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-- OVERVIEW OF microNOVA LINE 
INTEGRATED CIRCUITS 



INTRODUCTION 

lis data manual describes Data General's full microcomputer chip set. The microcomputer consists of three principal 
legrated circuits: a 16-bit microprocessor, an 1/0 controller, and a 4Kx1 dynamic RAM. As part of the set, each integrated 
rcuit is supported by the necessary system buffer elements. The principal chips are fabricated with N-channel, silicon gate, 
etal oxide semiconductor (NMOS) technology. The system buffer chips are small and medium scale integration, bi-polar 
rcuits. 

Ie chip set is designed to implement high-performance microcomputer or controller systems. It incorporates Data General's 
Iwerful NOVA line minicomputer instruction set and 16-bit central processing unit (CPU) architecture. 

icroNOVA line integrated circuits are available on an individual basis as well as in full microcomputer chip sets. In addition, the 
IcroNOVA 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 

he microNOVA family comes with proven Data General development and runtime software that includes three operating 
{stems, the diskette-based Disc Operating System (DOS), the Real-Time Operating System (RTOS), and the 
icroproducts Operating System (MP / OS). Software developed for Data General's NOVA line minicomputers can be 
asily reassembled for use with microN OVA systems. The operating systems support two high level language compilers, 
ORTRAN IV and extended BASIC, as well as various utilities, including: a Command Line Interpreter, text editor, macro 
ssembler, relocatable loader, a library file editor, and a symbolic debugger. 

icroNOVA development software is based on the Disc Operating System. The diskette-based DOS provides a smooth flow 
rough varying development phases to completed production software. OEMs who need a larger development system can utilize 
e NOVA 31ine of minicomputers. NOVA 3 is software-compatible with microNOVA and supports up to 128K words of memory, a 
II peripheral range, and the Real-time Disc Operating System (RDOS). 

ata General's Real-Time Operating System is a DOS-compatible runtime executive. It is compact and memory-resident, and 
IS a real-time multitask capability for controlling real-time applications. RTOS provides standard interrupt servicing, device 
Indling and execution scheduling functions. 

II of these features make the microNOVA family ideal for applications like complex instrumentation, industrial automation, 
ommunications, and data acquisition, where 16-bit NOVA power and precision are required. 
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THE CHIP SET 

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

Integrated Circuit Packaging 

mNSOl lS-bit microprocessor 40-pin ceramic 

mNS02 16-bit microprocessor 40-pin ceramic 

mNS03/S13/S15 110 controller (lOC) 40-pin ceramic 

mNSOS 4Kxl dynamic RAM 20-pin plastic 

mNS40 CPU and I/O clock driver 16-pin cerdip 

m NS38 memory clock driver lS-pin cerdip 

mNS29 CPU I/O transceiver 20-pin ceramic 

mN633 octal driver 20-pin ceramic 

mNS3S 10C I/O transceiver 20-pin ceramic 

mNS34 octal memory transceiver 20-pin ceramic 

mN50S quad sense amp/memory bus driver 14-pin cerdip 

mNS58 1/0 clock driver lS pin cerdip 

THE MICROCOMPUTER 
The block diagram on the opposite page shows a recommended mNS02 microcomputer chip set configuration. It is 
organized around two data buses: memory and 110 (see diagram). 

microNOVA MEMORY BUS 
Memory addresses and data are passed between the mNSOI or mNS02 microprocessor and an array of mNSOS 
RAMs via the microNOVA memory bus. This is a lS-bit parallel, bidirectional, high-speed bus. 

The microprocessor is interfaced to the bus via two mNS34 octal memory transceivers. These transceivers drive data between 
the CPU's memory address/data lines and the memory bus. 

A RAM grouping is interfaced to the bus via two mNS34 octal memory transceivers and four mN50S 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 mN601 to perform four kinds of memory operations: 
read, write, read-modify-write and refresh. 

The mN602 contains the same 3 control lines, plus 2 additional ones, WAIT and MAPON. WAIT allows the CPU to extend 
memory operations to accomodate slow memories and MAPON allows the CPU to access a second 32K-word address 
space. The mNS02 performs three kinds of memory operations: read, write, and refresh. 

microNOVA I/O BUS 
Information is passed between the microprocessor and the 110 controllers via the bidirectional, microNOVA 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 lS lines. The most critical lines (two serial data lines and two clock lines) are 
differentially driven and received by an mN629 CPU 110 transceiver and one mNS3S 10C transceiver per 110 controller. 
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At the microprocessor end of the bus, the CPU 110 transceiver receives serial data from the CPU and differentially drives it to the 
10C 1/0 transceiver(s). It also receives the differentially driven data signals from the 10C 110 transceiver(s) and passes the data 
to the CPU. At the 110 controller end of the bus, each 10C 110 transceiver performs a similar function for its 1/0 controller. Up to 
twenty 10C 1/0 transceivers can be interfaced to the microNOVA 110 bus . 

The differentially driven 110 CLOCK (see diagram) is transmitted with the data; it strobes the data into the receiving circuit. The 
CPU 1/0 transceiver differentially drives the MASTER CLOCK to all 10C 1/0 transceivers. Each 10C transceiver passes the 
MASTER CLOCK to its 10C as two non-overlapping clocks via an mN640 clock driver. The MASTER CLOCK synchronizes the 
operation of the 1/0 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 usecs, the microcomputer is reset. This time period ensures that the CPU and 10C 1/0 transceivers are in 
receive mode; refer to the mN601, mN602, mN603/613/615, mN629 and mN636 circuit descriptions. 

The device request lines (EXfiiijl and 5CHiNi for mN601, INTR and DCHR for mN602) allow I I 0 devices to request 
microprocessor service for the purpose of transferring data in either of two modes: programmed 1/0 or data channel 
break. These are explained later in the section entitled Oata Transfers. 

Hardware Device Priority Network 

The priority lines (lNTP OUT, DCHP OUT, INTP IN and DCHP IN) comprise an interdevice daisy chain. When more than one 1/0 
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 it is requesting service and its INTP/OCHP IN line is at a high logic level. If it is at a low logic 
level, it 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 1/0. Two mN634 octal memory transceivers (deSignated 'B') 
drive data between the CPU's memory addressldata lines MB( " 0-15~ ) and the microNOVA memory bus. The memory control 
signals, P, SAE and WE, allow the CPU to perform four kinds of memory operations: read, write, read-modify-write and refresh. 

The mN629 CPU 1/0 transceiver (deSignated 'C') performs two functions for the CPU. First, it interfaces the CPU's serial data 
(1/0 DATA < 1,2» and data clock (1/0 CLOCK) lines with the microNOVA 1/0 bus. The 1/0 INPUT signal is used by the CPU to 
control the transce'iver's operating mode, either transmit or receive. Second, the CPU 1/0 transceiver generates the two 
non-overlapping system clocks (tPA and tP B) from a Single 8.333MHz clock input. 

The 0 A and 0 B clocks are shaped by external circuitry (see Oesign Notes) and the outputs are supplied to the mN640 
clock driver (designated '0'). The clock driver receives these signals and provides signal characteristics that are 
compatible with the MOS clock input circuits of the CPU, 01 and 02. 

The remaining mN601 pins perform the following functions. The HALT pin reflects the state of the CPU, halted (idling) or 
performing tasks. The J5AOSE pin indicates when the CPU is performing a memory operation. By monitoring the output of this pin, 
multiportlng of memory can be implemented. The CIAMi5' pin is an input pin used during the power-up and initialization 
sequence. 



mN602 16-BIT MICROPROCESSOR 
The mNS02 incorporates all the .eatures o. the mNS01 CPU plus 'ive new 'eatures. 

The mNS02 requires only standard TTL and MOS voltage levels of ·5V, +5V and 12V. The CPU can use the mN603, the 
mNS13, or the mNS15 as an 10C. 

The CPU can access memories with slow cycle times (EPROM memories) by sending additional SAE or WE signals to 
memory when WAIT goes low. A memory can cause the mNS02 to wait a maximum o. 50 CPU cycles, or 24jLsec. 

The mNS02 can access up to S4K words of memory. This physical address space divides into two 32K·word logical 
address spaces that are addressable by the user. The MAPON flag determines which 32K-word bank of memory is 
addressed. When MAPON is 0, the lower (unmapped) bank is addressed. This is the address space available on 
mNSO 1. When MAPON is 1, the upper (mapped) bank is addressed. 

On memory refresh, the mNS02 reads a System Status Word on the memory bus, during the data transfer phase. This 
word provides the CPU an external real-time clock, a set 0' non-maskable interrupts, and the state o' the system the 
mNS02 is part o. (power'ail, etc.). 

The last main .eature o' the mNS02 is the integrated .ast data channel. The FDCH makes direct memory accesses 
(DMAs) at 2 Mbytes/sec. The three control lines 012, FDCHR/F'DCFii, and FDCRE, handle all transactions between the 
CPU and the device. The clock signal 012 synchronizes high speed channel requests when FDCHR goes low. During the 
trans'er, the CPU sends the needed memory control signals. Because of the trans'er rate o. the high speed data 
channel, the mNS02 will not allow DMAs to slow memories. 

mN603/613/615 I/O CONTROLLER (lOC) 

The 10C is the interface between a peripheral device and the microNOVA 110 bus. Details o. its internal architecture 
and operations are contained in the mNS03/S13/S15 section o. this manual. 

It is designed to operate with the following system buffer elements: an mNS3S 10C 1/0 transceiver and a clock driver. 
The mNS03 and mNS13 operate with a mNS40 clock driver. The mNS15 uses a mNS58 clock driver. The primary 
functions performed by these circuits .or the 10C are described below. Detailed information is found in the individual 
circuit descriptions. 

The 10C (designated 'E' in the diagram) has two ports: 1/0 bus and peripheral. 

The mN63S 10C I/O transceiver (designated 'F) performs two functions for the 10C. First, it interfaces the 10C's serial data (I/O 
DATA<l,2>l and data clock (1/0 CLOCK) lines with the microNOVA I/O bus. The I/O INPUT signal is used by the 10C to control 
the transceiver's operating mode, transmit or receive. Second, the mN636 transceiver receives the MASTER CLOCK from the I/O 
bus and generates two non-overlapping clock Signals, I/> A and I/>B. 

The It A and I/> 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 10C, 1/>1 and 1/>2. 

The 10C 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 47-line NOVA I/O bus. 



• 
mN6064Kx1 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-bit 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 
8Kx 16-bit array, it is necessary to add only one mN638 clock driver, since the two mN634 transceivers and four mN506 sense 
amp/bus drivers support 8K 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-bit dynamic RAM array (deSignated 'H' in the diagram) has two ports: input (address and data) and output. 

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 mN601 addresses up to 32,768 memory locations; thus, eight 4Kx16-bit memory arrays can be interfaced to the 
microNOVA memory bus. The mN602 addresses up to 65,536 memory locations; thus, 16 4Kx 16-bit memory arrays can 
be interfaced to the microNOVA memory bus. Each 4Kx 16-bit array has a 12-bit 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 '1') 
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. 

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 I/O devices via the microNOVA I/O bus. 

MEMORY 
The microprocessors perform three kinds of memory operations: read, 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 the memories 
and the state of MBO is tested. If this signal is high, a refresh operation is performed; if it 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 and mN602 circuit description. 

When non-volatile memory is required, programmable read-only memory (PROM) can be used. Refer to the microNOVA 
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. 

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

The CPU performs I/O data transfers under two operating modes: programmed I/O and data channel break. Under 
programmed I/O, the CPU moves data betweeen one of its internal registers (namely, accumulators; see the mN601 
and mN602 sections) and an I/O device. Under data channel break, the CPU moves data between memory and an I/O 
device. Data channel breaks allow blocks of information to be transferred without altering program flow. In addition, 
data channel breaks are transparent to the executing program. 



An I/O device requests microprocessor service for the purpose of transferring data by asserting either the 
program interrupt or data channel break device request lines. These requests are synchronized by a 
CPU-generated signal called Request Enable. It 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 I/O controllers connected to 
the I/O bus as a two-bit code (11), one bit carried on each serial data line. 

Detailed information concerning I/O data transfers is found in the I/O Operations sections of the mN601 and mN602 a 
circuit descriptions and in the mN603 / 613 / 615, mN629 and mN636 circuit descriptions. Timing diagrams of I/O 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 10C transceiver and the I/O controller, under both 
programmed I/O and data channel. (The I/O transactions appearing in the diagrams apply when the system is 
configured as shown in the block diagram at the beginning of this section.) 

Programmed I/O 
Under programmed I/O, the CPU sends the I/O instruction, exactly as fetched from memory, to all controllers connected to the 
microNOVA I/O bus. The instruction includes information that identifies the controller to which it 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 
I/O command and 01 indicates a data word. 

Data Channel Break (Standard Data Channel) 
When the CPU performs a data channel break, it sends an address request to the microNOVA I/O 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 1 6-bit 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. 
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• SINGLE WORD INSTRUCTION FORMAT IN A VARIETY 
OF ADDRESSING MODES - ABSOLUTE, RELATIVE, 
INDEXED, DEFERRED AND AUTO-INCREMENTI 
DECREMENT 

• SEPARATE MEMORY AND 1/0 BUSES 

• 1/0 BUS PROVIDES FUNCTIONAL EQUIVALENT OF 
47-L1NE NOVA 110 BUS 

• 16-LEVEL PROGRAMMED PRIORITY INTERRUPT 
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GENERAL DESCRIPTION 

PACKAGE 

~ 40 V SS (GND) 

39 N/C 

38 VDD 
37 HALT 

36 N/C 

35 CLAMP 

34 N/C 

33 PAUSE 

32 <;111 

31 <;112 

30 1/0 DATA 1 

29 1/0 DATA 2 

28 1/0 INPUT 

27 1/0 CLOCK 

26 VSS (GND) 

25 MB15 

24 MB14 

23 MB13 

22 MB12 

21 MB11 

The mN601 is a full 16-bit NMOS microprocessor that provides the central processing function for Data General's microNOVA 
family. The mN601 features NOVA 16-bit 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-bit 
mN606 uses cost- effective dynamic NMOS RAM technology to support microNOVA's large memory orientation. The mN60310C 
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 microN OVA support up to 32K words of memory and a full complement of peripherals. 

II 
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PIN DESCRIPTIONS 
. The diagram below shows the pin connections, and the table describes the function of each pin shown in the 

diagram. 

MNEMONIC 

<1>1 
<1>2 

MBO-MB15 

P 

SAE 

WE 

FUNCTIONAL PIN CONNECTION DIAGRAM 

CPU CONTROL r---........... ------" 
CLAMP HALT PAUSE 

r _---"'0...:...1 ----I 32 
CLOCK \. _---'0=-:2=--_+-1 31 

mN601 

1/0 CLOCK MB<0-15> 

110 [ 

27 9-16. 

}M~~' 110 DATA 1 30 18-25 
1/0 DATA 2 29 P 
1/0 INPUT 2 WE 28 3 SAE DC HINT 5 4 

EXTINT 6 
7 8 17 38 40 26 

DG-04002 POWER 

PIN FUNCTIONS 

PIN 
NO. I/O FUNCTION 

CLOCK 

32 IN Two-phase system clock. Operates between 0 and 14V amplitude. Generates 4-phase 
31 IN internal clock, providing internal control timing 

MEMORY BUS 

9-16 1/0 Bi-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 bit). As an address bus, 

MB<1-15>contains 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 individual internal pull-Up 
resistors tied to each line. During address or data transfers, each line transmitting a 0 is 
discharged; each line transmitting a 1 is undischarged. See the Memory Operations 
Section for detailed information, 

MEMORY CONTROL 

2 OUT Active high. Initiates all memory cycles, When P goes high, indicates a valid address is 
on the memory bus. 

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

3 OUT Active high. Enables write operation. On the falling edge of WE, information on the 
memory bus is written into memory, 



PIN FUNCTIONS 

PIN 
MNEMONIC NO. 1/0 FUNCTION 

I/O BUS 

I/O DATA 1 30 I/O Two-line. bi-directional bus. All data and I/O command information is transmitted serially 
I/O DATA 2 29 I/O between the mN601 and I/O devices at the MASTER CLOCK rate. During a 16-bit 

transfer, I/O DATA1 carries the most significant 8 bits (0-7); I/O DATA2, the least 
significant bits (8-15). B 

I/O INPUT 28 OUT Indicates direction of I/O transfer. When low, indicates a transfer from the mN601 ; when 
high, a transfer to the mN601. 

I/O CLOCK 27 I/O Synchronizes all I/O transfers to and from the mN601. Holding I/O CLOCK low for 
1 Oil secs resets the microcomputer. I/O CLOCK should not be pulled low when I/O 
INPUT is in the low state. 

EXTINT 6 IN 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. 

DCHINT 5 IN 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 

HALT 37 OUT Active high. When the CPU is halted (idling), as the result of either resetting the CPU by 
pulling I/O 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 110 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. 

CLAMP 35 IN Active low. When the mN601 is first powered up, CLAMP should be held low for a 
minimum of 1 OOllsec. Then, when it goes high, the CPU is properly initialized and enters 
the HALT state. 

PAUSE 33 OUT 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 cP1 and cP2 clocks, thus 
allowing multlporting of memory. 

POWER 

Vee 1 -4.25V ± .5V 
Vee 17 +5V ± .25V 
Voo 38 +10V ± 1V 
VGG 7 +14V ± 1V 
Vss 8,26,40 Ground 

34 Reserved for future use 
36 Reserved for future use 
39 Reserved for future use 
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ARCHITECTURE 

The mN601 is a 16-bit 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-bits long. Each word is 
16-bits long, consisting of two 8-bit bytes. Both words and bytes can be used as operands. 

Word 

10, 1 ,2 , ~~t: ,5 16 ,710 I 1 I 2 I ~~t: , 5, 6 I 71 
o 1 2 3 4 5 6 7 8 9101112131415 

MSB LSB 

One word containing two bytes 

The mN601 communicates with memory via a bi-directional, 16-bit 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 via two, bi-directional, serial lines that carry data and I/O commands. 
One control line indicates the direction of transfer, to or from the CPU, and a clock line synchronizes the transfer of information. 
Two interrupt lines, programmed I/O and data channel, allow I/O interfaces to request processor time. 

The Expanded Block Diagram shows the internal architecture of the mN601, together with the memory bus, the I/O bus, and their 
respective control lines. 

(27) 1/0 CLOCK 
(30)1/0 DATAl 
129li/0 DATA2 

(28) 1/0 INPUT 

(6) EXT INT 
15) DCH INT 

(35) CLAMP 

(37) HALT 

(33) PAUSE 

1321 ~ 1 U--~--1 

131102 

CONTROL 

EXPANDED BLOCK DIAGRAM 

I====~>!SHIFTER 

* see register table 

MBO-MB15 
19-16,18-25) 

P(2). WE(3), 
SAE(4) 



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

CPU INTERNAL I=\EGISTERS 

REGISTERS 
USER 

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 (RTC ON) yes 1 bit 
real-time-clock request bit (RTC RQ) no 1 bit 
stack overflow request bit (SO RQ) no 1 bit 
refresh address counter no 6 bits 

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

• The program counter contains a 15-bit 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., 3778 to 4008, 

• The refresh address counter generates a 6-bit address specifying 64 numbers used to address 1/64 of all the available 
memory to be refreshed. All 32,768 RAM memory locations are refreshed at least once every 18432ms. 

• 



INTRODUCTION TO INSTRUCTION SET 

Each mN601 (microNOVA) instruction is contained in one 16-bit word. Programs for the mN601 consist of sequences of 
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 specified 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 I/O 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. 

'I' ,pnlial operation can be altered by a jump or conditional skip instruction or by an interrupt. Jump instructions load a new 
.1)","0; in the program counter; conditional skip instructions increment the program counter address by two if a specified test is 

If ue. In both cases, sequential operation is resumed from the updated address in the program counter. When the program is 
interrupted (e.g., I/O external interrupts, real-time clock interrupts, fault conditions of various kinds), the interrupt facility stores 
the next sequential program address in a specified 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. 
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The microNOVA (mNS01) instruction set can be divided into five groups of operations: 

• Memory reference 
• Fixed point arithmetic and logical operations 
• Stack manipulation 
• I/O functions 
• CPU I/O functions 

Each instruction is formatted in a 1S-bit (one word) field. In the instruction descriptions that follow, the mnemonics are those 
recognized by Data General's Assembler. See the microNOVA Programmer's Reference (DGC No. 015-000050) for detailed 
programming information, including the use of instruction set options, such as conditional skips and flag commands. II 

NOTE: When the instructions described below are executed, the mNS01 pins follow the protocol specified by the 
instructions. It is assumed that the mNS01 is interfaced with mNS031/0 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 8 , so that each memory address is 15 bits long. 

ADDRESSING MODES 
Memory reference instructions provide a variety of addressing modes for accessing 32,7S8 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-bit 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 1 1 I 2 I ] 1 4 5' 6 1 7 8 I 9 110 I 11 I 12 In I 14 I 15 

Bit 5 = Indirect bit; Bits Sand 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. 



EFFECTIVE ADDRESS CALCULATION 

Absolute Displacement is an unsigned number within the range 00000-00377 8 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 the 
indirect bit is O,the results of the addition are the effective address; if it is 1, the results are an 
indirect address. 

AC2indexed Displacement is a signed number that is added to the contents of accumulator 2. If the indirect bit is 
0, 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 
0, 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 = 777748 
Displacement = + 0128 

Result = 000000 8 ; not 100006 8 

Indirect Addressing 
When the indirect bit (bit 5) contains a 1, the calculated address is an intermediate (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 is 0, 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 0 equals 0 (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 is 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 halts. 



Auto-Incrementing/Decrementing 
Memory locations with addresses within the range 020 8 through 0278 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 0378 are called auto-decrementing locations. When one of 
these iocations is indirectly addressed, the processor automatically decrements bits 0 through 15 of the contents of the indirect 2 
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 1 777778 and the location is referenced as part of an indirection chain, location 
o 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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MEMORY ADDRESSING 

INDEX 
MODE BITS 

Absolute 00 
PC Relative 01 
AC21ndexed 10 
AC31ndexed 11 

ADDRESS CALCULATION 

DISPLACEMENT BITS AS 
SIGNED NUMBER ARf 
ADDm TO CONTENTS 
OF ACCUMULATOR 2· 

DISPLACEMENT BITS AS 
SIGNED NUMBER ARE 
ADDlD TO CONTENTS 
Of ACCUMULATOR 3 

DISPLACEMENT BITS 
GO TO INTERMEDIATE 
AOORESSAS 
UNSIGNED NUMBER 

lOWQROER 15 
BITS GO TO 
INTERMEDIATE 
ADIlAfSS 

MEMORY ADDRESSING 
CAPABILITY (OCTAU 

00000-00377 
00000-77777 
00000-77777 
00000-77777 

MEMORY 

00377 

PAGE 
ZERO 

00037 
00030 AUTO-DECREMENTING 

00027 AUTO-INCREMENTING 
00020 

DG_ 00000 



NO ACCUMULATOR-EFFECTIVE ADDRESS INSTRUCTIONS 
The general format for this class of instruction is shown below. The table shows the specific format and 
function for each instruction. 

INSTRUCTION FORMATS AND FUNCTIONS 

MNEMONIC MEANING FUNCTION· INSTRUCTION FORMAT 

JMP Jump Compute (E) and load E into I 0 0 0 I 0 0 I @IINDEXI DI~PLACEMENT I PC. 01, 1 2']1.','.17,.1 9 1,0 - 11 1 12 113 1 14 1 15 

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

DI~PLACEMENT 
01, 1 2 ]1. , .17 9 1,0 11 1 12113 1 14 1 15 

E into PC. 

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

I 0 0 0 I' 0 I @IINDEXI location E. If results equal 
• 1 

DI~PLACEMENT I 
000000, increment PC by 01, 1 2 ]1. , .17 9 1,0 11 1 12 113 1 14 1 15 

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 1 0 I' , I @IINDEXI location E. If results equal 
• 1 

DI~PLACEMENT I 
000000, increment PC by 01, 2 ]1. , .17 9 1,0 11 1 12 1,] 1 14 1 15 

two; otherwise increment 
PC by one. 

*E = effective address; AC = accumulator 

ONE ACCUMULATOR-EFFECTIVE ADDRESS INSTRUCTIONS 
The general format and accumulator code for this class of instruction are shown below. The table shows the 
specific format and function for each instruction. 

LOA 

STA 

Load 
Accumulator 

Store 
Accumulator 

AC Bits 3 4 

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

INSTRUCTION FORMATS AND FUNCTIONS 

Compute E. Load specified 
AC with contents of location 
E. 

Compute E. Store contents 
of specified AC in location 
E. 

10 I 0 I 1 I AC I @ I INDEX I 8 I DISPLACEMENT I 
o 1 2 ] I. , • I 7 9 1,0 I 11 I 12 I 11 I 14 I 15 

• 
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TRAP INSTRUCTION 
This instruction can be used as a single word call to subroutines containing extended instructions not implemented by the 
mN601. The format of the TRAP instruction is shown below. 

INSTRUCTION FORMAT AND FUNCTION 

MNEMONIC MEANING FUNCnON INSTRUCTION FORMAT 

TRAP Trap The address of this 
instruction is placed in 
memory location 46 8 and 
bit 0 of that location is set I : I TRAP NUMBER 11 0001 
to O. Then. the processor 1 I 2 ' d4's',17 ' • 1 , 110 I 11 12 I 13 I 14 I 15 

performs a jump indirect 
through memory location 
478. 
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"""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) is shown below. 

ALU DATA PATH 

ACD 
16 BITS 

LOAD/NO LOAD 
DG-«J927 

TWO ACCUMULATOR-MULTIPLE OPERATION 

I 1 I A~S I ACD I OP CODE I SH I C I '* I SKIP I 
o 1 2 3 I 4 5 I 6 I 7 8 I 9 10 I 11 12 13 I 14 I 15 

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-bit (16 bits plus the carry bit) result of the function generator goes to 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 -bit result is rotated one bit position. either left or right; or. the two 8-bit halves are swapped without affecting the carry bit. 

II 



ALU SHIFT OPERATION 

CODED 
SHIFTER OPERATION 

CHARACTER 

L Leli rotate one place. Bit 0 is rotated into the 
carry position, the carry bit into bit 15 

4J-i 0-15 ~ 
R Right rotate one place. Bit 15 is rotated Into the 

carry position, the carry bit into bit 0 

4J-1 0-15 ~ 
S Swap the halves of the 16-bit result The carry 

bit is not affected. 

I I 
0-7 I 8-15 J 

~ 
I 0-7 I 8-15 J 

DG-04423 

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-bit result of the shifter, depending upon the instruction, to determine if either, or both, is 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. 

ALU CARRY, SHIFT, LOAD OPTIONS 
CLASS CODED RESULT 

ABBREV. CHARACTER BITS OPERATION 

C (option omitted) 00 Do nol initialize the carry bit 

Z 01 Initialize the carry bit to 0 

0 10 Initialize the carry bit to 1 

C 11 Initialize the carry bit to the complement of lIs 
present value 

SH (option omitted) 00 Leave the result of the arithmetic or logical 
operation unaffected 

L 01 Combine the carry and the 16-bil result mto a 
17-bil number and rolate it one bit left 

R 10 Combine the carry and the 16-bil result Into a 
17-bit number and rolate it one bit right 

S 11 Exchange the two 8-bIt halves of the t 6-bH 
result without affecting the carry 

# (option omitted) 0 Load the result of the shift operation into AGD 

# 1 Do not load the result 01 the shift operation Inlo 
ACD 

DG-04424 

ALU SKIP OPTIONS 

CLASS CODED RESULT 
ABBREV, CIjARACTER BITS OPERATION 

SKIP (option omitted) 000 Never skip 

SKP 001 Always skip 

SZC 010 Skip if carry = 0 

SNC 011 Skip if carry =I- 0 

SZR 100 Skip if result = 0 

SNR 101 Skip if result t 0 

SEZ 110 Skip if either carry or result = 0 

SBN 111 Skip if both carry and result t 0 

DG 04425 

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. 



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 spedfied in the instruction, the 
program counter is incremented an additional time if the condition is true. 

INSTRUCTION FORMATS AND FUNCTIONS 

MNEMONIC MEANING FUNCTION INSTRUCTION FORMAT 

COM Complement The one's complement of 
the contents of ACS is 
placed in the shifter. The I'\A~S IACD 10 ° 01 SH 1 C 1 # \ SKIP 1 
output of the shifter is 0123145 1 ,1, • 1 9 10 I 11 12 13 I 14 I 15 

placed in ACO and the carry 
bit. 

NEG Negate The two's complement of 
the contents of ACS is 
placed in the shifter. If the 
operation produces a carry 
of " carry is complemented. 

I'IA~S IACD 10 ° '1 
0123145 1 ,1, 

SH 1 C 1 # 1 SKIP 1 
8 I 9 10 I 11 12 13 I 14 I 15 

The output of the shifter is 
placed in ACO and the carry 
bit. 

MOV Move Contents of ACS are placed 
in the shifter. The output of I'IA~S IACD 1°'°1 SH\ C 1#1 SKIP 1 the shifter is placed in ACO 
and the carry bit. 

0"+2 1 314 1 5 1 ,1,' 8 I ,',0 I 11 ' 12 ' 13 I 14 I 15 

INC Increment Contents of ACS are 
incremented by one. If the 
operation produces a carry 
of " carry is complemented. I'IA~S IACD 1°' '1 SH 1 C 1#1 SKIP 1 
The output of the shifter is o 1 2 3 1 4 5 1 , I, 8 I "0 I 11 12 13 I 14 I 15 

placed in ACO and the carry 
bit. 

AOC Add The one's complement of 
Complement the contents of ACS is 

added to the contents of 
ACO. If the operation I'\A~S IACD I' 0°1 SH I C I # 1 C;KIP 1 produces a carry of " carry 
is complemented. The 

0123145 1 ,1, 8 I 9 10 I 11 12 13 I 14 I 15 

output of the shifter is 
placed in ACO and the carry 
bit. 

• 
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INSTRUCTION FORMATS AND FUNCTIONS (CONT) 

MNEMONIC MEANING FUNCTION INSTRUCTION FORMAT 

SUB Subtract The two's complement of 
the contents of ACS is 
added to the contents of 
ACO. If the operation 

I' I A~S I ACD I' 0 , 1 SH 1 C 1""1 SKIP I produces a carry of " carry 
is complemented. The 

01231.5 1 ,1, • I 9 10 I 11 12 13 I 14 I 1S 

, output of the shifter is 
placed in ACO and the carry 
bit. 

ADD Add The contents of ACS are 
added to the contents of 
ACO. If the operation 
produces a carry of " the I'IA~S IACD I 

, ! 1 ~ I SH 1 C 1""1 SKIP I carry is complemented. The 81231. 5 1 • I '10 I 11 12 13 I 14 I 15 
output of the shifter is 
placed in ACO and the carry 
bit. 

AND And The contents of ACS and 
ACO are logically ANO'd. 

l'IA~sIACDI ! 1 ! I The output of the shifter is 
, 

SHI C 1""1 SKIP I 
placed in ACO and the carry 01231. 5 1 8 I '10 I 11 12 13 I 14 I 15 

bit. 



MUl TIPl Y I DIVIDE INSTRUCTIONS 
The following instructions utilize an I/O instruction format and bits 10 to 15 specify device code 1. For this reason, device code 1 
is an illegal device code and should not be assigned to any I/O interface device. 

INSTRUCTION FORMATS AND FUNCTIONS 

MNEMONIC MEANING FUNCTION INSTRUCTION FORMAT 

MUL Multiply 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-bit result. 10 1 , ! I : I ~ I 1 ! I ~ I 1 110 0 0 0 0 11 
The high order bits (0-15) of I 

8 I o I 1 \ 5 9 10 I 11 I 12 113 I 14 I 15 

the result are loaded into 
ACO and the low order bits 
are loaded into AC1. Bit 0 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. 

DIV Divide The 32-bit contents of ACO 
and AC1 are divided by the 
contents of AC2. Bit 0 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. 10 1 

I ! I : I ~ I 1 1 ° 10 11°000011 
o I 1 5 I 6 I 7 8 I 9 10 I 11 I 12 113 I 14 I 15 

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 is 
indicated. In this case, the 
carry bit is set to 1 and the 
operation is terminated; 
otherwise, the carry bit is 
set to O. 

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

The stack pointer (SP) contains the memory address of the 'top' 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 return 
block. A return block is a group of five memory locations which is used to store program reentry information. The FP usually 
points to the last return block pushed on the stack. 

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

Two instructions, PUSH and POP, move single variables between the stack 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 are 
stored in the memory location addressed by the SP. When a POP instruction 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. 

PUSH/POP 

INCREASING MEMORY ADDRESSES 

.----J----, I I 

PUSH 

SH-
SH-

SPECIFIED AC 

STACK POINTER AFTER PU 
STACK POINTER BEFORE PU 

DG-04327 

P OP 

lS-BITWORD I-ST 
i-ST 

I , 1 I ..... _-- ----.... 

STACK 

SPECIFIED AC 

ACK POINTER BEFORE POP 
ACK POINTER AFTER POP 



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 

SPANO 

INCREASING 
MEMORY ADDRESSES 

SAVE/RETURN 
INCREASt<G 

MEMORY AODR£SSES 

---t---

INCREASING 
!oEMORY ADDRESSES 

AC3 
OlD,p 
AC2 
AC! 

1) ~~~~~TION ----- 21 ~~iKIN~J::cTION -. 3}~~~r: __ 41 =~~~TT:'= -- TO 5. 

5) ~~~~~';:'UCTION Typical stack events occurring when SAVE, PUSH and RETURN instructions are executed in sequence. 

00-04328 
NOTE: The SP register contains the address of the top memory location in the stack. Thus, the three single 
variables pushed.on the stack after the last return block (see Figure 4) are effectively pushed off the stack 
when the RETURN Instruction is performed. These variables could be retained elsewhere in memory by 
executing a series of three POP Instructions, each followed by a STA (STORE ACCUMULATOR, see 
Memory Reference Instructions) instruction prior to executing the RETURN instruction. Then, if desired, 
the variables can be pushed back on the stack after the execution of the RETURN Instruction. 

See Figures 4 and 5. After the RETURN instruction was executed, the contents of ACO, AC I, AC2, PC, 
carry and the SP and FP registers _e restored to their original values balore the SAVE instruction was 
executed. The new value of the FP register is left in AC3 after the RETURN instruction. 

m"l 

I 

For ease of programming, there are four additional instructions which affect the contents of the stack and frame pointers: 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 8 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 1/0 instructions. 

Stack instructions utilize an 1/0 instruction format and bits 10 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 I/O Operations section.) 

• 



INSTRUCTION FORMATS AND FUNCTIONS 

MNEMONIC 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 

II 
addressed by the contents 
of SP. The contents of the 
specified AC are 

1 0 1 11 AC 10 1 1 o 0 0 0 0 0 0 1 I 
unchanged. If the contents o I 3 I 4 5 I , I I I 9 I 10 I 11 I 12 113 I 14 I 15 1 2 7 8 
of bits 8-15 of SP are 000 (a 
256-word boundary has 
been crossed), a stack 
overflow interrupt request Is 
generated. 

POP A Pop The specified AC is loaded 
with the contents of the 
memory location addressed 

1 0 1 1 I AC 10 1 1 1 o 0 o 0 0 0 1 I 
by SP; then, SP is o I 1 2 3 I 4 5 I , I 7 I 8 I 9 I 10 11 I 12 113 I 14 I I. 
decremented by 1. -

MTSP Move To The contents of bits 1-1 5 of 
Stack the specified AC are placed 

1 0 1 0 000 0 000 1 I Pointer in SP. The contents of the 1 1 I AC 10 
specified AC are 01 1 2 3 I 4 • I , I 7 I 8 I 9 1,0 I 11 I 12 I 13 I 14 I 15 

unchanged. 

MTFP Move To The contents of bits 1-15 of 
Frame the specified AC are placed 
Pointer In FP. The contents of the 

1 0 1 11 Acloooooooooo 11 
specified AC are o I 1 2 3 I 4 • I , I 7 I I I 9 1,0.1 11 I 12 113 I 14 I 15 

unchanged. 

MFSP Move From The contents of SP are 
Stack placed in bits 1-15 of the 
Pointer specified AC and bit 0 of the 

10 1 1 I AC 10 1 0 1 0 0 0 0 0 0 1 I specified AC is set to O. The o I 1 2 314,1,17 1 8 9 1,0 11 I 12 113 I 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 bit 0 of the 

1 0 1 1 I AC 
1 0 0 0 1 0 0 0 0 0 0 1 I specified AC is set to O. The o I 1 2 3 I 4 5 , I 7 8 9 1,0 11 12113 14 I. 

contents of FP are 
unchanged. 



MNEMONIC MEANING 

SAY Save 

INSTRUCTION FORMATS AND FUNCTIONS (CONT) 

FUNCllON 

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 ACI 
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 
location addressed by the 
contents of SP; 
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 O. 
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 258-word 
boundary was croued) at 
any time durillfl execution of 
this lnatructlon, a stack 
overflow Interrupt request 'I 
generated. 

At the end of the lnetructlon, 
the new contentI of SP ere 
Ioeded In both the FP and 
bltl 1-16 of AC3. Bit 0 of 
AC31s set to o. 

INSTRUCnON FORMAT 

10 1 1 0 0 1 0 1 0 000 0 0 0 'I 
o I 1 I 2 I 3 I 4 I 5 I 6 I 1 I • I 9 1,0 I 11 I 12 113 I '4 I .5 

• 



INSTRUCTION FORMATS AND FUNCTIONS (CONTI 

MNEMONIC MEANING FUNCTION INSTRUCTION FORMAT 

RET Return Information is popped off 
the stack as follows: 
1) 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 
into AC3; 

1 0 1 10010 1 100000011 
4) the SP is decremented by o I 1 1 2 1 31. 1 5 1 .1 7 1 8 1 9 110 1 11 1 12 113 1 14 1 15 

1; then, the contents of the 
location addressed by the 
contents of SP are loaded 
into AC2; 
5) the SP is decremented by 
1; then, the contents of the 
location addressed by the 
contents of SP are loaded 
into AC1; 
6) the SP is decremented by 
1; then, the contents of the 
location addressed by the 
contents of SP are loaded 
into ACO. 
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. 



INPUT IOUTPUT 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 1/0 controller connected to the bus. 

1/0 instructions accommodate a 6-bit 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 not 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 to 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. 

FLAG SETTING 

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 setting Busy to 1 and Done 
to O. 

C 10 Idle the device by setting both Busy and Done 
toO 

p 11 The effect, it any, depends on the device. 

DG-04421 

FLAG TESTING 

CLASS CODED RESULT 
ABBREV. CHARACTER BITS OPERATtON 

t BN 00 Tests tor Busy ~ 1 

BZ 01 Tests tor Busy ~ 0 

DN 10 Tests tor Done ~ 1 

DZ 11 Tests tor Done ~ 0 

DG-04422 

The format of an 1/0 instruction is shown below. The number of data bits moved depends upon the size of the buffer and the 
operating mode of the device. 

NOTE: The control bits, 8 and 9, can be f or t depending upon the type of instruction. 

• 
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INPurzoQfflu"J"'._f 
When the instructions described below are executed, the CPU sends the I/O instruction, exactly as it is stored in memory, to the 
I/O bus. Following the instruction, data is transferred either from the CPU or the 110 controller. See 110 Operations section. 

MNEMONIC MEANING 

NIO 

DIA 

DIB 

DIC 

DOA 

DOB 

DOC 

No I/O 
Transfer 

Data In A 

Data In B 

Data In C 

Data Out A 

Data Out B 

Data Out C 

INSTRUCTION FORMATS AND FUNCTIONS 

FUNCTION 

The Busy and Done flags of 
the addressed device are 
set according to the 
convention specified in bits 
8-9 of the instruction. 

The data transferred by the 
CPU is meaningless and is 
ignored by the I/O 
controller. 

Following the receipt of this 
instruction, the addressed 
110 controller is expected to 
send a 1 6-bit word to the 
I/O bus from its A buffer. 
This word is retrieved from 
the I/O bus by the CPU and 
placed in the accumulator 
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. 

Same as DIA, except B 
buffer. 

Same as DIA, except C 
buffer. 

Following the receipt of this 
instruction, the addressed 
I/O controller should retrieve 
the next 1 6 bits of data 
appearing on the I/O bus and 
load them into its A buffer. 
The data bits are the 
contents of the accumulator 
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. 

Same as DOA, except B 
buffer. 

Same as DOA, except C 
buffer. 

INSTRUCTION FORMAT 

I 0 1 1 I 0 0 I 0 0 0 I F I DEVICE CODE J 
o I 1 2 3 I. 5 ,I 7 8 • I 10 11 12 1 11 ,. 15 

101111 Aclo 0 
01,231,5',1 

1 I F I DEVICE CODE I 
7 8 I • 10 1 11 I 12 i 11 I 14 I 15 

10 1 1 I 
. 0 I 1 I 2 

AC 10 1 
3 I. 5 I , I 

1 I F I DEVICE CODE I 
7 8 I 9 10 I ,1 I 12 In 14 15 

10 1 
o I 1 

10 1 
o I 1 

10 1 
o I 1 

1 I AC I 0 1 0 I F I DEVICE CODE I 
2 3 I. 5 1 , I 7 8 I • 10 11 1 12 111 1 14 15 

1 I AC 11 0 0 1 F I DEVICE CODE I 
2 3 I 4 5 I , I 7 8 I • 10 I 11 1 12 111 1 14 I 15 

1 I AC I 1 1 0 I F I DEVICE CODE I 
2 3 I 4 5 I , I 7 8 1 • 10 I 11 1 12 111 I ,. 15 



MNEMONIC MEANING 

SKP 1/0 Skip 

mN601 
tNPUT/OUTPUTINSTRUC'rIONS 

INSTRUCTION FORMATS AND FUNCTIONS (CONT) 

FUNCTION INSTRUCTION FORMAT 

Following the receipt of this 
instruction, the addressed 
1/0 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-bit data 
word. Data bit 0 contains the 
complement of the state of 
the Done flag. Data bit 1 
contains the complement of 

10 1 , 1 0 0 I' 1 , I T .1,. OEVICECqOE I the state of the Busy flag. • 1 I ,,113 
The CPU retrieves this 

• 1 1 2 ] 1 • , 7 8 11 ,. " 
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. 

• 



II 

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

The mN601 responds to program interrupts only when the interrupt enable flag contains a 1 and the CPU is either in the halted 
state or about to fetch an instruction. It performs an interrupt by incrementing the program counter, storing the updated contents 
of the program counter in memory location 0, performing a jump indirect through the appropriate memory location indicated 
below, and clearing the interrupt enable flag. When either a real-time clock or stack overflow interrupt request is honored, the 
corresponding request flag is cleared. 

Type 

External (I/O devices) 
CPU real-time 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: 

16-LEVEL PRIORITY INTERRUPTS 

Type 

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

Priority 

first 
second 
third 

The mN601 provides sixteen levels of interrupts. These levels are established by the program, using a 16-bit word mask together 
with a CPU mask instruction. (See CPU I/O instructions.) Each bit in the mask (0-15) is assigned to a particular device, or 
devices operating at similar data transmission rates. To disable 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 1/0 controller must contain an Interrupt 
Disable flag that is set by the CPU mask instruction to enable or disable interrupts. 



CPU I/O INSTRUCTIONS 
1/0 instructions addressed to device code 778 are CPU 1/0 instructions. This instruction group performs special functions rather 
than controlling specific devices. Some CPU 1/0 instructions are global in nature and are directed to all 1/0 controllers; others 
are acted upon internally by the CPU. 

In all but the 1/0 Skip instruction, 110 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' 

CPU ION FLAG SET AND TEST OPTIONS 

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 O. 

P 11 Does not affect the state of the Interrupt On flag 

t BN 00 Tests for Interrupt On = 1. 

BZ 01 Tests lor Interrupt On= O. 

DG-04420 
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mNeG1 
CPU VOIN.TRueTIOHa 

When the instructions described below are executed, the CPU sends the instruction, exactly as it is stored in memory, to the 1/0 
bus. In most cases, after the instruction is transmitted, data is transferred either from the CPU or the 1/0 controller. See 110 
Operations section. 

INSTRUCTION FORMATS AND FUNCTIONS 

MNEMONIC MEANING FUNCTION INSTRUCTION FORMAT 

INTEN Interrupt This instruction is internal 
Enable to the CPU. When executed, 

the Interrupt On flag is set to 
1 after one more instruction 

10 1 '100100010 , I' , , , , , I is executed; then interrupt I 
o I 1 

, 
2'31.5 1 617. 1 9 10 I 11 1 ,21,3 1 " 1 15 

requests are honored by the 
CPU. 

The data transmitted by the 
CPU following this 
instruction should be 
ignored by the 1/0 
controllers. 

INTDS Interrupt This instruction is internal 
Disable to the CPU. When executed, 

the Interrupt On flag is set to 
o and interrupt requests are 
not honored by the CPU. 

10 , '10 010 0 01 ' 0 I' , , , , , I 
The data transmitted by the o I 1 1 231. 5 1 61, • 1 9 10 1 11 1 12 113 1 1. I 15 

CPU following this 
instruction should be 
ignored by the 1/0 
controllers. 

INTA Interrupt 
This is a global instruction 
directed to all 1/0 

Acknowledge controllers. It is sent to the 
1/0 bus in response to a 
program interrupt request. 
The highest priority device 
requesting an interrupt 
should respond by sending 
its device code to the 1/0 
bus in a 16-bit data word. 
The device code is 
contained in data bits 
10-15. When the CPU 10 , '1 AC 10 , , I F I' , , , , , I 
retrieves this information, o I 1 

1 
2 31. 5 1 617 • 1 9 10 1 11 1 12 113 1 1. 1 15 

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 
set to ones. 
If written in the form 018< " 
ac, CPU the Interrupt On 
flag is set as specified by 
bits 8 and 9. 8y default, 
they are set to 00. 



INSTRUCTION FORMATS AND FUNCTIONS (CONT) 

MNEMONIC MEANING FUNCTION INSTRUCTION FORMAT 

MSKO Mask Out This is a global instruction 
directed to all I/O 
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 I/O controllers as a 
16-bit software priority 
mask. 
Each I/O controller 

10 responds (after one more , , I 
3 ie.1 ' 0 0 I F I' , , , , , I 

instruction is executed) o I 1 
I 

2 5 I 6 I 7 8 I • '0 I " I '2 113 I ,. I 15 

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 0 turns it off. 

If written in the form 
DOB <f> ac, CPU the 
Interrupt On flag is set 
as specified by bits 8 
and 9. By default, they 
are set to 00. 

10RST Reset This is a global instruction 
directed to all I/O 
controllers and the CPU. 
The I/O 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 

10 
, , 0 0 10 

: I ~ I F I' , , , , , I clock from generating 
o I , I 2 I 3 I. 5 I 8 I "0 I " I '2 I 13 I ,. I 15 

interrupts. If written in 
the form DOA < f > 0, CPU 
bits 8 and 9 set the 
Interrupt On flag. By 
default, these bits are 
set to 10. 
The data transferred by the 
CPU following this 
instruction should be 
ignored by the I/O 
controllers. 



mN801 ii ... 
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INSTRUCTION FORMATS AND FUNCTIONS (CONT) 

MNEMONIC MEANING FUNCTION INSTRUCTION FORMAT 

HALT Halt This instruction is internal 
to the CPU. It is used to stop 
the execution of 
instructions. 

The Interrupt On flag is set 
, to 1. The CPU honors both 

10 ! I ~ I ~ I program interrupt and data 1 1 
: I ~ I o 0 \1 , , , , , I 

n I I S I 
channel requests while it is 1 8 I 9 10 I 11 I 12 1,3 I 14 I lS 

in the halted state. 

When this instruction is 
executed, no data is 
transferred as part of the 
110 transaction. See I/O 
Operations. 

SKP CPU Skip This instruction is internal 
to the CPU. When executed, 
the CPU switches to I/O 
input mode (see I/O 
Operations section); but, no 
device should respond by 
placing data on the 110 bus. 

10 
, ! I ~ I ~ I , : I ! I T I' , , , , , I , , 

8 I o I 1 
, S i 9 10 I 11 I 12 113 ! 14 \ lS 

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 is 
incremented an additional 
time. 

RTCEN Real-time This instruction is internal 
Clock to the CPU. It enables the 
Enable CPU's real-time clock to 

generate program interrupt 
requests. 

The Interrupt On flag is set 

10 according to the convention , , '00 , 0 I F I' , , , , , I 
specified in bits 8-9 of the o I 1 

I 2 I 3 I 4 I 5 I 6 I 7 8 
I 9 10 I 11 I 12 1,3 I 14 I 15 

instruction. 

The data transmitted by the 
CPU following this 
instruction should be 
ignored by I/O controllers. 



INSTRUCTION FORMATS AND FUNCTIONS (CONT) 

MNEMONIC MEANING FUNCTION INSTRUCTION FORMAT 

RTCDS Real-time This instruction is internal 
Clock to the CPU. It disables 
Disable program interrupt requests 

by the CPU'S real-time 
clock. 

The Interrupt On flag is set 
1 0 

, , 0 , 0 
: I ~ I F I' , , , , 1 I according to the convention I I 3 I 4 I 5 I 8 I 

specified in bits 8-9 of the 
o I 1 2 • 10 I 11 I 12 I 13 I 14 I 15 • 

instruction. 

The data transmitted by the 
CPU following this 
instruction should be 
ignored by I/O controllers. 



mN801 
·OPERATION8PROTOCQL 

MEMORY OPERATIONS 
The mN601 communicates with memory elements and I/O interfaces via its memory and I/O data buses and their associated 
control signals. The protocol used by the mN601 in transmitting and receiving information via its pins is described below. 

The mN601 communicates with memory via the address/data pins, MB < 0-15 > , and three memory control signals, P, SAE and 
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. During 
:, operations, the CPU specifies 1/64 of the available memory locations to be refreshed by transferring a 6-bit refresh 

,-ires;; to memory together with the appropriate control signals. MB <10-15> carry the refresh block address and MB <0-9 > 
(junlain 1 'so 

ADDRESS / OAT A 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 is 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 is selected; 
when it is at a low logic level, a read or write operation is selected. 

A memory operation is initiated 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 <P2 clock as a 
reference. Each action occurring on the mN601 output pins is synchronized to the rising or falling edge of 
a clock. 



READ OPERATION 
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. 

DG-D4010 

READ TIMING DIAGRAM * 

P 

SAE-------------------r-----J 

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

FOR TIMING INTERVALS, SEE TIMING TABLE ON PAGE 49. 

WRITE OPERATION • 
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. 

WRITE TIMING DIAGRAM * 

P 

MB<0-15> ----------~~~~~~~~~tr----------r_------~~~~~~~~--------_+~--

DG-04011 

WE ------------------~-------------/ 

I-------WED-------t+<-------WET-----t~ 

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

FOR TIMING INTERVALS, SEE TIMING TABLE ON PAGE 49. 

III 
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MIMdrtv OPERATIONS 
READ-MODIFY -WRITE OPERATION 
After the memory operation is initiated, a read operation is performed. Then, the address/data bus is precharged and a write 
operation follows. P remains in the high state until after the memory operation is completed. 

P 

MB<O-15> 

SAE 

WE 

DG-04012 

READ-MODIFY-WRITE TIMING DIAGRAM* 

* UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED 
BETWEEN POINTS AT 1.5V. 
FOR TIMING INTERVALS, SEE TIMING TABLE ON PAGE 49. 

REFRESH OPERATION 
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 all memory locations at least once every 1.8432ms. 

REFRESH TIMING DIAGRAM * 

02-1 
I PT 

PT 

P 
f--AS\, -AH---

~ 

" -; <.... -pc--'~ -pc-
MB<O-15> 

~ '., 

DG·04013 

WE 

C} -f-

7~ 

WED WET 

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

FOR TIMING INTERVALS, SEE TIMING TABLE ON PAGE 49. 

~ 

~ 

NOTE: At times, a memory operation is initiated and then aborted by the CPU. This condition arises when the CPU 
makes an "intelligent decision"while performing a task; for example, during indirect addressing chains. When this 
occurs, the memory control signal P is asserted and the address appears on the memory bus; but, no memory 
operation is performed. 

~ 



I/O OPERATIONS 

mN601 
tlOOPERATIONS 

Data is passed between the mN601 and the mN603 1/0 controllers connected to the microNOVA 1/0 bus under two operating 
modes: programmed 1/0 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 facilities. 

PROGRAMMED I/O 
In programmed 1/0, 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, 0 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. 

DAT A 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 1/0 controller sends to the CPU the appropriate 15-bit 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 jhe 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 1/0 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. 

I/O 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. 

CPU I/O BUS PINS 

PIN MNEMONIC FUNCTION 

I/O DATA 1 Bi-directional, data bus. This line carries the S most significant bits (0-7) of a 16-bit word in serial 
form, plus one control code prefix bit. (Code bits are explained below.) 

1/0 DATA 2 Bi-directional data bus. This line carries the Sleast significant bits (S-15) of a 16-bit word in serial 
form, plus one control code prefix bit. 

. 
1/0 CLOCK Bi-directional, synchronizing clock line. The 1/0 CLOCK strobes data into the receiving device at a 

rate of S.33Mbits per line. 

DCHINT This is a wired-OR of all 1/0 controllers' data channel request lines. When asserted low by any of 
the 1/0 controllers, it tells the CPU that a device, or devices, is requesting a data channel break. 

EXTINT This is a wired-OR of all 1/0 controllers' program interrupt lines. When asserted low by any of the 
1/0 controllers, it tells the CPU that a device, or devices, is requesting a program interrupt. 

1/0 INPUT This line indicates the operating mode of the mN601 to the CPU 1/0 transceiver connected to the 
1/0 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, it tells the transceiver that the CPU is ready to receive data, and the information on 
the 1/0 bus should be retrieved and sent to the CPU. Except for the intervals during which the CPU 
is transmitting information, this line remains in the high logic state. 

II 
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mNeo1 
I/O OPERATIONS 

The I/O data lines (1/0 DA TA<1-2» are used to transfer four types of information: Request Enable, Data Channel Address Request, 
programmed I/O commands, and data. Each type consists of either 2 bits or 18 bits (1 or 9 bits on each 1/0 data line) and is 
identified by the first bit transmitted on each line. The encoding is shown below. 

TRANSFERS VIA I/O DATA LINES 

FIRST BIT FIRST BIT 
CODE CODE 

1/0 DATA 1 1/0 DATA 2 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 1/0 Command 18 bits (2 code bits plus 16 command bits) 

NOTE: The 1/0 operations timing diagrams depicted below show the ¢1 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 I/O bus. It is sent at irregular intervals and is used 
by the individual I/O controllers to synchronize the assertion of program interrupt and data channel request lines. Request 
Enable ensures that the EXTINT, DCHINT, and priority lines are at a steady state when they are examined by the CPU. 

REQUEST ENABLE TIMING DIAGRAM * 

01 

I/O CLOCK -----+---_f,., 

I/O DATA 1 -----t---t---t---+--------------3V (NOMINAL) 

I/O DATA 2 

I/O INPUT 

DG-04014 

- - - - - - - - - - - -OV 

-----f---f----+--f---------------3V (NOMINAL) 
- - - - - - - - - - - -OV 

i----t--REQUEST ENABLE 

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

FOR TIMING INTERVALS. SEE TIMING TABLE ON PAGE 49. 



mN601 
1/0 OPERATIONS 

DAT A CHANNEL ADDRESS REQUEST 
This is a signal sent by the CPU, in code form, to the I/O 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 * 

01~ 

1/0 CLOCK -------1--1-.... 

1/0 DATA 1 -----+--+---t---t--------------3V(NOMINAL) 

1/0 DATA 2 -------.... 

- - - - - - - - - - - - - -OV 

1r---+-------------3V (NOMINAL) 
7FOi---+----DATA CHANNEL ADDRESS REQUEST 

1/0 INPUT -----~LT~RJ ---------- OV 

DG-04015 

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

FOR TIMING INTERVALS, SEE TIMING TABLE ON PAGE 49. 

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

DATA TIMING DIAGRAM * 

10 CLOCK ----+--h. 

liODATA 1 

1/0 DATA 2 ------<I----+---dc--~"""'===== 

1/0 INPUT ---, 

DG-04016 ~-------------TINPUTn------------~ 

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

FOR TIMING INTERVALS, 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 I/O INPUT 
signal remains at a high logic level. 

• 
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.IOOPIRAT'O"S 
I/O COMMAND 
The format shown in the I/O Command Timing Diagram is used by the CPU to transfer all instructions to the I/O bus in which bits 
0-2 contain 011 (I/O instruction format). 

10 CLOCK 

I/O DATA 1 

I/O DATA 2 

J/OINPUT 

DG-04Q17 

1/0 COMMAND TIMING DIAGRAM * 

01 

I. --ii--TD4 
TINPUTD 

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

FOR TIMING INTERVALS, SEE TIMING TABLE ON PAGE 49. 

--I 

RULE: 00, 018.028,038, and 77 8 are ILLEGAL DEVICE CODES for any I/O device connected to the microNOVA 
I/O bus. 

The mN601 Instruction Set section describes several groups of instructions which incorporate the I/O format: I/O, CPU I/O, 
Multiply/Divide, and Stack. Each of these groups is discussed below. 

Each I/O instruction should contain a device code in bits 10-15 which specifies one of the existing devices connected to the I/O 
bus. When one of these instructions is sent to the I/O bus by the CPU, each mN603 I/O 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 the 
CPU or the I/O controller. See mN601 Instruction Set. 

Each CPU I/O instruction contains device code 77 8 (illegal device code). Some of these instructions are global in nature and are 
directed to all I/O controllers; others are acted upon internally by the CPU. The latter should be ignored by all I/O controllers. The 
effect of each is described in the CPU I/O Instructions section of the mN601 Instruction Set. 

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 I/O bus when executed; but, no data is transferred. I/O controllers should ignore these 
instructions. 

Stack instructions also address device code 018 (illegal device code). Their effect is the same as that for Multiply/Divide 
instructions. I/O controllers should ignore these instructions. 
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I/O TRANSFER PROTOCOL 

Programmed I/O 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. After the instruction is sent to the 1/0 bus, the CPU waits for a fixed interval of time before sending the 
data. 

10 CLOCK 

10 DATA 2 ------..1 

PROGRAMMED DATA OUT TIMING DIAGRAM * 

COMMAND 
CODE 

PI/OOUTDD-

DATA TRANSFER _I' 
CODE 

1'0 INPUT ---.... _________________ / , ______________ ~r 

DG-04018 * UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED 
BETWEEN POINTS AT 1.5V. 

FOR TIMING INTERVALS, SEE TIMING TABLE ON PAGE 49. 

Programmed I/O 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, 018, DIG, INTA, 1/0 SKIP. After the CPU sends the instruction to the 1/0 bus, it switches to I/O input mode and 
opens a window for the reception of a data word for a fixed interval of time. II 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. 

1/0 CLOCK 

I/O DATA 2 

1/0 INPUT 

DG-04019 

PROGRAMMED DATA IN TIMING DIAGRAM * 

P IIOINDD 

I-T 
DATA TRANSFER 

CODE 

PI/O INTW----------l 
WINDOW OPEN FOR DATA 

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

FOR TIMING INTERVALS, SEE TIMING TABLE ON PAGE 49. 
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Data Channel Data Out 
The sequence of events from the time the CPU acknowledges a data channel request through the time the data is placed on the 
I/O bus is depicted in the timing diagram below. After the CPU sends a Data Channel Address Request to the bus, it switches to 
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 I/O 
controller with the highest priority requesting a data channel break will send the memory address and the direction mode bit 
during this time frame. When the window closes, the memory address contained in the data transfer is used by the CPU in 
performing a memory read operation. When the data is retrieved from memory, the CPU transfers it to the I/O bus by performing a 
data out operation. 

1/0 CLOCK 

1/0 DATA 2 

1/0 INPUT 

DG·Q4020 

DATA CHANNEL MEMORY TO DEVICE TIMING DIAGRAM * 
01~ 

I----OATA----

--DCHAR---
DCH TWA 

WINDOW OPEN FOR 

I--------DCHODD---·------O.~I-~-DATA OUT-
---DCH D ADDRESS AND MODE BIT I 

~----------------DCHOI-----------------~. 

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

FOR TIMING INTERVALS, SEE TIMING TABLE ON PAGE 49. 

OAT A CHANNEL 
ADDRESS REQUEST 

Data Channel Data In 
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 I/O 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 time. The first time is to retrieve the 
memory address and mode bit. The second time it is expected that the I/O controller will send one 16-bit 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. 

1/0 CLOCK ~~ 
I!ODATA 1 

- r-----
1"-" -- I--

1/0 DATA 2 

DATA CHANNEL 

1i0lNPUT -. ADDRESS 
REQUEST 

_DCHAR--

----

DG-04021 

DATA CHANNEL DEVICE TO MEMORY TIMING DIAGRAM * 

~ ~ 

p I~i~t.\;?: ::::: .. :::.:.: .. :.:".' .:::::: .:::::: .:: 
ADORE:;:; AND MODE BIT DATA 

- I-- DATA TRANSFER - !-DATA TRANSFER 
CODE CODE 

DCH . TWA [ CHITW.c 
WINDOW OPEN FOR 

. WINDOW OPEN FOR DATA 
ADDRESS AND MODE BIT WINDOW . DCHIOD 

CLOSED 
DCHITWO 

-DCHD 

DCHI 

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

FOR TIMING INTERVALS, SEE TIMING TABLE ON PAGE 49. 

. 

~ 
- I--

DATA CHANN EL 
VEST ADDRESS REO 
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mN801 
PROG8AMMED.I!O LATENCY 

On systems which have a number of I/O controllers and depend heavily on input/output, both programmed I/O 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 time. 

Programmed I/O 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 I/O 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 I/O latency. 

When the program interrupt facility is not used, this time is dependent upon the following: frequency of the I/O 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, I/O 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 interruput 
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 0.480 iLseC. 

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 peripheral's service routine. 

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

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 I/O 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 I/O 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: 

1. The maximum allowable programmed I/O latency for each peripheral device. 

2. The result of exceeding the maximum allowable programmed I/O latency for 
each peripheral device; Le.,slowdown or data loss. 

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

Data channel latency is defined as the time between the 1/0 device's request for service (the DCH SYNC line is asserted low by 
the device - see mN603) and the time when data is strobed, either during data reception or transmission. Data channel latency 
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 0.480 . 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: 

15 + 15 + 11 = 41 CPU cycles; 
41 x .480/Lsec = 19.68/Lsec 

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 must be 
added to the latency. For each data channel out transfer the time is 7.2/Lsec and for each data channel in transfer the time is 
5.8IJSec. 



STATUS 

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

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 100).1 sec. Then, when CLAMP goes from the low to high state, the CPU is 
properly initialized and enters the HALT state (see below). After initialization, pulling CLAMP low for a period of 100).lsec 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).1 sec. 

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 remains in the low logic state. 

HALT TIMING DIAGRAM * 

--n=========_H_I==_-_-:_-_-_-_--=r~' ___ _ 

DG-04329 

* 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 data channel requests, and it generates dynamic RAM refresh signals. The normal way to start the mN601 when it 
is in the HALT state is to generate an interrupt. 

RESET 
The mN601 is reset by pulling the I/O CLOCK pin low for a period of 10 ).I sec. When 1/0 CLOCK rises to the high logic state after 
the CPU is reset, the mN601 enters the HALT state and the contents of internal registers are indeterminate. 

NOTE: Do NOT pull 110 CLOCK low when 1/0 INPUT is low. 

INSTRUCTION EXECUTION TIMES 
The table on the following page gives instruction execution times in CPU cycles by instruction type and 
addressing mode. 

• 



INSTRUCTION EXECUTION TIMES IN CPU CYCLES 
(ONE CPU CYCLE=O.480 USEC) 

INSTRUCTION GROUP TYPE ADDRESSING MODES 

AUTO 
INCREMENT/ 

MEMORY REFERENCE GROUP DIRECT INDIRECT· DECREMENT 

DSZ 8** 10** 13** 
ISZ 8** 10** 13** 
JMP 6 7 10 
JSR 7 9 12 
LOA 6 8 11 
STA 6 8 11 

ARITHMETIC AND LOGICAL 
GROUP REGISTER ADDRESSING 

ADC 5** 
ADD 5** 
AND 5** 
COM 5** 
INC 5** 
MOV 5** 
NEG 5** 
SUB 5** 

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 10 
SKP 15** 

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 
RTCDS 10 
TRAP 9* 

* FOR EACH ADDITIONAL INDIRECT LEVEL, ADD 2 CYCLES; 
FOR EACH AUTO-INCREMENT/DECREMENT, ADD 5 CYCLES 

* * IF SKIP OCCURS, ADD 2 CYCLES 



ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Supply voltage. Vee ...................................................................... -7V 
Supply voltage. Vee. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ·7V 
Supply vonage.Voo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13V 
Supply voltage. V GG ...................................................................... 17V 
Input voltage. V, ......................................................................... 7V 

Operating free air temperature range. T A ............................................. 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. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage. Vee ............................................................... -4.25V ± 0.5V 
Supply voltage. Vee ................................................................. 5V ± 0.25V 
Supplyvoltage.Voo' ....... " ........................................................ 10V ± 1V 
Supply voltage. VGG' ................................................................. 14V ± 1 V 

Operating free air temperature range. T A' ............................................ 0 deg. to 70 deg.C 

DC CHARACTERISTICS 

SYMBOL CHARACTERISTICS CONDITIONS MIN TYP MAX UNITS 

V,L <1>1. <1>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 

V,H <1>1. <1>2 13 15 V 
MB < 0-15 >. CLAMP. EXTINT. DCHINT 3.75 5.8 V 
1/0 CLOCK. 1/0 DATA 1.110 DATA 2 2.70 5.8 V 

I,L <1>1. <1>2 V,L =0.8V 10 IJA 
MB <0-15> V'L =lV -2 mA 
EXTINT.~ V'L = lV -4 mA 
CLAMP V'L = 1V 10 IJA 
1/0 CLOCK. 110 DATA 1.1/0 DATA 2 V,L =0.5V -4 mA 

-
... 



DC CHARACTERISTICS (CONT) 

SYMBOL CHARACTERISTICS CONDITIONS MIN TYP MAX UNITS 

IIH <1>1, ¢2 VIH = 15V 10 J.lA 
MB <0-15> V1H = 5.BV 60 J.lA 
EXTINT, DCHINT V1H =5.BV 100 J.lA 

iiiiiiiiiii .. I 
CLAMP VIH =5.BV 10 J.lA 

I 1/0 CLOCK, 1/0 DATA 1,110 DATA 2 V1H =5.BV 100 J.lA 
! 
VPCHS MB <0-15> IPCHS 4.25 4.75 5.25 V 

(VOLTAGE AFTER PRECHARGE) = -60J.lA 

IPCHS MB <0-15> VPCHS -60 J.lA 
(CURRENT AFTER PRECHARGE) =4.25V 

VOL MB < 0-15 > ,SAE,WE,PAUSE,P, 0.5 V 
1/0 INPUT, 1/0 CLOCK, 1/0 DATA 1 
1/0 DATA 2, HALT 

VOH MB <0-15> ,SAE,WE,PAUSE,P, 275 V 
1/0 INPUT, 1/0 CLOCK, 1/0 DATA 1 
1/0 DATA 2, HALT 

IOL MB <0-15> ,SAE,WE,PAUSE,HALT VOL = 0.5V 2.0 mA 
1/0 CLOCK,IIO DATA 1,1/0 DATA 2 2.0 mA 
1/0 INPUT, P 4.0 mA 

IOH MB < 0-15> ,SAE,WE,PAUSE,HAL T VOH = 2.75V -100 J.lA 
1/0 CLOCK, 1/0 DATA 1,110 DATA 2 -100 J.lA 
P, 1/0 INPUT· -200 J.lA 

'BB Average -250 IJA 
Icc Average 20 mA 
100 Average 60 mA 

'GG Average 30 mA 

CAPACITANCE 

Clock line ( <I> 1, <1>2) capacilance 100 pF 
Capacitance of all other signal pins 10 pF 
External load capacitance on MB <0-15>. 

1/0 CLOCK, 1/0 DATA 1,110 DATA 2 20 pF 
External load capacitance between any two MB lines. 10 pF 
External load capacitance on P. 

1/0 INPUT, SAE, WE, PAUSE, HALT 30 pF 

NOTE: Positive current IS into the pm. 



01.02 

MBO-MB15 

1/0 DATA 1 
1/0 DATA 2 
1/0 CLOCK 

110 INPUT 

WE 

P 

SAE 

HALT 

00-04024 

01 

AC CHARACTERISTICS 
SWITCHING DIAGRAMS 

CLOCKS 

02+----+-f 

DG-04023 

OUTPUT MODE INPUT MODE 

01.02 

MBO-MB15 

1/0 CLOCK 

1/0 DATA 1 
1'0 DATA 2 _____ .../ 

DG.()4()25 

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

• 



TRANSITION TIMING 

FUNCTION SYMBOL PIN MIN. MAX. UNITS 

MASTER CLOCK FREQUENCY ACCURACY .1 % 8.333 MHz 

CLOCKS Tl cpl ,cp2 SEPARATION 5 25 ns • T2 CPl ,CP2 WIDTH 75 95 ns 

T3 CPl ,<1>2 CYCLE 235 245 ns 

OUTPUTS T4 MBO - MB 15 80 ns 

T5 1/0 DATA 1, 110 DATA 2, 1/0 CLOCK 25 ns 

T6 1/0 INPUT 25 ns 

T7 WE 25 ns 

T8 PFALL 25 ns 

T9 PRISE 25 ns 

Tl0 SAE 40 ns 

Tll PAUSE 25 ns 

T12 HALT 40 ns 

INPUTS T13 MB 0 - MB 15 SET-UP TIME 40 ns 

T14 MB 0- MB 15 HOLD TIME 20 ns 

T15 DCHINT, EXTINT SET-UP TIME 100 ns 

T16 DCHINT, EXTINT HOLD TIME 20 ns 

T17 IIO<CLOCK/DATA l/DATA 2> SKEW -5 +15 ns 

T18 I/O<CLOCK/DATA l/DATA 2> WIDTH 115 125 ns 

T19 I/O<CLOCK/DATA l/DATA 2> RISE/FALL 10 ns 



OPERATION 

COMMON TO 
ALL MEM 
CYCLES 

READ 

WRITEI 
REFRESH 

READ 
MODIFY 
WRITE 

00-04418 

TIMING TABLES 
MEMORY READ/WRITE TIMING 

SYMBOL DESCRIPTION MIN. 

Pr P LOW DURATION 0.230 
PT P HIGH DURATION 0.710 
AS ADDRESS SETUP TIME 0.040 
AH ADDRESS HOLD TIME 0.110 
PC PRECHARGE 

SAED P TO SAE DELAY 0.110 
DO SAE TO DATA DELAY 0.060 
SAET SAE DURATION 0200 
DT DATA DURATION 0.080 

WED PTOWEDELAY 0·230 
WET WE TIME DURATION 0.220 

WDS • WRITE DATA SETUP TIME 0·060 
WDH. WRITE DATA HOLD TIME 0.100 

RWED READ MODIFY WRITE WE DELAY 1.190 

* Applies to write operation only. 

NOTE: Rise and fall times for input signals are assumed~1 Ons. 

I/O BUS TIMING 

OPERATION SYMBOL DESCRIPTION MIN. 

COMMON TO ALL lOl 1/0 INPUT TO 1/0 CLOCK TIME 1ST ART OF 0.090 
OUTPUT TRANSACTION) 
OPERATIONS lO2 1/0 CLOCK 112 PERIOD IBIT TIME) 0.110 

lO3 1/0 CLOCK TO 1/0 INPUT TIME lEND OF 0.090 
TRANSACTION) 

lO4 1/0 CLOCK TO 1/0 DATA SKEW -5 

1/0 COMMAND TfNi5DTD COMMAND OR DATA TRANSFER TIME 1.310 
OR DATA 
OUTPUT 

1/0 REQUEST T INPUT R REQUEST ENABLE OR DATA CHANNEL 0350 
ENABLE OR DATA ADDRESS REQUEST TRANSFER TIME 
CHANNEL ADDRESS 
REQUEST 

DATA TRANSFER TIMING 
PROGRAMMED PliO OUT DO PROGRAMMED 110 DATA OUT - DATA 0.83 
1/0 DATA OUT DELAY 

PROGRAMMED PIIOINTW PROGRAMMED 1/0 DATA IN - DATA 
1/0 DATA IN RECEPTION WINDOW --

PI/OIN DO PROGRAMMED 1/0 DATA IN - DATA DELAY 0.11 

MAX. UNITS 

5.570 }J.s 
3.180 }J.s 
0.130 }J.S 
0·190 )is 
0120 }J.s 

1.150 j.(S 

0.130 }J.s 
0.260 }J.s 
0.360 }J.s 

0.290 j.(S 
0.260 }J.S 
0.140 j.(S 
0.160 j.(S 

1.730 j.(S 

MAX. UNITS 

0.150 j.(S 

0130 j.(S 

0.150 }J.s 

+15 ns 

1.330 fls 

0.370 j.(S 

0.85 fls 

3.12 "S 
0.13 }J.s 

COMMON TO ALL DCHAR DATA CHANNEL ADDRESS REQUEST 0.350 0.370 JJ.s 
DATA CHANNEL DCHD 
OPERATIONS DCHTWA 

DATA CHANNEL DCHO 
OUT-MEMORY DCHODD 
TO DEVICE 

DATA CHANNEL DCHI 
IN - DEVICE DCHI DD 
TO MEMORY DCHI TWC 

DCHI TWD 

OPERATION SYMBOL 

HALT 

DATA CHANNEL DELAY 
DATA CHANNEL ADDRESS AND MODE BIT 
RECEPTION WINDOW 

CYCLE TIME FOR 16-BIT WORD TRANSFER 
DATA CHANNEL DATA OUT DELAY 

CYCLE TIME FOR 16-BIT WORD TRANSFER 
DATA CHANNEL DATA IN DELAY 
DATA CHANNEL WINDOW CLOSED 
DATA CHANNEL DATA RECEPTION 
WINDOW 

HALT TIMING 

DESCRIPTION 

DENOTES HALT SIGNAL IN HIGH STATE. 
DENOTES HALT SIGNAL IN LOW STATE. 

0.11 

--

--
3.11 

--
3.54 

--

--

TYP. 

0.24 
2.16 

0.13 }J.S 

2.6 j.(S 

58 j.(S 
313 }J.S 

7.2 j.(S 
3.56 "S 
0.96 j.(S 

1.9 }J.s 

UNITS 



PACKAGE SPECIFICATIONS 
The physical dimensions (in inches) of the mN601 chip are given in the diagram below. 

0.032 
RAD 
NOTC -;-

r 0.025 TYP 

0.060 lr 
0.040 t::J: o f: 

I 
f- 0.05 ± .010 

H I- 1-1 H H 

:.... 0.100 TYP 
PIN SPACING 

PIN1 GROUNDED 

00-04001 

H H 

.:::: 

DIMENSIONS OF CHIP 

2.020 
1.980 'I 

t 

0.610 
0.590 

0.588 
t----O.568--

HHHHHI--'HHI-Hllr 

0.300 
--..l-1-0.Ol0NOM 

r== 0.040 TYP 
0.018 TYP 

1.. 0.085 

T°.075 
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FEATURES 

FULL STANDARD mNOVA ARCHITECTURE 
AND INSTRUCTION SET ON A SINGLE 
.sO-PIN NMOS SILICON-GATE CHIP 

INTEGRAL DATA CHANNEL, REAL-TIME CLOCK, 
AND MUL TIPL Y I DIVIDE 

INPUT FOR EXTERNAL REAL-TIME CLOCK 

• ABILITY TO RUN SLOW MEMORY 

INTEGRAL TRANSPARENT REFRESH LOGIC 
FOR 16K-BIT AND 4K-BIT DYNAMIC RAMs 

64K-WORD PHYSICAL MEMORY MAPPED 
INTO TWO 32K-WORD LOGICAL ADDRESS 
SPACES 

FULL ADDRESSING MODES TO 16-BIT 
MEMORY WORDS 

• BUILT-IN POWER-UP, AUTO 
POWER-FAIL, AND TURNKEY 
FUNCTIONS 

RESTART, 
CONSOLE 

POWERED FROM STANDARD TTL AND MOS 
VOLTAGE SUPPLIES ±5V, + 12V 

MBl 

MB2 

MB3 

MB4 

MB5 

DG-06UJ3 

GENERAL DESCRIPTION 

PACKAGE 

WE 

SAE 

VOD 

~/mcm 

WAIT 

FDCHE 

,ex 1/3 

I/O INPUT 

I/O DATA2 

I/O DATAl 

I/O CLOCK 
,CXi: 

JUMEN/CLAMP 

SWi 
MB15 

MB14 

MB13 

MB12 

MBll 

The mN602 is a 16-bit NMOS microprocessor that provides a central processing function for Data General's microNOVA 
family. 

mN602 architecture features mapped memory, slow memory access capability, and a high speed data channel in 
addition to hardware multiply / divide, four accumulators, stack registers, and multiple addressing modes. Available 
addressing modes are absolute, relative, and indexed. Indirect addressing and auto increment/decrement are also 
provided. 

mN602 refresh logic can handle 16K dynamic RAMs as well as 4K dynamic RAMs. Any portion of memory can be made 
up of slow memories. A slow memory is any memory that has a slower access time than RAM or ROM. EPROM is an 
example of slow memory. 

The map feature of the mN602 provides the user with two address spaces of 32K words each. The unmapped (lower) 
32K word space is accessible with any memory reference instruction. The mapped (upper) space is accessible under 
certain well-defined conditions. 

The mN602 uses the mN603, the mN613, or the mN615 I/O controller (tOC). The 10C is the I/O interface between the 
CPU and an external device. It provides access to the 47-line I/O bus of the NOVA line. 

II 
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PIN DESCRIPTIONS 
The diagram below shows the pin connections and the table describes the function of each pin shown on the 
diagram. 

PIN 
MNEMONIC NO. 

a1/3 34 
a2/4 33 

MBO-MB15 9-16 
18-25 

FUNCTIONAL PIN CONNECTION DIAGRAM 

CPU CONTROL . 

0<1/3 
CLOCK {-"""";="..j34 

0<2/4 33 

FOCHli/rncm} FAST OATA 
37 FDCHE CHANNEL 
351--'-==--

MB<0-15> 

mN602 
2 P 

MAPON 
/

I/OCLOCK 29 

I/O DATA1 30 
I/ODATA2 31 

I/O I/O INPUT 

DCFiR ~2 
5 MEMORY 

36 
WAIT 

-, - 4 
39 SAE 

40 
WE 

1Xi...{}6014 

PIN FUNCTIONS 

I/O FUNCTION 

CLOCK 

I Two-phase system clock operating between 0 and 12v. Generates the 4-phase 
I internal clock for internal control timing. 

MEMORY BUS 

110 Bidirectional data, status and address bus. When the bus carries data, MBO is the 
Most Significant Bit (MSB) and MB 15 the Least Significant Bit (LSB). When the 
bus carries an address, MB< 1-15> contains the address, and MBO defines the 
memory operation as either refresh or read/write. When the bus carries status, it 
sends the CPU a system status word during a3 of the memory refresh cycle. 

The CPU precharges the memory bus on the a2 phase of the clock. Pull-up 
resistors on each line hold the bus high. On output, the CPU discharges lines 
transmitting 0, while lines transmitting 1 are not affected. 



PIN FUNCTIONS (CONT.) 

PIN 
MNEMONIC NO. I/O FUNCTION 

MEMORY CONTROL 

P 2 0 Active high. Initiates all memory cycles. On positive going edge of P, the memory 
bus has a valid address. 

SAE 39 0 Active high. Signals r.ead operation. 

WE 40 0 Active high. Enables write operation. On falling edge of WE, the memory bus 
writes into memory. • WAiT 36 I Active low. Driven low by slow memories while busy. Creates additional WE or 
SAE signals. 

a2 28 0 Active low. Slow memory interfaces can use a2 as a clock. Signal used by fast 
data channel as a Request Enable. 

MAPON 5 0 Active high. Determines which 32K block of memory the CPU accesses. CPU references 
mapped memory when MAPON is high. MAPON is driven high on system power-up, and 
valid only on the rising edge of P. 

I/O BUS 

1/0 DATAl 31 1/0 Two·line, bidirectional bus. All data and I/O command information is transmitted 
I/O DATA2 30 I/O serially between the mN802 and an I/O device through an 10C at the system 

clock rate. During transfers, I/O DATA 1 carries the most significant bits (0'7), 
and 1/0 DATA2 carries the least significant bits (8·15). 

1/0 INPUT 32 I/O Active high indicates a transfer into the mN802. When low, indicates a transfer 
from the mN602. 

1/0 CLOCK 29 1/0 Synchronizes. all I/O transfers to and from the CPU. Holding the I/O CLOCK 
low for 10 usec resets the processor, but the 1/0 CLOCK should not be 
pulled low when I/O INPUT is low. 

INTR 4 I Active low. When driven low by a device, while CPU interrupts are enabled, 
the device interrupts the CPU. 

DcHR 3 I Active low. When driven low by a device, the CPU executes a data channel break. 
The mN602 responds to a data channel break request even while in the HALT 
state. 



PIN FUNCTIONS (CONT.) 

PIN 
MNEMONIC NO. I/O FUNCTION 

HIGH SPEED DATA CHANNEL CONTROL 

FDCiiR/ 37 I Active low. FDCHR is driven low by a device requesting a direct memory access 

FDciii (OMA). Input after CPU sends FOCHE to device gives the direction of transfer. 
r:ocm low is a memory write, high a memory read to the device using the Memory 
Bus. 

EI 
FDCHE 35 0 Active high. Sent to device to enable fast data channel transfer. Transfer 

: starts in direction Fl5CHi. 

CPU CONTROL 

SCEiii 26 0 Active low. Strobes in the system status word on the memory bus during a 
memory refresh cycle . 

.ruMEN/ 27 OIl Bidirectional active low for memory reference and power up. Ji:mm is an output 
CLAMP strobe for reading the Jumper Word Register during an a4 phase. Ci:AMP is an 

inDut held low during power up for a minimum of 100~sec. 

iiAri' 6 0 Active low level. Functions when CPU is halted (idling), as the result of hardware 
conditions or execution of a HALT instruction. 

POWER 

Vee 1 -5v 

VCC 17 +5v 
VOO 38 +12v -
VGG 7 +12v 
VSS 8 Ground 



INTRODUCTION 

ARCHITECTURE 

mN602 
ARCHITECTURE 

The mN602 is a 16-bit parallel processor. It can execute the full NOVA instruction set and an extended instruction set 
for stack and trap routines. It also has control lines that allow memory mapping and that support an asynchronous 
memory system (one that may contain slow memories, such as EPROMs). 

The instruction set can address 64K words of physical memory. This memory is divided into two spaces, each of 32K 
words. An address is 15 bits long. The word stored at that address is 16 bits long, consisting of two a-bit bytes. 

Word 

Byte 

71 0 
Byte 

,751 0 2 3 4 5 6 2 3 4 5 6 
0 I 8 

MSB LSB 
The mN602 communicates with memory via a bidirectional, 16-bit parallel address and data bus (MB<O-15». Three 
control lines direct the memory operations: read, write, and refresh. During refresh another control line strobes the 
system status word into the instruction register from MB<O-15>. The System Status Word carries status and control 
information to the CPU. Certain bits of the System Status Word can cause interrupts. 

Other control lines idle the CPU during direct memory access by an I/O device, clock data during a slow memory 
transfer, and determine which of the two memory spaces to access. 

The block diagram shows the basic internal architecture of the mN602. It illustrates the memory bus, the I/O bus, 
internal registers, and control lines. 

I/O clock 
I/O data1 
I/O data2 

I/O input 

DCHR 

MAPON 

",1/3 

",2/4 

JUMEN/CLAMP 

DG-051J2 

CPU INTERNAL BLOCK DIAGRAM 

~===~Shifter 

: IRf¢::===========::::;';=====z::::>i 

ION 

Control 

P 
WE 
SAE 
FDCHE 
SCEN 
WAIT 
",2 

FDCHR/FDCHI 

II 



REGISTER 

Accumulator 0 (ACO)' 
Accumulator 1 (AC 1)' 
Accumulator 2 (AC2)' 
Accumulator 3 (AC3)' 

Stack Pointer (SP)' 

Frame Pointer (FP)' 

Program Counter (PC)' 

Carry bit (C)' 

Interrupt Enable 
(ION)' 

Real-time Clock 
Enable (RTC ON)' 

Real-time Clock 
Request (RTC RQ) 

Stack Overflow 
Request (SO RQ) 

Refresh Address 
Counter 

I/O Shift Register 

Instruction Register 
(lR) 

, User accessible 

CPU INTERNAL REGISTERS 

SIZE 
(BITS) 

16 
16 
16 
16 

15 

15 

15 

1 

1 

1 

7 

16 

16 

FUNCTION 

Provide working space during program execution. 

Contains address of top of stack. Increments as 
words are pushed on stack; decrements as words are 
popped off. 

Contains address of top of current return block in 
stack. On RETurn instruction, stack is popped from 
this point. 

Contains memory address in current 32K-word address 
space. Used to fetch next instruction. Is either 
modified by the instruction or incremented when 
instruction is completed. 

Contains result of addition overflow, subtraction 
underflow, and initialization. 

Enabled by program. When set to 1, the processor 
responds to interrupt requests; cleared by interrupts. 

This RTC can be the internal real-time clock or the external 
real-time clock. The internal real-time clock generates an 
interrupt every 1.9651 ms (every 4094 CPU cycles). The 
external real-time clock can cause an interrupt at any 
frequency. (See the description of the System Status Word 
for information on the external RTC.) 

Generates a program interrupt every 1.9651 ms. when 
RTC ON and ION are set. 

Generates an interrupt when the stack pOinter crosses 
a 256-word boundary (e.g., 377 8 to 400 8 ). 

Generates a 7 -bit address used to refresh 1 / 128 of 
memory every 16 !lsec. (All 65,536 RAM iocations are 
refreshed at least once every 2.0 msec.) 

Performs serial/parallel conversions between the I/O 
data lines and the rest of the CPU. 

Loaded from the memory bus with the contents of the 
address in the program counter. A new instruction is 
loaded on each fetch. 



REGISTER FILE 
The register file contains four 16-bit accumulators available to users for general programming. Three other addressing 
registers of 15 bits each control program flow and stack addressing. The PC (program counter) contains the address of 
the next instruction to be executed. The SP (stack pointer) points to the top of the current LIFO (last-in-first-out) stack 
in memory. The FP (frame pointer) usually points to the top of the last return block pushed on the stack. A return block 
is a group of five memory locations that are used to store program reentry information. The memory referred to by the 
three address registers is confined to the current 32K-word working space. 

ALU SHIFT LOGIC 
The register file is dual ported to the ALU (arithmetic logic unit). The ALU performs all the arithmetic functions 
(add. subtract. increment etc.) for the CPU. The shift logic. acting as one unit with the ALU. can manipulate 
the result of an operation before it is transferred to its destination. The carry bit is an integral part of the 
shifter. The carry is set by addition overflow or subtraction underflow. It may be initialized by the instruction • 
before the ALU has a result. All transfers from a register to memory must pass through the ALU / shifter path 
to get to the memory bus. The shifter rotates the result and carry one bit right or left. or swaps the upper 
and lower bytes of the result without affecting the carry. The carry and result can both be tested to skip the 
next memory location (see ALU instructions). 

INTERNAL FLAGS AND REFRESH CONTROL 
The CPU contains four single-bit registers (flags) and one l-bit register (counter). One flag enables and 
disables interrupts. and another controls the internal real-time clock. The two request flags. Real Time Clock 
and Stack OverflOW. interrupt the CPU. The l-bit Refresh Address Counter can address 16K-bit dynamic 
memory chips. (A memory refresh occurs at least once every 16 usec.). Only the flags controlling interrupts 
and the internal real-time clock are accessible to the user. 

ST ATE CONTROL LOGIC 

The state control logic. includes the basic mNOVA logic. plus three extended features: the high speed data channel 
controller. the slow memory enable logic. and the memory map. The high speed data channel logic can suspend the 
CPU's use of memory to allow an 1/0 device to do a direct memory access (DMA) within time frames bounded by the 
refresh logic. The slow memory logic will cause the CPU to wait for data. using a2 as a clock. The memory map defines 
two 32K-word memory blocks addressable by the user. 

One bus connects the controller. the ALU and shifter. the register file. and the refresh logic to the external memory bus. 
(The controller distinguishes between addresses. data. and instructions.) This bus is also used during refresh periods 
to strobe system status information to the controller. The controller is driven by the present instruction held in the 
instruction register (IR). the current state of the entire processor. and the state of the system it is part of. 
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mN602 
INSTRUCTION SET 

INTRODUCTION TO INSTRUCTION SET 
A microNOVA instruction is contained in one 16-bit word and has the same format as a standard NOVA instruction. 
Programs consist of sequences of instruction stored in external memory. The 15-bit program counter (PC) always 
contains the address of the instruction currenlly being executed. The PC is incremented by one after each instruction or 
modified by the current instruction. The PC can address the complete logical address space. 

For the mN602, a logical address space refers to one of two 32K-word memory spaces. These two logical address 
spaces comprise the physical address space of 64K words. One is the unmapped (lower) logical address space that 
the user normally runs programs in; the other is the mapped (upper) logical address space. Within a logical address 
space, location 0 is the next sequential memory location after 77777 e. 

The signal MAPON determines which logical address the CPU will access. It confines the CPU to one address space at 
a time. When MAPON is 1, the CPU accesses the mapped (upper) address space. When MAPON is 0, the CPU 
accesses the unmapped (lower) address space. The 15 logical address translates to a 16-bit physical address. 
MAPON is valid only during the rising edge of P. 

Program Flow Alteration 
The sequence of program execution can be altered in two ways: by inserting a new value into the PC with a 
JUMP or SKIP instruction, or by servicing a program interrupt. When a program interrupt is serviced, the 
present state of the processor is saved and the starting address of the interrupt handler routine is placed in 
the PC. At the conclusion of this routine, the previous state of the CPU is restored and execution continues 
with the next instruction after the point of interruption. 
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INSTRUCTION EXECUTION TIMES 
(ONE CPU CYClE=0.480 USEC) 

INSTRUCTION GROUP TYPE CPU CYCLES 

MEMORY REFERENCE GROUP AUTO INCREMENT/ 

DSZ 
DIRECT INDIRECT· DECREMENT 

ISZ 9 ** 11** 14 ** 
JMP 9** 11 * * 14 * * 
JSR 6 7 10 
LDA 7 9 12 
STA 6 8 11 

ARITHMETIC AND LOGICAL 6 8 11 

GROUP 

ADC 5** 
ADD 5** 
AND 5** 
COM 5** 
INC 5** 
MOV 5** 
NEG 5** 
SUB 5** 

MUL TIPL Y /DIVIDE GROUP 

DIV 122 
MUL 87 

INPUT/OUTPUT GROUP 

DIA 15 
DIB 15 
DIC 15 
DOA 11 
DOB 11 
DOC 11 
NIO 11 
SKP 15* * 

STACK CONTROL GROUP 

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

CPU CONTROL GROUP 
HALT 7 
INTA 15 
INTDS 11 
INTEN 11 
IORST 11 
MSKO 11 
RTCEN 11 
RTCDS 11 
TRAP 10' 

NIOP 0, CPU ,(BRKPT) 4 
NIOP 1, CPU (MEP) 4 

NIOP 2, CPU (JNTRE) 4 

SKPBZ 1 (SKPM) 15' • 

* FOR EACH ADDITIONAL INDIRECT LEVEL, ADD 2 CYCLES; 
FOR EACH AUTO-INCREMENT/DECREMENT, ADD 5 CYCLES 

* * IF SKIP OCCURS, ADD 2 CYCLES 

• 



MEMORY REFERENCE INSTRUCTIONS 
This group of instructions reads and writes tolfrom memory and loads the program counter with a new address. 

INSTRUCTION FORMAT 

* AC or OP CODE 

II TERMS USED IN MEMORY ADDRESSING 

MEMORY REFERENCE INSTRUCTIONS 
JMP 
JSR 
ISZ 
DSZ 
LOA 
STA 

ADDRESSING MODES refer to the four reference pOinters used with a DISPLACEMENT to access the desired 
address. Different modes use different pOinters. 

INDIRECT ADDRESSING uses the first address as a pointer to another address. If bit 0 of the succeeding address is 1, 
the address is taken as a pointer to a third address. If bit 0 of the third address is 1, yet another address is pointed to, 
etc. Up to 16 levels of indirection are possible. A series of indirect addresses is called an INDIRECTION CHAIN. 

The INDIRECT BIT (bit 5 of the instruction and bit 1 of succeeding addresses in an indirection chain) controls 
each step of the addressing process. 

The INDEX BITS (bits 6 and 7 of the instruction) determine which of the four reference pOinters will reference 
memory. When the index bits equal 00, the displacement is an unsigned integer. For the values 01, 10, and 
11, the displacement is a signed integer. 

ADDRESSING MODE INDEX BITS 

INDEX BITS RANGE OF I MEMORY 
(BITS 6-71 MODE 

DISPLACEMENT I ADDRESSABLE 

00 Absolute o to 377 o to 377 
(0 to 256) 

01 PC Relative -200to+177 o to 077777 
10 AC2 Relative (-128 to + 127) 
11 AC3 Relative 

The DISPLACEMENT (bits 8-15 of the instruction) gives the distance, in number of memory locations, between the 
reference point (determined by the addressing mode) and the desired address. 

EFFECTIVE ADDRESS CALCULATIONS use the index, indirect and displacement bits, along with the MAPON flag, to 
convert a logical address in the program into a physical address that can be referenced. 

INTERMEDIATE ADDRESSES are effective addresses before they have been tested for indirection. 

PAGE ZERO refers to the first 4008 locations (0-3778) of each 32K-word address space. 



ADDRESSING MODES 
Word addressing in the microNOVA can be done in the following modes: 

Absolute addressing (displacement from location 0). 

PC relative addressing (displacement from program counter). 

AC2 relative addressing (displacement from accumulator 2). 

AC3 relative addressing (displacement from accumulator 3). 

Direct or indirect addressing can be used in any mode. By addressing indirectly from page zero (absolute 
addressing). you can access any word in your logical address space. You can also do this by addressing 
directly from a relative address. 

ADDRESSING RANGES 

SHORT CLASS 
MAIN MEMORY 

ABSOLUTE { 
ADDRESSING 

0 

PAGE ZERO 

377. 

{

PC 

PC -RELATIVE PC 
ADDRESSING 

PC 

-200, 

-
+177. 

{ 

AC2 

AC-RELATIVE 
ADDRESSING AC2 

AC2 

-200, 

-
+177, 

{ 

AC 

AC-RELATIVE AC3 
ADDRESSING 

AC3 

3-200 

-
+177, 

DG-O·H5X 

EXTENDED CLASS 

,-' 

ABSOLuTE. 
PC-RELATIVE. 
AC-RELATIVE 
ADDRESSING 

This discussion of addressing modes assumes that MAPON is 0 and that no MAPON change is pending. For information 
about the memory map. see the section. "Mapped Memory References." 

• 
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mN602 
MEMORVREF&RI:NCE INSTRUCTIONS , , 

ABSOLUTE ADDRESSING 
In absolute addressing mode, the intermediate address is the unmodified displacement. As a result, the 
instruction specifies locations in the range 0-377 8. The displacement is restricted to one byte. 

Lower page zero is important because any memory reference instruction can address this area. With this feature, 
common data or addresses can link separate sections of the user space. 

RELATIVE ADDRESSING 
In PC relative mode, the intermediate address is the sum of the program counter (the address of the present 
instruction) and the signed displacement of the current instruction. Since addresses are 15 bits long, overflows 
are ignored. 

In accumulator relative mode, the intermediate address is the sum of the accumulator specified by the index 
bits (AC2 or AC3) and the signed displacement. Only the last 15 bits of the accumulator are used. Bit 0 is 
ignored. 

DIRECT AND INDIRECT ADDRESSING 
If no indirection is intended, bit 5 equals 0; then the effective address is determined by the intermediate address and the 
state of the MAP ON bit. 

If the indirect bit (bit 5) contains a 1, the calculated address is an indirect address. The CPU fetches the contents of the 
addressed location and tests bit O. 

When a memory location contains a stored address, bit 0 is the indirect bit. If it is 0, then bits 1 to 15 are the effective 
address. Control is transferred to the location addressed by bits 1 to 15. If the indirect bit is 1, then bits 1-15 denote 
another indirect address. In this case the chain continues until bit 0 of the fetched word equals 0 (in which case the 
effective address is found) or 16 levels of the chain have been executed. 

An internal counter is used to keep track of the number of levels addressed. When the CPU decodes the indirect bit in 
the instruction, it initializes the counter to O. When the CPU tests bit 0 of the fetched word, it increments the counter by 
1 if bit 0 is a 1. If the accessed location is an auto-increment or auto-decrement location, the counter is incremented 
again. If the counter is greater than 17 '0 before reaching an effective address, the CPU halts. 

AUTO-INCREMENTING AND AUTO-DECREMENTING 

If the intermediate address is in the range of 20 - 278, in page zero, and the indirect bit is 1, then the contents of the 
addressed location are incremented by 1. The indirection chain continues with the new value of that location. When 
these locations are addressed directly, the incrementing feature is not invoked. 

If the indirect address is in the range 30 - 378 , and the indirect bit is 1, then the contents of the location addressed are 
decremented by 1. The indirection chain continues with the new value of that location. When these locations are 
addressed directly, the decrementing feature is not invoked. 

NOTE: The state of bit 0 before the increment or decrement determines if the indirection chain continues, 
whereas the state of bit 0 after the increment or decrement determines the address. 

When non-existent memory locations are accessed by a memory reference instruction, the contents appear 
as all ones. This feature is not recommended for use in new designs. 
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EFFECTIVE ADDRESS INSTRUCTIONS (NO ACCUMULATOR) 

The general format and assembler version of this class of instruction are given below. The table shows the 
specific format and function of each instruction. 

INSTRUCTION FORMAT 

MNEMONIC !@) displacement,! index) 

INSTRUCTION FORMATS AND FUNCTIONS . 
MNEMONIC MEANING FUNCTION * INSTRUCTION FORMAT 

JMP Jump Compute (E) and load E into 10 0 010 01@1~~xl • I,~'~~~t~~r~~r,. I 15 
I PC. 01,1 23 1. 5,17. 1 

JSR JumpTo 
Compute E. Store contents 

Subroutine 
of PC+1 In bits 1-15 of AC3 I 0 0 I 0 1 0 1 I @IINDEXI DI~PLACEMENT I and set bit 0 to 0; then, load 01, 231. 5 ,17 • I • I '0 11 I '2 I 13 I ,. I '5 
E into PC. 

ISZ Increment Compute E. Increment 
And Skip contents of location E and 
If Zero write result back into 

location E. If result equals I 0 0 I 0 11 0 I @IINDEXI 
• I 

DI~PLACEMENT I 
000000, increment PC by 01, 2 31. 5 ,17 • I '0 11 I '2 113 I 14 I '5 
two; otherwise increment 
PC by one. 

DSZ Decrement Compute E. Decrement 
And Skip contents of location E and 
If Zero write result back into 

location E. If result equals I 0 0 I 0 11 1 I @IINDEXj 
• I 

DI~PLACEMENT I 
000000, increment PC by 01, 231. 5 .17 • I,D 11 I '2 113 I ,. I '5 
two; otherwise increment 
PC by one. 

·E = effective address; AC = accumulator 

EFFECTIVE ADDRESS INSTRUCTIONS (ONE ACCUMULATOR) 

The general format, assembler version, and accumulator codes of this class of instruction are given below. The 
table shows the specific format and function of each instruction. 

INSTRUCTION FORMAT 

MNEMONIC ac,!@) displacement Lindex) 

ACCUMULATOR CODE 

AC Bits 3 4 

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



INSTRUCTION FORMATS AND FUNCTIONS 

MNEMONIC MEANING FUNCTION • INSTRUCTION FORMAT 

LOA Load Compute E. Load specified I 0 I 0 I 1 I AC I @ IIN~EX I I DISrLAfEMENTI I Accumulator AC with contents of location 
E. o 1 2 ] I. , • 7 • 9 I 10 11 12 I 11 14 " 

STA Store Compute E. Store contents roll 1 0 1 AC I @ IIN~EXI Accumulator of specified AC in location DISPLACEMENT 

E. o 1 2 ] I. , • 7 I I 9 I 10 I 11 12 III I 14 I " 

• E _ effective address; AC - accumulator 

MAPPED MEMORY REFERENCES 

The 64K words of physical memory supported by the mN602 consist of two 32K-word logical address spaces, the 
unmapped (lower) and mapped (upper) address spaces. The 15 bit logical address translates to a 16 bit physical 
address. 

I 

I 

The state of the MAPON signal determines what space the CPU accesses. If MAP ON is 0, the CPU accesses the 
unmapped address space. If MAPON is 1, the CPU accesses the mapped address space. MAPON is vslid only on the 
rising edge of the P memory control signal, that is, only during the address phase of the memory reference. (For 
information on p, see "Memory Operations.") 

The MEP instruction controls the state of the MAPON signal. This instruction does not immediately change the state of 
the MAPON signal. When the MEP instruction is executed, the MAPON change becomes pending. When the MAPON 
change does occur, the MAPON signal changes state. If it was 1, it becomes O. If it was 0, it becomes 1. 

If you have executed an MEP instruction and a MAPON change is pending, that change occurs when the CPU executes 
any of the following instructions: LOA, STA, JSR @, JJAP@. The MAPON change will remain pending during any number 
of instructions other than these four. Once the CPU executes one of those four instructions, a pending change occurs. 

The LOA and STA instructions have a different effect on a pending MAPON change than the JSR @ and JMP @ 
instructions. 

When the CPU executes an LOA or STA instruction and a MAPON change is pending, the MAPON change occurs. The 
signal MAPON is complemented and remains complemented only for the duration of one memory reference. After the 
memory reference is complete, MAPON returns to its previous value, and a MAPON change is no longer pending. 

When the CPU executes a JSR @ or JMP @ instruction and a MAPON change is pending, the MAPON change occurs 
after one memory reference. The signal MAPON is complemented and remains complemented. A MAPON change is no 
longer pending. To return the MAPON signal to its previous value, you must issue another MEP instruction followed by 
one of the four memory reference instructions listed above. As before, that change occurs when the memory reference 
instruction is executed and is permanent only if the instruction was a JSR @ or JMP @. 

NOTES: 

If a MAPON change is pending, the memory raference instructions (ISl, DSl) snd the stack instructions 
(PSHA, POPA, SAY, RET) are executed but do not cause a pending MAPON change to occur. 

The use of a direct JSR or JMP instruction should not be attempted when a MAPON change is pendng. 

• 



m .• · •. ···.·.· •• ·.··. II.·.·.· ...•.. • .•. •·.•· .. !.· •.•.•.•. ·.•.· .•. ·.·.··.··· .......•..•.•........•............•..•..•..•........••....•. ) ......•.•••... ( .•.••.•....••.•. (; •..•••..••.•. : •..•..•. ;.· •. 1.· •. ··.·.: .• •.· •• ·.· ••.•. ••.• ..•.•••.. :.· •.•...•• f.·.·.·.·· .•. : ..• · .•... !.·.····. 

MEMORY REFERENcE 
If you are in one logical address space and want to transfer control to a routine stored in the other logical space, issue 
a MEP instruction followed by a JSR @ or JMP @. Other ways are by using the TRAP instruction and by using the BRKPT 
instruction. (See the descriptions of these instructions for further information.) 

EFFECTS OF MEP INSTRUCTION 
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• ANY NUMBER OF NON-MEMORY REFERENCE INSTRUCTIONS NOTES: MEP INSTRUCTION IS EQUAl TO NIOP 1. CPU (0643778), 
ONLY LOA. STA, JMP AND JSR INSTRUCTIONS CAN BE 
USED TO ACCESS ANOTHER 32K-WORD ADDRESS SPACE. 

The figure shows the differences in program flow for the two types of memory reference instructions (LOA, STA and JSR 
@' JMP @) when a MAPON change is pending. 

In Figure A, an LOA 0 SPAC instruction follows an MEP instruction. MAPON changes state only for the duration of one 
memory reference. The instruction says to put the contents of the location whose address is SPAC into ACO. The 
memory reference resolves to a location in mapped space, but the program continues to execute in unmapped space. 

In Figure B, an LOA 0 @SPAC follows an MEP instruction. The instruction says to put the contents of the location whose 
address (called PET) is in the location called SPAC into ACO. MAPON is complemented only for the first memory 
reference. This means that the CPU uses the contents of location SPAC in mapped space as an address of a location 
in unmapped space. The memory reference resolves to a location in unmapped space, and the program continues to 
execute in unmapped space. 

In Figure C, a JMP @SPAC instruction follows an MEP instruction. The instruction says to transfer control to the address 
represented by the contents of SPAC. The first memory reference is to SPAC. MAPON is not yet complemented. The 
CPU references SPAC in unmapped space. Then MAPON is complemented, and the contents of SPAC are used as an 
address (called PET), referenCing a location in mapped space. The memory reference resolves to a location in mapped 
space, and the program continues to execute in mapped space. If the indirection chain continued, only the first indirect 
reference would be in unmapped space. Subsequent indirect levels would reference mapped space. 

Some programming cautions to keep in mind when a MAPON change is pending are 

00 not reference auto-increment and auto-decrement locations. 

00 not issue a HALT instruction. 

00 not issue a JMP or JSR direct. 

Remember that all interrupts (normal and non-mask able) may be inhibited when a MAP ON change is pending. See 
the section, " " lor details. 



TRAP INSTRUCTION 

FORMAT OF TRAP INSTRUCTION 

The TRAP instruction is a single word call to a subroutine. If the MAP ON TRAP bit of the System Status Word is 0, the 
TRAP instruction sets MAPON to 1, and program execution transfers to mapped memory space. The TRAP instruction 
"traps to mapped space." It MAPON was already 1 (the CPU was already executing instructions in mapped space), 
MAPON stays 1. The instruction still traps to mapped space. If MAP EXISTS is low, all interrupts (normal and non-maskable) • 
are inhibited after a mapped trap until the CPU executes an INTRE instruction. 

It MAP ON TRAP is 1, the TRAP instruction does not change the state of MAPON, and program execution continues from 
the current memory space. The TRAP instruction "traps to the current map space." No interrupts are inhibited after the 
trap. 

MNEMONIC MEANING FUNCTION FORMAT 

TRAP Trap The address of this instruction is 
placed in memory location 468 and 

Q I ACS I Acol I ] bit 0 of that location is set to O. Then TRAP NUMBER 1000 
me J)f'ocessor perfonns a jump indirect 0 1 2 3 4 5 11 12 15 
through memory location 478 , The 
contents of ACS and ACD do not 
affect this instruction. 

In order to use this instruction the user must write a trap handler routine and place its starting address in location 478 , 

Each TRAP instruction contains a trap number, which you can use to access a subroutine that belongs to the trap 
handler. You can define the trap number to mean anything you choose. (It is olten used to refer to the condition that 
caused the trap or to an instruction to be emulated.) To read the trap number. the trap handler ha.s to read the last 
instruction trapped. You can do that with an LOA ac.@46. 



ARITHMETIC / LOGICAL INSTRUCTIONS 
The instructions in this group perform arithmetic and logical operations, using the four accumulators and the 
carry bit; they can also alter program flow. Each instruction requires both a source accumulator (ACS) and a 
destination accumulator (ACO). These can be the same accumulator or two different ones. The carry bit may be 
either modified explicitly by the instruction, or implicitly by the result of the instruction. Program flow can be 
altered by testing the result of the instruction. (This test does not affect the result placed in ACO). 

DG-00921 

ALU INTERNAL STRUCTURE 

ACD 
16 BITS 17 BITS 

LOAD/NO LOAD 

TWO ACCUMULATOR-MULTIPLE OPERATION 

INSTRUCTION FORMAT 

MNEMONIC [c] [sh] [#] ACS,ACD [,skip] 

ACCUMULATOR FIELDS 

ACS ACO 
BITS 1 2 3 4 

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



ALU FUNCTION CODES 

MNEMONIC FUNCTION 

COM ACo_ACil 

NEG ACD_ACil + 1 

MOV ACD_ACS 

INC ACD_ACS + 1 

ADC ACD_ACD + ACil 

SUB ACD_ACD + Aa: + 1 

ADD ACD_ACD + ACS 

AND ACD_ACD /\ ACS 

MUL Multiply contents of AC 1 by AC2 

DIV Divide 32 bit contents of ACO and AC 1 
by AC2 

.~ = one's complement 01 source accumulator. 
~ + 1 = two's complement 01 source accumulator. 

INSTRUCTION EXECUTION PROTOCOL 
The CPU executes arithmetic instructions in one fixed sequence that gives this small set its great flexibility. 

The first step is to initialize the carry bit. The optional extension [cl to the mnemonic sets the carry bit 
accordingly (see table below). In the absence of this option, the last value of the carry is used. 

The second step is execution of the function itself by the ALU. The result of the function on ACS and ACO, 
along with the carry, are passed along to the shifter. The ALU will pass either the last value of the carry or 
the initialized value. If an overflow condition is reached in the function, then the carry sent to the shifter is set 
to 1. 

The third step is defined by the shift option [shl. If no shift operation is specified, the 17-bit result goes to the 
Skip Sensor. If a shift is specified, the 17-bit result is rotated either left or right one bit, with the carry 
supplying bit 15 and receiving bit 0, or supplying bit 0 and receiving bit 15, respectively. The shifter is also 
capable of swapping the upper and lower bytes of the word without altering the carry. 

ALU CARRY, SHIFT AND LOAD OPTIONS 

CLA18 CODED RE8ULT 
~. CHAllACT£R lIlTS OI'I!RA~ 

C (option omitted) 00 00 not initialize the carry btt. 

Z 01 Initialize the carry bit to O. 

0 10 Initialize the carry bit to 1 . 

C 11 Initialize the carry bit to the comptement of its 
present value 

SH (option omitted) 00 luYe the re8uh of the arithmetic or logical 
operation unaffected. 

L 01 Combine the carry and the 16~bit result into a 
17·bit number and rotate ilone bit left. 

R 10 Combine the carry and the 1 &-.bit result into a 
17 -bit number and rotate it one bit right. 

S 11 Exchange the two 8-Git halves of the l6-bit 
result without affecting the carry. 

# (option omlHad) 0 load the result of the ahift opera'ton into ACO. 

# 1 00 not load the result of the shift operation into 
ACD. 

• 



2Q 

mN602 .. ... . ...... ..... .. . 
ARITHMETIC I LOGiCAL .. ·,N8T:AUCTIONS· 

ALU SHIFT OPERATIONS 
CODED 

SHIFTER OPERATION CHARACTER 

L Left rotate one ptace Bit 0 IS rotated Into the 
carry position. the carry bit into bit 15 

4H 0-15 ~ 
R Right rotate one place. Bit 15 is rotated Into the 

carry position. the carry bit into bit 0 

4:H 0-15 ~ 
S Swap the halves of the 16-bIt result The carry 

bit is not affected 

I I 
0-7 I 8-15 I 

>< I 0-7 I 8-15 I 
DG·04423 

The fourth step alters program flow. If the [skip) option is specified, the l6-bit word and/or the carry are 
tested for a zero value; the program counter will be incremented by 1 if the value is zero or 2 if the value is 
one. 

If the no-load option [#) is specified, the above four steps do not affect the value of ACO. In this event, only 
the carry and the program counter are affected. 

ALU SKIP OPTIONS 

CLA88 COOED RESULT 
AHREV. CHARACTER BtT8 OPERAT1ON 

SKIP (option omittedl 000 Never skip 

SKP 001 Always skip 

SZC 010 Skip if carry "'" 0 

SNC 011 Skip if carry """ 0 

SZR 100 Skip if result - 0 

SNR 101 Skip if result -- 0 

SEZ 110 Skip if either carry or result - 0 

SBN 111 Skip if both carry and result - 0 

DG-04425 

NOTE: Instructions in this group must NOT specify NO LOAD and NO SKIP at the same time. This bit pattern is 
reserved for the TRAP instruction. 



mN602 
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. 

INSTRUCTION FORMATS AND FUNCTIONS 

MNEMONIC MEANING FUNCTION INSTRUCTION FORMAT 

COM Complement The one's complement of 
the contents of ACS is 
placed in the shifter. The 
output of the shifter is 

I'IASS IACD 1000 1 
01231.5',17 

SH I C 1*1 SKIP I 
• I 9 10 \ 11 12 13 1 14 ! 15 

placed in ACO and the carry 
bit. 

NEG Negate The two's complement of 
the contents of ACS is 
placed in the shifter. If the 
operation produces a carry 

I ' I ASS I ACD 1 0 0 , 1 SH 1 C I * I SKIP I 
of " carry is complemented. 01231.5',17 • I CJ 10 I 11 12 13 I 14 I 15 
The output of the shifter is 
placed in ACO and the carry 
bit. 

MOV Move Contents of ACS are placed 
in the shifter. The output of I ' I ASS 1 ACD 1 0 !I~I SHI C 1*1 SKIP I the shifter is placed in ACO 
and the carry bit. 

01231.5' • I 9 I 10 I 11 I 12 • 13 I 14 I 15 

INC Increment Contents of ACS are 
incremented by one. If the 
operation produces a carry 
of 1, carry is complemented. I'IASS IACD 1 0 ' '1 SH 1 C 1#1 SKIP I 
The output of the shifter is o 1 2 3 I. 5 ' , I 7 • I 9 10 I 11 12 13 I 14 I 15 

placed in ACO and the carry 
bit. 

AOC Add The one's complement of 
Complement the contents of ACS is 

added to the contents of 
ACO. If the operation 

I ' I ASS I ACD I' 0 0 I SH I C 1#1 ,)KIP I produces a carry of 1, carry 
is complemented. The 

0123145',17 8 I 9 10 I 11 12 n I 14 I 15 

output of the shifter is 
placed in ACO and the carry 
bit. 

, • 

21 



INSTRUCTION FORMATS AND FUNCTIONS (CONT) 

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 I 1 I A~S I ACD I 1 0 1 I SHI C 1#1 SKIP I produces a carry of 1, carry 

5 I 6 I 
is complemented. The 

o 1 2 3 I • 7 8 I 9 10 I 11 12 13 1 14 I 15 

output of the shifter is 
placed in ACD and the carry 
bit. 

i ADD Add The contents of ACS are 
; added to the contents of 

ACD. If the operation 
produces a carry of 1, the I 1 I A<;S I ACD I 1 1 0 I SH 1 C I # 1 SKIP I carry is complemented. The o 1 I 2 3 I .. 5 I 6 I 7 8 I 9 10 I 11 12 13 I 14 I 15 

output of the shifter is 
placed in ACD and the carry 
bit. 

AND And The contents of ACS and 
ACD are logically AND'd. I 1 I A~S I ACD I 1 I The output of the shifter is 1 1 SH 1 C I #1 SKIP I 
placed in ACD and the carry o 1 2 3 I • 5 I 6 I 7 8 I 9 10 I 11 12 13 I 14 I lS 

bit. 



MUL TIPL Y / DIVIDE INSTRUCTIONS 
The following instructions utilize an I/O instruction format and bits 10 to 15 specify device code 1. For this 
reason, device code 1 is an illegal device code and should not be assigned to any I/O interface device. No 
options or AC's specified in instruction format. 

INSTRUCTION FORMATS AND FUNCTIONS 

MNEMONIC MEANING FUNCTION INSTRUCTION FORMAT 

MUL Multiply The contents of AC 1 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-bit result. 10 

, ! I : I ~ I , : I ~ I 
, 

'10000011 
The high order bits (0-15) of o I 1 

I 5 I 8 I • 10 I 11 I 12 I 11 I 14 I 15 

the result are loaded into 
ACO and the low order bits 
are loaded into AC1. Bit 0 of 
ACO contains the high-order 
bit of the result; bit 15 of 
AC 1 contains the low-order 
bit. The contents of AC2 are 
unchanged. 

DIV Divide The 32-bit contents of ACO 
and AC1 are divided by the 
contents of AC2. Bit 0 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. 

10 ! I ! I : I ~ I , , 0 I 0 '10 0 000 '1 
o I 5 I 6 I 7 8 I • 10 I 11 I 12 113 I 1. I 15 

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 is 
indicated. In this case, the 
carry bit is set to 1 and the 
operation is terminated; 
otherwise, the carry bit is 
set to O. 

II 
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STACK INSTRUCTIONS 
An important programming tool supported by mN602 is a stack facility. The stack is a last-in /first-out buffer 
that can occupy up to 256 continuous locations in memory. Each entry in the stack is a full 16-bit word. The 
size of the stack depends on the proximity of the bottom of the stack to the next 256-word boundary, e.g., 
xx377 8 to xx400 8 . 

INSTRUCTION FORMAT 

MNEMONIC ac ( PSHA, POP, MTSP, MTFP, MFSP, MFFP) 
or 
MNEMONIC (SAV, RET) 

Stack instructions use the 1/0 instruction formats with a device code of 01 8 in bits 10 to 15. This code 
should be used by any 1/0 device. For SAY and RET, the AC field (bits 3 and 4) must be 00. 

STACK FUNCTION CODES 

MNEMONIC FUNCTION 

MTFP FP.-AC* 

MFFP AC**.-FP** 

MTSP SP.-AC* 

MFSP AC**.-SP** 

PSHA SP.-SP + 1 
@SP.-AC# 

POP AC.-@SP# 
SP.-SP - 1 

SAY PUSH RETURN 
BLOCK ON THE 
STACK 

RET POP RETURN 
BLOCK OFF THE 
STACK 

• Least significant 15 bit (1 to 15) of accumulator are used . 
• • Bit 0 of the accumulator is set to O. 
# @ denotes that the contents of the stack pointer are used as an address to a location in memory. 



DEFINING A STACK 
Three parameters define a stack: the lower limit, the upper limit, and the present top of the stack (stack 
pOinter or SP). The upper and lower limits define the bounds of the stack in memory. The stack pOinter defines 
the location of the last word moved to the stack and the first word to be removed from the stack. The stack 
pOinter must be initialized to the starting address of the stack minus one. 

STACK BOUNDARIES 

MAIN MEMORY 

LOWER LIMIT 1--------1 
STACK 

tt-----t 
POINTER -1--------1\ l INCREASING 

ADRESSES 

UPPER LIMIT 
DC·a"" ("STACK LIMIT") '------.... 

PUSH AND POP 
The stack provides quick sequential storage for the contents of any of the accumulators. The 15-bit stack 
pointer (SP) contains the address of the current top of the stack. If the stack pointer overflows, the carry is 
not affected. All addressing to the stack is directed to the top of the stack. Thus, the last word moved to the 
stack by PUSH is the first word removed by POP. 

During a PUSH instruction the stack pointer is first incremented, then used as the address to store the contents of the 
specified accumulator. The POP instruction is the exact reverse of PUSH. When a POP is executed, the contents of the 
top of the stack are loaded into the specified AC, after which SP is decremented. The word pOinted to by the top of the 
stack still exists in memory, but is no longer part of the stack. If a 400-word boundary is crossed when CPU interrupts are 
enabled, a stack overflow interrupt is generated after the instruction has been executed. If a stack overflow occurs and 
ION = 0, a stack overflow interrupt will occur when ION returns to 1. 

PUSH/POP OPERATIONS 

STACK POINTER 
BEFORE PUSH 

STACK POINTER 
AFTER PUSH 

DG-0056J 

--

/ 

/ 
PUS~".?"'EOI. 

INCREASING 
ADDRESSES 

1 

-

STACK POINTER 
AFTER POP 
STACK POINTER 
BEFORE POP 

• 



SAVE AND RETURN 

One of the main uses for a stack is to save the state of the CPU during a subroutine call. A subroutine call is made with 
a JSR instruction. Since a subroutine, like any program, needs the accumulators, and the past values are generally 
important, they have to be stored until the main program regains control. 

The return block, created by the SAVE inatruction, saves the state of the CPU at that point. The first three words pushed 
on the stack are ACO, AC I, and AC2, in that order. The next value pushed on the stack is the current frame pointer (FP). 

The frame pOinter (FP) holds the address of the top of the present return block in the stack. When the save is 
completed, FP and SP point to the top of the stack (the starting address of the return block). In this way, the previous 
state of the CPU and the stack can be restored when returning to the calling program. The frame pOinter, like the stack 
pointer, is 15 bits long. 

The last word of the return block is AC3. If the SAVE occurred after a JSR, AC3 holds the return address of 
the subroutine in bits 1-15 and the carry in bit o. 

RETURN BLOCK FORMAT 

STACK POINTER--I 
AFTER RETURN 1-----"1'1",.::.11-- 5TH WORD 

ACO I~ POPPED 

.... : ... :: ...... : .. : .. ::.: .... . 

AC1 

AC2 

AC3 
STACK POINTER ---I CARRyl PROGRAM I" I-- 1ST WORD 
BEFORE RETURN ' I COUNlER POPPED 

I 
INCREASING 

00-00566 ADDRESSES 

t 



The RETURN instruction removes the return block from the stack. If the last SAVE was done when entering a subroutine, 
the CPU returns to the calling program at the instruction following the JSR. The instruction starts popping at the frame 
pointer. The first word reinitializes the carry and the program counter. The second pop moves the frame pointer (now 
pOinting to the next oldest return block) to AC3 and loads the frame pOinter register. The next three pops on the stack 
return the old values of AC2, AC1, and ACO, respectively. 

Boltom 0 
stack 

FP 

'--

-

0' 'op 
S'~ 

SP 

, -

SAVE/RETURN OPERATIONS 

1) Stack before SAY -----~.~2) Stack after SAV---_+__ 3) Stack aher 3 PSHA-----•• 4) Stack events during RET----.~To 5 

5) Stack after RET 

- ~~~-
- AC2-

-OldFP-

- AC3-

Pushed word 

Pushed word 

Pushed word 

Pushed word 

Pushed word 

Pushed word 

Pushed word 

Pushed word 

+ 
Increasing 
memory address 

{ } -"-" FP' ----, 
I 
I 
I 
I 
I 
I 
I , 
I 
I 
I 
I 
I 
I , , 
I 

L ____ 
SP and FP 

ACO 

AC' 
AC2 

Old FP 

AC3 

Pushed word 

Pushed word 

Pushed word 

Pushed word 

Pushed word 

Pushed word 

Pushed word 

Pushed word 

ACO 

AC' 
AC2 

Old FP Block } ~::m 
I--=-=---l FP 

AC3 

Increasing 
memory address 

SP 

- ~~~-
- AC2-

-OldFP-

- AC3-

Pushed word 

Pushed word 

Pushed word 

Pushed word 

Pushed word 

Pushed word 

Pushed word 

Pushed word 

_ ACO_ 

- ~~~-
-OldFP-

- - AC3-

Pushed Word 

Pushed Word - Pushed Word 

} Return Block 

FP Before 
Return 

SP Before 
Return 

{~~-~ ~~~-
r-- OldFP-

t-- AC3 -

Pushed word 

Pushed word 

Pushed word 

Pushed word 

Pushed word 

Pushed word 

Pushed word 

Pushed word 

_ ACO_ - Contents to ACO 

- ~~~-- Contents to AC 1 - Contents to AC2 
-OldFP-- Contents to AC3 

- - AC3-- Contents of Bits 1~ 15 

PUSh6d word To PC Bit 0 To Carry 

Pushed word - Pushed word 

*Contents of FP register stored during SAY I I 

DG·06017 

Increasing 
memory address 

Increasmg 

memory address 

Note: The SP register contains the address of the top memory location 
in the stack. Thus, the three single variables pushed on the stack 
after the last return block (see 4) are effectively pushed off the 
stack when the return instruction is performed. These variables 
could be retained elsewhere in memory by executing a series of three 
pop instructions, each followed by a STA (Store Accumulator) 

instruction prior to executing the return instruction. Then, if desired, 

the variables can be pushed back on the stack after the execution 
of the return instruction. 

After the return instruction was executed, the contents of ACQ, AC 1, 
AC2, PC, carry and the SP and FP registers were restored to their 
original values before the save instruction was executed. The new 
value of the FP register is left in AC3 after the return instruction 
(see 4 and 5) 

Four instructions affect the accumulators, stack pOinter, and frame pointer directly. MOVE TO STACK POINTER 
(MTSP) moves the contents of the accumulator to the stack pOinter. MOVE TO FRAME POINTER (MTFP) moves 
the contents of the accumulator to the frame pOinter. Neither of these instructions affect the contents of the 
accumulators. MFSP and MFFP move from the stack pOinter and the frame pOinter, respectively, to the 
specified accumulator without affecting either pointer. 

• 



INSTRUCTION FORMATS AND FUNCTIONS 

MNEMONIC 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 
specified AC are 

10 1 11 AC 10 1 1 o 0 0 0 000 1 I 
unchanged. If the contents I I o I 1 2 3 I 4 5 I , I 7 • I • 110 I 11 I 12 113 I 14 I 15 
of bits 8-15 of SP are 000 (a 

D ! 256-word boundary has 
been crossed), a stack 
overflow Interrupt request is 
generated. 

POPA Pop The specified AC is loaded 
with the contents of the 
memory location addressed 10 1 1 I AC 10 1 1 1 0 0 0 0 0 0 1 I 
by SP; then, SP is o I 1 2 3 I 4 5 I , I 7 

I 
• I • 110 I 11 I 12 113 I 14 I 15 

decremented by 1. 

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

1 0 1 I 10
1 
100 0 0 0 0 0 0 1 I Pointer in SP. The contents of the 1 AC 

specified AC are o I 1 2 3 I 4 5 , I 7 I • I • 110 I 11 I 12 113 I 14 I 15 

unchanged. 

MTFP Move To The contents of bits 1 -15 of 
Frame the specified AC are placed 
Pointer in FP. The contents of the 10 1 11 Acloooooo 000 0 1 I 

specified AC are o I 1 2 3 I 4 5 I , I 7 1 • I 9 110 11112113 1 14 1 15 

unchanged. 

MFSP Move From The contents of SP are 
Stack placed in bits 1-15 of the 
Pointer specified AC and bit 0 of the 

10 1 1 I AC 10 1 0 1 0 0 0 0 0 0 1 I specified AC is set to O. The o I 1 2 3145 1 ,17 1 • 9 110 I 11 12113 14 15 
contents of the SP are 
unchanged. 

MFFP Move From The contents of FP are 
Frame placed in bits 1-1 5 of the 
Pointer specified AC and bit 0 of the 

1 0 1 1 I AC 
1 0 0 0 1 0 0 0 0 0 0 1 I specified AC is set to O. The o I 1 2 3 I 4 5 , I 7 • 9 110 11 12113 14 15 

contents of FP are 
unchanged. 



MNEMONIC MEANING 

SAV Save 

INSTRUCTION FORMATS AND FUNCTIONS (CONT) 

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 AC 1 
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 
location addressed by the 
contents of SP; 
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 O. 
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 01 SP. 

If the contents of bits 8-1 5 
of SP are 000 (a 256-word 
boundary was crossed) at 
any time during execution of 
this instruction, a stack 
overflow interrupt request Is 
generated. 

At the end of the instruction, 
the new contents of SP are 
loaded in both the FP and 
bits 1-15 of AC3. Bit 0 of 
AC3 is set to O. 

INSTRUCTION FORMAT 

1011111010!1!~llI010 01010 °1°1 '1 
o 1 2 1. 5 ' 7.. 1,0 11 12 113 ,. 15 

• 



MNEMONIC MEANING 

RET Return 

• 

INSTRUCTION FORMATS AND FUNCTIONS (CONT) 

FUNCTION 

Information is popped off 
the stack as follows: 
1) the contents of the FP are 
loeded 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 loeded 
into AC3; 
4) the SP is decremented by 
1; then, the contents of the 
location addressed by the 
contents of SP are loaded 
into AC2; 
5) the SP is decremented by 
1; then, the contents of the 
location addressed by the 
contents of SP are loeded 
into AC1; 
6) the SP is decremented by 
1; then, the contents of the 
location addressed by the 
contents of SP are loeded 
into ACO. 
71 the SP is decremented by 
1. 

At the end of the instruction, 
the new contents of AC3 
(bits 1-1 5) are loaded into 
FP. 

INSTRUCTION FORMAT 

101100 10 11 ° ° 1 °,0 010 11 
o I 1 I 2: ] I • I 5 : , I 7 I I I 9 1,0 11 i 12 III 14 I 15 



INPUT / OUTPUT INSTRUCTIONS 
Instructions in this group communicate directly with an 1/0 device, one word at a time. This kind of transfer is 
called programmed 1/0. All transfers take place on the 1/0 bus, which connects the CPU and the peripheral. 
The instruction specifies which of the device's three input or output buffers is to be addressed. One of the 
fields of the instruction specifies the CPU accumulator to receive or transmit information. 

Each instruction has a 6-bit device code (bits 10 to 15) that can specify one of 64 possible device codes. An 1/0 
controller connects the device and the 110 bus. The controller can set up a unique device code for a device or the 
protocol for devices using the same device code. 

NOTE: Device codes 01a, 02a, 03a, and 77a should not be used for any 1/0 device. The CPU uses code 01a for MUL, DIV, 
and stack instructions and it uses code 77 a for internal control. 

INSTRUCTION FORMAT 

• The AC field is set to 00 for NIO and SKP instructions . 

•• The controi field sets or tests the Busy I Done flags, depending on the instructiol!. In the instruction bit patterns these 
are represented by t or f. 

BUSY AND DONE FLAGS 

A set of Busyldone flags, part of the 1/0 device controller (IOC), tells the CPU the state of the device. When 
both Busy and Done are zero, the device is idle, waiting for the CPU to start it. To start the device, an 1/0 
instruction sets Busy to 1, and resets Done to 0, regardless of its past state. When the device has finished its 
operation, it sets its Done flag to 1 and resets Busy to O. At this point the device can issue a program 
interrupt request to the CPU. 

NOTE: The mN602 requires either an mN603, mN613, or mN615 device controller. 

STATE OF BUSY/DONE FLAGS 

BUSY DONE FUNCTION 

0 0 Device idle, waiting for a 
command from CPU to start. 

0 1 Device finished operation. 
Can start interrupt to CPU. 

1 0 Device busy with operation. 

1 1 Not used. 

• 



II 

NON-EXISTENT DEVICE CODES 
If an instruction is issued to a non-existent device, the CPU acts as il the device exists and makes the 
transler on the I/O bus. II the Busy/Done Ilags 01 a non-existent device are read, they appear as 00. II the 
CPU tries to read one 01 the buffers 01 a non-existent deivce, the result in the specilied accumulator is 
177777 8 (all bits set to 1). 

BUSY/DONE SET OPTIONS 

CLASS CODED RESULT 
ABBREV. CHARACTER BITS OPERATION 

I (option omitted) 00 Does not affect the Busy and Done Ilags. 

S 01 Start the device by setting Busy to 1 and Done 
toO. 

C 10 Idle the device by setting both Busy and Done 
toO. 

P 11 The effect. If any, depends on the device. 

IJG..044Z1 

BUSY/DONE TEST OPTIONS 

CLASS CODED RESULT 
ABBREV. CHARACTER BITS OPERATION 

t aN 00 Tests lor Busy = 1 

BZ 01 Tests lor Busy - 0 

ON 10 Tesls lor Done - 1 

DZ 11 Teslslor~ - 0 

00-04422 



'802 
T'.ONS 

When the instructions described below are executed, the CPU sends the I/O instruction, exactly as it is stored in memory, to the 
I/O bus. Following the instruction, data is transferred either from the CPU or the I/O controller. See I/O Operations section. 

INSTRUCTION FORMATS AND FUNCTIONS 

MNEMONIC MEANING FUNCTION INSTRUCTION FORMAT 

NIO No I/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. 1 0 1 ,11 00 10 ,001 F , DEVICE CODE 
o I 21145617 

, ,I I , 
I) 10 11 12 113 14 15 The data transferred by the 1 • 

CPU is meaningless and is 
ignored by the 110 
controller. 

DIA Data In A Following the receipt of this 
instruction, the addressed 
I/O controller is expected to 
send a 16-bit word to the 
110 bus from its A buffer. 
This word is retrieved from 
the I/O bus by the CPU and 1 0 1 1 I AC 10 0 1 I F 

91,0 
DEVICE CODE I 

placed in the accumulator o I 1 I 4 5 I 6 I I , 
.2 111 

, I • 2 7 • 11 '4 15 

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 DIB Data In B Same as DIA, except B 
10 1 1 I AC I 0 1 1 I F 

91,0 
DEVICE CODE 

buffer. 6 I I 
12111 o I • 2 1 I 4 5 7 8 11 .4 15 

10 1 I AC I o 1 I 91,0 I DIC Data In C Same as DIA, except C 1 1 F DEVICE CODE 
buffer. 12111 

, 
o I • 2 1 I 4 5 6 I 7 • 11 .4 15 

DOA Data Out A Following the receipt of this 
instruction, the addressed 
I/O controller should retrieve 
the next 16 bits of data 
appearing on the I/O bus and 
load them into its A buffer. 
The data bits are the 

1 0 1 1 
1 AC 10 1 01 F 

91,0 
DEVICE CODE I contents of the accumulator o I • 2 1 I 4 5 6 I 7 • 11 12 I 11 I .4 15 

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. 

1 0 1 AC 1 o 01 91,0 
DOB Data Out B Same as DOA, except B 1 1 1 F DEVICE CODE I buffer. o I • 2 1 I 4 5 6 I 7 • 11 .2 111 •• •• 
DOC Data Out C Same as DOA, except C 1 0 1 11 AC 1 1 1 01 F 

91,0 
DEVICE CODE I 

buffer. o I • 2 1 I 4 5 6 I 7 • 11 12111 .4 15 

II 



INSTRUCTION FORMATS AND FUNCTIONS (CONT) 

MNEMONIC MEANING FUNCTION INSTRUCTION FORMAT 

SKP I/O Skip Following the receipt of this 
instruction, the addressed 
110 controller sends the 
state, 0 or 1, of its Busy and 
Done flags to the I/O bus. 
This information is 
contained in a 16-bit data 
word. Data bit 0 contains the 
complement of the state of 

II I the Done flag. Data bit 1 

l contains the complement of 
10 

, 
, 1 0 0 I 

, , , I T 
9 , 10 

DEVICE CODE I the state of the Busy flag. 
o 1 2 1 1 • 6 1 12113 The CPU retrieves this 

1 , , I 11 14 " 
information from the I/O 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. 



PROGRAM INTERRUPTS 

There are two classes of interrupts: normal interrupts and non-maskable interrupts. Normal interrupts are disabled when 
the CPU ION flag is O. Non-maskable interrupts are not. 

NORMAL INTERRUPTS 

When a normal interrupt occurs, the CPU sets ION to 0, disabling any further normal interrupts. Then it increments the 
PC and stores its value in location 0 of unmapped space, setting bit 0 of location 0 to O. Location 0 now contains the 
program's return address. 

If the program was executing in unmapped space when the CPU received the normal interrupt, the Busy flag of device 
01 is set to O. If the program was executing in mapped space when the CPU got the normal interrupt, the Busy flag of 
device 01 is set to 1. 

Then the CPU jumps indirectly through a location in unmapped space to an interrupt handler stored somewhere in 
unmapped space. Which location the CPU jumps indirectly through depends on the source of the interrupt. 

NON-MASKABLE INTERRUPTS 
When a non-maskable interrupt occurs, the CPU increments the PC and stores its value in location 0 of mapped space, 
setting bit 0 of location 0 to o. Location 0 now contains the program's return address. Then the CPU jumps indirectly 
through location 1 of mapped space to an interrupt handler stored somewhere in mapped space. 

INTERRUPT HANDLER 

The interrupt handler should save state before transferring to the service routine. If the service routine uses the 
accumulators, stack pointer and frame pointer, the interrupt handler should save their previous values. It should also 
save the state of MAPON. It's good programming practice to keep track of the state of MAPON and record its current 
value in an accessible location. The interrupt handler may then establish a new priority mask with the MSKO instruction 
and re-enable interrupts. At the concluSion of the service routine, the interrupt handler disables interrupts, restores the 
CPU to its prior state, re-enables interrupts, and then jumps indirectly through location o. The interrupted program 
continues. 

DISABLING INTERRUPTS 

It is important to understand the different ways that the CPU disables interrupts. 
1) When a normal interrupt occurs, the CPU sets ION to 0, disabling all normal interrupts. The CPU will still honor a 

non-maskable interrupt, however. You can re-enable interrupts by issuing an INTEN instruction. This instruction 
returns ION to 1. 

2) When the CPU executes an INTOS instruction, ION becomes 0 and all normal interrupts are disabled. The CPU will 
still honor a non-maskable interrupt, however. You can re-enable interrupts by issuing an INTEN instruction. This 
instruction returns ION to 1. 

3) When the CPU executes a MEP instruction, a MAPON change becomes pending. If MAP EXISTS (bit 1 of the System 
Status Word) is low, all interrupts (normal and non-maskable) are disabled and any breakpoint instructions will 
become no-ops. If the CPU then executes an LOA or STA instruction, interrupts are re-enabled. The ION flag does not 
change. 

4) When the CPU executes a MEP instruction, a MAPON change becomes pending. If MAP EXISTS is low, all interrupts 
(normal and non-maskable) are disabled and any breakpoint instructions will become no-ops. If the CPU executes a 
JMP @ or JSR @ instruction, control transfers to the other memory space and all interrupts are re-enabled. The ION 
flag does not change. 

5) When the CPU takes a non-maskable interrupt, control transfers to the mapped memory space. If MAP EXISTS is low, 
all interrupts (normal and non-maskable) are disabled and any breakpoint instructions will become no-ops. They 
remain disabled until the CPU executes an INTRE instruction. The ION flag does not change. 

6) When the CPU executes a TRAP instruction and the MAP ON TRAP bit of the System Status Wor is low, the CPU traps 
to mapped space. If MAP EXISTS is low, all interrupts (normal and nOILmaskable) are disabled and any breakpOint 
instructions will become no-ops. They remain disabled until the CPU executes an INTRE instruction. The ION flag does 
not change. 

7) When the CPU executes a BRKPT instruction, it stores the PC in location 0 of mapped space and jumps indirectly 
through location 1 of mapped memory. If MAP EXISTS is low, all interrupts (normal and non-maskable) are disabled 

and any breakpoint instructions will become no-ops until the CPU executes an INTRE instruction. The ION flag does 
not change. 

• 
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INTERRUPT SOURCES 
An interrupt can come from three sources. These sources are: 

Two internal registers internal to the mN602 
Three bits of the System Status Word 
Any external I/O device 

CPU INTERRUPTS 
INTERRUPT SOURCE INTERRUPT INDIRECT 

FLAG JUMP 
THROUGH THIS 

LOCATION 

INTERNAL REGISTERS so RO 000003 
RTC RO 000002 

SYSTEM STATUS WORD ~ 000002 
~ 000001 
m;rn 000001 

EXTERNAL I/O DEVICE mTIi 000001 

MAP ON PRIORITY 

Low Second 
Low Third 

Low Third 
Low Fourth 
High First 

Low Fourth 

Normal interrupts are all interrupts except those due to iiiMR. Non-maskable interrupts are those due to NMR. 

Internal Registers 
The two internal registers that can cause interrupts are Stack Overflow Request (SO RQ) and Real Time Clock Request 
(RTC RQ). Both single bit registers are automatically cleared after they cause the interrupt. 

SO RQ interrupts when the stack pointer increments over a 256 word boundary (xxx377 s to xxx400s). No interrupt 
results when the stack pOinter decrements over the same boundary. 

RTC RQ interrupts every 1.9651 ms. For this interrupt to occur both the Real Time Clock Enable bit (RTC ON) and ION 
must be 1. I! RTC ON is 0, RTC RQ cannot cause an interrupt even if ION is 1. 

System Status Word 
The CPU reads the System Status Word (SSW) off the memory bus on the data phase of every memory refresh. Certain 
bits of this word can cause interrupts at this time. These bits are ~, POWERFAIL, and NMR. 

The CPU samples these bits after every refresh. The interrupt is edge sensitive. That means an interrupt occurs if the 
bit has changed state in the appropriate direction since the last sampling. 

EXT RTe (External Real Time Clock) is bit 12 of the SSW. I! Ei<iR'fC has experienced a rising edge since the last refresh, 
the CPU disables the internal real time clock and responds as if the internal RTC generated the interrupt. It saves the PC 
in location 0 and jumps indirectly through location 2. 

POWER FAIL is bit 6 of the SSW. This bit should be driven low by the power supply if power to the mN602 goes below 
minimum levels. I! POWERFA/L has experienced a falling edge since the last refresh, an interrupt occurs. 

NMR (Non-maskable Request) is bit 0 of the SSW. I! NMR has experienced a falling edge since the last refresh, a 
non-maskable interrupt occurs. When the mN602 gets a non-maskable interrupt, it stores the PC in location 0 of mapped 
memory and jumps indirectly through location 1 of mapped memory. 

External I/O Device Interrupts 
An interrupt occurs when ION is 1 and INTR goes low. The mN602 stores the PC in location 0 of unmapped space and 
jumps indirectly through location 1 of unmapped space. 

PRIORITY INTERRUPTS 
The mN602 provides 16 levels of priority for standard I/O devices. The Maskout instruction (MSKO) controls the priority 
of the interrupt, using a 16-bit mask word. Each bit of the mask denotes a priority level. One mask bit controls one 
device, or a number of devices with the same transfer rate. I! a mask bit is 1, devices assigned to that priority level are 
disabled from generating interrupts. I! the bit is 0, interrupts from that level are enabled. Each I/O controller contains an 
Interrupt Disable flag that is set by the Maskout instruction to enable or disable interrupts. 



CPU I/O INSTRUCTIONS 
I/O instructions addressed to device code 77s are CPU 1/0 instructions. This instruction group performs special 
functions rather than controlling specific devices. Some CPU 1/0 instructions are global in nature. Global instructions 
are directed to all 1/0 controllers; others are acted upon internally by the CPU. 

In all but ths 1/0 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' 

CPU ION FLAG SET AND TEST OPTIONS 

CLASS CODED RESULT 
ABBREV. CHARACTER BITS 8-9 OPERATION 

Set (I) (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 O. 

P 11 Do not use. 

Test (I) BN 00 Tests for Interrupt On - 1. 

BZ 01 Tests for Interrupt On - O. 

ON 10 Skip if there is a power fail (the CPU 
Done flag is 1 if the System Status Word 
bit POWERFAIL is low) 

DZ 11 Skip if no power fail. 

CPU I/O INSTRUCTIONS 

INTEN RTCEN 

INTDS RTCDS 

INTA NIOP O.CPU (BRKPT) 

MSKO NIOP 1.CPU (MEP) 

IORST NIOP 2.CPU (lNTRE) 

HALT SKPDN 1 (SKPM) 

SKP 

• 
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When the instructions described below are executed, the CPU sends the instruction, exactly as it is stored in memory, to the I/O 
bus. In most cases, after the instruction is transmitted, data is transferred either from the CPU or the 1/0 controller. See 1/0 
Operations section. 

INSTRUCTION FORMATS AND FUNCTIONS 

MNEMONIC MEANING FUNCTION INSTRUCTION FORMAT 

INTEN Interrupt This instruction is internal 
Enable to the CPU. When executed, 

the Interrupt On flag is set to 
1 after one more instruction 

10 1 !J ~ I ~ 1 
o 0 01 0 1 11 1 1 1 1 1 I is executed; then interrupt o I I 5 I • I 8 I 

requests are honored ·by the 
1 7 9 10 I 11 I 12 I" I .. I 15 

I CPU. 

The data transmitted by the 
CPU following this 
instruction should be 
ignored by the liD 
controllers. 

INTDS Interrupt This instruction is internal 
Disable to the CPU. When executed, 

the Interrupt On flag is set to 
o and interrupt requests are 
not honored by the CPU. 

10 1 ! 1 ~ I ~ 1 
0 ~I~I 1 o 11 1 1 1 1 1 I 

The data transmitted by the o I I ! 
8 I 1 5 9 10 I 11 I 12 I" I I. I 15 

CPU following this 
instruction should be 
ignored by the liD 
controllers. 

INTA Interrupt 
This is a global instruction 
directed to all liD 

Acknowledge controllers. It is sent to the 
liD bus in response to a 
program interrupt request. 
The highest priority device 
requesting an interrupt 
should respond by sending 
its device code to the liD 
bus in a IS-bit data word. 
The device code is 
contained in data bits 
10-15. When the CPU 10 1 1 1 AC 10 1 1 1 00 11 1 1 1 1 1 I 
retrieves this information, o I I 3 I 4 S I • I 1 2 7 8 I 9 10 I 11 I 12 I" I ,. I 15 

the device code is placed in 
bits 10-15 of the 
accumulator specified in 
bits 3-4 of the instruction. 

If the device code 
returned is 778 , the 
interrupt was due to a 
power fail. 
Data bits 0-9 are 
transmitted and loaded in 
the specified AC as O's. 
" no device is requesting an 
interrupt, bits 0-15 of the 
specified accumulator are 
set to ones. 



INSTRUCTION FORMATS AND FUNCTIONS (CONT) 

MNEMONIC MEANING FUNCTION INSTRUCTION FORMAT 

MSKO Mask Out 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-bit software priority 
mask. 
Each I/O controller 

1 0 responds (after one more 1 1 I 
3 ie.1 1 00100111111 '1 

instruction is executed) o I 1 
I 

2 5 I 6 I 7 8 I • 10 I 11 I 12 I 13 I ,. I 15 
• 

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 0 turns it off. 

10RST Reset 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 o and by 
turning their Interrupt 
Disable flags off. 
The CPU responds by 
disabling its real-time 

1 0 
, 1 0 0 10 :I~I 1 011 1 1 1 1 1 I clock from generating I 

interrupts. 
o I 1 2 ' 3 I 4 5 I 8 i I) 10 I l' I 12 113 I 14 I 15 

The data transferred by the 
CPU following this 
instruction should be 
ignored by the 1/0 
controllers. 



INSTRUCTION FORMATS, AND FUNCTIONS (CONT) 

MNEMONIC MEANING FUNCTION INSTRUCTION FORMAT 

HALT Halt This Instruction is Internal 
to the CPU. It is used to stop 
the execution of 
instructions. 

The Interrupt On flag is set 
to 1. The CPU honors both 

10 ! I ~ I ~ I : 1 ~ I program Interrupt and data 
, , o 0 \, , , , , , I 

channel requests while it is o 1 1 I 5 I • I 9 10 I 11 I 12 1 n I 14 I 15 
in the halted state. 

i 
When this instruction is 
executed, no data is 
transferred as part of the 
110 transaction. See 110 
Operations. 

SKP CPU Skip This instruction is internal 
to the CPU. When executed, 
the CPU switches to I/O 
input mode (see I/O 
Operations section); but, no 
device should respond by 
placing data on the I/O bus. 

1 0 , , I 0 0 I , 
: 1 ! I T \, , , , , , I 

o 1 1 I 2 ) 1 4 5 I 8 I 9 10 I 11 I 12 1 n I 1. I 15 
CPU skip tests the state 
of the Interrupt On flag or 
the power fail flag. If the 
test condition specified in 
bits 8·9 of the instruction 
is true. the program 
counter is incremented an 
additional time. 

RTCEN Real·time This instruction is internal 
Clock to the CPU. It enables the 
Enable CPU's real·time clock to 

generate program interrupt 
requests. 

1 0 
, , '00 , 0 10 0 \, , , , , , I 

01 1 I 2 I ) 1 • I 5 I 6 1 7 8 I 9 10 I 11 I 12 1 n I 1. I 15 

The data transmitted by the 
CPU following this 
instruction should be 
ignored by 110 controllers. 



MNEMONIC MEANING FUNCTION INSTRUCTION FORMAT 

RTCDS Real-time This instruction is internal 
Clock to the CPU. It disables 
Disable program interrupt requests 

by the CPU'S real-time 
clock. 

10 , 0 I ~ I,: ' , , '1 The data transmitted by the 
, , 0 , 0 0 , 

.1 , , ',1 • , • I , • " 12113 I 14 I 15 
CPU following this 
instruction should be 
ignored by 110 controllers. 

BRKPT' Breakpoint Turns on map. Stores PC ' 
in Location o of upper 
memory, 
Jumps indirectly through 

1° 1 11 00 10 ° 0111111111111111 Location 1 of upper 
• I 

, I , , I • , I • I , • I .,. " "1,, ,. " 
memory, Executes upper Equivalent 
memory locations, mnemonic: NIOP O,CPU • 
Breakpoints are possible 
in a mapped program, but 
only after the INTRE 
instruction, and if no map 
change is pending, 

MEP' Map The next memory 
Enable reference instruction 
Pending complements MAPON and 

accesses the other 
logical address space. 
(The MAPON change 
remains pending during 
non-memory reference 
instructions.) 

II next instruction is LOA 
or STA, data Is transferred 
between CPU and the 
other memory. MAPON 

10 , remains complemented 1 10 1 1° ° ° I' 111 1 1 1 1 11 
only for one memory 

• I , I , , I • 5 I • I , • I IJ 10 I 11 I 12 In I 14 I 15 

reference. Equivalent 

II next instruction is JSR@ mnemonic: NIOP ',CPU 

or JMP@, MAPON is 
complemented after the 
first memory reference 
and remains 
complemented. The CPU 
resolves the first level of 
indirection, complements 
MAPON, and transfers 
control to a location in the 
other memory space. 

Enables 10 1 INTRE' Interrupt all interrupts 1 11 ° 10 ° ° 11 11'11 1 1 1 11 Reenable (normal and non- • I , I ,,1.,1.1,.1 • 10 11 I 12 In I 14 I 15 

maskable) Equivalent 
, mnemdnic: NIOP 2,CPU' 

SKPM' Skip on Used in interrupt handlers. 
Previous Tests state of MAPON 
Map before the last normal 10 1 1 I ° 0 11 I 1 1 I 001°1° 0001 1 

interrupt occured. Skip • I 
, I , ,I. , • I , 8 IJ 10 11 I 12 111 I '4 I 15 

next instruction if MAPON 
was 1 . 

• At present, the assembler does not recognize a mnemonic for this instruction. Use equivalent mnemonic: SKPBN 1. 
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mN802" 
OPE""RATIONSPROTOeOt., 

OPERATIONS PROTOCOL 
The mN602 communicates with memory and I/O interfaces via the memory bus and I/O bus, respectively. Four types of 
transfers are possible: memory reference (read/write), programmed I/O, standard data channel, and high speed data 
channel. Read/write and high speed data channel transfers are made via the memory bus. Programmed I/O and 
standard data channel transfers are made via the I/O bus. Since the fast data channel transfers data only on the 
memory bus, devices using it require the I/O bus to take commands from the CPU. 

mN602 SYSTEM WITH FAST DATA CHANNEL 

MEMORY BUS ,I I. I/O BUS 

~ mN602 K 
CPU I 

MEMORY 1 
CONTROL 

~ MEMORY ~ 
f-

,11/0 FAST DATA 
~ CHANNEL DEVICE ~ "I PRIORITY 1 

~I/OFASTDATA 
CHANNEL DEVICE E= 
PRIORITY 2 

-,,11/0 FAST DATA 
A CHANNEL DEVICE ~ 

I" 'I PRIORITY 3 J... 
1 1/0 DEVICE K 

~ FDCHR/ P PRIORITY 4 

FDCHI 
FDCHE 

1 1/0 DEVICE K -" 
PRIORITY 5 

11/0 DEVICE K -" 
PRIORITY 6 

00-06018 



FOUR PHASE CLOCK 
The CPU Clock IS composed of two lines, a 1/3 and a2/4, which synchronize all transfers external to the mN602. These 
two lines give a 4-phase, non-overlapped clock that defines one CPU cycle. One CPU cycle consists of the sequence 
a1, a2, a3, a4. 

FOUR-PHASE CLOCK 

1_1 - .... +1 .... -2--'~1"" -3_1--4--1 

",1/3 
f----- - v-;;-

- f-I ",1 \ V ",3 1\ 

r-- -
I ",2 \ V ",4 \ -

",2/4 

T2 T2 T3 T2 T1T2 T3 T2T1T2 T3 T2 T1T2 T3 T2 Tl 

DC·06019 1-o1.>----------Tl---------J.! 

NOTE: See AC Transition Timing Table (p.6?) for values. 

MEMORY OPERATIONS 

Memory references involve not only the memory reference instructions but also CPU memory transfers. These include 
any form of read (LDA, POPA, or RET), write (STA, PSHA, or SAV), and the instruction fetch cycle. (Memory sees an 
instruction fetch as any other read. The only difference is that the contents of the memory location referenced go to the 
instruction register instead of an accumulator. 

Signals P, SAE, and WE are used for the normal memory references. These signals strobe data in or out of the CPU 
along the memory bus. The WAIT Signal, when driven low by slow memories, forces the CPU to initiate another SAE or 
WE. Slow memories use a2 as a clock to strobe onto the memory bus. When the mapped memory space is being 
accessed, MAPON goes high during the setup time for the address. 

Both addresses and data are transferred on the memory bus. During the a2 phase of the clock, the memory bus lines 
are precharged. The CPU places information on the bus by discharging lines for logic zero, and leaving lines for logic 
one charged. The last part of the transfer comes during the a1 clock phase. During the a2 phase, the memory bus lines 
are precharged again in preparation for the next transfer. 

Bit 0 of the memory bus (MBO) determines if the next event on the bus is a memory reference or a refresh. If MBO is low, 
then the next event is a memory reference. The remaining 15 bits give the memory address. If MBO is high, the next 
event is a memory refresh. 

The mN602 contains a refresh address and a refresh counter. When a refresh occurs, the refresh counter is reset and 
the refresh address is incremented. During a refresh operation, the CPU transfers a ?-bit address specifying 1/128 of 
total memory. Memory bus bits 9-15 hold the address while bits 0-8 contain all ones. 

There are two types of refreshes: transparent refreshes and demand refreshes. 

A transparent refresh occurs at irregular intervals during the execution of instructions. Transparent refreshes cannot 
occur during data channel activity (high speed and standard). 

A demand refresh is a refresh operation initiated by the refresh logic. It occurs when the refresh counter counts to 16 
!Ls. When a demand refresh occurs, any high speed and standard data channel activity is suspended. Demand refreshes 
insure that memory is refreshed at least once every 16 !Ls. 

Both memory references and refresh operations are started on the rising edge of P. When P rises, the memory tests 
MBO and proceeds with the indicated operation. 

• 



Read 
The mN602 precharges the memory bus during every a2 phase. If the mN602 wants to read memory, it sets up an 
address on the memory bus. Then during the next a1 phase, the mN602 drives P high. When P goes high, memory 
assumes that the memory bus contains a valid address. 

Then the CPU transmits SAE to the memory bus transceivers. Depending on the instruction, there may be a delay of a 
few CPU cycles from the time when P goes high to the time when SAE is transmitted. The falling edge of SAE signifies 
that valid read data are on the memory bus. The valid data remain on the bus until the bus is precharged during the next 
a2 phase. P drops on the falling edge of this a2. 

CLOCK 
PHASE 

p 

MEMBUS 
<0-15> 

MAPON 

SAE 

00-08142 

",1/3 
",2/4 

o 

1 

o 

o 

MEMORY READ TIMING DIAGRAM 
4 2 3 4 , , 

1201'S!; 
~--------. , , 

"'I·~·i"··---PT-----i '--I i I---PT--i 
PTR PTR _ PTR 

, ' 
-1 h-i H 

MAPONR! I MAPON 

MAPONH 
MAPONF 

PI __ _ 

, , ' 
o t---------:,. : ':-,--------(1: : 'r,-----

:H: 1,-" 

i I ~ : \: i I; I; Ii 
SAEH SAER SAEF 

SAER SAEF SAEH 

Read (Slow Memories) 
NOTE: See Timing Tables near the end of this chapter, 

Unmapped mN602 memory can contain slow memories (e.g., EPROMs). If the mN602 reads a slow memory location, the 
slow memory drives WAIT low. The CPU samples WAIT on the falling edge of a2. If WAIT was low the last time the CPU 
sampled it, the CPU does not recognize the data on the memory bus as valid. The CPU transmits another SAE to the 
memory bus transceivers. 

During the next a2 phase the CPU again precharges the memory bus. On the falling edge of this a2 the CPU samples 
WAIT. If WAIT is now high (slow memory required only one wait cycle), the falling edge of SAE signifies that valid data 
are now on the bus. The valid data remain on the bus until the bus is precharged during the next a2 phase. P drops on 
the falling edge of this a2. 

The first figure on the next page illustrates the use of wait cycles. It shows memory keeping WAIT low for two wait 
cycles. 

The CPU can tolerate up to 50 wait cycles. More than 50 wait cycles on one memory reference halts the CPU. 

The figure, WAIT goes low during a2. The CPU samples it on the falling edge of'a2 and consequently finds it low. WAIT 
stays low during the next a3, a4, a1, a2 phases. The CPU samples WAIT again on the falling edge of this last a2 phase 
and again finds it low. Because WAIT was low both times the CPU sampled it, the CPU sent out two extra SAE signals. 
On the falling edge of the next a2, the CPU again samples WAIT and this time finds it high. 

The falling edge of the third SAE signal signifies that valid data are on the bus. The third SAE signal is the one that 
signifies valid data because WAIT was high the last time the CPU sampled it. P drops on the falling edge of the next a2. 
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Write 

mN602 
O~t:tATIO~S PROTOCOL 

""o:/";,,';'"O"S;,,,-_~'4JJ;,-,,,"/ ~,;; \'''-' 

MEMORY READ TIMING DIAGRAM WITH WAIT CYCLES 

CLOCK 0'1/3 

PHASE a2/4 

MEMBUS 

<0-15> 0 

i-i EXTENDED P DUE 
120p.S TO THE 2 WAIT CYCLES 

I __ ------~-------------i 

" , 

4~1~H·l~ 
, , , , , , 
~~ 

PC 

!~; 
"" ~\~ r-PTR PTR 

: :i 
8I+-DHR-H 
PC PSR PC 

PT 

MAPQN 
, " 
o T ,: :' , 

I :: " : 

I MAP~~~~ MAPONH MAPON 

SAE 0>--------1 

'\.L---,----i~: ! 
~ li 

WAITF 1 WAlTH 

WAITR 

\2 WAIT CYCLES) 

NOTE: See Timing Tables near the end of this chapter. 

The mN602 precharges the memory bus during every a2 phase. If the mN602 wants to write to memory, it sets up an 
address on the memory bus. Then during the following al, the mN602 drives P high. When P goes high, memory 
assumes that the memory bus contains a valid address. 

The CPU precharges the memory bus during the next a2 phase. Then, the CPU transmits WE to the memory bus 
transceivers. Depending on the instruction there may be a delay of a few CPU cycles from the time when P goes high to 
the time when WE is transmitted. The falling edge of WE signifies that valid write data are on the memory bus. The valid 
data remain on the bus until the bus is precharged during the next a2 phase. P drops on the falling edge of this a2. 

DG-OB144 

MEMORY WRITE TIMING DIAGRAM 

CLOCK al/3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

PHASE a2/4 

o 

MEMBU$ 
<0-15> 1 

o 

MAPON 
o 

WE 

: I!: :! ! 
~A; S~ ~ ~/I- \ ... d-1 ~A;;:j r ...j r\...; II-

PC OSw DHw PC AS PC DSw PC 
DHw 

~ ~\~ f.-
MAPONR MAPONF 

MAPONH 

, !}-----
o I--------l~ ~ L 

WER WE, NOTE: See Timing Tables near the end of this chapter. 

• 
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Write (Slow Memories) 
Unmapped mN602 memory can contain slow memories (e.g. EPROMs). If the mN602 writes to a slow memory location. 
the slow memory drives WAIT low. The CPU samples WAIT on the falling edge of a2. If WAIT is low. the CPU knows that 
memory did not accept the data on the memory bus. The CPU transmits another WE to the memory bus transceivers. 

The memory bus is precharged during the following a2 phase. On the falling edge of this a2 the CPU again samples 
WAIT. 

If WAIT was high (slow memory required only one wait cycle). the falling edge of WE signifies that valid write data are 
on the bus. Since WAIT was high the last time the CPU sampled it. the CPU knows that memory has accepted the data. 
The valid data remain on the bus until the bus is precharged during the next a2 phase. P drops on the falling edge of this 
a2. 

00-08145 

MEMORY WRITE TIMING DIAGRAM WITH WAIT CYCLE 

CL~OC~K~a~'~/3~4~1~2~~~~~~~~~~~~~~4~1~2~3141 1 121314 
PHASE a.2/4 

MEMBUS 

<0-15> 

MAPON 

WE 

WAIT 

o 

1 

o 

1 

o 

1 

120,"S 
EXTENDED P DUE 
TO WAIT CYCLE 

, , , , , .......... 
PTR 

~ l~ ~i ~I [.j [---1 bj ~j *i\l_~ t=.,...i 
PC AS AH PC DSw \ PC DSw PC AS AH PC PSw \ 

DHw DHw DHw 

O-r------------4 

1 

o 

NOTE: See Timing Tables near the end of this chapter. 

The figure illustrating the use of wait cycles shows memory keeping WAIT low for one wait cycle. 

The CPU can tolerate up to 50 wait cycles. More than 50 wait cycles on one memory reference halts the CPU. 

In the figure. WAIT goes low during a2. The CPU samples it on the falling edge of a2 and consequently finds it low. 
Because WAIT was low when the CPU sampled it. the CPU sent out an extra WE signal. On the falling edge of the next 
a2. the CPU again samples WAIT and this time finds it high. 

The falling edge of the second WE signal signifies that valid write data are on the bus. The second WE signal is the one 
that signifies valid data because WAIT was high the last time the CPU sampled it. P drops on the falling edge of the next 
a2. 

Refresh 
On the rising edge of p. memory tests MBO. If MBO is a 1. memory knows that a refresh is occurring. 

P rises during a1. telling memory that a valid address is on the memory bus. During the following a2 phase. the CPU 
drives SeEN low. seEN strobes the System Status Word onto the memory bus. 



During the following a3 phase, the CPU drives WE high. The falling edge of a3 strobes the System Status Word into an 
internal CPU register. The System Status Word is not program accessible. 

MEMORY REFRESH TIMING DIAGRAM 
CLOCK PHASE 41234123412341234 

o f---------< i-PT-! \------
-Ii-- -II--

PTR System PTF 

MEMBUS 
<0-15> 0 i----{ 

MAPON 

o 

o 

WE 

, ' 

-l ~~..j 
III I'i ~ 

MAPONR I \ \ MAPONH 
MAPONH MAPONF 

SCENF --: t:......:l ~ SCENR 

SCENH 

, , 
f---------{J~H~~'--------

j ~~ l 
WER WEF 

00-08146 NOTE: See Timing Tables near the end of this chapter. 

HIGH SPEED OAT A CHANNEL 

The mN602 contains logic that synchronizes high speed data channel requests and provides the memory control signals 
that enable data transfers between a high speed data channel device and memory via the memory bus. When the CPU 
is not referencing memory, it allows a high speed data channel device to use the memory bus. 

The mN602 puts out a2 as a request enable for high speed data channel requests. When a device requests the high 
speed data channel, it sets its own high speed data channel request flag. Then the rising edge of the next a2 causes 
FDCHR to go down. The CPU samples FDCHR during an a4 phase. If the CPU is using the memory bus, the high speed 
data channel request remains pending. When the CPU finishes with memory, it asserts FDCHE at the rising edge of the 
next a2, thus enabling high speed data channel transfers. 

While high speed data channel transfers are going on, the CPU does not perform memory references. It stops the 
process of the current instruction and ignores its memory bus inputs. 

By driving FDCHE high the CPU allows the highest priority high speed data channel device to gain control of the memory 
bus. The device closest to the CPU along the priority chain has the highest priority. The priority chain is created by 
gating the OCHR line through each 1/0 interface. When the device drives DCHR low, it locks out any other devices below 
it on the priority chain. A high speed data channel device can lock out not only the CPU and lower priority fast data 
channel devices, but also all normal 1/0 devices. 

During the time that FDCHE is high the high speed data channel device that has priority indicates the direction of the 
upcoming transfer to the CPU, The CPU samples FDCHR (now considered FOCHt) during the a4 phase following the 
assertion of FDCHE. When FDOii is high, it indicates a data out transfer (the device reads from memory). When FDCHI 

is low, it indicates a data in transfer (the device writes to memory). 

While the memory bus is being precharged in preparation for the address of the upcoming transfer, FDCHE goes low. 
Now the CPU issues the proper control signals for a memory read or write. Control line P goes high to signify a valid 
memory address and falls when the memory transfer is completed. The CPU issues the appropriate WE or SAE signals. 

III 



mN602 
OPERATIONS PROTOCOL 

High Speed Data Channel Memory Access 

The high speed data channel cannot access slow memories. If WAIT goes low during a transfer, the CPU will halt. WAIT 
being low before a transfer occurs, does not cause the CPU to halt. 

The high speed data channel is intended to access only unmapped memory. The CPU drives MAPON low during high 
speed data channel activity. 

HIGH SPEED DATA CHANNEL DEVICE TO MEMORY TIMING DIAGRAM 

CLOCK al/3 I 
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Refresh during High Speed Data Channel Activity 

When 16 "s have elapsed since the last refresh, the mN602 can take the memory bus away from the high speed data 
channel to perform a demand refresh. Transparent refreshes are not performed during high speed data channel activity. 
After the CPU performs the demand refresh, it returns to program execution. If the device still requires the high speed 
data channel, the device must request it again. 
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I/O OPERATIONS 
Data are passed between the mN602 and the 110 controllers connected to the microNOVA I/O bus via programmed I/O 
or the standard data channel. The CPU is switched to one of these modes of transfer at the request of the I/O 
controllers, through the use of the program interrupt and data channel request facilities. 

PROGRAMMED I/O 
In programmed I/O, the CPU moves information, consisting of a command followed by data, between its 
accumulators and the I/O bus. There is one exception to this rule; that is when an I/O Skip instruction is 
executed. The data received in response to this command contains the state, 0 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 a skip command (e.g., 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. 

STANDARD DATA CHANNEL 
Using the standard data channel, the CPU moves information between the I/O 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 I/O bus. This is responded to by the I/O controller 
with the highest priority requesting a data channel break. The I/O controller sends to the CPU the appropriate 
l5-bit 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 operation using the address received from the 
I/O 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 starts a write operation. The CPU switches to I/O input mode 
and then waits a certain period of time to receive the data. The 16 data bits received from the I/O controller 
during this time period are sent to the memory bis 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. 

I/O BUS TRANSFERS 
Information is passed in serial form between the CPU and the I/O bus via the CPU I/O bus pins. The pins and their functions are 
listed below. 

I/O SIGNALS 

PIN MNEMONIC FUNCTION 

I/O DATA 1 Bi directional, data bus. This line carries the 8 most significant bits (0-7) of a l6-bit word in serial 
form, plus one control code prefix bit. (Code bits are explained below.) 

110 DATA 2 Bi directional data bus. This line carries the 8 least significant bits (8-15) of a 16-bit word in serial 
form, plus one control code prefix bit. 

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

i5CRR This is a wired-OR of all 1/0 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. 

iN'i'R This is a wired-OR of all I/O controllers' program interrupt lines. When asserted low by any of the 
1/0 controllers, it tells the CPU that a device, or devices, is requesting a program interrupt. 

110 INPUT This line indicates the operating mode of the mN602 to the CPU 1/0 transceiver connected to the 
1/0 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 I/O bus. When the line is at a 
high logic level, it tells the transceiver that the CPU is ready to receive data, and the information on 
the 1/0 bus should be retrieved and sent to the CPU. Except for the intervals during which the CPU 
is transmitting information, this line remains in the high logic state. 



The 1/0 data lines (I/O OATA<1-2» are used to transfer four types of information: Request Enable, Data Channel Address Request, 
programmed 1/0 commands, and data. Each type consists of either 2 bits or 18 bits (1 or 9 bits on each 1/0 data line) and is 
identified by the first bit transmitted on each line. The encoding is shown below. 

TRANSFERS VIA I/O DATA LINES 

FIRST BIT FIRST BIT 
CODE CODE 

I/O DATA 1 VO DATA 2 I/O 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 1/0 Command 18 bits (2 code bits plus 16 command bits) 

REQUEST ENABLE 

This is a signal sent by the CPU, in form, to all devices connected to the 1/0 bus. It is sent between instructions and at 
other irregular intervals. It is used by the individual 110 controllers to synchronize the assertion of program interrupt and 
data channel request lines. Request Enable ensures that the INTR, OCHR, and priority lines are at a steady state when 
they are examined by the CPU. 

REQUEST ENABLE TIMING DIAGRAM 
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DAT A CHANNEL ADDRESS REQUEST 
This is a signal sent by the CPU, in code form, to the 1/0 bus In response to a data channel request. It tells the 1/0 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 CHANNEL ADDRESS REQUEST TIMING DIAGRAM 
CLOCK cx1/3 
PHASE CX~2~/4~~ __ ~-L __ L-4-L~L-2~3~~ 
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I ~. -\' I 
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o 
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o 

1/0 DATA1 
o 

I/ODATA2 TI 

o 
DG-06OZO 

DATA NOTE: See Timing Tables near the end 01 this chapter. 

The format shown in the Data Timing Diagram is used to transfer 16 data bits on the 1/0 bus. In programmed 1/0, data is any 
16-bit 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-bit word. 

DATA TIMING DIAGRAM 
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I/O COMMAND 
The format shown in the 1/0 Command Timing Diagram is used by the CPU to transfer all instructions to the I/O bus in which bits 
0-2 contain 011 (I/O instruction format). 
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1/0 COMMAND TIMING DIAGRAM * 
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RULE: 00, 01 B . 02 B .03 B . and 77 B are ILLEGAL DEVICE CODES for any 1/0 device connected to the microNOVA 
1/0 bus. 

The mN6021nstruction Set section describes several groups of instructions which incorporate the 1/0 format: 1/0, CPU 
1/0, Multiply/Divide, and Stack. Each of these groups is discussed below. 

Each 1/0 instruction should contain a device code in bits 10-15 which specifies one of the existing devices connected to the I/O 
bus. When one of these instructions is sent to the I/O 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 the 
CPU or the I/O controller. See mN601 Instruction Set. 

Each CPU 110 instruction contains device code 778 (illegal device code). Some of these instructions are global in 
nature and are directed to all 110 controllers; others are acted upon internally by the CPU. The latter should be ignored 
by all 1/0 controllers. The effect of each is described in the CPU 1/0 instructions section of the mN6021nstruction Set. 

The Multiply and Divide instructions and the Stack instructions address device code 018 (illegal device code). Because 
these instructions are internal to the CPU. the instruction is not sent to the 110 bus when executed; and no data is 
transferred. I/O controllers should ignore these instructions. 
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I/O TRANSFER PROTOCOL 

Programmed I/O Data Out 
The programmed data out timing diagram depicts a transfer of an I/O instruction followed by a data transfer from the CPU; e.g., 
DOA, DOB, DOC, MSKO. After the instruction is sent to the I/O bus, the CPU waits for a fixed interval of time before sending the 
data. 

PROGRAMMED DATA OUT TIMING DIAGRAM * 
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NOTE: See Timing Tables near the end of this chapter. 

Programmed I/O Data In 

The programmed data in the timing diagram depicts a transfer of an 1/0 instruction followed by a data transfer from an 
10C; e.g., OIA, 018, OIC, 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. 

1/0 CLOCK 

1/0 DATA 1 

1/0 DATA 2 

1/0 INPUT 

DG·04019 
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Data Channel Data Out 
The sequence of events from the time the CPU acknowledges a data channel request through the time the data is placed on the 
I/O bus is depicted in the timing diagram below. After the CPU sends a Data Channel Address Request to the bus, it switches to 
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 I/O 
controller with the highest priority requesting a data channel break will send the memory address and the direction mode bit 
during this time frame. When the window closes, the memory address contained in the data transfer is used by the CPU in 
performing a memory read operation. When the data is retrieved from memory, the CPU transfers it to the I/O bus by performing a 
data out operation. 

DATA CHANNEL MEMORY TO DEVICE TIMING DIAGRAM * 
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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 I/O 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 time. The first time is to retrieve the 
memory address and mode bit. The second time it is expected that the I/O controller will send one 16-bit 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. 
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LATENCY 

A system that depends heavily on slow memories and a number of I/O controllers can be overloaded. This 
means that peripherals and memories may lose data. since the system cannot respond in time to requests for 
service. Hence. it is important to understand the timing constraints of the system you are using. 

MEMORY LATENCY 

Memory latency is the time delay between the start of a memory reference (the CPU sets P) and the placement of valid 
data on the memory bus. This interval normally consists of one full CPU cycle (480 ns.) 

Another delay is introduced when a slow memory is accessed. Each WAIT signal. generated while the memory bus is 
being precharged and set up. forces the CPU to generate another WE or SAE signal one CP.U cycle later. The CPU 
tolerates up to 50 WAIT requests from memory for one memory reference. This creates an absolute maximum delay of 
24 I1S. However. most accesses are made with one WAIT. 

NOTE: More than 50 WAIT signals to the CPU on one memory reference will halt the CPU and require a processor reset. 

Slow memories can be used in mapped and unmapped space. Slow memories cannot be addressed by the high speed 
data channel. 

Memory latency = memory reference time + the number of wait cycles. 

Memory latency = CPU cycles. typically. 

HIGH SPEED DATA CHANNEL LATENCY 

High speed data channel latency is the delay between the request for service by the device and the placement of valid 
data on the memory bus. It is composed of 

1. The time from when the high speed data channel device sets its own request flag to 
when it gets a Request Enable from the CPU. Request Enables for high speed data 
channel requests are a2 signals. When the device gets an a2. it asserts FOCHR. 

2. The time from when FOCHR is asserted to when the CPU asserts FDCHE. If the CPU is 
making a memory reference when FDCHR goes down. it waits until the completion of 
the memory reference before asserting FDCHE. 

3. The time from when the CPU asserts FDCHE to when valid data appears on the 
memory bus. This is typically 1.5 CPU cycles for a read from memory and 1.75 CPU 
cycles for a write to memory. 



Programmed I/O 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 I/O latency. 

When the program interrupt facility is not used, this time is dependent upon the following: frequency of the I/O 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, I/O 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 interruput 
from another peripheral. 

4. The time from the setting of the Done flag to the time when the CPU issues a Request 
Enable. 

The CPU may issue this Request Enable while completing the execution of the current 
instruction. If not, the CPU begins and completes the next instruction. 

5. Interrupt cycle time, which is comprised of the following: 6 CPU cycles plus 2 cycles per 
indirect level, where 1 CPU cycle equals 0.480 jJsec. 

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 peripheral's service routine. 

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

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 I/O 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 I I 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 mN602 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: 

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

2. The result of exceeding the maximum allowable programmed I/O latency for 
each peripheral device; Le.,slowdown or data loss. 

• 



Data Channel Latency 

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

Data channel latency is defined as the time between the 1/0 devices's request for service (the DCH SYNC line 
is asserted low by the device - see mN613) and the time when data is strobed, either during data reception or 
transmission. Data channel latency 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 from when the data 
channel device sets its request flag 
to when the CPU issues a Request 
Enable followed by a Data Channel 
Address Request plus 6 CPU cycles, 
where 1 CPU cycle equals 0.480 sec. 

The time from when the data 
channel device sets its request flag 
to when the CPU issues a Request 
Enable followed by a Data Channel 
Address Request 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: 

15 + 15 + 11 = 41 CPU cycles; 
41 x .480",sec = 19.68",sec 

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; this reduces 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 must be 
added to the latency. For each data channel out transfer the time is 7.2",sec and for each data channel in transfer the time is 
5.8",sec. 



STATUS 
INITIALIZATION AND RESET 
On power up, VSS must be -3.0V before VGG, VDD, and VCC go positve. 

After mN602 is within operating specifications (see Electrical Specifications, DC Characteristics), the JUMEN ICLAMP 
must be held low, i.e., input logic 0, for 100 ",sec minimum. When the input is brough high, the CPU enters the HALT 
state. The contents of internal registers and RAM memory are indeterminate. 

While in operation if JUMEN I CLAMP goes low again, the CPU will reset and enter the HALT state on the rising edge of 
JUMEN/CLAMP. If JUMEN/CLAMP is low for more than 100 ",sec, the contents of RAM memory becomes indeterminate. 
(Memory refresh is disabled when JUMEN/CLAMP is low). Another method of resetting the CPU is pulling 1/0 CLOCK 
low for 10 ",sec. When 1/0 CLOCK goes high again, the CPU resets and enters the HALT state. This is the only way to 
reset the I I 0 device. It does not affect memory or registers. 

NOTE: Do NOT pull 110 CLOCK low when 1/0 INPUT is low. 

HALT 
With the mN602 in the HALT state, the HALT line remains low until the CPU is restarted. While in the HALT state, the CPU 
generates Request Enable and refreshes memory. In generating Request Enables, the CPU responds to data channel 
requests. High speed data channel transfers now do not compete with program execution. They have full control of the 
memory bus except during refresh cycles. Generating a program interrupt restarts the CPU, ION, of course, must be 1 for 
this to occur. 

SYSTEM STATUS WORD 

The System Status Word is read by the CPU from the memory bus lines during the first 013 phase of a memory refresh 
cycle. When the CPU drives ~ low, the System Status Word should be placed on the memory bus. The falling edge 
of 013 strobes it into the CPU. The System Status Word goes into an internal register and cannot be read by the program. 
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MEMORY NAME FUNCTION 
BUS BITS 

0 ~ Falling edge generates a non-mask able interrupt. Must stay low until mN602 reads the 
system status word. 

1 MAP EXISTS If low, all interrupts (normal and non-maskable) are disabled between the time when 
MAPON rises and the next INTRE instruction. If high, interrupts are not disabled. 

2 MAP ON TRAp If low, a TRAP instruction sets MAPON to 1. The TRAP instruction traps to mapped space. 

3 mOO'f If low, the CPU does a regular boot. LOa< must be low, and it must be a power up situation. 

4 BOOTEN' If low, then a boot occurs when mN602 halts. When a boot occurs, MAPON goes high and 
the mN602 jumps indirectly through mapped 777778 , 

5 LOCK If low, disables BOOt and CON'f and enables ~. If high, enables BOOT and CONT and 
disables REBOOT. 

6 PWRFAIL Powerfail signal from power supply. If low, interrupts the CPU. 

7 CONT If low, the mN602 begins execution at the address contained in the PC. The mN602 must 
be halted. 

The mN602 provides internal debouncing for this signal. 

8 BOOT If low, the mN602 does a boot. The mN602 must be halted. 

The mN602 provides internal debouncing for this signal. 

9 - Reserved. 

10 - Reserved. Must be high. 

11 JUMPER EXIST When low, the mN602 will not issue the signal JUMEN. When high, the mN602 will issue 
J01iifEN. 

12 EX'fRt'e When pulled low, disables the internal RTC. Must stay low until the mN602 reads the 
system status word. (The only way the internal RTC can be re-enabled is by powering up 
with EXTRTC high.) When the internal RTC clock is disabled, an RTC interrupt occurs when 
the CPU detects a low to high transition for 'EXfR'i'C. Must stay high until the mN602 reads 
the system word. 

13 - Reserved. Must be high. 

14 - Reserved. Must be high. 

15 JUMPER POSITION When JUMPER EXIST is low and JUMPER POSITION is high, the mN602 issues JUMEN 
when it addresses mapped location 777778 , 

When JUMPER EXIST is low and JUMPER POSITION is low, the mN602 issues JUMEN 
when it addresses mapped location 777768 , 

POWER UP 

When the mN602 is powered up, MAPON and ION go to 0, and the CPU enters the halt state. It can service the high 

speed and standard data channels. 

The mN602 refreshes memory. When it refreshes memory, it reads the System Status Word. 



LOCK High 

If LOCK is high, the mN602 checks BOO'itiii. If BOO'i'EN is low. the mN602 begins the boot procedure. 

mN602 
STATUS 

It sets MAPON to 1 and stores the PC in mapped location O. Then it checks JUMPER EXISTS. If JUMPER EXISTS is 1. the 
mN602 jumps indirect through 77777 of mapped memory. If JUMPER EXISTS is O. the mN602 will issue the signal JUMEN. 

The mN602 now looks at JUMPER POSITION. If JUMPER POSITION is 1. the mN602 will issue JUMEN when addressing 
location 77777 of mapped memory. If JUMPER POSITION is O.the mN602 will issue JUMEN when addressing location 
77776 of mapped memory. 

The mN602 now jumps indirect through 77777. If the mN602 does not issue JOl'inffi, the returned address is the contents 
of location 77777 in mapped memory. If it issues~, the mN602 forces bits 8·14 of the returned address to 0 and bit 
15 to 1. 

LOCK Low 

If LOCK is low. the mN602 checks to see if it is in a power up situation. It does this by checking an internal flip flop. This 
internal flip flop always comes up in a known state. 

If the mN602 has just received DC power. it checks RrBOOT. If ~ is high, the mN602 returns to a halt. If R£BOOT is 
low. the the mN602 sets MAPON to 1 and continues with the normal boot procedure. 

If this is not a power up situation (the mN602 is not just receiving DC power), it sets MAPON to 1 and continues with the 
normal boot procedure. except that when it fetches the contents of mapped location 77777, it forces bit 15 to O. 

DESIGN SUGGESTIONS 

The signal LOCK is intended to be held low when a system is unattended. It is often connected to the LOCK switch on a 
front panel. When the LOCK switch is on, LOCK is low. 

The signal BOOTEN is intended to be determined by a jumper. If it's low. an automatic boot occurs when the lock switch 
is off and the mN602 halts. 

The signal BC50T is intended to come from a front panel switch. It allows you to do manually what BOO'i'EN does 
automatically. 

The signal PWRFAIL is intended to come from the power supply and. when high. to signify the presence of AC power. If 
PWRFAIL is high. the mN602 is halted. and LOCK is low. this may represent an unattended system that has lost AC power. 
but has had it returned. The mN602 contains an internal flip flop that always comes up in a known state when the mN602 
is powered up. By checking this flip flop. the mN602 can distinguish between these two cases: 

1. AC power returned but the mN602 has lost DC power. 

2. AC power returned but the mN602 has not lost DC power. 

The signal JOMEiij is intended to enable a jumper word register. If the mN602 addresses mapped 77777 or mapped 
77776 and also issues JUMEN. you can have the address come from a set of jumpers rather than from memory. 

II 
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ml\l802 
S1-ATt!S· 

00-08617 

POWER-UP FLOWCHART 

(AC power IS good) 

111---___ ----1 

(mN602 can service data 
channel reQuests) 

>-"y':::' ______ -/ Ye, 

No >---___ 111 

Read JWA: Jump 

@contents but form 

contents this way: 

bits 0-7 from JWR 
bits 8-14 = 0 
b!t 15 = 1 

Yes (lock on) 

lose DC power >-"NO'-_____ --, 

11I_----'N"'0'--<:: REBOOT = 0 

No (don't Issue JUMEN) 

(only Issue JUMEN when 
addressmg mapped 77776) 



ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Supply Yoltage. Vee ................................................................. -7V 
Supply Yoltage. vee ................................................................. 7V 
Supply Yoltage. vee ................................................................. 15V 
Supply Yoltage. V GG ................................................................. 17V 
Input Yoltage. VI .................................................................... 7V 

Operating free-air temperature range. T A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0 deg. to 70 deg.C 
Storage temperature range. TSTG ........................................... -55 deg. to 125 deg.C 

NOTE: All Yoltages are referenced to ground (Vss). Subjecting a circuit to conditions either outside of or at 
thess limits for an extended period of time may cause irreparable damage to the circuits. Hence. these circuits 
are not intended to be operated at maximum ratings. 

RECOMMENDED OPERATING CONDITIONS 

Supply Yoltage. Vee . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -5V ± 0.5V 
Supply Yoltage. vee . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5V ± 0.25V 
Supply Yoltage. Vee· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 12V ± 0.6V 
Supply Yoltage. VGG ............................................................ 12V ± 0.6V 
Operating free air temperature range,T A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 deg. to 70 deg. C 

DC CHARACTERISTICS 

SYMBOL CHARACTERISTICS CONDITIONS MIN TYP MAX UNITS 

VIL 0l1. Ct2 (clock inputs) -0.5 0 0.5 V 
I/O CLOCK -0.5 0.25 0.5 V 
I/O DATA1. I/O DATA2 -0.5 0.25 0.5 V 
DCHR.INTR -O.S 0.25 O.S V 
WAiT. FDCHR -O.S 0.25 O.S V 
JUMEN/CLAMP -O.S 0.25 O.S V 
MB<0-15> -O.S 0.25 O.S V 

VIH a1. a2 (clock inputs) 11.4 12.0 12.6 V 
I/O CLOCK 2.7 5.0 5.S V 
I/O DATA1. I/O DATA2 2.7 5.0 5.S V 
DCHR. IN'tR 4.25 5.0 5.S V 
WAif. FOeHR 4.25 5.0 5.S V 

JUMEN/ClAMP 4.25 5.0 5.S V 

MB<0-15> 4.25 5.0 5.S V 

IlL 
. al. a2 (clock inputs) @VIL=0.5V 2.0 mA 

MB<0-15> -3.0 mA 
JUMEN/CLAMP -3.0 mA 
I/O CLOCK -S.O mA 
I/O DATAl. 1/0 DATA2 -S.O mA 
DCHR.INTR -S.O mA 
WAif. FDCHfi -s.O mA 

• 
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mN602 
ELECTRICAL 

DC CHARACTERISTICS (CONT.) 

SYMBOL CHARACTERISTICS 

IIH a 1, a2 (clock input)· • 
MB<0-15> 
iNi'R 
110 CLOCK 
110 DATAl, 110 DATA2 
DCHR, WAIT 
FI5CHJ!i 
JUMEN7CLAMP 

VPCHS MB<0-15> (VOLTAGE AFTER 
PRECHARGE) 

IPCHS MB<0-15> (CURRENT AFTER 
PRE CHARGE) ••• 

VOL MB<0-15>,P,SAE,WE 
110 CLOCK a2 
110 DATA 1, 110 DATA2 
HALT, MAPON, FDCHE 
SCEN, 110 INPUT 
JUliiiEN7CLAMP 

VOH MB<0-15>,P,SAE,WE 
110 CLOCK a2 
110 DATA1,I/0 DATA2 
HALT,MAPON,FDCHE 
SCEN, 1/0 INPUT 
JUMEN7CLAMP 

10L MB<0-15>,P,SAE,WE 
1/0 CLOCK seEN 
1/0 DATA1,I/0 DATA2 
HALT, MAPON, FDCHE 
JUMEN7CLAMP 
1/0 INPUT 
a2 

10H MB<0-15>,P,SAE,WE 
1/0 CLOCK seEN 
1/0 DATA 1,1/0 DATA2 
HALT, MAPON, FDCHE 
JUMEN7CLAMP 
1/0 INPUT 
a2 

I BB Average 
ICC Average 

100 Average 

• Internal devices will attempt to make V IL = o . 
•• Clocks tested for 10uA static leakage . 

••• Precharge guaranteed by checking VOH on MB iines. 

CONDITIONS MIN 

@VtH= 4.5V -60 
-100 

@VIH= 2.7V -100 
-100 

@VIH =4.5V -100 
-100 
-60 

IPCHS=60ua 4.25 

VPCHS=4.25V 

@LOAD 
CURRENTS 

@LOAD 2.7 
CURRENTS 2.7 

2.7 
2.7 
2.7 
2.7 

@VOl=0.6V 2.0 
2.0 
2.0 
2.0 
2.0 
4.0 
4.5 

@VOH=2.7V 

TYP MAX UNITS 

uA 
uA 
uA 
uA 
uA 
uA 
uA 

4.75 5.25 V 

60 uA 

0.6 V 
0.6 V 
0.6 V 
0.6 V 
0.6 V 
0.6 V 

V 
V 
V 
V 
V 
V 

rnA 
rnA 
rnA 
rnA 
rnA 
rnA 
rnA 

-100 uA 
-100 uA 
-100 uA 
-100 uA 
-100 uA 
-200 uA 
-300 uA 

-250 uA 
10 rnA 
100 rnA 



CAPACITANCE 

Clock line (a1. a21 capacitance (input) 

Capacitance 01 all other signal pins (inputs) 

External load capacitance (output drive capability) 
MBO-15; 110 CLOCK; 110 DATAl; 110 DATA2; P; SAE; 
WE; 110 INPUT; HALT; Ci2; MAPON; 
~; FDCHE; JUMEN!CLAMP 

External load capacitance between MB lines 

100 pi 

10 pi 

20 pi 
20 pi 
30 pi 

10 pi 

NOTE: Positive currents are sunk by device. Negative currents are sourced by device. 

AC INPUT TIMING CHARACTERISTICS 

(X 1/3 

(X 2/4 (X2 
0 

1 

~------------------T1----------~------~ 

J-T4~ ______ ~~~, 

MB<D-15» 
INPUT 0 

H r---------------\~ 
INTR 

0 

+------.. H H ,----------
DCHR 

0 

T9 

H 
FDCHR/FDCHI 

0 

WAIT 
0 

T15 

+-----------------; p21 T~---------
JUMEN/CLAMP 

0 
T17 T17 

J;:: T 16::ti 
T17 =f17 
J;::T16 

I/O CLOCK 
0 

~ 
T20 T20 T19 
H I-H 

I/O DATA 
0 
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AC TRANSITION TIMING 

DIRECTION SYMBOL FUNCTION 

INPUT n Clock period, CPU cycle. 

Tl'* Clock separation 

T2* Clock rise, fall time 

T3 Clock pulse time 

T4 MS<0-15> precharge time 

T5 MS<0-15> set-up time 

T6 MB<0-15> hold time 

T7 iN'ffi set-up and hold 

TS DCHR set-up and hold 

T9 FDCHR/FDCHI hold 

no FDCHR/FDCHI set-up 

Tll WAIT set-up time 

T12 WAIT hold time 

T13 JUMEN/CLAMP set-up 

T14 JUMEN/CLAMP hold 

T15 JUMEN/CLAMP precharge time 

n6 I/O CLOCK pulse width 

n7 I/O CLOCK rise, fall time 

ns I/O DATA lags I/O CLOCK 

n9 I/O DATA leads I/O CLOCK 

T20 I/O DATA rise, fall time 

OUTPUT T21 P true state delay 

T22 P false state delay 

T23 WE true, false delay 

T24 SAE true state delay 

T25 SAE false state delay 

T26 MB<0-15> data delay 

T27 I/O INPUT true, false state delay 
HALT delay, FDCHE delay 

T2S a2 false state delay 

T29** a2 true state delay 

T30 I/O CLOCK true, false state delay 

T31 I/O DATA true, false state delay 

T32 SCEN true, false state delay 

T33 JUMEN/CLAMP false state delay 

T34 JUMEN/CLAMP true state delay 

T35 MAPON true, false state delay 

o Assumes cycle time of 480 ns. Both clocks may be turned off for 20 ns. 

00«7 may become true after the end of a2 due to clock separation. 

NOTE: All timing points are measured at 10% and 90%. 

TIMING (NS) 

MIN TYP MAX 

470 4S0 490 

5 10 15 

5 10 20 

75 90 105 

60 SO 

40 • 10 

10 

10 

10 

30 

30 

10 

30 

0 

0 SO 

100 

0 10 

0 5 

0 15 

0 10 

0 60 

0 30 

0 30 

0 60 

0 30 

0 SO 

0 30 

0 20 

0 30 

0 30 

0 30 

0 30 

0 30 

0 60 

0 30 



TIMING TABLES 

MEMORY REFERENCE TIMING 

TIMING (NS) 

SYMBOL DESCRIPTION TYPICAL 

PTA Rising edge of P delay. 60 

PT Memory reference period 660 

PTF Falling edge of P delay. 30 

III 
J5'f Minimum P low period between memory 210 

references. 

PC Memory bus precharge time. 80 

As Address set up time. 80 

AH Address hold time. 160 

DSA Data setup for a read. 40 

DHA Data hold for a read. 200 

DSw Data setup for a write 80 

DHw Data hold for a write 160 

MAPONA 32K-word bank select bit rise time delay. 30 

MAPONH Bank select hold time. 210 

MAPONH 210 

MAPONF Bank select fall time delay. 30 

SAEA CPU read pulse rise time delay. 60 

SAEH CPU read hold time. 180 

SAEF CPU read pulse fall time delay. 30 

WAITF Memory delay request fall time delay. 30 

WAlTH Memory delay request hold time. 210 

WAITR End of delay request, rise time delay. 30 

WEA Write enable rise time delay. 30 

WEH Write enable hold time. 210 

WEF Write enable fall time, valid data on memory 30 
bus, delay. 

~ System Status Word strobe fall time delay. 30 

~ System Status Word hold time. 210 

mN;; Rising edge strobes status word delay. 30 

FDCHR; Fast data channel request fall time. 30 

~ Fast data channel request hold time. 450 

~ Fast data channel request rise time. 30 

~ FDCH direction bit rise time delay. 30 

~ FDCH direction bit hold time. 90 

~ FDCH enable fall time delay. 30 

~ FDCH enable hold time, for one transfer. 450 

mo:iEji FDCH enable rise time delay. 30 



I/O BUS TIMING (See I/O Operations) 

TIMING (1'81 
OPERATION SYMBOL DESCRIPTION 

MIN. MAX. 

COMMON TO ALL TDl 1/0 INPUT TO 1/0 CLOCK TIME (START OF .090 .150 
OUTPUT TRANSACTION) 
OPERATIONS TD2 1/0 CLOCK 1 12 PERIOD (BIT TIME) .110 .130 

TD3 1/0 CLOCK TO 1/0 INPUT TIME (END OF .090 .150 
TRANSACTION) 

TD4 1/0 CLOCK TO 1/0 DATA SKEW -5 +15 

1/0 COMMAND TiNJ5DTD COMMAND OR DATA TRANSFER TIME 1.310 1.330 
OR DATA 
OUTPUT • 1/0 REQUEST TiiiiPITfR REQUEST ENABLE OR DATA CHANNEL 0.350 0.370 
ENABLE OR DATA ADDRESS REQUEST TRANSFER TIME 
CHANNEL ADDRESS 
REQUEST 

DG-04419 

DATA TRANSFER TIMING 

TIMING (~Sl 
OPERAnON SYMBOL DESCRIPTION 

MIN. MAX. 

PROGRAMMED PI/OOUT DO PROGRAMMED 1/0 DATA OUT - DATA 0.83 0.85 
1/0 DATA OUT DELAY 

PROGRAMMED PlIO IN TW PROGRAMMED 110 DATA IN - DATA 
1/0 DATA IN PlIO IN DO RECEPTION WINDOW -- 3.12 

PROGRAMMED 1/0 DATA IN - DATA DELAY 0.11 0.13 
COMMON TO ALL DCHAR DATA CHANNEL ADDRESS REQUEST 0.350 0.370 
DATA CHANNEL DCHD OAT A CHANNEL DELA Y 0.11 0.13 
OPERATIONS DATA CHANNEL ADDRESS AND MODE BIT 

DCHTWA RECEPTION WINDOW -- 2.6 

DATA CHANNEL DCHO CYCLE TIME FOR 16-BIT WORD TRANSFER -- 5.8 
OUT-MEMORY DCHODD DATA CHANNEL DATA OUT DELA Y 3.11 3.13 
TO DEVICE 

DATA CHANNEL DCHI CYCLE TIME FOR 16-BIT WORD TRANSFER -- 7.2 
IN-DEVICE DCHI DD DATA CHANNEL DATA IN DELAY 3.54 3.56 . 
TO MEMORY DCHI TWC DATA CHANNEL WINDOW CLOSED -- 0.96 

DCHI TWD DATA CHANNEL DATA RECEPTION 
WINDOW -- 1.9 

00-04419 
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PACKAGE SPECIFICATIONS 

The physical dimensions (in inches) of the mN602 chip are given in the diagram below. 

0.032 
RAD 
NOTC .;-

~ 

y: 

0.025TYP 

0.060 lr 
0.040 l:J: o 

U 
~_0.05±.010 

H t- H H t-I 

- 0.100TYP 
PIN SPACING 

PIN1 GROUNDED 
00 ..... ' 

H H 

-= 

DIMENSIONS OF CHIP 

2.020 
1.980 

I- H H H t-I I- H H 

It: 0.040 TYP 
0.018 TYP 

'I 

J 
I- H ~r 

0.300 
-.L-

0.610 
0.590 

0.588 
t:::: 0.568--

f-0.010NOM 

..L 0.085 

T O.075 
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mN603/mN613/mN615 
I/O CONTROLLER 
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II 

MEMORY BUS 

DG-Df326 

MBO 
MBl 
MB2 
MB3 
MB4 
MB5 
MB6 
MB7 

MBS 
MB9 
MB10 
MBll 
MB12 
MB13 
MB14 
MB15 

r-----------------1 WE 
r------------------1 P 
r------------------1 SAE 

'A' 

mN603/ mN613/ mN615 
I/O CONTROLLER 

nN601/mN60: 
CPU 

IOOATA1~----------~ 

IODATA2~----------~ 

I 0 CLOCKI-----------~ 

I 0 INPUT f------------+I 

100 feet maximum 



FEATURES 

• I/O DEVICE CONTROLLER ON A SINGLE 40-PIN 
SILICON-GATE NMOS CHIP 

• INTERPRETS AND EXECUTES OATA GENERAL'S 
STANDARD NOVA COMPUTER I/O 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 ANO WORD COUNT REGISTERS FOR 
DATA CHANNEL OPERATION 

• USER SELECTABLE OATA BUS SIGNAL POLARITY 

• mN613 REQUIRES ONLY +1·5V AND +12V 
POWER SUPPLY 

• mN615 REQUIRES ONLY +5V 

mN$031mN:613 I mN615 
I/O CONTROLLER 

PACKAGE 

* VSS 
~1 

~2 

DO 

01 
02 

03 
04 

05 
06 

07 

08 
09 

011 
012 
013 

014 

015 

VSS(GNO) 

*For mN615 

Vee is generated internally and 
brought out through pin 1, 

VGG* 

VOD* 
DONE 
BUSY 
INTSYNC 

INTR 

OCHR 

OCHP 

OCHSYNC 
INTP 

I/O CLOCK 
I/O OATA2 

I/O DATAl 

I/O INPUT 

F3 

F2 
F1 

FO 
F STROBE 

VCC 

Pins 39 and 40 have no internal connection. 

GENERAL DESCRIPTION 

The mN603, mN613, and mN615 are I/O controllers (lOCs) that provide the full functional capability of Data General's 
47·line NOVA I/O bus. The 10C decodes an encoded data stream from the CPU and presents a parallel 16·bit 
bidirectional interface, four encoded function bits, and a function strobe, to the peripheral for simple interfacing. The 
mN603, mN613, and mN615 provide the same functionality, but they have different electrical characteristics. The 
mN603 requires ±5V, + 10V, and + 14V; the mN613 requires ±5V and + 12V; the mN615 requires +5V. 

The 10C 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 10C includes data channel bus hand shaking and full address and word counters. 

The 10C allows the construction of a complete 110 controller module using a minimum of additional components. These 
components are: 

1) an mN640 Clock Driver (for the mN603 and mN613) 

2) an mN658 Clock Driver (for the mN615) 

3) an mN636 IOC I/O Tranceiver 

4) interrupt and data channel priority circuitry 

5) decode logic for the 10C's four encoded function bits 

6) additional gating to interface a peripheral and buffer the IOC 

Recommendation: Use the mN658/mN615 combination in preference to the mN640/mN603 or the mN640/mN613 
combinations. 

-
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PIN DESCRIPTIONS 
The diagram below shows the pin connections. and the table describes the function of each pin shown in the 

diagram. 

liD DATA PORT ! 

I REQUEST 
CONTROL 
0/0 BUS) 

DG-04138 

MNEMONIC 
PIN INI 
NO. OUT 

(211 2 IN 
!i12 3 IN 

I/O DATAl 28 1/0 
I/ODATA2 29 1/0 

1/0 CLOCK 30 I/O 

1/0 INPUT 27 OUT 

FUNCTIONAL PIN CONNECTION DIAGRAM 

1/0 DATA 12 

1/0 CLOCK 

1/0 INPUT 

INTR 

DCHR 

INTP 

DCHP 

28 
29 

30 

27 

35 

34 

CLOCK 

01 02 

2 3 

23-26 

mN603/ 22 
mN613/ 
mN615 36 

32 

VCC VGG 

POWER SUPPLY 

PIN FUNCTIONS 

F<0-3> 

FSTROBE 

INTSYNC 

DCHSYNC 

BUSY 

DONE 

FUNCTION 

CLOCKS 

1 

1 

PERIPHERAL 
PORT 

REQUEST 
CONTROL 
(PERIPHERAU 

Two-phase non-overlapping clock. mN603 I mN613 operate between 0 and 14V 

amplitude. mN615 operates between 0 and 5V. Generates 4-phase internal clock. 
providing internal timing. 

I/O DATA PORT 

Two-line. bi-directional bus. Receives all data and 1/0 command information transmitted 
serially from the CPU at the Master Clock rate. Transmits data to the CPU at this rate. 
During a 16 bit transfer. 1/0 DATAl carries bits 0-7 while 1/0 DATA2 carries bits 8-15. 

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 lac. If transmitting. 1/0 CLOCK is 
generated by the lac. No)e: The lac will be reset if 1/0 CLOCK is held low for more than 
8 cycles of MASTER CLOCK" 

Indicates whether the lac is transmitting or receiving on 1/0 DATA <1,2 >. High = lac 
receiving. Low = lac transmitting. 



PIN FUNCTIONS (CONT.) 

MNEMONIC PIN IN! 
NO. OUT FUNCTION 

PERIPHERAL PORT 

0<0-15>- 4-19 1/0 16-line, bi-directional data bus. Transfers all data between an lac 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 lOG to request program interrupts from the CPU. 

DCHR 34 OUT Asserted by an lac to request a Data Channel Break from the CPU. 

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

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

INTSYNC 36 IN Asserted by peripheral; prompts the lOG to request a program interrupt from the CPU 
(assert its INTR line). 

DCHSYNC 32 IN Asserted by peripheral; prompts the lac to request data channel service from the CPU 
(assert its 15CH"Fi line). 

BuSY 37 1/0 Indicates t.l:!!..!!!!!e of the internal BUSY flag; also used by the device to set the BUSY 
flag. When BUSY is 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 1/0 Data Port, Programmed 

1/0 Transactions) 

BUSY set to 0 by: 
• device asserting i50NE 
• an 1/0 instruction with a C in the F field (see 1/0 Data Port, Programmed 

1/0 Transactions) 
• 1/0 Reset Instruction 

DoNE 38 1/0 Indicates the state of the internal DONE flag; also used by the device to set the DONE 
flag. When DONE is low, the peripheral 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 150iiiE 
DONE set to 0 by: 
• an 1/0 instruction with an S, C, or P in the F field (see 1/0 Data Port, Programmed 

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



PIN FUNCTIONS (CONT.) 

POWER 

Vaa 1 I -4.25 ± 0.5V mN603 

Vee 21 I +5 ± 0.25V 

Voo 39 I +10 ± 1.0V 

VGG 40 I +14 ± 1.0V 

Vss 20 GROUND 

Vaa 1 I -4.25 ± 0.5V mN613 

Vee 21 I +5 ± 0.25V 

VDD 39 I +12 ± 1.0V 

VGG 40 I +12 ± 1.0V 

Vss 20 GROUND 

V •• '" 1 0 -2.5 ± 0.5V mN615 

Vee 21 I +5 ± 0.25V 

Voo 39 N/C 

VGG 40 I N/C 

Vss 20 GROUND 

"'On the mN815, Vaa ahoukl be connected to ground through a 0.1,., capacitor. 



OVERVIEW 
The 10C, together with its supporting elements, provides a parallel user interface from the serial microNOVA 1/0 bus. 
This resulting interface is functionally equivalent to but not identical to the 47-line bus used on Data General's NOVA and 
ECLIPSE line computer systems. 

Each time the CPU fetches an 1/0 instruction from memory, it transmits the complete instruction over the 1/0 bus. Every 10C 
connected to the bus receives a copy of this instruction and internally decodes it. If the 10C determines that the instruction is 
directed to it, the lOG executes the instruction. Since it has an exact copy of the 1/0 instruction, the 10C can emulate all the 
programmed 1/0 control signals found in the NOVAIECLIPSE 1/0 bus. 

In addition to decoding programmed I I 0 instructions, the 10C contains all the logic necessary to implement a 
complete program interrupt system. This system is compatible with the mN601 or an mN602 and includes Busy 
and Done flags, an interrupt request line, interrupt masking logic, and interrupt source identification. 

The 10C also provides the logic necessary to perform standard (not high speed) 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 10C automatically manages all the protocols found on the microNOVA 1/0 bus. These protocols include the transfer of data. 
of programmed 1/0 instructions, and of the system synchronization signals needed by the interrupt and data channel facilities. 

Four major areas of the 10C 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 1/0 Data Port performs the seriallparallel conversions of information transferred to and from the 1/0 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 10C. The 
Peripheral Data Port includes the 16 data lines (0<0-15», the four function code lines (F<0-3», and the clock (FSi'RO"BEl. 
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. 

1/0 DATA PORT - This section explains how data is transferred between the serial 110 bus and an 10C. The 110 data port includes 
two serial data lines (1/0 DATA1 and I/O DATA2), their strobe (1/0 CLOCK), and a transmit/receive control line (1/0 INPUT). The 
1/0 DATA <1,2> lines receive commands and data from the 1/0 bus and transmit data to the 1/0 bus. 110 CLOCK strobes the 
information transmitted on these data lines. 1/0 INPUT indicates whether the 10C 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 I/O 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 registf;!rs. 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 10C. However, the designer 
may choose to use either internal or external BUSY and DONE logic. 

SYSTEM REQUIREMENTS - This section covers the 10C'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 10C's internal registers are initialized. 

• 



II 

PERIPHERAL PORT 

The Peripheral Port transfers data between an 1/0 Controller and the associated peripheral device. The port consists of 16 
bi-directional data lines (0<0-15», four function code control lines (F <0-3», and a function code clock (FSTROSE). 

DATA LINES 
The data lines transfer data to or from an IOC in a 16 bit parallel format. Data may be interpreted using either positive or negative 
logic; 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 ciock, 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 1/0 bus by the 1/0 Data Port. In particular, there are 9 1/0 
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 anyone time. Most of these function codes are generated as a 
result of 1/0 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 beiow: 

I OPCODE I F 

011 1 2 1 3145 1 6178 1 g 

I/O INSTRUCTION OP CODE (BITS 6,6,7) 

NO 1/0 Transfer NIO-OOO 
DATA INA DIA -00 1 
DATA OUT A DOA-Ol0 
DATA IN B DIS - 0 1 1 
DATAOUTB DOB-l00 
DATA INC DIC-l0l 
DATAOUTC DOC-ll0 
1/0 SKIP SKP -1 1 1 

DEVICE CODE 

10 11 I 12 113 I 14 I 15 

F FIELD (BITS 8,9) 

NONE-OO 
S(STRT) - 0 1 
C(CLR) -10 

P(lOPLS) - 1 1 . 

NOTE: The 1/0 Skip instruction is listed above for completeness; however, no function codes are 
generated as a result of this instruction. 

There are three 1/0 instructions not listed above which follow a slightly different format (see 1/0 Data Port, Programmed 1/0 
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. 



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

FUNCTION 
CODE 
F«l-3> LABEL 

0000 DOA 

0001 DIA 

0010 DOB 

0011 DIB 

0100 DOC 

0101 DIC 

01 10 STRT 

o 1 1 1 CLR 

1000 10PLS 

FUNCTION CODE TABLE 

FUNCTION 

Load the A register with data 
from 10C data lines D 
<0-15> . 

Gate data into 10C from the A 
register via data lines D 
<0-15> . 

Load the B register with data 
from 10C data lines D 
< 0-15> (see Internal 
Structure, Data Channel 
Registers). 

Gate data into 10C from the B 
register via data lines D 
<0-15> If internal data 
channel registers are being 
used, D <0-15> are ignored 
(see Internal Structure, Data 
Channel Registers). 

Load the C register with data 
from 10C data lines D 
< 0-15> (see Internal 
Structure, Data Channel 
Registers) . 

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

Start I/O device. 

Clear I/O device. 

I/O pulse. 

FUNCTION 
CODE 

F <0-3> 

1001 

1010 

1 01 1 

1 100 

1 101 

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). 

DG-04411 

LABEL 

10RST· 

MSKO 

DCHA 

DCHI 

DCHO 

WCEZ 

NOP 

FUNCTION 

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

0<11-15> = OEVCOOE 
D9 = POLARITY 
D8 = EXT REG ENB 
D7 = 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 10C via data 
lines D <0-15>. 

Gate data channel 
direction bit into 10C via 
data line ~O. If using 
external registers,gate 
the external address 
register into the 10C via 
data lines 0<0-15>. 

Gate data from peripheral 
data register onto 10C's data 
lines (D <0-15» during a 
Data Channel In Transaction. 

Load the peripheral data 
register with data from the 
10C'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. 

• 



II 

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: 

PERIPHERAL PORT TIMING 

FO 

F1 

F2 

F3 

D<0_15>{ DATA __ O_U_T _______ -..t= 

DATA IN 

DG·04139 

NOTES: 
• UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED 

BETWEEN POINTS AT 1.5V. 

• SEE TIMING TABLE ON PAGE 43. 

• D < 0-1 5 > MUST NOT BE PULLED LOW AT ANY TIME OTHER 
THAN THAT INDICATED BY Ds AND DH IN THE DIAGRAM 
ABOVE. 



mNBoalmNI'31 mN:615 
COrtiTRolliNES 

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 (TI 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: 

PERIPHERAL PORT WITH DECODER 

DATA 0<0-15> 

IOC 

DOA 

F<0-3> DIA 
CODE OOB 
INPUT DIS 

DOC 
SN74154 DIC 

STRT 
4T016 CLR CONTROL 
DECODER IOPLS LINES 

IORST 
MSl«i 
DCHA 
DCHI 
DCHO 
WCEZ 
NOP 

DG-04HO 
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A second approach is to use one or two PROM(s) (TI SN74188A or equivalent) 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 line without requiring additional logic. 
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 10RST code is issued. PROMs allow full flexibility 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. 

DG-04141 

PERIPHERAL PORT WITH PROM DECODER 

IOC 

DATA 0<0-15> 

32X8 
PROM 

(SN74188A) 

CONTROL 
LINES 

Most of the control lines resulting 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 ICC executes certain programmed I/O instructions or when it 
performs Data Channel Breaks. The following sections explain how the Peripheral Port reacts during the execution of these 
instructions and commands. 



PROGRAMMED I/O 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 
10C places the data on D<0-15>when the DOA, DOB, or DOC code is valid. These codes may be used to strobe infomation on 
D <0-15> into the appropriate register (A, B, or C). 

In addition, one of three function codes (STRT, CLR, or 10PLS), 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 BusylDone Logic). 

00-04142 

IOC TO DEVICE DATA TIMING 

NOTES: 
• UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED 

BETWEEN POINTS AT 1.5V . 

• SEE TIMING TABLE NEAR THE END OF THIS CHAPTER 

NOTE: The No 1/0 Transfer Instruction is similar to a Data Out Instruction in that a STRT, CLR, or 10PLS 
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 In Instructions 
Data In Instructions (OIA, OIB, and OIC) perform a transfer of up to 16 bits of data from a peripheral register to an 10C. The 
function codes may be used to strobe information from the respective peripheral register (A,B, or C) to 0 <0-15>. The 10C 
samples 0 < 0-15 > on the rising edge of FSTROBE when these codes are valid. 

In addition, one of three function codes (STRT, CLR, and 10PLS), 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-04143 

DEVICE TO 10C DATA TIMING 

F<0-3>----~~------~_4--~r_----------~~------
STRT, CLR, 10PLS NOP 

NOTES: 
• UNLESS OTHERWISE NOTED. TIME INTERVALS ARE MEASURED 

BETWEEN POINTS AT 1.5V . 

• SEE TIMING TABLE NEAR THE END OF THIS CHAPTER 

Maskout and I/O Reset Instructions 
The Maskout and I/O Reset Instructions both require the transfer of data to an 10C. The 10C samples 0 < 0-15> on the rising 
edge of FSTROBE when either the MSKO or the 10RST code is valid. Therefore, these codes should be used to gate data onto 
these lines (for MSKO see Internal Structure, Interrupt Request Logic; for 10RST see System Requirements, Initialization). 

DG-04144 

NOTES: 

MSKO/IORST DATA TIMING 

NOP F<0-3> NOP 
----~~--~--~~~-----

D<0-15> ____________ ~~~~~------

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

• SEE TIMING TABLE NEAR THE END OF THIS CHAPTER 



13lmN616 
T~N.AeTIONS 

DATA CHANNEL TRANSACTIONS 
The Data Channel transfers blocks of data between memory and a peripheral device via the I/O bus and CPU. Each word of a 
block requires a complete Data Channel Transaction. A Data Channel Transaction requires two information transfers between a 
peripheral device and an lac. The first transfer of the pair is to the lac. This first transfer specifies the direction of the second 
transfer and may provide the address of the memory location to be accessed. The second transfer of the pair is the data. 

During the first transfer of the pair, the lac samples D <0-15> on the rising edge of FSTROBE when the DCHA function code is 
valid. DCHA 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 lac has been initialized to use the internal Address Register (see Internal Structure, Data Channel Registers). 

DG·04145 

DATA CHANNEL ADDRESS TRANSFER 

Nap Nap 
F<0-3> ----'~---I-__!-_4~--

D<0-15> ______ ~~__!~__!~--

NOTES: 
Os 

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

• SEE TIMING TABLE NEAR THE END OF THIS CHAPTER 

If the direction bit is a 0, 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. 

DATA CHANNEL CONTROL WORD 

D DATA CHANNEL ADDRESS 

o 1 I 2 I 3 1 4 I 5 I 6 1 7 I 8 I I) 110 I 11 I 12 13 14 I 15 

D = Direction Bit 
1 = Data Channel In Transaction 
o = Data Channel Out Transaction 

• 



II 

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 lines on the rising edge of FSTROBE when the DCHI 
code is valid. 

DG-04146 

DATA CHANNEL IN TRANSFER 

NOP NOP 
F<0-3> ______ ~~ ____ _+--~~~------

D<0-15> 

NOTES: 
• UNLESS OTHERWISE NOTED. TIME INTERVALS ARE MEASURED 

BETWEEN POINTS AT 1.5V. 

• SEE TIMING TABLE NEAR THE END OF THIS CHAPTER 

If the first transfer specifies a Data 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. 

DG-04147 

DATA CHANNEL OUT TRANSFER 

NOP 
F <0-3 > ----~~--+-------I--__L1~-----

NOP 

D<0-15> 

NOTES: 
• UNLESS OTHERWISE NOTED. TIME INTERVALS ARE MEASURED 

BETWEEN POINTS AT 1.5V. 

• SEE TIMING TABLE NEAR THE END OF THIS CHAPTER 



When the last transaction of a block transfer begins, the internal word count register (if in use) overflows (see Internal Structure, 
Data Channel Registers). The WCEZ (word count equals zero) function code is issued as shown below. This code may be used to 
set the DONE flag signaling the completion of a block transfer. 

DG-04148 

DATA CHANNEL END OF TRANSFER 

FSTROBE 

F<0-3> ____ ~_L ____ ~--~~~------------~------------~~---

D<0-15 > __________ ~= 

NOTES: 
• UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED 

BETWEEN POINTS AT 1.5V . 

• SEE TIMING TABLE NEAR THE END OF THIS CHAPTER 

Data Channel Timing 
The minimum interval between the time a DCHA function code is issued and the time a DCHI or DCHO function code is issued is 
given below. This assumes that the IOC requesting Data Channel service is the highest priority device (see Request Control, 
Priority Networks). 

DG·04149 

DATA CHANNEL IN TRANSACTION 

DCHI NOP 
F<0-3>~~~~ ____ ~~~r~~_~ _____ ~~ __ _ 

NOTES: 

NOTE: 
ANOTHER DCHA 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 NEAR THE END OF THIS CHAPTER 

-
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DATA CHANNEL OUT TRANSACTION 

TAO------------------~ 

FSTROBE ----..1 

F<O-3> 

NOTES: 
• UNLESS OTHERWISE NOTED. TIME INTERVALS ARE MEASURED 

BETWEEN POINTS AT 1.5V . 

• SEE TIMING TABLE NEAR THE END OF THIS CHAPTER 
DG·04150 

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

For the mN601 the maximum interval of time is calculated by adding the execution time of the longest instruction 
(excluding Multiply and Divide) to the minimum interval shown above. A table listing mN601 instruction execution times 
is given in the section describing the mN602. 

The mN602 issues Request Enables and enters an interrogation state between instructions and at irregular intervals 
during the execution of instructions. While in the interrogation state, the mN602 checks whether it is time to do a 
demand refresh, service the high speed data channel, or service the standard data channel. 

If the peripheral device has asserted DCH SYNC, a Request Enable allows DCHR to fall and the IOC to issue a DCHA 
function code. If DCHR is down at the next interrogation state, the mN602 issues a Data Channel Address Request which 
gives the IOC authority to issue a DCHO or DCHI function code. 

For the mN602 the maximum interval between a DCHA and a DCHO or DCHI is the maximum time listed above plus the 
maximum time between a Request Enable and an interrogation state. This time is lengthened further if the mN602 is 
required to perform a demand refresh or service the high speed data channel. 



1/0 DATA PORT 
The following section describes the operation of the I/O Data Port and the protocols it uses. Although most designers will 
concern themselves with only the Peripheral Port, the following description of the I/O Data Port provides a better understanding 
of the 10C's interaction with the system. 

The I/O Data Port includes two serial data lines (1/0 DATA <1,2> ), their strobe (1/0 CLOCK), and the transmit/receive control 
line (1/0 INPUT). The data lines transfer information between an 10C and the CPU via the I/O bus. 10C and CPU I/O 
Transceivers (mN636 and mN629) are used to drive these data lines and their clock on the differential I/O bus. I/O CLOCK, 
generated by the transmitting device, strobes information into the receiving device. I/O INPUT, generated by the 10C, selects 
either the transmit mode (when low) or the receive mode (when high) of the associated transceiver. The 10C monitors 
the 110 bus by remaining in receive mode unless required to respond to the CPU. 

INFORMATION TYPES 
Four types of information are received by the I/O Data Port; Request Enable, Data Channel Address Request, I/O Instructions, 
and Data. However, only data is transmitted by this port. 

These information types are transferred in one of two formats; short and long. Both Request Enable and Data Channel Address • 
Request use the short format which requires only one I/O CLOCK pulse. I/O Instructions and Data use the long format which 
requires five I/O CLOCK pulses. In all cases, the first bits of a transfer on the I/O DATA <1,2> lines make up a two bit code 
indicating the information type. The encoding of these first bits is shown below: 

I/O TRANSFER CODES 

FIASTBIT FIRST BIT INFORMATION 
I/ODATA1 I/ODATA2 TYPE 

1 1 REQUEST ENABLE 

1 0 DATA CHANNEL ADDRESS REQUEST 

0 1 DATA 

0 0 I/O INSTRUCTION 

00·0441.6 
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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 lac initialization (see the System Requirements, 
Initialization). 

REQUEST ENABLE TIMING 

1/0 CLOCK 

1/0 DATA 1 

1/0 DATA 2 

1/0 INPUT RECEIVE 

NOTES: 
• UNLESS OTHERWISE NOTED. TIME INTERVALS ARE MEASURED 

BETWEEN POINTS AT 1.5V. 

• SEE TIMING TABLE NEAR THE END OF THIS CHAPTER 

Data Channel Address Request 
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 laCs 
(see Request Enable and Data Channel Transaction sections). 

DATA CHANNEL REQUEST TIMING 

1/0 CLOCK 

I/O DATA 1 

CODE 

1/0 DATA 2 

1/0 INPUT RECEIVE 

NOTES: 
• UNLESS OTHERWISE NOTED. TIME INTERVALS ARE MEASURED 

BETWEEN POINTS AT 1.5V. 

DG·(~m • SEE TIMING TABLE NEAR THE END OF THIS CHAPTER 



I/O Instructions 
I/O Instructions are issued by the CPU. Eighteen bits are transferred; two code bits and a 16-bit instruction. This is the 
instruction exactly as fetched from memory by the CPU. The eight high order bits of the instruction (0-7) are transferred via the 
I/O DATAl line while the eight low order bits (8-15) are transferred via the I/O DATA2Iine. The instruction format is shown in the 
bit pattern below: 

AC F DEVICE CODE o 
o I 2 3 I 4 8 I 9 10 I 11 I 12 113 I 14 I lS 

AC = accumulator, see mN601 
F = Ffield 

The device code contained in the last six bits of the instruction is checked to see if the 10C should execute the instruction. An 
10C executes instructions containing its own device code as well as some of those with device code 77e (which select all 10Cs). 
Device codes ODe through 03e ,and 77e are ILLEGAL DEVICE CODES for any device connected to the microNOVA I/O bus. 

I/O INSTRUCTION TIMING 

I/O CLOCK 

110 DATA 1 

1/0 DATA 2 

1/0 INPUT RECEIVE 

NOTES: 
• UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED 

BETWEEN POINTS AT 1.5V. 

• SEE TIMING TABLE NEAR THE END OF THIS CHAPTER 

00-0415.1 
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DATA 1RANSFE~RS 

Data 
Data is transmitted by either the CPU or an 10C. 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 DATA21ine transfers the eight low order bits. Data 
received by an 10C is ignored unless required by a Programmed 1/0 Transaction or a Data Channel Transaction. Likewise, data is 
transmitted only if required by one of these transactions. 

DATA TRANSFER TIMING 

1/0 CLOCK 

II 'ODATAl 

1/0 DATA 2 

DATA 

1/0 INPUT 
TRANSMIT 

NOTES: 
• UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED 

BETWEEN POINTS AT 1.5V. 

• SEE TIMING TABLE NEAR THE END OF THIS CHAPTER 

DG·04154 
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TRANSACTION PROTOCOLS 
The four types of information transfers discussed above are combined to form three types of transactions; Request Enable 
Transactions, Programmed I/O Transactions, and Data Channel Transactions. Each type of transaction has its own protocol. 
Request Enables occur as a single information transfer. Programmed I/O Transactions combine an I/O Instruction transfer with a 
Data 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. 

Request Enable Transactions 
Request Enables are used by an 10C to synchronize the assertion and release of program interrupt and data channel requests. If 
a peripheral device requires service, a Request Enable allows the associated 10C's interrupt request line (INTR) and/or data 
channel request line (DCHR) to be asserted, signaling the CPU for service. When service is received, a Request Enable allows 
these lines to be released. It is necessary that the transition of these lines occur at specific times to ensure their stability when 
sampled by the CPU. These lines are also cleared asynchronously if the 10C is reset. 

One of two conditions must be met for INTR to be asserted during a Request Enable. Either the peripheral device pulls the IOC's 
INT SYNC line low or it sets the DONE flag. However, an internal Interrupt Disable Flag can block a program interrupt request; 
see the section on Request Control. 

In order for DCHR to be asserted during a Request Enable, the peripheral device must pull the 10C's DCH SYNC line low. 

NOTE: The first two Request Enables received after an 10C is powered up or reset initialize its internal four 
phase clock and internal registers. As a result, the 10C is synchronized with the CPU (see System 
Requirements, Initialization). 

IOC INITIALIZATION 

-- Tl - TN -- T, -
LOCK 

) 

'---' 1'--' 
IIOC 

1/0 DATA 1 , II 

---- --

110 DATA 2 , 
--- -

II 
I/O INPUT 

---
f---a 

INTR=-O-R--=D=C=H=-R--------=1 ~f 
NOTES: +t-f ------

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

• SEE TIMING TABLE NEAR THE END OF THIS CHAPTER 
DG·04155 
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Programmed I/O Transactions 
There are two types of Programmed liD Transactions: 

1) CPU to 10C Data Out Transaction 
2) 10C to CPU Data In Transaction 

Each type of transaction transfers a word of data between an 10C and the CPU. 

1) CPU to IOC Data Out Transaction 
Data Out Transactions transfer a 16 bit word of data from the CPU to one or all 10Cs. The transactions begin with an liD 
Instruction transfer, issued by the CPU and are followed by a Data transfer, also issued by the CPU. The instruction transmitted 
is the liD Instruction executed by the CPU, exactly as fetched from memory. 

An 10C executing a Data Out Instruction must receive the Data transfer during a fixed interval of time after it has received the liD 
Instruction transfer. This time interval is illustrated in the following timing diagram by DTO. 

DATA OUT TIMING 

I/O CLOCK 

I/O DATA 1 

VO DATA 2 

1/0 INPUT 

/ / 1·0 INSTRUCTION CODE DATA CODE 

NOTES 
• UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED 

BETWEEN POINTS AT 1.5V. 

• SEE TIMING TABLE NEAR THE END OF THIS CHAPTER 



There are two groups of instructions which use the Data Out formal. The first group consists of four I/O Instructions which are 
executed by only one 10C per transaction. The second group consists of two I/O Instructions which are executed by all IOCs 
simultaneously. 

The first group selects individual 10Cs by specifying a particular device code. The bit patterns for these I/O 
Instructions are given below. The instruction is the same as fetched from memory by the mN601 or mN602 
CPU. 

o AC 

o 1 2 3 I 4 

DOA (Data Out A) ........... Op Code = 010 
DOB (Data Out B) ........... Op Code = 100 
DOC (Data Out C) ........... Op Code = 110 

OPCOOE 

5 I 6 I 7 

F 

8 I CJ 

AC BIT 3 BIT 4 

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

DEVICE CODE 

10 11 I 12 113 I 14 I 15 

DOA, DOB, and DOC transfer data from the CPU to a specific peripheral device via an IOC. The data received by the selected 10C 
is 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 PorI. 

In addition, the state 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 I/O) ............... Op Code = 000 

The No I/O Transfer instruction is a Data Out instruction in which data may be transferred from the CPU to the IOC. If data is 
received by the selected IOC, it may be placed on the Peripheral Port data lines. However, this data is unpredictable and no 
function code is generated. 

Like DOA, DOB, and DOC, the NIO instruction can be used to control the state of the BUSY and DONE flags (see Internal 
Structure, Internal BUSY/DONE Logic). 
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The second group of data out transactions consists of two I/O Instructions which select all 10Cs by specifying device 
code 778 . The bit patterns and timing for these two instructions are given below: 

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

o 
o 2 

AC 

3 I 4 

o o F 1 

5 (, 7 8 I 9 10 I 11 12 13 14 15 

AC, F - see mN601, CPU 

The Mask Out Instruction transfers a 16·bit mask (data) from the CPU to all 10Cs connected to the I/O bus. 
This data affects the state of each 10C's Interrupt Disable flag, after executing one more instruction. For more 
information on this flag, see Interrupt Request Logic under Internal Structure. 

:ORST (I/O Reset) 
DOA [I] 0, CPU 

o o o o o F 1 

o 2 3 4 5 (, 7 8 I 9 10 I 11 12 13 14 15 

The I/O Reset Instruction is used to initialize all an IOC'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 System 
Requirements, Initialization. 

FLAG SETTING 

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 setting Busy to 1 and Done 
toO. 

C 10 Idle the device by setting both Busy and Done 
toO. 

P 11 The effect, if any, depends on the device. 

NOTE: IORST sels bils 8 and 9 10 10, while DOA If I 0, CPU clears Ihe device. 



2) IOC to CPU Data In Transactions 
Data In Transactions transfer a 16 bit word of data from an 10C to the CPU. These transactions begin with an I/O Instruction 
transfer issued by the CPU and are followed by a data transfer issued by the responding 10C. 

An 10C executing a Data In Instruction begins transmitting the data within a fixed interval of time after it has received the I/O 
Instruction transfer. This time interval is illustrated in the following timing diagram by DTI. 

DATA IN TIMING 

110 CLOCK 

1/0 DATA 1 

110 DATA 2 

I/O INPUT 

/ 
110 INSTRUCTION CODE 

NOTES 
• UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED 

BETWEEN POINTS AT 1.5V. 

• SEE TIMING TABLE NEAR THE END OF THIS CHAPTER 
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There are two groups of instructions which use the Data In format. The first group consists of four I/O Instructions which select 
only one 10C per transaction. The second group consists of one I/O Instruction which selects aliiOCs simultaneously. 

The first group selects individual 10Cs by specifying a particular device code. The bit pattern for these instructions is given 
below: 

o AC F DEVICE CODE 

o 2 3 I 4 8 I 9 10 11 I 12 113 I 14 I 15 

DIA (Data In A) .............. Op Code = 001 
DIB (Data In B) .............. Op Code = 011 
DIC (Data In C) .............. Op Code = 101 

CiiA 018, and DIG transfer data from a specific peripheral device to the CPU via an 10C. The selected 10C gates data into its 
Ppripheral 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 10C to the CPU using the DIB instruction (see Request Control, Data Channel Registers). 

SKP (I/O Skip) ............... Op Code = 111 

The I/O Skip Instruction transfers a word of data containing the state of the BUSY and DONE flags from the selected 10C to the 
CPU. Bit 0 of this word contains the complement of the state of the DONE flag while bit 1 contains the complement of the state of 
the BUSY flag. Bits 2-15 contain zeros. 

The second group of Data In Instructions consists of the Interrupt Acknowledge Instruction. This instruction incorporates device 
code 778 which selects aliIOCs. 

INTA (Interrupt Acknowledge) 
DIB [II ac, CPU 

o 
o 

AC 

2 3 I 4 

o F 

5 6 7 8 I 9 10 11 12 13 14 15 

The Interrupt Acknowledge Instruction causes the responding 10C to transmit its device code to the CPU. This instruction is 
issued by the CPU in response to one or more 10Cs requesting program interrupts (asserting their INTR line). Only the highest 
priority 10C responds (see Request Control, Priority Networks). 

The responding 10C 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. 



Data Channel Transactions 
There are two types of Data Channel Transactions: 

1) CPU to ICC Data Channel Out Transactions 
2) ICC to CPU Data Channel In Transactions 

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

Both types of Data Channel Transactions begin with a Data Channel Address Request. issued by the CPU and are followed by a 
Data transfer issued by the responding IOC. The second Data transfer is issued by the CPU or IOC depending on which type of 
transaction 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). 

The first data transfer. from IOC to CPU. provides the CPU with two kinds of information. Bit 0 of this 16 bit word indicates the 
direction of the second transfer (data). Bits 1-15 contain the address of the memory location to be accessed. 

D 

o 

DATA CHANNEL ADDRESS 

1 I 2 I 3 1 4 I 5 I (, 1 7 I 8 I 9 110 I 11 I 12 

D = direction bit: 
o = Data Channel Out Transaction 
1 = Data Channel In Transaction 

NOTE: See Internal Structure. Data Channel Logic. 

13 14 15 

a 



11 CPU to IOC Data Channel Out Transactions 

A Data Channel Out Transaction transfers a word of data from memory "out" 10 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 after it 
transmits the Control Word. This interval is illustrated by DCO . 

C 

T1 

1/0 CLOCK 

110 DATA 1 

!'O DATA 2 

1/0 INPUT 

/ 
DATA CHANNEL 

DG~04158 ADDRESS REQUEST 
DATA'! 
CODE 

DATA CHANNEL OUT TIMING 

DATA CHANNEL
ADDRESS AND 
DIRECTION BIT 

DCO 

DATAl 
CODE 

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

SEE TIMING TABLE NEAR THE END OF THIS CHAPTER 

21 ICC to CPU Data Channel In Transactions 

A Data Channel In Transaction transfers a word of data from an IOC "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 the 
timing diagram by C. Likewise, the IOC 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 DC,. 

C 

T, 

1/0 CLOCK 

1/0 DATA 1 

1/0 DATA 2 

1/0 INPUT 

/ 
DATA CHANNEL 
ADDRESS REQUEST 

DATA'! 
CODE 

DATA CHANNEL IN TIMING 

DATA CHANNEL
ADDRESS AND 
DIRECTION BIT 

NOTE: UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED BETWEEN POINTS AT 1.5V. 
SEE TIMING TABLE NEAR THE END OF THIS CHAPTER 
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IOC INTERNAL STRUCTURE 
In order to make full use of an IOCs capabilities, an understanding of some of its internal elements is necessary. The block 
diagram below is a simplified representation of the IOC's internal structure. 

1/0 BUS CONNECTIONS 

(3311NTP 

(311 DCHP 

(3511NTR 

(34) OCHR 

STATE CHANGE LOGIC 

tJl1.tJl2 
(2) 
(3) 

STATUS 
SIGNALS 
FROM 
COMPONENTS 
OF 10C 

STATE 
COUNTER 

PROGRAMMABLE 
LOGIC ARRAY 

CONTROL 
SIGNALS 
TO 
COMPONENTS 
OF 10C 

PERIPHERAL CONNECTIONS 

DATA-OUT 
INVERTERI 
DRIVER 

371 
BUSY 

DONE 
(3BI 

....-____ -----, (321 

O~·----------------------------~ CHANNEL '+---------------------....,0 DATA I DCH SYNC 
REQUEST ,. 

LOGIC . 

DG·04160 

• 



II 

Six internal registers are used during transactions as shown in the table below: 

REGISTERS FUNCTION 

10SR (110 Shift Register) Performs the serial/parallel conversion of information transferred on I/O 
DATA <1,2>. 

Instruction Register Holds all I/O instructions received by the 10C. 

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 1S-bit 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. 

T Register Buffers the 1S-bit memory address and the direction bit used during data 
channel transfers. 

NOTE: Each 10C must have a unique device code. An 10C compares the device code contained in its 
Initialization Register with that received in all I/O instructions. If they match, the instruction is executed. In 
addition, some instructions specifying device code 778 are executed. 

INTERNAL BUSY tOONE LOGIC 
The BUSY and DONE flags indicate the state 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 

If the internal BUSY and DONE flags are active (External BUSY/DONE Enable bit is 0) they are controlled by both programmed 
I/O instructions and the peripheral device. For those programmed 110 instructions which contain an 10C's selected device code, 
bits 8 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 to 1, DONE to 0 

1 0 C set both BUSY and DONE to 0 

1 1 P set DONE to O. no effect on BUSY 

DG·04417 
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The peripheral device can set either the BUSY or DONE flag to 1. When the DONE flag gets set to 1. the BUSY flag is set to O. The 
peripheral device controls these flags by pulling either the BUSY or the D5iiiE lines low. Shown below is a representation of the 
internal BUSY tOONE logic: 

INTERNAL BUSY/DONE LOGIC 

PULL-UP 

DONE o-=(3:=:BI'---________ ~-.q 

10RST 

10RST -GENERATED 
DURING 
INITILIZATION OR 
1/0 RESET 
INSTRUCTION. 

DG-04161 

FSTROBE C Q FSTROBE 

Q 

C 

0 

DONE 
FLAG 

BUSY 
FLAG 

Q DONE 

01--1--
DONE 
TO INTERRPUT 
REOUEST LOGIC 

10RST 

Q BUSY C Q 
EXTERNAL 

USYIDONE 
ENABLE 

0 07 
FLAG 

0 Q 

ENAB 

ENAB 

There is a set relationship between the time the BUSY tOONE lines are asserted by the peripheral device and the time that the 
internal BUSY tOONE flags are set. The state of the BOSY ti55NE lines are sampled on the rising edge of FSTROBE. However. the 
internal flags are not set until the next falling edge of FSTROBE. If the peripheral device does not hold the BUSY tOONE lines low. 
they may float high until the internal flags are set. 

BUSY/DONE TIMING 

BUSY/DONE FLAGS ---------I-----+-J 

DG-04162 

9IJSY /00IiIE 
(PINS) 

NOTES: 
• UNLESS OTHERWISE NOTED. TIME INTERVALS ARE MEASURED 

BETWEEN POINTS AT 1.5V. 
• SEE TIMING TABLE NEAR THE END OF THIS CHAPTER 
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mN:8"Oa·"lm:N81a.·lmN"ai16 
INtER8UP1810uisTLOfliC 

INTERRUPT REQUEST LOGIC 
The Interrupt Request Logic is responsible for requesting program interrupts from the CPU. An lac 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 (lNTR) is 
stable when it is sampled by the CPU. The section titled "Request Control, Interrupt Requests" discusses how this flag may be 
set. 

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

The Interrupt Disable Flags for all laCs are manipulated by the Mask-Out Instruction. When this instruction is executed, the 
l6-bit mask received from the 1/0 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, it is set to O. It is unconditionally cleared by an 1/0 Reset 
Instruction. 

00 
1I00ATA10 

01 
1I00ATA11 

02 
1/00ATA12 

03 
1/00ATA13 

04 
1/00ATA14 

05 
1/00ATA15 

06 
1/00ATA16 

07 
1/00ATA1 7 

OS 
I/O OATA2S 

09 
I/O OATA29 

010 
I/O OATA21O 

011 
I/O OATA211 

012 
I/O OATA212 

013 
I/O OATA213 

014 
I/O OATA214 

015 
I/O DATA215 
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INTERRUPT REQUEST LOGIC 

MASK-OUT 
INSTRUCTION 

FROM I 
INTERRUPT. DONE 
REQUEST I 
LOGIC 

INTERRUPT 
DISABLE 
FLAG 

INTERRUPT 
REQUEST 
FLAG 

C Q RQENB C Q INTR (351 

10RST 

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

10RST - GENERATED DURING I/O RESET INSTRUCTION 
OR INITIALlZA TION 



m.Nfe"aalmNe·'.3lmN815 
OATACHANNIL LOGIC 

A mask-out bit is selected by pulling one of the data lines low during the execution of the Mask-Out Instruction. The MSKO 
function code generated during this instruction should be used for this purpose. During the time that the MSKO code is valid, the 
Data Port is forced to interpret all data using negative logic (low = 1). As a result, the buffered output of the function code 
decoder may be used to tie the selected data line low for the duration of the code as shown below. (see mN601 or mN602 
Program Interrupts) 

DATA CHANNEL LOGIC 

IOC 
mN603 

DG-04164 

MASKOUT BIT SELECT 

PERIPHERAL PORT 

0<0-15> On 

(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 laC's DCH SYNC line. On the Reqest Enable or 
Data Channel Address Request following the assertion of DCH SYNC, the laC's Data Channel Request Flag is set to 1. This flag 
controls the state of the data channel request line (DCHR). When the flag is set to one, the DCHR line is asserted requesting 
service from the CPU. Synchronizing the request in this way ensures the stability of the DCHR line when it is sampled by the 
CPU. 

Upon receiving data channel service, an lac must transmit control information about the transfer to the CPU (see I/O 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 lac does after receiving data channel service from the CPU (a Data Channel Address Request when the lac 
has priority)' is to transmit the contents of the T Register to the CPU. At the same time, the lac checks to see if the peripheral is 
requesting another transfer (DCH 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 DCHR line. In either 
case, the data word is then transferred completing the first transaction. 

Each time the T Register is to be loaded, a DCHA function code is issued to the peripheral. This function code indicates that the 
lac 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 DCHA function codes may be issued by the lac before 
the DCHI/DCHO code which gates the first data word to/from the lac. In addition, it is possible for one I/O Instruction to be 
executed between the time data channel service is requested and the time the first transaction occurs. However, once the first 
transaction commences, the CPU continues to transmit Data Channel Address Requests until all requests are satisfied (5CHR is 
released). 

NOTE: For correct operation at least 4 CPU cycles (1.92 I'Sec) must exist between a Request Enable and a Data Channel Address 
Request. the mN601 and the mN602 meet this criterion. 

II 



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. 

.!.9 ____ _ 

YES 

OAT A CHANNEL 
ADDRESS REQUEST? 

DOES THIS IOC 
HAVE PRIORITY? 

YES 

DATA CHANNEL 
IN 

lL- _______ _ 

l.2 ________ _ 

I..! ________ _ 

.I..L- ___ _ 
ISSUE DCHI FUNCTION 
CODE TRANSMIT 
0<0-'5> ON 
110 BUS 

IL.- ____ _ 
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REQUESTENASLE OR DATA CHANNEL ADDRESS REQUEST 10CHARQ) 

- - - --{~--=E..::.XIT_~}-- - - - - - - - - --

NOTE 
TO - T 5 REFER TO SEQUENTIAL TIMING (I.E; T 1 OCCURS AFTER T 0) 
THEY IMPLY NO SPECIFIC TIME INTERVALS 
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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, DCHR, and DCH SYNC. 

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

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

lOon 

CPU {EXTINT 
REQUEST DCH INT 
PINS 

DG-04166 

+5V 

PRIORITY CONTROL LOGIC 

100n 

+5V 

TO LOWER PRIORITY 10C's 

10C, 

niGHER I I PRIORITY 
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mN603/ mN613! mN616 
REQUEST CONTROL 

INTERRUPT REQUESTS 
An 10C requests a program interrupt if either its DONE flag is set to one or the peripheral device asserts the 10C'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 10C 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 I/O instruction. If the request was generated as a result of DONE being set 
to one, the instruction should set DONE to 0 (see Internal Structure, Internal BUSY/DONE Logic). If 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 10C stops requesting interrupt service (asserting TfIITR) on the Request Enable or Data Channel 
Address following reception of the I/O 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 10C. In this case, the External 
BUSY IDONE Enable flag must be set to 1 (see Internal Structure and System Requirements, Initialization). 

EXTERNAL BUSY/DONE LOGIC 

DEV COMPLETE --_._--IC 

DONE 

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 . 

. ' ..'~·Dau\General .. 
Data:Cct~Cor~atiQt\;~ •. ~t$oJ58t··· 
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ReClui.1' CONTROL 

DATA CHANNEL REQUESTS 
An 10C requests data channel service if a peripheral device asserts its DCH SYNC line. On the first Request Enable or Data 
Channel Address Request following the assertion of DCH SYNC, the DCHR line is asserted by the 10C, requesting data channel 
service from the CPU. At this time a DCHA function code is issued to the peripheral. This function code should be used to release 
the DCH SYNC line unless another data channel transfer is desired. The interval Dr in the following diagram indicates the time in 
which DCH SYNC must be removed to prevent prompting extraneous data channel requests: 

DATA CHANNEL REQUEST TIMING 

DCHA NOP NOPORWCEZ NOP 
F<0-3> 

------------------------------Dr--------------------------~ 

DCHSYNC ____________________________________________________________ ~,+ 

NOTES: 
• UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED 

FROM A 1.5 VOLT LEVEL . 

• SEE TIMING TABLE NEAR THE END OF THIS CHAPTER. 
DG-04168 

DATA CHANNEL REGISTERS 
Two 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. 

If internal registers are selected (see System Requirements, Initialization), 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 I/O instructions as selected by the designer. 
However, a DCHA function code indicates that the 10C expects the contents of the Address Register to be gated on data lines 
0<1-1 5>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 
If a peripheral requires service, either a Request Enable or a Data Channel Address Request allows the assertion or clearing of 
an 10C's request lines. The priority networks determine which 10C receiving these commands is allowed to respond. How 
Request Enable and Data Channel Address Request affect an 10C's interrupt logic, data channel logic, I/O data port, and 
peripheral port is illustrated in the flow chart shown in the Internal Structure section. 

-
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S¥STEM REQUIREMENTS 

SYSTEM REQUIREMENTS 
POWER UP 
When powering up the mN603 or the mN613, Vee must be brought within its specified operating range before the clocks 
o 1 and 02 are applied to the chip. After ali 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 0 1 and 02 is halted while an 

IOC is in this state. 

Once initialized, an IOC may be placed in the reset state if its I/O CLOCK line is held low for more than 8 cycles of MASTER 
CLOCK during reception (I/O INPUT high). However, I/O CLOCK should never be held low while the 10C is transmitting to the 
CPU (I/O INPUT low). 

INITIALIZATION 
The initialization process performs two functions. First, the four phase internal clock is started, synchronizing the IOC 
and the CPU. Second, the 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. 

1 he first two Request Enables received from the CPU while an 10C is in the reset state cause it to be initialized. When an 10C is 
c:onnected to a microNOVA system, this initialization process occurs automatically. This happens because the CPU issues 
Request Enables even while it is in the Halt state. 

If the 10C 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 I/O Reset Instruction. 

In either case, the following information is loaded into the Initialization Register via data lines D<7 -15> 

IOC INITIALIZATION SIGNALS 

DATAPIN(SI LOADS 
SIGNAL 

EFFECT LEVEL 

D 7 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 
D 8 EXTERNAL enabled. 

REGISTER 
ENABLE BIT HIGH Internal Address and Word Count Registers are 

enabled. 

LOW Data on 0<0-15> interpreted using positive logic. 
D 9 POLARITY (Le high = 1) 

• BIT 

HIGH Data on 0<0-15> interpreted using negative logic. 
(Le. high = 0) 

0<10-15> DEVICE LOW/ When loaded, the six bit device code on these 
CODE HIGH lines is interpreted using negative logic (Le. high = 

0) 

00-043'18 

NOTE: The contents of the polarity bit does not take effect until after Initialization is complete. 

CLOCKS 
The two phase, non-overlapping clock rj)1 and rj)2 generates the IOC's four phase internal clock. rj)1 and </J2 are generated from 
MASTER CLOCK as received from the I/O bus by the 10C I/O Transceiver chip (mN636). A Clock Driver chip (mN640) drives the 
TIL clock outputs of the Transceiver to the MOS levels required by the 10C. All the specifications and timing in this section 
assume a MASTER CLOCK frequency of 8.333MHz. 



ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS mN603 

Supply voltage, Vaa ................................................................. -7V 
Supply voltage, Vee ................................................................. 7V 
Supply voltage, Voo ................................................................. 13,!, 
Supply voltage, VGG ................................................................. 17V 
Input voltage, VI .................................................................... 7V 

Operating free-air temperature range, T A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0 deg. to 70 deg. C 
Storage temperature range, T STG ........................................... -55 deg. to 1 25 deg.C 

ABSOLUTE MAXIMUM RATINGS mN613 

Supply voltage, VBa ................................................................. -7V 
Supply voltage, Vee . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7V 
Supply voltage, Voo ............................................................. 17V 
Supply voltage, VGG . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17V 
Input voltage, VI ............................................. . .................... 7V 

Operating free-air temperature range, T A ............................ . 
Storage temperature range, T STG ............................ ........... . 

.0 deg. to 70 deg. C 
-55 deg. to 1 25 deg.C 

NOTE: All voltaga. ar. measured with r.spect to ground. Subjecting. circuit to condition. eith.r outside th ••• 
limit. or at thas. IImita for an extended period of time may cau" irreparable damage to the circuit. Ab.olut. 
maximum ratinga are not intanded to ba used during the oDe ration of the circuit. 

Supply Voltage, Vee 
Supply Voltage, VBB : : 

ABSOLUTE MAXIMUM RATINGS mN615 
7V 
-7V 
7V Input Voltage, V 1 ..... 

Operating free-air temperature, T A 

Storage temperature range, T STG 

o deg to 70 deg C 
..... -55 deg to 125 deg C 

SPECIFIED OPERATING RANGES mN603 

Supply voltage, Vaa ................................................ : ......... -4.25V ± 0.5V 
Supply voltage, Vee. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5V ± 0.25V 
Supply voltage, Voo .......................................................... " 10V ± 1V 
Supply voltage, VGG . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 14V ± 1V 
Operating free air temperatl!re range, T A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . O·deg. to 70 deg. C 

SPECIFIED OPERATING RANGES mN613 

Supply voltage, Vaa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -5V ± 0.5V 
Supply voltage, Vee . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5V ± 0.25V 
Supply voltage, Voo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 12V ± 0.6V 
Supply voltage, VGG . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 12V ± 0.6V 
Operating free air temperature range, T A . . . . . . . . . . . . . . . . . ...... 0 deg. to 70 deg. C 

NOTE: All volta gas are m.asured with respect to ground. On power-up, VBB must be within its specified 
operating range before any other power supply voltages are applied to the circuit. 

SPECIFIED OPERATING RANGES mN615 

Internal Voltage VBB ' .. . 
Supply Voltage, Vee .. . 
Operating free-air temperature, T A 

• V BB is generated internally and brought out through device pin 1. 

NOTE: All voltages are measured with respect to ground. 

-2.5 ± 0.25V 
5 ± 0.25V 

. . ·0 deg to 70 deg C 

-



DC CHARACTERISTICS (mN603/ mN613) 

SYMBOL CHARACTERISTICS CONDITIONS MIN. MAX. UNITS 

V IH 911.132 13 15 V 

o (0-15) 3.75 6 V 
BUSV.~ 
INTP.DCHP 
INT SYNC. D~H S'Y~~ 

1/0 CLOCK 2.7 6 V 
1/0 DATA1.1/0 DATA2 

V,L 911.~ -2 +0.8 V 

0(0-15) -1 +0.8 V 
BUSy.~ 
INTP.DCHP 
INT SYNC. DCH SYNC • 1/0 CLOCK -0.5 +0.5 V 
1/0 DATA1.1/0 DATA2 

I'H 911.~ V, = 15V +.01 rnA 

D{0-15) V, = 4V +70 j.lA 
BUSY, DONE 
INTP, DCHP 
INT SYNC. DCH SYNC 

1/0 CLOCK V, = 2.7V +70 j.lA 
1/0 DATA1,1/0 DATA2 

I,L 1/>1.1/>2 V, = 0.8V 10 }..IA 

110 CLOCK V, = OV -4 rnA 
110 DATA1.1I0 DATA2 

BUSY. DONE V, = OV -2 rnA 
INTP.DCHP 
iNfSYiiiC. DCH SYNC 

0(0-15) V, = OV -2 rnA 

VOH D{0-15) 10 = -70j.lA 
BUSY, i5'5NE 

4 Vee V 

110 CLOCK 10 = -40j.lA 3 Vee V 
110 DATA1.1I0 DATA2 

F{O-3). FSTROBE 10 = -O.lmA 2.7 Vee V 
DCHR.INTR 
110 INPUT 

VOL 0(0-15) 10 = 2mA 0 0.5 V 
110 CLOCK 
1/0 DATA 1.110 DATA2 
BUSY. DONE 

110 INPUT 10 = 4mA 0 0.5 V 
F<D-3) 
FSTROBE 
oa:iR.INTR 

IBB MAX AVERAGE VBB = -4.25 ± 0.5V -0.5 rnA 
SUPPL Y CURRENT 

Icc MAX AVERAGE Vee = 50 ± 0.25V 25 rnA 
SUPPL Y CURRENT 

100 MAX AVERAGE Voo = 10.0 ± 1.0V 25 rnA 
SUPPL Y CURRENT 



DC CHARACTERISTICS (mN603/mN613) (CONT'D) 

SYMBOL CHARACTERISTICS CONDITIONS MIN. MAX. 

IGG MAX AVERAGE VGG =140±1.0V 20 
SUPPL Y CURRENT 

CI 01,02 
BUSY.15ONE 

50 

0(0-15) 30 
1/0 CLOCK 
1/0 DATA1.1/0 DATA2 
INTP.DCHP 
INT SYNC. DCH SYNC 

NOTE: Positive current is into the pin. 

01 

AC CHARACTERISTICS 

SWITCHING DIAGRAMS (mN603/mN613) 
IOC CLOCK TIMING 

132 -f---+--r 

DATA PINS - OUTPUT MODE 

0<0-15> 

F < 0-3 > FS'fimBl 

1.'0 CLOCK 
VOOATA1.2 ---t--J ~ __ _ 

1/0 INPUT 

INTR.OCHR 
---I----J 

BUSY. DONE 
DG-041?3 

---I----J 

NOTE: TIME INTERVALS ARE MEASURED BElWEEN 10% AND/OR 90% 
POINTS, UNLESS OTHERWISE SPECIFIED. 

UNITS 

rnA 

pF 

pF 

-



DATA PINS -INPUT MODE 

~1(2) 

0<0-15> -------' r-_+_+_or ~--_ 

• INTSYNC ________ ~i_~_+_+_~r-----

~C _____ ---, "l---+-II---f' '------

BUSY, DONE 

DG-04172 

1/0 PORT - INPUT MODE 

If 0 CLOCK 1.SV 

If 0 DATA 1,2 

T 22 

DG·04m NOTE: TIME INTERVALS ARE MEASURED BETWEEN 10% ANDfOR 90% 
POINTS, UNLESS OTHERWISE SPECIFIED. 

1/0 CLOCK - OUTPUT MODE 

~ 1 (2) 

~ 2 (1) 

If 0 CLOCK 

DG-04170 



TRANSITION TIMING (mN603/mN613) 

CLASS SYMBOL PIN I MIN I MAX I UNIT 

CLOCKS T 1 01.02 SEPARATION 5 - ns 

T2 WIDTH 75 - ns 

T3 CYCLE 235 245 ns 

DATA T4 0<0-15> - 60 ns 
OUTPUTS 

T 5 F < 0-3 > . FSTROBE - 60 ns 

T6 1/0 CLOCK. 110 DATA1 - 30 ns 
I/ODATA2 

T 7 1/0 INPUT 30 ns 

-
T8 INTR.DCHR 60 ns 

-
T9 BUSY. DONE 60 ns 

DATA T 10 0<0-15> SETUP 50 - ns 
INPUTS 

T 11 0<0-15> HOLD 0 - ns 

T 12 INTP. DCHP SETUP 0 - ns 

T 13 INTP. DCHP HOLD 0 - ns 

T 14 INT SYNC. DCH SYNC 50 - ns 
SETUP 

T 15 INT SYNC. DCH SYNC HOLD 0 - ns 

T 16 BUSY. DONE SETUP 50 - ns 

T17 BUSY. DONE HOLD 0 - ns 

1/0 DATA T18 1/0 CLOCK HOLD 0 - ns 
PORT 

T 19 1/0 CLOCK SETUP 70 - ns 

T 20 1/0 SKEW -10 +10 ns 

T 21 1/0 PULSE WIDTH 115 125 ns 

T 22 RISE. FALL TIMES - 10 ns 

NOTE: All the above times assume a MASTER CLOCK frequency of 8.333 Mhz. 

OO.(H412 

TIMING TABLES (mN603/mN613/mN615) 

1/0 DATA PORT TIMING TABLE PERIPHERAL PORT TIMING TABLE 

CLASS MNEMONIC MIN. MAX. UNITS 

All T, 110 130 ns 

T2 110 130 ns 

T SKEW ·5 +15 ns 

TN (next command) 840 .. ns 

lID Instructions OTo 470 850 ns 
(Data Out Transfer) 

DTI 1190 1330 ns 
(Data In Transfer) 

Request Enable a 360 540 ns 
and 
Data Channel 
Address Request 

Oata Channel C 710 850 ns 
Transactions (Data Channel 

Address Request 
to first transfer) 

DCa 590 1930 ns 
(Data Channel Out) 

DCI 1190 1210 ns 
(Data Channel In) 

NOTE: All the above hmes assume a MASTER CLOCK frequency of 8.333Mhz 

00-04413 

OPERATION MNEMONIC DESCRIPTION 

Common to all Fs Function code setup 
operations limepriorto~ 

FT FSTR08e duration 

FH Function pin hold 
time 

1/0 data out Data output liming 
Instruction same as function 
and code liming above 
Data Channel 
Out Transfer 

110 data in Os Data setup time 
Instruction priorto~ 
and 
Data Channel DH Data hold time 
In Transfer after~ 

TAl DCHAloDHCI 

TAO DCHAloDCHO 

00-04415 

SYNCHRONIZATION TIMING TABLE 

OPERATION MNEMONIC DESCRIPTION MIN. 

Request D, Time in which i'RT"'SY'NC 
COntrm or~rriu8tbe 

removed to preyent 
further requests 

BUSY and DONE CD Delay between MROBE ·10 
andmmvor~ 
transition 

C s MJ!V or ~ assertion 120 
setup time tor internal 
recognition of desired 
functions 

C H BLiSY or DONE assertion 0 
hmd time for recognition 
(Note: if CH 240 nS 
then signal will ftoat 
toward Vcc until next 
~) 

NOTE: All the above times assume a MASTER CLOCK frequency of 8 333 Mhz 

OO..oH14 

MAX. UNIT 

840 ns 

+10 ns 

ns 

ns 

MIN. MAX. 

60 

180 300 

60 

120 240 

0 120 

3.36 

6.56 

UNIT 

ns 

ns 

ns 

ns -ns 

~s 

~s 



DC CHARACTERISTICS (mN615) 

SYMBOL CHARACTERISTICS CONDITIONS MIN MAX UNITS 

V1H 01 4.5 5.0 V 
02 

0<0-15> 2.5 6.0 V 
Bijfi 
mmE" 
INTP 
OCHP 
INTSYNC 
DCH SYNC 

I/O CLOCK 2.7 6.0 V 
I/O DATA < 1-2> 

V1L 01 -2 0.3 V 
02 

0<0-15> -1.0 O.B V 
msv 
mmE" 
INTP 
OCHP 
iNTSYNC 
DCH SYNC 

I/O CLOCK -0.5 0.5 V 
I/O OATA< 1-2> 

IIH 01 V1H -5.00V 0.1 mA 
02 

0<0-15> 
IDSY 

V1H =3.0V -70 p.A 

mmE" 
INTP 
OCHP 
INTSYNC 
DCH SYNC 

I/O CLOCK V1H = 2.7V -40 p.A 
I/O OATA< 1-2> 

III. 01 VII. = 0.3V 10 I'A 
02 

0<0-15> VII. = O.OV -0.5 mA 
BUSY 
DmJr 
INTP 
OCHP 
INTSYNC 
DCH SYNC 

I/O CLOCK VII. = O.OV -0.2 mA 
I/O OATA< 1-2> 

VOH 0<0-15> 
msv 

10 = -70uA 3.0 V 

mmE" 
F<0-3> 10 = -o.lmA 2.7 V 
~ 
~ 
iN'fFi 
I/O INPUT 

I/O CLOCK 10 = -40uA 3.0 V 
I/O OATA< 1-2> 

NOTE: The VBB is internally generated and should not be supplied. Positive current is into the device. 



SYMBOL CHARACTERISTICS CONOITIONS MIN MAX UNITS 

VOl. 0<0-15> 10 = 2rnA 0.5 V 
BUSY 
i5CmE 
F<0-3> 10 = 4rnA 0.5 V 
FSTROBE 
DCFiR 
iN'i'R 
I/O INPUT 

I/O CLOCK 10 = 2rnA 0.5 V 
I/O OATA< 1-2> 

10H 0<0-15> 
BUSY 

Vo =3.0V -70 jJA 

i5CmE 
F<0-3> Vo =2.7V -100 /.LA 
FSTROBE 
DCFiR • iN'i'R 
I/O INPUT 

I/O CLOCK Vo =3.0V -40 jJA 
I/O DATA < 1-2> 

101. 0<0-15> 
BtiSY 

Vo =0.5V 2 rnA 

~ 

FSTROBE Vo =0.5V 4 rnA 
DCFiR 
iN'i'R 
I/O INPUT 

I/O CLOCK Vo =0.5V 2 rnA 
I/O OATA< 1-2> 

laa Vaa = -2.5 ± 500 jJA 
0.25V 

lee Vee = 5 ± 0.25V 100 rnA 

C, 01, 02 200 pF 

BUSY 7 pF 
DONE 
INTP 
OCHP 
INTSNYC 
OCHSYNC 
I/O CLOCK 
I/O DATA < 1-2> 

Co 0<0-15> 50 pF 
BUSY 
i5CmE 
F<0-3> 
FSTROBE 
DCFiR 
ifffli 
I/O INPUT 
I/O CLOCK 
I/O OATA< 1-2> 

NOTE: The Vee is internally generated and should not be supplied. Positive current is into the device. 



III 

mNilg~j 
mN615EL.E 

¢1 

¢2 

I .. 

AC CHARACTERISTICS SWITCHING DIAGRAM 
mN615 CLOCK TIMING 
T1 -! 

i r- T4 -..t T6 
--1 --J I 

J \ If \ 

\ 

,,1 ,,3 

I I I 
T2 -r /+ I 

T5 ---J 1-----

1 ,,2 ~! 
I I 

T3 --i j4-

mN615 DATA PORT - INPUT 

-~ j+-T9 
f.--T8 _ I I 
I : I I --, T7 :--

1 ,,4 \ 

0<0-15> ___ -' 
I II'~ 

VALID DATA L. _________ V 

INTP 

DCHP 

BUSY 

INTSYNC 

DONE 

DCHSYNC 

I _ 1-4- T11 

T10:... ..:: 

_________________________ ---J/i VALID DATA iL 
-.! I_T13 

T12 --+-1 ~----I-~l : : 

, _______________ -'/
1 

VALID DATA \'-_________ _ 

--. ' .... T15 
T 14 -+----+-i I : 

____ ----, I I I ' ~-----

\1 VALID V 
~ DATA 

-----1 ~ T17 
T16-4--_ 11 

: : II 
------------------,~ VALID DATA V 

---l :--T26 
T25 -----'-~ : I 

I I I I 

I I I I r----
\1 VALID V 
~ DATA ---..j f+- T26 

I I 
T2 7 -;~~t----I_~! ! ! 

-------.,~ "V-
mN615 I/O PORT - INPUT 

T 18 -1J"'~~--I-~1 T19 --. r"""- ~ __ T20 

I/O CLOCK ~========:Xl-' ___ C _-tX'--_---'C 
I/O DATA 

T21 --, r---
I I ----..:.....C 

I I 

T22~ __ 
, I 

~ II~----T23 ___ ___ 
T24 __ 1 ~ 



1,,1 
I 

I «2 
I 

: ,,3 ,,4 

T29 ___ 14-

I : mN615 DATA PORT - OUTPUT 

0<0-15> 

DONE 

F<0-3> 

DG-08151 

I/O INPUT 

I/O CLOCK 

I/O DATA 

DG-OB1S2 

~ I ~------------I----------------
I I I 

T30 ---t __ ~ "-" T31 
I I I 

: ~------
T32 

T35 ~ 1-4-
, I 

=x= 
I I 

I I 

--i !--
---J _T33 

I =x= 
I I 

----: '"-- T34 

--.j I-- T36 
T37 ---.-I '-- ----1 *- T38 

I I I I __________________ J!~~I ------~5 ~)------------~I~~ ________ __ 

T39 --+-t r---
I I ==x== 

I 
T40 ---J ~ 
~ _T41 

I I ==x== 
I I 

T 42 -+-! l..---

mN615 I/O PORT - OUTPUT '--T43 
I I __ 'xc 
I I 

I 
--t ~T45 

T44~ :..--

I I 

Y~------X':----i _y':----_y'---_'>C 
I I 

T46_ ~ -I 
4-T47 
I 

X, __ ---!.:y~'. __ __ 
-------------', I 

I T48 ___ _ 

-



TRANSITION TIMING (mN615) 

CLASS SYMBOL PIN MIN MAX UNIT 

CLOCKS T, CYCLE PERIOD 235 245 ns 

T2 CLOCK SEPARATION 5 ns 
OIl to 012 or 013 to 014 

T3 CLOCK SEPARATION 5 ns 
012 to 013 or 013 to 014 

T4 CLOCK PULSE WIDTH 75 ns 

T5 CLOCK FALL TIME 5 25 ns 

T6 CLOCK RISE TIME 5 25 ns 

DATA PORT-- T7 0<0-15> PRE CHARGE TIME 60 ns 
INPUT 

Ta 0<0-15> SETUP TIME 50 ns 

T9 0<0-15> HOLD TIME 0 ns 

T,o INTP SETUP TIME 75 ns 

T" INTP HOLD TIME 0 ns 

T12 DCHP SETUP TIME 75 ns 

T'3 DCHP HOLD TIME 0 ns 

T'4 BU§Y SETUP TIME 50 ns 

T'5 BUIY HOLD TIME 0 ns 

T'6 iiii"'I'SYNC SETUP TI M E 50 ns 

T17 INTSYNC HOLD TIME 0 ns 

T25 DimE" SETUP TIME 50 ns 

T26 DONE HOLD TIME 0 ns 

T27 DCHSYNC SETUP TIME 50 ns 

T28 DCHSYNC HOLD TIME 0 ns 

I/O PORT-- T'8 I/O CLOCK PULSE WIDTH 115 125 ns 
INPUT 

T'9 I/O CLOCK RISE TIME 10 ns 

T20 I/O CLOCK FALL TIME 10 ns 

T2, I/O DATA LAG TIME FROM I/O 10 ns 
CLOCK 

T22 I/O DATA LEAD TIME OF I/O CLOCK 10 ns 

T23 I/O DATA RISE TIME 10 ns 

T24 I/O DATA FALL TIME 10 ns 

NOTE: All timing points measured at 10% and 90% points. 

All the above times assume a MASTER CLOCK frequency of 8.333 MHz. 



TRANSITION TIMING (mN615) 

CLASS SYMBOL PIN MIN MAX UNIT 

DATA PORT-- T29 0<0-15> TRUE STATE DELAY 60 ns 
OUTPUT 

T30 0<0-15> FALSE STATE STATE 60 ns 

T31 BUSY TRUE STATE DELAY 60 ns 

T32 BUSY FALSE STATE DELAY 60 ns 

T33 DONE TRUE STATE DELAY 60 ns -T34 DONE FALSE STATE DELAY 60 ns 

T35 F<0-3> TRUE STATE DELAY 60 ns 

T36 F<0-3> FALSE STATE DELAY 60 ns 

T37 FSTROBE PRECHARGE TIME 60 ns 

T38 FSTROBE FALSE STATE DELAY 60 ns 

T39 DCHR TRUE STATE DELAY 60 ns 

T40 DCHR FALSE STATE DELAY 60 ns 

T41 INTR TRUE STATE DELAY 60 ns 

T42 INTR FALSE STATE DELAY 60 ns 

I/O PORT-- T43 I/O INPUT TRUE STATE DELAY 45 ns 
OUTPUT 

T44 I/O INPUT FALSE STATE DELAY 45 ns 

T45 I/O CLOCK TRUE STATE DELAY 45 ns 

T46 I/O CLOCK FALSE STATE DELAY 45 ns 

T47 I/O DATE TRUE STATE DELAY 45 ns 

T48 I/O DATA FALSE STATE DELAY 45 ns 

NOTE: All timing points measured at 10% and 90% points. 

All the above times assume a MASTER CLOCK frequency of 8.333 MHz. 



PACKAGE SPECIFICATION 
The physical dimensions (in inches) of the mN603/mN613/mN615 chips are given in the diagram below. 

0.032 
RAn 
NOTCH 

00·04174 

DIMENSIONS OF CHIP 

2.020 
~--------------1.980--------------~'1 

PlNl GROUNOED 

0.810 
0.590 
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mN606 
4K DYNAMIC RANDOM ACCESS MEMORY 

MEMORY BUS 

'B' MBO 
MBl 
MB2 
MBJ 
MB4 
MB5 
MBS 
MB7 

MBa 
Ma9 
MalO 
Mall 
Ma12 
MB1J 

'> MB14 

~ 
MB15 

.. WE 
0 P z SAE .. .. 
15 
;;/ 
I-
0 
I-
0 a: 
0 ;: 
~ .., 
~. 

z 
~ 
frl a: 

~ 
<Ii 
I-
iii ., 
If) 
:::> .. .. 
I-.. 
0 
(;; 
If) 

l!l 
0 
0 .. 
>-a: 
0 

~ 
::; 

QUAD SENSE 
AMPLIFIER ,BUS DRIVER 

DG·04334 

HALT 
a:AMP 
PAUSE 

·1 
'A' • 

mN601 CPU 

110 DATA 1 

1/0 DATA 2 

1/0 CLOCK 

1/0 INPUT 

!laiiN'f 
00'iN't 

603 

1/0 DATA 2 

1/0 CLOCK 

1/0 INPUT 

BANK OR 
REFRESH 
SELECT 
LOGIC 

MB(l-J) 

100 feet malt.mum 



FEATURES 

• NMOS DYNAMIC RANDOM ACCESS MEMORY IN A 
20 PIN PLASTIC PACKAGE 

• ORGANIZED AS 4096 BY 1 BIT 

• FAST 180nS ACCESS TIME 

• FAST INTERNAL LATCHES FOR ADDRESS AND CHIP 

Vss 

A3 

A2 

SELECT Al0 

• REFRESHES 64 BITS AT A TIME All 

• OPEN DRAIN OUTPUT 

A9 

A4 

A5 

9 

10 

DG·04175 

GENERAL DESCRIPTION 

PACKAGE 

20 VSS 

19 P(CLOCK) 

WE 

01 

00 

CS 

A6 

A1 

AO 

VOO 

The mN606 is a 4096 by 1 bit NMOS memory using cost-efficient dynamic RAM technology to implement the microNOVA 
family's large memory orientation. Its 20-pin package permits separate pins for each of the 12 address lines as well as for the 
data in and data out lines. The chip's high speed access time of 180 nanoseconds contributes significantly to the microNOVA 
family's high performance. 

To construct a 16 bit by 4K word memory board, 16 mN606 RAMs are needed as well as two mN634 Memory Transceivers, four 
mN506 Sense Amp/Bus Drivers, one mN638 Clock Driver, and supporting components. The system block diagram illustrates the 
basic interconnection of these components. 

NOTE: The mN606 has been discontinued. Information has been included to assist those who already have 
the mN606. 

• 



PIN DESCRIPTIONS 
The diagram below shows the pin connections and the table describes the function of each pin shown in the 
diagram. 

DATA 

CONTROL 

MNEMONIC PIN NO. 

A<0-11> 2-10 
(Address) 12-14 

01 17 
(Data In) 

DO 16 
(Data Out) 

P(Clock) 19 

WE 18 
(Write 

Enable) 

CS 15 
(Chip 

Select) 

Vaa 1 

Voo 11 

Vss 20 

FUNCTIONAL PIN CONNECTION DIAGRAM 

INPUT OUTPUT 

01 (DATA IN) 
17 

DO (OAT A OUT) 
DATA 16 

mNS06 

" 
IADDRESS A <O-~ 2-10 

12-14 

P(CLOCK) 
19 

WE (WRITE ENABLE) 
18 

CS (CHIP SELECT) 
15 

DG-04176 

INI 
OUT 

In 

In 

Out 

In 

In 

In 

FUNCTION 

1 11 20 

I 1 1 
VBB VDD VSS 
"---y------J 

POWER 

PIN FUNCTIONS 

These pins enter an address which selects one of 4096 bits. A<O-5>is used during 
refresh operations for column selection (1/64th of the RAM). Address is latched on 
rising edge of P clock. 

One bit of data written into location specified on address lines during memory write 
operation. High level logical one input. 

One bit of data read from location specified by address pins during memory read 
operation. High impedence, inverted output (i.e., low = 1, high = 0). 

AU memory operations initiated by latching Address Register and starting internal clock 
on rising edge of P clock. 

When asserted high, enables data from 01 to be written into specified memory location. If 
low, enables data at the specified address to be read out to the DO pin. 

tf asserted low when P goes high, a memory read or write operation is initiated. If high 
when P goes high, a memory refresh operation is initiated. 

-4.25 ± 0.5V 

+14.0 ± 1.0V 

Ground 



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 
operation is performed. The address on pins A <0-11> is latched on the rising edge of P clock. If WE remains low, the data 
appears on DO. A write operation is initiated by pulling WE high. The rising edge of WE forces DO high while the falling edge 
loads the data from 01. Both operations may be combined to form a Read/DelaylWrite (ie Read/Modify/ Write) operation. 

Since the memory mechanism is dynamic, the chip must periodically be refreshed. A Refresh operation is initiated during a 
memory 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 all 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<O-5> 

,-----
I j5 COLUMN LATCH 

I 
I 
I 

01---" 

DYNAMIC 
STORAGE 
MATRIX 
64X64 
(4096 BITS) 

P ---.. CONTROL ji 
~----~~ R 
CS-----~ CS 

----, 
mN606 I 

I 
I 
I 
I 
I 
I 

L-.. ___ --' __________ --.J 
00·04177 

• 



ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 

Supply voltage, VBB ............................................................. -7V 
Supply voltage, Voo ............................................................. 17V 
Clock input voltage, VIClK ......................................................... 17V 
All other inputs, VI ............................................................... 7V 

Operating temperature range,(air moving at 200 feetlminute),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, VBB ........................................................ -4.25 ± 0.5V 
Supply voltage, Voo ........................................................... 14 ± 1 V 
Operating temperature range,(air moving at 200 feet/minute) ...................... " 0 deg. to 70 deg. C 

NOTE: On power-up. VBB must be within its specified operating range before Voo is applied to the circuit. 

DC CHARACTERISTICS 

SYMBOL CHARACTERISTICS CONDITIONS MIN. MAX. UNITS 

VIH P(CLOCK) +13.0 +15.5 V 

A <0-11> +4.0 +6.0 V 
CS. WE. 01 

Vil P(CLOCK). A <0-11> -1.0 +O.B V 
CS. WE. 01 

IIH P(CLOCK) VI ~ 15.5V --- +0.8 mA 

CS.WE.DI VI ~ 6.0V --- +0.01 mA 
A <0-11> 

IlL P(CLOCK) VI ~ +OBV --- +0.01 mA 
CS. WE. 01 

IOH DO SEE TEST CIRCUIT. 0 0.04 mA 
UNDER AC CHARACTERISTICS 

IOl DO SEE TEST CIRCUIT. 1.5 9.0 mA 
UNDER AC CHARACTERISTICS 

IBB SUPPL Y CURRENT VBB ~ -4.25 ± 0.5V --- -0.15 mA 

100 SUPPL Y CURRENT Voo ~ + 14.0 ± 1.0V --- +20.0 mA 

CI P(CLOCK) 23 pF 

A <0-11> 7 pF 
CS. WE. DI 

RT MEMORY CELL REFRESH TIME --- 20 mS 

NOTE: Positive current is into the pin. 



P 

CS 

DATA 
OUT 

DO 
LOAD 

DG·04178 

AC CHARACTERISTICS 

TEST CIRCUIT 

+5V 

1.8K.f'\.. 

VD = 1 N 3064 OR EQUIVALENT 

+3.0V 

VD +2.0V 

TEST CONDITIONS 
P(CLOCK) RISE AND FALL 20NS 
ALL OTHERS 10NS 
ALL RISE AND FALL TIMES ARE MEASURED 
FROM THE 10 TO 90 PERCENT POINTS. 

LOAD CAPACITOR INCLUDES 
JIG AND WIRING CAPACITANCE. 

READ OPERATION 

WE MUST REMAIN LOW DURING THE ENTIRE READ CYCLE. 

NOTE: SEE AC CHARACTERISTICS TIMING TABLE ON PAGE 7. 

00-04331 

• 
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WRITE OPERATION 

WHEN WE GOES HIGH, A WRITE CYCLE IS 
INITIATED AND DATA OUT IS DISABLED. 

NOTE: SEE AC CHARACTERISTICS TIMING TABLE ON PAGE 7. 
DG·04179 

DATA OUT 

WHEN REFRESHING, CS MUST BE HELD 
HIGH FOR THE TIME Tl. THE DATA INPUTS 
ARE IGNORED. 

REFRESH OPERATION 

NOTE: SEE AC CHARACTERISTICS TIMING TABLE ON PAGE 7. 
00-04180 



TRANSITION 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 

T5 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 P TO WE 160 2900 ns 

T3 WE PULSE WIDTH 180 250 ns 

T4 WRITE TIME 130 270 ns 

T5 DATA SETUP TIME 50 ns 

T6 DATA HOLD TIME 85 ns 

T7 P (clock) 
OFF TIME 

160 ns 

T8 P (clock) 
WIDTH 

490 3400 ns 



II 

PACKAGE SPECIFICATIONS 
The physical dimensions (in inches) of the mN606 chip are given below. 

DIMENSIONS OF CHIP 

'_I '.''''00' 
10.268!003 0.388t.015 

~ I 
cg~~ t-1--------0.950±.008---------ili 

--L-\_ h=:;---;=;~_=;___=;___.=;___.= ... -= ... -= ... -= ... ;=:;i 0.'45 

002.;TM80 

~
.075 

0.030 ,-
0.150 

.L 
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mN606 
QUAD SENSE AMP/BUS DRIVER 
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TRANSCEIVERS 

ImN6341 

mN606 
QUAD SENSE AMP/BUS DRIVER 

MBO 
Mel 
MB2 
MB3 
MB4 
MBS 
Ma6 
MB7 

MBS 
MBS 
MBIO 
MBll 
MB12 
MS13 
Ma14 
MalS 

WE 
p 
SAE 

HALT 
ClAMP 
PAUSE 

·1 'A' 
., 

mN601 CPU 

110 DATA 1 

liD DATA 

liD 

liD 

603 

liD DATA 2 

110 CLOCK 

1/0 INPUT 

BANK OR 
REFRESH 
SELECT 
LOGIC 

Ma(1-3 > 

1 00 feet maximum 



FEATURES 

• FOUR SENSE AMPLIFIERS/BUS DRIVERS IN A 
14-PIN CERDIP PACKAGE. 

• COMPATIBILE WITH mN606 RANDOM ACCESS 
MEMORIES. 

• TWO INDEPENDENT STROBE LINES. 

• INVERTED OPEN COLLECTOR OUTPUTS WITH 35m A 
CURRENT SINKING CAPABILITIES. 

• DRIVERS MAY BE WIRE ORed TO SIMILAR OUTPUT 
CIRCUITS. 

VCCA 

AI 

STROBE 1 

BI 

DG-04132 

GENERAL DESCRIPTION 

PACKAGE 

14 VCCD 

13 01 

12 DO 

11 STROBE 2 

10 Co 

9 

8 VEE 

The mN506 Quad Sense Amplifier/Bus Driver is compatible with the mN606 RAM chip. The output drivers may be wire ORed 
allowing direct connection of multiple memory arrays to the microNOVA memory bus. 

The mN506 contains four analog sense amplifiers and four digital bus drivers. Independent analog and digital 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 
Memory. The bus drivers provide open-collector TTL compatible outputs capable of sinking up to 35mA. This allows the wire 
ORing of drivers on the Memory Bus. The bus drivers are enabled in pairs with the assertion of the STROBEl 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 O. 

II 



PIN DESCRIPTIONS 
The diagram below shows the pin connections and the table describea the function of each pin shown in the 
diagram. 

MNEMONIC 

~ 
Bj 
C'j 
0; 

Ao 
Bo 
Co 
Do 

STROBEl 

STROBE2 

VCCA 

Vcco 

VeE 

GND 

DG-0438II 

FUNCTIONAL PIN CONNECTION DIAGRAM 

lIeU"4I? 

PIN 
NO. 

2 
6 
9 

13 

3 
5 

10 
12 

4 

11 

1 

14 

8 

7 

PIN 1 =VCCA 
PIN 7 .. GND 
PIN 8 .. VEE 
PIN 14=VCCD 

PIN FUNCTIONS 

IN/ FUNCTION 
OUT 

/ 

IN Sense amplifier inputs. 
IN 
IN 
IN 

OUT Inverted open collector outputs. AO and Bo 
OUT enabled when STROBE 1 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 



ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Supply voltage, VCCA .... . 
Supply voltage, VCCD' .. . 
Supply voltage, VEE ............... . 
Input voltage, VI ......... . 
Output current, I 0 ............ . 
Operating free-air temperature range, T A .. . 

Storage temperature range, T STG ..... 

.7V 
7V 

. . -7V 
. .... +5.5V 

. 60mA 
. ..... 0 deg. to 70 deg. C 

.-25 deg. to 155 deg. C 

NOTE: Subjecting a circuit to conditions either outside these limits or at these limits lor an extended period 
of time may cause irreparable damage to the circuii These ratings are not intended to be used during the 

operation of the circuit. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage, VCCA' . . . 5.0 ± 0.25V 
Supply voltage, VCCD ' . . . . . . . . . . . . . 5.0 ± 0.25V 
Supply voltage, VEE' . . . -5.0 + 0.25V 
Average power dissipation 0 8 W 

~_o_p_e_ra_t_in_g_fr_e_e_-a_ir_t_em __ pe_r_a_tu_re __ ra_n_g_e,_T_A_. ________________________________________ 0 __ de_g __ to_7_0_d_e_g __ (~i II!III 
DG·Of383 

DC CHARACTERISTICS 

SYMBOL CHARACTERISTICS CONDITIONS MIN. MAX. UNITS 

VIH STROBE1 20 V 
STROBE2 

VIL STROBE 1 0.8 V 
STROBE2 

VIHA" A;, BI, CI, DI VCCA = VCCD = 4.75 V 1.0 V 

VEE = -5.25 V 
IIAMP = -Q.OmA 

VILA" ~ 8;, C;. 01 VCCA ~ VCCD = 5.25V 3.0 V 

VEE = -4.75 V 
IIAMP = OmA 

VI STROBEl VCCA = VCCD = 4.75V -1.5 V 
STROBE2 VEE = -4.75 V 
(INPUT CLAMP II = -18mA 
VOLTAGE) 

IIH STROBE1 VCCA = VCCD = 525V 200 IJ.A 
STROBE2 VEE = -5.25 V 

VI = 2.7V 

DG-04384 

"NOTE: SEE SENSE AMP V-I CHARACTERISTICS ON PAGE 5. 

3 



DC CHARACTERISTICS (CONT ) 

SYMBOL CHARACTERISTICS CONDITIONS MIN. MAX. UNITS 

IlL STROBE 1 VCCA = VCCD = 5.25V -4 rnA 

STROBE2 VEE = -5.25 V 
VI = 0.5V 

II STROBE1 VCCA = VCCD = 5.25V 1 rnA 
STROBE2 VEE = -5.25V 

VI = 5.5V 

VOL AO,BO,CO,oO VCCA = VCCD = 4.75V 0.5 V 

VEE = -5.25V 
VISTROBE = 0.8V 

IIAMP = -400uA 
10= 35rnA 

10H AO,BO,CO,DO VCCA = VCCD = 4.75V 

VEE = -4.75V 
Vo = 5.5V 

IIAMP = -1.8rnA 50 JlA 

VISTROBE = 0.8V 

IIAMP = -400uA 50 JlA 

VISTROBE = 2.0V 

ICCA ANALOG POWER VCCA = VCCD = 5.25V 50 rnA 
SUPPL Y CURRENT 

VEE = -5.25V 
(VCCA) 

IIAMP = -1.8rnA 

VISTROBE = 2.0V 

VCCA = VCCD = 5.25V 50 rnA 

VEE =" -5.25V 
IIAMP = -400uA 

V ISTROBE = 0.8V 

ICCD DIGIT AL POWER VCCA = VCCD = 5.25V 31 rnA 

SUPPL Y CURRENT VEE = -5.25V 
(VCCD) IIAMP = -1.8rnA 

VISTROBE = 2.0V 

VCCA = VCCD = 5.25V 51 rnA 

VEE = -5.25V 
IIAMP = -400 JlA 

VI STROBE = 0.8 

lEE ANALOG POWER VCCA = VCCD - 525V -65 rnA 

SUPPL Y CURRENT VEE = -525V 
(VEE) IIAMP = -1.8rnA 

VISTROBE = 2.0V 

VCCA = VCCD = 525V -65 rnA 

VEE = -525V 
IIAMP = -400uA 

VISTROBE = 0.8V 

NOTE: POSITIVE CURRENT IS INTO THE PIN. 



AC CHARACTERISTICS 

SENSE-AMP INPUT V-I CHARACTERISTICS TEST CIRCUIT: 

1.0V ALLOWABLE 3.0V 
I VOLTAGE RANGE 

INPUT VOLTAGE 
=,.-=°"=:°1 V I 

-1.01111",.,-- P.G.2 r
IILo---+=-; II 

INPUT 
CURRENT 

DG·04133 

ILLEGAL 
i 1/2 mN506 i L.' ___________ ---l 

-SmA 

ILLEGAL 

f OmA ____ _ 
P.G.l } 

\ -SmA 

NOTE PULSE GENERATORS 1 AND 2 
NOT INTERN ALL Y TERMINATED. 

O<t, = tf<6nS 
PRR = lMHz 
tWl = lOOnS 
tW2 = 300nS 
DG-041.15 

SWITCHING DIAGRAM 

TW1~ 
-lmA 

f 3V }§TW2~ P.G.2 1 1 5V 

_______ t_pH~L2~~ 1~_t_P_L_H_2 __ ~5If~ __________ t_P_H~Ll~::V ~ ~'~' 
AO· BO f 
CO. DO I ~~: ___ n __ ~ ~ =f 
DG-04134 

TRANSITION TIMING 

SYMBOL CHARACTERISTIC CONDITION· MIN. MAX. UNITS 

t P HL1 PROPAGATION DELAY VCCA = VCCD = 5.0V 7 18 nS 
(HIGH TO LOW LEVEL) VEE = -5.0V 

IlL = -1.8mA 

t p LH1 PROPAGATION DELAY VCCA = VCCD = 5.0V 7 18 nS 
(LOW TO HIGH LEVEL) VEE = -5.0V 

IlL = -1.8mA 

tp HL2 PROPAGATION DELAY VCCA = VCCD = 5.0V 10 25 nS 
(HIGH TO LOW LEVEL) VEE = -5.0V 

IlL = -1.8mA 

tp LH2 PROPAGATION DELAY VCCA = VCCD = 5.0V 25 38 nS 
(LOW TO HIGH LEVEL) VEE = -5.0V 

IlL = -1.8mA 

• See Test Circuit 

VCC 

• 



PACKAGE SPECIFICATIONS 
The physical dimensions of the mN506 chip are given below. 

DIMENSIONS OF CHIP 

I 0.030 
I, 0.760 I 

1 I O~i--=-=-mn =-=-=-=-=--i_~ TOP OF LEAD 

i~ 'j' iYVW"j l ¥ P-J 
O'060TypJ~t ---I0.l0L--/ 
0.040 TYP TYP 

0.018 TYP 
DG-0423.9 
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MEMORY BUS 
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mN629 
CPU I/O TRANSCEIVER 

mN601 CPU 

IIOOATA I 

110 DATA 2 

110 CLOCK 

1/0 INPUT 

~ 
miNt 

1/0 DATA ll------~ 

1/0 DATA 21------~ 

1/0 CLOCK 1---------1 
1/0 INPUT 

'H' 

M8(1-3 > 

100 feet maximum 



FEATURES 

• 110 BUS RECEIVER AND TRANSMITIER IN A SINGLE 
2O-PIN CERAMIC PACKAGE. 

• INTERFACES mN601 CPU to microNOVA 
DIFFERENTIAL 110 BUS 

• 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. 

I/O DATA 1 

BI/ODATA 1 

BI/ODATA 1 

CLEAR 

I/O INPUT 

I/O INPUT 

MClOCK 

GENERAL DESCRIPTION 

PACKAGE 

20 VCC 

19 I/O DATA 2 

18 B I/O DATA 2 

17 BI/ODATA2 

16 I/O CLOCK 

15 B I/O CLOCK 

14 BI/O CLOCK 

13 BMClOCK 

12 BMClOCK 

11 VEE 

DG.041B2 

The CPU 1/0 Transceiver chip interfaces the microNOVA CPU with the bi-directional, differential 1/0 bus. It communicates with 

CPU. When it is in transmit mode, the CPU can send information to 1/0 Controllers. 
peripheral devices via peripheral 110 Transceivers (mN636s). When the mN629 is in receive mode, it passes information to the • 

The mN629 uses differential drivers and receivers to communicate with up to 20 10C 1/0 Transceivers via the 1/0 bus. This 
allows high noise immunity over a long bus. An 1/0 bus length of up to 100 feet is possible using inexpensive 16-conductor 
ribbon 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 1/0 Transceiver. A two phase clock (iliA and IlIB) 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 mN636 1/0 Transceivers to provide synchronized timing for the entire system. 
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PIN DESCRIPTIONS 
The diagram below shows the pin connections and the table describes the function of each pin shown in the 
diagram. 

I MNEMONIC 

110 DATAl 
1/0 DATA2 

1/0 CLOCK 

1/0 INPUT 

110 INPUT 

CLEAR 

MCLOCK 

(2IA 
0B 

BMCLOCK 
BMCLOCK 

PIN 
NO. 

1 
19 

16 

6 

5 

4 

9 

8 
7 

12 
13 

FUNCTIONAL PIN CONNECTION DIAGRAM 

TO 

CPU { 
CLOCK 
DRIVER 
mN640 

TO 
CPU 
110 
PORT 

CONTROL 

IN/ 
OUT 

1/0 
110 

1/0 

IN 

OUT 

IN 

IN 

OUT 
OUT 

OUT 
OUT 

0A 

0B 

1/0 DATA 1 

110 DATA 2 

1/0 CLOCK 

110 INPUT 

110 INPUT 

DG-0418.1 

MCLOCK - 8.333 MHz 

~ 
8 9 12 

BMCLOCK 

7 13 8MCLOCK 

mN629 
CLEAR 4 

2 BIIODATAI 
1 • . 

3 BIIO DATA 1 

18 B 1/0 DATA 2 
19 • . B 1/0 DATA 2 

17 

15 BIIO CLOCK 
16 • .. BIIO CLOCK 
6 

14 

5 20 11 10 

~ 
* 

~ 
VCC VEE GND 

PIN FUNCTIONS 

FUNCTION 

TO 
1/0 
BUS 

Tri-state, bi-directional data port pins. Transfer serial data between Transceiver and 
CPU 1/0 port dala pins. 

Tri-state, bi-directional clock line used to synchronize transmission and reception of 
data on 1/0 DATAl and 1/0 DATA21ines. Note: CLEAR asserted low pulls 110 CLOCK to 
its low state if Transceiver is in Receive Mode. 

High = mN629 in receive mode. Low = mN629 in transmit mode. 

Inverted output of 110 INPUT. 

When asserted, clears all internal fliplflops and pulls 110 CLOCK (pin 16) to the low 
state if the Transceiver is in the Receive Mode (used to reset mN601). 

MicroNOVA system master clock input. 

Two-phase clocks operating at one-half the MCLOCK frequency. TTL level open 
collector outputs. 

Open emitter, open collector differential pair. Transmits system clocks to all peripheral 
Transceivers (mN636). 



MNEMONIC 

BI/ODATA1 
BI/ODATA1 

BI/ODATA2 
BI/ODATA2 

BI/OCLOCK 
BI/OCLOCK 

VCC 

VEE 

GND 

PIN 
NO. 

2 
3 

18 
17 

15 
14 

20 

11 

10 

INI 
OUT 

110 
110 

110 
110 

110 
110 

mNea. 
PI"OIi~tUPTIOH$ 

FUNCTION 

Open emitter, open collector differential pair. Transmit and receive serial data on 1/0 
bus. 
RECEIVE MODE (I/O INPUT high) - receive differential signals from 1/0 bus. Clocked by 
BI/O CLOCK. TTL level signal output on I/ODATA1 pin. 
TRANSMIT MODE (1/0 INPUT low) - TTL level input from 1/0 DATA1 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 BI/O CLOCK. TTL level signal output on 110 OAT A2 pin. 
TRANSMIT MODE (1/0 INPUT low) - TTL level input from 1/0 DATA2 transmitted 
differentillyon 1/0 bus. Clocked by MCLOCK. 

Open emitter, open collector differential pair. Used to synchronize transmission and 
reception of BI/O DATA <1,2> pairs. 
RECEIVE MODE (1/0 INPUT high) - receive differential synchronizing clock from 1/0 
bus. Clocks data in on BI/O DATA <1,2> differential pairs. TTL level signal output on 
1/0 CLOCK pin. 
TRANSMIT MODE (1/0 INPUT low) - TTL level input from 1/0 CLOCK pin used to 
generate a double frequency clock from MCLOCK; is transmitted differentially to the 1/0 
bus. 

POWER 

+ 5.0 ± 0.25 volts 
! 

-5.0 ± 0.25 volts 
a 

Ground 

3 
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INTERNAL STRUCTURE 
The mN629 consists of six flip/flops (F/F), a number of gates, four differential drivers, and three differential receivers. The I/O 
INPUT pin determines whether the Transceiver is In the Receive mode or the Transmit mode. When I/O INPUT is high, the 
Transceiver is in the Receive mode. In this case, the I/O DATAl, I/O DATA2, and I/O CLOCK outputs are enabled. When I/O 
INPUT Is asserted low, these output drivers are disabled while the differential drivers are enabled. In this mode, the I/O DATA 1, 
I/O DATA2, and I/O CLOCK inputs provide data tothe DATAl F/F, DATA2 F/F, and BI/O ClK ENB F/F. 

INTERNAL BLOCK DIAGRAM 

BI/O BI/O B I/O B I/O B I/O B I/O 
I/O INPUT CLEAR CLOCK CLOCK DATA 1 DATA 1 DATA 2 DATA 2 BMCLOCK BMCLOCK IiJA IZIB 

5 4 15 14 2 3 18 17 12 13 8 7 

- II 

I/O 
INPUT 

DG·02435 

16 

I/O 
CLOCK 

I/O DATA 1 

v CC = PIN 20 
VEE=PINll 
GND = PIN 10 



DATA TRANSMISSION AND RECEPTION 
When connected to the microNOVA I/O bus, the mN629 performs two general types of data transfers; short and long as shown 
below: 

SHORT TRANSFER 

1/0 CLOCK 

1/0 DATA 1 

I/O DATA 2 

DG-041B4 

LONG TRANSFER 

1/0 CLOCK 

I/O DATA 1 \ L Z Z ~ Z Z Z Z Z 
1/0 DATA 2 \ X X Z Z X Z X X 7 

DG-0418<5 

The short type consists of one I/O CLOCK pulse and transfers two bits. The long type consists of five 1/0 
CLOCK pulses and transfers 18 bits. For the purpose of illustrating the operation of the Transceiver, 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 CPU (mN601 or mN602 Operations 
Protocol, I I 0 Operations sections for further explanation of the types of transfers. 

The transceiver operates under two modes; transmit and receive. The input waveforms, some internal signals, output waveforms, 
and a brief discussion of each mode are given below. 

• 



--

Transmit Mode 
Transmit mode begins when 1/0 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 F/F 
and DATA2 F/F. These fliplflops supply the data to the differential drivers. In addition, DATA ClK sets the BIIO ClK ENB F/F for 
the duration of the transmission. The high output of the BIIO ClK ENB F/F allows DATA ClK to be transmitted on the 1/0 bus via 
the BIIO CLOCK differential driver. A long transfer from the CPU to the 110 bus is shown in the following timing diagram. 

mN629 
INPUT 
FROM I/O DATA<1.2> 
CPU 

I/O INPUT 

INTERNAL jTRANSMIT/RECEIVE F/F 

SIGNALS DATA CLK 

B I/O CLK ENB F/~ __ ~ 

lB I/O CLOCK 
OUTPUT B I/O CLOCK 
TO I/O 
BUS BI/ODATA<1.2> 

BII.ODATA< > 

DG-04186 

TRANSMIT WAVEFORMS 

B I/O CLOCK 
BI/OCL CK 

B I/O DATA<1.2> 
I A A< .2> 

NOTE: MClOCK and DATA ClK operate at twice the frequency of 1/0 CLOCK. This provides a transition of 
BIIO CLOCK near the middle of every BIIO DATA < 1,2 > pulse allowing the receiving transceiver to 
sample near the middle of each data bit. 



Receive Mode 
Receive mode begins when 1/0 INPUT is asserted high. The first BIIO CLOCK transition from the 110 bus initiates data reception. 
The signals received from the 1/0 bus are in the same form as those transmitted by the Transceiver. The TransmitlReceive F/F is 
in the reset state allowing BIIO CLOCK to generate DATA ClK. Data is clocked into the DATAl F/F and DATA2 F/F on every 
falling edge of DATA ClK. In addition, the BIIO ClK ENB F/F is toggled on each falling edge of DATA ClK. An inverted output of 
this fliplflop drives the 1/0 CLOCK pin. A long transfer from the 1/0 bus to the CPU is shown in the following timing diagram. 

RECEIVE WAVEFORMS 

INPUT{B 110 CLOCK B 1/0 CLOCK 
FROM B 1/0 ClOC B II Cl CK 

~~S B 1/0 DATA.'-:.<;:iT'1''i'2'<::>~*-o.-t1---'rr--v--""V"--o_---.r-_v-_""V"_-v-tt---iI-iB~lrn/0~DArTA< 1,2> 
BIIODATA< > I TA<1,2> 

INPUT 
SAMPLE HERE, ETC. 

FROM 110 INPUT ________________________________ _ 
CPU 

~~~~~~l{::::::F/F----------------------------------
B 110 ClK ENB FIF 

{
1I0ClOCK 

OUTPUT 
TO 
CPU 1/0 DATA <::71,-=27>--1I--+--v-""""tr--v---v--.....".-....... ..--v--+----

DO-OIJ8? 

NOTE: The last BIIO CLOCK transition causes the Transceiver to sample the differential data lines after 
the last bit of data has been received. This ensures that the DATAl F/F and DATA2 F/F are reset to their 
normal state at the completion of the transfer. 

• 
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REGISTER RESET CIRCUIT 
This circuit consists of the Register Reset Flip/Flop (REG RST F/F), two NAND gates, and the associated control lines (see lower 
right comer of Internal Block Diagram). While in the receive mode, the Register Reset Circuit ensures that the BIIO ClK ENB F/F 
will be reset if set by a spurious transition of BIIO CLOCK. 

Under normal operation, the BII a ClK ENB F / F is clocked either twice or ten times d,pending on whether the 
Transceiver receives a short or a long type of transfer. Thus, there should always .be an even number of BIIO 
CLOCK transitions. If for some reason a single transition of BIIO CLOCK is received, the BIIO ClK ENB F/F 
must be reset to avoid holding 110 CLOCK low and resetting the CPU (see mN601 or mN602 Operations 
Protocol, Status). 

If the BIIO ClK ENB F/F is set anywhere during the period shaded in the following timing diagram, it is reset after the rising edge 
of ¢Bas described below. 

INTERNAL 
SIGNALS 

B 1/0 elK ENB F/F RESET TIMING 

MClOCK 

0B 

Bl/OClK 
ENB F/F ___ +==9 

RS 

RS ----!-----'I 

DG·04188 

While the BIIO ClK ENB F IF is in the reset state, its a output is o. This forces the REG RST F IF to its reset state. If the BIIO ClK 
ENB F/F is clocked by a fraudulent transition of BIIO CLOCK, Its a output is no longer 0 and the REG RST F/F is no longer forced 
to the reset state. On the next falling edge of ¢B, the REG RST F/F is set placing RST low. Though RS'f is now low, RS remains 
high since {/}B is low. When ¢B goes hlllt!:. RS goes low clearing the BI/O ClK ENB F/F. Its a output goes low immediately 
reseting the REG RST F/F and placing RST back in its normal state. RS and RS return to their normal state on the next falling 
edgeof!ilB. 

The BI/O 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 {/}B. 

CLOCKS 
The system master clock is applied to MClOCK. This clock toggles the!ilClK F/F which provides the two-phase (half-frequency, 
TTL level) clock for the CPU Clock Driver (mN640). MClOCK is also differentially driven on the 1/0 bus (BM CLOCK) to provide 
synchronized timing for the peripheral Transceivers and Controllers. 

CLEAR 
The CffiR pin is used during system reset. When asserted low, all the mN629's internal flip/flops are reset. If 
the Transceiver is in the Receive Mode, the 110 CLOCK pin is pulled low (resets the CPU, see mN601 or 
mN602). 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 110 INPUT is pulled high. 

• 



ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Supply voltage, vee· ................................................................. 7V 
Supply voltage, VEE' ................................................................ -7V 
Input voltage, V, ................................................................... 5.5V 
Transceiver output current, lOT' ....................................................... BOmA 
All other output current, 10 ........................................................... 50mA 

Operating free-air temperature range. T A ........................................ ·0 deg. to 70 deg.C 
Storage temperature range, T STG . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -55 deg. to 125 degC 

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 the 
operation of the circuit. 

RECOMMENDED OPERATING CONDITIONS 

Supply Voltage Vee ..................................... . ............. +5.0 ± 0.25V 
Supply Voltage VEE ....................................... . -5.0 ± 0.25V 
Average Power Dissipation· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .0.95 W 

Operating free-air temperature range, T A ......................................... 0 deg. to 70 deg. C 

DC CHARACTERISTICS 

SYMBOL CHARACTERISTICS CONDITIONS MIN, TYP, MAX, UNtTS 

VIH MCLOCK 2.0 V 
1/0 INPUT 
110 DATA1 ,1/0 OATA2 
Ci:Ei\R, 1/0 CLOCK 

BIIO CLOCK.BI/O CLOCK 5.25 V 
BliO DATA1.BI/O DATA1 
BIIO OAT A2.BI/O OAT A2 

VIL MCLOCK O.B V 
1/0 CLOCK 
1/0 INPUT 
I/ODATA1 
I/ODATA2 
CLEAR 

BIIO CLOCK.BI/O CLOCK 0.5 V 
BIIO DATA 1 .BI/O DATA 1 
BIIO DATA2.BIIO DATA2 

• 
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DC CHARACTERISTICS (CONT.) 

SYMBOL CHARACTERISTICS CONDITIONS MIN. 

VID (BI/O CLOCK.BI/O CLOCK) REQUIRED VALUE OF 0.75 

IV IL -v IH I (BI/O DATA1.BI/O DATA1) I V IL -v IH I FOR VALID 
(BI/O DATA2.BI/O DATA2) SIGNAL DETECTION 

IIH MCLOCK VI = 2.4V 

1/0 INPUT VI = 2.4V 

I/0DATAl 
I/ODATA2 

VI = 2.4V 

1/0 CLOCK 
CLEAR 

IlL MCLOCK VI = 05 V 

1/0 CLOCK VI = 0.5V 
1/0 INPUT 
110 DATAl 
I/ODATA2 
CLEAR 

110 BIIO CLOCK.BI/O CLOCK 055V::;V I S 2.0V 
BIIO DATA 1.BI/O DATAl 
BIIO OAT A2.BI/O DA T A2 

VOH 1/0 INPUT I 0 = -400uA 25 

VCC = 4.75V 

1/0 CLOCK I 0 = -20uA 30 

I 1/0 DATAl V CC = 475 V 
I 

I/ODATA2 

BI/OCLOCK (OPEN I 0 = -35 rnA 
BI/ODATAl EMITTER V CC =5.25V 

BIIO DATA2 OUTPUTS) 10 = -35 rnA 20 
BMCLOCK VCC = 4.75V 

0A. 0B Vee = 5.25. 4.95 

I RL = 1K 

VOL 0A.0B 10= lOrnA 
V CC = 4.75V 

1/0 INPUT 10 = 5rnA 
1/0 DATAl VCC = 4.75 V 
I/ODATA2 
1/0 CLOCK 

BI/OCLOCK (OPEN 10 = 35rnA 
BIIO DATAl COLLECTOR V CC = 475 
BI/ODATA2 OUTPUTS) 
BMCLOCK 

ICC TRANSMIT MODE V CC = 525 V 1""---------
VEE = -525 V 

I- - --
RECEIVE MODE 

lEE VCC = 525 V 
VEE = -5.25 V 

CI ALL INPUTS 
.. 

NOTE: Positive current IS mto the pm. 

TYP. MAX. UNITS 

0.5 V 

-0.22 -1.0 rnA 

0 80 jJA 

0 40 jJA 

-2.2 -3.8 rnA 

-0.5 -1.6 rnA 

500 jJA 

3.5 V 

3.8 V 

3.2 V 

2.5 V 

V 

0.35 05 

0.35 05 V 

0.38 0.55 V 

130 170 rnA 

--- - -- -- --
130 170 rnA 

23 rnA 

7 pi 



AC CHARACTERISTICS 
SWITCHING DIAGRAMS 

MCLOCK TRANSMITTER TIMING 

MCLOCK 

BMCLOCK 

DG-04189 

RECEIVER TIMING 

BI/O CLOCK ___ -J '--__ ~ 

110 CLOCK 
1/0 DATA(1.2) _____ +---' '--__ _ 

Tds 

BI/O DATA (1.2) 

DG-04.1~O 

TEST CIRCUIT NO.1 

BMCLOCK 
B 1/0 CLOCK, 
BI/ODATA 1, 
B 1/0 DATA 2 

BMCLOCK 
B 1/0 CLOCK 
BI/ODATA 1 
B 110 DATA 2 

VCC 

). 130n 

195n 

65n 

NOTE: ALL RESISTORS ARE + 1 % 
ALL CAPACITORS ARE + 5%
LOAD SHOULD BE CONNECTED TO 
OUTPUT USING LESS THAN 
2 INCHES OF WIRE. 

00-04192 

130n 

TRANSMITTER TIMING 

Tcp 

Thp 

MCLOCK 1'---..11 TCIII-

0A 0B __ +--JI 

Tco 

BI/ODATA 1.2 

I/OINPUT_-f>--t_'+-_-+ _____ _ 

1/0 DATA 1.2 

1/0 CLOCK 

B 1/0 CLOCK __ I--' '--_-+--..1 

NOTES: 
• UNLESS OTHERWISE NOTED. TIME INTERVALS ARE MEASURED 

FROM A 1 ,5 VOLT LEVEL. 

• SEE TIMING TABLE ON PAGE 12. 

DG-04191 

TEST CIRCUIT NO.2 

1/0 CLOCK 
1/0 DATA 1 

JV~~Kn 
1/0 DATA 2 r10Pf 

-= 

TEST CIRCUIT NO.3 

-= 
00-04344 

II 



mN8Z8 
ELECTRICAL SPECIFICATIOt4S 

TRANSITION TIMING 

SYMBOL CHARACTERISTIC MIN. MAX. UNIT 
TEST 

CIRCUIT 

Tep MASTER CLOCK PERIOD 99 125 ns 

Thp HALF CYCLE PERIOD 40 60 ns 

Tel/>+ DELA Y FROM MCLOCK TO 0A. 0B 
(RISING EDGE) 

30 70 ns NO.3 

Tel/>- DELA Y FROM MCLOCK TO 0A. IllB 25 60 ns NO 3 
(FALLING EDGE) 

Tis- SET UP TIME FOR 1/0 INPUT 35 --- ns 

Tis+ SET UP TIME FOR 1/0 INPUT 20 --- ns 

T dl DELAY FROM MCLOCK TRANSITION 5 40 ns NO 1 
TO BMCLOCK TRANSITION 

TRANSMITTER TIMING 

Tee DELA Y FROM MCLOCK TO 15 55 ns NO.1 
BI/OCLOCK 

Teo DELA Y FROM MCLOCK TO BI/O DATA 25 65 ns NO.1 

T ds DATA SETUP TIME 30 --- ns NO 1 

T dh DATA HOLD TIME 10 --- ns NO.1 

T es 1/0 CLOCK SETUP TIME 30 --- ns NO 1 

T eh 1/0 CLOCK HOLD TIME 10 --- ns NO 1 

RECEIVER TIMING 

Td DELA Y FROM BIIO CLOCK TO 30 80 ns NO.2 
110 CLOCK AND 1/0 DATA(1.2) 

T ds DA T A SETUP TIME 15 --- ns NO.2 

Tdh DA T A HOLD TIME 10 --- ns NO.2 



" ~I 0.210 , 

~ 
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PACKAGE SPECIFICATIONS 
The physical dimensions of the mN629 chip are given below. 

O.I00TYP 
PINSPAClNG 

DIMENSIONS OF CHIP 

• 
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mN633 
OCTAL DRIVER 



1 FEATURES 
1 GENERAL DESCRIPTION 
2 PIN DESCRIPTIONS 
3 ELECTRICAL SPECIFICATIONS 
5 PACKAGE SPECIFICATIONS 



MEMORY 

~ 

mN634 

-WE 

-P 

11'v------v'r--n-" 

TO 

I/O DATA1 .... -------I 
I/O uD.A-rA211----------l 
I/O CL.OCOCKKI--------+l 

I/O ,NPU 

n;<rn; 

mN629 
CPU I/O 

TRANCEIVER 

mN633 
OCTAL DRIVER 

INTP OUT 

"" 
DcHPOUT 

-~~--------------------------~ 
Thm=C:HRHR/I"=FDi 1:Hl~----r-' FAST DATA CHANNEL 

FDC:HEI----i CONTROL BUS 
;;0 

1 
DCHP:C I~ 
INTP IN :!~ 
'NTP nllT ~ 

DCHPOUT I ~ 

100 FT MAXIMUM 
TO A!-L_QEVICE 
CONTROLLERS 

I~ 
Ir 



FEATURES PACKAGE 

· 8 DRIVERS IN A 20-PIN CERAMIC 
DUAL-IN-LiNE PACKAGE. 20 Vee 

· NON-INVERTING OPEN-COLLECTOR Ao 2 19 GNO 

OUTPUTS. 
80 3 18 A7 

· COMPLETEL Y ISOLATES TWO SETS OF 
LINES. 81 4 17 87 

· SINKS 35mA per OUTPUT. A1 5 1S 8S 

S 15 AS 

82 7 14 A5 

B3 8 13 B5 

A3 9 12 84 

GNO 10 11 A4 

DG-06207 

GENERAL DESCRIPTION 

The mN633 Octal Driver gates lines to and isolates lines from a common bus. Eight bits are driven in one 
direction by the chip. 

II 
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PIN DESCRIPTIONS 
The diagram below shows the pin connections and the tables show the operation and function of the pins. 

FUNCTIONAL PIN CONNECTION DIAGRAM 

2 
AO<>------<li 

5 
A1C>----t--eI 

9 
A3<>----t--eI 

11 
A4<>----t-.q 

A5o-14 ___ -+---<li 

15 
AS<>----t-.q 

18 
A7o----+--<li 
_1 
AIN 

IX;-06208 

MNEMONIC 

AO-7 

B 0-7 

AIN 

Vee 

GND 

PIN # I/O 

2.5.6. IN 
9.11. 
14.15. 
18 

3.4.7. OUT 
8.12. 
13.16. 
17 

1 IN 

20 

10.19 

TRUTH TABLE 

A'N B,N OPERATION 

lOW lOW A data - B data 
HIGH lOW Isolate A from B 

PIN DESCRIPTIONS 

FUNCTION 

If A IN is low. these are the inputs of lines B 0-7. 
Else lines A 0-7 are isolated from the values on 

B 0-7. 

If A IN is low. these are outputs of lines A 0-7. 
Else indeterminate. 

When asserted low. enables A pins as inputs. Else 
A pins are isolated from B pins. 

+5.0 ± 0.25 volts 

Ground 



ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Supply voltage, Vee .............................................................. + 7V 
Input voltage, V, ................................................................ 5.5V 
Output Current, 10 .............................................................. 60mA 
Operating free-air temperature range, T A ....................................... 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 time may cause irreparable damage to the circuit. These ratings are not intended to be used during the 
operation of the circuit. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage, Vee ........................................................ 5.0 0.25V 
Average power dissipation ........................................................ 1.25 W 
Operating free-air temperature range, T A ....................................... 0 deg. to 70 deg.C 

DC CHARACTERISTICS 

SYMBOL CHARACTERISTICS CONDITIONS MIN MAX UNITS 

V,H Ao.7 2.0 V 

80-7 

XiN 
V,L Ao.7 0.8 V 

80-7 

XiN 
I'H XiN 

Ao.7 V, 2.5V 60 uA 
Vee ~ 5.25V 

V, - 5.5V 1.0 mA 
Vee ~ 5.25V 

I,L XiN V, ~ 0.5V -1.6 rnA 

Ao.7 Vee ~ 5.25V 

VOL 80-7 '0 ~ 40rnA 0.5 V 
Vee ~ 4.75V 

IOH 80-7 Vo ~ 5.0V 60 uA 
Vee ~ 4.75V 

Icc Vee ~ 5.25V 97 rnA 
(INPUTS 140 rnA 
HIGH) 
Vee ~ 5.25V 
(INPUTS lOW) 

eN 7 pF 

NOTE: Positive current is into the pin. 

It is recommended not to exceed a 50% duty cycle for all outputs low. 

~ 
~ 
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INPUT 
MONITOR 

PULSE • GENERATOR 

• 
SOil 
±1% 

-= -= 

II 
I 

:) 
I I 
I I ...... 
TOHH 

DG-08J53 

INPUT 
MONITOR 

• 
PULSE 

GENERATOR 

• 
SOIl 
± 1% 

-= -= 

I' 

Test Circuit No.1 

I 

\ I 
I 

I 
I 

I '\ I 
I 
I I 

'-
TOlL 

Test Circuit No.2 

~ I 
) 

, 

140!l ± 1% 

OUTPUT 
MONITOR 

T lSOpF ± S% 

-= (INCLUDING STRAY & PROBE) 

PULSE INPUT: 
AMPliTUDE ~ 0 TO 3V 
POSITIVE PULSE WIDTH ~ 100 MS ISO% TO SO%) 
NEGATIVE PULSE WIDTH ~ 200 MS ISO% TO SO%) 
TR ~ TF ~ S MS 

1401!±1% 

l' 

OUPUT 
MONITOR 

lSOpF ± S% 
I.INCLUDING STRAY & PROBE) 

I 

'\ i I 
I 
I 

I I I 

~ L-l 
EN TOHH EN TOLL 

DG-0815.J 

SYMBOL CHARACTER-
CONDITIONS MIN MAX UNITS ISTIC 

TDHH TEST CIRCUIT 45 ns 
#1 

Vee = 5.0V 

Tau 25 ns 

EN TOHH TEST CIRCUIT 
#2 

55 ns 

Vee = 5.0V 

EN TOLL 35 ns 

NOTE: Times measured between 50% points. 
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PACKAGE SPECIFICATIONS 
The physical dimensions of the mN633 chip are given below. 

0.100TYP 
PIN SPACING 

DIMENSIONS OF CHIP 
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mN634 
OCTAL MEMORY TRANSCEIVER 



1 FEATURES 
1 GENERAL DESCRIPTION 
2 PIN DESCRIPTIONS 

3 ELECTRICAL SPECIFICAnONS 
6 PACKAGE SPECIFICATIONS 

II 



MEMORY BUS 

ui 
!:: 

'" '" 

aUADSENSE 
AMPLIFIER BUS DRIVER 

00·04338 

mN634 
OCTAL MEMORY TRANSCEIVER 

'A' 

HALT 
CLAMII 
PAUSE 

mN601 CPU 

I,OOATA 11--------1 

10 DATA 21--------1 

If 0 CLOCK~-------l 

I o INPUT 1--------1 

I 0 DATA 2 ~------1 

IOCLOCKI------~ 

I o INPUT 

'H' 

M8<1-3 > 

100 feet maximum 



FEATURES 

• 8 DRIVERS/RECEIVERS IN A 20-PIN CERAMIC 
DUAL-IN-L1NE PACKAGE. 

• NON-INVERTING OPEN-COLLECTOR OUTPUTS. 

• SINKS 35mA per OUTPUT. 

AIN 

AO 

BO 

B1 

Al 

A2 

B2 

B3 

"3 

GND 

GENERAL DESCRIPTION 

PACKAGE 

2 

3 

4 

5 

6 

7 

8 

9 

10 

DO-04194 

20 Vee 

19 BIN 

18 A7 

17 B7 

16 B6 

15 A6 

14 A5 

13 B5 

12 84 

11 A4 

The mN634 Octal Memory Transceiver drives data to and from the microNOVA memory bus. Eight bits ,may be 
driven in either direction by the chip. It is used to interface the CPU to the memory bus as well as to drive 
the address and data lines for a memory array. See Application Notes. 



PIN DESCRIPTIONS 
The diagram and tables below show the connections. operations and functions of each pin in the mN634 chip. 

FUNCTIONAL PIN CONNECTION DIAGRAM 

3 
BO 2 

AO 

5 
AI 

4 B, 

7 
B2 6 

A2 TRUTH TABLE 

8 B 

A3 
9 3 

AIN BIN OPERATION 

L L A data _ B data 

12 B 

A4 
11 4 

L H Low catching latch 
H L Isolation 
H H B data _ A data 

13 

A5 
14 B5 

A6 
15 

16 B6 

A7 
18 

17 B 
7 

BIN~ PIN 20 = V cc 

II AIN 
DG-04195 

PIN FUNCTIONS 

MNEMONIC PIN IN/ FUNCTION 
NO. OUT 

A 0-7 2.5.6.9. 1/0 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. 

< 
B 0-7 3.4.7.8. 

12.13 
1/0 If neither Ain nor Bin is asserted. the A and B pins are open. 

16.17 .... If both Ain 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 



ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Supply voltage, Vee .............................................................. + 7V 
Input voltage, VI ................................................................ 5.5V 
Output Current, 10 .............................................................. 60mA 

Storage temperature range, T STG ......................................... -55 deg. to 1 25 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 the 
operation of the circuit. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage, Vee ........................................................ 5.0 + 0.25V 
Maximum power dissipation (averaged) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.25 W 
Operating free-air temperature range, TA ....................................... 0 deg. to 70 deg.C 

DC CHARACTERISTICS 

SYMBOL CHARACTERISTICS CONDITIONS MIN, TYP. MAX, UNITS 

VIH ~7,80-7 2.0 V 
AIN,8IN 

VIL A 0-7, 8 0-7 .B V 
AIN,8IN 

IIH AIN,8IN 
YI = 2.4V 0.06 mA 

V I = 5.5V 1 mA 

V 0=4V 0.06 mA 
A 0-7,80-7 

IlL ~Q:7' 80-7 
AIN,8IN 

VI = 0.5V -2 mA 

VOL A 0-7, 8 0-7 10 = 35mA 0.65 V 

Ice • Vec = 5.25V 217 280 mA 
(lNPUTSLOWl 

VCC = 5.25V 115 170 mA 
(INPUTS HIGH) 

Co 5VOUTPUT, 5 pF 
(OUTPUT OFFI 

OVOUTPUT, 12 pF 
(OUTPUT OFF) 

NOTE: Positive current is into the pin. 

*11 is recommended not to exceed a 50% duty cycle for all outputs low. 

. .. 3: •. 
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AC CHARACTERISTICS 
SWITCHING DIAGRAM 

INPUT TO OUTPUT SWITCHING 

T2 

1.
5vt f 

1.5V ----
00·04196 

TEST CONDITIONS 

Test Circuit No.1 Test Circuit No.2 

+5V 

~ 140 
FROM OUTPUT n 
UNDER TEST 

DG-04197 

.J,. 200pF 

NOTE: 
Load capacitors includes 
jig and stray capacitance 

TRANSITION TIMING 

5V 

~ 10K 
FROM OUTPUT n 
UNDER TEST 

.J,.2OpF 

00·04341 

SYMBOL CHARACTERISTIC CONDITIONS MAX. UNITS 

T1 INPUT TO OUTPUT TEST CIRCUIT 1 35 ns 
DELAY FOR RISING 
TRANSITION 

T2 INPUT TO OUTPUT TEST CIRCUIT 1 25 ns 
DELAY FOR 
FALLING 
TRANSITION 

TEST CIRCUIT 2 17 ns 



PACKAGE SPECIFICATIONS 
The physical dimensions of the mN634 chip are given below. 

DIMENSIONS OF CHIP 
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FEATURES 
• 1/0 BUS RECEIVER AND TRANSMITIER IN A SINGLE 

2D-PIN CERAMIC PACKAGE. 

• INTERFACES 1/0 CONTROLLER TO THE 
microNOVA DIFFERENTIAL 1/0 BUS. 

• DIFFERENTIAL DRIVE CAPABILITIES: 

1. PROVIDES HIGH 1/0 BUS NOISE IMMUNITY. 
2. ALLOWS LONG DISTANCE APPLICATIONS 

(UP TO 100 FEET) 
3. ALLOWS THE USE OF INEXPENSIVE 16-

CONDUCTOR RIBBON CABLE. 

• SYNCHRONIZES THE 10C TO THE CPU 

1/0 DATA 1 

B 1/0 DATA 1 2 

BI/ODATA 1 3 

a:EAR 4 

1/0 INPUT 5 

1/0 INPUT 6 

7 

8 

9 

GND 10 

DG-04199 

GENERAL DESCRIPTION 

PACKAGE 

20 VCC 

19 1/0 DATA 2 

18 BI/O DATA 2 

17 BI/O DATA 2 

16 110 CLOCK 

1 5 B 1/0 CLOCK 

14 BIIOCLOCK 

13 BMCLOCK 

12 BMCLOCK 

11 NC 

The 10C 1/0 Transceiver chip interfaces the microNOVA 1/0 Controller chip with the bidirectional, differential 
1/0 bus. It communicates with the CPU via a CPU 1/0 Transceiver. When the mN636 is in receive mode, it 
passes information to the 1/0 Controller. When it is in transmit mode, the 10C can send information to the CPU. 

The mN636 uses differential drivers and receivers to communicate with the CPU Transceiver via the 1/0 bus. This allows high 
noise immunity over a long bus. An I/O bus length of up to 100 feet is possible using inexpensive 16-conductor ribbon cable. 

In addition to passing data between an I/O Controller and the I/O bus, the mN636 receives the system master clock from 'h, II.~.··.· .. ·.· .......•. 

CPU Transceiver. This differential signal generates I/>A and 1/>8 which are used by the high voltage clock driver (mN6401 In .' 

generate 1/>1 and 1/>2. These clocks provide synchronized timing for the associated 1/0 Controller. 



MNEMONIC 

110 DATAl 
1/0 DATA2 

1/0 CLOCK 

1/0 INPUT 

1/0 INPUT 

mAR 

MCLOCK 

CPA 
CPB 

PIN DESCRIPTIONS 
The pin connections and their functions are given in the diagram and table below. 

PIN 
NO. 

1 
19 

16 

6 

5 

4 

9 

8 
7 

FUNCTIONAL PIN CONNECTION DIAGRAM 

MCLOCK 

TO t 
10C { 
CLOCK 
DRIVER 
mN640 

0A 

08 
8 9 12 

BMCLOCK 

7 13 BMCLOCK 

mN636 

TO 
10C 
1/0 
PORT 

I/O DATA 1 

1/0 DATA 2 

110 CLOCK 

110 INPUT 

1 • . 
19 • • 

16 • . 
6 

4 

2 

3 

18 

17 

15 

14 

CLEAR 

BI/ODATA 1 

B 110 DATA 1 

B 1/0 DATA 2 

BI/O DATA 2 

B 1/0 CLOCK 

BI/OCLOCK 

TO 
1/0 
BUS 

1/0 INPUT 
5 20 11 10 CONTROL 

i t i 
VCC NC GND 

DG-04200 

PIN FUNCTIONS 

INI 
OUT FUNCTION 

1/0 Tri-state. bi-directional data port pins. Transfer serial data between Transceiver and 10C 
1/0 1/0 port data pins. 

1/0 Tri-state. bi-directional clock line used to synchronize transmission and reception of 
data on 1/0 DATAl and 1/0 DATA21ines. Note: CLEAR asserted low pulls 110 CLOCK to 
its low state if Tranceiver is in Receive Mode. 

IN High = mN636 in receive mode. Low = mN636 in transmit mode. 

OUT Inverted output of 1/0 INPUT. 

IN When asserted. clears all internal flip/llops and pulls 1/0 CLOCK (pin 16) to the low 
state if the Transceiver is in the Receive Mode (used to reset associated mN603) 

OUT MicroNOVA system master clock output. 

OUT Two-phase inverted clocks operating at one-half the BMCLOCK frequency. TTL level 
OUT open collector outputs 



PIN INI 
MNEMONIC NO. OUT FUNCTION 

BMCLOCK 12 IN Differential pair. receives the system Master Clock transmitted by the CPU I/O 
BMCLOCK 13 IN Transceiver (mN629). 

BI/O DATA1 2 I/O Open emitter. open collector differential pair. Transmit and receive serial data on I/O 
BI/ODATA1 3 I/O bus. 

RECEIVE MODE (I/O INPUT high) - receive differential signals from I/O bus. Clocked by 
BI/O CLOCK. TIL level signal output on I/O DATA 1 pin. 
TRANSMIT MODE (I/O INPUT low) - TIL level input from I/O DATA1 transmitted 
differentially on I/O bus. Clocked by MCLOCK. 

BIIO DATA2 18 I/O Open emitter. open collector differential pair. Transmit and receive serial data on I/O 
BI/O DATA2 17 I/O bus. 

RECEIVE MODE (I/O INPUT high) - receives differential signals from I/O bus. Clocked 
by BI/O CLOCK. TIL level signal output on I/O DAT A2 pin. 
TRANSMIT MODE (I/O INPUT low) - TIL level input from I/O DATA2 transmitted 
differentially on I/O bus. Clocked by MCLOCK. 

BI/OCLOCK 15 I/O Open emitter. open collector differential pair. Used to synchronize transmission and 
BI/OCLOCK 14 I/O reception of BI/O DATA <1.2> pairs. 

RECEIVE MODE (I/O INPUT high) - receive differential synchronizing clock from I/O 
bus. Clocks data in on BI/O DATA <1.2> differential pairs. TIL level signal output on 
I/O CLOCK pin. 
TRANSMIT MODE (110 INPUT low) - TIL level input from I/O CLOCK pin used to 
generate a double frequency clock from MCLOCK; result is transmitted differentially to 
I/O bus. 

POWER 

Vee 20 + 5.0 ± 0.25 volts 

NC 11 

GND 10 Ground 



INTERNAL STRUCTURE 
The mN636 consists of six fIIplflops (F/F), a number of gates, three differential drivers, and four differential receivers. The 110 
INPUT pin determines whether the Transceiver Is in the Receive mode or the Transmit mode. When 1/0 INPUT is high, the 
Transceiver is in the receive mode. In this case, the 1/0 DATA1, 1/0 DATA2, and 1/0 CLOCK outputs are enabled. When 1/0 
INPUT Is low, these output drivers are disabled while the differential drivers are enabled. In this mode, the 1/0 DATA1, 1/0 DATA2, 
and 1/0 CLOCK inputs provide data to the DATA1 FIF, DATA2 FIF, and BIIO CLK ENB F/F. 

BI/O BI/O 
i7OiJISO'i' CLEAR CLOCK CLOCK 

5 4 15 14 

6 16 

I/O I/O 
INPUT CLOCK 

DG-D420J 

INTERNAL BLOCK DIAGRAM 

Bi70 BI/O 
DATA 1 DATA 1 

2 3 

I/O DATA 1 

V CC = PIN 20 
NC = PIN 11 
GND= PIN 10 

BI/O BI/O 
DATA 2 DATA 2 

18 17 

19 

BMCLOCK BMCLOCK 9JA 9JB 

12 13 8 7 

9 



DATA TRANSMISSION AND RECEPTION 
When connected to the microNOVA 110 bus, the mN636 performs two general types of data transfers; short and long as shown 
below: 

SHORT TRANSFER 

1/0 CLOCK 

VODATA 1 

1/0 DATA 2 

00·04184 

LONG TRANSFER 

1/0 CLOCK 

1/0 DATA 1 

1/0 DATA 2 

The short type consists of one I I 0 CLOCK pulse and transfers two bits. The long type consists of five 1/0 
CLOCK pulses and transfers 18 bits. For the purpose of illustrating the operation of the Transceiver, the iUfl" 
transfer is used as an example. The one pulse transfer is simply a shortened version of the long transfer "'~ 
far as the Transceiver's operation is concerned. See the Introduction and mN603/mN613, 110 Data Port for 
further explanation of the 1/0 protocols. 

The Transceiver operates under two modes; transmit and receive. The input waveforms, some internal Signals, output waveforms 
and a brief discussion of each mode are given below. 

• 



Transmit Mode 
Transmit mode begins when 1/0 INPUT is asserted low (by an 10C). 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 F/F 
and DATA2 F/F. These fliplflops supply the data to the differential drivers. In addition. DATA ClK sets the B1/6cu~ ENB F/F for 
the duration of the transmission. The high output of the BIIO ClK ENB F/F allows DATA ClK to be transmitted on the 1/0 bus via 
the BIIO CLOCK differential driver. A long transfer from the 10C to the 110 bus is shown in the following timing diagram. 

mN636 
INPUT 
FROM IIODATA<1.2> 
10C 

1/0 INPUT 

(

TRANSMIT/RECEIVE FI 

INTERNAL 
SIGNALS DATA ClK 

B 110 ClK ENB F/F 

TRANSMIT WAVEFORMS 

Bl/OClOCK 
Bl/OClOCK 

{

B 1/0 CLOCK 
OUTPUT B 1/0 CLOCK 
TO 110 
BUS B 110 DATA <1.2> 

B 1/0 DATA < 1 > 
B 110 oATA < 1.2> 
BI/O DATA <1.2> 

00·04204 

NOTE: MClOCK and DATA ClK operate at twice the frequency of 110 CLOCK. This provides a transition of 
BIIO CLOCK near the middle of every BIIO DATA < 1.2 > pulse allowing the receiving transceiver to 
sample near the middle of each data bit. 



Receive Mode 
Receive mode begins when 1/0 INPUT is asserted high. The first BIIO CLOCK transition from the 110 bus initiates data reception. 
The signals received from the 1/0 bus are in the same form as those transmitted. The Transmit/Receive F IF is in the reset state 
allowing BIIO CLOCK to generate DATA ClK. Data is clocked into the DATA1 F/F and DATA2 F/F on every falling edge of DATA 
ClK.ln addition, the BIIO ClK ENB F/F is toggled on each falling edge of DATA ClK. An inverted output of this fliplflop drives the 
110 CLOCK pin. A long transfer from the 1/0 bus to the 10C is shown in the following timing diagram. 

RECEIVE WAVEFORMS 

B 1/0 CLOCK 
II CLOCK 

INPUT{B 1/0 CLOCK 
FROM B 1/0 ClOC 

~8s B 1/0 DATA'-<:7r1,:;<2~>-""'++---"""-+l~cr--Tr--~-~-~~-~-~-~"+'~~~~ 
BI/ODATA,-<~1'~>~+4~~*-4L_~~_~ __ ~ __ ~L-__ ~ __ ~ ____ ~~~~~~ 

INPUT 
FROM 
lac 

1/0 INPUT ___ _ 

{

TRAN/REC F/F 

INTERNAL DATA ClK 
SIGNALS 

B 1/0 ClK ENB F/F 

{

I/OClOCK 
OUTPUT 
TO 
lac 110 DATA <-1-.2->---,!----dr----,,--.,,-~,.,.--"'<'7'"-~---,~-.,,---lr--+----

DG-04205 

NOTE: The last BIIO 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 and DATA2 F/Fs are reset to their 
normal state at the completion of the transfer. -



II 

REGISTER RESET CIRCUIT 
This circuit consists of the REG RST F/F, two NAND 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 BI/O ClK ENB F/F will be reset if set by a 
spurious transition of BI/O CLOCK. 

Under normal operation, the BI/O ClK ENB F I 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 
BIIO CLOCK transitions. If for some reason a single transition of BIIO CLOCK is received, the BIIO ClK ENB 
F I F must be reset to avoid holding 110 CLOCK low and resetting the associated 10C (see mN603 I mN613 
System Requirements). 

If the BI/O ClK ENB F/F is set anywhere during the period shaded in the following timing diagram, it is reset after the rising edge 
of IPB as described below. 

INTERNAL 
SIGNALS 

DG-04188 

SilO elK ENS F/F RESET TIMING 

MCLOCK 

0B 

BIIO ClK. ---jB2K2lEltr ENB F/F _ """-_-'-

RS 

RS----t---"""'I 

While the BI/O ClK ENB F/F is in the reset state, its Q output is O. This forces the REG RST F/F to its reset state. If the BI/O ClK 
ENB F/F is clocked by a fraudulent transition of BI/O CLOCK, its Q output is no longer 0 and the REG RST F/F is no longer forced 
to the reset state. On the next falling edge of IPB, the REG RST F/F is set placing RST low. Though RST is now low, RS remains 
high since IPB is low. When IPB goes hi~RS goes low clearing the BI/O ClK ENB F/F. Its Q output goes low immediately 
resetting the REG RST F/F and placing RST back in its normal state. RS and RS return to their normal state on the next falling 
~dgeof IPB. 

The BI/O 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 oflPB. 

CLOCKS 
The system master clock is reCeived via the BM CLOCK differential pair. This differential receiver clocks the cPClK F/F which 
provides the two-phase (half-frequency, TIL level) clock for the I/O 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 I/O CLOCK pin is pulled low (this resets the associated I/O Controller, see mN603).1f the Transceiver is 
in the transmit mode, the I/O CLOCK pin is not affected by the assertion of CLEAR until the transmission is over and I/O INPUT is 
pulled high. 



ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Supply voltage, Vee, ................................................................. 7V 

Input voltage, V, ................................................................... 5.5V 
Transceiver output current, lOT' ....................................................... BOmA 
All other output current, 10 ........................................................... 50mA 

Operating free-air temperature range, T A ........................................ 0 deg. 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 are not intended to be used during the 
operation of the circuit. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage, Vee· .. '.' ..................................................... +5.0 ± 0.25V 

Average power dissipation· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.95 W 
Operating free-air temperature range, T A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0 deg to 70 degC 

DC CHARACTERISTICS 

SYMBOL CHARACTERISTICS CONDITIONS MIN. TYP. MAX. UNITS 

VIH 1/0 INPUT 2.0 V 
1/0 DATA1.1/0 DATA2 
CLEAR. 1/0 CLOCK 

BMCLOCK,BMCLOCK 
BIIO CLOCK,BI/O CLOCK 5.25 V 

BIIO DATA1,BI/O DATA1 
BIIO DATA2.BI/O DATA2 

VIL 1/0 CLOCK O.B V 
1/0 INPUT 
I/ODATA1 
1/0 DATA2 
CLEAR 

BIIO CLOCK,BIIO CLOCK 
BIIO DATA1,BI/O DATA1 -0.5 V 
BIIO DAT A2,BI/O DAT A2 
BMCLOCK.BMCLOCK 



DC CHARACTERISTICS (CONT) 

SYMBOL CHARACTERISTICS CONDInONS MIN. TYP. MAX. UNITS 

V,O (BI/O CLOCK,BI/O CLOCK) REQUIRED VALUE OF 0.75 0.5 V 

I ~L.-VIH I 
(BI/O DATA1,BI/O DATAl) I V,L-V,H IFORVALID 
(BI/O DATA2,Bi/O DATA2) SIGNAL DETECTION 
(BMCLOCK,BMCLOCKj 

I'H 1/0 INPUT V, = 2.4V 0 80 uA 

1/0 DATAl V, = 2.4V 0 40 uA 
I/ODATA2 
1/0 CLOCK 

"'CiDR' 

I,L 1/0 CLOCK V, = 0.5V -0.5 -1.6 mA 
1/0 INPUT 
1/0 DATAl 
I/ODATA2 
CLEAir 

',0 BI/O CLOCK,BI/O CLOCK 055V$V,:5 20V 500 uA 
BI/ODATA1,BI/ODATAI 
BI/O DATA2,BI/O DATA2 
BMCLOCK,BMCLOCK 

VOH 1/0 INPUT 10 = -400uA 2.5 3.5 V 
Vee = 4.75V 

1/0 CLOCK '0 - -20uA 3.0 3.8 V 

1/0 DATAl Vee = 4.75V 
I/ODATA2 

BI/O CLOCK (OPEN 10 = -35mA 3.2 V 
BI/ODATAI EMITTER Vee = 525V 
BI/ODATA2 OUTPUTS) 

10 = -35mA 2.0 2.5 V 

Vee = 4.75 V 

MCLOCK Vee = 4.75 V 2.4 3.25 -v 
IOH = 400mA 

!1IA,!1IB Vee = 5.25V, 4.95 V 

RL = lK 

VOL !1IA,!1IB 10 = 10mA 0.35 05 V 
Vee ~ 475 V 

110 INPUT 10 5mA 0.35 0.5 V 

1/0 DATAl Vee ~ 4.75 V 
I/ODATA2 
1/0 CLOCK, MCLOCK 

BI/OCLOCK 10 - 35mA 0.38 0.55 V 
BI/ODATAI Vee - 4.75V 
BI/ODATA2 

lee TRANSMIT MODE Vee - 5.25V 130 170 mA 1--------- ~-- --- --- ----RECEIVE MODE 130 170 mA 

CI ALL INPUTS 7 pf 

NOTE: Positive current is into the pin. 

00""'" 



AC CHARACTERISTICS 
SWITCHING DIAGRAMS 

BMCLOCK RECEIVER TIMING 

BMCLOCK 

MCLOCK 

DG-04189 

RECEIVER TIMING 

B 110 CLOCK ___ ---J '--__ ---J 

1/0 CLOCK----t-----;J,----

1/0 DATA < 1.2> -----t----J '-----
Tds 

BI/O DATA < 1.2> 

DO-04190 

TEST CIRCUIT NO.1 

BMCLOCK 
B 1/0 CLOCK 
BI/ODATA 1· 
B 110 DATA 2 

BMCLOCK 
BIIOCLOCK 
B 110 DATA 1 
B 1/0 DATA 2 

VCC 

130n 

195n 

NOTE: ALL RESISTORS ARE + 1 % 
ALL CAPACITORS ARE + 5%
LOAD SHOULD BE CONNECTED TO 
OUTPUT USING LESS THAN 
2 INCHES OF WIRE. 
DG-04192 

130n 

TRANSMITTER TIMING 

Tcp 

Thp 

1'----JITcfI!-

Tco 

BIIO DATA < 1.2> 

I/OINPUT_-t'--t_'+-_-+ _____ _ 

1/0 DATA < 1.2> 

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. 

DO-04191 

TEST CIRCUIT NO.2 

1/0 CLOCK 
1/0 DATA 1 

fV~~Kn 
1/0 DATA 2 T 10 pf 

TEST CIRCUIT NO.3 

0A 
0B 

±VC~Kn 

T 10Pf 



TRANSITION TIMING 

SYMBOL CHARACTERISTIC MIN. MAX. UNIT 
TEST 

CIRCUIT 

T ep MASTER CLOCK PERIOD 99 125 ns 

Thp HALF CYCLE PERIOD 40 60 ns 

T eef>+ DELAY FROM MCLOCK TO !15A.!15B 30 70 ns NO 3 
(RISING EDGE) 

Teef>- DELA Y FROM MCLOCK TO !15A.!15B 25 60 ns NO 3 
(FAlliNG EDGE) 

Tis- SET UP TIME FOR 1/0 INPUT 35 --- ns 

Tis+ SET UP TIME FOR 110 INPUT 20 --- ns 

T dl DELAY FROM MCLOCK TRANSITION 5 40 ns NO 1 
TO BMCLOCK TRANSITION 

TRANSMITTER TIMING 

T ce DELA Y FROM MCLOCK TO 15 55 ns NO. 1 
BI/OCLOCK 

Teo DELAY FROM MCLOCK TO BI/O DATA 25 65 ns NO 1 

T ds DA T A SETUP TIME 30 --- ns NO 1 

T dh DATA HOLD TIME 10 --- ns NO.1 

T es 110 CLOCK SETUP TIME 30 --- ns NO 1 

T ch 1/0 CLOCK HOLD TIME 10 --- ns NO 1 

RECEIVER TIMING 

Td DELAY FROM BI/OCLOCK TO 30 80 ns NO.2 
110 CLOCK AND 110 DATA(1.2) 

Tds DA T A SETUP TIME 15 --- ns NO.2 

Tdh DA T A HOLD TIME 10 --- ns NO.2 
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PACKAGE attEclFleATION 

PACKAGE SPECIFICATION 
The physical dimensions of the mN636 chip are given below. 

O.l00TYP 
PIN SPACING 

DIMENSIONS OF CHIP 
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FI 
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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. 

vcc 2 

NC 

NC 

AO 

A1 

A2 

A3 

GND 

PACKAGE 

16 

2 15 

3 14 

4 13 

5 12 

11 

7 10 

9 

NC = no connection 

DG-04211 

GENERAL DESCRIPTION 

VCC1 

NC 

VCC3 

BO 

B1 

B2 

B3 

NC 

The mN638 Clock Driver chips contains two TTL level to high voltage converters. These may be used to drive the clock input of 
the mN606 Random Access Memory chip. 
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mNe~,_ ~" " """""i 
PIN DE$CI)IPTIOf,lS 

PIN DESCRIPTIONS 
The pin connections and their functions are described in the diagram and table below. 

MNEMONIC PIN 
NO. 

A1·A2·A3 5.6.7 

AO 4 

81.82.83 12.11. 
10 

80 13 

VCC' 16 

VCC2 1 

VCC3 14 

GND 8 

FUNCTIONAL PIN CONNECTION DIAGRAM 

IN! 
OUT 

In 

Out 

In 

Out 

Pin 1 = VCC2 = +15V 
PinI4=VCC3 =+18.5V 
Pin 16 = VCC' = +5V 
Pin 8 = GND 

DG-04212 

PIN FUNCTIONS 

FUNCTION 

TTL inputs to 3-input AND gate. Ao is high voltage output. 

High Voltage output of 3-input (A1.A2.A3) AND gate. 

TTL inputs to 3-input AND gate. 80 is high voltage output. 

High voltage output of 3-input (81.82.83) AND gate. 

+ 5 ± 0.25 volts 

+15 ± 1.0 volts 

+18.5 ± 0.75 volts 

Ground 



ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Supply voltage, VCC1 ................................................................ 7V 
Supply voltage, V CC2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18V 
Supply voltage, V CC3. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 21 V 
Input voltage, VI .................................................................. 5.5V 
Output current, I o. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60mA 

Storage temperature range, T STG . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -55 deg. to 1 25 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 circuil. These ratings are not intended to be used during the 
operation of the circuil. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage, VCC1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.0 ± 0.25V 
Supply voltage, VCC2 .......................................................... 15.0 ± 1V 
Supply voltage, VCC3 . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18.5 ± 0.75V 
Average power dissipation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... 1.0 W 
Operating free-air temperature range, T A ....................................... 0 deg. to 70 deg. C 

DC CHARACTERISTICS 

SYMBOl CHARACTERISTICS CONDITIONS MIN. MAX. UNITS 

VIH A 1-3, B 1-3 2.0 V 

VIL A 1-3. B 1-3 0.8 V 

IIH A 1-3. B 1-3 VCC1 = 5.25V 40 #J.A 
VI= 2.4V 

IlL A 1-3. B 1-3 VCC1 - 5.25V -1.6 rnA 
VI = 0.5V • 



DC CHARACTERISTICS (CONT.) 

SYMBOL CHARACTERISTICS CONDITIONS MIN. MAX. UNITS 

VOH AO BO VCCl = 4.75V 13 V 

VCC2 - 14V 
VCC3 = 17.75V 
10 = -20mA 

VOL AO BO VCCl = 4.75 V 0 0.5 V 
10 = 25mA 

SUPPLY 
ICC1H CURRENT VCCl = 5.5V 9 mA 

SUPPLY 
VCC2= 16V -2.7 .25 mA ICC2H CURRENT 

ICC3H 
SUPPLY VCC3 = 19.25V 4 mA 

CURRENT 

ICClL 
SUPPLY VCCl = 5.5V 80 mA 

CURRENT 

ICC2L 
SUPPLY VCC2= 16V 250 IJ.A 

CURRENT 

ICC3H 
SUPPLY VCC3 = 19.25V 20 mA 

CURRENT 

NOTE: Positive current Is into the pin. 



SYMBOL 

Tr 

TI 

TpD+ 

TpD_ 

DG-04213 

AC CHARACTERISTICS 
SWITCHING DIAGRAM 

IOnS IOnS 

TRANSITION TIMING 

CHARACTERISTIC CONDITIONS 

OUTPUT RISE TIME (AO.80) CL = 15pF 

CL = 470pF 

OUTPUT FALL TIME (AO. 80) CL = 15pF 

CL = 470pF 

PROPAGATION DELAY CL = 15pF 

CL = 470pF 

TEST CONDITIONS 

r--------, 
I I 
I I 
I I 
I I 

INPUT 
VCCI = 5.0V 

VCC2 = 15.0V 

VCC;3 = lB.OV 
tot~--_+I----, I 

I ~:--~VVv--.~O} 
50Sl I I RL= 

L _________ J 10Sl±I% 

2.4V 

MIN. MAX. 

5 

25 

5 

25 

3 

20 

1. Input Pulse: Amplilude = 0 10 .3v 
Width = 400nS 150% to 50%1 
1,=lf= IOnS 

NOTE: LOAD CAPACITOR INCLUDES 

JIG AND WIRING CAPACITANCE. 

Fraq. = 1.67MHz 

00-01214 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 
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PACKAGE SPECIFICATIONS 
The physical dimensions of the mN638 chip are given below. 

DIMENSIONS OF CHIP 
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mN640 
CPU/IOC CLOCK DRIVER 



1 FEATURES 
1 GENERAL DESCRIPTION 
2 PIN DESCRIPTIONS 

3 ELECTRICAL SPECIFICATIONS 
6 PACKAGE SPECIFICATIONS 
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FEATURES 

• DUAL 3 INPUT BIPOLAR TO MOS DRIVER IN A 16-PIN 
CERDIP PACKAGE. 

• TTL COMPATIBLE INPUTS, HIGH VOLTAGE 
OUTPUTS COMPATIBLE WITH microNOVA 
CPU AND 110 CONTROLLER MOS CLOCK 
INPUTS. 

mN640 
CPU AND IOCCLOCK DRIVER 

PACKAGE 

VCC2 16 VCC1 

NC 2 15 NC 

NC 3 14 NC 

AO 4 13 BO 

A1 5 12 B1 

A2 6 11 B2 

A3 7 10 B3 

GND 8 9 NC 

NC = no connection 

DG-0421~ 

GENERAL DESCRIPTION 

The mN640 Clock Driver chip contains two TTL level to high voltage converter gates. These are used to drive 
the two-phase clock inputs of the CPU and 10C. Additional signal shaping circuitry, required to shape the 
non-overlapping clock signals, is described in the Design Notes. 



mN640 
P,"'I DE$CRIPTIQ ... 

PIN DESCRIPTIONS 
The pin connections and their functions are described in the diagram and table below. 

FUNCTIONAL PIN CONNECTION DIAGRAM 

• 
DG·04216 

PIN FUNCTIONS 

MNEMOMC 
PIN INI 

FUNCTION 
NO. OUT 

A1,A2,A3 5,6,7 In TTL inputs to 3-input AND gate. AO'is high voltage output. 

Ao 4 Out High voltage output of 3-input (A1,A2,A3) AND gate. 

81,82,83 12,11, In TTL inputs to 3-input AND gate. 8 0 is high voltage output. 
10 

So 13 Out High voltage output of 3-input (81,82,83) AND gate. 

VCC1 16 5± 0.25 volts 

VCC2 1 1 5 ± 1.0 volts 

• GND 8 Ground 



ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Supply voltage, VCC1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7V 
Supply voltage, V CC2' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ·laV 
Input voltage, VI ................................................................ 5.5V 
Output current, 10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . SOmA 

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 the 
operation of the circuit. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage, VCC1 ........................................................ ·5.0 + 0.25V 
Supply voltage, VCC2 ......................................................... 15.0-+ 1.0V 
Average power dissipation ........................................................ '-1.0 W 
Operating free-air temperature range T A ······································0 deg.C to 70 deg.C 

DC CHARACTERISTICS 

SYMBOL CHARACTERISTICS CONDITIONS MIN. MAX. UNITS 

VIH A 1-3. B 1-3 2.0 V 

VIL A 1-3. B 1-3 08 V 

IIH A 1-3, B 1-3 VCC1 = 5.25V 
40 ~A V I = 2.4V 

IlL A 1-3. B 1-3 
VCC1 - 5.25V 

-l.S V 1= 0.4V mA -



4 

DC CHARACTERISTICS (CONT.) 

SYMBOL CHARACTERISTICS CONDITIONS MIN. 

VOH AO,BO VCC1 ~ 4.75V 13 

VCC2 ~ 14V 
I 0 ~ 500f.lA 

VOL AOBO 
VCC1 ~ 4.75 V 0 
10 = 25rnA 

ICC1H 
SUPPLY 

VCC1 = 5.5V 
CURRENT 

+ SUPPLY 
ICC2H CURRENT VCC2 = 16V 

ICC1L 
SUPPLY 

VCC1 ~ 5.5V 
CURRENT 

-+-
ICC2L SUPPLY VCC2 = 16V 

CURRENT 

NOTE: Positive current is into the pin. 

RECOMMENDED CONFIGURATION 

TRANSCEIVER 

!X;-Q6209 

+5V 

511n±1% 

47pf 
CPU 

+-----!--o +2.40V 

511n±1% 

+5V 

MAX UNITS 

V 

0.5 V 

9 rnA 

250 f.lA 

60 rnA 

42 rnA 



SYMBOL 

Tr 

Tf 

T1 

AC CHARACTERISTICS 
SWITCHING DIAGRAM 

10n5 10n5 

INPUT 10% 10% 

OUTPUT 2.0V 

DG·04218 

TRANSITION TIMING 

CHARACTERISTICS CONDITIONS 

OUTPUT RISE TIME VCC1 = 5.0V 
VCC2 = 15.0V 
TEST CIRCUIT 

OUTPUT FALL TIME VCC1 = 5.0V 
VCC2 = 15.0V 
TEST CIRCUIT 

PROPAGATION DELAY VCC1 = 5.0V 
VCC2 = 15.0V 
TEST CIRCUIT 

TEST CONDITIONS 

~-------..., 

INPUT 1 I--Vcc1 = 5.0V 
I,' I--Vcc2 = 15.0V 

PULSE I 

GENERATOR O,>--+---+----l f--4'----...--<i 
50ni 

L-_ 

MIN MAX UNITS 

4 20 ns 

4 20 ns 

15 35 ns 

1. Test each input separatelv NOTE: C l includes jig and wiring capacitance. 
2. Input Pulse: Amplitude = 0 to 3V 

DG·04219 

Width = 100n5 (50% to 50%) 
t r =tf=10n5 
Freq. = 5MHz • 



PACKAGE SPECIFICATIONS 
The physical dimensions of the mN640 chip are given below. 

DIMENSIONS OF CHIP 
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mN658 
CLOCK DRIVER 



1 FEATURES 
1 GENERAL DESCRIPTION 
2 PIN DESCRIPTIONS 
3 ELECTRICAL SPECIFICATIONS 
5 PACKAGE SPECIFICATIONS 

-
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FEATURES 

• DUAL 3 INPUT BIPOLAR TO MOS DRIVER IN 
A 16 PIN CERDIP PACKAGE 

• TTL COMPATIBLE INPUTS HIGH VOLTAGE 
OUTPUTS COMPATIBLE mN615 MOS 
CLOCK INPUTS. 

VCC1 

NC 

NC 

AO 

A1 

A2 

A3 

GND 

00-08155 

GENERAL DESCRIPTION 

PACKAGE 

16 VCC2 

2 15 NC 

3 14 NC 

4 13 BO 

5 12 B 1 

6 11 B2 

7 10 B3 

B 9 NC 

NC = no connection 

The mN658 Clock Driver chip contains two TTL level to high voltage converter gates. These are used to drive the 
two-phase clock inputs of the mN615. Additional signal shaping circuitry, required to shape the non-overlapping clock 
signals, is described in the Design Notes. 



PIN DESCRIPTIONS 

The pin connections and there functions are described in the diagram and table below. 

MNEMONIC 

A1.A2.A3 

AO 

B1.B2.B3 

BO 

VCC1 

VCC2 

GND 

FUNCTIONAL PIN CONNECTION DIAGRAM 

PIN NO. 

5.6.7 

4 

12.11.10 

13 

1 

16 

8 

AO t-;:-----, 
A1 <--...---, 
A2 
A 3 ,,--_ 

mN658 

DG-08156 

PIN FUNCTIONS 

IN/OUT FUNCTION 

IN TTL inputs to 3-input AND gate. 

OUT High voltage output of 3-input (A 1. A2. A3) AND gate. 

IN TTL inputs to 3-input AND gate. 

OUT High voltage output of 3-input (B 1. B2. B3) AND gate. 

+ 12V ± lV or + 15 ± lV 

+5V ± 0.25V 

Ground 



ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Supply voltage. VCC1 .... . 

Supply voltage. VCC2 ..... . 

Input voltage ........ . 
Output voltage .............. . 

Storage temperature range .......... . 

... 17V 
. ... 7V 

5.5V 
.60mA 

-55 deg to 125 deg C 

SPECIFIED OPERATING RANGES 

Supply voltage. VCC1 
Supply voltage. VCC2 
Average power dissipation ......... . 
Operating free-air temperature range. . . 

DC CHARACTERISTICS 

SYMBOL CHARACTERISTICS CONDITIONS 

V'H A'_3 
8'_3 

V~ A t _3 

8'_3 

"H 
A t _3 Vee1 = l6V 

8'-3 VCC2 = 5.25V 
VI = 2.4V 

Vee, - l6V 
VCC2 = 5.2SV 
VI = 5.SV 

'L A t _3 B'_3 Vee1 = l6V 
VCC2 = S.25V 
VI = O.4V 

VOH Ao Vee1 - l1V 
80 VCC2 = 4.7SV 

'0 - -100~ 

Va. Ao Vee. llV 

Bo V= - 4.75V 

'0 - 10~ 
Ice. VCC1 - 16V 

VCC2 = 5.25V 
{INPUTS LOWI 

lee2 VCC1 - l6V 
V CC2 = 5.25V 
(INPUTS HIGH) 

VCC1 = 16V 
VCC2 = 5.25V 
{INPUTS LOW) 

........... + 11 to + 16V 

............ +.5 ± 0.25V 
. .......... 1.0 W 

. ........ 0 deg to 70 deg C 

MIN MAX UNITS 

2.0 V 

0.8 V 

40 ~A 

1 rnA 

-1.6 rnA 

4.4 V 

0.25 V 

15 rnA 

10 rnA 

100 rnA 

3 
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+5V 

4020 
1% 

4020 
1% 

00-08157 

RECOMMENDED CONFIGURATION 

.--.... --n +5V 

270 
3 

2 
mN615 

270 

TEST CONDITIONS 

VCC2 = 4.75V 

AC CHARACTERISTICS/SWITCHING DIAGRAM INPUT VCC1 = 12V 

_I \'--____ ~!:1r.i----------,~ 
PULSE 
GENERATOR 

500 

OUTPUT 

200pF ±5% 
--IJ W-T I '!JT ,II' DH ...-...~ DL 

., I: .: ': I 

!i: iIi:: 
I (INCLUDES 

L..-___ ----l -= STRAY AND = 2.40V 

00-08158 

:++: ~ 
Too T~ 

1. TEST EACH INPUT SEPARATELY 
2. INPUT PULSE 

AMPLITUDE = 0 TO 3V 
WIDTH = 100INS (50% TO 50%) 
TR = TF = 10 N.5 
FREQ = 5MHz 

TRANSITION TIMING 

SYMBOL CHARACTERISTICS CONDITIONS MIN MAX UNITS 

TOH RISING OUTPUT DELAY SEE ABOVE 15 35 ns 

TOI. FALLING OUTPUT DELAY SEE ABOVE 15 35 ns 

TOR OUTPUT RISE TIME SEE ABOVE 8 25 ns 

TOF OUTPUT FALL TIME SEE ABOVE 8 25 ns 

NOTE: T DH and T DL measured between 50% pOints. 

TOR and TOF measured between 10% and 90% pOints. 

PROBE 
CAPACITANCE 



PACKAGE SPECIFICATIONS 

The physical dimensions of the mN640 chip are given below. 
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DESIGN NOTES 

III 



1 INTRODUCTION TO DESIGN NOTES 

2 SIMPLIFIED CPU MODULE 
2 MEMORY BUS 
4 mN602/ mN602 SYSTEM CLOCK 
4 CLOCK OVERSHOOT 
4 mN601GROUNDPADS 
4 mN601/ mN602 DECOUPLING 

5 GENERAL PURPOSE 1/0 INTERFACE 
6 mN603 SYSTEM CLOCK 
6 CLOCK OVERSHOOT 
6 mN603/mN613 DECOUPLING 
6 mN615 DECOUPLING 
6 I/O BUS TERMINATION 

8 mN606 RAM ARRAY DESIGN 
8 BOARD CONSTRUCTION NOLTAGE DISTRIBUTION 
8 mN606 RAM DECOUPLING 
8 mN638 CLOCK DRIVER DECOUPLING 

10 mN606 SENSE AMP/BUS DRIVER DECOUPLING 
10 MEMORY BUS RECEIVERS 
10 PROM/RAM 

12 ADDRESSING I/O DEVICES VIA THE MEMORY BUS 
12 ADDRESSING 
12 MEMORY 
12 RAM DISABLE 

14 mN601/mN603/mN613 NON-OVERLAPPING CLOCKS 
15 POWER SUPPLY 12V TO 16V CONVERSION 
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INTRODUCTION TO DESIGN NOTES 

This portion of the data manual contains engineering notes which are aids to the design engineer using the microNOVA chip set. 
The notes are compiled in sections, each devoted to a particular facet of design implementation. Each circuit shown has been 
thoroughly tested, and the text accompanying each schematic suggests proven methods for circuit layout. The six design notes 
are: 

• Typical CPU module design 

• General purpose I/O interface design 

• mN606 RAM array design 

• Using the memory bus to address I/O devices 

• Generating the non-overlapping clocks required by the 
mN601 and mN603 

• 1 2V to 15V power supply conversion 

The design notes covering each of the above subjects describe conservative engineering practices suitable for a wide range of 
applications. The logic schematics show suggested circuitry, values of discrete components and, where applicable, 
manufacturer's part numbers for integrated circuits not included in Data General's microcomputer chip set. 

-
1 



SIMPLIFIED CPU MODULE 

In a typical microNOVA CPU configuration, the mN601 or mN602 microprocessor is interfaced to both the microNOVA 
I/O bus and memory bus as shown in the CPU logic schematic on the following 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 ;2 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 is placed on the bus by discharging those lines which carry O's and 
leaving charged those lines which carry l'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 and mN602 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 at 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 a 10pf to eliminate crosstalk. 

01 

02 

P 

MEMORY BUS PRECHARGING 

FROM MEMORY 

PRE CHARGE T13 T14 

{
MBO-15 

READ 

SAE --------~~~~------_f/ 

{
MBO-15 

WRITE WE _____________________________ --J 

DG-04236 

NOTES: 

1. During precharge time, MB line8 8hould not be driven low becau8e high 
current 8pike8 may caU8e damage to the mN601. 

2. During memory addre88 or data 8et-up time, the MB line8 8hould not 
be driven low, 8ince incorrect addre88ing or data 1088 will re8ult. See 
mN601, Memory Timing Table. 

3. In order to read information from the memory, MB line8 carrying 0'8 
must be di8charged by T13, before the falling edge of ~1 (8ee mN601, 
Switching Diagrams). Once di8charged, the MB line8 remain 
di8charged until the next precharge. 
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mN602 / mN602 SYSTEM CLOCK 
The non-overlapping clocks required to generate the microprocessor's internal four-phase clock are described in th 
Non-overlapping Clocks note. This circuitry is also shown in the CPU logic schematic. 

CLOCK OVERSHOOT 
Care should be exercised in minimizing inductance on the clock lines. An overshoot on the clock waveform caused b 
inductance in the connections between the mN640 clock driver and the mN601 will not create a problem providing its amplitud, 
is limited to 1 V or less. This overshoot is dependent upon the clock driver rise and fall times. The value of the overshoot can b 
controlled by changing the values of the resistors, Rl and R2 (see schematic), in series with the outputs of the mN640 clocl 
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 il 
reduced CPU operating margins. For this reason, it is recommended that these pads be interconnected with short and heav} 
high conductivity connections. 

mN601 / mN602 DECOUPLING 
It is recommended that decoupting of the mN601's or mN602's supply voltage connections (Vaa, Vee, Voo and VGG) t 
made as close as possible to the mN601 or mN602 chip and the nearest ground connected to it. 

Suggested values for decoupling capacitors are: 

Supply Connection Capacitor Value 

VBB O.lpf EIA # Z5V dielectric, or equivalent 

Vee O.lpf EIA # Z5V dielectric, or equivalent 

Voo O.lpf EIA # Z5V dielectric, or equivalent 

0.1 pf EIA # Z5V dielectric, or equivalent 

Overall board decoupling at low frequency should be incorporated according to standard engineering practices. 



GENERAL PURPOSE I/O INTERFACE 

The logic schematic on the following page illustrates a typical general purpose microNOVA I/O interface. In the drawing, 
the mNS151/0 controller is interfaced to the I/O bus via an mNS5810C I/O transceiver and to the device via the lS-bit 

data bus (0<0-15> H or D<0-15> L) and a 4-to-1S line decoder. 

mN615 SYSTEM CLOCK 

The non-overlapping clocks required to generate the mNS03, mNS13, and mNS15 internal four-phase clock are described 
in the Non-overlapping Clocks note. The circuitry for the mNS15 is also shown in the microNOVA I/O interface 
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 mNS40 clock driver and the mNS03 will not create a problem providing its amplitude 
is limited to 1 V or less. This overshoot is dependent upon the clock driver rise and fall times. The value of the overshoot can be 
controlled by changing the values of the resistors, Rl and R2 (see schematic), in series with the outputs of the mNS40 clock 
driver. 

mN603/mN613DECOUPLING 
It is recommended that decoupling of the mNS03's and mNS13 supply voltage connections (Vaa, Vcc, Voo and VGG) be 
made as close as possible to the mNS03 chip and the nearest ground connection. 

Suggested values for the decoupling capacitors are: 

Supply Connection 

mN615 DECOUPLING 

Capacitor Value 

O.l)1f EIA IF Z5V dielectric, or equivalent 
0.1 ~f EIA IF Z5V dielectric, or equivalent 
0.1 ~f EIA IF Z5V dielectric, or equivalent 
O.l).1f EIAIF Z5Vdielectric, or equivalent 

It is recommended that decoupling of the mNS15's supply voltage connections (Vcc and Vaa) be made as close as 
possible to the mNS15 chip and the nearest ground connection. 

Suggested values for the decoupling capacitors are 

Supply Connection Capacitor Value 

Vee O.l"f EIA # Z5V dielectric, or equivalent 
Vcc O.l"f EIA # Z5V dielectric, or equivalent 

Overall board decoupling at low frequency should be incorporated according to standard engineering practices. 

I/O BUS TERMINATION 
A suggested method of terminating the differentially driven 1/0 bus signals is shown on the following page. Non-differential 1/0 
bus Signals do not require termination; however, the CLEAR line should contain a O.lpf capacitor into each device and a 0.047pf 
capacitor in the termination circuits. 

5 
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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 fOI 
mNS06 MOS RAMs. 

BOARD CONSTRUCTIONNOL TAGE DISTRIBUTION 
Two-layer printed circuit board construction provides an effective method of distributing voltages and ground on a high-speec 
memory card such as a dynamic RAM board. On a two-layer board, the normal method is to grid or mesh ground and powel 
distribution lines. While these grids may be irregular, each grid should be a rectangle, approximately 1 by 2 inches. The gric 
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, thereb~ 
reducing voltage and ground variations between memory devices. 

mN606 RAM DECOUPLING 
It is necessary to decouple the mNS06 RAM supply connections to prevent power spikes which will force the RAM to operate oul 
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 shorl 
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 Cl and C2 on the diagram) is usually ceramic and is located close to the mNS06. 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 mNS06 and the peak transient current. The leading and trailing edge current spikea 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 (lSK of memory), a typical value for VOO decoupling (Cl) is O.05~f per 4K RAM, or approximately 
thirty-two O.lJ4f capacitors distributed between alternate chips. Similarly, the typical value for VBB decoupling (C2) is O.05~f per 
mNS06, or approximately thirty-two O.ll1f 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 10 the difference between the cycle current and the 
standby current. For a S4 memory device array, the typical total value for C3 (VOO decoupHng) is l00jJf divided between two or 
three capacitors located near the outer or connector edge of the array. Similarly, the typical value for C4 (VBB decoupling) is 5~f. 

mN638 CLOCK DRIVER DECOUPLING 
Decoupllng the VCC2 (+ 15V) connection of each mN638 memory clock driver is recommended because of the relatively high 
driver peak currents encountered. V CC2 should be decoupled by both a 0.1 jJf and a 6.~f capacitor. The 0.1 ~f capacitor should 
be located as cloae to each mNS38 chip as possible while one S.~f capacitor can serve up to four mNS38 chipa. 

Both the VCC3 and VCCl connections of the ciock driver should also be decoupled. In this case, a O.l~f capacitor should be 
used to decouple each connection and the two capacitors should be located as close to the chip as possible. 



DG-04330 NOTE: 

Vee 

voo 

In a 4K memory arTaY, the same bus is used for both add""ss and data 
inputs. Thus, in most cases, the data input line of each chip is tied to one of 
the address lines, and one add""ss line can serve only one chip; ~e., one 
chip per data bit. Since the mN606 has only 12 address lines, Bome chips 
receive their data input from a memory bus line that is not otherwise 
connected to the chip (Bee diagram). The data outputs of each chip are 
independent. They a"" fed as inputs to sense amp/bus driverB (see 4K 
memory Bchematic). 
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III 

mN&06 SENSE AMP/BUS DRIVER DECOUPLING 
it is recommended that the VCC1, VCC2 and VEE connections 01 each mN506 chip be decoupled using a 0.1#11 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 
mNS34 memory bus drivers can be used successfully to drive the mNS06 memory array. Since the mNS34 is 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 01 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 01 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 01 these resistors (one per input line) is layout 
dependent, the computed value 01 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 01 the RAM array. When TIL 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 microNOVA 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. 
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ADDRESSING I/O DEVICES 
VIA THE MEMORY BUS 

In mlcroNOVA systems it is possible to make an active register behave as a memory register, thus allowing I/O 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 NAND 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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mN601 and mN603/mN613 NON-OVERLAPPING CLOCKS 

The mN601 microprocessor and the mN603/mN613 1/0 controllers 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/mN613 via the mN640 clock driver (shown as two AND gates). 

DG-08618 

(IIA 

mNS29 
(mNS36 ) 

0B 

NOTES: 

EXTERNAL CLOCK SHAPING 
(mN601 and mN603/mN615) 

+5V 

+5V 

R3 
(Ill 

mN601 
( mNS031 

mN613) 

R4 
02 

1. The recommended values for the discrete components shown in the 
diagram are 

Reference Designators Values 

R1, R2 

C1, C2 

R3"R4 

4700,5% 

220 pf, 5%. This t,alue may vary, depending on circuit 
layout. 

Typical value for the mN601 is 47n and for the mN603 
or mN613, 1000. These values may 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 
roltllge connections (Veel and Vee2) be made as close to the mN640 as 
possible. 



mN602 NON-OVERLAPPING CLOCKS 

The mN602 microprocessor requires two non-overlapping clock signals to generate its 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 mN629 transceiver before they are 
supplied to the mN602 via the mN640 clock driver (shown as two AND gates). 
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EXTERNAL CLOCK SHAPING 

mN602 

+ 12V 

R3 

0A 1------+----+--1 

mN629 

R6 

mN602 

R6 
06 I------+----+~ 1--..... ----------1 02 

NOTES: 

1. The recommended values of the discrete components shown in the 
diagram are 

Reference Values 
Designators 

Rl. R2 402n, 1% 

C1 47 pf, 5% 

R3. R4 1 Kpi(9), 5% 

C2. C3 47 pf, 5%. This value may vary, depending on circuit 
layout. 

R5, R6 Typical value is on. This value may vary when required 
to reduce overshoot in the dock signals. An overshoot 
of 1 V or less is acceptable. 

2. Ground connections between C2, C3 and the mN640 clock driver 
should be as short and heavy as possible. 

3. It is reommended that decoupling of the mN640 clock driver supply 
l'oltage connections (VeCl and Vee2) be made as close to the mN640 as 
possible. 
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mN61 5 NON-OVERLAPPING CLOCKS 
The mN615 I/O controller requires 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 mN658 transceiver before they are 
supplied to the mN615 via the mN658 clock driver (shown as two AND gates). 
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EXTERNAL CLOCK SHAPING 
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+5V 

R3 
0A I------_----t---i 1-----~~-~01 

mN636 mN615 

R4 
0B~------~------~~ ~----~~----~02 

NOTES: 

1. The recommended values of the discrete components shown in the 
diayralll are 

Reference 
Designators 

Rl. R2 

Cl 

R3. R-1 

Values 

-10211. 1% 

-17 pf. 5% 

2712 This value may vary when required to reduce 
ol'ershoot 

2. It is recommended that decoupling of the mNli58 clock dril'er supply 
l'O/!fJye COllllectors (V CCI and V CC2) be made as close to the mNli58 
ch ip as possible . 



POWER SUPPLY 
12V TO 16V CONVERSION 

To accommodate systems running with a 12V power supply, logic schematics for two 1 2V to 15V converters are shown. These 
converters provide the 15V supply required to operate Data General's microNOVA integrated circuits. 

The first voltage converter schematic produces a supply voltage of 15V at 1.5amps. This voltage converter supports a full 
microNOVA chip set, including 32K of memory. 

The second schematic produces a supply voltage of 15.2V at 0.15amps. This will support either an mN601 or mN603 connection. 
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+ 

00·04238 

3AMPCD 
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20V 
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CD 

CD 
o 
ffi 
CD 

+ 1 2 TO + 15 VOLT CONVERTER 
FOR microNOVA CHIP SET 

r- -- _1-t+~ 0 ___ -, 
I I 
I (;\ I 
I 0.2!22W 0 lN6080: 

')1-+-----<>----..-<> + 1 5 VOLTS OUT 

1.5Kn 

8 1/2W 
r-:,-=--=::-±-:::4=> 555 

0.1 TO 1.5 AMPS 

VOUT= 15.1 @VIN 
= 12.0 
MAX OUTPUT RIPPLE 
=.35 VOLTS poP 
LOAD REGULATION 
<.2V 

1.5Kn 
±5% 

7 vee RESET TIMER 
t--~DISeH. 

2 
TRIG. OUT 3 

+ -2 X l00mF 20V T SPRAGUE TANTALUM 
\. NO.150Dl07XOO20R 

l00Kn 6 THRESH. 
lKn 

2N 4400 
GND 
1 

.01uF 
±10% 

':' 

NOTES: 

Fuse or + 12volt current limit needed to avoid overheating 0.2n resistor 
and 1N6080 diode with permanent output short. 

0.2BmH Inductor: 41 turns NO. 20 wire on Arnold Magnetics toroid core 
NO.A-201163. 

D44C3 transistor on time = 10pSEC. Off time varies with load. Max 
frequency is 25KHz. 

Max component height 0.34" above board. 

+ 

1N4001 diode may be necessary to prevent overshoot of output if V IN turn 
on time is fast. 

Efficiency: 80%, typicaL 
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+ 12 TO + 15 VOLT CONVERTER 
FOR microNOVA CHIPS 

0.28mH 
IN4933 

CD 1!2 
lK!2 

8 4 555 
VCC RESET TIMER 

DISCH. 2N3725 
3 CD TRIG. OUT 

THRESH. lKn 2N4400 1.20 

GND Kn 
1% 

NOTES 

+15.2 VOLTS 
OUTPUT @12.0 VIN 

390n LOADOTO .15AMPS 
1% MAX RIPPLE .2V P-P 

LOAD REGULATION 
<.2V 

+ 47uF 20V 
(SPRAGUE TANTALUM) 
150D476XOO20R 

C!) Fuse 01' +12 cur:rent limit necessary to avoid overheating 1n resistor and 
lN4933 diode. in the event of permanent output shorts. 

CD 0.28MH: 71 turns NO.24 wire on Arnold Magnetics toroid core 
NO.A-05056. 

CD 2N3725 on time is lOps. Output load varies frequency. o Max. component height 0.34". 

CD Efficiency: 70%. typical . 
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NOTES: 

CD I/O COMMAND OR DATA SENT FROM mN601 
MICROPROCESSOR TO THE CPU 1/0 TRANSCEIVER. 

CD CPU 1/0 COMMAND OR DATA DIFFERENTIALLY DRIVEN ON THE 
1/0 BUS BY THE CPU 1/0 TRANSCEIVER. 

CD DtFFERENTlAU. Y DRIVEN 1/0 COMMAND OR DATA RETRIEVED 
FROM THE I/O BUS BY THE 10C 1/0 TRANSCEIVER. 

CD CPU I/O COMMAND OR DATA RECEIVED BY THE mN6031/0 
CONTROLLER. 

CD DATA SENT FROM THE mN603 TO THE 10C 1/0 TRANSCEIVER. 

CD 10C DATA DIFFERENTIALLY DRIVEN ON THE 1/0 BUS BY THE 10C 
1/0 TRANSCEIVER. 

CD DIFFERENTIALLY DRIVEN DATA RETRIEVED FROM THE 1/0 BUS BY 
THE CPU 1/0 TRANSCEIVER. 

@ IOC DATA RECEIVED BY THE mN601. 

PROGRAMMED I/O DATA IN TIMING DIAGRAM 

.----;:~~--~------------------------~·~·r_--__J~ODE 

PROGRAMMED 1/0 DATA OUT TIMING DIAGRAM 

mN {I/OCLOCK ~~' ~ CDl)------------~; DATA OUT ~---~CD)-------
601 1/0 DATA 1 -============== ~ 

1/0 DATA 2 

B 110 CLOCK _____ ~"_'''_'''--A...." 
{ 

BI/OCLOCK 

mN BI/ODATA1--~X~~Xr-~Xr-~Xr-~Xr-~X~~X~-X~~X~~X~-=~------~X~-X~-X~--~Xr-~X~~X~~X~-'X~-,Xr--,Xr------,~~2~--------
629 B I/O DATA 1 - - - - - - - - - 0)---------I.~---I.~---I.~-A..----"'~-L.~-L.~-L.~-C."---C.'----~\V~-----

~:~gg~i~~:::::JX{::JX{::2X{::2X(::2X(::~X[::~X:::~x::=x8=:=x8=::::::::::::::=)(8=:=x8=:=x8=::Jx{:=xg=:Jx~::Jx~::JX~::JX{::JX{:::::::::::::::::::: 
•• 

{ 
~ :~g gtgg~ ~==::::JCOOOOOOOOOOOOOOOOOJ<=======>C>C>C>C>C:>C>C>C:>C>C>C>O 

mN BI/ODATA1:===~~==J{=~=~=:8=:8=~~~~:2(::2{::J~~~====:::)r:::~::~::~::8:::8:::~::2(::}(::~::~~::::: 636 B I/O DATA 1 -------i ~-----L.'---"'---""'-----<""-----":>.-~o.....~o.....-.a....--""'---....o.._( 

BI/ODATA2---~~==:g:::8=:8=~=~~:2r::Jr::J~::~::8:::::::::::::::==8:::~::~::~::i(::2(::J{:::g:::g:::8=:::::::::: B 1/0 DATA 2 ____ --II_ 

{ 

I/O CLOCK 

1/0 DATA 1 

1/0 DATA 2 

NOTE: 
SEE mN601 1/0 OPERATIONS AND 1/0 TIMING TABLE FOR DETAILED INFORMATION. 

•• TIME IS DEPENDENT UPON THE LENGTH OF THE 1/0 BUS BETWEEN THE mN601 AND 
DG-04232 THE mN603. -





NOTES: 

CD DATA CHANNEl ADDRESS REQUEST SENT FROM THE mN601 
TO THE CPU 1/0 TRANSCEIVER. 

DATA CHANNEL ADDRESS REQUEST DIFFERENTIALLY DRIVEN 
ON THE I/O BUS BY THE CPU I/O TRANSCEIVER. 

DIFFERENTIALLY DRIVEN DATA CHANNEL ADDRESS REQUEST 
RETRIEVED FROM THE 1/0 BUS BY THE IOC VO TRANSCEIVER. 

CD DATA CHANNEL ADDRESS REQUEST RECEIVED BY THE mN603. 

o MEMORY ADDRESS AND DIRECTION MODE BIT SENT FROM THE 
mN803 TO THE IOC VO TRANSCEIVER. 

(!) MEMORY ADDRESS AND DIRECTION MODE BIT DIFFERENTIALLY 
DRIVEN ON THE 1/0 BUS BY THE IOC I/O TRANSCEIVER. 

DFFEAENTIALL Y DRIVEN MEMORY ADDRESS AND DIRECTION 
MODE BIT RETRIEVED FROM THE 1/0 BUS BY THE CPU 1/0 
TRANSCEIVER. 

MEMORY ADDRESS AND MODE BIT RECEIVED BY THE mN801 
AND READ-MODIFY -WRITE MEMORY OPERATION INITIATED. 

DATA CHANNEL DATA OUT OPERATION - MEMORY DATA TO I/O 
CONTROLLER 

o DATA RETRIEVED BY CPU DURING READ PORTION OF MEMORY 
OPERATION IN PROGRESS. WRITE PORTION OF OPERATION NOT 
EXECUTED. 

® MEMORY DATA SENT FROM THE mN801 TO THE CPU VO 
TRANSCEIVER. 

® MEMORY DATA DIFFERENTIALLY DRIVEN ON THE VO BUS BY THE 
CPU 1/0 TRANSCEIVER. 

@ DIFFERENTIALLY DRIVEN MEMORY DATA RETRIEVED FROM THE 
1/0 BUS BY THE 10C 1/0 TRANSCEIVER. 

® MEMORY DATA RECEIVED BY THE mN603. 

DATA CHANNEL DATA IN OPERATION - DATA FROM 1/0 CONTROLLER 
TO MEMORY 

® DATA SENT FROM THE mN603 TO THE 10C 1/0 TRANSCEIVER. 

@ DATA DIFFERENTIALLY DRIVEN ON THE I/O BUS BY THE IOC 1/0 
TRANSCEIVER. 

® 
@ 
@) 

DIFFERENTIALLY DRIVEN DATA RETRIEVED FROM THE 1/0 BUS BY 
THE CPU 1/0 TRANSCEIVER. 

DATA RECEIVED BY THE mN601. 

DATA WRITTEN IN MEMORY DURING WRITE PORTION OF 
MEMORY OPERATION IN PROGRESS. 

~ 1/0 DATA 1 { 

1I0CLOCK 

110 DATA 2 

mN B If 0 DATA 1 { 
:~ggtgg~ 

629 B 110 DATA 1 
BI!ODATAZ 
BIIODATA2 

mN B 170 DATA 1 { 

BllOcLOCK 
BI/OCLOCK 

636 B 110 DATA 1 
Bllo DATA Z 
B 110 DATA 2 

{ 

I/OCLOCK 

~3 1/0 DATA 1 

1/0 DATA 2 

{ 
I/OCLOCK 

mN 1/0 DATA 1 
601 

110 DATA 2 

ADDRESS 
REQUEST 

~ 
.... 

~ 

---, 
~ 

X 

ADDRESS 
REQUEST 

.. 
1 

~ X 

X X 

.. 

DATA CHANNEL - DATA OUT 
MEMORY 

ADDRESS 8< DIRECTION BIT IN READ MEMORY DATA OUT 

~ C!) ~ 
/ X X X X X X X~ / X X 

X X X X X X A "- X X X X 

~~~~~~~~~~~~~~~~~~ ~,.....,..... 

~ 
-~~----~-

X X X X X X X X X0' X X X X X X 

X X X X X X X X X X X X X X X 

•• 

DATA CHANNEL - DATA IN 
START MEMORY 
OPERATION 

X 

X 

X 

X 

X 

X 

X X 

X X 

C!!) 

X 

X 

-'11 

® 

MEMORY 
WRITE ® 

-------1 

{

BlmCLOCK ~::::)()(X:X:X:X:<J()()()()()():X:X:XJ<)()(::::::::)()()()(X:X:X:X:X:()()()()()():X:XJ<J<::::::= 
B 1/0 CLOCK :::::::::::::::::~::::::::~ ~ mN B 110 DATA , r---""<7"-~-."...__.o:r---'7""___.:r---'::'__"""""C"--"""'<7-""'<7"""'=----""'<7-""<7"-~-."...--.o:r---.:r-___.::r---.::.__"""""C..--.......,.---(j16i)---

629 B 1/0 DATA 1 \-_~_~_~--''''-'''''''''''--.l.",-......c~..JCl,--~_.....c.--<.. 'r ___ ..c....._""'---''''--.l.'''-~''--......c'---''''--....... _...c.._...c... __ -'''''--_ 

BVODATA2_---.:~__.~-------~~-"""'<7--~-TT-~-~__.~__.T____.:~~.__~.__----"""""C..__"""'<7--~-~-~-~-~__.~___.:r---.::.__-------
BI/ODATA2_~~--'~ _______ ~~_~_~_~_~_~--'~~~~~-L~~~ ____ ~~~,--~_~_~_~~o-....... ~~~-L~ ____ __ 

{ BVOCLOCK=~··E ~~~~~~~~~~~~~~~~== BI/OCLOCK 
mN B 1/0 DATA 1 
636 B 110 DATA 1 15 

BIlODATA2::::j,~~::J(:::::::::J~::~:J~:J(:~:::g:::g::J(::J(::~::~:::::J~::~::g:::g::J~:J(:~:::g::~::::::::::::::::::::: BIIO DATA 2 

{ 
I/OCLOCK 

~3 1/0 DATA 1 

1/0 DATA 2 ® 

NOTE: 
SEE mN6011/0 OPERATIONS AND 1/0 TIMING TABLE FOR DETAD..ED INFORMATION. 

00·04233 eeTIME IS DEPENDENT UPON THE LENGTH OF THE 1/0 BUS BETWEEN THE 
mN601 AND THE mN603. 
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LOGIC CONVENTIONS 

4PpeNI):I.){·8 
Ui.icCONVENTf(jNS 

Data General logic schematics are drawn in close accordance with Mil-Std-B06C. Using this convention, logical functions are 
drawn as physically implemented; i.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 =L), a naming convention has been adopted in Data 
General's documentation which defines the relationship between the logical 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 is 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 MB15, inclusive. 

• 
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