removed.

14 Overrun Read The bit is set to a one when the received byte is transferred into the

error only RCYV data buffer before the RCV done bit is cleared. The overrun
error indicates that the previous byte in the RCV data buffer was not
cleared prior to receiving a new byte. The bit is updated when a byte
is transferred into the RCV data buffer and cleared to a zero on
power-up.
13 Framing Read The bit is set to a one when the received character does not have a
error only valid stop bit and is transferred into the RCV data buffer. The bit is
cleared to a zero when a character with a valid stop bit is received
and is transferred into the RCV data buffer or on power-up.

12 Not Read Reserved for future use.

used only




Table 6-3 Receiver Data Buffer Bit Descriptions (Cont)

Bits Name Direction Function
11 Received Read The bit is set to a one when the received signal goes from a mark to a
break only space and stays in the space condition for 11 bit times after serial
reception starts. The bit is cleared to a zero when the received signal
returns to the mark condition or on power-up.
08-10 Not Read Reserved for future use.
used only
00-07 Received Read These eight bits represent the most recent byte received. These bits
data only are cleared to zero on power-up.
buffer
Table 6-4 Transmitter Control and Status Bit Descriptions
Bits Name Direction Function
08-15 Not Read Reserved for future use.
used only
07 Transmitter Read The bit is set to a one when the XMIT data buffer is ready to
ready only accept a byte. The bit is cleared to a zero by writing into the
XMIT data buffer. The bit is also set to a one on power-up.
06 Transmitter Read/ This bit is set to a one under program control. When set, it
interrupt write allows an interrupt request to be initiated whenever the trans-
enable mitter ready bit is set. The bit is cleared to a zero by reset,
power-up, or under program control.
03-05 Programmable* Read/ The condition of these bits selects the baud rate under pro-
baud rate write gram control provided the programmable baud rate select en-
select able bit is set. The baud rates are selectable by setting these

bits as follows.
05 04 03 Baud Rate

0 0 0 300

0 0 1 600

0 1 0 1,200
0 1 1 2,400

1 0 0 4,800

1 0 1 9,600

1 1 0 19,200
1 1 1 38,400

When the programmable baud rate select enable bit is not
set, the baud rate defaults to 300. ‘
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Table 6-4 Transmitter Control and Status Bit Descriptions (Cont)

Bits = Name Direction Function
02 Maintenance Read/ This bit is controlled by the program. When set to a one the
write transmitter serial output is connected to the receiver serial in-
put and disconnects the external serial input. This bit is
cleared to a zero by INIT, power-up, or the program.
01 Programmable* Read/ This bit is controlled by the program. When set to a one, bits
baud rate write 03-05 are used to determine the baud rate. When cleared to
enable a zero, the baud rate will be 300 baud. This bit is cleared to a
zero by INIT, power-up, or the program.
00 Transmit Read/ This bit is controlled by the program. When set to a one, the
break write serial output is forced into the space condition. This bit is

cleared by INIT, power-up, or the program.

* The transmitter programmable baud rate select and enable bits are level sensitive and are not latched. This requires that software
in control of the TCSR must use bit set and clear instructions to access the TCSR once the baud rate has been written into the

SLU. :
Table 6-5 Transmitter Data Buffer Bit Descriptions

Bits Name Direction Function

08-15 Not Read Reserved for future use.
used only

00-07 Transmit Read/write These eight bits represent the next data byte to be transmit-
data ted. These bits are cleared by power-up.
buffer
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6.2.2 Interrupts

Each SLU provides both a receiver interrupt and a transmitter interrupt to request service from the on-
board microprocessor. Receiver and transmitter requests can be independently enabled by software.
The receiver interrupt request is enabled when the RCV interrupt enable (bit 6) of the receiver control
and status register (RCSR) is set to a one.

SLU2 has a higher interrupt priority, level 5, than SLUI1 which has a level 4 interrupt priority. Within
each unit, the receiver has higher priority than the transmitter. SLU1 uses vector address 60 for the
receiver and 64 for the transmitter. SLU2 uses vector address 120 for the receiver and 124 for the
transmitter. These relationships are described in Table 5-3.

6.3 PROGRAMMING THE PARALLEL I/0O INTERFACE

The parallel 1/O interface, illustrated in Figure 6-3, provides a means of transferring data between the
microprocessor bus and the user interface connector J3. The interface has four addressable registers for
data and control. Table 6-6 describes these registers.

Port A and B registers are used only for data transfer to and from the user interface. Port C is used for
both data transfer and control. The control word register is used only for control of the parallel I/O
interface. The interface is programmable by using this register. In addition to software programming,
the parallel interface can also be programmed by hardware (see Chapter 2).

The parallel 1/0 interface is complex, and understanding all its capabilities requires considerable ef-
fort. However, efficient use can be made of the parallel I/O using a subset of its capabilities. The fol-
lowing paragraphs are organized to help users find needed information. The flowchart in Figure 6-4
provides an overview of the following discussion on the parallel /O interface, and helps guide users to
the paragraphs of specific interest to them.

6.3.1 Modes of Operation

The interface ports can operate in three basic modes that are selected by system software setting bits in
the control word register. The modes are defined as mode 0, 1, and 2 and define how the data is routed
through ports A and B.

NOTE
If the bidirectional buffers are being hardwired, care
must be taken to ensure that the wired direction
agrees with the programmed directions of ports A
and B. This is necessary to prevent driver output to
driver output connections, which could damage the
integrated circuits.

Table 6-6 Parallel 1/0 Register Addresses

Register Address Status

Port A 176200 Read/write
Port B 176202 Read/write
Port C 176204 Read/write
Control word 176206 Write only
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6.3.1.1 Port C Register — The bit assignments for the port C register are dependent on the mode se-
lected and the direction of ports A and B. This register provides the handshake controls to interface
between the 8255A-5 and the output connector. The handshake control bits are set/reset by using the
control word register which is described in Paragraph 6.3.2. The port C condition for the different
modes is described in the following paragraphs that explain the modes.

6.3.1.2 Mode 0 Basic Input/Output - Mode 0 provides simple input and output of either port A or port
B or both as described in Table 6-7. The data is read from the port if programmed as an input or written
to the port if programmed as an output with no handshaking requirements. The port A and port B bidi-
rectional buffers may be hardwired as described in Chapter 2. They may also be program controlled by
port C bits 4 and 6 if dynamic change of the port direction is wanted. In this mode, the outputs are
latched but the inputs are not.

Table 6-7 Mode 0 Configuration

PPI To Act To Act Direction Control
Element as Input as Output via Port C
Port A M52 to M50 M52 to M51 M52 to M54 or M58
Port B M49 to M50 M49 to M51 M49 to M54 or M58
PC7 Never an input Always an output
PC6 M54 to M53 Never an output
PC5 Never an input Always an output
PC4 M58 to M65 Never an external
output
PC3 Never an input Interrupt A
(vector 134)
Always an output
PC2 Always an input Never an output
PCl1 Never an input Always an output
PCO Never an input Interrupt B

(vector 130)
Always an output
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6.3.1.3 Port A and B Registers — The bit assignments for the port A and B registers are shown in

Figure 6-5 and described in Table 6-8. The port A and B registers are used as data buffers for all modes
of operation.

6.3.1.4 Port C Register in Mode 0 — Ports A and B use no handshaking signals, and some port C lines
can be used as input/output data lines. The bit assignments are shown in Figure 6-6 and described in
Table 6-9. When PCO and PC3 lines are not used as interrupt requests, they should be cleared by the
control word to prevent false interrupts.

6.3.1.5 Mode 1 (Strobed Input/Output) — In mode 1, the lines on port C generate or accept signals
from the user interface that control the transfer of data through ports A and B. Port C bits 0-3 (lower
nibble) are used with port B, and bits 4—7 (upper nibble) are used with port A. These signals are known
as handshaking signals. The basic functions of these control signals are defined in Table 6-10 followed
by a more detailed description of the handshake protocol.

Table 6-11 describes the four input/output combinations of ports A and B usable in mode 1. The port C
bit assignments used in mode 1 are illustrated in Figure 6-7 and described in Table 6-12. Table 6-13
links operation of mode 1 to the jumper configurations discussed in Chapter 2.

PORT DATA

MR-7211

Figure 6-5 Mode 0 Port A or B Bit Assignments

Table 6-8 Mode 0 Port A or B Bit Descriptions

Bits Name Direction Function

08-15 Undefined - Not valid if a read is performed on the entire word.

00-07 Port data Read/write Data to output or input data to be read, depending on the port
direction.
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Figure 6-6 Mode 0 Port C Bit Assignments

Table 6-9 Mode 0 Port C Bit Descriptions

Bits Name Direction Function

08-15 Undefined

Not valid if a read is performed on the entire word.
07 PC7 Read/write*  Output bit, drives the LED.

06 PCé6 Read/write* If port C upper is defined as input and M54 is connected to
MS53, it is an input bit. If port C upper is defined as output
and M54 is connected to M52 (M49), it is output that con-
trols the buffer direction for port A (port B). A one sets the
buffer for input and a zero for output.

05 PC5 Read/write* Same as PC7, no LED.

04 PC4 Read/write*  If port C upper is defined as input and M58 is connected to
M65, it is an input bit. If port C upper is defined as output
and M58 is connected to M49 (MS52), it is output that con-
trols the buffer direction for port B (port A). A one sets the
buffer for input and a zero for output.

03 PC3 Not used Not valid
02 PC2 Read only Input bit
00-01 PCO-PC1 Not used Not valid

* Bit is written by using the control word bit set/reset function explained in Paragraph 6.3.2.
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Table 6-10 Port C Control Signals in Mode 1

Abbreviated/
Signal Port C Bit Function
Strobe input STBA/PC4 A low on this input loads user data into the input latch.
STBg/PC2
Input buffer full IBFA/PC5 A high on this output acknowledges that the data has
IBFg/PC1 been loaded into the input latch. Set by STB and reset by
the program reading the input latch.
Interrupt request INTRA/PC3 A high on this output can interrupt the CPU when an in-
(Input mode) INTRp/PCO put device strobes its data into the port.
Interrupt enable INTEA/PC4 Enables setting of INTRA and INTRp. Program con-
(Input mode) INTEgR/PC2 trolled by PC4 or PC2.
Output buffer full OBF,/PC7 This output goes low to tell the user interface that the
OBFg/PC1 CPU has written data to the port. Reset by ACK input
going low.
Acknowledge input ACKA/PC6 A low on this input tells the processor that the user’s de-
ACKg/PC2 vice accepted the data from A or B.
Interrupt request INTR A /PC3 A high on this output can interrupt the CPU when an
(Output mode) INTRg/PCO output device has accepted data transmitted by the
CPU. Set by ACK and reset when new data is written to
the port.
Interrupt enable INTEA/PCé6 Enables setting of INTR. Program controlled by PC6 or
(Output mode) INTEg/PC2 PC2.
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Table 6-11

Combinations of Mode 1

Port A Input Port A Output Ports Ports
Port C Bit with with A&B A&B
Functions Port B Output Port B Input Output  Input
STBA PC4 N/A N/A PC4
STBg N/A PC2 N/A PC2
IBF 5 PC5 N/A N/A PC5
IBFg N/A PC1 N/A PCl1
INTRA PC3 PC3 PC3 PC3
INTRp PCO- PCO PCO PCO
OBFA N/A PC7 PC7 N/A
OBFp PCl1 N/A PCl1 N/A
ACKA N/A PCé6 PCé6 N/A
ACKp PC2 N/A PC2 N/A
Other port C outputs PC7 N/A PC5 N/A

(controls LED)
Other port C inputs N/A PC4 N/A PCe6,7
Control Word
DO (Direction of PC0-3) X X X X
D1 (Direction of port B) 0 1 0 1
D2 (Mode of port B) 1 1 1 1
D3 (Direction of PC4-7) 0 1 1 0
D4 (Direction of port A) 1 0 0 1
DS Port A mode 1 1 1 1
D6 Port A mode 0 0 0 0
D7 Mode set enable 1 1 1 1
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Figure 6-7 Mode 1 Port C Bit Assignments

Table 6-12 Mode 1 Port C Bit Descriptions

Bits

Name

Direction

Function

08-15

07

06

Undefined
PC7

OBFA**

PC6

INTEA

Read/write*

Read only

Read/write*

Read/write*

Not valid if a read is performed on the entire word.
If port A mode 1 input:

If port C bits 04-07 are defined as output, this bit is an out-
put bit and controls the LED. A zero turns the LED on, and a
one turns it off.

Unused if port C bits 04-07 are defined as input.

If port A mode 1 output:

OBFA goes low to indicate that data has been written into the
output buffer by the processor. This bit is set when the
ACKA (PC6, M54 to M53) input goes low indicating that
the external device has accepted the output data. OBFA is
present on PC7 to the external device.

If port A mode 1 input:

If port C bits 04-07 are defined as input and M54 is con-
nected to M53, it is an input bit. If port C bits 04-07 are
defined as output and M49 is connected to M54, it is an out-
put that controls the buffer direction for port B. A one sets
the buffer for input, and a zero sets the buffer for output.

If port A mode 1 output:

When set, INTEA enables INTRA to interrupt the
SBC-11/21 when output data has been accepted by the exter-
nal device.
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Table 6-12 Mode 1 Port C Bit Descriptions (Cont)

Bits Name Direction Function
ACKA When M54 is connected to M53, an external signal acknowl-
edging the receipt of data acts as INTEA.
05 IBFA Read only If port A mode 1 input:
IBFA indicates that the input data has been latched for port
A. It is set by the STBA input (PC4, M58 to M65) going low
and is reset by the processor reading the port data. This signal
is present on PC5 to the external device.
PC5 Read/write* If port A mode 1 output:
If port C upper is defined as output, it is an output bit. If port
C upper is defined as input, it is unused.
04 INTEA Read/write*  If port A mode 1 input:
If set, INTEA will allow INTRA to interrupt the SBC-11/21
whenever the input buffer is full.
PC4 Read/write*  If port A mode 1 output:
If port C bits 04-07 are defined as output and M49 is con-
nected to M58, this bit is output that controls the direction of
the port B buffer. A one sets the buffer for input and a zero
sets it for output. If port C bits 04-07 are defined as input
and M58 is connected to M635, it is an input bit and is inter-
preted as STBA (input strobe).
03 INTRA Read only If port A mode 1 input:

A one indicates that port A has valid input data. It is set by
STBA (PC4, M58 to M65) being pulsed low and is reset by
the processor reading the port data. INTRA is enabled by
INTEA being a one and disabled by INTEA being a zero.

If port A mode 1 output:

A one indicates that port A is ready to accept new output
data. It is set by ACKA (PC6, M54 to M53) being pulsed low
and reset by the processor writing new output data to the
port. Enabled and disabled as above.

When enabled, INTRA interrupts the processor and has a
vector of 134,

This signal is also an output to the external device on line
PC3.
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Table 6-12 Mode 1 Port C Bit Descriptions (Cont)

Bits Name Direction Function

02 INTEB Read/write* When set, INTEB will allow INTRB to interrupt the
SBC-11/21 to request service.

01 IBFB Read only If port B mode 1 input:

IBFB indicates input data has been latched for port B when a
one. It is set by the STBB (PC2) being low and is reset by the
processor reading the port data. This signal is present on PC1
to the external device.

OBFB** Read only If port B mode 1 output:

OBFB goes low to indicate that the processor has written data
to the port. This bit is set by ACKB (PC2) going low, indicat-
ing the external device has accepted the output data. This sig-
nal is present on PC1 to the external device.

00 INTRB Read only If port B mode 1 input:

A one indicates port B has valid input data. It is set by STBB
(PC2) being pulsed low and is reset by the processor reading
the port data. INTRB is enabled when INTEB is one and dis-
abled when it is zero.

If port B mode 1 output:

A one indicates that the port is ready to accept new output
data. It is set by ACKB (PC2) being pulsed low and reset by
the processor writing new output data to the port. Enabled
and disabled as above.

This signal is also an output to the external device on PCO.

*Bit is written by using the control word bit set/reset function described in Paragraph 6.3.2.

**If OBF is asserted low and a read or write access is made to the port by the processor before an ACK strobe is sent by the
external device, the OBF line for the accessed port will negate during the assertion of the read or write to the port and become
reasserted when the read or write operation is complete.



Table 6-13 Mode 1 Configuration

PPI Input Output Program Control
Element Conditions Conditions via Port C
Port A M52 to M50 M52 to M51 N/A
Port B M49 to M50 M49 to M51 M49 to M54 or M58
PC7 Never an input Output buffer A full
PCeé6 MS53 to M54 Never an external
(Acknowledge A)* output
PCS5 Never an input Input buffer A full
PC4 M65 to M58 Never an external
(Strobe A) output
PC3 Never an input Interrupt A
(vector 134)
PC2 Strobe B Never an output
in input mode
Acknowledge B in
output mode
PCl1 Never an input Buffer B full on
input or output
PCO Never an input Interrupt B

(vector 130)

*User’s hardware acknowledges receipt of data output by port A.

6.3.1.6 Mode 2 (Strobed Bidirectional I/0) — Mode 2 implements communication with a user device
over a single 8-bit bus for both transmitting and receiving data. Handshaking and interrupt signals are
used as they are in mode 1.

Mode 2 is used with port A only and five control lines on port C. Both inputs and outputs are latched.
When port A is operating in this mode, the port B bidirectional buffers cannot be operated under pro-
gram control because PC4 and PC6 are being used. Port B can operate in either mode 0 or mode 1 but
the buffers must be hardwired. PCO-PC2 are defined by port B conditions for mode 1 and are available
as I/O lines when port B is in mode 0.

Control signals are defined in Table 6-14. The port C bit assignments as used in mode 2 are illustrated

in Figure 6-8 and described in Table 6-15. Table 6-16 links operation of mode 2 to the jumper con-
figurations discussed in Chapter 2.
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Table 6-14 Port C Control Signals in Mode 2

Signal

Abbreviated/
Port C Bit

Function

Interrupt request
Output buffer full

Acknowlédge

Interrupt enable

Strobe input

Input buffer full

Interrupt enable

INTR4/PC3

OBF4/PC7

ACK,/PC6

INTEA1/PC6

STBA/PC4

IBF/PC5

INTEA2/PC4

A high on this output can interrupt the CPU for both
input and output operations.

This output goes low to indicate that the CPU has writ-
ten data to port A.

A low on this input enables the output tristate buffers of
port A to send out the data. Otherwise, that buffer is in
the high impedance state.

Enables INTR when OBF is true. Controlled by bit
set/reset of PC6.

A low on this input loads data into the input latch.

A high on this output indicates that data has been
loaded into the input latch.

Enables INTR when IBF is true. Controlled by bit
set/reset of PC4.
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15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
7 T L | !
UNDEFINED OBFA IBFA INTRA]
| ! 1 | 1
INTEA 1 INTEA 2
(ACKA) (STBA)

MR-7214

Figure 6-8 Mode 2 Port C Bit Assignments

Table 6-15 Mode 2 Port C Bit Descriptions

Bits Name Direction Function

08-15 Undefined - Not valid if a read is done on the entire word.

07 OBFA Read only Will go low to indicate that the processor has written output
data to the port. It goes high when ACKA (PC6, M54 to
M353) goes low indicating the external device has accepted the
data. This signal is output on PC7 to the external device.

06 INTEA1 Read/write* When this bit is set, it allows an interrupt INTRA when the
output buffer is ready to accept new data.

05 IBFA** Read only IBFA indicates that input data has been latched when it is a
one. This bit is reset when the processor reads the input data.
This signal is output on PC5 to the external device.

04 INTEA2 Read/write* When this bit is set, it allows an interrupt INTRA when the
input buffer is full.

03 INTRA Read only A high on this bit indicates that the port is requesting service
of the processor. This signal is output on PC3 to the external
device.

02-00 PCO-PC2 -

These bits are defined by port B mode selection.

* Bit is written by using the control word bit set/reset function described in Paragraph 6.3.2.

** When using port A in mode 2 operation, the software must clear the input buffer of port A if the input buffer full flag (IBFA)
is set before it performs the read during an intended write to ensure that the handshake lines and port flags are not set out of

sequence.
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Table 6-16 Mode 2 Configuration

PPI Input Output

Element Conditions Conditions

Port A Bidirectional bus M52 to M54 to M5S3
Port B Hardwired only Hardwired only

PC7 Never an input Output buffer A full
PCé6 Acknowledge A Never an output
PCS5 Never an input Input buffer A full
PC4 Strobe A (M65 to M58) Never an output
PC3 Never an input Interrupt A (vector 134)
PC2 Always an input Never an output
PCl1 Never an input Always an output
PCO Never an input Always an output
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6.3.2 Control Word Register

The control word register controls the operation of the parallel interface. If bit 7 is set, the contents of
the register determine the mode of operation and the input/output direction of the ports. If bit 7 is
cleared, the contents of the register set/reset the port C register bits. The functions of the register bits
are described in Table 6-17 and are selected by the state of the bit.

6.3.2.1 Mode Selection — The user determines the mode of operation for the ports and defines them as
inputs, outputs, or bidirectional. The user then must ensure that the bidirectional buffers are configured
(see Chapter 2) to match the software requirements. Table 6-18 lists all the control words available for
the control word register. The user selects the control word that matches the requirements and loads it
into the register. The register is defined as write only; reading the register results in erroneous data.

6.3.2.2 Setting Bits in Port C — The control word register is also used to set or reset the port C register
bits. The control word bit functions are described in Table 6-19. To set a bit, the register is loaded with
bit 7 cleared, bits 1-3 equal to the bit number being set, and bit O set. To reset the same bit, bit 0 is
cleared. The bit set/reset can be used to enable or disable the port A and port B interrupts for the SBC-
11/21. The control words used to enable or disable the interrupts are listed in Table 6-20.

Table 6-17 Control Register Mode Selection Bit Functions

Bits Bit Set | Bit Reset

08-15 Unused Unused

07 Always set Always set

06 Port A mode 2 Port A mode O or 1

05 Port A mode 1 Port A mode 0

04 | Port A input Port A output

03 Port C bits 04 and 06 Port C bits 04-07
mputs outputs

02 Port B mode 1 Port B mode 0

01 Port B input Port B output

00 Port C bit 02 input Port C bits 00, 01,

and 03 outputs
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Table 6-18 Control Words for Mode Selection

Port B Port B Port B Port B Port C Port C

Mode 0 Mode 0 Mode 1 Mode 1

IN ouT IN ouT PC4,PCé6 PC5,PC7
Port A 233 231 237 235 Input
Mode 0 IN

233 221 227 225 Output
Port A 213 211 217 215 Input
Mode 0 OUT

203 201 207 205 Output
Port A 273 271 277 275 Input
Mode 1 IN

263 261 267 265 Output
Port A 253 251 257 255 Input
Mode 1 OUT

243 241 247 245 Output
Port A 3X3 3X1 3X7 3X5 *
Mode 2

*Port C unavailable, used for handshaking.
X = Do not care condition.

6-23



Table 6-19 Control Register Bit Set/Reset Functions

Bits Function

08-15 Not used
07 Always reset

06-04 Not used

03-01 These bits select the port C bit that is to be set or reset as follows.
Bit 03 02 01
PCO 0 0 0
PCl1 0 0 1
PC2 0 1 0
PC3 0 1 1
PC4 1 0 0
PC5 1 0 1
PC6 1 1 0
PC7 1 1 1
00 This bit is set to set the selected bit or is cleared to reset the selected bit of port C.

Table 6-20 Interrupt Set/Reset Control Words

INTRA INTRB
Mode Direction Enable Disable Enable Disable
1 | Input 011 010 © 005 004
1 Output 015 014 005 004
2 Input 011 010 None* None*
2 Output 015 014 None* None*

*Port B does not function in the bidirectional mode 2.
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6.3.3 Parallel 1/0 Initialization

During power-up or the execution of a RESET instruction, the port C data lines are driven high and the
LED (driven by bit 7 of port C) is turned off. If the bidirectional buffers of ports A and B are hard-
wired, the directions are not changed, and the data lines are driven high if the buffer is configured as an
output. If the bidirectional buffers of ports A and B are program controlled by port C, the data lines
will go to the input state.

6.3.4 Parallel I/0O Handshaking

The parallel I/O can operate in either mode 0, 1, or 2 to transfer data into or out of the SBC-11/21.
The mode 0 data transfers do not require any handshaking control signals. The mode 0 input data is not
latched, and data should be available on the I/O connector at the same time as the read strobe enables
the 8255A-5. The mode 0 output data is latched, and data is valid at the I/O connector 362 ns after the
trailing edge of the write strobe to the 8255A-5.

The handshaking signals that pass across the user interface are detailed as follows. Mode 1 operation
requires the handshaking control signals; these are dependent on defining the ports as inputs or outputs.
Mode 1 input signals are listed in Table 6-21, and the handshaking function is shown in Figure 6-9.
Mode 1 input timing is described in Figure 6-10. Mode | output signals are listed in Table 6-22, and the
handshaking function is shown in Figure 6-11. Mode 1 output timing is described for port A in Figure 6-
12, and mode 1 output timing is described for port B in Figure 6-13. Mode 2 operation allows port A to
be bidirectional. The handshaking signals are listed in Table 6-23, and mode 2 timing is described in
Figure 6-14. When port A operates in mode 2, port B can operate only in mode 0 or mode 1.

Table 6-21 Mode 1 Input Handshaking Signals

Signal Name Function

STB (A or B) Strobe input — This signal is asserted low by the external device and loads data
Port A - PC4 into the SBC-11/21 input port latch. It must be asserted low for 525 ns
Port B - PC2 minimum.

IBF (A or B) Input buffer full - This signal is asserted by the SBC-11/21 in response to an
by Port A - PC5 assertion of STB to notify the interface that data was loaded into the input latch.
Port B - PC1

INTR (A or B) Interrupt request — This signal can be used to generate an interrupt to the micro-
to Port A - PC3 processor. The bitset/bitreset commands must be used to enable/disable the
Port B - PCO INTE bit for each port. Interrupts will be generated either when STB is negated

with IBF asserted, or when ACK is negated with OBF asserted.
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SBC-11/21 EXTERNAL DEVICE

REQUEST DATA

® |BF UNASSERTED ‘
\SEND DATA

® PLACE DATA ON I/O BUS
® ASSERTS STB

ACCEPTS DATA

® ASSERTS IBF
\ ACKNOWLEDGES ACCEPTED DATA

® UNASSERTED STB

REQUEST INTERRUPT IF INTE SET
® ASSERT INTR
® PROCESSOR READS DATA PORT
® NEGATE INTR IF ASSERTED
]

NEGATE IBF
MR:7216
Figure 6-9 Mode 1 Input Data Handshaking Sequence
e 5120 Min s
STB | '
312ns \ 1 312ns
”' MIN l" | ™ mAX
L 1
IBF | ; ;
[ [
' I 412ns l
—>i 312ns MAXfe— = Ay |
+ 1
INTR : | X |
| 12ns | 192ns | : }
| MIN 1 MIN | |
>, |
| |
YA = = - - K o - - - - R RRRE REEEE
D6 BUS VALID DATA ! |
I !
| |
PORT DATA

READ

MR-7217

Figure 6-10 Mode 1 Strobed Input Timing
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Table 6-22 Mode 1 Output Handshaking Signals

Signal Name

Function

OBF (A or B)
Port A - PC7
Port B - PC1

ACK (A or B)
Port A - PCé6
Port B - PC2

INTR (A or B)
to Port A - PC3
Port B - PCO

Output buffer full — This output is asserted low to indicate that the microproces-

sor has written data into the specified port latches.

Acknowledge input — This signal is asserted low by the external device to indicate

it has accepted the latched output data from the specified port.”

Interrupt request — This signal can be used to generate an interrupt to the micro-
processor when the external device has received the data and INTE is set and

ACK is negated.

SBC-11/21 EXTERNAL DEVICE

OUTPUT DATA
® OUTPUTS DATA ON I/0 BUS ’
® ASSERTS OBF

ACCEPT DATA
® ASSERTS ACK

e READS DATA
OUTPUT COMPLETE
o NEGATES OBF
\ ACKNOWLEDGES RECEIVED DATA

® UNASSERTS ACK
GENERATE INTERRUPT/
IF INTE SET

® ASSERTS INTR
NOTES:

1. IF OBF IS ASSERTED LOW AND A READ OR WRITE TQ THE PORT
BY THE SBC-11/21 PROCESSOR OCCURS BEFORE AN ACK STROBE IS
SENT BY THE EXTERNAL DEVICE, THE OBF LINE FOR THE ACCESSED
PORT WILL NEGATE DURING THE ASSERTION OF THE READ OR WRITE
TO THE PORT AND THEN BECOME REASSERTED.

2. OBF WILL ASSERT ON THE READ PORTION OF EVERY READ BEFORE
INTENDED WRITE TO PORT B, AND THE OBFg WILL NEGATE AND REASSERT
ON THE WRITE STROBE. IF INTEg ISSET AND INTRg IS ASSERTED, INTR
WILL NEGATE ON THE READ BEFORE THE INTENDEDWRITE TO PORT B
(SEE FIGURE 6—13.)

3. OBF WILL ASSERT ON THE WRITE PORTION OF EVERY READ BEFORE
INTENDED WRITE TO PORT A. IF INTEp ISSET AND INTR IS ASSERTED,

INTRp WILL NEGATE ON THE WRITE PORTION OF THE READ BEFORE
INTENDED WRITE TO PORT A.

MR-7218

Figure 6-11 Mode 1 Output Data Handshaking Sequence
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WRITE

PORT DATA 22
I 962ns MAX }
INTRA T Sm—
X
I 662ns | | 375ns |
L MAX MAX | |
OBFA T )_',—l—
| — |
| |
_ ! - |
ACKA T — H325ns T
I 362ns | MAX | 375ns |
MAX MAX

OUTPUT DATA

!
X LATCHED OUTPUT DATA
1/0 BUS

MR-7219

Figure 6-12 Mode 1 Port A Strobed Output Timing

WR I

RD I 662ns |
L. MAX
oses( - < —
| ]
! | 376ns!
INTRB | ax|
T T !
_ . L
ACKB | l .
sezns | LATC;-iED OUTPUT
MAX | DATA
OUTPUT DATA |
1/0 BUS X

NOTE:

1. OBF WILL ASSERT ON THE READ PORTION OF EVERY READ BEFORE
INTENDED WRITE TO PORT B AND THE OBFg WILL NEGATE AND REASSERT
ON THE WRITE STROBE . IF INTEg ISSET AND INTRg IS ASSERTED, INTRpg
WILL NEGATE ON THE READ BEIJBORE THE INTENDED WRITE TO PORT B.

MR-7220

Figure 6-13 Mode 1 Port B Strobed Output Timing
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Table 6-23 Mode 2 Bidirectional Handshaking Signals

Signal Name

Function

STB (PC4)

IBF (PC5)*

INTR (PC3)

OBF (PC7)

ACK (PC6)**

Strobe input — This signal is asserted low by the external device and strobes
data into port A.

Input buffer full — This signal is asserted when the microprocessor has accepted
STB strobe.

Interrupt request — This signal can be used to generate an interrupt to the mi-
croprocessor when the external device is demanding service.

Output buffer full — This output is asserted to indicate that the microprocessor
has written data into the output port latches.

Acknowledge input — This signal is asserted low by the external device to in-
dicate it has taken data from the output port latches. It controls the DIR pin of
the port A buffer.

*  Because every write is preceded by a read, the contents of the input buffer should be saved if IBF A is asserted prior to
writing port A mode 2 data.

**  When mode 2 is configured, PC6 (ACK) is jumpered to the port A direction control pin through a rising edge delay
circuit. Hence, when PC6 is negated, the rising edge is delayed by 250 ns minimum. This means that the buffer will be
driving data out of the connector 250 ns minimum after the user interface negates ACK.

WRITE
PORT A ‘___ l | 375ns

622ns MAX l‘l\ilj_)s.,

3256ns
-< MIN
ACK | |
I 525ns I
MIN |
STE ‘ T
T
312ns|, ¢ !
IBF MAX 1 ! | L
T 12ns | 192ns | 1325ns) ‘3Ml£;s
MIN MIN MAX | QuTPUT |
le—ole———»] le—n|
DATA | | DATA '
vogus "= = —INPUT DATA Y = T 7 - —-
| 20ns MIN I !
READ 500ns MAX
PORT A |

MR-7221

Figure 6-14 Mode 2 Port A Bidirectional Timing
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' CHAPTER 7
ADDRESSING MODES AND INSTRUCTION SET

7.1 INTRODUCTION
This chapter provides a detailed discussion of addressing modes and descriptions of individual instruc-
tions. The discussion of addressing modes is divided into six major topics.

1. Single operand addressing — One part of the instruction word specifies the registers; the re-
maining part provides information for locating the operand.

2. Double operand addressing — Part of the instruction word spcmfles the registers; the remain-
ing parts provide information for locating two operands.

3. Direct addressing — The operand is the content of the selected register.

4. Deferred (indirect) addressing — The content of the selected register is the address of the
operand.

5. Use of the program counter (PC) as a general-purpose register — The PC is unique from other
general-purpose registers. Whenever the processor retrieves an instruction, it automatically
advances the PC by two. By combining this automatic advancement of the PC with four of
the basic addressing modes, four special PC modes are produced — immediate, absolute, rela-
tive, and relative deferred.

6. Use of the stack pointer (SP) as a general-purpose register — The SP can be used for stack
operations.

NOTE
Instruction mnemonics and address mode symbols
are sufficient for writing assembly language pro-
grams. The programmer need not be concerned
about conversion to binary digits; this is accom-
plished automatically by the assembler program.

7.2 ADDRESSING MODES
Data stored in memory must be accessed and manipulated. Data handling is specified by an SBC-11/21
instruction (MOV, ADD, etc.) that usually specifies the following.

1.  The function to be performed (operation code).

2. A general-purpose register to be used when locating the source and/or destination operand.

3. An addressing mode that specifies how the selected register(s) is/are to be used.

Most data handled by a computer is structured (in character strings, arrays, lists, etc.). SBC-11/21
addressing modes allow efficient and flexible handling of structured data.
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The general-purpose registers may be used with an instruction in any of the following four ways.
1.  As accumulators. The data to be manipulated resides within the register.

2. As pointers. The content of the register is the address of the operand, rather than the operand
itself.

3. As pointers that automatically step through memory locations. Automatically stepping for-
ward through consecutive locations is known as autoincrement addressing; automatically
stepping backward is known as autodecrement addressing. These modes are particularly use-
ful for processing tabular or array data.

4.  As index registers. The contents of the register and the word following the instruction are
summed to produce the address of the operand. This allows easy access to variable entries in
a list.

The register arrangement is an important microprocessor feature that should be considered in con-
junction with the addressing modes. There are six general-purpose registers (RO—RS5), a hardware stack
pointer (SP) register (R6), and a program counter (PC) register (R7).

Registers RO-RS5 are not dedicated to any specific function; their use is determined by the instruction
that is decoded.

1. They can be used for operand storage. For example, the contents of two registers can be
added and stored in another register.

2.  They can contain the address of an operand or serve as pointers to the address of an operand.

3. They can be used for the autoincrement or autodecrement features.

4. They can be used as index registers for convenient data and program access.
The SBC-11/21 also has instruction addressing mode combinations that facilitate temporary data stor-
age structures. These combinations can be used for conveniently handling data that must be accessed
frequently. This is known as stack manipulation. The register that keeps track of stack manipulation is
the stack pointer (SP). Any register can be used as a stack pointer under program control; however,
certain instructions associated with subroutine linkage and interrupt service automatically use register
R6 as a hardware stack pointer, and therefore, R6 is frequently referred to as the SP.

e The stack pointer keeps track of the latest entry on the stack.

e The stack pointer moves down as items are added to the stack and moves up as items are
removed. It always points to the top of the stack.

e The hardware stack is used during trap or interrupt handling to store information and allow
the processor to return to the main program.

Register R7 is used by the processor as its program counter (PC) and should not be used as a stack

pointer or accumulator. Whenever an instruction is fetched from memory, the program counter is auto-
matically incremented by two to point to the next instruction word.
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7.2.1 Single Operand Addressing
The instruction format for all single operand instructions (such as clear, increment, and test) is illus-
trated in Figure 7-1. ‘

15 06 05 04 03 02 00
T T T T T T T T T T T T
MODE Rn
L L L — 1 1 L 1 1 1 1 I 1
« A —J
OP CODE DESTINATION ADDRESS

MR-5458

Figure 7-1 Single Operand Addressing

Bits 15-6 specify the operation code that defines the type of instruction to be executed. Bits 5-0 form a
six-bit field called the destination address field that consists of two subfields.

1.  Bits 0-2 specify which of the eight general-purpose registers is to be referenced by the in-
struction word.

2. Bits 3-5 specify how the selected register will be used (address mode). Bit 3 is set to indicate
deferred (indirect) addressing.

7.2.2 Double Operand Addressing

Operations that imply two operands (such as add, subtract, move, and compare) are handled by instruc-
tions that specify two addresses. The first operand is called the source operand; the second operand is
called the destination operand. Bit assignments in the source and destination address fields may specify
different modes and different registers. The instruction format for the double operand instruction is
illustrated in Figure 7-2.

15

11

10

08

T T T

OP CODE

L — 1

MODE

Rn

SOURCE ADDRESS

DESTINATION ADDRESS

Figure 7-2 Double Operand Addressing

‘MR-6459

The source address field is used to select the source operand, the first operand. The destination is used
similarly and locates the second operand and the result. For example, the instruction ADD A, B adds
the contents (source operand) of location A to the contents (destination operand) of location B. After
execution, B will contain the result of the addition; the contents of A will be unchanged.



Examples in this chapter use the sample SBC-11/21 instructions listed in Table 7-1. See Paragraph 7.3
for a complete list of the SBC-11/21 instructions.

Table 7-1 Sample SBC-11/21 Instructions

Mnemonic Description Octal Code

CLR Clear (zero the specified destination) 0050DD

CLRB Clear byte (zero the byte in the specified 1050DD
destination)

INC Increment (add one to the contents of the 0052DD
destination)

INCB Increment byte (add one to the contents of 1052DD
the destination byte)

COM Complement (replace the contents of the 0051DD

destination by its logical complement; each
zero bit is set and each one bit is cleared)

COMB Complement byte (replace the contents of the 1051DD
destination byte by its logical complement; each
zero bit is set and each one bit is cleared)

ADD Add (add source operand to destination operand 06SSDD
and store the result at destination address)

DD = destination field (6 bits)
SS = source field (6 bits)
() = contents of



7.2.3 Direct Addressing
Table 7-2 summarizes the four basic modes used with direct addressing. Figures 7-3, 7-4, 7-5, and 7-6,
which follow the table, illustrate these four modes.

Table 7-2 Direct Addressing Modes

Assembler
Maode Name Syntax Function
0 Register Rn Register contains operand.
2 Autoincrement (Rn)+ Register is used as a pointer to sequential data,
then incremented.
4 Autodecrement —(Rn) Register is decremented and then used as a
pointer.
6 Index X(Rn) Value X is added to (Rn) to produce address of
operand. Neither X nor (Rn) is modified.
INSTRUCTION OPERAND

MR-5460

Figure 7-3 Mode 0 Register

INSTRUCTION ADDRESS OPERAND

+2 FOR WORD,
+1 FORBYTE

MR-5461

Figure 7-4 Mode 2 Autoincrement
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INSTRUCTION ADDRESS -2 FOR WORD, OPERAND
-1 FOR BYTE

MR-5462

Figure 7-5 Mode 4 Autodecrement

INSTRUCTION ADDRESS )
m—‘ OPERAND
X

MR-5463

Figure 7-6 Mode 6 Index

7.2.3.1 Register Mode (Mode 0) — With register mode, any of the general-purpose registers may be
used as simple accumulators, and the operand is contained in the selected register. Because they are
hardware registers, within the processor, the general-purpose registers operate at high speeds and pro-
vide speed advantages when used for operating on frequently accessed variables. The assembler inter-
prets and assembles instructions in the following form as register mode operations.

OPR Rn

Rn represents a general-purpose register name or number, and OPR represents a general instruction
mnemonic. Assembler syntax requires that a general-purpose register be defined as follows.

RO = %0 (The ‘%’ sign indicates register definition.)
R1 = %1
R2 = %2, etc.

Registers are typically referred to by name as RO, R1, R2, R3, R4, R5, R6, and R7. However, R6 and
R7 are also referred to as SP and PC, respectively.

Register Mode Examples (Figures 7-7, 7-§, and 7-9)
(all numbers in octal)

Instruction
Symbolic Octal Code =~ Name Operation
INC R3 005203 Increment One is added to the contents of the general-

purpose register R3.
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T L RE LI T T L T L T 1[' 1 T
0 o 0 0 1 0 1 0 1 0 0 0 0 0 1 1 b seveer
N L ] i L 1 A A A 1 1 h e I REGISTER
. A _J
|
OP CODE (INC(0052)) DESTINATION FIELD !
|
|
I
RO
|
R1 |
|
R2
I
R3 e
R4
R5
R6 (SP)
R7 (PC)
MR-5467
Figure 7-7 INC R3
Instruction
Symbolic Octal Code = Name Operation
ADD R2, R4 060204 Add The contents of R2 are added to the contents of
R4.
BEFORE AFTER
R2 | 000002 R2 | 000002
R4 | 000004 R4 | 000006

MR-5468

Figure 7-8 ADD R2,R4
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Instruction
Symbolic Octal Code = Name

Operation

COMB R4 105104 Complement byte

Complement bits 0-7 (byte) of one in R4. (When
general-purpose registers are used, byte instruc-
tions only operate on bits 0-7; i.e., byte 0 of the
register.)

BEFORE

R4 022222

AFTER

R4 022155

MR-5469

Figure 7-9 COMB R4

7.2.3.2 Autoincrement Mode (Mode 2) — Autoincrement mode allows automatic stepping of a pointer
through sequential elements of a table of operands. It assumes that the content of the selected general-
purpose register is the address of the operand. Contents of registers are stepped (by one for bytes, by
two for words, and by two for R6 and R7) to address the next sequential location. The autoincrement
mode is especially useful for array processing and stack processing; it accesses an element of a table
and then steps the pointer to address the next operand in the table. Although most useful for table
handling, this mode is general and may be used for a variety of purposes. The assembler interprets and
assembles instructions in the following form as autoincrement mode operations.

OPR (Rn)+

Autoincrement Mode Examples (Figures 7-10, 7-11, and 7-12)

Instruction
Symbolic Octal Code = Name Operation
CLR (R5)+ 005025 Clear The contents of RS are used as the address of the
operand. The selected operand is cleared, and the
contents of RS are then incremented by two.
BEFORE AFTER
ADDRESS SPACE REGISTER ADDRESS SPACE REGISTER
20000 | 005025 R5 | 030000 20000 | 005025 RS | 030002
i ]
3000 111116 30000 | 000000
MR-5464
Figure 7-10 CLR (RS)+
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Instruction
Symbolic Octal Code Name Operation

CLRB (R5)+ 105025 Clear byte The contents of R5 are used as the address of the
operand. The selected byte operand is cleared, and
the contents of RS are then incremented by one.

BEFORE AFTER
ADDRESS SPACE REGISTER ADDRESS SPACE REGISTER
20000 | 105025 Rs | 030000 20000 | 105025 Rs | 030001
|
T i I
30000 | 111 | 116 30000 | 111 | 000
30002 ' 30002 I
1 i

MR-5465

Figure 7-11 CLRB (R5)+

Instruction
Symbolic Octal Code =~ Name Operation
ADD (R2)+,R4 062204 Add The contents of R2 are used as the address of the
operand that is added to the contents of R4. R2 is
then incremented by two.
BEFORE AFTER
ADDRESS SPACE REGISTERS ADDRESS SPACES REGISTERS
10000 | 062204 R2 | 100002 10000 | 062204 R2 | 100004
]
R4 | 010000 R4 | 020000
100002 | 010000 100002 | 010000

MR-5470

Figure 7-12 ADD (R2)+,R4
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7.2.3.3 Autodecrement Mode (Mode 4) — Autodecrement mode is useful for processing data in a list in
reverse direction. The contents of the selected general-purpose register are decremented (by two for
word instructions, by one for byte instructions) and then used as the address of the operand. The choice
of postincrement, predecrement features for the SBC-11/21 are not arbitrary; they are intended to fa-
cilitate hardware/software stack operations. The assembler interprets and assembles instructions in the
following form as autodecrement mode operations.

OPR —(Rn)

Autodecrement Mode Examples (Figures 7-13, 7-14, and 7-15)

Instruction
Symbolic Octal Code = Name Operation
INC —(RO) 005240 Increment The contents of RO are decremented by two and
used as the address of the operand. The operand is
incremented by one.
BEFORE AFTER
ADDRESS SPACE REGISTERS ADDRESS SPACE REGISTER
1000 | 005240 RO| 017776 1000 | 005240 RO | 017774
|
17774 | 000000 17774 | 000001

MR-5466

Figure 7-13 INC —(RO)

Instruction
Symbolic Octal Code = Name Operation
INCB —(R0O) 105240 Increment byte The contents of RO are decremented by one and

used as the address of the operand. The operand is
incremented by one.
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BEFORE AFTER
ADDRESS SPACE REGISTER ADDRESS SPACE REGISTER
1000 | 105240 RO | 017776 1000 | 105240 RO | 017775
J
Ll * T
17774 | 000 | 000 17774 | 001 | 000
—+ {
17776 | 17776 |
L 1
MR-5471
Figure 7-14 INCB —(RO)
Instruction
Symbolic Octal Code Name Operation
ADD —(R3),R0 064300 Add The contents of R3 are decremented by two and
then used as a pointer to an operand (source)
which is added to the contents of RO (destination
operand).
BEFORE AFTER
ADDRESS SPACE REGISTER ADDRESS SPACE REGISTER
10020 | 064300 RO | 000020 10020 | 064300 RO 000070
R3 | 077776 R3 | 077774
77774 | 000050 77774 | 000050
77776 77776

Figure 7-15 ADD —(R3),R0

MR-5472

7.2.3.4 Index Mode (Mode 6) — With index mode, the contents of the selected general-purpose regis-
ter and an index word following the instruction word are summed to form the address of the operand.
The contents of the selected register may be used as a base for calculating a series of addresses, thus
allowing random access to elements of data structures. The selected register can then be modified by
the program to access data in the table. Index addressing instructions are in the following form:

OPR X(Rn)

where X is the indexed word and is located in the memory location following the instruction word, and
Rn is the selected general-purpose register.

7-11



Index Mode Examples (Figures 7-16, 7-17, and 7-18)

Instruction
Symbolic Octal Code = Name Operation
CLR 200(R4) 005064 Clear The address of the operand is determined by add-
000200 ing 200 to the contents of R4. The operand loca-
tion is cleared.
BEFORE AFTER
ADDRESS SPACE REGISTER ADDRESS SPACE REGISTER
1020 005064 R4 001000 1020 005064 R4 001000
1022 000200 1022 000200
1024 1000 1024
+200
i 1200
1200 177777 1200 000000
1202
Figure 7-16 CLR 200(R4)
Instruction
Symbolic Octal Code Name Operation
COMB 200(R1) 105161 Complement byte The contents of a location that is determined by
000200 adding 200 to the contents of R1 are one’s comple-

mented (i.e., logically complemented).
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BEFORE AFTER

ADDRESS SPACE REGISTER ADDRESS SPACE REGISTER
1020 105161 R1 017777 1020 105161 R1 017777
1022 000200 1022 000200
017777
+200
¥ 020177
T 1
20176 | 011 | 000 20176 166 | 000
i 1
T Ll
20200 | 20200 |
1 1
MR-7230
Figure 7-17 COMB 200(R1)
Instruction
Symbolic Octal Code Name Operation
ADD 30(R2),20(RS5) 066265 Add The contents of a location that is determined by
000030 adding 30 to the contents of R2 are added to the
000020 contents of a location that is determined by adding
20 to the contents of RS. The result is stored at the
destination address, i.e., 20(R5).
BEFORE AFTER
ADDRESS SPACE REGISTER ADDRESS SPACE REGISTER
1020 066265 R2 001100 1020 066265 R2 001100
1022 000030 1022 000030
1024 000020 RS 002000 1024 000020 RS 002000
1130 000001 1130 000001
2020 000001 2020 000002
1100 2000
+30 420
7130 2020

MR-5475

Figure 7-18 ADD 30(R2),20(R5)



7.2.4 Deferred (Indirect) Addressing

The four basic modes may also be used with deferred addressing. In the register mode, the operand is
the content of the selected register; in the register deferred mode, the content of the selected register is
the address of the operand. In the three other deferred modes, the contents of the register select the
address of the operand rather than the operand itself. Therefore, these modes are used when a table
consists of addresses rather than operands. Assembler syntax for indicating deferred addressing is ‘@’
(or ‘()’ when this is not ambiguous). Table 7-3 summarizes the deferred versions of the basic modes.
Figures 7-19, 7-20, 7-21, and 7-22, which follow the table, illustrate these deferred versions of the basic

modes.

Table 7-3 Indirect Addressing Modes
v Assembler

Mode Name Syntax Function

1 Register deferred @Rn or (Rn)  Register contains the address of the operand.

3 Autoincrement deferred @(Rn)+ Register is first used as a pointer to a word con-
taining the address of the operand and then incre-
mented (always by two, even for byte
instructions).

5 Autodecrement deferred @—(Rn) Register is decremented (always by two, even for
byte instructions) and then used as a pointer to a
word containing the address of the operand.

7 Index deferred @X(Rn) Value X (stored in a word following the instruc-
tion) and (Rn) are added, and the sum is used as a
pointer to a word containing the address of the
operand. Neither X nor (Rn) is modified.

INSTRUCTION ADDRESS OPERAND

MR-5476

Figure 7-19 Mode 1 Register Deferred

INSTRUCTION —

ADDRESS

ADDRESS OPERAND

Figure 7-20

7-14

MR-5477

Mode 3 Autoincrement Deferred



INSTRUCTION »| ADDRESS -2 ADDRESS OPERAND

t

MR-6478

Figure 7-21 Mode 5 Autodecrement Deferred

INSTRUCTION ADDRESS

A

+ ADDRESS > OPERAND

MR-5479

Figure 7-22 Mode 7 Index Deferred

Register Deferred Mode Example — Mode 1 (Figure 7-23)

Instruction
Symbolic Octal Code = Name Operation
CLR @R5 005015 Clear The contents of the location specified in RS are
cleared.
BEFORE AFTER
ADDRESS SPACE REGISTER ADDRESS SPACE REGISTER
1677 R5 001700 1677 RS 001700
1700 000100 1700 000000

MR-5480

Figure 7-23 CLR @RS

Autoincrement Deferred Mode Example — Mode 3 (Figure 7-24)

Instruction
Symbolic Octal Code = Name Operation
INC @(R2)+ 005232 Increment The contents of R2 are used as the address of the

address of the operand. The operand is increased
by one; and the contents of R2 are incremented by
two.
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BEFORE AFTER
ADDRESS SPACE REGISTER ADDRESS SPACE REGISTER
R2 010300 R2 010302
1010 000025 1010 000026
1012 1012
10300 001010 10300 001011

MR-7231

Figure 7-24 INC @(R2)+

Autodecrement Deferred Mode Example — Mode 5 (Figure 7-25)

Instruction
Symbolic Octal Code = Name Operation
COM @—(R0O) 005150 Complement The contents of RO are decremented by two and
then used as the address of the address of the ope-
rand. Operand is one’s complemented (i.e., logi-
cally complemented).
BEFORE AFTER
ADDRESS SPACE REGISTER ADDRESS SPACE REGISTER
10100 012345 RO 010776 10100 165432 RO 010774
10102 10102
10774 010100 10774 167677
10776 10776
MR-7232
Figure 7-25 COM @ —(RO)

7-16




Index Deferred Mode Example — Mode 7 (Figure 7-26)

Instruction
Symbolic Octal Code Name Operation
ADD @1000(R2),R1 067201 Add 1000 and the contents of R2 are summed to pro-
001000 duce the address of the address of the source ope-
rand. The contents of the source operand are
added to the contents of R1; the result is stored in
R1.
BEFORE AFTER
ADDRESS SPACE REGISTER ADDRESS SPACE REGISTER
1020 067201 R1 001234 1020 067201 R1 001236
1022 001000 " 1022 001000
R2 000100 R2 000100
1024 1024
1050 000002 1050 000002
1100 001050 1100 001050
1000
+100
1100

MR-6483

Figure 7-26 ADD @1000(R2),R1

7.2.5 Use of the PC as a General-Purpose Register

Although R7 is a general-purpose register, it doubles as the program counter for the microprocessor.
Whenever the processor uses the program counter to acquire a word from memory, the program
counter is automatically incremented by two to contain the address of the next word of the instruction
being executed or the address of the next instruction to be executed. (When the program uses the PC to
locate byte data, the PC is still incremented by two.)

The PC responds to all standard SBC-11/21 addressing modes. However, the PC provides advantages
for handling position independent code and unstructured data with four of these modes. When utilizing
the PC, these modes are termed immediate, absolute (or immediate deferred), relative, and relative
deferred. Table 7-4 provides a summary of these modes.
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Table 7-4 Register Addressing Modes

Assembler

Mode Name Syntax Function

2 Immediate #n Operand follows the instruction.

3 Absolute @#A Absolute address of operand follows the
instruction.

6 Relative A Relative address (index value) follows the
instruction.

7 Relative deferred @A Index value (stored in the word following the in-

struction) is the relative address for the address
of the operand.

When a standard program is available to different users, the ability to load it into different areas of
memory and run it there is useful. The SBC-11/21 can relocate a program efficiently using position
independent code (PIC) that is written using the PC addressing modes. If an instruction and its oper-
ands are moved so that the relative distance between them is not altered, the same offset relative to the
PC can be used in all positions in memory. Thus, PIC usually references locations relative to the cur-
rent location.

The PC also facilitates the handling of unstructured data. This is particularly true of the immediate and
relative modes.

7.2.5.1 Immediate Mode - Using the immediate mode is equivalent to using the autoincrement mode
with the PC. It provides time improvements for accessing constant operands by including the constant
in the memory location immediately following the instruction word. The assembler interprets and as-
sembles instructions in the following form as immediate mode operations.

OPR #n,DD
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Immediate Mode Example (Figure 7-27)

Operation

The value 10 is located in the second word of the
instruction and is added to the contents of RO. Just
before this instruction is fetched and executed, the
PC points to the first word of the instruction. The
processor fetches the first word and increments the
PC by two. The source operand mode is 27 (au-
toincrement the PC). Thus, the PC is used as a
pointer to fetch the operand (the second word of
the instruction) before being incremented by two
to point to the next instruction.

Instruction
Symbolic Octal Code = Name
ADD #10,R0 062700 Add
000010
BEFORE
ADDRESS SPACE REGISTER
1020 062700 \RO 000020
1022 000010 PC 001020
1024

AFTER

ADDRESS SPACE REGISTER

1020 062700 RO 000030

1022 000010

/PC 001024
1024

MR-7233

Figure 7-27 ADD #10,R0

7.2.5.2 Absolute Addressing — Using the absolute addressing mode is the equivalent of using the im-
mediate deferred or autoincrement deferred modes with the PC. The contents of the location following
the instruction are taken as the address of the operand. Immediate data is interpreted as an absolute
address (i.e., an address that remains constant no matter where in memory the assembled instruction is
executed). The assembler interprets and assembles instructions in the following form as absolute ad-

dressing mode operations.

OPR @#A

Absolute Mode Examples (Figures 7-28 and 7-29)

Instruction
Symbolic Octal Code = Name Operation
CLR @#1100 005037 Clear The contents of location 1100 are cleared.
001100




BEFORE AFTER

ADDRESS SPACE ADDRESS SPACE
20 005037 20 005037
22 001100 PC 22 001100 PC
24 __I/
1__
1100 177777 1100 000000
1102 1102

MR-5485

Figure 7-28 CLR @#1100

Instruction
Symbolic Octal Code Name Operation
ADD @#2000,R3 063703 Add The contents of location 2000 are added to R3.
002000
BEFORE AFTER
ADDRESS SPACE REGISTER ADDRESS SPACE REGISTER

20 063703 \R3 000500 20 063703 R3 | 001000

22 002000 PC 000020 22 002000 PC 000024

24 24 /

r_J

2000 000300 2000 000300

MR-7234

Figure 7-29 ADD @#2000,R3

7.2.5.3 Relative Addressing — The relative addressing mode is assembled as index mode using R7. The
base of the address calculation, which is stored in the second or third word of the instruction, is not the
address of the operand, but the number that, when added to the PC, becomes the address of the oper-
and. This mode is useful for writing position independent code because the location referenced is always
fixed relative to the PC. When instructions are to be relocated, the operand is moved by the same
amount. The assembler interprets and assembles instructions in the following forms as relative address-
ing mode operations.

OPR A or OPR X(PC)

where X is the location of A relative to the instruction.
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Relative Addressing Example (Figure 7-30)

Instruction
Symbolic Octal Code  Name Operation
INC A 005267 Increment To increment location A, contents of memory lo-
000054 cation immediately following instruction word are
added to (PC) to produce address A. Contents of
A are increased by one.
BEFORE AFTER
ADDRESS SPACE ADDRESS SPACE
1020 005267 1020 | 0005267
1022 000054 PC 1022 000054
1024 1024 e—PC
1026 1026
1100 000000 1024 1100 000001
$ _+54
7700

MR-5487

Figure 7-30 INC A

7.2.5.4 Relative Deferred Addressing — The relative deferred addressing mode is similar to the relative
mode. However, the second word of the instruction, when added to the PC, contains the address of the
address of the operand rather than the address of the operand. The assembler interprets and assembles
instructions in the following forms as relative deferred addressing mode operations.

OPR @A or OPR @X(PC)
where X is the location containing the address of A relative to the instruction.

Relative Deferred Mode Example (Figure 7-31)

Instruction
Symbolic Octal Code Name Operation
CLR @A 005077 Clear The second word of instruction is added to up-
000020 dated PC to produce address of address of ope-

rand. The operand is cleared.
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BEFORE AFTER

ADDRESS SPACE ADDRESS SPACE
1020 005077 1020 005077
1022 000620 PC 1022 000020 PC
1024 1024 1024 /
+20
‘ 1044
1044 010100 1044 010100
10100 100001 10100 000000

MR-7235

Figure 7-31 CLR @A

7.2.6 Use of the Stack Pointer as a General-Purpose Register

The processor stack pointer (SP, register R6) is the general-purpose register most often used for stack
operations related to program nesting. Autodecrement with register R6 pushes data onto the stack, and
autoincrement with register R6 pops data off the stack. Since the SP is used by the processor for inter-
rupt handling, it has a special attribute: autoincrements and autodecrements are always done in steps of
two. Byte operations using the SP in this way leave odd addresses unmodified.

7.3 INSTRUCTION SET

Specifications for each instruction in the SBC-11/21 instruction set follow and include each instruc-
tion’s mnemonic, octal code, binary code, a diagram showing the format of the instruction, a symbolic
notation describing its execution and effect on the condition codes, a description, special comments, and
examples.

MNEMONIC: A mnemonic is indicated before each description. When the word instruction has a byte
equivalent, the byte mnemonic is also shown.

INSTRUCTION FORMAT: A diagram accompanying each instruction shows the octal op code, bina-
ry op code, and bit assignments. In byte instructions, the most significant bit (bit 15) is always a one.

SYMBOLS: The following symbols are used in the instruction specifications.
0O = contents of
SS or src = source address

DD or dst = destination address

loc = location
— = becomes
1 = “is popped from stack”
| = “is pushed onto stack”
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SYMBOLS (Cont) :

AN = boolean AND
\% = boolean OR
v = exclusive OR
~ = boolean not

Reg or R = register

B = Byte

0 for word
. =

1 for byte
R = concatenated

7.3.1 Instruction Formats
The following formats include all instructions used in the SBC-11/21. Refer to individual instructions
for more detailed information.

1. Single operand group: CLR, CLRB, COM, COMB, INC, INCB, DEC, DECB, NEG,
NEGB, ADC, ADCB, SBC, SBCB, TST, TSTB, ROR, RORB,
ROL, ROLB, ASR, ASRB, ASL, ASLB, JMP, SWAB, MFPS,
MTPS, SXT, XOR

15 06 05 00
OP CODE DD(SS)
2. Double operand group: BIT, BITB, BIC, BICB, BIS, BISB, ADD, SUB, MOV, MOVB,
CMP, CMPB
15 12 1 06 05 00
OP CODE ss DD
) A I 1 1 A A A L L 3 A b

MR-5192
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3.

Program control group:

a.

s

Branch (all branch instructions)

15 08 07 00
1 T T T T L
OP CODE OFFSET
i I I 1 L -
MR-5193
Jump to subroutine (JSR)
15 09 08 06 05 00
1 T || L T T
0 R DD
L } I 1 L L
MR-5194
Subroutine return (RTS)
15 03 00
! T T T T T
0 2 0
J I 1 1 I
MR-5195
Traps (breakpoint, IOT, EMT, TRAP, BPT)
15 00
T T 1 T L 1 T
OP CODE
A | - I 1 1 A
MR-5196
Subtract 1 and branch if = 0 (SOB)
15 09 08 06 05 00
T T T T T T
0 R NN
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4. Operate group: HALT, WAIT, RTI, RESET, RTT, NOP, MFPT

MR-5198

S. Condition code operators: (all condition code instructions)

15 06 05 04 03 02 01 00

0 0 0 2 4 0/1 N z \ C

MR-5199

Byte Instructions — The SBC-11/21 includes a full complement of instructions that manipulate byte
operands. Because all microprocessor addressing is byte-oriented, byte manipulation addressing is
straightforward. Byte instructions with autoincrement or autodecrement direct addressing cause the
specified register to be modified by one to point to the next byte of data. Byte operations in register
mode access the low-order byte of the specified register. These provisions enable the SBC-11/21 to
perform as either a word or byte microprocessor. The numbering scheme for word and byte addresses in
memory is illustrated in Figure 7-32.

HIGH BYTE WORD OR BYTE
ADDRESS ADDRESS
002001 BYTE 1 BYTEO 002000
002003 BYTE 3 BYTE 2 002002

MR-5201

Figure 7-32 Byte Instructions
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The most significant bit (bit 15) of the instruction word is set to indicate a byte instruction.

Byte Instruction Example

Symbolic Octal Code Instruction Name
CLR 0050DD Clear word
CLRB 1050DD Clear byte

7.3.2 List of Instructions
The SBC-11/21 instruction set is shown in Table 7-5.

Table 7-5 SBC-11/21 Instruction Set

Mnemonic Instruction Op Code
SINGLE OPERAND
General
CLR(B) Clear destination H050DD
COM(B) Complement destination HO051DD
INC(B) Increment destination HW052DD
DEC(B) Decrement destination W053DD
NEG(B) Negate destination W054DD
TST(B) Test destination HWO57DD
Shift & Rotate
ASR(B) Arithmetic shift right M062DD
ASL(B) Arithmetic shift left W063DD
ROR(B) Rotate right W060DD
ROL(B) Rotate left W061DD
SWAB Swap bytes 0003DD
Multiple Precision
ADC(B) Add carry HOS55DD
SBC(B) Subtract carry M056DD
SXT Sign extend 0067DD
PS Word Operators
MFPS Move byte from PS 1067DD
MTPS Move byte to PS 1064SS
DOUBLE OPERAND
General
MOV(B) Move source to destination BISSDD
CMP(B) Compare source to destination W2SSDD
ADD Add source to destination 06SSDD
SUB Subtract source from destination 16SSDD
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Table 7-5 SBC-11/21 Instruction Set (Cont)

Mnemonic Instruction Op Code
Logical
BIT(B) Bit test W3SSDD
BIC(B) Bit clear H4SSDD
BIS(B) Bit set W5SSDD
XOR Exclusive OR 074RDD
PROGRAM CONTROL
Branch
BR Branch (unconditional) 000400
BNE Branch if not equal (to zero) 001000
BEQ Branch if equal (to zero) 001400
BPL Branch if plus 100000
BMI Branch if minus 100400
BVC Branch if overflow is clear 102000
BVS Branch if overflow is set 102400
BCC Branch if carry is clear 103000
BCS Branch if carry is set 103400
Signed Conditional Branch
BGE Branch if greater than or equal (to zero) 002000
BLT Branch if less than (zero) 002400
BGT Branch if greater than (zero) 003000
BLE Branch if less than or equal (to zero) 003400
Unsigned Conditional Branch
BHI Branch if higher 101000
BLOS Branch if lower or same 101400
BHIS Branch if higher or same 103000
BLO Branch if lower 103400
Jump & Subroutine
JMP Jump 0001DD
JSR Jump to subroutine 004RDD
RTS Return from subroutine 00020R
SOB Subtract one and branch (if # 0) 077R00

Trap & Interrupt
EMT
TRAP
BPT
10T
RTI
RTT

Emulator trap

Trap

Breakpoint trap
Input/output trap
Return from interrupt
Return from interrupt

104000-104377
104400-104777
000003
000004
000002
000006
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Table 7-5 SBC-11/21 Instruction Set (Cont)

Mnemonic Instruction Op Code
MISCELLANEOUS
HALT Halt 000000
WAIT Wait for interrupt 000001
RESET Reset external bus 000005
MFPT Move processor type 000007
RESERVED INSTRUCTIONS
00021R
00022R
CONDITION CODE OPERATORS
CLC Clear C 000241
CLV Clear V 000242
CLZ Clear Z 000244
CLN Clear N 000250
CCC Clear all CC bits 000257
SEC Set C 000261
SEV Set V 000262
SEZ Set Z 000264
SEN Set N 000270
SCC Set all CC bits 000277
NOP No operation 000240

7.3.3 Single Operand Instructions

NOTE
In most SBC-11/21 instructions, a write operation
to a memory location or register is always preceded
by a read operation from the same location except
when writing PC and processor status (PS) to the
stack in the following two cases.

1. The execution of the microcode preceding an
interrupt or trap service routine.

2. Interrupt and trap instructions:
HLT
TRAP

BPT
10T
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7.3.3.1 General -

CLR
CLRB
Clear Destination W050DD
15 06 05 00
01 0 0 0 1 0 1 0 0 0 d d d d d d
i Il I i { L { " 1 1 A ¢ I
Operation: (dst) — O
Condition Codes:  N: cleared
Z: set
V: cleared
C: cleared
Description: Word: Contents of specified destination are replaced with zeros.
Byte: Same
Example: CLRRI1
Before After
(R1) = 177777 (R1) = 000000
NZVC NzZVC
1111 0100
COM
COMB
Complement Destination W051DD
15 06 05 00
o1 0 0 0 1 0 1 0 0 1 d d d d d d
. 1 1 in A | Il L 4 .
Operation: (dst) — ~ (dst)
Condition Codes:  N: set if most significant bit of result is set; cleared otherwise
Z: set if result = 0; cleared otherwise
V: cleared
C: set
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Description: Word: The contents of the destination address are replaced by their logical com-
plement (each bit equal to zero is set, and each bit equal to one is cleared).
Byte: Same
Example: COM RO
Before After
(R0O) = 013333 (RO) = 164444
NZVC NZVC
0110 1001
INC
INCB
Increment Destination W052DD
15 06 05 00
01 0 0 0 1 0 1 0 1 0 | d d d d d d
L | I 1 e i I I 1 1 L { L
Operation: (dst) — (dst) + 1

Condition Codes:

Description:

Example:

N: set if result << 0; cleared otherwise

Z: set if result = 0; cleared otherwise

V: set if (dst) held 077777; cleared otherwise
C: not affected

Word: One is added to contents of destination.

Byte: Same
INCR2
Before After
(R2) = 000333 (R2) = 000334
NZVC NzZVC
0000 0000
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DEC

DECB
Decrement Destination HW053DD
15 06 05 00
01 o 0 0 1 0 1 0 1 1 d d d d d d
L 1 1 | 1 L 1 L 1 | L L L
Operation: (dst) — (dst) —1
Condition Codes:  N: set if result < 0, cleared otherwise
Z: set is result = 0; cleared otherwise
V: set if (dst) was 100000; cleared otherwise
C: not affected
Description: Word: One is subtracted from the contents of the destination.
Byte: Same
Example: DEC RS
Before After
(RS5) = 000001 (RS) = 000000
NZVC NzVCcC
1000 0100
NEG
NEGB
Negate Destination MW054DD
15 06 05 00
01 0 0 0 1 0 1 1 0 0 d d d d d d
. 1 1 ! I 4 1 1 L I )
Operation: (dst) — — (dst)
Condition Codes:  N: set if the result < 0; cleared otherwise
Z: set if the result = 0; cleared otherwise
V: set if the result is 100000; cleared otherwise
C: cleared if the result is 0; set otherwise
Description: Word: The contents of the destination address are replaced by its two’s com-

plement. 100000 is replaced by itself (in two’s complement notation, the
most negative number has no positive counterpart).
Byte: Same

7-31



Example: NEG RO

Before After
(R0O) = 000010 (RO) = 177770
NZVC NzZVC
0000 1001
TST
TSTB
Test Destination W057DD
15 06 05 00
01 0 0 0 1 0 1 1 1 1 d d d d d d
" 1 I 1 1 L 1 " 1 ] L 1 1
Operation: (ds<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>