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CHAPTER 1 

INTRODUCTICN 

1.0 	THE TWIN SYSTEM 

The TWIN (TestWare INstrument) system, shown in the block diagram of Figure 1-1, 
consists of interdependent subsystems, each contributing to the total task of 
implementing user microprocessor applications from initial concept to actual 
hardware operation. The system closely resembies a general-purpose minicomputer 
during the initial stages of product development, and allows source programs to 
be entered, edited and assembled into object programs. Object programs may be 
executed simply as programs, or as part of a user's product emulation. When pro-
grams have been run and debugged to the user's satisfaction, the TWIN system 
is capable of programming PROM devices for inclusion in the user's prototype 
hardware. 

The Program Development Computer (PDC) is the principal subsystem of the TWIN. 
The PDC employs a dual-processor/dual memory architecture operating on a common 
bus structure. This Master/Slave architectural concept provides the following 
features: 

1. Protected operating system memory and I/O. 

2. Complete user access to Slave memory address 
space and I/O address space. 

3. Operating system and Debug software are 
independent of user programs. 

4. Support of future Slave processors by adding 
boards and supplying additional software. 

The Program Development Computer is configured using plug-in modules, each 
dedicated to a specific task within the system. Each module interacts with the 
others by use of the common bus structure. The major buses include a data bus, 
an address bus, and a control bus. The PDC acts as the controller for the 
entire system, and performs the necessary functions of transferring data to and 
from system peripherals. 

To facilitate system operatien, a dual-drive floppy disk subsystem is provided 
in all TWIN configur•ations. This subsystem, with integral controller, stores 
user program files and allows retrieval of these files for operation by the 
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editor and assembler. The Signetics Disk Operating System (SDOS) software is 
loaded from the disk system into the development computer. SDOS provides com-
plete control over all portions of the TWIN system. 

A CRT console is the standard device for entering user programs. It is equipped 
with a full ASCII keyboard for data entry and a CRT display to al10w the opera-
tor to view the results of his program manipulations during editing, assembly, 
and debug operations. The display and keyboard can be separated for user con-
venience. An interface is provided for an ASR-33 teletypewriter, which can be 
used in place of the CRT console. An optional line printer provides hard copy 
output. 

ether system I/O devices can be added to the system to enhance its capabilities. 
Physical interface to the system bus is accomplished by use of the optional 
General-Purpose I/O card. Addition of a peripheral device requires addition of 
its software driver to the TWIN operating system (see Appendix D). 

TWICE (TestWare In-Circuit Emulation) denotes hardware/software elements of the 
TWIN system that support integration and check-out of the user's prototype pro-
duct. A momber of different TWICE operation modes support product development, 
integration, and production. These are: 

0. Using Slave memory and GP I/O, the TWIN system Slave CPU executes 
the user's "paper" program and allows him to determine whether or 
not the program does what he wants in terms of manipulating his 
data. The system console allows a display of the contents of memory, 
registers, and I/O ports to aid in locating bugs in the program. 
This is shown in Figure 1-2A. 

1. Using the TWIN Slave memory for program storage and the TWICE inter-
face cable to connect the user's prototype I/O, the system allows the 
Slave CPU to take the place of the user's CPU and run and debug 
programs. This is shown in Figure 1-2B. 

2. Using the Slave CPU and user memory, I/O and other hardware, the 
system allows user programs to be run and debugged in the actual 
user environment. This is shown in Figure 1-2C. 

The TWIN PROM programming capability lets the user program his memory with the 
object programs created by the system in the earlier phase of development, thus 
simulating 99% of the final hardware. The Debug software package lets the user 
trace program execution, examining contents of RAM at selected locations and 
checking CPU status and I/O operations. Thus the complete range of user reeds 
is met, beginning with a user program on paper and ending with final execution 
in hardware. 
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1.1 	1WIN DEVELOPMENT SOFTWARE 

System software provided with the Prototype Development System includes the 
Signetics Disk Operating System (SDOS), Text Editor, Assembler, and Debug 
Package. 

SDOS 

SDOS relieves the user of the necessity of understanding detailed interral oper-
ation of the TWIN. It provides complete control over operation of all portions 
of the Prototype Development System. All functions relating to file handling, 
loading and execution are monitored and controlled by SOOS, including in-circuit 
emulation and PROM programming functions. SDOS resides in a dedicated memory 
consisting of a 256 byte PROM and 16K RAM running under the Master CPU. 

The SDOS software allows the user to create, edit, and assemble files; obtiin 
object and listing outputs; load and execute programs; and, through the debug 
system, check out programs in an efficient manner. 

SDOS provides a powerful command file capability that enables the user to create 
customized operating system commands. 

SDOS controls the multi -drive floppy disk subsystem, a line printer, and the 
CRT console, which may be an ASR-33 TTY or an RS-232 compatible device. Soft-
ware drivers are provided within SDOS for these I/O devices. The SDOS software 
provides a flexible input/output system that enables the user to dynamically 
assign any logie21 channel to any physie21 device or file within the system. In 
this way, system I/O devices may be dynamically assigned using SDOS commands 
either from the console or from within a user's program. Thus, the user may 
write his own driver for other peripheral devices and link them into the SDOS 
system by use of the optional General -Purpose I/O Card. 

Text Editor 

The Text Editor is a comprehensive software package that allows the user to 
enter and modify text files. The Text Editor is line oriented and accepts 
inputs from the terminal or a disk file, performs modifications in a work space, 
and outputs the revised text to a disk file. 

Assembler 

The Prototype Development System Resident Assembler translates symbolic assembly 
language instructions into appropriate machine language code. 
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The Assembler generates absolute object code. This code is in hexadecimal for-
mat and may be loaded into the system for direct execution or may be converted 
by an SDOS command to SMS format for PROM or ROM programming. 

Debug 

The Debug system is a software program which provides the user with real-time 
program debug capabilities within both a software and hardware environment. It 
uses special hardware features built into the program development system to con-
trol execution of the user's program. User programs operating under the Debug 
system have dynamic program trace, breakpoint capabilities, and memory modifica-
tion capabilities. Status reporting on the memory, the program, and the proces-
sor is also provided. 

1.2 	PURPOSE OF THIS MANUAL 

This manual is intended to acquaint an experienced logic designer with the TWIN 
system, both in overall concept and architecture, and in detail. The descrip-
tions of functions and the detailed descriptions of each board in the system 
should be sufficient to allow troubleshooting to the board level in case of 
failure. It is assumed that the reader has a knowledge of microcomputer 
development systems and a knowledge of the 2650 microprocessor. For a detailed 
description of system operation, refer to the TWIN Operator's Guide. 

1.3 	MANUAL CONTENTS 

Chapter 2 of this manual provides a description of the system in general terras, 
and describes its architecture. The rest of the manual is devoted to describing 
each board used in the system, with functional descriptions and a theory of 
operation at the block diagram level. Systen peripherals are described briefly 
in Chapter 2, but detailed descriptions and operating theory are not provided. 
The reader is referr'ed to the manwals for each peripheral device for operation 
and maintenance. 

1 -5 



CHAPTER 2 

SYSTEM DESCRIPTION 

2.0 	SYSTEM ARCHITECTURE 

The TWIN Program Development Computer (PDC) is based on a dul processor con-
cept, as shown in Figure 2-1. The Master CPU runs the SDOS operating system and 
interfaces to all system I/O devices, while the Slave CPU runs user programs as 
well as the Text Editor and Assembler. The naster CPU has completely separate 
memory and I/O, protected from user programs. This provides a relatively crash-
proof operating system and gives the user almost total use of the address space 
in Slave memory.* 

The Slave CPU can utilize the system I/O structure through "supervisor calls" 
(SVCs) to the Master. SVCs are described in Appendix B of this manual. 

Both Master and Slave CPU's are currently 2650 microprocessor devices. Howver, 
the dual processor architecture permits different Slave CPU's to be supported 
by the system without requiring a complete re-write of the operating system. 
Only those portions of the system software unique to the Slave CPU being 
supported (the Assembler and porti= of the Debugger) must be updated. Hard-
ware provisions within the TWIN permit support of Slave CPU's of up to 16-bit 
word length and up to 64K address space. 

Interaction of Master and Slave CPU's is controlled by the Debug module under 
Mester CPU control. Both CPU's share the basic bus structure, with only one 
processor active at any one time. Control is transferred to the Slave by a 
Master halt. Control is returned to the Master by any system interrupt or a 
Debug interrupt such as a breakpoint. 

The bus structure is essentially univers:A for all board locations in the card 
cage, with minor exceptions. The Debug board splits the bus into Master and 
Slave halves, with a separate interrupt structure for each half. The PRCM Pro-
grammer boards have dedicated locations because of the special AC voltages 
required for programmer operation. Memory or I/O boards may be placed in any 
open position (see Figure 2-3). 

* A 100 byte segment of Slave memory is required for Master/Slave interface 
When running the Slave CPU under Debug control. 
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The TWICE cable assembly provides in-circuit emulation of user hardware. The 
cable connects to the Slave CPU on one end and essentially replaces the CPU in 
user hardware on the other end. This gives total debugging capability in an 
actual hardware environment. 

Basic system I/O consists of the floppy disk interface and the CRT terminal or 
TTY interface, both handled by the Master CPU. General-Purpose I/O modules pro-
vide a limited RS-232-C interface and parallel I/O ports to interface user 
peripherals. The GPI/0 card can also be used in the Master side to add addi-
tional system I/O devices. Addition of a system peripheral requires addition of 
its software driver to the operating system. This procedure is described in 
Appendix D of this manual. 

2.1 	MEMORY ORGANIZATION 

Master Memory consists of 16K bytes of RAM, with the first 256 bytes overridden 
by a PRCM which contains the system bootstrap program. When the system is ini-
tialized, the Master accesses the bootstrap program to load the operating systen 
from the system diskette into Master Memory. 

Slave Memory contains 16K bytes of RAM in the standard system, expandable to 
64K bytes maximum. The Slave has access to Slave Memory only, white the Master 
has access to both memories. This is accomplished by assigning, under program 
control, a 16K byte portion of Slave Memory to the Master's 16K-32K address 
space. This is shown in Figure 2-2. The ability of the Master to "bank switch" 
Slave Memory into its address space allows communication for I/O service 
requests and Debug trace operation. 

2.2 	BUS STRUCTURE 

The PDC bus structure is shown in Figure 2-3. The bus is split into Master and 
Slave sections by the Debug and I/O Logic board. The bus is essentially univer-
sal in that data, address, and control lines are paralleled to all boards. The 
exceptions to this structure are Slave Debug control lines, Master Debug control 
lines, and special PROM power lines. The bus structure allows complete freedom 
of memory placement as well as freedom within each half of the bus for CPU or 
I/O board placement. I/O and memory address assignment is located on the .indi-
vidu  l  boards. 
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The bus consists of 100 lines made up of the following signals: 

CavIMON BUS 

16 address lines 
16 data lines 
21 control lines: 
9 memory and I/O control lines 
7 system control lines 
3 Debug lines 
2 sense/flag lines 

20 power and ground lines  

SLAVE SIDE 

3 Debug lines 
10 interrupt-related lines 
8 spare lines 

MASTER SIDE  
4 Debug lines 
17 interrupt-related lines 

PROM PROGRAMMER 
14 AC voltage lines 

Four of the 20 power and ground pins provide an auxiliary power bus which can 
be connected via rear-panel terminals to an external power supply for user 
requirements not met by the standard system supplies. The AC voltages required 
by the PRCM programmers extend to the end board positions only and mechanical 
keying prevents plugging any other boards into those positions. All board con-
nectors are offset to prevent plugging boards in backwards. 

2.3 	DEBUG HARDWARE 

Hardware is contained on both the Debug module and Slave CPU module to facili-
tate the following major system Debug features: 

- Master/Slave interaction 
- Breakpoints 
- Forced Slave jumps 

Master/Slave Interaction 

All Debug hardware communication to the Master CPU is by way of interrupts. The 
Master relinquishes control to the Slave CPU by performing a Halt instruction. 
Control is regained by the Master when it receives an interrupt. Interrupts may 
be from system I/O or from the Debug hardware. The Debug module contains its 
own interrupt priority decoder and vector generator for Debug and supervisor 
call interrupts. 

Breakpoints 

Breakpoint registers are contained on the Debug module. The breakpoint addresses 
are loaded by the Master CPU under command from the user. When a breakpoint 
address is identical to the current Slave CPU address, the Slave CPU is inter-
rupted before the next instruction fetch. Both the "last" instruction address 
and the "next" instruction adddress are stored. This allows the software to 
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examine the Slave's program and interpret op-codes for the trace printout. It 
also allows the system to restore the Slave to its original address after execu-
ting a register dump routine. 

Forced Slave Jumps 

Forced Slave jumps are required for two reasons: 

1) To execute the user's program starting at 
any ccmiand location 

2) To allow Slave execution of register dump 
and register restore routines for trace. 

The jump address is contained in a register in the Debug module and the forced 
jump logic is contained on the Slave CPU module. 

TWICE Cable 

The TWICE cable allows the user to exercise his hardware while stilt retaining 
the Debug features of the development system. The cable connects to the Slave 
CPU on one end and plugs in in place of the user's 2650 in his hardware on the 
other. The cable contains line drivers and receivers close to the user end to 
insure signa' integrity and minimize user circuit loading. 

The Slave CPU essentially acts as the user's 2650. There are two in-circuit 
modes of operation. In Mode 1, the user's I/O is exercised while stilt operating 
out of the TWIN Slave memory. Full Debug and trace operations are available. In 
Mode 2, both the user's I/O and memory are utilized, stil allowing breakpoints, 
single step, and trace. Multiplexers on the Slave board switch between the 
cable interface and the computer bus for each mode. The cable can remain in-
stalled in the normal Slave CPU mode with no adverse effects. 

2.4 	I/O PROVISIONS 

The CRT/TTY interface is a serial interface providing a limited EIA 
interface and a 20 mA TTY current loop interface. Baud rates are switch selec-
table for TTY (110) or CRT (300). Additional jumpers can modify the CRT Baud 
rate to 150, 300, 600, or 1200. A 25-pin standard EIA connector en the rear 
panel connects to the top edge of the Master CPU board. 

The General Purpose I/O board allows bath system I/O expansion and user I/O 
a~ility. The board contains a full RS-232-C interface, four sets of 8-bit 
parallel I/O ports, and eight interrupt flip-flops. This allows a hardware 
interface to any TIL-compatible peripheral. By inserting the card in the Slave 
side and setting a control switch, the flard responds to Slave commands only and 
can operate the Slave interrupt structure. 
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2.5 	PROGRAM DEVELOPMENT COMPUTER SUB-ASSEMBLIES 

As shown in Figure 2-1, the development computer is divided into flinctional 
modules, with each module consisting of a separate printed circuit board. The 
computer is divided both functionally and physirally into two sections: Master 
and Slave. The Master section includes the Master CPU and I/O board, Master 
Memory (consisting of four 4K memory boards), and PROM Programmer boards. Common 
to both Master and Slave is the Front-Panel I/O and Debug board. The Slave sec-
tion includes the Slave CPU board and Slave Memory (up to eight 4K RAM boards). 
General-Purpose I/O boards may be included in the Master or Slave sections. All 
of the boards plug into the Mother board which carries power, address, data, and 
control buses. 

2.5.1 	MASTER CPU AND I/O BOARD 

The Master CPU and I/O board function as the controller for the system. This 
board is shown in the shaded portion of Figure 2-4. The board contains clock 
circuitry for the 2650, which is the Master CPU, as well as for the rest of the 
system. The 2650 requires auxiliary logic which buffers the address and data 
lines to drive the system buses without loading the chip. I/O functions include 
I/O ports for use with the floppy disk system and the CRT terminal or TTY. 
Interrupt circuits are provided to interrupt the CPU during I/O operations and 
Debug operations. An interrupt timer, driven by the system clock, is provided 
to give selectable 10 ms or 100 ms interrupts. The timer can be enabled or 
disabled onder program control. 

The CPU board is the major controlling element in the system. It is the primary 
source of addresses for memory access and I/O operations; its control signals 
determine the direction of data flow on the data bus and enable the various I/O 
devices to receive data from or transmit data to the bus. The CPU also outputs 
data to and from the disk system in accordance with the disk operating system 
program. The following operations are performed by the CPU. 

1) Address output to memory and I/O ports. 

2) Data output to memory and I/O ports. 

3) Data input from memory and I/O ports. 

4) Control outputs to memory, I/O ports, 
disk, and TTY or terminal. 

5) Operations on data input to the CPU 
(such as addition, logic operations, 
etc.) 
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2.5.2. 	MASTER MEMORY 

Master Memory, shown in the shaded portion of Figure 2-5, consists of four 4K 
RAM boards. A base address for each board is selected by switches mounted on 
the board. A portion (256 bytes) of the Mester Memory is implemented as PROM, 
which contains the system bootstrap program. 

The Master Memory is divided into three parts: 

* The bootstrap area consists of 256 bytes of PROM which contain a program 
to initialize the system upon system reset. The bootstrap program also 
loads the resident SDOS program from the disk. 

* The resident SDOS area contains the portion of the operating system 
which is always required to be resident in the system. 

* The overlay area contains programs which are brought in from the disk as 
required for execution of system commands. 

The memory is under the control of the Master CPU, and acts as a result of 
commands received from the CPU. The following operations are performed. 

1) Output to the data bus the contents of memory accessed by the CPU 

2) Store in memory the contents of the data bus when specified by the CPU. 

3) Return "operation acknowledge" signals when accessed by the CPU. 

2.5.3 	PROM PROGRAMMEER BOARDS 

There are two PROM programmer boards in the system, connected to the system bus 
and to the front panel PROM sockets. These boards are shown in the shaded por-
tion of Figure 2-6. Fach board, although differing in detail, performs the same 
function. On command from the system software, an object file is loaded from 
the disk into Slave memory. The data contained in the file is transferred, one 
word at a time, from the memory to registers on the board. Sequencers and timing 
circuits address the chip to be programmed, and pulse the pover supplies on the 
board to enter the data into the PROM. When the programming sequence is com-
plete, the programmer interrupts the CPU and the next word is prognamed follow-
ing the same sequence. Circuitry is included to read the data stored on the 
PROM and output it back to the system for error checking. 

When PROM programing is required, the selected programmer board interacts with 
the Master CPU to control the flow of data and to flag errors. The following 
actions occur: 
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1) The programmer accepts data and addresses from the CPU via the 
data and address buses, and stores each byte in registers for 
programming the device. 

2) The programmer outputs a "busy" signal during the programming 
cycle, forcing the CPU to loop and look for a "done" bit in 
the programmer status register. 

3) The operating system checks the data programmed against the 
data read from the PROM after the programming cycle. 

4) The programmer outputs a "power fail" bit to the status regi-
ster when any of the on-board power supplies have failed. A 
"PROM Power Switch" status bit is also set when the front 
panel PROM programming switch is not turned on. 

Circuitry on the programmer cards also allows the contents of a previously pro-
gramed PROM to be compared to data in the Slave memory. The contents of a PROM 
may also be loaded into the memory. 

2.5.4 	SLAVE CPU AND TWICE INTERFACE 

Control of user programs and interface to user hardware is provided by the Slave 
CPU, shown in the shaded portions of Figure 2-7. The board contains a 2650 
microprocessor and supporting logic to drive the system bus and the TWICE inter-
face. Jump control logic is also provided to allow the Slave CPU to jump when 
commanded by the system. Interrupt logic is also contained on the board to 
allow interrupts as requested from the Slave interrupt bus (separate from the 
Master interrupt bus). Priority encoding is accomplished by encoding circuitry 
on the board. Interface to user hardware is done by control and driver circuits 
which select one of three Slave CPU modes: 

0) The Slave uses the development computer memory and I/O, 

1) The Slave uses external user I/O and develOpment computer 
memory, and 

2) The Slave uses external user memory and I/O. 

In user mode 1 and 2, the user clock provides timing for the Slave CPU. 

The Slave CPU board operates in tic distint modes: under program control from 
user programs (either in Slave memory or user memory) to control user hardware, 
and under control by the Front Panel I/O and Debug board. Essentially, the 
types of operations performed are the same as the Master CPU, except that the 
Slave CPU can access only Slave Memory or user memory and I/O devices. When the 
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Master CPU is running, the Slave is halted, waiting for control to be relin-
quished to continue executing instructions or to jump to an address indicated 
by the Debug circuitry. 

Two system programs, the Assembler and the Editor, run on the Slave CPU. 

2.5.5 	SLAVE MEMORY 

Slave Memory, shown in Figure 2-8, is similar to Master Memory, and consists of 
up to eight 4K RAM boards. PROM is not inc..ed. The Slave Memory holds the 
user program. It is also used to held the Assembler and Editor, when these 
programs are run on the system. 

2.5.6 	GEMICIALPURPOSE I/O BOARD 

Interface to external data devices is provided by the General-Purpose I/O board, 
shown in the shaded portions of Figure 2-9. The board can be used by either 
Master or Slave. This board consists of four pairs of input/output ports, 
selected by an extended read or write operation ccananded by the CPU. Fach port 
has a unique address, and can be connected to a variety of external parallel 
data devices through connectors on the top of the board. A serial interface for 
either RS-232-C devices or a TTY is provided together with control and status 
ports for data interchange protocol. A UART is located on the board to perform 
the necess2ry serial-to-parallel conversion. Separate drivers are provided for 
either the RS-232-C or TTY outputs, although only one device can be used at one 
time. Clock circuits, using the system clock as a reference, provide data rates 
of 110 Baud for the TTY and 110 to 1200 Baud for the RS-232-C interface. 

The General-Purpose I/O board accepts input data from external sources and out-
puts data to external sources under program control. Fssentially the interaction 
is similar to that of memory, with the exception of the capability to interrupt 
the CPU when data is ready to be read or ready to be transmitted. The following 
are part of the interactions of the board: 

1) Accept addresses and data from the buses and write to one of the I/O 
ports, including the UART status and control ports. 

2) Output data to the CPU when a read operation is performed. 

3) Interrupt the CPU when data is available from the ports or when data 
is ready to be transnitted. 

2.5.7 	FRONT-PANEL I/O AND DEBUG LOGIC BOARD 

The Front-Panel I/O and Debug Logic is perhaps the most complex board in the 
system in its interaction with the other system modules. 
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Interface to the user or maintenance front panels and control of the system 
during user Debug operations are provided by this board, shown in the shaded 
portion of Figure 2-10. The board can be broken down into several major sec-
tions which control operations independently. The first major section consists 
of breakpoint logic which monitors the address bus and compares the contents to 
the contents of the Debug breakpoint registers or to the address set on the 
maintenance front-panel address switches. When the two addresses are identical, 
control logic interrupts the Master CPU and balts the Slave CPU. At this point, 
the contents of memory may'be examined. A second major section is Program 
Counter logic which is used in Debug mode of operation, where the software needs 
to read the contents of the Slave CPU Program Counter. Jump control constitutes 
the next major portion, and is activated by the system via the Master CPU. When 
activated, a jump address is set into the Program Counter Logic for transfer via 
the data bus to the Slave CPU. naster/Slave control constitutes the final major 
section of interest. This legio determines which CPU bas control of the address, 
data, and control buses. Since both Master and Slave cannot have control at the 
same time, the control legio allows one to run and pauses the other. 
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CHAPTER 3 

MASTER CPU AND I/O BOARD 

3.0 	GENERAL DESCRIPTION 

Data transfer and processing tasks, as well as overall system control are han-
dled by the naster CPU and I/O board. In system operation, the board controls 
the three major system buses, and performs I/O transfers with the disk system 
and console device. 

The central processor function is performed by a Signetics 2650 microprocessor 
and its supporting logic, consisting of crystal-controlled oio& and bus drivers 
for the bi-directional data bus, the address bus, and the control bus. 

This chapter outlines the function of the Master CPU and I/O board in the sys-
tem, and describes the logic contained on the board to implement this function. 
The 2650 microprocessor itself is not described. Those readers wishing detailed 
information on this device are referred to the Signetics 2650 Reference Manual. 

3.1 	OVERALL BLOCK DIAGRAM 

A simplified data flow block diagram of the board is shown in Figure 3-1. The 
board can be divided into four major sections for purposes of discussion. The 
first major block is the CPU itself and the supporting logic. The second sec-
tion includes I/O logic for communication with the disk system and the console 
device. The third section consists of interrupt priority decoding and interrupt 
vector generation logic. The last major section consists of the Baud rate and 
interval timer logic. 

3.1.1 	THE CPU 

The 2650 CPU is the controlling element, accessing memory for instructions and 
executing these instructions. 

Logic surrounding the CPU device is intended to provide bus driving capability 
and timing for the CPU's operations. Secondary functions include Slave memory 
bank switching and power-on reset. 

The doek consists of a 10 MHz crystal -controlled oscillator which runs continu - 
ously. The output of the oscillator drives a divide-by-eight circuit to give 
the required 1.25 MHz clock signal for the CPU. Part of the divider consists 
of a flip-flop which in turn is controlled by an external "hold" signal which 

3-1 



RS-232 -C 
and 
TTY 

INTERFACE IOGIC 

TO SYSTEM BUS ADDRESS BUS 

CLOCK 

CLOCK 
LOGIC 

CPU CLOCK 

X
D
O
l
a
 M
O
l
d
 V
I
V
O
 

1
-
£
  
m
n
p
l
A  

TO/FROM DISK 	FROM/TO TERMINAL OR TTY 

DISK 
INTERFACE 

SYSTEM 
CLOCK 

INTERRUPT 
LOGIC 

DATA BUS 

INT 
REQ 

INT 
ACK 

2650 
CPU 

	

DRIVER/ 	 TO/FROM 

	

RECEIVER 	SYSTEM BUS 

EXTERNAL 
INTERRUPTS 

CONTROL 
BUS 

\,7  
DRIVER/ 
RECEIVER 

1\ EXTERNAL 
HOLD 

TO/FROM 
SYSTEM 
BUS 



effectively puts the CPU in a bold state during master/slave operation. 

The CPU's data lines are buffered by transceivers whose inputs and outputs are 
connected to the system data bus. Fach of the address lines is buffered sim-
ilarly, using tri-state drivers whose outputs may be floated to allow DMA 
operation in future applications. 

The drivers and receivers provide the necessary system bus driving capability. 
When the CPU is in a "run" state, the drivers are enabled, and signals are 
passed to the bus or received from the bus. When the CPU is halted, the drivers 
are disabled and put into a high-impedance state so the buses can be controlled 
by external devices, or by the Slave CPU. 

Logic is provided to restart the CPU upon power turn-on. When the +5 V supply 
comes up to its operating level, the powen-on detector initiates a "reset" sig-
nal which resets the 2650 CPU and allo sends a system-wide reset to the rest of 
the modules. This causes the CPU to fetch an instruction from location 00 in 
Master memory and causes the bootstrap program to be initiated. 

3.1.2 	I/O LOGIC 

Communications between the system and peripherals such as the floppy disk and 
the CRT terminal are handled by the CPU board I/O logic. There are two separate 
interfaces: a serial interface for the console device, either UHr terminal or 
TTY, and a parallel interface for the disk system. The serial interface incor-
porates a UART (Universal Asynchronous Receiver Transmitter) to perform the 
necessary serial-to-parallel and parallel-to-serial conversion for the TTY or 
terminal. Status and control registers are included to provide the data exchange 
protocol signals required by the console device and the CPU. Interface to the 
disk includes lines which allow control of the optional line printer which is 
interfaced to the disk system. 

Clock generation logic provides a crystal-controlled 9.984 MHz system clock, 110 
Baud to 1200 Baud TTY and CRT terminal clocks, a 38.4 kHZ I/O clock, and a 10 or 
100 ms interval timer. 

3.1.3 	INTERRUPT LOGIC 

Since the TWIN system operates with an interrupt-driven structure, a means must 
be provided to assign priority to interrupts from devices capable of such 
rupts, and to generate interrupt vettors when the CPU has accepted an interrupt. 
The interrupt logic consists of a series of latches which are set when an inter-
rupt occurs, and reset when the interrupt is acknowledged and the vector is out-
put to the data bus. Priority encoders arbitrate priority among the devices 
requesting interrupts and enable the interrupt vector generation logic. 
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3.1.4 	DMA LOGIC 

Capability for future implementation of DMA boards within the TWIN system is 
provided by logic on the CPU board which allows the 2650 to be halted and the 
address and data buses to be floated. In this way the DMA boards can control 
the address and data buses, allowing an external device to operate directly with 
system memory, without utilizing the CPU and its I/O functions. 

3.2 	DETAILED FUNCTIONAL DESCRIPTION 

This section describes individual logic blocks within the board. 

3.2.1 	2650 CPU 

The 2650 and its supporting logic, which wilt be described subsequently, provide 
control of the system. Acting on instructions accessed from memory, the 2650 
manipulates data and provides control using its arithmetic and logic functions. 

The CPU doek is generated by a 10 MHz oscillator whose output is divided by 
eight in two stages. The first stage divides the doek frequency by four. The 
second stage divides the doek by two and provides a means of stopping the doek 
in the low signal state for any nunber of half cycles. The front panel "hoid" 
signal is generated by the maintenance front panel and stops the doek during 
single step or breakpoint operation. The hasic 10 MHz oscillator uses a series 
resonant crystal as the feedback element and two inverters, which are biased 
into the linear region, as amplifiers. The 10 MHz output is also buffered onto 
the system bus for Slave CPU use. 

The CPU address, data, and control outputs are buffered by a series of drivers 
and receiver/transmitters. BLdirectional bus drivers receive data from the 
system bus and transmit it to the 2650, or receive data from the 2650 and trans-
mit it to the bus. These devices are enabled by ANDing the RUN and R/W outputs 
from the 2650 through inverters and gates. When the 2650 is not running (i.e., 
halted), the transeivers are disabled and put into the high impedance state. In 
this state the data bus is floating and can be driven by other modules in the 
system such as the Slave CPU or Debug boards. 

Unidirectional bus drivers buffer the address outputs from the 2650 and drive 
the system address bus. Fach device is enabled by an inverted RUN output from 
the 2650. 

Control signals such as INTACK, FLAG, WRP, and 111/I0 are brought directly to a 
tri-state driver. Other signals such as RUN and OPREQ are conditioned by logic 
which is driven by the 2650 outputs. OPREQ is ANDed with INTACK and delayed 250 
ns by an RC network. The resultant signal is squared by a Schmitt trigger and 
inverted before being transmitted to a driver which is enabled or disabled by 
the RUN output of the 2650. 
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SIGNALS AND DESCRIPTIONS 

ADDO-ADD15 

DBO-DB7 

Address lires. ADDO is the low-order 
bit. Morg and gUT4 have special 
s"ficance for memory operations, 
D 3 is a normtil address bit; for 

I/O operations it indicates whether 
I/O is extended or non-extended. mug operates normally for memory 
operations and indicates data or con-
trol outputs for I/O operations. 

Data Tines. An eight-bit bi-direc-
tional bus carrying data and 
instructions into and out of the 
processor. 

This output indicates the state of 
the flag bit in the processor status 
word. 

This output acknowledges that an in-
terrupt vector must be placed on the 
data bus by the interrupting device. 

This output signal notifies external 
devices that an external operation 
is in progress and the device perfor-
ming the operation must respond with 
an -óp-A7 signa' (see below). 

This is an input from an external de-
vice indicating that an external 
operation is in progress. It is in-
put to the WER input of the processor 
to hold it in a "wait" state until the 
operation is complete. 

FLAG 

INTACK 

OPREQ 

HOLD 



SIGNALS AND DESCRIPTIONS (continued) 

M/IO 	This indicates whether the operation 
in progress is a memory or I/O operation. 

R/W 	Indicates whether the operation in progress 
is a read or write. 

WRP 	This is a strobe output to signal external 
devices that data and address buses are 
stable. 

MSTR RUN This is an output derived from the processor 
RUN output that indicates a processor run 
condition (not halted or paused). 

same as MSTR RUN. 

This is an output for system reset, occurring 
when +5V pover is turned on. 

This is an input to the processor SENSE line 
to set‘the status word SENSE bit. 

These are interrupt inputs from external 
devices. They are priority encoded and 
result in an interrupt request to the pro-
cessor and an interrupt vector being placed 
on the data bus. 

An input from the Debug module requesting 
an interrupt. 

An output from the interrupt circuitry 
enabling the Debug vector generation circuitry. 

RUN 

RESET 

SENSE 

INT1-INT15 

DBG INT 

DBG VEN 

MST INT 0 	An output indicating that a processor 
interrupt has been requested. 

FP HOLD 	An input putting the processor in a hold 
state by shutting off the clock. 
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SIGNALS AND DESCRIPTIONS (continued) 

CPU CLK 	A 10 MHz output from the processor 
clock oscillator. 

DMA PAUSE 
	

An input from external DMA devices, 
pausing the processor and floating the 
address, data, and control buses. 

CMEM 	Indicates that naster CPU is accessing 
Slave (common) memory. 

SYS CLK 	9.984 MHz output for system synchronization. 

I/O CLK 	Approximately 38 KHz output for I/O device 
synchronization. 



When the address or control drivers are disabled, they are put in the high impe-
dance mode and control of the buses is given to other modules in the system. 

HOLD and SENSE control inputs are inverted and drive the OPACK and SENSE inputs 
of the 2650. 

The power-on reset circuit consists of an RC network which charges during power 
on and a Schmitt trigger which provides a 50 ms pulse to reset system logic. The 
reset signal is ORed with the front panel reset signal. 

For the Master CPU to access Slave memory, any 16K section of Slave memory is 
mapped into the Master 16K-32K address space. The 16K section is specified by 
two control bits in a Master I/O command. The bit formats are described in the 
paragraphs concerning I/O operations. When the Master address is 16K or above, 
address bit 14 is on. This outputs the bank switching bits to the address bus 
as bits 14 and 15. 

Basic CPU timing is shown in Figure 3-2. Timing for Read, Write, and Interrupt 
operations is shown for reference. The system bus uses a HOLD signal rather 
than an operation acknowledge (OPACK). If the memory or I/O device cannot re-
turn or take data within 200 ns of OPREQ, a held is generated by the device un-
til the data to be read is valid, or the write data has been received. In the 
case of the 2102 device used in the Master and Slave memory boards, the hold 
duration is appmdilutely 650 ns. 

3.2.2 	I/O LOGIC 

The I/O logic on the Master CPU board provides the following functions: 

1) TTY/CRT I/O 
2) Disk I/O 
3) I/O decoding 

This section has a separate bi-directional I/O data bus and driver-receiver 
pairs to the bus. It contains all I/O decoding, I/O output storage registers, 
and input gating. 

The I/O logic can be broken into sections for purposes of discussion. TTY and 
RS-232-C interfaces share the same logic, while the disk interface requires 
separate logje. 

TTY/CRT I/O 

This section provides both a limited EIA serial interface and a TTY current loop 
interface. However, only one terminal can be connected to the board at any time. 
A UART is the heart of the circuit, providing parallel to serial and serial to 
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parallel conversion, status, and programmable control functions. The UART clock 
rate and number of stop bits are switch-selected. One switch position provides 
110 Baud and 2 stop bits, while the other position provides 1 stop bit and a 
rate which is jumper selectable from 150 to 1200 Baud. Parity is selected under 
program control. 

Serial data input received from the EIA receiver or the current loop interface 
is fed to the UART. The UART shifts the serial data in and sets the data avail-
able (DA) status When a complete character has been received. If interrupts are 
enabled, this triggers the TTY IN interrupt (level 4), or the RS-232 IN inter-
rupt (level 6). The parallel data is enabled out of the UART through tri-state 
buffers onto the internal data bus is by reading port E8. This also resets DA. 

Serial data out is transmitted by performing a write to port E8. The parallel 
data is presented to the UART from the internal bus and strobed into the UART by 
applying a pulse to its DS input. This initiates the seri21 output stream to an 
open collector driver for the TTY current loop interface and to a bipolar driver 
for the EIA interface. When the character is transmitted, TBMT (transmit buffer 
empty) is set by the UART. If interrupts are enabled this sets the TTY OUT 
interrupt (level 5) or the RS-232 OUT interrupt (level 7). 

Status indications consisting of DA, TEMT, OR (overrun), FE (framing error) or 
PE (parity error) are available by reading port E9. Tri-state buffers enable 
these signals onto the internal bus from the UART. Formats for the data and 
control ports are shown in Table 3-1. 

A TTY-related function is control of the TTY paper tape reader. A separate 
reader-on flip-flop and open collector driver provide the interface for this 
function. The flip-flop is turned on under program control and is reset upon 
receipt of the start bit, thus reading a character at a time. 

The status byte which controls the TTY paper tape reader, the UART parity cir-
cuits, and enables the TTY interrupts is output by a write to port E9. 

The TTY/CRT connector is a 25 pin connector conforming to EIA RS-232-C standards 
which is mounted on the development computer rear panel. This connector is con-
nected to connector P2 on the top edge of the Master CPU board by a ribbon 
cable. 

To interface to the CRT or other EIA peripherals, certain signals of the RS-232-
C interface are pulled up permanently to a logic 1. These signals are clear to 
send, data set ready, carrier detected, data terminal ready, and request to 
send. 
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TABLE 3-1 

CRT/TTY FORMATS 

STATUS BYTE (E9 READ) 

7 6 5 
	

3 2 1 0  

Data available 

Transmit buffer empty 

Data Overrun 

Framing error 

Parity error 

Not used 

CONTROL BYTE (E9 WRITE) 

Reader 

Parity select 

Enable TTY interrupts 

Not Used 

7 615 4 312 1 0 

DATA BYTE (E8 READ/WRITE) 

7 6 5 4 3 2 1 0 

	ASCII Data 

Not Used 
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DISK I/O 

The disk I/O logic consists of a data I/O port, a control I/O port, and inter-
rupt flip-flops. The byte formats are shown in Table 3-2. The eiglit disk input 
data bits (DIDO-7) are terminated with a pull up-pull down network and received 
with tri-state buffers. The buffers are gated onto the internal bus by reading 
port EB. Output data is stored in an eiglit-bit register by writing to port EB. 
The outputs are driven with tri-state buffers. Disk status input is enabled to 
the data bus with tri-state drivers by reading port EA. Disk controller signals 
PBZY, FLG are filtered with an RC network and shaped by a Schmitt trigger, then 
fed to interrupt flip-flops. A tape signal is provided only for possible fUture 
replacement of the disk drives by a high speed paper tape reader. Disk control 
is performed by a write to port EA. This outputs a control byte which consists 
of the three disk control bits, a spare output bit and interrupt enables for 
the disk and printer. The three output disk control bits are buffered with 
tri-state drivers. 

For a detailed description of the floppy disk command formats and timing refer 
to Appendix A. 

I/O DECODING 

The I/O decoding logic recogizes extended I/O commands to addresses E8-EF. The 
logic provides enable lines for the tri-state input gates and clocks for the 
output registers. The logic also provides strobes for the bank switch and timer 
interrupt control discussed in other sections. 

3.2.3 	INTERRUPT LOGIC 

The interrupt logic establishes priority and generates the interrupt routine 
address vector for 16 system interrupts. It also handles the interaction of 
the 16 level Debug interrupt generator. 

Interrupts are stored in a dedicated interrupt flip-flop. The 16 interrupt 
lines are c~nuously sampled at a 10 MHzrate. If one or more interrupts 
are present, the CPU interrupt line is activated. When the CPU responds with 
7177R, sampling is stopped and the interrupt address for the highest priority 
line present is encoded. Refer to Figure 3-2 for timing. The vector is placed 
on the data bus during INTACK for input to the CPU. I/O circuits can also re-
cognize their vector on the data bus during INTACK to determine when their 
interrupt request has been acknowledged. On-board interrupts are reset with a 
vector decoder which is enabled during INTACK.  The Debug module interrupts have 
lover priority and are Biven an enable line (DBG VEN) only if no system I/O 
interrupts are pending. Table 3-3 lists priorities and vector addresses for the 
interrupts. 
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TABLE 3-2 

DISK FORMATS 

DATA BYTE (EB READ/WRITE) 

0 7 6 5 14 31 2 1 

Binary Data. 

STATUS-BYTE (EA READ) 

Printer 
Printer Fault = 0 
Not Used = Always 1 
Flag = 1 

6 5 I 14 3 2  1 

CONTROL BYTE (EA WRITE) 

7 6 5 4I3 2 1 0 

STRB 
CO 
Cl 
CTRL (not used) 
Enable disk interrupt 
Enable printer interrupt 
Not used 
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TABLE 3-3 

INTERRUPT PRIORITY ASSIGNMENTS AND ADDRFSS VECTORS 

Priority 	Address 	FUnction 

	

0 	0000 	Reset 

	

1 	0002 	NA 

	

2 	0004 	Paper Tape Rdr 

	

3 	0006 	NA 

	

4 	0008 	ITY In 

	

5 	000A 	TTY Cut 

	

6 	000C 	RS-232 In 

	

7 	000E 	RS-232 Cut 

	

8 	0010 	NA 

	

9 	0012 	Timer 

	

10 	0014 	Printer 

	

11 	0016 	Floppy Disk 

	

12 	0018 	NA 

	

13 	001A 	PROM Program 1 

	

14 	001C 	PRCM Program 2 

	

15 	001E 	NA 

	

16 	0020 	Slave SVC 1 

	

17 	0022 	Slave SVC 2 

	

18 	0024 	Slave SVC 3 

	

19 	0026 	Slave SVC 4 

	

20 	0028 	Slave SVC 5 

	

21 	002A 	Slave SVC 6 

	

22 	002C 	Debug SVC 1 

	

23 	002E 	Debug SVC 2 

	

24 	0030 	Breakpoint 1 

	

25 	0032 	Breakpoint 2 

	

26 	0034 	Single Cycle 

	

27 	0036 	Halt 

	

28 	0038 	Diag. Control 

	

29 	003A 	NA 

	

30 	003C 	NA 

	

31 	003E 	NA 

NA = NOT ASSIGNED 
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3.2.4 	DMA LOGIC 

DMA operations require that the CPU be paused, and the address and data buses 
floated for the necess2ry DMA device access. This is accomplished by the DMA 
PAUSE signal. DMA PAUSE is ORed with MSTR PAUSE and drives the PAUSE input of 
the 2650. After completion of the current instruetion, the 2650 RUN output will 
go high. This is used to disable the address and data bus drivers, which float 
the buses. 

3.2.5 	BAUD BATE AND TIMER LOGIC 

A crystal-controlled oscillator, identical (except for frequency) to that used 
in the CPU clock logic, is used for the Baud rate and interval timer generators. 
The 9.984 MHZ output of the oscillator is directed through a driver to the rest 
of the system through the system bus. A second path is directed to a divide-by-
130 divider logic which in turn drives a divider to generate the 110 Baud clock. 
Another divider chain provides the 150 to 1200 Baud clocks. Dividers provide 
either 10 ms or 100 ms timer intervals for timer interrupts. A jumper on the 
board selects which interval will be used. See Figure 3-3. 

3.3 	UTILIZATION OF THE BOARD 

The Master CPU and I/O board is normally checked out with the system and ready 
for use with the CRT terminal. If a TTY or TTY-compatible terminal is used 
with the board, switch S1 must be placed in the 110 Baud position. If a stan-
dard TTY is to be used, the current loop and TTY reader control circuits must 
be modified. Refer to Appendix C for modification procedures. 

Although normal usage will dictate use of all the interrupt capability, jumpers 
El through E12 can be cut to disable any interrupts required. 

Although the Master CPU and I/O board was designed specifie211y for use in the 
TWIN system, it can be used in products of a general nature. It contains com-
plete clock, I/O and address circuits, and only requires the addition of ►rrcry 
to foren a complete CPU. External power is required as listed below. The 
board is designed to be plugged into a 100-pin printed circuit connector. 

The following supply voltages are required: 

1. +5 V at 1.9 	A 
2. +12 V at 50 	mA 
3. -12 V at 50 	mA 

The board should be mounted vertir2lly with side support to minimize vibration. 
Sufficient space should be left on both sides of the board to permit heat dis-
sipation. Other components radiating large volumes of heat should not be loca-
ted near the board. 
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A list of edge connector pin assignments is found in Tables 3-4 through 3-6. 
A list of internal signals and system bus signals used by the Master CPU and 
I/O board is Biven in Table 3-4. 
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TABLE 3-5 

PIN LIST, TOP EDGE CONNECJOR P1 

Pin 	Signal 	Description 

	

1 	DOD7 	Disk Output Bit 7 

	

2 	DOD6 	Disk Output Bit 6 

	

3 	DOD5 	Disk Output Bit 5 

	

4 	DOD4 	Disk Output Bit 4 

	

5 	DOD3 	Disk Output Bit 3 

	

6 	DOD2 	Disk Output Bit 2 

	

7 	DOD1 	Disk Output Bit 0 

	

8 	DODO 	Disk Output Bit 0 

	

9 	not used 

	

10 	not used 

	

11 	CTRL 

	

12 	7 

	

13 	55 

	

14 	not used 

	

15 	not used 

	

16 	STRB 

	

17 	gnd 

	

18 	gnd 

	

19 	gnd 

	

20 	not used 

	

21 	FLG 

	

22 	TAPE 

	

23 	not used 

	

24 	not used 

	

25 	not used 

	

26 	not used 

	

27 	PFLT 

	

28 	not used 

	

29 	D1D7 	Disk Input Bit 7 

	

30 	D1D6 	Disk Input Bit 6 

	

31 	D1D5 	Disk Input Bit 5 

	

32 	D1D4 	Disk Input Bit 4 

	

33 	D1D3 	Disk Input Bit 3 

	

34 	D1D2 	Disk Input Bit 2 

	

35 	D1D1 	Disk Input Bit 1 

	

36 	D1D0 	Disk Input Bit 0 

	

37 	gnd 

	

38 	FLG 

	

39 	PBZY 

	

40 	PFLT 
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TABLE 3-5 

PIN LIST, TOP EDGE CONNECTOR P2 

Pin 
	

Signal. 	Description 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16-24 
25  

GND 
TTY XMIT- 
EIA RCV DATA 
RDR CTRL+ 
EIA XMIT DATA 
RDR CTRL- 
REQ TO SND 
TTY RCVR+ 
CLR TO SND 
TTY RCVR- 
DATA SET RDY 
SPARE 
EIA SIG GND 
DATA TERM RDY 
SIG DET 
NOT USED 
TTY XMIT+  

Protective Ground 
TTY Current Loop Input 
RS-232-C Serial. Input 
Tape Reader Current Output 
RS-2332-C Serial. Output 
Tape Reader Control. Output 
RS-232-C Request to Send Input 
TTY Current Loop Input 
RS-232-C Clear to Send Output 
TTY Current Loop Output 
RS-232-C Data Set Ready Output 

RS-232-C Signal Ground 
RS-232-C Data Terminal. Ready 
RS-232-C Carrier Detected Output 

TTY Current Loop Output 



TABLE 3-6 

PIN LIST, MASTER CPU BOARD 

Pin 
	

Signal 	Description 

	

1 	+5 V 	Logic Power Input 

	

2 	+5 V 	Logic Power Input 

	

3 	+5 V 	Logic Power Input 

	

4 	+5 V 	Logic Power Input 
5-8 	not used 

	

9 	gnd 

	

10 	gnd 

	

11 	+12 V 	Power Input 

	

12 	+12 V 	Power Input 

	

13 	+12 V 	Power Input 

	

14 	-12 V 	Power Input 

	

15 	gnd 

	

16 	gnd  

	

17 	ADRO 	Address Bit 0 

	

18 	00 	Address Bit 1 

	

19 	ADR2 	Address Bit 2 

	

20 	ADR3 	Address Bit 3 

	

21 	AAR 	Address Bit 4 

	

22 	ADR5 	Address Bit 5 

	

23 	176 	Address Bit 6 

	

24 	ADRI 	Address Bit 7 

	

25 	i152 	Address Bit 8 

	

26 	n5R-9 	Address Bit 9 

	

27 	ADR10 	Address Bit 10 

	

28 	ADR11 	Address Bit 11 

	

29 	ADR12 	Address Bit 12 

	

30 	ADR13 	Address Bit 13 

	

31 	-10-5ff4 	Address Bit 14 

	

32 	ADR15 	Address Bit 15 

	

33 	CME1 	Slave Memory Ehable Output 
34-35 	not used 

	

36 	DATA 0 	Data Bit 0 

	

37 	DATA 1 	Data Bit 1 

	

38 	DATA 2 	Data Bit 2 

	

39 	DATA 3 	Data Bit 3 
40 	DATASI 	Data Bit 4 

	

41 	DATA 5 	Data Bit 5 

	

42 	DATA 6 	Data Bit 6 

	

43 	DATA 7 	Data Bit 7 
44-50 	not used 
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TABLE 3_7 

PIN LIST, MASTER CPU BOARD (continued) 

Pin 	Signal 	Description 

51 	not used 
52 	W10 	Memory/I0 Enable Output 
53 	W5 	Write Pulse Output 
54 	OPREQ 	Operation Request Output 
55 	11/7 	Read/Write Oomffand Output 
56 	MED 	Operation Acknowledge Input 
57 	not used 
58 	RUN 	Run condition Output 
59 	RESET 	Reset Input 
60 	not used 
61 	INTACK 	Interrupt Acknowledge Output 
62 	INT 0 	Interrupt Level 0 Input 
63 	INT 1 	Interrupt Level 1 Input 
64 	INT 2 	Interrupt Level 2 Input 
65 	INT 3 	Interrupt Level 3 Input 
66 	INT 4 	Interrupt Level 4 Input 
67 	INT 5 	Interrupt Level 5 Input 
68 	11ffg 	Interrupt Level 6 Input 
69 	INT 7 	Interrupt Level 7 Input 
70 	MST INT 8 	Interrupt Level 8 Input 
71 	MST INT 9 	Interrupt Level 9 Input 
72 	MST INT 10 	Interrupt Level 10 Input 

73 	MST INT 11 	Interrupt Level 11 Input 
74 	MST INT 12 	Interrupt Level 12 Input 
75 	MST INT 13 	Interrupt Level 13 Input 



TABLE 3-7 

PIN LIST, MASTER CPU BOARD (continued) 

Pin 	 Signal 	Description 

76 	MST INT 14 	Interrupt Level 14 Input 
77 	MST INT 15 	Interrupt Level 15 Input 
78 	MT155E 	Master CPU Pause Input 
79 	DBG PSE 	Eebug Interrupt Input 
80 	DBG VEN 	Eebug Vector Enable Output 
81 	MST INT 0 	Interrupt Acknowledge Output 
82 	not used  
83 	DMA PAUSE 	Pause DMA 
84 	ProrRun 	naster CPU Run Output 
85 	71952 	CPU Sense Input 
86 	7E2 	CPU Flag Output 
87 	F.P. HOLD 	Front-Panel Hold Input 
88-93 	not used 
94 	I/O CLK 	Clock Output for I/O Devices 
95 	CPU CLK 
96 	SYS CLK 	naster System Clock Output 
97 	gnd 
98 	gnd 
99 	gnd 
100 	gnd 



CHAPTER 4 

PROM/RAM MEMORY 

4.0 	INTRODUCTION 

The PROM/RAM Memory module provides RAM storage for the Master CPU as well as 
PROM for the system bootstrap loader. Each module is capable of storing up to 
4K eight-bit bytes of object code and data for program execution. This code 
consists of programs intended to service user commands, and to direct data to 
the CPU to allow it to perform the required function. 

The PROM portion of the module is capable of storing up to 2K eight-bit bytes of 
object code. The bootstrap loader occupies the lover 256 locations in memory. 
For general use, the PROM array has provision for instelling board-mounted 
switches to allow user selection of a base address. It should be noted that in 
the TWIN only one PROM/RAM Memory board has PROM installed. 

Each module has switch-selected base addresses, allowing unique selection of 
modules in the system. 

Communications with the CPU is accomplished through the system data bus, which 
is driven by a set of drivers and receivers for the RAM array and a set of dri-
vers for the PROM array. The drivers and receivers are enabled only when the 
board is accessed. 

Memory is enabled when the CPU is executing an instruction requiring a read 
from, or write to memory. During each CPU cycle, control signals are active to 
control transfer of data to or from the data bus. 

4.1 	OVERALL BLOCK DIAGRAM 

A block diagram of the board is shown in Figure 4-1. There are five major 
blocks: RAM, PROM, Address Logic, Operation Control, and Timing Logic. The 
following paragraphs discuss the function of each of these blocks in typin21 
memory read and write operations. 

4.1.1 	RAM Read 

At the beginring of a CPU read cycle, addresses are output to the system 
address bus by the CPU. At approximately the same time, control signals become 
active to determine the direction of data flow on the data bus and to enable 
modules which will transmit or receive the data. 
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Address lines are input to the PROM/RAM Memory board from the system bus. The 
upper four address bits (Al2-15) are used to select one of the memory boards in 
the system. This is done by comparing the four address bits with the board 
address selected by four board mounted switches. If the address compares, RAM 
MODULE SELECT is generated and the read sequence begins. The other conditions 
which must be met to output data are that OPREQ must be active, R/W must be 
high, and PMFVIO must be low (i.e., a memory read operation must be specified by 
the CPU). If all these conditions are met, RAM OUTPUT ENABLE is active, and 
drivers output the data from the RAM array to the data bus. A signal derived 
from OP REQ and MEM/I0 triggers a one-shot, which outputs a 650 nanosecond pulse 
(RAM HOLD), which is output to the system bus as OPACK and holds the CPU until 
the data on the bus is stable. 

4.1.2 	RAM Write 

Writing to the RAM array involves the same addressing sequence as a read. In 
the case of RAM write operation, however, the signal R/W must be low. A write 
operation triggers a one-shot and generates a 400 ns RAM WRITE pulse to strobe 
the data into the selected row of  devices. At the same time, another one-shot 
is triggered to generate the OPACK signal to the CPU. 

4.1.3 	DROM Read 

The sequence of reading from the PROM array is similar to a RAM read. If PROM 
is resident on the board (it will not be on other memory boards in the system), 
a decoder outputs PROM RESIDENT, which in turn triggers a PROM hold one-shot, 
and HOLD (OPACK) will be output to the bus. At the same time, PROM OUT ENABLE 
enables the PROM output drivers which output the data to the data bus. To 
eliminate interference from RAM occupying the same address space, PROM OUT 
ENABLE generates RAM INH which prevents any RAM arrays from being enabled. 

4.2 	DETAILED FUNCTIONAL DESCRIPTION 

Referring to Figure 4-1, the following describes the five major flanctional 
blocks. 

4.2.1 	Memory Organization 

The RAM array is composed of 32 type 2102-2 memory devices, each capable of 
storing 1024 bits. These are organized into a four row by eight column array, 
for a total capacity of 4096 eight-bit words. 

The board contains programming provisions to allow the 4K of RAM to be based 
at a selected 4K segment of the 64K NIN memory space. A means for disabling 
portions of RAM when PROM is installed in the same memory space is also 
included. 
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Although the basic printed circuit board is designed to support up to eight 
1702A PROMS, circuitry is installed to support only the 256 bytes of bootstrap 
PROM. 

4.2.2 	Memory Addressing 

The board contains a group of four switches which allow the base address of the 
RAM array to be placed at any multiple of 4K between 0 and 60K. Similarly, 
switches and a jumper are provided to allow the base address of the PROM array 
to be placed at any multiple of 2K between 0 and 62K. These are factory wired 
to location 0. 

The sixteen address bus bits (A0-A15) are divided into three groups to address 
the PROM array. The five most significant bits (All-A15) are applied to the 
PROM base address comparator. The other inputs to the comparator are the five 
base address programming switches, the CMEM bus signal, and a CMEM programming 
jumper. This jumper allows the board to be used in either Master or Slave mem-
ory portion of the systen. The comparator output enables the PROM read cir-
cuits. The second group of bits, A8-A10, are decoded into eight lines to enable 
one of the eight PROM devices. These signals are also applied, via jumpers, to 
the PROM read circuits. These switches are used to enable the PROM read cir-
cuits only for those PROM devices that are actually installed on the board. 
The third group of address lines AO-A7, select one of the 256 bytes of the 
enabled PROM to be output to the data bus drivers. 

The address lines are also divided into three groups to address the RAM array 
on the board. Address lines Al2 to A15 are applied to the RAM base address 
comparator, whose output enables the RAM read and write circuits. Lines A10 and 
Al1 are decoded to select one of the four "rows" of the array, while AO-A9 se-
lect the proper bit within the selected row. 

The PROM read enable signal is also applied to the system bus as a RAM inhibit 
(RAM INH) signal. This signal is used to inhibit the output of the RAM base 
address comparator. Thus, if PROM is installed in an address space where RAM 
also exists, the RAM output will be disabled when PROM at the same address is 
being read. 

4.2.3. Timing 

Memory is enabled when the CPU is executing an instruction requiring a read or 
write involving memory. During the CPU cycle, control signals become active to 
control transfer of data to or from memory. 71Walerts memory and I/O units 
that a data transfer is in the offing. EEM/I0 signifies that either a meoury of 
I/O unit is to be activated, and R/Ardetermines whether the requested operation 
is a read or write. 
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On the board, MEM/I0 and OPREQ are ANEed to generate the basic memory timing 
signal. When PRCM is addressed, the output of the PRCM read enable circuit is 
used to enable a data bus driver which places the PROM outputs on the data bus. 
At the same time a one-microsecond MEED signal is generated which is ultimately 
applied to the 2650 OPACK input. This provides the delay necess2ry to ensure 
that valid PROM data is on the data bus before the CPU proceeds to read the 
data. 

If RAM is addressed (and no PROM occupies the same address space), and a read 
operation is requested, the RAM data output drivers are enabled to place RAM 
data on the data bus. If the operation  is a write, a 400 ns write pulse is gen-
erated and applied to the RAM write circuits to write the data into the RAM 
array. This write pulse occurs after a 200 ns delay to allow settling of the 
address and data buses. In either case, a 650 ns HOLD signal is generated to 
Hold the CPU until the operation is complete. 

4.2.4 	-9 Volt Regulator 

The -12 VDC input from the system bus is applied to a 3 V Zener diode which pro-
vides the -9 VDC power for operation of the single PROM. 

4.3 	UTILIZATION 

The PROM/RAM Memory board may be used as a general-purpose RAM or ROM storage 
unit. Table 2-5 lists the required input lines; all levels are TTL-compatible. 
The unit is designed to be mounted vertically in a 100-pin printed circuit 
connector. Guides should be provided on both vertical edges to prevent move-
ment. 

Exposure to dust and vibration should be avoided for reliable operation. The 
board should not be mounted near other components which radiate heat toward the 
Memory board. 

The board requires the following DC voltages: 

(1) +5 VDC at 1.2 A 
(2) -12 VDC at 60 mA 

4.3.1 	Switches and Jumpers 

The PROM/RAM Memory Board has provision for switches and jumpers which provide 
user control over the operation of the board. Jumpers disabling RAM and PROM 
hold circuits must be cut when the board is used with different CPU devices. 
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4.3.2 	RAM Base Address Selection 

Switch E8A is used to set the base address of the 4K RAM. This may be set at 
any 4K multiple between C and 60K. The switch weights and sample settings for 
a base address of 20,480 are as follows: 

shaliNo FOR BASE 
SWITCH 	WEIGHT 	ADDRESS OF 20,480 (4096x5) 

E8A-1 	4,096 	ON 
E8A-2 	8,192 	0FF 
E8A-3 	16,384 	ON 
E8A-4 	32,768 	0FF 

4.3.3 	PROM Base Address Selection 

Switch E8B when installed by the user and jumper J1 select the base address of 
the 2K PROM at any 2K multiple between 0 and 62K. The switch weights and 
sample settings for a base address of 12,288 are as follows: 

SI IIING FOR BASE 
SWITCH 
	

WEIGHT 	ADDRESS OF 12,288(2048x6) 

E8B-1 	2,048 	0FF 
E8B-2 	4,096 	ON 
E8B-3 	8,192 	ON 
E8B-4 	16,384 	OFF 
J1 	32,768 	OPEN 

4.3.4 	Resident PROM Selection 

Switch D14 when installed by the user, designates the address ranges occupied by 
PROM and for which RAM should be disabled. Jumper J5 can be left open to dis-
able this function. The switch positions, the PROM location, and the corres-
ponding address spaces are as follows, where 'BA' refers to the PROM base 
address. 

SWITCH 	PROM 	ADDRESS RANGE 

D14-1 	A10 	BA+ 0-BA+ 255 
D14-2 	B10 	BA+ 256-BA+ 511 
D14-3 	Al2 	BA+ 512-BA+ 767 
D14-4 	B12 	BA+ 768-BA+1023 
D14-5 	A13 	BA+1024-BA+1279 
D14-6 	B13 	BA+1280-BA+1535 
D14-7 	A15 	BA+1536-BA+1791 
D14-8 	B15 	BA+1792-BA+2047 
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4.3.5 	Other Jumpers 

J2 determines whether the RAM is selected when the CMEM bus signal is low or 
when it is high. J8 perforgs the same function for the PROM area. J3 can be 
used to disable the RAM completely and J4 will disable the PROM completely. J6 
determines if the one microsecond PROM hold signal is applied to the HOLD bus 
line; and J7 does the same for the 650 millisecond RAM hold signal. The PROM 
hold jumper must be cut when the board is used with RAM clone. 



TABLE 4-1 

PIN LIST, MASTER MEMORY BOARD 

Pin 
	

Signal 	Description 

1 	+5 V 	Logic Power Input 
2 	+5 V 	Logic Power Input 
3 	+5 V 	Logic Power Input 
4 	+5 V 	Logic Power Input 
5-12 	not used 
13 	-12 V 	Power Input 
14 	-12 V 	Power Input 
15 	gnd 
16 	gnd 
17 	ADRO 	Address Bit 0 
18 	ADR1 	Address Bit 1 
19 	ADR2 	Address Bit 2 
20 	 Address Bit 3 
21 	OR 	Address Bit 4 
22 	ADR5 	Address Bit 5 
23 	Al 	Address Bit 6 
24 	ADRI 	Address Bit 7 
25 	i.b -g 	Address Bit 8 
26 	41-. 	Address Bit 9 
27 	ADR e 	Address Bit 10 
28 	"ZFTT 	Address Bit 11 
29 	ADR12 	Address Bit 12 
30 	ADR13 	Address Bit 13 
31 	ADRI 	Address Bit 14 
32 	ADR15 	Address Bit 15 
33 	CMEM 	Slave memory select input 
34 	RAMINH 	RAM inhibit output 

35 	not used 
36 	DATA 0 	Data Bit 0 
37 	DATA 1 	Data Bit 1 
38 	DATA 2 	Data Pit 2 
39 	DATA 3 	Data Bit 3 
40 	5EW4 	Data Bit 4 
41 	DATA 5 	Data Bit 5 
42 	DATA 6 	Data Bit 6 
43 	DATA 7 	Data Bit 7 
44-50 	not used 
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TABLE 4-1 

PIN LIST, MASTER MEMORY (CONTINUED) 

Pin 	Signal 	Description 

51 	not used 
52 	-NVIO 	Memory/I0 Ehable 
53 	SPARE 	SPARE 
54 	OPREQ 	Operation Request 
55 	Ra 	Read/Write Con:mand 
56 	BOLD 	Bold Command to CPU 
57 	not used 
58 	not used 
59 	RESET 	System Reset Input 
60-96 	not used 
97 	gnd 
98 	gnd 
99 	gnd 
100 	gnd 

4 -9 



CHAPTER 

SLAVE CPU AND TWICE INTERFACE 

5.0 	GENERAL DESCRIPTION 

The Slave CPU executes and supports debugging of user programs both within the 
development computer and externally through the TWICE in-circuit emulation 
assembly. The heart of the Slave CPU is a special version of the 2650 micro-
processor (CT354). Operation is essentially identical to the 2650 contained on 
the Master CPU module. Interface and multiplex circuitry connect the CPU to the 
system bus or to the TWICE cable, depending on the mode of user operation. 
Other logic includes a forced jump sequencer, memory protect gating and instruc-
tion fetch logic. Forced jump legio enables the system to start the user program 
at any location, or jump the Slave to a trace routine where register contents 
are dumped. Memory protect gating is programmed by the system to confine a 
Slave to a particular 16K or 32K section of slave memory. Fetch decode circuitry 
provides a prediction of the next instruction fetch. This is used to allow the 
debug logic to know when an instruction is being fetched for storage and later 
retrieval during a trace operation, and to time the start of the forced jump 
sequence. This circuitry is replaced in later units by use of a special 2650 
IC (CT354) which has the fetch signal multiplexed with the RUN line. 

5.1 	OVERALL BLOCK DIAGRAM 

A simplified block diagram is shown in Figure 5-1. The Slave CPU can be divided 
into the following sections shown in the detailed block diagram Figure 5-2: 

1) TWICE (user) and CPU support logic 

2) 2650 address, data paths 

3) Forced Jump logic 

4) Priority interrupt logje 

5) Memory protect logic 

6) Fetch decode logic 

The TWICE control logic channels 2650 data, address and control signals to the 
bus or to the TWICE cable depending on the user mode and the type of operation. 
An internal bi-directional data bus connects directly to the 2650 and handles 
user data, bus data, and forced jump bytes. 
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The forced jump logic, under command from the Debug module, places an uncondi-
tional branch jnstruction on the data bus in place of the next memory instruc-
tien fetch. This is followed by two address bytes multiplexed to the data bus 
and originating from the Debug module. The priority interrupt logic receives 
up to 8 interrupt levels, priority tincodes them and interrupts the 2650 CPU. 
When the CPU acknowledges the interrupt, the encoded vector is placed on the 
external data bus providing the CPU with the interrupt subroutine address. 

Memory protect logic confines the Slave to any 16K, 32K or 64K section of memory 
by overriding address bit 15 and/or 14 under Master CPU control. This feature 
allows multiple Slave operation with memory protected. It also automatie1  ly 
relocates the Slave address space, so that programs operate relative to zero, no 
matter to which section of memory the Slave is confined. 

The fetch decode logic stores the op code on the data bus during each instruc-
tion fetch, decodes it sufficiently to determine the number of OPREQ cycles in 
the instruction, and finally provides a "FETCH" signal predicting the next in-
struction fetch. This indication is used for debug storage of the instruction 
address during trace operation and to time the forced  jump sequence. Inclusion 
of a special 2650 (C1354) in later units with the Itat:H signal multiplexed with 
the RUN line obsoletes most of the fetch decode logic. The special 2650 RUN 
line is demultiplexed to create separate RUK and EEREI lines. 

5.2 	DETAILED FUNCTIONAL DESCRIPTION 

5.2.1 	TWICE (User) and CPU Support Logic 

The Master CPU controls the Slave operating mode through the use of a corrmand 
byte whose format is shown in Figure 5-3. The command byte is issued with an 
extended I/O instruction to address EO. The byte contains memory protect, bus 
address and block size, an interrupt disable bit, two user mode bits, and an 
active/inactive bit. 

The memory protect bits are further discussed in Section 5.2.5. The interrupt 
disable bit masks the interrupt line to the CPU and is used during certain Debug 
routines. The inactive bit pases the CPU, holds it in a reset state and dis-
ables all bus lines. Figure 5-4 is a detailed block diagram of the control 
logje. 

The user mode bits control TWICE operating mode and are coded as follows: 

Mode 0 00 - Normal Slave environment. Slave Memory and System I/O 

Mode 1 01 - Slave Memory and external prototype system I/O through 
the TWICE cable. 
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Mode 2 11 - Ekternal prototype system memory and 
prototype system I/O 

Figure 5-5 shows control line connectiors for eac user mode. In any user mode 
(modes 1 and 2) the user clock replaces the normai CPU clock. This prevents 
synchronization problems when switelárg between external and ~7211 operations 
in mode 1. Certain signals are available to the bus in any mode. This allows 
system control of the Slave even while in TWICE mode. On the output side, 
OPREQ is multiplexed to the user or to the system depending on the mode and 
type of CPU operation. A s~itebTMEZ is sent to  the debug card in any mode 
for maintenance front panel single step. FLAG and INTACK are routed to the 
user in modes 1 and 2 only. All other outputs are routed to both in any mode. 
These signals have no validity unless OPREQ is present. 

The clock held circuit is used for maintenance front panel single step or can 
be used by an I/O device slower than 10 microseconds. The 2650 requires an 
OPACK in 10 microseconds or loss of internal data could occur. The clock bold 
circuit holds the clock low for an integral number of clock cycles. The clock 
is restarted synchronously. 

The system Slave clock is produced by dividing the 10 MHZ bus clock by 8 to 
produce a square wave with an 800 nanosecond period. 

The OPREQ 250 nanosecond delay is required as in the Master CPU to stabilize 
the 2650 address lines before accessing the system. The circuit is identical to 
the Master CPU. OPREQ to the TWICE cable is not delayed. 

The special 2650 processor (C7354) has FETCH multiplexed with RUN. By ANDing 
RUN andaR4 together, a demultiplexed FETCH signal is produced. To eliminate 
a leading edge race condition, the delayed OPREQ is also ANDed with the result. 
The original RUN signa' is reconstructed by OR'ing OPREQ and RUN together. A 
bridging circuit delays the trailing edge, removing ~Aal glitches. Timing 
is illustrated in Figure 5-6. 

5.2.2 	2650 Address and Data Paths 

All fourteen address bits are continuously output to the TWICE cable through 
tristate drivers. Address bits A0-A13 are output to the system bus through tri-
state drivers gated by RUN unless a forced jump is in progress. Output of bits 
A14 and A15 to the bus is controlled by the memory protect logic discussed 
in paragraph 5.2.4. 
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TWICE Mode 

INPUT 	0 	1 	2 

CLOCK 	system 	user 	user 
FAUSE 	system 	usPr + system user + system 
RESET 	system 	user + system user + system 
OPACK (Hold) system 	user if I/O 	user + system 
INTREQ 	system 	user 	user 
SENSE 	system 	user 	user 

TWICE Mode 

OUTPUTS 	0 	1 	2 

RUN 	system + user 	system + usor 	system + user 
OPREQ 	system + F.P. 	user if I/O 	user + F.P. 

+ F.P. 

WRP 	system + user 	system + user 	system + usPr 
M/I/0 	system + user 	system + user 	system + user 
FLAG 	system ier 	user 
R/W 	system + user 	system + user 	system + user 
INTACK 	system 	user 	user 

FIGURE 5-5 

CONTROL LINE MULTIPLEXING 
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The internal data bus connecting directly to the 2650 CPU is buffered to the 
system buá by bi-directional receiver/driver pairs. The bi-directional user 
cable data lires are driven with tristate bus drivers, and received with Schmitt 
trigger inverters. The inverters feed the internal bus through tristate dri-
vers. The cable is terminated with pull up, pull down resistors at the charac-
teristic line impedance. Trie forced jump instruction and data bytes are also 
multiplexed onto the internal data bus as discussed in Section 5.2.3. 

Note that the data is gated to the system bus during forced jumps and user data 
input. This allows viewing all operations from the maintenance front panel 
during single step operating mode. 

5.2.3 	Forced Jump Logic 

The detailed block diagram, Figure 5-2, illustrates the forced jump sequencer. 
A timing diagram is shown in Figure 5-7. 

The Debug module commands a forced jump with a "JUMP ObID" pulse. This enables 
the jump circuitry. The next instruction fetch clocks the sequencer to JMP1 
enabling Hex '1F' (an unconditional branch instruction) on  the internal data 
bus. This overrides the normai memory fetch. The next OPREQ clocks the 
sequencer to JMP 2 which sends a jump acknowledge to the Debug module. The 
Debug module then presents the jump address on the system address bus. JMP 2 
outputs the high address byte from the address byte to the inter/lal data bus. 
The next 	clocksthe sequence to JMP 3 and outputs the low byte  from the 
address bus to the internal data bus. The trailing edge of OPREQ ends the 
sequence and resets the sequencer. In many Debug modes, after the 1F 
instruction is given to the Slave, the Slave is paused and the Master executes 
a routine before returning the bus to the Slave. When control is returned, the 
second two bytes of the instruction are presented as if no interruption had 
occurred. 
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5.2.4 	Slave CPU Priority Interrupt Logic 

Nine interrupt lines enter the Slave module from the system bus. One is a direct 
CPU interrupt which bypasses the priority interrupt logje. To use this line, a 
device must generate its own vector during INTACK. The other eight lines are 
sampled at 10 MHZ rate and enter a priority encoder. If one or more interrupts 
are present, the CPU interrupt line is activated. When the CPU responds with 
INTACK, the sampling is stopped and the highest priority line is encoded and 
placed on the external data bus. Vectors start at location zero for the highest 
priority interrupt and are spaeed every two bytes. This allows a branch relative 
indirect instruction to be placed at the vector location. An interrupting device 
must look at the contents of the data bus during INTACK to determine that its 
interrupt has been acknowledged. 

5.2.5 	Memo,• Protect Logic 

The Slave CPU can be confined to a particular section of Slave memory under Mas-
ter command. Four bits of the Slave command byte (Figure 5-3) specify the base 
address and the block size, as shown below: 

Base Control Bits 	Base Address 
00 	0 
01 	16K 
10 	32K 
11 	48K 

The base control bits specify bits A15 and/or A14 if the CPU address is over-
ridden. The block size bits determine whether bit 14 and/or 15 is specified by 
the base control bits. 

Block Size Bits 	Block Size 
00 	No Protect-16K 
01 	Not Used 
10 	32 K (Base 0 or base 32K only) 
11 	16K 

For a 32K block bit, 15 is overridden; for a 16K block, both bits 15 and 14 are 
overridden. 

As well as confining the Slave CPU, this relocates the Slave address. Thus, 
routines can be executed relative to zero no matter which base is specified. 

5.3 	UTILIZATION 

Although the Slave CPU board was designed specifically for use in the TWIN sys-
tem, it can be used in products of a general nature. External pover is required 
as listed below. The board is designed to be plugged into a 100-pin printed 
circuit connector. 
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B5 	SLAVE CPU BOARD 
(COMPONENT SIDE) 

The f'llowing supply voltages are required 
1. +5 V at 	2.- 	A (with TWICE cable) 
2. +5 V at 	1.3 	A (without TWICE cable) 
3. +12 V at 50 	mA 
4. -12 V at 50 	mA 

The board should be mounted vertically with side supports to mánámize vibration. 
Sufficient space should be lelt on both sides of the board to permit heat dis-
sipation. Other components radiating large volumes of heat should not be located 
near the board. 

Tables 5-1 through 5-3 show mother board, and TWICE I/O connections. Note that 
alternate ground lines on the TWICE cable provide good transmission line charae-
teristics. A fuse near the top edge of the Slave module protects the +5 V 
line supplying current to the TWICE interface. This is a standard 1 amp fast 
blow fuse. 

The following is a list of pertinent I/O characteristics for the baard. 

MOTHERBOARD LOGIC I/O LEVELS: 
General Input 
General Output 
A2-A7, IN 
DO-D8 IN 
INTO-INT 8, CPU INT, SLV PAUSE 
UPAUSE 	OUT 

LOGIC 1 
2.4V @ -.1mA 
2.4V @ -5.2mA 
2.4V @ .1mA 
2.4V @ .2mA 
2.4V @ .1mA 

LOGIC 0 
0.8V @ 1.6rnA 
0.5V @ 48mA 
0.8V @ 2.0mA 
0.8V @ 3.6mA 
0.8V @ 4.1mA 
0.7V @ 14mA 

Delay characteristics of the TWICE interface assembly are listed in Table 5-4. 

5.3.1 	FLAG Line Output Gating 

The FLAG output to the TWICE interface cable is normally gated by the USER I/O 
control signal on the Slave CPU card. In certain applications, this gating may 
produce undesired transitions on the FLAG output during Debug trace operations. 
The gating function can be removed by cutting a trace and adding a jumper as 
illustrated below. 

Trace 0 causes the FLAG output to be ated by the USER I/O control signal. 
To disable the gating function, cut trace 11 and add jumper Ø. 
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TABLE 5-1 

PIN LIST, EDGE CONNECTOR P1 

Pin 
	

Signa). 	Description 

	

1 	+5 V 	Logic Power Input 

	

2 	+5 V 	Logic Power Input 

	

3 	+5 V 	Logic Power Input 

	

4 	+5 V 	Logic Power Input 
5-8 	not used 

	

9 	gnd 

	

10 	gnd 
11-14 	not used 

	

15 	gnd 

	

16 	gnd  

	

17 	ADR 0 	Address Bit 0 

	

18 	ADR 1 	Address Bit 1 

	

19 	ADR 2 	Address Bit 2 

	

20 	ADR 3 	Address Bit 3 

	

21 	ADR 4 	Address Bit 4 

	

22 	ADR 5 	Address Bit 5 

	

23 	1DR6 	Address Bit 6 

	

24 	ADR 7 	Address Bit 7 

	

25 	ADR 8 	Address Bit 8 

	

26 	ADR 9 	Address Pit 9 

	

27 	ADR 10 	Address Bit 10 

	

28 	ADR 11 	Address Bit 11 

	

29 	ADR 12 	Address Bit 12 

	

30 	ADR 13 	Address Bit 13 

	

31 	/774 	Address Bit 14 

	

32 	ADR 15 	Address Bit 15 

	

33 	CMEM 	Comrx.)n Memory Ehable 

	

34 	not used 

	

35 	not used 

	

36 	DATA 0 	Data Bit 0 

	

37 	DATA 1 	Data Bit 1 

	

38 	DATA 2 	Data Bit 2 

	

39 	DATA 1 	Data Bit 3 

	

40 	1774 	Data Pit 4 

	

41 	DATA 5 	Data Bit 5 

	

42 	7DKIK6 	Data Bit 6 

	

43 	DATA 7 	Data Bit 7 
44-51 	not used 
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TABLE 5-1 

PIN LIST, EDGE CONNECTOR P1 (continued) 

Pin 	Signal 
	

Description 

52 	W/I0 	Memory /I0 Enable Input 
53 	7RP 	Write Pulle Input, 
54 	OPREQ 	Operation Request Input 
55 	RTW 	Read/Write Ehable Input 
56 	HOLD 	Operation Acknowledge Input 
57 	JMF CMD 	Jump COmmand Input 
58 	RUN 	Run Condition Output 
59 	RESET 	Reset Input 
60 	MI' ACK 	Jump Acknowledge Output 
61 	INTA 	1NTACK Output 
62 	rimó 	Interrupt Level 0 Input 
63 	1771 	Interrupt Level 1 Input 
64 	INT 2 	Interrupt Level 2 Input 
65 	INT 3 	Interrupt Level 3 Input 
66 	IN1 4 	Interrupt Level 4 Input 
67 	INT 5 	Interrupt Level 5 Input 
68 	INT -6 	Interrupt Level 6 Input 
69 	INT 7 	Interrupt Level 7 Input 
70 	SLV CPU INT 	Slave CPU Interrupt Input 
71-74 	not used  
75 	SLV OPREQ 	Slave Operation Request Output 
76 	SLV RESET 	Slave Reset Input 
77 	SLV PSE 	Slave Pause Input 
78-81 	not used 
82 	19ETCR 	Fetch Operation Output 
83 	PAUSE 	CPU Pause Input 
84 	MAST RUN 	Master CPU Run Indication 
85 	SMSR 	CPU Sense Input 
86 	VLAG 	CPU Flag Output 
87-94 	not used 

95 	2650 CLK 	Slave CPU Clock Input 
96 	not used 
97 	gnd 
98 	gnd 
99 	gnd 
100 	gnd 
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TABLE 5-2 

PIN LIST, EDGE CONNECTOR P2 

Pin 	Signal 	Description 

	

1 	UA 0 	User Address Bit 0 

	

2 	gnd  

	

R 	UA 1 	User Address Bit 1 

	

4 	gnd  

	

5 	UA 2 	User Address Bit 2 

	

6 	gnd  

	

7 	UA 3 	User Address Bit 3 

	

8 	gnd 

	

9 	UA 4 	User Address Bit 4 

	

10 	gnd 

	

11 	trA7 	User Address Bit 5 

	

12 	E29.1_ 

	

13 	OA 6 	User Address Bit 6 

	

14 	gnd  

	

15 	UA 7 	User Address Bit 7 

	

16 	 SPg_ 

	

17 	0A-8 	User Address Bit 8 

	

18 	gnd 

	

19 	TA---9 	User Address Bit 9 

	

20 	gnd  

	

21 	UA 10 	User Address Bit 10 

	

22 	gnd  

	

23 	UA 11 	User Address Bit 11 

	

24 	
gnd-- 

	

25 	Uk 	User Address Bit 12 

	

26 	PA__ 

	

27 	UA -13 	User Address Bit 13 

	

28 	vid  

	

29 	UA 14 	User Address Bit 14 

	

30 	gnd 

	

31 	U RUN 	User Run Indication 

	

32 	gnd 

	

33 	U R/W 	User Read/Write Indication 

	

34 	gnd 

	

35 	U M/IO 	User Memory/I0 Indication 

	

36 	gnd 

	

37 	U OP 	User Write Pulse Output 

	

38 	gnd 

	

39 	U OPREQ 	User Operation Request Output 

	

40 	gnd 
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TABLE 5-3 

PIN LIST, EDGE CONNECTOR P3 

Pin 	Signal 	Descripton 

	

1 	UD 0 	User Data Bj.t 0 

	

2 	gnd 

	

3 	U'D -1- 	User Data Bit 1 

	

4 	gnd 

	

5 	015-7 	User Data Bit 2 

	

6 	gnd 

	

7 	UD 3 	User Data Bit 3 
8 gnd

U  

	

9 	4 	User Data Bit 4 

	

10 	gnd  

	

11 	UD 5 	User Data Bit 5 
12 gnd 

	

13 	 User Data Bit 6 

	

14 	gnd  

	

15 	UD 7 	User Data Bit 7 

	

16 	gnd 

	

17 	U HOLD 	User Bold Input 

	

18 	gnd 

	

19 	U PAUS 	User Pause Input 

	

20 	gnd 

	

21 	U RESET 	User Reset Input 

	

22 	gnd 

	

23 	U INTREQ 	User Interrupt Request Input 

	

24 	gnd 

	

25 	U SENSE 	User Sense Input 

	

26 	gnd 

	

27 	U CLK 	User Clock Input 
29-36 	not used 
37-40 	+5 V 	User Logic Power Cutput 



TABLE 5-4 
TWICE INTERFACE CHARACTERISTICS 

INTERFACE PROPAGATION DELAY 

Inciudes all delay from/to processor chip and 40-pin socket. 

CONTROL TO 2650 (in nanoseconds)  

OPACK 
ntrg 
RESET  
INTREQ 
SENSE 
CLOCK 

CONTROL FROM 2650  

TYP  
55 
	

84 
76 
	

121 
66 
	

98 
66 
	

98 
46 
	

61 
68 
	

118 

OPREQ 
RUN 
MIrCT 
FLAG 
17/W 
INTACK 
WRP 

57 	84 
83/173* 	127/213* 
57 	84 
57 	84 
57 	84 
58 	83 
37 	47 

DATA IN/OUT 	43 
ADDRESS 	43 

56 
56 

*RUN TRAILING EDGE DELAYED ONE OR TWO 10MHZ CLOCK CYCLES 

INTERFACE LEVELS 

CONTROL TO 2650 
CONTROL FROM 2650 
DATA IN 
DATA/ADDR OUT 

LOGIC()  

0.4 mA @ 0.8V MAX 
16.0 mA @ 0.4V MAX 
0.4 mA @ 0.8V MAX 
48.0 mA @ 0.5V MAX 

LOGICI  

40.0 UA @ 2.0V MIN 
0.8 mA @ 2.4V MIN 

80.0 UA @ 2.0V MIN 
5.2 mA @ 24.V MIN 
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CHAPTER 6 

RAM MEMORY 

5.0 	INTRODUCTION 

The RAM Memory module provides RAM storage for the Master or Slave CPU. Each 
module is capable of storing up to 4K eight.-bit bytes of data. 

Each module has a switch-selected base address, allowing unique selection of 
modules in the system. 

Communications with the CPU is accompiished through the system data bus, which 
is driven by a set of drivers and receivers for the RAM array. The drivers and 
receivers are enabled only when the board is accessed. 

Memory is enabled when the CPU is executing an instruction requiring a read 
from, or write to memory. During each CPU cycle, control signals are active 
to control transfer of data to or from the data bus. 

6.1 	OVERALL BLOCK DIAGRAM 

A block diagram of the board is shown in Figure 6-1. 'Mere are four major 
blocks: RAM, Address Logic, Operation Control, and Timing Logic. The 
following paragraphs discuss the function of each of these blocks in typical 
memory read and write operations. 

6.1.1 	RAM Read 

At the beginning of a CPU read cycle, addresses are output to the system 
address bus by the CPU. At approxinrately the same time, control signals become 
active to determine the direction of data flow on the data bus and to enable 
modules which will transmit or receive the data. 

Address lines are input to the RAM Memory board from the system bus. The upper 
four address bits (Al2-15) are used to select one of the memory boards in the 
system. This is done by comparing the four address bits with the board address 
selected by four board mounted switches. If the address compares, RAM MODULE 
SELECT is generated and the read sequence begins. The other conditions which 
must be met to output data are that 	must be active, Riglitst be high, and 
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MEMVIO must be low (i.e., a memory read operation must be specified by the CPU). 
If all these conditions are net, RAM OUTPUT ENAKE is active, and drivers output 
the data from the RAM array to the data bus. A signal derived fran OPREQ and 

RER/I0 triggers a one-shot, which outputs a 650 nanosecond pulse (RAM HOLD), 
which is output to the system bus as ÓPER and holds the CPU until the data on 
the bus is stable. 

6.1.2 	RAM Write 

Writing to the RAM array involves the same addressing secivence as a read. In 
the case of RAM write operation, however, the signal R/W must be low. A write 
operation triggers a one-shot and generates a 400 ns RAM WRITE pulse to strobe 
the data into the selected row of devices. At the same time, another one-shot 
is triggered to generate the =P- 	signal to the CPU. 

6.2 	DETAILED FUNCTIONAL DESCRIPTION 

Referring to Figure 6-1, the following describes the four major functional 
blocks. 

6.2.1 	Memory Organization 

The RAM array is composed of 32 type 2102-2 memory devices, each capable of 
storing 1024 bits. These are organized into a four row by eight column array, 
for a total capacity of 4096 eight-bit words. 

6.2.2 	Memory Addressing 

The board contains a group of four switches which allow the base address of the 
RAM array to be placed at any multiple of 4K between 0 and 60K. 

The sixteen address bus bits (A0-A15) are divided into three groups to address 
the RAM array. The four most significant bits (Al2-A15) are applied to the 
RAM base address comparator. The other inputs to the comparator are the four 
base address programming switches, the CMEM bus signal, and a CMEM programming 
jumper. This jumper allows the board to be used in either naster or Slave mem-
ory portions of the portions of the system. The output of the RAM base address 
comparator output enables the RAM read and write circuits. Lires A10 and All 
are decoded to select one of the four "rows" of the RAM array, white A0-A9 
select the proper bit within the selected row. 
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6.2.3 	Timing 

Memory is enabled when the CPU is executing an instruction requiring a read or 
write involving memory. During the CPU cycle, control signals become active to 
control transfer of data to or from memory. 0PRE alerts memory and I/O units 
that a data transfer is in the cffing. MEM/I0 signiftes that either a memory of 
I/O unit is to be activated, and R/W- determines whether the requested operation 
is a read or write. 

On the board, MEM/I0 and OPREQ are ANDed to generate the basic memory timing 
signal. If RAM is addressed, and a read operation is requested, the RAM data 
output drivers are enabled to place RAM data on the data bus. If the operation 
is a write, a 400 ns write pulse is generated and applied to the RAM write cir-
cuits to write the data bus contents into the RAM array. This write pulse 
occurs after a 200 ns delay to allow settling of the address and data buses. In 
either case, a 650 ns BOLD signal is generated to hold the CPU until the opera-
tion is complete. 

6.3 	UTILIZATION 

The RAM Memory board may be used as a general-purpose storage unit. Table 6-1 
lists the required input/output lines; all levels are TEG-compatible. The unit 
is designed to be mounted vertically in a 100-pin printed circuit connector. 
Guides should be provided on both vertical edges to prevent movement. 

Exposure to dust and vibration should be avoided for reliable operation. The 
board should not be mounted near other components which radiate heat toward the 
Memory board. 

The board requires the following DC voltage: 

+5 VDC at 1.2 A 

6.3.1 	Switches and Jumpers 

The RAM Memory Board contains several switches and jumpers which provide user 
control over the operation of the board. Jumpers disabling RAM held circuits 
must be cut when the board is used with different CPU devices. 

6.3.2 	RAM Fase Address Selection 

Switch E8A is used to set the base address of the 4K RAM. This may be set at 
any 24K multiple between 0 and 60K. The switch weights and sample settings for a 
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a base address of 20,480 are as follows: 
ShilING FOR BASE 

SWITCH 	WEIIMT 	ADDRESS OF 20,480(4096x5) 

E8A-1 	4,096 	ON 
E8A-2 	8,192 	OFF 
E8A-3 	16,384 	ON 
E8A-h 	32,768 	OFF 

5.3.3 	Other Jumpers 

J2 determines whether the RAM is selected when the CMEM bus signal is low or 
when it is high. J3 can be used to disable the RAM completely. J7 does the 
same for the 650 millisecond RAM hold signal. 

1 
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TABLE 6-1 

FLN L. 	RAM MEMORY BOARD 

Pin 
	

Signal 	Description 

1 	+5 V 	Logic Power Input 
2 	+5 V 	Logic Power Input 
3 	+5 V 	Logic Power Input 
4 	+5 V 	Logic Power Input 
5-14 	not used 
15 	gnd 
16 	gnd  
17 	ADRO 	Address Bit 0 
18 	On 	Address Bit 1  
19 	W 	Address Bit 2 
20 	ADR3 	Address Bit 3 
21 	AD 	Address Bit 4 
22 	ADR5 	Address Bit 5 
23 	Zig 	Address Bit 6 
24 	ADRI 	Address Bit 7 
25 	1178 	Address Bit 8 
26 	rbM 	Address Bit 9 
27 	ADR10 	Address Bit 10 
28 	ADR11 	Address Bit 11 
29 	ADR12 	Address Bit 12 
30 	n-173 	Address Bit 13 
31 	17T4 	Address Bit 14 
32 	ADR15 	Address Bit 15 
33 	G4EM 	Slave memory select input 
34 	RAMINH 	RAM inhibit output 
35 	not used 
36 	DATA 0 	Data Bit 0 
37 	DATA 1 	Data Bit 1 
38 	DATA 2 	Data Bit 2 
39 	DATA 3 	Data Bit 3 
40 	DATA -4 	Data Bit 4 
41 	DATA 5 	Data Bit 5 
42 	DATA 	Data Bit 6 
43 	DATA 7 	 Data Bit 7 
44-50 	not used 
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TABLE 6-1 

PIN LIST, RAM MEMORY (continued) 

	

Pin 	Signa' 	Desoription 

	

51 	not used 

	

52 	N/I0 	Memory/I0 Enable 

	

53 	not used 

	

54 	DIPREQ 	Operation Request 

	

55 	R/97 	Read/Write Command 

	

36 	1 	Hold Command to CPU 

	

57 	not used 

	

58 	not used 

	

59 	RESET 	System Reset Input 
60-97 	not used 

	

98 	gnd 

	

99 	gnd 

	

100 	gnd 



CHAPTER 

GENERAL-PURPOSE I/O BOARD 

7.0 	INTRODUCTION 

The General-Purpose I/O Board provides a means of interfacing a processor 
(either Master or Slave) to external data devices. These include CRT terminals, 
teletypewriters, high-speed paper tape readers, or any 8-bit parallel device. 
The board includes the necessary hardware to convert serial inputs to the para-
llel data required by the processor, and includes teletype reader control. Sta-
tus registers allow the systen to monitor data I/O status and take appropriate 
action when necessary. Six input and output ports are included. The board also 
includes up to 16 levels Of interrupts to service the requirements of peri-
pherals connected to the board. Peter to gure 7-1. 

Four edge connectors are provided at the top of the board for commxtion to 
external peripheral devices. One of the connectors (P2) is dedicated to the 
RS-232-C/ITY port. Connector P3 is dedicated to I/O ports 0 and 1. Connectors 
P4 and P5 are unassigned and can be configured for custan interface connections 
to external peripherals. Wire-wrap pins may be installed in holes provided in 
the board and connections may be made by the user to I/O ports 2 and 3 or to 
the interrupt input circuitry. 

7.1 	GENERAL DESCRIPTION 

Figure 7-2 is a data flow block diagram of the board. 

Interrupt circuits are provided for up to 16 devices when the General-Purpose 
I/O board is used with the Master CPU, and for up to eight devices when the 
baard is used with the Slave CPU. 

A board-mounted DIP switch selects board address, ['taster/Slave select, and Baud 
rate. The two choices for Baud rate are Low (110 Baud) and High. The high 
Baud rate may be jumper-selected for 150, 300, 600, or 1200 Baud. Each Baud 
rate is generated by dividing down the I/O clock from the Master CPU board. 

Interface to the RS-232-C and TTY devices is through serial I/O ports and a 
UART device. The UART performs serial-to-parallel and parallel-to-serial 
conversion functions and provides buffer storage for the input and output 
characters tran~ed to and from the I/O board. Reader control for a TTY 
paper tape reader is also provided. 
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RS-232-C mark and space inputs are ORed with the TTY current loop input and 
connected to the serial input of the UART. In the same way, mark and space 
outputs for botte RS-232-C and TTY are fanned out to two separate outputs (TTY 
XMIT and EIA XMIT DATA). 

UART status is transmitted to the common I/O port bus, either from the UART it-
self or from external DATA SET READY, CARRIER DETECT, or RING indications. 

7.2 	DETAILED DESCRIPTIONS 

This section provides detailed information on how the General-Purpose I/O board 
performs its comunications functions. 

The board can be divided into major blocks for purposes of discussion: 

1) Input of serial data and conversion to parallel data 
for output to the system data bus. 

2) Input of parallel data and conversion to serial data 
for output to the TTY or RS-232-C interfaces. 

3) Input of parallel data from input ports and transmission 
of data to the system data bus. 

4) Output of parallel data from the system data bus to the 
output ports. 

Auxiliary functions include Baud rate generation, interrupt logic, and control/ 
status ports for the RS-232-C interface. 

7.2.1 	Serial I/O Ports 

The serial I/O port is a full EIA (RS-232-C) conmunications interface. This 
port is utilized for EIA and TTY operation. Refer to the shaded portion of 
Figure 7-3. 

Parallel-to-serial transmit operation and serial-to-parallel receive operation 
are perfbrmed by a UART (universal asynchronous receiver/transmitter). The 
eight transmit data bits DB1-DB8 are tied to the board's internal output data 
bus. The eight receive data bits (RD1-RD8)are tied to the internal input data 
bus. The internal data bus is connected to the system data bus via tri-state 
drivers and receivers. 
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UART initialization is accomplished during system reset. Transmit Buffer Empty, 
End of Qiaracter, and Serial Out are set true and Data Available is set false 
during this operation. Transmit and receive parameters such as Bits/Qiaracter, 
011/Even Parity, No Parity, and Number of Stop Bits are entered into the UART's 
internal registers via a write operation to the device. The device is hard-
wired for seven bits per character. The No Parity option is defeated; odd or 
even parity is under program control. Refer to peragraph 7.4 for a description 
of the byte format. The number of stop bits is determined by the Baud rate and 
is set by switch El. The UART monitors the number of stop bits and pgrity and 
compares these to the previously programmed control bits. 

Transmit operation is initiated by first checking the status register for a 
Transmit Buffer Empty indication. Data is then strobed into the internal UART 
data register by a Write Port 7 instruction. Transmit Buffer Empty will then 
go to a logic "0" at this time and the contents of the data buffer will be 
loaded into a UART shift register. Completion of the transfer is signified by 
Serial Out and End of Character both going to a logic "0". Serial transmission 
starts and Transmit Buffer Empty goes true imediately thereafter, generating 
Interrupt 7 which signifies that the next data byte may be loaded into the data 
register. Completion of transmission is indicated by End of Onaracter going 
true. 

Receive operation begins with verification of a valid start bit at the serial 
data input to the UART. Serial data, Parity, and Stop bits are now received 
and monitored. Stop bit training  is checked and latched internally at this time. 
Internal logic checks Data Available. If Data Available is true, the Overrun 
bit is set. Received data will then be transferred from the serial input regis-
ter to the received data holding register. Completion of this transfer is indi-
cated by Data Available going true which generates Interrupt 6. Receive status 
can be checked with a read of port 6. The next character can now be loaded into 
the serial input register, with one fUll character time allowed to remave the 
previous character from the holding register. Read port 7 generates a signal 
which transfers data from the holding register to the system data bus for 
processing. This action also resets Data Available which indicates completion 
of the read data operation. External EIA receive status is converted from EIA 
levels to TTL levels by use of RIA line receivers. These are connected to the 
internal data bus via tri-state drivers which are enabled by a read port 5 
command. 

Various Baud rates are available for serial I/O operation. Switch El is used to 
set high or low Baud rate. It also sets the number of stop bits used: one bit 
for high speed operations and two bits for low speed operation. In high speed 
mode, the rate may be jumper-selected for 150, 300, 600, and 1200 Baud. In low 
speed mode, the Baud rate is 110. This is used for TTY operation. 
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7,2.2 	Address Control 

Because there may be more than one I/O module in the system, a means of selec-
ting individual modules is required. This logic block is shown in the shaded 
portion of Figure 7-4. Address control is responsible for module address 
decoding, port decoding, naster or Slave selection, and read or write fUnctions. 

Module address selection is accomplished by comparison of the board-mounted 
address switch settings and the contents of the system address bus. Module ad-
dress is predetermined by system configuration and set with the address select 
switch located at El on the printed circuit board. Module select logic also 
determines Master or Slave operation and is done by comparison with the MSTF. 
RUN signal from the system bus. TWo three-line to eight-line decoders are used 
to determine the address of the port. @Ine decoder is used for read port opera-
tion and the other for write port operation. Module Select ANDed with Read 
or Write is used to enable the appropriate decoding of address bits AO-A2 
to determine which port is to be used: Address bit 13 (extended I/0) in con-
junction with an I/O command and OPREQ enables the Module Select line for 
transmission to the decoders. In addition, the Write Decoder uses the CPU write 
pulse (WRP) as a strobe 

7.2.3 	Input and Output Ports 

There are four sets of independently addressable, general-purpose input and 
output ports on the board. The input ports are simply drivers which are enabled 
by control lines from the Read Decode discussed previously. These are shown 
in the shaded portion of Figure 7-5. The driver outputs from each port are 
connected directly to the board's interaal data bus. 

Output ports are shown in the shaded portion of Figure 7-5. The ports consist 
of an 8-bit register made up of a 6 bit register and two flip-flops. The data 
from the data bus is latched into the register as each port is addressed by 
lines from the decoder and strobed by the decoder strobe. The output of the 
registers go to line drivers which are connected to edge connector P3 or 
brought out to pads on the board which may be connected to edge connectors 
P4 and P5. 

7.2.4 	Interrupt Logic 

Interrupt legio is shown in the shaded portion of Figure 7-6. There are eight 
identical circuits, consisting of a gate and a flip-flop. Each interrupt cir-
cuit is enabled by an external line, and triggered by a separate external line. 
Thi-s sets the latch and outputs the interrupt request to the system bus. When 
the interrupt has been acknowledged, a decoder decodes the contents of the 
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data bus to determine which interrupt circuit requested the interrupt. When 
goes low, a reset output resets the interrupt latch circuit which 

requested the interrupt. The master system reset also clears any interrupts 
pending. 

7.3 	UTILIZATION 

7.3.1 	Switch Settings 

There is a single DIP switch mounted on the General-Purpose I/O board. This 
switch selects module address and Baud rate. The upper five switch sections 
select module address; the lower two switches select Baud rate. Cne section 
is not used on boards with part number 90012110 and above. The table below 
shows settings for address, naster/Slave, and Baud rate. 

P/N 90012011B and below 	P/N 90012011C and above 

Section 
1 A5 	A3 
2 A3 	A4 
3 A7 	A5 
4 A4 	A6 
5 A6 	A7 
6 mstr/slv 	not used 
7 high/110 	mstr/slv 
8 high/110 	high/110 

Note: In the table above "A5" refers to address line 5, "A3" refers to address 
line 3, etc. The board can be switched for any combination of the five 
lines, and this address is used for bits 3-7 in the extended read or 
write cormrand in the usnr program. To switch in an address line, move 
the switch section to the "on" position. In the naster/Slave and Baud 
rate sections, the "on" position is listed second. Addresses F2-FF are 
reserved for SVC's. 

7.3.2 	Jumpers 

There are three possibilities for jumper installation on the board. Edge con-
nectors P4 and P5 are not assigned to any I/O port. These can be wired by 
installing wire-wrap pins in the holes provided and wiring to sockets mounted 
in board grid locations A6 (Port 0), A7 (Port 1), A8 (interrupts), A9 (Port 2), 
and A10 (Port 3). The second possibility is wiring the board for interrupt 
levels 8-15 by cutting the board traces for levels 0-7 and wiring to the proper 
holes in the board. The third possibility is selection of high Baud rate. 
Table 7-1 shows jumper options and Baud rate jumper placement. 
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TABLE 7-1 

JUMPER OPTIONS 

Interrupt, Inputs 	 Interrupt Resets 

J1 	 J13 - Reset 8 
J2 
J3 
J4 	 J20 - Reset 15 

Interrupt Trigger Inputs 	J21 - Reset 0 

J5 	Trig - 7 	 J28 - Reset 7 
J6 	- 5 
J7 	- 1 	 Interrupt Outputs 
J8 	- 14 
J9 	- 6 	 J33 - INT 0 
J10 	-2 
J11 	- 3 
J12 	- 0 	 J148 - INT 16 

EIA Baud }tate Jumpering 

600 (J29) 0. 
1200 (J30) 
300 (J31) 0- - 	output 
150 (J32) 











4 31211 6 5 0 

7.4 	SOFTWARE SUPPORT 

Because the General-Purpose I/O board is not supported by the operating system, 
the user must write programs that address the I/O ports, the TTY interface, and 
the RS-232-C interface as system devices. The following describes genera guide-
lines for inputting or outputting data and status to the interfaces. 

7.4.1 	TTY INTERFACE 

TTY DEVICE SSIGNMENT 
The TTY requires two device numbers in addition to the switch-selected board 
address. The devices are aRsigned and used in the following manner: 

Control Device 
	

Port 6 (plus board address) 
Data Device 
	

Port 7 (plus board address) 

TTY COMMANDS 
There are four commands available to the TTY interface, described as follows: 
1) REQUEST STATUS COMMAND 

The TTY control device has an I/O port where status information is received. 
TTY status can be read at any time. The status received is a one-byte value 
that has the following definition: 

Data Available 
Transmit Buffer Empty 
Data Overrun 
Framing Error 
Parity Error 
Not Used (Always = 1) 

DATA AVAILABLE. A character of input data is available in the input data 
port. The bit is reset when the data byte is read frcm the input data port. 

TRANSMIT BUFFER EMPTY. The transnit data port is empty and ready to take a 
data character for output. The bit is reset when an output data byte is 
sent to the output data port. 

DATA OVERRUN. The data available in the input data port was not read prior 
to a new input data character being received. The bit is reset when the 
data available bit is cleared. 

FRAMING ERROR. The received data character does not have a valid stop 
bit. The error is reset when a valid character and stop bit are received. 
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PARITY ERROR. The received data character had an odd bit count. The bit 
count should be even. The condition is cle2red when a valid even parity 
character is received. 

To read the TTY status a Read Extended instruction, 

RF.DE,r V 

is issued, where: r = the 2650 general purpose register to 
receive the status information. 

V = the control device address. 

2) WRITE TTY CONTROL 

The TTY control device output port is used to control the programmable paper 
tape reader interface, prity, and TTY interrupt. The output control byte has 
the following fbrmat: 

	 Reader On = 1 
	-Parity Select 1 = Even, 0 = Odd 
	 Enable TTY Interrupt 

7 6 5 
	

3 2 1 0 

The Reader On bit reads paper tape upon command. The command turns the reader 
on. The reader is turned off after the first start bit is received. The reader 
on command must be issued for every character. The Reader On output is a 
current loop output which drives a relay in the TTY. See Appendix C. 

To issue the control byte, a Write Extended instruction 

WRTE,r V 

is issued, where: r = the 2650 register containing the 
control byte. 

V = the control device address. 
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3) READ/WRITE TTY DATA 

Data Device (Port 7) 

The data device has an input and output data part asso~ that are used to 
receive and transmit data. The data byte has the following foni.t: 

7 6 5 4 3 2 17 
	ASCII Data 
	 Undefined 

A write TTY data command can be issued to the TTY when the transmit buffer 
empty status bit is true. To write data to the TTY, a Write Extended 
instruction, 

WRTE,r V 

is issued, where: r = the 2650 general purpose register that 
contains the output data. 

V = the data device address. 

A read TTY data command should be issued when the data available status bit is 
true. To read TTY data, a 

REDE,r V 

instruction is issued, where: r = the 2650 general purpose register 
to receive the data byte. 

V = the data device address. 

INTERRUPTS 

The TTY forces program interrupt requests if the Interrupt enable control bit 
is set when the data available or transmit buffer empty conditions occur. The 
interrupt levels are as follows: 

DATA AVAILABLE = INTERRUPT LEVEL 6 VECTOR ADDRESS H'0000' 
TRANSMIT BUFFER EMPTY = INTERRUPT LEVEL 7 VECTOR ADDRESS H'000E' 

7.4.2 	RS-232-C INTERFACE 

The RS-232-C interface is a full corrinunications interface. The following is a 
description of the interface and its utilization techniques. 
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DEVICE ASSIGNMENT 

There are three devices associated with the RS-232-C interface. 

Device Port 7 (plus board address): Data device 
Device Port 6 (plus board address): Control device 1 
Device Port 5 (plus board address): Control device 2 

RS-232 ca~ns 
The RS-232 interface has conmands to read and write data, read status, and write 
control. 

1) REWEST STATUS CC MANAS 

STATUS BYTE 1 

Control device 1 is used to read input status byte 1 information pertaining to 
the UART status. 

Input Status Byte 1 

Data Available 
Transmit Buffer Empty 
Data Overrun 
Framing Error 
Parity Error 
Not Used (Always = 1) 

7 6 5 4 3 
	

1 0 

=1 
=1 
=1 
=1 
=1 

DATA AVAILABLE. A character of input data is available in the input data 
port. This bit is reset when the data byte is read from the input data port. 

TRANSMIT BUFFER EMPTY. The transmit data port is empty and ready to take a 
data character for output. The bit resets when an output data byte is sent 
to the output data port. 

DATA OVERRUN. The data available in the input data port was not read prior 
to a new input data character being received. The bit is reset when the 
data available bit is cleared. 

FRAMING ERROR. The received data character does not have a valid stop bit. 
The error bit is reset when a valid character and stop bit are received. 

PARITY ERROR. The received data character had an incorrect bit count as 
specified by the odd/even parity selection control. 
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STATUS BYTE 2 

Control device 2 is used to reraive input status byte 2 infbrmation pertaining 
to courrunication line discipline. 

Input Status Byte 2 

1 

Reserved (Always = 1) 
Ring Indicator = 1 
Carrier Detect = 1 
Data Set Ready = 1 
Clear To Send = 1 

3  1  2 	1 	0  

RING INDICATOR. Indicatns that the data set has received ringing current 
from a remote station. The indicator is true (=1) when the ringing current 
is present and false (=0) all other times. 

CARRIER DETECT. Indicates that a data carrier has been detected by the 
data set. The bit will remain true (='t) as long as the carrier is detected. 

DATA SET READY. Indicates the data set is ready to operate. 

CLEAR TO SEND. Indicates that the data set is ready to transmit data. 

The read extended command is used to read status byte 1 or 2 from the RS-232-C 
interface. To read status a 

REDE,r V 

instruction is issued, where: r = the general purpose 2650 register 
to receive status byte. 

V = the control device address (6 for 
status byte 1 and 8 for status 
byte 2). 

2) WRITE RS-232 CONTROL 

Control Device 1 is used to control the RS-232 interface. The control byte 
has the following fbrmat: 
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7 6 5 4 3 2 1 0i  

LReader on (TTY) 
	Parity select (1=even, 0=odd) 
	Enable interrupts = 1 

Local made = 1 
Originate mode (1=answer, 0=orig.) 
Send restrairit = 1 
Data terminal ready = 1 
Request to send = 1 

READER ON. Sets the TTY paper-tape reader on and starts tape movement. 
(Available to TTY's with the reader on feature only). 

PARITY SELECT. Selects data parity select mode (1-even, 0=odd parity select). 
The appropriate data parity is generated for transmit and checked on receive 
data. 

ENABLE INTERRUPTS. Enables the generation of program interrupt requests 
when the data avail2ble or transmit buffer empty status indicators change 
from 0 (false) to 1 (true). 

LOCAL MODE. Places the data set in the local made so that the interface 
can function as a local circuit. 

ORIGINATE MODE. Places data set in the answer mode (bit = 1) or originate 
mode (bit = 0). Answer mode implies the interface wilt respond to dial up 
indicators. 

SEND RESTRAINT. Causes the data set to send a restraint signal when the ON 
condition is ffeintained. The OFF condition causes data transmission to be 
resumed. 

DATA TERMINAL READY. Causes the data set to be connected to a conmunica-
tions channel. 

REQUEST TO SEND. Places the data set in a transmit condition. The ON 
condition must be mraintained whenever traffic is ready to be transmitted 
or is being received. 

The write extended conrind is used to control the RS-232-C interface. To write 
the control command, a 

WRTE,r V 
instruction is issued, where: r = the general purpose 2650 register 

containing control byte. 
V = the control device address (6). 
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3) READ/WRITE RS-232 DATA 

The data device has an input and output I/O port associated with it used to 
receive and transMit data. The data byte has the following format: 

7 
	

6i 5 14 	3 	2 1 	0 

	ASCII Data 
	 Undefined 

The read data command is issued when data is avallable in the RS-232-C input 
data port. To read dat?. a 

REDE,r V 

instruction is issued, where: r = the general 2650 purpose register 
to receive data. 

V = the data device address. 

The PS-232-C write data command is issued when the transmit buffer is empty. 

TO write data a 

WRTE,r V 

instruction is issued, where: r = the general purpose 2650 register 
containing data. 

V = the data device address (7). 

INTERRUPTS 

Program interrupts are generated by the RS-232-C interface if the interrupt 
enable control bit is set whenever the data avmil;.lble or transmit buffer empty 
status indicators change from a 0 to a 1 condition. The interrupt levels and 
vector addresses are defined below: 

DATA AVAILABLE = INTERRUPT LEVEL 6 VECTOR ADDRESS H'000C' 
TRANSMIT BUFFER EMPTY = INTERRUPT LEVEL 7 VECTOR ADDRESS H'000E1 



7.5 	INSTALLATION 

The General-Purpose I/O board may be utilized in products of a genera? nature. 
The board should be mounted, with side supports, in 100-pin PC Connector. 
Operatirg power is +5 V at 1.8 A. Mbunting the board near other heat-radiating 
devices should be avoided. Pin lists for the board are given in tables 7-2 
through 7-4. 
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TABLE 7-2 

Pin List, Edge Connector Pl 

	

Pin 	Sigral 	Description 

	

1 	+5 V 	Logic Power input 

	

2 	+5 V 	Logic Power Input 

	

3 	+5 V 	Logic Power Input 

	

4 	+5 V 	Logic Power Input 

	

6 	not used 

	

7 	not used 

	

8 	not used 

	

9 	gnd 

	

10 	gnd 

	

11 	+12 V 	Power Input 

	

12 	+12 V 	Power Input 

	

13 	-12 V 	Power Input 

	

14 	-12 V 	Power Input 

	

15 	gnd 

	

16 	gnd  

	

17 	ADR 0 	Address Bit 0 

	

18 	Zn 	Address Bit 1 

	

19 	ADR 2 	Address Bit 2 

	

20 	ADR 3 	Address Bit 3 

	

21 	m1177 	Address Bit 4 

	

22 	ADR 5 	Address Bit 5 

	

23 	71576 	Address Bit 6 

	

24 	ADR 7 	Address Bit 7 

	

25-29 	not used 

	

30 	Efir 	Extended Read/Write 

	

31-35 	not used 

	

36 	DATA 0 	Data Bus Bit 0 

	

37 	DATA 1 	Data Bus Bit 1 

	

38 	DATA 2 	Data Bus Bit 2 

	

39 	DATA 3 	Data But Bit 3 

	

40 	DATA 4 	Data Bus Bit 4 

	

41 	DATA 5 	Data Bus Bit 5 

	

42 	DATA 6 	Data Bus Bit 6 

	

43 	DATA 7 	Data Bus Bit 7 

	

44-51 	not used 
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TABRE 7-2 

Pin List, Edge Connector P1 (continued) 

Pin 	Signa' 	Description 

52 	72/10 	Mémory/I0 Ehable Input 
53 	WRP 	Write Pulse Input 
54 	OPREQ 	Operation Request Input 
55 	FR 	 Read/Write Cbmmand Input 
56 	not used 
57 	not used 
58 	not used 
59 	RESET 	System Reset Input 
60 	not used 
61 	INTACK 	Interrupt Acknowledge Input 
62 	INT 0 	Interrupt Level 0 Output 
63 	1Yr 1 	Interrupt Level 1 Output 
64 	INT 2 	Interrupt Level 2 Output 
65 	INT 3 	Interrupt Level 3 Output 
66 	II \ T77 	Interrupt Level 4 Output 
67 	INT 5 	Interrupt Level 5 Output 
68 	INT-6 	Interrupt Level 6 Output 
69 	INT 7 	Interrupt Level 7 Output 
70 	INT 8 	Interrupt Level 8 Output 
71 	INT 9 	Interrupt Level 9 Output 
72 	INT 10 	Interrupt Level 10 Output 

73 	INT 11 	Interrupt Level 11 Output 
74 	INT 12 	Interrupt Level 12 Output 
75 	INT 13 	Interrupt Level 13 Output 
76 	INT 14 	Interrupt Level 14 Output 
77 	INT 15 	Interrupt Level 15 Output 
78-83 	not used  
84-93 	MAST RUN 	Master CPU Run Input 
94 	I/O CLK 	I/O Clock Input 
95 	not used 
96 	not used 
97 	gnd 
98 	gnd 
99 	gnd 
100 	gnd 
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TABLE 7-3 

Pin List, Edge Connector P2 

Connector Pin 
	

RS-232-C 	RS-232-C 
	

Description 

	

Fin 	Designation 

	

1 	1 	led, 	Protective Ground 

	

2 	14 	 TTY current loop return, xmit 

	

3 	 2 	BA 	Transmitted data out 

	

4 	15 	 TTY reader control out 

	

5 	3 	 BB 	Received data 

	

6 	16 	-- 	TTY reader control return 

	

7 	4 	CA 	Request to send 

	

8 	17 	-- 	TTY current loop out, ree 

	

9 	5 	CB 	Clear to send 

	

10 	1.8 	 -- 	TTY current loop return, ree 

	

11 	6 	CC 	Data set ready 

	

12 	-- 	-- 	Not used 

	

13 	7 	AB 	Signal ground 

	

14 	20 	CD 	Data terminal ready 

	

15 	8 	CF 	Carrier detected 

	

16 	21 	 Not used 

	

17 	9 	 +P 	(Modem test only) 

	

18 	-- 	 Not used 

	

19 	22 	 Not used 

	

20 	23 	 Not used 

	

21 	11 	CK 	Originate 

	

22 	24 	 Not used 

	

23 	12 	CJ 	Local 

	

24 	25 	CL 	Send restraint 

	

25 	13 	 TTY current loop out, xmit 



TABLE 7-4 

Pin List, Edge Connector P3 

	

Pin 	Signal 	Description 

	

1 	OUT 0-7 	Port 0, Output Bit 7 

	

2 	OUT 0-6 	Port 0, Output Bit 6 

	

3 	OUT 0-5 	Port 0, Output Bit 5 

	

li 	OUT 0-4 	Port 0, Output Bit 4 

	

5 	OUT 0-3 	Port 0, Output Bit 3 

	

6 	OUT 0-2 	Port 0, Output Bit 2 

	

7 	OUT 0-1 	Port 0, Output Bit 1 

	

8 	OUT 0-0 	Port 0, Output Bit 0 

	

9 	OUT 1-7 	Port 1, Output Bit 7 

	

10 	OUT 1-6 	Port 1, Output Bit 6 

	

11 	OUT 1-5 	Port 1, Cutput Bit 5 

	

12 	OUT 1-4 	Port 1, Output Bit 4 

	

13 	OUT 1-3 	Port 1, Output Pit 3 

	

14 	OUT 1-2 	Port 1, Output Bit 2 

	

15 	OUT 1-1 	Port 1, Output Bit 1 

	

16 	OUT 1-0 	Port 1, Output Bit 0 

	

17 	gnd 

	

18 	gnd 

	

19 	gnd 

	

20 	gnd 

	

21 	IN 0-7 	Port 0, Input Bit 7 

	

22 	IN 0-6 	Port 0, Input Bit 6 

	

23 	IN 0-5 	Port 0, Input Rit 5 

	

24 	IN 0-4 	Port 0, Input Bit 4 

	

25 	IN 0-3 	Port 0, Input Bit 3 

	

26 	IN 0-2 	Port 0, Input Bit 2 

	

27 	IN 0-1 	Port 0, Input Bit 1 

	

28 	IN 0-0 	Port 0, Input Bit 0 

	

29 	IN 1-7 	Port 1, Input Bit 7 

	

30 	IN 1-6 	Port 1, Input Bit 6 

	

31 	IN 1-5 	Port 1, Input Bit 5 

	

32 	IN 1-4 	Port 1, Input Bit 4 

	

33 	IN 1-3 	Port 1, Input Bit 3 

	

34 	IN 1-2 	Port 1, Input Bit 2 

	

35 	IN 1-1 	Port 1, Input Bit 1 

	

36 	IN 1-0 	Port 1, Input Bit 0 
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OHAPTER 8 

PROM FROGRAII4ERS 

8.0 	INTROCJCTION 

Two DROM programmer boards are used in the system, one for the bipolar type 
82S115 and one for the MOS type 1702A. These boards ?re eonnected directly to 
the two PROM programmer sockets mounted on the front panel of the development 
computer. Ihrough appropriate software commands, an assembied program can be 
"burned" into the PROM for the user's prototype hardware. Figures 8-1 and 8-2 
are block diAgrams of the two PROM programmers. 

Initially, the 1702A PROM to be programmed will have been "erased" by exposure 
to an ultraviolet source and all 2048 bits will be in the "0" state (output 
low). Information is pregrammed by selectively holding "1"s in the proper bit 
locations white pulsing the power supply voltages for a specified period of 
time. Each address is selected and the object code to be entered in that toea-
is programmed. When progranming is complete, the programmer is deactivated 
under system control and the stored program can be compared with the source 
data to verify that the stored data is correct. 

The 825115 family of PROMS are so-called "fusible link" devices which have all 
bits initially set to legio "0". The PROM programmer "fuses" the links by 
applying high-voltage pulses and sets the appropriate bits at logic "1". This 
is a non-reversible process, so care must be taken to ensure that the program 
to be burned into the PROM is correct. As with the 1702A programmer, the 82S115 
family is programmed by applying addresses and data to the appropriate device 
pins and cycling through each address until the PROM is completely programmed. 
The basic difference in programming the two PROM types (besides non-reversible 
progremudng) is the fact that the 82S115 family bas data entered serially by bit 
instead of serially by word. 

Although the usual procedure is to program the PROM completely in the first 
pass, the software supports a means of beginning programming at an address other 
than 00, so that an incompletely programmed device can be programmed completely 
by specifying a starting address other than 00 and writing until the PROM bas 
been filled with data. 

8.1 	1702A PRCGRAMMER 

Referring to Figure 8-1, the 1702A Programer consists of voltage switching, 
data registers, control registers, address registers, sequencer, and drivers. 
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Operation of the programmer is under control of the TWIN system and its asso-
ciated commands. Once a PROM has been inserted in the socket and the PROM 
POWER switch turned on, the sequence of events is controlled by operator inter-
action with the TWIN system. If a PROM is completely erased, and a complete 
program is to be entered, the operator comaands "write PROM" from Slave memory. 
The TWIN system now outputs a low address (eight bits) and data (eight bits) to 
the programmer registers. Initially, the address bits are inImitgd, and as soon 
as the programming voltages have reached their negative levels, returned to the 
normai condition. The programming voltages are held for a period of approxi-
mately 3 ms. After the initial write, the word is read from the PROM and 
compared to the input word. If a valid comparison is made, the programmer then 
programs the device for five additional cycles. If a valid comparison is not 
made, the programmer tries again. 1f 80 retries are made without success, the 
programmer interrupts the CPU and flags the system. 

When a programming sequence is successfUl, the software increments the address 
and outputs data for the next location. This sequence continues until the soft-
ware reaches the operator-Specified ending address, or the last PROM address 
(the default value). 

After the device has been progranrned, its contents can be compared to the data 
in the Slave memory to verify correct programming. 

8.1.1 	CIRCUIT DETAILS 

The system address and data buses are brought to the programmer board through 
the mother board. The address lines are used to select either the 1702A or the 
82S115 boards. If a valid address for the board is decoded, a control line 
(MODULE SELECTER) enables the address registers for the addresses which will be 
input from the data bus in subsequent portions of the cycle. 

Data lines are input to transoeiver devices which are enabled by a decoded data 
strobe and input to registers which hold the data throughout each programming 
cycle. The output of both data and address registers drive transistor drivers, 
which are used because of the high levels used in driving the address lines to 
the device to be programmed. 

Figure 8-1 shows the mcgieming power supplies, the sequencer, and the outputs 
for programming the PROM. Unregulated DC for the three supplies (+60, +47, and 
+5.6 V) is provided by a full-wave bridge rectifier and capacitive filter. A 
series pass transistor regulates the +60 V supply, with current limiting pro-
vided. Voltage reference for the +60 V supply is provided by the +47 V supply. 
The +47 V supply is regulated by a series pass transistor with current limiting 
provided. OvervOltage protection comes from an SCR which monitors the +47 V 
supply. 1f the supply rises above +47 V, one of the two PROM programmer supply 
fases located on the remr panel will blow. As soon as the monitor triggers, the 
Power Fail flip-flop is set. This shuts down the sequencer and sends a "power 
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fail" indication to a multiplexer to indicate to the system software that a 
failure has occurred. A supply voltage of -9.6 V is provided by dropping the 
system -12 V supply voltage through a Zener diode. It should be noted that, 
while the 1702A programming voltages are normally specified as negative, the 
DROM is connected so that Vbb is at +60 V, and all the other programming volt-
ages are negative with respect to +60 V. 

There are normally three states assumed by the power supplies: 1) normal opera-
tion when the device is being read, 2) an "off" condition when PROM POWER on the 
front panel is turned off, and 3) the condition when the PROM is programmed. 
These conditions are controlled by the sequencer on the board. 

The Vbb, Voc, and Vgg power supplies are pulsed by the sequencer. Other pulsed 
outputs (Program and Chip Select) are derived from other sequencer outputs in 
the chain. Basic timing is set by the Data Strobe input and two one-shots. 

8.2 	82S115 PRCGRAMMER 

The 82S115 Programmer is very similar to the 1702, with one important exception: 
the device is programmed serially by bit instead of serially by word. Another 
exception is the level of programming voltages required by the PROM to fUse the 
links and write logic "ones" in the selected locations. 

Referring to Fi&Te 8-2, the address and data inputs are brought into the board 
via the system mother board bus. The operation of the programmer is determined 
by decoding the address lines during the first portion of the cycle. Either a 
write, compare, or read operation can be performed. 

Data is input to the programmer through transceivers connected to the internat 
board data bus. The sequence of events for programming is as follows: 

1) Read and verify status (power switch on, power 
fail, programmer busy, etc.). 

2) Strobe the least significant address byte from 
the data bus into the address registers. 

3) Strobe the most significant address byte from 
the address bus into the address registers. 

4) Write the data. 
5) Wait for the busy status line to go false, 

indicating that the write cycle is complete, 
and interrupting the Slave CPU. 

8.2.1 	CIRCUIT DETAILS 

Data is strobed into the eight-bit data register which consists of one hex flip-
flop and a dual flip-flop. 
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The address bits are strobed into a 9-bit register similar to the data register. 
The output of the register is connected to a. set of gates and inverters which 
drive the address lines of the PROM directly. 

Data lines from the PROM are brought into a set of comparators and gates which 
input the data to a multiplexer. This device holds the data for transmission to 
the data bus at the appropriate time in the cycle. Outputs are taken from the 
comparators and brought to gates which perform a comparison function with the 
data stored in the data register previously discussed. This generatns a OOMPARE 
signal which controls the sequencer. 

The power supplies used in the 82S115 programmer are much simpler than those 
used in the 1702A. 'Mere is a Vcc level used in progranming, and a normal Vcc 
used in reading and verifying, and there is an enable voltage for the fusing 
process. Data programming voltage is derived from a power supply consisting of 
a full-wave rectifier and capacitive filter followed by a 200 mA current souroe 
and a voltage regulator. Power (Vcc) Progranming voltage, labeled PVCC, is pro-
vided by a regulator which derives its input voltage from the system +12 V bus. 
Failure detection is provided by a transistor which is held in conduction by 
current through a Zener diode connected to the Voc output. If the supply voltage 
drops below approximately +4.2 V, the transistor turn off and sets a flip-flop 
to give a Power Fail indication. 

In general, the programming sequentie is as follows: 

1. The Voc supply is raised to the prograrrming level 
of +5 V and the address lines are activated. 

2. After 10 microsecnds, Fuse Enable 1 is raised to +5 V. 

3. After an additional 10 microseconds, +17 V is applied 
to the first bit to be programmed as a logic "one". 
This voltage level is held for approximately 1 ms. 

4. After a 10 microsecond delay, Fuse Ehable 2 is raised 
to +5 V and held for 1 ms. 

5. After a 10 microsecond delay, the +17 level is turned 
off. 

6. Programmáng is then verified by applying twe verifica-
tion voltages and verifying that the bit stays in the 
"one" state. If verification faits, the sequence is 
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repeated, If verification does not fait, the 
sequence is repeated eight times. ihe sequencer 
then shifts to the next bit to be programmed as 
a "one" and the programming sequence is repeated 
as in steps 1-5 above. 

8.3 	APPLICATION 

fl-,e two PROM Program-Ier boards are special-purpose modules which require special 
software support not normally available to the user for inclusion of the boards 
in a general product. For this reason, no instructions for application of the 
boards outside the system are given. 

Pin lists for the two boards are given in Tables 8-1 through 8-3. 
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TABLE 8-1 

PIN LIST, EDGE CONNECTOR P1 

	

Pin 
	

Signa' 	Description 

	

1 	+5 V 	Logic Power Input 

	

2 	+5 V 	Logic Power Input 

	

3 	+5 V 	Logic Power Input 

	

4 	+5 V 	Logic Power Input 
5-8 	not used 

	

9 	gnd 

	

10 	gnd 

	

11 	not used 

	

12 	not used 

	

13 	-12 V 	Power Input 

	

14 	-12 V 	Power Input 

	

5 	gnd 

	

16 	gnd  

	

17 	ADR 0 	Address Bit 0 Input 

	

18 	ADRI 	Address Bit 1 Input 

	

19 	nn-2 	Address Bit 2 Input 

	

20 	OR3 	Address Bit 3 Input 

	

21 	0177 	Address Bit 4 Input 

	

22 	ADR 5 	Address Bit 5 Input 

	

23 	0176 	Address Bit 6 Input 

	

24 	g77 	Address Bit 7 Input 
25-29 	not used 

	

30 	ADR 13 	Address Bit 13 Input 
31-35 	not used 

	

36 	DATA 0 	 Data Bit 0 Input 

	

37 	AD TA Data Bit 1 Input 

	

38 	DATA 2 	Data Bit 2 Input 

	

39 	DATA 3 	Data Bit 3 Input 

	

40 	17717 	Data Bit 4 Input 

	

41 	DATA 5 	Data Bit 5 Input 

	

42 	DATA 6 	Data Bit 6 Input 

	

43 	DATA 7 	Data Bit 7 Input 
44-51 	not used 

	

52 	IVIO 	Memory/I0 Command Input 

	

53 	WIP 	Write Pulse Input 

	

54 	CM 	Operation Request Input 

	

55 	R/W 	Read//Write Command Input 

	

56 	au 	Hoid Command to CPU 
57-60 	not used 

	

61 	STER 	Interrupt Acknowledge Input 

62-74 	not used 
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TABLE 8-1 

PIN LIST, EDGE CONNECIDR P1 (continued) 

Pin 	 Signal 	Description 

75 	 INT 13 	Interrupt Level 13 Output 
76-82 	 not used. 
83 	 50 VAC 	Power Supply AC Input 
84 	 50 VAC 	Power &ipply AC Input 
85 	 50 VAC 	Power &ipply AC Input 
86 	 50 VAC 	Power Supply AC Input 
87-95 	 not ined 
96 	 gnd 
97 	 gnd 
98 	 gnd 
99 	 gnd 

100 	 gnd 
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TABLE 8-2 

FIN LIST, 1702A PROGRAMMER EDGE CONNECTOR P2 

	

Pin 	 Signal 	Deseription 

	

1 	PRA 7 	Device Address Cutput Bit 7 

	

2 	PRA 6 	Device Address Cutput Bit 6 

	

3 	PRA 5 	Device Address Output Bit 5 

	

4 	PRA 4 	Device Address Output Bit 4 

	

5 	PRA 3 	Device Address Cutput Bit 3 

	

6 	PVCC 	Programming Vcc Cutput 

	

7 	PVCC 	Programming Vcc Output 

	

8 	PVDD 	Programing Vdd Cutput 

	

9 	PVGG 	Programming Vgg Cutput 

	

10 	PVBB 	Programing Vbb Output 

	

11 	CS 	Chip Select Cutput 

	

12 	V PROL 	Device Proganning Pulse Output 

	

13 	PRD 7 	Device Data Output Bit 7 

	

14 	PRD 6 	Device Data Output at 6 

	

15 	PVCC 	Programjng Vcc Output 

	

16 	PRD 5 	Device Data Cutput Bit 5 

	

17 	PRD 4 	Device Data Cutput Bit 4 

	

18 	PRD 3 	Device Data Cutput Bit 3 

	

19 	PRA 2 	Device Address Cutput Bit 2 

	

20 	PRA 1 	Device Address Cutput Bit 1 

	

21 	PRA 0 	Device Address Output Bit 0 
22-24 	not used 

	

25 	PRCM PWR SWITCH Front-Panel Switch Output 

	

26 	gnd 



TABLE 8-3 

PIN LIST, 825115 PROGRAMMER EDGE CONNECTOR P2 

	

Pin 	Signal 	Description 

	

1 	PRDO 	Device Data Cutput Bit 0 

	

2 	CE 	Chip Ehable Output 

	

3 	PRA8 	Device Address Output Bit 8 

	

4 	PRA7 	Device Address Output Bit 7 

	

5 	PRD1 	Device Data Output Bit 1 

	

6 	PRD2 	Device Data Output Bit 2 

	

7 	PRD3 	Device Data Output Bit 3 

	

8 	PRA6 	Device Address Output Bit 6 

	

9 	PRA5 	Device Address Output Bit 5 

	

10 	PRA4 	Device Address Output Bit 4 

	

11 	PRA3 	Device Address Output Bit 3 

	

12 	PRAO 	Device Address Output Bit 0 

	

13 	PRA1 	Device Address Output Bit 1 

	

14 	PRA2 	Device Address Output Bit 2 

	

15 	PRD5 	Device Data Output Bit 5 

	

16 	PRD6 	Device Data Output Rit 6 

	

17 	PRD7 	Device Data Output Bit 7 

	

18 	not used 

	

19 	CE2 	Chip Ehable 2 Output 

	

20 	CE1 	Chip Enable 1 Output 

	

21 	PRAO 	Device Address Output Bit 0 

	

22 	PRA1 	Device Address Output Bit 1 

	

23 	PRA2 	Device Address Output Bit 2 

	

24 	PVCC 	Programming Voc Output 

	

25 	PRD4 	Devic Data Output Bit 4 

	

26 	FE 1 	FUse Ehable 1 Output 

	

27 	FE 2 	FUse Ehable 2 Output 

	

28 	gnd 

	

29 	PRD3 	Device Data Output Bit 3 

	

30 	PRD2 	Device Data Output Bit 2 

	

31 	PRD1 	Device Data Output Bit 1 

	

32 	PRDO 	Device Data Output Bit 0 

	

33 	PRA3 	Device Address Output Bit 3 

	

34 	PRA4 	Device Address Output Bit 4 

	

35 	PRA5 	Device Address Output Bit 5 

	

36 	PRA6 	Device Address Output Bit 6 

	

37 	PRA7 	Device Address Output Bit 7 

	

38 	PRA8 	Device Address Output Bit 8 

	

39 	not used 

	

40 	gnd 
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CHAPTER 9 

DEBUG AND FRONT PANEL I/O MODULE 

9.0 	INTRODUCTION 

The Debug and front panel I/O module performs three distinct ftrrledons within 
the development conputer: a) It controls the interaction and bus time-sharing 
of the Master and Slave CPU's, b) It supports such software Debug features as 
breakpoint, trace, and start of Slave programs at any memory location. c) It 
prcvides interface to either the standard or maintenance front panel and 
supports fullnairtenance panel control and display functions. The card is cen-
trally located in the computer bus structure, providing a dividing line for 
Master and Slave halves. Unique control lines are connected to the Master CPU 
and Slave CPU in each half of the bus. 

9.1 	GENERAL DESCRIPTION 

A simplified block diagram of the board is shown in Figure 9-1. Although the 
logic sections are interrelated, the board is described under four major topics: 

1. Master/Slave control 

2. I/O commands and interrupts 

3. Debug Features 

4. Front panel interface 

Master/Slave control determines bus control between Master and Slave CPU's at 
all times. Debug features include storage of the Slave CPU address value (pro-
gram counter) during instruction fetch of the last instruction and present 
instruction. Also included are two breakpoint registers with address comparison 
logic, and forced jump logic including jump address storage. The I/O consists 
of port decoding for storing of breakpoint values, loading the Debug ccmnand and 
control bytes, and reading the stored program counter address valups. Slave I/O 
service requests are also decorled. Debug interrupts (breakpoint, single cycle, 
Slave halted) as well as the eight service requests are priority vector encoded 
for presentation to the Master CPU. The front panel interface routes bus address 
and data to the front panel and interfaces data and address values from the 
front panel during memory or I/O access. It also supports various maintenance 
front panel control operations such as single step. 
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9.1.1 	Master/Slave Control 

Master/Slave control is straightforward. The Master relinquishes bus control by 
executing a program halt. The Slave is then allowed to RUN and the Master is 
paused until a. Master Interrupt occurs. This may be due to a breakpoint or other 
Debug interrupt, a service request, a console interrupt or an interval timer 
interrupt. The Slave is paused, and when off the bus, the Master is again 
allowed to run. 

Both Master and Slave may be deactivated by a maintenance front panel signa' or 
by a DMA controller causing a pause to both Master and Slave. When the pause 
is removed, bus control is resumed in the state prior to the pause. The 
naintenance panel can also set the state of the Master/Slave control to either 
Master or Slave. 

9.1.2 	Debug Features 

Certain software Debug routines require hardware support that is not necessarily 
unique to a particular Slave processor. These features are contained on the 
Debug module. The module contains two breakpoint registers with a memory address 
comparator, two Slave program counter storage registers, and a forced jump ad-
dress register. It also includes logic to provide single cycle interrupts during 
trace operation, a forced Slave reset, and forced Slave interrupt logic. 

A centra' feature of the Debug Logic is use of an internal 8-bit bus to 
handle all address and data flow. File registers organized into four words by 
eight bits are used to write and read breakpoint values and Slave program 
counter values. A bus controller containing sequencing logic controls bus flow 
and has several modes of operation. The front panel also makes use of this bus 
structure to load the dual-purpose address register and place data on the system 
bus. The sequencer operates only when co►mranded by Debug mode or during front 
panel access. A normtil, sequence is triggered by a Slave OPREQ. The low and high 
address bytes are sequentially placed on the internal bus and compared to break-
point address 1. At the same time, the address bytes are loaded into one of the 
program counters. Then the two address bytes are again sequentially accessed for 
comparison to breakpoint address 2. If the breakpoint conditions specified by 
the command byte are met, the Slave is paused and the Master interrupted. 

Forced jump logic is partially contained on the Slave CPU and partially on the 
Debug module. The Slave contains a jump sequencer and data multiplexing logic 
that when triggered, substitute an unconditional branch for the next instruction 
fetch and sequentially feed the following twe jump address bytes to the CPU 
data bus. The jump address is stored in the dual purpose address register on 
the Debug module. Upon Master I/Ocommands, the address is loaded and a jump 
command trigger given to the Slave CPU. During the sequence, the Debug module 
places the jump address on the address bus for use by the Slave multiplexer. 
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Other Debug features include single cycle mode, forced Slave reset and forced 
Slave interrupt. During single cycle, the Slave is paused on execution of a 
single instruction and the [taster is interrupted. Single cycle or breakpoint 
interrupts to the Master also initiate a forced jump sequence for the Slave CPU. 
The 2650 processor, when paused, always stops after fetching the first byte of 
the next instruction. Since it is necessary to jump the Slave to a register 
dumping routine immediately without an intervening instruction, the forced 
unconditional branch =rund must be received by the Slave for its next insIsrm-
tion before stopping. The Kaster then takes control and loads the Debug module 
with the jump destination. The naster then halts, reenabling the Slave, which 
jumps to the register dump routine. 

9.1.3 	I/O Comends and Interrupts 

I/O commands to the Debug module come only from extended htster CPU I/O com-
mands. These include the following: 

1) 4 bytes output breakpoint (1 and 2, low and high byte) 

2) 4 bytes input program count (next and last, low and high byte) 

3) 2 bytes output jump address 

4) 1 byte Debug command 

5) 1 byte Debug control 

Breakpoints, program counter values, and jump address have been discussed in 
section 9.1.2. The molmend byte contains individual bits commanding a Slave 
forced reset, forced interrupt, forced jump and a Debug interrupt mask bit. The 
control byte sets the Debug mode to active or inactive mode and controls single 
cycle and breakpoint modes. 

The interrupt structure can be divided into two sections. Slave I/O commands, 
FO-F7, called service requests, directly produce interrupt veetors 0020 thru 
002E (Priority levels 16-23). Debug interrupts consisting of the two break-
points, single cycle, Slave halted and front panel diagnostic interrupt are 
priority vector encoded for addresses 0030-0038 (priority level 23-28). Presence 
of any interrupt produces a single Debug interrupt to the Master CPU. Priority 
is assigned below the 16 level Master interrupt structure. If no higher level 
is pending, the CPU gives priority to the Debug card during INTACK allowing the 
Debug module to place the vector on the data bus and renet the interrupts. 
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9.1.4 	Front Panel Interface 

The Debug module contains full interface capability for the maintenance front 
panel, allowing field substitution for the standard front panel at any time. 
Since the CRT console provides all operator interface and display necessary dur-
ing norffhl operation, the standard front panel contains minimal controls. The 
maintenance panel, on the other hand, contains full hexadecimal data and address 
displays and individual switches for data and address entry. FUll control func-
tions such as front panel access of memory or I/O ports, single step and hard-
ware breakpoint are included. 

The Debug module contains buffers to route the 16 address bits and up to 16 data 
bits on the front panel displays. Data and address switch values are multiplexed 
in 8-bit bytes to the interml Debug module bus as previously discussed. Most 
of the legio necessary for the front panel functions is contained en the front 
panel circuit boards, but some interaction with the Debug control functions is 
necessary. These are Master/Slave control, forced jump feature, diagnostic in-
terrupt and a special function aalled Master test which allows display of the 
last address value executed. 

9.2 	DETAlLED DESCRIPTION 

9.2.1 	Master/Slave Control and Halt Detector 

A simplified legio diagram of the Master/Slave control is shown in Figu,re 9-2. 
One line to each half of the mother board controls Master/Slave operation. A 
pause to the Master or to the Slave causes it to relinquish bus control and 
causes the output of all address, data and control lines to go into a high-
impedance state at the end of the current instruction. 

As previously discussed, bath Master and Slave are paused during front panel 
access, or for DMA operations. Otherwise, the Debug control legio takes prece - 
dence. A single flip-flop stores naster/Slave status. When an event occurs to 
change the status, the active device is directly paused. When out of the run 
state, the status flip-flop is clocked to the new state allowing the inactive 
device to run. The Slave is paused if a Master interrupt occurs or if the 
front panel "SET MSTR" switch is depressed. The Master is paused if a naster 
halt is detected or "SET SLV" switch on the front panel is depressed. 

Master/Slave halt detectors are shown in Figure 9-3. A fr ster halt is the nor-
mal mechanism the naster uses to relinquish bus control. A Slave halt indicates 
a programming error and imnediately causes a Master interrupt, so the user can 
be notified. Operation of the halt detectors is identical. If either the 
Master or Slave is in run, the respective halt indicators are held in a reset 
condition. If the run indication is not present and no pause has been issued 
for at least 25 microseconds, the halt detected flip-flop is set. TWo flip- 
flops are required to provide the necessary 25 microsecond delay. 
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Control is transferred to the front panel in Front Panel Access. 
Control is transferred to Slave if the naster is halted or Slave selected. 
Control is transferred to Master if any Master interrupt occurs. 
"RIJN" must be low for any of the above to occur. 
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9.2.2 	I/O Commands and Interrupts 

Debug features are controlled totally by the Master CPU module. To do this, I/O 
comrands controlling the operatien and the register contents are issued by the 
Master CPU. A list of input-output port assignments is shown in Figure 9-4. The 
breakpoint addresses are loaded by the Nbster CPU by user request. The forced 
jump address may be loaded to execute a "GO" command from the user or to jump 
the Slave to a trace routine. The program counter contents are read only 
during trace or after detecting a breakpoint. 

OUTPUT 

-Command byte 	F9 
-Control byte 	F8 
-Jump addr low, high 	FA,FB 
-Breakpoint 1 low, high FC,FD 
-Breakpoint 2 low, high FE,FF 

INPUT 

-Program counter last low, high---FC,FD 
-Program counter next low, 

FIGURE 9-4 
DEBUG I/O PORT ASSIGNMENTS 

The =Tand byte consists of four individual courands: 

Forced Interrupt Comm and 

This eommand forces a Slave processor interrupt so that when the Slave processor 
is started, a forced ZBSR instruction at page 0 location 0 is issued. 

Forced Jump Coarrand 

This omrand forces the Slave processor to branch unconditionally to the address 
contained in the dual purpose address register. The address register must be 
set prior to issuing this cormind. 

Mask Debug Interrupts C,orrrnand 

This command sets a condition that wilt not allad any Debug hardware interrupt 
to occur. The function is activated to disable concurrent Slave program 
service requests and breakpoint interrupts. The masked interrupt is stacked 
and is allowed to occur when the mask is reset. 
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The command byte format is as follows: 

Forced Reset 	= 0 
Forced Interrupt = 0 
Forced Jump 	= 0 
Interrupt Mask 	= 0 
Not used 

4 3 2 1 0 

The control byte contains six individual bits controlling the Debug mode of 
operation. The format is shown in Figure 9-5. The Debug mode enables or dis-
ables the sequencer logding the program counter values and comparing breakpoint 
address. The other bits are self-explanatory, involving trace or breakpoints 
upon memory read or write. The bits are non-exclusive and any combination of 
breakpoint bits may be used. 

Breakpoint 1 Read access = 0 
Breakpoint 1 Write access = 0 
Breakpoint 2 Read access = 0 
Breakpoint 2 Write Access = 0 
Single Cycle = 0 
Debug Mode = 0 
Not used 

7 6 5 4 3 2 1 0 

FIGURE 9-5 

CONTROL BYTE FORMAT 

All commands decode the lover eight address bits to channel the data to or from 
a particular register and require Master active, extended I/O, OPREQ and WRP 
(if an output). 

Interrupts 

Interrupts from the Debug module are initiated by two sources: Slave service 
requests or by Debug features. A simplified block diagram is shown in Figure 
9-6. 

Slave service requests utilize the I/O module address recognition, but require 
the Slave to be active rather than the Master. When a Slave I/O write from 
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F0-F7 is detected, a "DBG INT" goes to the Master CPU. Priority is estab-
lished by a combination of the vector encoders on the Master CPU and on the 
Debug module. A list of Master interrupts is shown in Figure 9-7. When the 
CPU acknowledges the interrupt with "DBG VEN" (Debug vector enable) the lower 
three address bits of the I/O service request (A0-A2) are routed to the data 
bus as Dl, D2, and D3 in the inverted form. Bit 5 is always set to "one" and 
bit 4 is set to "zero" for service requests and "one" for Debug interrupt. 
Nate that a Slave I/O command corresponds to Slave service request 1 and vector 
0020. The trailing edge of "DBG VEN" °locks the register holding the service 
request vector back to zero. 

[._ 
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FIGURE 9-6 
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Reset 

Paper Tape Rdr 

TTY In 
TTY Out 
RS -232 -C In 
RS -232-C Out 

Clock 
Printer 
Floppy Disk 

PROM Burner 1 
PROM Burner 2 

Slave SVC 1 
Slave SVC 2 
Slave SVC 3 
Slave SVC 4 
Slave SVC 5 
Slave SVC 6 
Debug SVC 1 
Debug SVC 2 
Breakpoint 1 
Breakpoint 2 
Single Cycle 
Halt 
Diag. Control 

> Master I/O 

Service Requests 

Debug Hardware 

Priority 	Address 

	

0 	0000 

	

1 	0002 

	

2 	0004 

	

3 	0006 

	

4 	0008 
000A 

	

6 	000C 

	

7 	000E 

	

8 	0010 

	

9 	0012 

	

10 	0014 

	

11 	0016 

	

12 	0018 

	

13 	001A 

	

14 	001C 

	

15 	001E 

	

16 	0020 

	

17 	0022 

	

18 	0024 

	

19 	0026 

	

20 	0028 

	

21 	002A 

	

22 	002C 

	

23 	002E 

	

24 	0030 

	

25 	0032 

	

26 	0034 

	

27 	0036 

	

28 	0038 

	

29 	003A 

	

30 	003C 

	

31 	003E 

FIGURE 9-7 

MASTER CPU INTERRUPT PRIORITY ASSIGNMENT 
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The Debug feature interrupts start with individual flip-flops set by an event. 
Breakpoint 1, Breakpoint 2, single cycle Slave halted, and the front panel 
DIAGNOSTIC INT switch each set a particular flip-flop. 

A priority encoder receives the output of the flip-flops and generates a "DBG 
INT" to the Nbster. Action is as previously described for the service requests. 
The highest priority interrupt present when "DBG VEN" is received is encoded and 
placed on the data bus. Nate that there is an interrupt mask, masking only the 
breakpoint and single cycle interrupts. This is controlled by bit 3 of the 
ccunand byte. All Debug interrupt flip-flops are reset simultaneously, thus 
only the highest priority interrupt is seen by the Master CPU. 

9.2.3 	Debug Features 

As previously noted, the Debug hardware consists of two Slave instruction 
address registers (program counters), two breakpoint registers and associated 
address comparators, forced junp address storage and control, and Slave single 
cycle control. These functions are enabled or disabled by the Debug Control 
byte. Additionally covered under this topic are Slave forced reset and forced 
interrupt. 

Internal Pus and Sequencer 

The internal bi-directional bus is connected to the mother board data bus by 
bus driver-receiver pairs. It is aan:~ to both the input and output of the 
file registers used for program counter storage. It is connected to the input 
of the breakpoint file registers and one input of the comparators. Through 
buffers it is further connected to the dual purpose (junp address/front panel) 
register and to the Debug control byte register. 

The data bus is used during the following operations: 

1) Reading the P.C. file registers 

2) Loading the breakpoint file registers 

3) Transferring maintenance front panel switch data to the bus 

4) Loading the Debug control byte 

5) Loading the junp address register. 
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These operations are controlled by the I/O decade logic except item 2.. During 
front panel access, an enter command causes data to be multiplexed from the 
front panel data switches, output to the Debug internal bus and out to the 
mother board bus, 

During sequencer operation, the data bus connection is not used. Rather, the 
address bus is multiplexed onto the bus eight bits at a time. When the Debug 
mode is enabled, the sequencer, utilizing a 10 MHZ doek, is triggered by the 
leading edge of "OPREQ". A hold is issued to insure that the address data 
lasts for the duration of the sequencer operation. Four flip-flops generate 
the basic timing sequence, There are five basic intervals. During the first 
interval, the low half of the address bus is output to the internal bus. This 
is stored in the low byte of one of the program counter file registers. At the 
same time, the low address is accessed from breakpoint 1 file register and 
compared to the address on the internal bus with exclusive OR gates. The result 
of this comparison is clocked into the first stage of a compare circuit. In the 
second interval, the upper address byte is written into the high byte of the 
same program counter file register and the high address is accessed from the 
breakpoint 1 register and compared to the high address byte on the bus. If the 
last compare is valid, the result is clocked into the second stage of the 
compare circuit. During the third interval, the breakpoint 2 low address byte 
is accessed while the result of the last two breakpoint 1 comparisons is gated 
to interrupt circuitry. This sequence continues and on cycle 5 the result of 
the breakpoint 2 comparisons is gated to the interrupt circuitry. For logic 
simplicity, the program counter file register is written into five times, three 
times with the same low byte information and twice with the high byte. Program 
counter register "next" is norffally written into. Program counter "last" is 
only written into during an instruction fetch when a Master interrupt is not 
pending. Thus, during an instruction where a breakpoint occurs, program counter 
last is written into during the instruction fetch before the breakpoint occurs. 
Program counter next is written into on the subsequent cycles of the instruction 
through the next instruction fetch. Thus, when the Master CPU is irterTupted, 
program counter last contains the address of the instruction that was just 
completed and program counter next contains the address of the instruction 
that the Slave must return to after register dump and restore routines. 

The sequencer is also activated in two other situations. During front panel 
access a "laad" command starts the sequencer. The normal address bus multipiexer 
is inhibited and instead, the front panel inputs containing the low and high 
bytes of the front panel address switches is enabled. Instead of loading the 
program counter file register, the low and high bytes of the address register 
are sequentially loaded (again five times). The other situation occurs when the 
front panel "MSTR CPU TEST" switch is activated. Operation is identio21 to nor-
mal sequencer operation except that the address register is loaded from the 
address bus just as the program counter is loaded. Slave operation is not 
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required. This feature allows front panel viewing of the last address executed 
by either CPU before a halt and is used for detailed troubleshooting. 

Breakpoint and Program Counter Registers 

As discussed in the last section, the breakpoints and Slave program counter 
values are stored in a four word by 8-bit file register. This structure econo-
mizes legio for busing, storage and oomparison. As discussed, the low and high 
bytes of each breakpoint are sequentially compared. 1f the particular breakpoint 
is enabled for the Slave operation in progress, it is allowed to set the 
associated interrupt flip-flop. This occurs during cycle 3 of the sequencer for 
breakpoint 1 and cycle 5 for breakpoint 2. The compare is inhibited during 
forced jumps or if an interrupt is already pending. Breakpoint registers are 
loaded only by the ?taster CPU and oormot be read by an I/O command. 

Program Counter value storage allows the Master CPU to trace Slave 2650 program 
execution. The 2650 has no provision for accessing the internal program counter 
directly, thus auxiliary logje must be used. 

The 2650 also stops when paused after fetching the first byte of the next 
instruction, making it difficult to determine the address of the last instruc-
tien where the breakpoint occurred. Thus the hardware implements storage of 
bath the last instruction address values and the next or just fetched instruc-
tion address. The program counter file register contents are read only by the 
Master CPU. 

Note that neither the breakpoint or program counter registers operate unless the 
Debug mode is enabled. Note also that the sequencer may slow the operatien of 
Slave processors other than the 2650 due to the required 600 nanosecond hold 
time. 

Single Cycle 

The single cycle legio consists of a single flip-flop enabled by the control 
byte. A Slave fetch clocks the flip-flop to an active state, causing a Master 
interrupt. This automatically pauses the Slave CPU at the end of the single 
instruction. 

Forced Slave Jump 

The forced Slave jump is initiated by any one of several sources. The single 
cycle, either breakpoint, front panel jump legio, or a naster I/O command have 
the same effect. Two flip-flops generate a 100 nanosecond "JMP WO" to the 
Slave CPU Wnich arms its jump mechanism. A jump pending flip-flop is also 
triggered to disallow a single cycle interrupt. After receipt of the jump 
=mand, the Slave outputs a forced branch instruction on the Slave data bus 
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c:uring the next instruction fetch. The abso:.ute jump address is supplied 
by the Debug jump address register. On the les_ding edge of the following 
OPREQ in which the CPU receives the high byte of the jump address, "JMP ACK" 
is generated. The Debug card uses this signal to gaPe the address register in-
to the address bus. The Slave multiplexes the high and low bytes of the address 
bus into the data bus for byte 2 and 3 of the jump instruction and resets 
"JMP ACK". Receipt of JMP ACK also resets the JMP PENDING 	en the 
Debug module. 

Forced Slave Reset and Forced Interrupt 

The Master CPU may command a Slave reset at any time. This is one bit of the 
command byte. A flip-flop is set en receipt of this command er by system reset. 
This immediately activates the Slave reset line. The reset is removed when the 
Master/Slave control flip-flop enables the Slave CPU. This avoids bus conflict 
since the Slave tries to fetch one byte after reset even through paused and must 
be held in a reset state until the Master is off the bus. 

Slave forced interrupt is simply a pulse generated by bit 1 of the I/O command 
byte. The interrupt is sent out on the Slave interrupt level zero line. It is 
stored and processed en the Slave CPU card. This ftnction is not used by the 
2650 Slave CPU. 

9.3 	UTILIZATION 

Although the Debug and Front Panel I/O board was designed specifir2lly for use 
in the TWIN system, it can be used in products of a general nature. External 
power is required as listed below. The board is designed to be plugged into a 
100-pin printed circuit connector. 

The following supply voltage is required: 

+5 V at 	1.3 A 

The board should be mounted vertieAlly with side supports to minimize vibration. 
Sufficient space should be left on both sides of the board to permit heat dis-
sipation. Other components radiating large volumes of heat should not be located 
near the board. 

A list of edge connector pin assignments is found in Tables 9-1 through 9-3. 
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TABLE 9-1 

PIN LIST, EDGE CONNECTOR P1 

Pin 	Signal 
	

Description 

1 	 +5 V 	 Logic Power Input 
2 	 +5 V 	 Logic Power Input 
3 	 +5 V 	 Logic Power Input 
4 	 +5 V 	 Logic Power Input 
5-8 	 not used 
9 	 gnd 
10 	gnd 
11-14 	not used 
15 	 gnd 
16 	 gnd  
17 	 ADR 0 	Address Pit 0 Input/Output 
18 	ADR 1 	Address Pit 1 Input/Output 
19 	 ADR 2 	Address Bit 2 Input/Output 
20 	 ADR 	Address Bit 3 Input/Output 
21 	 ADR 4 	Address Bit 4 Input/Output 
22 	 ADR 5 	 Address Bit 5 Input/Output 
23 	 176 	Address Bit 6 Input/Output 
24 	 ADR 7 	 Address Bit 7 Input/Output 
25 	 11F-8 	 Address Bit 8 Input/Output 
26 	 ADR 9 	Address Bit 9 Input/Output 
27 	 ADR 10 	Address Bit 10 Input/Output 
28 	 Ab0711 	Address Bit 11 Input/Output 
29 	 ADR 12 	Address Bit 12 Input/Output 
30 	 ADR 13 	Address Bit 13 Input/Output 
31 	 71517T4 	Address Bit 14 Input/Output 
32 	 ADR 15 	Address Bit 15 Input/Output 
33 	 CMEM 	Slave Memory AcceRs Indication 
34 	 not used 
35 	 not used 
36 	 DATA 0 	Data Bit 0 Input/Output 

37 	 DATA 1 	Data Bit 1 Input/Output 
38 	 DATA 2 	Data Bit 2 Input/Output 
39 	 DATA 3 	Data Bit 3 Input/Output 
40 	 DATA 4 	Data Bit 4 Input/Output 
41 	 DATA 5 	Data Bit 5 Input/Output 
42 	 DATA 6 	Data Bit 6 Input/Output 
43 	 DATA 7 	 Data Bit 7 Input/Output 
44-51 	not used 
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TABLE 9-1 

PIN LIST EDGE CONNECTOR P1 (continued) 

Pin 	Signal. 	Description 

52 	PVIO 	Memory/I0 Control Input 
53 	7115 	Write Pulse Input 
54 	7790Q 	Operation Request Input 
55 	RiV 	Read/Write Control Input 
56 	HOLD 	CPU Hold Output 
57 	JMP CMD 	Jump Command Output 
58 	RUN 	Run Indication Input 
59 	RESET 	System Reset Input 
60 	JMP ACR 	Jump Acknowledge Output 
61 	SLV INTACK 	Slave Interrupt Acknowledge Input 
62 	INT 0 	Slave Interrupt Level 0 Input 
63-69 	not used  
70 	SLV CPU INT 	Slave Interrupt Input 
71-73 	not used 
74 	U PSE 	User Pause Input 
75 	SLV OPREQ 	Slave CPU Operation Request Input 
76 	SLV -REST 	Slave CPU Reset Output 
77 	SLV PSE 	Slave Pause Output 
78-81 	not used 
82 	1.27R 	Slave CPU Fetch Indication 
83 	PIM 	Master CPU Pause Output 
84 	MAST RUN 	Master CPU Run Indication 
85 	2117a 	Slave CPU Sense Input 
86 	PM 	Slave CPU Flag Output 
87 	F.P. HOLD 	Front-Panel Hold Input 
88-94 	not used 
95 	2650 CLK 	CLK CPU Clock Input 
96-100 	gnd 



TABLE 9-2 

PIN LIST, EDGE CONNECTOR P2 

Pin 
	

Signal 	Description 

	

1 	ADR 15 	Address Bit 15 Output 

	

2 	797-T4 	Address Bit 14 Output 

	

3 	ADR 13 	Address Bit 13 Output 

	

4 	ADR 12 	Address Bit 12 Output 

	

5 	ADR 11 	Address Bit 11 Output 

	

6 	ADR 1C 	Address Bit 10 Output 

	

7 	Mrg 	Address Bit 9 Output 

	

8 	71518 	Address Bit 8 Output 

	

9 	ADR 7 	Address Bit 7 Output 

	

10 	ADE 6 	Address Bit 6 Output 

	

11 	ADR 5 	Address Bit 5 Output 

	

12 	ADR 	Address Bit 4 Output 

	

13 	ADR 3 	Address Bit 3 Output 

	

14 	ADR 	Address Bit 2 Output 

	

15 	ADR 	Address Bit 1 Output 

	

16 	ANR7 	Address Bit 0 Output 

	

17 	not used 

	

18 	OPREQ 	Operation Request Output 

	

19 	not used 

	

20 	not used 

	

21 	FPD 7 	Front-Panel Data Bit 7 

	

22 	FPD 6 	Front-Panel Data Bit 6 

	

23 	FPD 5 	Front-Panel Rita Bit 5 

	

24 	FPD 4 	Front-Panel Data Bit 4 

	

25 	FPD 3 	Front-Panel Data Bit 3 

	

26 	FPD 2 	Front-Panel Data Bit 2 

	

27 	FPD 1 	Front-Panel Data Bit 1 

	

28 	FPD 0 	Front-Panel Data Bit 0 

	

29 	a997-9Z 	Gommon Memory Switch Input 
30-34 	not used 	Slave 

	

35 	DTA 0 	Front-Panel Display Bit 0 

	

36 	I5TA-1 	Front-Panel Display Bit 1 

	

37 	DTA 2 	Front-Panel Display Bit 2 

	

38 	DTA 3 	Front-Panel Display Bit 3 

	

39 	Dii-4 	Front-Panel Display Bit 4 

	

40 	DTA 5 	Front-Panel Display Bit 5 

	

41 	-7-A-6-DI 	Front-Panel Display Bit 6 

	

42 	DTA 7 	Front-Panel Display Bit 7 
43-50 	not used 
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TA3LE 9-3 

PIN LTS:, EDGE OCANECTOR F3 

	

Pin 	Signal 	Descr.ptf,on 

	

1 	+5 V 	Logic Power Input 

	

2 	+5 V 	Logic Power Input 

	

3 	gnd 

	

4 	gnd 

	

5 	gnd  

	

6 	INTACK 	Interrupt Acknowledge 

	

7 	FETCH 	Fetch Indication 

	

8 	RUN  	CPU Run Indication 

	

9 	MSTR/SLAVE 	naster/Slave Ehable Indication 

	

10 	HOLD 	CPU Hold Indication 

	

11 	MEM/I0 	Memory/I0 Control Input 

	

12 	not used 

	

13 	MSTRST 	naster CPU Test Switch Input 

	

14 	RSET 	Reset Switch Input 

	

15 	JMP 	Jump Indication 

	

16 	ENT 	Enter Switch Input 

	

17 	INC 	Increment Switch Input 

	

18 	DEC 	Decrement Switch Input 

	

19 	LOAD 	Load Switch Input 

	

20 	SET SLV 	Slave Select Switch Input 

	

21 	SET MSTR 	naster Select Switch Input 

	

22 	RST WLD 	Reset Hold Input 

	

23 	MSTR INT 	naster Interrupt Input 

	

24 	ACCFSS 	System Access Indication 

	

25 	MEI/n 	Memory/I0 Indication 

	

26 	OP RSET 	Operation Reset Input 

	

27 	not used 

	

28 	not used 

	

29 	not used 

	

30 	CMEM 	Canon Nbmory Access Input 



CHAPTER 10 

MCTHER BOARD AND POWER SUPPLIES 

10.0 	INTRODULIION 

The Mother geard distributes operating power, data, addresses, and control sig-
nals between other boards in the system. It is also the receptacle for system 
boards through the use of printed circuit connectors mounted on the top side. 

The system contains two modular power supplies which provide operating power for 
system modules and for the TWICE assembly. 

10.1 	THE MOTHER BOARD 

The Mother board carries the system buses and has provisions for mounting up to 
20 boards. The board is divided into two sections: Master and Slave. The 
Front-Panel I/O and Eebug board forms the division between the two sections and 
is =anon te both sections. The Master section contains the PROM Programmer 
boards, which are plugged into the two connectors at the left side of the 
Mother board. These positions are keyed mechanically so that no other boards 
can be plugged into their place. The other boards which must be installed on 
the Master side are the Master CPU and Master Mainry. Optionally, a General-
Purpose I/O board can be installed on the Master side. The Slave side must 
contain the Slave CPU and Slave Memory boards. Optionally, a General-Purpose 
I/O board may be installed en the Slave side. 

The system bus carried by the Mother board is split into sections also. Data, 
Control, and Address buses are camion to all boards. Interrupts are split so 
that each CPU has its own set of interrupt lines. 

10.2 	POWER SUPPLIES 

Operating power for the system is provided by two modular power supplies mounted 
in the development computer chassis. Outputs are connected to, and distributed 
by, the Mother board. One supply has three outputs: +12 VDC, -12 VDC, and a 
vormion ground line which is tied to a separate return ground on the Mother 
board bus. The second supply has a DC output of +5 V, and AC outputs of 50 VAC, 
30 VAC, and 15 VAC for the PROM Programmer boards. 
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APPENDIX A 

FLOPPY DISK CONTROLLER 

GENERAL 

The controller performs all disk drive signal sequencing, including track 
seeking. The controller acts as an interpreter for the driver program. 
Communication between the driver and controller proceeds as described later. 

SYSTEM BLOCK DIAGRAM  

Figure A-1 shows the overall system configuration and the ftrx3táns provided 
in each block. It should be noted that the controller may be used with any 
computer I/O having two input bytes and two output bytes. (May be one 16-bit 
I/O port). Figure A-2 shows I/O buses. 

CONTROLLER ARCELITECTURE  

The Controller consists of 2 basic blocks (see Figure A-3): 

a) A Sector Buffer, which is used for bidirectional (Read/Write) 
Data Storage. 

b) A smalt ROM driver microcontroller used for overall control, 
CRC generation and checking, sector seeking, and sector data 
formatting. 

The data exchange from the CPU to the disk proceeds in two steps: 

a) The Sector Buffer is loaded from the disk (read) or 
CPU (write). 

b) The CPU (read) or the disk (write) receives the data 
from the sector buffer. 

In both of the above cases, the driver program must present to the controller 
the track and sector addresses, which are used as a part of the sector preamble 
as welf as for the track and sector viking operation. 

It should be noted that along with the aforementioned data transfers, there 
will be other transfers of command and status bytes between the CPU and the 
controller before, during, and after the actual sector data transfer. 
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TWIN MASTER 
CPU AND I/O 

BOARD 

CONTROLLER 
• CRC 
• Sector Seek 
• Sector Data 

Formatting 
• Sector Buffer 
• Track Seek 
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CHANNEL  

CONTROL 
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FLOPPY 
DISK 
0 

FLOPPY 
DISK 
1 
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• 
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DISK 
7 

FIGURE A-1 

BLOCK DIAGRAM OF FLOPPY DISK SYSTEM 
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I/O 
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4 Bits: 1) Strobe 
2) Data Enable 

Control* 	3) Transfer Modifier CO. 
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FIGURE A-2 

I/O INFORMATION EXCHANGE BUSES 
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CONTROLLER CIRCUIT DESCRIPTION 

This section describes the circuits, the associated logic Implementation and 
functional blocks of the controller (see Figure A-4). A generalized timing 
diagram is provided to indicate the timing sequences of the data and control 
paths during the execution of the instruction (see Figure A-5). 

FUNCTIONAL BLOCK DESCRIPTION 

1) Register File.  There are 16 8-bit registers designated, RO through R16. 
The outputs of the register are OR-tied to the WR-BUS and it is the A port 
of the ALU. The inputs to the register file are from the T-BUS. 

2) Accumulator.  This is an 8-bit LATCH. The input is tied to the T-BUS and 
the output is connected to the B port of the ALU. 

3) ALU. All logic and arithmetic functions are provided by this block. The 
output of the ALU is the input to the T-Register. 

4) T -Register.  The T -Register is an 8-bit latch. It serves as the slave 
register for all operations. It is the source register for all output 
group instructions. 

5) Jump Condition.  This portion of the logic verifies the JUMP instruction 
condition and endbles the JUMP when the condition is valid. 

6) Carry Input Generator.  A n2rry will be generated based on the instruction 
type. 

7) ROM Address Register  - RAR. This is an 8-bit progranprable counter. It 
stays in the up count mode for all operations except for the JUMP 
instruction which loads the pointer address from the WR-BUS. The output 
addresses the ROM to source the content as microcode to the RIR register. 

8) Control Memory.  This consists of ROM register (512 x 16-bit) and RIR 
register (16-bit) which holds the current instruction word from the ROM. 
At the beginring of each cycle the new ROM instruction word is clocked 
into the RIR register. The output is the logic input source for the Jump, 
Control, and Decoding Logies. 

9) Command Decoder.  The outputs from the RIR are decorled and status/control 
lires are generated. 
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10) Timing. A 20-MHz crystal controlled oscillator is used to provid? the 
200 ns cycle timing with the listed control clock: * 

a) RAR CLOCK 

b) RAM WRITE 

c) TO 

d) T1 

e) LTCH 

11) WR-BUS. The (Working Register) WR-BUS provides input to the A port of 
the ALU. It is an open-collector bus and information is gated to the 
WR-BUS from the following sources: 

Sources 	No. of Bits 

Sector Buffer 	1 
Host Data in Byte 	8 
Host Control Bit 	4 
Drive Timing/Status 	4 
Read Data Flip-Flop 	1 

12) Output Bus. The output bus provides either the status byte or the data 
byte to the host input bus. 

13) Sector Buffer. The Sector Buffer wilt. store 1024 bits of input/output 
data information from the host drive. The data byte received from the 
host is serialized by the microcode and tranferred to the Sector Buffer 
via the Carry Flip-Flop. The read data bit received from the drive is 
stored into the Sector Buffer via the Carry Flip-Flop. After 1024 bits 
of data is received, the microcode routine retrieves the data from the 
Sector Buffer and deserializes the bits to foren an 8-bit byte to trans-
fer to the Host. 

14) Read/Write Circuit. The double-frequency horizontal non-return to zero 
(NRZI) method of recording is used to send Write Data to the Drive. The 
timing and generation of clock and data bits are controlled by the micro-
code. The Read Circuit detects the starting of the information and 
transfers the data bit to the WR-BUS. 

* See the timing diagram. 
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FLOPPY DISK CC(VIMANDS  

The floppy disk is controlled from a set of =mand bytes passed to the floppy 
disk controller. The mechanism to pass the command bytes is defined later. 

Write Unformatted 

This command allows the controller to accept a three byte device and seek 
address and 128 bytes of data. 

After the 128th data byte is received, the drive seeks to the appropriate 
track and sector and writes the address ID and data on that sector, thereby 
formatting a sector. If subsequent data bytes are presented to the contrciler 
without a new command sequence, the next sequential sector is formatted. Data 
must be presented in 128 byte increments. Automatic track switching may occur. 

Write Formatted 

This command allows the controller to accept a three byte device and seek 
address and 128 bytes of data. After the 128th byte of data is received, the 
drive seeks to the appropriate address, verifies the address ID, and writes the 
data into that sector. Subsequent 128 byte data byte presentation without a 
new command sequence writes in the next sequential sector. Automatic track 
switching may occur. 

Read Command  

This command allows the controller to accept a three byte device and seek 
address, seeks to the appropriate track and sector, and reads 128 bytes of 
data. Sequential sectors can be read by continuing the data reads in 128 byte 
blocks without issuing a new cc:mand sequence. Automatic track switching may 
occur. Non-sequential partial records can be read from the sector buffer. 

Read Diagnostic Command 

This command reads the controller working registers. Reading starts at 
register 1 and continues through register 0. Reading can stop at any time. 
If more than 16 registers are read, a wraparound wilt occur. 

Print Command  

There is no direct print command. Print data transfer is accomplished by 
using the PTS control byte command. Data is passed to the printer until a 
carriage return character is recognized by the printer. At this time the 
printer prints the received data and performs a carriage return. 
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DEVICE ASSIGNMENT 

The floppy disk/printer controller uses two device addresses, each with an 
associated input/output port pair. The two devices are used for control and 
data transfer functions. 

Device EA Control Device 
Device EB Data Device 

Control Device (EA) 

The control device provides the following functions for the floppy disk/printer 
controller. 

-Control byte transfer 
-Flag byte input 

The control byte write sends one of five control bytes to the controller. 

-SIO Start an I/O 
-OTD Output Data 
-IND Input Data 
-RST Reset flag bit upon operation complete 
-PTS Strobe data to the printer 

The transfer of the control byte is done as follows: 

WRTE,r V 

r = the general purpose register containing the control byte 
V = the control device address 

Flag byte input transfers the controller flag byte to the CPU. The flag byte 
transfer is acoompLished as follows: 

REDE,r V 

r = the general purpose register to receive the sense byte 
V = the control device address 

Data Device (EB)  

The data device provides the following function for the floppy disk/printer 
controller: 

-Write data transfer 
-Read data transfer 
-Read status transfer 
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The write data sequence is used to place a data byte in the data device output 
port. The data is sequence dependent and will consist of a command byte to 
the controller, drive, track and sector addresses, and/or data. Placing data 
in the device output port is as follows: 

WRTE,r V 

r = the general purpose register that contains the data 
V = the data device address 

The read data sequence accepts data from the controller info the data device 
input port. The read sequence is as follows: 

REDE,r V 

r = the general purpose register to receive the data 
V = the data device address 

The read status sequence is identical to the read data sequence. However, 
status presentation only occurs after a SIO, RST, or PTS control byte has been 
written to the control device output port. 

DISK STATUS BYTE 

The disk status byte contains information pertinent to the operability and 
usability of the disk controller and devices. The status byte is read from 
the input port of the data driver and is available only after one of the 
following control bytes have been placed in the output port of the control 
device. 

-SIO Start I/O 
-RST Reset Plag 
-PTS Printer strobe 

The disk status byte has the following format: 

Always = 0 
Unit Check =1 
Device not ready = 1 
Write Protect 	= 1 
Error Recovery 	= 1 
Illegal Operation = 1 
Not Used (Always = 0) 

7 
	

14 3 2 1 0 
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Unit Check -- Indicates disk failure 

Device Not Ready -- Indicates the selected drive has one or all of the following 
faults: 

- 24V missing 
- Door open 
- Power off 
- Diskette not up to speed 

Write Protect 	Indicates the selected drive is in the write protect mode. Any 
write command to the drive functions normally but no data will be written 
on the disk. 

Error Recovery -- This bit indicates the controller has gone into an error 
recovery mode. The bit will reset when the controller finishes. 

Illegal Operation 	Indicates the selected drive track or sector address are 
out of the specified limits. The limits are track 0-76, sector 0-31. 

CONTROLLER FLAG BYTE 

The controller flag byte is read from the input port of the control device. 
This flag information read is described below: 

Printer Risy = 0 
Printer Fault = 0 
Flag = 1 

7 
	

6 
	

5 
	

4 1 3 1 2 	1 	0 

Always = 1 

Flag -- This bit serves two functions when it is set to a 1 condition by the 
controller. 

Read Operation 	Indicates the controller has a data byte 
for the CPU. 

Write Operation 	Indicates the controller is ready to 
receive a data byte from the CPU. 

The flag is reset when the controller completes its 
operation by the RST control command. 

Printer Fault -- This bit indicates the printer controller has an error condi-
tion. (Power off, out of paper, or disconnected). The bit is reset by 
correcting the error condition. As long as any of the above oonditions 
prevail, the bit will rearain set. 

Printer Busv -- This bit is true when the printer is active printing or :Timing 
paper. 
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T  
INPUT 

DATA 

Control Channel and Flag Reset 

CPU: 

•DROP 

FLAG 

*DATA BUS IN 

•RAISE FLAG 

*INPUT DATA BYTE 

*CONTROL RST 

CPU/CONTPOLTER DATA EXCHANGE PROTOCOL 

The interface lines required to support the control and data exchange between 
the CPU and the controller are shown in Figure A-2. Timing is shown in 
Figures A-6 and A-7. 

The input and output ports are used for the exchange of input data and 
controller status (input port), and output data and controller commands 
(output port). 

The definition and formats of the information with the exception of data, 
letich is unrestricted, are given below. The control port is given first since 
it defines the nature of the information exchange ensuing at the interface. 

CONTROL PORT OPERATION  

Input Data Sequence 

Flowchart at the Interface 

CONTROLLER 

CPU 

CONTROLLER 
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TWIN (Input Data) 

Controller (Flag) 

Input (prior to 
Data input port) 

Input Port ** 

(A) 

INPUT DATA TIMING  

Data Input 
(prior to (A) above)  

** Status Byte present before and after data 
stable on input port 

F I GURE A-6 
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INPUT STATUS SEQUENCE  

The control port must be in a state to allow status to be gated to bus. 

CPU 
	

Input 
	

Can be 
Status 
	

cycled 
Byte 
	

continuously 

Note: No controller response is required. 



RO Sense Byte Forwat 

17 
	

6 5 4 3 2 1 

Not Used 
Sync Error 
ID Error 
CRC Failure 
Not Used 

FLOPPY DISK DIAGNOSTIC REGISTERS  

The floppy disk diagnostic registers are read using the diagnostic read conrrand. 
The register contents are as follows 

Register 	Usage 

RO 	Sense Byte 
R1 	Working Storage 
R2 	Working Storage 
R3 	Program State Flags 
R14 	Device Address 
R5 	Head Delay Counter 
R6 	Canard 
R7 	Sector N (current) 
R8 	Controller Status Word 
R9 	Target Sector 
R10 	Current Track Head Position 
R11 	Target Track 
R12 	Working Storage 
R13 	Host Byte Counter 
R14 	CRC 1 Byte 
R15 	CRC 2 Byte 

INTERRUPTS 

The interface logje for the floppy disk controller has the ability to supply or 
suppress program interrupts during I/O sequences. Interrupts occur after the 
fall of the Flag control line. To enable interrupts, the floppy disk enable 
interrupt bit in the Floppy Disk control byte must be set. When interrupts 
are enabled, the next fall of the Flag control line wilt produce an interrupt. 
Interrupts are vectored indirectly to the user service routine. The interrupt 
vector and priority are assigned by the hardware. 

Printer interrupt capabilities are the same as the floppy disk except a 
different priority and vector are assigned. Also a unique interrupt enable bit 
is defined in the Floppy Eisk Control byte. 
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CONTROL CHANNEL & FLAG RESET 

CPU 

CPU 

CONTROLLER 

CPU 

CONTROLLER 

PLACE 
BYTE ON 
OUTPUT BUS 

RAISE 
OTD* 

RAISE FLAG, 
READ BYTE 

LOWER 
OTD* 
=RESET 

LOWER 
FLAG 

Output Sequence (commands are a part of the output data stream.) 

* OTD = Output Data Byte 
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DATA OUTPUT TIMING  

Output 
Bus 

Controller: 
Data Read 

* Status Byte °n Input Data Port Before and After the OTD Pulse 

F 1 GURE A - 7 

18 



Print Command (on Control Port) 

This is a control port command that allows the host to command the controller to 
effect a Print Strobe. 

The Data on the Output Port is ignored by the controller. 

STATUS/SENSE BYTES 

General 

These bytes are used to convey to the system the following classes of 
information: 

Status Byte 

a) Information as to the state of the peripheral device: 
• Write protect 
• Drive not Ready 

b) Information as to the state of the I/O operation: 
• Error Recovery 
• Unit check (indicates a failure) 
• Illegal Operation (track or sector out of limits) 

Sense Byte 

Information as to the disposition of the failure of an I/O transaction. 

Only used for Diagnostic purposes. Sense Byte is contained in register 0. It 
is the last register whose contents are output during the diagnostic read. 

• CRC failure 
• ID error 
• SYNC error 

Encoding of the status and sense bytes is defined in the sections pertinent to 
the peripheral device. 

Diagnostic Read Data Bytes  

This command allows the host to interrogate the controller's internal werking 
registers. 

R1 	Working Storage 
	

Byte 1 
R2 	Working Storage 
	

Byte 2 
R3 	Flag Byte 
	

Byte 3 
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R4 	Drive Number 	Byte 4 
R5 	Head Delay 	Byte 5 
R6 	Command Register 	Byte 6 
R7 	Current Sector 	Byte 7 
R8 	Controller Status Word 	Byte 8 
R9 	Target Sector 	Byte 9 
R10 	Current Track Head Position Byte 10 
R11 	Target Track 	Byte 11 
R12 	Working Storage 	Byte 12 
R13 	Host Byte Counter 	Byte 13 
R14 	CRC 1 Byte 	Byte 14 
R15 	CRC 2 Byte 	Byte 15 
RO 	Sense Byte 	Byte 16 

HOST-CONTROLLER CC*IUNICATIONS PROTOCOL  

Operation Initiation Sequence  

I/O operations are initiated by sending a sequence to the oontroller which 
consists of a variable length string of bytes, defining the desired operation. 
The general sequence is as follows: 

CONTROL BYTE 	DATA BYTE 

SIO 
OTD 	Command 
OTD 	Drive # 
OTD 	Sector # 
OTD 	Track # 

Start I/O  

This is a control port byte which tells the controller that a new I/O operation 
is requested. The byte which is in the output port during the next OTD data out 
cycle defines the oommand which is to be executed. 

Task Descriptor Heading  

As described above the first byte in the heading is the cannand byte, which 
implicitly defines the length of the Task Descriptor. 

Single Byte Headings  

This class of descriptor is used for the following I/O operations: 

• Loop Back 
• Diagnostic Read 
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Multibyte Headings 

This is the normtil sequence and consists of a series of bytes following the 
command byte. The first is the device number from hex 00 to FF, and is 
described in the next section. 

Bytes subsequent to the device address are defined for a particular omrand/ 
device address combination, which is further defined in the next section. 

Device Address Space  

Floppy Disk Drives (0-7) -- These drives are selected during the omrand Initi-
ation Sequence and remain selected for the complete Disk I/O sequence. It 
should be noted that for these addresses the task descriptor will contain the 
sector and track bytes to be operated upon . 

Data Transfer Sequence 

The data transfer sequence is a function of the clans of device selected as 
well as the command. For disk I/O this is detailed in the next paragraph. 
For the Centronics printer it is given later. 

DISK I/O OPERATIONS 

Sense Gonrnand  (See allo Diagnostic Read) 

The sense byte is contained in Register RO. 

	Spare 
	Spare 
	Spare 
	SYNC Error 
	ID Error 
	 CRC Failure 
	Spare 
	- Spare 

7 6 5 4 3 2 1 0 

SENSE BYTE 

Status Byte Definition 

The status byte is available to the TWIN system as described previously and is 
encoded as foflows: 
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Spare (grounded) 
Unit Check* 
Drive Not Ready** 
Write Protect** 
Error Recovery 
Illegal Operation 
File Inop** 
Spare 

7 6 5 14 3 
	

1 0 

STATUS BYTE 

NOTE: A negative assertion level is normal at the interface. This allows the 
host to receive bad status for loose controller and TWIN system interconnec-
tions. 

*The unit check status bit tells the host that the I/O operatien execution 
malfunctioned. Determination of the maifunction can be obtained by a 
Diagnostic Read and 16 IND's. 

**These status bits originate from the drive; the others originate Erom the 
microprocessor. 

READ CCWANDS  

The description of these commands and their associated descriptors is given 
below. 

Normal Read 

The sequence of bytes in the descriptor is as follows: 

CONTROL BYTE 	DATA BYTE 

SIO 
OTD 	COMMAND (READ TYPE) 
OTD 	DRIVE NUMBER 
OTD 	SECTOR NUMBER 
OTD 	TRACK NUMBER 
IND 	BYTE 0 

IND 	BYTE 127 

Following the descriptor, 128 data bytes are read into the sector buffer. If 
more than 128 bytes are required for one descriptor, they wilt be read from 
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the next sequential sector and track. This will be conmunicated by another 
OTD after receipt of the 128th byte from the sector buffer. 

It should be noted that complete status reads should not be made until the 
device is completely selected. 

Diagnostic Read  

This command has the following description: 

Control Byte 

SIO 
OTD 
IND 
IND 

IND 
IND 

Data Byte 

Diag. Read 
R1 
R2 

R15 
RO 

As can be seen from above, the 16 working registers can be read in, starting 
from R1. Reading can terminate at any time. If more than 16 registers are 
read, a wraparound will occur, that is, R1 ... etc., will be read again. 

WRITE Cc*IANDS 

Copy Write 

This command is similar to the normal write except the data is the current 
contents of the sector buffer. 

CRC is updated for this command as the track and sector bytes are included in 
the CRC calculations. 

Write Unfbrmatted 

This command allows the writing of unformatted disks. The maindifference 
bet~ this and a normal write is that the read before write is omitted. 

Normal Write 

The sequence of bytes in the descriptor is as follows: 
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CONTROL BYTE 	DATA BYTE 

SIO 
OTD 	CCMMAND (WRITE TYPE) 
OTD 	DRIVE NUMBER 
OTD 	SECTOR NUMBER 
OTD 	TRACK NUMBER 
OTD 	DATA BYTE 0 

• 

•  OTD 	DATA BYTE 127 

After receipt of the 128th byte, the controller will write the data to the disk. 
If subsequent bytes are presented to the controller without a new task descrip-
tor, they will be written en the next sequential sector and track. It should 
be noted that the data blocks must come in multibles of 128. A read ID is 
performed by the controller prior to the write to ensure correct track position. 

CENTRONICS PRINTER OPERATION 

—DATA OUT 
	

8-BITS. 
[ STROBE 
	

PRINTER 

FAULT 
CONTROLLER 

BUSY 

The interface to the Centronics Printer contains 8 Data output lines, a data 
Strobe line, and two printer status lines, Fault and avv. 

The functional description and codes required to operate the printer are given 
in section 4 of the technical manual Centronics Mbdel 306. 
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APPENDIX B 

SERVICE REQUESTS 

A program running under the Slave CPU can issue one of six SVC's (Supervisor 
Call); SVC1, SVC2, etc, to effect I/O or a SDOS service function. The SVC is 
actually an extended I/O instruction. Associated with each SVC is a pointer to 
a Service Request Block (SRB). The SRB pointers must be placed by the impr pro-
gram in fixed memory locations in the first 16K bytes of common memory. 

HEX LOCATION 
	

CONTENTS 	DEVICE ADDRESS 

	

40-41 	SRB POINTER FOR SVC 1 	F7 

	

42-43 	SRB POINTER FOR SVC 2 	F6 

	

44-45 	SRB POINIER FOR SVC 3 	F5 

	

46-47 	SRB POINTER FOR SVC 4 	F4 

	

48-49 	SRB POINTER FOR SVC 5 	F3 

	

4A-4B 	SRB POIN1EH FOR SVC 6 	F2 

When the program running under the Slave CPU issues an SVC, the Slave CPU is 
halted and the naster CPU is interrupted (re-started). Each one of the six 
SVC's is vectored thru a unique location in Master Memory where the SRB pointer 
is picked up by SDOS then vectored to a cemmon SDOS SVC processor where the SVC 
interrupts are serviced. All of the infornation required to perform the func-
tion desired by the caller is contained in the SRB for the SVC which was issued. 

SERVICE REQUEST BLOCK (SRB) 

A Service Request Block (SRB) consists of eiglit contiguous bytes located in the 
first 16K page of Slave memory. The contents of an SRB are as follows: 

BYTE 	SYMBOL 	CONTENT 

	

1 	SFC 	SVC FUNCTION CODE 

	

2 	SCH 	CHANNEL NUMBER 

	

3 	 STAT 	STATUS 

	

4 	SDAT 	SINGLE BYTE DATA 

	

5 	BCNT 	I/O BYTE COUNT 

	

6 	BMAX 	I/O BUFFER LENGTH 
7-8 	BPTR 	I/O BUFFER POINTER 

A description of each entry in the SRB is given below. 
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SVC FUNCTION CODE (SFC) 

The SVC function code specifies the I/O or service function which is to be per-
formed by the SVC r:411. A list of functions supported by SDOS is given at the 
end of this appendix. 

CHANNEL NUMBER (SCH) 

A logical channel number must be specified for all I/O functions. The channel 
number must be in the range 0-7. When a logical channel is "ASSIGNED" to a 
physical device or file, the channel stays "connected" to that device or file 
until a "CLOSE' function is issued on the channel. The channel number can be 
used in more than one SRB. 

STATUS (STAT) 

For all I/O operations, an indication of the result of the I/O request is 
returned in STAT. If a READ AND PROCEED, or WRITE AND PROCEED function is 
requested, STAT will first be set to indicate that the I/O operation is in pro-
gress. When the I/O operation completes, STAT will be set to indicate the 
result of the operation. 

SINGLE BYTE DATA (SDAT) 

This entry is used to return single byte data requested by a non-I/O SVC 
function. For I/O requests, this is the physical status of the device. 

I/O BYTE COUNT (BCNT) 

This entry is used to return the actual number of bytes input or output by a 
READ or WRITE operation. For line oriented ASCII read or writes, this count is 
the actual number of characters including the end of line character in the 
line. For BINARY read or writes, the count is the actual number of bytes. It 
is also used in conjunction with SDAT to return double byte data requested by a 
non-I/O SVC function. 

I/O BUFFER LENGTH (BMAX) 

The maximum number of bytes of data to be input to or output from the user's 
buffer must be given in this byte. Once set by the user, it is not disturbed 
by SDOS. 

I/O .BUFFER POINTER (BPTR) 

For all I/O operations and for some non-I/O SVC functions, the user must 
provide the starting address of a buffer in the first 16K page of Slave memory. 
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Unless otherwise specified in the SVC function desoription, data transfers to or 
from the user program are performed through the buffer pointed to by BPTR. 

AUTOMATIC HACKING  

All application program I/O operations on the Signetics TWTIN are performed by 
SDOS running under the Master CPU. Data to be input from floppy disk files are 
first read into SDOS buffers and then deblocked to the user's buffer as re-
quired. Data to be output to floppy disk files are accumulated in SDOS buffers 
and then output to the file as full sectors. Input/output operations on devices 
other than floppy disk files are performed directly through the user's buffer. 

SVC FUNCTION DESCRIPTIONS 

Following are descriptions of the SVC functions available to an application 
program. 

ASSIGN CHANNEL 

An application program running under the Slave CPU has eiglit logical channels 
through which it can perform I/O. 

Any logical channel can be assigned to any physical device attached to the 
system. A floppy disk file is treated as an independent physical device. 

The physical device or floppy disk file to which a logical channel is to be 
assigned is Biven as a string of ASCII characters terminated by an EOL 
(carriage return) character. 

To assign a channel, SCH must contain a channel number in the range 0-7 and 
BPTR must contain the starting address of the device name string. 

If a channel is assigned to a floppy disk file which does not exist, the file 
will be automatir2lly created and the STAT entry in the SRB will be set to a 1 
to indicate that it is a new file. 

READ/WRITE ASCII 

A line is defined as a string of ASCII characters terminated by an End-Of-Line 
character, which is a normal ASCII carriage return. An application program run-
ning under the Slave CPU can input or output a line through a channel which has 
been previously "ASSIGNED" to a floppy disk file or other I/O device. The re-
quired settings for the SRB are minimal. 

To read a line, BPTR must contain the starting address of a buffer into which 
the line is to be input. BMAX must contain the maximum number of characters the 
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user wants placed in the buffer in the event an EOL character is not in the 
data stream. The user's buffer must be able to contain BMAX+1 bytes of data 
because, if an EDL character is not found in the data stream and BMAX bytes have 
been placed in the buffer, an EOL character will be placed in the buffer at the 
BMAX+1 position. This procedure assures the user that an ASCII input line will 
always be terminated by an EDL. 

To write a line, BPTR must contain the starting address of the line to be out-
put. BMAX must contain the maximum number of ASCII characters to be output in 
the event the line is not terminated by an EOL character. 

After the I/O function is completed, BCNT will contain the actual number of 
ASCII characters including the EOL which were input or output to or from the 
user's buffer. 

The actual number of characters input or output may be less than the maximum 
specified by BMAX as a result of encountering the normal EOL character, an end-
of-file on a READ before finding a EDL, or an end-of-device on a WRITE. All but 
the first return a non-zero status. 

The maximum length of a line supported by SDOS is 255 characters plus the EDL 
character for a total of 256. Thus, BMAX must be greater than or equal to 1 
and less than or equal to 255. 

The four functions, READ AND WAIT, READ AND PROCEED, WRITE AND WAIT, WRITE AND 
PROCEED, provide control over the action of the operating system when reading 
from or writing into the user's buffer. In the "WATT" options, the operating 
system outputs a H '7F' to the status byte to indicate that the read or write 
is complete. The applications program must test the status byte to determine 
completion before proceeding with another read or write operation. In the 
"PROCEED" options, the operating system returns to the applications program as 
soon as a read or write is complete. In the "WAIT" options, for example, the 
applications program can be written to allow two buffers to be used alternately. 
When the first buffer is full, a read can carmence and a second buffer can be 
filled. When the status byte test shows that the first buffer has been read, 
the second buffer can then be read while the first is being filled. 

READ/WRIlt BINARY 

An application program running under the Slave CPU can input or output a block 
of binary bytes through a channel which has been previously "ASSIGNED" to a 
floppy disk file or other I/O device. 
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To read a block of binary bytes, BPTR must contain the starting address of a 
buffer into which the data is to be input. BMAX must contain the number of 
bytes to be input to the buffer. 

To write a block of binary bytes, BPTR must contain the starting address of the 
buffer from which the data is to be output. BMAX must contain the number of 
bytes to be output from the buffer. 

After the I/O function is completed, BCNT will contain the actual number of 
bytes which veere input or output to or from the user's buffer. 

Binary reads and writes are performed strictly under count control. A user 
may input or output up to 256 bytes of data. In the case of read or write 
binary, a BMAX value of 0 is taken to mean 256. 

CLOSE FTLF 

The close function "disconnects" the given channel from the floppy disk file or 
other I/O device to which it was "ASSIGNED". 

If the channel was "ASSIGNED" to a floppy disk write file, the SDOS buffer 
used for the file will be output and a logirR1 end-of-file will be recorded °n 
the file before it is "disconnected". Subseguently, when the file is read 
the End-Of-File condition will be sensed and indicated in the status byte of 
the SRB. 

For physical devices other than the floppy disk, an appropriate clearing 
action will be taken. 

REWIND FTLF. 

The REWIND function applies only to floppy disk files. It has the effect of 
positioning a file at its beginning. 

If a device other than a floppy disk file has been "ASSIGNED" to the channel, 
the function will be treated as a NOP. 

To rewind a file, SCH in the SRB for the SVC request must contain the channel 
number to which the floppy disk file has been "ASSIGNED". 

When a floppy disk file is "REWOUND" it is treated the same as if it had just 
been "ASSIGNED". If the first I/O operation for the rewound file is a READ, 
data will be input from the file in the normal manner. If the first I/O 
operation for the rewound file is a WRITE, the sectors previously allocated 
for the file will be deallocated and the file will be treated as if it were a 
new file. 
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DELETE FTf .R 

The DELETE function causes the floppy disk file assigned to the given channel 
to be deleted from the directory of the diskette and, as a consequence, causes 
the channel to be "disconnected" from the file. 

If a device instead of a floppy disk file has been "ASSIGNED" to the channel, 
the function will be treated the same as "CLOSE". 

RENAME FTLE 

To RENAME the floppy disk which has been "ASSIGNED" to the given channel, BPTR 
must contain the starting address of the name, given as an ASCII line, to 
which the file is to be renamed. 

A file which is to be renamed must not be in the process of being read or 
written, i.e., the file must have just been "ASSIGNED" or"-RENGUND". 

If a device other than a floppy disk file has been "ASSIGNED" to the channel, 
the function will be treated as a NOP. 

GET PARAMETER 

If an application program running under the Slave CPU was invoked as a part of 
a command file from the system console, there may have been parameters in the 
command line. This SVC gets a particular parameter for the application program. 

If parameters are present, they will be stored in the SDOS procedure parameter 
buffer in Master memory. The parameters are identified by number according to 
the order in which they appeared in the command line and exist as strings of 
ASCII characters terminated by an DOL character. 

The desired parameter is requested as a number of SDAT. The parameter is 
returned to the user as an ASCII line starting at the location contained in 
BPTR. 

When a command file command line is entered, parameters are delimited by a 
space, canna, or DOL character. A corona or space delimiter will be replaced 
with an EOL character before the parameter is stored in the parameter buffer. 
A parameter may be omitted from the ordered sequence by two consecutive 
commas. If a parameter has been omitted, the first character itthe user's 
buffer will be an DOL character. 

If the given parameter number is greater than the number of parameters included 
in the command line, the first byte of the user's buffer will be a -1, and the 
SRB status will indicate that the given parameter number was greater than the 
number of parameters included in the cormrand line. 
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LOAD OVERLAY 

Overlays are stored on disk as bad modules complete with memory beginning, 
end, and start addresses. The program loads an overlay by setting the SRB and 
issuing the SVC. The file name of the overlay is given as an ASCII string 
tenninated by an EDL. The BPTR field in the SRB must point to this string. 
The header information in the laad module determines where the overlay is to 
be loaded in memory. The result of the laad operation is returned in STAT. 
The overlay is not started, and control remains with the requesting program. 

EDECUTE OVERLAY 

This SVC function is called and performed in the same way as the "LOAD 
OVERLAY" function with the exception that the overlay is executed after it is 
loaded at the starting address given in the Header of the laad module. This 
SVC provides the capability of chaining separate programs, as distinct from 
overlays. 

SUSPEND EXECUTION 

This SVC function will cause the requesting program to be suspended at the 
place the SVC is issued. The action is similar to an I/O and wait. The 
program can be started executing again by an operator carrnand issued Erom the 
system console. 

EXIT 

This SVC function will cause the program running under the Slave CPU to be 
terminated. The channels previously assigned by or for the program will not 
be closed. 

ABORT 

This SVC function will cause the program running under the Slave CPU to be 
terminated. The channels previously assigned by or for the program, if not 
already closed, will be closed. 

GET TIME 

The cumulative time in milliseconds sine system start-up is returned in SDAT 
and BCNT. 

GET OVERLAY ADDRESS 

The memory bounds of the last overlay loaded into slave memory and the 
execution address of the overlay are stored in six consecutive bytes starting 
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at the address given in BPTR. The first two bytes will oontain the low laad 
address, the next two bytes will cont2in the high laad address, and the last 
two bytes will oontain the execution address. 

GET DEVICE STATUS 

The status of the device assigned to the given logical channel (SCH), as 
obtained from the physical device, is returned in SDAT. A default of zero 
will be returned if there is no physical status available. 

GET DEVICE TYPE 

The identification number of the device assigned to the channel number in SCH 
is returned in SDAT and the device type is returned in BCNT. 

GET LAST CONSOLE INPUT CHAR 

The last character input from the system console is returned in SDAT. If 
sensed in a loop while performing extensive calculations or I/O, it provides 
the user program with a way to respond to a request for attention or other 
action by the operator. 

STATUS AND FUNCTION CODES 

Tables B-1 through B-3 list service request status and function codes. 



TABLE B-1 

SVC FUNCTION CODES 

HEX CODE 	 FUNCTION 

01 	READ ASCII 	and 	WAIT 
81 	READ ASCII 	and 	PROCEED  
41 	READ BINARY  and 	WAIT 
Cl 	READ BINARY 	and 	PROCEED  
02 	WRITE ASCII 	and 	WAIT 
82 	WRITE ASCII 	and 	PROCEED 
42 	WRITE BINARY  and 	WAIT 
C2 	WRITE BINARY  and 	PROCEED  
03 	CLOSE device or file on channel 
04 	REWIND  file on channel 
05 	DELETE  file on channel 
06 	RENAME  file en channel 
10 	ASSIGN  channel to device or file 
11 	GET TIME  (milliseconds) 
12 	GET OVERLAY ADDRESSES  
13 	GET PARAMETER  
14 	GET DEVICE TYPE  
15 	GET DEVICE STATUS  
16 	QET LAST CONSOLE INPUT CHAR. 
17 	LOAD OVERLAY 
18 	EXECUTE OVERLAY  
19 	SUSPEND EXECUTION 
1A 	EXIT 
1F 	ABORT 
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TABLE B-2 

DEVICE NAME 
	

DEVICE I.D. 	DEVICE TYPE  

CONI (Console Input) 	1 	1 
CONO (Console Output) 	2 	2 
LPT1 (Line Printer) 	3 	 2 
HSPT (H.S. P/T READER) 	4 	1 
TTYR (TTY P/T READER) 	6 	1 
DISK FEE 	-1 	43 

DEVICE TYPES 

	

1 	ASCII READ 

	

41 	BINARY READ 

	

2 	ASCII WRITE 

	

42 	BINARY WRITE 

	

3 	ASCII READ/WRITE 

	

43 	BINARY READ/WRITE 

The device types specified for the SDOS I/O devices represent the way in which 
the SDOS commands treat the devices in normai usage. A user application 
program can read from any input device in either ASCII or Binary mode and can 
write to any output device in either ASCII or Binary mode. 

The CONO, CONI, and the floppy disk subsystem are sharable devices which can 
be assigned to more than one channel. The LPT1, HSPT, and TTYR are non-
sharable devices and can only be assigned to one channel at any given time. 

A user application program can have a maximum of seven channels assigned to 
floppy disk files. 



TABLE B-3 

SRB STATUS CODES 

00 	- 	FUNCTION COMPLETE / NO ERROR 
01 	- 	CHANNEL ASSIGNED TO NEW FILE 
02 	- 	ILLEGAL CHANNEL NUMBER 
03 	- 	CHANNEL NOT ASSIGNED 
04 	- 	CHANNEL BUSY 
05 	- 	ILLEGAL FUNCTION CODE 
06 	- 	NO DOL ON ASCII READ 
07 	- 	NO EOL ON ASCII WRITE 
08 	- 	ILLEGAL DRIVE NUMBER 
09 	- 	FTIF, IN USE 
OA 	- 	DEVICE NOT OPERATIONAL 
OB 	- 	DEVICE NOT AVAILABLE 
OC 	- 	DEVICE NOT READY 
OD 	- 	DEVICE IN USE 
OE 	- 	DIRECTORY READ ERROR 
OF 	- 	DIRECTORY WRITE ERROR 
10 	- 	DIRECTORY FULL 
11 	- 	DEVICE READ ERROR 
12 	- 	DEVICE WRITE ERROR 
13 	- 	CODE NOT ASSIGNED 
14 	- 	CODE NOT ASSIGNED 
15 	FTLE NAME IN USE 
16 	- 	ILLEGAL FE .F.  NAME 
17 	- 	Fn F,  IN R/W PRCGRESS 
18 	- 	CHANNEL ALREADY ASSIGNED 
19 	- 	INCORRECT DISKETTE 
7F 	- 	I/O IN PRCGRESS 
FF 	- 	END OF F11 .F.  OR END OF DEVICE 



APPENDIX C 

TELETYPE INSTALLATION 

The standard ASR-33 teletypewriter must be modifted for use with the TWIN sys-
tem. The mdification changes the loop current to 20 mA and adds a tape reader 
control circuit. Use the procedure fbllowing: 

Interml Modifications 

1. Change the current source resistor value to 1450 ohms. This is done 
by moving a- single wire (see Figure C-5). 

2. Create a ftll duplex hookup internally by moving two wires on a term-
inal strip (see Figure C-4 and C-6). 

3. Change the receiver current level to 20 mA by moving a single wire 
(see Figure C-4 and C-6). 

4. Install a tape reader control circuit consisting of a relay, a re-
sistor, a diode, and a contact protection network. This requires 
mounting of a small board with the relay circuit on it. It may bé 
mounted in the teletypewriter using the two tapped holes in the base 
plate (see Figure C-1). The relay circuit may be added without al-
teration of the existing circuit (see Figures C-2, C-3, and C-4). 
Wire "A", shown in Figure C-6, to be connected to the brown wire in 
Figure C-2, may be spliced into the brown wire near its connector. 
The "line" and "local" wires must then be connected to the mode switch 
(PP  Figures C-3 and C-6). 

External Connections 

1. Create a two-wire receive loop by connecting two wires between the 
system and the teletypewriter, as shown in Figure C-6. 

2. Create a two-wire send loop by connecting a second set of wires 
between the system and the teletypewriter, as shown in Figure C-6. 

3. Create a two-wire tape reader loop by connecting the system to the 
teletypewriter as shown in Figure C-6. 

The teletype is connected to the TWIN PDC console connector J108 via a 25-pin 
EIA connector. Cable wiring for connecting a current loop TTY to the system 
are shown in Figure C-7. A TTY equipped with an RS-232 interface option 
connects to the system using the standard cable supplied with the TWIN system. 
'Mese connections are shown in Figure C-8 for reference. 
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FIGURE C-1 

Relay Circuit (Alternate) 

FIGIJRE G-2 

Distributor Trip nagnet 
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FIGURE C-3 

Mode Switch 

FIGURE C-4 

Terminal Block 
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FIGURE C-5 

Current Source Resistor 
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FIGURE C-6 

TTY MDdification 
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20 ma Loop 

PIN 
	

Description 

15 2' RCV DATA 
	

Receive Data 
/4 „ir XMIT DATA 
	

Transmitted Data 
1. 3 
	

TTY XMIT+ 
	

TTY Current Loop Output 
14 
	

TTY XMIT- 
	

TTY Current Loop Output 
17 
	

TTY RCV+ 
	

TTY Current Loop Input 
18 
	

TTY RCV- 
	

TTY Current Loop Input 

FIGURE C-7 

CURRENT LOOP TTY TO TWIN CABLE 

RS-232-C 

PIN 

	

1 	GND 

	

2 	EIA REV DATA 

	

3 	EIA XMIT DATA 

	

4 	REQ TO SNI) 

	

5 	CLR TO SND 

	

6 	DATA SET RDY 

	

7 	EIA SIG GND 

	

8 	SIG DET 

	

20 	DATA TERM RDY  

Description 

Protective Ground 
Serial Input 
Serial Output 
Request to Send Input 
Clear to Send Output 
Data Set Ready Output 
Signal Ground 
Carrier Detected Output 
Data Terminal Ready 

FIGURE C-8 

RS-232 TERMINAL TO TWIN CABLING 
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APPENDIX D 

ADDING A DEVICE DRIVER TO SDOS 

This description assumes the reader is familiar with the two separate handler 
and interrupt service portions of a driver and serves to show how to incorporate 
them (merge them into) the SDOS laad module. 

The merging scheme is very simple. The user assembles his logic as a separate 
object module (in hexadecimal format), and then performs the following steps 
using SDOS fUnctions: 

1. LOAD SDOS/0 
Load the SDOS laad module into Slave memory. 

2. RHEX FILENAME (of the object module) 
Merge the new driver logic into Slave memory 
with SDOS. 

3. MODULE SDOS/1 80 3FFF 100 (COMMENT) 
Make a new SDOS module on a different diskette 
(advisable until the new driver is debugged). 

A description of how and where to merge the driver logic and its related device 
tables is Biven in the example below. 

The High Speed Paper Tape Reader driver (device Name HSPT) was added to SDOS 
using the procedure described below. At the end of this description is a copy 
of the source listing used. 

The HSPT listing shows what is needed in the way of linkages and tables for the 
driver; briefly the needs are these: 

1. Linkages to SDOS routines SAVR, RESR, 10C3, SDCB, and DISP (DIS-
PATCHER). The user should be familiar with the functions of these 
routines (briefly annotated on the listing); 

2. FCB (File Control Block) linkage address to the first of the 22 
SDOS FCB's. Ihere is no "dedicated" FCB for a particular handler, 
but the driver is provided with an "Active FCB Index" in the driver-
dedicated DCB described below (entry DFCB) when I/O is initiated. 
Upon entry to the "handler" the Active FCB Index is in register R1. 

3. Shown next in the listing is the creation of linkages to the new 
driver's DCB (Device Control Block). Note that no data need be 
merged into the DCB, but linkages must be provided. 
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Note that for the HSPT, the device index chosen is PTDV (see 
DEVICE CONTROL BLOCK INDICES). A new user must choose an avail-
able index from the range USR1=7 to USR8=15. It should be clear 
by the listing, how to set up a new DCB. 

4. Now that a device index has been chosen, the corresponding Device 
Eefinition Wie (DDT) can be set up to define the new device, by 
name and characteristics, in the SDOS data base. The user must 
use the DDT entry point linkage addresses shown in the listing 
(DHAN, DTST, etc.) and use the new device index for an offset in 
the "ORG's" in place of the PTDV index (HSPT). 

The data which must be provided in the entries for this table 
should reflect the new device. Note that the DHAN entry is an 
"unconditional absolute branch" to the device "handler" portion 
of the new driver. 

5. Add the transfer vector for the "interrupt service" portion 
of the driver. An appropriate slot must be chosen among those 
in the available hardware interrupt locations which start at 
location H'1000'. Those slots available are: H'1006', H'1018, 
H'1024', H'1057, H'105A', and H'105D'. 

6. Now all that is left is to add the driver logic itself to SDOS. 
The origin chosen must be within the available memory as shown 
here: 

a. 4-drive system: H'3A00' to H'3DFF' 
b. 8-drive system: H'3AF2' to H'3DFF' 
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5352 
0003 
0804 

TWIN ASSEMBLER - VER 1.13 
	

HSPT VER R.2—.;118/76 	PAGE 0001 

LINE RDDR OBJECT E SOURCE 

0005 	 ***************************** 

0806 
7 	 * 

* 	* 	HIGH SPEED PAPER TAPE 
0009 	 READER DRIVER 

0810 
0811 
0812 	 ***************************** 

0013 T. 	
0014 
0015 
0016 
0017 	* 

0018 	REGISTER EQUATES 

8019 
0820 0080 	RO 	EQU 	0 	REGISTER 0 

0821 0001 	R1 	EQU 	1 	REGISTER 1 
8022 0002 	R2 	EQU 	2 	REGISTER 2 
0023 0003 	R3 	- EQU 	3 	REGISTER 3 
0024 
0025 	CONDITION CODES 
0026 
0027 	1 	P 	EQU 	1 	POSITIVE RESULT 
8028 0800 	Z 	EQU 	0 	ZERO RESULT 
::29 8002 	N 	EQU 	2 	NEGATIVE RESULT 
0838 0002 	LT 	EQU 	2 	LESS THAN 
0031 0008 	EQ 	EQU 	0 	MAL TO 
0032 0001 	GT 	EQU 	1 	GREATER THAN 
0033 6003 	UN 	EQU 	= 	UNCONDITIONAL 
0034 	* 

s's 35 	PSW UWER EQUATES 

0036 
8837 0888 	CCI 	EQU 	H"20" 
0038 0040 	CCO 	EQU 	H'49" 
0839 0018 	RS 	EQU 	H'101  
0640 0008 	WC 	EQU 	H108" 
0041 0004 	OVF 	EQU 	H'04" 
0842 0002 	COM 	EQIJ 	H"02" 
0043 0801 	C 	EQIJ 	H'01" 
0044 
0045 	* PSW UPPER EQUATES 
0846 
0047 0080 	SENS EQU 
0848 0040 	FLAG EQU 
0049 0020 	II 	EQU 	UY," 
8850 0004 	SP2 	ECU 	H'Aq' 
0051 0002 	SP1 	EQU 	H'iv" 
0852 0001 	SPO 	EQU 	H'ul' 
6053 

0054 	* HIGH SPEED PAPER TAPE READER INPUT AND CONTROL PORTS 
0355 
8056 OOM 	PCPT EQU 	HUW 	HSPT CONTROL PORT - 



TWIN ASSEMBLER VER 1.0 
	

HSPT VER R.2 ;730/76 	PAGE 0002 

LINE RDDR OBJECT E SOURCE 

0857 00D1 	POPT EQU 
	

HtD1 	HSPT DATA PORT 

0058 OOEE 	BSPT EQU 
	

WEL 	COMMON MEMORY BANK SELECT 

0059 
0860 
0061 
0062 
0863 
	

* 

0064 
	

******************************** 

0065 
	* 	 * 

0066 
	

* GENERAL CONTROL CHARACTERS * 

0067 
	* 

0068 
	

***************44******4********** 

0069 
0878 800D 
	

EOL 	EQU 	H'OD' 	- END OF LINE 

8871 088D 
	

CR 	EQU 	WOD' 	CRRRIRGE RETURN 

8072 8801 
	

LF 	EQU 	H'OR' 	LINE FEED 

0073 1R 
	

CTLZ EQU 	CONTROL 

0874 007F 
	

RUB 	EQU 	W7F 	RUBOUT 

0075 0018 
	

ESC 	EQU 	H'18 - 	ESCAPE 

0076 0820 
	

SPRC EQU 	SPACE 

8077 802F 
	

SLSH EQU 	Wi 

0078 8800 
	

NULL EQU 	0 	NULL 

0079 0011 
	

XON 	EQU 	H'11. 	XON FOR TTY READER 

0813 
	

XOF 	EQU 	W12- 	XOFF FOR TTY READER 

8081 
	

* 

82 
	

* JCB STATES 
0883 
	

* 

0884 0000 
	

JSO 	EQU 	0 	JOB IDLE (NO JOB) 

8085 0801 
	

JS1 	EQU 	1 	JOB LOADED 

5:86 0002 
	

JS2 	EQU 	2 	JOB READY TO START 

0087 0803 
	

JS3 	EQU 	.3 	JOB EXECUTING 

0888 0004 
	

JS4 	EQU 	4 	JOB IN I/O WIT 

0889 0085 
	

JS5 	EQU 	5 	JOB I/O COMPLETE 

0090 0006 
	

JS6 	EQU 	6 	JOB SUSPENDED 

0891 0007 
	

J57 	Hij 	7 	JOB BEING ABORTED 

92 555,. 	 JS8 	EQU 	8 	JOB SELF PRUSED 

8093 
	

* 

94 
	

* DCB STRTES 

0895 
5:96 8000 
	

DRDY EQIJ 	0 	DEVICE READY 

0097 55,51 
	

DBSY EQU 	1 	DEVICE BUSY 

5:98 0002 
	

DVDN EQIJ 	2 	DEVICE DOWN 

0899 
	

* 

0100 
	

* DSB STRTES 

0101 
	

* 

0102 0088 
	

DSBU EQU 	0 	DRIVE STATE UNKNOWN 

0103 5'551 
	

DSBS EQU 	1 	DRIVE DSB SET 

0104 0002 
	

DSBD EQU 	2 	DRIVE DOWN 

0185 
0106 
	

* FCB STRTES 

0107 
	

* 

0108 0800 
	

FREE EQIJ 	0 	FREE 

0109 1 
	

FRSS EQU 	1 	ASSIGNED 
0110 8002 
	

FOPN EQU 	2 	OPEN 

0111 5% 's3 
	

FBSY EQU 	3 	BUSY 

8112 0004 
	

FRDY EQU 	4 	READY 
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LINE ADDR OBJECT E SOURCE 

8113 0005 	 FEOF ECU 	5 	EOFIEOD 
8114 0005 	 FEOD ECU 	FEOF 
0115 0006 	 FRU EQU 	6 	ABORT 
0116 	 * 
8117  
0118 	 * _ 
8119 	 * 
8120 	 * 
0121 	 * 
0122 	 * 
0121 	 * 
8124 	 **********************n 
0125 	 * 
0126 	 * SRB STATUS CODES +.- 
0127 	 *  _ 
8128 	 *********************** 
0129 	 * 
0138 0000 	 5E00 ECU 	0 	FUNCTION COMPLETE I NO ERROR 
0131 0081 	 SE01 EQIJ 	1 	NEW FILE 
0132 'ss, 	 5E82 EQIJ 	2 	ILLEGAL CHANNEL NUMBER 
0133 OOR 	 5E02 ECU 	2 	CHANNEL NOT ASSIGNED 
0134 0004 	 SEM EQU 	4 	CHANNEL BUSY 
0135 0005 	 5E05 ECU 	5 	ILLEGAL FUNCTION CODE 
0136 0006 	 5E06 ECU 	6 	SHORT READ 
0137 0007 	 5E07 ECU 	7 	SHORT WRITE 
0138 0008 	 5E08 ECU 	8 	ILLEGAL DRIVE NUMBER 

_ 	0139 0089 	 5E09 ECU 	9 	FILE IN USE 
0140 000A 	 5E10 ECU 	10 	DEVICE NOT OPERATIONAL 
0141 0808 	 5E11 ECU 	11 	DEVICE NOT RVAILRBLE 
8142 000C 	 5E12 ECU 	12 	DEVICE NOT READY 
0143 008D 	 5E13 EQU 	13 	DEVICE IN USE 
0144 000E 	 5E14 ECU 	14 	DIRECTORV READ ERROR 
0145 088E 	 SE15 ECU 	15 	DIRECTORY WRITE ERROR 
0146 0010 	 SE16 EQU 	16 	DIRECTORY FULL 
0147 0011 	 5E17 EQU 	17 	DEVICE READ ERROR 
0148 0012 	 5E18 EQU 	18 	DEVICE WRITE ERROR 
0149 FFFF 	 SE19 EQU 	-1 	NOT ASSIGNED 
0150 FFFF 	 5E20 ECU 	-1 	NOT ASSIGNED 
8151 5515 	 5E21 EQU 	21 	FILE NAME IN USE 
0152 8016 	 5E22 EQU 	22 	ILLEGFIL FILE NAME 
0151 0017 	 SE23 EQU 	2; 	FILE IN RIW PROGRESS 
0154 0018 	 5E24 ECU 	24 	CHANNEL ALREADY ASSIGNED 
8155 0019 	 5E25 EQU 	e.5 	INCORRECT DISKETTE 
0156 s'57F 	 5E7F EQU 	H'7F' 	I/O IN PROGRESS 

_ 	0157 88FF 	 SEFF EQU 	H'FF' 	END OF FILE / END OF DEVICE 
0158 	 * 
0159 	 *********************-14****** 

0168 	 * 	 * 
0161 	 * SVC FUNCTION OP CODES * 
0162 	 * 	 * 
0163 	 ************************** 
0164 	 * 
0165 OOK 	 RDOP EQU 	Wijl' 	READ 
0166 8002 	 WTOP EQIJ 	H'02' 	WRITE 
0167 0002 	 CLOP EQU 	H'03' 	CLOSE 
0168 0804 	 RWOP EQU 	H'04' 	REWIND 



• SOOS ROUTINES 4 

* 
	

* 
********************* 
* 

SRVR EQU 
RESP. EQU 
	

H'20061  
IOC3 EQU 
SDCB EQU 
	

H'136A; 

DISP EQU 
	

H' 280F' 
* 

SAVE REGISTERS 
RESTORE REGISTERS 
SET CHANNEL I/O COMPLETE 
SET-UP DCB FROM THE FCB 

DISPATCHER 
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LINE ADDR OBJECT E SOURCE 

0169 0005 
0178 0006 
0171 0007 
0172 0010 
0173 0061 

0174 0062 
8175 
8176 

0177 
8178 
0179 
8180 
8181 
0182 
0183 
0184 
0185 
0186 
0187 
8188 
8189 
0198 MB 
0191 0881 
8192 0002 
0193 0083 
8194 0804 

0195 8805 
8196 5:86 
0197 8087 
0198 0088 
8199 8809 
0200 8008 
0201 0008 
8202 000C 
0283 000D 
0284 080E 
8205 080F 
0206 
0207 
0208 
8209 
0210 
0211 
0212 
0213 
0214 
8215 

0216 
8217 
0218 
0219 2003 
0220 2086 
8221 136C 
0222 136A 

8223 200F 
0224 

DEOP EQU 	H'05 DELETE 
RNOP EQU 	H'06' RENAME 
DIOP EQU 	H' ij 

	
DIRECT I/O 

ASOP EQU 	H'1U ASSIGN 
RBOP EQU 	H'61 

	
READ BLOCK 

WBOP EQU 	H'61

* 

	
WRITE BLOCK 

* 

* 

* 
* 

************************************* 
4 	 * 

* DEVICE CONTROL BIkK INDICES 
	

* 
* 

*********************4 *************** 
* 

CIDV EQU 	0 
	

CONSOLE INPUT 

CODV EQU 	1 
	

CONSOLE OUTPUT 
LPDV EQU 	2 

	
LINE PRINTER 

PTDV EQU 	3 
	

PAPER TAPE READER 
ERDV EQU 	4 

	
ERROR PSUEDO DEVICE 

TTYR EQU 	5 
	

TTY READER 
LPT2 EQU 	6 

	
SECOND LINE PRINTER 

USR1 EQU 
	

USER 1 INDEX 
USR2 EQU 	S 

	
USER 2 INDEX 

USR1 EQU 	9 
	

USER 3 INDEX 
USR4 EQU 	18 

	
USER 4 INDEX 

USR5 EQU 	11 
	

USER 5 INDEX 
USR6 EQU 	12 

	
USER 6 INDEX 

USR7 EQU 	13 
	

USER 7 INDEX 
USR8 EQU 	14 

	
USER 8 INDEX 

FDDV EQU 	15 
	

FLOPPY DISK 

* (NOTE: USER INDICIES ARE 7-14) 
* 
******************************************** 

* * 
* LINKS TO SOOS ROUTINES ANC' DATA BASE * 
* 
**********************+********************* 
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LINE ADDR .OBJECT E SOU CE 

0225 
0226 

0227 
0228 
0229 
0230 
0231 2150 
0232 2166 
0233 217C 
8224 2192 
0235 21R8 
0236 21BE 
0237 21D4 
0238 21ER 
0239 
0240 
0241 
0242 
0243 
0244 
0245 
0246 
0247 

8248 
0249 
0250 2346 
0251 2349 
0252 2359 
0253 2369 
0254 2379 

0255 2389 
0256 2399 
0257 23A9 
0258 2389 
0259 23CC 
0260 
0261 
0262 
8263 
0264 
0265 
0266 
0267 
0268 
0269 2436 
0270 0000 
0271 243F 1F3EA2 
8272 
0273 
6274 
0275 2416 
0276 2442 
8277 2419 00 
0278 
0279 
0280 

* 
* FCB ENTRIE. (1ST FCC) * 
* * 
***************************** 

* 

FCS EQU 	H/21501  

FJCB EQU 	FCS+22 

FBNK EQU 	FJCB+22 
FCH EQU 	FBNK+22 
FCOD EQU 	FCH+22 
FPDS EQU 	FC0D+22 
FSTA EQU 	FPDS+22 
FCNT EQU 	FSTA+22 
* 

* 
* 
*************************** 
* * 
* DEFINE THE HSPT DCE * 
* * 
*************************** 

DCS 	H12-2;46' 
PTCS 	DCS+PTDV 
PTTA 	PTCS+16 

PTDX 	PT R+16 
PTNT 	PTE+16 

PTCO 	PTNT+16 
PP O+16 RCTIVE FCB INDEX 
PTCE+16 SVC FUNCTION CODE 
PTOD+16 BANK SWITCH 
PTNK+16+PTDV I/O BUFFER POINTER (DOUBLE-BYTE) 

*************************** 
* * 
* DEFINE THE HSPT DUT * 
* 
*************************** 
* 
* 
* 

DHAN EQU 	H124361  1ST IDHAN' ENTRY (THREE-BYTE) 
ORG 	DHAN+PTDV+PTDV+PTD1, 
BCTA,UN 	HPTA 	ADD XFER VECTOR FOR HSPT HRNDLER 

* 

* 

DTST EQU 
	

H124161  1ST 'DTST' ENTRY 
ORG 
	

DTST+PTDV HSPT DEVICE AVAILABILITY 
DATA 
	

WO- 	SET HSPT UP AND NON-SHAREABLE 
* 
* 
* 

FTCB 
PTOD 
PTNK 
PTOB 

EQU 
EQU 
EQU 
EQU 
EQU 

EQU 
EQU 
EQU 
EQU 
EQU 

FCB STATE 
JCB INDEX 
BANK 
CHRNNELNUMBER 
SVC FUNCTION CODE 
PHYSICRL DEVICE STATUS 
I/O COMPLETE STATUS 
I/O BUFFER BYTE COUNT 

1ST DCB ADDRESS (DEVICE INDEX 0) 
DEVICE STATE FOR HSPT 
DEVICE STATUS 
I/O BUFFER INDEX 
I/O BUFFER COUNT 
I/O BUFFER ECHO COUNT 
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LINE ADDR OBJECT E SOURIt 

0281 2426 	DTTP EQU 	H'2426' 1ST 'DTTP' ENTRY 
0282 241A 	ORG 	DTTP+PTDV HSPT DEVICE I/O TYPE 
0283 2429 01 	DATA 	1 	SET 'READ ONLY' IN TABLE 
0284 
8285 

0286 
0287 2406 	DTID EQU 	H'2406' 1ST 'DTID' ENTRY 
0288 242A 	ORG 	DTID+PTDV HSPT DEVICE ID 

0289 2409 04 	DATA 	PTDV+1 	SET DEVICE ID 
0290 
0291 
8292 
0292 2466 	DTNM EQU 	11'2466' 1ST IDTNIf ENTRY (FOUR-BYTE) 
0294 2400 	ORG 	DTNM+PTDV+RTDV+PTDV+PTDV 
0295 2472 48535054 	DATA 	A'HSPT' ADD DEVICE NAME 
8296 
0297 
0298 
0299 
0300 
0301 
8302 
0383 
0384 	*********************44************** 

8305 
0306 	* ADD THE HSPT INTERRUPT VECTOR * 
0307 
8308 	***********************44************ 

0309 
0310 2476 	ORG 	H'1086' 
0311 1006 1F1E00 	BCTA,UN 	HER 	ADD VECTOR TO VECTOR AREA 
0312 	 IN AN AVAILABLE SLOT 
0313 
0314 	************************************ 

0315 
0316 	* HIGH SPEED PAPER TAPE READER * 
0317 	* 	INTERRUPT SERVICE ROUTINE 
0318 
0319 	***************~*1************* 

0220 
8321 
0322 1009 	ORG 	Ur001  ORG INTO AVAILABLE MEMORY AREA 
0323 
0324 
8325 3E80 3F2003 	HISR BSTA,UN 	SRVR 	SAVE MACHINE STATE 
0326 3E03 000399 	LODgRi 	PTC6 	GET ACTIVE FCB 
0327 

0328 3E86 000349 	LODA,R0 	PTCS 	GET CURRENT DEVICE STATE 
0329 3E09 E401 	COMI,R0 	DE Y 	CHECK FOR BUSY 
0330 3E0B 9C3E7D 	BCFRE0 	HI52 	NO - DISMISS INTERRUPT 
8331 
0332 3EOE 070A 	LODI,R3 	5E10 	ASSUME DEVICE NOT OPERATIONAL 
0333 3E10 5400 	HIS8 REDE,R0 	PCP1 	GET STATUS 

8334 3E12 CC0359 	STUK' 	PTTR 	SAVE 
0335 3E15 247F 	EORI, R6 
0336 3E17 9C3E95 	BCFA,Z 	HI55 	BRANCH FOR DEVICE DOWN 
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LINE ADDR OBJECT E SOURCE 

8337 
0338 3E1R 54D1 	-REDE, R8 	PUFT 	READ DATA 

0339 
0340 3EIC 0FEN9 	LODA,R3 	PTOL, 	GET OP CODE 

8341 3EIF 4740 	ANDI,R3 	H'40' 	TEST FOR BINARY 

8342 3E21 9822 	BCFR,Z. 	HEE 	YES 

0341 
0344 3E23 447F 	ANDI,R0 	W7F' 	STRIP PARITY 

0345 7E25 1806 	BCTR,Z 	HES! 	SKIP NULLS 

0346 
0347 3E27 E413 	CO14I,R0 	XOF 	SKIP XOFFS 

0348 3E29 1802 	BCTR, EO 	HIS 

0349 
0350 3E2B E40R 	COMI,R0 	LF 	SKIP LINE FEEDS 

0351 3E2D 1C3E86 	HIS9 BCTR,E0 	HIS 
0352 
0253 3E30 E47F 	COMI, R0 	RUL 	TEST FOR RIJBOUT 

0354 3E32 9809 	BCFR,EO 	HISH 	NO 

8355 
8356 3E34 0E0369 	LODA,R2 	PT[: 	GET INDEX 

0357 3E37 1819 	BCTR,Z 	HEB 	BOUNDRRY 

0358 
0359 3E39 R601 	SUBI,R2 	1 	BROK UP A CHAR 

0360 3E3B 1815 	BCTR,UN 	HISB 	BOUNDARY 

0361 
0362 
0363 3E3D E41.8 	HISA COMI,R0 	CTL 	CHECK FOR EOF 

0364 3E3F 9804 	BCFR,E0 	HIS6 	NO 

0365 3E41 040D 	LODI,R0 	EOL 

0366 3E43 0705 	LODI,R2 	FEOF 

0367 
0368 3E45 0E0389 	HIS6 LODA,R2 	PTNK 	SWITCH IN PROPER BANK 

0369 3E48 D6EE 	WRTE,R2 	BSFT 

0370 3E4R 0E0369 	LODA,R2 	P•Wi. 	GET I/O BUFFER INDEX 

0371 3E4D CEE3CC 	STRA, RO 	*PTOB, R2 STORE DATA 

0372 
0373 3E50 8601 	ADDI,R2 	1 	INCRENENT BUFFER INDEX 

0374 3E52 CE0369 	HISB STRH,R2 	PTOX 

0375 3E55 F740 	TMI,R3 	H'40' 	CHECK FOR BINARY 

0276 3E57 1828 	BCTR,Z 	HIS:. 	YES — CHECK COUNT 

0377 
0378 3E59 E4OD 	COMI,R0 	E01 	NO — ASCII 

0379 3E5B 9824 	BCFR,E0 	HIS1 	GO CHECK COUNT 

0380 
0381 3E5D 01 	LODZ 	R1 	CHECK. FOR EOF 

0382 3E5E 1835 	BCTR,Z 	HIS5 	NO 

0383 3E60 0700 	LODI, R3 	0 	SET STAT O. K. 

0384 
0385 3E62 CD6150 	HISi STRA,R0 	FCS,R1 	STORE CURRENT STATE 

0386 3E65 03 	LODZ 	R3 	STORE STATUS IN FCB 

0387 3E66 CD61D4 	STRA,R0 	FSTFs Ri 
0388 

0389 3E69 000369 	LGDR, RO 	PTI, 	STORE BYTE COUNT IN FCB 

0390 3E6C CD6IEA 	STRA,R0 	FCNT,R1 

0291 3E6F 000259 	LOW% 	PTTI 	STORE PHYSICAL STATUS READ 

0392 3E72 CD618E 	STRA,R0 	FPDS,R1 
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LINE ADDR OBJECT E SOURCE 

0393 
8394 3E75 0400 	LODLRO 	DRDY 	SET DEVICE READY 
8395 3E77 CC0349 	STRR,R0 	PTCS 
03% 3E7A 3F936C 	BSTA,UN 	*IOC 2 	SET I/O COMPLETE 

0397 
0398 3E7D 3F2006 	HIS2 BSTA,UN 	RESP 
8399 3E88 37 	RETE,UN 
0400 

0481 3E81 EE0379 	HIS3 COMA, R2 	PTWI 	CHECK FOR MAX COUNT 
0402 3E84 1804 	BCTR,E0 	HIS4 	YES - PROCESS 
0403 3E86 3611 	H1S7 BCTR,UN 	HSIO 	START INPUT 
0404 3E88 1872 	BCTR,UN 	HIS 

8405 
0486 3E8A 2740 	HIS4 EORI,R3 	H'4)' 	CHECK FOR BINRRY 

8407 3E8C 1807 	ETR,Z 	HIS5 	YES - GOOD STATUS 
0408 3E8E 0706 	LODI,R3 	5E06 	NO - SET SHORT READ 
0409 3E90 040D 	LODI,R0 	EOL 
0410 3E92 CEE3CC 	STRA,R0 	*PTOB,R2 
0411 
0412 3E95 0404 	HIS5 LODI,R0 	FRDY 	SET FCB READY 
0413 3E97 1649 	BCTR,UN 	HISI 
0414 
0415 3E99 0418 	HSIO LODI,R0 	1-1 118' 	TURN OFF HSPT 
8416 3E9B D4D0 	WRTE, R0 	PCPT 
0417 3E9D 0488 	LODI,R0 	H'83' 	ENABLE AND DRIVE LEFT 
0418 3E9F D4D0 	WRTE,R0 	PCPT 

0419 3E111 17 	RETC, UN 
0420 
0421 
0422 
0423 
0424 	*********************f******* 

0425 
0426 	* HIGH SPEED PAPER TAPE * 
0427 	READER HANDLER 	* 
0428 
0429 	**********************~**** 

0430 
0431 
0432 3EA2 81 	HPTH LODZ 	R1 	GET FCB INDEX 
0433 3EF13 1A31 	BCTR,N 	HFT5 	RETURN TO DISPATCHER IF DO 
0434 

0415 3EA5 20 	EORZ 	RO 
0436 3ER6 C2 	STRZ 	R2 
8437 3EA7 C3 	STRZ 	R2 
0438 

0439 3E118 006150 	LODA,R0 	FCS,R1 	GET FCB STATE 

0440 3ERB 2406 	EORI,R0 	FABT 	CHECK FOR ABORT 
0441 3ERD 181C 	BCTR,ED 	HP-E 	YES - FREE FCB 
0442 
8443 3EAF C3 	STRZ 	R3 	SET I/O COMPLETE FLAG 
0444 3E80 E483 	COMLRG 	3 	CHECK FOR FCS = EOF 
0445 3EB2 9804 	BCFR,ED 	HPT1 	JIF NOT EOF 

0446 

0447 3E84 06FF 	LODI,R2 	SEFF 	SET EOF ERROR CODE 
8448 3E86 1816 	BCTR,UN 	HPT4 
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LINE Pi)DR OBJECT E SOURCE 

0449 
0450 3E88 00628 	MPT1 LOM% 	FC0D,R1 GET FUNCTION CODE 
8451 3E:4: 4407 	FINDI, Re 	7 
0452 3EBD 180A 	BCTR,Z 	HPT2 	JIF ASSIGN 
0453 3EBF 2401 	EORI,RB 	CLOP 
0454 3EC1 1888 	BCTR,Z 	HP13 	JIF CLOSE 
0455 3EC3 E402 	COMI,R0 	WTOP 	REALLY READ 
0456 3EC5 1812 	BCTR,EQ 	HP16 	JIF READ 
0457 3EC7 0605 	LODI,R2 	SW 	SET 'LEGAL FUNCTION CODE 
8458 3EC9 0404 	HPT2 LODI,R0 	FRDY 	SET FCB RDY CODE 
0459 3ECB CD6150 	HPT3 STRA,R0 	FCSJ1 	STORE FCB STATE 
0468 3ECE 02 	HPT4 LODZ 	R2 	GET STATUS 
0461 3ECF CD6iD4 	STRA,R0 	FSTA,R1 STORE 
0462 3ED2 83 	LODZ 	R3 	GET CALL I0C1 INDICATOR 
0463 3ED3 BC936C 	BSFA,Z 	CALL 1F INDICATED 
0464 
8465 3ED6 1F200F 	HPT5 BCTA,UN 	DISP 	GO TO DISPATCHER 
0466 
0467 3ED9 860R 	HFT6 LODI,R2 	5E10 	ASSUME DEVICE NOT OPERATIONAL 
8468 3EDB 5400 	REDE,RO 	PCP1 	GET DEVICE STATUS 
0469 3EDD CD61BE 	STRA, RO 	FPDS.R1 
0478 3EE0 247F 	EORI,R0 	H'7F 	CHECK STATUS 
0471 3EE2 9865 	BCFR,EO 	HPT.:' 	DEVICE NOT OPERATIONfiL 
0472 
0473 3EE4 0603 	LODI,R2 	PTDV 	GET HSPT DEVIVE INDEX 
0474 3EE6 3F936A 	BSTA,UN 	*SDU 	SET UP DEVICE CONTROL BLOCK 
0475 
0476 3EE9 7620 	PPSU 	H'26' 	DISRBLE INTERRURTS 
0477 
8478 3EEB 3F3E99 	BSTR,UN 	HS10 	START INPUT 
8479 3EEE 1866 	BCTR,UN 	HP - 	GO TO DISPATCHER 
0480 0000 	END 	0 

TOTAL ASSEMBLY ERRORS = 0000 
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