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This book is intended to serve the needs of several 
categories of readers: engineers who want to 
incorporate MP /200 equipment into their own 
machines; assembly language and systems 
programmers who want to write device drivers; 
and field service engineers who want to know how 
to troubleshoot Microproducts equipment. 

The book covers CPU and memory sets as well as 
the chassis and power supply. 

Related Manuals 
The following manuals provide additional 
information. All these manuals are part of the 
Microproducts Hardware Reference Series. 

• Installing Your Microproducts System (DGC 
No. 069-400001) provides instructions both for 
installing Microproducts hardware and for 
beginning to run the MP lOS software and 
making backup copies of it. 

• MP/OS Assembly Language Programmer's 
Reference (DGC No. 014-000653) is the main 
source of information for the assembly language 
programmer. It describes the instruction sets of 
the MP /Computers in detail. 

• MP/IOO Computer System (DGC No. 
014-000668) describes the architecture of the 
MP /100 CPU, defines the instruction set, and 
discusses programming methods. It also 
discusses the Microproducts memory sets, 
power supply and chassis. 

• MPT /80, MPT /83 and MPT /87 Computer 
Systems, I/O Programmer's Reference (DGC 
No. 014-000663) describes the architecture of 
the MPT /80, MPT /83 and MPT /87 Computer 
Systems' I/O system, defines the instruction set, 
and discusses programming methods. It is for 
assembly language programmers and supplies 
information needed for writing drivers for the 
resident I/O devices and communications 
interfaces. 

Preface 

• Input/Output and Interfacing (DGC No. 
014-000665) is written for those who are 
interested in designing a custom interface that 
will operate with the Microproducts I/O system. 
It describes the Microproducts I/O architecture, 
including the standard and high-speed data 
channel facilities. 

• Communications Interfaces and Character 
Device Controllers (DGC No. 014-000660) 
combines programming instructions with 
information on installation, jumpering and 
theory of operation for each communications 
interface and character device controller that 
can be used for MP /Computer systems. 

• Disk and Diskette Drives (DGC No. 
014-000661) describes the disk and diskette 
subsystems available for use in Microproducts 
computer systems and tells how to write device 
drivers at the assembly language level. 

• Magnetic Tape Transport (DGC No. 
014-000664) discusses the operation and 
programming of the the Model 6123 magnetic 
tape subsystem to aid engineers in adding it to 
their own computer systems and to allow 
assembly language and system programmers to 
write device drivers for the tape subsystem. 

Preface 
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Typesetting Conventions 
Throughout this manual we use the following 
conventions to show instruction formats: 

COMMAND We use bold face and uppercase letters to 
indicate the instruction mnemonics. You 
code them into your program exactly as 
they appear. 

argument We use italics and lower case letters to 
indicate that a particular instruction takes 
an argument. In your program, you must 
replace this symbol with the exact code for 
the argument you need. 

[optional] Brackets denote an optional argument. 
(Command switches appear in this format 
as well.) If you decide to use this argument 
or switch, do not write the brackets into 
your code: they only set off the choice. 

The diagram below shows the arrangement of the 
16 bits in an instruction. The diagram is always 
divided into 16 boxes, numbered 0 to 15. 

I: 11 i 
BIT i 5 1 6 i 

FORMAT 

Mnemonics for signal names appear in bold-face 
capital letters. When the signal is active low, it is 
barred, Le., FDeBE. 
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Chapter 1 
System Overview 

The MP /200 CPU and memory set consists of a 
group of high-speed modules. 

The group consists of: 

• A microprogrammed processor (CPU) 

• A multi-function controller, including a soft 
control panel, an asynchronous interface, a 
real-time clock, and a control panel interface 
with power status monitoring 
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Figure 1.1 A typical MP /200 microcomputer system 
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• Dynamic RAM in modules of 4, 8, 16 and 32K 
words. 

• RAMIEPROM memory module with 8 or 16K 
words of dynamic RAM and support for 2, 4, 8, 
or 16K words of EPROM. 

• Battery-supported CMOS static RAM memory 
in modules of 2, 4, or 8K words. 
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Each module resides on a single printed circuit 
board approximately 7 x 9 inches. The MP /200 
printed circuit boards are intended for use with 
either DGC microproducts (including card 
cages/chassis and power supply) or OEM packages. 

In combination with both high-speed and standard 
I/O controllers, MP /200 printed circuit boards 
provide the foundation for a powerful, high-speed 
microcomputer system. 

4 System Overview 
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Figure 2.1 MP /200 central processing unit 



Chapter 2 
Central Processing Unit 

Introduction 
The MP /200 CPU is a microprogrammed 
processor; this means that its data paths are 
controlled by the internal execution of 64-bit 
microinstructions stored in internal ROM. 

While providing exceptional throughput (CPU 
cycle time is 240 nanoseconds), the MP/200 CPU 
incorporates the full 16-bit NOVA architecture, 
including: four accumulators, hardware stack and 
frame pointer registers, and hardware multiply and 
divide. Its instruction repertoire augments the 
microNOV A/NOV A3 instruction set with load and 
store byte instructions, signed multiply and divide 
instructions, and a two-word Save instruction. 

The CPU communicates with memory elements 
over the 16-bit wide memory address/data bus. 
The protocol of this memory bus allows the CPU 
to communicate efficiently with both fast MP /200 
dynamic RAM and slower memory elements. 

The CPU communicates with standard I/O 
controllers via the microNOV A I/O bus and with 
high-speed I/O controllers via both the 
microNOVA I/O bus and the memory bus. 

For I/O devices requiring memory access, the CPU 
provides two data channel facilities: high-speed 
and standard. 

Using the high-speed data channel facility, 
high-speed I/O controllers can transfer data 
between memory and a device directly via the 
memory bus at speeds of 3.32 million bytes/second. 
The memory bus protocol allows high-speed 
controllers to access memory elements of any speed. 

Using the standard data channel facility, standard 
I/O controllers can transfer data between MP /200 
dynamic RAM and a device at speeds of about 
150,000 words/second. Unlike high-speed 
controllers, standard I/O controllers must access 
memory elements whose response is within the 
timing constraints imposed by the microNOV A I/O 
bus protocol. 

CPU Board Organization 
The CPU receives its power and communicates 
with other boards in the card cage/chassis via its B 
connector, which plugs into the backpanel. It 
reserves its C connector for inter-board 
communications with the MP/200 multi-function 
controller. 

Central Processing Unit 7 



Initialization and Power 
Monitoring 
The power supply generates two power status 
signals: one indicates all voltages are within 
specified limits; the other indicates a line power 
loss is imminent. 

After the CPU is notified that all voltages are 
within specified limits on power-up, it enters the 
Halt state with interrupts enabled. When this 
occurs, its response depends upon the optional 
presence of the MP/200 multi-function controller 
board. If this controller is present, the CPU can be 
started by the Start/Program Load switch or can 
be jumpered to start automatically. If the controller 
is not present, the CPU starts automatically. 

If the MP /200 multi-function controller is present, 
the CPU is notified when a line power loss is 
imminent via its program interrupt facility. The 
CPU then has a guaranteed 2ms of operating time 
before any voltages fall below specifications. When 
power is restored and the CPU is locked, the 
controller initiates an automatic restart operation. 

If the controller is not present, the CPU is not 
notified until a voltage falls below specifications. 
In this case, the CPU performs a reset operation 
and shuts down. 

CPU Instruction Set 
The instruction set can be divided into five major 
groups: 

• Memory reference operations 

• Fixed point arithmetic and logical operations 

• Stack manipulation 

• I/O functions 

• CPU functions. 

8 Central Processing Unit 

Tables 2.1 through 2.5 list the instructions 
contained in each of these groups, and provide 
simplified instruction definitions. For more 
information, see Microproducts Assembly 
Language Programmer's Reference (DGC No. 
014-000653). 

From a programmer's view, the CPU executes the 
instruction set using the registers listed below and 
the system buses, memory and I/O. 

• Four I6-bit accumulators 

• A 15-bit stack pointer 

• A I5-bit frame pointer 

• A I5-bit program counter 

• A I-bit carry register 

• A I-bit stack overflow register (flag) 

• A I-bit interrupt enable register (flag). 

Memory Reference Instructions 
The CPU's instruction set permits it to address 
32,768 words or 65,536 bytes of memory using four 
addressing modes: absolute, PC (program counter) 
relative, and indexed via accumulators 2 and 3. In 
addition, it supports both conventional indirect 
addressing and indirect addressing with special 
auto-indexing memory locations. 

When instructions that reference memory are 
executed, the CPU calculates an effective I5-bit 
address using 11 bits of the I6-bit instruction field. 
Two bits indicate the addressing mode; eight bits 
indicate the displacement; and one bit indicates 
either direct or indirect addressing. 



Mnem Meaning Function 

JMP Jump Loads the effective address into 
the program counter. 

JSR Jump to Stores the address of the 
subroutine succeeding instr~ction (return 

address) in accumulator 3; then 
loads the effective address into 
the program counter. 

ISZ Increment and Increments the contents of the 
skip if zero memory location specified by the 

effective address. Then. tests 
the updated contents for a zero 
result. If the test is true. skips 
the next instruction. 

DSZ Decrement and Decrements tho contents of the 
skip if zero memory location specified by the 

effective address. Then. tests 
the updated contents for a zero 
result. If the test is true. skips 
the next instruction. 

LOA Load Loads the contents of the 
accumulator memory location specified by the 

effective address into the 
designated accumulator. 

STA Store Loads the contents of the 
accumulator designated accumulator into the 

memory location specified by the 
effective address. 

LOB Load byte Loads the contents of the 
designated byte in the memory 
location specified by a byte 
pointer in the source 
accumulator into bits B-1 5 of 
the destination accumulator. 
(This instruction does not use 
the standard memory reference 
instruction format.) 

STB Store byte Loads bits 8-15 of the 
destination accumulator into the 
byte memory location specified 
by a byte pointer in the source 
accumulator. (This instruction 
does not use the standard 
memory reference instruction 
format. 

Table 2.1 Memory reference instructions 
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Arithmetic and Logical 
Instructions 
Fixed point arithmetic and logical instructions, 
with the exception of Multiply, Divide, Signed 
Multiply and Signed Divide, use a 
two-accumulator (source and destination) format. 
These two-accumulator instructions can perform 
the following functions: 

• Define a logical value for the carry bit before 
performing the operation 

• Test the results of the operation (if the test 
condition is true, the next instruction is skipped) 

• Either shift the 17-bit result of the operation 
(16 bits plus the carry bit) by rotating it one bit 
position to the left or right; or swap the two 
bytes of the 16-bit result while leaving the carry 
bit unchanged; or leave the 17 -bit result 
unchanged 

• Either load the results of the operation into the 
destination accumulator and the carry bit or 
leave the contents of both accumulators as well 
as the carry bit unchanged. 

10 Central Processing Unit 

Mnem Meaning Function 

COM Complement Performs a one's complement 
operation on the contents of the 
source accumulator. If specified, 
loads the results into the 
destination accumulator and 
carry bit. 

NEG Negate Performs a two's complement 
operation on the contents of the 
source accumulator. If specified, 
loads the results into the 
destination accumulator and 
carry bit. 

MOV Move If specified, loads the contents 
of the source accumulator into 
the destination accumulator. 

INC Increment Adds 1 to the contents of the 
source accumulator. If specified, 
loads the results into the 
destination accumulator and 
carry bit. 

ADC Add Performs a one's complement 
complement operation on the contents of the 

source accumulator; then adds 
the results to the contents of 
the destination accumulator. If 
specified, loads the results of the 
operation into the destination 
accumulator and carry bit. 

SUB Subtract Performs a two's complement 
operation on the contents of the 
source accumulator; then adds 
the results to the contents of 
the destination accumulator. If 
specified, loads the results of the 
operation into the destination 
accumulator and carry bit. 

ADD Add Adds the contents of the source 
accumulator to the contents of 
the destination accumulator. If 
specified, loads the results of the 
operation into the destination 
accumulator and carry bit. 

Table 2.2 Arithmetic and logical instructions 



Mnem Meaning Function 

AND And Logically AND's the contents of 
the source and destination 
accumulators. If specified, loads 
the results of the operation into 
the destination accumulator and 
carry bit. 

MUL Multiply Multiplies the contents of 
accumulator 1 by the contents 
of accumulator 2. Adds the 16 
high-order bits of the final result 
to accumulator 0 and loads the 
16 low-order bits into 
accumulator 1; leaves 
accumulator 2 unchanged. 

DIV Divide Divides the 32-bit contents of 
accumulators 0 and 1 
(accumulator 0 contains the 
high-order bits; accumulator 1, 
the low-order bits) by the 
contents of accumulator 2. 
Then, loads the resulting 
quotient into accumulator 1 and 
the remainder into accumulator 
o. 

MULS Signed multiply Multiplies the signed contents of 
accumulator 1 by the signed 
contents of accumulator 2. Adds 
the signed high-order bits of the 
final result to accumulator 0 and 
loads the 16 low-order bits into 
accumulator 1; leaves 
accumulator 2 unchanged. Bit 0 
of accumulator 0 contains the 
sign bit of the 32-bit result. 

DIVS Signed divide Divides the signed 32-bit 
contents of accumulators 0 and 
1 (accumulator 0 contains the 
high-order bits; accumulator 1, 
the low-order bits) by the signed 
contents of accumulator 2. Then 
loads the resulting signed 
quotient into accumulator 1 and 
the signed remciinder in 
accumulator O. 

Table 2.2 Arithmetic and logical instructions (continued) 

Stack Instructions 
The CPU maintains a last in/first out stack residing 
in main memory. The stack facility provides an 
expandable area of temporary storage for variables, 
data, return arguments, subroutine arguments, etc. 
Its operation depends upon the contents of two 
I5··bit hardware registers: the stack pointer and 
the frame pointer. 

The stack pointer contains the memory address of 
the top of the stack. It is affected by operations 
that either push objects on or pop objects off the 
stack. A push operation increments the stack 
pointer by 1, and then places the pushed object 
into the memory location addressed by the new 
value of the stack pointer. A pop operation obtains 
the contents of the memory location addressed by 
the stack pointer (the popped object), and then 
decrements the stack pointer by 1. 

The frame pointer contains a memory address used 
to reference an area within the stack, called a frame 
or a return block. A return block is a group of five 
memory locations used to store program re-entry 
information. The frame pointer usually points to 
the last return block pushed onto the stack. 

A stack overflow condition exists when a program 
pushes data into a memory area beyond that 
allocated for the stack. As a result, information or 
instructions may be inadvertently overwritten. The 
MP /200 CPU provides a stack overflow mechanism 
for informing a user procedure when a push 
operation increments the stack pointer across a 
defined boundary. Detection of the boundary 
crossing sets the processor's stack overflow flag, 
which requests a stack overflow interrupt. The 
instruction causing the stack overflow is executed 
to completion. 

This interrupt is similar to an I/O interrupt (see 
Section 2 of this manual), in that the processor 
services it by storing the address of the next 
instruction to be executed in memory location 0 
and resetting the interrupt enable flag ION. The 
processor then resets the stack overflow flag and 
simulates an indirect jump through location 3 (this 
is different from the case of an I/O interrupt). If 
the interrupt system is not enabled when the stack 
overflow flag is set, the request remains pending. 
If the interrupt is later enabled, a pended request 
generates a stack overflow interrupt. If an I/O 
interrupt request coincides with a stack overflow 
interrupt request, the processor services the stack 
overflow interrupt first. 

The PSHA and SA V instructions generate stack 
overflow conditions when the stack pointer crosses 
a 256-word boundary; e.g., OXX3778 to OXX4008• 

The PSHO and SAVE instructions generate stack 
overflow conditions when the incremented stack 
pointer exceeds the value contained in memory 
location 42. 

Central Processing Unit 11 



Mnem Meaning Function 

PSHA Push Increments the stack pointer by 
1; then stores the contents of 
the designated accumulator into 
the memory location specified by 
the updated contents of the 
stack pointer. A stack overflow 
occurs if the stack pointer 
crosses a 256-word boundary. 

PSHO Push Increments the stack pointer by 
1; then stores the contents of 
the designated accumulator into 
the memory location specified by 
the updated contents of the 
stack pointer. A stack overflow 
occurs if the stack pointer 
exceeds the value contained in 
memory location 42. 

POPA Pop Loads the contents of the 
memory location specified by the 
contents of the stack pointer into 
the designated accumulator; 
then decrements the contents of 
the stack pointer by 1. 

MTSP Move to stack Loads bits 1-15 of the 
pointer designated accumulator into the 

stack pointer. 

MTFP Move to frame Loads bits 1-1 5 of the 
pointer designated accumulator into the 

frame pointer. 

MFSP Move from Loads the contents of the stack 
stack pointer pointer into bits 1 ~ 15 of the 

designated accumulator and sets 
bit 0 of the accumulator to O. 

MFFP Move from Loads the contents of the frame 
frame pointer pointer into bits 1-15 of the 

designated accumulator and sets 
bit 0 of the accumulator to O. 

Table 2.3 Stack instructions 

NOTE: The SA V/RET and SA VE/RET 
instructions are intended to be used when 
entering and exiting a subroutine called by 
a Jump To Subroutine instruction (JSR). 
Thus, accumulator 3 normally contains a 
return address when a SA V instruction is 
executed. SA V stores the return address in 
memory; RET loads the return address into 
the program counter. 
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Mnem Meaning Function 

SAY Save Saves the state of the following 
CPU registers by pushing their 
contents onto the stack: 
Accumulator 0 
Accumulator 1 
Accumulator 2 
Frame pointer 
Bits 1-15 of accumulator 3 plus 
the carry bit (see Note below)") 
Loads the updated contents of 
the stack pointer into the frame 
pointer and accumulator 3. A 
stack overflow occurs if the 
stack pointer crosses a 
256-word boundary. 

RET Return Loads the contents of the frame 
pointer into the stack pointer. 
Pops the contents of the top 
five memory locations of the 
stack into the following CPU 
registers: 
1. Bits 1-15 to program counter 
and bit 0 to the carry bit; 
2. Accumulator 3 
3. Accumulator 2 
4. Accumulator 1 
5. Accumulator 0 
Loads the updated contents of 
accumulator 3 into the frame 
pointer. 

SAVEi Save Saves the state of the following 
immediate CPU registers by pushing their 

contents onto the stack: 
Accumulator 0 
Accumulator 1 
Accumulator 2 
Frame pointer 
Bits 1-15 of accumulator 3 plus 
the carry bit. 
Loads the updated contents of 
the stack pointer into the frame 
pointer and accumulator 3. 
Then, adds the unsigned integer 
contained in the immediate field 
to the stack pointer. (This is a 
two-word instruction.) A stack 
overflow occurs if the stack 
pointer exceeds the value 
contained in memory location 
42. 

Table 2.3 Stack instructions (continued) 



1/0 Instructions 
Most of the I/O instructions listed in Table 7.4 can 
have optional mnemonics appended to issue one of 
three commands: start, clear and pulse. These 
commands are used both to manipulate the Busy 
and Done flags of the addressed device and to 
initiate device-related functions. The effect of 
these commands depends on the device. 

Mnem Meaning Function 

NIO No I/O transfer If specified, issues either a start, 
clear or pulse command to the 
addressed device. 

DIA Data in A Loads the contents of the 
device's A buffer into the 
specified accumulator. After the 
data transfer, issues either a 
start, clear or pulse command, if 
specified. 

DIB Data in B Same as DIA, except B buffer. 

DIC Data in C Same as DIA, except C buffer. 

DOA Data out A Loads the contents of the 
specified accumulator into the 
device's A buffer. After the data 
transfer, issues either a start, 
clear or pulse command, if 
specified. 

DOB Data out B Same as DOA, except B buffer. 

DOC Data out C Same as DOA, except C buffer. 

SKP I/O skip Tests the state of the device's 
Busy/Done flag for a logical value 
(0 or 1) as specified in the 
optional mnemonics listed 
below. If the test condition is 
true, skips the next instruction. 
SKPBN tests for 
Busy = 1 
SKPBZ tests for 
Busy = 0 
SKPDN tests 'for 
Done = 1 
SKPDZ tests for 
Done = 0 

Table 2.4 I/O instructions 

CPU Instructions 
In addition to the instruction mnemonics listed in 
Table 2.5, many CPU instructions have optional 
mnemonics. These include the capa1bility of issuing 
one of three commands: start, clear and pulse. Start 
and clear are used to manipulate the CPU's 
Interrupt On flag. 

Mnem Meaning Function 

INTEN Interrupt Sets the CPU's Interrupt On flag 
enable to 1 after a one-instruction 

delay, thus allowing the CPU to 
honor stack, real-time clock and 
external I/O interrupt requests. 

INTDS Interrupt Sets the CPU's Interrupt On flag 
disable to 0, thus inhibiting the CPU 

from honoring stack, real-time 
clock and external I/O interrupt 
requests. 

INTA Interrupt Loads the device code of the 
acknowledge highest priority device 

requesting interrupt service into 
the specified accumulator. If no 
device is requesting service or if 
a power fail interrupt request 
occurred, loads ones into bits 
0-15 of the specified 
accumulator. If specified by the 
optional mnemonics, 
manipulates the Interrupt On 
flag. 

MSKO Mask out Sets the Interrupt Disable flag of 
all devices according to the 
priority mask contained in the 
specified accumulator. If 
specified by the optional 
mnemonics, manipulates the 
Interrupt On flag. 

10RST I/O reset Sets all device Busy, Done, and 
Interrupt Disable flags to O. Sets 
the CPU Real-time Clock Enable 
flag to 0, thus inhibiting 
real-time clock interrupt 
requests. If specified by the 
optional mnemonics, 
manipulates the Interrupt On 
flag. 

SKP< > CPU skip Tests the logical value (0 or 1) 
CPU of the Interrupt On flag as 

specified by the optional 
mnemonics BN and BZ. 

SKPBN CPU Tests for 
Interrupt On = 1 

SKPBZ CPU Tests for 
Interrupt On = 0 

SKPDN CPU skip If the test condition is true, skips 
CPU the next instruction. Tests the 

logical value (0 or 1) ofthe CPU's 
Power Fail flag. If set to 1, skips 
the next instruction. 

HALT Halt Stops program execution. 

Table 2.5 CPU instructions 

Central Processing Unit 13 
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Trap Instruction 
The use of this instruction is defined by the 
programmer. When executed, the CPU stores the 
address of the Trap instruction in memory location 
46 and then performs a jump indirect through 
memory location 47, which must be initialized to 
point to a trap handler. 

Instruction Execution Times 
Table 2.6 gives the timing required to execute each 
of the instructions in the instruction set. 

Times (,us.) 

Instructions Min. Max. Notes Exception 

JMP 0.84 0.84 1 Add .24 for first 
level of indirection. 

JSR 1.08 1.32 1 If PC wraps around, 
max. 

ISZ 2.28 2.28 1,2 

DSZ 2.28 2.28 1,2 

LDA 1.44 1.44 1 Add O. 12J.Ls if 
EPROM memory 
accessed. 

STA 1.44 1.44 1 

LDB 1.92 2.16 If bits 0-7, min. 
If bits 8-15, max. 
Add 0.1J.Ls if 
EPROM memory 
accessed. 

STB 1.44 1.68 If bits 0-7, min. 
If bits 8-15, max. 

COM 0.84 0.84 2 Add .24 for byte 
swap. 

NEG 0.84 0.84 2 Add .24 for byte 
swap. 

MOV 0.84 0.84 2 Add .24 for byte 
swap. 

INC 0.84 0.84 2 Add .24 for byte 
swap. 

ADC 0.84 0.84 2 Add .24 for byte 
swap. 

SUB 0.84 0.84 2 Add .24 for byte 
swap. 

ADD 0.84 0.84 2 Add .24 for byte 
swap. 

AND 0.84 0.84 2 Add .24 for byte 
swap. 

Table 2.6 Instruction execution times 

1 Add 0.60 for each level of indirection. Add 2.76 for each 
level of auto-indexed indirection. 

2 Add 0.24 if conditional skip is true. 

Central Processing Unit 

Times (,us.) 

Instructions Min. Max. Notes Exception 

MUL 4.92 4.92 

MULS 5.40 6.12 

DIV 6.60 6.60 If arithmetic 
overflow, 1.56 J.LS. 

DIVS 8.52 10.20 

PSHA 1.44 1.44 Add .24 for stack 
overflow. 

PSHO 2.52 2.52 

POPA 1.44 1.44 

MTSP 0.84 0.84 

MTFP 0.S4 0.S4 

MFSP LOS 1.32 If bit 0 of SP = 1, 
max. 

MFFP LOS 1.32 If bit 0 of FP = 1, 
max. 

SAV 5.76 5.76 

SAVE 7.92 7.92 Add .24 for stack 
overflow. 

RET 4.56 4.54 

NIO 7.44 

DIA 9.32 

DIB 9.32 

DIC 9.32 

DOA 7.44 

DOB 7.44 

DOC 7.44 

SKPBZ 12.96 2 

SKPBN 12.72 2 

SKPDZ 12.96 2 

SKPDN 12.72 2 

INTA 9.32 

IORST 7.44 

MSKO 7.44 

INTEN 7.44 

INTDS 7.44 

SKPBZ CPU 6.24 2 

SKPBN CPU 6.00 2 

SKPDZ CPU 6.24 2 

SKPDN CPU 6.00 2 

TRAP 3.24 3.24 1 

Stack overflow 2.16 2.16 1 

Interrupt 2.16 2.16 1 

DCHIN 6.20 

DCH OUT 7.40 

PIO latency 14.12 

DCH latency 12.96 

Instruction execution times (continued) 

1 Add 0.60 for each level of indirection. Add 2.76 for each 
level of auto-indexed indirection. 

2 Add 0.24 if conditional skip is true. 



Power Up Response 
The CPU's response after power-up depends upon 
whether the MP/200 multi-function controller is 
present. See Figure 2.3 When the CPU is started 
either automatically or by the Start/Program Load 
switch, it simulates a jump indirect through 
memory location 777778, If the multi-function 
controller is present, memory addresses 770008 
through 777778 are dedicated to the soft control 
panel. If the controller is not present, memory 
location 777778 must contain the address of the 
program to be executed. 

When the controller is present, memory address 
777778 is normally assigned to the soft control 
panel's ROM. Optionally, memory address 777778 
can address the soft control panel's jumper word 
register. The jumper word register can be jumpered 
to respond to either memory address 777778 or 
777768, 

The jumper word register consists of a 16-bit word 
whose 8 low-order bits are constant, supplying all 
zeroes when read. Its 8 high order bits are jumper 
selectable. When the jumper word register 
responds to memory address 777768, its contents 
supply a device code. If the device code is 778, the 
soft control panel is activated; otherwise an 
automatic program load sequence is initiated from 
the addressed device. When the jumper word 
register responds to memory address 777778, its 
contents form the memory address of a starting 
program. 

Power Fail/ Autorestart 
If the MP/200 multi-function controller is present, 
the CPU is notified by a power change interrupt 
request when a line power loss is imminent. When 
line power is restored and the console is locked, 
the interface initiates an autorestart operation. In 
this case, the CPU retrieves the contents of memory 
location 777778, forces bit 15 to 0 and uses the 
result to calculate an effective address. 

A power change interrupt request can only be 
cleared by halting. 

DG-05523 

Retrieve contents of 
location 77777. Use 
results to calculate 
an effective address 

Figure 2.3 Power-up sequence for MP/200 CPU 

Retrieve contents of 
location 77777. Force 
bit 15 to O. Use 
results to calculate 
an effective address 
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Installation And 
Jumpering 
The MP /200 CPU fits into Slot I of a card cage or 
chassis for DGC microproducts or OEM packaging. 
Figure 2.4 shows the board dimensions. Table 2.7 
lists the power requirements. 

Supply Current Power Pin Numbers 
Voltage Draw Dissi- B Connector 

(Volts DC) (Amps) pation 
(Watts) 

+5 (± 0.5) 5.50 30.25 19,21,57,59,60 

-5 (± 0.5) 0.05 0.275 58 

Ground 3, 11, 14,36,53,54 

Table 2.7 8 connector power requirements 

0.255 

~>:, 
2.58 :'~'" . 0.45 

CONNECTORB 

Jumpering 
Two jumpers are present on the CPU board. When 
an external cablelbus terminator is present, insert 
jumper No. WI; otherwise insert jumper No. W2. 
Figure 2.5 shows the location of these jumpers. 

.. :.:: .. ~. 

~ 
" 0.655 

DG·02420 

Figure 2.4 Board dimensions 
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DG-06693 

Figure 2.5 Jumper locations 

Interfacing 
The MP /200 CPU communicates with other parts 
of the system via its edge connectors. The CPU 
receives power and communicates with memory 
and I/O boards in the card cage/chassis via the B 
connector. The CPU communicates with the 
multifunction controller board via the C connector 
and with high-speed data channel devices via the 
D connector. The MP/200 CPU does not use the A 
connector. 

The B Connector 
The 60 pins of the B connector are TTL-compatible 
unless marked otherwise. Figure 2.6 shows the pin 
assignments. 

The C Connector 
The 50-pin C connector carries control signals 
between the CPU and the multifunction controller 
board. Figure 2.7 shows the pin assignments. 
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BIOCLOCK 
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WEHI 

BUS 5 

BUS 4 

GND 

BUS 3 

PHASE 1 
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BUS 1 

ADREN 

BUS 0 

SYSCLK 

GND 

-5V 

+5V 

BMCLOCK 

GND 
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DCHINT 
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BIO CLOCK 
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+5V 
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BUS 9 
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GND 

+5V 

+5V 

Note: Blank pins not used. 
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Figure 2.6 Pin assignments, B connector 
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Figure 2.7 Pin assignments, C connector 
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The D Connector 
The 50-pin D connector provides the high-speed 
data channel request, grant and priority lines to 
devices with direct access to memory. Figure 2.8 
shows the pin assignments. 

NOTE: The priority lines PRI<O-2> 
(pins 44,46, and 48) are held at +5 V by 
the CPU. 
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Note: Blank pins not used. 

Figure 2.8 Pin assignments, D connector 
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Figure 2.9 Simplified functional block diagram, MP/200 CPU 
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Theory Of Operation 
From a functional point of view, the MP/200 CPU 
consists of two processors: 

• A 64-bit control processor 

• A I6-bit data manipulation processor 

The control processor governs system activities (see 
Figure 2.9). It executes the CPU instruction set by 
interpreting each I6-bit instruction word as a 
macroinstruction. It decodes the macroinstruction 
and then executes the appropriate sequence of 
64-bit microinstructions stored in the control store 
ROMs to perform the specified function. When 
executed, the microinstructions control the data 
paths and operation of the data manipulation 
processor as well as memory, input/output and 
special CPU functions. 

The data manipulation processor performs the 
specified arithmetic and logical functions on the 
data designated by the microinstructions executed 
by the control processor. 

Organization 
The MP /200 CPU is organized around two major 
internal buses (control store and central processor) 
and two system buses (memory and I/O). 

Internal Buses 
The 64-bit, unidirectional control store bus carries 
control information to all sections of the CPU 
board. 

The 16-bit, bidirectional central processor bus 
(CPBO-CPBl5) carries information between the 
data manipulation processor and the control 
processor. In addition, it connects to the memory 
bus via a transceiver and to the serial I/O data bus 
via a shifter and a CPU I/O transceiver. 

System Buses 
The memory bus (BUSO-BUSl5) consists of a 
16-bit wide, bidirectional data path which carries 
both memory addresses and data. Associated with 
the memory bus are the following memory control 
lines: ADREN, DATEN, WEHI and WELO. 
Also associated with the memory bus is the memory 
clock line, SYSCLK, the memory ready line, 
WAIT, and two high-speed data channel protocol 
lines, BUSREQ and BUSGRANT. 

22 Central Processing Unit 

The I/O bus contains 16 lines. The most critical 
lines - two bidirectional, serial data lines 
(BIODATAl and BIODAT A2) and two clock 
lines (BIOCLOCK and BMCLOCK) - are 
differentially driven to provide high noise 
immunity. The data lines carry information 
between the MP /200 CPU and I/O controller 
interfaces. 

A system reset line (CLEAR), two device request 
lines (EXTINT and DCHINT), two device 
priority lines (INTPOUT and DCHPOUT), and 
three ground lines comprise the remainder of the 
bus. 

Control Processor 
The control processor consists of the following 
major components: 

• System timing generator 

• Instruction register 

• Dispatch selection logic 

• Control store starting address ROMs 

• Control sequencer 

• Test multiplexor 

• Control store ROMs 

• Orthogonals 

• Memory control logic 

• I/O state generator 

System Timing Generator 
The system timing generator consists of a 16.666 
MHz crystal oscillator, a counter and clock control 
logic. The two principal system clocks are the 120 
ns master clock (MCLK)and the 240 ns CPU clock 
(CLK). 

Instruction Register 
When enabled by control logic, this register receives 
the data from the central processor bus. This data 
is typically an instruction fetched from memory, 
but it may also be an operand to be transmitted to 
an I/O device. 

The IR bus supplies the instruction being executed 
to the dispatch selection logic, the control store 
starting address ROMs, CPU function logic, the 
arithmetic/logic instruction ROM, and the CPU 
I/O transceiver. 



Dispatch Selection Logic 
The dispatch selection logic is a 512 word by 8 bit 
ROM. Its outputs are specified by the information 
supplied by the control store ROMs 
(DISPO-DISP2) and bits 4 and 5 of the 
instruction register. The outputs of the dispatch 
selection ROMs are supplied to the control store 
starting address ROMs. 

Control Store Starting Address ROMs 
This group of ROMs generates the starting address 
of the next sequence of microinstructions to be 
executed and supplies this information to the 
control sequencer via the 8-bit branch bus 
(BRI-BRS). The group consists of one 512 word 
by 8 bit ROM, referred to as DPO (Dispatch ROM 
0), two 32 word by 8 bit ROMs, referred to as DPl, 
and two 32 word by 8 bit ROMs, referred to as 
DP2 and DP3, respectively. 

Dispatch ROM 0 is activated by program interrupt 
requests, data channel requests, and operations 
which affect the Interrupt On flag and ALU trap 
and swap operations. 

Dispatch ROMs 1-3 are activated by stack, memory 
reference and I/O operations. 

Control Sequencer 
The control sequencer supplies the memory 
address of the next microinstruction to be executed 
with the control store ROMs. The address is based 
on the data appearing on the branch bus and the 
function specified by the test multiplexor. 

Test Multiplexor 
The test multiplexor controls the next address 
supplied by the control sequencer to the control 
store ROMs by making a load/count decision. The 
decision is based on the information supplied by 
the control store, CPU control logic governing 
auto-indexing and I/O operations and, when the 
MP/200 multi-function controller is present, 
information concerning start/autostart operations. 

During operations requiring a macroinstruction 
skip, skip detection logic forces the control 
sequencer to place all zeroes on the control store 
address bus ( PCl- PCS). 

Control Store ROMs 
The control store contains 64-bit microinstructions 
stored in eight 512 word by 8 bit ROMs. A 
microinstruction is selected by the address 
supplied by the control sequencer. As each 
microinstruction is executed, the control store bus 

distributes control information to all sections of 
the MP/200 CPU. 

I· 480ns ·1 
I---Add,ess 

240ns + Data --1 
240ns 

~120ns--.J 

SYSCLK 

1L--_-----InL--__ 

_ __ -L _____ A_d_dr_e_ss ____ ~ ____ ~ _____ D_a_t __ a ~ 
BUS<0-15> ----1 

DATEN 
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Figure 2.10 Memory write timing 

Orthogonals 
The orthogonals consist of two 32 word by 8 bit 
ROMs. Based on the information appearing on the 
control store bus, this ROM: 

• Activates the multiply/divide hardware 

• Enables auto-indexing for memory address 
calculation 

• Selects the active program counter, current or 
next 

• Enables stack overflow detection 
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SYS ClK 

• Sets the the skip flag (on zero result) 

• Enables the swap operation 

• Decodes I/O device code 77 (CPU) 

• Sets the Run flag 

• Clears the CPU Interrupt On flag 

• Loads the Carry flop from CPBO. 

~ Address I~ Data ~ 
I~- .- 240ns -----i.~Ir-- 240ns -----I 
~120ns --.\ 

XCEN ~~ ____________ ~r---l~ ____________ _ 
Address Data 

BUS<O-15> ____ ~ ____________ ~~ ______ ~ ________ ~ 
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Figure 2.11 Memory read timing 

Memory Control 
This control section performs the following 
functions: 

• Initiates memory read and write operations 

• Supports extended memory cycles 

• Supports high-speed data channel cycles. 

Memory Read/Write Operations 
When directed by information appearing on the 
control store bus, the memory control logic initiates 
two types of memory operations: read and write. 
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As shown in Figure 2.11, the CPU is connected to 
the memory address/data bus (BUS<O-15» via 
a transceiver. The transceiver's operating mode, 
send or receive, is governed by a control store bus 
signal, XDIR, while its active time is governed by 
a signal supplied by the system timing generator, 
xmN. 

CPU memory read/write operations proceed in two 
240 nanosecond phases: address transfer and data 
transfer. 

Sixty nanoseconds after the address transfer phase 
begins, xmN goes to the . low state and the 
transceiver drives the memory address appearing 
on CBP<1-15> onto BUS<1-15>. See Figure 
7.7 and 7.8. During this phase, the states of 
CPBO/BUSO are indeterminate. After a short 
interval, ADREN asserts and remains asserted 
until the end of the 240 nanosecond period. 

Sixty nanoseconds after the data transfer phase 
begins, xmN goes to the low state and after a 
short interval DATEN asserts. 

If it is a memory read operation, the transceiver 
drives the memory data appearing on 
BUS<O-15> onto CPB<O-15>. 

If it is a memory write operation, the transceiver 
drives the information appearing on 
CPB<O-15> onto, BUS<O-15>, and the 
information is stored in memory. Notice that either 
WEHI or WEm asserts (or both signals assert) 
during both address and data transfer phases, thus 
selecting the appropriate byte (or bytes) of the 
specified memory location. 

At the end of the 240 nanosecond period, the data 
phase terminates unless the memory ready signal 
WAIT is driven to the low state by the addressed 
memory board. 

Extended Memory Cycles 
The CPU extends either a memory read or write 
cycle when the addressed memory board asserts 
the WAIT line during the execution of memory 
reference instructions. When WAIT goes to the 
low state, the read/write operation is extended in 
120 nanosecond intervals until the WAIT line 
returns to the high state. 

During standard data channel cycles, the duration 
of extended memory cycles is restricted by the 
timing constraints imposed by the I/O bus protocol; 



however, high-speed I/O controllers can support 
extended memory cycles of varying durations by 
responding to the wait request. 

High-Speed Data Channel 
The CPU supports high-speed data channel cycles 
by allowing high-speed I/O controllers to gain 
control of the memory bus. A high-speed controller 
requests control by driving the BUSREQ line to 
the low state. If the CPU is not using the memory 
bus, the memory control logic responds by driving 
the BUSGRANT line to the low state. When this 
occurs, the CPU is logically disconnected from the 
memory bus for one or more 480 nanosecond 
intervals until BUSREQ returns to the high state. 
Thus, high-speed controllers can initiate either one 
data transfer or continuous data transfers between 
a device and memory. 

During high-speed data channel cycles, the CPU 
continues program execution until memory access 
is required. If this occurs, the CPU pauses until 
the high-speed controller releases control of the 
memory bus. 

1/0 State Generator 
The I/O state generator consists of control logic 
which responds to information appearing on the 
control store bus. The ~tate generator governs the 
operation of the CPU I/O transceiver and a shifter 
which connect the MP /200 CPU to the system 
(microNOV A) I/O bus. 

Together, this I/O control group performs the 
following functions: 

• Generates the I/O synchronizing signal, 
RQENB 

• Receives both I/O interrupt requests and 
standard data channel requests 

• Supports both programmed I/O and standard 
data channel transactions 

• Generates the I/O bus master clock from the 
system clock (MCLK) 

Because the MP/200 CPU's I/O bus adheres to the 
standard microNOV A I/O bus conventions, I/O 
operations are not discussed in this section of the 
manual. For detailed information concerning CPU 
input/output operations with I/O controllers, refer 
to Input/Output and Interfacing (DGC No. 
014-000665). 

Data Manipulation Processor 
As shown in Figure 2.12 the data manipulation 
processor consists of the following major 
components: 

• Central processing element 

• Look-ahead carry generator 

• Swap logic 

The central processing element consists of four 
4-bit slice components which are cascaded to form 
a 16-bit unit. The major sections of the central 
processing element are: a high -speed 
arithmetic/logic unit (ALU) and a 16 word by 16 
bit register file. 

The register file is organized as shown in Table 2.8. 
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Figure 2.12 Data manipulation processor 
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Register Name 16-Bit Register 
Address (Octal) 

Current program counter 0 

Temporary register 6 1 

Temporary register 5 2 

Temporary register 4 3 

Next program counter 4 

Temporary register 3 5 

Memory address register 6 

Temporary register 2 7 

Temporary register 1 10 

Temporary register 0 11 

Frame pointer 12 

Stack pointer 13 

Accumulator 3 14 

Accumulator 2 15 

Accumulator 1 16 

Accumulator 0 17 

Table 2.8 

The register file has two ports: A and B. Data in 
any of the above 16 registers can be read from the 
A port using the 4-bit A address field, AO-A3. 
Similarly, data in any of the above 16 registers can 
be read from the B port using the 4-bit B address 
field, BO-B3. When enabled, new data is always 
written into the register specified by the B address 
field. 

The high-speed ALU performs arithmetic logic 
operations on the two 16-bit inputs designated R 
and S. The R input field is driven by a 2-input 
multiplexor while the S input field is driven by a 
3-input multiplexor. The operation performed by 
the ALU is specified by the information supplied 
by the arithmetic instruction ROM, 10-15, 17 and 
18. 

For detailed information concerning the central 
processing element, including a functional block 
diagram and pin descriptions, refer to Data 
General's Components Guide (DGC No. 
015-000028). 

The look-ahead carry generator and swap logic are 
support components for the central processing 
element. 

Operations Summary 
The MP /200 CPU executes its instruction set, 
services program interrupt requests, and supports 
both high-speed and standard data channel 
transactions using its control and data 
manipulation processors. 

The control processor governs all system activities 
by executing 64-bit microinstructions stored in the 
control store ROM and by distributing control 
information to all sections of the CPU board via 
the control store bus. During instruction execution, 
the control processor continually toggles the 
program counter flag to select either the current or 
next program counter. 

Figure 2.13 summarizes the organization of the 
control store microcode. 

Power Up 
When the power requirements of the CPU are 
present, the PWROK status signal asserts. The 
CPU automatically starts when the MP /200 
multi-function controller is not present. (See 
"Power Up Response," above.) If the controller is 
present and the Start/Program Load switch is 
activated, the CPU is started by a console request 
supplied to the test multiplexor via the C 
connector. 
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Constant 

Select 

Register 

Select 

Register 

Select 

ALU Source Octal ALU Operations Octal ALU Destination 

A_R Q_S 0 ADD R+S 0 ALU-Q,ALU- Y 
O--R A_S 1 AND RANDS 1 ALU-Y 
O-R Q-.... S 2 RSUB R-S 2 ALU/2+-B,Q/2 .... Q, ALU-Y 
D-R Q--S 3 XOR R XOR S 3 ALU/2-B,ALU- Y 
A-R B-S 4 SUB S-R 4 ALU- B,A-Y 
D--R A ---S 5 MASK RANDS 5 ALU-B,ALU-Y 
O-R B -S 6 OR RORS 6 ALU"2-B, Q"2-Q, ALU-Y 
D-R O-S 7 XNOR R XNOR S 7 ALU"2 -B, ALU-Y 

CPB Bus Control Instruction Mode 
Octal 

Swap 
Register (R) Control 

Reserved 
for 

Future 

Use 

ALU-CPB 
High + Low constant 
High constant ~CPB 
Branch low constant 
-CPB 

0 Hold (NO OP) 
1 Shift left 
2 Shift right 
3 Load CPB ~ IR 

Disable CPB 
I/O-CPB 
MEM <O-15> ..... CPB 

High Constant Select Octal A and B Register Select 

SIGN EXTEND IR(8-15) - CPB < 0-15 > 
o - CBB < 0-7> ,IR < 8-1 5> - CPB < 8-15 > 
CARRY - CPBO, 0 - CPB< 1-7 > 
0-CPBO, 177 - CPB < 1-7 > 
0_CPB<0-7> 
377-CPB<0-7> 

0 Current Program 10 Temporary 
Counter 11 Temporary 

1 Temporary 12 Frame Pointer 
2 Temporary 13 Stack Pointer 
3 Temporary 14 Accumulator 3 
4 Next Program Counter 15 Accumulator 2 

1-CPBO, 1; ION CPB2; POWER - CPB3; 
17_ CPB<4-7> 

5 Temporary 16 Accumulator 1 
6 Memory Address 17 Accumulator 0 

NO-OP 7 Temporary 

Figure 2.13 MP/200 CPU microcode organization 
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ITD 
In 

Octal Orthogonals Octal 1/0 State 

0 Activate Multiply 10 Enable Device Code 77 (CPU) 0 Prog. I/O Out 
1 Activate Divide 11 Clear Auto-Index and Stack Overflow 1 Prog. I/O In 
2 Enable Stack Overflow Detection 12 -- 2 --
3 Enable Auto-Index Detection 
4 Set Skip if Zero 
5 CPB - Swap 
6 Toggle PC Flag 
7 Load Carry Flag from CPBO 

External A and 
Octal 

B Register Select 

0 No Operation 
1 Next Program Counter 
2 Current Program Counter 
4 Destination AC 
10 Source AC 

Branch Control 

Branch Address/ 
Constant Control 

Octal 

0 
1 
2 
3 
4 
5 
6 
7 

13 Set Run Flag 3 RQENB 
14 Clear Interrupt On Flag 4 NIO 
15 -- 5 DCHA 

16 -- 6 DCHI 
17 No Operation 7 DCHO 

Octal Memory Control 

0 No operation 14 DATEN,lnhibit Bus Grant 
4 Inhibit Bus Grant 20 ADREN Inhibit Bus Grant 
10 DATEN. 21 ADREN, WELO. Inhibit 
11 DATEN, WELO Bus Grant 
12 DATEN. WEHI 22 ADREN, WEHI, Inhibit 
13 DATEN. WELO. WEHI Bus Grant 

23 ADREN. WEHI, WELD 
Inhibit Bus Grant 

Dispatch Octal Test Mux Select Octal Carry In 

0 Always Branch (Uncond) 
1 Auto Index 
2 Repetition Counter = 17 
3 CPBO 
4 CPB15 
5 10 READY 
6 NAND IR<5.6.7> 

Select 

DPO 
DP1 
DP2 
DP3 
DP2J 

0 No Carry 
1 Carry 

--
7 -- Multifunction controller 

NO-OP present 

10 Console Request 
13 Auto Restart 
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Figure 3.1 MP/200 multi-function controller 



Chapter 3 
Multi-Function Controller 

Introduction 
The MP/200 multi-function controller is designed 
as a companion board for the MP/200 CPU. It 
consists of the following major elements: 

• A soft control panel, residing in 512 words of 
ROM (read-only memory) 

• A full-duplex, asynchronous communications 
interface with modem control 

• A programmable real-time clock interface 

• A control panel interface, which includes power 
status monitoring. 

The MP/200 multi-function controller receives its 
power and communicates with the CPU via its B 
connector, which plugs into the backpanel. Its 
control panel interface also communicates with the 
CPU via an external cable extending between the 
C connectors of the interface and the CPU. The 
interface reserves its A connector for full-duplex 
communications with a serial, asynchronous device 
(terminal or modem). 

Major Elements 
The functional characteristics of each major 
element are described below. 

Soft Control Panel 
This firmware allows a user whose terminal is 
connected to an MP /200 system to inspect and 
modify the system's state and aid program 
debugging. 

The soft control panel provides the user with the 
ability to: 

• Stop, start and continue program execution 

• Examine and/or alter CPU registers and 
memory locations 

• Initiate program load sequences. 

The Break key causes entry to the soft control 
panel. For more information, refer to Chapter 9, 
Soft Control Panel. 

Asynchronous Interface 
The asynchronous interface is a programmed I/O 
controller containing both a transmitter and a 
receiver. It allows full-duplex communications 
between the CPU and a serial, asynchronous 
terminal or modem via either a 20mA current loop 
or an EIA RS-232C communications line. The 
interface supports a subset of the standard EIA 
modem control functions and can be jumpered to 
notify the CPU when there is a modem status 
change. 

Real-Time Clock Interface 
The real-time clock interface can supply program 
interrupt requests at one of four 
program-selectable frequencies: 10Hz, 100Hz, 
1000Hz or power line frequency. It is functionally 
and programmatically identical to the microNOV A 
model 4220 real-time clock. 
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Control Panel Interface 
The control panel interface is dedicated to serving 
the MP /200 CPU in the following manner: 

• It monitors the power fail status signal after the 
MP /200 system is operational (line power is 
within specified limits) and notifies the CPU 
when line power loss is imminent. 

• It monitors the state of the control panel 
switches: Start/Program Load, Lock, and Reset. 
Based on this and system power status 
information, it supplies start/autorestart 
information to the CPU's control panel 
microcode. 

Asynchronous Interface 
Programming 
The multi-function controller board contains 
two I/O interfaces, asynchronous and real-time 
clock. The asynchrounous interface is a 
programmed I/O controller which contains both a 
transmitter and receiver, allowing full-duplex 
communications between the CPU and a serial, 
asynchronous terminal. The interface supports a 
subset of the standard EIA modem control 
functions and is compatible with the microNOV A 
model 4207 asynchronous interface. 

While the interface's transmitter and receiver 
function as independent devices, they share 
common line characteristics. These jumper 
selectable characteristics are listed in Table 3.1 

Function Jumper Selectable 

Communications 20mA or EIA R5-232C 
type 

Baud rate 50 to 19,200 

Data structure 1 start bit (not selectable); 5, 6, 7 or 8 
data bits; 1 or 2 stop bits; even, odd or 
no parity 

Table 3.1 Line characteristics 

Once the above characteristics are selected, the 
transmitter and receiver hardware performs 
character assembly/disassembly, parity generation 
and checking, and character buffering without 
software intervention. 
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Modem Support 
The interface supports the following modem 
control functions: Clear To Send, Request To 
Send, Data Terminal Ready, Carrier Detect, Data 
Set Ready and Ring Indicator. When appropriately 
jumpered, the interface notifies the CPU when 
any of the latter three signals change state by 
initiating a program interrupt request. 

Controller Registers 
The following registers are available to the 
program: 

• An 8-bit receiver holding register 

• An 8-bit transmitter holding register 

• An 8-bit status register 

• A I-bit data terminal ready register. 

The receiver holding register stores the assembled 
character received via the communications line in 
serial form. It makes the character available to the 
program until the receiver overwrites the contents 
of the register with the next assembled character. 

The transmitter holding register stores the 
character sent to the interface by the program. 
When a character is placed in the holding register, 
Request To Send immediately asserts. Then, when 
Clear To Send is asserted either by the terminal or 
modem, the transmitter disassembles the character 
and sends it over the communications line in serial 
form. If the device does not assert Clear To Send, 
a jumper must be inserted to simulate its assertion. 

The status register allows the program to monitor 
the following conditions: 

• The state of Carrier Detect, Ring Indicator and 
Data Set Ready 

• The state of the Modem Change flag 

• Receiver status information. 

Receiver status information includes: 

• A parity error was detected in the last character 
received 

• A character in the receiver register was lost 

• A new character is in the receiver buffer 
• A Break character was received. 



The data terminal ready register generates the 
Data Terminal Ready modem control signal. The 
output of this register is manipulated under 
program control. 

Instruction Set 
Details about the instruction set for the 
asynchronous interface are given on the next few 
pages. 

Mnemonics and Device Codes 
Primary mnemonic 

Transmitter TTO 
Receiver TTl 

Primary device code 
Transmitter lIs 
Receiver lOs 

Secondary mnemonic 
Transmitter TT01 
Receiver TTIl 

Secondary device code 
Transmitter 51s 
Receiver 50s 

Priority mask bit 
Transmitter 15 
Receiver 14 

Device Flag Commands, Transmitter 
f=S Sets the transmitter Busy flag to 1 and 

the Done flag to 0 

f=C Sets the transmitter Busy and Done flags 
to 0 

f=P No effect 

IORST Sets the transmitter Busy and Done flags 
to 0 

Device Flag Commands, Receiver 
f=S Sets the receiver Busy flag to 1 and the 

following receiver flags to 0: Done, 
Overrun, and Parity Error. If 
appropriate, starts the paper tape reader 
associated with a local ASR terminal. 

f=C Sets the following receiver flags to 
O:Busy, Done, Overrun, and Parity Error. 

f=P Sets the Break flag to O. 

IORST Sets the following receiver flags to 0: 
Busy, Done, Overrun, Parity Error, 
Break and Modem Change. Forces the 
output of the data terminal ready 
register to the low state. 
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Read Character 

DIA[!] ac,TTI 

Loads the contents of the receiver holding register 
into the specified accumulator, right justified. After 
the data transfer, performs the function specified 
by f. The format of the specified accumulator 
follows: 

CHARACTER 

Bits Name Function 

0-7 - Reserved for future use. 

8-15 Character The character most recently. received, 
right justified in the accumulator. 

Write Character 

DOA[!] ac,TTO 

Loads bits 8-15 of the specified accumulator into 
the transmitter holding register. After the data 
transfer, performs the function specified by f. The 
contents of the specified acccumulator remain 
unchanged. The format of the specified 
acccumulator follows: 

CHARACTER 

Bits Name Function 

0-7 --- Reserved for future use. 

8-15 Character The character to be transmitted, right 
justified. 
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Read Status 

DIB[!] ac, TTl 

Loads the contents of the status register into the 
specified accumulator and sets the Modem Change 
flag to O. After the data transfer, performs the 
function specified by f. The format of the specified 
accumulator follows: 

Bits Name Meaning When One 

0 Data Receive data is available to the 
available* program. 

1 Modem * Any or all of the following modem 
change signals have changed state since the 

last time either a read status or I/O 
reset instruction was performed: 
Carrier Detect, Ring Indicator, Data 
Set Ready. 

2-9 ---- Reserved for future use. 

10 Parity error* Parity error detected in the last 
character received. 

11 Overrun * Data loss; the previous character in 
the receiver holding register was not 
read by the program before it was 
overwritten. 

12 Carrier The Carrier Detect signal is true. 
detect 

13 Data set The Data Set Ready signal is true. 
ready 

14 Ring The Ring Indicator signal is true. 
indicator 

15 Break A Break character was received. 

*This status bit can be inhibited by jumpering for 
compatibility with the microNOVA 4207 Asychronous 
Interface 



Control Data Terminal Ready 

nOB[!] ac,TTI 

Loads bit 15 of the specified accumulator into the 
data terminal ready register. After the data 
transfer, performs the function specified by f. The 
contents of the specified accumulator remain 
unchanged. The format of the accumulator follows: 

Bits Name Function 

0-14 ---- Reserved for future use. 

15 Data 1 = Data Terminal Ready signal is 
terminal true. 
ready o = Data Terminal Ready signal is 

false. 

Programming 
The transmitter and receiver function as separate 
devices. Each has its own set of Busy and Done 
flags which are manipulated both by the program 
and the devices. In addition, the receiver portion 
of the interface contains both the Data Terminal 
Ready latch and the status register. 

Programming the interface consists of: 

• Writing characters 

• Reading characters 

• Reading status information 

• Manipulating the Data Terminal Ready signal 
when supporting a modem. 

Writing Characters 

DG-05113 

Figure 3.2 Write character 

Before sending a character to the transmitter, 
check its Busy flag. If it is 1, wait until it is O. 
When Busy is 0, issue a Write Character 
instruction with a start command (DOAS). This 
loads the character in the specified accumulator 
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into the transmitter holding register, and sets the 
transmitter's Busy flag to 1 and its Done flag to O. 
After the transmitter sends the character over the 
communications line, it sets the Busy flag to 0 and 
the Done flag to 1, thus initiating an interrupt 
request. 

Reading Characters 

Figure 3.3 Read character 

To initiate character reception, arm the receiver 
using an NIOS instruction. This sets the receiver's 
Busy flag to 1 and Done flag to O. When the receiver 
has a character for the program, it can then set the 
Done flag to 1 and initiate an interrupt request if 
its Interrupt Disable flag is reset. 

When Done is 1, issue a Read Character instruction 
with either a start (DIAS) or clear (DIAC) 
command. This loads the character in the receiver 
holding register into the specified accumulator. 
DIAS re-arms the receiver and starts the paper 
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tape reader for a local ASR terminal. DIAC 
terminates reception by setting both Busy and 
Done to O. 

Reading Status Information 
Since a receiver interrupt request can be initiated 
both by the receiver and the Modem Change flag, 
the interrupt handler can learn the source of the 
interrupt by reading the contents of the status 
register, using the Read Status instruction (DIB). 

If the contents of the register indicate that Data 
Available is 1, it means there is a character in the 
receiver's holding register available to the program. 
If the Modem Change flag is 1, it means that one 
or more of the following modem signals changed 
state: Carrier Detect, Ring Indicator, Data Set 
Ready. 

After reading a character from the receiver holding 
register, it is good practice to check the state of the 
Parity Error flag by reading the contents of the 
status register. Also, the program should check the 
status of the Overrun flag to ensure that it is 
notified when there is data loss. 

Data Terminal Ready. 
The use of Data Terminal Ready depends on your 
modem. Consult your modem manual. 

Timing 
After the receiver Done flag is set to 1, the character 
in the receiver holding register is available to the 
program for a time interval determined by both 
the transmission rate (baud) and the number of 
bits per character. To avoid possible data loss, the 
program must respond to the interrupt request by 
reading the character within the time interval 
indicated in Table 3.2. The time intervals tabulated 
are based on the assumption that characters 
transmitted at 50 to 110 baud contain 11 bits 
(including 2 stop bits), and characters transmitted 
at 134.5 to 19,200 baud contain 10 bits (including 1 
stop bit). 



Baud Maximum Allowable Programmed 
1/0 Latency (ms) 

50 219.00 

75 146.00 

110 100.00 

134.5 74.35 

150 66.66 

300 33.33 

600 16.66 

1200 8.33 

1800 5.55 

2400 4.16 

4800 2.08 

9600 1.04 

19,200 0.52 

Table 3.2 Timing considerations 

After the transmitter Done flag is set to 1, the 
program should provide another character within 
the time period indicated in Table 3.2 to maintain 
the maximum transmission rate. 

Power Up Response 
After power-up, the transmitter Busy and Done 
flags and the receiver Busy and Done flags are o. 
The contents of the interface registers are 
indeterminate; thus an I/O Reset instruction 
should be issued to initialize the interface. 

After an I/O Reset instruction is executed, a 1 
state on either the Carrier Detect, Ring Indicator 
or Data Set Ready modem control lines will 
immediately initiate a Modem Change interrupt 
request. 

Real-Time Clock 
Interface Programming 
The real-time clock provides a programmable 
selection of precise time bases for the MP /200 
system. Four frequencies are available: 10Hz, 
100Hz, 1000Hz and power line. 

Controller Registers 
The interface contains a 2-bit frequency select 
register that is program-accessible. This register 
holds a two-bit code that selects one of the four 
available frequencies. 

Instruction Set 
A single I/O instruction programs the real-time 
clock. It loads the appropriate 2 bits of the specified 
accumulator field into the frequency select register. 

Primary mnemonic 

Primary device code 

RTC 

14 

Secondary mnemonic RTC1 

Secondary device code 54 

13 Priority mask bit 

Frequencies Line, 10Hz, 100Hz, 
1000Hz 

Device Flag Commands 
f=S Sets the Busy flag to 1 and the Done flag 

to o. Enables and interrupt request at 
end of current clock period, providing 
interface interrupts are enabled. 

f= C Sets both the Busy and Done flags to o. 
Inhibits succeeding interrupt requests 
until Busy is set to 1. 

f=P No effect 

IORST Sets both the Busy and Done flags to o. 
Inhibits succeeding interrupt requests 
until Busy is set to 1. Selects the power 
line frequency. 
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Select Frequency 

DOA[fJ ac,RTC 

Loads the contents of bits 14 and 15 of the specified 
accumulator into the frequency select register. 
After the data transfer, performs the function 
specified by f. The contents of the accumulator 
remain unchanged. The format of the specified 
accumulator follows: 

Bits Name Function 

0-13 - Reserved for future use 

14,15 Frequency Selects the desired frequency: 
select 

o 0 = Line frequency 

o 1 = 10Hz 

10= 100Hz 

1 1 = 1000Hz 
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Programming Notes 
Programming the real-time clock consists of: 

• Selecting the real-time clock frequency 

• Enabling real-time clock interrupt requests 

• Servicing real-time clock interrupt requests. 

To select the clock frequency, issue a Select 
Frequency instruction (DOA). 

To enable a real-time clock interrupt request, issue 
a start command to set Busy to 1 and Done to O. 
Since the clock is free-running, the generation of 
the interrupt request may occur at any time up to 
one clock period after the Busy flag is set to 1. 
When the clock period expires, the real-time clock 
sets Busy to 0 and Done to 1, thus initiating an 
interrupt request if the interface's Interrupt 
Disable flag is reset. 

When servicing real-time clock interrupt requests, 
issue either an NIOS or NIOC instruction. NIOS 
enables an interrupt request at the expiration of 
the current clock period. NIOC inhibits 
subsequent interrupt requests by setting both Busy 
and Done to O. 

Timing 
The first interrupt request initiated by the 
real-time clock can occur at any time up to the full 
clock period. If the program responds to real-time 
clock interrupt requests before each succeeding 
clock period expires, all subsequent interrupt 
requests will occur at the clock frequency. 

Power-Up Response 
After power-up or an 1/0 Reset instruction is 
performed, the power line frequency is selected 
and both the Busy and Done flags are o. 



Installation and 
Jumpering 
To use the MP/200 multifunction controller, you 
must make sure it is appropriately jumpered. Also, 
it must be connected to the MP /200 CPU via an 
external, 50-connector flat ribbon cable extending 
between the C connectors of both boards. The 
multifunction controller is mounted in slot 2 of a 
card cage or chassis. Figure 3.4 shows the board's 
physical dimensions. Table 3.3 gives the power 
requirements. 

Supply Current Power Connector 
Voltage Draw Dissipation Pins 

(Volts dc) (Amps) (Watts) 

+5 (±0.5) 2.50 12.50 B57,B59,B60 

-5 (±0.5) 0.11 0.55 B58 

+ 12(± 1.2) 0.30 3.60 B55, B56 

-12( ± 1.2) 0.02 0.24 B39 

Ground B3, B11, B36, 
B55,B56 

Table 3.3 Power requirements 

The Jumper Word Register 
The jumper word register provides either the device 
code for an automatic program load or the starting 
address of a program in PROM memory. The 
location of this register is either 777768 or 777778, 

Jumpers W22 and W23 select the location as shown 
in Table 3.4. (See Figure 3.5 for the location of the 
jumpers on the multifunction controller board.) 

Jumpers 

Jumper Word Jumper W22 W23 
Function Word 

Location 

Select device code 0777768 In Out 
for automatic 
program load. 

Select starting 0777778 Out In 
address in PROM 
memory. 

Table 3.4 Selecting jumper word location 

0.255 

~%, 
2.58 <': .. , 0.45 

CONNECTORB 

~ 
, 0.655 

DG-02420 

Figure 3.4 Board dimensions 
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DG-05543 

Figure 3.5 Multi-function controller jumper locations 

Jumpers W7-W14 select bits 0-7 of the jumper 
word. Inserting a jumper selects 0; removing the 
jumper selects 1. Bits 8 to 15 of the jumper word 
are always zero. The format is as follows: 
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Location 7777768 
When the jumper word address is 7777768, the 
CPU jumps indirectly through location 777778 to 
the soft control panel. The soft control panel reads 
the jumper word register for the speed of the device 
and the device code. 

In this case, the format of the jumper word is as 
follows: 

The most significant eight bits correspond to 
Jumpers W7 -W14. DCH (Jumper W7) selects the 
speed (0 for programmed I/O devices; 1 for data 
channel devices) and DSO-DS5 (Jumpers W9-W14) 
select the device code for the automatic program 
load. Jumper W8 is always in (0). 

If DSO-DS5 equals 778, the device is the soft control 
panel itself, and the soft control panel is enabled. 
Any other device code enables the automatic 
program load for the device selected. (Note that 
device codes 00, 01, 02, and 03 are invalid.) 

Location 777778 
When the jumper word address is 777778, the CPU 
jumps indirectly to a program in PROM memory. 
The format of the jumper word is as follows: 

If AO (Jumper W7) equals 0, AI-A7 contain the 
most significant 7 bits of the starting address. If 
AO equals 1, bits 1 to 15 of the register contain an 
indirect address to the starting address of the 
program in PROM. 

Other Jumpers 
Tables 3.5 through 3.13 show the other jumper 
configurations of the multifunction controller 
board. See Figure 3.5 for the location on the board 
of all jumpers. 

Jumpers 

Function W5 W6 W15 W24 

Disable both the Out Out Out Out 
jumper word register 
and the soft control 
panel. 

Disable the jumper Out In Out In 
word register and 
enable the soft 
control panel. 

Enable the jumper In Out In In 
word register and 
disable the soft 
control panel. 

Enable the jumper In In Out In 
word register and 
the soft control 
panel. 

Table 3.5 Enabling/disabling jumper word and soft 
control panel 

Jumpers 

Baud Rate W16 W17 W18 W19 

50 In Out In In 

75 Out Out In In 

110 Out Out Out Out 

134.5 In In Out In 

150 In Out Out Out 

300 Out In Out Out 

600 In Out Out In 

1200 Out Out In Out 

1800 In Out In Out 

2400 In In Out Out 

4800 Out In In Out 

9600 In In In Out 

19200 Out In In In 

Table 3.6 Baud jumpers 

Jumpers 

Character W27 W28 
Length 

5 Bits In In 

6 Bits In Out 

7 Bits Out In 

8 Bits Out Out 

Table 3.7 Data bits 
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Parity Type Jumpers 

W25 W29 

Even In Out 

Odd In In 

None Out -
Table 3.8 Parity bit 

Jumpers 

Line Type W32 W3 W2 W1 

EIA Out Out Out In 

Current loop (600 In In In Out 
baud and below) 

Current loop In Out In Out 
(above 600 baud) 

Table 3.9 20mA current loop/EIA line select jumpers 

No. of Jumper W26 
Stop Bits 

1 bit In 

2 bits Out 

Table 3.10 Stop bits 

Jumpers 

Function W20 W21 

Disable the external Clear Out In 
To Send input and force 
the CTS line. 

Enable the external Clear In Out 
to Send input for 
half-duplexed modem or 
60-CPS DASHER. 

Table 3.11 Modem control 
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Function Jumpering 

TTY transmitter: 
Select primary TTO (device code 11s) W30 out 
Select secondary TTO (device code 51s) W30 in 

TTY receiver: 
Select primary TTl (device code 10s) W31 out 
Select secondary TTl (device code 50s) W31 in 

Real-time clock: 
Select primary RTC (device code 148) W33 out 
Select secondary RTC (device code 54s) W33 in 

Table 3.12 On-board device codes. 

Function Jumpering 

Enables modem change interrupts W34 in 

Disables modem change interrupts W34 out 

Enables asynchronous interrupts W35 in 
(bits 12, 13, 14, 15 of status register) 

Disables asynchronous interrupts W35 out 
(bits 12, 13, 14, 15 of status register) 

Restarts CPU after power-fail interrupt W36 in 
(with battery back-up) 

Disables restart after power-fail interrupt W36 out 

Enables auto restart when CPU enters Halt W37 in 
state 

Disables automatic restarts (CPU remains W37 out 
in Halt state until BOOT) 

Table 3.13 Enabling/disabling operation 

Device Cable 
A number of cables are available from Data General 
Corporation for connecting the MP /200 
multifunction controller to either a serial, 
asynchronous terminal or a modem. The pinouts, 
signal names, and cable numbers are shown in 
Figures 3.6 and 3.7. 



Amp 50 pin female edge 
connector (AMP 1-583717-1) 

A 

Al 

A3 Data 

A7 Ground 

A9 

A13 

A21 Transmit 
20mA{ A23 Data 

A2 Clear to send 

DG-0486O 

13 pin Molex connector 
(13 position single row mod IV) 

13 

4 

5 To 
9 4 terminal 

11 2 
12 

A 

Figure 3.6 A-connector-to-terminal cable (DGC No. 005-7670) 

A 

Connector A 

A 1 Receive data 

A7 Ground 

A21 Transmit Data 

A2 Clear to send 

A4 Carrier detect 

A6 Data set ready 

A8 Ring indicator 
Al0 Data terminal 

ready 
A12 Request to send 

DG-06646 

= 18 Inches 
0=25 Feet 
E=35 Feet 
F=50 Feet 

1 

4 

11 

A 

B 

C 

0 

E 

F -

25 pin Cannon connector 
(DBC 25P) 

--'--
3 

L 
1 

7 

2 

5 

8 

6 

22 

20 

4 
'--

25 

To bell 103 & 202 
(with leased line) 
Compatible modems 

Figure 3.7 A-connector-to-modem cable (Model # 1120) or 

controller-to-backpanel cable (Model # 1215). 

Interfacing 
The multi-function controller uses the 50-pin A 
connector for the asynchronous interface, the 
60-pin B connector for I/O and power monitoring, 
and the 50-pin C connector for CPU control. 

The Model 1215 cable can be installed on the 
backpanel of the MP /200 chassis to facilitate 
modem connection via a 25-pin Cannon connector. 

The A Edge Connector 
The A edge connector provides the asynchronous 
interface between the CPU and a full-duplex 
terminal or modem. Figure 3.8 shows the pin 
assignments. 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

34 

36 

38 

40 

42 

44 

46 

48 

50 

CTS 

CD 

DSR 

RI 

DTR 

RTS 

TTYIN 

TTY-5V 

GND 

+5V 

RR 

TTYOUT 

+12V 

Note: Blank pins not used. 
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Figure 3.8 Pin assignments, A connector 
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3 

5 

7 

9 

1 

1 

1 

1 

1 

3 

5 

7 

19 

21 

23 

25 

27 

29 

31 

33 

35 

37 

39 

41 

43 

45 

47 

49 
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The B Edge Connector 
The 60 pins of the B connector provide signals for 
I/O bus/power. They are TTL-compatible unless 
marked otherwise. Figure 3.9 shows the pin 
assignments. 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

34 

36 

38 

40 

42 

44 

46 

48 

50 

52 

54 

56 

58 

60 

MClOCK 

BI01 

CLEAR 

BEXTINT 

PWROK 

BI02 

BIOClOCK 

MEMINH 

PWR FAil 

DCPHIN 

BUS 7 

BUS 6 

BUS 5 

BUS 4 

GND 

BUS 3 

BUS 2 

BUS 1 

ADREN 
BUS 0 

SYSClK 

GND 

+12V 

-5V 

+5V 

MClOCK 

GND 
--
BI01 

GND 

BI02 

BIOClOCK 

INTPOUT 

DCPHOUT 

BUS 15 

BUS 14 

BUS 13 

BUS 12 

LINE ClK 

BUS 11 

-12V 

BUS 10 

BOOT 
BUS 9 

BUS 8 

GND 

+12V 

+5V 

+5V 

Note: Blank pins not used 
DG-07749 

Figure 3.9 Pin assignments, B connector 
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43 
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49 

51 

53 
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57 
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The C Edge Connector 
The 50-pin C connector provides the control signals 
passing between the CPU and the multifunction 
controller board. Figure 3.10 shows the pin 
assignments. 

2 GND GND 

4 3 

6 5 

8 7 

10 9 

J,lPC2 J,lPC1 12 11 

J,lPC4 J,lPC3 14 13 

J,lPC6 J,lPC5 16 15 

J,lPC8 J,lPC7 18 17 

20 19 TO 

T2 T1 22 21 

TEST T3 24 23 

26 25 POWER 

28 27 lOCK 

30 29 RUN 

32 31 

34 33 

36 35 

38 37 

40 39 

42 41 

44 43 

46 45 

48 47 

GND GND 50 49 

Note: Blank pins not used 
DG-07750 

Figure 3.10 Pin assignments, C connector 

NOTE: ~PCl - ~PC8 form an address to 
be tested by the CPU. 



Theory of Operation 
From a functional point of view, the MP /200 
multi-function controller consists of four major 
sections: 

• Asynchronous interface 

• Real-time clock interface 

• Memory 

• Control panel interface 

Organization 
As shown in Figure 3.11, all four sections of the 
multi-function controller communicate with the 
remainder of the MP /200 system via the B 
connector. The asynchronous interface 
communicates with a serial, asynchronous terminal 

. or modem via the A connector, while the control 
panel interface communicates directly with the 
CPU via an external cable extending between the 
C connectors of both printed circuit boards. 

References 
1. The descriptions that follow relate to the Data 

General logic schematic No. 001-1638. 

2. The MP/200 multi-function controller 
incorporates integrated circuits from the 
microNOV A microcomputer chip set. These 
circuits are described in the microNOVA 
Integrated Circuits Data Manual (DGC No. 
014-000074). 

Asynchronous Interface 
The asynchronous interface is a programmed I/O 
controller. It provides two independent devices, a 
transmitter and receiver, which allow full-duplex 
communications between the CPU and a serial 
asynchronous terminal via either a 20mA current 
loop or an EIA RS-232C communications line. It 
also supports a subset of the standard EIA modem 
control functions. 

The interface contains: 

• An 10C I/O transceiver 

• Two I/O controllers (lOCs) 

• Two ROMs 
• A universal asynchronous transmitter/receiver 

(UAR/T) 

• An 8-line bus driver 

• An 8-bit status register 

• A baud rate generator and a 2.4576 MHz crystal 
oscillator 

• A 4-bit modem status register 

• A I-bit data terminal ready latch 

• A I-bit Break latch. 

microNOV A 1/0 Interface 
The single 10C I/O transceiver together with the 
two 10Cs connect the remainder of the 
asynchronous interface to the microNOV A I/O bus 
via the B connector. For information concerning 
the microNOV A I/O bus, refer to Section 2. 

As shown in Figure 3.11 the 10C I/O transceiver 
supports both 10Cs. One 10C is dedicated to the 
transmitter portion of the interface while the other 
is dedicated to the receiver portion. Each 10C 
supports its portion ofthe interface in the following 
manner: 

• It performs serial/parallel and parallel/serial 
data conversions and provides the device with a 
16-bit wide data bus. 

• It decodes I/O instructions addressed to the 
device and supplies the decoded instructions to 
the device via the device data bus (when 
required) and a ROM. 

• It contains Busy, Done and interrupt logic and 
generates interrupt requests when both enabled 
by the program and requested by the device. 
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Figure 3.11 Functional block diagram of the MP/200 multi-function controller 
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The UAR/T 
This component, containing both a transmitter and 
receiver, is the communications link between the 
interface and either the terminal or a modem. 
Jumpers select its line characteristics, including 
baud rate. A baud rate generator driven by a 2.4576 
MHz crystal oscillator supplies the UAR!T's 
transmitter and receiver clock inputs. 

When communicating with either a terminal or 
modem, the UAR!T transmits and receives 
character codes in serial form. The format of a 
typical character code either transmitted or 
received by the UAR/T is shown in Figure 3.12. 

:0 
:0 :0 

~ !!l .~ (\l a. 
ro 0 :0 ffi 0 

U) a. U) 

DG-00645 
2 3 4 5 6 7 

Figure 3.12 Typical serial asynchronous code format 

When communicating with the CPU under 
program control, the UAR!T's transmitter receives 
parallel data from the transmitter data bus while 
an 8-line bus driver drives the receiver's parallel 
data onto the receiver data bus. Transmission 
errors (parity, framing and overrun) detected by 
the receiver are supplied to the program via the 
8-bit status register. 

Functional block diagrams of the UAR!T's 
transmitter and receiver as well as pin descriptions 
appear in Data General's Components Guide (DGC 
No. 015-000028). 

Modem Support 
The interface supports the following modem 
control signals: Carrier Detect, Ring Indicator, 
Data Set Ready, Data Terminal Ready, Clear To 
Send and Request To Send. 

When operating with a modem, the 4-bit modem 
status register receives the modem control signals, 
Carrier Detect, Ring Indicator and Data Set Ready 
and supplies the state of these signals to the 8-bit 
status register, which is program accessible. A 
fourth output of the modem status register, 
together with a group of Exclusive Or gates, tracks 
changes occurring on any of the above three modem 
control signals. This output, which is also supplied 
to the 8-bit status register, is referred to as the 
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Modem Change flag. If the interface is 
appropriately jumpered, it initiates a program 
interrupt request when one of the modem control 
signals changes state. 

A one-bit latch, which is manipulated by the 
program, supplies the Data Terminal Ready signal 
to the modem. 

The Clear To Send signal is connected to the 
transmitter clock input line and inhibits data 
transmission when at the low state. 

The Request To Send signal asserts each time the 
transmitter receives a character to be sent to the 
communications line, and it remains asserted until 
the character is transmitted. 

Break Latch 
This latch is set by the framing error signal 
generated by the UAR/T's receiver. The receiver 
asserts this error signal each time it senses a 
character code with no valid stop bit, such as Break. 
The output of the latch is supplied to the 8-bit 
status register. 

Real-Time Clock Interface 
The real-time clock interface is a programmed I/O 
controller. It provides four program-selectable 
clock frequencies: 10Hz, 100Hz, 1000Hz and power 
line. 

The interface contains: 

• An 10C I/O transceiver 

• An I/O controller (IOC) 

• AROM 
• A 2-bit frequency select register 

• A 10 MHz crystal oscillator 

• A frequency divider 

• Interrupt control logic. 

microNOV A 1/0 Interface 
The 10C I/O transceiver together with the 10C 
connect the remainder of the interface to the 
microNOV A I/O Bus via the B connector. 

The 10C supports the interface in the following 
manner: 



• It performs serial/parallel and parallel/serial 
data conversions and provides the interface with 
a 16-bit wide data bus. 

• It decodes I/O instructions addressed to the 
device and supplies the decoded instructions to 
the interface via a ROM and the data bus (when 
required). 

• It contains Busy, Done and interrupt logic and 
generates interrupt requests when both enabled 
by the program and requested by the interface. 

Frequency Select Register 
This two-bit register receives a two-bit frequency 
select code under program control and supplies 
this information to the interrupt control logic. 

Frequency Divider 
The frequency divider consists of a group of 
counters driven by the 10 MHz crystal oscillator. 
It provides three clock periods: 10 Hz, 100 Hz and 
1000 Hz. 

Interrupt Control Logic 
The outputs of the frequency divider together with 
the power line frequency are supplied to the 
interrupt control logic. Based on the contents of 
the frequency select register, the control logic sets 
the Done flag to 1 at the expiration of the selected 
clock period when the interface Busy flag is 1. 

Memory 
The memory of the MP/200 multi-function 
controller consists of: 

• 512 16-bit words of ROM 

• Transceiver 

• Memory selection logic 

• Address latch 
• 16-bit jumper word register. 

Memory addresses and data pass between the 
MP /200 systems 16-bit wide memory address/data 
bus and the on-board memory via the B connector 
and a transceiver. 

At memory address time, address bits 1-15 are 
supplied to the memory selection logic while 
address bits 8-15 are supplied to the address latch. 
The control logic enables the ROM when the CPU 
addresses memory locations 770008 through 
777778, The address latch selects the appropriate 
ROM location. 

When the jumper-selected memory address is 
either 777778 or 777768, the on-board ROM is 
disabled and the 16-bit jumper word register is 
enabled. When enabled, the low order 8 bits of this 
register supply all zeroes while the high order 8 
bits are jumper-selectable (see "Installation and 
Jumpering"). 

When either the ROM or the jumper word register 
is addressed, overlapping user memory can be 
automatically disabled by inserting jumpers to 
assert the MP /200 system MEMINH line. 

Control Panel Interface 
The control panel interface consists of: 

• Power status monitor 

• State generator 

• Test multiplexor. 

Together, these components monitor the state of 
the system's power and the control panel switches 
(Start/Program Load, Lock and Reset). Based on 
the information provided, they notify the CPU 
when there is a change in line power status (after 
power-up) and provide start/autorestart 
information to the CPU's control panel microcode. 

Power Status Monitoring 
As shown in Figure 8.12, the power status signals, 
POWER OK and POWER FAIL are supplied to 
the power status monitor. After PWROK goes to 
the high state on power up, the power status 
monitor is initialized. A short interval after 
POWER OK rises, POWER FAIL goes to the 
high state and remains high until a line power loss 
is impending or the system is powered down. 

When POWER FAIL asserts (goes to the low 
state) after power-up, the monitor notifies the state 
generator, which in turn generates a power failure 
interrupt request. A power failure interrupt request 
takes priority over interrupt requests initiated by 
other on-board interfaces (see Figure 3.11) When 
the interrupt handler responds to a power failure 
interrupt request by issuing an INT A instruction, 
all ones are loaded into the specified accumulator. 

Start/ Autorestart 
When the CPU is unlocked and the Start/Program 
Load switch is activated, the state generator issues 
an automatic start request to the CPU via the test 
multiplexor. 
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When the CPU is locked and power is restored 
after a power loss, the state generator issues an 
automatic restart request to the CPU via the test 
multiplexor. 
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Figure 4.1 MP/200 random access memory board 



In trod uction 
The 8K and 16K/32K memory boards provide from 
8K to 32K of 16-bit words of dynamic MOS random 
access memory (RAM) for the MP /200 processors. 
The 8K and the 16K RAMs are positioned in a 
system's memory space by means of jumpers. 

The 8K and 32K boards use 32 address
multiplexed dynamic RAMs to provide either 8K 
or 32K 16-bit words of memory. The 8K board 
uses 4K x 1 bit RAMs while the 32K board uses 
16K x 1 bit RAMs. The 16K board is a depopulated 
32K board. 

DG-051J5 

Figure 4.2 Board dimensions 

Chapter 4 
RAM Boards 

Each board has an independent controller for 
generating its timing and refresh operations. A 
memory operation either reads the 16 bits of the 
addressed memory location or writes the 8 
high-order bits, the 8 low-order bits, or allI6 bits 
of the addressed memory location. 

Figure 4.2 shows the board dimensions. Table 4.1 
summarizes the characteristics of the RAM boards. 

SPU 
Printed circuit 

board 
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Memory Type 

Board capacity 

8K board 

16K/32K board 

Cycle time 

Dynamic MOS n-channel RAM 

8,192 16-bit words 

16,384 or 32,768 16-bit words 

Read 600 ns 
Write 600 ns 

Table 4.1 Summary of characteristics 

Installation and 
Jumpering 
Table 4.2 gives the power requirements of the RAM 
boards. 

Supply Current Power 
Voltage (Amps) Dissipation 

Vd.c. (Watts) 

+5 0.5 2.5 

-5 0.2 1.0 

+ 12 0.3 3.6 

Table 4.2 Power requirements 

The 8K and the 16K RAM boards contain address 
select jumpers which allow you to position the 
memories in various blocks of memory space. 
Normally, RAM memory is added to a system from 
the bottom of memory up. Figure 4.3 shows the 
location of the jumpers on the board. Tables 4.3 
and 4.4 give the various jumper configurations for 
the different RAM boards. 

NOTE: All the jumpers are normally out 
for the 32K board. Jumpers Wi, W2, W5, 
W6 and W7 are normally out for the 8K 
and 16K boards. In addition, W4 is normally 
out for the 16K board. 
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Jumpers 

Memory Addresses W3 W4 
Selected 

o to 17777 Out Out 

20000 to 37777 Out In 

40000 to 57777 In Out 

60000 to 77777 In In 

Table 4.3 Jumper configurations for 8K board 

Memory Addresses Jumper 
Selected W3 

o to 37777 Out 

40000 to 77 77 7 In 

Table 4.4 Jumper configurations for 
16K board 



Interfacing 
The MP /200 RAM board communicates with the 
CPU and high-speed data channel controllers via 
the B edge connector. This connector also provides 
all power to the memory. (The MP /200 memories 
do not use the A connector.) Figure 4.4 shows the 
pin assignments. 

• wet 

@JJlaaaaaaaaaaaa~no y=- _____ _ 
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Figure 4.3 Jumper positions 
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Figure 4.4 Pin assignments. B connector 
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Theory of Operation 
The main component of the RAM memory boards 
is a RAM array containing one or two banks of 
RAMs. The 16K board contains one bank (bank 1) 
while the 8K and 32K boards contain two banks 
(banks 1 and 2). 

Each bank on the 8K board contains 16 4K x 1 bit 
RAMs to provide 4,096 consecutive 16-bit memory 
locations. Each bank on the 16K and 32K boards 
contains 16 16K x 1 bit RAMs to provide 16,384 
consecutive 16-bit memory locations. These 
locations are placed in the MP /200 system memory 
space by the address select jumpers. 

Figure 4.5 shows the interconnection of the RAM 
array and the other components which comprise 
the RAM memory boards. 

Initiating Memory Operations 
The bus receiver continually transfers the data 
from the processor's memory bus (BUS<O-15» 
onto the memory-in bus (MIB<O-15». The 
address select logic compares the appropriate bits 
of the memory-in bus to the memory range selected 
by the address select jumpers. 

The bits compared are MIB<1,2> for 8K 
memories and MIBI for 16K memories. No bits 
need be compared for 32K memories, so there are 
no address select jumpers. 

As soon as the processor asserts the memory control 
signal ADREN, the RAM board initiates a 
memory operation (provided that the addressed 
location is within the selected memory range, the 
MEMINH signal is not asserted, and a refresh 
operation is not in progress.) When a memory 
operation is initiated, the address register latches 
the 15 low-order memory-in bus bits 
(MIB<1-15» and sends them to the address 
multiplexor. At the same time, the address select 
logic asserts SELECT. The controller begins a 
read or write operation and asserts WAIT to 
extend the processor's read/write cycle time 120 ns 
to accommodate the memory's cycle time. 
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Rowand Column Selection 
As soon as the address multiplexor receives the 
memory-in bus bits during a read or write 
operation, it sends the row address bits to the 
RAM array. On all the memory boards, the 
memory-in bus bits MIB<4-9> are row address 
bits and they are sent to the RAM array via the 
MAD <0-5 > lines. The RAMs on the 16K/32K 
boards require a 7 -"bit row address. On these boards, 
MIB 3 is the seventh address bit and it is sent to 
the RAM array via the MAD6CS line. The RAMs 
on the 8K board require a low active chip select. 
On these boards, the MAD6CS line is tied low 
and used as chip select. 

When the controller asserts RAS, the row and 
column select logic latches the row address into 
the RAMs of the appropriate bank. On the 16K 
memory board, it always latches the row address 
into bank 1 by forcing the RAST signal low. On 
the 8K and 32K boards, it uses address bits MIB3 
and MIBl, respectively, to select the the 
appropriate bank. 

When the controller asserts COLSEL, the address 
multiplexor sends the column address bits to the 
RAM array. On all the memory boards, the 
memory-in bus bits MIB<10-15> are column 
address bits and they are sent to the RAM array 
via the MAD<0-5> lines. The RAMs on the 
16K/32K boards require a 7-bit column address. 
On these boards, MIB2 is the seventh address bit 
and it is sent to the RAM array via the MAD6CS 
line. 

When the controller asserts CAS, the row and 
column select logic latches the column address into 
the RAMs of the both banks. 

Read 
If WEHI and WEHO are both high (unasserted) 
while ADREN is asserted, a read operation is 
initiated. After WAIT is asserted and the row and 
column addresses are multiplexed to the selected 
RAM bank, the contents of the addressed location 
are gated from the read data bus (RD<0-15» 
onto the memory bus. The controller then releases 
WAIT, signalling the processor to complete the 
operation. Figure 4.6 shows a read timing diagram. 
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Write 
If either WEHI or WEHO is asserted while 
ADREN is asserted, a write operation is initiated. 
After WAIT is asserted and the row and column 
addresses are multiplexed to the selected RAM 
bank, the controller waits for the processor to assert 
DATEN, indicating that the data to be written is 
on the memory bus. This data is latched and driven 
onto the write data bus (WD<0-15». The 
controller then pulses write enable and the data is 
written into the addressed byte or word. The 
controller then releases WAIT, allowing the 
processor to continue. Figure 4.7 shows a write 
timing diagram. 

Refresh 
The refresh logic asserts the SETREF signal every 
15 s, causing the controller to initiate a refresh 
operation, provided it is not already busy with a 
read or write operation. If the controller is busy, it 
waits until the operation is finished and then 
immediately starts a refresh operation. 

When a refresh operation is initiated, the controller 
signals the refresh logic to supply the row address 
specified by the refresh row counter to the RAM 
array via the address multiplexor. The column 
address is irrelevant since a refresh operation 
recharges every word of the selected row. After the 
operation, the refresh row counter is incremented. 

Table 4.5 shows the time required for the various 
phases of memory operations. 
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Figure 4.6 Read timing diagram 
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Figure 4.7 Write timing diagram 

RAM Boards 59 



Transition 
Time (ns) 

Symbol Description Min. Max. 

T1 System clock active period. 50 60 

T2 System clock period. 110 120 

Twes Write enable set-up period. 30 

Twe Write enable active period. 220 240 

TweH Write enable hold period. 30 

TANS ADREN set-up period. 30 

TAOREN ADREN active period. 110 120 

TANH ADREN hold period. 30 

TONS DATEN set-up period. 30 

TOATEN DATEN active period. 220 240 

TONH DATEN hold period. 30 

Twrs WAIT set-up period. 30 100 

TWAIT WAIT active period. 110 120 

TAS Address set-up period. 120 

TAV Address valid period. 110 120 

TAH Address hold period. 60 

Tos Data set-up period. 60 180 

Tov Data valid period. 220 240 

TOH Data hold period. 30 

Table 4.5 Memory Timing 
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Figure 5.1 MP/200 RAM/EPROM memory board 



Chapter 5 
RAM/EPROM Board 

Introduction 
The MP /200 RAM/EPROM memory board 
comprises 4 or 16 Kwords of random access memory 
(RAM) and 1, 2,4,8, or 16 Kwords of erasable 
programmable read-only memory (EPROM). 

Two models of the MP /200 RAM/EPROM memory 
board are available. Model 8688 uses 4K x 1 bit 
dynamic MOS RAMs, and model 8689 uses 16k x 1 
bit MOS RAMs. Because the memory is dynamic, 
the on-board refresh circuitry must refresh all of 
the RAM memory every 2 ms. This operation is 
transparent to the user. 

EPROMs are static, nonvolatile memories that do 
not require refresh cycles and do not lose their 
contents when power fails. The user supplies pairs 
of preprogrammed EPROMs; the number and type 
of EPROMs used determines the size and address 
of EPROM memory. You can choose pairs of 
EPROM chips in either of three JEDEC-standard 
pinout configurations: 32 Kbytes arranged as 4,096 
x 8 bits (4K x 8), 16 Kbytes arranged as 2,048 x 8 
bits (2K x 8), or 8 Kbytes arranged as 1,024 x 8 bits 
(lK x 8). 

Table 5.1 summarizes the characteristics of the 
MP /200 RAM/EPROM board. Figure 5.2 shows 
the board dimensions. 

Board capacity, RAMs 

Board capacity, EPROMs 

Cycle time (based on 
CPU cycle time of 120 ns) 

Read 
Write 
Refresh 

Board dimensions 

Operating temperature 
range 

4 or 16 Kwords 
(4,096 or 16,384 16-bit words) 

1,2,4,8, or 16 Kwords 
(1,024, 2,048, 4,096, 
8,192, or 16,384 16-bit words) 

600 (RAM) 720 (EPROM) 
600 (RAM only) 
480 (RAM only) 

7.5 x 9.9 in. 
(19 x 24.9 cm) 

32 - 131°F 
(0 - 55°C) 

Table 5.1 Summary of characteristics 
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SPU 
Printed circuit 

board 

Figure 5.2 Board dimensions 

Installation and 
Jumpering 
Power Requirements 
Table 5.2 shows the maximum power requirements 
of the RAM/EPROM memory board, including 
power available for user-supplied EPROMs. Table 
5.3 shows the power requirements for the RAM 
memories, not including power for user-supplied 
EPROMs. 

Supply Current Dissipatior B Edge 
Voltage Drawn (Watts) Connector 

(Volts. DC) (Amperes) Numbers 

+5 (±0.5) 0.94 4.70 57,59,60 

-5 (±0.5) 0.20 1.0 58 

+ 12 (± 1.2) 0.41 4.92 55,56 

Table 5.2 Board power requirements 
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Supply Current Dissipation 
Voltage Drawn (Watts) 

(Volts. DC) (Amperes) 

+5 (±0.5) 0.12 0.001 

-5 (±0.5) 3.20 0.016 

+ 12 (+ 1.2) 560.00 6.720 

Table 5.3 RAM power requirements 

EPROM Specifications 
The EPROM pairs used in the MP/200 
RAM/EPROM memory board must meet the 
following specifications. 

• Configuration of lK x 8 bits, 2K x 8 bits, or 4K 
x 8 bits 

• Tri-state outputs 

• 24-pin dual-in-line package 

• One of three JEDEC-standard pinout 
configurations (see Figure 5.3 and Tables 5.4 
and 5.5) 

• Active low chip select 
• + 5 V power supply only or three power supplies: 

+5 V, -5 V, and +12V. 



A7 1 24 Vee A7 1 24 Vee A7 1 Vee 

A6 2 23 A8 A6 2 23 A8 A6 2 23 A8 
A5 3 22 A9 A5 3 22 A9 A5 3 22 A9 
A4 4 21 Vpp A4 4 21 Vpp A4 4 21 Vpp 

A3 5 20 CS A3 5 20 CS A3 5 20 PD/PGM 
A2 6 lK X 8 19 NC A2 6 2K X 8 19 Al0 A2 6 4K X 8 19 Al0 

TYPE A 
7 EPROM 18 PD/PGM EPROM 18 PD/PGM Al EPROM 18 All Al Al 

AO 8 17 08 AO 17 Q8 AO 17 Q8 
Ql 9 16 07 Q1 16 Q7 Ql 16 Q7 
Q2 10 15 06 Q2 10 15 Q6 Q2 10 15 Q6 
Q3 11 14 05 Q3 11 14 Q5 Q3 11 14 Q5 
Vss 12 13 04 Vss 12 13 Q4 Vss 12 13 Q4 

TI2508 TI2516 TI2532 

A7 1 Vee A7 1 24 Vee A7 24 Vee 

A6 2 A8 A6 2 23 A8 A6 23 A8 
A5 3 A9 A5 3 22 A9 A5 22 A9 
A4 4 21 Vbb A4 4 21 Vpp A4 21 All 
A3 5 20 CS/WE A3 5 20 OE A3 20 OE/Vpp 

A2 6 lK X 8 19 Vdd A2 6 2K X 8 19 Al0 A2 4K X 8 19 Al0 
TYPE B 

Al EPROM 18 PROGRAM Al EPROM 18 CE Al EPROM 18 CE 
AO 17 07 AO 17 07 AO 17 07 
00 16 06 00 16 06 00 16 06 
01 10 15 05 01 10 15 05 01 15 05 
02 11 14 04 02 11 04 02 11 04 
Vss 12 13 03 Vss 12 03 Vss 12 03 

Intel 2708 Intel 2716 Intel 2732 

DG-07754 

Figure 5.3 Board-compatible pinouts of 24-pin ceramic packages (top view) 

RAM/EPROM Board 65 



Part Number 

Manufacturer 1K X 8 2KX8 4KX8 

AMD AM2716 * 
Fairchild F2708 F2716 * 
Fujitsu MB8518E/H MBM2716 MBM2732 

Intel 2708 2716 2732 

Mostek MK2716 MK2732 

Motorola MCM2708 MCM2716 * 
National MM2708 MM27160 

NEC uPD2716 uPD2732 

Texas Instruments TMS TMS TMS 
2708JL 2716JL 2732JL 

Texas Instruments TMS TMS TMS 
2508JL 2516JL 2532JL 

Table 5.4 EPROM's with board-compatible pinouts 

·Not currently available. 

NOTE: The Texas Instruments 2508, 2516, 
and 2532 EPROMs require a single +5 V 
power supply. All other EPROMs listed 
require +5 V, -5 V, and + 12 V. 
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Pin Names Function 

Ao-" Address inputs 

°0-7/ 0 0-7 Data outputs 

'CS/CE Chip select / Chip enable 
(program) 

PGM Program 

PD Power down 

UE Output enable 

Vee + 5 Vdc power supply 

Vee -5 Vdc power supply 

Vpp + 25 Vdc power supply (not 
used) 

Voo + 12 Vdc power supply 

Vss o Vdc (ground) 

Table 5.5 Pin description 

Jumper Locations 
Jumpers for the MP/200 RAM/EPROM memory 
board separately assign to RAM and EPROM 
memories their own address spaces in the total 
available 32-kiloword address space. Figure 5.4 
shows the locations of jumpers on the board. 
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Figure 5.4 Jumper locations 

Jumpering RAM Memory 
You can choose either model 8688 (for 4 K words of 
RAM memory) or model 8689 (for 16 Kwords of 
RAM memory) of the MP/200 RAM/EPROM 
memory board. Model 8688 uses 4K x 1 bit dynamic 
RAMs. Table 5.6 gives the jumper configurations 
for this model. Model 8689 uses 16K x 1 bit dynamic 
RAMs. This model uses only one address select 
jumper, W26. Insert W26 for physical addresses 
from 16 to 32K; remove it for addresses from 0 to 
16K. 
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Jumpers 

Address W26 W28 W29 
(Kword 
Blocks) 

0-4 Out Out Out 

4-S Out Out In 

S-12 Out In Out 

12-16 Out In In 

16-20 In Out Out 

20-24 In Out In 

24-2S In In Out 

2S-32 In In In 

Table 5.6 Address-select jumpers, 4-Kword RAM 

NOTE: If only RAM memory is used, insert 
jumper WI to disable the EPROM section 
of the board. 

Jumpering EPROM Memory 
You can select 1, 2, 4, 8, or 16 Kwords of EPROM 
memory. To jumper EPROM memory, you must 
first select your EPROM pairs. Choose one of three 
board-compatible, JEDEC-standard pinout 
configurations in the sizes you need (see Figure 5.3 
and Tables 5.4 and 5.5). Then place pairs of 
EPROMs on the board and insert jumpers as 
indicated in the tables below for the size of your 
EPROM memory. 

Remove jumper WI when EPROM memory is used. 
Jumper W2 is normally inserted, and jumpers W3 
and W25 are normally removed. When jumper W2 
is in, the CPU signal MEMINB controls the RAM 
and EPROM sections. If you want the EPROM 
section to generate its own MEMINB, while 
ignoring that of the CPU, remove jumper W2 and 
insert jumpers W3 and W25. 

NOTE: In the information that follows, 
MSB = most significant byte; LSB = least 
significant byte. 
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lKEPROM 
For 1 kiloword of memory, use one pair of lK x 8 
EPROMs. Insert pinout jumpers W 4 and W20 
through W24 as indicated in Table 5.7. Allocate 
the system address space by inserting jumpers W12 
through W16 as indicated in Table 5.8 and inserting 
EPROMs in their appropriate sockets as indicated 
in the same table. 

CAUTION: Insert either jumper W21 or 
jumper W22 according to Table 5.7. Do not 
insert both of these jumpers. If you insert 
one of these jumpers when the other is 
already in, you will short the +5 Vand -5 V 
power supplies together. 

Jumpers 

EPROM Chip W W W W W W 
Size Type 4 20 21 22 23 24 

1KxS A Out Out Out In Out Out 

1KxS B Out In In Out Out Out 

2KxS A In Out Out In Out Out 

2KxS B In Out Out In Out Out 

4KxS A In Out Out In Out In 

4KxS B In Out Out Out In Out 

Table 5.7 Pinout jumpers 



Jumpers Socket Pair 

Address W W W W W MSB LSB 
(Kword 14 15 16 13 12 
Blocks) 

0-1 Out Out Out Out Out J1 J5 
1-2 Out Out Out Out In J2 J6 
2-3 Out Out Out In Out J3 J7 
3-4 Out Out Out In In J4 J8 
4-5 Out Out In Out Out J1 J5 
5-6 Out Out In Out In J2 J6 
6-7 Out Out In In Out J3 J7 
7-8 Out Out In In In J4 J8 
8-9 Out In Out Out Out J1 J5 

9-10 Out In Out Out In J2 J6 
10-11 Out In Out In Out J3 J7 
11-12 Out In Out In In J4 J8 
12-13 Out In In Out Out J1 J5 
13-14 Out In In Out In J2 J6 
14-15 Out In In In Out J3 J7 
15-16 Out In In In In J4 J8 
16-17 In Out Out Out Out J1 J5 
17-18 In Out Out Out In J2 J6 
18-19 In Out Out In Out J3 J7 
19-20 In Out Out In In J4 J8 
20-21 In Out In Out Out J1 J5 
21-22 In Out In Out In J2 J6 
22-23 In Out In In Out J3 J7 
23-24 In Out In In In J4 J8 
24-25 In In Out Out Out J1 J5 
25-26 In In Out Out In J2 J6 
26-27 In In Out In Out J3 J7 
27-28 In In Out In In J4 J8 
28-29 In In In Out Out J1 J5 
29-30 In In In Out In J2 J6 
30-31 In In In In Out J3 J7 
31-32 In In In In In J4 J8 

Table 5.8 Address-select jumpers, 1 KEPROM 

NOTE: Jumpers W5, W7, WIO, W17, WIB, 
and WI9 should also be inserted, and 
jumpers W6 and WB should be removed. 

2KEPROM 
For 2 Kwords of memory, use one pair of 2K x 8 
EPROMs. (Two pairs of lK x 8 EPROMs will not 
work.) Insert pinout jumpers as indicated in Table 
5.7. Allocate the system address space by inserting 
jumpers W13 through W16 as indicated in Table 
5.9 and inserting EPROMs in their appropriate 
sockets as indicated in the same table. Be especially 
careful to select the EPROM sockets exactly as 
shown in the table. 

Jumpers Socket Pair 

Address W14 W15 W16 W13 MSB LSB 
(Kword 
Blocks) 

0-2 Out Out Out Out Jl J5 
2-4 Out Out Out In J3 J7 
4-6 Out Out In Out J2 J6 
6-8 Out Out In In J4 J8 

8-10 Out In Out Out J1 J5 
10-12 Out In Out In J3 J7 
12-14 Out In In Out J2 J6 
14-16 Out In In In J4 J8 
16-18 In Out Out Out Jl J5 
18-20 In Out Out In J3 J7 
20-22 In Out In Out J2 J6 
22-24 In Out In In J4 J8 
24-26 In In Out Out J1 J5 
26-28 In In Out In J3 J7 
28-30 In In In Out J2 J6 
30-32 In In In In J4 J8 

Table 5.9 Address-select jumpers, 2K EPROM 

NOTE: Jumpers W6, W7, W17, WIB, and 
WI9 should also be inserted, and jumpers 
W2, W5, WIO, and WI2 should be removed. 

4KEPROM 
For 4 Kwords of memory, use one pair of 4K x 8 
EPROMs or four pairs of lK x 8 EPROMs. (Two 
pairs of 2K x 8 EPROMs will not work.) Insert 
pinout jumpers as indicated for the type of EPROM 
you select as indicated in Table 5.7. 

If you use one pair of 4K x 8 EPROMs, allocate the 
address space by inserting jumpers W14 through 
W16 as indicated in Table 5.10 and inserting 
EPROMs in their appropriate sockets as indicated 
in the same table. 
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Jumpers Socket Pair 

Address W14 W15 W16 MSB LSB 
(Kword 
Blocks) 

0-4 Out Out Out J1 J5 

4-8 Out Out In J2 J6 

8-12 Out In Out J3 J7 

12-16 Out In In J4 J8 

16-20 In Out Out J1 J5 

20-24 In Out In J2 J6 

24-28 In In Out J3 J7 

28-32 In In In J4 J8 

Table 5.10 Address-select jumpers, 4K EPROM (for 4K 
X 8 EPROMs) 

NOTE: Jumpers W6, W8, W17, and WI8 
should also be inserted, and jumpers W5, 
W7, WI 0, W12, W13, and WI9 should be 
removed. 

If you use four pairs of lK x 8 EPROMs, insert 
jumpers as shown in Table 5.11 and insert 
EPROMs in their appropriate sockets as shown in 
the same table. 
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Jumpers Socket Pair 

Address W14 W15 W16 MSB LSB 
(Kword 
Blocks) 

0-1 Out Out Out J1 J5 

1-2 Out Out Out J2 J6 

2-3 Out Out Out J3 J7 

3-4 Out Out Out J4 J8 

4-5 Out Out In J1 J5 

5-6 Out Out In J2 J6 

6-7 Out Out In J3 J7 

7-8 Out Out In J4 J8 

8-9 Out In Out J1 J5 

9-10 Out In Out J2 J6 

10-11 Out In Out J3 J7 

11-12 Out In Out J4 J8 

12-13 Out In In J1 J5 

13-14 Out In In J2 J6 

14-15 Out In In J3 J7 

15-16 Out In In J4 J8 

16-17 In Out Out J1 J5 

17-18 In Out Out J2 J6 

18-19 In Out Out J3 J7 

19-20 In Out Out J4 J8 

20-21 In Out In J1 J5 

21-22 In Out In J2 J6 

22-23 In Out In J3 J7 

23-24 In Out In J4 J8 

24-25 In In Out J1 J5 

25-26 In In Out J2 J6 

26-27 In In Out J3 J7 

27-28 In In Out J4 J8 

28-29 In In In J1 J5 

29-30 In In In J2 J6 

30-31 In In In J3 J7 

31-32 In In In J4 J8 

Table 5.11 Address-select jumpers, 4K EPROM (for 1 K 
X 8 EPROMs) 

NOTE: Jumpers W5, W7, WI7, and WI8 
should also be inserted, and jumpers W6, 
W8, WI 0, W12, W13, and W19 should be 
removed. 



8KEPROM 
For 8 Kwords, all sockets require 2K x 8 EPROMs. 
(Two pairs of 4K x 8 EPROMs will not work.) 
Insert pinout jumpers as indicated in Table 5.7. 
Allocate the system address space by inserting 
jumpers W14 and WI'5 as indicated in Table 5.12 
and by inserting EPROMs in their appropriate 
sockets as indicated in the same table. 

Jumpers Socket Pair 

Address W14 W15 MSB lSlB 
(Kword 
Blocks) 

0-2 Out Out J1 J5 

2-4 Out Out J3 J7 

4-6 Out Out J2 J6 

6-8 Out Out J4 J8 

8-10 Out In J1 J5 

10-12 Out In J3 J7 

12-14 Out In J2 J6 

14-16 Out In J4 J8 

16-18 In Out J1 J5 

18-20 In Out J3 J7 

20-22 In Out J2 J6 

22-24 In Out J4 J8 

24-26 In In J1 J5 

26-28 In In J3 J7 

28-30 In In J2 JI5 

30-32 In In J4 J8 

Table 5.12 Address-select jumpers, 8K EPROM 

NOTE: Jumpers W6, W7, and WI7 should 
also be inserted, and jumpers W5, WB, WIO, 
W12, W13, W16, WIB, and WI9 should be 
removed. 

16K EPROM 
For 16 Kwords, all sockets require 4K x 8 EPROMs. 
Insert pinout jumpers as indicated in Table 5.7. 
Allocate the system address space by inserting 
jumpers W14 and W15 as indicated in Table 5.13 
and by inserting EPROMs in their appropriate 
sockets as indicated in the same table. 

Jumpers Socket Pair 

Address W14 W15 MSB lSB 
(Kword 
Blocks) 

0-4 Out Out J1 J5 

4-8 Out Out J2 J6 

8-12 Out In J3 J7 

12-16 Out In J4 J8 

16-20 In Out J1 J5 

20-24 In Out J2 J6 

24-28 In In J3 J7 

28-32 In In J4 J8 

Table 5.13 Address-select jumpers, 16K EPROM 

NOTE: Jumpers W6, WB, and WI7 should 
also be inserted, and jumpers W5, W7, WIO, 
WI 2, WI 3, W16, WIB, and WI9 should be 
removed. 
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Interfacing 
The 60-pin B edge connector supplies all data, 
control, and power signals from the CPU to the 
MP /200 RAMIEPROM memory board. The B 
connector plugs into any memory slot (2 through 
8) of the MP/200 main chassis. Figure 5.5 shows 
the board pin assignments. 
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Figure 5.5 Pin assignments. B connector 
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Theory of Operation 
The MP /200 RAMIEPROM board contains two 
subsystems -- the RAM subsystem and the 
EPROM subsystem -- plus memory control logic 
and bus drivers and latches common to both 
subsystems. The board is connected via the 
backpanel to: 

MP /200 system memory address/data bus 
BDATA<O-15>; 

• Memory control lines, ADREN, DATEN, 
WRlII, WRLO, WAIT, MEMllo, and 
MEMINH; 

• The system clock SYSCLK. 

Each subsystem has its own set of address select 
jumpers which determine the system address range 
that the subsystem is to occupy. In addition, the 
EPROM subsystem has a set of jumpers that 
configure the board for the size, number, and type 
of EPROMs chosen by the customer. The EPROM 
memory can be jumpered so that it occupies the 
same address space as RAM memory. If this is 
done, the EPROM memory can be jumpered to 
pre-empt the shared space. 

Figure 5.6 is a simplified block diagram of the 
MP /200 RAMIEPROM memory board. 
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Figure 5.6 MP/200 RAM/EPROM board 
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RAM Subsystem 
The RAM memory subsystem supports three types 
of memory operations: read, write, and dynamic 
RAM refresh. The dynamic RAM refresh is 
initiated by timing and control logic within the 
subsystem. The memory read and write operations 
both begin in the same way. 

Initiating RAM Read/Write Operations 
The bus receiver continually transfers the data 
from the system memory bus (BDATA<0-15» 
onto the RAM/EPROM board memory data line 
(MD<0-15». The memory control signal 
ADREN clocks this data into the system address 
latch and into the RAM row and column address 
latches. The system address latch supplies address 
bits ADR<1-3> to the RAM address select logic 
and bits ADR<2-5> to the memory control logic. 
The RAM row and column address latches pass 
bits MD<3-9> and MD<2,10-15>, 
respectively, through to the RAM address 
multiplexor. 

The RAM address select logic compares address 
bits ADR<1-3> to the memory range selected 
by the RAM address select jumpers. (On the 
4-Kword model, ADR<1-3> are checked against 
the jumpers; on 16-Kword models only ADRI is 
checked.) 

When the CPU asserts ADREN, the RAM 
subsystem initiates a memory operation provided 
that 

the addressed location is within the selected 
memory range, 
the signals .. MF'lE-M ...... t ..... N .... U .. and MEMtlO are not 
asserted, 
a refresh operation is not in progress. 

The RAM address select logic causes this to happen 
by driving SELECT low. When the memory 
control logic receives SELECT, it drives RAS 
high to begin a read or write operation, and it 
drives WAIT low to extend the CPU's read/write 
cycle time 120 ns to accommodate the memory's 
cycle time. 
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Rowand Column Selection 
As soon as the RAM address multiplexor receives 
the memory address bits from the row and column 
address latches during a read or write operation, it 
sends the row address bits to the RAM array. On 
all the memory boards, the bits MD<4-9> are 
row address bits. These are sent to the RAM array 
via the MDA <0-5> lines. The RAMs on the 
16-Kword model require a 7-hit row address. On 
these boards, MD 3 is the seventh address hit. It 
is sent to the RAM array via the MDA6CS line. 
The RAMs on the 4-Kword model require a low 
active chip select. On these boards, the MDA6CS 
line is tied low and used as a chip select. The signal 
lIASI clocks the row address into the RAM array. 

Shortly after it drives RAS high, the memory 
control logic drives COLSEL high. When this 
happens, the RAM address multiplexor sends the 
column address bits to the RAM array. On all the 
memory boards, the hits MD<10-15> are 
column address bits. These are sent to the RAM 
array via the MDA<0-5> lines. The RAMs on 
the 16-Kword model require a 7-bit column 
address. On these boards, MD 2 is the seventh 
address hit. It is sent to the RAM array via the 
MDA6CS line. The memory control logic asserts 
CAS to clock the column address into the RAM 
array. 



RAM Read Operation 
If the Write High Byte signal WRHI and the 
Write Low Byte signal WRLO are both high 
(unasserted) while ADREN is asserted, a read 
operation is initiated. After WAIT is asserted and 
the row and column addresses are multiplexed to 
the RAM array, the CPU asserts DATEN. DATA 
is asserted by the memory control logic on reception 
of DATEN, provided that no refresh or write 
operation is in progress. The signal DATA gates 
the contents of the addressed location from the 
read data bus (RD<O-15» onto the memory 
bus. The memory control logic then releases 
WAIT, signaling the CPU that valid data is on the 
bus. 

The RAM relld operation takes 600 ns. Figure 5.7 
illustrates the timing of a RAM read operation. 

RAM Write Operation 
If either WRHI or WRLO is asserted while 
ADREN is asserted, a write operation is initiated. 
After WAIT is asserted and the row and column 
addresses are multiplexed to the RAM array, the 
memory control logic waits for the CPU to assert 
DATEN, indicating that the data to be written is 
on the memory bus. This data is driven onto write 
data lines WD<O-7> (ifWRHI is asserted) or 
onto write data lines WD<8-15> (if WRLO is 
asserted) or onto both (if both WRHI and WRLO 
are asserted). The control logic then asserts The 
Write Enable signal (WEHI or WELO or both) 
and the data is written into the addressed byte or 
word. The memory control logic then releases 
WAIT, signaling the CPU that the write operation 
is finished. 

The RAM write operation takes 600 ns. Figure 5.8 
illustrates the timing of a RAM write operation. 

~----------------------600ns----------------------~ 

SYSCLK 

Data 
------~.------------360ns----------~ 

Address Data BDATA<O-15> ______ ~ ________________ ~ __________ ~ ________________________ L_ ____________ __ 

ADREN 

DATEN 

RAS ~~ ______________ ~ ________________ ~ 
WAIT 

DG-07758 

Figure 5.7 RAM read timing diagram 
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~------------------600ns--------------------~ 

----~_14_--------- Data 
360 ns 

SYSCLK 

Data Address BDATA<0-15> ____ ~L-__ ~~~ ____ L-______ ~ __________________ L_ ______ _ 

ADREN --------. 

DATEN ----------------------------~ 

RAS l~ ________________ ~ 
WEHIor WELO --------------------------------------~ 

WAIT ---------------------, 

DG-07759 

Figure 5.8 RAM write timing diagram 

RAM Refresh Operation 
The refresh interval timer asserts SETREF every 
15 J,Ls. SETREF initiates a refresh operation, 
unless a read or write operation is in progress. In 
such a case, the refresh operation is postponed 
until the read or write is finished. 

When a refresh operation is initiated, the refresh 
control logic drives REFREsH low and the refresh 
address latch sends the refresh row address to the 
RAM array via the address multiplexor. The 
memory control logic drives RAS high to clock the 
row address into the RAM memory array. This 
causes every word of the selected row to be 

refreshed. The column address strobe CAS is 
inhibited during a refresh operation. After the 
operation, the refresh address counter is 
incremented. 

A memory refresh operation takes 480 ns. Each 
operation refreshes 1/64th of the 4-Kword memory 
or 1/128th of the 16-Kword memory. All of the 
RAM memory on the board is refreshed 
approximately every 2 ms. Figure 5.9 illustrates 
the timing of a RAM refresh operation. It shows 
that, when the refresh control logic tries to initiate 
a refresh operation while the signal RAS is high 
(that is, while a read or write operation is in 
progress), the refresh is delayed until the read/write 

~--------------480ns--------------~·~1 

SYSCLK 

RAS 

SETREF 

REFRESH L----__ --III 
DG-07761 

Figure 5.9 RAM refresh timing diagram 
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operation is finished. As soon as RAS goes low, 
the refresh control logic drives REFRESH low, 
and RAS comes back up to enable the refresh 
operation to be completed. 

Pended RAM Read/Write Operation 
If the signal RAS goes high just as REFRESH 
goes low, indicating that a read or write cycle and a 
refresh cycle are starting at the same time, then 
the memory control logic delays the read or write 
operation while the refresh operation is carried 
out. Once the refresh is done, the pended read or 
write cycle is continued. Figure 5.10 illustrates the 
timing of this pended RAM read/write operation, 
which takes a total of 960 ns from the beginning of 
the refresh cycle to end of the read or write 
operation. 

Memory Overlap 
When either ROM or the jumper wo:rd register of 
the MP /200 multifunction controller is addressed, 
the controller disables user memory with the same 
addresses by asserting the system MEMINH line. 
When MEMINH is asserted, the RAM address 
select logic will not issue SELECT, so no RAM 
read or write operations can occur. 

EPROM Subsystem 
Initiating the EPROM Read Operation 
The EPROM read operation begins in the same 
way as RAM read/write operations begin: the bus 
receiver transfers BDATA<O-15> onto the 
RAM/EPROM board memory data line, and this 
data is stored in the system address latch and 
passed via the address line ADR<O-15> to the 
EPROM array. Also, bits ADR<1-5> are 
supplied to the EPROM address select logic and 
bits ADR<2-5> to the memory control logic. 

The EPROM address logic compares address bits 
ADR<1-5> to the memory range selected by the 
EPROM address select jumpers. (For 1K EPROM, 
BDATA<1-5> are compared; for 2K EPROM, 
BDATA<1-4> are compared; for 4K EPROM, 
BDATA<1-3> are compared; for 8K EPROM, 
BDATA<1-2> are compared; and for 16K 
EPROM, only BDATAI is compared.) 

When the CPU asserts ADREN, the EPROM 
subsystem initiates a memory operation, provided 
that the addressed location is within the selected 
memory range and the signals MEMINH and 
MEMllo are not asserted. The EPROM address 
select logic drives ESELECT low to initiate the 
memory operation. 

1+-------:--:-:--960 nS--~:1 
Refresh Data 

~~---------------480ns--------~~~I~·~-------360ns 

SYSCLK 

BDATA<0-15> I Address Data 

SETREF ~, ________________________________________________________ ___ 

REFRESH ~~ ______________________ __ 

RAS ~ 

ADREN 

DATEN 

WAIT ,'--------------' DG-07760 

Figure 5.10 Pended RAM read/write timing diagram 
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EPROM Read Operation 
When the memory control logic receives 
ESELECT, it drives WAIT low to extend the 
CPU read/write cycle 360 ns to accommodate the 
EPROM memory's cycle time. At the same time (if 
a RAM refresh operation is not in progress), the 
memory control logic asserts chip enable signals 
CE<0-3> on the basis of the jumper-selected 
combination of BDATA <2-5> chosen for the 
particular EPROMs used. CE determines which 
pair of EPROM chips is active; some or all of bits 
BDATA<4-15>, depending on the EPROMs 
used, supply the memory address to all EPROM 
sockets. 

The CPU control signal DATEN gates the 
contents of the addressed location from the read 
data bus RD<O-15> onto the memory bus. After 
the the memory control logic releases WAIT, the 
CPU releases DATEN, signaling that valid data is . 
on the bus. 

The EPROM read operation takes 720 ns. Figure 
5.11 illustrates the timing of an EPROM read 
operation. 

Pended EPROM Read Operation 
An EPROM pended read occurs when the 
REFREsH goes low just as the memory control 
logic is about to assert the EPROM chip enable 
signals CE <0-3 >. As in the case of a RAM pended 
read/write operation, the memory control logic 
delays the EPROM read until the refresh operation 

is carried out. Once the refresh is done, the EPROM 
read operation is continued. The pended EPROM 
read operation takes a total of 1080 ns from the 
beginning of the refresh cycle to the end of the 
read operation. 

Memory Overlap 
The system control signal MEMINH disables 
overlaid memory on the RAM/EPROM board. The 
EPROM subsystem can be jumpered, however, so 
that the EPROM address select logic will ignore 
the system signal and assert its own MEMINH 
when the addressed location is within the selected 
memory range. This means that the EPROM 
pre-empts any shared RAM address space. 

~----------------------720ns----~------------------~ 
___ --..~--------_- Data 

480 ns 

SYSCLK 

BDATA<0-15> Address Data 

DATEN 

WAIT 
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Figure 5.11 EPROM read timing diagram 
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Figure 6.1 I/O CMOS memory board 



Chapter 6 
1/0 CMOS Memory Board 

Programming Summary 
Mnemonics (boards 1 to 4) and device codes 

NVM NVM1 NVM2 NVM3 

248 258 268 278 

Mnemonics (boards 5 to 8) and device codes 

SNVM SNVM1 SNVM2 SNVM3 

648 658 668 678 

Priority mask bit 10 

NOTE: Device code may conflict with disk 
device codes (see Appendix B). 

Accumulator Formats 
Read One Word (DIA) 

DATA WORD 

Write One Word (DOA) 

DATA WORD 

Specify System Memory 
Address and Mode and Word 
Number (DOB) 

SYS ADDRESS/WORD NO 

Specify Page Number and Page 
Count (DOC) 

I 0 ,PG ~NT , 3 14 ' I 10 111 I PA,GE ~o I 16 1 

Read System Memory Address 
(DIB) 

SYS ADDRESS 

S, C, P, and IORST Functions 
f=S Sets the Busy flag to 1, sets the Done 

flag to 0, sets the contents of the word 
number register to 0, and initiates a data 
channel read or write operation. 

f=C Sets the Busy, Done, and,Write Mode 
flags to 0, and sets the contents of all the 
memory controller registers to 0. 

f=P 

JORST 

No effect. 

Sets the Busy, Done, and Write Mode 
flags to 0, sets the contents of the memory 
controller registers to 0, and initializes 
the internal logic of the board's IOC 
controller. 
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Introduction 
The I/O memory boards are non-volatile memory 
systems that provide 2, 4, or 8 Kwords of secondary 
storage for microproducts computer systems. They 
consist of arrays of I Kword by 4-bit CMOS static 
random access memory elements. These arrays are 
supported by rechargeable batteries which can 
continue to supply power to the memory for 30 
days after system power is removed. The batteries 
are mounted on the memory board so that the 
board can be removed from the system with no 
loss of data. 

Functionally, I/O memory appears to the CPU to 
be an I/O device. It contains an I/O controller that 
supports both single word transfers under 
programmed I/O and block transfers between the 
board and main memory under data channel 
operation. 

From an organizational viewpoint, I/O memory 
resembles a disk or diskette, that is, information is 
arranged in 256-word pages. Figure 6.2 shows how 
the I/O memory is organized. 

There may be up to eight memory boards in a 
system for a maximum capacity of 64 kilowords. 
Table 6.1 summarizes the characteristics of the 
I/O memory. 

7777, Page 17 

5777, Page 13 16 

15 

Memory type 

Board capacity (16-bit 
words) 

Words per page 

Pages per data channel 
transfer 

Maximum transfer rate 
Data channel in 
Data channel out 

Data channel latency 

Board dimensions 

Operating temperature range 

Battery supported CMOS RAM 

Model 8316-A = 2,048 
Model 8316-B = 4,096 
Model 8316-C = 8,192 

256 

Up to 16 (4 Kwords) 

14,925 wps 
17,240 wps 

No limit 

7.5 x 9.9 in. (19 x 24.9 em) 

32 - 100°F (0 - 38°C) 

Table 6.1 Summary of characteristics 

Controller Registers 
The I/O controller contains four 
program-accessible registers: 

I5-bit memory address register 
5-bit page number register 
8-bit word number register 
4-bit page count register 

The I5-bit memory address register contains the 
address in main memory that will be used as the 
source or destination of the next data transfer via 
the data channel. It is loaded by the program with 
the address of the first word in the block to be 
transferred and during data channel operations is 
self-incrementing, allowing successive transfers to 
or from successive memory locations. 

17777 r Page 37 
15777----~~~'~--~ 

13777 I Page 33 36 

1777 

1377 

777 

377 

3777, 

Page 3 

Page 7 

6 

12 

11 14 

I Page 27 32 35 
11777~--~--~'----~~~--~~~~ 

11377 ~_P_ag~e_2_3 __ ~_2_6 __ ~_3_1 __ ~_3~4 __ ~ 

° 

Page 2 5 10 

Page 1 4 

Page ° 
10777 r-_P_a~ge __ 22 __ ~_2_5 __ ~_3_0 __ ~ 
10377 ~_P_a~ge __ 2_1_+_2_4 __ j 

10000 ...... _Pa....;g;;..,e_2_0--' 
'----____ v,_----.--J 
2-Kword Model 8316-A 
'-----------~v,----------~ 

4-Kword Model 8316-B 

~-----------------------~v,-----------------------------~ 

8-Kword Model 8316-C 

Figure 6.2 Configuration of I/O memory 
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Word 
Number 

7777 

7400 
7377 

7000 
6777 

6400 
6377 

6000 
5777 

5400 
5377 

5000 
4777 

4400 
4377 

4000 
3777 

3400 
3377 

3000 
2777 

2400 
2377 

2000 
1777 

1400 
1377 

1000 
777 

400 
377 

o 
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Page 17 

Page 16 

Page 15 

Page 14 

Page 13 

Page 12 

Page 11 

Page 10 

Page 7 

Page 6 

Page 5 

Page 4 

Page 3 

Page 2 

Page 1 

Page 0 

Word 
Number 

17777 

17400 
17377 

17000 
16777 

16400 
16377 

16000 
15777 

15400 
15377 

15000 
14777 

14400 
14377 

14000 
13777 

13400 
13377 

13000 
12777 

12400 
12377 

12000 
11777 

11400 
11377 

11000 
10777 

10400 
10377 

10000 

Page 37 

Page 36 

Page 35 

Page 34 

Page 33 

Page 32 

Page 31 

Page 30 

Page 27 

Page 26 

Page 25 

Page 24 

Page 23 

Page 22 

Page 21 

Page 20 

Figure 6.3 Organization of data in I/O memory 

The 5-bit page number register contains the 
number of the I/O memory page on which the next 
word to be read or written is located. Figure 6.3 
shows the organization of the data in the I/O 
memory for the 8-Kword model (32 pages with 256 
words on each page). Organization of data on the 
other models is similar except that there are fewer 
pages. The contents of this register are 
automatically incremented each time the word 
number counts past 255 (3778), 

The 8-bit word number register contains the word 
number of the next word in I/O memory to be read 
or written on the page specified in the page number 

register. It is self-incrementing. This register is 
loaded only for single-word transfers; it is 
automatically set to ° at the beginning of data 
channel transfers. 

The 4-bit page count register contains one less 
than the number of pages of I/O memory to be 
transferred to or from the system memory via the 
data channel. The page count can be any number 
from ° to 15 (178), 

Instruction Set 
The I/O memory responds to five instructions: two 
for single-word transfers, two for data-channel 
transfers, and one to supply the CPU with the 
current system memory address in the controller's 
memory address register. For single-word 
operations, the instructions transfer a word 
between I/O memory and a designated CPU 
accumulator. For data channel operations, the 
instructions prepare the controller to transfer a 
specified number of 256-word pages between I/O 
memory and system memory. 

The device flag commands and the I/O Reset 
instruction (IORST) perform the following 
functions: 

f=S 

f=C 

Sets the Busy flag to 1, sets the Done 
flag to 0, sets the contents of the word 
number register to 0, and initiates a data 
channel read or write operation. 

Sets the Busy, Done, and Write Mode 
flags to ° and sets the contents of all the 
memory controller registers to 0. 

f=P No effect. 

IORST Sets the Busy, Done, and Write Mode 
flags to 0, sets the contents of all the 
memory controller registers to 0, and 
initializes the internal logic of the board's 
IOC controller. 
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Specify System Memory 
Address and Mode and Word 
Number 

DOB!!] ac,NVM 

I ~ I ~ I ~ I 3 ~c 4 I ~ I ~ I ~ Is ~ 9 I ~o 11\ I ~211131 ~41 ~61 

Loads bits 1-15 of the specified accumulator into 
the memory address register and loads bits 8-15 
into the word number register. Bit 0 of the specified 
accumulator sets the controller's Write Mode flag. 
The contents of the specified accumulator remain 
unchanged. After the data transfer, performs the 
function specified by f. The format of the specified 
accumulator is as follows: 

SYS ADDRESS/WORD NO 

Bits Name Function 

0 Write mode Sets th controller's Write Mode flag 
1 = write mode 
o = read mode 

1-15 Memory Location of next word in system 
address memory to be used for a data channel 

transfer. 

8-15 Word Word number of the next word to be 
number read or written on the page of I/O 

memory specified by the contents of 
the page number register. 

NOTE: This instruction serves a dual 
purpose: it loads the memory address 
register for data channel transfers and it 
loads the word number register for 
single-word transfers. For this reason the 
number in the specified accumulator ~an be 
a I5-bit system memory address or it can be 
an 8-bit word number. The word number 
register is loaded with the 8 least significant 
bits of the specified accumulator. 
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Specify Page Number and Page 
Count 

DOC!!] ac,NVM 

Loads the page number and page count registers 
with the contents of the specified accumulator. 
After the data transfer, performs the function 
specified by f. The contents of the specified 
accumulator remain unchanged. The format of the 
specified accumulator is as follows: 

I 10 111 I PAIGE ~o I 16 1 

Bits Name Function 

0-3 Page count One less than the number of pages of 
I/O memory to be transferred to or 
from system memory via the data 
channel. 

4-10 - Reserved for future use. 

11-15 Page Number of page in I/O memory on 
number which the next word is to be read or 

written. 



Read One Word 

DIAl!] ac,NVM 

Loads the specified accumulator with the contents 
of the I/O memory location specified by the word 
and page number registers. The previous contents 
of the specified accumulator are lost. After the 
data transfer, increments the word number register 
and performs the function specified by f. The 
format of the specified accumulator is as follows: 

DATA WORD 

Bits Name Function 

0-15 Data 16-bit contents of the specified 
location in I/O memory. 

Write One Word 

DOAl!] ac,NVM 

Loads the contents of the specified accumulator 
into the I/O memory location specified by the word 
and page number registers. The contents of the 
specified accumulator remain unchanged. After the 
data transfer, increments the word number register 
and performs the function specified by f. The 
format of the specified accumulator is as follows: 

DATA WORD 

Bits Name Function 

0-15 Data 16-bit data to be written into the 
specified I/O memory location. 
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Read Memory Address 

DIB[!] ac,NVM 

I ~ I ~ I ~ 13 ~c 41 ~ I : I ; Is ~ 9 1 ~o 1,\ I ~211131 ~41 ~51 
Loads the specified accumulator with the contents 
of the memory address register. The previous 
contents of the specified accumulator are lost. After 
the data transfer, performs the function specified 
by f. The format of the specified accumulator is as 
follows: 

SYS ADDRESS 

Bits Name Function 

0 0 

1-15 Memory Location of the next word in memory 
address to be used for a data channel transfer. 

86 I/O CMOS Memory Board 

Programming 
Basic 1/0 Memory Operations 

NOTE: The I/O memory has a write protect 
switch. When this switch is in the disable 
write position, both single write and data 
channel write operations are inhibited. 
There are no program indications of this; 
the data simply are not written. 

I/O memory can perform four types of memory 
operations: single word read and write operations 
under programmed I/O, and 256-word block 
transfers under data channel operations. Set up 
any operation as follows: 

• Insure that the Busy flag is set to o. 
• Specify the word number to be transferred (for 

programmed I/O single word transfers) or the 
system memory address and direction of 
transfer (for data channel transfers), using a 
Specify System Memory Address and Mode 
and Word Number instruction (DOB). 

• Specify the page number of the word to be 
transferred and, if the data channel is to be 
used, the number of pages to be transferred 
using a Specify Page Number and Page Count 
instruction (DOC). 

• Initiate the transfer with a Read One Word 
instruction (DIA) or Write One Word 
instruction (DOA) for programmed I/O or with 
a Start command for data channel transfers. 

Figure 6.4 shows the programmed I/O instruction 
sequence and Figure 6.5 shows the data channel 
instruction sequence. 



Load word number to 
be transferred into 
AC 0 

(LOA) 

Load contents of AC 0 
into word number 
register 

(008) 

Load the page number 
of the word to be. 
transferred into AC 0 

(LOA) 

Load contents of AC 0 
into page number 
register 

(OOC) 

Load word to be 
written into AC 0 

(LOA) 

Write contents of AC 0 
into specified page at 
specified word number 

(OOA) 

Load contents of 
specified word number 
on specified page into 
AC 0 
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Figure 6.4 Programmed I/O single-word transfer 
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Load memory address 
and write mode bit 
into AC 0 

(LOA) 

Load contents of AC 0 
into memory address 
register and mode flag 

(008) 

Load page number and 
page count minus 1 
into AC 0 

(LOA) 

Load contents of AC 0 
into page count and 
page number registers 
and start transfer 

(DOCS) 

No 

Figure 6.5 Data channel set-up for block transfer 

Special Features 
The I/O memory has some special features that 
should be taken into account by the programmer: 

• The Specify System Memory Address and 
Mode and Word Number instruction (DOB) 
serves a dual purpose: it loads the memory 
address register for data channel transfers and 
it loads the word number register for single-word 
transfers. 

The word number register automatically 
increments each time a word transfer is made -
whether as part of a data channel operation or 
in response to a Read One Word instruction 
(DIA) or Write One Word instruction (DOA). 
When the word count passes 3778, the page 
count register is incremented. 

• The number in the page count register is always 
one less than the number of pages to be 
transferred in a data channel operation. 
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• Because a Start command automatically sets 
the contents of the word number register to 0, 
data channel transfers always start on 256-word 
boundaries. 

Autoincrementing Word Number Register 
The autoincrementing feature of the word number 
register can be used to read or write the contents 
of successive single locations in I/O memory. 
Notice, however, that you cannot use a Read One 
Word instruction (DIA) immediately after a Write 
One Word instruction (DOA) to retrieve the 
contents of the location you have just written to. 
You must first restore the word number with 
another Specify System Memory Address and 
Mode and Word Number instruction (DOB). 

Setting Up the Page Count Register 
To set up the controller to transfer n pages of I/O 
memory using the data channel facility, load the 
page count register with the number n - 1. 

Because the number in the page count register is 1 
less than the number of pages to be transferred in 
a data channel operation, the register will be set 
up for a I-page transfer after an I/O Reset 
instruction (IORST) or Clear command. (These 
both set the register contents to 0, and 0 is 1 less 
than 1.) In particular, after an instruction IORST, 
a Start command (for example, a NIOS) will load 
page 0 of the I/O memory into system memory 
locations 0-377 s. 

The Start Command 
Issue a Start command only after you have set up 
the I/O memory's internal registers for a data 
channel operation. A Start command will always 
result in the data channel transfer of at least one 
page of memory. 

Interrupts 
Setting the Busy flag to 1 and the Interrupt Disable 
flag to 0 enables I/O memory interrupts. Notice 
that the interrupt facility cannot be used for 
single-word transfers since setting the Busy flag to 
1 will initiate data channel transfers. 
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Timing 
The maximum data transfer rate for data being 
stored during a data channel operation in the I/O 
CMOS memory depends on the instruction. When 
the instructions involved are those executed in the 
shortest time, a word transfer occurs in about 12 
microseconds, which results in a transfer rate of 
about 83,000 words per second. There is no data 
channel latency. 

Power-Up Response 
The I/O memory is initialized upon power-up. The 
Busy, Done, Interrupt Disable, and Write Mode 
flags are all set to O. The contents of all controller 
registers are set to 0 and the internal logic of the 
board's IOC controller is initialized. 

When system power is turned off, the memory 
array is switched to battery power. Fully charged, 
batteries will retain data in the memory array for 
30 days. When power is restored, the memory array 
is immediately operable; but the batteries, if fully 
discharged, require 48 hours to recharge. 



Installation and 
Tailoring 2 MCLOCK MCLOCK 1 

4 BI/ODATA1 GND 3 

Board-Level Interfacing 6 CLEAR BI/ODATA1 5 
8 BEXTINT 7 

The 60-pin B edge connector supplies all data, 10 BDCHINT 9 
control, and power signals from the CPU to the 12 BI/ODATA2 GND 11 

I/O memory board. The B connector plugs into 14 GND BI/ODATA2 13 

any I/O slot of the Microproducts main or 16 BI/OCLOCK BI/OCLOCK 15 

expansion chassis. Figure 6.6 shows the board pin 18 17 
20 INTP IN INTP OUT 19 

assignments. If a user-supplied battery backup is 22 DCHPIN DCHP OUT 21 
installed in the system, it can be connected to the 24 23 
I/O memory battery circuits via pin 49 on the A 26 25 

connector. 28 27 
30 29 
32 31 
34 33 
36 GND 35 
38 37 
40 39 
42 41 
44 43 
46 45 
48 47 
50 49 
52 51 
54 GND GND 53 
56 +12V +12V 55 
58 -5V +5V 57 
60 +5V +5V 59 

NOTE: Blank pins not used. 
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Figure 6.6 Pin assignments. B connector 
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CO~ECTORB 

3.08 

0.655< 

~ 

0.255 

~%, 
2.58 ~ 

7.49 

.~ 

~ 
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Figure 6.7 Board dimensions 

Power Requirements 
Figure 6.7 shows the physical dimensions of the 
I/O memory board. The board requires one slot 
(any I/O slot) in a card cage or chassis. Table 6.2 
shows the power requirements. 
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0.655 

Power Current Draw 
Dissipation 

5.170 Watts 0.875 A @ +5 Vdc 
0.065 A @ + 12 Vdc 
0.03 A @ - 15 Vdc 

Table 6.2 Power requirements, I/O memory board 

When system power is off, the memory array 
remains powered by its batteries. In order to 
maintain data, the array requires a minimum of 2 
volts at 320 microamperes. 



Tailoring 
Tailoring the I/O memory board consists of 
selecting the device code, enabling or disabling 
memory write operations, and turning on the power 
to the battery charging circuit as shown in Figure 
6.8. 

Switch Positions 

Write Protect Switch 1 

Enable write Up 

Disable write Down 

Battery Switch 3 

Connect Down 

Disconnect Up 

Switch Ho. 

Device 6 7 8 
Code 

24 Up Up Up 

25 Up Up Down 

26 Up Down Up s 
27 Up Down Down 

64 Down Up Up 

65 Down Up Down 

66 Down Down Up 
~ i 

67 Down Down Down 

CAUTION: Device code may conflict with disk device codes. (See Appendix B.) 
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Figure 6.8 Tailoring the I/O memory board 

Batteries 

-8+ BT4 8-
-8 BT3 +8-

,8- -8 BT2 +8-8-

-8+ BTl 8-

~ 
Positive Negative 
Battery Battery 
Terminal Terminal 
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Battery Replacement 
The recommended battery change interval for the 
I/O memory is 1 year. To change the batteries, 
proceed as follows: 

1. Turn the system power off. 

2. Remove the I/O memory board from the chassis. 
Place the board on a non-conducting surface. 

3. Disconnect the batteries from the memory 
circuits by setting the battery connect DIP 
switch number 3 shown in Figure 6.8 to the up 
position. 

4. Unsolder and remove the old batteries. 

5. Position the new batteries as shown in Figure 
6.8, making sure that the positive terminals of 
the batteries are in the orientation shown, and 
solder them in. 

6. Move the number 3 DIP switch to the down 
position to reconnect the batteries to the 
memory circuits. 

7. Return the I/O memory board to its slot in the 
chassis. 

8. Turn the system power on. The batteries will be 
fully charged after 48 hours. 

CAUTION: Do not place the I/O memory 
board on a metal surface. Contact between 
such a surface and the pins on the board 
will cause a short circuit that will discharge 
the batteries and may damage the 
integrated circuits. Also, when handling the 
board, take care not to let any metal object, 
such as a ring, come in contact with it. 
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Theory 
Figure 6.9 shows the major components of the I/O 
memory board and their interconnection. 

The I/O bus interface connects the I/O memory to 
the microNOVA I/O bus. It consists of an I/O 
transceiver, clock driver, data channel and 
interrupt priority logic, I/O controller, and function 
decoder. The I/O controller contains the Busy and 
Done flags and the memory address register. For 
more information on the I/O bus interface, refer to 
Input/Output and Interfacing, Microproducts 
Hardware Reference Series (DGC No. 
014-000665). 

The data bus D < 0-15> is a bidirectional data 
path that connects the I/O controller to the read 
buffer, write latch, and all of the controller registers 
except the memory address register. 

The control logic receives all the I/O control signals 
from the function decoder and, using FsTROBE 
to determine their timing, asserts the control 
signals that initiate and coordinate memory read 
and write operations. The control logic contains 
the Write Mode flag, which is controlled by data 
bit DO when a Specify System Memory Address 
and Mode and Word Number instruction (DOB) 
is issued. Also within the control logic is the write 
protect switch, which, when set in the down 
position, prevents the assertion of the write enable 
signal to the memory array. 



The word number register/counter receives the 
word number specified by a Specify System 
Memory Address and Mode and Word Number 
instruction (DOB). This instruction also sends the 
memory address to the IOC's memory address 
register. The memory address consists of bits 1-15 
of the data word sent with the instruction, and the 
word number consists of bits 8-15 of that number. 
The word number register supplies address bits 
A<8-15> to the static RAM array. The contents 
of this register are set to 0 on receipt of a RST or 
a STRT signal from the control logic and 
increment by one after each word transfer to or 
from I/O memory. (The contents are incremented 
on receiving DCOUNT. When the contents of the 
register have become 3778, the next 1[)COUNT 
signal will cause the contents to become 0 and the 
register to pulse WD CRY). 

The page number register/counter receives the 
page number specified by a Specify Page Number 
and Page Count instruction (DOC). The contents 
of this register are set to 0 on receipt of a RST 
signal from the control logic. The contents are 
incremented when the register receives a WD CRY 
pulse from the word number register/counter. The 
page number register supplies address bits 
A<6-7> to the static RAM array and address 
bits A<3-5> to the row decoder. 

The page count register/counter receives the page 
count specified by a Specify Page Number and 
Page Count instruction (DOC). The contents of 
this register are set to 0 on receipt of a RST signal 
from the controllogic~ The contents are 
decremented when the register receives a wn 
CRY pulse from the word number register/counter. 
When the contents of the register have become 0, 
the next WD CRY pulse will cause the contents to 
become 178 and th~ register to pulse SET DONE, 
indicating the end of a data channel tlransfer. 'SET 
DONE sets the IOC's Done flag to 1 and its Busy 
flag to 0, which causes the IOC to request an 
interrupt if its interrupt has been enabled. 

The row decoder decodes bits A <3-5> to produce 
chip enable signals CE<O-7>. These signals are 
sent to the static RAM array when the control 
logic drives CE high, if neither DUB, DUC, nor 
STRT is asserted. 

The read data buffer drives the contents of the 
memory location addressed by address bits 
A<6-15> and CE<0-7> onto the data bus 
when the controller drives the signal READ low. 

The control logic drives LOAD high to latch the 
data on the data bus D<0-15> into the write 
data latch. The control signal DRMEM enables 
the output of the write data latch, which is 
connected to the static RAM array via the memory 
bus MEM <0-15>. When the control logic drives 
WE low, the data on the memory bus is written 
into the memory location addressed by address 
bits A<6-15> and CE<0-7>. 

The battery charge/monitor section monitors the 
voltage supplied to the I/O memory board. When 
this voltage drops, POK is driven low, which 
prevents the assertion of WE and causes the control 
logic to drive RST high to set the contents of the 
word number, page number, and page count 
registers to O. 
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Figure 6.9 I/O CMOS memory 
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615 
I/O 
Controller 

Device Code 
Select 
Switches 
56-58 

DO 

POK 

DCH SYNC 

Control 
Logic 

Write 
Protect 
Switch 
51 



SET DONE 

RST 

Battery Switch S3 

r 
~ 

WE 

Battery 
Charge/ 
Voltage 
Monitor 

CMOS 
Static 
RAM 
Array 

POK 
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The MP /Computer chassis contains eight slots for 
CPU, controller, memory, and I/O boards. An 8-s10t 
expansion chassis for I/O boards is also available. 
This 8-s10t chassis, similar to the MP /Chassis, has 
its own power supply and remote power turn-on. 
Figures 7.1 and 7.2 show the slot assignments for 
the main chassis and the expansion chassis. Figure 
7.3 shows the pin assignments. 

Figure 7.4 shows an exploded view of the entire 
MP /Computer chassis, in which each component 
is identified. Figure 7.5 shows the external 
dimensions of the chassis and the direction of air 
flow caused by the cooling fans. 

Chapter 7 
Chassis 

Besides the 8-s10t expansion chassis, a 4-s10t card 
cage is also available for system expansion. Figure 
7.6 shows this card cage, and Figure 7.7 provides a 
detailed breakdown of its parts and dimensions. 

These illustrations give enough information to 
enable you to incorporate both the main and 
expansion chassis into your own mainframe or to 
mount the card cage into your own chassis. 
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Figure 7.1 MP/Computer chassis, slot assignments 

98 Chassis 

8 Memory or I/O 
4------7 Memory or I/O 

A------- 6 Memory or I/O 
/).----- 5 Memory or I/O 

'-_---- 4 Memory or I/O 
3 Memory or I/O 
2 Multi-function controller 

CPU 
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Figure 7.2 Expansion (a-slot) chassis, slot assignments 

8 I/O ;?'"----- 7 I/O 
A-----6 I/O 
~----5 I/O 
~ ___ -4 I/O 

3 I/O 
2 I/O 

I/O 

Chassis 99 



DG-07765 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

8 

30 

32 

34 

36 

38 

40 

42 

44 

46 

48 

50 

52 

54 

56 

58 

60 

10 

12 

14 

16 

18 

20 

2 

24 

2 6 

8 

2 

30 

3 

34 

36 

38 

40 

42 

4 

46 

48 

50 

52 

54 

56 

58 

60 

SLOT 1 
J 10 

EVEN ODD 

MCLOCKI MCLOCK-L 

B101-L GND 

CLEAR-L B101-L 

BEXTINT-L PWRFAIL 

LOCK BDCINT-L 

BI02-L GND 

GND BI02-L 

BIOCLOCK-L BIOCLOCK-L 

SPARE 0 HALT 

PWRFAIL INTP1~2 

PWR OK DCHPI----.2 

BDATA 7 BDATA 15 

BP WAIT 

BDATA6 BDATA14 

FDCHR FDCHE 

BDATA 5 BDATA 13 

BDATA 4 BDATA 12 

GND RTC 

BDATA 3 BDATA 11 

BMAP -12V 

BDATA 2 BDATA 10 

ROENB BOOT 

BDATA 1 BDATA 9 

BWE BSAE 
BDATA 0 BDATA 8 

PHIL SPARE 2 

GND GND 

+12V +12V 

-5V +5V 

+5V +5V 

SLOT 5 
J 14 

EVEN ODD 

MCLOCK-L 1 MCLOCK-L 1 

BI01-Ll GND 

CLEAR-L 1 B101-l1 

BEXTINT-L 1 INTPIN-L 1 

BDCINT-L 1 

BI02-L 1 GND 

GND B102-L 1 

BIOCLOCK-L 1 BIOCLOCK-L 1 

SPARE 0 SPARE 3 

INTPIN-L 1 INTP5----.6 

DCHPIN-L 1 DCHP5----.6 

BDATA 7 BDATA 15 

BP WAIT 

BDATA 6 BDATA 14 

FDCHR FDCHE 
BDATA 5 BDATA 13 

BDATA 4 BDATA 12 

GND 

BDATA 3 BDATA 11 

BMAP -12V 

BDATA 2 BDATA 10 

ROENB SPARE 1 

BDATA 1 BDATA 9 

BWE BSAE 
BDATA 0 BDATA 8 

PHIL SPARE 2 

GND GND 

+12V +12V 

-5V +5V 

+5V +5V 

1 

1 

1 

1 

1 

2 

2 

2 

27 

29 

31 

33 

35 

37 

39 

41 

43 

45 

47 

49 

51 

53 

55 

57 

5 

1 

1 

1 

1 

1 

21 

23 

25 

27 

29 

31 

33 

35 

37 

39 

41 

43 

45 

47 

49 

51 

53 

55 

57 

59 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

34 

36 

38 

40 

42 

44 

46 

48 

50 

52 

54 

56 

58 

60 

0 

2 

4 

6 

8 

0 

2 

4 

6 

8 

0 

2 

4 

6 

8 

0 

2 

4 

6 

8 

0 

2 

4 

6 

8 

0 

SLOT 2 
J 11 

EVEN ODD 

MCLOCK-L MCLOCK-L 

BI01-L GND 

CLEAR-L BI01-L 

BEXTINT-L 

PWROK BDCINT-L 

BI02-L GND 

GND BI02-L 

BIOCLOCK-L BIOCLOCK-L 

SPARE 0 SPARE 3 

INTP1~2 INTP2~3 

DCHP1~2 DCHP2~3 

BDATA 7 BDATA 15 

BP WAIT 
BDATA 6 BDATA 14 

FDCHR FDCHE 
BDATA 5 BDATA 13 

BDATA 4 BDATA 12 

GND RTC 

BDATA 3 BDATA 11 

BMAP -12V 

BDATA 2 BDATA 10 

RQENB BOOT 

BDATA 1 BDATA 9 

BWE BSAE 

BDATA 0 BDATA 8 

PHIL SPARE 2 

GND GND 

+12V +12V 

-5V +5V 

+5V +5V 

SLOT 6 
J 15 

EVEN ODD 

MCLOCK-L 1 MCLOCK-L 1 

B101-L 1 GND 

ClEAR-L 1 B101-l1 

BEXTINT-L 1 

DCHPIN-L 1 BDCINT-L 1 

B102-L 1 GND 

GND BIOC-L 1 

BIOCLOCK-L 1 BIOClOCK-L 1 

SPARE 0 SPARE 3 

INTP5----.6 INT06~7 

DCHP5----.6 DCHP6----.7 

BDATA 7 BDATA 15 

BP WAIT 

BDATA 6 BDATA 14 

FDCHR FDCHE 
BDATA 5 BDATA 13 

BDATA 4 BDATA 12 

GND 

BDATA 3 BDATA 11 

BMAP -12V 

BDATA 2 BDATA 10 

ROENB SPARE 1 

BDATA 1 BDATA 9 

BWE BSAE 
BDATA 0 BDATA 8 

PHIL SPARE 2 

GND GND 

+12V +12V 

-5V +5V 

+5V +5V 

Figure 7.3 MP/Computer and expansion chassis, backpanel pin assignments 
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SLOT 3 
J 12 

EVEN ODD 

MCLOCK-L MCLOCK-l 

B101-L GND 

CLEAR-L B101-l 

BEXTINT-L INTPOUT-L 

BDCINT-L 

B102-L GND 

GND B102-L 

BIOCLOCK-L BIOCLOCK-L 

SPARE 0 SPARE 3 

INTP2~3 INTP3~4 

DCHP2~3 DCHP3----.4 

BDATA 7 BDATA 15 

BP WAIT 

BDATA 6 BDATA14 

FDCHR FDCHE 

BDATA 5 BDATA 13 

BDATA 4 BDATA 12 

GND 

BDATA 3 BDATA 11 

BMAP -12V 

BDATA 2 BDATA 10 

ROENB SPARE 1 

BDATA 1 BDATA 9 

BWE BSAE 

BDATA 0 BDATA 8 

PHIL SPARE 2 

GND GND 

+12V +12V 

-5V +5V 

+5V +5V 

SLOT 7 
J 16 

EVEN ODD 

MCLOCK-L 1 MCLOCK-L 1 

B101-Ll GND 

ClEAR-L 1 B101-L 1 

BEXTINT-L 1 INTPOUT-L 1 

BDCINT-L 1 

B102-L 1 GND 

GND B102-L 1 

BIOCLOCK-L 1 BIOCLOCK-L 1 

SPARE 0 SPARE 3 

INTP6----.7 INTP7----.8 

DCHP6~7 DCHP7----.8 

BDATA 7 BDATA 15 

BP WAIT 

BDATA 6 BDATA 14 

FDCHR FDCHE 
BDATA 5 BDATA 13 

BDATA 4 BDATA 12 

GND 

BDATA 3 BDATA 11 

BMAP -12V 

BDATA 2 BDATA 10 

ROENB SPARE 1 

BDATA 1 BDATA 9 

BWE BSAE 
BDATA 0 BDATA 8 

PHIL SPARE 2 

GND GND 

+12V + 12V 

-5V +5V 

+5V +5V 
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53 

55 

57 

59 
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33 
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43 
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49 
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18 
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54 

56 

58 
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10 
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SLOT 4 
J 13 

EVEN ODD 

MCLOCK-L MCLOCK-L 

B101-L GND 

CLEAR-L BIO-L 

BEXTINT-L 

DCHPOUT-L BDCINT-L 

B102-L GND 

GND B102-L 

BIOCLOCK-L BIOCLOCK-L 

SPARE 0 SPARE 3 

INTP3~4 INTPOUT-L 

DCHP3~4 DCHPOUT-L 

BDATA 7 BDATA 15 

BP WAIT 

BDATA 6 BDATA 14 

FDCHR FDCHE 

BDATA 5 BDATA 13 

BDATA 4 BDATA 12 

GND 

BDATA 3 BDATA 11 

BMAP -12V 

BDATA 2 BDATA 10 

RQENB SPARE 1 

BDATA 1 BDATA 9 

BWE BSAE 

BDATA 0 BDATA B 

PHIL SPARE 2 

GND GND 

+12V +12V 

-5V +5V 

+5V +5V 

SLOT 8 
J 17 

EVEN ODD 

MCLOCK-L 1 MCLOCK-L 1 

B101-l1 GND 

CLEAR-L 1 B101-L 1 

BEXTINT-L 1 

DCHPOUT-L 1 BDCliH-L 1 

BI02-L 1 GND 

GND B102-L 1 
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1 

1 

1 
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25 
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35 

37 

39 

4 

4 

4 

4 

49 

5 

5 

5 

5 

5 

1 

1 

BIOCLOCK-L 1 BIOCLOCK-L 1 1 

SPARE 0 

INTP7----.8 

DCHP7----.8 

BDATA 7 

BP 

BDATA 6 

FDCHR 
BDATA 5 

BDATA 4 

GND 

BDATA 3 

BMAP 

BDATA 2 

RQENB 

BDATA 1 

BWE 
BDATA 0 

PHIL 

GND 

+ 12V 

-5V 

+5V 

SPARE 3 

INTPOUT-L 1 

DCHPOUT-L 

BDATA 15 

WAIT 

BDATA 14 

FDCHE 
BDATA 13 

BDATA 12 

BDATA 11 

-12V 

BDATA 10 

SPARE 1 

BDATA 9 

BSAE 
BDATA 8 

SPARE 2 

GND 

+ 12V 

+5V 

+5V 
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43 
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51 

53 
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57 
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J18 

+5V 

+5V 

+5V 

+5V 

GND 

GND 

RNT TURNON 

GND 

+12V 

GND 

GND 

GND 

-5V 

GND 

BAT + 

BAT + 

BAT RTN 

BAT RTN 

BAT RTN 

AUX BAT ON 
AUX BAT ON RTN 

BAT REO 

PS.ClK 

J2 

PWR OK 

SWON 

BAT lED ON 

GND 

+5V 

+300V 

300VRTN 

SUNC 

10 UNC 

FA1 

FA3 

2 UNC 

6 UNC 

FA2 

ACIN 

ACOUT 

FA4 

1 UNC 

5 UNC 

11 UNC 

4 UNC 

+5V 

+5V 

+5V 

+5V 

GND 

GND 

+12V 

GND 

-12V 

GND 

-5V 

GND 

BAT + 

BAT + 

BAT + 

BAT RTN 

BAT RTN 

PWRFAll 

PWROK 

PWR OK 
BAT SENSE 

RTC 

SWON 

BOOT 

HALT 

lOCK 

ClEAR-l 

+300V 

300VRTN 

SUNC 

10 UNC 

2 UNC 

6 UNC 

ACIN 

ACOUT 

1 UNC 

5 UNC 

11 UNC 

4 UNC 

1 

1 

1 

1 

1 

21 

23 

25 

27 

29 

31 

33 

35 

37 

39 

41 

43 

45 

47 

49 

1 

3 

5 

7 

9 

11 

13 

1 

3 

5 

7 

9 

11 

13 

15 

17 

19 

21 

23 

25 

27 

29 

31 

33 

35 

37 

39 

41 

43 

45 

47 

49 

51 

53 

55 

57 

59 

10 

12 

14 

16 

18 

20 

22 

24 

A 26 

28 

30 

32 

34 

36 

38 

40 

42 

44 

46 

48 

50 

J17 

B J16 

J15 

J14 

J13 

J12 

J11 

JlO 

J1S 

+5V +5V 

+5V +5V 

+5V +5V 

+5V +5V 

GND GND 

GND PWR OK A 

RNT TURN ON PWR OK A 

GND GND 

+12V +12V 
GND GND 

GND -12V 

GND GND 

-5V -5V 

GND GND 

+5F +5F 
GNDF +5F 

GNDF GNDF 

-9F GNDF 

GNDF +24F 

+24F PWRFAll 

PWR OK 

BAT lE DON PWR OK 

BAT SENSE 

BAT REO R.T.C. 

P.S. ClK SWON 

J4 

3 2 1 

+5F GNDF +24F 

6 5 4 

PWR OKA BAT + BAT-

9 8 7 

-SF BAT + BAT-

I Slot 8 

I Slot 7 

ISlot 6 

I Slot 5 I 

1 

1 

1 

1 

1 

2 

23 

25 

27 

29 

31 

33 

35 

37 

39 

41 

43 

45 

47 

49 

A 

J1S 

'+300V 

300 VRTN 

10 9 UNC 

12 

14 10 UNC 

16 

18 

20 

22 

24 

26 2 UNC 
28 

30 6 UNC 
32 

34 

36 

38 ACIN 

40 

42 ACOUT 

44 

46 

48 

50 1 UNC 
52 5 UNC 
54 

56 11 UNC 

58 

60 4 UNC 

12 UNC S UNC 

11 UNC 8 UNC 

10 UNC 7 UNC 

J8 
0 

I I J3 

J3 

J1 

+300V 

300 VRTN 

S UNC 

10 UNC 

2 UNC 

6 UNC 

ACIN 

ACOUT 

1 UNC 

5 UNC 

11 UNC 

4 UNC 

1 

1 

1 

1 

1 

21 

23 

25 

27 

29 

31 

33 

35 

37 

39 

41 

43 

45 

47 

49 

51 

53 

55 

57 

59 

6 UNC 3 UNC 

5 UNC 2 UNC 

4 UNC 1 UNC 

J5 
0 

I 

B 

Slot 2 

I Slot 4 F1 [J I Slot 3 Gti J6/0, 
IT " 

I Slot 2 
",J7 

b 

ISlot 1 I J18 I I J2 I Slot 1 

-Actual Layout of Backpanel-

NOTE: 

1. J3 Connected to J8 4. 6 UNC Connected to 7 UNC 

2. J7 Connected to AC IN 5. 1 UNC Connected to 8 UNC 

3. 11 UNC Connected to 12 UNC 6. 2 UNC Connected to 3 UNC 
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Figure 7.4 MP Ie omputer chassis 
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18 , 
25 

y 
14 

ITEM 
DESCRIPTION OTY 

DGC 
NO PART NO 

FRONT PANEL ASSY 005012566 
1 FRONT PANEL. 5-1 4 1 002009666 

MAIN FRAME ASSY 005012578 
CONTROL PANEL HOUSING ASSY 005012560 

2 DECAL 1 002010137 
3 FRONT PANEL COOLING CONTROL 1 002009962 
4 SWITCH 1 110000372 
5 CONTROL PANEL PCB ASSY 1 005012558 
(, cn & FAN CABLE ASSY 005012559 

CONN HOUSING 1 " 1001021 
7 FAN 2 115000151 
8 CHASSIS 1 002009965 
9 POWER SUPPLY PCB ASSY 1 005012548 
10 BRACKET. POWER SUPPLY MOUNTING 1 002009969 

" EJECTOR RING PCB 1 002010723 
12 COVER. POWER SUPPLY 1 002009966 
13 COVER. CHASSIS , 002009963 

8 SLOT CHASSIS ASSY 005012570 
14 STD PT CLAMP PNL "U" TYPE 2 123001422 
15 CARD CAGE. 4-SLOT MET AL 2 002009757 
16 CONNECTOR BLOCK. 4-SLOT 2 002009973 
17 LATCH. CONNECTOR BLOCK 4 002009964 
18 BACk PANEL PCB ASSY 1 005012576 
19 110 BUS LINk CABLE 1 005012784 
20 COVER. HIGH VOLTAGE. REAR PANEL 1 002009967 
21 COVER. DC PIN PROTECTOR 1 002009968 
22 STRAIN RELIEF 8RACKET 7 002009960 

MOUNTING kiT 005012564 
23 SLIDE SUPPORT. LEFT 1 002010045 
24 SLIDE SUPPORT. RIGHT 1 002010050 

25 POWER CABLE 1 
120V 109000238 
l00V 109000239 
220V 109000237 
240V 109000240 
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DG-05727 

140 
2 Pia c~s ~ 

140 
2 Plac~s 1i 

I 
350.0 

~ 

38 2.0 Air 
in 
~ 

/f 
t==D I 

1 

--
I I 

~ 

Air 
Out 
~ 

-l ,-.t 44.8-!-.1 18.0 

85l ,· 469.6·max ====1 6.5 

6.5l ..... ,. --437.4 max =-=.:J df ;5 

130.: max t-L~ I Ir-r 
Note! 912tjl -1I~·1 

I. 465.1~ 

Figure 7.5 MP/Computer chassis, external dimensions 

104 Chassis 

NOTES: 

1. Front panel switch bracket is adjustable 

2. Dimensioned without 1.5 thick support brackets. 



. Expansion (4-slot) Figure 7 6 card cage 
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CARD MODULE 

c=141.00 '128.2 

1 2.0 
r--- .... -.., -------....., --225.0 F 25

.
40 l-63.4 1 'I 16.3 

max 

o 0 

D
8A 8Fl- -201.0 

0-0--219.0 
o 0 

264.0 
max D 

8. .G-tj- -170.00 

o 
c c 

jl. I I 10_I-_~= ==~~:~ 
0--------B8- - --30.00 

I II 
II ,.....,--O--h!l~rJ 

/.J---.l.L-...LIrr----::-=-II-~~ 34.50 

L 4.45 DIA. X 1.27 
High boss 

See note 2 See note 3 

r 
~36max 

4.09 DIA ~7.06 
Boss I 

~ 

/ 

/ TOP / 

Hole, 10.0 Deep for 
M3 or #4 plastic 
screw 2 PI . 

49.69 

DG-05728 

63.50 
max 

L 
I 

18 0.80 

Hole 

A 

B 

C 

0 

~ JI fc'<il 

l= 

90.80 / 
3.50DIA 
8PI 

Description Qty 

4.5 X 14.5 Slot 4 

15.90DIA 8 

13.21 - 13.47 X 25.50 4 
Rect slot 

4.00DIA 4 

Figure 7.7 Expansion card cage, dimensions and mounting 
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38.10 
25.40 
12.70 

~r-46.36 

~rr' t 
"0" 
10.17 

ole, 10.0 deep for 

M3 or #4 plastic screw 

~ 2.54 
6.81 

I H 
9.30 

"0" 
4 PI 

NOTES: 

1 . When backplane connecting two or more 

card modules is used, only two spring clips 

in front are required. When singular 

connectors are used in connector block,two 

additional spring clips should be snapped in 

"e" holes. 

2. I/O device cable 3M P /N 3415 or equivalent 

3. Interconnect card edge connectors 

Winchester HWP 30 or equivalent 
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PH-OI9I 

Figure 8.1 MP/Computer Power Supply 



Introduction 
The MP /Computer power supply is completely 
contained on a single 7" by 9" printed circuit card. 
It receives a.c. power and supplies d.c. power via 
the standard A and B edge connectors. The card 
(including components) is 2" thick and so occupies 
the equivalent of four slots. 

The supply can provide all the operating voltages 
required by Microproducts and microNova Board 
Computers. The supply meets the specifications 
given in Tables 8.1 and 8.2. 

Voltage (Vac) Frequency Power 
(+10% / (Hz) (Watts) 

-15% ) 

120 47 - 63 220 

220 47 - 63 220 

240 47 - 63 220 

Table 8.1 AC input 

Voltage Ripple Current 
(Vdc) (pp) • 

(Amps) 

+5 4% 1 to 16 

-5 10% o to 2 

+ 12 6% o to 1.75 

-12 6% o to 0.75 

Table 8.2 DC outputs 

*For restrictions on output current combinations, see 
Appendix C. 

Chapter 8 
Povver Supply 

The supply is based on an off-line switching 
regulator. This design offers high efficiency and 
low cost in an extremely compact package. All four 
DC outputs are current-limited and 
overvoltage-protected. Should an overvoltage 
condition occur, the supply automatically shuts off 
until AC power is removed and then restored. (The 
supply also shuts off if an undervoltage condition 
occurs on the -5volt output. This prevents damage 
to the MOS circuits that might occur if substrate 
bias were lost.) The supply includes power fail 
circuits that flag the computer in the event of AC 
or DC power loss. It also provides a reference 
frequency for a real-time clock or interval timer. 

Battery Back-Up 
A battery back-up option is available, which 
provides up to 3 minutes of battery power for a 
fully loaded MP /Computer chassis. This option is 
contained on a single 7" by 9" printed circuit board; 
it includes two 6-cell, 12-volt lead acid batteries 
and the mounting hardware. 

Chapter Organization 
The rest of this chapter describes the operating 
principles for all the power supply circuits. You 
should have the schematics handy (DGC # 001 -
001592). We'll start with a general discussion of 
off-line flyback switching regulators and then 
examine each part of the supply in detail. The 
intent is to thoroughly familiarize you with all the 
power supply circuits. 

Finally, we include a description of the battery 
back-up option, including instructions for 
mounting. 

Troubleshooting techniques are not provided. 
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Off-Line Switching 
Regulators 
Off-line switching regulators ideally meet the 
low-voltage and high-current demands of today's 
modern computers. Unlike traditional supplies, 
which transform power from the AC line before 
they regulate it, off-line switchers regulate power 
before they transform it. This allows the power 
transformation to occur at a much higher 
frequency, and so eliminates the bulk and cost of 
50/60 Hz power transformers. It also means that 
power is switched at low currents, which further 
improves efficiency. In addition, the supply is 
insensitive to the AC line frequency, an important 
consideration for applications outside the 
continental USA. 

An off-line switching regulator performs four power 
conversions to produce a low-voltage DC output. 
First it converts power directly from the AC power 
line into a high-voltage DC source. A high-voltage 
switch then gates power pulses from this source to 
the primary of the power transformer. This gating 
function occurs at a very high frequency (typically 
19 kHz) which significantly reduces the size of the 
transformer. The transformer in turn produces a 
low-voltage, high-current output. This output is 
finally converted back to DC to supply the required 
output voltage. 

Each switch cycle has three parts. When the switch 
turns on, current flows from the high-voltage DC 
source to the primary of the power transformer. 
The transformer stores this energy in a magnetic 
field. When the switch turns off, the transformer 
transfers this stored energy to the output. The 
circuits then rest until the start of the next cycle 
(this is called dead time). These three phases occur 
within a fixed time interval set by the operating 
frequency. However, the time duration for each 
phase varies as the load current changes. For 
example, when the load increases, the switch stays 
on longer to store more energy in the transformer. 
This, in turn, increases the time needed to transfer 
the stored energy to the output, and so decreases 
the dead time. 

110 Power Supply 

Figure 8.2 shows a typical 5 volt flyback off-line 
switching regulator. It rectifies power from the AC 
line and produces a high-voltage bus. Note that 
both sides of the bus are at a high voltage level so 
the circuits that chop it must be isolated from the 
remaining supply circuits that are referenced to 
logic ground. This is done with transformers. 

When the switch transistor turns on, current flows 
from the bus into the power transformer's primary 
winding. The transformer stores this energy in a 
magnetic field. The longer the switch stays on, the 
stronger the field becomes. The primary and 
secondary windings are phased so that the 
secondary voltage at the Shottky rectifier is at a 
negative level while the transformer is charging. 
The transformer therefore supplies no output 
current during the charge cycle (the filter capacitor 
supplies the load current during this interval). 

When the switch turns off, the magnetic field 
begins to collapse. When this occurs the voltage 
polarity across the primary and secondary windings 
reverses. This forward biases the Shottky rectifier, 
which allows secondary current to flow into the 
filter capacitor and the load. It also allows energy 
stored in the leakage inductance of the primary 
winding to discharge into the flyback capacitor 
(more on this later). 

When the transformer has transferred all its stored 
energy to the output (i.e., when its core has been 
reset), the primary and secondary voltages decay 
to zero and the filter capacitor supplies the load 
current until the next discharge cycle begins. 
(Because they have a lower forward voltage drop, 
Shottky rectifiers dissipate less power than 
conventional rectifiers. This further improves the 
regulator's efficiency.) 

Figure 8.2 also shows typical waveforms for both a 
light load and a heavy one. Each cycle takes a fixed 
amount of time determined by the frequency of 
the pulse width modulator. A cycle has three parts: 
the charge time, the discharge time and the dead 
time. Note that the ratio of charge time to discharge 
time is always the same. This is true as long as the 
bus voltage remains at a fixed level. The dead time 
fills in the remainder of the cycle and becomes 
shorter as the load increases. 
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The waveforms have some peculiarities that need 
some explanation. Note first that the switch is not 
driven by a fixed voltage level (E1). Rather the 
drive voltage rises rapidly, decays and then rises 
again. This turns the switch on quickly to minimize 
power loss, and then controls the drive current to 
keep the switch turned on (without overdriving it) 
as the transformer current increases. This is 
necessary to minimize the time it takes to turn the 
switch back off by keeping it out of deep saturation. 
The drive voltage goes negative when the charge 
cycle ends. This turns the switch off quickly, again 
to minimize power loss. 

The remaining waveforms show an interesting 
phenomenon when the switch first turns off. The 
primary voltage rises to a higher level than the 
voltage determined by the turns ratio. (During the 
discharge cycle, the ratio between the primary and 
secondary voltages normally equals the ratio 
between the number of primary and secondary 
windings). 

This excessive voltage occurs because the 
transformer is not perfect (i.e., because it does not 
transfer all the stored energy to the secondary). 
Instead, there is some leakage inductance which 
effectively appears to be in series with the primary 
winding and has no magnetic link to the secondary. 
Therefore, when the switch turns off, the energy 
stored in the leakage inductance is transferred back 
to the primary circuits rather than to the load. The 
flyback capacitor captures this energy and returns 
it to the transformer, which in turn routes it to the 
secondaries. This again improves the efficiency 
over designs which dissipate the leakage energy in 
a resistor. 

Power Supply Circuits 
Figures 8.3 and 8.4 show all the component parts 
of the power supply. Figure 8.3 shows the actual 
power supply circuits and Figure 8.4 shows the 
logic that controls the supply and generates status 
signals for the computer. This section gives you a 
general idea of what these circuits do and how they 
work together. The remaining sections provide 
details about selected circuits which, due to their 
complexity, merit further discussion. 

112 Power Supply 

Supply Circuits 
First examine Figure 8.3. You will see that it 
includes all the components of the basic off-line 
switching regulator we discussed earlier. One major. 
difference is that the power transformer has more 
than one secondary winding. Since the feedback 
loop can control the voltage on only one secondary, 
linear series pass regulators control the remaining 
secondary voltages. Although this causes some loss 
of efficiency, the current flow from these three 
outputs is low enough to keep the power dissipation 
to a minimum. 

A separate auxiliary power supply provides the 
power needed to energize the pulse width 
modulator and the primary switch driver. Without 
it, the switching regulator would have no way to 
get itself going. The auxiliary supply also energizes 
the power control and status circuits. 

The auxiliary supply gets its power from a small 
transformer connected to the AC line. The 
transformer has two primary windings that are 
wired in parallel for 120 Vac operation, and in 
series for 240 Vac It has two secondary windings: 
one provides a raw 15 volt auxiliary power source 
and the other feeds the AC line voltage monitor 
circuit and the real time clock driver. The 15 volt 
auxiliary source in turn feeds a linear series pass 
regulator contained within the pulse width 
modulator I/C. The resulting + 5 volt auxiliary 
output powers the modulator and most of the 
control and status circuits. 

Note that, when the switching regulator turns on, 
it supplies the + 15 volt auxiliary power. This 
means that once the regulator is operational, it 
supplies its own control voltages. Therefore, the 
auxiliary transformer need not supply the amount 
of power required to run the switching regulator. 
This reduces the size of the transformer, which 
further improves efficiency. 

Two signals that control supply operation need to 
be explained. One controls the pulse width 
modulator and the other controls the driver for the 
primary switch. 
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The SHUTDOWN signal goes low to disable the 
pulse width modulator. It fools the modulator into 
thinking that the + 5 volt output is at the proper 
operating level (Le., that there is no error voltage 
between the output and the reference), which keeps 
it from turning on the primary switch. Anyone of 
the following conditions can cause a shutdown: . 

• Overvoltage on + 5, - 5 or + 12. The supply 
latches up and must be powered down to clear 
this fault condition. 

• Undervoltage on - 5. The supply latches up 
and must be powered down to clear this fault 
condition. 

• Undervoltage on + 15 aux. 

• Power failure has occurred. 

• Remote energize signal negated. 

In addition, an analog circuit controls the rise time 
for the SHuTDOWN signal when the supply 
turns on. This controls the turn-on rate and 
prevents overcurrent conditions that would 
otherwise occur if the switching regulator tried to 
rapidly charge the output filter capacitors. 

The TURN ON signal disables the driver for the 
primary switch if one of the following conditions 
occurs: 

• The pulse width modulator tries to turn the 
primary switch on before the the transformer 
has discharged (reset) from the previous cycle. 
(This is necessary to prevent a charge buildup 
that would eventually saturate the transformer 
and cause an overcurrent condition.) 

• The primary current exceeds a preset maximum 
during the charge cycle. 

If either of these conditions occurs, the TURN 
UN signal goes high and disables the driver. 

The 15 volt secondary winding feeds the 
transformer reset detector. The voltage on this 
winding does not decay to zero until the 
transformer has transferred all its stored charge to 
the outputs. 

A current sensing transformer monitors the current 
flow from the high-voltage bus. The + 5 volt 
foldback current limiter monitors this signal when 
the switch is turned on (i.e., when the RESET 
signal is low) and turns the switch off prematurely 
if an overcurrent condition occurs. It latches in 
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this state until the pulse width modulator starts 
the discharge cycle. 

Control and Status Circuits 
Figure 8.4 is divided into two parts. The top half 
shows the control circuits that we summarized in 
the previous section. The bottom half shows the 
status circuits for the computer. We'll examine the 
control circuits first. 

Control Circuits 
The fold back current limiter and the transformer 
reset detector generate the TURN ON signal that 
controls the driver for the primary switch. The 
limiter monitors the primary current along with 
the 5 volt output and reduces the transformer 
charge time as the 5 volt output voltage decreases, 
in order to progressively reduce the supply current 
as the output load increases. The transformer reset 
detector keeps the driver turned off until the 
voltage on the 15 volt secondary winding has 
decayed to zero. 

The SHUTDOWN signal is driven by many 
sources. The remote turn -on signal can actually 
turn the supply on and off via the shutdown 
mechanism. The remaining signals shut the supply 
down if a fault occurs. 

The overvoltage and undervoltage sensors contain 
level detectors with the thresholds given in Table 
8.3. 

Supply Overvoltage Undervoltage 
Output Threshold Threshold 

+5SW +6.4 V ±3% nfa 

-5SW -7 V ±3% -3 V nom 

+12SW + 12.8 V ±3% nfa 

+ 15 AUX nfa +10.4 V 

Table 8.3 Overvoltage and undervoltage thresholds, control 0 
circuits 

Note therefore that the +15 AUX supply must be 
powered up before the main supply can turn on. In 
addition, there is a delay circuit to allow the supply 
to turn on before the -5 SW undervoltage sensor 
attempts to turn it off. 

The line voltage monitor shuts the supply down if 
a power failure occurs. 
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Status Circuits 
The remaining circuits generate status signals for 
the processor. The line voltage monitor examines 
the peak value of the AC line voltage and retriggers 
a one-shot if each half cycle exceeds a preset 
minimum (85 Vac ± 5 % for 120 V operation or 170 
Vac ±5% for 220/240 V operation). As soon as one 
half cycle falls below the minimum level, the 
one-shot times out. This in turn asserts the power 
fail signal and shuts down the supply. 

The undervoltage sensors contain level detectors 
with the thresholds given in Table 8.4. 

Supply Undervoltage 
Output Threshold 

+5SW +4.84 V ±O.06 V 

-5SW -4.41 V ±O.1 V 

+12SW +11.33V ±O.15V 

Table 8.4 Undervoltage thresholds, 
status circuits 

Should a fault occur, the undervoltage sensors 
negate the POWER OK signal and assert the 
POWER FAIL signal. 

Finally, the real time clock driver monitors 
alternate half cycles of the AC line voltage and 
produces a square wave with a frequency equal to 
the line frequency. This signal may be used as the 
time base for a real time clock or programmable 
interval timer. 

Details of Complex 
Circuits 
Here we present details about some of the more 
complex circuit blocks discussed in the previous 
section. 

High Voltage Bus Rectifier and 
Filter 
Although the circuits that rectify and filter the AC 
line may seem rather ordinary, they nevertheless 
face some problems. First, they must convert two 
different line voltages to the same DC bus voltage. 
And second, they must survive the large inrush 
currents that charge the filter capacitors when 
power is first applied. 
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Figure 8.5 shows the components included in the 
rectifier and filter network. The rectifier diodes 
(CR1) are configured two different ways to 
accommodate 120/240 volt operation. A standard 
bridge connection is used for 240 volts. It charges 
the series connected filter capacitors (C8 & C9) to 
the peak line voltage on each half cycle of the AC 
waveform. A full wave rectifier connection is used, 
however, for 120 volts. A jumper is inserted to 
connect the neutral side of the power line to the 
junction between the two filter capacitors. Now 
one capacitor (C9) charges on the positive half 
cycle of the AC line and the other (C8) charges on 
the negative half cycle. (Note that only two diodes 
conduct current in this case.) 

When AC power is first applied, the filter capacitors 
want to draw a large amount of current as they 
charge up to the DC bus voltage. Unless the current 
flow is restricted, it could blow the line fuse or 
destroy the rectifiers. For this reason, a self-heating 
thermistor (RT1) is connected in series with the 
hot side of the AC line. It initially has a high 
resistance, which limits the inrush current. 
However, as the thermistor absorbs power, it heats 
up and its resistance drops. This prevents large 
power losses when the supply operates with a heavy 
load. 

But there is one additional problem. When AC 
power is disconnected, the thermistor cools rather 
slowly. So the inrush problem could surface again 
if power were quickly re-applied. The supply 
circuits get around this by disabling the switching 
regulator when a power failure occurs. (Remember 
the shutdown circuits?) This effectively 
disconnects the regulator from the bus. Now the 
capacitors discharge through the bleeder resistors 
(Rl & R2), a process that occurs so slowly, the 
thermistor has time to cool off. 

NOTE: The high voltage bus can take up to 
5 minutes to decay after power is turned 
off. So beware ... and never short circuit the 
bus to bleed off the charge, as that can 
damage the capacitors. 
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Power Transformer Drive Circuits 
The circuits that drive the power transformer 
alternately charge it from the high-voltage bus, 
and then allow it to transfer the stored charge to 
the outputs. They must pay particular attention to 
two problems. 

First, they must drive the primary switch transistor 
(Q14) into saturation (fully on) and into cutoff 
(fully off) very quickly to prevent excessive power 
loss. If the transistor did not switch quickly, it 
would dissipate a considerable amount of power 
when it was in its active region (i.e., when it was 
passing current and had a voltage drop across it). 

To avoid this problem, the drive circuits must 
provide a large amount of base current in order to 
charge the junction capacitances that tend to keep 
the transistor from turning on quickly. After the 
transistor turns on, the driv~ circuits must reduce 
the base current to the level required to just keep 
it on. This is necessary to keep it out of deep 
saturation, which would otherwise adversely affect 
the turn off time. Finally, the drive circuits must 
provide a large ammount of reverse base current 
(i.e., draw current out of the base by reverse biasing 
the base/emitter junction) to turn the transistor 
off. This again is required to charge the junction 
capacitances that slow down switching times. 

The second problem relates to the leakage 
inductance in the power transformer. As we 
mentioned previously, a special snubber circuit is 
required to store the energy that flows out of the 
primary when the transformer discharges, and then 
return it to the transformer to be passed on to the 
secondaries. 

We'll look at the base drive circuits first. Refer to 
Figure 8.6. When the signal from the pulse width 
modulator goes high, Q12-1 saturates, which turns 
off Qll and discharges C36 via CR33. When the 
signal from the pulse width modulator then goes 
low, Q12-1 turns off and Rll supplies base drive 
for Qll. This turns on Qll, and it draws current 
from the Nl winding of the drive transformer T4 
(V2). The voltage dropped across R39 effectively 
reduces the base drive for Qll as the transformer 
current increases, which limits the current flow. 
When this current is first applied, it is immediately 
reflected at the secondary winding N4 (V4), which 
turns on Q14. (Note that the phasing dots identify 
the positive end of each transformer winding when 
Q 11 is turned on.) 
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However, as time goes on, the current required to 
magnetize the drive transformer increases, so the 
secondary current decreases. (Remember that we 
have only a fixed amount of current to both 
magnetize the transformer and provide an output.) 
This gives the desired reduction in base drive after 
Q14 switches on. If this process were allowed to 
continue, eventually all the current would go to 
magnetize the transformer and Q14 would turn off 
prematurely. In addition, the power transformer 
also demands more and more magnetization 
current as time goes on. So the base drive for Qll 
must eventually rise in order to meet these· needs. 
This happens as soon as C36 charges to the level 
where CR33 starts to conduct. The base drive 
current then rises steadily for the remainder of the 
charge cycle. 

In the meantime, the N3 winding of the drive 
transformer charges C30 to a negative voltage level. 
When the signal from the pulse width modulator 
again goes high, Q12-1 turns back on and Qll 
turns off. This cuts off the current flow to T4 and 
the magnetic field begins to collapse. That reverses 
the polarity of the N3 winding, which in turn 
forward biases CR13 and discharges C30 into the 
base ofQl0. This turns QI0 on (V3), which reverses 
the drive for the control transformer primary. All 
this serves to reverse bias the base/emitter junction 
of Q14 to get the transistor turned off quickly. 
When C30 finally discharges, QI0 turns back off 
and the drive circuits rest until the start of the 
next charge cycle. 

When Q14 turns on, it connects the primary of the 
power transformer directly to the high voltage bus, 
which in turn charges the transformer core. But 
this also charges the leakage inductance associated 
with the primary winding. When Q14 turns off, the 
leakage inductance wants to transfer its stored 
charge back to the primary drive circuits. This 
requires a snubber circuit. Without one, the 
primary voltage would rise to the level where Q14 
would go into secondary breakdown, which could 
damage or destroy the transistor. 
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To see how the snubber works, we'll start with Q14 
turned on. The voltage across C27 (V6) is 
approximately 120V (we'll see why later). Now Q14 
turns off. The primary voltage rises rapidly and 
current starts flowing in the path formed by the 
primary, C27 and CRI8. This forms a resonant 
L/C circuit that quickly reverses the voltage across 
C27. The voltage across C27 therefore rises to the 
peak flyback voltage (approx. 360V) when the 
current in the leakage inductance decays to zero. 
The L/C circuit now rings back down. Although 
this reverse biases CRI8, it keeps conducting 
current. This happens because the diode has a. 
finite recovery time (due to internal capacitance) 
that keeps it from turning off immediately. 

The recovery time is longer than a half cycle for 
the L/C circuit (the circuit rings at approx 1 MHz, 
so a half cycle takes only 500 ns); thus, the tank 
circuit resonates for one full cycle and transfers 
the leakage energy back to the transformer. This 
leaves approximately 140 volts across C27 when 
the recovery is complete. The primary voltage (V5) 
now drops down to the nominal flyback voltage -
Le.: 

[Bus voltage] + [Output voltage] x [Turns ration] = 
(300) + (5.5) x (15.3) = 384V 

CR18 now turns off and leaves C27 floating with 
approximately 140 volts across it. No current flows 
in the transformer primary for the rest of the 
flyback cycle, and secondary current continues to 
flow into the loads as the magnetic field collapses. 

Now Q14 turns back on and C14 drives the voltage 
across L3 negative. This forward biases CRI9, 
which closes a resonant path between C27 and L3. 
This circuit rings through half a cycle. (Note that 
the inductance of L3 is much greater than the 
leakage inductance so the half cycle time is much 
greater. In fact, the resonant frequency is 160 Khz, 
which gives a half cycle time of 3 ns.) This serves 
to reverse the voltage across C27 and therefore 
limits the peak collector voltage when Q14 turns 
off. Note that some power is lost in this process, so 
C27 winds up at 120V. (When Q14 turns off, the 
collector voltage immediately rises to the DC bus 
voltage plus the capacitor voltage. Reversing the 
capacitor voltage gives it a negative value so the 
collector voltage rises to 300 - 120 = 180V. Had 
the capacitor not been reversed the collector would 
rise to 420 volts and then ring up to 920 volts, 
which would cause secondary breakdown in Q14 
and destroy the transistor.) 
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Linear Series Pass Voltage 
Regulators 
Three linear series pass voltage regulators connect 
to the rectified outputs from the power transformer 
and produce + 12volts, -12volts and - 5volts for 
the computer system. An additional regulator 
provides + 5 volt auxiliary power for the supply 
circuits themselves. All four are designed around 
integrated circuit three-terminal regulators. These 
IIC regulators all contain a non-adjustable 
reference, an error amplifier, a series pass transistor 
and a current limiting circuit. In some cases, 
external components are added to boost the current 
handling capacity. 

Figure 8.7 shows all four regulators. The - 5 and 
-12 volt regulators are the simplest, so we'll look 
at them first. Both include just an IIC regulator 
along with an output capacitor that supports 
transient current demands. In each case the 
regulator provides a fixed output voltage with 
respect to its reference terminal. On the 5 volt 
regulator, for example, the output pin is at +5 
volts with respect to the reference pin. But the 
output pin is grounded. So the reference pin is at 
- 5 volts. This of course requires a floating bulk 
power supply. And indeed if you were to measure 
the voltage on each side of the filter capacitor (not 
shown) you would find one side to be at exactly 
- 5 volts, and the other side to be in the vicinity of 
+ 3 volts (i.e., the voltage dropped across the 
regulator). 

The + 12 volt regulator is a bit more 
straight-forward because its reference pin is 
grounded. So the bulk power supply does not float. 
But the IIC alone cannot support the current 
demands made on the + 12 volt supply. For this 
reason, an external series pass transistor has been 
added along with external current limiting circuits. 
The IIC regulator (U9) provides the base drive for 
the pass transistor (QI3). But Q13 turns on only 
when the output current begins to approach the 
capacity of U9. 
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For lower current levels, U9 gets its input power 
from the bulk supply via R9. There is a very good 
reason for this. The I/C itself draws power to 
energize its internal circuits. Without the resistor, 
this power would have to be drawn from the base 
of Q13. This would turn Q13 on and the output 
voltage would rise out of control. As it stands, Q13 
supplies only the excess power beyond the 
threshold that U9 can handle. This fools U9 into 
thinking that the load current never exceeded that 
threshold level, so it regulates the drive current for 
Q13. 

Use of an external pass transistor requires a 
separate current limiter. This is necessary because 
U9 has no idea how much current Q13 is passing. 
All of the current drawn from the bulk supply 
flows through R24. When that current exceeds a 
preset threshold, the voltage drop across R24 
exceeds the turn-on voltage for Q3. Now the excess 
current flows through Q3 and into U9. The 
regulator accepts this current and passes it on to 
the output until it goes into current limiting itself. 
At this point it can draw more current, so Q3 tends 
to saturate and turn offQ13. This causes the output 
voltage to sag until the current is maintained at 
the preset maximum (Le., the regulator becomes a 
constant current source). 

The + 5 volt auxiliary regulator operates on exactly 
the same principle as the + 12 volt regulator except 
that it has no current limiting. Note that the I/C 
regulator itself is a part of the pulse width 
modulator chip. 

Pulse Width Modulator 
The pulse width modulator shown in Figure 8.8 
controls the power transformer drive circuits. It 
closes the feedback loop from the + 5 volt switched 
output. The modulator itself is an integrated circuit 
that contains an oscillator, an error amplifier, a 
comparator, a flip flop and some decoding logic. 
The oscillator runs at a fixed frequency determined 
by R97 and C34. This establishes the 19 kHz 
( + -6 % ) primary switching rate. It has two outputs; 
one is a series of pulses that toggles the flip flop 
and the other is a saw-tooth signal. 

The saw-tooth signal provides a reference voltage 
that increases in magnitude during each oscillator 
cycle. This ramp is the key to the pulse width 
modulation process. The comparator monitors the 
signal from the error amplifier and compares it to 
the ramp voltage. When the ramp voltage exceeds 
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the error voltage, the comparator switches to the 
opposite state and gates a pulse for the primary 
switch. This happens at different times during the 
oscillator cycle as a function of the error voltage. 

For example, if the + 5 SW output voltage is too 
low, the output from the error amplifier goes high. 
The comparator therefore switches later in the 
cycle (i.e., at a higher point on the ramp), which 
keeps the primary switch on longer. This in turn 
transfers more charge to the outputs, which 
eventually brings the + 5 SW output back up to 
regulation. 

The gain of the error amplifier is controlled by 
external components. The ratio of the values of 
R99 plus R95 to the value of R90 sets the low 
frequency gain. This gain is quite high (> 60) to 
allow the modulator to regulate to a very close 
tolerance. The high frequency gain is severely 
limited by C38, however, in order to stabilize the 
feedback loop. This, along with the 19 kHz error 
sampling rate limits the regulator's response time 
to rapid load changes. The output filter capacitors 
must therefore support any load current transients. 

Note that the output from the error amplifier goes 
low when + 5 SW rises above the desired regulation 
level. The shutdown circuits use this to advantage 
to fool the modulator into thinking that the output 
voltage is too high. When the SHUTDOWN signal 
pulls the amplifier output low, the comparator 
switches immediately at the start of each cycle. 
This keeps the primary switch off, and the regulator 
shuts down. A turn-on rate control circuit is also 
attached at this point. An RIC network (R87 & 
C37) limits the rise time of the error signal when 
the SHUTDOWN signal goes high. This in turn 
limits the turn-on rate for the switching regulator 
and prevents large current surges into the output 
filter capacitors. 
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Turn-On Circuits 
The turn-on circuits shown in Figure 8.9 override 
the switch signal from the pulse width modulator. 
They turn the primary switch off if an over current 
condition occurs or if the power transformer has 
not discharged from the previous cycle. Note that 
these circuits do not change the frequency of the 
switch signal; they merely alter its duty cycle. This 
is important in order to maintain a fixed operating 
frequency for the transformer. 

The current limiter is designed around an 
integrated circuit voltage comparator. The reset 
detector is simply a voltage divider. The outputs 
from these two circuits are wire-ORed together 
and assert the TURN ON signal if neither fault 
condition is present. 

The power transformer supplies load current 
during a discharge cycle. When the magnetic energy 
stored in its core is fully depleted, all the secondary 
voltages suddenly collapse to zero. The reset 
detector simply monitors the 15 volt secondary 
winding and indicates that the transformer is still 
discharging if the voltage is above a preset level 
(approximately 5 volts). CR25, R58 and R57 divide 
the voltage from the + 15 SW secondary winding. 
This circuit indicates that the transformer is 
discharging when the voltage at the node of R58 
and R57 exceeds the base-emitter on voltage for 
the turn-on transistor (shown in Figure 3.6). When 
the next charge cycle begins, the voltage on the 
+ 15 SW secondary winding swings negative. This 
reverse biases CR25, which prevents damage to 
the turnon transistor. 

The current limiter is a bit more complex. It 
monitors the primary current flow when the 
transformer is charging. If that current exceeds a 
preset maximum, the limiter latches up and turns 
off the primary switch. This latching function keeps 
the primary switch off even though the current 
flow has stopped. When the pulse width modulator 
enters the reset phase (i.e., when it thinks the 
discharge cycle should begin) it asserts the RESET 
signal, which in turn resets the latch. The limiter 
lowers the overcurrent threshold as the 5 volt 
output begins to sag. This fold back mechanism 
reduces the power dissipation in the regulator 
circuits when a severe overload occurs. 
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When the power transformer is charging, the 
current sensing transformer supplies a current that 
is proportional to the primary current. This current 
flows through CR21, R72 and R71, and the 
comparator monitors the resulting voltage. In the 
meantime, R66 and R65 divide the voltage at the 
+ 5 SW output to provide a reference. When an 
overcurrent condition occurs, the voltage at the 
non-inverting input to the comparator exceeds the 
reference voltage and the comparator output goes 
high. Current now flows through CR28 to latch the 
non-inverting input high. Now the primary switch 
turns off, interrupting the current flow in the 
current sensing transformer, and the magnetic field 
starts to collapse. This reverses the polarity of the 
sense signal and current decays through CR22 and 
R16. (It also reverse biases CR21, which keeps the 
current sensing transformer from resetting the 
latch and possibly damaging the comparator.) 

The limiter stays latched until the RESET signal 
goes high. This pulls the reference voltage higher 
than the latched current sense voltage, and the 
comparator output goes low, which in turn releases 
the latch. 
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Shutdown Circuits 
The shutdown circuits turn off the pulse width 
modulator. This stops the drive for the primary 
switch and shuts down the regulator. Figure 8.10 
shows all the circuits that drive the SHUTDOWN 
signal. They are interconnected so that a failure 
detected by anyone of them shuts down the supply. 
Scanning the diagram from top to bottom you will 
see: 

• The + 15 AUX undervoltage detector 

• The - 5 SW undervoltage detector 

• The -5 SW overvoltage detector 

• The + 12 SW overvoltage detector 

• The + 5 SW overvoltage detector 

• The AC power undervoltage circuits 

• The remote turn -on signal 

The + 15 AUX undervoltage detector keeps the 
main supply turned off until auxiliary power comes 
up. This is necessary to insure that the power 
supply control circuits have adequate auxiliary 
power for proper operation. When the main supply 
turns on, it provides the auxiliary power, which 
makes a + 15 AUX undervoltage fault unlikely. 
The detector circuit includes a zener diode (CR 
29), a resistive divider (R93 & R92) and a transistor 
(Q9). The transistor tracks the voltage at the node 
of the resistive divider and in turn drives the 
SHuTDOWN signal. Normally the voltage is high 
enough to turn Q9 off (Le., to reverse bias the 
base/emitter junction). But when + 15 AUX falls 
below a preset threshold, Q9 turns on and pulls 
SHuTDOWN low. Note that the detector does 
not need a power source in order to shut the supply 
down. This guarantees that the supply cannot turn 
on until + 15 AUX is at a proper operating level. 
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The - 5 SW undervoltage detector shuts the supply 
down if the - 5 SW voltage falls below a preset 
threshold. This is necessary to prevent damage to 
the MOS chips in the computer. The detector 
includes a resistive divider (R79 & R25) and a 
transistor (Q12). If an undervoltage fault occurs, 
the voltage at the node of the resistive divider 
exceeds the transistor's turn-on threshold. This 
asserts the OVERVOLTAGE SHuTDOWN 
signal which in turn asserts the SHuTDOWN 
signal. When the OVERVOLTAGE 
SHuTDOWN signal is asserted, Q8 turns on and 
pulls the non-inverting input of the +5 SW 
overvoltage comparator high. This latches the fault 
detector and keeps the supply turned off until the 
power switch is turned off and then turned back 
on. (Note that the power switch must remain off 
long enough for the emitter voltage of Q8 to decay. 
This can take up to 10 ms.) You may be wondering 
why the detector doesn't signal an undervoltage 
fault and prevent initial power-up. The reason is 
that C40 holds Q12 off long enough to allow the 
voltages to stabilize. 

The overvoltage detectors are designed around 
integrated circuit comparators that monitor the 
supply voltages. A simple zener diode shunt 
regulator provides voltage references to set the 
fault thresholds. Note that, as with the -5 SW 
undervoltage detector, an overvoltage fault is 
latched and shuts down the supply until power is 
removed and reapplied. 

The line voltage monitor signal shuts the supply 
down if AC power is lost. Note that R3 and C14 
delay turn on when AC power is first applied. This 
allows the line voltage to stabilize before the power 
supply is enabled. 
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Line Voltage Monitor 
The line voltage monitor circuits check that there 
is sufficient line voltage for proper regulator 
operation. Should a power failure occur, these 
circuits raise the power failure flag and shut the 
supply down. 

The line monitor circuits shown in Figure S.ll 
measure the voltage of each half cycle of the AC 
waveform. A secondary winding of the auxiliary 
power transformer drives a bridge rectifier made 
up of CRS, CR9, CRlO and CRl1. A resistive divider 
(RS & R15) attenuates the resulting signal and 
drives an integrated circuit comparator (U2). If 
the peak voltage of a given half cycle exceeds the 
reference threshold, the comparator output goes 
low and retriggers the integrated circuit timer (US). 
However, if the half cycle voltage is too low, US 
times out and its output goes low. This in turn 
flags the shutdown circuits and the power fail driver 
that a power failure has occurred. In addition, 
feedback to the comparator (via R6) raises the 
fault threshold. This means that the line voltage 
must increase in order to exceed the comparator 
threshold and clear the fault indication. 
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The timer is configured as a retriggerable one-shot. 
When the first trigger pulse arrives, the output 
from the timer goes high. At the same time the 
timer turns off the discharge line, and the timing 
resistor (R4l) begins to charge the timing capacitor 
(C3l). If a new trigger pulse arrives before the 
capacitor voltage reaches the timer threshold, Q4 
turns on, discharges C3l and starts a new timing 
cycle. If, however, the threshold is reached, the 
~utput from the timer goes low and the discharge 
lme turns back on. The timer then remains in this 
state until a new trigger pulse arrives. The time 
delay is set to equal the period of one half cycle of 
a 50 Hz AC waveform. This means that the line 
monitor will flag a power failure if a single half 
cycle is lost. 
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Power Status Circuits 
The power status circuits check for undervoltage 
conditions on the DC power supply outputs. They 
assert the POWER OK signal if the voltages are 
at their proper operating levels, and assert the 
POWER FAIL signal if they are not. An input 
from the line voltage monitor also asserts the 
POWER FAIL signal if an AC power outage 
occurs. 

Three integrated circuit comparators monitor the 
DC outputs and check for low voltage conditions. 
They receive their voltage references from a zener 
shunt regulator that we described in the section on 
the shutdown circuits. 
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Figure 8.12 Power status circuits 
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The comparators (like all the comparators in the 
power supply) have open collector outputs. They 
are wire-ANDed together to produce a signal that 
goes low if any comparator detects a fault. An RIC 
circuit (R2I & C23) delays the positive-going 
transition of this signal when power first comes on 
or when a fault condition is corrected in order to 
allow the supply voltages to stabilize before the 
POWER OK signal is given. An additional ric 
circuit (R53 & C15) delays the release of the 
POWER FAIL signal once AC or DC power is 
restored. Should an AC power failure occur, the 
line voltage monitor rapidly discharges CI5 via 
CR24 to immediately flag the failure. 

+5AUX 

(From Line 
Voltage 
Monitor) 

POWER OK 

POWER OK 

+5AUX 

R54 

POWER FAIL 



DG-07766 

-5V 

+12V 

I 50 ms. 

: ~delay 
k-.j (2) 

: rl ________ ~~----------------------------

+5V 

POWER OK --,-------.--;1......, 

POWER FAIL 

AC 
line I 
power 

Notes: 
1. In general, -5V must be present before + 12V in 

order to guarantee the memory's integrity. 
2. After -5, + 12V and + 5V are within specifications, 

there is a delay of 50 ms. before PWR OK 
goes to the high state. 

Figure 8.13 Power-up timing diagram 

Power-Up Timing 
Figure 8.13 shows power-up timing for the 
MP/Computer power supply. 
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Battery Back-Up 
Option 
The MP/Computer battery back-up option 
provides up to three minutes of battery power for 
a fully loaded MP /Computer chassis. This option 
consists of a single 7 by 9 inch printed circuit 
board (Model 4315) and a battery pack (Model 
4316) that contains two 6-cell, 12-volt lead acid 
batteries (DGC No. 005-007093) and the mounting 
hardware. 

Functional Characteristics 
Figure 8.14 shows the current available from the 
battery back-up unit to the -5 V, +12 V, and 
-12 V power supplies as a function of the + 5 V 
supply. As the figure shows, the unit provides: 

15.5 Amps at + 5 V 
1.5 Amps at -5 V 
1.75 Amps at +12 V 
0.75 Amps at -12 V 

To compare, a fully loaded MP /Computer system 
draws: 

15.5 Amps at + 5 V 
1.5 Amps at -5 V 
2.0 Amps at + 12 V 
0.8 Amps at -12 V 

The on-board battery charger, designed for the 
DGC batteries (005-007093), has a maximum 
charging rate of 250 rnA at + 28.2 V and provides a 
full charge in 12 hours. When using other batteries, 
you should disable the on-board battery charger. 
Figure 8.15 shows the amount of battery power 
available as a function of the chassis load. 
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Figure 8.15 Battery discharge rate 

Figure 8.16 shows the operation of the battery 
back-up unit during short-term AC power failures. 
When line voltage falls below 100 V ± 0.5 % 
(depending on the load), the power supply board 
asserts the BA TREQ line enabling the battery 
back-up board. If battery voltage remains above 23 
V ± 3 % , the BA SENSE signal remains in the 
high state, providing battery power until line 
voltage returns . 

If battery voltage goes below 20 V ± 3 %, the battery 
back-up board drives BA SENSE to the low state 
to disable the batteries. This is a nonrecoverable 
power fail. Figure 8.17 shows this type of long-term 
power fail for a fully loaded chassis with fully 
charged batteries. 
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Installation 
Installing the MP/Computer battery back-up 
option requires 

jumpering the battery back-up board; 
installing the board in the chassis; 
installing the batteries in the chassis. 

Figure 8.18 Location of jumpers, fuses, and trim pot 

134 Power Supply 

Jumpering 
Table 8.5 gives the position of the battery back-up 
jumpers. Figure 8.18 shows the location on the 
board of the three jumpers, the battery charging 
rate trim pot (R53), and two fuses (F2 and F3). 
The trim pot allows you to set the battery charge 
rate to a maximum of 250 mA at +28.2 V. The two 
3AG fuses are rated for 2 Amps at + 250 V and 
connect the battery back-up board VNR supply 
and the chassis fan outputs. 



Jumper Position and Function 

W1 Normally out. Disables external power-supply clock. 

W2 Normally in. Enables internal timE!r. 

W3 Normally in. Remove when using other than DGC 
batteries (No. 005-007093) and on-board battery 
charger. 

Table 8.5 Jumpering for battery back-up 

NOTE: Also insert jumpers W36 and W37 
on multi-function controller board. 

Mounting Procedure 
The steps in the procedure for mounting the 
battery back-up board and batteries appear below. 
Be sure to follow these steps in the exact sequence 
given. 

WARNING: Connecting the batteries 
before installing the battery back-up board 
will short out the DCC batteries (No. 
005-007093). 

1. Remove the power supply board from the lower 
left-hand slot of the chassis and place it in the 
upper left-hand slot. 

2. Place the jumpered battery back-up board in 
the lower left-hand slot. 

3. Place the bottom of the battery tray on the 
chassis rail, with the top and bottom hooks of 
the tray around the vertical rail. 

4. Anchor the battery tray with the screw and nut, 
as shown in Figure 8.19. 

5. With the tie-wrap lock on the left side of the 
tray, thread the tie-wrap around the tray from 
left to right. 

6. Place batteries and spacer on tray. Thread the 
pointed end of the tie-wrap through the lock 
end and pull tightly. 

7. Connect the battery cable to the batteries as 
shown in Figure 8.20. 

8. Connect the battery cable to the chassis as 
shown in Figure 8.21. 
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Do not connect the battery cable to the backpanel 
while the power supply board is in the lower left 
hand slot. The batteries will short out. 
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Figure 8.20 Battery cabling 
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Figure 8.21 Backpanel cabling 
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The soft control panel (SCP) is a program which 
can aid you in working with the MP/200 computer 
system by allowing. you to interact with the 
computer through your terminal. Simple 
commands which you enter on a terminal keyboard 
allow you to examine and/or modify any processor 
register or memory location. 

The SCP resides in read-only-memory (ROM) 
chips on the MP/200 multi-function controller 
board. SCP ROMs occupy memory locations 
770008- 777778, 

Upon power-up, the SCP firmware examines 
location 777768, the jumper word register, and if it 
contains device code 778, the SCP retains control. 
If it contains any other device code, the CPU 
performs an immediate program load from that 
device. (See "Installation and Jumpering," Chapter 
3.) 

The SCP program is also called when the user's 
program encounters a Halt, if the CPU is jumpered 
for auto start. 

Once called, the SCP prints the contents of memory 
location 0000008 on the terminal. When the SCP is 
called during a power-up, this data is meaningless. 
When the SCP is called by a Halt, this data is the 
address of the Halt instruction. 

SCP then types a ! on the terminal. This is the 
SCP prompt; it tells you that the SCP is ready to 
accept a command. 

Chapter 9 
Soft Control Panel 

Command Format 
An SCP command consists of a single character. 
Some commands must be preceded by an argument 
which is an octal number. The dot symbol (.) is 
also allowed as an argument (see Table 9.2); its 
value is the address of the location that the SCP is 
currently working with. 

Special Commands 
The SCP has several commands you can use to 
correct typing errors. You can use the Rubout key 
to delete the last character you typed, in which 
case the SCP echoes the character deleted (it 
returns a backarrow if your terminal in not a 
6052/53) to notify you that it has been deleted. 
Typing more Rubouts will continue to delete 
characters from right to left. 

If you wish to cancel the entire line that you just 
entered, type a K. The SCP prints a ? followed by 
a New Line, and also closes the current cell if it is 
open (see below). If you type a character the SCP 
does not recognize, the? followed by a New Line is 
also printed; however the current cell is not closed. 
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Cells 
The SCP operates on cells. A cell is either a memory 
location (memory cell), or an internal register 
(internal cell) such as an accumulator. In order to 
examine or modify any cell, you must open it. 
Opening a cell causes its contents to be printed, in 
octal, at your terminal. 

To open an internal cell, use the command nA 
where n is one of the numbers listed in Table 9.1. 

Number Cell 

0-3 The accumulators ACO through AC3, 
respectively. 

4 The contents of the program counter when the 
SCP was entered by a Halt instruction. 

5 Stack pointer. 

6 Frame pointer. 

7 Status bits: 
Bit 15: Done flag of the terminal output interface. 
Bit 14 Interupt enable flag (ION): 

o = interrupts off, 
1 = interrupts on. 

Bit 13: Carry bit. 

Table 9.1 Internal cells 

To open a memory location, use one of the 
commands listed in Table 9.2. In the table, the 
term current cell means the last cell that you 
opened. 

Command Function 

n/ Open the memory location whose address is 
equal to m. 

./ Open the current memory location. 

Carriage Return Close the current cell, and open the next 
consecutive cell. 

New-Line- Close the current cell, but do not open 
another. 

/ Open the cell whose address is equal to the 
contents of current cell. 

Table 9.2 Memory cells 

-Line feed on non-ANSI standard keyboards 
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Modifying a Cell 
Once you have opened a cell, you may change its 
contents by simply typing the number or expression 
whose value is to be placed in the cell. Terminate 
the expression with a carriage return or new-line 
to close the cell. Note that if you type a carriage 
return, the next cell will also be opened. This is 
convenient when you need to enter data into several 
consecutive locations. 

If you type any Rubouts immediately after opening 
a cell, the SCP will delete the rightmost digits of 
the cell's contents as though you had just typed 
them yourself. You may then type in new values 
for these digits. 

Additional Commands 
The SCP has two commands that allow you to 
resume program execution. Typing P restarts 
program execution at the location specified by 4A, 
the return address (see Table 9.1). You can also 
return to a program by typing nR. In this case, the 
CPU issues a system reset command IORST, and 
resumes program execution at the location 
specified by the octal number n. 

Typing nL causes the CPU to perform a program 
load from a programmed I/O device whose device 
code is equal to the octal number n. Typing nH 
causes the CPU to perform a program load from a 
data channel device whose device code is equal to 
n. 

Typing S causes the contents of accumulators 0-3, 
the stack pointer, and the frame pointer to be 
printed on the terminal. 
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Figure A. 1 ASCII character set 
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Octal Mnem Priority 
Device Mask 
Code Bit 

00 - -
01 - -
02 - -
03 - -
04 

05 

06 

07 

10 TTl 14 

11 TTO 15 

12 PTR 11 

13 

14 RTC 13 

15 

16 

17 LPT 12 

20 

21 ADCV 8 

22 MTA 10 

23 DACV 8 

24 NVM 10 

25 NVM1 10 

26 DPH 7 

NVM2 10 

27 DPD 7 

NVM3 10 

30 

31 

32 

33 DPX 10 

34 MUX 8 
ASLM 9 

35 CRC 8 

36 

37 

40 

Table B.1 I/O device codes 

Appendix B 
Peripheral Device Codes 

Device Octal Mnem Priority Device Name 
Name Device Mask 

Code Bit 

Reserved 41 

Reserved 42 DIO 5 Digital I/O interface 

Reserved 43 

Reserved 44 MUX1 8 Second sync/async controller 

45 CRC 8 Second cyclic redundancy 
checker 

46 

47 VID 6 Video interface 

Async. controller rec. 50 TTl 1 14 Async controller/remote 

Async. controller trans. 
restart receiver 

Paper tape reader 
51 TT01 15 Async controller/remote 

restart transmitter 

Model 4220 prog. R.T.C. 
52 PTR1 11 Second paper tape reader 

53 

54 

55 
line printer 

56 

A-D interface 
57 LPT1 12 Second line printer 

60 
Magnetic tape 

61 ADCV1 8 Second A-D interface 
D-A interface 

I/O memory 
62 MTA1 10 Second magnetic tape 

63 DACV1 8 Second D-A interface 
I/O memory 

12.5- or 25-Mbyte disk and 
1.25- Mbyte diskettes 

64 SNVM 10 I/O memory 

65 SNVM1 10 I/O memory 

I/O memory 66 DPH1 7 Second 12.5 or 25-Mbyte 

10-Mbyte cartridge disk disk and 1.25-Mbyte 
diskettes 

I/O memory SNVM2 10 I/O memory 

67 DPD1 7 Second 10-Mbyte cartridge 
disk 

SNVM3 10 I/O memory 

315-Kbyte diskette 70 
subsystem 71 
Sync/ async controller 72 
Sync/ async controller 

Cyclic redundancy checker 
73 DPX 10 Second 315-Kbyte diskette 

subsystem 

74 ASLM1 9 Second sync/ async controller 

75 

76 

77 CPU - Reserved 

Table B.1 I/O device codes (continued) 
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Appendix C 
Restrictions on Current Dra \\Tn 

from PO\\Ter Supply 

The following graph shows the amount of current 
that the power supply can provide and still remain 
within the following regulation limits: 

Output Minimum Maximum 

+5V 5.0A 5.13 A 

-5V - 4.7 A - 5.2A 

+12 V 11.75 A 12.25 A 

- 12 V - 11.25 A - 12.25 A 

Table C.l 

Note that the amount of current available from 
the - 5 V and + 12 V outputs is a function of the 
amount of current drawn from the + 5 V output. 
This restriction arises because the charge time for 
the power transformer is a function of the + 5 V 
current draw. The time is reduced at low + 5 V 
current levels, which in turn reduces the current 
available at the other three outputs. The minimum 
current for the + 5 V output is 1 amp in order to 
guarantee proper regulator operation. 

4.0~--------------------------------------------------------~ 

,.. __ ...::;~ ... + 12V max load 

Output 
Load 

AMPS 

DG-08114 

3.0 

1 2 3 

t 
Min load on 
supply 
(+5V @ 1 Amp, 
-5V @ 0.250 Amp, 
+ 12V @ 0.5 Amp) 

4 

Figure C.l Current available (including battery backup) 

5 

-5V max load" 

~--------~-~~--------~ 

6 7 8 9 10 11 12 

Amps 
Current being drawn from + 5V 

-5V, + 12V 
max load 

13 14 15 t 16 

+5V @ 15.5 Amps 
with battery backup 
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DG OFFICES 

NORTH AMERICAN OFFICES 
Alabama: Birmingham 
Arizona: Phoenix. Tucson 
Arkansas: Little Rock 
California: Anaheim. EI Segundo. Fresno. Los Angeles. Oakland. Palo Alto. Riverside. 
Sacramento. San Diego. San Francisco. Santa Barbara. Sunnyvale. Van Nuys 
Colorado: Colorado Springs. Denver 
Connecticut: North Branford. Norwalk 
Florida: Ft. Lauderdale. Orlando. Tampa 
Georgia:. Norcross 
Idaho: Boise 
Iowa: Bettendorf. Des Moines 
Illinois: Arlington Heights. Champaign. Chicago. Peoria. Rockford 
Indiana: Indianapolis 
Kentucky: Louisville 
Louisiana: Baton Rouge. Metairie 
Maine: Portland. Westbrook 
Maryland: Baltimore 
Massachusetts: Cambridge. Framingham. Southboro. Waltham. Wellesley. Westboro. 
West Springfield. Worcester 
Michigan: Grand Rapids. Southfield 
Minnesota: Richfield 
Missouri: Creve Coeur. Kansas City 
Mississippi: Jackson 
Montana: Billings 
Nebraska: Omaha 
Nevada: Reno 
New Hampshire: Bedford. Portsmouth 
New Jersey: Cherry Hill. Somerset. Wayne 
New Mexico: Albuquerque 
New York: Buffalo. Lake Success. Latham. Liverpool. Melville. New York City. 
Rochester. White Plains 
North Carolina: Charlotte. Greensboro. Greenville. Raleigh. Research Triangle Park 
Ohio: Brooklyn Heights. Cincinnati. Columbus. Dayton 
Oklahoma: Oklahoma City. Tulsa 
Oregon: Lake Oswego 
Pennsylvania: Blue Bell. Lancaster. Philadelphia. Pittsburgh 
Rhode Island: Providence 
South Carolina: Columbia 
Tennessee: Knoxville. Memphis. Nashville 
Texas: Austin. Dallas. EI Paso. Ft. Worth. Houston. San Antonio 
Utah: Salt Lake City 
Virginia: McLean. Norfolk. Richmond. Salem 
Washington: Bellevue. Richland. Spokane 
West Virginia: Charleston 
Wisconsin: Brookfield. Grand Chute. Madison 

DG-04976 

INTERNATIONAL OFFICES 
Argentina: Buenos Aires 

Australia: Adelaide. Brisbane. Hobart. Melbourne. Newcastle. Perth. Sydney 
Austria: Vienna 
Belgium: Brussels 
Bolivia: La Paz 
Brazil: Sao Paulo 
Canada: Calgary. Edmonton. Montreal. Ottawa. Quebec. Toronto. Vancouver. 
Winnipeg 
Chile: Santiago 
Columbia: Bogato 
Costa Rica: San Jose 
Denmark: Copenhagen 
Ecuador: Quito 
Egypt: Cairo 
Finland: Helsinki 
France: Le Plessis-Robinson. Lille. Lyon. Nantes. Paris. Saint Denis. Strasbourg 
Guatemala: Guatemala City 
Hong Kong 
India: Bombay 
Indonesia: Jakarta. Pusat 
Ireland: Dublin 
Israel: Tel Aviv 
Italy: Bologna. Florence. Milan. Padua. Rome. Tourin 
Japan: Fukuoka. Hiroshima. Nagoya. Osaka. Tokyo. Tsukuba 
Jordan: Amman 
Korea: Seoul 
Kuwait: Kuwait 
Lebanon: Beirut 
Malaysia: Kuala Lumpur 
Mexico: Mexico City. Monterrey 
Morocco: Casablanca 
The Netherlands: Amsterdam. Rijswijk 
New Zealand: Auckland. Wellington 
Nicaragua: Managua 
Nigeria: Ibadan. Lagos 
Norway: Oslo 
Paraguay: Asuncion 
Peru: Lima 
Philippine Islands: Manila 
Portugal: Lisbon 
Puerto Rko: Hato Rey 
Saudi Arabia: Jeddah. Riyadh 
Singapore 
South Africa: Cape Town. Durban. Johannesburg. Pretoria 
Spain: Barcelona. Bibao. Madrid . 
Sweden: Gothenburg. Malmo. Stockholm 
Switzerland: lausanne. Zurich 
Taiwan: Taipei 
Thailand: Bangkok 
Turkey: Ankara 
United Kingdom: Birmingham. Bristol. Glasgow. Hounslow. London. Manchester 
Uruguay: Montevideo 
USSR: Espoo 
Venezuela: Maracaibo 
West Germany: Dusseldorf. Frankfurt. Hamburg. Hannover. Munich. Nuremburg. 
Stuttgart 



lJ.J 
~ 
-.l 

§ 
f-a 
Q 

" :2: a 
-.l 
<C 
f-
;::) 
U 

Yes No 

o 0 

0 0 

0 0 

o 0 

Please help us Improve our future 
publications by answering the questions below. 
Use the space provided for your comments. 

Engineering 
Publications 
Comment Form 
Title: ________________ _ 

Document No. __ 0_1_4_-_00_0_6_6_7_-0_0 __ _ 

o You (can,cannot) find things easily. 

o Language (is, is not) appropriate. 

o Technical terms (are,are not) defined 
as 'needed. 

o Learning to use the equipment 

o As a reference 

o As an Introduction to the 
product 

o Visuals (are, are not) well designed. 

o Other: 

o To instruct a class. 

o Other: 

o Labels and captions (are, are not) clear. 

o Other: 

Name: _____________________ TitJe: ________________ _ 

Company: _______________________ Divlsion: ______________ _ 

Address: _____________________________ Ci~:--------------------------

State: ______ Zip: __________ Te1ephone: _____________ Date: ______ _ 
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