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OVERVIEW 

INTRODUCTION 

1is data manual describes Data General's full microcomputer chip set. The microcomputer consists of three principal 
:egrated circuits: a 16-bit microprocessor, an 110 controller, and a 4Kx1 dynamic RAM. As part of the set, each integrated 
·cult is supported by the necessary system buffer elements. The principal chips are fabricated with N-channel, silicon gate, 
!tal oxide semiconductor (NMOS) technology. The system buffer chips are small and medium scale integration, bl-polar 
·cults. 

,e chip set Is designed to Implement high-performance microcomputer or controller systems. II incorporates Data General's 
werful NOVA line minicomputer Instruction set and 16-blt central processing unit (CPU) architecture. 

croNOVA line integrated circuits are available on an Individual basis as well as in full microcomputer chip sets. In addition, the 
croNOVA family includes the following supporting hardware. 

• CPU boards 
• RAM memory boards 
• programmable read-only memory boards 
• asynchronous interface boards 
• general purpose 1/0 boards 
• power supply 
• hand-held console 
• card cages 
• a variety of peripheral devices; such as: 

• video displays 
• hard copy data terminals 
• single and dual diskette sub-systems 
• line printers 
• paper tape reader 

e mlcroNOVA family comes with proven Data General development and runtime software that Includes two operating systems, 
1 diskette-based Disc Operating System (DOS) and the Real-Time Operating System (ATOS). Software developed for Data 
neral's NOVA line minicomputers can be easily reassembled for use with microNOVA systems. The operating systems 
Jport two high level language compilers, FORTRAN IV and extended BASIC, as well as various utilities, including: a Command 
e Interpreter, text editor, macro assembler, relocatable loader, a library file editor, and a symbolic debugger. 

:roNOVA development software Is based on the Disc Operating System. The diskette-based DOS provides a smooth flow 
ough varying development phases to completed production software. OEMs who need a larger development system can utilize 
'NOVA 3 line of minicomputers. NOVA 3 is software-compatible with microNOVA and supports up to 128K words of memory, a 
peripheral range, and the Real-lime Disc Operating System (ROOS). 

ta General's Real-Time Operating System Is a DOS-compatible runtime executive. It Is compact and memory-resident, and 
1 a real-time multltask capability for controlling real-time appllcatlons. ATOS provides standard Interrupt servicing, device 
idling and execution scheduling functions. 

of these features make the mlcroNOVA family ideal for applications like complex Instrumentation, industrial automation, 
nmunicalions, and data acquisition, where 16-bit NOVA power and precision are required. 
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OVERVIEW 

THE CHIP SET 

Data General's microcomputer chip set consists of the following dual-in-line packaged (DIP), integrated circuits: 

Integrated Circuit Packaging 

mN601 16-bit microprocessor 40-pin ceramic 

mN603 1/0 controller (IOC) 40-pln ceramic 

mN606 4Kx1 dynamic RAM 20-pin plastic 

mN640 CPU and 110 clock driver 16-pin cerdlp 

mN638 memory clock driver 16-pln cerdlp 

mN629 CPU 1/0 transceiver 20-pin ceramic 

mN636 IOC 110 transceiver 20-pin ceramic 

mN634 octal memory transceiver 20-pin ceramic 

mN506 quad sense amp/memory bus driver 14-pin cerdip 

THE MICROCOMPUTER 
The block diagram on the opposite page shows a recommended microcomputer chip set configuration. II is organized around two 
data buses: memory and 110 (see diagram). 

mlcroNOVA MEMORY BUS 
Memory addresses and data are passed between the mN601 microprocessor and an array of mN606 RAMs via the microNOVA 
memory bus. This is a 16-bit parallel, bidirectional, high-speed bus. 

The microprocessor is interfaced to the bus via two mN634 octal memory transceivers. These transceivers drive data between 
the CPU's memory address/data llnes and the memory bus. 

A RAM grouping is interfaced to the bus via two mN634 octal memory transceivers and four mN506 quad sense amp/bus drivers. 
The memory transceivers drive both addresses and data sent to memory via the bus onto the RAM input lines while the sense 
amp/bus drivers drive data from the RAM output lines onto the bus. 

Three memory control lines, P, SAE and WE, allow the microprocessor to perform four kinds of memory operations: read, write, 
read-modify-write and refresh. 

microNOVA 1/0 BUS 
Information is passed between the mN601 microprocessor and mN603 1/0 controllers via the bidirectional, mlcroNOVA 110 bus. 
This bus combines the advantages of high speed with high noise immunity (due to its differential nature, described below), while 
permitting the use of low cost ribbon cable. The 110 bus can be extended to a maximum distance of 100 feet from the 
microprocessor. 

The microNOVA 110 bus contains 16 lines. The most critical lines (two serial data lines and two clock lines) are differentially 
driven and received by an mN629 CPU 1/0 transceiver and one mN636 IOC transceiver per mN603 1/0 controller. 

At the microprocessor end of the bus, the CPU 110 transceiver receives serial data from the CPU and differentially drives it lo the 
IOC 1/0 transceiver(s). It also receives the differentially driven data signals from the IOC 110 transceiver(sl and passes the data 
to the CPU. At the 110 controller end of the bus, each IOC 1/0 transceiver performs a similar function for its 110 controller. Up to 
twenty IOC 1/0 transceivers can be interfaced to the microNOVA 110 bus . 

• • Data General 
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The differentially driven 110 CLOCK (see diagram) Is transmitted with the data; It strobes the data Into the receiving circuit. The 
CPU 110 transceiver differentially drives the MASTER CLOCK to all IOC 1/0 transceivers. Each IOC transceiver passes the 
MASTER CLOCK to its IOC as two non-overlapping clocks via an mN640 clock driver. The MASTER CLOCK synchronizes the 
operation of the 110 controllers with the CPU. 

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

The CLEAR line allows the system to be reset by external hardware. When this line is pulled to a low logic level for a period of 10 
µsecs.the microcomputer is reset. This time period ensures that the CPU and IOC 1/0 transceivers are in receive mode; refer to 

the mN601. mN603. mN629 and mN636 circuit descriptions. 

The device request lines (EXTINT and DCHINT) allow 1/0 devices to request microprocessor service for the purpose of 
transferring dala in either of two modes: programmed 1/0 or data channel break. These are explained later in the section entitled 
Data Transfers. 

Hardware Device Priority Network 
The priority lines (INTP OUT, DCHP OUT, INTP IN and DCHP IN) comprise an lnterdevlce daisy chain. When more than one 110 
device is requesting service, this network gives priority to the device requesting service that Is physically closest on the 1/0 bus 
to the microprocessor. The INTP lines control priority between devices requesting interrupt service. Similarly, the DCHP lines 
control priority between devices requesting data channel service. 

The manner in which the priority system Is implemented is the same for both types of requests. When a device requests service, 
that device's INTP/DCHP OUT line goes to the low logic level. This removes priority from devices further away from the 
microprocessor, by pulling their INTP/DCHP IN lines to a low logic level. When the microprocessor acknowledges a request for 
service, a device can respond only if ii Is requesting service and Its INTP/DCHP IN line is at a high logic level. If it Is at a low logic 
level. ii indicates that a higher priority device in the chain is requesting service. The priority lines previously disabled by the 
service request are reenabled when the responding device clears its request line. 

mN601 16-BIT MICROPROCESSOR 
This is a 16-bit central processing unit (CPU) that Incorporates the NOVA architecture. Its Internal structure and operations are 
described in the mN601 section of this manual. 

The mN601 is designed to operate with the following system buffer elements: two mN634 octal memory transceivers, an mN629 
CPU 110 transceiver and an mN640 clock driver. The primary functions performed by these circuits for the CPU are described 
below. Detailed information is found In the Individual circuit descriptions. 

The CPU (designated 'A' In the diagram) has two ports: memory and 110. Two mN634 octal memory transceivers (designated '8') 
1rive data between the CPU's memory address/data lines MB( <0-15>) and the mlcroNOVA memory bus. The memory control 

ignals, P, SAE and WE, allow the CPU to perform lour kinds of memory operations: read, write, read-modify-write and refresh. 

The mN629 CPU 110 transceiver (designated 'C'l performs two functions for the CPU. First, It interfaces the CPU's serial data 
(110 DATA <1.2>) and data clock (110 CLOCK) llnes with the mlcroNOVA 1/0 bus. The 1/0 INPUT signal is used by the CPU lo 
control the transceiver's operating mode, either transmit or receive. Second, the CPU 1/0 transceiver generates the two 
non-overlapping system clocks (4>A and 4' Bl from a single 8.333MHz clock Input. 

The ~A and¢ B clocks are shaped by external circuitry (see Design Notes) and the outputs are supplied to the mN640 clock 
driver (designated 'D'). The clock driver receives these signals and provides signal characteristics that are compatible with the 
MOS clock input circuits of the CPU, 4>1 and 4'2. 

The remaining mN601 pins perform the following functions. The HALT pin reflects the state of the CPU, halted (idling) or 
performing tasks. The PAUSE pin indicates when the CPU Is performing a memory operation. By monitoring the output of this pin, 
multlporting of memory can be implemented. The CLAMP pin Is an Input pin used during the power-up and lnltlallzatlon 
sequence. 
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mN603 1/0 CONTROLLER (IOC) 
The IOC is the interface between a peripheral device and the mlcroNOVA 1/0 bus. Details of its Internal architecture and 
operations are contained In the mN603 section of this manual. 

It is designed to operate with the following system buffer elements: an mN636 IOC 1/0 transceiver and an mN640 clock driver. ~ 
The primary functions performed by these circuits for the IOC are described below. Detailed information is found in the individual ...... 
circuit descriptions. 

The mN603 (designated 'E' in the diagram) has two ports: 1/0 bus and peripheral. 

The mN636 IOC 110 transceiver (designated 'F') performs two functions for the IOC. First, it Interfaces the IOC's serial data (110 
DATA<1.2>l and data clock (1/0 CLOCK) lines with the microNOVA 1/0 bus. The 1/0 INPUT signal is used by the IOC to control 
the transceiver's operating mode. transmit or receive. Second, the mN636 transceiver receives the MASTER CLOCK from the 1/0 
bus and generates two non-overlapping clock signals, f/JA and ¢8. 

The '1> A and '1> B non-overlapping clocks are shaped by external circuitry (see Design Notes) and the outputs are supplied to 
the mN640 clock driver (designated 'G'). The clock driver receives these signals and provides signal characteristics that are 
compatible with the MOS clock input circuits of the IOC, '1>1 and '1>2. 

The IOC communicates with the device via a 16-bit parallel data bus and a group of control lines. The data and control lines 
together create the functional equivalent of the 4 7-line NOVA 1/0 bus. 

mN606 4Kx1 DYNAMIC RAM 
This is a 4096 by one bit memory. Details of its internal architecture and operations are contained in the mN606 section of this 
manual. 

Sixteen mN606 RAMs comprise a 4Kx 16-bil memory array. This array is designed to operate with the following system buffer 
elements: one mN638 clock driver, two mN634 octal memory transceivers and four mN506 quad sense amp/bus drivers. For an 
8Kx16-bit array, II is necessary to add only one mN638 clock driver, since the two mN634 transceivers and four mN506 sense 
amp/bus drivers support BK of memory. The primary functions performed by these system buffer elements for the mN606 RAMs 
are described below. Detailed information is found in the individual circuit descriptions. 

The 4Kx16-bil dynamic RAM array (designated 'H' in the diagram) has two ports: input (address and data) and outpul 

The two mN634 octal memory transceivers (designated 'J') drive addresses and data from the microNOVA memory bus onto the 
RAM address and data input lines. The four mN506 quad sense amp/bus drivers (designated 'K') drive data from the RAM output 
lines onto the microNOVA memory bus. 

The microprocessor addresses up to 32,768 memory locations; thus, eight 4Kx16-bit memory arrays can be interfaced to the 
microNOVA memory bus. Each 4Kx 16-bit array has a 12-bil memory address (MB <4-15 > ). The external bank select logic 
(designated 'L') selects the appropriate array from the address appearing on the MB <1-3 > lines. 

When both the memory control signal P is asserted and the bank select logic is enabled, the mN638 clock driver (designated 'I') 
provides the signal characteristics required for the MOS clock input circuit of the RAM. 

At the beginning of a memory operation, the RAM samples the address and tests the logic level, high or low, of MBO. If MBO is at a 
high level, the RAM Initiates a refresh operation: if It Is at a low level, the RAM initiates either a read, write, or read-modify-write 
operation. 

When mN606 dynamic RAMs are used in a microNOVA-based system, the mN601 microprocessor automatically refreshes them 
without external circuitry. 
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DATA TRANSFERS 

Addresses and data are transferred between the CPU and memory via the microNOVA memory bus. Control Information and data 
words are transferred between the CPU and 110 devices via the mlcroNOVA 1/0 bus. 

MEMORY 
The mN601 performs four kinds of memory operations: read, write, read-modify-write and refresh. All memory operations are 
Initiated on the rising edge of P. As described above, the address on the bus Is sampled by lhe memories and the state of MBO is 
tested. If this signal is high, a refresh operation Is performed; If ii Is low, either a read, write, or read-modify-write operation Is 
performed. Detailed Information is found in the Memory Operations section of the mN601 circuil description. 

When non-volallle memory Is required, programmable read-only memory (PROM) can be used. Refer to the mlcroNOVA 
Computer Systems Technical Reference (DGC ordering number 014-000073). At the board level, PROM can overlay RAM, and 
PROM priority control lines resolve any memory conflicts in favor of the PROM. 

6 

INPUT/OUTPUT 
Information Is passed between the CPU and 110 controllers via the two serial data lines of the mlcroNOVA 110 bus. The bus 
connections are made through the appropriate 110 transceivers. The data consists of both control information and 16-bit data 
words. 

The CPU performs 110 data transfers under two operating modes: programmed 110 and data channel break. Under programmed 
110, the CPU moves data between one of Its internal registers (namely, accumulators; see mN601 section) and an 110 device. 
Under data channel break, the CPU moves data between memory and an 110 device. Data channel breaks allow blocks of 
Information to be transferred without altering program flow. In addilion, data channel breaks are transparent to the executing 
program. 

An 110 device requests mlcropro~ervice for lhe purpose of transferring data by asserting either the program Interrupt 
(EXTINT) or data channel break (DCHINTI device request lines. These requests are synchronized by a CPU-generated signal 
called Request Enable. II ensures that the device request and priority lines are at a steady state when they are examined by the 
CPU. Request Enable is sent to all 110 controllers connected to the 1/0 bus as a two-bit code (11 ), one bit carried on each serial 
data line. 

Detailed Information concerning 110 data transfers Is found In the 1/0 Operations section of the mN601 circuit description and In 
the mN603, mN629 and mN636 circuit descriptions. Timing diagrams of 110 bus operations can be seen In Appendix A. These 
diagrams depict the transmission and reception of control Information and data words as they pass between the CPU, the CPU 
transceiver, the IOC transceiver and the 1/0 controller, under both programmed 110 and data channel. (The 1/0 transactions 
appearing In the diagrams apply when the system Is configured as shown In the block diagram at the beginning of this section.) 

Programmed 1/0 
Under programmed 110, the CPU sends the 1/0 Instruction, exactly as fetched from memory, to all controllers connected to the 
microNOVA 110 bus. The instruction includes Information that identifies the controller to which ii Is directed. Following the 
instruction, the CPU performs either a data out operation or a data in operation, as required by the Instruction. 

When either data out or data in instructions are performed, both the instruction and the 16-bit data word are transmitted as 
18-bits, 9 bits on each line. The first bit on each line comprises a two-bit code that identifies the type of transfer: 00 indicates an 
flO command and 01 indicates a data word. 

t •Data General 
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Data Channel Break 
When the CPU performs a data channel break, it sends an address request to the microNOVA 110 bus. This request consists of a 
two-bit code (10). The highest priority device requesting data channel service responds to this code. The device responds first 
by sending a 16-blt word (plus the two-bit data word prefix code, 01, described above) containing a 15-bit memory address and a 
direction of transfer bit (data out or data in) to the CPU. Following the receipt of this information, the CPU initiates a memory 
operation at the address specified; then, it examines the direction of transfer bit. 

If it is set for a data out, the CPU transmits the 16-bit word received during the read portion of the memory operation together 
with the two-bit data word prefix code. The memory operation is terminated without altering the contents of the addressed 
location. 

If it Is set for a data in, the device transmits the 16-bit word to be entered In memory together with the two-bit data word prefix 
code. After the data word is received by the CPU, it is written into memory during the write portion of the memory operation in 
progress. 

RELATED DOCUMENTS 

The following supporting documents are available from Data General Corporation. 

Ordering No. 

mlcroNOVA Programmer's Reference 015-000050 

microNOVA DTOS 015-000059 

microNOVA Computer Systems 014-000073 
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mN601 
16-BIT MICROPROCESSOR (CPU) NMOS INTEGRATED CIRCUIT 

FEATURES 
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GENERAL DESCRIPTION 
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The mN601 Is a full 16-blt NMOS microprocessor that provides the cenlral processing function for Data General's mlcroNOVA 
family. The mN601 features NOVA 16-blt architecture, including hardware multiply/divide; multiple addressing modes, including 
absolute, relative, indexed, deferred, and auto-Increment/decrement; multiple accumulators, Including two that can be used as 
index registers; hardware stack and frame pointers with stack overflow protection; programmed priority Interrupt to 16 levels; 
and separate memory and 1/0 buses. 

Data General's microNOVA family of Integrated circuits also Includes memories, peripheral controllers, and supporting circuits 
which can be used to develop a complete, high-performance, microcomputer system. 

The mN601 Is supported by the mN606 4K RAM, the mN603 1/0 Controller (IOC). and system buffer elements. The 4096-blt 
mN606 uses cost- effective dynamic NMOS RAM technology to support mlcroNOVA's large memory orientation. The mN603 IOC 
delivers the full functional capability of the 47-line NOVA 1/0 bus, Including a parallel 16-bit 1/0 port. System buffer elements 
allow mlcroNOVA support up to 32K words of memory and a full complement of peripherals. 

t •Data General 
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mN601 
PIN DESCRIPTIONS 

-· - ---- ·-· ----·- ·-----· --·- - ----·-----··- --- ----· ---- --- -- -- -- ·----- --- ·- ---· -· --- - . -

FUNCTIONAL PIN CONNECTION DIAGRAM 

CPU CONTROL 

CLAMP HALT PAUSE 

"1 
35 37 33 

CLOCK{ 
32 ::m IS2 
31 

mN601 

llOCLOCK 
27 9-16. 

}WMOOY 
VO DATA 1 

30 18-25 
l/ODATA2 

29 p 
2 VO VO INPUT WE 28 3 

DCHINT 5 4 SAE 

EXTINT 
6 1 7 8 17 38 40 26 

v ee Vss Voe Vss 
VGG Vee Vss , .... 

POWER 

The following table describes the function of each pin shown In the pin connection diagram. 

PIN DESCRIPTIONS 
PIN 

MNEMONIC NO. VO FUNCTION 

CLOCK 

!/>1 32 IN Two-phase system clock. Operates between o and 14V amplitude. Generates 4-phase 
!/>2 31 IN Internal clock, providing Internal control timing. 

MEMORY BUS 

MBO-MB15 9-16 110 Bl-directional, data and address bus. When used as a data bus, MBO contains the MSB 
18-25 (most significant bit) and MB15, the LSB (least significant bill. As an address bus. 

MB<1-15>contalns the address and MBO defines the memory operation as either 
refresh or read/write. 

This bus Is precharged Internally by the CPU. It Is held high by lndlvlduat lntemal pull-up 
resistors tied to each line. During addresa or data transfers, each line transmitting a 0 Is 
discharged; each line transmitting a 1 la undischarged. See the Memory Operations 
Section for detailed information. 

MEMORY CONTROL 

p 2 OUT Active high. Initiates all memory cycles. When P goes high, Indicates a valid address Is 
on the memory bus. 

SAE 4 OUT Active high. Enables sense amplifier outputs on the memory bus during a read operation. 

WE 3 OUT Active high. Enables write operation. On the falling edge of WE, Information on the 
memory bus Is written Into memory. 

2 c. Data General 
0uc-.r.1t .. pm11ai.Wrtlbr .... MM-i.-tb 0!581 



PIN 
MNEMONIC NO. 1/0 

1/0 DATA 1 30 110 
l/ODATA2 29 1/0 

l/OINPUT 28 OUT 

l/OCLOCK 27 1/0 

EXTINT 6 IN 

DCHINT 5 IN 

HALT 37 OUT 

CLAMP 35 IN 

PAIT5E 33 OUT 

Vee 1 
Vee 17 
Voo 38 
VGG 7 
Vss B,26.40 

34 
36 
39 

mN601 
PIN DESCRIPTIONS 

PIN DESCRIPTIONS (Cont.) 

FUNCTION 

l/OBUS 

Two-line, bl-directional bus. All data and 1/0 command Information is transmitted serially 
between the mN601 and 1/0 devices at the MASTER CLOCK rate. During a 16-bit 
transfer, 1/0 DATA1 carries the most significant 8 bits (0-7); 1/0 DATA2, the least 
significant bits (B-15). 

Indicates direction of 1/0 transfer. When low, Indicates a transfer from the mN601; when 
high, a transfer to the mN601. 

Synchronizes all 1/0 transfers to and from Iha mN601. Holding 1/0 CLOCK low for 
10µ.secs resets the microcomputer. 1/0 CLOCK should not be pulled low when 1/0 
INPUT Is In the low state. 

Active low. When asserted low by a device, Initiates a program interrupt, providing CPU 
interrupts are enabled. 

When the mN601 Is In the HALT state (see below), It Is started by generating a program 
Interrupt. 

Active low. When asserted low by a device, the CPU will execute a data channel break. 
The mN601 responds to data channel break requests while it is in the HALT state as 
well as during operations. 

CPU CONTROL 

Active high. When the CPU is halted (idling). as the result of either resetting the CPU by 
pulling 110 CLOCK low or the execution of a HALT instruction. HALT generates a 
sequence of .417MHz pulses. 

In the HALT state, the mN601 performs the following functions: 
• It generates Request Enable signals {see mN601 1/0 Operations section) that 
synchronize program interrupt and data channel requests. 

• It responds to program Interrupts and data channel requests. (The normal way to start 
the mN601 Is to generate a program interrupt.) 

• It generates dynamic RAM refresh signals to prevent the loss of information stored In 
RAM. 

Active low. When the mN601 Is first powered up, CLAMP should be held low for a 
minimum of 1 OOµsec. Then, when It goes high, the CPU is properly lnltlallzed and enters 
the HALT state. 
Active low. PAUSE goes to the low level for a period of 240ns when the CPU Is not using 
memory. During this period It Is permissible to disable the l/>1 and l/>2 clocks, thus 
allowing multlportlng of memory. 

POWER 

-4.25V ± .5V 
+sv ± .2sv 
+10V ± 1V 
+14V ± 1V 
Ground 

Reserved for future use 
Reserved for future use 
Reserved for future use 

t.DataGeneral 
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mN601 
ARCHITECTURE 

ARCHITECTURE 

The mN601 Is a 16-blt parallel word central processing unit which executes the full NOVA line minicomputer instruction set, 
Including an extended Instruction set for stack and trap routines. 

The instruction set addresses 32,768 words (65,536 bytes) of memory. Each memory address Is 15-blts long. Each word Is 
16-bits long, consisting of two 8-bll bytes. Both words and bytes can be used as operands. 

Word 

Byte 

01234567 
0 234567 

MSB 

Byte 

01 234567 
8 9 101112131415 

LSB 

One word containing two bytes 

The mN601 communicates with memory via a bl-directional, 16-blt parallel address and data bus. Three control lines direct the 
four memory operations: read, write, read-modify-write and refresh. 

The mN601 communicates with 110 controller Interfaces vta two, bl-directional, serial lines that carry data and 110 commands. 
One control line Indicates the direction of transfer, lo or from the CPU, and a clock line synchronizes the transfer of Information. 
Two Interrupt lines, programmed 110 and data channel, allow 110 Interfaces to request processor lime. 

The Expanded Block Diagram shows the Internal architecture of the mN601, logether with the memory bus, the 1/0 bus, and their 
respective control lines. 

1271110 CLOCK 
130lllODATA1 
l29lVO DAT A2 

-

EXPANDED BLOCK DIAGRAM 

MBO-MB15 
: 1R l9-16. 1 B-251 . 
L •• 

CONTROL 

1--------=---=#=========--==!LJPl21. WEl31. 
SAEl41 

RTCANO 
REFRESH 
ADDRESS 

COUNT 

REFRESH 
ADDRESS 
CONTROL 

• - register table 



Within the mN601, information is stored in the thirteen registers listed below. 

USER 
REGISTERS ACCESSIBLE SIZE 

accumulator 0 yes 16 bits 
accumulator 1 yes 16 bits 
accumulator 2 yes 16 bits 
accumulator 3 yes 16 bits 
program counter yes 15 bits 
stack pointer yes 15 bits 
frame pointer yes 15 bits 
carry bit yes 1 bit 
Interrupt enable bit (ION) yes 1 bit 
real-time-clock enable bit (ATC ON) yes 1 bit 
real-time-clock request bit (ATC RO) no 1 bit 
stack overflow request bit (SO RO) no 1 bit 
refresh address counter no 6bits 

• The four accumulators provide scratchpad memory, or work space, during program execution. 

mN601 
ARCHITECTURE 

• The program counter contains a 15-blt memory address that is used by the processor when fetching the next instruction 
from memory during program execution. When the Instruction is completed, the program counter is either automatically 
Incremented by one or is modified by the program, before the next instruction is fetched. 

• The stack pointer contains the memory address of the highest location in memory used by the stack. As information is 
pushed onto the stack, this address Is appropriately incremented; as Information is popped off the stack, the address is 
decremented. 

• The frame pointer contains the memory address of a location within the stack. When a RETURN instruction is executed, 
this address is used as a reference for retrieving information from the stack. 

• The carry bit reflects the results of certain arithmetic computations performed by the arithmetic logic unit (ALU), e.g~ 
addition overflow. 

•The interrupt enable bit can be controlled by the program. When enabled (set to 1), the processor responds to program 
interrupt requests. 

•The real-time-clock enable bit is set by the program. When enabled (set to 1 ), the real-time clock contained In the 
processor generates an interrupt at 1.8432ms intervals. 

•The real-time-clock request bit generates a program interrupt at fixed intervals of 1.8432ms when both the real- time clock 
and Interrupts are enabled. 

• The stack overflow request bit generates a program interrupt when the stack overflows a 256-word memory address 
boundary, e.g., 377 8 to 400a. 

• The refresh address counter generates a 6-blt address specifying 64 numbers used to address 1164 of all the available 
memory to be refreshed. All 32,768 RAM memory locations are refreshed at least once every 1.8432ms. 

t.DataGeneral 
Olla c.rn....ICmporallDl'I. Wr-olbo.v. M&....__.11 OlS8I 

5 



mN601 
INSTRUCTION SET 

INSTRUCTION SET 

Each mN601 (mlcroNOVA) Instruction Is contained In one 16-blt word. Programs for the mN601 consist of seQuences ol 
instructions which are stored In external memory. The order in which these Instructions are executed depends on the 15-bit 
memory address in the program counter register. During program execution, the processor sends this address to memory and 
fetches the contents of the specilied memory location, via its memory address/data pins. During the execution of an instruction. 
Information is moved between the processor's Internal registers, memory or 110 data pins. When the instruction is completed, the 
program counter is updated. The CPU uses the contents of the program counter to address the next location. 

6 

SeQuential operation can be altered by a Jump or conditional skip instruction or by an interrupt. Jump Instructions load a new 
address in the program counter; conditional skip Instructions Increment the program counter address by two If a specified test Is 
true. In both cases, sequential operation is resumed from the updated address in the program counter. When the program Is 
interrupted (e.g~ 1/0 external Interrupts, real-time clock interrupts, fault conditions of various kinds), the interrupt facility stores 
the next sequential program address In a specilied location in memory so that the interrupt handler can return control to the 
interrupted program at the proper entry point. Then, the program counter Is loaded with the memory address of the Interrupt 
handler program and sequential operation resumes. 

+-
INCREASING 
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u 
c 
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N 
s 

SKIP 

JUMP 

JUMP 
PROGRAM 
FLOW 

} 
SEQUENTIAL 
PROGRAM 
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s 
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mN601 
MEMORY REFERENCE INSTRUCTIONS 

The mlcroNOVA (mN601) instruction set can be divided Into five groups of operations: 

• Memory reference 
• Fixed point arithmetic and logical operations 
• Stack manipulation 
• 1/0 functions 
• CPU 110 functions 

Each Instruction Is formatted In a 16-blt (one word) field. In the Instruction descriptions that follow, the mnemonics are those 
recognized by Data General's Assembler. See the mlcroNOVA Programmer's Reference (DGC No. 015-000050) for detailed 
programming Information, Including the use of Instruction set options, such as condlllonal skips and flag commands. 

NOTE: When the instructions described below are executed, the mN601 pins follow the protocol specified by the 
Instructions. It ls assumed that them N601 Is Interfaced with mN603 110 controllers and some amount of memory. 

MEMORY REFERENCE INSTRUCTIONS 
This instruction group moves data between accumulators and memory, modifies the contents of memory, and alters the program 
flow. 

Locations in memory are sequentially numbered from 00000 through 77777 a , so that each memory address is 15 bits long. 

Addressing Modes 
Memory reference Instructions provide a variety of addressing modes for accessing 32,768 memory loctions: absolute, PC 
relative, and indexed (via accumulator 2 or 3). In addition, the processor supports eight levels of conventional indirect (deferred) 
addressing and five levels of Indirect addressing through auto-Incrementing/decrementing locations. 

When instructions that reference memory are executed, the processor calculates an effective 15-blt address using bits 5 
through 15 of the memory reference Instruction field shown below. 

MEMORY REFERENCE INSTRUCTION FORMAT 

I @ I INDEX I DISPLACEMENT I 
o I 1 1 2 1 3 I .c s 6 I 1 11 1 9 I 10 1 11 1 12 I u 1 u 1 1s 

Bit 5 - Indirect bit; Bits 6 and 7 - Address mode: 00 = Absolute 
01 - PC relative 
10 == AC2 Indexed 
11 - AC3 Indexed 

In all but the absolute mode, the displacement Is a signed number within the range -128 through +127. Signed numbers utilize 
the two's complement representation for negatives. 

t •Data General 
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mN601 
MEMORY REFERENCE INSTRUCTIONS 

...... ---~-- -··- --- --·-- -- ---·--- --------- --· - .. ------------ ---------- ---···-···· --- --------- - ---------. ----

EFFECTIVE ADDRESS CALCULATION 

Absolute Displacement Is an unsigned number within the range 00000-00377 a that addresses one of the 
first 256 locations In memory, referred to as Page Zero. If the Indirect bit Is 0, the displacement Is 
the effective address; If It Is 1, the displacement Is an Indirect address (see the description of 
Indirect addressing below). 

PC relative Displacement Is a signed number that Is added to the contents of the program counter. If Iha 
Indirect bit Is O, lhe results of the addition are the effective address; If it is 1, the results are an 
Indirect address. 

AC21ndexed Displacement Is a signed number that Is added lo the contents of accumulator 2. If the indirect bit Is 
O. the results of the addition are the effective address; if it Is 1, the results are an indirect address. 

AC3indexed Displacement Is a signed number that Is added to the contents of accumulator 3. If the indirect bit Is 
O, the results of the addition are the effective address; If It Is 1. the results are an Indirect address. 

NOTE: A memory address Is always 15 bits long. When the results of an addition overflow 15 bits, the 
overflow Is ignored. 

Example: Program Counter - 77774e 
Displacement - + 012 e 

Result - 000006 a ; not 100006 8 

lndirltc:t Addrenlng 
When the Indirect bit (bit 5) contains a 1, the calculated address Is an lntermedl._ta (Indirect) address that points to an effective 
address stored In memory. In this case, the processor fetches the contents of the calculated address and tests bit 0 (Indirect 
sign bit when stored In memory). If It ls O, bits 1 through 15 of the contents of the Indirect address are used as the effective 
address: If it Is 1, bits 1 through 15 are used as an Indirect address. In the latter case, the Indirection chain continues until the 
processor either fetches a word In which bit o equals o (In this case, the processor has the effective address) or has executed 
eight levels of Indirection (or five levels If the Indirection chain accesses auto-Incrementing/decrementing locations, explained 
below). 

An Internal counter Is used to control the number of Indirect addresses through which the processor searches for an effective 
address. This counter Is Initialized when the Indirect bit ls set to 1. Each time a word In the Indirection chain Is retrieved from 
memory the counter Is Incremented by two (or by three If an auto-Increment or decrement location Is Indirectly addressed). If the 
counter becomes greater than 17 before an effective address Is retrieved, the processor halls. 

t. Data General 
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Auto-Incrementing/Decrementing 

mN601 
MEMORY REFERENCE INSTRUCTIONS 

Memory locations with addresses within the range 020 8 through 027e are called auto-Incrementing locations. When one of 
these locations is Indirectly addressed, the processor automatically increments bits 0 through 15 of the contents of the Indirect 
address before using these bits as either an effective or Indirect address. The updated contents are written back Into the 
auto-incrementing location. 

Memory locations with addresses within the range 030 8 through 037 a are called auto-decrementing locations. When one of 
these locations is Indirectly addressed, the processor automatically decrements bits 0 through 15 of the contents of the Indirect m 
address before using these bits as either an effective or Indirect address. The updated contents are written back into the "' 
auto-decrementing location. 

NOTE 1: When referencing auto-Increment/decrement locations, the state of bit 0 before the Increment or 
decrement Is the condition upon which the continuation of the Indirection chain Is based. For example: If an 
auto-Increment location contains 177777 a and the location is referenc1d as part of an Indirection chain, location 
0 will be the next indirect address in the chain; not the effective address. .' 

NOTE 2: When a non-existing memory address is specified In a memory reference Instruction, the contents will 
appear as all ones. 
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mN601 
MEMORY REFERENCE INSTRUCTIONS 

MEMORY ADDRESSING 

INDEX MEMORY ADDRESSING 
MODE BITS CAPABILITY (OCTAL) 

Absolute 00 00000-00377 
PC Relative 01 00000-77777 
AC21ndexed 10 00000-77777 
AC31ndexed 11 00000-77777 

ADDRESS CALCULATION MEMORY 

09LACDllNT lllTS 
ASSIG>.t0"""8111 
All£ADC!DTO 
"'5TRUCT1Cl'IAOOR£SS 

DISPUoCEMENT BITS AS 
SlGNtD NU''llER All£ 
ADClD TO CCl'ITtNTS 
OF ACC\MAATOllZ· 

DZSPL.ActWNT BTS AS 
SIG'<fD"""2tRAll[ 
ADDED TO CONTENTS 
OI ACCWUU. TOii J 

DISPU.CDJVrtf BITS 
GOTO NU-TE 
AOOllESSAS 
UNSICNEOMMl[ll 

LOWOllD[ll 15 
•tSGOTO 
~TDl\qDIATt 

ADDRESS 

PAGE 
ZERO 

«.Data General 
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00377 

00037 AUTO-DECR£MENTING 
00030 1-----------i 
00027 AUTO-INCREMENTING 
00020 1-----------i 

00000 L-----------' 
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mN601 
MEMORY REFERENCE INSTRUCTIONS 

No Accumulator-Effective Address Instructions 

I o O 1 O lop cooel @I INDEX j DISPLACEMENT I 
o I 1 2 3 I 4 s & I 7 a I 9 I 10 1 11 1 12 I n I 14 I 1s 

NOTE: The letter E In the function descriptions below denotes effective address; AC denotes accumulator. 

MNEMONIC MEANING FUNCTION INSTRUCTION FORMAT 

I JMP Jump Compute (El and load E Into I 0 0 0 I 0 0 I @l INC>EXI Dl~PLACEMENT 
PC. 01112:114:5:.,7:.1 9 I 10 - 11 I 1Z I 1J I 14 I 1S 

JSR Jump To Compute E. Store contents 
of PC+1 In bits 1-15 of AC3 I 0 0 I 0 I 0 1 I @I INDEXI I Subroutine and set bit 0 to O; then, load I I 

Dl~PLACEMENT 
ol1 2 Jlc s ,11 ' I 10 11 1 12 I u 1 14 1 15 

ElntoPC. 

ISZ Increment Compute E. Increment 
And Skip contents of location E and 
If Zero write results back Into 

loo 011 ol@j~DEXj location E. If results equal 
011 1 21145•1111 

Dl~PLACEMENT I 
000000, Increment PC by ' I 10 11 1 12 I u I 14 1 1s 

two; otherwise Increment 
PC by one. 

DSZ Decrement Compute E. Decrement 
And Skip contents of location E and 
If Zero write results back Into I 0 0 I 0 11 1 I @I INDEX! location E. If results equal 

I I 
Dl~PLACEMENT I 

000000, Increment PC by ol1 2 des .11 ' I 10 11 I 12 I 13 I 14 I u 

two; otherwise increment 
PC by one. . 

One Accumulator-Effective Address Instructions 

I 0 I OP CODEI AC I ~ I INDEX I DISPLACEMENT I 
0 1 I 2 3 I 4 5 ' I 7 II I 9 I 10 I 11 I 12 I 1J I 14 I 15 

AC Bits 3 4 

ACO 0 0 
AC1 0 1 
AC2 1 0 
AC3 1 1 

MNEMONIC MEANING FUNCTION INSTRUCTION FORMAT 

LOA Load Compute E. Load specified 
Accumulator AC with contents of location [oJ o 1 l AC j@ j IN_2_E>1 DISPLACEMENT ] 

E. 
o I ·1 2 JT 4 5 • I 7 I ' I 10 11 121 u 14 15 

STA Store Compute E. Store contents 
Accumulator of specified AC In location [oI 1 0 l AC l@ I IN_2_aj DISPLACEMENT J 

E. o I 1 2 JT 4 5 ' I 7 I •T 10 11 12 I u 14 1S 

t •Data General 
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mN601 
TRAP INSTRUCTION 

--- ----- -- -- .. -·--- ----- -- ------- ·---------------------------------------------------- -------

TRAP INSTRUCTION 

This Instruction can be used as a single word call to subroutines containing extended Instructions not Implemented by lh8 

mN601. The format of the TRAP instruction Is shown below. 

MNEMONIC MEANING FUNCTION INSTRUCTION FORMAT 

TRAP Trap The address of this 
Instruction Is placed In 
memory location 46 8 and 

o] bit O of that location Is set L 11 ACS I ACD 1 TRAP NUMBER 11 0 0 
to O. Then, the processor o I 1 2 l I 4 s 6 I 7 I 9 I 10 11 12113 14 n 
performs a Jump Indirect 
through memory location 
47e The contents of ACS 
and ACD do not affect this 
Instruction. 
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mr~601 
ARITHMETIC/LOGICAL INSTRUCTIONS 

ARITHMETIC/LOGICAL INSTRUCTIONS 
This Instruction group performs arithmetic and logical operations on the contents of one or two accumulators. In some cases, It 
changes the value of the carry bit and, If specified, manipulates and/or tests the results of the operations. 

The logical organization of the mN601 's Internal arithmetic logic unit (ALU) ls shown below. 

FUNCTION 
GENERATOR 

17 BITS 

ACD 
16 BITS 

SHIFTER 

17 BITS 

CARRY 
INITIALIZER 

ACCUMULATORS SKIP SENSOR 

ACD 
1 BIT 16 BITS 17 BITS 

LOAD/NO LOAD 

TWO ACCUMULATOR-MULTIPLE OPERATION 

AC - accumulator 
ACS - source accumulator 
ACD - destination accumulator 

Bits 

ACO 
AC1 
AC2 
AC3 

ACS 
1 2 

0 0 
0 1 
1 0 
1 1 

ACD 
3 4 

0 0 
0 1 
1 0 
1 1 

Each Instruction specifies two accumulators, source and destination, that supply the function generator with operands. The 
function generator performs the operation specified by the operation code, e.g., add, subtract, and produces a carry bit whose 
value depends on three quantities: an Initial value specified by the Instruction, the inputs, and the function performed. The initial 
value can be derived either from the previous value of the carry bit or a new value specified by the Instruction. 

The 17-blt (16 bits plus the carry bit) result or the function generator goes lo the shifter. Depending upon the shift operation 
specified, the results are either passed undisturbed through the shifter or they are manipulated In one of the following ways: the 
17-blt result Is rotated one bit position, either left or right; or, the two 8-blt halves are swapped without affecting the carry bit. 

•• Data General 
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ARITHMETIC/LOGICAL INSTRUCTIONS 

14 

·- ------ ;_ ·----·- ·-------------------------- ·- ------- --------------- --· -·-··-

CODED 
SHIFTER OPERATION CHARACTER 

L Left rolate one place. Bit O is rotated into the 
carry position. the carry bit in lo bit 15. 

Lm-1 0-15 ~ 
R Right rolate one place. Bit 15 is rotated into the 

carry position. the carry bit into bit 0. 

1-&t 0-15 rJ 
s Swap the halves of the 16-bit result. The carry 

bit is not affected. 

I 
DG4UU 

The 17-bit output of the shifter can be tested for a conditional skip. The skip sensor tests either, or both, the carry bit or the 
16-blt result of the shifter, depending upon the Instruction, to determine If either, or both, ls equal or not equal to zero. 

After the skip sensor has tested the output of the shifter, the 17- bit result of the shifter Is either loaded or not loaded, depending 
upon the instruction, Into the destination accumulator and the carry bit. 

cuss COD£0 llESULT 
AlllR£V. CHAMCTEll lllTS 

c <oP11on Dlllllledl 00 

z 01 

0 10 

c 11 

SH loPllOl'I onul1edl 00 

L DI 

R ID 

s II . 
# loPloon O<MledJ 0 

# 1 

Ol'£llA l10N 

Do no11n.tiat1Zt1 lhe carry bit 

ln1l111lrte !he carry btl 10 O 

ln1halrze lhe carry bit ta 1 

lnohahte the carry bit ta the complement al rta 
present value 

Leave \he rHull ol 1he anlhmehc O< logical 
opeiatoon unalfecled 

Combine lhe carry and the I !!·bit resul\ 1nta a 
17 ·bit number and rotate 11 one bit lelt 

Comb1ne lhe carry and the 18-bil rHuH intaa 
17 ·btl number and rotate 11 one btl nght 

E•change lhe \WO B·M halvH ol the 16-bil 
re"ull w1lhoul altec.ting the carry 

Lo.cl the result ol lhe slult OC>ef•hon into ACD 

Do nol "'-d Ille resul\ ol \he 1MI operallOft 1nla 
A'::D 

CLASS CODED RESULT 
AllR£V. CHARACTEll lllTS OPERATION 

SKIP (option omilledl 000 Never skip 

SKP 001 Always skip 

szc 010 Skip ii carry - 0 

SNC 011 Skip II carry ,,_ 0 

SZR 100 Skip 11 result - O 

SNR 101 Skip II result ,,. O 

SEZ 110 Skip II allher carry or result • 0 

SBN 111 Skip II bolh carry and result f. 0 

NOTE: Instructions In the Two Accumulator-Multiple 
Operation format must NOT have both the 'No Load' and 
the 'Never Skip' options specified at the same time. 
These bit combinations are used by other instructions 
in the Instruction set. 

«.Data General 
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mN601 
ARITHMETIC/LOGICAL INSTRUCTIONS 

Two Accumulator-Multiple Operation Instructions 
In the function descriptions below, it is assumed that the carry bit is set to the specified value and the shift, conditional skip and 
load functions are performed as stipulated In the Instruction field. When a conditional skip is specified in the instruction, the 
program counter is Incremented an additional time if the condition is true. 

MNEMONIC MEANING FUNCTION INSTRUCTION FORMAT 

COM Complement The one's complement of 
the contents of ACS is 
placed In the shifter. The I 1 I A~S I ACD I 0 0 0 I SH I c I # I SKIP I 
output of the shifter Is 0 1 2 l I • s I ' I 7 • I , 10 I 11 12 13 I ,. I 15 

placed In ACD and the carry 
bil 

NEG Negate The two's complement of 
the contents of ACS Is 
placed in the shifter. If the 
operation produces a carry I 1 I A~S I ACD I 0 0 1 I SH I c I ff I SKIP I 
of 1, carry is complemented. o 1 2 l I • s 1 • I 1 a 1 ' 10 1 11 n u 1 14 1 1s 
The output of the shifter Is 
placed in ACD and the carry 
bit. 

MOV Move Contents of ACS are placed 
In the shifter. The output of I 1 I A~S I ACD I 0 1 0 I SH I c I f I SKIP I the shifter Is placed In ACD 

0 : 1 2 l I 4 s I ' I 7 ' I ' : 10 I 11 : 12 : 1J I 14 I 15 
and the carry bit. 

INC Increment Contents of ACS are 
Incremented by one. If 'the 
operation produces a carry I 1 I A~S I ACD I 0 I 1 1 I SH I c I # I SKIP I of 1, carry Is complemented. 
The output of the shifter Is 0 1 2 3 I 4 s • I 7 ' I , 10 I 11 12 1J I 14 I 15 

placed In ACD and the carry 
bit. 

ADC Add The one's complement of 
Complement the contents of ACS Is 

added to the contents of 
ACD. If the operation I 1 I A~S I ACD I 1 0 0 I SH I c l * I 'iKIP I produces a carry of 1, carry 

0 1 2 3 I 4 s I ' I 7 • I , 10 I 11 12 1J I 14 I 15 
Is complemented. The 
output of the shifter Is 
placed In ACD and the carry 
bit. 

4 •Data General 
Data G.-nrral CorporallOO, \\irstboro. M.uuchuod I• tllSlll 
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mN601 
ARITHMETIC/LOGICAL INSTRUCTIONS 

-- -------·- --- -·-- .... --------·- --------- -·- -- -- -- -- -

MNEMONIC MEANING FUNCTION INSTRUCTION FORMAT 

SUB Subtract The two's complement of 
the contents of ACS Is 
added to the contents of 
ACD. If the operation L 11 A:_§__S I ACD I 1 _l_ 0 1 T SH T c I # T SKIP J produces a carry of 1, carry 
is complemented. The 

0 I 1 2 3 I 4 5 6 T 7 I 9 T 10 11 12 T 13 14 1S 

output of the shifter Is . 
placed In ACD and the carry 
bit. 

ADD Add The contents of ACS are 
added to the contents of 
ACD. If the operation 
produces a carry of 1, the [ 1 I ~s I Aco I 1 _J_ 1 o I SH T c I # T SKIP J 
carry Is complemented. The 0 I 1 2 l T 4 5 • T 7 I 'T 10 11 12 Tu 14 1S 
output of the shifter Is 
placed In ACD and the carry 
bll. 

AND And The contents of ACS and 
ACD are loglcally AND'd. 

I 1 I A~S I ACD I ' 1 1 I SH I c I # I SKIP J The output of the shifter Is 
placed In ACD and the carry 0 1 2 l I 4 s I • I 7 I I • 10 I 11 12 13 I 14 I u 

bll 

16 t • [}dta General 
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mN601 
ARITHMETIC LOGICAL INSTRUCTIONS 

Multiply/Divide Instructions 

The following instructions utilize an 110 instruction format and bits 1 o to 15 specify device code 1. For this reason, device code 1 
is an illegal device code and should not be assigned to any 110 interface device. 

MNEMONIC MEANING 

MUL Multiply 

DIV Divide 

FUNCTION 

The contents of AC1 are 
multiplied by the contents of 
AC2, yielding a 32-bit 
intermediate result. The 
intermediate result is added 
to the contents of ACO, 
yielding a final 32-blt result. 
The high order bits (0-15) of 
the result are loaded into 
ACO and the low order bits 
are loaded into AC1. Bit o of 
ACO contains the high-order 
bit of the result; bit 15 of 
AC1 contains the low-order 
bit. The contents of AC2 are 
unchanged. 

The 32-blt contents of ACO 
and AC1 are divided by the 
contents of AC2. Bit o of 
ACO is the high-order bit of 
the dividend; bit 15 of AC1 
Is the low-order bit. The 
resulting quotient is placed 
In AC1 and the remainder in 
ACO. 

NOTE: Before the divide 
operation is performed, the 
contents of ACO are 
compared to the contents of 
AC2. If the contents of ACO 
are greater than AC2, an 
overflow condition ls 
indicated. In this case, the 
carry bit is set to 1 and the 
operation Is terminated; 
otherwise, the carry bit Is 
set too. 

INSTRUCTION FORMAT 

lo 1 111 011 1 011 110 o o o o 11 
0 I 1 I 2 3 I 4 5 I ' I 7 I I ' 10 I 11 I 12 I 1J I 14 I 15 

lo 1 111 011 1 010 110 o o o o 11 
o I 1 I z l I 4 s I • I 7 1 I ' 10 I 11 I 12 I u I 14 I 15 

t •Data General 
O..a f--.ICorporahon. ""'bom. M ... uct.J~h Ol51!1 
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ST ACK INSTRUCTIONS 
·---· -- ---- ---·--·-·· -- ------ ---- ----- ------------- -- ---------------------------------- -~--------------·---- --

STACK INSTRUCTIONS 
The mN601 maintains a last-in/first-out stack residing in external memory. The stack facility provides an expandable area d 
temporary storage for variables, data, return addresses, subroutine arguments, etc. Its operation depends upon the contenls cl 
two 15-blt CPU registers, the stack pointer and the frame pointer. 

The stack pointer (SP) contains the memory address of the 'lop' of the stack. It is affected by operations which either push 
information onto or pop information off of the stack. 

The frame pointer (FP) contains a memory address that is used to reference an area within the stack, called a frame or a retum 
block. A return block ls a group of five memory locations which is used to store program reentry information. The FP usuallt 
points to the last return block pushed on the stack. 

Two types of information are pushed on and olf the stack, single variables and return blocks. 

Two Instructions, PUSH and POP, move single variables between the slack and any of the four accumulators. When a PUSH 
instruction is executed, the SP is incremented by one; then, the contents of the accumulator specified in the instruction ~re 
stored In the memory location addressed by the SP. When a POP lnstruclion Is executed, the contents of the memory location 
addressed by the SP are loaded into the accumulator specified in the Instruction; then, the SP is decremented by one. See the 
Illustration below. 

18 

PUSH/POP 

INCREASING MEMORY ADDRESSES 

PUSH 

SPECIFIED AC 

STACK POINTER AFTER PUSH 
ST ACK POINTER BEFORE PUSH 

r---t----, 

STACK 

POP 

SPECIFIED AC 

STACK POINTER BEFORE POP 
STACK POINTER AFTER POP 

«"Data General 



mN601 
STACK INSTRUCTIONS 

Two Instructions, SAVE and RETURN, move information between a return block in the stack and the CPU registers described 
below. When a SAVE instruction is executed, the contents of the registers are stored in the return block addressed by the SP 
(see below). When a RETURN instruction Is executed, the contents of the return block addressed by the FP are loaded Into the 
appropriate registers (see below). 

Return blocks are Intended to be used when entering Into and exiting from a subroutine. To implement this subroutine technique, 
the SAVE instruction Is executed as the first instruction of a subroutine called by a JSR (JUMP TO SUBROUTINE) Instruction 
(see Memory Reference Instructions). A JSR instruction stores the return address (contents of program counter plus one) In 
AC3. Then, the SAVE instruction stores the contents of AC3 plus the carry bit in the last word pushed on the stack. Also, SAVE 
stores the contents of ACO, AC1, AC2, and FP in the stack. After this information is pushed on the stack, the SP and the FP are 
updated to their new values, and AC3 contains the new FP. 

The RETURN instruction is the last instruction of the called subroutine. When RETURN Is executed, the return address is 
automatically loaded Into the program counter (PC); the carry bit, ACO, AC1, AC2, FP and SP are restored to their original values 
before the execution of the SAVE instruction: and the restored value of FP is left in AC3. See the illustration below. 

INCREASING 
MEMORY ADDRESSES 

r----t----
SP- PUSHEDWORD 

PUSHED WORD 
PUSHED WORD 

PUSHED WORD 
PUSHED WORD 
PUSHED WORD 
PUSHED WORD 

SPANOFP 
r----
1 
I 

INCREASING 
MEMORY ADDRESSES 

,.----i---., 
I I 

N£W 
RETURN 
111.0CK 

SAVE/RETURN 
llCREASllG 

MEMORY ADDRESSES 

SP BEFORE •==..,..,.,,:=; 

RETURN 
BLOCK 

RETURN ·~~~~ 

CONTENTS OF BITS 1-15 TO PC 
BIT 0 TO CARRY 

FP~ ~!,-
t- AC 2 - RETURN 
1-- AC I - 111.0CK 

RETURN 
111.0CI( 

1-- ACO -

L----t---.J L---t----.J L---t----• L--1----...l 
11 STACK BEFORE ----- 21 STACK AFTER - 31 STACK AFTER THREE ---41 STACK EVENTS DURlNG - TO 5. 

SAVE INSTRUCTION SAVE INSTRUCTION PUSH INSTRUCTIONS RETURN INSTRUCTION 

51 ~~ ~UCTION Typical alack events occurring when SAVE, PUSH and RETURN lnslrucllons are execuled In sequence. 

NOTE: The SP reglsler conlalns the address of the top memory location In the slack. Thus, the lhree single 
variables pushed on the alack alter lhe lasl return block (see Figure "41 are elleclively pushed oll lhe stack 
when the RETUR.N lnslructlon Is performed. These variables could be retained elsewhere In memory by 
executing a aeries of lhree POP lnslrucllons. each followed by a STA (STORE ACCUMULATOR. see 
Memory Reference Instructions) Instruction prior lo execullng lhe RETURN lnstruclion. Then. ii desired. 
the variables can be pushed back on lhe alack alter lhe execulion of the RETURN lnstruclion. 

See Figures 4 and 5. After lhe RETURN lnstrucllon was execuled, the contents of ACO, ACt, AC2. PC. 
carry and the SP and FP registers were reslored lo their original values before the SAVE lnstrucllon was 
execuled. The new value of the FP reglstar la lall In AC3 alter the RETURN Instruction. 

For ease of programming, there are four additional instructions which affect the contents of the stack and frame painters: MTSP, 
MTFP, MFSP, and MFFP. When an MTSP (MOVE TO STACK POINTER) instruction is executed, the contents of the accumulator 
specified In the instruction are loaded Into the SP: and the contents of the accumulator are unchanged. When an MFSP (MOVE 
FROM STACK POINTER) Is executed, the contents of the SP are loaded into the accumulator specified in the Instruction: and, 
the contents of the SP are unchanged. The MTFP (MOVE TO FRAME POINTER) and MFFP (MOVE FROM FRAME POINTER) 
Instructions perform a similar function, moving information between the FP and the accumulator specified In the instruction. 

During every instruction that pushes data onto the stack, a check is made for a stack overflow. A stack overflow exists when the 
stack pointer Is incremented across a 256-word address boundary; e.g., xx377 a to xx400 8· When this occurs. the instruction 
Is completed and a stack overflow interrupt is generated, providing CPU interrupts are enabled. CPU interrupts are explained in 
the CPU 110 Instructions. 

Stack Instructions utlllze an 1/0 Instruction format and bits 1 O to 15 specify device code 1. For this reason, device code 1 is an 
illegal device code and should not be assigned to any 1/0 Interface device (see 1/0 Operations section.) 

4 "Data General 
0.1 .. Gr ... ral CorporAhon.V...tboro. Muuchus..11101581 
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mN601 
STACK INSTRUCTIONS 

-- --- .... - ---·-- -- - ------· - ----· -- ------ ·- -- - ----- -------~--- ... ··-

M NEMONIC MEANING FUNCTION INSTRUCTION FORMAT 

PSHA Push The SP Is Incremented by 1; 
then, the contents of the 
specified AC are loaded Into 
the memory location 
addressed by the contents 
of SP. The contents of the 

AC 10 1 1 0 0 0 0 0 0 10 11) specified AC are I 0 1 I 1 l unchanged. If the contents o I 1 2 , I • s 1 • I 1 1 a 1 • I 10 1 11 1 12 I n 14 IS 
of bits 8· 15 of SP are 000 (a 
256-word boundary has 
been crossed), a stack 
overflow interrupt request Is 
generated. 

POPA Pop The specified AC ls loaded 
with the contents of the 

AC I 0 1 1 1 0 0 0 0 0 I 0 I 1) memory location addressed I o , , I 
by SP: then, SP Is 0 I 1 I 2 J I • 5 I 6 I 1 I I I • I 10 I 11 I 12 I u 14 IS 

decremented by 1. 

MTSP Move To The contents of bits 1-15 of 
Stack the specified AC are placed 

lo 11!Ac10 1ooooo 1 o0 1 0 1 ~ Pointer In SP. The contents of the 
specified AC are 0 I 1 I 2 J I • s I • I 1 I • I • I 10 I 11 12 I u 14 IS 

unchanged. 

MTFP Move To The contents of blls 1-15 of 
Frame the specified AC are placed 

1J Pointer In FP. The contents of the Lo 1 tl Ac Io 0 0 0 0 0 0 0 0 0 
specllled AC are oT 1 2 J I 4 s •• 1 I ' I 10 11 uTu 14 u 
unchanged. 

MFSP Move From The contents or SP are 
Stack placed In bl\s 1-15 of the 
Pointer specified AC and bit o ol lhe [o 1 tj AC Jo 1 0 1 0 0 0 0 0 0 1J 

specilied AC Is set to 0. The 
1 I 1 2 JI• s • T 1 I ' I 10 11 12IU 14 15 

contents of the SP are 
unchanged. 

MFFP Move From The contents of FP are 
Frame placed In bits 1-15 of the 
Pointer specified AC and bll 0 of the lot ti AC 10 o o too o 1 o 0 1 0 1!] 

specified AC is set to o. The 0 I 1 I J J I 4 s I • I 7 I I I ' I ,. I 11 12 I 13 14 u 
contents of FP are 
unchanged. 

20 C •Data General 
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MNEMONIC MEANING 

SAV Save 

FUNCTION 

Information is pushed on 
stack as follows: 
1) the SP is Incremented by 
1; then, the contents of ACO 
are stored in the memory 
location addressed by the 
contents of SP; 
2) the SP is Incremented by 
1; then, the contents of AC1 
are stored in the memory 
location addressed by the 
contents of SP; 
3) the SP is Incremented by 
1; then, the contents of AC2 
are stored in the memory lo location addressed by the 1 1 0 0 

contents of SP; o I 1 I 2 I ] I 4 I 

4) the SP Is Incremented by 
1 ; then, the contents of FP 
(before the SAVE 
instruction) are stored In 
bits 1-15 of the memory 
location addressed by the 
contents of SP and 0 is 
written Into bit 0. 
5) the SP is incremented by 
1 ; then, the content of the 
carry bit Is stored in bit 0 
and the contents of bits 
1-15 of AC3 are stored In 
bits 1-15 of the memory 
location addressed by the 
contents of SP. 

If the contents of bits 8-15 
of SP are 000 (a 256-word 
boundary was crossed) at 
any time during execution of 
this I nstructlon, a stack 
overflow interrupt request Is 
generated. 

Al the end of the instruction, 
the new contents of SP are 
loaded In both the FP and 
bits 1-15 of AC3. Bit o of 
AC3 Is set to 0. 

t •Data General 

mN601 
STACK INSTRUCTIONS 

INSTRUCTION FORMAT 

110 1 0 0 0 0 0 0 0 11 
s • I 7 I I I ' I 10 I 11 I 12 I 13 I 14 I 1S 

O...a CrnrralCorporal oon. \IW•tboro. Ma,..,.hw.rl II OISSI 
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mN601 
ST ACK INSTRUCTIONS 

MNEMONIC MEANING FUNCTION INSTRUCTION FORMAT 

RET Return Information is popped off 
the stack as follows: 
1 l the contents of the FP are 
loaded into the SP; 
2) bit 0 of the memory 
location addressed by the 
contents of SP Is loaded 
into the carry bit and bits 
1-15 are loaded Into the PC; 
3) the SP Is decremented by 
1; then, the contents of the 
location addressed by the 
contents of SP are loaded 

1 o O 0 0 0 I 0 I 1] lntoAC3: lo 1 1 o o 1 o 1 
4) the SP Is decremented by ol1 1 2 1 1l4 1 s 1 ,11 1 1 I , I 10 I 11 1 12 I u 14 n 
1 ; then, the contents of the 
location addressed by the 
contents of SP are loaded 
lntoAC2; 
5) the SP Is decremented by 
1: then, the contents of the 
location addressed by the 
contents of SP are loaded 
intoAC1; 
6) the SP Is decremented by 
1: then, the contents of the 
location addressed by the 
contents of SP are loaded 
lntoACO. 
7) the SP Is decremented by 
1. 

At the end of the Instruction, 
the new contents of AC3 
(bits 1-15) are loaded into 
FP. 

t •Data General 
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INPUT /OUTPUT INSTRUCTIONS 

mN601 
INPUT/OUTPUT INSTRUCTIONS 

This Instruction group Is used by the mN601 to communicate with 1/0 devices. It passes Information between one of the 
mN601 's four accumulators and the 1/0 bus and specifies one of three Input and one of three output buffers (designated as A. B, 
and C) in an 110 controller connected to the bus. 

1/0 Instructions accommodate a 6-blt device selection network which can address 64 separate device codes. When devices are 
interfaced to the mN601 's 1/0 bus via an mN603 1/0 Controller, each device can be connected to the bus in such a way that it will 
only respond to commands containing its own device code. 

Busy and Done Flags 
It Is assumed that each device has a set of flags, Busy and Done, that control its operation (see mN603). In general, these flags 
are used In the following manner. When they are both zero, the device is idle. To start a device, the program sets Busy to one and 
Done to zero. When an operation Is finished, the device sets Done to one and Busy to zero. At this time, the device can issue a 
program Interrupt request (see 1/0 Operations section.) 

Addressing Non-Existent Device Codes 
If an attempt Is made to Issue an 1/0 Instruction to a non-existent device, the mN601 functions as though the device exists and 
no Indication Is given that it does nol exist. If an attempt is made to test the status of the Busy and Done flags (see below) of a 
non-existent device, the mN601 behaves as though the Busy and Done flag bits are O. If a data in Instruction Is directed lo a 
non-existent device, the specified accumulator will contain all ones. See functional description of 1/0 Instructions. 

The tables below Illustrate the manner In which an 1/0 instruction is coded to set flags and how an 1/0 SKIP Instruction Is coded. 

FLAGSETIING 

CLASS CODED RESULT 
ABBREV. CHARACTER BITS OPERATION 

f (option omitted) 00 Does not affect the Busy and Done flags. 

s 01 Start the device by selling Busy to 1 and Done 
too. 

c 10 Idle the device by setting both Busy and Done 
too. 

p 11 The ellect, ii any,depends on the device. 

FLAG TESTING 

CLASS CODED RESULT 
ABBREV. CHARACTER BITS OPERATION 

t BN 00 Tests for Busy • 1 

BZ 01 Tests for Busy - 0 

DN 10 Tests for Done - 1 

DZ 11 Tests for Done - 0 

D04UZ2 

The format of an 110 Instruction Is shown below. The number of data bits moved depends upon the size of the buffer and the 
operating mode of the device. 

0 1 AC OP CODE CONTROL DEVICE CODE 

0 1 2 3 4 5 6 7 I 9 10 11 12 13 14 15 

NOTE: The control bits, 8 and 9, can be fort depending upon the type of Instruction. 

t •Data General 
DalaG .. nrralCorpocalu1, \\.-,1b.in1. Ma...,.·t......Ch 015111 
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mN601 
IN PUT /OUTPUT INSTRUCTIONS 

When the Instructions described below are executed, the CPU sends the 1/0 Instruction, exactly as It Is stored in memory, to the 
110 bus. Following the instruction, data is transferred either from the CPU or the 1/0 controller. See 110 Operations section. 

MNEMONIC MEANING FUNCTION INSTRUCTION FORMAT 

NIO Nol/O The Busy and Done flags of 
Transfer the addressed device are 

set according to the 
convention specified In bits 

I 8-9 of the Instruction. lo 1 110 010 o ol F I DEVICE CODE 

The data transferred by the 011 1 1 ,!, 5 1 .11 I I ' 10 I 11 I n I u I 14 I 11 

CPU Is meaningless and Is 
Ignored by the 110 
controller. 

DIA Data In A Following the receipt of this 
Instruction, the addressed 
110 controller Is expected to 
send a 16-blt word to the 
1/0 bus from Its A buffer. 
This word Is retrieved from 

lo111Ac10011 ] the 1/0 bus by the CPU and F I D~ICECODE 
placed In the accumulator ol1 1 1 11• 5 1 ,11 I I 910 1 11 nlu 1 14 111 

specified in bits 3-4 of the 
Instruction. After the data 
transfer, the Busy and Done 
flags are set according to 
the convention specified In 
bits 8-9 of the instruction. 

I 0 1 11 AC I 0 1 1 I F I D~ICE CODE J DIB Data In 8 Same as DIA. except B 
buffer. 111 1 2:314:5 1 .11:. 1 , : 10 I 11 -12 I u I 14 I 11 

] DIC Data In C Same as DIA, except C [o 1 iJ AC I, 0 ,I F l ~ICE CODE 
buffer. • I 1 2 3l 4 s • -, 7 I 9 I 10 11 12Tu 14 11 

DOA Data Out A Following the receipt of this 
Instruction, the addressed 
110 controller should retrieve 
the next 16 bits of data 
appearing on the 110 bus and 
load them into Its A buffer. 
The data bits are the [o 1 1J AC I 0 , 01 !'i. l DEVICE CODE J contents of the accumulator 
specilled In bits 3-4 of the 

1 I 1 J 3 I • 5 6 I 7 I 'T 11 11 nTu 14 IS 

instruction. After the data 
transfer, the Busy and Done 
flags are set according to the 
convention apecified in bits 
8-9 of the Instruction. 

... 
Same aa J DOB Data Out B DOA. except B [o 1 ,I AC j 1 0 oJ F l D_.5._VICE CODE 
buffer. 

t I I J 3 I 4 s • I 7 • 'TIO 11 n r n II 11 
I 

DOC Data Out C Same as DOA. except C [o 1 1J AC l 1 1 oj F l ~VICE CODE , j J 
buffer. 0 ! 1 J Jl. s 'T 1 • 'T 10 11 11 r u · ,. · 11 

C • D-dta General 
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MNEMONIC MEANING 

SKP l/OSklp 

FUNCTION 

Following the receipt of this 
Instruction, the addressed 
110 controller sends the 
state, 0 or 1, of Its Busy and 
Done flags to the 1/0 bus. 
This Information Is 
contained In a 16-blt data 
word. Data bit 0 contains the 
complement of the state of 
the Done flag. Data bit 1 
contains the complement of 
the state of the Busy flag. 
The CPU retrieves this 
Information from the 1/0 bus 
and ignores the contents of 
bits 2-15. It takes the 
appropriate action depend­
ing upon the content of the 
Busy and Done bits and the 
specified test condition 
contained In bits 8-9 of the 
Instruction. If the test 
condition Is true, the 
program counter Is 
Incremented an additional 
time. 

mN601 
INPUT/OUTPUT INSTRUCTIONS 

INSTRUCTION FORMAT 

I 0 1 1 I 0 0 , , 1 1 I T I DEVICE CODE I 
D I 1 I 2 • J I 4 . 5 I ' I 7 • I ' 10 I 11 I 12 I 1J I 14 I 15 • 

~.Data General 
O..a Grnrflll C-orpor al....,. \\lr-11boro. M»..·i.-.11 01 "81 
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mN601 
PROGRAM INTERRUPTS ... _________________________ - ... 

PROGRAM INTERRUPTS 
Program interrupts are sequences of operations during which the CPU writes the contents of the program counter Into • 
specified memory location and loads the program counter with the address of another program. In the mN601, interrupts i.~ 
performed at the request of a peripheral device, the real-time clock or the occurrence of a stack overflow condition. 

The mN601 responds lo program Interrupts only when the interrupt enable flag contains a 1 and the CPU is either in the ha!".e-= 
state or about to fetch an instruction. II performs an interrupt by incrementing the program counter, storing the updated center-~ 
of the program counter in memory location o, performing a Jump indirect through the appropriate memory location indicat~ 
below, and clearing the interrupt enable flag. When either a real-time clock or stack overflow interrupt request Is honored, tt"• 
corresponding request flag is cleared. 

26 

Type 

External (110 devices) 
CPU real-lime clock 
Stack overflow 

Memory Location 

00001 
00002 
00003 

When more than one type of interrupt is generated simultaneously, they are serviced according to the following priority scheme. 

Type Priority 

Stack overflow first 
CPU real-time clock second 
External (1/0 devices) third 

16-Level Priority Interrupts 
The mN601 provides sixteen levels of Interrupts. These levels are established by the program, using a 16-blt word mask t0?8ther 
with a CPU mask Instruction. (See CPU 110 Instructions.) Each bit In the mask (0-15) Is assigned to a particular devt~ ~ 
devices operating at similar data transmission rates. To dis able a device from generating Interrupts, a 1 Is placed In that device s 
mask bit; to enable the device, a 0 Is placed In the mask bit. To use the mask, each 110 controller must contain an lnterru~ 
Disable flag that Is set by the CPU mask Instruction lo enable or disable Interrupts. 

«"Data General 



CPU 1/0 INSTRUCTIONS 

mN601 
CPU 1/0 INSTRUCTIONS 

110 Instructions addressed to device code 778 are CPU 110 Instructions. This Instruction group performs speclal functions rather 
than controlllng specific devices. Some CPU 110 Instructions are global In nature and are directed to all 110 controllers; others 
are acted upan Internally by the CPU. 

In all but the 110 Skip Instruction, 1/0 Instructions addressed to device code 778 use bits 8-9 to control the condition of the 
Interrupt On flag (also referred to In the text as the Interrupt enable flag). The table below shows the results of these bits when 
used with device code 778• 

CLASS CODED RESULT 
ABBREV. CHARACTER BITS OPERATION 

f (option omitted) 00 Does not affect the state of the Interrupt On 
flag. 

s 01 Set the Interrupt On flag to 1. 

c 10 Set the Interrupt On flag to 0. 

p 11 Does not affect the state ol the Interrupt On flag 

t BN 00 Tests for Interrupt On-1. 

BZ 01 Tests lor Interrupt On•O. 

DO-OIUO 

t. Data General 
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mN601 
CPU 1/0 INSTRUCTIONS 

------ -·----- ···--- ----- -- --·--·--- --·-----------------·-·------------·---·--------------~-------- -

28 

When the Instructions described below are executed, the CPU sends the Instruction, exactly as It Is stored In memory, to the I C !us. In most cases. after the Instruction Is transmitted, data Is transferred either from the CPU or the 110 controller. See L·:: 
aerations section. 

I 

MNEMONIC MEANING 

INTEN 

INTDS 

lnlerrupt 
Enable 

FUNCTION 

This Instruction Is Internal 
to the CPU. When executed, 
the Interrupt On flag Is set to 
1 after one more Instruction 
Is executed; then Interrupt 
requests are honored by the 
CPU. 

The data transmitted by the 
CPU following this 
lnstrucllon should be 
Ignored by the 110 
controllers. 

INSTRUCTION FORMAT I 

t 
I 

j 
l 

i Interrupt 
Disable 

This Instruction Is internal 
to the CPU. When executed, 
the Interrupt On flag Is set to 
O and interrupt requests are 
not honored by the CPU. 

The data transmitted by the 
I• t 11· ·I· 0 •It •11 '1' 1,1,1] 1,· 

o I 1 I 2 1 I 4 s I , I 1 1 I , 10 1 11 12 I u H u 

INTA Interrupt 
Acknowledge 

CPU following this 
lnstrucllon should be 
Ignored by the 1/0 
controllers. 

This Is a global Instruction 
directed to all 110 
controllers. It Is sent to the 
110 bus In response to a 
program Interrupt request. 
The highest priority device 
requesting an Interrupt 
should respond by sending 
Its device code to the 110 
bus in a 16-bit data word. 
The device code Is 
contained In data bits 
10-15. When the CPU 
retrieves this Information, 
the device code is placed In 
bits 10-15 of the 
accumulator specified In 
bits 3-4 of the Instruction. 
Data bits 0-9 are 
transmitted and loaded In 
the specified AC as O's. 

If no device Is requesting an 
interrupt, bits 0-15 of the 
specified accumulator are 
aet to ones. 

The Interrupt On flag is set 
according to the convention 
specified in bits 8-9 of the 

f 

I 0 1 11 AC I 0 1 11 F 11 1 1 1t1 ID 
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instruction. _ 
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MNEMONIC MEANING 

MSKO Mask Out 

IORST Reset 

FUNCTION 

This is a global Instruction 
directed to all 110 
controllers. After the CPU 
sends the instruction, It 
sends the contents of_ the 
accumulator specified In 
bits 3-4 of the Instruction. 
The contents of the 
accumulator are interpreted 
by the 110 controllers as a 
16-blt software priority 
mask. 

Each 1/0 controller 
responds by turning Its 
Interrupt Disable flag on or 
off according to the device's 
selected priority level. A 1 In 
a device's mask bit turns Its 
Interrupt Disable flag on; a O 
turns It off. 

The Interrupt On flag Is set 
according to the convention 
specified in bits 8-9 of the 
instruction. 

This is a global instruction 
directed to all 1/0 
controllers and the CPU. 

The 1/0 controllers respond 
by setting their Busy and 
Done flags to 0 and by 
turning their Interrupt 
Disable flags off. 

The CPU responds by 
disabling its real-time clock 
from generating Interrupts 
and by setting Its Interrupt 
On flag according to the 
convention specified In bits 
8-9 of the Instruction. 

The data transferred by the 
CPU following this 
Instruction should be 
Ignored by the 1/0 
controllers. 

mN601 
CPU 1/0 INSTRUCTIONS 

INSTRUCTION FORMAT 

I 0 1 1 I AC , , 0 0 I F 11 1 1 1 1 1 I 
o I 1 1 2 J I 4 s 1 • I 7 1 1 • 10 1 11 1 u I u 1 14 1 15 

lo 1 1 o olo 1 oj F ,, 1 1 1 1 11 
D I 1 I 2 1 J I 4 s I • I 7 1 1 ' 11 I 11 I 12 I u I 14 I 15 
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mN601 
CPU 1/0 INSTRUCTIONS 
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MNEMONIC MEANING 

HALT 

SKP 

RTCEN 

30 

Halt 

CPU Skip 

Real-time 
Clock 
Enable 

FUNCTION 

This Instruction Is Internal 
to the CPU. It ls used to stop 
the execution of 
Instructions. 

The Interrupt On flag Is set 
to 1. The CPU honors both 
program Interrupt and data 
channel requests while It Is 
In the halted state. 

When this Instruction Is 
executed, no data Is 
transferred as part of the 
110 transaction. See 1/0 
Operations. 

This Instruction Is Internal 
to the CPU. When executed, 
the CPU switches to 1/0 
Input mode (see 110 
Operations section); but, no 
device should respond by 
placing data on the 1/0 bus. 

CPU Skip tests the state of 
the Interrupt On flag. If the 
test condition specified In 
bits 8-9 of the Instruction Is 
true, the program counter ls 
Incremented an additional 
time. 

This Instruction Is Internal 
to the CPU. It enables the 
CPU's real-time clock to 
generate program Interrupt 
requests. 

The Interrupt On flag Is set 
according to the convention 
specified In bits 8-9 of the 
Instruction. 

The data transmitted by the 
CPU following this 
Instruction should be 
Ignored by 1/0 controllers. 

INSTRUCTION FORMAT 

la,,, o o, 01 ~ I, , , i 1 1 ,D 
I I 1 I 2 I J I 4 I 5 I ' I 7 I ' 10 I 11 I 12 I 1J 14 15 
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MNEMONIC MEANING 

RTCDS Real-time 
Clock 
Disable 

FUNCTION 

This instruction Is Internal 
to the CPU. It disables 
program interrupt requests 
by the CPU'S real-time 
clock. 

The Interrupt On flag Is set 
according to the convention 
specified in bits 8-9 of the 
Instruction. 

The data transmitted by the 
CPU following this 
Instruction should be 
Ignored by 110 controllers. 

mN601 
CPU 1/0 INSTRUCTIONS 

INSTRUCTION FORMAT 

lo 1 1 o 1 o 1 ol ~l1 1 z 1 11, 1 s 1 r.1~ I 
~ 11 1 1 1 1 ,, 
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mN601 
OPERATIONS PROTOCOL 

OPERATIONS PROTOCOL 

The mN601 communicates with memory elements and 1/0 Interfaces via Its memory and 1/0 data buses and their associat~ 
control signals. The protocol used by the mN601 In transmitting and receiving Information via Its pins is described below. 

MEMORY OPERATIONS 
The mN601 communicates with memory via the address/data pins, MB < 0-15 > • and three memory control signals, P, SAE ar-.d 
WE. Using these pins, It controls four kinds of memory operations. read, write, read-modify-write and refresh. 

During read, write and read-modify-write operations, addresses and data are transferred between the pins and memory. Ourir-;;; 
refresh operations.the CPU specifies 1/64 of the available memory locations to be refreshed by transferring a 6-blt refres."l 
address to memory together with the appropriate control signals. MB <10-15> carry the refresh block address and MB <0-9> 
contain 1 's. 

32 

Address/Data Pins 
The address/data pins, referred to as the memory address/data bus, are precharged to a logic high state for a period of 120ns 
every 480ns, regardless of the operation being performed by the CPU. Information ls placed on the bus by discharging those 
lines which carry zeroes and leaving undischarged those lines which carry ones. Once the lines are discharged during a read or 
write operation, or by external devices, they cannot be used again until they are precharged. 

Control 
Prior to Initiating a memory operation, the CPU transmits the memory address via MB <1-15 >:,and specifies the type of memory 
operation by transmitting MBO In either the high or low state. When MBO Is at a high logic level, a refresh operation ls selected_ 
when It ls at a low logic level, a read or write operation Is selected. 

A memory operation Is lnltlated on the rising edge of P. At this time, the memory samples the address on the address/data bus 
and tests the state of MBO. 

NOTE: The memory operations timing diagrams depicted on the following pages show the ct> 2 clock as a 
reference. Each action occurring on the mN601 output pins ls synchronized to the rising or falling edge of 
a clock. 



mN601 
MEMORY OPERATIONS 

... _ ·--------- --------·-· ---- ·---· -- -----------··-··-------------·-- ------ ------ ----------··-- ---- ... -- -- ··-· ------- -- --~--------- ----- ----
Read 

After the memory operation Is Initiated, the CPU transmits the SAE (SENSE AMP ENABLE) signal. After this signal goes to the 
high state, information Is read from memory and placed on the address/data bus, and the CPU retrieves the Information via the 
MB <0-15> pins. 

~JO 

Write 

READ TIMING DIAGRAM 

NOTES: 
• UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED 

BElWEEN POINTS AT 1.SV. 

• SEE TIMING TABLE ON PAGE 49. 

After the memory operation Is Initiated, the CPU transmits both the data to be written Into memory via MB <0-15> and the WE 
(WRITE ENABLE) signal. When WE goes from the high to the low logic level, the information on the address/data bus Is valid and 
Is written Into memory. 

~JI 

WRITE TIMING DIAGRAM 

NOTES 
• UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED 

BElWEEN POINTS AT 1.SV. 

• SEE TIMING TABLE ON PAGE 49 • 

• • Data General 
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mN601 
MEMORY OPERATIONS 

---·--------------------··-· ----

Re8d-Modify-Write 
Aller the mernory operation ls Initiated, a read operation Is performed. Then, the address/data bus Is precharged and a write 
operation follows. P remains In the high slate until after the memory operation ls completed. 

34 

READ-MODIFY-WRITE TIMING DIAGRAM 

t-------RWED------_..--WET 

NOTES 
• UNLESS OTHERWISE NOTED, 11ME INTERVALS ARE MEASURED 

BETWEEN POINTS AT 1.5V. 

• SEE 11MING TABLE ON PAGE 49. 

Refrelh 
After the refresh operation Is Initiated, the CPU transmits the WE signal, but does not transmit data, and the Information selected 
by the address Is refreshed. 

The mN601 supports dynamic RAM elements by refreshing alt memory locations at least once every 1.8432ms. 

REFRESH TIMING DIAGRAM 

·--r--i------------PT·--------------1 

p 

PC PC 
MB<0-15> -----'t---M-~--.j...----4-.-----+-----------4-------t-1"'""-

DO-Oll>l1 

WE ---------+-------../ 

NOTES 
• UNLESS OTHERWISE NOTED. TIME INTERVALS ARE MEASURED 

BETWEEN POINTS AT 1.5V. 

e SEE TIMING TABLE ON PAGE 49. 

NOTE: At times: a memory operation is iniliat.ed and then aborted by the CPU. ~Is condition _arises when the CPU 
ake& an"intelligenl dec1s1on"whlle performing a task; for example, during indirect addressing chains. When this 

~curs, the memory control signal P is asserted and the address appears on the memory bus; but, no memory 

operation is performed. 

t. Data General 



1/0 OPERATIONS 

mN601 
1/0 OPERATIONS 

Data Is passed between the mN601 and the mN603 1/0 controllers connected to the mlcroNOVA 1/0 bus under two operating 
modes: programmed 110 and data channel break. The CPU Is switched to one of these operating modes at the request of the 1/0 
controllers, through the use of the program Interrupt and data channel request faclllties. 

Programmed 1/0 
In programmed 110, the CPU moves Information, consisting of a command followed by data, between its accumulators and the 1/0 
bus. There is one exception to this rule: that Is, when an 1/0 Skip Instruction Is executed. The data received in response to this 
command contains the state, O or 1, of the addressed device's Busy and Done flags. This information is not loaded Into an 
accumulator. It is acted upon directly by the CPU. Using this information together with the command (e.g~ SKPDN - Skip If Done 
Is Non-Zero), the CPU determines whether the test condition specified In the command is true or false. If it Is true, the program 
counter Is Incremented an additional time. 

Data Channel Break 
In a data channel break, the CPU moves Information between the 1/0 bus and memory without altering the program flow. This 
information transfer is transparent to the executing program. When the CPU honors a data channel request, it sends an 
acknowledgement to the 1/0 bus. This Is responded to by the 1/0 controller with the highest priority requesting a data channel 
break. The 110 controller sends to the CPU the appropriate 15-blt memory address and a direction of transfer mode bit (0 equals 
data out; 1 equals data in). All references to direction of transfer are always In relation to the CPU; that Is, data In to the CPU, 
data out from the CPU. When the CPU receives the address, it begins a read-modify-write operation using the address received 
from the 1/0 controller. Then, It examines the mode bit. 

If the mode bit is set for a data out, the Information received by the CPU during the read portion of the memory operation Is sent to 
the 1/0 bus. The write portion of the memory operation is not executed. 

If the mode bit Is set for a data in, the CPU switches to 1/0 Input mode and then waits a certain period of time to receive the data. 
The 16 data bits received from the 110 controller during this time period are sent to the memory bus and are written into memory 
during the write portion of the memory operation being performed. The Information received by the CPU during the read portion of 
the memory operation is Ignored. 

1/0 Bus Transfers 
Information is passed in serial form between the CPU and the 1/0 bus via the CPU 1/0 bus pins. The pins and their functions are 
listed below. 

PIN MNEMONIC FUNCTION 

l/ODATA 1 81-dlrectional, data bus. This llne carries the 8 most significant bits (0-7) of a 16-blt word in serial 
form, plus one control code prefix bll (Code bits are explained below.) 

l/ODATA 2 Bl-directional data bus. This llne carries the B least significant bits (8-15) of a 16-blt word in serial 
form, plus one control code prefix bit. 

l/OCLOCK Bi-directional, synchronizing clock line. The 1/0 CLOCK strobes data into the receiving device at a 
rate of 8.33Mbits per line. 

OCH INT This Is a wired-OR of all l/C controllers' data channel request lines. When asserted low by any of 
the 110 controllers, it tells the CPU that a device, or devices, is requesting a data channel break. 

ffiiNi' This Is a wired-OR of all 110 controllers' program Interrupt llnes. When asserted low by any of the 
110 controllers, It tells the CPU that a device, or devices, is requesting a program interrupt. 

l/OINPUT This line Indicates the operating mode of the mN601 to the CPU 110 transceiver connected to the 
110 bus. When It Is at the low logic level, it tells the transceiver that the CPU Is sending information, 
and the transceiver should receive the information and pass It to the 1/0 bus. When the line is at a 
high logic level, ii tells the transceiver that the CPU is ready to receive data, and the information on 
the 110 bus should be retrieved and sent to the CPU. Except for the intervals during which the CPU 
is transmitting Information, this llne remains In the high logic state. 
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mN601 
1/0 OPERATIONS 

------------ ----·- ... ---- ----··----- ·---- .. ·-----·------------------------·'. --------·- -~---

The 1/0 data lines (110 DATA<1-2>)are used to transfer four types of Information: Request Enable, Data Channel Address Requ~ 
programmed 110 commands, and data. Each type consists of either 2 bits or 18 bits (1 or 9 bits on each 110 data line) and ~ 
Identified by the first bit transmitted on each line. The encoding Is shown below. 

FIRST BIT FIRST BIT 
CODE CODE 

l/0DATA1 l/ODATA2 1/0 TRANSFER TYPE TOTAL NO. OF BITS TRANSFERRED 

1 1 Request Enable 2 code bits only 

1 0 Data Channel 2 code bits only 
Address Request 

0 1 Data 18 bits (2 code bits plus 16 data bits) 

0 0 l/OCommand 18 bits (2 code bits plus 16 command bits) 

NOTE: The 1/0 operations timing diagrams depicted below show the </l1 clock as a reference. Each action 
occurring on the mN601 output pins Is synchronized to the rising or falling edge of a clock. 

Request Enable 
This Is a signal sent by the CPU, In code form, to all devices connected to the 1/0 bus. It Is sent at Irregular Intervals and Is used 
by the Individual 1/0 controllers to synchronize the assertion of program Interrupt and data channel request lines. Request 
Enable ensures that the EXTINT, DCHINT, and priority lines are al a steady state when they are examined by the CPU. 

36 

REQUEST ENABLE TIMING DIAGRAM 

l/ODATA 1 -----+---+--l----+--------------3V (NOMINAU 

-- ---- --- - - -ov 
110 DATA2 -----+----+---+---+--------------3V (NOMINAU 

-- - ------- --- -ov 
1/0 INPUT ------. 

i----4--REQUEST ENABLE 

NOTES 
• UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED 

BEl'WEEN POINTS AT 1.5V. 

e SEE TIMING TABLE ON PAGE 49. 
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mN601 
1/0 OPERATIONS 

Data Channel Address Request 
This Is a signal sent by the CPU, In code form, to the 110 bus In response to a data channel request. It tells the 110 controllers that 
the CPU Is ready to receive the data channel address and mode bit. It Is responded to by the highest priority device requesting a 
data channel break. Data Channel Address Request also acts as a Request Enable. 

Data 

DATA CHANNEL ADDRESS REQUEST TIMING DIAGRAM 

r/Jl 

1/0 DATA 1 --------t----+----i--------------3V(NOMINAU 

110 INPUT ----.... 

NOTES 

-- -- - - ---- - - - -OV 
1,---+-------------3V (NOMINAU 
7"">---~--DAT A CHANNEL ADDRESS REQUEST ..._-=--'--- - -- - -- -- --ov 

• UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED 
BETWEEN POINTS AT 1.5V. 

• SEE TIMING TABLE ON PAGE 49. 

The format shown In the Data Timing Diagram Is used to transfer 16 data bits on the 1/0 bus. In programmed 110, data is any 
16-blt transfer which is not an 1/0 command. In a data channel break, this format Is used to transfer the 15-bit memory address 
plus mode bit and the 16-blt word. 

DATA TIMING DIAGRAM 

i$1 

110 DATA 1 

110 INPUT ----

D0-04011 

NOTES 
• UNLESS OTHERWISE NOTED. TIME INTERVALS ARE MEASURED 

BETWEEN POINTS AT 1.5V. 

• SEE TIMING TABLE ON PAGE 49. 

NOTE: The timing for Incoming data to the CPU is the same as that for outgoing data, except that the 1/0 INPUT 
signal remains at a high logic level. 
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mN601 
1/0 OPERATIONS 

----·· ----- ----~-- ----------------·- ------~--·-----------------·----~------------ - --

l/OCommand 
The format shown in the 110 Command Timing Diagram Is used by the CPU to transfer all instructions to the 110 bus In which b:S 
0-2 contain 011 (110 instruction format}. 
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1/0 COMMAND TIMING DIAGRAM 

£11 

l/ODATA 1 

110 DATA 2 -----i----

1/0 INPUT ----I 
- -TD4 

1---~-~-~~~-~TINJSUTo-~-~~~~----~--1 

NOTES 
• UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED 

BElWEEN POINTS AT 1.5V. 

• SEE TIMING TABLE ON PAGE49, 

RULE: 00, 01 8 , 02 a, 03 8 , and 77 8 are ILLEGAL DEVICE CODES for any 110 device connected to the microNOVA 
f/Obus. 

The mN601 Instruction Set section describes several groups of Instructions which Incorporate the 1/0 format: 1/0, CPU 1/0. 
Multiply/Divide, and Slack. Each of these groups Is discussed below. 

Each 110 instruction should contain a device code in bits 10-15 which specifies one of the existing devices connected to the ltO 
bus. When one of these Instructions Is sent to the 110 bus by the CPU, each mN603 1/0 controller examines the device code and 
determines what action, if any, should be taken. Most Instructions In this group are followed by a data transfer, either from lhe 
CPU or the 110 controller. See mN601 Instruction Sel 

Each CPU 1/0 instruction contains device code 77 8 (illegal device code). Some of these Instructions are global In nature and are 
directed lo all 1/0 controllers: others are acted upon Internally by the CPU. The latter should be ignored by all 110 controllers. The 
effect of each is described in the CPU 110 Instructions section of the mN601 Instruction Sel 

Both the Multiply and Divide Instructions address device code 01 8 (Illegal device code). Although these instructions are internal 
to the CPU, the instruction is sent to the 110 bus when executed; but, no data Is transferred. 1/0 controllers should Ignore theSf 
instructions. 

Stack instructions also address device code 01 a (illegal device code). Their effect Is the same as that for Multlply/Divide 
Instructions. 110 controllers should ignore these instructions. 

t •Data General 



1/0 Transfer Protocol 

mN601 
1/0 TRANSFER PROTOCOL 

Programmed 1/0 Data Out 

The programmed data out timing diagram depicts a transfer of an 1/0 instruction followed by a data transfer from the CPU; e.g., 
DOA, DOB, DOC, MSKO. Alter the instruction is sent to the 110 bus, the CPU waits for a fixed interval of time before sending the 
data. 

PROGRAMMED DATA OUT TIMING DIAGRAM 

Pl/OOUTDD 

110 CLOCK 

I 'O DATA 1 --~..:...;;ztX::X::X:::JiDC:lCX:::i'-----~,...~;...i:,._.,;:.~ICl.-..o--"'--.c.--'=--.,,--

1'0 DATA 2 --"'.'l..L __IL-""'D"""'"'l:r""'~""t7""""'<::T~~r-::!z:------;--r-±:-:v.....-,;r-v--v--:v--:'lr-v-~=--

110 INPUT 

NOTES 

COMMAND 
CODE 

DAT A TRANSFER 
CODE 

• UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED 
BETWEEN POINTS AT 1.SV. 

e SEE TIMING TABLE ON PAGE 49. 

Programmed 1/0 Data In 

The programmed data in timing diagram depicts a transfer of an 1/0 instruction followed by a data transfer from an mN603 1/0 
controller; e,g., DIA, DIB, DIC, INTA, 1/0 SKIP. After the CPU sends the instruction to the 1/0 bus, It switches to 1/0 input mode and 
opens a window for the reception of a data word for a fixed Interval of time. It Is expected that the 1/0 controller addressed by the 
instruction will send 16 data bits plus the control bits during this time frame. When the window closes, the CPU performs the 
command specified In the Instruction using the data bits received. 

PROGRAMMED DATA IN TIMING DIAGRAM 

110 CLOCK 

1/0 DATA 1 --~ _1,c~"""l='C"""~~rc-'O'"'""°"'=-lr--1---t---------, 
l'--4-'..;.tl.-'-<:>....;....D....o.....<>...;.....<:.._..L:..-..;..a.-Jf 

1/0 DATA 2 --~-
r-"4".-;.:a.~~""--""""'""-'"-=;,a..;,;...,,.,,.___,, 

l/OINPUT 

DO-lHOl/I 

NOTES 

P 110 IN Do 

1~ • 1 · 

DATA TRANSFER 
CODE 

Pl/O INrw-----------i 
WINDOW OPEN FOR DATA 

e UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED 
BETWEEN POINTS AT 1.5V. 

e SEE TIMING TABLE ON PAGE 49. 

t •Data General 
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mN601 
1/0 TRANSFER PROTOCOL 

----'--·------------··----------·-·------------------~----·----

O.ta Chennel Data Out 
The sequence of events from the time the CPU acknowledges a data channel request through the time the data Is placed on tll• 
1/0 bus Is depicted In the timing diagram below. After the CPU sends a Data Channel Address Request to the bus, It switches~ 
data channel Input mode. At this time the CPU opens a data-In window for a fixed Interval of time. It Is expected that the Ii ·t 
controller with the highest priority requesting a data channel break wlll send the memory address and the direction mode b 
during this time frame. When the window closes, the memory address contained In the data transfer Is used by the CPU ltl 
performing a memory read operation. When the data is retrieved from memory, the CPU transfers It to the 1/0 tius by performing• 
data out operation. 

l/OCLOCK 

VO INPUT 

DATA CHANNEL MEMORY TO DEVICE TIMING DIAGRAM 

··. ·:·:· ·.'.•:· :-·:. ·:· .... ·. ·'.··· ·.·.· 

DATA TRANSFER 
CODE 

OCH TWA 
WINDOW OPEN FOR 

OCH D ADDRESS ANO MODE BIT 

------~DCHOoo------.-i---DATAOUT--..-1 

1-+-------------~DCH0,----------------~1 

Data Channel O.ta In 

NOTES 
• UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED 

BE1WEEN POINTS AT 1.5V. 

• SEE TIMING TABLE ON PAGE 49. 

~-

The sequence of events from the time the CPU acknowledges a data channel request through the time the data Is received by the 
CPU from the 110 bus is depicted In the timing diagram below. After the CPU sends a Data Channel Address Request, It switches 
to data channel Input mode. Then, it opens the data-in window twice for fixed Intervals of lime. The first lime is to retrieve the 
memory address and mode bll The second time it Is expected that the 1/0 controller will send one 16-blt word plus the control 
bits. When the window closes, the data bits received are sent to the memory bus and a memory write operation Is performed. 

DATA CHANNEL DEVICE TO MEMORY TIMING DIAGRAM 

llOCLOCK 

llODATA2 

110 INPUT 

OATACHANNEL ~ 
1-l-----::-=:-------t---t-----------r~ AODRESSREOuES 

OCH 
TWA 

1A----=w,=,NOOWOPEN F0~0~--~-- WINDOW OPEN FOR DATA 
ADDR~SS AND MODE BIT 't'i'.~~~~ 

~-----DCHloo·---==.._.,,_ __ DCHITWO 

DCHITW 

DC Ho 
L-------------~DCHl------------------i 

NOTES 
e UNLESS OTHERWISE NOTED. TIME INTERVALS ARE MEASURED 

BETWEEN POINTS AT 1.5V. 

e SEE TIMING TABLE ON PAGE 49. 
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Timing 

mN601 
PROGRAMMED 1/0 LATENCY 

On systems which have a number of 1/0 controllers and depend heavily on Input/output, both programmed 110 and data channel 
facilities can be overloaded. This overloading causes certain peripherals to lose data due to the Inability of the system to respond 
to them In lime. 

Programmed 1/0 Latency 
Most peripherals operating under program control request processor time by setting their Done flags to 1. Whether the CPU 
determines that a device is requesting service by repeatedly checking the state of the flags using 110 Skip Instructions or by 
means of program Interrupts, there is a delay between the time the peripheral requests service (sets its Done flag to 1) and the 
time the CPU fetches the first Instruction of the peripheral service routine. This delay Is called programmed 110 latency. 

When the program Interrupt facility Is not used, this time Is dependent upon the following: frequency of the 1/0 Skip Instructions 
and efficiency of the software servicing the peripherals; I.e., the time required by the peripheral service routine to transfer data to 
or from the peripheral and set the Done flag to O. 

When the program Interrupt facility Is used, 1/0 latency Is defined as the sum of the following: 

1. The time from the setting of the Done flag to 1 to the end of the Instruction currently 
being executed by the CPU. 

2. The time when CPU operation Is suspended while data channel transfers are In 
progress. (See the following section.) 

3. The time program Interrupts are turned off, e.g., during the servicing of an lnterruput 
from another peripheral. 

4. The time required to execute two of the longest consecutive Instructions present In the 
program. See the table of Instruction Execution Times at the end of this section. 

5. Interrupt cycle time, which Is comprised of the following: 6 CPU cycles plus 2 cycles per 
Indirect level, where 1 CPU cycle equals 0.480µsec. 

Interrupt cycle time Is the time required for the Interrupt facility hardware to store the 
contents of the program counter plus 1 In location 0, and to simulate a Jump Indirect 
Instruction to location 1 (or to location 2 or 3 If the Interrupt Is generated by the CPU's 
real-time clock or stack overflow, respectively). 

6. The time required by the Interrupt handler to Identify the peripheral and transfer control 
to that perlpheral's service routine. 

7. The time required by the service routine to transfer data to or from the peripheral and 
set Done to 0. 

Items 1, 4, and 5 are machine dependent. Item 2 depends upon the number of data channel devices and their activity rate. Items 
3, 6 and 7 are determined by the software and represent the bulk of the programmed 110 Interrupt latency. 

Additionally, If any higher priority program Interrupt, I.e., stack overflow or real-time clock, has a pending Interrupt, the time 
calculation Is the same. The CPU always honors the Interrupt with the highest priority. 

programmed 1/0 Interrupt latency Is Important because a peripheral device that must wait too long to be serviced may suffer 
from loss of data. For this reason, the mN601 Incorporates the priority Interrupt facility. To minimize the loss of Important data, 
the software priority levels should be assigned on the basis of the following considerations: 

A. The maximum allowable programmed 1/0 latency for each peripheral 
device. 

B. The result of exceeding the maximum allowable programmed 1/0 latency 
for each peripheral device; I.e., slowdown or data loss. 

t •Data General 
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mNt>Ul 
DATA CHANNEL LATENCY 

-- - --------- ----- --·---·-------- ---- ----·----- ----------- ----------·----- ----------·------------------ -
O.ta Channel latency 

Latency Is also a factor when data is transferred between peripheral devices and memory via data channel breaks. The CPl­
allows data channel devices to access memory only during predefined times. In addition, more than one peripheral may bes 
waiting for service at any given time. 

Data channel latency Is defined as the time between the 110 device's request for service (the OCH SYNC llne Is asserted low tt­
the device - see mN603) and the time when data Is strobed, either during data reception or transmission. Data channel latenc• 
consists of the sum of either of the following values: 

Data Channel Data In 
(Device to Memory) 

Data Channel Data Out 
(Memory to Device) 

The time required to execute the 
two longest consecutive instructions, 
excluding Multiply and Divide, (see 
the table of Instruction Execution 
Times) plus 6 CPU cycles, where 
1 CPU cycle equals 0.480i:sec. 

The time required to execute the 
two longest consecutive instructions, 
excluding Multiply and Divide, plus 
11 CPU cycles. 

For example, If the two longest consecutive Instructions In the program are 15 CPU cycles each, the maximum latency for a data 
channel data out transfer Is: 

42 

15 + 15 + 11 - 41 CPU cycles; 
41 x .4BOµsec - 19.68µsec 

Additionally, there Is a minimum data channel latency. The minimum latency for a data channel data In Is 11 CPU cycles; the 
minimum for a data channel data out Is 16 CPU cycles. 

Minimum latency can be used In computing data channel latency when It Is known that the device will request a data transfer_ 
Thus, a data channel request can be Initiated 11 CPU cycles (for a data channel data In) or 16 CPU cycles (for a data channel 
data out) before the device Is ready to transfer data; thereby reducing the latency factor from data ready to data transfer. 

The above computations assume the request Is by the highest priority device requesting service. 

When there are other, higher priority devices requesting data channel transfers, the time required for these transfers m~st ~ 
added to the latency. For each data channel out transfer the time Is 7.2µsec and for each data channel In transfer the time 15 

5.8µsec. 

t. Data General 
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STATUS 

Initialization 
On power up, Vee must be at -3V before VGG· Voo and Vee start going positive. 

mN601 
STATUS 

After the mN601 is initially brought up to the recommended operating specifications {see DC Characteristics), the CLAMP pin 
must be held at a low logic level for a minimum of 1 00 µsec. Then, when CLAMP goes from the low to high state, the CPU Is 
properly initialized and enters the HALT state {see below). After inlliallzatlon, pulling CLAMP low for a period of 1 OOµsec causes 
the mN601 to reset and enter the HALT state when CLAMP goes from the low to high logic state. The contents of Internal ~ 
registers and RAM memory are indeterminate whenever CLAMP is low for a period greater than 100 µsec. I.ill... 
Halt 

When the mN601 is in the HALT state, it generates a sequence of 0.417MHz pulses from the HALT pin as shown in the timing 
diagram below; otherwise, the HALT pin rer.nalns In the low logic state. 

HALT TIMING DIAGRAM 

-fl:====-H1-===-~b--
NOTES 

• UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED 
BETWEEN POINTS AT 1.5V. 

• SEE TIMING TABLE ON PAGE 49. 

In the HALT state, the CPU performs the following functions: It generates Request Enable signals, it responds to both program 
Interrupts and date channel requests, and It generates dynamic RAM refresh signals. The normal way to start the mN601 when ii 
Is in the HALT state is to generate en Interrupt. 

Reset 
The mN601 Is reset by pulling the 110 CLOCK pin low for a period of 10 µsec. When 110 CLOCK rises to the high logic state after 
the CPU Is reset, the m N601 enters the HALT state and the contents of Internal registers ere indeterminate. 

NOTE: Do NOT pull 1/0 CLOCK low when 1/0 INPUT is low . 

• • Data General 
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mN601 
INSTRUCTION EXECUTION TIMES 

- -- -~ ··---------- -- ------- --------_______________ ..,. __ ..._ ___ ~-------------
INSTRUCTION EXECUTION TIMES (IN CPU CYCLES111J 

INSTRUCTION GROUP TYPE ADDRESSING MODES 

AUTO 
INCREMENT/ 

MEMORY REFERENCE GROUP DIRECT INDIRECT (2) DECREMENT 

DSZ 8 (3) 10131 13 (3) 
ISZ 8 (3) 10 <3> 13 (3) 
JMP 8 7 10 
JSR 7 9 12 
LOA 6 8 11 
STA 6 8 11 

ARITHMETIC AND LOGICAL 
GROUP REGISTER ADDRESSING 

ADC 5 (3) 
ADD 5 (3) 
AND 5 (3) 
COM 5 (3) 
INC 5 (3) 
MOV 5 (3) 
NEG 5 (3) 
SUB 5°(3) 

MULTIPLY/DIVIDE GROUP REGISTER ADDRESSING 

DIV 122 
MUL 87 

INPUT/OUTPUT GROUP REGISTER ADDRESSING 

DIA 15 
DIB 15 
DIC 15 
DOA 10 
DOB 10 
DOC 10 
NIO 

~~ (3) SKP 
STACK CONTROL GROUP REGISTER ADDRESSING 

MFFP 8 
MFSP 7 
MTFP 6 
MTSP 6 
POPA 7 
PSHA 7 
RET 15 
SAV 16 

CPU CONTROL GROUP REGISTER ADDRESSING 
HALT 10 
INTA 15 
INTDS 10 
INTEN 10 
IORST 10 
MSKO 10 
RTCEN 10 
RT CDS 10(2) 
TRAP 9 

NOT£: (1) ONE CPU CYCLE - 0.480 JA sec 
121 FOR EACH ADDITIONAL INDIRECT LEVEL. ADD 2 CYCLES; 

FOR EACH AUTO-INCREMENT/DECREMENT, ADD 5 CYCLES 
(3) IF SKIP OCCURS, ADD 2 CYCLES 

44 C, Data General 



mN601 
ELECTRICAL SPECIFICATIONS 

--- -· ----------·--·---- ·--------------------· -·---------- -----·--··· - ·--·- ---·-·-----

ELECTRICAL SPECIFICATIONS 

BSOLUTE MAXIMUM RATINGS 

Supply voltage, Vee- •••.••.•••••••••..•••••••.••••••••.•••••••••••.•••••••••••••••••••••• -7V 
Supply voltage, V cc •••••.••.••••.•••••••••••••••••••••••••••••••••••••••••••••••••.••.•••• 7V 
Supply voltage, Voe •.•••.•••••••.•••••••••••••.••••••••••••.••••••••••••••••••••••••••••• 13V 
Supply voltage, V GG ..••••.•.•••.•••.•••••••••••.•••••..••••••••••••••••••••••••••.••••••• 17V 
Input voltage, v1 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 7V 

Operating free air temperature range, TA .•••••••••••••••••••••.•••.••••••••••.•••••.. 0 deg. to 70 deg.C 
Storage temperature range, T STG •••••••••••••••••••••.••••••••••••••••••••••••• -55 deg. to 125 deg.C 

NOTE: All voltages are referenced to ground. Subjecting a circuit to conditions either outside or at these 
limits for an extended period of time may cause Irreparable damage to the circuit. As such, these ratings 
are not Intended to be used during the operation of the circuit. 

ECOMMENDED OPERATING CONDITIONS 

Supply voltage, v88 .•...•..••..••...••....•....••..•.•.••••..••..•..••.•••.••••••• -4.25V ± 0.5V 
Supply voltage, V CC· •.•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 5V ± 0.25V 
Supply voltage, Voe •••••••••••••••••••••••••••••••••.•••••••.••••••••••••.••••••••••. 1 OV ± 1 V 
Supply voltage, VGG· ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 14V ± 1 V 

Operating free air temperature range, TA. • •• • •••• • • ••••••••••••••••••••• • • • • • •••••••• 0 deg. to 70 deg.C 

C CHARACTERISTICS 

iVMBOL CHARACTERISTICS CONDmONS MIN TYP MAX UNITS 

L 11>1. 11>2 (clock input) -2.0 0.8 v 
MB <0-15> ,CLAMP,EXTINT,DCHINT -1.0 1.0 v 
1/0 CLOCK, 1/0 DATA 1, 1/0 DATA 2 -0.5 0.5 v 

H 11>1. '1>2 13 15 v 
MB < 0-15 >.CLAMP, EXTINT, DCHINT 3.75 5.8 v 
1/0 CLOCK, 1/0 DATA 1, 1/0 DATA 2 2.70 5.8 v 

L 4>1. 4>2 VrL =0.8V 10 µ.A 
MB <0-15> VrL =1V -2 mA 
EXTINT, DCHINT VrL =1V -4 mA 
CLAMP VrL = 1V 10 µ.A 
l/OCLOCK, 1/0DATA1, l/ODATA2 VrL =0.5V -4 mA 
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mN601 
ELECTRICAL SPECIFICATIONS 

- ----- -- ------- ----------------- -------------------------- -------- --------------- ------

DC CHARACTERISTICS (Cont.} 

SYMBOL CHARACTERISTICS CONDITIONS MIN TYP MAX UNITI 

l1H 
-=; 

10 ,,,. 
4>1. Q2 V1H = 15V 

MB <0-15> V1H =5.8V 60 ,,,. 
EXTINT, DCHINT V1H =5.8V 100 ,,,. 
CLAMP V1H =5.8V 10 µA 

1/0CLOCK,110 DATA 1, 1/0 DATA 2 V1H =5.8V 100 ,,,. 
VPCHS MB <0-15> IPCHS 4.25 4.75 5.25 v 

(VOLT AGE AFTER PRECHARGE) = -60µA 

IPCHS MB <0-15> VPCHS -60 ,,,. 
(CURRENT AFTER ?RECHARGE) =4.25V -

Vol MB <0-15> ,SAE.WE.PAUSE,P, 0.5 v 
1/0 INPUT, 1/0 CLOCK. 110 DAT A 1 
110 DATA 2, HALT 

VoH MB <0-15> .SAE,WE,PAUSE,P, 2.75 v 
110 INPUT, 1/0 CLOCK, 1/0 DAT A 1 
110 DATA 2, HALT 

lol MB <0-15> ,SAE,WE,PAUSE,HALT Vol= 0.5V 2.0 mA 
1/0 CLOCK,1/0 DATA 11 l/O DATA 2 2.0 mA 
l/OINPUT,P 4.0 mA 

loH MB <0-15> ,SAE.WE.PAUSE.HALT VoH = 2.75V -100 pA 

110CLOCK,1/0 DATA 1, l/O DATA 2 -100 pA 

P.110 INPUT· -200 pA 

1ee Average -250 µA 

Ice Average 20 mA 

loo Average 60 mA 

1GG Average 30 mA 

CAPACITANCE 

Clock line ( ~ 1, 4>2) capacitance 100 pF 

Capacitance of all other signal pins 10 pF 

External load capacitance on MB <0-15>. 
110CLOCK,110 DATA 1, 110 DATA 2 20 pF 

External load capacitance between any two MB lines. 10 pF 

External load capacitance on P. pF 
110 INPUT. SAE. WE. PAUSE, HALT 30 

NOTE: Positive current is into the pin. 
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AC CHARACTERISTICS 
Switching Diagrams 

liJ1. l1J2 

MBO-MB15 

110 DATA 1 
l/0DATA2 
110 CLOCK 

l/OINPUT 

WE 

p 

SAE 

HALT 

DO-OfOllf 

OUTPUT MODE 

CLOCKS 

li!l1. li!l2. 

MBO-MB15 

DCHINT 
EXTINT 

110 CLOCK 

110 DATA 1 
l/ODATA2 

DQ..OfOtS 

mN601 
ELECTRICAL SPECIFICATIONS 

INPUT MODE 

T19 

T18 

T17 T17 

1.5V 

IP~ I 

NOTE: Time intervals are all measured between 
10% and/or 90% points, unless otherwise specified. 
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mN601 
ELECTRICAL SPECIFICATIONS 

----------·------ --'---·----~---· ----
Transition Timing 

FUNCTION l SYMBOL 1 PIN MIN. MAX. UNITS 

MASTER CLOCK FREQUENCY ACCURACY .1% 8.333 MHz 

CLOCKS T1 4>1,4>2 SEPARATION 5 25 ns 

T2 4>1.4>2 WIDTH 75 95 ns 

T3 4>1,4>2 CYCLE 235 245 ns 

OUTPUTS T4 MBO-MB15 80 ns 

TS l/ODATA 1, l/ODATA 2, l/OCLOCK 25 ns 

T6 l/OINPUT 25 ns 

T7 WE 25 ns 

TS PFALL 25 ns 

T9 PRISE 25 ns 

T10 SAE 40 ns 

T11 PAOSE 25 ns 

T12 HALT 40 ns 

INPUTS T13 MB 0-MB 15SET-UPTIME 40 ns 

T14 MB 0-MB 15HOLDTIME 20 ns 

T15 OCH INT, EXTINT SET-UP TIME 100 ns 

T16 DcHiNT, EXTINT HOLD TIME 20 ns 

T17 l/O<CLOCK/DATA 1/0ATA 2>SKEW -5 +15 ns 

T18 l/O<CLOCK/DATA 1/0ATA 2>WIDTH 115 125 ns 

T19 l/O<CLOCK/OATA 1/0ATA 2> RISE/FALL 10 ns 
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-------------- -· -------- -- ------- ---- -· - -·-· -~-- ------ --------·----- -- ·------·--- - ------------- ------- -----··· ·-···· -·· -- ---·---- -- ---------- --· ---- --·--·--.. <-.... __ 
TIMING TABLES I 

MEMORY READ/WRITE TIMING 
CSee Memoryo ti I pera ans 

OPERATION SYMBOL DESCRIP'llON 

COMMON TO PT PLOW D~RATION 
ALLMEM PT P HIGH DURATION 
CYCLES AS ADDRESS SETUP TIME 

AH ADDRESS HOLD TIME 
PC PRE CHARGE 

READ SAED PTO SAE DELAY 
DD SAE TO DATA DELAY 
SAET SAE DURATION 
OT DATA DURATION 

WRITE/ WED PTO WE DELAY 
REFRESHCll WET WE TIME DURATION 

WDS WRITE DATA SEnJPTIME 
WDH WRITE DATA HOLD TIME 

READ RWED READ MqDIFYWRITEWEDELAY 
MODIFY I 

WRITE i 
" """''" (I I AppRas lo bolh wrlla and ralresh operallons. 

WDS and WDH apply lo write opera II on only. 
NOTE: Rise and la II limes lor lnpul signals are assumed gans. 

1/0 BUS TIMING 
ISee 1/0 Operations) 

OPERATION SYMBOL DESCRIPTION 

COMMONTOALL ID1 110 INPUT TO 110 CLOCK TIME I START OF 
OUTPUT TRANSACTION! 
OPERATIONS ID2 110 CLOCK 112 PERICO (BITTIMEI 

TD3 110 CLOCK TO UO INPUT TIME !END OF 
TRANSACTIONI 

ID4 110 CLOCK TO 1/0 DATA SKEW 

llOCOMMAND TiNl'UTD COMMAND OR DATA TRANSFER TIME 
OR DATA ! OUTPUT 

l/OREOUEST TiiiiPuf R REQUEST ENABLE OR DATA CHANNEL 
ENABLE OR DATA ADDRESS REQUEST TRANSFER TIME 
CHANNEL ADDRESS ' 
REQUEST ! 

DATA TRANSFER TIMING 
PROGRAMMED PllOOUT DD PROGRAMMED UO DATA OUT· DATA 
llODATAOUT DELAY 

PROGRAMMED Pl/OINrw PROGRAMMED l/ODATAIN-DATA 
l/ODATAIN RECEPTION VllNDOW 

MIN. 

0.230 
0.710 
0.040 
0.110 

0.110 
0.()60 
0.200 
0.080 

o.230 
0.220 
0.080 
0.100 

1.190 

MIN. 

0.090 

0.110 
o.090 

-5 

1.310 

0.350 

0.83 

-
0.11 

mN601 
TIMING TABLES 

MAX. UNITS 

5.570 )IS 
3.180 "" 0.130 µs 
0.190 "" 0.120 "" 
1.150 "" 0.130 ""' 0.260 )IS 
0.360 )IS 

0.290 )IS 
0.280 

""' 0.140 )IS 
0.160 )IS 

1.730 )IS 

MAX. UNITS 

0.150 )IS 

0.130 ""' o.150 )IS 

+15 ns 

1.330 JIS 

0.370 )IS 

0.85 )IS 

3.12 ::: 0.13 
PllOINDD PROGRAMMEOllOOATA IN- DATA DELAY 

COMMON TO All DCHAR DATA CHANNEL ADDRESS REQUEST 
0350 0.370 ,.. 

DATA CHANNEL !>CHD DATA CHANNEL DELAY 
0.11 0.13 pa 

OPERATIONS DCHTWA DATA CHANNEL ADDRESS AND MOOE BIT 2.6 )IS 
RECEPTION WINDOW -

DATA CHANNEL DCHO CYCLE TIME FOR 111-BITWORDTRANSFER - 58 ,.. 
OUT-MEMORY DCHOoD DATA CHANNEL DATA OUT DELAY 

3.11 3.13 )IS 

TO DEVICE 
DATA CHANNEL DCHI CYCLE TIME FOR 1 &-BIT WORD TRANSFER - 7.2 pa 

IN-DEVICE DCHloD DATA CHANNEL DATA IN DELAY 
3.54 356 pa 

TO MEMORY DCHlrwc DATA CHANNEL WINDOW CLOSED - 0.96 pa 

DCHlrwD DATA CHANNEL DATA RECEPTION - 1.9 ,,. 
WINDOW 

(Set Status 
TYP. UNllS 

HALT TIMING , 
OPERATION SYMBOL DESCRIPflON 

DENOTES HALT SIGNAL IN HIGH STATE 
0.24 )IS 

HALT HH 2.18 )IS 

H1 
DENO TIES HALT SIGNAL IN LOW STA TE. 

DG-OHIJ 

4! 
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mN601 
PACKAGE SPECIFICATIONS 
··-···- - --- ---~ - ·--- ----------------------- -----·---------------------------------------------·----------

0.032 
RAD 
NOTCH 

PACKAGE SPECIFICATIONS 

0.610 
o.590 
0.588 

~~~~~~...c:::=====>..e::=====::::;-::;::::;. r.=: Q.568 J_ 0.085 r •1-------11T o:o7s 
0.300 
~ 0.010NOM 

0.100 TYP -1111- 0.040 TYP 
PIN SPACING -II- 0.018 TYP 

PIN1 GROUNDED 
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mN603 
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1 FEATURES 
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6 PERIPHERAL PORT 
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6 CONTROL LINES m: 8 PERIPHERAL PORT TIMING 
9 DECODING THE CONTROL LINES 
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11 Data Out Instructions 
12 Data In Instructions 
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21 Request Enable Transactions 
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mN603 
1/0 CONTROLLER 

I 0 BUS 
MEMORY BUS -F r---

HAlTL 

8.333MHZ 

I: : MBO CLOCK INTPOUT ·a· +SV 

;L-\ 
mN634 MBI ELAMPt--- +5VOOf{OuT 
OCTAL 1.· : I MB2 PAUSE f--

MEMORY MB3 

~·-"" [\-I I : : MB4 OIFFERENTIALL y 
BUS DRIVEN SIGNALS 

TRANSCEIVER MBS ., r--- - - ., 

J,-7 MB& 'A' •2 ~l CLOCK t MASTER I 
MB7 B CLOCK 

mN601 CPU I I 

I I 
·c· I I 

·ir I: : I MBB IOOATA1 mN629 tl00ATA1t 

K==> 
mN634 MB9 CPUI 0 ' I 1: :1 MB10 TRANS· I 
OCTAL IOOATA2 

MEMORY MB11 CEIVER II ODATA 21 

BUS I~ : I MB12 i I 

TRANSCEIVER MB13 I OClOCK , , OCLOCK I 

>= 1: : I M814 L. ___ J 

~ MB15 I OINPUT CLEAR 
m WE c 
0 p l5CHiNl z c SAE EXT INT ... 
lli 

OCH$ 

E ~ .... ::::; 
0 ~ .... 0 
0 INTPIN ;:: a: 

'E' l u 0 z 
~ mN &OJ INTP IN ""\. INTPOUT :> 

" 
... .. IOC OCHPIN ..1 w .. OCHPOUT z 

l ] ::::; 
_; 

A_ -" INTR r 
-t> _1' 

,:. 
c ~6 BIDIRECTIONAL\ • z 

OCHA z Q .... OATAUNES ./ 

~·: 
DIFFERENTIAL 0 

~ 'I y 
•1 i:£-~;T~0= 

;:: 
c( 

a: .... 
i5 "----" •2 oe CLOCK 1 ffi ii 
,,; (coNTRO~) 'F' ~IOOATA1~ 

:i 
I OOATA 1 w .... mN636 

.... ... ii \( -y 
IOC 10 ~I I 

~ 
"' IOOATA2 = TRAN$. IOOATA2t: w 

I t ~ (/) I 0 CLOCK CEIVER R~c_:o:s:: i .;, 
c I 0 INPUT mAR (/) ,_ 

:> c .r-.,WE m 0 
(/) !:'." p ~ 
::l !:'."SAE a:: 
0 v T§ 0 c 
> 
~ 
i! [ mN63BJ :I CLOCK 

DRIVER 
"K" •t< 'C' 

QUAD SENSE 4KWORD 

lf .._ AMPLIFIER BUS DRIVER A.. MEMORY ARRAY BANK OR 

I mN sos I lmNso&I 
V 16 BITS 16 REFRESH 

~{ r-
I\ OATAOUT mN606 SELECT 

lm•'506j lmN sos! 
'{ 4KRAMS LOGIC 

1681TOATA~l REFRESH 
J' 

12 BIT ADORE~~ 
CONTROL 

l\ OCT AL MEMORY MBO Mll(1•3 > ,__ 
TRANSCf;V£RS 

lJ1IT lmN63~ [mN634] 
BUHERED MEMORY BUS 

... ~ 
100 fMt maximum 
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mN603 
1/0 CONTROLLER 

---------------·-------·- -·-·---· --------- ---- -----·--·--- ----- ------------------------------ ..... --------- ------ --·-------

FEATURES 

• 110 DEVICE CONTROLLER ON A SINGLE 40-PIN 
SILICON-GATE NMOS CHIP ' 

• INTERPRETS AND EXECUTES DATA GENERAL'S 
STANDARD NOVA COMPUTER 1/0 INSTRUCTION 
SET 

• PROVIDES SIMPLE 16-BIT PARALLEL USER 
INTERFACE 

• INTEGRAL BUSY AND DONE CONTROL 

• INTEGRAL DEVICE IDENTIFICATION AND INTERRUPT 
CONTROL 

• CONTAINS DATA CHANNEL CONTROL LOGIC 

• FULL ADDRESS AND WORD COUNT REGISTERS FOR 
DATA CHANNEL OPERATION 

• USER SELECTABLE DATA BUS SIGNAL POLARITY 

06 
07 
08 
09 

013 

014 

015 

V55IGNOI 

DG41111 

GENERAL DESCRIPTION 

PACKAGE 

VGG 

voo 
DONE 

BiJSY 
INT SYNC 
INTR 

The mN603 ls an 110 controller (IOC) that provides the full functional capability of Data General's 47-llne NOVA 1/0 bus. The IOC 
decodes an encoded data stream from the CPU and presents a parallel 16-blt bidirectional interface, four encoded function bits, 
and a function strobe, to the peripheral for simple Interfacing. 

The IOC Includes a number of bus adapter functions found In the most powerful minicomputer systems. It includes Integral 
device Identification, BUSY /DONE Interrupt logic, and a per-device interrupt masking capability. For block-oriented controllers, 
the IOC includes data channel bus hand shaking and full address and word counters. 

The IOC allows the construction of a complete 1/0 controller module using a minimum of additional components. Those 
necessary are: 

1) an mN640 Clock Driver 

2) an mN636 IOC 1/0 Trancelver 

3) Interrupt and data channel priority circuitry 

4) decode logic for the IOC's four encoded function bits 

5) addlllonal gating to interface a peripheral and buffer the IOC 

•• Data General 
1 



-------~- ----------------------- ---- -·~-------------···----- _,,. - --------·- -----··---- - ___ ....,. ________ ----... --- -

mN603 
PIN DESCRIPTIONS 

- ··- ---- ------------------- ·------ ------- -------- -~--------------_.,:_·--------·-----------------------·-------------- ---

::J] 

2 

FUNCTIONAL PIN CONNECTION DIAGRAM 

llODATAPORT l VO CLOCK 

l/OINPUT 

l 
INTR 

REQUEST DCHR 
CONTROL INTP 
ll/OBUSI 

DCHP 

DG-OllJI 

30 
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34 

31 

33 
1 

CLOCK 
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2 3 

mN603 

4-19 

23-26 

22 

36 

32 

37 
38 

21 39 40 20 

Vee vDD Vss 

Vee VGG 

POWER SUPPLY 

I F<0-3> 

FSTROBE 

INT SYNC 

DCHSYNC 

} BUSY 
DONE 

PERIPHERAL 
PORT 

REQUEST 
CONTROL 
(PERIPHERAU 

The following table describes the function of each pin shown In the pin connection diagram: 

PIN DESCRIPTIONS 

MNEMONIC 
PIN IN/ 
NO. OUT FUNCTION 

CLOCKS 

01 2 IN Two-phase non-overlapping clock. Operates between o and 14V amplitude. Generates 
jij2 3 IN 4-phase internal clock, providing internal timing. 

1/0 DATA PORT 

l/ODATA1 28 1/0 Two-line, bl-directional bus. Receives all data and 110 command information transmitted 

l/ODATA2 29 1/0 serially lrom the CPU at the Master Clock rate. Transmits data to the CPU at this rate. 
During a 16 bit transfer, 1/0 DATA1 carries blls 0-7 while 110 DATA2 carries bits 8-15. 

l/OCLOCK 30 110 Synchronizes all 1/0 transfers on 1/0 DATA <1.2 >. If receiving, 1/0 CLOCK strobes 
Information received on 1/0 DATA <1.2> Into the IOC. If transmitting, 1/0 CLOCK Is 
generated by the IOC. Note: The IOC will be reset if 1/0 CLOCK is held low for more than 
8 cycles of MASTER CLOCK" . 

l/OINPUT 27 OUT Indicates whelher the IOC Is transmitting or receiving on 110 DATA <1,2 >. High • IOC 
receiving. Low - IOC transmitting. 

t •Data General 
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PIN DESCRIPTIONS (CONT.) 

MNEMONIC l PIN l 
NO. 

IN/ 1 
OUT 

FUNCTION 

PERIPHERAL PORT 

D<0-15> 4-19 1/0 16-line, bi-directional data bus. Transfers all data between an IOC 'and a peripheral 
device. Data is interpreted using either positive or negative logic as selected during 
initilization. 

F<0-3> 23-26 OUT Four line encoded control bus. Four bit Function codes may be decoded into one of 16 
separate functions which control the gating of data between a peripheral and D<0-15 >. 
Code is valid while FSTROBE is low. 

FSTROBE 22 OUT Used to synchronize function code. Code is valid when FSTROBE is low. (One FSTROBE 
clock period is equal to four MASTER CLOCK" periods.) 

REQUEST CONTROL 

iNTR 35 OUT Asserted by an IOC to request program interrupts from the CPU. 

5CHR 34 OUT Asserted by an roe to request a Data Channel Break from the CPU. 

INTP 31 IN Indicates whether an roe requesting a program Interrupt has priority to respond to an 
Interrupt Acknowledge instruction. INTP high indicates priority. 

DCHP 33 IN Indicates whether an roe requesting data channel service has priority to respond to a 
Data Channel Address Request. DCHP high indicates priority. 

INT SYNC 36 IN Asserted by peripheral: prompts the roe to request a program Interrupt from the CPU 
(assert Its INTR llne). 

OCH SYNC 32 IN Asserted by peripheral; prompts the roe to request data channel service from the CPU 
(assert Its OCHA line). 

BuSY 37 1/0 Indicates the state of the Internal BUSY flag; also used by the device to set the BUSY 
flag. When "BUsYls low, the peripheral device Is performing an operation. 

BUSY set to 1 by: 
• device asserting BUSY 
• an 1/0 Instruction with an S In the F field (see 110 Data Port, Programmed 

110 Transactions) 

BUSY set to 0 by: __ 
• device asserting DONE 
• an 1/0 Instruction with a C In the F field (see 110 Data Port, Programmed 

1/0 Transactions) 
• 1/0 Reset Instruction 

DoNE 38 110 Indicates the state of the Internal DONE flag; also used by the device to set the DONE 
flag. When DONE Is low, the Pf!ripheral device has finished an operation. A Program 
Interrupt will be requested when DONE Is low If the Interrupt Disable Flag Is not set (see 
Internal Structure, Interrupt Request Logic). 

DONE set to 1 by: _ 
• device asserting DONE 

DONE set to 0 by: 
• an 1/0 Instruction with an S, C, or P In the F field (see l~O Data Port, Programmed 

1/0 Transactions) 
• an 1/0 Reset Instruction 

f.DataGeneral 
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PIN DESCRIPTIONS (CONT.) 

MNEMONIC 
PIN IN/ 
NO. OUT POWER 

Vee 1 -4.25 ± 0.5V 

Vee 21 +5 ± 0.25V 

Voo 39 +10 ± 1.0V 

VGG 40 +14 ± 1.0V 

Vss 20 GROUND 

NOTE: • MASTER CLOCK refers to the system clock, see Overview Section of the microNOVA Line 
Integrated Circuits. 

t •Data General 



--·--- ---------- -- -·-----.-- ... ----·----- - ·----··-------·----------------------------------·----·--·-----·---- ··---- - --·- -· -·-- --- -

mN603 
OVERVIEW 

---------------------------------------·----------------------------------------------·--- -----· 

OVERVIEW 
The IOC, together with its supporting elements, provides a parallel user interface from the serial microNOVA 110 bus. This 
resulting interface Is functionally equivalent to but not compatible with the 47-line bus used on Data General's NOVA and 
ECLIPSE line computer systems. 

Each time the CPU fetches an 110 instruction from memory, It transmits the complete instruction over the 1/0 bus. Every IOC 
connected to the bus receives a copy of this Instruction and intemaliy decodes It. If the IOC determines that the instruction is 
directed to It, the IOC executes the instruction. Since It has an exact copy of the 1/0 Instruction, the IOC can emulate all the 
programmed 110 control signals found In the NOVA/ECLIPSE 1/0 bus. 

In addition to decoding programmed 110 Instructions, the IOC contains all the logic necessary to Implement a complete program 
Interrupt system. This system Is compatible with the mNB01 and Includes Busy and Done flags, an interrupt request line, 
interrupt masking loglc, and Interrupt source identification. 

The IOC also provides the logic necessary to perform data channel transfers. This includes the request logic and two internal 
registers, a memory address register and a word count register, which control the data transfer. 

The IOC automatically manages all the protocols found on the microNOVA 1/0 bus. These protocols include the transfer of data, 
of programmed 110 Instructions, and of the system synchronization signals needed by the Interrupt and data channel facilities. 

Four major areas of the IOC perform the above tasks. 
• The Peripheral Data Port provides the device with a 16-bit wide, bidirectional data bus and four function code control lines. 
• The 110 Data Port performs the serial/parallel conversions of information transferred to and from the 110 bus. 
• The internal registers, data paths, and logic arrays decode instructions and connect the two data ports. 
• The Request Control Facility Integrates the service requests into the rest of the microNOVA system. 

These four areas along with the System Requirements are discussed in the following sections as described below: 
PERIPHERAL DATA PORT - This section discusses how data Is transferred between a peripheral device and an IOC. The 
Peripheral Data Port includes the 16 data lines (0<0-15>), the four function code lines (F<0-3> ), and the clock (FSTROBE). 
The 16 data lines transfer data to and from the peripheral device. The function codes, with their clock, control the gating of data 
on these data lines. 

110 DATA PORT -This section explains how data is transferred between the serial 110 bus and an IOC. The 1/0 data port includes 
two serial data lines (110 DATA1 and 1/0 DATA2), their strobe (110 CLOCK), and a transmit/receive control line (l/O INPUT). The 
l/O DATA <::1,2>11nes receive commands and data from the 110 bus and transmit data to the 110 bus. 110 CLOCK strobes the 
Information transmitted on these data lines. 1/0 INPUT Indicates whether the IOC Is transmitting or receiving on the data lines. 

INTERNAL STRUCTURE - This section describes the internal data flow between the two data ports. A set of internal registers, 
together with their connecting data paths, Join the 1/0 data port to the peripheral data port. All control of Information transfers and 
service requests comes from the internal logic array and state change logic. Two of the Internal registers used during data 
channel breaks may be replaced with external registers. Interrupt requests and data channel break requests are controlled by 
the Request Logic. 

REQUEST CONTROL - This section describes the program Interrupt and data channel break facilities. Each of these facilities 
has separate request and priority networks. Most of this logic is internal to the mNB03. However, the designer may choose to use 
either Internal or external BUSY and DONE logic. 

SYSTEM REQUIREMENTS - This section covers the IOC's power-up and Initialization requirements. The Power-Up portion 
discusses the sequence required when first applying power and the clock to the chip. The Initialization portion discusses how 
synchronization with the CPU is achieved and how an ICC's internal registers are Initialized. 

f,, Data General 
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PERIPHERAL PORT 

The Peripheral Port transfers data between an 110 Controller and the associated peripheral device. The port consists of 16 
bl-directional data lines (D<0-15>), four function code control lines (F <0-3>), and a function code clock (FSTROBE). 

DATA LINES 
The data lines transfer data lo or from an IOC In a 16 bit parallel format. Data may be interpreted using either positive or negallve 
loglc; selectable during initialization. Some of the data lines are used to load Initialization information (see System Requirements. 
Initialization). Each data line can drive one Schottky TTL load. 

CONTROL LINES 
The function code lines, with their clock, either Indicate how the data lines are to be used or provide control pulses. These lines 
react In particular ways according to the information received from the 110 bus by the 1/0 Data Port. In particular, there are 91/0 
Instructions and two types of Data Channel Transactions which Invoke specific responses from the Peripheral Port. 

The four function code lines specify one of 16 possible codes at any one time. Most of these function codes are generated as a 
result of 110 instructions received from the CPU via the 1/0 Data Port. The 1/0 Instruction format, the Op Code and F field 
mnemonics, and their corresponding bit patterns are shown below: 

OPCODE 

011 1 2 1 314 5 1 617 
F I DEVICE CODE 

8 I 9 10 I 11 I 12 I 13 I 14 I 15 

1/0 INSTRUCTION 

NO 1/0 Transfer 
DATA IN A 
DATAOUTA 
DATAIN8 
DATAOUT8 
DATA INC 
DATAOUTC 
l/OSKIP 

OP CODE (BITS 6,6, 7) 

NI0-000 
DIA-001 

DOA-010 
018-011 

008-100 
DIC-1 01 

DOC-110 
SKP-111 

F FIELD (BITS 8.9) 

NONE-00 
S(STRT)-01 
C(CLR)-1 0 

P(IOPLS) - 1 1 • 

NOTE: The 1/0 Skip Instruction Is listed above for completeness; howe~er, no function codes are 
generated as a result of this instruction. Likewise, no specific function code Is generated by a No 110 
Transfer instruction. 

There are three 1/0 Instructions not listed above which follow a slightly different format (see 110 Data Port, Programmed 110 
Instructions). Of these three, the Interrupt Acknowledge Instruction generates no function code. However, the Mask-out and 1/0 
Reset Instructions each produce a specific function code. Data Channel Transactions account for the four remaining function 

codes. 
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The various function codes, their labels, and their purpose are listed below: 

FUNCTION 
CODE 
F<0·3> LABEL 

0000 DOA 

FUNCTION CODE TABLE 

FUNCTION 

Load the A register with data 
from IOC data lines D 
<0-15>. 

FUNCTION 
CODE 

F <0·3> 

1001 

LABEL 

IORST• 

FUNCTION 

Gate device code, Polarity, 
External Register Enable, 
and External BUSY/DONE 
Enable bits Into IOC via the 
following data lines: 

0001 DIA Gate data into IOC from the A 
register via data lines D 
<0-15>. 

D<0-15>-DEVCODE ~ 
09 - POLARITY ...... 

0010 DOB 

0011 DIB 

0100 DOC 

0101 DIC 

011 0 STAT 

011 1 CLR 

1000 IOPLS 

Load the B register with data 
from IOC data lines D 
< 0-1 5 > (see Internal 
Structure, Data Channel 
Registers). 

Gate data into IOC !rom the B 
register via data ·nnes D 
<0-15> . If internal data 
channel registers are being 
used, 0 <0-15> are ignored 
(see Internal Structure. Data 
Channel Registers). 

Load the C register with data 
from IOC data lines 0 
<0-15> (see Internal 
Structure, Data Channel 
Registers). 

Gate data into IOC from the C 
register via data lines D 
<0-15>. 

Start 1/0 device. 

Clear 1/0 device. 

l/Opulse. 

1010 

101 1 

1 1 0 0 

1101 

1 1 1 0 

1 1 1 1 

•Should be used to clear all external registers and flags (Busy/Done 
flags, word count register and address register) . 

• • Data General 

MSKO 

OCHA 

DCHI 

DCHO 

WCEZ 

NOP 

Dota c--i c .. por ...... W..111baro. Mau.huoetb 01581 

D8 = EXT REG ENB 
07 ~ EXT BUSY/DONE ENB 

NOTES: This data Is always 
Interpreted using negative 
logic (high - 0). 

See System Require­
ments, Initialization. 

Gate device maskout priority 
bit Into ICC via data 
lines D <0-15>. 

Gate data channel direction 
bit into IOC via data line DO. If 
external registers are being 
used, gate external Address 
Register into IOC via data 
lines D <0-15>. 

Gate data from peripheral 
data register onto IOC's data 
lines (D <0-15>l during a 
Data Channel In Transaction. 

Load the peripheral data 
register with data from the 
ICC's data lines (D <0-15>) 
during a Data Channel Out 
Transaction. 

Indicates that the Internal 
data channel Word Count 
Register has overflowed 
(equals zero). Denotes the 
end of a block data channel 
transfer. 

No function. 

7 
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CONTROL LINES 

PERIPHERAL PORT TIMING 
Function codes are valid only when FSTROBE is low. Each function code lasts for one cycle of FSTROBE. If either the data lines 
are not being used by the IOC or control pulses are not occurring, the NOP code is transmitted. If the data lines are being used to 
transfer data to the IOC, they are sampled on the rising edge of FSTROBE. Timing constraints are shown below: 

FSTROBE 

FO 

F1 

F2 

F3 

D<0-15>1 

'" 

NOTES: 

DATA OUT 

DATA IN 

Fs 

I( 
J 

• UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED 
BETWEEN POINTS AT 1.5V. 

• SEE TIMING TABLE ON PAGE 43. 

• D<0· 15> MUST NOT BE PULLED LOW AT ANY TIME OTHER 
THAN THA TINDICATED BY Ds AND DH IN THE DIAGRAM 
ABOVE. 

OG-OIJD 
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DECODING THE CONTROL LINES 
There are many ways to decode the four bit code produced by the four function code lines into separate control lines. Described 
below are two such methods: 

The first approach incorporates a 4 to 16 decoder (Tl SN74154 or equivalent) which decodes the 4 bit function codes into 
individual control lines. FSTROBE should enable the decoder when the function codes are valid. In the arrangement shown 
below, only one control line Is asserted during each cycle of FSTROBE: 

IOC 

DO·OflfO 

PERIPHERAL PORT 

FSTROBE 

F<0-3> 
ENABLE 

CODE 
INPUT 

SN74154 

4T016 
DECODER 

• ., Data General 

DOA 
DIA 
DOB 
DIB 
DOC 
DIC 
STRT 
CLR 

IOPLS 
IORST 
MSKO 
OCHA 

DlllaGrn.ralCorporahun.\\lostboro.MauachuoettsOl581 

CONTROL 
LINES 
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A second approach ls to use one or two PROM(s) (Tl SN7 4188A or equlvalent) to decode the function code lines. The advantage 
of using PROMs is that they allow two or more function codes to assert the same control llne without requiring additional logic. L 
For example, when using external BUSY and DONE logic, it Is frequently necessary to clear both flags when either a CLR 
function code or an IORST code ls Issued. PROMs allow full flexibillty in decoding both these function codes. 

In the application shown below, FSTROBE enables the outputs of the PROM by pulling the chip enable (CE) Input low. Only four 
of the five address lines are used. 

IOC 

DG-01141 

PROM DECODER 

PERIPHERAL PORT 

DATA D<0-15> 

FSTROBE 

AO-A4 
01-08 

32X8 
PROM 

(SN74188AI 

CONTROL 
LINES 

Most of the control lines resultlng from the decoding of F < 0-3 > are used to control the flow of the data to and from the 
Peripheral Port Data lines. These data lines are used when an IOC executes certain programmed 1/0 Instructions or when it 
performs Data Channel Breaks. The following sections explain how the Peripheral Port reacts during the execution of lhese 
Instructions and commands. 

f. Data General 
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PROGRAMMED 1/0 INSTRUCTIONS 

Data Out Instructions 
Data Out Instructions (DOA, DOB, and DOC) perform a transfer of up to 16 bits of data from an IOC to a peripheral register. The 
IOC Places the data on D<0-15>when the DOA, DOB, or DOC code is valid. These codes may be used to strobe lnfomatlon on 
D <0-15 > into the appropriate register (A, B, or C). 

In addition, one of three function codes (STAT, CLR, or IOPLS), if coded In the instruction, is issued during the next FSTROBE 
cycle. These codes may be used to control the state of the peripheral device (see Request Control, External Busy/Done Logic). 

F5 

FSTROBE 

F <0-3 > _N_o_P--1...µ...._o_o_A_. D_o_a_D_o_c-'+._s_T_RT_._c_LR_._1o_P_L_s ....... _No_P_ 

D<0-15> 

NOTES: 
• UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED 

BETWEEN POINTS AT 1.5V. 

• SEE TIMING TABLE ON PAGE 43. 

NOTE: The No 1/0 Transfer Instruction Is similar to a Data Out Instruction in that a STAT, CLR, or IOPLS 
function code is issued if coded in the original instruction. However, the NOP function code is always 
issued in place of the DOA, DOB, or DOC codes . 

• "Data General 
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PROGRAMMED 1/0 INSTRUCTIONS 

Data In Instructions 
Data In Instructions (DIA. DIB, and DIC) perform a transfer of up lo 16 bits of data from a peripheral register to an IOC. The 
function codes may be used to strobe information from the respective peripheral register (A,B, or C) to 0 <0-15>. The IOC 
samples D <0-15> on the rising edge of FSTROBE when these codes are valid. 

In addition, one of three function codes (STAT, CLR. and IOPLS), if coded In the Instruction, Is issued during the next FSTROBE 
cycle. These codes may be used to control the state of the peripheral device (see Request Control, External Busy/Done Logic). 

DG-OllfJ 

FSTROBE 

NOP DIA. DIB, DIC STAT, CLR, IOPLS 

D<0-15> 

NOTES: 
• UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED 

BETWEEN POINTS AT 1.5V. 

• SEETIMINGTABLEONPAGE 43. 

Maskout and 1/0 Reset Instructions 

NOP 

The Maskout and 110 Reset Instructions both require the transfer of data to an IOC. The IOC samples D <0-15> on the rising 
edge of FSTROBE when either the MSKO or the IORST code Is valid. Therefore, these codes should be used to gate data onto 
these lines (for MSKO see Internal Structure, Interrupt Request Logic; for IORST see System Requirements, Initialization). 

FSTROBE 

NOTES: 
e UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED 

BETWEEN POINTS AT 1.5V. 

e SEE TIMING TABLE ON PAGE 43. 

••Data General 
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DATA CHANNEL TRANSACTIONS 
The Data Channel transfers blocks of data between memory and a peripheral device via the 1/0 bus and CPU. Each word or a 
bl~k requires a complete Data Channel Transaction. A Data Channel Transaction requires two information transfers between a 
penpheral device and an IOC. The first transfer or the pair is to the IOC. This first transfer specifies the direction of the second 
lransfer and may provide the address of the memory location to be accessed. The second transfer of the pair is the data. 

Du~ng the first transfer of the pair, the IOC samples D <0-15> on the rising edge of FSTROBE when the OCHA function code is 
valid. OCHA may be used to gate the direction bit to DO and the Data Channel Address to D <1-15 >.The data on D <1-15> Is 
Ignored if the IOC has been initialized to use the internal Address Register (see Internal Structure, Data Channel Registers). 

DG.()IUS 

FSTROBE 

NOP NOP 
F<0-3>~~~~...._~~-+-~-+-~'+'"~~~ 

NOTES: 
• UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED 

BElWEEN POINTS AT 1.5V. 

• SEE TIMING TABLE ON PAGE 43. 

If the direction bit is a O, a Data Channel Out Transaction Is performed. This transfers a 16 bit word "out" from the memory 
location specified by the Data Channel Address to the peripheral device. If the direction bit is a 1, a Data Channel In Transaction 
is performed. In this case, a 16 bit word is transferred from the peripheral device "in" to the memory location specified by the 
Data Channel Address. 

D 

0 1 2 3 

DAT A CHANNEL CONTROL WORD 

4 

DAT A CHANNEL ADDRESS 

5 6 7 8 9 10 11 12 13 14 15 

D .,. Direction Bit 
1 - Data Channel In Transaction 
0 - Data Channel Out Transaction 

f.DataGeneral 
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mN603 
DATA CHANNEL TRANSACTIONS 

If the first transfer specifies a Data Channel In Transaction, the DCHI code is Issued during the second transfer. This code may 
be used to strobe the data word onto D < 0-15 >.The IOC samples these tines on the rising edge of FSTROBE when the DCHI 
code Is valid. 

FSTROBE 

NOP DCHI NOP 
F<0-3>~~~~~~~--+~-+-~"'+>~~~ 

D<0-16> 

NOTES: 
• UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED 

BETWEEN POINTS AT 1.6V. 

• SEE TIMING TABLE ON PAGE 43. 

If the first transfer specifies a Dale Channel Out Transaction, the DCHO code Is Issued during the second transfer. The IOC 
places the contents of the second data transfer on D < 0-15 > when the DCHO code is valid. This code may be used to strobe 
the data word Into the appropriate peripheral register. 

FSTROBE 

Fs 

D<0-15> 

NOTES: 
• UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED 

BETWEEN POINTS AT 1.5V. 

e SEE TIMING TABLE ON PAGE 43. 

t • [}dta General 
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:'hen lhe lasl transaction of a block transfer begins, the internal word count register (if in use) overflows (see Internal Structure, 
la Channel Registers). The WCEZ (word count equals zero) function code is issued as shown below. This code may be used to 

Jelellhe DONE flag signaling the completion of a block transfer. 

IXU>lla 

FSTROBE 

NOTES: 
• UNLESS OTHERWISE NOTED. TIME INTERVALS ARE MEASURED 

BETWEEN POINTS AT 1.5V. 

• SEE TIMING TABLE ON PAGE 43. 

EData Channel Timing 
111'!19 minimum interval between the lime a OCHA function code Is issued and the time a DCHI or DCHO funclion code is Issued Is 
ggiven below. This assumes that the IOC requesting Data Channel service Is the highest priority device (see Request Control, 
FlPrlorily Networks). 

DG./HIU 

DATA CHANNEL IN TRANSACTION 

FSTROBE 

OCHA DCHI NOP 
F<0-3>_._,_~1--~~~~__. ........ --11--L...1o~-+-~~~~--' ...... ~-

NOTES: 

t 
NOTE: 
ANOTHER OCHA OR OTHER FUNCTION CODE 
MAY OCCUR HERE, SEE INTERNAL 
STRUCTURE. DATA CHANNEL LOGIC 

• UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED 
BETWEEN POINTS AT 1.5V. 

• SEE TIMING TABLE ON PAGE 43. 

t. Data General 
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mN603 
DATA CHANNEL TRANSACTIONS 

DATA CHANNEL OUT TRANSACTION 

FSTROBE 

F<0-3> 

NOTES: 
• UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED 

BETWEEN POINTS AT 1.5V. 

• SEE TIMING TABLE ON PAGE 43. 

DCHO 

t 
NOTE: 
ANOTHER OCHA OR OTHER FUNCTION CODE 
MAY OCCUR HERE. SEE INTERNAL 
STRUCTURE, DATA CHANNEL LOGIC 

The maximum Interval of time is calculated by adding the execution lime of the longest Instruction (excluding Mulliply and 
Divide) to the minimum interval shown above. A table listing the mN601 (CPU) Instruction execution limes is given under that 
chip's section. 

«.Data General 
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mN603 
1/0 DATA PORT ------~-------- -- - ---- -

1/0 DATA PORT 
Tithe following section describes the operation of the 1/0 Data Port and the protocols It uses. Although most designers will 
:rcern t~e'."selve~ with only the Peripheral Port, the following description of the 1/0 Data Port provides a better understanding 

the IOC s interaction with the system. 

!M'e :10 Data Port Includes two serial data lines (1/0 DATA <1.2 > ), their strobe (110 CLOCK), and the transmit/receive control 
;;,ne llO_ INPun. The data lines transfer Information between an IOC and the Ct=>U (mN601) via the 110 bus. IOC and CPU 1/0 

.ransceivers (mN636 and mN629) are used to drive these data lines and their clock on the differential 1/0 bus. 1/0 CLOCK. 
ge;enerated by the transmitting device, strobes Information Into the receiving device. 1/0 INPUT, generated by the IOC, selects 
:·1her the transmit mode (when low) or the receive mode (when high) of the associated Transceiver. The IOC monitors the 1/0 

us by remaining In receive mode unless required to respond to the CPU. 

IP!NFORMATION TYPES ___J 
Faour types of Information are received by the 1/0 Data Port; Request Enable, Data Channel Address Request, 110 Instructions, ~-
arnnd Data However, only data Is transmitted by this port. 

~ese Information types are transferred In one of two formats; short and long. Both Request Enable and Data Channel Address 
r lllequest use the short format which requires only one 1/0 CLOCK pulse. 1/0 Instructions and Data use the long format which 
lneeq_ulres five 1/0 CLOCK pulses. In all cases, the first bits of a transfer on the 1/0 DATA <1,2> lines make up a two bit code 

ndicatlng the Information type. The encoding of these first bits Is shown below: 

FIRST BIT FIRST BIT INFORMATION 
llODATA1 l/ODATA2 TYPE 

1 1 REQUEST ENABLE 

1 0 DATA CHANNEL ADDRESS REQUEST 

0 1 DATA 

0 0 1/0 INSTRUCTION 

~JI 

t.DataGeneral 
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mN603 
INFORMATION TYPES 

Request Enable 
Request Enables are Issued at Intervals by the CPU. Only the two code bits are transferred. They synchronize program Interrupt 
requests and data channel requests with the CPU. This Is necessary to ensure that the request lines to the CPU and priority lines 
are stable when they are sampled. Request Enables are also used for IOC Initialization (see the System RequlremenlJ, 
Initialization). 

VO CLOCK 

VO DATA 1 

CODE 

' VODATA2 1 

VO INPUT RECEIVE ----------------------
NOTES: 

• UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED 
BETWEEN POINTS AT 1.5V. 

• SEE TIMING TABLE ON PAGE 43. I 
I 

Data Channel Address Request i 
Data Channel Address Requests are Issued by the CPU when a data channel break Is executed. Only the two code bits are : 
transferred. They allow the highest priority IOC requesting data channel service to perform a data channel transaction. In ; 
addition, like Request Enable, they synchronize program Interrupt requests and additional data channel requests for all IOCs : 
(see Request Enable and Data Channel Transaction sections). l 

l 

VO CLOCK 

VO DATA 1 1 

0 
VODATA2 

110 INPUT RECEIVE ----------------------
NOTES: 

e UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED 
BETWEEN POINTS AT 1.5V. 

e SEE TMNG TABLE ON PAGE 43. 

•• Data General 
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mN603 
1/0 INSTRUCTIONS 

_J 

--- -----~----- ---- - - --~--- ----- ----------·--------·-·- ... ·---------- --------·----~--- -- ---- ------- - ~-

t'OO Instructions 

lOD lnstrucllons are Issued by the CPU. Eighteen bits are transferred; two code bits and a 16-bit Instruction. This Is the 
r.sistruclion exactly as fetched from memory by the CPU. The eight high order bits of the instruction (0-7) are transferred via the 
l0DDATA1 fine while the eight low order bits (8-15) are transferred via the 1/0 DATA2 fine. The instruction format is shown in the 
bUpaltern below: 

0 1 

o I 1 

1 I AC I OP CODE I F I DEVICE CODE 

2 3 I 4 s I 6 I 7 8 I 9 10 I 11 I 12 I 13 I 14 I 15 

AC= accumulator, see mN601 
F - F field 

"Thaie device code contained in the last six bits of the instruction is checked to see if the ICC should execute the instruction. An 
•DOC.executes instructions containing its own device code as well as some of those with device code 77a (which select all IOCs). 
Veevicecodes OOe through 038 ,and 778 are ILLEGAL DEVICE CODES for any device connected to the microNOVA 1/0 bus. 

llOCLOCK 

VO DATA 1 0 

l!ODATA2 0 

CODE--'---------110 INSTRUCTIONl--------------t 

llOINPUT 
-------------- RECBVE _______________ _ 

NOTES: 

• UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED 
BETWEEN POINTS AT 1.5V. 

• SEE TIMING TABLE ON PAGE 43. 

DOOIJSJ 

f ~Data General 
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DAT A TRANSFERS 
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Data 
Data Is transmitted by either the CPU or an ICC. Eighteen bits are transferred; two code bits and a 16 bit data word. The 1!0 
DATA1 line transfers the eight high order bits of the data word while the 1/0 DATA2 line transfers the eight low order bits. Data 
received by an ICC ls Ignored unless required by a Programmed l/OTransaction or a Data Channel Transaction. Likewise.data is 
transmitted only If required by one of these transactions. 

l/OCLOCK 

110DATA1 0 I 
• 

~~~~~~~-1-~~..h,...,,.,,...,,.,""""..,,.,.,..,.,,,...,.,,,,.,.,,""""""'""""""",..,...,.,.,.,.,,.,.,,,,...,.,,.,,.,...,1,,-,,...,.,.,.,,,.,....,....,...,,.,.,.,.,.,.,...,.....,.,,,,""""~,,,.+,,..-~~ I 
l/OOATA2 f 

fT2 C~ 
RECEIVE 

l/OINPUT 
TRANSMIT 

NOTES: 

I 
i 

DATA~~~~~~~~~~~~---~-T2~! 

• UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED 
BETWEEN POINTS AT 1.SV. 

• SEE TIMING TABLE ON PAGE 43. 

DG.DflSf 
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mN603 
TRANSACTION PROTOCOLS 

--- - --- --~--~--------------------- ------------ --------------------~- ---------··-

llTRANSACTION PROTOCOLS 

me four types of information transfers discussed above are combined to form three types of transactions; Request Enable 
mansactlons, Programmed 110 Transactions, and Data Channel Transactions. Each type of transaction has its own protocol. 
Rl!equest Enables occur as a single information transfer. Programmed 1/0 Transactions combine an 1/0 Instruction transfer with a 
OOata transfer. Data Channel Transactions consist of a Data Channel Address Request followed by two Data transfers. 

NOTE: There Is a minimum time between two consecutive transactions. This is indicated In the timing 
diagrams by TN. 

Mequest Enable Transactions 

FIRequ~st Enables are used by an IOC to synchronize the assertion and release of program Interrupt and data channel requests. 11 
aa peripheral device requires service, a Request Enable allows the associated IOC's Interrupt request line (INTR) and/or data 
ochannel request line (OCHA) to be asserted, signaling the CPU for service. When service is received, a Request Enable allows 
tlthese lines to be released. It is necessary that the transition of these lines occur al specific limes to ensure their stability when 
!sampled by the CPU. These lines are also cleared asynchronously if the IOC Is reset. 

~~e of two conditions must be met for iNTR to be asserted during a Request Enable. Either the peripheral device pulls the IOC's 
lllNT SYNC line low or It sets the DONE flag. However, an Internal Interrupt Disable Flag can block a program interrupt request; 
esee the section on Request Control. 

Un order for OCHA to be asserted during a Request Enable, the peripheral device must pull the IOC's OCH SYNC line low. 

NOTE: The first two Request Enables received after an IOC is powered up or reset Initialize its internal four 
Phase clock and Internal registers. As a result, the IOC Is synchronized with the CPU (see System 
Requirements. Initialization). 

l/OCLOCK 

1/0DATA1 

1/0 DATA 2 

i..-----TN-----..i 
r, 

----fl---

----1f--------

l/OINPUT _____ ------1r--

NOTES: 

o~i-----
• UNLESS OTHERWISE NOTED. TIME INTERVALS ARE MEASURED 

BETWEEN POINTS AT 1.5V. 

• SEE TIMING TABLE ON PAGE 43. 
DO-Ofl!U 
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mN603 
PROGRAMMED 1/0 TRANSACTIONS 

- - ------- -- -·- - -- - -·-------- ----- --- . --~-----------------·- -- -- --- --- ---- ---- ------- - --- ~---- -- ----------- -

Programmed 1/0 Transactions 
There are two types of Programmed 110 Transactions: 

1) CPU to IOC Data Out Transaction 
2) IOC to CPU Data In Transaction 

Each type of transaction transfers a word of data between an IOC and the CPU. 

1 I CPU to IOC D•i. Out Tr.nsactlon 
Data Out Transactions transfer a 16 bit word of data from the CPU to one or all IOCs. The transactions begin wilh an IJO 
Instruction transfer, issued by the CPU and are followed by a Data transfer, also Issued by the CPU. The instruction transmitted 
is the 1/0 Instruction executed by the CPU, exactly as fetched from memory. 

An IOC executing a Data Out Instruction must receive the Data transfer during a fixed interval of lime after it has received lhe L'O 
Instruction transfer. This time interval is illustrated in the following liming diagram by DTo. 

l/O CLOCK 

l/ODATA 1 0 l 2 3 4 5 6 7 

VODATA2 8 9 10 l l 12 13 14 15 

l/OINPUT 

I 
INSTRUCTION 

I 
1'0 INSTRUCTION CODE DATA CODE 

NOTES. 
• UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED 

BETWEEN POINTS AT 1.5V. 

• SEE TIMING TABLE ON PAGE 43. 

DGf>IUf 

01234567 

8 9 10 l 1 12 13 14 15 
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mN603 
PROGRAMMED 1/0 TRANSACTIONS 

·There are two groups of instructions which use the Data Out format. The first group consists of four 1/0 Instructions which are 
1 executed by only one ICC per transaction. The second group consists of two 110 Instructions which are executed by all IOCs 
: simultaneously. 

· 'f!le first group selects Individual IOCs by specifying a particular device code. The bit patterns for these 1/0 Instructions are 
! given below. The instruction is the same as fetched from memory by the mN601 CPU. 

0 1 

1 I AC I OP CODE I F I DEVICE CODE I 
2 3 I 4 s I 6 I 7 8 I 9 10 I 11 I 12 I 13 I 14 I 15 

0 1 

DOA (Data Out Al ........... Op Code - 01 O 
DOB (Data Out Bl ........... Op Code - 100 
DOC (Data Out Cl ........... Op Code ,.. 11 O 

AC ., see mN601, CPU 
F = see Internal Structure 
Op Code - see below 

~OA, DOB, and DOC transfer data from the CPU to a specific peripheral device via an IOC. The data received by the selected IOC 
•s placed on its Peripheral Data Port to be gated into one of three peripheral registers, A, B, or C. For more information on how 
these registers are loaded, see Peripheral Port. 

In addition, the slate of two internal flags (BUSY and DONE) are controlled by these instructions (see Internal Structure, Internal 
BUSY/DONE Logic). 

NOTE: Two Internal registers, used during Data Channel Breaks, are loaded using the DOB and DOC 
Instructions (see Request Control, Data Channel Registers). 

NIO (No 110) "'""""""""Op Code - 000 

The No 110 Transfer Instruction Is a Data Out Instruction In which data· may be transferred from the CPU to the IOC. If data Is 
recel~ed by the selected IOC, It may be placed on the Peripheral Port data lines. However, this data Is unpredictable and no 
funchon code is generated. 

Like DOA, DOB, and DOC, the NIO Instruction can be used to control the state of the BUSY end DONE flags (see Internal 
Structure, Internal BUSY /DONE Logic). 

f.DataGeneral 23 
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mN603 
PROGRAMMED 1/0 TRANSACTIONS 

The second group of data out transactions consists of two 1/0 Instructions which select all IOCs by specifying device 
code 77a . The bit patterns and timing for these two instructions are given below: 

MSKO (Mask Out) 
DOB (I) ac, CPU 

0 

0 1 

AC 

2 3 I 4 

1 0 0 1 

s 6 7 12 13 14 15 

AC, F = see mN601, CPU 

f 
The Mask Out Instruction transfers a 16-bit mask (data) from the CPU to all IOCs connected to the 110 bus. This data affects the I 
state of each ICC's Interrupt Disable flag. For more information on this flag, see Interrupt Request Logic under Internal Structure. I 
IORST (110 Reset) 
DOA (I) 0, CPU 

0 

0 

1 0 

1 s 8 f 9 1 1~ I 1~ I 1~ I 1: 

1 

14 I 1s 

1 0 

6 7 

F - see mN601, CPU 

The 110 Reset Instruction Is used to initialize all an ICC's Internal registers and flags. The instruction portion of this transaction iS · 
executed by all IOCs, however, the data portion of the transaction is Ignored. For futher information see the section titled Syster.i 
Requirements, Initialization. 

t. Data General 
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PROGRAMMED 1/0 TRANSACTIONS 
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21 IOC to CPU Data In Transactions 

Data In Transactions transfer a 16 bit word of data from an IOC to the CPU. These transactions begin with an 1/0 Instruction 
transfer issued by the CPU and are followed by a data transfer issued by the responding IOC. 

An IOC executing a Data In Instruction begins transmitting the data within a fixed interval of lime after it has received the 110 
Instruction transfer. This time interval Is illustrated in the following timing diagram by DT1• 

llOCLOCK 

llOOATA t 0 1 2 3 4 5 6 7 

l/ODATA 2 8 9 10 11 12 13 14 15 10 11 12 13 14 15 

l/OINPUT 

/ . INSTRUCTION 

110 INSTRUCTION CODE 
T2 1---DATA---.-1T2 

DATA 
CODE 

NOTES: 

• UNLESS OTHERWISE NOTEb, TIME INTERVALS ARE MEASURED 
BETWEEN POINTS AT 1.5V. 

• SEE TIMING TABLE ON PAGE 43. 

00"157 • 
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PROGRAMMED 1/0 TRANSACTIONS 

. ·-- --····- ------ --- - ------------- -------------·- -------- -------·· --- -------·------------------ --------------· -------------------
There are two groups of Instructions which use the Data In format. The first group consists of four 110 Instructions which select 
only one IOC per transaction. The second group consists of one 1/0 Instruction which selects all IOCs simultaneously. 

The first group selects Individual IOCs by specifying a particular device code. The bit pattern for these instructions Is given 
below: 

26 

0 1 1 

0 1 2 

DIA (Data In A) __ Qp Code .. 001 
DIB (Data In B) ___ op Code - 011 
DIC (Data In C) __ Op Code - 101 

AC 

3 I 4 

F I DEVICE CODE 

a I 9 10 I 11 I 12 I 11 I 14 I 15 

AC "" see mN601, CPU 
F = see Internal Structure 
Op Code -= see below 

DIA. DIB, and DIC transfer data from a specific peripheral device to the CPU via an IOC. The selected IOC gates data Into its 
Peripheral Data Port from one of three peripheral registers (A, B, or C) and transmits this data to the CPU. 

In addition, the state of two Internal flags (BUSY and DONE) may be controlled by these Instructions (see Internal Structure, 
Internal Busy/Done Logic). 

NOTE: There Is one Internal register used during data channel breaks whose contents may be transferred 
from an IOC to the CPU using the DIB Instruction (see Request Control, Data Channel Registers). 

SKP (110 Skip) ___ Op Code - 111 

The 1/0 Skip Instruction transfers a word of data containing the state of the BUSY and DONE flags from the selected IOC to the 
CPU. Bit O of this word conlalns the complement of the state of the DONE flag while bit 1 contains the complement of the state of 
the BUSY flag. Bits 2-16 contain zeros. 

The second group of Data In Instructions consists of the Interrupt Acknowledge Instruction. This Instruction Incorporates device 
code 77e which selects all IOCs. 

INTA (Interrupt Acknowledge) 
DIB [f) ac, CPU 

0 1 

0 1 

AC 0 1 1 F 1 1 1 1 1 

2 3 4 s & 7 8 9 10 11 12 13 14 15 

AC, F - see mN601, CPU 

The Interrupt Acknowledge Instruction causes the responding IOC to transmit Its device code to the CPU. This instrucllon Is 
issued by the CPU in response to one or more IOCs requesting program Interrupts (asserting their INTR line). Only the hlghesl 
priority IOC responds (see Request Control, Priority Networks). 

The responding IOC transmits the contents of an Internal register containing its device code to the CPU. Bits 0-9 of the data 
transfer are zero while bits 10-15 contain the device code. 

t. DataGeneral 
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mN603 
DATA CHANNEL TRANSACTIONS 
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Oifata Channel Transactions 
Th!l:ere are two types of Data Channel Transactions: 

11 CPU to IOC Data Channel Out Transactions 
2l IOC lo CPU Data Channel In Transactions 

EaiWi type of transaction transfers a 16 bit word of data between a peripheral device and memory via the CPU. The direction of 
~transfer indicated by the name refers to the CPU. 

llc:iolh types of Data Channel Transactions begin with a Data Channel Address Request, issued by the CPU and are followed by a 
°'1Jta transfer issued by the responding IOC. The second Data transfer is issued by the CPU or IOC depending on which type of 
lraansaclion is taking place. 

NOTE: Though all IOCs receive the Data Channel Address Request, only the highest priority IOC 
requesting a data channel break completes the transaction (see Request Control section). 

Thtie fi~st data transfer, from IOC to CPU, provides the CPU with two kinds of information. Bit 0 of this 16 bit word indicates the C: 
dnrection of the second transfer (data). Bits 1-15 contain the address of the memory location to be accessed. 

0 

0 

DAT A CHANNEL ADDRESS I 
1 1 2 1 3 I 4 1 s 1 6 I 1 1 a 1 9 I 10 1 11 1 12 I u 1 14 1 1s 

D ... direction bit: 
0 - Data Channel Out Transaction 
1 - Data Channel In Transaction 

NOTE: See Internal Structure, Data Channel Logic. 
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mN603 
DATA CHANNEL TRANSACTIONS 

1) CPU to IOC Data Channel Out Transactions 

A Data Channel Out Transaction transfers a word of data from memory "out" to an IOC. The IOC begins transmitting the address 
and direction bit to the CPU during a set interval of time after the reception of the Data Channel Address Request. This Is 
Illustrated by C in the timing diagram. Likewise, the IOC must begin reception of the Data transfer a set interval of time alter It 
transmits the Control Word. This Interval Is illustrated by DCo • 

c DCo--..i 

T1 

VO CLOCK 

DIRECTION 
BIT=O. 

l/ODATA 1 

l/ODATA2 

T2 

l/OINPUT 

I 
DATA CHANNEL DATA'/ 

DATA CHANNEL 
ADDRESS AND 
DIRECTION BIT 

---DATA--­

OATA/ 

ADDRESS REQUEST CODE 

NOTES: 

DG.otl!ll 

• UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED 
BETWEEN POINTS AT 1.5V. 

• SEETIMINGTABLEONPAGE 43. 

2l IOC to CPU Data Channel In Transactions 

CODE 

A Data Channel In Transaction transfers a word of data from an ICC "In" to memory. The IOC begins transmitting the address and 
direction bit to the CPU a set Interval of time after the reception of the Data Channel Address Request. This Is illustrated In lhe 
timing diagram by C. Likewise, lhe ICC will begin transmitting the data to the CPU (memory) during a set Interval of time after it 
transmits the Control Word. This Interval Is Illustrated by DCt 

VO CLOCK 

llODATA 1 

l/OOATA2 

l/OINPUT 

I 
DATA CHANNEL 

c--.i 

DIRECTION 
BIT•I 

T2 

DATA'/ 
ADDRESS REQUEST CODE 

NOTES 

DC1--.i 

1234587 

8 9 

T2 T2 

DATA CHANNEL 
DATA/ ADDRESS AND 

DIRECTION BIT CODE 

• UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED 
BETWEEN POINTS AT 1.5V. 

1'G 1111151 
• SEE TIMING TABLE ON PAGE 43. 
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mN603 
INTERNAL STRUCTURE 
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INTERNAL STRUCTURE 
Im order lo make full use of an IOCs capabilities, an understanding of some of its internal elements is necessary. The block 
d:Ilgram below is a simplified representation of the IOC's internal structure. 

I 00 BUS CONNECTIONS 

0·111 OCll' 

122711 0 INPUT 

13a5J INTR 

4>1. 4>2 
121 
131 

STATE CHANGE LOGIC 

INTERRUPT 
DISABLE 
LOGIC 

STATUS 
SIGNALS 
FROM 
COMPONENTS 
OF IOC 

STATE 
COUNTER 

INTERRUPT 
REQUEST 
LOGIC 

DATA 

BUSYIOONE 
LOGIC 

PROGRAMMABLE 
LOGIC ARRAY 

CONTROL 
SIGNALS 
TO 
COMPONENTS 
OF IOC 

PERIPHERAL CONNECTIONS 

FSTROBE 
221 

DATA·OUT 
INVERTER/ 
DRIVER 

D• 0.15·, 
(4·191 

371 
BUSY 

ii6NE 
1381 

,351 
iN'i'SvNC 

CHANNEL M-.o--~~~~~~~~~~~~~~~~~~~ 
REQUEST 
LOGIC 
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Six internal registers are used during transactions as shown In the table below: 

REGISTERS FUNCTION 

IOSR (l/O Shift Register) Performs the serial/parallel conversion of information transferred on 110 
DATA<1,2>. 

Instruction Register Holds all 110 Instructions received by the IOC. 

Initialization Register Holds the device code, external register enable bit, external BUSY /DONE 
enable bit, and the polarity bit (see System Requirements, Initialization). 

Address Register Holds the 15-blt memory address used during data channel transactions 
when Internal registers are used. 

Word Count Register Holds the two's complement of the number of words remaining In a data 
channel block transfer when Internal registers are used. 

TRegister Bullers the 15-bll memory address and the direction bit used during data 
channel transfers. 

NOTE: Each ICC must have a unique device code. An ICC compares the device code contained In Its 
Initialization Register with that received In all 110 Instructions. If they match, the Instruction Is executed. In 
addition, some Instructions specifying device code 778 are executed. 

INTERNAL BUSY /DONE LOGIC 
The BUSY and DONE flags indicate the stale of the peripheral device. In normal use, the BUSY flag being set to 1 Indicates the 
peripheral device Is performing an operation; the DONE flag being set to 1 Indicates the peripheral device has completed an 
operation. 

II the internal BUSY and DONE flags are active (External BUSY /DONE Enable bit Is O) they are controlled by both programmed 
110 instructions and the peripheral device. For those programmed 110 Instructions which contain an IOC's selected device code, 
bits a and 9 (flag control or F field) from the Instruction Register affect the BUSY and DONE flags as follows: 

BITS PROGRAM 
8 9 MNEMONIC EFFECT 

0 0 - No effect 

0 1 s set BUSY lo 1, DONE to 0 

1 0 c set both BUSY and DONE to 0 

1 1 p set DONE to 0, no effect on BUSY 

•• Data General 
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mN603 
INTERNAL BUSY /DONE LOGIC 

-------------------- ----------- -----------·-------------·------------------

ID~ peripheral device can set either the BUSY or DONE flag to 1. When the DONE flag gets set lo 1, the BUSY flag is set to O. The 
~llheral device controls these flags by pulling either the BUSY or the DONE lines low. Shown below is a representation of the 
ir.lternal BUSY /DONE logic: 

OONl 1381 

s 

~ 

PULL-UP 

~=r~~~~~=:»--~~ 
IORST 

iUSY 1371 

ICORST-GENERA TED 
DURING 
NTIUZA TlON OR 
llORESET 
INSTRUCTION. 

FsTiffiiiE 

c s Q 

D R Q 

s c Q 

a 

FSTROBE C Q DONE 

DONE 
FLAG 

DONE 
'----~o a---- TO INTERRPUT 

REQUEST LOGIC 

IORST 

FSTROBE c Q BUSY c Q 

BUSY EXTERNAL 
FLAG USY1DON 

ENABLE 
0 a FLAG 

07 
D 0 

ENAB 

rue 

:rrniere Is a set relationship between the time the BOSY /DONE lines are asserted by the peripheral device and the time that the 
!mtemal BUSY /DONE flags are set. The state of the BOSY 1i55NE lines are sampled on the rising edge of FSTROBE. However, the 
•mternal flags are not set until the next falling edge of FSTROBE. If the peripheral device does not hold the BUSY /DONE lines low, 
ltlhey may float high until the internal flags are set. 

FS'fRoee 

BUSY/DONE FLAGS ---------+-----+--' 

BOSY/DONE 
(PINS) 

NOTES: 
• UNLESS OTHERWISE NOTED. TIME INTERVALS ARE MEASURED 

BETWEEN POINTS AT 1.SV. 
• SEE TIMING TABLE ON PAGE 43 • 
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mN603 
INTERRUPT REQUEST LOGIC 

INTERRUPT REQUEST LOGIC 
The Interrupt Request Logic is responsible for requesting program interrupts from the CPU. An IOC requests interrupts by 
asserting its INTR line. The state of this line is controlled by a flag called the Interrupt Request Flag. This flag is set or cleared 
during either a Request Enable or a Data Channel Address Request Transaction. This ensures that the request line ONTRI is 
stable when It Is sampled by the CPU. The section tilled "Request Control, Interrupt Requests" discusses how this flag may be 
set. 

Each IOC contains an Interrupt Disable Flag which allows the program to disable interrupts from that IOC. When this flag is set lo 
one, the ICC is prevented from asserting the iNTR line. 

The Interrupt Disable Flags for all IOCs are manipulated by the Mask-Out Instruction. When this Instruction Is executed, the 
16-bit mask received from the 110 Data Port is logically ANDed with the data received from the Peripheral Port. If any bit of the 
result is a one, the interrupt Disable Flag is set to one; otherwise, ii is set to o. II Is unconditionally cleared by an 110 Reset 
Instruction. 

Shown below Is a representation of the Interrupt Request logic: 

DO 
110 DATA1o-,L...__,, 

01 
110 DATA11 

02 
llODATA12 

03 
llODATA13 

04 
llODATA14 

05 
llODATA15 

06 
llODATA16 

07 
llODATA17 

DB 
l/ODATA1s 

09 
llODATA1g 

010 
llODATA110 

011 
llOOATA111 

012 
UOOATA112 

013 
UO OATA113---,L...__,, 

014 
110 DATA 114---,L...__,, 

015 
llODATA215 

DGaflG 

INTERRUPT LOGIC 

INTERRUPT 
DISABLE 
FLAG 

INTERRUPT 
REQUEST 
FLAG 

MASK-OUT 
INSTRUCTION c Q RQENB INTR (35) 

FROM I 
INTERRUPT) DONE 
REQUEST l 
LOGIC 

IORST 

NOTE: 
RQENB - GENERATED DURING REQUEST ENABLE OR DATA 
CHANNEL ADDRESS REQUEST 

IORST - GENERATED DURING VO RESET INSTRUCTION 
OR INITIALIZATION 
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DATA CHANNEL LOGIC 
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; A ma_sk-out bit is selected by pulling one of the data lines low during the execution of the Mask-Out Instruction. The MSKO 
, ~nction c~e generate~ during this instruction should be used for this purpose. During the time that the MSKO code is valid, the 

ala Port is forced to interpret all data using negative logic (low ... 1 ). As a result, the buffered output of the function code 
' ~er may be used to tie the selected data line low for the duration of the code as shown below. (see mN601, Program 

• •!errupts) 

DATA CHANNEL LOGIC 

IOC 
mN603 

DG-Olt6f 

FSTROBE 

PERIPHERAL PORT 

D<0-15> 

(OUTPUT TIED TO 
SELECTED BIT OF 
DATA LINES) 

The Data Channel Logic is responsible for transferring device service requests to the CPU and performing data channel 
transfers. A peripheral device requests data channel service by asserting an ICC's OCH SYNC line. On the Reqest Enable or 
Data Channel Address Request following the assertion of OCH SYNC, the ICC's Data Channel Reciuest Flag is set to 1. This flag 
cont!ols the state of the data channel request line (OCHA). When the flag Is set to one, the OCHA line is asserted requesting 
service from the CPU. Synchronizing the request in this way ensures the stability ol the OCHA line when ii is sampled by the 
CPU. 

Upon receiving data channel service, an IOC must transmit control information about the transfer to the CPU (see 110 Data Port, 
Data Channel Transactions). If the control information is ready for transmission when service is received, the entire transaction 
can be accomplished more quickly. Therefore, the Internal T Register is loaded with this control information when the service 
request is made. This shortens the total transacton time. 

The first thing an IOC does after receiving data channel service from the CPU (a Data Channel Address Request when the ICC 
has priority), Is lo transmit the contents of the T Register to the CPU. At the same time, the IOC checks to see If the peripheral Is 
requesting another transfer (OCH SYNC asserted). If the peripheral Is ready for a second transfer, the T Register is loaded again. 
However, if no more transfers are being requested, the Data Channel Request Flag is cleared releasing the i5CFiR line. In either 
case, the data word is then transferred completing the first transaction. 

Each time the T Register Is to be loaded, a OCHA function code is issued to the peripheral. This function code Indicates that the 
ICC expects the appropriate control information on Its data lines as described in the Peripheral Port section. Since the T Register 
may be loaded twice before the first data word is actually transferred, two OCHA function codes may be issued by the IOC before 
the DCHl/DCHO code which gates the first data word to/from the IOC. In addition, It is possible for one 110 Instruction to be 
executed between the time data channel service is requested and the time the first transaction occurs. However, once ~st 
transaction commences, the CPU continues to transmit Data Channel Address Requests until all requests are satisfied (OCHA is 
released). 
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INTERNAL SEQUENCING DIAGRAM 

INTERRUPT AND DATA CHANNEL SEQUENCING DIAGRAM 
The sequence of events which occur as a result of the IOC receiving a Request Enable or Data Channel Address Request are 
illustrated in the following flow chart. TO - T5 refer to the sequential timing of specific events. They in no way imply specific time 
Intervals. 

io __ -- -- --

REQUEST ENABLE OR DATA CHANNEL ADDRESS REQUEST IDCHAROI 

YES 

DATA CHANNEL 
ADDRESS REQUEST 1 

TRANSMIT CONTENTS 
OF T REGISTER TO 
l·OBUS 

SET~HGH 

C, __ EXJ_T _ _.) 

DATA CHANNEL 

OUT 

DATACHANNa 
II 

1SET~LOW 
- 2 ISSUE OCHA FUNCTION -

CODE 
SETlRTnLOW SETlliTllltGH 

EXIT 

.!J_ -- -- -- -- --
LOAD T REGISTER 
WITHD<0-15> 

LOAD T REGISTER 
WITH DD AND 
ADDRESS REGISTER 

-------------

.ll -- -- - -- -- --

ll-----------

.li----
ISSUE DCHI FUNCTION 
COOE TRA!',5""T 
0<0·15> ON 
1 oeus 

.!\...-- -- - -

INCREMENT-WORD 
COUNT +ADDRESS 
REGISTERS 

ISSUEWCEZ 
FUNCTION COD£ 

-- -- -- -- -- -- -----

-- -- -- -- ---- -----

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

GATE DATAfR0'-11 0 
BUS lO 0<0·15 ~ 
tSSlJE OCHO FUNCTJON 
C:OOE 

------------- -- -- -----------
NOTE 
T 0 ·TS REFER TO SEQUENTIAL TIMING 11E.T1 OCCURS AFTER T 01 
THEY ""1'LV NO SPECIFIC TIME INTERVALS 

(1. r 
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mN603 
REQUEST CONTROL 

The request control facility uses 6 lines of the IOC; three for program Interrupts, INTP, INTR, and INT SYNC and three for data 
' channel requests, DCHP, OCHA, and OCH SYNC. 

· As .mentioned previously, the IOC may request both interrupt and data channel service from the C~U. In both cases, the 
I penpheral device prompts the IOC to request these services. When two or more IOCs are requesting the same type of service, a 
i mechanism for determining which IOC receives service first is necessary. This mechanism is called the priority network. 

PffiORITY NETWORKS 
: Since there are two types of service requests, interrupt and data channel, there are two priority networks. Each network contains 
' 1 Pri_ority line ONTP or DCHP) which is daisy chained from controller to controller. The controller closest to the CPU requiring 
: 5el'VICe can remove priority from all the other controllers further down the priority chain. An IOC has priority for a particular type 
4 of service if the appropriate priority pin Is high. (See figure below) 

+5V 

10on 
CPU {~ 
REQUEST EXT INT 
PINS OCH INT--+--4 

10on 
+5V 

470n 

+5V 

470n 

INTP 

INTP 

TO LOWER PRIORITY IOC's 
IX1-0ll6tl 
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INTERRUPT REQUESTS 
An IOC requests a program Interrupt if either its DONE flag is set to one or the peripheral device asserts the IOC's INT SYNC line 
(assuming that a Mask-out Instruction has not set the Interrupt Disable Bit). On the Request Enable or Data Channel Address 
Request following the setting of DONE or the assertion of INT SYNC, the IOC requests service (asserts INTR). The service 
request should remain In effect (DONE set or INT SYNC asserted) until the CPU honors the interrupt request. 

The CPU honors a request by Issuing the appropriate 1/0 instruction. II the request was generated as a result of DONE being set 
to one, the Instruction should set DONE to o (see Internal Structure, Internal BUSY /DONE Logic). II the request occurred as a 
result of INT SYNC being asserted, the instruction should specify a function code which the peripheral should use to release 
INT SYNC. In both cases, the IOC stops requesting interrupt service (asserting IlilTffi on the Request Enable or Data Channel 
Address following reception of the 110 Instruction honoring the request. 

EXTERNAL BUSY /DONE LOGIC 
The following circuit is an example of how external BUSY/DONE flags may be connected to an IOC. In this case, the External 
BUSY/DONE Enable flag must be set to 1 (see Internal Structure and System Requirements, Initialization). 

FROM 
FUNCTION 
CODE 
DECODER 

DtUlf/17 

DEV COMPLETE------ic 

DONE 

BUSY 

i---.a DONE (38) 

NOTE: This circuit Is similar In operation to the Internal BUSY /DONE logic. However, the designer may alter 
this circuit to fit specific applications. 
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DATA CHANNEL REQUESTS 
An IOC requests data channel service if a peripheral device asserts its OCH SYNC line. On the first Request Enable or Data 
Channel Address Request following the assertion of OCH SYNC, the OCHA line is asserted by the IOC, requesting data channel 
service from the CPU. At this time a OCHA function code is issued to the peripheral. This function code should be used to release 
the OCH SYNC line unless another data channel transfer is desired. The interval Or in the following diagram indicates the time in 
which OCH SYNC must be removed to prevent prompting extraneous data channel requests: 

FSTROBE 

OCHA NOP 

NOTES: 
• UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED 

FROM A 1.5 VOLT LEVEL. 

• SEE TIMING TABLE ON PAGE 43. 

DATA CHANNEL REGISTERS 

NOPORWCEZ NOP 

T~ registers are used during data channel transfers, a 15 bit address register and a 16 bit word count register. The address 
register contains the address of the memory location to be accessed during a particular data channel transfer. The word count 
register contains the 2's complement of the number of words to be transferred in a block transfer. Under normal operation, both 
registers are incremented each time a transfer takes place. This assumes that the data Is being transferred In or out of a 
contiguous block of memory. When the word count register overflows, a block transfer is complete. 

II internal registers are selected (see System Requirements, lnltlallzalion), the Internal Address and Word Count Registers are 
used during data channel transactions. In this case, a DOB instruction loads the internal Address Register as well as placing the 
data on the Peripheral Port data lines. A DOC Instruction loads the internal Word Count Register as well as placing the data on 
the data lines. A DIB instruction transmits the contents of the internal Address Register to the CPU Instead of the data received 
on the data lines. 

If external registers are used, they may be loaded and read using programmed 110 instructions as selected by the designer. 
However, a OCHA function code Indicates that the IOC expects the contents of the Address Register to be gated on data lines 
D<1-15>and the direction bit on DO. This code should also be used to Increment both registers, readying them for a subsequent 
transfer. 

INTERRUPT AND DATA CHANNEL SERVICE 
ff a peripheral requires service, either a Request Enable or a Data Channel Address Request allows the assertion or clearing of 
an IOC's request lines. The priority networks determine which IOC receiving these commands is allowed to respond. How 
Request Enable and Data Channel Address Request affect an IOC's interrupt logic, data channel logic, 1/0 data port, and 
peripheral port is illustrated In the flow chart shown In the Internal Structure section. 
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SYSTEM REQUIREMENTS 

SYSTEM REQUIREMENTS 

POWER UP 
On power-up, Vee must be brought within Its specified operating range before the clocks cfl1 and cfl2 are applied to the chip. 
After all power supply voltages have reached their operating range, the chip Is considered to be in a cleared or Reset state. The 
four phase Internal clock generated by cfl1 and cfl2 ls halted while an tOC is in this state. 

Once initialized, an IOC may be placed In the reset state if Its 110 CLOCK line is held low for more than B cycles of MASTER 
CLOCK during reception (110 INPUT high). However, 110 CLOCK should never be held low while the IOC is transmitting to lhe 
CPU (110 INPUT low). 

INITIALIZATION 
The Initialization process performs two functions. First, the four phase Internal clock is started synchronizing the IOC and the 
CPU. Second, lhe Interrupt Disable flag, Data Channel Request flag, Busy flag, Done flag, internal Word Count register, and 
Address register are cleared (set to 0) while the Initialization register Is loaded with Information received on the Peripheral Port 
data lines. 

The first two Request Enables received from the CPU while an ICC Is in the reset state cause it to be initialized. When an IOC Is 
connected to a microNOVA system, this initialization process occurs automatically. This happens because the CPU Issues 
Request Enables even while it is In the Halt stale. 

If the IOC is already Initialized and communicating with the CPU, its Internal registers and flags may be reset and the Initialization 
Register reloaded if the CPU issues an 110 Res el Instruction. 

In either case, the following information Is loaded Into the Initialization Register via data lines 0<7-15>: 

NOTE: The contents of the polarity bit does not take effect until after lnlllallzatlon IS t:omplete. 

DATAPINISI LOADS 
SIGNAL 

EFFECT LEVEL 

07 EXTERNAL LOW External BUSY/DONE flags are enabled. 

BUSY/DONE 
ENABLE BIT HIGH Internal BUSY /DONE flags are enabled. 

LOW External Address and Word Count Registers are 

DB EXTERNAL enabled. 

REGISTER 
ENABLE BIT HIGH Internal Address and Word Count Registers are 

enabled. 

LOW Data on D<D-15> interpreted using positive logic. 

D9 POLARITY O.e. high - 1 I 
BIT 

HIGH Data on D<D-15> interpreted using negative logic. 
!I.e. high= 0) 

0<10-15> DEVICE LOW/ When loaded, the six bit device code on these 

CODE HIGH lines is interpreted using negative logic (I.e. high "" 
0). 

CLOCKS 
The two phase, non-overlapping clock 4>1 and </12 generates the ICC's four phase Internal clock. 411 and 412 are generated from 
MASTER CLOCK as received from the 1/0 bus by the IOC 110 Transceiver chip (mN636). A Clock Driver chip (mN640) drives the 
TIL clock outputs of the Transceiver to the MOS levels required by the IOC. All the specifications and liming In this section 
assume a MASTER CLOCK frequency of 8.333MHz. 
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ELECTRICAL SPECIFICATIONS 

ELECTRICAL SPECIFICATIONS 

•ABSOLUTE MAXIMUM RATINGS 

Supply voltage, v88 -7V s ................................................................ . 
upply voltage, V cc • • . . . • . . . . . . . . . . . . . . . . . . • . . . . • • . . . . . . . • . . . • . . . . . . • • • . . • . . . • • • . . • . 7V 

Supply voltage, V DD . • . . . . . . . . . . . . . . • . • . . . . . . • • • • • • . . • . . • • . • • . • • . . •..••.••...••.•..•. 13V 
Supply voltage, v GG • • . • . • . . . . . . . . . . . . . . . . . . . . . . . • • . . . . • . . • • • . . • • • . . .••...•...•.••••• 17V 
lnpul voltage, v1 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 7V 

Operating free-air temperature range. TA . . . . . . . . • . • . • . . . . . . • . . • . • • • . • • • • • • . • . . • • . 0 deg. to 70 deg.C 
Storage temperature range, T STG . . . . . . . . . . . . • . • . • • . . . . . • . • • . . . • • . . . . . . • • . . • -55 deg. to 125 deg.C 

NOTE: All voltages are measured with respect to ground. Subjecting a circuit to conditions either outside 
these llmlts or at these limits for an extended period of time may cause irreparable damage to the circuit. 
These ratings are not Intended to be used during the operation of the circuit. 

I RECOMMENDED OPERATING CONDITIONS 

Supply voltage, Vee ..•.....•.•....•......•.•......•..•.••••..•••••••.•....... -4.25V ± 0.5V 
Supply voltage, Vee • . . • • • • • • • • . . . • . • • . • • . • • • • . • • • . . . . • . • . . • • . • • . • • • • . • • • • . . . • 5V ± 0.25V 
Supply voltage, v00 . . . . • . • . • • . . . . • . . • • • . . . . • . . . • • . • . • . . • • • • . . • . • • . . • • • . . . . . . • • • 1 ov ± 1 V 
Supply voltage, VGG •.•.••... , .••••.......•.•......•....••••.•..••••..•.•.•..••• 14V ± 1V 
Operating free air temperature range, TA ....................•....•..•.••.•....... 0 deg. to 70 deg. C 

NOTE: All voltages are measured with respect to ground. 
On power-up, V BB must be within its specified operating range before any other power supply voltages are 
applied to the circuit. 

I DC CHARACTERISTICS 

SYMBOL CHARACTERISTICS CONDITIONS MIN. MAX. UNITS 

V IH ¢1.¢2 13 15 v 
D (0-15) 3.75 6 v 
BUSY,DONt 
INTP. DCHP 
INT SVNC. OCH SYNC 

l/OCLOCK 2.7 6 v 
110 DATA1.llO DATA2 

V1L ¢1.952 -2 +0.8 v 
0(0-15) -1 +0.8 v 
BUSY.~ 
INTP. OCHP 
INT SVNC. OCH SYNC 

l/OCLOCK -0.5 +0.5 v 
1/0 OATA1,llO OATA2 
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ELECTRICAL SPECIFICATIONS 

DC CHARACTERISTICS (CONT'D) 

SYMBOL CHARACTERISTICS CONDITIONS MIN. MAX. UNITS 

l1H 911.9)2 V1 -15V +.01 mA 

D(0-15) V1 =4V +70 MA 
BiJSY,DONE 
INTP,DCHP 
INT SYNC. OCH SYNC 

llOCLOCK V1 - 2.7V +70 I.IA 
110 DATA1,llO DATA2 

l1L ¢1.¢2 V1 -o.sv 10 .MA 

llOCLOCK V1-0V -4 mA 
110 DATA1,llO DATA2 

BUSY, DONE V1-0V -2 mA 
INTP,DCHP 
INT SYNC, OCH SYNC 

D(0-15) V1 -ov -2 mA 

VoH D(0-15) lo - -70J,tA 4 Vee v 
BUSY, DONE 

llOCLOCK IO• ·40,1.lA 3 Vee v 
110 DATA1,llO DATA2 

F(0-3). FSTROBE Io .. ·0.1mA 2.7 Vee v 
DCHR, INTR 
llOINPUT 

Vol 0(0-15) Io - 2mA 0 0.5 v 
l/OCLOCK 
110 DATA1,llO DATA2 
BUSY.DONE 

l/OINPUT Io -4mA 0 0.5 v 
F(0-3) 
FSTROBE 
DCHR,INTR 

lee MAX AVERAGE 
SUPPLY CURRENT 

Vee ... -4.25 ± o.sv -0.5 mA 

•cc MAX AVERAGE Vee - 5.0 ± o.2sv 25 mA 
SUPPLY CURRENT 

loo MAX AVERAGE v00 - 10.0 ± 1.ov 25 mA 
SUPPLY CURRENT 

loo MAX AVERAGE 
SUPPLY CURRENT 

Voo .. 14.0 ± 1.ov 20 mA 

C1 (1)1, !212 50 pF 
BUSY.~ 

0(0-15) 30 pF 
llOCLOCK 
110 OATA1.llO DATA2 
INTP. DCHP 
INT SYNC. OCH SYNC 

NOTE: Positive current is into the pin. 
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.AAC CHARACTERISTICS 

SSwitching Diagrams 

DO·Oll1J 

IOC CLOCK TIMING 

DATA PINS-OUTPUT MODE 

D<0-15> 

F<0-3> FSTROBE 

ltO CLOCK 
l10DATA1,2 ---t-~ ~--

l/OINPUT 

INTR, DCHR 

BUSY, DONE 

NOTE: TIME INTERVALS ARE MEASURED BETWEEN 10% AND/OR 90% 
POINTS, UNLESS OTHERWISE SPECIFIED. 
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DATA PINS- INPUT MODE 

111121 --J 

"2m -------4-"-_;;r 

INTP,DCHP 

~c, _____ ~--+-+-.,l.. ,.. __ _ 

OCH SVN.__ ___ -J ~-+-1~ ,,__ __ 

BUSY.DONE 

110 PORT - INPUT MODE 

.,._ __ T21-----T21 

--Tzo _ ___,,._, 
VO CLOCK 1.5V 

1
._ ____ __ 1.5V 

T22 

VO DATA 1,2 1.5V 

Tz2 

1.5V 

ocu11111 NOTE: TIME INTERVALS ARE MEASURED BETWEEN 10% AND/OR 90li 
POINTS, UNLESS OTHERWISE SPECIFIED. 

1/0 CLOCK - OUTPUT MODE 

" 1 (2) 

fJ 2 (1) 

VO CLOCK 
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TIMING TABLES 

'ijlSition Timing 

CLASS SYMBOL PIN MIN MAX 

CLOCKS T 1 01, !212 SEPARATION 5 -
T2 WIDTH 75 -
Ta CYCLE 235 245 

DATA T4 D< 0-15> - 60 
OUTPUTS 

Ts F < 0-3 > , FSTROBE - 60 

Ts 110CLOCK,110 DATA1 - 30 
l/ODATA2 

T1 l/OINPUT 30 

-
Ta INTR,DCHR 60 

-
Tg BUSY, DONE 60 

DATA T 10 D <0-15> SETUP 50 -
INPUTS 

T 11 D <0-15> HOLD 0 -

T 12 INTP, DCHP SETUP 0 -

T 13 INTP, DCHP HOLD 0 -

T14 INT SYNC, OCH SYNC 50 -
SETUP 

T 15 INT SYNC, OCH SYNC HOLD 0 -

T 16 BUSY, DONE SETUP 50 -

T 17 BUSY, DONE HOLD 0 -
llODATA T1e 110 CLOCK HOLD 0 -
PORT 

T19 1/0 CLOCK SETUP 70 -
T 20 l/OSKEW -10 +10 

T 21 1/0 PULSE WIDTH 115 125 

T 22 RISE, FALL TIMES - 10 

NOTE: All the above times assume a MASTER CLOCK frequency of 8.333 Mh:<. 

~. 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

1/0 DATA PORT TIMING TABLE 

CLASS MNEMONIC MIN. MAX. UNrTS 

All T, 110 130 ns 

T2 110 130 na 

TsKEW .5 +15 ns 

TN (neii:t command) 840 .. ns 

110 lnslruclions DTo 470 850 na 
(Oala Out Transfer) 

DT1 1190 1330 ns 
!Data In Transler) 

Requesl Enable • 360 540 ns 
and 
Dalo Channel 
Address Request 

Cata Channel c 710 850 ns 
Transacllons (Oala Channel 

Address Request 
to first translorl 

DCo 590 1930 •• 
(Cata Channel OUO 

DC1 1190 1210 •• 
IOata Channel In) 

NOTE: All I he above times assume a MASTER CLOCK lrequencyof 8 333Mhz 

DG-OUJ1 

PERIPHERAL PORT TIMING TABLE 

OP£11ATION MNEMONIC DESCR1FTION MIN. MAX. 

Cominonroall F5 Func11on code seluD 60 
operahons 11mepr1orto~ 

I 

i Fr Fsi'Ri5Se' duration 180 300 
I 

' 
FH Function pin hold 60 

lime 

l!Odtlaout Dara outpur hmin9 
lnstruclt00 same as funchon 
and 1 code liming above 
Oala Channel 
Out iranster 

l/Odatain Os Oala seluD lime 120 2•0 
lnstr':'Chon Pf'IOtlO~ 
ond 
Oala Channel OH Oala flold hmeo 0 120 
Jn Trtnsfer alter mROEi'E 

I T., OCHA10DHCI 338 
: 

TAo OCHAloDCHO 856 

SYNCHRONIZATION TIMING TABLE 

OPERATION MNEMONIC DESCRJITION MIN. MAX. UNIT 

Aeque.st Dr Time In whicb INT SYNC 840 "' Control or~muslbe 
removed to prevent 
further requaus 

BUSY and DONE Co Delay between fSTROBE 
and~orfiONE 

·10 +10 na 

trans111on 

Cs BU!V or~ assertion 120 na 
selup time toi internal 
recogn111onol desired 
functions 

CH BuSv or DONE a"ertion 0 na 
hold 11me tor recoonition 
(Nolc.11 CH 240n5 
lhcn signal wl\ llo;'.11 
toward Vee unlil nexl 
mR<5liEl 

NOTE: All the above times assume a MASTER CLOCK l1eQuencv ol 8 333 Mnz: 

DG..0Ul4 
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0.032 
RAD 
NOTCH 

DG-Oll7f 

PACKAGE SPECIFICATION 

2.020 
i---~----~1.sao~------.1 

0.810 
o.590 
0.588 

1-c::~:.::..::.::::..!.:::....__============- t:::=D.568 ..L 0.085 r-----To:o75 
0.300 
_l: 0.010 NOM 
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mN606 
4K DYNAMIC RANDOM ACCESS MEMORY 
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•1 fA ... 

15 I 
~ 

•2 rlla f-t'-CLOCK 1 

~ l'ODATA 1 'f' t::f110DATA1~ § 
mN636 ~ II IOC 110 I I 

~ 
l'ODATA2 1:=+110 OATA 2t: w 

TRANS· 

~ CE I VER 
I I 

Ill l'OCLOCK ~'~ c_:o.:s::: i 
~ I OINPUT rnAft Ill 

iil c _r....WE 0 0 
in J::::,P "' Ill 

I J::::,SAE .,.. 
,.Q ,. 

; 
mN638 J 

!J CLOCK 
DRIVER 

'IC' 'H' 'L' 
QUAO SENSE 4tCWORD 

l;1J AAll'LIFIER BUS DRIVER A MEY.ORY ARRAY BANK OR ...... 
Im.~ 5o61 lmN 5osl 

16 BITS 16 REFRESH 
DATA OUT mNli06 SELECT 

'r .--
lmN sos I lrnN 5061 

'f 4K RAMS LOGIC 

lUTOATA~l REFRESH 
:.i· 

12 BIT ADORE~~ 
COtilROL 

OCT ... L "4£,,.0RY MBO MB(1·3) 
........ 11\ TRA .. SC[l\/C~S 

BUFFERED MEMORY BUS 

lJuT E~ ~mi 100fHlm1&1.....:. 
~ 



- -- -·- - ----- -- ----- - ----- ---- ·-· .... -----·- -·--- -- .. ·-·-- ---·-·------·---- ----- -·--- --··---·-···--·-···---··· ·-··-- - -· -- ... 

mN606 
4K X 1 DYNAMIC RANDOM ACCESS MEMORY 

- --- --·-- ·-·---- --- -- .,. ________________ ·--- --·- - ~-

FEATURES 

• NMOS DYNAMIC RANDOM ACCESS MEMORY IN A 
20PIN PLASTIC PACKAGE 

• ORGANIZED AS 4096 BY 1 BIT 

• FAST 180nS ACCESS TIME 

•FAST INTERNAL LATCHES FOR ADDRESS AND CHIP 
SELECT 

• REFRESHES 64 BITS AT A TIME 

• OPEN DRAIN OUTPUT 

GENERAL DESCRIPTION 

PACKAGE 

11 

V55 

P(CLOCK) 

WE 

DI 

~8. ~N606 Is a 4096 by 1 bit NMOS memory using cost-efficient dynamic RAM technology to Implement the mlcroNOVA 
fa amil~ s large memory orientation. Its 20-pln package permits separate pins for each of the 12 address lines as well .as for the 
d~at~ ·~and data out lines. The chip's high speed access time of 180 nanoseconds contributes slgnificanlly to the m1croNOVA 
f<ram1ly s high performance. 

no construct a 16 bit by 4K word memory board, 16 mN606 RAMs are needed as well as two mN634 Memory Transceivers, four 
nmN506 Sense Amp/Bus Drivers, one mN638 Clock Driver, and supporting components. The system block diagram illustrates the 
boaslc Interconnection of these components. 
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mN606 
PIN DESCRIPTIONS 

---------·------------------·--------

2 

MNEMONIC 

A<0-11> 
(Address) 

DI 
(Data In) 

DO 
(Data Out) 

P(Clock) 

WE 
(Write 

Enable) 

cs 
(Chip 

Select) 

Vee 

Voo 

Vss 

DATA 

CONTROL 

FUNCTIONAL PIN CONNECTION DIAGRAM 

INPUT 

DI (DATA IN) ___ ....;...---in 

P(CLOCK) 
~--'-----.i19 

WE !WRITE ENABLE) 18 

CS (CHIP SELECT) ;::.:=...=.:...:.:.:......:==.:.!.--i1 5 

00·0111' 

mN606 

20 

Vee Voo Vss 
~ 

POWER 

OUTPUT 

DO (DATAOUTI 
161--;;;._:;,_:.:;__;_;__;;_;,_...;._~ 

PIN DESCRIPTIONS 

PINNO. IN/ FUNCTION 
OUT 

DATA 

2-10 In These pins enter an address which selects one of 4096 bits. A<0-5>ls used duri~ 
refresh operations for column selection (1 /64th of the RAM). Address is latched O" 

rising edge of P clock. 
12-14 

17 In 

16 Out 

19 In 

18 In 

15 In 

11 

20 

One bit of data written into location specified on address lines during memory wr.:t I 
operation. High level logical one input. I 
One bit of data read from location specified by address pins during memory raj 

operation. High impedance, inverted output (i.e., low - 1, high - 0). I 
All memory operations initiated by latching Address Register and starting internal clocl , 
on rising edge of P clock. j · 

I. , 11 
When asserted high, enables data from DI to be written Into specified memory loca IOI\ i : 
low, enables data at the specified address to be read out to the DO pin. ; · r 

I: 
If asserted low when P goes high, a memory read or write operation Is initiated. If h't i '· 
when P goes high, a memory refresh operation is initiated. Ii 

p 
' 1 · 

I' -4.25 ± 0.5V ! . 

+14.0± 1.0V 

Ground 
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mN606 
INTERNAL STRUCTURE 

----- -
-··---------~~---· - --- - - ·---- - -----· --·------------~----------- -------------------------··------ ------·--'-- - -- ------~---- ----

INTERNAL STRUCTURE 
The operation performed by the RAM depends on the level of CS when P clock goes high. If CS Is low, a memory Read or Write 
Clpefation is performed. The address on pins A <0-11 >is latched on the rising edge of P clock. If WE remains low, the data 
IJ>Pears on DO. A write operation is initiated by pulling WE high. The rising edge of WE forces DO high while the falling edge 
bads the data from DI. Both operations.may be combined to form a Read/Delay/Write (le Read/Modify/ Write) operation. 

Since the memory mechanism is dynamic, the chip must periodically be refreshed. A Refresh operation is Initiated during a 
mem.ory Write operation if CS remains high. In this case, A< 0-5> are latched on the rising edge of P clock to select a particular 
64 bit column of memory to be refreshed. Since there are 64 columns, 64 refresh operations are necessary to refresh ail 4096 
memory cells. Each location must be refreshed at least once every 2.0 mS. The Data Out (DO) line remains high throughout a 
refresh operation. 

INTERNAL BLOCK DIAGRAM 

A<0-5> 

r - - - --
1 P COLUMN LATCH 

A<6-11 > 

I 
I 
I 

01----i 

DYNAMIC 
STORAGE 
MATRIX 
64X64 
(4096 BITS) 

p ----..i CONTROL ,___.,~ P 
WE---~ i---~ R 

cs-----i 1----~cs 

-----, 
mN606 I 

I 
I 
I 
I 
I 
I 

..._ ____ __._ - - - -- - - - _ __J 
DO·Ol/11 

•"Data General 
Dala GrnHal Corporahun. W.stboro. MM.achuM'l ts 015111 3 



4 

mN606 
ELECTRICAL SPECIFICATIONS 

. -· ·- .. - - . .. -· ·-·-·····-- - - -·-- - --------------- . -- --- --·--- ·--- --------·----·· ---- --- -· ---·-· -- ·- .. --··------· -- ·- ---··--- --1 

ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 

Supplyvollage, Vea ••••••••••••••••.•...•.••.•.••.•.••••.••.•.•.......•....•.••. -7V 
Supply voltage, v00 .••••.•.•..••.•.•....••...••..•..........•.......•..•.••••••. 17V 
Clock input voltage, VicLK .••••••••••••.•.••.•..•......•••••••.•.•..••.•.••.••.•• · · 17V 
All other inputs, v1 .•••.•.•••••••.•.• , .•••••••.•.•.•.................. · · · · · · • • • · • • 7V 

Operating temperature range,(air moving at 200 feet/minute),T A ••.••.•••.... · . · · · · · · · 0 deg. to 70 deg. C 
Storage temperature range,T STG ••••••••••••.•..•••...•.••.....•......•.. -55 deg. to 85 deg. C 

NOTE: Subjecting a circuit to conditions either outside these limits or at these limits for an extended period 
of time may cause irreperable damage to the circuit. These ratings are not intended to be used during the 
operation of the circuit. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage, Vee ..••..••••••..••.•..••..••.••••••.•.•.•................• -4.25 ± 0.5V 
Supply voltage, v00 .•••.....•...... : •.••••.••.••••••.•....••••••....•••.•••.•. 14 ±.1V 
Operating temperature range,(air moving at 200 feet/minute) . • . • . • . • . • • . . . . . • • . . . . • • O deg. to 70 deg. C 

NOTE: On power-up, Vee must be within its specified operating range before Voe is applied to the circuit. 

DC CHARACTERISTICS 

SYMBOL CHARACTERISTICS CONDITIONS MIN. MAX. UNITS 

V1H P(CLOCK) +13.0 +15.5 v 

A <0-11> +4.0 +6.0 v 
CS.WE.DI 

V1L P(CLOCK), A <0-11> -1.0 +0.8 v 
CS.WE.DI 

I 
11H Pl CLOCK) V1 = 15.SV --- +0.8 mA 

CS.WE.DI V1 = 6.0V --- +0.01 mA 
A <0-11> 

l1L P(CLOCKI v1 = +o.av --- +0.01 mA 
CS.WE.DI 

loH 50 SEE TEST CIRCUIT. 0 0.04 mA 
UNDER AC CHARACTERISTICS 

lot.. DO SEE TEST CIRCUIT. 1.5 9.0 mA 
UNDER AC CHARACTERISTICS 

Isa SUPPLY CURRENT Vee "" -4.25 ± 0.5V --- -0.15 mA 

loo SUPPLY CURRENT Voo ,.. +14.0 ± 1.0V --- +20.0 mA 

c, P(CLOCKI 23 pf 

A <0-11> 7 pf 

CS.WE.DI 

Ar MEMORY CELL REFRESH TIME --- 2.0 ms 

NOTE: Positive current is into the pin. 

t. Data General 
[liola (;..,,.,al Curporotiun. wPatburo. Mauachusrtl• 01581 



- -- - ---- ------ ------ - ----------·· ---------------------------- ------------ -------- --- - .-. ------· ···-- .. -----

mN606 
ELECTRICAL SPECIFICATIONS 

------------. -------------- --·- ·---- - ----- - --- -------~----- -----~----------------- ···--------·----------- - -· --- --- -----. --

• AC CHARACTERISTICS 

TEST CONDITIONS 
PlCLOCKl RISE AND FALL 20NS 
ALL OTHERS 1 ONS 

DO 
LOAD 

TEST CIRCUIT 

+5V 

ALL RISE AND FALL TIMES ARE MEASURED 
FROM THE 10 TO 90 PERCENT POINTS. 

LOAD CAPACITOR INCLUDES 
JIG AND WIRING CAPACITANCE. DG·Oll1B 

Read Operation 

i------T3:----.-

To 

P (CLOCK) 

cs 

ADDRESS 

DATA 
OUT 

WE 

Tl 

0-oiif(C:AR(' '· · ... :·' ·: :,> 

:.-:;··. -[fq1ii'·f :C.ARE.·'··.'·.•·•·• >.":··:·· 

DATA OUT VALID 

i----------T5---------i 
WE MUST REMAIN LOW DURING THE ENTIRE READ CYCLE. 

NOTE: SEE AC CHARACTERISTICS TIMING TABLE ON PAGE 7. 

DG.ot:IJI 
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mN606 
ELECTRICAL SPECIFICATIONS 

-· - ·- -- .. ___ -··-···--- - -·---- .. -· ·-- ---------------- ·- ---·--------·- --- ---------------------- ------------ ------ --------------

6 

Write Operation 

T1--i-;M 

To 
PICLOCKl 

WE 

DATA IN 

DATA OUT 

---T3--.i 

Ts 

~--------~Te----~--~~.-.i 

WHEN WE GOES HIGH, A WRITE CYCLE IS 
INmATED AND DATA OUT IS DISABLED. 

NOTE: SEE AC CHARACTERISTICS TIMING TABLE ON PAGE 7. 
DG-4>11'9 

Refresh Operation 

---T3--~ 

T1 14---

---T7---..i 

---T7----.i 

To---I 1-1 
PICLOCKI l/1..t--t------+-+------1-~---4.N"l--------t'v 

'\.._":7:.':.· .... · 

ADD )<j I)( .... 
'"-"--'"-

WE 

DATA IN 
·: 

' I 

DATA OUT I 

'1----
WHEN REFRESHING. CS MUST BE HELD 
HIGH FOR THE TIME T1. THE DATA INPUTS 
ARE IGNORED. 

. Te --- ·-·-·-··- ·-- - --·----..j 

NOTE: SEE AC CHARACTERISTICS TIMING TABLE ON PAGE 7. 

DGOlllll 
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mN606 

ELECTRICAL SPECIFICATIONS 
---- ------------------------· .. ----------·--~----·---- ------------ ______ .-_ __ . --~------------------. --- __. 

T1rransition Timing 

OPERATION SIGNAL DESCRIPTION MIN. MAX. UNITS 

READ To SETUP TIME ADDRESS AND CS 0 ns 

T1 HOLD TIME ADDRESS AND CS 75 ns 

T2 DATA LOW TIME 65 ns 

T3 ACCESS TIME 180 ns 

T4 P (clock) 160 ns 

OFF TIME 

Ts P (clock) 220 3400 ns 

HIGH 

WRITE To SETUP TIME ADDRESS AND CS 0 ns 

AND 
REFRESH 

T1 HOLD TIME ADDRESS AND CS 75 ns 

T2 DELAY TIME PTO WE 160 2900 ns 

T3 WE PULSE WIDTH 180 250 ns 

T4 WRITE TIME 130 270 ns 

Ts DATA SETUP TIME 50 ns 

T5 DATA HOLD TIME 85 ns 

T1 P (clock) 160 ns 

OFF TIME 

Te P (clock) 490 3400 ns 

WIDTH 

•• Data Ge.neral 7 
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mN606 
PACKAGE SPECIFICATIONS 
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PACKAGE SPECIFICATIONS 

..... j """"" 
f0.268!003 0.388!.015 

"T--T--r-r----.----.-..-.--.-.....,....,....______.-1 I 
i--------o9sot.oo8--------i 

r0.268 ! 0031 ln----f"ru 
JJ 

i.---1-- 0.100 TYP 0.368!015___.J 
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mN506 
QUAD SENSE AMP/BUS DRIVER 

110 BUS 

MEMORY BUS -F r-
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mN506 
QUAD SENSE AMP/BUS DRIVER 

------ ~ ---·-- ---- - -

FEATURES 

• t FOUR SENSE AMPLIFIERS/BUS DRIVERS IN A 
14-PIN CERDIP PACKAGE. 

• 1 COMPATIBILE WITH mN606 RANDOM ACCESS 
MEMORIES. 

•• TWO INDEPENDENT STROBE LINES. 

.. INVERTED OPEN COLLECTOR OUTPUTS WITH 35mA 
CURRENT SINKING CAPABILITIES. 

•• DRIVERS MAY BE WIRE ORed TO SIMILAR OUTPUT 
CIRCUITS. 

STROBE 1 

Bo 

GND 

GENERAL DESCRIPTION 

PACKAGE 

"IThe mN506 Quad Sense Ampllfler/Bus Driver Is compatible with the mN606 RAM chip. The output drivers may be wire ORed 
a allowing direct connection of mull I pie memory arrays to the mlcroNOVA memory bus. 

1 The mN506 contains four analog sense amplifiers and four digital bus drivers. Independent analog and dlgltal supply voltage 
! sources allow power conservation in systems with battery back-up. The analog voltage supply (for the sense amplifiers) may be 
! shut off while the digital voltage supply provides power to maintain the memory bus integrity. 

- The analog Inputs of the mN506 are designed to sense the current drain caused by the outputs of the mN606 Random Access 
~e~ory. The bus drivers provide open-collector TIL compatible outputs capable of sinking up to 35mA. This allows the wire 
~ing of drivers on the Memory Bus. The bus drivers are enabled in pairs with the assertion of the STROBE1 and STROBE2 
signals. In addition, their outputs are inverted. Since the mN606 RAM outputs are also Inverted, a low level output from the 
mN506 indicates that the accessed memory location contains a logical 0. 

t.DataGeneral 
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mN506 
PIN DESCRIPTIONS 

·····-·-·· -·-- ·---- - ·--· -···------- --·-···----- -··---·-----·---· - --------·--·-·--- ---------------------------. ......; 

FUNCTIONAL PIN CONNECTION DIAGRAM 

MNEMONIC 

~ 
O'j 
D1 

Ao 
Bo 
Co 
Do 

STROBE1 

STROBE2 

VccA 

Vcco 

VEE 

GND 

IKJ.t>IMI 

STROBE 1~4----_. 

Bo 

STROBE2 11 

PIN 
NO. 

2 
6 
9 

13 

3 
5 

10 
12 

4 

11 

1 

14 

8 

7 

PIN 1 =Vee A 
PIN 7 = GND 
PINB=VEE 
PIN 14=Vcco 

PIN DESCRIPTIONS 

IN/ FUNCTION 
OUT 

IN Sense amplifier inputs. 
IN 
IN 
IN 

OUT Inverted open collector outputs. Ao and Bo 
OUT enabled when STROBE1 asserted low. Co and 
OUT Do enabled when STROBE2 asserted low. 
OUT 

IN When asserted low, enables Ao and Bo 

IN When asserted low, enables Coand Do 

+5 ± 0.25 volts, Analog circuit power supply. 

+ 5 ± 0.25 volts. Digital circuit power supply. 

-5 ± 0.25 volts, Analog circuit power supply. 

GROUND 
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mN506 
ELECTRICAL SPECIFICATIONS 

----------- -------- --------·- --- ------------------~--- ·--- ------ --.. ---· - ~-·----- ------------ -----·- ---- -· --- --

ELECTRICAL SPECIFICATIONS 

-ABBSOLUTE MAXIMUM RATINGS 

" ~upply voltage, V CCA • . . . • • . . • . . • . . . • . • . . . • . . . . . • . . . • . • . . • . . . ••• , .•• , ••.••.•......••... 7V 
upplyvoltage, Vcco ......•.•.....•.••••..••...•........•..•..•..••..•.••••••.•.•••... 7V 

Supply voltage, Vee ......................•.....••..••...•...•.•..•....••••••••.•.•••. -7V 
Input voltage, v1 ...•.....•.•...........•.........••.•.•••••••.•.••.......•..•..••• + 5.5V 
Output current, I 0 .•........•...•..........••.........•...•.•...••...•.....•....... 60mA 
~rating free-air temperature range, TA .................••..•..•..•........•..••• O deg. lo 70 deg. C 

lorage temperature range. TsTG ..•.•.............•.•.•......•.•..•......•... -25 deg. lo 155 deg. C 

NGIOTE: Subjecting a circuit lo conditions either outside these limits or al these limits for an extended period 
dl:I t•me may cause irreparable damage to the circuit. These ratings are not intended lo be used during the 
qi:oeration ol the circuit. 

R1RECOMMENDED OPERATING CONDITIONS 

Supply voltage, VccA· ................••.......•.....•..•...••..........•..•...•. 5.0 ± 0.25V 
Supply voltage, V cco ............•................•.••.............•............. 5.0 ± 0.25V 
Supply voltage, Vee ...........•..••.......••.......•.......•••.•.•.... _ ...•..•. -5.0 ± 0.25V l Average power dissipation ...................•..••.....•.•....•••••....•... · .......•... 0.8 W 
Operating free-air temperature range, TA ...•......•.....•.•••.....••....•.....•... 0 deg to 70 deg. C 

me CHARACTERISTICS 

SYMBOL CHARACTERISTICS CONDITIONS MIN. MAX. UNITS 

V1H STROBEt 2.0 v 
STROBE2 

V1L STAOBE1 0.8 v 
STROBE2 

V1HA" A;. s;. c;. o, VccA = Vcco = 4.75 v 1.0 v 
Vee= -5.25V 
llAMP = -9.0mA 

VILA" ~ s,.c,. 5j VccA "'Vcco = 5.25V 3.0 v 
Vee - -4.75V 
11AMP-OmA 

v, STAOBE1 VccA - Vcco - 4.75V -1.5 v 
STROBE2 Vee= -4.75V 
(INPUT CLAMP 11 = -18mA 
VOLTAGE) 

l1H STROBE1 Vee A - Vcco .. 525V 200 µA 
STROBE2 VEE = -5.25V 

v1 = 2.7V 

•NOTE: SEE SENSE AMP V-1 CHARACTERISTICS ON PAGE 5 
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mN506 
ELECTRICAL SPECIFICATIONS 

DC CHARACTERISTICS (Cont.) 

SYMBOL T CHARACTERISTICS I CONDITIONS MIN. MAX. UNITS 

l1L STROBE1 VccA = Vcco - 5.25V -4 mA 

STROBE2 Vee = -5.25V 
v 1= 0.5V 

1, STROBE1 VccA ""Vcco = 5.25V 1 mA 

STROBE2 VEE = -5.25V 
V1 = 5.5V 

Vol Ao,Bo,Co,Do VccA = Vcco = 4.75V 0.5 v 

Vee= -5.25V 
V1STROBE = o.av 

I 1AMP = -400uA 
lo= 35mA 

loH Ao,Bo,Co,Do VccA = Vcco - 4.75V 

VEE = -4.75V 
Vo= 5.5V 

l1AMP ""-1.BmA 50 µA 

V1sTROBe · .. 0.BV 

I 1AMP = -400uA 50 µA 

V1sTROBe = 2.0V 

lccA ANALOG POWER VccA - Vcco = 5.25V 50 mA 
SUPPLY CURRENT 

Vee= -5.25V 
IVccAI 

l1AMP = -1.BmA 

V1STROBe = 2.0V 

VccA = Vcco = 5.25V 50 mA 

Vee= -5.25V 
I 1AMP - -400uA 

V ISTROBe = 0.8V 

lcco DIGIT AL POWER VCCA = VCCo = 5.25V 31 mA 

SUPPLY CURRENT Vee = -5.25V 
(Vccol l1AMP = -1.SmA 

V1srnose = 2.0V 

VccA = Vcco = 5.25V 51 mA 

Vee = -5.25V 
I 1AMP = -400 IJ.A 

V1STROBe = 0.8 

IEE ANALOG POWER VccA = Vcco == 5.25V -65 mA 
SUPPLY CURRENT Vee= -s.2sv 
(VEE) I 1AMP = -1.8mA 

V1sTROBE = 2.0V 

VccA = Vcco "" 5.25V -65 mA 

Vee = -5 25V 
I 1AMP = -400uA 

V1srnoee = o.av 

NOTE: POSITIVE CURRENT IS INTO THE PIN. 

4 4 •Data General 
IJola(.....,altarp"utKJn.v.;.slbom. Ma .... hu~t• 015111 



---~------·----·------------------ .. ------·-------~-·--·----------------- -------- ------------..--- ----·P-

mN506 
ELECTRICAL SPECIFICATIONS 

----·--·- ----·--·-- --- --- -----·-- ..... -- ·------------ ----------·--·---·---------------·-- -·------------- -

MC CHARACTERISTICS 

SENSE-AMP INPUT V-1 CHARACTERISTICS 

1.0V ALLOWABLE 3.0V 
! VOLTAGE RANGE ! 

TEST CIRCUIT: 

P.G.1 

P.G.2 
, ,, 

Ht'PUT 
ct\JRRENT 

I ILD----t-~ I 

I I ILLEGAL LE2 m~506 _______ _J 

NOTE: PULSE GENERATORS 1 AND 2 
NOT INTERNALLY TERMINATED. 

ILLEGAL 

S!Switchlng Diagram 

! OmA ____ _ 

P.G.1 l 
-9mA ---' 

P.G.2 

O<tr = tf<6nS 
PRR= 1MHz 
tw1 = 100nS 
tw2 = 300nS 
DQ.QI/~ 

I 3V 

ov ___ ~+-------+-~ 

tpl.H2 

Ao.Bo! VoH 

co. Do voL ------ __ 

1Transltion Timing 

SYMBOL CHARACTERISTIC CONDITION• 

tpHL1 PROPAGATION DELAY VccA ... Vcco ... 5.ov 
(HIGH TO LOW LEVEU Vee - -5.0V 

lit .. -1.8mA 

tp LH1 PROPAGATION DELAY VccA ... Vcco - 5.ov 
(LOW TO HIGH LEVEU Vee .. -5.0V 

l1L - -1.8mA 

tpHL2 PROPAGATION DELAY VccA - Vcco - 5.0V 
(HIGH TO LOW LEVEL) Vee - -5.0V 

lit .. -1.amA 

tpLH2 PROPAGATION DELAY VccA - Vcco - 5.ov 
(LOW TO HIGH LEVEL) Vee - -s.ov 

lit - -1.SmA 

• See Test Circuit 

t. DataGeneral 
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25 
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18 

18 

25 

38 
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PACKAGE SPECIFICATIONS 
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m N 629 
CPU 1/0 TRANSCEIVER 

·-------------------------------------------------------------------------
FEATURES 

• 110 BUS RECEIVER ANO TRANSMITTER IN A SINGLE 
20-PIN CERAMIC PACKAGE. 

• INTERFACES mN601 
DIFFERENTIAL 110 BUS 

CPU to microNOVA 

• DIFFERENTIAL DRIVE CAPABILITIES: 

1. PROVIDE HIGH 1/0 BUS NOISE IMMUNITY. 
2. ALLOW LONG DISTANCE APPLICATIONS. 

(UP TO 100 FEET) 
3. ALLOW THE USE OF INEXPENSIVE 16-CONDUCTOR 

RIBBON CABLE. 

• PROVIDES ALL SYSTEM TIMING FROM ONE 
MASTER CLOCK INPUT. 

VO DATA 1 

81/0DATA 1 2 

Bl/ODATA1 3 

CLEAR 

VO INPUT 

VO INPUT 

fJB 

DA 

MC LOCK 

GND 

DG-0<112 

GENERAL DESCRIPTION 

PACKAGE 

11 

vcc 

I 0 DATA2 

Bl ODATA2 

Bl·OOATA2 

l'OCLOCK 

B l.'OCLOCK 

. Th~ CPU 110 Transceiver chip Interfaces the microNOVA CPU with the bl-directional, differential 1/0 bus. It communicates with 
peripheral devices via peripheral 1/0 Transceivers (mN636s). When the mN629 is In receive mode, It passes information to the 
CPU. When it is in transmit mode, the CPU can send information to 1/0 Controllers. 

The mN629 uses differential drivers and receivers to communicate with up to 20 IOC 1/0 Transceivers via the 1/0 bus. This 
~nows high noise Immunity over a long bus. An 1/0 bus length of up to 100 feet is passlble using inexpensive 16-conductor 
nbbon cable. 

In addition to passing data between the CPU and the 1/0 bus, the CPU 1/0 Transceiver provides timing for the entire system. The 
system master clock is an Input to the CPU 110 Transceiver. A two phase clock ({/)A and ¢8) Is generated from this input to 
provide timing for the high voltage clock drivers required by the CPU. In addition, a differential version of master clock is 
transmitted to all the m N636 1/0 Transceivers to provide synchronized timing for the entire system. 

t.DataGeneral 
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mN629 
CPU 1/0 TRANSCEIVER 

FUNCTIONAL PIN CONNECTION DIAGRAM 

I MNEMONIC 

l/ODATA1 
l/ODATA2 

l/OCLOCK 

l/OINPUT 

l/OINPUT 

CLEAR 

MC LOCK 

QIA 
08 

BMCLOCK 
BMCLOCK 

PIN 
NO. 

1 
19 

16 

6 

5 

4 

9 

8 
7 

12 
13 

TO 

CPU { 
CLOCK 
DRIVER 
mN640 

TO 
CPU 
VO 
PORT 

CONTROL 

IN/ 
OUT 

1/0 
1/0 

110 

IN 

OUT 

IN 

IN 

OUT 
OUT 

OUT 
OUT 

MCLOCK - 8.333 MHz 

t 
0A 8 9 12 

BMC LOCK 

rae 7 13 BMC LOCK 

mN629 
CLEAR 4 

l/ODATA 1 2 81/0DATA 1 
1 81/0DATA 1 3 

VODATA2 18 Bl/ODATA2 
19 Bl/ODATA2 17 

VO CLOCK 15 81/0CLOCK 
16 81/0CLOCK 

l/OINPUT 
6 

14 

l/OINPUT 
5 20 11 10 

1 1 1 
Vee VEE GNO 

l>G-OUIJ 

PIN DESCRIPTIONS 

FUNCTION 

TO 
1/0 
BUS 

Tri-slate, bl-directional data port pins. Transfer serial data between Transceiver and 
CPU 1/0 port data pins. 

Tri-state, bl-directional clock line used to synchronize transmission and reception of 
data on 1/0 DATA1 and 1/0 DATA2 llnes. Note: CLEAR asserted low pulls l/OCLOCKto 
Its low state ii Transceiver Is In Receive Mode. 

High - mN629 In receive mode. Low - mN629 in transmit mode. 

Inverted output of 1/0 INPUT. 

When asserted, clears all internal flip/flops and. pulls 1/0 CLOCK (pin 16) lo the lo• 
state II the Transceiver is in the Receive Mode (used to reset mN601). 

MlcroNOVA system master clock input. 

Two-phase clocks operating at one-half the MCLOCK frequency. TIL level ope:i 
collector outputs. 

Open emitter, open collector differential pair. Transmits system clocks to all peripher..t 
Transceivers (mN636). 

t •Data General 
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mN629 
PIN DESCRIPTIONS 

--- ---~- ----- ..._ ------- ·--~-- --- ----- ---~---- ----·-----~ .... ----------------- -------------------- - --- - ---·-

~EMONIC I PIN 
NO. 

OIDATAt 2 
-:.'O~DATAt 3 

3'.0JDATA2 18 
3!JCDOATA2 17 

3~00CLOCK 15 
_3l•O•OCLOCK 14 

Vee 20 

Vee 11 

GND 10 

IN/ 
OUT 

110 
110 

110 
1/0 

110 
1/0 

FUNCTION 

Open emitter, open collector differential pair. Transmit and receive serial data on 110 
bus. 
RECEIVE MOOE (l/O INPUT high) - receive dilferential signals from 1/0 bus. Clocked by 
81/0 CLOCK. TIL level signal output on 110 DATA1 pin. 
TRANSMIT MODE {l/O INPUT low) - TTL level input from 1/0 DATAt transmitted 
differentially on 1/0 bus. Clocked by MCLOCK. 

Open emitter, open collector differential pair. Transmit and receive serial data on 110 
bus. 
RECEIVE MODE (1/0 INPUT high) - receives differential signals from 1/0 bus. Clocked 
by 8110 CLOCK. TIL level signal output on 1/0 DATA2 pin. 
TRANSMIT MOOE (110 INPUT low) - TTL level input from 110 DATA2 transmitted 
differentilly on 1/0 bus. Clocked by MCLOCK 

Open emitter, open collector differential pair. Used to synchronize transmission and 
reception of 81/0 DATA <1,2> pairs. 
RECEIVE MODE (110 INPUT high) - receive differential synchronizing clock from 1/0 
bus. Clocks data in on 81/0 DATA <1,2> differential pairs. TTL level signal output on 
110 CLOCK pin. 
TRANSMIT MOOE (l/O INPUT low) - TTL level Input from 1/0 CLOCK pin used to 
generate a double frequency clock from MCLOCK; is transmitted differentially to the 110 
bus. 

POWER 

+ 5.0 ± 0.25 volts 

-5.0 ± 0.25 volts 

Ground 

t •Data General 
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mN629 
PIN DESCRIPTIONS 

- ---- ·-·-- ------ -----------------------------~#---------------·--------------

4 

INTERNAL STRUCTURE 
The mN629 consists of six flip/flops (F/F}, a number of gates, four differential drivers, and three differential receivers. The 1!0 
INPUT pin determines whether the Transceiver is In the Receive mode or the Transmit mode. When 110 INPUT is high, the 
Transceiver Is In the Receive mode. In this case, the 110 DATA 1, 110 DAT A2, and 1/0 CLOCK outputs are enabled. When 1:0 
INPUT is asserted low, these output drivers are disabled while the differential drivers are enabled. In this mode, the 110 DATA1, 
110 DATA2,and l/OCLOCKlnputs provide data totheDATA1 F/F, DATA2 F/F, and 81/0 CLK ENB F/F. 

BvO 81/0 
VO INPUT CLEAR CLOCK CLOCK 

5 4 15 14 

6 

110 
INPUT 

16 

110 
CLOCK 

INTERNAL BLOCK DIAGRAM 

B J/O B 1/0 B 110 B 1/0 
DATA 1DATA1 DATA2 DATA2 BMCLOCK BMCLOCK 0A !!le 

2 3 

VO DATA 1 

Vee= PIN20 
VEE= PIN 11 
GND= PIN 10 

18 17 
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mN629 
DATA TRANSMISSION ------------- --- ------- -- - --- ------ --·-·--------------------·-------- --- --· --- ---··----- - - --- --------- ---- - --- -- -

DA1ATATRANSMISSION AND RECEPTION 

~~connected to the mlcroNOVA 1/0 bus, the mN629 performs two general types of data transfers; short and long as shown 

SHORT TRANSFER 

110 CLOCK 

1/0 DATA 1 

1/0 DATA 2 

DG·Ol/14 

LONG TRANSFER 

llOCLOCK 

llODATA 1 \ L z z x z z z z I 
llODATA2 \ x x x z z z z z I 

DG-041/d 

llhe short type consists of one 1/0 CLOCK pulse and transfers two bits. The long type consists of five 1/0 CLOCK pulses and 
Utransfers 18 bits. For the purpose of Illustrating the operation of the Transceiver, the long transfer Is used as an example. The one 
JlPulse transfer Is simply a shortened version of the long transfer as fer es the Transceiver's operation Is concerned. See the 
lllntroducllon end mN601, Operations Protocol, 1/0 Operations sections for further explanation of the types of transfers. 

lrThe transceiver operates under two modes; transmit and receive. The Input waveforms, some Internal signals, output wavelorms, 
End a brief discussion of each mode are given below. 

f •Data General 
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mN629 
DATA TRANSMISSION 

Transmit Mode 
Transmit mode begins when 110 INPUT Is asserted low (by the CPU). The next rising edge of MCLOCK sets the Transmit/Receive 
F/F allowing MCLOCK to clock the DATA CLK line. As shown In the block diagram, DATA CLK clocks data into the DATA1 FIF 
and DATA2 FIF. These flip/flops supply the data to the differential drivers. In addition, DATA CLK sets the 8110 CLK ENB F/Ffcr 
the duration of the transmission. The high output of the 8110 CLK EN8 F/F allows DATA CLK to be transmitted on the UO bus vii 
the 8110 CLOCK differential driver. A long transfer from the CPU to the 1/0 bus Is shown in the following timing diagram. 

mN629 
INPUT 
FROM VO DATA< 1.2> 
CPU 

VO INPUT 

TRANSMIT/RECEIVE F/F 

INTERNAL 
SIGNALS DATA CLK 

B VO CLK ENB F/F 

{

Bl/OCLOCK 
OUTPUT B 1/0 CLOCK 
TOVO 
BUS B 1/0 DATA<t.2> 

81/0DATA< > 

DG-OflN 

TRANSMIT WAVEFORMS 

Bl/OCLOCK 
BllOCLOCK 

B 1/0 DATA<1.2> 
Bl/ D TA<t.2> 

NOTE: MC LOCK and DAT A CLK operate at twice the frequency of 1/0 CLOCK. Th Is provides a transition of 
8110 CLOCK near the middle of every 81/0 DATA < 1,2 > pulse allowing the receiving transceiver to 
sample near the 1T1lddle of each data bll 

t •Data General 
(l!MaGrtw•rall••poral.,,., WPllboru. MaU«iiuMl1 01581 



~----------- ------ . ---------- - --- --- - --- ------ -------------- ---- -- ------------·--------- ---- ... --- ------·-- - ---- -- --- . ---

mN629 
DAT A RECEPTION 

- ---- - - -- --- ------------ ~-- - -----·-----· - ---------------------- ··----------------------------- - -- -- _, _______ --- - -- -- -

Rtltcelve Mode 

R5ecei~e mode begins when 110 INPUT is asserted high. The first Bl/O CLOCK transition from the 1/0 bus initiates data reception. 
~e signals received from the 110 bus are in the same form as those transmitted by the Transceiver. The Transmit/Receive F/F is 
n1

1 l_tle reset state allowing Bl/O CLOCK to generate DATA CLK. Data is clocked into the DATA1 F/F and DATA2 F/F on every 
1~~1119 edge of DATA CLK. In addition, the Bl/O CLK ENB F/F Is toggled on each falling edge of DATA CLK. An inverted output of 
t•uil$ flip/flop drives the 110 CLOCK pin. A long transfer from the 110 bus to the CPU is shown in the following timing diagram. 

RECEIVE WAVEFORMS 

INPUT 
FROM 110 INPUT 
CPU ---- ---- -------------------------

TRAN/RECf!E_ ___ . ___________ ----------__ _ 

INTERNAL DATA CLK 
SIGNALS 

OUTPUT{l/O CLOCK 
TO 
CPU 1/0 DATA <~1.-:::2,.,->--..J----.!r--,.,..---l'T""""--n--.......--....,.,.--.7-~...--;...----

OG·Ofll7 

NOTE: The last Bl/O CLOCK transition causes the Transceiver to sample the differential data lines after 
the last bit of data has been received. This ensures that the DATA1 F/F and DATA2 F/F are reset to their 
normal state at the completion of the transfer • 

• • Data General 
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mN629 
CONTROL 

REGISTER RESET CIRCUIT 
This circuit consists of the Register Reset Flip/Flop (REG RST F/F), two NANO gates, and the associated control lines (see lower 
right corner of Internal Block Diagram). While in the receive mode, the Register Reset Circuit ensures that the 8110 CLK ENB FIF 
will be reset if set by a spurious transition of 81/0 CLOCK. 

Under normal operation, the Bl/O CLK ENB F/F is clocked either twice or ten times depending on whether the Transceiver 
receives a short or a long type of transfer. Thus, there should always be an even number of 81/0 CLOCK transitions. II for some 
reason a single transition of 8110 CLOCK Is received, the 81/0 CLK ENB F/F must be reset to aviod holding 110 CLOCK low and 
reselling the CPU (see mN601, Operations Protocol, mN601 Status). 

If the Bl/O CLK EN8 F/F Is set anywhere during the period shaded in the following liming diagram, It is reset after the rising edge 
of ¢8as described below. 

INTERNAL 
SIGNALS 

B 1/0 CLK ENB F/F RESET TIMING 

MCLOCK 

i)B 

Bl/O CLK 
ENB F/F ___ _,_...;.;.:....:.:.:o.:.='"'I 

RS 

DO./HIU 

While the 8110 CLK ENB F/F is in the reset slate, its a output Is o. This forces the REG AST F/F to its reset slate. If the 8110 CLK 
ENB F/F is clocked by a fraudulent trans Ilion of Bl/O CLOCK, its Q output Is no longer O and the REG AST F/F is no longer forced 
to the reset slate. On the next falling edge of !ZIB, the REG AST F/F is set placing AST low. Though AST Is now low, RS remains 
high since ¢B Is low. When !ZIB goes high, RS goes low clearing the 81/0 CLK ENB F/F. Its Q output goes low Immediately 
reseting the REG AST F/F and placing AST back In Its normal slate. RS and RS return to their normal state on the next falling 
edge of !158. 

The Bl/O CLK EN8 F/F is not reset during normal reception because the reset circuit has a built-In delay of one MCLOCK period. 
Even ii a transition occurs at the end of the period shaded in the above timing diagram, there is enough time for the second 
transition to occur before the rising edge of !218. 

CLOCKS 
The system master clock is applied lo MC LOCK. This clock toggles the 9-ICLK F/F which provides the two-phase (half-freQuency, 
TIL level) clock for the CPU Clock Driver (mN640). MCLOCK is also differentially driven on the 1/0 bus (BM CLOCK) to prov:dol 
synchronized timing for the peripheral Transceivers and Controllers. 

CLEAR 
The CLEAR pin is used during system reset. When asserted low, all the mN629's Internal flip/flops are reset. If the Transcelveri$ 
in the Receive Mode. the 110 CLOCK pin is pulled low (resets the CPU, see mN601 ). If the Transceiver Is in the transmit mode, the 
110 CLOCK pin is not affected by the assertion of CLEAR until the transmission Is over and i/O INPUT Is pulled high. 

«.Data General 
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mN629 

ELECTRICAL SPECIFICATIONS 
• 
, __ _ 

--------- -------------------------------- _____________________ ........, ___________ _ 

ELECTRICAL SPECIFICATIONS 

AllBSOLUTE MAXIMUM RATINGS 

Supply voltage, Vee .•.•.......•...•.•.•.••.•.•••.••• , ..••••..••••••.•••.•.•••••••.••. 7V 
Supply voltage, Vee . • • . • . . . • • . . . . . . . . . . • . . • . • . • • • . • • • . . . • • • • . • • . • • • • • . . • . . . • • . • • • . . • • -7V 
Input voltage, v1 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 5.5V 
Transceiver oulpul current. I OT ••••••.••••••.••••••••••••••••••••••• • • • • • • • • • • · • • • • • • • • 80mA 
All other oulpul currenl, i-0 ...•.......•....•..........•..... · . · • · · · • · · • • · · · • · · · • · · · · · · 50mA 

Operaling lree-air temperalure range, TA .•..•••.....••••••••.•.•.•••••.••••••••.. Odeg. lo 70 deg.C 
Storage lemperalure range, T STG ••••••••••••••••••••••••••••••••••••••••••• -55 deg. lo 125 deg.C 

NOTE: Subjecting a circuit to conditions either outside these limits or at these llmlls for an extended period 
of time may cause Irreparable damage to the circuit. These ratings are no! Intended to be used during the 
operation of the circuit. 

RRECOMMENDED OPERATING CONDITIONS 

Supply Voltage V cc ... , ..................... , ................ , .............. + 5.0 ± 0.25V 
Supply Voltage Vee ..•..•.•.••..•......••......•.•...•....••..•.•...••••.•••• -5.0 ± 0.25V 
Average Power Dissipation ••.•••••••• , •••••••••••••.•.•••..•.••.•.••••••••••.••••••. 0.95 W 

Operating free-air temperature range, TA ••••. , ••.•.•••..••••.••••••••••••••••.. • · 0 deg. to 70 deg. C 

[JDC CHARACTERISTICS 

SYMBOL CHARACTERISTICS CONDITIONS MIN. TYP. MAX. UNITS 

VIH MCLOCK 2.0 v 
l/OINPUT 
~A1,l/O DATA2 
CLEAR. 110 CLOCK 

8110 CLOCK.8110 CLOCK 3.2 v 
81/0 DATA1 ,81/0 OATA1 
81/0 DATA2,Bl/O DATA2 

VIL MC LOCK 0.8 v 
l/OCLOCK 
l/OINPUT 
110 DATA1 
l/ODATA2 
CLEAR 

81/0 CLOCK,81/0 CLOCK -1.5 v 81/0 DATA1,81/0 DATA1 
8110 DATA2,81/0 DATA2 

«•Data General 
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mN629 
ELECTRICAL SPECIFICATIONS 

·~ -·--·-·--·- - - -·-- ·-------- _____________________________ .,. ___ ... ___________________ ---- -·--·---·- ----- - -----------------·-

DC CHARACTERISTICS (CONT.) 

l SYMBOL l CHARACTERISTICS l CONDITIONS MIN. TYP. MAX. UNITS 

V10 - (8110 CLOCK,81/0 CLOCK) REQUIRED VALUE OF 0.50 v 

1v1L-V1H I (8110 DATA1,81/0DATA1) 1v1L-V1H I FOR VALID 
(81/0 DATA2.8110 DATA2) SIGNAL DETECTION 

l1H MCLOCK V1 .. 2.5V 3.2 mA 

l/OINPUT VI• 2.SV 80 µA 

llODATA1 V1=2.5V 40 µA 
l/ODATA2 
l/OCLOCK 
CLEAR 

l1L MCLOCK V1 .. 0.5V -3.8 mA 

llOCLOCK V1 - o.sv -1.6 mA 
l/OINPUT 
1/0 DATA1 
l/ODATA2 
CLEAR 

110 81/0 CLOCK.81/0 CLOCK 0.55 V$V I ~ 2.0V 500 µA 
81/0 DATA1,81/0 DATA1 
81/0 DATA2.81/0 DATA2 

VoH l/OINPUT IO- -400uA 2.5 v 

VcC=4.75V 

l/OCLOCK 
I 0 • -20uA 3.0 v 

l/ODATA1 
Vcc-4.75V l/ODATA2 

81/0CLOCK (OPEN I 0 = -35mA 3.2 v 
81/0DATA1 EMITIER V CC= 5.25V 

81/00ATA2 OUTPUTS) I 0 = -35 mA 2.0 v 
8MCLOCK Vee .. 4.75V 

¢A.¢8 Vee= 4.75V 5.5 v 

Vol 0A.¢B I 0 • 10mA 
vcc ... 4.75V 

0.5 

l/OINPUT lo- 5mA 0.5 v 
l/ODATA1 vcc .. 4.75V 
110 DATA2 
l/OCLOCK 

81/0CLOCK (OPEN I 0"' 35mA 0.55 v 
Bl/ODATA1 COLLECTOR VcC=4.75 
Blt0DATA2 OUTPUTS) 
BM CLOCK 

10H ¢A ¢8 Vo= VoH MAX. 0.25 mA 

Ice TRANSMIT MODE Vee= 5.25V 213 mA 

t----------1 
VEE= -5 25 V 

f-- _ _.. 
I- -- - 1-- -- ----

RECEIVE MODE 147 mA 

1EE Vee= 5.25V 23 mA 

VEE - -5 25 V 

c, ALL INPUTS 7 pl 

. . 
NOTE: Pos1t1ve current 1s into the pin . 

10 «•Data General 
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mN629 
ELECTRICAL SPECIFICATIONS 

---- -- ---- - ------ ----------- ----- .. ---·-------------------· --------·------- ------- -··----·-··· - - ·- --- . ---------- ------ ----- -- -- -- --· - -

A•~C CHARACTERISTICS 

Svwitching Diagrams 

MCLOCK TRANSMITTER TIMING 

MC LOCK 

BMCLOCK 

DfUf•• 

RECEIVER TIMING 

BVO CLOCK ___ __, 1 ___ __, 

VO CLOCK 
110 DATA(1,2l----+---' ----

Tds 

BVO DATA 11.2) 

TEST CIRCUIT NO. 1 

BM CLOCK 
BVO CLOCK 
Bl/ODATA 1 
Bl/ODATA2 

Vee 
130n 

195n 

BM CLOCK 
BllO CLOCK 
B VO DATA 1 SSn 
BVODATA2 

NOTE: ALL RESISTORS ARE± 1% 
ALL CAPACITORS ARE+ 5% 
LOAD SHOULD BE CONNECTED TO 
OUTPUT USING LESS THAN 
2 INCHES OF WIRE. 
DGOflll 

130n 

TRANSMITTER TIMING 

Tep 

Thp 

MCLOCK I'-----' Ted-
Ted 

(ZJA IZIB --+--'I 

Teo 

BVODATA 1,2 

Tis Tis 

1/0 DATA 1,2 

Tes Tch 

1/0 CLOCK 

B 1/0 CLOCK_--+-_, "---+--' 

NOTES: 
• UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED 

FROM A 1.5 VOLT LEVEL 

• SEE TIMING TABLE ON PAGE 12 • 

IXUlllll 

TEST CIRCUIT NO. 2 

VO CLOCK 
VO DATA 1 

±VccKn 

VODATA2 T 10pf 

DO-Of.Ml 

TEST CIRCUIT NO. 3 

!IJA 
li!lB 
±Vc~Kn 
T10pf 

~,,Data General 
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mN629 
ELECTRICAL SPECIFICATIONS 

Transition Timing 

SYMBOL 1 CHARACTERISTIC MIN. MAX. UNIT 
TEST 

CIRCUIT 

Tep MASTER CLOCK PERIOD 99 125 ns 

Thp HALF CYCLE PERIOD 40 60 ns 

Tccp+ DELAY FROM MCLOCK TO ¢A, ¢8 
(RISING EDGE) 

30 50 ns N0.3 

T ccp- DELAY FROM MCLOCK TO ¢A, ¢8 Tc 4>+ 1Tc<J>+l+10 ns N0.3 
(FALLING EDGE) 

Teo DELAY FROM MCLOCK TO Bl/O DATA 25 35 ns NO 1 

Tis- SET UP TIME FOR 110 INPUT 25 --- ns 

Tis+ SET UP TIME FOR 110 INPUT 10 --- ns 

T ds DATA SETUP TIME 30 --- ns N0.1.2 

T dh DATA HOLD TIME 0 --- ns NO. 1.2 

T cs 110 CLOCK SETUP TIME 10 --- ns N0.1 

Tch 110 CLOCK HOLD TIME 10 --- ns NO I 

Tee DELAY FROM MCLOCK TO 15 60 ns NO 1 
81/0CLOCK 

Td DELAY FROM 8110 CLOCK TO 30 50 ns NO 2 
110 CLOCK AND 1/0 DATA(l.2) 

T di DELAY FROM MCLOCK TRANSITION 10 45 ns NO I 
TO BMCLOCK TRANSITION 

12 t., Data General 
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PACKAGE SPECIFICATION 
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0.050R 

DCJ.4111H 

PACKAGE SPECIFICATION 

...------0.980:1".010-----·' 

0.100 TYP--..-­
PIN SPACING 0.050TYP 
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mN634 
OCTAL MEMORY TRANSCEIVER 
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mN634 
OCTAL MEMORY TRANSCEIVER 

UOBUS 

-F 
8.333MHZ 

INTPOUT CLOCK 
'8' 1: : MBO HALT 1-- +SV 

mN634 MB1 ftAMP t-- +5V "" 

1: : PAiiSE 1-- DCHPOUT MB2 OCTAL 
MEMORY MB3 

~ 
DIFFERENTIALL V 

BUS I : . MB4 

~~MASTER 
~!.N~Clli~S 

MBS ., 
TRANSCEIVER K I MASTER I 

I I • 

MB6 'A' •2 B CLOCK 
CLOCK I M87 R I 

mN601 CPU I I ·c· I I 

'8' I: : MBB I DDATA 1 mN629 11100ATA1• 

mN634 M89 CPUl·O ' I 
TRANS· I 

OCTAL i.:-: MB10 ll·ODATA21 
M811 

IODATA2 CEIVER 
MEMORY 

~ MB12 I I 
BUS 

MB13 l'OCLOCK 'l·OCLOCK I 
TRANSCEIVER 

!:=: MB14 L---.J 
M815 I OINPUT mAn 
WE 
p IJ5mil 
SAE EXT INT 

DCH!E 
~ 
< z 

INTPIN 
0 

~ 
'£" l INTPOUT 

z 
mN 603 INTP IN i 

j 
... 

IOC DCHPIN DCHPOUT z 
] :;i 

A ..t.. - J. -" 
.. 

INTR • 
(16 BIDIRECTIONAL\ 

~~ DCiiR z 
DATAUNES .J DIFFE REN Tl AL 0 

'f -v ~;;A;-T~~ 
I= ., 

.A < .... 
•2 I/la ~CLOCK I ; 

~ I ODATA 1 
'F' 

l:=t110DATA 1~ ~ mN63B 
IOC l•O I I ill 

l·OOATA2 
TRANS- p110DATA2t:j "' 
CEIVER 

I I ~ I DCLOCK R'~ c~o:_KF:j 
I OINPUT ~ "' ;) 

_1'. WE "' g ;:: p 

](SAE 
-v 

,.~ 
CLOCK 
DRIVER 

·ir 'tf 

mN63B J 
·i: 

OUADS£NSE 4KWORD 

[;tJ y AMPLIFIER BUS DRIVER A. MEMORY ARRAY BANK OR 

I m1mel lmN sos! 
1681TS 18 REFRESH 

.--1 I\ DATAOUT mN608 SELECT 
'l] lmr1 sos I jmN 5061 

'l 4KRAMS LOGIC 

.__, ---r---' 
i" 

16 BIT DATA IN REFRESH 
J' 

OR CONTROL 

It\ 
OCTAL MfMORV 12 BIT ADDRESS MBO MB(1·3) ._... 
TRANSCEIVUIS 

Jjuf lm'l634} lmll6J4j 
BUFFERED MEMORY BUS 

... :,.. 
100 fe•t m•••mum 
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mN634 

OCTAL MEMORY TRANSCEIVER 
---------------·------·-------------------~---......__... _____________________________________ _ 

FEATURES 

8 1 8 DRIVERS/RECEIVERS IN A 20-PIN CERAMIC 
DUAL-IN-LINE PACKAGE. 

H NON-INVERTING OPEN-COLLECTOR OUTPUTS. 

M SINKS 35mA per OUTPUT, 

GENERAL DESCRIPTION 

PACKAGE 

~ ~N634 Octal Memory Transceiver drives data to and from the mlcroNOVA memory bus. Eight bits may be driven In either 
Jrect1011 by the chip. 11 ls used to Interface the mN601 CPU to the memory bus as well as to drive the address and data Jines for a 

~..emery array. See Application Notes. 
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mN634 
PIN DESCRIPTIONS 

FUNCTIONAL PIN CONNECTION DIAGRAM 

3 
Bo 2 

Ao 

5 4 B 1 
Al 

7 B 
6 2 

A2 

8 B 
A3 

9 3 
TRUTH TABLE 

12 B 

A4 
11 4 A1N BIN OPERATION 

L L A data - B data 
13 

AS 
14 Bs 

L H Low catching latch 
H L Isolation 
H H B data - A data 

As 
15 16 B5 

A7 
18 17 B 

7 

:::::!J PIN 10= GND 

PIN 20 = V CC 

A1N 

BIN 19 

DG4HllS 

PIN DESCRIPTIONS 

MNEMONIC PIN IN/ FUNCTION 
NO. OUT 

A0-7 2,5,6,9, 110 f' If Ain asserted low, A pins are Inputs with corresponding B pins as outputs. 
11.14, 
15,18 If Bin asserted high, B pins are inputs with corresponding A pins as outputs. 

Bo-7 3,4,7.8, 1/0 If neither Ain nor Bin is asserted, the A and B pins are open. 
12,13 
16,17 , If both Aln and Bin are asserted, the A and B outputs can be both high or latched low. 

Ain 1 In When asserted low, enables A pins as Inputs. 

Bin 19 In When asserted high, enables B pins as Inputs. 

Vee 20 + 5.0 ± 0.25 volts 

GND 10 Ground 

2 t •Data General 
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mN634 
ELECTRICAL SPECIFICATIONS 

~-----------·-~------- -~- -----·--· ---------- ----·----·--------~--- -------·- --------- ·---------- -

ELECTRICAL SPECIFICATIONS 

AliBSOLUTE MAXIMUM RATINGS 

Supply voltage, Vee •.•••••.•••••.•••••••.•••.•••••••••••••••••••••.•••••••••••••• +7V 
Input vollage, Vi ••.•••••••••••••.•..••••••••••••••••••• , • • • • • • • • • • • • • • • • • • • • • • • • 5.5V 
Oulput Current, lo ••.•••••••••••••••••••• , ••.•••••••••••• , ••••• , ••• , , ••••••••••• 60mA 
Operating free-air temperature range, TA ••..•••••• , •••.••••. , •••••••• , .•.•••••• 0 deg. to 70 deg.C 
Storage temperature range, T STG . • • • . . • • • . . . . • • • • • • • • • • • • • . • • • • • • • • • • • • • • -55 deg. to 125 deg.C 

NOTE: Subjecting a circuit to conditions either outside these limits or al these limits for an extended period 
of time may cause irreparable damage to the circuit. These ratings are not intended lo be used during the 
operation of the circuit. 

REECOMMENDED OPERATING CONDITIONS 

Supply vollage, Vee ••.••••..••••.•••••••••••.•••••••••••.••.••••••••••••••• 5.0 + 0.25V 
Average power dissipation ...•••.•••••••••••••••••••••••••••••.••••••••••••••••••• 1.25 W 
Operating free-air temperature range, TA •.•••••••••••••••••..••••••••••••••••• • 0 deg. lo 70 deg.C 

OOC CHARACTERISTICS 

SYMBOL CHARACTERISTICS CONDITIONS MIN. TVP. MAX. UNITS 

V1H ~1.Bo-1 2.0 v 
A1N•BIN 

VIL Ao-1. Bo-1 
AjN,BIN 

.8 v 

l1H A1N.B1N 
Y1-2.4V 0.06 mA 

V1-5.5V 1 mA 

V o""4V 0.06 mA 
Aa-7. Bo-7 V o-5.SV 0.25 mA 

llL A0:;7. Bo-7 V1'"'0.5V -2 mA 
A1N.BIN 

Vol Ao-1.80-7 lo- 35mA 0.65 v 

tee • Vee- s.2sv 217 280 mA 
(INPUTS LOW) 

Vec-s.25v 115 170 mA 
(INPUTS HIGH) 

Co 5VOUTPUT, 
(OUTPUT OFF) 

5 pF 

OVOUTPUT, 25 pF 
(OUTPUT OFF) 

..... 
NOTE: Positive current is Into the pin. 

•1t Is recommended not to exceed a 50% duty cycle for all outputs low. 

~.DataGeneral 
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mN634 
ELECTRICAL SPECIFICATIONS 

--- -·----------·----------··---------·-··-------· - . -·------·---·-----------

AC CHARACTERISTICS 

Switching Diagram 

INPUT TO OUTPUT SWITCHING 

w~ '·••ft 
OUT_pf1.sv t +-1._sv __ _ 

DG.ollH 

TEST CONDITIONS 

Test Circuit No.1 Test Circuit No.2 

Transition Timing 

NOTE: 
Load capacitors includes 
jig and stray capacitors 

OG-OIUI 

SYMBOL CHARACTERISTIC CONDITIONS MAX. UNITS 

T1 INPUT TO OUTPUT 
DELAY FOR RISING 

TEST CIRCUIT 1 35 ns 

TRANSITION 

T2 INPUT TO OUTPUT 
DELAY FOR 

TEST CIRCUIT 1 25 ns 

FALLING 
TRANSITION 

TEST CIRCUIT 2 17 ns 

4 t. Data General 
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mN634 
PACKAGE SPECIFICATIONS 
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PACKAGE SPECIFICATIONS 

------0.980±.010------i 

0.100TYP--­
PINSPACING 

§1 
_J0:!:.002 

O.OSOTYP 
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MEMORY BUS 
r--

~ 11· MBO 

mN634 MBI 

~ i::::: MB2 OCTAL 
MEMORY MB3 

BUS MB4 

HALT i--
ctAMP i--
PAliSe i--

mN636 
IOC 1/0 TRANSCEIVER 

l/OBUS 

-F 
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+SV 
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FEATURES 
• 110 BUS RECEIVER AND TRANSMITTER IN A SINGLE l/OOATA 1 

20-PIN CERAMIC PACKAGE. 81/0DATA 1 

• INTERFACES mN603 1/0 CONTROLLER TO THE 81/0DATA 1 

mlcroNOVA DIFFERENTIAL 110 BUS. 

• DIFFERENTIAL DRIVE CAPABILITIES: l/OINPUT 

1. PROVIDES HIGH 1/0 BUS NOISE IMMUNITY. 
l/OINPUT 

2. ALLOWS LONG DISTANCE APPLICATIONS 
(UP TO 100 FEETI 

~A 3. ALLOWS THE USE OF INEXPENSIVE 16-
CONDUCTOR RIBBON CABLE. MC LOCK 

• SYNCHRONIZES THE IOC (mN603) TO THE CPU GND 
(mN601). 

DG./11191 

GENERAL DESCRIPTION 

2 

mN636 
IOC 1/0 TRANSCEIVER 

PACKAGE 

Vee 

l/ODATA2 

8110 DATA2 

Bl/ODATA2 

l/OCLOCK 

11 

The IOC 110 Transceiver chip Interfaces the mlcroNOVA 1/0 Controller chip (mN603) with the bl-dlrectlonal, differential 110 bus. 
It communicates with the CPU via a CPU 1/0 Transceiver. When the mN636 Is In receive mode, It passes Information to the 110 
Conlroller. When It Is In transmit mode, the IOC can send Information to the CPU. 

The mN636 uses differential drivers and receivers to communicate with the CPU Transceiver via the 110 bus. This allows high 
noise Immunity over a long bus. An 1/0 bus length of up to 1 oo feet Is possible using Inexpensive 16-conductor ribbon cable. 

In addition to passing data between an 1/0 Controller and the 1/0 bus, the mN636 receives the system master clock from the 
CPU Transceiver. This differential signal generates </)A and </)B which are used by the high voltage clock driver (mN640) to 
generate </)1 and t/J2. These clocks provide synchronized timing for the associated 1/0 Controller. 

t. Data General 
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mN636 
INTERNAL STRUCTURE 

INTERNAL STRUCTURE 
The mN636 consists of six fllp/flops (F/F), a number of gates, three differential drivers, and four differential receivers. The l.IO 
INPUT pin determines whether the Transceiver Is In the Receive mode or the Transmit mode. When 110 INPUT Is high. the 
Transceiver Is In the receive mode. In this case, the 1/0 DATA1, 110 DATA2, and 110 CLOCK outputs are enabled. When VO 
INPUT Is low, these output drivers are disabled while the differential drivers are enabled. In this mode, the 110DATA1, l/O DATA2. 
and 110 CLOCK Inputs provide data to the DATA1 FIF, DATA2 F/F, and Bl/O CLK ENB F/F. 

INTERNAL BLOCK DIAGRAM 

8110 8VO 
DATA 1DATA1 

8110 8VO 
DATA2 DATA2 8MCLOCK BMCLOCK fJA eJ9 

BiiO BVO 
VO INPUT CLEAR CLOCK CLOCK 

5 4 15 14 2 3 18 17 12 13 8 7 

DATACLK 

6 16 19 9 

1/0 1/0 l/ODATA 1 
INPUT CLOCK 

Vcc=PIN20 
VEE=PIN 11 
GND =PIN 10 

DG-
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DATA TRANSMISSION AND RECEPTION 

mN636 
DATA TRANSMISSION 

When connected to the microNOVA 110 bus, the mN636 performs two general types of data transfers; short and long as shown 
below: 

SHORT TRANSFER 

110 CLOCK 

l/ODATA 1 

l/ODATA2 

DG-OIJB4 

LONG TRANSFER 

l/OCLOCK 

l/ODATA 1 

l/ODATA2 

The short type consists of one 110 CLOCK pulse and transfers two bits. The long type consists of five 110 CLOCK pulses and 
transfers 18 bits. For the purpose of illustrating the operation of the Transciever, the long transfer is used as an example. The one 
pulse transfer is simply a shortened version of the long transfer as far as the Transceiver's operation is concerned. See the 
Introduction and mN603, 110 Data Port for further explanation of the 110 protocols. 

The Transceiver operates under two modes: transmit and receive. The Input waveforms, some Internal signals, oulput waveforms 
and a brief discussion of each mode are given below. 

f., Data General 5 
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mN636 
DATA TRANSMISSION 

Transmit Mode 
Transmit mode begins when 1/0 INPUT Is asserted low (by an IOC). The next rising edge of MCLOCK sets the Transmit/Receive 
F/F allowing MCLOCK to clock the DATA CLK line. As shown In the block diagram, DATA CLK clocks data into the DATA1 FIF 
and DATA2 F/F. These flip/flops supply the data to the differential drivers. In addition, DATA CLK sets the Bl/O CLK ENB FIF for 
the duration of the transmission. The high output of the 81/0 CLK ENB F/F allows DATA CLK to be transmitted on the 110 bus via 
the Bl/0 CLOCK differential driver. A long transfer from the IOC to the 1/0 bus Is shown In the following timing diagram. 

mN636 
INPUT 
FROM 110 DATA<1,2> 
IOC 

UOINPUT 

TRANSMIT/RECBVE F/ 

INTERNAL 
SIGNALS DAT A CU< 

B 110 CU< ENB F/F 

TRANSMIT WAVEFORMS 

B 110 CLOCK 
B 110 CLOCK 

B 110 DATA <1.2> 
Bl ODATA<l.2> 

NOTE: MCLOCK and DATA CLK operate at twice the frequency of 1/0 CLOCK. This provides a transition of 
Bl/O CLOCK near the middle of every Bl/O DATA < 1,2 > pulse allowlng the receiving transceiver to 
sample near the middle of each data bil 

t •Data General 
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mN636 
DATA RECEPTION 

---------·--------·-----------------------------·-------------- --- ·-- -·-. -· ---·-·· ··--

, Receive Mode 
1 Receive mode begins when 1/0 INPUT Is asserted high. The first Bl/O CLOCK transition from the 1/0 bus Initiates data reception. 
- The signals received from the 110 bus are In the same form as those transmitted. The Transmit/Receive F/F Is In the reset state 
ullowlng 81/0CLOCK lo generate DATA CLK. Data is clocked Into the DATA1 F/F and DATA2 F/F on every falling edge of DATA 
•cu<. In addition, the 8110 CLK ENB F/F Is toggled on each falling edge of DATA CLK. An Inverted output of this flip/flop drives the 
11/0 CLOCK pin. A long transfer from the 110 bus to the IOC Is shown In the following timing diagram. 

INPUT 
FROM VO INPUT 
IOC 

(

TRAN/REC.f!f... __ _ 

MERNAL DATA CLK 
SIGNALS 

B 110 CLK ENB F/F •--·•1 

TO 

RECEIVE WAVEFORMS 

{
VO CLOCK 

OUTPUT 

IOC VODATA<~t.-2->~---.t--~..i.-~"Tr"~--...--......... ~--......-"""TT"~--......-......... ~~~~~ 

NOTE: The last 81/0 CLOCK transition causes the Transceiver to sample the dlfferentlal data lines after 
the last bit of data has been received. This ensures that the DATA1 and DATA2 F/Fs are reset to their 
normal stale at the completion of the transfer. 

f., Data General 
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mN636 
CONTROL 

REGISTER RESET CIRCUIT 
This circuit consists of the REG RST F/F, two NANO gates, and the associated control lines (see lower right corner of Internal 
Block Diagram). While in the receive mode, the Register Reset Circuit ensures that the 8110 CLK ENB F/F will be reset 11 set bya 
spurious transition of Bl/O CLOCK. 

Under normal operation, the Bl/O CLK EN8 F/F Is clocked either twice or ten times depending on whether the Transceiver 
receives a short or a long type of transfer. Therefore, there should always be an even number of 81/Q CLOCK transitions. 11 for 
some reason a single transition of 8110 CLOCK Is received, the 81/0 CLK ENB F/F must be reset to avoid holding 1/0 CLOCK low 
and resetting the associated IOC (see mN603, System Requirements). 

II the Bl/O CLK ENB F/F ls set anywhere during the period shaded in the following timing diagram, It is reset after the rising edge 
of 4>8 as described below. 

B 110 CLK ENB F/F RESET TIMING 

INTERNAL 
SIGNALS 

DG.01111 

MCLOCK 

fJB 
Bl/O CLK 
ENB F/F ___ -f--.:..."""'"~ 

RS 

While the 8110 CLK ENB F/F Is In the reset slate, Its Q output Is O. This forces the REG AST F/F to Its reset state. If the Bl/OCLK 
EN8 F/F is clocked by a fraudulent transition of 81/0 CLOCK, Its Q output Is no longer o and the REG AST F/F Is no longer for~ 
to the reset state. On the next falling edge of<l>B, the REG AST F/F is set placing AST low. Though AST is now low, RS remains 
high since </>8 is low. When <l>B goes high, RS goes low clearing the BllO CLK ENB F/F. Its Q output goes low immediately 
resetting the REG AST F/F and placing RST back In Its normal state. RS and RS return to their normal state on the next falling 
edge of t/l8. 

The 81/0 CLK ENB F/F is not reset during normal reception because the reset circuit has a built-In delay of one MCLOCK period. 
Even If a transition occurs at the end of the period shaded in the above timing diagram, there Is enough time for the second 
transition to occur before the rising edge of </>8. 

CLOCKS 
The system master clock ls received via the BM CLOCK differentlal pair. This differential receiver clocks the </>CLK FIF which 
provides the two-phase (hall-frequency, TIL level) clock for the 1/0 Controller Clock Driver (mN640). A TTL level version of the 
system Master Clock is provided on the MCLOCK pin. 

CLEAR 
The CLEAR pin Is used during system reset. When asserted low, all the mN636's Internal flip/flops are reset. If the Transceiver Is 
in the receive mode, the 110 CLOCK pin is pulled low (this resets the associated 110 Controller, see mN603). If the Transceiver Is 
in the transmit mode, the 110 CLOCK pin is not aflected by the assertion of CLEAR until the transmission Is over and 1/0 INPUT is 
pulled high. 

t., Data General 
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mN636 
ELECTRICAL SPECIFICATIONS 

-------------------------------------· -----~----------- ----------
ELECTRICAL SPECIFICATIONS 

LEBSOLUTE MAXIMUM RATINGS 

Supply voltage, V CC· •.....•...•••..••.... • • • • • · • • • · · • • • · · • · · • · • · · · · • · • • • · • • • • • • • • • • · • 7V 
Supply voltage, VEE ...•.........•..•......•.•.•..••.•.•..•.•••.••.••.••.•••.•••••••. -7V 
Input voltage, v1 .....................•.••..•.•.•...•••..••••...•••..•••.••••••••••• 5.5V 
Transceiver output current. I OT .......•.....•.......•••.•.•..•.••••.••••.•••••••••.•••• 80mA 
All other output current. Io · • · · • · · • · · · · · • • · · • · . · · • • • ...••••••.•••••.•••••••••••••••••. 50mA 

Operating free-air temperature range.TA ...••..•..•.•••.....••••••••••••••.••••. Odeg. to 70 deg.C 
Storage temperature range, TsTG • • . . • . . . • • . . • • • • . • • • . • . • • • • . . . • • • • . . • • • . • . • -55 deg. to 125 deg.C 

NOTE: Subjecting a circuit to conditions either outside these limits or at these limits for an extended period 
of time may cause irreparable damage to the circuit. These ratings ere not intended to be used during the 
operation of the circuit. 

:tEOCOMMENDED OPERATING CONDITIONS 

Supply voltage, Vee ••.•.•..••••••••••••.••••.••••.•..•.•••••••.•••.•••••••.•. +5.0 ± 0.25V 
: Supply voltage, Vee •••..••...•.....•..•...•.••.•••••••.•.•......••.•••••••.•• -5.0 ± 0.25V 
a Average power dissipation ••.•....•.••••••..•..••..•.••....•••••.••.••••...••.••••.• 0.95 W 
I Operating free-air temperature range, TA · • • • • • • • . • • . • . . • • • • • . • • • • . • • . . • • • . • • • • • • o deg to 70 deg.C 

:>c OCHARACTERISTICS 

S&YMBOL CHARACTERISTICS CONDITIONS MIN. TYP. MAX. UNITS 

WrH l/OINPUT 2.0 v 
110 DATA1.llO DATA2 
CLEAR. 110 CLOCK 

8MCLOCK,8MCLOCK 
3.2 v 81/0 CLOCK,8110 CLOCK 

81/0 DATAl.8110 DATA1 
8110 DATA2.8110 DATA2 

Y1'1L llOCLOCK 
l/OINPUT 

0.8 v 

110 OATA1 
l/ODATA2 
CLEAR 

8110 CLOCK,8110 CLOCK 
8110 OATA1,81/0 OATA1 -15 v 
8110 DATA2.8110 OATA2 
8MCLOCK,8MCLOCK -

t •Data General 9 
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mN636 
ELECTRICAL SPECIFICATIONS 

DC CHARACTERISTICS (CONT.) 

SYMBOL CHARACTERISTICS 

V10 (8110 CLOCK,8110 CLOCK) 

I ;,L.. V1H \ 

(8110 DATA1,81/0 DATA1) 
(8110 DAT A2,81/0 DAT A2) 
(8MCLOCK,8MCLOCKI 

l1H l/OINPUT 

l/ODATA1 
l/ODATA2 
l/OCLOCK 
CLEAR 

l1L l/OCLOCK 
l/OINPUT 
llODATA1 
l/ODATA2 
CLEAR 

110 8110 CLOCK,8110 CLOCK 
8110 DATA1,Bl/O DAT Al 
BllODATA2.Bl/O DATA2 
BMCLOCK,8MCLOCK 

VoH llOINPUT 

l/OCLOCK 
110 DATAl 
l/ODATA2 

8110 CLOCK (OPEN 
Bl/O DATA1 EMITIER 
81/0 DAT A2 OUTPUTS) 

MC LOCK 

IPAl/JB 

Vol 4>1.tJ>2 

110 INPUT 
110 DATA1 
l/ODATA2 
110 CLOCK. MCLOCK 

81/0CLOCK 
Bl/ODATA1 
Bl/ODATA2 

loH ¢A.tPB 

Ice TRANSMIT MODE t--------....., 
RECEIVE MODE 

•ee 

C1 ALL INPUTS 

NOTE: Positive currenl is into the pin. 
1-<;-f 

CONDITIONS MIN. 

REQUIRED VALUE OF 0.50 
I V1L V1H I FOR VALID 
SIGlllAL DETECTION 

V1 = 2.5V 

V1 = 25V 

V1 - 05V 

055V$ V1 ~ 20V 

lo = -400uA 2.5 
Vee - 4.75 v 

10 = ·20uA 3.0 
Vee - 4.75 v 

lo =·35mA 

Vee - 525V 

lo = ·35mA 2.0 
Vee - 4 75V 

Vee = 4 75V 2.4 
loH = 400uA 

Vee = 4.75V 

lo = 10mA 
Vee ~ 4 75V 

lo = 5mA 

Vee ~ 4 75V 

lo -35mA 
Vee -4.75V 

Vo - VoH MAX 

Vee - s.2sv 

Vee - -5.25V 
t-- -

Vee - 525V 
Vee - -5.25V 

t •Data General 
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TYP. MAX. UNITS 

v 

80 uA 

40 uA 

·1.6 mA 

500 uA 

v 

v 

3.2 v 

v 

v 

5.5 v 

0.5 v 

05 v 

0.55 v 

0.25 mA 

213 mA 
t--- t--- 1----1 

147 

23 mA 

7 pl 



mN636 
ELECTRICAL SPECIFICATIONS 

--------- -- ---------- ------ ------------------ ---------·-··-- --·-~-. -----·--· _________ .. _____________ ·-------- ------· --··------· --·--- - -- ____ ..__ .. 

AAC CHARACTERISTICS 
SSwitching Diagrams 

1 

~ 
I 
j 

l 
~ 
1 

' " i • 

BMCLOCK RECEIVER TIMING 

BMC LOCK 

MCLOCK 

RECEIVER TIMING 

8110 CLOCK ___ --J '------' 

110 CLOCK 

lODATA < 1.2>-----'----' ~---
Tds Tdh 

BlODATA <1,2> 

TEST CIRCUIT NO. 1 

Vee 

S',I CLOCK ----4 
BIO CLOCK 
BLODATA 1 
Bl ODATA 2 

f.'.ICLOCK 
BIO CLOCK 
BIO DATA 1 
SLODATA2 

130n 

195n 

65n 

,;0TE: ALL RESISTORS ARE ± 1 % 
Ail CAPACITORS ARE ± 5% 
LOAD SHOULD BE CONNECTED TO 
()UTPUT USING LESS THAN 
2 i'OCHES OF WIRE. 

130n 

TRANSMITIER TIMING 

Tep 

Thp 

MC LOCK 

Teo 

BVO DATA<t,2> 

1/0 DATA <1,2> 

110 CLOCK 

B 110 CLOCK_~_, '----+--' 

NOTES: 
• UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED 

FROM A 1.5 VOL TLEVEL. 

e SEE TIMING TABLE ON PAGE 12. 

TEST CIRCUIT NO. 2 

VO CLOCK 
110 DATA 1 

±VccKn 

l/ODATA2 TlOpf 

TEST CIRCUIT NO. 3 

0A 
08 
±Vc~Ku 
T'Opf 

' t.DataGeneral 
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mN636 
ELECTRICAL SPECIFICATIONS 

Transition Timing 

SYMBOL CHARACTERISTIC MIN. l UNIT 
TEST 

MAX. CIRCUIT 

Tep MASTER CLOCK PERIOD 99 125 ns 

Thp HALF CYCLE PERIOD 40 60 ns 

Te<f>+ DELAY FROM MCLOCK TO 9' Ar 1218 30 50 ns N0.3 
(RISING EDGE) 

T e<f>- DELAY FROM MCLOCK TO SlJA • flle Tc(/)+ 1Tct.J>+l+1C ns N0.3 
(FALLING EDGE) 

Teo DELAY FROM MCLOCK TO'Bl/O DATA 25 35 ns N0.1 

T1s- SET UP TIME FOR 1/0 INPUT 25 --- ns 

T1s+ SET UP TIME FOR 110 INPUT 10 --- ns 

Tds DATA SETUP TIME 30 --- ns N0.1,2 

Tdh DATA HOLD TIME 0 --- ns N0.1,2 

Tes 110 CLOCK SETUP TIME 10 --- ns N0.1 

Tch 110 CLOCK HOLD TIME 10 --- ns N0.1 

Tee DELAY FROM MCLOCK TO 15 60 ns N0.1 
81/0CLOCK 

Td DELAY FROM 8110 CLOCK TO 30 50 ns N0.2 
llOCLOCKAND 1/0 DATA(1,2) 

Tdl DELAY FROM BMCLOCK TRANSITION 5 45 ns 
TO MCLOCK TRANSITION 

12 t "Data General 
l.lol•C.lnrtal c .. poratian,'Wr.iboro. Ma11UC~l1 01581 



mN63S 
PACKAGE SPECIFICATION 

--------- ------·······--------------- -·----·- ---------·---- ···'•··----·····"'·-·- ----·-·------·· ·- - -~-

PACKAGE SPECIFICATION 

0.050R 

i---------0.980±.010------i 

,. 
0220 I 
0.210 • 

l 

DG·OU98 

0.100TVP---"--1 
PIN SPACING 

3;f 
0.290:!:.002 

_l 
O.OSOTYP 
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MEMORY CLOCK DRIVER 
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mN638 
MEMORY CLOCK DRIVER 

110 BUS 

-:F 
S.333MHZ 

INTPOUT 

~ 
CLOCK 'B' MBO HALT 1-- +SV 

mN634 MBI CIAMP 1-- +sv 

~ 
MB2 PAUSE 1-- DCHP OUT OCTAL 

MEMORY MBJ 

~ 
OIFFERENTIALL Y 

BUS I:= M8' DRIVEN SIGNALS 
MBS ., 

~~MASTER ~---..., 

TRANSCEMR I • • MB6 •2 
K B CLOCK I MASTER I 

MB7 
'A' R I CLOCK I 

mN601 CPU I I 
·c· I I 

I : : MBB IOOATAI mN629 II OOATA 11 ·e· 
mN634 MB9 CPUI 0 ' I 

I:= MBIO TRANS· I 
OCTAL I ODATA 2 CEIVER ll·ODATA21 

MEMORY MBll 
I 

BUS !:=: MB12 I 

TRANSCEIVER MB13 I OCLDCK 1 l'OCLOCK I 

J:=: MB14 L...- - _.J 
MB15 1 OINPUT ~ CLEAR 
WE 
p !5CHiNl 
SAE EXT INT 

DCH£8 

s: 
5 
<( 
z 
0 

INTPIN ;:: 
'E' l u z 
mN 603 INTP IN INTPOUT ~ 

f 
w 

IOC DCHPIN DCHPOUT z 
:::I 

A _l\ .l ~ 
INTR 

_l .,,... --" 
.. 

~ 6 BIDIRECTIONAL iiCHR :i 
DATAUNES j 

~·~· 
OIFFERENTIAL 0 ;:: 'f -y ., 

1=5A;T~±: <( ... 
A- -" •2 ~B CLOCK 1 ~ 

~ ~l·ODATA 1±::: 
::ll 

'F' w I ODATA 1 ... 
mN636 ... 

I z±::: !!] 
10DATA2 - IOC I 0 

p1·0oATA2 w 
TRANS· z I I :;i 

I OCLOCK ..... CEIVER R ~ c~o:_K j::j "' = I DINPUT mAll "' => _r-.,WE m 
~p 2 
~SAE .... 

,.Q 
CLOCK l mN 638 J 

'K' 'H' 
DRIVER 

·i: 

lt1 
OUADSENSE 4KWORD 

.I...... AMPLIFIER BUS DRIVER A MEMORY ARRAY BANK OR 

I""' sos! lmNsosl V 16BITS 16 REFRESH rv r- (\ DATAOUT mN606 SELECT 

jmN sos! lmN 5061 
'f 4KRAMS LOGIC 

L__ -- -.--
'J' 16 BIT DATA ru REFRfSH 

OR CONTROL 

ll\ OCTAL ... EMORY 12 SIT ADDRESS MBO MB(l-3) 
L- TRANSCEIVERS 

Jyrr lmN634 I lm•1634 I BUFFERED MEMORY BUS• 

.. .!r 
100 fut m1a1mum 
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mN638 
MEMORY CLOCK DRIVER 

- - . ----~----------- -·- --· ---- - - - -- -- --- - ------- ·-- -- --- -- -------- --- - --- -----. ---- - -- -- -

FEATURES 
• DUAL 3 INPUT BIPOLAR to MOS DRIVER IN A 16-PIN 

CERDIP PACKAGE. 

·•TTL COMPATIBLE INPUTS, HIGH VOLTAGE 
OUTPUTS COMPATIBLE WITH microNOVA mN606 
MOS RANDOM ACCESS MEMORY CLOCK INPUTS. 

Vcc2 

NC 

NC 

Ao 

A1 

Az 

A3 

GND 

PACKAGE 

16 

2 15 

3 14 

4 13 

5 12 

6 11 

7 10 

8 9 

NC = no connection 

DG-IHZll 

GENERAL DESCRIPTION 

Vcc1 

NC 

Vcc3 

Bo 

81 

Bz 

83 

NC 

7"e e mN638 Clock Driver chips contains two TTL level to high voltage converters. These may be used to drive the clock input of 
~~ r:: nN606 Random Access Memory chip. 
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mN638 
______ ________ plN_ 1?_E~_q_~l~II9NS _________ -------------------------------------------------

MNEMONIC PIN 
NO. 

A1, A2' A3 5,6,7 

Ao 4 

e1• e2' e3 12, 11, 
10 

Bo 13 

Vcct 16 

Vcc2 1 

Vcc3 14 

GND 8 

2 

FUNCTIONAL PIN CONNECTION DIAGRAM 

Pin 1 = Vcc2 = +15V 
Pin 14= Vcc3 = +18.5V 
Pin 16 = Vcct = +sv 
Pin8= GND 

PIN DESCRIPTIONS 

IN/ FUNCTION 
OUT 

In TTL Inputs to 3-lnput AND gate. Ao Is high voltage output 

Out High Voltage output of 3-lnput (A1 ,A2,A3) AND gate. 

In TTL Inputs to 3-lnput AND gate. Bo Is high voltage oulput. 

Out High voltage output of 3-input (81.e2.e3l AND gate. 

+5 ± 0.25 volts 

+15 ± 1.0 volts 

+18.5 ± 0.75 volts 

Ground 

t. Data General 
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mN638 
ELECTRICAL SPECIFICATIONS 

·- ---------··--------------- ----- --------~~-~-·-----------·--·------- ---·-·-----------------. ·----~----- - ·-·---- ·--- ---

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Supply voltage, V cc1 . • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • 7V 
Supply voltage, V cc2. . . . . . . . . . . . . . . . • . • . . . • . • . • . • • • • • • • • • • . • . • • . • . • • • . • • • • • • . • • • • • • 18V 
Supply voltage, Vcc3. . . . . • • • • • • • • • • • • . • • • • • • • . • . • . • . . • • . . • . • • • • • • • • • • • • • • • • • . • • • • . • 21 v 
Input voltage, v1 •..•....•••..••.••••.•.•••••••.••••••••.•••.••.•••.•••.••••••••••• 5.5V 
Output current, t 0 .............•........................................•... · · · · · · 60mA 
Operating ambient temperature range, TA ••.••.•••.•.••.•.•••••••••..• · • • • · • • • • • • O deg. to 70 deg. C 
Storage temperature range, T STG ••••••••••.•••••••••.•••.• • • • • • • • • • • • • • • • · -55 deg. to 125 deg. C 

NOTE: Subjecting a circuit to conditions either outside these limits or at these limits for an extended period 
of time may cause Irreparable damage to the circuit. These ratings are not Intended to be used during Iha 
operation of the circuit. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage, Vcc1 •••.•.•••••••••.••••.•••.••••.•••••••••••••••••••••.••.•• 5.0 ± 0.25V 
Supply voltage, V cc2 • . . . • • • • . • . • . . . • • • . . . • • • • • • • • • • • • • • • • • • • • • . • . • • . • • • • • • • • • • 15.0 ± 1 V 
Supply voltage, Vcc3 ...••••••••••.••••.•.•••..•••••••••.•••••••.•••••.••.•.• 18.5 ± 0.75V 
Average power dissipation ..••....•....•.••.••••.••.••.•••.••••••....•..••••••••••••. 1.0 W 
Operating free-air temperature range, TA .••••••.••.•....•.••••.•••.•. • • · • • • · · · · 0 deg. to 70 deg. C 

DC CHARACTERISTICS 

SYMBOL CHARACTERISTICS CONDITTONS MIN. MAX. UNITS 

VIH A 1-3· B 1-3 2.0 v 

VIL A 1·3· B 1-3 0.8 v 

11H A 1-3· B 1-3 Vcc1 - s.2sv 40 JJA 
V1- 2.4V 

11L A 1-3· B 1-3 Vcc1 = 5.25V -1.6 mA 
V1=0.5V 

f •Data General 
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mN638 
ELECTRICAL SPECIFICATIONS 

DC CHARACTERISTICS (Cont.) 

SYMBOL CHARACTERISTICS CONDITIONS MIN. MAX. UNITS 

VoH Ao.Bo Vc01 = 4.75V 13 v 

Vcc2 = 14V 
Vcc3 = 17.75V 
lo= -20mA 

Vol Ao Bo Vcc1 = 4.75 V 
10 ... 25mA 

0 0.5 v 

SUPPLY 
lcc1H CURRENT Vcci = s.sv 9 mA 

SUPPLY 
Vcc2 = 16V -2.7 .25 mA 

lcc2H CURRENT 

lcC3H 
SUPPLY Vcc3 = 19.25V 4 mA 

CURRENT 

lcctL 
SUPPLY Vcc1 = s.sv BO mA 

CURRENT 

lcc2L 
SUPPLY Vcc2 = 1ev 250 µA 

CURRENT 

•cc3H 
SUPPLY Vcc3 = 19.25V 20 mA 

CURRENT 

NOTE: Positive current Is Into the pin. 

4 4 •Data General 



mN638 
ELECTRICAL SPECIFICATIONS ------ ------ -- ---- - - ---·--·-· -- ---·--------------------·-·-

AC CHARACTERISTICS 

Switching Diagram 

Transition Timing 

SYMBOL 

Tr 

T, 

Tpo+ 

Tpo. 

10nS 10nS 

90% 

10% 

13.0V 

OUTPUT 
Tr 

DG./H21J 

CHARACTERISTIC CONDITTONS 

OUTPUT RISE TIME (Ao, Bo) CL• 15pF 

CL"" 470pF 

OUTPUT FALL TIME (Ao, Bo) CL - 15pF 

CL= 470pF 

PROPAGATION DELAY CL'"' 15pF 

CL - 470pF 

TEST CONDITIONS 

INPUT 

2.4V 

Vee1 •5.ov 
Vec2 • 15.ov 
Vee~ -1a.ov 

MIN. 

5 

5 

3 

1. Input PulM: Amplitude • 0 to .3v 
Width • 400nS (500io to 50%! 
lr•tf•IOnS 

NOTE' LOAD CAPACITOR lllCLUOES 

JIG AHO WIRING CAPACITANCE. 

f19C1. • 1.67MHz 

•• Data General 
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25 ns 

ns 
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CPU/IOC CLOCK DRIVER 
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mN640 . 
CPU AND IOC CLOCK DRIVER J 

-------- -----·~--"- --· --- ------·-- ---·--~-·--------__ ;. -----·----·~----------~-- -·--- - - ---·----- - ------ ---

FEATURES 

• DUAL 3 INPUT BIPOLAR TO MOS DRIVER IN A 16-PIN 
CERDIP PACKAGE. 

• TIL COMPATIBLE INPUTS, HIGH VOLTAGE 
OUTPUTS COMPATIBLE WITH microNOVA mN601 
CPU and mN603 1/0 CONTROLLER MOS CLOCK 
INPUTS 

NC 

Ao 

A1 

A2 

A3 

GND 

GENERAL DESCRIPTION 

PACKAGE 

Vc01 

2 NC 

3 NC 

Bo 

11 

10 

9 

NC = no connection 

D04111J 

The mN640 Clock Driver chip contains two TIL level to high voltage converter gates. These are used to drive the two-phase 
clock Inputs of the mN601 and mN603 MOS chips. Additional signal shaping circuitry, required to shape the non-overlapping 
clock signals, Is described In the Design Notes . 
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mN640 
PIN DESCRIPTIONS 

MNEMONIC 
PIN 
NO. 

A1,A2,A3 5,6,7 

Ao 4 

81,82,83 12,11, 
10 

Bo 13 

Vcc1 16 

Vcc2 1 

GND 8 

2 

FUNCTIONAL PIN CONNECTION DIAGRAM 

Pin 1 =Vcc2 = +15 volts 
Pin 8 = Ground 
Pin 16 = Vcc1 = +5 volts 

mN640 

DQ.om• 

PIN DESCRIPTIONS 

IN/ 
FUNCTION OUT 

In TTL inputs to 3-lnput AND gate. Ao is high voltage output. 

Out High voltage output of 3-input (A 1,A2,A3) AND gate. 

In TTL Inputs to 3-lnput AND gate. B0 is high voltage output. 

Out High voltage output of 3-lnput ( 8 1, e2.e 31 AND gate. 

5 ± 0.25 volts 

15 ± 1.0volts 

Ground 

«~Data General 



mN640 
ELECTRICAL SPECIFICIATIONS 

-- ---------- -- --- -- -----·---- --· . ·--·------ -----------------·--·-·-------------------- -- -- --· -- --- - - ---- --- --- --- -- -- ·---- ---·. ----- -· 

ELECTRICAL SPECIFICATIONS 

'ABSOLUTE MAXIMUM RATINGS 

Supply voltage, Vcct ..•...•.•.•..•.•..•..••••.•.•.••..•.••.•........•..••.•••••••.• 7V 
Supply voltage, V cc2 .........•..••.•.•..••••••••••••.••••..••••••••.••••.••••.•••• · 1 BV 
Input voltage, v1 .•.•........•....••.••....•••••....••.••.•....•••••••.•.•••••••• 5.5V 
Output current, I 0 ...............•..•.•...•.•...•..•.•.••.•.•...•.......•...•.•.. 60mA 
Operating free-air temperature range, TA ••••..•.••••••.•...•.•• • · • • • • • • • · · · · • · · 0 deg. to 70 deg.C 
Storage temperature range, T STG ..... • •••.••.•• • · . • • • • • · • · • · • • • • • • • • • • • • • -55 deg. to 125 deg.C 

NOTE: Subjecting a circuit to conditions either outside these limits or at these limits for an extended period 
of lime may cause irreparable damage to the circuit. These ratings are not intended to be used during the 
operation of the circuit. 

RRECOMMENDED OPERATING CONDITIONS 

Supply voltage, Vcct .•.....•...•..•••••••.•.••.•...••.•.••..•••....••..•••. ·. 5.0 ± 0.25V 
Supply voltage, V cc2 ..•.•..•..••.•..•.••...•.••••.••••••••...•.• · • · · • • · • · • · · · 15.0 ± 1.0V 
Average power dissipation •.••••••••••••••••••.••••••• • • • • • • • • • • • • • • · • • • · • · · • · · · • · · 1.0 W 
Operating free-air temperature range TA ••••.•••••.•.•... • · • • • • • • • · • • • · · • • • · • ·O deg.C to 70 deg.C 

COC CHARACTERISTICS 

SYMBOL CHARACTERISTICS CONDITIONS MIN. MAX. UNITS 

V1H A 1-3. B 1-3 2.0 v 

VIL A 1-3. B 1-3 08 v 

l1H A 1-3. B 1-3 Vcc1 = 525V 
40 µA 

VI = 24V 

I IL A 1-3. B 1-3 
Vcc1 = s2sv 

·I 6 mA 
VI = 0.4V 

f •Data General 
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mN640 
ELECTRICAL SPECIFICATIONS 

DC CHARACTERISTICS (CONT.) 

SYMBOL CHARACTERISTICS CONDmONS MIN. MAX. UNITS 

VoH Ao.Bo Vcc1 = 4.75V 13 v 

Vccz = 14V 
lo =500µA 

Vol Ao 8o 
Vcc1 = 4.75 v 0 0.5 v 
lo = 25mA 

lcc1H 
SUPPLY 

Vcc1 ... 5.SV 9 mA CURRENT 
+ SUPPLY 

lcc2H CURRENT Vccz = 1ev 250 ~A 

lcc1L 
SUPPLY 

Vcc1 - 5.SV 60 mA CURRENT 
+ SUPPLY lcc2L Vcc2 .. 1sv 42 mA 

CURRENT 
C1 7 pF 

NOTE: Positive current Is Into the pin. 

t •Data General 
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mN640 
ELECTRICAL SPECIFICATIONS 

----- ------------------·--·---~---------------·-----·---· ------ --- - . - ---·--- ---- -- ---- -- ----------- --- ------- -·-· 

AC CHARACTERISTICS 

Switching Diagram 

Transition Timing 

SYMBOL 

Tr 

Tr 

T, 

10nS 

INPUT 10% 

13.0V 

OUTPUT 2.0V 

DG·OIZll 

CHARACTERISTICS CONDITIONS 

OUTPUT RISE TIME Vcc1 - 5.ov 
Vcc2 = 15.0V 
TEST CIRCUIT 

OUTPUT FALL TIME Vcc1 - 5.ov 
Vcc2 ... 15.0V 
TEST CIRCUIT 

PROPAGATION DELAY Vcc1 = 5.0V 
Vcc2 - 15.ov 
TEST CIRCUIT 

TEST CONDITIONS 

1 . Test each input separately NOTE: 

2. Input Pulse: Amplitude = 0 to 3V 

DG·Olll' 

Width = 1 OOnS (50'o to 50%! 
tr=t1= lOnS 
Freq.= 5MHz 

••Data General 
0.1aG.-nrralCorporahan.~.iburo. Muwct.-lts0151!1 
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4 20 ns 

4 20 ns 

15 35 ns 

CL Includes jig and wiring capacitance. 
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mN640 
PACKAGE SPECIFICATION 

------ --· --- ---- -· ·--- ------- -·--- - ---- --- --· ------------- ----------------------------·-----------------·~- ·------------------- ----

6 

0.330 
0.325 

PACKAGE SPECIFICATIONS 

~ 

L.r--""T"-"r--""T"-"r--......-...-......-...-......-~-~----J=t.::r ... 

...-------0.760!.007------'·1 

L 
900 o 
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DESIGN NOTES 
SYSTEM BLOCK DIAGRAM 
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DESIGN NOTES 
INTRODUCTION 

--------- ---------- ------- ------------.. ---~ _____________ ,. _______ --

INTRODUCTION TO DESIGN NOTES 

THiis portion of the data manual contains engineering notes which are aids to the design engineer using the mlcroNOVA chip sel 
Tlile notes are compiled in sections, each devoted to a particular facet of design Implementation. Each circuit shown has been 
thiloroughly tested, and the text accompanying each schematic suggests proven methods for circuit layout. The six design notes 
anre: 

• • Typical CPU module design 

• • General purpose 110 interface design 

• mN606 RAM array design 

• Using the memory bus to address 1/0 devices 

• Generating the non-overlapping clocks required by the 
mN601 and mN603 

• 12V to 15V power supply conversion 

TThe design notes covering each of the above subjects describe conservative engineering practices suitable for a wide range of 
aappllcatlons. The logic schematics show suggested circuitry, values of discrete components and, where applicable, 
mnanufacturer's part numbers for Integrated circuits not Included in Data General's microcomputer chip set. 
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DESIGN NOTES 
SIMPLIFIED CPU MODULE 

SIMPLIFIED CPU MODULE 

In a typical microNOVA CPU configuration, the mN601 microprocesor is Interfaced to both the microNOVA 110 bus and memory 
bus as shown in the CPU logic schematic on the followlng page. When designing a CPU module, there are several practical 
considerations that should be taken into account; these are discussed below. 

MEMORY BUS 
The memory bus, MB <0-15> , is precharged Internally by the CPU during every other 112 clock pulse, regardless of the 
operation being performed. During precharging, care should be exercised to ensure that memory bus lines are not driven low, 
thereby causing excess current on the lines. 

After the memory bus lines are precharged, data ls placed on the bus by discharging those lines which carry O's and leaving 
charged those lines which carry 1 's. As shown In the diagram below, the memory bus is precharged once during either a read or 
write cycle (and at least twice during a read-modify-write cycle - see mN601 circuit description, Memory Operations). Thus, 
discharging the memory bus before information is either read by the CPU during a read operation or read by memory during a 
write operation can result in data loss. Similarly, discharging the memory bus before the memory address is read al address time 
(when the memory control signal P is asserted) can result in incorrect memory addressing. The interline capacitance In the bus 
should be limited to 1 Opf to ellminate crosstalk. 

211 

212 

MEMORY BUS PRECHARGING 

FROM MEMORY 

PRE CHARGE T13 T14 

NOTES: 

1. During precharge time, MB lines should not be driven low because high 
current spikes may cause damage to the mN601. 

2. During memory address or data set-up time, the MB lines should not 
be driven low, since incorrect addressing or data loss will result. See 
mN601, MemDry Timing Table. 

3. In order to read information from the memory, MB lines carrying O's 
must be discharged by T13, before the falling edge of 111 (see mN601, 
Switching Diagrams>. Once discharged, the MB lines remain 
discharged until the next precharge. 
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DESIGN NOTE .. 
TYPICAL microNOVA CP S 

··- --- ----- __ __ U MODULE -· ~-- - -~ -· 

TYPICAL microNOVA CPU MODULE 
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mN601 SYSTEM CLOCK 
The non-overlapping clocks required to generate the microprocessor's Internal four-phase clock are described In the 
Non-overlapping Clocks note. This circuitry is also shown In the CPU loglc schematic. 

CLOCK OVERSHOOT 
Care should be exercised In minimizing Inductance on the clock lines. An overshoot on the clock waveform caused by 
Inductance In the connections between the mN640 clock driver and the mN601 will not create a problem providing Its amplitude 
Is limited to 1 V or less. This overshoot ls dependent upon the clock driver rise and fall times. The value of the overs~t can be 
controlled by changing the values of the resistors, R1 and R2 (see schematic), In series with the outputs of the .40 clock 
driver. 

mN601 GROUND PADS 
Noise voltage developed between the three grounds pads (VSS, pins 8, 26, and 40) as a result of current In the etch will result In 
reduced CPU operating margins. For this reason, it Is recommended that these pads be Interconnected with short and heavy, 
high conductivity connections. 

mN601 DECOUPLING 
It Is recommended that decoupling of the mN601's supply voltage connections cv88, Vee• v00 and VGG) be made as close as 
possible to the mN601 chip and the nearest ground connected toll 

Suggested values for decoupling capacitors are: 

Supply Connection 

Vee 

Vee 

Voo 

VoG 

Capacitor Value 

0.1µf EIA # Z5V dielectric, or equivalent 

0.1J.1f EIA # Z5V dielectric, or equivalent 

0.1 pf EIA # Z5V dielectric, or equivalent 

0.1J.1f EIA# Z5V dlelectrlc, or equivalent 

overall board decoupling at low frequency should be Incorporated according to standard engineering practices. 

t. Data General 
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GENERAL PURPOSE 1/0 INTERFACE 

Ttfhe loglc schematic on the following page Illustrates a typical general purpose mlcroNOVA 110 Interface. In the drawing, the 
nuN603 l/O controller is Interfaced to the 1/0 bus via an mN636 IOC 1/0 transceiver and to the device via the 16-bit data bus 
le> <0-1s> Hor D <0-15:> L) and a 4-to-16 linedecoder. 

RmN603 SYSTEM CLOCK 
Tille non-overlapping clocks required to generate the mN603's Internal four-phase clock are described In the Non-overlapping 
Cr.locks note. This circuitry Is also shown In the mlcroNOVA 1/0 Interface schematic. 

C:LOCK OVERSHOOT 
C:Sre should be exercised In minimizing Inductance on the clock lines. An overshoot on the clock waveform caused by 
innductance in the connections between the mN640 clock driver and the mN603 will not create a problem providing Its amplitude 
Isa limited to 1 V or less. This overshoot Is dependent upon the clock driver rise and fall limes. The value of the overshoot can be 
ccontrolled by changing the values of the resistors, R1 and R2 (see schematic), In series with the outputs of the mN640 clock 
dllriver. 

nnN603 DECOUPLING 
It I is recommended that decoupling of the mN603's supply voltage connections (Vee. Vee• 'Voo and VGG> be made as close as 
l*OSSible to the mN603 chip and the nearest ground connection. 

SSuggested values for the decoupling capacitors are: 

Supply Connection Capacitor Value 

Vee 0.1 pf EIA # ZSV dlelectrlc, or equivalent 
Vee 0.1 µf EIA # ZSV dielectric, or equivalent 
Voo 0.1pf EIA # Z5V dlelectrlc, or equivalent 
V GG 0.1 pf EIA # ZSV dielectric, or equivalent 

OOverall board decoupling at low frequency should be Incorporated according to standard engineering practices. 

INO BUS TERMINATION 
AA suggested method of terminating the differentially driven 110 bus signals Is shown on the following page. Non-differential 110 
b11us signals do not require termination; however, the CLEAR line should contain a 0.1pf capacitor Into each device and a 0.047pf 
a:apacitor in the termination circuits. • 
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mN606 RAM ARRAY DESIGN 

The following notes discuss basic concepts which should be considered when designing a printed circuit board suitable for 
mN606 MOS RAMs. 

BOARD CONSTRUCTIONNOLTAGE DISTRIBUTION 
Two-layer printed circuit board construction provides an effective method of distributing voltages and ground on a high-speed 
memory card such as a dynamic RAM board. On a two-layer board, the normal method is to grid or mesh ground and power 
distribution lines. While these grids may be irregular, each grid should be a rectangle, approximately 1 by 2 inches. The grid 
distribution is constructed by connecting the horizontal voltage or ground traces on one side of the board with their vertical 
counterparts on the opposite side of the board (see the printed circuit board diagram). This type of construction reduces signal 
return distances and equalizes current flow along the buses. Equalizing current flow reduces supply voltage drops, thereby 
reducing voltage and ground variations between memory devices. 

mN606 RAM DECOUPLING 
It Is necessary to decouple the mN606 RAM supply connections to prevent power spikes which will force the RAM to operate out 
of specification. MOS memories exhibit small standby currents but, when accessed, draw relatively large, short duration 
transient currents from the power supply. These high transient currents can be reduced by placing decoupling capacitors a short 
distance from the memory device. The decoupling capacitors average the current pulse over the Interval of 'on time' to 'off time'. 
essentially decreasing the frequency of the current components presented to the main power distribution lines and supplies. 

Two types of capacitors are normally used for decoupling each voltage. The first type provides the high frequency pulse currents 
required by the RAMs. The second type provides storage for the first type and further reduces the magnitude of the low 
frequency currents that are presented to the power supply. 

The first type (designated as C1 and C2 on the diagram) Is usually ceramic and Is located close to the mN606. These capacitors 
must have sufficient capacity and a frequency response that Is high enough to supply the pulse currents to the RAMs without 
discharging more than an acceptable amount. The capacitance Is determined by both the voltage drop that can be tolerated at 
the mN606 and the peak transient current. The leading and trailing edge current spikes contain high frequency components 
which dictate the frequency response characteristics of the capacitor. These high frequency response capacitors should be 
located adjacent to each mN606; or, If the array is designed with the RAMs close together, they can be located near every other 
chip. 

For a 64 memory device array (16K of memory), a typical value for Voo decoupllng (C1) is 0.05µf per 4K RAM, or approximately 
thirty-two 0.1¢ capacitors distributed between alternate chips. Similarly, the typical value for V 88 decoupling (C2) Is 0.05µf per 
mN606, or approxlmat~ly thirty-two 0.1 ~f capacitors distributed between alternate chips. 

The second type (designated as C3 and C4 on the diagram) Is usually a tubular tantalum capacitor which Is used to Integrate the 
cycle current requirements. The value of capacitors C3 and C4 Is related to the difference between the cycle current and the 
standby current. For a 64 memory device array, the typical total value for C3 (Voo decoupling) Is 1 OOµf divided between two or 
three capacitors located near the outer or connector edge of the array. Slmllarly, the typical value for C4 (Vee decoupling) Is 5µ1. 

mN638 CLOCK DRIVER DECOUPLING 
Decoupling the Vcc2 (+15V) connection of each mN638 memory clock driver is recommended because of the relatively high 
driver peak currents encountered. Vcc2 should be decoupled by both a 0.1µf and a 6.Bµf capacitor. The 0.1µf capacitor should 
be located as close to each mN638 chip as possible while one 6.8µf capacitor can serve up to four mN638 chips. 

Both the Vcc3 and Vcc1 connections of the clock driver should also be decoupled. In lhls case, a 0.1µf capacitor should be 
used to decouple each connection and the two capacitors should be located as close to the chip as possible. 
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DESIGN NOTES 
mN606 RAM ARRAY DESIGN 

NOTE: 

In a 4K memory array, the same bue is used for both adclreH and data 
inputs. Thus. in most cases, the data input line of each chip iB lied to one of 
the address lines, and one address line can serve only one chip; i.e., one 
chip per data bit. Since the mN606 has only 12 address liner, BOlllll chips 
receive their data input from a memory bue line lhat iB nol otherwise 
connected to the chip <•1111 diagramJ. The data oulpuu of each chip are 
independent. They are fed as inputs to sense amp/bus drivel'll <see 4K 
memory schematic). 

In an BK memory array, the data inpuu to the 1ame bite can be connHled 
in paralleL Similarly. the data outpuu of the same biu can al•o be 
conneoted in paralleL 
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mN506 SENSE AMP/BUS DRIVER DECOUPLING 
It Is recommended that the Vcc1, Vcc2 and Vee connections of each mN506 chip be decoupled using a 0.1µf capacitor for 
each connection. These capacitors should be located as close to the mN506 chip as possible. One capacitor can serve the Vcc1 
connection of two chips, one capacitor can serve the Vcc2 connection of two chips, and one capacitor can serve the VEE 
connection of four chips. 

MEMORY BUS RECEIVERS 
mN634 memory bus drivers can be used successfully to drive the mN606 memory array. Since the mN634 ls an open-collector 
output device, It requires pull-up resistors to supply the high Input requirement (+4V) of the RAM. The value of the pull-up 
resistors Is computed from the timing requirements of the CPU. The memory bus Is precharged by the CPU prior to the time the 
Input lines are sampled by the RAMs. Thus, there Is a period of approximately 240ns during which the input lines can be brought 
to a high of 4V. In the schematic of a typical 4K memory shown on the following page, the pull-up resistors have a value of 510 
ohms. 

Because of the Inductance of the RAM array, there may be an Inductive undershoot In the Input lines when they are pulled low by 
the mN634. This can drive the low Input below the recommended specifications of the mN606 RAM. To reduce the undershoot 
pulse, a resistor in series with the Input line can be used. While the value of these resistors (one per Input line) ls layout 
dependent, the computed value of the series resistors In the typical 4K memory schematic Is 33 ohms. 

Devices other than mN634's can be used to drive the Input lines of the RAM array. When TTL drivers with totem pole outputs are 
used, a pull-up resistor, as described above, Is required to ensure that the Input threshold requirement of the RAM (+4V) Is 
satisfied. Schottky gates with totem pole outputs are not recommended. 

PROM/RAM 
When both PROM and RAM elements are Included In a mlcroNOVA computer system, the PROM Is given priority over the RAM. 
This is accomplished using the PHIL signal, as shown In the logic schematic on the following page. 

t •Data General 
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ADDRESSING 1/0 DEVICES 
VIA THE MEMORY BUS 

In microNOVA systems ii Is possible to make an active register behave as a memory register, thus allowing 1/0 interfaces to be 
accessed via the microNOVA memory bus. 

A suggested method of Implementing this technique Is shown In the following logic schematic. It Is assumed In the drawing that 
the memory bus is driven as depicted In the CPU logic schematic contained in the CPU Notes. 

ADDRESSING 
The memory register can be addressed by using Jumpers on the memory Input lines (MEM <0-15> . see schematic). When all 
the Input lines to the address select NANO gates are at a high logic level, the memory register Is enabled for either reading or 
writing. 

MEMORY REGISTER 
In the drawing, the register Is comprised of sixteen edge-triggered flip-flops with Independent clear and reset lines. The outputs 
of the register are connected to the memory output lines (MEM <0-15> ) via trl-state gates that are enabled at memory read 
time. 

RAM DISABLE 
The PHIL signal (see schematic) is used to disable any RAMs In the system which respond to the same address as that selected 
for the memory register. When this condition does not exist, the PHIL circuitry has no function. 
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BDATAO 

BDATA1 

BDATA2 

BDATA3 

BDATA4 

BDATA5 

BDATA6 

BDATA7 

BDATAB 

BDATA9 

BDATA10 

BDATA11 

BDATA12 

BDATA13 

BDATA14 

BDATA15 

3 

4 

7 

B 

12 

13 

16 

17 

mN634 
OCTAL 
MEMORY 
TRANSCEIVER 

BIN AIN 
19 , 

19 1 
3 BIN AIN 

4 

7 

8 mN634 
OCTAL 

12 MEMORY 
TRANSCEIVER 

13 

16 

17 

+5V 

2 1Kn MEMO 

5 

6 

9 

11 

14 

15 

READ 

(ADDRESS SELECTION LOGIC) 

2 1Kn 

5 1Kn 

6 

9 

11 

15 

74S04 

75452 

p 

!WHEN LOW, 
PHIL DISCONNECTS 

b----- RAM FROM 

MEMORY BUS) 

74368 

1----+--1 "lio-o--MEMO 

MEM1 

MEM2 

MEM3 

MEM4 

MEM5 

74368 

MEMS 

MEM7 

MEM13 

MEM15 \ 

13 
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DESIGN NOTES 
mN601 AND mN603 NON-OVERLAPPING CLOCKS 

mN601 AND mN603 NON-OVERLAPPING CLOCKS 

The mN601 microprocessor and the mN603 1/0 controller require two non-overlapping clock signals to generate their Internal 
four-phase system clock. The logic schematic below Illustrates a suggested method of producing these MOS clock Inputs. 

As shown, external circuitry is used to shape the clock signals generated by the appropriate transceivers before they are 
supplied to the mN601 or mN603 via the mN640 clock driver (shown as two AND gates). 

EXTERNAL CLOCK SHAPING 

0Ai--~~~-+-~~-+~ t--~-'Vvv-~~~~01 

l/JB 

mN629 
mN636 

NOTES: 

02 

mN601 
mN603 

1. The recommended values for the discrete components shown in the 
diagram are: 
Reference 
Designators Values 

R1,R2 

C1,C2 

R3.R4 

470ohm, 596 

Tn:>ical value is 220pf, silver 
mica. +596. This value can vary 
depending upon circuit layout. 

Tn:>ioal value for the mN601 is 
47ohm; and for the mN603, 100ohm. 
These values can vary when required 
to reduce overshoot in the clock 
signals. 

2. Ground connections between C1, C2 and the mN640 clock driver 
should be as short and heavy as possible. 

3. It is recommended that decoupling of the mN640 clock driver 
supply .voltage connections <V CG1 and V cc2J be made as close 
to the mN640 chip as possible. 
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POWER SUPPLY 
12V TO 15V CONVERSION 

llTo accommodate systems running with a 12V power supply, logic schematics for two 12V to 15V converters are shown. These 
cconverters provide the 15V supply required to operate Data General's mlcroNOVA Integrated circuits. 

llThe first voltage converter sche!Tlatlc produces a supply voltage of 15V at 1.5amps. This voltage converter supports a full 
rnnlcroNOVA chip set, Including 32K of memory. 

llThe second schematic produces a supply voltage of 15.2V at 0.15amps. This will support either an mN601 or mN603 connection. 

H12.0VOLTS 3AMP© 

.01 
uF 

2N4403 

+ 12 TO + 15 VOLT CONVERTER 
FOR mlcroNOVA CHIP SET 

r---- ,-tt~ ®----, 
I I 
I r,;\ I 
I 0.2 !!2W ~ 1 N60BOI 

>+--...--....--<> +15 VOLTS OUT 

1oon 
S 4 1/2W 

_.i.;:;_ _ _._;..., 555 
7 VCC RESET TIMER .,__--t DISCH. 

39on 
1"o 

1.20 
Kn 
1'9 

0.1TO1.5AMPS 

VOUT = 15.1 @VIN 
• 12.0 
MAX OUTPUT RIPPLE 
=.35 VOL TS p.p 
LOAD REGULATION 
<.2.V 

+ 47uF 
2 TRIG. OUT 3 

D44C3 

0 
·2 X 100mf 20V 
SPRAGUE TANTALUM 
N0.150D107X0020R 

DQ.OftJI 

20V 
TANTALUM 

---6
-t THRESH. 

NOTES: 

.01uF 
:1:10% 

GND 

1Kn 

11"" Fuse or +12volt current limit needed to avoid overheating 0.2n resistor 
\.!.) and 1N6080 diode with permanent output short. 

(D 0.28mH Inductor: 41 turns N0.20 wire on Amold Magnetics toroid core 
NO.A-201163. 

© D44C3 transistor on time -10µSEC. Off time varies with load. Max 
frequency is 25KHz. 

© Max component height 0.34" above board. 

© 1N4001 diode may be nece11ary to prevent overshoot of output if VIN tum 
on time is fast. 

© Efficiency: 8096, typical 

t., Data General 
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DESIGN NOTES 
POWER SUPPLY 12V TO 15V CONVERSION 

+ 12.0VOL TS 1 AMP 

-- -·· ··----- - ---·-- ------- --·- -- ---- -·-·- - --~- -----· ---·-· - _. __ -·- -· -------··----~ ------------- -----

+ 12 TO + 15 VOLT CONVERTER 
FOR microNOVA CHIPS 

\P".....---....... -+--.,._---4,__-'ll'l.,..,__.V"'~"------1 ::.f-+-....... -----0 + 1 5.2 VOL TS 

6.8uF+ 
20V 

TANTALUM 

1Kn 

8 4 555 
vcc RESET TIMER 

7 
DISCH. 

2 
TRIG. 

3 
OUT 

6 
THRESH. 1Kn 

GND 

.01uF 

= NOTES 

2N4400 

1Kn 

2N3725 

CD 
1.20 
Kn 
1% 

39on 
1~0 

OUTPUT @12.0 V1N 

LOAD 0 TO .15 AMPS 
MAX RIPPLE .2V P-P 
LOAD REGULATION 

<.2V 

+ 47uF 20V 
(SPRAGUE TANTALUM) 
150D476X0020R 

Q) Fuse or +12 current limit necessary to avoid overheating 1n resistor and 
1N4933 diode, in the event of permanent output shorts. 

© 0.28MH: '11 turns N0.24 wire on A mold Magnetics toroid core 
NO.A-05056. 

G) 2N3'!25 on time is 10ps. Output load varies frequency. 

© Max. component height 0.34". 

© Efficiency: 70%, typical. 
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APPENDIX A 
1/0 BUS OPERATIONS 

NOTES: 

CD 110 COMMAND OR DATA SENT FROM mN601 
MICROPROCESSOR TO THE CPU 110 TRANSCEIVER. 

G) CPU 110 COMMAND OR DATA DIFFERENTIALLY DRIVEN ON THE 
110 BUS BY THE CPU 1/0 TRANSCEIVER. 

(D DIFFERENTIALLY DRIVEN 1/0 COMMAND OR DATA RETRIEVED 
FROM THE 1/0 BUS BY THE ICC 110 TRANSCEIVER. 

© CPU 110 COMMAND OR DATA RECEIVED BY THE mN603 l/O 
CONTROLLER. 

@ DATA SENT FROM THE mN603 TO THE ICC 1/0 TRANSCEIVER. 

© IOC DAT A DIFFERENTIALLY DRIVEN ON THE 1/0 BUS BY THE ICC 
1/0 TRANSCEIVER. 

(D DIFFERENTIALLY DRIVEN DATA RETRIEVED FROM THE 110 BUS BY 
THE CPU 1/0 TRANSCEIVER. 

@ ICC DATA RECEIVED BY THE mN601. 

i 
I 

PROGRAMMED 1/0 D~TAINTIMING DIAGRAM 
I 
'1 

PROGRAMMED 110 DATA OUT TIMING DIAGRAM 

{ 

llOCLOCK 
mN 
601 l/ODATA 1 

l/ODATA2 

1-~~~-~-~COOE ~ ~ 0 ~-~----------~~~@-!~========== 
x 
x x x x x x x x x x 

NOTE: ATIONS AND 1/0 TIMING TABLE FOR DETAILED INFORMATION. SEEmN601 110 OPER 
.. TIME IS DEPENDENT UPON THE LENGTH OF THE 1/0 BUS BETWEEN THE mN601 AND 

00.042311 THE mN603. 

A-1 
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NOTES: 

CD DATA CHANNEL ADDRESS REQUEST SENT FROM THE mN601 
TO THE CPU 110 TRANSCEIVER. 

@ DATA CHANNEL ADDRESS REQUEST DIFFERENTIALLY DRIVEN 
ON THE 110 BUS BY THE CPU 110 TRANSCEIVER. 

CD DIFFERENTIALLY DRIVEN DATA CHANNEL ADDRESS REQUEST 
RETRIEVED FROM THE 110 Bl,JS BY THE IOC 110 TRANSCEIVER. 

© 
© 

© 

DAT A CHANNEL ADDRESS REQUEST RECEIVED BY THE mN603. 

MEMORY ADDRESS AND DIRECTION MODE BIT SENT FROM THE 
mN603 TO THE IOC 110 TRANSCEIVER. 

MEMORY ADDRESS AND DIRECTION MODE BIT DIFFERENTIALLY 
DRIVEN ON THE 110 BUS BY THE IOC 110 TRANSCEIVER. 

CD DIFFERENTIALL y DRIVEN MEMORY ADDRESS AND DIRECTION 
MODE BIT RETRIEVED FROM THE 1/0 BUS BY THE CPU 110 
TRANSCEIVER. 

@ MEMORY ADDRESS AND MODE BIT RECEIVED BY THE mN601 
AND READ-MODIFY-WRITE MEMORY OPERATION INITIATED. 

DATA CHANNEL DATA OUT OPERATION - MEMORY DATA TO 110 CONTROLLER 

© DATA RETRIEVED BY CPU DURING READ PORTION OF MEMORY 
OPERATION IN PROGRESS. WRITE PORTION OF OPERATION NOT 
EXECUTED. 

@ MEMORY DATA SENT FROM THE mN601 TO THE CPU 110 
TRANSCEIVER. 

@ MEMORY DATA DIFFERENTIALLY DRIVEN ON THE 110 BUS BY THE 
CPU 110 TRANSCEIVER. 

@ DIFFERENTIALLY DRIVEN MEMORY DA TA RETRIEVED FROM THE 
110 BUS BY THE IOC 1/0 TRANSCEIVER. 

@ MEMORY DATA RECEIVED BY THE mN603. 

DATA CHANNEL DATA IN OPERATION - DATA FROM 110 CONTROLLER TO MEMORY 

@ DA TA SENT FROM THE mN603 TO THE IOC 110 TRANSCEIVER. 

@ DAT A DIFFERENTIALLY DRIVEN ON THE 110 BUS BY THE IOC 110 
TRANSCEIVER. 

@ DIFFERENTIALLY DRIVEN DATA RETRIEVED FROM THE 110 BUS BY 
THE CPU 110 TRANSCEIVER. 

® 
® 

DATA RECEIVED BY THE mN601. 

DATA WRITTEN IN MEMORY DURING WRITE PORTION OF 
MEMORY OPERATION IN PROGRESS. 

{ 

l/OCLOCK 

mN l/ODATA 1 
601 

l/ODATA2 

DO.fH23J 

ADDRESS 
REQUEST 

ADDRESS 
REQUEST 

DAT A CHANNEL - DAT A OUT 
MEMORY 
READ t------

© 

DATA CHANNEL- DATA IN 
START MEMORY 
OPERATION 

NOTE-
SEE ~N601 1/0 OPERATIONS AND 110 TIMING TABLE FOR DETAILED INFORMATION. 
HTIME IS DEPENDENT UPON THE LENGTH OF THE 1/0 BUS BETWEEN THE 

mN601 AND THE mN603. 

APPENDIX A (CONT.) 
1/0 BUS OPERATIONS 

MEMORY 
WRITE @ 

A-3 
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APPENDIX B 
LOGIC CONVENTIONS 
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LOGIC CONVENTIONS 

Data General loglc schematics are drawn In close accordance with Mll-Std-806C. Using this convention, logical functions are 
drawn as physically Implemented; l.e~ where discrete gates are used to Implement a function, the gates are shown. On the other 
hand, where a more complex integrated circuit Is used, e.g~ a memory transceiver, that function Is shown as a rectangular box 
Instead of the gates comprising the function. 

Throughout this manual, a distinction Is frequently made between electrical levels and logical values. Electrical levels are 
referred to as high or low; logical values, as 1 or o. 

Signal Names 
The voltage level at which a signal Is said to be 'asserted' (true) Is a matter of definition. To distinguish between signals that are 
asserted high (O=L, 1-H) and those that are asserted low (O=H, 1-U. a naming convention has been adopted In Data 
General's documentation which defines the relationship between the toglcal value and electrical level of a signal. Signal names 
which Include a horizontal bar over the name, e.g., WRITE, are asserted when.they are at a low electrical level; signal names 
without the bar, e.g., WRITE, are asserted when they are at a high electrical level. 

Logical functions often require more than one binary signal. For Instance, three lines are required to express an octal digit. In 
general, these closely related signals are Individually identified by effectively subscripting a common label. For example, MBO 
through MB15 are all required to completely specify a function. All or part of this group of signals ls.Identified by placing brackets 
around the range of subscripts Included, as MB ( 0-15 ) • In this case, the suffix carries the Information that there are sixteen 
MB lines under discussion, from MBO through MB1 5, Inclusive. 
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