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OVERVIEW

INTRODUCTION

lis data manual describes Data General's full microcomputer chip set. The microcomputer consists of three principal E
.egrated circuits: a 16-bit microprocessor, an I/0 controller, and a 4Kx1 dynamic RAM. As part of the set, each integrated

‘cuit is supported by the necessary system bufier elements. The principal chips are fabricated with N-channel, silicon gate,

atal oxide semiconductor (NMOS) technology. The system buffer chips are small and medium scale integration, bi-polar

‘cuits.

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

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

CPU boards

RAM memory boards

programmable read-only memory boards
asynchronous interface boards

general purpose I1/0 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

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

sroNOVA development software is based on the Disc Operating System. The diskette-based DOS provides a smooth flow

ough varying development phases to completed production software. OEMs who need a larger development system can utilize

*NOVA 3 line of minicomputers. NOVA 3 is software-compatible with microNOVA and supports up to 128K words of memory, a
peripheral range, and the Real-time Disc Operating System (RDOS).

ta General's Real-Time Operating System Is a DOS-compatible runtime executive. It Is compact and memory-resident, and
3 a real-time multitask capabllity for controlling real-time applications. RTOS provides standard interrupt servicing, device '
1dling and execution scheduling functions.

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

GDataGeneral
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OVERVIEW

THE CHIP SET

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

Integrated Circuit Packaging
mN601 16-bit microprocessor 40-pin ceramic
mN603 I/0 controller (IOC) 40-pin ceramic
mN606 4Kx1 dynamic RAM 20-pin plastic
mN640 CPU and I/0 clock driver 16-pin cerdip
mN638 memory clock driver 16-pin cerdip
mN629 CPU 1/0 transceiver 20-pin ceramic
mN636 IOC I/0 transceiver 20-pin ceramic
mN634 octal memory transceiver 20-pin ceramic
mNS06 quad sense amp/memory bus driver 14-pin cerdip

THE MICROCOMPUTER

The block diagram on the opposite page shows a recommended microcomputer chip set configuration. it is organized around two
data buses: memory and I/0 (see diagram).

microNOVA MEMORY BUS

Memory addresses and data are passed between the mN601 microprocessor and an array of mMN606 RAMs via the microNOVA
memory bus. This is a 16-bit parallel, bidirectional, high-speed bus.

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

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

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

microNOVA 1/0 BUS

Information is passed between the mN601 microprocessor and mN603 1/0 controllers via the bidirectional, microNOVA 170 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 I/0 bus can be extended to a maximum distance of 100 feet from the
microprocessor.

The microNOVA I/0 bus contains 16 lines. The most critical lines (two serlal data lines and two clock lines) are differentially
driven and recelved by an mN629 CPU I/0 transceiver and one mN636 |OC transceiver per mN603 1/0 controller.

At the microprocessor end of the bus, the CPU 170 transceiver receives serial data from the CPU and differentially drives it to the
1OC I/0 transceiver(s). It also receives the differentially driven data signals from the I0OC I/0 transceiver(s) and passes the data
to the CPU. At the 1/0 controller end of the bus, each IOC 170 transceiver performs a similar function for its I/O controller. Up to
twenty IOC 170 transceivers can be interfaced to the microNOVA 1/O bus.

¢y DataGene
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The differentially driven 1/0 CLOCK (see diagram) is transmitted with the data; it strobes the data into the receiving circuit. The
CPU V/O transceiver differentially drives the MASTER CLOCK to all IOC I/0 transceivers. Each |0OC 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 170 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 I0C I/0 transceivers are in receive mode; refer to
the mN601, mN603, mN629 and mN636 circuit descriptions.

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

Hardware Device Priority Network

The priority lines (INTP OUT, DCHP OUT, INTP IN and DCHP IN) comprise an interdevice daisy chain. When more than one 10
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/DCHP IN line is at a high logic level. If it is at a low logic

level, it indicates that a higher priorily 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 V/O 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 I/0. Two mN634 octal memory transcelvers (designated 'B')
4rive data between the CPU's memory address/data lines MB( <0-15>) and the microNOVA memory bus. The memory control
ignals, P, SAE and WE, allow the CPU to perform four kinds of memory operations: read, write, read-modify-write and refresh.

The mN623 CPU I/0 transceiver (designated ‘C") performs two functions for the CPU. First, it interfaces the CPU's serial data
(I/0 DATA <1.2>) and data clock (/0 CLOCK) lines with the microNOVA 1/0 bus. The 1/0 INPUT signal is used by the CPU to

control the transceiver's operating mode, either transmit or receive. Second, the CPU I/O transceiver generates the two
non-overiapping system clocks (¢A and ¢B) from a single 8.333MHz clock input.

The @A and ¢ B clocks are shaped by external circuitry (see Design Notes) and the outputs are supplied to the mN640 clock

driver (designated 'D’). The clock driver receives these signals and provides signal characteristics that are compatible with the
MOS clock input circuits of the CPU, ¢1 and ¢2.

The remaining mN601 pins perform the following functions. The HALT pin reflects the state of the CPU, halted (idling) or
performing tasks. The PAUSE pin indicates when the CPU Is performing a memory operation. By monitoring the output of this pin,

multiporting of memory can be implemented. The CLAMP pin is an input pin used during the power-up and initialization
sequence.
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mN603 I/0 CONTROLLER (10C)
The 10C is the interface between a peripheral device and the microNOVA (/O bus. Details of its internal architecture and
operations are contained in the mN603 section of this manual.

It is designed to operate with the following system buifer elements: an mN636 10C 1/0 transceiver and an mN640 clock driver.
The primary functions performed by these circuits for the IOC are described below. Detailed information is found in the individual
circuit descriptions.

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

The mN636 IOC 170 transceiver (designated ‘F’) performs two functions for the IOC. First, it interfaces the IOC's serial data (/0
DATA<1,2>) and data clock (I/0 CLOCK) lines with the microNOVA 170 bus. The I/0 INPUT signal is used by the IOC to control
the transceiver's operating mode, transmit or receive. Second, the mN636 transceiver receives the MASTER CLOCK from the I/0
bus and generates two non-overlapping clock signals, ¢ A and ¢B.

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

The IOC communicates with the device via a 16-bit parallel data bus and a group of control lines. The data and control lines
together create the functional equivalent of the 47-line NOVA 1/0 bus.

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

Sixteen mMN606 RAMs comprise a 4Kx16-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
8Kx16-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 microprocessor addresses up to 32,768 memory locations; thus, eight 4Kx16-bit memory arrays can be interfaced to the
microNOVA memory bus. Each 4Kx16-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 ‘I')
provides the signal characteristics required for the MOS clock input circuit of the RAM.

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

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

€»DataGeneral
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DATA TRANSFERS

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

MEMORY

The mN601 performs four kinds of memory operations: read, write, read-modify-write and refresh. All memory operations are
initiated on the rising edge of P. As described above, the address on the bus is sampled by the memories and the state of MBOis
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 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 priorily control lines resolve any memory conflicts in favor of the PROM.

INPUT/OQUTPUT

Information is passed between the CPU and I/O controllers via the two serial data lines of the microNOVA 1/0 bus. The bus
conneclions are made through the appropriate 1/0 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/0 and data channel break. Under programmed
1/0, the CPU moves data between one of its internal registers (namely, accumulators; see mN601 section) and an /O device.
Under data channel break, the CPU moves data between memory and an I/0 device. Data channel breaks allow blocks of
information to be transferred without altering program flow. In addition, data channel breaks are transparent to the execuling
program.

An 1/0 device requests microprocessor service for the purpose of transferring data by asserting either the program interrupt
(EXTINT) or data channel break (DCHINT) 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 tfle
CPU. Request Enable is sent to all I/O controllers connected to the 1/0 bus as a two-bit code (11), one bit carried on each serial
dataline.

Detalled information concemning I/0 data transfers is found in the 1/0 Operations section of the mN601 circuit description andin
the mN603, mN629 and mN636 circuit descriptions. Timing diagrams of IO bus operations can be seen In Appendix A. These
dlagrams depict the transmission and reception of control information and data words as they pass between the CPU, the CPU
transceiver, the 10C transcelver and the 1/0 controller, under both programmed 1/0 and data channel. (The 1/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 1/0

Under programmed 1/0, the CPU sends the 1/O instruction, exactly as fetched from memory, to all controllers connected to the
microNOVA 170 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
1/0 command and 01 indicates a data word.
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Data Channel Break

When the CPU performs a data channel break, it sends an address request to the microNOVA I/0 bus. This request consists of a
two-bit code (10). The highest priority device requesting data channel service responds to this code. The device responds first
by sending a 16-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.
RELATED DOCUMENTS

The following supporting documents are available from Data General Corporation.

Ordering No.
microNOVA Programmer's Reference 015-000050
microNOVA DTOS 015-000059
microNOVA Computer Systems 014-000073
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mN601
16-BIT MICROPROCESSOR

"‘I /0 BUS
P

MEMORY BUS L
8.33IMHZ
INTP OUT
. MBO HALT CLocK | L5y VRS
m81 CLAMP +5V—"VWV
".f?:?if mB2 PAUSE [ DCHP OUT
m83 0 IFFERENTIALLY
MEMORY ~| MBa o ORIVEN SIGNALS
B Mas ¢ mN 640 A MASTER|——————
TRANSCEIVER M86 o ¢ 21 crock CLOCK| | MASTER 1
ma7 A 2 DRIVER 8 T CLocK 1
mN601 CPU < ] :
|
- msg UODATA 1 mh 629 VODATA 1!
MBS CPUI'O ]
mN 634 MoT0 TRANS-
OCTAL 1'0 DATA 2 VODATA 2!
MB11 CEIVER
MEMORY MB12 H !
BUS
MB13 Y0 CLOCK 1170 CLOCK 1
z TRANSCEIVER et T
5 Ma1s VO INPUT CLEAR
] WE
-] P BCHINY
§ SAE EXTINT
x
w
: =l
5 DCHP IN 3
5 INTP IN e
§ ® INTP INj— l — __INTPOUT %
s mN 603 — ) w
S 10C  OCHPIN ~___ DCHP OUT E
A D ?
- — ~
< NTR —> -
z 16 BIDIRECTIONAL 5erA 1 ~— Z
L DATA LINES G v DIFFERENTIAL g
o " mN 640 <
2 1 da 4—{—=MASTER =]
§ 61— g;gICE; é8 <-+—CLOCK —L— =
. |
g VODATA 1 JN 2 TV00ATA 12 2
a 1
H 1/0 DATA 2 .}gm’g S TvooATA2 0] | |u
= [ | 3
2 110 CLOCK CEIVER voctock T | [&
< 1 O INPUT CLEAR 4
2 e 2
v —S
¥ SAE
8
<
>
§ T
mN 638
g cLock
DRIVER .
« w 1 v
QUAD SENSE 4K WORD
AMPLEIER BUS DRIVER MEMORY ARRAY BANK OR
- T681TS 16 REFRESH
Ic
g 16 BIT DATA IN REFRESH
oR CONTROL
OCTEL MEMORY 12 BT ADDRESS MBo Me1-3>
TRANSCEIVERS
BUFFERED MEMORY BUS
mNEJL mN 634 1

>
100 feet MHW

DG4S

¢»DataGeneral

Duta Geneval Corpuration, Ve stboru, Massad husetts 01581



FEATURES

e FULL NOVA 16-BIT ARCHITECTURE AND
INSTRUCTION SET IN A SINGLE 40-PIN NMOS PACKAGE
SILICON-GATE CHIP

® INTEGRAL DATA CHANNEL, REAL-TIME CLOCK, AND vesl]1 ~ 40 [V gg (GND)
MULTIPLY/DIVIDE P2 39 [IN/C
WE[]3 38 [Vpp
e INTEGRAL HIDDEN REFRESH AND CONTROL LOGIC sAae[]a 37 CJHALT
FOR DYNAMIC RAMs I
DCHINT[|5 36 [IN/C
® COMPREHENSIVE STACK ARCHITECTURE WITH EXTNTL]6 35 [ JCLAMP
HARDWARE STACK AND FRAME POINTER veeld7 34 [n/c
REGISTERS Vss(GND)[] 8 33 [[]PAUSE
mBo[] 9 32 [
° 28‘3’.535?.% gAc\ﬁ /L\go RETURN INSTRUCTIONS FOR mB1[] 10 310¢2
mB2[] 11 30 [ JVODATA 1
® MULTIPLE ACCUMULATORS ms3[] 12 29 [JVODATA 2
mB4[]13 28 [ JVO INPUT
® SYSTEM MEMORY SUPPORT UP TO 32K WORDS OF mBs[]14 27 [Jio cLock
RAM/PROM mBs[] 15 26 [ ]V ss (GND)
mB7[]16 25 []MB15
® SINGLE WORD INSTRUCTION FORMAT IN A VARIETY veed 17 24 [MB14
OF ADDRESSING MODES - ABSOLUTE, RELATIVE, O
INDEXED, DEFERRED AND AUTO-INCREMENT/ mesL_|18 23[]mB13
DECREMENT mes[]19 22 [[IMB12
mB10[] 20 21 JmB11

® SEPARATE MEMORY AND I/0 BUSES

® |/0 BUS PROVIDES FUNCTIONAL EQUIVALENT OF
47-LINE NOVA I/0 BUS

® 16-LEVEL PROGRAMMED PRIORITY INTERRUPT

GENERAL DESCRIPTION

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 muitiply/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 |/0 buses.

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

The mN601 is supported by the mN606 4K RAM, the mN603 I/0 Controller (I0C), and system buffer elements. The 4096-bit
mN606 uses cost- effective dynamic NMOS RAM technology to support microNOVA's large memory orientation. The mN603 10C
delivers the full functional capability of the 47-line NOVA 1/0 bus, including a parallel 16-bit /O port. System buffer elements
allow microNOVA support up to 32K words of memory and a full complement of peripherals.

mN601
16-BIT MICROPROCESSOR (CPU) NMOS INTEGRATED CIRCUIT
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PIN DESCRIPTIONS
FUNCTIONAL PIN CONNECTION DIAGRAM
CPU CONTROL
TIAMP HALT  PAUSE
35 37 33
cwcx{ > 32
mN601
I MB<0-15>
ocLock |,, 918,
< VODATA | 5 18-25
~VODATA2 |,q4 P MEMORY
VO{ _ VO INPUT 2w
AT 198 3
_DCHNT__|g alsaE
EXTINT. 6
1 7 17 38 40 26
vhe | Vs 77 I
. VGG ~Vvcc  Vss ss
DG-oiooe POWER

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

PIN DESCRIPTIONS
PIN
MNEMONIC NO. 1/0 FUNCTION
——
CLOCK
o1 32 IN Two-phase system clock. Operates between 0 and 14V amplitude. Generates 4-phase
@2 31 IN internal clock, providing internal control timing.
MEMORY BUS
MBO-MB15 9-16 110 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 deflnes 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 O s
discharged; each line transmitting a 1 is undischarged. See the Memory Operations
Section for detailed information.
MEMORY CONTROL
P 2 ouT Active high. Initiates all memory cycles. When P goes high, indicates a valid address Is
on the memory bus.
SAE 4 our Active high. Enables sense amplifier outputs on the memory bus during a read operation.
WE 3 ouT Active high. Enables write operation. On the falling edge of WE, information on the
memory bus is written into memory.
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mN601

PIN DESCRIPTIONS (Cont.)

PIN
MNEMONIC NO. 1/0 FUNCTION
1/0 BUS

170 DATA 1 30 170 Two-line, bi-directional bus. All data and I/0 command information is transmitted serially

110 DATA 2 29 1710 between the mN601 and I/0 devices at the MASTER CLOCK rate. During a 16-bit
transfer, 1/0 DATA1 carries the most significant 8 bits (0-7); I/0O DATA2, the least
significant bits (8-15).

I/0 INPUT 28 ouT Indicates direction of I/0 transfer. When low, indicates a transfer from the mN601; whenj
high, a transfer to the mN601.

170 CLOCK 27 110 Synchronizes all 1/0 transfers to and from tha mN601. Holding I1/0 CLOCK low for
10u secs resets the microcomputer. I/0 CLOCK should not be pulled low when 1/0
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 /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 1/0 Operations section) that
synchronize program interrupt and data channel requests.
® |t responds to program Interrupts and data channel requests. (The normal way to start
the mN601 is to generate a program interrupt.)
® |t 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 100usec. 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 ¢1 and ¢2 clocks, thus
allowing multiporting of memory.

POWER

Ves 1 -4,25V + 5V
Vce 17 +5V + .25V
Voo 38 +10V + 1V
Vee 7 +14V 4+ {1V
Vss 8,26,40 Ground

34 Reserved for future use

36 Reserved for future use

39 Reserved for future use

PIN DESCRIPTIONS
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mNG601
ARCHITECTURE

ARCHITECTURE

Word

Byte
0711,24314,5,6,7

Byte
0,1,2,3,4,5;6,7

01234567 89101112131415

MSB

LSB

One word containing two bytes

The mN601 is a 16-bit parallel word central processing unit which executes the full NOVA line minicomputer instruction sel,
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 s
16-bits long, consisting of two 8-bit bytes. Both words and bytes can be used as operands.

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 I/0 controller interfaces via two, bi-directional, serial lines that carry data and 1/0 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/0 and data channe), allow I/0 interfaces to request processor time.

The Expanded Block Diagram shows the internal architecture of the mN601, together with the memory bus, the 170 bus, and their
respective control lines.
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ARCHITECTURE

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

USER
REGISTERS ACCESSIBLE SIZE
accumulator O 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

o The four accumulators provide scratchpad 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., 377 g to 400g.

® 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 1.8432ms.
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INSTRUCTION SET

INSTRUCTION SET
Each mN601 (microNOVA) instruction Is contained in one 16-bit word. Programs for the mN601 consist of sequences ql
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 specitied 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/0 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.

Sequential operation can be altered by a jump or conditional skip instruction or by an interrupt. Jump instructions load a new
address in the program counter; conditional skip instructions increment the program counter address by two if a specified testis
true. In both cases, sequential operation is resumed from the updated address in the program counter. When the program is
interrupted (e.g. I/0 external interrupts, real-time clock interrupts, fault conditions of various kinds), the interrupt facility stores
the next sequential program address in a specilied location in memory so that the interrupt handler can return control to the

interrupted program at the proper entry point. Then, the program counter is loaded with the memory address of the interrupt
handler program and sequential operation resumes.

"
INCREASING
) ADDRESSES
4 CONTINUED
INCREASING 17 skIP ! >y PF?OGRAM
ADDRESSES ‘| T PROGRAM N "] FLOW
I FLOW s ]
N SKIP ; ’ RETURN
N ]
T § U
: ¢
U
) JUMP
¢ PROGRAM (') SKE
T FLOW N
\ S ’
(o] A
JUMP
'; JUMP SEQUENTIAL
PROGRAM Vo
FLOW | INTERRUPT
{ SEQUENTIAL OCCURS
PROGRAM
rooen FLOW
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mNG601
MEMORY REFERENCE INSTRUCTIONS

The microNOVA (mN601) instruction set can be divided into five groups of operations:

® Memory reference

® Fixed point arithmetic and logical operations
® Stack manipulation

® 1/0 functions

® CPU 170 functions

Each instruction is formatted in a 16-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.

NOTE: When the instructions described below are executed, the mN601 pins follow the protocol specified by the
instructions. it is assumed that the mN601 is interfaced with mN603 170 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 g , so that each memory address is 15 bits long.

Addressing Modes

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

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

MEMORY REFERENCE INSTRUCTION FORMAT

INQEX , . DlSPLAC!EMENTl , 1
6l 7 8 9l10 11 121137 14" 15

-
>
w

Bit 5 = Indirect bit; Bits 6 and 7 = Address mode: 00 = Absolute
01 = PC relative
10 = AC2 indexed
11 = AC3indexed

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.

¢»DataGeneral
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mN601

MEMORY REFERENCE INSTRUCTIONS

EFFECTIVE ADDRESS CALCULATION

Absolute

Displacement is an unsigned number within the range 00000-00377 g that addresses one of the
first 256 locations in memory, referred to as Page Zero. If the indirect bit is O, 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 bitis
0, the results of the addition are the effective address; if it is 1, the results are an indirect address.

AC3indexed

Displacement is a si'gned 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 resuits 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 = 77774g
Displacement = + 012g

Indirect Addressing

Result = 000006 g ; not 100006 g

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 O (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 O (in this case, the processor has the effective address) or has executed
eight levels of indirection (or five levels if the indirection chain accesses auto-incrementing/decrementing locations, explained

below).

An internal counter is used to control the number of indirect addresses through which the processor searches for an effective
address. This counter Is initialized when the Indirect bit 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 halits.

s DataGeneral

Duta General Corporation, Westbaro, Massachusetts 01581



mN601

MEMORY REFERENCE INSTRUCTIONS

Auto-Incrementing/Decrementing
Memory locations with addresses within the range 020 g through 027g are called auto-incrementing locations. When one of
these locations is indirectly addressed, the processor automatically increments bits O 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 g through 037 g are called auto-decrementing locations. When one of
these locations is indirectly addressed, the processor automatically decrements bits O 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-decrementing location.

NOTE 1: When referencing auto-increment/decrement locations, the state of bit O before the increment or
decrement is the condition upon which the continuation of the indirection chain is based. For example: if an
auto-increment location contains 177777 g and the location is reference;d as part of an indirection chain, location
0 will be the next indirect address in the chain; not the effective address. ,

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

MEMORY ADDRESSING
INDEX MEMORY ADDRESSING
MODE BITS CAPABILITY (OCTAL)
Absolute 00 00000-00377
PC Relative 01 00000-77777
AC2 Indexed 10 00000-77777
v AC3Indexed 1 00000-77777
ADDRESS CALCULATION MEMORY
777
ﬁSMC‘D&NY BIS
Go
ADDRESS AS
UNSIGNED NUMBER
DSPLACEVENT BITS
AS SIGNED NUMBER
ARE ADDED TO
INSTRUCTION ADORESS
ODISPLACEVENT BITS AS —l— LOW ORDER 15
SIGNED NUNBER ARE &rS GO0
ADDED TO CONTENTS INTERVEDUTE
OF ACCUMULATOR 2 ADORESS
DISPLACEMENT BITS AS I ] I
SIGNED NUWVZER ARE
ADDED TO CONTENTS | 1
OF ACCUMULATOR 3 l '
I |
DIRE YES | |
BiT=0
U | !
NO | I
COUNTER | I
0 l |
| |
RETRIEVE WORD AT i |
INTERVEDIATE ADDRESS
|_AnDSAVERITOINP | 1
|
COUNTER : |
COUNTER + 2 | |
| |
| |
| |
.
00377
ADD 1 TORETREVEID
WORD AND REPLACE
USE NEW VALUE
TO CONTRWE
NTEVEIATE ves| iiviovomoao
30.37 REPLACE USE WEW
? VALVE TO CONTWUE
BITS 115 GO 70 COUNTER
INTERMEDIATE -
ADDRESS COUNTER + 1 PAGE
ZERO
00037
NO 00030 AUTO-DECREMENTING
ves 00027 AUTO-INCREMENTING
INTERMEDIATE 00020
ADSREZS IS
EFFECTIVE
ADDRESS
75 ba.owos | 00000
DG
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No Accumulator-Effective Address Instructions

|°. 0, O|opcopE| @ INDEX

DISPLACEMENT, | |

ol 1

2 314" 5" 6l 7

8 9l10 117121137147 15

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

mN601
MEMORY REFERENCE INSTRUCTIONS

MNEMONIC MEANING FUNCTION INSTRUCTION FORMAT
JMP Jump Compute (E) and load E into 0 0,0|/0 O @] INDEX DISPLACEMENT
i 1 L i | I 1 el L
PC. ol 1' 2" 30 4' s 6l 7 8' 9lto 11 1213 14" 15
JSR Jump To Compute E. Store contents
Sub:::utlne of PC+1inbits 1-15 of AC3 [0 ) o , o] 0 ) 1 l @' |NlDEXI L D|$PLAICEMEN‘T ' J
and set bit 0 to O; then, load ol 1 2 314 s el7 8 sl ww w2l 14 15
E into PC.
1SZ Increment Compute E. Increment
And Skip contents of location E and
If Zero write results back into I 5 0 0 I T o l@l INDEXI DISPLACEMENT I
location E. If results equal . . ry R h
000000, increment PCqby ol 1: 2 3l 4" s 6l 27 3: 9l|o'n§u|u4'u'1s
two; otherwise increment
PC by one.
DSz Decrement Compute E. Decrement
And Skip contents of location E and
If Zero write results back into
location E. If results equal 0,0 o0f1 1]@ INDEX] | DISPLACEMENT |
000000, increment PC by ol v 2 31 4 s 6l 7 8" 9lw 1n 121137 14" 15
two; otherwise increment
PC by one. .
One Accumulator-Effective Address Instructions
[0 ]orcooe] Ac |@[iNDEX| , DiSPLACEMENT |}
ol 1 2" 31 4"5 6l 7" 8 9110 11" 121137 14" 15
AC Bits 3 4
ACO (o] 0
AC1 (o] 1
AC2 1 0
AC3 1 1
MNEMONIC MEANING FUNCTION INSTRUCTION FORMAT
LDA Load Compute E. Load specified
DISPLACEMENT
Accumulator] AC with contents of location Ioo ? 4 : l JAic‘ I? l '??E,xl rBECE ETRETRETE! TR :Tsl
E.
STA Store Compute E. Store contents
Accumulator] of specified AC in location r?' 1‘ } ?I JAic‘ l?[ ':'?E’xl i — iD'iP:L‘A‘qE‘N:Eihf:+ “+Ts_]
E.
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mN601

performs a jump indirect
through memory location
47g The contents of ACS
and ACD do not affect this
instruction.

TRAP INSTRUCTION _
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. .
MNEMONIC | MEANING FUNCTION INSTRUCTION FORMAT
TRAP Trap The address of this
instruction is placed in
memory location 46 g and
bit 0 of that location is set | [1Acs [Aco | TRAPNUMBER |1 0,0 0]
to 0. Then, the processor T 1

. —4
1 2 314 5 617 8 9li0 nn 1213 141
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mN&01
ARITHMETIC/LOGICAL INSTRUCTIONS

ARITHMETIC/LOGICAL INSTRUCTIONS
This instruction group performs arithmetic and logical operations on the contents of one or two accumulators. In some cases, it

changes the value of the carry bit and, if specified, manipulates and/or tests the results of the operations.

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

17 8ITS ] E

FUNCTION
GENERATOR SHIFTER
A A A
187 |ACS ACD 17 BITS
16 BITS |16 BITS 1
CARRY [ AccumuLaTORS SKIP SENSOR
INITIALIZER
CARRY I ACD .
1BIT '\1;:1 BITS
16 BITS -

LOAD/NO LOAD

DG-00927

TWO ACCUMULATOR-MULTIPLE OPERATION

[1]Acs [ AacD [orcope| sH [ c [#] skp |
ol 1" 231 4" 5 6l 7" 8" 9T10 11712113 14" 15

ACS ACD
Bits 1 2 3 4

AC = accumulator
ACS = source accumuiator ACO 0 O 0o
ACD = destination accumulator AC1 O 1 0 1
AC2 1 0 10
AC3 1 1 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.

~ ¢sDataGeneral 13
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mN601

ARITHM

ETIC/LOG

ICAL INSTRUCTIONS
CODED
CHARACTER _ SHIFTER OPERATION
L Left rotate one place. Bit O is rotated into the
carry position, the carry bit into bit 15.
T
R Right rotate one place. Bit 15 is rotated into the
catrry position, the carry bit into bit 0.
0-15 }J
S Swap the halves of the 16-bit result. The carry
bit is not affected.
Cor 1 o ]
o] o7 T e ]
DGoHR

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, dependin®
upon the instruction, into the destination accumulator and the carry bit.

CLASS CODED  |RESULT!
CLASS CODED RESULT
ABBREV.| CHARACTER | miTs OPERATION ABBREV. CHARACTER Py OPERATION
[ (option omutted)
option omi! 00 |Donolindiaizethe carry bt SKiP (option omitted) 000 Never skip
4 01 |inatizethe titto0
niahze e camy Do SKP 001 Always skip
o 10 |lnutialize lhe carry bitto 4
szC 010 Skip il carry = 0
c 11 |inhatize the carry bit 10 the compiement of s
present value SNC o1 Skipifcarry ¥ 0
SH (optionomitted)| 00 |Leavetheresull of the anthmetic oc logical SZR 100 Skip if result = 0
operation unaliected
L 01 | Combine the carry andthe 16-bd result inloa SNR 101 Skipif result # 0
| bit et
17-bit number and rolate it one bt lel SEZ 110 Skip It either carry or resull = °
R 10 |Combinethe carry andthe 18-bii resultinloa
17-bit number and rotate it one bit right SBN m Skip il both carry and result # O
DG-04428
S 11 |Exchange the two 8-bd halves of the 16-bit
! result withoul alfecting the carry NOTE: Instructions in the Two Accumulator-Multiple
# |toptonomttea)] © |Losdineresult of the shift operation into ACD 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
# 1 [Donotiosdine result of the shiht operation into in the instruction set.
AT
DGO
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Two Accumulator-Mulitiple Operation Instructions
In the function descriptions below, it is assumed that the carry bit is set to the specified value and thg ;hift-, condl.tlonal s_kup 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.

- mN601

¢

ARITHMETIC/LOGICAL INSTRUCTIONS -

MNEMONIC

MEANING

FUNCTION

COM

Complement

The one's complement of
the contents of ACS is
placed in the shifter. The
output of the shifter is
placed in ACD and the carry
bit.

INSTRUCTION FORMAT

ACD

1

Ags |

[o, 0,0 s [ c |#

ske |

12 314

] i 3
s 6t 8 ol 11 12

1314 18

NEG

Negate

The two's complement of
the contents of ACS is
placed in the shifter. If the
operation produces a carry
of 1, carry is complemented.
The output of the shifter is
placed in ACD and the carry
bit.

c |#

sk |

0 11 12

13714 15

MOV

Move

Contents of ACS are placed
In the shifter. The output of
the shifter Is placed in ACD
and the carry bit.

sk |

9110 11 12

1314715

INC

Increment

Contents of ACS are
incremented by one. If the
operation produces a carry
of 1, carry is complemented.
The output of the shifter is
placed in ACD and the carry
bit.

AGS | ACD

skiP |

172 31 4

1314 15

ADC

Add
Complement

The one's complement of
the contents of ACS s
added to the contents of
ACD. If the operation
produces a carry of 1, carry
is complemented. The
output of the shifter is
placed in ACD and the carry
bit.

skip |

s el 7 8" 9l1w0 11" 12

131418
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mN601
ARITHMETIC/LOGICAL INSTRUCTIONS

MEANING

Subtract

FUNCTION

The two's complement of
the contents of ACS s
added to the contents of
ACD. It the operation
produces a carry of 1, carry
is complemented. The
output of the shifter is

placed in ACD and the carry
bit.

INSTRUCTION FORMAT !

AquAcoT1 ,

o 1]

SH c |#*

1 r

]

4 s

6l 7

T

s 9110 11 12

131418

ADD

Add

The contents of ACS are
added to the contents of
ACD. If the operation
produces a carry of 1, the
carry is complemented. The
output of the shifter is

placed in ACD and the carry
bit.

E AQSJ ACD | 1

0]

SH c |#

sk |

T T
0

ﬂa s'

sl7 [

910 11 12

13 14 18

AND

And

The contents of ACS and
ACD are logically AND'd.
The output of the shifter is

placed in ACD and the carry
bit.

E AQS1ACD L1

1

1[su

skiP_ |

3l 4’ +

9110 11 12

1314 15
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mN601
ARITHMETIC LOGICAL INSTRUCTIONS

Multiply/Divide Instructions

The following instructions utilize an 170 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 170 Interface device.

MNEMONIC MEANING FUNCTION l INSTRUCTION FORMAT I

MUL Muitiply The contents of AC1 are
multiplied by the contents of
AC2, vyielding a 32-bit .
intermediate result. The
intermediate result is added
to the contents of ACO,
yielding a final 32-bit result. [o, 1,1 l 1 )
The high order bits (0-15) of o1 172 31 4 5 6l
the result are loaded into .

ACO and the low order bits
are loaded into AC1. Bit O of
ACO contains the high-order
bit of the resuit; bit 15 of
AC1 contains the low-order
bit. The contents of AC2 are
unchanged.

1,1/0,0,0 0,0 1}
8 9l1w 1 12l137 14" s

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. I 0

]

-

0,1/0, 0 0 0 0, 1]
8 911 v 12l13 16 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
: setto 0.

@DataGeneral T

Data General Carporation, Westboro, Massachusetts 01581



18

STACK INSTRUCTIONS

(BEER RS AV AN |

STACK INSTRUCTIONS

The mN601 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 15-bit 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 olf 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 aré
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

PUSH

POP

SPECIFIED AC

STACK POINTER AFTER PUSH—+
STACK POINTER BEFORE PUSH—

I_..-..—t_-._-d
DG-ou37

STACK

SPECIFIED AC

16-BIT WORD[~— STACK POINTER BEFORE POP
+— STACK POINTER AFTER POP
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STACK INSTRUCTIONS

Two Instructions, SAVE and RETURN, move information between a return block in the stack and the CPU registers described
below. When a SAVE Iinstruction 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 INCREASING
ADDRESSES MEMORY ADDRESSES
INCREASING S S |
MEMORY ADDRESSES | —
$P—PUSHED WORD SP BET Ot - [FUSHED WORD
____'_____ PUSHED WORD, PUSHED WORD|  CPUREGISTERS LOADED DURING RETURN
r PUSHED WORD ¢p Berone (|PUSHED WORD CONTENTS OF BITS 1-15 TO PC
s SPANDFP—{ _ AC3 _ | FP—=| ac3 __] rerurn —fl— Acd | BIT O TO CARRY
----- = owrr _|new [— owrr _| [ owrr —] CONTENTS TOAC 3 3—ToFP—
MEMORY ADDRESSES r [~ acz “leeruan [~ ac2 _[RETURN RN ac2 T CONTENTS TO AC 2
_ 1_ - 1 ac1 Tleock [ act _] [ act ] CONTENTS TO AC
(=" ] ! ACO aco | ACO CONTENTS TOACO
§p —{PUSHED WORD 1 (CONTENTS [ PUSHED WORD [PUSHED WORD PUSHED WORD |— SP AFTER RETURN
PUSHED WORD | OFFP PUSHED WORD [PUSHED WORD PUSHED WORD
PUSHED WORD | REGISTER [pysHED WORD [ PUSHED WORD [PUSHED WORD
PUSHED WORD | STORED  [FysHED WORD PUSHED WORD [PUSHED WORD
PUSHED WORD 1 Savge  [PuskeD woro PUSHED WORD [ PUSHED WORD
PUSHED WORD H PUSHED WORD PUSHED WORD| [PUSHED WORD
PUSHED WORD I PUSHED WORD PUSHED WORD [PUSHED WORD
P—{_ Ac3 _J---—4 | Ac3 _| | Ac3 _| AC3 __|———FP AFTERRETURN
[ owre
[ o:g;v I — yriy T iy oo PEUANIT™ ac2 ]
[~ ac1 T|fBocx [ act _| [ ac1 ] _Aclj
ACO ACO ACO ACO
...-..--'.--__. ......... 4 ._---'.---- 4
1) STACK BEFORE ——— o 2 STACK AFTER ——« 3 STACK AFTER THREE ._______ 4} STACK EVENTS DURING Y05,
SAVE INSTRUCTION SAVE INSTRUCTION PUSH INSTRUCTIONS RETURN INSTRUCTION
) STACK AFTER

RETURN INSTRUCTION  TYPIcal stack events occurring when SAVE, PUSH and RETURN instructions are executed in sequence.

NOTE: The SP register contains the address of the top memory location in the stack. Thus, the three single

DG-04328 variables pushed on the stack alter the last return block (see Figure 4) are el{eclively pushed olt the stack
when the RETURN Instructlon 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 lo execuling the RETURN Instruction. Then, il desired,
the variables can be pushed back on the stack after the execution of the RETURN instruction.

See Figures 4 and S. After the RETURN instruction was executed, the contents of ACO, AC1, AC2, PC,
carry and the SP and FP registers were restored o their original values before the SAVE instruction was
executed. The new value of the FP register is lait in AC3 alter the RETURN instruction.

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., xx377g to xx400 g. 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 I/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
lllegal device code and should not be assigned to any I/0 interface device (see I/0 Operations section.)

¢ DataGeneral
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mN6.01M

STACK INSTRUCTIONS

MNEMONIC| MEANING

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

FUNCTION ’ INSTRUCTION FORMAT
ikttt S

unchanged. If the contents

of bits 8-15 of SP are 000 (a
256-word boundary has
been crossed), a stack
overfiow interrupt request is
generated.

POPA Pop

The specified AC is loaded
with the contents of the

memory location addressed
by SP; then, SP s

3 0000001}

decremented by 1.

Sraary ETRECRETAKERECME

MTSP Move To

Stack
Pointer

The contents of bits 1-15 of
the specified AC are placed

in SP. The contents of the
specilied AC are

unchanged.

MTFP Move To

Frame
Pointer

The contents of bits 1-15 of
the specified AC are placed

in FP. The contents of the | | 0
specified AC are []

T
unchanged.

MFSP Move From

Stack
Polnter

The contents of SP are
placed in bits 1-15 of the
specified AC and bit 0 of the

speclfied AC is setto 0. The

1|°|O|°|o-ol°1

contents of the SP are
unchanged.

3 sl 1 12i13 14 18

MFFP Move From

Frame
Pointer

The contents of FP are
placed in bits 1-15 of the
specified AC and bit 0 of the

specified AC is set to 0. The

contents of FP are
unchanged.

20
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mN601
STACK INSTRUCTIONS

MNEMONIC | MEANING FUNCTION INSTRUCTION FORMAT

SAV Save Information is pushed on
stack as follows:

1) the SP is incremented by
1; then, the contents of ACO
are stored in the memory
location addressed by the
contents of SP;

2) the SP is incremented by
1; then, the contents of AC1
are stored in the memory
location addressed by the
contents of SP;

3) the SP Is incremented by
1; then, the contents of AC2
are stored in the memory
location addressed by the [0
contents of SP; o
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 O is
written into bit O.

5) the SP is incremented by
1; then, the content of the
carry bit is stored in bit O
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.

1,1,00,1,0 1,000,000 0 1]
1 3 HCMELECMETEE L EEE R

If the contents of bits 8-15
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 O of
AC3issettoO.

* ¢»DataGeneral
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mN601
STACK INSTRUCTIONS

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;

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 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.

0 00000 1|

4

8’ 9l10 11 12113 14 18
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INPUT/OUTPUT INSTRUCTIONS

This instruction group is used by the mN601 to communicate with I/0 devices. It passes information between one of the
mN601's four accumulators and the 170 bus and specifies one of three input and one of three output buffers (designated as A, B,
and C) in an 170 controller connected to the bus.

170 instructions accommodate a 6-bit device selection network which can address 64 separate device codes. When devices are
interfaced to the mN601's I/0 bus via an mN603 I/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 I/0 Operations section.)

Addressing Non-Existent Device Codes

If an attempt is made to issue an I/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 10 instructions.

The tables below illustrate the manner in which an 1/0 instruction is coded to set flags and how an I/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 [iags.
S 01 Start the device by setting Busy to 1 and Done
to 0.
c 10 Idle the device by setting both Busy and Done
to 0.
P 1" The effect, if any,depends on the device.
DG-04421
FLAG TESTING
CLASS CODED RESULT
ABBREV. CHARACTER BITS OPERATION
t BN 00 Tests for Busy = 1
BZ 0] Tests for Busy = 0
DN 10 Tests for Done = 1
Dz 11 Tests for Done = 0
DG-oHR2

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

[0 1, 1] AC 0P CODE [conmo] | DEVICECODE |
ol 1 ' 2 314 ' 5 617 8 9lt0' 11 12113 14 15

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

G DataGereral
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mN601
INPUT/OUTPUT INSTRUCTIONS

When the instructions described below are executed, the CPU sends the I/0 instruction, exactly as it Is storqd in memory, to the
170 bus. Following the instruction, data is transferred either from the CPU or the 170 controller. See I/0 Operations section.

MNEMONIC | MEANING FUNCTION INSTRUCTION FORMAT
NIO No I/0 The Busy and Done flags of
Transfer the addressed device are

set according to the
convention specified in bits
8-9 of the Instruction. [ 7 1o oJo o o[ r | oewicecooe, |
The data transferred by the ol1 2 314 s el 8 9l10 nn 1213 w1
CPU is meaningless and is
ignored by the /0
controller.

DIA Dataln A Following the receipt of this
instruction, the addressed
1/0 controller Is expected to
send a 16-bit word to the
I/0 bus from its A buffer.
This word is retrieved from

the /O bus by the CPUand | [0 1 1] ACJo.0 1] F , DEVICE CODE |
placed in the accumulator ol1 2 3[4 s 6l7 8 o9l 1n 12113 1
specified in bits 3-4 of the
instruction. After the data
transfer, the Busy and Done
flags are sel according to
the convention specified in
bits 8-8 of the instruction.
DIB DatalnB Same as DIA except B | [0 1 1] acJo 1 1] F _DEVICECODE _|
buffer. N R N R AN RN SRR TR LEERE M
DIC DatainC Same as DIA, except C Lo 1.1 l AC [1 0 1 A , DEVICE CQDEJJ
buffer. L R R RS A B L ETRETEF L EFME D
DOA Data Out A Following the receipt of this

instruction, the addressed
1/0 controller should retrieve
the next 16 bits of data
appearing on the I/0 bus and
load them into its A buffer.
The data bits are the L°
contents of the accumulator o1
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,

-
4

w| -
44—

of F , DEVICE CODE |
7 8 9110 11 12113 W 1§

poB Data Out B Same as DOA, except B [0 I ] AC l 1.0, ol F DﬁVICECOD |
buffer. AEREEE R AR MDD

j“
pOC DataOutC | Same as DOA except G | [0 v 1] ac[1 1 O] F |  DEVICECODE,
buffer. o1 1 2 314 s 617 8 91l10 T TN

L}
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'mN601

INPUT/OUTPUT INSTRUCTIONS

MNEMONIC | MEANING FUNCTION INSTRUCTION FORMAT I

SKP 170 Skip Following the receipt of this
instruction, the addressed
I/0 controller sends the
state, O 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 O contains the
complement of the state of =
the Done flag. Data bit 1
contains the complement of [ o
[]

|

the state of the Busy flag. 2 314 s el 72 8 9l10 11 122113 14 15

The CPU retrieves this
information from the 170 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

1 1fo of1 1 1] T ~ DEVICE CODE | |
—

program counter is
incremented an additional
time.

| ¢»DataGeneral 25
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mNG601

PROGRAM INTERRUPTS

PROGRAM INTERRUPTS

Program interrupts are sequences of operations during which the CPU writes the contents of the program counler Inle ':
specified memory location and loads the program counter with the address of another program. In the mN§(_)1. interrupls &
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 h'ae":‘:
slate or about lo fetch an instruction. It performs an interrupt by incrementing the program counter, storing the updated °Z') t|e¢
of the program counter in memory location O, performing a jump indirect through the appropriate memory location indica

below, and clearing the interrupt enable flag. When either a real-time clock or stack overflow interrupt request is honored, tF#
) corresponding request flag is cleared.

Type

Memory Location
External (I/0 devices) 00001
CPU real-time clock 00002
Stack overflow 00003

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

Type Priority
Stack overtlow first
CPU real-time clock second

External (/0 devices)  third

16-Level Priority Interrupts

The mN601 provides sixteen levels of interrupts. These levels are established by the program, using a 16-bit word mask togelh:
with a CPU mask Instruction. (See CPU I/0 instructions) Each bit in the mask (0-15) is assigned to a particular dewcg:;e *
devices operating at similar data transmission rates. To disable a device from generating Interrupts, a 1 is placed in that devi

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 Interru=t
Disable flag that is set by the CPU mask instruction to enable or disable Interrupts.

26 |-DalaCeneral
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mN601
CPU I/O INSTRUCTIONS

CPU 1/O INSTRUCTIONS

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

In all but the 170 Skip instruction, I/0 instructions addressed to device code 77g 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 77g.

| &
CLASS CODED RESULT
ABBREV. CHARACTER BITS OPERATION
f (option omitted) 00 :I)oes not affect the state of the interrupt On
ag.
S [0)] Set the Interrupt On flag to 1.
C 10 Set the Interrupt On flagto 0.
P 1 Does not affect the state of the Interrupt On flag
t BN 00 Tests for Interrupt On=1,
Y4 o1 Tests for Interrupt On=Q.
DG-0i420
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' mN601

CPUV/

O INSTRUCTIONS

When the instructions described below are executed, the CPU sends the instruction, exactly as it is stored in memory, lothel f:‘
us. In most cases, after the Instruction is transmitted, data is transferred either from the CPU or the 1/0 controlier. See L'~

perations

section.

LMNEMONIC

MEANING

FUNCTION

INSTRUCTION FORMAT

INTEN

Interrupt
Enable

CPU.

CPU

ignored

This instruction is internal
to the CPU. When executed,
the Interrupt On flag is set to
1 after one more instruction |
is executed; then interrupt

requests are honored by the

The data transmitted by the
following
Iinstruction  should be

controllers.

LO

C1K=}
-
-

4

a-
~
w] O

this

the 1O

-—

alO

—

«|O

~| O
-

011 ‘I‘l‘l‘l‘LL'
] 0 1 120113 W 18

P

>

INTDS

Interrupt
Disable

CPU

Iignored

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

The data transmitted by the
following

instruction  should be

controllers.

[o 1, 1fo 0]o o o0]1 0

NN

this

the 1/0

ol 172 3T 4" s el 7 8" 9

W11 12013 W18

INTA

Interrupt
Acknowledge

The

bits

Data

This is a global instruction
directed
controllers. It is sent to the
I/0 bus in response to a
program interrupt request.
The highest priority device
an interrupt
should respond by sending
its device code to the 1/0
bus in a 16-bit data word.
device
contained
10-15. When
retrieves this information,
the device code is placed in

requesting

In data bits

accumulator specified In
bits 3-4 of the instruction.

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.

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

all 1/0

code is

the CPU

(o, 1, 1] acjo 1 1] F

T, 1.1 1 .1.1]

of the

0-9 are

ol 1 2" 314" s

011 12l13 148

28

¢»DataGeneral

Diata Grneral ( oo poratun . Westbors, Massachusetts 01581




'mN601

CPU I/O INSTRUCTIONS

MNEMONIC
———

MSKO

MEANING

Mask Out

FUNCTION

This is a global instruction
directed to all 170
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/0 controllers as a
16-bit software priority
mask.

Each 110 controller
responds by turning its
Interrupt Disable flag on or
oft according to the device's
selected priority level. A 1 in
a device's mask bit turns its
Interrupt Disable flagon; a0
turns it off.

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

INSTRUCTION FORMAT

|

1.1 1 1

1, 1]

9l10 1 12113 14" 15

IORST

Reset

This Is a global instruction
directed to all 1710
controllers and the CPU.

The 10 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 clock
from generating interrupts
and by setting its Interrupt
On flag according to the
convention specified in bits
8-9 of the instruction.

The data transferred by the

CPU following this
instruction should be
ignored by the 170
controllers.

Duta General Corporatson. We stboro. Massachusetts 01581
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mN601
CPU 1/0 INSTRUCTIONS

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
program interrupt and data
channel requests while it is
in the halted state.

When this instruction is
executed, no data s
transferred as part of the
I/0 transaction. See /O
Operations.

1I1I1I1IIJ_‘_J

TETRET LMD

SKP

CPU Skip

This Instruction is internal
to the CPU. When executed,
the CPU switches to 1/0
input mode (see 1/0
Operations section); but, no
device should respond by
placing data on the I/0 bus.

CPU SKip tests the state of
the Interrupt On flag. If the
test condition specified in
bits 8-9 of the instruction is
true, the program counter is
incremented an additional
time.

1, 1,1 1, 1.1]

.
0 1 1zl 48

RTCEN

Real-time
Clock
Enable

This instruction is internal
to the CPU. It enables the
CPU's real-time clock to
generate program interrupt
requests.

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

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

T 1,1, 1]

10 1 12113 14 15

¢»DataGeneral
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mN601
CPU I/O INSTRUCTIONS

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
R : 0o 1 0O 1.0 1 0 F 1 1.1 1 1 1
accordlngtotheconvenllon Loi'l¥ J—i4!$!6i7!l!9 m!u!uin!u{lsl V-/

specified in bits 8-9 of the
instruction.

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

Data General Corporation, Westboro, Massachusetts 01581
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mN601
OPERATIONS PROTOCOL

OPERATIONS PROTOCOL

The mN601 communicates with memory elements and 1/0 interfaces via its memory and I/0 data buses and their associated
control signals. The protocol used by the mN601 in transmitting and recelving information via its pins is described below.

MEMORY OPERATIONS

The mN601 communicates with memory via the address/data pins, MB <0-15> , and three memory control signals, P, SAE ard
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. Durirg
refresh operations,the CPU specifies 1/64 of the available memory locations to be refreshed by transferring a 6-bit refres™
address to memory together with the appropriate control signals. MB <10-15> carry the refresh block address and MB <0-9>
contain 1's.

Address/Data Pins

The address/data pins, referred to as the memory address/data bus, are precharged to a logic high state for a period of 120ns
every 480ns, regardless of the operation being performed by the CPU. Information is placed on the bus by discharging thos@

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 aré precharged.

Control

Prior to initiating a memory operation, the CPU transmits the memory address via MB <1-15 >, and specilfies 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 ¢ 2 clock as a

reference. Each action occurring on the mN801 output pins Is synchronized to the rising or falling edge of
aclock.

G DataGeneral
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mNG601
MEMORY OPERATIONS

Read

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

READ TIMING DIAGRAM

el
T . =

5
-</-— ASY—+te—AH—]
i 5|; / TR—
S K™ :

o
(o]

MB<O0-156> -
SAE
le—SAED SAET 1
DG-04010
NOTES:
® UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED
BETWEEN POINTS AT 1.5V.
® SEE TIMING TABLE ON PAGE 49.
Write

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

s/2\n
I T PT

le—AS L -{—AH—

P N\

- R
\ PC |+ WDS—+}+-WDH-+|+——PC——+]
MB<0-16> S —1r R
R o
N
WE <
WED i WET

DG-04011
NOTES
@ UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED
BETWEEN POINTS AT 1.5V.

® SEE TIMING TABLE ON PAGE 49.
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mN601

MEMORY OPERATIONS

Read-Modify-Write

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.

READ-MODIFY-WRITE TIMING DIAGRAM

3 :

PT “I
AS —
P z—AH
|
l—PC—{ }~——o0T P PC
MB<0-15> B E— = I "rc"l | 1 [-Pe]
wos»«wouj
SAE
L+SAE SAET:
WE A
DG-01012 RW t l'A'l:
NOTES
® UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED
BETWEEN POINTS AT 1.5V.
® SEE TIMING TABLE ON PAGE 49.
Refresh

After the refresh operation is Initiated, the CPU transmits the WE signal, but does not transmit data, and the information selecled
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
s Al
A
e—AS ta——— AH——o~
P N
- e po— PC N—
MB<0-15> \_;[& . . 7
~
WE N
WED I WET:
DG-0013
NOTES

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

® 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.
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I/O OPERATIONS

mN601

I/O OPERATIONS

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

In programmed 170, the CPU moves information, consisting of a command followed by data, between its accumulators and the 170
bus. There is one exception to this rule; that is, when an I/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.

Data Channel Break

In a data channel break, the CPU moves information between the I/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 170 bus. This is responded to by the I/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 the CPU,
data out from the CPU. When the CPU receives the address, it begins a read-modify-write operation using the address received
from the I/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 I/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 I/0 input mode and then waits a certain period of time to receive the data.
The 16 data bits received from the 1/O controller during this time period are sent to the memory bus and are written into memory
during the write portion of the memory operation being performed. The information received by the CPU during the read portion of
the memory operation is ignored.

1/0 Bus Transfers
Information is passed In serial form between the CPU and the I/0 bus via the CPU 170 bus pins. The pins and their functions are
listed below.

PIN MNEMONIC FUNCTION
m ——e |
I/ODATA 1 Bi-directional, data bus. This line carries the 8 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 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 recelving device at a
rate of 8.33Mbits per line.

DCHINT This is a wired-OR of all I/C controllers’ data channel request lines. When asserted low by any of
the I/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 170 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.

170 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 I/0 bus. When the line is at a
high logic level, it tells the transceiver that the CPU is ready to recelve data, and the information on
the 170 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.

¢ DataGeneral
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mN601

1/O OPERATIONS

The I/0 data lines (170 DATA<1-2>)are used to transfer four types of information: Request Enable, Data Channel Address Reque’s=-

programmed 1/0 commands, and data. Each type consists of either 2 bits or 18 bits (1 or 9 bits on each /O data line) and =
Identified by the first bit transmitted on each line. The encoding is shown below.

FIRST BIT FIRST BIT
CODE CODE
VODATA 1 VODATA 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 I/0 operations timing diagrams deplicted 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/0 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.

VO CLOCK
VODATA 1

VO DATA 2

36

REQUEST ENABLE TIMING DIAGRAM

QTD17‘ 1
S A
3V (NOMINAL)
————— e e v
3V (NOMINAL
_____ —_ - e e — —0V
i REQUEST ENABLE
Nc A
TINPUT R
NOTES

® UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED

BETWEEN POINTS AT 1.5V.

® SEE TIMING TABLE ON PAGE 49.
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 mN601
I/0 OPERATIONS

Data Channel Address Request

This is a signal sent by the CPU, in code form, to the I/0 bus in response to a data channel request. It tells the I/O 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

o _/i_\_ I :y.»
<701~} TD2+}<TD3+

1/0 CLOCK 7
N\ V4
SR
I/O DATA 1 3V(NOMINAL)
——————— B e S — Y
/O DATA 2 3V (NOMINAL)
__éuﬁ DATA CHANNEL ADDRESS REQUEST
) —— —— —— 0V
/0 INPUT
_'a
T INPUT p——

ba.pa NOTES
® UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED

BETWEEN POINTS AT 1.5V.
® SEE TIMING TABLE ON PAGE 49.

Data

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 170 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

TD3
1’0 CLOCK
I/ODATA 1 X8 \ 20oe0e0 —T T T T e 5
N AEBIt0X T X X. Y YK XBit7)/

I/0 DATA 2

1/0 INPUT DATA TRANSFER CODE TD4

e e

bo-owie TINPUT p

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

©® SEE TIMING TABLE ON PAGE 49.

NOTE: The timing for incoming data to the CPU is the same as that for outgoing data, except that the 1/0 INPUT

signal remains at a high logic level,
¢»DataGeneral 37

Data General Corporation, Westbor. Massac husetts 01581



mN601 -

1/0 OPERATIONS
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1/0 Command

The format shown in the /O Command Timing Diagram Is used by the CPU to transfer all instructions to the 1/0 bus in whichbs
0-2 contain 011 (I/0 instruction format).

170 COMMAND TIMING DIAGRAM

#
+TD1-+{=TDg~=TD2 TD3*
/0 CLOCK 1
VO DATA 1 M S—
—4Bit0 X ... X
VODATA2 S —
4Bt 8 ). Y
l+— 1/0 COMMAND CODE
I/0 INPUT Vaan
TN T
TD4
DG-0K017 — T NP_UT D
NOTES

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

® SEE TIMING TABLE ON PAGE 49,

RULE: 00, 014,024,03 g.and 77 are ILLEGAL DEVICE CODES for any I/O device connected to the microNOVA
1/0 bus.

The mN601 Instruction Set section describes several groups of Instructions which incorporate the 170 format: 1/0, CPU I/O.
Multiply/Divide, and Stack. Each of these groups is discussed below.

Each I/0 Instruction should contain a device code In bits 10-15 which specifies one of the existing devices connected to lhaa':g
bus. When one of these instructions is sent to the 1/0 bus by the CPU, each mN603 I/0 controller examines the device code

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 1/0 controller. See mN601 Instruction Set.

Each CPU I/0 instruction contains device code 77 g (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 170 controllers. The
etfect of each is described in the CPU 1/0 Instructions section of the mN601 Instruction Set.

Both the Multiply and Divide instructions address device code 01 g (illegal device code). Although these instructions are internal

to the CPU, the instruction is sent to the /0 bus when executed; but, no data is transferred. 1/0 controllers should ignore these
instructions.

Stack instructions also address device code 01g (illegal device code). Their effect is the same as that for Multiply/Divide
instructions. 170 controllers should ignore these instructions.

¢»DataGeneral
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I/0O Transfer Protocol

Programmed 1/0 Data Out

The programmed data out timing diagram depicts a transfer of an I/0 instruction followed by a data transfer from the CPU; e.g.,
DOA, DOB, DOC, MSKO. After the instruction is sent to the 170 bus, the CPU walits for a fixed interval of time before sending the

‘mN601

1/0 TRANSFER PROTOCOL

data.
PROGRAMMED DATA OUT TIMING DIAGRAM
21 P 10 OUT pp—+]
1’0 CLOCK
te————INSTRUCTION ——— DATA
IODATA1 XX XXX XX f XXX XX XXX
~.I l__ COMMAND DATA TRANSFER .
CODE CODE
IY0 INPUT e N I -
- NOTES
® UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED
BETWEEN POINTS AT 1.5V.
® SEE TIMING TABLE ON PAGE 49.
Programmed 1/0 Data in

The programmed data in timing diagram depicts a transfer of an 1/0 instruction followed by a data transfer from an mN603 I/0
controller; e,g., DIA, DIB, DIC, INTA, I/0 SKIP. After the CPU sends the instruction to the I/0 bus, it switches to I/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 I/O 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.

[
I/0 CLOCK

PROGRAMMED DATA IN TIMING DIAGRAM

N U

[e———INSTRUCTION
I/ODATA 1 LI oot S, S S . . 8. &8 &
I/0 DATA 2 e A R K G X XXX XXX

| «— COMMAND

T CODE
/O INPUT —~_ o | DATATRANSFER I [
CODE
DG-04019 P I/OI oo
f< P1/O INTw
WINDOW OPEN FOR DATA
NOTES

® UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED

BETWEEN POINTS AT 1.5V.

©® SEE TIMING TABLE ON PAGE 49.

¢»DataGeneral
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1/0 TRANSFER PROTOCOL

40

Data Channel Data Out

The sequence of events from the time the CPU acknowledges a data channel request through the time the data is place:d onlh:
1/0 bus is depicted in the timing diagram below. After the CPU sends a Data Channel Address Request to the bus, it switches '0
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/ Y
controller with the highest priority requesting a data channel break will send the memory address and the direction mode b

during this time frame. When the window closes, the memory address contained in the data transfer is used by the CPU in

performing a memory read operalion. When the data is retrieved from memory, the CPU transfers it to the I/0 bus by performing #
data out operation.

DATA CHANNEL MEMORY TO DEVICE TIMING DIAGRAM

[]]
V0 CLOCK ——_-2 : UL NS
VO DATA 1 . D G G 6 G O i_‘
ADDRESS AND MODE BIT DATA |
IIO DATA 2 45 8RR R BRI RS B SRD 8% &2 5 ’{
_—
DATA CHANNEL —*‘ F—gg&; TRANSFER —{ |~—DATA TRANSFER DATACHANMEL
ADDRESS CODE ADDRESS REGLES
VOINPUT —{. R:QUEST DCH 1wa L [
<+-DCHAR—> WINDOW OPEN FOR
— ‘—DCHD ADDRESS AND MODE BIT
DCHOpD ot Tt DATA OUT ——*
DCHO
NOTES
@ UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED
BETWEEN POINTS AT 1.5V.
® SEE TIMING TABLE ON PAGE 49.
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 PV the
CPU from the I/0 bus Is depicted in the timing diagram below. After the CPU sends a Data Channel Address Request, it switchesS
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/0 controlier will send one 16-bit word plus the control
bits. When the window closes, the data bits recelved are sent to the memory bus and a memory write operation is performed.

DATA CHANNEL DEVICE TO MEMORY TIMING DIAGRAM

A1
10 cLock —

\ e
.
VODATA 1 +—¢ 5 - Y Y YT
ADDthgg AND MSDE BIT DATA
VO DATA 2 - B 08" 8" 00 & D, 2D G2 3
—| —| |~-DATA TRANSFER - DATA TRANSFER -
DATA CHANNEL CODE CODE DATACHANNEL _
ADZRESS ADDRESS REQUE!
VO INPUT - RELIEST DCH N
TWA DCHITWi
[ WiNDOW OPENFOR WINDOW OPEN FOR DATA
ADDRESS AND MODE BIT WINDOW
CLOSED DCHI
e-DCHAR— i::———————DCHlou TWD
——e] DCHp

DCH!
r

T
poowd e oesumsss OTHERWISE NOTED, TIME INTERVALS ARE MEASURED

BETWEEN POINTS AT 1.5V.
@ SEE TIMING TABLE ON PAGE 48.
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mN601
PROGRAMMED 1/0 LATENCY

Timing

On systems which have a number of I/0 controllers and depend heavily on input/output, both programmed 1/0 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/0 Latency
Most peripherals operating under program control request processor time by setting their Done flags to 1. Whether the CPU
determines that a device is requesting service by repeatedly checking the state of the flags using I/0 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 1/0 Skip instructions
and efficiency of the software servicing the peripherals; i.e., the time required by the peripheral service routine to transfer data to
or from the peripheral and set the Done flag to 0.

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

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

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

3. The time program interrupts are turned off, e.g., during the servicing of an 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 usec.
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 0.

items 1, 4, and 5 are machine dependent. item 2 depends upon the number of data channel devices and their activity rate. items
3, 6 and 7 are determined by the software and represent the bulk of the programmed /0 interrupt latency.

Additionally, if any higher priority program interrupt, i.e., stack overflow or real-time clock, has a pending interrupt, the time
calculation is the same. The CPU always honors the interrupt with the highest priority.

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

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

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

¢»DataGeneral
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MNOG6OU1

DATA CHANNEL LATENCY

Data Channel Latency

Latency is also a factor when data is transferred between peripheral devices and memory via data channel breaks. The CP—

allows data channel devices to access memory only during predefined times. In addition, more than one peripheral may b=
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 Esm

the device - see mN603) and the time when data is strobed, either during data reception or transmission. Data channel latenCsm
consists of the sum of either of the following values:

Data Channel Data In The time required to execute the
(Device to Memory) 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.
Data Channel Data Out The time required to execute the
(Memory to Device)

two longest consecutive instructions,

excluding Multiply and Divide, plus
11 CPUcycles.

For example, if the two longest consecutive instructions in the program are 15 CPU cycles each, the maximum latency for adata
channel data out transfer is:

15+ 15 + 11 = 41 CPU cycles;
41 x.480psec = 19.68usec

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 lmnsle;
Thus, a data channel request can be Initiated 11 CPU cycles (for a data channel data in) or 16 CPU cycles (for a data chann
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 tran

sfers must be
added to the latency. For each data channel out transfer the time Is 7.2usec and for each data channel in transfer the time is
5.8usec.

¢y DataGeneral
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STATUS

STATUS

Initialization
On power up, Vgg must be at -3V before Vgg, Vpp and Vgg 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 100u sec. Then, when CLAMP goes from the Iow to high state, the CPU is
properly initialized and enters the HALT state (see below). After initialization, pulling CLAMP low for a period of 100usec 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 usec.

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

NOTES '
® UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED

BETWEEN POINTS AT 1.5V.
® SEE TIMING TABLE ON PAGE 49.

DG-04329

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

isinthe HALT state is to generate an Iinterrupt.

Reset

The mN601 Is reset by pulling the 1/0 CLOCK pin low for a period of 10 usec. When 170 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 I/0 CLOCK low when 170 INPUT is low.

Data General Corporation. We stbaro, Massachusetts 01581
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mN601
INSTRUCTION EXECUTION TIMES

INSTRUCTION EXECUTION TIMES (IN CPU CYCLES'")

wt

INSTRUCTION GROUP TYPE ADDRESSING MODES
AUTO
INCREMENT/
MEMORY REFERENCE GROUP DIRECT INDIRECT(2) DECREMENT
DSZ g (3 103 13(3)
" ISz 83 10 133
:: I JMP 6 7 10
JSR 7 9 12
LDA 6 8 11
STA 6 8 1
ARITHMETIC AND LOGICAL
GROUP REGISTER ADDRESSING
ADC 5(3)
ADD 5(3)
AND 5(3)
COM 5 (3)
INC 5(3)
Mov 5 (3)
NEG 5(3)
suB 5 (3)
MULTIPLY/DIVIDE GROUP REGISTER ADDRESSING
DIV 122
MUL 87
INPUT/OUTPUT GROUP REGISTER ADDRESSING
DIA 15
o] :] 15
DIC 15
DOA 10
DO8 10
bDoC 10
NIO 10
SKP 15 (3)
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 ol2
NOTE: (1) ONE CPUCYCLE = 0.480 4 sec
(2) FOR EACH ADDITIONAL INDIRECT LEVEL, ADD 2 CYCLES;
FOR EACH AUTO-INCREMENT/DECREMENT, ADD § CYCLES
(3) IF SKIP OCCURS, ADD 2 CYCLES
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ELECTRICAL SPECIFICATIONS

— —— e PO

ELECTRICAL SPECIFICATIONS

BSOLUTE MAXIMUM RATINGS

Supply voltage,Vgg. + « « v e v v evens ceenaseree e eeeeteeit e netonenan e ctececceesaananes -7v
Supply voltage,. Vg« « v v v et ev i ne i S et eereesesieereaaas e seecescsancces et asaanaanon 7V
Supply voltage,Vpp + + + +» = s e veevennnn eeeesateeann et se it iseecsseaerenenns [P ceesen ..13V I /": /4
SUPPIY VOIBGE, VGG « « e v v v v eveatecanenoeneeoesennensacenacassaeasnonnsenenasaneennenanans 17v
L4 TV R 17 T - T R v
Operating free air temperaturerange, To - ¢ ccccvevaeeons Ctee et e et et Odeg.to 70deg.C
Storage temperature range, Tg1g « <« v o+ « « cereeae ceeereeranenn tireesecssssass.. -55deg.to 125deg.C

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

ECOMMENDED OPERATING CONDITIONS

Supplyvollage, VBB. « « « « c vt e eevtetenrrtncnsrsacascassannnsns Ceeiseerestsaescananan -4.25V + 0.5V
Supplyvoltage, Veg. « c v vvveeeerereenns secesescesesensesassesascresncscescasssacsnos 5V + 0.25V
Supply voltage,Vpp: « vt e vt veevrneniennnnaanns P Ceeenanen 10V + 1V
Supply voltage,Vgg. -« e v v vvverne Cescescsta st s e s e s ss st e asesasteestsoteens et tenoe 14V + 1V
Operating free air temperature range, TA« + = e+ e oot oacaens teterecsecnennesesssacasnnose Odeg.to 70 deg.C
C CHARACTERISTICS
3YMBOL CHARACTERISTICS CONDITIONS MIN TYP MAX UNITS
L &1, 2 (clock input) -20 0.8 v
MB <0-15> ,CLAMP, EXTINT, DCHINT -1.0 1.0 \")
1/0 CLOCK, I/0 DATA 1,1/0 DATA 2 -0.5 05 v
H 1, ¢2 13 15 v
MB <0-15>,CLAMP,EXTINT, DCHINT 3.75 58 v
110 CLOCK, I/0 DATA 1, I/O DATA 2 2.70 5.8 \'
L 1, 92 Vi =08V 10 HA
MB <0-15> Vi =1V -2 mA
EXTINT, DCHINT Vi =1V -4 mA
CLAMP Vi =1V 10 MA
170 CLOCK, I/0 DATA 1,1/0 DATA 2 ViL =05V -4 mA
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ELECTRICAL SPECIFICATIONS

DC CHARACTERISTICS (Cont.)

SYMBOL CHARACTERISTICS CONDITIONS MIN TYP MAX | UNTS
i 91, 02 Vi = 15V 10 u:
MB <0-15> Viy =58V €60 | A
EXTINT, DCHINT Vi =58V 100 | » A
CLAMP Vi =58V 10 | » N
) 1/0 CLOCK, I/0 DATA 1,1/0 DATA 2 Viy =58V 100 | #
VPCHS MB <0-15> IPCHS 4.25 4.75 5.25 v
(VOLTAGE AFTER PRECHARGE) = -60uA
IPCHS MB <0-15> VPCHS -60 | A
(CURRENT AFTER PRECHARGE) =425V
VoL MB <0-15> SAEWEPAUSEP, os | V
1/0 INPUT, 1/0 CLOCK, I/0 DATA 1
1/0 DATA 2, HALT
Von MB <0-15> SAEWE.PAUSEP, 275 v
140 INPUT, I/0 CLOCK, I/0 DATA 1
1/O DATA 2, HALT
loL MB <0-15> SAEWE PAUSEHALT VoL =05V 20 $:
1/0 CLOCKI/0 DATA 1,1/0 DATA 2 20 A
I/0 INPUT, P 4.0
1oH MB <0-15> SAEWE.PAUSEHALT Von = 275V -100 | ¥ :
1/0 CLOCK, I/0 DATA 1,1/0 DATA 2 -100 M A
P.1/O INPUT- -200 s
lgg Average -250 M :
ice Average 20 ::A
%) Average 60 mA
(o Average 30
CAPACITANCE
Clock line ( 91, ¢2) capacitance 100 D::
Capacitance of all other signal pins 10 P
External load capacitanceon MB <0-15>. £
10 CLOCK, 1/0 DATA 1, /0 DATA 2 20 "F
External load capacitance between any two MB lines. 10 p
External load capacitance on P. pF
1/0 INPUT. SAE. WE, PAUSE, HALT 30
NOTE: Positive current is into the pin.
.6 ¢»DataGeneral
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mNG601
ELECTRICAL SPECIFICATIONS

AC CHARACTERISTICS
Switching Diagrams

CLOCKS
1 / 2
T~ T2
) |\ /U
92 +—120ns T3
DG-04023
OUTPUT MODE INPUT MODE
—_— I 21, 2. — —
p1.42 T13 T14
. T 4§ —] I‘—. |
MBO-MB15 MBO-MB15 >< ><
T15 T16
le—T5—] b—— 4———!
I/O DATA 1 CHI
/0 DATA 2 EXTIN
170 CLOCK
naminy ny, Bat?
1/0 INPUT
T18
T7—-—|
— 1/0 CLOCK
WE X T17 T17
[e—T8— —T9 VO DATA 1 15V
p - ] VODATA 2 : /
| T19 I I T19 |
le—T10— DG-04028
SAE
fe—T11—» NOTE: Time intervals are all measured between
10% and/or 90% points, uniess otherwise specified.
PAUSE
e—T12—
HALT N .
DO-04024 I

¢ DataGeneral a7
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ELECTRICAL SPECIFICATIONS

Transition Timing

FUNCTION | symsoL PIN MIN. mAX. | unms
MASTER CLOCK FREQUENCY ACCURACY .1% 8.333 MHz
CLOCKS T ¢1,62 SEPARATION 5 25 ns

: T2 $1,62 WIDTH 75 95 ns

T3 $1,02CYCLE 235 245 ns
OUTPUTS T4 MBO-MB 15 80 ns
T5 I/0 DATA 1, 1/0 DATA 2,1/0 CLOCK 25 ns
(] 1/0 INPUT 25 ns
T7 WE 25 ns
T8 PFALL 25 ns
T9 P RISE 25 ns
T10 SAE 40 ns
T11 PAUSE 25 ns
T12 HALT 40 ns
INPUTS T3 MB 0 - MB 15 SET-UP TIME 40 ns
Ti4 MB 0- MB 15 HOLD TIME 20 ns
T15 DCHINT, EXTINT SET-UP TIME 100 ns
T16 DCHINT, EXTINT HOLD TIME 20 ns
T17 I/O<CLOCK/DATA 1/DATA 2> SKEW -5 +15 ns
T8 I/O<CLOCK/DATA 1/DATA 2>WIDTH 115 125 ns
T19 I/O<CLOCK/DATA 1/DATA 2> RISE/FALL 10 ns

48
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mN601

TIMING TABLES =~ ... o Tt
MEMORY READ/WRITE TIMING
{See Memory Operations)
OPERATION SYMB SCRI
MBOL DESCRIPTION MIN. MAX, UNTS
COMMON TO BT P LOW DURATION
ALL MEM T P HIGH DURATION 9% oo s
CYGLES As ADDRESS SETUP TIME 0.040 o130 -
AH ADDRESS HOLD TIME a10 | o180 b
PC PRECHARGE 0.120 s
READ SAED P TO SAEDELAY '
oD SAE TO DATADELAY ooes | olsa -
SAET SAE DURATION 0.200 0.260 s
DT DATA DURATION 0.080 0.360 s
WRITE/ WED P TO WE DELAY 0.230 250
REFRESH(1) WET WE TIME DURATION 0.220 gm ,'ﬂ
WoS WRITE DATA SETUP TIME 0.060 0.140 ps
WDH WRITE DATAHOLD TIME 0.100 0.160 us
READ RWED READ MODIFY WRITE WEDELAY |  1.190 1.730 ps
MODIFY i
WRITE i
DG-04418 i
(1) Appfles to both wrlte and refresh operations. j
‘WDS and WDH apply to write operation only. ;
NOTE: Rise and fall times for input signals are assumed <i10ns.
1/0 BUS TIMING
(See 1/0 Operations)
OPERATION SYmBOL DESCRIPTION MIN MAX. | UNTS
COMMON TOALL TD4 1/0 INPUT TO 1/0 CLOCK TIME (START OF | 0.090 0.150
OUTPUT TRANSACTION)
OPERATIONS T2 1/0 CLOCK 1/2PERIOD (BIT TIME} 0.110 0130 | s
TO3 1/0 CLOCK TO /O INPUT TIME (END OF 0.090 0.150 | ns
TRANSACTION)
TO4 1/0 CLOCK TQ /0 DATA SKEW -5 +15 ns
170 COMMAND TINFUT p COMMAND OR DATA TRANSFER TIME 1310 1330 ps
OR DATA |
OUTPUT
1/0 REQUEST TINPUT g REQUEST ENABLE OR DATA CHANNEL 0350 0370 | ps
ENABLE OR DATA ADDRESS REQUEST TRANSFER TIME
CHANNEL ADDRESS '
REQUEST ;
DATA TRANSFER TIMING
PROGRAMMED PI/OOUT oy | PROGRAMMEDI/O DATA OUT - DATA 083 085 | ps
1/0 DATA OUT DELAY
PROGRAMMED PO IN 1w PROGRAMMED /0 o%m IN- DATA ~ a1z | us
/0 DATAIN RECEPTION WIND! :
VODATA PI/OIN pp PROG RAMM;:) L/ODATAIN- DATADELAY | 011 g;:o =
COMMON TO ALL DCH AR DATA CHANNEL ADDRESS REQUEST g?fl’ 013 :‘;
DATA CHANNEL DCHp DATA CHANNEL DELAY OOEBIF -
OPERATIONS OCHTWA DATA CHANNEL ADDRESS AND M B 28 ps
RECEPTION WINDOW
- 58
DATA CHANNEL DCHO CYCLE TIME FOR 16-BIT WORD TYRANern ani > 1,:
OUT - MEMORY OCHOpp DATA CHANNEL DATA OUT DELA
TO DEVICE — - 72
DATA CHANNEL DCHI CYGLE TIME FOR 16-8IT WORD TRANSFER| = 356 | e
IN - DEVICE DCHIpp DATA CHANNEL DATA IN DEU\YED 4 0se | ps
TO MEMORY DCHITwe DATA GHANNEL WINDOW CLO?ON
DCHITwp DATA CHANNEL DATA RECEPT - 9 ps
WINDOW
HALT TIMING
(See Status)
TYP. UNITS
OPERATION SYMBOL DESCRIPTION
024 Hs
T SIGNAL IN HIGH STATE
T H, DENOTES HAL W STATE. 216 K
HAL Hy DENOTES HALT SIGNAL INLO
- —
DG-0H19
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PACKAGE SPECIFICATIONS

PACKAGE SPECIFICATIONS
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mNE03
1/0 CONTROLLER

| O BUS
MEMORY BUS
] 8.333MHZ TP OUT
- MBO HALT F—— Dty v
mN 634 MBI CLAMP [ +5V—s
A \ OCTAL MB2 PAUSE [ DCHP OUT
! MEMORY mgg ‘0 DIFFERENTIALLY
\—/ BUS DRIVEN SIGNALS
M85 ¢ . fe—] mN 640 RIVEN SIGNAL
TRANSCEIVER 1 A MASTER
MB6 A © o fe—o- gFL‘OEK dg CLOCK| ! MASTER 1
IVER CLOCK
MB7  mN601CPU ThindallF
C 1 1
k MmBg 1ODATA Y mN 629 -
B T
N 634 mB9 cPulo [ tORATALL
TA MB10 TRANS- 3
NerORy MB11 10DATAZ CEVER [o.!ODATA2!
BUS MB12 i )
TRANSCEIVER mB13 toclock 1T0 CLOCK 1
5 MB14 L -3
£ MB15 10INPUT EA
< WE
e P BCHINY
< SAE EXTINT
3
o EE 13
n‘- - o)
° DCHP IN s
o INTP IN 2
g ' [ 2
INTR IN T
3 N 603 —]} INTP OU g
o loC DCHP IN ~___ DCHP OUT 3
4 —_— r—_:L’ =
INTR D
é 16 BIDIRECTIONAL BErR | e
£ DATA UNES ‘G Ll '@FFERENTIA_'L g
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8 2 DRIVER \d: 4—:—CLOCK -+ g
v ' F Ly
g m ODATA1 mN 636 :'_rllooA‘rM,l__ §
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3 T
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3 . cLocx
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I/0 CONTROLLER
FEATURES
PACKAGE
I/0 DEVICE CONTROLLER ON A SINGLE 40-PIN W,
SILICON-GATE NMOS CHIP  ~ ves(]1 40[]vae
¢1(]2 39 Jvpp
INTERPRETS AND EXECUTES DATA GENERAL'S ¢2(3 38| ] DONE
ggumno NOVA COMPUTER I/0 INSTRUCTION po[Ja 370 a5y
o1[]s 36[JINT SYNC
PROVIDES SIMPLE 16-BIT PARALLEL USER 02(]6 35/ JINTR
INTERFACE p3[]7 34[]DCHR
pa(]s 33[]bcHp
INTEGRAL BUSY AND DONE CONTROL ps[]9 32/ JDCHSYNC
INTEGRA ps[]10 31JINTP g
INTEGRA t DEVICE IDENTIFICATION AND INTERRUPT o701 30[Jvo cLock
o8[12 29[]1/0 DATA2
CONTAINS DATA CHANNEL CONTROL LOGIC ps[J13 28[ /O DATA1
o10[]14 27710 INPUT
FULL ADDRESS AND WORD COUNT REGISTERS FOR p11[]15 26[JF3
DATA CHANNEL OPERATION p12[Ji6 25[ ]F2
US D13[17 24 JF1
ER SELECTABLE DATA BUS SIGNAL POLARITY 1418 23Fo0
p15[]19 22| JFSTROBE
Vss (GND)L_|20 21 Jvce
DG-o13?
GENERAL DESCRIPTION

The mN603 is an I/0 controller (I0C) that provides the full functional capability of Data General’s 47-line NOVA 1/0 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 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 IOC includes data channel bus hand shaking and full address and word counters.

The 10C allows the construction of a complete I/0 controller module using a minimum of additional components. Those

necessary are:

1) an mN640 Clock Driver

2) anmN636 IOC I/0 Tranceiver

3) Interrupt and data channel priority circuitry

4) decode logic for the I0C's four encoded function bits

5) additional gating to interface a peripheral and buffer the |OC

¢»DataGeneral
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 mNEo3

PIN DESCRIPTIONS

1/0 DATA PORT

REQUEST
CONTROL
(/0 BUS)

DG-0i138

FUNCTIONAL PIN CONNECTION DIAGRAM

cLoCK
ﬂll T
2 3
1/0 DATA 1,2 2 18
<:_—:|—’> 9
PERIPHERAL
vocLock |, mN603 PORT
VOINPUT _ |, 23-26{ F<0-3>
22| FSTROBE
INTR 35 36|« NTSYNC
DCHR 34 3| DCHSYNC REQUEST
— INTP 4, 37}_BUSY CONTROL
e (PERIPHERAL)
._'__%P__.33 38 DONE
1 2139 40 20

IR

Vee Vee
POWER SUPPLY

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

PIN DESCRIPTIONS
PIN IN/
MNEMONIC NO. ouT FUNCTION
CLOCKS
"4 2 IN Two-phase non-overlapping clock. Operates between 0 and 14V amplitude. Generates
@2 3 IN 4-phase internal clock, providing internal timing.
1/0 DATA PORT
110 DATA1 28 110 Two-line, bi-directional bus. Receives all data and I/0O command information transmitted
170 DATA2 29 1/0 serially from the CPU at the Master Clock rate. Transmits data to the CPU at this rate.
During a 16 bit transfer, 1/0 DATA1 carries bits 0-7 while 1/0 DATA2 carries bits 8-15.
1710 CLOCK 30 110 Synchronizes all I/0 transfers on I/0 DATA <1,2>. If receiving, /0O CLOCK strobes
information received on 1/0 DATA <1,2> into the IOC. If transmitting, 1/0 CLOCK is
generated by the |IOC. Note: The 10C will be reset if I/0 CLOCK is held low for more than
8 cycles of MASTER CLOCK" .
170 INPUT 27 ouT Indicates whether the IOC is transmitting or receiving on 1/0 DATA <1,2>. High = 10C
receiving. Low = |0C transmitting.

—
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_ PIN DESCRIPTIONS
PIN DESCRIPTIONS (CONT.)
PIN IN/
MNEMONIC | o | our FUNCTION
PERIPHERAL PORT
D<0-15> | 4-19 170 16-line, bi-directional data bus. Transfers all data between an I0C 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 10C to request program interrupts from the CPU.
DCHR 34 ouT Asserted by an 10C to request a Data Channel Break from the CPU.
INTP 31 IN Indicates whether an 10C requesting a program interrupt has priority to respond to an
Interrupt Acknowledge instruction. INTP high indicates priority.
DCHP 33 IN Indicates whether an 10C requesting data channel service has priority to respond to a
Data Channel Address Request. DCHP high indicates priority.
INT SYNC 36 IN Asserted by peripheral; prompts the 10C to request a program interrupt from the CPU
(assert its INTR line).
DCH SYNC 32 IN Asserted by peripheral; prompts the 10C to request data channel service from the CPU
(assert its DCHR line).
BUSY 37 170 Indicates the state 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 setto 1 by:
e device asserting BUSY
e an I/0 instruction with an S in the F field (see I/0 Data Port, Programmed
1/0 Transactions)
BUSY set to O by:
e device asserting DONE
e an 170 instruction with a C in the F field (see 1/0 Data Port, Programmed
1/0 Transactions)
@ 1/0 Reset Instruction
DONE 38 170 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:
e device asserting DONE
DONE setto O by:
® an I/0 instruction with an S, C, or P in the F field (see 1/0 Data Port, Programmed
1/0 Transactions)
® an I/0 Reset Instruction

¢»DataGeneral
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PIN DESCRIPTIONS

PIN DESCRIPTIONS (CONT.)

MNEmMoNIC | Y l:(n POWER
Ves 1 -425 + 05V
Vee 21 +5+ 025V
Vob 39 +10+ 1.0V
Vee 40 +14+10V
Vss 20 GROUND

NOTE: * MASTER CLOCK refers to the system clock, see Overview Section of the microNOVA Line

Integrated Circuits.
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OVERVIEW

The 1OC, 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 compatible with 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 170 bus. Every I0C
connected to the bus receives a copy of this instruction and internally decodes it. If the IOC determines that the instruction is
directed to it, the 10C executes the instruction. Since it has an exact copy of the I/0 Instruction, the IOC can emulate all the

programmed 1/0 control signals found in the NOVA/ECLIPSE I/0 bus.

In addition to decoding programmed 1/0 instructions, the IOC contains all the logic necessary to implement a complete program
interrupt system. This system is compatible with the mNE01 and includes Busy and Done flags, an interrupt request line,

interrupt masking logic, and interrupt source identification,

The I0C also provides the logic necessary to perform data channel transfers. This includes the request logic and two internal
registers, a memory address register and a word count register, which control the data transfer.

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

Four major areas of the IOC perform the above tasks.
® The Peripheral Data Port provides the device with a 16-bit wide, bidirectional data bus and four function code control lines.

® The I/0 Data Port performs the serial/parallel conversions of information transferred to and from the I/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 I0C. The
Peripheral Data Port Includes the 16 data lines (D <0-15>), the four function code lines (F<0-3> ), and the clock (FSTROBE).
The 16 data lines transfer data to and from the peripheral device. The function codes, with their clock, control the gating of data

on these data lines.

I/0 DATA PORT - This section explains how data Is transferred between the serlal I/0 bus and an 10C. The I/O data port includes
two serial data lines (I/0 DATA1 and I/0 DATAZ2), their strobe (I/0 CLOCK), and a transmit/receive control line (/0 INPUT). The
I/0 DATA <1,2>lines receive commands and data from the I/0 bus and transmit data to the 1/0 bus. 10 CLOCK strobes the
information transmitted on these data lines. 170 INPUT indicates whether the I0C 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/0 data port to the peripheral data port. All control of information transfers and
service requests comes from the internal logic array and state change logic. Two of the internal registers used during data
channel breaks may be replaced with external registers. Interrupt requests and data channel break requests are controlled by

the Request Logic.

REQUEST CONTROL - This section describes the program Interrupt and data channel break facllities. Each of these facilities
has separate request and priority networks. Most of this logic Is internal to the mN603. However, the designer may choose to use

elther internal or external BUSY and DONE logic.
SYSTEM REQUIREMENTS - This section covers the I0C'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 IOC's internal registers are initialized.

¢ DataGeneral
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mNGE03
PERIPHERAL PORT

PERIPHERAL PORT

The Peripheral Port transfers data between an 1/0 Controller and the associated peripheral device. The_port consists of 18
bi-directional data lines (D<0-15>), four function code control lines (F <0-3>), and a function code clock (FSTROBE).

DATA LINES

The data lines transfer data to or from an 10C in a 16 bit parailel format. Data may be interpreted using either positive or negalive

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 clock, either indicate how the data lines are to be used or provide control pulses. These lines
react in particular ways according to the information received from the 1/0 bus by the I/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 any one time. Most of these function codes are generated as a

result of IO instructions received from the CPU via the I/O Data Port. The 1/0 Instruction format, the Op Code and F field
mnemonics, and their corresponding bit patterns are shown below:

OP CODE F DEVICE CODE
1 1 1 | 1 1 1 1 |
ol 1 2 314 5 6l 8 910 11 12113 14 15

1/O INSTRUCTION | OP CODE (BITS 5,6,7) F FIELD (BITS 8,9)
NO I/0 Transfer NIO-000 NONE -00
DATAINA DIA-00 1 S(STRT)-01
DATAOQOUTA DOA-010 C(CLR)-10
DATAINB DIB-011 P(IOPLS) -1 1 °
DATAOUT B DOB-100
DATAINC DIC-101
DATAOUTC DOC-110
1/0 SKIP SKP-111

NOTE: The 1/0 Skip instruction Is listed above for completeness; howe\'/er. no function codes are

generated as a result of this Instruction. Likewise, no specific function code is generated by a No 1/0
Transfer instruction.

There are three 1/0 instructions not listed above which follow a slightly different format (see /0 Data Port, Programmed I/O
Instructions). Of these three, the interrupt Acknowledge Instruction generates no function code. However, the Mask-out and /0

Reset Instructions each produce a specific function code. Data Channel Transactions account for the four remaining function
codes.

¢ DataGeneral
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CONTROL LINES
The various function codes, their labels, and their purpose are listed below:
FUNCTION CODE TABLE
FUNCTION FUNCTION
CODE CODE
F<0-3> | LABEL FUNCTION F<0-3> LABEL FUNCTION
ﬂ
e
0000 DOA Load the A register with data 1001 IORST* Gate device code, Polarity,
from I10C data lines D External Register Enable,
<0-15> . and External BUSY/DONE
Enable bits into 10C via the
0001 DIA Gate data into 10C from the A following data lines:
register via data lines D D <0-15> = DEV CODE
Z0-15> . D9 = POLARITY
D8 = EXT REG ENB
= EXT BUSY/DONE EN
0010 Do8 Load the B register with data o7 B
from 10C data lines D NOTES: This data is always
<0-15> (see Internal interpreted using negative
Structure, Data Channel logic (high = 0).
Registers). See System Require-
. ments, Initialization.
0011 o8 Gate data into 10C from the B 1010 MSKO Gate device maskout priority
register via data lines D bit into I10C via data
<0-16> . If internal data lines D <0-15>.
channel registers are being
used, D <0- ignored
(ss:: D O e o Data 1011 ocHA | Gate data channel direction
Channel Registers) ' bit into IOC via data line DO. If
9 ’ external registers are being
used, gate external Address
0100 DOC Load the C register with data Reglstgr into 10C via data
from 10C data lines D lines D <0-15>.
<0-15> (see Internal
,s;:;i?t:rrz') Data  Channel 1100 DCHI Gate data from peripheral
: data register onto I0C's data
lines (D <0-15>) during a
0101 DIC Gate data into 10C from the C Data Channel In Transaction.
register via data lines D
<0-15>.
. 1101 DCHO Load the peripheral data
0110 STRT Start I/0 device. register with data from the
10C's data lines (D <0-15>)
0111 CLR Clear I/0 device. during a Data Channel Out
Transaction.
1000 IOPLS 170 pulse.
1110 WCEZ Indicates that the internal
| data channel Word Count
Register has overflowed
(equals zero). Denotes the
end of a block data channel
transfer.
" 1111 NOP No function.

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

DG-vu1y
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CONTROL LINES

PERIPHERAL PORT TIMING

Function codes are valid only when FSTROBE is low. Each function code lasts for one cycle of FSTROBE. If either the dala lines

are not being used by the 10C or control pulses are not occurring, the NOP code is transmitted. If the data lines are being usedto
transfer data to the I0C, they are sampled on the rising edge of FSTROBE. Timing constraints are shown below:

Fs Fr FH

e N/ | ~—f | '/

= i !

F1

F2

F3

DATA OUT

D<0-15>

DATAIN

Ds'DH
NOTES:

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

® SEE TIMING TABLE ON PAGE 43.
® D<O0-15> MUST NOT BE PULLED LOW AT ANY TIME OTHER

THAN THAT INDICATED BY Dg AND DH IN THE DIAGRAM
ABOVE.

DG-ol139
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DECODING THE CONTROL LINES
There are many ways to decode the four bit code produced by the four function code lines into separate control lines. Described
below are two such methods:

The first approach incorporates a 4 to 16 decoder (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

DATA D<0-15>

FSTROBE

(&)

loCc

|

O
O
>

S~——
ENABLE

F<0-3> CODE
INPUT

SN74154

9
>

I

(=]
(=]
@)

|

g

9
o

3
—l

|

TTTTTIT]

4TO 16
DECODER b——OPLS
o— |IORST
— MSKO
p——DCHA
o—— DCHI
o——DCHO
b—— WCEZ
o—— NOP J

o)
5

CONTROL
" LINES

DG.04140
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CONTROL LINES

e e e e e e e e e

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 IORST 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 (E) input low. Only four —
of the five address lines are used. -
PROM DECODER
PERIPHERAL PORT :
DATA D<0-15> )
10¢ FSTROBE

10

4

EE ( W

DG-04341

F<0-3> P—
:{)}Ao w |
- p—— | CONTROL
] 01-08\},  (LNES
B 32x8 ——
PROM —
(SN74188A) |pb—

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 lhg
Peripheral Port Data lines. These data lines are used when an 10C 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.
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PROGRAMMED I/0O INSTRUCTIONS
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PROGRAMMED 1/0 INSTRUCTIONS

Data Out Instructions
%’éa ?ut Instructions (DOA, DOB, and DOC) perform a transfer of up to 16 bits of data from an IOC to a peripheral register. The
P'aces 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).

::" glddf:'on. one of three function codes (STRT, CLR, or IOPLS), if coded in the instruction, is issued during the next FSTROBE
ycle. These codes may be used to control the state of the peripheral device (see Request Control, External Busy/Done Logic).

Fsmose_/— m

NOP < DOA, DOB. DOC}(STRT. CLR, IOPLS NOP

F<0-3>

D<O0-15>

NOTES:
® UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED

BETWEEN POINTS AT 1.5V.

® SEE TIMING TABLE ON PAGE 43.
DG-01142

NOTE: The No I/0 Transfer Instruction is similar to a Data Out Instruction in that a STRT, CLR, or IOPLS
function code is issued if coded in the original instruction. However, the NOP function code is always

Issued in place of the DOA, DOB, or DOC codes.

¢y DataGeneral 1"
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PROGRAMMED 1/O INSTRUCTIONS

Data In Instructions

Data In Instructions (DIA, DIB, and DIC) perform a transfer of up to 16 bits of data from a peripheral register to an |0C. The
function codes may be used to strobe information from the respective peripheral register (A,B, or C) to D <0-15>. The I0C
samples D <0-15> on the rising edge of FSTROBE when these codes are valid.

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

m
FSTROBE_/—\__/
s F<0-3>
NOP X DIA, DIB, DIC X STRT,CLR, I0PLS X NOP
D<0-15>
Ds ! by
NOTES:

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

® SEE TIMING TABLE ON PAGE 43. |
DG-01143

Maskout and I/O Reset Instructions

The Maskout and 1/0 Reset Instructions both require the transfer of data to an IOC. The IOC samples D <0-15> on the rising
edge of FSTROBE when either the MSKO or the IORST code Is valld. Therefore, these codes should be used to gate data onto
these lines (for MSKO see Internal Structure, Interrupt Request Logic; for IORST see System Requirements, Initialization).

e/ N\ |\

, IOR }(
F<0-3> NOP X MSKO, IORST NOP

D<0-15>

Ds ! Dy

NOTES:
e UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED

BETWEEN POINTS AT 1.5V.
® SEE TIMING TABLE ON PAGE 43.

DG 184
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DATA CHANNEL TRANSACTIONS
sfers blocks of data between memory and a peripheral device via the I1/0 bus and CPU. Each word of a

The Data Channel tran
block requires a complete Data Channel Transaction. A Data Ghannel Transaction requires two information transfers between a
Peripheral device and an 10C. The first transfer of the pair is to the IOC. 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.

Dl:_ﬂng the first transfer of the pair, the I0C samples D <0-152> 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>. Thedataon D <1-15>is
OC has been initialized to use the internal Address Register (see Internal Structure, Data Channel Registers).

ignored if the |
e/ N | \_
FSTROBE /|

DCHA X P
r<0a> NP X N

D<O0-15>

Ds I DH

NOTES:
® UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED

BETWEEN POINTS AT 1.5V.
® SEE TIMING TABLE ON PAGE 43.

DG-04148

If the direction bit Is a 0, a Data Channel Out Transaction is performed. This transfers a 16 bit word “out” from the memory

:Ocalion Specified by the Data Channel Address to the peripheral device. If the direction bit is a 1, a Data Channel In Transaction
S 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

DATA CHANNEL ADDRESS
—_t 4t L
"5 617 8 9l10 11" 12113 14" 15

D = Direction Bit
1 = Data Channel In Transaction
0 = Data Channel Out Transaction

¢»DataGeneral

Data General Corporation, We stburo, Massachusetts 01581
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'mN603

DATA CHANNEL TRANSACTIONS

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

FSTROBE _/—\__7 [__\_

NOP }{ DCHI <
F<0-3>__ O NoP

D<0-156>

Ds ' Dy

NOTES:
® UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED
BETWEEN POINTS AT 1.6V.

® SEE TIMING TABLE ON PAGE 43.
DG01146

If the first transfer specifies a Data Channel Out Transaction, the DCHO code Is issued during the second transfer. The 10C
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.

F—sm—oes_/——\__%_—\_

Fs Fr FH

o X X
F<0-3> Vi DCHO NOP

D<O0-15>

NOTES:
® UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED
BETWEEN POINTS AT 1.5V.

@ SEE TIMING TABLE ON PAGE 43.

e A

€»DataGeneral
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Whhen the last transaction of a block transfer begins, the internal word count register (if in use) overflows (see Internal Structure,
02413 Channel Registers). The WCEZ (word count equals zero) function code Is issued as shown below. This code may be used to

seetthe DONE flag signaling the completion of a block transfer.

mﬂ__] k—-

'/ ./ \

mN&603
DATA CHANNEL TRANSACTIONS

F<0-3>_NOP X

DCHA }( NOP

X

WCEZ * NOP

D<0-15>

NOTES:

Ds ' Dy

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

® SEE TIMING TABLE ON PAGE 43.

DGO1148

[Data Channel Timing

The minimum interval between the time a DCHA function code is issued and the time a DCHI or pCHO function code is issued is
assumes that the 10C requesting Data Channel service is the highest priority device (see Request Control,

goiven below. This

DATA CHANNEL IN TRANSACTION

Tal

R N4

_/

DCHA

DCHI

X NOP

1
XX

T

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.

FPriority Networks).
FSTROBE
F<0-3> X
NOTES:
DG-04149

® SEE TIMING TABLE ON PAGE 43,

¢»DataGeneral
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mN603

DATA CHANNEL TRANSACTIONS

16

DATA CHANNEL OUT TRANSACTION

FSTROBE —\

Ta0

—/

F<0-3> X DCHA

A

NOTES:

® UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED

BETWEEN POINTS AT 1.5V.
® SEE TIMING TABLE ON PAGE 43.
DG-04150

— J_
X DCHO K

NOTE:

ANOTHER DCHA OR OTHER FUNCTION CODE
MAY OCCUR HERE, SEE INTERNAL
STRUCTURE, DATA CHANNEL LOGIC

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 the mN601 (CPU) instruction execution times is given under that

chip's section.

¢»DataGeneral
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S . : m N603
I/0 DATA PORT

1/0 DATA PORT

:Z: following section describes the operation of the 1/0 Data Port and the protocols it uses. Although most designers will
cern themselves with only the Peripheral Port, the following description of the I/0 Data Port provides a better understanding

dthe IOC's interaction with the system.

Thhe /0 Data Port includes two serial data lines (/0 DATA <1,2> ), their strobe (/0 CLOCK), and the transmit/recelve control
data lines transfer information between an I0C and the CPU (mN601) via the I/0 bus. I0C and CPU I/0

tnne (I/0 INPUT). The
Triransceivers (mN636 and mN629) are used to drive these data lines and their clock on the differential /0 bus. 1/0 CLOCK,

Yy the transmitting device, strobes information into the receiving device. I/0 INPUT, generated by the I0C, selects

Qeenerated by
&tiher the transmit mode (when low) or the receive mode (when high) of the associated Transceiver. The |IOC monitors the 1/0

buus by remaining in receive mode unless required to respond to the CPU.

INNFORMATION TYPES
Faour types of information are received by the I/0 Data Port; Request Enable, Data Channel Address Request, I/0 Instructions,

annd Data. However, on ly data is transmitted by this port.

Tthese information types are transferred in one of two formats; short and long. Both Request Enable and Data Channel Address
mat which requires only one I/0 CLOCK pulse. I/0 Instructions and Data use the long format which

Rdequest ysg the short for,
i'::g_‘"res five 1/0 CLOCK pulses. In all cases, the first bits of a transfer on the I/0 DATA <1,2> lines make up a two bit code
iCaling the information type. The encoding of these first bits is shown below:

FIRSTBIT | FIRSTBIT INFORMATION
/0 DATA1 | 1/O DATA2 _ TYPE
1 1 REQUEST ENABLE
1 0 DATA CHANNEL ADDRESS REQUEST
0 1 DATA
0 0 1/0 INSTRUCTION
DG-OH16

¢»DataGeneral 17
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INFORMATION TYPES

mN603

Request Enable

Request Enables are issued at intervals by the CPU. Only the two code bits are transferred. They synchronize program interrupl
requests and data channel requests with the CPU. This is necessary to ensure that the request lines to the CPU and priority lines
are stable when they are sampled. Request Enables are also used for IOC Initialization (see the System Requirements,
Initialization).

1/0 CLOCK \§ 7[
VODATA 1 N
\comz
/O DATA 2 )
NOTES:

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

® SEE TIMING TABLE ON PAGE 43.

DG-ou151

Data Channel Address Request

Data Channel Address Requests are issued by the CPU when a data channel break is executed. Only the two code bils are : !

transferred. They allow the highest priority 10C requesting data channel service to perform a data channel transaction. b |
addition, like Request Enable, they synchronize program Interrupt requests and additional data channel requests for all IOCs
(see Request Enable and Data Channel Transaction sections).

_.% T
VO CLOCK N 4
— N
/O DATA 1 N
T ~cooe
/
L
0
/O DATA 2 5§ 71(
VONPUT  pecene
NOTES:

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

® SEE TIMING TABLE ON PAGE 43.

¢»DataGeneral
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I/0 INSTRUCTIONS

100 Instructions

FOD Instructions are issued by the CPU. Eighteen bits are transferred; two code bits and a 16-bit instruction. This is the
rsstruction exactly as fetched from memory by the CPU. The eight high order bits of the instruction (0-7) are transferred via the

::?DATM line while the eight low order bits (8-15) are transferred via the I/O DATA2 line. The instruction format is shown in the
pattern below:

4 1 [ L
172" 31T 4" 5 617 8 9110 11 12113 14 15

o 1 1 AC OP CODE F DlE_VlCE COI?E
4
0

AC = accumulator, see mN601
F = F field

Thae device code contained in the last six bits of the instruction is checked to see if the 10C should execute the instruction. An )
H00C executes instructions containing its own device code as well as some of those with device code 77g (which select all I0Cs). [
#%vice codes 00g through 03g ,and 77g are ILLEGAL DEVICE CODES for any device connected to the microaNOVA I/0 bus.

VO cLock bé \|

|- AC l OP CODE

P

VODATA 1 N o X 1 7

N—

VODATA2 .
~CODE /O INSTRUCTION

VOI&’-UI____________—__R_E_CM_—____ - —

NOTES: ,

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

® SEE TIMING TABLE ON PAGE 43.

DG o132
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 mN603

DATA TRANSFERS

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 L'0
DATAT1 line transfers the eight high order bits of the data word while the 1/0 DATA2 line transfers the eight low order bits. Da'..l
received by an 10C is ignored unless required by a Programmed I/0 Transaction or a Data Channel Transaction. Likewise, datais

transmitted only if required by one of these transactions.

l—T1 —OJ
/O cLOCK \ % 3 ‘
3. A TSKeEw
VO DATA 1
VO DATA 2
T 2—+}<CODE DATA Tz—-‘
RECEIVE
VO INPUT 7|£
TRANSMIT
NOTES:

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

® SEE TIMING TABLE ON PAGE 43.

DG-04134
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mN603
TRANSACTION PROTOCOLS

TWRANSACTION PROTOCOLS

;I:he four types of information transfers discussed above are combined to form three types of transactions; Request Enable

n'n‘ﬂﬂsacuons. Programmed 1/0 Transactions, and Data Channel Transactions. Each type of transaction has its own protocol.

m‘-‘quesl Enables occur as a single information transter. Programmed I/O Transactions combine an I/0 Instruction transfer with a
ata transfer. Data Channel Transactions consist of a Data Channel Address Request followed by two Data transfers.

NpTE: There is a minimum time between two consecutive transactions. This is indicated in the timing
diagrams by ™

FRequest Enable Transactions
FRequest Enables are used by an I0C to synchronize the assertion and release of program interrupt and data channel requests. If

aa peripheral device requires service, a Request Enable allows the associated I0C’s interrupt request line (INTR) and/or data

cchannel request line (DCHR) to be asserted, signaling the CPU for service. When service is received, a Request Enable allows
Uhese 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 IOC is reset.

f0ne of two conditions must be met for INTR to be asserted during a Request Enable. Either the peripheral device pulls the I0C's
NINT SYNC line low or it sets the DONE flag. However, an internal Interrupt Disable Flag can block a program interrupt request;

2see the section on Request Control.

Uin order for BCHR to be asserted during a Request Enable, the peripheral device must pull the I0C's DCH SYNC line low.

NOTE: The first two Request Enables received after an I0C is powered up or reset initialize its internal four
phase clock and internal registers. As a result, the I0C is synchronized with the CPU (see System

Requirements, Initialization).

T
— T1 le— N
{L
/O CLOCK X £ " X _/
—AqL
I/0 DATA 1 1 »
—_———t+ g —_—— e —_—_———_——
1f
1/O DATA 2 1 -
{(
I/0 INPUT v
B
— f
INTR OR DCHR A
a

NOTES:
® UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED

BETWEEN POINTS AT 1.5V.

® SEE TIMING TABLE ON PAGE 43.
DO-04153

€vDataGeneral

DataGeneral Carporation, Westbaro, Massachusetts 01581

21



- mN603 -

PROGRAMMED I/0 TRANSACTIONS

Programmed 1/0 Transactions

\ There are two types of Programmed 1/0 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 IOC and the CPU.
t

1) CPU to |OC Data Out Transaction

Data Out Transactions transfer a 16 bit word of data from the CPU to one or ali IOCs. The transactions begin with an 0

Instruction transter, issued by the CPU and are followed by a Data transfer, also issued by the CPU. The instruction transmitted
is the 170 Instruction executed by the CPU, exactly as fetched from memory.

An |0C executing a Data Out Instruction must receive the Data transfer during a fixed interval of time after it has received the L'O
Instruction transfer. This time interval is illustrated in the following timing diagram by DTQ.

DT N—""
wasx 3\ MU\ TaR = WAWAT S
YO OATAT na00060E T e (s e L F T
VODATA 2 X £8)9fiof11f12f13f14f15 LYo Y10)11f12)13f14)15fF ”
4
VO INPUT T
-——= 1 "F=—stRucrion | ma b Lyt

1'0 INSTRUCTION CODE DATA CODE

NOTES.

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

® SEE TIMING TABLE ON PAGE 43.

DG 04156
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PROGRAMMED I/0 TRANSACTIONS

" There are two groups of instructions which use the Data Out format. The first group consists of four I/0 Instructions which are
! :melc.::led by only one 10C per transaction. The second group consists of two I/0 Instructions which are executed by all IOCs
! aneously.

‘7_"9 first group selects individual 10Cs by specifying a particular device code. The bit patterns for these I/0 Instructions are
! @ven below. The instruction is the same as fetched from memory by the mN601 CPU.

o 1 1 AC OP CODE F DEVICE CODE
+— + —q 4 At
ol 17 2"314 5 6l7' '8 9l10 11 12113 14 15

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

DOA (Data Out A) e Op Code = 010
DOB (DataOut B) ... ...Op Code = 100
DOC (Data Out C) Op Code = 110

POA, DOB, and DOC transfer data from the CPU to a specific peripheral device via an [OC. The data received by the selected I0C
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 Port.

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 1/} .......... -Op Code = 000

The No 1/0 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).

¢»DataGeneral
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PROGRAMMED 1/0 TRANSACTIONS

The second group of data out transactions consists of two 10 Instructions which select all I0Cs by specifying device
code 77g . The bit patterns and timing for these two instructions are given below: .

MSKO (Mask Out)
DOB [f] ac, CPU

0o 1 1 AC 1 o0 O F 1 1 1 1 1 1
1
ol 1 2" 314 5 6l7" 8 9l10 11" 12113 14" 15

AC,F = see mN601, CPU F

The Mask Out Instruction transfers a 16-bit mask (data) from the CPU to all IOCs connected to the I/0 bus. This data affects the
state of each I0C's Interrupt Disable flag. For more information on this flag, see Interrupt Request Logic under Internal Structure.

IORST (I/0 Reset)
DOAf] 0,CPU

| ©
-
-—
-
—-—
-
-
-
rorsermm-vam

F = see mN601, CPU

The I/0 Reset Instruction is used to initialize all an 10C's internal registers and flags. The instruction portion of this transactionis *
executed by all IOCs, however, the data portion of the transaction is ignored. For futher information see the section titled System
Requirements, Initialization. ’

~ea .

R
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PROGRAMMED 1/0 TRANSACTIONS
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2) 10C 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 1/0 Instruction
lransfer issued by the CPU and are followed by a data transfer issued by the responding IOC.

An |0C executing a Data In Instruction begins transmitting the data within a fixed interval of time after it has received the I1/0
Instruction transfer. This time interval is illustrated in the following timing diagram by DT,

oT, ™
Vo cLock I = AWAWAWAW AT R VAWAR -/
worm | ST RTTeTs NODOODBOT, 1 E
—ff
YO DATA 2 i BEXKJF]XIZXHX‘MXTS BXQ 10 ‘HXlZXEXMXIS),
—ihr— -
VO INPUT —f Ty for
-——— VR~ sTRUCTION—— B —{T [
2 / DATA 2
10 INSTRUCTION CODE DATA
CODE
NOTES:

® UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED
BETWEEN POINTS AT 1.5V.
® SEE TIMING TABLE ON PAGE 43,

DGos? .
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mN603
PROGRAMMED /O TRANSACTIONS

There are two groups of instructions which use the Data In format. The first group consists of four 170 Instructions which select
only one 10C per transaction. The second group consists of one I/0 Instruction which selects all IOCs simultaneously.

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

o 1 1 AC OP CODE F DEVICE CODE
1

3 1 1 1 ] ]
ol1 2"31 4 5 6l7 8 9l1w 11 12013 14" 15

F

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

DIA (Data In A)............Op Code = 001
DIB (Data In B)..........Op Code = 011
DIC (Datain C) Op Code = 101

DIA, DIB, and DIC transfer data from a specific peripheral device to the CPU via an I10C. The selected IOC gates data into its
Peripheral Data Port from one of three peripheral registers (A, B, or C) and transmits this data to the CPU.

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

NOTE: There is one internal register used during data channel breaks whose contents may be transferred
from an 10C to the CPU using the DIB instruction (see Request Control, Data Channel Registers).

SKP (I/0 Skip)...www.. Op Code = 111

The I/0 Skip Instruction transfers a word of data containing the state of the BUSY and DONE flags from the selected |OC 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 77g which selects all I0Cs.

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

O 1+ 1y AC |O 1 1| F |1 1 1 1 1 1
I ! N

10 11 ' 12113 14 15

AC,F = see mN601, CPU

The Interrupt Acknowledge Instruction causes the responding I0C to transmit its device code to the CPU. This instruction is

issued by the CPU in response to one or more IOCs requesting program interrupts (asserting their INTR line). Only the highest
prionty 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.

¢y DataGeneral
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DATA CHANNEL TRANSACTIONS

D#ta Channel Transactions
Th2ere are two types of Data Channel Transactions:
1) CPU t0 10C Data Channel Out Transactions

' 2)‘IOC toCPU Dat.a Channel In Transactions
Ex2ch type of transaction transfers a 16 bit word of data between a peripheral device and memory via the CPU. The direction of

teelransfer indicated by the name refers to the CPU.

g::: :::::f of _Data Channel Transactions begin with a Data Channel Address Request, issued by the CPU and are followed by a
Dasa er |ssged by the responding I0C. The second Data transfer is issued by the CPU or I0C depending on which type of
saction is taking place.

:IeOTE: Though all IOCs receive the Data Channel Address Request, only the highest priority 10C
questing a data channel break completes the transaction (see Request Control section).

™h
t.'m:c ft'lf::‘ d?Ia transfer, from 10C to CPU, provides the CPU with two kinds of information. Bit O of this 16 bit word indicates the
of the second transfer (data). Bits 1-15 contain the address of the memory location to be accessed.

D DATA CHANNEL ADDRESS
—_— 44—
ol 1" 2 314 5 6l 7 8 9l10 11 12113 14" 15

D = direction bit:
0 = Data Channel Out Transaction
1 = Data Channel In Transaction

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

1) CPU to 10C Data Channel Out Transactions

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

J c DCo ™
T‘ fo— — ‘|’1 o—
vo dioek } YW alales TaValaVal e o Ve
DIRECTION,
BIT=0.
\ —{¢
VO DATA 1 - N [1]2]3]4]s]6]7 20080880000¢ »
—
{L
VODATA2 T j XsYofiofi fizfisfiads A8)sfiof11f12f13]14f15 v
"‘ﬂ T2~ —T2[—
e
VO INPUT C . "
DATA
Y F+— DATA CHANNEL— /
ADDRESS AND DATA
DATA CHANNEL DATA
ADDRESS REQUEST  CODE DIRECTION BIT CooE

TES:
® UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED
BETWEEN POINTS AT 1.5V.

pcouss @ SEE TIMING TABLE ON PAGE 43.

2} 10C to CPU Data Channel In Transactions

A Data Channel In Transaction transfers a word of data from an I10C “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 10C will begin transmilting the data to the CPU (memory) during a set interval of time after it
transmits the Control Word. This interval is illustrated by DCy

c oGy ™
vocLock ¥ I JAWAWAWE X JAWAWAWARE. 3
DIRECTION,
BiT=1
i { -
VODATA 1 H389880804 - foJ1]2]3]4f5)6]7 "
{L
VODATAZ Y 3 18l shofiizfiaf1afis q8)s Jiof1fizf13)i4fis "
——'Tzn— ———Tzc— -—oszﬂ—- _.TZ‘— .
10 INPUT ] = —
DATA
Y L‘—DATA CHANNEL— oATA /
ADDRESS AND
DATA CHANNEL DATA DE
ADDRESS REQUEST  CODE DIRECTION BiT co

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

® SEE TIMING TABLE ON PAGE 43.
LG 18
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INTERNAL STRUCTURE

In order to make full use of an IOCs capabilities, an understanding of some of its internal elements is necessary. The block
dTagram below is a simplified representation of the I0C's internal structure.

100 BUS CONNECTIONS PERIPHERAL CONNECTIONS
Q83 NTP
1, 92
O'1) OCHe 2)
00— 3)
STATE
: COUNTER
I fgi
PROGRAMMABLE
STATE CHANGE LOGIC : ) ) LOGIC ARRAY
123-26)
rey “ F<0-3>
L FSTROBE
TR 22)
INSTRUCTION STaTUS gg:cALgL
REGISTER SIGNALS
FROM T0 DATA.OUT
COMPONENTS gg’*f:g"i“"s INVERTER/
2271 0weur j t OF 10C N ORIVER
Z l/ A4
ADDRESS (B) WORD COUNT INITILIZATION MASK-0UT
Oy R
(31011 0 CLock OSR REGISTER REGISTER TREGISTE REGISTER ORIVER o
(2:'8) 1 0 DATAY 419
12'19) 1 0 DATA2 iy ! @ L
DATA-.IN
INVERTER/
oRiveR  _ 37
V J 8USY
INTERRUPT al
R Bustoone
LOGIC —>0]
DONE
138)
— y
3951 IR INTERRUPT 36)
O« REQUEST iNT SYNC
LOGIC - O
R 32)
$234) DCHR DATA DCHSYNC
i CHANNEL | O
REQUEST
LOGIC
DOGoI0
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INTERNAL STRUCTURE
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Six internal registers are used during transactions as shown in the table below:

REGISTERS FUNCTION
=IOSR (I/0 Shift Register) Performs the serial/parallel conversion of information transterred on 1/0
DATA <1,2>.
Instruction Register Holds all I/0 instructions received by the IOC.
Initialization Register Holds the device code, external register enable bit, external BUSY/DONE

enable bit, and the polarity bit (see System Requirements, Initialization).

()

Address Register Holds the 15-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 Butfers the 15-bit memory address and the direction bit used during data
channel transfers.

NOTE: Each I0C must have a unique device code. An IOC compares the device code contained in its
Initialization Register with that received in all I70 instructions. if they match, the instruction is executed. In
addition, some instructions specifying device code 77g are executed.

INTERNAL BUSY/DONE 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
1/0 instructions and the peripheral device. For those programmed 170 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:

8 Birs 9 ;?r?:a:gmc EFFECT

0 0 - No effect

0 1 S set BUSY to 1,DONE to O

1 0 c set both BUSY and DONE to O

1 1 P set DONE to 0, no effect on BUSY
DG-0H1?

¢»DataGeneral
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INTERNAL BUSY/DONE LOGIC

m.e_ Deripheral'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 0. The
poeripheral device controls these flags by pulling either the BUSY or the DONE lines low. Shown below is a representation of the
oternal BUSY/DONE logic:

FSTROBE FSTROBE—|c  q}2ONE
PULL-UPQ A
S
{38) 3 _ DONE
BONE 0— o a TO INTERRPUT
REQUEST LOGIC

SL
[
P

- ENAB
IORST-—J <

FSTROBE—{C a FSTROBE —|C
BUSY
FLAG
sV do a o
R
—q
o ] 2
G —
NTILZATION OR P U'-'-’U’g
VO RESET o
INSTRUCTION. ¢ | ENAB

DOG 04161

There s a set relationship between the time the BUSY/DONE lines are asserted by the peripheral device and the time that the
irnlernal BUSY/DONE flags are set. The state of the BUSY/DONE lines are sampled on the rising edge of FSTROBE. However, the
rnternal flags are not set until the next falling edge of FSTROBE. If the peripheral device does not hold the BUSY/DONE lines low,
thhey may float high until the internal flags are set.

S T S

Cp
BUSY/DONE FLAGS ) (
. Cg Cy
BUSY/DONE \
(PINS)
NOTES:

® UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED
BETWEEN POINTS AT 1.5V.
Do ® SEE TIMING TABLE ON PAGE 43,

¢ DataGeneral
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INTERRUPT REQUEST LOGIC

INTERRUPT REQUEST LOGIC

The Interrupt Request Logic Is responsible for requesting program interrupts from the CPU. An IOC requests interrupts by
asserting its INTR line. The state of this line is controlled by a flag called the Interrupt Request Flag. This flag is set or cleargd
during either a Request Enable or a Data Channel Address Request Transaction. This ensures that the request line (INTR) is

stable when it is sampled by the CPU. The section titled "Request Control, Interrupt Requests” discusses how this flag may be
set.

Each I0C contains an Interrupt Disable Flag which allows the program to disable interrupts from that IOC. When this flag is set to
one, the IOC is prevented from asserting the INTR line.

The Interrupt Disable Flags for all IOCs are manipulated by the Mask-Out Instruction. When this instruction is executed, the
16-bit mask received from the 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 0. It is unconditionally cleared by an I/0 Resel
Instruction.

Shown below is a representation of the Interrupt Request logic:

Do
/O DATA1 g—
D1—
1/0 DATA1y —
D2 —
VO DATA12—1
D3 —
V0 DATA13—{
D4 —
1/0 DATA14—
D5—
170 DATA 15—
D6 —
110 DATA1 6 —
D7—
I/O DATA17 —
D8 —
170 DATA1g —
D9 —
/0 DATA19—
D10—
/0 DATA110—
D11—
VO DATA111—
D12—1

INTERRUPT LOGI

INTERRUPT INTERRUPT
DISABLE REQUEST
FLAG FLAG

RQENB—HC Qf—] >o—0 INTR (35)

a DRG

MASK-0OUT
INSTRUCTION c a

FROM N
INTERRUPT ) ——

REQUEST IDONE
LOGIC

INT SYNC (36)

VO DATA112—
D13—
VO DATA1{3—
D14—
VO DATA114—
D15—

/0 DATA215—

DG IR

NOTE:

RQENB - GENERATED DURING REQUEST ENABLE OR DATA
CHANNEL ADDRESS REQUEST

IORST - GENERATED DURING 1/O RESET INSTRUCTION
OR INITIALIZATION

¢, DataGeneral

Data General Corporation, Westboro, Massachusetts 01581



: 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

Dala Port is forced to interpret all data using negative logic (low = 1). As a result, the buffered output of the function code

‘ E‘M!efrue': l;!ay be used to tie the selected data line low for the duration of the code as shown below. (see mN601, Program
R pts;

PERIPHERAL PORT
D<0-15> p o>
FSTROBE
',:,",f,eoa - {OUTPUT TIED TO

SELECTED BIT OF
DATA LINES)

DG-04164

DATA CHANNEL LOGIC

The Data Channel Logic is responsible for transferring device service requests to the CPU and performing data channel
lransfers. A peripheral device requests data channel service by asserting an 10C’'s DCH SYNC line. On the Reqest Enable or
Data Channel Address Request following the assertion of DCH SYNC, the 10C’s Data Channel Request Flag is set to 1. This flag
COﬂlfols the state of the data channel request line (DCHR). When the flag is set to one, the DCHR line is asserted requesting
(S:irl\;«ce from the cPU. Synchronizing the request in this way ensures the stability of the DCHR line when it is sampled by the

Upon receiving data channel service, an I0C must transmit control information about the transfer to the CPU (see /O Data Port,
Data Channel Transactions). if the control information is ready for transmission when service is received, the entire transaction
€an 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 I0C does after receiving data channel service from the CPU (a Data Channel Address Request when the IOC
has priority), is to transmit the contents of the T Register to the GPU. At the same time, the IOC 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 lime the T Register is to be loaded, a DCHA function code Is issued to the peripheral. This function code indicates that the
10C 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 I0C before
the DCHI/DCHO code which gates the first data word to/from the IOC. In addition, it is possible for one 1/0 Instruction to be
executed between the time data channel service is requested and the time the first transaction occurs. However, once the first
trainsacli)on commences, the CPU continues to transmit Data Channel Address Requests until all requests are satisfied (DCHR is
released).

¢ DataGeneral
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- mN603

INTERNAL SEQUENCING DIAGRAM

INTERRUPT AND DATA CHANNEL SEQUENCING DIAGRAM

The sequence of events which occur as a result of the 10C 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.

LREQUEST ENABLE OR DATA CHANNEL ADDRESS REQUEST (DCHARQI I

1

SERVICE?
YES

DOES THIS10C

YES

DATA CHANNEL
ADDRESS REQUEST ?

HAVE PRIORITY?

1S10C ALREADY
REQUESTING

IS PERIPHERAL

REQUESTING DATA

CHANNEL SERVICE?
YES

IS
INTERRUPT
DISSABLE FLAG

YES

ARE INTERRUPTS
DISSABLED IN

THIS 10C?
YES

SETTOt

1S DEVICE
REQUESTING
INTERARUPT SERVICE?
NO

10 TRANSMIT CONTENTS | _Jiser OCHA LOW L 5
—'—— —— —— —— - OF TREGISTER TO - SET BTHAR HIGH - {21SSUEDCHAFUNCTION| - {1 SETINTRLOW - SETINTRHGH
10 BUS W CODE
rband : )
DATA CHANNEL toc A = )
CHANNEL IN'OQUT USING INTERNAL L T
TRANSACTION, REGISTERS
?
DATA CHANNEL
N ISTER
o R RO R LOAD TREGISTER | _ bg?g;gif,g‘ - ——
WITHD<0-15> ADDRESS REGISTER
T2 INCREMENT-WORD
X2 e e ] COUNT 4+ ADDRESS e — — e e ——— ——
REGISTERS
13 e e e ] ISSUEWCEZ —— e e —
13 FUNCTION CODE
ISSUE DTHI FUNCTION
CODE TRANSMIT R R — — — —— — — — —— — —
4. — D<C-15> ON eIy
| O BUS
GATE DATAFROMIO
BUSTOD<0-15 — —— e e e e ———— e e —
It —————— 1SSUE DCHO FUNCTION NOTE
CODE TO-T5 REFER YO SEQUENTIAL TIMING IE. T 1 OCCURS AFTER T O)

DG 168

THEY IMPLY NO SPECIFIC TIME INTERVALS

[£34
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REQUEST CONTROL

" The request control facility uses 6 lines of the I0C; three for program interrupts, INTP, INTR, and INT SYNC and three for data
* channel requests, DCHP, DCHR, and DCH SYNC.

- As mentioned previously, the I0C may request both interrupt and data channel service from the CPU. In both cases, the
! peripheral device prompts the 10C to request these services. When two or more IOCs are requesting the same type of service, a
i mechanism for determining which I0C receives service first is necessary. This mechanism is called the priority network.

PRIORITY NETWORKS
y Sm(fe !her_e are two types of service requests, interrupt and data channel, there are two priority networks. Each network contains
.' a Dr{Oruly line (INTP or DCHP) which is daisy chained from controller to controller. The controller closest to the CPU requiring
! semcq 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)

+5V '
10023 1000
— 1
gepgussr{% ! +5\:7°n ;
PINS DCHIN INTP ;
{ oc t} :
NTR ;
10c
¥5V 1 '
%ﬂon DCHP HIGHER :
Yoy il R PRIORITY :
oc IDCHJ :
+5V l
4709 i
¢ TITP |
—(oc | :
INTR '
%]c ioc
+5V 2
%“70“ DCHP
( oc J—“'Dcun
\ B/ J l
sooue TO LOWER PRIORITY 10C's
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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 I0C's INT SYNC line
(assuming that a Mask-out Instruction has not set the Interrupt Disable Bit). On the Request Enable or Data Channel Address
Request following the setting of DONE or the assertion of INT SYNC, the IOC requests service (asserts INTR). The service
request should remain in effect (DONE set or INT SYNC asserted) until the CPU honors the interrupt request.

The CPU honors a request by issuing the appropriate 1/0 instruction. If the request was generated as a result of DONE being set
to one, the instruction should set DONE to O (see Internal Structure, Internal BUSY/DONE Logic). If the request occurred as a
result of INT SYNG being asserted, the instruction should specify a function code which the peripheral should use to release

INT SYNC. In both cases, the I0C stops requesting interrupt service (asserting INTR) on the Request Enable or Data Channel
Address following reception of the 1/0 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 I0C. In this case, the External
BUSY/DONE Enable flag must be set to 1 (see Internal Structure and System Requirements, Initialization).

DEV COMPLETE » c
DONE
—|0_r Q—0DONE (38)
STRT »—
&
FROM cCsa
FUNCTION BUSY
CODE 1 5 S
DECODER L° g QF———0BUSY (32)
CiR
_IORST
DG-ou187

NOTE: This circuit is similar in operation to the internal BUSY/DONE logic. However, the designer may alter
this circuit to fit specific applications.

36 ¢»DataGeneral
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REQUEST CONTROL

DATA CHANNEL REQUESTS

An IOC 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 I10C, 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 Dcwe 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:

FSTROBE _/ \____/__\__/—_\__/_—\___/__ \
NoP DCHA X NOP X NOPORWCEZ X NOP >< G

Dr

F<0-3>

—

BCASYRG /

OCHSYNC

NOTES:
® UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED
FROM A 1.5 VOLT LEVEL.

® SEE TIMING TABLE ON PAGE 43.
DG outes

DATA CHANNEL REGISTERS

Two registers are used during data channel transfers, a 15 bit address register and a 16 bit word count register. The addréss
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.

It 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
dala 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

onthe data lines.

It external registers are used, they may be loaded and read using programmed I/0 instructions as selected by the deslgper.
However, a DCHA function code indicates that the |OC expects the contents of the Address Register to be gated on dala lines
D<1-15>and the direction bit on DO. This code should also be used to increment both registers, readying them for a subsequent
transfer,

INTERRUPT AND DATA CHANNEL SERVICE

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 I0OC receiving these commands is allowed to respond. How
Request Enable and Data Channel Address Request affect an 10C's interrupt logic, data channel logic, /0 data port, and
peripheral port is illustrated in the flow chart shown in the Internal Structure section.

(DataGeneral a7
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SYSTEM REQUIREMENTS

SYSTEM REQUIREMENTS
POWER UP

On power-up, Vgg must be brought within its specified operating range before the clocks 1 and ¢2 are applied to the chip.
After all power supply voltages have reached their operating range, the chip is considered to be in a cleared or Reset state. The
four phase internal clock generated by ¢1 and ¢2 is halted while an IOC is in this state.

Once initialized, an 10C may be placed in the reset state if its /O CLOCK line is held low for more than 8 cycles of MASTER

CLOCK during reception {I/0 INPUT high). However, 1/0 CLOCK should never be held low while the 10C is transmitting to the
CPU (170 INPUT low).

INITIALIZATION

The initialization process performs two functions. First, the four phase internal clock is started synchronizing the 10C 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.

The first two Request Enables received from the CPU while an I0C is in the reset state cause it to be initialized. When an |OC is

connected to a microNOVA system, this initialization process occurs automatically. This happens because the CPU issues
Request Enables even while it is in the Halt state.

If the IOC is already initialized and communicating with the CPU, its internal registers and flags may be reset and the Initialization
Register reloaded if the CPU issues an I/0 Reset Instruction.

In either case, the following information is loaded into the Initialization Register via data lines D<7-15>:

NOTE: The contents of the polarity bit does not take effect until after Initialization is tomplete.

DATAPINGS) [ LoADS f'E‘\;,':fL EFFECT
D7 EXTERNAL LOow 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
D8 EXTERNAL enabled.

REGISTER
ENABLE BIT HIGH

Internal Address and Word Count Registers are
enabled.

LOW Data on D<0O-15> interpreted using positive logic.

D9 POLARITY (i.e. high = 1)
BIT
HIGH Data on D<D-15>interpreted using negative logic.
(i.e. high = Q)
D<10-15> DEVICE LOW/ | When loaded, the six bit device code on these
CODE HIGH lines is interpreted using negative logic (i.e. high =
0).

DGoun

CLOCKS

The two phase, non-overlapping clock @1 and ¢2 generates the IOC's four phase internal clock. $1 and ¢2 are generated from
MASTER CLOCK as received from the 1/0 bus by the 10C I/0 Transceiver chip (nN636). A Clock Driver chip (mN640) drives the
TTL clock outputs of the Transceiver to the MOS levels required by the IOC. All the specifications and timing in this section
assume a MASTER CLOCK frequency of 8.333MHz.

¢»DataGeneral
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ELECTRICAL SPECIFICATIONS

+ABSOLUTE MAXIMUM RATINGS

mN603
ELECTRICAL SPECIFICATIONS

Supplyvoltage, VBB . . col oV
Swlyvolage, Vo 1111 III I v
Sudply voltage, Vpp . | © 11111l 1av
SUPPlY VOMAGE,VGG -+« v v v vee s e 17V
Inputvoltage, v, ..................c.iiiiiinn. e, e v
Operating free-air temperaturerange, TA < . v oottt e e e e aier e Odeg. to 70deg.C
Storage temperature FANGE, TSTG  « « ¢ ¢t e vt e veeetonssntnsnsesassenenananasesas -55deg.to 125 deg.C

NOTE: All voltages are measured with respect to ground. 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

SUPDIY VOIAGE, VBB . ...\ttt ettt e e e e -4,25V £ 0.5V
SUPPIY VOIBGE,VEE + -« v v v veie e ettt eeeee e e e 5V + 0.25V
SUPDIY VOIAGE, VDD -+« « o v v ettt et e e et e e e e e ve. 10VE1V
Supply voltage, Vgg + + + -+ - - - . e G e e s iiaseesir it aeeas e 14V £ 1V
Operating free air temperature range, TA « ¢« « s - s v v v enrrennecsacsneonsnrennannnnsns 0deg.to 70deg.C

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

IDC CHARACTERISTICS

SYMBOLI CHARACTERISTICS CONDITIONS l MIN. [ MAX. UNITS

VH 2122 13 15 v
D <0-15Y 375 6 v
BUSY. DONE

INTP, DCHP
INT SYNC, DCH SYNC

170 CLOCK 27 6 v
1/0 DATA1.1/0O DATA2

ViL #1852 -2 +0.8

D<0-15> -1 +0.8 v
BUSY. DONE

INTP, DCHP

TNT SYNC, DCHSYNC

1/0 CLOCK -05 +0.5 v
10 DATA1,1/0 DATA2

¢ DataGeneral
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mN603

ELECTRICAL SPECIFICATIONS

DC CHARACTERISTICS (CONT'D)

SYMBOL

hin

#.g2

——————

V| =15V

CHARACTERISTICS I CONDITIONS l MIN. I MAX.

UNITS I

+.01

mA

D<0-15)

BUSY, DONE

INTP, DCHP

INT SYNC. DCH SYNC

Vi =4V

+70

HA

170 CLOCK
1/0 DATA1,1/0 DATA2

Vl =27V

+70

A

o192

V) = 0.8V

10

MA

1/0 CLOCK
1/0 DATA1,1/0 DATA2

Vi =0V

-4

mA

BUSY, DONE
INTP, DCHP
INT SYNC, DCH SYNC

V| = 0V

mA

D0-15)

Vi = oV

-2

mA

Vox

D<0-15>
BUSY, DONE

lo = -7TO4A

Vece

1/0 CLOCK
1/0 DATA1,I/0 DATA2

lo = -404A

Vece

F<0-3>. FSTROBE
DCHR, INTR
1/0 INPUT

lo =-0.1mA

27

Vee

VoL

0<0-15>

/0 CLOCK

/0 DATA1.1/O DATA2
BUSY. DONE

lo = 2mA

05

10 INPUT
F<0-3)
FSTROBE
DCHR, INTR

lo =4mA

0.5

MAX AVERAGE
SUPPLY CURRENT

mA

MAX AVERAGE
SUPPLY CURRENT

Vcec =501 025V

25

mA

MAX AVERAGE
SUPPLY CURRENT

25

mA

MAX AVERAGE
SUPPLY CURRENT

Vgg = 140 £ 1.0V

20

mA

21,82
BUSY. DONE

50

pF

D<0-15)

170 CLOCK

1/0 DATA1.1/0 DATA2
INTP. DCHP

INT SYNC. DCH SYNC

30

pF

NOTE: Positive current is into the pin.

¢vyDataGeneral
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ELECTRICAL SPECIFICATIONS

4§ — .

AAC CHARACTERISTICS
Switching Diagrams
I0C CLOCK TIMING
21 /
Tl |- 12
+—120ns T3 (‘E
DG-01023 -
DATA PINS - OUTPUT MODE
g, @y |
-<—T4‘—. l
D<O0-15> !
e T5— ;
F<0-3> FSTROBE
T g—
1’0 CLOCK
I'0 DATA1,2
Q—TT———
I/0 INPUT
le—T 8—"
INTR, DCHR
te—T g—
BUSY, DONE

NOTE: TIME INTERVALS ARE MEASURED BETWEEN 10% AND/OR 90%
. POINTS, UNLESS OTHERWISE SPECIFIED.
DG.04123

€vDataGeneral
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ELECTRICAL SPECIFICATIONS

DATA PINS - INPUT MODE

%112 _/7
Ba11) 3 I
Ty T
D<0-15> i ]
: -~ T2 — T3
INTP, DCHP
4ol pe—T
INTSYNC =Ty 4+ 15
DCHSYNC.
1. T
=T16%] N
BUSY, DONE [
DGONR
170 PORT - INPUT MODE
T2, T21
_k T20
vocLock 1.5V ¥l 15V 1.5V
T22+ "‘ T20
1
VO DATA 1,2 1.6V 1.5V
— l——T 22

pa-ou171 NOTE: TIME INTERVALS ARE MEASURED BETWEEN 10% AND/OR 80%
POINTS, UNLESS OTHERWISE SPECIFIED.

1/0 CLOCK - OUTPUT MODE

/S e

<——T18——I T 19—+
1/0 CLOCK I

DG 041
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[ TRICAL SPECIFICATIONS ; mN603
o T e e e TIMING TABLES

apsition Timing j
i
CLASS 'SYMBOL I PIN | MIN T max | unir |
T
CLOCKS 1 | @1.82sEPARATION 5 A /O DATA PORT TIMING TABLE | PERIPHERAL PORT TIMING TABLE
T2 WIDTH 75 - ns cLass MNEMONIC MmN, [ max. | unis OPERATION | MNEMONIC DESCRIPTION MIN. | MAX | unm
A T 110 130 ns
Ts | cvcie 235 | 245 ns T2 1 | 1o | oromens | T8 | tmemocorerigeE | % "
T skew 5 +15 ns !
DATA Ts D<0-16> - 60 ns Tn (next command) | 840 . s ! Fr FSTROBE duraton 180 | 300 ns
QUTPUTS /O Instructions | DT 470 850 s i Fu Function pin hold 60 ns
ECTRABE . (Data Qut Transfer) ; time
Ts F <0-3>,FSTROBE - 60 ns ranee
on 1190 1330 ns 170 data out Data oulput iming
Te 1/0 GLOCK, /0 DATAT 30 STt s oo tmngabove
I/O DATA2 ne PoquestEnable | 2 %0 | 540 | ns Out Tater
Data Channel
T Address Request 170 datain Ds Data setup ime 120 240 ns
7 1/0 INPUT 30 ns Oote Chanmel S 70 550 — Lv:‘s:qclm prior to
- Transaclions {Data Channet Data Channel ) im
Te | OO o | st el IR o |
—— e - ; Ta DCHA 10 DHCI 336 us
T 9 BUSY, DONE 60 ns :)Dcalon Channel Out) 5% 1930 " !
oCt 1180 | 1210 ns : Tao OCHAlaDCHO 858 us
DATA T10 D <0-15> SETUP 50 - ns (Data Channel n) ooorns
INPUTS NOTE: All the above times assume a MASTER CLOCK frequency of 8 333Mhz i
T 11 D <0-15> HOLD 0 - ns DGoH12 !
T INTP, DCHP SETUP 0 -
12 ns SYNCHRONIZATION TIMING TABLE
Tya INTP, DCHP HOLD 0 - ns OPERATION | MNEMONIC | DESCRPTION ENEEE
T,4 | INTSYNC,OCHSYNG 50 - ns ey | . B
' {{ or musl
SETUP removed to prevent
further requests
Tys INT SYNC, DCH SYNC HOLD 0 - ns BUSY and DONE Co :&a&%’::g_g_é'frﬁos 10 | +10 ns
— —— ransition
T 6 BUSY, DONE SETUP 80 - ns cs BUSY o BORE assertion | 120 m
setup llme totinlernal
T,, | BUSY,BONEHOLD 0 S fret
Cy BUSY or DONE assertion 0 ns
/0 DATA T 18 1/0 CLOCK HOLD ] - ns hold ime for tecognition
FoRT herpite:
T 19 7/e] CLOCK SETUP 70 - ns ‘:%%%‘&f untdt next
-10 ns NOTE: All the above times assume a MASTER CLOCK lrequency of 8333 Mnz
T20 1/0 SKEW 1 +10 e
T2y 1/0 PULSE WIDTH 115 125 ns
T2 RISE, FALL TIMES - 10 ns
.
NOTE: All the above times assume a MASTER CLOCK frequency of 8.333 Mhz.
DGou1e ,
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PACKAGE SPECIFICATION
2.020
——————————1.980 {
0.032
RAD
NOTCH
0610
0.590
0.026 TYP}~ o l o .
.025 TYP| 0.05+.010 I*——o0568 4
= 0.085
ooso 3L 1 0075
0040 lo.n 0.300!
S NN | __-L-i— 0.010 NOM
0.100 TYP X
PIN SPACING 0018 TvP
PIN1 GROUNDED
DG-O414
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4K DYNAMIC RANDOM ACCESS MEMORY
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mN606

4K DYNAMIC RANDOM ACCESS MEMORY

VO BUS
MEMORY BUS _
8.333MHZ
o MBO HALT f— cLock | gy NROUT
mN 634 MB81 COAmP [—— V—W—>
OCTAL Ma2 PAUSE [—— DCHP OUT
MEMORY xgz 0 DIFFERENTIALLY
BUS < N 530 DRIVEN SIGNALS
TRANSCEIVER MBS ¢, — S
MB6 ™ ¢, CLOCK I MASTER |
DRIVER CLOCK 1
MB7  mNGO1 CPU - ' i
1 ]
= MBB VODATA 1 mN 629 VO DATA 1
mN 634 MBI CPUVO ]
OCTAL MB10 TRANS-
MeMoRY | MB11 VODATA2 CEWER [otVODATA2!
BUS mB12 :
TRANS MB13 VO CLOCK 1170 CLOCK |
5 CEVER MB14 I
E MB15 VO INPUT C"LEIH’-——-
< wE
g P BCHINT |
< SAE EXTINT
3 3
R = 2
] DCHP IN g.
) INTP IN 15
§ € INTP L - g
: N 603 N =) INTP QUT E
8 10C  DCHeIN ~___ DCHP OUT 1
- —_ | > l—‘ ~
< INTR N
5 16 BIDIRECTIONAL OCHR ) ;
e DATA UNES ‘G v DIFFERENTIAL I
[ ¢ mN 640 s e <
§ M 1 .| cLock :A | MASTER -
2 ORIVER d 4—:—cu.ocx —+— %
@ CONTROL ro °F Lo
4 DATA1 mN 638 :Iluo DATA 1 JI_, g
° 1’0 DAT. 10C 0 | LIPS iy
e DATA 2 TRANS. ‘4Ivo DATA 2IL_ g
F 10 CLOCK CEWVER 710 cLock =
< 1 O INPUT CLEAR a
< ~WE a
A L
@ <P 4
§ CSAE
<
>
§ mN 638
¥ cLOCK
) DRIVER
K ) ‘v
QUAD SENSE 4K WORD
AMPLIFIER BUS DRIVER MEMORV- ARRAY BANK OR
DATAOUT 508 REFRESH
mN 6 SELECT
e roee
- 16 BIT DATAIN REFRESH
3 OR CONTROL
OCTAL MEMORY 12 BIT ADDRESS MB0 Ma<1-3>
TRANSCEIVERS
BUFFERED MEMORY BUS
./ [m»«e:ul |mNﬁ3l|
100 feet munumuN’
DG M
Duta General Corpor Westboro. M husetts 01581



mN606
4K X 1 DYNAMIC RANDOM ACCESS MEMORY

FEATURES '
PACKAGE
® NMOS DYNAMIC RANDOM ACCESS MEMORY IN A
20PIN PLASTIC PACKAGE ~
VBBE 1 20 Vss
® ORGANIZED AS 4096 BY 18IT
A3[ ]2 19]_]P(CLOCK)
® FAST 180nS ACCESS TIME
az[ |3 18_JWE
® FAST INTERNAL LATCHES FOR ADDRESS AND CHIP
SELECT At0[_|a 17[ Joi
® REFRESHES 64 BITS AT A TIME A1 ]s 16]_]D0
® OPENDRAIN OUTPUT a7l_Js 15]_]C5
as[ |7 14 ]ae
Ag[ s 13[_]A1
A4 o 12| ]Ao
As| 110 1 ;I Vop
DG-OUMS
GENERAL DESCRIPTION

T?""G. ﬂzNGOG Is a 4096 by 1 bit NMOS memory using cost-efficient dynamic RAM technology to implement the microNOVA
faamnlys large memory orientation. Its 20-pin package permits separate pins for each of the 12 address lines as well as for the
dbata in and data out lines. The chip’s high speed access time of 180 nanoseconds contributes significantly to the microNOVA

faamily’s high performance.

TTo construct a 16 bit by 4K word memory board, 16 mN606 RAMs are needed as well as two mN634 Memory Tran.scelvers. four
rmmN506 Sense Amp/Bus Drivers, one mN638 Clock Driver, and supporting components. The system block diagram iilustrates the

boasic Interconnection of these components.

~ ¢yDataGeneral
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mN606

PIN DESCRIPTIONS
FUNCTIONAL PIN CONNECTION DIAGRAM
INPUT OUTPUT
DATA DI (DATAIN) 17 16 DO (DATA OUT) DATA
mN606
[ 2-10
ADDRESS A<0-11> 12-14
‘ CONTROL 4 picLock) 19
WE (WRITE ENABLE) 18
: LCS (CHIP SELECT) 15
Ve Vpp Vss
—_—
POWER
DG-0412%
PIN DESCRIPTIONS
MNEMONIC PIN NO. IN/ FUNCTION
ouT
——
A<LO-11> 2-10 In These pins enter an address which selects one of 4096 bits. A<0-§>Is used dufing
(Address) 12-14 refresh operations for column selection (1/64th of the RAM). Address is latched on p |
rising edge of P clock. i
DI 17 In One bit of data written into location specified on address lines during memory writ2 é
(Data In) operation. High level logical one input. :
Do 16 Out One bit of data read from location specified by address pins during memory read ,
(Data Out) operation. High impedence, inverted output (i.e, low = 1, high = 0).
P (Clock) 19 In All memory operations initlated by latching Address Register and starting internal clock !
on rising edge of P clock. :
WE 18 In When asserted high, enables data from DI to be written into specified memory location ¥ ; ‘
(Write low, enables data at the specified address to be read out to the DO pin. .
Enable) f »
1
cs 15 In If asserted low when P goes high, a memory read or write operation is initiated. It K | -
(Chip when P goes high, a memory refresh operation is initiated. { !
Select) | R
N
Ves 1 -4.25 + 0.5V i
1)
'
Voo 11 +14.0 + 1.0V i
i
Vss 20 Ground 4_,"

(DataGeneral
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INTERNAL STRUCTURE
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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
&ppears 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 DI. Both operations may be combined to form a Read/Delay/Write (le Read/Modify/ Write) operation.

Since the memory mechanism is dynamic, the chip must periodically be refreshed. A Refresh operation Is Initiated during a
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
tefresh operation.

INTERNAL BLOCK DIAGRAM E
/il
A<0-5>
Q- — T T
I P —»| COLUMN LATCH mN606 |
| &s I !
el b ;
I |
ENAB | I
DYNAMIC | ‘;
ROW STORAGE :
A<L6- . :
| 6-11> | ATcH MATRIX o0 55 :
64 X 64
(4096 BITS) [_° I
cs | 1
P
|
I
Dl ——— |
P———— conTROL [—P l
WE ————— R
€S ——— | .5 I
__________ —J
DG.04127
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mN606

ELECTRICAL SPECIFICATIONS

ELECTRICAL SPECIFICATIONS

e et e et e e e e e e e e e — ]

ABSOLUTE MAXIMUM RATINGS
Supply voltage, Vgs . . . . ... et e e e et -7V
SUPPIY VOIAGE, VDD . .ttt ittt iieeneeeenesesaeaaeeeeseaneennaeannsesonsasanses 17V
Clock input voltage, Vig g - - - - - - T R 17v
ALOIErINPULS, V) & vt i i ittt i it et i ettiies st enaseec s e e 1A'
Operating temperature range, (air moving at 200 feet/minute) TA ---------------------- 0 deg. to 70deg.C
Storage temperaturerange,Tgyg ««+oveevverenen. et e e e 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
Supplyvoltage, Vgg . . ... .ooiiii i e e e e e -4.25 £ 0.5V
Supplyvoltage, Vpp « < e e v v v veeeennn.. et ettt e et e 14£1V
Operating temperature range,(air moving at 200 feet/minute) - « -+ <« c e v v v e vt c i e v e Odeg. to 70deg. C
NOTE: On power-up, Vgg must be within its specified operating range before Vpp is applied to the circuit.
DC CHARACTERISTICS
SYMBOL CHARACTERISTICS CONDITIONS MIN. MAX. UNITS
ViK P(CLOCK) +13.0 +155 v
A <0-11> +40 +6.0 v
CS, WE, DI
ViL P(CLOCK), A <0-11> -1.0 +08 v
CS, WE, DI
{IT] P(CLOCK) V| = 165V --- +08 mA
CS.WE, DI V| = 6.0V +001 mA
A <O0-11>
he P(CLOCK) Vv, = +08V --- +0.01 mA
CS, WE, DI
10H Do SEE TEST CIRCUIT, o] 0.04 mA
UNDER AC CHARACTERISTICS
oL DO SEE TEST CIRCUIT, 1.5 9.0 mA
UNDER AC CHARACTERISTICS
Igs SUPPLY CURRENT Vgg = -4.25 £ 0.5V ——- -0.15 mA
lop SUPPLY CURRENT Vpp = +140 £ 1.0V nee +20.0 mA
C, P(CLOCK) 23 pF
A <0-11> 7 pF
CS. WE, DI
Ry MEMORY CELL REFRESH TIME wee 20 mS

NOTE: Positive current is into the pin.

¢»DataGeneral

Data General Corporation, Westboro, Massachusetts 01581




ELECTRICAL SPECIFICATIONS

+ACCHARACTERISTICS

TEST CONDITIONS

PICLOCK) 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

Vp = 1N 3064 OR EQUIVALENT

TEST CIRCUIT
+5V
% 18KA +3.0V
Vb
60
LOAD 7 l %
60pf
"I VoY, 0v

DG-04178

T

To—

P (CLOCK)

T4

cs

ADDRESS

DATA

DATA OUT VALID

out
WE

WE MUST REMAIN LOW DURING THE ENTIRE READ CYCLE.

Ts

NOTE: SEE AC CHARACTERISTICS TIMING TABLE ON PAGE 7.

DG-o111
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- mN606

ELECTRICAL SPECIFICATIONS

e e e e e e e e e tn S m e e e et b = = S e e e s e £ 1 T e e

Write Operation

"
T 6

P(CLOCK!

':_ : D

(&

o | BoNT CaR

WE

DATA IN

DATA OUT \

Tg

WHEN WE GOES HIGH, A WRITE CYCLE IS
INITIATED AND DATA OUT iS DISABLED.

NOTE: SEE AC CHARACTERISTICS TIMING TABLE ON PAGE 7.
DG-o1179

Refresh Operation
T2 T3— |fe—Tg—] T
Ty | —
To—y- le—
P(CLOCK)
ADD i DONTCARE T
WE
DATA IN G .. i. . ." DONTCARE " “
B
DATA OUT , !
|

| e = e e .Ts......-l-._...__.,.-.-....___.l

WHEN REFRESHING, CS MUST BE HELD
HIGH FOR THE TIME T1. THE DATA INPUTS
ARE IGNORED.

NOTE: SEE AC CHARACTERISTICS TIMING TABLE ON PAGE 7.
DG oi180
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mN606

ELECTRICAL SPECIFICATIONS

s e e e e e e e o 2 =

Traansition Timing

OPERATION SIGNAL | DESCRIPTION MIN. | max. UNITS
READ To SETUP TIME ADDRESS AND CS 0 ns l
T HOLD TIME ADDRESS AND CS 75 ns ,
T, DATA LOW TIME 65 ns
T3 | AccessTime 180 ns ’
T4 P (clock) 160 ns
OFF TIME :
Ts P (clock) 220 | 3400 ns I
HIGH
‘m;TE To SETUP TIME ADDRESS AND CS 0 ns i
REFRESH T HOLD TIME ADDRESS AND CS 75 ns l
T, DELAY TIME P TOWE 160 | 2900 ns
T3 WE PULSE WIDTH 180 250 ns
T, WRITE TIME 130 270 ns
Ts DATA SETUP TIME 50 ns
Te DATA HOLD TIME 85 ns
T, P (clock) 160 ns
OFF TIME
Tg P (clock) 430 3400 ns
WIDTH

¢ DataGeneral )
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mN606
PACKAGE SPECIFICATIONS

PACKAGE SPECIFICATIONS

L% J6 6 b b b b Jb

0.050 0314.002

“Toz268:003| 0388015

TR TR TR T TR TR TR Tl Ty

0055 0950 £.008
[ 0050

}~—0.268 £ 003——=1

[

0080
0020 0075

0030 |
I

0330
0325

DG-04188
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mN506
QUAD SENSE AMP/BUS DRIVER

62

/0 BUS
MEMORY BUS RS
8.333MHZ
o MB0 HALT [—— clock | gy NIRQL
mN 634 MB1 CLAMP [—— +5V— VWV
OCTAL MB2 PAUSE —— ‘ DCHP OUT
MEMORY m:i 0 DIFFERENTIALLY
BUS DRIVEN SIGN
TRANSCEIVER Mas5 ¢ | [e— MNE4O A MASTER|—— 2
MBs A ¢ o|e—] CLock x| MASTER 1
mMa7 DRIVER | CLOCK 1
mNGO1 CPU o , i
] |
. mBg VO DATA 1 [ mN 629 1 /O DATA 1
mN 634 MB9 CPUIIO : |
OCTAL MB10 TRANS-
o MB11 VODATA 2 CEIVER T/ODATAZ '
’ EBIUS MB12 i 1
TRAN MB13 /0 CLOCK 1 1/0 CLOCK |
= SCEVER mMB14 L__ 1
g MB1S VO INPUT CEAR
2 we
g P BTRINt
= SAE EXTINT
: 3
-t
: =
e DCHP IN g
e INTP IN 2
g ® INTP l out §
Z mNBo3 DH—NTP 2
B I0C  DCHPIN N DCHP OUT z
3 - —— g
<
g 16 BIDIRECTIONAL —D':;: l ¥ Z
£ DATA UNES G v DIFFERENTIAL 2
£ 4 et $a ~——MASTER ——] §
4] @ [e— o8 «—+—CLOCK —1—
a8 DRIVER : s
g VODATA1 N <TUODATA ina il
1 s
© 1'0 DAT 10C 1/0  fea— -t =
e A2 TRANS. <10 DATA 2{___ ‘g
") CEIVER a1 |3
[
§ 0 CLOCK (=T ug C_L.OE.K 2
% WE Y0 INeuT | TEARf——— | |3
a > @
@ v P [«]
bl > =
& K _SAE
o
=]
<
>
é mN 638
b cLock
i , ” DRIVER v
QUAD SENSE 4K WORD
AMPLIFIER BUS DRIVER MEMORY ARRAY BANK OR
< 168ITS 16 REFRESH
@ DATA OUT mN 606 SELECT
s roske
- 16 BIT DATA IN REFRESH
J OR CONTROL
OCTAL MEMORY 12 BIT ADDRESS MBO MB<1-3 >
TRANSCEWVERS BUFFERED MEMORY BUS
U
v
DG-04346

4
100 feet malumN
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mN506
QUAD SENSE AMP/BUS DRIVER

FEATURES PACKAGE
®? FOUR SENSE AMPLIFIERS/BUS DRIVERS IN A
14-PIN CERDIP PAGKAGE. ~
. cou Veea 14[ Jvcep
ATIBILE WITH mN606 RANDOM ACCESS A D}
MEMORIES. AL 13 1oy
agl s 12[ Joo
®® TWOINDEPENDENT STROBE LINES ——
: STROBE T[4 11_]STROBE 2
o 24:::;5? OPEN COLLECTOR OUTPUTS WITH 35mA 8ol ]5 10[ Jco
SINKING CAPABILI . = Cr
TIES 5,6 sl Ici
@& DRIVERS MAY BE WIRE ORed TO SIMILAR OUTPUT GNo[]7 8] JVee
CIRCUITS.
DG-01132
GENERAL DESCRIPTION

TThe rpNSOS Quad Sense Amplifier/Bus Driver is compatible with the mN606 RAM chip. The output drivers may be wire ORed
aallowing direct connection of multiple memory arrays to the microNOVA memory bus.

TThe 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
Mef"ow. The bus drivers provide open-collector TTL compatible outputs capable of sinking up to 35mA. This allows the wire
Qﬂmo of drivers on the Memory Bus. The bus drivers are enabled in pairs with the assertion of the STROBE1 and STROBE2
signals. in addition, their outputs are inverted. Since the mN606 RAM outputs are also Inverted, a low level oulput from the
mNS5086 indicates that the accessed memory location contains a logical 0.

¢»DataGeneral
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mN506

PIN DESCRIPTIONS
FUNCTIONAL PIN CONNECTION DIAGRAM
o>
Ao
=araa. 4
STROBE 1
5
— Bo
= 9
X)) —
=11
STROBE 2
12
— Do
on——l” >——}
PIN1=VccA
PIN 7 = GND
Do-otr? PIN8 = Vgg
3 PIN14=Veep
PIN DESCRIPTIONS
MNEMONIC PIN IN/ FUNCTION
NO. ouT
A 2 IN | Sense ampfifier inputs.
B‘: 6 IN
(o] 9 IN
) 13 IN
Ao 3 OUT | Inverted open collector outputs. Ag and Bo
Bo 5 OUT | enabled when STROBE1 asserted low. Co and
Co 10 OUT | Do enabled when STROBE?2 asserted low.
Do 12 ouT
STROBE1 4 IN When asserted low, enables Ap and Bo
STROBE2 1 IN When asserted low, enables Coand Do
Veea 1 45 + 0.25 volts, Analog circuit power supply.
Veeo 14 +5 + 0.25 volts, Digital circuit power supply.
Vee 8 -5 + 0.25 volts, Analog circuit power supply.
GND 7 GROUND
DG-otiR
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mN506
ELECTRICAL SPECIFICATIONS

ELECTRICAL SPECIFICATIONS

-ABBSOLUTE MAXIMUM RATINGS

y—
SUPPIY VOIAGR, VEEA - « . v e ettt e e e e e e v
SUPPIY VOIBGR, VG ED - « - -« e e e e e e e e e e e v
SUPDIY VOIAGR, VEE . . . .\ oo oottt e e e e e e e -7V
IDUEVOIAGR, V) . . .. sttt e e e e +55V
Output current, | o T I R R 60mA
Operating free-air temPerature range, Ta - . . . . . ..o v o' s s e e e e e e eeeenanenen 0deg.to 70deg. C
Storage temperature range, TSTG . . . . . . .. . o oo oo 25 deg. to 155 deg. C ';
J‘
NWOTE: Subjecting a circuit to conditions either outside these limits or at these limits for an extended period ;
ot ime may cause irreparable damage to the circuit. These ratings are not intended to be used during the |
opperalion of the circuit.
i
:
|
RRECOMMENDED OPERATING CONDITIONS !
SUPDIY VOIAGE, VGG A + « - v v ettt ettt 5.0 + 0.25V ‘ & f
SUPDIY VOItAGE, Vo rpy - « « + v v v v e e et e e e e e e 50 + 0.25V
SUDPIY YOHAGR, VEE . . . . o v\ttt e e e e e -50 + 0.25V ;
Average pOWer diSSIPAtION . . . . . ..o v vttt et e e e e, 08W
Operating free-air temperature range, Ta. . .. .. ... ....voueneuseraenennennennennnens 0deg to 70deg. C
i DG-osy i
DC CHARACTERISTICS
SYMBOL | CHARACTERISTICS CONDITIONS MIN. | MAX. | UNITS
Vin STROBE1 20 v
STROBE?2
ViL STROBE1 . 0.8 v
STROBE?2
ViHae /T|. B_|. E;-D_| Vcca =Vecp =475V 1.0 v
Veg =-5.25V
'IAMP = -9.0mA
ViLa A, B,.C.D, Veea = Voep =525V 30 v
Vgg =-4.75V
liamp = OmA
Vi STROBET Veea = Veep = 475V 15 v
STROBEZ Veg = -4.75V
(INPUT CLAMP I = -18mA
VOLTAGE)
(' STROBE1 Veca = Vecp =525V 200 MA
V) =27V
DO-04384

* NOTE: SEE SENSE AMP V- CHARACTERISTICS ON PAGE 5

| ‘rDataGeneral 3
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mN506
ELECTRICAL SPECIFICATIONS

DC CHARACTERISTICS (Cont.)

SYMBOL | CHARACTERISTICS CONDITIONS MIN. MAX. | UNITS
e STROBE1 Vecca = Vcco = 5.25V -4 mA
STROBE2 Vgg = -5.25V
h STROBE 1 Vcca =Veep = 5.25V 1 mA
STROBE2 VEE = .525V
V=55V
VoL A0.B0,.Co,0Do Veeca =Veep = 475V 05 v
VEgg = -5.25V
VisTRoBe = 0.8V
liamp = -400uA
lo= 35mA
|0H AO.BO.CO,DO VCCA = VCCD - 475V
VEg = -4.75V
liaMp = -1.8mA 50 HA
VistroBg - = 0.8V
l)aMp = -400uA 50 KA
VisTROBE = 2.0V
lcca ANALOG POWER Vcca = Veep = 5.25V 50 mA
SUPPLYCURRENT | o' ¢ ooy
v .
Veca) liamp = -1.8mA
VisTROBE = 2.0V
Vcea = Veep = 5.25V 50 mA
VEg = -5.25V
liamp = -400uA
Vistrose = 0.8V
lcco | DIGITAL POWER VCCp = VCCp = 5.25V 31 mA
SUPPLY CURRENT | Vgg = -5.25V
(Veep) liamMp = -1.8mA
VISTROBE = 2.0V
Vcca = Veep = 5.25V 51 mA
Veg = -5.25V
liamp = -400 HA
VisTROBE = 0.8
lge ANALOG POWER Vcea = Veep = 5.25V -65 mA
SUPPLY CURRENT VEg = -5.25V
(Vee) liamp = -1.8mA
ViISTROBE = 2.0V
Vcca = Veep = 5.25V -65 mA
VEg = -525V
liamp = -~400UA
VisTROBE = 0.8V

NOTE: POSITIVE CURRENT IS INTO THE PIN.

(»DataGeneral
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mN506

ELECTRICAL SPECIFICATIONS

MC CHARACTERISTICS
SENSE-AMP INPUT V-l CHARACTERISTICS  TEST CIRCUIT:
1.0V ALLOWABLE 30v ! T ——! vee
2,13
- PG. 1 - ! “l> 3,12 1400
INPUT VOLTAGE 80pfL | i 200pf
Vi 1411 [ | T
P.G.2 i [
o\ | ~ L ) 5,10/
16,9 ;
IiLo- f
cnune ILLEGAL ILLEGAL N P i
ENT |
L1/2mNs06___ _____ i
NOTE: PULSE GENERATORS 1 AND 2
NOT INTERNALLY TERMINATED.
-9mA . .
0<tr=t{<6nS
J , ILLEGAL PRR = 1MHz
pGoun twq = 100nS
twp = 300nS
DG-01135
SSwitching Diagram
’ OmA__ la— TW]—]
P.G.1 T mA N
|-oma - 1mA—K .,/ AN
. Tw2
o 1.5V
| tprr —b fe—tptH
" 15V
TTransition Timing
SYMBOL CHARACTERISTIC CONDITION® MIN. | MAX. | UNITS
tpHL1 | PROPAGATION DELAY | Vcca =Vgep = 5.0V 7 18 nS
(HIGH TOLOW LEVED) | yee =.s0v
I = -1.8mA
tpLH1 PROPAGATION DELAY | Vgea = Vgep = 5.0V 7 18 nS
(LOW TOHIGH LEVEL) | yco - .5_830 )
l". = .1.8mA
tpHL2 | PROPAGATION DELAY | Vgga = Vocp = 5.0V 10 25 nS
(HIGH TO LOW LEVEL) | Vgg =-50V
||L = -1.8mA
tpLH2 | PROPAGATION DELAY | Vcca = Vecp = 5.0V 25 38 nS
(LOW TOHIGH LEVEL) | Vgg = -50V
Iy = -1.8mA

* See Test Circuit
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mNb506
PACKAGE SPECIFICATIONS

PACKAGE SPECIFICATIONS

Ao 1
(0950 1 0.340
To.iso
ooy g L
0317
~—0.307
} o.oaoi 0760 i l BEND
0050, ¢ TOP OF LEAD
0.160 ro.oao - | ‘

-—0010 __ P‘"

0.040 TYP
0.018 TYP

0325 }
0.170
W J L 0020MN_/
0060 TYP 0_10[_,/
=
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mN629

CPU I/O0 TRANSCEIVER

VO BUS
MEMORY BUS ——
8.333MHZ
INTP OUT
> MBO HALT |—— CLOCK | y5v—m
MB1 CLAMP F—— +5V— A
mN 634 CLAMP
octaL [ xgg PAUSE —— DCHP OUT
MEMORY o DIFFERENTIALLY
8US :::; ¢ N 530 DRIVEN SIGNALS
MASTER >
TRANSCEVER | MB6 a ¢ ; cLocK oA MCLOCK|_!_MASTER 1
MB7 DRIVER 8 | CLOCK 1
mN601 CPU . 1 !
1
B MB8 L0 DATA mN 629 VQDATA LI o
gl e |
OCTAL i VODATA2 coven  |avoDATAZY
MEMORY MB:; N
8US
TRANSCEIVER MB13 V0 CLOCK " 1/0 CLOCK ¢
] sc MB14 L ——J
F MB15 VO INPUT mr————
< WE
2 4 BEHTNY |«
< SAE EXTINT
3 L
-&l —
5 DCHP IN
§ INTP IN E
£ [ z
INTP IN —___INTP OUT 5
g mN 603 O 2
8 I0C  DCHPIN ~___DCHP OUT Z
o L————l—/ R
-t NTR IS
< iNTR by
16 BIDIRECTIONAL ScHRl I 7 Z
DATA UNES F el DIFFERENTIAL 2
(] ~———
w ¢ mN 640 @ —_] <
# 1 CLOCK oA -—MASTER &
8 [P} de |+—cLock —1—
8 DRIVER - | R
E m VO DATA "N 36 =I|"° DATA1 ,l_, ?
e VO DATA2 oo :j;vo DATA 2l',|:: ¥
"3 CEIVER ey - 3
H 0 CLOCK voctock T | |3
.3 VO INPUT CEAR v
@
e [IE °
@ NP 3
4 1>
< SAE
8
<
>
§ mN 638
3 CLOCK
DRIVER
‘K l Ly 0w
QUAD SENSE 4K WORD
AMPLIFIER BUS DRIVER MEMORY ARRAY BANK OR
< 6ens | 16 REFRESH
l"‘" 5°°| l"'“ 5°°| DATA OUT o aﬁ&‘s SELECT
' tose
o4 16 BIT DATA IN REFRESH
on CONTROL
OCTAL MEMORY 12 BIT ADDRESS MBO mB<1-3>
TRANSCEIVERS
) BUFFERED MEMORY BUS
4
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| mN629

CPU I/0 TRANSCEIVER
FEATURES
PACKAGE
¢ V/O BUS RECEIVER AND TRANSMITTER IN A SINGLE "
20-PIN CERAMI :
C PACKAGE vooaTA 1[ 1 20[ Jvece
® INTERFACES mN601 CPU to  microNOVA BUODATAT[ |2 19| JiopaTA2
DIFFERENTIAL I/0 BUS T TC TS ]
suooata1[]s 18] |BTODATAZ
¢ DIFFERENTIAL DRIVE CAPABILITIES: ClEAR[ |4 17| _]8IODATA2
1.PROVIDE HIGH I/0 BUS NOISE IMMUNITY. TOWPUT |5 16{_Jvo cLock
?_(G:;LT%W1 thF:SEDTu)srmcs APPLICATIONS. voweut[ Je 15]_]B81°0 CLOCK
3. ALLOW THE USE OF INEXPENSIVE 16-CONDUCTOR gs[ |7 14| ]BrocLock
RIBBON CABLE. ga[ e 13]_]BMCLOCK
® PROVIDES ALL SYSTEM TIMING FROM ONE 9 12[ ]BMCLOCK
MASTER CLOCK INPUT. metock[] J
GND[_f10 1 Jvee
DGR
GENERAL DESCRIPTION 6.

* The CPU I/0 Transceiver chip interfaces the microNOVA CPU with the bi-directional, differential 1/0 bus. It oommuniqatef \Al!:h
peripheral devices via peripheral I/0 Transcelvers (mN636s). When the mN629 Is in receive mode, it passes information to the
CPU.When itis in transmit mode, the CPU can send information to I/0 Controllers.

The mN629 uses differential drivers and receivers to communicate with up to 20 10C I/O Transcelvers via .the 110 bu: Tt;is
allows high noise immunity over a long bus. An I/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 I/0 bus, the CPU 1/O Transceiver provides timing for the entire system. The
system master clock is an input to the CPU 1/0 Transceiver, A two phase clock (@A and @B) 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 I/0 Transceivers to provide synchronized timing for the entire system.

~ €vDataGeneral
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mN629
CPU I/0 TRANSCEIVER

FUNCTIONAL PIN CONNECTION DIAGRAM

TO

MCLOCK - 8.333 MHz

CPU BA 8 9 12 BMCLOCK w
CLOCK { @B BMCLOCK
-— 17 3
DRIVER
mN640 mNe2s L cEAR
- _VODATAY |, 2 BVODATAT |
3 BI/ODATA 1 L 170
T0 /O DATA 2 16l BVODATAZ _ | BYS
cPU ) = 19 BI/O DATA 2
, vo 17j--BYODATAZ
I PORT 1/O CLOCK 18 15 B 1/0 CLOCK
/0 INPUT 14--BYOCLOCK
——— o
1/0 INPUT
' CONTROL ~~———5 20 11 10
' Vee VEE GND
PIN DESCRIPTIONS
PIN IN/

MNEMONIC NO. out FUNCTION

170 DATA1 1 170 Tri-state, bi-directional data port pins. Transfer serial data between Transceiver and

1/0 DATA2 19 1/0 CPU I/0 port data pins.

1/0 CLOCK 16 110 Tri-state, bi-directional clock line used to synchronize transmission and reception of
data on 1/0 DATA1 and I/O DATAZ2 lines. Note: CLEAR asserted low pulls /0 CLOCK to
its low state it Transceiver is in Receive Mode.

170 INPUT 6 IN High = mN629 in receive mode. Low = mN629 in transmit mode.

1/0 INPUT 5 out Inverted output of I/0 INPUT.

CLEAR 4 IN When asserted, clears all internal flip/flops and-pulls I/0 CLOCK (pin 16) to the low
state if the Transcelver is in the Receive Mode (used to reset mN601).

MCLOCK 9 IN MicroNOVA system master clock input.

DA 8 out Two-phase clocks operating at one-haif the MCLOCK f{requency. TTL level opan
8 7 ouT collector outputs.
BMCLOCK 12 out Open emitter, open collector differential pair. Transmits system clocks to all periphergt
BMCLOCK 13 out Transcelvers (nN636).

G DataCeneral

Deta General Corp Westboro, Massachusetts 01581




‘mN 629

PIN DESCRIPTIONS

PIN IN,
—MiiEMonie | oJ-r FUNCTION
—_OWDATAI 2 170 | Open emitt i ive seri
y er, open collector differential pair. Transmit and receive serial data on I/0

= 00DATA1 3 170 bt?s. ? g
RECEIVE MODE (170 INPUT high) - receive differential signals from I/0 bus. Clocked by
BI/O CLOCK. TTL level signal output on 1/0 DATAT pin.
TRANSMIT MODE (I/0 INPUT low) - TTL level input from I/O DATA1 transmitted
differentially on 170 bus. Clocked by MCLOCK.

= GoATAz

= DATA2 18 170 Open emitter, open collector differential pair. Transmit and receive serial data on 1/0

YD DATA2 17 1710 bus.
RECEIVE MODE (170 INPUT high) - receives differential signals from 1/0 bus. Clocked
by BI/O CLOCK. TTL level signal output on /0 DATA2 pin.
TRANSMIT MODE (I/0 INPUT low) - TTL level input from 1/0O DATA2 transmitted
differentilly on 1/0 bus. Clocked by MCLOCK.

e —

;:‘30 CLOCK 15 1710 Open emitter, open collector differential pair. Used to synchronize transmission and

=40 cLock 14 110 | reception of BI/O DATA <1,2>> pairs.
RECEIVE MODE (I/0 INPUT high) - receive ditferential synchronizing clock from I1/0
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 I/0
bus.
POWER

vee 20 +5.0 + 0.25 volts
Vee 11 -5.0 + 0.25 volts
|__GND 10 Ground
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mN629
PIN DESCRIPTIONS

INTERNAL STRUCTURE

The mN629 consists of six flip/flops (F/F), a number of gates, four differential drivers, and three differential receivers. The YO
INPUT pin determines whether the Transceiver is in the Receive mode or the Transmit mode. When /O INPUT is high, the
Transceiver Is in the Receive mode. In this case, the 1/0 DATA1, I/0 DATA2, and I/O CLOCK outputs are enabled. When L0

INPUT is asserted low, these output drivers are disabled while the differential drivers are enabled. In this mode, the /0 DATA1,
1/0 DATA2, and I/0 CLOCK inputs provide data to the DATA1 F/F, DATA2 F/F, and BI/O CLK ENB F/F.

INTERNAL BLOCK DIAGRAM
BUO  BIO BV/O BIO BI/O BIO
VO N IP%P'U_T CLEAR  CLOCK ELOCK DATA 1 DATA1 DATAZ DATA2 BMCLOCK BMCLOCK g gp
[+
5 4 15] 14 - 2T’3 18I f17 12|13 8
10 Y
2 | N
Peky )_I gm )
i DATA CLK )
—4 JIL lL l —
1
A l
‘é\ G a V)
| D 3 CK
l J| TANY

o
MCLOCK
CLOCK

Vee=PIN20
VEe=PIN11
GND =PIN 10

"\
1 MCLOCK
8 16 1 19 9
[« [ O o
1o 1o /O DATA 1 /0 DATA 2
INPUT
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DATA TRANSMISSION

T e

D‘A‘FATA TRANSMISSION AND RECEPTION
“-m’;\r connected to the microNOVA 1/0 bus, the mN629 performs two general types of data transfers; short and long as shown

SHORT TRANSFER

/0 CLOCK \ /

I/O DATA 1

I/O DATA 2

DG-0u184

LONG TRANSFER
weock \___ /T N\ /N O\ L/
/

woatar \___ /X X X X X X X

vooataz \___X X X X X X X X /

DG-ou1xs

TThe short type consists of one 1/0 CLOCK pulse and transfers two bits. The long type consists of five 1/0 CLOCK pulses and
Utransters 18 bits. For the purpose of illustrating the operation of the Transceiver, the long transfer is used as an example. The one
RPulse transfer is simply a shortened version of the long transfer as far as the Transceiver's operation is concerned. See the
Uintroduction and mN601, Operations Protocol, /0 Operations sections for further explanation of the types of transters.

Thhe transceiver operates under two modes; transmit and receive. The input waveforms, some internal signals, output waveforms,
&2nd a briel discussion of each mode are given below.

€ DataGeneral ]
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DATA TRANSMISSION

Transmit Mode

Transmit mode begins when I/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 FF
and DATAZ2 F/F. These flip/flops supply the data to the differential drivers. In addition, DATA CLK sets the BI/O CLK ENB F/F fot
the duration of the transmission. The high output of the BI/O CLK ENB F/F allows DATA CLK to be transmitted on the I/0 bus via
the BI/O CLOCK differential driver. A long transfer from the CPU to the 1/0 bus is shown in the following timing diagram.

TRANSMIT WAVEFORMS

MCLOC.&/W_;L_\_;‘“L;‘_\_/_\_/W_/_\_/_\_/_\JK/_\_J‘_’U‘_’ O\
| I

(1/0 cLOCK
b n__/ n__/ n_/
mN629
INPUT
moﬂ /O DATA<1.2> 3 X X X X X X ¥
cPU
VOINPUT 3
[ TRANSMIT/RECEIVE F/F X
INTERNAL
SIGNALS 3 DATA CLK b ¥ AN NNV AANVALNS Jb 3 f
| B0 CLKENBF/F S
(B0 CLOCK B0 CLOCK
OUTPUT| BI/O CLOCK X X OO OO OO O OO O X K xBocLock
Tovo < LN
BUS |BUODATA<I.Z> BUODATA<I.2>
|BVODATASIZS X X X X X X X X BVO DATA<1.2>
DG 0I106

NOTE: MCLOCK and DATA CLK operate at twice the frequency of I/0 CLOCK. This provides a transition of
BI/O CLOCK near the middie of every BI/O DATA < 1,2 > puise allowing the receiving transceiver to
sample near the middle of each data bit.
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Reecaive Mode

DATA RECEPTION

'mN629

Reeceive mode begins when 170 INPUT is asserted high. The first BI/O CLOCK transition from lhg 1/0 bus initiates data reception.
(e signals received from the 1/0 bus are in the same form as those transmitted by the Transceiver. The Transmit/Receive F/F is
nathe reset state allowing BI/O CLOCK to generate DATA CLK. Data is clocked into the DATA1 F/F and DATA2 F/F on every

lalilling edge of DATA CLK. In

addition, the BI/O CLK ENB F/F is toggled on each falling edge of DATA CLK. An inverted output of

tinis flip/flop drives the I1/0 CLOCK pin. A long transfer from the 1/0 bus to the CPU is shown in the following timing diagram.

RECEIVE WAVEFORMS
wput [ B0 Clock B0 CLOCK
FROM | BY/O CLOC 7)& BVO CLOCK
vo ODATASTTS BVODATA<IZS
BVODATASTZS
BUS (BUO DATAST IS X I Y XXX XX 1GV0DATA <125
INPUT ~- ~ SAMPLE HERE, ETC.
FROM vowPuT 11— 1 —— —_
CPU ~H=—H-—
Sp— | e
INTERNAL ) DATA CLK
SIGNALS
B1/O CLK ENB F/F
Y \ / A4 \ / __ 1
outpys] 0 cLock X
10
U lvopaTa<TEs % — X Y X X XX X7

DG.01187

NOTE: The last BI/O CLOCK transition causes the Transceiver to sample the differential data lines after
the last bit of data has been recelved. This ensures that the DATA1 F/F and DATA2 F/F are reset to their
normal state at the completion of the transfer.
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mN629

CONTROL

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 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/F is clocked either twice or ten times depending on whether the Transceiver
recelves a short or a long type of transfer. Thus, there should always be an even number of BI/O CLOCK transitions. If for some
reason a single transition of BI/O CLOCK is received, the BI/O CLK ENB F/F must be reset to aviod holding I/0 CLOCK low and
reselting the CPU (see mN601, Operations Protocol, nN601 Status).

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 #Bas described below.

B I/0 CLKENB F/F RESET TIMING

mcock W\ W\ U\
e *_/ Y1 _F \
- — AFTER FALLING EDGE OF 9B
BI/O CLK ¢ i
ENB FIF o ,—RESET

INTERNAL ] RST

SIGNALS
RS o
. RS |
DG-oi188

While the BI/O CLK ENB F/F Is in the reset state, its Q output is 0. 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 Iou?ed
to the reset state. On the next falling edge of @B, the REG RST F/F is set placing RST low. Though RST is now low, RS remains
high since @B is low. When @B goes high, RS goes low clearing the BI/O CLK ENB F/F. its Q 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
edge of @B.

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 @CLK F/F which provides the two-phase (half-frequeqcy.
TTL level) clock for the CPU Clock Driver (mN640). MCLOCK is also differentially driven on the 1/0 bus (BM CLOCK) to prav.de
synchronized timing for the peripheral Transceivers and Controllers.

CLEAR

The CLEAR pin is used during system reset. When asserted low, all the mN629's Internal flip/flops are reset. If the Transcelveris
in the Receive Mode, the I/0 CLOCK pin is pulled low (resets the CPU, see mN601). If the Transcelver is in the transmit mode, the
170 CLOCK pin is not atfected by the assertion of CLEAR until the transmission is over and 1/0 INPUT is pulled high.
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ELECTRICAL SPECIFICATIONS

ELECTRICAL SPECIFICATIONS

AUBSOLUTE MAXIMUM RATINGS

Supplyvoltage.Veg. ... ..ot .
Supplyvoltage, Vgg . v oo e et
Iputvoltage, V) -« . ..o cees .
Transceiver outputcurrent, QT+« + v v v v vt et eeceer et

All other output current, g s rvrreeeen ceeeens G r et e caa e

Operating free-air temperature range, T Ao rrerenaaaaaanas e et Ceseeee e Odeg.to 70deg.C
Storage temperature 1ange, Tgrg ++ v nononnns cedenans s teaeerenanenaas -55deg. o 125deg.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.

RRECOMMENDED OPERATING CONDITIONS

Supply Voltage V¢g e ..+50+ 025V
ve..-504025V

Supply Voltage Veg ... ... ..., e,
Average Power Dissipation « - - . . . . . P e 095 W
..... 0deg.to 70deg.C

Operating free-air temperature FANGE, TA « ot eeenieaenaannaanons e .

L R S N R A Y

ODC CHARACTERISTICS

SYMBOL CHARACTERISTICS CONDITIONS MIN. TYP. | MAX. UNITS

Vi MCLOCK 20 v
1/0 INPUT

/0 DATA1,1/0 DATA2
CLEAR, I/0 CLOCK

BI/0 CLOCK,BI/0 CLOCK 3.2
Bi/O DATA1,BI70 DATAT
BI/O DATA2,8170 DATAZ

ViL MCLOCK 08
1/0 CLOCK
/0 INPUT
1/0 DATA1
I/0 DATA2
CLEAR

BI1/0 CLOCK,BI/O CLOCK -15 v
BI/O DATA1,B1/0 DATA1
BI/O DATA2,BI/O DATA2

Duta General Corporation, Westhuro, Massachusetts 0158)



mN629
ELECTRICAL SPECIFICATIONS

DC CHARACTERISTICS (CONT)

- —— e

SYMBOL CHARACTERISTICS CONDITIONS MIN. TYP. MAX. UNITS
Vip = (B0 CLOCK BI/O CLOCK) REQUIRED VALUE OF 0.50 v
Vi v (B1/0 DATA1,BI/0 DATA1) |ViL-VIH | FOR VALID
ViL-vin | (BI/O DATA2,BI/O DATA2) SIGNAL DETECTION
™ MCLOCK Vi=25v 32 mA
110 INPUT Vi 25V 80 A
I/0 DATA1 Vi=25V 40 BA
1/0 DATA2
1/0 CLOCK
CLEAR
hiL MCLOCK Vi=osv -3.8 mA
1/0 CLOCK Vi -1.6 mA
/0 INPUT osv
1/0 DATA1
1/0 DATA2
CLEAR
b B1/0 CLOCK,BI/O CLOCK 055V<V, < 20V 500 pA
BI/O DATA1,BI/O DATA1
BI/O DATA2,BI/O DATA2
B VoH /0 INPUT 1 O = -400uA 25 v
Vec =475V
170 CLOCK 1 0 = -20uA 3.0 Vv
170 DATA1 VCC = 475V
/O DATA2 :
BI/0 CLOCK (OPEN ! 0=-35mA 32 v
BI/ODATA1 EMITTER Vec=525v
BI/ODATA2 OUTPUTS) 'o=-35mA 20 v
BMCLOCK Vee =475V
@A. 98 Vec =475V 55 v
VoL PA. @B 10 = 10mA 05
CC =475V
1/0 INPUT 10 = 5mA 05 A
170 DATA1 VCC =475V
1/0 DATA2
170 CLOCK
BI/OCLOCK (OPEN 10 =35mA 0.55 v
BI/ODATA1 COLLECTOR VGe = 475
BI/ODATA2 OUTPUTS) ’
BMCLOCK
1 OH PA g8 Vo = V oH MAX. 0.25 mA
icc TRANSMIT MODE VCG =525V 213 mA
B R‘_ECEVE-MSDE_ T VEE=-525V 147 mA
! Vec =525V 23 mA
EE
VEE =-525V
C ALL INPUTS 7 ol
NOTE: Positive current is into the pin.
‘0 ¢»DataGeneral
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ELECTRICAL SPECIFICATIONS

AuC CHARACTERISTICS
TRANSMITTER TIMING
Svwitching Diagrams Tep
—_— . Thp
MCLOCK T —
MCLOCK TRANSMITTER TIMING Tea =
MCLOCK A 28 _: l
Tco
BMCLOCK _
bcoum BI/O DATA 1,2 _
Tis Tis
— —
I/0 INPUT___\ /
RECEIVER TIMING ’
Tds [Tdh
VODATA1.2 :)E ﬂC
BVO CLOCK X jC /o
Td Tes | Teh
VO cLOCK .
VO DATA(1,2) 1/0 CLOCK
Tds | Tdh
Tce Tec
BVODATA (1,2)
BY/O CLOCK
DGO
NOTES:
_ ® UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED
FROM A 1.5 VOLT LEVEL.
TEST CIRC X
UITNO. 1 ® SEE TIMING TABLE ON PAGE 12.
v cc DG-04193
é 1300
<
BM CLOCK
B0 CLOCK
B1/0 DATA 1 ‘195n 3
BI/O DATA 2 §1 300 TEST CIRCUIT NO. 2 TEST CIRCUIT NO. 3
BM CLOCK
BI/O CLOCK 65 Vee Vee
BVO DATA 1 e 10Ka 1Ka
BI/O DATA 2
— /O CLOCK BA
= /O DATA 1 g8
NOTE: ALL RESISTORS ARE + 1% /O DATA 2 10 pf 10pt
ALL CAPACITORS ARE + 5% I I
LOAD SHOULD BE CONNECTED TO = =
OUTPUT USING LESS THAN
2 INCHES OF WIRE. G0l baouu

DG-0192
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mN629
ELECTRICAL SPECIFICATIONS

Transition Timing

TEST
SYMBOL CHARACTERISTIC MIN. MAX. UNIT cmf:%n
Tep MASTER CLOCK PERIOD 99 125 ns
Thp HALF CYCLE PERIOD 40 60 ns
Teo+ DELAY FROM MCLOCK TO @A @B 30 50 ns | NO.3
(RISING EDGE)
Teg- DELAY FROM MCLOCK TO @A , @8 Tcp+ [Tcp+10| ns | NO.3
(FALLING EDGE)
i Teo DELAY FROM MCLOCK TO BI/O DATA 25 3s ns NO 1
Tis- SET UP TIME FOR I/0 INPUT 25 ns
E Tis+ SET UP TIME FOR I/0 INPUT 10 ns
. '0
Tds DATA SETUP TIME 30 ns NO.1.2
Tdh DATA HOLD TIME 0 ns NO. 1.2
Tes 170 CLOCK SETUP TIME 10 ns NO. 1
Tch 1/0 CLOCK HOLD TIME 10 ns NO 1
Tec DELAY FROM MCLOCK TO 15 60 ns NO. 1
BI/O CLOCK
Td DELAY FROM BI/O CLOCK TO 30 50 ns NO 2
1/0 CLOCK AND I/0 DATA(1.2)
Tal DELAY FROM MCLOCK TRANSITION 10 45 ns NO 1
TO BMCLOCK TRANSITION

12 (»DataGeneral
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PACKAGE SPECIFICATION

0.050R

0.980+.010 J

j—0.310
0.289
0,050 0020 —‘}
i . , 1 .

- ]
Y I oo
9229 l ' i / 02901002
0210 |l :
0.100 TYP | —oo102001

PIN SPACING 0050 TYP
DG-04198
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mN634
OCTAL MEMORY TRANSCEIVER

1/0 BUS
MEMORY BUS —
8.333MHZ
INTP OUT
> MEO MALT cock | gy NIRS
M81 CLAMP +5V —AM—
4 CLAMP
'gérsgL = MB2 PAUSE [ DCHP OUT
MEMORY Ma3 o DIFFERENTIALLY
BUS ,.MA:: ¢ ,le—1] mNB4O DRIVEN SIGNALS
TRANSCEIVER o " o) cLock A M ock| L MASTER 1
M87 2 DRIVER T CLOCK 1
mN601 CPU . | :
|
8 M88 10DATA Y mN 629 1 VODATA YT
MB3 CPUI-O :
poioy MB10 TRANS- ! !
OCTAL 10DATA 2 1TODATAZ1
MEMORY MBI CEIVER - "
MB12 '
BUS —~
MB13 1'0 CLOCK 1.0 CLOCK !
s TRANSCEIVER ve1a L___J
E ma1s 1 0INPUT LEA
2 WE
g 4 BCHINT
< SAE EXTINT
x
w
: |
o DCHP IN é
a INTP IN <3
§ ® INTPIN i »—___INTP OUT g
z mN 603 1) £
o 10C  DCHPIN ~___DCHP OUT Z
< iNTR N <
3 16 GIDIECTIONAL 5o I ~ z
e DATA LINES G v DIFFERENTIAL 2
[ ¢ mN 640 & «
b 1 fe—riq $a +MASTER——1 | |-
H ¢, Shoex o8 fet—crLock —— g
) » ]
g 10DATA 1 B8 [T100ATA ina ]
H 1 s
o I'0 DATA 2 T 110 0ATA 2{":: g
@ . CEWER fer . — | |=
2 ocLock Sroctock T | 1@
< 1 O INPUT CLEAR kg
3 DWE °
2 ->% =
w SAE
o
o
: 6
>
= Ly
o
2 mN 638
¥ cLock
DRIVER
K o T ‘L
QUAD SENSE 4K WORD
Y, AMPUFIER BUS DRIVER MEMORY ARRAY BANK OR
/  168ITS 16 REFRESH
3 | mN 5C6 |mN 505' \ DATA OUT ‘rENng(')‘Gs SELECT
0t | LOGIC
-
" 16 BIT DATA IN REFRESH
J OR CONTROL
OCTAL MEMORY 12 BIT ADDRESS meo MB<1-3>
TRANSCEVERS BUFFERED MEMORY BUS
o]
< "4
100 feet maimum "
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| mNG&634
OCTAL MEMORY TRANSCEIVER

-—

FEATURES
* gux’f_"‘:ﬁgi?gggrfgg IN A 20-PIN CERAMIC PACKAGE

#¢ NON-INVERTING OPEN-COLLECTOR OUTPUTS. An[1 7w Vee
#® SINKS 35mA per OUTPUT, 4ol 2 o 15w
' Bo[]3 18] A7

B[4 17[ |87

A ]s 16{_]Bs

A2l s 15[ 1A

827 14[_JAs

B3 s 13[_]Bs

A3[]e 12[ 184

GNo[[J1o 1 JAs

DG-0I1%4
GENERAL DESCRIPTION

6"1':‘ ec';!NBgl Octal Memory Transceiver drives data to and from the microNOVA memory bus. Eight bits may be driven in either :
o 'on by the chip. It is used to interface the mN601 CPU to the memory bus as well as to drive the address and data lines for a .
ory array. See Application Notes. !

G DataGeneral ,
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PIN DESCRIPTIONS

FUNCTIONAL PIN CONNECTION DIAGRAM

__4 N\ 3
ocC 9—eB
dOC
et 2 mau
1 o—
oC
Age—4— oc) : _Ti% 2
2 *— 00—
Oc p—ﬂ
——d
3 ocle 1 Ses,
A 319 r—oc o— TRUTH TABLE
A ol ocp _T1 Ze8 4 AN | Bin OPERATION
.—
4 1T P— =
_ doc b L | L | Adata—Bdata
P 9 °C>: 13 8 L H Low catching latch
14 g -1 H L Isolation
A_ o
5 ! | =<oc D——T H H B data — A data
| oc 1 \6
' 9 v lep
Sanm c
6 p—
oc |
>
A .E ocC _T1 7=8 7
s
PIN 10 = GND P
PIN20=V ¢c
Anel
Biyetd l So—
DG04195
PIN DESCRIPTIONS
MNEMONIC PIN IN/ FUNCTION
NO. ouT
Aoz 25,69, 170 If Ain asserted low, A pins are inputs with corresponding B pins as outputs.
11,14,
15,18

If Bin asserted high, B pins are inputs with corresponding A pins as outputs.

Bo.7 3478 | 1O If neither Ain nor Bin is asserted, the A and B pins are open.

12,13
1617 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

¢»DataGeneral
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mN634
ELECTRICAL SPECIFICATIONS

T e e e e et e e R e

ELECTRICAL SPECIFICATIONS

ALBSOLUTE MAXIMUM RATINGS

SUPPlY VOHBGE, VG - - v vttt e e +7V
INpULVOtage, VI - - o oo e e ceiees 5.5V
OutputCurrent, lg - -« oo v v e e e e e, et e et e ee ettt ceeer e 60mA
Operating free-air temperature range, TA coeeiiiiienen, e, Chee e Odeg.to 70deg.C
Storage 1emperature range, TSTG -« « v v v vt v v o et eee e e e s emeanneaneaans -65deg. 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.

REECOMMENDED OPERATING CONDITIONS

SUPDIY VORAGE, VEE - . o vttt ettt verrr....50+025V
Average pOWer diSSIPAtION . . . . . . .ottt et e e 1.25W
Operating (ree-air temperature range, Ta cceeveennens Ceeceaitareeanans cieees +++..0deg to70deg.C
DOC CHARACTERISTICS
SYMBOL CHARACTERISTICS CONDITIONS MIN. TYe. | MAX. | uNiTs m
ViH AqQ.7.80-7 ' _ 20 v
AINBIN
ViL Ao-7.Bo-7 8 v
AINBIN
e =24V 0.06 mA
K AIN.BIN Vi
V=55V 1 mA
V g=4V 0.06 mA
A0-7.B0-7 V o=55V 0.25 mA
U Ag.7.Bo.7 V| =05V -2 mA
AIN.-BIN
Vou Ao-7.B0-7 lo = 35mA 065 v
icc” Ve = 5.25V 217 | 280 mA
(INPUTS LOW)
Ve = 525V 15 170 mA
(INPUTS HIGH)
|
Co 5V OUTPUT, 5 pF
(OUTPUT OFF)
0V OUTPUT, 25 oF
{OUTPUT OFF)
A

NOTE: Positive current is into the pin.
‘It is recommended not to exceed a 50% duty cycle for all outputs low.

¢»DataGeneral

Data General Corporation, Westboro. Massachusetts 01581 3



'mN634

AC CHARACTERISTICS

Switching Diagram

INPUT TO OUTPUT SWITCHING

Ty T2
|
1.5v 1.5V
IN
ouT 1.5V 1.5v
DG-01196
TEST CONDITIONS
Test Circuit No.1 Test Circuit No.2
+5V 5V
140 1 3!(
FROM OUTPUT FROM QUTPUT
UNDER TEST UNDER TEST
200pF 20pF
- I P I p
' NOTE: DG-04341 -
Load capacitors includes
jig and stray capacitors
DG-04197
Transition Timing
SYMBOL CHARACTERISTIC CONDITIONS MAX. UNITS
T 1 INPUT TO OUTPUT TEST CIRCUIT 1 35 ns
DELAY FOR RISING
TRANSITION
To INPUT TO OUTPUT TEST CIRCUIT 1 25 ns
DELAY FOR
FALLING
TRANSITION
TEST CIRCUIT 2 17 ns

G DataGeneral

Data General Carporaton, Westhoro, Massachusetts 01581




PACKAGE SPECIFICATIONS

o.oson)

0.980+.010

0.310

0.289 ——T
)

i

_J —00102.001

PIN SPACING

DG-04198
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mNG636

10C 1/0 TRANSCEIVER

/0 BUS

MEMORY BUS RS
8.333MHZ
INTP OUT
- MBO HALT }— CLOCK | 45v—amn
MBI COANP |— Vv
'3?:?2: - mB2 PAUSE [—— DCHP OUT
MEMORY Ma3 D DIFFERENTIALLY
BUS x:; R No40 DRIVEN SIGNALS
TRANSCEVER MBE " ¢ J[~—] crocx A M eCaCK| MASTER |
DRIVER LOCK 1
M87  mN6O1 CPU o ' i
\ |
. mB8 VODATA 1 mN 629 1 1/0 DATA 10
mN 634 MB9 CPUIIO ! 1
ocTAL yrdt VODATA2 e [“T7oDATAZI
MEMORY MB12 ' !
8US
MB13 VO CLOCK 1170 CLOCK 1
_ TRANSCEIVER MB1s 5
g MB15 VO INPUT i) pa——
< WE
2 P BTHINY
< SAE EXTINT
X ‘
2 I H
] DCHP IN
o INTP IN
§ € INTP IN | INTP OUT
2 mNBO3 1D,
S 10C  DCHPIN ~— ___ DCHP OUT
. \
o WNTR =
g 16 BIDIRECTIONAL BeRR |
g DATA UNES T v DIFFERENTIAL
& : 1 s $a MASTER——]
8 21 orwver ®8 [<+—cLock -+
¥ CONTROL VODATA 1 me3g [STVODATA 1LY
& | 1
10C V0
e VODATA 2 TRANS. :jlvo DATA ZII:]
2 10 cLocK CEVER  +Ty0 cLock T2
< VO INPUT CLEAR [
8 [SWE
& >
b3 N
g K_SAE
o
o
<
>
<
[*]
3 mN 638
-3 cLoCK
. ) DRIVER
K ) o
QUAD SENSE 4K WORD
AMPLIFIER-BUS DRIVER MEMORY ARRAY BANK OR
6 8ITS 16 REFRESH
I mN 5°5| | mN 5°5| DATA OUT 4'2“ ng?/?s SELECT
rosie
4 18 BIT DATA IN REFRESH
on CONTROL
OCTAL MEMORY 12 BIT ADDRESS MB0 M8(1-3>
TRANSCEWERS BUFFERED MEMORY BUS
Y BU
,

VO BUS (18-UNE IMPLEMENTATION; 47-UNE FUNCTIONALITY)

- 4
100 feet maximum™~~"
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mN636

I0C I/0 TRANSCEIVER
PACKAGE
FEATURES S
® 1/0 BUS RECEIVER AND TRANSMITTER IN A SINGLE vooATA1[ 1 20{ Jvcc
20-PIN CERAMIC PACKAGE. BVODATAT[ |2 19[ Jv0 DATA2
® INTERFACES mN603 I/O CONTROLLER TO THE BIODATA1[ |3 18|_]BUODATAZ
microNOVA DIFFERENTIAL /0 BUS. e 17[ JevooaTA 2
® DIFFERENTIAL DRIVE CAPABILITIES: ToWNPUT[_|5 16| Jvo cLock
15[ ]BVO CLOCK
1. PROVIDES HIGH I/0 BUS NOISE IMMUNITY. voweut Je (]
2. ALLOWS LONG DISTANCE APPLICATIONS g8 |7 14[ ]B VO CcLOCK
(UP TO 100 FEET)
3.ALLOWS THE USE OF INEXPENSIVE 16- ga[ s 13 JBMmcLock
CONDUCTOR RIBBON CABLE. mcrock[ s 12| JECTOTR
® SYNCHRONIZES THE IOC (mN603) TO THE CPU ano[J10- 1 Jvee
(mN601).
DG-0I199
GENERAL DESCRIPTION

The IOC 1/O Transcelver chip interfaces the microNOVA 170 Controller chip (mN603) with the bi-directional, dilferential I/O bus.
It communicates with the CPU via a CPU I/O Transceiver. When the mN636 is in receive mode, it passes information to the I/O
Controller. When it is in transmit mode, the IOC can send information to the CPU.

The mN638 uses differential drivers and recelvers to communicate with the CPU Transceiver via the I/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 an /O Controller and the I/O bus, the mN636 receives the system master clock from the

CPU Transceiver. This differential signal generates ¢A and ¢B which are used by the high voltage clock driver (mN640) to
generate @1 and @2. These clocks provide synchronized timing for the associated I/0 Controller.

* €sDataGeneral ,
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mN636

INTERNAL STRUCTURE

The mN636 consists of six flip/flops (F/F), a number of gates, three differential drivers, and four differential receivers. The YO
INPUT pin determines whether the Transceiver is in the Receive mode or the Transmit mode. When I/O INPUT is high, tre
Transceiver is in the receive mode. In this case, the I/0 DATA1, I/0 DATAZ2, and 1/0 CLOCK outputs are enabled. When Vo
INPUT Is low, these output drivers are disabled while the differential drivers are enabled. In this mode, the 170 DATA1, /0 DATA2,

INTERNAL STRUCTURE

and I/0 CLOCK inputs provide data to the DATA1 F/F, DATA2 F/F, and BI/O CLK ENB F/F.

INTERNAL BLOCK DIAGRAM
O 810 870 BvOo BVO_ BYO
VGINFUT TLEAR TLOCK CLOCK ~ DATA1DATA1 DATAZDATA2  BMCLOCK BMCLOCK g @
O (-]
1s 15 f1a 2] fa 1] f17 12f{fis 8] |7
BI/O CLK
ENB F/F
y Gara )
. B CLK
a a a Q
Pexy n_| Rk 0 Y
DATACLK Y JMcLock
' RS
] T il ps
% "y .
| 0 3 CK
)| 1 N {_MCLoCK
6 16 1 19 qiﬂﬁb J
o o .
Vo 10 /0 DATA 1 /0 DATA 2 MCLOCK
INPUT cLOCK
Vce=PIN20
Vege=PIN11
GND = PIN 10
DG 0201

(sDataGeneral
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‘mN636

DATA TRANSMISSION

DATA TRANSMISSION AND RECEPTION
When connected to the microNOVA 1/0 bus, the mN636 performs two general types of data transfers; short and long as shown

below:

SHORT TRANSFER

1/0 CLOCK \ /

I/ODATA 1

/O DATA 2

DG-01184

LONG TRANSFER

/O CLOCK

VODATA1 \ / X X X X X X X /
vooataz \_ X X X ) D G ¢ X X / ll;«

DG-04185

The short type consists of one I1/0 CLOCK pulse and transfers two bits. The long type consists of five /0 CLOCK pulses and
transfers 18 bits. For the purpose of illustrating the operation of the Transciever, the long transfer is used as an example. The one
puise transfer is simply a shortened version of the long transfer as far as the Transceiver's operation is concerned. See the

Introduction and mN603, I/0 Data Port for further explanation of the I/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.

€ DataGeneral s

Data General Corporation Westboro, Massa husetts 01581



mN636
DATA TRANSMISSION

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 flip/flops supply the data to the differential drivers. In addition, DATA CLK sets the BI/O CLK ENB F/F for
the duration of the transmission. The high output of the BI/O CLK ENB F/F allows DATA CLK to be transmitted on the I/0 bus via
the BI/O CLOCK differential driver. A long transfer from the IOC to the 1/0 bus is shown in the following timing diagram.

——— - e ——

TRANSMIT WAVEFORMS
MCLOCK/ N\ /S AN/ S
/0 CLOCK / / 7
\ / \ /T \_/ n__/
mN636 /
INPUT
FROM | VO DATA<1,2> N X X XX XXX 4 ]
loC
VO INPUT \_ a
[ TRANSMIT/RECEIVE F/R [/ \
INTERNAL
SIGNALS | DATA CLK \\_"_\_/W\_/_\_/W_/_\_/—\_f—\_; Y
La 1/0 CLK ENB F/F \ -
o) (B0 CLOCK B1/0 CLOCK
- OUTPUT| B /O CLOCK DOOCOGOOOOOOOOOOSE®E® ® CIIIIIC,
TOVO
BUS BI/O DATA <1,2> BVODATAZI.2>
BVODATA<12> X XX XXX —XBI/ODATA <1.2>
DG-04204

NOTE: MCLOCK and DATA CLK operate at twice the frequency of I/0 CLOCK. This provides a transition of

BI/0 CLOCK near the middle of every BI/O DATA < 1,2 > pulse allowing the receiving transceiver to
sample near the middle of each data bit.

6 G DataGeneral
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mN636

DATA RECEPTION

. Receive Mode

| Receive mode begins when 1/0 INPUT is asserted high. The first BI/O CLOCK transition from the I/0 bus initiates data reception.
- The signals received from the 170 bus are in the same form as those transmitted. The Transmit/Receive F/F Is in the reset state
s allowing BIYO CLOCK to generate DATA CLK. Data is clocked into the DATA1 F/F and DATA2 F/F on every falling edge of DATA
4 CLK. In addition, the BI/O CLK ENB F/F is toggled on each falling edge of DATA CLK. An inverted output of this flip/flop drives the
11'0 CLOCK pin. A long transfer from the I/0 bus to the I0C is shown in the following timing diagram.

RECEIVE WAVEFORMS

iNpuT | B7O CLOCK B1/0 CLOCK

FROM | B0 CLOCK ‘DQDC)OC)DDDOC)DDDOCD (CX(B1/0 CLOCK

‘é° BUODATA<ZT.2> [ / B0 DATA<I 2>
US |BVODATATIZS X XJI X X X X X X X XI[BUODATA<1.2>

INPUT SAMPLE HERE, ETC.

FROM /O INPUT —_ __l—

10C

TRAN/RECF/F_ _ __)
INTERNAL ) DATA CLK

SIGNALS

B1/0 CLK ENB F/F

1/0 CLOCK ) \ / n_/ n_/ N/

OUTPUT
TO
loC

VODATA<1,2> A\ X XX X X A X )

NOTE: The last BI/O CLOCK transition causes the Transceiver to sample the differential data lines after
the last bit of data has been received. This ensures that the DATA1 and DATA2 F/Fs are reset to their
normal state at the completion of the transfer.

¢»DataGeneral
Data General Corporation, Westboro, Massachusetts 01581



mN636
CONTROL

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 Interal

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/F is clocked either twice or ten times depending on whether the T(ansceiver
receives a short or a long type of transfer. Therefore, there should always be an even number of BI/O CLOCK transitions. If for

some reason a single transition of BI/O CLOCK Is received, the BI/O CLK ENB F/F must be reset to avoid holding 1/0 CLOCK low
and resetting the associated |OC (see mN603, 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 ¢B as described below.

B I/0 CLKENB F/F RESET TIMING

meock S\ S\ S\
ﬂa—hgﬁgg LLIN’:—G}i 2
Béﬁ)aﬁ:% ¢ Tt ;1\ 3 i/RggETB
INTERNAL ] ~ RST Y
SIGNALS " |
RS y -
DG-0i188

While the BI/O CLK ENB F/F is In the reset state, its Q output is 0. This forces the REG RST F/F to its reset state. If the BIIO%
ENB F/Fis 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 for >

to the reset state. On the next falling edge of ¢B, the REG RST F/F is set placing RST low. Though RST is now low, RS remmr:s
high since ¢B is low. When @B goes high, 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
edge of ¢B.

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 p:m
Even if a transition occurs at the end of the period shaded in the above timing diagram, there is enough time for the
transition to occur before the rising edge of ¢B.

CLOCKS

The system master clock is received via the BM CLOCK differential palr. This differential receiver clocks the ¢CLK F/F which

provides the two-phase (half-frequency, TTL level) clock for the 1/O Controller Clock Driver (mN640). A TTL level version of the
system Master Clock is provided on the MCLOCK pin. .

CLEAR

' . ' If the Transceiver is
The CLEAR pin is used during system reset. When asserted low, all the mN636's internal flip/flops are reset.
in the receive mode, the I/0 CLOCK pin is pulled low (this resets the associated I/0 Controller, see mN603). If the Transceiver is

in the transmit mode, the 170 CLOCK pin is not aftected by the assertion of CLEAR until the transmission Is over and I/OINPUT is
pulled high.

¢vyDataGeneral
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mN636
ELECTRICAL SPECIFICATIONS

ELECTRICAL SPECIFICATIONS

\EBSOLUTE MAXIMUM RATINGS

SUPDlY VO GE, V. « v v v vttt it ittt et et ettt Cereenan Ceeeas v
Supply voltage, S I T T T T T T T T -7V
INpUtVOage, V) « ¢ v o e e et ittt et 5.5V
Transceiveroutput current, IO T - - -+« ot i ittt i i i e e Ceteiseceenans 80mA
Allotheroutputcurrent. Ig « « « =« + c v e et vttt it L T T T o .. 50MA
Operaling free-airtemperature range. T ... ... ...t irieennrennecronseaneass Odeg. to 70deg.C
Storage temperature range, TQT(G « « « + « + st e s v eetaseannsessssassosasansaaasons -55deg.to 125deg.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.

IECCOMMENDED OPERATING CONDITIONS

SUPPlY VOB, VG « o v v vttt it e e e e e e +501 025V
¢ Supply voltage, R T e... 501025V
4 AVerage POWEr diSSIPAtION « « + « ¢ vt v vttt it et e et ettt e 095W

XC CCHARACTERISTICS

S5YMBOL CHARACTERISTICS CONDITIONS MiN. TYP. MAX. UNITS

Wiy 110 INPUT 20 v
1/0 DATA1.1/0 DATA2
CLEAR. I/0 CLOCK

BMCLOCK,BMCLOCK
BI/0 CLOCK,BI/O CLOCK
BI7O DATA1,BI/0 DATA1
BI/O DATA2,B1/0 DATA2

3.2 v

'L 10 CLOCK 08 v
1/0 INPUT

10 DATA1

/0 DATA2

CLEAR

BI7O CLOCK,BI70 CLOCK
BI/O DATA1,BI/0 DATA1 -15 v
BI/O DATA2,BI/O DATA2
BMCLOCK,BMCLOCK

‘v DataGeneral
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mN636

ELECTRICAL SPECIFICATIONS

DC CHARACTERISTICS (CONT.)

SYMBOL CHARACTERISTICS CONDITIONS MIN. | TYP. max. | unms
Vio (BI/O CLOCKBI70 CLOCK) REQUIRED VALUE OF 050 v
D (BI/O DATA1,B1/0 DATAT) I vi. Viu |FORVALID
| ViL.-Vin || (B1/ODATA2BIIODATAD) SIGNAL DETECTION
: (BMCLOCK,BMCLOCK)
™ I/0 INPUT V| =25V 80 UA
1/0 DATA1 Vi =25V 40 vA
1O DATA2
1/0 CLOCK
CLEAR
I 170 CLOCK V) =05V -16 mA
1/0 INPUT
I/0 DATA1
I/O DATA2
CLEAR
o BI/O CLOCK BI/O CLOCK 055V< vy < 20V 500 uA
81/0 DATA1.B1/0 DATAT
BI/O DATA2.BI/O DATAZ
BMCLOCK BMCLOCK
Vo 140 INPUT lo =-400uA 25 v
Ve =475V
170 CLOCK To = -20UA 30 v
1/0 DATA1 Veg =475V
1/0 DATA2
BI/O CLOCK (OPEN lo =-35mA 32 v
BI/O DATA1 EMITTER Ve =525V
BI/O DATA2 OUTPUTS)
. To = -35mA 20 v
e Vee =475V ;
Vec =475V 24
MCLOCK IoH = 400uA
OADB Voo = 475V 5.5 v
VoL P1.92 lo = 10mA 05 v
Vec =475V
17O INPUT lo =5mA 0s v
1/0 DATA1 Voo =475V
1/0 DATA2
1/0 CLOCK, MCLOCK
B1/0 CLOCK lo = 35mA 055 v
BI/O DATA1 Vec = 4.75V
BI/ODATA2
lon ©A®B Vo = Voy MAX 0.25 mA
e TRANSMIT MODE Voo = 5.25V 213 I L
| RECEIVE MODE Veg = -5.25V 147
leg Vee =525V 23 mA
VEg = -5.25V T
ci ALLINPUTS 7 P

NOTE: Positive current i1s into the pin.

DG 01

Data General Corporation, Westboro, Massachusetts 01581
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AAC CHARACTERISTICS

SSwitching Diagrams

JIL

JRIPTPEPRSA

BMCLOCK RECEIVER TIMING

BMCLOCK

Tdi

MCLOCK

DGouss

RECEIVER TIMING

Tdl

B1/O CLOCK
Td
/0 CLOCK
LODATA <1,2>
Tds Tdh

BLODATA <1,2>

o0 41D

TEST CIRCUIT NO. 1

‘A CLOCK
BLOCLOCK
BLODATA 1
BIODATA 2

£4 CLOCK

81:0 CLOCK
BLODATA 1
BIODATA 2

Vce

éwon
<

>
1950

650

#;0TE: ALLRESISTORS ARE + 1%
ALL CAPACITORS ARE + 5%

{ OAD SHOULD BE CONNECTED TO
OUTPUT USING LESS THAN

2 INCHES OF WIRE.

o Al

Tcp
oL

BVODATA<1,2>

Tis

=

)
VO INPUT__\

/0 DATA <1,2>

1/0 CLOCK

Tee

i
1

Tds

I-—o

T

Tce ‘

BI/O CLOCK

NOTES:

@ UNLESS OTHERWISE NOTED, TIME INTERVALS ARE MEASURED

Be

Tco
|

dh

Tch
X

i

FROM A 1.5 VOLT LEVEL.
©® SEE TIMING TABLE ON PAGE 12.

DG-04191

TEST CIRCUIT NO. 2

Vce

10K

/0 CLOCK
/O DATA 1
/0 DATA 2

,—J:—\l

DG-04342

¢y DataGeneral

Data General Corporation, Westboro, Massachusetts 01581
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Vee

K2

TEST CIRCUITNO. 3

 mN636

ELECTRICAL SPECIFICATIONS
TRANSMITTER TIMING
Tcp
e L
MCLOCK —__/ Y A\
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mNG636
ELECTRICAL SPECIFICATIONS

Transition Timing

TEST
SYMBOL CHARACTERISTIC MIN. MAX. | UNIT | cpcurr
Tep MASTER CLOCK PERIOD 99 125 ns
Thp HALF CYCLE PERIOD 40 60 ns
Tep+ DELAY FROM MCLOCK TO @5, B 30 50 ns | NO.3
(RISING EDGE)
Teg- DELAY FROM MCLOCK TO @, . @g Tep+ [Tcp++1d ns | NO3
(FALLING EDGE)
Teo DELAY FROM MCLOCK TO'BI/O DATA 25 35 ns | NO.1
Tis- SET UP TIME FOR I/O INPUT 25 ns
Tis+ SET UP TIME FOR I/0 INPUT 10 ns
Tds DATA SETUP TIME 30 - ns | NO.1.2
Tdh DATA HOLD TIME 0 - ns | NO.12
Tes 1/0 CLOCK SETUP TIME 10 - ns | NO.1
: ::;I Teh 1/0 CLOCK HOLD TIME 10 - ns | NO.1
i Tee DELAY FROM MCLOCK TO 15 60 ns NO.1
BI/O CLOCK
Td DELAY FROM BI/O CLOCK TO 30 50 ns NO.2
1/0 CLOCK AND I/0 DATA(1,2)
Tal DELAY FROM BMCLOCK TRANSITION 5 45 ns
TO MCLOCK TRANSITION

12 G DataGenerél

Data General Cor poration We stboro, Massachusetts 01581
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PACKAGE SPECIFICATION
0.050R
!‘ 0.980*.010 !
0.310 ——+f
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0.290+.002
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DG-04198
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mN638

MEMORY CLOCK DRIVER

1/0 BUS
MEMORY BUS —
re— -
8.333MHZ
P OUT
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5 INTP IN E
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S I0C  OCHPIN ~____DCHP OUT E
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2 o > z
z DCHAf— > 3
I~ G DIFFERENTIAL
Q ¢ mN 640  MASTER <
& M clock %A [masTeR T | 1
] lt—
] 2 ORIVER v8 X crocK= s
g CONTROL 1 ODATA 1 weas |eTrooatarit | [
s 100ATA2 10C | 0 "'_II'ODATA 4| 5
= TRANS. [« Lo 2
2 10 CLOCK CEIVER ZTiocock T | @
2 == <
< e 10INPUT CLEAR §
[=]
| = e
2 vV
@ SAE
o
o
<
>
S ¥ 6
3 mN 638
g cLock
. ) ORIVER
K ‘H I ‘¢
QUAD SENSE 4K WORD
AMPLIFIER BUS DRIVER MEMORY ARRAY BANK OR
< 166175 16 REFRESH
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OR CONTROL
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mNG38

MEMORY CLOCK DRIVER
FEATURES PACKAGE
® DUAL 3 INPUT BIPOLAR to MOS DRIVER IN A 16-PIN U

CERDIP PACKAGE. Veez 1 16 [ ] Vet

.® TIL COMPATIBLE INPUTS, HIGH VOLTAGE ne[]2 15[ ]NC

OUTPUTS COMPATIBLE WITH microNOVA mN606 ne[]3 Nl

MOS RANDOM ACCESS MEMORY CLOCK INPUTS. cc3

Ao[]4 13[]8g

A [s 12[] 84

Ay[]s 1[]8,

Az[]7 10[] 83

GNo[]8 s[Inc

NC = no connection

DG-04211

GENERAL DESCRIPTION

T2 2mN638 Clock Driver chips contains two TTL level to high voltage converters. These may be used to drive the clock input of
=& r1IN606 Random Access Memory chip.

¢»DataGeneral 1
Duta General Corporat on, Westboro, Massachusetts 01581



mN638

PIN DESCRIPTIONS

FUNCTIONAL PIN CONNECTION DIAGRAM

Pin1= Vgc2 =+15V
Pin14= Vcca = +18.6V
Pin18= Vggy = +5V
Pin8 = GND
o Ble,
A6 112!
Ay T E B2
Az B3
DG-0i1212
PIN DESCRIPTIONS
MNEMONIC PIN IN/
NO. ouT FUNCTION
Ay Az A3 56,7 in TTL inputs to 3-input AND gate. Ao is high voltage output.
Ao 4 Out High Voltage output of 3-input (A4,A2,A3) AND gate.
By.Ba B3 121.(1)1. in TTL inputs to 3-input AND gate. Bo is high voltage output.
Bo 13 Out High voltage output of 3-input (B4,B,,83) AND gate.
Vcet 16 +5 4 0.25 volts
Vcea 1 +15 + 1.0 volts
Vees 14 +185 £ 0.75 volts
GND 8 Ground

hDataCeneral

Duta General Curp

Westboro, Massac husetts 01581




ELECTRICAL SPECIFICATIONS
ELECTRICAL SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS
Supply voltage, Veer e e e v
Supplyvoltage, Vecz, . . . (.. Ll L il I cevee. 18V
Supply voltage, Veea., . . . . .. et e e ey e 21V
Inputvoltage, V) . . . .. . .. ... ... ... e e ieieeee..55V
Outputeurrent, 1o, . . ................. e et ieeieeee ettt 60mA
Operating ambient temperature range, TA ..................... e easasar e 0deg.to 70deg. C
Storage temperature range, T TG -+« « ¢ e e vvrevernenrnnnnnnns Cereeennn «e+ o+ -55deg.to 125 deg.C
NOTE: Subjecting a circuit to conditions either outside these limits or at these limits for an exlended.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, Vecy B e e e eeeiieeiee... 50E025V
Supply voltage, Vegz .. oLl A e e cereiee. 18021V
Supply vOItage, VEEa . . ..o\t eee s e e e ceeree.. 1851075V
Average power dissipation . . . ... ... ... . . ... e e R Ceereeeeiee.. 1OW
Operating free-air temperature range, Tp «ccovcercncannnnanns teesesssarairennnes 0deg.to 70deg. C
DC CHARACTERISTICS
SYMBOL CHARACTERISTICS CONDITIONS MIN. MAX. UNITS E
VIH A1.3.B1-3 20 v
ViL A1.3.B1-3 08 v
V=24V
U A1.3.B1-3 Veer = 5.25V -1.6 mA
V) = 0.5V

(»DataGeneral 3

Duata General Corporation, Westboro, Massachusetts 01581



mN638

ELECTRICAL SPECIFICATIONS

DC CHARACTERISTICS (Cont.)

SYMBOL CHARACTERISTICS CONDITIONS MIN. MAX. UNITS
VoH AxBg Vcoy = 475V 13 v
Vec2 = 14V
Veoa = 17.75V
10 = -20mA
VoL Ao Bg Vcor = 475V 0 05 v
Io = 25mA
SUPPLY
lccin CURRENT Vegy = 5.5V 9 mA
SUPPLY — - . .
lcczH CURRENT Vegz = 16V 27 2
SUPPLY Veea = 19.25V 4 mA
lccan CURRENT cc3= 19
SUPPLY =55V 80 mA
i CURRENT Veer = 5.
: SUPPLY _ 250 A
lccaL CURRENT Vegz = 16V
SUPPLY Vees = 19.25V 20 mA
lecan CURRENT cca

NOTE: Positive current is into the pin.

lu{‘)l

4 ¢»DataGeneral

Data General Carporation, We stbaro, Massachusetts 01581



AC CHARACTERISTICS

Switching Diagram

mN©S38
ELECTRICAL SPECIFICATIONS

OUTPUT
DG-04213
Transition Timing
SYmMBOL CHARACTERISTIC CONDITIONS MIN. l MAX, UNITS
Tr OUTPUT RISE TIME (A, Bo) CL = 15pF 5 ns
Cp = 470pF 25 ns
T, OUTPUT FALL TIME (Ag, Bo) C = 15pF 5 ns
CL = 470pF 25 ns
Tep+ PROPAGATION DELAY CL = 15pF 3 ns
Tep. C = 470pF 20 ns E
TEST CONDITIONS
r=—=="""" "': Vcgy =50V
INPUT : 'l Vecoz = 16.0v

! 'I VCca = 18.0V

; ]

[} : RLm

an | S S Jd 100+1% T L
24V -
1. Input Pulse: Amplitude = 0 to .3v NOTE: LOAD CAPACITOR INCLUDES
Width = 400nS (50% to 50%) JG AND WIRING CAPACITANCE.

tr=tf=10nS
Freq. = 1.67MHz

DG-osut4

01581

MilerataGene 5
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CPU/IOC CLOCK DRIVER
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MEMORY BUS

mN640

CPU/10C CLOCK DRIVER

MEMORY ADDRESS/DATA BUS (18 BITS, BIDIRECTIONAL; 32K WORD TOTAL EXPANDABILITY)

DG-04229

¢ DataGeneral

Duata General Carporation, Westbor, Massachusetts 01581

VO BUS
8.333IMHZ
INTP OUT
- Mao HALT (— CLOCK | 45v—ann
mN 634 CLAMP +5V A
OCTAL m82 PAUSE — DCHP OUT
=l SHENETRY
TRA)?;’(?ENER‘ Ma5 ® ; [e—j mN 630 e
MB6§ A ¢ 5e—] CLocx 1 %Agrm 1
DAIVER LOCK 1
M87 " mNBO1 CPU o H ]
| |
L3 mag VO DATA 1 mN 629 1I/ODATA 11
mN 634 MB9 c;: uso g i
OCTAL MB10 TRANS- |
<:’\‘/ AL ety VODATA2 ceven [LVODATAZI
BUS MB12 '
TRANSCEIVER MB13 V0 CLOCK 11/0 CLOCK ¢
sc MB14 C— ——J
MB1§ VO INPUT cmﬁl
WE
P BCHINT
SAE EXTINT
DCHP IN S
INTP IN E
] —e— __INTPOUT §
i/ w
\___ DCHP OUT 2
= >
16 BIDIRECTIONAL l o F3
DATA UNES ‘G- bl DIFFERENTIAL I3
mN 640 ol -
CLOCK %A -'-O-MASTE'? £
ORIVER \d ] [Frcock :
Fe L]
m VODATA 1 mN 638 :Iluo DATA 1:_, g
10C 110 .
VO DATA 2 TRANS, __}uo DATA 2;'_, %-
CEIVER ]
Y0 CLOCK s R
Fvocoexyd | 12
VO INPUT | CERRfe———— | [
NWE g
NP =
_SAE
mN 638
€LOCK
ORIVER
K [Ty 0w
QUAD SENSE 4K WORD
AMPLIFIER BUS DRIVER MEMORY ARRAY BANK OR
16 B11S 18 REFRESH
DATA OUT TNs08 SELECT
RAM LOGIC
s
>
o9 16 BIT DATA IN REFRESH
oR CONTROL
OCTAL MEMORY 12 BIT ADDRESS mMeo me¢1-3>
TRANSCEIVER
BUFFERED MEMORY BUS
I ~ -4
100 feet mnnmum\/



***** - " mN640

CPU AND IOC CLOCK DRIVER
e . . o |
j
§
f
FEATURES PACKAGE }
® DUAL 3 INPUT BIPOLAR TO MOS DRIVER IN A 16-PIN - !
CERDIP PACKAGE. Ve[ 161 JVeei I
ne[ ]2 15[ JnC
® TTL COMPATIBLE INPUTS, HIGH VOLTAGE L - -
OUTPUTS COMPATIBLE WITH microNOVA mN601 nc[]s3 14[Jnc P
CPU and mN603 I/O CONTROLLER MOS CLOCK B
INPUTS AoL]4 13{ 180 -
A,[]s 12[ 18y F
AZE 6 n 382 I,
As[]7 10[ Js3 :
Gno[ |8 9[Inc ‘
|
NC = no connection |

DG-0i13
GENERAL DESCRIPTION

The mNB40 Clock Driver chip contains two TTL level to high voitage converter gates. These are used to drive the two-phase
clock inputs of the mN601 and mN603 MOS chips. Additional signal shaping circuitry, required to shape the non-overlapping

clock signals, is described in the Design Notes.

_ hDataCenera] .

Duta General Carporation, Westburo. Massac husetts 01541
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m'N640'

PIN DESCRIPTIONS
FUNCTIONAL PIN CONNECTION DIAGRAM
Pin1=Vgc2 = +15 volts
Pin 8 = Ground
Pin 16 = Vggy = +5 volts
Aofs 12]80
Al m
AT Mk
Azl —83
mN640
DG-Di216
PIN DESCRIPTIONS
PIN IN/
MNEMONIC NO. ouT FUNCTION
A1,A2,A3 66,7 In TTL inputs to 3-input AND gate. Agis high voltage output.
Ao 4 Out High voltage output of 3-input (A 4,A2,A3) AND gate.
B1,82,B3 12,11, In TTL inputs to 3-input AND gate. Byis high voltage output.
10
B 13 Out High voltage output of 3-input (B4,B2.B 3) AND gate.
Veet 16 5 + 0.25 volts
Vcez 1 15 + 1.0 voits
GND 8 Ground

¢»DataGeneral

Data General Carporation. Westbato, Massachusetts 01581



mN640
ELECTRICAL SPECIFICIATIONS

ELECTRICAL SPECIFICATIONS

AABSOLUTE MAXIMUM RATINGS

Supply voltage.Vegy . . oo et e ettt e v
Supply voltage, VG2 t v vttt teeieiiaeeannn N e tecereeeaaes 18V
Input voltage, T S e . 55V
Outputcurrent, I -« « - -+ v vttt ii i et eeeeeaeaes Ceeeeeeeeer e 60mA
Operating free-air temperature range, LR R R R R R R 0deg.to 70deg.C
S[o(age [emperature range, TSTG ........ s r e e P Iy -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.
FRECOMMENDED OPERATING CONDITIONS
SUPDIY VOMAGE, VGG « « + « « + v v v e v e taeeeaneseeeeanarasnaesesenacessanessananess 5.0+ 0.25V
SUPDIY VOItage, VGG « + + «+ « v vt eveenennnenaneenns ettt recenetteceenasaanssannes 150 £ 1.0V
Average pOwer diSSIPAtiON « » « + « c et econaeneaacaataroaas et asaaanasesees d . Ct 7od10 g
Operating free-air temperature range T *+ -+ +-*r=--- Trorrrrrremmrrrrnoeres 0degClo70deg.
CDC CHARACTERISTICS
SymeoL CHARACTERISTICS CONDITIONS MIN. MAX. UNITS
| — — —
—— — —
Vik A1.3B1.3 20 v -ll
ViL A1.3B1.3 08 v
=525V
VK A13813 VoS! oav ‘0 #A
Vcer =525V
fi A1-3.B1-3 v,c= 0.4V 16 mA

¢»DataGeneral 3

Duta General Corpuration, Westboru, Massachusetts 0138}



mNG40
ELECTRICAL SPECIFICATIONS

DC CHARACTERISTICS (CONT.)

SymMBoL CHARACTERISTICS CONDITIONS MIN. MAX UNITS
S — —— ﬁ
VOoH AO. BO Vo1 = 4.75V 13 Vv
Vecz = 14V
IO = 500 pA
Vcor =475V
VoL AaBo lo = 25mA 0 05 v
SUPPLY
= A
ICEIH CURRENT Vet =55V 9 m
SUPPLY
lccaH CURRENT Veez =16V 250 HA
SUPPLY _
feeiL CURRENT Veer =55V 60 mA
+
| SUPPLY Y) = 16V 42 mA
cezt CURRENT ce2
Cy 7 pF

NOTE: Positive current is into the pin.

a ¢»DataGeneral

Duta General Corporation, Westboro, Massachusetts 01581
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AC CHARACTERISTICS

Switching Diagram

10nS 10nS

90% 90%
Z 1.5V 1.5V

INPUT _10%;

T¢

T
1 HA30v

OUTPUT 2.0V F'Tl

DG-01218 Tr

Transition Timing

N 10%

20V

ATIONS

SYMBOL CHARACTERISTICS CONDITIONS

T, OUTPUT RISE TIME Vecet = 5.0V
Vcez = 15.0V
TEST CIRCUIT

MAX

20

UNITS

ns

Ty OUTPUT FALL TIME Veet = 5.0V
Veez = 15.0V
TEST CIRCUIT

20

ns

Ty PROPAGATION DELAY Vot = 5.0V
Veea = 15.0V
TEST CIRCUIT

1§

35

ns

TEST CONDITIONS

A
NPUT | —vee
|

i‘—Vcc

PULSE
GENERATOR

1=50V
2=150V

240V

1. Test each input separately NOTE:

2. Input Pulse: Amplitude = O to 3V
Width = 100nS (50°% to 50%)
tr=tg=10nS
Freq. = SMHz

DG-04219

G DétaGeneral

T
T

Data General Cor poration, Westboro. Massachusetts 01581

+—OOUTPUT
c

L=100pf + 5%

C includes jig and wiring capacitance.

mNG&40
ELECTRICAL SPECIFIC



mN640
PACKAGE SPECIFICATION

PACKAGE SPECIFICATIONS

by P Y Y

| 02452004
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0.516
_{ 0508 TOP OF LEAD

¥ —=
[_ I 0.148
0.020 y
ed
0.330 0.081 o
0.325 0.073 7
3 90° 0.300
REF
0.380
DG-0s214 0350 REF
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DESIGN NOTES
SYSTEM BLOCK DIAGRAM
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MEMORY ma3 o DIFFERENTIALLY
BUS m; . e DRIVEN SIGNALS
— MASTER
TRANSCEIVER MB6 " ¢ 3] crocx A MeCock| 1 MASTER
MB7 DRIVER CLOCK 1
mN601 CPU . ' !
1 1
'a' mB8 VO DATA Y mN 629 1\ WO DATA 11
mN 634 MB39 CPUI'O v 1
MB10 TRANS.- L
OCTAL MB11 VODATA 2 CEIVER /O DATA 21
MEMORY il H [
BUS
TRA M813 170 CLOCK 1170 CLOCK !
_ NSCEIVER MBls T -3
§ MB1§ 110 INPUT TEA
2 we
g P BCHINT
< SAE EXTINT
x
s L= £
= = <
] DCHP IN g
b INTP IN e
§ ® INTP IN l INTP OUT g
s mN 803 ~O— z
B 10C  OCHPIN ~___ DCHP OUT E4
o INTR | N :
16 BIDIRECTIONAL DewR | Y o z
DATA LINES ‘G el DIFFERENTIAL g
Q ———
g : 1 ook %A [Hwmasten—2— | 2
8 2f+— Shock ' <-f—CLocx _'_‘1_, g
g rge i
[7:) U
g m I'0 DATA 1 N 836 "'TIODATAI;_,‘ g
10C 1'0
{
e VO DATA 2 ThaNS ___u ‘0 DATA 21_, g
P CEIVER D
10 CLOCK "r I
3 STvocwerd | (2
< VO INPUT - CLeAR} 4
% WE [ CLEAR) 2
[ D——- [=}
2 >F -
'g' K SAE
: 6
>
§ T
2 mN 638
¥ cLocK
- " DRIVER v
QUAD SENSE 4K WORD
AMPLIFIER/BUS DRIVER MEMORY ARRAY BANK OR
< 168015 6 REFRESH
< | mN 5°5l !"‘“ 5°5| DATA QUT mN 606 SELECT
s rose
. 16 BIT DATA IN REFRESH
OR CONTROL
OCTAL MEMORY 12 BIT ADDRESS mBo Me(1-3>
TRANSCEIVERS
-Im -m BUFFERED MEMORY BUS
v
DG-04340 < >
v 100 feet mammum "

¢ DataGeneral

DataCGrneral  on poraton. W sthaorn. Massac husetts 0154)



T ———

'DESIGN NOTES |

INTRODUCTION

- ]

INTRODUCTION TO DESIGN NOTES

THhis portion of the data manual contains engineering notes which are aids to the design engineer using the microNOVA chip set.
Thhe notes are compiled in sections, each devoted to a particular facet of design implementation. Each circuit shown has been
thaoroughly tested, and the text accompanying each schematic suggests proven methods for circuit layout. The six design notes

* ® Typical CPU module design
* @ General purpose I/0 interface design
® mN606 RAM array design
® Using the memory bus to address 1/0 devices

® Generating the non-overlapping clocks required by the
mN601 and mN603

® 12Vto 15V power supply conversion
Tihe design notes covering each of the above subjects describe conservative engineering practices suitable for a wide range of

ampplications. 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.

¢y DataGeneral 1

Duta General Corporation. Westbaro, Massa husetts 01581



DESIGN NOTES

SIMPLIFIED CPU MODULE

SIMPLIFIED CPU MODULE

In a typical microNOVA CPU configuration, the mN601 microprocesor is interfaced to both the microNOVA 1/0 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 g2 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 0's and leaving
charged those lines which carry 1's. As shown in the diagram below, the memory bus is precharged once during either a read or
write cycle (and at least twice during a read-modify-write cycle - see mN601 circuit description, Memory Operations). Thus,
discharging the memory bus before information is either read by the CPU during a read operation or read by memory during a
write operation can result in data loss. Similarly, discharging the memory bus before the memory address is read 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 10pf to eliminate crosstalk.

MEMORY BUS PRECHARGING
FROM MEMORY
PRECHARGE Ti13 T14 PRECHARGE
g1 _/_\ / \\ (1)\ (@) (1)

g2

y 1 N

MBO-15 \__|ADDRESS /4\; READ DATA
READ )

SAE AS| _AH /l AN
\\.> ADDRESS K~ K‘* {CATA
MBO-15 - p WRITE )
wnrrs{ WE Y
[-WDS—N—"T——
p— 2 MwoH
NOTES:

1. During precharge time, MB lines should not be driven low because high
current spikes may cause damage to the mN601.

2. During memory address or data set-up time, the MB lines should not
be driven low, since incorrect addressing or data loss will result. See
mN601, Memory Timing Table.

3. In order to read information from the memory, MB lines carrying 0's
must be discharged by T13, before the falling edge of #1 (see mN601,
Switching Diagrams). Once discharged, the MB lines remain
discharged until the next precharge.

GDataGeneral

Data General Curporation, Westboro, Massachusetts 01581



TYPICAL microNOVA CPU MODULE

1KQ

%0.1 uF

' TYPICA

DESIGN NOTES

L microNOVA CPU MODULE
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% Ke
0.1 uF
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B R L
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SIMPLIFIED CPU MODULE

mN601 SYSTEM CLOCK

The non-overlapping clocks required to generate the microprocessor's internal four-phase clock are described in the
Non-overlapping Clocks note. This circuitry is also shown in the CPU logic schematic.

CLOCK OVERSHOOT

Care should be exercised in minimizing inductance on the clock lines. An overshoot on the clock waveform cause_d by
inductance In the connections between the mN640 clock driver and the mN601 will not create a problem providing its amplitude
Is limited to 1V or less. This overshool is dependent upon the clock driver rise and fall times. The value of the overshgot can be

controlled by changing the values of the resistors, R1 and R2 (see schematic), in series with the outputs of the @40 clock
driver.

mN601 GROUND PADS
Noise voltage developed between the three grounds pads (VSS, pins 8, 26, and 40) as a result of current in the etch will result In

reduced CPU operating margins. For this reason, it is recommende